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Section 1 

INTRODUCTION 

Overview 

The 067-0746-00 System Test Fixture (Fig, 1-1) is a general 
purpose test device for Tektronix eauipment that uses 6800 
microprocessors, Several manufacturers make the 6800 microe 
processors modeled after a design introduced by Motorola 
Semiconductor Products, Inc, Due to the sophisticated intele 
ligence offered by these microprocessor devices, Tektronix 
has developed the System Test Fixture as an aid to troubhe 
leshooting these intelligent machines, 

Typical systems offered by Tektronix using 6800 microproces= 
sor technology include computing systems like the 4051 
Graphic System, data storage devices like the 4924 tape 
unit, data display devices like the 4662 Digital Plotter and 
other equipment (Fig. 1°2), many of which can directly 
interface with the TEEER=-4881975 Standard Digital Interface 

for Programmable Instrumentation, ae 

There are optional cables and accessories available to use 
the System Test Fixture with a number of intelligent systems 
offered by Tektronix, Refer to the section at the back of 
the manual that describes the various cables, auxiliary test 
boards and interface adapters for the various systems, 

MieroprocessorS, when used as controllers for an intelligent 
device, must we treated much like a computer. The System 
Test Fixture connects directly to the microprocessor bus and 
control lines or their buffered equivalent. Aftter the eleces 
trical connection is made, System Test Fixture operations 
Closely resemble the control console operations of any 
mainframe computer system, Ainary data can be stored and 
retrieved from specified addressable locations, Proqrams can 
be run, Processes can be stopped and the microinstrucitons 

can be executed one at a time for eacn pressing or a switch, 
Running test programs can also output data to the lights on 

the System Test Fixture in accordance with procedures depene 
dent upon fhe operations of the specific test prodram, 

Microprocessor devices residing in the addressable space of 
65,536 possible address locations can be of various types, 
Most of the devices are components directly supported by the 
manufacturers of the 6809 nicroprocessors, They include 
random access memory (CRAM) for temporary data storaqgde, read 
only memory (ROM) for permanent data and program storaqe, 
and peripheral interface devices (PIA’sS and ACIA’s) for 
equipment control and data transfer, Some intelligent sys 
tems may even have discrete logics that decade address 

information, latch data, and perform special operations, 
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Fig. 1-2. Equipment that can be tested is based on a 6800 microcomputer system. 
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INTRODUCTION 

Standard Configuration 

The standard configuration of the System Test Fixture con= 

tains the test fixture, two ribbon cables and an adapter 
board for connecting the device to a 4051 Graphic Sytem, 
Other adapter boards are required if the System Test Fixture 

is to be used with other equipment, The two PROM devices 

that come standard with the System Test Fixture contain 
firmware tests for the 4051 Graphic System, 

Available Test Fixture Memory 

The System Test Fixture contains a possible 4K of programme 
able readeonly memory (PROM), Within the System Test Fixe 
ture, the address strap is set to give the PROM devices an 

address space in the 4K address region bounded by 9000 and 

OFFF (Fiq, 123), The internal fixture PROMS contain special 
test programs for the 4651 Graphic System, The strap can be 
changed to select any 4K address partition in the upper 32K 

of the microprocessor’s 64K address snace for PROM addresse 

ing, 

System test programs can be changed by replacing the exists 

ing PROMs in the System Test Fixture with a new set, 

The System Test Fixture also contains random access memory 

(RAM) for the highest 32 memory locations in the microproe 

cessor’s 64K address space (Fig, 1*3). 

Installation 

Several devices and systems manufactured by Tektronix utieg 
lize the System Test Fixture as part of the standard service 
equipment, Specific documentation as to the tests pertormed 
by the tirmware test PROMS can be found in the appropriate 
service documentation that is available for each respective 
product, Consult the appropriate service manual for the 

connecting procedures for your system and the cautions to be 

taken, Figure 14 illustrates some of the devices necessary 
to make the System Test Fixture usable as a service troublee- 

shooting tool, 
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Fig. 1-3. Memory address space utilization. 

Routine Maintenance 

Routine maintenance of the System Test Fixture consists ot 
occasional cleaning, If the electronics are to be serviced, 
this service should be performed at a staticefree work 
station, 

There are no adjustments within the Systen Test Fixture 
housing except tor the jumper that selects the PROM address 
space, Tne PROM address jumper should be set to be compatie 
ble with the system (or instrument) being tested, 
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Fig. 1-4. System Test Fixture installation hardware. 
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Section 2 

OPERATION 

Getting Started 

1, Review the service documentation for the equipment to 
be tested, 

2. Check to see that the appropriate programs are ine» 
stalled in the System Test Fixture, The test programs 
are available through the regional field service cene 
ters as programmable read only memory (PROM) devices, 

36 Be sure you nave the appropriate interface adapters and 

cables for the system to be tested, 

4, Connect the System Test Fixture to your equipment as 
described in the appropriate service documentation for 
the equipment to be tested, 

Operating Procedures 

The switches and lamps on the System Test Fixture are used 

in a manner similar to the control console of a mainframe 
computer, The switches are used to load and retrieve data to 

and from memory, The switches are also used to execute 

programs, provide data input and enable data display operae 

tions under program control, Debugging breakpoints that 
monitor data at specified addresses or address monitoring of 
specified data values can be implemented by appropriate 
switch settings, a 

NOTE 

Tf the HALT line goes active during the 

last processor cycle of an instruction, 

one more instruction will be executed 
before the halt is atfected and the 

microprocessor finally stops, 

The switches and indicators perform the following functions, 

r true All slide switches lp. = io 

= 0 or false Down 
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16 Address Switches 

8B Data Switches 

STOP 

STEP 

ABA LED 

EXAMINE 

DEPOSIT 

ABISeABO left to right in groups of 
four switches, ABiIS is the most 
significant and ABO is the least 
significant address bit, 

DA7=DBO left to rignt in two groups 
of tour switches,DB7 is the most 
significant and DRO is the least 
siaqnificant data bit, 

This signal will cause a HALT sige 
nal to be sent to the 6890 micro=- 

processor, After completing the 

current instruction, the 6800 mi- 
Croprocessor will make the busses 

available for other uses and assert 
Bus Available (BA), 

Onee the microprocessor nalts, the 

STEP switch can be used to step 
through the microinstructions, one 
instruction at a time, Fach of the 
instructions may comprise 1, 2 or 3 
memory locations (ebits each), 

This lamp turns-on when the micro» 
processor stops and makes the 
busses available, The microprocese 
sor asserts BA, which is used as 
ABA meaning the address bus is 
available, 

This switen, when pressed, causes 
data found at a memory location 
determined by the address switches 

to be displayed in the Data LEDs, 
The microprocessor must be halted 
in order for this switch to have 
any affect, 

This switch, when pressed, causes 
data found in the Data Switches to 
be loaded into;the memory location. 
as determined by the Address 
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DEPOSIT (cont’d) 

RESTART 

LATCH DATA 

LATCH ADDRESS 

FIXTURE PROM 

FIXTURE RAM 

SYSTEM TEST FIXTURE 

OPERATION 

Switches, The microprocessor must 

be halted in order for this switch 

to have any affect, 

This switehn is tied directly to the 
RESTART line and causes a vectored 

restart interrupt to occur whenever 

this switch is pressed, 

This slide switch will enable meme 
ory address comparison with the Ade 
dress Switches and will capture the 

data contents written to or read 
from that memory location, The data 

contents will be displayed on the 
Nata LEDS, | 

This slide switen will enable data 
comparison with the Data Switches 

and will capture the address bits 

that are active when the data come 

parison is sensed, The captured ade 
dress is displayed in the Adaress 

LEDs, The address displayed is the 
location where the data was found, 

This slide switch activates the 
INTERNAL PROM ENABLE SIGNAL, AS a 

result, the RBC (ROM BANK CONTROL) 

signal is made false to disable a 
4K byte memory address region in 
the upper 32K of the equipment une 

der test, The firmware tests stored 
in the System Test Fixture on proe 
grammable read only memory (PROM) 

Are enabled, 

This slide switch activates the 
INTERNAL RAM ENABLE signal, AS a 
result, the ROM DIS signal is ase 
serted to disable the microproces= 
sor interrupt vectors found in the 

equipment under test, The 32K RAM 

memory location can then be pro» 
grammed to contain interrupt and 

restart vectors used by the PROM 

test programs, 
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Seetion 3 

CIRCUIT DESCRIPTION 

INTRODUCTION 

General 

The 067-0746°)0 System Test Fixture is most effectively 
understood as a control panel for a 6800 microcomputer 
system, Using the System Test Fixture, data contents of 
addressable locations may be changed or examined while the 
processor is stopped, A restart vector can be executed, 
Other functions performed by computer control panels can 
also be performed using the System Test Fixture (see Section 
2 on Operation), 

Figure 3-1 shows the System Test Fixture keyboard layout 
along with signals found on the microcomputer ous cables, 
Meanings of each siqnal name are described later, The push= 
button switches (STOP, START, STEP, EXAMINE, DEPOSIT and 

RESTART) cause the specified operation to be performed, The 
microprocessor must be stopped and the ABA lamp must be on 
in order for the STEP, EXAMINE and DEPUSIT switches to have 
any affect, 

The seven function slide switches are to the rignt of the 
pushebutton switches, The microprocessor must be running for 
these switches, with the exception of INSTR CYCLE,: to be 
useful, The LATCH DATA and LATCH ADNRESS switches enable 
data bus and address bus contents to re displayed as a 

program is running, The FIXTURE PROM and FIXTURE RAM 

Switches select internal PROM and internal RAM when on, The 
BREAK DATA and BREAK ADDR switches forces a microprocessor 
halt upon a valid data or address commarison, The INSTR 
CYCLE, when ons Allows an inStructioon address and OPeCODE 
information to be displayed when singlessteppins through a 

program of microcode instructions, 

The DATA and ADDRESS switches are used to enter values on 
the microcomputer data bus and address bus. The correspond= 

ing LEDs can display data bus and address bus information, 
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Fig. 3-1. System Test Fixture showing microcomputer interface signal lines. 
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CIRCUIT DESCRIPTION 

A typical 6800 microcomputer system that can be exercised by 

the system Test Fixture is shown in fig, 392, This illustra- 

tion shows how the basic interfacing signals used by the 

System Test Fixture are generated, See the reprinted specie 

fication sheets in Section 4 of this manual for detalled 

6800 microcomputer system timing and operations, These 

specifications are reprinted by permission of Motorola Semi-= 

conductor, Jnc, . 
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CIRCUIT DESCRIPTION 

A block diagram of System Test Fixture ftunctions (Fig, 383) 
shows the switcnes, circuitry being controlled, and the 
interface lines to a 6800 microcomputer system (Fiqa, 2), 
Detailed circuitry of each hlock in the diagram can be found 
on the schematics at the end of this section, This block 
diagram is a convenient map to understanding the internal 
circuitry of the System Test Fixture, The rest of the 
documentation in the manual relates to this diagram and 
functions being performed, 

Signal mnemonics found on the schematics and in the text of 
this manual have the following voltage level interpretation, 
If the signal name is appended py a dashe-one (NAMBel), then 
the true state of the logic signal is high, If the signal 
name is appended by a dashezero (NAME-0), then the true 
state of the logic signal is low, If a dash=one or dashezero 
is missing from a schematic mnemonic, an analog signal is 
generally assumed, In the text of the manual and tables, the 
dasheone and dashezero are often not shown; the true state 
or false state mentioned for these signals is dependent upon 
the appended one or zero as found on the scnematic diagram, 

Netinitions Of Signal Names 

ABO thru AKI5 ADRRESS BUS 

These signal lines are the address 
bus tnat is used by the 6800 microe 
processor and its associated memoe# 

ries and peripheral interfaces, 

ABA ADDRESS BUS AVAILABLE 

The bus available (RA) on the 6800 
microprocessor, when buffered, is 

used as the source for the ABA 

Signal, 

AD COM ADDRESS COMPARE 

Tnis signal is true whenever the 
address on the address bus matches 

the data keyed into the Address 
Switches, 

BRK DATA COM BREAK ON DATA COMPARE 
Tnis stanal reflects the state of 

the BREAK=DATA switch and, when ace 
tive, forces a HALT signal whenever 
the deta bus value reflects the 

pattern set in the Data Switches, 
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BRK ADRS COM 

DA COM 

ENADR 

ENDA 

HALT 

IPE 

3-6 

BREAK ON ADDRESS COMPARE 
This signal reflects the state of 
the BREAK#ADDRESS switch and, when 
active, forces a HALT signal when= 
ever the addresses on the address 

bus reflect the pattern keyed tnto 
the Address Switches, 

DATA COMPARE 
This siqnal is true whenever data 
on the data bus is the same as data 

entered into the Data Switches, 

ENABLE ADDRESSING 

The ENADR sianal, when true, places 
the contents of the Address 

Switches onto the address bus, This 
allows the System Test Fixture to 
address any memory location when 
the microprocessor is stopped, The 
siqnal becomes true for one memory 
cycle when either the EXAMINE or 

DEPOSIT switches is pressed, 

ENABLE DATA 
The ENDA signal, when true, places 
the contents of the Data Switches 
onto the data bus, This allows the 

System Test Fixture to place data 
into memory locations and perie 
pheral registers when the microproe 

cessor is stopped, 

HALT THE MICROPROCESSOR 
When this signal becomes true, the 

microprocessor will stop after come 
pleting the instruction in which 
HALT went true, When HALT goes 

false, microprocessor operations 

will again resume, 

INTERNAL PROM ENABLE 
This is the internal programmable 
read only memory (PROM) enable sige 

nal that is activated by a test 
fixture switch having the same 

meaning (FIXTURE PROM), This signal 
activates RBC to disable a bank or 

ROM within the device under test 
that occupies the same address 
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IRE 

LAT ADR 

LAT DATA 

PIAE 

RBC 
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CIRCUIT DESCRIPTION 

space as the test fixture PROMS, 
The jumper strap should be set such 
that the fixture PROMS occupy the 
bank switched address space of the 

device under test, 

INTERNAL RAM ENABLE 

This is the internal random access 
memory (RAM) enable signal that is 
activated by a test fixture switch 
having the same meaning (FIXTURE 
RAM), This signal activates ROM DIS 
to disable the interrupt vector ade 
dress space within the device under 

fest, 

LATCH ADDRESS 
This signal is activated by the 

LATCH ADDRESS switch and the data 

compare signal to strobe the cone 
tents of the memory address hus 
into the Address LEDs, 

LATCH DATA 
This signal is used to strobe the 
contents of the data bus into the 

Data LEDs, Wnen the EXAMINE switch 
is pressed, the data found at the 
address specified by the Address 
Switehes is displayed, when the 
LATCH DATA switch is true, data 
that accompanies the memory address 
as determined by the Address 
Switches is displayed whenever the 
microprocessor addresses the specie 
fied memory address location, 

PERIPHERAL INTERFACE ADAPTER ENABLE 

This signal is true if data on the 
address bus is the same as the © 
pattern found in the System Test 

Fixture Address Switches, 

ROM BANK CONTROL 
This signal goes false whenever the 
addresses for the internal PROMS © 
are activated, Tne sianal is used 
to disable a memory address space 

in the device under test and make 
the addresses available to the Syse 
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RBC (Ccont*a) 

RCE 

RESTART — 

ROM DIS 

RWE 

RWOC 

3-8 

tem Test Fixture, This provides an 
area Of addresses that can be used 
by the System Test Fixture firme 

ware, 

RAM CHIP ENABLE 
Tnis signal allows the test fixture 
or microprocessor to address any of 

32 random access memory locations 
in which temporary interrupt vece 
tors may be stored, 

RESTART OR TNITIALIZE 
This signal forces a vectored ine 
terrvot to a srecial test program 

as determined ny the restart inter=- 
rupt vector (FFFEeFFFF), 

ROM DISABLE | 
This is the read only memory (ROM) 
disable signal line that is used to 
disable the ROM containing the in= 
terrupt vectors for the processor, 
The System Test Fixture provides 
vector address snace whenever the 

internal RAM enable switch is true, 
The switch, when true, causes the 
RUX PIS slanal to be asserted, The 

internal RAM occupies the highest 
32 memory locations in the 64K ade= 
dress srace of the microprocessor, 

KAM WRITE ENABLE 
This signal is true whenever data 
{s to be written to memory by any 
other peripheral device, 

READ/WRITE OUTPUT COMMAND 

This signal is the system 
read/write (R/W) signal that is 
generated py the microprocessor or 
System Test Fixture, 
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CIRCUIT DESCRIPTION 

CIRCUITRY 

Block Diagram (iverview 

Refer to the block diagram of FIG. 383, The "control 
switches and buffers" block contains the microprocessor 
control and function switches, Also included are flipeflops 
on each switch to keep switching transients out of the 

internal control circuits, 

The "data and address switch enable logic" and the "address 
compare logic," when ENDA is true, data from the “data 
switches" can be placed on the data bus (DBO*DB7), When 
LATDA is true, the contents of the data bus are strohed into 
a buffer register and displayed on the "data LEDS," Whenever 

the contents of the "data switecnes" matcnes the cantents of 
the data bus, DACOM becomes true, 

The "address compare logic" is controlled by LATADR and 

ENADR and produces ADCOM in much the same way as the "data 

compare logic® is controlled by LATNDA and FENDA and produces 
DACOM, ) 

The RAM block contains data Storage registers to allow tne 

uger to modify the interrupt vectors. This data storage is 

addressed only when IRE is true, 

The PROM block contairs data sforagqe registers for test 

pregrams, This block ot ‘Nemory car be addressed only if IPE 

is true, The "PRO enable" block contains an address jumper 
to determine tne address snace occupled py the PROMS, 

HALT requests are generated by the "half on compare logic" 
and by vcressing the STOP switch, 

"Test fixture timing" controls the time sequencing of opera= 

tions necessary for data transfer operations, halt opera 

tions, single instruction execution, and any time-dependent 
microcomputer interface functions, 

Power 

Power for the System Test Fixture comes from power supplies 
within the instrument being tested, Required voltages and 
their usage appear in table 31, 
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CIRCUIT DESCRIPTION 

Table 31 

POWER REQUIREMENTS 

+5 VOLTS Used by all logic circuits, 

#12 VOLTS Used by PROM devices, 
#12 VOLTS Used to generate-5 volt supply for PROMS, 

Test Fixture Timing 

Timing for examine and aenaosit operations is illustrated in 
Fig, 3-4, U43LA and J431B are two monostable devices shown 

on the schematic fold-out at the end of this chapter, These 

devices, along with microprocessor clock signals MCP1i (01) 

and PIAFK (02) are used for Svstem Test Fixture timing 
clocks, Whenever an FXAMTNE or DEPOSIT switch is pressed, 
the value of ENADR does true for one microprocessor cycle, 
If the EXAMINE switch was pressed, the LAT DA line goes true 
and the contents of the dta bus are strobed into the DATA 
LEDs, when LAT DA aoes false, 431 provides timing for the 

memory devices, If the DEPOSIT switch was pressed, LAT DA 
remains talse whereas RWE and FENDA go true, Tris causes data 

to be strobed into memory via U431 pulses, 

MCP1-1 | | . ] es eee ee ee 

PIAE-1 (MCP 2) | || | | — — 

i om im 

—
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oe
 

oe
 

ow
 

oe
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mee | —> 
200ns 200ns 

ENDA-O es ono ae eee me em om a mon 

L j 

ENADR-O . 

‘| | 

LAT DA CO prrceeencenereneneememnenenny ay cos am em om ce eo am 

| an 

U431B | | 
ty 

200ns 

RWE-0 | | 
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Fig. 3-4. EXAMINE And DEPOSIT Timing. 

3.10 @ SYSTEM TEST FIXTURE



E
n
,
 

CIRCUIT DESCRIPTION 

Refer to the composite timing diagram of Fig, 3e5, U1018 ana 

UL01C provide debouncing for the EXAMINE and DEPOSIT 

switches respectively, U401A is cleared by pressing the 

EXAMINE switch or DEPOSIT switch and is set after MCP1 

triggers W401B, 

Halt mode timing and single instruction step timing are 

illustrated in the timing diagram of Fig, 35, The STEP 

switch has debounce flipeflops that perform much the same as 

flipe-flops on the EXAMINE and DFPOSIT switches, If the 

MCP1-1 

onus WAN 

(U401A) 

_ENADR-O (U401B) 

STEP + 4t 
(UTO1D) St} aN 

DHALT-1 (U501B) 

LATINS-O (U111B) 

- LOW IF LATCH INSTR CYCLE SWITCH IS OPEN AND MPU IS HALTED 7 

rt fy i 
PIAE ! i i H ee 1 i 

XQ Za 7 x ~\- 
LOW IF MPU IS HALTED SINGLE STEP EXECUTION 

U421B 

U421B = LATCH INSTRUCTION STROBE IF LAT INSTR CY IS TRUE. 

U421B = PIAE IF LAT INSTR CY IS FALSE. 

2304-9 

Fig. 3-5. System Test Fixture Timing. 
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CIRCUIT DESCRIPTION 

microprocessor is halted, the STEP switch causes the HALT#=0 
siaqnal to go high for one machine cycle thus causina a 
Single microprocessor instruction to be executed, PHALT-1 is 
a delayed HALT signal that 1s used to latch data pertaining 
to the instruction being executed as a result of single-step 
operation, U4218 provides tne pulse that is used to latch 
the OPeCODE of the instruction being executed, Any time the 
HALT line goes true, the microprocessor continues to execute 
the current instruction and stops at the end of the current 
instruction except, if the HALT occurs during the last 
machine cycle fo an instruction, the 6890 microprocessor 
Will continue to execute one more machine instruction before 
Stopping, 

When the microprocessor is stopped, PIAE remains false 

because the microprocessor cannot assert VMA, Only when the 
microprocessor is operating can VMA be issued to allow the 

phase two microprocessor clock MCP2 (02) to become the PIAE 
siqnal used by the System Test Fixture, 

Figure 36 compares memory write operations between micrao« 

processor initiated writes (RWOC line from a 4051) and 
System Test Fixture initjated writes using the DEPOSIT 

switch, | 
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FROM 6800 MICROCOMPUTER SYSTEM (4051 GRAPHIC SYSTEM) 

CIRCUIT DESCRIPTION 

MCP1-1 ____d J 

PIAE-1 | | 

RWOC (R/W)-1 L J 

200 ns 

RCE-1 | | <-————5 | 

; 200 ns 

RWE-0 Ld 

DEPOSIT SWITCH WRITE 

DEPOSIT __| iad Le 

McP1-1 J | } 

PIAE-1 = low 

ENADR-O L | | 

RWOC-1 | iz 

RCE-1 = hi 

RWE-0 | | 
2304-10 

Fig. 3-6. Comparative timing for memory write operations (4051 and System Test Fixture). 
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Section 4 

(6800 MICROUCOMPITER SPECIFICATIONS 

These specification sheets are reprinted by permission of 
Motorola Semiconductor, Tnc, The specification information 
is current as of the first printing of this manual, Updates 
and corrections and design changes made by Motorola will not 
necessarily be reflected in later reprints of this manual, 

The purpose of this section is to give users of the System 
Test Fixture a ready access to general specifications tht 
apply to most systems using 6800 microprocessors, It is 

advisable to understand thoroughly the specifications that 
apply to your system hef{ng tested as docurented in the 
service manual for that product, 
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MOTOROLA 
Semiconductors 
BOX 20912 ¢ PHOENIX, ARIZONA 85036 

MC6800 
(0 to 70°C; L or P Suffix) 

MC6800C 
(-40 to 85°C: L Suffix only) 

MICROPROCESSING UNIT (MPU) 

The MC6800 is a monolithic 8-bit microprocessor forming the 

central control function for Motorola’s M6800 family. Compatible 

with TTL, the MC6800, as with all M6800 system parts, requires 

only one +5,0-volt power supply, and no external TTL devices for 

bus interface. 

The MC6800 is capable of addressing 65K bytes of memory 

with its 16-bit address lines. The 8-bit data bus is bidirectional as 
well as 3-state, making direct memory addressing and multiproces- 

sing applications realizable. 

