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The example of an applied circuit or combination with other equipment shown
herein indicates characteristics and performance of a semiconductor-applied prod-
ucts. The Company shall assume no responsibility for any problem involving a patent
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QUICK REFERENCE GUIDE

= 8.BIT MICROCOMPUTER HMCS6800 SINGLE-CHIP SERIES

® NMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6801 SERIES
Type No. HD6801S0 HD680185 HD6801V0 HD6801V5 HD6803 HD6803-1
Bus Timing (MHz) 1.0 1.25 1.0 1.25 1.0 1.25
LSI Supply Voltage (V) 5.0 5.0 5.0 5.0 5.0 5.0
Characteristics Operating Temperature (°C) 0~ +70 0~ +70 0~ +70 0~ +70 0~ +70 0~ +70
DC-40 DC-40
Package* DP-40 DP-40 DP-40 DP-40 DP-40 DP-40
ROM (k byte) 2 2 4 4 - —
Memory
RAM (byte) 128 128 128 128 128 128
1/0 Port 29 29 29 29 13 13
External 2 2 2 2 2 2
Soft 1 1 1 1 1 1
Interrupt "
Timer 3 3 3 3 3 3
Serial 3 3 3 3 3 3
Functions Free running counter 16-bit x 1
Timer Output compare register 16-bit x 1
Input capture 16-bit x 1
SCI Full double step-stop type

External Memory Expansion

Single-chip mode
Address/data non-multiple mode (256-byte)

{Nil)

Address/data multiple mode

Address/data multiple mode (64k-byte) (B4k-byte)
Built-in Generator Present {Externally drivable)
Built-in RAM Holding Possible (64-byte)
EPROM on the Package Type** HD68PO1S0 _ :gggggl ://8? _ _ _
Compatibility MC6801 MC6801-1 — - MC6803 MC6803-1
Reference Page 39 39 73 73 107 107

* DC; Side-brazed Ceramic DIP, DP; Plastic DIP.

** HD68PO1MO is useable.
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QUICK REFERENCE GUIDE

® NMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6805 SERIES

Type No. HD6805S1 HD6805U1 HDE805V1 HD6805WO0 HD6805X0*
Clock Frequency (MHz2) 10 1.0 1.0 - 1.0 1.0
LS! Supply Voltage (V) 5.0 5.0 5.0 5.0 5.0
Characteristics Operating Temperature (°C) 0~ +70 0~ +70 0 ~ +70 0 ~ +70 0~ +70
Package* * DP-28 DP-40 DP-40 DP-40 DP-64S
Memory ROM (k byte) 1.1 2 4 4 4
RAM (byte) 64 96 96 96 96
1/0 Port 20 24 24 23 32
1/0 Port Input Port 20 0 32 8 32 8 29 6 56 8
Output Port 0 [ 0 0 16
Nesting 6 6 6 12 6
External 1 1 1 2 2
Interrupt Soft 1 1 1 1 1
Timer 1 1 1 4 2
Serial - - — - 1
Functions 8-bit (with 7-bit prescaler) Present Present Present Present Present
Timer Event Counter Present Present Present Present Present
8-bit Comparator - - - Present -
16-bit Divider - - - - Present
A/D Converter - - - Present -
Standby Memory - = — Present -
SCi - - - — Present
Resistor Possible Possible Possible - -
Generator Quartz Crystal Possibie Possible Possible Possible Possible
Ceramic Resonator Possible Possible Possible Possible Possible
Low-voltage Automatic Reset (LVI) Present Present Present Present Present
Self-check Mode Present Present Present Present Present
EPROM on the Package Type - :gggggggg n%mgzgg - -
Compatibility MC6805P2 — — — -
Reference Page 134 154 175 196 224

* Under development
** DP;Plastic DIP
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® CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6301 SERIES

QUICK REFERENCE GUIDE

Type No. HDB6301V1 |[HD63A01V1|HDE3B01V1(HDE301X0* {HD63A01X0* | HD63B0O1X0* | HD6303R |HD63A03R [ HD63BO3R
Bus Timing (MHz} 1.0 1.5 2.0 1.0 1.5 2.0 1.0 15 20
LSI Supply Voitage (V) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Chf!raio Operating Temperature (°C} | 0 ~ +70 0~ +70 0~ +70 0~ +70 0~ +70 0~ +70 0~ 470 0~ 470 0~ +70
O | okage™ DP-40 DP40 DP-40 DP-645 DP-64S DP-64S DP40 oP40 DP40
ge FP-54 FP-54 FP-54 FP-80 FP-80 FP-80 FP-54 FP-54 FP-54
ROM (k byte) 4 4 4 4 4 4 - - -
Memory
RAM (byte} 128 128 128 192 192 192 128 128 128
1/0 Port 29 29 29 24 24 | 24 | 13 13 13
1/0 Port ﬂpl‘{tfor! | 29 - 29 - 29 . 63 _8__ 53 8 53 8 13 - 13 - 13 -
Output Port - - - 21 Y4l 21 — — —
External 2 2 2 3 3 3 2 2 2
Soft 2 2 2 2 2 2 2 2 2
Interrupt "
Timer 3 3 3 5 5 5 3 3 3
Serial 3 3 3 3 3 3 3 3 3
Functions 16-bit x 1 16-bit x 1 16-bit x 1
Timer {with output comparator and input (with two output comparators and in- {with output comparator and input
capture) put capture) capture)
8-bitx 1
ScClI Present (Asynchronous) Present {Asynchronous/synchronous} Present (Asynchronous)
External Memory Expansion Possible (65k byte) Possible (65k byte) Possible {65k byte)
® Error detection @ Error detection ® Error detection
. ® Low power consumption modes ® Low power consumption modes ® Low power consumption modes
Other Characteristics (Steep and standby) {Sleep and standby) {Sleep and standby)
® Slow memory interface
Reference Page 226 | 226 | 226 261 [ 261 | 261 209 | 299 | 299

* Under development

** DP; Plastic DIP, FP; Plastic Flat Package
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QUICK REFERENCE GUIDE

® CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6306 SERIES

Type No. HDB305X0* HDE3A05X0* HD63806X0* HDG3LO5F1**
Clock Frequency (MH2) 1.0 1.5 2.0 0.1
Lst Supply Voltage (V) 5.0 5.0 5.0 3.0
istics Operating Temperature (°C) 0~ +70 0 ~+70 0~ +70 -20 ~ +75
Package"** DP-84s DP-848 DP-64S FP-80
Memor ROM (k byte) 4 4 4 4
v RAM (byte) 128 128 128 %
1/0 Port 32 32 32 20
1/0 Port input Port 66 7 56 7 55 ? 20 -
Output Port 16 16 16 (19}
External 2 2 2 1
Inte " Soft 1 1 1 1
"Tup Timer 2 2 2 1
N Serial 1 1 1 —
Functions . - - -
Timer 8-bit x t (with 7-bit prescaler) 8-bitx 1
15-bit x 1 {combined with SCI) (with 7-bit prescaler)
Sci Present (Synchronous) Nit
© Low power consumption modes (Wait, stop and standby) © 8-bit A/D converter
[ :.BCD 7drivar )
. x 7 segment
Other Characteristics © Low power consum-
ption modes
{Standby and halt)
Reference Page 327 327 I 327 353

*  Under development
** Preliminary
***DP;Plastic DIP, FP; Plastic Flat Package

® 8-BIT SINGLE-CHIP MICROCOMPUTER EPROM ON THE PACKAGE SERIES

Type No. HDGBPO 150 [HDG8PO1V05 [HDB8PO1V07 | HDESPO1MO [HD6BPO5VOS [HDEBPOSVO? [MDE3PO1IM1 * [HDE3PAOTM1* [HDEIPBOTM1*
Process NMOS. NMOS CMOS
[&]]
Character- Supply‘ Voltage {V) i, 5.0 5.0 5.0
istics Operating Temperature {"C} 0~+70 0~ +70 0~+70
Package* * 0C-40P DC-40pP DC-a0P
Eauivalent Device HDB801S0 HDEBOIVO - Bl HDE301V1 | HD3ACIVY | HD63BOIV1
Mountable HNA462732 | HN462732-2 | HN4B2732A-26
EPHOM HN462716 | HNAG2532 | MN462732 | HNA82764 | HNA462532 | HN462732 | HN4B2764-4| HNAB2764-3 |HN4B2764
HN27C64° | HN27C64° |HN27CB4°
Reference Page 384 384 384 384 422 422 444 444 444

*  Under development
** DC; Side-brazed Ceramic DIP (EPROM on the package type}
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® 8BIT MICROCOMPUTER HMCS6800 MULTI-CHIP SERIES

QUICK REFERENCE GUIDE

Type No. LSt Characteristics
e N W 2 ] e et |
- (MHz) vy | ture °C)
HDBB00 HDA46800D 7.0 MC6800 449
HDGBAOO | HDA6BAO0 | NMOS 15 50 |-20~+75| DE40 | Micro Processing Unit MCB8A00 449
HD68BOO | HD468B0O0 20 MCB8B00 449
HD68O2 HD46802 NMOS 1.0 50 |-20~+75| D540 | Microprocessor with Clock and RAM | MC68O2 480
HD6802W NMOS 1.0 5.0 -20~+75 | DP-40 | Microprocessor with Clock and RAM 492
MPU HDE809 1.0 MC6809 504
HDBBA0Y NMOS 15 50 | -20~+75| BSA0 | Highend Micro Processing Unit MC68A09 504
HD6EB0Y 20 MC68809 504
HDBBO9E 1.0 MC6809E 535
HDGBAOIE NMOS 15 5.0 |-20~+75| DEA0 | Highend Micro Processing Unit MCGBAO9E| 535
HDBBBOYE 2.0 MC68BOSE| 535
HD6821 HD46821 _ 1.0 MC6821 568
HD6BA21 | HD468A21 | NMOS 15 50 |-20~+75| DSA0 | Periperal Interface Adapter MCB8AZ1 568
oA HD6BB21 | HDA468B21 20 MC68B21 568
HD6321* 1.0 o 40 585
HD63A21* CMOS 1.5 5.0 -20~+75 FP-54 Peripheral Interface Adapter 585
HD63B21* 2.0 585
HD6840 1.0 MC6840 606
HD6BAAD NMOS 15 5.0 |-20~+75 | DEZ8 | programmable Timer Module MCE8A40 | 606
HD68B40 2.0 MC68B40 606
PTM I TiDesao** 0 620
HDB63A40** CMOS 1.6 5.0 -20~+75 | DP-28 | Programmable Timer Module 620
HD63B40" " 2.0 620
HD6843 HD465035 10 MC6843 21
FDC Tbeanss T riassoss| "MOS 5 50 |-20~+75 | 349 | Fioppy Disk Controller g -
= HD6844 HD46504 10 o0 MC6844 648
- | DMAC HD68A44 HDA46504-1 NMOS 1.5 5.0 -20~+75 DP‘AO Direct Memory Access Controller MC68A44 648
2 HD68B44 | HD46604-2 2.0 MC68B44 648
s HD6B45S__| HDAG5055 7.0 681
& | cRTC [ HDBBA4SS | HD46505S-1| NMOS 15 50 |-20~+75| DA | CRT Controlier 681
HD68B45S | HDA65055-2 2.0 681
COMBO | HD6B46 HD46846 NMOS 10 50 | -20~+75 | SSA0 | Combination ROM 1/0 Timer MC6846 718
HD6850 HD46850 NMOS 1.0 5.0 20~+75 | DC-24 | Asynchronous Communications MC6850 739
HD68AS0 HD468A50 1.5 DP-24 | Interface Adapter MCE8A50 739
ACIA | HD6350* 1.0 751
HD63A50* cmos 15 50 |-20~+75| DP-24 ﬁ“t‘;'r‘f;::;""\%‘;;g‘:’“"‘""‘“"""s 751
HD63B50" 2.0 751
sspa | HD6852 HD46852 NMOS 1.0 50 | -20~+75 | 224 | synchronous Serial Data Adapter  |-oCe02 763
HD68A52 HDA468A52 15 DP-24 MC68AS52 763
HD46508 1.0 777
ADU :g:::g:; . NMOS :z 5.0 -20~+75 | DP-40 | Analog Data Acquisition Unit ;;;
HDA46508A-1 15 777
RTC HD146818 cmos 10 50 | 0~+70 | DP24 | Real Time Clock Plus RAM MC146818 | 797
*  Preliminary
** Under development
***DP; Plastic DIP, DC; Side-brazed Ceramic DIP, FP; Plastic Flat Package
G HITACHI 13



QUICK REFERENCE GUIDE

® 16-BIT MICROCOMPUTER HMCS68000 SERIES

LS| Characteristics
Type No. Clock Supply | Operating . Functi c tibilit Reference
ype o Process | Frequency | Voltage | Tempera- Packsg: unetion ompatioility Page
(MHz) (V) ture (°C)
2322%34" 4 MCE8000L4 819
HDaB000ve" 6 MC68000L6 819
N 80003y | Nmos 8 50 | 0~+70 | 2088 | Micro Processing Unit MCB8000LS 819
1588000v10° 10 MCE8000L 10 819
HDeBoOv 2* 125 MC68000L12 819
HD68450-4* 4 MC68450L4 898
HDE68450-6* ] | MC68450L6 898
e NMOS . ~ +7 4 Di M Al Il
HDGBAS0E" | 3 5.0 0 0 DC-6 irect Memory Access Controller MCEB450L8 598
HD68450-10** 10 MC68450L10 940
*  Preliminary

** Under development

***DC; Side-brazed Ceramic DIP, PGA; Pin Grid Array

14
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PACKAGING INFORMATION

The Hitachi Microcomputer LSIs are classified into 4 package
types; plastic DIP, side-brazed ceramic DIP, plastic flat package
and PGA (Pin Grid Array) package, according to the type
of material and outline used for the package. Therefore, after
taking the operating environment and other conditions into
consideration, please choose the optimum package type. In
regard to the types which have two package materials, please
define clearly when ordering the package material code (C or P).

| Classification of Package Material |

Types which have side-brazed ceramic DIP and plastic DIP

package.
Side-brazed Ceramic DIP Plastic DIP
Single-chip LSt HD68XXC
HDE8XXP
HDB8XX

Muiti-chip LSt

T No indication

Types which have plastic DIP and plastic flat package.

Plastic DIP

Plastic Flat Package

HDB3XXP

HD63XXF

@ HITACHI
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PACKAGING INFORMATION

PACKAG

ING INFORMATION (Dimensions in mm)

® SIDE-BRAZED CERAMIC DIP

_Joz0 o038

eDC-24 g eDC-28
mBY Y é 1 :ﬁl

5.08max | 2. 64min 14.80

5.06max Z4E|4m{n

0.20~0.38

16.24

5026

. .|
14.90 0.50min
5.06max | 2.54min
020 038
15.24 "
eDC-64
32 . 33
o 2256 ——
™ 164103 ~
L 2208 0.20~0.38
Applicable LSIs
DC-24 HD6850, HD68AS50, HD6852, HD68A52
DC-28 HD6840, HD68A40, HD68B40
HD6801S0C, HD6803C, HD6800, HD68AQD, HD68BOO, HD6802, HD6809, HD68AQ9, HD68B09, HD6SO9E,
DC-40 HD6BAO9E, HD68BO9E, HD6821, HD68A21, HD68B21, HD6843, HD68A43, HD6844, HD68A44, HD68B44,
HD6845S, HD68A45S, HD68B45S, HD6846
DC-40P HD68P01S0, HD68PO1V05, HD68PO1V07, HD68PO1MO, HD68PO5V05, HD68PO5VO7, HD63PO1TM1, HDE3PAOTM1, HD63PBO 1M1
DC-64 HD68000-4, HD68000-6, HD68000-8, HD68000-10, HD68000-12, HD68450-4, HD68450-6, HD68450-8, HD68450-10
16 @ HITACHI




PACKAGING INFORMATION

® PLASTIC DIP

® DP-24 ® DP-28

1

‘36.0

2.54:026 «+ ~ 0.4810.10 -l

14 15
13.4 '
—— 0.81min-)
16.24 '
5.8max p—-
2.64min
g {l
S o ~18° f 0.20~0.38
¢ DP40 . n b4
'S o7| 40 °
b
- 9 +-
fo)-
3 B ...
4 7 B i
- B S
< | b ¥
o o P b
a4 3 ~
p: , b
- B
4 1 b
« b
b -p
L P
< H
9 i
204 21
134 0.51min
i) 2.54min
5.08max
0.2
.20,
0. 3
@ Yo A
® DP-64S
1 o | P> 64
ps B
p- B
< ‘ B
p: B
g ;ZT,
d
p: (D E
< B> 8
ps B> ¢
ps B &
d B> &
b [ B
o
p= B 2
p: £ 8
o B
g | E
é E
J
= B e
p= B s
3 E §
s B 2 s
< B —L
iﬂg ‘ 33 i
oo 17.0 - 51min
5.1max 2. 64min
8
-3
l
8
o
i uo-ﬁ'
Applicable LSis

DP-24 HD6850P, HD68A50P, HD6852P, HDE8A52P, HD6350P, HD63A50P, HD63B50P, HD146818P

DP-28 HDB805S1P, HD6840P, HD6BA40P, HD68B40P, HD6340P, HD63A40P, HD63B40P

HD6801S0P, HD6801S5P, HD6801VOP, HDE801V5P, HD6803P, HD6803P-1, HD6805U 1P, HD6805V 1P,
HD6805WOP, HD6301V 1P, HD63A01V 1P, HD63B01V 1P, HD6303RP, HD63A03RP, HD63B03RP, HD680OP,
DP-40 HD68A00P, HD68BOOP, HD6802P, HD6802WP, HD6809P, HDEBAO9P, HDE8BO9OP, HDEBOYEP, HDEBAQSEP,

HD68BO9EP, HD6821P, HD68A21P, HD68B21P, HD6321P, HD63A21P, HD63B21P, HD6843P, HD6BA43P,
HD6844P, HD68A44P, HD68B44P, HD6845SP, HD68A45SP, HD68B45SP, HD6846P, HD46508P, HD46508P-1,
HD46508PA, HD46508PA-1

DP-64S HD6805X0P, HD6301X0P, HDE3A01X0P, HD63BO1X0P, HD6305X0P, HD63A05X0P, HD63B05X0P
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PACKAGING INFORMATION

® PLASTIC FLAT PACKAGE

oFP-54 2
- r.__r__-
$ &
o a4 ~ -
T
« i
i ST
@ B y L
14
8
_L[1z08 2 g
266104 2§

o FP-80

19.6:04

Applicable LSIs

HD6301V1F, HD63A01V1F, HD63B01V1F, HD6303RF, HD63A03RF, HD63BO3RF, HD6321FP, HD63A21FP,

FP-54 | HD63B21FP

FP-80 HD6301X0F, HD63A01X0F, HD63B01X0F, HD63LOSF1

o PGA(PIN GRID ARRAY)PACKAGE

® PGA-68
2642
et ‘\ N - 2 ) 30,137 l EFCIR IS R
o T [Pt IO
; - Doy - 8 DO >)(>‘ QO (8
=t |G Lo [
- KOt : ;
3 - e o 43
; ol aKsa ¥,
po====- QT )
j . :_ 2 20E 5150 L 49 1 ds | 47 | 445 03 3
Il - —:ﬂ OCOCCODOCOODY i
/). - * |
51 hax 254mn 2541025 ++.JZ“’“"

Applicable LSIs

PGA-68 HDE8000Y4, HD68000Y6, HDESO00YS,
HD68000Y 10, HD68000Y 12
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® MARKING

Marks of 8-bit multi-chip microcomputer LSIs are changed
from HD468XX (old type number) to HD68XX (standard
number). But as for original products of Hitachi, the type
numbers are not changed.

Case | (lndicated an ordering No.)
1

(b)
N\
03

[.‘ 7 "
6B809P

(C)

PACKAGING INFORMATION

There are two kinds of marking. One has a new ordering
No. (Case I) and the other has both new and old ordering No.
(Case II). Case I is applied to the LSI which has only new
ordering No. and Case II is applied to the LSI which has both
Ordering No.

(‘ase lll (Example of marking on Single<chip)
(b)

@l@l
B80S

B
A\

o JAPAN » AQQ «IAPAN

Case 11 (Indicated a New & Old ordering No.)

(a) (®)
| T m

1C8
46505

(e

O

(©)

68455k

O HITACH!

.‘

o JABAN

Meaning of each mark

{a) | Hitachi mark
(b} | Lot Code

{c) | New type No.
{d) | Japan mark
{e) | Old type No.
{f) { ROM Code
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QUALITY ASSURANCE

1. VIEWS ON QUALITY AND RELIABILITY

Basic views on quality at Hitachi are to meet the

individual uers’ required quality level and maintain a

general quality level equal to or above that of the

general market. The quality required by the user may

be specified by contract, or may be indefinite. In either

case, efforts are made to assure reliable performance

in actual operating circumstances. Quality control

during the manufacturing process, and quality aware-

ness from design through production lead to product

quality and customer satisfaction. Our quality assur-

ance technique consists basically of the following

steps:

(1) Build in reliability at the design stage of new
product development.

(2) Build in quality at all steps in the manufacturing
process.

(3) Execute stringent inspection and reliability con-
firmation of final products.

(4) Enhance quality levels through field data feed
back.

(5) Cooperate with research laboratories for higher
quality and reliability.

With the views and methods mentioned above,
utmost efforts are made to meet users’ requirements.

2. RELIABILITY DESIGN OF
SEMICONDUCTOR DEVICES

2.1 Reliability Targets

The reliability target is an important factor in sales,
manufacturing, performance, and price. It is not ade-
quate to set a reliability target based on a single set of
common test conditions. The reliability target is set
based on many factors:

{1) End use of semiconductor device.

(2) End use of equipment in which device is used.
(3) Device manufacturing process.

(4) End user manufacturing techniques.

(5) Quality control and screening test methods.

(6) Reliability target of system.

2.2 Reliability Design
The following steps are taken to meet the reliability
targets:
(1) Design Standardization
As for design rules, critical items pertaining to
quality and reliability are always studied at circuit

design, device design, layout design, etc. There-
fore, as long as standardized processing and
materials are used the reliability risk is extremely
small even in the case of new development
devices, with the exception of special require-
ments imposed by functional needs.

(2

Device Design

It is important for the device design to consider
total balance of process, structure, circuit, and
layout design, especially in the case where new
processes and/or new materials are employed.
Rigorous technical studies are conducted prior to
device development.

(3

Reliability Evaluation by Functional Test
Functional Testing is a useful method for design
and process reliability evaluation of IC’'s and LSI
devices which have complicated functions.

The objectives of Functional Test are:

® Determining the fundamental failure mode.

® Analysis of relation between failure mode and
manufacturing process.

® Analysis of failure mechanism.

® Establishment of QC points in manufacturing
process.

2.3 Design Review

Design Review is an organized method to confirm that

a design satisfies the performance required and

meets design specifications. In addition, design review

helps to insure quality and reliability of the finished
products. At Hitachi, design review is performed from
the planning stage to production for new products,
and also for design changes on existing products.

Items discussed and considered at design review are:

(1) Description of the products based on design
documents.

(2) From the standpoint of each participant, design
documents are studied, and for points needing
clarification, further investigation will be carried
out.

(3) Specify quality control and test methods based on
design documents and drawings.

(4) Check process and ability of manufacturing line to
achieve design goal.

(5) Preparation for production.

(6) Planning and execution of sub-programs for
design changes proposed by individual specialists,
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for test, experiments, and calculations to confirm
the design changes.

(7) Analysis of past failures with similar devices, dis-
cussion of methods to prevent them, and planning
and execution of test programs to confirm success.

3. QUALITY ASSURANCE SYSTEM

3.1 Activity of Quality Assurance

General views of overall quality assurance in Hitachi

are as follows:

(1) Problems in each individual process should be
solved in the process. Therefore, at the finished
product stage the potential failure factors have
been removed.

(2) Feedback of information is used to insure a satis-
factory level of ability process.

3.2 Quality Approval
To insure quality and reliability, quality approval is
carried out at the preproduction stage of device

QUALITY ASSURANCE

design, as described in section 2. Our views on quality
approval are:

(1) A third party executes approval objectively from
the standpoint of the customer.

(2) Full consideration is given to past failures and
information from the field.

(3) Nodesign change or process change without QA
approval.

(4) Parts, materials, and processes are closely
monitored.

(5) Control points are established in mass production
after studying the process abilities and variables.

3.3 Quality and Reliability Control at Mass
Production

Quality control is accomplished through division of
functions in manufacturing, quality assurance, and
other related departments. The total function flow is
shown in Fig. 2. The main points are described below.

Step Contents Purpose

Design Review I

Target {
Specification 1

Appearance, Dimension

Desi T isti i )
-Tr?ailgn . - %;;:;:,:lls' Parts g:t::ctensncs of Material and Confirmation of
P S?Pearqnce Characteristics and
imension . T .
Heat Resistance Reliability of Materials
Mechanical and Parts
Electrical
QOthers
Electrical . .
Characteristics Approval J Characteristics Confirmation of Target
Function Spec. Mainly about
\éohage Electrical
urrent . .
Temperature Characteristics
Others

Quality Approval (1)

Reliability Test
Life Test
Thermal Stress
Moisture Resistance
Mechanical Stress
Others

Confirmation of Quality
and Reliability in Design

| Quality Approval (2)

Mass
Production

Reliability Test
Process Check same as
Quality Approval (1)

Confirmation of Quality
and Reliability in Mass
Production

Fig. 1 Flow Chart of Quality Approval

@ riTacH!

21



QUALITY ASSURANCE

Process

1

Material, Parts ]

s

Material,

Quality Control

Method

Parts

Inspection of
Material and Parts

Inspection on Material and
Parts for Semiconductor

Devices

b — — —]

Lot Sampling,
Confirmation of

Quality Level

———

Manufacturing '___

Manufacturing Equipment,
Environment, Sub-material,
Worker Control

Confirmation of
Quality Level

Inner Process
Quality Control

Lot Sampling,
Confirmation of
Quality Level

I

|

I

. I
Screening T

|

|

|

|
|
|
|
I
!
I
l
__,{ 100% Inspection
L___

100% Inspection on
Appearance and Electrical

Characteristics

Testing,

Inspection

Products

Products
Inspection

Sampling Inspection on
Appearance and Electrical

Characteristics

Lot Sampling

Lot
Assurance
Test

Reliability Test

Confirmation of
Quality Level, Lot
Sampling

Qual.ity Information
Claim
Field Experience
General Quality
Information

Fig. 2 Flow Chart of Quality Control in Manufacturing
Process

Feedback of
Information
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3.3.1 Quality Control of Parts and Materials

As semiconductor devices tend towards higher per-
formance and higher reliability, the importance of
quality control of parts and materials becomes para-
mount. ltems such as crystals, lead frames, fine wire
for wire bonding, packages, and materials needed in
manufacturing processes such as masks and chemi-
cals, are all subject to rigorous inspection and control.
Incoming inspection is performed based on the pur-
chase specification and drawing. The sampling is exe-
cuted based mainly on MIL-STD-105D.

The other activities of quality assurance are as
follows:

(1) Outside vendor technical information meeting.
(2) Approval and guidance of outside vendors.

{3) Chemical analysis and test.

The typical check points of parts and materials are
shown in Table 1.

@ Table 1 Quality Control Check Points of Material
and Parts (Example)
Material, Important .
Parts Control Items Point for Check
Appearance Damage and Contamina-
D X Fltion on Surface
imension atness
Wafer Sheet Resistance | Resistance
Defect Density Defect Numbers
Crystal Axis
Appearance Defect Numbers, Scratch
Mask Dimension Dimension Level
Resistoration
Gradation Uniformity of Gradation
Fine Appearance Contamination, Scratch,
Wire for . . Bend, Twist
Wire Dimension .
Bonding l{urnty . . Purity 11evel
Elongation Ratio | Mechanical Strength
Appearance Contamination, Scratch
Dimension Dimension Level
Processing
Frame Accuracy
Plating Bondability, Solderability
Mounting Heat Resistance
Characteristics
Appearance Contamination, Scratch
Dimension Dimension Level
Leak Resistance Airtightness
Plating Bondability, Solderability
Ceramic Mounting Heat Resistance
Package Characteristics
Electrical
Characteristics
Mechanical Mechanical Strength
Strength
Composition Characteristics of
Plastic Material
Electrical
ThCharalcteristics
: ermal
Plastic Characteristics
Molding . Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics

QUALITY ASSURANCE

3.3.2 Inner Process Quality Control

Inner Process Quality Control performs very important
functions in quality assurance of semiconductor
devices. The manufacturing Inner Process Quality
Control is shown in Fig. 3.

(1) Quality Control of Semi-final Products and Final

Products
Potential failure factors of semiconductor devices
are removed in the manufacturing process. To
achieve this, check points are set-up in each pro-
cess and products which have potential failure
factors are not moved to the next process step.
Manufacturing lines are rigidly selected and tight
inner process quality controls are executed—rigid
checks in each process and each lot, 100% inspec-
tion to remove failure factors caused by manufac-
turing variables and high temperature aging and
temperature cycling. Elements of inner process
quality control are as follows:

@ Condition control of equipment and workers
environment and random sampling of semi-
final products.

@ Suggestion system for improvement of work.

@ Education of workers.

® Maintenance and improvement of yield.

® Determining quality problems, and implement-
ing countermeasures.

® Transfer of quality information.

(2) Quality Control of Manufacturing Facilities and
Measuring Equipment

Manufacturing equipment is improving as higher
performance devices are needed. At Hitachi, the
automation of manufacturing equipment is en-
couraged. Maintenance Systems maintain opera-
tion of high performance equipment. There are
daily inspections which are performed based on
related specifications. Inspection points are listed
in the specification and are checked one by one to
prevent any omission. As for adjustment and
maintenance of measuring equipment, specifica-
tions are checked one by one to maintain and
improve quality.

-

(3) Quality Control of Manufacturing Circumstances
and Sub-Materials

The quality and reliability of semiconductor devices
are highly affected by the manufacturing process.

Therefore, controls of manufacturing circum-
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QUALITY ASSURANCE

stances such as temperature, humidity and dust,
" and the control of submaterials, like gas, and pure
water used in a manufacturing process, are inten-

sively executed.

Dust control is essential to realize higher integra-
tion and higher reliability of devices. At Hitachi,
maintenance and improvement of cleanliness at
manufacturing sites is accomplished through

concentration.

Assurance

attention to buildings, facilities, air conditioning
systems, delivered materials, clothes, work envir-
onment, and periodic inspection of floating dust

3.3.3 Final Product Inspection and Reliability

(1) Final Product Inspection
Lot inspection is done by the quality assurance

Process

YPurchase of Material

+W afer-

Surface Oxidation

Inspection on Surface
Oxidation

Photo Resist

Inspection on Photo Resist
OPQCLevel Check
Diffusion

Inspection on Diffusion
O PQC Level Check

Evaporation

Inspection on Evaporation
©OPQC Level Check
Wafer Inspection

Inspection on Chip
Electrical Characteristics

Chip Scribe

Inspection on Chip
Appearance

©OPQC Lot Judgement
+Frame—
Assembling

O PQC Level Check

7 Inspection after
Assembling
OPQC Lot Judgement

Sealing

LPaclmge—

OPQC Level Check
0 Final Electrical Inspection
OFailure Analysis

Appearance Inspection
Sampling Inspection on
Products

Receiving

Shipment

Control Point

Wafer

Oxidation

Photo
Resist

Diffusion

Evapo-
ration

Wafer
Chip

Assembling

Sealing

Marking

Characteristics, Appearance

Appearance, Thickness of
Oxide Film

Dimension, Appearance

Diffusion Depth, Sheet
Resistance

Gate Width

Characteristics of Oxide Film
Breakdown Voltage

Thickness of Vapor Film,
Scratch, Contamination

Thickness, Vru Characteris-
tics
Electrical Characteristics

Appearance of Chip

Appearance after Chip
Bonding

Appearance after Wire
Bonding

Pull Strength, Compresion
Width, Shear Strength
Appearance after Assembling

Appearance after Sealing
Outline, Dimension

Marking Strength

Analysis of Failures, Failure
Mode, Mechanism

Fig. 3 Example of Inner Process Quality Control

Purpose of Control

Scratch, Removal of Crystal
Defect Wafer

Assurance of Resistance
Pinhole, Scratch

Dimension Level
Check of Photo Resist
Diffusion Status

Control of Basic Parameters
(VTn, ete) Cleaness of surface,
Prior Check of Vin

Breakdown Voltage Check
Assurance of Standard
Thickness

Prevention of Crack,
Quality Assurance of Scribe

Quality Check of Chip

Bonding

Quality Check of Wire

Bonding

Prevention of Open and
hort

Guarantee of Appearance
and Dimension

Feedback of Analysis Infor-
mation

24

O HITACHI




QUALITY ASSURANCE

department for products which were judged good quality factors. Lot inspection is executed based
in 100% test . .. the final process in manufac- on MIL-STD-106D.

turing. Though 100% yield is expected, sampling (2) Reliability Assurance Tests

inspection is executed to prevent mixture of bad To assure the reliability of semiconductor devices,
product by mistake. The inspection is executed not reliability tests and tests on individual manufac-
only to confirm that the products have met the turing lots that are required by the user, are peri-
users’ requirements but also to consider potential odically performed.

Customer
Claim

(Failures, Information)

Sales Dept.
Sales Engineering Dept.

5 1
l ; ; |
i Quality Assurance Dept. Failure Analysis |
! I
I | |
— * :
Countermeasure

| Manufacturing Dept. Design Dept. Execution of |
| Countermeasure [
| [
I Report |
| |
: l

|
| i |
| Quality Assurance Dept. Follow-up and Confirmation |
| of Countermeasure Execution |
[ I
| - Report |
S .|

Sales Engineering Dept.
Reply
Customer
Fig. 4 Process Flow Chart of Field Failure
25
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RELIABILITY TEST DATA OF MICROCOMPUTERS

1. INTRODUCTION

Microcomputers provide high reliability and quality to meet
the demands of increased function, enlarging scale, and widening
application. Hitachi has improved the quality level of micro-
computer products by evaluating reliability, building quality
into the manufacturing process, strengthening inspection tech-
niques, and analyzing field data.

The following reliability and quality assurance data for
Hitachi 8-bit and 16-bit microcomputers indicates results from
test and failure analysis.

2. PACKAGE AND CHIP STRUCTURE
2.1 Packaging

Packages are classified into two general types—hermetically
sealed metal or glass, and plastic molded, Hitachi 8-bit micro-
computers are produced in plastic or side-brazed ceramic
packages.

Selection of packaging should be based on such system related

factors as application, environment, reliability requirements,
and cost. In commercial field applications, analysis indicates that
failure rates are relatively equal between plastic and hermetically
sealed package types. In tests for leakage, however, hermetically
sealed packaging guarantees 100% reliability, while plastic pack-
aging may exhibit moisture absorption or permeation, due to
poor screening technology.

Hitachi recommends the use of hermetically sealed packaging
for systems which require high reliability and high durability in
severe conditions.

Production output and application of plastic packaging con-
tinues to increase, expanding to automobile measuring and con-
trol systems, and computer terminal equipment operating under
severe conditions. To meet this demand, Hitachi has significantly
improved moisture resistance and operational stability in the
plastic manufacturing process.

Plastic and side-brazed ceramic package structures are shown
in Figure 1 and Table 1.

(1) Side-brazed Ceramic

{2) Plastic DIP

(3) Plastic Flat Package

O Chip Ceramic

Bonding wire

Plastic

Lid " Bonding wire

Figure 1 Package Structure

Table 1 Package Material and Properties

Item Side-brazed Ceramic Plastic DIP Plastic Flat Package

~ Package Alumina Epoxy Epoxy .
Lead Tin plating Brazed Alloy 42 Solder dipping Alloy 42 Solder plating Alloy 42
Seal Au-Sn Alloy N.A N.A
Die bond Au-Si Au-Si or Ag paste Au-Si or Ag paste
Wire bond Ultrasonic Thermo compression Thermo compression
Wire Al Au Au
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2.2 Chip Structure

The HMCS6800 family is produced in both NMOS and low

power CMOS technologies, with Si-gate process applied in both

circuitry are shown in Figure 2.

Si-Gate N-channel E/D

Si-Gate CMOS

PSG

Al

\_N*_J \ P7]

Gate

P-Well
I
)l \
Drain  Source Source §i0, Source Drain
FET1 FET2 FET2
N-channel Pchannel
DMOS EMOS
N-channel
N-channel EMOS
EMOS

Figure 2 Chip Structure and Basic Circuit

3. QUALITY ASSURANCE AND EVALUATION

3.1 Reliability Test Methods

Reliability test methods indicated in Table 2 qualify and evaluate both new products and new processes.

Table 2 Reliability Test Methods

RELIABILITY TEST DATA OF MICROCOMPUTERS

to achieve high reliability and density. Chip structure and basic

Test Items

Test Condition

MIL-STD-883B Method No.

Operating Life Test

125°C, 1000hr

1005,2

High Temp, Storage

Low Temp, Storage

Steady State Humidity
Steady State Humidity Biased

Tstg max, 1000hr
Tstg min, 1000hr
65°C 95%RH, 1000hr
85°C 85%RH, 1000hr

1008,1

Temperature Cycling
Temperature Cycling
Thermal Shock
Soldering Heat
Mechanical Shock
Vibration Fatigue
Variable Frequency
Constant Acceleration
Lead Integrity

-55°C ~ 150°C, 10 cycles

-20°C ~ 125°C, 200 cycles

0°C ~ 100°C, 100 cycles

260°C, 10 sec

1500G 0.5 msec, 3 times/X, Y, Z
60Hz 20G, 32hrs/X, Y, Z
20~2000Hz 20G, 4 min/X, Y, Z
20000G, 1 min/X, Y, Z

225gr, 90° 3 times

1010,4
1011,3

2002,2
2005,1
2007,1
2001,2
2004,3
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RELIABILITY TEST DATA OF MICROCOMPUTERS

3.2 Reliabliity Test Results
3.2.1 Dynamic Life Tests

Reliability is evaluated by dynamic life test, and results for the on this data, the 70°C failure rate is determined at 0.007%/ 1000
HMCS6800 microcomputer family are shown in Table 3. Based hrs. (confidence level 60%, activation energy 0.7¢V).

Table 3 Dynamic Life Test Result

Device Sample Size Component Hour Failure
HD6301 92 ) 92000 0
HD63L05 40 40000 0
HD68PO1 22 22000 0
HD68P05 22 22000 0
HD6800 248 248000 0
HD6802 452 163712 1
HD6809 85 85000 0
HD6801 146 146000 0
HD6803 45 45000 0
HD6805 114 114000 0
MPU Total 1266 967712 1
HD6821 399 266368 1
HD6850 168 158000 0
HD6852 170 125816 0
HD6846 69 69000 0
HD6843 66 56000 0
HD6844 80 69000 0
HD6845S 88 56000 0
HD6840 64 64000 0
HD46508 140 140000 0
HD146818 44 44000 0

Peripheral Total 1278 1046184 1
Total 2544 2013806 2

3.2.2 Temperature-Humidity Bias Test
Results of moisture resistance testing of plastic packaging is given in Table 4.

Table 4 85°C/85%RH Bias Test Result

Device Sample Size Component Hour Faifure
MPU 242 242000 0
Peripheral 226 204000 0
" Total 468 446000 0

3.2.3 Storage Life Test

Table 5 and 6 indicate effects of storage at high temperature,
low temperature, or high humidity without bias.
(1) Plastic Package

Table 5 Storage Life Test on Plastic Package

Test Items Condition Sample Size Failure
High Temp, High Humidity 65°C/95%RH, 1000hrs 1032 0
High Temp, High Humidity 80°C/90%RH, 1000hrs 88 0
High Temp, High Humidity 85°C/95%RH, 1000hrs 394 2
Presser Cooker 2atm 121°C, 100hrs 266 0
High Temp, Storage Ta= 150°C, 1000hrs 85 0
Low Temp, Storage Ta=-55°C, 1000hrs 34 0
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RELIABILITY TEST DATA OF MICROCOMPUTERS

(2) Side-brazed Ceramic Package

Table 6 Storage Life Test on Side-brazed Ceramic Package

Test Items Condition Sample Size Failure
High Temp, High Humidity 65°C/95%RH, 1000hrs 90 0
High Temp, Storage Ta = 150°C, 1000hrs 313 0
Low Temp, Storage Ta=-55°C, 1000hrs 86 0

3.2.4 Mechanical & Environmental Testing

Table 7 Mechanical & Environmental Test Results

Plastic Side-brazed Ceramic
Test Item Condition
Sample Size Failure Sample Size Failure
Temperature Cycling -55°C ~ 150°C 10 cycles 4159 ] 4920 1
-55°C~ 150°C 200 cycles 826 1 369 0
Thermal Shock 0°C~ 100°C 10 cycles 110 ] 175 (]
Soldering Heat 260°C, 10sec 180 0 177 0
Mechanical Shock 1500G 0.5 msec 110 0 189 0
3 times/X, Y, Z
Vibratior: Fatigue 60Hz, 20G 110 0 167 0
32hrs/X, Y, Z
Vibration Variable Freq. 20 ~ 2000Hz 20G 110 0 167 0
4min/X, Y, 2
Lead Integrity Bending Tention Fatigue 65 pins 0 102 pins 1]

3.3 Reliablility Test Results on 16-bit MPU
Table 8 Reliability Test Results on 16-bit MPU HD68000 (Side-brazed Ceramic)

Test Items Condition Sample Size Failures
Operation Life Test (1) Ta=125°C, V¢ = 5.5V 1000hrs 30 0
Operation Life Test (2) Ta=150°C, V¢c = 5.5V 1000hrs 20 0
High Temperature Storage ' Ta=295°C, 1000hrs 20 0
Temperature Cycling (1) -565°C ~ 150°C, 10 cycles 105 0
Temperature Cycling (2) © -20°C ~ 125°C, 500 cycles 45 0
Thermal Shock -55°C ~ 125°C, 15 cycles 22 0
Soldering Heat 260°C, 10 sec 22 ]
Mechanical Shock 1500G, 5 msec 3 times/X, Y, Z 22 0
Vibration Variable Freq. 20G, 100~ 2000Hz 3 times/X, Y, Z 22 0
Constant Acceleration 20000G, 1 min/X, Y, Z 22 0
Solderability 230°C, 6 sec 22 0
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RELIABILITY TEST DATA OF MICROCOMPUTERS

4. FIELD DATA REGARDING QUALITY

Field failure rates are estimated in advance through produc-
tion process evaluation and reliability testing. Actual field failure
data is carefully analyzed by Hitachi, and results are expedited to
design and production divisions to improve product quality.

Failure analysis of field data on 8-bit microcomputers is shown
in Figure 3,

Damaged by

Excessive Voltage

and/or Current
(26.2%)

Good Devices
(46.5%)

Assembly
4.6%)

Marginal
{9.8%)

Chip Visual {2.1%)
Poor Functional
Test Pattern (1.0%)

Figure 3 Failure Analysis Result

8. PRECAUTIONS
8.1 Storage

To prevent deterioration of electrical characteristics, soldera-

bility, appearance or structure, Hitachi recommends semicon-

ductor devices be stored as follows:

(1) Store in ambient temperatures of 5 to 30° C, with a relative
humidity of 40 to 60%.

(2) Store in a clean, dust- and active gas-free environment.

(3) Store in conductive containers to prevent static electricity.

(4) Store without any physical load.

(5) When storing devices for an extended period, store in an
unfabricated form, to minimize corrosion of pre-formed lead
wires.

(6) Unsealed chips should be stored in a cool, dry, dark and
dust-free environment. Assembly should be performed
within 5 days of unpacking. Devices can be stored for up to
20days in dry nitrogen gas with a dew point at -30° C or less.

5.2 Transportation

General precautions for electronic components are applicable
in transporting semiconductors, units incorporating semicon-
ductors, and other similar systems. In addition, Hitachi recom-
mends the following:
(1) When transporting semiconductor devices or printed circuit

boards, minimize mechanical vibration and shock. Use con-

tainers or jigs which will not induce static electricity as a

result of vibration. Use of an electrically conductive con-

tainer or aluminum foil is recommended.

(2) Toprevent device deterioration from clothing-induced static
electricity, workers should be properly grounded while han-
dling devices. Use of a |M ohm resistor is recommended to

prevent electric shock.

(3) When transporting printed circuit boards containing semi-
conductor devices, suitable preventive measures against
static electricity must be taken. Voltage build-up can be
avoided by shorting the card-edge terminals. When a belt
conveyor is used, apply some surface treatment to prevent
build-up of electrical charge.

5.3 Handling During Measurement

Avoid static electricity, noise and voltage surge when meas-
uring or mounting devices. Precaution should be taken against
current leakage through terminals and housings of curve tracers,
synchroscopes, pulse generators, and DC power sources.

When testing devices, prevent voltage surges from the tester,
attached clamping circuit, and any excessive voltage possible
through accidental contact.

In inspecting a printed circuit board, power should not be
applied if any solder bridges or foreign matter is present.

5.4 Soldering

Semiconductor devices should not be exposed to high temper-
atures for excessive periods. Soldering must be performed con-
sistent with temperature conditions of 260° C for 10 seconds,
350° Cfor 3 seconds, and at a distance of 1 to 1.5mm from the end
of the device package.

A soldering iron with secondary voltage supplied through a
grounded transformer is recommended to protect against
leakage current. Use of alkali or acid flux, which may corrode the
leads, is not recommended.

5.5 Removing Residual Flux

Detergent or ultrasonic removal of residual flux from circuit
boards is necessary to ensure system reliability. Selection of
detergent type and cleaning conditions are important factors.

When chloric detergent is used for plastic packaged devices,
care must be taken against package corrosion. Extended
cleaning periods and excessive temperature conditions can cause
the chip coating to swell due to solvent permeation. Hitachi
recommends use of Lotus and Dyfron solvents. Trichloroethy-
lene solvent is not suitable.

The following conditions are advisable for ultrasonic cleaning:
e Frequency: 28 to 29 k Hz (to avoid device resonation)
e Ultrasonic output: I15W/I
o Keep devices from making direct contact with power

generator

® Cleaning time: Less than 30 seconds.
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DESIGN PROCEDURE AND SUPPORT TOOLS
FOR 8-BIT SINGLE-CHIP MICROCOMPUTER

The cross assembler and the hardware simulator using various delivered as the LSI by the company.

types of computer are prepared by the company as supporting

systems to develop user’s programs.
User’s programs are mask programed into the ROM and chip microcomputer family which are used in these processes.

32

Fig. 1 shows the typical program design procedure and Table
1 shows the system development support tools for 8-bit single-

Text Editor / CRT Editor

Artwork

Pattern Generator

Mask

M

I

Trial
Production

|

Sampie

Engineering
Approval

No

Evaiuation Kit
H68SD5

Intel MDS
PDP-11
VAX-11
I1BM370

ross Assembler

Evaluation Kit
H68SD5

Intel MDS
POP-11
VAX-11
1BM370

Evaluation Kit

Evaluation Board

H68SD5

EPROM on the Package
HD68P01S0
HD68P01V05
HD68P0O1VO07
HD68P0O5V05

Volume
Production

Figure 1

HD68PO5V0O7
HDB3P0O1M1

(Explanation)

(1) When the user programs the system, the predetermined functions are
assigned to the 1/O pin and the RAM before the programming.

@ A flow chart is designed to achieve the predetermined functions and the flow
chart is coded by using the prenumeric code,

(3) The coded flow chart is punched into the card or the paper tape or written into
the floppy disk, to generate a source program,

@ The source program is assembled by the resident system {evaluation kit) or the
cross system, to generate the object program. In this case, errors during
the assembling are also detected,

Hardware simulation is performed to confirm the program,
The company provides threé kinds of hardware, H68SDS5, the evaluation kit and
the evaluation board. The consumers are able to choose the best suitable tool.

@ The completed program is sent to the company in the form of EPROM or the
object tape.

(7) Options such as ROM is masked by the company, LS| is testatively produced
and the sample is handed in to the user. After the user has evaluated the

sample and confirmed that the program is correct, mass production is
started.

Program Design Procedure
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DESIGN PROCEDURE AND SUPPORT TOOLS

FOR 8-BIT SINGLE-CHIP MICROCOMPUTER

Table 1 System Development Support Tools

Resident System Cross System
Type No. . . Evaluation EPROM on | H68SDS + Emulator Set Intel PDP-11/
Evaluation Kit Board | the Package | (Hardware + Software) |'BM370 |MDS220/230 [VAX-11
H61EVT2 (Hardware)
HD6801S0 + H61EVO01 HD68P0O1SO | HEBSDS + HE1MIX1 o] o] o]
S61MIX2-R (Software)
HB1EVT2 (Hardware)
HD68P01V05
HD6801V0 + HB1EVO1 H68SD5 + HETMIX1 (@] o] @]
S61MIX2-R (Software) HDE8PO1V07
HB5EVT2 (Hardware)
HD6805S1 + ) - - H68SD5 + HE5MIX1 - O -
S65MIX1-R (Software)
H65EVT2 (Hardware)
vl s el e
S65MIX1-R (Software)
HB5EVT3" (Hardware)
HD6805W0 - - H68SD5 + HE5MIX2* - e} -

+
S65MIX1-R (Software)

HD6805X0 * * - H68SD5 +  « - - -

H31EVT1 (Hardware)
+

HD6301V1 H31EV00 HDB3PO1M1* | HEBSDS + H31MIX1 O - o]
S31MiX1-R (Software)

HD6301X0 * * - H68SD5 + » @] - [e)

HD6305X0 * * - H68SDS5 +  « - O -
H3L5EVT1* (Hardware)

HD63LO05F1 + H3L5EV00* - H68SD5 + H3LBMIX1* | . — (@] -

*

* Under development
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DESIGN PROCEDURE AND SUPPORT TOOLS
FOR 8-BIT SINGLE-CHIP MICROCOMPUTER

® SINGLE-CHIP MICROCOMPUTER DEVELOPMENT SYSTEM

The H68SDS5 is a development system for Hitachi 4-bit
and 8-bit single-chip microcomputers.

® Disk based low cost system
It is an all-in-one type compact HD6800 based CRT/Key

X ] X i i ® Provides the CRT Editor, Assembler, Emulator and EPROM

board microcomputer terminal with two Floppy disk drivers i

and has standard interface for the TTY (RS-232C or TTL level) Writer controlled by FDOS-111

and printer (Centronics parallel interface). The EPROM Writer is ® 56k-byte RAM

optionally available. ® Allows linking between the H68SD5 and the 1/0 devices
(TTY and Printer)

Features ® Easy to debug user’s prototype system using the Emutator

® Supports the system development for 8-bit and 4-bit single Module

chip microcomputers

System Configuration

H68SD5

EPROM Writer

8-bit single-chip micro-
Emulator Module { computer family
HMCS40 series
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8-BIT MICROCOMPUTERS FOR
INDUSTRIAL APPLICATION

For industrial application which needs wider operating and the 8-bit multi-chip microcomputers.

temperature range (from -40°C to +85°C), Hitachi has the fol-
lowing devices for both the 8-bit single-chip microcomputers

“J” indicates industrial grade devices(Example HD6801SOPJ).

® 8-BIT SINGLE-CHIP MICROCOMPUTER CHARACTERISTICS

HD6301VIPJ*
Type No. HD6801S0PJ HDE801VOPJS HD6803PJ HD6805S1PJ HD680SU1PJ HDBBOSV1PS HD6805WOPJ* | HDE3A01VIPJ*
HD63B01V1PJ*
Process NMOS NMOS NMOS NMOS NMOS NMOS NMOS CMOS
Package Y] DP40 bt P28 DP40 DP-40 DP-40 DP-40
Vee 5V + 0.26V 5V + 0,26V 5V : 0.26V 5.25V : 05V | 526V :0.5V 525V + 0.5V 5.25V : 0.5V 6V 2 0.5V
Topr -40~+85°C ~40~+85°C -40~+85"C -40~+85°C -40~+85°C -40~+85°C -40~+85°C -40~+85°C
Electrical** | Po 800mW B0OMW 800mW
Characteristics ViH (EXTAL) 2.2V 22V 22V
lin! (EXTAL) 1.2mA 1.2mA 1.2mA
[T TomA TOmA TomA
ROM (k Byte) 2 4 - 1.1 2 4 a4 4
Memory
RAM (Byte) 128 128 128 64 96 96 96 128
1/0 29 29 13 20 32 32 29 29
< Timer (bit} 16 16 16 8*e* 8o - 8****x2 16
2[sct Yes Yes Yes No No No No Yes
E ® Data ® Data ® Multiplexed ® Vectored o Voltage ® Voitage o 8bit A/O o Sleep
[ Retention Retention Address and Interrupts Comparator Comparator Convarter Operation
Capability Capability Data ® Self-chack ® Vectored e Vectored ® Data Reten- | ® Low power
Other Features Mode Interrupts Interrupts tion Capabil- Consumption
® Master ® Self-check ® Self-check ity
Reset Mode ® Vectored
® Master Reset | @ Master Reset Interrupts
® Self-check
Mode
® Master Reset

*  Preliminaly

** Electrical Characteristics shown here is for the industrial grade whici is different from standard spacification. So refer to each data sheet for details.

“** Timer; 8-bit programmable timer with 7-bit pre-scaler.
****Timer 1; 8-bit programmable timer with 7-bit pre-scaler.
Timer 2; 8-bit programmable timer with input cap gi

and output pare register.

® 8-BIT MULTI-CHIP MICROCOMPUTER CHARACTERISTICS
N o ew
Type No. Function Elactrical Characteristics' Package
Vee Topr Po
HD6802PJ Micro Processor with Clock and RAM (128 byte) 5V £ 0.25V -40 ~ +85°C DP-40
HDE802WPJ Micro Processor with Clock and RAM (256 byte) 5V t 0.25V -40 ~ +85°C DP-40
-
PR i A Advanced Micro Processing Unit 5V £ 0.25V -40 ~ +85°C DP-40
:gggg%gz{,. Advanced Micro Processing Unit 5V t 0.26V -40 ~ +85°C DP-40
HD6821PJ Peripheral Interface Adapter 5V t 0.26V -40 ~ +85°C DP-40
HD6321PJ*
HD63A21PJ* CMOS Peripheral Interface Adapter 5V t 0.5V -40 ~ +86°C DP-40
HD63B21PJ*
HD6840PJ
HD68A40PJ Programmable Timer Module 5V  0.25V -40 ~ +85°C DP-28
HD68B40PJ
HD6846PJ Combination ROM 1/O Timer 5V 1 0.25V -40 ~ +85°C 1000mwW DP40
HDB350P* CMOS Asynchronous Col icati Interf
HD63A50P)* Adunter T onous Memmunications Intarface 5V + 0.5V -40 ~ +85°C DP-24
HD63B50PJ* per
5V + 0.25V
ng:g%jq Analog Data Acquisition Unit ( Analog Input ) -40 ~ +85°C DP40
5V + 0.25V
:g:gggg::ji Analog Data Acquisition Unit ( Analog Input ) -40 ~ +85°C DP-40
0~ 5.0V
* Under development
** Electrical Characteristics shown here is for the industrial grade which is different from standard specification.
O HITACHI 35






DATA
SHEETS

8-BIT MICROCOMPUTER

HMCS6800 SINGLE-CHIP
SERIES

37



Preliminary data sheets herein contain information on new products. Speci-
fications and information are subject to change without notice.

Advance Information data sheets herein contain information on a product
under development. Hitachi reserves the right to change or discontinue these
products without notice.




HD6801S0, HD6801S5

MC U (Microcomputer Unit)

The HD6801S MCU is an 8-bit microcomputer system
which is compatible with the HMCS6800 family of parts. The
HD6801S MCU is object code compatible with the HD6800
with improved execution times of key instructions plus several
new 16bit and 8-bit instructions including an 8x8 unsigned
multiply with 16-bit result. The HD6801S MCU can operate
as a single - chip microcomputer or be expanded to 65k
words. The HD6801S MCU is TTL compatible and requires
one +5.0 volt power supply. The HD6801S MCU has 2k
bytes of ROM and 128 bytes of RAM on chip. Serial Com-
munications interface (S.C.1.), and parallel I/O as well as a
three function 16-bit timer. Features and Block diagram of
the HD6801S include the following:

FEATURES

Expanded HMCS6800 Instruction Set

8 x 8 Multiply

On-Chip Serial Communications Interface (S.C.I.)
Object Code Compatible With The HD6800 MPU
16-Bit Timer

Single Chip Or Expandable To 65k Words

2k Bytes Of ROM

128 Bytes Of RAM (64 Bytes Retainable On Power
Down)

29 Parallel 1/0 Lines And 2 Handshake Control Lines
Internal Clock/Divided-By-Four Circuitry

TTL Compatible Inputs And Outputs

Interrupt Capability

Compatible with MC6801 and MC6801-1

8 BLOCK DIAGRAM

Pic = P2
4—: P
31
:sz -l Port gzz
pa
p’,i._. Port P:
Pioe—ey 3
P =+
Pay -~
-] o)
gcf‘_, Timer[__|
SCI
Pag = fe—————= P10
Pay Address fe——— P11
Paz=— e P12
Pa3 =] Port Port p————Pi3
Pas+—sf 1 [————Pu
a5+ jo———————= Py
P‘G -—ol fo— P‘s
Py =+ Py
Ve Standby

HD6801S0C

(DC-40)

HD6801S0P
HD6801S5P

(DP-40}

® PIN ARRANGEMENT

Vss(T] 3
xTaL(Z] B3 sc.
extaL(3] sCy
~w (3] Pao
iRa.E] Bg Pa
Es (8] P32
vee ™ P33
P20 8] 33 Pas
p2 (] B3 Pas
P2219] P
Pn% HD6BOIS £,
P“E Pao
P“‘E [28 P4,
P i) Be,
P12 [15] Pa3
P':’E Paa
PNE R4l Pas
"15@ Pas
P 1q (19} [
P ) 27 Ve standby

(Top View)

s TYPE OF PRODUCTS

MCU Bus Timing
HD6801S0 1 MHz
HD6801S5 1.25 MHz

G HITACHI
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HD6801S0,HD6801S5

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee * -0.3~+7.0
Input Voltage Vin * -0.3~+7.0
Operating Temperature Topr 0 ~+70
Storage Temperature Ty - 55 ~+150

*  With respect to Vgg (SYSTEM GND)
[NOTE] Permanent LS| damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating
conditions. If these conditions are exceeded, it could aftect reliability of LS1.

® ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vg =5.0Vt5%, Vs = 0V, Ta = 0 ~ +70°C, unless otherwise noted.)

Item Symbol | Test Condition min typ max Unit
) RES 40 | - Vee
| t “High’" Volt: V, v
neut “Hig ofage Other Inputs* H 2.0 - Vee
Input “Low"” Voltage All inputs* ViL -0.3 - 0.8 \
Pso ~ Paq - - 05
Input Load Current SC, [linl Vin =0~ 2.4V - - 0.8 mA
EXTAL Vin =0~ V¢e - - 0.8
input Leakage Current NMI, IRQ,, RES Ninl Vin =0~ 525V - - 25 HA
Three State (Offset) Pio ~ Py7, P30 ~ Py 06~ - - 10
Leakage Current Pao ~ P4 Hrsil | Vin =05~ 24V - - 100 A
P3o ~ Py 1 oap = ~205 uA 24 — -
Output “High” Voltage | P4 ~ P4y, E, SC;, SC, Vou lLoap = ~145 uA 24 - - v
Other Outputs lLoap = ~100 uA 24 - -
QOutput ““Low" Voltage | All Outputs Vor |lLoap =1.6mA - - 05 \
Darlington Drive Current | Pyo ~ Py, -lon | Vour=15V 1.0 - 100 | mA
Power Dissipation Pp - — 1200 | mwW
. P30 ~ P3;, Pyo ~ P4y, SCy Vin =0V, Ta=25°C, | — - 125
Input Capacitance Ci F
put -apa Other Inputs " = 1.0MHz _ [ - 100 | "
Viee Standby Powerc!own Vsgg 4.0 - 5.25 v
. Operating Vss 4.75 - 5.25
Standby Current Powerdown Ises | Vses = 4.0V — — 8.0 mA

*Except Mode Programming Levels.

40
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® AC CHARACTERISTICS

BUS TIMING (Vcc =5.0V15%, Vss = 0V, Ta =0 ~ +70°C, unless otherwise noted.)

HD6801S0,HD6801S5

Item Symbol | Test Condition , HDG680150 e HD680155 Unit
min | typ max | min | typ max
Cycle Time teye 1 - 10 { 08 | — 10 s
Address Strobe Pulse Width “’High” PWasH 200 - - 150 | — - ns
Address Strobe Rise Time tase 5 - 50 5 | — 50 ns
Address Strobe Fall Time tasf 5 | — 50 5| — 50 ns
Address Strobe Delay Time taso 60 — — 30 - - ns
Enable Rise Time ter 5 - 50 5 - 50 ns
Enable Fall Time tes 5 — 50 5 - 50 ns
Enable Pulse Width “High’’ Time PWen 450 - - 340 - — ns
Enable Pulse Width “Low’’ Time PWeL 450 — - 350 — - ns
Address Strobe to Enable Delay Time tASED 60 - - 30 | — - ns
Address Delay Time tap Fig. 1 — — 260 - - 260 ns
Address Delay Time for Latch (f = 1.0MHz) taDL Fig. 2 — — 270 — - 260 ns
Data Set-up Write Time tosw 225 | ~ - 115 | — - ns
Data Set-up Read Time tosr 80 - - 70 | - - ns
Data Hold Time Re.ad tha 10 - — 10 - - ns
Write thw 20 — — 20 — -
Address Set-up Time for Latch tasL 60 | — - 50 | — — ns
Address Hold Time for Latch tAHL 20 — — 20 — - ns
Address Hold Time taH 20 — - 20 — — ns
Peripheral Read Non-Multiplexed Bus {tacen) — - (610) | — — (410) ns
Access Time Multiplexed Bus {tacewm) - |~ |woo)| - | — |400)
Oscillator stabilization Time tRe Fig. 10 100 — — 100 — — ms
Processor Control Set-up Time tpes Fig. 11 200 - - 200 - - ns
PERIPHERAL PORT TIMING (Ve =5.0V *6%, Vgs = 0V, Ta = 0 ~ +70°C, unless otherwise noted.)
Item Symbol Test Condition min typ max Unit

Peripheral Data Setup Time | Port1,2,3,4 tppsu Fig. 3 200 - - ns

Peripheral Data Hold Time Port1,2,3,4 tppH Fig. 3 200 — - ns

Delay Time, Enable Positive Transition .

to 0%3 Negative Transition toso1 Fig.5 - - 350 ns

Delay Time, Enable Positive Transition R

to %3 Positive Transition toso2 Fig.5 - - 350 ns

Delay Time, Enable Negative

Transition to Peripheral Data| Port1, 2*, 3,4 tpwD Fig. 4 - — 400 ns

Valid

Delay Time, Enable Negative »

Transition to Peripheral Port 2**, 4 temos Fig. 4 - - 2.0 us

CMOS Data Valid

Input Strobe Pulse Width tewis Fig. 6 200 - - ns

Input Data Hold Time port3 iy Fig. 6 50 — - ns

input Data Set-up Time Port 3 tis Fig. 6 20 — = ns

*Except P,,

**10k$2 pull up register required for Port 2

@ HITACHI
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HD6801S0,HD6801S5
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TIMER, SCI TIMING {Vcc = 5.0V 6%, Vg = 0V, Ta = 0 ~ +70°C, unless otherwise noted.)

item Symbol Test Condition min typ max Unit
Timer Input Pulse Width tpwT teyec +200( - - ns
Delay Time, Enable Positive Transition to .
Timer Out trop Fig. 7 - - 600 ns
SCI Input Clock Cycle tseye 1 _ - teye
SCI Input Clock Pulse Width tewsck 0.4 — 0.6 tscye
MODE PROGRAMMING (Vcc = 5.0V 5%, Vgg = OV, Ta = 0 ~ +70°C, unless otherwise noted.)
Item Symbol Test Condition min typ max Unit
Mode Programming Input ““Low’’ Voltage VmpL - - 1.7 v
Mode Programming Input “’High’* Voltage VmeH 4.0 - - \%
RES “Low" Pulse Width PWgsTL Fig. 8 3.0 - - teye
Mode Programming Set-up Time tmps 2.0 - - teye
Mode Programming RES Rise Time > 1us taen 0 - - ns
Hold Time RES Rise Time < 1us 100 — -
teve
Address Strobe
X
|—tast
It AED}e—
PWen
Enable
{E)
_/ N
— ~—1tEr — o tES
[e———tap——»|
— e tan
— 22V N
?ég S’Zﬁ:} ———-< Address Valid }__.
0.6V
tASL — f— |
=1 [+tanL
[ tosw—>| —*| |*—tmw
MPU Write r iaz: p Y7 3
O 7I?J1;A31~A7 Vali:!ess >—< Data Valid }—
0.6V 4 0.6V
taoL TSR | et
MPU Read 22v N -2.0v p
D,~D,, A,~A, Cg,‘i’;’” Data Valid
{Port 3) 0.6V 0.8V
(tacem!

Figure 1 Expanded Muitiplexed Bus Timing
@ HITACHI



teye
2.4v i )
Enable Wen
(E) ) PWeL |
0.5v k
— +-—tEr — |-— ‘E'
+——tap —*| | |etan
Ag~A4Portd) 22vA
RW (SC) Address Valid
105 (sCi 0.6V
‘Dsw — .
— oty
MPU Write 22v j‘ ) 1
Data Valid
Do~ o.6vY
(Port3) OV
|'—-' tosR—|
{tacen! *—tHR
MPU Read 2.0v Data Valid
Do"'D., " ata Vali
(Port 3) 08

Figure 2 Expanded Non-Multiplexed Bus Timing

r——‘MPU Read

Enable(E) 2.4V 24V
tPDSU fe—n| "’ml"
Py~ Py
240V}F 2.0V
Py~ P i
P“ N P“ 08v Data Valid BV
0 47 l} 113
Inputs tppsu 4——-[ oM

Py ~ Py, 2.@ 2.0V
2 Data Valid
Inputs [PA Sk io.sv

*Port 3 Non-Latched Operation (LATCH ENABLE = 0)

Figure 3 Data Set-up and Hold Times
(MPU Read)

I— MPU access of Port 3*
Enaole(Em 24vfF
Addres: )(
Bus * 'm)X

sem < tosD1 »| [«-tosD2
0s3 2.2v
0.6V

* Access matches Output Strobe Select (0SS = 0, a read;
0SS = 1, a write)

Figure 5 Port 3 Output Strobe Timing
(Single Chip Mode)

l—— MPU Write
Enable(E) \L_[__
0.5v

*—1CMOS—»]
+——tPwD—s! -===07Vce
/
,
All Data 2.2v .
Data Valid
Port Outputs m.sv

(NOTE)

1. 10 k$2 Pullup resistor required for Port 2 to reach 0.7 Ve

2. Not applicable to P,
3. Port 4 cannot be puiled above Vo

Figure 4 Port Data Delay Timing
(MPU Write)

HD6801S0,HD6801S5

Py, ~P,, 20V

Inputs 0.8v Data Valid

Figure 6 Port 3 Latch Timing
(Single Chip Mode)
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HD6801S0,HD6801S5

Enable
(E) / \ } 24V ’
|
Timer Output Compare
Counter Matched v
l grods (s e
*tToD*] (P, Py, Py VimeL
Py, 2.2V
Output 0.6V

Figure 8 Mode Programming Timing
Figure 7 Timer Output Timing

Vee

R =2.2k01

Test Point
Test Point
152074 @

30pF or Equiv.

C =90 pF for P, ~P,,, P, ~P,, E,SC,, SC,

=30 pF for P,g ~P,,, P o ~P,,

R= 12 kg for Py, ~P,, P, ~P, ' E,SC,.SC
= 20kS for Py ~P,,, Pro~byy
{a) CMOS Load {b) TTL Load
Figure 9 Bus Timing Test Loads
Cycle
Last Insteuction —o(  #1 | 2 ’ L] l - l - | * "7 »8 | L] »10 (3R} "2

£ _J——
181t Set
Internal E
Address Bus

OpCode OpCode  SPin}  SPin-1) SPIn-2) SP(n.3} SPIn4) SPin5) SP(n6) SP(n-7) Vector Vactor NewPC
Addr Addr + 1 MSB Addr  LSB Addr Address

——.I - tpcs

—| |@—tpcs

oo XA X__X_X_X_X__X_X_X_X__X X_L)(__);
Op Code. Op Code PCO~PC? PCB~PCIS x0~X? XB~X15 ACCA ACCB CCR  Irrelevant  Vector  Vector  First Inst. o
Data

MS8 LSB Interrupt Routine

#*|RQz:-- Internal Interrupt

internat R/

Ve
Figure 10 Interrupt Sequence
s igigpipipipEpEpNpipE s
L mA -t
Veo | tac 1 +—tpcs :— {e—1tpcs
114 ‘iuv
ats Y — V.3

;
... STTTETTITTTFTRTICY KEYRTTTRIRYTRTIRRTORNGNC_ X S
Address Bus FFFE FFE FFFE FFFE FFFF  New PC FFFE FFFE
N
imerns % FFETTTFTITIITN ATRERTRTTIRTERTTSTTTTINNLY Oy
Dats Bus PC7 First

PCB~PC15 PCO~
AN ot vana

Instruction
Figure 11 Reset Timing
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= SIGNAL DESCRIPTIONS

® Vcc and Vss

These two pins are used to supply power and ground to the
chip. The voltage supplied will be +5 volts +5%.
® XTAL and EXTAL

These connections are for a parallel resonant fundamental
crystal, AT cut. Divide by 4 circuitry is included with the
internal clock, so a 4 MHz crystal may be used to run the
system at 1 MHz. The divide by 4 circuitry allows for use of the
inexpensive 3.58 MHz Color TV crystal for non-time critical
applications. Two 22pF capacitors are needed from the two
crystal pins to ground to insure reliable operation. EXTAL may
be driven by an external clock source at a 4 MHz rate to run at
1 MHz with a 40/60% duty cycle. It is not restricted to 4 MHz,
as it will divide by 4 any frequency less than or equal to 4 MHz.
XTAL must be grounded if an external clock is used. The
following are the recommended crystal parameters:

Nominal Crystal Parameter

Crystal
Y 4 MHz 5 MHz
Item
Co 7 pF max. 4.7 pF max.
Rs 6052 max. 3092 typ.
XTAL
Cpq =CrLg = 22pF + 20%
= (3.2 ~ 5 MHz)
[Note] These are representative
EXTAL AT cut parallel resonance
crystal parameters.

Figure 12 Crystal Interface

® Vcc Standby
This pin will supply +5 volts 5% to the standby RAM on the
chip. The first 64 bytes of RAM will be maintained in the power
down mode with 8 mA current max. The circuit of figure 13
can be utilized to assure that Voo Standby does not go below
Vgpg during power down.
To retain information in the RAM during power down the
following procedure is necessary: -
1) Write “0” into the RAM enable bit, RAM E. RAM E is bit
6 of the RAM Control Register at location $0014. This
disables the standby RAM, thereby protecting it at power
down.
2) Keep V¢ Standby greater than Vgpp.

Ve Standby Power Line

*

Figure 13 Battery Backup for V¢ Standby

HD6801S0O,HD6801S5

® Reset (RES)

This input is used to reset and start the MPU from a power
down condition, resulting from a power failure or an initial
startup of the processor. On power up, the reset must be held
“Low” for at least 100 ms. During operation, RES, when
brought “Low”, must be held “Low” at least 3 clock cycles.

When a “High” level is detected, the MPU does the follow-
ing:
1) All the higher order address lines will be forced “High”.

2) I/O Port 2 bits, 2, 1, and O are latched into programmed

Sontrol bits PC2, PC1 and PCO.

3) The last two ($FFFE, $FFFF) locations in memory will
be used to load the program addressed by the program
counter.

4) The interrupt mask bit is set, must be cleared before the
MPU can recognize maskable interrupts.

® Enable (E)

This supplies the external clock for the rest of the system
when the internal oscillator is used. It is a single phase, TTL
compatible clock, and will be the divide by 4 result of the
crystal frequency. It will drive one TTL load and 90 pF.

@ Non-Maskable Interrupt (NMi)

A low-going edge on this input requests that a non-maskable-
interrupt sequence be generated within the processor. As with
interrupt Request signal, the processor will complete the current
instruction that is being executed before it recognizes the NMI
signal. The interrupt mask bit in the Condition Code Register
has no effect on NML.___

In response to an NMI interrupt, the Index Register, Program
Counter, Accumulators, and Condition Code Register are stored
on the stack. At the end of the sequence, a 16-bit address will
be loaded that points to a vectoring address located in memory
locations $SFFFC and SFFFD. An address loaded at these loca-
tions causes the MPU to branch to a non-maskable interrupt
service routine in memory.

A 3.3 kQ external resistor to VCC should be used for
wire-OR and optimum control of interrupts.

Inputs TRQ, and NMI are hardware interrupt lines that are
sampled during E and will start the interrupt routine on the
E following the completion of an instruction.

® Interrupt Request (IRQ; )

This level sensitive input requests that an interrupt sequence
be generated within the machine. The processor will wait until it
completes the current instruction that it being executed before
it recognizes the request. At that time, if the interrupt mask bit
in the Condition Code Register is not set, the:machine will begin
an interrupt sequence. The Index Register, Program Counter,
Accumulators, and Condition Code Register are stored on the
stack. Next the MPU will respond to the interrupt request by
setting the interrupt mask bit “High” so that no further mask-
able interrupts may occur. At the end of the cycle, a 16-bit
address will be loaded that points to a vectoring address which is
located in memory locations $FFF8 and $FFF9. An address
loaded at these locations causes the MPU to branch to an inter-
rupt routine in memory.

The IRQ, requires a 3.3 kQ extemal resister to Voc which
should be used for wire-OR and optimum control of interrupts.
Internal Interrupts will use an intemal interrupt line (IRQ,).
This interrupt will operate the same as TRQ, except that it will
use the vector address of $FFFO through $FFF7. IRQ, will
have priority over IRQ, if both occur at the same time. The
Interrupt Mask Bit in the condition code register masks both
interrupts (See Table 1). )
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Table 1 Interrupt Vector Location
Vector Interrupt
MsB LSB
Highest  FFFE | FFFF “RES
Priority FFFC | FFFD NMI
FFFA | FFFB Software Interrupt (SWI)
FFF8 | FFF9 1RQ, (or IS3)
FFF6 FFF?7 ICF (Input Capture}
FFF4 FFF5 OCF (Output Compare)
FFF2 FFF3 TOF (Timer Overflow)
LQW?“ FFFO | FFF1 | SC, (RDRF + ORFE + TDRE)
Priority

The following pins are available in the Single Chip Mode, and
are associated with Port 3 only.

® Input Strobe (iS3) (SC,)

This sets an interrupt for the processor when the 1S3 3 Enable
bit is set. As shown in Figure 6 Input Strobe Timing, IS3 will
fall tjg minimum after data is valid on Port 3. If IS3 Enable is
set in the I/O Port 3 Control/Status Register, an interrupt will
occur. If the latch enable bit in the 1/O Port 3 Control/Status
Register is set, this strobe will latch the input data from another
device when that device has indicated that it has valid data.

® Output Strobe (OS3) (SC;)

This signal is used by the processor to strobe an external
device, indicating valid data is on the I/O pins. The timing for
the Output Strobe is shown in Figure 5 1/O Port 3 Control/
Status Register is discussed in the following section.

The following pins are available in the Expanded Modes.

® Read/Write (R/W) (SC;)

This TTL compatible output signals the peripherals and
memory devices whether the MPU is in a Read (“High”) or a
Write (“Low”) state. The normal standby state of this signal is
Read (“High™). This output is capable of driving one TTL load
and 90 pF.

® 1/0 Strobe (iOS) (SC,) _

In the expanded non-multiplexed mode of operation, 10S
internally decodes Ao through A,s as zero’s and Ag as a one.
This allows external access of the 256 locations from $0100 to
$01FF. The timing diagrams are shown as figure 2.

® Address Strobe (AS) (SC,)

In the expanded multiplexed mode of operation address
strobe is output on this pin. This signal is used to latch the 8
LSB’s of address which are multiplexed with data on Port 3. An
8-bit latch is utilized in conjunction with Address Strobe, as
shown in figure 19. Expanded Multiplexed Mode. Address
Strobe signals the latch when it is time to latch the address lines
so the lines can become data bus lines during the E pulse. The
timing for this singal is shown in Figure 1 of Bus Timing. This
signal is also used to disable the address from the multiplexed
bus allowing a deselect time, togp before the data is enabled to
the bus.

a2 PORTS

There are four I/O ports on the HD6801S MCU; three 8-bit
ports and one 5-bit port. There are two control lines associated
with one of the 8-bit ports. Each port has an associated write
only Data Direction Register which allows each I/O line to be
programmed to act as an input or an output*. A “1” in the
corresponding Data Direction Register bit will cause that I/O
line to be an output. A “0” in the corresponding Data Direction
Register bit will cause that 1/O line to be an input. There are
four ports: Port 1, Port 2, Port 3, and Port 4. Their addresses
and the addresses of their Data Direction registers are given in
Table 2.

* The only exception is bit 1 of Port 2, which can either be data

input or Timer output.

Table 2 Port and Data Direction Register Addresses

Ports Port Address ,?:;?,3;'23‘5‘:2“
1/0 Port 1 $0002 $0000
1/0 Port 2 $0003 $0001
1/0 Port 3 $0006 $0004
1/0 Port 4 $0007 $0005
® 1/OPort 1

This is an 8-bit port whose individual bits may be defined as
inputs or outputs by the corresponding bit in its data direction
register. The 8 output buffers have three-state capability,
allowing them to enter a high impedance state when the
peripheral data lines are used as inputs. In order to be read
properly, the voltage on the input lines must be greater than 2.0
V for a logic *1”* and less than 0.8 V for a logic 0. As out-
puts, these lines are TTL compatible and may also be used as
a source of up to 1 mA at 1.5 V to directly drive a Darlington
base. After Reset, the I/O lines are configured as inputs. In all
three modes, Port 1 is always parallel I/O.

® /O Port 2

This port has five lines that may be defined as inputs or
outputs by its data direction register. The S output buffers have
three-state capability, allowing them to enter a high impedance
state when used as an input. In order to be read properly, the
voltage on the input lines must be greater than 2.0 V for a
logic **1”” and less than 0.8 V for a logic ““0”. As outputs, this
port has no internal pullup resistors but will drive TTL inputs
directly. For driving CMOS inputs, external pullup resistors are
required. After Reset, the I/O lines are configured as inputs.
Three pins on Port 2 (pins 10, 9, and 8 of the chip) are used
to program the mode of operation during reset. The values of
these pins at reset are latched into the three MSB’s (bits 7, 6,
and 5) of Port 2 which are read only. This is explained in the
Mode Selection Section.

In all three modes, Port 2 can be configured as I/O and
provides access to the Serial Communications Interface and the
Timer. Bit 1 is the only pin restricted to data input or Timer
output.
® 1/OPort3

This is an 8-bit port that can be configured as I/O, a data bus,
or an address bus multiplexed with the data bus — depending on
the mode of operation hardware programmed by the user at
reset. As a data bus, Port 3 is bi-directional. As an input for
peripherals, it must be supplied regular TTL levels, that is,
greater than 2.0 V for a logic *1™ and less than 0.8 V for a logic
“0”.
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Its TTL compatible three-state output buffers are capable of
driving one TTL load and 90 pF. In the Expanded Modes, after
reset, the data direction register is inhibited and data flow
depends on the state of the R/W line. The input strobe (IS3)
and the output strobe (OS3) used for handshaking are explained
later.

In the three modes, Port 3 assumes the following charac-
teristics:

Single Chip Mode: Parallel Inputs/Outputs as programmed by
its associated Data Direction Register. There are two control
lines associated with this port in this mode, an input strobe and
an output strobe, that can be used for handshaking. They are
controlled by the 1/O Port 3 Control/Status Register explained
at the end of this section. Three options of Port 3 operations
are sumarized as follows: (1) Port 3 input data can be latched
using IS3 (SC,) as a control signal, (2) OS3 can be generated by
either an MPU read or write to Port 3’s Data Register, and (3)
and TRQ; interrept can be enabled by an IS3 nagative edge.

Port 3 latch and strobe timing is shown in Fig. 5 and Fig. 6. "

Expanded Non-Multiplexed Mode: In this mode, Port 3
becomes the data bus (Dy~D-).

Expanded Multiplexed Mode: In this mode, Port 3 becomes
both the data bus (Do~D-) and lower bits of the address bus
(Ao~A7). An address strobe output is true when the address is
on the port.

1/0 PORT 3 CONTROL/STATUS REGISTER
7 6 5 4 3 2 1 0

1S3 X ] OSS | LATCH | X X X

183 1 jren

$000F | FLAG JENABLE ENABLE

Bit 0; Not used.

Bit 1; Not used.

Bit 2; Not used.

Bit 3; LATCH ENABLE. This controls the input latch for 1/O
Port 3. If this bit is set “High” the input data will be
latched with the falling edge of the Input Strobe, IS3.
This bit is cleared by reset, and the latch is “‘re-opened”
with MCU read Port 3.

Bit 4; OSS. (Output Strobe Select) This bit will select if the
Output Strobe should be generated at 0S3 (SC,) by a
write to I/O Port 3 or a read of 1/O Port 3. When this bit
is cleared the strobe is generated by a read Port 3. When
this bit is set the strobe is generated by a write Port 3.

Bit S; Not used.

Bit 6; 1S3 TRQ, ENABLE. When set, interrupt will be enabled
whenever 1S3 FLAG is set; when clear, interrupt is
inhibited. This bit is cleared by RES.

Bit 7; 1S3 FLAG. This is a read only status bit that is set by
the falling edge of the input strobe, IS3 (SC,). It is
cleared by a read of the Control/Status Register fol-
lowed by a read or write of I/O Port 3. Reset will clear
this bit.

® 1/0Port 4
This is an 8-bit port that can be configured as I/O or as
address lines depending on the mode of operation. In order to
be read properly, the voltage on the input lines must be greater
than 2.0 V for a logic **1” and less than 0.8 V for a logic “0”.
As outputs, each line is TTL compatible and can drive 1 TTL
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load and 90 pF. After reset, the lines are configured as inputs.
To use the pins as addresses, therefore, they should be
programmed as outputs. In the three modes, Port 4 assumes the
following characteristics:

Single Chip Mode: Parallel Inputs/Outputs as programmed by
its associated Data Direction Register.

Expanded Non-Multiplexed Mode: In this mode, Port 4 is
configured as the lower order address lines (Ao~A7)by writing
one’s to the data direction register. When all eight address lines
are not needed, the remaining lines, starting with the most
significant bit, may be used as I/O (inputs only).

Expanded Multiplexed Mode: In this mode, Port 4 is
configured as the higher order address lines (Ag~A,s) by writ-
ing one’s to the data direction register. When all eight address
lines are not needed, the remaining lines, starting with the most
significant bit, may be used as 1/0 (inputs only).

= OPERATION MODES

The mode of operation that HD6801S will operate in after
Reset is determined by hardware that the user must wire on pins
10, 9, and 8 of the chip. These pins are the three LSB’s (1/0 2,
1/0 1, and 1/O O respectively) of Port 2. They are latched into
programmed control bits PC2, PC1, and PCO when reset goes
high. /O Port 2 Register is shown below.

PORT 2 DATA REGISTER
7 6 5 4 3 2 1 0

$0003
PC2 | PC1| PCO | 1/O4 [1/O3 | 1/02 | 1/O1 [1/O O

An example of external hardware that could be used for
Mode Selection is shown in Fig.14. The HD14053B provides
the isolation between the peripheral device and MCU during
Reset, which is necessary if data conflict can occur between
peripheral device and Mode generation circuit.

As bits 5, 6 and 7 of Port 2 are read only, the mode cannot
be changed through software. The mode selections are shown in
Table 3.

The HD6801S is capable of operating in three basic modes;
(1) Single Chip Mode, (2) Expanded Multiplexed Mode (com-
patible with HMCS6800 peripheral family) (3) Expanded Non-
Multiplexed Mode.

® Single Chip Mode
In the Single Chip Mode the Ports are configured for I/O.
This is shown in Figure 16 the single Chip Mode. In this
mode, Port 3 will have two associated control lines, an input
strobe and an output strobe for handshaking data.

o Expanded Non-Multiplexed Mode

In this mode the HD6801S will directly address HMCS6800
peripherals with no external logic. In this mode Port 3 becomes
the data bus. Port 4 becomes the Ay~A, address bus or partial
address and I/O (inputs only). Port 2 can be parallel 1/0, serial
1/0, Timer, or any combination of them. Port 1 is parallel 1/O
only. In this mode the HD6801S is expandable to 256 locations.
The eight address lines associated with Port 4 may be
substituted for I/O (inputs only) if a fewer number of address
lines will satisfy the application (See Figure 17).
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Figure 14 Recommended Circuit for Mode Selection
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Figure 15 HD14053B Multiplexers/Demultiplexers
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Figure 16 HD6801S MCU Single-Chip Mode
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Figure 17 HD6801S MCU Expanded Non-Multiplexed Mode
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® Expanded Multiplexed Mode

In this mode Port 4 becomes higher order address lines with
an alternative of substituting some of the address lines for 1/0
(inputs only). Port 3 is the data bus multiplexed with the lower
order address lines differentiated by an output called Address
Strobe. Port 2 is S lines of Parallel 1/O, SCI, Timer, or any
combination of them. Port 1 is 8 Parallel /O lines. In this mode
it is expandable to 65k words. (See Figure 18).

® Lower order Address Bus Latches

Since the data bus is multiplexed with the lower order
address bus in Port 3, latches are required to latch those address
bits. The 74LS373 Transparent octal D-type latch can be used
with the HD6801S to latch the least significant address byte.
Figure 19 shows how to connect the latch to the HD6801S.
The output control to the 74LS373 may be connected to
ground.

GND
AS ‘l
G OC
DI Ql
Port 3 7418373 o
Address/Data
DU Ql
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Vee
:_L._‘ Enable
- l«—o0 NMI
Vce Standby O———3» <= IRQ,
RES 0~ HD680IS }—=> RW
mcu Port 3
Port 1 8 Lines
8 1/0 Lines Multiplexed
Data/Address
——3 Address Strobe
Port 2
Port 4
1/O Li
:C{O ines /\l\:l’> To 8 Address
X Lines or To
T
mer T 81/0 Lines
Vss (Inputs Only)

Figure 18 HD6801S MCU Expanded Multiplexed Mode

Address: A, ~A, Function Table

Output Enable Output
Control G D Q
L H H H
L H L L
L L X Q,
H X X z

Data: 0,~D,

Figure 19 Latch Connection

® Mode and Port Summary MCU Signal Description

This section gives a description of the MCU signals for the various modes. SC, and SC, are signals which vary with the mode

that the chip is in.

