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INDEX BY FUNCTION

Electrical characteristics
Supply Typ | Max. | Min. | Max.
Type Circuit function and organization Structure | voltage pwr (access| cycle | fre- | Package Inte;ggrdgfsable Page
(V) issipation| time | time |quency
(mw) ! (ns) | (ns) |(MHz)
HEMELPS 85 MICROPROCESSORS
M5L8085AP 8-Bit Parallel Microprocessor N,Si,ED} 5+5% | 600 — — 3 40P4 | i8085A 2—3
8-Bit | t/Output Port with
M5L8212P . S’lat:pouutputpu W BLS | 5%5% | 450 |30% | — | — | 24pPa |ig212 2—17
-Bit P llel Bidi ti | B
M5L8216P 4-Bit Parallel Bidirectional Bus g | s | 5505 | 475 [30% | — | — | 16Pa |is216 221
Driver (Non Inverting)
4-Bit Parallel Bidirecti | Bus
M5L8226P Driv'er (al':/emn;)" onat Bu BLS | 5%+5% | 425 |25%| — | — | 16P4 |i8226 2—21
HMELPS 86 MICROPROCESSORS
M5L8282P Octal Latch (Non Inverting) B,LS 5+10%| 250 | — — — 20P4 | 8282 3—3
M5L8283P Octal Latch (Inverting) B,LS 5+10% | 250 - - — 20P4 | i8283 3—3
Clock Generator and Driver for
M5L8284AP B,LS 5+10% | 490 — — - 18P4 | i8284 3—7
8086/8088/8089 Processors : % !
Octal Bus T i
M5L8286P (:; In::m:‘agn)sce'ver BLS [5£10%| 400 | — | — | — | 20P4 |i8286 3—16
M5L8287P Octal Bus Transceiver (Inverting) |B,LS 5+10% | 400 | — — - 20P4 | i8287 3—16
Bus Controller for
M51.8288S B,LS 5+10% | 500 — — - 20St1 i8288 3—20
8086/8088/8089 Processors % !
Bus Arbiter for
M51.8289P - B,.LS 5+10%| 350 - - — 20P4 | i8289 3—28
8086/8088/8089 Processors % !
HINMOS PERIPHERAL CIRCUITS
2048-Bit Static RAM with I/0
M5L8155P — N,Si,ED| 559 0 - - - 40P4 i8155 4—3
8158 Ports and Timer (CE="L" active) SLED| 5£5% | 500 0 8
2048-Bit Static RAM with 1/0
M5L8156P otatle RAV WM V8 INSIiED| 5+5% | 500 | — | — | — | 4op4 |is156 4—n
Ports and Timer (CE="H" active)
P ble C icati
MSL8251AP-5 ogammable Fommunieaton  IN.siED| sx5% | 300 | — | — | 3 | 28P4 |iB251A 4—19
M5L8253P-5 Programmable Interval Timer N,Si,ED|5+10% | 300 — — 2 24P4 | i8253-5 4—36
MS5L8255AP-5 Programmable Peripheral Interface | N,Si,ED| 535% | 250 — — — 40P4 | i8255A-5 4—44
M5L8257P-5 Programmable DMA Controller N,Si,ED| 5+5% | 300 | — — 3 40P4 | i8257-5 4—62
M5L8259AP Programmable Interrupt Controller | N,Si,ED|5+10% | 275 — — — 28P4 i8259A 4—72
P ble Keyboard/Displ
M5L8279P-5 In'::‘:fr::;ma © Keyboard/DIsPlay |\ siED|5+10%| 650 | — | — | 3 | 40P4 |i8279-5 4—86
B = Bipolar. C = CMOS. ED = Enhancement depletion mode.
N = N-channel. Si = Silicon gate.

Yrindicates propagation time.
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INDEX BY FUNCTION

Electrical characteristics I
Supply Typ | Max. | Min. | Max. \ | bl
Type Circuit function and organization Structure | voltage | pwr |access| cycle | fre- | Package nte;;ggrl\j%te: e | page
(V) [dissipation time | time |quency|
(mW) | (ns) | (ns) [(MHz)
HCMOS PERIPHERAL CIRCUITS
M58990P .
M58990P-1 8-Bit 8-Channel A-D Converter C,Si 5£5% | — — — — 28P4 | ADCO0808 5—3
MEMB82C37AR ” CMOS Programmable DMA - - — 8
M5M82C37AP-4 ** 9 C,Si 5+10% | — - — 4 40P4 — 5—14
Controller
M5M82C37AP-5 ** — — - 5
MSM82C37AFP  ** CMOS Programmable DMA 7 - - — 8
M5M82C37AFP-4 ** Controller 9 C,Si 5+10%| — — — 4 40P2R | — 5—35
M5M82C37AFP-5 ** — — — 5
CMOS P bl
M5M82C51AP  * rogrammable CSi (5%10%| — | — | — | 3 | 28P4 | — 5—44
Communication Interface
CMOS P bl
M5M82C51AFP ** regrammable csi [5x10%| — | — | — | 3 |28P2w|— 5—60
Communication Interface
M5M82C54P-6 * CMOS P al ble Int | - — — 6
‘ ’ regrammable ‘nierva csi |5+10% 24P | — 5—61
M5M82C54P ** Timer — — — 8
M5M82C54FP-6 *| CMOS Programmable Interval — — — 6
C,Si 5+10% 24P2W | — 5—72
M5M82C54FP  **| Timer ' o T T = s
CMOS Programmable Peripheral
M5M82C55AP-5 * o P csi |5%10%| — | — | — | — | 4oPa | — 5—73
Interface
CMOS Programmable Peripheral
M5M82C55AFP-5 * < P csi |5%10%| — | — | — | — | 40P2R | — 5—86
Interface
CMOS Programmabile Interrupt
M5M82C59AP  * 9 mermiPt Nesi |sx10%| — | — | — | — | 28Pa | — 5—87
Controller
CMOS P mable Int t
M5M82Cs9AFp «+| OMOS Programmable Interrupt | o 15440001 — | — | — | — | 28pow | — 5—101
Controller
M58992P «+| CMOS CRT Controller lcsi [sx10%] — | — [ — | — [e4PaB [ — 5—102
HAPPLICATION
M5W1791-02P I Floppy Disk Formatter/Controller |N,Si,ED| 5+5% [ 300 | — — —[ — 40P4 | FD1791-02B | 6—10
M5W1793-02P | Floppy Disk Formatter/Controller |N,Si,ED| 5+5% | 300 | — | — | — | 40P4 | FD1793-02B | 6—40
* | New product. * * | Under development. ED = Enhancement depletion mode.
B = Bipolar. C = CMOS. Si = Silicon gate.
N = N-channel. LS = LSTTL.
1—4 MITSUBISHI
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ORDERING INFORMATION

FUNCTION CODE
Mitsubishi integrated circuits may be ordered using the following simplified alphanumeric type-codes which define the func-
tion of the ICs and the package style.

For Mitsubishi Original Products
Example: M 5 89 90 “P—-TL

M ! Mitsubishi integrated circuit prefix

Temperature range
5 : Standard industrial/commercial (0 to 70/75°C or —20 to 85°C)
9 ! High reliability

Series designation using 1 or 2 alphanumeric characters.
01~09 : CMOS

1 : Linear circuit

3 CTTL

10~19 : Linear circuit

32~33 : TTL (equivalent to Texas Instruments’ SN74 series)

41~47 TTL

81 . P-channel aluminum-gate MOS

84 . CMOS

85 . P-channel silicon-gate MOS

86 . P-channel aluminum-gate MOS

87 . N-channel silicon-gate MOS

88 . P-channel aluminum-gate ED-MOS
89 . CMOS

9 . DTL

S0~S2 : Schottky TTL (equivalent to Texas Instruments’ SN74S series)

Circuit function identification code using 2 digits.

—71— Package style

K ! Glass-sealed ceramic
P Molded plastic

S  Metal-sealed ceramic
SP : Molded plastic (DIL)
FP : Molded plastic (FLAT)

— Electrical characteristic identification code using 1 or 2 digits.

MITSUBISHI —s
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ORDERING INFORMATION

For Second Source Products
Example: M 5 L 8251 A P-5
T T T 17T 7T

M | Mitsubishi integrated circuit prefix

Temperature range

9 ! High reliability

. Motorola’s MC series

. General Instrument’s series

. Mostek’s MK series

. Intel's series

. Texas Instruments’ TMS series
. Western Digital’s series

: Mitsubishi electric

ZsH4rxo0o0

of the specifications differ.
differences, an R is assigned to this group.

the left to follow the group (4) immediately.

Package style

K ! Glass-sealed ceramic
P . Molded plastic

S  Metal-sealed ceramic
SP : Molded plastic (DIL)
FP : Molded plastic (FLAT)

PACKAGE CODE

Package style may be specified by using the following simplified alphanumeric code.
Example: 40 P 2 R
T

- Number of pins

Package structure

K- : Glass-sealed ceramic
P . Molded plastic

S ! Metal-sealed ceramic

Package outline

1 : DIL without fin

2 ! Flat'without fin

4 : DIL without fin (improved)
4B : Shrink DIL without fin

— Outline supplement symbol

5 . Standard industrial/commercial (0 to 70/75°C or —20 to 85C)

Series designation of original source using 1 or 2 alphabetical characters.

Circuit function identification code of the original source type name

Consists of a single letter which indicates the difference of outer appearance

or some part of the device specifications as listed below.

(1) For linear circuits, this is one letter of the alphabet, chosen in alphabetical
order but not including | or O, which is used to flag devices for which parts

(2) For devices with identical specifications having only pin bending direction

(3) When this group designation is not required, the next group is shifted to

— Electrical characteristic identification code using 1 or 2 digits.

1—6 * MITSUBISHI
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TYPE 16P4 16-PIN MOLDED PLASTIC DIL

+0.5

9 g2

5|

-

l—f_ll'—'lf—l[_'ll’—'l['—lf—ll_

4.5MAX

3MIN

Dimension in mm

7.62+0.3

TYPE 18P4 18-PIN MOLDED PLASTIC DIL

Dimension in mm

+0.5
24753
1 _‘
©
s
O s
~™
©
LTt Tt IT Tt J0LJ L7t
7.6220.3
— T
4.5MAX
v |
0.5MIN +0.07
3MIN 0.27+9-97
7.6~10
2.54+0.25
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PACKAGE OUTLINES

TYPE 20S1 20-PIN METAL-SEALED CERAMIC DIL

, 24.9 MAX

X
<
s
o™
©
r==1
o
INDEX AREA %
—_— 1.2740.1
1.27MAX z 2
s N
wn
[Te]
. X
(=} g~
S
‘ { Zo
' . S

0.46+0.05 2.5440.15
.54+0.

Dimension in mm

0.25+0.08
+1.5
7.62 4

TYPE 20P4 20-PIN MOLDED PLASTIC DIL

+0.5
24 92

=

| I e W e U s B e O e O s N s Y e B o L

O

| SN NN N [ N (NN [ D (D (SN [ N [y

6.3+0.15

Dimension in mm

7.62+0.3
= = [~
4.5MAX ! !
S | |
0.5MIN | 3MIN | 027785 |

———a -

0.5+0.1 15+0.3 ;+03
2.54+0.25 5200 ool 7.6—10
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PACKAGE OUTLINES

+0.
—0.

5
2

TYPE 24P4 24-PIN MOLDED PLASTIC DIL

OO0 0nnnn

O

O

13+0.15

Juuuuguoguouoog

2.54+0.25

To—

Dimension in mm

15.24 +0.3

(— T T
5.5MAX ir\ ! : ”l

R | S

15.2-17

HAAHAHAHAAHE

TYPE 24P2W 24-PIN MOLDED PLASTIC FLAT

O

O

8.4+0.2

L LR

[ \ J
u_tt_n:l_lj_m_r:l_l:l_tj_rj_rj_Lj_tj_nT

Dimension in mm

J

11.93+0.3

+0.07
-0.05

0.15

MITSUBISHI
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PACKAGE OUTLINES

TYPE 28P4 28-PIN MOLDED PLASTIC DIL

+0.5
36.7_ 9.2

nnnnnnnnnnnnnn—‘

O

13+0.15

) O

uguoououuouogoooanO

Dimension in mm

15.24+0.3
5.5MAX H 5
tz‘smw A,iigigg
_I I‘245410 25 0.5+0.1 15217
12757
TYPE 28P2W 28-PIN MOLDED PLASTIC FLAT Dimension in mm
TEIRTErT: o
g oc
~ ]
17.5%0.2 S =49
H 0.5+0.2 35
S 11.934+0.3
|
1-10 MITSUBISHI
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PACKAGE OUTLINES

TYPE 40P4 40-PIN MOLDED PLASTIC DIL Dimension in mm “

+0.5
s1.5%78-2

inialisisialicisislisialicsisisliaislslislal

')PO O

gaguuuuaguidugguoudoguouuuy

13+0.15

15.24+0.3

5.5MAX T 7 ) T

+0.1
r-2.8MIN . 0‘25~lll]5

15.2~17

2.54+0.25

TYPE 40P2R 40-PIN MOLDED PLASTIC FLAT Dimension in mm

AR AR ARRRARHARRARAR
O

O

CliBEREREELREERGEELEL

0.4x0.1
J_l<0'-8t0‘15 J—%— \ 8.4+0.2

S z ~Nw
17.5+0.2 31 ¢ s S
w 0.5+0.2 8 + |
o o v
11.93+0.3 o
MITSUBISHI 1-1
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PACKAGE OUTLINES

TYPE 64P4B 64-PIN MOLDED PLASTIC DIL(LEAD PITCH 1.78mm)

alnlalntalalalalulninlnlalalntslalatalalnlalalalntalufalalalalil

D O O

OO00000000000000000douuoouoouug

+0.5
56.4 0.2

0.5 MIN

5.5MAX

3 s 0.5+0.1 1.778+£0.25
<
| e

+o.
1.0 o7

VAT ——

2.8 MIN

+0.07
—0.05

0.25

Dimension in mm

19.05+0.3

|
17.0£0.15 71

l

19~22

1—12
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

MITSUBISHI LSIs

1. INTRODUCTION

A system of letter symbols to be used to represent the
dynamic parameters of intergrated circuit memories and
other sequential circuits especially for single-chip micro-
computers, microprocessors and LSIs for peripheral
circuits has been discussed internationally in the TC47
of the International Electrotechnical Committee (IEC).
Finally the IEC has decided on the meeting of TC47 in
February 1980 that this system of letter symbols will be
a Central Office document and circulated to all countries
to vote which means this system of letter symbols will
be a international standard.

The system is applied in this LS| data book for the
new products only. Future editions of this data book
will be applied this system. The IEC document which
describes ‘“‘Letter symbols for dynamic parameters of
sequential integrated circuits, including memories’’ is
introduced below. In this data book, the dynamic para-
meters in the IEC document are applied to timing
requirements and switching characteristics.

2. LETTER SYMBOLS

The system of letter symbols outlined in this document
enables symbols to be generated for the dynamic para-
meters of complex sequential circuits, including memo-
ries, and also allows these symbols to be abbreviated to
simple mnemonic symbols when no ambiguity is likely
to arise.

2.1. General Form

The dynamic parameters are represented by a general
symbol of the form:

L7 N1:To o o1 | (1

where :

Subscript A indicates the type of dynamic parameter
being represented, for example; cycle
time, setup time, enable time, etc.

Subscript B indicates the name of the signal or terminal
for which a change of state or level (or
establishment of a state or level) con-
stitutes a signal event assumed to occur
first, that is, at the beginning of the time
interval. If this event actually occurs last,
that is, at the end of the time interval,
the value of the time interval is negative.

Subscript C indicates the direction of the transition
and/or the final state or level of the signal
represented by B. When two letters are
used, the initial state or level is also indi-
cated.

Subscript D indicates the name of the signal or terminal
for which a change of state or level (or
establishment of a state or level) consti-
tutes a signal event assumed to occur last,
that is, at the end of the time interval. If
this event actually occurs first, that is, at
the beginning of the time interval, the
value of the time interval is negative.

Subscript E indicates the direction of the transition
and/or the final state or level of the signal
represented by D. When two letters are
used, the initial state or level is also indi-
cated.

Subscript F indicates additional information such as
mode of operation, test conditions, etc.

Note 1. Subscripts A to F may each consists of one or more letters

2 Subscripts D and E are not used for transition times

3. The =" in the symbol (1) above is used to indicate “to”"; hence the sym-
bol represents the time interval from signal event B occuring to signal
event D occuring, and it is important to note that this convention is used

for all dynamic parameters including hold times. Where no misunder-
standing can occur the hyphen may be omitted

2.2. Abbreviated Form

The general symbol given above may be abbreviated
when no misunderstanding is likely to arise. For example

to:
taB-D)
or ta)
or ta(D) — often used for hold times
or tar — no brackets are used in this case
or ta

or tBc—DE — often used for unclassified time
intervals

2.3. Allocation of Subscripts

In allocating letter symbols for the subscripts, the most
commonly used subscripts are given single letters where
practicable and those less commonly used are designated
by up to three letters. As far as possible, some form of
mnemonic representation is used. Longer letter symbols
may be used for specialised signals or terminals if this
aids understanding.

3. SUBSCRIPT A

(For Type of Dynamic Parameter)

The subscript A represents the type of dynamic para-
meter to be designated by the symbol and, for memo-
ries, the parameters may be divided into two classes :
a) those that are timing requirements for the memory
and

MITSUBISHI 1—13
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

b) those that are characteristics of the memory. Erasure ER
The letter symbols so far proposed for memory circuits Output enable G
are listed in sub-clauses 3.1 and 3.2 below. Program PR
All subscripts A should be in lower-case. Data output Q
‘ ~ Read R
3.1. Timing Requirements Row address RA
Row address strobe RAS

The letter symbols for the timing requirements of semi-

. . Refresh RF
conductor memories are as follows : )
Read/Write RW
Term Subscript Chip select S
Cycle time c Write (write enable) w
. . | . Note 1 In the letter symbols for time intervals, bars over the subscripts, for ex-
Time interval between two signal events d ample CAS, should not be used
Fall time f 2: It should be noted, when further letter symbols are chosen, that the sub-
Hold time h script should not end with H, K, V, X, or Z. (See clause 5)

) . 3: If the same terminal, or signal, can be used for two functions (for example
Precharglng time pc Data input/output, Read/Mrite) the waveform should be labelled with the
Rise time r dual function, if appropriate, but the symbols for the dynamic parameters
Recovery time rec should include only that part of the subscript relevant to the parameter
Refresh time interval rf
Setup time wu 5. SUBSCRIPTS C AND E

B r Transiti f Si
Transition time t (Fo sition o Slgnal)
Pulse duration (width) w The following symbols are used to represent the level or
state of a signal :

3.2. Characteristics Transition of signal Subscript
The letter symbols for the dynamic characteristics of High lagic level H
semiconductor memories are as follows : Low logic level L

e . Valid steady-state level (either low or high) \%
Characteristic Subscript . P ,
Unknown, changing, or ‘don’t care’ level X
Access time a High-impedance state of three-state output z
Disable time dis . . o i

. The direction of transition is expressed by two letters,
Enable time en . . . :

. . the direction being from the state represented by the
Propagation time p . .

k first letter to that represented by the second letter, with
Recovery time rec . .
.. . the letters being as given above.
Transition time t . . .
L When no misunderstanding can occur, the first letter
Valid time v

may be omitted to give an abbreviated symbol for sub-
scripts C and E as indicated below.

Note: Recovery time for use as a characteristic is limited to sense recovery time

4. SUBSCRIPTS B AND D All subscripts C and E should be in upper-case.
(For Signal Name or Terminal Name) Subscript
The letter symbols for the signal name or the name of Examples Full Abbreviated
the terminal are as given below. Transition from high level to
All éubscripts B and D should be in upper-case. low level HL L
Transition from low level to
Signal or terminal Subscript high level . LH H

Transition from unknown or

Address A changing state to valid state XV \%
Clock ¢ Transition from valid state to
Column address CA unknown or changing state VX X
Column address strobe CAS Transition from high-impedance
Data input D state to valid state 2V \Y/
. Note Since subscripts C and E may be abbreviated, and since subscripts B and D
ba
Data mpUt/OUtDUt may contain an indeterminate number of letters, it is necessary to put the
Chlp enable E restriction on the subscripts B and D that they should not end with H, L,
V, X, or Z, s0 as to avoid possible confusion
=14 MITSUBISHI
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

6. SUBSCRIPT F (For Additional Information)

If necessary, subscript F is used to represent any addi- n
tional qualification of the parameter such as mode of
operation, test conditions, etc. The letter symbols for

subscript F are given below.
Subscript F should be in upper-case.

Modes of operation Subscript
Power-down PD
Page-mode read PGR
Page-mode write ‘ PGW
Read R

) Refresh RF
Read-modify-write RMW
Read-write RwW
Write W

MITSUBISHI s
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SYMBOLOGY

FOR DIGITAL INTEGRATED CIRCUITS

New symbol {Foriner symbol Parameter—definition
C, Input capacitance
Co Output capacitance
Ci/o Input/output terminal capacitance
C\( @) Input capacitance of clock input
f Frequency -
f (¢) Clock frequency
| Current—the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal is defined as a negative value
I BB Supply current from Vgg )
IBB(AV) Average supply current from Vgg
lce Supply current from Ve
lcc(av) Avarage supply current from Vec
lce(pD) Power-down supply current from Vcc
oD Supply current from Vpp
IpD(AV) Average supply current from Vpp
lga Supply current from Vgg
1GG(AV) Average supply current from Vgg
1y Input current
l'iH High-level input current—the value of the input current when Vo is applied to the input considered
i Low-level input current—the value of the input current when Vo is applied to the input considered
1 oH High-level output current—the value of the output current when Vg is applied to the output considered
loL Low-level output current—the value of the O\JIDA;( current when Vg is applied to the output considered
loz Off-state (high-impedance state) output current—the current into an output having a three-state capability with input condition so applied that
it will establish according to the product specification, the off (high-impedance) state at the output
lozH Off-state (high-impedance state) output current, with high-level voltage applied to the output
lozL Off-state (high-impedance state) output current, with low-level voltage applied to the output
los Short-circuit output current
Iss Supply current from Vgg
Pd Power dissipation
New Number of erase/write cycles
NRa Number of read access unrefreshed
R, Input resistance
RL External load resistance
RorrF Off-state output resistance
Ron On-state output resistance
ta Access time—the time interval between the application of a specified input pulse during a read cycle and the availability of valid data signal at an output
‘ta (A) ta (AD) Address access time—the time interval between the application of an address input pulse and the availability of valid data signals at an output
ta (CAS) Column address strobe access time
ta(E) 13(05) Chip enable access time
ta(G) ta(OE) Output enable access time
ta(pr) Data access time after program
ta (RAS) Row address strobe access time
ta (s) ta(cs) Chip select access time
tC Cycle time
tcé tC(RD) Read cycle time—the time interval between the start of a read cylce and the start of the next cycle
toRF ¢ (REF) Refresh cycle time—the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level
tepa te(pg) Page-mode cycle time
tcrRMw tC(HMR) Read-modify-write cycle time—the time interval between teh start of a cycle in which the memory is read and new data is entered, and the start of
the next cycle
tew tc(wr) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle
—16 MITSUBISHI
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New symbol |[Former symbol Parameter—definition
td Delay time—the time between the specified reference points on two pulses
td (¢) Delay time between clock pulses—e.g., symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1

1d (cAs-RAS)
td (cas-w)
1d (RAS-CAS)
1d (ras-w)
ldis (R-Q)
tdis(s)
tdis (w)
toHL
toLH
ten(a-q)
ten(r-q)
ten(s-q)
tf

th

th(a)
th(a-g)
th(a-PR)
th(cas-ca)
th(cas-0)
th(cas-q)
th(cas-ras)
th(cas-w)
th(o)
th(p-PR)
thee)
th(e-n)
th(e-c)
th(r)
th(ras-ca)
Th(ras-CAS)
th(ras-D)
th(ras-w)
th(s)
th(w)
th(w-cas)
th(w-p)
th(w-Ras)
tPHL
tePLH

tr

trec(w)
trec(PD)

tsu

tsu(a)
tsu(a-E)
tsu(a-w)

tsu(ca-Ras)

td(cas wR)

td (rAS-WR)
tdis(R-pA)
trxz(cs)

tPxz(WR)

tpzv(A-DQ)
tPzv(Rr-DQ)
tPzx(cs-0g)

th(ap)
th(ap-ce)
th(ap-pPRO)

th(cas-pa)
th(cas-our)

th(cas-wr)
th(pa)

th (pa-PRO)
th(ce)
th(ce-oa)
th(ce-oE)
th(rp)

th(ras-pa)
th(ras-wR)
th(cs)
th(wr)
th(wr-cas)
th(wr-pa)
th(wR-RaS)

twr

trR(PD)

tsu(aD)
tsu(ap-ce)

tsu(aD-wR)

Delay time, column address strobe to row address strobe

Delay time, column address strobe to write

Delay time, row address strobe to column address strobe

Delay time, row address strobe to write

Qutput disable time after read

Output disable time after chip select

Qutput disable time after write

High-level to low-level delay time \L the time interval between specified reference points on the input and on the output pulses, when the

Low-level to high-level delay time J output is going to the low (high) level and when the device is driven and loaded by specified networks.

Output enable time after address

Output enable time after read

Qutput enable time after chip select

Fall time

Hold time—the interval time during which a signal at a specified input terminal after an active transition occurs at another specified input terminal

Address hold time

Chip enable hold time after address

Program hold time after address

Column address hold time after column address strobe

Data-in hold time atter column address strobe

Data-out hold time after column address strobe

Row address strobe hold time after column address strobe

Write hold time after column address strobe

Data-in hold time

Program hold time after data-in

Chip enable hold time

Data-in hold time after chip enable

Output enable hold time after chip enable

Read hold time

Column address hold time after row address strobe

Column address strobe hold time after row address strobe

Data-in hold time after row address strobe

Write hold time after row address strobe

Chip select hold time

Write hold time

Column address strobe hold time after write

Data-in hold time after write

Row address hold time after write

High-level to fow-level propagation time the time interval between specified reference points on the.input and on the output pulses when the

output is going to the low (high) level and when the device is driven and loaded by typical devices

Low-level to high-levef propagation time of stated type

Rise time

Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle

Power-down recovery time

Setup time—the time interval between the application of a signal which is maintained at a speciifed input terminal and a consecutive active
tarnsition at another specified input terminal

Address setup time

Chip enable setup time before address

Write setup time before address

Row address strobe setup time before column address

MITSUBISHI —17
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—
New symbol [Former symbol Parameter—definition
tsu(p) tsu(pa) Data-in setup time
tsu(o-g) tsu(pa-ce)| Chip enable setup time before data-in
tsu(o-w) tSU(DA-WR) Write setup time before data-in
tsu(e) tsu(ce) Chip enable setup time
tsu(e-p) tsu (CE-P) Precharge setup time before chip enable
tsu (G-E) tsu (OE-CE) Chip enable setup time before output enable
tsu(p-g) tsu (P-CE) Chip enable setup time before precharge
tsu (PD) Power-down setup time
tsu(Rr) tsu(rD) Read setup time
tsu (R-CAS)|tsu (RA-CAS) Column address strobe setup time before read
Isu (RA-CAS) Column address strobe setup time before row address
tsu(s) tsu(cs) Chip select setup time
tsu(s-w) tSU(CS-WR) Write setup time before chip select
tsu(w) tsu(wr) Write setup time
tTHL High-level to low-level transition time the time interval between specified reference points on the edge of the output pulse when the output is
going to the low (high) level and when a specified input signal is applied through a specified network and
tren Low-level- to high-level transition time the output is loaded by another specified network
tv(A) th(AD) Data valid time after address
tv(e) tav (ce) Data valid time after chip enable
tv(eypr tV(CE)PF{ Data valid time after chip enable in program mode
tv(G) tV(OE) Datavalid time after output enable
tv (PR) Data valid time after program
tv(s) tV(CS) Data valid time after chip select
tw Pulse width (pulse duration) the time interval between specified reference points on the leading and training edges of the waveforms
tw(e) tw(ce) Chip enable pulse width
tW(EH) tW(CEH) Chip enable high pulse width
tW(EL) tW(EL) Chip enable low pulse width
IW(PR) Program nuls? width
IW(R) tW(F\D) Read pulse width
tw(s) tw(cs) Chip select pulse width
twiw) tw(wR) Wrtie pulse width
tw ($) Clock pulse width
Ta Ambient temperature
Topr Operating temperature
Tstg Storage temperature
Ves Vgg supply voltage
Vee Vec supply voltage
Vpp Vpp supply voltage
Vaa Vg supply voltage
V) Input voltage
ViH High-level input voltage—the value of the permitted high-state voltage at the input
Vi Low-level input voltage—the value of the permitted low-state voltage at the input
Vo Qutput voltage
Von High-level output voltage—the value of the guaranteed high-state voltage range at the output
VoL Low-level output voltage—the value of the guaranteed low-state voltage range at the output
Vss Vgg supply voltage
1—18 MITSUBISHI
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1. PLANNING

In recent years, advances in integrated circuits have been
rapid, with increasing density and speed accompanied by
decreasing cost. Because of these advances, it is now
practical and economically justifiable to use these devices
in systems of greater complexity and in which they were
previously considered too expensive. All of these advances
add up to increased demand.

We at Mitsubishi foresaw this increased demand and
organized our production facilities to meet it. We also
realized that simply increasing production to meet the
demand was not enough and that positive steps would have
to be taken to assure the reliability of our products.

This realization resulted in development of our Quality
Assurance System. The system has resulted in improved
products, and Mitsubishi is able to supply its customers’
needs with ICs of high reliability and stable quality. This
system is the key to future planning for improved design,
production-and quality assurance.

2. QUALITY ASSURANCE SYSTEM
The Quality Assurance System imposes quality controls

on Mitsubishi products from the initial conception of a
new product to the final delivery of the product to the
customer. A diagram of the total system is shown in Fig. 1.
For ease of understanding, the system is divided into three
stages.

2.1 Quality Assurance in the Design Stage

The characteristics of the breadboard devices are carefully
checked to assure that all specifications are met. Standard
integrated circuits and high-quality discrete components are
used. During the design stage, extensive use is made of a
sophisticated CAD program, which is updated to always
include the latest state-of-the-art techniques.

2.2 Quality Assurance in the Limited-
Manufacturing Stage
Rigid controls are maintained on the environment, incom-
ing material and manufacturing equipment such as tools
and test equipment. The products and materials used are
subjected to stringent tests and inspections as they are
manufactured. Wafer production is closely monitored.
Finally, a tough quality assurance test and inspection is
made before the product is released for delivery to a
customer. This final test includes a complete visual inspec-
tion and electrical characteristics tests. A sampling
technique is used to conduct tests under severe operating
conditions to assure that the products meet reliability
specifications.

2.3 Quality Assurance in the Full Production Stage
Full production of a product is not started until it has been
confirmed that it can be manufactured to meet quality and
reliability specifications. The controls, tests and inspection

MITSUBISHI
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procedures developed in §2.2 are continued. The closest
monitoring assures that they are complied with.

3. RELIABILITY CONTROL

3.1 Reliability Tests

The newly established Reliability Center for Electronic
Components of Japan has established a qualification system
for electronic components. Reliability test methods and
procedures are developed to mainly meet MIL-STD-883
and JIS C 7022 specifications. Details of typical tests used
on Mitsubishi ICs are shown in Table 1.

Table 1 Typical reliability test items and conditions
T

-
Group ftem i Test conditon

r"?eﬁa:fnrgp‘ﬁ':'“m Maximum operating ambient temperature 1000h
High termperature|

1 S(ff,age ,.fé ( Maximum storage lemperature 1000h B
Homidity (steady | - o i
Humidiy s1eadv [ g6 g50aH 500
Soldenng heat 260 Os

2 Thormal shock ‘\ 0~100C 15 cycles. 10min/cycle
‘!M\pmamw(‘vah‘ Minimum to maximum storage temperature

10 cycles of Th/eycle

[ 230°C. 5. use rosin flux

1 Tension 340g 30s
| Bending stiess 226G, 1307 3 umes

E(Mwmg

}Lmd inteqrty

| 20G. X. Y. Z each drection. 4 umes

Vibraton | 100~2000H, — 4 mun/cycle
1

| Shock

| | 1500G. 0.5ms in X1, Y and Zj direction. 5 times
Lo on 20000G. Y, drection. 1 min

3.2 Failure Analysis

Devices that have failed during reliability or acceleration
tests are analyzed to determine the cause of failure. This
information is fed back to the process engineering section
and manufacturing section so that improvements can be
made to increase reliability. A summary of failure analysis
procedures is shown in Table 2.

Table 2 Summary of failure analysis procedures

Step

Descriptuon

O Inspection of leads. platng. solderng and weiding
O Inspection of matenals. sealing. package and marking

1. External O Visual inspection of other iterms of tne specthicaucns

examination O Use of stereo microscopes. metallurgical microscopes. X-ray
photographic equipment. fine leakage and gross leakage

testers in the examination

C

Checking for open circurts. short circults and parametnc

degradation by electrical parameter measurement

o

Observation of charactenstics by a synchroscope or a curve
2. Electrical tests
tracer and checking of inportant physical characteristics

by electncal charactenstcs

[e]

Stress tests such as environmental or life tests. if required

© Removal of the cover of the device. the optical inspection
of the mternal structure of the device
3. Internal O Checking ol the silicon chip surface
examination | o \a . hent of electrcal charactenstics by probes
if applicable

[}

Use of SEM. XMA and infrared microscanner if required

[e]

Use of metallurgical analysis techrniques to supplement
analysis ot the nternal examination
Shicing tor cross-sectional nspection

(o]

4. Chip analysis
O Analysis of oxide fim defects

O Analysis of diffusion defects
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Fig. 1 Quality assurance system
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PRECAUTIONS IN HANDLING MOS ICs
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A MOS transistor has a very thin oxide insulator under the
gate electrode on the silicon substrate. It is operated by
altering the conductance (g,,) between source and drain to
control mobile charges in the channel formed by the
applied gate voltage.