Eight-Bit Parallel Processing 

Bi-Directional Data Bus 

Sixteen-Bit Address Bus — 65K Bytes of Addressing 

72 Instructions — Variable Length 

Seven Addressing Modes — Direct, Relative, Immediate, Indexed, 

Extended, Implied and Accumulator 

Variable Length Stack 

Vectored Restart 

Maskable Interrupt Vector 

Separate Non-Maskable Interrupt — Internal Registers Saved 

In Stack 

Six Internal Registers — Two Accumulators, Index Register, 

Program Counter, Stack Pointer and Condition Code Register 

Direct Memory Addressing (DMA) and Multiple Processor 

Capability 

® Clock Rates as High as 1 MHz 

@ Simple Bus Interface Without TTL 

® Halt and Single Instruction Execution Capability 

MOS 

(N-CHANNEL, SILICON-GATE) 

MICROPROCESSOR 

L SUFFIX 

CERAMIC PACKAGE 

CASE 715 

NOT SHOWN: P SUFFIX 

PLASTIC PACKAGE 

CASE 711 

M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 

| MeB800 
: Microprocessor 

f 

Read Only 

Memory 

Random 

Access 

Memory 

interface 

Adapter 

Interface 

Adapter 
Modem Output 

Y Y 
Address Data 

Bus Bus 

MC6800 MICROPROCESSOR 
BLOCK DIAGRAM 

Data Bus Address Bus 

_ Addrass 
Data Registers a : “Registers. oo 

_ and Buffers a end ee 

foe - ~~ Buffers - 

' 4 } Y 

tnput/ — pe 

Control <-—— 
Control pt 
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6800 MICROCOMPUTER SPECIFICATIONS 

MC6800 

ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V + 5%, Vsg = 0, Ta =0 to 70°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage Logic Vin Vsg + 2.0 - Vcc Vde 

1,62 Vin Vec — 0.3 - Vec+ 0.1 

Input Low Voltage Logic VIL Vsg — 0.3 - Vsg + 08 Vde 

o1,62 VILC Vss — 0.1 _ Vss + 0.3 

Clock Overshoot/Undershoot ~ input High Level Vos Vec — 0.5 = Veco t+ 0.5 Vde 
— Input Low Level Vss —05 — Vsg + 0.5 

Input Leakage Current lin uAdc 

(Vin = 0 to 5.25 V, Vcc = max) Logic* _ 1.0 2.5 

(Vin = 0 to 5.25 V, Veg = 0.0 V) o1,62 _ _ 100 

Three-State (Off State} Input Current DO-D7 Irs] _ 2.0 10 BAC 

(Vin 0.4 to 2.4 V, Voc = max) A0-A15,R/W _ —_ 100 

Output High Voltage VOH Vde 

(ILoad = —205 uAdc, Vcc = min) DO-D7 Vsg t+ 2.4 — — 

(ILoad = —145 wAde, Vcc = min) A0-A15,R/W,VMA Vss + 2.4 _ _ 

(ILoag = —100 wAdc, Vee = min) BA Vsg t+ 2.4 — — 

Output Low Voltage VoL _ _ Vss + 0.4 Vde 

(Load = 1.6 mAdc, Voc = min) 

Power Dissipation Pp - 0.600 1.2 Ww 

Capacitance * 01,2 Cin 80 120 160 pF 

(Vin = 0, Ta = 25°C, f = 1.0 MHz) TSC - - 15 

DBE - 7.0 10 

DO-D7 ~ 10 12.5 

Logic Inputs -_ 6.5 8.5 

A0-A15,R/W,VMA Cout _ ~ 12 pF 

; Frequency of Operation f 0.1 _ 1.0 MHz 

‘ : Clock Timing (Figure 1) 

. Cycle Time teye 1.0 — 10 us 

Clock Pulse Width PWoH ns 

(Measured at Vcc — 0.3 V) $1 430 - 4500 

$2 450 - 4500 

Total ¢1 and $2 Up Time ' tut 940 _ = ns 

Rise and Fall Times 01,02 tor, tot 5.0 — 50 ns 

(Measured between Vgg + 0.3 V and Vcc — 0.3 V) 

Delay Time or Clock Separation td 0 - 9100 ns 

(Measured at Voy = Vsg + 0.5 V) 

Overshoot Duration tos 0 ~ 40 ns 

*Except [RO and NMI, which require 3 k2 pullup load resistors for wire-OR capability at optimum operation. 

*Capacitances are periodically sampled rather than 100% tested. 

FIGURE 1 — CLOCK TIMING WAVEFORM 
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6800 MICROCOMPUTER SPECIFICATIONS 

MC6800 

MAXIMUM RATINGS 

Rating Symbol Value Unit This device contains circuitry to protect the 
Supply Voltage Voc —0.3 to +7.0 Vde inputs against damage due to high static voit- 
Input Voltage Vin “0.3 to +7.0 Vde ages or electric fields; however, it is advised that 

7 7 normal precautions be taken to avoid applica- 
Operating Temperature Range. TA 0 to +70 c tion of any voltage higher than maximum rated 
Storage Temperature Range Tstg —55 to +150 9c - voltages to this high impedance circuit. 

Thermal Resistance OJA 70 c/w 

READ/WRITE TIMING Figures 2 and 3, f = 1.0 MHz, Load Circuit of Figure 6. 

Characteristic Symbol! - Min Typ Max Unit 

Address Delay taD - 220 300 ns 

Peripheral Read Access Time tacc _ _ 540 ns 

tace = tut — (tap + tosR) 

Data Setup Time (Read) tpSR 100 — ~ ns 

Input Data Hold Time tH 10 ~ - ns 

Output Data Hold Time tH 10 25 _ ns 

Address Hold Time (Address, R/W, VMA) tAH 50 75 - ns 

Enable High Time for DBE tnput tEH 450 ~ _ ns 

Data Delay Time (Write) tppw - 165 225 ns 

Processor Controls* 

Processor Control Setup Time tpcs 200 _ _ ns 

Processor Control Rise and Fall Time tpcr. tpcft -—* _ 100 ns 

Bus Available Delay tBaA _ _ 300 ns 

Three State Enable tTSE _ - 40 ns 

Three State Delay tTsp _ _ 700 ns 

Data Bus Enable Down Time During ¢1 Up Time (Figure 3) tDBE "150 — - ns 
Data Bus Enable Delay (Figure 3) toBED 300 _ - ns 
Data Bus Enable Rise and Fall Times (Figure 3) toBEr toBEf - - 25 ns 

* Additional information is given in Figures 12 through 16 of the Family Characteristics — see pages 17 through 20. 

FIGURE 2 — READ DATA FROM MEMORY OR PERIPHERALS 
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MC6800 

FIGURE 3 — WRITE IN MEMORY OR PERIPHERALS 
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Ta, AMBIENT TEMPERATURE (°C) 

EXPANDED BLOCK DIAGRAM 
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MC6800 

Proper operation of the MPU requires that certain con- 

trol and timing signals be provided to accomplish specific 
functions and that other signal lines be monitored to 

determine the state of the processor. 
Clocks Phase One and Phase Two (61, ¢2) — Two pins 

are used for a two-phase non-overlapping clock that runs 

at the Vcc voltage level. 

Address Bus (A0-A15) — Sixteen pins are used for the 

address bus. The outputs are three-state bus drivers capa- 

ble of driving one standard TTL load and 130 pF. When 

the output is turned off, it is essentially an open circuit. 

This permits the MPU to be used in DMA applications. 

Data Bus (D0-D7) — Eight pins are used for the data 

bus. It is bi-directional, transferring data to and from the 

memory and peripheral devices. It also has three-state 

output buffers capable of driving one standard TTL load 

and 130 pF. 

Halt — When this input is in the low state, all activity 
in the machine will be halted. This input is level sensitive. 

In the halt mode, the machine will stop at the end of an 
instruction, Bus Available will be at a one level, Valid 

Memory Address will be at a zero, and all other three-state 

lines will be in the three-state mode. 
Transition of the Halt line must not occur during the 

last 250 ns of phase one. To insure single instruction 
operation, the Halt line must go high for one Clock cycle, 

L : Three-State Control (TSC) — This input causes all of the 
address lines and the Read/Write line to go into the off or 

high impedance state. This state will occur 700 ns after 

TSC = 2,0 V. The Valid Memory Address and Bus Available 
signals will be forced low. The data bus is not affected by 

TSC and has its own enable (Data Bus Enable). In DMA 

applications, the Three-State Control line should be 
brought high on the leading edge of the Phase One Clock. 

The $1 clock must be held in the high state and the $2 
in the low state for this function to operate properly. The 

address bus will then be available for other devices to 

directly address memory. Since the MPU is a dynamic 

device, it can be held in this state for only 4.5 us or 

destruction of data will occur in the MPU. 

Read/Write (R/W) — This TTL compatible output 

signals the peripherals and memory devices whether the 
MPU is in a Read (high) or Write (low) state. The normal 

standby state of this signal is Read (high). Three-State 
Control going high will turn Read/Write to the off (high 

impedance) state. Also, when the processor is halted, it 

will be in the off state. This output is capable of driving 

one standard TTL load and 90 pF. 

Valid Memory Address (VMA) — This output indicates 

to peripheral devices that there is a valid address on the 

address bus. In normal operation, this signal should be 

utilized for enabling peripheral interfaces such as the 

PIA and ACIA, This signal is not three-state. One standard 

TTL load and 90 pF may be directly driven by this active 

high signal, 

(AA) MOTOROLA Semiconductor Products Inc. 

MPU SIGNAL DESCRIPTION 

Data Bus Enable (DBE) — This input is the three-state 
control signal for the MPU data bus and will enable the 
bus drivers when in the high state. This input is TTL com- 

patible; however in normal operation, it would be driven by 

the phase two clock. During an MPU read cycle, the data 
bus drivers will be disabled internally. When it is desired 
that another device control the data bus such as in Direct 

Memory Access (DMA) applications, DBE should be 

held tow. 

Bus Available (BA) — The Bus Available signal will 

normally be in the low state; when activated, it will go to 

the high state indicating that the microprocessor has 
stopped and that the address bus is available. This will 
occur if the Halt line is in the low state or the processor 

is in the WAIT state as a result of the execution of a 

WAIT instruction. At such time, all three-state output 

drivers will go to their off state and other outputs to their 

normally inactive level. The processor is removed from the 

WAIT state by the occurrence of a maskable (mask bit 

1 = 0) or nonmaskable interrupt. This output is capable 

of driving one standard TTL load and 30 pF. 

Interrupt Request (IRQ) — This level sensitive input 
requests that an interrupt sequence be generated within 

the machine. The processor will wait until it completes the 

current instruction that is being executed before it recog- 
nizes the request. At that time, if the interrupt mask bit 

inthe Condition Code Register is not set, the machine will 
begin an interrupt sequence. The Index Register, Program 

Counter, Accumulators, and Condition Code Register are 
stored away on the stack. Next the MPU will respond to 

the interrupt request by setting the interrupt mask bit high 
so that no further interrupts may occur. At the end of the 

cycle, a 16-bit address will be loaded that points to a 

vectoring address which is located in memory locations 
FFF8 and FFF9. An address loaded at these locations 

causes the MPU to branch to an interrupt routine 

in’ memory. 

The Halt line must be in the high state for interrupts to 

be serviced. Interrupts will be latched internally while 

Halt is low. 

The TRO has a high impedance pullup device internal 
to the chip; however a 3 kQ external resistor to Vcc 
should be used for wire-OR and optimum control 

of interrupts. 

Reset — This input is used to reset and start the MPU 
from a power down condition, resulting from a power 

failure or an initial start-up of the processor, If a high level 
is detected on the input, this will signal the MPU to be- 

gin the restart sequence. This will start execution of a 

routine to initialize the processor from its reset condition. 

All the higher order address lines will be forced high. For 
the restart, the last two (FFFE, FFFF) focations in 

memory will! be used to load the program that is addressed 

by the program counter. During the restart routine, the 

interrupt mask bit is set and must be reset before the MPU 

can be interrupted by TRG. 
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Figure 9 shows the initialization of the microprocessor 
after restart. Reset must be held low for at least eight 

clock periods after Vcc reaches 4.75 volts. If Reset goes 

high prior to the leading edge of $2, on the next $1 

the first restart memory vector address (FFFE) will 

appear on the address lines. This location should contain 
the higher order eight bits to be stored into the program 

counter. Following, the next address FFFF should contain 

the lower order eight bits to be stored into the pro- 
gram counter. 

Non-Maskable Interrupt (NMI) — A low-going edge on 
this input requests that a non-mask-interrupt sequence be 
generated within the processor. As with the Interrupt 
Request signal, the processor will complete the current 
instruction that is being executed before it recognizes the 

NMI signal. The interrupt mask bit in the Condition Code 
Register has no effect on NMI. 

FIGURE 9 — INITIALIZATION OF MPU AFTER RESTART 

4.75 V 

The Index Register, Program Counter, Accumulators, 

and Condition Code Register are stored away on the 

stack. At the end of the cycle, a 16-bit address will be 

loaded that points to a vectoring address which is located 

in memory locations FFFC and FFFD. An address loaded 
at these locations causes the MPU to branch to a non- 
maskable interrupt routine in memory. 

NMI has a high impedance pullup resistor internal to 

the chip; however a 3 kQQ external resistor to Vcc should 

be used for wire-OR and optimum control of interrupts. 

Inputs TRO and NMI are hardware interrupt lines that 

are sampled during $2 and will start the interrupt 

routine on the $1 following the completion of an 

instruction. 

Figure 10 is a flow chart describing the major decision 
paths and interrupt vectors of the microprocessor. Table 

1 gives the memory map for interrupt vectors. 
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TABLE 1 — MEMORY MAP FOR INTERRUPT VECTORS 

Vector 

MS LS 
Description 

FFFE FFFF Restart 

FFFC FFFD Non-maskable interrupt 

FFFA FFFB Software interrupt 

FFF8  FFF9 Interrupt Request 

MOTOROLA Semiconductor Products Inc. 

REPRINTED BY PERMISSION OF MOTOROLA, INC. 

@ SYSTEM TEST FIXTURE



6800 MICROCOMPUTER SPECIFICATIONS 

MC68s00 

FIGURE 10 — MPU FLOW CHART 

Start Sequence 

FFFE, FFFF 

\ \ 

+ Execute 

Fetch Instruction Interrupt Routine 

Li 
Execute i = 

instruction NMI IRQ 

FFFC FFEFS 
FFFD FFFS 

| , sy 

MPU REGISTERS 

The MPU has three 16-bit registers and three 8-bit have any location (address) that is convenient. In those 

registers available for use by the programmer (Figure 11). applications that require storage of information in the 

Program Counter — The program counter is a two byte stack when power is lost, the stack must be non-volatile. 

(16-bits) register that points to the current program Index Register — The index register is a two byte register 

address. that is used to store data or a sixteen bit memory address 

Stack Pointer — The stack pointer is a two byte register for the Indexed mode of memory addressing. 

that contains the address of the next available location Accumulators ~ The MPU contains two 8-bit accumu- 

in an external push-down/pop-up stack. This stack is lators that are used to hold operands and results from an 

normally a random access Read/Write memory that may arithmetic logic unit (ALU). 

(AA) MOTOROLA Semiconductor Products Inc. 

REPRINTED BY PERMISSION OF MOTOROLA, INC. 
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FIGURE 71 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 

7 O 

| ACCA 

7 9 

| ACCB 

15 Oo 

IX Index 

15 ce) 

PC 

15 9 

| SP 

7 (2, 

Accumulator A 

Accumulator B 

- Register 

Program Counter 

| Stack Pointer 

HHGOSELE Condition Codes 
Register 

L Carry (From Bit 7) 

Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 

FIGURE 12 — SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK 

SP = Stack Pointer 

CC = Condition Codes (Also called the Processor Status Byte) 

ACCB = Accumulator B 

ACCA = Accumulator A 

(XH = Index Register, Higher Order 8 Bits 

IXL = Index Register, Lower Order 8 Bits 

PCH = Program Counter, Higher Order 8 Bits 

PCL = Program Counter, Lower Order 8 Bits m-2 

m-1 

mt 

m+t+2 

LT 

Before 

St
ac
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t 

3
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3
3
3
3
3
3
3
3
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Condition Code Register — The condition code register 

indicates the results of an Arithmetic Logic Unit operation: 

Negative (N), Zero (Z), Overflow (V), Carry from bit 7 
(C), and half carry from bit 3 (H). These bits of the 
Condition Code Register are used as testable conditions 

for the conditional branch instructions. Bit 4 is the 

interrupt mask bit (I). The unused bits of the Condition 

Code Register (b6 and b7) are ones. 

Figure 12 shows the order of saving the microprocessor 

status within the stack. 

MPU INSTRUCTION SET 
The MC6800 has a set of 72 different instructions. 

Included are binary and decimal arithmetic, logical, shift, 

rotate, load, store, conditional or unconditional branch, 

interrupt and stack manipulation instructions (Tables 2 

thru 6). 

MPU ADDRESSING MODES 

The MC6800 eight-bit microprocessing unit has seven 

address modes that can be used by a programmer, with the 

addressing mode a function of both the type of instruction 

and the coding within the instruction. A summary of the 
addressing modes for a particular instruction can be found 

in Table 7 along with the associated instruction execution 

time that is given in machine cycles. With a clock fre- 

quency of 1 MHz, these times would be microseconds. 

Accumulator (ACCX) Addressing ~— In accumulator 

only addressing, either accumulator A or accumulator B is 

specified. These are one-byte instructions. 

Immediate Addressing — In immediate addressing, the 

operand is contained in the second byte of the instruction 

except LDS and LD X which have the operand in the second 

and third bytes of the instruction. The MPU addresses 

this location when it fetches the immediate instruction 
for execution. These are two or three-byte instructions. 

Direct Addressing — In direct addressing, the address of 
the operand is contained in the second byte of the 

instruction. Direct addressing allows the user to directly 

address the lowest 256 bytes in the machine i.e., locations 

zero through 255. Enhanced execution times are achieved 

by storing data in these locations. In most configurations, 

it should be a random access memory. These are two-byte 

instructions. 

Extended Addressing — In extended addressing, the 

address contained in the second byte of the instruction is 

used as the higher eight-bits of the address of the operand. 

The third byte of the instruction is used as the lower 

eight-bits of the address for the operand. This is an abso- 

lute address in memory. These are three-byte instructions. 

Indexed Addressing — In indexed addressing, the address 

_ contained in the second byte of the instruction is added 

to the index register’s lowest eight bits in the MPU. The 

carry is then added to the higher order eight bits of the 
index register. This result is then used to address memory. 

The modified address is held in a temporary address regis- 

ter so there is no change to the index register. These are 

two-byte instructions. 

Implied Addressing — In the implied addressing mode 

the instruction gives the address (i.e., stack pointer, index 

register, etc.). These are one-byte instructions. 

Relative Addressing — In relative addressing, the address 

contained in the second byte of the instruction is added 

to the program counter’s lowest eight bits plus two. The 

carry or borrow is then added to the high eight bits. This 

allows the user to address data within a range of -125 to 
+129 bytes of the present instruction. These are two- 

byte instructions. 

TABLE 2 — MICROPROCESSOR INSTRUCTION SET — ALPHABETIC SEQUENCE 

ABA Add Accumulators CLR Clear PUL Pull Data 
ADC Add with Carry CLV Clear Overflow ROL Rotate Left 
ADD Add CMP Compare ROR Rotate Right 
AND Logical And COM = Complement RTI Return from Interrupt 
ASL Arithmetic Shift Left CPX Compare Index Register RTS Return from Subroutine 
ASR Arithmetic Shift Right DAA Decimal Adjust 

ecimal Adjus SBA Subtract Accumulators 
Bcc Branch if Carry Clear DEC Decrement SBC Subtract with Carry 

BCS Branch if Carry Set DES Decrement Stack Pointer SEC Set Carry 
BEQ Branch if Equal to Zero DEX Decrement Index Register = gy Set Interrupt Mask 
BGE Branch if Greater or Equal Zero P 
BGT B , EOR Exclusive OR SEV Set Overflow 

ranch if Greater than Zero 
BHI B vane STA Store Accumulator 

ranch if Higher INC Increment STS Store Stack Register 

BIT Bit Test INS _ Increment Stack Pointer STX Store Index Resister 
BLE —_ Branch if Less or Equal INX Increment Index Register SUB Subtract 
BLS Branch if Lower or Same JMP J Swi Software Interrupt 

BLT Branch if Less than Zero ‘SR ‘um ar rrup 
BMI Branch if Minus ump to Subroutine TAB Transter Accumulators 

BNE Branch if Not Equal to Zero LDA Load Accumulator TAP Transfer Accumulators to Condition Code Reg. 

BPL Branch if Plus LDS Load Stack Pointer TBA Transfer Accumulators 
BRA Branch Always LDX Load Index Register TPA Transfer Condition Code Reg. to Accumulator i) 
BSR Branch to Subroutine LSR Logical Shift Right TST Test 

BVC Branch if Overflow Clear NEG Negate TSX Transfer Stack Pointer to Index Register 
BVS Branch if Overflow Set NOP No Operation TXS Transfer Index Register to Stack Pointer 

CBA Compare Accumulators ORA Inclusive OR Accumulator Wal Walt for Interrupt 
CLC Clear Carry 
CLI Clear Interrupt Mask PSH Push Data 

(AK) MOTOROLA Semiconductor Products Inc. 
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TABLE 3— ACCUMULATOR AND MEMORY INSTRUCTIONS 

ADDRESSING MODES BOOLEAN/ARITHMETIC OPERATION COND. CODE REG. 

IMMED DIRECT INDEX EXTND IMPLIED (AU register Inbels 514/342) 1)0 

OPERATIONS MNEMONIC| oP ~ =|0P ~ =|oP ~ =|0P ~ =|0P ~ = refer to contents) i ll ba al 
Add ADDA 8B 2 2] 98 2|;A8 5 2] BB 3 A+M>A thedfytptyt 

ADDB cB 2 2/08 3 2/68 5 2] FB 4 3 B+M-B tperrytitis 
Add Acmitrs ABA 1B 2 ~=«F | A+BA fpelritityt 

Add with Carry ADCA 68 2 2198 3 2/AS 5 2/)89 4 3 A+M+C-A fyeptitytit 

ADCB cs 2 2/09 3 2/&9 & 2; F9 4 3 B+M+C->B theytititys 

And ANDA 84 2 2/194 3 2)/A¢ 5 2) 84 4 3 A>M>A @leliit rye 
ANDB cé 2 2104 3 2/64 &§ 2)1F4& 4 3 B->M-B eleititinie 

Bit Test BITA 8 2 2395 3 2]A5 5 2185 4 3 AcM @leititirye 

BITB €5 2 2|,05 3 2/68 & 2:F5 4 3 BoM e@leitit; Rie 

Clear CLR 6F 7 2/)7F 6 3 00-M @reiRISTRIR 

CLRA 4F 2 1 | OO-A @le;RISIRIR 
CLRB 5F 2 1 00-8 @re RIS; RIR 

Compare CMPA 8t 2 219% 3 2]/At 5 2181 4 3 A-M eleortity ty! 

CMPB Ci 2 23;01 3 2) Et & 2/FI 4 3 B-M e@efe;tity tit 

Compare Acmitrs CBA Wo2 4 | AWB elerilt tit 
Complement, t's coM 63 7 21/73 6 3 MoM @lelt fins 

COMA 43.2 1] AA e@ejeli i Ris 

come §3 2 1) BB e@reliytinys 
Complement, 2's NEG 66 7 2/70 6 3 00-M—>M efel tl 1i@Mi@ 

(Negate) NEGA 40 2 11 00-A-+A eet i@@ 
NEGB 50 2 #1 | O0~B>B erettO@ 

Decimal Adjust, A DAA 19 2 1 | Converts Binary Add. of BCD Characters | @}o|}it| tk@ 

inte BCD Format 
Decrement . DEC 6A 7 2|7A 6 3 M-1°M felt tl4je 

DECA 4A 2 14 A-17A @leltiti4aye 
DECB 5A 2 11 B-1-B elelt ti 4ie 

Exclusive OR EORA 88 2 2/98 3 2;A8 5 2/88 4 3 A@M-A ele; ti tp Rye 

EGRB c8 2 2/08 3 2/68 & 2;F8 4 3 BOM >8 eleltiti rye 

Increment INC 66 7 2170 6 3 M+1>N eleltli@e 
INCA 40 2 1] A+tIA ejeltl ie 
INCB 66 2 1 | Bt+I-B elelt]t@e 

Load Acmitr LBAA 86 2 2)96 3 2]A6 5 2186 4 38 M>A eleit trie 

LDAB c6 2 2'06 3 2/)€6 5&5 2)F6 4 3 M>B ele ti tyrye 

Or, inclusive ORAA BA 2 21/94 3 2/AA 5 2/BA 4 3 A+MOA @ejeltltinie 

GRAB CA 2 2);/0A 3 2/€A 5 2/FA 4 3 B+M—>B eleli]i Rie 

Push Data PSHA 3604 «#1 A> Msp, SP - 1> SP eleielelele 

PSHB 374° «1:«| «B~+Msp, SP~1 SP ejelelelele 
Pull Data PULA 32.4 «1 | SP+1—->SP,Mgp7A elelelsiele 

PULB 33 4 #1 | SP+1—SP,Msp> 8 elelele/ele 

Rotate Left ROL 6 7 2/79 6 3 M ele t@t ROLA 2 A Co — coo] =/=[1] 0): 
ROLB 69 2 1/8 c b? ~~ -b0 efeitlHi@t 

Rotate Right ROR 66 7 2176 6 3 | elolt ti@t 
RORA 46 2 TTA - elelt ti@t 
RORB 56 2 1/18 c 67 —~ 0 eloit|ti@t 

Shift Left, Arithmetic ASL 68 7 2/78 6 3 M _ epost ti@t 
ASLA 48 2 #4 A oOo + Orrmoo-o0 elelt tit 

ASLB 68 2 1/8 c b7 bo efeltti@t 
Shift Right, Arithmetic ASR 6/ 7 2/77 6 3 M _ ele rt tm! 