PORT 1 PORT 2 PORT 3 PORT 4

MODE Eight Lines Five Lines Eight Lines Eight Lines SC, SC;

SINGLE CHIP 170 110 1/0 1/0 iS3(1) | 0S3(0)
ADDRESS BUS

(Ag~A,) ADDRESS BUS* =

EXPANDED MUX 1/0 1/0 DATA BUS (As~Ass) AS(0) R/W(O)
(Do~D4)

DATA BUS ADDRESS BUS* == e
- I 10S(0 R/W(O
EXPANDED NON-MUX 1/0 /0 (Do~D-) (Ag~As) (0) (0)

*These lines can be substituted for 1/O (Input Only) starting with the most significant address line.

| = Input = Input Strobe SC=
O = Output S3 = Output Strobe AS =
R/M = Read/Write 10S = 1/0 Select
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Table 3 Mode Selection Summary

Mode | £it) | (b |ty | ROM | RAM "ectors Moge Oode”
7 H H H | | | | Single Chip
6 H H L I | ) Mux(6) Multiplexed/Partial Decode
5 H L H | | ] NMUX(6) Non-Multiplexed/Partial Decode
4 H L L 142) 11 | | Single Chip Test
3 L H H E E E MUX Multiplexed/No RAM & ROM
2 L H L E 1 E MUX Multiplexed/RAM
1 L L H | i E MUX Multiplexed/RAM & ROM
0 L L L ! | 1(3) MUX Multiplexed Test
LEGEND: [NOTES]
| — Internal 1) Internal RAM is addressed at $X X80
E — External 2) Internal ROM is disabled i o
MUX — Multiplexed 3) RES vector is externai for 2 cycles after RES goes “High”
NMUX — Non-Multiplexed 4) Addresses associated with Ports 3 and 4 are considered external in Modes O,
L — Logic 0" 1,2,and 3
H — Logic 1" 5) Addresses associated with Port 3 are considered external in Modes 5 and 6
6) Port 4 default is user data input; address output is optional by writing to Port 4
Data Direction Register
= MEMORY MAPS 8 INTERRUPT FLOWCHART
The MCU can provide up to 65k byte address space depend- The Interrupt flow chart is depicted in Figure 24 and is com-

ing on the operating mode. A memory map for each operating  mon to every interrupt excluding reset.
mode is shown in Figure 20. The first 32 locations of each map

are reserved for the MCU’s internal register area, as shown in

Table 4. With exceptions as indicated.

Table 4 Internal Register Area

Register Address

Port 1 Data Direction Register*** 00
Port 2 Data Direction Register*** 01
Port 1 Data Register 02
Port 2 Data Register 03
Port 3 Data Direction Register *** 04"
Port 4 Data Direction Register*** 05**
Port 3 Data Register 06*
Port 4 Data Register o7+
Timer Control and Status Register 08
Counter (High Byte) 09
Counter (Low Byte) 0A
Output Compare Register {High Byte} [+]:3
Output Compare Register {Low Byte) ocC
Input Capture Register (High Byte) 0D
input Capture Register (Low Byte) OE
Port 3 Control and Status Register OF*
Rate and Mode Control Register 10
Transmit/Receive Controi and Status Register 11
Receive Data Register 12
Transmit Data Register 13
RAM Control Register 14
Reserved 15-1F

* External address in Modes 0, 1, 2, 3, 5, 6; cannot be
accessed in Mode 5 {No. 10S)

** External addresses in Modes 0, 1, 2,3
*** 1=Qutput, O=Input.
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HD6801S
Mode

Multiplexed Test mode

$0000(")
Internal Registers

External Memory Space

Internal RAM

External Memory Space

$F800

Internal ROM

SFFFE(2) Internal Interrupt Vectors(2

[NOTES]

1) Excludes the following addresses which may

be used externally: $04, $05, $06, $07 and $OF.
Addresses $FFFE and $FFFF are considered
external if accessed within 2 cycles alter a
positive edge of RES and internal at all other
times.

After 2 MPU cycles, there must be no over-
lapping of internal and external memory

spaces to avoid driving the data bus with more
than one device.

This mode is the only mode which may be used
to examine the interrupt vectors in internal
ROM using an external Reset vector.

2

3

4

HD6801S
Mode

Multiplexed/RAM & ROM

$0000(1) ////////%

Internal Registers

$001F

External Memory Space

$0080

I Internal RAM
$O00FF

External Memory Space

$F800
Internal ROM

$FFEF
$FFFO

] External Interrupt Vectors
SFFFF

1) Excludes the following addresses which may
be used externally; $04, $05, $06, $07 and
$OF.

2) Internal ROM addresses $FFFO to $FFFF are
not usable.

Figure 20 HD6801S Memory Maps
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HD6801S
Mode

Multiplexed/RAM

$000011) 7/////4
]

i Internal Registers

$001F
] External Memory Space

$0080 %
/ % Internal RAM
$OOFF /A
External Memory Space
$FFFO
SFFEF External Interrupt Vectors
[NOTE]

1) Excludes the following addresses which may
be used externally: $04, $05, $06, $07, and
$OF.

HD6801S
Mode

Multiplexed/No RAM or ROM

$0000( 1)
] Internal Registers
$001F
External Memory Space
$FFFO
$FFEF External Interrupt Vectors
[NOTE]

1} Excludes the following addresses which may
be used externally: $04, $05, $06, $07 and
$OF.

Figure 20 HD6801S Memory Maps (Continued)
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HD6801S HD6801S
Mode Mode

Single Chip Test Non-Multiplexed/Partial Decode
$0000 $0000(1)
W } Internal Registers ] internal Registers
$001F Z $001F
Unusable
$0080
Internal RAM
$00FF
$0100
External Memory Space
$01FF
Unusable! 1)(4)
Unusable
$F800
Internal ROM
$xx80 } Internal RAM
$XXFF Internal Interrupt Vectors SFFFF Internal Interrupt Vectors
[NOTES] {NOTES])
1) The internat ROM is disabled. 1) Excludes the following addresses which may
2} Mode 4 may be changed to Mode § without not be used externally: $04, $06, and $OF.
having to assert RESET by writinga 1" into {No {0S)
the PCO bit of Port 2 Data Register. 2) This mode may be entered without going
3) Addresses Ag to A, ; are treated as “don’t through RES by using Mode 4 and sub-
cares’’ to decode internal RAM. sequently writing a 1"’ into the PCO bit of
4) 1Internal RAM will appear at $XX80 to $XXFF. Port 2 Data Register.
3) Address lines A,~A, will not contain address-

es until the Data Direction Register for Port 4
has been written with “1’s” in the appropriate
bits. These address lines will assert *‘1's" until
made outputs by writing the Data Direction
Register.

Figure 20 HD6801S Memory Maps (Continued)
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HD6801S
Mode

Multiplexed/Partial Decode

$0000(1)

V0
|

$001F

$0080

$00FF

$F800

SFFFF

[NOTES]

Internal Registers

External Memory Space

Internal RAM

External Memory Space

Internal ROM

Internal Interrupt Vectors

1) Excludes the following address which may be
used externally: $04, $06, $OF.

2

Address lines Ag~A, ; will not contain

addresses until the Data Direction Register for
Port 4 has been written with “1’s” in the
appropriate bits. These address lines will
assert ““1's"’ until made outputs by writing the

‘Data Direction Register.

HD6801S
Mode

Single Chip
$0000 .
} Internal Registers
$001F
Unusable
$0080
} Internal RAM
$00FF
Unusable
$F800
Internal ROM
Internal Interrupt Vectors
$FFFF

Figure 20 HD6801S Memory Maps (Continued)
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& PROGRAMMABLE TIMER

The HD6801S contains an on-chip 16-bit programmable
timer which may be used to perform measurements on an input
waveform while independently generating an output waveform.
Pulse widths for both input and output signals may vary from a
few microseconds to many seconds. The timer hardware consists
of
« an 8-bit control and status register,

« a 16-bit free running counter,

« a 16-bit output compare register, and

« a 16-bit input capture register

A block diagram of the timer registess is shown in Figure 21.
® Free Running Counter ($0009:000A)

The key element in the programmable timer is a 16-bit free
running counter which is driven to increasing values by E (En-
able). The counter value may be read by the MPU software at
any time. The counter is cleared to zero on RES and may be
considered a read-only register with one exception. Any MPU
write to the counter’s address ($09) will always result in preset
value of $FFF8 being loaded into the counter regardless of the
value involved in the write. This preset figure is intended for
testing operation of the part, but may be of value in some
applications.
® Output Compare Register ($000B:000C)

The Output Compare Register is a 16-bit read/write register
which is used to control an output waveform. The contents of
this register are constantly compared with the current value of
the free running counter. When a match is found, a flag is set
(OCF) in the Timer Control and Status Register (TCSR) and the
current value of the Output Level bit (OLVL) in the TCSR is
clocked to the Output Level Register. Providing the Data
Direction Register for Port 2, Bit 1 contains a “1” (Output),

HD6801S0,HD6801S5

the output level register valie will appear on the pin for Port 2
Bit 1. The values in the Qutput Compare Register and Output
level bit may then be changed to control the output level on the
next compare value. The Output Compare Register is set to
$FFFF during RES. The Compare function is inhibited for
one cycle following a write to the high byte of the Qutput
Compare Register to insure a valid 16-bit value is in the register
before a compare is made.

® input Capture Register ($000D:000E)

The Input Capture Register is a 16-bit read-only register used
to store the current value of the free running counter when the
proper transition of an external input signal occurs. The input
transition change required to trigger the counter transfer is
controlled by the input Edge bit (IEDG) in the TCSR. The Data
Direction Register bit for Port 2 Bit 0, should* be clear (zero)
in order to gate in the external input signal to the edge detect
unit in the timer.

* With Port 2 Bit 0 configured as an output and set to “i”, the

external input will still be seen by the edge detect unit.
® Timer Control and Status Register (TCSR) ($0008)

The Timer Control and Status Register consists of an 8-bit
register of which all 8 bits are readable but only the low order 5
bits may be written. The upper three bits contain read-only
timer status information and indicate that:

« a proper transition has taken place on the input pin with a
subsequent transfer of the current counter value to the
input capture register.

+a match has been found between the value in the free
running counter and the output compare register, and

+ when $0000 is in the free running counter.

Each of the flags may be enabled onto the HD6801 internal
bus (IRQ;) with an individual Enable bit in the TCSR. If the

HD6801S Internal Bus

VP

Input Capture
Register

Timer b7§ " §

Output

Status
Register
$08

b0
cir:‘xéoll.cr[ocp[msk|]c¢ocjs'ro{veoqu_7._| Level

Output Compare Pulse

Register

...... -

_____ i Output Input

Level Edge
Bit1 BitO
Port2 Port2

Figure 21 Block Diagram of Programable Timer
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Timer Control and Status Register

7 6 5 4

3

2 1 0

l ICFI OCF I TOFl Eict I eocn] ETOII IEDG I 0LV£| $0008

I-bit in the HD6801S Condition Code register has been cleared,
a priority vectored interrupt will occur corresponding to the flag
bit(s) set. A description for each bit follows:

Bit 0 OLVL Output Level — This value is clocked to the output
level register on a successful output compare. If
the DDR for Port 2 bit 1 is set, the value will
appear on the output pin.

Input Edge — This bit controls which transition of
an input will trigger a transfer of the counter to
the input capture register. The DDR for Port 2 Bit
0 must be clear for this function to operate. IEDG
=0 Transfer takes place on a negative edge
(“High”-to-“Low” transition).

1IEDG = 1 Transfer takes place on a positive edge
(“Low™”-to-“High” transition).

Enable Timer Overflow Interrupt — When set, this
bit enables IRQ, to occur on the internal bus for a
TOF interrupt; when clear the interrupt is in-
hibited.

Enable Output Compare Interrupt — When set,
this bit enables IRQ, to appear on the internal bus
for an output compare interrupt; when clear the
interrupt is inhibited.

Enable input Capture Interrupt — When set, this
bit enables TRQ, to occur on the internal bus for
an input capture interrupt; when clear the inter-
rupt is inhibited.

Timer Overflow Flag — This read-only bit is set
when the counter contains $0000. It is cleared by
a read of the TCSR (with TOF set) followed by an
MPU read of the Counter ($09).

Output Compare Flag — This read-only bit is set
when a match is found between the output
compare register and the free running counter. It is
cleared by a read of the TCSR (with OCF set)
followed by an MPU write to the output compare
register ($0B or $0C).

Input Capture Flag — This read-only status bit is
set by a proper transition on the input; it is cleared
by a read of the TCSR (with ICF set) followed by
an MPU read of the Input Capture Register ($0D).

Bit 1 IEDG

Bit 2

ETOI

Bit 3 EOCI

Bit 4 EICI

Bit 5 TOF

Bit 6 OCF

Bit 7 ICF

= SERIAL COMMUNICATIONS INTERFACE

The HD6801S contains a full-duplex asynchronous serial
communications interface (SCI) on chip. The controller
comprises a transmitter and a receiver which operate independ-
ently or each other but in the same data format and at the same
data rate. Both transmitter and receiver communicate with the

MPU via the data bus and with the outside world via pins 2, 3,
and 4 of Port 2. The hardware, software, and registers are ex-
plained in the following paragraphs.

® Wake-Up Feature

In a typical multi-processor application, the software
protocol will usually contain a destination address in the initial
byte(s) of the message. In order to permit non-selected MPU’s
to ignore the remainder of the message, a wake-up feature is
included whereby all further interrupt processing may be
optionally inhibited until the beginning of the next message.
When the next message appears, the hardware re-enables (or
“wakes-up””) the for the next message. The “wake-up” is
automatically triggered by a string of ten consecutive 1’s which
indicates an idle transmit line. The software protocol must
provide for the short idle period between any two consecutive
messages.

® Programmable Options

The following features of the HD6801S serial 1/0 section are
programmable:

« format — standard mark/space (NRZ)

» Clock — external or internal

* baud rate — one of 4 per given MPU ¢, clock frequency or

external clock x8 input

» wake-up feature — enabled or disabled

* Interrupt requests — enabled or masked individually for

transmitter and receiver data registers

* clock output — internal clock enabled or disabled to Port

2 (Bit 2)
* Port 2 (bits 3 and 4) — dedicated or not dedicated to serial
1/0 individually for transmitter and receiver.
® Serial Communications Hardware

The serial communications hardware is controlled by 4
registers as shown in Figure 22. The registers include:

» an 8-bit control and status register

* a 4-bit rate and mode control register (write only)

+ an 8-bit read only receive data register and

- an 8-bit write only transmit data register.

In addition to the four registers, the serial I/O section utilizes
bit 3 (serial input) and bit 4 (serial output) of Port 2. Bit 2 of
Port 2 is utilized if the internal-clock-out or external-clock-in
options are selected.

Transmit/Receive Control and Status (TRCS) Register

The TRCS register consists of an 8-bit register of which all 8
bits may be read while only bits 0~4 may be written. The
register is initialized to $20 on RES. The bits in the TRCS
register are defined as follows:

Transmit/Receive Control and Status Register

7 [ 5 4

3

IRDREIORFEITDREI RIE l RE I TIE I TE I WUJ ADDR : $0011
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Bit 0 WU

Bit 1 TE

Bit 2 TIE

Bit 3 RE

Bit 4 RIE

Bit S TDRE

HD6801S0,HD6801S5

Bit7 Rate and Mode Control Register Bit0

-

I cc —[CCOISSI ] SSO |$10

Transmit/Receive Control and Status Register

[RDRFIORFETDREI RIE I RE I TIE I TE

wu |$11

Receive Data Register

Port 2

{Not Addressable)

Rx
Bit 1—1l——-[ Receive Shift Register
3

Clock 10 Bit Rate
Bi Generator  f¢——E
J (Not Addressable)

I Transmit Shift Register
Tl * ]
4

L1 [ | l Jsrs

Transmlt Data Regnster

Figure 22 Serial 1/0 Registers

“Wake-up” on Next Message — set by HD6801S
software and cleared by hardware on receipt of
ten consecutive 1’s or reset of RE flag. It should
be noted that RE flag should be set in advance of
MPU set of WU flag.

Transmit Enable — set by HD6801S to produce
preamble of nine consecutive 1’s and to enable
gating of transmitter output to Port 2, bit 4
regardless of the DDR value corresponding to this
bit; when clear, serial I/O has no effect on Port 2
bit 4.

TE set should be after at least one bit time of data
transmit rate from the setup of transmit data
rate and mode,

Transmit Interrupt Enable — when set, will permit
an IRQ, interrupt to occur when bit 5 (TDRE) is
set; when clear, the TDRE value is masked from
the bus.

Receiver Enable — when set, gates Port 2 bit 3 to
input of receiver regardless of DDR value for this
bit; when clear, serial I/O has no effect on Port 2
bit 3.

Receiver Interrupt Enable — when set, will permit
an IRQ; interrupt to occur when bit 7 (RDRF) or
bit 6 (ORFE) is set; when clear, the interrupt is
masked.

Transmit Data Register Empty — set by hardware
when a transfer is made from the transmit data
register to the output shift register. The TDRE bit
is cleared by reading the status register, then

writing a new byte into the transmit data register,
TDRE is initialized to 1 by RES.

Bit 6 ORFE Over-Run-Framing Error — set by hardware when
an overrun or framing error occurs (receive only).
An overrun is defined as a new byte received with
last byte still in Data Register/Buffer. A framing
error has occurred when the byte boundaries in bit
stream are not synchronized to bit counter. The
OREFE bit is cleared by reading the status register,
then reading the Receive Data Register, or by
RES.

Bit 7 RDRF Receiver Data Register Full — Set by hardware
when a transfer from the input shift register to the
receiver data register is made. The RDRF bit is
cleared by .reading the status register, then reading
the Receive Data Register, or by RES.

Rate and Mode Control Register

The Rate and Mode Control register controls the following
serial I/O variables:

+ Baud rate

» format

« clocking source, and

+ Port 2 bit 2 configuration

The register consists of 4 bits all of which are write-only and
cleared on RES. The 4 bits in the register may be considered as
a pair of 2-bit fields. The two low order bits control the bit rate
for internal clocking and the remaining two bits control the
format and clock select logic. The register definition is as
follows:

Rate and Mode Control Register

7 6 5 4

3 2 1 0

rX' X l X l X ICC1|CCO|SS1ISSO lADDR:$0010
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Bit 0 SSO Speed Select — These bits select the Baud rate for Bit 2 CCO Clock Control and Format Select — this 2-bit field
Bit 1 881 the internal clock. The four rates which may be Bit 3 CC1 controls the format and clock select logic. Table 6
selected are a function of the MPU ¢, clock defines the bit field.
frequency. Table § lists the available Baud rates.
Table 5 SCI Bit Times and Rates
XTAL 24576 MHz 4.0 MHz 4.91562 MHz*
SSt : SSO
E 614.4 kHz 1.0 MHz 1.2288 MHz
0 0 E+ 16 26 115/38,400 Baud 16 us/62,500 Baud 13 us/76,800 Baud
0 1 E+128 208 us/4,800 Baud 128 us/7812.5 Baud 104.2 us/9,600 Baud
1 0 E+1024 1.67 ms/600 Baud 1.024 ms/976.6 Baud 833.3 us/1,200 Baud
1 1 E + 4096 6.67 ms/150 Baud 4,096 ms/244.1 Baud 3.33 ms/300 Baud
* HD6801S5 Only
Table 6 SCI Format and Clock Source Control
CC1: CCco Format Clock Source Port 2 Bit 2 Port 2 Bit 3 Port 2Bit 4
o 0 - -— -— * " e
0 1 NRZ Internal Not Used b .
1 0 NRZ Internal Output* . *e
1 1 NRZ External Input L4 LA

* Clock output is available regardiess of values for bits RE and TE.

** Bit 3 is used for serial input if RE = 1" in TRCS; bit 4 is used for serial output if TE = *“1’* in TRCS.

Internslly Generated Clock

If the user wishes for the serial I/O to fumish a clock, the
following requirements are applicable:

« the values of RE and TE are immaterial.

* CC1, CCO must be set to 10

* the maximum clock rate will be E + 16.

» the clock will be at 1x the bit rate and will have a rising

edge at mid-bit.

Externally Generated Clock
If the user wishes to provide an external clock for the serial
1/0, the following requirements are applicable:
« the CC1, CCO, field in the Rate and Mode Control Register
must be set to 11,
« the external clock must be set to 8 times (X8) the desired
baud rate and
« the maximum external clock frequency is 1.0 MHz.

® Serial Operations
The serial 1/0O hardware should be initialized by the
HD6801S software prior to operation. This sequence will
normally consist of;
« writing the desired operation control bits to the Rate and
Mode Control Register and
« writing the desired operational control bits in the Transmit/
Receive Control and Status Register.
The Transmitter Enable (TE) and Receiver Enable (RE) bits
may be left set for dedicated operations.

Transmit Operations

The transmit operation is enabled by the TE bit in the
Transmit/Receive Control and Status Register. This bit when
set, gates the output of the serial transmit shift register to Port 2
Bit 4 and takes unconditional control over the Data Direction
Register value for Port 2, Bit 4.

Following a RES the user should configure both the Rate
and Mode Control Register and the Transmit/Receive Control
and Status Register for desired operation. Setting the TE bit
during this procedure initiates the serial output by first
transmitting a nine-bit preamble of 1’s. Following the preamble,
internal synchronization is established and the transmitter
section is ready for operation.

At this point one of two situation exist:

1) if the Transmit Data Register is empty (TDRE = 1), a
continuous string of ones will be sent indicating an idle
line, or,

2) if data has been loaded into the Transmit Data Register
(TDRE = 0), the word is transferred to the output shift
register and transmission of the data word will begin.

During the transfer itself, the O start bit is first transmitted.
Then the 8 data bits (beginning with bit 0) followed by the stop
bit, are transmitted. When the Transmitter Data Register has
been emptied, the hardware sets the TDRE flag bit.

If the HD6801S fails to respond to the flag within the proper
time, (TDRE is still set when the next normal transfer from the
parallel data register to the serial output register should occur)
then a 1 will be sent (instead of a 0) at “Start” bit time,
followed by more 1’s until more data is supplied to the data
register. No O’s will be sent while TDRE remains a 1.
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Receive Operation

The receive operation is enabled by the RE bit which gates in
the serial input through Port 2 Bit 3. The receiver section
operation is conditioned by the contents of the Transmit/
Receive Control and Status Register and the Rate and Mode
Control Register.

The receiver bit interval is divided into 8 sub-intervals for
internal synchronization. In the NRZ Mode, the received bit
stream is synchronized by the first O (space) encountered.

The approximate center of each bit time is strobed during
the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing
error is assumed, and bit ORFE is set. If the tenth bit as a 1, the
data is transferred to the Receive Data Register, and interrupt
flag RDRF is set. If RDREF is still set at the next tenth bit time,
ORFE will be set, indicating an over-run has occurred. When the
HD6801S responds to either flag (RDRF or ORFE) by reading
the status register followed by reading the Data Register, RDRF
(or ORFE) will be cleared.

®= RAM CONTROL REGISTER

This register, which is addressed at $0014, gives status
information about the standby RAM. A 0 in the RAM enable
bit (RAM E) will disable the standby RAM, thereby protecting
it at power down if Voo Standby is held greater than Vgpp
volts, as explained previously in the signal description for Voo
Standby.

RAM Control Register

STBY

$0014 PWR RAME| X X X X X X

Bit0 Not used.

Bit I Not used.

Bit2 Not used.

Bit 3 Not used.

Bit4 Not used.

Bit5 Not used.

Bit 6 RAME The RAM Enable control bit allows the user the
ability to disable the standby RAM. This bit is set
to a logic “1” by RES which enables the standby
RAM and can be written to one or zero uner pro-
gram control. When the RAM is disabled, data is
read from external memory.

Big 7 STBY The Standby Power bit is cleared when the stand-

PWR by voltage is removed. This bit is a read/write sta-
tus flag that the user can read which indicates that
the standby RAM voltage has been applied, and
the data in the standby RAM is valid.

# GENERAL DESCRIPTION OF INSTRUCTION SET

The HD6801S is upward object code compatible with the
HD6800 as it implements the full HMCS6800 instruction set.
The execution times of key instructions have been reduced to
increase throughout. In addition, new instructions have been
added; these include 16-bit operations and a hardware muttiply.

Included in the instruction set section are the following:

* MCU Programming Model (Figure 23)

+ Addressing modes

* Accumulator and memory instructions — Table 7

* New instructions

+ Index register and stack manipulations instructions — Table

8
« Jump and branch instructions — Table 9

HD6801S0,HD6801S5

« Condition code register manipulation instructions — Table 10

« Instructions Execution times in machine cycles — Table
11

- Summary of cycle by cycle operation — Table 12

- Op codes Map — Table 13

® MCU Programming Model

The programming model for the HD6801S is shown in Figure
23. The double (D) accumulator is physically the same as the
Accumulator A concatenated with the Accumulator B so that
any operation using accumulator D will destroy. information in
A and B.

7 A °| I7 B 0 8-Bit Accumulators A and B
ts o o] Or 16-8it Double Accumulator D

index Register (X)

F
x
=

hs P o] Stack Pornter (sP)

['s PC J Program Counter {PC)

7 Q

|1 1|H I]N zlv cI Condition Code Register (CCR)

L Carry/Borrow from MSB
Overflow

b Zero
‘—————— Negative
interrupt
——  Half Carry {(From Bit 3)

Figure 23 MCU Programming Mode!

® MCU Addressing Modes

The HD6801S eight-bit microcomputer unit has seven
address modes that can be used by a programmer, with the
addressing mode a function of both the type of instruction and
the coding within the instruction. A summary of the addressing
modes for a particular instruction can be found in Table 11
along with the associated instruction execution time that is
given in machine cycles. With a clock frequency of 4 MHz, these
times would be microseconds.
Accumulator (ACCX) Addressing

In accumulator only addressing, either accumulator A or
accumulator B is specified. These are one-byte instructions.
Immediate Addressing

In immediate addressing, the operand is contained in the
second byte of the instruction except LDS and LDX which have
the operand in the second and third bytes of the instruction.
The MCU addresses this location when it fetches the immediate
instruction for execution. These are two or three-byte instruc-
tions.

G HITACHI 59



HD6801S0,HD6801S5

Table 7 Accumulator & Memory Instructions

60

. Condition Code
Addressing Modes
Operations Mnemonic Boolean/ Register
IMMED. | DIRECT | INDEX |EXTEND [IMPLIED |  Arithmetic Operation | 5|4 1]0
OP |~ |{#|OP|~ [#|OP|~ 1% |OP |~ |#|OP|~ |# H|I|N]Z|V|C
Add ADDA 88 (2|2|9B (3|2 |AB|{4 |2 |BB |4 |3 A+B— A PRCRERERERE
ADDB cBl2|2|pbB|(3 |2 |EB|{4 |2 |FB |43 B +M—>B I ACREARRERE:
Add Double ADDD C3 (4|3 |D3(5|2|G3{6|2|F3(6]|3 A:B+M:M+1—-A:B [ECRERREBERE]
Add Accumulators ABA 1B[2[1]|A+B—A tlefd it
Add With Carry ADCA 89 [212)99 [312|A9/4(2 (B9 4|3 A+M+C—-A $le sttt
ADCB C9i2|2|D9[3|2(E9 |42 |F9[4 |3 B+M+C-B Pleft ||t |[8
AND ANDA 84 [2/2]|94132]A4/4]|2|B4 (4|3 AM- A e|elt|[t|R|e
ANDB C4 |2(2|D4|3 |2'|E4|4|2 |F4|4 |3 8:M—B ole |t|t|Rie
Bit Test BIT A 85 (22|96 [3 {2 |A5|4 |2 |B5{4 3 AM o |o|t{3[R]|e
BIT B cs |2|2|p5|3 (2|65 (4|2 |F5[4 3 B:M o (et iR|e
Cleer CLR 6F 6|2 |7F [6 |3 00-M e e R|S|R|R
CLRA 4F (211 (00— A e e IRISIRIR
CLRB S5F {2 |1{00—-B e e [R|S|R|R
Compare CMPA 81 [2[2 (91 {3 |2 A1 |4 B1 |4 |3 A-M oje|t|t|t]|2
CMPB Cl1[2({2i{D1{3 .2 E114|2(F1 |43 B-M CECRERRENE AR
Compare s ceA 11211 |a-8 olois|t|s]t
Complement, 1's CcoM 63 (62 (73 [6|3 MM elet|t|R][S
COMA 43 |2 [1 |[A—-A eie (3t |R|S
COMB 53 (2 |1 |B ~B ofe[t[t]R]S
Complement, 2's NEG 60 [6(2 |70 |6 |3 00-M—>M oot} D@
(Negate) NEGA 40 (2 |1 [00-A=A efelt|t D@
NEGB 50 {2 {1[00-B—~B ele |ttt |®@®
Deimal Adiust. A | DAA 19 2|1 |G snenesdorsce [ [o o i fo
Decrement DEC 6A (6 (2 |7TA |6 (3 M-1-M oottt |@]|e
DECA 4A 1211 |A-1—-A oot i@|e
DECB 6Al2|1|B-1-8B efe|t|t|@D|e
Exclusive OR EORA 88 (2|2 |98 |3 |2 |A8|4 (2 |B8 (4|3 A@M->A eielt{t|R|e
EORB c8 |2(2|D8(3 (2 |E8 4|2 [F8 (4|3 B@®M- 8 oottt R|e
Increment INC 6C |6 (2 (7C |6 |3 M+1-M o (et ®|e
INCA 4C (2 |1 |[A+1—A LECRERERIOI]
INCB 5C|211|B+1—-8B CECRERERIOI]
Load LDAA 86 (2 (2 (96 |3 |2]A6[14 (2 [B6 {4 (3 M- A oot} |Re
Accumulator LDAB _ |C6 (2|2 |D6|3 |2 [E6 {4 |2 [F6 [4 (3 M- B efeft]|t[R]e
Loed Double oo |cc |3 |3|oc|4f2 |ec|s |2 [Fc|s |3 M+1-B, M= A eleft|t|r]|e
Multiply Unsigned MUL 3D |10{1 [AxB—=A:B e fele|e 0@
OR, Inclusive ORAA 8A[2[2|9A |3 |2|AA|4|2 (BA |43 A+M—= A elelt|t |R|e
ORAB CA |2 {2 |DA[3 |2 |EA|4|2 [FA|4]3 B+M— B e[e T[T |R|®
Push Data PSHA 36 (3|1 |A—>Msp,SP~1->8SP ejefe|e 0o
PSHB 37{3{1|B—Msp,SP~1-SP elelo|eo|e
Pull Data PULA 32|4{1|[SP+1-SP, Msp—~ A e|ejo|eo]e
PULB 33{4{1[sP+1-5P,Msp—B olejefefe]e
Rotate Left ROL 69 |6|2(79 |63 ™M oleltit @Y
ROLA 4921;\}%@ NOBBERE
ROLB so|z2[1]s’ © ¥ O HBGE
Rotate Right ROR 66 6|2 |76 |6 |3 ("] efe|llt i@}
RORB 56 [2[1]8 DOBBEERE
The Condition Code Register notes are listed after Table 10. (Continued)
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Table 7 Accumulator & Memory Instructions (Continued)

Addressing Modes COn%i;;?:‘ e(;‘ode
Operations Mnemonic " \MMED. | DIRECT | INDEX |EXTEND |IMPLIED A,i‘h:;?cleax,mo,, 5[4]3[2]1]0
OP |~ |#|OP |~ |#|0OP|~ |4 |OP |~ #|0OP|~|# Hl1|njz|v]c
Shift Left ASL 68 (6278 |63 " P S0ARGE
Arithmetic ASLA 48 |2 |1 A} LI TLITIT o [e et [t [6[¢
ASLB 58 [2|1]|8) © 7 &0 NERGCE
et ASLD 05 |3 |1 [P ACCATRTE o | o |¢ + @Ol
Shift Right ASR 67 |6|2177 |63 M N eleit|t|®t
Arithmetic ASRA a7 |2 1 AJE:{;:D:D:DJJ»{;] BOBBRGE
ASRB 57 |2 |1|® * oo [t 1@
Shift Right LSR 64 [6(2 (74 [6]3 ™ . BOBRGCE
Logical LSRA a4 [2 1 A‘O*D___D:ED:D—‘[;J AHECE
‘ LSRB 5a(z]1]8 » NBRGE
. —
g;‘;‘:'f_ﬁ;‘c’; LSRD 04 |3 (110 J |ele|Rr|t®4
Store STAA 97 |3 |2 |Aa7]4a]2 |B7 |43 Ao M o[t T |R|e
Accumulator STAB p7lal2]ezlal2[F7 43 B-M ele |t |3 |R|e
Store Double STD po|4 |2 [ep|s |2 |FD|5 |3 ARG eloit|t|R]e
Subtract SuBA |80 |2{2 90 |3 |2]Acla2 B0 a3 A-MoA oo |t[t]s]t
sUBB__ | c0 2|2 |D0|3 |2 €04 (2 |[FO |43 B-M-B OB
Double Subtract SUBD 83 |43 |93 |5(|2|A3|6|2(B3 |63 A:B~-M:M+1->A:B e (e |2t |t
il::zzr:\cutlators SBA 10 (21 |A-B~>A oo (it |8}
Subtract SBCA |82 |22 |92 |3 |2 |Aa2la |2 [B2 4|3 A-M-C—A ele |ttt s
With Carry SBCB  |C2 2|2 |D2|3 |2 €242 |F2 |43 B-M-CoB NORBAE
Transfer TAB 16 (2 |1 {[A—B e(e (|t Rije
Accumulstors TBA 1721 ]s>aA ele|t|t|R]e
Test Zero or TST 6D |6 (2 |7D |6 {3 M - 00 oottt [R|R
Minus TSTA 4D (2 {1 |A -00 elet|t|R|R
TSTB 50 |2 |1|B - 00 els |t |t [R|R

The Condition Code Rejister notes are listed after Table 10.

Direct Addressing

In direct addressing, the address of the operand is contained
in, the second byte of the instruction. Direct addressing allows
the user to directly address the lowest 256 bytes in the machine
i.e., locations zero through 255. Enhanced execution times are
achieved by storing data in these locations. In most configura-
tions, it should be a random access memory. These are two-byte
instructions.
Extended Addressing

In extended addressing, the address contained in the second
byte of the instruction is used as the higher eight-bits of the
address of the operand. The third byte of the instruction is used
as the lower eight-bits of the address for the operand. This is an
absolute address in memory. These are three-byte instructions.
Indexed Addressing

In indexed addressing, the address contained in the second
byte of the instruction is added to the index register’s lowest

G HITACHI

eight bits in the MCU. The carry is then added to the higher
order eight bits of the index register. This result is then used to
address memory. The modified address is held in a temporary
address register so there is no change to the index register. These
are two-byte instructions.
Implied Addressing

In the implied addressing mode the instruction gives the
address (ie., stack pointer, index register, etc.). These are
one-byte instructions.
Relative Addressing

In relative addressing, the address contained in the second
byte of the instruction is added to the program counter’s lowest
eight bits plus two. The carry or borrow is then added to the
high eight bits. This allows the user to address data within a
range of ~-126 to +129 bytes of thé present instruction. These
are two-byte instructions.
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o New Instructions
In addition to the existing 6800 Instruction Set, the following new instructions are
incorporated in the HD6801S Microcomputer.

ABX
ADDD
ASLD
LDD
LSRD
MUL
PSHX
PULX
STD
SUBD

BRN

cPX

Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account
the possible carry out of the low order byte of the X-Register.

Adds the double precision ACCD* to the double precision value M:M+1 and places
the results in ACCD.

Shifts all bits of ACCD one place to the left. Bit O is loaded with zero. The C bit is
loaded from the most significant bit of ACCD.

Loads the contents of double precision memory location into the double
accumulator A:B. The condition codes are set according to the data.

Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit
is loaded from the least significant bit to ACCD.

Multiplies the 8 bits in accumulator A with the 8 bits in accumulator B to obtain a
16-bit unsigned number in A:B, ACCA contains MSB of result.

The contents of the index register is pushed onto the stack at the address contained
in the stack pointer. The stack pointer is decremented by 2.

The index register is pulled from the stack: beginning at the current address
contained in the stack pointer +1. The stack pointer is incremented by 2 in total.
Stores the contents of double accumulator A:B in memory. The contents of ACCD
remain unchanged.

Subtracts the contents of M:M + 1 from the contents of double accumulator AB
and places the result in ACCD.

Never branches. If effect, this instruction can be considered a two byte NOP (No
operation) requiring three cycles for execution.

Internal processing modified to permit its use with any conditional branch in-

struction.

*ACCD is the 16 bit register (A:B) formed by concatenating the A and B accumulators. The A-accumu-
lator is the most significant byte.

Table 8 Index Register and Stack Manipulation Instructions

Addressing Modes Congitign Code
. Boolean/ egister

Pointer Operations | Mnemonic [|mMEep, | DIRECT | INDEX | EXTND |IMPLIED | Arithmetic Operation |5]4]32]1]0
OP |~ [#|OP |~ |#|OP |~ |#[OP [~ |#|OP|~ |# HiI[N{Z|[V]|C

Compare Index Reg CPX 8C|4|3[(9C|5{2|AC|6(2(BC|6|3 X—M: M +1 LA AERENERE]
Decrement Index Reg DEX 09 (3|1 (X=-1->X oo (et |e]e
Decrement Stack Pntr DES 34 (3|1 |sP—-1->8P o|o(ojoje]e
Increment Index Reg INX 08 [3 (1 [X+1->X elejs|t|o]e
Increment Stack Pntr INS 31 {3 |1 |SP+1->8P ejofe(oefe
Load Index Reg LDX CeE{3|3|DE|4a|2|EE|{5[2]FE|5B3 M= Xy, IM+1)-> X, [e[e|[D[t[R]e
Load Stack Pntr LDS 8E |3 |3 |9E (4|2 |AE|{5|2 |BE|5|3 M= SPy, (M+1)>SP |e|e @ $[Rje
Store Index Reg STX oF [4[2[er|5[2[FF|5]3 XM X > M+1) |ele|D[t]R]e
Store Stack Pntr STS of [4|2[aF|s|2{BF |53 SPy —~M,SP_~(M+1) e [e D[t [R]e
Index Reg - Stack Pntr| TXS 36 (3|1 {X-1—~58P ojo|efe|ele
Stack Pntr — Index Reg! TSX 30 (3|1 |SP+1->X e(oe|ofe]e]e
Add ABX 3A[(3 |1 [B+X~—X ojlojeo ojoie
Push Data PSHX 3C (4 (1 [X > Mg, SP-1—>SP |ejefe e ole

Xp— Mgy, SP— 1 SP
Pull Data PULX 38 (5 (1 |SP+1>SP, My > Xy (@ [e (e ejee
SP + 1 SP, Mgy, —~ X

The Condition Code Register notes are listed after Table 10.
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Table 9 Jump and Branch Instructions

Addressing Modes Condition Code
Register
Operations Mnemonic ['pe| ATIVE | DIRECT | INDEX |EXTND |IMPLIED Branch Test s[a[3]2]1]0
OP|~|# |OP|~|# |OP|~|#|OP |~ [#|OP|~|# HIIIN]Z|V|C
Branch Always BRA 2032 None ejojeo o ole
Branch Never BRN 21132 None ejo|e[o 0o
Branch If Carry Clear BCC 24) 3|2 C=0 LA NERE A
Branch If Carry Set BCS 25(3|2 C=1 olelejoiole
Branch If = Zero BEQ 27| 3|2 Z=1 ejo|o(eoie|e
Branch If > Zero BGE 2C1 312 N@V=0 elejejo|se
Branch If > Zero BGT 2E[ 32 Z+(IN®V)=0 e|ofele|e|e
Branch If Higher BHI 221 3|2 C+Z=0 olo|eo|oe|e
Branch If < Zero BLE 2F (312 Z+(IN@ VI=1 o(oloieo(eie
Sranch If Lower Or BLS 2332 c+z=1 elejefeie]e
Branch If < Zero BLT 20|32 N®V=1 g
Branch If Minus BMI 2B|3(2 N=1 o|o o oo 0
g::gch If Not Equal BNE 2632 z-0 elelole|ele
g:':;ch If Overflow BVC 28132 V=0 olelele|ele
Branch If Overflow Set| BVS 29|32 v=1 eje oo |0 le
Branch If Plus BPL 2A1 3|2 N=0 e/e o0 oo
Branch To Subroutine BSR 8D| 6|2 eje|eo (o |e]e
Jump JMP 6E |3 [2 {7E |3 (3 See Special Operations |[® (o (e e (e [e
Jump To Subroutine JSR 9D |5 (2 (AD(6 {2 BD {6 |3 ojele jeje]e
No Operation NOP 01|21 8::’:"“5 Prog.Cntr. | o o |0 [0 |0 |®
Return From Interrupt] RT! 3B [10(1 B ——
SR:;:;?“':':: " RTS Sl A See Special Operations bt bl bl
Software Interrupt swi 3F [12]1 i e |S|e |o|e e
Wait for Interrupt WAL 3E |9 |1 . o |o
Table10 Condition Code Register Manipulation Instructions
ddressingModes| Condition Code Register
Operations Mnemonic IMPLIED Boolean Operation 514 1312 1 0
OP | ~ | # H | N|Z VvV iC
Clear Carry CcLC oc {2 |1 0-C e | o |o e | e |R
Clear Interrupt Mask CLI ]33 2 1 [ . R . . ° °
-Clear Overflow CLvV 0A | 2 |1 00—V oo (@@ R |o
Set Carry SEC 0D 2 1 1-C e | o ) . e {S
Set Interrupt Mask SEI OF 2 1 1-1 e | S e (e e (o
Set Overflow SEV 0B | 2 |1 1V e | o @] e |5 |e
Accumulator A~ CCR TAP 06 |2 [1 A- CCR @
CCR — Accumulator A TPA 07 | 2 |1 CCR— A efoJeJoefe]e

Condition Code Register Notes: (Bit set it test is true and cleared otherwise)

@ (BitV) Test: Result = 100000007

@ (BitC) Test: Result % 000000007

@ (BitC) Test: Decimal value of most significant BCD Character greater than nine? {Not cleared if previously set)
@ (BitV) Test: Operand = 10000000 prior to execution?

® (BitV) Test: Operand = 01111111 prior to execution?

® (BitV) Test: Setequal to result of N@®@C after shift has occurred.

@ (Bit N}  Test: Result less than zero? (Bit 15 = 1)

(A1) Load Condition Code Register from Stack. (See Special Operations)
@ (Bit}) Set when interrupt occurs. |f previously set, a Non-Maskable Interrupt is required to exit the wait state.
@ {Al}) Set according to the contents of Accumulator A,

@ (BitC)  Setequal to result of Bit 7 (AccB)
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Instruction Execution Times in Machine Cycles

Table 11

. Ex- In- Im- Re-
Direct . onded dexed plied lative

imme-
diate

ACCX

. Ex- In- Im- Re-
Direct ionded dexed plied lative

Imme-
diate

ACCX

INX

ABA
ABX
ADC
ADD

JMP
JSR

LDA

LDD
LDs

ADDD
AND
ASL

LDX
LSR

ASLD
ASR
BCcC
BCS

LSRD
MUL
NEG
NOP

10

BEQ
BGE

ORA
PSH

BGT
BHI
BIT
BLE
BLS
BLT
BMI

PSHX
PUL

3

PULX
ROL
ROR
RTI

3

10

RTS
SBA

BNE
8PL

SBC
SEC
SEI

BRA

BRN
BSR

SEV

BVC
BVS

STA

STD
STS

CBA
CLC
cLl

STX

suB

CLR
cLv
CMP

SUBD
swi

12

TAB
TAP

com
CPX

TBA
TPA
TST
TSX
TXS
WAI

DAA
DEC
DES

DEX
EOR
INC

INS

O HITACHI
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o Summary of Cycle by Cycle Operation

Table 12 provides a detailed description of the information
present on the Address Bus, Data Bus, and the Read/Write line

(R/W) during each cycle for each instruction.

This information is useful in comparing actual with expected

HD680150,HD6801S5

control program is executed. The information is categorized in

groups according to addressing mode and number of cycles per
instruction. (In general, instructions with the same addressing

mode and number of cycles execute in the same manner; ex-

results during debug of both software and hardware as the

Table 12 Cycle by Cycle Operation

ceptions are indicated in the table).

Op Code Address + 1
Subroutine Address
Stack Pointer

Irrelevant Data
First Subroutine Op Code
Return Address (Low Order Byte)

Address Mode & Cycle RW
Instructions Cycles 4 Address Bus Line Data Bus
IMMEDIATE
ADC EOR 2 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Adtjress +1 1 Operand Data
AND ORA
BIT SBC
CMP SUB
LDS 3 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Operand Data (High Order Byte)
LDD 3 Op Code Address + 2 1 Operand Data {Low Order Byte)
CPX 4 1 Op Code Address 1 Op Code
SUBD 2 Op Code Address + 1 1 Operand Data (High Order Byte)
ADDD 3 Op Code Address + 2 1 Operand Data (Low Order Byte)
4 Address Bus FFFF 1 Low Byte of Restart Vector
DIRECT
ADC EOR 3 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Address of Operand
AND ORA 3 Address of Operand 1 Operand Data
BIT SBC
CMP SUB
STA 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Destination Address
3 Destination Address 0 Data from Accumulator
LDS 4 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Address of Operand
LDD 3 Address of Operand 1 Operand Data {High Order Byte)
4 Operand Address + 1 1 Operand Data (Low Order Byte)
STS 4 1 Op Code Address 1 Op Code
STX 2 Op Code Address + 1 1 Address of Operand
STD 3 Address of Operand 0 Register Data (High Order Byte)
4 Address of Operand + 1 0 Register Data (L.ow Order Byte)
CPX 5 1 Op Code Address 1 Op Code
SUBD 2 Op Code Address + 1 1 Address of Operand
ADDD 3 Operand Address 1 Operand Data (High Order Byte)
4 Operand Address + 1 1 Operand Data (Low Order Byte)
5 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 5 1 Op Code Address 1 Op Code
2 1
3 1
4 0
5 0

Stack Pointer + 1

Return Address (High Order Byte)

@ HITACHI
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Table 12 Cycle by Cycle Operation (Continued}

Address Mode &

R/W

Address Bus FFFF
Index Register + Offset
Stack Pointer

Low Byte of Restart Vector
First Subroutine Op Code
Return Address (Low Order Byte)

Instructions Cycles Cy;le Address Bus Line Data Bus
INDEXED
JMP 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
ADC EOR 4 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Offset
AND ORA 3 Address Bus FFFF 1 Low Byte of Restart Vector
BIT SBC 4 Index Register Plus Offset 1 Operand Data
CMP suB
STA 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 0 Operand Data
LDS 5 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Offset
LDD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 1 Operand Data (High Order Byte)
5 Index Register Plus Offset + 1 1 Operand Data (Low Order Byte)
STS 5 1 Op Code Address 1 Op Code
STX 2 Op Code Address + 1 1 Offset
STD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 0 Operand Data (High Order Byte)
5 Index Register Plus Offset + 1 0 Operand Data {Low Order Byte)
ASL LSR 6 1 Op Code Address 1 Op Code
ASR NEG 2 Op Code Address + 1 1 Offset
CLR ROL 3 Address Bus FFFF 1 Low Byte of Restart Vector
COM ROR 4 Index Register Plus Offset 1 Current Operand Data
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 Index Register Plus Offset 0 New Operand Data
CPX 6 1 Op Code Address 1 Op Code
SUBD 2 Op Code Address + 1 1 Offset
ADDD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register + Offset 1 Operand Data {High Order Byte)
5 Index Register + Offset + 1 1 Operand Data (Low Order Byte)
6 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 6 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 1
4 1
5 0
6 0

Stack Pointer - 1

Return Address (High Order Byte)

*In the TST instruction, R/W line of the sixth cycle is “1* level, and AB = FFFF, DB = Low Byte of Reset Vector,
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Table 12 Cycle by Cycle Operation (Continued)

Address Mode &

R/W

Op Code Address + 1

Op Code Address + 2
Subroutine Starting Address
Stack Pointer

Address of Subroutine (High Order Byte)
Address of Subroutine (Low Order Byte)
Op Code of Next Instruction

Return Address (Low Order Byte)

Instructions Cycles CY;IE Address Bus Line Data Bus
EXTENDED
JMP 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Jump Address (High Order Byte)
3 Op Code Address + 2 1 Jump Address {Low Order Byte)
ADC EOR 4 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
AND ORA 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
BIT SBC 4 Address of Operand 1 Operand Data
CMP SuUB
STA 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Destination Address (High Order Byte)
3 Op Code Address + 2 1 Destination Address (Low Order Byte)
4 Operand Destination Address 0 Data from Accumulator
LDS 5 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Address of Operand {High Order Byte)
LDD 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 Address of Operand 1 Operand Data (High Order Byte)
5 Address of Operand + 1 1 Operand Data (Low Order Byte)
STS 5 1 Op Code Address 1 Op Code
STX 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
STD 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 Address of Operand 0 Operand Data (High Order Byte)
5 Address of Operand + 1 0 Operand Data (Low Order Byte)
ASL LSR 6 1 Op Code Address 1 Op Code
ASR NEG 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
CLR ROL 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
COM ROR 4 Address of Operand 1 Current Operand Data
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 Address of Operand 0 New Operand Data
CPX 6 1 Op Code Address 1 Op Code
SUBD 2 Op Code Address + 1 1 Operand Address (High Order Byte)
ADDD 3 Op Code Address + 2 1 Operand Address {Low Order Byte)
4 Operand Address 1 Operand Data (High Order Byte)
5 Operand Address + 1 1 Operand Data (Low Order Byte)
6 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 6 1 Op Code Address 1 Op Code
2 1
3 1
4 1
5 0
6

Stack Pointer - 1

[=]

Return Address (High Order Byte)

*In the TST instruction, R/W line of the sixth cycle is “1” level, and AB=FFFF, DB=Low Byte of Reset. Vector.

O HITACH!
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Table 12 Cycle by Cycle Operation {Continued)

A‘.’,‘,’s'f,’jc'ﬂggﬁ & Cycles CY;IG Address Bus Ei/,:lz Data Bus
IMPLIED
ABA DAA SEC 2 1 Op Code Address 1 Op Code
ASL DEC SEf 2 Op Code Address + 1 1 Op Code of Next Instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLV ROR TST
COM SBA
ABX 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
ASLD 3 1 Op Code Address 1 Op Code
LSRD 2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
DES 3 1 Op Code Address 1 Op Code
INS 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Previous Register Contents 1 Irrelevant Data
INX 3 1 Op Code Address 1 Op Code
DEX 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Address Bus FFFF 1 Low Byte of Restart Vector
PSHA 3 1 Op Code Address 1 Op Code
PSHB 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 0 Accumulator Data
TSX 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 1 Irrelevant Data
TXS 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Address Bus FFFF 1 Low Byte of Restart Vector
PULA 4 1 Op Code Address 1 Op Code
PULB 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1
PSHX 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 0 Index Register {Low Order Byte)
4 Stack Pointer ~ 1 0 Index Register (High Order Byte)
PULX 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Index Register (High Order Byte)
5 Stack Pointer +2 1 Index Register {Low Order Byte)
RTS 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Address of Next Instruction
(High Order Byte)
5 Stack Pointer + 2 1 Address of Next Instruction
{Low Order Byte)
WAI** 9 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 0 Return Address (L.ow Order Byte)
4 Stack Pointer — 1 0 Return Address
(High Order Byte)
(Continued)
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Table 12 Cycle by Cycle Operation (Continued)

Address Mode &

Cycle

R/W

Instructions Cycles, “ Address Bus Line Data Bus
WAI** 5 Stack Pointer — 2 0 Index Register (Low Order Byte)
6 Stack Pointer — 3 0 Index Register (High Order Byte)
7 Stack Pointer — 4 0 Contents of Accumulator A
8 Stack Pointer — 5 0 Contents of Accumulator B
9 Stack Pointer — 6 0 Contents of Cond. Code Register
MUL 10 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Address Bus FFFF 1 Low Byte of Restart Vector
5 Address Bus FFFF 1 Low Byte of Restart Vector
6 Address Bus FFFF 1 Low Byte of Restart Vector
7 Address Bus FFFF 1 Low Byte of Restart Vector
8 Address Bus FFFF 1 Low Byte of Restart Vector
9 Address Bus FFFF 1 Low Byte of Restart Vector
10 Address Bus FFFF 1 Low Byte of Restart Vector
RTI 10 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Contents of Cond, Code Reg.
from Stack
5 Stack Pointer + 2 1 Contents of Accumulator B
from Stack
6 Stack Pointer + 3 1 Contents of Accumulator A
from Stack
7 Stack Pointer + 4 1 Index Register from Stack
(High Order Byte)
8 Stack Pointer + 5 1 Index Register from Stack
(Low Order Byte)
9 Stack Pointer + 6 1 Next Instruction Address from
Stack (High Order Byte)
10 Stack Pointer +7 1 Next Instruction Address from
Stack (Low Order Byte)
SWI 12 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 0 Return Address (Low Order Byte)
4 Stack Pointer — 1 0 Return Address
(High Order Byte)
5 Stack Pointer — 2 0 Index -Register (Low Order Byte)
6 Stack Pointer — 3 0 Index Register (High Order Byte)
7 Stack Pointer — 4 0 Contents of Accumulator A
8 Stack Pointer — 5 0 Contents of Accumulator B
9 Stack Pointer — 6 0 Contents of Cond. Code Register
10 Stack Pointer — 7 1 Irrelevant Data
1 Vector Address FFFA (Hex) 1 Address of Subroutine
{High Order Byte)
12 Vector Address FFFB (Hex) 1 Address of Subroutine

(Low Order Byte)

**While the MPU is in the “Wait" state, its bus state will appear &s a series of MPU reads of an address which is seven locations less than the
original contents of the Stack Pointer, Contrary to the HD6800, none of the ports are driven to the high impedance state by a WAl ins—

truction,

G HITACHI
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Table 12 Cycle by Cycle Operation (Continued)

aton® [ [ O | powwsn | OW
RELATIVE
BCC BHT BNE 3 1 Op Code Address 1 Op Code
BCS BLE BPL 2 Op Code Address + 1 1 Branch Offset
BEQ BLS BRA 3 Address Bus FFFF 1 Low Byte of Restart Vector
BGE BLT BVC
BGT BMT BVS
BRN
BSR 6 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Branch Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Subroutine Starting Address 1 Op Code of Next Instruction
5 Stack Pointer 0 Return Address (Low Order Byte)
6 Stack Pointer — 1 0 Return Address (High Order Byte)

o Summary of Undefined Instruction Operations

When the op codes (4E, SE) are used to execute, the MPU

The HD6801S has 36 undefined instructions. When these are continues to increase the program counter and it will not stop
carried out, the contents of Register and Memory in MPU until the Reset signal enters. These op codes are used to test the

change at random.

LSL

Table 13 Op codes Map

HD6801S MICROCOMPUTER INSTRUCTIONS
op acc| AC] o | ext ACCA or SP AGCB or X
CODE A | B MM ] DtR | IND [EXT [ MM [ DIR | IND | EXT
H 0000 | 00010010 | 0011 | 0100|0101 [0110] 0111] 1000] 1001] 1010[1011] 11001101 [1110] 1111
Lo 0 1| 2 3 4 5 |6| 7] 8| 9] A|B|lcCc|D|€E]F
0000 [0 SBA | BRA | TsX NEG suB 0
0001 1 NOP_ | CBA | BRN | INS CMP 1
0010 | 2 BHI |PULA (+1) SBC 2
0011 3 BLS [PULB (+1) CoM + | SUBD (+2) [+ ADDD &2) 3
o100 | 4 LSRD (+1) BcC | DES LSR AND 4
0101 5 | ASLD (+1) BCS | TXS BIT 5
0110 | 6 TAP_ | TAB | BNE | PSHA ROR LDA 6
o111 7 TPA | TBA | BEQ [ PSHB ASR STA L1 STA 7
1000 |8 INX (+1) BVC [PULX (+2) ASL EOR 8
1001 9 DEX (+1) | DAA [ BVS | RTS (+2) ROL ADC 9
100 [ A cLv BPL [ ABX DEC ORA A
1011 ) SEV | ABA | BMI | RTI (+7) ADD B
1100 | c cLe BGE | PSHX (+1) INC + 1 CPX(+2) + ] LDD i+1) c
1101 o SEC BLT | MUL (+7) TST BSRl  usm@2)  |sen)  sTD@) o
1Mo E cut BGT | WAI (+6) " e |+ osen * i LDX(+1) €
111 F SEI BLE | SWI 1+9) CLR s sTSH1) [t sTX (4 F
BYTE/CYCLE 12 | 12 {23 ] w3 [12[12]ae][3.| 22| 23] 24 3] 22]23]20a] 38

[NOTES] 1) Undefined Op codes are marked with .
) indicate that the number in parenthesis must be added to the cycle count for that instruction,

3) The instructions shown below are all 3 bytes and are marked with “*",
:Bml;n'cdl;“z‘ :t’idnuinn mode of SUBD, CPX, LDS, ADDD, LDD and LDX instructions, and undefined op codes
. CD, CF}.

4) The Op codes (4E, 5E) are 1 byte/= cycles instructions, and are marked with *'***,

2) (
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RESET

1->ITMP

1-1

I

Vector - PC

RESETFFFE: FFF

TMP — |

]

Next
Instr

IITMP-’II

Stack Machine State

PC,X,A, B, CC

Y
N

Y
N

EXECUTE

WAI

é,\..

Y

Condition Code Register

Cldu]Inz]v]c]

1IT™MP

Figure 24 Interrupt Flowchart

t— ITMP
114

Vector -+ PC

NMI | FFFC FFFD

*SCI = TIE-TDRE + RIE+(RDRF + ORFE)

Non-Maskable Interrupt

SWI_| FFFA FFFB

TRQ, | FFF8 FFFO |

ICF_| FFF6 FFF7

OCF_| FFF4FFF5

TOF | FFF2FFF3

SCI_| FFFO FFF

Software Interrupt

Maskable Interrupt Request 1

Input Capture interrupt

Output Compare Interrupt

Timer Overflow Interrupt

SCI Interrupt {TDRE + RDRF + ORFE)
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Vee

Vee

E:— |———=>> Enable :—— |———=> Enable
s F— = IS
== o T I
Ve Standby ————3»1 Port 3 Ve Standby ———=1
— 8 Transfer aes
Aes —>] Lines RES ~——>>f
Port 1 HD6801S HDE801S Port 1
EAlIO 81/0 Lines
ines
Port 4 Port 2 Port 2 Port 4
81/0 Lines 51/0 Lines  §1/0 Lines 81/0 Lines
scl scl
16 Bit Timer 16 Bit Timer
Ves Vss
Figure 25 HD6801S MCU Single-Chip Dual Processor Configuration
=_1_—— HD6801S |Enable ; HD6801S Enable
T | Mcu - 1 Mcu
Address
8 Strobe |, g
r«—1 Latch "—?
16 8
Random
Access ROM
Memory
Peripheral
Interface RAM
Adapter
= T
Purpose PIA
Interface
Adapter
Address Data
Bus Bus GPIA
Figure 26 HD6801S MCU Expanded Non-Multiplexed Mode
PTM

Address Bus

Figure 27 HD6801S MCU Expanded Multiplexed Mode
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MCU (Microcomputer Unit)

The HD6801V MCU is an 8-bit microcomputer system which
is compatible with the HD6801S except the ROM size. The
HD6801V MCU is object code compatible with the HD6800
with improved execution times of key instructions plus several
new 16-bit and 8-bit instructions including an 8x8 unsigned
multiply with 16-bit result. The HD6801V MCU can operate as
a single chip microcomputer or be expanded to 65k words. The
HD6801V MCU is TTL compatible and requires one +5.0 volt
power supply. The HD6801V MCU has 4k bytes of ROM and
128 bytes of RAM on chip. Serial Communications interface
(SCI), and parallel 1/O as well as a three function 16-bit timer.
Features and Block diagram of the HD6801V include the
following:

® FEATURES

® Expanded HMCS6800 Instruction Set

® 8 x 8 Multiply

® On-Chip Serial Communications Interface (SCI)

® Object Code Compatible With The HD6800 MPU

® 16-Bit Timer

@ Single Chip Or Expandable To 65k Words

® 4k Bytes Of ROM

® 128 Bytes Of RAM (64 Bytes Retainable On Power

Down)

29 Parallel 1/0 Lines And 2 Handshake Control Lines
Internal Clock/Divided-By-Four Circuitry

TTL Compatible Inputs And Outputs

interrupt Capability

Compatible with MC6801 (except ROM size)

BLOCK DIAGRAM

CPU
;xo - :20
31— ) 21
.P,”° e o MuUX Pozl't P2z
377 Py
Pree o Port |___ 4
Pyse-o 3 |IRQ: 24
Pie =+ B
7 -]
gcf o : Timer[” |
gl
SCi
Pao +-+f —=Pio
Pay = Address P
Paze—ef

Pay=-o Port Port f— <Py

Paeod] 4 1 F—<pu
Pas > jo———= Py
Pag = 3 PP
peesl] ———— 1

Vee Standby —f | 2:;;: 4:83

HD6801VOP
HD6801V5P

T TV YTV TV VDD UUVDT

HD68O1V 37

(Top View)

= TYPE OF PRODUCTS

27 Vcc Standby

MCU Bus Timing
HD6801V0 1 MHz
HD6801V5 1.25 MHz

® HiITaCH!
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-4 ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee * -0.3~+7.0 v
Input Voltage Vin * -0.3~+7.0 Y
Operating Temperature Topr 0 ~+70 °c
Storage Temperature Teg - 55 ~+150 °c

* With respect to Vgg (SYSTEM GND)
[NOTE] Permanent LS| damage may occur if maximum ratings are exceeded, Normal operation should be under recommended operating
conditions. If these conditions are exceeded, it could affect reliability of LSI.

® ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vce =5.0Vi5%, Vsg = 0V, Ta = 0~ +70°C, unless otherwise noted.)

Item Symbol | Test Condition min typ max Unit
RES 4.0 - Vv
Input “High” Voltage V, cc
Py 9 9 Other Inputs® ™ 2.0 - Vee v
Input “Low” Volta EXTAL 03 - 08
ge Other Inputs*® ViL 03| - 08 v
Pao ~ P4y - - 05
Input Load Current SC, |lin! Vin =0~2.4V - — 0.8 mA
EXTAL Vin =0~ Vce - - 1.2
Input Leakage Current | NMI, IRQ,, RES linl Vin =0~ 5,26V - - 25 HA
Three State (Offset) Pio ~ Py, P3o ™ Pyy =05~ - — 10
Leakage Current Pyo~ Pyq Hrsil | Vin=05~24V - - 100 A
Py ~ Py I oap = ~205 uA 2.4 - —
Qutput “High’’ Voltage | P4 ~ P49, E, SC;, SC, Vou ILoap = -145 uA 24 - - v
Other Outputs ILoap =-100 uA 24 - -
Output “Low’’ Voltage | All Outputs VoL |lLoap =1.6mA - - 05 \
Darlington Drive Current | Pyg ~ Py, -lon |Vout=186V 1.0 - 100 | mA
Power Dissipation P - - 1200 (| mW
. P3g ~ Pa;, Pag ~ P4y, SC, Vip =0V, Ta=25°C, | — - 125
Input t Ci F
nput Capacitance Other Inputs " lf=1.0MHz - - 100 | ©
P V, 4.0 - 5.25
Vg Standby owerdown sas v
Operating Vss 4.75 - 5.256
Standby Current Powerdown Isga Vsgg =4.0V — - 8.0 mA

*Except Mode Programming Levels.
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® AC CHARACTERISTICS

BUS TIMING (Vcc = 5.0V5%, Vss = OV, Ta = 0 ~ +70°C, unless otherwise noted.)

HD6801VO0O,HD6801V5

Item Symbol | Test Condition |——1P20801V0 _HDBBOIVE 1, ;¢
min typ max | min typ max
Cycle Time teye 1 - 10 | 0.8 | — 10 us
Address Strobe Pulse Width ‘‘High”’ PWashH 200 | — — 150 | — — ns
Address Strobe Rise Time tasr 5 | — 50 5 | — 50 ns
Address Strobe Fall Time tasf 5 - 50 5 - 50 ns
Address Strobe Delay Time tasp 60 - - 30 - - ns
Enable Rise Time te, 5 - 50 5| — 50 ns
Enable Fall Time tet 5 - 50 5 - 50 ns
Enable Pulse Width “High’’ Time PWey 450 — - 340 - - ns
Enable Pulse Width “‘Low’’ Time PWe 450 - - 350 - - ns
Address Strobe to Enable Delay Time tASED 60 - - 30 - - ns
Address Delay Time tap Fig. 1 - - 260 - - 260 ns
Address Delay Time for Latch taoL Fig. 2 - - 270 - - 260 ns
Data Set-up Write Time tosw 225 | - - 115 | — - ns
Data Set-up Read Time tosr 80 - - 70 - - ns
X Read tHR 10 | — - 10 - —
Data Hold Time Write e 20 | = = 20 1= — ns
Address Set-up Time for Latch tasL 60 | — — 50 | — — ns
Address Hold Time for Latch tAHL 20 - - 20 - - ns
Address Hold Time tan 20 | — — 20 — - ns
Peripheral Read Non-Multiplexed Bus {taccn) — — j(610) | - — (410) ns
Access Time Multiplexed Bus (tacem) — — | (600) | — - (400)
Oscillator stabilization Time tRe Fig. 10 100 = — 100 — — ms
Processor Control Set-up Time tecs Fig. 11 200 | ~ - 200 | — - ns
PERIPHERAL PORT TIMING (V¢ = 5.0V 6%, Vgg = 0V, Ta = 0 ~ +70°C, unless otherwise noted.)
Item Symbol Test Condition min typ max Unit
Peripheral Data Setup Time | Port 1,2, 3,4 tepsu Fig. 3 200 - - ns
Peripheral Data Hold Time Port1,2,3,4 tppH Fig. 3 200 - - ns
Delay Time, Enable Positive Transition .
t0 5%'3 Negative Transition tosp1 Fig.5 - - 350 ns
Delay Time, Enable Positive Transition .
to (%3 Positive Transition tosp2 Fig. 5 - - 350 ns
Delay Time, Enable Negative
Transition to Peripheral Data| Port 1, 2*, 3, 4 tewn Fig. 4 - - 400 ns
Valid
Delay Time, Enable Negative .
Transition to Peripheral Port 2**, 4 tcmos Fig.4 - - 20 Ms
CMOS Data Valid
Input Strobe Pulse Width tewis Fig. 6 200 - - ns
input Data Hold Time port 3 iy Fig. 6 50 - - ns
Input Data Set-up Time Port 3 tis Fig. 6 20 - - ns
*Except P,, **10kQ2 pull up register required for Port 2
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TIMER, SCI TIMING (Ve = 5.0V +6%, Vgg = 0V, Ta = 0 ~ +70°C, unless otherwise noted.)'

Item Symbol Test Condition min typ max Unit
Timer Input Pulse Width thwr 2t +200{ - - ns
Delay Time, Enable Positive Transition to .
Timer Qut troo Fig. 7 - - 600 ns
SCI Input Clock Cycle tseye 1 — - teye
SC1 Input Clock Pulse Width tewsck 0.4 - 0.6 tscye
MODE PROGRAMMING (V¢c = 5.0V 5%, Vgs = 0V, Ta = 0 ~ +70°C, unless otherwise noted.)
Item Symbol Test Condition min typ max Unit
Mode Programming Input “Low’ Voltage VmeL - - 1.7 \Y
Mode Programming Input “High* Voltage VmpH 4.0 - - \
RES “Low" Pulse Width PWastL Fig. 8 3.0 - - teye
Mode Programming Set-up Time tmes 20 - - teye
Mode Programming RES Rise Time > 1us tapn 0 o = i
Hold Time RES Rise Time < 1us 100 - -
teve
Address Strobe
{AS)
—_ \
[~ tast
—»fl ASE |
24v -y
PWen
ou
0.5v
\ \
ter —f  je—tEt
fo——— taAD ——
—e b AN
R/W, Ar-A Fazv
(603" (Portd) Address Valid }____
0.6V
tmt.—# -
e
BEN M tosw et
MPU Write FEA £2.2v
D, ~D,.A,~A, Address Dats Valid
(Port 3) Valid
0.6V 4 0.6V
f— taoL —*| P osR | |etun
22V N 2.0V
MPU Read
0,~0, Ag~A, Vo Oata Vatid }—
(Port 3) 0.6V 0.8V
(tacem!

Figure 1 Expanded Multiplexed Bus Timing
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teye
2.4V
Enable PWen
(€) , PWEL )\
0.5v k
ter —+ ettt
tap —* > |etan
AﬁA;(PuvM) 22vA4
R (SC2 Address Valid }—
05 (sCi 06V ¥ P
e tpgw —*]
— -t
MPU Write 2‘2"}" i “E
A Data Valid
D, ~D,
(Port3) o8V -
|+ tDSR —*|
(tacen! —| [+— thR
2.0V
MPU Read { Data Valid
0,~0,
{Port 3) o8v

Figure 2 Expanded Non-Multiplexed Bus Timing

‘-— MPU Read

Enable(E)

Pio~ Py

P ~ Py

P ~Pa
Inputs
Py ~ Py

Inputs®

*Port 3 Non-Latched Operation {(LATCH ENABLE = 0)

Figure 3 Data Set-up and Hold Times
(MPU Read)

J_ MPU access of Port 3*

Enable(E) \ ?-Wl

\ 24v
X

=== > tosp1 ~ tosD2
0S3 T3V
0.6v

* Access matches Output Strobe Select (0SS =0, a read;
0SS =1, a write)

Figure 5 Port 3 Output Strobe Timing
(Single Chip Mode)

l—— MPU Write

Enable(E)

temos
vwo— | ____o97 Vee
’

.
All Data 2.2V )
Port Outputs y 0.6V Data Valid
(Note)

1. 10 k$2 Pullup resistor required for Port 2 to reach 0.7 Voo
2. Not applicable 1o P,
3. Port 4 cannot be pufled above Ve

Figure 4 Port Data Delay Timing
(MPU Write)

w

20V

0.8V osv

ts
Un
Py ~ Py, 20V 2.0V
nputs g.gv Data Valid 08V
) |

Figure 6 Port 3 Latch Timing
(Single Chip Mode)
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Enable
Timer Output Companx
Counter X Matched Mode Inputs
oD (LA
[ 2.2V
Output 0.6V . .
Figure 8 Mode Programming Timing

Figure 7 Timer Output Timing

Vee
R, =2.2k0
Test Point Test Point
152074 @
30pF or Equiv.
c ]
€ =90pF forP,,~P,, P, ~P,, E, SC,,SC,

=1'lgv“'°r:..""n,l’., ~P,,
= 12k for P ~Py P, VK, SC, . SC,
= 24KQ for Py, ~F,, B}, ~F),

(a) CMOS toad (b) TTL Load
Figure 9 Bus Timing Test Loads

Cycre

-1 10

'7|d’!9

clele]a]-

Last Instruction —-

1 Bit Set

Internal

Address Bus.
GoCode OpCode  SPInl  SPIn1) SP(n2l SPIn3) 'SPnd] SP(nS) SPIn@) SPIn7) Vector Vector New?C
ﬁ Ador Addr ¢+ 1V MSB Adde  LSB Addr Address
ARG,
—’1 F“'cs
o
N o1 TG
——{ [#—tpcs
'"'"""m_mm
Data Bus Gp Code Op Code  PCO-PC7 PCB-PCIS Xo-x7  XB<XT5 ~ACCA . ACCE CCR  ‘ieievant Vecior -vecior Frsinst, o
Data MSB LS8 Interrupt Routine
Internal R/ T\ /

* 1RQ, -- Internal Interrupt
Figure 10 Interrupt Sequence

— 525V - -
r R
v 4.75v
o« ol
| tRc 1 [ tecs ~ Trcs
i ALV TN 08V

RE

Address Bus FFFE FFE FFFE FFFE FFFF  New PC FFFE FFFE
Internal
Data Bus
PCB~PC15 PCO~PC? First

BN wor vatia Instruction

Figure 11 Reset Timing
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® SIGNAL DESCRIPTIONS

® Vcc and Vss

These two pins are used to supply power and ground to the
chip. The voltage supplied will be +5 volts +5%.
® XTAL and EXTAL

These connections are for a parallel resonant fundamental
crystal, AT cut. Divide by 4 circuitry is included with the
internal clock, so a 4 MHz crystal may be used to run the
system at 1 MHz. The divide by 4 circuitry allows for use of the
inexpensive 3.58 MHz Color TV crystal for non-time critical
applications. Two 22pF capacitors are needed from the two
crystal pins to ground to insure reliable operation. EXTAL may
be driven by an external TTL compatible clock source with a
50% (+10%) duty cycle. It will divide by 4 any frequency less
than or equal to 5 MHz. XTAL must be grounded if an external
clock is used. The following are the recommended crystal para-
meters:

Nominal Crystal Parameter

Crystal
4 MHz 5 MHz
Item
Co 7pF max. | 4.7 pF max.
Rs 6002 max. | 308 typ.
XTAL
Cp1=CuLp =22pF £ 20%
= (3.2 ~ 5 MH2)
EXTAL [Note) These are representative

AT cut parallel resonance
crystal parameters.

Figure 12 Crystal Interface

® Vcc Standby
This pin will supply +5 volts £5% to the standby RAM on the
chip. The first 64 bytes of RAM will be maintained in the power
down mode with 8 mA current max. The circuit of figure 13
can be utilized to assure that Voo Standby does not go below
Vgpp during power down.
To retain information in the RAM during power down the
following procedure is necessary:
1) Write “0” into the RAM enable bit, RAM E. RAM E is bit
6 of the RAM Control Register at location $0014. This
disables the standby RAM, thereby protecting it at power
down.
2) Keep Ve Standby greater than Vsgp.

Ve Standby Power Line

”

Figure 13 Battery Backup for V¢ Standby

HD6801VO,HD6801V5

® Reset (RES)

This input is used to reset and start the MPU from a power
down condition, resulting from a power failure or an initial
startup of the processor. On power up, the reset must be held
“Low” for at least 100 ms. During operation, RES, when
brought “Low” must be held “Low’” at least 3 clock cycles.

When a “High” level is detected, the MPU does the follow-
ing:

1) All the higher order address lines will be forced “High”.

2) I/0 Port 2 bits, 2, 1, and 0 are latched into programmed

control bits PC2, PC1 and PCO.

3) The last two ($FFFE, $FFFF) locations in memory will
be used to load the program addressed by the program
counter.

4) The interrupt mask bit is set, must be cleared before the
MPU can recognize maskable interrupts.

® Enable (E)

This supplies the external clock for the rest of the system
when the internal oscillator is used. It is a single phase, TTL
compatible clock, and will be the divide by 4 result of the
crystal frequency. It will drive one TTL load and 90 pF.

® Non-Maskable Interrupt (NMi)

A low-going edge on this input requests that a non-maskable-
interrupt sequence be generated within the processor. As with
interrupt Request signal, the processor will complete the current
instruction that is being executed before it recognizes the NMI
signal. The interrupt mask bit in the Condition Code Register
has no effect on NML.___

In response to an NMI interrupt, the Index Register, Program
Counter, Accumulators, and Condition Code Register are stored
on the stack. At the end of the sequence, a 16-bit address will
be loaded that points to a vectoring address located in memory
locations $FFFC and $FFFD. An address loaded at these loca-
tions causes the MPU to branch to a non-maskable interrupt
service routine in memory.

A 3.3 kQ external resistor to VCC should be used for
wire-OR and optimum control of interrupts.

Inputs TRQ, and NMI are hardware interrupt lines that are
sampled during E and will start the interrupt routine on the
E following the completion of an instruction.

® Interrupt Request (IRQ;)

This level sensitive input requests that an interrupt sequence
be generated within the machine. The processor will wait until it
completes the current instruction that it being executed before
it recognizes the request. At that time, if the interrupt mask bit
in the Condition Code Register is not set, the-machine will begin
an interrupt sequence. The Index Register, Program Counter,
Accumulators, and Condition Code Register are stored on the
stack. Next the MPU will respond to the interrupt request by
setting the interrupt mask bit “High” so that no further mask-
able interrupts may occur. At the end of the cycle, a 16-bit
address will be loaded that points to a vectoring address which is
located in memory locations $FFF8 and $FFF9. An address
loaded at these locations causes the MPU to branch to an inter-
rupt routine in memory.

The IRQ, requires a 3.3 k§2 external resister to Vcc which
should be used for wire-OR and optimum control of interrupts.
Internal Interrupts will use an internal interrupt line (TRQ3).
This interrupt will operate the same as TRQ, except that it will
use the vector address of $FFFO through $FFF7. IRQ; will
have priority over IRQ, if both occur at the same time. The
Interrupt Mask Bit in the condition code register masks both
interrupts (See Table 1).
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Table 1 Interrupt Vector Location
Vector Interrupt
MsB LSB
Highest FFFE | FFFF RES
Priority FFFC | FFFD N
FFFA FFFB Software Interrupt (SWI)
FFF8 | FFF9 IRQ, (or IS3)
FFF6 FFF7 ICF (input Capture)
FFF4 FFF5 OCF (Output Compare)
FFF2 FFF3 TOF (Timer Overflow)
Lowest FFFO | FFF1 | SC, (RDRF + ORFE + TDRE)
Priority

The following pins are available in the Single Chip Mode, and
are associated with Port 3 only.

@ Input Strobe (iS3) (SC,)

The function of the IS3 signal depends on the I/O Port 3
Control/Status Register. If IS3 Enable bit is set, an interrupt
will occur by the fall of the IS3 signal. If the latch enable bit is
set, the data in the 1/O Port 3 will be latched at the 1/O Port 3
Data Register. The timing condition of the IS3 signal that is
necessary to be latched the input data normally is shown in
Figure 6.

@ Output Strobe (0S3) (SC,)

This signal is used by the processor to strobe an external
device, indicating valid data is on the I/O pins. The timing for
the Output Strobe is shown in Figure 5 1/O Port 3 Control/
Status Register is discussed in the following section.

The following pins are available in the Expanded Modes.

® Read/Write (R/W) (SC;)

This TTL compatible output signals the peripherals and
memory devices whether the MPU is in a Read (“High™) or a
Write (“Low”) state. The normal standby state of this signal is
Read (“High”). This output is capable of driving one TTL load
and 90 pF.

® 1/0 Strobe (10S) (SC,) S

In the expanded non-muitiplexed mode of operation, 10S
internally decodes Ay through A;s as zero’s and Ag as a one.
This allows external access of the 256 locations from $0100 to
$01FF. The timing diagrams are shown as figure 2.

® Address Strobe (AS) (SC;)

In the expanded multiplexed mode of operation address
strobe is output on this pin. This signal is used to latch the 8
LSB’s of address which are multiplexed with data on Port 3. An
8-bit latch is utilized in conjunction with Address Strobe, as
shown in figure 19. Expanded Multiplexed Mode. Address
Strobe signals the latch when it is time to latch the address lines
so the lines can become data bus lines during the E pulse. The
timing for this singal is shown in Figure 1 of Bus Timing. This
signal is also used to disable the address from the multiplexed
bus allowing a deselect time, tpagp before the data is enabled to
the bus.

s PORTS

There are four I/O ports on the HD6801V MCU:; three 8-bit
ports and one 5-bit port. There are two control lines associated
with one of the 8-bit ports. Each port has an associated write
only Data Direction Register which allows each 1/O line to be
programmed to act as an input or an output*. A “1” in the
corresponding Data Direction Register bit will cause that 1/0
line to be an output. A “0” in the corresponding Data Direction
Register bit will cause that I/O line to be an input. There are
four ports: Port 1, Port 2, Port 3, and Port 4. Their addresses
and the addresses of their Data Direction registers are given in
Table 2.

* The only exception is bit 1 of Port 2, which can either be data
input or Timer output.

Table 2 Port and Data Direction Register Addresses

Data Direction

Ports Port Address Register Address
1/0 Port 1 $0002 $0000
1/O Port 2 $0003 $0001
1/0 Port 3 $0006 $0004
1/O Port 4 $0007 $0005
® 1/0 Port 1

This is an 8-bjt port whose individual bits may be defined as
inputs or outputs by the corresponding bit in its data direction
register. The 8 output buffers have three-state capability,
allowing them to enter a high impedance state when the
peripheral data lines are used as inputs. In order to be read
properly, the voltage on the input lines must be greater than 2.0
V for a logic **1”’ and less than 0.8 V for a logic *‘0”’. As out-
puts these lines are TTL compatible and may also be used as
a source of up to 1 mA at 1.5 V to directly drive a Darlington
base, After Reset, the I/O lines are configured as inputs. In all
three modes, Port 1 is always parallel I/O.

® 1/0Port2

This port has five lines that may be defined as inputs or
outputs by its data direction register. The 5 output buffers have
three-state capability, allowing them to enter a high impedance
state when used as an input. In order to be read properly, the
voltage on the input lines must be greater than 2.0 V for a
logic *“1”* and less than 0.8 V for a logic *“0”. As outputs, this
port has no internal pullup resistors but will drive TTL inputs
directly. For driving CMOS inputs, external pullup resistors are
required. After Reset, the I/O lines are configured as inputs.
Three pins on Port 2 (pins 10, 9, and 8 of the chip) are used
to program the mode of operation during reset, The values of
these pins at reset are latched into the three MSB’s (bits 7, 6,
and 5) of Port 2 which are read only. This is explained in the
Mode Selection Section.

In all three modes, Port 2 can be configured as 1/O and
provides access to the Serial Communications Interface and the
Timer. Bit 1 is the only pin restricted to data input or Timer
output.
® |/OPort3

This is an 8-bit port that can be configured as 1/0, a data bus,
or an address bus multiplexed with the data bus — depending on
the mode of operation hardware programmed by the user at
reset. As a data bus, Port 3 is bi-directional. As an input for
peripherals, it must be supplied regular TTL levels, that is,
greater than 2.0 V for a logic **1”* and less than 0.8 V for a logic
"
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Its TTL compatible three-state output buffers are capable of
driving one TTL load and 90 pF. In the Expanded Modes, after
reset, the data direction register is inhibited and data flow
depends on the state of the R/W line. The input strobe (IS3)
and the output strobe (0S3) used for handshaking are explained
later.

In the three modes, Port 3 assumes the following charac-
teristics:

Single Chip Mode: Parallel Inputs/Qutputs as programmed by
its associated Data Direction Register. There are two control
lines associated with this port in this mode, an input strobe and
an output strobe, that can be used for handshaking. They are
controlled by the 1/O Port 3 Control/Status Register explained
at the end of this section. Three options of Port 3 operations
are sumarized as follows: (1) Port 3 input data can be latched
using IS3 (SC,) as a control signal, (2) OS3 can be generated by
either an MPU read or write to Port 3’s Data Register, and (3)
and IRQ, interrupt can be enabled by an IS3 negative edge.

Port 3 latch and strobe timing is shown in Fig. 5 and Fig. 6.

Expanded Non-Multiplexed Mode: In this mode, Port 3
becomes the data bus (Do ~D-).

Expanded Multiplexed Mode: In this mode, Port 3 becomes
both the data bus (Dy~D,) and lower bits of the address bus
(Ao~A-). An address strobe output is true when the address is
on the port.

1/0 PORT 3 CONTROL/STATUS REGISTER
7 6 5 4 3 2 1 0
ossfLATCH| x | x | x

— is3 X
is3 iRG;
FLAG [ENABLE

$000F ENABLE

Bit 0; Not used.

Bit 1; Not used.

Bit 2; Not used.

Bit 3; LATCH ENABLE. This controls the input latch for I/O
Port 3. If this bit is set “High” the input data will be
latched with the falling edge of the Input Strobe, IS3.
This bit is cleared by reset, and the latch is “re-opened”
with MCU read Port 3.

Bit 4; OSS. (Output Strobe Select) This bit will select if the
Output Strobe should be generated at OS3 (SC,) by a
write to I/O Port 3 or a read of 1/O Port 3. When this bit
is cleared the strobe is generated by a read Port 3. When
this hit is set the strobe is generated by a write Port 3.

Bit 5; Notused.

Bit 6; IS3 IRQ] ENABLE. When set, interrupt will be enabled
whenever IS3 FLAG is set; when clear, interrupt is
inhibited, This bit is cleared by RES,

Bit 7; IS3 FLAG. This is a read only status bit that is set by
the falling edge of the input strobe, IS3 (SC,). It is
cleared by a read of the Control/Status Register fol-
lowed by a read or write of I/O Port 3. Reset will clear
this bit. .

® |/OPort4
This is an 8-bit port that can be configured as 1/O or as
address lines depending on the mode of operation. In order to
be read properly, the voltage on the input lines must be greater
than 2.0 V for a logic **1”” and less than 0.8 V for a logic **0”.
As outputs, each line is TTL compatible and can drive 1 TTL

HD6801VO,HD6801V5

load and 90 pF. After reset, the lines are configured as inputs.
To use the pins as addresses, therefore, they should be
programmed as outputs. In the three modes, Port 4 assumes the
following characteristics:

Single Chip Mode: Parallel Inputs/Outputs as programmed by
its associated Data Direction Register.

Expanded Non-Multiplexed Mode: In this mode, Port 4 is
configured as the lower order address lines (Ao~A4) by writing
one’s to the data direction register. When all eight address lines
are not needed, the remaining lines, starting with the most
significant bit, may be used as I/O (inputs only).

Expanded Multiplexed Mode: In this mode, Port 4 is
configured as the higher order address lines (Ag~A,s) by writ-
ing one’s to the data direction register. When all eight address
lines are not needed, the remaining lines, starting with the most
significant bit, may be used as 1/0 (inputs only).

= OPERATION MODES

The mode of operation that HD6801V will operate in after
Reset is determined by hardware that the user must wire on pins
10, 9, and 8 of the chip. These pins are the three LSB’s (1/0 2,
1/0 1, and I/O O respectively) of Port 2. They are latched into
programmed control bits PC2, PCt, and PCO when reset goes
high, 1/O Port 2 Register is shown below.

PORT 2 DATA REGISTER
7 6 5 4 3 2 1 0

$0003

PC2 | PC1| PCO | 1/O4 | 1/O3 [1/O2 [1/O1 |1/OO

An example of external hardware that could be used for
Mode Selection is shown in Fig 14. The HD14053B provides
the isolation between the peripheral device and MCU during
Reset, which is necessary if data conflict can occur between
peripheral device and Mode generation circuit.

As bits 5, 6 and 7 of Port 2 are read only, the mode cannot
be changed through software. The mode selections are shown in
Table 3.

The HD6801V is capable of operating in three basic modes;
(1) Single Chip Mode, (2) Expanded Multiplexed Mode (com-
patible with HMCS6800 peripheral family) (3) Expanded Non-
Multiplexed Mode.

