MC6840UM (AD-1)

Programmable Timer
Fundamentals and Applications

Yy .J WS
PERIPHERALS

Doing more SO your processor can do more



MC6840UM (AD-1)

MOTOROLA INC.

MC6840
PROGRAMMABLE TIMER
FUNDAMENTALS AND
APPLICATIONS

Prepared by
NMOS Microcomputer Systems Applications
Austin, Texas

Motorola reserves the right to make changes to any products herein to improve reliability, function or
design. Although the information in this document has been carefully reviewed for broad application,
Motorola does not assume any liability arising out of the application or use of any product or circuit
described herein; neither does it convey any license under its patent rights nor the rights of others.

Second Edition
©MOTOROLA INC. 1981
“All Rights Reserved’



TABLE OF CONTENTS

CHAPTER 1 INTRODUCTION ... ...ttt ittt iiernnenasenennans 1-1
1.0 INTRODUCTION TO THE MC6840 PROGRAMMABLE TIMER MODULE (PTM)..... 1-1
1.1 THE FOUR BASIC MODES OF OPERATION ...t iiiiiiiiiiiiiiiies 1-1
1.1.1 CONtINUOUS MOGE ottt ittt et ienteen s tanneeseeeoonannnnnsns 1-1
1.1.2 Single Shot MOde ... et i e 1-1
1.1.3 Period Measurement Mode ...........oeeveeinernnennnnnn. e 1-2
1.1.4 Pulse Width Measurement Mode ...ttt iiiii it itineeannnaas 1-2
CHAPTER 2 INTERFACING THEPTM TO THEMPU ...t 2-1
2.0 INTERFACING THE PTM TO THE MC6800 OR MC6802...........covvnnnnnnnnn. 2-1
2.1 INTERFACING THE MC6840 PTM TO A NON-MOTOROLAMPU ................ 2-3
2.2 B085 INTERFACE .. iitiitiitt it iieeee e ieaeaaae s esunnateseeannnnnnnaanens 2-3
2.3 MCB8A40 SIGNAL DERIVATION ...ttt iieiei e iennns 2-4
2.3.1 Chip Selects CS1,CS0and R/W ... uuiiiitin it 2-4
2.3.2 o= o L= = 2-8
2.3.3 (=12 S () A 2-9
2.34 [ 2 AP 2-9
2.35 Read/WITte TimMiNG ..o ttit ettt e e e e e e e e e eneaeanaeaeaeanes 2-9
2.3.6 SUMMIAIY ot i ettt ittt tiiiteereeenaenunaeseennnnoesesesonnoseesssens 2-9
2.4 8080 INTERFACE ..\ttt ettt ettt et aieterteranaenanennenaeeenes 2-10
CHAPTER 3 SOFTWARE INITIALIZATION ....... ... ittt 3-1
3.0 INTRODU CTION oottt ettt ettt e e e e iiaise s aaennnssseensaannnas 3-1
3.1 RESE T S ittt eteeeeaeeeneesesossesessoeeesosesessoneassennnnnnns 3-1
3.1.1 HarOWare . oiv ittt ittt teeent et seesineteaoansensnsssesanceosanasnnsens 3-1
3.1.2 £ST0 ) 1873 7= 1 < 3-1
3.2 COUNTER INITIALIZATION L .ot ei ettt ettt et eaaeeenanses 3-2
3.3 COUNTER ENABLE ..ottt ittt ettt e se et tenaeereerennnnaannnans 3-2
3.4 COUNTER LATCH INITIALIZATION ..ttt it iiaaeaaenraanens 3-2
3.5 EXAMPLE COUNTER PROGRAMMING . .....iiiiiiiiiiiiiiiiieenianeess 3-2
3.5.1 Writingtoa Timer LatCh ... i i 3-2
3.5.2 Reading froma TimerCounter .......... ..ottt 3-3
3.6 CONTROL REGISTER PROGRAMMING ... ..ttt iiiiiieeieseanns 3-3
3.6.1 [T Lo 1RV LU T LI = - 3PP 3-3
3.7 CONTINUOUS OPERATION MODE . ... ...t ittt cenns 3-5
3.7.1 16-Bit Operation ... ... e i it e 3-5
3.7.2 Dual 8-Bit Operation .........coiiiiiiiiiiii ittt 3-6
3.8 SINGLE SHOT MODE ...ttt iieiieieei e eotereeeeeenansseeneaeneasens 3-6
3.8.1 16-Bit Operation ... ..o iittiii i i ittt e et 3-7
3.8.2 Dual 8-Bit Operation ...... ..ot i i i ittt i 3-7
3.9 PERIOD MEASUREMENT MODE .. ...ttt e iiiiitittetneeeeenannsns 3-8
3.10 PULSE WIDTH MEASUREMENT MODE . ... ... i 3-9
3.1 STATUS REGISTER OPERATION . ...ttt ie it enaenanss 3-10



4.0 INTRODUCTION ..ttt ettt e e ettt 4-1
4.1 PTM INIT AL ZATION L ottt et eeas 4-1
CHAPTER 5 APPLICATIONS ... ittt e et 5-1
5.0 INTRODUCTION ..o et e e e e e e e e e e e 5-1
5.1 PROGRAMMING FOUR MODES ON THE PROGRAMMABLE TIMER ............ 5-1
5.1.1 The 16-Bit ContinUous MOde ...ttt e 5-1
5.1.2 The Single Shot Mode . . ... it e e e 5-1
513 Period Measurement MoOde ..ottt e e e 5-1
514 Pulse Width Measurement Mode ...ttt 5-1
5.2 PTM THERMOMETER . ... oo e e et et 5-1
5.3 MC6840 PTM CONTROLLED REAL-TIME TIMER .........oiiiire e, 5-8
5.4 MCe6840/MC8802 MPU-PTM CONTROLLED ENGINE ANALYZER. ............... 5-8
5.5 ENGINE INPUT HARDWARE ... .. i e 5-11
5.6 MANUAL INPUT HARDWARE ... ittt 5-15
5.7 DISPLAY HARDWARE . . ... ettt 5-15
5.8 MPU INTERCONNECTION .. i e e 5-17
5.9 OPERATION Lt i it ettt e e e e ettt e e e e 5-18
5.9.1 Power On Reset .. ..o i i 5-18
5.9.2 Input Engine Type Information.............. ... .. i i, 5-18
5.9.3 Initialize the PTM and RUN . ... ..o e e e e 5-19
5.9.4 POINt ClOSUIe ...ttt i e e e 5-19
5.9.5 Read Timer and Store (DWell) ... ...t e 5-19
596 Point Period ... 5-20
597 Read Timer and Store (RPM) .. ... i ittt et 5-20
5.9.8 0° T.D.C. Occurred Since Plug #1 Fired? ...........cvviiiiiinnnnnnnn.. 5-20
5.9.9 Read Timer and Store (Timing AnGIE) . ....oviiii i, 5-20
5.9.10 CalCulate ... e 5-20
5.9.11 Reset Button Pushed? ... 5-20
5.10 POWER . .o e e 5-20
5.11 SUMM A RY L e et e e 5-20
APPENDIX A ELECTRICAL AND MECHANICALDATA ...........ccoivinnnnn. A-1

1



LIST OF FIGURES

CHAPTER 2

2-1 PTM INTERFACED TO THE MPU ...\ttt ittt it e ee e 2-1
2-2 PTM INTERFACED TO THE MEKB800D2 . ... ..\ vt 2-2
2-3 MEK6800D2 PATCH AREA BUILD-UP. .. ...\ttt it 2-2
2-4 8085 10 MAPPED MCB840 PTM .. ... .\ent et e, 2-3
2-5 8085/MC68A40 1/0 WRITE AND READ TIMING ......ovneneanianiannnns... 2-5
2-6 8085 MEMORY MAPPED MCB840 PTM ........utneinnianneieaeieenn.. 2-11
2-7 8080 MEMORY MAPPED MCB840 PTM .......uutiineeie e, 2-12
CHAPTER 4

4-1 PTM CASCADED OPERATION ...ttt ettt et 4-1
4-2 SAMPLE MCB840 PRINTOUT ...ttt ittt 4-2
4-3 MC6840 CONTROL REGISTER PROGRAMMING ..........ccuvenrennanenenn.. 4-3
CHAPTER 5

5-1 PTM FOUR MODE PROGRAM FLOW CHART ..........coviiniinianinnnnnn.. 5-2
5-2 PTM FOUR MODE PROGRAM ASSEMBLY LISTING .......eoutineanannenenn.. 5-3
5-3 PTM MC6840 WIRE WRAP BOARD SCHEMATIC ..........ooviiiiniannn... 5-7
5-4 TEMPERATURE MONITORING DEVICE ......oviniiniine i, 5-8
5-5 HARDWARE SCHEMATIC OF TTL CONDITIONER .......cuvinieeneannnannn... 5-9
5-6 FLOW CHART TO INITIALIZE TIMER .. ..ottt et e et 5-10
5-7 FLOW CHART FOR TIME OF DAY CLOCK ......cuviuiiiiiiaiiie i, 5-10
5-8 DIGITAL ENGINE ANALYZER ...\ttt ettt e, 5-11
5-9 DWELL ANGLE ..ottt ettt e e e e e, 5-12
5-10 RPM e ettt e 5-12
5-11 TIMING ANGLE . ..ttt et et e e e e 5-13
5-12 4 CYLINDER, 4 CYCLE ENGINE . ....uutint it it 5-13
5-13 ENGINE ANALYZER-SYSTEM INTERCONNECTION AND DECODING ......... 5-14
5-14 INPUT CONTROLS ...ttt et et et e e e e e e 5-15
5-15 SIGNAL CONDITIONERS ... ve ettt e et e e e, 5-16
5-16 DISPLAY SYSTEM ... n ettt et ettt e et e e e 5-17
5-17 ENGINE ANALYZER FLOW CHART ... outittitt et e 5-18
5-18 SOFTWARE CALCULATIONS ...\ttt et e e e, 5-21



LIST OF TABLES

CHAPTER 2
2-1 8085/MCB8A40 ADDRESSING .. ...ttt et 2-7
2-2 PSEUDO INSTRUCTIONS ... e e e 2-8
CHAPTER 3
3-1 REGISTER SELECTION . ... e e e 3-1
3-2 REGISTER SELECTION AS MEMORY LOCATIONS ........cooviiieieninnn.. 3-2



CHAPTER 1
INTRODUCTION

1.0 INTRODUCTION TO THE MC6840 PROGRAMMABLE TIMER MODULE (PTM)

The purpose of using the MC6840 PTM is to allow the MPU and its associated RAM to be free of the
timing function task. The three timers in the PTM will not bother the MPU until they have a result of their
pre-programmed task. This is especially valuable when long Time Outs are involved.

The MC6840 is a totally compatible member of the M6800 family of peripheral parts. The eight write only
and seven read only registers of the PTM appear as eight memory locations to the MPU. The following

chapters contain complete information in interfacing the PTM to the M6800 MPU family, interfacing the
PTM to a non-Motorola MPU, software initialization, applications, and ordering information.

If the user is not familiar with the M6800 instructions used throughout this manual, refer to the M6800
Microprocessor Instruction Set Summary (Programming Card). This card is available through your local
Motorola Sales Office.

When refering to an MPU address or data in this manual, hexadecimal numbers are used exclusively and
are shown as $XXXX. Earlier MC6840 data sheets referred to the Period Measurement Mode as the
Frequency Comparison Mode, and the Pulse Width Measurement Mode as the Pulse Width Comparison
Mode. The electrical function of these modes has not been altered. The mode names were changed in
order to more accurately reflect the operation of the timers.

The PTM consists of three independent timers each capable of four basic modes of operation. Each
mode, in turn, has several programmable variations that may be used to suit an individual application.

