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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 Svstem Test Filxture as an ajid to troube
leshooting these intelligent machines,

Typlcal systems offered by Tektronix using 6800 microproces=
sor technoloagy 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 IEEE=488=1975 Standard Digital Interface
for Programmable Tnstrumentation, L.

There are optional cables and accessories available to use
the System Test Fixture witn a number of intelligent systems
of fered 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,

Miecroprocessors, when used as controllers for an intelligent
device, must ne treated much like a computer, The System
Test Fixture connects directly to the microprocessor bus and
control lines or theilr buffered equivalent, After the elec=
trical connection is made, System Test Fixture operations
closely resemble the control console operations of any
mainframe computer system, Binary data can be stored and
retrieved from specified addressable locations, Programs can
be run, Processes can be stopped and the miecroinstrucitons
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 depen-
dent upon the operations of the specific test proaram,

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 6800 microprocessors, They include
random access memory (RAM) for temporary data storaae, read
only memory (ROM) for permanent data and program storaqe,
and perioheral interface devices (PIA’s and ACIA‘®s) for
equipment control and data transfer, Some intelligent sys=
tems may even have discrete logics that decode address
information, latch data, and perform special operations.

SYSTEM TEST FIXTURE @
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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,
Nther 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
tirmware tests for the 4051 Graphic System,

Available Test Fixture Memory

The System Test Fixture contains a possible 4K of programme
able readeonly memoryv (PROM), Within the System Test FiXe
ture, the address strap is set fto give the PROM devices an
address space in the 4K address reqion bounded by 9000 and
9FFF (Fig, 1=3), The internal fixture PROMs contain special
test programs for the 4051 Graphic System, The strap can be
changed to select any 4K address partition in the upper 32K
of the microprocessor®s 64K address space for PROM addresse

ing,

System test proqrams can be changed by replacing the exist=
ing PROMs in the System Test Fixture with a new set,

The System Test Fixture also6 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 utie-
1ize 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 1«4 jillustrates some of the devices necessary
to make the 3System Test Fixture usable As a service trouble~
shooting tool,

SYSTEM TEST FIXTURE @
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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 System Test Fixture
housing except tor the jumper that selects the PROM address
space, The 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.







Seetion 2
OPERATION

Getting Started

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

2, Check to see that the appropriate proqgrams are in~=
stalled in the System Test Fixture, The test progranms
are available through the reqgional field service cen-
ters as programmable read only memory (PROM) devices,

3. Be sure voiu have the appropriate interface adapters and
cables for the system to be tested,

4, Connect the System Test Fixture to your equipment as
descrived 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 0of a mainframe
computer, The switches are used to load and retrieve data to
and from memory. The switches are also used to execute
prodrams, provide data input and enable data display opera=
tions under program control, Debugging breakpoints that
monitor data at specified addresses or address monitoring of
specified data values can be implemented hy appropriate
switch settings, B

NOTE

1f the HALT line goes active during the
last processor cvcle of an instruction,
one more instruction will be executed
before the halt iIs atfected and the
microprocessor tinally stops,

The switches and indicators perform the following functions,

r true

All slide switches Up =1 o
= Q0 or false

Down

SYSTEM TEST FIXTURE @ 2-1
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16 Address switches

8 Data Switches

sTop

STEP

ABA LED

EXAMINE

DEPOSIT

AB15=ABR(0 left to right in aroups of
four switches, AB1S5 1s the most
significant and AB0O is the least
significant address blit,

DR7=DB0O left to right in two groups
of tour switches,DB7 is the most
significant and DRO {s the least
significant data bit,

This signal will cause a HALT sig=
nal to be sent to the 6800 micro=-
processor, After completing the
current instruction, the 6800 m{=-
croprocessor will make the busses
avajilable for other uses and assert
Bus Avallable (BA),

fince the microprocessor halts, the
STEP switch can be used to step
through the microinstructions, one
jinstruction at a time, Fach of the
jnstructions may comprise 1, 2 or 3
memory locations (8ebits each),

This lamp turns on when the micro=
processor stops and makes the
busses Aavailable, The microprocess=
sor asserts BA, which {s used as
ABA meaning the address bus 1is
available,

This switch, when pressed, causes
data found at a memory location
determined by the address switches
to be displaved in the Data LEDs,
The microprogessor must bhe halted
in order for this switch to have
any aftect,

This switch, when pressed, causes

data found in the Data Switches to
pe loaded into.the memory location
as determined by the Address

@ SYSTEM TEST FIXTURE
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DEPOSIT (contd)

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 switch §is tied directly to the
RESTART line and causes a vectored
restart interrupt to occur whenever
this switch is pressed,

This slide switch will enabhle mem=
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 displaved on the
nData LEDLS,

This slide switeh 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 Aad=
dress is displaved in the Address
LEDs, The address displayed is the
location where the data was found,

This slide switch activates the
INTERNAL PROM ENAHLE S1IGNAL, As a
result, the RBC (ROM BANK CONTROL)
signal is made false to disable a
4K byte memory address region in
the upper 32X of the equipment une
der test, The firmware tests stored
in the System Test Fixture on pro=
grammable read only memory (PROM)
Aare enabled,

This slide switch activates the
INTERNAL RAM ENABLE signal, As a
result, the ROM DIS signal is as=
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,

@ 2-3
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Section 3
CIRCUIT DRESCRIPTION

INTRODUCTION
General

The 067=0746=00 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 mav 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 Flxture kevhoard layout
along with signals found on the microcomputer pus cables,
Meanings of each slgnal name are described later, The push=
button switches (STOP, START, STEP, EXAMINE, DEPDSIT and
RESTART) cause the specified operation to be performed, The
microprocessor must be stonped and the ABRA 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
push=button switches, The microprocessor must be running for
these switches, with the exception of INSTR CYCLE, to be
useful, The LATCH DATA and LATCH ADNDRESS switches enable
data bus and address bus contents to re displaved as a
program is running, The FIXTURE PROM and FIXTURE RAM
switches select internal PRO#4 and internal RAM when on, The
BREAK DATA and BREAK ADDR switches forces a microprocessor
halt upon A valid data or address comnarison, The 1HNSTR
CYCLE, when on, allows an lnstructioon address and 0OP=CODE
information to be displaved when single=~steppinao 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 datAa bus and address bus information,

SYSTEM TEST FIXTURE @
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Fig. 3-1. System Test Fixture showing microcomputer interface signal lines.
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TIMING

CIRCUIT DESCRIPTION

A typical 6800 microcomputer system that can be exercised by
the 8System Test Fixture is shown in fig, 3=2, This illustra=
tion shows how the basic interfacing signals used by the
System Test Fixture are generated, See the reprinted speci=
fication sheets in Section 4 of this manual for detailed
6800 microcomputer system timino and operations, These
specifications are reprinted by permission of Motorola Semi=

——ff-  +12 VOLTS
—fe- 45 VOLTS
—ee = .12 VOLTS

= MCPI

T,

VMA
ADDRESS BUS

6800 MPU

W ABO0—AB15
DATA BUS I
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ROM DIS

RWOC

BA

ABA

HALT

HALT

RESTART

———
> RBC
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i
5

RESTART

SYSTEM TEST FIXTURE

J

Fig. 3-2. 6800 Microcomputer Block Diagram.
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CIRCUIT DESCRIPTION

A block diagram of System Test Fixture tunctions (Fig, 3~3)
shows the switches, circultry being controlled, and the
interface lines to a 6800 anicrocomputer system (Fia, 2),
Detailed circuitry of each block in the diagram can be tound
on the schematics at the end of this section, This block
diagram is a convenient map to understandina 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 1is appended by a dash-one (NAME=1), then
the true state of the logic signal is high, If the sianal
name is appended by a dashwzero (NAME~0), then the true
state of the logic signal is low, 1f 8 dash=one or dash=zero
is missing from a schematic mnemonic, an analoqg signal {is
generally assumed, In the text of the manual and tables, the
dash=one and dashe=2Zefro are often not shown; the true state
or false state mentioned for these slgnals i{s dependent upon
the appended one or zero as found on the schematic diagranm,