® Single Chip Mode
In the Single Chip Mode the Ports are configured for I/O.
This is shown in Figure 16 the single Chip Mode. In this
mode, Port 3 will have two associated control lines, an input
strobe and an output strobe for handshaking data.

o Expanded Non-Multiplexed Mode

In this mode the HD6801V will directly address HMCS6800
peripherals with no external logic. In this mode Port 3 becomes
the data bus. Port 4 becomes the Ay~A, address bus or partial
address and I/O (inputs only). Port 2 can be parallel 1/0, serial
1/0, Timer, or any combination of them, Port 1 is parallel I/0
only. In this mode the HD6801V is expandable to 256 loca-
tions, The eight address lines associated with Port 4 may be
substituted for I/O (inputs only) if a fewer number of address
lines will satisfy the application (See Figure 17).
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Vee

RES Slaes
L]
X, HDG801V
8
v, X P,, (PCO)
z, Y P,, (PC1}
10
P X, 2 P,, (PC2}
21 Y|
Z
22 ' inh HD14053B
ct 9 S, 9 [NOTES] 1) Mode 7 as shown
¥ Mode 2) RC=~Reset time constant
Control 3) R,=10k2
Switch
Figure 14 Recommended Circuit for Mode Selection
Truth Table
Voo
Control Input On Switch
Inh o— || - Seroot n Switc
Ac Level 1 Blll;‘:crgdteor \1~i°t:12 Inhibit cls]al HD14
B O— Converter | Inhibit 0538
CO— — o [ofofo] z,|v,x,
(L é——7— 0 [o0f|o[1] 2|V, x,
Vss Vee o |of1]of z|v,Ix,
X,0— K3 o [o[1]1] z|v.]x,
X, 0— & _tox o [1]oo| z[v,x,
Yo0— o [1{0]1] 2,|Y,x
0 Y 3| Yol Xy
Y }‘—OY
1 O- —3 o {1]1]0] z,|vY,|x,
Z,0- £ . o [1[1]1] z[v.]x,
Z,0— éﬁ"fo 1 | xIx[x _

Figure 16 HD14053B Multiplexers/Demultiplexers

V,
v%c cc
E
L 7 0] Enable = | Snavle
J— - j=—O NMi
T 4=—ONMI
3 e Ve Standby 00— TRA
Vg Standby 0— 21 sl—oRQ, ce AEs <O IRQ,
RES O—= gHDEBNY HD6801V
13 37 P Port 1 MCcu Port 3
Port 1 { § °|"‘O3L‘ 8 Parallel 1/O 8 Data Lines
81/0 Lines 20 30 81/0 Lines "~
— R
39— ] Port 3 il
[—> 108
38— J 1/O Strobes
Port 2 Port 4
Port 4 2$9 ? Port 2 5 P'arallel 110 <___J> K > To 8 Address
8 1/0 Lines 22 1 12 6 1/0 Lines :_c Lines or To
T scl imer P 8 1/0 Lines
Timer {Inputs Only)
Vss Vss
Figure 16 HD6801V MCU Single-Chip Mode Figure 17 HD6801V MCU Expanded Non-Multiplexed Mode
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® Expanded Multiplexed Mode Vee
In this mode Port 4 becomes higher order address lines with
an alternative of substituting some of the address lines for I/O T

HD6801V0O,HD6801VS

(inputs only). Port 3 is the data bus multiplexed with the lower

N —=> Enabte
order address lines differentiated by an output called Address c N
Strobe. Port 2 is S lines of Parallel 1/O, SCI, Timer, or any e C
combination of them. Port 1 is 8 Parallel I/O lines. In this mode Ve Standby O— l<—0 RO,
it is expandable to 65k words. (See Figure 18). o
RES O—={ HD6801V |—=> R/W
® Lower order Address Bus Latches mcu Port 3
Since the data bus is multiplexed with the lower order P°"o1 ) <::> fAL:’TeT 5
address bus in Port 3, latches are required to latch those address 81/0 Lines D:Y;'/‘;Z’::ess
bits. The 74LS373 Transparent octal D-type latch can be used Address Strobe
with the HD6801V to latch the least significant address byte. Port 2 3
Figure 19 shows how to connect the latch to the HD68O1V. 5‘:'/‘0 Lines Port 4
The output control to the 74LS373 may be connected to sci To 8 Address
) Lines or To
ground. Timer T}T 8 1/0 Lines
Vss (Inputs Only)
Figure 18 HD6801V MCU Expanded Multiplexed Mode
GND »
AS »—
G OC
Dl Ql 1
Port 3 7418373 Address: A,~A, Function Table
Address/Data Output Enable Output
Control G D Q
Ds 2 L H H H
N L H L L
L L X qQ,
H X X z
Data: D,~D,

Figure 19 Latch Connection

® Mode and Port Summary MCU Signal Description

This section gives a description of the MCU signals for the various modes. SC, and SC, are signals which vary with the mode

that the chip is in.

PORT 1 PORT 2 PORT 3 PORT 4
MODE
Eight Lines Five Lines Eight Lines Eight Lines 5Cy 8C,
SINGLE CHIP 1/0 1/0 1/0 1/0 iS3(1) | 0S31(0)
ADDRESS BUS
{Ao~A7) ADDRESS BUS* T
EXPANDED MUX 1/0 1/0 0o
/ / DATA BUS (Ag~Ays) AS(0) R/W(O)
(Dp~D~)
EXPANDED NON-MUX 1/0 1/0 DATA BUS ADDRESS BUS i0S(0) | RMW(O)
{Do~D7) (Ag~Aq)
*These lines can be substituted for 1/O (Input Only) starting with the most significant address line.
1 = Input 153 = Input Strobe SC = Strobe Control
O = Output 0OS3 = Output Strobe AS = Address Strobe
R/W = Read/Write 10S = /O Select
@ HITACHI
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Table 3 Mode Selection Summary

mode | Gty | @t | et | Rom | Ram " Vectors Mode e
7 H H H ] | ' 1 Single Chip
6 H H L [ 1 [ MUX(6) Multiplexed/Partial Decode
5 H L H | | ' NMUX(6) Non-Multiplexed/Partial Decode
4 H L L 112) 1 ! 1 Single Chip Test
3 L H H E E E MUX Multiplexed/No RAM & ROM
2 L H L E | E MUX Multiplexed/RAM
1 L L H ] | E MUX Multiplexed/RAM & ROM
0 L L L ) | 13) MUX Multiplexed Test
LEGEND: [NOTES}
| — Internal 1) Internal RAM is addressed at $X X80
€ — External 2) internal ROM is disabled
MUX — Multiplexed 3) RES vector is external for 2 cycles after RES goes ““High”’
NMUX — Non-Multiplexed 4) Addresses associated with Ports 3 and 4 are considered external in Modes 0,
L — Logic “0" 1,2,and3 .
H — Logic 1" 5) Addresses associated with Port 3 are considered external in Modes § and 6
6) Port 4 default is user data input; address output is optional by writing to Port 4
Data Direction Register
s MEMORY MAPS 8 INTERRUPT FLOWCHART
The MCU can provide up to 65k byte address space depend- The Interrupt flowchart is depicted in Figure 24 and is com-

ing on the operating mode. A memory map for each operating  mon to every interrupt excluding reset.
mode is shown in Figure 20. The first 32 locations of each map

are reserved for the MCU’s internal register area, as shown in

Table 4. With exceptions as indicated.

Table 4 Internal Register Area

Register Address

Port 1 Data Direction Register*** 00
Port 2 Data Direction Register*** o1
Port 1 Data Register 02
Port 2 Data Register 03
Port 3 Data Direction Register*** 04*
Port 4 Data Direction Register*** 05**
Port 3 Data Register 06*
Port 4 Data Register o7**
Timer Control and Status Ragister 08
Counter {High Byte) 09
Counter {Low Byte) 0A
Output Compare Register {High Byte) o8
Output Compare Register {Low Byte) ocC
Input Capture Register (High Byte) oD
input Capture Register {Low Byte) OE
Port 3 Control and Status Register OF*
Rate and Mode Control Register 10
Transmit/Receive Control and Status Register 11
Receive Data Register 12
Transmit Data Register 13
RAM Control Register 14
Reserved 15-1F

* External address in Modes 0, 1, 2, 3, 5, 6; cannot be
accessed in Mode 5 (No. iOS)

** External addresses in Modes 0, 1, 2, 3
*** 1=Output, O=Input.
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HD6801V
Mode

Multiplexed Test mode

$0000() }

Internal Registers

External Memory Space

Internal RAM

External Memory Space

$F000

Internal ROM

$FFFE(2) Internal Interrupt Vectors(2

[NOTES]

1) Excludes the following addresses which may

be used externally: $04, $05, $06, $07 and $OF.

Addresses $FFFE and $FFFF are considered

external if accessed within 2 cycles alter a

positive edge of RES and internal at all other

times.

After 2 MPU cycles, there must be no over-

lapping of internal and external memory

spaces to avoid driving the data bus with more

than one device.

4) This mode is the only mode which may be used
to examine the interrupt vectors in internal
ROM using an external Reset vector.

2

3

HD6801V
Mode

Multiplexed/RAM & ROM

)

External Memory Space

Internal Registers

External Memory Space

$O00FF

$F000
internal ROM
SFFEF
$FFFO External Interrupt Vectors
$FFFF

[NOTES]

1) Excludes the following addresses which may
be used externally: $04, $05, $06, $07 and
$OF.

2) Internal ROM addresses $FFFO to $FFFF are
not usable.

Figure 20 HD6801V Memory Maps
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HD6801V
Mode

Muitiplexed/RAM

$0000(1) p
sootr %////A ] Internal Registers
- } External Memory Space
$0080 %
/ / Internal RAM
$00FF d
External Memory Space
$FFFO
SFEFF } External Interrupt Vectors
[NOTE])
1) Excludes the following add which may

be used externally: $04, $05, $06, $07, and
$OF.

HD6801V
Mode

Muitiplexed/No RAM or ROM

$0000( 1)
internal Registers
$001F

External Memory Space

$FFFO
$FFFF

External Interrupt Vectors

[NOTE)

1) Excludes the following addresses which may
be used externally: $04, $05, $06, $07 and
$OF.

Figure 20 HD6801V Memory Maps (Continued)
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HD6801V
Mode
Single Chip Test

$0000
} Internal Registers
$001F

Unusable(1)(4)

D) v

[NOTES)

1) The internal ROM is disabled.

2) Mode 4 may be changed to Mode 5 without
having to assert RESET by writinga 1" into
the PCO bit of Port 2 Data Register.

Addresses Ag to A, are treated as “‘don‘t
cares” to decode internal RAM.

internat RAM will appear at $XX80 to $XXFF.

3

4

HD6801V
Mode

Non-Multiplexed/Partial Decode

$0000(1)
} Internal Registers
$001F
Unusable
$0080
Internal RAM
$OOFF
$0100
Externat Memory Space
$01FF
Unusable
$F000
Internal ROM
$FFFF internal Interrupt Vectors
[NOTES]

1) Excludes the following addresses which may
not be used externally: $04, $06, and $OF .
(No 108}

This mode may be entered without going
through RES by using Mode 4 and sub-
sequently writing a *'1"”” into the PCO bit of
Port 2 Data Register.

Address lines A, ~A, will not contain address-
es until the Data Direction Register for Port 4
has been written with *“1°s’’ in the appropriate
bits. These address lines will assert “'1's'" until
made outputs by writing the Data Direction
Register.

2

3

Figure 20 HD6801V Memory Maps (Continued)
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HD6801V
Mode

Muttiplexed/Partial Decode

M,
|

$0000(1)
$001F

Internal Registers

External Memory Space

$0080
Internal RAM

$00FF

External Memory Space

$F000
Internal ROM
Internal Interrupt Vectors
$FFFF
[NOTES)
1) Excludes the followi dd which may be

used externally: $04, $06, $OF.

2) Address lines Ag~A s will not contain
addresses until the Data Direction Register for
Port 4 has been written with “1's" in the
appropriate bits. These address lines will
assert “'1's" until made outputs by writing the
Data Direction Register,

HD6801V
Mode

Single Chip
$0000 .
} Internal Registers
$001F
Unusable
$0080
} Internal RAM
$O00FF
Unusable
$FO000
Internal ROM
Internal Interrupt Vectors
$FFFF

Figure 20 HD6801V Memory Maps (Continued)
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# PROGRAMMABLE TIMER

The HD6801V contains an on-chip 16-bit programmable
timer which may be used to perform measurements on an input
waveform while independently generating an output waveform,
Pulse widths for both input and output signals may vary from a
few microseconds to many seconds. The timer hardware consists
of
« an 8-bit control and status register,

« a 16-bit free running counter,

+ a 16-bit output compare register, and

 a 16-bit input capture register

A block diagram of the timer registers is shown in Figure 21.
® Free Running Counter ($0009:000A)

The key element in the programmable timer is a 16-bit free
running counter which is driven to increasing values by E (En-
able). The counter value may be read by the MPU software at
any time. The counter is cleared to zero on RES and may be
considered a read-only register with one exception. Any MPU
write to the counter’s address ($09) will always result in preset
value of $FFF8 being loaded into the counter regardless of the
value involved in the write. This preset figure is intended for
testing operation of the part, but may be of value in some
applications.
® Output Compare Register ($0008:000C)

The Output Compare Register is a 16-bit read/write register
which is used to control an output waveform. The contents of
this register are constantly compared with the current value of
the free running counter. When a match is found, a flag is set
(OCF) in the Timer Control and Status Register (TCSR) and the
current value of the Output Level bit (OLVL) in the TCSR is
clocked to the Output Level Register. Providing the Data
Direction Register for Port 2, Bit 1 contains a “1” (Output),

HD6801V0,HD6801V5

the output level register value will appear on the pin for Port 2
Bit 1. The values in the Output Compare Register and Output
level bit may then be changed to control the output level on the
next compare value. The Output Compare Register is set to
$FFFF during RES. The Compare function is inhibited for
one cycle following a write to the high byte of the Output
Compare Register to insure a valid 16-bit value is in the register
before a compare is made.

® [nput Capture Register (5000D:000E)

The Input Capture Register is a 16-bit read-only register used
to store the current value of the free running counter when the
proper transition of an external input signal occurs. The input
transition change required to trigger the counter transfer is
controlled by the input Edge bit (IEDG) in the TCSR. The Data
Direction Register bit for Port 2 Bit 0, should* be clear (zero)
in order to gate in the external input signal to the edge detect
unit in the timer.

* With Port 2 Bit O configured as an output and set to “1”, the

external input will still be seen by the edge detect unit.
® Timer Control and Status Register (TCSR) ($0008)

The Timer Control and Status Register consists of an 8-bit
register of which all 8 bits are readable but only the low order 5
bits may be written. The upper three bits contain read-only
timer status information and indicate that:

*a proper transition has taken place on the input pin with a
subsequent transfer of the current counter value to the
input capture register.

*a match has been found between the value in the free
running counter and the output compare register, and

+ when $0000 is in the free running counter.

Each of the flags may be enabled onto the HD6801V internal
bus (IRQ;) with an individual Enable bit in the TCSR. If the

HD6801V Internal Bus

Input Capture
Register

Timer b7§ ¢

Status
Register
$08

3
O

g 3 0 S

Output Compare Puise

Output Input

Levet Edge
Bit1 Bit0
Port2 Port2

Figure 21 Block Diagram of Programmable Timer
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Timer Control and Status Register

7 6 5 4

2 1 0

I ICF[ ocF I TOFI Eic! I EOCIl ETOI| IEDGIOLVL $0008

I-bit in the HD6801V Condition Code register has been cleared,
a priority vectored interrupt will occur corresponding to the flag
bit(s) set. A description for each bit follows:

Bit 0 OLVL Output Level — This value is clocked to the output
level register on a successful output compare. If
the DDR for Port 2 bit 1 is set, the value will
appear on the output pin.

Bit 1 IEDG Input Edge — This bit controls which transition of
an input will trigger a transfer of the counter to
the input capture register. The DDR for Port 2 Bit
0 must be clear for this function to operate. IEDG
= 0 Transfer takes place on a negative edge
(“High”-to-“Low” transition).

IEDG = 1 Transfer takes place on a positive edge
(“Low”-to-“High” transition).

Bit 2 ETOl Enable Timer Overflow Interrupt — When set, this
bit enables IRQ, to occur on the internal bus for a
TOF interrupt; when clear the interrupt is in-
hibited.

Bit 3 EOCI Enable Output Compare Interrupt — When set,
this bit enables IRQ, to appear on the internal bus
for an output compare interrupt; when clear the
interrupt is inhibited.
Enable input Capture Interrupt — When set, this
bit enables TRQ, to occur on the internal bus for
an input capture interrupt; when clear the inter-
rupt is inhibited.
Timer Overflow Flag — This read-only bit is set
when the counter contains $0000. It is cleared by
a read of the TCSR (with TOF set) followed by an
MPU read of the Counter (809).
Output Compare Flag — This read-only bit is set
when a match is found between the output
compare register and the free running counter. It is
cleared by a read of the TCSR (with OCF set)
followed by an MPU write to the output compare
register (SOB or $0C).

Input Capture Flag — This read-only status bit is

set by a proper transition on the input; it is cleared

by a read of the TCSR (with ICF set) followed by
an MPU read of the Input Capture Register ($0D).

Bit 4 EICI

Bit 5 TOF

Bit 6 OCF

Bit 7 ICF

® SERIAL COMMUNICATIONS INTERFACE

The HD6801V contains a full-duplex asynchronous serial
communications interface (SCI) on chip. The controller
comprises a transmitter and a receiver which operate independ-
ently or each other but in the same data format and at the same
data rate. Both transmitter and receiver communicate with the

MPU via the data bus and with the outside world via pins 2, 3,
and 4 of Port 2. The hardware, software, and registers are ex-
plained in the following paragraphs.

® Wake-Up Feature

In a typical multi-processor application, the software
protocol will usually contain a destination address in the initial
byte(s) of the message. In order to permit non-selected MPU’s
to ignore the remainder of the message, a wake-up feature is
included whereby all further interrupt processing may be
optionally inhibited until the beginning of the next message.
When the next message appears, the hardware re-enables (or
“wakes-up”) for the next message. The “wake-up” is auto-
matically triggered by a string of ten consecutive 1’s which
indicates an idle transmit line. The software protocol must
provide for the short idle period between any two consecutive
messages.

® Programmable Options

The following features of the HD6801V serial I/O section are
programmable:

« format — standard mark/space (NRZ)

* Clock — external or internal

* baud rate — one of 4 per given MPU ¢, clock frequency or

external clock x8 input

+ wake-up feature — enabled or disabled

* Interrupt requests — enabled or masked individually for

transmitter and receiver data registers

+ clock output — internal clock enabled or disabled to Port

2 (Bit 2)
* Port 2 (bits 3 and 4) — dedicated or not dedicated to serial
1/0 individually for transmitter and receiver.
® Serial Communications Hardware

The serial communications hardware is controlled by 4
registers as shown in Figure 22. The registers include:

« an 8-bit control and status register

* a 4-bit rate and mode control register (write only)

* an 8-bit read only receive data register and

+ an 8-bit write only transmit data register.

In addition to the four registers, the serial 1/O section utilizes
bit 3 (serial input) and bit 4 (serial output) of Port 2. Bit 2 of
Port 2 is utilized if the internal-clock-out or external-clock-in
options are selected.

Transmit/Receive Control and Status (TRCS) Register

The TRCS register consists of an 8-bit register of which all 8
bits may be read while only bits 0~4 may be written. The
register is initialized to $20 on RES. The bits in the TRCS
register are defined as follows:

Transmit/Receive Control and Status Register

7 6 5 4

lRDRFlORFElTDREl RIE | RE [ TIE I TE I wu ]ADDH:$OO11
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Bit 0 WU

Bit 1 TE

Bit 2 TIE

Bit 3 RE

Bit 4 RIE

Bit 5 TDRE

8it7

Rate and Mode Control Register

HD6801VO,HD6801V5

Bit 0

I CC1JCC0 ss1 SSO|$10

Transmit/Receive Control and Status Register

Iﬂ;aslan#ToRé{me[ RE J TIELTE hvﬂ3n

Receive Data Register

Fot2 (Not Addressable)
Rx 1 i ot
Bit q.__—_.L Receive Shift Register
3
Clock 10 Bit Rate
e Generator  [¢——E
J {Not Addressable)
L Transmit Shift Register
Tx
Bit 12
4

L1 T [ [ T[T ]

Transmit Data Register

Figure 22 Ser

“Wake-up” on Next Message — set by HD6801V
software and cleared by hardware on receipt of
ten consecutive 1’s or reset of RE flag. It should
be noted that RE flag should be set in advance of
MPU set of WU flag.

Transmit Enable — set by HD6801V to produce
preamble of nine consecutive 1’s and to enable
gating of transmitter output to Port 2, bit 4
regardless of the DDR value corresponding to this
bit; when clear, serial 1/O has no effect on Port 2
bit 4.

TE set should be after at least one bit time of data
transmit rate from the set-up of transmit data
rate and mode.

Transmit Interrupt Enable — when set, will permit
an IRQ, interrupt to occur when bit 5 (TDRE) is
set; when clear, the TDRE value is masked from
the bus.

Receiver Enable — when set, gates Port 2 bit 3 to
input of receiver regardless of DDR value for this
bit; when clear, serial I/O has no effect on Port 2
bit 3.

Receiver Interrupt Enable — when set, will permit
an IRQ, interrupt to occur when bit 7 (RDRF) or
bit 6 (ORFE) is set; when clear, the interrupt is
masked.

Transmit Data Register Empty — set by hardware
when a transfer is made from the transmit data
register to the output shift register. The TDRE bit
is cleared by reading the status register, then
writing a new byte into the transmit data register,

ial 1/0 Registers

TDRE is initialized to 1 by RES.

Bit 6 ORFE Over-Run-Framing Error — set by hardware when
an overrun or framing error occurs (receive only).
An overrun is defined as a new byte received with
last byte still in Data Register/Buffer. A framing
error has occurred when the byte boundaries in bit
stream are not synchronized to bit counter. If WU
flag is set, the ORFE bit will not be set. The
ORFE bit is cleared by reading the status register,
then reading the Receive Data Register, or by
RES.

Bit 7 RDRF Receiver Data Register Full — set by hardware
when a transfer from the input shift register to the
receiver data register is made. If WU flag is set,
the RDRF bit will not be set. The RDRF bit is
cleared by reading the status register, then reading
the Receive Data Register, or by RES.

Rate and Mode Control Register

The Rate and Mode Control register controls the following
serial 1/O variables:

» Baud rate

+ format

» clocking source, and

« Port 2 bit 2 configuration

The register consists of 4 bits all of which are write-only and
cleared on RES. The 4 bits in the register may be considered as
a pair of 2-bit fields. The two low order bits control the bit rate
for internal clocking and the remaining two bits control the
format and clock select logic. The register definition is as
follows:

Rate and Mode Control Register

5 4

3 2 1 0

7 6
EIEN

X I X | cc1 | cco LSS1 I S50 I ADDR : $0010

OH
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Bit 0 SSO Speed Select — These bits select the Baud rate for Bit 2 €CCO Clock Control and Format Select — this 2-bit field
Bit 1 S$S1 the internal clock. The four rates which may be Bit 3 CC1 controls the format and clock select logic. Table 6
selected are a function of the MPU ¢, clock defines the bit field.
frequency. Table § lists the available Baud rates.
Table 5 SCI Bit Times and Rates
. *
SS1 : S0 XTAL 2.4576 MHz 4.0 MHz 49152 MHz
E 614.4 kHz 1.0 MHz 1.2288 MHz
0 0 E+16 26 us/38,400 Baud 16 us/62,500 Baud 13 us/76,800 Baud
0 1 E+128 208 us/4,800 Baud 128 us/7812.5 Baud 104.2 115/9,600 Baud
1 0 E + 1024 1.67 ms/600 Baud 1.024 ms/976.6 Baud 833.3 us/1,200 Baud
1 1 E + 4096 6.67 ms/150 Baud 4.096 ms/244.1 Baud 3.33 ms/300 Baud
*HD6801VS5 Only
Table 6 SCI Format and Clock Source Control
CCt1:CcCo Format Clock Source Port 2 Bit 2 Port 2 Bit 3 Port 2Bit 4
0 0 —_ — —_— % %
0 1 NRZ Internal Not Used i e
1 0 NRZ Internal Output*® bk *
1 1 NRZ External Input b *

* Clock output is available regardless of values for bits RE and TE.

** Bit 3 is used for serial input if RE = ““1”" in TRCS; bit 4 is used for serial output if TE = "1"" in TRCS,

Internally Generated Clock

If the user wishes for the serial I/O to furnish a clock, the
following requirements are applicable:

» the values of RE and TE are immaterial.

» CC1, CCO must be set to 10

« the maximum clock rate will be E + 16.

« the. clock will be at 1x the bit rate and will have a rising

edge at mid-bit.

_ Externally Generated Clock
If the user wishes to provide an external clock for the serial
1/0, the following requirements are applicable:

+ the CC1, CCO, field in the Rate and Mode Control Register
must be set to 11,

» the external clock must be set to 8 times (X8) the desired
baud rate and

» the maximum external clock frequency is 1.0 MHz.

@ Serial Operations
The serial I/O hardware should be initialized by the
HD6801V software prior to operation. This sequence will
normally consist of ;
- writing the desired operation control bits to the Rate and
Mode Control Register and
« writing the desired operational control bits in the Transmit/
Receive Control and Status Register.
The Transmitter Enable (TE) and Receiver Enable (RE) bits
may be left set for dedicated operations.

Transmit Operations

The transmit operation is enabled by the TE bit in the
Transmit/Receive Control and Status Register. This bit when
set, gates the output of the serial transmit shift register to Port 2
Bit 4 and takes unconditional control over the Data Direction
Register value for Port 2, Bit 4.

Following a RES the user should configure both the Rate
and Mode Control Register and the Transmit/Receive Control
and Status Register for desired operation. Setting the TE bit
during this procedure initiates the serial output by first
transmitting a nine-bit preamble of 1’s. Following the preamble,
internal synchronization is established and the transmitter
section is ready for operation.

At this point one of two situation exist:

1) if the Transmit Data Register is empty (TDRE = 1), a
continuous string of ones will be sent indicating an idle
line, or,

2) if data has been loaded into the Transmit Data Register
(TDRE = 0), the word is transferred to the output shift
register and transmission of the data word will begin.

During the transfer itself, the O start bit is first transmitted.
Then the 8 data bits (beginning with bit 0) followed by the stop
bit, are transmitted. When the Transmitter Data Register has
been emptied, the hardware sets the TDRE flag bit.

If the HD6801V fails to respond to the flag within the proper
time, (TDRE is still set when the next normal transfer from the
parallel data register to the serial output register should occur)
then a 1 will be sent (instead of a 0) at ““Start” bit time,
followed by more 1’s until more data is supplied to the data
register. No 0’s will be sent while TDRE remains a 1.

92 O HITACHI



Receive Operation

The receive operation is enabled by the RE bit which gates in
the serial input through Port 2 Bit 3. The receiver section
operation is conditioned by the contents of the Transmit/
Receive Control and Status Register and the Rate and Mode
Control Register.

The receiver bit interval is divided into 8 sub-intervals for
internal synchronization. In the NRZ Mode, the received bit
stream is synchronized by the first O (space) encountered.

The approximate center of each bit time is strobed during
the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing
error is assumed, and bit ORFE is set. If the tenth bit as a 1, the
data is transferred to the Receive Data Register, and interrupt
flag RDREF is set. If RDREF is still set at the next tenth bit time,
ORFE will be set, indicating an over-run has occurred. When the
HD6801V responds to either flag (RDRF or ORFE) by reading
the status register followed by reading the Data Register, RDRF
(or ORFE) will be cleared.

® RAM CONTROL REGISTER

This register, which is addressed at $0014, gives status
information about the standby RAM. A 0 in the RAM enable
bit (RAM E) will disable the standby RAM, thereby protecting
it at power down if Voc Standby is held greater than Vgpp
volts, as explained previously in the signal description for Ve
Standby.

RAM Control Register

STBY

$0014 PWR |RAME] X X X X X X

Bit 0 Not used.

Bit 1 Not used.

Bit 2 Not used.

Bit 3 Not used.

Bit4 Not used.

Bit 5 Not used.

Bit 6 RAME The RAM Enable control bit allows the user the
ability to disable the standby RAM. This bit is set
to a logic “1” by RES which enables the standby
RAM and can be written to one or zero under pro-
gram control. When the RAM is disabled, data is
read from external memory.

Big 7 STBY The Standby Power bit is cleared when the stand-

PWR by voltage is removed. This bit is a read/write sta-
tus flag that the user can read which indicates that
the standby RAM voltage has been applied, and
the data in the standby RAM is valid.

® GENERAL DESCRIPTION OF INSTRUCTION SET

The HD6801V is upward object code compatible with the
HD6800 as it implements the full HMCS6800 instruction set.
The execution times of key instructions have been reduced to
increase throughout. In addition, new instructions have been
added; these include 16-bit operations and a hardware multiply.

Included in the instruction set section are the following:

+ MCU Programming Model (Figure 23)

* Addressing modes

« Accumulator and memory instructions — Table 7

* New instructions

« Index register and stack manipulations instructions — Table

8
« Jump and branch instructions — Table 9

HD6801V0O,HD6801V5

» Condition code register manipulation instructions — Table 10

» Instructions Execution times in machine cycles — Table
11

» Summary of cycle by cycle operation — Table 12

+ Summary of undefined instructions operation

» Op codes Map — Table 13

® MCU Programming Model

The programming model for the HD6801V is shown in Figure
23. The double (D) accumulator is physically the same as the
Accumulator A concatenated with the Accumulator B so that
any operation using accumulator D will destroy information in
A and B.

A °| '7 B O] g8.8it Accumulators A and B

15 o o| Or 16-Bit Double Accumulatar D
lE X 6' Index Register (X)
[is sp 0| Stack Pointer (SP)
|s . PC 0] Pragram Counter (PC)
7 0

TI1jH]l 1 IN1Z]V]C Condition Code Register (CCR)

—f— Carry/Borrow from MSB

Overflow
——— Zero
=== Negative
interrupt
Half Carry (From Bit 3)

Figure 23 MCU Programming Model

® MCU Addressing Modes

The HD6801V eight-bit microcomputer unit has seven address
modes that can be used by a programmer, with the addressing
mode a function of both the type of instruction and the coding
within the instruction. A summary of the addressing modes for
a particular instruction can be found in Table 11 along with the
associated instruction execution time that is given in machine
cycles. With a clock frequency of 4 MHz, these times would be
microseconds.
Accumulator (ACCX) Addressing

In accumulator only addressing, either accumulator A or
accumulator B is specified. These are one-byte instructions.
Immediate Addressing

In immediate addressing, the operand is contained in the
second byte of the instruction except LDS and LDX which have
the operand in the second and third bytes of the instruction.
The MCU addresses this location when it fetches the immediate
instruction for execution. These are two or three-byte instruc-
tions.
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Table 7 Accumulator & Memory Instructions

Condition Code
Addressing Modes .

Operations M Boolean/ Register
IMMED. | DIRECT | INDEX |EXTEND | IMPLIED Arithmetic Operation 5 (4|3 1o
OP [~ |#|OP|~ |#|OP|~|# |OP |~ |#|OP|~|# H[1|N[Z|V|C
Add ADDA 88 |22 (9B |3 (2 |AB|4 |2 (BB |43 A+B~A I EEEE
ADDB cBl2|2{pB|3|2({eBj{4i2(FB 4|3 B+M—B tfefjtisfe]e
Add Double ADDD Cc3|4|3|D3|5|2|E3|6(2|F3}6]3 . A:B+M:M+1->A:B |elo |t |8(¢
Add Accumulators ABA 1B[2[1]A+B—>A $lejdjtit|s
Add With Carry ADCA 89 (212 ({99 [3 (2 |A9{4i2 (B9 ]4]3 A+M+C—A $lejd[d[t|d
ADCB C9 (2|2 |D9|3 |2]|E9Q |42 |F9 |43 B+M+C—B e[|t |t|t
AND ANDA 84 [212 |94 [3|2]|A4|4]2|Ba 43 AM~A elo|t|t|R]|e
ANDB ca|2(2!Da|3|2|Ea|4|2|Fa |43 B‘M—B eloe(t|t[R]|e
Bit Test BIT A 85 |2 /2195 |3 |2 |A5]|4 |2 |B5 |43 A'M ele|t|t]R]|e
BIT B Cc5 (2|2 |D5|3 [2|E5{4]2 |F5 |43 B-M efejt|[t|R]e
Clear CLR 6F 6|2 |7F |6 |3 00—~ M e e |R(S[R|R
CLRA 4aF [2 |1 ]o0~A efe|R[SIRIR
CLRB 6F |2 [1[00—~B e|o R|S|R|R
Compare CMPA 81 [2[2]91[3(2]|A1]4 B1 (4|3 A-M [ BLREAERERE
cMmPB C1 |22 |D1|3(2E1({4|2|F1]4]3 B-M [RCRERERERE
Compare ors cBA 1]2[1|a-8 olels]s]ss
Complement, 1s COoMm 63 (6|2 (73 {63 M- M efeft|t[R]S
COMA 43 [2 |1 [A—-A olelt |t RIS
CcOoMB 53 (2 {1 (B -8 oo |t|t RS
Complement, 2's NEG 60 |62 |70 |63 00-M~-M eie [t |D|@
(Negate) NEGA 40 |2 |1 |oO-A—> A ele (it |®®@
NEGB 50 [2 |1 |00~-B—-B oo |t|t[D@
Decimal Adjust, A |  DAA 19 2 [1 | Srrccors imio8CO format. [* |* ]2 |+ @
Decrement DEC 6A (6 (2 [7A |6 (3 M-1-M elelt(t@le
DECA A2 (1 [A-1~A o(ejtit|[@]e
DECB 6A|2(1[B-1->B oo (it |@]|e
Exclusive OR EORA 88 |2|2(98 |3 |2 |A8 |42 (BB |4 |3} AP M-A oo (1|t [R]|e
EORB C8 |22 D83 |2|E8 {4 |2 |F8 {4 (3 B@M-8B ofe |[$[!R|e
increment INC 6C|6(2|7C |6 (3 M+1 =M e|eit|t |®e
INCA 4C (2|1 [A+1~>A efe (1t [®]|e
INCB 5C|2|1|B+1—B oo (t|t |®]e
Load LDAA 86 [2[2 /96 |3 12|A6|4 |2 iB6 |4 |3 M- A e (e il |l |R|e
Accumulator LpaB _|ce [2]2[pe[3 2] a2 [re (43 M-8 elefs]t[R]e
Load Double LDD cc |33 oc|4 |2 |Ec|s |2 |Fc|5 |3 M+1-8 M~ A ele|t|tiR]e
Multiply Unsigned MUL 3D|10]1 |AxB—>A:B LRERE AR R RID)]
OR, Inclusive ORAA 8A|2(2|9A|3 [2|AA|4 |2 [BA|4 |3 A+M= A efeft|t[R]e
ORAB caf2]2]pAa|3 [2]EA[a}2]FA|4 |3 B+M~ B DDHBER
Push Data PSHA 36 [3[1]{A>Msp,SP-1-SP efofofofefe
PSHB 37 {3(1(B—>Msp,SP-1->SP oo (e[efo]e
Pult Data PULA 32{4!1|SP+1-+SP,Msp— A ofolelojeie
PULB 33(4{1|SP+1->SP,Msp— 8 oo jeje(n]e
Rotate Left ROL 6916{2|79 /6|3 " eje(t|t @
ROLA 4921A}m| OHBOE
ROLB solz|i|s’ ¢ o TR e
Rotate Right ROR 66 |6(2|76 {63 ™M m oottt |@®|?
RORA 4621A}Cb7 =i e CIE
RORB 56|2[1]" eleft]t]®]?

The Condition Code Register notes are listed after Table 10. (Continued)
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Table 7 Accumulator & Memory Instructions (Continued)

Addressing Modes Concg:igagode

Operations Mnemonic | \MMED. | DIRECT | INDEX |EXTEND [IMPLIED |  aqumooer . [6]4]3[2]1]0
OP |~ |#|OP |~ |#|OP |~ |#|OP |~ [#|OP|~|# H|1|N|zlv]e

Shift Left ASL 68 |8 (278 |6 |3 M — efelt it ®
Arithmetic ASLA 48 (21 A} g..m_o . HEGE
ASLB 58 (218 b7 £0 OGN

- ——
E:f‘:?:ristwrf\:etic ASLD 05 |3 |1 A7 A0 BT 0 | e ¢ 3$
shift Right ASR 67 62|77 |63 M - ole|t|t @]t
Arithmetic ASRA a7 |2 |1 A} E[:;EEDID}—(; NOBRGE
ASRB 57]2]1]° ® NOBRGE
Shift Right LSR 64 |62 74 |63 " . oo (1]t (Bt
Logical LSRA 44 [2]1 Alo{DIUID-@ BOBBRSE
LSRB 54 z2]1]8 ® NOORGE
. —

gmt‘)lig;gzl LSRD 04 |3 10 [Jle|e|R|t®¢
Store STAA 97 |3 |2 |A7]4 |2 |87 |43 AsM oo [t[t[R]e
Accumulator STAB D73 |2 |E7]4 |2 [F7 |4 |3 B M oo |t|t[R®
Store Double sTD oo|4 (2 |ep|s |2 [FD |5 |3 gV ofeft|t R
Subtract SUBA |80 |22 |90 |3 |2]|a0la|2]Bo]a]s A-MoA oottt
SUBB | C0 |22 D013 |2 |E0 |4 |2 |FO 43 B-M-B NOOBOE

Double Subtract SUBD |83 |43 |93 |52 |A3|6]2 |83 |6 |3 AB-M:M+1-A:B |e|e|s|t|8]¢
i‘.::::::xn‘lators SBA 10121 ]A-B~A MM
Subtract SBCA |82 |2 |2 |92 |3 |2 |A2|4 |2 |B2 |4 |3 A-M-C—oA ele 11ttt
With Carry SBCB c2|2(2 (D23 |2 |E2]4 |2 [F2 |4 |3 B-M-C-B elelzl2(t (2
Transfer TAB 16 |2 |1 |A—>8B ele |t |t R|e
Accumulators TBA 17 21|B-A ele (1|1 |R|®
Test Zero or TST 6D|6 (2 (7D |6 |3 M - 00 oo |t]|t|RI|R
Minus TSTA ap (2 [1[a-00 olelt]t|r]R
TSTB 502 1B - 00 ele|t |t |R|R

The Condition Code Register notes are listed after Table 10.

Direct Addressing

In direct addressing, the address of the operand is contained
in the second byte of the instruction. Direct addressing allows
the user to directly address the lowest 256 bytes in the machine
i.e., locations zero through 255. Enhanced execution times are
achieved by storing data in these locations. In most configura-
tions, it should be a random access memory. These are two-byte
instructions.
Extended Addressing

In extended addressing, the address contained in the second
byte of the instruction is used as the higher eight-bits of the
address of the operand. The third byte of the instruction is used
as the lower eight-bits of the address for the operand. This is an
absolute address in memory. These are three-byte instructions.
Indexed Addressing

In indexed addressing, the address contained in the second
byte of the instruction is added to the index register’s lowest

G HITACHI

eight bits in the MCU. The carry is then added to the higher
order eight bits of the index register. This result is then used to
address memory. The modified address is held in a temporary
address register so there is no change to the index register. These
are two-byte instructions.
Implied Addressing

In the implied addressing mode the instruction gives the
address (i.e., stack pointer, index register, etc.). These are
one-byte instructions.
Relative Addressing

In relative addressing, the address contained in the second
byte of the instruction is added to the program counter’s lowest
eight bits plus two. The carry or borrow is then added to the
high eight bits. This allows the user to address data within a
range of -126 to +129 bytes of the present instruction. These
are two-byte instructions.
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o New Instructions
In addition to the existing 6800 Instruction Set, the following new instructions are
incorporated in the HD6801V Microcomputer.

ABX
ADDD
ASLD
LDD
LSRD
MUL
PSHX
PULX
STD
SUBD

CPX

Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account
the possible carry out of the low order byte of the X-Register.
Adds the double precision ACCD* to the double precision value M:M+1 and places

. the results in ACCD.

Shifts all bits of ACCD one place to the left. Bit 0 is loaded with zero. The C bit is
loaded from the most significant bit of ACCD.

Loads the contents of double precision memory location into the double
accumulator A:B. The condition codes are set according to the data.

Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit
is loaded from the least significant bit to ACCD.

Muitiplies the 8 bits in accumulator A with the 8 bits in accumulator B to obtain a
16-bit unsigned number in A:B, ACCA contains MSB of result.

The contents of the index register is pushed onto the stack at the address contained
in the stack pointer. The stack pointer is decremented by 2.

The .index register is pulled from the stack beginning at the current address
contained in the stack pointer +1. The stack pointer is incremented by 2 in total.
Stores the contents of double accumulator A:B in memory. The contents of ACCD
remain unchanged.

Subtracts the contents of M:M + 1 from the contents of double accumulator AB
and places the result in ACCD.

Never branches. If effect, this instruction can be considered a two byte NOP (No
operation) requiring three cycles for execution.

Internal processing modified to permit its use with any conditional branch instru-

ction,

*ACCD is the 16 bit register (A:B) formed by concatenating the A and B

lator is the most significant byte.

lators. The A

Table 8 Index Register and Stack Manipulation Instructions

Addressing Modes Congitic?n Code
Pointer Operations Mnemonic . Boplean/ : mee

IMMED. | DIRECT | INDEX [EXTND |IMPLIED | Arithmetic Operation |5 |4 |3 2|10

OP |~ |#|OP [~ |#|OP |~ |#|OP|~|#|OP |~ '# HIIN[ZIV][C
Compare Index Reg CPX 8C|4|3|9C|5|2|AC|6|2|BC|6(3 X—M:M+1 LA AR AR
Decrement Index Reg DEX 09 |3 |1 [X—-1-X e|e|e |t |eie
Decrement Stack Pntr DES 34 |3 |1 SP—-1->SP eolo|e|eoie|e
Increment Index Reg INX 08 |3 |1 |X+1->X eo|o (et |ole
Increment Stack Pntr INS 31 |3 |1 |SP+1->8P ejejeje|eie
Load Index Reg LDX CE|3|3|DE|4)2 |EE|5}2 FE|5|3 M= Xy, (M+ 1) = X o|e[@D|s|R|e
Load Stack Pntr LDS 8E |3 |3|9E |4]|2 |AE|{5]|2|BE|5|3 M- SPy, (M+1)>SP_ (e |&'|@D|t |R|e
Store Index Reg STX DF |4 |2 |[EF|5|2 |FF|5(3 Xu=>MX »(M+1) |[e|e|D|t|R]|e
Store Stack Pntr STS OF |4 |2 |AF |6 |2 |BF 5|3 SPy—>M,SP —»(M+1) [e]|e|D|t|R]e
Index Reg — Stack Pntr| TXS 36 3|1 [X-1->5P o|lo|(o|ofo|e
Stack Pntr - Index Reg| TSX 30 {31 |SP+1—-X e|lolo|o|o|e
Add ABX 3A[3 |1 [B+X—X eloe|oje|e|e
Push Data PSHX 3C |41 [X > Mg, SP-1>SP [ele|e e)e e

Xy Mgp, SP -1 SP
Pull Data PULX 38 (5|1 [SP+1>SP, Mz > Xy |@(e[ee]e e
SP 41— SP, Mgy~ X

The Condition Code Register notes are listed after Table 10.
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Addressing Modes Conditiqn Code
Register
Operations Mnemonic [qe aTive [ DIRECT | INDEX |EXTND |IMPLIED Branch Test 5[4][3]2]1]0
OP|~|# |OP|~|#|OP|~|#|OP |~ |#|OP|~|# H{I|N[Z|V|C
Branch Always BRA 20( 3|2 None (ALK RE AR
Branch Never BRN 21 (32 None oloeloloiele
Branch If Carry Clear 8cC 24| 3|2 c=0 eje(oje(ee
Branch If Carry Set BCS 25| 3)2 C=1 e[efoelele
Branch If = Zero BEQ 27 3|2 Z=1 ojo(ofefefe
Branch if > Zero BGE 2C| 3|2 N@®V=0 ofleje|ejele
Branch If > Zero BGT 2E{ 3|2 Z+IN®V)I=0 o(ofoieolole
Branch |f Higher BHI 22|32 C+Z=0 ejojo o 0fe
Branch If < Zero BLE 2F | 32 Z+IN@V)I=1 eje o e |o|e
g:::\ach If Lower Or BLS 2332 C+Z=1 olelelelele
Branch If < 2ero BLT 2D 32 N@®V=1 oo e (e|efe
Branch if Minus BMi 2B 32 N=1 e oo iole
Branch It Not Equal | pgne  [26|3]2 z=0 olofolalele
g::an::h f Qverflow BVC 3|2 V=0 eje|o|e|e]e
Branch {f Overflow Set BVS 29 |32 V=1 eleieo o fele
Branch If Plus BPL 2A1312 N=0 o oo (e 0fe
Branch To Subroutine BSR 8D{6|2 o|eole 0o |e
Jump JMP 6E (3 ({2 |7E |3 [3 See Special Operations [@ [e (e [e [e [@
Jump To Subroutine JSR 9D |62 |AD|6 |2 BD |6 |3 ejojejee]e
No Operation NOP 01|21 | favances Prog.Cotr. |4 lq | e e |0
Return From Interrupt| RTI 38 {101 ®
SR:I::;:;::M RTS B8 See Special Operations bl e bl
Software Interrupt swi 3F [12(1 S|e (o [o |0
Wait for Interrupt WAI 3E |9 |1 . e joje|e

Table10 Condition Code Register Manipulation Instructions

IAddressingModes| Condition Code Register

Operations Mnemonic IMPLIED Bootean Operation 5§14 (3]2}(1]0

OP [ ~ | # Hl I {NIZ{V]|C

Clear Carry CLC oc {2 |1 0—+C e | o |e|e|le |R

Clear Interrupt Mask CLi OE | 2 |1 [l ¢  R|e | o |o

Clear Overflow CLV 0A [ 2 |1 0V e e e e R o

Set Carry SEC oD |2 |1 1-C e e 0|0 |0 |S

Set Interrupt Mask SE1 OF | 2 |1 1-1 @ |Sleje e |0

Set Overflow SEV 08 2 1 1-V e (e oo |S |
Accumulator A - CCR TAP 06 | 2 [1 A— CCR 40

CCR~ Accumulator A TPA 07 |2 |1 CCR— A eJeJee]e]e

Condition Code Register Notes: (Bit set it test is true and cleared otherwise)

(Bit V)
(Bit C)
(Bit C)
(Bit V)
(Bit V)
(Bit V)
(Bit N)
(Al

(Bit 1}
(Al)

(BitC)

[SEICERICISICIPOC]

Test: Result = 100000007
Test: Result ¥ 00000000?
Test: Decimal value of most significant BCD Character greater than nine? (Not cleared if previously set)
Test: Operand = 10000000 prior to execution?

Test: Operand = 01111111 prior to execution?

Test: Set equal to result to N (D C after shift has occurred.
Test: Result less than zero? (Bit 15=1)

Load Condition Code Register from Stack. (See Special Operations)
Set when interrupt occurs. |f previously set, a Non-Maskable Interrupt is required to exit the wait state.
Set according to the contents of Accumulator A.
Set equal to result of Bit 7 (AccB)}

@ HITACHI
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Instruction Execution Times in Machine Cycle

Table 11

) Ex- In- im- Re-
Direct tended dexed plied lative

Imme-
diate

ACCX

Imme- . Ex- In- im- Re-
diate Direct tended dexed plied lative

ACCX

INX

ABA
ABX

JmP
JSR

ADC
ADD

LDA

LDD
LDS
LDX
LSR

ADDD
AND
ASL

ASLD
ASR
BCC
BCS

LSRD
MUL
NEG
NOP

10

BEQ

ORA
PSH

BGE

BGT
BHI
BIT
BLE
BLS

PSHX
PUL

3

PULX

ROL
ROR
RTI

BLT
BMI

10

RTS
SBA
s8C
SEC
SEI

BNE
BPL

8RA
BRN
BSR

SEV

BVC
BVS
CBA
cLC
cul

STA

STD
8TS

sTX

suB

CLR
cLv

suBD
sWi

12

CMP

TAB
TAP
TBA
TPA
TST
T8X
TXS
WAI

cOoM
CPX

DAA
DEC
DES

DEX
EOR
INC

INS

@ HITACHI
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e Summary of Cycle by Cycle Operation

Table 12 provides a detailed description of the information
present on the Address Bus, Data Bus, and the Read/Write line
(R/W) during each cycle for each instruction.

This information is useful in comparing actual with expected

control program is executed. The information is categorized in
groups according to addressing mode and number of cycles per
instruction. (In general, instructions with the same addressing
mode and number of cycles execute in the same manner; ex-
ceptions are indicated in the table).

results during debug of both software and hardware as the

Table 12 Cycle by Cycle Operation

Address Mode & Cycle RW
Instructions Cycles 4 Address Bus Line Data Bus
IMMEDIATE

ADC EOR 2 1 Op Code Address 1 Op Code

ADD LDA 2 Op Code Address + 1 1 Operand Data

AND ORA

BIT SBC

CMP SuB

LDS 3 1 Op Code Address 1 Op Code

LDX 2 Op Code Address + 1 1 Operand Data (High Order Byte)

LDD 3 Op Code Address + 2 1 Operand Data (Low Order Byte)

CPX 4 1 Op Code Address 1 Op Code

susD 2 Op Code Address + 1 1 Operand Data (High Order Byte)

ADDD 3 Op Code Address + 2 1 Operand Data {Low Order Byte)
4 Address Bus FFFF 1 Low Byte of Restart Vector

DIRECT

ADC EOR 3 1 Op Code Address 1 Op Code

ADD LDA 2 Op Code Address + 1 1 Address of Operand

AND ORA 3 Address of Operand 1 Operand Data

BIT SBC

CMP SUB

STA 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Destination Address
3 Destination Address 0 Data from Accumulator

LDS 4 1 Op Code Address 1 Op Code

LDX 2 Op Code Address + 1 1 Address of Operand

LDD 3 Address of Operand 1 Operand Data (High Order Byte)
4 Operand Address + 1 1 Operand Data (Low Order Byte)

STS 4 1 Op Code Address 1 Op Code

STX 2 Op Code Address + 1 1 Address of Operand

STD 3 Address of Operand 0 Register Data (High Order Byte)
4 Address of Operand + 1 0 Register Data (Low Order Byte)

CcPX 5 1 Op Code Address 1 Op Code

SUBD 2 Op Code Address + 1 1 Address of Operand

ADDD 3 Operand Address 1 Operand Data (High Order Byte)
4 Operand Address + 1 1 Operand Data (Low Order Byte)
5 Address Bus FFFF 1 Low Byte of Restart Vector

JSR 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Subroutine Address 1 First Subroutine Op Code
4 Stack Pointer 0 Return Address (Low Order Byte)
5 Stack Pointer + 1 0 Return Address (High Order Byte)

@ HITACHI
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Table 12 Cycle by Cycle Operation {Continued)

A(:g;tef: c'\tnig?\i & Cycles Cy;le Address Bus E{YZ Data Bus
INDEXED
JMP 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
ADC EOR 4 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Offset
AND ORA 3 Address Bus FFFF 1 Low Byte of Restart Vector
BIT SBC 4 Index Register Plus Offset 1 Operand Data
CMP SUB
STA 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 0 Operand Data
LDS 5 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Offset
LDD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 1 Operand Data (High Order Byte)
5 Index Register Plus Offset + 1 1 Operand Data (Low Order Byte)
STS 5 1 Op Code Address 1 Op Code’
STX 2 Op Code Address + 1 1 Offset
STD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 0 Operand Data (High Order Byte)
5 Index Register Plus Offset + 1 0 Operand Data (Low Order Byte)
ASL LSR 6 1 Op Code Address 1 Op Code
ASR NEG 2 Op Code Address + 1 1 Offset
CLR ROL 3 Address Bus FFFF 1 Low Byte of Restart Vector
COM ROR 4 Index Register Plus Offset 1 Current Operand Data
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 Index Register Plus Offset 0 New Operand Data
cPX 6 1 Op Code Address 1 Op Code
SuUBD 2 Op Code Address + 1 1 Offset
ADDD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register + Offset 1 Operand Data (High Order Byte)
5 Index Register + Offset + 1 1 Operand Data {Low Order Byte)
6 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 6 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register + Offset 1 First Subroutine Op Code
5 Stack Pointer 0 Return Address (Low Order Byte)
6 Stack Pointer - 1 0 Return Address (High Order Byte)

* In the TST instruction, R/W line of the s{xth cycle is ““1*" level, and AB=FFFF, DB=Low Byte of Reset Vector.

GO HITACHI
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Table 12 Cycle by Cycle Operation {Continued)

Op Code Address + 1

Op Code Address + 2
Subroutine Starting Address
Stack Pointer

Address of Subroutine (High Order Byte)
Address of Subroutine (Low Order Byte)
Op Code of Next Instruction

Return Address (Low Order Byte)

A?g;:::g:gg: & Cycles Cy;.#:le Address Bus ’E{r\\/g Data Bus
EXTENDED
JMP 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Jump Address {High Order Byte)
3 Op Code Address + 2 1 Jump Address {Low Order Byte)
ADC EOR 4 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
AND ORA 3 Op Code Address + 2 1 Address of Operand {Low Order Byte)
BIT SBC 4 Address of Operand 1 Operand Data
CMP SuUB
STA 4 1 Op Code Address 1 Op Code .
2 Op Code Address + 1 1 Destination Address (High Order Byte)
3 Op Code Address + 2 1 Destination Address (Low Order Byte)
4 Operand Destination Address 0 Data from Accumulator
LDS 5 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
LDD 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 Address of Operand 1 Operand Data (High Order Byte)
5 Address of Operand + 1 1 Operand Data (Low Order Byte)
STS 5 1 Op Code Address 1 Op Code
STX 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
STD 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 Address of Operand 0 Operand Data (High Order Byte)
5 Address of Operand + 1 0 Operand Data (Low Order Byte)
ASL LSR [} 1 Op Code Address 1 Op Code
ASR NEG 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
CLR ROL 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
COM ROR 4 Address of Operand 1 Current Operand Data
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 Address of Operand 0 New Operand Data
CPX 6 1 Op Code Address 1 Op Code
SuUBD 2 Op Code Address + 1 1 Operand Address (High Order Byte)
ADDD 3 Op Code Address + 2 1 Operand Address (Low Order Byte)
4 Operand Address 1 Operand Data (High Order Byte)
[ Operand Address + 1 1 Operand Data {Low Order Byte)
6 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 6 1 Op Code Address 1 Op Code
2 1
3 1
4 1
5 1]
6 0

Stack Pointer - 1

Return Address (High Order Byte)

* in the TST instruction, R/W line of the sixth cycle is */1” level, and AB = FFFF, DB = Low Byte of Reset Vector.
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Table 12 Cycle by Cycle Operation (Continued)

A‘:g:rs::ﬁg?‘: & Cycles Cy;le Address Bus Ei/r\\l\e{ Data Bus
IMPLIED
ABA DAA SEC 2 1 Op Code Address 1 Op Code
ASL DEC SEI 2 Op Code Address + 1 1 Op Code of Next Instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLV ROR TST
COM SBA
ABX 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
ASLD 3 1 Op Code Address 1 Op Code
LSRD 2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
DES 3 1 Op Code Address 1 Op Code
INS 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Previous Register Contents 1 Irrelevant Data
INX 3 1 Op Code Address 1 Op Code
DEX 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Address Bus FFFF 1 Low Byte of Restart Vector
PSHA 3 1 Op Code Address 1 Op Code
PSHB 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 0 Accumulator Data
TSX 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 1 Irrelevant Data
TXS 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Address Bus FFFF 1 Low Byte of Restart Vector
PULA 4 1 Op Code Address 1 Op Code
PULB 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1
PSHX 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 0 Index Register (Low Order Byte)
4 Stack Pointer - 1 0 Index Register (High Order Byte)
PULX 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Index Register (High Order Byte)
5 Stack Pointer +2 1 Index Register (Low Order Byte)
RTS 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Address of Next Instruction
{High Order Byte)
5 Stack Pointer + 2 1 Address of Next Instruction
{Low Order Byte)
WAI** 9 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 0 Return Address {Low Order Byte)
4 Stack Pointer — 1 0 Return Address
{High Order Byte)
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Table 12 Cycle by Cycle Operation (Continued)

Address Mode &

Cycle

R/W

Instructions Cycles “ Address Bus Line Data Bus
WAI** 5 Stack Pointer — 2 0 Index Register (Low Order Byte)
6 Stack Pointer — 3 0 Index Register (High Order Byte)
7 Stack Pointer — 4 0 Contents of Accumulator A
8 Stack Pointer — 5 0 Contents of Accumuiator B
9 Stack Pointer — 6 0 Contents of Cond. Code Register
MUL 10 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Address Bus FFFF 1 Low Byte of Restart Vector
5 Address Bus FFFF 1 Low Byte of Restart Vector
6 Address Bus FFFF 1 Low Byte of Restart Vector
7 Address Bus FFFF 1 Low Byte of Restart Vector
8 Address Bus FFFF 1 Low Byte of Restart Vector
9 Address Bus FFFF 1 Low Byte of Restart Vector
10 Address Bus FFFF 1 Low Byte of Restart Vector
RTI 10 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Contents of Cond. Code Reg.
from Stack
5 Stack Pointer +2 1 Contents of Accumulator B
from Stack
6 Stack Pointer + 3 1 Contents of Accumulator A
from Stack
7 Stack Pointer + 4 1 Index Register from Stack
(High Order Byte)
8 Stack Pointer + 5 1 Index Register from Stack
(Low Order Byte)
9 Stack Pointer + 6 1 Next Instruction Address from
Stack (High Order Byte)
10 Stack Pointer + 7 1 Next Instruction Address from
Stack {Low Order Byte)
SWI 12 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 0 Return Address (Low Order Byte)
4 Stack Pointer — 1 0 Return Address
{High Order Byte)
5 Stack Pointer — 2 0 Index-Register (Low Order Byte)
6 Stack Pointer — 3 0 Index Register (High Order Byte)
7 Stack Pointer — 4 0 Contents of Accumulator A
8 Stack Pointer — 5 0 Contents of Accumulator B
9 Stack Pointer - 6 0 Contents of Cond. Code Register
10 Stack Pointer — 7 1 Irrelevant Data
1 Vector Address FFFA (Hex) 1 Address of Subroutine
{High Order Byte)
12 Vector Address FFFB (Hex) 1 Address of Subroutine

{Low Order Byte)

**While the MPU is in the “Wait’" state, its bus state will appear as a series of MPU reads of an address which is seven locations iess than the
original contents of the Stack Pointer. Contrary to the HD6800, none of the ports are driven to the high impedance state by a WA instr-

uction,
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Table 12 Cycle by Cycle Operation {Continued)

Address Mode & | ¢yeres | Ccle Address Bus E,’ﬂ Data Bus
RELATIVE

BCC BHT BNE 3 1 Op Code Address 1 Op Code

BCS BLE BPL 2 Op Code Address + 1 1 Branch Offset

BEQ BLS BRA 3 Address Bus FFFF 1 Low Byte of Restart Vector

BGE BLT BVC

BGT BMT BVS

BRN

BSR 6 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Branch Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Subroutine Starting Address 1 Op Code of Next Instruction
5 Stack Pointer 0 Return Address (Low Order Byte)
6 Stack Pointer — 1 0 Return Address (High Order Byte)

® Summary of Undefined Instruction Operations
The HD6801V has 36 undefined instructions. When these are
carried out, the contents of Register and Memory in MPU

change at random.

Lsi.

Table 13 Op codes Map

When the op codes (4E, 5E) are used to execute, the MPU
continues to increase the program counter and it will not stop
until the Reset signal enters. These op codes are used to test the

HD6801V MICROCOMPUTER INSTRUCTIONS
opP acc| ace IND | ExT ACCA or SP ACCB or X
CODE A B IMM | DIR | IND { EXT| IMM | DIR | IND | EXT
HI 0000 | 0001 [0010 | 0011 | 0100|0101 [0110] 0111 1000|1001] 1010] 1011|1100 1101 | 1110] 1111
Lo 0 1 2 3 2 |5 |6 8| o| A| B | C| D] E]|F
0000 1] SBA | BRA TSX NEG SUB 1]
0001 1 NOP CBA | BRN INS CMP 1
0010 2 BHI |PULA (+1) SBC 2
0011 3 BLS |PULB (+1) COM + | SUBD (+2) [+ 7 ADDD (+2) 3
0100 4 LSRD (+1) BCC | DES LSR AND 4
0101 5 ASLD {+1) BCS | Txs BIT 5
0110 8 TAP | TAB | BNE | PSHA ROR LDA 6
0111 7 TPA | TBA [BEQ | PSHB ASR STA 1] STA 7
1000 8 INX (+1) BVC |PULX (+2) ASL EOR 8
1001 9 DEX (+1) | DAA | BVS [ RTS (+2) ROL ADC 9
1010 A cLv BPL | ABX DEC ORA A
1011 B SEV | ABA | BMI | RTI +7) ADD B
1100 c cLC BGE |PSHX (+1) INC » | CPX (+2) « 1 LDD (+1) c
1101 D SEC BLT | MUL (+7) TST o JSR (+2) “(+1)  STD (+1) D
1110 E cL BGT | WAI (+6) = | amp i3 | ° LDS (+1) * DX (+1) E
111 F SE| BLE | swi (+9) CLR £ (+1)]  STS +1) *(+1)  STX (+1) F
BYTE/CYCLE 1/2 12 {23 | 13 [w2]r2]ae]3.] 222324 3m]22] 23] 2] 3
[NOTES] 1) Undefined Op codes are marked with ——].

2) {

3) The instructions shown below are all 3 bytes and are marked with “***',

) indicate that the number in parenthesis must be added to the cycle count for that instruction.

}smén%diaté a;ﬂdressing mode of SUBD, CPX, LDS, ADDD, LDD and LDX instructions, and undefined op codes
. CD, CF).

4) The Op codes (4E, 5E) are 1 byte/ cycles instructions, and are marked with *“****

104

GO HITACHI



IHOVLIH ®

GoL

RESET

1->1TMP
1—1

Vector » PC

RESET|FFFE: FFFF

ITMP — |

I

Next
Instr

Stack Machine State
PC, X, A, B, CC

Condition Code Register

OCNNENME

ITMP

Figure 24 Interrupt Flowchart

In—» ITMPI
[

Vector - PC
NMI | FFFC FFFD
SWI | FFFA FFFB
IRQ, | FFF8 FFF9
ICF_| FFF6 FFF7
OCF_| FFF4FFF5
TOF | FFF2 FFF3
SCI_| FFFO FFF1

®

*SCl = TIE-TDRE + RIE<(RDRF + ORFE)

Non-Maskable Interrupt

Software Interrupt

Maskable Interrupt Request 1

input Capture Interrupt

Output Compare Interrupt

Timer Overflow Interrupt

SCt Interrupt {TDRE + RDRF + ORFE)
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Vee

Vee
_E“—“ ’——-—é Enable _:——‘ |———=> Enable
= e Wi = e R
j — __ — —
F——— iRa, le— TRQ;
Ve Standby ———>>1 Port 3 V¢ Standby ———=»1
RES ——>> 8 Transfer aEs
Lines
Port 1 HDEBOIWV HDE801V Port 1
810 81/0 Lines
Lines
Port 4 Port 2 Port 2 Port 4
81/0 Lines 51/0 Lines & 1/0 Lines 81/0 Lines
sci sc!
16 Bit Timer 16 Bit Timer
Vss Vss
Figure 26 HD6801V MCU Single-Chip Dual Processor Configuration
L] HD6801V Enable 1_—_‘_1:— HD6801V Enable
t':JI‘__‘ Mcu - 1 MCU
Address
8 Strobe | g
le—{ Latch }=<—9
16 8
Random
Access ROM
Memory
Peripheral
Interface RAM
Adapter
General
Purpose PIA
Interface
Adapter
Address Data
Bus Bus GPIA
Figure 26 HD6801V MCU Expanded Non-Multiplexed Mode
PTM
Address Bus Data Bus

Figure 27 HD6801V MCU Expanded Muitiplexed Mode
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MC U (Microcomputer Unit)

The HD6803 MCU is an 8-bit microcomputer system which
is compatible with the HMCS6800 family of parts. The HD6803
MCU is object code compatibie with the HD6800 with im-
proved execution times of key instructions plus several new
16-bit and 8-bit instructions including an 8 x 8 unsigned multip-
ly with 16-bit result. The HD6803 MCU can be expanded to
65k words. The HD6803 MCU is TTL compatible and requires
one +5.0 volt power supply. The HD6803 MCU has 128 bytes of
RAM, Serial Communications interface (S.C.L.), and parallel [/O
as well as a three function 16-bit timer. Features and Block dia-
gram of the HD6803 include the following:

FEATURES

Expanded HMCS6800 Instruction Set

8 x 8 Multiply

On-Chip Serial Communications Interface (S.C.1.)
Object Code Compatible With The HD6800 MPU
16-Bit Timer

Expandable to 65k Words

Multiplexed Address and Data

128 Bytes Of RAM (64 Bytes Retainable On Power
Down)

13 Parallel 1/0O Lines

Internal Clock/Divided-By-Four

TTL Compatible Inputs And Outputs

Interrupt Capability

Compatible with MC6803 and MC6803-1

e e o 00

s BLOCK DIAGRAM

22 &5
O »
$s5% BRY
CPU
Do/Ag < A /D o
D1/A1 +—f -
Port P21
B /A=) pddress/ [ MUX > :
B:/A: 3 Deta :
Ds/As =~ Buffers
Di/A7 = |
A/s o <‘ Timer] |
Bl 1
SCt
An <] o
QQ - ‘——'gn
A~ Address Port :P:g
A2 Buffers i —
i u— Y]
A —
Ve Standby

HD6803C

HD6803P
HDG803P-1

(DP-40)
8 PIN ARRANGEMENT
Vss(1] O ag €
xraL(Z] 3 As
exTALL3] § RW
i (4] B 0y/A,
irg, (5] g D,/A,
Res (€] B9 0./a,
Vee d D,/A,
P D, /A,
Pa 2 Ds/A;
P HD6803 Do/Aq
P, D7/A;
P g Ay
P, g Ay
[ A
e, A,
P, A
P, A,
P, A
P, A,
P Vcc Standby

(Top View)

= TYPE OF PRODUCTS
Type No. | Bus Timing
HD6803 1.0MHz
HD6803-1| 1.25MHz
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= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee* -0.3~+7.0 v
Input Voltage Vin * -0.3~+7.0 \
Operating Temperature Topr 0 ~+70 °c
Storage Temperature Tewm - 55~ +150 °c

*  With respect to Vgg (SYSTEM GND) X
[NOTE] Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation shouid be under recommended operating
conditions. If these conditions are exceeded, it could affect reliability of LSI.

® ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Ve =5.0Vi5%, Vgs = 0V, Ta = 0~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
RES 4.0 - Vee
Input “High’* Volt; \
npu g oltage Other Inputs™® 1H 2.0 - Vee v
tnput “Low’’ Voltage All Inputs™ Vi -0.3 - 08 \Y
Input Load Current EXTAL [linl Vin =0~ Ve - - 08 mA
Input Leakage Current | NMI, IRQ;, RES [ Vi, =0~ 5.25V - - 25 uA
Three State (Offset) Pio ~Pyq - - 10
I Vin =05~ 2.4V A
Leakage Current Pso ~ P2 sl ! - - 100 K
Do/Ao ~ D7/A7 ‘LOAD = -205 uA 2.4 - bt
Output “High” Voltage | Ag ~ A5, E, R/W, AS Vou ILoap = -145 pA 24 - - \Y
Other Outputs lLoap = =100 uA 2.4 - =
Output “Low’ Voltage | All Outputs Voo lLoap = 1.6 MA - - 0.5 \%
Darlington Drive Current| Pyo ~ Py, -lon | Vour = 1.5V 1.0 - 10.0 mA
Power Dissipation Pp - - 1200 mwW
Vin =0V, Ta=25°C
Input Capacitance C; n ' |- - 10.0 F
put Lep | £= 1.0 MHz P
Py d . - .
Ve Standby ower: .own Vsgs 4.0 5.26 v
Operating Vsg 4.75 — 5.25
Standby Current Powerdown Isge Vggs = 4.0V = = 8.0 mA

108
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® AC CHARACTERISTICS

BUS TIMING (Vcc =5.0V £5%, Vgg =0V, Ta=0~ +70°C, unless otherwise noted.)

HD6803,HD6803-1

Item Symbol cﬁf.ifi. __HDOBo3 _HD68031 Unit
tion min | typ | max| min typ| max
Cycle Time toye 1 - 10| 08 - 10 | us
Address Strobe Pulse Width ““High"’ PWasH 200 | — - 180 - - ns
Address Strobe Rise Time tasr 5| — 50 5 - 50 ns
Address Strobe Fall Time tast 5| - 50 5 - 50 ns
Address Strobe Delay Time tasD 60 | — - 30 - - ns
Enable Rise Time te, 51 — 50 5| -— 50 | ns
Enable Fall Time tes 5| — 50 5 - 50 ns
Enable Pulse Width ‘“High"” Time PWey 450 | — — 340| - - ns
Enable Pulse Width *‘Low’’ Time PWg 450 | - - 30| - — ns
Address Strobe to Enable Delay Time tASED Fig. 1 60 - - 30 - - ns
Address Delay Time tap - — 260 — - 260 ns
Address Delay Time for Latch tabL - - 270 - - 260 ns
Data Set-up Write Time tosw 225 | — - 115 - - ns
Data Set-up Read Time tosr 80 - - 70 - - ns
Data Hold Time |22 ML L e LY e N
Write thw 20 | — — 200 - —
Address Set-up Time for Latch tasL 60 | - - 50| - - ns
Address Hold Time for Latch tAHL 20 | - - 20| - - ns
Address Hold Time tan 20 | — — 20| - — ns
Peripheral Read Access Time (Multiplexed Bus) | (taccm) - — | (600) -~ — | (400)| ns
Oscillator stabilization Time tre Fig.7 | 100 | — - 100, - = ms
Processor Control Set-up Time tpcs Fig.8 | 200 | — = 200 - - ns
PERIPHERAL PORT TIMING (Vgc =5.0V 5%, Vgg =0V, Ta= 0~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
Peripheral Data Setup Time | Port 1,2 tppsu Fig. 2 200 - - ns
Peripheral Data Hold Time Port 1,2 tepn Fig. 2 200 - - ns
Delay Time, Enable Negative
Transition to Peripheral Data | Port 1, 2* trwp Fig. 3 — - 400 ns
Valid
* Except Py,
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TIMER, SCI TIMING (V¢c = 5.0V 6%, Vgs = 0V, Ta = 0 ~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
Timer Input Pulse Width trwT 2t.,c+200] — - ns
Delay Time, Enable Positive Transition to X
Timer Out troo Fig. 4 - - 600 ns
SCt Input Clock Cycle tseye 1 - - teye
SCI Input Clock Pulse Width tewsck 0.4 - 0.6 tseye
MODE PROGRAMMING (Vcc = 5.0V £6%, Vgs = 0V, Ta = 0 ~ +70°C, unless otherwise noted.)
Item Symbol Test Condition min typ max Unit
Mode Programming Input “Low’’ Voitage VmrL - - 1.7 v
Mode Programming Input “High’’ Voltage VMPH 4.0 - — v
RES “"Low” Pulse Width PWastoL Fig. 8 3.0 . - teye
Mode Programming Set-up Time tmps 20 - - teye
Mode Programming RES Rise Time > 1us ¢ ) — — n
Hold Time RES Rise Time < 15 MPH 100 - -
teve
Address Strobe
(AS)
_ \
[~—tAast
' ASE Ofe——
2.4v ) A
PWgy
E(n;'ble PWg
0.5V
\ \
—| tEr ] le—tEF
R y * ——
—J [e—tan
¥22v \
R/W As~Ays ——< Address Valid }___
0.6V
[ASL—J o .
e toow—s] —| [t
MPU Write rv. \ #22v p
Do/Ao~D7/Az; Cgﬁ;ess Data Valid }-————-
(Port 3) 0.6V 4 0.6V
tapL [ tosR ] | fe—tum
MPU Read fFzzv f-2ov
Dy/A¢~D7/A; Valid Data Valid
(Por1 3) 0.6V 0.8V
(tacem!
Figure 1 Expanded Multiplexed Bus Timing
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MPU Write
‘—MPU Read r
Enable (E
(E) 2.4v F——\ 2.4v Enable (E)
0.5V 0.5V 0.5v
t PDH
PDSU ,PWD_.|
- *
P_~pP 2.0V - 2.0V All Data 2.2v .
p;: ~ p;: 0.8V Data Valid 0.8V Port Outputs 0.6V Data Valid
! *Not applicable to P,,
Figure 2 Data Set-up and Hold Times Figure 3 Port Data Delay Timing
(MPU Read) (MPU Write)

Enable {E) /'_\ ]m—\ /_

Timer Output Compare
Counter Matched
Mode inputs
"TOD.} 1P“,,P“,P”)
Py 22V
Output 0.6V

I Figure 5 Mode Programming Timing
Figure 4 Timer Output Timing

Vee
R =2.2k0
Test Point
152074 (H)
or Equiv
[+ R
C = 90 pF for Dy/A, ~ D; /A2, Ax~Ass, E, AS, R/W
=30 pF for P,y ~P,, P, ~P,,
R=12k2 forDy/A, ~D:/A;. Ax~Ais. E. AS. R/W
=24k for P, ~P , P, ~P,,

TTL Load

Figure 6 Bus Timing Test Load
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Last Instruction ——)‘

Cycle

e o]l

#7 #10 #11 #12

o]

Enable (E) I | I l | | I | I l I I I | I l I l ' I I l I | l | I | I I I
1-Bit Set
Internal y
Address Bus X
Op Code Op Code  SP(n) SP(n-1}  SP(n-2) SP(n-3} SP(n4) SP(n-B) SP(n6) SP(n-7) Vector Vector NewPC
_— Addr Addr +1 . MSB Addr LSB Addr Address’
IRQ,
—f k=ecs
NMior 1RQ, * \
— [—tpcs
e X XXX
Data Bus n
Op Code Op Code PCO~PC7 PCB~PC16 X0~X7 X8~X15 ACCA ACCB CCR Irrelevant  Vector  Vector  First Inst, of
Data MSB LSB Interrupt Routine
Internal R/W \ J

* TRQ, ; Internal interrupt

Figure 7 interrupt Sequence

SR L, L UL L LU
—— .25V N ., | v
V‘x%‘mr 1T 1R a
[ the > tecs iy [¢—tPcs
TN 08V

RES

Internal
Address Bus

' 4
v ?
SETTRFTIRIITRY e

—

FFFE

; FFFE FFFE

FFFE FFFE FFFF  New PC

iernat /% TTTRTTTRIRNITAY! SEERRTETRRRRIRIRTIRRIRIRRNLY
FAUIIURATR AU EUAARRRAARRARRARARAAR R O

AN wot valia

Internal
Data Bus

Figure 8 Reset

m SIGNAL DESCRIPTIONS

D SR 41 G S e
PC8~PC15 PCO~PC? First

Instruction

—X

Timing

Nominal Crystal Parameter

® Vcc and Vss
These two pins are used to supply power and ground to the
chip. The voltage supplied will be +5 volts +5%.

® XTAL and EXTAL

These connections are for a parallel resonant fundamental
crystal, AT cut. Devided by 4 circuitry is included with the
internal clock, so a 4 MHz crystal may be used to run the
system at 1 MHz. The devide by 4 circuitry allows for use of the
inexpensive 3.58 MHz Color TV crystal for non-time critical
applications. Two 22pF capacitors are needed from the two
crystal pins to ground to insure reliable operation. EXTAL may
be driven by an external TTL compatible source with a 50%
(210%) duty cycle. It will devided by 4 any frequency less than
or equal to 5 MHz. XTAL must be grounded if an external
clock is used. The following are the recomimended crystal
parameters:

12

Crystal
Item 4 MHz 5 MHz
Co 7pF max. | 4.7pF max.
Rg 600 max. | 309 typ.
XTAL
O Cpq = Cra=22pF £ 20%
(3.2 ~ 5 MHz)
[NOTE] AT cut parallel
EXTAL resonance parameters

Figure 9 Crystal Interface
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® Vcc Standby
This pin will supply +5 volts 5% to the standby RAM on the
chip. The first 64 bytes of RAM will be maintained in the power
down mode with 8 mA current max. The circuit of figure 13
can be utilized to assure that Vo Standby does not go below
Vspp during power down.
To retain information in the RAM during power down the
following procedure is necessary:
1) Write “0” into the RAM enable bit, RAM E. RAM E is bit
6 of the RAM Control Register at location $0014. This
disables the standby RAM, thereby protecting it at power
down.
2) Keep Vcc Standby greater than Vsgs.

Ve Standby Power Line

*

Figure 10 Battery Backup for Vgc Standby

® Reset (RES)

This input is used to reset and start the MPU from a power
down condition, resulting from a power failure or an initial
startup of the processor. On power up, the reset must be held
“Low” for at least 100 ms. During operation, RES, when
brought “Low”’, must be held “Low” at least 3 clock cycles.

When a “High” level is detected, the MPU does the follow-
ing:
1) All the higher order address lines will be forced “High”.

2) 1/O Port 2 bits, 2, 1, and O are latched into programmed

control bits PC2, PC1 and PCO.

3) The last two ($FFFE, $FFFF) locations in memory will
be used to load the program addressed by the program
counter.

4) The interrupt mask bit is set, must be cleared before the
MPU can recognize maskable interrupts.

e Enable (E)

This supplies the external clock for the rest of the system
when the internal oscillator is used. It is a single phase, TTL
compatible clock, and will be the divide by 4 result of the
crystal frequency. It will drive one TTL load and 90 pF.

®_ Non-Maskable interrupt (NMi)

A low-going edge on this input requests that a non-maskable-
interrupt sequence be generated within the processor. As with
interrupt Request signal, the processor will complete the current
instruction that is being executed before it recognizes the NMI
signal. The interrupt mask bit in the Condition Code Register
has no effect on NML.___

In response to an NMI interrupt, the Index Register, Program
Counter, Accumulators, and Condition Code Register are stored
on the stack. At the end of the sequence, a 16-bit address will
be loaded that points to a vectoring address located in memory
locations $SFFFC and $FFFD. An address loaded at these loca-
tions causes the MPU to branch to a non-maskable interrupt
service routine in memory.

A 3.3 k§ external resistor to Vcc should be used for
wire-OR and optimum control of interrupts.

Inputs TRQ; and NMI are hardware interrupt lines that are
sampled during E and will start the interrupt routine on the
E following the completion of an instruction.

HD6803,HD6803-1

® Interrupt Request (IRQ; )

This level sensitive input requests that an interrupt sequence
be generated within the machine. The processor will wait until it
completes the current instruction that it being executed before
it recognizes the request. At that time, if the interrupt mask bit
in the Condition Code Register is not set, the:machine will begin
an interrupt sequence. The Index Register, Program Counter,
Accumulators, and Condition Code Register are stored on the
stack. Next the MPU will respond to the interrupt request by
setting the interrupt mask bit “High™ so that no further mask-
able interrupts may occur. At the end of the cycle, a 16-bit
address will be loaded that points to a vectoring address which is
located in memory locations $FFF8 and $FFF9. An address
loaded at these locations causes the MPU to branch to an inter-
rupt routine in memory.

The IRQ, requires a 3.3 k§2 external resister to Ve which
should be used for wire-OR and optimum control of interrupts.
Internal Interrupts will use an internal interrupt line (IRQ,).
This interrupt will operate the same as TRQ, except that it will
use the vector address of $FFFO through $FFF7. IRQ; will
have priority over IRQ, if both occur at the same time. The
Interrupt Mask Bit in the condition code register masks both
interrupts (See Table 1).

Table 1 Interrupt Vector Location
Vector Interrupt
MsB LSB
Highest FFFE | FFFF RES
Priority FFFC | FFFD NMI
FFFA FFFB Software Interrupt (SWI)
FFF8 | FFF9 IRQ,
FFF6 FFF7 ICF (Input Capture)
FFF4 FFF5 OCF (Output Compare)
FFF2 FFF3 TOF {Timer Overflow)
Lowest FFFO | FFF1 | SCI (RDRF + ORFE + TDRE)
Priority

® Read/Write (R/W)

This TTL compatible output signals the peripherals and
memory devices whether the MPU is in a Read (“High”) or a
Write (“Low”) state. The normal standby state of this signal is
Read (“High”). This output is capable of driving one TTL load
and 90 pF.

® Address Strobe (AS)

In the expanded multiplexed mode of operation address
strobe is output on this pin. This signal is used to latch the 8
LSPB’s of address which are multiplexed with data on Port 3. An
8-bit latch is utilized in conjunction with Address Strobe, as
shown in figure 11. Expanded Multiplexed Mode. Address
Strobe signals the latch when it is time to latch the address lines
so the lines can become data bus lines during the E pulse. The
timing for this singal is shown in Figure 1 of Bus Timing. This
signal is also used to disable the address from the multiplexed
bus allowing a deselect time, tsgp before the data is enabled to
the bus.

=» PORTS
There are two I/O ports on the HD6803 MCU; one 8-bit
port and one 5-bit port. Each port has an associated write
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only Data Direction Register which allows each I/O line to be
programmed to act as an input or an output*. A “1” in the
corresponding Data Direction Register bit will cause that 1/0
line to be an output. A “0” in the corresponding Data Direction
Register bit will cause that I/O line to be an input. There are
two ports: Port 1, Port 2. Their addresses and the addresses of
their Data Direction registers are given in Table 2.

* The only exception is bit 1 of Port 2, which can either be data
input or Timer output.

Table 2 Port and Data Direction Register Addresses

state when used as an input. In order to be read properly, the
voltage on the input lines must be greater than 2.0 V for a
logic **1” and less than 0.8 V for a logic **0”. As outputs, this
port has no internal pullup resistors but will drive TTL inputs
directly. For driving CMOS inputs, external pullup resistors are
required. After Reset, the I/O lines are configured as inputs.
Three pins on Port 2 (pin 8,9 and 10 of the chip) are requested
to set following values (Table 3) during reset. The values of
above three pins during reset are latched into the three MSBs
(Bit 5,6 and 7) of Port 2 which are read only.

Port 2 can be configured as I/O and provides access to the
Serial Communications Interface and the Timer. Bit 1 is the

irecti only pin restricted to data input or Timer output.
Ports Port Address g:g‘;‘g:r;‘gé?_gss v P P P
1/0 Port 1 $0002 $0000 Table 3 The Values of three pins
1/0 Port 2 $0003 $0001 Pin Number Value
8 L
® 1/0Port 1 o H
_ This is an 8-bit port whose individual bits may be defined as 1 e
inputs or outputs by the corresponding bit in its data direction INOTES] L; Logical 0"
register. The 8 output buffers have three-state capability, H; Logical "1"

allowing them to enter a high impedance state when the
peripheral data lines are used as inputs. In order to be read
properly, the voltage on the input lines must be greater than 2.0
V for a logic **1” and less than 0.8 V for a logic **0”. As outputs,
these lines are TTL compatible and may also be used as asource
ofupto 1 mA at 1.5 V to directly drive a Darlington base. After
Reset, the [/O lines are configured as inputs.

® |/0 Port 2

This port has five lines that may be defined as inputs or
outputs by its data direction register. The 5 output buffers have
three-state capability, allowing them to enter a high impedance

GND »-

AS »—

Data/Address 7418373

D, Ql——>

® Data/Address (Lower Order Address Bus Latches)

Since the data bus is multiplexed with the lower order
address bus in Data/Address, latches are required to latch those
address bits. The 74LS373 Transparent Octal D-type latch can
be used with the HD6803 to latch the least significant address
byte. Figure 11 shows how to connect the latch to the HD6803.
The output control to the 74LS373 may be connected to
ground.

8 INTERRUPT FLOWCHART
The Interrupt flowchart is depicted in Figure 16 and is com-
mon to every interrupt excluding reset.

Address: A, ~A, Function Table

Output Enable Output
Control G D Q

L H H H

L H L L

L L X Q,

H X X z

Data: O,~D,

Figure 11 Latch Connection
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s MEMORY MAP

The MCU can provide up to 65k byte address space. A
memory map is shown in Figure 12. The first 32 locations are
reserved for the MCU’s internal register area, as shown in Table
4 with exceptions as indicated.

Table 4 Internal Register Area
Register Address
Port 1 Data Direction Register** 00
Port 2 Data Direction Register** 01
Port 1 Data Register 02
Port 2 Data Register 03
Not Used 04*
Not Used 05*
Not Used 06*
Not Used o7*
Timer Control and Status Register 08
Counter {High Byte) 09
Counter (Low Byte) 0A
Output Compare Register {High Byte) 0B
Output Compare Register {Low Byte) ocC
Input Capture Register (High Byte) oD
tnput Capture Register {Low Byte) OE
Not Used OF*
Rate and Mode Control Register 10
Transmit/Receive Control and Status Register 1
Receive Data Register 12
Transmit Data Register 13
RAM Control Register 14
Reserved 15-1F

+ External Address
++1; Output, O; Input

Multiplexed/RAM

$0000 .

Internal Registers
$001F

} External Memory Space

$0080

Internal RAM
$00FF

External Memory Space
$FFFO
$FFEF } External Interrupt Vectors

[NOTE]

Excludes the following addresses which may
be used externally: $04, $05, $06, $07, and
$OF.

Figure 12 HD6803 Memory Map
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= PROGRAMMABLE TIMER

The HD6803 contains an on-chip 16-bit programmable timer
which may be used to perform measurements on an input
waveform while independently generating an output waveform.
Pulse widths for both input and output signals may vary from a
few microseconds to many seconds. The timer hardware consists
of
+ an 8-bit control and status register,

+ a 16-bit free running counter,

+ a 16-bit output compare register, and

* a 16-bit input capture register

A block diagram of the timer registers is shown in Figure 13.
® Free Running Counter ($0009:000A)

The key element in the programmable timer is a 16-bit free
running counter which is driven to increasing values by E (En-
able). The counter value may be read by the MPU software at
any time. The counter is cleared to zero on RES and may be
considered a read-only register with one exception. Any MPU
write to the counter’s address ($09) will always result in preset
value of SFFF8 being loaded into the counter regardless of the
value involved in the write. This preset figure is intended for
testing operation of the part, but may be of value in some
applications.
¢ Output Compare Register ($000B:000C)

The Output Compare Register is a 16-bit read/write register
which is used to control an output waveform. The contents of
this register are constantly compared with the current value of
the free running counter. When a match is found, a flag is set
(OCF) in the Timer Control and Status Register (TCSR) and the
current value of the Output Level bit (OLVL) in the TCSR is
clocked to the Output Level Register. Providing the Data
Direction Register for Port 2, Bit 1 contains a “1” (Output),
the output level register valile will appear on the pin for Port 2
Bit 1. The values in the Output Compare Register and Output
Level bit may then be changed to control the output level on
the next compare value. The Output Compare Register is set to
$FFFF during RES. The Compare function is inhibited for
one cycle following a write to the high byte of the Output
Compare Register to insure a valid 16-bit value is in the register
before a compare is made.
® Input Capture Register ($000D:000E )

The Input Capture Register is a 16-bit read-only register used
to store the current value of the free running counter when the
proper transition of an external input signal occurs. The input
transition change required to trigger the counter transfer is
controlled by the input Edge bit (IEDG) in the TCSR. The Data
Direction Register bit for Port 2 Bit 0, should * be clear (zero)
in order to gate in the external input signal to the edge detect
unit in the timer.