1.1 THE FOUR BASIC MODES OF OPERATION

1.1.1 Continuous Mode

In this mode the timer counts down its initial programmed timer data word (16 bits) to zero. This is called
a Time Out (TO) and may generate an interrupt if it is so programmed. The continuous output is:

L

START TO TO TO TO

The output is low for the first Time Out period, and changes state for each subsequent Time Out period.
This produces a 50% duty cycle square twice the duration of the Time Out.

1.1.2 Single-Shot Mode

The Single-Shot Mode is similar to the continuous mode except that the output produces only one high
pulse for the Time Out period.

START TO

In this mode a timer operates as a programmable, retriggerable one shot.
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1.1.3 Period Measurement Mode

One operation performed in this mode is to measure the period (reciprocal of the frequency) of a given
digital signal:

INPUT SIGNAL
START | STOP

When the pulse goes low the first time, the timer starts counting down from its programmed number.
When the signal goes low again, the timer stops counting down and generates an interrupt. The MPU can
now determine the frequency easily (1/p = f).

1.1.4 Pulse Width Measurement Mode

The width of a given pulse may be determined by using this mode. The “down-time” of a digital signal can
be measured in the same manner as in the Period Measurement Mode:

INPUT SIGNAL
START STOP

In this mode the timer starts decrementing when the input pulse goes low and stops decrementing and
generates an interrupt when the input pulse returns high.

There are many variations of operation using the four previously described modes. The three timers are
independent, and each may be:

1. Cascaded with another timer.

2. Operated in any of three basic modes.

3. Programmed to use the internal clock or an external clock.

The initialization chapter fully explains all the points available to the user.



CHAPTER 2
INTERFACING THE PTM TO THE MPU

2.0 INTERFACING THE PTM TO THE MC6800 OR MC6802

The Programmable Timer (MC6840), as with all Motorola 6800 family peripherals, interfaces easily to the
Motorola MPU line. Figure 2-1shows the PTM interfaced to either an MC6802 or MC6800. The base PTM
address has been completely decoded for *$5000. The two hex inverters and a thirteen input NAND gate
LS devices decode the address and minimize the loading on the address lines. Any valid base address
desired from *$0010 through *$FFF8 may be completely decoded with a different configuration of the
same hardware. If complete address decoding is not necessary, as in a minimum parts count system, two
packs may be eliminated. This must be done with care to avoid addressing conflicts.

The three least significant bits of the 16-bit address lines are connected directly to the three register
select (RSX) inputs. These three least significant bits, in conjunction with the state of the Read/Write
line, select the seven Read Only and eight Write Only registers accessible to the MPU.

Figure 2-2 shows the PTM interfaced to the MEK6800D2 kit. Itis identical to Figure 2-1 except for the two
extra gates (available on the kit) which are used to disable the data bus extenders. Only addresses *$5000
thorugh *$5007 are disabled for kit expansion use. (See Motorola Application Note 771 — Expanding the
MEK®6800D2 kit).

Figure 2-3 shows an additional manual patching area which may be built.up in the MEK6800D2 wire wrap
area. This has proven to be a valuable design and learning tool for the PTM. Software may be quickly
implemented and any timer output configurations may be quickly implemented in hardware and tested.
Each timer output is buffered to drive an L.E.D. so that the output state may be observed.

DECODE @ $5000
<p §
Q 114
MC 6800 vce
OR o7
<k MC 6802 15 o1 -28—-> TIMER #1 OUTPUT
12 a3 251°%¢ & 5o TIMER #1EXTCLK
<I:J ry & DO == 2a]° @ @~ TIMER #1 GATE
e L D17 >3 12! 02 [=————P TIMER #2 OUTPUT
| 5145 D2 [== 55122 C2 [~ TIMER #2EXT CLK
e LG D3 [== 51123 G2 [e—@— TIMER #2 GATE
L e A7 D4 =2 2124 03 7——>TIMER #3 OUTPUT
=178 D5 == 51°° T3 [;—<& TIMER #3EXTCLK
5149 D6 (== 5]°¢ G3 ——<— TIMER #3 GATE
} A10 D7 — D7
29 { a1t SR >
23] s A b N .
25 11
24 |15 Al 190 TN bivdh
— A
At &7 02 17 :ﬁiBLE
34 R/W__ 19
40 RESET 8
16
<p oo
22
<}> A12
VMA |2
<}'; MC 6840
L

Figure 2-1 PTM Interfaced to the MPU
* hexadecimal number
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u7 A UsaUs
PIN8 PINS 1 &15
OND.2 OND2KIT
CUT COPPER ON
10 g D2MPUBOARD
9
u22 11
® 121 7400
ON
DECODE @ $5000 D2
Q: 5V
Tm
MC6800 Veo
ON ”r
<}'-7 D2KIT 15 O1 [==——— TIMER #1 OUTPUT
2. bo L33 551°5G T3 o TIMER #1 EXT CLK
———QJ—— 3]s 01 [32 24 go G1 |~ TIMER #1 GATE
141, N El 23| 2! 93 —4—leMER #2 QUTPUT
| 5] e 0a 20 22 |°2 C2 [——— TIMER #2EXT CLK
16] 7 04l 28 T s G2 | ——@— TIMER #2 GATE
— 7] as os |28 >0 | °* 08 [=———» TIMER #3 OUTPUT
18] oe 127 o1°° ©3 =<~ TIMER #3EXT CLK
o ‘A190 oo [28 8 g? G3 |=——@— TIMER #3 GATE
o T
— At3 A2 = —{Rs2
7 RE Al RSt
—1A14 A0 f= —{Rso
ENABLE
340213
40 R/W 8
<F RESET 16| g,
22
A12
5
VMA [— MC6840
q: _l_l

TIMER #XOUTPUT

Figure 2-2 PTM Interfaced to MEK6800D2

TYPICAL—EACH TIMER

+ 5V
LED
2N3904

©)

TIMER #X GATE

TIMER #XEXT.CLK

©

10kQ

O

500 % 10kQ

Figure 2-3 MEK6800D2 Patch Area Build-up
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In high frequency output applications, the L.E.D. will appear partially on if the high state duty cycle is
greater than 20%. The hardware patch area permits cascading timers, external clocking and gating, and
interfacing the results to additional hardware.

The MC6840, when interfaced to the M6800 family of parts, provides the user with an intelligent
peripheral that is not software intensive. Once the PTM has been conditioned by the MPU, further MPU
time is not required in most applications until the PTM generates an interrupt. This can be especially
valuable in industrial controls where the timer controls several interval dependent production functions.
During the timers intervals, the MPU can be accomplishing other tasks.

2.1 INTERFACING THE MC6840 PTM TO A NON-MOTOROLA MPU

The user of a non-Motorola MPU who needs the superior capabilities of the MC68X40 PTM can be
accommodated with minimal difficulty. This section deals with interfacing the Intel 8085 to the MC68A40
(1.5 MHz) PTM. MPU's similar to the Intel 8085 will interface to the Motorola PTM in a like manner, but
care must be exercised in order to insure proper performance.

The user should have the MC6840 PTM Data Sheet, the Intel MCS-85 Users Manual and the Motorola
M6800 MPU/Memory Data book on hand to ensure the proper use of both parts.

It should be noted that a 1.0 MHz PTM must not be used. Only the faster 1.5 MHz MC68A40 can be
interfaced to the 8085. The method selected to provide for an E timing signal (WR + RD = E) will resultin
an E pulse with a 400 ns pulse width. The MC6840 PTM requires a pulse width of 480 ns minimum. Also,
some setup times given by the 8085 exclude the use of the MC6840 PTM.

2.2 8085 INTERFACE

The hardware design is given in Figure 2-4 with the Motorola MC68A40 PTM shown connected to an
8085. Each signal input/output pin on the MC68A40 that must be connected to an 8085 pin is explained in
succeeding paragraphs in the section titled, Derivation of the MC68A40 Signals.

5V

3kQ (MIN)
LS

04

RST6.5 iRQ
LS
04

RESET RESET

WR
_ 1500 E
D
MC68A40
AD,-AD; < > Do—D;

A15 R/'W
A13 Cs1
oM

‘LS
A14 o4
'LS20 CSO
A1
A12
‘LS

04

A8 RSO
A8 RS1
A10 RS2

8085

Figure 2-4 8085 |0 Mapped MC68A40 PTM

2-3



The interface technique selected makes use of I/O mapped I/0. Thatis to say, the MC68A40is addressed
only by use of the INPUT or OUTPUT instructions in the 8085. Using the fact that the 8085 copies the I/O
address (0-255) on to A8-A15 as well as AO-A7 during an INPUT or OUTPUT instruction, external latches
are not required to store the /0O address. The address is valid on A8-A15 for a read or write cycle within
an 8085 I/0 instruction.

Using the WR and RD signals to produce the Enable (E) signal will result in an E pulse width of 400 ns.
M6840 (1.0 MHz) parts need an E pulse width of 480 ns, minimum. MC68A40 (1.5 MHz) and MC68B40 (2.0
MHz) family parts have an E pulse width minimum down to 280 ns and 220 ns respectively.

Also note in Figure 2-4 that address bit 15 is used to provide the MC68A40 with its R/W signal. This was
done to satisfy the timing requirements on the R/W signal to the MC68A40 PTM. The use of A15asa R/W
signal does limit the total number of I/0 devices since there are now only 7 bits of address available for
chip select decoding. This still leaves 128 device addresses that can be used for I/O, and for most
requirements this number is more than sufficient. (NOTE: This means 128 device addresses and not 128
170 lines. A device address can support many I/O lines). A15 was arbitrarily chosen to be used as R/W.
Any address bit within A15-A11 could have been used with the same results.

The use of RD logically ORed with WR to generate an Enable (E) pulse assumes that using the MC68A40
PTM, a maximum pulse width of 24 microseconds on the E signal must be observed. Wait and Halt states
associated with 8085 instructions are much less than 25 microseconds during a read or write operation.
There is also guaranteed to be several WR or RD signals in any instruction (each instruction must have
one or more opcode fetches) so that the free running requirement on E is met. Since this E pulse does
change frequency during operation the internal clock function will not have an accurate “real time”
function.

2.3 MC68A40 SIGNAL DERIVATION

Register Selects (RS0, RS1, RS2) — These three input pins control the selection of the control registers,
counters, latches, or status register within the MC68A40. In Figure 2-4; A8, A9 and A10 are shown driving
these input pins.

2.3.1 Chip Selects (CS1), (CS0) and R/W

The CS0 and CS1 inputs are decoded by the desired combination of 8085 address bits A11-A14. These
four bits in conjunction with the register select bits, A8, A9 and A10, resultin seven address bits to specify
an I/0 port address. The 8085 10/M pin is also included in the address decode as the address bus will
contain unwanted information during a memory read or write cycle.

As previously mentioned, address bit A15is used as the R/Winput to the MCB8A40. As shown in the write
timing diagram of Figure 2-5, R/W must be low fora minimum of 140 nanoseconds prior to the rising edge
of the E pulse. Use of A15 will provide a low R/W line at least 270 nanoseconds before the risingedge of E.
A consequence of using A15 as the R/W signal is that there must be separate addresses defined for read
and write operations in software. The following example for MC68A40 PTM should be helpful.

Example 1: The 68A40 PTM eight write addresses and seven read addresses. RS0, RS1, RS2, A15 will
select which addresses are to be accessed according to Table 2-1.

Now arbitrarily assigning values to A14-A11 of 0101 produces the complete address as shown in the
column labeled as such in Table 2-1. In software, these addresses must be defined by using pseudo
instructions (EQU):



MW OR IOW
SIGNAL T T T T
CLK [\ /
10/M, —
$1.80 A <
As— A|5 A\
ouT ouT
AD— AD; A — A Y D, — D,
— \
ALE ._/- _—\
WR
READY
CSo j\ e
RSO, RS1, RS2 Y
RD: WR=E / |
R/W

\__

—»| RWws e— 400 ns MIN.