ASRA 4721 r} ening ~ 9 ele ti@t 
ASRB 57 2 04:4 8B b7 bo elelt!/ti@t 

Shift Right, Logic LSR 64 7 2174 6 3 M —_ eleiR| ti@t 

LSRA 44 2 TTA 0-Olorm) -~ a elfen] ti@t 
LSRB 6 2 148 07 boc ejelR| ti@t 

Store Acmltr. STAA 97 4 2/A7 6 2387 5 3 A7>M @leltyit Rie 

STAB 07 4 #2);6€7 6 2{|F7 5 3 BoM ‘ e@elti[ ii Rie 

Subtract SUBA 80 2 2);90 3 2]/A0 & 2; B80 4 3 A-M-A e@ejerrytytya 

SUBB co 2 2;00 3 2/6 5 2;FO0 4 3 B-M-B eleoltytityt 

Subtract Acmltrs. SBA 1 2 1] A-BCA @leytltityd 
Subtr. with Carry SBCA 82 2 2) 92 3 2) A2 5 B2 A-M~C-A @elertitytyt 

S8CB c2 2 21/02 3 2] €&2 §& 2) F2 B-M-C-B8 @elertytityt 

Transfer Acmltrs TAB 1662 1] A~B elelty ti Rie 
TBA 7264 BoA e@elelty ti Rie 

Test, Zero or Minus TST 60 7 2,70 6 3 . M-00 e@lelty ty] R]R 
TSTA 40 2 1] A~00 elelt/tiryR 
TSTB 5D 2 +f 8-00 efelt]t RR 

HiEIN| 2) Vic 

LEGEND: CONDITION CODE SYMBOLS: 

OP = Operation Code (Hexadecimal); + Boolean Inclusive OR; 

~ Number of MPU Cycles; @ Boolean Exclusive OR; H Half-carry from bit 3; 

= Number of Program Bytes; aq Comptement of M; { interrupt mask 

+ Arithmetic Plus; > Transfer into; N Negative (sign bit) 

- Arithmetic Minus; G Bit = Zero; r4 Zero (byte) 
. Boolean AND; 00 Byte = Zero; v Overflow, 2's complement 

Msp Contents of memory lacation pointed to be Stack Pointer; Cc Carry from bit 7 

R Reset Always 

Note — Accumulator addressing mode instructions are included in the column for IMPLIED addressing § Set Always 

i Test and set if true, cleared otherwise 

e Not Affected 

(AA) MOTOROLA Semiconductor Products Inc. 

REPRINTED BY PERMISSION OF MOTOROLA, INC. 

@ SYSTEM TEST FIXTURE



6800 MICROCOMPUTER SPECIFICATIONS 

MC6800 

TABLE 4 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 

COND. CODE REG. 

IMMED DIRECT INDEX EXTNO IMPLIED 574) 3/211]90 

POINTER OPERATIONS MNEMONIC| OP|~; #|0P|~| #/OP)~ | #/0P)~ | # op | ~ | # | BOOLEAN/ARITHMETIC OPERATION | H/ I) NZ) V{Cc 

Compare Index Reg CPX 8C | 3 g9c/ 4} 2/AC|}6]2)BC;} 5 } 3 XHy—M,XL—-(M+1) elel@|! e 

Decrement Index Reg DEX 09); 4) 1 X-17X eleleltjiele 

Decrement Stack Pntr DES 34/411 SP —1—SP ee] ele|/ele 

Increment Index Reg INX op;4)1 X+1>X e/ele tjlele 

Increment Stack Pntr INS 31}; 4/ 1 sP+1—>SP @/e@) e/e|e/e 

Load Index Reg LDX CE} 3] 3/0E| 4] 2)6E)]6 | 2] FE] 5 | 3 M> Xy, (Mt > Xe e/el@t|R/¢ 

Load Stack Pntr LDS 8E 1/3} 3/9E| 41 2/AE;6 | 2} BE] 5 | 3 M— SPy, (M+ 1) > SPL elel@/ ti rie 

Store index Reg STX DF) 5] 2;€Fi7 | 2] FF) 6) 3 XH>M, XL > (M+ 1} e/e/@ t|RIle 

Store Stack Pntr STS 9F/ 5] 2/AF}7 | 2| BF] 6] 3 SP > M, SP_ > (M+ 1) ejel@) tI) Rie 

Indx Reg — Stack Pntr TXS 35/4; 1 X—1->SP e|e] e/e ele 

Stack Pntr > Indx Reg TSX 30] 4) 1 SP+1>X eiej eeleje 

TABLE 5 — JUMP AND BRANCH INSTRUCTIONS 

COND, CODE REG. 

RELATIVE INDEX EXTND IMPLIED 6§;4;,3/;2]/110 

OPERATIONS MNEMONIC | OP|~ | #/ OP] ~| #| OP| ~| #| OP| ~ | # BRANCH TEST Hi '|N i zivic 

Branch Always BRA 20) 4 | 2 None @|}e};e|]e; ele 

Branch If Carry Clear BCC 24) 412 c=0 e;e;e|;e; ele 

Branch If Carry Set BCS 251412 c=1 e|@/e;/e;e/e 

Branch If = Zero BEQ 27/4) 2 z=} e;@|e|; e;el/e 

Branch If > Zero BGE 2c| 4) 2 N@®v=0 e|e@;e|e]/el/e 

Branch If > Zero BGT 2E} 4 | 2 Z+(N@V)=0 ee} e!|e| e| e|e 

Branch If Higher BHI 22); 442 C+Z=0 @ie;e;j eje/e 

Branch If < Zero BLE 2F, 4] 2 Z+(N@V)=1 e| ele! ej ele 

Branch If Lower Or Same BLS 23); 4 | 2 C+2Z= e| e|e;e!|e;e 

Branch If < Zero BLT 20) 4] 2 N@®V= el ele! e;lele 

Branch If Minus BMI 284 4 | 2 Ne e| e| e| e| e|e 

Branch If Not Equal Zero BNE 26/41 2 z=0 e| e|/e|e;,ele 

Branch If Overflow Clear BVC 28( 4 | 2 V=0 ej; ele; e; elie 

Branch If Overflow Set BVS 29} 4 {42 v=) e| ej e| | e|e 

Branch If Pius BPL 2A} 4 | 2 N=0 e| e| e| ej e|e 

Branch To Subroutine BSR 8D; 8} 2 e| e|/el|e| e|e 

Jump JMP 6E} 4] 2] 7E| 3] 3 See Special Operations e| e| e| e| e/ e 

Jump, To Subroutine JSR AD] &8| 2] 80) 97} 3 ; e| @le!| ej ele 

No Operation NOP or; 2/1 Advances Prog. Ctr. Only e| @| e| ee; o|e 

Return From interrupt RTI 3B] 10! 1 

Return From Subroutine RTS 39/5 | 1 el|eje;e}]eje 

Software Interrupt Swi 3F [12] 1 See Special Operations e| eleleie|e 

Wait for Interrupt * WAI 3—E)9 1/1 e ay ej e| e|e 

“WAI puts Address Bus, R/W, and Data Bus in the three-state mode while VMA is held low. 

SYSTEM TEST FIXTURE 

(AA) MOTOROLA Semiconductor Products Inc. 
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SPECIAL OPERATIONS 

JSR, JUMP TO SUBROUTINE: 

PC __Main Program 

n [| AD=JSR 

INDXO n+1 | K = Offset* 
n+2 | Next Main Instr. 

PC Main Program 

n | BD=JSR 

n+1 | SH = Subr. Addr. 

> 
*K = 8-Bit Unsigned Value 

EXTND n+2 | SL = Subr. Addr. > 

n+3 | Next Main Instr. 

BSR, BRANCH TO SUBROUTINE: 

PC Main Program 

n | 80= BSR 

n+1§ +K= Offset” 

n+2 | Next Main Instr. 

*K = 7-Bit Signed Value; 

JMP, JUMP: 

PC —_ Main Program 

n | GE = JMP 

n+1] K = Offset 

X+K | Next Instruction 

INDXD 

RTS, RETURN FROM SUBROUTINE: 

PC Subroutine 

> 

=> 

“s [39= ATs —- 

RTI, RETURN FROM INTERRUPT: 

Pc Interrupt Program 

S [| 3B= ATI <> 

SP Stack 

~> §P-2 

SP~1 [n+2] H 

sp j int2)b 

{n+ 2} y and [n+ 2] | Form +2 

sp Stack 

—> SP-2 

SP-1 (n+3] H 

SP | [n+3} L 

= Stack Pointer After Execution. 

SP Stack 

—> §P-2 

sP—-1 | in+2] H 
SP } [n+2)L 

n+2 Formed From [n+2] y and [n+ 2], 

SP Stack 

SP 

sp+i | Ny 

> sp+2 | NL 

SP Stack 

SP +1 Condition Code 

SP +2 Acmitr B 

SP +3 Acmitr A 

SP +4 Index Register (Xq) 

SP +5 Index Register (X14) 
SP+6 Ny 

> SP+7 NL 

PC Subroutine 

INX+K | Ist Subr. Instr. | 

c Subroutine 

S| Ist Subr. Instr. 

(S Formed From Sy and S,) 

PC Subroutine 

nt+24K 4 Ist Subr. laste. 

PC Main Program 

n | 7E=JMP 
n+ [Ky = Next Address 

EXTENDED n+2 [K, = Next Address 
. 
° 

K | Next Instruction 

PC Main Program 

n | Next Main Instr. 

PC Main Program 

n | Next Main instr. 

TABLE 6 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 

COND. CODE REG. 

IMPLIED 5§;/4]3 /2 0 

OPERATIONS MNEMONIC | OP| ~ | =; BOOLEAN OPERATION) H/| | | N [Z c 

Clear Carry cle oc} 2/1 a-c @;@;)ef;e/e/;R 

Clear Interrupt Mask cll o€ | 2] 1 Q-} *|R}|@ |e] e] @ 

Clear Overflow CLV OA} 2/1 Qo-V @,;e@e;eie |; Ri] @ 

Set Carry SEC 00; 2/1 1-C @ej;e;ele!]e) s 

Set Interrupt Mask SEI OF) 2 | 4 1-l @#;S{[e#);e)]e; @ 

Set Overflow SEV OB; 2] 1 1>V @j,jelele|sie 

Acmitr A> CCR TAP 06] 2/1 A->CCR 42 

CCR Acmitr A TPA o7| 2 [1 cCR-A eleolejelele 

CONDITION CODE REGISTER NOTES: 

(Bit V} Test: Result = 10000000? 

(Bit C} Test: Result = 000000007 
(Bit C) Test: Decimal value of most significant BCD Character greater than nine? 

(Not cleared if previously set.) 

(Bit V) Test: Operand = 10000000 prior to execution? 

(Bit V) Test: Operand = 01111111 prior to execution? 

(Bit V) Test: Set equal to result of N@C after shift has occurred. 12, (AID 

— 
mm

 
O
O
 

_
 

3
 

(Bit set it test is true and cleared otherwise) 

(Bit N) Test: Sign bit of most significant (MS) byte = 1? 

(Bit V) Test: 2‘s complement overflow from subtraction of MS bytes? 

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

(Ali) Load Condition Code Register from Stack. (See Special Operations) 

(Bit I} Set when interrupt occurs, If previously set, a Non-Maskable 
Interrupt is required to exit the wait state. 

(AA) MOTOROLA Semiconductor Products Inc. 

Set according to the cantents of Accumulator A. 
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TABLE 7 — INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES 
(Times in Machine Cycles) 

2 z 
5 g 5 2 7 
o.e,2at oxi ihe 
§ 9 Ee2 ¢ 8 3 8 s 9 €— ¢ #23 3 
ao 2¢£f£a% £ £ « 9 ¢€& owe ie& 

ABA e e e e © 2 6 INC 2 e e 6 7 «6 
ADC x e 2 3 4 5 @© @ INS e e 0 e oo 4 
ADD e» 2 3 4 5 e e INX e e 6 0 @e 4 
AND x e 2 3 4 5 8 e@ JMP e e «© 3 4 @ 
ASL 2 e e 6 F e «6 JSA » e e 9Y 8 @ 
ASR 2 e e 6 7 © «@ LDA x e 2 3 4 5 @ 
BCC eo e @¢ e@e e e 4 LDS e 3 4 5 6 e 
BCS e e e@ e© e@ e 4 LDX °» 3 4 5 6 e 
BEA e e ee ee e 4 LSR 2 6 ee 6 7 @ 
BGE e e © © e oe 4 NEG 2 ec e 6 7 
BGT ee 6¢© ee 8® e® e« 4 NOP e 6 © @ e® 2 
BHI ee ¢ @ «© @ e 4 ORA x e 2 3 4 5 @ 
BIT x e 2 3 4 5 ee e PSH 2 © e e e 4 
BLE eo e ee e ¢e¢ e 4 PUL © eo e e e 4 
BLS e e© « @ e e 4 ROL 2 e ce 6 7 e 
BLT °° © © e e@ oe» 4 ROR 2 e e 6 7 -e 
BMI e 6 6 ee 8 «6 4 ATI e e oe e@ ee 10 
BNE °° 6 e® © e@ «© 4 RTS e © e® e eo § 
BPL ee e e®© e@ 8 oe 4 SBA eo @© e e 6 2 
BRA e e © e@ © ow 4 SBC x e 2 3 4 5 @ 
BSR eo e © @ © « 8 SEC e e e e® eo 2 
BVG oe e@ @® e® e # 4 SE] e e© e@® e oe 2 
BVS °° e© ®© 8© © oe 4 SEV e ce e© e@ @ 2 
CBA e e © © @© 2 e STA x e e 4 5 6 © 
CLC ee e #« 8 6© 2 e@ STS e e 5 6 7 « 
CLI ee ©¢© © e ee 2 e STX e e 5 6 7 @® 
CLR 2 e e 6 7 8 e@ SUB x e 2 3 4 § © 
CLV ee 8 @® e 6 2 «@ SWI e oc e e@ oo 12 
CMP x e 2 3 4 5 ee a TAB e e e e ee 2 
COM 2 ee 6 7 ® «6 TAP ee e oe e® ® 2 
CPX e 3 4 5 6 ee e TBA e e© © e@ 6 2 
DAA e e © @ e© 2 TPA e e 8© 8 @ 2 
DEC 2 e e 6 7 @ @ TST 2 e6 ee 6 7F «6 
DES © e© 8© e© © 4 @ TSX e e© e@ e oe 4 
DEX ee e© © © e© 4 @ TSX e e © e@ oo» 4 
EOR x e 2 3 4 5 © @ WAI e e ee 6 @# 9 

NOTE Interrupt time is 12 cycles from the end of 

the instruction being executed, except following 

a WAI instruction. Then it is 4 cycles. 

“pinikesigwment 7 PACKAGE DIMENSIONS 
; . — ae ue 4 , _ CASE 716-02 

adv Hatbao fo a f | (CERAMIC) 

20Hat 8 .. TSC 39 B See Page 165 for 

3061 - N.C.8 ag L Plastic Package dimensions, 

° z0 
4 qina $2 37 | 

5G VMA DBEP 36 A 7 
; 6 ONMi N.C.B-35° arr , L- 

rea niw bisa, ‘sigsapaaaaRIRGAAGi dan 
a dVcc pop 33 | Merit ia iti tt PE Ne \ 

10 at p2p.31 fF b—— 
1 Ga2 O3p'so° * MILLIMETERS | INCHES 
12443 p4h29. DIM] MIN | MAX | MIN | MAX 
49 qaa . . pebeze A [50.29 | 51.31 _| 1.980 | 2.020 

. , ot B | 14.86 | 15.62 | 0.585 | 0.615 
14 AS Pe bah 3). C | 2.54) 4.19 | 0.100 | 0.165 
1s dA6 ppoee D | 0.38) 053 [0.015 | 0.021} NOTE: 
16 GA? AIS ” is “ F 0.76 | 1.40 | 0.030 | 0.055 1, LEADS, TRUE POSITIONED WITHIN 

' 3 G | 254 BSC 0.100 BSC 0.25 mm (0.010) DIA (AT SEATING 
das, atap 26. H | 0.76 | 1.78 | 0.030 | 0.070 PLANE), AT MAX. MAT'L 

er! AC ‘ AB AS ceccaga p33 J [0.20 | 0.33 | 0.008 | 0.013 CONDITION. 
dato. keghae K [2.54 | 4.19 [0.100 | 0.165 | 

WGA an L_| 14.60 | 15.37 [0.575 | 0.606 
20 0Att. au 4 M{ {| ior | - | 40° 
aes ecu a : N [0.51 11.52 | 0.020 | 0.080 

SYSTEM TEST FIXTURE 
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SUMMARY OF CYCLE BY CYCLE OPERATION 

Table 8 provides a detailed description of the informa- 

tion present on the Address Bus, Data Bus, Valid Memory 
Address line (VMA), and the Read/Write line (RAW) dur- 

ing each cycle for each instruction. 
This information is useful in comparing actual with ex- 

pected results during debug of both software and hard- the table.) 

TABLE 8 — OPERATION SUMMARY 

ware as the control program is executed. The information 

is categorized in groups according to Addressing Mode and 

Number of Cycles per instruction. (In general, instructions 
with the same Addressing Mode and Number of Cycles 

execute in the same manner; exceptions are indicated in 

Address Mode Cycle | VMA R/W | | 
and Instructions Cycles # | Line Address Bus Line Data Bus 

IMMEDIATE : 

ADC EOR 1 1 Op Code Address 1 Op Code 
OND oR 2 2 1 | Op Code Address + 1 1 | Operand Data 

BIT SBC 

CMP SUB 

CPX 1 1 Op Code Address 1 Op Code 
Los 3 2 1 Op Code Address + 1 1 Operand Data (High Order Byte) 

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

DIRECT 

ADC EOR 1 1 Op Code Address 1 Op Code 

IND aN 3 2 1 Op Code Address + 1 1 Address of Operand 

BIT SBC 3 1 Address of Operand 1 Operand Data 
CMP SUB 

cPX 1 1 Op Code Address 1 Op Code 

tox 4 2 1 Op Code Address + 1 1 Address of Operand 

3 1 Address of Operand 1 Operand Data (High Order Byte) 

4 1 Operand Address + 1 1 Operand Data (Low Order Byte) 

STA 1 1 Op Code Address 1 Op Code 

4 2 1 Op Code Address + 1 1 Destination Address 

3 0 Destination Address 1 Irrelevant Data (Note 1) 

4 1 Destination Address 0 Data from Accumulator 

STS 1 1 Op Code Address 1 Op Code 

STX 2 1 Op Code Address + 1 1 Address of Operand 

5 3 0 Address of Operand 1 Irrelevant Data (Note 1). 

4 1 Address of Operand 0 Register Data (High Order Byte) 

5 1 Address of Operand + 1 0 Register Data (Low Order Byte) 

INDEXED 

JMP 1 1 Op Code Address 1 Op Code 

4 2 1 Op Code Address + 1 1 Offset 

3 0 Index Register 1 Irrelevant Data (Note 1) 

4 0 index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1) 

ADC EOR 1 1 Op Code Address 1 Op Code 

AND ORA 2 | 1 | OpCode Address +1 1 | Offset 
BIT SBC 5 3 0 Index Register 1 Irrelevant Data (Note 1) 

CMP SUB 4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1) 

5 1 Index Register Pius Offset 1 Operand Data 

CPX 1 1 Op Code Address 1 Op Code 

LOS 2 1 Op Code Address + 1 1 Offset 

6 3 0 Index Register 1 Irrelevant Data (Note 1) 

4 i¢) Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1) 

5 1 tndex Register Plus Offset 1 |. Operand Data (High Order Byte) 

8 1 Index Register Plus Offset + 1 1 Operand Data (Low Order Byte) 

(AA) MOTOROLA Semiconductor Products Inc. 
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} 
TABLE 8 — OPERATION SUMMARY (Continued) 

Address Mode Crele| VMA | 
and Instructions # | Line Address Bus Data Bus 

INDEXED (Continued) 
STA 1 1 Op Code Address 1 Op Code 

2 1 Op Code Address + 1 1 Offset 

3 0 Index Register 1 Irrelevant Data (Note 1) 

4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1) 

5 0 Index Register Plus Offset 1 Irrelevant Data (Note 1) 

6 1 Index Register Plus Offset 0 Operand Data 

ASL LSR 1 1 Op Code Address 1 Op Code 

as Noe 2 | 1. | OpCode Address + 1 1 | Offset 
COM ROR 3 0 Index Register 1 Irrelevant Data (Note 1) 

INC TST 4 0) Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1) 

5 1 Index Register Plus Offset 1 Current Operand Data 

6 0 Index Register Plus Offset 1 Irrelevant Data (Note 1) 

7 1/0 Index Register Plus Offset 0 New Operand Data (Note 3) 
(Note 

3) 

sts 1 1 Op Code Address 1 Op Code 

STX 2 1 Op Code Address + 1 1 Offset 

3 0 Index Register 1 Irrelevant Data (Note 1) 

4 0) Index Register Pius Offset (w/o Carry) 1 Irrelevant Data (Note 1) 

5 0 Index Register Plus Offset 4 Irrelevant Data (Note 1) 

6 1 Index Register Plus Offset 0 Operand Data (High Order Byte} 

7 1 Index Register Plus Offset + 1 0 | Operand Data (Low Order Byte) 

JSR 1 1 Op Code Address 1 Op Code 

2 1 Op Code Address + 1 1 Offset 

3 0 Index Register j Irrelevant Data (Note 1) 

4 1 Stack Pointer 0 Return Address (Low Order Byte} 

5 1 Stack Pointer — 1 0 Return Address (High Order Byte) 

6 0 Stack Pointer — 2 1 Irrelevant Data (Note 1) 

7 0 Index Register 1 Irrelevant Data (Note 1) 

8 0 Index Register Plus Offset (w/o Carry} 1 Irrelevant Data (Note 1) 

EXTENDED . 