* With Port 2 Bit 0 configured as an output and set to “1”, the

external input will still be seen by the edge detect unit.
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HD6803 Internal Bus

Output Compare

Timer b7§ ¢ -

Status
Register
$08

°Z':|‘;°‘[lCFIOCF[TOF]EIICIFOGFTO'I'ED‘*J'-

Output Compare Pulse

Qutput
Level
Repister

_____ ! Output
Leve! Edge

Bit1 Bit0

Port2 Port2

nput

Figure 13 Block Diagram of Programmable Timer

Timer Control and Status Register

7 6 5 4 3 2 1 Y
| ICF I OCF | TOF ]lel | EQCI I ETOIl IEDG I OLVﬂ $0008

® Timer Control and Status Register (TCSR) ($0008)

The Timer Control and Status Register consists of an 8-bit
register of which all 8 bits are readable but only the low order 5
bits may be written. The upper three bits contain read-only
timer status information and indicate that:

* a proper transition has taken place on the input pin with a
subsequent transfer of the current counter value to the
input capture register.

*a match has been found between the value in the free
running counter and the output compare register, and
when $0000 is in the free running counter.

Each of the flags may be enabled onto the HD6803 internal
bus (IRQ,) with an individual Enable bit in the TCSR. If the
I-bit in the HD6803 Condition Code register has been cleared, a
priority vectored interrupt will occur corresponding to the flag
bit(s) set. A description for each bit follows:

Bit 0 OLVL Output Level — This value is clocked to the output
level register on a successful output compare. If
the DDR for Port 2 bit 1 is set, the value will
appear on the output pin.

Input Edge — This bit controls which transition of
an input will trigger a transfer of the counter to
the input capture register. The DDR for Port 2 Bit
0 must be clear for this function to operate. IEDG
= 0 Transfer takes place on a negative edge
(“High”-to-“Low"” transition).

IEDG = 1 Transfer takes place on a positive edge

Bit 1 IEDG
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Bit2 ETOI

Bit 3 EOCI

Bit 4 EICI

Bit5 TOF

Bit 6 OCF

Bit 7 ICF

G HITACHI

(“Low”-to-“High” transition).

Enable Timer Overflow Interrupt — When set, this
bit enables IRQ, to occur on the internal bus for a
TOF interrupt; when clear the interrupt is in-
hibited.

Enable Output Compare Interrupt — When set,
this bit enables IRQ, to appear on the internal bus
for an output compare interrupt; when clear the
interrupt is inhibited.

Enable input Capture Interrupt — When set, this
bit enables IRQ, to occur on the internal bus for
an input capture interrupt; when clear the inter-
rupt is inhibited.

Timer Overflow Flag — This read-only bit is set
when the counter contains $0000. It is cleared by
a read of the TCSR (with TOF set) followed by an
MPU read of the Counter ($09).

Output Compare Flag — This read-only bit is set
when a match is found between the output
compare register and the free running counter. It is
cleared by a read of the TCSR (with OCF set)
followed by an MPU write to the output compare
register (30B or $0C).

Input Capture Flag — This read-only status bit is
set by a proper transition on the input; it is cleared
by a read of the TCSR (with ICF set) followed by
an MPU read of the Input Capture Register (30D).




= SERIAL COMMUNICATIONS INTERFACE

The HD6803 contains a full-duplex asynchronous serial
communications interface (SCI) on chip. The controller
comprises a transmitter and a receiver which operate independ-
ently or each other but in the same data format and at the same
data rate. Both transmitter and receiver communicate with the
MPU via the data bus and with the outside world via pins 2, 3,
and 4 of Port 2. The hardware, software, and registers are ex-
plained in the following paragraphs.

® Wake-Up Feature

In a typical multi-processor application, the software
protocol will usually contain a destination address in the initial
byte(s) of the message. In order to permit non-selected MPU’s
to ignore the remainder of the message, a wake-up feature is
included whereby all further interrupt processing may be
optionally inhibited until the beginning of the next message.
When the next message appears, the hardware re-enables (or
“wakes-up”) for the next message. The “wake-up” is auto-
matically triggered by a string of ten consecutive 1’s which
indicates an idle transmit line. The software protocol must
provide for the short idle period between any two consecutive
messages.

® Programmable Options

The following features of the HD6803 serial I/O section are
programmable:

« format — standard mark/space (NRZ)

* Clock — external or internal

* baud rate — one of 4 per given MPU ¢, clock frequency or

external clock <8 input

+ wake-up feature — enabled or disabled

* Interrupt requests — enabled or masked individually for

transmitter and receiver data registers

» clock output — internal clock enabled or disabled to Port

2 (Bit 2)
« Port 2 (bits 3 and 4) — dedicated or not dedicated to serial
1/0 individually for transmitter and receiver.
® Serial Communications Hardware

The serial communications hardware is controlled by 4
registers as shown in Figure 14. The registers include:

* an 8-bit control and status register

* a 4-bit rate and mode control register (write only)

« an 8-bit read only receive data register and

« an 8-bit write only transmit data register.

In addition to the four registers, the serial I/O section utilizes
bit 3 (serial input) and bit 4 (serial output) of Port 2. Bit 2 of
Port 2 is utilized if the internal-clock-out or external-clock-in
options are selected.

Transmit/Receive Control and Status (TRCS) Register

The TRCS register consists of an 8-bit register of which all 8
bits may be read while only bits 0~4 may be written. The
register is initialized to $20 on RES. The bits in the TRCS
register are defined as follows:

Port 2

Rx
8it

Clock

Bit

Tx

Bit

Bit 0 WU

Bit 1 TE

Bit 2 TIE

Bit 3 RE

Bit 4 RIE

. 11 |
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Rate and Mode Control Register Bit 0
I cc1 | CCOI SS‘ITSSO l$10

Transmit/Receive Control and Status Register

[RDRFIORFETDRE[ RIEl RE [TIE l TE l wu |$11

Receive Data Register
I | l I |$12
. {Not Addressable)

Bit7

Receive Shift Register

Bit Rate

12

j¢—o

H

Generator

1 (Not Addressable)
l Transmit Shift Register

Llll’ll

Transmit Data Register

Figure 14 Serial 1/O Registers

e

“Wake-up” on Next Message — set by HD6803
software and cleared by hardware on receipt of
ten consecutive 1’s or reset of RE flag. It should
be noted that RE flag should be set in advance of
MPU set of WU flag.

Transmit Enable — set by HD6803 to produce
preamble of nine consecutive 1’s and to enable
gating of transmitter output to Port 2, bit 4
regardless of the DDR value corresponding to this
bit; when clear, serial I/0 has no effect on Port 2
bit 4.

TE set should be after at least one bit time of data
transmit rate from the set-up of transmit data
rate and mode.

Transmit Interrupt Enable — when set, will permit
an IRQ, interrupt to occur when bit 5 (TDRE) is
set; when clear, the TDRE value is masked from
the bus.

Receiver Enable — when set, gates Port 2 bit 3 to
input of receiver regardless of DDR value for this
bit; when clear, serial 1/0 has no effect on Port 2
bit 3.

Receiver Interrupt Enable — when set, will permit
an IRQ, interrupt to occur when bit 7 (RDRF) or
bit 6 (ORFE) is set; when clear, the interrupt is
masked.

Transmit/Receive Control and Status Register

7 6 5

2

1

IRDRF’ORFEITDRE' RIET RE I TIE l TE lWU IADDR:$0011

O HITACHI
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Bit 5 TDRE Transmit Data Register Empty — set by hardware
when a transfer is made from the transmit data
register to the output shift register. The TDRE bit
is cleared by reading the status register, then

writing a new byte into the transmit data register,
TDRE is initialized to 1 by RES.

Bit 6 ORFE Over-Run-Framing Error — set by hardware when
an overrun or framing error occurs (receive only).

Rate and Mode Control Register

4

2 1 0

7 6 5
L] x|~

l X ICC1|CCOISS1|SSOI

ADDR : $0010

An overrun is defined as a new byte received with
last byte still in Dat Register/Buffer. A framing
error has occured when the byte boundaries in bit
stream are not synchronized to bit counter. If
WU-flag is set, the ORFE bit will not be set. The
OREFE bit is cleard by reading the status register,
then reading the Receive Data Register, or by
RES.

Receiver Data Register Full-set by hardware when
a transfer from the input shift register to the
receiver data register is made. If WU-flag is set, the
RDREF bit will not be set. The RDRF bit is cleared
by reading the status register, then reading the
Receive Data Register, or by RES.

Bit 7 RDRF

Rate and Mode Control Register
The Rate and Mode Control register controls the following
serial 1/O variables:

+ format

« clocking source, and

* Port 2 bit 2 configuration

The register consists of 4 bits all of which are write-only and
cleared on RES. The 4 bits in the register may be considered as
a pair of 2-bit fields. The two low order bits control the bit rate
for internal clocking and the remaining twq bits control the
format and clock select logic. The register definition is as
follows:
Bit 0 SSO Speed Select — These bits select the Baud rate for

Bit 1 SS1 the internal clock. The four rates which may be
selected are a function of the MPU ¢, clock
frequency. Table 5 lists the available Baud rates.

Bit 2 CCO Clock Control and Format Select — this 2-bit field

Bit 3 CC1 controls the format and clock select logic. Table 6

defines the bit field.

» Baud rate
Table 5 SCI Bit Times and Rates
XTAL 2.4576 MHz 4.0 MHz 49152 MHz*
SS1:SS0 E 614.4 kHz 1.0 MHz 1.2288 MHz
0 0 E+16 26 1is/38,400 Baud 16 us/62,500 Baud 13.0 1s/76,800 Baud
0 1 E+128 208 us/4,800 Baud 128 us/7812.5 Baud 104.2 us/9,600 Baud
1 0 E+ 1024 1.67 ms/600 Baud 1.024 ms/976.6 Baud 833.3 us/1,200 Baud
1 1 E + 4096 6.67 ms/150 Baud 4.096 ms/244.1 Baud 3.33 ms/300 Baud
* HD6803-1 Only
Table 6 SCI Format and Clock Source Control
CC1: CCO Format Clock Source Port 2 Bit 2 Port 2 Bit3 Port 2Bit 4
00 _ — —_ * % * %
01 NRZ Internal Not Used ** e
10 NRZ Internal Output™ * s
11 NRZ External Input ** *x

* Clock output is available regardless of values for bits RE and TE.

** Bit 3 is used for serial input if RE ="1" in TRCS:; bit 4 is used for serial output if TE = */1" in TRCS.

Internally Generated Clock

If the user wishes for the serial I/O to furnish a clock, the
following requirements are applicable:

« the values of RE and TE are immaterial.

*CCt, CCO must be set to 10

« the maximum clock rate will be E + 16.

» the clock will be at 1x the bit rate and will have a rising

edge at mid-bit.

118

Externally Generated Clock
If the user wishes to provide an external clock for the serial
1/0, the following requirements are applicable:
* the CC1, CCO, field in the Rate and Mode Control Register
must be set to 11,
+ the external clock must be set to 8 times (X8) the desired
baud rate and
* the maximum external clock frequency is 1.0 MHz.
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e Serial Operations
The serial I/O hardware should be initialized by the HD6803
software prior to operation. This sequence will normally consist
of;
» writing the desired operation control bits to the Rate and
Mode Control Register and
» writing the desired operational control bits in the Transmit/
Receive Control and Status Register.
The Transmitter Enable (TE) and Receiver Enable (RE) bits
may be left set for dedicated operations.

Transmit Operations

The transmit operation is enabled by the TE bit in the
Transmit/Receive Control and Status Register. This bit when
set, gates the output of the serial transmit shift register to Port 2
Bit 4 and takes unconditional control over the Data Direction
Register value for Port 2, Bit 4.

Following a RES the user should configure both the Rate
and Mode Control Register and the Transmit/Receive Control
and Status Register for desired operation. Setting the TE bit
during this procedure initiates the serial output by first
transmitting a nine-bit preamble of 1’s. Following the preamble,
internal synchronization is established and the transmitter
section is feady for operation.

At this point one of two situation exist:

1) if the Transmit Data Register is empty (TDRE = 1), a
continuous string of ones will be sent indicating an idle
line, or,

2) if data has been loaded into the Transmit Data Register
(TDRE = 0), the word is transferred to the output shift
register and transmission of the data word will begin.

During the transfer itself, the O start bit is first transmitted.
Then the 8 data bits (beginning with bit 0) followed by the stop
bit, are transmitted. When the Transmitter Data Register has
been emptied, the hardware sets the TDRE flag bit.

If the HD6803 fails to respond to the flag within the proper
time, (TDRE is still set when the next normal transfer from the
parallel data register to the serial output register should occur)
then a 1 will be sent (instead, of a 0) at “Start” bit time,
followed by more 1’s until more data is supplied to the data
register. No 0’s will be sent while TDRE remains a 1.

Receive Operation

The receive operation is enabled by the RE bit which gates in
the serial input through Port 2,Bit 3. The receiver section
operation is conditioned by the contents of the Transmit/
Receive Control and Status Register and the Rate and Mode
Control Register.

The receiver bit interval is divided into 8 sub-intervals for
internal synchronization. In the NRZ Mode, the received bit
stream is synchronized by the first O (space) encountered.

The approximate center of each bit time is strobed during
the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing
error is assumed, and bit ORFE is set. If the tenth bit asa 1, the
data is transferred to the Receive Data Register, and interrupt
flag RDREF is set. If RDRF is still set at the next tenth bit time,
ORFE will be set, indicating an overrun has occurred. When the
HD6803 responds to either flag (RDRF or ORFE) by reading
the status register followed by reading the Data Register, RDRF
(or ORFE) will be cleared.

s RAM CONTROL REGISTER

This register, which is addressed at $0014, gives status
information about the standby RAM. A 0 in the RAM enable
bit (RAM E) will disable the standby RAM, thereby protecting

HD6803,HD6803-1

it at power down if Vcc Standby is held greater than Vgpp
volts, as explained previously in the signal description for V¢
Standby.

RAM Control Register

soora | iy fmame| x | x | x | x| x | x
Bit0 Not used.
Bit 1 Not used.
Bit 2 Not used.
Bit 3 Not used.
Bit4 Not used.
Bit 5 Not used.

Bit 6 RAME The RAM Enable control bit allows the user the
ability to disable the standby RAM. This bit is set
to a logic “1” by RES which enables the standby
RAM and can be written to one or zero under pro-
gram control. When the RAM is disabled, data is
read from external memory.

Bit 7STBY The Standby Power bit is cleared when the stand-

PWR by voltage is removed. This bit is a read/write sta-
tus flag that the user can read which indicates that
the standby RAM voltage has been applied, and
the data in the standby RAM is valid.

® GENERAL DESCRIPTION OF INSTRUCTION SET
The HD6803 is upward object code compatible with the
HD68GO as it implements the full HMCS6800 instruction set,
The execution times of key instructions have been reduced to
increase throughout. In addition, new instructions have been
added; these include 16-bit operations and a hardware multiply.
Included in the instruction set section are the following:
* MCU Programming Model (Figure 15)
+ Addressing modes
+ Accumulator and memory instructions — Table 7
* New instructions
« Index register and stack manipulations instructions — Table
8
+ Jump and branch instructions — Table 9
« Condition code register manipulation instructions — Table 10
« Instructions Execution times in machine cycles — Table
11
+ Summary of cycle by cycle operation — Table 12
+ Summary of undefined instructions — Table 13

® MCU Programming Model

The programming model for the HD6803 is shown in Figure
15. The double (D) accumulator is physically the same as the
Accumulator A concatenated with the Accumulator B so that
any operation using accumulator D will destroy information in
A and B.
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7 A ol I 7 B 8-Bit Accumulators A and B
15 D o] or 16-Bit Double Accumutetor D
Is X 0| Index Register {x)
Fs SP 0} Stack Pointer (SP}
I15 PC Ol Program Counter {PC)
7 0

I 1I 1 IH | |NI2 v cI Condition Code Register (CCR)
I L Carry/Borrow from MSB

Overflow

e Zero

Negative

interrupt

Half Carry (From Bit 3}

Figure 16 MCU Programming Model

® MCU Addressing Modes

The HD6803 8-bit microcomputer unit has seven address
modes that can be used by a programmer, with the addressing
mode a function of both the type of instruction and the coding
within the instruction. A summary of the addressing modes for
a particular instruction can be found in Table 11 along with the
associated instruction execution time that is given in machine
cycles, With a clock frequency of 4 MHz, these times would be
microseconds.
Accumulator (ACCX) Addressing

In accumulator only addressing, either accumulator A or
accumulator B is specified. These are one-byte instructions.
Immediate Addressing

In immediate addressing, the operand is contained in the
second byte of the instruction except LDS and LDX which have
the operand in the second and third bytes of the instruction.
The MCU addresses this location when it fetches the immediate
instruction for execution. These are two or three-byte instruc-
tions.
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Table 7 Accumulator & Memory Instructions
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Addressing Modes

Condition Code

Register
Operations Mnemonic | IMMED. | DIRECT | INDEX |EXTEND | IMPLIED A,ith,,‘?:,?fg';’mﬁon 5[4]3]2]1]0
OP |~|#|OP|~ |#|OP|~|#|OP |~ |#|OP|~ |# Hit|N[z|v]c
Add ADDA 8B [2/2 9B |3 |2|AB{4[2 (BB |43 A+M—A tle|slt]t]e
ADDB cBl22|poe|3|2|eBl4a|2 [FB|4 |3 B+M-B tleft]tit]t
Add Double ADDD c3|4|3|D3|5|2|E3|6|2[F3|6(3 A:B+M:M+1->A:B |e|e|t|t]s 1
Add Accumulators ABA 1B|2|1[{A+B—A ettt
Add With Carry ADCA 89 (21299 [3[2|A9|4|2(B9 |43 A+M+C—A tle |ttt ]t
ADCB c9 |22 |p9{3|2|E9|4|2|F9 4|3 B+M+C—B tle |ttt
AND ANDA 84 {21294 (3|2 /A4]4]2 B4 (43 AM— A ele|t|t|R]e
ANDB C4|2|2'Da|3|2|E4(4 |2 |Fa|a|3 B-M-B ele(t|t|R]e
Bit Test BITA 85 [2/2|95 |3 (2]{A5|4 |2 |B5 |43 AM eje |t t|R]|e
BIT B Cc5 [2|2|D5|3 |2 |E5 |4 |2 |[F6 |4 |3 B-M ele|t[t|R]e
Clear CLR 6F 6|2 [7F |6 |3 00> M e e |RiS[R|R
CLRA 4F 1/00-A ele [R[S|R]R
CLRB 5F |2 {1]00—-8B e|e|R[SRIR
Compare CMPA 81 [2]21!91 [3{2]|A1]4]2|B1 |43 A-M elo sttt ]2
CMPB c1|2({2o1[3l2le1|a F1{4 (3 B -M oot |ttt
Compare iors CBA 11]2]1]|a-8B oleltit|s|s
Complement, 1's COM 63162 (73 |63 M—M ele(t[t[R]S
COMA 43 [2 |1 [A—A eleft|t[R]S
COMB 53 {2 {1 |B -8B eile|t|t[R]S
Complement, 2's NEG 60 [6[2]70 |63 00-M—+M oottt ]n 2
{Negate) NEGA 40 1|00-A—-A oo |t ]t |1]2
NEGB 50 {2 (1 |00-B—B LN ERER S
1 |21 | S ven s [+ |* ¢+ ]F ]2
Decrement DEC 6A |6 (2 |7A |6 |3 M-1-M e e it|t|D]e
DECA A2 1 [A-1>A oottt |@]|e
DECB 5A 1/B-1->8B ele|t|t|@|e
Exclusive OR EORA 88 (22198 [3]2|as|a|2|B8 |43 A@M-A eleftit|R|e
EORB c8 (22 (D8|3 g [4 |2 |F8 |4 |3 B@® M- B efeft[t[R]e
Increment INC 6C |62 (7C |6 |3 M+1->M e |o(tit |®|e
INCA 4ac |2 {1 [A+1 A elelt|t|@]e
INCB 5C 1|/B+1-8 ejeftlt|®]e
Load LDAA 86 |2 (2196 |3 [2|A6|4 |2 [B6 |4 |3 M- A efeft|t]|R]|e
Accumulator LoAB _ |ce |2 |2 |pe|3 |2 €6 a2 [F6 (4|3 M- B eleft[t[R]e
Load Double LDD cc|3|3|poc|a |2 |ec|s |2 |Fc|5 |2 M+1-8M>A elelt|t|r]e
Multiply Unsigned MUL 3D|10|t1 [AXB—>A:B oo fe|ele @
OR, Inclusive ORAA [8A |2 (2 [9A|3 [2]AA[4 {2 |BA|4 3 A+M—> A eje[t[t|R]e
ORAB cal2|2]pAaf3[2]Eala]2[FA]4a]3 B+M- B DOHBEGED
Push Data PSHA 36 |3 |1 |A>Msp,SP-1-SP oo |e[e|e]e
PSHB 37 |{3|1|B—Msp,SP~-1->8P o |o[efefelfe
Pull Data PULA 32(4|1|[SP+1—>8SP,Msp—> A e|e oo e
PULB 33[4[1|[SP+1—>SP,Msp—~B o|e|e|oele
Rotate Left ROL 69 |6(2|79 |63 M oo |t |t |Bt
ROLA 49 | 2 (1 Alm oo |t it |B |t
ROLB s9(2(1]8 © ® N Y HEBGE
Rotate Right ROR 66 (6 [(2(76 |63 M oot [t st
RORA 46 |2 |1 A]‘Q—{MEE@ efeft]t]e]t
RORB 56218 . t]t]e]t

The Condition Code Register notes are listed after Table 10. {Continued)
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Table 7 Accumulator & Memory Instructions (Continued)

Addressing Modes Conc:;ig?; ocrode

Operations Mnemonic | \MMED_ | DIRECT | INDEX |EXTEND [IMPLIED |  piimmene oraration |84 ]3] 2]1]0
op |~|#|op |~ [# 0P|~ |#[oP |~ |#|OP |~ [# H|1|N|z|v]e

Shift Left ASL 68 (6278 |6 (3 M — felefs |t |®¢
Arithmetic ASLA 48 21 A] E}«[[{jj:]:[{]«o NOHBGCE
ASLB 58 [2 1|8} & ®7 w0 OGN

Deis Arhmeric | ASLD 0 |3 |1 |- A AT oo |0 |0 |1 |+ (B¢
Shift Right ASR 67 |62 |77 |63 M . elelt[t Bt
Arithmetic ASRA 47 [2]1 A] E-LLIIDIED-OI;J ARG
ASRB sla|® 7 0 NOBRGE

Shift Right LSR 64 (62|74 |63 " N NOABAE
Logical LSRA 44 21 A]O*ED:IID:D-'@ NOABCE
LSRB 54 2118 &0 olelt |t (@

. ——

Ef;‘ﬁ.':“.’_fggfn LSRD 04 |3 (1|0 [l |e|e|R|$|®]2
Store STAA 97 |3 |2 |a7]a 2874 [3 AsM e [t[t[R]e
Accumulator STAB p7[3[2|e7[a]2[F7[4]3 B> M elet|t[R|e
Stora Double sTD oD(4 |2 [eD|s |2 [FO 5 |3 ARV oleft|t|R|e
Subtract sua |80 [2]2 o0 [3{2]a0[4|2]B0 (43 A-MoA OBERAE
SuUBB__ | co 2|2 |00 |3 [2 |EO |4 |2 [FO |43 B-M-B DOBERAE

Double Subtract suBD |83 4|3 93 |6 |2 [A3|6 (2 (B3 [6 [3 A:B-M:M+1>A:B |e|e|¢|¢]|¢ ¢
i‘::g:arr:\cl:lators SBA 10 (2 |1 [A-B—A CRLREAEREAR]
Subtract SBCA |82 |22 |92 [3 |2 [A2]|4 |2 [B2]4 |3 A-M-C—A ele|t|s 8]t
With Carry sBCB_ |c2 |22 |D2|3 |2 |€2 |4 |2 [F2 4|3 B-M-C—B OB BE
Transfer TAB 16 (2[1(A~B efeit{tR|e
Accumulators TBA 17 12 {1 |B> A efle[t |t [R]e
Test 2Zero or TST 6D|6 |2 |7D |6 |3 M~ 00 oot |3 |R[R
Minus TSTA 4D |2 |1 |A-00 oo (st |R|R
TSTB 5D |2 |1]B - 00 ele]t |t |RIR

The Condition Code Rebister notes are listed after Table 10.

Direct Addressing

In direct addressing, the address of the operand is contained
in the second byte of the instruction. Direct addressing allows
the user to directly address the lowest 256 bytes in the machine
i.e., locations zero through 255. Enhanced execution times are
achieved by storing data in these locations. In most configura-
tions, it should be a random access memory. These are two-byte
instructions.
Extended Addressing

In extended addressing, the address contained in the second
byte of the instruction is used as the higher 8-bits of the address
of the operand. The third byte of the instruction is used as the
lower 8-bits of the address for the operand. This is an absolute
address in memory. These are three-byte instructions.
indexed Addressing

In indexed addressing, the address contained in the second
byte of the instruction is added to the index register’s lowest

122

8-bits in the MCU. The carry is then added to the higher
order 8-bits of the index register. This result is then used to
address memory. The modified address is held in a temporary
address register so there is no change to the index register. These
are two-byte instructions.
Implied Addressing

In the implied addressing mode the instruction gives the
address (i.e., stack pointer, index register, etc.). These are
one-byte instructions,
Relative Addressing

In relative addressing, the address contained in the second
byte of the instruction is added to the program counter’s lowest
8-bits plus two. The carry or borrow is then added to the high
8-bits. This allows the user to address data within a range of
-126 to +129 bytes of the present instruction. These are two-
byte instructions.
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® New Instructions
In addition to the existing 6800 Instruction Set, the following new instructions are
incorporated in the HD6803 Microcomputer.

ABX  Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account
the possible carry out of the low order byte of the X-Register.

ADDD Adds the double precision ACCD* to the double precision value M:M+1 and places
the results in ACCD.

ASLD Shifts all bits of ACCD one place to the left. Bit O is loaded with zero. The C bit is
loaded from the most significant bit of ACCD.

LDD Loads the contents of double precision memory location into the double
accumulator A:B. The condition codes are set according to the data.

LSRD Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit
is loaded from the least significant bit to ACCD.

MUL  Multiplies the 8 bits in accumulator A with the 8 bits in accumulator B to obtain a
16-bit unsigned number in A:B, ACCA contains MSB of result.

PSHX The contents of the index register is pushed onto the stack at the address contained
in the stack pointer. The stack pointer is decremented by 2.

PULX The index register is pulled from the stack beginning at the current address
contained in the stack pointer +1. The stack pointer is incremented by 2 in total.

STD  Stores the contents of double accumulator A:B in memory. The contents of ACCD
remain unchanged.

SUBD Subtracts the contents of M:M + 1 from the contents of double accumulator AB
and places the result in ACCD.

BRN  Never branches. If effect, this instruction can be considered a two byte NOP (No
operation) requiring three cycles for execution.

CcPX Internal processing modified to permit its use with any conditional branch in-
struction.

*ACCD'is the 16 bit register (A:B) formed by concatenating the A and B accumulators. The A-accumu-
lator is the most significant byte.
Table 8 Index Register and Stack Manipulation Instructions

Addressing Modes C°"giti9" Code
Boolean/ egister

Pointer Operations Mnemonic | mmeD. | DIRECT | INDEX |EXTND [iMPLIED Arithmetic Operation (5|43 (2|1 |0
OP |~ |#|OP |~ |# |OP |~ |#|OP |~ |#|OP|~ |# Hll{N]Z|V|C

Compare Index Reg CPX 8C|4/3/9C|5/2 |AC|6[/2|/BC|6|3 X=M:M+1 eleit |ttt
Decrement Index Reg DEX 09 131 |X=-1->X e|o|oil o]0
Decrement Stack Pntr DES 34 (3|1 !SP—1—>5SP e|efe|o|oe
Increment Index Reg INX 08 |31 |X+1-X o|(o|eit|e|e
Increment Stack Pntr INS 313 |1 (SP+1->8SP efe(ojo o0
Load Index Reg LDX CE|3|3|DEj{4|2 |[EE|5|2|FE |53 M- Xy, (M+1) > X ole @ {/R|e
Load Stack Pntr LDS 8E|3|3({9E |4 |2 |AE|5|2 BE|5|3 M- SPy, (M+1}~>SP | e @ @ t|R|e
Store Index Reg STX DF |4 |2 |EF |5 |2 |FF |53 Xp—=M X~ (M+1) [e|e|@D|t[R]e
Store Stack Pntr STS OF |4 (2 |AF |5 |2 [BF |53 SPy—>M,SP_~ (M+1) [e[e|@D]|t[R]e
Index Reg — Stack Pntr| TXS 35 (3|1 |[X-1->S8P e|o|o|ofefe
Stack Pntr — Index Reg( TSX 30{3[1|SP+1->X elejojojele
Add ABX 3A |3 |1 |B+X—>X e|eo|eo (o 0o
Push Data PSHX 3C |4 |1 [X > Mg,SP-1—>SP (eje oo 0 e

Xy~ Mgp, SP - 1> SP
Pull Data PULX 38 {51 |SP+1>SP,Mgp—> Xy (e |eie 00 e
SP+ 1~ SP, Mgy > X_

The Condition Code Register notes are listed after Table 10.
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Table 9 Jump and Branch Instructions

Addressing Modes Condition Code
Register

Operations Mnemonic | pe| ATIVE [ DIRECT | INDEX |EXTND |IMPLIED Branch Test s[a[3[2]1]0
OP|~| # |OP|~|# |OP|{~|#|OP|~ [#]|OP|~|# HlI|N|Z]|V]|C
Branch Always BRA 20|32 None e leojojojoje
Branch Never BRN 2113(2 None ejo|e|e|e]e
Branch If Carry Clear BCC 24132 C=0 ejeje|ofo]e
Branch If Carry Set BCS 25§3|2 C=1 eoje(e|e|oe
Branch if = Zero BEQ 2713|2 Z=1 elefejojo|e
Branch If > Zero BGE 2C{3|2 N@®V=0 ole(efo|efe
Branch If > Zero BGT 2E1 3|2 Z+IN®V)=0 e|e|ejo|0]|e
Branch If Higher BHI 22|32 C+2=0 o(o|e (ool
Branch |f < Zero BLE 2F| 312 Z+(IN@V)=1 oflo|e(eefe
Sranch If Lower Or BLS 23|32 C+z=1 ofefofefe]e
Branch If < Zero BLT 20132 N®V=1 oj(efejofole
Branch If Minus BMI 2B 3|2 N=1t o|o (e 0o|o|e
Branch If Not Equal | gNe 126 |32 z-0 olofofele]e
(B:Ir::rch I1f Overflow BVC 2|32 V=0 eleleleole
Branch If Overflow Set] BVS 29|32 V=1 (00 000
Branch If Plus BPL 2A[(3 (2 N=0 ojoe|ojoee
Branch To Subroutine BSR 8D (6|2 eole|ojejole
Jump JMP 6E {3 (2 {7E |3 (3 See Special Operations (@ (e (e (o (e @
Jump To Subroutine JSR 9D |5 |2 |AD|6 |2 |BD {6 (3 elofe (o |o]|e
No Operation NOP 01{2|1 ég;’:"“’ Prog.Cntr. 1 g 1g e |0 (e]e
Return From Interrupt| RTI 3B [10]1 —_—® —
25;‘:;’.‘,,7,:2’“ RTS i A See Special Operations b bl ol il

Software Interrupt SWi 3F [12{1 e |Sie @ |e
Wait for Interrupt WAI 3E (9 |1 o (Do o |o]e

Table10 Condition Code Register Manipulation Instructions

IAddressingModes| Condition Code Register

Operations Mnemonic {MPLIED Boolean Operation 5(4}3]2}|t1t]0

OP | ~ | # H[1[N]Z]|V ]|C

Clear Carry cLC oc | 2 |1 0-C e | o |o e ]|e R

Clear Interrupt Mask CL! OE 2 1 0-1 . R [ [ ] . L)

Clear Overflow CcLvV 0A | 2 |1 0=V e e e |0 R |e

Set Carry SEC oD |2 {1 1+C [ BENENERENE]

Set Interrupt Mask SE| OF | 2 |1 1-1 o S je |0 |e |o

Set Overflow SEV 08 | 2 |1 1>V EEREIERERE
Accumulator A -+ CCR TAP 06 | 2 |1 A~ CCR

CCR - Accumulator A TPA 07 | 2 |1 CCR— A oo e oo e

Condition Code Register Notes: (Bit set it test is true and cleared otherwise)

Test:
Test:
Test:
Test:
Test:
Test:
Test:

(Bit C)

Result = 100000007
Result x 000000007
Decimal value of most significant BCD Character greater than nine? (Not cleared if previously set)
Operand = 10000000 prior to execution?

Operand = 01111111 prior to execution?

Set equal to result of N@ C after shift has occurred.
Result less than zero? (Bit 15 = 1)

Load Condition Code Register from Stack. (See Special Operations) .
Set when interrupt occurs, If previously set, a Non-Maskable Interrupt is required to exit the wait state.
Set according to the contents of Accumulator A.
Set equal to result of Bit 7 (AccB)
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Instruction Execution Times in Machine Cycle

Table 11

. Ex- In- Im- Re
Direct onded dexed plied lative

Imme-
diate

ACCX

Re-
lative

Im-

Ex- In-
tended dexed plied

Direct

Imme-
diate

ACCX

INX

ABA
ABX
ADC

JMP
JSR

LDA
LDD
LDS

ADD

ADDD
AND
ASL

LDX
LSR

ASLD
ASR
8cc
BCS
BEQ
BGE

LSRD
MUL
NEG
NOP

10

o

ORA
PSH

BGT
BHI
BIT

PSHX
PUL

3

PULX

BLE
BLS
BLT
BMI
BNE
BPL

ROL
ROR
RTI

10

RTS
SBA

SBC

BRA
BRN
BSR

SEC
SEI

SEV

BVC
BVS

STA

STD
STS

CBA
CLC
CcLI

STX

sus

CLR
CLv
CMP

SUBD
Swi

12

TAB
TAP

COM
CPX

TBA
TPA
TST

DAA
DEC
DES

TSX

DEX

TXS
WAI

EOR
INC

INS
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o Summary of Cycle by Cycle Operation

Table 12 provides a detailed description of the information
present on the Address Bus, Data Bus, and the Read/Write line
(R/W) during each cycle for each instruction,

This information is useful in comparing actual with expected

control program is executed. The information is categorized in
groups according to addressing mode and number of cycles per
instruction, (In general, instructions with the same addressing
mode and number of cycles execute in the same manner; ex-
ceptions are indicated in the table).

results during debug of both software and hardware as the

Table 12 Cycle by Cycle Operation

Address Mode & Cycle R/W
Instructions Cycles # Address Bus Line Data Bus
IMMEDIATE

ADC EOR 2 1 Op Code Address 1 Op Code

ADD LDA 2 Op Code Address + 1 1 Operand Data

AND ORA

BIT SBC

CMP SUB

LDS 3 1 Op Code Address 1 Op Code

LDX 2 Op Code Address + 1 1 Operand Data (High Order Byte)

LDD 3 Op Code Address + 2 1 Operand Data (Low Order Byte)

CPX 4 1 Op Code Address 1 Op Code

SUBD 2 Op Code Address + 1 1 Operand Data (High Order Byte)

ADDD 3 Op Code Address + 2 1 Operand Data (L.ow Order Byte)
4 Address Bus FFFF 1 Low Byte of Restart Vector

DIRECT

ADC EOR 3 1 Op Code Address 1 Op Code

ADD LDA 2 Op Code Address + 1 1 Address of Operand

AND ORA 3 Address of Operand 1 Operand Data

BIT SBC

CMP SuUB

STA 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Destination Address
3 Destination Address 0 Data from Accumulator

LDS 4 1 Op Code Address 1 Op Code

LDX 2 Op Code Address + 1 1 Address of Operand

LDD 3 Address of Operand 1 Operand Data (High Order Byte)
4 Operand Address + 1 1 Operand Data (Low Order Byte)

STS 4 1 Op Code Address 1 Op Code

STX 2 Op Code Address + 1 1 Address of Operand

STD 3 Address of Operand 0 Register Data (High Order Byte)
4 Address of Operand + 1 1] Register Data (Low Order Byte)

CPX 5 1 Op Code Address 1 Op Code

SUBD 2 Op Code Address + 1 1 Address of Operand

ADDD 3 Operand Address 1 Operand Data (High Order Byte)
4 Operand Address + 1 1 Operand Data (Low Order Byte)
5 Address Bus FFFF 1 Low Byte of Restart Vector

JSR 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Subroutine Address 1 First Subroutine Op Code
4 Stack Pointer 0 Return Address (Low Order Byte)
5 Stack Pointer + 1 0 Return Address (High Order Byte)

126

G HITACHI

(Continued)



HD6803,HD6803- 1

Table 12 Cycle by Cycle Operation (Continued)

Address Mode &

R/W

Address Bus FFFF
Index Register + Offset
Stack Pointer

Low Byte of Restart Vector
First Subroutine Op Code
Return Address (Low Order Byte)

Instructions Cycles Cy#cle Address Bus Line Data Bus
INDEXED )
JMP 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
ADC EOR 4 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Offset
AND ORA 3 Address Bus FFFF 1 Low Byte of Restart Vector
BIT SBC 4 Index Register Plus Offset 1 Operand Data
CMP SUB
STA 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 0 Operand Data
LDS 5 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Offset
LDD 3 Address Bus FFFF 1 Low Byte of Restart Vector
LDD 4 Index Register Plus Offset 1 Operand Data (High Order Byte)
5 Index Register Plus Offset + 1 1 Operand Data (Low Order Byte)
STS 5 1 Op Code Address 1 Op Code
STX 2 Op Code Address + 1 1 Offset
STD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 0 Operand Data (High Order Byte)
5 Index Register Plus Offset + 1 0 Operand Data (Low Order Byte)
ASL LSR 6 1 Op Code Address 1 Op Code
ASR NEG 2 Op Code Address + 1 1 Offset
CLR ROL 3 Address Bus FFFF 1 Low Byte of Restart Vector
COM ROR 4 Index Register Plus Offset 1 Current Operand Data
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 Index Register Plus Offset 0 New Operand Data
CPX 6 1 Op Code Address 1 Op Code
SUBD 2 Op Code Address + 1 1 Offset
ADDD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register + Offset 1 Operand Data (High Order Byte)
5 Index Register + Offset + 1 1 Operand Data (Low Order Byte)
6 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 6 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 1
4 1
5 0
6 0

Stack Pointer - 1

Return Address (High Order Byte)

* In the TST instruction, R/W line of the sixth cycle is *“1”" level, and AB = FFFF, DB = Low Byte of Reset Vector.

O HITACH!
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Table 12 Cycle by Cycle Operation {(Continued}

Op Code Address + 1

Op Code Address + 2
Subroutine Starting Address
Stack Pointer

Address of Subroutine (High Order Byte)
Address of Subroutine (Low Order Byte)
Op Code of Next Instruction

Return Address (Low Order Byte)

A?:;:.ﬁc’gg:: & Cycles Cy#cle Address Bus Enlnvz Data Bus
EXTENDED
JMP 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Jump Address (High Order Byte)
3 Op Code Address +2 1 Jump Address (Low Order Byte)
ADC EOR 4 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
AND ORA 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
BIT SBC 4 Address of Operand 1 Operand Data
CMP SUB
STA 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Destination Address (High Order Byte)
3 Op Code Address + 2 1 Destination Address (Low Order Byte)
4 Operand Destination Address 0 Data from Accumulator
LDS 5 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
LDD 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 Address of Operand 1 Operand Data {High Order Byte)
5 Address of Operand + 1 1 Operand Data (Low Order Byte)
STS 5 1 Op Code Address 1 Op Code
STX 2 Op Codeé Address + 1 1 Address of Operand (High Order Byte)
STD 3 Op Code Address + 2 1 Address of Operand {(Low Order Byte)
4 Address of Operand 0 Operand Data (High Order Byte)
5 Address of Operand + 1 0 Operand Data {Low Order Byte)
ASL LSR 6 1 Op Code Address 1 Op Code
ASR NEG 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
CLR ROL 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
COM ROR 4 Address of Operand 1 Current Operand Data
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 Address of Operand ] New Operand Data
CPX 6 1 Op Code Address 1 Op Code
suBsD 2 Op Code Address + 1 1 Operand Address (High Order Byte)
ADDD 3 Op Code Address + 2 1 Operand Address (Low Order Byte)
4 Operand Address 1 Operand Data (High Order Byte)
5 Operand Address + 1 1 Operand Data (Low Order Byte)
6 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 6 1 Op Code Address 1 Op Code
2 1
3 1
4 1
5 0
6 0

Stack Pointer - 1

Return Address (High Order Byte)

* In.the TST instruction, R/W line of the sixth cycle is “1” level, and AB = FFFF, DB = Low Byte of Reset Vector.
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Table 12 Cycle by Cycle Operation (Continued)

A(Ii:srte rs:c“t/i'g:: & Cycles Cy;le Address Bus Eﬂ Data Bus
IMPLIED
ABA DAA SEC 2 1 Op Code Address 1 Op Code
ASL DEC SEI 2 Op Code Address + 1 1 Op Code of Next Instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLV ROR TST
COM SBA
ABX 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
ASLD 3 1 Op Code Address 1 Op Code
LSRD 2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
DES 3 1 Op Code Address 1 Op Code
INS 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Previous Register Contents 1 Irrelevant Data
INX 3 1 Op Code Address 1 Op Code
DEX 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Address Bus FFFF 1 Low Byte of Restart Vector
PSHA 3 1 Op Code Address 1 Op Code
PSHB 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 0 Accumulator Data
TSX 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 1 Irrelevant Data
TXS 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Address Bus FFFF_ 1 Low Byte of Restart Vector
PULA 4 1 Op Code Address 1 Op Code
PULB 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 1 {rrelevant Data
4 Stack Pointer + 1 1
PSHX 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 0 Index Register (Low Order Byte)
4 Stack Pointer - 1 0 Index Register (High Order Byte)
PULX 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 frrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Index Register (High Order Byte)
5 Stack Pointer +2 1 Index Register (Low Order Byte)
RTS 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Address of Next Instruction
{High Order Byte)
5 Stack Pointer + 2 1 Address of Next Instruction
(Low Order Byte)
WAI** 9 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 0 Return Address (Low Order Byte)
4 Stack Pointer — 1 0 Return Address

{High Order Byte)

@ HITACHI

(Continued)
129



HD6803,HD6803-1

Table 12 Cycle by Cycle Operation (Continued)

Address Mode &

Cycle

R/W

Instructions Cycles # Address Bus Line Data Bus
WAI** 5 Stack Pointer — 2 0 Index Register (Low Order Byte)
6 Stack Pointer — 3 0 Index Register (High Order Byte)
7 Stack Pointer — 4 0 Contents of Accumulator A
8 Stack Pointer — 5 0 Contents of Accumulator B
9 Stack Pointer — 6 0 Contents of Cond. Code Register
MUL 10 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Address Bus FFFF 1 Low Byte of Restart Vector
5 Address Bus FFFF 1 Low Byte of Restart Vector
6 Address Bus FFFF 1 Low Byte of Restart Vector
7 Address Bus FFFF 1 Low Byte of Restart Vector
8 Address Bus FFFF 1 Low Byte of Restart Vector
9 Address Bus FFFF 1 Low Byte of Restart Vector
10 Address Bus FFFF 1 Low Byte of Restart Vector
RT! 10 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Contents of Cond. Code Reg.
from Stack
5 Stack Pointer + 2 1 Contents of Accumulator B
from Stack
6 Stack Pointer + 3 1 Contents of Accumulator A
from Stack
7 Stack Pointer +4 1 Index Register from Stack
(High Order Byte)
8 Stack Pointer + 5 1 Index Register from Stack
(Low Order Byte)
9 Stack Pointer + 6 1 Next Instruction Address from
Stack (High Order Byte)
10 Stack Pointer + 7 1 Next Instruction Address from
Stack (Low Order Byte)
SWI 12 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 0 Return Address (Low Order Byte)
4 Stack Pointer — 1 0 Return Address
(High Order Byte)
5 Stack Pointer — 2 0 Index Register (Low Order Byte)
6 Stack Pointer — 3 0 Index Register (High Order Byte)
7 Stack Pointer — 4 0 Contents of Accumulator A
8 Stack Pointer — 5 0 Contents of Accumulator B
9 Stack Pointer — 6 0 Contents of Cond. Code Register
10 Stack Pointer — 7 1 Irrelevant Data
1 Vector Address FFFA (Hex) 1 Address of Subroutine
{High Order Byte)
12 Vector Address FFFB (Hex) 1 Address of Subroutine

{Low Order Byte)

(Continued)

** While the MPU is in the “Wait" state, its bus state will appear as a series of MPU reads of an address which is seven [ocations less than the
original contents of the Stack Pointer.r Contrary to the HD6800, none of the ports are driven to the high impedance state by a WAI

instruction.
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HD6803,HD6803-1

RELATIVE
Address Mode & Cycle R/W
Instructions Cycles | ™V Address Bus Line Data Bus

BCC BHT BNE 3 1 Op Code Address 1 Op Code

BCS BLE BPL 2 Op Code Address + 1 1 Branch Offset

BEQ BLS BRA 3 Address Bus FFFF 1 Low Byte of Restart Vector

BGE BLT BVC

BGT BMT BvVS

BRN

BSR 6 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Branch Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Subroutine Starting Address 1 Op Code of Next Instruction
5 Stack Pointer o] Return Address (Low Order Byte)
6 Stack Pointer — 1 0 Return Address (High Order Byte)

o Summary of Undefined Instruction Operations

The HD6803 has 36 underfined instructions. When these are
carried out, the contents of Register and Memory in MPU

change at random.

When the op codes (4E, SE) are used to execute, the MPU

LSI.

Table 13 Op codes Map

continues to increase the program counter and it will not stop
until the Reset signal enters. These op codes are used to test the

HD6803 MICROCOMPUTER INSTRUCTIONS
opP acc| acc WD | ExT ACCA or SP ACCB or X
CODE A B IMM [ DIR | IND | EXT | IMM | DIR | IND | EXT
HI 0000 0001 | 0010 0011 0100/ 0101 {0110| 0111} 1000 | 1001| 1010 10711 11001101 (1110|1111
Lo 0 1 2 3 4|65 |6| 7| 8| 9| A|B| C[D]|E]|F
0000 4] SBA | BRA TSX NEG sus 0
0001 1 NOP CBA | BRN INS CMP 1
0010 2 BHI |PULA (+1) SBC 2
0011 3 BLS |PULB (+1) COM * i SUBD (+2) l « | ADDD (+2) 3
0100 4 LSRD (+1) BCC DES LSR AND 4
0101 5 ASLD (+1) BCS TXS BIT 5
0110 6 TAP TAB | BNE PSHA ROR LDA 6
o1t 7 TPA TBA | BEQ PSHB ASR STA l/] STA 7
1000 8 INX (+1) BVC [PULX (+2) ASL EOR 8
1001 9 DEX (+1) | DAA | BVS | RTS (+2) ROL ADC 9
1010 A CLv BPL ABX DEC ORA A
1011 B SEV ABA | BM! | RTI (+7) ADD B
1100 [ cLC BGE [PSHX {+1) INC = 1 CPX(+2) » LDD (+1) [
1101 ) SEC BLT | MUL (+7) TST PRl JsRG2) [s+1)  STD(+1) D
1110 3 cLl . BGT | WAI (+6) | MP(-3) | * LDS (+1) > L DX (+1) E
1111 F SEI BLE | Swi (+9) CLR * {+1)] STS (+1) * (+1) STX (+1) F
BYTE/CYCLE 112 172 | 23 13 |12z ]ae|3e| 22|23 28322 23] 2] 3
[NOTES] 1} Undefined Op codes are marked with [—] .
2) ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction.
3) The instructions shown below are all 3 bytes and are marked with ***,
:gw;weél[i)at(e::c)!dressing mode of SUBD, CPX, LDS, ADDD, LDD and LDX instructions, and undefined op codes
4} The Op codes (4E, SE) are 1 byte/= cycles instructions, and are marked with *“****
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IHOVLIH ®

RESET

1-I1TMP
1-1

Vector » PC

RESET|FFFE: FFFH

ITMP - |

I

Next
Instr

EXECUTE

llTMP—'II

Stack Machine State
PC,X,A,B,CC

WAI

{SCI*+IRQ,
<l

Y

Condition Code Register
plafufiN]z]v]c]

IT™MP

1> ITMP
11

Figure 16 Interrupt Flowchart

Vector - PC
NMI | FFFC FFFD
SWI_| FFFA FFFB
1RQ, | FFF8 FFF9
ICF_| FFF6 FFF7
OCF | FFF4 FFF5
TOF | FFF2 FFF3
SC! | FFFO FFF1

A

*SCI = TIE*TDRE + RIE+(RDRF + ORFE)

Non-Maskable Interrupt

Software Interrupt

Maskable Interrupt Request 1

Input Capture Interrupt

Output Compare Interrupt

Timer Overflow Interrupt

SCI Interrupt (TDRE + RDRF + ORFE)

L-€E089QH'€089AH




t:v—E— HD6803 Enable
-] MCuU
Address
8 Strobe | g
Latch <@
16 8
ROM
RAM
PIA
GPIA
PTM
Address Bus Data Bus

Figure 17 HD6803 MCU Expanded Multiplexed Bus
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HD6805S1
MCU (Microcomputer Unit)

The HD6805S1 is the 8-bit Microcomputer Unit (MCU)
which contains a CPU, on-chip clock, ROM, RAM, I/O and
timer. It is designed for the user who needs an economical
microcomputer with the proven capabilities of the HD
6800-based instruction set.

The following are some of the hardware and software
highlights of the M CU.

HD6805S1P

s HARDWARE FEATURES
® 8-Bit Architecture
® 64 Bytes of RAM
® Memory Mapped |/0
® 1100 Bytes of User ROM (DP-28)
® internal 8-Bit Timer with 7-Bit Prescaler
® Vectored Interrupts — External and Timer = PIN ARRANGEMENT
® 20 TTL/CMOS Compatible 1/0 Lines; 8 Lines LED Ves [1] bg RES
Compatible WT [2] 27 A,
® On-Chip Clock Circuit Vee E E A,
® Self-Check Mode XTAL (] zg A,
® Master Reset EXTAL [5 EA
e Low Voltage Inhibit NUM )
® Complete Development System Support by Evaluation 6 EN
Kit TIMER [7 @ A,
. HD6805S1
® 5 Vdc Single Supply ¢, (8] 21 A,
® Compatible with MC6805P2 c, [9] 2d A,
» SOFTWARE FEATURES C, E E B,
® Similar to HD6800 c, E @ B,
® Byte Efficient Instruction Set B, E l_Z] B,
® Easy to Program 8 [E ige
® True Bit Manipulation Bl E E B'
® Bit Test and Branch Instructions : :
® Versatile Interrupt Handing (Top View)
©® Powerful Indexed Addressing for Tables
® Full Set of Conditional Branches s BLOCK DIAGRAM
® Memory Usable as Registers/Flags XTAL ExTaL  FEE wum i
® Single Instruction Memory Examine/Change TIMER oreset l Timer J l A
rescaler ounter
® 10 Powerful Addressing Modes z g
® All Addressing Modes Apply to ROM, RAM and 1/0 Tme Convol = { Oscitaror }_l C
® Compatible with MC6805P2 .
Accumulator . . \ zg; Port
Index Control — o | 5 -—-aB: 1/0
Register Reg Reg |w—m8, Lines
A, <> s k=6
- I S "
’ N 'ort ata e
A :: -~ 2 FlD;‘; —<L 5 Resiser cof
Lines :~ = Stack
A: -] 5 Pointer P c
Gt o~ e T e T
3 “High" PCH ALU Reg | Res fe—sm g 1D,
Program
Counter
8 “Low’* PCL]
1
1100 % 8 L 64x8 I
ROM RAM
Self check
ROM
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= ABSOLUTE MAXIMUM RATINGS

HD6805S1

Item Symbol Value Unit
Supply Voltage Vee * -0.3~+7.0 "
Input Voltage (EXCEPT TIMER) v, -0.3~+7.0 \
Input Voltage (TIMER) " -0.3 ~+12.0 v
Operating Temperature T opr 0 ~+70 °c
Storage Temperature Tag - 55~ +150 °c
*  With respect to Vgg (SYSTEM GND)
{(NOTE)} Permanent LS| damage may occur if maximum ratings are exceeded. Normal operation should be under
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI.
® ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Ve=5.25V * 0.5V, Vgg=GND, Ta=0~+70°C, unless otherwise noted.)
Item Symbol Test Condition min |typ | max [ Unit
RES 4.0 — | Vee| V
Input “High” Voltage INT 3.0 — | Vee| V
All Other Vin 20 — | Vel V
Input “High’’ Voltage Timer Timer Mode 20| — | Vec| V
Self-Check Mode 9.0 -~ | 11.0|] V
RES -0.3} - 0.8 V
INT - .
Input “Low’’ Voltage VL 0.3 08| Vv
XTAL(Crystal Mode) -0.3} — 06| Vv
All Other -0.3| — 08| V
Power Dissipation Pp - | =700 | mw
Low Voltage Recover LVR - | - |475| V
Low Voltage Inhibit Lvi - | 4.0 - v}
TIMER -20 | - 20 | mA
Input Leak Current, INT (' Vin=0.4V~Vcc 50 | — | 50 | uA
XTAL(Crystal Mode) -1200| — 0 uA
f
® AC CHARACTERISTICS (Vcc=5.25V * 0.5V, Vgs=GND, Ta=0 ~ +70°C, unless otherwise noted.)
ltem Symbol Test Condition min jtyp | max [Unit
Clock Frequency fo 0.4 - 4.0 | MHz
Cycle Time teye 1.0 | - 10 | ws
Oscillation Frequency (External Resister Mode) fext Rcp=15.0k2+1% 2.7 - 4.0 | MHz
TNT Pulse Width twL E A I I
=tz . +
RES Pulse Width tawe T I I
TIMER Pulse Width trwe ‘5{5 — | = | ns
ot . C =22pF¢
Oscillation Start-up Time { Crystal Mode) tose R;=60?2 mzag?sl - — 1100 | ms
Delay Time Reset trHL | External Cap. = 2.2 uF 100 | — | — | ms
. EXTAL - - 30 | pF
Input Capacitance C; Vin=0V
P pact All Other " " - — | 10| pF
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HD6805S1

© PORT ELECTRICAL CHARACTERISTICS (Ve = 5.25V + 0.5V, Vgg = GND, Ta = 0 ~ +70°C unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
= —10 u/ 3.5 - = Vv
Port A lon a
low = —100 uA 2.4 - - \4
Output “High” Voltage Port B Vou lon = —200 uA 24 - - \
loH = =1 mA 1.5 - - v
Port C lon = —100 uA 24 - - \2
Port Aand C loL = 1.6 mA - - 0.4 \J
Output “Low’’ Voltage Port B VouL loL =3.2mA - - 0.4 \J
loL=10mA - - 1.0 v
Input “High” Voltage VIH 2.0 - Vce \Y
Port A, B,C
Input “Low”’ Voltage ViL -0.3 -~ 0.8 Vv
Vin = 0.8V -500 - - uA
Port A
Input Leak Current e Vin =2V -300 - - MA
Port B, C Vin = 0.4V ~ Ve - 20 - 20 HA
TTL Equiv. (Port B) TTL Equiv. (Port A and C)
Vee Vee
1.2k 2.4k
1j=3.2mA . li=1.6 mA
Test Point Test Point D ———.
=2 9 L
Vi l
30pF S 24 k02

(NOTE) 1. Load capacitance includes the floating capacitance of the probe and the jig etc.
2. Ali diodes are 152074 (B) or equivalent.

Figure 1 Bus Timing Test Loads

= SIGNAL DESCRIPTION

The input and output signals for the MCU shown in PIN
ARRANGEMENT are described in the following paragraphs.
® Vec and Vsg

Power is supplied to the MCU using these two pins. VCC is
+5.25 V 20.5 V. Vgg is the ground connection.
® INT

This pin provides the capability for applying an external
interrupt to the MCU Refer to INTERRUPTS for additional
information
® XTAL and EXTAL

These pins provide control input for the on-chip clock
circuit. A crystal (AT cut, 4 MHz maximum) or a resistor can be
connected to these pins to provide the internal oscillator with
varying degrees of stability. Refer to INTERNAL OSCIL-
LATOR OPTIONS for recommendations about these inputs.

136

e TIMER

This pin allows an external input to be used to decrement the
internal timer circuitry. Refer to TIMER for additional informa-
tion about the timer circuitry.

e RES

This pin allows resetting of the MCU at times other than the
automatic resetting capability already in the MCU. Refer to
RESETS for additional information.

o NUM

This pin is not for user application and should be connected
to ground.

o Input/Qutput Lines (A; ~ A;, By ~ B,,Co ~ C3)

These 20 lines are arranged into tow 8-bit ports (A and B)
and one 4-bit port (C). All lines are programmable as either
inputs or outputs under software control of the data direction
registers. Refer to INPUTS/OUTPUTS for additional informa-
tion.
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= MEMORY

The MCU memory is configured as shown in Figure 2. During
the processing of an interrupt, the contents of the MCU registers
are pushed onto the stack in the order shown in Figure 3. Since
the stack pointer decrements during pushes, the low order byte

HD6805S1

order three bits (PCH) are stacked. This ensures that the

(PCL) of the program counter is stacked first; then the high

000

127
128

255
256

959
960

1923
1924

2039
2040

2047

Push

1/0 Ports
Timer
RAM
(128 Bytes)

Page Zero
ROM
(128 Bytes)

Not Used
ROM
(704 Bytes)

Main
ROM
(964 Bytes)

Self Check
ROM
(116 Bytes)

Interrupt
Vectors
ROM
(8 Bytes)

n—-4

n-2

n-1

7

6

5 4 3 2 1

0

3 Condition

Code Register

Accumulator

index Register

11 11 PCH*

PCL*

program counter is loaded correctly as the stack pointer
increments when it pulls data from the stack: A subroutine call
will cause only the program counter (PCH, PCL) contents to be
pushed onto the stack.

6 5 4 3 2 1 0
$000 0 Port A $000
1 Port B $001
$07F 2 1T 1 1 1 l Port C $002
$080 3 Not Used $003
4 Port ADDR $004*
$OFF 5 Port B DDR $005*
$100 ort
6 NotUsd | Port CDDR $006*
$3BF 7 Not Used $007
$3co 8 Timer Data Reg $008
9 Timer CTRL Reg $009
$783
$784 10 $00A
Not Used (54 Bytes)
e 63 $03F
$7F8 64 RAM (64 Bytes) $o40
Stack
127 1 $07F
$7FF *Write only registers
Figure 2 MCU Memory Configuration
7 0
Pull I A ] Accumulator
n+1 7 0
n+2 I X ] Index Register
10 0
n+3 L PC | Program Counter
10 5 4 0
n+4
[o]efo]o] 1] sP | stack Pointer
n+5
Hilin]Z|C

* For subroutine calls, only PCH and PCL are stacked

Figure 3 Interrupt Stacking Order

Figure 4 Programming Model

O HITACHI

Condition Code Register

Carry/Borrow
Zero

Negative
Interrupt Mask

Half Carry
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HD6805S1

8 REGISTERS

The MCU has five registers available to the programmer.
They are shown in Figure 4 and are explained in the following
paragraphs.
® Accumulator (A)

The accumulator is a general purpose 8-bit register used to
hold operands and results of arithmetic calculations or data
manipulations.
® Index Register (X)

The index register is an 8-bit register used for the indexed
addressing mode. It contains an 8-bit address that may be added
to an offset value to create an effective address. The index
register can also be used for limited calculations and data
manipulations when using read/modify/write instructions. When
not required by a code sequence being executed, the index
register can be used as a temporary storage area.
® Program Counter (PC)

The program counter is an 11-bit register that contains the
address of the next instruction to be executed.

@ Stack Pointer (SP)

The stack pointer is an 11-bit register that contains the
address of the next free location on the stack. Initially, the
stack pointer is set to location $07F and is decremented as data
is being pushed onto the stack and incremented as data is being
pulled from the stack. The six most significant bits of the stack
pointer are permanently set to 000011. During a MCU reset or
the reset stack pointer (RSP) instruction, the stack pointer is set
to location $O7F. Subroutines and interrupts may be nested
down to location $061 which allows the programmer to use up
to 15 levels of subroutine calls.
® Condition Code Register (CC)

The condition code register is a 5-bit register in which each
bit is used to indicate or flag the results of the instruction just
executed. These bits can be individually tested by a program
and specific action taken as a result of their state. Each
individual condition code register bit is explained in the
following paragraphs.

® Half Carry (H)

Used during arithmetic operations (ADD and ADC) to
indicate that a carry occurred between bits 3 and 4.
® Interrupt (1) -

This bit is set to mask the timer and external interrupt (INT).
If an interrupt occurs while this bit is set it is latched and will be
processed as soon as the interrupt bit is reset.
® Negative (N)

Used to indicate that the result of the last arithmetic, logical
or data manipulation was negative (bit 7 in result equal to a
logical one).
® Zero (Z)

Used to indicate that the result of the last arithmetic, logical
or data manipulation was zero.
® Carry/Borrow (C)

Used to indicate that a carry or borrow out of the arithmetic
logic unit (ALU) occurred during the last arithmetic operation.
This bit is also affected during bit test and branch instructions,
shifts, and rotates.

= TIMER

The MCU timer circuitry is shown in Figure 5. The 8-bit
counter is loaded under program control and counts down to-
ward zero as soon as the clock input is applied. When the timer
reaches zero the timer interrupt request bit (bit 7) in the timer
control register is set. The MCU responds to this interrupt by
saving the present MCU state in the stack, fetching the timer
interrupt vector from locations $7F8 and $7F9 and executing
the interrupt routine. The timer interrupt can be masked by
setting the timer interrupt mask bit (bit 6) in the timer control
register. The interrupt bit (1 bit) in the condition code register
will also prevent a timer interrupt from being processed.

The clock inputto the timer can be from an external source
applied to the TIMER input pin or it can be the internal ¢,
signal. Note that when the ¢, signal is used as the source it can
be gated by an input applied to the TIMER input pin allowing
the user to easily perform pulse-width measurements. The

’ [ D
(Internat) ' ':
1]

Prescaler
2' 22 22 2% 28 26 27

Manufacturing
Mask Options

i 7
Time [
. Out Timer
8-Bit Counter Interrupt Req.
6 Timer
Interrupt Mask
N
e
. Timer
Write Read g Control Register
E
D

Figure 5 Timer Block Diagram
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source of the clock input is one of the options that has to be
specified before manufacture of the MCU. A prescaler option
can be applied to the clock input that extends the timing
interval up to a maximum of 128 counts before being applied to
the counter. This prescaling option must also be specified before
manufacturing begins. The timer continues to count past zero
and its present count can be monitored at any time by
monitoring the timer data register. This allows a program to
determine the length of time since a timer interrupt has occured
and not disturb the counting process.

At power up or reset the prescaler and counter are initialized
with all logical ones; the timer interrupt request bit (bit 7) is
cleared and the timer interrupt request mask bit (bit 6) is set.

HD6805S1

m SELF CHECK

The self check capability of the MCU provides an internal
check to determine if the part is functional. Connect the MCU
as shown in Figure 6 and monitdr the output of port C bit 3 for

an oscillation of approximately three hertz.
® RESETS

The MCU can be reset three ways: by initial powerup, by
the external reset input (RES) and by an internal low voltage
detect circuit, (mask option) see Figure 7. All the I/O port are
initialized to Input mode (DDR’s are cleared) during RESET.

Upon power up, a minimum of 100 milliseconds is needed
before allowing the reset input to go “High”.

This time allows the internal crystal oscillator to stabilize.
Connecting a capacitor to the RES input as shown in Figure 8
will provide sufficient delay.

2 |iNT A, |27
Al 26
28 |RES Al
Lo | af2e
;I’; 4 |XTAL Al 23
A, 22
5 JEXTAL Al
A,l 20
VY LR ool
B,119
6 {NUM B, |18
Vee 7.1; B, |17
B,|16
B,| 15
B,| 14
8,113
B,[12
Vee=Pin3
Vss = Fin1 * Refer 1o Figure 9 about crystal option
Figure 6 Self Check Connections
‘R - —
ov “’Dip" in Power
RES b -
Pin ViM /
e R T tRHL [€——
Internal [r——
Reset

Figure 7 Power Up and RES Timing
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HD6805S1

= INTERNAL OSCILLATOR OPTIONS

220k |,g The internal oscillator circuit has been designed to require a

Vee—VN—T"1_ minimum of external components. The use of a crystal (AT cut,
RES 2.2uF

q: 4 MHz max) or a resistor is sufficient to drive the internal
oscillator with varying degrees of stability. A manufacturing
Part of mask option is available to provide better matching between the

HD680581 external components and the internal oscillator. The different
mcu

connection methods are shown in Figure 9. Crystal specifica-
tions are given in Figure 10. A resistor selection graph is given in
Figure 11.

Figure 8 Power Up Reset Delay Circuit

5|EXTAL
N E—
4MHz — HD6805S1
max 4l XTAL HDE805S1 XTAL MCU
[
22pF+20%

+

Crystal

Approximately 25% Accuracy
External : Jumper

Vee
s|exTaL AL\,\,\,__E’ EXTAL
R
4

External alxTaL HD6805S1 XTAL HD':(B:SS“
Clock MCu No
| t
neu Connection
External Clock Approximately 16% Accuracy
External Resistor
CRYSTAL OPTIONS RESISTOR OPTIONS

Figure 9 Internal Oscillator Options

EXTAL
5

a Vee=5.25V__ |
— O —— W \ Ta=25°C

CB
Il
1

AT — Cut Parallel Resonance Crystal

Frequency {MHz)

2
C, =7 pF max.
1= 4 MHz (C, =22pF+20%)
Rg = 60 2 max.
1
Figure 10 Crystal Parameters \
0 5 10 15 20 25 30 35 40 45 50

Resistance (k2)}
Figure 11 Typical Resistor Selection Graph
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HD6805S1

1-1 l
7F —~SP
’ Stack
0-DDR’s
CLR INT Logic PC, X, A, CC
FF — Timer
7F — Prescaler &
7F - TCR
11
Load PC From Load PC From
Reset: 7FE: 7FF SWI: 7FC, 7FD

INT: 7FA, 7FB
TIMER: 7F8, 7F9

Fetch
Instruction

In Reset
?

Y SWi

N

Execute
Instruction

I
I

Figure 12 Interrupt Processing Flowchart

Data
»— Direction

Register Bit

» Output

Data Bit Output 1/0 Pin
input
Reg Bit
<
Input
/O Pin
Data
Direction Output Output Input to
Register Data Bit State MCU
Bit
1 0 0 0
1 1 1 1
i f P 3-State Pin
Figure 13 Typical Port |/O Circuitry 0 x
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HD6805S1

® INTERRUPTS

The MCU can be interrupted three different ways: through
the external interrupt (INT) input pin, the internal timer
interrupt request, and a software interrupt instruction (SWI).
When any interrupt occurs, processing is suspended, the present
MCU state is pushed onto the stack, the interrupt bit (I) in the
condition code register is set, the address of the interrupt
routine is obtained from the appropriate interrupt vector
address, and the interrupt routine is executed. The interrupt
service routines normally end with a return from interrupt
(RTI) instruction which allows the MCU to resume processing

of the program prior to the interrupt. Table 1 provides a listing:

of the interrupts, their priority, and the vector address that
contain-the starting address of the appropriate interrupt routine.

A flowchart of the interrupt processing sequence is given in
Figure 12.

Table 1 Interrupt Priorities

Interrupt Priority Vector Address
RES 1 $7FE and $7FF
SWi 2 $7FC and $7FD
INT 3 $7FA and $7FB
TIMER 4 $7F8 and $7F9

A

L

L]

.

.

Port A .

[]

.

A

Port A Programmed as output(s} driving CMOS and TTL Load directlv.
(a)

@
°

Port B

10 mA max

XYY Y YY)

x
<

Port B Programmed as output(s) driving LED(s) directly.
{c)

= INPUT/OUTPUT

There are 20 input/output pins. All pins are programmable as
either inputs or outputs under software control of the data
direction registers. When programmed as outputs, all I/O pins
read latched output data regardless of the logic level at the
output pin due to output loading (see Figure 13). When port B
is programmed for outputs, it is capable of sinking 10
millamperes on each pin (VOL = 1V max). All input/output
lines are TTL compatible as both inputs and outputs. Port A
lines are CMOS compatible as outputs while port B and C lines
are CMOS compatible as inputs. Figure 14 provides some
examples of port connections. ’

s BIT MANIPULATION

The MCU has the ability to set or clear any single random
access memory or input/output bit (except the data direction
registers) with a single instruction (BSET, BCLR). Any bit in
the page zero read only memory can be tested, using the BRSET
and BRCLR instructions, and the program branches as a result
of its state. This capability to work with any bit in RAM, ROM
or I/O allows the user to have individual flags in RAM or to
handle single I/O bits as control lines. The example in Figure 15
illustrates the usefulness of the bit manipulation and test
instructions. Assume that bit O of port A is connected to a zero
crossing detector circuit and that bit 1 of port A is connected to
the trigger of a TRIAC which powers the controlled hardware.

This program, which uses only seven ROM locations,
provides turn-on of the TRIAC within 14 microseconds of the
zero crossing. The timer could also be incorporated to provide
turn-on at some later time which would permit pulse-width
modulation of the controlled power.

@
o

lc=hre'ls

Port B

@
<

Port B Programmed as outputls) driving Darlington base directly.
(b)

+V

O
°

Port C CMOS Inverter

ececccece

O
B

Port C Programmed as output(s} driving CMOS using external pull-up
resistors. (d)

Figure 14 Typical Port Connections
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SELF 1 BRCLR 0, PORT A, SELF 1
BSET 1, PORT A

BCLR 1, PORT A

Figure 15 Bit Manipulation Example

® ADDRESSING MODES

The MCU has ten addressing modes available for use by the
programmer. They are explained and illustrated briefly in the
following paragraphs.
® Immediate

Refer to Figure 16. The immediate addressing mode accesses
constants which do not change during program execution. Such
instructions are two bytes long. The effective address (EA) is
the PC and the operand is fetched from the byte following the
opcode.

@ Direct

Refer to Figure 17. In direct addressing, the address of the
operand is contained in the second byte of the instruction.
Direct addressing allows the user to directly address the lowest
256 bytes in memory. All RAM space, I/O registers and 128
bytes of ROM are located in page zero to take advantage of this
efficient memory addressing mode.
® Extended

Refer to Figure 18. Extended addressing is used to reference
any location in memory space. The EA is the contents of the
two bytes following the opcode. Extended addressing instruc-
tions are three bytes long.
® Relative

Refer to Figure 19. The relative addressing mode applies only
to the branch instructions. In this mode the contents of the
byte following the opcode is added to the program counter
when the branch is taken, EA=(PC)+2+Rel. Rel is the contents
of the location following the instruction opcode with bit 7
being the sign bit. If the branch is not taken Rel=0, when a
branch takes place, the program goes to somewhere within the
range of +129 bytes to -127 of the present instruction. These
instructions are two bytes long.
® Indexed (No Offset)

Refer to Figure 20. This mode of addressing accesses the
lowest 256 bytes of memory. These instructions are one byte
long and their EA is the contents of the index register.
® Indexed (8-bit Offset)

Refer to Figure 21. The EA is calculated by adding the
contents of the byte following the opcode to the contents of
the index register. In this mode, 511 low memory locations are
accessable. These instructions occupy two bytes.
® Indexed (16-bit Offset)

Refer to Figure 22. This addressing mode calculates the EA
by adding the contents of the two bytes following the opcode
to the index register. Thus, the entire memory space may be
accessed. Instructions which use this addressing mode are three
bytes long.

HD6805S1

o Bit Set/Clear

Refer to Figure 23. This mode of addressing applies to
instructions which can set or clear any bit on page zero. The
lower three bits in the opcode specify the bit to be set or
cleared while the byte following the opcode specifies the
address in page zero.
@ Bit Test and Branch

Refer to Figure 24. This mode of addressing applies to
instructions which can test any bit in the first 256 locations
($00-$FF) and branch to any location relative to the PC. The
byte to be tested is addressed by the byte following the opcode.
The individual bit within that byte to be tested is addressed by
the lower three bits of the opcode. The third byte is the relative
address to be added to the program counter if the branch condi-
tion is met. These instructions are three bytes long. The value of
the bit tested is written to the carry bit in the condition code
register.
® |mplied

Refer to Figure 25. The implied mode of addressing has no
EA. All the information necessary to execute an instruction is
contained in the opcode. Direct operations on the accumulator
and the index register are included in this mode of addressing.
In addition, control instructions such as SWI, RTI belong to this
group. All implied addressing instructions are one byte long.

= INSTRUCTION SET

The MCU has a set of 59 basic instructions. They can be
divided into five different types: register/memory, read/modify/
write, branch, bit manipulation, and control. The following
paragraphs briefly explain each type. All the instructions within
a given type are presented in individual tables.
® Register/Memory Instructions

Most of these instructions use two operands. One operand is
either the accumulator or the index register. The other operand
is obtained from memory using one of the addressing modes.
The jump unconditional (JMP) and jump to subroutine (JSR)
instructions have no register operand, Refer to Table 2.
® Read/Modity/Write Instructions

These instructions read a memory location or a register,
modify or test its contents, and write the modified value back
to memory or to the register. The test for negative or zero
(TST) instruction is an exception to the read/modify/write
instructions since it does not perform the write. Refer to Table
3.
® Branch Instructions

The branch instructions cause a branch from the program
when a certain condition is met. Refer to Table 4.
® Bit Manipulation | tion:

These instructions are used on any bit in the first 256 bytes
of the memory. One group either sets or clears. The other group
performs the bit test and branch operations. Refer to Table 5.
® Control Instructions

The control instructions control the MCU operations during
program execution. Refer to Table 6.
® Alphabetical Listing

The complete instruction set is given in alphabetical order in
Table 7.
® Opcode Map

Table 8 is an opcode map for the instructions used on the
MCU.
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EA
Memory I I
H 1
[ [
1 '
1 ' Adder
A
L ]
Index eg,-;
Stack Point
= ; [ [ |
PROG LDA #$F8 05BE| A6 Prog Count
05BF F8 | 05C0 |
cc
]
]
: '
I
Figure 16 Immediate Addressing Example
I EA
Memory l 004B 1
'
- i
: : Adder
' /\
A
CAT FCB 32 0048 20 0000 m
Index Reg
Stack Point
PROG LDA CAT 052D 86 L l 1
052€ 28 Prog Count
052F |
cc
H '
H ]
H 1
' I
! '
O |
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Figure 17 Direct Addressing Example
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EA

Memory [ 06ES

Adder

0000

HD6805S1

1 A
—l 40 I
PROG LDA CAT 0409 C6
040A 06 Index Reg
0408 ES ]
Stack Point
. . l | J
] Prog Count
CAT FCB 64  O0GES 40 040C ]
cC
.
H ]
me—————
Figure 18 Extended Addressing Example
EA
Memory l 04C1 J
r .
1
| ]
'
Adder
Index Reg
I OR '-(T
Stack Point
’ ‘ ! [ |
0000
PROG BEQ PROG2 O04A7 27 Prog Count
048 18 0act ]
CcC
1
1 ]
—

Figure 19 Relative Addressing Example

@ HITACHI

145




HD6805S1

EA
Memory 0088
H '
1 1
] ]
H i Adder
) ]
A
0000 I l
TABL FCC/ LI/ 0088 ac Al
49 Index Reg
B8
' ' Stack Point
PROG DA X O05F4 F6 L ‘
Prog Count
05F5 |
CC
! 1
1 1
| S —
Figure 20 Indexed (No Offset) Addressing Example
‘] EA
Memory 008C
1
1
Adder
TABL FCB  #BF 0089 BF
FCB #86 008A 86 A
FCB #DB 0088 [»]:}] :CF
FCB #CF  008C CF r Index Reg
; | o3 ]
'
Stack Point
PROG LDA TABL. X075B E6 l l
075C 89
Prog Count
075E |
cc
- ]
1
[ —— |
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Figure 21

Indexed (8-Bit Offset) Addressing Example
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PROG LDA TABL. X 0692
0693
0694

TABL FCB #BF  077E
FCB #86 077F
FCB #0DB 0780
FCB #CF 0781

PORTB EQU 1

PROG BCLR 6.PORT B

ea

HD6805S1

Memory 0780 ]
'
1
Adder
A
Index Reg
] 02
D6 Stack Point
07 [ | ]
7€ Prog Count
[ 0695 ]
) cc
m (I
86
[»}:)
CF
'
]
[ R —
Figure 22 Indexed (16-Bit Offset) Addressing Example
EA
Memory 0001
' ]
[} ]
[} Adder
0001 BF \h
Clear 4‘
Bit | A
Index Reg
[} [}
058F 10 Stack Point
0590 0 | ] ]
Prog Count
| 0591 1
: j ]
' I
i 1
i 1
| E——

Figure 23 Bit Set/Clear Addressing Example
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PORT C EQU 2 0002

PROG BRCLR 2. PORT C. PROG 2 0574
0675
0576

ea

Memory I 0002
H 1
1 1
] (] Adder
Fo 1 /\ A
Bit T 1
2 Index Reg
0000
Stack Point
[] ]
; ' L | ]
05 Prog Count
02 0000 0594 |
1D ‘y ¢ cC
o < 1
' ]
Adder
' [
]

Figure 24 Bit Test and Branch Addressing Example

Memory

PROG TAX 05BA 97

.
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|ea

| ]

Adder

VN

Figure 25

Implied Addressing Example
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Table 2 Register/Memory Instructions

HD6805S1

Addressing Modes
" . " . Indexed indexed Indexed
Function Mnemonic Immediate Direct Extended (No Offset) (8-Bit Offset) (16-it Offset)
Op # # Op # # Op # # Op # # Cp # # Op # #
Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes |Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles
Load A from Memory LDA A6 2 2 B6 2 4 C6 3 5 F6 1 4 E6 2 5 D6 3 6
Load X from Memory LDX AE 2 2 BE 2 4 CE 3 5 FE 1 4 EE 2 5 DE 3 6
Store A in Memory STA - - - 87 2 5 Cc7 3 6 F7 1 5 E7 2 6 D7 3 7
Store X in Memory STX - - - 8F 2 5 CF 3 6 FF 1 5 EF 2 6 DF 3 7
Add Memory to A ADD AB 2 2 88 2 4 cB 3 5 F8 1 4 EB 2 5 [+]:] 3 6
Add Memory and
Carry to A ADC A9 2 2 89 2 4 co 3 5 F9 1 4 E9 2 5 D9 3 6
Subtract Memory sus A0 2 2 BO 2 4 co 3 5 Fo 1 4 EO 2 5 Do 3 6
Subtract Memory from .
A with Borrow SBC A2 2 2 82 2 4 c2 3 5 F2 1 4 E2 2 5 D2 3 6
AND Memory to A AND A4 2 2 B4 2 4 c4 3 5 F4 1 4 E4 2 5 D4 3 6
OR Memory with A ORA AA 2 2 BA 2 4 CA 3 5 FA 1 4 EA 2 5 DA 3 6
Exclusive OR Memory | gqp A8| 2 | 2 |88 | 2| 4 [c8| 3 |5 |r8| 1| 4 |E8| 2| 5 |D8| 3| 6
with A
A{ithmetic Compare A CMP Al 2 2 B1 2 4 c1 3 5 F1 1 4 E1 2 5 D1 3 6
with Memory
Arithmetic Compare X | 0oy Azl 2| 2 83| 2| 4 |ca| 3|5 |Fr3 1| 4 3| 2|5 |p3| 3|6
with Memory
Bit Test Memory with A
{Logical Compare} BIT A5 2 2 B5S 2 4 cs 3 5 F5 1 4 ES 2 5 D5 3 6
Jump Unconditional JMP - - - BC 2 3 cc 3 4 FC 1 3 EC 2 4 DC 3 5
Jump to Subroutine JSR - - - BD 2 7 cD 3 8 FD 1 7 ED 2 8 DD 3 9
Table 3 Read/Modify/Write Instructions
Addressing Modes
Indexed Indexed
Functi i Impli Impli i
unction Mnemonic mplied (A} mplied (X) Direct {No Offset) (8-Bit Offset)
Op # # Op # # Op # # Op # # Op # #
Code | Bytes | Cycles [ Code | Bytes| Cycles| Code | Bytes| Cycles | Code | Bytes | Cycles [ Code | Bytes |Cycles
Increment INC 4C 1 4 5C 1 4 3C 2 6 7C 1 6 6C 2 7
Decrement DEC 4A 1 4 5A 1 4 3A 2 6 7A 1 6 6A 2 7
Clear CLR 4F 1 4 5F 1 4 3F 2 6 7F 1 6 6F 2 7
Complement COM 43 1 4 53 1 4 33 2 6 73 1 6 63 2 7
Negate
| (2's Complement) NEG 40 1 4 50 1 4 30 2 6 70 1 6 60 2 7
Rotate Left Thru Carry ROL 49 1 4 59 1 4 39 2 6 79 1 6 69 2 7
Rotate Right Thru Carry| ROR 46 1 4 56 1 4 36 2 6 76 1 6 66 2 7
Logical Shift Left LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Logical Shift Right LSR 44 1 4 54 1 4 34 2 6 74| 1 6 64 2 7
Arithmetic Shift Right ASR 47 1 4 57 1 4 37 2 6 77 1 6 67 2 7
Arithmetic Shift Left ASL 48 1 4 58 1 4 38 2% 6 78 1 6 68 2 7
Test for Negati
Zong 1 egmtive of ST 0| 1|4 |0 1] alaw| 2|6 |m| 1|86 o] 2]7
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Table 4 Branch Instructions

Relative Addressing Mode
Function Mnemonic Op # #
Code Bytes Cycles

Branch Always BRA 20 2 4
Branch Never BRN 21 2 4
Branch IF Higher BHI 22 2 4
Branch IF Lower or Same BLS 23 2 4
Branch IF Carry Clear BCC 24 2 4
(Branch IF Higher or Same) (BHS) 24 2 4
Branch IF Carry Set BCS 25 2 4
{Branch IF Lower) (BLO) 25 2 4
Branch |F Not Equal BNE 26 2 4
Branch IF Equal BEQ 27 2 4
Branch |IF Half Carry Clear BHCC 28 2 4
Branch IF Half Carry Set BHCS 29 2 4
Branch |F Plus BPL 2A 2 4
Branch IF Minus BMI 2B 2 4
Branch |F Interrupt Mask Bit is Clear BMC 2C 2 4
Branch IF Interrupt Mask Bit is Set BMS 2D 2 4
Branch IF Interrupt Line is Low BIL 2E 2 a4
Branch IF Interrupt Line is High BiH 2F 2 4
Branch to Subroutine BSR AD 2 8

Table 5 Bit Manipulation Instructions

Addressing Modes
Function Mnemonic Bit Set/Clear Bit Test and Branch
Op # # Op # #
Code Bytes Cycles Code Bytes Cycles
Branch IF Bit n is set BRSET n (n=0 ..... 7) - — — 2*n 3 10
Branch IF Bit n is clear BRCLR n (n=0 .....7) - — - 01+2*n 3 10
Set Bit n BSET n (n=0 ..... 7) 10+2°n 7 - - -
Clear bit n BCLRn (n=0.....7) 1142+n 2 7 - — —
Table 6 Control Instructions
) ) Implied
Function Mnemonic Op # #
Code Bytes Cycles
Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SEI 98 1 2
Clear Interrupt Mask Bit CLI 9A 1 2
Software Interrupt SWI 83 1 11
Return from Subroutine RTS 81 1 6
Return from Interrupt RT! 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2
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Table 7 Instruction Set

Addressing Modes Condition Code

Indexed Bit Bit

Indexed | Indexed
' {No > . Set/ | Test &
tended | lative Offset) (8 Bits) | (16 Bits) | o0 1 Branch

Mnemonic Imme- Direct Ex- Re-
diate

I

zZ
N
O

implied

ADC X X X X

X

ADD X X

X

AND X X

ASL

XX |x|x|x
X [x x| X
X | % [ x| x|x

ASR

BCC X

BCLR X

BCS

BEQ

BHCC

BHCS

BHI

BHS

8IH

XX X[ X [X|[X|X][X

BIL

BIT X X X X X X

BLO

BLS

BMC

BMI

BMS

BNE

BPL

BRA

X I [ X[ XX [X [X]|X]|x

BRN

B8RCLR X

BRSET X

BSET x

BSR X

CLC X

CLI X

CLR

CMP X

COM X

CPX X

DEC X

EOR X

INC x

JMP

JSR

olejojoio|o/oje|o|o|cjeo|e|e|/e/o|e/o|/e/0ieo 0|0 0|je|/o/0|o/e/eoio|eo|/0o|e /e |eje|0o]ee|e
oleoo|oioio|>~>lejejcjeie|>|>e|e/e/e|e e|o/ojeo/e/ejo|/0oe/eieieo(eie|~ (>0

LDA X

o000 /o oje(0je/0o 000 ej0oie|o|e(0je|e|o 0/0jei0os 00|00/ 0o/0je|0 0iee|e ||
>i>lele|>(>I>I>|>|>c|e|lele|e|e|e|e e e/e|js|o|jeje|e/>0|e 0/eie/eleioele>|>I>|>>
S(>|e(0i>>>I>(>[|>—|e|ejeje|e/eje/e|e oo /ojo/o/e|> 0 ejeie(ejsfeio|elo|>i>IS|>I>

XXX [ X | X Ix|X[X|x}IxX]|Xx
x
XX | XXX X |xX|ix|X|X|X

X I X x|X
X% | X {x[x|xX|x|x|x|x]|x
x

x| x| x| x

LDX X

Condition Code Symbols: {to be continued)

H  Half Carry (From Bit 3) C  Carry Borrow

| Interrupt Mask /A Test and Set if True, Cleared Otherwise
N Negative {Sign Bit) o  Not Affected

Z Zero
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Table 7 Instruction Set

Addressing Modes Condition Code
Indexed Bit Bit

Mnemonic | Implied Igi‘::: Direct | eﬁsw | a':; . O(f,;ls(;t) I(nadeB’i(;()j :?geBxii(sj) (s:fet:r ;:as:‘ fllw H|I|NjZ |C
LSL 3 X X o ([0 |A[A|A
LSR X X X ® |o | 0| A|A
NEG X X ® (0| AIAIA
NOP X o (o o o o
ORA X X X X X X e e |A|lA]e
ROL X X X o (& I A|A|A
ROR X X X e 1o | ALAITA
RSP x R
RTI X 202?202 |?
RTS X o oo |00
SBC X X X X X X e (e [ A|AIA
SEC X o |00 |0 |
SEt o |1 |e |0 0
STA X X X o (0l A A|e
STX X x e | ANIA|®
SuB X X X b3 X x o |e| AIAIA
SWi X e 1|0 @@
TAX x o o oo 0o
TST X X X X e e A A|e®
TXA X e (e |0 0 @

Condition Code Symbols:
H  Half Carry (From Bit 3) Carry/Borrow

1 Interrupt Mask
N Negative (Sign Bit)
Z Zero

Test and Set if True, Cleared Otherwise
Not Affected
Load CC Register From Stack

~e>0
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Table 8 Opcode Map

HD6805S1

Bit Manipulation |Branch Read/Modify/Write Control Register/Memory
post@ | S/ | Ret | DIR | A X | X1 | xo| mp [ MP [IMM | DIR |EXT | X2 | X1 | xo
0 1 2 3 4 5 6 7 8 9 A B Cc o] E F +— HIGH
0 [BRSETO | BSETO | BRA NEG RTI* - suB 0
1 | BRCLRO | BCLRO | BRN — RTS* | — CMP 1
2 | BRSET1 | BSET1 [ BHI - - - SBC 2
3 [ BRCLR1 | BCLR1 | BLS COM SWI* - cPXx 3 L
4 |BRSET2 | BSET2 | BCC LSR - - AND 4 O
5 | BRCLR2 | BCLR2 | BCS - - - BIT 5 W
6 [ BRSET3 | BSET3 | BNE ROR - - LDA 6
7 |BRCLR3 | BCLR3 | BEQ ASR — TAX - STA(+1) 7
8 |BRSET4 | BSET4 | BHCC LSL/ASL - CLC EOR 8
9 | BRCLR4 | BCLR4 | BHCS ROL - SEC ADC 9
A [BRSETS5 | BSETS | BPL DEC — CLI ORA A
B | BRCLR5 | BCLR5 | BMI - - SEI ADD B
C |BRSET6 | BSET6 | BMC INC - RSP - JMP(-1) C
D |BRCLR6 | BCLR6 | BMS TST - NOP | BSR* JSR(-3) D
E |BRSET7 | BSET7 | BiL - - - LDX E
F |BRCLR7 | BCLR? | BIH CLR - TXA - STX(+1) F
3/10 217 24 [ 26 [ 14 [ 14 [2m Jue [ v [z {22 24 [355 [ 36 [25 [1/a
(NOTE) 1. Undefined opcodes are marked with ‘=",
2. The number at the bottom of each column denote the number of bytes and the number of cycles required {Bytes/Cycles).
Mnemonics followed by a ““»** require a different number of cycles as follows:
TS
SWI 11
BSR
3. ) indicate that the number in parenthesis must be added to the cycle count for that instruction.
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HD6805U1
MCU (Microcomputer Unit)

The HD6805U1 is the 8bit Microcomputer Unit (MCU)
which contains a CPU, on-chip clock, ROM, RAM, I/O and HDG805U1P
timer. It is designed for the user who needs an economical
microcomputer with the proven capabilities of the HD680O-
based instruction set.