270 ns
MIN "— TOSW

X

DATAVALID

Figure 2-5 8085/MC68A40 1/0 Write Timing

—P

10 ns MIN

2-5

I0/M — O(MW) OR 1 (IOW), S$1-0, SO-1

8085 TIMING FROM THE
MCS-85 USERS MANUAL.

THIS TIMING IS IDENTICAL TO
> THAT SHOWNFORREAD I/0 AS
SHOWN IN FIGURE 2

J tR/WS MUST BE 140 ns FOR THE
PERIPHERAL DEVICE, THE 8085
PROVIDES 270 ns MINIMUM

tDSW MUST BE 80 ns FOR MOTOR
PERIPHERAL, 8085 PROVIDES
400ns MINIMUM.

tH MUST BE 10 ns MINIMUM FOR
MOTOROLA PERIPHERAL - 8085
PROVIDES 80 ns MINIMUM.



PERIPHERAL DEVICE

MR OR IOR

SIGNAL = 5 T T

o \_/_\__/_-\__/_\__/
10/M, \/
1, SO '
\
Ae—hrs {
| out IN
AD,—AD, XrAO—A7 % Do—D; -(
ALE |—t \ / \
RD ‘1 ‘
READY
J
\ _/
RS2 —
RS0, RS1 \ \
tas taH
1 20ns [ —» g— 120ns
MIN MIN
@ PWH i\
WR=E J 400 ns .
D,—D; DATA FROM ‘—‘|
“"MOTOROLA | VALID

tRP
280 ns MAX

TOH

$

10/M-P (MR) OR 1 (OR), S1-1.50-0

8085 TIMING FROM THE
MCS-85 USER'S MANUAL

tas MUST BE 140 ns MINIMUM FOR THE
PERIPHERAL DEVICE THE 8085
PROVIDES 120 ns MINIMUM.

tPWH MUST BE 280 ns MINIMUM. THE 8085
PROVIDES 400 ns MINIMUM.

taH MUST BE 10 ns MINIMUM. THE 8085
PROVIDES 120 ns MINIMUM.

tBD MUST BE 280 ns MAX. THE PERIPHERAL
WILL PROVIDE 220 ns MAX.

TOH CAN BE ZERO, THE PERIPHERAL
PROVIDES 10 ns MINIMUM.

Figure 2-5 8085/MC68A4 1/0 Read Timing (continued)
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LC

COMPLETE ADDRESS

HEXIDECIMAL
RS2 = A10 RS1=A9 RS0= A8 R/W = A15 A15 A14 A13 A12 A11 A10 A9 A8 NOTATION

Unused 0 0] 0 1 1 0 1 0 1 0 0 0 A8
Write Reg. 1 or Reg. 3 0 0 0 0 0 0 1 0 1 0 0 0 28
Re:ad Status Register 0 0 1 1 1 0 1 0 1 0 0 1 A9
Write Register 2 0 0 1 0 0 0 1 0 1 0 0 1 29
Read Timer

#1 Counter 0 1 0 1 1 0 1 0 1 0 1 0 AA
Write MSB

Buffer Reg. 0 1 0 0 0 0 1 0 1 0 1 0 2A
Read LSB Buffer Reg. 0 1 1 1 1 0 1 0 1 0 1 1 AB
Write Timer

#1 Latches 0 1 1 0 0 0 1 0 1 0 1 1 2B
Read Timer

#2 Counter 1 0 0 1 1 0 1 0 1 1 0 0 AC
Write MSB

Buffer Reg. 1 0 0 0 0 0 1 0 1 1 0 0 2C
Read LSB Buffer Reg. 1 0 1 1 1 0 1 0 1 1 0 1 AD
Write Timer

#2 Latches 1 0 1 0 0 0 1 0 1 1 0 1 2D
Read Timer

#3 Counter 1 1 0 1 1 0 1 0 1 1 1 0 AE
Write MSB

Buffer Reg. 1 1 0 0 0 0 1 0 1 1 1 0 2E
Read LSB Buffer Reg. 1 1 1 1 1 0 1 0 1 1 1 1 AF
Write Timer

#3 Latches 1 1 1 0 0 0 1 0 1 1 1 1 2F

Table 2-1 8085/MC68A40 Addressing



LABEL FIELD OP CODE FIELD OPERAND FIELD COMMENT FIELD

RSTS EQU $A9 READ STATUS REG
RCNH1 EQU $AA READ TIMER ONE

RLB1 EQU $AB READ LSB BUFFER

RCN2 EQU $AC READ TIMER TWO

RLB2 EQU $AD READ LSB BUFFER

RCN3 EQU $AE READ TIMER THREE
RLB3 EQU $AF READ LSB BUFFER

WR13 EQU $28 WRITE REG. 1 OR 3
WRG2 EQU $29 WRITE REG. 2

WMB1 EQU $2A WRITE MSB BUFFER
WLT1 EQU $2B WRITE TIMER 1 LATCHES
WMB2 EQU $2C WRITE MSB BUFFER
WLT2 EQU $2D WRITE TIMER 2 LATCHES
WMB3 EQU $2E WRITE MSB BUFFER
WLT3 EQU $2F WRITE TIMER 3 LATCHES

Tabie 2-2 Pseudo instructions

The pseudo instructions (Table 2-2) are easy to use, but care should be exercised to avoid confusing the
8085 IN and OUT instructions when reading from or writing to the MC68A40 PTM. OUT is only used with
a write. In order to avoid a mismatch, the firstcharacter in the label field of the pseudo instruction tells the
user if it is a read or write instruction:

IN  RXXX (READ INSTRUCTION)
OUT WXXX (WRITE INSTRUCTION)

Further, when writing to a timer latch or reading from a timer counter (this is a 16-bit wide word) two
consecutive pseudo instructions must be used in the order shown:

TO WRITE TO A TIMER:
OUT WMBX (WRITE MSB BUFFER)
OUT WLTX (WRITE TIMER X LATCHES)

TO READ OUT A TIMER:
IN RCNX (READ TIMER X)
IN RLBX (READ LSB BUFFER X)

To read the MC68A40 status register:

IN RSTS (READ STATUS REGISTER)

To write a word to control register 2 (write control register 2), an outputinstruction must be used: WRG2
OUT.

In the IN instruction, A15 will be high (R/W = 1) for the read operation, while in the OUT instruction, A15
will be low (R/W = 0) for the write operation. In both cases, the MC68A40 chip selects input will become
active for A14 - A11 =0101.

This technique costs nothing in firmware as EQU statements are pseudo instructions and are used in the
assembly process only.

2.3.2 Enable (E)

As pointed out earlier, the E pulse input to the MC88A40 is the logical OR of the 8085 outputs WR and RD
(the logical OR here is done with a NAND gate performing a Low Level OR on WR and RD). Referring to
the timing diagrams of Figure 2-5, this will produce an E puise with proper timing with relation to the
address, data and R/W signals.
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2.3.3 RESET (R)
This active low MC68A40 input is the inverse of the 8085 reset output.
2.3.4 IRQ

This active low output from the MC68A40 PTM must be inverted todrivea RESTART INTERRUPT INPUT
such as RST 6.5 on an 8085. The IRQ output is an open drain and should be pulled up to +5 volts.

The generation of an interrupt signal by the MC68A40 PTM should cause the 8085to immediately branch
to a service routine. At the end of the routine, a RET instruction should transfer control back to the
original program. For this reason, the RESTART INTERRUPTS (RST5.5,RST 6.5, RST 7.5, and TRAP)
should be used and not the INTERRUPT REQUEST (INTR). The INTRinput simply inhibits the Program
Counter from incrementing and the INTERRUPT ACKNOWLEDGE signal (INTA)is given. At this time, it
is the responsibility of the peripheral device to insert a CALL or RESTART instruction to jump to the
service routine. This routine must also be responsible for preserving the return address located in the
Program Counter. The MCB8A40 PTM is not able to do such lengthy and complicated procedures so it
must use one of the four RESTART INTERRTUPTS. An interrupt signal onany of these inputs causes the
immediate execution of a RESTART instruction in which the contents of the Program Counter are placed
on the Stack and a branch is executed to a RESTART address. The addresses for each of the interrupts
are:

TRAP — 24 (Hex)

RST 6.5 — 2C
RST 6.5 — 34
RST 7.5 — 3C

These locations should contain the JUMP instruction to the service routine. At the end of ths routine a
RET instruction will branch back to the original program. RST 5.5, RST 6.5, RST 7.5 are maskable
interrupts of increasing priority (RST 5.5 lowest). TRAP is non-maskable and has the highest priority of
all. RST 5.5 and RST 6.5 are high level-sensitive and RST 7.5 is rising edge-sensitive. All are sampled on
the last clock cycle of each instruction.

2.3.5 Read/Write Timing

The read and write timings are shown in Figure 2-5. Below each are the necessary inputs to a MC68A40
PTM generated from the 8085 outputs.

2.3.6 Summary

The interface between a Motorola MC68A40 PTM and the Intel 8085 microprocessors can be done with
as little as two gates and two inverters.

When the technique of I/O mapped I/0 is used, the IN/OUT instructions of the 8085 will resultin the I/0
address being copied onto the A15-A8 address bus of the 8085 for most of an 1/0 operation cycle.
Therefore no external latches are required for address latching as would be the case if the I/0 address
were present on the multiplexed data/address bus ADO-AD?7.

Because the MC68A40 PTM requires an E pulse width of 480 nanoseconds maximum and since the
generation of E is done by logically ORing two 400 nanosecond pulses (RD and WR), only 1.5 MHz and
2.0 MHz deviced (MC68A/B40) should be used.

Generation of the CS0and CS1 signals to MC68A40 PTM is done by decoding 8085 address bits A14-A11
while a R/W signal is obtained from A15 directly. This means that separate write and read addresses must
be defined in software. The 10/M signal output from the 8085 is used in the A14-A11 chip decoder.

The muitiplexed data/address bus AD0-AD?7 of the 8085 is connected directly to the data port DO-D7 of
the MC68A40 PTM.



For systems requiring several peripheral devices, the hardware desing shown here will need to be
expanded to include appropriate drivers.

Since the “E” input pulse may be used as an internal clock for any of the timers, it must be remembered
that this line will vary in frequency. Precise real-time period measurements cannot be made using the
internal clock. Accurate measurements can be made using the external clock, but care must be used to
insure conformity to the PWL and PWH timing limits in the data sheet section.

The MC68A40 may also be connected as a memory mapped location, as shown in Figure 2-6. This ap-
proach uses the 821 2 latch to separate the address and data lines for the PTM. Address line Ao isusedin
this case for the Read/Write line. Ao was selected for use as the R/W line in this case as a matter of
convenience. This permits all odd addresses to be “Read” addresses and all even addresses to be “Write”
addresses. The timing requirements are essentially the same as shown in Figure 2-5.

2.4 8080 INTERFACE

The MC8840 may be interfaced to the 8080 in a similar manner to that shown in the preceding chapter.
Figure 2-7 shows the basic approach. Care must be exercised to ensure the ¢2 clock input frequency
does not exceed the specified maximum:

MC6840 — 1.0 MHz
MC68A40 — 1.5 MHz
MC68B40 — 2.0 MHz

The incoming ¢2 signa!l may be divided by a flip-flop, but the proper timing relationships must be
maintained.
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0107 |, 0O 11 Read LSB Buffer Register
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Figure 2-6 8085 Memory Mapped MC68A40 PTM
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Figure 2-7 8080 Memory Mapped MC68A40 PTM
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CHAPTER 3
SOFTWARE INITIALIZATION

3.0 INTRODUCTION

Programming the PTM requires the user to have an understanding of the registers. The versatility of this
part requires that each timer have its own 8-bit control register in order to select the modes and timer
characteristics needed by the user. These registers will be thoroughly examined in this chapter along
with the Interrupt Status Register and the registers used to read and write data fromand to the counters.