JMP 1 1 Op Code Address 1 Op Code 

2 1 Op Code Address + 1 1 Jump Address (High Order Byte) 

3 1 Op Code Address + 2 1 Jump Address (Low Order Byte) 

ADC EOR 1 1 Op Code Address 1 Op Code 

AND ona 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte) 

BIT SBC 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte} 

CMP SUB 4 1 Address of Operand 1 Operand Data 

CPX 1 1 Op Code Address 1 Op Code 

tx 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte) 

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

4 1 Address of Operand 1 Operand Data (High Order Byte) 

5 1 Address of Operand + 1 1 Operand Data (Low Order Byte) 

STAA 1 1 Op Code Address 1 Op Code 

STAB 2 1 Op Code Address + 1 1 Destination Address (High Order Byte) 

3 1 Op Code Address + 2 1 Destination Address (Low Order Byte) 

4 0 Operand Destination Address 1 Irrelevant Data (Note 1) 

5 1 Operand Destination Address 0 Data from Accumulator 

ASL LSR 1 1 Op Code Address 1 Op Code 

OCR Noe 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte) 

COM ROR 3 1 Op Code Address + 2 1 Address of Operand {Low Order Byte) 

INC TST 4 1 Address of Operand 1 Current Operand Data 

5 0 Address of Operand 1 Irrelevant Data (Note 1) 

6 1/0 Address of Operand 0 New Operand Data (Note 3) 
(Note 

3) 

REPRINTED BY PERMISSION OF MOTOROLA, INC. 
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TABLE 8 — OPERATION SUMMARY (Continued) 

| Address Mode Cycle | VMA R/W 
and Instructions Cycles # | Line Address Bus Line Data Bus 

EXTENDED (Continued) 

STS 1 1 Op Code Address 1 Op Code 

STX 2 | 1 | OpCode Address + 1 1 | Address of Operand (High Order Byte) 
6 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte} 

4 (a) Address of Operand 1 Irrelevant Data (Note 1) 

5 1 Address of Operand 0 Operand Data (High Order Byte) 

6 1 Address of Operand + 1 0 Operand Data (Low Order Byte) 

JSR 1 1 Op Code Address 1 Op Code 

2 1 Op Code Address + 1 1 Address of Subroutine (High Order Byte} 

3 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte} 

4 1 Subroutine Starting Address 1 Op Code of Next Instruction 

9 5 1 Stack Pointer 0 Return Address (Low Order Byte) 

6 1 Stack Pointer — 1 i?) Return Address (High Order Byte) 

7 0 Stack Pointer — 2 1 Irrelevant Data (Note 1) 

8 ) Op Code Address + 2 1 Irrelevant Data (Note 1) 

9 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte) 

INHERENT 

ABA DAA SEC 1 1 Op Code Address 1 Op Code 
ASL DEC SEI 2 ASR INC SEV 2 1 Op Code Address + 1 1 Op Code of Next Instruction 

CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM SBA 

DES 1 1 Op Code Address 1 Op Code 

nee 4 2 1 Op Code Address + 1 1 Op Code of Next Instruction 

INX 3 (s) Previous Register Contents 1 Irrelevant Data (Note 1) 

4 0 New Register Contents 1 Irrelevant Data (Note 1) 

PSH 1 1 Op Code Address 1 Op Code 

4 2 1 Op Code Address + 1 1 Op Code of Next Instruction 

3 1 Stack Pointer 0 Accumulator Data 

4 0 Stack Pointer — 1 1 Accumulator Data 

PUL 1 1 Op Code Address 1 Op Code 

4 2 1 Op Code Address + 1 1 Op Code of Next Instruction 

3 0 Stack Pointer 1 Irrelevant Data (Note 1) 

4 1 Stack Pointer + 1 1 Operand Data from Stack 

TSX 1 1 Op Code Address 1 Op Code 

4 2 1 Op Code Address + 1 1 Op Code of Next Instruction 

3 0 Stack Pointer 1 Irrelevant Data (Note 1) 

4 0 New tndex Register 1 Irrelevant Data (Note 1) 

TXS 1 1 Op Code Address 1 Op Code 

4 2 1 Op Code Address + 1 1 Op Code of Next Instruction 

3 is) index Register 1 Irrelevant Data 

4 0 New Stack Pointer 1 Irrelevant Data 

RTS 1 1 Op Code Address 1 Op Code 

2 1 Op Code Address + 1 1 Irrelevant Data (Note 2) 

5 3 19) Stack Pointer 1 Irrelevant Data (Note 1) 

4 1 1 

a
 

—
 

Stack Pointer + 1 

Stack Pointer + 2 —_
 

Address of Next Instruction (High 
Order Byte) 

Address of Next Instruction (Low 
Order Byte) 

(AA) MOTOROLA Semiconductor Products inc. 
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TABLE 8 — OPERATION SUMMARY (Continued) 

Address Mode | [vere] val R/W | 
and Instructions Cycles = | Line Address Bus Line Data Bus 

INHERENT (Continued) wt : 

WAI 1 1 | Op Code Address 1 | Op Code 

2 1 | Op Code Address + 1 1 | Op Code of Next Instruction 

3 1 | Stack Pointer O | Return Address (Low Order Byte) 

4 1. | Stack Pointer — 1 O } Return Address (High Order Byte) 

9 5 1 | Stack Pointer — 2 O | Index Register (Low Order Byte) 

6 1 | Stack Pointer — 3 O | Index Register (High Order Byte) 

7 1 | Stack Pointer — 4 O | Contents of Accumulator A 

8 1 | Stack Pointer — 5 0 | Contents of Accumulator B 

9 1 | Stack Pointer — 6 (Note 4) 1 | Contents of Cond. Code Register 

RTI 1 1 | Op Code Address 1 | Op Code 

2 1 | Op Code Address + 1 1 | Irrelevant Data (Note 2) 

3 0 | Stack Pointer 1 | Irrelevant Data (Note 1) 

4 1 |] Stack Pointer + 1 1 | Contents of Cond. Code Register from 
Stack 

10 5 1 | Stack Pointer + 2 1 | Contents of Accumulator B from Stack 

6 1 | Stack Pointer +3 1 | Contents of Accumulator A from Stack 

7 1 | Stack Pointer + 4 1 | Index Register from Stack (High Order 
— Byte) 

8 1 | Stack Pointer +5 1 | Index Register from Stack (Low Order 
Byte) 

9 1 | Stack Pointer + 6 1 | Next Instruction Address from Stack 
(High Order Byte) 

10 1 | Stack Pointer + 7 1 | Next instruction Address from Stack 
{Low Order Byte) 

Swi 1 1 | Op Code Address 1 | Op Code 

A 2 1 | Op Code Address + 1 1 | Irrelevant Data (Note 1) 

f 3 1 | Stack Pointer O | Return Address (Low Order Byte) 

“ 4 1 | Stack Pointer -- 1 O | Return Address (High Order Byte) 

5 1 | Stack Pointer — 2 O | Index Register (Low Order Byte) 

12 6 1 | Stack Pointer — 3 O | Index Register (High Order Byte) 

7 1 | Stack Pointer — 4 0 | Contents of Accumulator A 

8 1 | Stack Pointer — 5 0 | Contents of Accumulator B 

9 1 | Stack Pointer ~ 6 O | Contents of Cond. Code Register 

10 O | Stack Pointer -- 7 1 | Irrelevant Data (Note 1) 

11 1 | Vector Address FFFA (Hex) 1 pcdress of Subroutine (High Order 
yte 

12 1 | Vector Address FFFB (Hex) 1 | Address of Subroutine (Low Order 
Byte) 

RELATIVE 

BCC BHI BNE 1 1 | Op Code Address 1 | Op Code 

Bes ets BRA 4 2 | 1 | OpCode Address +1 1 | Branch Offset 
BGE BLT BVC 3 O | Op Code Address + 2 1 | Irrelevant Data (Note 1) 

BGT BMI BVS 4 O | Branch Address 1 | Irrelevant Data (Note 1) 

BSR 1 1 | Op Code Address 1 | Op Code 

2 1 | Op Code Address + 1 1 | Branch Offset 

3 O | Return Address of Main Program 1 | Irrelevant Data (Note 1) 

8 4 1 | Stack Pointer O | Return Address (Low Order Byte) 

5 1 | Stack Pointer — 1 O | Return Address (High Order Byte) 

6 0 | Stack Pointer — 2 1 | Irrelevant Data (Note 1) 

7 O | Return Address of Main Program 1 | Irrelevant Data (Note 1) 

8 O | Subroutine Address 1 | Irrelevant Data (Note 1) 

Note 1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 

Depending on bus capacitance, data from the previous cycie may be retained on the Data Bus. 
Note 2. Data is ignored by the MPU. 
Note 3. For TST, VMA = 0 and Operand data does not change. 

Note 4. While the MPU is waiting for the interrupt, Bus Available will go high indicating the following states of the control lines: VMA is 
low: Address Bus, R/W, and Data Bus are all in the high impedance state. 

(AA) MOTOROLA Semiconductor Products inc. 
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MOTOROLA 
|} Semiconductors 

BOX 20912. PHOENIX, ARIZONA 85036 

MC6820 
(0 to 70°C; L or P Suffix) 

—MC6820C 
(-40 to 85°C; L Suffix only} 

PERIPHERAL INTERFACE ADAPTER (PIA) 

The MC6820 Peripheral Interface Adapter provides the universal 

means of interfacing peripheral equipment to the MCG800 Micro- 
processing Unit (MPU). This device is capable of interfacing the MPU 
to peripherals through two 8-bit bidirectional peripheral data buses 
and four control lines. No external logic is required for interfacing to 

most peripheral devices. 

The functional configuration of the PIA is programmed by the 
MPU during system initialization. Each of the peripheral data lines 

can be programmed to act as an input or output, and each of the 

four control/interrupt lines may be programmed for one of several 

control modes. This allows a high degree of flexibility in the over-all 

Operation of the interface. 

® 8-Bit Bidirectional Data Bus for Communication with the MPU 

® Two Bidirectional 8-Bit Buses for Interface to Peripherals 

® Two Programmable Control Registers 

® Two Programmable Data Direction Registers 

® Four Individually-Controlled Interrupt Input Lines; Two Usable 

as Peripheral Control Outputs 

@ Handshake Control Logic for Input and Output Peripheral 

Operation 

® High-impedance 3-State and Direct Transistor Drive Peripheral 

MOS 
(NCHANNEL, SILICON-GATE} 

PERIPHERAL INTERFACE 

ADAPTER 

L SUFFIX 

. CERAMIC PACKAGE 
e 

Lines CASE 715 
@ Program Controlled Interrupt and Interruot Disable Capability 

® CMOS Drive Capability on Side A Peripheral Lines 
NOT SHOWN: P SUFFIX 

PLASTIC PACKAGE 
CASE 711 

M6800 MICROCOMPUTER FAMILY MC6820 PERIPHERAL INTERFACE ADAPTER 

BLOCK DIAGRAM 

mMcé6s00 
Microprocessor 

| rn | 
Address Data 

Bus Bus 

BLOCK DIAGRAM 

Peripheral 

a Data Read Only Data Bus <}+—Py . 

Memory 

Random 

Access 
Memory 

\ MC8820 | 
: Wntarfete. Memory 

1 -Adapter....| Address 
and 

Interface Control Interrupt Adapter \ Modem ip <«—.. 

Peripheral 

Data 
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ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V +5%, Vsg = 0, Ta = 0 to 70°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage Enable VIH Vssg t+ 2.4 - Vcc Vde 

Other Inputs Vss t 2.0 ~ Vcc 

Input Low Voltage Enable Vie Vsg -0.3 - Vsg + 0.4 Vde 

Other Inputs Vgs -0.3 = Ves + 0.8 

Input Leakage Current R/W, Reset, RSO, RS1, CSO, CS1, CS2, CA1, lin - 1.0 2.5 pAdc 

(Vin = 0 to 5.25 Vde} CB1, Enable 

Three-State (Off State) Input Current DO-D7, PBO-P87, CB2 TSI - 2.0 10 uAdc 

(Vin = 0.4 to 2.4 Vde) 

Input High Current PAO-PA7, CA2 tH -100 -250 - uAdc 

(Viyy = 2.4 Vde} 

Input Low Current PAQ-PA7, CA2 ye - -1.0 -1.6 mAdc 

(Vii = 0.4 Vdc) 

Output High Voltage VOH Vde 

(Load = -205 wAde, Enable Pulse Width < 25 us) DO-D7 Vsgt 2.4 _ - 

(ILoad = -100 wAdc, Enable Pulse Width <25 us) Other Outputs Vsg + 2.4 - - 

Output Low Voltage VOL - - Vss + 0.4 Vde 

(ILoad = 1.6 mAde, Enable Pulse Width < 25 us) 

Output High Current (Sourcing) 1OH 

(VoH = 2.4 Vdc) DO-D7 -205 ~ - uAdc 

; Other Outputs -100 - - uAdc 

(Vo = 1.5 Vdc, the current for driving other than TTL, e.9., 

Darlington Base) PBO-PB7, CB2 -1.0 -2.5 -10 mAdc 

Output Low Current (Sinking) IO. 1.6 - ~ mAdc 

(Voz = 9.4 Vdc} 

Output Leakage Current (Off State) 1RGA, IRQB | !LowH _ 1.0 10 uAdc 

(Vou = 2.4 Vdc) 

Power Dissipation Pp - — 650 mw 

Input Capacitance Enable Cin - - 20 pF 

(Vin = 0, Ta = 25°C, f = 1.0 MHz) DO-D7 - - 12.5 
ee PAO-PA7, PBO-PB7, CA2, CB2 - - 10 

R/W, Reset, RSO, RS1, CSO, CS1, CS2, CA1, CB1 - - 75 

Output Capacitance IRQA, IROB Cout - - 5.0 pF 

(Vin = 0, Ta = 25°C, f = 1.0 MHz) PBO-PB7 ~ _ 10 

Peripheral Data Setup Time (Figure 1) tposu 200 _ _ ns 

Delay Time, Enable negative transition to CAZ negative transition tCA2 ~ - 1.0 us 

(Figure 2, 3) 

Delay Time, Enable negative transition to CA2 positive transition tRS1 - - 1.0 us 

(Figure 2) 

Rise and Fall Times for CA1 and CA2 input signals (Figure 3) trite _ ~ 1.0 US 

Delay Time from CA1 active transition to CA2 positive transition tRS2 - - 2.0 MS 

(Figure 3) 

Delay Time, Enable negative transition to Peripheral Data valid tpow - - 1.0 us 

(Figures 4, 5) 

Delay Time, Enable negative transition to Peripheral CMOS Data Valid tCMOS - - 2.0 MS 

(Voc — 30% Vcc, Figure 4: Figure 12 Load C) PAO-PA7, CA2 

Delay Time, Enable positive transition to CB2 negative transition tcB2 - _ 1.0 MS 

(Figure 6, 7) 

Delay Time, Peripheral Data valid to CB2 negative transition toc 20 - _ ns 

(Figure 5) 

Delay Time, Enable positive transition to CB2 positive transition tRS1 _ - 1.0 MS 

(Figure 6) 

Rise and Fall Time for CB1 and CB2 input signals (Figure 7) ty tf - - 1.0 us 

Delay Time, CB1 active transition to CB2 positive transition trRs2 - - 2.0 us 

(Figure 7) 

Interrupt Release Time, RQA and {ROB (Figure 8} UR - - 1.6 us 

Reset Low Time® (Figure 9} tAL 2.0 - ~ us 

*The Reset line must be high a minimum of 1.0 us before addressing the PIA. 

(AA) MOTOROLA Semiconductor Products inc. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit This device contains circuitry to protect the 
Supply Voltage Vcc —-0.3 to +7.0 Vde inputs against damage due to high static volt- 

Input Voltage Vin 0.3 to +7.0 Vde ages or electric fields; however, it is advised that 

- , 7 normal precautions be taken to avoid applica: 

Operating Temperature Range Ta 0 to +70 Cc tion of any voltage higher than maximum rated 
Storage Temperature Range T stg —55 to +150 % voltages to this high impedance circuit. 

Thermal Resistance Osa 82.5 c/w 

BUS TIMING CHARACTERISTICS 

READ (Figures 10 and 12) 

Characteristic Symbol Min Typ Max Unit 

Enable Cycle Time teycE 1,0 - - us 

Enable Pulse Width, High PWewH 0.45 - 25 us 

Enable Pulse Width, Low PWeL 0.43 - - MS 

Setup Time, Address and R/W valid to Enable positive transition tas 160 _ _ ns 

Data Delay Time toDR - - 320 ns 

Data Hoid Time tH 10 ~_ - ns 

Address Hold Time tAH 10 - - ns 

Rise and Fall Time for Enable input te,, ter - - 25 ns 

WRITE (Figures 11 and 12) 

Enable Cycle Time teycE 1.0 _ - us 

Enable Pulse Width, High PWew 0.45 - 25 us 

Enable Pulse Width, Low PWeL 0.43 ~ - us 

Setup Time, Address and R/W valid to Enable positive transition tas 160 _ - ns 

Data Setup Time tosw 195 ~ - ns 

Data Hold Time tH 10 - ~ ns 

Address Hold Time tAH 10 - ~ ns 

Rise and Fail Time for Enable input ter, tet - _ 25 ns 

FIGURE 1 — PERIPHERAL DATA SETUP TIME FIGURE 2 — CA2 DELAY TIME 
(Read Mode) (Read Mode; CRA-5 = CRA-3 = 1, CRA-4 2 0) 

PAQ-PA? 2.0 V 

PBO-PB7 0.8 Vv Enable 0.4V 

——|tPpsu tca2 trs1° 

2.4V, 
2.4V 

Enable CA2 o4Vv 

* Assumes part was deselected during 

the previous E pulse. 

FIGURE 3 ~ CA2 DELAY TIME 
(Read Mode; CRA-5 = 1, CRA-3 = CRA-4 = 0) 

Enable 0.4 Vv _ 
as 

pen tr te 
SL 

ve 2.0V 
CAI rt 0.8 V 

aé 

Ke tCA2 tAS2 

2.4V 

CA2 

0.4V 
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FIGURE 4 — PERIPHERAL CMOS DATA DELAY TIMES ‘FIGURE 5 — PERIPHERAL DATA AND CB2 DELAY TIMES 
(Write Mode; CRA-5 = CRA-3 = 1, CRA-4 = 0} (Write Mode; CR8-5 = CRB-3 = 1,CRB-4 = 0) 

Enable o4V 

Enable —s| tPOW 

t 24V CMOS 5 PBO-PB7 
tpwo [ trtttte Vec -30% Vec O4v 

PAO-PA7 24V Le toc 
CA2 04Vv raN 

2. 
CB2 

CB2 Note: C82 goes low as a result of the 

positive transition of Enable. 

FIGURE 6 ~ CB2 DELAY TIME FIGURE 7 — CB2 DELAY TIME 
(Write Mode; CRB-5 = 1, CRB-3 = CRB4 = 0) (Write Mode; CRB-5 = CAB-3 = 1, CRB-4 = 0) 

Enable / 2.4v 
ja 

f 
Enable 24V SL. mY pe ty, tf 

t tRs1° cB “  2.0V x 
CB2 | RS1 708 

2.4 V WY t . 
CB2 \ o.av bet BQ RS 2-4 

— 2.4 V 

CB2 
OAV 

* Assumes part was deselected during * Assumes part was deselected during the 

any previous E pulse, previous E pulse. 

FIGURE 8 — IRQ RELEASE TIME FIGURE 9 — RESET LOW TIME 

[2.4 V 

Enable TAL . 

Reset \ / 
——R BV 

2.4V 2 

Ra Rosat 
*The Reset line must be a Viy4 for a minimum of 

1.0 us before addressing the PIA, 

FIGURE 11 — BUS WRITE TIMING CHARACTERISTICS FIGURE 10 — BUS READ TIMING CHARACTERISTICS 

(Write Information into PIA) (Read Information from PIA) 

teycE teycE 
+ tas pw las PW 

E EX We = 
2.4V bP We Lm bo PWe 

Enable o4Vv Enable 

~~ t€r be te f tere \ 

‘ODR I= taspo—— 'oSWe] be! 

RS, CS, R/W X 2.0v x RS, CS, R/W 20N a 
ee 0.8 V ous 0.8V | 

P= tAH : ia he tA 
: bo thy pres Thy 

2.4V x2.0 V 
Data Bus 0O.4V Data Bus oav 
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FIGURE 12 — BUS TIMING TEST LOADS 

Load A 

(D0-D7, PAO-PA7, PBO-PB7, CA2, CB2) 

5.0V 

R= 2.5 k 

MMD6150 

or Equlv. 
Test Point 

MMD 7000 

or Equiv. 

C= 130 pF for DQ-D7 

= 30 pF for PAO-PA7, PBO-PB7, CA2, and CB2 

R= 11.7 k2 for DO-D7 

= 24 kQ for PAO-PA7, PBO-PB7, CA2 and CB2 

Test Point 

700 pF i} 

Load B Load C 

(FRO Only) (CMOS Load) 

5.0V 

3k 

Tast Point i 

ia pF 

PIA INTERFACE SIGNALS FOR MPU 

The PIA interfaces to the MC6800 MPU with an eight- 

bit bi-directional data bus, three chip select lines, two 

register select lines, two interrupt request lines, read/write 

line, enable line and reset line. These signals, in conjunc- 

tion with the MC6800 VMA output, permit the MPU to 

have complete control over the PIA. VMA should be uti- 

lized in conjunction with an MPU address line into a chip 

select of the PIA. 
PIA Bi-Directional Data (DO-D7) — The bi-directional 

data lines (DO-D7) allow the transfer of data between the 

MPU and the PIA. The data bus output drivers are three- 

state devices that remain in the high-impedance (off) state 

except when the MPU performs a PIA read operation. The 

Read/Write line is in the Read (high) state when the PIA 

is selected for a Read operation. 

PIA Enable (E) — The enable pulse, E, is the only 

timing signal that is supplied to the PIA. Timing of all 

other signals is referenced to the leading and trailing edges 

of the E pulse. This signal will normally be a derivative of 

the MC6800 ¢2 Clock. 

PIA Read/Write (R/W) — This signal is generated by 

the MPU to control the direction of data transfers on the 

Data Bus. A low state on the PIA Read/Write line enables 

the input buffers and data is transferred from the MPU to 

the PIA on the E signal if the device has been selected. A 

high on the Read/Write line sets up the PIA for a transfer of 

data to the bus. The PIA output buffers are enabled when 

the proper address and the enable pulse E are present. 

Reset — The active low Reset line is used to reset 

all register bits in the PIA to a logical zero (low). This line 

can be used as a power-on reset and as a master reset during 

system operation. 

MOTOROLA Semiconductor Products Inc. 

PIA Chip Select (CSO, CS1 and CS2) — These three input 

signals are used to select the PIA. CSO and CS1 must be 

high and CS2 must be low for selection of the device. 

Data transfers are then performed under the control of the 

Enable and Read/Write signals. The chip select lines must 

be stable for the duration of the E pulse, The device is 
deselected when any of the chip selects are in the 

inactive state. 
PIA Register Select (RSO and RS1) — The two register 

select lines are used to select the various registers inside 
the PIA. These two lines are used in conjunction with 

internal Control Registers to select a particular register 

that is to be written or read. 

The register and chip select lines should be stable for 

the duration of the E pulse while in the read or write cycle. 
interrupt Request (IRQA and IROB) — The active low 

Interrupt Request lines ([ROQA and IRQB) act to interrupt 

the MPU either directly or through interrupt priority 

circuitry, These lines are “open drain” (no load device on 

the chip). This permits all interrupt request lines to be 

tied together in a wire-OR configuration. 
Each Interrupt Request line has two internal interrupt 

flag bits that can cause the Interrupt Request line to go 

low. Each flag bit is associated with a particular peripheral 

interrupt line. Also four interrupt enable bits are provided 
in the PIA which may be used to inhibit a particular 

interrupt from a peripheral device. 

Servicing an interrupt by the MPU may be accom- 

plished by a software routine that, on a prioritized basis, 
sequentially reads and tests the two control registers in 

each PIA for interrupt flag bits that are set. 
The interrupt flags are cleared (zeroed) as a result of an 
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EXPANDED BLOCK DIAGRAM 

< jeda— 40 CA1 
IROA 38 Interrupt Status 

Controt A ¢—B 39 CA2 

Control 

Register A 

po 33 (CRA) 

D1 32 <—~p NJ Data Direction 

D2 31 <-——& 
Va Register A 

| | | (DDRA) 
D3 30 <—s| Data Bus 

Buffers 

D4 29 <@—> (DBB) Output Bus X72 

DS 28 <— 

O06 27 <> 
}a—@ 2 PAO 

D7 26 <—s Revlster A > p——B> 3 PAI 

(ORA) se 4 PAD 
Peripheral pat—~ae 5 PAS 

interface 6 PAG 

“ ba——po- 7 PAS 

Bus Input a 

Register 5 8 PAG 

(BIR) 2 let G9 PA? 

Vec = Pin ° kt 10 PBO 
Ves = Pin 

SS Output e———-- 17 PBI 

Register B » k}—e- 12 PB2 
(ORB) 

cso 22 -——* Peripheral <-> 13 PBS 
Interface 

cst 24 ——> 5 lg—t> 14 PBA 
cS2 23 —-—— > Chip kgi-—ee 15 PBS 

RSsO 36 ——> Select lt 16 PBG 
RS1 35 —> R/W 17 PB7 

R/W 21 P| Control - 

Enable 25 ——} 

Reset 34 -———? 
| m<é Data Direction 

Control Register B 

Register B (DDRB) 
(CRB) 

[ ke-——_-— 18 CB1 
Interrupt Status 

[ROB 37 ~« Control B keg— 19 CB2 

SYSTEM TEST FIXTURE 
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MPU Read Peripheral Data Operation of the corresponding 

data register. After being cleared, the interrupt flag bit 
cannot be enabled to be set until the PIA is deselected 
during an E pulse. The E pulse is used to condition the 

interrupt control lines (CA1, CA2, CB1, CB2). When 
these lines are used as interrupt inputs at least one E 

pulse must occur from the inactive edge to the active 
edge of the interrupt input signal to condition the edge 

sense network, If the interrupt flag has been enabled and 
the edge sense circuit has been properly conditioned, 

the interrupt flag will be set on the next active transition 

of the interrupt input pin. 