If a high voltage were applied to a gate terminal, the
insulator-film under the gate electrode could be destroyed,
and all Mitsubishi MOS IC/LSlIs contain internal protection
circuits at each input terminal to prevent this. It is inherent-
ly necessary to apply reverse bias to the P-N junctions of a
MOS IC/LSI. .

Under certain conditions, however, it may be impossible
to completely avoid destruction of the thin insulator-film
due to the application of unexpectedly high voltage or
thermal destruction due to excessive current from a
forward biased P-N junction. The following recommenda-
tions should be followed in handling MOS devices.

1. KEEPING VOLTAGE AND CURRENT TO EACH
TERMINAL BELOW MAXIMUM RATINGS

1. The recommended ranges of operating conditions
provide adequate safety margins. Operating within these
limits will assure maximum equipment performance and
quality.

2. Forward bias should not be applied to any terminal since
excessive current may cause thermal destruction.

3. Output terminals should not be connected directly to
the power supply. Short-circuiting of a terminal to a
power supply having low impedance may cause burn-out
of the internal leads or thermal destruction due to
excessive current.

2. KEEPING ALL TERMINALS AT THE SAME
POTENTIAL DURING TRANSPORT AND
STORAGE

When MOS IC/LSIs are not in use, both input and output
terminals can be in a very high impedance state so that they
are easily subjected to electrostatic induction from AC
fields of the surrounding space or from charged objects
in their vicinity. For this reason, MOS IC/LSIs should be
protected from electrostatic charges while being transported
and stored by conductive rubber foam, aluminum foil,
shielded boxes or other protective precautions.

3. KEEPING ELECTRICAL EQUIPMENT, WORK
TABLES AND OPERATING PERSONNEL AT
THE SAME POTENTIAL

1. All electric equipment, work table surfaces and operat-

ing personnel should be grounded. Work tables should
be covered with copper or aluminum plates of good
conductivity, and grounded. One method of grounding
personnel, after making sure that there is no potential
difference with electrical equipment, is by the use of a
wristwatch metallic ring, etc. attached around the wrist
and grounded in series with a 1M €2 resistor. Be sure that
the grounding meets national regulations on personnel
safety.

. Current leakage from electric equipment must be

prevented not only for personnel safety, but also to
avert the destruction of MOS IC/LSls, as described
above. Items such as testers, curve-tracers and synchro-
scopes must be checked for current leakage before being
grounded.

. PRECAUTIONS FOR MOUNTING OF MOS

IC/LSls

. The printed wiring lines to input and output terminals

of MQOS IC/LSls should not be close to or parallel to
high-voltage or high-power signal lines. Turning power
on while the device is short-circuited, either by a solder
bridge made during assembly or by a probe during
adjusting and testing, may cause maximum ratings to be
exceeded, which may result in the destruction of the
device.

. When input/output, or input and/or output, terminals

of MOS IC/LSIs (now open-circuits) are connected,
we must consider the possibility of current leakage and
take precautions similar to §2 above. To reduce such
undesirable trouble, it is recommended that an interface
circuit be inserted at the input or output terminal, or a
resistor with a resistance that does not exceed the
output driving capability of the MOS IC/LSI be inserted
between the power supply and the ground.

. A filter circuit should be inserted in the AC power

supply line to absorb surges which can frequently be
strong enough to destroy a MOS IC/LSI.

. Terminal connections should be made as described in the

catalog while being careful to meet specifications.

. Ungrounded metal plates should not be placed near

input or output terminals of any MOS IC/LSls, since
destruction of the insulation may result if they become
electrostatically charged.

. Equipment cases should provide shielding from electro-

static charges for more reliable operation. When a plastic
case is used, it is desirable to coat the inside of the case
with conductive paint and to ground it. This is considered
necessary even for battery-operated equipment.
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MSL8085AP

8-BIT PARALLEL MICROPROCESSOR

DESCRIPTION

This is a family of single-chip 8-bit parallel contral proces-
sing units (CPUs) developed using the N-channel silicon-
gate ED-MOS process. It requires a single 5V power supply
and has a basic clock rate of 3MHz. With an instruction set
that is completely compatible with that of the M5L8080AP,S,
this device is designed to improve on the M5L8080AP,S with
higher system speed.

FEATURES
® Single 5V supply voltage

® TTL compatible

® INStruction Cycle +«+vrsrsesesisiess 1.3 gs (min.)

® Software compatibility with the M5L8080AP,S (with two
additional instructions)

® Clock generator (with an external crystal of RC circuit)

® Built-in system controller

® Four vectored interrupts (one of which is non-maskable)

@ Serial 1/Q port eereeeeree s 1 each

® Decimal, binary, and double precision arithmetic opera-
tions

APPLICATION

Central processing unit for a microcomputer

FUNCTION

Under the multiplexed data bus concept adopted, the high-
order 8 bits of the address are used only as an adress bus
and the low-order 8 bit are used as an address/data bus.
During the first clock cycle of an instruction cycle, the
address is transferred. The low-order 8 bits of the address
are stored in the external latch by the address latch enable
(ALE) signal. During the second and third clock cycles, the
address/data bus functions as the data bus, transferring the

PIN CONFIGURATION (TOP VIEW)
crock puse | X0 -\ 400 Ve (5v)
2= +— HOLD HOLD INPUT
WPUT | x, —[2] 39)+— HOLD HO
RESET OUTPUT Houl
RESET out—[3] (38] — HLDA ACKNOWLEDGE
SERIAL
OUTPYTOAT sob—[4] [37] — cLk SHQSKPULSE
inpuT DATA S0 —[5] [36]— RESET 1N histy
TRAP INTER- . —
BT NG TRaP —[6] READY READY
apld B
RsT6.5—[8 33— s
REQUEST
INPUTS ] < Q6D CONTROL
INTERRURT 0L o 32— RD B
REQUEST INTR —[T0} c [37] — W WAITE CONTROL
INTERRUPT ——— o
onbiige M 8 - BRI
o= I T = R
ADy HIE E" Ais
c AD. HE Z'_' Ay
BIDIREC-
TIONAL | AD;<+—[T5 [26]— A
IR o B
Ta g ADs—[E 25— A1z | sopress Bus
oA OUTPUT
ADy—*[E E_. An
ADg +—[18] 23— Ao
AD; «[Tg] 22— A
(0V) Vss 21]— As
Outline 40P4

data to memory or to the I/0. For bus control, the device
provides RD, WR, and 10/M signals and an interrupt ack-
nowledge signal (INTA.) The HOLD, READY and all inter-
rupt signals are synchronized with the clock pulse. For sim-
ple serial data transfer it provides both a serial input data
(SID) line and a serial output data (SOD) line. It also has
three maskable restart interrupts and one non-maskable trap
interrupt.

BLOCK DIAGRAM

. ADs AD, AD, AD,
CLK X, X AD; ADs; AD; AD, Vee  Vss
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[Firs F 0w

'ACCUMULATOR
LATCH(8)

8-BIT PARALLEL
ARITHMETIC
LOGIC UNIT

[DECIMAL COMPEN|
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$ 16

& REMRIEARL (8] REMISERY (®) i
2 H(B) (8)

o D(8) ee)] 18
o

w B(8) C®)

@

(o}

a

'S

)

CONTROL CIRCUIT
............ Bty
! INTERRUPT CONTROL | 3318 8iHa ™ 3

INTA RST RST SOD HLDA READY S,
5.5 7.5

-~ O DO DD OG-

INTR FéSST TRAP SID HOLD S, IO/M WR

RD RESETIN A5 Az An
14 A|2

L [ Aooress BurFer (16)  }— !
’ @)@ J
ALE A As As
A Ao
RESET OUT

MITSUBISHI
ELECTRIC




MITSUBISHI LSis

MSL8085AP

8-BIT PARALLEL MICROPROCESSOR

PIN DESCRIPTIONS

. Input or X
Pin Name Functions -
output
These pins are used to connect an external crystal or CR circuit to the internal clock generator.
Xi, X2 Clock input In P K 4 9
An external clock pulse can also be input through X;.
This signal indicates that the CPU is in the reset mode. It can be used as a system RESET. The sig-
RESET OUT Reset output out > 9 : Y 9
nal is synchronised to the processor clock.
This is an output data line for selial data. The output SOD may be set or reset by means of the SIM
SOD Serial output data Out X ' P X P Y Y
instruction. It return to high level after the RESET.
L This is an input data line for serial data, and the data on this line is moved to the 7th bit of the accu-
SID Serial input data In X L
mulator whenever a RIM instruction is executed.
A non-maskable restart which is recognized at the same time as an INTR it is not affected by an
TRAP Trap interrupt In . 49 ) o Y any
mask or another interrupt. It has the highest interrupt priority.
RST5.5 Restart interrupt Input timing is the same as for INTR for these three signals. They all cause an automatic insertion of
RST6.5 request P In an internal RESTART. RST 7.5 has the highest priority while RST 5.5 has the lowest. All three sig-
RST7.5 a nals have a higher priority than INTR.
This signal is for a general purpose interrupt and is sampled only during the last clock cycle of the
Interrupt instruction. When an interrupt is acknowledged, the program counter (PC) is held and an INTA sig-
INTR request sip nal In nal is generated. During this cycle, a RESTART or CALL can be inserted to jump to an interrupt ser-
a 8 vice routine. The interrupt request may be enable and disable by means of software. But it is dis-
able by the RESET and immeadiately after an accepted interrupt.
Ty Interrupt acknowledge —
INTA P . 9 Out This signal is used instead of RD during the instruction cycle after an INTR is accepted.
control signal
. . The low-order (1/0 address) appears during the first clock cycle. During the second and third clock
Bidirectional address . L L X
ADo~AD> and data bus In/out | cycles, it becomes the data bus. It remains in the high-impedance state during the HOLD and HALT
modes.
- Output the high-order 8 bits of the memory address or the 8 bits of the 1/0 address.
~A Address bus Out
As 15 It remains in the high-impedance state during the HOLD and HALT modes.
Indicates the status of the bus.
S S
HALT 0 0
So, Si Status Out WRITE 0 1
READ, DAD 1 0
FETCH T
The $ signal can be used as an advanced R/W status.
This signal is generated during the first clock cycle, to enable the address to be latched into the latches of
ALE Address latch enable Out peripherals. The falling edge of ALE is guaranteed to latch the address information. The ALE can also be
used to strobe the status information, but it is kept in the low-level state during bus idie machine cycles.
— Indicates that the data on the data bus is to be written into the selected memory at the falling edge
WR Write control Out R = . . l . bed e eds
of the signal WR. It remains the high-impedance state during the HOLD and HALT modes.
P Indicates that the selected memory or I/0 address is to be read and that the data bus is active for
RD Read control Out L . .
data transter. It remains in the high-impedance state during the HOLD and HALT modes.
1O/M Data transfer out This signal indicates whether the read/write is to memory or to 1/0s.
control output It remains in the high-ipedance state during the HOLD and HALT modes.
When it is at high-level during a read or write cycle, the READY indicates that the memory or
READY Ready input In peripheral is ready to send or recieve date. When the signal is at low-level, the CPU will wait for the
signal to turn high-level before completing the read or write cycle.
This signal (at least three clock cycles are necessaly) sets the program counter to zero and resets
RESET IN Reset input In the interrupt enable and HLDA flip-flops. None of the other flags or registers (except the instruction
- register) are affected. The CPU is held in the reset mode as long as the signal is applied.
CLK Clock output Out Clock pulses are available from this pin when a crystal or CR circuit is used as an input to the CPU.
Hold By this signal the processor acknowledges the HOLD request signal and indicates that it will relin-
. quish the buses in the next clock cycle. The signal is returned to the low-level state after the HOLD
HLDA acknowledge signal Out R
request is completed. The processor resumes the use of the buses one half clock cycle after the
signal HLDA gose low.
When the CPU receives a HOLD request. It relinquishes the use of the buses as soon as the current
HOLD Hold In machine cycle is completed. The CPU can regain the use of buses only after the HOLD state is re-
request signal moved. Upon acknowledging the HOLD signal, the address bus, the data bus, RD, WR and 10/M
lines are put in the high-impedance state.
Note : HOLD, READY and all interrupt signals are synchronized with clock signal.
- MITSUBISHI
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STATUS INFORMATION

Status information can be obtained directly from the
M5LB085AP. ALE is used as a status strobe. As the status is
partially encoded, it informs the user in advance what type
of bus transfer is being performed. The 10/M cycle status
signal is also obtained directly. Decoded S; and S; signals

carry: S So
HALT 0 0
WRITE 0 1
READ 1 O[except for second andj
third machine cycles of
FETCH 1 1\DAD instruction.

S; can be used in determining the R/W status of all bus
transfers.

In the M5L8085AP the low-order 8 bits of the address are
multiplexed with date. When entering the low-order of the
address into memory or peripheral latch circuits, the ALE is
used as a strobe.

INTERRUPT AND SERIAL /O

The M5LB085AP has five interrupt inputs—INTR, RST 5.5,
RST 6.5, RST 7.5, and TRAP. INTR has the same function as
INT of the M5L8080AP,S. The three RST inputs, 5.5, 6.5, 7.5,
are provided with programmable masks. TRAP has the same
function as the restart interrupt, except that it is non-
maskable.

When an interrupt is enabled and the corresponding in-
terrupt mask is not set, the three RST interrupts will cause
the internal execution of the RST. When nonmaskable TRAP
is applied, it causes the internal execution of an RST re-
gardless of the state of the interrupt enable or masks. The
restart addresses (hexadecimal) of the interrupts are:

Interrupt Adress
TRAP 2416
RST5.5 2Cq6
RST 6.5 345
RST 7.5 3Cis

Two different types of signal are used for restart inter-
rupts. Both RST 5.5 and RST 6.5 are sensitive to high-level
as in INTR and INT of the M5L8080AP,S, and are acknow-
ledged in the same timing as INTR. RST 7.5 is sensitive to
rising-edge, and existence of a pulse sets the RST 7.5 inter-

rupt request. This condition will be maintained until the re-
quest is fulfilled or reset by a SIM or RESET instruction.

Each of the restart interrupts may be masked indepen-
dently to avoid interrupting the CPU. An interrupt requested
by an RST 7.5 will be stored even when its mask is set and
the interrupt is disabled. Masks can be changed in a SIM in-
struction or the RESET. When two enabled interrupts are re-
quested at the same time, the interrupt with the highest
priority will be accepted. The TRAP has the highest priority
followed in order by RST 7.5, RST 6.5, RST 5.5 and INTR.
This priority system dose not take into consideration the
priority of an interrupt routine that is already started. In other
words, when an RST 5.5 interrupt is reenabled before the
termination of the RST 7.5 interrupt routine, it will interrupt
the RST7.5.

The TRAP interrupt is very useful in preventing disastrous
errors and bus errors resulting from power failures. The
TRAP input is recognized in the same manner as any other
interrupt, but it has the highest priority, and is not aftected
by any flags or masks. The TRAP input can be senced by
both edge and level. TRAP should be maintained high-level
until it is acknowledged. But, it will not be acknowledged
again unless it turns low and high again. In this manner, faul-
ty operation due to noise or logic glitches is prevented.

The selial 1/0 system is also considered to be an inter-
rupt as it is controlled by instructions RIM and SIM. The SID
is read by instruction RIM and the SOD data is set by in-
struction SIM.

BASIC TIMING

The MS5L8085AP is provided with a multiplexed data bus.
The ALE is utilized as a strobe with which the low-order 8
bits of the address on the data bus are sampled. Fig.1 shows
the basic cycle in which an out instruction is fetched, and
memory is read and written to the 1/0 port. The /O port
address is stored in both the address bus and the address/
data bus during the 1/O write and read cycle. To enable the
M5L8085AP to be used with a slow memory, the READY line
is used for extending the read and write pulse width in the
same manner as in the M5L8080AP,S.

M M; Ms
T T, B i T T T T T T
CLK \ [/ \_/ N [/ N/ \ / \ / \.__/—\_/
A~hs X PC, HIGH-ORDER ADDRESS X(PC, +1), HIGH-ORDER _ADDRESS X n (PORT NO.)
| ——
ADo~AD; X PC, —((PCF1) )—{_XForTNO0) n DATA OUTPUT
INSTCUCTION FETGH SECOND WORD
ALE [\ (ouT) [\ oo Y \
RD
o J . — |/
— ——
10/M "\ A
STATUS __:X S=1, So=1 (FETCH) X 1,0 (READ) X 0,1 (WRITE
— — —— 1
Fig. 1 Bacic cycle
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MACHINE INSTRUCTIONS

8g 8
s_S_% -
ltem Instruction code ;1; -g Flags Address bus Data bus
Mnemonic 1 Functions Mach Mach
'cr;g‘sfs: D7Ds DsDaD3 D2D1Do n?)?;fn' gls|e s 2 P CYz0vi| Contents| (uic: | Contents (1/0] oy g
MOV ri,r2 [ O1 DDD S8SS a1 (r1) «—(r2) X X X X X
MOV M, r 01 110 888 7|12 M) —(r) Where, M=(H) (L) [ X X X X X M Ma (r) of Ms
MOV [ '] o1 DDD 110 7112 (r) «— (M) Where, M=(H) (L) X X X X X M Ma (M) ' Ma
MVI r,n [0O0 DDD 110 1122 (r) <n X X x'x X 82> |1 M
<|2> '
MVl M,n 00 110 110 |36(10|2]|3 (M) <n Where. M=(H) (L) [ X X X X X M Ms 82> 1| Ms
<B2>
LXt B,m 00 000 0O1 01]10[3[3 (C) —<B2> X X X X X B | 1| Mz
<B2> (B) «—<B3> Where, m =<B3><B2> <B3> | M3
<B3>
LX1 D,m 00 010 001 |1 1(10[3|3 (E) —<B2> X X X X X 82> 1| M2
<B2> (D) «—<B3> Where, m =<B3><B2> <B3> | M3
<Bs>
LX! H,m 00 100 001 |21[10[3|3 (L) < <B2> X X X X X B2 1| Mz
<B2> (H) «<B> Where. m =<B3> <B2> B3> 1 M3
<B3>
5 LXxi SP.m| 00 110 001 (311033 (SP)«<m X X X X X <B2> ! M2
G <B2> B3> 1| M3
S <B3>
= SPHL 11 111 o001 [Fef[6[1[1 (SP) —(H) (L) X X X X X
o STAX B 00 000 010|027 1‘2 ((8)(C)) —(A) X X x x x[(B)(C)] ™Ma (A) (0] Ma
8 STAX D 00 010 010 [12[7]1]2]|((D)(E))—(A) X X X X X | (D)(E) Ma (A) [o] Ma
LDAX B8 00 001 010 0A[7[1]2 (A)«—((B)(C) X x x x x[(8)ye)[ Ma f((BY(CH! Ma
LDAX D 00 011 010 (1A 7|1]|2 (A)~ ((D)(E)) X X X X X | (D)(E) Ma_{((D)(EN| | Ma
STA m 00 110 010 321334 (m) —(A) X X X X X m Ma (A)Y [0 Ma
<B2>
<B3>
LDA m 00 111 010 [3A[13 3(4 (A) —(m) X X X X X m Ma (m) 1 M
<B2>
<B3>
SHLD m 00 100 010 [22]16]/3]5 (m) — (L) X X X X X m _ Ma (L) [o] M
<B2> (m+1) «—(H) m+1 Ms (H) o Ms
<B3>
LHLD m 00 101 010 |2A[16/3]5 (L) = (m) X X X X X m Ma (m) 1| Ma
<B2> (H) —(m+1) m+1 Ms (m+1) || Ms
<B3>
XCHG 11 101 _01 EB|4 [V [ 1] MWL) —~DE) X X X X X
XTHL 11 100 011 [E3[|i6[1]5 (H) (L) «» ((SP) + 1) ((SP)) X X X X X[ (sP) Mz | ((sP)) |1 Mz
(sP)+1] M3 [((sP)+1)} | M3
ABD  r 70 000 SSS a1 1 (a) (AT + (1) O 0000
ADD M 10 000 1101/86|7[1]|2 (A) < (A) + (M) Where. M - (H)(L) |O O O O O ™M Ma (M) 1| M
ADI n 11 000 110 CB“I 2|2 (A)—(A) ¢+ n [eNeNeNeNe) <B2> ! Ma
<B2>
ADC 10 001 SSS IERERE (A) < (A) +(r) +(CY2) [eeNeNeNe)
ADC 10 001 110 |8EI7|1]2 (A)«(A) +(M) +(CY2) Where.M (H)(L) [O O O O O ™M Ma (M) ! Ma
ACI n 11 o001 110 CE‘7 2|2 (A)«(A)+ n +(CY2) [eNeoNeNeNe) <B2> ! Ma
<B2>
DAD B 00 001 001 oe[m T3 (H) (L) = (H) (L) + (B) (C) X X X O X
DAD D 00 011 001 (191013 (H) (L) — (H) (L) + (D)-(E) X X X O X
DAD H 00 101 001 29|10 113 (H) (L) < (H) (L) + (H) (L) X X X O X
° DAD SP 00 111 001 391013 (H) (L) <= (H) (L) + (SP) X X X O X
2 SUB 10 010 S$SS Ta v (A) —(A) - (r) [oNeNeNeNe}
S |suB M 10 010 110 (96,7|1]2 (A) = (A) - (M) Where. M =(H) (L) |[O O O OO M Ma (M) 1l M
g SuUl  n 11 010 110 |D6|7 |22 (A) < (A)~ n [eNeNeNeNe] <B2> 1 M
o <B2>
= SBB 10 011 SSS a1 (A) —(A) - (r) —(CY2) OO 00O
o SBB M 10 011 110 |9E|7|1]2 (A) «-(A) (M)--(CY2) Where. M -(H) (L) [eNeoNeoNeoXe) M Ma (M) | Ma
2 s8I n 11 OBI 1 110 |DE|7 |22 (A)—(A)- n -(CY2) [egeoNeNeNe) B2> | Ma
- <B2>
<1 ANA 10 100 SSS a1 (A) «~ (A) A(r) OO0 o0 1!
g ANA M 10 100 110 |A6|7|1]|2 (A) < (A) A(M) Where. M -(H) (L) |O O O 0 1 M Ma (M) [ Ma
£ ANl n 11 100 110 Es7z‘2 (M)« (A)A n QOO0 01 <B2> 1 Ma
= <B2>
< XRA ¢ 10 101 §S§S [AERE (A) — (A% (1) QOO0 o0
XRA M 10 101 110 [AE|7 |12 (A) = (A)¥ (M) Where. M=(H) (L) [O O O 0 0 M Ma (M) | Ma
XRI n 11 |<:| II(LLEE‘7J2 2 (A) = (A)¥ n Q0000 0 <B2> 1| M
2>
RA  r 10 110 ss [4{\ 1 (A) < (A) v (r) Q00000
ORA M 10 110 110 |B6(7 1|2 (A) = (A) v (M) Where. M=(H)(L) [O O O 0 0 M Ma (M) ! Ma
OR| n 11 1(;0 110 (Fe6 7[2 2 (A)«-(A)\ n OO0 000 <B2> [ Ma
2>
[ 10 111 ss8 IRERE (A) = () 00000
CMP M 0O 111 110 |BE|7 1 2 (A) - (M) | Compare; Where. M-=(H)(L) [O O O OO M Ma (M) 1 Ma
CPI n 11 111 110 |FE|7]|2]|2 (A) n . [oXeoNeXNeNe) <B2> | Ma
<B2>
ILNR 1 00 DDD 100 RN ()= (r)+1 O OO0 x O
€ |UNR_M 00 110 10034 ;10/1]3 M) — (M) +1 Where. M_ (W) (L) |O O O x O M Ma (M) 11 Ma
g |DCR ¢ 00 DDOD 101 | (a7 ] M= (r)—1 000 x O
3 UCR M 00 110 101 3510[1]3 (M)—=(M)—1 Where. M (W) (L) |O O O x O M Ma (M) ! M4
59 TNX B8 00 000 011 03|61 1 (B)(C)« (BY(C) 1 X X X X X |
39 |[INX D 00 010 011 (13|61 ]1 (D) (E)+ (D)(E)+1 X X X X X
3’? INX H 00 100 O011 (23|61 |1 (HY (L)« (B (L)t X X X X X
@ |INX SP 00 110 011 33|61 1 (SP) < (SP) +1 X X X X X
g BCx B 00 001 011 0B|6 |1 |1 (B)(C)—(BY(C) 1 X X X X X
5 |PCX D ©0 o011 011 [(1B|6f1 |1 (D) (E) «~ (D) (E) 1 X X X X X
€ |[pcx H 00 101 011 (2B ;6|11 (H) (L) == (H) (L) -1 X X X X X
DCX__sPp 00 111 011 3B|6 11 (SP)+—(SP)- 1 X X X X X
. ‘_.RLC 606 000 vy o7& T cr T lxxxox
£38
;«.S RRC 00 001 111 [OF|4&|1 |1 Right shift cvz[_: :/MAs o AtAolH lx X X O X
€32
& ]
%‘65 RAL 00 otvo Tt vT[a[ [ o oy, X X X O X
= O
%08
€ °° RAR o0 o1 1 IAF eI PRight shift ove[ _—NATAe Ay [ X X X O X
Accumu.| cMA 00 101 111t [2F[4]1 [ (A) «-(A) X X X X X
compen.pAA 00 100 111 |27]a]1[1 [Resultsofbinary addition are adjusted to BCD O O O OO
Carry set{-3XE 00 110 111 [37[a][1]1 (Cvz) — 1 X X X 1 X
~lcme B 00 111 111 |3FfafT[ (CY2) —(CY2) X X_X X

*: State isTh **  State is Tz
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g 5.8
258
ltern Instruction code =212 io) Flags Address bus Data bus
] °1° Functions J
instr, Mnemonic | be DspeDs 020100 ol EIEIE s z P CvzCvi[Contents gﬂygf: Contents [1/0 chcgl(;h'
IJMP m 11 000 011 (C3[10]3]3 (PC)+ m X X X X X @ 1] M2
<B2> <B3> I M3
<B3>
PCHL 11 101 001 |E9]|6]1 |1 (PC)«-(H) (L) X X X X X
Jc m 11 011 010 [DA0/ 3|[3/2](Cyz)=1 X X X X X
<B2>
B3>
JNC m 11 010 010 |[D2|10/7 3(3/2|(Cyz2)- o | If condition is true. X X x X x [|If condition is true
82> (PC)e—m
B3>
Jz m 11 001t 010 |CA|W0/3|3/2((z) 1 X X X X X <B2> | Mz
82> @ [1]| M3
B3>
g UNZ m 11 ooo0 o010 |cz2lw 3|32/ (z) o X X X X X
S <B2>
- B3>
JP m 11 110 o010 |F2/i0/13]3/2)(s)=o0 | Ifcondition s false X x x x x|f
<B2> (PC)+ (PC)+ 3
<B3>
JM m 11 111 o010 [FAW 332 (s)=1 X X X X X
<B2>
<B3>
JPE m 11 101 010 |[EA0/7)3(3/2/(P)=1 X X X X X
<B2>
B3> .
JPO m 11 100 010 |E2[10/7332[(P)=0 X X X X X
<B2>
<B3>
CALL m 11 001 101 [CD[18]3][5][((SP) 1)((SP)-2)«(PC)+3.(PC)em X X X X X B> [1] M2
<B2> . B8» |1| M3
priseg (SP) « (SP) 2 (sP)—1| ME ooy ol s
RST n 11 AAA 111 (SP)—2| Ms (PC)+3 0| Ms
121 [3]((SP) -1)((SP)--2)«~(PC) +1.(PC)enx8, X X X X X |(SP)=1[ Ma (PC)+1 o Ma
(SP) +- (SP) -2 Where 0sns7 (SP) 2| Ms (pC)+t o Ms
cc m 11 011 100 [DC[8/3 3[5/2](Crz)=1 X X X X X
<B2>
<B3>
CNC m 11 010 100 |Da|18/9 3 |5/2](CY2) X X X X X
<B2> If condition is true If condition is true
_ <B3>
3 cz m 11 001 100 |CC 188352/ (2Z)=1]((SP) 1)((SP) 2)~(PC)+ 3 X X X X X <B2> [ M2
® <B2> B3> 1 M3
< <B3> (PC)e m (sP) -1 Ma | (PC)+3{ 0| Ma
5 CNZ m 11 000 100 |C4 189 3|52 (z)=0 X X X X X
< <B2> (sP)« (sP) 2 (sP) -2| Ms | (PC)+3| 0| Ms
k] B3>
2 cep m 11 110 100 |Fajg/93|52/(s)=0 X X X X X
<B2> "
B3>
cMm m 11 111 100 [FC|[189 352 (s)=1] Ifcondition is false X X X X X
<B2>
83> | (PC)«~(PC)+ 3
CPE m 11 101 100 |EC 189 3|52/(P)=1 X X X X X
<B2>
<B3>
CPO 'm 11 100 100 [E4 (189 3(5/2/(P)=0 X X X X X
82>
<B3>
RET 11 001 001 |C9 10|13 SP) t 1) ((SP)).(SP)«(SP) +2 X X X X X|(SP) Me [ (P11 Ma
i (sP) 1 Ms [((sP)+1)] | Ms
RC 11 011 000 DB8J12/6 1[31 If condition is true. X X X X X []If condition is true
c RNC 11 010 000 [DO [12/6] 1 |3/1 X X X X X
5 RZ 11 001 000 [C8 (126 1|31 (PC)« ((SP) +1) ((SP)) X X X X X [[(sP) Me | ((SP)) | 1| Ma
I RNZ 11 000 000 [CoO [12/6] 1 |3/1 (SP)«~(SP) +2 X X X X X|[(sP)y+1]| Ms [((sPy+D)| 1| Ms
o RP 11 110 000 |Fo|i2/6] 1 |3/ X X X X X
RM 11 111 000 (Fa8li2/6 1 (31 If condition is false X X X X X
RPE 11 101 000 |E8[12/6/1 |31 (PC)+~(PC) +1 X X X X X
RPO 11 100 000 |Eo/2/6 1 (31 X X X X X
Input/ | 'N n 11 011 011 [DBJ10[2]3][(A)« (Input buffer) — (Input device of number n) X X X X X <B2> [} Ma
output <B2> (Input data) <B2> B2>| Ms [inputdata)| I | Ms
ouUT n 11 010 O0t1 |D3|10|2]|3|(Outputdevice of number n) + (A) X X X X <B2> o Ma
control B B @»| Ms (A) ol Ms
Interrupt] E 1 11 111 011 |FB|4]|1] 1 (NTE)—1 X X X X X
control | DI 11 110 011 [F3|4|1]1 |(NTE)—0 X X X X X
PUSH PSW T1 110 101 [F5[12]1]3]((5P)-1)—(A).((SP)-2) - (F) X X X X X|(SP) 1| Ma (a) To[ Me
(SP) «(sP) -2 (sP)—2| Ms (F) |o]| M™s
PUSH B 11 000 101 [Cs|[12[1|3]|((SP)-1)« (B).((SP)-2)+ (C) X X X X X|(SP)=1| Ma (8) |0 Ma
(SP) ~(sP)-2 (sP)-2| Ms ©) |o]| M™s
PUSH D 11 010 101 [D5|12[1(3]((SP)=1)«(D).((SP)-2)«(E) X X X X X[(SP) 1| Ma (0 |0| Ma
° (SP) «—(sP)-2 (sP)-2| Ms (E) |0| Ms
z PUSH H 11 100 101 [E5([12[1]3[((SP)=1)« (H).((SP)-2)« (L) X X X X X|[(sSP)-1 Ma (H) o Ms
3 (SP) «—(sP)-2 (sP)—2| Ms (L) o] Ms
~ |POP PSW 11 110 001 |[F1|10[1]3][(F) « ((SP).(A)—((SP)+r1) O O O OOf(sp Ma (SPY) | 1 | Ma
] (SP) «—(sP)+2 (SP)+1| Ms |((SPY+1)| 1| Ms
n POP B 11 000 001 [C1|10]1]3[|(C) «((SP)).(B)+ ((SP)+1) X X X X X|(sSP) Me | ((SP)) |1 Ma
(SP) «—(SP) +2 (SP)+1 Ms |[((SP)+1)| | Ms
POP D 11 010 001 [D1[10[1[3]|(E) —((SP)). (D)« ((SP)+1) X X X X X|(SP) Me | ((SP)) [ 1| Ma
(sP) «—(sP)t2 (SPY+1| Ms [((SP)+1)| I Ms
POP H 11 100 001 [E1[10|1|3[(L) =« ((SP)).(H)« ((SP)+1) X X X X X|[(sP) Ma | ((SP)) |1 Ma
(SP) < (SP)+2 (sP)+11 Ms [((sP)+D)| 1| Ms
Others | FET 01 110 110 [76]5]1[1][(PC) «(PC)+1 X X X X X
NOP 00 000 0 00|41 |1 ](PC) « (PC)i1 X X X X X
All RST interrupt masks. any pending RST interrupt
2 | RIM 00 100 000 [20]| 4| 11| requests, and the serial input data from the SID pin | X X X X X
2 are read into the accumlator
2 S Mask is enabled (or disabled) to the RST interrupt
% 2
3% corresponding to the contents (bit pattern) of the
Sc |Sm 00 110 000 |3 410 |11 accumulator. The serial output is enabled and the | X X X X X
serial output bit is loaded into the SOD latch.
* :State is T, ** :State is Tz,
Symbol Meaning Symbol Meaning Symbol Meaning
r Register — - Data is transferred in direction shown
m Two-byte data Bit pattern Register| sss ) Contents of register or memoy location
n One-byte data designating or or
memory| DDD v Inclusive OR
<B2) Second byte of instruction register or
B 000 v Exclusive OR
B3 Third byte of instruction $Ss memory.
c 001 A Logical AND
AAA Binary representation for RST instruction n or D 010 — —
bbo E 011 1's complement
F 8-bit data from the most to the least significant H 1700 X Content of flag is not changed after execution
bit S, Z. X, CY1,0, P, X, CY2 (X is indefinite.) Where nLn : t]l ,13 o Content offlag 15 set or reset after execution
PC Program counter M= (H) (L) A 111 | Input mode
SP Stack pointer 0 Output mode
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INSTRUCTION CODE LIST

D;~D, | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
Hex-
D3~Dg\ adecimal 0 1 2 3 4 5 6 7 8 9 A B C D E F
notation
MOV | MOV | MOV | MOV | ADD | SUB | ANA | ORA
0000 0 NOP | (=) | RIM | SIM RNZ | RNC | RPO | RP
B,B|DB|HB| MB| B B B B
0001 . XL LXE ‘L;XI ~LXI| MOV | MOV | MOV | MOV | ADD | SUB | ANA | ORA | POP | POP | POP | POP
B D H SP | B,C|DC|HC|MC| C c c c B D H | PSW
STAX | STAX | i MOV | MOV | MOV | MOV | ADD | SUB | ANA | ORA ] :
0010 2 SHLD| STA JINZ | UNC | JPO | JP
B D : B,D|DD|HD|MD| D D D D
INX | INX | INX | INX [ MOV | MOV | MOV | MOV | ADD | SUB | ANA | ORA |
0011 3 JMP XTHL| DI
B D H SP | BE|D,E|HE|ME| E E E E
INR | INR | INR | INR | MOV | MOV | MOV | MOV | ADD | SUB | ANA | ORA
0100 4 CNZ [ CNC [ -CPO. | CP
B D H M [B,H|DH|HH|MH| H H H H .
o101 5 MOV | MOV | MOV | MOV | ADD | SUB | ANA | ORA |PUSH |PUSH |PUSH |PUSH
B,L|DL|HL|ML| L L L L B D H | Psw
| mov | mov | mov ADD | SUB | ANA
0110 6 HLT
B,M | D M|HM M M M
. MOV | MOV | MOV | MOV [ ADD | SUB | ANA | ORA | RST | RST | RST | RST
011 7 RLC | RAL | DAA | STC
B,A| DA HA|MA| A A A A 0 2 4 6
MOV { MOV | MOV | MOV | ADC | SBB | XRA | CMP
1000 8 (=) | (=) | (=) | (=) Rz | RC | RPE | RM
C,B|EB|LB|AB| B B B B
DAD | DAD | DAD | DAD | MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP
1001 9 RET | (—) |PCHL|SPHL
B D H SP [c,C|EcCc|LC|AC]| C [¢] c c
LDAX | LDAX | - MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP
1010 A LHLD| LDA JZ | JC .| JPE | UM
B D e C,D|EED|LD|AD| D D D D ;
1011 5 DCX | DCX | DCX | DCX | MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP el
B D H SP |C,E| E,E| LLE | AE E E E E
INR | INR | INR | INR | MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP s
1100 c Cz | €CC | CPE | CM
(¢} E L A |CCH|EH|LH|AH| H H H H :
1ot 5 MOV | MOV | MOV | ADC | SBB | XRA
E,L|LLJ|AL L L L
110 £ MOV | MOV | MOV | ADC | SBB | XRA
EM| LM AM| M M M
MOV | MOV | MOV | ADC | SBB | XRA | CMP | RST | RST | RST | RST
1 F RRC | RAR | CMA | CMC
CCAEA|LA|AA]| A A A A 1 3 5 7

This list shows the machine codes and corresponding
machine instruction. D3~ Dy indicate the low-order 4 bits of
the machine code and D;~ D, indicate the high-order 4 bits.
Hexadecimal numbers are also used to indicate this code.

indicates a three-byte instruction.
indicates a two-byte instruction.