Table 3-1 shows how the registers, latches and counters are selected using the Register Select input
pins. Further in this chapter, register selection is discussed as it will probably be connected in most
applications (to the three lowest order address lines).

This chapter describes and defines

RESETS

COUNTER INITIALIZATION

COUNTER ENBLE

COUNTER LATCH INITIALIZATION

EXAMPLE COUNTER PROGRAMMING

BIT BY BIT CONTROL REGISTER PROGRAMMING FOR ALL MODES
INTERRUPTS AND THE INTERRUPT STATUS REGISTER

Register
Select Inputs Operations
RS2 RS1 RSO R/W=0 R/W =1
0 0 0 CR20 =0 Write Control Register = 3| No Operation
CR20 =1 Write Control Register = 1
0 0 1 Write Control Register #2 Read Status Register
0 1 0 Write MSB Buffer Register Read Timer #1 Counter
0 1 1 Write Timer #1 Latches Read LSB Buffer Register
1 0 0 Write MSB Buffer Register Read Timer #2 Counter
1 0 1 Write Timer #2 Latches Read LSB Buffer Register
1 1 0 Write MSB Buffer Register Read Timer #3 Counter
1 1 1 Write Timer #3 Latches Read LSB Buffer Register
Table 3-1 Register Selection
3.1 RESETS

3.1.1 Hardware

This pinonthe PTMis normally tied to the system RESET, and is asserted during power up and whenever
the system “Reset” button is pushed. This Reset causes the following conditions:

@ All operations (clocks) in progress in the PTM’s timers are stopped.

@ Ali interrupt flags in the interrupt Status Register are cleared.

® All Counter latch data is set to hexadecimal FFFF (65,536).

@ All Control Register bits are cleared (0) except bit 0 of Control Register #1 which is set (1). This is the
software Internal Reset Bit.

3.1.2 Software

The internal software Reset bit is set by a hardware Reset or being written high by the MPU. The software
Reset being asserted causes the following conditions.

® All operations (clocks) in progress in the PTM’s timers are stopped.

® All interrupt flags in the Interrupt Status Register are cleared.

® All Counter latches retain the data last written to them.

@ All remaining Control Register bits are not changed.
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3.2 COUNTER INITIALIZATION

Counter Initialization is caused by various conditions in the different modes. The conditions will be
discussed for each mode. Counter initialization causes:

® The data stored in the counter latch will be written to the counter.

® The interrupt associated with the timer being initialized will be cleared.

3.3 COUNTER ENABLE

Counter Enable is the state where conditions allow the counter to operate. One condition is thatall resets
are always cleared. The other necessary conditions will be discussed in each mode. In order to operate a
timer must be Initialized AND Enabled.

3.4 COUNTER LATCH INITIALIZATION

Counter Latch Initialization is the transferal of a 16-bit data word (two 8-bit words) from the MPU to the
counter latches. Counter Latch Initialization is fully explained in the following example. The M6800
Instruction Set Summary card may be used to interpret the mnemonics:

3.5 EXAMPLE COUNTER PROGRAMMING

In Table 3-2 it is assumed that the register select lines have been connected to the three least significant
address lines:

RSO to AO
RS1 to A1
RS2 to A2

The MSB buffer register is a single, write only, 8-bit holding register with three separate addresses —
$XXX2, $XXX4, $XXX6.

The LSB buffer register is a single, read only 8-bit holding register with three separate addresses —
$XXX3, $XXX5, $XXX7.

ADDR READ WRITE

$XXX0 NOP CONTROL REGISTER #1 OR #3
$XXX1 STATUS REGISTER CONTROL REGISTER #2
$XXX2 TIMER #1 COUNTER MSB BUFFER REGISTER
$XXX3 LSB BUFFER REGISTER TIMER #1 LATCHES

$XXX4 TIMER #2 COUNTER MSB BUFFER REGISTER
$XXX5 LSB BUFFER RGISTER TIMER #2 LATCHES

$XXX6 TIMER #3 COUNTER MSB BUFFER REGISTER
$XXX7 LSB BUFFER REGISTER TIMER #3 LATCHES

Table 3-2 Register Selection As Memory Locations

3.5.1 Writing to a Timer Latch

Writing to a Timer Latch (typical for all three timers):
LDX* $FDEC

(*$XXXX indicates an immediate addressing mode of a hexadecimal number; FDEC is used here as
example data).

$ - HEXADECIMAL NUMBER

@
o



STX $XXX2
(XH=>M) FD — MSB BUFFER (@ $XXX2)

(XL M + 1) EC MS BYTE OF LATCH
LS BYTE OF LATCH (@ $XXX3)

When writing to the LS byte of the timer latch (@ memory location $XXX3), the contents of the MSB
buffer is internally written to the MS byte of that latch. (16-bit wide word)

3.5.2 Reading from a Timer Counter

LDX $XXX2 (location of timer 1)
(M->XH) FD-<MS BYTE OF COUNTER
LS BYTE OF COUNTER (@ $XXX2)

(M + 1XL) EC<LSB BUFFER (@ $XXX3)
When reading a timer counter (16-bits), the MS byte (8-bits) is read at $XXX2 (M) and the LS byte is
i1n)ternally written to the LSB buffer register which may be read at the next memory location — $XXX3 (M +
The STS & STX instructions automatically perform the 16-bit write.
The LDS & LDX instructions automatically perform the 16-bit read.

The contents of the MSB Buffer and LSB Buffer are changed only by two methods:

@ Being written over OR
® A hardware Reset occurs

3.6 CONTROL REGISTER PROGRAMMING:

3.6.1 Individual Bits

After initializing the counter latches, the next registers programmed are the control registers. Bits 1
through 7 perform the same function in all three control registers. Bit 0 performs a unique function in
each control register. Control register three is located ataddress $0000 aftera RESET or power-upand is
usually programmed first. Bit 0 in control register #3is a clock prescalar and is available only in control
register #3. The prescalar divides either the internal or external clock.

CONTROL REGISTER #3
BITS|7 6 5 4 3 2 10
X X X X X X X}

0 CLK
l =1 Prescaler

1 l CLK
+8 Prescaler

Bit 0 in control register #2 (@ $0001) determines which control register may be written at location $0000.
This bit defaults to zero upon power up and a hardware reset.
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CONTROL REGISTER #2

76 54 32 10
X X X X X x x

0 , REG #3 MAY BE WRITTEN

1

REG #1 MAY BE WRITTEN

When bit zero in control register #2isa “1”, control register #1 may now be written at location $0000. This
bit allows all three timers to operate or holds all three timers in a preset condition.

CONTROL REGISTER #1
7 6 54 32 10
X X X X x x x

0 , ALL TIMERS OPERATE

1 l ALL TIMERS PRESET

The remaining bits in the control registers perform the same operation in each register. The operation of
each timer clock is completely independent on the other timers unless they are cascaded. Each timer has
its own external clock pin or the internal enable clock may be used.

7 6 54 3 2 10
X X X X X X } X[ CONTROL REGISTER #X

Ol EXTERNAL CLOCK (CX INPUT) (X=1, 2, or3)

1 , INTERNAL CLOCK (ENABLE)

Bit 6 will mask or enable the individual interrupt flag to cause a composite interrupt. The individual
interrupt flag is not maskable. (See Status Register section).

5 4 3 2 1 0
X X X X X X | CONTROL REGISTER #X

6
I

7
X

0 , INTERRUPT FLAG MASKED (IRQ)

1 , INTERRUPT FLAG ENABLED (IRQ)

Bit 7 simply enables the timer’s output on the individual timer’s output pin. If the output is masked it will
always be electrically “low.”
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76 5 4 3 2 10
t X X X X X X X CONTROL REGISTER #X

0 l TIMER OUTPUT MASKED

1 l TIMER OUTPUT ENABLED

3.7 CONTINUOUS OPERATING MODE

In the examination of the PTMs operating modes the following terms will be used:
® Reset — since a hardware Reset always causes a software Reset (which can also be programmed), and
a software Reset cannot be cleared while a hardware Reset is present, the term “Reset” shall refer to the
software Reset.
@ Interrupt — when an individual timer’s interrupt flag is high.
@ Write to Counter Latches — Counter Latch Initialization.
® Gate — the individual input control pin that is associated with each timer. This pin’s state or transition
controls the various timer functions is described below.
® Time Out — occurance one count after the contents of a timer equals $0000.
® “Condition” clear — the named condition is not active.
@ Counter Enable (as refers to all Continuous Mode conditions):
Reset clear
Gate pin is low

3.7.1 16-Bit Operation

16-bit operation is considered the “usual” count down operation of the timers. It is probably the most
frequently used. The timer’s clock counts down the 16-bit latch data word to zero and then generatesan
interrupt and an output transition as shown below:

16-bit operation |
|-<— A —>te— A —>
L

to time out time out

A = the total 16-bit count in the latch +1, times the period of the clock.

The control register programming for the two cases of Counter Initialization in 16-bit operation is shown
below:

BITS
CONTROL REGISTER #X (X=1, 2, or 3)

Interrupt:
Occurs at each Time Out
Counter Initialization:
Reset OR
Gate pin goes low



CONTROL REGISTER #X

Interrupt:

Occurs at each Time Out
Counter Initialization:

Reset OR

Gate pin goes low OR

Write to the Counter Latches

3.7.2 Dual 8-Bit Operation

This latch count down option treats the 16-bit word in the latch as two separate 8-bit wide words. The
output transition occurs before the time out occurs. The dual 8-bit operation is described below:

A

I = g R |
i et e d L

Dual 8-bit operation

|

i —1  C fe—
L

to time time

out out

B = The count in the LSB latch +1, times the count in the MSB latch +1, times the period of the clock.
C = The count in the LSB latch period.

The control register programming for the two cases of Counter Initialization in the Dual 8-bit Mode are
shown below:

7 6 5 4 3 2 1 0
X X 01 01 X X

CONTROL REGISTER #X

Interrupt:
Occurs at each Time Out
Counter Initialization:
Reset OR
Gate pin goes low

CONTROL REGISTER #X

Interrupt:

Occurs at each Time Out
Counter Initialization:

Reset OR

Gate pin goes low OR

Write to the Counter latches

3.8 SINGLE SHOT MODE

Counter Enable (as refers to all Single Shot conditions)
Reset Clear



3.8.1 16-Bit Operation

The count-down operation is the same as described in 3.7.1. The only differences are:

@ The output is hgh during the first time out as shown below.

@ The gate pin need not be held low to enable the timer, but a low transition (Counter Initialization) will
cause a “Single Shot.”

The 16-bit operation of the Single Shot Mode is shown below:

|
_>..I D .
16-bit operation —l
to

time time
out out
A —>]

A = The total 16-bit count in the latch +1, times the period of the clock

D = one count times the clock period

The control register programming for the two cases of Counter Initialization in 16-bit operation are
shown below. Each initialization causes a single shot (even during a single shot) if the counter is
enabled;

-~

6 5 4 3
1 X1 1 0 0 X

CONTROL REGISTER #X

Interrupt:
Occurs at each Time Out
Counter Initialization:
Reset OR
Gate pin goes low

CONTROL REGISTER #X

Interrupt:

Occurs at each Time Out
Counterlnitialization:

Reset OR

Gate pin goes low OR

Write to the Counter Latches

3.8.2 Dual 8-Bit Operation
This count down option is the same as described in 3.7.1.

to time

out




B = the counter in the LSB latch +1, times the count in the MSB latch +1, times the period of the clock.
C = the count in the LSB latch times the period of the clock.