PIA PERIPHERAL INTERFACE LINES 

The PIA provides two 8-bit bi-directional data buses 

and four interrupt/control lines for interfacing to periph- 

eral devices. 

Section A Peripheral Data (PAO-PA7) — Each of the 

peripheral data lines can be programmed to act as an input 
or output. This is accomplished by setting a “1” in the 

corresponding Data Direction Register bit for those lines 

which are to be outputs. A “0” in a bit of the Data 

Direction Register causes the corresponding peripheral 

data line to act as an input. During an MPU Read Peripheral! 

Data Operation, the data on peripheral lines programmed 

to act as inputs appears directly on the corresponding 

MPU Data Bus lines. In the input mode the internal 

pullup resistor on these lines represents a maximum of one 

standard TTL load. 

The data in Output Register A will appear on the data 
lines that are programmed to be outputs. A logical “1” 
written into the register will cause a “high” on the cor- 

responding data line while a ‘0’ results in a “low’’. Data 
in Output Register A may be read by an MPU ‘’Read 

Peripheral Data A” operation when the corresponding 

lines are programmed as outputs. This data will be read 
properly if the voltage on the peripheral data lines 

is greater than 2.0 volts for a logic ‘'1’’ output and 

less than 0.8 volt for a logic ‘0’ output. Loading the 
output lines such that the voltage on these lines does not 

reach full voltage causes the data transferred into the MPU 

on a Read operation to differ from that contained in the 
respective bit of Output Register A. 

Section B Peripheral Data (PBO-PB7) — The peripheral 

data lines in the B Section of the PIA can be programmed 
to act as either inputs or outputs in a similar manner to 

PAO-PA7. However, the output buffers driving these lines 

differ from those driving fines PAO-PA7. They have three- 

(AA) MOTOROLA Semiconductor Products inc. 

state capability, allowing them to enter a high impedance 

state when the peripheral data line is used as an input. In 

addition, data on the peripheral data lines PBO-PB7 will 

be read properly from those lines programmed as outputs 

even if the voltages are below 2.0 volts for a ‘‘high”. As 

outputs, these lines are compatible with standard TTL and 

may also be used as a source of up to 1 milliampere at 1.5 
volts to directly drive the base of a transistor switch. 

Interrupt Input (CA1 and CB1) — Peripheral Input fines 

CA and CB1 are input only fines that set the interrupt 
flags of the control registers. The active transition for these 
signals is also programmed by the two control registers. 

Peripheral Control (CA2) — The peripheral control line 

CA2 can be programmed to act as an interrupt input or as 

a peripheral control output. As an output, this line is com- 

patible with standard TTL; as an input the internal pullup 

resistor on this line represents one standard TTL load. The 

function of this signal line is programmed with Control 

Register A, 

Peripheral Control (CB2) — Peripheral Control line CB2 
may also be programmed to act as an interrupt input or 
peripheral control output. As an input, this line has 
high input impedance and is compatible with stand- 

ard TTL. As an output it is compatible with standard 

TTL and may also be used as a source of up to 1 mifli- 

ampere at 1.5 volts to directly drive the base of a transistor 

switch. This line is programmed by Control Register B. 

NOTE: It is recommended that the control lines (CA1, CA2, 
CB1, CB2) should be held in a logic 1 state when Reset fs active 
to prevent setting of corresponding interrupt flags in the control 
register when Reset goes to an inactive state. Subsequent to 
Reset going inactive, a read of the data registers may be used to 
clear any undesired interrupt flags. 
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INTERNAL CONTROLS 

There are six locations within the PIA accessible to the 

MPU data bus: two Peripheral Registers, two Data 
Direction Registers, and two Control Registers. Selection 

of these locations is controiled by the RSO and RS1 inputs 

together with bit 2 in the Control Register, as shown 

in Table 1. 

TABLE 1 — INTERNAL ADDRESSING 

Control 
Register Bit 

RS1 | RSO | CRA-2 | CRB-2 Location Selected 

is) 0 1 4 Peripheral Register A 

0 i?) i?) x Data Direction Register A 

[0] 4 x x Control Register A 

1 i?) x 1 Peripheral Register B 

4 8) x 0 Data Direction Register B 

1 1 x x Control Register B 

X = Don’t Care 

INITIALIZATION 

A low reset line has the effect of zeroing all PIA regis- 
ters. This will set PAO-PA7, PBO-PB7, CA2 and CB2 as 
inputs, and all interrupts disabled. The P!A must be con- 

figured during the restart program which follows the reset. 

Details of possible configurations of the Data Direction 

and Control Register are as follows. 

DATA DIRECTION REGISTERS (DDRA and DDRB) 

The two Data Direction Registers allow the MPU to 

control the direction of data through each corresponding 

peripheral data line. A Data Direction Register bit set at 

“OQ” configures the corresponding peripheral data line as 

an input; a “1” results in an output. 

CONTROL REGISTERS (CRA and CRB) 

The two Control Registers (CRA and CRB) allow the 

MPU to control the operation of the four peripheral 

control lines CA1, CA2, CB1 and CB2. In addition they 

allow the MPU to enable the interrupt lines and monitor 

the status of the interrupt flags. Bits 0 through 5 of the 
two registers may be written or read by the MPU when 

the proper chip select and register select signals are 
applied. Bits 6 and 7 of the two registers are read only 

and are modified by external interrupts occurring on 
control lines CA1, CA2, CB1 or CB2. The format of the 

control words is shown in Table 2. 

TABLE 2 — CONTROL WORD FORMAT 
7] 6/5 ]4]3] 2414] 0 

CRA jIROA1}IROA2 CA2 Control DDRA | CA1 Control 

Access 

776 ][5 [4 [3] 2 4-1] 0 
CRB }IRQOB1 |IROB2 CB2 Control DDRB | CB1 Control 

Access 

Data Direction Access Control Bit (CRA-2 and CRB-2) — 

Bit 2 in each Contro! register (CRA and CRB) allows 

selection of either a Peripheral Interface Register or the 

Data Direction Register when the proper register select 

signals are applied to RSO and RS1. 

Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) — 
The four interrupt flag bits are set by active transitions of 
signals on the four Interrupt and Peripheral Control lines 

when those lines are programmed to be inputs. These bits 

cannot be set directly from the MPU Data Bus and are 
reset indirectly by a Read Peripheral Data Operation on 

the appropriate section. 

TABLE 3 —- CONTROL OF INTERRUPT INPUTS CA1 AND CB1 

SYSTEM TEST FIXTURE 

MPU Interrupt 

CRA-1 CRA-0 Interrupt Input Interrupt Flag Request 
(CRB-1)| (CRB-0) CA1 (CB1) CRA-7 (CRB-7) IRGA (RGB) 

0 9) | Active Set high on | of CA1 | Disabled — [RQ re- 
(CB1) mains high 

0 1 | Active Set high on | of CA1 | Goes low when the 
(CB1) interrupt flag bit CRA-7 

(CRB-7) goes high 

1 7) + Active Set high on ft of CA1 | Disabled — IRQ re- 
CB1) mains high 

1 1 ft Active Set high on f of CA1 | Goes iow when the 
(CB1) interrupt flag bit CRA-7 

(CRB-7) goes high 

Notes: 1. ¢ indicates positive transition (low to high) 

2. | indicates negative transition (high to low) 

3. The Interrupt flag bit CRA-7 is cleared by an MPU Read of the A Data Register, 
and CRB-7 is cleared by an MPU Read of the B Data Register. 

4, If CRA-0 (CRB-0) Is low when an interrupt occurs (Interrupt disabled) and is later brought 

high, IROA (IRQB) occurs after CRA-O (CRB-O) is written to a “‘one”’. 

MOTOROLA Semiconductor Products Inc. 

REPRINTED BY PERMISSION OF MOTOROLA, INC. 

@ 4-27 



6800 MICROCOMPUTER SPECIFICATIONS 

4-28 

MC6820 

used to enable the MPU interrupt signals [ROA and ;ROB, 

respectively. Bits CRA-1 and CRB-1 determine the active 
transition of the interrupt input signals CA1 and CB1 

(Table 3). 

Control of CA1 and CB1 Interrupt Input Lines (CRA-0, 
CRB-0, CRA-1, and CRB-1) — The two jowest order bits 
of the control registers are used to control the interrupt 
input lines CA1 and CB1. Bits CRA-O and CRB-O are 

TABLE 4 — CONTROL OF CA2 AND C82 AS INTERRUPT INPUTS 

CRAS (CRBS) is low : ° 

MPU interrupt 

CRA-5 | CRA-4 | CRA-3 Interrupt Input Interrupt Flag Request 
(CRB-5) | (CRB-4) | (CRB-3) CA2 (CB2) CRA-6 (CRB-6) TAGA (iROB) 

0 0 ¢) { Active Set high on | of CA2 | Disabled — TRG re- 
CB2 mains high 

0 0 1 J Active Set high on | of CA2 | Goes low when the 
(CB2) interrupt flag bit CRA-6 

(CRB-6) goes high 

) 1 0 + Active Set high on t of CA2 | Disabled — IRQ re- 
CB2) mains high 

0 1 1 t Active Set high on f of CA2 | Goes low when the 
(CB2) interrupt flag bit CRA-6 

(CRB-6) goes high 

Notes: 1. f indicates positive transition (low to high) 

2. | indicates negative transition (high to low) 

3, The Interrupt flag bit CRA-6 is cleared by an MPU Read of the A Data Register and CRB-6 is 

cleared by ari MPU Read of the B Data Register. 

4. _ If CRA-3 (CRB-3) is low when an interrupt occurs (Interrupt disabled) and is later brought 

high, [ROA (IRQB) occurs after CRA-3 (CRB-3) is written to a “one”. 

TABLE 5 — CONTROL OF CB2 AS AN OUTPUT 
CRB‘-5 is high 

CB2 

CRB-5 | CRB-4 | CRB-3 Cleared Set 

1 0 0 Low on the positive transition of | High when the interrupt flag bit 

the first E pulse following an | CRB-7 is set by an active transi- 

MPU Write “B” Data Register | tion of the CB1 signal. 

operation. 

1 0 1 Low on the positive transition of | High on the positive edge of 
the first E pulse after an MPU | the first “E” pulse following an 

Write “B’’ Data Register opera- | “E’ pulse which occurred while 

tion, the part was deselected. 

1 1 0 Low when CRB-3 goes low as a | Always low as long as CRB-3 is 

result of an MPU Write in Control | low. Willgo high on an MPU Write 

Register “B”. in Control Register ‘“B” that 
changes CRB-3 to “one”. 

1 1 1 Always high as long as CRB-3 is | High when CRB-3 goes high as a 

high. Will be cleared when an | result of an MPU Write into 

MPU Write Control Register “B” | Control Register 'B”’. 

results in clearing CRB-3 to 

“zero”. 

(AA) MOTOROLA Semiconductor Products Inc. 

REPRINTED BY PERMISSION OF MOTOROLA, INC. 

@ SYSTEM TEST FIXTURE



6800 MICROCOMPUTER SPECIFICATIONS 

MC6820 

Control of CA2 and CB2 Peripheral Control Lines is low, CA2 (CB2) is an interrupt input line similar to 

(CRA-3, CRA-4, CRA-5, CRB-3, CRB-4, and CRB-5) — CA1 (CB1) (Table 4). When CRA-5 (CRB-5) is high, CA2 

Bits 3, 4, and 5 of the two control registers are used to (CB2) becomes an output signal that may be used to 

control the CA2 and CB2 Peripheral Contro} lines. These control peripheral data transfers. When in the output 

bits determine if the control lines will be an interrupt mode, CA2 and CB2 have slightly different characteristics 

input or an output control signal. If bit CRA-5 (CRB-5) (Tables 5 and 6). 

TABLE 6 — CONTROL OF CA-2 AS AN OUTPUT 

CRAS5 is high 

CA2 
CRA-5 | CRA-4 | CRA-3 Cleared Set 

1 0 0 Low on negative transition of E High when the interrupt flag bit 
after an MPU Read “A” Data CRA-7 is set by an active transi- 
operation. tion of the CA7 signal. 

1 0 1 Low on negative transition of E High on the negative edge of 
after an MPU Read “A” Data the first ‘’E’’ pulse which occurs 
operation. during a deselect. 

1 1 0 Low when CRA-3 goes low as a Aiways low as long as CRA-3 is 

result of an MPU Write to low. Will go high on an MPU 
Control Register ‘A’. Write to Control Register “A’’ 

that changes CRA-3 to “‘one”’. 

1 1 1 Always high as long as CRA-3 High when GRA-3 goes high as 

is high. Will be cleared on an a result of an MPU Write to 
MPU Write to Control Register Control Register “A”. 
“A” that clears CRA-3 to 

a “zero”, 

PIN ASSIGNMENT PACKAGE DIMENSIONS 

! CASE 715-02 

(CERAMIC) 

19° CA16 40 SEE PAGE 165 FOR 

otters CA2H 39 PLASTIC PACKAGE 
__ a DIMENSIONS. 

3QPa1 IAGAD 38 a | 
4QPA2 IRGB DP 37 B 

50 PA3 RSO ff 36 ; 
{> zof 4 

60 Pa4 RS1) 35 = = 

70 PA5 Reset Pp 34 | A ; 

8 4 PAG DOD 33 
TF 1 9 PAT 01 32 ne an lI Cc 

10 qd PaO p2p31 ie byte ics 
D3 al SEATI |} K 11 0PB1 h 30 H Hp ATING PLANE | Z ty mak 

12 4 Pa2 D4 fi 29 a_i 

13 4 PBS D8 p 28 MILLIMETERS | _ INCHES 
14 0 PB4 p06) 27 DIM| MIN | MAX | MIN | MAX NOTE: 

15 G PBS b7 P 26 A_| 50.29 [51.31 | 1.980 | 2.020 1, LEADS, TRUE POSITIONED WITHIN 
B | 14.86 | 15.62 | 0.585 | 0.615 0.25 mm (0.010) DIA (AT SEATING 

16 G PB6 Ep 25 c | 254/479 [0.100 | 0.165 PLANE), AT MAX. MAT'L 
17 g PB7 cs1 0 24 D {| 0.38! 0.53 | 0.015 | 0.021 CONDITION. 

18 qcB1 cs2f 23 F | 0.76| 1.40 | 0.030 | 0.055 
G. 2.54 BSC 0.100 BSC 

19 CB2 cso fi 22 H | 0.76 | 1.78 | 0.030 | 0.070 
200 Voce -R/W 21 J | 0.20] 0.33 | 0.008 | 0.013 

K 2.54 | 419 | 0,100 | 0.165 
L | 14,60 | 15.37 | 0.575 | 0.605 
M - 10° - 10° 
Nj 0.51 | 1.52 | 0.020 | 0,060 

SYSTEM TEST FIXTURE 
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Semiconductors 
BOX 20912 ¢ PHOENIX, ARIZONA 85036 MC6850C 

(-40 to 85°C; L Suffix only) 

ASYNCHRONOUS COMMUNICATIONS INTERFACE 

ADAPTER (ACIA) , iVi O S 
The MC6850 Asynchronous Communications Interface Adapter 

provides the data formatting and control to interface serial asyn- (N-CHANNEL, SILICON-GATE} 
chronous data communications information to bus organized sys- 

tems such as the MC6800 Microprocessing Unit. 

The bus interface of the MC6850 includes select, enable, read/ 
write, interrupt and bus interface logic to allow data transfer over ASYNCHRONOUS 

an 8-bit bi-directional data bus. The parallel data of the bus system COMMUNICATIONS INTERFACE 

is serially transmitted and received by the asynchronous data inter- ADAPTER 

face, with proper formatting and error checking. The functional 

configuration of the ACIA is programmed via the data bus during 

system initialization. A programmable Control Register provides 
variable word lengths, clock division ratios, transmit control, receive 

control, and interrupt control. For peripheral or modem operation 

three control lines are provided. These lines allow the ACIA to 
interface directly with the MC6860L 0-600 bps digital modem. 

@ Eight and Nine-Bit Transmission 

® Optional Even and Odd Parity 

@ Parity, Overrun and Framing Error Checking 

® Programmable Control Register 

@ Optional +1,+16, and +64 Clock Modes L SUFFIX 

@ Up to 500 kbps Transmission CERAMIC PACKAGE 
; . CASE 716 

@ False Start Bit Deletion 

® Peripheral/Modem Control Functions 

C) Double Buffered NOT SHOWN: P SUFFIX 
@ One or Two Stop Bit Operation PLASTIC PACKAGE 

CASE 709 

M6800 MICROCOMPUTER FAMILY MC6850 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER 

BLOCK DIAGRAM BLOCK DIAGRAM 

MC6800 
Microprocessor 

: 
Data + . 

Read Only Data Bus ~e—m| Bus w| Transmitter }—» oe 
Memory Buffers ata 

Random 

Access Receive 

Memory Receiver Data 

Interface —_ ait 

Adapter Address ae 
OSiecwvoer 

cent end 
MC6850 Interrupt Control Peripheral/ 
Interface Modem <«~——_ Legg Modem 
Adapter Contro! 

{ ‘ 
Address Data 

Bus Bus 
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MAXIMUM RATINGS 

Rating Symbol! Value Unit | 

Supply Voltage Voc ~0,3 to +7.0 Vde This device contains circuitry to protect the 

Input Voltage Vin -0.3 to +7.0 Vde inputs against damage due to high static 

Operating Temperature Reng Ta | ov#70 | *e Ra ener neediness 
Storage Temperature Range Tstg_ ~55 to +150 % avoid application of any voltage higher 

Thermal Resistance BJA 825 OC/W than maximum rated voltages to this high- 

impedance circuit. 

ELECTRICAL CHARACTERISTICS (Vcc =5.0 V +5%, Vgg = 0, Ta = 0 to 70°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage VIH Vss + 2.0 ~ Vec Vde 

Input Low Voltage VIL Vsg -0.3 _ Vss + 0.8 Vde 

Input Leakage Current R/W,CS0,CS1,CS2,Enable lin —- 4.0 2.5 uAdc 

(Vin = 0 to 5,25 Vde) 

Three-State (Off State) Input Current DO-D7 Its! ” 2,0 10 uAde 

(Vin = 0.4 to 2.4 Vdc) 

Output High Voltage DO-D7 | Vou Vde 

(ILoad = ~205 wAde, Enable Pulse Width <25 us) __ Vsgt 2.4 — - 

(ILoad = -100 wAdc, Enable Pulse Width <25 us) Tx Data, RTS Vssg + 2.4 - - 

Output Low Voltage VoL - - Vss + 0.4 Vde 

(Load = 1.6 mAde, Enable Pulse Width <25 us) 

Output Leakage Current (Off State) IRQ | 'LoH - 1.0 ~ 10 uAdc 

(VOH = 2.4 Vdc) 

Power Dissipation Pp _ 300 525 mW 

Input Capacitance Cin pF 

(Vin = 0, Ta = 25°C, f = 1.0 MHz) ___ ___D0-D7 - 10 12.5 

E, Tx Cik, Rx Clk, R/W, RS, Rx Data, CSO, CS1, CS2, CTS, DCD - 7.0 7.5 

Output Capacitance RTS, Tx Data | Cout - 7 10 pF 

(Vin = 0, Ta = 25°C, f = 1.0 MHz) TRO - - 5.0 

Minimum Clock Pulse Width, Low (Figure 1) +16, +64 Modes | PWeL 600 _ — ns 

Minimum Clock Pulse Width, High (Figure 2) +16, +64 Modes | PWcoH 600 - — ns 

Clock Frequency +1 Mode fc _ - 500 kHz 

+16, +64 Modes _ - 800 

Clock-to-Data Delay for Transmitter (Figure 3) tTDD _ - 1.0 US 

Receive Data Setup Time (Figure 4) +1 Mode | trpsu 500 = _ ns 

Receive Data Hold Time (Figure 5} +1 Mode | tRDH 500 ~_ - ns 

‘Tnterrupt Request Release Time (Figure 6} tR ~ — 1,2 us 

“Request-to-Send Delay Time (Figure 6) tRTS - - 1.0 us 

Input Transition Times (Except Enable) tr te - - 1.0* MS 

*1.0 us or 10% of the pulse width, whichever is smaller, 

BUS TIMING CHARACTERISTICS 

READ (Figures 7 and 9) 

Characteristic Symbol | Min Typ Max Unit 

Enable Cycle Time toycE 1.0 - _ , us 

Enable Pulse Width, High PWeH 0.45 _ 25 HS 

Enable Pulse Width, Low PWEL 0.43 - - us 

Setup Time, Address and R/W valid to Enable positive transition tas 160 _ _ ns 

Data Delay Time tpopR - - 320 ns 

Data Hold Time tH 10 _ _ ns 

Address Hold Time taH 10 - _ ns 

Rise and Fall Time for Enable input ter, tef - - 25 ns 

WRITE (Figure 8 and 9) 

Enable Cycle Time teycE 1.0 - _ us 

Enable Pulse Width, High PWeH 0.45 - 25 us 

Enable Pulse Width, Low PWeEL 0.43 - - us 

Setup Time, Address and R/W valid to Enable positive transition tas 160 - - ns 

Data Setup Time tposw 195 - _ ns 

Data Hold Time tH 10 - = ns 

Address Hold Time taAH 10 - - ns 

Rise and Fall Time for Enable input ter, tef - - 25 ns 

(AA) MOTOROLA Semiconductor Products Inc. 
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FIGURE 1 — CLOCK PULSE WIDTH, LOW-STATE FIGURE 2 ~ CLOCK PULSE WIDTH, HIGH-STATE 

bo—__- PWoL 

Tx Clk 

or 
Rx Clk ,_0.8 V J 

Tx Clk 2.0V 4 
or 

Rx Clk 
PWoH 

FIGURE 3 — TRANSMIT DATA OUTPUT DELAY 
FIGURE 4 — RECEIVE DATA SETUP TIME 

Tx Clk 
0.8 V 

_. trop f— 

2.4V 

Tx Data 
0.4V 

(+1 Mode) 

2,.0V 
Rx Data 

L O08 V 

—_— trRpsuU 

Rx Clock : 

O8v 

FIGURE 5 — RECEIVE DATA HOLD TIME 

(+1 Mode) 

FIGURE 6 — REQUEST-TO-SEND DELAY AND 

INTERRUPT-REQUEST RELEASE TIMES 
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FIGURE 7 — BUS READ TIMING CHARACTERISTICS 

(Read information from ACIA) 

FIGURE 8 — BUS WRITE TIMING CHARACTERISTICS 

(Write information into ACIA) 
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FIGURE 9 — BUS TIMING TEST LOADS 

Load A 

(D0O-D7, RTS, Tx Data) 

5.0V 

RL =2.5k 

MMD6150 
Test Point . 

or Equiv. 

MMD 7000 
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C = 130 pF for DO-D7 

= 30 pF for RTS and Tx Data 

Load B 

(IRQ Only) 

5.0 V 

3k 

ii 100 pF 

Test Point 

R= 11,7 kQ2 for DO-D7 

= 24 kQ. for RTS and Tx Data 

EXPANDED BLOCK DIAGRAM 
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Register Register 
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DEVICE OPERATION 

At the bus interface, the ACIA appears as two address- 

able memory locations. Internally, there are four registers: 

two read-only and two write-only registers. The read-only 

(AA) MOTOROLA Semiconductor Products Inc. 

registers are Status and Receive Data; the write-only 

registers are Control and Transmit Data. The serial inter- 

face consists of serial input and output lines with inde- 

pendent clocks, and three peripheral/modem control lines. 
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POWER ON/MASTER RESET 

The master reset (CRO, CR1) should be set during 

system initialization to insure the reset condition and 

prepare for programming the ACIA functional configu- 

ration when the communications channel is required. 