The following are some of the hardware and software high-
lights of the MCU.

HARDWARE FEATURES

8-Bit Architecture

96 Bytes of RAM

Memory Mapped /O

2056 Bytes of User ROM

Internal 8-Bit Timer with 7-Bit Prescaler
Vectored Interrupts — External and Timer
24 1/0 Ports + 8 Input Port

(8 Lines LED Compatible; 7 Voltage Comparator Inputs)
On-Chip Clock Circuit

Self-Check Mode

Master Reset

Low Voltage Inhibit

(DP-40)

Complete Development System Support by Evaluation Kit
6 Vdc Single Supply

® PIN ARRANGEMENT

SOFTWARE FEATURES

Similar to HD6800

Byte Efficient Instruction Set

Easy to Progra'm

True Bit Manipulation

Bit Test and Branch Instructions

Versatile Interrupt Handing

Powerful Indexed Addressing for Tables
Full Set of Conditional Branches

Memory Usable as Registers/Flags

Single Instruction Memory Examine/Change
10 Powerful Addressing Modes

All Addressing Modes Apply to ROM, RAM and 1/0
Compatible Instruction Set with MC6805P2

® BLOCK DIAGRAM

XTAL EXTAL RES NUM iNT

- '
TR~ prescuer L Counter l 1
Twmer Control ‘—'{;Ouillnlol—}‘l

—
Accumutator e8]
8 Al pe—m 8, Port
cPu oaa | P L2508
Index Control o | 8 fe—=8. wo
Register Reg | Reg fa—mB! Lines
A, w—ef 8 X fe—a 8.
N A oana Condition f——-8"
ot A9 Port | Dats Code
A ‘:“_" A Dir |4 |s Regster cg
10 Aca—n qoy | Reg cPu
Lines A=) Stack
b Pointer =G
, — 5 SP] pe— C, o
Progam pats | port [* ‘g' ort
Counter — or C femcl 1O
a___"High" pchl aLu Reo | Reo fo ;) Lines
Program [,
Counter .
8 “'Low” PCL
’e
T I 0,
0,
D, Port
2056x8 %8 Port o b
ROM RAM D O, tnput
Rey D, Lines
Seit check 0.
AOM 0+
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(Top View)

EA7
B9 As
B8 As
EA‘
£ As
g A2
B4 A,
53 Ao
@lh
Eae
@Bs
EBA
128 82
26 &1
3 8o
Pdl oo
ED|
3 o




& ABSOLUTE MAXIMUM RATINGS

HD6805U1

Item Symbol Value Unit
Supply Voltage Vee* -0.3~+7.0 Y
Input Voitage (EXCEPT TIMER) . -0.3~+7.0 v
vin ~
Input Voltage (TIMER) -0.3~+12.0 1%
Operating Temperature T opr 0 ~+70 °C
Storage Temperature Tag - 55~ +150 °c
*  With respect to Vgg (SYSTEM GND)
(NOTE) Permanent LS| damage may occur if maximurm ratings are exceeded. Normal operation should be under
recommended operating conditions, If these conditions are exceeded, it could affect reliability of LSI.
8 ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vge=5.25V £ 0.5V, Vsg=GND, Ta=0~+70°C, unless otherwise noted.)
Item Symbol Test Condition min [typ | max | Unit
RES 4.0/ — [ Vee| V
Input “High” Voltage INT 3.0 — | Vee| V
All Other VIH 20| - Vee \"
Input ““High” Voltage Timer Timer Mode 20) - | Vec| V
Self-Check Mode 9.0 - [ 110 V
RES -0.3| — 08| V
INT - -
Input ““Low’’ Voltage NT Vie 0.3 08| Vv
XTAL(Crystal Mode) -0.3| — 06| V
Al Other -0.3| — 08| V
Power Dissipation Pp - | - [700 | mw
Low Volitage Recover LVR - |- ({475 V
Low Voltage Inhibit (R} - 140 - \
TIMER -20 | — 20 | pA
Input Leak Current, INT e Vin=0.4V~Vcc 50 | — | 50 | wA
XTAL(Crystal Mode) 12000 — | 0 | WA
e AC CHARACTERISTICS (Vcc=5.25V * 0.5V, Vss=GND, Ta=0 ~ +70°C, unless otherwise noted.)
Item Symbol Test Condition min |typ | max {Unit
Clock Frequency fel 0.4 - 4.0| MHz
Cycle Time teye 1.0 | — 10 | us
Oscillation Frequency (External Resister Mode) fexT Rep=15.0k2£1% 2.7 — | 4.0 | MHz
INT Pulse Width tiwL t?écg - | = | ns
RES Pulse Width tawe e = = | s
. tC C+
TIMER Pulse Width trwL 2\150 - — ns
I e C\=22pF £20%, -
Oscillation Start-up Time ( Crystal Mode) tosc Rg=6052 max. — 100 | ms
Delay Time Reset tRHL External Cap. = 2.2 uF 100 | — | — | ms
EXTAL - -
Input Capacitance Cin V=0V 35 | pF
All Other - — 10 | pF
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o PORT ELECTRICAL CHARACTERISTICS (Vgc = 5.25V * 0.5V, Vgg = GND, Ta = 0 ~ +70°C unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
= —10 uf . - - v
Port A low KA 36
low = —100 A 24 - - \'
Qutput ““High’* Voltage Port 6 VoH lon = —200 A 24 - - \%
loH = =1mA 15 - - \%
Port C low = —100 A 24 - - \
Port A and C lop =1.6mA - - 0.4 Vv
Qutput “Low’’ Voltage Port B VoL lgL =3.2mA - - 04 Vv
loL=10mA - - 1.0 v
Input “High" Voltage Port A, B, C, VIH 20 - Vee Vv
Input “Low" Voltage and D* ViL -0.3 - 0.8 -V
=0, ! - — A
Port A Vin = 0.8V 500 K
Input Leak Current (ITR Vin =2V -300 - - MA
Pons.C. Vin=04V~Vee | — 20 - 20 A
i Port D** _
Input “High”’ Voltage (Do ~ Ds) Vin VTH+0.2 — \
P Port D** R
Input “Low” Voltage {Dg ~ D¢) ViL - V1H-0.2 —_
Threshold Voltage Port D**(D4) VTH 0 f— 0.8xVcc
* Port D as digital input
** Port D as analog input
TTL Equiv. (Port B) TTL Equiv. (Port A and C)
Vee Vee
1;=3.2mA 1.2kQ _ = 1.6 mA 2.4k
Test Point Test Point -~
o~ 4 \ 4 |
Vi l
30 pF 24 kQ
-

{NOTE) 1. Load capacitance includes the floating capacitance of th2 probe and the jig etc.
2. All diodes are 152074 or equivalent,

Figure 1 Bus Timing Test Loads

® SIGNAL DESCRIPTION

The input and output signals for the MCU shown in PIN
ARRANGEMENT are described in the following paragraphs.
® Ve and Vgg

Power is supplied to the MCU using these two pins. V¢
is +5.25V 0.5V, Vg is the ground connection,
o INT

This pin provides the capability for applying an external
interrupt to the MCU Refer to INTERRUPTS for additional
information.
® XTAL and EXTAL

These pins provide control input for the on-chip clock
circuit. A crystal (AT cut, 4 MHz maximum) or a resistor can be
connected to these pins to provide the internal oscillator with
varying degrees of stability. Refer to INTERNAL OSCIL-

LATOR OPTIONS for recommendations about these inputs,

e TIMER

This pin allows an external input to be used to decrement
the internal timer circuitry, Refer to TIMER for additional
information about the timer circuitry.

® RES

This pin allows resetting of the MCU at times other than
the automatic resetting capability already in the MCU. Refer
to RESETS for additional information.

o NUM
This pin is not for user application and should be connected
to ground.
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® Input/Output Lines (A, ~ A,,B, ~B,,C, ~C,)

These 24 lines are arranged into three 8-bit ports (A, B and
C). All lines are programmable as either inputs or outputs under
software control of the data direction registers. Refer to IN-
PUTS/OUTPUTS for additional information.

® Input Lines (D, ~ D,)

These are 8-bit input lines, which has two functions. Firstly,
these become TTL compatible inputs, by reading $003 address.
The other function of them is 7 Voltage comparators, by read-
ing $007 address. Please refer to INPUT PORT for more detail.

s MEMORY

The MCU memory is configured as shown in Figure 2. During
the processing of an interrupt, the contents of the MCU regi-
sters are pushed onto the stack in the order shown in Figure 3.
Since the stack pointer decrements during pushes, the low order
byte (PCL) of the program counter is stacked first; then the
high order four bits (PCH) are stacked. This ensures that the
program counter is loaded correctly as the stack pointer in-
crements when it pulls data from the stack. A subroutine call
will cause only the program counter (PCH, PCL) contents to
be pushed onto the stack.

Port A $000
Port B $001
Port C $002
Port D (digital) $003**
Port A DDR $004*
Port B DDR $005*
Port C DDR $006°
Port D (analog) $007°*
Timer Data Reg, $008
Timer CTRL Reg, $009
$00A
Not Used (22 Bytes)
$01F
RAM (96 Bytes) $020
Stack
$07F

*

Write only registers
** Read only register

Figure 2 MCU Memory Configuration

7 0

I A j Accumulator
7 0

[ X —l Index Register

0

PC l Program Counter

nonnonn

SP l Stack Pointer

000 $000 °
1/O Ports Timer 1
RAM {128 Bytes)
127 $07F 2
128 $080 3
ROM
(128 Bytes) 4
255 $OFF, 5
100
256 $ 6
Not Used 7
2047 $7FF 8
2048 $800
9
10
ROM 31
(1920 Bytes) 32
127
3967 §:7F
332? Self-Test $FF7
4088 Interrupt Vectors $FFa
4095 SFFF
7 6 5 4 3 2 1 Pull
Condition
n=4 11 Code Register n+1
n-3 Accumulator n+2
1
n-2 Index Register n+3 I
n~=1 11 1 1 1 PCH* n+4
n pPCL* n+5

Push

* For subroutine calls, only PCH and PCL are stacked.

Figure 3 Interrupt Stacking Order
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Condition Code Register

Carry/Borrow

Zero

Negative

Interrupt Mask
Haif Carry
Figure 4 Programming Model
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m REGISTERS

The MCU has five registers available to the programmer.
They are shown in Figure 4 and are explained in the following
paragraphs.
® Accumulator (A) '

The accumulator is a general purpose 8-bit register used to
hold operands and results of arithmetic calculations or data
manipulations.
® Index Register {X)

The index register is an 8-bit register used for the indexed
addressing mode. It contains an 8-bit address that may be added
to an offset value to create an effective address. The index
register can also be used for limited calculations and data
manipulations when using read/modify/write instructions, When
not required by a code sequence being executed, the index
register can be used as a temporary storage area.
® Program Counter (PC)

The program counter is a 12-bit register that contains the
address of the next instruction to be executed.
® Stack Pointer (SP)

The stack pointer is a 12-bit register that contains the address
of the next free location on the stack. Initially, the stack point-
er is set to location $O7F and is decremented as data is being
pushed onto the stack and incremented as data is being pulled
from the stack. The six most significant bits of the stack pointer
are permanently set to 0000011, During an MCU reset or the
reset stack pointer (RSP) instruction, the stack pointer is set
to location $07F, Subroutines and interrupts may be nested
down to location $061 which allows the programmer to use up
to 15 levels of subroutine calls.
® Condition Code Register (CC)

The condition code register is a 5-bit register in which each
bit is used to indicate or flag the results of the instruction just
executed. These bits can be individually tested by a program
and specific action taken as a result of their state. Each indi-
vidual condition code register bit is explained in the following
paragraphs. .

o Half Carry (H)
Used during arithmetic operations (ADD and ADC) to

indicate that a carry occurred between bits 3 and 4.
o Interrupt (1)

This bit is set to mask the timer and external interrupt (INT).
If an interrupt occurs while this bit is set it is latched and will be
processed as soon as the interrupt. bit is reset.
® Negative (N)

Used to indicate that the result of the last arithmetic, logical
or data manipulation was negative (bit 7 in result equal to a
logical one). .

o Zero (Z)

Used to indicate that the result of the last arithmetic, logical
or data manipulation was zero.
® Carry/Borrow (C)

Used to indicate that a carry or borrow out of the arithmetic
logic unit (ALU) occurred during the last arithmetic operation.
This bit is also affected during bit test and branch instructions,
shifts, and rotates.

= TIMER

The MCU timer circuitry is shown in Figure 5. The 8-bit
counter is loaded under program control and counts down to-
ward zero as soon as the clock input is applied. When the timer
reaches zero the timer interrupt request bit (bit 7) in the timer
control register is set. The MCU responds to this interrupt by
saving the present MCU state in the stack, fetching the timer
interrupt vector from locations $FF8 and $FF9 and executing
the interrupt routine. The timer interrupt can be masked by
setting the timer interrupt mask bit (bit 6) in the time control
register. The interrupt bit (I bit) in the condition code register
will also prevent a timer interrupt from being processed.

The clock input to the timer can be from an external source
applied to the TIMER input pin or it can be the internal ¢,
signal. Note that when the ¢, signal is used as the source it can
be gated by an input applied to the TIMER input pin allowing
the user to easily perform pulse-width measurements. The
source of the clock input is one of the options that has to be
specified before manufacture of the MCU. A prescaler option
can be applied to the clock input that extends the timing
interval up to a maximum of 128 counts before being applied to

(lmzernal) 3
' H Prescaler
|
D> bapad (20 20 27 2720 2% 26
b r ---l—-*-4--*-+‘+-+-1

Timer

Input

Pin

pomen= - Time =

: ! ) Out 7 Timer

H H 8-Bit Counter Interrupt Req.
H Jl Timer
Lecana Interrupt Mask
Manufacturing
Mask Options N

0
! Timer
Write Read U | Control Register
s
E
D
L__J

Figure 5 Timer Block Diagram
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the counter, This prescaling option must also be specified before
manufacturing begins. The timer continues to count past zero
and its present count can be monitored at any time by monitor-
ing the timer data register. This allows a program to determine
the length of time since a timer interrupt has occured and not
disturb the counting process.

The Timer Data Register is 8-bit Read/Write Register with
address $008 on Memory-Map. This Timer Data Register and
the prescaler are initialize with all logical ones at Reset time.

The Timer Interrupt Request bit (bit 7 of Timer Control
Register) is set to one by hardware when timer count reaches
zero, and is cleared by program or by hardware reset. The bit 6
of Timer Control Register is writable by program. Both of those
bits can be read by MPU.

HD6805U1

® SELF CHECK

The self check capability of the MCU provides an internal
check to determine if the part is functional. Connect the MCU
as shown in Figure 6 and monitor the output of port C bit 3 for
an oscillation of approximately three hertz.

= RESETS

The MCU can be reset three ways: by initial powerup, by
the external reset input (RES) and by an internal low voltage
detect circuit, (mask option) see Figure 7. All the 1/O port are
initialized to Input mode (DDR’s are cleared) during RESET.

Upon power up, a minimum of 100 milliseconds is needed
before allowing the reset input to go “High”.

This time allows the internal crystal oscillator to stabilize.
Connecting a capacitor to the RES input as shown in Figure 8
will provide sufficient delay.

3 [iNT
2 [RES
L |
_;T—ZZMF
5 IXTAL
6 |EXTAL
HD6805U1T.

TIMER

Vee

(Register option)

5

>>» >»> > » > >

3

8,
36
BS

39
38
37
36
35

34
33

32
3
30

28

27

* Refer to Figure @ about crystal option

e
‘ ; LVR

“Dip" inPower

(%

TRML

Vs = Pin 1 Figure 6 Self Check Connections
LVR Lvi
Vee
ov
REs \{‘H_.__
Pin /
e ty e
Internal
Reset

Figure 7 Power Up and RES Timing
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220 k2

Vee — VW1
RES 2.2uF

Part of
HD6805U 1
MCuU

Figure 8 Power Up Reset Delay Circuit

s INTERNAL OSCILLATOR OPTIONS

The internal oscillator circuit has been designed to require a
minimum of external components. The use of a crystal (AT cut,
4 MHz max) or a resistor is sufficient to drive the internal
oscillator with varying degrees of stability. A manufacturing
mask option is available to provide better matching between
the external components and the internal oscillator, The differ-
ent connection methods are shown in Figure 9. Crystal specifi-
cations are given in Figure 10. A resistor selection graph is given
in Figure 11.

HD6805U1
XTAL MCU

Approximately 25% Accuracy
External: Jumper

Vee
TJ\/\/\/_vs EXTAL

HD6805U1
XTAL MCU

No
Connection

Approximately 15% Accuracy
External Resistor

RESISTOR OPTIONS

Figure 9 Interna! Oscillator Options

6EXTAL
e
max 5| xTAL HDE80O5U1
MCU
22pF:20%_?’}r_
Crystal
6]ExTAL
External 5| xTAL HD6805U1
Clock MCuU
input
External Clock
CRYSTAL OPTIONS
cl
L R
XTAL L t S ® EXTAL
5 C, 6
I
1

AT — Cut Parallel Resonance Crystal
C, = 7 pF max.

f=4 MHz

Rg = 60 Q2 max.

Figure 10 Crystal Parameters

Vee = 5.25v_]

\ Ta=25°C
A\

Frequency (MHz)

I\‘

0 5 10 15 20 25 30 35 40 45 50
Resistance (k$2)

Figure 11 Typical Resistor Selection Graph
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1-1
7F >SP
0 ~DDR's
‘CLR INT Logic
FF — Timer
7F - Prescaler
7F > TCR

Load PC From
Reset: FFE, FFF

Fetch
Instruction

N

Y SWI

Execute
Instruction

L

[ 1

Stack
PC, X, A, CC
1-1
Load PC From
SWI: FFC, FFD
iNT: FFA, FFB

TIMER: FF8, FF9

L ¥

—¢

Y
Data
] Direction
Register Bit
» Output
Data Bit
Input
Reg Bit
<

Input

1/0 Pin

Figure 13 Typical Port 1/O Circuitry

Figure 12 Interrupt Processing Flowchart

HD6805U1

Output 1/0 Pin
Data
Direction Output Output Input to
Register Data Bit State MCcu
Bit
1 o 0 0
1 1 1 1
o x 3-State Pin
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8 INTERRUPTS

The MCU can be interrupted three different ways: through
the external interrupt (INT) input pin, the internal timer inter-
rupt request, and a software interrupt instruction (SWI). When
any interrupt occurs, processing is suspended, the present MCU
state is pushed onto the stack, the interrupt bit (I) in the condi-
tion code register is set, the address of the interrupt routine is
obtained from the appropriate interrupt vector address, and the
interrupt routine is executed. The interrupt service routines
normally end with a return from interrupt (RTI) instruction
which allows the MCU to resume processing of the program
prior to the interrupt. Table 1 provides a listing of the inter-
rupts, their priority, and the vector address that contain the
starting address of the appropriate interrupt routine.

A flowchart of the interrupt processing sequence is given
in Fig. 12.

Table 1 Interrupt Priorities

Interrupt Priority Vector Address
RES 1 $FFE and $FFF
swi 2 $FFC and $FFD
INT 3 $FFA and $FFB

TIMER 4 $FF8 and $FFO

s INPUT/OUTPUT

There are 24 input/output pins. All pins are programmable
as either inputs or outputs under software control of the data
direction registers. When programmed as outputs, all 1/O pins
read latched output data regardless of the logic level at the
output pin due to output loading (see Fig. 13). When port B is

Port A

A
.
.
.
.
.
.
.
.

A

Port A Programmed as output(s) driving CMOS and TTL Load directly.
{a)

o
°

Port B

10 mA max

@
<

Port B Programmed as output(s} driving LED(s) directly.
{c)

Port B

programmed for outputs, it is capable of sinking 10 millamperes
on each pin (VoL = 1V max). All input/output lines are TTL
compatible as both inputs and outputs. Port A lines are CMOS
compatible as outputs while port B and C lines are CMOS com-
patible as inputs. Figure 14 provides some examples of port
connections.

a INPUT

Port D is 8-bit input port, which has two functions. One of
them is usual digital signal input port and the other is voltage
compare type input port. In the former case, the input data
can be read by MPU at $003 address. In the latter case, D,
(pin 17) is the input pin of Vyy (reference level), and the other
seven input pins (Dy ~ Dg) are analog level inputs, which are
compared with Vy (see Figure 15(a), (b)).

“1” or “0” signals appear at internal data bus, if the input
levels are higher or lower respectively when $007 address is
read. This function is effective in such case that unusual logic
level inputs are used. A capacitive touch panel interface and
a diode isolated keyboard interface are the examples. Figure
15(c) shows the application of Port D to A/D converter, and
Figure 15(d) shows 3 levels inputs.

= BIT MANIPULATION

The MCU has the ability to set or clear any single random
access memory or input/output bit (except the data direction
registers) with a single instruction (BSET, BCLR). Any bit in
the page zero read only memory can be tested, using the BRSET
and BRCLR instructions, and the program branches as a result
of its state. This capability to work with any bit in RAM, ROM
or I/O allows the user to have individual flags in RAM or to
handle single 1/0 bits as control lines. The example in Figure 16
illustrates the usefulness of the bit manipulation and test

W
°

lc=hre*ls

o
N

Port B Programmed as output(s) driving Darlington base directly.
{b)

+V

o
e

Port C CMOS Inverter

(2]
<

Port C Programmed as outputls) driving CMOS using external pull-up
resistors. (d)

Figure 14 Typical Port Connections
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instructions. Assume that bit O of port A is connected to a zero vides turn-on of the TRIAC within 14 microseconds of the zero
crossing detector circuit and that bit 1 of port A is connected to crossing. The timer could also be incorporated to provide turn-

the trigger of a TRIAC which power the controlled hardware. on at some later time which would permit pulse-width modula-
This program, which uses only seven ROM locations, pro- tion of the controlled power.
$003 Read

{nput Port
Internal Bus Jl/‘ O (Do~ Dg)

(Bit0 ~ Bit6) ~d

$007 Read +

$003 Read
Input Port (D)
Internal Bus

!
(Bit 7) N

(a) The logic configuration of Port D

] 1 It
(o}
Port °
'\./‘ c /\/\/\/
o Control Pulse ;
z Reference Level
D
L] Analog Input 6 D,
Port
D c
D P%rt l— —  Analog Input 6 ° _L
|
1
D D, D, '
2 Analog Input 0 f—————— Analog Input 0
e
{b) Seven analog inputs and a reference level input of Port D / {c) Application to A/D convertor
\__/
D’I
VTH (=3.5V)
D6
3 Levels input 6 input
Voltage ($003) ($007)
Port oV ~08V 0 0
2,0V ~ 3.3V 1 0
3.7V ~ Vee 1 1
D,
——— 3 Levels Input 0

{d) Application to 3 levels input

Figure 15 Configuration and Application of Port D
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SELF 1 BRCLR 0, PORT A, SELF 1
BSET 1, PORT A

BCLR 1, PORT A

L]
Figure 16 Bit Manipulation Example

8 ADDRESSING MODES

The MCU has ten addressing modes available for use by the
programmer. They are explained aud illustrated briefly in the
following paragraphs.
® Immediate

Refer to Figure 17. The immediate addressing mode accesses
constants which do not change during program execution. Such
instructions are two bytes long. The effective address (EA) is
the PC and the operand is fetched from the byte following the
opcode.
® Direct

Refer to Figure 18. In direct addressing, the address of the
operand is contained in the second byte of the instruction.
Direct addressing allows the user to directly address the lowest
256 bytes in memory. All RAM space, 1/O registers and 128
bytes of ROM are located in page zero to take advantage of this
efficient memory addressing mode.

o Extended

Refer to Figure 19. Extended addressing is used to reference
any location in memory space. The EA is the contents of the
two bytes following the opcode. Extended addressing instruc-
tions are three bytes long.
® Relative

Refer to Figure 20. The relative addressing mode applies only
to the branch instructions. In this mode the contents of the
byte following the opcode is added to the program counter
when the branch is taken. EA=(PC)+2+Rel. Rel is the contents
of the location following the instruction opcode with bit 7
being the sign bit. If the branch is not taken Rel=0, when a
branch takes place, the program goes to somewhere within the
range of +129 bytes to -127 of the present instruction. These
instructions are two bytes long.

@ Indexed (No Offset)

Refer to Figure 21. This mode of addressing accesses the
lowest 256 bytes of memory. These instructions are one byte
long and their EA is the contents of the index register.
® Indexed (8-bit Offset)

Refer to Figure 22. The EA is calculated by adding the
contents of the byte following the opcode to the contents of
the index register. In this mode, 511 low memory locations are
accessable. These instructions occupy two bytes.

@ Indexed (16-bit Offset)

Refer to Figure 23. This addressing mode calculates the EA
by adding the contents of the two bytes following the opcode
to the index register. Thus, the entire memory space may be
accessed. Instructions which use this addressing mode are three
bytes long.

o Bit Set/Clear

Refer to Figure 24. This mode of addressing applies to
instructions which can set or clear any bit on page zero. The
lower three bits in the opcode specify the bit to be set or
cleared while the byte following the opcode specifies the
address in page zero.
® Bit Test and Branch

Refer to Figure 25. This mode of addressing applies to
instructions which can test any bit in the first 256 locations
($00-$FF) and branch to any location relative to the PC. The
byte to be tested is addressed by the byte following the opcode.
The individual bit within that byte to be tested is addressed by
the lower three bits of the opcode. The third byte is the relative
address to be added to the program counter if the branch condi-
tion is met. These instructions are three bytes long. The value of
the bit tested is written to the carry bit in the condition code
register,
e Implied

Refer to Figure 26. The implied mode of addressing has no
EA. All the information necessary to execute an instruction is
contained in the opcode. Direct operations on the accumulator
and the index register are included in this mode of addressing.
In addition, control instructions such as SWI, RTI belong to this
group. All implied addressing instructions are one byte long.

= INSTRUCTION SET

The MCU has a set of 59 basic instructions. They can be
divided into five different types: register/memory, read/modify/
write, branch, bit manipulation, and control. The following
paragraphs briefly explain each type. All the instructions within
a given type are presented in individual tables.
® Register/Memory Instructions

Most of these instructions use two operands. One operand is
either the accumulator or the index register. The other operand
is obtained from memory using one of the addressing modes.
The jump unconditional (JMP) and jump to subroutine (JSR)
instructions have no register operand. Refer to Table 2.
® Read/Modity/Write Instructions

These instructions read a memory location or a register,
modify or test its contents, and write the modified value back
to memory or to the register. The test for negative or zero
(TST) instruction is an exception to the read/modify/write
instructions since it does not perform the write. Refer to Table
3.
® Branch Instructions

The branch instructions cause a branch from the program
when a certain condition is met. Refer to Table 4.
o Bit Manipulation Instructions

These instructions are used on any bit in the first 256 bytes
of the memory. One group either sets or clears. The other group
performs the bit test and branch operations. Refer to Table 5.
® Control Instructions

The control instructions control the MCU operations during
program execution. Refer to Table 6.
e Alphabetical Listing

The complete instruction set is given in alphabetical order in
Table 7.
® Opcode Map

Table 8 is an opcode map for the instructions used on the
MCU.
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PROG LDA #$F8 0SBE

CAT FCB

PROG LDA
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EA
Memory [ I
4 )
' 1
1 1
[} ' Adder
/\ A
=[]
Index ef
Stack Point
1]
' ; L | |
A6 Prog Count
05BF F8 | 05C0 |
cc
1
]
' '
H ]
| S —"
Figure 17 Immediate Addressing Example
EA
Memory I 0048 |
' H
H '
: : Adder
! [) /\
A
R e g IR
Index Reg
' Stack Point
CAT 0520 B6 L l J
052¢ ® Prog Count
l 052F |
cc
! )
H '
H ]
H 1]
' '
e —

Figure 18 Direct Addressing Example
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Memory I 06ES ]
: : |
' 1
' Adder
0000
1 A
o I
PROG LDA CAT 0409 c6
| R
040A 06 ndex Reg
0408 €5 ]
Stack Point
. . | I ]
H Prog Count
CAT FCB 64  06E5 40 r 040C J
CcC
| S—
Figure 19 Extended Addressing Example
EA
Memory I 04C1 I
) 1
' '
. Adder
/\ .
Index Reg
l OR
] Stack Point
I ' 0000 l l l
PROG BEQ PROG2 04A7 27 Prog Count
04A8 18 04c1 |
cC
! 1
' [
L ——

Figure 20 Relative Addressing Example
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lea
Memory | 0088 |
H H
1 1
] ! Adder
) 1
] )
A
0000
TABL FCC/ LI/ 0088 ac 7{ AC I
49 index Reg
B8
' H Stack Point
PROG LDA X O05F4 F6 ] I
Prog Count
05F5 |
cc
! 1
1 1
| IOV — |
Figure 21 Indexed (No Offset) Addressing Example
T en
Memory I 008C
T )
]
i 1
Adder
TABL FCB  #BF 0089 BF _/\
FCB  #86  008A 86 A
FCB  #DB 008B DB ‘! CF I
FCB #CF  008C CF | Index Reg
' -
[} [}
Stack Point
PROG LDA TABL. X 0758 E6 I l l
075C
8 Prog Count
| 075E |
cc
' 1
! 1
] ]
———

Figure 22
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PROG LDA TABL. X 0692

TABL FCB #BF
FCB #86
FCB #DB
FCB #CF
PORTB EQU

1

0693
0694

077€
077F
0780
0781

IEA

PROG BCLR 6.PORT B 058F

168

Memory 0780 l
H ]
| I
Adder
Index Reg
] 02
D6 Stack Point
07 1 | I ]
7€ J Prog Count
| 0695 ., |
1 ' cc
o 1
86
[»]:}
CF
]
1 ]
—)
Figure 23 Indexed (16-Bit Offset) Addressing Example
EA
Memory 0001
' ]
]
! Adder
0001 BF
Clear
Bit T )
: = I —
Index Reg
] ]
1D Stack Point
0590 01 | l |
Prog Count
| 0591 |
i j —
: ]
i "
S —— |
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] EA
Memory l 0002 I
r
: |
[] 1 Adder
PORT C EQU 2 0002 Fo 2 /\ A
7 1]
2 index Reg
0000
Stack Point
: i | ]
PROG BRCLR 2. PORT C. PROG 2 0574 05 Prog Count
0575 02 0000 0594 |
0576 10 cc

< ]

§

Adder

f

] (]
[ e |

Figure 25 Bit Test and Branch Addressing Example

ea

Memory

L

Adder

|

A
index Reg
1 [
; .
! ) Stack Point
PROG TAX O05BA 97 l I I
Prog Count
| 0588 ]
cc

. I 1

|

Figure 26 Implied Addressing Example
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Table 2 Register/Memory Instructions

Addressing Modes
. . . . Indexed Indexed Indexed
Function Mnemonic Immediate Direct Extended (No Offset) {8-Bit Offset) (16-Bit Offset)
Op # # Op # # Op # # Op # # Op # # Op # #
. Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes |Cycles | Code | Bytes [ Cycles | Code | Bytes|Cycles | Code | Bytes | Cycles
Load A from Memory LDA A6 2 2 B6 2 4 C6 3 5 Fé 1 4 E6 2 5 D6 3 6
Load X from Memory LOX AE 2 2 BE 2 4 CE 3 5 FE 1 4 EE 2 5 DE 3 6
Store A in Memory STA - - - B? 2 5 Cc7 3 6 F7 1 5 E7 2 6 D7 3 7
Store X in Memory STX - - - BF 2 5 CF 3 6 FF 1 5 EF 2 6 DF 3 7
Add Memory to A ADD AB 2 2 BB 2 4 cB 3 5 F8 1 4 EB 2 5 [o]: 3 6
Add Memory and
Carryto A ADC A9 2 2 Bg 2 4 c9 3 5 F9 1 4 E9 2 5 09 3 6
Subtract Memory SuB A0 2 2 BO 2 4 co 3 5 FO 1 4 EO 2 5 Do 3 6
Subtract Memory from | o5 a2| 2| 2 |s2| 2| a4 c2| 3|55 [F2| 1| ale2|2]5s |02|3]|°es
A with Borrow
AND Memory to A AND A4 2 2 B84 2 4 Cc4 3 5 F4 1 4 E4 2 5 D4 3 6
OR Memory with A ORA AA 2 2 BA 2 4 CA 3 5 FA 1 4 EA 2 5 DA 3
Exclusive OR Memory | g a8| 2 | 2 |88 2 | 4 |c8| 3|5 |Fr8] 1| 4 |e8| 2| 5 |p8| 3| &
with A
Arithmetic Compare A | oyp ar| 2l 2]} 2|4 | 3]s |F| 1|4 1] 2|38 01| 3]|es
with Memory
Arithmetic Compare X | = o a3 2| 2 |Ba| 2|4 |c3| 3|5 |Ff| 1|4 |e3|2]3s5 |03|3]|ce
with Memory
Bit Test Memory with A
(Logical Compare) BIT A5 2 2 B5 2 4 c5 3 5 F5 1 4 E5 2 5 D5 3 6
Jump Unconditional Jmp - - - BC 2 3 cc 3 4 FC 1 3 EC 2 4 DC 3 5
Jump to Subroutine JSR - - - 8D 2 7 cD 3 8 FOD 1 7 ED 2 8 oD 3 9
Table 3 Read/Modify/Write Instructions
Addressing Modes
. . . Indexed Indexed
F i | | i
unction Mnemonic mplied (A) mplied (X) Direct {No Offset) (8-Bit Offset)
Op | # # Op # # Op # # Op # # Op | # #
Code | Bytes | Cycles | Code | Bytes| Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles
Increment INC 4Cc 1 4 5C 1 4 3C 2 6 7C 1 6 6C 2 7
Decrement DEC 4A 1 4 5A 1 4 3A 2 6 7A 1 6 6A 2 7
Clear CLR 4F 1 4 5F 1 4 3F 2 6 7F 1 6 6F 2 7
Complement CcOM 43 1 4 53 1 4 33 2 6 73 1 6 63 2 7
Negate
(2's Complement) NEG 40 1 4 50 1 4 30 2 6 70 1 6 60 2 7
Rotate Left Thru Carry ROL 49 1 4 59 1 4 39 2 6 79 1 6 69 2 7
Rotate Right Thru Carry] ROR 46 1 4 56 1 4 36 2 6 76 1 6 €6 2 7
Logical Shift Left LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Logical Shift Right LSR 44 1 4 54 1 4 34 2 6 74 1 6 64 2 7
Arithmetic Shift Right ASR 47 1 4 57 1 4 37 2 6 77 1 6 67 2 7
Arithmetic Shift Left ASL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Tok for Negative or ST a0 | 1 | 4 [50| 1| 4 ]ad| 2|6 ™| 1|6 || 2|7
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Table 4 Branch Instructions

Relative Addressing Mode
Function Mnemonic Op # #
Code Bytes Cycles

Branch Always BRA 20 2 4
Branch Never BRN 21 2 4
Branch IF Higher BHI 22 2 4
Branch IF Lower or Same BLS 23 2 4
Branch IF Carry Clear BCC 24 2 4
(Branch |IF Higher or Same) (BHS) 24 2 4
Branch IF Carry Set BCS 25 2 4
(Branch IF Lower) (BLO) 25 2 4
Branch IF Not Equal BNE 26 2 4
Branch IF Equal BEQ 27 2 4
Branch IF Half Carry Clear BHCC 28 2 4
Branch IF Half Carry Set BHCS 29 2 4
Branch IF Plus BPL 2A 2 4
Branch IF Minus BM} 2B 2 4
Branch IF Interrupt Mask Bit is Clear BMC 2C 2 4
Branch IF Interrupt Mask Bit is Set BMS 2D 2 4
Branch IF Interrupt Line is Low BIL 2E 2 4
Branch IF Interrupt Line is High BIH 2F 2 4
Branch to Subroutine BSR AD 2 8

Table 5 Bit Manipulation Instructions

Addressing Modes
Function Mnemonic Bit Set/Clear Bit Test and Branch

Op # # Op # #

Code Bytes Cycles Code Bytes Cycles
Branch IF Bit nis set BRSET n (n=0..... 7) - - — 2:n 3 10
Branch IF Bit n is clear BRCLR n (n=0 .....7) — — — 01+2°n 3 10
Set Bitn BSET n (n=0 ..... 7) 10+2+n 2 7 - - -
Clear bit n BCLRn (n=0.....7) 11+42°n 2 7 - - —

Table 6 Control Instructions

. . Implied
Function Mnemonic Op # #
Code Bytes Cycles

Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SEI 9B 1 2
Clear Interrupt Mask Bit cLl 9A 1 2
Software Interrupt Swi 83 1 1
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2
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Table 7 Instruction Set

Mnemonic

Addressing Modes

Condition Code

Implied

Imme-
diate

Direct

Ex-
tended

Re-
lative

Indexed
(No
Offset)

Indexed
(8 Bits)

Indexed
{16 Bits)

Bit
Set/
Clear

Bit
Test &
Branch

X

2
N
(9]

ADC

X

X

ADD

AND

ASL

ASR

X |Ix|x|{x|x

X |x [ x|x

X X [x}1x|[x

BCC

BCLR

B8CS

BEQ

BHCC

BHCS

BHI

BHS

BIH

BIL

X X | XX [x|x|x|x

BIT

BLO

BLS

BMC

BMI

BMS

BNE

BPL

BRA

BRN

XXX ]IX|X|IX|X]X|Xx

BRCLR

BRSET

BSET

BSR

CLC

CLI

CLR

cwMP

COoM

CPX

DEC

EOR

INC

JMP

JSR

LDA

oo (0| 0|0 6|0 0 0|0 OC 000 0|0 0|00 06 (00 0 0 0|0 0 0 060 0 0 0 00 060 0 (0|0
olejo|efolo(> = |> 0|0 0O/0 0 i>> 0|0 0/00|0 0 0 0|0 00|00 0|00 i0(0 0 >le(>I>

LDX

X IX X [X[X]x}|X|X]|xX|X]|Xx

X [ x| x|IXx

X | XXX X IxX{xX|[x|X]x]|Xx

XX [ X {X{X[Xjx]|X]x|x]|X

x | x| x|x

........OO................'00000.........>>

Si>lelel>[>>|>|>|>|c|e|e|e|ejeje|eje|e/e|/e|e|eje|e (>0 ejejeje|e|eiojofe|>ISiSIS|>
S(>lele|>|>|>I>|>|>i~|e(oje|e(e|e|eje|eje|ejo(eo/oo|>|0o(e|ejojeioio|ejeofei>ISIS|S >

Condition Code Symbols:
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H  Half Carry (From Bit 3)
| Interrupt Mask

N  Negative (Sign Bit)

Z Zero

(o}

Carry Borrow
/A Test and Set if True, Cleared Otherwise
Not Affected
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Table 7 instruction Set

Addressing Modes Condition Code
Mnemonic |Implied| "™™€" | pirecy | EX | Re- In?rszed Indexed | Indexed | O | 12 |11y | ¢
diate tended | lative | oo | (8 Bits) | (16 Bits) | SU7 Branch
LSL X x X X o (@ I A|A|A
LSR X X X X e e |0 |A|A
NEG x x X o (& | AIA|A
NOP X o (oo e o
ORA x x X X X X o (0o [ A|A|@®
ROL x X X X o (& | A|A|A
ROR x x X X o (6 [ A|IAIA
RSP X e (o |0 0 @
RTI X 2021?20?02
RTS X e (oo 00
SBC X X X X X X e (o AT AI|A
SEC X o (oo |0 |1
SEI e |1 | |0® @
STA X X X X e & AN A|O®
STX X X X X e (| AT Ae®
sus X X X X X X e || ANITA|A
SwWi X o |1 /e 0|0
TAX X e (o0 |0 @
TST X X X X e & | AN A|®
TXA x T R N N
Condition Code Symbols:
H  Half Carry (From Bit 3) Carry/Borrow

I Interrupt Mask
N Negative (Sign Bit)
Z Zero

Test and Set if True, Cleared Otherwise
Not Affected
Load CC Register From Stack

~e>0
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Table 8 Opcode Map

Bit Manipulation |Branch Read/Modify/Write Control Register/Memory
ot & g;;’r Rel | DIR | A x X1 | xo | mp | imp L imm | DIR | EXT | X2 | x1 | xo
0 1 2 3 4 5 6 7 8 9 A 8 c ) E F | «HGH

0 |BRSETO | BSETO | BRA NEG RTI* | — SUB 0
1 | BRCLRO | BCLRO | BRN - RTS* | — cMP 1
2 [BRSET1 | BSET1 | BHI - - - SBC 2
3 |BRCLR1 | BCLR1 | BLS COM swi* | — cPX 3L
4 | BRSET2 | BSET2 | BCC LSR - - AND 4 0
5 |BRCLR2 | BCLR2 | BCS - — - BIT 5 W
6 | BRSET3 | BSET3 | BNE ROR - - LDA 6
7 |BRCLR3 | BCLR3 | BEQ ASR - lrax | - STA(+1) 7
8 |BRSET4 | BSET4 | BHCC LSL/ASL - |ecLc EOR 8
9 [BRCLR4 | BCLR4 | BHCS ROL. - |sec ADC 9
A |BRSETS | BSETS | BPL DEC - Jeu ORA A
8 [BRCLRS5 | BCLRS | BMI - - sl ADD B8
c|8RsET6 | BSET6 | BMC INC - |msp | - JMP(-1) [
D [BRCLRG | BCLR6 | BMS TsT — | nop |[Bsm* JSR(-3) D
E |BRSET7 | BSET7 | BIL - - - LDX E
F |BRCLR7 | BCLR7 | BIH CLR - |vxa | - STX{+1) F

3/10 2/7 24 [ 2t6 [ 14 [ 1w J2m Tae | e [z {22 [ 2ia [355 [36 [25 14

{NOTE) 1. Undefined opcodes are marked with ‘“—*.
2. The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles).
Mnemonics followed by a '+ require a different number of cycles as follows:
RTI 9

RTS 6
SWi 1
BSR 8
3. { ) indicate that the number in parenthesis must be added to the cycle count for that instruction.
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HD6805V1
MC U (Microcomputer

The HD6805V1 is the 8-bit Microcomputer Unit (MCU)
which contains a CPU, on-chip clock, ROM, RAM, 1/O and
timer. It is designed for the user who needs an economical
microcomputer with the proven capabilities of the HD680O0-
based instruction set.

The following are some of the hardware and software high-
lights of the MCU.

Unit)

HD680O5V1P

(DP-40)

HDGgOSV1  [8

(Top View)

u HARDWARE FEATURES
® 8-Bit Architecture
® 96 Bytes of RAM
® Memory Mapped I/0
® 3848 Bytes of User ROM
® Internal 8-Bit Timer with 7-Bit Prescaler
® Vectored Interrupts — External and Timer
® 24 1/0 Ports + 8 Input Port
(8 Lines LED Compatible; 7 Voltage Comparator Inputs)
® On-Chip Clock Circuit
® Self-Check Mode -
® Master Reset
® Low Voltage Inhibit
® Complete Development System Support by Evaluation Kit
® 5 Vdc Single Supply
a SOFTWARE FEATURES * PIN ARRANGEMENT
® Similar to HD6800
® Byte Efficient Instruction Set
® Easy to Program
® True Bit Manipulation EE
@ Bit Test and Branch Instructions FEE
® Versatile Interrupt Handing T3]
® Powerful Indexed Addressing for Tables vee (@]
e Full Set of Conditional Branches XTALLS
® Memory Usable as Registers/Flags EXTALLE
@ Single Instruction Memory Examine/Change Num
® 10 Powerful Addressing Modes TIMERLS
e All Addressing Modes Apply to ROM, RAM and 1/0 by %
® Compatible Instruction Set with MC6805P2 c: é
= BLOCK DIAGRAM ¢ %
¢ [13
XTAL EXTAL  RES NUM INT Cs E
mnen-..7 Prescater L e l l zj %
Timer Control Oscittator }-1 l D7/VTHE
le—o- B, D. @
Aesuminior z: pon o, (i3
. Contrat Il I e R 0.
Register Reg | Reg fu—m B, Lines
Py BT et}
T oyl Il DR - e
A== EL) KO B mven B .
A, «—l Pownter [ = ¢
A @l 5 KL fe—» €, Pont
e SEA =
“Migh” PCH| A Reg | Reo [LT00 00 Lines
oty ¢
La Low" PCL| e
I ] 5,
K I N B == ¢
e ot

O HITACH!
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® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee * -0.3~+7.0 \Y
Input Voltage (EXCEPT TIMER) M -0.3~+7.0 v
Vin ~
Input Voltage (TIMER) -0.3~+120 \Y
Operating Temperature T opr 0 ~+70 °c
Storage Temperature Teg - 55~ +150 °c

*  With respect to Vgg (SYSTEM GND)

(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation ;hqu]d be under
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI.

= ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vcc=5.25V t 0.5V, Vss=GND, Ta=0~+70°C, unless otherwise noted.)

Item Symbol Test Condition min |typ | max | Unit
RES 40| — {Vee| V
Input “High” Voltage INT 30| — | Vgc| V
All Other Viu 20 - | Vee| V
Input “‘High** Voltage Timer Timer Mode 20 = Vee| V
Self-Check Mode 90| - | 110| V
RES 03 - | 08| V
Input “’Low’’ Voitage INT Vie 03/ -] 08 V
XTAL(Crystal Mode) -0.3| — 0.6] Vv
All Other 03 - | 08, V

Power Dissipation Pp ) - |- (700 | mw
Low Voltage Recover LVR - |- 1475 V
Low Voltage Inhibit LviI - | 40| - Y
TIMER -20| - | 20| uA

Input Leak Current, INT e Vin=0.4V~V¢c 50 |- | 50| uA
XTAL(Crystal Mode), 1200 — | O | pA

e AC CHARACTERISTICS (V¢c=5.25V £ 0.5V, Vgg=GND, Ta=0 ~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min [typ {max {Unit

Clock Frequency fo 04 | — | 40| MH:z
Cycle Time teye 1.0 | — 10 | us

Oscillation Frequency (External Resister Mode) fexT Rcp=15.0k2+1% 27 | - | 40| MHz
TNT Pulse Width tiwe tﬁgg — = | s
RES Pulse Width tRwL t§’é°o+ -~ = | ns
TIMER Pulse Width trwe ‘§vc50+ | = | ns

I o C=22pF+20%, _ _
Oscillation Start-up Time (Crystal Mode) tosc R=60$2 max. 100 | ms
Delay Time Reset tRHL External Cap. = 2.2 uF 00 |- | — [ ms
h EXTAL - - | 35| pF
Input Capacit C; Vin=0V

put -apaciiance All Other " w0 - ~ | 10} pF
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o PORT ELECTRICAL CHARACTERISTICS (Vg = 5.25V 0.5V, Vgg = GND, Ta = 0 ~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
Port A loq = =10 nA 3.5 - - \%
lon = —100 A 24 - - Vv
Output “High’* Voltage Port B VoH lon = —200 A 24 - - \
lon = =1 mA 1.5 - - \
PortC lon = —100 uA 24 - - \
Port A and C loL = 1.6 mA - - 04 \2
Output “Low" Voltage Port B VoL loL =3.2mA - - 04 \J
loL = 10 mA - - 1.0 \
Input “High’" Voltage Port A, B, C, VIH 20 - Vee Vv
Input “Low" Voltage | and D* Vi -03 - 0.8 v
= ! - - A
Port A Vin = 0.8V 500 K
input Leak Current I Vin =2V -300 - - MA
::;t g - C Vin = 0.4V~ V¢ - 20 - 20 HA
T Port D**
Input “High’’ Voltage (Do ~ D¢) ViH - VrH+0.2 —_ v
PP Port D**
Input “Low” Voltage (Do ~ D¢) ViL - VTty-0.2 -—
Threshold Voltage Port D**(D;) Vi 0 — 0.8xVee \
* Port D as digital input
** Port D as analog input
TTL Equiv. (Port B) TTL Equiv. (Port A and C)
Vee Vee
li=3.2mA 1.2k ) li=16mA P24k
Test Point - Test Point
O- ¢ L 4 o 4 ' 4 —i¢
Vi l Vi l
40 pF 12k 30pF <24 k92
-
{NOTE) 1. Load capacitance includes the floating capacitance of tha probe and the jig etc.

2. Al diodes are 152074 @ or equivalent, .

Figure 1 Bus Timing Test Loads

s SIGNAL DESCRIPTION

The input and output signals for the MCU shown in PIN
ARRANGEMENT are described in the following paragraphs.
® Vee and Vgg

Power is supplied to the MCU using these two pins. Ve
is +5.25V 20,5V. Vg is the ground connection.
o INT

This pin provides the capability for applying an external
interrupt to the MCU Refer to INTERRUPTS for additional
information.
® XTAL and EXTAL

These pins provide control input for the on-chip clock
circuit, A crystal (AT cut, 4 MHz maximum) or a resistor can be
connected to these pins to provide the internal oscillator with
varying degrees of stability. Refer to INTERNAL OSCIL-

GO HITACHI

LATOR OPTIONS for recommendations about these inputs.

e TIMER

This pin allows an external input to be used to decrement
the internal timer circuitry. Refer to TIMER for additional
information about the timer circuitry.

& RES

This pin allows resetting of the MCU at times other than
the automatic resetting capability already in the MCU. Refer
to RESETS for additional information.

o NUM
This pin is not for user application and should be connected

to ground.
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o Input/Output Lines (A, ~ A,,B, ~B,,Co, ~C,)

These 24 lines are arranged into three 8-bit ports (A, B and
C). All lines are programmable as either inputs or outputs under
software control of the data direction registers. Refer to IN-
PUTS/OUTPUTS for additional information.

® Input Lines (D, ~ D,)

These are 8-bit input lines, which has two functions. Firstly,
these become TTL compatible inputs, by reading $003 address.
The other function of them is 7 Voltage comparators, by read-
ing $007 address. Please refer to INPUT PORT for more detail.

= MEMORY

The MCU memory is configured as shown in Figure 2. During
the processing of an interrupt, the contents of the MCU regi-
sters are pushed onto the stack in the order shown in Figure 3.
Since the stack pointer decrements during pushes, the low order
byte (PCL) of the program counter is stacked first; then the
high order four bits (PCH) are stacked. This ensures that the
program counter is loaded correctly as the stack pointer in-
crements when it pulls data from the stack. A subroutine call
will cause only the program counter (PCH, PCL) contents to
be pushed onto the stack.

7 0 7 6 5 4 3 2 1 0
000 $000
0 Port A $000
1/0 Ports Timer ot B
RAM (128 Bytes) ! ort $001
127 $07F 2 Port C $002
128
$0g0 3 Port D {digital) $003"*
4 Port A DDR $004*
5 Port 8 DDR $005*
ROM
(3840 Bytes) 6 Port C DDR $006*
7 Port D (analog) $007**
8 Timer Data Reg. $008
9 Timer CTRL Reg. $009
3367 peliy 10 $00A
3968 $F80
Self-test Not Used (22 Bytes)
4087 $FF7 3t 01
F
4088 $FF8 32
$020
Interrupt RAMS(SskBytes)
Vectors tac
(8 Bytes) 127 [ $07F
* Write only registers
4095 $FFF ** Read only register
Figure 2 MCU Memory Configuration
7 0
7 6 5 4 3 2 1 0
Pull [ A I Accumulator
Condition
n-4 111 Code Register | "*! 7 o
n-3 Accumulator n+2 [ X I Index Register
1 0
n-2 Index Register n+3 L PC l Program Counter
n-1 11 1 1 1] PcHe n+4 J 22 2
Io[olololo[ 1I1I SP ]StackFoimer
n PCL* n+5

Push
* For subroutine calls, only PCH and PCL are stacked.

Figure 3 Interrupt Stacking Order
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| H I ! I N | z ICI Condition Code Register
[—- Carry/Borrow

Zero

Negative

Interrupt Mask

Half Carry
Figure 4 Programming Model
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» REGISTERS

The MCU has five registers available to the programmer.
They are shown in Figure 4 and are explained in the following
paragraphs.
® Accumulator (A)

The accumulator is a general purpose 8-bit register used to
hold operands and results of arithmetic calculations or data
manipulations.
® [ndex Register (X)

The index register is an 8-bit register used for the indexed
addressing mode. It contains an 8-bit address that may be added
to an offset value to create an effective address. The index
register can also be used for limited calculations and data
manipulations when using read/modify/write instructions. When
not required by a code sequence being executed, the index
register can be used as a temporary storage area,
® Program Counter (PC)

The program counter is a 12-bit register that contains the
address of the next instruction to be executed.
® Stack Pointer (SP)

The stack pointer is a 12-bit register that contains the address
of the next free location on the stack. Initially, the stack point-
er is set to location $O7F and is decremented as data is being
pushed onto the stack and incremented as data is being pulled
from the stack. The six most significant bits of the stack pointer
are permanently set to 0000011. During an MCU reset or the
reset stack pointer (RSP) instruction, the stack pointer is set
to location $07F. Subroutines and interrupts may be nested
down to location $061 which allows the programmer to use up
to 15 levels of subroutine calls.
® Condition Code Register (CC)

The condition code register is a 5-bit register in which each
bit is used to indicate or flag the results of the instruction just
executed. These bits can be individually tested by a program
and specific action taken as a result of their state, Each indi-
vidual condition code register bit is explained in the following
paragraphs.

o Half Carry (H)
Used during arithmetic operations (ADD and ADC) to

indicate that a carry occurred between bits 3 and 4.
e Interrupt (1)

This bit is set to mask the timer and external interrupt (INT).
If an interrupt occurs while this bit is set it is latched and will be
processed as soon as the interrupt bit is reset.
® Negative (N)

Used to indicate that the result of the last arithmetic, logical
or data manipulation was negative (bit 7 in result equal to a
logical one).
® Zero (2)

Used to indicate that the result of the last arithmetic, logical
or data manipulation was zero.
® Carry/Borrow (C)

Used to indicate that a carry or borrow out of the arithmetic
logic unit (ALU) occurred during the last arithmetic operation.
This bit is also affected during bit test and branch instructions,
shifts, and rotates.

= TIMER

The MCU timer circuitry is shown in Figure 5. The 8-bit
counter is loaded under program control and counts down to-
ward zero as soon as the clock input is applied. When the timer
reaches zero the timer interrupt request bit (bit 7) in the timer
control register is set. The MCU responds to this interrupt by
saving the present MCU state in the stack, fetching the timer
interrupt vector from locations $FF8 and $FF9 and executing
the interrupt routine. The timer interrupt can be masked by
setting the timer interrupt mask bit (bit 6) in the time control
register. The interrupt bit (I bit) in the condition code register
will also prevent a timer interrupt from being processed.

The clock input to the timer can be from an external source
applied to the TIMER input pin or it can be the internal ¢,
signal. Note that when the ¢, signal is used as the source it can
be gated by an input applied to the TIMER input pin allowing
the user to easily perform pulse-width measurements. The
source of the clock input is one of the options that has to be
specified before manufacture of the MCU. A prescaler option
can be applied to the clock input that extends the timing
interval up to a maximum of 128 counts before being applied to

' ]

|
(Internal) H Prescaler
1
bapad  [20] 2t 97 93 28 25 ¢
(> hd rE==I=I=-F-F-3-7
Timer H 1
Input ] :
Pin L N
r.-----: Time [ ] .
Out Ti
! ) imer
: H 8-Bit Counter Interrupt Req.
:. _: Timer
seeeed Interrupt Mask
Manufacturing
Mask Options N
Tl
. Timer
Write Read U | Contro! Register
S
E
D

Figure 5 Timer Block Diagram
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the counter. This prescaling option must also be specified before
manufacturing begins. The timer continues to count past zero
and its present count can be monitored at any time by monitor-
ing the timer data register. This allows a program to determine
the length of time since a timer interrupt has occured and not
disturb the counting process.

The Timer Data Register is 8-bit Read/Write Register with
address $008 on Memory-Map. This Timer Data Register and
the prescaler are initialize with all logical ones at Reset time.

The Timer Interrupt Request bit (bit 7 of Timer Control
Register) is set to one by hardware when timer count reaches
zero, and is cleared by program or by hardware reset. The bit 6
of Timer Control Register is writable by program. Both of those
bits can be read by MPU.

® SELF CHECK

The self check capability of the MCU provides an internal
check to determine if the part is functional. Connect the MCU
as shown in Figure 6 and monitor the output of port C bit 3 for
an oscillation of approximately three hertz.

= RESETS

The MCU can be reset three ways: by initial powerup, by
the external reset input (RES) and by an internal low voltage
detect circuit, (mask option) see Figure 7. All the 1/O port are
initialized to Input mode (DDR’s are cleared) during RESET.

Upon power up, a minimum of 100 milliseconds is needed
before allowing the reset input to go “High”.

This time allows the internal crystal oscillator to stabilize.
Connecting a capacitor to the RES input as shown in Figure 8
will provide sufficient delay.

3 |iNT A, |40
Al 39
2 |RES Al 38
L 2.2uF Al 37
;’T 5 |XTAL Al 36
A,]135
6 [EXTAL A ]34
Al 33
o ofmmen nHoS
2132
7 |NUM B,| 31
Vee _’J; B,| 30
B,| 28
B,|28
8|27
8|26
B,| 25
Vec=Pin4 * Refer to Figure 9 about crystal option
Vss = Pin1 Figure 6 Self Check Connections
LVR LVt LVR
Vee
ov

“Dip’* inPower

” AT

> tRHL[E

TRHL

tnternal
Reset

Figure 7 Power Up and RES Timing
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= INTERNAL OSCILLATOR OPTIONS 3
220 k2 2 The internal oscillator circuit has been designed to require a
Vee _‘/\/\/\’R——E;_—l 22uF minimum of external components. The use of a crystal (AT cut,
?)__ ’ 4 MHz max) or a resistor is sufficient to drive the internal

oscillator with varying degrees of stability. A manufacturing

mask option is available to provide better matching between
‘;‘5‘6‘;{,5\,, the external components and the internal oscillator. The differ-
MCcU ent connection methods are shown in Figure 9. Crystal specifi-
cations are given in Figure 10. A resistor selection graph is given
in Figure 11,

Figure 8 Power Up Reset Delay Circuit

6 |EXTAL
N —
4 MHz P} HD6805V1
max 5| xTAL  HD6805V1 XTAL MCU
MCuU
22pF:20%_.;}r_
Crystal Approximately 25% Accuracy
External: Jumper
Vee
6|EXTAL 1\—'\/\/\r—e EXTAL
R
External 5| xTAL HD6805V1 s| xTAL HDG(B:OSV1
Clock Mcu N meu
Input °
Py Connection
External Clock Approximately 15% Accuracy
External Resistor
CRYSTAL OPTIONS RESISTOR OPTIONS

Figure 9 Internal Oscillator Options

XTAL < *— EXTAL
5 C 6
|
]

c, ‘\
4 Vee =5.25V_ | #
060 VVYV Ta=25°C g
.

|
|
AT — Cut Parallel Resonance Crystal
C, = 7 pF max.

f=4MHz
Rg = 60 2 max. \'

Figure 10 Crystal Parameters b

Frequency (MHz)

] 5 10 15 20 25 30 35 40 45 50
Resistance (kQ)

Figure 11 Typical Resistor Selection Graph
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1-1
7F =SSP
0 ->DDR’s
‘CLR INT Logic
FF — Timer
7F — Prescaler
7F »TCR

Load PC From
Reset: FFE, FFF

Data
— Direction

3

Stack
PC, X, A, CC
11
Load PC From
SWI: FFC, FFD
iNT: FFA, FFB
TIMER: FF8, FF9
Fetch
Instruction
Y SWI
N
Execute
Instruction
Ly

Figure 12 Interrupt Processing Flowchart

Register Bit

» Output

— o

Data Bit

Input
Reg Bit

Figure 13 Typical Port 1/0 Circuitry

Output 1/0 Pin
Data
Direction Output Output Input to
Register Data Bit State MCu
Bit
1 0 0 0
1 1 1 1
1] X 3-State Pin
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8 INTERRUPTS

The MCU can be interrupted three different ways: through
the external interrupt (INT) input pin, the internal timer inter-
rupt request, and a software interrupt instruction (SWI). When
any interrupt occurs, processing is suspended, the present MCU
state is pushed onto the stack, the interrupt bit (I) in the condi-
tion code register is set, the address of the interrupt routine is
obtained from the appropriate interrupt vector address, and the
interrupt routine is executed. The interrupt service routines
normally end with a return from interrupt (RTI) instruction
which allows the MCU to resume processing of the program
prior to the interrupt. Table 1 provides a listing of the inter-
rupts, their priority, and the vector address that contain the
starting address of the appropriate interrupt routine.

A flowchart of the interrupt processing sequence is given
in Fig. 12.

Table 1 Interrupt Priorities

Interrupt Priority Vector Address
RES 1 $FFE and $FFF
SWI 2 $FFC and $FFD
INT 3 $FFA and $FFB

TIMER 4 $FF8 and $FF9

s INPUT/OUTPUT

There are 24 input/output pins. All pins are programmable
as either inputs or outputs under software control of the data
direction registers. When programmed as outputs, all 1/O pins
read latched output data regardless of the logic level at the

output pin due to output loading (see Fig. 13). When port B is,

Port A

.
.
.
.
.
L
L]
.
A

Port A Programmed as output(s) driving CMOS and TTL Load directly.
(a)

w
°

Port B
10 mA max

XXX XYY Y

o
>

Port B Programmed as output(s) driving LED(s) directly.
(e)

Port B

programmed for outputs, it is capable of sinking 10 millamperes
on each pin (Vo = 1V max). All input/output lines are TTL
compatible as both inputs and outputs. Port A lines are CMOS
compatible as outputs while port B and C lines are CMOS com-
patible as inputs. Figure 14 provides some examples of port
connections.

s INPUT

Port D is 8-bit input port, which has two functions. One of
them is usual digital signal input port and the other is voltage
compare type input port. In the former case, the input data
can be read by MPU at $003 address. In the latter case, D,
(pin 17) is the input pin of Vy (reference level), and the other
seven input pins (Do ~ Dg) are analog level inputs, which are
compared with Vry (see Figure 15(a), (b)).

“1” or “0” signals appear at internal data bus, if the input
levels are higher or lower respectively when $007 address is
read. This function is effective in such case that unusual logic
level inputs are used. A capacitive touch panel interface and
a diode isolated keyboard interface are the examples. Figure
15(c) shows the application of Port D to A/D converter, and
Figure 15(d) shows 3 levels inputs.

s BIT MANIPULATION

The MCU has the ability to set or clear any single random
access memory or input/output bit (except the data direction
registers) with a single instruction (BSET, BCLR). Any bit in
the page zero read only memory can be tested, using the BRSET
and BRCLR instructions, and the program branches as a result
of its state. This capability to work with any bit in RAM, ROM
or I/O allows the user to have individual flags in RAM or to
handle single I/O bits as control lines. The example in Figure 16
illustrates the usefulness of the bit manipulation and test

o
°

o
<

Port B Programmed as output(s} driving Darlington base directly-
(b)

+V

o

Port C CMOS Inverter

O ®eesceee

<

Port C Programmed as output(s) driving CMOS using external pull-up
resistors. (d)

Figure 14 Typical Port Connections
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instructions. Assume that bit O of port A is connected to a zero

crossing detector circuit and that bit 1 of port A is connected to

the trigger of a TRIAC which power the controlled hardware.
This program, which uses only seven ROM locations, pro-

Internal Bus

$003 Read input Port

N

$007 Read +

03 Read
so Input Port {D4)

(BitO ~ Bit6)
Internal Bus
(Bit 7)
D,
Reference Level
D
s Analog Ihput 6
Port
D
D
2 Analog Input O
L

(b) Seven analog inputs and a reference level input of Port D

‘—/
Vru (=3.5V)
DO
3 Levels Input 6
Port
D

D,
j———3 Levels Input 0

(d) Application to 3 levels input

~

(a) The logic configuration of Port D

e (Do~ Dg)

vides turn-on of the TRIAC within 14 microseconds of the zero
crossing. The timer could also be incorporated to provide turn-
on at some later time which would permit pulse-width modula-
tion of the controlled power.

C,
Port °
c MW\
Control Pulse _-,,;_
D,
D, C
P%"f |- Analog tnput 6 ° L
S -_i/
D, D. N
L Analog Input 0 ’
/ (c) Application to A/D convertor
Input
Voltage ($003) ($007)
oV ~ 0.8V 0 0
20V ~ 3.3V 1 0
3.7V ~ Ve 1 1

Figure 15 Configuration and Application of Port D
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SELF 1 BRCLR 0, PORT A, SELF 1
BSET 1, PORT A

BCLR 1, PORT A

Figure 16 Bit Manipulation Example

= ADDRESSING MODES

The MCU has ten addressing modes available for use by the
programmer. They are explained and illustrated briefly in the
following paragraphs.
® Immediate

Refer to Figure 17. The immediate addressing mode accesses
constants which do not change during program execution. Such
instructions are two bytes long. The effective address (EA) is
the PC and the operand is fetched from the byte following the
opcode.
® Direct

Refer to Figure 18. In direct addressing, the address of the
operand is contained in the second byte of the instruction.
Direct addressing allows the user to directly address the lowest
256 bytes in memory. All RAM space, 1/O registers and 128
bytes of ROM are located in page zero to take advantage of this
efficient memory addressing mode.
® Extended

Refer to Figure 19. Extended addressing is used to reference
any location in memory space. The EA is the contents of the
two bytes following the opcode. Extended addressing instruc-
tions are three bytes long.
® Relative

Refer to Figure 20. The relative addressing mode applies only
to the branch instructions. In this mode the contents of the
byte following the opcode is added to the program counter
when the branch is taken. EA=(PC)+2+Rel. Rel is the contents
of the location following the instruction opcode with bit 7
being the sign bit. If the branch is not taken Rel=0, when a
branch takes place, the program goes to somewhere within the
range of +129 bytes to -127 of the present instruction. These
instructions are two bytes long.
® Indexed (No Offset)

Refer to Figure 21. This mode of addressing accesses the
lowest 256 bytes of memory. These instructions are one byte
long and their EA is the contents of the index register.
® Indexed (8-bit Offset)

Refer to Figure 22. The EA is calculated by adding the
contents of the byte following the opcode to the contents of
the index register. In this mode, 511 low memory locations are
accessable. These instructions occupy two bytes.
® [Indexed (16-bit Offset)

Refer to Figure 23. This addressing mode calculates the EA
by adding the contents of the two bytes following the opcode
to the index register. Thus, the entire memory space may be
accessed. Instructions which use this addressing mode are three
bytes long.

HD6805V1

e Bit Set/Clear

Refer to Figure 24. This mode of addressing applies to
instructions which can set or clear any bit on page zero. The
lower three bits in the opcode specify the bit to be set or
cleared while the byte following the opcode specifies the
address in page zero.
o Bit Test and Branch

Refer to Figure 25. This mode of addressing applies to
instructions which can test any bit in the first 256 locations
($00-$FF) and branch to any location relative to the PC. The
byte to be tested is addressed by the byte following the opcode.
The individual bit within that byte to be tested is addressed by
the lower three bits of the opcode. The third byte is the relative
address to be added to the program counter if the branch condi-
tion is met. These instructions are three bytes long. The value of
the bit tested is written to the carry bit in the condition code
register.
® |mplied

Refer to Figure 26. The implied mode of addressing has no
EA. All the information necessary to execute an instruction is
contained in the opcode. Direct operations on the accumulator
and the index register are included in this mode of addressing.
In addition, control instructions such as SWI, RTI belong to this
group. All implied addressing instructions are one byte long.

a INSTRUCTION SET

The MCU has a set of 59 basic instructions. They can be
divided into five different types: register/memory, read/modify/
write, branch, bit manipulation, and control. The following
paragraphs briefly explain each type. All the instructions within
a given type are presented in individual tables.
® Register/Memory Instructions

Most of these instructions use two operands. One operand is
either the accumulator or the index register. The other operand
is obtained from memory using one of the addressing modes.
The jump unconditional (JMP) and jump to subroutine (JSR)
instructions have no register operand. Refer to Table 2.
® Read/Modity/Write Instructions

These instructions read a memory location or a register,
modify or test its contents, and write the modified value back
to memory or to the register. The test for negative or zero
(TST) instruction is an exception to the read/modify/write
instructions since it does not perform the write. Refer to Table
3.
® Branch Instructions

The branch instructions cause a branch from the program
when a certain condition is met. Refer to Table 4.
® Bit Manipulation Instructions

These instructions are used on any bit in the first 256 bytes
of the memory. One group either sets or clears. The other group
performs the bit test and branch operations. Refer to Table 5.
o Control Instructions

The control instructions control the MCU operations during
program execution. Refer to Table 6.
e Alphabetical Listing

The complete instruction set is given in alphabetical order in
Table 7.
® Opcode Map

Table 8 is an opcode map for the instructions used on the
MCU.
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EA
Memory I J
———
4 1
] ]
! ' Adder
YA A
]
Index ef.
Stack Point
' 1
- : { ] _
PROG LDA #$F8 05BE A6 Prog Count
05BF F8 | 05C0 H
cC
|
]
! '
]
.
Figure 17 Immediate Addressing Example
] EA
Memory I 0048 ]
f =
' 1
' 1
: : Adder
’ 1 /\
[) A
Index Reg
H H Stack Point
PROG LDA CAT 0520 B6 L I ]
052€ 48 Prog Count
l 052F ]
cC
1
! i
! L}
H '
1 1
| SO

Figure 18 Direct Addressing Example
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Jea

Memory I 06E5 I
1 h
' 1
! Adder
0000
H A
- w ]
PROG LDA CAT 0409 Cc6 ——
ndex Reg
040A 06 ]
0408 ES
Stack Point
: . l | ]
] 1 Prog Count
CAT FCB 64  O0BES 40 ; | 040C |
CcC
1]
' [
———————d
Figure 19 Extended Addressing Example
EA
Memory l [0Z: Tox N l
L} 1.
! ]
! L
Adder
/\ -
Index Reg
o J- [ ]
) Stack Point
]
' oo L [ l
PROG BEQ PROG2 04A7 27 Prog Count
04A8 18 04C1 ]
CcC

] [}
| S —

Figure 20 Relative Addressing Example
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EA
Memory I 00B8
H )
] ]
: : Adder
] ' /\
A
0000
TABL FCC/LI/00B8 ac ’! 4c I
49 Index Reg
88
1 Stack Point
PROG LDA X O05F4 F6 l J
Prog Count
05F5 ]
cc
. 1
| ]
[ I———
Figure 21 Indexed (No Offset) Addressing Example
| ea
Memory r 008C
T 1
H '
! I
Adder
TABL FCB  #BF 0089 BF /\
FCB #86 008A 86 A
FCB #DB 008B 08 ‘{ CF I
FcB #CF  008C CF ‘ Index Reg
. [ o3 ]
' [l
Stack Point
PROG LDA TABL. X 0758 E6 l l
075C 89
Prog Count
075E |
CcC
]
]
' ]
—_

Figure 22 Indexed (8-Bit Offset) Addressing Example
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Memory 0780 ]
T )
]
' '
Adder
N e N
Index Reg
1 02
PROG LDA TABL. X 0692 D6 Stack Point
0693 07 1 | | ]
0694 7E J Prog Count
| 0695 ., 1
H . cc
TABL FCB #BF  077E BF :
FCB  #86 O77F 86
FCB #DB 0780 DB
FCB #CF 0781 CF
1 1
] !
[ S —
Figure 23 Indexed (16-Bit Offset) Addressing Example
EA
Memory 0001
|
)
H Adder
PORTB EQU 1 0001 BF \}
Clear ¢
Bit | A
Index Reg
)
PROG BCLR 6.PORT B 058F 10 Stack Point
0590 01 | | |
Prog Count
{ 0591 1
'
I
'
]
| IO ——

Figure 24 Bit Set/Clear Addressing Example
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] EA
Memory I 0002 l
H L}
[ 1
' 1 Adder
PORTC EQU 2 0002 FO T "\ A
7 ]
2 Index Reg
0000
: p Stack Point
' - I | ]
PROG BRCLR 2. PORT C. PROG 2 0574 05 Prog Count
0575 02 0000 0594 I

0576 1D CcC
on ] 1]
] 1

N

Adder

(] ]
|

Figure 25 Bit Test and Branch Addressing Example

ea

Memory I ) I

! Adder

N

A

Index Reg
i [ e |
Stack Point
PROG TAX 06BA 97 [ I l

Prog Count
| 0588 |
cc

! ]

|

Figure 26 Implied Addressing Example
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Table 2 Register/Memory Instructions

Addressing Modes
. . . " Indexed Indexed Indexed
Function Mnemonic Immediate Dirsct Extended (No Offset) (8:Bit Offset) (16-Bit Offset)
Op # # | Op # # | Op # # | Op # # | Op # # | Op # #
Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes [Cycles | Code | Bytes | Cycles [ Code | Bytes | Cycles | Code | Bytes | Cycles

Load A from Memory LDA A6 2 2 B6 2 4 C6é 3 5 F6 1 4 E6 2 5 D6 3 6
Load X from Memory LDX AE 2 2 BE 2 4 CE 3 5 FE 1 EE 2 5 DE 3 6
Store A in Memory STA - - - 87 2 5 c7 3 -6 F7 1 5 E7 2 6 D7 3 7
Store X in Memory STX - - - 8F 2 5 CF 3 6 FF 1 5 EF 2 6 DF 3 7
Add Memory to A ADD A8 2 2 8B 2 4 cB | 3 5 FB 1 4 EB 2 5 DB 3 6
Add Mamory and ADC as| 2| 2 |ee| 2| 4 |co| 3|5 |rFra| 1| 4 |E9| 2|5 |Da| 3| &
Carry to A
Subtract Memory sus AQ 2 2 80 2 4 co 3 5 FO 1 4 ] 2 5 DO 3 6
Subtract Memory from
A with Borrow SBC A2 2 2 B2 2 4 c2 3 5 F2 1 4 E2 2 5 D2 3 6
AND Memory to A AND A4 2 2 B4 2 4 C4 3 5 F4 1 4 €4 2 5 D4 3 6
OR Memory with A ORA AA 2 2 BA 2 4 CA 3 5 FA 1 4 EA 2 5 DA 3 6
Exclusive OR Memory | ¢5q a8| 2 | 2 |sa|{ 2| 4 |c8| 3|5 |F8| 1| 4 |e8| 2|5 |D8| 3| 6
with A
Arithmetic Compare A |y arl 20 20l 27 alalalsiml s ajer]2]s5!lo1|3l]es
with Memory
Arithmetic Compare X | cpy Aa3| 2| 2 |83 | 2| 4 {c3| 3| s |Fma| 1| 4 |E3| 2|5 |D3| 3] 6
with Memory -
Bit Test Memory with A} g7 as| 2| 2 |Bs| 2| 4 |cs| 3 | s |Fs| 1| 4 |ES| 2| 5 |DE| 3 | 6
{Logical Compare}
Jump Unconditionat JMP - - - BC 2 3 cc 3 4 FC 1 3 EC 2 4 DC 3 5
Jump to Subroutine JSR - - - 8D 2 7 CcD 3 8 FD 1 7 ED 2 8 DD 3 9

Table 3 Read/Modify/Write Instructions

Addressing Modes
Function Mnemonic |  Implied (A) implied (X) Direct "l';"g’f‘:;o w_;;"g‘;‘:m

Op | # # Op # # Op # # Op # # Op | # #

Code | Bytes | Cycles | Code | Bytes| Cycles| Code | Bytes| Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles
Increment INC 4C 1 4 5C 1 4 3C 2 6 7C 1 6 6C 2 7
Decrement DEC 4A 1 4 5A 1 4 3A 2 6 7A 1 6 B8A 2 7
Clear CLR 4F 1 4 SF 1 4 3F 2 6 7F 1 6 6F 2 7
Complement COM 43 1 4 53 1 4 33 2 6 73 1 6 63 2 7
:;?aé:mpumm 1) NEG 40 1 4 50 1 4 30 2 6 70 1 6 60 2 7
Rotate Left Thru Carry ROL 49 1 4 59 1 4 39 2 6 79 1 6 69 2 7
Rotate Right Thru Carry| ROR 46 1 4 56 1 4 36 2 6 76 1 6 66 2 7
Logical Shift Left LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Logical Shift Right LSR 44 1 4 54 1 4 34 2 6 74 1 6 64 2 7
Arithmetic Shift Right ASR 47 1 4 57 1 4 37 2 6 77 1 6 67 2 7
Arithmetic Shift Left ASL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
;::; for Negative or ST 0| 1t | a |sop| 1| ala| 2|6 |m| 1|6 |60 2]7
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Table 4 Branch Instructions

Relative Addressing Mode

Function Mnemonic Op # #
Code Bytes Cycles

Branch Always BRA 20 2 4
Branch Never BRN 21 2 4
Branch IF Higher BHI 22 2 4
Branch IF Lower or Same BLS 23 2 4
Branch IF Carry Clear BCC 24 2 4
{Branch IF Higher or Same) (BHS) 24 2 4
Branch IF Carry Set BCS 25 2 4
(Branch IF Lower) (BLO) 25 2 4
Branch |F Not Equal BNE 26 2 4
Branch IF Equal BEQ 27 2 4
Branch |F Half Carry Clear BHCC 28 2 4
Branch IF Half Carry Set BHCS 29 2 4
Branch IF Plus BPL 2A 2 4
Branch IF Minus BM! 2B 2 4
Branch IF Interrupt Mask Bit is Clear BMC 2C 2 4
Branch IF Interrupt Mask Bit is Set BMS 20 2 4
Branch IF Interrupt Line is Low BiL 2E 2 4
Branch IF Interrupt Line is High BIH 2F 2 4
Branch to Subroutine BSR AD 2 8

Table 5 Bit Manipulation Instructions

Addressing Modes
Function Mnemonic Bit Set/Clear Bit Test and Branch
Op # # Op # #
Code Bytes Cycles Code Bytes Cycles
Branch IF Bit n is set BRSET n (n=0 ..... 7) — - - 2:n 3 10
Branch IF Bit n is clear BRCLR n (n=0.....7) - - - 01+2'n 3 10
Set Bit n BSETn (n=0 ..... 7) 10+2°n 2 - - -
Clear bit n BCLR n (n=0.....7) 1142¢n 2 - - -
Table 6 Control Instructions
. . Implied
Function Mnemonic op ¥ #
Code Bytes Cycles
Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SEI 98 1 2
Clear interrupt Mask Bit CLI 9A 1 2
Software Interrupt SWi 83 1 11
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2
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Table 7 Instruction Set

Addressing Modes Condition Code

Inde xed Bit Bit

Indexed | Indexed
N (No ] . Set/ | Test &
tended | lative Offset) (8 Bits) { (16 Bits) Clear | Branch

Mnemonic Imme- Direct Ex- Re-
diate

I

P-4
N
(2]

Implied

X X

ADC X

ADD X

AND X

ASL

X X [ x|x|x

X % [ x| x

X | X [x|[Xx|X
x

ASR

BCC X

BCLR X

BCS

BEQ

BHCC

BHCS

BHI

BHS

BiH

X Ix [X [ X Ix|x]|X|x

BIL

BIT X X X x X X

BLO

BLS

BMC

BMI

BMS

BNE

BPL

BRA

BRN

BRCLR X

BRSET X

BSET X

BSR X

CLC X

CLI X

CLR X

CMP X

COoM X

CPX X

DEC X

EOR X

INC b3

JMP

JSR

[ ZEEE AR BL AR R AN BN R BI-AK BT AR BE BN B BE B AN BE B B B B B NI B B R B R BR R B B B BT B S uK )

LDA

x x| x[%]x]x]|x]|x
o|e/eje /oo 0/0o/o|0o/0/e (o o0 0o eje(oe|o/eje e o0oe(ee(o/oo/e/o|e|eio|o|e|e|>]|>
SI>|e|e[>I>I>[>I>>c(e|e|eje|e|e|ee|e|e/e|ee|jo/e|>(o(e|e|ejo|ojo|e]eie|>[>|>>]>
S(>|eie|>(>|>>|>>|—|eje|e|eje|e|e /e e e/e eje|efe|>0/e(e/oio e|eje]efesinisIs|s
oo 000 iofe|>|=|>i0le|0jefe|>(>0|e(e(e(e e e/o|e/ojoie oeje/oje(o]eie|s>e]s(>

XX [ X X ]| X [x |X[X|x|[x}|x
x

X | % |l > |x]|x]x|x]|x

[ [ > [x| > Ix[>x|x]|x]|x]|x
x

X [ X[ x|Xx
X |IX|IXx|x

LDX °

Condition Code Symbols: (to be continued)

H  Half Carry {From Bit 3) C Carry Borrow
i Interrupt Mask /A  Testand Set if True, Cleared Otherwise
N Negative {Sign Bit} ° Not Affected

Z Zero
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Table 7 instruction Set

Addressing Modes Condition Code
Indexed Bit Bit

Mnemonic | Implied | "0Me" | pirget | EX- | Re- o Py P Set/ | Test& |H | 1[N |Z |C
LSL X X e | |A[A]|A
LSR X X ® | |0 |A]A
NEG x X e |0 (A|AIA
NOP X o (oo 0|0
ORA X X X x x X e (o | A[A]®
ROL X X X e |0 ATAIA
ROR X X X o (el A|AIA
RSP X e (oelo |0 (e
RTI X 242l 2?7 4?
RTS x e o o 0 e
SBC x X X X X X e e | A|AIA
SEC X e (o o0 |1
SEI e (1 (e e 0
STA x o || AjA|e®
STX X o |0 |AAfe®
SUB X X X o o | A|A|A
SWI X o |1 |o |0 |e@
TAX X o o /oo e
TST X x X X e (0o|A|A]®
TXA X e (oo |0 |0

Condition Code Symbols:

H  Half Carry (From Bit 3} C  Carry/Borrow
| Interrupt Mask /A Test and Set if True, Cleared Otherwise
N Negative {Sign Bit) e Not Affected
Z Zero ? Load CC Register From Stack
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Bit Manipulation | Branch Read/Modify/Write Control Register/Memory
_g;ai:c&h Set/ | Rel |DIR | A x | Xt | xo | | Mp |[iMm | DIR |ExT | X2 | X1 | xo
4] 1 2 3 4 5 6 7 8 9 A B [ D E F « HIGH
O | BRSETO | BSETO [ BRA NEG RTI* ~ sus 0
1 | BRCLRO | BCLRO | BRN - RTS* - CMmP 1
2 | BRSET1 | BSET1 | BHI — — - SBC 2
3 | BRCLR1 | BCLR1 | BLS COM SWI* - CPX 3 L
4 |BRSET2 | BSET2 | BCC LSR — — AND 4 O
5 | BRCLR2 | BCLR2 | BCS - — - BIT 5 W
6 | BRSET3 | BSET3 | BNE ROR - - LDA 6
7 | BRCLR3 | BCLR3 | BEQ ASR - TAX — STA(+1) 7
8 | BRSET4 | BSET4 | BHCC LSL/ASL - CLC EOR 8
9 [BRCLR4 { BCLR4 | BHCS ROL — SEC ADC 9
A | BRSET5 | BSET5 | BPL DEC — cLi ORA A
B |[BRCLR5 | BCLRS | BMI - - SEI ADD B
C |BRSET6 [ BSET6 | BMC INC - RSP — JMP({-1) C
D |BRCLR6 | BCLR6 | BMS TST - NOP | BSR* JSR(-3) D
E |[BRSET7 |BSET7 | BIL — - - LDX E
F |BRCLR?7 | BCLR7 | BIH CLR - TXA - STX(+1) F
310 | 217 24 206 [ 1a [ w4 27 T | vy [z [22 [ 24 [35 [356 [25 [1/4
(NOTE) 1. Undefined opcodes are marked with *'—"'.
2. The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles).
Mnemonics followed by a “#** require a different number of cycles as follows:
N
Swi 11
BSR 8
3. } indicate that the number in parenthesis must be added to the cycle count for that instruction.
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MCU (Microcomputer Unit)

The HD6805WO is an 8-bit microcomputer unit (MCU)
which contains a CPU, on-chip clock, ROM, RAM, standby
RAM, A/D Converter, I/O and two timers. This MCU is a mem-
ber of the HD6805 family but compared with HD680S5S, it is a
single-chip microcomputer with strengthened internal functions
of standby RAM, A/D Converter, timers and 1/0.