The instruction may consists of one, two, or three bytes, but
only the first byte is listed.

[
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MSL808SAP

8-BIT PARALLEL MICROPROCESSOR

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~7 \"
V, Input voltage With respect to Vss —0.5~7 \"
Pd Power dissipation Ta=25C 1.5 w
Topr Operating free-air temperature range —20~75 ‘c
Tstg Storge temperature range —65~150 c
RECOMMENDED OPERATING CONDITIONS (Ta=—20~75C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.75 5 5.25 \"
Vin High-level input voltage (Except for Xi, Xz) 2.2 Veet0.5 \Y
Vi Low-level input voltage —0.5 0.8 \"
Viumesn) | High-level reset input voltage 2.4 Veet0.5 \%
V\L(RESN) Low-level reset input voltage —0.5 0.8 ( \
Vihx X, Xz High-level voltage 4.0 Vcc+0-5‘} v
ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Vcc=5VE5%, Vss=0V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VoL Low-level output voltage loo=2mA 0.45 \"
Von High-level output voltage lon=—400 A 2.4 \
lcc Supply current from Ve 200 mA
I Input leak current, except RESET IN (Note 1) V|=Vcc —10 10 ~A
lozL Output floating leak current 0.45V<Vo<Vcc —10 10 A
Vig—ViL Hysterisis RESET IN input 0.25 \
Note 1 : The input RESET IN is pulled up to Vcc with the resistor 3kQ (typ) when V,2Vu@esn)
TIMING REQUIREMENTS (1.=—20~75C, Vcc=5V£5%, Vss=0V, unless otherwise noted)
Alternative Limits
Symbol Paramater Unit
symbol Min Typ Max
TeloLk) Clock cycle time Teve 320 2000 ns
tsu(pa—aD) DA input setup time —tap —575 ns
tsu(pa—RED) DA input setup time —tro —300 ns
th(oa—RD) DA input hold time tron 0 ns
tsu(roy—AaD) READY input setup time —taRy —220 ns
tsu(RDY—CLK) READY input setup time —trys —110 ns
th(rRoY—cLK) READY input hold time TryH 0 ns
tsu(pa—ALE) DA input setup time —tior —460 ns
tsu(HLO—CLK) HOLD input setup time thos 170 ns
th(HLD—CLK) HLD input hold time thon 0 ns
tsulNT—CLK) Interrupt setup time tins 160 ns
th(nT—cLK) Interrupt hold time tinn 0 ns
tsu(roy—ALE) READY input setup time —t LRy —110 ns
Note 2 : The input voltage level is V, =0. 45V and V\y=2.4V
MITSUBISHI »—g
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MSL8085AP

8-BIT PARALLEL MICROPROCESSOR

SWITCHING CHARACTERISTICS (Ta=—20~75C, Vcc=5V*5%, Vss=0V, unless otherwise noted)

Alternative Limits
Symbol Parameter Unit
symbol Min Typ Max
tw(cr) CLK output low-level pulse width t 80 ns
tw(cLk) CLK output high-level puls width t 120 ns
tricLw) CLK output rise time tr 30 ns
ticr) CLK output fall time t¢ 30 ns
td(x1—cLk) Delay time, X; to CLK txkr 30 120 ns
td(x1—BTR) Delay time, X to CLK tuke 30 150 ns
td(ap—aLE) Delay time, address output to ALE signal ADo~AD, taL % ns
As~Ais 115
ta(ALE—AD) Delay time, ALE signal to address output tea 100 ns
tw(aLE) ALE pulse width toe 140 ns
ta(ALE—CLK) Delay time, ALE to CLK tiok 100 ns
td(aLeE—conT) Delay time, ALE to control signal tic 130 ns
toxz(RB—AD) Address disable time from read tarr 0 ns
tozx(RB—AD) Address enable time from read trae 150 ns
td(ConT—AD) Address valid time after control signal tca 120 ns
td(pa—wR) Delay time, date output to WR signal tow 420 ns
td(WR—DpA) Delay time, WR signal to data output two 100 ns
tw(conT) Control signal pulse width tcc 400 ns
td(conT—ALE) Delay time, CLK to ALE signal toL 50 ns
td(CLK—HLDA) Delay time, CLK to HLDA signal thHack 110 ns
toxz(HLDA—BUS) Bus disable time from HLDA thasr 210 ns
tozX(HLDA—BUS) Control signal disable time T thase 210 ns
td(CoNT—CONT) Control signal disable time B trv 400 ns
) . ADo~AD; 240
td(ap—conT) Delay time, address output to control signal Paors tac 770 ns
td(aLe-DA) Delay time, ALE to data output tLow 200 ns
td(WRHL—DA) Delay time, WR signal to data output twoL 40 ns

Note 3 :
4 :

M5L8085AP te(cLk) =320ns,

5 : Reference level for the input/output voltage is Vo =0.8V, Vou=2V
6 : tw(eik), twick) are 100ns(Min), 150ns(Min) respectively when 50pF+1TTL loaded

at Ag~Ass, and 10/M tg(ap—cont) after the release of the high-impedance state is 200ns

Conditions of measurement C_=150pF

Parameters described in the timing requirements and with the relational expression shown in Table 1 when the fre-

" switching characteristics take relevant values in accordance

quency is varied.

Table 1 Relational expression with the frequency T (t¢cLk)) in the M5L8085AP
TIMMING REQUIREMENTS (Ta=—20~75C, Vec=5V+5%, Vss=0V, unless otherwise noted)

Symbol Parameter Alternative symbol Test conditions Relational expression (Note 6 ) Limit
tsu(ba-AD) DA input setup time —tan 225—(5/2+N)T Min
tsu(pa-RB) DA input setup time —tap 180—(3/24+N)T Min
tsu(roy-ap) | READY input setup time —tary 260—(3/2)T Min
tsu(pa-ALE) DA input setup time —t.or 180—2T Min

Note 7 : N indicates the total number of wait cycles.
T=tc(cw)
210 MITSUBISHI
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MSL808SAP

8-BIT PARALLEL MICROPROCESSOR

SW|TC|‘"NG CHARACTERIST'CS (Ta=—20~75TC, Voc=5VE5%, Vss=0V, unless otherwise notes)

ELECTRIC

Symbol Palameter Alternative symbol Test conditions Relational expression (Note 6 ) Limit
tw(etr) CLK output low-level pulse width t (1/2)T—80 Min
tw(cLk) CLK output high-level pulse width tz (1/2)T—40 Min
td(ap-aLE) Delay time, address output to ALE signal ADo™~AD; taL (/2770 Min

Ag~Ars (1/72)T—45
td(aLe-aAD) Delay time, ALE signal to address output tia (1/2)T—60 Min
twiaLe) ALE pulse width t (172)T—20 Min
tdcaLe-cLk) | Delay time, ALE to CLK tick (1/2)T—60 Min
td(aLe-conT) | Delay time, ALE to control signal tie (1/2)T—30 Min
tozx(RB-ap) | Address enable time from read taae (172)T—10 Min
td(GonT.ap) | Address valid time after conlo! signal tca CL=150pF (1/2)T—40 Min
td(oa-WR) Delay time, data output to WR signal tow (3/24+-N)T—60 Min
td(WR-pA) Delay time WR signal to data output two (1/2)T—60 Min
tw(conT) Control signal pulse width tee (3/24+N)T—80 Min
td(conT-aLe) | Delay time, CONT to ALE signal teL (172)T—110 Min
td(cLk-HLDA) | Delay time, CLK to HLDA signal thack (1/2)T—50 Min
toxz(HLDA-BUs) | Bus disable time from HLDA thaer (1/2)T+50 Max
tozx(HLDA-BUS) | Bus enable time from HLDA thase (1/2)T+50 Max
td(GonT-cont) | Control signal disable time try (3/2)T—80 Min
N p— Delay time, address output to control | ADo~AD> e T—80 Min
signal Ag~Ais T—50
MITSUBISHI i
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MSL808S5AP

8-BIT PARALLEL MICROPROCESSOR

TIMING DIAGRAM

Write Cycle

T | T2 ‘ Twair ' T3 | T
CLK \ / \ / \ /
td(aLe—aLk)
As~Aus X ADDRESs ’ X
be-td(aLE—DA) = . td(cont—an)
ADo~AD; ADDRESS
| twiace) td(aLE—AD) td(oa-wr) td(Wr—pa)
|
ALE ﬂ N td(wrHL—DA) /
td(ap—ALE) : 7
w(CoNT)
— \
WR [diae—cony) A~ [td(conT—ALE)
td(ap—conm) —
’ tsucrovy—an) o th(roy—cLk)
READY i‘su(mv—cu@ /
Read Cycle
| T \ T \ Twarr [ T | T
CLK
td(ALE—CLK)] td(cont—AaD)
Ag~Ais [ ADDRESS _
tsu(pa—an) td(pa—RD) |1DzX(RD—AD)
ADg~AD; ADDRESS ——\ \\ X DATA IN K
1 — —
}«—-tw-f d(aLe—AD) |t m5—a0 tSU(DA—ALE) td(conT—ALE)
ALE ) N
d(AD—ALE) . tsu(oa—rD) )
tw( )
RD/INTA '(d(ALE—CONTf\L OOt AZ
' td(ap—conm) !
tsutroy—aD) th(RoY—CLK)

T re —
READY ‘\ SU(RDY cm)k

212 MITSUBISHI
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MSL808SAP

8-BIT PARALLEL MICROPROCESSOR

Hold Cycle
T2 T3 Thoto Thovo Ti
w N\ /N /N /S N/
{
HOLD j
tsu(nLo—cLk) td(cLk-HLDA)
th(nLo—cuk) i f
HLDA } toxz(HLDA—BUS)
,
tozx(HLOA—BUS)
[
L —
BUS (ADDRESS, CONTROLS) f
| S
|
Interrupt and Hold Cycle
' noon | ’ LT S S R P . e
YA ARNY AR WA WA AN ALY AN AR W A
—

1

Ag~15 X
ADo-; X > cALL INsT ) o f—l —

BUS FLOATING

ALE /-_\ /_\

e [0 T\ :

tsu(iNT—cLK) thanT—CLK)

|

{ &

INTA \ ___/ tozx(HLDA—BUS) \
HOLD Y/l a R I 7\

-t
tsu(HLD—CLK) th(nLo—cLK)

HLDA o — "}

toxz(HLDA—BUS)

td(cLk—HLDA)

Clock Output Timing Waveform

X; INPUT
tdx-cLk) | tdixi-Grk) twicLk) k)
-
trcik) [ -~
CLOCK OUTPUT f X ' h
tw(TIK)
teierk)
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MSL8085AP

8-BIT PARALLEL MICROPROCESSOR

TRAP INTERRUPT AND RIM INSTRUCTIONS

TRAP generates interrupts regardless of the interrupt enable
filp-flop (INTE FF). The current state of the INTE FF is

stored in flip flop A (AFF) of the CPU and then the INTE FF

is reset. The first RIM instruction after the generation of a
TRAP interrupt differs in function from the ordinary RIM in-
struction. That is, the bit 3 (INTE FF information) in the accu-
mulator ((A) ;) after the execution of the RIM instruction
contains the contents of the A FF, regardless of the state of
the INTE FF at the time the RIM instruction is executed.
These details are shown in Fig.2, Tables 1 and 2.

Table 1 TRAP interrupt and RIM instructions
Number
Condition o ! 2 3 4 5 6
instruction in address a-1 El El El DI DI Di
Instruction in address a+2 El NOP DI El NOP DI

Contents of (A)3 after the ex-
ecution of the RIM instruction in 1 1 1 ‘0 0 0
address a+3

State of INTE FF after the ex-
ecution of the RIM instruction in 1 0 0 1 0 0
address a+3

Contents of (A) 3 after the ex-
ecution of the RIM instruction in 1 0 0 1 0 0
address a+4

State of INTE FF after the ex-

ecution of the RIM instruction in 1 0 0 1 0 0
address a+4
Note 3 : The contents of (A); after the excution of the RIM instruction is
MEMORY an information of the INTE FF. The INTE FF assumes state "1”
a—2 ADDRESS when it is in the El state, and “0” when it is in the DI state.
_ 24,6
TRAP a—1 (2) Table 2 TRAP interrupt and INTE FF processing
INTERRUPT —~ @ NOP 3) RET
m ari[Nor |-— |
at2 NO @
a+3] RIM
a+4| RIM YES
JAFF—INTE FF|
Fig. 2 TRAP interrupt processing INTE FF—0
Below are the explanations of Fig. 2. 4@ NO
1. The TRAP interrupt request is issued while the instruc- VES
tion in address a is being executed. (A)s—A FF
2. The TRAP interrupt causes the same action as an RST IAFF—INTE FF
instruction and then jumps to address 24;5. T
3. It returns to address a+1 after executing the RET in- 0
. RIM?>-NO
struction. ,
Table 1 shows the information in the INTE FF at address YES
a+3 and a4 when the instructions El and/or DI are ex- (A)3+-
ecuted at addresses @ —1 and a +2. 'NIE FF
Fig. 3 is a flow chart of the TRAP interrupt processing

routine. END
yx |PUSH~—|} SAVING REGISTER
RIM
‘ PUSH }SAVING INTE FF
24,6| CALL F:,SW
TRAP (x) E TRAP INTERRUPT
INTERRUPT—— a | ADD D () ' PROCESSING PROGRAM
REQUEST 27| RET 3
POP
PSW
ANI
08,, |['NTE FF RETURN PROCESSING

Jz
(xa)
(xb)

\ POP - }RETURNING REGISTER
\ El
. RET

1xbxalpop----| } RETURNING REGISTER
v--4 RET

Fig. 3 TRAP interrupt processing routine
MITSUBISHI
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MITSUBISHI LSIs

MSL.8085AP

8-BIT PARALLEL MICROPROCESSOR

PULL-UP OF THE RESET IN INPUT Figs. 6 and 7 are typical connection diagrams for a crystal

In order to increase the noise margin, the RESET IN input and CR circuit respectively.

terminal is pulled up by about 3kQ (typ) when the condition

ViZ Vi mesi) Is satisfied. Fig. 4 is a connection diagram of Conditions for Using a Quartz Crystal Element

the RESET IN input, and Fig. 5 shows the relation between 1. Quartz Crystal Specifications

input voltage and input current. ® Parallel resonance

® The frequency is 2 times the operation frequency (2 ~
6. 25MHz)

® Internal load capacitance: Approx. 16pF

Parallel capacitance: Below 7pF

® Equivalent resistance: Below 75 Q (for operation above

_ 4MHz)

® For operation in the range 2 ~ 4MHz, the resistance
showld be made as small as possible.

® Drive capability: Above 5mW (the power at which the
crystal will be destoryed) )

INSIDE CPU
Vee

RESET IN

2. External Circuitry

Fig. 4 Connections of RESET IN input ’

M5L8085AP
1 2
(mA) Cis: Writing capacitance of pin X;
o6l Czs:  Writing capacitance of pin“Xz
jll|> Cis:  External capacitance at pin X;
E l J_ Co:  External capacitance at pin X,
IE'.:J Cis Ci. = Ca 2= Cos Ci=Ci.+Cis
x l l I l C2=Ca+Cos
o
=
>
a
z .
® For operation above 4MHz:
0 Vin ) Ci=C,=10pF
INPUT VOLTAGE ® For operation below 4MHz:
C1=Cz=15pF

Fig. 5 RESET IN input current vs input voltage

DRIVING CIRCUIT OF X; AND X, INPUTS

Input terminals, X; and X, of the M5L8085AP can be driven External Clock Driver Circuit
by either a crystal, RC network, or external clock. Since the

driver clock frequency is divided to 1/2 internally, the input
frequency required is twice the actual execution frequency
(6MHz for the M5L8085AP which is operated at 3MHz). Figs. éﬂv LOW TIME >60ns

4700/
X

! Xi [
10pF -[ X +5v
l - M5L8085AP
2 X 4700
10pF I X2
X2
OSCILLATION FREQUENCY . .
1~6MHz PARALLEL Pullup resistors are required to assure that
RESONANT CRYSTAL OSCILLATION FREQUENCY the high level voltage of the input is at least
OSCILLATOR IS USED ABOUT 3MHz av.
Fig. 6 Connections when Fig. 7 Connections when
crystal is used for RC network is used
Xy and X; inputs for X; and X inputs

MITSUBISHI 715
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MSL8085AP

8-BIT PARALLEL MICROPROCESSOR

WAIT STATE GENERATOR
Fig. 8 shows a typical 1-wait state generator for low speed
RAM and ROM applications.

M5LB085AP
CLK(OUT)

2D 2CK  2Q
1D M74LS74P
1RD 1CK 1Q

YaLE|
5y MSLB08BAP

L 7

READY
M5L8085AP

Fig. 8 1-wait state generator

RELATION OF RIM AND SIM INSTRUCTIONS
WITH THE ACCUMULATOR
(SUPPLEMENTARY DESCRIPTION).

The contents of the accumulator after the execution of a RIM
instruction is shown in Table 3.

The contents of the accumulator after the execution of a
SIM instruction is shown in Table 4 .

Table 4 Relation of the SIM instruction
with the accumulator

SERIAL OUTPUT DATA

SOD SET ENABLE
VALUE IN BIT 7 IS TRANS-
FERRED TO SOD LATCH
WHEN SSE IS "1”

NOT USED

RST 7.5 PENDING RESET
PENDING FLIP-FLOP OF
RST 7.5 IS RESET WHEN
R7.5is "1”

-MASK SET ENABLE
ENABLES SET/RESET OF MASKS
FOR BITS 0~2, WHEN MSE IS "1”

-MASK SET/RESET OF RST7.5

MASK SET/RESET OF RST6.5

MASK SET/RESET OF RST 5.5
SET=1:INTERRUPT DISABLE
RESET=0:INTERRUPT ENABLE

[soofsse] x Jr7. sJusewrsvesfus 5| Sone oL xR

7 6 5 4 3 2 1 0
Table 3 Relation of the instruction RIM
with the accumulator
SERIAL INPUT DATA (SID)
STATE OF UNFULFILLED
INTERRUPT REQUEST
17.5:STATE OF PENDING
FLIP-FLOP
I9-3}:STATE OF TERMINALS
" " RST 6.5 AND RST 5.5

STATE OF INTERRUPT ENABLE
FLAG ("1” WHEN ENABLE)
STATE OF INTERRUPT MASK

{ ("1” WHEN THE MASK IS SET)
CONTENTS OF

[so]i7.efi6.5fi5.5] i [wrgwesfuss]  ROS MU ATOR
7 6 5 4 3 2 1 0
- MITSUBISHI
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8-BIT INPUT/OUTPUT PORT WITH 3-STATE OUTPUT

MITSUBISHI LSIs

MSL8212P

DESCRIPTION

The MS5L8212P is an input/output port consisting of an 8-bit
latch with 3-state output buffers along with control and de-
vice selection logic. Also a service request flip-flop for the
generation and control of interrupts to a microprocessor is
included.

FEATURES

Parallel 8-bit data register and buffer

Service request flip-flop for interrupt generation
Three-state outputs

Low input load current: I, =absolute=250xA(max.)

High output sink current: Io, =16mA(max.)

High-level output voltage for direct interface to a
M5L8080AP, S CPU: Vou=3. 65V(min.)

APPLICATIONS

® Input/output port for a M5L8080AP, S

® Latches, gate buffers or multiplexers

® Peripheral and input/output functions for microcomputer
systems

FUNCTION

Device select 1 (DS;) and device select 2 (DS,) are used
for chip selection when the mode input MD is low. When
T& is low and DS; is high, the data in the latches is trans-
ferred to the data outputs DO; ~ DOg, and the service re-
quest flip-flop SR is set. Also, the strobed input STB is ac-
tive, the data inputs DI;~Dlg are latched in the data latches,
and the service request flip-flop SR is reset.

PIN CONFIGURATION (TOP VIEW)

DEVICE SELECT DS —[1] g Ve (5V)

MODE INPUT MD—[2] —TNT CONTROL SIGNAL
DATA INPUT DI —[3] 22+ DIs DATA INPUT
DATA OUTPUT DO;+[4] 2] DOs DATA OUTPUT
DATA INPUT DI —[5] = 20+ DI, DATA INPUT
DATA OUTPUT DO, +[€] o T9— DO, DATA OUTPUT
DATA INPUT Dls—[7] 5 T8+ Dis DATA INPUT
DATA OUTPUT DOs+[8] o [[7]—+DOs DATA OUTPUT
DATA INPUT DIy —[3] Bl Dls DATA INPUT
DATA OUTPUT DO, +[[0) — DOs DATA OUTPUT

STROBE INPUT sTB—[T1 T4+ CIR CLEAR
(ov)anD 12 T3+ DS. DEVICE SELECT
Outline 24P4

When MD is high, the data in the data latches is transfer-
red to the data outputs. When DS; is low and DS; is high,
the data inputs are latched in the data latches. The low-level
clear input CLR resets the data latches and sets the service
request flip-flop SR, but the state of the output buffers is not
changed.

BLOCK DIAGRAM

@) Ve (5V)
(12) GND. (0V)
STROBE INPUT STB
INTERRUPT
MODE INPUT MD > @ T CONTROL
DEVICE SELECT DS l’ SIGNAL
DEVICE SELECT DS " i
50} DO

T

DIz ._@ —> DO

Dl ].U ‘! 4 WR DO;

Dl 2 - L DO« | pata
DATA INPUTS '—E_‘ S DOs | OUTPUTS

Dis > 1 g

ﬁ' P\ DOs
Dls _E"gmi! ,jy
Dl; 5 4 D>— DOy
TR
Dlg :ﬁ: DOs
CLEAR CLR 5 ,\_, i
MITSUBISHI 2—17
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MITSUBISHI LSIs

MSL8212P

8-BIT INPUT/OUTPUT PORT WITH 3-STATE OUTPUT

ABSOLUTE MAXIMUM RATINGS (Ta=0~75T, unless otherwise noted)

Symbol Parameter : Conditions Limits Unit
Vece Supply voltage 7.0 \
v, Input voltage DSI, MD inputs Vee v
Vi Input voltage all other inputs except DSI, MD 5.5 v
Vo Output.voltage Vece v
P4 Power dissipation 800 mw
Topr Operating free-air temperature range 0~75 c
Tstg Storage temperature range —55~125 c

RECOMMENDED OPERATlNG COND|T|0NS (Ta=0~75C, unless otherwise noted)

Limits )

Symbol Parameter - Unit
’ Min Nom Max

Vce Supply voltage 4.75 5.0 5.25 \"

lon High-level output current —1 mA

loL Low-level output current 16 mA

ELECTRICAL CHARACTERISTICS (12=0~75C, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
ViH High-level input voltage 2 \
Vo Low-level input voltage 0.85 \%
Vie Input clamp voltage Vec=4.75V, lic=—5mA —1 \"
Vee=4.75V, V=2V
Vou High-level output voltage 3.65 v

Vi =0.85V, loy=—TmA

Vee=4.75V, Viy=2V,
VoL Low-level output voltage 0.45 v
Vii=0. 85V, lo,=15mA

Vee=5. 25V, Viy=2V,
loz Three-state output current 20 zA
V. =0.85V, Vg=5. 25V

Vec=5. 25V, Viy=2V,
loz Three-state output current —20 A
Vii=0. 85V, Vo=0. 45V

High-level input current, STB DS2, CLR,

liy Voc=5. 25V, V,;=5. 25V 10 KA
Dli~Dlg inputs

hy High-level input current. MD input Vec=5. 25V, V=5. 25V 30 A

lin High-level input current, DST input Vec=5. 25V, V,=5. 25V 40 ~A
Low-level input current. STB, DS2, CLR,

e Voo=5. 25V, Vi=0.5V —0.25 mA
Dl ~Dlg inputs

Ly . Low-level input current. MD input Vee=5. 25V, Vi=0.5V —0.75 mA

I Low-level input current. DST input Vee=5. 25V, V,;=0.5V —1 mA

los Short-circuit output current (Note 3) Vec=5.0V —15 —75 mA

lec Supply current from Vgc Vec=5. 25V 130 mA

Note 1 : All voltage are with respect to GND terminal. Reference voltage (pin 12) is considered as 0V and all maximum and minimum values are de-
fined in absolute values.

2 : Current flowing into an IC is positive, oyt is negative. The maximum and minimum values are defined in absolute values.
3 : All measurements should be done quickly, and two outputs should not be measured at the same time.

TIMING REQUIREMENTS (Ta=0~75C, Vcc=5V+5%, unless otherwise noted)

Limits )

Symbol Parameter Test conditions Unit
: Min Typ Max

tw(ps2) | Input pulse width, DST, DS2 and STB 30 ns

tsu(pa) | Data setup time with respect to DST, DS2 and STB 15 ns

th(pa) Data hold time with respect to DST, DS2 and STB 20 ns

2—18 MITSUBISHI
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M5L8212P

8-BIT INPUT/OUTPUT PORT WITH 3-STATE OUTPUT

SWITCHING CHARACTERISTICS (Ta=0~75C , Vcc=5V£5%, unless otherwise noted)

Limits
Symbol Parameter Test conditions (Note 4) Unit
Min Typ Max
teHL(DI-DO) High-to-low-level and low-to-high-level output propagation 30
ns
teLn(ot-po) | time, from input DI to output DO
C_=30pF, Ry=300Q, R»=6000
teHL(Ds2-p0) | High-to-low-level and low-to-high-level output propagation 20
J— ns
teLn(ps2-p0) | time. from input DS1, DS2 and STB to output DO
tPHL(sTB-I_N—T) High-to-low-level output propagation time, from input STB to output INT 40 ns
tpzL(MD-DO) Z-to-low-level and Z-to-high-level output propagation C_=30pF, Ry=300Q, R>=26008 5
J— ns
tpzH(mMp-po) | time, from inputs MD, DS1 and DS2 to output DO C_=30pF, Ry=10kQ, R=1kQ
teHz(mp-0o) | High-to-Z-level and low-to-Z-level output propagation C_=5pF, Ri=10kQ, R2=1kQ 5
J— ns
teLz(mp-po) | time, from inputs MD, DS1 and DS2 to output DO C_=5pF, R,=3000, R>=6000Q
High-to-low-level output propagation time, from input )
tPHL(CTR-00) | —— C=30pF, R,i=3009Q, R,=600Q 55 ns
CLR to output DO
Note 4 : Test circuit
Vee
E IN Ru
out
Rez
500 s
MITSUBISHI 219
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M5L8212P

8-BIT INPUT/OUTPUT PORT WITH 3-STATE OUTPUT

TIMING DIAGRAMS REFERENGE LEVEL=15V

o
Dh~Dlg X P
L N T R \—---———-—-—-—-----————-——
e _tw th(pa)
tsucoa)
DS;, DS, STB ) tPHL(DS2-DO)
! ! tpLH(DS2—-DO)
DOy ~DOs P4
W W WS WS WS S S G S R WY W W W e 4
o e
O1~Dls X j( |
- 4 tsu(DA) — th(DA) - A N G G
DS, DS, STB teHL(DI-DO) q\
teLn(oI—p0)
. e - o - —
DO1~DOg ’ 4
- — - ———— - -
DS), DSz, MD 4/
:PZL(MD—DO) tenz(MD—DO) 0.5V
PZH(MD—DO) teLz(MD~DO) .
—————————————— ——-—-—--—---——L VOH
DO;~DOg )¢ -}.- _________________
- - ——— - - - f VOL
0.5V
tw
L t = teHL(sTB—INT)
- S
tw g
CLR \§ ;‘
= tPHL(CIR-DO)
DO1~D0g
2—-20 MITSUBISHI
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MSL8216P /MSL8226P

4-BIT PARALLEL BIDIRECTIONAL BUS DRIVERS

DESCRIPTION

The M5L8216P and M5L8226P are 4-bit bidirectional bus
drivers and suitable for the 8-bit parallel CPU M5L8080AP, S
(8080A).

FEATURES
® Parallel 8-bit data bus buffer driver
® Low input current DIEN, CS:

l,.=—500A(max.)

DI, DB: I =—250u«A(max.)
® High output current M5L.8216P
DB: lor=55mA(max.)
lon=—10mA(max.)
DO: lon=—1mA(max.)
M5L8226P
DB: lor=50mA(max.)
lon=—10mA(max.)
DO: lon=—1mA(max.)

® Outputs can be connected with
the CPU M5L8080AP, S:
® Three-state output

Vor=3. 65V(min.)

APPLICATION
Bidirectional bus driver/receiver for various types of micro-
computer systems.

FUNCTION
The M5L8216P is a non-inverting and the M5L8226P is an in-
verting 4-bit bidirectional bus driver.