Control bits CR5 and CR6 should also be programmed to 

define the state of RTS whenever master reset is utilized. 
The ACIA also contains internal power-on reset logic to 

detect the power line turn-on transition and hold the chip 

in a reset state to prevent erroneous output transitions 

prior to initialization. This circuitry depends on clean 

power turn-on transitions. The power-on reset is released 

by means of the bus-programmed master reset which must 

be applied prior to operating the ACIA. After master 

resetting the ACIA, the programmable Control Register 

can be set for a number of options such as variable clock 

divider ratios, variable word length, one or two stop bits, 

parity (even, odd, or none), etc. 

TRANSMIT 

A typical transmitting sequence consists of reading 

the ACIA Status Register either as a result of an interrupt 

or in the ACIA’s turn in a polling sequence. A character 

may be written into the Transmit Data Register if the 

status read operation has indicated that the Transmit 

Data Register is empty. This character is transferred to a 

Shift Register where it is serialized and transmitted from 

the Transmit Data output preceded by a start bit and 

followed by one or two stop bits. Internal parity (odd or 

even) can be optionally added to the character and will 

occur between the last data bit and the first stop bit. 

After the first character is written in the Data Register, 

the Status Register can be read again to check for a 

Transmit Data Register Empty condition and current per- 

ipheral status. If the register is empty, another character 
can be loaded for transmission even though the first 
character is in the process of being transmitted (because 

of double buffering). The second character will be auto- 
matically transferred into the Shift Register when the first 
character transmission is completed. This sequence con- 

tinues until all the characters have been transmitted. 

RECEIVE 

Data is received from a peripheral by means of the 

Receive Data input. A divide-by-one ctock ratio is pro- 

vided for an externally synchronized clock (to its data} 

while the divide-by-16 and 64 ratios are provided for 

internal synchronization. Bit synchronization in the 

divide-by-16 and 64 modes is initiated by the detection of 

the leading mark-to-space transition of the start bit. 

False start bit deletion capability insures that a full half 

bit of a start bit has been received before the internal 

clock is synchronized to the bit time. As a character is 

being received, parity (odd or even) will be checked and 

the error indication will be available in the Status Register 

along with framing error, overrun error, and Receive Data 

Register full. In a typical receiving sequence, the Status 

Register is read to determine if a character has been re- 
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ceived from a peripheral. If the Receiver Data Register is 

full, the character is placed on the 8-bit ACIA bus when a 

Read Data command is received from the MPU. When 

parity has been selected for an 8-bit word {7 bits plus 
parity), the receiver strips the parity bit (D7 = 0) so that 

data alone is transferred to the MPU. This feature reduces 
MPU programming. The Status Register can continue to 
be read again to determine when another character is 

available in the, Receive Data Register. The receiver is 

also double buffered so that a character can be read from 

the data register as another character is being received 

in the shift register. The above sequence continues until 

alt characters have been received. 

INPUT/OUTPUT FUNCTIONS 

ACIA INTERFACE SIGNALS FOR MPU 

The ACIA interfaces to the MC6800 MPU with an 8-bit 
bi-directional data bus, three chip select lines, a register 

select line, an interrupt request line, read/write line, and 

enable line. These signals, in conjunction with the 
MC6800 VMA output, permit the MPU to have complete 

control over the ACIA. 
ACIA Bi-Directional Data (D0-D7) — The bi-directional 

data lines (DO0-D7) allow for data transfer between the 

ACIA and the MPU. The data bus output drivers are 

three-state devices that remain in the high-impedance 

(off) state except when the MPU performs an ACIA 

read operation. 

ACIA Enable (E) — The Enable signal, E, is a high 
impedance TTL compatible input that enables the bus 

input/output data buffers and clocks data to and from 

the ACIA. This signal will normally be a derivative of 

the MC6800 $2 Clock. : 

Read/Write (R/W) — The Read/Write line is a high 
impedance input that is TTL compatible and is used to 

control the direction of data flow through the ACIA’s 

input/output data bus interface. When Read/Write is 
high (MPU Read cycle), ACIA output drivers are turned 

on and a selected register is read. When it is low, the 

ACIA output drivers are turned off and the MPU writes 

into a selected register. Therefore, the Read/Write 

signal is used to select read-only or write-only registers 

within the ACIA. 

Chip Select (CSO, CS1, €S2) — These three high im- 
pedance TTL compatible input lines are used to address 

the ACIA. The ACIA is selected when CSO and CS1 are 
high and CS2 is low. Transfers of data to and from the 
ACIA are then performed under the control of the Enable 

signal, Read/Write, and Register Select. 

Register Select (RS) — The Register Select line is a 

high impedance input that is TTL compatible. A high 
level is used to select the Transmit/Receive Data Registers 
and a low level the Control/Status Registers. The Read/ 
Write signal line is used in conjunction with Register 
Select to select the read-only or write-only register in each 

register pair. 

Interrupt Request (VRQ) — Interrupt Request is a TTL 
compatible, open-drain (no internal pullup), active low 
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output that is used to interrupt the MPU, The TRO output 
remains low as long as the cause of the interrupt is present 
and the appropriate interrupt enable within the ACIA is 

set. The IRQ status bit, when high, indicates the TRO. 
output is in the active state. 

Interrupts result from conditions in both the trans- 

mitter and receiver sections of the ACIA. The transmitter 
section causes an interrupt when the Transmitter Interrupt 

Enabled condition is selected (CR5 - CR6), and the 
Transmit Data Register Empty (TDRE) status bit is high. 
The TDRE status bit indicates the current status of the 

Transmitter Data Register except when inhibited by 

Clear-to-Send (CTS) being high or the ACIA being 
maintained in the Reset condition. The interrupt is cleared 

by writing data into the Transmit Data Register. The 

interrupt is masked by disabling the Transmitter Interrupt 
via CR5 or CRG or by the loss of CTS which inhibits the 
TDRE status bit. The Receiver section causes an interrupt 

when the Receiver Interrupt Enable is set and the Receive 
Data Register Full (RDRF) status bit is high, an Overrun 

has occurred, or Data Carrier Detect (DCD) has gone high. 
An interrupt resulting from the RDRF status bit can be 
cleared by reading data or resetting the ACIA. Interrupts 
caused by Overrun or loss of DCD are cleared by reading 
the status register after the error condition has occurred 

and then reading the Receive Data Register or resetting 

the ACIA. The receiver interrupt is masked by resetting 

the Receiver Interrupt Enable. 

CLOCK INPUTS 

Separate high impedance TTL compatible inputs are 

provided for clocking of transmitted and received data. 

Clock frequencies of 1, 16 or 64 times the data rate may 

be selected. 
Transmit Clock (Tx Clk) — The Transmit Clock input 

is used for the clocking of transmitted data. The trans- 

mitter initiates data on the negative transition of the 

clock. 
Receive Clock (Rx Clik) — The Receive Clock input is 

used, for synchronization of received data. (In the + 1 
mode, the clock and data must be synchronized exter- 

nally.) The receiver samples the data on the positive 

transiton of the clock. 

SERIAL INPUT/OUTPUT LINES 

Receive Data (Rx Data) — The Receive Data line is a 
high impedance TTL compatible input through which data 
is received in a serial format. Synchronization with a 
clock for detection of data is accomplished internally 
when clock rates of 16 or 64 times the bit rate are used. 
Data rates are in the range of 0 to 500 kbps when external 

synchronization is utilized. 
Transmit Data (Tx Data) — The Transmit Data output 

line transfers serial data to a modem or other peripheral. 

Data rates are in the range of 0 to 500 kbps when external 

synchronization is utilized. 

PERIPHERAL/MODEM CONTROL 

The ACIA includes several functions that permit limited 
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control of a peripheral or modem. The functions included 

are Clear-to-Send, Request-to-Send and Data Carrier De- 

tect. 
Clear-to-Send (CTS) — This high impedance TTL com- 

patible input provides automatic control of the trans- 

mitting end of a communications link via the modem 

Clear-to-Send active low output by inhibiting the Trans- 
mit Data Register Empty (TDRE) status bit. 

Request-to-Send (RTS) — The Request-to-Send output 
enables the MPU to control a peripheral or modem via 

the data bus. The RTS output corresponds to the state 

of the Control Register bits CR5 and CR6. When CR6 = 

0 or both CR5 and CR6 = 1, the RTS output is low (the 

active state). This output can also be used for Data 
Terminal Ready (BTR). 

Data Carrier Detect (DCD) — This high impedance 
TTL compatible input provides automatic control, such 

as in the receiving end of a communications link by means 
of a modem Data Carrier Detect output. The DCD input 
inhibits and initializes the receiver section of the ACIA 

when high. A low to high transition of the Data Carrier 

Detect initiates an interrupt to the MPU to indicate the 

occurrence of a loss of carrier when the Receive Interrupt 

Enable bit is set. 

ACIA REGISTERS 

The expanded block diagram for the ACIA indicates 

the internal registers on the chip that are used for the 

status, control, receiving, and transmitting of data. The 

content of each of the registers is summarized in Table 1. 

TRANSMIT DATA REGISTER (TDR) 

Data is written in the Transmit Data Register during 

the negative transition of the enable (E) when the ACIA 

has been addressed and RS ° R/W is selected. Writing 
data into the register causes the Transmit Data Register 

Empty bit in the Status Register to go low. Data can then 

be transmitted. If the transmitter is idling and no char- 

acter is being transmitted, then the transfer will take 

place within one bit time of the trailing edge of the 

Write command. If a character is being transmitted, the 

new data character will commence as soon as the previous 

character is complete. The transfer of data causes the 
Transmit Data Register Empty (TDRE) bit to indicate 

empty. 

RECEIVE DATA REGISTER (RDR) 

Data is automatically transferred to the empty Receive 

Data Register (RDR) from the receiver deserializer (a 
shift register) upon receiving a complete character. This 

event causes the Receive Data Register Full bit (RDRF) 
in the status buffer to go high (full). Data may then be 

read through the bus by addressing the ACIA and selecting 
the Receive Data Register with RS and R/W high when 

the ACIA is enabled. The non-destructive read cycle 

causes the RDRF bit to be cleared to empty although 
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TABLE 1 — DEFINITION OF ACIA REGISTER CONTENTS 

, Buffer Address 

Data RS « R/W RS eR/W RS e RW RS ¢ R/W 

Bus Transmit Receive 

Line Data Data Control Status 

Number Register Register Register Register 

{Write Only) (Read Onty) (Write Only) (Read Only) 

it) Data Bit O° Data Bit O Counter Divide Receive Data Register 

Select 1 (CRO) Full (RORF) 

1 Data Bit 1 Data Bit 1 Counter Divide Transmit Data Register 

Select 2 (CR1) Empty (TDRE) 

2 Data Bit 2 Data Bit 2 Word Select 1 Data Carrier Detect 

(CR2) (DCD) 

3 Data Bit 3 Data Bit 3 Word Select 2) Clear-to-Send 
(CR3) (CTS) 

4 Data Bit 4 Data Bit 4 Word Select 3 Framing Error 

(CR4) (FE) 

5 Data Bit 5 Data Bit 5 Transmit Control 1 Receiver Overrun 

(CRS) (OVRN) 

6 Data Bit 6 Data Bit 6 Transmit Contro! 2 Parity Error (PE) 

(CR6) 

7 Data Bit 7*** Data Bit 7** Receive Interrupt interrupt Request 

N Enable (CR7) (RQ) 

* Leading bit = LSB = Bit O 

** Data bit will be zero in 7-bit plus parity modes. 
*** Data bit is “don’t care” in 7-bit plus parity modes, 

the data is retained in the RDR. The status is maintained 

by RDRF as to whether or not the data is current. When 

the Receive Data Register is full, the automatic transfer 

of data from the Receiver Shift Register to the Data 
Register is inhibited and the RDR contents remain valid 

with its current status stored in the Status Register. 

CONTROL REGISTER 

The ACIA Control Register consists of eight bits of 

write-only buffer that are selected when RS and R/W are 

low. This register controls the function of the receiver, 

transmitter, interrupt enables, and the Request-to-Send 

peripheral/modem control output. 

Counter Divide Select Bits (CRO and CR1) — The 

Counter Divide Select Bits (CRO and CR1) determine the 

divide ratios utilized in both the transmitter and receiver 

sections of the ACIA. Additionally, these bits are used to 

provide a master reset for the ACtA which clears the 

Status Register (except for external conditions on CTS 
and DCD) and initializes both the receiver and transmitter. 
Master reset does not affect other Control Register bits. 

Note that after power-on or a power fail/restart, these 

bits must be set high to reset the ACIA. After reseting, the 
clock divide ratio may be selected. These counter select 

bits provide for the following clock divide ratios: 

CR1 CRO Function 

0 0 +1 

lee 1 +16 

1 0 + 64 

1 1 Master Reset 

Word Select Bits (CR2, CR3, and CR4) — The Word 
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Select bits are used to select word length, parity, and the 

number of stop bits. The encoding format is as follows: 

CR4 | CR3 | CR2 Function 

i?) 0 ie] 7 Bits + Even Parity + 2 Stop Bits 

0 0 1 7 Bits + Odd Parity + 2 Stop Bits 

ie] 1 ie) 7 Bits + Even Parity + 1 Stop Bit 

0 1 1 7 Bits + Odd Parity + 1 Stop Bit 

1 Q 0 8 Bits + 2 Stop Bits 

1 ie] 1 8 Bits + 71 Stop Bit 

1 1 i¢] 8 Bits + Even Parity + 1 Stop Bit 

1 1 1 8 Bits + Odd Parity + 1 Stop Bit 

Word length, Parity Select, and Stop Bit changes are 

not buffered and therefore become effective immediately. 

Transmitter Control Bits (CR5 and CR6) — Two 
Transmitter Control bits provide for the control of the 

interrupt from the Transmit Data Register Empty con- 
dition, the Request-to-Send (RTS) output, and the 
transmission of a Break level (space), The following 

encoding format is used: 

CR6 | CR5 Function 

(e] 0 RTS = low, Transmitting Interrupt Disabled. 

i?) 1 RTS = low, Transmitting Interrupt Enabled. 

1 0 RTS = high, Transmitting Interrupt Disabled. 

1 1 RTS = low, Transmits a Break level on the 

Transmit Data Output. Transmitting 

Interrupt Disabled. 

Receive Interrupt Enable Bit (CR7) — The following 

interrupts will be enabled by a high level in‘bit position 7 

of the Control Register (CR7): Receive Data Register Full, 

Overrun, or a low to high transistion on the Data Carrier 
Detect (BCD) signal line. 
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STATUS REGISTER 

Information on the status of the ACIA is available to 

the MPU by reading the ACIA Status Register. This 

read-only register is selected when RS is jow and R/W 
is high. Information stored in this register indicates the 

status of the Transmit Data Register, the Receive Data 

Register and error logic, and the peripheral/modem status 

inputs of the ACIA. 

Receive Data Register Full (RORF)}, Bit 0 — Receive 

Data Register Full indicates that received data has been 

transferred to the Receive Data Register. RDRF is cleared 

after an MPU read of the Receive Data Register or by a 

master reset. The cleared or empty state indicates that 

the contents of the Receive Data Register are not cur- 

rent. Data Carrier Detect being high also causes RORF 

to indicate empty. 

Transmit Data Register Empty (TDRE), Bit 1 — The 

Transmit Data Register Empty bit being set high indicates 

that the Transmit Data Register contents have been trans- 

ferred and that new data may be entered. The low state 

indicates. that the register is full and that transmission of 

a new character has not begun since the last write data 

command. 

Detect bit will be high when the DCD input from a modem 

has gone high to indicate that a carrier is not present. 

This bit going high causes an Interrupt Request to be 
generated when the Receive Interrupt Enable is set. It 

é remains high after the DCD input is returned low until 

‘ - 4 cleared by first reading the Status Register and then the 

. Data Register or until a master reset occurs. If the DCD 
input remains high after read status and read data or 

master reset has occurred, the interrupt is cleared, the 
DCD status bit remains high and will follow the DCD input. 

Clear-to-Send (CTS), Bit 3 — The Clear-to-Send bit 
indicates the state of the Clear-to-Send input from a 

modem. A low CTS indicates that there is a Clear-to-Send 

from the modem. In the high state, the Transmit Data 

Register Empty bit is inhibited and the Clear-to-Send 
status bit will be high. Master reset does not affect the 

Data Carrier Detect (DCD), Bit 2 — The Data Carrier 

Clear-to-Send Status bit. 

Framing Error (FE), Bit 4 — Framing error indicates 
that the received character is improperly framed by a 
start and a stop bit and is detected by the absence of the 
1st stop bit. This error indicates a synchronization error, 

faulty transmission, or a break condition. The framing 
error flag is set or reset during the receive data transfer 

time. Therefore, this error indicator is present through- 

out the time that the associated character is available. 

Receiver Overrun (OVRN), Bit 5 — Overrun is an 
error flag that indicates that one or more characters in 

the data stream were lost. That is, a character or a 

number of characters were received but not read from the 

Receive Data Register (RDR) prior to subsequent char- 

acters being received. The overrun condition begins at 

the midpoint of the last bit of the second character re- 

ceived in succession without a read of the RDR having 

occurred. The Overrun does not occur in the Status 
Register until the valid character prior to Overrun has 

been read. The RDRF bit remains set until the Overrun 

is reset. Character synchronization is maintained during 

the Overrun condition. The Overrun indication is reset 
after the reading of data from the Receive Data Register 
or by a Master Reset. 

Parity Error (PE), Bit 6 — The parity error flag indi- 

cates that the number of highs (ones) in the character 

does not agree with the preselected odd or even parity. 

Odd parity is defined to be when the total number of ones 

is odd. The parity error indication will be present as long 

as the data character is in the RDR. If no parity is 

selected, then both the transmitter parity generator out- 

put and the receiver parity check results are inhibited. 

Interrupt Request (IRQ), Bit 7 — The IRQ bit indi- 
cates the state of the [RQ output. Any interrupt condi- 
tion with its applicable enable will be indicated in this 
status bit. Anytime the [RO output is low the IRQ bit 

will be high to indicate the interrupt or service request 

status. [RQ is cleared by a read operation to the Receive 
Data Register or a write operation to the Transmit 
Data Register. 

PIN ASSIGNMENT PACKAGE DIMENSIONS 

CASE 716-02 
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iq Sos erst 2a 74 " ma (CERAMIC) 

ax Det 5tB H 23 B MILLIMETERS| _ INCHES 
2 [J Rx Data » pim| MIN | MAX | MIN | MAX 
3 [Rx ctk bo [] 22 | A_| 29.97 [30.99 | 1.180 | 1.220 

C 2 SEE PAGE 165 FOR |_B | 14.88 | 15.62 | 0.585 | 0.615 
4 [Tx clk p1{}21 = PLasTic Packace [C | 3.05{ 4.19 | 0.120 | 0.165 
5 (lars p2H 20 A — DIMENSIONS D | 0,38 {| 0.53 | 0.015 | 0.021 

F | 076} 1.40 | 0.030 | 0.055 
6 [Tx Data o3f]19 ~ _ | G | 254BSC | 0.100BSC 
— H | 0.76] 1.78 | 0.030 | 0.070 
{Ra D4{j] 18 i : A 

7 H Sea c | [0.20 | 0,30 { 0.008 | 0.012 
8 []cso D5] 17 Por ar ty] \ K | 254{ 4.19 | 0.100 | 0.165 

ppd | L_| 14.88 | 15.37 | 0.585 | 0.605 
9 [| €s2 Dé {] 16 4 | SEATING _/ | en \ Ml 700 _ 10° 

10 [|cs1 p7{] 15 lp PLANE Go — Ly ies + [wf osrt 152 | 0,020 [0.060 
I-—— L 

14 11 (Rs ED NOTE: 
120Vop R/w [13 1, LEADS TRUE POSITIONED WITHIN 

0.25mm (0.010) DIA (AT SEATING 
PLANE) AT MAXIMUM MATERIAL 
CONDITION. 
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‘Section 5 

REPLACEABLE PARTS 

PARTS ORDERING INFORMATION 

Replacement parts are available from or through your local 

Tektronix, Inc. Field Office or representative. 

Changes to Tektronix instruments are sometimes made to 

accommodate improved components as they become available, 

and to give you the benefit of the latest circuit improvements 

developed in our engineering department. It is therefore 

important, when ordering parts, to include the following 

information in your order: Part number, instrument type or 

number, serial number, and modification number if applicable. 

lf a part you have ordered has been replaced with a new or 

improved part, your local Tektronix, Inc. Field Office or 

representative will contact you concerning any change in part 

number. 

Change information, if any, is located at the rear of this 

manual. , 

SPECIAL NOTES AND SYMBOLS 

X000 Part first added at this serial number 

00X Part removed after this serial number 

FIGURE AND INDEX NUMBERS 

Items in this section are referenced by figure and index 

numbers to the illustrations. 

INDENTATION SYSTEM 

This mechanical parts list is indented to indicate item 

relationships. Following is an example of the indentation system 

used in the description column. 

123465 Name & Description 

Assembly and/or Component 

Attaching parts for Assembly and/or Component 

Detail Part of Assembly and/or Component 
Attaching parts for Detail Part 

* 

Parts of Detail Part 

Attaching parts for Parts of Detail Part 

Attaching Parts always appear in the same indentation as 

the item it mounts, while the detail parts are indented to the right. 

Indented items are part of, and included with, the next higher 

indentation. The separation symbol - - - * -- - indicates the end of 

attaching parts. 

Attaching parts must be purchased separately, unless otherwise 

specified. 

ITEM NAME 

In the Parts List, an Item Name is separated from the 

description by a colon (:). Because of space limitations, an Item 

Name may sometimes appear as incomplete. For further Item 

Name identification, the U.S. Federal Cataloging Handbook H6-1 

can be utilized where possible. 