The following are some of the hardware and software high-
lights of the MCU.

® HARDWARE FEATURES

® 8-Bit Architecture

96 Bytes of RAM

(8 bytes are standby RAM functions)

Memory Mapped |/0

3834 Bytes of User ROM

Internal 8-Bit Timer (Timer 1) with 7-Bit Prescaler
Internal 8-Bit Programmable Timer (Timer 2)

Interrupts — 2 External and 4 Timers

23 TTL/CMOS compatible 1/0 Lines; 8 Lines LED Direct
Drive

8-Bit, 4-channel Internal A/D Converter

internal Clock Circuit

Self-Check Mode

Master Reset

Low Voltage Inhibit

Complete Development System Support by Evaluation Kit
5 Vdc Single Supply

SOFTWARE FEATURES

Similar to HD6800

Byte Efficient Instruction Set

Easy to Program

True Bit Manipulation

Bit Test and Branch Instructions

Versatile Interrupt Handing

Powerful Indexed Addressing for Tables

Full Set of Conditional Branches

Memory Usable as Registers/Flags

Single Instruction Memory Examine/Change

10 Powerful Addressing Modes

All Addressing Modes Apply to ROM, RAM and 1/0
Compatible with MC6805P2, HD6805S1 and HD6805V 1

HD6805WOP

(DP-40)

® PIN ARRANGEMENT

INT, /D,
AN, /D,
AN, /Dy
AN, /Ds
AN, /D,

196 @ HITACHI

HDB805W0 8

AVce

AVss
VRH/Ds
V¢ Standby

(Top View)




= BLOCK DIAGRAM

TIMER TIMER-1 XTAL EXTAL (RAME) NUM INT, iNT>
P ler 1 Timer Data l
rescaler 8 Register 1
Miscellaneous
Timer Control Register 1 Oscillator 8 Register
Port B
/O Lines
TIMER-2 . 28
Accumulator H g p—=8
Prescaler 2 8 A k- & l—8,
7 CPU Control e, g l—s8,
Prescaler Control | | Index Register ] o¢ @ |8,
g Register 2 8 X R g fo— Bs
n oc a f—B¢
;vemies:e?azta e Condition Code f~— B,
8 Reg Register
Timer | cc CPU
8 Status Register 2
Stack Point Port C
0c) o g:;i;;t:;rco:mpare L 1 |s sp 1/0 Lines
s f——=C
e Input Capture Program Counter ,5 &3 e C?
IC) ——end " ¢ “High” - =
g Register 4 Hig PCH ALU || E N 5 f— gz
. o8 +—Cs
8 ;'e';'{’s';ecr%""o' = Program Counter =% g |- C.
8 “Low™ PCL ¢ S [+—C;s (IC)
Port A Cs {0OC)
1/0 Lines
Ag ]
Ay o 5 I I Port D
g ort
:’ = & | & 3834 x 8 96X 8 Input Lines
s=—1 & [ § | | ROM RAM e
A 2 | B8 T ~—— D, (INT;)
Aa—- < |03 t=—— D, (AN)
1 & a& Port [*=—— Ds (AN,)
A, ‘ Self Check D D3 (AN,)
ROM (RAME) V¢ Standby D4 (AN,)
Ds (VRH)
ADC Lines

{NOTE)

O HITACH!

AVss
I f———(VRH)

AVce

-

(ANo)
(AN;)
ADC [~ (AN3)
(ANs)
A/D Control
Status Register
8
A/D Result
Register

8

The contents of () items can be changed by software.
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= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee -0.3~+7.0 v
Input Voltage (EXCEPT TIMER) v -0.3~+7.0 \
Input Voltage (TIMER) " -0.3~ +15.0 v
Operating Temperature Topr 0 ~+70 °c
Storage Temperature Tstg -65 ~ +150 °c
(NOTE) This device has an input protection circuit for high quiescent voltage and field, however, be careful not
to impress a high input voltage than the insulation maximum value to the high input impedance circuit.
To insure normal operation, the following are recommended for Vi, and Vg¢:
Vgs £ (Vi or Voue) £ Vee
= ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (V¢c =5.25V £0.5V, Vgg = GND, Ta = 0 ~+70°C, unless otherwise noted.)
Item Symbol Test Condition min typ | max | Unit
RES 4.0 - | Vee \%
Input “"High’’ Voltage INT,, INT, 3.0 - | Vee v
All Others Viu 20 ~ | Vee v
Input “High” Voltage Ti Timer Mode 2.0 — | Vee \
u i o mer
put "H19 oe Self-Check Mode 90 | — [0 ]| v
RES -0.3 — 0.8 v
Input “Low’’ Voltage INT,, INT, ViL -0.3 - 08 v
All Others 0.3 - 08 v
(except XTAL)
Power Dissipation Pp — - 750 | mW
Low Voltage Recover LVR - — 4,75 \%
Low Voltage Inhibit LVi - 4.0 - \'/
TIMER -20 - 20 HA
Input Leak Current INT,, INT, I Vin=0.4V~V¢c -50 — 50 nA
XTAL(Crystal Mode) -1200 — 0 MA
N tion Ti \% 4.0 - Vv
Standby Voltage onoperation Time se8 c iy
Operation Time Vsg 4.75 - Vee
Standby Current Nonoperation Time Isga Vgpa=4.0V — - 3 mA
® AC CHARACTERISTICS (Vcc =5.26V 0.5V, Vgg = GND, Ta = 0 ~+70°C, unless otherwise noted.)
Item Symbol Test Condition min typ [ max | Unit
Clock Frequency ol 0.4 - 40 | MHz
Cycle Time teye 1.0 - 10 us
Oscillation Frequency (External Resister Mode) fexr Rep=15.0k2+1% 2.7 - 4.0 | MHz
= . tevet
INT Pulse Width tiwL 550 - — ns
SFe X +
ES Pulse Width tRwL téga — — ns
. +
TIMER Pulse Width trwe Sl - | - ns
A . . C_=22pF+20%
Oscillation Start-up Time (Crystal Mode) tosc Rg=60S max. - - 100 ms
Delay Time Reset tRHL External Cap. =2.2uF | 100 — — ms
EXTAL —_ - 35 pF
Input C: it C; Vin=0V
nput Lapacitance All Others in L — [ = [ 10| oF
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® PORT ELECTRICAL CHARACTERISTICS (Ve =5.25V +0.5V, Vgg = GND, Ta = 0 ~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
lon =-10 X - -
Port A oH e 35 v
lOH = -100 uA 24 - - \%
Output “High”" — ) _ _
utput “High’’ Voltage Port B Vou lon = -200 A 24 \")
lon = -1 mA 1.5 - - \Y
Port C lon = -100 A 24 - - Y
Ports Aand C lor = 1.6 mA — - 0.5 v
Output “Low’ Voltage Port B Voo loL =3.2mA — — 0.5 \4
loL =10 mA - - 1.0 Y
Input “High’’ Voltage Ports A, B, C Vin 2.0 . Vee Vv
Input ““Low” Voltage and D Viu -0.3 - 0.8 v
Port A Vin = 0.8V -500 - - MA
Input Leak Current b Vin =2V -300 — - HA
Ports B, C and D Vin=0.4V~Vc -20 - 20 HA

® A/D CONVERTER ELECTRICAL CHARACTERISTICS (V¢c =5.25V+0.5V, Vgg = AVgg = GMD, Ta=0 ~ +70°C, unless
otherwise noted.)

Item Symbol Test Condition min typ max Unit

Analog Power Supply

Voltage AVce 4,75 5.25 5.75 \

Analog Input Voltage AVin 0 - VaH \

Reference Voltage VaH 4.75V £Vcc £6.25V 4.0 - Vee \%
5.25V < Ve £56.75V 40 - 5.25 \Y

Analog Multiplexer Input

Capacitance : - - 75 pF

Resolution Power - 8 - Bit

Conversion Time at 4AMHz 76 76 76 teye

Input Channels 4 4 4 Channet

Absolute Accuracy - - *15 LSB
AV;,=5.0V, AVcc =4.75V, Ta=25°C,

Off-channel Leak Current On-channel AV, =0V - 10 100 nA

- - - o
Off-channel Leak Current AVip =0V, AVcc =4.75V, Ta=257C, -100 -10 - nA

On-channel  AV;,=5V
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TTL Equiv. (Port B)

Test Point

TTL Equiv. (Ports A, C and D)
Vee

2.4k

Ij=1.6mA

Test Point

{(NOTE) 1. Load capacitance includes the floating capacitance of the probe and the jig etc.
2. All diodes are 152074@® or equivalent.

Figure 1 Bus Timing Test Loads

® SIGNAL DESCRIPTION
The input and output signals for the MCU shown in PIN
ARRANGEMENT are described in the following paragraphs.

® Ve and Vgg
Voltage is supplied to the MCU using these two pins. Vg is
5.25V $0.5V. Vgg is the ground connection.

e INT,/INT,

This pin provides the capability for applying an external
interrupt to the MCU. Refer to INTERRUPTS for additional
information.

® XTAL and EXTAL

These pins provide control input for the on-chip clock cir-
cuit. A crystal (AT cut, 4MHz maximum) or a resistor can be
connected to these pins to provide the internal oscillator with
varying degrees of stability. Refer to INTERNAL OSCILLA-
TOR OPTIONS for recommendations about these inputs.

o TIMER

This pin allows an external input to be used to count for the
internal timer circuitry. Refer to TIMER for additional infor-
mation about the timer circuitry.

® RES

This pin allows resetting of the MCU at times other than the
automatic resetting capability already in the MCU. Refer to
RESETS for additional information.

® NUM
This pin is not for user application and should be connected
to ground.

® 1/O Lines (Ao ~A;,By ~B,,Co ~C§)

There 23 lines are arranged as three ports (A, B and C). All
lines are programmable as I/O under software control of the
data direction registers. Refer to the section on INPUTS/
OUTPUTS for details.

® input Lines (Dy ~ Ds)
Since the input for these 6 lines is TTL compatible, $003
address is read and they become Port D function.

® V¢ Standby
When source voltage Ve is down, source voltage SV +5% is

impressed to this pin to maintain standby RAM. The content
of the low order 8 bytes are maintained when source voltage
is off (3 mA max.). The circuit in Figure 2 is an example of a
circuit for maintaining V¢ standby voltage when source volt-
age is off. To maintain the RAM contents when source voltage
is off, the following hardware and software procedures are
necessary.
(1) Software

Write “0” into the RAM enable bit (RAME). RAME is

bit 6 of the RAM control register location $01F. Since

this operation disables the RAM standby part, contents

are present with power source off.

+ Maintain V¢ standby voltage above Vggg (min.).

(2) Hardware

Set RAME pin to “0” before setting V¢ to off.

+ Maintain Ve standby voltage above Vgpp (main).
When standby RAM is not needed, standby is connected to

VCC.

Vcc Standby Power Line

7

Figure 2 Battery Backup for V¢ Standby

® RAME -

This pin, like RES, is for the external control of standby
RAM.

After power up, RAME is set to “0” and V¢ is set off.
Since RAM is disabled, the RAM contents are maintained. The
same type of function as this can be realized by software by
setting the RAM control register ($01F) RAME (bit 6) to “0”.
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® AVcc
This pin is used for the power supply of the A/D converter.
When high accuracy is requested, a different power source than
Ve is impressed as
AVee =5.25£0.5V
Connect to V¢ for all other cases.

® AN, ~ AN;

This pin is used for A/D converter analog input. An analog
signal is used for input during measure. These signals are switch-
ed by the internal multiplexer and the analog input selection
uses bit O through bit 1 of the A/D control status register
(ADCSR: $OOE).

® Vgy and AVgg
The input terminal reference voltage for the A/D converter is
“High” (Vry) or “Low” (AVgg). AVgg is fixed at OV.

® Input Capture (IC)

The timer data register (301C) contents are managed by
input capture register ($01E) due to the positive or negative
edge of this pin.

Specification of the positive or negative edge is set by bit -1
of the timer control register 2 ($01B). The specification is for

wpn

positive edge when bit 1 is and for the negative edge when
bit 1 is set to “0”. In this case, the DDR of port Cs is set to
“g.

® Output Compare (OC)

When the output compare register (301D) and timer data
register 2 ($01C) contents are the same, this pin is used for data
output.

Data desired for output is specified by bit O of timer control
register 2 ($01B). When bit 0 is “1”, OC pin output is “1” and
when bit 0 is “0”, OC pin output is “0”. In this case, DDR of
port Cg4 is set to “1”.

= MEMORY

The MCU memory is configured as shown in Figure 3. During
the interrupt processing, the contents of the MCU registers are
pushed onto the stack in the order shown in Figure 4. Since
the stack pointer decrements during pushes, the low order byte
(PCL) of the program counter is stacked first; then the high
order three bits (PCH) are stacked. This ensures that the pro-
gram counter is loaded correctly as the stack pointer increments
when it pulls data from the stack. A subroutine call will cause
only the program counter (PCH, PCL) contents to be pushed
onto the stack.

7 [ 7 0
000 $000 Port A 5000
110 Ports Port B 5001
Timer
031 $01F Port C 5002
032 \$020 Port D 003" *
(:::] Port A DDR $004°
127 so7F Port 8 DDR $005°
128 $080 Port C DDR $006°
5007
Timer Data Reg. 1 $008
Timer CTRL Reg. 1 5009
ROM Miscellaneous Reg. $00A
(3834 8) e
$00C
$00D
A/D CTRL Status Reg. S00E
A/D Result Reg. s00F * *
s010
5011
8012
5013
$014
5015
5016
$017
5018
Prescaler CTRL Reg. 2 5019
Timer Status Reg. 2 $01A""
Timer CTRL Reg. 2 5018
Timer Data Reg. 2 $01C
Output Compare Reg. 5010
3961 $F79 Input Capture Reg. so1E"*
3962 SF7A RAM Control Reg. S01F
Self-test ROM (1208) " 020
4081 SFF1 | SRR e 8027
4082 SFF2 3028
RAM (96 B) Stack
interrupt Vectors ‘ SO7F
“Write Reg
4095 SFFF " Read Reg.

***Standby RAM uses first 8 bytes of RAM

Figure 3 MCU Memory Structure
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76 54 3 21 0 Pull
n=4 111 1] coue Regirer | 1
n-3 Accumulator n+2
n-2 Index Register n+3
=11 1 1 11 PCH* | n+4
n PCL* n+5

Push
* For subroutine calls, only PCH and PCL are stacked

Figure 4 |Interrupt Stacking Order

= REGISTERS
The MCU has five registers available to the programmer,
as shown in Figure S and explained below.

0
A j Accumulator
0

l Index Register
11 0

] Program Counter

Stack Pointer

NlZ]C Condition Code Register

! !‘ Carry/Borrow

Zero

Negative

Interrupt Mask

Half Carry

Figure 5 Programming Model

® Accumulator (A)

The accumulator is a general purpose 8-bit register used to
hold operands and results of arithmetic calculations or data
manipulations.

® |ndex Register (X)

The index register is an 8-bit register used for the indexed
addressing mode and contains an 8-bit address that may be
added to an offset value to create an effective address. The
index register can also be used for limited calculations or data
manipulations when using read/modify/write instructions. When
not required by a code sequence being executed, the index
register can be used as a temporary storage area.

® Program Counter {PC)
The program counter is a 12-bit register that contains the
address of the next instruction to be executed.

202

@ Stack Pointer (SP)

The stack pointer is a 12-bit register that contains the address
of the next free location on the stack. Initially, the stack point-
er is set to location $07F and is decremented as data is being
pushed onto the stack and incremented while data is being
pulled.from the stack. The six most significant bits of the stack
pointer are permanently set to 000001. During an MCU reset
or reset stack pointer (RSP) instruction, the stack pointer is
set to location $07F. Subroutines and interrupts may be nested
down to location $041 which allows the programmer to use up
to 31 levels of subroutine calls.

@ Condition Code Register (CC)

The condition code register is a 5-bit register in which each
bit is used to indicate or flag the results of the instruction just
executed. These bits can be individually tested by a program
and specific action taken as a result of their state. Each indi-
vidual condition code register bit is explained below.

® Half Carry (H)
The half carry bit is used during arithmetic operations (ADD
or ADC) to indicate that a carry occurred between bits 3 and 4.

® Interrupt (1)

This bit is set to mask everything. If an interrupt occurs
while this bit is set, it is latched and will be processed as soon as
the interrupt bit is reset.

® Negative (N)

The negative bit is used to indicate that the result of the last
arithmetic, logical or data manipulation was negative (bit 7 in
a result equal to a logical one).

® Zero(2)
Zero is used to indicate that the result of the last arithmetic,
logical or data manipulation was zero.

® Carry/Borrow (C)

Carry/borrow is used to indicate that a carry or borrow out
of the arithmetic logic unit (ALU) occurred during the last
arithmetic operation. This bit is also affected during bit test and
branch instructions, shifts and rotates.

= TIMER1

The MCU timer circuitry is shown in Figure 6. The 8-bit
counter is loaded under program control and counts down
toward zero as soon as the clock input is applied. When the
timer data register 1 (TDR1) reaches zero, the timer interrupt
request bit (bit 7) in the timer control register 1 is set. The
MCU responds to this interrupt by saving the present MCU
state in the stack, fetching the timer 1 interrupt vector from
locations $FF8 and $FF9 and executing the interrupt routine.
The timer 1 interrupt can be masked by setting the timer
interrupt mask bit (bit 6) in the timer control register 1. The
interrupt bit (I bit) in the condition code register will also
prevent a timer 1 interrupt from being processed.

The clock input to the timer 1 can be from an external
source applied to the TIMER input pin or it can be the internal
¢, signal. Note that when ¢, is used as the source, it can be
gated by an input applied to the TIMER input pin allowing the
user to easily perform pulse-width measurements. The timer 1
continues to count past zero and its present count can be
monitored at any time by monitoring the timer data register 1.
This aliows a program to determine the length of time since a
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timer interrupt has occurred and not disturb the counting pro-
cess.

At power up or reset, the prescaler and counter are initialized
with all logical ones; the timer 1 interrupt request bit (bit 7) is

(Interna! Clock)

HD6805WO0

cleared and the timer 1 interrupt request mask bit (bit 6) is
set. To erase the timer 1 interrupt bit, “0” is written into TIF
by software.

Timer Control Register 1 (TCR1)

#2 ($009)
Prescaler TIF | TIM]| IS1] 1SO MS2} MS1|MSO
TIMER Input Pin ez |ea fse a4 L4
. 3
Mutltiplexer =/
Timer Data Register 1 {TDR1: $008)
8 bit Counter Time Out

Clock

=

Write Read

Figure 6 Timer Clock

® Timer Control Register 1 (TCR1: $009)

Clock input source selection, prescaler frequency compare
selection and timer interrupt control are controlled by software
writting into timer control register 1 (TCR1: $009).

Timer Control Register 1 (TCR1: $009)

7 6 5 4 3 2 1 0o

TIF | TIM] 181 | ISO MS2| MS1|MS0

v M

L Prescaler Frequency
Comparator

Clock Input Source

Timer interrupt Mask

Timer Interrupt Request Flag

As shown in Table 1, clock input source selection is made
by the three inputs; ISO or IS (bits 4 and 5) of timer control
register 1 (TCR1). After reset, internal clock ¢, (bit 4 = 1 and
bit 5 = 0) timer control is selected.

As shown in Table 2, prescaler frequency compare is selected
by timer control register 1 (TCR1) three bits; MSO through MS2
(bit 0 through bit 2).

Table 1 Clock Input Source Selection

. TCRT - Clock Input Source
Bit5 Bit 4 N
0 0 Internal Clock, ¢,
0 1 Timer Pin Control ¢,
1 0
1 1 Event Input From Timer Pin

Table 2 Prescaler Frequency Comparator Selection

TCR1 Prescaler Frequency Comparator
Bit2 | Bit1 Bit 0

0 0 0 +1

0 0 1 +2

0 1 0 +4

0 1 1 +8

1 0 0 +16

1 0 1 +32

1 1 0 +64

1 1 1 +128

A HITACHI
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® TIMER 2

The HD6805SWO contains an on-chip programmable timer
(timer 2) which may be used to perform measurements on an
input waveform while independently generating an output
waveform. Pulse widths for both input and output signals may
vary from a few microseconds to many seconds. The timer 2
hardware consists of

an 8-bit control register 2
an 8-bit status register 2
an 8-bit timer data register 2
an 8-bit output compare register
« an 8-bit input capture register
+ a 5-bit prescaler control register 2
« a 7-bit prescaler 2
A block diagram of the timer 2 is shown in Figure 7.

.

Internal Clock O

TIMER

Prescaler
Eoceay -+

Multiplexer

:': caler Control
RibcR2 s01A)

2,10

;s‘l%1 g Read/Write

Timer Data Register 2 (TDR2: $01C)

8 bit Free
Running Counter

Overflow

Output Compare Register

Yoo

{OCR: $010)

8 bit Register
Read/Write

]

OC(Cs)

Input Capture Register (ICR: $01E)

8 bit Register g Read

m Edge ]
Detector
1C{(Cs) Timer Status Register 2
(TSR2: $01A)

Timer Control Register 2
(TCR2: $018B)

&{/

IC!

17T

ocCi TOI

Internal Interrupts Request Signal

Figure 7 Timer 2 Block Diagram

® Timer Data Register 2 ($01C)

The key element in timer 2 is an 8-bit timer data register 2
free running counter which is driven to increasing values by the
internal clock ¢, or by timer input. The counter value may be
read by the CPU software at any time. The timer data register 2
is cleared by reset. This counter can also read and write.

® Output Compare Register ($01D)

The output compare register is an 8-bit read/write register
which is used to control an output waveform. The contents of
this register are constantly compared with the current value of
timer data register 2. When a match is found, a flag is set (OCF)
in the timer status register 2 (TSR2) and the current value of
the output level bit (OLVL) in TSR2 is clocked to port C bit 6.

Providing the data direction. register for port C, bit 6 contains
a “1” (output), the output level register value will appear on
the pin for port C, bit 6. The values in the output compare
register and output level bit may then be changed to control
the output level on the next compare value. The output com-
pare register is set to $FF by reset.

® [nput Capture Register ($01E)

The input capture register is an 8-bit read-only register used
to store the current value of the timer data register 2 when the
proper transition of an external input signal occurs. The input
transition change required to trigger the counter transfer is
controlled by the input edge bit (IEDG) in the TCR2. The data
direction register bit for port C bit S should* be clear (zero) in
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order to gate in the external input signal to the edge detect
unit in the timer. In all cases, it is necessary to make the input
pulse width at least 2 enable cycles in order to mantain the
input capture.

*With port C bit 5§ configured as an output and set to “1”, the external
input will still be seen by the edge detect unit.

® Timer Control Register 2 (TCR2: $018B)

The timer control register 2 consists of an 5-bit register of
which all 5 bits are readable and writeable.

Timer Control Register 2 (TCR2: $01B)

7 6 5 4 3 2 1 0

ICIM | OCIM | TOIM | IEDG | OLVL

Bit 0 OLVL Output Level

When this value is compared with the counter value and
output compare register value, it is moved to bit 6 of Port C.

If DDR is set to “1” according to bit 6 of Port C, this value
is output from the line of bit 6 of Port C.

Bit 1 IEDG Input Edge

This bit determines the trigger to change either polarity of
input line bit 5 of Port C for data transmission to input capture
register from timer/counter 2. When this function is used, it
is necessary to clear DDR beforehand, according to Port C
bit 5. When IEDG = 0, the negative edge triggers (“High”
to “Low” transition). When IEDG = 1, the positive edge triggers
(“Low” to “High” transition).

Bit 2 TOIM Timer Overflow Interrupt Mask
When this bit is cleared, internal interrupt (TOI) is enabled
by TOF interrupt but when it is set, interrupt is inhibited.

Bit 3 OCIM Output Compare Interrupt Mask
When this bit is cleared, internal interrupt (OCI) by OCF
interrupt occurs. When this bit is set, interrupt is inhibited.

Bit 4 ICIM Input Capture Interrupt Mask
When this bit is cleared, internal interrupt (ICI) by ICF
interrupt occurs. When this bit is set, interrupt is inhibited.

® Timer Status Register 2 (TSR2: $01A)

The timer status register is a 3-bit read-only register which
indicates that:

(1) A proper transition has taken place on the input pin with
a subsequent transfer of the current counter value to the
input capture register (ICF).

(2) A match has been found between the value in the counter
and the output compare register (OCF).

(3) When 800 is in the counter (TOF)

Each of the flags in the TSR2 has interrupt and inhibit
bits, by which the interrupt output request is controlled. If
the I bit in the condition code register is cleared, priority
vectors are generated in response to clearing these flags. Each
bit is discussed below.

Timer Status Register 2 (TSR2: $01A)
7 6 5 4 3 2 1 0

ICF OCF TOF

HD6805WO0

Bit 5 TOF Timer Qverflow Flag

This read-only bit is set when the counter contains $00. It
is cleared by a read of the TSR2, followed by a read of timer/
counter 2 ($01B).

Bit 6 OCF Output Compare Flag

This read-only bit is set when a match is found between the
output compare register and the free running counter. It is
cleared by a read of the TSR2 followed by a CPU write to the
output compare register ($01D).

Bit 7 ICF Input Capture Flag

This read-only bit is set by a change in IEDG specification
detected by the edge detection circuit and cleared by a read of
the TSR2 followed by a CPU read of the input capture register
($O1E).

Although TCR2 and TSR2 are as described above, output
compare output can be written into Cg port by software.
Accordingly, after C¢ port has been written into by software,
simultaneous cyclic pulse control with a short width is easy.

® Prescaler Control Register 2 (PCR2: $019)

The selections of clock input source and prescaler frequency
compare are performed by prescaler control register 2 (PCR2:
$019).

Prescaler Control Register 2 (PCR2: $019)
7 6 5 4 3 2 1 V]

181 1S0 MS2 MS1 MSO

Y Y

!

Prescaler Frequency Comparator

Clack Input Source

Selection of clock input source is performed in three different
ways by bits 4 and 5 of prescaler control register 2 (PCR2), as
shown in Table 3. After reset, internal clock ¢, (bit 4 =1 and
bit 5 = 0) is selected by timer pin control. The prescaler fre-
quency compare is selected by three bits in the prescaler control
register 2 (bits O through 2), as shown in Table 4. The frequency
compare can be selected in seven ways (+1, 2, +4, 8, +16,
+32, +64 and +128). After reset, +1 (bit 0 = bit 1 =bit 2=0) is
set.

When writing into prescaler control register 2, or when
writing into time counter 2, prescaler is initialized to $FF.

Table 3 Clock Input Source Selection

Bit5 PCR2 Brta Clock Input Source
0 : 0 Internal Clock ¢,
0 1 Timer Pin Control ¢,
1 0
1 1 Timer Pin Input
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Table 4 Prescaler Frequency Comparator Selection

PCR2
Bit 1

N

Bit 0

=

Prescaler Frequency Comparator

0

+1

+2

+4

+8

+16

+32

+ 64

m|la|ala|lOo|lOlO|O

N Y= Y Y =)
. I -1 =1

+128

Vee

Internal
Reset

tRHL

8 SELF CHECK

The self check capability of the MCU provides an internal
check to determine if the part is functional. Connect the MCU
as shown in Figure 8 and monitor the output of port C bit 3
for and oscillation of approximately three hertz, if the LSI is
normal.

m RESETS o

The MCU can be reset by the external reset input (RES) as
shown in Figure 9. The reset conditions are the same as all of
the input ports of the MCU (the contents of DDR are cleared).

Upon power up, reset input requires a minimum of 100
milliseconds to stabilize the internal oscillator, then it is neces-
sary to go “Low”. As shown in Figure 10, a sufficient delay
occurs by connecting a capacitor to the RES input.

l

3

XTAL

EXTAL

TIMER

NUM

3301
o
3355
3309
3300

C
‘CI
c
c

3

Vec=Ping

HD68O5WO ,
{Register option)

Cs Cs C¢ Vg Standby

40
39
38
37
36
35
34
33

o

o

» » > » » > P

1

A

a

3

2

8
B
B
B

1
B,

Vee

Vs = Pin 1 13| 14] 15

330Q

3300

33092
A

* Refer to Figure 11 about crystal option

Figure 8 Self Check Connections

.

‘Dip” in
N Power /

—

LVR

TRHL

2.2uF

Figure @ Power Up and Reset Timing
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% INTERNAL OSCILLATOR OPTIONS

The internal oscillator circuit has been designed to require
a minimum of external components. The use of a crystal (AT
cut, 4 MHz max) or a resistor is sufficient to drive the internal
oscillator with varying degrees of stability. Furthermore, a mask

6 JEXTAL
[
4 MHz ' HD6805W0
max 5| XTAL MCuU
22pF+20% %;:
Crystal
B|EXTAL
External HD6805W0
5
Clock XTAL mcu
Input

External Clock

CRYSTAL OPTIONS

Figure 11

XTAL

EXTAL
5 ﬂ QL—* 6

CO
|
I

AT — Cut Paralle! Resonance Crystal
C, = 7 pF max.

f= 4 MHz (C, =22pF+20%)

Rg = 60 £2 max.

Figure 12 Crystal Parameters
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option manufactured separately from the LSI is available to
provide better matching between the external components and
the internal oscillator. Four different connection methods are
shown in Figure 11. Crystal specifications are given in Figure
12. A resistor selection graph is shown in Figure 13.

HD630SW0
MCU

XTAL

Approximately 25% Accuracy
External: Jumper

EXTAL

HD6805WO
XTAL MCU

No
Connection

Approximately 15% Accuracy
External Resistor

RESISTOR OPTIONS

internal Oscillator Qptions

5
4 Vee =5.28V_ |
\ Ta=25°C
3 \\
2 \\
1 N
I~
0 5 10 15 20 25 30 35 40 45 50
Resistance (k§2)
Figure 13 Typical Resistor Selection Graph
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& INTERRUPTS

The CPU can be interrupted in seven different ways: through
external interrupt (INT, and INT,), internal timer interrupt
request (Timer 1, ICI, OCI and OFI) or on command (SWI).
Among these, INT, and Timer 1 are generated by the same
vector address. When interrupt occurs, processing of the pro-
gram is suspended, the present CPU state is pushed onto the
stack. Moreover, the interrupt mask bit (I) of condition code
register is set and the external routine priority address is a-
chieved from the special external vector address. After that,
the external interrupt routine is executed. The interrupt service
routines normally end with a return from interrupt (RTI)
instruction which allows the CPU to resume processing of the
program prior to the interrupt. The priority interrupts are
shown in Table 5 with the vector address that contains the
starting address of the appropriate interrupt routine. The
interrupt sequence is shown as a flowchart in Figure 14.

Table 5 Interrupt Priorities
Interrupt Priority Vector Address
RES 1 $FFE, $FFF
SWI 2 $FFC, $FFD
INT; 3 $FFA, $FFB
Timer/INT, 4 $FF8, $FF9
ICI 5 $FF6, SFF7
[e]o]] 6 $FF4, $FF5
OFI 7 $FF2, $FF3

Clear

I bit?

Set

11

7F >8P

0 ->DDR's
CLR iINT Logic
7F > MR

Fetch Instruction

FF = TDR1
00 —»TDR2
7F = Prescaler 1
7F — Prescaler 2
50— TCR1
1C—>TCR2
00 - TSR2
10> PCR2

i

Load PC from
Reset: FFE, FFF

Execute Instruction

Stack PC, X, CC, A

i

11 bit

I

Load PC From
SWI: FFC, FFD
TNT,: FFA, FFB
TIMER 1: FF8, FF9
INT,: FF8, FF9
ICI: FF6, FF7
OCi: FF4, FF5
OFI: FF2, FF3

Figure 14
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® Miscellaneous Register (MR: $00A)

As shown in Table S, the interrupt vector address of external
interrupt vector INT, is the same as Timer 1 interrupt vector
address. For that reason, the control register for INT, is the
miscellaneous register (MR: $00A).

Miscellaneous Register (MR: $00A)

7 6 5 4 3 2 1 0

IRF [

M
| ]———- INT; Interrupt Mas,

INT; Interrupt Request Flag

The interrupt of INT, is caused by the negative edge to
enable latch. Moreover, interrupt inhibit is the same as the (I)
bit for other condition code register (CC).

Miscellaneous register (MR) bit 7 is the INT, interrupt
request flag. When interrupt occurs, bit 7 is set at “1”. Bit 7
is checked by software in the vector address (SFF8, $FF9)
interrupt routine and indicated by interrupt of INT,. Bit 7
is reset by software (BCLR instruction).

Bit 6 is the interrupt mask bit for INT,. When bit 6 is “‘1”

INT, interrupt is inhibited.
While read-modify-write instruction is processing IRF, if
INT, interrupt occurs, INT, interrupt request can be received.
Accordingly, miscellaneous register set/reset should not be
used for read-modify-write instructions (COM, ROL, ROR,
LSL, LSR and ASL). The details of these instructions are shown
in Table 8.

Since IRF can read/write, IRF is written with software and
“1” should not be written in. Accordingly, interrupt request
should not be written in with software.

® INPUT/OUTPUT i

There are 23 input/output pins. All of the pins are controlled
by the data direction register and both input and output are
programmable. When output is programmed, the 1/O port is
read, for example, even if the output load of output level
changes, the latched logical level data is read as shown in Figure
15. When Port B is output by program, the current from each
pin is capable is sinking 10 mA (Vo max. = 1V). Furthermore,
port A pin is CMOS compatible at output. Ports B and C are
CMOS compatible at input. Several examples of the Port dis-
tributions are shown in Figure 16.

On port C, Cs and Cg are timer 2 and are selected by soft-
ware.

When all of port C is used for input, all of port C DDR
($006) should be “0”. When port C is used for output, all of
port C DDR should be “1”. At this time the data input uses
port C ($002).

When port C is used as timer 2 input capture (IC), port C
bit 5 is reset to “0” (input) and timer control register 2 (TCR2:
$01B) bit 4 (ICIM) is reset to “0”.

For either edge, the value in TCR2 bit 1 (IEDG) is input
to input capture register as timer data register 2 value.

When timer 2 output compare (OC) is used, port C, DDR
($006) bit 6 is set to “1” (output). In this case, timer data
register 2 matches the content of output compare register and
the value of bit 0 of timer control register 2 is output to Cq.

In this case, data can also be written to C4 by software.
When the output compare match is written with software, the
software write has priority and the output compare write is
ignored. Moreover, when Cg is output-only, output matched
output is written at C¢ and caution must be taken.

P—J Di?e?:t(?on 1

Register Bit
Output [
L Data Bit Output 1/0Pin
Input
Reg Bit
<
Input
1/0 Pin
Data
Direction Output Output Input to
Register Data Bit State MCU
Bit
1 [} 0 0
1 1 1 1
Figure 16 Typical Port 1/0 Circuitry 0 x 3-State Pin
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>

Port A

L3
.
.
3
I3
°
I3
.
A

Port A Programmed as output(s) driving CMOS and TTL Load directly.
(a)

°

Port B
10 mA max

XXX XYY Y

o
<

Port B Programmed as output(s) driving LED(s) directly.
{c)

Port B

w
o

Ic=hee* lg

sevocece

w
<

Port B Programmed as output(s} driving Darlington base directly.
(b)

+V

O
°

Port C CMOS inverter

eeccsese

O
@

Port C Programmed as output(s) driving CMOS using external pull-up
resistors. {d)

Figure 16 Typical Port Connections

= INPUT

Port D has 6 TTL compare compatible pins and 4-channel
input A/D converter can be used. The conceptual structure of
port D is shown in Figure 17.

When $003 is read in the input is 6 pin TTL compatible.
For use as an A/D converter, refer to the section on A/D conver-
ters.

® A/D CONVERTER

The HD6805WOQ has an internal 8 bit A/D converter. The
A/D converter is shown in Figure 18 and has 4 pins for analog
input (AN, through ANj3), result register and control/status
register (ADCSR).

$003 Read
D/A
Internal Bus Port D fc s Control Logic Counter
\] D, to Ds WY - "
Vau‘-———J
4 Avgg
8 Analog Input
5
o E ANy — 8
< ANy —
<0 m: ] Select MUX
ANy —]
Figure 17 PortD 8 L8
AV, O
wcc 07 6 544 3 2 1
z
w
o

~Jlo |
3 l © 8 Bit Register (ADRR: wOFl;]'_—
o]o

A/D Control Status Register
(ADCSR: $OOE)

A/D Result Register (ADRR: $00F}

Figure 18 A/D Converter Block Diagram
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® Analog Input (AN, through AN;)

Analog pins AN, through AN, accept analog voltages of OV
through 5V. The resolution power is 8 bit (256 divisions) with
a conversion time of 76 ws at 1 MHz. Analog conversion is
selected by bits O through of control status register (ADCSR)
analog input. Since the CPU is unnecessary for conversion,
other user programs can be executed.

Table 6 Analog Input Selection

ADCSR Analog Input Signal
Bit 1 Bit 0
0 0 AN,y
0 1 AN,
1 0 AN,
1 1 AN;

® A/D Control Status Register (ADCSR: $00E)

Control status register (S00E) is used to select analog input
or A/D conversion termination.

Analog input selection is as shown in Table 6 and is se-
lected by bits 0 through 1 of bit 2. The analog input signal
is selected from among AN, through ANj;.

A/D conversion begins when data is writen into bits O
through 1 of control status register. When A/D conversion
ends, bit 7 (CEND flag) is set. Bit 7 is reset after the A/D
result register is read. Moreover, when bit 7 is set A/D conver-
sion execution continues. To end the A/D conversion, A/D
result register is set to the most recent value. During A/D
conversion execution, data is written into the new A/D control
status register which selects the input channel and A/D conver-
sion execution at that time is suspended. CEND flag is set and
new A/D conversion begins.

® A/D Result Register (ADRR: $00F)

When A/D conversion ends, the result is set in the A/D con-
version result register ($00F). When the ADCSR CEND flag
is set, converted result is obtained from A/D result register.
Furthermore, ADCSR CEND flag is reset.

= STANDBY RAM

The 8 bit RAMs $020 through $027 are used for standby
RAM. When used as standby RAM, V¢ standby is impressed
after Voe OFF. Consequently, power supply is connected only
to standby RAM and other parts are not connected with power
supply. Accordingly, there is a small savings in power supply
but the standby RAM data is maintained.

Standby RAM control is performed by RAM control register
or RAME signal.

7 6 54 3210

RAM CTRL

9 Ve Standby Reg. (SO1F)
L $020
Standby RAM
88}
___________ $027
$028
Vee
RAM
1968)
$07F

Figure 19 Standby RAM

® RAM Control Register (RCR: $01F)

This register, which is addressed at $O1F, gives status infor-
mation about the standby RAM. A “0” in the RAM enable
bit (RAME) will disable the standby RAM, thereby protecting
it at power down in V¢ standby is held greater than Vggg
volts as explained previously in the signal description for V¢e
standby.

RAM Control Register

7 6 5 4 3 2 1 0
STBY
$01F PWR RAME

Bit 6 RAM Enable

The RAM enable control bit allows the user to disable the
standby RAM. The bit which resets the CPU is set to ““1” and
standby RAM is enabled. This bit can be written to *“1” or “Q”
under program control.

When the RAM is disabled, (logic “0”) the RAM address
is ineffective.

Bit 7 Standby bit

The standby bit is cleared when the standby voltage is
removed. This bit is a read/write status flag that the user can
read which indicates that the standby RAM voltage has been
applied, and the data in the standby RAM is valid.

® RAME Signal

The RAME signal can control the RAME bit in the RAM
control register to be “0” (RAME is disabled). When in a hard-
ware standby mode, V¢c standby remains on and the RAME
signal falls, then V¢ is set to off, as shown in Figure 20.

With Voe on, RAME as “0” causes the signal to fall and
RCR RAME bit is reset at “0”, standby RAM is disabled.
After this, Vo becomes off and RAME is maintained by the
Vee standby power source. Moreover, RAME rises to “1”
after Voc on and RCR RAME bit is “1”. Standby RAM is
then enabled. In this way, without software, RAME signal
is used externally to control the RAM.

Vee

RAME j

Standby RAM Enable I— Standby RAM Disable

Figure 20 RAM Control Signal (RAME)

" BIT MANIPULATION

The MCU has the ability to set or clear any single RAM or
input/output port (except the data direction registers) with a
single instruction (BSET and BCLR). Any bit in the page zero
read only memory can be tested by using the BRSET and
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BRCLR instructions, and the program branches as a result of
its state. This capability to work- with any bit in RAM, ROM or
1/0 allows the user to have individual flags in RAM or to handle
single I/O bits as control lines. The example in Figure 21 shows
the usefulness of the bit manipulation and test instructions.
Assume that bit 0 of port A is connected to a zero crossing
detector circuit and that bit 1 of port A is connected to the
trigger of a TRIAC which powers the controlled hardware.

This program, which uses only seven bytes of ROM pro-
vides turn-on of the TRIAC within 14 microseconds of the zero
crossing. The timer is also incorporated to provide turn-on at
some later time which permits pulse-width modulation of the
controlled power.

SELF 1 BRCLRO, PORTA, SELF 1
BSET 1, PORTA

BCLR 1, PORTA

Figure 21 Bit Manipulation Example

= ADDRESSING MODES

The MCU has ten addressing modes available for use by the
programmer. These modes are explained and illustrated briefly
in the following paragraphs.

® |mmediate

Refer to Figure 22. The immediate addressing mode accesses
constants which do not change during program execution. Such
instructions are two bytes long. The effective address (EA) is
the PC and the operand is fetched from the byte following the
opcode.

® Direct

Refer to Figure 23. In direct addressing, the address of the
operand is contained in the secondbyte of the instruction.
Direct addressing allows the user to directly address the lowest
256 bytes in memory. All RAM space, I/O registers and 128
bytes of ROM are located in page zero to take advantage of
this efficient memory addressing mode.

® Extended

Refer to Figure 24. Extended addressing is used to reference
any location in memory space. The EA is the contents of the
two bytes following the opcode. Extended addressing instruc-
tions are three bytes long.

® Relative
Refer to Figure 25. The relative addressing mode applies only

to the branch instructions. In this mode the contents of the
byte following the opcode is added to the program counter
when the branch is taken. EA = (PC) +2 + Rel. Rel is the con-
tents of the location following the instruction opcode with bit 7
being the sign bit. If the branch is not taken, Rel = 0, when a
branch takes place, the program goes to somewhere within the
range of +129 bytes to ~127 bytes of the present instruction.
These instructions are two bytes long.

® Indexed (No Offset)

Refer to Figure 26. This mode of addressing accesses the
lowest 256 bytes of memory. These instructions are one byte
long and their EA is the contents of the index register.

® Indexed (8-bit Offset)

Refer to Figure 27. The EA is calculated by adding the con-
tents of the byte following the opcode to the contents of the
index register. In this mode, 511 low memory locations are
accessable. These instructions occupy two bytes.

® Indexed (16-bit Offset)

Refer to Figure 28. This addressing mode calculates the EA
by adding the contents of the two bytes following the opcode
to the index register. Thus, the entire memory space may be
accessed. Instructions which use this addressing mode are
three bytes long.

® Bit Set/Clear

Refer to Figure 29. This mode of addressing applies to
instructions which can set or clear any bit on page zero. The
lower three bits in the opcode specify the bit to be set or
cleared while the byte following the opcode specifies the
address in page zero.

. ® Bit Test and Branch

Refer to Figure 30. This mode of addressing applies to
instructions which can test any bit in the first 256 locations
($00 through $FF) and branch to any location relative to the
PC. The byte to be tested is addressed by the byte following
the opcode. The individual bit within that byte to be tested
is addressed by the lower three bits of the opcode. The third
byte is the relative address to be added to the program counter
if the branch condition is met. These instructions are three
bytes long. The value of the bit to be tested is written to the
carry bit in the condition code register.

® [mplied

Refer to Figure 31. The implied mode of addressing has
no EA. All of the information necessary to execute an instruc-
tion is contained in the opcode. Direct operations on the
accumulator and the index register are included in this mode
of addressing. In addition, control instructions such as SWI
and RTI belong to this group. All implied addressing instruc-
tions are one byte long.
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PROG LDA #$F8 05BE

05BF
CAT FCB 32 0048
PROG LDA CAT 052D

052E

Memory
M L
! ]
] ]
1 ] Adder
A
I
Index e?
Stack Point
' ]
' ' I l J
A6 Prog Count
F8 r 05C0 J
cCc
[l
1
: '
H ]
Figure 22 Immediate Addressing Example
e
Memory I 004B ]
T L
! ]
! '
: : Adder
i /\
A
20 0000 { 20 I
Index Reg
1 ] Stack Point
86 I | 1
4B Prog Count
| 052F |
cc
! [
H 1
i '
! '
1 1
O ——— |

Figure 23 Direct Addressing Example
G HITACH!
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Memory I 06ES l
] ]
1 ]
! Adder
0000
H A
- = ]
PROG LDA CAT 0409 c6 A
Index
040A 06 ] n eg
0408 ES
Stack Point
| | | [ |
1 Prog Count
CAT FCB 64  06ES a0 | 040C |
cC
.
H '
Ter—————

Figure 24 Extended Addressing Example

Memory r 04C1 I

==

2 —

Index Reg

[ ]
Stack Point

' | | 1 |
0000
PROG BEQ PROG2 04A7 27 Prog Count

04A8 18 04ac1 |
cc

[ ]
L ———

Figure 25 Relative Addressing Example
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l ea
Memory L 0088 J
—
1 1
] ]
] | Adder
1 1
' '
) A
0000
TABL FcC/Li/00B8 4C ?i 4c l
49 Index Reg
B8
] Stack Point
PROG LDA X O05F4 6 I H ]
Prog Count
l 05F5 ]
cc
. ]

Figure 26 Indexed (No Offset) Addressing Example

ea

Memory l 008C I
4 1
]
I i
Adder
TABL FCB  #BF 0089 BF VN
FCB #86 008A B6 A
FCB #DB 0088 DB I =|| CF I
FCB  #CF 008C CF Index Reg
- -
: H Stack Point
PROG LDA TABL. X 0758 E6 li I ]
075C
d Prog Count
I 075E |
ccC
' 1
! ]

Figure 27 Indexed (8-Bit Offset) Addressing Example
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EA
Memory I 0780 I
]
| '
Adder
Iindex Reg
[} 02
PROG LDA TABL. X 0692 06 Stack Point
0693 07 L I I I
0694 7E _I Prog Count
| 0695 ., ]
1 cc
TABL FCB #BF  077E BF :
FCB  #8  077F 86
FCB #DB 0780 DB
FCB #CF 0781 CF
] '
) ]
| S———— |
Figure 28 Indexed (16-Bit Offset) Addressing Example
lea
Memory l 0001 ]
]
i i
[}
PORTB EQU 1 0001 BF
Clear T
Bit A
Index Reg
[] ]
PROG BCLR 6.PORT B 058F 10 Stack Point
0590 01 I l I
Prog Count
| 0591 ]
' '
' ] CcC
' !
'
i :
| S ———

Figure 29 Bit Set/Clear Addressing Example
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PROG BRCLR 2.PORT C. PROG 2 0574

PROG TAX 05BA

Tea
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Memory 0002 l
! — 1
[ I
] ' Adder
0002 Fo yaN A
7 1
2 index Reg
0000
Stack Point
i |
. ) [ 1 |
05 Prog Count
0575 02 0000 0594 ]
0576 1D cC
or ) < 1]
1 1
AN Adder i
] 1
[ S — |

Figure 30 Bit Test and Branch Addressing Example

ea
i

A

index Reg

Stack Point

| |

Prog Count

0588 |

Memory
T 1
] ]
I 1
s ! Adder
' ]
1 |
1 '
97

t i
! I
! '
L]

1 |
1

' i
]

C

Figure 31

Implied Addressing Example
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® INSTRUCTION SET
The MCU has a set of 59 basic instructions. These instruc-
tions can be divided into five different types; register/memory,
read/modify/write, branch, bit manipulation and control. Each
instruction is breifly explained below. All of the instructions
within a given type are presented in individual tables.
A

©® Register/Memory Instructions

Most of these instructions use two operands. One operand
is either the accumulator or the index register. The other
operand is obtained from memory by using one of the address-
ing modes. The jump unconditional (JMP) and jump to sub-
routine (JSR) instructions have no register operand. Refer to
Table 7.

® Read/Modify/Write Instructions

These instructions read a memory location or a register,
modify or test its contents and write the modified value back
to the memory or register. The TST instruction for test of
negative or zero is an exception to the read/modify/write
instructions since it does not perform the write. Refer to Table
8.

® Branch Instructions
The branch instructional cause a branch from a program
when a certain condition is met. Refer to Table 9.

® Bit Manipulation Instructions

These instructions are used on any bit in the first 256 bytes
of the memory. One group either sets or clears. The other
group performs the bit test and branch operations. Refer to
Table 10.

® Control Instructions
The control instructions control the MCU operations during
program execution. Refer to Table 11.

® Alphabetical Listing
The complete instruction set is given in alphabetical order
in Table 12.

® Opcode Map
Table 13 is an opcode map for the instructions used on the
MCU.
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Table 7 Register/Memory Instructions

Addressing Modes

. Indexed Indexed Indexed
F - . o
unction Mnemonic Immediate Direct Extended (No Offset) (8-Bit Offset) (16-Bit Offset)
Op # # Op # # Op # # Op # # Op # # Op # #
Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes [Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles

Load A from Memory LDA A6 2 2 B6 2 4 C6 3 5 F6 1 4 E6 2 5 D6 3 6

Load X from Memory LDX AE 2 2 BE 2 4 CE 3 5 FE 1 4 EE 2 5 DE 3 6

Store A in Memory STA — - - B7 2 5 c7 3 6 F7 1 5 E7 2 6 D7 3 7

Store X in Memory STX - — - BF 2 5 CF 3 6 FF 1 5 EF 2 6 DF 3 7

Add Memory to A ADD AB 2 2 8B 2 4 cB 3 5 FB 1 4 EB 2 5 DB 3 6

Add Memory and ADC as| 2 | 2 [Bo| 2| 4 |co| 3 | 5 | Fo| 1 4 |9 | 2 | 5 |po9| 3| 6

Carry to A

Subtract Memory SUB A0 2 2 BO 2 4 Co 3 5 FO 1 4 EO 2 5 DO 3 6

Subtract Memory from | o5 a2l 2| 2 (B| 2| 4 |c2| 3|55 |F2| 1| 4 |E2| 2] 5 |p2] 3| 6

A with Borrow )

AND Memory to A AND A4 B4 Cc4 F4 1 E4 2 D4 3

OR Memory with A ORA AA 2 BA 4 CA FA 1 EA 2 DA 3

Exclusive OR Memory | g A8| 2| 2 |es| 2| 4 |cga| 3 | s |F8| 1| 4 |e8| 2| 5 D8] 3| 6

with A

Arithmetic Compare A | (yp al 2| 2 (8| 2|4 |cr| 3]s || 1] a4 |er|2!5 |bp1| 3|6

with Memory

Arithmetic Compare X | = oy A3| 2| 2 |B3| 2| 4 |e3| 35 || 1|4 (3] 2|5 |p3] 3| s

with Memory

Bit T.eSt Memory with A BIT AS 2 2 B85 2 4 cs 3 5 F5 1 a4 ES 2 5 [»]:3 3 6

(Logical Compare) L

Jump Unconditional JMP - — — BC 3 cc 4 FC 1 3 EC 2 DC 5

Jump to Subroutine JSR - - - 8D CcD FD 1 7 ED 2 DD 9

Symbols:
Op: Operation Abbreviation
# : Instruction Statement
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Table 8 Read/Modify/Write Instructions

Addressing Modes

Function Mnemonic Implied (A) Implied (X) Direct (’:';d;’f‘fs‘:ﬂ ( 8.;?(};;;)
Op | # | # |op | # | # |Op| # | # |Op| # | # |oOp| # | #
Code | Bytes | Cycles | Code | Bytes| Cycles| Code | Bytes| Cycles | Code | Bytes | Cycles | Code | Bytes |Cycles

Increment INC 4C 1 5C 1 4 3C 2 6 7C 1 6 6C 2 7
Decrement DEC an | 4 [sa|l 1| a4 (3|l 2| 6 [7a] 1 6 (6A| 2 | 7
Clear CLR aF | 1 4 |[sF | 1 a |3F| 2| 6 |7 ] 1 6 |6F | 2 | 7
Complement com a3 | 1 4 |83 | 1 a {33 2] 6 [73] 1 6 |63 | 2 | 7
g’,faézmmemem) NEG 40 | 1 4 |50 | 1 4 30| 2| 86 |70] 1 6 {60 | 2 | 7
Rotate Left Thru Carry ROL 49 1 4 59 1 4 39 2 6 79 1 6 69 2 7
Rotate Right Thru Carry| ROR 46 | 1 4 |86 | 1 4 | 3| 2| 6 |76 1 6 |66 | 2 | 7
Logical Shift Left LsL a8 | 1 4 |58 | 1 4 [38] 2] 6 |78 1 6 |68 | 2 | 7
Logical Shift Right LSR a4 | 1 a |84 |1 4 l3al 2| 6 |74 ] 1 6 |64 | 2 | 7
Arithmetic Shift Right | ASR a7 | 1 4 |57 | 1 a |37] 2 6 |77 1 6 |67 | 2 | 7
Arithmetic Shift Left ASL 48 | 1 4 {58 | 1 4 (38| 2|6 |[78] 1 6 |68 | 2 | 7
;::; for Negative or TST 40| 1| 4 |sD| 1| a4 30| 2] 6 || 1|6 |6D]| 2|7

Symbols:
Op: Operation Abbreviation

: Instruction Statement
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Table 9 Branch Instructions

Relative Addressing Mode
Function Mnemonic Op # #
Code Bytes Cycles

Branch Always BRA 20 2 4
Branch Never BRN 21 2 4
Branch |F Higher BHI 22 2 4
Branch IF Lower or Same BLS 23 2 4
Branch IF Carry Clear BCC 24 2 4
(Branch |F Higher or Same) (BHS) 24 2 4
Branch IF Carry Set BCS 25 2 4
(Branch IF Lower) (BLO) 25 2 4
Branch IF Not Equal BNE 26 2 4
Branch IF Equal BEQ 27 2 4
Branch IF Half Carry Clear BHCC 28 2 4
Branch |F Half Carry Set BHCS 29 2 4
Branch IF Plus BPL 2A 2 4
Branch |F Minus BMI 28 2 4
Branch IF Interrupt Mask Bit is Clear BMC 2C 2 4
Branch IF Interrupt Mask Bit is Set BMS 2D 2 4
Branch IF Interrupt Line is Low BiL 2E 2 4
Branch IF Interrupt Line is High BIH 2F 2 4
Branch to Subroutine BSR AD 2 8

Symbols: Op: Operation Abbreviation #: Instruction Statement
Table 10 Bit Manipulation Instructions

Addressing Modes
Function Mnemonic Bit Set/Clear Bit Test and Branch

Op # # Op # #

Code Bytes Cycles Code Bytes Cycles
Branch IF Bit n is set BRSET n (n=0..... 7) - - — 2:n 3 10
Branch |F Bit n is clear BRCLR n (n=0.....7) - - - 01+2*n 3 10
Set Bit n BSET n (n=0..... 7) 10+2+n 2 7 - - -
Clear bit n BCLRn (n=0.....7) 1142°n 2 7 - - -

Symbols: Op: Operation Abbreviation #: Instruction Statement
Table 11 Control Instructions

. . Implied
Function Mnemonic Op # #
Code Bytes Cycles

Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SEi 98 1 2
Clear Interrupt Mask Bit CL! 9A 1 2
Software Interrupt SWI 83 1 1
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2

Symbols: Op: Operation Abbreviation #: Instruction Statement
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Table 12 Instruction Set

Mnemonic

Addressing Modes

Condition Code

Implied

Imme-
diate

Direct

Ex-
tended

Re-
lative

Indexed
(No
Offset)

Indexed
(8 Bits)

Indexed
(16 Bits)

Bit
Set/
Clear

Bit
Test &
Branch

I

P-4
N

O

ADC

X

X

ADD

AND

ASL

ASR

X |IxXIx|X|x

X x| x|x

x {x{x|x|x

BCC

BCLR

BCS

BEQ

BHCC

BHCS

BHI

BHS

BIH

BIL

X X [ XX IX|[x|x|X

BIT

BLO

BLS

BmC

BMI

BMS

BNE

BPL

BRA

BRN

X[ [ x| X [x[x]|x]|x

BRCLR

BRSET

BSET

BSR

CLC

CLI

CLR

CmP

COM

CcPX

DEC

EOR

INC

JMP

JSR

LDA

LDX

XX IX XX [x|X]|X]|x!|X]|x

X X | xX|X

X x| XxIxtdx Ix|xixix|x|x

XX [ X x> |x|>»@ixX[{»xix!|x

x [ x> ix

o(o/o|ofoofo/e|/o o eojej0oj0/0|0/0/0(0oje|/0 000 0a|0ofe/eo/e/o|jejo|ojo oo 0feiee|>|>
Si>leie|>I>|>>|>(>|~|e|e|e|eje/eje/eoje/e|oo|ejoje(>0|e|e(efe|o|ejefele|> (>SS

olelojeloeo 0olo(oloje0looio/o/o/o|oie|o eio/eio|eojoe|ojeie|o/oioioioiofeloloieie
Si>je|e|>1>(>|>[>[>|c|e|/e|e|e|/e|(e|/eo|ejeje|e|e|e|eje|>|o|(e|of/e|eje/e|[e|jele|>|>I>|> >

ofolojo/ojoio>(~|>(ej0ejo|e|e|>|>|0|0/e|e|/e|(eo/0o/eje|e|oje|eje (0o e (eje|eje|>|>le(>]>
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H  Half Carry {From Bit 3)
] Interrupt Mask

N Negative (Sign Bit)

Z Zero

(o

Carry Borrow
/A Testand Set if True, Cleared Otherwise
Not Affected

G HITACHI
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HD6805WO0

Table 12 Instruction Set
Addressing Modes Condition Code
Indexed Bit Bit
. . Imme- . Ex- Re- Indexed | Indexed
Mnemonic | Implied| ‘.- | Direct | 0| otive (No (8 Bits) | (16 Bits) Set/ | Test& [H |1 |{N|Z |C
Offset) Clear | Branch
LSL b X X X e (e | AIA|A
LSR X X X e (& |0 | A A
NEQ X X X e (& | A|IA A
NOP X o |o|o o o
ORA X X X X X X e (o6 | AN A LO
ROL X X X X e (0| AN IAIA
ROR x X x e 1O IAN|AA
RSP X o oe|o o |0
RTI X 20?21?2072
RTS X o e o 0o o
SBC X X X X X X e (0 | AAI|A
SEC X o (o | o | o |1
SEI o |1 |e | @ @
STA X X X X ® (06 NI AN|e®
STX X X X o (o AlA|e
suB X X X X e o AIAIA
SWI X e |1 e|e|e
TAX x e e o0 o
TST X X X X e (¢ | AN AN|e
TXA X o (oo o 0o
Condition Code Symbols:
H  Half Carry (From Bit 3) C Carry/Borrow
| Interrupt Mask /\  Test and Set if True, Cleared Otherwise
N Negative (Sign Bit) e  Not Affected
2 Zero ? Load CC Register From Stack
Table 13 Opcode Map
Bit Manipulation Brnch Read/Modify/Write Controt Register/Memory
Test & Set/ .
Branch | Clowr Rel | DIR A X X1 ] X0 | MP | IMP [IMM | DIR | EXT | X2 | X1 | xo
0 1 2 3 4 5 6 7 8 9 A B c D E F | «HIGH
0 [BRSETO | BSETO | BRA NEQ RTI* | ~— suB 0
1 |BRCLRG | BCLRO | BRN - RTS* | — cmpP 1
2 |BRSET1 | BSET1 | BHI = - - SBC 2
3 |BRCLRY | BCLR1 | BLS CcOoM swi* | — CPX 3L
4 | BRSET2 | BSET2 | BCC LSR = . AND 40
5 | BRCLR2 | BCLR2 | BCS - - N BIT 5 W
6 [BRSET3 | BSET3 | BNE ROR N o LDA 6
7 | BRCLR3 | BCLR3 | BEQ ASR - J7ax | - STA{+1) 7
8 |BRSET4 | BSET4 | BHCC LSL/ASL - cLc EOR 8
9 |BRCLR4 | BCLR4 | BHCS ROL - SEC ADC 9
A |BRSETS | BSET5 | BPL DEC - cLi ORA A
B |BRCLRS | BCLRS | BMI - - [sEl ADD B
C |BRSET6 | BSET6 | BMC INC - RSP | — | JMP(~1) c
D |BRCLR6 | BCLR6 | BMS TST - NOP | BSR*| JSR(-3) D
E |BRSET7 | BSET7 |BIL - - - LDX E
F | BRCLR7 | BCLR7 | BIH CLR - |1xa | - STX(+1) F
3/10 217 24 |26 [va s J2m Jue [ 1y [ 12 [ 22 [ 24 J35 T3 J2rs [1/a

[NOTE] 1. Undefined opcodes are marked with “'—"",

2. The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles).

Mnemonics followed by a *'=" require a different number of cycles as follows:

} indicate that the number in parenthesis must be added to the cycle count for that instruction.

G HITACH!
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HD6805X0

MCU (Microcomputer Unit)

The HD6805XO0 is the 8-bit single chip Microcomputer Unit

(MCU) which contains a CPU, on-chip clock, ROM, RAM, I/O
and timer. The HD6805SX0 is a member of HD680S family
and has more /O ports and serial I/O than HD6805V1.

0 060000000 00 01

224

HARDWARE FEATURES

8-Bit Architecture

96 Bytes of RAM

Memory Mapped 1/0

3958 Bytes of ROM

Internal 8-Bit Timer with 7-Bit Prescaler

Vectored Interrupts — 2 External, Timer, Soft and Serial 1/0
65 1/0 Lines (16 Lines LED Compatible)}

On-Chip Serial 1/0 (Usable as Timer)

On-Chip Clock Circuit

Self-Check Mode

Master Reset

Low Voltage Inhibit

Complete Development System Support by Evaluation Kit
5 Vdc Single Supply

SOFTWARE FEATURES

Similar to HD6800

Byte Efficient Instruction Set

Easy to Program

True Bit Manipulation

Bit Test and Branch Instruction

Versatile Interrupt Handing

Powerful Indexed Addressing for Tables
Full Set of Conditional Branches

Memory Usable as Registers/Flags

Single Instruction Memory Examine/Change
10 Powerful Addressing Mode

All Addressing Modes Apply to ROM, RAM and 1/0
Compatible with MC6805P2

Compatible with HD6805V 1, HD6805U 1

—ADVANCE INFORMATION—

HD6805X0P

(DP-648S)

= PIN ARRANGEMENT

HD6805X0

(Top View)

@ rHiTaCH!



HD6805X0

= BLOCK DIAGRAM

XTAL EXTAL
TIMER Prescaler Timer/ == e
7 g Counter ES NUM INT
Timer Control Oscillator Miscellane-
ous Reg.
. D
A ———
A° D, /INT;
AI Accumulator [*— Ds
: - 8 A S Port D
PortA 5 port | Data cPU Port D4 Ynput
1/0 A el B X Control *—— Ds Lines
Lines A4=—of Dir. Index Register Reg.
Reg. | Reg. ~—D:
Ao 8 X
Ag e D
¢ Condition
A, Code Register
5 cC
CPU
Stack Pointer
Bo e—»f 5 S F——E
B; o— s
Bl Program Counter — E’
PortB _* ““High"’ [ 5% PortE
1/0 Bie— Port | Data . 6 PCH ALU P%r( E, Ouiput
Lines Bya— o B Dir. Rog. b——=E, Lines
4 Reg. | Reg. Program Counter eg. s
B =— 8 Low" pe —E:
| PR S—— l —=Es
By a—— I T [F—E,
3968 x 8 96 x 8
ROM RAM .
CO - o
Cy =i [—F,
C, =—rf l—=F, PortF
Port C C,+—{ Port | Data Port |—wF, ch_tput
170 ¢ | i [— Fol o> Lines
Linﬁ Cs Reg. | Reg. Reg. F4
Cs/CK i =Fs
Ce/Rx [ Fs¢
C,/Tx F2
Serial
Serial| Control Reg.
Data e Go
Reg. Serial f—— G,
Status Reg. =G,
Port G
L g | v et
Reg. | Reg. [*—Gs Lines
l——G,
f—=G.
le— G,
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HD6301V1,HD63A01V1,

HD63B01V1

CMOS MCU (Microcomputer Unit)

The HD6301V1 is an 8-bit CMOS single-chip microcom-
puter unit, Object Code compatible with the HD6801. 4kB
ROM, 128 bytes RAM, Serial Communication Interface (SCI),
parallel I/O terminals and three function timer are incorporated
in the HD6301V1. It is bus compatible with HMCS6800. Ex-
ecution time of key instructions are improved and several
new instructions are added to increase system throughput.
The HD6301V1 can be expanded up to 65k words. Like the
HMCS6800 family, I/O level is TTL compatible with +5.0V
single power supply. HD6301V1 is fabricated by the advanced
CMOS process technology. So power dissipation is extremely
reduced. And HD6301V1 has Sleep Mode and Standby Mode
as lower power dissipation mode. So flexible low power con-
sumption application is possible.

s FEATURES
® Object Code Upward Compatible with HD6801 Family
® Abundant On-Chip Functions Compatible with HD6801V0;
4kB ROM, 128 Bytes RAM, 29 Parallel 1/0 Lines, 2 Lines of
Data Strobe, 16-bit Timer, Serial Communication Interface
® Low Power Consumption Mode: Sleep Mode, Standby Mode
Minimum Instruction Cycle Time
1us (f=1MHz), 0.67us (f=1.5MHz), 0.5us (f=2MHz)
Bit Manipulation, Bit Test Instruction
Protection from System Burst: Address Trap, Op-Code Trap
Up to 65k Words Address Space
Wide Operation Range
Vee=3 to 6V (f=0.1~0.5MHz),
f=0.1 to 2.0MHz (Vcc=5V+10%)

® BLOCK DIAGRAM

>
o Qod- =|dw
of
b > S SuS T
LU Mode
cPU
P3o < :2"
P3y o N P 2
P ort
i port K mux : e
Presl 3 | Pa
Py -] IRQ,
gss el H
7«
Eé,’ = C Timer t‘_J
‘c"
<
SCI
Pao +—] L] P
AR K _Address t_:_: Pl
Paz o 12
Py o] Port Port 1
Pas =] 1 N
Pas +—] jo——— P15
Pug <+ [* =P
Per = Py
226

HD6301V1P, HD63A01V1P, HD63BO1V1P

{FP-54)

= PIN ARRANGEMENT

HD6301V1

HD6301V1

GoI0agong
dddad Fd&S
(Top View)
a TYPE OF PRODUCTS
Type No. Bus Timing

HD6301V1 1 MHz

HD63A01V1 1.5 MHz

HD63B01V1 2 MHz

@ HITACHI

%<NC>
@] <NC>
%<NC>
“]<NC>
1] Pz
4] P33

5] P3a
4] P3s

P3s
) Py
2] <NC>

% <NC>
2] Pao

%] Pay
) Paz
1] <NC>
nJ<NC>




= ABSOLUTE MAXIMUM RATINGS

Item Symbo! Value Unit
Supply Voltage Vee -0.3~+7.0 \
Input Voltage Vin 0.3~ Vec10.3 \Y
Operating Temperature Topr 0~ +70 °c
Storage Temperature Tag -65 ~+150 °c

(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field.
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection

circuits. To assure the normal operation, we recommend Vi, Vout ! Vss = (Vin or Vout) < Vec-

= ELECTRICAL CHAR

® DC CHARACTERISTICS (V¢ = 5.0V+10%, Vgg =0V, Ta = 0~+70°C, unless otherwise noted.)

ACTERISTICS

Item Symbol Test Condition min typ | max | Unit
RES, STBY Vce-0.5] — v
Input “High” Voltage | EXTAL Vin Veex07| = | ool v
Other Inputs 2.0 -
Input “Low"” Voltage All Inputs Ve -0.3 - | 08 \
Input Leakage Current | NMi, IRQ,, RES, STBY| i;,! Vip =0.5~Vce-05V| - - {10 | A
Three State (off-state) | Pyo~Py7, Pyo~Pas, 0.5~
Leakage Current P3o~P3;7, Pao™~ Pas, 1S3 lirsil | Vin=05~Vec-05v) - A el
, lon = -200uA 24 - | - v
Output “High’’ Volt All Output A%
put High Vorage uputs o4 [Mop = -100A Ve 07] — | = | V
Output “Low" Voltage | All Outputs VoL | loL =1.6mA - - | 085 V
. Vin=0V, f=1.0MHz,
Input Capacitance All Inputs Cin T'a"= 25°C X - — | 125 pF
Standby Current Non Operation lec - 20| 15.0| uwA
Operating (f=IMHz**)| — 6.0 | 10.0
Cu t Dissipation™ A
rrent Plssipation ¢ [Siceping (FFIMHZ"") | = 10] 20| ™
RAM Stand-By Voltage Vgeam 2.0 - - \

* Vip min = Vee-1.0V, Vj max = 0.8V

** Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max.
values about Current Dissipations of the when of f = x MHz operation are decided according to the following formula;

typ. value

(f =x MHz) = typ. value (f=1MHz) xx

max. value (f =x MHz) = max, value (f = 1MHz) x x
{both the sleeping and operating)

@ HITACHI
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® AC CHARACTERISTICS (V¢g = 5.0V+10%, Vss = 0V, Ta = 0~+70°C, unless otherwise noted.)

BUS TIMING
Test | HDE301V1
Item Symbol| Con- - l:ID63A01V1 HDGSBO1V1 Unit
dition | MIn | typ | max| min |typ | max | min | typ | max
Cycle Time teye 1 - 10 | 0.666| — 10056 | — 10| us
bs%r:'s's Strobe Pulse Width PW i 220| — _ 150 | — - |10/l = _ ns
Address Strobe Rise Time tasr - | - 20 - |~ 20| — - 20| ns
Address Strobe Fall Time tast - | - 20| — - 20| — - 20! ns
Address Strobe Delay Time taso 60| — | — 0 (- | - 200 — | — ns
Enable Rise Time ter - | - 200 — | - 20| - | — 20| ns
Enable Fall Time tes - | - 20| - |- 20| - | - 20| ns
Enable Pulse Width “High” Level | PWgy 450 — | — |300 |- | — (220 - | — ns
Enable Pulse Width “Low’’ Level |PWg_ 450 - | - 1300 (|- | - {220 — | — ns
Address Strobe to Enable Dela .
Time V' | taseo 60| — | — | 40| - | — 2| - | — ns
: taD1 - | —]250| — | = |190| — | — [ 160] ns
A lay T .
ddress Delay Time tapz |Fi&-1 [ — | — |250| — | — [190| — | — | 160 ns
Address Delay Time for Latch taor (Fig.2 | — -~ |'250 | — - 190 | — —~ | 160 | ns
i t 23 - - |1 - - - -
Data Set-up Time Write DSW 0 50 100 ns
Read |tpsgr 80| — | - 60 | — | - 50| — | — ns
Data Hold Time Read |t el e N M N Ml el ..
Write | tyw 200 - | - 2 - | - 20| - | - ns
Address Set-up Time for Latch tasL 60 — | — 40 | - | — 20 - | - ns
Address Hold Time for Latch tAHL 30| - | — 20 | — - 2 | — - ns
Address Hold Time tAn 2| —- | - 2 |- |- 20— | — ns
Ao ~ A, Set-up Time Before E tasm 20| — | — (10| - | - 60 — | -~ ns
Peripheral Read gf,’s" Multiplexed (tacen) - | — |680f— |- |36 — | — |270| ns
Access Time -
Multiplexed Bus | (tacem — | — |650| — | — |39 — | — | 270 ns
Oscillator stabilization Time tre Fig. 10| 20| — | — 2 |- | - 20— | — | ms
Processor Control Set-up Time tecs Fig. 11200 — | — |200|— | — |200|— | — ns
PERIPHERAL PORT TIMING
Test HD6301V1 HD63A01V1 HD63B01V1 .
Item Symbol | Con- . - - Unit
dition min typ max | min typ max | min typ max
Peripheral Data . I I i _
Set-up Time Port1,2,3,4 |tepsy | Fig. 3 | 200 200 200 ns
Peripheral Data . _ | |-
Hold Time Port1,2,3,4 | tppn Fig.3| 200 | — 200 200 ns
Delay Time, Enable Positive
Transition to OS3 Negative tosp1 | Fig.5| — | — [ 300 — | — | 300 — | — |[300| ns
Transition
Delay Time, Enable Positive
Transition to OS3 Positive tosp2 | Fig.5| — — | 300 | — - 300 — — | 300 ns
Transition
Delay Time, Enable Nega-| port 1,
tive Transition to Peri- 2*3 4| tewo Fig.4 | — - 1300| — - | 300 — - {300 ns
pheral Data Valid '
Input Strobe Pulse Width tewis Fig.6 | 200 | — - |200| - ~ 200 — - ns
Input Data Hold Time Port3 |ty Fig.6 | 150 — | — [180| — - | 180 — - ns
Input Data Setup Time | Port3 |t Fig. 6 0| — - 0| —~ —_ 0| — - ns

* Except Ppq
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TIMER, SCI TIMING

HD6301V1,HD63A01V1,HD63BO1V1

Figure 1 Expanded Multiplexed Bus Timing
@ HITACHI

Test HD6301V1 HD63A01V1 HD63B01V1 .
Item Symbol | Con- - - - Unit
dition| Min| typ| max;min{ typ [ max|min} typ | max
Timer Input Puise Width thwT 20| — | — {20 — | = |20} - — | teye
Delay Time, Enable Positive .
! X - - — - - - | 400
Transition to Timer Out troo  (Fig. 7 400 400 o ns
SCI Input Clock Cycle tseye 200l — | = |20 -] - |20]| - — | teye
SCI Input Clock Pulse Width trwscK 04| - |06 (04| — (06 |04 - | 0.6 | tscyc
MODE PROGRAMMING
Test HD6301V1 HD63A01V1 HD63B01V1 .
Item Symbol | Con- - - - Unit
dition | Min | typ | max | min | typ | max [ min| typ | max
RES ““Low’’ Pulse Width PWRgsTL 3 — - |3 - - |3 - = | teye
Mode Programming Set-up Time | typg Fig. 8| 2 - - |2 = — |2 - — | teye
Mode Programming Hold Time tmPH 150 | — - 1150} — — 150| - - ns
teye
Address Strobe
(AS)
«—tast
t ASE D}e—
2.4v h
PWen
Enable o
(E) WeL
o0.8v ( ‘
— —tEr — et
e——tAD 1 —
-+ l*—tAH
— 2.4V
?s/(‘;/: :APZ‘A:; Address Valid
0.8V
i I
st : [+ 1AHL
tosw 1 tew
MPU Write zav f-2.4v p
Do~D,, A ~A, Cgféess Data Vahd
(Port 3) o 8‘\/ sv
0. 7 0.
fe———1 ASM
AoL osR - tHR
MPU Read ‘i.:c\jlress ) -2.0v
D,~D,, A,~A, Valid Data Valid
(Port 3) 0.8V 0.8V
1
{tacem!
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[ teye
2.4v oW A
(— RS
Er:;l;le EH
PWeL |
osv ‘ K
ter —  fe—tEf
e——tap1— — [|*tan
A,~A, (Port 4) 24v f 3
RW (SC2) Address Valid
105 (sc) 08V 7
"_‘DSW_‘ .
—=] r—t,.m
24v 4
M:U w‘;lu { Data Valid
o~D,
(Port3) o8v
tosr—*|
{tacen! —4 tHR
2.0v
MPU Read Data Valid
2~D, tan2 0.8V
(Port 3) :
—3 tan
A,~A, (Port 1) £ 24v
Aa. o m_—< Address Valid
" A orf
NosY
Figure 2 Expanded Non-Multiplexed Bus Timing
MPU Write
I—MPU Read
€ 24v 24v e
0.8V j N 0.8V 0.8V
tPosu[s—=} POH
Pm ~ Pu le—t,
Pa~Py 2OV ZFData Valid 2.0v e
P ~P 0.8V e .8V
w ~Pa v
Inputs tposSU All Data 2.4v Data Valid
Port Outputs 0.8V
Py ~ Py 2.0V - 2.0V
Inputs® 0.8v,/N Data Valid 0.8V
- . Note) Port 2: Except P,
*Port 3 Non-Latched Operation Figure 4 Port Data Delay Times
Figure 3 Port Data Set-up and Hold Times (MPU Write)
(MPU Read)
r MPU access of Port 3* is3
E 2.4V 24v
tPwWiS
U
s Zsoo00 X X
Py ~ Py, 20V Data Vali 2.0v
Inputs gy 12 Valid 0.8V
] }

— —af et - A
0s3 0sD1 0SD2
24v
o8V

*Access matches Output Strobe Select {OSS = 0, a read;

0SS = 1, a write)

Figure 5 Port 3 Qutput Strobe Timing
(Single Chip Mode)

Figure 6 Port 3 Latch Timing
(Single Chip Mode)
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HD6301V1, HD63A01V1,HD63B0O1V1

Timer Output Compare
Counter Matched
Mode Inputs
g“ron’ Pro Py P
Py, 24V
Output 0.8V

Figure 8 Mode Programming Timing

Figure 7 Timer Output Timing

Vee

R =2.2ka
4.0k for E)
Test Point
152074 H)
or Equiv

90 pF for P, ~P,, P, ~P,,.SC,, SC,
30pFlmP,,,~P TPio~Pi.

40 oF for
|2knlorP ~P Py ~Pr Py~P,,. Py, ~P,, E, SC,, SC,

Figure 9 Bus Timing Test Loads (TTL Load)

Interrupt
Test
-

« 1
Adorens Bus — X
Address Bus

Op Code Op Code FFFF SP SP-1 SP-2 SP-3  SP-4

R SP-5 SP-6 Vector Vector New PC
NMI, IRQ) -\ Address Address+1 'xlig'ess kcsigress Address
— tpcs

Internal

D:

ata Bus O Code peéand \relevant GO~ PGB - X0~  IXB- ACCA ACCE CCR ector ector First Inst.

Internal — Op Codepara PC7 PC15  |x7 IX15 Interrupt Rouu

Read \

internal / \

Write

Figure 10 Interrupt Sequence
e RN LM J‘LJ‘L!‘\_I"IILH_I'LH_P—_NN)J_U_U_'
——55V
v 75‘5v e ‘L
,____
Wj Veesasy — L‘rcs tPCS o L e
s . ‘ ]v“ ® "03\/

e i D S S W . | — T
MW FFFF FEFF FFFF FFRF FFFE FFFF NewPC m FFFF FFFF
WM W

TG SR ——

Figure 11 Reset Timing

\\‘ W \\ "‘
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HD6301V1,HD63A01V1,HD63BO1V1

u FUNCTIONAL PIN DESCRIPTION

® Vee Vss

These two pins are used for power supply and GND.
Recommended power supply voltage is 5V £10% or 3 to 6V
other than for high speed operation (500kHz).

® XTAL, EXTAL

These two pins are connected with parallel resonant funda-
mental crystal, AT cut. For instance, in order to obtain the
system clock 1MHz, a 4MHz resonant fundamental crystal is
useful because the devide by 4 circuitry is included. EXTAL
accepts an external clock input of duty 50% (£10%) to drive,
then internal clock is a quarter the frequency of an external
clock. External driving frequency will be less than 4 times as
maximum internal clock. For external driving, no XTAL should
be connected. An example of connection circuit is shown in Fig.
12.

AT Cut Parallel Resonance Crystal
Co = 7 pF max
Rg = 60 Q max

XTAL

CLq = Cpp = 10~22pF : 20%
== (3.2~8MHz2)

EXTAL

Figure 12 Crystal Interface

® Standby (STBY)

This pin is used to place the MCU in the Standby mode.
Setting to “Low” level, the internal condition is reset with
inactive oscillation and fixed internal clock. In order to retain
information in RAM during standby, write “0” into RAM
enable bit (RAME). RAME is bit 6 of the RAM Control Register
at address $0014. This disables the RAM, so the contents of
RAM is guaranteed. For details of the standby mode, see the
Standby section.

® Reset (RES)

This input is used to reset the MCU and start it from a power
off condition. RES must be held “Low” for at least 20ms when
power is on. It should be noted that, before clock generator
stabilizing, the internal state and I/O ports are uncertain, be-
cause MCU can not be reset without clock. To reset the MCU
during system operation, it must be held “Low” at least 3 sys-
tem clock cycles. From the third cycle on, all address buses
become “High” with RES at “Low” level. Detecting “High”
level, MPU does the following.

(1) 1/O Port 2 bits 2,1,0 are latched into bits PC2, PC1, PCO of
program control register.

(2) The contents of the two Start Addresses, SFFFE, SFFFF
are brought to the program counter, from which program
starts (see Table 1).

(3) The interrupt mask bit is set. In order to have the MPU
recognize the maskable interrupts IRQ, and IRQ;, clear it
beforehand.

® Enable (E)

This output pin supplies system clock. Output is a single-
phase, TTL compatible and 1/4 the crystal oscillation frequen-
cy. It will drive two LS TTL load and 40pF.

® Non maskable Interrupt (NM1)

When the input signal of this pin is recognized to fall, NMI
sequence starts. The current instruction may be continued to
the last if NMI signal is detected as well as the following IRQ,
interrupt. Interrupt mask bit in Condition Code Register has no
effect on NML. In response to NMI interrupt, the information of
Program Counter, Index Register, Accumulators, and Condition
Code Register are stored on the stack. On completion of this
sequence, vectoring address $FFFC and $FFFD will occur to
load the contents to the program counter and branch to a non
maskable interrupt service routine.

Inputs IRQ, , and NMI are hardware interrupt lines sampled
by internal clock. After the execution of instructions, start the
interrupt routine in synchronization with E.

® Interrupt Request (IRQ;)

This level sensitive input requests that an interrupt sequence
be generated within the machine. The MPU will wait receiving
the request until it completes the current instruction that being
executed before it recognizes the request. At that time, if the
interrupt mask bit in Condition Code Register is not set, MPU
begins interrupt sequence; otherwise, interrupt request is neg-
lected.

Once the sequence has started, the information of Program
Counter, Index Register, Accumulator, Condition Code Register
are stored on the stack. Then the MPU sets the interrupt bit so
that no further maskable interrupts may occur.

Table 1 Interrupt Vectoring memory map
Vector Interrupt
Highest ~ MSB_| LS8
Priority FFFE | FFFF RES
FFEE | FFEF TRAP
FEFC | FFFD Rmi
FFFA | FFFB Software Interrupt (SWI)
FFF8 | FFF9 1RQ, (or iS3)
FFF6 | FFF7 ICF (Timer Input Capture)
FFF4 | FFF5 OCF (Timer Output Compare)
FFF2 | FFF3 TOF (Timer Overfiow)
Lowest FFFO | FFF1 | SCI (RORF + ORFE + TORE)
Priority

At the end of the cycle, the MPU generates 16 bit vectoring
addresses indicating memory addresses $FFF8 and $FFF9, and
locates the contents in Program Counter to branch to an
interrupt service routine.

The Internal Interrupt will generate signal (fRQ,) which is
quite the same as TIRQ, except that it will use the vector address
$FFFOto $FFF7.

When IRQ, and IRQ, are generated at the same time, the
former precede the latter. Interrupt Mask Bit in the condition
code register, if being set, will keep the both interrupts off.

On occurrence of Address error or Op-code error, TRAP
interrupt is invoked. This interrupt has priority next to RES.
Independently of the Mask Bit condition, the MPU will start
an interrupt sequence. The vector for this interrupt will be
$FFEE, SFFEF.

The following pins are available only for Port 3 in single chip
mode.
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® 1Input Strobe (IS3) (SC, )

This signal controls IS3 interrupt and the latch of Port 3.
When detected the signal fall, the flag of Port 3 Control Status
Register is set.

For respective bits of Port 3 Control Status Register, see the
I/O PORT 3 CONTROL STATUS REGISTER section.

® Output Strobe (0S3) (SC;)

This signal is used to strobe to an external device, indicating
effective data is on the I/O pins. The timing chart for Output
Strobe are shown in figure 5.

The following pins are available for Expanded Modes.

® Read/Write (R/W) (SC;)

This TTL compatible output signal indicates peripheral and
memory devices whether MCU is in Read (‘‘High”), or in Write
(“Low”). The normal stand-by state is Read (‘“‘High”). Its
output will drive one TTL load and 90pF.

® 1/0 Strobe {iOS) (SC;) o
In expanded non multiplexed mode 5 of operation, IOS
decodes internally Ag to A5 as zero’s and Ag as a one. This
allows external access up to 256 addresses from $0100 to
$01FF in memory. The timing chart is shown in Figure 2.

® Address Strobe {AS) (SC,)

In the expanded multiplexed mode, address strobe appears at
this pin. It is used to latch the lower 8 bits addresses
multiplexed with data at Port 3 and to control the 8-bit latch by
address strobe as shown in Figure 18. Thereby, [/O Port 3 can
become data bus during E pulse. The timing chart of this signal
is shown in Figure 1.

= PORTS

There are four I/O Ports on HD6301V1 MCU (three 8-bit
ports and one 5-bit port). 2 control pins are connected to one of
the 8-bit port. Each port has an independent write-only data
direction register to program individual 1/O pins for input or
output.*

When the bit of associated Data Direction Register is “1”,
1/O pin is programmed for output, if “0”, then programmed for
an input.

There are four ports: Port 1, Port 2, Port 3, and Port 4.
Addresses of each port and associated Data Direction Register
are shown in Table 2.

* Only one exception is bit 1 of Port 2 which becomes either a
data input or a timer output. It cannot be used as an output
port.