PIN CONFIGURATION (TOP VIEW)

Y
CHIP SELECT ==
INPUT CS _’E

E Vec

—__DATA
E“ DIEN ENABLE INPUT

E—- DO; DATA OUTPUT

BIDIRECTIONAL
‘__3-|" DBs pATA BUS

DATA OUTPUT DO, «—IZ

BIDIRECTIONAL 1y ..
DATA BuS DBo E

DATA INPUT Dlo —’E

d92281SN
Ho
d91281S

DATA OUTPUT DOy *—E E'— Dl3 DATA INPUT

BIDIRECTIONAL DB, ‘_,E

DATA BUS E—’ DO; DATA OUTPUT

DATA INPUT Dh—‘ﬁ
GND E

Outline 16P4

< DR, BIDIRECTIONAL
E DBz paTA BUS

E"‘ Dl2 DATA INPUT

When the terminal CS is high-level, all outputs are in
high-impedance state, and when low-level, the direction of
the bidirectional bus can be controlled by the terminal DIEN.

The terminal DIEN controls the data flow. The data flow
contral is performed by placing one of a pair of buffers in
high-impedance state and allowing the other to transfer the
data.

BLOCK DIAGRAM

DATA INPUT

DATA OQUTPUT

DATA INPUT
DATA QUTPUT BIDIRECTIONAL
DATA INPUT DATA B3
DATA OUTPUT
DATA INPUT
DATA OUTPUT

CHIP

DATA SELECT INPUT
ENABLE INPUT

GND

M5L8216P

DATA INPUT

DATA OUTPUT

DATA INPUT

DATA OUTPUT BIDIRECTIONAL

DATA BUS

DATA INPUT

DATA OUTPUT
DATA INPUT

DATA OUTPUT

CHIP
DATA SELECT INPUT
ENABLE INPUT

GND

M5L8226P
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M5L8216P /MS5L8226P

4-BIT PARALLEL BIDIRECTIONAL BUS DRIVERS

ABSOLUTE MAXIMUM RATINGS (12=0~75C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vece Supply voltage 7 \
v, Input voltage, CS. DIEN. Di inputs With respoct to GND 5.5 v
V, Input voltage. DB input Vece \%
Vo High-level output voltage . Vece \"
Pd Power dissipation Ta=25C 700 mwW
Topr Operating free-air temperature range 0~75 c
Tstg Storage temperature range ’ —65~-4150 c

RECOMMENDED OPERATING CONDITONS (Ta=0~75C, unless otherwise noted)

Limits _
Symbol Parameter i Nom iax Unit
Vece Supply voltage 4.75 5 5.25 v
lon High-level output current. DO output —1 mA
lon High-level output current. DB output . —10 mA
loL Low-level output current. DO output 15 mA
loL Low-level output current. DB output ‘ 25 mA

ELECTRICAL CHARACTERISTICS (T2=0~75C, unless otherwise noted)

Limits
Symbol Parameter Conditions Unit
Min Typ Max
Vin High-level input voltage .2 \"
Vi Low-level input voltage 0.95 \"
Vic Input clamp voltage . Veo=4.75V, lc=—5mA —1 \"
Vou High-level output voltage. DO output : lon=—1mA 3.65 v
Vou High-level output voltage. DB output lon=—10mA 2.4 \
Vec=4.75V
Vou Low-level output voltage. DO output o=y lor=15mA 0.45 \%
Vour Low-level output voltage. DB output VIH—O a5V loL=25mA 0. 45 \
: M5L8216P e loL=55mA 0.6 v
Voirz Low-level output voltage. DB output
M5L8226P lo,=50mA 0.6 \
| Off-state output current. DO output 20 A
OzZH P P! Vo=5. 25V
lozu Off-state output current. DB output 100 A
Vee=b5. 25V
lozL Off-state output current. DO output Vom0, 45V —20 HA
lozL Off-state output current. DB output } o —100 uA
lin High-level input current. DIEN. CS inputs ! Vee=b5. 25V, Vjy=4.5V 20 HA
[ High-level input current. DI, DB inputs V. =0V, V,=5.25v 10 uA
Iy Low-level input current. DIEN CS inputs Vee=5. 25V, Vip=4.5V —500 A
e Low-level input current. DI, DB input Vi =0V, V,=0. 45v —250 MA
los Short-circuit output DO output (Note 2) —15 —65 mA
Vee=b5. 25V, Vo=0V
los Short-circuit output. DB output (Note 2) —30 —120 mA
| Sunpi " M5L8216P 100 mA
u curren
©e PRy M5L8226P 100 mA
Vee=5.25V
| Supo! ‘ M5L8216P 120 mA
upply current z
coz M5L8226P 100 mA

Note 1 : Current flowing into an IC is postive, out is negative.
2 :  All measurements should be done quickly, and not more than one output should be shorted at a time.

2 MITSUBISHI
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MS5L8216P /M5L8226P

4-BIT PARALLEL BIDIRECTIONAL BUS DRIVERS

SW'TCH'NG CHARACTERISTICS (vcc=5V+5%, T,;=25TC , unless otherwise noted)

Limits
Symbol Parameter Conditions Unit
(Note 3) Min Typ Max
tprL(DB-DO) High-}to-low and low-to-high output propagation time. CL=30pF, Ru=3000, RL=6000 25 ns
teLr(oe-po) | from input DB to output DO
teuLiorog) | High-to-low and low-to-high output | M5\ 8216P 30 ns
propagation time. from input DI to C=300pF, R,1=9002, R2=180Q
teLn(o-oB) | output DB M5L8226P 25 ns
tpHz(Ts-p0) | High-to-Z and low-to-Z output propagation time. C=5pF, Rui=10k®, Rp=1kQ 35 s
. == n
tez(@s.00) | from inputs DIEN. CS. to output DO CL=5pF, R=300Q, R,=6000
1 ML8216P C,=30pF, Ru=10kQ, R 1kQ € ns
PZH(CS-DO) . L=3UpF, Ru= » R2=
Output enable time. M5L8226P 54 ns
from inputs DIEN. CS to output DO | M5L8216P 65 ns
tpz(Gs C_=30pF, Ru=300Q, R>=600Q
PZL(CS-DO) M5L8226P L P 8] L2 54 ns
tpuz(cs-pe) | Output disable time. from inputs DIEN. CS. to CL=5pF, R=10kQ, R2=1k 3 ns
tpLz(Gs.0m) | Output DB C_=5pF, Ru=90Q, R2=1800
% MsL8216P C_ =300pF, Ru=10k{}, R2=1kQ & e
PZH(CS-DB) L=3WpF, Ru= » Re=
Output enable time. from inputs M5L8226P : 54 ns
DIEN. CS. to output DB M5L8216P 65 ns
tpzL(Cs- C.=300pF, R,=90Q, R2=180Q
PZL(CS-DB) M5L8226P L o] Ll L2 54 e
TIMING DIAGRAM (Reference level=1.5V)
Note 3 : Test circuit
DBy~DB3
Dlg~Dl3
teLH(DB-D0): tPLH(DI-DB)
tpHL(DB—DO), tPHL(DI—DB)
DOy~DOs
DBy~DB3
PG
_— 509)
DIEN, CS
tpzH(CS—D0): tPzH(CS—DB) tpHZ(CS—00)s tPHZ(CS—DB)
tpzL(CS—po) tPzL(CS—DB) tpz(CS-00), tpL2(CS-DB)
DOy~DOs N
DBy~DBs \&
APPLICATION EXAMPLES 3
Fig. 1 shows a pair of M5L8216Ps or M5L8226Ps which are Dol ~~—DBo
directly connected with the M5L8080A CPU data bus, and o8
their control signal. Fig. 2 shows an example circuit in which
the M5L8216P or M5L8226P is used as an interface for mem- Dy DB,
ory and 1/0 to a bidirectional bus. D
3 |~ ~—DB;
M5L8080AS SYSTEM DATA BUS
D4 DBs
Ds| DBs
D| DBs
D7} DB,
—— BUSEN
Fig. 1 Data bus buffer
MITSUBISHI
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MS5L8216P /M5SL8226P

4-BIT PARALLEL BIDIRECTIONAL BUS DRIVERS

MEMORY

1/0

INTERFACE

4 44

4 4

DI DO

5 .
DIEN cs

M5L8216P

OR
M5L8226P
DB

DI DO

DIEN Cs

M5L8216P
OR
M5L8226P

DB

4 4 4 4
DI DO DI DO
15 115 1
MEMR DIEN CcSp- rdqDIEN cs
M5L8216P M5L8216P
OR OR
M5L8226P M5L8226P
DB DB
BUSEN
4 4

8

BIDIRECTIONAL DATA BUS

Fig. 2 Memory and 1/O interface to bidirectional data bus

PRECAUTIONS FOR USE

When the M5L8216P data input or two-way data bus is set to
high to disable-output from the two-way bus or data output,
care is required as a low glitch of approximate width 10ns

will be generated.
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M5L8282P/M5L8283P

OCTAL LATCH

DESCRIPTION
The M5L8282P and M5L8283P are semiconductor integrated PIN CONFIGURATION (TOP V|EW)
circuits consisting of sets of eight 3-state latches for use with Dlo _.II ~ E Vee (5V)
various types of microprocessors.
Y P on —[2] [79] — DOo
FEATURES ol —[3] 18] Doy
® 3-state, high-fanout output B Dl _.E z E_. DO;
.......................................... (IOL_32mA1 |0H=—5mA) DATA INPUTS o E (rE E_. 00
® Low power dissipation ! [: 3 :] ’ DATA OUTPUTS
DIs—| 6 o 15| — DO4
5
APPLICATION o = [7] [12]— 00s
Data latches for various microcomputer systems oI E .1-_3] DOs
- -
OUTPUT ENABLE == _, -
FUNCTION wer OF ~[] 12~ oo,
The M5L8282P and M5L8283P are latches with non-inverted GND [E E« STB STROBE INPUT
and inverted outputs, respectively.
When the strobe input STB is high, the data inputs Dlp~ Outline 20P4
DI; are passed through the data outputs DOy ~ DOy N\
(M5L8282P) or to the data outputs DOy~ DO; (M5L8283P), D'°_’[_T. _Z_EI Vee (5V)
changes in the DIy~ DI, signals being reflected in the data DI —-E 19| — DO,
outputs. Dl _‘E E_, o,
If the STB is changed from high to low, the data Dlp~Dl; E =1 55
just before the change is latched. If the DI data is changed DATA INPUTS Dl E :I DO
while STB is low, this change is not reflected in the data Dh—-E [ E“ DOs
@® DATA OUTPUTS
outputs. ois—[6] > [15]~ 5%
When OE is made high, all the data outputs go into the . “’E % E*D_’
high-impedance state, the data latched prior to OE going ® [: :] _j
high being held. DI, |8 13|~ DOs
TE == o
curr e o L1 - oo
eno [ [11]« sT8 stRoBE INPUT
Outline 20P4

BLOCK DIAGRAM

.

I @) Ve - @ Vee
DI CI - -
° cLi Dlo Q_:&K 1309 5O,
o919 DOy I 0 .
DI D 1 rYiren
' CLx i ol @L[’L Rk ! Do
OF>—(18) DO, ' 0 1
D! D 1 1 - ISTe N
2 P« Dl é} B 1»(? b0,
o DO, I 0| '
DATA INPUTS 4 DIz (4 D ' DATA INPUTS < Di3 @L D \—l@'—ooa DATA OUTPUTS
dcLk FaCLK
o—;—qb DO3p DATA OUTPUTS . 0 i
bl G D 1 ’ Bo.
4 Rk Dl ¢ —-OELK 1 Hl@ DO,
' o] = DO4 H 0 1
Dis (8 D 1 ! DI ¢ D o DOs
—qCLK s —9CLK IH < m DOs
o9 Dos ' 0 )
Dis @ D 1 I Dls (7:) D 1 l@tﬁ'
ek I d
T e T
Dl 7 i DI D 11— Do,
dCLK 7 P! Do,
STROBE INPUT STB (D O DG, STROBE INPUT STB (@) Q
OUTPUT ENABLE OE (9 | ' OUTPUT ENABLE 5t (3)d X
INPUT ® _ _ input O ©
(9 GND -———— - —({) GND
M5L8282P M5L8283P
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M5L8282P/M5L.8283P

OCTAL LATCH
ABSOLUTE MAX'MUM RAT'NGS (Ta=0~75T, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~+47 v
\A Input voltage —0.5~+5.5 \Y
Vo Output voltage —0.5~Vce \
Topr Operating free-air temperature range 0~+75 C
Tstg Storage temperature range —65~-+150 C

RECOMMENDED OPERATING CONDITIONS (12=0~75C, unless otherwise noted)
I Limits
Symbol Parameter Unit
Min ] Nom Max
Vce Supply voltage 4.5 1 5 5.5 \%
lon High-level output current | Vou=2.4V 0 [ —5 mA
lou Low-level output current VoL =0. 45v 0 1 32 mA
ELECTRICAL CHARACTERISTICS (1,=0~75C, uniess otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vin High-level input voltage 2 \
Vie Low-level input voltage 0.8 \
Vic Input clamp voltage Vec=4.5V, I.c=A—5mA —1 \Y
Von High-level output voltage Vee=4.5V, lon=—5mA 2.4 \Y
VoL Low-level output voltage Vee=4.5V, lor.=32mA 0. 45 \%
lozn Off-state output current, high-level applied to the output| Vco=5. 5V, V=2V, Vo=5. 25V 50 #A
lozL Off-state output current, low-leve! applied to the output | Vcc=5.5V, V=2V, Vo=0. 4V —50 ~A
ik High-level input current Vee=5.5V, V,=5. 25V 50 #A
e Low-level input current Vee=5.5V, V,=0. 45V —0.2 mA
lec Supply current Vee=5.5V 80 mA
. F=1MHz, Vgjas=2.5V
Input t 12 F
Cin nput capacitance Veo=5V, Ta=25C p
SWITCHING CHARACTERISTICS (vcc=5v+10%, Ta=0~75TC, unless otherwise noted)
T M5L8282P M5L8283P
Alternate Test - — — )
Symbol Parameter Limits Limits Unit
symbol conditions
Min Typ Max Min Typ Max
t Propagation time from D! input to DO
tPLH or DO for low-to-high or high-to-low Tvov 5 30 5 22 ns
PHL change ) '
¢ Propagation time from STB input to
tPL” DO or DO for low-to-high and high- TsHov 10 45 10 40 ns
PHL to-low change
(Note 2)
tezn Prti)igauon time from OE Amput to DO Tecov 10 30 10 30 ns
tezL or DO output when output is enabled
. Propagation time from OE input to DO
tPHZ or DO output when the output is dis- Tenov 5 18 5 18 ns
PLz abled
o From 0.8V
tr Output rise time ToLon to2V 20 20 ns
From 2V
tf Output fall time TonoL t00.8V 12 12 ns
34 MITSUBISHI
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M5L8282P/M5L.8283P

OCTAL LATCH

TIMING REQUIREMENTS (Voc=5V£10%, Ta=0~75C , unless otherwise noted)

Alternate Limits :
Symbol Parameter Test conditions Unit
symbol Min Typ Max
tw(sTen) | Strobe STB high pulse width TsHsL 15 ns
tsu Strobe STB setup time for Dio~Dl; TivsL 0 ns
th STB hold time for Dig~Dli TsLix 25 ns
tr Input rise time TiuH From 0.8V to 2V l 20 ns
tf Input fall time ' TiLin From 2V to 0.8V r 12 ns
Note 1 : Test Circuit Note 2 :
INPUT Veo ouTPUT TEST ITEM teLn, teuL f teLz, tezL tenz, tezn
r==="1
1 1
! 2.14v 1.5v 1.5v
P.G. DEVICE circurT!
UNDER TEST o1 l
1
500 52.7Q 330 1800

| M.

1
|
!
1
7J7 - LOAD CIRCUIT . ﬂ
1I‘}OOpF 13OOpF 1300pF

TIMING DIAGRAM (Reference voltage=1.5V)

Dly~Dl; /
tsu th tsu_ _th
TN
STB
tw(steH)
o / ]
teLn tenL
0.1v |2.0V
DOy~DO;
teHL tenz tozn
tenL toLn
teun teLz oz
DOy~DOy 0.1 V‘¥7 0.8v
LY

PRECAUTIONS FOR USE

Care should be taken to accommodate the glitch that is
generated when STB goes from low to high with the output
low for the M5L8283P.

MITSUBISHI -
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M5L8282P/M5L8283P

OCTAL LATCH

APPLICATION EXAMPLES

(1) Use in the maximum mode

Vee m—l ]
LOCK

M5L8284AP MN/MX - CLK MRDC|——
cLo CLK 5 5 .
GENERATOR So S5 MWTC
RES -~ READY S Si AMWCH—>
={RESET 5, 5 M5g-3§83 ORCH—— } COMMAND BUS
l RDY DEN CTRLR TOWG f——=
pT R AlOWC|—
8086 ALE INTA|——
cPU
LOCK|—N.C.
STB
OE
AN
ADg~AD1s \‘/EADDH BATA > M5L8282P 1-MEGABYTE
Arg~Ag %_2%\5%-; ADDRESS BUS
BHE iy
-
LP>o=loE
(2)

(2) Use in the minimum mode

Ve ‘—-I[H—L

1 M5L82gAAP MN MXF=—Vcc
CLOCK =
GENERATOR[TJCYX MO
-t—- RES READY INTA
RESET B COMMAND BUS
l RDY WR
DT Rf-————~ 1
DENfp———— A :
8086 [ r==--"7
GPU D |
ALE —r STB :
[ —
[ F OE 1 .
M51.8282P
ADy~AD 1-MEGABYTE
Ris~Ars \J/:ADDRm)ATA LATCH :> ADDRESS BUS
BHE T d
[
o
I
I L
|
———-—=OE 1
———f M5L8286P %
——ITRANSCEIVER: K}:::}‘G-BIT DATA BUS
(2)
I 11
| [
| SR
* . Option
Required when the number of devices
driving the bus increases
MITSUBISHI
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CLOCK GENERATOR AND DRIVER FOR 8086/8088/8089 PROCESSORS

MITSUBISHI LSIs

MSL8284AP

DESCRIPTION
The M5L8284AP is a clock generator and driver for use with
the 8086, 8088 and 8089 processors.

It has a synchronous delay circuit and synchronous con-
trol circuit capable of controlling two Multibus (Intel
trademark) circuits.

FEATURES

® Crystal controlled stable output frequency

® Capable of synchronous operation with other
M5L8284APs

® External frequency input

® A power-on reset by means of an external capacitor and

resistor

APPLICATION
Clock driver and generators and driver for 8086, 8088, and
8089.

FUNCTION
The M5L8284AP is a clock generator/driver for the 8086, 8088
and 8089 microprocessors.

The clip contains a crystal controlled oscillator, a divided-
by-3 counter, a peripheral clock output provided divided-by-
2 counter, a reset circuit and ready circuit to ensure syn-
chronization to the CLK signal.

The reset input RES is used to generate the reset output
RESET as the CPU reset synched to the CLK signal. A
Schmitt trigger is used at the input side.

Thus, a reset signal can be output at power on by con-
necting a capacitor and resistor to the RES input.

PIN CONFIGURATION (TOP VIEW)
CLOCK hd
SINGHRONZATON CSYNG —[1] 18] Vee (5V)
PERIPHERAL — CRYSTAL
cLogk oushor Perk —[2] [17] 1 GRNINAL 1
ADDRESS ENABLE CRYSTAL
INpUTT AEN _’E z 6] x2 TERMINAL 2
READY INPUT 1 RDY 1 —[4] o [15]—AsvNe ERHG
@
ey EXTERNAL
READY OUTPUT READY [ 5| g [1a]—er1 EXTERNAL
READY INPUT2 RDY 2 —[6 ] S [13]«— F/T Q0K SELECTION
Y OSCILLATOR
ADDRESS ENABLE 7ER 7 —[7 [12]~osc §3%hT
CLOCK OUTPUT CLK 8] (1]~ RES RESET INPUT
(ovianD  [9] [10]— RESET Reser ourpur
Outline 18P4

The frequency/crystal selection input F/C can be used to
select the crystal oscillator circuit output or an external clock
input as the input for the divide-by-three counter.

By using these pins, the M5L8284AP output can be used
to drive multiple M5L8284AP devices.

The clock synchronization input CSYNC is used to oper-
ate multiple M5L8284APs in sync.

BLOCK DIAGRAM

CLOCK SELECTION INPUT

EXTERNAL CLOCK INPUT

| 18) Voo
RESET INPUT  RES @ # D Qf}—(0)RESET RESET OUTPUT
1 CKl! .
CRYSTAL
X1(17)
TERMINAL 1 CRISTAL 12
O VeTAL 2 (| ot OSC  OSCILLATOR OUTRUT
TERMINAL 2
—P>— > CLOCK OUTPUT

O

q CONTER
SY

IVIDED-8Y-3

(8) cLK
— G X

NC PERIPHERAL

J couer
cK
SYNC

(2) PCLK

CLOCK QUTPUT

CLOCK SYNCHRONIZATION
INPUT

READY INPUT 1
ADDRESS ENABLE INPUT 1 AEN

ADDRESS ENABLE INPUT 2 AEN 2
READY INPUT 2 RDY 2 (5)

READY OUTPUT

READY SYNCHRONIZATION

®

SELECTION INPUT ASYNC

MITSUBISHI
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MSL8284AP

CLOCK GEMNERATOR AND DRIVER FOR 8086/8088/8089 PROCESSORS

PIN DESCRIPTIONS

Input I
Pin Name or’ Function
output
_ When AEN1 and AEN2 are set low, RDY1 and RDY2 are enabled, respectively. By using these two inputs
AENT1, Address enable " i ) P y- By i 9 > two inp
AEND inout Input separately, the CPU can be used to access two Multibusses. When not used as a multimaster, AEN should
P be set to low. These inputs are active low.
RDY1 These inputs are connected to the output signal indicating the completion of data reception from a system
RDY2’ Bus ready input Input bus device or, indicating that data is valid. RDY1 and RDY2 are enabled when AEN1 and AENZ are low, re-
spectively. These inputs are active high.
This signal is used to select the synchronization mode of the READY signal generation circuit. When the
ASYNC Active low input Input ASYNC signal is set low, the READY signal is generated in two synchronization steps. When the ASYNC
signal is set high, the READY signal is generated in one step.
The state of RDY appears at this output in synchronization with the CLK output. This is done to synchronize
the READY output to the M5L8284AP internal clock because the RDY input generation is unrelated to the
READY Ready output Output K _p S ) put 9 )
CLK signal. This pin is normally connected to the CPU ready input and cleared after the required hold CPU
time has elapsed.
Crystal elerﬁent These pins are used to connect the crystal. The crystal frequency is 3 times of ‘CPU clock frequency. The
Xi, X2 tev):ninals Input crystal should be in the 12-25MHz range with the series resistance as possible as small. Care should be
taken that these pins are not shorted to ground.
= o When F/C is set low, CLK and PCLK outputs are driven from the crystal oscillator circuit. When it is set
F/C Clock selection input Input ) ) )
high, they are driven from the EFI input.
When F/C is set hi h, CLK and PCLK output signals are driven from this pin. A TTL level rectangular signal
EFI External clock input Input ) 9 put sig p 9 9
and three times of the CPU frequency should be used.
This output is connected to the clock inputs of the CPU and the peripheral devices on the local bus. The
output waveform is 1/3 the frequency of the crystal oscillator connected at X; and Xz or the signal applied
CLK Clock output Output ) X i . i
to the FEI input, and has a duty cycle of 1/3. Since for Vcc=5V, Vou=4. 5V, this output can be directly drive
the CPU clock input.
PCLK Peripheral clock Outout This output provides a clock signal for use with peripheral devices. The output waveform is 50% duty cycle
utpu
output P TTL level rectangular waveform with a frequency 1/2 that of the clock output.
This output is a TTL level crystal oscillator output. The frequency is the same as that of the crystal con-
oscC Oscillator output Output P Ty P q 4y . . i
nected at X; and Xz, but care should be taken as the frequency will be unstable if these pins are left open.
S . This active low input’is used to generate the reset output signal for the CPU. The input is a schmitt trigger
RES Reset input: Input X X R X X
input so that by connecting a capacitor and a resistor, the CPU reset signal can be generated at power on.
This pin is connected to the CPU reset input. The signal at this pin is synchronized the RES input with the
RESET Reset output Output p‘ . 3 ) . P 9 P 4 P
CLK signal. This output is active high.
L When using multiple M5L8284AP devices, this input is used as a clock synchronization input. When CSYNC
Clock synchronization - N . . . . .
CSYNC inout Input is high, the internal counter of the M5L8284AP is reset and when CSYNL is low, it begins operation. CSYNC
P must be synchronized with EFI. See application notes.
3-8 MITSUBISHI
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MSL8284AP

CLOCK GENERATOR AND DRIVER FOR 8086 /8088/8089 PROCESSORS

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
VCE_. Supply voltage o o o ) . —0.5~7 v
V, Input voltage | —0.5~5.5 \%
Vo Output voltage 5 —0.5~Vce \
Topr Operating free-air temperature range ] 0~75 C
Tstg Storage temperature range -< —65~150 c

RECOMMENDED OPERATING CONDITIONS (Ta=0~75C, unless otherwise noted)
Limits
Symbol Parameter o -  E— Unit
Min Nom Max
Vce Supply voltage i 4.5 [ 5 5.5 v
. -
CLK Vou=4Vv 1
lon High-level output current 0 | —1 mA
J Other outputs Vou=2. 4V I
foL Low-level output current J‘ Vo =0. 45V 0 ‘[ 5 mA
ELECTRIC CHARACTERISTICS (72=0~75, unless otherwise noted)
T Limits
Symbol Parameter Test conditions Unit
r Min Typ Max
v \ RES 2.6 v
High-level input voltage R
s Other inputs RES 2 \%
A\ Low-level input voltage {‘ 0.8 \"
Vi+—Vr— | Hysteresis width | RES & Veo=5V 0.25 \%
Vic Input clamp voltage l Voe=4.5V, c=—5mA —1 \%
[ ok | v
Vou High-level output voltage Voc=4.5V, lon=—1mA
| Other outputs CLK } 2.4 \
Vouo Low-level output voltage l Veo=4.5V, lop=5mA 0.45 \%
lin High-level input current Vee=5.5V, V,=5. 25V 50 ~A
ASYNC —1.3 mA
e Low-level input current o e ——— Veo=5.5V, V,=0. 45V
Other inputs ASYNC —0.5 mA
lec Supply current Vee=5.5V 162 mA
MITSUBISHI
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MSL8284AP

CLOCK GENERATOR AND DRIVER FOR 8086/8088/8089 PROCESSORS

SWITCHING CHARACTERISTICS (Vee=5V%£10%, Ta=0~75C , unless otherwise noted)

Alternate Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max

Te CLK repetition period toLcL 100 ns
(Note 5 a,b) CLKFfog<8MHz (YtoLe)+2 ns

Tw(cLkH) CLK high pulse width tcHeL
CLKFreg=10MHz 39 ns
(Note 5 a,b) CLKFrog=8MHz (%5tcLel) 15 ns

Tw(cLkL) CLK low pulse width tcicH
CLKFreg=10MHz 53 ns
trim CLK low-high transition time tonicHz | 1~3.5V 10 ns
trae CLK high-low transition time teLzcut 3.5~1v 10 ns
Tw(pcLKH) PCLK high pulse width tenpL toro—20 ns
Tw(pPcLKL) PCLK low pulse width teLpH toreL-20 ns

READY inhibit time with
Note 1 Note5 ¢, d —
tdiv respect to CLK (Note 1) tryLoL (Note5 ¢, d) 8 ns
t READY enable time with (Note 2) ; (Note5 ¢, d) CLKFrgg=8MHz 53 ne
dv respect to CLK RYHcH CLKFreg=10MHz
ToHL(cLk-reser) | High-low delay time from CLK to RESET tou 40 ns
TowH(cik-poLk) | Low-high delay time from CLK to PCLK toLpn 22 ns
Touw(cik-poLk) | High-low delay time from CLK to PCLK toLpL 22 ns
Town(osc-cLk) | Low-high delay time from OSC to CLK toLch —5 22 ns
TonL(osc-ck) | High-low delay time from OSC to CLK toLcL 2 35 ns
Tr Output rise time toLoH 0.8~2V (except CLK) 20 ns
tf Output fall time tonoL 2~0.8V (except CLK) 12 ns
Note 1 : Applies to T2 state time
2 © Applies to T3 and TW state times
i
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MSL8284AP

CLOCK GENERATOR AND DRIVER FOR 8086 /8088,/8089 PROCESSORS

TIMING REQUIREMENTS (Vec=5V +/—10%, Ta=0~75C, unless otherwise noted)

Alternate X Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
fixtahmax | Crystal frequency 12 25 MHz
tw(ern) | EFl high pulse width teHEL 90%—90%Vn 13 ns
tw(erL) | EFI low pulse width teLen 10%—10%Vin 13 ns
tenect
Te(ren EFI repetition period (Note 3) teLer EHEL ns
terent @

RDY1 and RDY2 active setup e
ASYNC=HIGH
tSUROY) | fime with respect to GLK trvor 3 ns

¢ RDY1 and RDY2 active hold N ASYNG=LOW 35
SU(RDY) time with respect to CLK Riven "

RDY1 and RDY2 inactive

t t 35 ns
SU(RDY) setup time with respect to CLK RiveL

RDY1 and RDY2 hold
time with respect to CLK

th(rpy) toLrix 0 ns

ASYNC setup time

tsu(ASYNG t 50 ns
SUGASYNG) | \yith respect to CLK AYVOL

ASYNC hold time
with respect to CLK

th(asvne) toLavx 0 ns

AEN1 and AEN2 setup time

1 n
with respect to RDY1 and RDY2 tavaiv 5 s

tsucaen)

AENT and AEN2 hold

t 0 ns
h(aen) time with respect to CLK toLaix

CSYNC setup time

t t 20 ns
su(csyne) with respect to EFI YHEH

CSYNC hold time

t 20
htcsyne) with respect to EFI terve | ns
twicsyne) | CSYNC pulse width tyrvL 2terer ns
A RES setup time with N 65 ns
SU(RES) respect to CLK (Note 4) 1THoL
A RES hold time with ¢ 20 ns
h(rRes) respect to CLK (Note 4) oLt
tr Input rise time tiLn 0.8~2v 20 ns
tf Input fall time il 2~0.8v 12 ns

Note 3 : & =t((5ns max)+EFI + t;(5ns max)+EFI
4 1 tsy(mes) and th(aes) are theoretically only to guarantee logic in the next clock period

MITSUBISHI S
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MSL8284AP

CLOCK GENERATOR AND DRIVER FOR 8086 /8088/8089 PROCESSORS

Note 5 : Test circuits

Vee
(a) (b) 1®Q
. 8 Load circuit
8 Load circuit 3 CLK
CLK (Note 6) AEN T (Note 7)
Ay, 5 Load circuit
o = oad circui
24MHz &3 (gl  READYED (Note 7)
T Tx,  0sC
Rl e SROY2
JIF/C
| Trigger 1‘AEN 7
P CSYNC
Ri=R,=5100 =5100
o ™"
Vee
Vee (a) T
(c)
1kQ
1kQ 14 8 Lo
P.G EFl  CLK Ryt
13]_ < 8 Load circuit X
F/IC  CLK (Note 6) 13 F/T
14 [Trigger 3
PG EFI — | AEN
P.G 7 RDY2
CSYNC —REN 7
1 5 Load circuit
CSYNC (Note 7)
s READY
TIT

Note 6 : Load circuit

C =100pF C,=30pF

Vo =3.41V Vv =2.08V
R.=5600 {
M5L8284AP M5L8284AP J_ RL=3300

CLK pins Other pins

3—12 MITSUBISHI
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MSL8284AP

CLOCK GENERATOR AND DRIVER FOR 8086/8088/8089 PROCESSORS

TIMING DIAGRAM (Reference level=1.5V)
CLK, RESET Signals

tw(erin)
twier)

TC(FEI)

Tc

Tountosc-cL) ToHL(osc—cLK) Tw(cLki) Tw(cLkh)
CLK / )
true ToLH(GLK—PCLK) | Tpwcosc—o)
PCLK -
| Tw(pcLkL) Tw(pcLkH)
tsu(csyne)
CSYNC r_ th(FES), tsu(RES)
RES \ I
TDOHL(CLK—RESET) =
RESET E— —
READY Signal (with asynchronous device)
ax [} k o k
th(roy tsu(rov)
tsu(roy)— th(rov)
RDY 1, 2 1 3
tsu(aen) th(aen)
ARENT, 2 X f
tsu(asvnc) the ol
ASYNC)
ASYNC
tdv tdiv
READY ra \

READY Signal (with synchronous device)

CLK ’ . !( / \ / A / N
th(rov) tsu(roy)
tsu(rov) thiroy)
RDY 1, 2 / -~
tsucaen) —’]"*' ‘h(AEN)_"—}
RENT, 2 X
tsucasyNe) [~ th(asvnc) 7]
AwWe _f L ) S
tdv

tdiv "T—

[

READY 4

MITSUBISHI 13
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MSL8284AP

CLOCK GENERATOR AND DRIVER FOR 8086/8088,/8089 PROCESSORS

APPLICATION NOTES
(1) Connecting the crystal

Ay, osclZ
xtal [
18, cwkf® LE]
= M5L8284AP 8086
= 3 F/C 8088
Slesyne
7

The crystal frequency should be three times the cycle time
of the 8086, 8088 or 8089, and the crystal should be located
as close to the M5L8284AP as possible.