ABBREVIATIONS 

" INCH ELCTRN ELECTRON 
# NUMBER SIZE ELEC ELECTRICAL 
ACTR ACTUATOR ELCTLT ELECTROLYTIC 
ADPTR ADAPTER ELEM ELEMENT 
ALIGN ALIGNMENT EPL ELECTRICAL PARTS LIST 
AL ALUMINUM EQPT EQUIPMENT 
ASSEM ASSEMBLED EXT EXTERNAL 
ASSY ASSEMBLY FIL FILLISTER HEAD 
ATTEN ATTENUATOR FLEX FLEXIBLE 
AWG AMERICAN WIRE GAGE FLH FLAT HEAD 

BD BOARD FLTR FILTER 
BRKT BRACKET FR FRAME or FRONT 
BRS BRASS FSTNR FASTENER 
BRZ BRONZE FT FOOT 
BSHG BUSHING FXD FIXED 
CAB CABINET GSKT GASKET 
CAP CAPACITOR HDL HANDLE 
CER - CERAMIC HEX — HEXAGON 
CHAS CHASSIS HEX HD HEXAGONAL HEAD 
CKT CIRCUIT HEX SOC HEXAGONAL SOCKET 
COMP COMPOSITION HLCPS HELICAL COMPRESSION 
CONN CONNECTOR HLEXT HELICAL EXTENSION 
COV COVER HV HIGH VOLTAGE 
CPLG COUPLING Ic INTEGRATED CIRCUIT 
CRT CATHODE RAY TUBE ID INSIDE DIAMETER 
DEG DEGREE IDENT IDENTIFICATION 
DWR DRAWER IMPLR IMPELLER 

SYSTEM TEST FIXTURE 

IN INCH SE SINGLE END 
INCAND INCANDESCENT SECT SECTION 

INSUL INSULATOR SEMICOND SEMICONDUCTOR 
INTL INTERNAL SHLD SHIELD 
LPHLDR LAMPHOLDER SHLDR SHOULDERED 

MACH MACHINE SKT SOCKET 
MECH MECHANICAL SL SLIDE 
MTG MOUNTING SLFLKG SELF-LOCKING 
NIP NIPPLE SLVG SLEEVING 
NON WIRE NOT WIRE WOUND SPR SPRING 
OBD ORDER BY DESCRIPTION sQ SQUARE 
oD OUTSIDE DIAMETER SST STAINLESS STEEL 
OVH OVAL HEAD STL STEEL 
PH BRZ PHOSPHOR BRONZE sw SWITCH 
PL PLAIN or PLATE T TUBE 

PLSTC PLASTIC TERM TERMINAL 
PN PART NUMBER THD THREAD 
PNH PAN HEAD THK THICK 
PWR POWER TNSN TENSION 
RCPT RECEPTACLE TPG TAPPING 

RES RESISTOR TRH TRUSS HEAD 
RGD RIGID Vv VOLTAGE 
RLF RELIEF ; VAR VARIABLE 
RTNR RETAINER 7 WITH 
SCH SOCKET HEAD WSHR WASHER 

SCOPE OSCILLOSCOPE XFMR TRANSFORMER 
SCR SCREW XSTR TRANSISTOR 



REPLACEABLE PARTS 

CROSS INDEX—MFR. CODE NUMBER TO MANUFACTURER 

Mfr. Code Manufacturer Address City, State, Zip 

00779 AMP, INC. P O BOX 3608 _ =». HARRISBURG, PA 17105 

01121 ALLEN-BRADLEY COMPANY 1201 2ND STREET SOUTH MILWAUKEE, WI 53204 

01295 TEXAS INSTRUMENTS, INC., SEMICONDUCTOR 

GROUP P O BOX 5012, 13500 N CENTRAL 

EXPRESSWAY DALLAS, TX 75222 

01963 CHERRY ELECTRICAL PRODUCTS CORPORATION 3600 SUNSET AVENUE WAUKEGAN, IL 60085 

02735 RCA CORPORATION, SOLID STATE DIVISION ROUTE 202 SOMERVILLE, NY 08876 

04222 AVX CERAMICS, DIVISION OF AVX CORP. P O BOX 867, 1OTH AVE. SOUTH MURTLE BEACH, SC 29577 

04713 MOTOROLA, INC., SEMICONDUCTOR PROD. DIV. 5005 E MCDOWELL RD,PO BOX 20923 PHOENIX, AZ 85036 

05574 VIKING INDUSTRIES, INC. 21001 NORDHOFF STREET CHATSWORTH, CA 91311 

07910 TELEDYNE SEMICONDUCTOR 12515 CHADRON AVE. HAWTHORNE, CA 90250 

10389 CHICAGO SWITCH, INC. 2035 WABANSIA AVE. CHICAGO, IL 60647 

22526 BERG ELECTRONICS, INC. YOUK EXPRESSWAY NEW CUMBERLAND, PA 17070 

27014 NATIONAL SEMICONDUCTOR CORP. 2900 SEMICONDUCTOR DR. SANTA CLARA, CA 95051 

28480 HEWLETT=—PACKARD CO., CORPORATE HQ. 1501 PAGE MILL RD. PALO ALTO, CA 94304 | 

56289 SPRAGUE ELECTRIC Co. NORTH ADAMS, MA 01247 

71279 CAMBRIDGE THERMIONIC CORP. 445 CONCORD AVE. CAMBRIDGE, MA 02138 

72982 ERIE TECHNOLOGICAL PRODUCTS, INC. 644 W. 12TH ST. ERIE, PA 16512 

73138 BECKMAN INSTRUMENTS, INC., HELIPOT DIV. 2500 HARBOR BLVD. FULLERTON, CA 92634 

75037 MINNESOTA MINING AND MFG. CO., ELECTRO 

PRODUCTS DIVISION 3M CENTER ST. PAUL, MN 55101 

78189 ILLINOIS TOOL WORKS, INC. 

SHAKEPROOF DIVISION ST. CHARLES ROAD ELGIN, IL 60120 

78488 STACKPOLE CARBON CO. ST. MARYS, PA 15857 

80009 TEKTRONIX, INC. P O BOX 500 BEAVERTON, OR 97077 

83385 CENTRAL SCREW CO. 2530 CRESCENT DR. BROADVIEW, IL 60153 

91637 DALE ELECTRONICS, INC. P. O. BOX 609 COLUMBUS, NE 68601 

5-2 SYSTEM TEST FIXTURE!



Tektronix Serial/Model No. 
Ckt No. Part No. Eff 

Electrical 

Name & Description 
Mfr. 
Code 

REPLACEABLE PARTS 

Mfr Part Number 

Al 670-4101-00 

A2 670-4171-00 

Al 670~-4101-00 

c31 283~-0010-00 

C41 283~0010-00 

c51 283-0010-00 

c60 283-0010-00 

C61 283-0010-00 

C71 *283+-0010-00 

C80 283-0010-00 
C81 283-0010-00 

C85 283~-0010-00 

C101 283-0010-00 

Cllil 283-0010-00 

C131 283-0010-00 

c14l 283-0010-00 

C171 283-0010-00 

c1sl 283~0010-00 

C211 283-0010-00 

C311 283-0010-00 

C321 283-0010-00 

C331 283-0010-00 

C341 283~0010-00 

C361 283-0010-00 

C381 283-0010-00 

C382 283-0010-00 

c4il _ 283-0010-00 

C421 283~0010-00 

C431 283-0144-00 

C432 283-0144-00 

C44] 283-0010-00 

c471 283-0010-00 

cs501 283-0010-00 

C521 283-0010-00 

C525 283~0010-00 

C531 283-0010-00 

C535 281-0540-00 

C561 283-0010-00 

C571 283-0010-00 

cé601 283-0010-00 

C621 283-0010-00 

C671 283-0111-00 

C673 290-0246-00 

C680 290-0746-00 

c681 281-0524-00 

c71l 283-0010-00 

C712 283-0000-00 

C721 283-0010-00 

C770 290-0746-00 

C780 290-0746-00 

SYSTEM TEST FIXTURE 

CKT BOARD ASSY:MCM SYSTEMS TEST 
CKT BOARD ASSY:CONNECTOR INTERFACE 

CKT BOARD ASSY:MCM SYSTEMS TEST 

CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 

CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 

CAP. ,FXD,CER 
CAP, ,FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP, ,FXD,CER 

CAP. ,FXD,CER 
CAP. , FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 

CAP. , FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP. , FXD,CER 

CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 

CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP. ,FXD,CER 

CAP. ,FXD,CER 
CAP. , FXD,CER 
CAP. ,FXD,CER 
CAP. , FXD,CER 

DI:0. O5UF,+100-20% ,50V 
DI:0,05UF,+100-20%,50V 
DI:0.05UF,+100-20%,50V 
DI:0. O5UF, +100-20% , 50V 
DI:0.05UF,+100-20%,50V 

DI:0.05UF,+100-20% ,50V 
DI:0.05UF,+100-20% , 50V 
DI:0.05UF,+100~20%,50V 
DI:0.05UF,+100-20% , 50V 
DI:0. O5UF ,+100-20%, 50V 

DI:0.05UF,+100-20% ,50V 
DI:0. O5UF,+100-20% ,50V 
DI:0.05UF,+100-20% , 50V 
DI:0.05UF,+100-20% ,50V 
DI:0,05UF,+100-20% ,50V 

DI:0.05UF,+100-20% , 50V 
DI:0.05UF,+100-20%,50V 
DI:0.05UF,+100-20% ,50V 
DI:0.05UF,+100~20% ,50V 
DI:0.05UF,+100~20%, 50V 

DI:0. O5UF,+100-20%,50V 
DI:0.05UF,+100~20% ,50V 
DI:0.05UF,+100-20% , 50V 
DI:0.05UF,+100-20% ,50V 
DI:0.05UF,+100-20% ,50V 

DI:33PF,1%,500V 
DI:33PF,1%,500V 
DI:0.05UF,+100-20% ,50V 
DI:0,05UF ,+100-20% ,50V 
DI:0.05UF,+100-20%,50V 

DI:0.05UF,+100-20% , 50V 
DI:0.05UF ,+100-20% ,50V 
DI:0.05UF,+100-20% ,50V 
DI:51PF,5%,500V 
DI:0.05UF,+100-20% ,50V 

DI:0.05UF,+100-20%,50V 
DI:0.05UF,+100-20% , 50V 
DI:0.05UF,+100-20%,50V 
DI:0.1UF,20%,50V 

CAP, ,FXD,ELCTLT:3.3UF,10%,15V 

CAP. ,FXD,ELCTLT:47UF ,+50-10%,16V 
CAP. ,FXD,CER 
CAP. ,FXD,CER 
CAP.,FXD,CER DI:0.001UF,+100-0% ,500V 

CAP. ,FXD,CER 

DI:150PF,+/-30PF ,500V 
DI:0.05UF ,+100-20% , 50V 

DI:0.05UF,+100-20% ,50V 

CAP. ,FXD,ELCTLT:47UF , +50-10%,16V 
CAP. , FXD,ELCTLT:47UF ,+50-10%,16V 

80009 
80009 

80009 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

56289 

72982 

72982 

56289 

56289 

56289 

56289 

56289 

56289 

72982 

56289 

56289 

56289 
56289 

72982 

56289 

56289 

04222 

56289 

72982 

56289 

56289 

56289 

670-4101-00 

670-4171-00 

670~-4101=-00 

273C20 

273C20 

273C20 

273C20 

273C20 

273C20 

273C20 
273C20 

273C20 . 

273C20 

273C20 

273C20 
273C20 

273C20 

273C20 

273C20 

273C20 

273C20 

273C20 

273C20 

273C20 

273C20 

273C20 

273C20 

273C20 

801-547P2G330G 

801-547P2G330G 

273C20 

273C20 

-273C20 

273C20 

273C20 

273C20 

301-00002705107 

273C20 

273C20 

273C20 

273C20 

8121-NO088Z5U104M 

162D335xX9015CD2 

502D226 

7001-1381 

273C20 

831-516E102P 

273C20 

502D226 

502D226 
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REPLACEABLE PARTS 

Tektronix Serial/Model No. Mfr 
Ckt No. Part No. Eff Dscont Name & Description Code Mfr Part Number 
CR621 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152 

CR671 152-0581-00 SEMICOND DEVICE:SILICON,20V,1A 04713 1N5817 

Dsl 150-1001-00 LAMP, LED:RED,2V,100MA 28480 5082-4403 

Ds2 150-1001-00 LAMP , LED: RED, 2V,100MA 28480 5082-4403 
DS3 150-1001-00 LAMP, LED: RED, 2V,100MA 28480 5082-4403 

ps4 150-1001-00 LAMP, LED: RED, 2V, LOOMA 28480 5082-4403 
ps5 150-1001-00 LAMP , LED:RED, 2V, 100MA 28480 5082~4403 

DS11 150-1001-00 LAMP, LED:RED,2V,100MA 28480 5082-4403 

Ds12 150-1001-00 LAMP, LED:RED,2V,1l00MA 28480 5082-4403 

DSs15 150-1001-00 LAMP, LED: RED,2V,100MA 28480 5082-4403 

psi4 150=-1001-00 LAMP, LED:RED,2V,100MA 28480 5082-4403 
DSs31 150-1001-00 LAMP , LED:RED,2V,100MA 28480 5082-4403 

DS32 150-1001~-00 LAMP , LED:RED,2V,100MA 28480 5082-4403 

DS33 150=-1001-00 LAMP , LED:RED,2V,100MA 28480 5082-4403 

DS34 150-1001-00 LAMP ,LED:RED,2V,100MA 28480 5082-4403 

ps51 150-1001-00 LAMP, LED:RED,2V,100MA 28480 5082-4403 

Ds52 150-1001-00 LAMP , LED:RED,2V,1LOOMA 28480 . 5082-4403 

Ds53 150-1001-00 LAMP , LED:RED,2V, 1OOMA 28480 5082-4403 

ps54 150-1001-00 LAMP , LED:RED,2V,1LOOMA 28480 5082-4403 

bDs61 150-1001-00 LAMP , LED:RED, 2V,100MA 28480 5082-4403 

DS63 150-1001-~-00 LAMP, LED:RED,2V,100MA 28480 5082-4403 

DS71 150-1001-00 LAMP, LED:RED,2V,100MA 28480 5082-4403 

DS72 150-1001-00 LAMP ,LED:RED,2V,1OOMA 28480 5082-4403 

ps8l 150-1001-00 LAMP, LED:RED,2V,100MA 28480 5082-4403 

DS82 150-1001-00 LAMP , LED:RED,2V,100MA 28480 5082-4403 

DS83 150-1001-00 LAMP, LED:RED,2V,100MA 28480 5082-4403 

pDs84 150-1001-00 LAMP, LED:RED,2V,100MA 28480 5082-4403 

L571 108-0839-00 COIL, RF :FXD,0.729MHZ,SWITCHING REGULATOR 80009 108-0839-00 

L671 276-0507-00 SHIELDING BEAD, :0.6UH 78488 57-0180-7D 500B 

Q621 151-0188-00 TRANSISTOR: SILICON, PNP 01295 2N3906 

Q671 151-0136-00 TRANSISTOR: SILICON , NPN 02735 35495 

R1 315-0511~00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 cB5115 

R2 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 cB5115 

R3 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115 

R4 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 cB5115 
R5 315-0511-00 RES, ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115 

R11 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115 
R12 315~-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 ¢CB5115 

R13 315-0511-00 RES, ,FXD,CMPSN:510 OHM,5%,0.25W 01121 cB5115 

R14 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 cCB5115 

R31 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 cB5115 

R32 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 cB5115 

R33 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115 

R34 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115 

R51 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 cp5115 

R52 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 cB5115 

R53 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 cB5115 
R54 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 cB5115 
R61 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 cCB5115 
R62 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115 

R63 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115 
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REPLACEABLE PARTS 

Tektronix Serial/Model No. Mfr 
Ckt No. Part No. Name & Description Code Mfr Part Number 

R64 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115 
R71 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CBS5115 
R72 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115 
R73 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CBS5115 
R81 315-0242-00 RES. ,FXD,CMPSN:2.4K OHM,5%,0.25W 01121 cB2425 

RB2 315-0242-00 RES. ,FXD,CMPSN:2.4K OHM,5%,0.25W 01121 cB2425 
R83 315-0242-00 RES. ,FXD,CMPSN:2.4K OHM,5%,0.25W 01121 ¢B2425 
RB4 315-0242-00 RES. ,FXD,CMPSN:2.4K OHM,5%,0.25W 01121 cB2425 
R85 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 cCB5115 
R431 321-0289-00 RES. ,FXD,FILM:10K OHM,1%,0.125W 91637 MFF1816G10001F 

R432 321-0289=-00 RES. ,FXD,FILM:10K OHM,1%,0.125wW 91637 MFF1816G10001F 

R535 °315+-0101-00 RES. ,FXD,CMPSN:100 OHM,5%,0.25W 01121 cB1015 

R571 315-0112-00 RES. ,FXD,CMPSN:1.1K OHM,5%,0.25W 01121 CB1125 
R572 307-0111-00 RES. ,FXD,CMPSN:3.6 OHM,5%,0.25W 01121 CB36G5 
R621 321-0289-00 RES. ,FXD,FILM: 10K OHM,1%,0.125W 91637 MFF1816G10001F 

R622 315-0332-00 RES. ,FXD,CMPSN:3.3K OHM,5%,0.25W 01121 CB3325 
R672 321-0289-00 RES. ,FXD,FILM:10K OHM,1%,0.125W 91637 MFF1816G10001F 
R673 321-0289-00 RES. ,FXD,FILM:10K OHM,1%,0.125W 91637 MFF1816G10001F 
R674 315-0271-00 RES. ,FXD,CMPSN:270 OHM,5%,0.25W 01121 CB2715 
R711 315-0201-00 RES. ,FXD,CMPSN:200 OHM,5%,0.25W 01121 CB2015 

sl 260-0760-00 SWITCH, SENS:10A,250V,SPDT,SNAP ACTION 01963 E62-10A 
$2 260-0760-00 SWITCH,SENS:10A,250V,SPDT,SNAP ACTION 01963 E62-10A 

$3 260-0760-00 SWITCH,SENS:10A,250V,SPDT,SNAP ACTION 01963 E62-10A 

s4 260~0760-00 SWITCH,SENS:10A,250V,SPDT,SNAP ACTION 01963 E62~10A 

s5 260-1116-00 SWITCH,SLIDE:SPDT 10389 23-021-144 

sé 260-1116-00 SWITCH ,SLIDE:SPDT 10389 23-021-144 

$7 260-1116-00 SWITCH, SLIDE:SPDT 10389 23-021-144 

Sil 260-0760-00 SWITCH,SENS:10A,250V,SPDT,SNAP ACTION 01963 E62-10A 

S12 260-0760-00 SWITCH,SENS:10A,250V,SPDT,SNAP ACTION 01963 E62-10A 

$13 260-0760-00 SWITCH,SENS:10A,250V,SPDT,SNAP ACTION 01963 E62-10A 

$14 260-1116-00 SWITCH , SLIDE:SPDT 10389 23-021-144 
S15 260-1116-00 SWITCH, SLIDE:SPDT 10389 23-021-144 
S16 260-1116-00 SWITCH , SLIDE: SPDT 10389 23-021-144 

$17 260-1116-00 SWITCH, SLIDE:SPDT 10389 23-021-144 
$31 260-1116-00 SWITCH, SLIDE:SPDT 10389 23~021-144 

$32 260-1116-00 SWITCH, SLIDE: SPDT 10389 23-021-144 

833 260-1116-00 SWITCH, SLIDE: SPDT 10389 23-021-144 

$34 260-1116-00 SWITCH, SLIDE:SPDT 10389 23-021-144 
$35 260-1116-00 SWITCH, SLIDE:SPDT 10389 23-021-144 
$36 260-1116-00 SWITCH , SLIDE:SPDT 10389 23-021-144 

$37 260-1116-00 SWITCH, SLIDE:SPDT 10389 23-021-144 
S41 260-1116-00 SWITCH ,SLIDE:SPDT 10389 23-021-144 
S42 260-1116-00 SWITCH, SLIDE:SPDT 10389 23-021-144 

$43 260-1116-00 SWITCH ,SLIDE:SPDT 10389 23-021-144 
S44 260~1116-00 SWITCH ,SLIDE: SPDT 10389 23-021-144 

s51 260-1116-00 SWITCH, SLIDE: SPDT 10389 23-021-144 

$52 260-1116-00 SWITCH, SLIDE :SPDT 10389 23-021-144 

$53 260-1116-00 SWITCH ,SLIDE:SPDT 10389 23-021-144 

$54 260-1116-00 SWITCH , SLIDE:SPDT 10389 23-021-144 
S61 260-1116-00 SWITCH, SLIDE:SPDT 10389 23-021-144 

S62 260-1116-00 SWITCH,SLIDE: SPDT 10389 23-021-144 

S63 260-1116-00 SWITCH, SLIDE:SPDT 10389 23=-021-144 

S64 SWITCH, SLIDE:SPDT 10389 23-021-144 

SYSTEM TEST FIXTURE 
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REPLACEABLE PARTS 

Tektronix Serial/Model No. Mfr 
CktNo. PartNo. Eff Dscont Name & Description Code Mfr Part Number 

$81 260-1116-00 SWITCH , SLIDE: SPDT 10389 23-021-144 
$82 260-1116-00 SWITCH ,SLIDE:SPDT 10389 23-021-144 
$83 260-1116-00 SWITCH, SLIDE:SPDT 10389 23-021-144 
$84 260-1116-00 SWITCH ,SLIDE:SPDT 10389 23-021-144 

UL 307-0422=00 RES. ,FXD,FILM:15 RES. NETWORK 73138 898-1-R2427 

Ull 307-0422~—00 RES. ,FXD,FILM:15 RES. NETWORK 73138 898-1-R2427 

U21 156-0381-00 MICROCIRCUIT,DI:QUAD 2-INPUT EXCL OR GATES 01295 SN74LS86N 

U31 156~0093-00 MICROCIRCUIT,DI:HEX. INVERTER 01295 SN7416N 

U4l 156-0093-00 MICROCIRCUIT,DI:HEX. INVERTER 01295 SN7416N 

U51 156-0093-00 MICROCIRCUIT,DI :HEX. INVERTER 01295 SN7416N 

U60 156-0472-00 MICROCIRCUIT,DI:13-INPUT NAND GATE 01295 SN74S133N 

U61 307-0422-00 RES. ,FXD,FILM:15 RES. NETWORK 73138 898-1-R2427 

U70 156-0469-00 MICROCIRCUIT,DI:3-LINE TO 8-LINE DECODER 01295 SN74LS138N 

U71 156-0093-00 MICROCIRCUIT,DI:HEX. INVERTER 01295 SN7416N 

uso 156-0541=-00 MICROCIRCUIT, DI : DECODER/DEMULTIPLEXER 01295 SN74LS139N 

u101 156-0382-~00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 01295 SN74LSOON 

Ulll 156-0382-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 01295 SN74LSOON 

v121 156-0381~00 MICROCIRCUIT,DI:QUAD 2-INPUT EXCL OR GATES 01295 SN74LS86N 

U131 156-0220-00 MICROCIRCUIT,DI:DUAL 4-BIT LATCH W/CLEAR 80009 156-0220-00 

u1l4l 156-0220-00 MICROCIRCUIT,DI:DUAL 4-BIT LATCH W/CLEAR 80009 156-0220-00 

U171 156-0220-00 MICROCIRCUIT,DI:DUAL 4-BIT LATCH W/CLEAR 80009 156-0220-00 

v181 156-0708-09 MICROCIRCUIT,DI:PROM U181 80009 156-0708-09 

u201 156~0386-00 MICROCIRCUIT,DI:TRIPLE 3-INPUT NAND GATE 01295 SN74LS10N 

Uu211 156-0386-00 MICROCIRCUIT,DI:TRIPLE 3-INPUT NAND GATE 01295 SN74LS10N 

U221 156-0383-00 MICROCIRCUIT,DI:QUAD 2-INPUT NOR GATE 01295 SN74LS02N 

Uu301 156-0464-00 MICROCIRCUIT,DI:DUAL 4-INPUT NAND GATE 01295 SN74LS20N 

u311 156-0383-00 MICROCIRCUIT,DI:QUAD 2=-INPUT NOR GATE 01295 SN74LS02N 

U321 156-0478-00 MICROCIRCUIT,DI:DUAL 4-INPUT AND GATE 01295 SN74LS21N 

U331 156-0535-00 MICROCIRCUIT,DI:TRI-STATE HEX BUFF 27014 DM8097M 

U341 156-0535-00 MICROCIRCUIT,DI:TRI-STATE HEX BUFF 27014 DM8097M 

u351 156-0381-00 MICROCIRCUIT,DI:QUAD 2-INPUT EXCL OR GATES 01295 SN74LS86N 

U361 156=0381-00 MICROCIRCUIT,DI:QUAD 2-INPUT EXCL OR GATES 01295 SN74LS86N 

U371 156-0535-00 MICROCIRCUIT,DI:TRI-STATE HEX BUFF 27014 DM8097M 

U381 156-0708-10 MICROCIRCUIT,DI:PROM U381 80009 156-0708~10 

u4ol1 156-0388-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP 01295 SN74LS74N 

u411 156-0382-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 01295 SN74LSOON 

u421 156-0480-00 MICROCIRCUIT,DI:QUAD 2-INPUT AND GATE 01295 SN74LSO8N 

Uu431 156-0172-00 MICROCIRCUIT,DI:DUAL RETRIG MONOSTABLE MV 80009 156-0172-00 

U441 156-0535-00 MICROCIRCUIT,DI:TRI-STATE HEX BUFF 27014 DM8097M 

u46l1 156-0381-00 MICROCIRCUIT,DI:QUAD 2-INPUT EXCL OR GATES 01295 SN74LS86N 

u471 156-0381-00 MICROCIRCUIT,DI:QUAD 2~-INPUT EXCL OR GATES 01295 SN74LS86N 

U501 156-0388-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP 01295 SN74LS74N 

u511 156-0382-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 01295 SN74LSOON 

us521 156-0599~-00 MICROCIRCUIT,DI:RAM THREE STATE 80009 156-0599-00 

u525 156-0599-00 MICROCIRCUIT,DI:RAM THREE STATE 80009 156-0599-00 

u531 156-0385-00 MICROCIRCUIT,DI:HEX. INVERTER 01295 SN74LS04N 

U535 156-0385-00 MICROCIRCUIT,DI:HEX. INVERTER 01295 SN74LSO04N 

u541 156-0383-00 MICROCIRCUIT,DI:QUAD 2-INPUT NOR GATE 01295 SN74LS02N 

u561 156-0465-00 MICROCIRCUIT,DI:8-INPUT NAND GATE 01295 SN74LS30N 

U571 156-0383-00 MICROCIRCUIT,DI:QUAD 2-INPUT NOR GATE 01295 SN74LS02N 

u601 156~-0388-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP 01295 SN74LS74N 

u611 156-0093-00 MICROCIRCUIT,DI :HEX. INVERTER 01295 SN7416N 

U621 156-0599-00 MICROCIRCUIT,DI:RAM THREE STATE 80009 156-0599-00 

SYSTEM TEST FIXTURE



REPLACEABLE PARTS 

Tektronix Serial/Model No. Mfr 
Ckt No. Part No. Name & Description Code Mfr Part Number 

vué6sl 156-0096-00 MICROCIRCUIT,LI:VOLTAGE COMPARATOR 27014 ‘LM311H 

U701 156-0382-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 01295 SN74LSOON 

U711 156-0382=-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 01295 SN74LSOON 

U721 156-0599-00 MICROCIRCUIT,DI:RAM THREE STATE 80009 156-0599-00 

SYSTEM TEST FIXTURE 



REPLACEABLE PARTS 

Mechanical 

Fig. & 
Index Tektronix Serial/Model No. Mfr 
No. Part No. Qty 12345 Name & Description Code Mfr Part Number 

067-0746-00 1 FIXTURE,CAL:MEM 6800 SYSTEM 80009 067-0746-00 
~1  390-0498-00 1. CAB.,TOP,TST EQ: 80009 390-0498-00 

(ATTACHING PARTS) 

-2  211-0008-00 6 . SCREW,MACHINE:4-40 X 0.25 INCH,PNH STL 83385 OBD 
ee, 

-3 129-0080-00 ° 6 . POST,ELEC-MECH:0.875 INCH LONG 80009 129-0080-00 
-4  333-2107-00 1. PANEL,FRONT: 80009 333-2107-00 

(ATTACHING PARTS) 

-5  210-0586-00 5 . NUT,PLAIN,EXT W:4-40 X 0.25 INCH,STL 78189 OBD 
-6  210-0994-00 5 . WASHER,FLAT:0.125 ID X 0.25" OD,STL 83385 OBD 

~_——_ = Fo em oe 

SYSTEM TEST FIXTURE



REPLACEABLE PARTS 

SYSTEM TEST FIXTURE 

en > Fig. & 
( Index Tektronix Serial/Model No. Mfr 

. No. Part No. Qty 12345 Name & Description Code Mfr Part Number 

=] eemavenen creme me em 1 CKT BOARD ASSY:CONN INTERFACE (SEE A2 EPL) 

-8 131-0589-00 50 » CONTACT,ELEC:0.46 INCH LONG 22526 47350 

131-0608-00 100 . CONTACT,ELEC:0.365 INCH LONG 22526 47357. 