Detinitions 0Of Signal Names

ABO thru AB15 ADNRESS BUS
These signal lines are the address
bus that is used by the 6800 micro=-
processor and its associated memo=
ries and peripheral interfaces,

ARA ADDRESS RBUS AVAILABLE
The bus availlable (BA) 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 BEREAK ON DATA COMPARE
Tnis sianal reflects the state of
the BREAK=DATA switch and, when ac=~
tive, forces a HALT signal whenever
the deta bus value reflects the
pattern set in the Data Switches,

34 @ SYSTEM TEST FIXTURE
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CIRCUIT DESCRIPTION

BRK ADRS COM

DA COM

ENADR

ENDA

HALT

IPE

3-6

RREAK ON ADDRESS COMPARE

This signal reflects the state of
the BREAK=ADDRESS switch and, when
active, forces a MALT signal when=
aver the addresses on the address
bus reflect the pattern keyved into
the Address Switches,

DATA COMPARE

This sianal 1s true whenever data
on the data bus is the same as data
entered into the Data Switches,

KNABLE ADDRESSING

The ENADR signal, 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
signal becomes true for one memory
cycle when either the EXAMINE or
DEPOSIT switches 1s pressed,

ENABLE DATA

The ENDA sigpal, when true, places
the contents of the Data Switches
onto the data hns, This allows the
system Test Fixture to place data
inte memory locations and peri=-
pheral registers when the micropro=
cessor is stopped,

HALT THE MICROPROCESSOR

When this signal becomes true, the
microprocessor will stop after com=
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 1s 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

@ SYSTEM TEST FIXTURE
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IRE

LAT ADR

LAT DATA

P1AE

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 addregs space of the
device under test,

INTERNAL RAM EWABLE

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
test,

LLATCH ADDRESS

This signal is activated by the

LATCH ADDRESS switch and the data
compare signal to strobe the cone=
tents of the memory address bhus
into the Address LEDs,

LATCH DATA

This signal is used to strobe the
contents of the data bus into the
pata LEDs, When the EXAMINE switch
is pressed, the data found at the
address specified by the Address
Switches 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 sional goes false whenever the
addresses for the internal PRUMS
are activated, The signal s used
to disable a memory address space
in the device under test and make
the addresses avalilable to the Syse
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RBC (cont‘d)

RCE

RESTART

RO¥ DIS

RWE

RWQC

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

This signal allows the test fixture
or microprocessor to address any of
12 random access memory locations
in which temporary interrupt vecs=
tors may be stored,

RESTART (OR TNITIALIZE

This signal forces a vectored in-
terrupt to a speclal test program
as determined py the restart inter=
rupt vector (FFFE=FFFF),

ROM DISABLE
This 1s the read only memory (ROM)
disable signal 1line that 1is used to
disable the RUOM containing the in=
terrupt vectors for the processor,
The System Test Fixture provides
vector address space whenever the
internal FAM enahle switch is true,
The switch, when true, causes the
Rk NIS sianal to he asserted, The
internal RAM occupies the highest
32 memory locations 1n the 64K ad-
dress space of the micronrocessor,

KAM WRITE ENABLFE

This signal i{s true whenever data
is to be written to memory by any
other perirheral device,

READ/WRITE OUTPUT COMMAND

This signal is the systen
read/write (R/W) signal that 1is
generated py the microprocessor oOr
System Test Fixture,

@ 'SYSTEM TEST FIXTURE
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CIRCUIT DESCRIPTION

CIRCUITRY
Block Diagram flverview

Refer to the block dilagram of Fig, 3=3, The "control
gswitches and buffers" block contains the microprocessor
control and function switches, Also incliuded are flip=flops
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 truve, data from the "data
switches" can be placed on the data bus (DB0=DB7), When
LATDA {5 true, the contents of the data bus are strobed into
a buffer register and displayed on the "data LEDs," Whenever
the contents of the "data switches" matches the contents of
the data bus, DACOM becomes true,

The "address compare loalc" 1is controlled by LATADR and
ENADR and produces ADCOM in mych the same way as the "data
compare loglc" is controlled by LATDA and ENDA and produces
DACOM, ‘

The RAM block contains data storadge registers to allow tne
ugser to modify the interrupt vectors, This data storage {s
addressed only when IRE is true,

The PROM plock contairs data storage registers for test
pregrams, This block ot memory car be addressed only if IPE
is true, The "PR{O" enable” block contains an address jumper
to determine tne address space occupled hy the PROMS,

HALT requests are generated by the "halt on compare loglic"
and by pressing the STOP switch,

"Test fixture timinag" controls the time sequencing of operas=
tions necessary for data transfer operations, halt opera=
tions, sinagle 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 3=1,

SYSTEM TEST FIXTURE @ ' 39




CIRCUIT DESCRIPTION

Tahle 3=1
POWER REQUIREMENTS

+5 VOLTS Used by all logic circuilts,
+12 VOLTS Used by PROM devices,
=12 VOLTS Used to generate=5 volt supply for PROMS,

Test Fixture Timing

Timing for examine and aeposit operations is illustrated in
Fig, 3~4, U431A and U431B Aare two monostable devices shown
on the schematic foldmout at the end of this chapter, These
devices, along with microprocessor clock sianals MCP1 (01)
and PIAF (02) are used for Svstem Test Fixture timing
clocks, Whenever an FXAMTAE or DFPOSIT switch 1s pressed,
the value of ENADR does triue for one microprocessor cycle,
If the FXAMINE 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 qgoes false, 1431 provides timing for the
memory devices, If the DEPOSIT switch was pressed, LAT DA
remains talse whereas RWE and ENDA qo true, This causes data
to be strobed into memory via U431 pulses,

mce1-1 _J I l I r-_-—l—_]-_‘——r_—l——
PIAE-1 (MCP 2) ___r_l._j—-l—l——l——-r_—l-—_—-l-_

| | |
i ] !
| I [}
U431A ' l : l I [ l J—
et bl |
200ns 200ns
ENDAQ e e e an e
L 1]
ENADR-O .
1 |
LATDAD e e e o om0 em e
| 1
u43iB l I
g
200ns
RWE-0 [ I

2304-8
Fig. 3-4. EXAMINE And DEPOSIT Timing.
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CIRCUIT DESCRIPTION

Refer to the composite timing diagram of Fig, 3=5, U1018 and
Ui101C provide debouncing for the EXAMINE and DEPOSIT
switches respectively, U401A is cleared npy pressing the
EXAMINE switch or DEPOSIT switch and is set after MCP1
triggers 04018,

Halt mode timing and single instruction step timing are
illustrated in the timing diagram of Fig, 3«5, The STEP
switch has debounce flip=flops that perform much the same as
flip=flops on the EXAMINE and DFPOSIT switches, If the

onwo/ S\

(U401A)

STEP

(uto1

_ENADR-0 (U401B})

o A T\

HALT-0
DHALT-1 (USO1B)
LATINS-0 (U111B)
—————————————————————————— s e o o e > > e D G — - T D D G D D b D D e e e
N LOW IF LATCH INSTR CYCLE SWITCH IS OPEN AND MPU IS HALTED /

r r T

PIAE ! H i ) ——— H A
A\ )
/ K N
LOW IF MPU IS HALTED SINGLE STEP EXECUTION

u4218
U421B = LATCH INSTRUCTION STROBE IF LAT INSTR CY iS TRUE.
va218

= PIAE IF LAT INSTR CY IS FALSE.