PRECAUTIONS FOR USE
(1) The oscillator circuit of the M5L8284AP is designed for
use with the fundamental mode crystal.
If noise is allowed to enter the XTAL1, XTAL2 or Vgc
pins, the oscillator frequency will be pulled of the parallel
resident frequency and the stray capacitance between
XTAL1 and XTAL2 may cause the circuit to go into re-
laxation oscillation. To prevent this, care should be given
to the following points.
(1) The should be one with a small parallel capacitance.
(2) A 0.01 —0.1uF capacitor should be connected be-
tween Vg and ground. This capacitor should be lo-
cated as close as possible to the IC.

(2) External clock connections

5V
was Lx
16
EE A s 19
. F/C CLK CLK
ple e
TL LEVEL 50% 8088
DUTY CYcLE) [MSL8284AP
77’;—]Cswmc

The frequency should be three times the CPU cycle fre-

® When the EFI input is not used

5L8284AF *

X1 OSCHy
X2
EXTERNAL O
SYNCHRONIZATION F/C
INPUT (SYNC)

(4) Power-on reset circuit

v

R=1k~10kQ

11 RES

Since the 8086, 8088 and 8089 require a reset pulse over
50us after Ve reaches 4.5V upon power on, the capacitor
value should be determined by the graph shown below.
Note that the time for V¢ to reach 4.5V has not been consi-
dered, so that it is necessary to choose the characteristics
value of capacitance under consideration of the power
supply.

Ve(t)=V (1 —e:)

RC
V=4.5V
t=50#s

__ 0 Vo(t)=1.05v

RES V&L)TAGE ve ( RC=190X10"°

quency (2.6v)
‘ 2
(8) Synchronizing using the CSYNC input BES v,
—_——— L
1E---=5 (1.05V)
® When the EFI input is used
50 #s (1)
Vee (5V) M74LST4AP  MSLB284AP CHANGES IN RES INPUT VOLTAGE
EXTERNAL TkQ
SYNCHRONIZATION
INPUT (SYNC) o =51 Y svne
u T 13 F/C —
EXTERNAL CLOCK /C cLK
(EF1) Ro Ry ﬁ'm
3—14 MITSUBISHI:+:
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MSL8284AP

CLOCK GENERATOR AND DRIVER FOR 8086/8088/8089 PROCESSORS

APPLICATION EXAMPLES

(1) Use in the maximum mode

24MHz
Vee ‘
— CLK ]
M5LB284AP MNAMXE MRDC——
CLOCK = = ‘
GeNERATOR [*"]CLK S So MWTC|——>
RES L ~{READY 5 AMWC |——»
L RESET & 5, MSLB28BS [Grel =  COMMAND BUS
l RDY DEN CTRLR TGWC}——=
T DT/R AlOWC |—
8086 ALE INTAp——
CPU
LOCK|[—NC I
STB
N
ADo~ADss ADDR DATA M5L8282P 1-MEGA BYTE
Arg~Ars <1,—— LATCH ADDRESS BUS
_ (20r3) |
BRE ]
———
-
L>o~{oE
M5L8286P <::>16-BIT DATA BUS
TRANSCEIVER
(2)
H— |
(2) Use in the minimum mode
24MHz
Vee
MgLSgSIRAP MN/MX f=—Vecc
O X
GENERATOR [ ~|CHK y M/10
RES READY INTA
RES ] o COMMAND BUS
|—{RESET RD
l RDY WR
DT/Rf-————- 1
DENpF———— a :
8086 [ r=—=-=7
CPU i 1
ALE . ST8 :
Iy —_
[ 77‘7_——‘ OE i
~ M5L8282P 1-MEGA BYTE
D ARPRATA LATCH :> ADDRESS BUS
BAE : : g
I
RN wuiuinining
B | I
| _
—-—-—-—0E 11
R il l<:>16-BIT DATA BUS
—
;@ : :
1 [
| I
* ! Option

Required when the number of devices driving the bus increases

MITSUBISHI -~
ELECTRIC




MITSUBISHI LSIs

MS5L.8286P/MSL8287P

OCTAL BUS TRANSCEIVER

DESCRIPTION

The M5L8286P and M5L8287P are semiconductor integrated
circuits consisting of a set of eight 3-state output bus trans-
ceivers for use with a variety of microprocessor systems.

FEATURES

® 3-state, high-fanout outputs (lo. =16mA, loy=—1mA for
the A outputs and lo. = 32mA, loy = — 5mA for the B
outputs)

® [ ow power dissipation

APPLICATION

Two-way bus transceivers for microcomputer systems

FUNCTION
The M5L8286P and M5L8287P are two-way bus transceivers
with non-inverted and inverted outputs respectively.

When the output enable input OE is high, the local bus
data pins Ag~ A; and system data pins By~ B; are both
placed in the high-impedance state.

When the output enable input OE is low, the input and
output states are controlled by the transmit input T.

When T is high, A;~A; are input pins and By~B; are out-
put pins. When T is low, By~ B; are input pins and Ay~ A;
are output pins.

PIN CONFIGURATIONS (TOP VIEW)
S~

LOCAL BUS
DATA

OUTPUT
ENABLE INPUT

LOCAL BUS
DATA

OUTPUT
ENABLE INPUT

Ao *’II .2__0] Vee
woE e
Az"’E: EIH By
Aa*’E E E“Bz
w[E] & 16]+-5 | ysrem aus
ns 6] § 5]+, [ PATA
ro+[7] e Eaas
o i
EE*E E"&
anp  [i0) [T7] T TRANSMIT INPUT
Outline 20P4
U
el 5
a-[Z] 9]~
Ar+|3 E*’E
As+|4 =z E"’gz
o _
Aa=rLS ® B SYSTEM BUS
As+[6 8 E“E DATA
o
As+|7 E“'E
A8 [13]-> B
oE—[9 2]+ &
aND  [io] [17] T TRANSMIT INPUT
Outline 20P4

BLOCK DIAGRAM
A DB
Ay

Az

Aa"
A ()

:% 2
=t

LOCAL BUS
SYSTEM BUS
DATA DATA

OUTPUT ENABLE
inpuT OE (&

M5L8286P

LOCAL BUS
DATA

OUTPUT ENABLE
T TRANSMIT INPUT

INPUT

F z 2 2 z 2
RARARANNI

>
&

>
<

al

i

Fr

o 9

20 Ve

@
4]

s SYSTEM BUS
DATA

®

&

@
o|
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MITSUBISHI
ELECTRIC



MITSUBISHI LSIs

MSL8286P/M5L8287P

OCTAL BUS TRANSCEIVER

FUNCTION TABLES (Note 1)

M5L8286P M5L8287P
OE | T A B OCE | T A B
L L o 1 L L o 1
L H | o L H ] [
H X z z H X z z
Note 1 : | : Input pin

0, O : Output pin (non-inverted for the M5L8286F and

inverted for the M5L8283P)

Z : Indicated the high-impedance state (A and B are

separated)
X : Either high or low

ABSOLUTE MAXIMUM RATINGS (1a=0~75C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Veo Supply voltage —0.5~+7 \Y
vV, Input voltage —0.5~+5.5 v
Ve Output voltage —0.5~Vce \"
Topr Operating free-air temperature range 0~-+75 T
Tstg Storage temperature range —65~+150 C

RECOMMENDED OPERATING CONDITIONS (1a=0~75T , unless otherwise noted)
T Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \
High-level output A output 0 —1 mA
lon 9 put | Von22.4V P
current B output 0 —5 mA
Low-level output A output 0 16 mA
lou VoL =0.45V
current B output 0 L 32 mA
ELECTRICAL CHARACTERISTICS (12=0~75C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vin High-level input voltage 2 \
A input 0.8 v
Vie Low-level input voltage
B input 0.9 \"
-
Vic Input clamp voltage Vec=4.5V, lc=—5mA —1 \%
A output Vee=4.5V, lop=—1mA 2.4 Vv
Veu High-leve! output voltage P e on
B output Vee=4.5V, loy=—5mA 2.4 \"
A output Vec=4.5V, lg.=16mA 0.45 \"
Voo Low-level output voltage
B output Vee=4.5V, lo,.=32mA 0. 45 \"
Off-state output current with high-level | A output Vee=5.5V, V=2V Vv=0.8V
lozn . 50 zA
applied at the output B output Vo="5. 25V V,=0.9v
Off-state output current with low-level A output Vee=D5. 5V, V=2V V,=0.8V
loze _ : (B ooat | —0.2 mA
applied the output B output Vo=0. 45V Vv,=0.9v
b High-level input current Vec=5.5V, V,=5. 25V 1 50 #A
fie Low-level input current Vec=5.5V, V,=0. 45V —0.2 mA
1 Suppl " M5L8286P Vo5, 5V 110 mA
upply curren =5.
e PPy M5L8287P | © 110 mA
F=1MHz, Vgias=2.5V
Civ Input capacitance 5 12 pF
Vee=5V, Ta=25C
MITSUBISHI 317
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M5L8286P/M5L.8287P

OCTAL BUS TRANSCEIVER

SWITCHING CHARACTERISTICS (Veo=5V+10%, Ta=0~75C , unless otherwise noted)

M5L8286P M5L8287P
Alternate Test
‘Symbol Parameter Limits Limits Unit
symbol conditions
Min Typ Max Min Typ Max
¢ Low-level to high-level and
PLH high-level and low-level
[ transition time from input A. Tivov 5 30 5 22 ns
t
L e
el T
PzH viput enable fime from TELOV 10 30 10 30 ns
tezL input to A or B output
terz Output disable time from OE TEHOZ 5 18 5 18 ns
tpLz input to A or B output
From 0.8V
tr Output risetime TOLOH rom 20 20 ns
to 2V .
From 2V
tput fallti
tf Output falltime TOHOL t00.8V 12 12 ns
TIMING REQUIREMENTS (Voc=5V£10%, Ta=0~75C , unless otherwise noted)
Alternate Limits
Symbol Parameter Test conditions Unit
Symbol Min Typ Max
tsu T setup time with respect to OE TrveL 10 ns
th T hold time with respect to OE Tentv 5 ns
tr Input risetime Tiun From 0.8V to 2V 20 ns
tf Input falltime T From 2V to 0.8V 12 ns
Note 2 : Test Circuit
INPUT Vee OUTPUT
i —
I i
DEVICE { Loap !
PG UNDER CIRCUIT §
TEST ! (Note 3) 1
500 ! 1
1
1 ]
T I
Note 3
Test ltem toLn, teHL terz, tezu tenz, tpzn
2.28v 1.5v 1.5v
1140 660 Z 900Q
A OUTPUT LOAD CIRCUIT
A OUTPUT A OUTPUT A OUTPUT
I 100pF I 100pF l 100pF
2.14v 1.5v 1.5v
. 52.70 330 1800
8 OUTPUT LOAD CIRCUIT
8 OUTPUT 8 OUTPUT 8 OUTPUT
l'ﬁoopF IaoopF Iaoop,:
MITSUBISHI
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MS5L8286P/MS5L8287P

OCTAL BUS TRANSCEIVER

TIMING DIAGRAM (Reference voltage=1.5V)

[\ -

A, B(INPUTS) / \

teLm ) tenL )
MS5L8286P
B, A(OUTPUTS) B. A(OUTPUT) Vo +0.1v

teHL teLn
M5L8287P OF
B, A(OUTPUTS)

th tsu
OE T
tezn

B, A(OUTPUTS) 2oV

APPLICATION EXAMPLE

Veo I—‘i[]l——l !

MELB284AP MNAX]— CLK Vmocp—
CLOCK CLK 5 S MWTC|—=
GENERATOR S0 So
RES | =dREADY  F 5 AMWC |—
~{RESET &, 5 M5lé8lf§35 BECH—= } commanD BUS
;J; RDY DEN CTRLR TOWC |——
T DT/R AIOWCH—
8086 ALE INTAp—
CPU
LOCK [—N.C J_I'_———
sTB
7}1_——1 OE
ADoNADws< ADDR DATA M5L8282P 1-MEGA BYTE
Ats~Ato LATCH ADDRESS BUS
J— (20r3) | |
BAE
|
—
m
OE
M5L8286P .
TRANSGEIVER <:>16 BIT DATA BUS
(2)
| ——) |
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M5L8288S

BUS CONTROLLER FOR 8086,/8088/8089 PROCESSORS

DESCRIPTION
The M5L8288S is a semiconductor integrated circuit consist- PIN CONFIGURATION (TOP VIEW)
ing of a bus controller and bus driver for the 8086 and 8088,
16-bit microprocessors. By using the status signals from the
CPU a Multibus (Intel trademark) contrgl signal is gener: 1/0 BUS m%8$ |08—-[I E Voo(5V)
ated.
CLOCK INPUT CLK-»E 195
STATUS INPUTS
FEATURES < STATUS INPUT & —[3 18] %;
® High-fanout outputs %é“mr«us‘% pT/R~[3 z E—‘MCE/WE—N
Command output lo=32mA, loy=—5mA ADDRESS LATCH ALE’“E c 16]—DEN DATA ENABLE OUTPUT
Control output lo,=16mA, loy=—1mA ENABLE OUTPUT 3
® Advanced command outputs (AIOWC and AMWC ADDRESS E’,‘ﬁ?ﬁ% m“@ 3 15]+-CEN &%WAND ENABLE
7] INTERRUPT
outputs) MEMORY READ G +— [ 7] E—*W ACKNOWLEDGE
Cssinati OUTPUT COMMAND OUTPUT
® Low power dissipation ADVANCED ——— /0 READ
comam e AMWG +—| 8 [13]~ToRG U3, REA2, ourpur
RY WRITE —___ ADVANCED 1/0
APPLICATION COMNOR! WRTE awTC «E 12| ~AIGWC waTe Goumano
Bus controller and bus driver for maximum mode operation (ov)aND |10 T_L‘—"—IOWC Ic/gmmrrq% ouTPUT
of the 8086 and 8088
Outline 20S1
FUNCTION

The M5L8288S is a bus controller and driver for maximum
mode operation of the 8086 and 8088 processors.

The command signals and control signals are decoded
by means of the So~ S, outputs from the CPU and the con-
trol signals for I/0 devices and memory are output.

The device can be used in the Multimaster mode in
which several CPUs acting as masters are connected to one
data bus. An input pin for the control signal AEN from an
8289 bus arbiter is provided.

By using the M5L8288S as a bus controller, a highper-
formance 16-bit microcomputer system can be configured.

BLOCK DIAGRAM

0 MRDC MEMORY READ COMMAND OUTPUT

STATUS ADVANCED MEMORY WRITE
DECODER (8) AMWC coMMAND OUTPUT

e MWTC MEMORY WRITE COMMAND OUTPUT

STATUS INPUTS

@ 9 9

-—E@E@ —~l

COMMAND
S COMMAND
SIGNAL (IDTOWC 170 WRITE COMMAND OUTPUT ({ QUTPUTS

GENERATOR
ADVANCED 1/0 WRITE
(2 AIGWC SOMMAND OUTPUT

(1 TORC 110 READ COMMAND OUTPUT

() NTA INTERRUPT ACKNOWLEDGE
COMMAND OUTPUT

l

170 BUS MODE INPUT 108 (1) 4)DT/R  DATA TRANSMIT/RECEIVE OUTPUT
CONTROL 5

cLock INPUT cLk () CESETSL oNTRO S)ALE  DATA ENABLE OUTPUT | contRoL

ADDRESS: ENABLE INPUT AEN e GENERATOR 16)DEN ADDRESS LATCH ENABLE OUTPUT OUTPUTS

COMMAND ENABLE INPUT CEN (5 17) MCE/PDEN  pepipepaL” DATA ENABLE OUTPUT

ey MASTER CASCADE ENABLE QUTPUT/

-
d
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PIN DESCRIPTIONS

Input of
Pin Name P Functions
output
" | These are connected to the CPU status output §~§2
So, S1, Sz | Status input Input The M5L8288S uses these signals to generate the proper timing command signals and control signals.
All pins are provided with internal pull-up resistors.
Used to connect the clock generator M5L8284AP clock output CLK.
CLK Clock input Input 9 i o i P .
All outputs of the M5L8288S change in synchronization with the clock input.
Provides the strobe signal output for the address latches.
This pin is connected to the STB pin of the M5L8282P or M5L8283P and used to latch the address from the
ALE Address latch enable Output CPU. When using any other address latch, the following conditions must be satisfied.
U
output P 1. The enable input must be active high.
2. Data reading is always performed while the enable input is high.
3. The latching operation is performed as the enable input goes from high to iow.
Provides the data enable signal for the local bus or a data transceiver on the system bus.
DEN Data enable Output . ) . 9 4
Operates in active high mode.
Controls the flow of data between CPU and memory or peripheral I/O devices.
DT/R Data transmit/receive Output When this pin is high, the CPU can write data to the peripheral devices. When it is low, it can read data
utpu
control output P from the peripheral devices.
It is connected to the transmit input T of the M5L8286P or M5L8287P bus transceivers.
] When the I0B input is low and the AEN input is set to high, all command outputs are put in the high-
—— . impedance state. When the IOB input is high, there is no effect on the IORC, IOWC, AIOWC, and INTA out-
AEN Address enable input Input . L
puts, the command output other than these four going into the high-impedance state.
None of the command outputs will go low until at least 115ns after AEN transits from high to low.
) When this pin is set to low, all command outputs and DEN are prohibited by the PDEN control output (not
CEN Command enable input Input o I
high-impedance state). When set to high, the above outputs are enabled.
When this pin is set to high, the M5L8288S functions in the 1/0 bus mode, and when set to low it functions in
Input/output bus mode ) . .
0B inout Input the system bus mode. (The I/0 bus mode and system bus mode are described in the functional
P description)
AIOWC Advanced |/0O write Outout The AIOWC issues an I/O Write Command earlier in the machine cycle to give 1/0 devices an early indica-
u’
command output P tion of a write instruction its timing is the same as a read command signal. Active fow.
—_—— 170 write command Instructs an 1/0 device to read the data on the data bus. Active low.
IOWC Output
output
— 170 read command
IORC output Output | Instructs an I/0 device to drive its data onto the data bus. Active low.
AMWC Advanced write Outout The AMWC issues a memory write command earlier in the machine cycle to give memory devices an early
command output P indication of a write instruction. Its timing is the same as a read command signal. Active low.
—_ Memory write command Provides a write instruction to memory for the current data on the bus.
MWTC Y Output ) i
output Active low.
e Memory read command Provides an output instruction to memory for the present data on the bus.
MRDC i Output ' P g P
output Active low.
INTA Interrupt acknowledge Outout This output informs an interrupting device that it has accepted the interrupt, outputting a vector address out-
command output P put instruction to the data bus. IORC operates in the same manner for interrupt cycles. Active low.
This output pin has two functions.
1. When the 10OB input is set to low:
Master cascade The MCE function is enabled. The signal acts as the enable signal which allows a slave PIC
MCE/ Enable outout/ (M5L8259AP) to read the cascade address output to the bus by the master PIC during an interrupt sequ-
N P Output ence. Active high.
PDEN Peripheral data N . A
2. When the 10B input is set to high:
Enable output o . A X .
The PDEN function is enabled. This output provides the enable signal to the data bus transceiver con-
nected to the 1/0 interface bus when an instruction occurs (IORC, IOWC, AIOWC, INTA). Operates the
same way as DEN with respect to the system bus.
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ELECTRIC




MITSUBISHI LSIs

M5L.8288S

BUS CONTROLLER FOR 8086,/8088/8089 PROCESSORS

FUNCTIONAL DESCRIPTION

The state of the command outputs and control outputs are
determined by the CPU status outputs So~ S,. The table
summarizes the states of the outputs So~S; and their cor-

responding valid command output names.

Depending upon whether the M5L8288S is in the 1/0 bus
mode or system bus mode, the command output sequence
will vary. ’

STATUS INPUTS AND COMMAND OUTPUTS RELATIONSHIPS
S S S 8086, 8088 status Valid command output name
L L L Interrupt acknowledge INTA
L L H Data read from an I1/0 port 10RC
L H L | Data write toan 170 port 10WC, AIOWC
L H H Hait -
H L L Instruction fetch MRDC
N L H Read data from memory MRDC
H H L Write data to memory WTC, AMWC
H ' H H Passive state -

1. 1/0 bus mode operation

When I0B is high, the M5L8288S function in the 1/0 bus
mode.

In the 1/0 Bus mode all 1/0 command lines (IORC, IOWC,
AIOWCG, INTA) are always enabled (i.e., not dependent on
AEN). When an I/0 command is initiated by the processor,
the 8288 immediately activates the command lines using
PDEN and DT/R to control the I/0 bus transceiver. The 1/0
command lines should not be used to control the system bus
in this configuration because no arbitration is present. This
mode allows one 8288 Bus Controller to handle two external
busses. No waiting is involved when the CPU wants to gain
access to the I/0 bus. Normal memory access requires a
“Bus Ready” signal (AEN LOW) before it will proceed. It is
advantageous to use the |OB mode if 1/O or peripherals de-
dicated to one processor exist in a multi-processor system.

2. System bus mode operation
When IOB is set to low, the M5L8288S enters the system bus
mode. In this mode no command is issued until 115 ns after

the AEN Line is activated (LOW). This mode assumes bus
arbitration logic will inform the bus controller (on the AEN
line) when the bus is free for use. Both memory and 1/0
commands wait for bus arbitration. This mode is used when
only one bus exists. Here, both 1/0 and memory are shared
by more than one processor.

3. AMWC and AIOWC outputs
With respect to the normal write control signals MWTC and
IOWC, the advanced-write command signals AMWC and
AIOWC transit low one clock cycle earlier and remain low
for two clock cycles.

These signals are used with peripheral devices or static
RAM devices which require a long write pulse, so that the
CPU does not go into an unnecessarily wait cycle.
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ABSOLUTE MAXIMUM RATINGS (12=0~75C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~+7 v
V, Input voltage o —0.5~+5.5 \Y
Vo Output voltage —0.5~Vce \
Pq Power dissipation 1.5 w
Topr Operating free-air temperature range 0~75 C
Tstg Storage temperature range —65~-+150 C

RECOMMENDED OPERATING CONDITIONS (7a=0~75C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min T Nom Max
Vee Supply voltage 4.5 I 5 5.5 \2
lon High-level output Command outputs | —5 mA
current Control outputs -1
or Low-level output Command outputs 32 mA
current Control outputs 16
ELECTRICAL CHARACTERISTICS (1a=0~75C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vin High-level input voltage 2
VL Low-level input voltage 0.8 \
Vic Input clamp voltage -1
_ ’ Command outputs Vee=4.5V, V=2V lon=—5mA 2.4
Vo High-level output voltage ‘ Control outputs l V,=0. 8V lon==—1mA 2.4 v
Command outputs Vec=4.5V, V=2V lor=32mA 0.5
VoL Low-level output voltage Vv
Control outputs V,=0.8V loL=16mA 0.5
[ High-level input voltage Vee=5.5V, V=5.5V 50 KA
he Low-level input voltage Vee=5.5V, V;=0. 45V N —0.7 mA
lozn Off-state output current with high-level applied to output| Vec=5.5V, Vo=5. 25V 100 HA
lozL Off-state output current with low-level applied to output | Vec=5.5V, Vo=0.4V | —100 A
lec Supply current Vee=5.5V L 160 mA
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SWITCHING CHARACTERISTICS (Voo=5vV+10%, Ta=0~75TC , unless otherwise noted)

Alternate - Limits .
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
t Output low-level to high-level propagation time
PLH From CLK input to DEN output
TCVNV 5 45 ns
t Output high-level to low-level propagation time
PHL From CLK input to PDEN output
t Output low-level to high-level p ion time
PLH From CLK input to DEN output.
TCVNX 10 45 ns
t Qutput high-level to low-level propagation time
PHL From CLK input to PDEN output
Output low-level to high-level ion time
teLn From CLK input to ALE output TCLLH 20 ns
Output low-level to high-level p: ion time
teun From CLK input to MCE output TCLMCH 20 ns
Output low-level to high-level p ion time
teun From So~3§; inputs to ALE output TSVLH 20 ns
Output low-level to high-level propagation time
ten From So~81 inputs to MCE output TSVMCH 20 ns
Output high-ievel to low-level propagation time
terL From GLK input to ALE output TCHLL 4 15 ns
Output high-leve! to low-level propagation time
tpHL From CLK input to MRDC, IORC, INTA, TCLML 10 35 ns
AMWC, MWTC, AIOWC, and IOWC outputs
Output low-level to high-level propagation time
teLn From CLK input to MRDC, IORC, INTA, TCLMH 10 35 ns
AMWC, MWTC, AIOWC, and IOWC outputs
Output high-level to low-level propagation time
tenu From CLK input to DT/R output TCHDTL (Note 1) 50 ns
Output low-level to high-level propagation time
teLn From CLK input to DT/R output TCHDTH 30 ns
High-level output enable time
tezn From AEN input to MRDC. IORC, INTA, TAELCH 40 ns
AMWC, MWTC, AIOWC, and IOWC outputs
High-level output disable time
tenz From AEN input to MRDC, TORC, INTA, TAEHCZ 40 ns
AMWC, MWTC, AIOWC, and IOWC outputs
Output high-level to low-level propagation time
terL From AEN input to MRDC, IORC, INTA, TAELCV 115 200 ns
AMWC, MWTC, AIOWC, and IOWC outputs
t Output low-level to high-level and high-level to
tPLH low-level propagation time TAEVNV 20 ns
PHL From AEN input to DEN output
t Output low-level to high-level and high-level to
tPLH low-level propagation time From CEN input to TCEVNV 25 ns
PHL DEN and PDEN outputs
Output low-level to high-level and high-level to
teLn low-level propagation time.
tonL From CEN input to MRDC, IORG, INTA, TCELRH 3% ns
AMWC, MWTC, AIOWC and IOWC outputs
TIMING REQUIREMENTS (Voc=5V+10%, Ta=0~75C , unless otherwise noted)
Alternate . Limits )
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tc Clock CLK cycle time TCLCL 100 ns
tw(cikr) | Clock CLK low pulse width TCLCH 50 ns
tw(cLkn) | Clock CLK high pulse width TCHCL 30 ns
S~S, setup time with respect to
tsu(so~s: TSVCH 35 ns
SUSo~S2)| 1 for the T, state
So~5; hold time with respect to
th(so~s:; TCHSV 10 ns
(So~82)| 1 for the T, state
$~S setup time with respect to
tsu(so~s: TSHCL 35 ns
Su(So~S2) T tor the T3 state
So~$; hold time with respect to
th(so~s: TCLSH 10 ns
N(S0~52) | 1 (¢ the T; state .
tr Input rise time TILIH 20 ns
tf Input fall time TIHIL 12 ns
ITSUBISHI
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Note 1 : Test Circuit

INPUT Vee OUTPUT
A
! i
DEVICE i Loap !
PG UNDER lcmcuw H
TEST ]
500 1 (Note 2) H
] 1
1 1
Note 2
Load circuit teLn, teue teLz, tez tenz, tezu
2.14v 1.5v 1.5v
52.70 330 1800
Command output
load circuit
I300pF IZ*)O()pF I300pF
2.28V
1140
Control output
load circuit - R
I 80pF

Note 3 : AC TEST WAVE FORM

1.5V <=— TEST POINT —= 1.5V

0.45v

INPUT PULSE LEVEL : 0.45~2. 4V

TIMING MEASUREMENT POINT : 1.5V

MITSUBISHI 3—25
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TIMING DIAGRAM

1. Command output timing

Ta T T Ts Ty ,
tc
STATE TCLOL —<‘trvg|fg|-)1)
CLK AR \ /) /
7 N 7 N N7/
th(So~Sz) tW(GLKH) tsu(Si~Sz)
(Tehsy) =1 (G5 (TeHCL) Tk =1 Gshcn
555 y& X SU\ 917752 th(S$1~%2)
2 St \(TSVCH) (TCLSH) 7‘
DATA
ADDRESS/DATA )(“DVE}\F}_‘;:DS%( vaLp (Note3)
= tpHL
teun [ (T(t:HLL)
(TCLLH)(Note 4) )/ L__tewn
ALE .8 XK (TSVLH)
tou
-1 (TCLML)
MRDC, TORG, INTA
AMWC, AIOWC
tpLnH
(TCLMH) =1— fee__tore
(TCLML) —
MWTC, TOWC
teLn, teHL
= (TCVNV)
FOR READ AND
DEN( INTERRUPT )
teLn, teHL
(TCVNX) I
POEN (FOR READ AND)
INTERRUPT .
PLH, ‘PHL
(TCVNV)
.
DEN (FOR WRITE)
teLu, teuL
(TCVNX)
PDEN (FOR WRITE)
teLn
(TCHDTH)
= (FOR READ AND
ot/ (FOR TEdmumy ) ___.+
teHL
7 ™1 (TCHDTL) .
MCE 4 _ten
7 (Note 4) (TchDTA) =
__ten t tone
(TCLMCH) toun (TCVNX)
(TSVMCH)

Note 3 : The address/data bus signals are shown only for reference. .
4 : The ALE and MCE leading edge occurs in synchronization with the falling edge of CLK or So~S;, whichever is later.
5 : Unless otherwise noted, the timing of all signals is respect to 1. 5V
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2. DEN and PDEN timing

3. AEN timing

>

AEN

MRDC, IORC, INTA
AMWC, MWTC,

AIOWC, IOWC

Note 6 :

CEN )
EN
teLn, tone
(TAEVNV)
DEN
teLn, tene
(TCEVNV)
EN
tenL
(TAELCV)
‘1.5V tpnz

(TAEHCZ)
0.5V

tezH Vou
(TAELCH) L Y

Vee J—ﬂ]l—l

teHL

TCEHRL
CEN must be low or valid prior to T to prevent the command from being generated.

APPLICATION EXAMPLE

JCF Vou

teLn
(TCELRH)

ELECTRIC

M5L8284AP MN/MX qr CLK MRDC|——
CLOCK CLK = =
GENERATOR, So So MWTCF——=
RES READY S S AMWC }——»
RESET &, 5 Msgauzgss ORC—— } COMMAND BUS
J; RDY DEN CTRLR TOWC|—=
T DT R AIOWC|—>
8086 ALE INTAp—>
CPU
LOCK —N.C. I
sTB
1 OE
ADo~ADss ATA M5L8282P 1-MEGABYTE
Avs~Aie <:—-ADDR’D‘T LATCH ADDRESS BUS
J— (20r3) |
BHE
p—it
—
m
—Do—— OE
M5L8286P <:> 3
sy 16-BIT DATA BUS
: (2)
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DESCRIPTION

The M5L8289P is a system bus (] MULTIBUS) arbiter for the
8086, 8088, and 8089 16-bit microprocessors. When a request
for access to the system bus is made by any of these mic-
roprocessors, the M5L8289P prevents simultaneous access
by two or more processors by allowing only the first proces-
sor which requests access to access the system, preventing
all others from accessing the system bus. It generates the
required signals for bus access. (®MULTIBUS is a reg-
istered trademark of Intel Corporation.)

FEATURES

o ®MULTIBUS compatible

® Usable in multiprocessing systems using the 8086, 8088,
and 8089 microprocessors

® Four modes of request and bus surrender are possible

® Low power dissipation

APPLICATION
Bus arbitration for MULTIBUS boards using the 8088, 8086, or
8089

FUNCTION
The M5L8289P is a bus arbiter for ®MULTIBUS boards using
the 8086, 8088, or 8089 microprocessors. When several pro-
cessors are connected to the system bus (®MULTIBUS), it
is necessary to prevent two or more processors from
attempting to access the system bus simultaneously.

This function is performed by the M5L8289P, which de-
codes the processor status, and if access to the system bus

PIN CONFIGURATION (TOP VIEW)
\
STATUS INPUT §; —| 1 3_5] Vee (5V)
/0 BUS MODE T
conraor magr 108 —[2] 195 } STATUS
SYSTEM BUS/ SYSB = [ INPUTS
RESIDENT BUS e 18]+ So
e = =
E RESB —[4] [17]+ cLk cLock INPUT
CONTROLINPUT <
BUS CLQgk BCIk — 5] £ [16] Took Lock INpUT
3 COMMON
INITIALIZE == _, > TROLCK BUS LOCK
NpgT TNIT [e] g 15]- cRarck BUS |
RE
BUS REQUEST 5reg 7 [12]- anvhasT REQUEST
ADDRESS
BUS PRIORITY — —
RIORITY BPRO [ 8 13|~ REN EnasLE
BUS PRIORITY COMMON BUS
oy 8PN 9] 12]-- GBRa GqEs
(OV) GND @ 1]+ BUSY BUSY
Outline 20P4

is required, p}events other processors from attempting sys-
tem bus access by generating the required control signals.

BLOCK DIAGRAM
\ ARBITRATION
INIT  INITIALIZE INPUT
I BCLK BUS CLOCK INPUT
5 D= SYSTEM BUS P BREQ BUS REQUEST OUTPUT
2 bbbty SYSTEM
SLre { S @ GeNenAOR INTERFACE b BPAN BUS PRIORITY INPUT ¢ BUS
S @ BPRO BUS PRIORITY OUTPUT
X l BUSY BUSY
TBRQ COMMON BUS REQUEST
LOCK INPUT  TOCK
CLOCK INPUT CLK |
COMMON ‘BUS LOCK CRGLTR
PROCESSOR | RESIDENT B pﬁooa RESB CONTROLLER L]
R P! —
oL ANy FRQUEST INPUT ANYRQST ';,?%;{'F,?gg AEN S%DRESS ENABLE
1/0 BUS MODE 10B : LOCAL
CONTROL INPUT 808
' SYSTEM BUS
3 SYSB/RESB RESIDENT BUS
- - - SELECTION
INPUT
MITSUBISHI
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BUS ARBITER FOR 8086,/8088,/8089 PROCESSORS

FUNCTIONAL DESCRIPTION

The M5L8289P decodes the status signals Sy~ S, from the
processor, and requests system bus privileges or surrenders
them. The conditions for such operation are shown in Table
1. As shown in the Table 1, the following four modes are
possible for use with boards of various types.