The control register programming for the two cases of Counter Initialization in Dual 8-bit operation are
shown below:

CONTROL REGISTER #X

Interrupt:
Occurs at each Time Out
Counter Initialization:
Reset OR
Gate pin goes low

2

4 3 1 0
0 01 X X

CONTROL REGISTER #X

7 5
1 1

6
X

Interrupt:

Occurs at each Time Out
Counter Initialization:

Reset OR

Gate pin goes low OR

Write to the Counter Latches

Bit 7, the output enable bit must be high in the Single Shot Mode. This enables the output for the “Single
Shot.” Internally, the count recycling is continuous as if in the Continuous Mode. Only one pulse is
evident on the output pin for each Counter Initialization.

3.9 PERIOD MEASUREMENT MODE

Counter Enable (refers to all Period Measurement Mode conditions).

The gate pin goes low AND

No write to the Counter Latches AND

Reset is cleared AND

There is no individual interrupt flag asserted

This mode compares the period of a digital signal with the period generated by the word in the counter
times the period of the clock (Time Out). The control register may be programmed to generate an
interrupt if the period of the incoming signal is elss than or greater than that of the Time Out. The digital
signal to be measured is applied to the individual gate pin that is assigned to each timer. The two cases of
control register programming are shown below:

7.6 5 4 3 2 10
0 X 0 0 1 X X X

CONTROL REGISTER #X

Interrupt Flag Set:

Interrupt will be generated if them duration of the signal on the timer’s gate pin is less than the
Time Out
Counter Initialization:

The gate pin goes low AND

There is no individual interrupt flag asserted AND

“(A Reset Counter Enable OR a Time Out has occurred) OR

"This prevents initialization on the trailing edge of a previous period measurement.

e
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X X CONTROL REGISTER #X

Interrupt Flag Set:
Interrupt will be generated ifthem duration of the signal on the timer’s gate pin is greater
the Time Out
Counter Initialization:
The gate pin goes low AND
There is no individual interrupt flag asserted OR
Reset

3.10 PULSE WIDTH MEASUREMENT MODE

Counter Enable (refers to all Pulse Width Measurement Mode conditions)
The gate pin goes low AND
No write to the Counter Latches AND
Reset is cleared AND
There is no individual interrupt flag asserted

The Pulse Width Comparison Mode operates in the same manner as the Period Measurement Mode in
3.9, except the “down time” of the pulse is compared to the Time Out. The pulse on the gate pin is defined
as the period from the negative transition causing initialization to the first positive transition of the gate.
An interrupt may be generated if the period of the “down time” pulse is greater than or less than the Time
Out. The two cases of control register programming are shown below:

4 3 2 1 0
X

CONTROL REGISTER #X

Interrupt Flag Set:
Interrupt will be generated if the L_J\ duration of the signal on the timer's gate pinisless than
the Time Out.
Counter Initialization:
The gate pin goes low AND
There is no individual interrupt flag asserted OR
Reset.

7 6 5 4 3 2 10
X X

Interrupt Flag Set:
Interrupt will be generated if the u duration of the signal on the timer’s gate pin is greater
than the Time Out.
Counter Initialization:
The gate pin goes low AND
There is no individual interrupt flag asserted OR
Reset.

NOTE: The output is usually not used in the Period or Pulse Width Comparison Modes. Itis defined. If the
output of the timer is enabled, the output will operate in the following manner:

@ During the first Time Out the output will be low.

® If the first Time Out is completed, the output will go high at the Time Out completion.

® If further Time Outs are allowed to be completed, the output will change state at the completion of each
Time Out.
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3.11 STATUS REGISTER OPERATION

The Status Register is a read only register that contains the interrupt flags, the three timers and the
Composite Interrupt.

7 6 5 4 3 2 1 0
} 000 o0 1
I I I— Timer #1 Interrupt Flag
Composite Interrupt Flag Not Used —— Timer #2 Interrupt Flag

Timer #3 Interrupt Flag

The relationship between the individual interrupt flags, the composite interrupt and the IRQ pinisshown
below:

IRQ
PIN 8

7 6 5 4 3 2 1 0
X 0 0 0 0 X X X
NotUsedJ
|
P

Bit 6 in each control register “closes” the switch in the above functional diagram when it is a logic “1”.
When “open” (bit 8 = 0) the functional OR gate input is low. The basic characteristics of the Status
Register are:
® Individual timer interrupts cannot be masked.
® A-composite interrupt is caused by a timer interrupt and that timer's interru ptflag enabled (CRX6 = 1).
® A composite interrupt causes IRQ to be asserted.
What clears interrupts:
Hardware reset (RESET = 0)
Software reset (CR10 = 1)
Read the status register (RS), then read the timer (RT) causing the interrupt. (An interrupt that
occurs between RS and RT will not be cleared.)
Writing to the latches. (IFCRx 3 =0and CR x 4 = 0)
The gate (GX) goes low. (IF CR x 3 = 0)



CHAPTER 4
SAMPLE SOFTWARE INITIALIZATION ROUTINE

4.0 INTRODUCTION

The attached sample initialization routine demonstrates the ease of initializing the PTM. The purpose of
this routine is to set up the timer in the continuous mode. By cascading the outputs (shown on Figure 4-
1) to the external clock inputs, interrupts of from a few microseconds to over 282 years can be achieved
on timer one.

4.1 PTM INITIALIZATION

The PTM is interfaced to the MPU as shown in Chapter 2, Figure 2-1. The external output and input pins
of the PTM are connected as shown in Figure 4-1. The PTM may now be initialized. In order to achieve
maximum software efficiency, the PTM should be initialized in the following sequence:

1. First write the latch data to the three counter latches —
LDX
STX

If the latches are not written, they default to $FFFF. The time out data may be loaded directly into the
index register from two consecutive RAM memory locations. (e.g. This permits a routine to calculate a
time out and leave it to be retrieved later for timer data.) The overall effect is a single instruction, 16 bit
wide timer data word that is very software efficient. Since “writing to” or “reading from” a timer appears
exactly like two successive memory locations to the MPU (M & M + 1), the index register and stack
pointer operations handle the 16 bit timer data. The three timers occupy six consecutive locations and
are totally independent.

2. Next, the control word is written to the three timer control registers. The three control registers differ
only in their least significant bits. The three registers occupy two memory locations. Address “zero” (RS0
=0, RS1=0, RS2 =0)is in thelocation of both control register #1 and control register #3. The state of bit0
of control register #2 selects which control register is selected at address “zero”. (Bit 0 = 0 - control
register #3 is selected; bit 0 = 1 - control register #1is selected). Address “one” (RS0=1,RS1=0,RS2=0)
contains only control register #2. Upon initialization (power up or hardware reset), bit 0 of control
register #2 defaults to zero (control register #3 is selected address “zero”).

The easiest method of loading the control words is the following order:

WRITE CONTROL REGISTER #3
WRITE CONTROL REGISTER #2
WRITE CONTROL REGISTER #1

The part powers up so Control Register #3 can be accessed directly at RS0 = RS1=RS2=0. When writing
control register #2, control register #1 is enabled by the user by writing bit 0= 1. When writing register #1,
bit 0 “turns on” all three timers.

The sample initialization routine, Figure 4-2, is a printout of an actual initialization of the PTM. Figure 4-3,
MC6840 Control Register Programming, describes the function of the bits in each of the control
registers.

TIMER 6 03
# 3

f e —— o
TIMER
# 2 3 02
TIMER 28 C1
#1

Figure 4-1 PTM Cascaded Operation
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gegizA gagge CE Olaa HA Low #¥digg 257 X CUUNTER UNE
gqogil A vgas FF Sogd H 5Ty F3004 COUNTER Twu

gaaldr poge CE logg H Ly #£1 8oy 48927 A COUNTER TiO
bea | GA gaeF FF Sude F STH 3 Sude COURTER THREE

a8l e * HENT. FROGRA ThE COUNTROL REGISTERS

veairA edlE ge &2 H LDHA  #fEE CONTRUL WORD

Boaisn bald BF So8g A 5TRA #5544y CUNTROL REGISTER THREE
gogisA galy s &1 A LDAA  #F8H CONTROL WOKD

aaezan el B7 Sl A STRR #5894l CONTRUL REGISTER ThO
aEez | ¥ RPDRESS $3006 IS NOW CONTROL REGISTER ONE.
oaasz # IT INITIALIZES RS CONTROL REGISTER THREE.
HEOS3A 0810 S8 94 H LDAR  ##44 CONTROL NORL

bgez4S galE BF Suea A STAA  ¥5e6a CONTRUL REGISTER ONE & GU!
Baass ¥ THE COMFOSITE INTERRUFT WILL OCCUR & 7). 8583(7&
geass # SECUONDs . MAXINUM TINEGUT CAFABILITY. USING
gagzys ¥ GHLY THE | MHS CLOCK. 15 OVER Z8Z2 YERRS USING
gag2sg * THIS CASCADED OFERATION ANL THE DIVIGE BY &
geess * FEATURE.

gagzan was | 3F SWI

gegsd ENEG

TUTAL ERRUORS gauwg

Figure 4-2 Sample MC6840 Printout



716 |8 |4als]|2]1

X | x| x|x]|x]|x]|x t
7165 |4|3|2]1]0
x [ x| x|x|x|x]|}]|x
7l6l|s5|4al3]|2]1]0
x | x| x|x|x x| x
7165 |ala|2]1]o0
x| x|ololo|x|x]|x
7 lelslal3i2]1]o0
x [ x{ofo]1]|x|x]|x
7|6 |5|l4al3]|2]1]o0
x [ x{ol1]lo]|x]x]x
7|16 |5|4|3|2]1]0
x| x|ol1]1|x]|x]|x
716 |s5|4a|l3|2]1]0
1 x|1lololx|x]|x
716 |5|4|312]|1]o0
X [ x| 1]o|1|x]|x]|x
7le6|s5lal3|l2|1]0
1 x 11|10 x]|x]|x
7|6|5|a|l3|2]|1]o0
x [ x| 111 | x|x]|x
7 s |4|3l2|1]0
x [l x x| x| x|x|x
7|65 ]4|3|2|1]0

x| x| x| x| x|x]|x

NOTE: RESET IS HARDWARE OR SOFTWARE RESET

(RESET = 0 OR CR10 = 1)

REGISTER REGISTER REGISTER
1 2 3

ALL TIMERS REG #3 MAY 13 TR
0 | OPERATE BE WRITTEN + 1
1 | ALLTIMERS | REG #1 MAY ‘ T3 CIK
PRESET BE WRITTEN +8

0 EXTERNAL CLOCK (CX INPUT)

1 INTERNAL CLOCK (ENABLE)

0 NORMAL (16 BIT) COUNT MODE

1 DUAL 8 BIT COUNT MODE

CONTINUOUS OPERATING MODE: GATE ¥ OR WRITE
TO LATCHES OR RESET CAUSES COUNTER INITIALIZATION

FREQUENCY COMPARISON MODE: INTERRUPT
IF GATE ¢__ [ ¢IS< COUNTER TIME OUT

CONTINUOUS OPERATING MODE: GATE ¢ OR
RESET CAUSES COUNTER INITIALIZATION

PULSE WIDTH COMPARISON MODE: INTERRUPT
IF GATE ¢ 4IS < COUNTER TIME OUT

SINGLE SHOT MODE: GATE ¥ OR WRITE TO
LATCHES OR RESET CAUSES COUNTER INITIALIZATION

FREQUENCY COMPARISON MODE: INTERRUPT
IF GATE 4_ [ 4IS> COUNTER TIME OUT

SINGLE SHOT MODE: GATE ¥ OR RESET
CAUSES COUNTER INITIALIZATION

PULSE WIDTH COMPARISON MODE: INTERRUPT
IF GATE ¢__41S > COUNTER TIME OUT

0 INTERRUPT FLAG MASKED (IRQ)

1 INTERRUPT FLAG ENABLED (IRQ)

0 TIMER OUTPUT MASKED

1 TIMER OUTPUT ENABLE

Figure 4-3 MC6840 Control Register Programming
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CHAPTER 5

5.0 INSTRUCTION
This chapter describes four MC6840 Programmable Timer Module applications.

Programming Four Modes on the Programmable Timer
Thermometer

Real Time Timer

Ignition Analyzer

The PTM has many other applications in pulse generation, interval and period measurement, industrial
timing control and programmable one-shot uses. The four applications in this chapter attempt to
demonstrate the MC8840 PTM’s versatility in different applications.