2304-9

Fig. 3-56. System Test Fixture Timing.
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CIRCUIT DESCRIPTION

microprocessor is halted, the STEP switch causes the HALT=0
signal to go high for one machine cycle thus causing a
single microprocessor instruction to be executed, DHA[T=1 is
a delayed HALT singnal that is used to latch data pertaining
to the instruction beinug executed as a result of singlee~step
operation, U4213 provides the pulse that i3 used to lateh
the OP=CODE of the instruction beinqg 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 6800 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, Unly when the
microprocessor 1s operatinag can VME be issued to allow the
phase two microprocessor clock MCP2 (02) to become the PIAE
slgnal used by the System Test Fixture,

Figure 3=6 compares mermory write operatjions between micro-
processor initlated writes (RWOC line from a 40%1) and
System Test Fixture initjiated writes using the DEPOSIT
switch, '
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FROM 6800 MICROCOMPUTER SYSTEM (4051 GRAPHIC SYSTEM)

CIRCUIT DESCRIPTION

MCP1 ] | |
PIAE-1 | |
RWOC (R/W)-1 I |
RCE-1 B | ﬂ’f
200 ns

. i
RWE-0 u

DEPOSIT SWITCH WRITE

rd

4
- rad
DEPOSIT.._._[

L
MCPIl | 1 |
PIAE-1 = low
ENADR-0 L ‘ [
RWOC-1 I [
RCE-1 = hi
RWE-0 I |
2304-10

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

6800 MICROCOMPITER SPECIFICATIONS

These specification sheets are reprinted by permission of
Motorola Semiconductor, Tn¢, The specification information
is current as of the first printing of this manual. pdates
and corrections and desidgn 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 heing tested as docurented in the
service manual for that product,
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6800 MICROCOMPUTER SPECIFICATIONS

4-2

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-

si
e

ng applications realizable.

Eight-Bit Parallel Processing

Bi-Directional Data Bus

Sixteen-Bit Address Bus — 656K 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

(N-CHANNEL, SILICON-GATE)

MICROPROCESSOR

MOS

NOT SHOWN: P SUFFIX
PLASTIC PACKAGE
CASE 711

L SUFFIX

CERAMIC PACKAGE
CASE 7156

M6800 MICROCOMPUTER FAMILY
BLOCK DIAGRAM

MCE800
Microprocessor

|

Read Only
Memory

Random
Access
Memory

Interface
Adapter

interface oo
Adapter

Modem Output

A |

Address Data
Bus Bus

MC6800 MICROPROCESSOR
BLOCK DIAGRAM

Data Bus

Address Bus

T

Data Registers
. Bnd Buffers

. Registers.

Address

and - #-
Buffers

A

input/ —f

Control -=g—

Control

A
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6800 MICROCOMPUTER SPECIFICATIONS

MC6800

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

Characteristic Symbol Min Typ Max Unit
Input High Voltage Logic ViH Vgs+2.0 - Vee Vde
1,02 ViHe Vee — 03 - Vgg + 0.1
Input Low Voltage Logic ViL Vgs—0.3 - Vgg+08 Vdc
01,02 ViLe Vgs — 0.1 - Vgs +0.3
Clock Overshoot/Undershoot — input High Level Vos Vee — 056 - Vee +0.5 Vdc
— Input Low Level Vgs — 05 - Vgg+ 0.5
{nput Leakage Current lin nAdc
(Vin=01t056.26 V, Vcc = max) Logic* - 1.0 25
(Vin=0105.25 V,Vge = 0.0 V) 01,02 - - 100
Three-State (Off State} Input Current D0-D7 ITs) - 2.0 10 rAdc
(Vin 0.4 10 2.4V, Vg = max) A0-A15,R/W - - 100
Output High Voltage VoH Vde
(I Load = —205 pAdc, Vg = min) DO-D7 Vgg+2.4 - -
(ILoad = —145 pAdc, Ve = min) A0-A15,R/W VMA ) Vgs +2.4 - -
(ILoad = —100 nAdc, Vg = min) BA Vgg + 2.4 — -
Output Low Voltage VoL - - Vss +0.4 Vdc
{I_oad = 1.6 mAdc, Vgc = min)
Power Dissipation PD - 0.600 1.2 W
Capacitance ¥ 01,02 Cin 80 120 160 pF
(Vin=0,Ta =25°C, f = 1.0 MHz) TSC - - 15
DBE - 7.0 10
DO-D7 - 10 126
Logic Inputs — 6.5 8.5
AQ-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 PWeH ns
(Measured at Voo — 0.3 V) o1 430 - 4500
?2 450 - 4500
Total ¢1 and $2 Up Time tut 940 - — ns
Rise and Fall Times 1,92 tor: topf 6.0 - 50 ns
{Measured between Vgg + 0.3 V and Vgg — 0.3 V)
Delay Time or Clock Separation 14 0 — 9100 ns
{Measured at Vgy = Vgg + 0.5 V}
Overshoot Duration tos 0 - 40 ns

*Except TRQ and NMI, which require 3 k§2 pullup load resistors for wire-OR capability at optimum operation.
#Capacitances are periodically sampled rather than 100% tested.

FIGURE 1 — CLOCK TIMING WAVEFORM

Overshoot
Vos
Vipcmin
T Vos
tos
Undershoot
tos —
— J— Vos
ViLgcmax
=" \/
Vov = Vgg * 0.5 V = Clock Overlap Vos
rneasurement point
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6800 MICROCOMPUTER SPECIFICATIONS

MC6800

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vee ~0.3 to +7.0 Vdc
Input Voltage Vin —0.3to +7.0 Vde
Operating Temperature Range TA 0to +70 °c
Storage Temperature Range Tstg —5B5 to +160 oc-
Thermal Resistance 04A 70 oc/w

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

This device contains circuitry to protect the
inputs against damage due to high static voit-
ages or electric fields; however, it is advised that
normal precautions be taken to avoid applica-
tion of any voitage higher than maximum rated
voltages to this high impedance circuit.

Characteristic Symbol - Min Typ Max Unit
Address Delay tAD = 220 300 ns
Peripheral Read Access Time tacc - - 540 ns
tacc = tut — (tAD * tDSR)
Data Setup Time (Read) tDSR 100 — - ns
Input Data Hold Time tHy 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 Input 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. tPCF - - 100 ns
Bus Available Delay tBA - - 300 ns
Three State Enable tTSE — - 40 ns
Three State Delay tTSD - - 700 ns
Data Bus Enable Down Time During ¢1 Up Time (Figure 3) 1DBE " 150 - — ns
Data Bus Enable Delay {Figure 3) tpBED 300 - - ns
Data Bus Enable Rise and Fall Times (Figure 3) tDBEr tDBEf - - 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

/

Start of Cycle

0.3V

1

1 / Vec—03vVv

\

ZCi.3 \%

/

tAD

Vee-03V
N o3v

$2 _\
2.4

R/W

T

Address 2.4V

From MPU M_V_.-\\a\-—\'

le—— tAD =

e

N

—j et

tDSR -

or Peripherals

AR Data Not Vatid

24V
VMA
tAD t
Data 20V
From Memory
08V

Data Valid
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MC6800

FIGURE 3 — WRITE IN MEMORY OR PERIPHERALS

— Start of Cycle

teye
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[— [+ R AV o3v
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iy
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FIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY
versus CAPACITIVE LOADING
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FIGURE 5 — TYPICAL READ/WRITE, VMA, AND
ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING
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MC6800
FIGURE 6 — BUS TIMING TEST LOAD
TYPICAL POWER SUPPLY CURRENT
4,75 V z FIGURE 7 — VARIATIONS WITH FREQUENCY
E 160 T T T T T T
et ¢1 Duty Cycle ~¢2 Duty Cycle = 50%
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MC6800

MPU SIGNAL DESCRIPTION

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 (41, $2) — Two pins
are used for a two-phase non-overlapping clock that runs
at the VC 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.