Table 2 Port and Data Direction Register Addresses

Data Direction

Ports Port Address Register Address
1/0 Port 1 $0002 $0000
110 Port 2 $0003 $0001
1/0 Port 3 $0006 $0004
1/0 Port 4 $0007 $0005
® |/OPort1

This is .an 8-bit port, each bit being defined individually as
input or outputs by associated Data Direction Register. The
8-bit output buffers have three-state capability, maintaining in
high impedance state when they are used for input. In order to

HD6301V1, HD63A01V1,HD63BO1V1

be read accurately, the voltage on the input lines must be more
than 2.0V for logic “1” and less than 0.8V for logic “0”.

These are TTL compatible. After the MCU has been reset, all
I/O lines are configured as inputs in all modes except mode 1.
In all modes other than expanded non multiplexed mode, mode
1, Port 1 is always parallel 1/O. In mode 1, Port 1 will be output
line for lower order address lines (A, to A).

® /0O Port2

This port has five lines, whose I/O direction depends on its
data direction register. The S-bit output buffers have three-state
capability, going high impedance state when used as inputs. In
order to be read accurately, the voltage on the input lines must
be more than 2.0V for logic “1” and less than 0.8V for logic
“0”. After the MCU has been reset, 1/O lines are configured as
inputs. These pins on Port 2 (pins 10,9, 8 of the chip) are used
to program the mode of operation during reset. The values of
these three pins during reset are latched into the upper 3 bits
(bit 7, 6 and 5), which is expanded in the MODE SELECTION
section.

In all modes, Port 2 can be configured as I/O lines. This port
also provides access to the Serial [/O and the Timer. However,
note that bit 1 (P,,) is the only pin restricted to data input or
Timer output.

® |/OPort3
This is an 8-bit port which can be configured as I/O lines, a
data bus, or an address bus multiplexed with data bus. Its
function depends on hardware operation mode programmed by
the user using 3 bits of Port 2 during Reset. Port 3 as a data bus
is bi-directional. For an input from peripherals, regular TTL
level must be supplied, that is greater than 2.0V for a logic “1”
and less than 0.8V for a logic “0”. This TTL compatible
three-state buffer can drive one TTL load and 90pF. In the
expanded Modes, data direction register will be inhibited after
Reset and data flow will be dependent on the state of the R/W
line. Port 3 in each mode assumes the following characteristics.
Single Chip Mode: (Mode 7): Parallel Inputs/Outputs—as
programmed by its corresponding Data Direction Register.
There are two control lines associated with this port in this
mode, an input strobe (IS3) and an output strobe (OS3), both
being used for handshaking. They are controlled by 1/0 Port 3
Control/Status Register. Additional 3 characteristics of Port 3
are summarized as follows:
(1) Port 3 input data can be latched using IS3 (SC,) as a
control signal.
(2) OS3 can be generated by MPU read or write to Port 3’s
data register.
(3) IRQ, interrupt can be generated by an IS3 negative
edge.
Port 3 strobe and latch timing is shown in Figs. 5 and 6,
respectively.

1/0 Port 3 Control/Status Register

7 6 5 4 3 2 1 0
153 X | Oss |LATCH | X X X
is3 —
IRQ,
$000F | FLAG |ENABLE ENABLE

Bit 0 Not used.
Bit 1 Not used.
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Bit 2 Not used.
Bit3 LATCH ENABLE.

Bit 3 is used to control the input latch of Port 3. If the bit is
set at “1”, the input data on Port 3 is latched by the falling edge
of IS3. The latch is cleared by the MCU read to Port 3; it can
now be latched again. Bit 3 is cleared by a reset. ’
Bit 4 0SS (Output Strobe Select)

This bit identifies the cause of output strobe generation: a
write operation or read operation to I/O Port 3. When the bit is
cleared, the strobe will be generated by a read operation to Port
3. When the bit is not cleared, the strobe will be generated by a
write operation. Bit 4 is cleared by a reset.

Bit 5 Not used.
Bit 6 1S3 ENABLE.

If the 1S3 flag (bit 7) is set with bit 6 set, an interrupt is
enabled. Clearing the flag causes the interrupt to be disabled.
The bit is cleared by a reset.

Bit 7 IS3 FLAG.

Bit 7 is a read-only bit which is set by the falling edge of IS3
(SCy). It is cleared by a read of the Control/Status Register fol-
lowed by a read/write of I/O Port 3. The bit is cleared by reset.
Expanded non multiplexed mode (mode 1,5)

In this mode, Port 3 becomes data bus. (D, to D;)

Expanded Multiplexed Mode (mode 0, 2, 4, 6)

Port 3 becomes both the data bus (D, ~ D) and lower bits
of the address bus (Ag ~ A;). An address strobe output is true
when the address is on the port.

® /O Port4

This is an 8-bit port that becomes either I/O or address
outputs depending on the operation mode selected. In order to
be read accurately, the voltage at the input lines must be greater
than 2.0V for a logic “1”, and less than 0.8V for a logic “0”.
For outputs, each line is TTL compatible and can drive one TTL
load and 90pF. After reset, this port becomes inputs. To use
these pins as addresses, they should be programmed as outputs.

In each mode, Port 4 assumes following characteristics.
Single Chip Mode (Mode 7): Parallel Inputs/Outputs as
programmed by its associated data direction register.

Expanded Non Multiplexed Mode (Mode 5): In this mode,
Port 4 becomes the lower address lines (A, to A,) by writing
“1”’s on the data direction register.

When all of the eight bits are not required as addresses, the
remaining lines can be used as I/O lines (Inputs only) starting
with the MSB.

Expanded Non Multiplexed Mode (Mode 1): In this mode, Port
4 becomes output for upper order address lines (Ag to Ajs).
Expanded Multiplexed Mode (Mode 0, 2, 4): In this mode, Port
4 becomes output tor upper order address lines (Ag to A;s)
regardless of the value of data direction register. The relation
between each mode and 1/O Port 1 to 4 is summarized in Table
3.

® MODE SELECTION
The operation mode after the rest must be determined by the
user wiring the 10, 9, and 8 externally. These three pins are
lower order bits; I/0 0, 1/0 1, 1/0 2 of Port 2. They are latched
into the programmed control bits PCO, PC1, PC2 in 1/O Port 2
{’e%ister when reset goes “High”, 1/O Port 2 Register is shown
elow.

Port 2 DATA REGISTER

7 6 5 4 3 2 1 /]

$0003| Pczl%vlrooln/On Il/oa‘llozlllot ||/oo]

An example of external hardware used for Mode Selection is
shown in Fig. 13. During reset, the HD14053B is available to
separate the peripheral device from the MCU. It is necessary
where the data conflict can occur between peripheral device and
Mode generation circuit.

No mode can be changed through software because the bits
5, 6, and 7 of Port 2 are for read only. The mode selection of
the HD6301V1 is shown in Table 4.

The HD6301V1 operates in three basic modes: (1) Single Chip
Mode, (2) Expanded Multiplexed Mode (compatible with the
HMCS6800 peripheral family), (3) Expanded Non Multiplexed
Mode (compatible with HMCS6800 peripheral family)

® Single Chip Mode

In the Single Chip Mode, all ports will become 1/O. This is
shown in figure 15. In this mode, SC1, SC2 pins are configured
for control lines of Port 3 and can be used as input strobe (IS3)
and output strobe (OS3) for handshaking data.

® Expanded Multiplexed Mode

In this mode, Port 4 is configured for I/O (inputs only) or
address lines. The data bus and the lower order address bus are
multiplexed in Port 3 and can be separated by the Address
Strobe.

Port 2 is configured for 5 parallel I/O or Serial 1/O, or Timer,
or any combination thereof. Port 1 is configured for 8 parailel
1/0. In this mode, HD6301V1 is expandable to 65k words (See
Fig. 16).

® Expanded Non Multiplexed Mode

In this mode, the HD6301V1 can directly address HMCS680Q
peripherals with no external logic. In mode 5, Port 3 becomes a
data bus. Port 4 becomes A, to A, address bus or partial
address bus and 1/O (inputs only). Port 2 is configured for a
parallel 1/0, Serial I/O, Timer or any combination thereof.

Port 1 is configured as a parallel I/O only.

In this mode, HD6301V1 is expandable to 256 locations. In
the application system enough with fewer addresses, idle pins of
Port 4 can be used as I/O lines (inputs only)(See Fig. 17).

In mode 1, Port 3 becomes a data bus and Port 1 becomes
A, to A, address bus, and Port 4 becomes Ag to A;s address
bus.

In this mode, the HD6301V1 is expandable to 65k words
with no external logic.

® Lower Order Address Bus Latch

Because the data bus is multiplexed with the lower order
address bus in Port 3 in the expanded multiplexed mode,
address bits must be latched. It requires the 74LS373 Trans-
parent octal D-type to latch the LSB. Latch connection of
the HD6301V1 is shown in Figure 18.
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Figure 13 Recommended Circuit for Mode Selection
Voo Truth Table
Control input On Switch
Inh o] : Sei "o
AG—  Lever [ Binary tol-of2 Inhibit ect
BO— Converter Decoder with C|B|A| HD140538
C O Inhibit 0 |0]0]0] 2y Yy X,
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Figure 14 HD14053B Multiplexers/De-Multipiexers
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Figure 15 HD6301V1 MCU Single-Chip Mode
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Vee

T Vee
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L <—ONMI - | le—o WM
STBY 0—> le—o iRq, STBY 0—a le—o 7RG,
AEe H — 1
AN s REs 07 HD6301V1
":‘ ! <:> M <::> Port3 Port 1 mcu Port 3
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> AW | —= RAW
— i0s
Port 2 Port 4 Port 2 P
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Timer r 8 1/0 Lines Timer ,}7 o
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(a) Mode 5 (b) Mode 1
Figure 17 HD6301V1 MCU Expanded Non Multiplexed Mode
GNOD
AS
5 0C
DI Q! h
Port 3 7aL8373 Address: A, ~A, Function Table
Address/Dats ) Output Enable Output
Control G 0 Q
D S L H H "
L .S L H L L
L L X Q,
H X X 2
Data: D,~D,
Figure 18 Latch Connection
® Summary of Mode and MCU Signal
This section gives a description of the MCU signals for the
variousmodes. SC; and SC, are signals which vary with the mode
that the chip is in.
Table 3 Feature of each mode and lines
PORT 1 PORT 2 PORT 3 PORT 4
MODE Eight Lines | Five Lines Eight Lines Eight Lines sC SC.
SINGLE CHIP 170 1/0 1/0 1/0 1S3 (I) | 0S3(0)
ADDRESS BUS ADDRESS BUS
(Ao~A7) R .
EXPANDED MUX 1/0 1/0 DATA BUS (s~ Asz) AS(0) | R/W(O)
{Do~D»)
DATA BUS ADDRESS BUS* | —=
EXPANDED | Mode 5 1/0 I/0 {Do~ D7) (Ao~ A1) 10S(0) | R/WIi0)
ADDRESS 8US DATA BUS ADDRESS BUS
NON-MUX | Mode 1 (Ao~ Ar) 1/0 (Do~ D) Ao Aus) Not Used | R/WIO)

*These lines can be substituted for 1/0 (Input Only) starting with the MSB (except Mode 0, 2, 4).

! = Input IS3 = Input Strobe
0 = Qutput 9_8_3 = Qutput Strobe
R/W = Read/Write 10S = 1/0 Select

SC
AS
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Table 4 Mode Selection Summary

mode | (Bity | et | bty | ROM | Ram "Veotors Mode Ooe”
7 H H H 1 [} ] 1 Single Chip
6 H H L | [ | Mux(4) Multiplexed/Partial Decode
5 H L H | | | NMUX(4) Non-Multiplexed/Partial Decode
4 H L L g2 5] E MUX Muitiplexed/RAM
3 L H H — — — — Not Used
2 ‘L H L (2 1 E MUX Multiplexed/RAM
1 L L H gf2) | € NMUX Non-Multiplexed
0 L L L 1 t 143 MUX Multiplexed Test
LEGEND : (NOTES)
| — Internal 1) Internal RAM is addressed at $0080.
E - External 2) Internal ROM is disabled.
MUX — Multiplexed 3) @t vector is external for 3 or 4 cycles after
NMUX  — Non-Multiplexed RES goes “*high”".
L — Logic “0" 4) 1idle lines of Port 4 address outputs can
H — Logic 1" be assigned to Input Port.

® Memory Map

The MCU can provide up to 65k byte address space
depending on the operating mode. Fig. 19 shows a memory map
for each operating mode. The first 32 locations of each map are
for the MCU’s internal register only, as shown in Table 5.

Table 5 Internal Register Area

Register Address
Port 1 Data Direction Register**** 00"
Port 2 Data Direction Register **** o
Port 1 Data Register 02*
Port 2 Data Register 03
Port 3 Data Direction Register **** 04°°
Port 4 Data Direction Register **** 05°**
Port 3 Data Register 06*°
Port 4 Data Register 07"
Timer Control and Status Register 08
Counter (High Byte) 09
Counter (Low Byte} 0A
Output Compare Register (High Byte) 0B
Output Compare Register (Low Byte) oc
Input Capture Register {High Byte) oD
Input Capture Register {Low Byte) 0E
Port 3 Control and Status Register oF **
Rate and Mode Control Register 10
Transmit/Receive Control and Status Register 1
Receive Data Register 12
Transmit Data Register 13
RAM Control Register 14
Reserved 15-1F

* External address in Mode 1
** External address in modes 0, 1, 2, 4, 6; cannot be
accessed in Mode 5
*** External address in Modes 0, 1,2, 4
***% 1 = Qutput, 0 = Input
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HD6301V1

Mode
Multiplexed Test mode

$0000‘") p

Internal Registers

External Memory Space

tnternal RAM

External Memory Space

Internal ROM

[NOTES)

1) Excludes the following addresses which may be
used externally: $04, $0S, $06, $07 and $OF.
Addresses $FFFE and $FFFF are considered
external if accessed within 3 or 4 cycles after a
positive edge of RES and internal at all other times.

2

3

of internal and external memory spaces to avoid
driving the data bus with more than one device.
This mode is the only mode which is used for
testing.

4

Internal Interrupt Vectors(2

After 3 or 4 MPU cycles, there must be no overlapping

HD6301V1
Mode

Non-Multiplexed/Partial Decode

$0000

} Internal Registers
$001F

} External Memory Space
$0080

] Internal RAM
$00FF

External Memory Space
$FFFF
[NOTE]

Excludes the following addresses which may be
used externally; $00, $02, $04, $05, $06, $07
and $OF,

(to be continued)

Figure 19 HD6301V1 Memory Maps
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HD6301V1 HD6301V1
Mode Mode

Multiplexed/RAM

T
|

} Internal Registers

$001F
} External Memory Space

$0080

Internal RAM

$OOFF

External Memoty Space

$FFFF

(NOTE] Excludes the following address which
may be used externally; $04, $05, $06,
$07, $OF.

HD6301V1
Mode

Non-Multiplexed/Partial Decode
$0000

} Internal Registers
S001F
Unusable

$0080

$00FF
$0100

] Internal RAM

} External Memory Space
SO1FF

Unusable

7

7

[NOTE) Excludes $04, $06, $OF .
These address cannot be used
externally.

$F000

Internal ROM

$FFFF Internal Interrupt Vectors

{to be continued)

Figure 19 HD6301V1 Memory Maps
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HD6301V1
Mode

Multiplexed/Partial Decode

$0000 W ] Internal Registers
]

$001F
External Memory Space

Internal RAM

External Memory Space

Internal ROM

Internal Interrupt Vectors

$FFFF

[NOTE]

Excludes the following address which may be
used externally: $04, $06, $OF.

HD6301V1
Mode

Single Chip
$0000 X
} Internal Registers
$001F
Unusable
$0080
} Internal RAM
$00FF
Unusable
$F000
tnternal ROM
Internal Interrupt Vectors
$SFFFF

Figure 19 HD6301V1 Memory Maps
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= PROGRAMMABLE TIMER

The HD6301V1 contains 16-bit programmable timer and used
to make measurement of input waveform. In addition independ-
ently it can generate an output waveform by itself, For both
input and output waveform, the pulse width may vary from a
few microseconds to many seconds.
The timer hardware consists of

+ an 8-bit control and status register

- a 16-bit free running counter

+ a 16-bit output compare register, and

« a 16-bit input capture register
A block diagram of the timer is shown in Figure 20.

< HDB301V1 Internal Bus >

Free Running hput Capture
16.8:t Counter Regrater

Timer b7
Camvolr_i: l 7
‘Ana CF JOCF

Status
Register
$08

nput
| Edge
811 B0
port2 Por2

Figure 20 Programmable Timer Block Diagram

® Free Running Counter ($0009: $000A)

The key element in the programmable timer is a 16-bit free
running counter, that is driven by an E (Enable) clock to
increment its values. The counter value will be read out by the
MPU software at any time desired with no effects on the
counter. Reset will clear the counter.

When the MPU writes arbitrary data to the MSB of $09, then
value of $FFF8 is being pre set to the counter (809, $0A)
indepently of the write data value. When the MPU writes
arbitrary data to the LSB ($0A), the data is set to the “Low”,
on the other hand, the data preceedingly written in “High” byte
is set to “High”.

The counter value written to the counter using the double
store instruction is shown in Figure 21,

$09 Write | $0A Write
(5A) (F3)

e LI I LT
Counter ' FFF8 5AF3

|
| 3

(5AF3 written to the counter)

Figure 21 Counter Write Timing

* To write to the counter can disturb serial operations, so it should
be inhibited during using the SCI.
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® Output Compare Register ($000B:$000C)

This is a 16-bit read/write register which is used to control an
output waveform. The contents of this register are constantly
being compared with current value of the free running counter.

When the contents match with the value of the free running
counter, a flag (OCF) in the timer control/status register
(TCSR) is set and the current value of an output level Bit
(OLVL) in the TCSR is transferred to Port 2 bit 1. When bit 1
of the Port 2 data direction register is ‘1> (output), the OLVL
value will appear on the bit 1 of Port 2. Then, the value of Qut-
put Compare Register and Output level bit should be changed to
control an output level again on the next compare values.

The output compare register is set to $FFFF during reset.

The compare function is inhibited at the cycle writing to
the high byte of the output compare register and at the cycle
just after that to ensure valid compare. It is also inhibited
in same manner at writing to the counter.

® Input Capture Register ($000D: $000E)

The input capture register is a 16-bit read-only register used
to hold the current value of free running counter obtained when
the proper transition of an external input signal occurs.

The input transition change required to trigger the counter
transfer is controlled by the input edge bit (IEDG).

To allow the external input signal to gate in the edge detect
unit, the bit of the Data Direction Register corresponding to bit
0 of Port 2 must have been cleared (to zero).

To insure input capture in all cases, the width of an input
pulse requires at least 2 Enable cycles.

® Timer Control/Status Register (TCSR) ($0008)

This is an 8-bit register. All 8 bits are readable and the lower
S bits may be written. The upper 3 bits are read-only, indicating
the timer status information below.

(1) A proper transition has taken place on the input pin with a
subsequent transfer of the current counter value to the
input capture register (ICF).

(2) A match has been found between the value in the free
running counter and the output compare register (OCF).

(3) When counting up to $0000 (TOF).

Each flag may contains an individual enable bit in TCSR
where controls whether or not an interrupt request may be
output to internal interrupt signal (IRQ;). If the I-bit in
Condition Code Register has been cleared, a priority vectored
address occurs corresponding to each flag being set. A descrip-
tion of each bit is as follows.

Timer Control / Status Register

7 6 5 4 3 2 1 0
BFl OCF | TOFI EICt l EOCI I ETOII IEDG l OL\ﬂ $0008

Bit 0 OLVL (Output Level); When a match is found in the
value between the counter and the output com-
pare register, this bit is transferred to the Port 2
bit 1. If the DDR corresponding to Port 2 bit 1 is
set “1”, the value will appear on the output pin of
Port 2 bit 1.

Bit 1 1EDG (Input Edge); This bit control which transition
of an input of Port 2 bit O will trigger the data
transfer from the counter to the input capture
register. The DDR corresponding to Port 2 bit 0
must be clear in advance of using this function.

@ HITACHI 241



HD6301V1,HD63A01V1,HD63BO1V1

When IEDG = 0, trigger takes place on a negative
edge (“High”-to-“Low” transition). When IEDG =
1, trigger takes place on a leading edge (‘““Low”-to-
“High” transition),

ETO! (Enable Timer Overflow Interrupt); When set,
this bit enables TOF interrupt to generate the
interrupt request (IRQ,) but when clear, the
interrupt is inhibited.

Bit 3 EOCI (Enable Output Compare Interrupt); When set,
this bit enables OCF interrupt to generate the
interrupt request (IRQ, ), when clear, the interrupt
is inhibited.

Bit 4 EICI (Enable Input Capture Interrupt); When set, this
bit enables ICF interrupt to generate the interrupt
request (IRQ,) but when clear, the interrupt is
inhibited.

Bit 5 TOF (Timer Over Flow Flag); This read-only bit is set
when the counter value is $0000. It is cleared by
MPU read of TCSR (with TOF set) following an
MPU read of the counter ($0009).

Bit 6 OCF (Output Compare Flag); This read-only bit is set
when a match is found in the value between the
output compare register and the counter. It is
cleared by a read of TCSR (with OCF set)
following an MCU write to the output compare
register ($000B or $000C).

Bit 7 ICF (Input Capture Flag); The read-only bit is set by
a proper transition on the input, and is cleared by
a read of TCSR (with ICF set) followed by an
MPU read of Input Capture Register (§000D).

Reset will clear each bit of Timer Control and Status

Register.

Bit 2

s SERIAL COMMUNICATION INTERFACE

The HD6301V1 contains a full-duplex asynchronous Serial
Communication Interface (SCI). SCI may select the several
kinds of the data rate and comprises a transmitter and a receiver
which operate independently on each other but with the same
data format at the same data rate. Both of transmitter and
receiver communicate with the MPU via the data bus and with
the outside world, through Port 2 bit 2, 3 and 4. Description of
hardware, software, register is as follows.

e Wake-Up Feature

In typical multiprocessor applications the software protocol
will usually have the designated address at the initial byte of the
message. The purpose of Wake-Up feature is to have the
non-selected MPU neglect the remainder of the message. Thus
the non-selected MPU can inhibit the all further interrupt
process until the next message begins.

Wake-Up feature is triggered by a ten consecutive ““1”’s which
indicates an idle transmit line. Therefore software protocol
needs an idle period between the messages.

With this hardware feature, the non-selected MPU be
re-enabled (or “wakes-up”) for the appearing next message.

wypn

® Programmable Option
The HD6301V1 has the following optional features provided
for its Serial I/0. They are all programmable.

+ data format ; standard mark/space (NRZ)

« clock source ; external or internal

- baud rate ; one of 4 rates per given MPU E clock frequency
or 1/8 of external clock

« wake-up feature ; enabled or disabled
- interrupt requests ; enabled or masked individually for
transmitter and receive data registers

internal clock enabled or disabled to Port

2 bit 2

- Port 2 (bits 3,4) ; dedicated or not dedicated to serial
1/0 individually for receiver and
transmitter

« clock output ;

® Serial Communication Hardware

The serial communications hardware is controlled by 4
registers as shown in Figure 22. The registers include:

+ an 8-bit control/status register

+ a 4-bit rate/mode control register (write-only)

- an 8-bit read-only receive data register

- an 8-bit write-only transmit data register

Besides these 4 registers, Serial I/O utilizes Port 2 bit 3
(input) and bit 4 (output). Port 2 bit 2 can be used when an
option is selected for the internal-clock-out or the external-
clock-in.

® Tr it/R Control § Register (TRCSR)

TRCS Register consists of 8 bits which all may be read while
only bits 0 to 4 may be written. The register is initialized to $20
on RES. The bits of the TRCS register are defined as follows.

Transmit / Receive Control Status Register

0

[RDRFIORFEITDRE] RIE] RE I TIE I TE ‘ wu IADDR
"

Bit 0 WU (Wake Up); Set by software and clear by hardware
on receipt of ten consecutive “1”s. It should be
noted that RE flag has already set in advance of
WU flag’s set.

Bit 1 TE (Transmit Enable); Set to produce preample of
ten consecutive “1”s and to enable the data of
transmitter to output subsequently to the Port 2
bit 4 independently of its corresponding DDR
value. When clear, serial 1/O affects nothing on
Port 2 bit 4.

Bit 2 TIE (Transmit Interrupt Enable); When this bit is set
with TDRE (bit 5) set, it will permit an IRQ,
interrupt. When clear, TDRE interrupt is masked.

Bit 3 RE (Receive Enable); When set, gates Port 2 bit 3 to
input of receiver regardless of DDR value for this
bit. When clear, the serial 1/O affects nothing on
Port 2 bit 3.

Bit 4 RIE (Receive Interrupt Enable); When this bit is set
with bit 7 (RDRF) or a bit 6 (ORFE) set, it will
permit an IRQ,. When clear, IRQ, interrupt is
masked.

Bit 5 TDRE (Transmit Data Register Empty); When the data
transfer is made from the Transmit Data Register
to Output Shift Register, it is set by hardware. The
bit is cleared by reading the status register and
followed by writing the next new data into the
Transmit Data Register. TDRE is initialized to 1
by RES.

Bit 6 ORFE (Over Run Framing Error); When overrun or
framing error occurs (receive only), it is set by
hardware. Over Run Error occurs if the attempt is
made to transfer the new byte to the receive data
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register with the RDRF set. Framing Error occurs
when the bit counters are not synchronized with
the boundary of the byte in the bit stream. The bit
is cleared by reading the status register and
followed by reading the receive data register, or by
RES.

Bit7

Rate and Mode Control Regsster

Bit 7 RDRF (Receive Data Register Full); It is set by hardware

when the data transfer is made from the receive
shift register to the receive data register. It is
cleared by reading the status register and followed
by reading the receive data register, or by RES.

8110

;

] cct Iccol ss1]sso Iswo
A

Transmit/Recewe Control and Status Register

Receive Data Register

lRDRFlORFEITDREI RIE rRE 1 TIE ] TET WJ]S|1
(

| [ [

1 T

Port 2

(Not Addressable)

Rx
But _“—.l
3

Receive Shift Register

Clock
B 10

Bit Rate

o
Generator E

1

(Not Addressable)

Tx
Bit 12

[ Transmit Shift Register —I:]

L1 T T 1 T [T Jo

Transmit Data Register

Figure 22 Serial 1/0 Register

7 6 5 4 3 2 1 0
r)( T X I X | X I cc [ cco ] $S1 TSSO I ADDR : $0010
Transfer Rate / Mode Control Register
Table 6 SCI Bit Times and Transfer Rates
XTAL 2.4576 MHz 4.0 MHz 4 9152MHz
SS1 : SSO E 614.4 kHz 1.0 MHz 1.2288MHz
0 0 E+16 26 us/38,400 Baud 16 us/62,500 Baud 13 us/76,800Baud
0 1 E+128 208us/4,800 Baud 128 us/7812.5 Baud 104.2,s/ 9,600Baud
1 o E + 1024 1.67ms/600 Baud 1.024ms/976.6 Baud 833.34s/ 1,200Baud
1 1 E + 4096 6.67ms/150 Baud 4.096ms/244.1 Baud 3.333ms/ 300Baud
Table 7 SC! Format and Clock Source Control
CC1: cco Format Clock Source Port 2 Bit 2 Port 2 Bit3 Port 2 Bit 4
0 0 - - - - -
0 1 NRZ Internal Not Used .. L
1 0 NRZ Internal Output* a4 hd
1 1 NRZ External Input Ahd "o

* Clock output is available regardiess of values for bits RE and TE.
** Bit 3 is used for serial input if RE ="'1" in TRCS.
Bit 4 is used for serial output if TE = 1" in TRCS.
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® Transfer rate/Mode Control Register (RMCR)
The register controls the following serial /O variables:
* Bauds rate » data format * clock source
« Port 2 bit 2 feature o
It is 4-bit write-only register, cleared by RES. The 4 bits are
considered as a pair of 2-bit fields. The lower 2 bits control the
bit rate of internal clock while the upper 2 bits control the
format and the clock select logic.
g::? 22(1) Speed Select
These bits select the Baud rate for the internal clock. The
rates selectable are function of E clock frequency within the
MPU. Table 6 lists the available Baud Rates.
g:: g gg? Clock Control/Format Select
They control the data format and the clock select logic.
Table 7 defines the bit field.

@ Internally Generated Clock

If the user wish to employ externaly a internal clock for the
serial I/0, the following requirements should be noted.

* The values of RE and TE have no effect.

* CCl, CCO must be set to “10”,

+ The maximum clock rate will be E/16.

* The clock is once the bit rate.

® Externally Generated Clock
If the user wish to supply an external clock for the Serial
1/0, the following requirements should be noted.
+The CC1, CCO, field in the Rate and Mode Control Register
must be set to “11”” (See Table 7).
*The external clock must be set to 8 times the desired baud
rate.
+ The maximum external clock frequency is E/2 clock.

® Serial Operations

The serial I/O hardware must be initialized by the HD6301V1
software prior to operation. The sequence will be normally as
follows.

* Writing the desired operation control bits to the Rate and

Mode Control Register.

* Writing the desired operation control bits to the TRCS

register.

If using Port 2 bit 3, 4 for serial /O, TE, RE bits may be
preserved set. When TE, RE bit cleared during SCI operation,
and subsequently set again, it should be noted that the setting
of TE, RE must refrain for at least one bit time of the current
baud rate. If set within one bit time, there may be the case
where the initializing of internal function for transmit and
receive does not take place.

©® Transmit Operation

Data transmission is enabled by the TE bit in the TRCS
register. When set, gates the output of the serial transmit shift
register to Port 2 bit 4 which is unconditionally configured as an
output irrespectively of corresponding DDR value.

Following RES the user should configure both the RMC
register and the TRCS register for desired operation. Setting the
TE bit during this procedure causes a transmission of ten-bit
preamble of “1”s. Following the preamble, internal synchroni-
zation is established and the transmitter section is ready to
operate. Then either of the following states exists.

(1) If the transmit data register is empty (TDRE = 1), the

consecutive “1”’s are transmitted indicating an idle lines.

(2) If the data has been loaded into the Transmit Data
Register (TDRE = 0), it is transferred to the output shift
register and data transmission begins.

During the data transfer, the O start bit is first transferred.
Next the 8-bit data (beggining at bit0) and the stop bit. When
the transmit data register has been empty, the hardware sets the
TDRE flag bit: If the MCU fails to respond to the flag within
the proper time, TDRE is preserved set and then a 1 will be sent
(instead of a 0 at start bit time) and more 1s will be set succes-
sively until the data is supplied to the data register. While the
TDRE remains a “1”, no “0” will be sent.

©® Receive Operation

The receive operation is enabled by the RE bit, gating the
serial input through Port 2 bit 3. The receive section operation
is conditioned by the contents of the TRCS and RMC register.
In the normal non-biphase mode, the received bit stream is
synchronized by the first “0” (space). During 10-bit time, the
approximate center is strobed. If the tenth bit is not *“1” (stop
bit), the system assumes a framing error and the ORFE is set.

If the tenth bit is “1”, the data is transferred to the receive
data register, with the interrupt flag set. If the tenth bit of the
next data is received, however, still RDRF is preserved set, then
ORFE is set indicating that an overrun error has occurred.

After the MCU read of the status register as a response to
RDREF flag or ORFE flag, following the MCU read of the receive
data register, RDRF or ORFE will be cleared.

= RAM CONTROL REGISTER
The register assigned to the address $0014 gives a status
information about standby RAM.

RAM Control Register

7 6 5 4 3 2 1 0
soora | Ste¥ fmame] x | x [ x | x| x | x

Bit 0 Not used.
Bit 1 Not used.
Bit 2 Not used.
Bit 3 Not used.
Bit 4 Not used.
Bit 5 Not used.
Bit 6 RAM Enable.

Using this control bit, the user can disable the RAM.
RAM Enable bit is set on the positive edge of RES and RAM is
enabled. With the program control, it is capable of writing “1”
or “0”. With the disabled RAM (logic “0’), the RAM address
becomes external address and the MPU may read the data from
the outside memory.

Bit 7 Standby Bit

This bit is cleared when the V. voltage is removed. This bit
is a read/write status flag that user can read. If this bit is pre-
served set, indicating that V. voltage is applied and the
data in the RAM is valid.

® GENERAL DESCRIPTION OF INSTRUCTION SET

The HD6301V1 has an upward object code compatible with
the HD6801 to utilize all instruction sets of the HMCS6800.
The execution time of the key instruction is reduced to increase
the system through-put. In addition, the bit operation instruc-
tion, the change instruction of the index and the accumulator,
the sleep instruction are added. This section describes:
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*MCU programming model (See Fig. 23)

* Addressing modes

* Accumulator and memory manipulation instructions (See
Table 8)

*New instructions

*Index register and stack manipulation instructions (See
Table 9)

- Jump and branch instructions (See Table 10)

*Condition code register manipulation instructions (See
Table 11)

* Op-code map (See Table 12)

+ Cycle-by-Cycle Operation (See Table 13)

® MCU Programming Model

The programming model for the HD6301V1 is shown in Fig-
ure 23. The double accumulator is physically the same as the
accumulator A concatenated with the accumulator B, so that
the contents of A and B is changed with executing operation of
an accumulator D.

’ A °| I’ [ Ol 8.8 Accumuistors A and B
v; ------- o o| Or 16:8:t Double Accumutator D

Ils X ﬂ Index Register (X)
[ sp 0] stack Pouner 51
[‘s PC J Program Counter (PC}

7 0
1 [u] Jn]z]v]c] condion cose Aegater tccry

t Carrv/Borrow from MS8
Overflow

Zero

b Negsuve
L———— interrupt
Halt Carey {From Bu 3)

Figure 23 MCU Programming Model

® MCU Addressing Modes

The HD6301V 1 has seven address modes which depend on
both of the instruction type and the code. The address mode for
every instruction is shown along with execution time given in
terms of machine cycles (Table 8 to 12). When the clock
frequency is 4 MHz, the machine cycle will be microseconds.
Accumulator {ACCX) Addressing

Only the accumulator (A or B) is addressed. Either accumula-
tor A or B is specified by one-byte instructions.
Immediate Addressing

In this mode, the operand is stored in the second byte of the
instruction except that the operand in LDS and LDX, etc are
stored in the second and the third byte. These are two or
three-byte instructions.
Direct Addressing

In this mode, the second byte of instruction indicates the
address where the operand is stored. Direct addressing allows
the user to directly address the lowest 256 Bytes in the machine
ie; locations zero through 255. Enhanced execution times are
achieved by storing data in these locations. For system
configuration, it is recommended that these locations should be
RAM and be utilized preferably for user’s data realm. These are
two-byte instructions except the AIM, OIM, EIM and TIM each
have three.
Extended Addressing

In this mode, the second byte indicates the upper 8 bit

HD6301V1,HD63A01V1,HD63B0O1V1

addresses where the operand is stored, while the third byte
indicates the lower 8 bits. This is an absolute address in
memory. These are three-byte instructions.
indexed Addressing

In this mode, the contents of the second byte is added to the
lower 8 bits in the Index Register, For each of AIM, OIM, EIM
and TIM instructions, the contents of the third byte are added
to the lower 8 bits in the Index Register. In addition, this carry
is added to the upper 8 bits in the Index Register. The result is
used for addressing memory. Because the modified address is
held in the Temporary Address Register, there is no change to
the Index Register. These are two-byte instructions but AIM,
OIM, EIM, TIM have three.
Implied Addressing

In this mode, the instruction itself gives the address; stack
pointer, index register, etc. These are 1-byte instructions.
Relative Addressing

In this mode, the contents of the second byte is added to the
lower 8 bits in the program counter. The resulting carry or
borrow is added to the upper 8 bits, This helps the user to
address the data within a range of —126 to +129 bytes of the
current execution instruction. These are two-byte instructions.
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Table 8 Accumulator, Memory Manipulation Instructions

. Condition Code
. Addressing Modes o Register

IMMED | DIRECT | INDEX [EXTEND | IMPLIED Ari O sla[3[2]1]0

OP [~ |#|OP|~ |#{OP|~|# |OP |~ i#lOP|~ 4 H|1|NjZ|V|C

Add ADDA |88 |2|2 (9B |3 |2]|AB|4]2]8BB [4]3 A+M- A sleft]t{t]s
ADDB ce{2{2[oB|[3[2]eB|4[2 [FB |43 B+M—8B tles]t]s]s

Add Double ADDD [C3 |3[3|D3|4|2|E3|5|2(F3 5|3 A:B+M:M+1—+A:B |efe|3|1]3 |2
Add Accumulstors ABA 1B[1|1|[A+B=A tle |3 [s]2
Add With Carry ADCA 89 [2]2]99 |3 |2]|A9]|4 ]2 B9 |43 A+M+C=A tletit|t]|s
ADCB 2|2{D9|3 [2|E9 |42 [F9 (4|3 B+M+C-B $je 3|2

AND ANDA |84 |2/2 (94 |3 |2|A4]4{2 (B4 (4|3 AM=A ofe[t|t|R]e
ANDSB 2(2iD4|3|2[Ea{a{2|Fa (a3 BM—B ele(t|t[R]e

Bit Test BITA 85 [2[2]95 [3]|2]|A5]|4 ]2 [B5 |4 [3 A'M efe[s[t[R]e
BIT B C5 [2({2|D5{3 |2 |E5 |4 |2 [F5 [4 3 8'M eloeft[t[R]e

Clear CLR 6F [5[2 |7F |5 (3 00—+M oo |[R[S[R[R
CLRA 4fF [1[{1]o0-~A elelR[S[RI[R

CLRB SF[1[1]00—+8B e |e[RIS|R|R

Compare CMPA 81 |22 91 [3 ]2 [A1]4(2(B1 |4 A-M eleftlt|t]s
CMPB Cc1|2({2|D1|3i21€1t|a|2]|F1 |4 |3 B-M efeftit|t]|s

goo::r::pr:\::lnovs CeA 1m|1|1|A-8 BCREAERERE]
Complément, 1's COM 63 |62 (73 [6(3 M-M ele|t|[t[R][S
COMA 43 |1 |1t |[A—A oottt |R]S

CcoM8 63 (118 ~8 ele [t[t (R[S

C ,2's NEG 60 (62 (70 (63 00-M-M ele[t[1[DD
(Negate} NEGA 40 [1[1]o0-A=A elejtft]|D|@
NEGB 50 |1|1]00-8-8B ele|t[t|D®@

Decimal Adjust. A | DAA 19 | 2|1 |Gonventsbinary add of8CD le o 2]t |t (@
Decrement DEC 6A 6|2 [7A |6 |3 M-1-+M oo (2|t @|e
DECA 4A |1 11 |A-1-A eje |3t @|e

DECB S5Al1]|1|(8~-1-8 ele|till@le

Exclusive OR EORA |88 |2 (2 {98 [3 |[2[AB |4 ]2 |BB [4 (3 A@M~A efe]tit[R]e
EORB c8 (22083 [2|E8 |42 [FB [4 |3 B@M—~8 efetTt[R]e

Increment INC 6C|6[2|7C |6 {3 M+1 M efe]t]t[®]e
INCA acii1lr]ja+1~a efeftiti®|e

INCB sc|1/1{B+1—8 ofeft]t®]e

Load LDAA (86 |2[2 (96 {3 ]2 [A6]4[2 |86 [4 |3 M- A efeit/tR]e
Aceumulator LDAB _ |C6 [2 (2 [D6[3 [2 [E6 |4 [2 [F6 [4 |3 M-8 oleft]t]r]e
10ad Doube oo |cc|3|3|oc|s |2 |ecis |2 |Fc|s |3 M+1-8M=A eleft|t|r|e
Multiply Unsigned MUL 30|71 |AxB~A:B efefefe]e (@
OR, Inclusive ORAA [8A[2[2]oa[3[2[AA]a|2]BA[4]3 A+M=—A efeftitiR[e
oraB |[cal2|2|oal3 |2[ealal2]Fala]3 B+M— B ele|t|s|R|e

Push Data PSHA 36|41 ]A—>Msp, SP-1—+SP o [ele[ole|e
PSHB 37{4 |18 Msp, SP-1-SP ojo|e|oje]e

Pull Data PULA 32|31 [SP+1+SP Msp—+ A eojloje|oje]e
PULS 33|3|1|SP+1>SP,Msp—~B eleje|eie]e

Rotate Left ROL 69 |6[2]79 |63 - eleft|1®)2
ROLA 49114@52_[@--::@):

ROLB 59 1]1]8 b OHHGEE

Rotate Right ROR 66 6276 |63 M ele (T[T [®]F
T[] o] OFOEreTe [+l

RORB s6[1[1]® oo lt]t]®[
Note) Condition Code Register will be explained in Note of Table 11. (to be continued)
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Table 8 Accumulator, Memory Manipulation Instructions

Addressing Modes Com‘ial:;):( e(iode
Operations Mnemonic [ \mmep | DIRECT | INDEX [EXTEND | IMPLIED Ari B"‘.’"a::,aﬁon s[af3[2[1]0
OP |~ |#|OP |~ |#|OP |~ |#|OP |~ [#|OP|~|# wli|njz|vic
Shift Left ASL 68 (6|2 (78 |6 |3 " -— eit|tl@®|¢
Arithmetic ASLA 28 (111 ]a D-CDZDID]“’° DERGE
ASLB 58 [1]1 (8] © &7 i s:l@—s—
Double Shift e
Left, Arithmetic ASLD 05 |11 |(F_ACCATACCE o0 | (o |11 (B¢
Shift Right ASR 67 /6|2 (77|63 ~ R eleft[t[®¢
Arithmetic ASRA rAERE A] ] e[ @7
ASRB 57 [1]1]° * T e
Shift Right LSR 64 |6|2 (74 |63 ™ —— o(eo|R|?t H
Logical LSRA a4 |11 A}o-CED:IIED*Q BOORAGE
LSR8 sa [1]1]® * oo |RIT|@]¢
Double Shift 0 O |elel|r|t|®:
Right Logical LSRD R R R R
Store STAA 97 |3 |2|A7|a[2|B7]a |3 A-M e[ |t[t[R]e
Accumulator STAB D73 |2|€7 |42 |F7 |43 BoM oot Tt TRTe
Store Double sTD pol4 |2 epis |2 [Fo|s |3 gV oleft|t|rR]|e
Subtract suBa |80 (22 (90 |3 |2]a0]a {28043 A-M-A efeft et ]t
suBB | C0 |2 |2 |D0|3 |2 €0 4|2 (FO 43 B-M-8 DOBRAE
Double Subtract suBD |83 |33 93 |4 |2|A3]5 (28353 A B-M:M+1->A:B |o|e[t|t]s]8
Subtract ors SBA 10[1]1(A-B=A olefsfs et
Subtract SBCA |82 |22 (92 |3 |2 |a2]a |2 |82 |4 [3 A-M-C—A elelt |ttt
With Carry sBCB  |C2|2|2|D2|3 |2 |€2]4]2|F2 (43 B-M-C—~B NOBBBE
Transfer TAB 16 |1 |1 |A~B eje (it |Rje
Accumulators TBA 17 {1118~ A slejt|t|R|e
Test Zero or TST 6Dj4 )2 |7D )4 |3 M-00 eje |t |t |R|R
Minus TSTA 4D [1]1|A -00 ele [ttt [R]R
TsT8 sD 1|18 -00 e[t [T [R[R
And Immediate AIM 716361 7]3 M-IMM—M ofe|t|t[r]e
OR Immediate oM 72636273 M+IMM—M ofet]t[r]e
EOR i EIM 75| 6(3l65|7]3 MBIMM—M ofef1]:]r]e
Test Immediate ™ 78| 4(3|6B|5(3 M. IMM ojo(l [l iR e

Note) Condition Code Register will be explained in Note of Table 11.

® New Instructions
In addition to the HD6801 Instruction Set, the HD6301V1
has the following new instructions:
AIM---- (M) - (IMM) - (M)
Evaluates the AND of the immediate data and the
memory, places the result in the memory.
OIM---- (M) + (IMM) > (M)
Evaluates the OR of the immediate data and the
memory, places the result in the memory.
EIM----(M) ® (IMM) > (M)
Evaluates the EOR of the immediate data and the
contents of memory, places the result in memory.

@ HITACHI

TIM----(M) - (IMM)
Evaluates the AND of the immediate data and the
memory, changes the flag of associated condition code
register

Each instruction has three bytes; the first is op-code, the

second is immediate data, the third is address modifier.

XGDX--(ACCD) « (IX)
Exchanges the contents of accumulator and the index
register.

SLP----The MPU is brought to the sleep mode. For sleep
mode, see the “sleep mode” section.
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Table 8 Index Register, Stack Manipulation Instructions

Addressing Modes o a"g?;?’:?d’

Pointer Operations | Mnemonic [ \\Mep. | DIRECT | INDEX | EXTEND [IMPLIED | Arithmetic Operation |5]4[3]2]1]0
OP |~ |#|OP|~[#|OP|~|#[OP[~|#[OP|~ |# HIIINJZ[V]C

Compare Index Reg CPX 8C|[3(3(9C 4|2 |AC(5(2|BC[(5]|3 X-M:M+1 LACARNEARA k]
Decrement Index Reg DEX 09 {11 | X=-1=2X eleleftle]|e
Decrement Stack Pntr DES 34111 |SP—1-+SP e|o|o|ojoie
Increment Index Reg INX 08 1|1 [X+1-+X ejojelt|e]|e
Increment Stack Potr INS 31111 (SP+1-SP o|e|lejo(o]e
Load Index Reg LDXx CE|3|3|(DE|4 |2 [EE|5(2|FE|5|3 M= Xy, (M+1) - X oo |@|t|R|e
Load Stack Pntr LDS 8E |3 |3[9E |4 |2 |AE|{5|2 |BE |53 M- SPyy, (M+1)=SP_ |e e |@t [R]e
Store index Reg STX DF |4 |2 [EF |6 (2 |FF|5(3 Xy =M X ~(M+1) oo D|It(R|e
Store Stack Pntr STS 9F |4 12 |AF[5[2 |BF |53 SPy =M, SP ~(M+1) [e|e|@D|t|R]|e
Index Reg — Stack Pntr| TXS 3/B(1 |1 |[X-1-8P elejeoje|e
Stack Pntr — Index Reg| TSX 30 (1|1 |SP+1-X ejlo|e|ofe|e
Add ABX A1 |1 [B+X=X eloj|ofo|o|e
Push Data PSHX 3C |51 (XL *Myp,SP-1+SP jejefe ejoe

Xp—> Myp, SP =1+ SP
Pull Dats PULX 38 (4|1 |SP+1+SP Mg~ Xy |e]|e(ejeie|e
SP+ 18P, My — X
Exchange XGDX 18 |2 |1 [ACCD-IX ofo(ojo|o]e

Note) Condition Code Register will be explained in Note of Table 11,

Table 10 Jump, Branch Instruction

Addressing Modes

Condition Code

Register

Operations Mnemonic | get aTIVE | DIRECT | INDEX |EXTEND |IMPLIED Branch Test s[a]3]2]1]0

OP| ~{# |OP|~|#|OP|~|#|OP|~ |#|OP|~|# HlV[N]|Z|V|C

Branch Always BRA 20| 3|2 None oo (e (ojeie
Branch Never BRN 21|3/2 None e|lej|o|ojo]e
Branch If Carry Clear BCC 2413 (2 C=0 e|le(e(o|efe
Branch If Carry Set BCS 25{3|2 C=1 elefo o ofe
Branch If = Zero BEQ 2732 Z=1 e|le|ejo|o]|e
Branch If > Zero BGE 2Cj{ 32 N®V=0 o|lejos|o|e
Branch If > Zero BGT 2€ (3|2 Z+IN®VI=0 sfjejeofe|e]|e
Branch If Higher BHI 22 (3|2 C+2=0 /oo (e 0o
Branch if < Zero BLE 2F 132 Z+IN@VI=1 eleiojo|e]e
Branch If Lower Or BLS 23|32 c+z=1 oloafefefe
Branch If < Zero BLT 20( 3|2 N@V=1 o|e(o]efe]e
Branch If Minus BMI 28(3|2 N=1 e(ojefojo|e
g:zch if Not Equal BNE %32 z=0 elelole|e]|e
(B:;’:.n'ch f Overflow BvVC 8132 v=0 elolele|els
Branch If Overflow Set BVS 29(3(2 V=1 oje|sjojefe
Branch If Plus BPL 2A( 32 N=0 o oo (ole]e
Branch To Subroutine BSR 8D|{5|2 s|efoele]e
Jump JMP 6E [3[2 [7E {3 |3 See Special Operations [@ (e [e [o e |@
Jump To Subroutine JSR 9D (5 |2 [AD|{5 {2 (BD (6 |3 e|e|ejejose
No Operation NOP 01101 gﬁ‘{:"m Prog.Catr. g o (o [0 |0 e
Return From Interrupt RTI 3B |{10{1 e e
2:;‘:;:&::’" RTS 39 (6 |1 see Specisl O o (e |o oo |e
Software Interrupt Swi 3F 121 o |(S|e (e |e|e
Wait for Interrupt® WAI 3E |9 [1 o |@|e o .
Sleep SLP 1A |4 11 (3K oo

Note) *WAI puts R/W high; Address Bus goes to FFFF; Data Bus goes to the three state.
Condition Code Register will be explained in Note of Table 11.
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Table 11 Condition Code Register Manipulation Instructions

Add! Condition Code Register

Operations IMPLIED Boolean Operation S|4(3[2 110

OP | ~ # H | N|]Z [V |C

Clear Carry cLC oc 1 1 0-C el oo e |e (R
Clear Interrupt Mask cul OE 1 1 0o-1 e R|e|e e |@
Clear Overflow CLvV 0A [ 1 |1 0~V e | e e e R e
Set Carry SEC oD | 1 1 1-+C o | e el o |S
Set Interrupt Mask SEt OF 1|1 11 e | S]ef{e | e |
Set Overflow SEV 0B |1 |1 1V e o |e]le|s|e
Accumulator A - CCR TAP 06 |1 |1 A= CCR — 0 ——
CCR -+ Accumulator A TPA 07 |1 [ CCR— A s[oefeJeJeTe

[NOTE] Condition Code Register Notes: (Bit set if test is true and cleared otherwise)

@® (BitV) Test: Result =10000000?

@ (BitC) Test: ResultX 000000007

® (BitC) Test: BCD Character of high-order byte greater than 10? {Not cleared if previously set)

@ (BitV) Test: Operand = 10000000 prior to execution?

® (BitV)  Test: Operand = 01111111 prior to execution?

{Bit V) Test: Set equal to NeC=1 after the execution of instructions

@ (BitN)  Test: Result less than zero? (Bit 15=1)

(All Bit) Load Condition Code Register from Stack.

(Bit 1) Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exist the wait

state.
(All Bit) Set according to the contents of Accumulator A.
@ (BitC) Result of Multiplication Bit 7=1? (ACCB)
Table 12 OP-Code Map
opP ACC | ACC EXT, ACCA or SP ACCB or X
IND J
CODE A B DIR | IMM DIR IND EXT | IMM DIR IND EXT
HI 0000 000? 0010 0011 0100 0101 010 o1 1000 1001 1010 1011 1100 1101 11¢ 1
Lo 0 1 2 3 4 5 6 7 8 9 A B [ D E F
0000 0 SBA | BRA | TSX NEG suB 0
0001 | 1 | NOP (CBA | BRN | INS AtM CMP 1
0010 | 2 BHI [ PULA [ om SBC 2
0011 | 3 BLS PULB COM SuBD ADDD 3
0100 | 4 | LSRD BCC | DES LSR AND 4
0101 | 5 [ ASLD BCS [TXS | __—— | EM BIT 5
0110 | 6 | TAP | TAB BNE PSHA ROR LDA 6
oti |7 [TPA [TBA [BEQ |PSHB ASR STA 1 STA 7
1000 | 8 | INX XGDX| BVC | PULX ASL EOR 8
1001 | 9 | DEX [ DAA |BVS |RTS ROL ADC 9
1010 A | CLV | SLP BPL | ABX DEC ORA A
1011 | B [SEV | ABA |[BMI |RTI TI™M ADD 8
1100 | C { CLC BGE | PSHX INC CPX LDD c
1101 | D | SEC BLT | MUL ST BSR | JSR [ STD D
1110 | € | CLi BGT | WAI JMP LDS LDX E
111 | F | SEI BLE SWI CLR S§TS STX F
0 1 2 3 4 5 [ 8 | 7 8 | 9 [a]8alc|pole]cF

UNDEFINED OP CODE
* Only each instructions of AIM, OIM, EIM, TIM
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® [Instruction Execution Cycles

In the HMCS6800 series, the execution cycle of each in-
struction counts the number of cycles taken between the start
of the current instruction fetch and just before the start of the
subsequent instruction fetch.

The HD6301V1 employs a mechanism of the pipeline con-
trol for the instruction fetch and the subsequent instruction
fetch is performed during the current instruction being exe-

cuted.

Therefore, the method. to count instruction cycles used in
the HMCS6800 series cannot be applied to the instruction cy-
cles such as MULT, PULL, DAA and XGDX in the HD6301V1.

Table 13 provides the information about the relationship
among each data on the Address Bus, Data Bus, and R/W status
in cycle-by-cycle basis during the execution of each instruction.

Table 13 Cycle-by-Cycle Operation

Ad;:‘ ;ifi:::g:: & Cycles Cy;le Address Bus R/W Data Bus
IMMEDIATE
ADC ADD 1 Op Code Address+1 1 Operand Data
AND BIT 2 Op Code Address+2 1 Next Op Code
cMmP EOR 2
LDA ORA
SBC SUB
ADDD CPX 1 Op Code Address+ 1 1 Operand Data (MSB)
LDD LDS 3 2 Op Code Address+2 1 Operand Data (LSB)
LDX SUBD 3 Op Code Address+3 1 Next Op Code
DIRECT
ADC ADD 1 Op Code Address+1 1 Address of Operand (LSB)
AND BIT 2 Address of Operand 1 Operand Data
CMP EOR 3 3 Op Code Address+2 1 Next Op Code
LDA ORA
SBC SUB
STA 1 Op Code Address+1 1 Destination Address
3 2 Destination Address o] Accumulator Data
3 Op Code Address+2 1 Next Op Code
ADDD CPX 1 Op Code Address+1 1 Address of Operand (LSB)
LDD LDS 4 12 Address of Operand 1 Operand Data (MSB)
LDX SUBD 3 Address of Operand+1 1 Operand Data (LSB)
4 Op Code Address+2 1 Next Op Code
STD STS 1 Op Code Address+1 1 Destination Address (L.SB)
STX 4 2 Destination Address [o] Register Data (MSB)
3 Destination Address+ 1 [0} Register Data (LSB)
4 Op Code Address+2 1 Next Op Code
JSR 1 Op Code Address+1 1 Jump Address (LSB)
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer o] Return Address (LSB)
4 Stack Pointer—1 0 Return Address (MSB)
5 Jump Address 1 First Subroutine Op Code
TIM 1 Op Code Address+1 1 Immediate Data
a 2 Op Code Address+2 1 Address of Operand (LSB)
3 Address of Operand 1 Operand Data
4 Op Code Address+3 1 Next Op Code
AlM EIM 1 Op Code Address+1 1 Immediate Data
OoIM 2 Op Code Address+2 1 Address of Operand (LSB)
6 3 Address of Operand 1 Operand Data
4 FFFF 1 Restart Address (LSB)
5 Address of Operand (o] New Operand Data
6 Op Code Address+3 1 Next Op Code
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Table 13 Cycle-by-Cycle Operation {Continued)

HD6301V1,HD63A01V1,HD63BO1V1

Address Mode &

Cycle

instructions Cycles b Address Bus R/W Data Bus
INDEXED
JMP 1 Op Code Address+1 1 Offset
3 2 FFFF 1 Restart Address (LSB)
3 Jump Address 1 First Op Code of Jump Routine
ADC ADD 1 Op Code Address+1 1 Offset
AND BIT 2 FFFF 1 Restart Address (LSB)
CMmP EOR 4 3 IX+ Offset 1 Operand Data
LDA ORA 4 Op Code Address+2 1 Next Op Code
SBC suB
TST
STA 1 Op Code Address+ 1 1 Offset
4 2 FFFF 1 Restart Address (LSB)
3 IX+ Offset [o] Accumulator Data
4 Op Code Address+2 1 Next Op Code
ADDD 1 Op Code Address+1 1 Offset
CPX LDD 2 FFFF 1 Restart Address (LSB)
LDS LDX 5 3 IX +Offset 1 Operand Data (MSB)
SUBD 4 IX+Offset+1 1 Operand Data (LSB)
5 Op Code Address+2 1 Next Op Code
STD STS 1 Op Code Address+1 1 Offset
STX 2 FFFF 1 Restart Address (LSB)
5 3 IX + Offset o] Register Data (MSB)
4 IX+Offset+1 0 Register Data (LSB)
5 Op Code Address+2 1 Next Op Code
JSR 1 Op Code Address+1 1 Offset
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer [o] Return Address (LSB)
4 Stack Pointer—1 [o] Return Address (MSB)
5 IX+Offset 1 First Subroutine Op Code
ASL ASR 1 Op Code Address+1 1 Offset
COM DEC 2 FFFF 1 Restart Address (LSB)
INC LSR 6 3 IX+Offset 1 Operand Data
NEG ROL 4 FFFF 1 Restart Address (LSB)
ROR 5 IX+ Offset (o] New Operand Data
6 Op Code Address+1 1 Next Op Code
TIM 1 Op Code Address+1 1 Immediate Data
2 Op Code Address+2 1 Offset
5 3 FFFF 1 Restart Address (LSB)
4 1X + Offset 1 Operand Data
5 Op Code Address+3 1 Next Op Code
CLR 1 Op Code Address+1 1 Offset
2 FFFF 1 Restart Address (LSB)
5 3 IX+Offset 1 Operand Data
4 IX+Offset 0 00
5 Op Code Address+2 1 Next Op Code
AIM EIM 1 Op Code Address+1 1 Immediate Data
OIM 2 Op Code Address+2 1 Offset
3 FFFF 1 Restart Address (LSB)
7 4 IX+Offset 1 Operand Data
5 FFFF 1 Restart Address (LSB)
6 1X+Offset o] New Operand Data
7 1

Op Code Address+3

Next Op Code
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Table 13 Cycle-by-Cycle Operation (Continued)

Address of Operand

00

Adldn rse;zcht/if:: & Cycles C‘;fle Address Bus R/W Data Bus
EXTEND
JMP 1 Op Code Address+1 1 Jump Address (MSB)
3 2 Op Code Address+2 1 Jump Address (LSB)
3 Jump Address 1 Next Op Code
ADC ADD TST 1 Op Code Address+1 1 Address of Operand (MSB)
AND BIT 4 2 Op Code Address+2 1 Address of Operand (LSB)
CMP EOR 3 Address of Operand 1 Operand Data
LDA ORA 4 Op Code Address+3 1 Next Op Code
SBC suB
STA 1 Op Code Address+1 1 Destination Address (MSB)
4 2 Op Code Address+2 1 Destination Address (LSB)
3 Destination Address 0] Accumulator Data
4 Op Code Address+3 1 Next Op Code
ADDD 1 Op Code Address+1 1 Address of Operand (MSB)
CPX LDD 2 Op Code Address+2 1 Address of Operand (LSB)
LDS LDX 5 3 Address of Operand 1 Operand Data (MSB)
SUBD 4 Address of Operand+1 1 Operand Data (LSB)
5 Op Code Address+3 1 Next Op Code
STD STS 1 Op Code Address+1 1 Destination Address (MSB)
STX 2 Op Code Address+2 1 Destination Address (LSB)
5 3 Destination Address o] Register Data (MSB)
4 Destination Address+1 0 Register Data (LSB)
5 Op Code Address+3 1 Next Op Code
JSR 1 Op Code Address+1 1 Jump Address (MSB)
2 Op Code Address+2 1 Jump Address (LSB)
6 3 FFFF 1 Restart Address {LSB)
4 Stack Pointer o] Return Address (LSB)
5 Stack Pointer—1 0 Return Address (MSB)
6 Jump Address 1 First Subroutine Op Code
TASL ASR 1 Op Code Address+1 1 Address of Operand (MSB)
COM DEC 2 Op Code Address+2 1 Address of Operand (LSB)
INC LSR 6 3 Address of Operand 1 Operand Data
NEG ROL 4 FFFF 1 Restart Address (LSB)
ROR 5 Address of Operand 0 New Operand Data
6 Op Code Address+3 1 Next Op Code
CLR 1 Op Code Address+1 1 Address of Operand (MSB)
2 Op Code Address+2 1 Address of Operand (LSB)
5 3 Address of Operand 1 Operand Data
4 0
5 1

Op Code Address+3

Next Op Code
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Table 13 Cycle-by-Cycle Operation (Continued)

HD6301V1, HD63A01V1,HD63B0O1V1

Address Mode &

Cycle

Instructions Cycles S Address Bus R/W Data Bus
IMPLIED
ABA ABX 1 Op Code Address+1 1 Next Op Code
ASL ASLD
ASR CBA
CLC CLI
CLR CLv
CCM DEC
DES DEX
INC INS
INX LSR 1
LSRD ROL
ROR NOP
SBA SEC
SEI SEV
TAB TAP
TBA TPA
TST TSX
TXS
DAA XGDX 2 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
PULA PULB 1 Op Code Address+1 1 Next Op Code
3 2 FFFF 1 Restart Address {LSB)
3 Stack Pointer+1 1 Data from Stack
PSHA PSHB 1 Op Code Address+1 1 Next Op Code
4 2 FFFF 1 Restart Address (LSB)
3 Stack Pointer (o] Accumulator Data
4 Op Code Address+1 1 Next Op Code
PULX 1 Op Code Address+ 1 1 Next Op Code
4 2 FFFF 1 Restart Address {LSB)
3 Stack Pointer+1 1 Data from Stack (MSB)
4 Stack Pointer+2 1 Data from Stack (LSB)
PSHX 1 Op Code Address++1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer 0 Index Register (LSB)
4 Stack Pointer—1 0 index Register (MSB)
5 Op Code Address+1 1 Next Op Code
RTS 1 Op Code Address+ 1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer+1 1 Return Address (MSB)
4 Stack Pointer+2 1 Return Address (LSB)
5 Return Address 1 First Op Code of Return Routine
MUL 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 FFFF 1 Restart Address (LSB)
7 4 FFFF 1 Restart Address (LSB)
5 FFFF 1 Restart Address (LSB)
6 FFFF 1 Restart Address (LSB)
7 FFFF 1 Restart Address (LSB)
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Table 13 Cycle-by-Cycle Operation (Continued)

Address Mods & Cycles | Cycle Address Bus R/W Data Bus
Instructions [
IMPLIED
WAI 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 Stack Pointer (o] Return Address (LSB)
4 Stack Pointer—1 (o] Return Address (MSB)
9 5 Stack Pointer—2 0 Index Register (LSB)
6 Stack Pointer—3 (0] Index Register (MSB)
7 Stack Pointer—4 (o] Accumulator. A
8 Stack Pointer—5 o] Accumulator B
9 Stack Pointer—6 0 Conditional Code Register
RTI 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 Stack Pointer 1 Conditional Code Register
4 Stack Pointer+1 1 Accumulator B
10 5 Stack Pointer+2 1 Accumulator A
6 Stack Pointer+3 1 Index Register (MSB)
7 Stack Pointer+4 1 Index Register (LSB)
8 Stack Pointer+5 1 Return Address (MSB)
9 Stack Pointer+6 1 Return Address (LSB)
10 Return Address 1 First Op Code of Return Routine
Swi 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 Stack Pointer 0 Return Address (LSB)
4 Stack Pointer — 1 (o] Return Address (MSB)
5 Stack Pointer — 2 [} Index Register (LSB)
12 6 Stack Pointer — 3 [¢] Index Register (MSB)
7 Stack Pointer —4 0 Accumulator A
8 Stack Pointer — 5 [o] Accumulator B
9 Stack Pointer — 6 o] Conditional Code Register
10 Vector Address FFFA 1 Address of SWI Routine (MSB)
11 Vector Address FFFB 1 Address of SWI Routine (LSB)
12 Address of SW! Routine 1 First Op Code of SWI Routine
SLP 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
l FFFF High Impedance-Non MPX Mode
Address Bus -MPX Mode
4 SITp
3 FFFF Restart Address (LSB)
4 Op Code Address+1 Next Op Code
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Table 13 Cycle-by-Cycle Operation (Continued)

Address Mode & Cycles Cycle Address Bus R/W Data Bus
Instructions #
RELATIVE

BCC BCS 1 Op Code Address+1 1 Branch Offset
BEQ BGE 3 FFFF 1 Restart Address (LSB)
BGT BHI 3 {Branch Address: -+ Test="1" 1 First Op Code of Branch Routine
BLE BLS Op Code Address+1--Test="0" Next Op Code
BLT BMT
BNE BPL
BRA BRN
BVC BVS
BSR 1 Op Code Address+1 1 Offset

2 FFFF 1 Restart Address (LSB)

5 3 Stack Pointer 0 Return Address (LSB)
4 Stack Pointer—1 [¢] Return Address (MSB)
5 Branch Address 1 First Op Code of Subroutine

= LOW POWER CONSUMPTION MODE
The HD6301V1 has two low power consumption modes; sleep
and standby mode.

® Sleep Mode

On execution of SLP instruction, the MCU is brought to the
sleep mode. In the sleep mode, the MPU sleeps (the MPU clock
becomes inactive), but the contents of the registers in the MPU
are secured. In this mode, the peripherals of MPU will remain
operational, So the operations such as transmit and receive of
the SCI data and counter may keep on functioning. In this
mode, the power consumption is reduced to about 1/6 the
value of a normal operation.

The escape from this mode can be done by interrupt, RES,
STBY. The RES resets the MCU and the STBY brings it into the
standby mode (This will be mentioned later). When interrupt is
requested to the MPU and accepted, the sleep mode escapes,
then the MPU is brought to the operation mode and vectors to
the interrupt routine. When the MPU has masked the interrupt,
after releasing from the sleep mode, the next instruction of
sleep starts to execute. However, in such a case that the timer
interrupt is inhibited on the timer side, the sleep mode cannot
be released due to the absence of the interrupt request to the

MPU.

This sleep mode is available to reduce an average power
consumption in the applications of the HD6301V1 which may
not always drive.

o Standby Mode

"Bringing STBY “Low”, the MPU becomes reset with all
clocks of the HD6301V1 inactive and goes into the standby
mode. This mode remarkably reduces the power consumptions
of the HD6301V1.

In the standby mode, the HD6301V 1 is continuously supplied
with power so the contents of RAM is retained. The standby
mode should escape by the reset start. The following is the
typical application of this mode.

First, NMI routine stacks the MCU’s internal information and
the contents of SP in RAM, disables RAME bit of RAM control
register, sets the Standby bit, and then goes into the standby
mode. If the Standby bit keeps set on reset start, it means
that the power supply and the contents of RAM is normally
guaranteed. The system recovery may be possible by returning
SP and bringing into the condition before the standby mode
has started. The timing relation for each line in this application
is shown in Figure 24.

HD6301V1

|
l
|
[
!

STBY

L

RES |
{(
d

STy |
2 STBY | |
I |

|

. 3 | \ |
© Stack Oscillator|
> RAM controi starting

register set time

restart

Figure 24 Standby Mode Timing
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= ERROR PROCESSING

When the HD6301V1 fetches an undefined instruction or
fetches an instruction from nonresident memory area, it
generates the most precedent internal interrupt, that may
protect from system burst due to noise or a program error.

® Op-Code Error

Fetching an undefined op-code, the HD6301V1 will stack the
MPU register as in the case of a normal interrupt and vector to
the TRAP ($FFEE, $FFEF), that has a second highest priority
(RES is the highest).

® Address Error

When an instruction is fetched from other than a resident
ROM, RAM, or an external memory area, the MPU starts the
same interrupt as op-code error. In case where the instruction is
fetched from external memory area of non-resident memory, it
cannot function.

The addresses which cause address error in particular mode
are as shown in Table 14.

This feature is applicable only to the instruction fetch, not to
normal read/write of data accessing.

Table 14 Address Error

Mode | 0 | 1 [24] 5 | 6 | 7
$0000 | $0000 | $0000 | $0000 | $0000 | $0000
1 § § § ! §
Address| $001F | $001F | $001F | $007F | $00IF | $007F
$0200 $0100
i §
$ EFFF $ EFFF

System Flow chart of HD6301V1 is shown in Fig. 25.

Transitions among the active mode, sleep mode, standby
mode and reset are shown in Fig. 26. Figures 27, 28, 29 and 30
shows a system configuration.
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SLEEP Flag
CLEAR

STACK

PCL — MSP
PCH — MSP-1
IXL — MSP-2
IXH — MSP-3

ACCA - MSP-4

ACCB - MSP-5

CCR — MSP-§|

I | | | | = =

Figure 25 HD6301V1 System Flow Chart

I

INTERRUPT REQUEST FLAG
EXCEPT NMI CLEAR

®
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vecTorING] [vecToring] [vecToring] [VvEcToRrING] [vecToring] [vecTorinG] [VECTORING] |vECTORING
FrEE, FFEF | | FFFC, FFFD | [ FFrA, Frre | | FrFe, FrFo | [ Frre, FF7 | | FFFa, FrFs | | FFF2, FRE3 | | FFFO, FFF1
I
NMI INTERRUPT
REQUEST FLAG
CLEAR
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Figure 26 Transitions among Active Mode, Standby Mode,
Sleep Mode, and Reset

Vee Vee
_E-—— [—=> Enable r— ———>» Enable
= b Wi = = NMI-
g _ |
J— j<—— 1RQ, . jec——— TRQ,
STBY ——> Port 3 STBY —=> .
RES > ﬁ::ansler RES
ines
81/0 “ ‘ 8 /0 Lines
Lines
Port 4 Port 2 Port 2 Port 4
8 1/O Lines 51/0 Lines 5 1/0 Lines 81/0 Lines
sCI sCI
16 Bit Timer 16 Bit Timer
Vss Vss

Figure 27 HD6301V1 MCU Single-Chip Dual Processor Configuration
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e HD6301V1 Enable
—

T MCcu
Address
8 Strobe | g
Latch 4
L] HD6301V1 Enable 16 8
= Mcu
ROM
8 8
RAM
Random
Access
Memory PiA
Peripheral
Interface
Adapter GPIA
General
Purpose
Interface
Adapter PTM
Address Data
Bus Bus Address Bus Data Bus
Figure 28 HD6301V1 MCU Expanded Non-Multiplexed Mode Figure 20 HD6301V1 MCU Expanded Multiplexed Mode
(Mode 5)
=|J[: HD6301V1 MCU Enable
e
16 8
ROM
RAM
PIA
GPIA
PTM
Address Bus Data Bus

Figure 30 HD6301V1 MCU Expanded Non-Multiplexed Mode (Mode 1)

@ HITACHI 250



HD6301V1,HD63A01V1,HDE3BO1V1

= PRECAUTION TO THE BOARD DESIGN OF OSCILLA-
TION CIRCUIT
As shown in Fig. 31, there is a case that the cross talk dis-
turbs the normal oscillation if signal lines are set near the
oscillation circuit. When designing a board, pay attention to
this.

1

-1---Signal line

i

2 (XTAL}

[

3 (EXTAL)
Co

HD6301V1

~-=mm==e-z]|--=-]-- - Signal line

Figure 31 Precaution to the boad design of
oscillation circuit

= PIN CONDITIONS AT SLEEP AND STANDBY STATE
® Sleep State

The conditions of power supply pins (pins 1 and 21), clock
pins (pins 2 and 3), input pins (pins 4, 5, 6 and 7) and E clock
pin (pin 40) are the same as those of operation. Refer to Table

® Standby State

Only power supply pins (pins 1 and 21) and STBY pin (pin 7)
are active. As for the clock pin EXTAL(pin3),its input is fixed
internally so the MCU is not influenced by the pin conditions.
XTAL (pin 2) is in “1” output. All the other pins are in high
impedance.

® DIFFERENCE BETWEEN HD6301V0 and HD6301V1

The HD6301V1 is an upgraded version of the HD6301VO.
The difference between HD6301V0 and HD6301V1 is shown
in Table 16.

Table 16 Difference between HD6301V0 and HD6301V 1

Item HD6301V0 HD6301V1
. Mode 2: Expanded
3‘;3':“"9 Mode 2: Not defined Multiplexed Mode
{Equivalent to Mode 4)
N The electrical character- | Some characteristics
(E;:fa::.g:;::. istics of 2MHz version are improved.
istics (B version) are not speci- | The 2MHz version is
fied. guaranteed.
Has problem in output
; compare function. .
Timer (Can be avoided by soft- The problem is solved.
ware.)

15 for the other pin conditions.

Table 15 Pin Condition in Sleep Mode

pi Mode 0 1 2,4 5 6 7
in
Port 1 Function 1/0 Port Lower Address Bus | 1/0 Port « « «
ort
Pio~P . Keep the condition g Keep the condition
o Condition just before sleep Output ™1 just before sleep “ < <
Function 1/0 Port « « <« “« -«
Port 2 —
P20 ~Pa Condition lfeep the condition - - - - -
just befare sieep
E: Lower Address E: Lower Address E: Lower Address
Function Bus Data Bus Bus Data Bus Bus 1/0 Port
50" 3P E: Data Bus E: Data Bus E: Data Bus
30~ FPs = = =
. E: Output “1” . E: Output “1” N E: Output 1" Keep the condition
Condition E: High Impedance High Impedance €: High impedance High Impedance E: High Impedance | just before sleep
: Lower Address Bus | Upper Address Bus
Function Upper Address « « Input Port Input Port 1/0 Port
Port 4 Address"1BHs: QOut-
Puo~P put ot
T4 Condition Output “1" « “« Port: Keep the con- < ﬁiﬁ%g?:ﬁ;?g;mn
dition just before
sleep
; Output “1" - e
pin 38 {Read Condition) “ < < Output
pin 39 (S)tl:ct)rl’):t Address - - Output “1” gtt:toil;t Address Input Pin
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MICROCOMPUTER SYSTEM
HD6301X0, HD63A01X0, HD63B01X0
CMOS MCU (Microcomputer Unit)

The HD6301X0 is a CMOS single-chip microcomputer unit
(MCU) which includes a CPU compatible with the HD6301V1,
4k bytes of ROM, 192 bytes of RAM, 53 parallel I/O pins, a
Serial Communication Interface (SCI) and two timers on chip.

FEATURES
Instruction Set Compatible with the HD6301V1
Abundant On-chip Functions
4k Bytes of ROM, 192 Bytes of RAM
53 Parallel 1/0 Ports
16-Bit Programmable Timer
8-Bit Reloadable Timer
Serial Communication Interface
Memory Ready
Halt
Error-Detection (Address Trap, Op Code Trap)
Interrupts . . . 3 External, 10 Internal
Operation Mode
Mode 1. .. Expanded (Internal ROM Inhibited)
Mode 2. . . Expanded (Internal ROM Valid)
Mode 3. . . Single-chip Mode
Low Power Dissipation Mode
Sleep
Standby
Wide Range of Operation
Vec=3~6V (f=0.1~0.5MHz).
Vee =5VE10% (£ = 0.5 ~ 1.0MHz; HD6301X0
f=0.5~1.5MHz; HD63A01X0
f=0.56~2.0MHz; HD63B0O1X0

PIN ARRANGEMENT

HD6301X0

G HITACH!

— PRELIMINARY —

HD6301X0P, HD63A01X0P,
HD63B01X0P

(DP-64S)

HD6301X0F, HD63A01XO0F,
HD63BO1X0F

(FP-80)

HD&301X0

(Top View)
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HD6301X0,HD63A01X0,HD63BO1X0

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vece -0.3~+7.0 \%
Input Voltage Vin -0.3~ Vc+0.3 \4
Operating Temperature Topr 0~+70 °c
Storage Temperature Tetg -65~ +150 °c

(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field.
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection
circuits. To assure the normal operation, we recommend V;,, Vout: Vgs S (Vi or Voue) < Vee:

® ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (V¢c =5.0V£10%, Vgg =0V, Ta=0 ~+70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
RES, STBY Vee-0.5 - v
Input “High”* Voltage EXTAL Vi Veex0.7 - +c‘;§ \%
Other Inputs 2.0 — ’
Input “Low’’ Voltage All Inputs ViL -0.3 - 0.8 v
NMI, RES, STBY, ) = 0B~ _ _ —
Input Leakage Current MP,. MP, . Port 5 linl Vin=0.5~Vcc-0.5V 1.0 HA
Three State {off-state) O R~ _
Leakage Current Ports1,2,3,4,6,7 | |lrgl Vin=05~Vcc-0.5V - 1.0 uA
. lon = ~200uA 2.4 — - \Y
Output ““High”’ Voltage All Outputs
utput HIg ¢ utpu Vo Ton = ~104A Vee-07 | — = Y
Output “Low’’ Voltage All Outputs VoL lop = 1.6mA - - 0.4 A\
Darlington Drive _
Current Ports 2,6 -lon Vout = 1.5V 1.0 - 100 mA
. Vi, =0V, f=1MHz,
Input Capacitance All Inputs Cin T;“= 25\{& z - - 125 pF
Standby Current Non Operation Iste - 3.0 15.0 MA
Sleeping (f = TMHz**) - 1.5 3.0 mA
Isip*** | Sleeping (f = 1.5MHz**) - 2.3 45 mA
L Sleeping (f = 2MHz**) — 3.0 6.0 mA
[of t Dissipation®
drrent Bissip Operating (f = TIMHz**) - 7.0 10.0 mA
lce Operating (f = 1.6MHz**) — 10.5 15.0 mA
Operating (f = 2MHz*¥) - 140 20.0 mA
RAM Standby Voltage VRam 2.0 - - \%

*VH min=Vge-1.0V, V|_max = 0.8V
**Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max.
values about Current Dissipations at x MHz operation are decided according to the following formula;

typ. value (f =x MHz) = typ. value (f = 1MHz) x x
max. value (f =x MHz) = max. value (f = TMHz) x x

(both the sleeping and operating)
***1gLp indicates the value when E terminal is at no load.
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HD6301X0,HD63A01X0,HD6E3BO1Xu

® AC CHARACTERISTICS (Vg =5.0V+10%, Vgs = 0V, Ta = 0 ~+70°C, unless otherwise noted.)

BUS TIMING
Test HD6301X0 HD63A01X0 HD63B01X0 .
Item Symbol e Unit
YmOOl | Condition [ min typ | max | min | typ | max | min | typ | max m
Cycle Time toye 1 - 10 (0.666| — 10 | 05 - 10 us
Enable Rise Time te, - - 25 - - 25 - - 25 ns
Enable Fall Time tes - - 25 - - 25 - - 25 ns
Enable Pulse Width “High"” Level® | PWgy 450 - - 300 - - 220 - - ns
Enable Pulse Width “Low” Level® | PWgL 450 - - ‘300 - - 220 - - ns
Address, R/W Delay Time* tap - — | 280 | - - 190 [ — - 160 | ns
Data Delay Time Write toow - - 200 —_ - 160 - - 120 ns
Data Set-up Time Read tpsr Fig. 1 80 - - 70 - - 60 — - ns
Address, R/W Hold Time* ta ) 80 | — | — |60 | -1 — |4 | - [ — | ns
. Write® tHw 80 - - 60 - - 40 - - ns
Data Hold T
ata rold Time Read | tum 0 | - | -l ol - [ —Tol =-1<-1wm
RD, WR Pulse Width* PWrw 450 | — - ]300 | — - | 220 | - — ns
RD, WR Delay Time tRwp - - | 40 | - - a0 | - —~ 1 40 | ns
RD, WR Hold Time tHRW - - 30 - - 20 - — 20 ns
LIR Delay Time toLR - - 200 - - 160 - - 120 ns
LIR Hold Time tHLR 10 — — 10 - — 10 - — ns
MR Set-up Time* tsmr 400 | — - | 280 - — | 200 - - ns
MR Hold Time* tHMR Fig. 2 - - 100 - - 70 - - 50 ns
E Clock Pulse Width at MR PWemr - — 9 — - 9 — — 9 us
Processor Control Set-up Time tpcs :: &9‘131' 200 - - | 200 - - | 200 - - ns
Processor Control Rise Time tper Fia.2 3 - — 100 - - 100 - - 100 ns
ig. 2,
Processor Control Fall Time toor 9 — [ Z [0 | - | = [100] = | = |100] ns
BA Delay Time tsa Fig. 3 - - 250 - - 190 - - 160 ns
Oscillator Stabilization Time tac Fig. 11 20 - - 20 — - 20 - - ms
Reset Pulse Width PWRsT 3 - — 3 - - 3 - — teye
* These timings change in proportion to tcyc. The figures in this characteristics represent those when teyc is minimum
(= in the highest speed operation).
PERIPHERAL PORT TIMING
3 3A01X0 HD63B01X
Item Symbol . Test . HD6301X0 ‘HDG : D 0 Unit
ondition | min | typ | max | min | typ | max | min | typ | max
Peripheral Dat .
Soron o | Ports2,3,5,6 | trosy | Fig.5 | 200 | — [ — |200| — | - 200 | - | - | ns
Peripheral Dat ;
Hold Tiros 2t | Ports 2,3,5,6 | teop Fig.5 [ 200 — | — 200} - | — J200| — | — | ns
Delay Time (Enable Ports 1.2
Negative Transition to 3467 | twp Fig. 6 - - 300 - - 300 - - 300 ns
Peripheral Data Valid) LT
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HD6301X0,HD63A01X0,HD6E3BO1X0

TIMER, SCI TIMING

Item Symbol Test HD6301X0 HD63A01X0 HD63B01X0 Unit
v Condition | min | typ | max | min | typ [ max | min typ | max
Timer 1 Input Pulse Width thwT Fig. 8 20 - - 20 - - 2.0 - - teye
Delay Time (Enable Positive .
Transition to Timer Qutput) troo Fig. 7 - - | 400 | - - | 400 [ — - [ 400 | ns
SCI input Async. Mode N Fig. 8 1.0 - - 1.0 - - 1.0 - - teye
Clock Cycle | Clock Sync. Seve Fig.4,8 [20 | — | = |20 | = | = | 20 | = | = [ teye
SCI Transmit Data Delay
Time (Clock Sync. Mode) trxp - - 200 - - 200 - - 200 ns
SCI Receive Data Set-up .
Time (Clock Syne. Mode) tsRx Fig. 4 290 - - 290 - - | 290 - - ns
SCI Receive Data Hold Time
(Clock Sync. Mode) tHRxX 100 [ - - 100 - - 100 - - ns
SCI Input Clock Pulse Width tpwsck 0.4 - | 06 | 04 - | 06 | 04 - | 068 | tscyc
Timer 2 Input Clock Cycle teeye 20 - - 2.0 - - 2.0 - - teye
;,I'vl ll:;te': 2 Input Clock Pulse trwTek Fig. 8 200 _ _ 200 _ _ 200 _ _ ns
;‘i:;e;'i;z’ SCI Input Clock texr _ _ 100 _ _ 100 _ _ 100 ns
::;?e_ll_'i;ez SCI Input Clock texs _ _ 100 _ _ 100 _ _ 100 ns
& BLOCK DIAGRAM
Vo g5k, i
™ ;
ProlTin} l
Pal’
P22(SCLK)
Pay(Rx)
P1s(Tx}
Pal’ 2)
P’ )
Par(TCLKY
U= 1 g o B
[—"F2/0s
P1e/Dy
n —~ L P31/
) PN Bl
~ 3 —/ "—'—Pn;lx
1 =
" l L —N" —rum
— — ——"PusAs
PuoliFTE) ——ProsAy
Ps{TRG) L
Plﬂ':%' w ——_-—’
Pl p.: § N —‘P::i::
" ~— —=Pu/Aic
P T —=PuiAn
P> & F—Purn
e N —Pus/A1
v F—=Puw/Ais
:..: A _J—'”/A"
] RE
::: Ele
Py —ot & RAM ROM
Pogmned 192 Bytes 4k Bytes
Pyy——ni
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|- teye
2.4v ! X
E } PWeL L— ———PWay \
0.8V ] N
tap ter tef tan
AY
Ao~Ass, 2
R/W 0.8V
thRw
tRw, L PWaw |
2.4V
RD, WR 0.8V
|a— toDW p—tHw
MCU Write 2.4v
Do~D~ 0.8V
tDSR—e tur
MCU Read 2.0v
Do~Ds 0.8V
ther
p—1DLR
— . L_}/—
Figure 1 Mode 1, Mode 2 Bus Timing
PWemn |
51
foav N\ T
E \
\ 0.8V
|
thmr tsmr
MR 2.0v f
0.8V ™
re—tect o ~=—1pcr

HD6301X0,HD63A01X0,HD63B0O1X0

Figure 2 Memory Ready and E Clock Timing
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HD6301X0,HD63A01X0,HD63B0O1X0

Last Instruction Instruction Execution
lfxecutlon Cycle_l_ HALT Cycle L Cycle
l 1 il
+2.4v
E
0.8V
2<0V3
HALT S 08V z
e -

tecs trcs ),, trce tecs o

toaleer
R CYIVE
BA 0.8V

Figure 3 HALT and BA Timing

2.0v(2.4V)*
Synchronous Clock Z

tscye

Transmit Data

tsRx—em  pem-thRX
2.0V
Receive Data
0.8V

* 2.0V is high level when clock input.
2.4V is high leve! when clock output.

Figure 4 SCI Clocked Synchronous Timing

{—-MCU Read r MCU Write
2.4V X 2.4V E
E
tron | — o.sv\___/—
P20~P27 t
gso~$57 88\\; Data Valid Og\\ll il
60~ P67 = :
(Inputs) t t~—— teoH Pio~P17, P20~P27
Pao~ P37 g P30~P37, Pao~Paz x (23‘81\\// Data Valid
{inputs) 20V X Data Valid X 29V, Peo~Ps7, Pro~Pre :
P 2.8V A 0.8V (Outputs)

Figure 5 Port Data Set-up and Hold Times (MCU Read)
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E _/ 2.4V\ / E _/ \ 7If 2.4v
X Qutput
Timer 1

Compare
FRC T2CNT N X 00
P2, P fTop tToD|e—
21, P25 2.4V i
Qutputs 0.8V P;s Output » %‘zav

TCONR =N

(a) Timer 1 Output Timing {b) Timer 2 Output Timing

Figure 7 Timer Output Timing

HD6301X0,HD63A01X0,HD63BO1X0

* ! Vee
2.0v4 RL=2.2kQ
Test Point
0.8v y 1820740
t c R or Equiv.
CKr T o e
teke
8 . , C=90pF for Port 1, Port 3, Port4, E
* T 2t Timer 1; tPWT
sETer ;t?!fc Timer 2; tPWTCK =30pF for Port 2, Port6, Port 7
SCI ;tPwsck R=12kQ for Port 1~Port4, Port6, Port7, E
Figure 8 Timer 1+2, SCI Input Clock Timing Figure 9 Bus Timing Test Loads (TTL Load)
Byt
E

Internal
Address Bus

Op Code Op Code FFFF sp SP-1  SP.2 SP-3 SP-4 .SP-5 SP-6

Mascécf V?sctor New
@' Ra;, 0.8V Address Address+1 Address Address Address
2, IRQy o
—'I )‘— Cs
Internal
Data Bus
Op  Operand Irrel PCO~ PC8~ IXO~ IXB~ ACCA ACCB CCR Vector Vactor First inst. of
nge o: Code [;::vant PC7 Pg?s X7 1{2?5 MSB LSE Interrupt Routine
I;tegnnl
08 ﬁ I
Internal /
Write —

Figure 10 Interrupt Sequence
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HD6301X0,HD63A01X0,HDE3BO1X0

—55V

4.5V

Vee

“Vee 0.5V
sTeY ] res

r_mc
TV“ 05V
1PCS o

Vee-0.5v
RES

FFFF " FFFF FFFF FFFF FFFF FFFE FFFF NewPC

4
"

ssss FFFF

X\

¥

m™ .\\\\\\\\\\\\\\\\\\‘R\\\\

W mm 4

PC8~ PCO~ First
PC15 PC7

Instruction

Figure 11 Reset Timing

= FUNCTIONAL PIN DESCRIPTION
® Vce. Vss

Ve and Vgg provide power to the MCU with 5V+10% sup-
ply. In the case of low speed operation (fmax = 500kHz), the
MCU can operate with three through six volts. Two Vgg pins
should be tied to ground.