5.1 PROGRAMMING FOUR MODES ON THE PROGRAMMABLE TIMER

The purpose of this program is to bring a software tool into the hands of the user which demonstrates the
four basic modes of the MC6840. The program flow chart is shown in Figure 5-1.

5.1.1 The 16 Bit Continuous Mode

The first mode in the program (Figure 5-2) is the normal 16 bit continuous mode. In this mode any
timer will output a 50% duty cycle wave form at various frequencies (the period is twice the value in
the latches). The counter decrements through the latches once during which time the output is low,
it decrements again and the output is high. The frequence and duty cycle is determined by the number
in the latches: i.e. the larger the number (FFFF) the lower the frequency; the smaller the number
(0000) the higher the frequency. In this case (0000) a divide by 2 counter is established. In this same
mode, with the dual 8 bit configuration selected, the duty cycle is whatever the LSB contains and the
period is the number in both the latches plus 2. Start the counter decrementing by the gate signal
going low (G 1) and stop the counter at the gate signal going high (G ). The switches for G and C are
connected as shown in the schematic in Figure 5-3.

5.1.2 The Single Shot Mode

The second mode is a single shot mode where the pulse can be either the width ofthe number in the MSB
and LSB (normal 16 bit) or it can be the width of the number in the LSB with a delay of whatever isin the
MSB (dual 8 bit mode). The pulse starts when the gate signal goes low.

5.1.3 The Period Measurement Mode _ _

In the third mode, the period measurement mode requires Gi before starting and another Gi before a
Time Out to Interrupt the MPU. When an IRQ is present the program jumps down to the pulse width
comparison mode.

5.1.4 Pulse Width Measurement Mode

In the pulse width measurement mode, the fourth and last mode, the timers are activated by G |, which
decrements the latches until G 1. The IRQ line goes low signaling the MPU that a pulse occurred. Then
the “duration” can be checked by reading the timer counter.

5.2 PTM THERMOMETER

The MC6840 can be used as a temperature monitoring device asshown in Figure 5-4. An MC1555 is used
in the astable mode in order to generate a pulse train for the PTM to monitor. Rg is a thermistor.

In the astable mode the timer is connected so that it will retrigger itself and cause the capacitor voltage to
oscillate between 1/3 Vs and 2/3 Voe,
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10 SECOND
DELAY PROG.

v

INITIALIZE
INTERRUPT
VECTORS, STACK
POINTER, TIMER
LATCHES

#3
PERIOD MEASUREMENT MODE

v

#1 AND 2 OFF

CONTINUOUS MODE
(NORMAL 1, 2, AND 3)

WAIT
10 SECS

N
FROM SUBROUTINE

X
m
—
c
D

INTERRUPT
ROUTINE

JUMPTO

10 SEC DELAY
PROGRAM

WAIT FOR
INTERRUPT

JUMPTQO 10
SECOND DELAY
PROGRAM

TIMER #3
+ 8 CONTINUOUS

#1 ANDS #2 OFF
#3 PULSE WIDTH <

MEASUREMENT
MODE

READ AND
STORE ALL
TIMERS IN
MEMORY

JUMP TO
10 SEC DELAY
PROGRAM

v

TIMER #2
SET TO DUAL
8-BIT CONTINUOUS

CLEAR
ALL INTERRUPTS

RETURN
FROM INTERRUPT

JUMPTO 10
SECOND DELAY
PROGRAM

WAIT FOR
INTERRUPT

STORE
T3LSBAND
MSB INTO
INDEXREG

#1 — CONTINUOUS MODE

#3— +8 CONTINUOUS MODE

#2 — SINGLE
SHOT MODE
NORMAL

JUMPTO 10

SECOND DELAY
PROGRAM

#2 SINGLE SHOT
DUAL 8-BIT MODE

#1 & 3SAME AS
BEFORE

JUMP TO
10 SEC DELAY
PROGRAM

5-2

Figure 5-1 PTM Four Mode Program Fiow Chart



PAGE 001 PTM

20001 NAM PTH

00002 *

20003 JE 005 0T 0 0 026 2000 0 00 0 00030 00 03500 2 0 0 M M

20004 * THIS PROGRAM UTILIZ2ES THE FOUR BASIC MODES

29005 *

20006 * OF THE MC6840 PROGRAMMABLE TIMER.

00007 *

20003 SEEIEE K6 I 0K 36 3K W KI5 226 26 0K 0K 0 00K 30K 3K 06 6 0K M M K

Q000SA 0000 ORG ¥2900

00010A 9000 002 A T1 RMB 2

20011A Q002 Qeez2 A T2 RMB z2

200124 0004 90R2 A T3 RMB 2

020213Aa 4000 ORG $4000 THIS IS THE PTM’S DECODED ADDRESS

920144 4000 90091 a CR13 RMB 1 CONTROL REGISTER FOR TIMER3 ONE AND THREE
Q09154 4001 2001 A CR2SR RME 1 CONTROL REG FOR TIMER TWO aND THE STATUS REG
00016A 4002 9091 A MSBT1 RMB 1 MOST SIGNIFICANT BYTE FOR TIMER ONE
QR017A 4003 Q1 A TILSB RMB 1 LEAST " - " " *

P0018A 4004 2221 A MSBT2 RMB 1 HOST " " " . THO
Q20135A 4205 Q021 A T2LSB RME 1 LEAST " " . - "
P0027%AQ 4006 Q391 @& MSRT3 RMB 1 MQST " . " - THREE
QQ02i1A 4007 Q091 A T3LSB RMR 1 LEAST M - * - "
00022A 0100 ORG $£0100

20023 ®* BEGINNING OF FPROGRAM

Q0024 *

Q0025A 2100 FE 01A4 A LDX IRQ

QPVR26A 0103 FF FFF8 A STX BFFF& CONSTANT ADDRESS FOR IRO HARDWARE INTERRUPT
02027 * INIT1ALIZE INTERRUFT MASK

P0028A ©106 QE CLI

oeez23 * INITIALIZE STACK PQINTER

Q0030A 0107 BE AQ7F A LD3 #+¥A0TF

00031 * PRESET TIMNERS

200324 210A &6 01 a LDAaA ES 1<}

20033A ©10C B7 4001 A STaA CRZSR CONTROL REG ONE MAY NOM BE WRITTEN

00034A 2:iQF B7 4900 A 3TAA CRi13 ALL THREE TIMERS ARE IN PRESET (NOT DECREMENTING)
00035 *¥LO0AD TIMERS FOR MAXIHUM COUNT

0038A 2112 CE FFFF A LD *$FFFF

QRe37A @115 FF 4002 & STA HM5BT1

00033Q 0118 FF 4204 A STX MSRT2

Qee39A Q11B FF 4006 A 3TH HABT3

00040 FTT3ITITETITTTTEIT L2323 3

20241 * CONTINUOUS MODE *

00242 EEXEREXEREF KX AR XY KHEKK

Qee43 *¥ R

22044 * THIS PART OF THE PROGRAM SETS UP alLL THE TIMERS

00045 *

20046 * TO CONTINUOUS NORMAL MODE aT AFPROX. 7.83 HZ

00e47 * THE SYSTEM 1 MHZ CLOCK 15 USED THROUGHOUT THIS PROGRAM
90048 *

20049 Ed TIMING CALCULATION WITH FFFF IN LATCHES

00050 *

20051 ¥ PERIMD OUTPUT = (COUNT + 1 M PERIOD CLOCK)Y X 2

29052 *

Q0953 * 1/0CARE3% + 1M 1E-6)/Z2)

20054 #

Q0055 *

QQVOS6A @11E 86 82 a LDAA *%82 ENARLE OUTPUT %2, INTERNAL (ENABLE) CLOCK,AND CR #3
00057A 2120 R7 4e21 A 2TAA CR23R

00958A 2123 B7 4000 A =TAf CR13 TIMER THREE 1S MOT PRESCALED BY ./. &, ENARLE OUT & INT, CLK

Figure 5-2 PTM Four Mode Program Assembly Listing
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PAGE @02

000594
00060A
000614
00062
206063
00064
2005S
20066
00067
00068
00069
00070n
000714
000724
00073A
00074
00075
20076
00077
00078
00079
00080
00081
00082
00083
00084
20085
00036
e0es7a
000884
000394
20090
00091
00092
00093
000394
00095
00096
00097
00098A
0003994
001004
00101
@010z
00103
00104
00105
00106
ee107
00108
001034
e0110a
00111A
00112
00113
ee114
00115
00116

2126
2128
@12B

Q12E
2131
2133
2136

@138
@13B
@13E

2141
0143
2146

@143
3148
Q14E

PTM

c6

BD

ce
F7
BD

36
R7
BD

a3
4090
2193

4001

4200
0133

86
4001
@193

E3
4001
@133

E7
4201
2133

»PDDD

DDD

DD

D DD

LDAR #3383 ENABLE OUTPUT #2, INT CLK AND CR #1
SThaA CR13 TIMERS ARE OPERATIONAL AND DECREMENTING THROUGH THE COUNTERS
JSR DELAY
* THIS FART OF THE PROGRAM PUTS TIMER #3 INTO
*
* THE DIVIDE BY & PRESCALED MODT ¢ CONTINUOUS )
*
* CYCLING AT ABCUT @.3% HZ.
*
¥ TIMING CALCULATION 1/¢(65535 + 1) RE-6) X 2)
*
STAA CR25R ENABLE WRITTING TO CR #3
LDAaA $8C3 THI3 AalLsd ENABLES THE IRQ LINE
STHA CR13
JSR DELARY
*
* THIS PART OF THE PROGRAM SCALES TIMER 22
*
* FOR A FREQUENCY OF 15.26 HZ AND A DUTY CYCLE
*
* OF APPROX. @.4%
*
* PERIOD = 65536 ENABLE PULSES X 1E-6 = 9.066
*
* FREQUENCY = 15.26 HZ
*
E DUTY CYCLE = 255 PUL3ES : 255/65536 = 0.0039
*
LDaB *$36 USES THE DuaL 8 BIT MODE
STAB CRZSR
JSR DELAY
30206320300 20306 0 0000 K
* SINGLE SHOT MODE *

ELI L2222 TSI TS T 2

* THIS PART OF THE PROGRAM SETS TIMER #2 INTO
*
* THE SINGLE SHOT WHERE GATING SWITCH #2
* PRODUCES & PULSE 9.065 SECONDS WIDE (1 MHZ SYSTEM CLK)
*

LDAA *+$ES

STanA CR2ZSR

J3R DELAY ALLOWS YOU TO STAY IN THE MODE FOR APROX. 19 SECONDS
63000303003 K TN A MO XN
* DUAL 8 BIT SINGLE SHOT MODE *
KKK K26 KKK IO K
*
* NOW TIMER #2 IS PLACED INTO THE DUAL 8 BIT MODE
*
* AMD THE PULSE WIDTH IS CHANGED TO 256 MICROSECONDS
* .

LDaA *+$E7

STwn CRZ3R

JSR DELAY
!ll!!l!t#!!*!!&K¥(,Kl¥*K**%!ﬂ*!X!Kﬂl!!!**l!!*!!!!!**!!!l*
* FREQUENCY COMFARISON OR PERIOD MEASUREMENT MODE *

EREMEKFKEEERTEKEK S SRR ERAKEE KR KRN R N ORI NN
*
* IN THIS MODE, aLL OF THE TIMERS @RE DISABLED

Figure 5-2 PTM Four Mode Program Assembly Listing (cont.)