(1) Single Bus Mode

In this mode there is neither memory nor 1/0 ports on the
board, and the processor accesses only the system bus.

(2) 170 Bus Mode ‘

In this mode I/0 ports exist on the board, and the processor
accesses only these. For this mode the M5L8289P outputs a
system bus request signal only for memory access.

(3) Resident Bus Mode

In this mode both memory and/or 1/0 port(s) exist on the
board and the processor can access both on the system
bus. In this mode the chip select signal (active low) for 1/0
ports and memory on the system bus is input to SYSB/
RESB. By doing this, when the 170 port(s) and memory on
the board are accessed, the M5L8289P does not output a re-
quest signal to the system bus.

(4) 170 Bus Mode Resident Bus Mode

In this mode both I/O ports and memory are existent on the
board, and only the 1/0 port on the board is accessed.

In this mode the chip select signal (active low) for mem-
ory on the board is input to SYSB/RESB. By doing this, the
M5L8289P outputs a request signal to the system bus when
system memory is accessed.

In addition, the M5L8289P has the following control inputs.
® LOCK

This signal locks the bus arbitrate function when it is low,

the M5L8289P continues to output a request signal to the

system bus, and once ‘acquired, setting LOCK to a high
level retains bus privileges until the conditions listed in

Table 1 are satisfied. Normally, this input is connected to

th LOCK output of the processor.
® CRQLCK ‘

This signal locks the arbitrate function by CBRQ. When

set to low, the bus privilege surrender conditions listed

in Table 1 in which CBRQ are input, are ignored. This in-
put is set to low level when it is desired to prevent low-
priority arbiters from acquiring bus privileges.

® ANYRQST

Even after one bus access has been completed, the

M5L8289P does not surrender bus privileges until the

surrender conditions listed in Table 1 are satisfied.

However, by setting the ANYRQST input to high, the bus

can be freed after each single access, thereby facilitat-

ing the acquisition of bus privileges by low-priority arbi-
ters.

MITSUBISHI 32
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Table 1 M5M8289P Modes and Bus Request and surrender Conditions

1/0 Bus
Status Resident bus mode only 170 Bus mode resident bus mode Single bus mode
mode only
10B=L 10B=H 10B=L 10B=H
RESB=L RESB=H RESB=H RESB=L
Command S S S SYSB/RESB=H | SYSB/RESB=H | SYSB/RESB=H | SYSB/RESB=L
Interrupt acknowledge| 0 0 0 X O X X X O
1/0 Port read 0 0 1 x O X X X O
1/0 Write 01 0 X O X X X O
Halt o 1 1 X X X X X X
Instruction fetch 1 0 0 O O X O X O
Memory read 1 0 1 O O X O X O
Memory write 1 1 0 O O X O X O
Passive cycle 1 1 1 X X X X X X
(ORI A request signal is output by the system bus.
X The system bus privileges are surrendered.
Input Bus request condition
Mode — Bus surrender condition (Note 1)
10B RESB (excluding halt and passive cycles)
Single bus mode H L All bus access states HLT+(TI-CBRQ)+HPBRQ
Resident bus ((SYSB/RESB=L+T1)-CBRQ)
H, H (SYSB/RESB=high) - (Bus access state)
mode only +HLT+HPBRQ
(1/0 Access state+T1)-CBRQ)+HLT
170 Bus mode only L L All memory access states
+HPERQ
1/0 Bus mode - ((1/0 Access state +(SYSB/RESB=low))"
L H (SYSB/RESB=high) - (Memory access states)
resident bus mode CBRQ + HPBRQ HLT +HPBRQ
Note 1 : When LOCK=low, the bus is not released under any circumstances.
When CRQLCK=/low, the bus is not released even when low-priority arbiters request it.
2 0 HLTeeeeeeenes Halt state
Theerveeennnones Idle (passive) state
--CBRQ=low

HPBRQ -+ Indicates that a high-priority arbiter is requesting the bus (BPRN=high)

3—30 MITSUBISHI
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PIN DESCRIPTION

Input or
Pin Name Function
output
—_— - = Status input from the processor. The M5L8289P decodes this signal and based on it, re ts or surren-
So, S, Sz | Status input In put | P is sig quests

ders bus privileges.

CLK Clock input in This is the same clock input as used on the processor, and used for decoding of the status. It receives the
clock from the M5L8284P.

— This is the lock input signal from the processor. When LOCK=Iow, the M5L8289P will, in no ci stances,

LOCK Lock input In ,Pu 9 P ° ireumstance
surrender bus privileges.

Common bus . . A CROLCK
— This is the lock signal for arbitration from a common bus request. When CRQLCK = low, the M5L8289P
CRQLCK | request lock In . R " i

input ignores bus surrendering conditions by signal CBRQ.

Resident bus
RESB mode control In This is the M5L8283P mode setting input. When RESB=high, the M5L8289P is in the resident bus mode.

input
— 1/0 Bus mode ——
0B . In This is an M5L8283P mode setting input. When 10B=low, the M5L8289P is in the I/O bus mode.

control input

This controls the bus surrendering conditions for the M5L8289P. When ANYRQST=low, the M5L8289P re-
ANYRQST Any request In leases the bus under the conditions listed in Table 1. When ANYRQST=high, as soon as CBRQ goes low,

input the bus is released. Therefore, by setting ANYRQST to high and CBRQ to low, the M5L8289P can be made

to release the bus after a single access.

System This input is valid when the M5L8289P is in the resident bus mode. When SYSB/RESB= low, this means
sSyYsB/ bus/resident in that the processor is accessing the bus on the board, and the M5L8283P does not output a request to the
RESB bus selection system bus. When SYSB/RESB=high, this indicates that the processor is accessing the system bus, and

input the M5L8289P outputs the request signal to the system bus.

BCLK Bus lock In This is the clock for arbitration of other boards. The M5L8289P performs arbitration in synchronous with this
input clock. It is fed from the system bus BCLK signal.

INIT Initialize In This line resets the arbitration circuit. Immediately after resetting, none of the arbiters have system bus
input privileges. This input is fed from the system bus INIT signal.

e Bus request _

BREQ outputq Out This signal requests system bus privileges. It is used as the system bus BREQ signal.

Bus priority This signal indicates whether a high-priority arbiter has requested privileges or not. When BPRN=low, a
BPRN n utp In high-priority arbiter has not requested privileges and when BPRN=high, this indicates that a high-priority

P arbiter has requested privileges. This input is fed from the system bus BPRN signal.

Bus priority This signal indicates whether the M5L8289P or high-order arbiter has requested the bus. When BPRO=

BPRO out St Out low, there was a bus request and when BPRO=nhigh, there was no bus request. This signal is used as the
P system bus BPRO signal.

This signal indicates that the system bus has been acquired. When BUSY=/ow, the bus is busy and when
rr=vi BUSY=high, it indicates that no arbiter has acquired the bus privileges. When the M5L8289P has acquired
BUSY Busy In/Out - 9 a K P R g X en u

bus privileges, a low-level output (open collector) is made. This signal is used as the system bus BUSY

signal.

Common bus This signal indicates when any arbiter has requested the system bus. When CBRQ=/low, the M5L8289P re-
CBRQ request In/Out leases the bus according to the conditions listed in Tablel. When making a request of the system bus,

q CBRQ is output as low (open collector). This signal is used as the system bus CBRQ signal.

Address This signal informs the bus buffer on the board that the system bus has been acquired. It is connected to
AEN enable input QOut the address and data buffer outputs, and the output enable line on the board as well as the M5L8288P AEN

line.

MITSUBISHI
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BUS ARBITER FOR 8086/8088,/8089 PROCESSORS

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vece Supply voltage —0.5~7 Vv
\A Input voltage —1~5.5 v
Vo Output voltage —0.5~7 \
Topr Operating temperature 0~75 ‘T
Tstg Storage temperature —65~150 ‘T

RECOMMENDED OPERATING CONDITIONS (12=0~75C , unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \"
High-level output | BUSY, CBRQ, Von=2.4V Open collector
lon -
current Other output, Von=2.4V 0 400 ~A
BUSY, CBRQ, VoL <0. 45V 0 20 mA
Low-level output
loL AEN Vo, <0. 45V 0 16 mA
current —_—
BPRO, BREQ, Vor=0.45v 0 10 mA
ELECTRICAL CHARACTERISTICS (Ta=0~75C, Voc=5V+10%, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VL Low-level input voltage 0.8 A"
Vin High-level input voltage 2.0 \"
} BUSY, CBRQ lo,=20mA 0.45 \"
Lov |
Voo | AEN lo.=16mA 0.45 \
output voltage -
BPRO, BREQ lo.=10mA 0. 45 \
High-level BUSY, CBRQ Open collector \"
VOH — e —— ——
output voltage AEN, BPRO, BREQ lon=400uA 2.4 \"
Vic Input clamp voltage Vee=4.50V, Ic=—5mA —1 \"
[ Low-level input current Vee=5. 50V, Vg=0. 45V —0.5 mA
hin High-level input current Vee=5. 50V, Vg=5. 50V 60 uA
lce Supply current 120 mA
> MITSUBISHI
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BUS ARBITER FOR 8086/8088/8089 PROCESSORS

TIMING REQUIREMENT (Ta=0~75C, Vcc=5V+10%, unless otherwise noted)

ELECTRIC

Symbol Parameter Alternate Test conditions Limits Unit
symbol Min Typ Max
tetok) CLK cycle period tcLcL 125 ns
tw(cLkL) CLK"L" puise width tcLcn 65 ns
tw(cLKH) CLK“H" pulse width [ 35 ns
tsu(so~s2) | Status active setup time tsven 65 torel 10 ns
th(so~s2) Status active hold time tonsy 10 tercl 10 ns
tsu(so~s2) | Status inactive setup time tsheL 50 ns
th(so~s2) Status inactive hold time toLsn 10 ns
th(tock) LOCK inactive hold time teLnt 10 ns
tsucLock) LOCK active setup time toLLe 40 ns
tsu(syse/mess) | SYSB/RESB setup time toLsm 0 ns
th(syse/AEss)| SYSB/RESB hold time toLsr2 20 ns
te(BoTR) BCLK cycle time teLeL 100 ns
tw(scrkm) | BCLK"H" pulse width tansL 30 ns
tsuspRu) | BPRN 1 | to BCLK setup time tensaL 15 ns
tsususY) BUSY t | to BCLK | setup time tevsaL 20 ns
tsucsra) | CBRQ? |to BCLK } setup time teesaL 20 ns
twanim INIT pulse width tivin 3tarec+3terct ns
tr Input rise time ik 0.8~2v 20 ns
tf Input fall time e 2~0.8v 12 ns
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SWITCHING CHARACTERISTICS (Ta=0~75C , Voc+£5V+5%, unless otherwise noted)

Alternate Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
tenL(BREG) | BCLK—BREQt, | Delay time teLeRL 35 ns
BCLK—BPRO t, |
teLH(BPRO) i taLroH 40 ns
Delay time (See note 2)
BPRNt, | »BPROt | 2
tenL(BPRO) 4 ns
HLIBPRO Delay time (See note 2) PNPO
tenL(BUsy) | BCLK—BUSY | Delay time teLsyL 60 ns
BCLK—BUSY 35
teLz(BUSY) Y ns
LaiBusY Float time (See note 3) BLevH
trLH(AEN) CLK—AEN, 1 Delay time toLaEn 65 ns
tpHL(AEN) BCLK—AEN, | Delay time teLAEL 40 ns
teuL(CBRG) | BCLK—CBRQ, | Delay time teLceL 60 ns
BCLK—CBRQ Delay time
teLz(cBRO) taLcen 35 ns
(See note 3)
tr Output rise time toLon 0.8v~2.0v 20 ns
te Output fall time (See note 4, 5) tonoL 2.0vV~0.8v 12 ns
Note 1 Symbol t, | means rise signal and fall signal.

2 : BCLK generate the first BPRO and then BPRO changes lower in the chain are generated through BPRN.
3 : Measured at 0.5V above GND

Note 4 : A.C. test wave form.
tr
2.4
20 —TTTT—~ ", .
1.5 =~—— Test point —== 1.5

0.8 _______ Z N

0.45 tf
Note 5 : Load circuit

8289 ‘—]
I C_=100pF
MITSUBISHI

3—34 y

ELECTRIC



MITSUBISHI LSIs

MS5L8289P

BUS ARBITER FOR 8086,/8088,/8089 PROCESSORS

TIMING DIAGRAM

State Ta T T2 T3 Ta
tc twicikl)
$1
CLK zl b #2 X £ X /X [ 3
th(§o~§.2) | tw(cLkn) tsu(So~32)
tsu(So~Sz) iy
- - = th(So~$S) ‘Z -\
S, S, So 3 { o F
th(tock) tsu(Tock)

I

TOCK LAK / o

svyseAEss X (2) @)
tsu(svse/RESE) th(svse/ReEss)
- —

(3)
AEN

teHL(BREQ) teLH(REN)
]

tw(Bcrkn) teeeiv)
BCLK / 3‘( N / 3
—"ﬁ teuL(BREQ)

BREQ#2

BPRN#2 \
(BPRO#1) tsu(5mRm)

teLH(BPRO)

4

LA

-

Ve ———————

BPRO#2 —
teHL(BPRO) [appp—
(BPRN#3) BusY)

e
BUSY o5y
terL(CBRQ) | toLz(BUSY) teuL(BUSY)
T

CBRG __JL 0.5vy/ ﬂ[

teLz(TBRQ)

tsu(ausv)

Note 1 : LOCK can be active during any state as long as the relation ships shown above with the
respect to CLK are maintained.

LOCK can be inactive asynchronously.

CRQLCK is an asynchronous input signal.

Noise is permitted during this time. After 42 of T1 and before ¢! of T4 should be stable.
AEN negative-edge is related to CLK, positive-edge to CLK.

ANE positive-edge is generated after as ricrity is lost.

w N

MITSUBISHI s
ELECTRIC






NMOS PERIPHERAL CIRCUITS







2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

MITSUBISHI LSIs

MS5L8155P

DESCRIPTION

The M5L8155P is a 2K-bit RAM (256-word by 8-bit) fabri-
cated with the Nchannel silicon-gate ED-MOS technology.
This IC has 3 I/0 ports and a 14-bit counter/timer which
make it a good choice to extend the functions of an 8-bit
microcomputer. It is incased in a 40-pin plastic DIL package
and operates with a single 5V power supply.

FEATURES

Single 5V supply voltage

TTL compatible

Compatible with MELPS 85 devices
Static RAM: 256 words by 8 bits
Programmable 8-bit {/0O port: 2
Programmable 6-bit I/0 port: 1
Programmable counter/timer: 14 bits
Multiplexed address/data bus

APPLICATION

Extension of I/0 ports and timer function for MELPS 85 and
MELPS 8-48 devices

FUNCTION

The M5L8155P is composed of RAM, 1/0O ports and counter/
timer. The RAM is a 2K-bit static RAM organized as 256
words by 8 bits. The I/0O ports consist of 2 programmable 8-
bit ports and 1 programmable 6-bit port. The terminals of the
6-bit port can be programmed to function as control termin-
als for the 8-bit ports, so that the 8-bit ports can be operated

PIN CONFIGURATION (TOP VIEW)
PCs [T} M Veelsv)
1/0 PORT C { b 2] e
TIMER INPUT TIMER IN—[3] 38—rci {KSaT o
RESET INPUT RESET —[4] 37]-— PCo
1/0 PORT C PCs —[5] 136]-— PB;
TIMER OUTPUT TTIMER OUT “— 0] 35— PBs
seceIENBET 1om —(0 34— PBs
CHIP ENABLE INPUT CE —[8] z 33— PBs | |,0
READ INPUT RD —[9] a 32)—PB; | PORT B
WRITE INPUT WR —[I0) * 31]— PB;
g i a0 § [@-ee
AD, —[12] 29]+— PBo
AD, HE @"’ PA;
AD, —[T4] 27— PAs
sioirecTionaL | ADs (3] 126] — PAs
ADDRESS/DATA BUS | AD, {8 28— | o
ADs ._.E E._. PA; PORT A
ADs —[18] 23] PA,
AD; —[19) (22— PA,
(0V)Vss  [20] 21)— PAo
Outline 40P4

in a handshake mode. The counter/timer is composed of 14
bits that can be used to count down (events or time) and it
can generate square wave pulses that can be used for
counting and timing.

BLOCK DIAGRAM - - - - - -
(5V)Vee @0
(0V)Vss 20)
' STATIC RAM bORT o
AD; (9 (256 WORDS X 8 BITS) 8 A PORT A
ADs (18)
ADs (7
BIDIRECTIONAL | AD4 (6)=—{DATA BUS|
ADDRESS/DATA BUS | AD; (i5) BUFFER 8 () 8
AD; (19 8—BIT INTERNAL
AD; (3 DATA BUS
ADg (12) g |PORT 170
. 1 s PORT B
8
RESET INPUT RESET (¥)
MEMORY SELECT INPUT (0/M (7) READ/
CHIP ENABLE INPUT  CTE ®—q waITE
READ INPUT  RD (9—qCONTROL pé,_ﬁ PORT o
WRITE INPUT  WR (0) CIRCUIT c PORT C
ADDRESS LATCH
ENABLE lNPcL:JT ALE (D F4—BIT COUNTER/TIMERI
| &
TIMER IN  TIMER OUT
TIMER INPUT TIMER OUTPUT
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2048-BIT STATIC RAM WITH I/0 PORTS AND TIMER

OPERATION

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to transfer the

data while input or output instructions are being executed by

the CPU. Command and address information is also transfer-

red through the data bus buffer.

Read/Write Control Logic

The read/write control logic controls the transfer of data by

interpreting 1/0 control bus output signals (RD, WR, I0/M

and ALE) along with CPU signal (CE). RESET signal is also

used to control the transfer of data and commands.

Bidirectional Address/Data Bus (AD,~AD;)

The bidirectional address/data bus is a 3-state 8-bit bus.

The 8-bit address is latched in the internal latch by the fall-

ing edge of ALE. Then if I0/M input signal is at high-level,

the address of 1/0 port, counter/timer, or command register

is selected. If it is at low-level, memory address is selected.
The 8-bit address data is transferred by read input (RD)

or write input (WR).

Chip Enable Input (CE)

When CE is at low-level, the address

address/data bus is stored in the M5L8155P

Read Input (RD)

When RD is at low-level the data bus buffer is active. If 10/

M input signal is at low-level, the contents of RAM are read

through the address/data bus. If I0/M input is at high-level,

the selected contents of 1/0 port or counter/timer are read

through the address/data bus.

Write Input (WR)

information on

Table 1 Pin assignment of control signals of port C

Pin Function

PCs B STB (port B strobe)

PC4 B BF (port B buffer full)

PCs3 B INTR  (port B interrupt)

PC, A STB (port A strobe)

PCy A BF (port A buffer full)

PCo A INTR (port A interrupt)

Timer Input (TIMER IN)

The signal at this input terminal is used by the counter/timer

for counting events or time. (3MHz max.)

Timer Output (TIMER OUT)

A square wave signal or pulse from the counter/timer is out-

put through this pin when in the operation mode.

Command Register (8 bits)

The command register is an 8-bit latched register. The

loworder 4 bits (bits 0~3) are used for controlling and de-

termination of mode of the ports. Bits 4 and 5 are used as in-

terrupt enable flags for ports A and B when port C is used

as a control port. Bits 6 and 7 are used for controlling the

counter/timer. The contents of the command register are re-

written by output instructions (address 1/0 XXXXX000).
Details of the functions of the individual bits of the com-

mand register are shown in Table 2.

Table 2 Bit functions of the command register

When WR is at low-level, the data on the address/data bus . -
R X — . . it | Symbol Function
are written into RAM if I0/M is at low-level, or if IO/M is at
) , ) ) o pa | PORTAVO FLAG 1: OUTPUT PORT A
high-level they are written into 1/O port, counter/timer or 0: INPUT PORT A
command register. PORT B I/0 FLAG 1: OUTPUT PORT B
Address Latch Enable Input (ALE) 1| PB 0: INPUT PORT B
An address on the address/data bus along with the levels of 5 | po. |PORTCFLAG 00: ALT!
CE and 10/M are latched in the M5L8155P on the falling ! 11: ALT2
edge of ALE. 3 pC 01: ALT3
10/Memory Input (10/M) : 10: ALT4
When 10/M is at low-level, the RAM is selected, while at 4 IEA PORT A INTERRUPT 1: ENABLE INTERRUPT
high-level the 1/0 port, counter/timer or command register ENABLE FLAG 0: DISABLE INTERRUPT
are selected. 5 | |eg | PORT BINTERRUPT 1: ENABLE INTERRUPT
I/O Port A (PA;~PA,) ENABLE FLAG 0: DISABLE INTERRUPT
Port A is an 8-bit general-purpose 1/0 port. Input/output set- COUNTER/TIMER CONTROL
ting is controlled by the system software. 6 | TM1 | 00: NO INFLUENCE ON COUNTER/TIMER OPERATION
V/O Port B (PBy~PB) . 01: COUNTER/TIMER OPERATION DISCONTINUED (IF
Port B is an 8-bit general-purpose 1/0 port. Input/output set- NOT ALREADY STOPPED)
ting is controlled by the system software. 10: COUNTER/TIMER OPERATION DISCONTINUED AF-
1/O Port C (PCy~PCs) 7 | ™™2 TER THE CURRENT COUNTER/TIMER OPERATION
Port C is a 6-bit 1/0 port that can also be used to output IS COMPLETED
) ) 11: COUNTER/TIMER OPERATION STARTED
control signals of port A (PA) or port B (PB). The functions
of port C are controlled by the system software. When port C
is used to output control signals of ports A or B the assign-
~ ment of the signals to the pins is as shown in Table 1.
MITSUBISHI
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Status Register (7 bits)

The status register is a 7-bit latched register. The loworder 5
bits (bits 0~4) are used as status flags for the 1/0 ports. Bit
6 is as a status flag for the counter/timer. The contents of

Table 3 Bit functions of the status register

the status register are transferred into the CPU by reading
(INPUT instruction, address 1/0 XXXXX000) . Details of the
functions of the individual bits of the status register are
shown in Table 3.

Bit Symbol Function

0 INTR A PORT A INTERRUPT REQUEST

1 A BF PORT A BUFFER FULL FLAG

2 INTE A PORT A INTERRUPT ENABLE

3 INTR B PORT B INTERRUPT REQUEST

4 B BF PORT B BUFFER FULL FLAG

5 INTE B PORT B INTERRUPT ENABLE
(SET TO 1 WHEN THE FINAL LIMIT
OF THE COUNTER/TIMER IS REACHED

6 TIMER COUNTER/TIMER INTERRUPT AND IS RES';T 70 0 WHEN THE
STATUS IS READ)

7 — THIS BIT IS NOT USED

110 Ports Port B Register (8 bits)

Command/status registers (8 bits/7 bits)
These registers are assigned address XXXXX000. When ex-
ecuting an OUTPUT instruction, the contents of the com-
mand register are rewritten. When executing an INPUT in-
struction the contents of the status register are read.
Port A Register (8 bits)
Port A Register is assigned address XXXXX001. This register
can be programmed as an input or output by setting the
appropriate bits of the command register as shown in Table
2.

Port A can be operated in basic or strobe mode and is
assigned 1/0 terminal PAy~PA;.

Table 4 Functions of port C

Port B register is assigned address XXXXX010. As with Port
A register, this register can be programmed as an input or
output by setting the appropriate bits of the command regis-
ter as shown in Table 2. Port B can be operated in basic or
strobe mode and is assigned 1/0 terminals PBy~PB;.

Port C Register (6 bits)

Port C register is assigned address XXXXX011. This port is
used for controlling input/output operations of ports A and B
by selectively setting bits 2 and 3 of the command register
as shown in Table 2. Details of the functions of the various
setting of bits 2 and 3 are shown in Table 4. Port C is
assigned 1/0 terminals PCy;~ PCs and when used as port
control signals, the 3 low-order bits are assigned for port A
while the 3 high-order bits are assigned for port B.

State

Terminal ALT 1 ALT 2 ALT 3 ALT 4
PCs Input Output Output B STB (port B strobe)
PCs Input Output Output B BF (port buffer full)
PCs Input Output Output B INTR (port B interrupt)
PC. Input Output A STB (port A strobe) A STB (port A strobe)
PCy Input Output A BF (port A buffer full) A BF (port A buffer full)
PCo Input Output A INTR (port A interrupt) A INTR (port A interrupt)

MITSUBISHI
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Configuration of ports

A block diagram of 1 bit of ports A and B is shown in Fig. 1.
While port A or B is programmed as an output port, if the
port is addressed by an input instruction, the contents of the
selected port can be read. When a port is put in input mode,
the output latch is cleared and writing into the output latch is

disabled. Therefore when a port is changed to output mode
from input mode, low-level signals are output through the
port. When a reset signal is applied, all 3 ports (PA, PB, and
PC) will be input ports and their output latches are cleared.
Port C has the same configuration as ports A and B in mod-
es ALT1 and ALT2.

M5L8155P
Q D
INTERNAL
ATA BUS
o CLK ]
l'_ o—_: e sTB
| |
| | %2
| |
L _O'—“_, *3
RD PORT lﬂ
D Q
WR PORT oLk
CLR
MD

EXTERNAL PIN
4“’D (PORT A OR
PORT B

1. WR PORT=I0/M-WR-CE-
(PORT ADDRESS SELECTED)
2. RD PORT=I0/M-RD-CE-
(PORT ADDRESS SELECTED)
3. MULTIPLEX CONTROL
*1 STROBE INPUT MODE
*2 INPUT MODE
%3 OUTPUT MODE
4. MD=1: OUTPUT MODE

0 I INPUT MODE

Fig. 1 Configuration for 1 bit of port A or B

Table 5 Basic functions of 1/0 ports

Address RD WR Function

0 1 AD bus + status register
XXXXX000 v

1 0 Command register + AD bus

0 1 AD bus + port A
XXXXX001

1 0 Port A < AD bus
YHKXO10 0 1 AD bus + port B

1 0 Port B + AD bus
XXXXXO11 0 1 AD bus + port C

r 1 0 Port C + AD bus

Table 6 Port control signal levels at ALT3 and ALT4

The basic functions of the 1/0 ports are shown in Table 5.
The control signal levels to ports A and B, when port C is
programmed as a control port, are shown in Table 6.

Counter/Timer
The counter/timer is a 14-bit counting register plus 2 mode
flags. The register has two sections: address 1/0 XXXXX100
is assigned to the low-order 8 bits and address 1/0
XXXXX101 is assigned to the high-order 8 bits. The low-
order bits 0~13 are used for counting or timing. The counter
is initialized by the program and then counted down to zero.
The initial setting can range from 26 to 3FFF;s. Bits 14 and
15 are used as mode flags.

The mode flags select 1 of 4 modes with functions as

follow:
Control Signal Output mod Input mod
STBg u:m mode nbut mode Mode 0:  Outputs high-level signal during the former
neut Input half of the counter operation
BF L L Outputs low-level signal during the latter half
INTR il ‘L of the counter operation
1—6 MITSUBISHI
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Table 7 Format of counter/timer

Bit Number
7(6(5(14(3[2]1]0

Address Function

THE LOW-ORDER 8 BITS
OF THE COUNTER REGISTER
M1 M2: TIMER MODE

7o, THEHIGH-ORDERG BITS
&1 OF THE COUNTER REGISTER

XXXXX100| T7| Te| Ts|{ Ta| T3| T2| T | To

XXXXX101|{M2|M;[T13[Ti2[T11|T10| To| Ts

Table 8 Timer mode

Mode 1:  Outputs square wave signals as in mode 0

Mode 2: Outputs a low-level pulse during the final
count down

Mode 3: Outputs a low-level pulse during each final
count down

Starting and stopping the counter/timer is controlled by
bits 6 and 7 of the command register (see Table 2 for
details) . The format and timer modes of the counter/timer
register are shown in Table 7 and Table 8.

The counter/timer is not influenced by a reset, but counting
is discontinued. To resume counting, a start command must
be written into the command register as shown in Table 2.

M; M, Timer operation
Outputs high-level signal during the former half of the counter operation While operating 2n—+1 count down in mode 0, a high-level
0 0| Cutputs ow-ev signal during he latterhelf of the counter opcteten | gignal is output during the n+1 counting and a low-level sig-
0 1 Outputs square wave signals in mode 0 (mode 1) nal is output during the n counting.
1 0 Qutputs a low-level pulse during the final count dowm
(mode 2)
1 1 Outputs a low-level pulse during each final count down
(mode 3)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter ’ Conditions Limits Unit
Veeo Supply voltage i —0.5~7 \Y
Vv, Input voltage With respect to Vss —0.5~7 \
Vo Output voltage —0.5~7 \
Pq Maximum power dissipation Ta=25C 1.5 w
Topr Operating free-air temperature range —20~75 c
Tstg Storage temperature range —65~150 c
RECOMMENDED OPERATING CONDITIONS (1,=—20~75C, unless otherwise noted)
Symbol Parameter Himits Unit
Min [ Nom l Max
Voe Supply voltage 4.75 5 l 5.25 \ \
Vss Power-supply voltage 0 \"
Vio Low-level input voltage —0.5 0.8 \%
Vin High-level input voltage B 2 Veet0.5 v
ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Voc=5V=£ 5%, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
Vou High-level output voltage Vss=0V, loy=—400uA 2.4 \
VoL Low-level output voltage Vss=0V, lo.=2mA 0. 45 \Y
I Input leak current Vss=0V,V;=0~V;c —10 10 A
licce) Input leak current, CE pin Vss=0V, Vi=0~Vgc —100 100 ~A
loz Output floating leak current Vss=0V, V|=0.45~Vcc —10 10 uA
Cj Input capacitance Vie=0V, f=1MHz, 25mVrms, Ta=25C 10 pF
Ci/o Input/output terminal capacitance Vi,oL=0V, f=1MHz, 25mVrms, T3=25C 20 pF
lce Supply current from V¢ Vgs=0V 180 mA
Note 1 : Current flowing into an IC is positive, out is negative.
MITSUBISHI

ELECTRIC




MITSUBISHI LSls
MSL8155P

2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

TIMING REQUlREMENTS (Ta=—20~75C, Vec=5VE 5%, unless otherwise notedj

Symbol Parameter Altemative Test conditions Limits Unit
symbol Min Typ Max
tsuca-L) | Address setup time before latch taL 50 ns
th(L-a) Address hold time after latch tia 80 ns
th(L-rwh)| Read/write hold time after latch tc 100 ns
tw(L) Latch pulse width toe 100 ns
th(rw-L) | Latch hold time after read/write toL 20 ns
tw(rwL) | Read/write low-level pulse width tcc 250 ns
tsu(p-w) | Data setup time before write tow 150 ns
th(w-p) Data hold time after write two 0 ns
tw(rwn) | Read/write high-level pulse width thv 300 ns
tsucp-r) | Port setup time before read ter 70 ns
th(r-p) ’ Port hold time after read tre 50 ns
tw(sTe) Strobe pulse width tss 200 ns
tsu(p-sTe)| Port setup time before strobe tess 50 ns
th(ste-p) | Port hold time after strobe teHs 120 ns
tw( s H) Timer input high-level puise width t2 120 ns
twi s L) Timer input fow-level pulse width 4 80 ns
te(s) Timer input cycle time teve 320 ns
tre4) Timer input rise time tr 30 ns
tfce) Timer input fall time tf 30 ns
SWITCHING CHARACTERISTICS (Ta=—20~75TC, Vec=5V= 5%, unless otherwise noted.)
Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
texv(r-nq) | Propagation time from read to data output tro 170 ns
tezx(a-pq) | Propagation time from address to data output tan 400 ns
tevz(r-0q) | Propagation time from read to data floating (Note 2) troF 0 100 ns
terL(w-p) o ) twe
Propagation time from write to data output 400 ns
teLH(w-P) . twe
teun(sTe-gr) | Propagation time from strobe to BF flag tseF 400, ns
teHL(R-BF) Propagation time from read to BF flag tree 400 ns
’ teLn(stenTr) | Propagation time from strobe to interrupt tsi 400 ns
tPHL(R-INTR) ?ropagation time from read to interrupt tro 400 ns
tPHL(sTB-BF) Propagation time from strobe to BF flag tsee 400 ns
teLu(w-F) | Propagation time from write to BF flag twer 400 ns
tenu(w-inTr) | Propagation time from write to interrupt twi 400 ns
ten( $-ouT) ) ) tre
Propagation time from timer input to timer output 400 ns
toLn( ¢ -oum) tri
tezx(r-DQ) | Propagation time from read to data enable troe 10 ns
Note 1 ! Measurement conditions C=150pF
2 ! Measurement conditions of note 1 are not applied.
MITSUBISHI
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MS5L8155P

2048-BIT STATIC RAM WITH I/0 PORTS AND TIMER

TIMING DIAGRAM (reference level, high-level=2V , low-level=0.8V)

Basic output

PORT

10/M

ADg~AD;

ALE

Basic input

PORT

10/M

ADo~AD;

ALE

Y
=\

th(L—rwH)

tw(rwo)

tw(rwH)

thiw-p)

tenLiw—rp)
teLniw—rp)

N

\
\
X

ADDRESS X DATA
.
L tsua—u) th(L—n) tsuo-w) | thirw—1)
} { |
N
twin)
|
tsu(p—n)
thr—p)
tw(rwL) TP
te(L—aw) texv(r—pa) te(Rw—0)
tezx(rR—DQ)
texz(r—Da)
\ / N\
tezx(a—q)
X ADDRESS L X oaa —
I
tsuca—1) thii—a)
.___/ = 4
tww)

MITSUBISHI
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

Strobed output

PORT

WR \

teHL(W—INTR)

INTR

BF

tpLH(W—P)

teuL(w—p)

/

teLH(STB—INTR)
teLH(w—8F)

STROBE

Strobed input

tenL(ste—8F) > :

PORT

X

tsu(p—st8)

—4 thiste—p)

TN

STROBE

tw(ste)

teLH(sTB—BF)

\

teLH(sTB—INTR)

4

BF

INTR

N

teHL(R—BF)

X

teHL(R—INTR)

Timer (Note 1)

TIMER

N

TIMER OUT
PULSE MODE

X 7
e/ (Note 2)

‘;\_/‘_5\_
X

teHL($ —ouT)

teHL(# —ouT)

teLn( 8 —ouT)

TIMER OUT _
SQUARE WAVE MODE

Note 1 : The wave form is shown counting down from 5 to 1.