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.

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 fow.

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
| = 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
in the Condition Code Register is not set, the machine will
begin an interrupt sequence. The Index Register, Program
Counter, Accumulators, and Condition Code Register are
stored 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 TRQ has a high impedance pullup device internal
to the chip; however a 3 k2 external resistor to Vg
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)} locations 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 TRQ.

@ MOTOROLA Semiconductor Products Inc.
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MC6800

Figure 9 shows the initialization of the microprocessor
after restart. Reset must be held low for at least eight
clock periods after V¢ 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
NMT signal. The interrupt mask bit in the Condition Code
Register has no effect on NMI.

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 k2 external resistor to VcC should
be used for wire-OR and optimum control of interrupts.

Inputs IRQ 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.

FIGURE 9 — INITIALIZATION OF MPU AFTER RESTART

4.76 V

Vee /

o0 L N n nnnnnnnnqi Mo nrmnn.n

Iy
—] r——Flrst Instruction Loaded into MPU
| .

@2
L 1!
Reset I;
ra———————— > 8 Clock Times __—-l
VMA A

Addreass Out
= FFFE

Address Out = Contents of

FFFE + FFFF
Address Out

= FFFF

TABLE 1 — MEMORY MAP FOR INTERRUPT VECTORS

Vector
MSs Ls

Description

FFFE  FFFF

Restart

FFFC  FFFD

Non-maskable Interrupt

FFFA  FFFB

Software interrupt

FFF8  FFF9

Interrupt Request

@ MOTOROLA Semiconductor Products Inc.
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FIGURE 10 — MPU FLOW CHART
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MPU REGISTERS

The MPU has three 16-bit registers and three 8-bit
registers available for use by the programmer (Figure 11).

Program Counter — The program counter is a two byte
(16-bits) register that points to the current program
address.

Stack Pointer — The stack pointer is a two byte register
that contains the address of the next available location
in an external push-down/pop-up stack. This stack is
normally a random access Read/Write memory that may

. @ MOTOROLA Semiconductor Products nc.

have any location (address) that is convenient. In those
applications that require storage of information in the
stack when power is lost, the stack must be non-volatile.

Index Register — The index register is a two byte register
that is used to store data or a sixteen bit memory address
for the Indexed mode of memory addressing.

Accumulators — The MPU contains two 8-bit accumu-
lators that are used to hold operands and results from an
arithmetic logic unit (ALU).

REPRINTED BY PERMISSION OF MOTOROLA, INC.
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FIGURE 11 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT
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FIGURE 12 — SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK
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m-1 m-1| PCH ‘./"9
m -—— SP PCL
m+1 m+1
m+2 ¥ m+2
/\ g /_’—
| | l |

@ MOTOROLA Semiconductor Products

REPRINTED BY PERMISSION OF MOTOROLA, INC.

4-10 @

Inc.

SYSTEM TEST FIXTURE



6800 MICROCOMPUTER SPECIFICATIONS

MC6800

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 -126 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 CLvV Clear Overflow L Rotate Left
ADD  Add CMP  Compare gga Rotdte Fli;ht
AND  Logical And COM  Complement RTI Return from Interrupt
ASL Arlthmetic Snit 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 y
BCS Branch if Carry Set DES Decrement Stack Pointer ggg 2:?&? with Carry
BEQ  Branch if Equal to Zero DEX  Decrement Index Register  gp) oot Intorupt Mask
BGE Branch if Greater or Equal Zero EOR E . £ pt Mas
BGT Branch if Greater than Zero xclusive OR SEV Set Overflow

o STA Store Accumulator
BHI Branch if Higher INC Increment sTS Store Stack Register
BIT Bit Test INS Increment Stack Pointer STX Store Index Register
gtg granc: I; tess or Egual INX Increment Index Register suB Subtract 9

ranch if Lower or Same

BLT Branch it Less than Zero JdMP - Jump i Swi Software Interrupt
BMI Branch if Minus JSR Jump to Subroutine TAB Transfer Accumulators
BNE Branch if Not Equal to Zero LDA Load Accumulator TAP Transfer Accumulators to Condition Code Reg.
BPL Branch if Pius LDS Load Stack Pointer TBA Transfer Accumulators
BRA Branch Always LDX Load Index Register TPA Transfer Condition Code Reg. to Accumulator
BSR Branch to Subroutine LSR Logical Shift Right ST Test
BVC Branch if Overflow Clear NEG Negate TSX Transfer Stack Pointer to index Register
BVS Branch if Overilow Set NOP NOQOperation TXS Transfer Index Register to Stack Pointer
CBA Compare Accumutators ORA Inclusive OR Accumulator WAl Wait for Interrupt
cLC Clear Carry
CLl Clear Interrupt Mask PSH Push Data