PAGE 003

e0117
29118
20113
00120
20121
00122
00123
00124
00125
00126
@127
20128
Q8123
Q130
20131
20132
209133
20134
2013S
09136
Q0137
20138
29139
00140
20141
0142
221473
00144nA
P0145A
201484
001470
201434
P01439A
001506A
Q0151A
201524
Q0e153A
201544
221554
Qe156h
20157A
Q01584
20153
2e162
00161
ee162
20163
Q0164
Q@165
201%5€
00167
20163
20163
2Q170
001714A
201724
90173aA
Q01744

2151
Q1S3
2156
0158
91SB
915E
2160
Q163
0164
2167
2169
@168
@1€D
Q179
0173

2176
2178
@178
Q17D

PTM

&s

&6
R7

01
4001

4200
4001

bl ol v ol Pl Al + 4

492020

Q000
04
F& 916

4001
4000
2133

o
-
DDIDDWDD

FPE S EEEEEEEEEEEEE NS

EACEFRT FO

TRANSITIOH

CONTINUES

P #3. WHEN DETECTING A NEGATIVE
OF THE GATE SWITCH, TIMER #3
TO COUNT DOWN UNTIL ANOTHER

POSITIVE AND MEGAHTIVE TRAHSITION I35 MA

15 DONE REFCRE A& TIMEQUT HAS OCCURED,

PUTS OUT

AN INTERRPUT (PULLS THE 1RQ L

THE INTERUFPT SUBROUTINE IS JUMPED TO

ARE READ,

DE. IF THI1S
TIMER #3
INE LOW)

AND THE TIMERS

AND THE PROGRAM CONTINUES TQ THE FULSE WIDTH

COMPARISON MODE AFTER A 10 SECOND DELA

OCCURED F

IRST, THE TIMER CONTENTS ARE

Y. IF THE TIME OUT

STILL STOFED,

BUT THE COMFARISON BRANCES BACK UF TO THE BEGINNING

TO GIVE T

HE SWITCH OFERATOR ANOTHER CH

ANCE

AT TOGGLING THE SWITCH FAST ENOUGH T2 CHANGE MODES

LDAA
STAA
LDAA
STAA
3TAA
LDAR
STAA

WAITT Wal

LD
TP
BEQ
LDAA
STaA
2TeEA

JSR

%01
CR2ZSR
#$a0
TR13
CR25R
#BCF
CR13

*#$Q2Q0
T3
WATT1
#5021
CRZ3RF
TRIR
LELAY

CR #1 MAY BE WRITTEN

OPERATE COQUNTERS ( *
CR #3 MAY BE WRITTEN

EXPLAINATION AROVE

FAST ENQUGH?

IF NOT TRY AGAIN
iF OFERATOR TOGGLES

EXXKEXEEEX ERRME L EXRLEERERREEER K ERE XN EF R HHNK
(H COMPARISON MCODE *
FEEREEXREEFERREER RN F AR R R EF P A F KA E KRR EE

*

*

* KON N MO N A

PULSE WID

THIS PART
MEASUREME
OF THE 3A
TRANZISTI
LDAA
3Tan

LDAA

ST

I3 THE

NT MODE

ZAME A5 THE FREQ. OF

¥CEFT FOR A NEGATIVE

TE TUHITCH SVARTS THE COUMTER

ON TTORS

#8500
CRZTR
+8DF

CR17

IT.

CR #3 MAY BE WRITTEN

1 % #2 OUTFUTS ARE MASKED:

THE SWITCH QUICK ENQUGH THEN PRESET TIMERS

PERIOD

TRANSITION

AND AN UPWARD

Figure 5-2. PTM Four Mode Program Assembly Listing (cont.)
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PAGE 004 PTM

091754 9180 36 01 A LDAA #8901

991764 0182 B7 4001 a STaa CR2Z2SR CR #1 MAaY BRE WRITTEN
00177A @185 7F 40900 a4 CLR CR13 TIMER ALLOWED TO OFERATE (#3)
Q@178A 188 3E WalT2 uAl

291794 0189 CE @000 n LDx #%0000

02180A 18C 3IC 04 [} CPx T3

e0181a ©18E 27 F5 218%2 REZ WAaITZ

22182a 2199 DE 04 “ LD~ T3 1F OPERATOR 18 QUICK THEY CAM STOFP THE PROGRAM
P9183A @192 3F SHI

Q01284 *

Q0185 EXEEEEEEENEEEREEE RN ER R KR KK

00186 * SUBF2UTINE DELAY ¥

0187 2600 KOO R KRR

00138 *

00183 * THIS ROUTINE FRODUCES AN APPROX. 1@ SECOND
201390 *

201391 * DELAY BETWEEN MODE CHANGES

20192 %

201934 0193 CE 00 A DELAY LDaB #$00

001944. 2195 CE 9DDE & LOOPB LDx #$QDDE INNER COUNTER

901354 0138 03 LOOPA DEX

00136A @193 8C 002RQ A cPx #¥OI0Q

00137A 912C 25 Fa 01398 BNE LOOFA

Q0138A Q19E 5Sa DECB

©2199A 019F C1 @¢ a CMFEB *#$02

00209Aa 211 26 FZ 0135 BNE LOOFPR

20201A 0143 33 RTS

00202 RN AN KK MR IR RN
20203 ¥ CLEAR PTM INTERRUPT SUBROUTINE »*
00204 HEEXKEKF EEFKEREF K EF R IR RE RN LIRS EE NN R
20205 *

00206 * THIS ROUTINE CLEARS THE PTM’S INTERRUPTS
00207 *

00208 * BY READING THE STaTus REGISTER aMD TIMER
00203 *

20210 * LATCHES. THE CONTENTS OF THERS LATCHES
00211 *

°ez12 * ARE STORED IN MEMORY FOR LATER USE.
00213 ¥

002144 01A4 F& 4001 A IRQ LDaR CR23R READ STATUS REG

Q82154 Q1A7 FE 4002 A LDx M3BT1 READ TIMER 1 COUNTEFR
902154 91AA DF o9 a S5TA !

Q02174 B1AC FE 4201 4 LDAB CR2Z35R READ 3TATUS REG SO AS NOT TO MISS ANY INTERRUPTS
90218A Q1AF FE 4004 a LD M3IBTE

20219A @1B2 DF @Z a 3T 2

00220~ @1B4 FE 4001 n LDAR CRZ3SR

@0221A @1B7 FE 49096 A LDx HMSET3

99222na Q@1BA DF @4 a ST T3

0e223a @1BC 3R RT1

Qo224 END

TOTAL ERRORS @@900Q

4990 CR13 22014%00034 QQQSE 00062 QQ272 Q0147 00150 20157 00174 00177

4201 CRZSR 0Q015x00033 00057 00272 GOCAS 20093 Q00110 00145 00148 QQ156 Q0172 20175 00214 00217 00220
9133 DELAY 00961 @Q@073 Qe85 Q@ie™ NA711 22155 Pn133%

21A4 IRQ Q025 NRZ214%

PAGE ©25 PTM

21398 LOOPA @0195%@0137
9195 LOOPB ©@0134%00200
409Z MSBT1 00Q16%0@037 00215
4904 MSBTZ 0©00018¥00032 00213
4006 MSBT3 000320%20232 @221

0000 T1 20010%2021¢8

4003 TILSE ©@0R17%

000z T2 QR011%

4095 T2LSB 02@19%

2004 T3 Q0012%0Q153 Q2180 Q0182 Q0222

4007 T3LSR 00021%
2163 HAIT1 00151%20154
0188 WAITZ ©902178x%20121

Figure 5-2. PTM Four Mode Program Assembly Listing (cont.)



+5 CBA321
GND Y XW 434241

— D
IRQ S
RESET
RE P3—O
MEML 12] ), 1
CLK B R4—°4/0_
02y —D3

VMA 10 _Zip2 R1

R/W6 ot B1

\

9
Iz I"’ |
(R TR

o R3
2 K B3 D3
R4
53 A 3fB4 D4
RE DE ___]9
1 15 4 3 2
118 ur A
_ 3| RE DE 5
D4 324—{81 R1 f—/,
_ 6 Us p1
D5 304482 15 /
R215~ 13 Py
56 1 {2 11/ 12
5 A 10
D7 J4 2N 2
12/
1 3 Uz
L1 RE e Bl 10
R1 9
A1s 33=—B1 51
ats M—8ls2 ~ B2}S 11
R2|S 12
a1z A-Sles  B3l1O 3
ra[11 4
13 Ball3 2
1 1314
A12 34 R4[14 1
+—+5
pe B1 2 10
A11 35 —1B1 R1 9
us 52
A10 P —B2 Bol6 11
1 R2}S
a9 R YB3 g3 10 132
R3 L 4
r8 36 2ss _ gali3 5
RE R4[14 1
1
= |, 15]
4 RE B1 3 10
A7 37 —D1 R1 2 9 7
A6 5__7[)2 B2 g 11 53 6
As T—21p3 i 12 14
B3 3 15
11
A4 38 —2{Da gi 3 5
DE R4|14 1

3
as 30 o1 - 81__—0'\0___—
Tuto
R

_/

2
_ 1He—0
A2 U—02
mV—ps  R2I5
R3S
a0 a0 2ps  R4hZ
RE
£

100kQ

I_

FoF

10kQ

MC6840 -
14
] 2
3 P4
s 4
u2 Vs
o 3
X
= 7404
+5 +5

U1 —MC74L520 DUAL A INPUT NAND GATE
U2 —MC74LS04 HEX INVERTER
U3 —SN74LS133 13 INPUT POSITIVE NAND GATE
U4-U10 —MC8T26 QUAD THREE STATE BUS TRANSCEIVER
U11 —MC14490 HEX CONTACT BOUNCE ELIMINATOR
S1 —53-AMP HEX SWITCHES 53137-1

Figure 5-3 PTM MC6840 Wire Wrap Board Schematic
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+ 5V

MC 3 GX MC MC
1555 6840 680X

PTM

Figure 5-4 Temperature Monitoring Device

The external capacitor charges to 2/3 Ve through RA and RB and discharges to 1/3 VCC th rough RB.
By varying the ratio of these resistors the duty cycle can be varied. The charge and discharge times are
independent of the supply voltage.

The charge time (output high) is given by: t1 = 0.695 (RA + RB)C

The discharge time (output low) by: t2 = 0.695 (RB)C

Thus the total period is given by: T = t1 + t2 = 0.695 (RA + 2RB)C

The frequency of oscillation is then: f = 1/T = 1.44/(RA + 2 RB)C .

The duty cycle is given by: DC = RB/RA + 2RB

RA must be large enough to limit the discharge current (pin 7 current) within the maximum rating of the
discharge transistor (200 mA).

The minimum value of RA is given by: RA = Vce/17 A =Ve/0.2

If Rp is many times greaterthan Rp (thermistor), the resistance change caused by atemperature change
will have only a small effect on the frequency. The change in the pulse down time (output low) willvary in
direct proportion to the resistance value of the thermistor.

A single timer in the PTM measures this pulse down time in the pulse width measurement mode. The
maximum measurable down time in 65.536 milleseconds using the internal 1 MHz clock usually used in
the MPU system (*$FFFF X ¢2 period). Ten microseconds is the minimum pulse width recommended.
This will insure ten counts in order to obtain a reasonably accurate reading.

When no data word is written to the timer it defaults to $FFFF. The pulse width measurement mode
decrements this count each microsecond (the ¢2 internal clock period) the pulse is low. When the pulse
returns high, the PTM generates an interrupt and waits to be read by the MPU. The MPU reads the
decremented count and calculates the temperature. The versatility of the MC6840 PTM allows the user to
have one timer used as a thermometer and the other two timers performing other tasks. All three timers
may also be used as completely independent thermometers.