4

——————————/ (Note2)

2 . As long as the M1 mode flag of the timer register is at

high-ievel, pulses are continuously output.

S

4—10
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

MITSUBISHI LSls

M5L8156P

DESCRIPTION

The M5L8156P is a 2K-bit RAM (256-word by 8-bit) fabri-
cated with the N-channel silicon-gate ED-MOS technology.
This IC has 3 I/0 ports and a 14-bit counter/timer which
make it a good choice to extend the functions of an 8-bit
microcomputer. It is incased in a 40-pin plastic DIL package
and operates with a single 5V power supply.

FEATURES

Single 5V supply voltage

TTL compatible

Compatible with MELPS 85 devices
Static RAM: 256 words by 8 bits
Programmable 8-bit I/0 port: 2
Programmable 6-bit 1/0 port: 1
Programmable counter/timer: 14 bits
Multiplexed address/data bus

APPLICATION

Extension of 1/0 ports and timer function for MELPS 85 and
MELPS 8-48 devices

FUNCTION

The M5L8156P is composed of RAM, /0 ports and counter/
timer. The RAM is a 2K-bit static RAM organized as 256
words by 8 bits. The I/0O ports consist of 2 programmable 8-
bit ports and 1 programmable 6-bit port. The terminals of the
6-bit port can be programmed to function as control termin-
als for the 8-bit ports, so that the 8-bit ports can be operated

PIN CONFIGURATION (TOP VIEW)
110 PORT C { pe. - 40 Voo(sv)
PCs —[2] 39— PC,
TIMER INPUT TIMER IN —[3] [38]-— PC, 'p/8m c
RESET INPUT RESET —[4] 37— PCo
170 PORT C PCs—[5] 136]— P8y
TIMER OUTPUT TIMER OUT *— (0] [35]-— PBs
seLeIFNBEY 1o —[1] 34— Pes
CHIP ENABLE INPUT CE —[8] 33—PB: |,,0
READ INPUT RD —[2] £ 32]-—PB; | PORT B
WRITE INPUT WR —(I0] [ [31]— P8,
RS ue -l Z @-e
ADo —[12] = 23] PB,
AD, —[13] 28] — PA,
AD; (T4 27]— PAs
sipIRecTIoNAL | ADs (5] 26— PAs
ADDRESS/DATA BUS | AD, —[T§ 25— PAc | 10
ADs [T} ) Pa; | PORT A
AD; —[1§] 23— Pa;
AD; —[19] 22]«— PA,
(0V)Ves  [20 [21]— PAo
Outline 40P4

in a handshake mode. The counter/timer is composed of 14
bits that can be used to count down (events or time) and it
can generate square wave pulses that can be used for
counting and timing.

BLOCK DIAGRAM - . - i, _
(5V) Voo @
(0V) Vgs @0
‘ STATIC RAM PORT o
AD; (9 (256 WORDS X 8 BITS) 8.1 A PORT A
ADs (18)
ADs (1)
BIDIRECTIONAL | AD, (6)~—{DATA BUS
ADDRESS/DATA BUS | AD; (5) BUFFER 8 ) 8
AD; (9 8—BIT INTERNAL
AD; (1) DATA BUS
ADs (12 8 PORT (7o)
1 s PORT B
8
RESET INPUT RESET
MEMORY SELECT INPUT 10/M (7) READ/
CHIP ENABLE INPUT  CE ®—9q wRITE 3
READ INPUT  RD (8—qCONTROL L8 A oorT Vo
WRITE INPUT ~ WR (0—d C/RCUIT c PORT G
ADEEI)\aEBSLSE liﬁ}-’gl{! ALE @D 14-BIT coumswnmenl
—- —(& - —CED - -
TIMER IN  TIMER OUT
TIMER INPUT TIMER OUTPUT

MITSUBISHI
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M5L8156P

2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

OPERATION

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to transfer the

data while input or output instructions are being executed by

the CPU. Command and address information is also transfer-

red through the data bus buffer.

Read/Write Control Logic

The read/write control logic controls the transfer of data by

interpreting 170 control bus output signals (RD, WR, I0/M

and ALE) along with CPU signal (CE). RESET signal is also

used to control the transfer of data and commands.

Bidirectional Address/Data Bus (AD,~AD,)

The bidirectional address/data bus is a 3-state 8-bit bus.

The 8-bit address is latched in the internal latch by the fall-

ing edge of ALE. Then if I0/M input signal is at high-level,

the address of 1/0O port, counter/timer, or command register

is selected. If it is at low-level, memory address is selected.
The 8-bit address data is transferred by read input (RD)

or write input (WR).

Chip Enable Input (CE)

When CE is at high-level, the address information on

address/data bus is stored in the M5L8156P

Read Input (RD)

When RD is at low-level the data bus buffer is active. If 10/

M input signal is at low-level, the contents of RAM are read

through the address/data bus. If IO/M input is at high-level,

the selected contents of 1/0 port or counter/timer are read

through the address/data bus.

Write Input (WR)

When XR is at low-level, the data on the address/data bus

Table 1 Pin assignment of control signals of port C

Pin Function

PCs B STB (port B strobe)

PC4 B BF (port B buffer full)

PC3 B INTR  (port B interrupt)

PC, A STB (port A strobe)

PCy A BF (port A buffer full)

PCo A INTR (port A interrupt)

Timer Input (TIMER IN)

The signal at this input terminal is used by the counter/timer

for counting events or time. (3MHz max.)

Timer Output (TIMER OUT)

A square wave signal or pulse from the counter/timer is out-

put through this pin when in the operation mode.

Command Register (8 bits)

The command register is an 8-bit latched register. The

loworder 4 bits (bits 0~3) are-used for controlling and de-

termination of the mode of the ports. Bits 4 and 5 are used

as interrupt enable flags for ports A and B when port C is

used as a control port. Bits 6 and 7 are used for controlling

the counter/timer. The contents of the command register are

rewritten by output instructions (address 1/0 XXXXX000).
Details of the functions of the individual bits of the com-

mand register are shown in Table 2.

Table 2 Bit functions of the command register

X X | — . . Bit | Symbol Function

are written into RAM if I0/M is at low-level, or if IO/M is at PORT A 1/0 FLAG 1- OUTPUT PORT A
high-level they are written into I/O port, counter/timer or 0 PA 0: INPUT PORT A
command register. PORT B 1/0 FLAG 1: OUTPUT PORT B
Address Latch Enable Input (ALE) ! PB 0: INPUT PORT B
An address on the address/data bus along with the levels of » | pc, | PORTCFLAG 00: ALTI
CE and 10/M are latched in the M5L8156P on the falling ! 11: ALT2
edge of ALE. 01: ALT3

™ 3 PC2 10: ALT4
10/Memory Input (10/M) i
When 10/M is at low-level, the RAM is selected, while at 4 jea | PORT A INTERRUPT 1: ENABLE INTERRUPT
high-level the I/O port, counter/timer or command register ENABLE FLAG 0: DISABLE INTERRUPT
are selected. 5 \Eg | PORT BINTERRUPT 1: ENABLE INTERRUPT
/0 Port A (PA,~PA,) ENABLE FLAG 0: DISABLE INTERRUPT

0 1
Port A is an 8-bit general-purpose /0O port. Input/output set- COUNTER/TIMER CONTROL
ting is controlled by the system software. 6 | TM1 | 0. NO INFLUENGE ON COUNTER/TIMER OPERATION
1/0 Port B (PBy~PB) 01: COUNTER/TIMER OPERATION DISCONTINUED (IF
Port B is an 8-bit general-purpose 1/0 port. Input/output set- NOT ALREADY STOPPED)
ting is controlled by the system software. 10: COUNTER/TIMER OPERATION DISCONTINUED AF-
1/O Port C (PCo~PCs) 7 1 T™2 TER THE CURRENT COUNTER/TIMER OPERATION
) . IS COMPLETED
Port C |§ a 6-bit 1/0 port that can also be used to output 11: COUNTER/TIMER OPERATION STARTED
control signals of port A (PA) or port B (PB). The functions
of port C are controlled by the system software. When port C
is used to output control signals of ports A or B the assign-
ment of the signals to the pins is as shown in Table 1.
MITSUBISHI
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MSL8156P

2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

Status Register (7 bits)

The status register is a 7-bit latched register. The loworder 5
bits (bits 0~4) are used as status flags for the 1/0 ports. Bit
6 is as a status flag for the counter/timer. The contents of

Table 3 Bit functions of the status register

the status register are transferred into the CPU by reading
(INPUT instruction, address 1/0 XXXXX000) . Details of the
functions of the individual bits of the status register are
shown in Table 3.

Bit Symbol Function
0 INTR A PORT A INTERRUPT REQUEST
1 A BF | PORT A BUFFER FULL FLAG
2 INTE A PORT A INTERRUPT ENABLE
3 INTR B PORT B INTERRUPT REQUEST
4 B BF PORT B BUFFER FULL FLAG
5 INTE B PORT B INTERRUPT ENABLE
o (SET TO 1 WHEN THE FINAL LIMIT
OF THE COUNTER/TIMER IS REACHED
6 TIMER COUNTER/TIMER INTERRUPT AND IS RESET TO 0 WHEN THE
STATUS IS READ)
7 — THIS BIT IS NOT USED
1/0O Ports Port B Register (8 bits)

Command/status registers (8 bits/7 bits)
These registers are assigned address XXXXX000. When ex-
ecuting an OUTPUT instruction, the contents of the com-
mand register are rewritten. When executing an INPUT in-
struction the contents of the status register are read.
Port A Register (8 bits)
Port A Register is assigned address XXXXX001. This register
can be programmed as an input or output by setting the
appropriate bits of the command register as shown in Table
2.

Port A can be operated in basic or strobe made and is
assigned 1/0 terminal PAy~PA;.

Table 4 Functions of port C

Port B register is assigned address XXXXX010. As with Port
A register, this register can be programmed as an input or
output by setting the appropriate bits of the command regis-
ter as shown in Table 2. Port B can be operated in basic or
strobe mode and is assigned 1/0 terminals PBy~PB;.

Port C Register (6 bits)

Port C register is assigned address XXXXX011. This port is
used for controlling input/output operations of ports A and B
by selectively setting bits 2 and 3 of the command register
as shown in Table 2. Details of the functions of the various
setting of bits 2 and 3 are shown in Table 4. Port C is
assigned 1/0 terminals PCo~ PCs and when used as port
control signals, the 3 low-order bits are assigned for port A
while the 3 high-order bits are assigned for port B.

Toate ALT 1 ALT2 | ALT 3 ALT 4
PCs Input Output ‘ Output B STB (port B strobe)
PC4 Input Output \ Output B BF (port buffer full)
PC3 Input Output \ Output B INTR (port B interrupt)
PC; Input Output A STB (port A strobe) A STB (port A strobe)
PC, Input Output A BF (port A buffer full) A BF (port A buffer full)
PCo Input Output A INTR (port A interrupt) A INTR (port A interrupt)

MITSUBISHI
ELECTRIC
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

Configuration of ports

A block diagram of 1 bit of ports A and B is shown in Fig. 1.
While port A or B is programmed as an output port, if the
port is addressed by an input instruction, the contents of the
selected port can be read. When a port is put in input mode,
the output latch is cleared and writing into the output latch is

disabled. Therefore when a port is changed to output mode
from input mode, low-level signals are output through the
port. When a reset signal is applied, all 3 ports (PA, PB, and
PC) will be input ports and their output latches are cleared.
Port C has the same configuration as ports A and B in mod-
es ALT1 and ALT2.

M5L8156P

INTERNAL
DATA BUS

CLK]
STB

WR PORT CLK

CLR

EXTERNAL PIN
—)D (PORT A OR
PORT B

1. WR PORT=|0/M*WR:CE-*
(PORT ADDRESS SELECTED)

2. RD PORT=I0/M-RD-CE-
(PORT ADDRESS SELECTED)

3. MULTIPLEX CONTROL
*1 STROBE INPUT MODE
*2 INPUT MODE
*3 OUTPUT MODE

4. MD=1: OUTPUT MODE

MD

0! INPUT MODE

Fig. 1 Configuration for 1 bit of port A or B

Table 5 Basic functions of 1/0 ports

Address RD R Function
1 AD bus + status register

XXXXX000 —

1 0 Command register < AD bus

0 1 AD bus + port A
XXXXX001

1 0 Port A < AD bus

0 1 AD bus + port B
XXXXX010

1 0 Port B < AD bus

0 1 AD bus + port C
XXXXX011

1 0 Port C « AD bus

Table 6 Port control signal levels at ALT3 and ALT4

The basic functions of the 1/0 ports are shown in Table 5.
The control signal levels to ports A and B, when port C is
programmed as a control port, are shown in Table 6.

Counter/Timer
The counter/timer is a 14-bit counting register plus 2 mode
flags. The register has two sections: address I/0 XXXXX100
is assigned to the low-order 8 bits and address 1/0
XXXXX101 is assigned to the high-order 8 bits. The low-
order bits 0~13 are used for counting or timing. The counter
is initialized by the program and then counted down to zero.
The initial setting can range from 2;¢ to 3FF;s. Bits 14 and 15
are used as mode flags.

The mode flags select 1 of 4 modes with functions as
follow:

Control Signal Output mode Input mode Mode 0:  Outputs high-level ‘signal during the former
STB Input Input half of the counter operation
BF ] e aLr Outputs low-level signal during the latter half
INTR s L of the counter operation

4—14 MITSUBISHI
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MSL8156P

2048-BIT STATIC RAM WITH 1/O PORTS AND TIMER

Table 7 Format of counter/timer Mode 1:  Outputs square wave signals as in mode 0
Mode 2: Outputs a low-level pulse during the final
Bit Numb
Address e Function count down
718|5]4]3)2)1]0 Mode 3: Outputs a low-level pulse during each final
THE LOW-ORDER 8 BITS count down

XXXXX100| T7|Te|Ts| Ta| T3| T2| T1| T

o

OF THE COUNTER REGISTER Starting and stopping the counter/timer is controlled by

M1.M2: TIMER MODE bits 6 and 7 of the command register (see Table 2 for

XXXXX101|M2|M;[Ti3T12T11|Tio| To | Ts THE HIGH-ORDER 6 BITS ) . ,
Te~Ti3 . mat and timer modes of the counter/timer
8~ T13 . 1E COUNTER REGISTER details) . The format and timer mo

register are shown in Table 7 and Table 8.

The counter/timer is not influenced by a reset, but counting

is discontinued. To resume counting, a start command must

be written into the command register as shown in Table 2.

Outputs high-level signal during the former half of the counter operation Wh”e operating 2n+1 count ,dOWn in mOde 0’ a high-level

0 0 Outputs low-level signal during the latter half of the counter ope(:x:;ne o signal is output during the n+1 counting and a low-level sig-
nal is output during the n counting.

Table 8 Timer mode

M2 M, Timer operation

0 1 Outputs square wave signals as in mode 0 (mode 1)
1 0 Outputs a low-level pulse during the final count dowm
(mode 2)
1 1 ‘ Outputs a low-level pulse during each final count down
(mode 3)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.5~7 » \
V, input voltage With respect to Vgg —0. 5:«7 \2
Vo Output voltage —0.5~7 \Y
Pd Maximum power dissipation Ta=25C ' 1.5 w
Topr Operating free-air temperature range —20~75 T
Tstg Storage temperature range —65~150 T

RECOMMENDED OPERATING CONDITIONS (12=—20~75T, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.75 5 5.25 \
Vss Power-supply voltage 0 \"
Vie Low-level input voltage —0.5 0.8 v
Vin High-level input voltage 2 Ve t0.5 \Y

ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Vcc=5V+5%, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Von High-level output voltage Vss=0V, lon=—400uA 2.4 \"
VoL Low-level output voltage Vss=0V, lo,=2mA 0. 45 \
I Input leak current Vss=0V,V;=0~V¢c —10 10 uA
licce) Input leak current, CE pin Vss=0V, V;=0~V¢c —100 100 A
loz Output floating leak current Vss=0V, V|=0. 45~V¢ —10 10 uA
Cj Input capacitance Vi =0V, f=1MHz, 25mVrms, T4=25C 10 pF
Ci/o Input/output terminal capacitance Viior=0V, f=1MHz, 25mVrms, T3=25C 20 pF
lcc Supply current from Ve Vgs=0V 180 mA
Note 1 : Current flowing into an IC is positive, out is negative.
MITSUBISHI 1—15
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

TIMING

REQUIREMENTS (Ta=—20~75C, Voc="5V=* 5%, unless otherwise noted)

Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
tsuca-L) Address setup time before latch taL 50 ns
th(L-a) Address hold time after latch tia 80 ns
th(L-rwr)| Read/write hold time after latch tic 100 ns
tw(L) Latch pulse width toe 100 ns
th(rw-L) | Latch hold time after read/write toL 20 ns
tw(rwer) | Read/write low-level pulse width tcc 250 ns
tsu(p-w) | Data setup time before write tow 150 ns
th(w-p) Data hold time after write two 0 ns
tw(rwn) | Read/write high-level pulse width try 300 ns
tsu(p-r) | Port setup time before read ter 70 ns
th(r-pP) Port hold time after read trp 50 ns
tw(sTe) Strobe pulse width tss 200 ns
tsu(p-ste)| Port setup time before strobe tpss 50 ns
th(sTte-p) | Port hold time after strobe tpHs 120 ) ns
twisn) Timer input high-level pulse width t 120 ns
twis L) Timer input low-level pulse width t 80 ns
tc(#) Timer input cycle time teve 320 ns
tres) Timer input rige time tr 30 ns
tr ¢ Timer inbut fall time tf 30 ns
SWITCHING CHARACTERISTICS (Ta=—20~75C, Vce=5V+5%, unless otherwise noted.)
Symbol Parameter Altemative Test conditions i Limits Unit
symbol Min Typ Max
texv(r-pq) | Propagation time from read to data output tro 170 ns
tezx(a-pq) | Propagation time from address to data output tap 400 ns
tevz(r-pq) | Propagation time from read to data floating (Note 7) tror 0 100 ns
teHL(W-P) twe
Propagation time from write to data output 400 ns
teL(w-p) twe
tpLH(sTB-BF) Propagation time from strobe to BF flag tser 400 ns
tPHL(R-BF) Propagation time from read to BF flag tree 400 ns
tFILH(S:rB_"\n'R) Propagation time from strobe to interrupt tsi 400 ns
teHL(R-INTR) Propagation time from read to interrupt troi 400 ns
tPHL(STB-BF) Propagation time from strobe to BF flag tsBe 400 ns
teLn(w-sF) | Propagation time from write to BF flag twer 400 ns
tPHL(W-INTR) Propagation time from write to interrupt twi 400 ns
teHL( #-oum) tro
Propagation time from timer input to timer output 400 ns
teLn(#-oum) tra
tezx(r-DQ) | Propagation time from read to data enable troE 10 ns
Note 1 ! Measurement conditions C=150pF
2 ! Measurement conditions of note 6 are not applied.
MITSUBISHI

ELECTRIC



MITSUBISHI LSIs

MSL8156P

2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

TIMING DIAGRAM (reference level, high-level=2V , low-level=0.8V)
Basic output

PORT
terL(w—p)
teLH(w—rp)
— -
WR
twirwL) tw(rwH)
1
th(L—RwH) thiw—p)
10/M \ w
CE / /
7
ADo~AD; ADDRESS 2 DATA
.
tsu(a—0) tha—a) tsuto—w) th(rw—L)
ALE
t N
w(L)

Basic input

L "

porr i

tsue—r)
th(r—p)
5 N Z
t
w(RWL) b Crw)
te(i—rw) texv(r—pa) tetrw—1)
tpzx(rR—DQ)
texz(r—Da)

10/M [ \

CE i \ /

tezx(a—q)

ADo~AD; ADDRESS DATA ‘ i—-(

tsua—L) thi—n)

ALE N

tw(v)

" ¢ MITSUBISHI
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2048-BIT STATIC RAM WITH 1I/0 PORTS AND TIMER

Strobed output

i

PORT

X

i

trLH(W—P)
teHL(w—P)

v

teHL( ¢ —ouT)

teHL(W—INTR)
INTR /
tpLH(STB—INTR)
teLH(w—8F)
BF
teuL(sTe—BF) > :
STROBE Q/
Strobed input
PORT L X
tsu(p—sta) thiste—p)
STROBE N\
'W(STB) I ‘PLH(STE—INTR)
teLn(sTB—BF) : :
BF —/ ‘\L—
tenL(R—BF)
INTR /L \t
tePHL(R—INTR) :
RD
Timer (Notel)
1 5 4 3 2 1 5
twign)
B = Y 7 ;
Pu?yEEnggg \=mm= (Note2) L
teHL( # —ouT)
. ——
PHL(# —OUT)
TIMER OUT ’ j i
SQUARE WAVE MODE ~~ === =======/ (Note2)
Note 1 : The wave form is shown counting down from 5 to 1.
2 1 Aslong as the M1 mode flag of the timer register is at

high-level, pulses are continuously output.

- 4—18
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PROGRAMMABLE COMMUNICATION INTERFACE

MITSUBISHI LSIs

MS5L8251AP-5

DESCRIPTION

The M5L8251AP-5 is a universal synchronous/asynchronous
receiver/transmitter (USART) IC chip designed for data
communications use. It is produced using the N-channel sili-
con-gate ED-MOS process and is mainly used in combina-
tion with 8-bit microprocessors.

FEATURES
® Single 5V supply voltage
® Synchronous and asynchronous operation
Synchronous:
5~8-bit characters
Internal or external synchronization
Automatic SYNC character insertion
Asynchronous system:
5~8-bit characters
Clock rate—1, 160r 64 times the baud rate
1,1, or 2 stop bits
False-start-bit detection
Automatic break-state detection
® Baud rate: DC~64k-baud )
® Full duplex, double-buffered transmitter/receiver
® Error detection: parity, overrun, and framing

APPLICATIONS

® Modem control of data communications using micro-
computers

® Control of CRT, TTY and other terminal equipment

FUNCTION

The M5L8251AP-5 is used in the peripheral circuits of a
CPU. It permits assignments, by means of software, of op-
erations in all the currently used serial-data transfer systems

PIN CONFIGURATION (TOP VIEW)
somecriona, [ 02 =0 =384 }B'DIRECTIONAL
DATA BUS | D, «» [7] 7~ Do A BUS

RECEIVER.DATA R,D — 3] 28 Vee (sv)
(ov) Vs [ Bl RC EEGEK Royr
o[z oA
BIDIHSE]IAOQALJ Ds « [6] E 23— RTS REQUEST-IO-
Ds 7] N 23+ DSR RATAS o
D, ~[&] 2 71 « RESET RESET INPUT
Tg“g‘g&’"ﬂpm T3¢ —[g] 3 20+ CLK CLOCK INPUT
conTRoL inpUT WR — [ & 19— 7D Eﬁ%RSgLIJIFLEUHI:
Sapacy  maddl
B3NESL R /0~ [ I CTssee ey
CONEE&HV'ENR?UT RD —[I3 18]~ 5 BREAK DETECT
READY GaTRLT RxRDY [ 5] — TxRDY READY BUTRur

Outline 28P4

including IBM’s ‘bi-sync’. The M5L8251AP-5 receives para-
llel-format data from the CPU, converts it into a serial format,
and then transmits via the TyxD pin. It also receives data sent
in via the RxD pin from the external circuit, and converts it
into a parallel format for sending to the CPU. On receipt of
parallel-format data for transmission from the CPU or serial

data for the CPU from external devices, the M5L8251AP-5 -

informs the CPU using the TxRDY or RxRDY pin. In addition,
the CPU can read the M5L8251AP-5 status at any time. The
M5L8251AP-5 can detect the data received for errors and in-
form the CPU of the presence of errors as status information.
Errors include parity, overrun and frame errors.

BLOCK DIAGRAM
RESET INPUT RESET (21) !
CLOCK INPUT  CLK .8
CONTROL/DATA-CONTROL = % READ/WRITE s |TRANSMIT
¢/ CONTROL BUFFER (9 TxD TRANSMITTER-DATA OUTPUT
READ-DATA CONTROL INPUT RD(13) LOGIC (P—S)
WRITE-DATA CONTROL INPUT  WR (10 — X
WR A
HIP-SELECT INPUT TS
c v RANSMIT (5 TXRDY  TRANSMITTER-READY OUTPUT
__ TXEMPTY  TRANSMITTER-EMPTY QUTPUT
DATA-SET READY INPUT ~ DSR @) 8 CONTROL |, g Tc TRANSMITTER-CLOCK INPUT
DATA-TERMINAL READY OUTPUT  BTR (4) d mopem lcts x
CLEAR-TO-SEND INPUT  GTS (1) qCONTROL 3 (29) Voc(5V)
REQUEST-TO-SEND OUTPUT  RTS (23) d
o Vss(0V)
Do (27 REGEIVE O RxRDY RECEIVER-READY OUTPUT
D1 (28 CONTROL @) RxC RECEIVER-CLOCK INPUT
0:(1 (1) SYNDET/BD SYNC DETECT/BREAK DETECT
D0 DATA
BIDIRECTIONAL DATA BUS< ° BUS 8
Da(5 BUFFER '
Ds (8 RECEIVE
Ds(7 8 BUFFER 3)RxD RECEIVER-DATA INPUT
D7(8 (s—P) I
_ - - —_ 1
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OPERATION

The M5L8251AP-5 interfaces with the system bus as shown
in Fig.1, positioned between the CPU and the modem or ter-
minal equipment, and offers all the functions required for
data communication.

16 ADDRESS BUS
Ay
4 CONTROL BUS
T7OR | I70W | RESET $2(TTL)
8 DATA BUS
8
4 -
C/D CS Do~D; RD WR RESET CLK

M5L8251AP-5

Fig. 1
tem bus

M5L8251AP-5 interface to 8080A standard sys-

When using the M5L8251AP-5, it is necessary to program, as
the initial setting, assignments for synchronous/asynchronous
mode selection, baud rate, character length, parity check,
and even/odd parity selection in accordance with the com-
munication system used. Once programming is completed,
functions appropriate to the communication system can be
carried out continuously.

When initial setting of the USART is completed, data
communication becomes possible. Though the receiver is
always in the enable state, the transmitter is placed in the
transmitter-enable state (TxEN) by a command instruction,
and the application of a low-level signal to the CTS pin
prompts data-transfer start-up. Until this condition is satis-
fied, transmission is not executed. On receiving data, the re-
ceiver informs the CPU that reading for the receiver data in
the USART by the CPU has become possible (the RxRDY
terminal has turned to ‘1’). Since data reception and the en-
try of the CPU into the data-readable state are output as sta-
tus information, the CPU can assess USART status without
accessing the RxRDY terminal.

During receiving operation, the USART checks errors and
gives out status information. There are three types of errors:
parity, overrun, and frame. Even though an error occurs, the
USART continues its operations, and the error state is re-
tained until error reset (ER) is effected by a command in-
struction. The M5L8251AP-5 access methods are listed in
Table1. -

Table 1 MS5L8251AP-5 Access Methods

Cc/D

]

Function

Data bus < Data in USART

USART + Data bus

Data bus + Staus

Control + Data bus

3-State « Data bus

P
x| z|z|r|z|r|g
El
xlz|irlz|r|z|3

X|X|IT|T|r|r
I|r|r|r|r|r

3-State + Data bus

Read/Write Control Logic

This logic consists of a control word register and command
word register. It receives signals from the CPU control bus
and generates internal-control signals for the elements.
Modem Control Circuit

This is a general-purpose control-signal circuit designed to
simplify the interface to the modem. Four types of control
signal are available: output signals DTR and RTS are con-
trolled by command instructions, input signal DSR is given to
the CPU as status information and input signal CTS controls
direct transmission.

Data-Bus Buffer

This is an 8-bit 3-state bidirectional bus through which con-
trol words, command words, status information, and transfer
data are transferred. Fig. 2 shows the structure of the data-
bus buffer.

Do TO INTERNAL
DATA BUS
STATUS BUFFER

RECEIVE—DATA
I BUFFER l
CONTROL BUFFER
TRANSMIT—DATA
BUFFER

Fig. 2 Data-bus-buffer structure

Transmit Buffer

This buffer converts parallel-format data given to the data-
bus buffer in to serial data with addition of a start bit, stop
bits and a parity bit, and sends out the converted data
through the TxD pin based on the control signal.
Transmit-Control Circuit

This circuit carries out all the controls required for serial
data transmission. It controls transmitter data and outputs the
signals required by external devices in accordance with the
instructions of the read/write control logic.

MITSUBISHI
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Receive Control Circuit
This circuit offers all the controls required for normal recep-
tion of the input serial data. It controls receiver data and out-
puts signals for the external devices in accordace with the
instructions of the read/write control logic.
Receive Buffer ‘
This buffer converts serial data given via the RxD pin into a
parallel format, checks the bits and characters in accord-
ance with the communication format designated by mode
setting, and transfers the assembled characters to the CPU
via the data-bus buffer.
Receiver-Data Input (RxD)
Serial characters sent from another device are input to this
- pin and converted to a parallel-character format to serve as
data for the CPU. Unless the ‘1’ state is detected after a
chip-master reset procedure (this resetting is carried out to
prevent spurious operation such as that due to faulty con-
nection of the RyD to the line in a break state), the serial
characters are not received. This applies to only the asyn-
chronous mode. When the RyD line enters the low state in-
stantaneously because of noise, etc, the mis-start prevention
function starts working. That is, the start bit is detected by its
falling edge but in order to make sure that it is the correct
start bit, the RxD line is strobed at the middle of the start bit
to reconfirm the low state. If it is found to be high a faulty-
start judgment is made.
Transmitter-Clock Input (TxC)
This clock controls the baud rate for character transmission
from the TxD pin. Serial data is shifted by the falling edge of
the TxC signal. In the synchronous mode, the TxC frequency
is equal to the actual baud rate. In the asynchronous mode,
the frequency is specified as 1, 16, or 64 times the baud rate
by the mode setting.
Example When the baud rate is 110 bauds:

TxC=110Hz(1X)

TxC=1.76kHz(16X)

TxC=7. 04kHz(64X)
Write-Data Control Input (WR)
Data and control words output from the CPU by the lowlevel
input are written in the M5L8251AP-5. This terminal is usually
used in a form connected with the control bus I/OW of the
CPU.
Chip-Select Input (CS)

This is a device-select signal that enables the USART by a »

low-level input. Usually, it is connected to the address bus
directly or via the decoder. When this signal is in the high
state, the M5L8251AP-5 is disabled.

Control/Data Control Input (C/D)

This signal shows whether the information on the USART
data bus is in the form of data characters or control words,
or in the form of status information, in accordance with the
RD and WR inputs while the CPU is accessing the
M5L8251AP-5. The high level identifies control words or sta-
tus information, and the low level, data characters.

Read-Data Control Input (RD)
Receiver data and status information are output from the
CPU by a low-level input for the CPU data bus.
Receiver-Ready Output (RxRDY)
This signal indicates that the received characters have en-
tered the receiver buffer, and further, the receiver-data buf-
fer in the data-bus buffer shown in Fig.2. It is possible to
confirm the RxRDY status by using this signal as an interrup-
tion signal for the CPU or by allowing the CPU to read the
D; bit of the status information by polling. The RxRDY is
automatically reset when a character is read by the CPU.
Even in the break state in which the RyD line is held at low,
the RxRDY remains active. It can be masked by making the
RxE(D,) of the command instruction 0.
Transmitter-Ready (TxRDY)
This signal shows that the data is ready for transmission. It is
possible to confirm the status of serial-data transmission by
using it as an interruption signal for the CPU or by allowing
the CPU to read the Dy bit of the status information by poll-
ing. Since the TxRDY signal shows that the data buffer is
empty, it is automatically reset when a transmission charac-
ter is loaded by the CPU. The TxRDY bit of the status in-
formation means that the transmit-data buffer shown in Fig. 2
has become empty, while the TxRDY pin enters the high-
level state only when the transmit-data buffer is empty, TxEN
equals ‘1’, and a lowlevel input has been applied to the CTS
pin. .
Status (Dg): When transmit-data buffer (TDB) is empty, it
becomes ‘1".
TxRDY terminal: When (TDB is empty) - (TxEN=1)-(CTS
=0)=1 or resetting, it becomes active.