@ MOTOROLA Semiconductor Products Inc.
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TABLE 3 — ACCUMULATOR AND MEMORY INSTRUCTIONS
ADDRESSING MODES BDOLEAN/ARITHMETIC OPERATION COND. CODE REG.
IMMED DIRECT INDEX EXTND IMPLIED (Al register Inbels §j41312]1]0
OPERATIONS 00 ~ =|op ~ =|op ~ =|op ~ =|0OP ~ = refer to contents) H{1|N vic
Add ADDA 88 2 2|9 3 2|AB 5 2(8B 3 A+M=A IACIRE R RS R
ADDB €8 2 2/08 3 2|EB 5 2|FB 4 3 B+M~—8 tleftjtitit
Add Acmitrs ABA 18 2 1| A+B—A tleftjrityt
Add with Carry ADCA 88 2 219 3 2|A3 5 2/89 4 3 A+M+C—A ettt
ADCB cg 2 2{D9 3 2|E® 5 2|F3 4 3 B+M+C~B tleft)tirge
And ANDA 8 2 2|84 3 2|A¢ 5 2|B4 4 3 A-M—A ejell|liR|®
ANDB C4 2 2{D4 3 2(E4 5 2{/F4 4 3 B-M~—8 ejeititin|e
Bit Test BITA 8 2 2}95 3 2|A5 5 2|85 4 3 ArM ejeilit|R|®
BITB €5 2 2|05 3 2(E5 65 2|F5 4 3 B'M ejeilit|R|e
Clear CLR 6F 7 2|7F 6 3 00->M ®i®|RIS|RIR
CLRA 4F 2 1 | 00—A ®i®iRIS[R|R
CLRB §F 2 1] 00-8 ®(®RIS|R|R
Compare CMPA 8 2 2{81 3 2|At 5 2|B 4 3 A-M elofrit it
cMPB ct 2 2{D1 3 2|El 5 2|F 4 3 B-M oleftit| bt
Compare Acmitrs CBA n 2 1|A-8 DICIREIRE K
Comptement, 1's oM 63 7 2(713 6 3 WM e|e|t[3IR]S
COMA 43 2 1| A-A elefi|tIR]S
coms 53 2 1| 8B-8 elell[tiRIS
Complement, 2's NEG 66 7 2(7 6 3 00-M—M ole|! D@
(Negate) NEGA 0 2 1]00-AA elelt1D@
NEGB 50 2 1| 00-B~B efeli DO
Decimal Adjust, A DAA 19 2 1| Converts Binary Add. of BCD Characters |®fe ||| 1KD
into BCD Format
Decrement DEC 6A 7 2{7A 6 3 M—1-M ele|tit|ale
DECA 4A 2 1| A-1-A olejtftidfe
DECB SA 2 1|B-1-8B efel|tidle
Exelusive OR EORA 8 2 2|98 3 2{A8 5 2|88 4 3 A@M—A efe[t|t|R|e®
EORB €8 2 2|D8 3 2/E8 5 2[F8 4 3 BOM -8 eoleft|tiR|e
Increment INC 6 7 2|7C 3 M+t M oleit|1(B)e
INCA 4 2 1| A+1-A oleft|ti®)|e
INCB SC 2 1|B+1-8 oleft|ti®fe
Load Acmitr LDAA 8 2 2|9 3 2[AB 5 28BS 4 3 M-A oleit|tin|e
LDAB €6 2 2|06 3 2|E6 5 2|F6 4 3 M-B eleil|t{R|e®
Or, Inclusive ORAA | BA 2 2|8A 3 2(AA 5 2|BA 4 3 A+M—>A ele|lftiRfe
ORAB CA 2 2|{DA 3 2[EA § 2{FA 4 3 8+M—B efle|i|tiR|e®
Push Data PSHA 3 4 1| A->Mgp, SP-1-8P olejo(oinje
PSHB 37 4 1| B-Mgp,SP-1-5P elefelefe]e
Pull Data PULA 32 4 1| SP+1-SP, Mgp—A oleio|ofe|e
PULB 33 4 1| SP+1—SP, Mgp—8 elejo|e|efe
Rotate Left ROL 6 7 2|7 5 3 M DOHHGE
o e | Moo (3
ROLB 59 2 1}8 c b7 =7 b0 eleit|ti®t
Rotate Right ROR 66 7 2|7 6 3 M} elojt(ti®ft
RORA % 2 1| a0 < oo ololt|ti®)t
RORB 56 2 1|8 b7 T b0 ololt|tiE®)t
Shift Left, Arithmetic ASL 68 7 2(71 6 3 M - eleit| 1@t
ASLA 8 2 1|A 0 - OIIIIs-o ole|tfti®)!
ASLB 58 2 1|8 c b7 b0 eleit| 1@
Shift Right, Arithmetic ASR 6/ 7 2(1 & 3 M - olejt1KB)!
ASRA 47 2 1| A E:Ll]m -0 eloitft !
ASRB 57 2 118 b7 b0 c DILIMBIG N
Shift Right, Logic LSR 64 7 2|14 &8 3 M - ole|rR[11B)!
LSRA 4 2 1]A -1 - O ele|R|! H
LSRB 8 2 1|8 b7 L ole|r| @)1
Store Acmitr. STAA 97 4 2]A7 6 2{8B7 5 3 A-M eje|l|tiR|e®
STAB D7 4 2(€ 6 21F 5 3 B—M ’ eje|l|liR|®
Subtract SUBA 80 2 2[9% 3 2|/A0 5 2/{B0 4 3 A-M=A DL RIRA RS
SuBB €0 2 2|00 3 2|E0 5 2jF0 4 3 B-M—8 efe|t|1itf?
Subtract Acmitrs. SBA 0 2 1| A-B—A efe|tltitft
Subtr. with Carry S8CA 82 2 2|92 3 2|A2 5 2{B2 4 3 A-M-C—A efeft|tjtft
SBCB €2 2 2|D2 3 2{€ &5 2{F2 B-M-C—~8 ofeft|tit]t
Transfer Acmltrs TAB 16 2 1| A-8 ofe|l|1iR|®
TBA 17 2 1| B-A ele|t|1IR|®
Test, Zero or Minus TST 60 7 2] 6 3 . M- 00 o|e[]|1IR|R
TSTA 40 2 1| A-00 ele|l|1IR|R
TST8 50 2 1| B-00 ele|l|1{R|R
Hit|N[Z|ViC
LEGEND: CONDITION CODE SYMBOLS:
OGP Operation Code {Hexadecimal); + Boolean Inclusive OR;
~ Number of MPU Cycles; [C) Boolean Exclusive OR; Half-carry from bit 3;
= Number of Program Bytes; 1} Complement of M; Interrupt mask.
+ Asithmetic Plus; I Transter into; Negative {sign bit)
- Arithmetic Minus; 1) Bit = Zero; Zero (byte)
. Boolean AND; 00 Byte = Zero; Overflow, 2's complement

Mgp Contents of memory Jacation pointed to be Stack Painter;

Note

mode i

@ MOTOROLA Semiconductor Products Inc.

are inciuded n the column for IMPLIED addressing

Carry from bit 7
Reset Always
Set Always

e ~vpmO<NZT T

Not Atfected
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TABLE 4 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS ,
COND. CODE REG.

IMMED DIRECT INDEX EXTND IMPLIED §{4|3]2(1]0
POINTER OPERATIONS MNEMONIC | OP [ ~| # | OP |~ | # 0P|~ | #[O0P|~ | # 0P|~ | # | BOOLEAN/ARITHMETIC OPERATION N(zZ|V|C
Compare index Reg CPX 8C|3| 3(|9C|(4]2|AC|6[2|BC|6 {3 XH—M X -M+1) @B L]
Decrement Index Reg DEX 094 (1 X-1-X e|lfo|e
Decrement Stack Pntr DES KL SP—1-8P ele|e|o
Increment Index Reg INX 08f4 |1 X+1->X ell|e|o
Increment Stack Pntr INS 14|t SP+1->SP ejo|e|e
Load Index Reg LDX CE|{3| 3[DE| 4| 2 |EE[6|2|FE|5 |3 M- Xy, (M+1) =X ®@[t|R|e
Load Stack Ptr LDS 8E |3 3|9E|(4 ] 2|AE|6|2|BE|S5 |3 M- SPY, (M+1) > SP @|t|r|e
Store index Reg STX pF|{5| 2]er|7|2|FFl6 |3 XH—M, XL~ (M+1) ®@|t|R|e
Store Stack Pntr §TS 9F | 5| 2|AF[7 | 2|BF|6 |3 SPH—M,SPL~>(M+1) @|1|R|e
Indx Reg— Stack Pntr TXS B4} 1 X—-1-8p elefele
Stack Pntr — Indx Reg TSX (411 SP+1-X elele|e

TABLE 5 — JUMP AND BRANCH INSTRUCTIONS
COND. CODE REG.
RELATIVE INDEX EXTND IMPLIED 64 (3[2([1]0
GPERATIONS MNEMONIC opP|~|#|OP|~| #|OP[~|#|OP]|~ |# BRANCH TEST Hil | N{Z|V]C
Branch Always BRA (4|2 None e(eje|efo|e
Branch If Carry Clear BCC 241412 c=0 e|o e e oo
Branch If Carry Set BCS 25 (4 (2 c=1 ele|e|e e e
Branch If = Zero BEQ 2714 (2 Z=1 e|le|e|leiefe
Branch If >> Zera BGE 24 |2 N®V=0 el o e|0eie|o
Branch If > Zero BGT €42 Z+IN® V=0 el o|o|efo|e
Branch If Higher BHI 22(4 |2 c+2=0 o/ o e/ ele|e
Branch if < Zero BLE 2F| 4|2 Z+IN®Vi=1 elo|o|le|lofe
Branch If Lower Or Same BLS 28|42 c+Z2=1 el elele|le o
Branch If <Zero BLT 20|42 N®V=1 o|lefele|e|e
Branch If Minus BMI 2842 N= el efeflo|o!e
Branch |f Not Equat Zero BNE 26(4 |2 Z=0 el e le|lele|e
Branch If Overflow Ciear BvC 28412 V=0 e|lelofle o e
Branch |f Overflow Set BVS 291412 v=1 el efle|eje|e
Branch If Plus BPL A1 4|2 N=0 e|loje|e oo
Branch To Subroutine BSR 8D | 8 |2 e|loe|o|e|o|e
Jump JMP BE| 4] 2|76 3|3 See Special Operations e|le|e|l eje|e
Jump, To Subroutine JSR AD| 8| 2|8BD| 9|3 e|lelelo|e|e
No Operation NoP 01|z |1 Advances Prog. Cntr, Only e|e|o/ejo|0®
Return From interrupt RTI B(1o11 —
Return From Subroutine RTS /|5 |1 o] e ole
Software Interrupt swi F (1211 See Special Operations el e/lefejo |0
Wait for Interrupt* WA} 3E|9 |1 ® @ el efe|e
WAL puts Address Bus, R/W, and Data Bus in the three-state mode while VMA is held low,
@ MOTOROLA Semiconductor Products inc.
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SPECIAL OPERATIONS
JSR, JUMP TO SUBROUTINE:

INDXD

BSR, BRANCH TO SUBROUTINE:

PC_ Main Program sp Stack PC Subroutine
n | AD=JSR - §P-2 INX + K
INDXD n+1 | K=0ffset* l:> sp~1 | [n+21 H
n+2 | Next Main Instr. sp [ {n+2] L
*K = 8-Bit Unsigned Value [n+2}yand [n+2] | Formn+2
PC Main Program sP Stack PC Subroutine
n | 8D=JSR — §P-2 S | 1st Subr. Instr.
EXTND n+1 | SH = Subr. Addr. © SP-1 [n+3] H
n+2 | 8t= SubAr. Addr. SP | In+3l L (S Formed From Sy and Sy )
n+3 | NextMain Instr. — =Stack Pointer After Execution.

PC  Main Program sP Stack PC Subroutine

n {80-8SR - sp-2 n+2+K
n+1 | £ K= 0ffset” :> sp-1 [ In+21 H 1
n+2 | Next Main Instr. SP | [a+2) L

*K = 7-Bit Signed Value;

JMP, JUMP:

¢

n+1

Main Program

X+ K | Next instruction

RTS, RETURN FROM SUBROUTINE:

n+2 Formed From [n+2]  and [n+2}

C Main Program

n | JE=JMP
n+1 [Ky = Next Address
n+2 K = Next Address|

v
.

K | Next Instruction

EXTENDED

PC Subroutine sP Stack PC  Main Program
s => w »
] o1 [Ty
— sP+2 | N
RTI, RETURN FROM INTERRUPT:
PC Interrupt Program sP Stack P Main Program
EE e g
SP+1 | Condition Code [ ]
SP+2 Acmitr B
SP+3 Acmitr A
SP+4 Index Register (XH)
SP+5§ Index Register (X1 )
SP+6 NH
- SP+7 Np

TABLE 6 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS

COND. CODE REG.

IMPLIED 5143 ]2 0
OPERATIONS MNEMONIC jOP | ~ | = | BOOLEANOPERATION| H | | | N |Z C
Clear Carry cLe oc| 2|1 0—~C e o s oo R
Ciear interrupt Mask ctl 0E| 2 | 1 -1 @ R e |o® o0
Ciear Overflow CcLv 0Af2 |1 0V ele o e R e
Set Carry SEC 002 (1 1-C e|e | e o |0 S
Set Interrupt Mask SEI OF | 2 |1 11 e/ Sie o0 @
Set Qverflow SEV 2|1 1=V e|ejele|S5Sie
Acmitr A~ CCR TAP 06|21 A—CCR — ()
CCR > Acmitr A TPA 07 )21 CCR—A olojejefe]e

CONDITION CODE REGISTER NOTES:

(Bit set it test is true and cleared otherwise)

@ MOTOROLA Semiconductor Products Inc.

1 (Bit V)  Test: Result = 100000007 7 {Bit N} Test: Sign bit of mast significant (MS) byte = 1?
2 (Bit C}  Test: Result = 000000007 8 {BitV) Test: 2's | overflow from sub of MS bytes?
3 (Bit C}  Test: Decimal value of most significant BCO Character greater than aine? 9 {Bit N}  Test: Result less than zero? (Bit 15 = 1)
(Not cleared if previously set.) 10 (A} Load Condition Code Register from Stack. {See Special Operations)
4 (Bit V}  Test: Operand = 10000000 prior to execution? 11 {Bit1)  Set when interrupt occurs. If previously set, a Non-Maskable
5 {Bit V)  Test: Operand = 01111111 prior to execution? Interrupt is required to exit the wait state.
6 (Bit V)  Test: Set equal to result of N@C after shift has occurred. 12 (Al Set according to the contents of Accumulator A.

REPRINTED BY PERMISSION OF MOTOROLA, INC.
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TABLE 7 — INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES
(Times in Machine Cycles)

{Dual Operand}

>
Q
O
x

m
[t
m
eeenNeEPNEONOEOCc0e0 G 00000 00060000 NNSS B s ACCX

NOTE: Interrupt time is 12 cycles from the end of
the instruction being executed, except following
a WA instruction. Then it is 4 cycles.

pidassigtment

. @ MOTOROLA Semiconductor Products Inc.

{Dual Operand)

Neocoee Wernmeeeeseooocoooeecooeeecsesoo NS Immediate
Wo eo00 be Wo o000 0600600000 WOO6o00 0 e e WWwe Direct
Dee MO UIMBhe MG L0060 s006E0 Re0 8600 HDDAASNe Extended
e e ~Ne DUUIo NGO GO eeee0 000006 UNGe e oo NNOMOe Indexed
e enseececceoe e LoDALLIADADODDADRRE ® 000 o Relative
cocemeesecasceese0ee0NNEee06 NN S s 6 ACCK
eecoee 02000 Nes0Cce0 NOOOOOEOCENSOS WWNO S0 e e Immediate
© 000060060 WNMDLOOO0 WE DS S0 06O WE SO LKW oe s o Direct

e aneNe s e NI NINNG S0 s S0 es0e s s0oes s s e s Implid

B8
‘L Plastic Patkage dimensions,

3

T2
g 5 3
i £ E
6 7 o
e o 4
e e 4
3 4 o
9 8 o
4 5 o
5 6 e
5 6 e
6 7 o
6 7 e
e o 2
4 5 e
o e 4
e o 4
6 7 e
6 7 e
e o 10
e o 5
e o 2
4 5 e
o e 2
o o 2
e o 2
5 6 e
6 7 e
6 7 e
4 5 e
e o 12
e o 2
e o 2
e o 2
e e 2
6 7 o
e o 4
e o 4
e o 9

‘PACKAGE DIMENSIONS

CASE 716-02
(CERAMIC)

See Page 166 for

NOTE:

= 2|~ x|~ |T|o| oo m S

1. LEADS, TRUE POSITIONED WITHIN
0.26 mm (0.010) DIA (AT SEATING
PLANE), AT MAX. MAT'L
CONDITION. .

REPRINTED BY PERMISSION OF MOTOROLA, INC.
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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 (R/W) dur-

SUMMARY OF CYCLE BY CYCLE OPERATION

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 Made Cycle [VMA R/W ' J
and Instructions Cycles | # | Line Address Bus Line Data Bus
IMMEDIATE .
ADC EOR 1 1 | Op Code Address 1 Op Code
"A\gg ggf\ 2 2 1 Op Code Address + 1 1 Operand Data
BIT SBC
CMP SUB
CcPX 1 1 Op Code Address 1 Op Code
oy 3 2 | 1 | OpCode 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
ﬁﬁg ggﬁ 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
tgi 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 Addrass 1 | OpCode
STX 2 1 Op Code Address + 1 1 Address of Operand
5 3 o Address of Operand 1 Irrelevant Data (Note 1).
4 1 Address of Operand 0 Register Data (High Order Byte)
6 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
ARD 52A 2 | 1 | OpGCode 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 Plus Offset 1 Operand Data
CPX 1 1 Op Code Address 1 Op Code
oS 2 | 1| OpCodeAddress+1 1 | offset
6 3 ] Index Register 1 Irrelevant Data {Note 1)
a4 [¢] {ndex Register Plus Offset {(w/o Carry) 1 Irrelevant Data (Note 1)
5 1 tndex Register Plus Offset 1 | Operand Data (High Order Byte)
5 1 Index Register Plus Offset + 1 1 Operand Data {Low Order Byte)