5.3 MC6840 PTM CONTROLLED REAL-TIME TIMER

This section describes two applications using the MC6840: A time of day (TOD) clock and an event
counter. These two applications have many uses; a software clock in a real time operating system
*hexadecimal number
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Figure 5-5 Hardware Schematic of TTL Conditioner

(RTOS), control applications which require periodic servicing (i.e. hourly, daily, etc.) or counting agiven
number of events to determine when to control a process.

Figure 5-5 shows a method of obtaining a 60 Hz square wave from the 60 Hz line. The diode is used to
half-wave rectify the incoming sine wave. The voltage divider is used to get a 6-7V peak to peak wave
form to be used as an input to the 74L.S14 Schmitt trigger. The output of the 74L.S14isa TTL level square
wave at 60 Hz. This type of circuit can be modified to condition any non-TTL signal into a TTL signal with
some noise protection because of the Schmitt trigger hysterysis. This output is taken to the CXinputon
the MC6840. The timer is configured as follows: Continuous mode, normal 16-0 bit operation, external
clock and interrupt enabled (timer output may be enabled or masked to the users’ option). This initiation
is done while the PTM is in the preset condition. During initialization the programmed options can be
chosen: 12/24 hour clock options, alarm functions, control functions, and other user defined use. The 60
Hz line was chosen as the oscillator because of its availability in the United States and its good stability. If
a user desires a crystal operated system with battery back-up, the crystal specification must include an
accuracy of +20 parts per million to insure a system accuracy for the clock and a crystal with battery as a
secondary clock for use during a power outage, the accuracy must be 10+ PPM to ensure a 1+ sec/day
accuracy for the back-up clock or a £500 PPM crystal for a 1+ min/day accuracy.

Figures 5-6 and 5-7 show the flow chart for the initialization routine and the interrupt service routine for
the TOD clock. All major decision blocks and processes are given. The initialization routine is done only
once, usually in the restart routine. A set routine could be implemented to set-up the counters to a pre-set
time and start the clock. In the intiialization, two control words are given; one will enable the timer output,
the other will disable it. The desired function is user selectable. The counter values may be stored as a
binary count. With the use of the DAA instruction, it can be converted into packed BCD number
representing hours, minutes and seconds. This last representation would make it easier to output to an
ASCII output device — either a serial or a parallel port.

The second application is an event counter. In this configuration the timer is initialized the same as the
TOD clock, except the clock input will not come from the source which will generate the clocking pulses.
The hours, minutes, and seconds counter may not be needed or may be modified as BCD digits to obtain
larger counts if necessary.

5.4 MC6840/MC6802 MPU-PTM CONTROLLED ENGINE ANALYZER

The cost of automobile services continues to rise year by year. People who didn’t even know they had a
crankcase a few years ago are now regularly changing their own oil. Many “dainty” women are under the
hood doing their own maintenance. Auto makers offer service manuals and some even offer tool kits for
their do-it-yourself customers. Car parts and crankcase oil are now available in supermarkets and fast
service convenience stores. This was unheard of ten years ago.

A tune-up can be a major cost item at either the new car dealers’ or your local service station. Many
people now do their own tune-up. Brand name parts and tune up equipment are available at most
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national chain department stores and through mail order sales. Using the analog meter — strobe gun —
available today to the do-it-yourselfer — may be less accurate than desired and also presents a safety
hazard. The strobe gun that is used to adjust the timing usually must be held a few inches from the fan.

This application deals with using the MC6840 Programmable Timer in a three function engine analyzer
aimed at the consumer and service station market. This microprocessor controlled system will yield
readings equal to professional new car dealer equipment and still be cost competitive with the better
consumer equipment presently on the market.

5.5 ENGINE INPUT HARDWARE

Figures 5-8 through 5-11 show in basic block diagram the basic functioning of the engine analyzer.
Figure 5-12 describes a four cylinder engine timing. These figures are shown in greater detail in Figures
5-13 through 5-16.

Three signals must be picked up from the engine and be conditioned to TTL levels:

1. The point closure.
2. Plug number one firing.
3. The point in time when the timing mark is at zero degrees top dead center.

Figure 5-15 shows three approaches to conditioning these three signals to TTL levels. There are several
passive and active circuits that will perform the signal conditioning function. Any design technique that
produces the TTL level signals shown on Figure 5-15 — at the correct point in time — is adequate. Care
must be taken to insure the engines electrical systems are not loaded and the engine performance
changed because of the analyzer connections. The output signals from the signal conditioners must
contain no “spikes” or “glitches” that could cause false triggering. The point closure signal may be DC
coupled into the signal conditioners, but care should be exercised toinsure a very high inputimpedence
is present. A low impedence could degrade the performance of the primary winding of the coil. Since
thousands of volts are present on plug one, caution must be used here also. A DC coupling is not
recommended on the plug. The “zero top dead center” point may be picked up magnetically or optically.
A light source shining on a white painted timing mark can be picked up by a photo transistor and then
conditioned to a TTL level.

POINTS SIGNAL

POINT
/—" conpitioner [~  TMER! > DWELL

SYNC SIGNAL
—P CONDITIONER ] TIMER 2  |=P» RPM

TIMING
PULLEY
SIGNAL TIMING
TIMER 3 = ANGLE

MAGNETIC CONDITIONER
PICKUP

Figure 5-8 Digital Engine Analyzer
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Figure 5-14 Input Controls

5.6 MANUAL INPUT HARDWARE

The user must manually input the umber of cylinders on the engine under test and whether it is a two or
four cycle engine. Figure 5-14 shows the basic electrical approach to inputting the engine information. A
rotary switch to select the number of cylinders is probably the least expensive approach. Push buttons
with a “lockout” function (to prevent two buttons from being depressed) are easier to use, but more
expensive. The analyzer will be in 4 cycle mode unless the 2 cycle switch is activated. The “load” button
allows the transfer of the data throgh a PIA (MC6821) to the MPU. Pressing the reset button stops the
analyzer operation and allows the input to be changed.

5.7 DISPLAY HARDWARE

Figure 5-16 shows the display system. Eight lines are brought out through the “B” side of the PIA to the
display circuitry. Four of the lines are used to decode the Binary Coded Decimal input into buffered
seven segment output drivers (active low). The remaining four lines are decoded and buffered to
sequentially select each Light Emitting Diode display. A display routine in the MPU handles the
multiplexing of the display.
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The schematic shown in Figure 5-13 describes the interconnection of the MPU, Programmable Timer,
ROM (Read Only Memory) and PIA (Peripheral Interface Adapter). One low ower schottky quad AND
gate (74L.S08) is used for address decoding. The MC6830 ROM is located at address $E000 and contains
the program shown on the flow chart in Figure 13. The program will use the 128 bytes of RAM located in
the MC6802 MPU as a scratchpad area where data is stored until needed for display or a further
calculation. The MC6802 also contains a non-board oscillator and an MC6800 MPU. The MC6820 PIA is
located at address $A000 and provides two interfacing ports to the MPU. One port allows the pushbutton
information to be entered into the MPU’s program. The other port outputs the display information to the
L.E.D. circuitry. The PTM, which is located at address $C000 is initially conditioned by the MPU. It then
receives the three TTL conditioned signals from the engine, computes pulse and period intervals, and
signals the MPU when done. The MPU, which has been running the output dipslays during this time, then
retrieves its new information and calculates new display values.



5.9 OPERATION

The flowchart in Figure 5-17 describes the basic software opration of the engine analyzer:

5.9.1 Power On Reset
When the power is switched on, the power up reset circuit initiatizes the program.

5.9.2 Input Engine Type Information

The MPU first conditions the PIA for proper operation, PAQ-7 are programmed to be inputs and PB0-7
are programmed to be outputs. The program will then wait untii the “LOAD INPUT" button is pushed.
This sets a bit in the PIA control register. When the “LOAD INPUT” button has been pushed the
information entered by the button is loaded and stored for future use by the program.
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ENGINE READ TIMER
TYPE D TH
INFO. STORE (#2)
DISPLAY
RPM, TIMING
AND DWELL
0°T.0.C. REFRESH
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RPM, TIMING
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Figure 5-17 Engine Analyzer Flow Chart
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5.9.3 Initialize the PTM and Run

The PTM is now initialized and programmed by the MPU. The three timers areeach measuring an engine
interval as shown on Figures 4-8 through 4-11. Each timer can be loaded with atime out word which it will
count down to zero — from $0001 (decimal 1) to $FFFF (decimal 65,536). If no time-out is loaded, the
timer defaults (assumes) a word of $FFFF. Thisisvery convenientto the software, and is how it functions
in this application. All three measurements are parallel and completed on a single revolution of the
engine. The timers are programmed in reverse order, as shown below.

Timer 3 — Timing Angle
Control Register 3 is loaded with the control word:
$38

This causes the following operation (see Figure 5-11):

1. The timer to start counting down when plug #1 fires.
2. To decrement one count every 10 microseconds.

3. To stop counting when 0° top dead center occurs.

4. Signal the MPU that the count is ready to be read.

Timer 2 — RPM

Control Register 2 is loaded with the control word:
$09

This causes the following operation (See Figure 5-10)

1. The timer to start counting down when the points close.

2. To decrement one count every 10 microseconds.

3. To stop counting when the points have closed a second time.
4. Signal the MPU that the count is ready to be read.

Timer 1 — Dwell

Control Register 1 is loaded with the control word:
$3A

This causes the following operation (see Figure 5-9)

1. The timer to start counting down when the points close.
2. To decrement one count every 1 microsecond.

3. To stop counting when the points have opened.

4. Signal the MPU that the count is ready to be read.

Timer 1 also contains the “operate” bit, so when the control word for timer 1 is written, all three timers
start operating simultaneoulsy.

5.9.4 Point Closure
The MPU refreshes the display with the previously calculated engine parameters while waiting for the
Timer #1 interrupt bit to signal that the points have opened.

5.9.5 Read Timer and Store (Dwell)
When the interrupt bit goes high, the MPU reads Timer #1 counter and stores the information in its
internal RAM (Random Access Memory).

NOTE: $ = hexadecimal number
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5.9.6 Point Period
The MPU operates in the same manner as in “Point Closure.”

The #2 interrupt occurs on the second closure of the points.

5.9.7 Read Timer and Store (RPM)
The MPU stores the information from Timer #2's counter.

5.9.8 0° T.D.C. Occured Since Plug #1 Fired?
Again, the MPU refreshes the display while waiting for the interrupt from Timer #3.

5.9.9 Read Timer and Store (Timing Angle)
The MPU stores the information from Timer #3 counter.

5.9.10 Calculate

The MPU calculates the RPM, Timing and Dwell at this point. Figure 5-18 contains the basic operations
to be performed by the MPU on these results. The MPU then formats and stores the information to be
displayed. The MPU will be refreshing the display more than 70% of the time, due to the comparitive
slowness of the engine, even at high speed. The operating range of the MPU—PTM Engine Analyzeris
from 92RPM to 16000 RPM.

5.9.11 Reset Button Pushed?

The MPU pollis the interrupts of the PIA to determine if the “Reset” button has been pushed. If so, another
“Load Input” must be performed. If not, the program refreshes the display, and initiatizes the PTM for the
next engine RPM.

5.10 POWER

Power may be derived from the +12 V battery and a DC to DC converter to obtain +5 V. A three pin
regulator capable of an output of 5V @ 1A should be adequate, but the particular power requirements of

the final circuit should be examined.

5.11 SUMMARY

The MC6840 MPU-PTM Controlled Engine Analyzer provides the serious do-it-yourselfer and service
stations with professional results and few of the difficulties of analog equipment.
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