Sync Detect/Break Detect Output-Input
(SYNDET/BD)
In the synchronous mode this pin is used for input and output
operations. When it is specified for the internal synchronous
mode by mode setting, this pin works as an output terminal.
It enters the high state when a SYNC character is received
through the RxD pin. If the M5L8251AP-5 has been program-
med for double SYNC characters (bi-sync), a high is en-
tered in the middle of the last bit of the second SYNC char-
acter. This signal is automatically reset by reading the status
information.

On designation of the M5L8251AP-5 to the external syn-
chronous mode, this pin begins to serve for input operations.
Applying a high signal to this pin prompts the M5L8251AP-5
to begin assembling data characters at the next rising edge
of the m For the width of a high-level signal to be input, a
minimum RxC period is required.

Designation of the asynchronous mode causes this pin to
function as a BD (output) pin. When the start, data, and par-
ity bits and stop bits are all in the low state for two charac-
ters period, a high is entered. The BD (break detect) signal
can also be read as the Dg bit of the status information. This

- signal is reset by resetting the chip master or by the RxD

line’s recovering the high state.
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Clear-To-Send Input (CTS)
When the TxEN bit (D) of the command instruction has
been set to ‘I’ and the CTS input is low serial data is sent
out from the TxD pin. Usually this is used as a clear-to-send
signal for the modem.
Note: CTS indicates the modem status as follows:
~ ON means data transmission is possible;
OFF means data transmission is impossible.
Transmitter-Empty Output (TXEMPTY)
When no transmisison characters are left in the transmit buf-
fer, this pin enters the high state. In the asynchronous mode,
the following transmission character is shifted to the transmit
buffer when it is loaded from the CPU. Thus, it is automati-
cally reset. In the synchronous mode, a SYNC character is
loaded automatically on the transmit buffer when no transfer-
data characters are left. In this case, however, the TxEMPTY
does not enter the low state when a SYNC character has
been sent out, since TxEMPTY = H denotes the state in
which there is no transfer character and one or two SYNC
characters are being transferred or the state in which a
SYNC character is being transferred as a filler. TxEMPTY is
unrelated to the TxEN bit of the command instruction.
Transmission-Data Output (TxD)
Parallel-format transmission characters loaded on the
M5L8251AP-5 by the CPU are assembled into the format de-
signated by the mode instruction and sent in serial-data form
via the TxD pin. Data is output, however, only in cases
where the Dy bit (TxEN) of the command instruction is ‘1’
and the CTS terminal is in the low state. Once reset, this pin
is kept at the mark status (high level) until the first charac-
ter is sent.
Clock Input (CLK)
This system-clock input is required for internal-timing gen-
eration and is usually connected to the clock-output (CLK)
pin of the M5L8085AP. Although there is no direct relation
with the data-transfer baud rate, the clock-input (CLK) fre-
quency is more than 30 times the TxC or RxC input frequen-
cy in the case of the synchronous system and more than 4.5
times in the case of the asynchronous system.
Reset Input (RESET)
Once the USART is shifted to the idle mode by a high-level
input, this state continues until a new control word is set.
Since this is a master reset, it is always necessary to load a
control word following the reset process. The reset input re-
quires a minimum 6-clock pulse width.
Data-Set Ready Input (DSR)
This is a general-purpose input signal, but is usually used as
a data-set ready signal to test modem status. Its status can
be known from the status reading process. The Dy bit of the
status information equals ‘1’ when the DSR pin is in the low
state, and ‘0’ when in the high state.
DSR=L—D; bit of status information=1
DSR=H—Dj; bit of status information=0
Note: DSR indicates modem status as follows:

ON means the modem can transmit and receive;
OFF means it cannot.
Request-To-Send Output (RTS)
This is a general-purpose output signal but is used as a re-
quest-to-send signal for the modem. The RTS terminal is
controlled by the Ds bit of the command instruction. When Ds
is equal to ‘1", RTS=L, and when D; is 0, RTS=H.
Command register Ds=1—RTS=L
Command register Ds=0—+RTS=H
Note: RTS controls the modem transmission carrier as fol-
lows:
ON means carrier dispatch;
OFF means carrier stop.
Data-Terminal Ready Output (DTR)
This is a general-purpose output signal, but is usually used
as a data-terminal ready or rate-select signal to the modem.
The DTR pin is controlled by the D; bit of the command in-
struction; if D;=1, DTR=L, and if D;=0, DTR=H.
D, of the command register=1—~ﬁ=L
D, of the command register=0—DTR=H
Receiver-Clock Input (RxC)
This clock signal controls the baud rate for the sending in of
characters via the RyD pin. The data is shifted in by the ris-
ing edge of the RyC signal. In the synchronous mode, the
ﬁ frequency is equal to the actual baud rate. In the asyn-
chronous mode, the frequency is specified as 1, 16, or 64
times the baud rate by mode setting. This relationship is pa-
rallel to that of TX_C and in usual communication-line sys-
tems the transmission and reception baud rates are equal.
The TxC and RxC terminals are, therefore, used connected
to the same baud-rate generator. :

PROGRAMMING

It is necessary for the M5L8251AP-5 to have the control word
loaded by the CPU prior to data transfer. This must always
be done following any resetting operation (by external RE-
SET pin or command instruction IR). There are two types of
control words: mode instructions specifying general opera-
tions required for communications and command instructions
to control the M5L8251AP-5 actual operations.

Following the resetting operation, a mode instruction
must be set first. This instruction sets the synchronous or
asynchronous system to be used. In the sysnchronous sys-
tem, a SYNC character is loaded from the CPU. In the case
of the bi-sync system, however, a second SYNC character
must be loaded in succession. )

Loading a command instruction makes data - transfer
possible. This operation after resetting must be carried out
for initializing the M5L8251AP-5. The USART command in-
struction contains an internal-reset IR instruction (Dgbit) that
makes it possible to return the M5L8251AP-5 to its reset
state. The initialization flowchart is shown in Fig. 3 and the
mode-instruction and command-instruction formats are
shown in Figs. 4 and 5.

4—22
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SYNC__ CHARACTER

SINGLE CHARACTER SYNC T=SINGLE
RESET 0=DOUBLE
SYNC DETECTION
/5= 1| LOAD, MODEL EXTERNAL SYNC DETECT _[1=EXTERNAL
0=INTERNAL
PARITY CHECK
EVEN PARITY [ 1=EVEN
0=0DD
PARITY
= PARITY ENABLE 1=ENABLE
c/D=1 0=DISABLE
CHARACTER_LENGTH
olo[1]1
ol1]o]1
5(6]7]8
SYNCHROS(%’SECSESDLEPLPEM LluloTol
—_ JLOAD 2nd SYNC
C/B=1| CHARACTER D; D Ds D; D;s D Di Do
STOP BITS
o[o[1[1
—_ [LCOAD COMMAND o[10[1
C/D=1] INSTRUCTION 1152
PARITY CHECK
EVEN PARITY 1=EVEN
0=0DD
PARITY
PARITY ENABLE 1=ENABLE
0=DISABLE
CHARACTER LENGTH
0011
ol1lo[1
NO DONE 5(6]7[8
YES BAUD RATE
o[0T
o[1[o1
TX 16K [#4
Fig. 3 |Initialization flow chart
ASYNCHRONOUS
vobe L2 | & [Ep]PEN] L | Life [ B |
D; Dg Ds Dy D3 D, D Do
Fig. 4 Mode-instruction format [C/5=| J
WR =0
ENTER HUNT MODE ENTER HUNT MODE

1—ENABLE SEARCH FOR
LSYNC CHARACTE

INTERNAL RESET INTERNAL RESET
1-TO INITIALIZATION

TRANSMISSION—CARRIER
REQUEST TO SEND CONTROL
1+RTS=0

[ ERROR RESET |
ERROR RESET 1~CLEAR ALL ERROR FLAGS

l (PE_ OE. FE) |

SEND BREAK SEND BREAK CHARACTER
1-T,D=LOW

Rx ENABLE RECEIVER ENABLE
1=ENABLE
0=DISABLE

DATA
TERMINAL
READY DATA—TERMINAL READY
1-DTR=0

TRANSMISSION ENABLE
TYENABLE| |=ENABLE

0=DISABLE
| en | r Jrrs] er Jsere] ree JoTR]TAEN]
D; Dg Ds Ds D3 D2 Di Do

Fig. 5 Command-instruction format (C/D=1, WR=0)
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Asynchronous Transmission Mode
When data characters are loaded on the M5L8251AP-5 after
initial setting, the USART automatically adds.a start bit (low)
, an odd or even parity bit specified by the mode instruction
during initialization, and a specified number of stop bits
(high). After that, the assembled data characters are trans-
ferred as serial data via the TxD pin if, transfer is enabled
(TXEN=1-CTS=L). In this case, the transfer data (baud
rate) is shifted by the mode instruction at a rate of 1X, 1/16X,
or 1/64X the TxC period.

If the data characters are not loaded on the M5L8251AP-

5, the TxD pin enters a mark state (high). When SBRK is_

programmed by the command instruction, break characters
(low) are output continuously through the TxD pin.
Asynchronous Reception Mode

The RxD line usually starts operations in a mark state (high),
triggered by the falling edge of a low-level pulse when it
comes to this line. This signal is again strobed at the middle
of the bit to confirm that it is a perfect start bit. The detec-
tion of a second low indicates the validity of the start bit
(restrobing is carried out only in the case of 16X and 64X).
After that, the bit counter inside the M5L8251AP-5 starts
operating; each bit of the serial information on the RxD line
is shifted in by the rising edge of RxC, and the data bit, par-
ity bit (when necessary), and stop bit are sampled at the
middle position.

The occurrence of a parity error causes the setting of a
parity-error flag. If the stop bit is in the low state, a frame
error flag is set. Attention should be paid to the fact that the
receiver-requires only one stop bit even though the program
has designated 1%, or 2 stop bits.

Reception up to the stop bit means receptidn of a com-
plete character. This character is then transferred to the re-
ceiver-data buffer shown in Fig.2, and the RxRDY becomes
active. In cases where this character is not read by the CPU

and where the. next character is transferred to the receiver-
data buffer, the preceding character is destroyed and an
overrun-error flag is set.

These error flags can be read as the M5L8251AP-5 status
information. The occurrence of an error does not stop
USART operations. The error flags are cleared by the ER(D,
bit) of the command instruction.

The asynchronous-system transfer formats are shown in
Figs. 6 and 7.

Synchronous Transmission Mode

In this mode the TxD pin remains in the high state until initial
setting by the CPU is completed. After initialization, the state
of CTS=L and TxEN =1 enables serial transmission of char-
acters through the TyD pin. Then, data characters are sent
out and shifted by the falling edge of the TxC signal. The
transmission rate equals the TC rate.

Thus, once data-character transfer starts, it must continue
through the TxD pin at the same rate as that of TxC. Unless
data characters are provided from the CPU before the trans-
mitter buffer becomes empty, one or two SYNC characters
are automatically output from the TxD pin. In this case, it
should be noted that the TxEMPTY pin enters the high state
when there are no data characters left in the M5L8251AP-5
to be transferred, and that the low state is not entered until
the USART is provided with the next data character from the
CPU. Care should also be taken over the fact that merely
setting a command instruction does not effect SYNC-
character insertion, because the SYNC character insertion is
enabled after sending out the first data character.

In this mode, too, break characters are sent out in suc-
cession from the TxD pin when SBRK is designated (D3=1)
by a command instruction. '

CPU—USART (5~8 BITS/CHARACTER)

‘ I DATA CHARACTER ]

ASSEMBLED DATA FORMAT
) g)|PARITY| sTOP BITS
E.KﬁTlDATA CHARACTER (5 8)[ BIT l 11 5.2)]
TRANSMITTER DATA OUTPUT (TxD)

TxD MARK TART DATABITS [PARITY] sTOP
STATE ISIT L (5~8) | BIT I BIST
. (1.5 5.2)

Fig. 6 Asynchronous transmission format |
(transmission)

RECEIVER INPUT (RyD)

R«D MARK |START DATA BITS IPARITY STOP
STATE hl (5~8) BIT I BITS
RECEIPTION FORMAT

(1.15.2)
|STAR?| DATA BITS PARITY|STOP BIT|
BIT (5~8) BIT |(1.1 5.2)|

USART—CPU (5~8 BITS/CHARACTER)

l DATA CHARACTER (5~3)]

: When the data character is 5, 6, or 7 bits/character
length, the unused bits (for USART — CPU) are set to
zero.

Note

Fig. 7 Asynchronous transmission format Il (reception)
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Synchronous Reception Mode
Character synchronization in this mode is carried out inter-
nally or externally by initial-setting designation.

Programming in the internal synchronous mode requires
that an EH instruction (D;=1, enter hunt mode) is included
in the first command instruction. Data on the RxD pin is sam-
pled by the rising RyC signal, and the receiver-buffer con-
tents are compared with the SYNC character each time a bit
is input. Comparison continues until an agreement is
reached. When the M5L8251AP-5 has been programmed in
the bi-sync mode, data received in further succession is
compared. The detection of two SYNC characters in succes-
sion makes the USART end the hunt mode, setting the SYN-
DET pin to the high state. This reset operation is prompted
by the reading of the status information. When the parity has
been programmed, SYNDET is not set in the middie of the
last data bit but in the middle of the parity bit.

In the external synchronous mode, the M5L8251AP-5 gets
out of the hunt mode when a high synchronization signal is
given to the SYNDET pin. The high signal requires a mini-
mum duration of one RyC cycle. In the asynchronous mode,
however, the EH signal does not affect the operation at all.

Parity and overrun errors are checked in the same way
as in the asynchronous system. During hunt-mode operations
the parity bit is not checked, but parity checking is carried
out even when the receiver is disabled.

The CPU can command the receiver to enter the hunt
mode, if synchronization is lost. This prevents the SYNC
character from erroneously becoming equal to the received
data when all the data in the receiver buffer is set to ‘1’
Attention should be paid to the fact that the SYNDET F/F is
reset each time status information is read irrespective of the
synchronous mode’s being internal or external. This, howev-

er, does not return the M5L8251AP-5 to the hunt mode. Syn-

chronism detection is carried out even though it is not the

hunt mode. The synchronous transfer formats are shown in

Figs. 8 and 9.

Command Instruction

This instruction defines actual operations in the communica-

tion mode designated by mode setting. Command instruc-

tions include transmitter/receiver enable error-reset, inter-
nal-reset, modem-control, enter-hunt and break transmission
instructions.

The mode is set following the reset operation. A SYNC
character is set as required, and the writing of high-level
signals on the control/data pin (C/D) that follows it is re-
garded as a command instruction. When the mode is set all
over again from the beginning, the M5L8251AP-5 can be re-
set by using inputting via the reset terminal or by internal re-
setting based on the command instruction.

Note 1: The command error reset (ER), internal reset (IR)
and enter-hunt-mode (EH) operations are only
effective when the command instruction is loaded,
so that these bits need not be returned to ‘0".

2: When a break character is sent out by a command,
the TxD enters the low state immediately irrespec-
tive of whether or not the USART has sent out data.

3: Operations of the USART's receiver section which is
always in the enable state cannot be inhibited. The
command instruction RkE =0 does not mean that
data reception via the RxD pin is inhibited; it means
that the RxyRDY is masked and error flags are inhi-
bited.

CPU—USART (5~8 BITS/CHARACTER)
|DATA CHARACTER

ASSEMBLED TxD OUTPUT
| SYNC I SYNC I DATA Icf.’ﬁﬁﬁ. DATA
CHARACTERIJCHARACTER2] CHARACTER]®cTer | CHARACTER

Fig. 8 Synchronous transmission format |
(transmission)

SERIAL INPUT DATA (RyD)

SYNC SYNG DATA DATA DATA
ICHARACTER]ICHAHACTERZJQHARACTER!CE?EQ'I CHARACTER I

USART—CPU (5~8 BITS/CHARACTER)
I DATA CHARACTERI

When the data character is 5, 6, or 7 bits/character
length, the unused bits (for USART — CPU) are set to
zero.

Note

Fig. 9 Synchronous transmission format Il (reception)
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Status Information
The CPU can always read USART status by setting the c/D
to ‘!’ and RD to ‘0.

The status information format is shown in Fig. 10. In this
format RxRDY, TxEMPTY and SYNDET have the same de-
finitions as those of the pins. This means that these three

FE: The occurrence of a frame error in the receiver

section makes the status information FE ‘1",

The occurrence of an overrun error in the receiver

section makes the status information OE ‘1.

PE: The occurrence of a parity error in the receiver
section makes this status information PE ‘1".

OE:

pieces of status information become ‘I’ when each pin is in  TyRDY: This information becomes ‘1’ when the transmitdata
the high state. The other status information is defined as fol- buffer is empty. Be careful because this has a
lows: : different meaning from the TxRDY pin that enters
DSR: When the DSR pin is in the low state, status in- the high state only when the transmitter buffer is
formation DSR becomes ‘1". empty, when the CTS pin is in the low state, and
when TxEN is ‘1"
] 1 FOR DSR=LOW—LEVEL 0 FOR DSR=HIGH—LEVEL |
| SAME DEFINITION AS SYNDET/BD'PIN ]

FE IS SET WHEN A VALID STOP BIT IS NOT DETECTED AT THE END OF EVERY CHAR-

ACTER (ASYNC ONLY) IT IS RESET BY THE ER BIT OF THE COMMAND INSTRUCTION
I FE_DOES NOT INHIBIT OPERATION OF THE M5L8251AP-5

OE IS SET WHEN THE CPU DOES NOT READ A CHARACTER BEFORE THE NEXT ONE

BECOMES AVAILABLE IT IS RESET BY THE ER BIT OF THE COMMAND INSTRUCTION
IOE DOES NOT INHIBIT OPERATION OF THE MSL8251AP-5

IPE IS SET WHEN A PARITY ERROR IS DETECTED IT IS RESET BY THE ER BIT OF THE

lrSAME DEFINITION AS TxEMPTY PIN

———————)[ SAME DEFINITION AS RxRDY PIN

——)f] FOR TRANSMIT DATA BUFFER IS EMPTY

j COMMAND INSTRUCTION PE DOES NOT INHIBIT OPERATION OF THE M5L8251AP-5 I

IDSRIS‘QI FE I OE I PE [TXE P ;’[‘)Yl

D; Ds Ds D4 D3 D2 Dy Do

Fig. 10 Status information (C/D=1, RD=0)

APPLICATION EXAMPLES

Fig. 11 shows an application example for the M5L8251AP-5
in the asynchronous mode. When the port addresses of the
M5L8251AP-5 are assumed to be 00# and 01 # in this figure,
initial setting in the asynchronous mode is carried out in the
following manner:

MVI A, B6# Mode setting

ouT 01#

MVI A 27# Command instruction
ouT o1#

In this case, the following are set by mode setting:
Asynchronous mode
6 bits/character
Parity enable (even)
1'stop bits
Baud rate: 16X

Command instructions set the following
RTS=1-—RTS pin=L

RxE=]
DTR=1—DTR pin=L
TxEN=]

When the initial setting is complete, transfer operations are
allowed. The RTS pin is initially set to the low-level by set-
ting RTS to ‘1", and this serves as a CTS input with TxEN

being equal to ‘1". For this reason the same definition applies
to the status and pin of TxRDY, and ‘1’ is assigned when the
transmit-data buffer is empty. Actual transfer of data is car-
ried out in the following way:
IN 014 Status read

The IN instruction prompts the CPU to read the USART’s
status. The result is; if the TxRDY equals ‘1’ transmitter data
is sent from the CPU and written on the M5L8251AP-5.
Transmitter data is written in the M5L8251AP-5 in the follow-

ing manner:
MvI A, 2D# 2Dy is an example of transmit-
ter data.
ouT 00 USART<+(A)
Receiver data is read in the following manner:
IN 00# (A)+~USART

In the above example, the status information is read and
as a result, the transmitter data is written and read. Interrup-
tion processing by using the TxRDY and RxRDY pins is also
possible.

Fig. 12 shows the status of the TyxD pin when data written
in the USART is transferred from the CPU. When the data
shown in Fig.12 enters the RyD pin, -data sent from the
M5L8251AP-5 to the CPU becomes 2Djs and bits Dg and D5
are treated as ‘0.
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MS5L8251AP-5

PROGRAMMABLE COMMUNICATION INTERFACE

BAUD RATE
GENERATOR
(DIVIDER)

TO EXTERNAL CIRCUIT{

TO TRANSMISSION LINE {

R

]

TxC CLK
RxC

RESET
RTS RD
CTS WR

USART
M5L8251AP-5

DTR cs

DSR _
C/D

TxD

RxD D7~Do

gl

X X2

CLK FROM

RESET IN P=———EXTERNAL

RESET OUT CIRCUIT

qRD

|

CPU
M5L8085AP
10/M

ADDRESS
DECODER

Ais~Ag

AD;~ADg

ALE

TO MEMORY AND OTHER PERIPHERAL DEVICES

Fig. 11 Example of circuit using the asynchronous mode
SAMPLING sTOP B[IT (1.5 BITS)
START BITJ l«%—‘ / L—START BIT
PARITY BIT
Fig. 12 Example of data transmission
MITSUBISHI

ELECTRIC



MITSUBISHI LSls
MS5L8251AP-5

PROGRAMMABLE COMMUNICATION INTERFACE

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vece Power-supply voltage . —0.5~7 \")
Vv, Input voltage With respect to Vgg —0.5~7 v
Vo Output voltage —0.5~7 \%
Pd Power dissipation 1000 mwW
Topr Operating free-air temperature range —20~75 C
Tstg Storage temperature range —65~150 c
RECOMMENDED OPERATING CONDITIONS (73=—20~75C, unless otherwise noted)
Limits
Symbol Parameter i Nom iax Unit
Vece Supply voltage 4.75 5 5.25 \"
Vss Power-supply voltage 0 \"
Vig High-level input voltage 2.0 Vee v
Ve Low-level input voltage —0.5 0.8 v
ELECTRICAL CHARACTERISTICS (Ta5=—20~75C, Voo=5V£5%, Vss=0V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Von High-leve! output voltage low=—400uA 2.4 \"
| VoL Low-level output voitage loc=2.2mA 0.45 \"
lcc Supply current from Vgc All outputs are high 100 mA
L High-level input current Vi=Vec —10 10 ~A
I Low-level input current V,=0.45v —10 10 HA
loz Off-state input current Vss=0V, V,=0. 45~5. 25V —10 10 uA
(o) Input capacitance Voc=Vss, I=1MHz, 25mVms, Ta=25C 10 pF
Cio Input/output capacitance Vee=Vss, f=1MHz, 25mVms, Ta=25C 20 pF
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MSL8251AP-5

PROGRAMMABLE COMMUNICATION INTERFACE

TIMING REQUIREMENTS(Ta=—20~75C , Voc=5V+5% , Vss=0V, unless otherwise noted)

Alternative Limits
Symbol Parameter Test conditions Unit
Symbol Min Typ Max
tes) Clock cycle time (Notesl, 2) tey 320 1350 ns
tw(s) Clock high pulse width ts 120 tees)—90 ns
tws) Clock low pulse width ty 90 ns
tr Clock rise time | & 20 ns
tf Clock fall time te 20 ns
1X baud rate frx DC 64 kHz
Transmitter input clock
frx 16X baud rate frx DC 310 kHz
frequency
64X baud rate frx DC 615 kHz
Transmitter input clock low 1X baud rate trew 12 te(#)
tw(tewi) .
pulse width 16X, 64X baud rate trew 1 tc(¢)
Transmitter input clock high 1X baud rate treo 15 tec )
tw(tpwh) ™o
pulse width 15X, 64X baud rate [ treo 3 tcc#)
1X baud rate iR frx DC 64 kHz
Receiver input clock
fax 16X baud rate fax DC 310 kHz
frequency
64X baud rate frx DC 615 kHz
Receiver input clock low 1X baud rate | trpw 12 te(s)
tw(rPwL)
pulse width 15X, 64X baud rate trpw | 1 tec¢)
Receiver input clock high 1X baud rate trPD ‘ 15 tccs)
tw(rPwH) 1
pulse width 16X, 64X baud rate | treo 3 tcc¢)
tsuca—r) | Address setup time before read (CS, C/D) (Note3) ‘ tar 0 ns
th(r—a) | Address hold time after read (CS, C/D) (Note3) \ taa 0 ns
twir) Read pulse width | taa 250 ns
tsuca—w) | Address setup time before write taw 0 ns
th(w—a) | Address hold time after write twa 0 ns
twiw) Write pulse width tww 250 ns
tsutpo—w) | Data setup time before write tow 150 ns
th(w—po)| Data hold time after write two | 20 ns
tsu(eso—rxc)| ESYNDET setup time before RxC tes [ 18 tcs)
tsu(c—nr) | Control setup time before read tcr { 20 tes)
try Write recovery time between writes (Note4) tav i 6 tc#)
tsu(ren—ts) | RxD setup time before internal sampling pulse tsrx % 2 S
thits—rx0) RxD hold time after internal sampling pulse tHRx ’ | 2 “s
Note 1 . The TxC and RyC frequencies have the following limitations with respect to CLK.
For 1X baud rate fry, fax<1/(30tc(4)). For 16X 64X baud rate frx, fax<1/(4.5tc(4))
2 | Reset pulse width=6tg(s) minimum. System clock must be running during reset.
3 ! CS, C/D are considered as address.
4 This recovery time is for mode initialization only. Write data is allowed only when TxRDY=1. Recovery time between writes for asynchronous

mode is 8tg(4), and that for synchronous mode is 16tg(4).
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SWITCHING CHARACTERISTICS (Ta=—20~75C, Voo=5V+5%, Vss=0V , unless otherwise noted)

Alternative Limits
Symbol Parameter Test conditions (Note7) Unit
symbol Min Typ Max
trzv(r—po) | Output data enable time after read (Note5) tro C_ =150pF 200 ns
tevz(r—po) | Output data disat: . time after read tor 10 100 ns
tezv(txc—Txp) | TxD enable time after falling edge of TxC toTx 1 us
teLn(cLe—TxR) | Propagation time from center of last bit to TxRDY clear (Note6) trxrDY 8 tc(#)
tenL(w—Txm) | Propagation time from write data to TxRCY (Note5) tTxRDY CLEAR 400 ns
tpLH(cLB—RxR) | Propagation time from center of last bit to RyRDY (Note6) taxrDY 26 tcis)
teHL(R—Rxr) | Propagation time from read data to RxRDY clear (Note6) trRxRDY CLEAR 400 ns
tpLH(RxD—svD) | Propagation time from rising edge of RyC to internal SYNDET (Notef) tis 26 tc(#)
tpLi(cLe—Txe) | Propagation time from center of last bit to TXEMPTY (Note5) trxeEmMPTY 20 tc(#)
teHL(w—0c) Propagation time from rising edge of WR to control (Note5) twe T 8 tc(s)
Note 5 : Assumes that address is vaild before falling edge of RD
6 ! Status-up date can have a maximum delay of 28 clock periods from the event affecting the status.
7 * Input pulse level 0.45—2.4v Reference level Input 2v
Input pulse rise time 20ns Output Viy=2V, V, =0.8V 2200
Input pulse fall time 20ns Load Vou=2V, Vo =0.8V
FROM OUTPUT OF
24 X 7 7 MB5L8251AP-5 out
0.4 0.8 0.8 c. l 6kQ
30 " '¢ MITSUBISHI

& ELECTRIC



MITSUBISHI LSIs

MSL8251AP-5

PROGRAMMABLE COMMUNICATION INTERFACE

TIMING DIAGRAMS
System Clock CLK

teos)

tr tw(#) tw(%)

CLK

Transmitter Clock & data
1 2 3 4 5

tw(rpwi)

tw(tPwH)

TXC(1X) _\

tpzv(txc-TxD)

tpzv(txc-Txp)

T0 )

u

Receiver Clock & data

Rx-BIT COUNTER STARTS HERE

RxD s START BIT M DATA BIT x:)ATA BIT
pu— p——
L 8RxC PERIODS 16RxC PERIODS
12345678910111213]41516‘12345678910111213141516123
tw(rpwL) tw(rPWH)
AC(X) \ I \
3tec#)
INTERNAL a
SAMPLING [ ﬂ
PULSE
twis)
tsu(Rxp-1s) L th(s-rx0)
MITSUBISHI 4—3
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MSL8251AP-5

PROGRAMMABLE COMMUNICATION INTERFACE

Write Control Cycle (CPU—USART)

Ts

Dy~Do
(DATA INPUT)

Read Control Cycle (USART—CPU)

O
(%]
2|
a
|
w

D7;~Dg
(DATA OUTPUT)

4\ tsuca-w) thiw-a) [
—_—d tsuca-w) thiw-a)
twiw)
X 7
__tsubaw) | [thw-pg),
VALID
teni(w-c)
tsu(c-r)
e
\ tsu(a-r) th(r-a) /_——
\ 7
\
/1su<A.n> th(r-a) \
twr)
\ /
tpvz(r-0Q)
tpzv(r-pa)
VALID

A\
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MS5L8251AP-5

PROGRAMMABLE COMMUNICATION INTERFACE

Write Data Cycle (CPU—+USART)

tsutaw) thiw-a)

e { !
tsuca-w) thiw-a)
c/D ﬂ

twiw) s
m \ /
tsu(pa-w) thw-pa)
= d
D7~Dg VALID

(DATA INPUT)

T«RDY \
X

teHL(W-TxR)
Read Date Cycle (USART—CPU)
tsuca-r) ther-a)
[ z
L /
tsu(a-r) thig-a)
c/D f
.
} tw(r) s
RD R
7
tomv(ro) tevz(r-pa)
PZV(R- n@—ﬂ

J?—\j
D7~Do /} VALID

(DATA OUTPUT) \L

RxRDY ’

teHL(R-AXR)
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PROGRAMMABLE COMMUNICATION INTERFACE

Transmitter Control & Flag Timing (Async Mode)

o ] W\ [\ [ \ [ 1 J o\

WR-TxEN  WR-DATA 1 WR-DATA 2 WR-DATA 3 WR-DATA 4 WR-SBRK

w T\ \ \ \_/K .U

Y \
teLr(cLB-TxR) \
! [ \

\ .
w —r A

(STATUS)
teLH(cLe-TxR) =
———
TxEMPTY \ \ §
0 000800806 36500080506 3650008000038 20080600
DATA 1 DATA 2 DATA 3 DATA 4 BREAK STATE

Note 8 : Example format = 7 bits/character with parity & 2 stop bits
Note 9 : TxRDY(pin)= 1 +(Transmit-data buffer is emoty) + (TXEN=1) - (CTS=0)=1
Note 10 : TxRDY(status)=1+(Transmit-data buffer is emoty)=1

Receiver Control & Flag Timing (Async Mode)

o5 T \ ] \ [T\ ] T U\

RD DATA 1 RD DATA 3 RD ALL 0 DATA

no Y \J S
WR-RxE WR-ER WR-RXE WR-RyE
WR
BD \
(PIN) .
DATA 2
LOST|
OE '
(STATUS)

ReROY teLH(cLB-RxR) ,P_\ I T/_.}K

00200805 V0048808058 Si_\smz“swEsm“sePi I

DATA 1 P DATA 2 P DATA 3 P BREAK STATE

(72}

Rx

[=]

Note 11 : Example format = 7 bits/character with parity
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PROGRAMMABLE COMMUNICATION INTERFACE

Transmitter Control & Flag Timing (Sync Mode)

e ___\ [ [ [ | AW W |
WR WR WR WR WR WR WR
DATA 1 DATA 2 DATA 3 DATA 4 SBRK  SBRK K__DATA &
WR | / U o
ors |\ / | S

TxRDY
)((PIN) __L— L

(sTATU) (S—
TYEMPTY . K [ LU [
O T RA0BAANIB00BRLAALNGS T\ —
STATE DATA 1 DATA 2 %YHN1C SYHN%: DATA 3 DATA 4 STA‘I}'(E %ﬁi’;‘é STATE DATA 5 sCYHN(]: %LNg

Note 12 : Example format = 5 bits/character with parity, bi-sync characters.

Receiver Control & Flag Timing (Sync Mode)
INTERNAL SYNC MODE EXTERNAL SYNC MODE

e _J \ I TV W W/ WYV A VY A W A W Y

RD RD RD RD RD
DATA 1 STATUS DATA 3 SYNC CH 1SYNC CH 2 RD STATUS RD DATA
_ P
- 1\ \
WR-EH-RxE WR-ER WR-EH-RxE

WR ' J

EXTERNAL tsu(esp-rxc)

INTERNAL EXTEr
SYNDET SYNG tunrc-svo) T 1
(PIN) (OUTPUT) PLHRC SO \_ (neun g n
SYNDET
(STATUS) \_
DATA
OE Egg 2 LOST
(STATUS)

RxRDY [4\ [ \__(_ __
Rxo e e o o R A AN A PG

SYNC SYNC!:DATA 1 DATA 2 DATA 3 SYNC SYNC
— CH1 CH2!; CH1 CH 2 DATA 1 DATA 2
e mn mn
EXITS HUNT MODE CHARACTER YNDET SET
EXITS HUNT MODE | | CHARACTER Fﬂ S
SYNDET SET thSSEMBLY BEGINS SYNDET SET ~ TASSEMBLY ™ (STATUS)
(STATUS) BEGINS

Note 13 . Example format = 5 bits/character with parity, bi-sync characters.
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MSL8253P-5

PROGRAMMABLE INTERVAL TIMER

DESCRIPTION

The M5L8253P-5 is a programmable general-purpose timer
device developed by using the N-channel silicon-gate ED-
MOS process. It offers counter and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>