@ MOTOROLA Semiconductor Products Inc.
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TABLE 8 — OPERATION SUMMARY (Continued)
Address Mode Cycle| vMA l l R/W
and Instructions Cycles # | Line Address Bus Line Data Bus
INDEXED (Continued)
STA 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
6 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
éfg E(E)?_ 2 1 Op Code Address + 1 1 Offset
COoOM ROR 7 3 0 Index Register 1 Irrelevant Data (Note 1)
R\JE((Z: TST 4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data {Note 1)
5 1 Index Ragister 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
§TX 2 1 Op Code Address + 1 1 Offsat
7 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 1 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 1 Irrelevant Data (Note 1)
8 4 1 Stack Pointer 0 Return Address (Low Order Byte)
5 1 Stack Pointer — 1 0 Return Address (High Order Byte)
6 [ Stack Pointer — 2 1 Irrelevant Data {Note 1)
7 0 index Register 1 Irrelevant Data (Note 1)
8 0 Index Ragister Plus Offset (w/o Carry) 1 Irrelevant Data {Note 1)
EXTENDED -
JMP 1 1 Op Code Address 1 Op Code
3 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
ﬁzg sea 4 2| 1 | opcCode 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
CcPX 1 1 Op Code Address 1 Op Code
tgi 2| 1 Op Code Address + 1 1 | Address of Operand (High Order Byte)
5 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)
STA A 1 1 Op Code Address 1 Op Code
STAB 2| 1 Op Code Address + 1 1 | Destination Address (High Order Byte)
5 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 o Data from Accumulator
ASL LSR 1 1 Op Code Address 1 Op Code
éfg ";‘“E)E 2| 1 | OpCode Address+ 1 1 | Address of Operand (High Order Byte)
COM ROR 6 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
&Eé: TST 4 1 Address of Operand 1 Current Operand Data
5 0 Address of Operand 1 frrelevant Data (Note 1)
6 1/0 Address of Operand 0 New Operand Data (Note 3)
(Nzc;te

SYSTEM TEST FIXTURE
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TABLE 8 — OPERATION SUMMARY (Continued)
Address Mode Cycle |[VMA RMW
and Instructions Cycles # | Line Addrass Bus Line Data Bus
EXTENDED (Continued)
B 1 | 1 | Op Code Address 1 | Op Code
STX 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
6 3 1 Op Code Address + 2 1 Address of Operand {Low Order Byte)}
4 0 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 [¢] Return Address (Low Order Byte)
6 1 Stack Pointer — 1 0 Return Address (High Order Byte)
7 0 Stack Pointer — 2 1 Irrelevant Data (Note 1)
8 0 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
II)I\:ESX 4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
INX 3 0 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 Q Accumulator Data .
4 [*] Stack Pointer — 1 1 Accumulator Date
PUL 1 1 Op Code Address 1 Op Code
a 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 index 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 0 {ndex 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 [o] Stack Pointer 1 Irrelevant Data (Note 1)
4 1 Stack Pointer + 1 1 Address of Next Instruction (High
, Order Byte)
] 1 Stack Pointer + 2 1 Address of Next Instruction (Low
Order Byte)

I @ MOTOROLA Semiconductor Products inc.
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MC6800
TABLE 8 — OPCRATION SUMMARY (Continued)
[ Address Mode l ICycIelVMA I R/W
and Instructions Cycles = | Line . ‘Address Bus Line Data Bus
INHERENT (C d) -
WAL 1 1 | Op Code Address 1 | Op Code
2 1 | Op Code Address + 1 1 | Op Code of Next Instruction
3 1 | Stack Pointer 0 | Return Address (Low Order Byte)
4 1 .| Stack Pointer — 1 0 | Return Address (High Order Byta)
9 5 1 | Stack Pointer — 2 0 | Index Register (Low Order Byte)
6 1 | Stack Pointer — 3 0 | Index Register (High Order Byte)
7 1 | Stack Pointer — 4 0 | Contents of Accumulator A
8 1 | Stack Pointer — § 0 | Contents of Accumuliator 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 Pcinter + 2 1 | Contents of Accumuiator 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 + 6 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
2 1 | Op Code Address + 1 1 | Irrelevant Data (Note 1)
3 1 | Stack Pointer 0 | Return Address (Low Order Byte)
4 1 | Stack Pointer — 1 0 | Return Address (High Order Byte}
5 1 | Stack Pointer — 2 0 | Index Register (Low Order Byte)
12 6 1 | Stack Pointer — 3 0 | 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 | Statk Pointer — 6 0 | Contents of Cond. Code Register
10 0 | Stack Pointer -- 7 1 | Irrelevant Data (Note 1)
1 1 | Vector Address FFFA {Hex) 1 | Address of Subroutine (High Order
Byte)
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
ggg S\L_g g;‘; a 2 1 | Op Code Address + 1 1 | Branch Offset
BGE BLT BVC 3 0 | Op Code Address + 2 1 | Irrelevant Data (Note 1)
BGT BMI BVS 4 0 | Branch Address 1 | Irretevant Data (Note 1)
BSR 1 1 | Op Code Address 1 | Op Code
2 1 | Op Code Address + 1 1 | Branch Offset
3 0 | Return Address of Main Program 1 | Irrelevant Data (Note 1)
8 4 1 | Stack Pointer 0 | Return Address {Low Order Byte)
5 1 | Stack Pointer — 1 0 | Return Address (High Order Byte)
6 O | Stack Pointer — 2 1 | trrelevant Data (Note 1)
7 0 | Return Address of Main Program 1 | trrelevant Data (Note 1)
8 0_| Subroutine Address 1 | irrelevant Data (Note 1)
Note 1. It 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 cycle 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.  White 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.
@ MOTOROLA Semiconductor Products Inc.
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BOX 20912 . PHOENIX., ARIZONA 85036

MC6820

(0 to 70°C; L or P Suffix}

- MC6820C

(-40 10 85°C; L Suffix only}

PERIPHERAL INTERFACE ADAPTER (PIA)

The MC6820 Peripheral Interface Adapter provides the universal
means of interfacing peripheral equipment to the MC6800 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.

e 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-lmpedance 3-State and Direct Transistor Drive Peripheral
Lines

® Program Controlled Interrupt and Interruot Disable Capability
@ CMOS Drive Capability on Side A Peripheral Lines

MOS

(NCHANNEL, SILICON-GATE)

PERIPHERAL INTERFACE
ADAPTER

L SUFFIX

CERAMIC PACKAGE
CASE 716

P SUFFIX

PLASTIC PACKAGE
CASE 711

NOT SHOWN:

MB6800 MICROCOMPUTER FAMILY
BLOCK DIAGRAM

MC6800
Microprocessor -
A ,
Data .
Peripheral
Read Only Data Bus & “.“,“' in “oma”
Memory out
L
Random
Access
Memory
. MCa820 .
" qu Memory 2
) ~Adepta’., Address i
v v P
o o
Control Canvol
tnterface |—# ™ Interrupt :
Adapter  leg— odem ' e
v \j