-9 214-1458-00 1 . KEY,CONN PLZN: 05574 091-0071-00 
-10  131-1359~00 1 . CONN, RCPT,ELEC:CKT BD,25/50 CONTACT 05574 3VH25/10N5 

175-1737-00 2 CA ASSY,SP,ELEC:50,28 AWG,15.0 LONG 80009 175-1737-00 
(BACH CABLE. INCLUDES) 

-11  131-1781-00 2 . CONN,PLUG ELEC:RIBBON CA,2/25 FEM 1A CONT 80009 131-1781-00 
-12 175-1689-00 FT » CABLE,SP,ELEC: (50) 28 STD,W/PVC JKT 75037 3365-50 COND 

“130 see ee comme 1 CKT BOARD ASSY:MCM TEST(SEE Al EPL) 

(ATTACHING PARTS) 

-14 211-0008-00 8 SCREW ,MACHINE:4-40 X 0.25 INCH,PNH STL 83385 OBD 
a 

ane et mcs ee me ee ee - . CKT BOARD ASSY INCLUDES: 

-15 131-0608-00 118 » CONTACT,ELEC:0.365 INCH LONG 22526 47357 

-16 131-0993-00 4 » LINK, TERM.CONNE:2 WIRE BLACK 00779 530153-2 

-17  136-0594-00 4 . SOCKET,PLUG-IN:24 LED 71279 703-3790-01-0416 
~18 260-0760-00 6 . SWITCH,SENS:10A,250V,SPDT,SNAP ACTION 01963 E62-10A 

-~19  260-1116-00 31 . SWITCH,SLIDE:SPDT © 10389 23-021-144 
-20 390-0500-00 1 CAP. ,FR,TSTEQ: 80009 390-0500-00 

(ATTACHING PARTS) 

-21 211-0008-00 3 SCREW ,MACHINE:4-40 X 0.25 INCH,PNH STL 83385 OBD 
a 

-22  390-0499-00 1 CAB, ,REAR, TSTEQ: 80009 390-0499-00 
— (ATTACHING PARTS) 

~23 211-0008-00 3 SCREW,MACHINE:4-40 X 0,25 INCH,PNH STL 83385 OBD 
ee 

-24  348-0187-00 04 . FOOT,CABINET:0.780 X 1.650 INCH LONG 80009 348-0187-00 
(ATTACHING PARTS) 

-25 211-0504-00 1 SCREW ,MACHINE:6-32 X 0.25 INCH,PNH STL 83385 OBD 
a, 

f -26  390-0501-00 1 CAB. , BOT, TSTEQ: 80009 390-0501-00 





DIAGRAMS AND CIRCUIT BOARD ILLUSTRATIONS 

Symbols and Reference Designators 

Electrical components shown on the diagrams are in the following units unless noted otherwise: 

Capacitors = Values one or greater are in picofarads (pF). 

Values less than one are in microfarads (uF). 

Resistors = Ohms (2). 

Graphic symbols and class designation letters are based on ANSI Standard Y32.2-1975. 

Logic symbology is based on ANSI Y32.14-1973 in terms of positive logic. Logic symbols depict the logic 

function performed and may differ from the manufacturer’s data. 

Abbreviations are based on ANSI Y1.1-1972. 

Other ANSI standards that are used in the preparation of diagrams by Tektronix, Inc. are: 

Y¥14.15, 1966 Drafting Practices. 

Y14.2, 1973 Line Conventions and Lettering. 

Y10.5, 1968 Letter Symbols for Quantities Used in Electrical Science and 

Electrical Engineering. 

The following prefix letters are used as reference designators to identify components or assemblies on the diagrams. 

A Assembly, separable or repairable H Heat dissipating device (heat sink, Ss Switch or contactor 

(circuit board, etc) heat radiator, etc) T Transformer 

AT Attenuator, fixed or variable HR Heater Te Thermocouple 

B Motor HY Hybrid circuit TP Test point 

BT Battery J Connector, stationary portion U Assembly, inseparable or non-repairable 

Cc Capacitor, fixed or variable K Relay (integrated circuit, etc.) 

CB Circuit breaker L Inductor, fixed or variable Vv Electron tube 

CR Diode, signal or rectifier M Meter VR Voltage regulator (zener diode, etc.) 

DL Delay line P Connector, movable portion Ww Wirestrap or cable 

DS Indicating device (lamp) Q Transistor or silicon-controlled Y Crystal 

E Spark Gap, Ferrite bead rectifier Zz Phase shifter 

F Fuse R Resistor, fixed or variable 

FL Filter RT Thermistor 

The following special symbols may appear on the diagrams: Plug to E.C. Board 

Identifies Panel 
Controls, Connectors and 

Indicators 

Strap or Link 

Cam Switch 

Closure Chart 
(Dot indicates Modified Component—See 

switch closure) ee +\2V Parts List (Depicted in grey, 

ok or with grey outline) 

Wie Plug | 
SEL Value Selected -~12V ug Index 

at Factory +(Z7V 

RIA 
+12V SEL : 

I - A Reference to Board 
2 o—® - 

Test Voltage TPI@ | —__ and Sheet No. 

J 136 Coaxial Connector 

Internal 
ee 

“oe Screwdriver . -~10.5 
Adjustment oo Q4 [ce Shielding 

Rane) | a Heat Sink 

J! Decoupled or Filtered 
RIO 
100 

| Voltage 
Etched Circuit Board 

—oooo Outlined in Black 
AMPL _ a \2Va Board Name 

Board No. 

ae 
@TO-XXXX-XX 

SYSTEM TEST FIXTURE 

VERTICAL BOARD 

VERTICAL AMPLIFIER 

@ 

Schematic Name 

a Sheet No. 
2-3 

Board Sequence No. 6-7 

S
O
I
L
V
I
N
A
H
O
S
 



SCHEMATICS 

1. TRUE HIGH and TRUE LOW Signals 

Signal names on the schematics are followed by —1 or —0. A TRUE HIGH signal is indicated by 

—1, and a TRUE LOW signal is indicated by —0. 

SIGNAL—1 = TRUE HIGH 

SIGNAL—0 = TRUE LOW 

2. Cross-References 

Schematic cross-references (from/to information) are included on the schematics. The “from” 

reference only indicates the signal “source,” and the “to” reference lists all loads where the 

signal is used. All from/to information will be enclosed in parenthesis. 

From J350 pin 6 and To board 1, sheet 5, 
board 1, sheet 5 etc. 

(J350-6, 1-5) X-1 —e»—— 
XY-0 (1-5, 3-7, 46) 

(1-6) Y-1 —s—_ ~ 

a ™~ OUTPUT SIGNAL 
(TRUE LOW) 

From board 1, INPUT SIGNAL 
(TRUE HIGH) 

6-2 @ SYSTEM TEST FIXTURE 



System Test Fixture component locations. 



T
E
 

‘ 

= STOP =] US01A 
74LS74 Yeu 

ce) 2 f>08 
UTOIB 
TALSOO 

© 

UNA 
12 | T4LS00 

UGOIA 
TALST4 cal 

TIMING 8 
9g 

— T4Ls2o0 

A
U
 
R
N
 

+ by 

A
l
u
 

PROCESS 

UTOIA 
T4LS00 

I
 ‘i < 

1 i374 LSoo | 
oP 2.4K UT0ID 

| ~ Mt)
 

UGOIB 
T4L874 “ 9 | 

USOIB 
74LS74 

C2
5 
Q
U
 

—_
 

UToIC o 
J A-20 | T4LS00 

MCP 1-1 

. Ud2i1A 
1o & G) > WawLsose 

3 
Sit 

| EXAMINE! | U5lic 
+SV |. T4LS00 

(Vv A K } 

C
E
P
 

as
 

USANB 
7 9 rN S 7T4L 300 

R711 rT U201IC “al pe 
A 200 

74LSI1O BS - RS ANAS UElil 
L S41g OSS 3 S10 

CTNZ bso Oo) 
-OO1l 1a TD UdolA UdFoIB 

io YIOIC T4LS74 TALS7TS le i 
8,74 S00 

\ 
“
c
e
 
|
 

a
K
 

|
 

4 

o 

o
N
 

ABA- | 

T
O
Y
U
L
N
O
D
 

HALT-O 

DATA-O (-2) 

AD 

7 

RCE-1 (2) 

"e
y e < 

~ N 4 w \ 

Ud2id 
_MabLso8 

EXAMINE AND DEPOSIT 

TIMING | . 
QUEST EES 

+ 

S
U
O
M
I
:
 
M
E
I
N
 

4
 

J 

—
 0 mi Uv
 0 v 

vi < R
E
S
O
 

~f
 

A 6 C Ww U 

sue
 
G
R
E
E
D
 

-
 ~
 

4 
~ |} VYeois 

TAL SIO Beo . RESTART-O 

UVB 
TALSOO 

USe\B 
4 74L9S08 

UIIK 
24k 

wer +5V 

cast Bde! RIBS CABS 
3 AN +5V Xo) ee 

~ 

S
o
 
C
e
 

«= 
e
R
 

S423 
LATCH INSTR CYCLE, A

 

V
U
 A 

© 
S SI! e 

UBIIC 
Wa4Lso0e 

< -0 (-2) El 
| Same ILE WIRE 

\ 
c
e
 

Pa wo
 

Ith ’ U2NA 
SRE sv T4LSI0 

(I 3 

aK 12 
oo 

ee
n 

C
O
s
 PIAE 

C5356 
ele) 

o
.
.
 

‘ 
we

n 

USB 
TM4L90e 

Ud3\B 
T4123 

S4| 
BRK ON DATA CoM * COMPARE LOGIC , : : 5V 

UILFE 
24K $42 

BRK ON ADR COM 

¢-3) ADCOM-! 4 ro
 

i 8 

UIA 

e
n
e
m
a
 

Ne b K UIND SUB 7aLSic : 

UTEST FIXTURE TIMING u u 
; (MEMORY (/D) g 

CEI SITES SEES: | 

+SV 

ks 
es | cee | ememememenmee: 3 (0

 
A
r
 

Sr | oO - 
DATA LATCH USA 

T4L500 

o
n
e
s
 

g < 

R
e
m
a
 

Ee spent: | anal REE EE: 

~DATA AND 
| el USE Mis GEE OEE 

Se
on
 

no
ma

 
e
e
 

e 4S
 

K = ce)
 

i
 

o
u
m
m
m
e
 
o
m
a
n
 

1]
 
A
 
N
e
 

om
e 

lo
w 

| 
q
r
 

c
a
e
 

| 
mu
mn
se
n 

ES / 
v
 

(-3) ADCOM-o o> waLSOO . 

Ul IN - . 

eyed | U2o1A : : +5V | i 

LSIO 
: 

6 J 3 2 ie 74 2 8 | 
ADR-O (-23) 

io
 

De S U42ic 
ADDRESS LATC T4L9508 e

n
a
 

+
 v!
 

< 

S
S
M
S
 

SS 

re ee ee 

UIA 

" WIOIA , MESO . 
a 74LS00' oe BA , pe IPE-O (-2) 

(-2) DACOM-) 

ee, | EEE 

i
m
m
e
 

we
t 

a
m
e
n
 
T
l
e
 

s
e
w
n
 

—
 b
c
 

CRO) 
Sas \ ~ 

INTERNAL PROM 0 re jz . Ky Ald’ RBC-I 

NABLE. 

iN > K 

€ 
=
 

eS
 

S
E
N
N
 

+
 < 

S
e
m
e
n
 

INTERNAL RAM , Js = |RE-| Ce) 

O 

NABLE 

R
R
S
 

ESIC «= REESEEEILUDS = RIEL UES ERE EEE, 

CONTROUW SWITCHES 

AND BUFFERS 
ee ee ee 

i 

4 

_
 

& N the oe
 nN F 

& |
 

+
 gi < 

N
C
 pe
 

LI 

SYSTEM TEST FIXTURE | CONTROL -| 
2304-16 

@ 



' Us2iB - 9| 7T4Lsel 
ge DACOM-) C1) 3 +8 

. 10 DATA LEDS DATAO 4 —| a e DBO 

\ 9 
5 7 N ON | 7T4L509'S . A 

93Lo8 » OBIT RIG = US3IB | " exn* 3 § Tale PSIA ZB glo i a VA +5 | \ DBO 1g 5 © \ OBO 3 P05 VA 
. : VU2lA : : , | J BIA 13 USBIA 
i 5 wa TaLsoe p | male OS '2 @ Sio KOB4 to vA DATA’ | 516 ' 4208 yy NDB __! US3IF 

: u  UBID R12 DBe 13 a, t ae UI , . Tae PS'2 4% Slo N [>o- | ° XpBe NG Ip, Qf NDS US3Ie 0 J & NW tS § LDBS tt Po! 4 

» mig 14 Slo | laBo : . 3 7atSBe KDBS_ OID. Q, [21 | “ +sv (— [ABI 
DATA & 9 =) > | pBe a J USE ps4 Re | Y_|ABe 

LC / DB Te ~~ 5 -, ¥_|ABS iu 
N / 2 

SAK ( 3 a 4 LAA V— +5V 2 \o 
; OS® a 5 = : 218 K DBS = 

( Baw ausoe a | WAG 47 sBO YY DATA S | SI4 b DBs) pee ba INS 
a U33\ 

, aia 
p ae : Tale OS!l 4 N DBO-| j . LDBT | 

4 " : 
DB1- | 

i i 
DBe-| ATA 4 | $7 

: eye i 
« tay 4 = | 

| 
ie 4 ral» 

DB4 
| a 

OTB 
io WE DB5-! 

| 
14L S600 3 WE = 

; 
; TAL SOa'S 2 ME | IME DBG-| @ © 

BBA 
DATA © S 7 

\ DBA 9 8 4 D, $1 & DBd YL y 4 D, 4) 5 “o DBT7-| : . 
US3SF DBS | 

a 
DBS Isp_le a 7 bBSY G\De Salt’, ) 

' a | ao +5V 
iN {>o= SJ De S2 Va . 

u i" Wi2iD 
US35A DRG | 

: | as ee \ DBS I Soz 2 lolps sal2 DBS J - lOlDa Salo LE, / ? T | bia 2) | _—— 
U531C | D 

DATA © 65 RT 
\ DBT b 6 \2 Da S4 | DBT Y/Y y \2 Da Sq in BTL 

: SBaboy? ABO NA, DBO LIA, : ! ' /AB1 IblA ABI 15 A> : 
b 

/ . UGe\ ABE 14] A rate : 
5 

AB2 IFAs 86L99 ABsig 3 &6L99 , / u VARs IS} Ag Ag : u 8 ean 

; | U3) 
J (pMa097| 

beam cans (77 coms UBela a ENDA-O  _ 7 
7T4LSe1 32 BYTE RAM 

: LAT DATA-O  _g — (INTERRUPT VECTORS) s) | CI) RWE-O + [el 
= (-1) RCE-| EE 
> : / ABO - | - 

| ABI - | »!\ 
! AB2-! _» = 

: 
AB3-|  _» vA a 

: 
ABS -| —P- to 2 7 A. 0, | 10 DB 7 \o J) t Sn, Va J _ I +5V 4 O41 p= | ———— 4 @ VV © ABG-| _p | ola, os|\t_DBe J S uN / |_|, (-3) ~ bs a ce] YY ‘a y \3 5 
AB7-~-| => . S/A. Onli DBR 5 ne, —————_——7_ |__| 

ee !s N e 3 93—————_ | Va 4 14 4} ABB-! _s | 4]A, Og {!4 _bBd J 4 Ln, |_| -~— 6 oN 0 as SS YY / 3 1S 3 e N Qe2l 5 Os-—-——__ | _-_ ———— Y > \e 2 ABIO-1 _ ss * VABS2/A. 6, |l@ DBS J 2 7, pa] | | _ | Va dl a V a \ 17 y, \ 
ABI1-1 gs ABT IA O7[I7__ DBT) pt ___y as ABI2-1 _» § Vane calla osha V 23 8 fe 18. sey 3 

> 
<1Ag PR +l2V | Hey a 22 19 yee ABYS~1 —p— VRBO 22 i3 4 22 19 13] | a Bp N 

Ag Vop | ~ 24 
ABIS-!  _»— N 

i —s=sSY Veo [24 psy 2A psy — +5V LABIS-1 <r? 2\ Uss el sy Yl 
= S708 Vee ps -5V oS rae S708 si ETB (-1) JRE-| > Vss, \e R =e 
| cS R cs Ss 

R6l ADDR AK (Sg gg 8 SELECT AB10__ =v ps8 SAS By REZ oes 
Pa 3 AB 3i, y, LS WA +5V > AK a > “| @ 1 — 

MA +5 | 13 A U8&O Y2 “ i 2 Fe TALSI39 | Y bt ecw _ a @ jw se 
AZ 5 ROM DIS-| pg gS : 

IO gy gg 
r 9 E 

_ =e one ERE ct T RE Be D> emo cam ate! 
@ 2304-17 . DATA = Cc. 



(SPREE ce 
[asm ome Te & ual “ADDRESS COMPARE LOGIC ® | 
i Se i /ABO-1 THRU ABT-\ 

ADDRO | 584 lon $ | 4 . (-2) 
U3TI ABO A& » ABO-| 

ae DM&097 Ue) 4 ‘\ ; utc psa4 g eS 4 ‘ Ao. ABi-| 
U i esi ey 19 io NABO__tolp, yi! 2f>o2 €k}—w— +5 N—> " 

e USTIC / ‘ KN AIO’ ABa-I 
5 io Misse |USTIC AB a 5 | oe 0583 4 panes | AN 

ADDR 1 | 583 i i ont -9 =) WLs02 KART BIDS Qs [>o £45 1 Ns AB3 -| 

| US3Tl | N ABI, : UTIB bSa2 4 ROS a K__ BIB ABA-I 
ae pusosr KARZ Sl, Qy [7 208 Ee} — 5 : L BIR y ABB-I 

| : | UTE Dsal uz R12 f L i i | BI - i / 2 810 : NBM ABe-! 
l , KABS Do Qo| 5 - in \9 +5 / Be , 

044i KABS Sips Qo [tT 2 $V | 
ae DM8097 a 7 : 

é 4 : UNF OST) 2 Slo 8 
| K ABS IBlo4 @,4{!9 - BAG FOV, | 

| usic 0563 2 Ret i 
| 6K? KABG 20 21) SAG 7 BIO i ADDRSZ | 58! Da Qe +5V | 

» _ UA | N j Rez . 
: | USID DSeI Ur 8 

| sy preoot LABT 2% pa @al23) 2n,8 47 5I10 | : / a Qs +SV 

Q i EIEoA TAGS i 

ADDR4 S04 is 14 jE = ' 
u : E seer | 

VUaTt YAEon 2 iy CUES ET CR SR EEE 

i ae DM8097 UG\ UII Is fe . ,POWER FILTERING, 
/ ° 93L08 —— ie ' CZ Cl 1} C3cl CH3\ CRIA ERE GEERAISER REED? —— Ee 

; Ww ZO C41 CIB C3al CSel u 
! esi Cl4t Case C571 

[ : CGO CI7l CAN Ceol | 
ADDR SOR c 7 4 Onn Cel CB Caz Cee! ; 

ABS TN HI2V cg . A25. 412 VOLTS 
; pMs0o7 4 ‘ C&O TBI C4 CTeat < at > 
: : Yer | Cal C321 C501 c7a0 | 
: : : \ C8>CS33\ CSe|l -T4yar | 
8 5 Usel : Ciol C34\ CS25 ; 

wf eV < f a: . 
ADDRG) $62 Bn tee . ‘Ny L C770 |e | B24 i+ VOLTS 

, Vath A ,OSue 47uk T- 2 

 B emed al ani 
Q f Qo5D Games: aeons | GueEm cREE queen que cau qmunse wen se | 

, i y > Bis | 

, : 2 i er | 820 eND | 
ADDR T § Sol = ; O-Sa + Bess 

| U3T bo 541 —Ce13 6 
‘ A, pmeost Shik CROT! | SMF 

Qo7! _ : 
(-1) LAT ADR-O _,, - © Com Bm .-S VOLTS 

Com! O129mMH 
| : UGI - riiaa 

: : pW +5V 
; S Uae 

f | ~~ 
. ° = ? ] i2 TALS8@ Q As J I VOLTS 

2 ks i C6BO V3 

Uda) ABS —s} Usel » pr VOLT SUPPLY i 

: 2.4 . 8 i S dye pe ADCOM-! (-V) 
| 25 r US35¢c 

| e 9 74 : 74804 
i | 4 U 

ADDR. | 953 Eten !o 3 ° _g ADCOM-O (-1) 
U441 -_ | 

Bt DM8097 | 

i | : 
ADDR 10} 552 —s | 

U4) yi 
ae DM8097 8 : 

u 
1 [3 i : 

ADDR11 S51 is wit, pA | i 
, ee + | , ADDRESS LEDS ; 
i a IS ap B ERE EEE ST ee A 

4 5 TAGS i 
| YAEos USIB DS54_2¢ Rot @ i # B10 ul | | ABs _tolp, gall " 3nos ‘SV 

ADDRI2, 544 ——— ; 
' ua : USIE 0553 2 ERS : 
: Aa pMeoe7 ABa__aip. Qs \ | sv 

LBIA D552 _¢ RSZ L 
i a BIO 

| PBIo _¢ |p, Q, |Z IN, +5V 

ADDR'A3. S37 Po | USIF D351 Ur el : 

/ U3 ABM 4ipg QoS! BR !2 ~ N AN 
i 

ae DM8097 U6) a : 
i 24K —-~] —  uUdie DS3a4 U2 al | BS y ABS -| 

, gw + 5V ARIZ 1elD, gal! b 5K 6 OM asy a4 

2 86 | UID D933 Ue At : M : Blo ABIO-1 apprta| Seq : lIOn S| 13), ABI ig Dy, Q, 92 9 & “” $5V 4 

9 ae ABIG y O4iB DES ur RBZ Bid y ABII-I 
80% WU : a@ BIO : 

_ 24k c ABi4 20 De Qa : q $5 i AG ABIe-1 

u 2 Us R / UME DS3I Zz Eel | B7_y ARI3-! > 

l 9 Tae [Yeats PRI 22 lp, qai23"_lipto +5V 3 Aly ABI4-I Y 
ADDR154 935 ens} 2'o TALSO® | aaa 3 3 U3 ABIS \ 2 . id Z BB y ABIS~1 v 

DM8097 " 
AB&-) THRU ABIS-1 2) 

) @ 2204-18 