® XTAL, EXTAL

These two pins interface with an AT-cut parallel resonant
crystal. Divide-by-four circuit is on chip, so if 4MHz crystal
oscillator is used, the system clock is 1MHz for example.

EXTAL pin is drivable with the external clock of 50%
(£10%) duty, and one fourth frequency of the external clock
is produced in the LSI. The external clock frequency should
be less than four times of the maximum operable frequency.
When using the external clock, XTAL pin should be open.

AT Cut Parallel Resonant Crystal Oscillator

Co=7pF max
Rs=60Q max
XTAL
= CLi=Cr2
=10pF~22pF+20%
EXTAL (3.2~8MHz)
Cuz ——Cu

A

Figure 12 Example of Crystal Oscillator Connection
Recommended

Fig. 12 shows an example of the crystal oscillator connection.
The crystal and Cy, Cr, should be mounted as close as possi-
ble to XTAL and EXTAL pins. Any line must not cross the line
between the crystal oscillator and XTAL, EXTAL.

® STBY

This pin makes the MCU standby mode. In “Low” level, the
oscillation stops and the internal clock is stabilized to make
reset condition. To retain the contents of RAM at standby,
“0” should be written into RAM enable bit (RAME). RAME
is the bit 6 of the RAM/port 5 control register at $0014. RAM
is disabled by this operation and its contents is sustained.

Refer to “LOW POWER DISSIPATION MODE” for the
standby mode.

® Resot (RES)

This pin is used to reset the MCU from power OFF state
and to provide a startup procedure. During power-on, RES
pin must be held “Low” level for at least 20ms.

The CPU registers (accumulator, index register, stack pointer,
condition code register except for interrupt mask bit), RAM
and the data register of a port are not initialized during reset,
so their contents are unknown in this procedure.

To reset the MCU during operation, RES should be held
“Low” for at least 3 system-clock cycles. At the 3rd cycle
during “Low” level, all the address buses become “High”. When
RES remains “Low”, the address buses keep “High”. If RES
becomes “High”, the MCU starts the next operation.

(1) Latch the value of the mode program pins; MP, and MP, .

(2) Initialize each internal register (Refer to Table 5).

(3) Set the interrupt mask bit. For the CPU to recognize the
maskable mterrupts IRQ,, IRQ; and IRQ;, this bit should
be cleared in advance.

(4) Put the contents (=start address) of the last two addresses
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($FFFE, $FFFF) into the program counter and start the
program from this address. (Refer to Table 1).

The MCU is unable to accept a reset input until the clock
becomes normal oscillation after power on (max. 20ms). During
this transient time, the MCU and 1/O pins are undefined. Please
be aware of this for system designing.

® Enable (E)

This pin provides a TTL-compatible system clock to external
circuits. Its frequency is one fourth that of the crystal oscillator
or external clock. This pin can drive one TTL load and 90pF
capacitance.

® Non-Maskable Interrupt (NM1)

When the falling edge of the input signal is detected at this
pin, the CPU begins non-maskable interrupt sequence internally.
As well as the IRQ mentioned below, the instruction being
executed at NMI signal detection will proceed to its completion.
The interrupt mask bit of the condition code register doesn’t
affect non-maskable interrupt at all. .

When starting the acknowledge to the NMI, the contents of
the program counter, index register, accumulators and condition
code register will be saved onto the stack. Upon completion
of this sequence, a vector is fetched from $FFFC and $FFFD
to transfer their contents into the program counter and branch
to the non-maskable interrupt service routine. At reset start,

HD6301X0,HD63A01X0,HD63BO1X0

the stack pointer should be initialized on an appropreate mem-
ory area and then the falling edge be input to NMI pin.

® Interrupt Request (IRQ, , IRQ;)

These are levelsensitive pins which request an internal
interrupt sequence to the CPU. At interrupt request, the CPU
will complete the current instruction before its request acknowl-
edgement. Unless the interrupt mask in the condition code
register is set, the CPU starts an interrupt sequence; if set, the
interrupt request will be ignored. When the sequence starts, the
contents of the program counter, index register, accumulators
and condition code register will be saved onto the stack, then
the CPU sets the interrupt mask bit and will not acknowledge
the maskable request. During the last cycle, the CPU fetches
vectors depicted in Table 1 and transfers their contents to the
program counter and branches to the service routine.

The CPU uses the external interrupt pins, IRQ, and TRQ,
also as port pins Pgo and Psy, so it provides an enable bit to
Bit 0 and 1 of the RAM port 5 control register at $0014. Refer
to “RAM/PORT 5 CONTROL REGISTER” for the details.

When one of the internal interrupts, ICI, OCI, TOI, CMI or
SIO is generated, the CPU produces internal interrupt signal
(IRQ3). IRQ; functions just the same as IRQ; or TRQ, except
for its vector address. Fig. 13 shows the block diagram of the
interrupt circuit.

Table 1 Interrupt Vector Memory Map

Priority Vector Interrupt
MSB LSB
Highest FFFE FFFF RES
p FFEE FFEF TRAP
FFFC FFFD N1
FFFA FFFB SWI (Software Interrupt)
FFF8 FFF9 1RQ;
FFF6 FFF7 ICI (Timer 1 Input Capture)
FFF4 FFF5 OCI (Timer 1 Qutput Compare 1, 2)
FFF2 FFF3 TO! {Timer 1 Overflow)
FFEC FFED CMI (Timer 2 Counter Match)
| FFEA FFEB 1RQ,
Lowest FFFO FFF1 SIO (RDRF+ORFE+TDRE)
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HD6301X0,HD63A01X0,HD63BO1X0

Each Register’s Interrupt

Enable Flag
“1"; Enable, "0"; Disable
A ° Co(?dci’tion
m ode
2 -0 Register
Icl I-MASK
( ICF O- '0"";Enable
“1";Disabl
OCF1 ———]—0—"0 ocl
OCF2 —o—0—
B Interrupt
TOF oo TOI r,o/ @)_. Request
J Signal
IRQ3 CMI
CMF [o)
RDRF }_
—o—0—]
ORFE SIo
TDRE 00
Sleep
NMI Edge )—>—— Cancel
NMj ————— Detective Sighal
Circuit
Address Error | TRAP
Op Code Error
Detective Circuit
Swi

Figure 13 Interrupt Circuit Block Diagram

® Mode Program (MP,, MP,)
These two pins decide the operation mode. Refer to “MODE
SELECTION” for mode details.

The following signal description is applicable only for the
expanded mode.
® Read/Write (R/W; P,)

This signal, usually be in read state (“High”), shows whether
the MCU is in read (“High”) or write (“Low”) state to the
peripheral or memory devices. This can drive one TTL load
and 30pF capacitance.

® RD,WR (P, Py)

These signals show active low outputs when the CPU is
reading/writing to the peripherals or memories. This enables
the CPU easy to access the peripheral LSI with RD and WR
input pins. These pins can drive one TTL load and 30pF capaci-
tance.

® Load Instruction Register (LIR; P5)

This signal shows the instruction opecode being on data
bus (active low). This pin can drive one TTL load and 30pF
capacitance.

® Memory Ready (MR; Ps,)

This is the input control signal which stretches the system
clock’s “High” period to access low-speed memories. During
this signal being in “High”, the system clock operates in normal
sequence. But this signal in “Low”, the “High” period of the

270

system clock will be stretched depending on its “Low” level
duration in integral multiples of the cycle time. This allows the
CPU to interface with low-speed memories (see Fig. 2).

When accessing internal address space or making invalid
read, MR is prohibited internally to prevent decrease of oper-
ation speed. Even in the halt state, MR can also stretch “High”
period of system clock to allow peripheral devices to access
low-speed memories. As this signal is used also as Ps,, an enable
bit is provided at bit 2 of the RAM/port 5 control register at
$0014. Refer to “RAM/PORT 5 CONTROL REGISTER” for
more details.

® Halt (HALT; Ps3)

This is an input control signal to stop instruction execution
and to release buses free. When this signal switches to “Low”,
the CPU stops to enter into the halt state after having executed
the present instruction. When entering into the halt state, it
makes BA (P4) “High™ and also an address bus, data bus, RD,
WR, R/W in high impedance. When an interrupt is generated
in the halt state, the CPU uses the interrupt handler after the
halt is cancelled. When halted during the sleep state, the CPU
keeps the sleep state, while BA is “High” and releases the buses.
Then the CPU returns to the previous sleep state when the
HALT signal becomes “High”.

® Bus Available (BA; P,)

This is an output control signal which is normally “Low”
but “High” when the CPU accepts HALT and releases the buses.
The HD6800 and HD6802 make BA “High” and release the
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buses at WAI execution, while the HD6301X0 doesn’t make
BA “High” under the same condition. But if the HALT becomes
“Low” when the CPU is in the interrupt wait state after having
executed the WAI, the CPU makes BA “High” and releases the
buses. And when the HALT becomes *“High”, the CPU returns
to the interrupt wait state.

= PORT

The HD6301X0 provides seven 1/0 ports (six 8-bit ports and
a 5-bit port). Table 2 gives the address of ports and the data
direction register and Fig. 14 the block diagrams of each port.

Table 2 Port and Data Direction Register Address

HD6301X0,HD63A01X0,HD63BO1X0

to port 1. When a write operation is made to port 1, the high
impedance state shifts to the output state and the written data
will be output. Once port 1 gets in the output state, it operates
as an output till reset occurs. CPU can also read the value of the
Port 1 data register, thus enables the CPU to use bit manipula-

tion.
In mode 1 and 2, port 1 acts as “Low” address buses. This

port can drive one TTL load and 90pF capacitance.
® Port2

An 8-bit input/output port. The data direction register
(DDR) of port 2 is responsible for I/O state. It provides two
bits; bit 0 decides the I/O direction of P,y and bit 1 the I/O
direction of Py, to P,; (“0” for input, “1” for output).

Port 2 is also used as an I/O pin for the timers and the

— N SCI. When used as an I/O pin for the timers and the SCI, port
Port Port Address Data Direction Register 2 except Py, automatically becomes an input or an output
Port 1 $0002 - depending on their functions regardless of the data direction
Port 2 $0003 $0001 register’s value.
Port 3 $0006 $0004 Port 2 Data Direction Regist
Port 4 $0007 — or ata Direction Register
Port§ $0015 - 7 6 5 4 3 2 1 0
Port 6 0017 0016 DDR| DDR
or $ $ -1 =1=1=-1-1-1:25"% [so001
Port 7 $0018 -
® Port1 A reset clears the DDR of port 2 and configures port 2 asan

An 8-bit port for output only. In mode 3, port 1 goes to high
impedance during reset and keeps the state even after accepting
reset cancellation. It continues till a write operation is made

Port Write Signal
| Mode 3
C L

Data Bus

Port Read
Signal
—d

Tri-state
Control
Mode 1, 2
Address Bus, .‘—L‘-.

Control Signal
Port 1, Port 4, Port 7

Port Write Signal
Mode 3
i

Data Bus D Q

Mode 1, 2
L

—

Tri-state

Port 3,
Control

External Ad-

Internal
Address Read  dress Read

L 4
CPU Internal Busﬁj

Port 3

Port Read Signal
L

Data Bus

Port5

input port. This port can drive one TTL and 30pF. In addition,
it can produce 1mA current when Vout = 1.5V to drive directly
the base of Darlington transistors.

Port Write Signal
Port Qutput Enable
.

[§
Data Bus D Q
Timer, SCI
Output Enable
Timer 1, 2, e |
SCI Output ] Tri-state
Port Read Signal Control
_r‘—‘\_<}‘__‘
Timer 1, 2, 1
SCl Input \]

Port 2

Port Write Signal

C

Data Bus D a R
DDR Write Signal
il
Cc
D

Q
R Port Read Signal

__¢__,——L=\_<_4
Reset
Port 6, Port 2 (Bit 0) ]

Timer 1 input
{P,, only

Figure 14 Port Block Diagram
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HD6301X0,HD63A01X0,HD63BO1X0

® Port3

An 8-bit I/O port. The DDR of port 3 is responsible for
1/O state. It provides only one bit which decides I/O state by
the byte (“0” for input and “1” for output). It is cleared during
reset.

Port 3 Data Direction Register

Port 3|
DDR $0004

® Port4
An 8bit port for output only like Port 1. In mode 1 and 2,
“High” address will be produced.

® Port5
An 8-bit port for input only. The lower four bits are also
usable as input pins for interrupt, MR and HALT.

® Porté

An 8-bit I/O port. This port provides an 8-bit DDR corre-
sponding to each bit and can specify input or output by the
bit (“0” for input, “1” for output). This port can drive one
TTL load and 30pF. A reset clears the DDR of port 6. In
addition, it can produce 1mA current when Vout =1.5V to
drive directly the base of Darlington transistors.

® Port7

A 5-bit port for output only. In mode 3, port 7 goes to high
impedance during reset and keeps the state even after accepting
reset cancellation. It continues till a write operation is made to
port 7. When a write operation is made to port 7, the high
impedance state shifts to the output state and the written data
will be output. Once port 7 gets in the output state, it operates
as an output till reset occurs. Port 7 can also read the value of
the data register, thus enables the CPU to use the bit manipula-
tion.

In mode 1 and 2, port 7 acts as outputs for control signals
(RD, WR, R/W, LIR and BA). This port can drive one TTL
load and 30pF.

® RAM/PORT 5 CONTROL REGISTER
The control register located at $0014 controls on-chip
RAM and port 5.

RAM/Port 6 Control Register

7 6 5 4 3 2 1 0
STBY| . IRQ:2 [ IRQy
PWR RAMEIﬁa — |HLTE{MRE| E $0014

Bit 0, Bit 1 TRQ;, IRQ; Enable Bit {IRQ, E, IRQ,E)

When using Pso and Ps; as interrupt pins, write “1” in
these bits. When “0”, the CPU doesn’t accept an external
interrupt or a sleep cancellation by the external interrupt.
These bits become “0” during reset.

Bit 2 Memory Ready Enable Bit (MRE)

When using Ps, as an input for Memory Ready signal, write
“1” in this bit. When “0”, the memory ready function is pro-
hibited. In mode 3, the memory ready function is prohibited

regardless of the value of this bit. This bit becomes “1” during
reset.

Bit 3 Halt Enable bit (HLTE)

When using Ps; as an input for Halt signal, write “1” in this
bit. When “0”, the halt function is prohibited. In mode 3, the
halt function is prohibited regardless of the value of this bit.
This bit becomes ““1” during reset.

Bit4, Bit 5 Not Used.

Bit6 RAM Enable (RAME)

On-chip RAM can be disabled by this control bit. The
MCU Reset sets “1” at this bit and enables on-chip RAM
available. This bit can be written “1” or “0” by software.
When RAM is in disable condition (=logic “0”), on-chip RAM
is invalid and the CPU can read data from external memory.
This bit should be “0” at the beginning of standby mode to
protect RAM data.

Bit 7 Standby Power Bit (STBY PWR)

When Ve is not provided in standby mode, this bit is
cleared. This is a flag for both read/write by software. If this bit
is set before standby mode, and remains set even after returning
from standby mode, V¢c voltage is provided during standby
mode and the RAM data is valid.

= MODE SELECTION
Mode program pins, MP, and MP, determine the operation
mode of the HD6301XO0 as Table 3 gives.

® Mode 1 (Expanded Mode)

In this mode, port 3 is data bus and port 1 “Low” address
bus and port 4 “High” address bus to realize a direct interface
with the HMCS6800 buses. A control signal such as R/W is
produced at port 7. In mode 1, on-chip ROM is disabled and
65k bytes of address space are externally expandable (refer
to Fig. 15).

® Mode 2 (Expanded Mode)

This mode is also expandable as well as mode 1. But in this
mode, on-chip ROM is enabled and the expandable address
space is 61k bytes (refer to Fig. 16).

® Mode 3 (Single-chip Mode)
In this mode, all ports are available (refer to Fig. 17).

Table 3 Mode Selection

Mode | MP; | MP, | ROM |[RAM "{}2;‘;':‘ Operation Mode

1 “L"{"H”| E * E Expanded Mode

2 [“HTiLT o " | Expanded Mode

3 |“H" | "“H" | | | Single-chip Mode
“L" = Logic 0", “H’" = Logic *“1”, }; Internal, E; External.

“Ige addressing RAM area can be external by clearing RAME bit at
014.
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Figure 17 Mode 3

® Mode and Port
Table 4 shows MCU signals in each mode.

Table 4 MCU Signals in Each Mode

port ——Mode Mode 1 Mode 2 Mode 3
Port 1 Address Bus (A ~A) Address Bus (Ag~A-;) Output Port
Port 2 1/0 Port 1/0 Port 1/0 Port
Port 3 Data Bus (Do ~D-) Data Bus (Do ~D5) 1/0 Port
Port 4 Address Bus {As ~A;s) Address Bus (Ag~As) Output Port
Port 5 Input Port Input Port input Port
Port 6 1/0 Port 1/0 Port 1/0 Port
Port 7 RD,WR, R/W, LiR, BA RD,WR, R/W, LR, BA Output Port
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= MEMORY MAP mode. 32 internal registers use addresses from “00” as shown in
The MCU can address up to 65k bytes depending on its Table 5.
operation mode. Fig. 18 gives memory maps in each operation

Table 5 Internal Register

Address Registers R/W*** Initialize at RESET
00 - - —
01 Port 2 Data Direction Register w $FC
02* Port 1 R/W Undefined
03 Port 2 R/W Undefined
04* Port 3 Data Direction Register w $FE
05 - - -
06* Port 3 R/W Undefined
07* Port 4 R/W Undefined
08 Timer Control/Status Register 1 R/W $00
09 Free Running Counter {"'High"’) R/W $00
0A Free Running Counter {*Low’’) R/W $00
0B Output Compare Register 1 {(“’High”’) R/W $FF
ocC Output Compare Register 1 (“Low"’) R/W $FF
oD Input Capture Register (“High"’) R $00
OE Input Capture Register (“Low’’) R $00
OF Timer Control/Status Register 2 R/W $10
10 Rate, Mode Control Register R/W $00
1 Tx/Rx Control Status Register R/W $20
12 Receive Data Register R $00
13 Transmit Data Register w $00
14 RAM/Port 5 Control Register R/W $7C or $FC
15 Port 6 R =
16 Port 6 Data Direction Register w $00
17 Port 6 R/W Undefined
18* Port 7 R/W Undefined
19 Qutput Compare Register 2 {“High”’) R/W $FF
1A Output Compare Register 2 {“L.ow") R/W $FF
1B Timer Control/Status Register 3 R/W $20
1C Time Constant Register w $FF
1D Timer 2 Up Counter R/W $00
1E - - -
1F** Test Register - —

* External Address in Mode 1, 2.
** Test Register. Do not access to this register.
*** R :Read Only Register
W : Write Only Register
R/W: Read/Write Register
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HD6301X0 Mode 1 HD6301X0 Mode 2 HD6301X0 Mode 3
Expanded Mode Expanded Mode Single-chip Mode
$0000 % knte_rnal’ $0000 // Internal* $0000 //// Internal
egisters / Register / Register
$001F % Extornl $001F Extornal $001F Z
emory M
$0040 77 Space $0040 Spoce $0040 /
Internal / Internal / Internal
RAM / RAM RAM
$OOFF % $OOFF Z. $OOFF %
External
Memory
External Space
Memory
Space
$FO00 2 $F000 /
/ Internal / Internal
ROM ROM
$FFFF $FFFF 4 SFFFF Z.
* Excludes the following addresses * Excludes the following addresses
which may be used externally: which may be used externally:
$02, $04, $06, $07, $18. $02, $04, $06, $07, $18.

Figure 18 HD6301X0 Memory Map

= TIMER 1

The HD6301X0 provides a 16-bit programmable timer which
can measure an input waveform and generate two independent
output waveforms. The pulse widths of both input/output
waveforms vary from microseconds to seconds.

Timer 1 is configurated as follows (refer to Fig. 20).

+ Control/Status Register 1 (8 bit)

+ Control/Status Register 2 (7 bit)

+ Free Running Counter (16 bit)

+ Output Compare Register 1 (16 bit)

» Output Compare Register 2 (16 bit)

+ Input Capture Register (16 bit)

® Free-Running Counter (FRC) ($0009 : 000A)

The key timer element is a 16-bit free-running counter driven
and incremented by system clock. The counter value is readable
by software without affecting the counter. The counter is
cleared by reset.

When writing to the “High” byte ($09), the CPU writes the
preset value (SFFF8) into the counter (address $09, $0A)
regardless of the write data value. But when writing to the
“Low” byte ($0A) after “High” byte writing, the CPU write
not only “Low” byte data into lower 8 bit, but also “High”
byte data into higher 8 bit of the FRC.

The counter will be as follows when the CPU writes to it
by double store instructions (STD, STX etc.).

$09 Write $OA Write
| ($5A) ($F3)
e | | | |
Counter value ! $FFF8 $5AF3

In the case of the CPU write ($5AF3) to the FRC
Figure 19 Counter Write Timing
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® Output Compare Register (OCR)

($000B, $000C; OCR1) ($0019,$001A ; OCR2)

The output compare register is 2 16-bit read/write register
which can control an output waveform. It is always compared
with the FRC.

When data matches, output compare flag (OCF) in the timer
control/status register (TCSR) is set. If an output enable bit
(OE) in the TCSR2 is “1”, an output level bit (OLVL) in the
TCSR will be output to bit 1 (Tout 1) and bit 5 (Tout 2) of
port 2. To control the output level again by the next compare, a
change is necessary for the OCR and OLVL. The OCR is set to
$FFFF at reset. The compare function is inhibited for a cycle
just after a write to the OCR or to the upper byte of the
FRC. This is to set the 16-bit value valid in the register for
compare. In addition, it is because SFFF8 is set at the next
cycle of the CPU’s “High” byte write to the FRC.

* For data write to the compare register, 2-byte transfer

instruction (such as STX etc.) should be used.

® Input Capture Register (ICR) ($000D : 000E)

The input capture register is a 16-bit read only register which
stores the FRC’s value when external input signal transition
generates an input capture pulse. Such transition is defined by
input edge bit (IEDG) in the TCSR1.

In order to input the external input signal to the edge
detecter, a bit of the DDR corresponding to bit 0 of port 2
should be cleared (“0’). When an input capture pulse occures
by input transition at the next cycle of CPU’s high-byte read of
the ICR, the input capture pulse will be delayed by one cycle.
In order to ensure the input capture operation, a CPU read of
the ICR needs 2-byte transfer instruction. The input pulse width
should be at least 2 system cycles. This register is cleared
($0000) during reset.
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® Timer Control/Status Register 1 (TCSR1) ($0008)

The timer control/status register 1 is an 8-bit register. All bits
are readable and the lower 5 bits are also writable. The upper 3
bits are read only which indicate the following timer status,

Bit 5 The counter value reached to $0000 as a result of
counting-up (TOF).

Bit 6 A match has occured between the FCR and the OCR 1
(OCF1).

Bit 7 Defined transition of the timer input signal causes the
counter to transfer its data to the ICR (ICF).

The followings are each bit descriptions.

Timer Control/Status Register 1
7 6 5 4 3 2 1 0

ICF | OCF1| TOF | EICI [EOCI1} ETO! | IEDG |OLVLY $0008

BitO OLVL1 Output Level 1
OLVL1 is transferred to port 2, bit 1 when a match
occurs between the counter and the OCRI. If OE1,
namely, bit O of the TCSR2, is set to “1”’, OLVL1 will
appear at bit 1 of port 2.
Bit1 IEDG Input Edge
This bit determines which rising edge or falling of
input signal of port 2, bit O will trigger data transfer
from the counter to the ICR. For this function, the
DDR corresponding to port 2, bit O should be cleared
beforehand.
IEDG=0, triggered on a falling edge
(“Hig:h” tO “LOW”)
IEDG=1, triggered on a rising edge
(“LOW” to “High”)
Bit2 ETOl Enable Timer Overflow Interrupt
When this bit set, an internal interrupt (IRQ;) by
TOI interrupt is enabled. When cleared, the interrupt is
inhibited. )
Bit3 EOCI1 Enable Output Compare Interrupt 1
When this bit set, an internal interrupt (IRQ;) by
QCI1 interrupt is enabled. When cleared, the interrupt
is inhibited.
Bit4 EICI Enable Input Capture Interrupt
When this bit set, an internal interrupt (IRQ;) by
ICI interrupt is enabled. When cleared, the interrupt is
inhibited.
Bit5 TOF Timer Overflow Flag
This read only bit is set when the counter incre-
ments from $FFFF by 1. Cleared when the counter’s
“High” byte ($0009) is read by the CPU following the
TCSRI1 read.
Bit6 OCF1 Output Compare Flag 1
This read only bit is set when a match occurs be-
tween the OCR1 and the FRC. Cleared by writing to
the OCR1 ($000B or $000C) following the TCSR1 or
TCSR2 read.
Bit7 ICF Input Capture Flag
This read only bit is set when an input signal of
port 2, bit 0 makes a transition as defined by IEDG and
the FRC is transferred to the ICR. Cleared when reading
the “High” byte ($000D) of the ICR following the
TCSR1 or TCSR2 read.

® Timer Control/Status Register 2 (TCSR2) ($000F)

The timer control/status register 2 is a 7-bit register. All bits
are readable and the lower 4 bits are also writable, But the
upper 3 bits are read-only which indicate the following timer
status.

Bit5 A match has occured between the FRC and the OCR2
(OCF2).

Bit 6 The same status flag as the OCF1 flag of the TCSRI,
bit 6.

Bit 7 The same status flag as the ICF flag of the TCSR1, bit 7.

The followings are each bit descriptions.

Timer Control/Status Register 2
7 6 65 4 3 2 1 0

ICF JOCF1|OCF2| — OCIZIOLVLZ OE2 | OE1 } $000F

Bit0 OE1 Output Enable 1
This bit enables the OLVLI1 to appear at port 2, bit
1 when a match has occurred between the counter and
the output compare register 1. When this bit cleared, bit
1 of port 2 will be I/O port. When set, it will be an
output of OLVL] automatically.
Bit1 OE2 OutputEnable 2
This bit enables the OLVL2 to appear at port 2, bit
5 when a match has occurred between the counter and
the output compare register 2. When this bit cleared,
port 2, bit 5 will be I/O port. When set, it will be an
output of OLVL?2 automatically.
Bit2 OLVL2 Output Level 2
OLVL2 is transferred to port 2, bit 5 when a match
has occurred between the counter and the OCR2. If
OE2, namely bit 5 of the TCSR2, is set to “1”, OLVL2
will appear at port 2, bit 5.
Bit3 EOCI2 Enable Output Compare Interrupt 2
When this bit set, an internal interrupt (IRQs) by
OCI2 interrupt is enabled. When cleared, the interrupt
is inhibited.
Bit4 Not Used
Bit5 OCF2 Output Compare Flag 2
This read-only bit is set when a match has occurred
between the counter and the OCR2. Cleared when
writing to the OCR2 (80019 or $001A) following the
TCSR2 read.
Bit6 OCF1 Output Compare Flag 1
Bit7 ICF InputCapture Flag
OCF1 and ICF addresses are partially decoded.
CPU read of the TCSR1/TCSR2 makes it possible to
read OCF1 and ICF into bit 6 and bit 7.
Both the TCSR1 and TCSR2 will be cleared during reset.
(Note) If OE1 or OE2 is set to “1” before the first output
compare match occurs after reset restart, bit 1 or bit 5
of port 2 will produce “0” respectively.
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Figure 20 Timer 1 Block Diagram

n TIMER2
In addition to the timer 1, the HD6301XO0 provides an 8-bit
reloadable timer, which is capable of counting the external
event. This timer 2 contains a timer output, so the MCU can
generate three independent waveforms.
The timer 2 is configured as follows:
Control/Status Register 3 (7 bit)
8-bit Up Counter
Time Constant Register (8 bit)

® Timer 2 Up Counter (T2CNT) {$001D)

This is an 8-bit up counter which operates with the clock
decided by CKSO and CKS1 of the TCSR3. The counter is
always readable without affecting itself. In addition, any value
can be written to the counter by software even during counting.

The counter is cleared when a match occurs between the
counter and the TCONR or during reset.

If a write operation is made by software to the counter at the
cycle of counter clear, it does not reset the counter but put the
write data to the counter.

A HITACHI

® Time Constant Register (TCONR) ($001C)

The time constant register is an 8-bit write only register. It
is always compared with the counter.

When a match has occurred, counter match flag (CMF) of
the timer control status register 3 (TCSR3) is set and the value
selected by TOSO and TOS!1 of the TCSR3 will appear at port 2,
bit 6. When CMF is set, the counter will be cleared simultane-
ously and then start counting from $00. This enables regular
interrupts and waveform outputs without any software support.
The TCONR is set to “$FF” during reset.

® Timer Control/Status Register 3 (TCSR3) ($001B)

The timer control/status register 3 is a 7-bit register. All bits
are readable and 6 bits except for CMF can be written.

The followings are each pin descriptions.

Timer Control/Status Register 3
7 6 5 4 3 2 1 0

CMF JECMI] — | T2E {TOS1]TOSO|CKS1{CKSO| $001B
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Figure 21 Timer 2 Block Diagram

Bit0 CKSO Input Clock Select O
Bit1 CKS1 Input Clock Select 1
Input clock to the counter is selected as shown in
Table 6 depending on these two bits. When an external
clock is selected, bit 7 of port 2 will be a clock input
automatically. Timer 2 detects the rising edge of the
external clock and increments the counter. The external
clock is countable up to half the frequency of the
system clock.

Table 6 Input Clock Select

CKS1 CKS0 input Clock to the Counter
0 0 E clock-
0 1 E clock/8*
1 0 E clock/128*
1 1 External clock

* These clocks come from the FRC of the timer 1. If one of these clock
is selected as an input clock to the up counter, the CPU should not
write to the FRC of the timer 1.

Bit2 TOSO Timer Output Select 0
Bit3 TOS1 Timer Output Select 1
When a match occurs between the counter and the
TCONR timer 2 outputs shown in Table 7 will appear at
port 2, bit 6 depending on these two bits. When both
TOSO and TOS1 are “0”, bit 6 of port 2 will be an I/O
port.

Table 7 Timer 2 Output Select

TOS1 TOSO Timer Output
0 0 Timer Output Inhibited
1] 1 Toggle Output®
1 0 Output “0"
1 1 Output “1”

* When a match occurs between the counter and the TCONR, timer 2
output level is reversed. This leads to production of a square wave with
650% duty to the external without any software support.

Bit4 T2E Timer 2 Enable Bit
When this bit cleared, a clock input to the up counter
is prohibited and the up counter stops. When set to “1”,
a clock selected by CKS1 and CKSO (Table 6) is input
to the up counter.

(Note) P, produces “0”” when T2E bit cleared and timer 2 set
in output enable condition by TOS!1 or TOSO. It also
produces “0” when T2E bit set “1” and timer 2 set in
output enable condition before the first counter match
occurs.

Bit5 NotUsed

Bit6 ECMI Enable Counter Match Interrupt

When this bit set, an internal interrupt (IRQ;) by
CMI is enabled. When cleared, the interrupt is inhibited.
Bit7 CMF Counter Match Flag
This read only bit is set when a match occurs between
the up counter and the TCONR. Cleared by a software
write (unable to write “1” by software).
Each bit of the TCSR3 is cleared during reset.
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s SERIAL COMMUNICATION INTERFACE (SCI)

The HD6301X0 SCI contains two operation modes; one is an
asynchronous mode by the NRZ format and the other is a
clocked synchronous mode which transfer data synchronizing
with the serial clock.

The serial interface is configured as follows:

+ Control/Status Register (TRCSR)

+ Rate/Mode Control Register (RMCR)

* Receive Data Register (RDR)

* Receive Data Shift Register (RDSR)

+ Transmit Data Register (TDR)

+ Transmit Data Shift Register (TDSR)

The serial I/O hardware requires an initialization by software
for operation. The procedure is usually as follows:

1) Write a desirable operation mode into each correspond-

ing control bit of the RMCR.

2) Write a desirable operation mode into each correspond-

ing control bit of the TRCSR.

When using bit 3 and 4 of port 2 for serial I/O only, there is
no problem even if TE and RE bit are set. But when setting the
baud rate and operation mode, TE and RE should be “0”’. When
clearing TE and RE bit and setting them again, more than 1 bit
cycle of the current baud rate is necessary. If set in less than 1
bit cycle, there may be a case that the internal transmit/receive
initialization fails.

® Asynchronous Mode

An. asynchronous mode contains the following two data
formats:

1 Start Bit + 8 Bit Data + 1 Stop Bit
1 Start Bit + 9 Bit Data + 1 Stop Bit

In addition, if the 9th bit is set to “1” when making 9

bit data format, the format of
1 Start bit + 8 Bit Data + 2 Stop Bit
is also transferred.

Data transmission is enabled by setting TE bit of the TRCSR,
then port 2, bit 4 will become a serial output independently of
the corresponding DDR.

For data transmit, both the RMCR and TRCSR should be
set under the desirable operating conditions. When TE bit is
set during this process, 10 bit preamble will be sent in 8-bit data
format and 11 bit in 9-bit data format. When the preamble is
produced, the internal synchronization will become stable and
the transmitter is ready to act.

The conditions at this stage are as follows.

1) If the TDR is empty (TDRE=1), consecutive 1’s are

produced to indicate the idle state.

2) If the TDR contains data (TDRE=0), data is sent to the

transmit data shift register and data transmit starts.

During data transmit, a start bit of ““0” is transmitted first.
Then 8-bit or 9-bit data (starts from bit 0) and a stop bit of “1”

HD6301X0,HD63A01X0,HD63BO1X0

are transmitted.

When the TDR is “empty”, hardware sets TDRE flag bit. If
the CPU doesn’t respond to the flag in proper timing (the TDRE
is in set condition till the next normal data transfer starts from
the transmit data), “1” is transferred instead of the start bit “0”
and continues to be transferred till data is provided to the data
register. While the TDRE is “17, “0” is not transferred.

Data receive is possible by setting RE bit. This makes port 2,
bit 3 be a serial input. The operation mode of data receive is
decided by the contents of the TRCSR and RMCR. The first
“0” (space) synchronizes the receive bit flow. Each bit of the
following data will be strobed in the middle. If a stop bit is not
“1”, a framing error assumed and ORFE is set.

When a framing error occurs, receive data is transferred to
the receive data register and the CPU can read error-generating
data. This makes it possible to detect a line break.

If the stop bit is “1”, data is transferred to the receive data
register and an interrupt flag RDRF is set. If RDRF is still
set when receiving the stop bit of the next data, ORFE is set to
indicate overrun generation.

When the CPU read the receive data register as a response to
RDRF flag or ORFE flag after having read TRCS, RDRF or
ORFE is cleared.

(Note) Clock Source in Asynchronous Mode

When using an internal clock for serial I/O, the follow-

ings should be kept in mind.

« Set CC1 and CCO to “1” and “0” respectively.

« A clock is generated regardless of the value of TE,
RE.

+ Maximum clock rate is E+16.
Output clock rate is the same as bit rate.

When using an external clock for serial I/O, the follow-

ings should be kept in mind.

+ Set CC1 and CCO in the RMCR to “1” and “1” re-

spectively.

+ The external clock frequency should be set 16 times
of the applied baud rate.
Maximum clock frequency is that of the system
clock.

® Clocked Synchronous Mode

In the clocked synchronous mode, data transmit is
synchronized with the clock pulse. The HD6301X0 SCI
provides functionally independent transmitter and receiver
which makes full duplex operation possible in the asynchronous
mode. But in the clocked synchronous mode an SCI clock I/O
pin is only P,;, so the simultaneous receive and transmit
operation is not available. In this mode, TE and RE should
not be in set condition (““1”) simultaneously. Fig. 23 gives a
synchronous clock and a data format in the clocked synchro-
nous mode.
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Figure 22 Serial Communication Interface Block Diagram

Data transmit is realized by setting TE bit in the TRCSR.
Port 2, bit 4 becomes an output unconditionally independent
of the value of the corresponding DDR.

Both the RMCR and TRCSR should be set in the desirable
operating condition for data transmit.

When an external clock input is selected, data transmit is

{——————= Transmit Direction

performed under the TDRE flag “0” from port 2, bit 4, syn-
chronizing with 8 clock pulses input from external to port 2,
bit 2.

Data is transmitted from bit 0 and the TDRE is set when the
transmit data shift register is “empty”. More than 9th clock
pulse of external are ignored.

Synchronous I l I _| L_' I_.l l_I I_l I—l I—-I

clock
Data % BitO x Bit 1XBit ZXBit 3XBitiXBit 5 * Bit 6 “ Bit 7%
/A Not Valid

+ Transmit data is produced from a falling edge of a synchronous clock to the next falling edge.

« Receive data is latched at the rising edge.

Figure 23 Clocked Synchronous Mode Format

When data transmit is selected to the clock output, the MCU
produces transmit data and synchronous clock at TDRE flag
clear,

Data receive is enabled by setting RE bit. Port 2, bit 3 will
be a serial input. The operating mode of data receive is decided
by the TRCSR and the RMCR.

When the extermal clock input is selected, 8 clock pulses
from external and the synchronized receive data are input to
port 2, bit 2 and bit 3 respectively. The MCU put receive data
into the receive data shift register by this clock and set the
RDREF flag at the termination of 8 bit data receive. More than
9th clock pulse of external input are ignored. When RDREF is
cleared by reading the receive data register, the MCU starts
receiving the next data. So RDRF should be cleared with P,,
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“High”.

When data receive is selected to the clock output, 8 synchro-
nous clocks are output to the external by setting RE bit. So re-
ceive data should be input from external, synchronously with
this clock. When the first byte data is received, the RDRF flag
is set. After the second byte, receive operation is performed and
output the synchronous clock to the external by clearing the
RDREF bit.

® Transmit/Receive Control Status Register (TRCSR) ($0011)

The TRCSR is composed of 8 bits which are all readable. Bits
0 to 4 are also writable. This register is initialized to $20 during
reset. Each bit functions as follows,
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Bit0

Bit 1

Bit 2

Bit3

Bit 4

Bit5

Bit6

Transmit/Receive Control Status Register

7 6 5 4 3 2 1 0

RDRF|ORFE|TDRE| RIE | RE | TIE | TE { WU | $0011

WU Wake-up

In a typical multi-processor configuration, the
software protocol provides the destination address at
the first byte of the message. In order to make un-
interested MCU ignore the remaining message, a wake-up
function is available. By this, uninterested MCU can in-
hibit all further receive processing till the next message
starts.

Then wake-up function is triggered by consecutive
1’s with 1 frame length (10 bits for 8-bit data, 11 for
9-bit). The software protocol should provide the idle
time between messages.

By setting this bit, the MCU stops data receive till the
next message. The receive of consecutive “1” with one
frame length wakes up and clears this bit and then the
MCU restarts receive operation. However, the RE flag
should be already set before setting this bit. In the
clocked synchronous mode WU is not available, so this
bit should not be set.

TE Transmit Enable

When this bit set, transmit data will appear at port 2,
bit 4 after one frame preamble in asynchronous mode,
while in clocked synchronous mode appear immediately.
This is executed regardless of the value of the cor-
responding DDR. When TE is cleared, the serial 1/O
doesn’t affect port 2, bit 4.

TIE Transmit Interrupt Enable

When this bit set, an internal interrupt (IRQj) is
enabled when TDRE (bit 5) is set. When cleared, the
interrupt is inhibited.

RE Receive Enable

When set, a signal is input to the receiver from port
2, bit 3 regardless of the value of the DDR. When RE
is cleared, the serial I/O doesn’t affect port 2, bit 3.

RIE Receive Interrupt Enable

When this bit set, an internal interrupt, IRQ; is
enabled when RDRF (bit 7) or ORFE (bit 6) is set.
When cleared, the interrupt is inhibited.

TDRE Transmit Data Register Empty

TDRE is set when the TDR is transferred to the
transmit data shift register in the asynchronous mode,
while in clocked synchronous mode when the TDSR is
“empty”. This bit is reset by reading the TRCSR and
writing new transmit data to the transmit data register.
TDRE is set to ““1”” during reset.

ORFE Overrun Framing Error

ORFE is set by hardware when an overrun or a fram-
ing error is generated (during data receive only). An
overrun error occurs when new receive data is ready to
be transferred to the RDR during RDRF still being set.
A framing error occurs when a stop bit is “0”. But in
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clocked synchronous mode, this bit is not affected. This

bit is cleared when reading the TRCSR, then the RDR,

or during reset.

RDRF Receive Data Register Full

RDRF is set when the RDSR is transferred to the

RDR. Cleared when reading the TRCSR, then the RDR,

or during reset.

(Note) When a few bits are set between bit S to bit 7 in the
TRCSR, a read of the TRCSR is sufficient for clearing
those bits. Tt is not necessary to read the TRCSR every-
time to clear each bit.

Bit7

® Transmit Rate/Mode Control Register (RMCR)
The RMCR controls the following serial I/O:

* Baud Rate
* Clock Source

* Data Format
* Port 2, Bit 2 Function

In addition, if 9-bit data format is set in the asynchronous
mode, the 9th bit is put in this register. All bits are readable and
writable except bit 7 (read only). This register is set to $00
during reset.

Transfer Rate/Mode Control Register

rRD8 | TD8 | $S2 Jcc2 | cct jcco | sst | sso (o010

Bit 0 SSo
Bit 1 SS1 Speed Select
Bit5 SS2

These bits control the baud rate used for the SCI. Table
8 lists the available baud rates. The timer 1 FRC (SS2=0) and
the timer 2 up counter (SS2=1) provide the internal clock to the
SCI. When selecting the timer 2 as a baud rate source, it func-
tions as a baud rate generator. The timer 2 generates the baud
rate listed in Table 9 depending on the value of the TCONR.
(Note) When operating the SCI with internal clock, do not
perform write operation to the timer/counter which is
the clock source of the SCI.

Bit 2 Ccco
Bit 3 cC1 Clock Control/Format Select®
Bit 4 cc2

These bits control the data format and the clock source
(refer to Table 10).

* CCO, CC1 and CC2 are cleared during reset and the MCU
goes to the clocked synchronous mode of the external
clock operation. Then the MCU forces port 2, bit 2
in the clock input state. When using port 2, bit 2 as an
output port, the DDR of port 2 should be set to “1”” and
CC1 and CCO to “0” and “1” respectively.
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Table 8 SCI Bit Times and Transfer Rates

(1) Asynchronous Mode

XTAL 2.4576MHz 4.0MHz 4.9152MHz
SS2 SS1 SSO E 614.4kHz 1.0MHz 1.2288MHz
0 [¢] [} E+16 26 us/38400Baud 164s/62500Baud 13 45/76800Baud
[0} 0 1 E+128 208 15/4800Baud 1284s/7812.5Baud 104.2 £5/96008aud
[o] 1 0 E+1024 1.67ms/600Baud 1.024ms/976.6Baud | 833.3.s/1200Baud
0 1 1 E-+-4096 6.67ms/150Baud 4.096ms/244.1Baud | 3.333ms/300Baud
1 -— — — * * *

*When SS2 is “1”, Timer 2 provides SCI clocks. The baud rate is shown as follows with the TCONR as N.

f: input clock frequency to the

Baud Rate = 32 (N D) timer 2 counter
N=0~255
{2) Clocked Synchronous Mode *
XTAL 4 .0MHz 6.0MHz 8.0MHz
882 8S1 SSO E 1.0MHz 1.5MHz 2.0MHz
o] 4] [o] E+2 2 us/bit 1.33us/bit 1 us/bit
o] 4] 1 E+16 16 us/bit 10.7us/bit 8us/bit
[o] 1 0 E+128 128us/bit 85.3us/bit 64 ys/bit
0] 1 1 E+512 512 us/bit 341 us/bit 2564s/bit
T - = — * % * % * %

* Bit rates in the case of internal clock operation. In the case of external clock operation, the external clock is
operatable up to DC ~ 1/2 system clock.

** The bit rate is shown as follows with the TCONR as N.

X = 4 (N+D) f: input clock frequency to the
Bit Rate (us/bit) f timer 2 counter

N=0~255

Table 9 Baud Rate and Time Constant Register Example

M 2.4576MHz 3.6864MHz 4.0MHz 4.9152MHz 8.0MHz
110 21" 32 35 23 70°
150 127 191 207 255 51°
300 63 95 103 127 207
600 31 47 51 63 103

1200 15 23 25 31 51
2400 7 1 12 15 25
4800 3 5 — 7 12
9600 1 2 - 3 -
19200 0 - ~ 1 —
38400 - - - 0 -

*E/8 clock is input to the timer 2 up counter and E clock otherwise.
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Table 10 SC! Format and Clock Source Control

cC2 cCC1 cCco Format Mode Clock Source |Port 2, Bit 2 Port 2, Bit3 Port 2, Bit 4
0 0 0 8-bit data | Clocked Synchronous | External Input N
0 1 | 8-bitdata | Asynchronous Internal Not Used™* s
0 1 0 8-bitdata | Asynchronous Internal Output™® g:;ni:};i;ﬂafsaiér?allz ::;:t L
0 1 1 8-bit data | Asynchronous External Input
1 0 0 8-bit data | Clocked Synchronous | Internal Output r
1 0 1 | 9-bitdata | Asynchronous Internal Not Used** i
1 1 0 9-bit data | Asynchronous Internal Output® ‘a':iﬁ:zz;tfiz;;: g:ft:u t1 !
1 1 1 9-bit data | Asynchronous External Input

* Clock output regardless of the TRCSR, bit RE and TE.
** Not used for the SCI.

Bit6 TD8 Transmit Data Bit8 mode, this bit stores the 9th bit data. In receiving 9-bit
When selecting 9-bit data format in the asynchron- data, read this bit then the receive data register.
ous mode, this bit is transmitted as the 9th data. In
transmitting 9-bit data, write the 9th data into this bit = TIMER, SCI STATUS FLAG
then write data to the receive data register. Table 11 shows the set and reset conditions of each status
Bit7 RD8 Receive DataBit8 flag in the timer 1, timer 2 and SCI.
When selecting 9-bit data format in the asynchronous

Table 11 Timer 1, Timer 2 and SCI Status Flag

Set Condition Reset Condition
ICF FRC - ICR by edge input to Pyg. 1. Read the TCSR1 or TCSR2 then ICRH,
when ICF=1
2. RES=0
OCF1 OCR1=FRC 1. Read the TCSR1 or TCSR2 then write to the
OCR1H or OCR1L, when OCF1=1
Timer 2. RES=0
OCF2 OCR2=FRC 1. Read the TCSR2 then write to the OCR2H or
OCR2L, when OCF2=1
2. RES=0
TOF FRC=$FFFF+1 cycle 1. Read the TCSR1 then FRCH, when TOF=1
2. RES=0
Timer CMF T2CNT=TCONR 1. Write “0"” to CMF, when CMF=1
2 2. RES=0
RDRF Receive Shift Register - RDR 1. Read the TRCSR then RDR, when RDRF=1
2. RES=0
ORFE 1. Framing Error (Asynchronous Mode) 1. Read the TRCSR then RDR, when ORFE=1
Stop Bit=10 2. RES=0
2, Overrun Error (Asynchronous Mode)
Receive Shift Register - RDR when
SCI RDRF=1
TDRE 1. Asynchronous Mode Read the TRCSR then write to the TDR,
TDR - Transmit Shift Register when TDRE=1
2. Clocked Synchronous Mode
Transmit Shift Register is “‘empty’’
3. RES=0

{Note) 1. - ; transfer
2. For example; “ICRH’ means High byte of ICR.
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= LOW POWER DISSIPATION MODE
The HD6301X0 provides two low power dissipation modes;
sleep and standby.

o Sleep Mode

The MCU goes to the sleep mode by SLP instruction execu-
tion. In the sleep mode, the CPU stops its operation, while the
registers’ contents are retained. In this mode, the peripherals
except the CPU such as timers, SCI etc. continue their func-
tions. The power dissipation of sleep-condition is one fifth that
of operating condition.
The MCU returns from this mode by an interrupt, RES or
STBY;; it goes to the reset state by RES and the standby mode
by STBY. When the CPU acknowledges an interrupt request, it
cancels the sleep mode, returns to the operation mode and
branches to the interrupt routine. When the CPU masks this
interrupt, it cancels the sleep mode and executes the next
instruction. However, for example if the timer 1 or 2 prohibits
a timer interrupt, the CPU doesn’t cancel the sleep mode be-
cause of no interrupt request.

This sleep mode is effective to reduce the power dissipation

for a system with no need of the HD6301X0’s consecutive
operation.

® Standby Mode

The HD6301XO0 stops all the clocks and goes to the reset
state with STBY “low. In this mode, the power dissipation is
reduced conspicuously. All pins except for the power supply,
the STBY and XTAL are detached from the MCU internally
and go to the high impedance state.

In this mode the power is supplied to the HD6301X0, so
the contents of RAM is retained. The MCU returns from this
mode during reset. The followings are typical usage of this
mode.

Save the CPU information and SP contents on RAM by NMI.
Then disable the RAME bit of the RAM control register and set
the STBY PWR bit to go to the standby mode. If the STBY
PWR bit is still set at reset start, that indicates the power is
supplied to the MCU and RAM contents are retained properly.
So system can restore itself by returning their pre-standby infor-
mations to the SP and the CPU. Fig. 24 depicts the timing at
each pin with this example.

gl
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|
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!
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{{ I
(. 7 ! !
RES ® | i | |
o Save © Oscillator
o RAM/Port 6 Control Start Time
Register Set
Restart

Figure 24 Standby Mode Timing

= ERROR PROCESSING

The CPU generates an interrupt with the highest priority
(TRAP) when fetching an undefined instruction or an instruc-
tion from non-memory space. The TRAP prevents the system-
burst caused by noise or a program error.

® Op Code Error

When fetching an undefined op code, the CPU saves CPU
registers as well as a normal interrupt and branches to the TRAP
($SFFEE, $FFEF). This provides the priority next to reset.

® Address Error

When an instruction fetch is made excluding internal ROM,
RAM and external memory area, the MCU generates an inter-
rupt as well as an op code error. But on the system with no
memory in its external memory area, this error processing is not
applicable if an instruction fetch is made from the external non-
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memory area. Table 12 provides addresses where an address
error occurs to each mode.

This processing is available only for an instruction fetch and
is not applicable to the access of normal data read/write.

Table 12 Addresses Applicable to Address Errors

Mode 1 2 3
$0000 $0000 $0000
14 1§ ¢
Address $001F $001F $003F
$0100
14
$EFFF
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(Note) The TRAP interrupt provides a retry function different-
ly from other interrupts. This is a program flow return
to the address where the TRAP occurs when a sequence
returns to a main routine from the TRAP interrupt
routine by RTIL. The retry can prevent the system burst
caused by noise etc.

However, if another TRAP occurs, the program repeats
the TRAP interrupt forever, so the consideration is
necessary in programming.

= INSTRUCTION SET
The HD6301X0 provides object code upward compatible
with the HD6801 to utilize all instruction set of the
HMCS6800. It also reduces the execution times of key instruc-
tions for throughput improvement.
Bit manipulation instruction, change instruction of the
index register and accumulator and sleep instruction are also
added.
The followings are explained here.
+ CPU Programming Model (refer to Fig. 25)
+ Addressing Mode
+ Accumulator and Memory Manipulation Instruction
(refer to Table 13)

* New Instruction

» Index Register and Stack Manipulation Instruction
(refer to Table 14)

+ Jump and Branch Instruction (refer to Table 15)

+ Condition Code Register Manipulation
(refer to Table 16)

* Op Code Map (refer to Table 17)

® Programming Model

Fig. 25 depicts the HD6301X0 programming model. The
double accumulator D consists of accumulator A and B, so
when using the accumulator D, the contents of A and B are
destroyed.

Or 16-Bit Double Accumulator D

7 A °| |7 & 8-Bit Accumulators A and B
s )

I|5 X ol Index Register (X)
|'s sP 0] Stack Ponter (5P)
[vs PC o] Program Counter (PC)

7 ]

I| 1H] N2V CI Condition Code Register (CCR)

L Carry/Borrow from MSB
Overflow
Zero

=== Negative
Interrupt
Halt Carry From 8it 3)

Figure 256 CPU Programming Model

® CPU Addressing Mode

The HD6301XO0 provides 7 addressing modes. The addressing
mode is decided by an instruction type and code. Table 13
through 17 show addressing modes of each instruction with
the execution times counted by the machine cycle.

When the clock frequency is 4 MHz, the machine cycle time
becomes microseconds directly.
Accumulator (ACCX) Addressing

Only an accumulator is addressed and the accumulator A or
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B is selected. This is a one-byte instruction.
Immediate Addressing

This addressing locates an operand in the second byte of
an instruction. However, LDS and LDX locate an operand in the
second and third byte exceptionally. This addressing is a 2 or
3-byte instruction.

Direct Addressing

In this addressing mode, the second byte of an instruc-
tion shows the address where an operand is stored. 256 bytes
($0 through $255) can be addressed directly. Execution times
can be reduced by storing data in thisarea so it is recommended
to make it RAM for users’ data area in configurating a system.
This is a 2-byte instruction, while 3 byte with regard to AIM,
OIM, EIM and TIM.

Extended Addressing

In this mode, the second byte shows the upper 8 bit of the
operand stored address and the third byte the lower 8 bit. This
indicates the absolute address of 3 byte instruction in the
memory.

Indexed Addressing

The second byte of an instruction and the lower 8 bit of the
index register are added in this mode. As for AIM, OIM, EM
and TIM, the third byte of an instruction and the lower 8 bits
of the index register are added.

This carry is added to the upper 8 bit of the index register
and the result is used for addressing the memory. The modified
address is retained in the temporary address register, so the con-
tents of the index register doesn’t change. This is a 2-byte
instruction except AIM, OIM, EIM and TIM (3-byte instruc-
tion).

Implied Addressing

An instruction itself specifies the address. That is, the
instruction addresses a stack pointer,index register etc. Thisis a
one-byte instruction.

Relative Addressing

The second byte of an instruction and the lower 8 bits of
the program counter are added. The carry or borrow is added to
the upper 8 bit. So addressing from -126 to +129 byte of the
current instruction is enabled. This isa 2-byte instruction.
(Note) CLI, SEI Instructions and Interrupt Operation

When accepting the IRQ at a preset timing with the help
of CLI and SEI instructions, more than 2 cycles are
necessary between the CLI and SEI instructions. For
example, the following program (a) (b) don’t accept the

IRQ but (c) accepts it.
. . CLI
CLI CLI NoOP
SEI NOP NoP
. SEI SEI
(@) (v) (©

The same thing can be said to the TAP instruction
instead of the CLI and SEI instructions.
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Table 13 Accumulator, Memory Manipulation Instructions

Condition Code
Addressing Modes .

o - N B o , Register
IMMED. .| DIRECT | INDEX [EXTEND [ IMPLIED Arithmetic Operation s[a]3]2]1]o
op|~|#|oP|~ |#|OP|~|#|OP|~|#|OP|~ % H|1[N]Z|V]C

Add ADDA (8B [2[2]eB]3 [2]AB[4]2]BB |43 A+M— A tleft]t]t]s

apoe [ce[2]2]oel3s[2[eB[a]2]FB |4 |3 B+M-B ettt

Add Double ADDD |C3|3|3|D3|4|2|E3 |52 |F3|5|3 A:B+M:M+1-A:8B |ele|t|s[s]s

Add A s | ABA 1B |11 |A+B=A BORRAE

Add With Carry ADCA (89 |2/2 |99 |3 [21A9 /4|2 (B9 (4|3 A+M+CoA tlet|s[s]s

ADCB c9 |2{2|p9|3!2]e9|a]2|F9 |43 B+M+C—B tles]s]t]s

AND ANDA |84 (21294 |3 [2|A4|4[2 [B4 |43 AM~ A efeft[t[R]e

ANDB {C4 |[2]|2 D4 |3 |2 |E4 |4 |2 [F4 |43 B'M—B elelt[t[RTe
Bit Test BITA 85 [2]2]o5 [3[2]a5]4 ]2 [B5 [4 |3 A-M e|o|t|t|R]e
BIT B cs|2|2los({3|2]es a2 |F5 (4|3 B-M efo[t|t|R]®
Cleer CLR 6F |52 |7F [5 (3 00—+ M e|e|R[SIAIR
CLRA 4F [1]1]oo~A e|e [R[S|R|R
CLRB 5F [1[1[oo~8 e|e|R[S|R|R
Compare CMPA (81 [212 91 |3 ]2 ]A1 |4 (2 [B1 |43 A-M oottt s
CMPB cr|2|2|p1|3i2le1fal2|F1 a3 B-~M ofo[s]t|s]t
o tors cea 1{1|1|a-8 oloft]t|t]s
Complement, 1's CcOM 63 62|73 |63 M- M ele|[t[s|R[S
COMA 43 [1 [1[A=A ofe[t{¢]R]S
COMB 63 |1[1]|B —8 ejeft|t[R]S
Complement, 2's NEG 60 |62 70 [6]3 00-M—M oJoe [t [®@
(Negate) NEGA 40 [1[1]o0-A—A ele[t][t[®|@
NEGB 60 [1(1(/00-B~8B RO ERO)[)
Dscimal Adjust, A |  DAA 19 |2 |1 |G e 8D formet | [* ¢ ]* [®
Decrement DEC 6A |62 |7A |6 |3 M=1-M oottt @]
DECA 4A (1 (1 [A-1—-A oo ||t [@|e
DECB saA[1]1]8-1-8 ofofi]t |@]e
Exclusive OR EORA |88 |2 ]2 |98 |3 [2]|AB |4 |2 [B8 |4 |3 A@M~A efelt[t[R]e
EORB c8 [2[2|os|3 [2]es [a[2]F8 [4 |3 B@M~ B oo [T ]R]e
Increment INC 6c|e2]7c |83 M+1 M oottt ®]e
INCA ac[1[yja+1>A oo [t|t[®@e
INCB sC/1/1({8+1-8 ofelt|t Do

Load LDAA |86 (22 |96 {3 |2 [A6]4 |2 |B6 [4 |3 M- A sleit[sR]e

Accumulator LoaB _ |ce (2|2 |pe|3 |2 [e6 |42 |[F6 4 |3 M~ B olefi[t[R]e

Load Double oo |cc|3|3|ocla |2 |ec|s |2 {Fc|s |3 M+1~8M=~A oleft|t|n|e

Multiply Unsigned MUL 3D|7|1|AxB—>A:B o|efofee!

OR, Inclusive ORAA [BAl2[2[ea]3[2]AA[4[2 |BA[4]3 A+M— A DOBBR0

ORAB |CA[2[2 |DA[3 [2[|Ea[4a |2 [FA]4 |3 B+M— 8 BOBEBLG

Push Dats PSHA 36 [4]1[A—=Msp, SP-1—SP eje|e|e|e|e

PSHB 37 [4[1[B— Msp,SP-1-+SP ojeleloe]fe
Pull Dats PULA 32 (3|1 |(SP+1-+SP,Msp—~ A e(ofe|o|o|e
PULB 33 |3 (1[{sP+1-+SP, Msp—~B o|e]e|o[efe
Rotate Left ROL 69 (6(2(79 {6(3 " oottt ®|F
ROLA 4911A}m;;3 BOBBERE
ROLB s [7(118’ € ¥ DOBHEOE
Rotate Right ROR 66 [6]21(76 |63 "] m efeitltl®?
RORA ‘“’"‘}cw e DDHECE
RORB 56 [1[1]°® efeltlt[@8
{Note} Condition Code Register will be explained in Note of Table 16. {continued)
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Table 13 Accumulator, Memory Manipulation Instructions

Addressing Modes Con%::i;:‘ .tsodn
Op M IMMED | DIRECT | INDEX [EXTEND | IMPLIED | /inrcoresn/ 514]3]2]1]0
OP [~ #|OP(~ (#[OP|~ 1% [OP|~ [#|OP |~ |# HlI|NJZ|V]C
Shift Left ASL 68 [6{2(78 6|3 “ _— efeftit(®
i ASLA 4811 A}D‘CDIIIDD"" el 3t B¢
ASL8 sg [1]1]8) C ¥ > oz:b’?"
Double Shit e | ASLO 05 |11 o oot :l@s
Shift Right ASR 67 |6 (2177 16 |3 ('] JE—— efe|t|t Ot
Arithmetic ASRA a7 11 AI G" I T elet]s $
ASRB s7]1]1]° 0 DB
Shift Right LSR 64 |62 (7463 " J— o[ [R[:IB]¢
Logical LsRA TR A]o"LLJ_.LL.LLJJ*g e lR[T @t
LsRB sa 1|18 " * oo IR[TIE[T
Double Shift l@
Right Logical LSRD 04 |1 (1 |0>l_ ACCATS ., ole|R|s @
Store STAA 97 (3|2 ]|A7]4 |2 |B7 |43 A-M eje|t|t|R
Accumulator STAB D7 (3|2 |E7]a |2 |F7 |43 B M ele[t[t|R
Store Double $TD pp|4 |2 [ED|5 |2 |FD |5 |3 NI eleftft|rfe
suBA |80 |2|2 |90 32 a0]4{2]B0]a]3 A-M—A olt[t]t]t
SUBB__ | co |2 |2 |00 |3 |2 |E0]4 |2]F0 4|3 B-M-8 OARN0
Double Subtract suUBD 83 )/3|3{93|4|2|A3|5(2|B3 |53 A:B-M:M+1-A:B [ RLRERERERE]
Tt ators sBA 1wl1li{a-B+a oo ft|tls]s
Subtract SBCA 82 |2|2|92{3|2|A2|4(2|B2{4}3 A-M-C—~A TR REEERERE]
With Carry sBCB | C2 |22 |D2|3 |2 |E2 |4 |2 [F2 |4 |3 B-M-C—8 DOBBBE
Transfer TAB 16 |1 /1 [A+B e(ejt|s[R]e
Accumulators TBA 17 (11| A ejetitiR]e
Test Zoro or TST 60|42 [D[a]3 M- 00 oo [t [t [R[R
Minus TSTA 4D [1 |1 (A -00 ele )t |R|R
TSTB SD|1j1|B-00 ele|s|[s|[R|R
And Immediate AlM 71(6]3(61]7]3 M-IMM—M ele(t[1]R]e
OR Immediate oM 72]6(3]62]7]3 M+IMM—M ele[s[1]r]e
EOR Immediate EM 75]6|3/65|7]3 MOIMM—M elelt[1]R]e
Test Immediate TIM 78| 4 (3|68 5|3 M- IMM ole(t{:|R|e
(Note) Condition Code Register will be explained in Note of Table 16.
® Additional Instruction .
In addition to the HD6801 instruction set, the HD6301X0 ™. -~-~-“(M) "(IMM) ' o
prepares the following new instructions, Executes “AND” operation to immediate data and

AM ....... (M)yAMM) > QM) changes the relative flag of the condition code register.

Executes “AND” operation to immediate data and the These area 3-byte instructions; the first byte is op code, the
memory contents and stores its result in the memory. second immediate data and the third address modifier.
OM....... (M)+(IMM) (M) XGDX ... (ACCD) «>(IX)
Executes “OR” operation to immediate data and the Exchanges the contents of accumulator and the index
memory contents and stores its result in the memory. register.
EM....... (000 (M) > () StP )
Executes “EOR” operation to immediate data and the Goes to the sleep mode. Refer to “LOW POWER DIS-

memory contents and stores its result in the memory. SIPATION MODE?” for more details of the sleep mode.
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Table 14 index Register, Stack Manipulation Instructions

Addressing Modes N c""g‘:;?.';.?’d‘

Pointer Operations | Mnemonic [ |mMeD. | DIRECT | INDEX | EXTEND |IMPLIED | Arithmetic Operation (5|43 ]2]1]0
OP |~ [#|OP [~ 1#[OP[~[#|OP|~|#|OP|~I# HII[N[Z]|V]C

Compare Index Reg CPX 8C[3(3|9C |4 |2 |AC|5|2|BC|5|3 X-M:M+1 elelt|t|t|t
Decrement Index Reg DEX 09 (11 [X-1-X efofe(tlee
Decrement Stack Pntr DES 34 (1)1 [SP~-1->8P olo(efe]ei]e
increment Index Reg INX 08 {11 ({X+1-X ejeleitiele
Increment Stack Pntr INS 31 |1 |1 |SP+1-+SP eje|ejeio|e
Losd Index Reg LDX CE{3/3/DE[4|2 |EE(6|2|FE|5)3 M= Xy, (M+1) = X eolo|DIt|R|e
Load Stack Pntr LDS 8E |3 [3|9E |4 |2 [AEiI5|2|BE|6|3 M- SPy, (M+1)+SP_ |e|e|D|$[R]|e
Store Index Reg STX OF |4 |2 |[EF [6|2 |FF 5|3 Xy=M X =(M+1) |o]|o|Dit|R]|e
Store Stack Pntr S$TS 9F |4 |2 (AF|6|2|BF (5|3 SP = M, SP =+ (M+1) [e e [D[t[R]e
Index Reg — Stack Pntr| TXS 36 |1 |1 |X-1-8P ojeiofo]e e
Stack Pntr — Index Reg| TSX 30(1{1 [SP+1-X D00
Add ABX 3A[1 (1 |B+X=>X eje|oo]e]e
Push Date PSHX 3C|B |1 X +Mp, SP~-1~+SP jejeleioje]e

Xy~ Mg, SP - 1 = SP
Pull Date PULX 384 |1 |SP+1-SP, My~ Xy |[eo(e[eefe]e
SP+1— 8P, Mgg —+ X
Exchange XGDX 18 [ 2 {1 JACCD~IX o|ojojoj0]e

(Note) Condition Code Register will be explained in Note of Table 16.

Table 16 Jump, Branch Instruction

Addressing Modes Com;iﬂm .crodo
Ope M RELATIVE | DIRECT | INDEX | EXTEND |IMPLIED Branch Test 5|a]3[2]1]0_
OPj~|#|OP|~|# |OP|~|#|OP |~ |#|OP|~|# H|I|[N|2]|VIC
Branch Always BRA 20)3|2 None s(ejs(o]efe
Branch Never BRN 21132 None e|lo|o|oie|e
Branch If Carry Clear BCC 24 (32 C=0 eio 00 00
Branch If Carry Set 8cs 25 (3|2 C=1 efefefeTele
Branch If = Zero BEQ 2732 2=1 D00
Branch If > Zero BGE 2€(3]2 N®V=0 elejojoie|e
Branch If > 2ero BGT 2632 Z+IN@VI=0 olofojofe]e
Branch if Higher 8HI 22|32 C+Z2=0 e(efejofefe
Branch If € Zero BLE 2F| 3|2 Z+IN@ V=1 elefojofafe
g;:\.ehl'Lowerv BLS 23(3|2 C+Z=1 o|oe e 0|
Branch If < Zero BLT 20(3)2 N®V=1 o(ofo|ofefe
Branch If Minus BMI 28|32 N=1 ejejofee]e
BranchIf NotEqust | gne  |283 |2 ze0 olofefofofe
Branch It Overtiow svc 2|32 V=0 olofeloje]|e
Branch If Overflow Set| BVS 29(3)2 Vsl oofe[efe]e
Branch If Plus BPL 2A13 |2 N=0 o oo e o]0
Branch To Subroutine BSR 80|62 eolefolelele
Jump JMP BE [3[2 [7E [3 |3 See Special Operations (@ [e [e [e (e (e
Jump To Subroutine JSR 90 |6 [2 [AD|B |2 |BD 6 |3 ojeofofe]e
No Opsration NOP 0111 (1 8:"’:"“""°°‘c""' ole|ole]oe
Return From interrupt] RTI 38 101 @
Return From
Subroutine RTS 39 |5 |1 See Special Op oo e o ole
Software Interrupt swi 3F 121 o [S|e jo e e
Wait for interrupt® WAI 3E |9 1 °|® . *
Slesp SLP TA (4|1 e oo o ]e]e

(Note) *WAI puts R/W high; Address Bus goes to FFFF; Data Bus goes to the three state. -
Condition Code Register will be explained in Note of Tabie 16.
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Table 16 Condition Code Register Manipulation Instructions

Addressi d Condition Code Register

Operations IMPLIED 8ool [o] 5|4 (3121t ]0

oP | ~ | # Hli[NjZz]Vv]c

Clear Carry cLC ocC 1 1 0-~C e|eoe o fe|e |R
Clear interrupt Mask CLI 0E | 1 1 0—1 e | R (o |eo (0o (e
Clear Overflow CLV 0A | 1 1 0-V eje o e |R [o
Set Carry SEC oD |1 |1 1~C BEREEREIERE
Set Interrupt Mask SE| OF 1 1 10 o | Sj{e e e |o
Set Overflow SEV 0B | 1 |1 1-V IAEBREIEEERK]
A A-CCR TAP 06 [ 1 |1 A~ CCR ® ——
CCR - Accumulator A TPA 07 [ 1 [ CCR— A oleJoeJeeTe

LEGEND CONDITION CODE SYMBOLS
OP Operation Code (Hexadecimal) H  Half-carry from bit 3 to bit 4
~  Number of MCU Cycles | Interrupt mask
Mgp Contents of memory location pointed to by Stack Pointer N  Negative (sign bit)
#  Number of Program Bytes Z  Zero (byte)
+  Arithmetic Plus V  Overflow, 2's complement
- Arithmetic Minus C  Carry/Borrow from/to bit 7
®  Boolean AND R Reset Always
+ Boolean Inclusive OR S  Set Always
© Boolean Exclusive OR $  Setif true after test or clear
M Complement of M e Not Affected
- Transfer into
0 Bit=Zero
00 Byte = Zero
(Note} Condition Code Register Notes: (Bit set if test is true and cleared otherwise)
® (BitV) Test: Result = 10000000?
@ (BitC) Test: Result ¥ 00000000?
® (Bitc) Test: BCD Character of high-order byte greater than 10? (Not cleared if previously set)
@ (Bitv) Test: Operand = 10000000 prior to execution?
® (Bitv) Test: Operand = 01111111 prior to execution?
(Bit V) Test: Set equal to N® C = 1 after the execution of instructions
@ (BitN)  Test: Result less than zero? (Bit 16=1)
{All Bit}  Load Condition Code Register from Stack.
® (Bit]) Set when interrupt occurs. If previously set, a Non-Maskable interrupt is required to exist the wait state.
(A1l Bit)  Set according to the contents of Accumulator A.
@ (BitC)  Result of Multiplication Bit 7=1? (ACCB)
Table 17 OP-Code Map
OP ACC | ACC IND EXT 4 ACCA or SP ACCB or X
CODE A B DIR | IMM | DIR IND | EXT | IMM | DIR | IND | EXT
HI 0000 | 0001 | 0050 | 0011 | 0100 | 0101 [ 0110 | 0111 1000 | 1001 1010 | 101 1100 | 1101 | 1110 { i1
LO 0 1 2 3 4 5 [] 7 ] 9 A B 2] 2] E F
0000 | 0 SBA | BRA | TSX NEG SUB 0
0001 | + | NOP | CBA | BRN |INS AlM CMP 1
0010 2 BHI [PULA | oM SBC 2
001 | 8 BLS | PULB CcoM SusD ] ADDD 8
0100 | 4 | LSRD BCC | DES LSR AND 4
0101 | 5 | ASLD BCS [TXS [ _— | EIM 8IT 5
0110 | 6 | TAP | TAB | BNE | PSHA ROR LDA 8
ot11[ 7 [TPA | TBA [BEQ [ PSHB ASR STA L —1 STA 7
1000 | 8 | INX | XGDX| BVC | PULX ASL EOR 8
1001 | 9 | DEX | DAA | BVS |RTS ROL ADC. 9
1010 | A | CLV | SLP BPL ABX DEC ORA A
1011 | B | SEV | ABA | BMI RTI ] TIM ADD B
1100 | € | CLC BGE | PSHX INC CPX LDD [+]
110 | O | SEC BLT | MUL TST 8SR ] JSR STD D
1110} E | CLI BGT | WAI JMP LDS LDX E
11 | F | SEl BLE | SWI CLR STS STX F
0 1 2 3 4« [ s e 7 8 | 9 | A | B c [ o | E [ F
UNDEFINED OP CODE =]

* Only each instructions of AIM, OIM, EIM, TIM
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® CPU OPERATION

® CPU Instruction Flow

When operating, the CPU fetches an instruction from a
memory and executes the required function. This sequence
starts with RES cancel and repeats itself limitlessly if not
affected by a special instruction or a control signal. SWI, RTI,
WAI and SLP instructions are to change this operation, while
NMI, IRQ;, IRQ,, IRQ;, HALT and STBY are to control it.
Fig. 26 gives the CPU mode shift and Fig. 27 the CPU system
flow chart. Table 18 shows CPU operating states and port
states.

® Operation at Each Instruction Cycle

Table 19 provides the operation at each instruction cycle.
By the pipeline control of the HD6301X0, MULT, PUL, DAA
and XGDX instructions etc. prefetch the next instruction. So
attention is necessary to the counting of the instruction cycles
because it is different from the existent one-----op code fetch
to the next instruction op code.

Table 18 CPU Operation State and Port State

Figure 26 CPU Operation Mode Transition
Port Mode Reset [STBY**** | HALT*** Sleep
Port 1 Mode 1,2 H T T H
(Ao ~A;) [Mode 3 T Keep
Mode 1,2 Keep
Port 2 T T Kee
or Mode 3 P
Port3 Mode 1,2 T T T T
(Do ~D4) | Mode 3 Keep
Port4 Mode 1,2 H T T H
(Ag ~Ays) | Mode 3 T Kesp
Mode 1,2 T
P T T T
ort & Mode 3
Mode 1,2 Keep
Port T T Kee
o I iode 3 i
- Mode 1,2 * ' »
7 T
Port Mode 3 T Keep

H; High, L; tow, T; High Impedance

* RD,WR,R/W, LIR=H, BA=L
*+ RD,WR, R/W=T,[IR, BA=H
*** WALT is unacceptable in mode 3.

wes» E oin goes to high impedance state.
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VECTORING
FFFE, FFFF

(Note) 1. The program sequence will come _to the RES start from

any place of the flow during RES. When STBY=0, the
sequence will go into the standby mode regardless of the CPU

condition.

2. Refer to “FUNCTIONAL PIN DESCRIPTION” for more

details of interrupts.

K | e = =
I R

[ecroms ] [ecronms } [ecromes ] [ eerome ]

[oome] [Feomc] [roromms] [Feoromms ]

o | e | [Toa

rrs | | e

e |

] ] =

7] e

e |

VECTORING
FFEA, FFEB

VECTORING
FFFO, FFF1

R0 vernueT,
REQUEST FLAG:
CLEAR

1

INTERRUPT REQUEST FLAGS
CLEAR EXCEPT NMI

Figure 27 HD6301X0 System Flow Chart

0X108€9QH '0XLOVEIQH OX LOEIAH



HDB301X0,HD63A01X0,HD63B0O1X0

Table 19 Cycle-by-Cycle Operation

1ww}%lm|u—nj

Address Mode &

i Address Bus
Instructions

ICyclesl CV:'G | Data Bus

292

IMMEDIATE
ADC ADD 1 Op Code Address+1 1 0 1 1 Operand Data
AND BIT 2 Op Code Address+2 1 o] 1 0 Next Op Code
CMP  EOR 2
LDA ORA
SBC SuB
ADDD CPX 1 Op Code Address+1 1 ) 1 1 Operand Data (MSB)
LDD LDS 3 2 Op Code Address+2 1 o] 1 1 Operand Data (LSB)
LDX SUBD 3 Op Code Address+3 1 0 1 0 Next Op Code
DIRECT
ADC ADD 1 Op Code Address+1 1 0 1 1 Address of Operand (LSB)
AND BIT 2 Address of Operand 1 o] 1 1 Operand Data
cmp EOR 3 3 Op Code Address+2 1 o] 1 0 Next Op Code
LDA ORA
SBC SuUB
STA 1 Op Code Address+ 1 1 0 1 1 Destination Address
3 2 Destination Address 0 1 o] 1 Accumulator Data
3 Op Code Address +2 1 [0} 1 [o] Next Op Code
ADDD CPX 1 Op Code Address+ 1 1 [s] 1 1 Address of Operand (LSB)
LDD LDS a 2 Address of Operand 1 ] 1 1 Operand Data {(MSB)
LDX SUBD 3 Address of Operand+1 1 0 1 1 Operand Data (LSB)
4 Op Code Address+2 1 0 1 [o] Next Op Code
STD STS 1 Op Code Address+1 1 []] 1 1 Destination Address (LSB)
STX 4 2 Destination Address 0 1 0 1 Register Data (MSB)
3 Destination Address+ 1 0 1 (o] 1 Register Data (LSB)
4 Op Code Address+2 1 0 1 o] Next Op Code
JSR 1 Op Code Address+ 1 1 0 1 1 Jump Address (LSB)
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer 0 1 ] 1 Return Address (LSB)
4 Stack Pointer—1 0 1 0 1 Return Address (MSB)
5 Jump Address 1 0 1 (4] First Subroutine Op Code
TIM 1 Op Code Address+1 1 6] 1 1 Immediate Data
2 2 Op Code Address+2 1 0] 1 1 Address of Operand (LSB)
3 Address of Operand 1 [o] 1 1 Operand Data
4 Op Code Address+3 1 0 1 [0] Next Op Code
AlM EIM 1 Op Code Address+1 1 4] 1 1 Immediate Data
om 2 Op Code Address+2 1 (o] 1 1 Address of Operand {LSB)
6 3 Address of Operand 1 (o] 1 1 Operand Data
4 FFFF 1 1 1 1 Restart Address (LSB)
5 Address of Operand 0 1 o] 1 New Operand Data
6 Op Code Address+3 1 [+] 1 o] Next Op Code
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Address Mode &

Op Code Address+3

Instructions Cycles% Cy;le Address Bus [ R/W l RO t WR I L Data Bus
INDEXED
JMP 1 Op Code Address+1 1 0 1 1 Offset
3 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Jump Address 1 4] 1 (4] First Op Code of Jump Routine
ADC ADD 1 Op Code Address+ 1 1 0 1 1 Offset
AND BIT 2 FFFF 1 1 1 1 Restart Address (LSB)
CMP EOR 4 3 IX+Offset 1 0 1 1 Operand Data
LDA ORA 4 Op Code Address+2 1 [¢] 1 (] Next Op Code
SBC suB
TST
STA 1 Op Code Address+ 1 1 0 1 1 Offset
4 2 FFFF 1 1 1 1 Restart Address (LSB)
3 1X+Offset 0 1 o] 1 Accumulator Data
4 Op Code Address+2 1 0 1 4] Next Op Code
ADDD 1 Op Code Address+1 1 0 1 1 Offset
CPX LDD 2 FFFF 1 1 1 1 Restart Address (LSB)
LDS LDX 5 3 1X +Offset 1 o] 1 1 Operand Data (MSB)
SUBD 4 IX+Offset+1 1 o 1 1 Operand Data (LSB)
5 Op Code Address+2 1 [s] 1 0 Next Op Code
STD STS 1 Op Code Address+1 1 0 1 1 Offset
STX 2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 IX + Offset 0 1 [o] 1 Register Data (MSB)
4 1X+Offset+1 ] 1 o] 1 Register Data (LSB)
5 Op Code Address+2 1 0 1 0 Next Op Code
“JSR 1 Op Code Address+1 1 ) 1 1 Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer o] 1 0 1 Return Address (LSB)
4 Stack Pointer—1 (o} 1 [o] 1 Return Address (MSB)
5 IX + Offset 1 0 1 0 First Subroutine Op Code
ASL ASR 1 Op Code Address+1 1 ] 1 1 Offset
CcOoM DEC 2 FFFF 1 1 1 1 Restart Address (LSB)
iNC LSR 6 3 IX + Offset 1 0 1 1 Operand Data
NEG ROL 4 FFFF 1 1 1 1 Restart Address (LSB)
ROR 5 IX+ Offset o] 1 o] 1 New Operand Data
6 Op Code Address+ 1 1 4] 1 ] Next Op Code
TiM 1 Op Code Address+ 1 1 0 1 1 Immediate Data
2 Op Code Address+2 1 [o] 1 1 Offset
5 3 FFFF 1 1 1 1 Restart Address (LSB)
4 IX + Offset 1 o] 1 1 Operand Data
5 Op Code Address+3 1 [o] 1 4] Next Op Code
CLR 1 Op Code Address+1 1 4] 1 1 Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 IX +Offset 1 (4] 1 1 Operand Data
4 X +Offset (o] 1 0 1 00
5 Op Code Address+2 1 0 1 0 Next Op Code
AIM EIM 1 Op Code Address+ 1 1 0 1 1 Immediate Data
oM 2 Op Code Address+2 1 0 1 1 Offset
3 FFFF 1 1 1 1 Restart Address {LSB)
7 4 X +Offset 1 0 1 1 Operand Data
5 FFFF 1 1 1 1 Restart Address {LSB)
6 IX +Offset [o] 1 0 1 New Operand Data
7 1 0 1 0

Next Op Code
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Address Mode &

T ——
Instructions | CYeles 1 CV;"’ | Address Bus | Rﬂ RD L WR | LR I Data Bus
EXTEND
JMP 1 Op Code Address+ 1 1 ) T 7 Jump Address (MSB)
3 2 Op Code Address+2 1 [o] 1 1 Jump Address (LSB)
3 Jump Address 1 [+ 1 o] Next Op Code
ADC ADD TST 1 Op Code Address+1 1 ] 1 1 Address of Operand (MSB}
AND BIT 2 2 Op Code Address+2 1 o] 1 1 Address of Operand (LSB)
CMP EOR 3 Address of Operand 1 0 1 1 Operand Data
LDA ORA 4 Op Code Address+3 1 0] 1 0 Next Op Code
SBC SuB
STA 1 Op Code Address+1 1 0 1 1 Destination Address (MSB)
4 2 Op Code Address+2 1 0 1 1 Destination Address (LSB}
3 Destination Address (o] 1 (o} 1 Accumulator Data
4 Op Code Address+3 1 0 1 0 Next Op Code
ADDD 1 Op Code Address+1 1 0 1 1 Address of Operand {MSB)
cPX LDD 2 Op Code Address+2 1 0 1 1 Address of Operand {LSB)
LDS LDX 5 3 Address of Operand 1 0 1 1 Operand Data (MSB)
SUBD 4 Address of Operand+1 1 o] 1 1 Operand Data (LSB)
5 Op Code Address+3 1 0 1 0 Next Op Code
STD STS 1 Op Code Address+1 1 [] 1 1 Destination Address (MSB)
sTX 2 Op Code Address+2 1 [o] 1 1 Destination Address (LSB)
5 3 Destination Address o] 1 0 1 Register Data (MSB)
L Destination Address+ 1 0 1 (o] 1 Register Data (LSB)
5 Op Code Address+3 1 0 1 0 Next Op Code
JSR 1 Op Code Address+1 1 0 1 1 Jump Address (MSB)
2 Op Code Address+2 1 V] 1 1 Jump Address (LSB)
6 3 FFFF 1 1 1 1 Restart Address (LSB)
4 Stack Pointer 0 1 o] 1 Return Address {LSB)
5 Stack Pointer—1 0 1 0 1 Return Address (MS8)
6 Jump Address 1 0 1 0 First Subroutine Op Code
ASL ASR 1 Op Code Address+1 1 4] 1 1 Address of Operand (MSB)
com DEC 2 Op Code Address+2 1 0 1 1 Address of Operand (LSB)
INC LSR 6 3 Address of Operand 1 o 1 1 Operand Data
NEG ROL 4 FFFF 1 1 1 1 Restart Address (LSB)
ROR 5 Address of Operand o] 1 o] 1 New Operand Data
6 Op Code Address+3 1 0 1 0 Next Op Code
CLR 1 Op Code Address+ 1 1 0 1 1 Address of Operand (MSB)
2 Op Code Address+2 1 o] 1 1 Address of Operand (LSB)
5 3 Address of Operand 1 o] 1 1 Operand Data
4 Address of Operand o] 1 0 1 00
5 Op Code Address+3 1 0 1 0 Next Op Code
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Instructions ]Cvcles! CY:IG | Address Bus 1 R/W I R R LIR r Data Bus
IMPLIED
ABA ABX 1 Op Code Address+1 1 0 1 o] Next Op Code
ASL ASLD
ASR CBA
cLc CLl
CLR CLv
COM  DEC
DES DEX
INC INS
INX LSR 1
LSRD ROL
ROR NOP
SBA SEC
SEI SEV
TAB TAP
TBA TPA
TST TSX
TXS
DAA XGDX 2 1 Op Code Address+1 1 0 1 0 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
PULA PULB 1 Op Code Address+1 1 [o] 1 0 Next Op Code
3 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer +1 1 4] 1 1 Data from Stack
PSHA PSHB 1 Op Code Address+1 1 0 1 1 Next Op Code
a 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer o] 1 [o] 1 Accumulator Data
4 Op Code Address+ 1 1 0 1 4] Next Op Code
PULX 1 Op Code Address+1 1 0 1 0 Next Op Code
a 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer+1 1 [} 1 1 Data from Stack (MSB)
4 Stack Pointer+2 1 o] 1 1 Data from Stack (LSB)
PSHX 1 Op Code Address+1 1 0 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer 0 1 o] 1 Index Register (LSB)
4 Stack Pointer—1 0 1 4] 1 Index Register (MSB)
5 Op Code Address+1 1 0 1 0 Next Op Code
RTS 1 Op Code Address+1 1 4] 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer+1 1 o] 1 1 Return Address (MSB)
4 Stack Pointer+2 1 0 1 1 Return Address (LSB)
5 Return Address 1 0 1 [o] First Op Code of Return Routine
MUL 1 Op Code Address+1 1 4] 1 [0) Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