Address Dats
Bus Bus

MC6820 PERIPHERAL INTERFACE ADAPTER

BLOCK DIAGRAM
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MC6820
ELECTRICAL CHARACTERISTICS (Vg =5.0V 6%, Vgg = 0, Ta = 0 to 70°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Input High Voltage Enable VIH Vgg +2.4 - Vee Vdc
Other Inputs Vgg +2.0 - Vee
{input Low Voltage Enable ViL Vgs -0.3 - Vgs + 0.4 Vdc
Other Inputs Vgg-03 - Vgg+ 0.8
Input Leakage Current R/W,FTes—et, RS0, RS1, CSO, CS1,TSZ, CA1, lin - 1.0 25 pAdc
(Vjn = 010 5.25 Vdc} CB1, Enable
Three-State (Off State) Input Current DO0-D7, PBO-PB7, CB2 I7s} - 2.0 10 uAdc
(Vijn = 0.4 to 2.4 Vdc)
Input High Current PAO-PA7, CA2 WH -100 -250 - uAde
(Viy = 2.4 Vdc)
Input Low Current PAO-PA7,CA2 TR - -1.0 -16 mAdc
(VL = 04 Vdc)
Output High Voltage VoH Vdc
(I Load = -205 uAdc, Enable Pulse Width < 25 us) DO0-D7 Vgg + 24 - -
{ILoad = ~100 pAdc, Enable Pulse Width <25 us) Other Outputs Vgs + 2.4 - -
Output Low Voltage VoL - - Vgg + 0.4 Vdc
(I oad = 1.6 mAdc, Enable Pulse Width < 25 us)
Output High Current {Sourcing) 1oH
(VOH = 2.4 Vdc) DO-D7 -205 - - uAdc
Other Qutputs -100 - - pAdc
(Vo = 1.6 Vde, the current for driving other than TTL, e.g.,
Darlington Base) PBO-PB7, CB2 -1.0 -25 -10 mAdc
Output Low Current (Sinking)} loL 1.6 - - mAdc
(VoL =04 Vdc)
Output Leakage Current {Off State) IRQA, IRAGB | I oH - 1.0 10 uAdc
(VoH = 24 Vdc)
Power Dissipation Pp - - 650 mw
Input Capacitance Enable Cin - - 20 pF
{Vin =0, Ta =259, f = 1.0 MHz) DO-D7 - - 125
o PAO-PA7, PBO-PB7, CA2, CB2 - - 10
R/W, Reset, RS0, RS1, CSO, CS1, CS2, CA1,CB1 — — 7.5
Output Capacitance {RQA,TRQB | Cout - - 5.0 pF
{Vijn =0, Tp = 25°C, f = 1.0 MH2) P80-PB7 - - 10
Peripheral Data Setup Time {Figure 1) tppsSyU 200 — - ns
Delay Time, Enable negative transition to CA2 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 CAZ2 input signals (Figure 3) trtf - - 1.0 HS
Delay Time from CA1 active transition to CA2 positive transition tRS2 - - 2.0 us
{Figure 3)
Delay Time, Enable negative transition to Peripheral Data valid tPDW - - 1.0 us
(Figures 4, 5)
Delay Time, Enable negative transition to Peripheral CMOS Data Valid tCMOS - - 2.0 us
(Vce — 30% Ve, Figure 4; Figure 12 Load C) PAO-PA7, CA2
Delay Time, Enable positive transition to CB2 negative transition tcB2 - - 1.0 us
(Figure 6, 7)
Delay Time, Peripheral Data valid to CB2 negative transition tpc 20 - - ns
(Figure 5)
Delay Time, Enable positive transition to CB2 positive transition tRS1 - - 1.0 us
(Figure 6)
Rise and Fall Time for CB1 and CB2 input signals (Figure 7) ety - - 1.0 us
Delay Time, CB1 active transition to CB2 positive transition tRS2 - - 2.0 us
(Figure 7}
Interrupt Release Time, IRQA and IRQB (Figure 8) YR - - 1.6 us
Reset Low Time*® (Figure 9) tRL 2.0 - - us
*The Reset line must be high a minimum of 1,0 us before addressing the PIA.
I @ MOTOROLA Semiconductor Products Inc. —
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MC6820
MAXIMUM RATINGS
Rating Symbol Value Unit This device contains circuitry to protect the
Supply Voltage Vee ~031t0+7.0 Vdc inputs against damage due to high static volt-
Input Voltage Vin --0.3t0+7.0 Vdc ages or electric fields; however, it is advised that
normal precautions be taken to avoid applica-
Operating Temperature Range TA 0to +70 °c tion of any voltage higher than maximum rated
Storage Temperature Range Tstg —55 to +160 oc voltages to this high impedance circuit.
Thermal Resistance 04a 825 oc/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 PWER 0.45 - 25 us
Enable Pulse Width, Low PWEL 0.43 - - Hs
Setup Time, Address and R/W valid to Enable positive transition tAS 160 - - ns
Data Delay Time tDDR - - 320 ns
Data Hold Time tH 10 - - ns
Address Hold Time tAH 10 - - ns
Rise and Fatll Time for Enable input te, . tES - - 25 ns
WRITE (Figures 11 and 12)
Enable Cycle Time teycE 1.0 - - us
Enable Pulse Width, High PWEH 0.45 - 25 HS
Enable Pulse Width, Low PWg 0.43 - - us
Setup Time, Address and R/W valid to Enable positive transition tAS 160 - - ns
Data Setup Time tDSW 195 - - ns
Data Hold Time tH 10 - - ns
Address Hold Time tAH 10 - - ns
Rise and Fatl Time for Enable input tEr tEf - - 25 ns

FIGURE 1 — PERIPHERAL DATA SETUP TIME FIGURE 2 - CA2 DELAY TIME

(Read Mode) (Read Mode; CRA-5 = CRA-3=1,CRA4 =0)
PAQ-PA7 20V
PBO-PB7 0.8V Enable 0.4V
~={tPDSU
24V
Enable
* Assumes part was deselected during
the previous E puise.
FIGURE 3 — CA2 DELAY TIME
(Read Mode; CRA-5 = 1, CRA-3 =CRA-4 =0)
Enable 0.4V .

7
e -t
cAl ’ 2oV
e 0.8 Vv

7L

b= tca2 RS2 <
24V
CA2
04V
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FIGURE 4 — PERIPHERAL CMOS DATA DELAY TIMES
{Write Mode; CRA-6 = CRA-3=1,CRA4 =0)

‘FIGURE 5 — PERIPHERAL DATA AND CB2 DELAY TIMES

(Write Mode; CRB-6 =CRB-3 =1,CR84 =0)

Enable

PAOD-PA7
CA2

Enable 0.4V
—={tPDW
fBO.P 2.4V
80-PB7 0.4 V
= tDC
cB2 24V

CB2 Note: CB2 goeslow as aresult of the
poslitive transition of Enable.

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

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

Enable

*Assumes part was deselected during the
previous E pulse.

Enable 24V
L.

ya ot
7
cs1 2.0v x
, 0.8V
7/
letcB2 ‘HS2'—.<‘
2.4V,
cB2 0.4V

¢ Assumes part was deselected during
any previous € pulse,

FIGURE 8 — IRQ RELEASE TIME

FIGURE 9 — RESET LOW TIME

12.4 V

Enable

—YR
24V

3
o

AL .
Raset 5 0.8V {

*The Reset line must be a V) for a minimum of
1.0 us before addressing the PIA,

FIGURE 10 — BUS READ TIMING CHARACTERISTICS
(Read Information from PIA)

FIGURE 11 — BUS WRITE TIMING CHARACTERISTICS
(Write Information into PIA)

-] fetan

tcycE
¢ tAs PWE
lePWg | =
Enabie 24V 04V
] ter b= tEf
tODR =

20V

RS, CS, R/W X X
X 08V

-y ety

24V

Data Bus 0.4V

Enable

Data Bus X 0.8 V K
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FIGURE 12 — BUS TIMING TEST LOADS

Load A
{D0-D7, PAO-PA7, PBO-PB7, CA2, CB2)

5.0V
RL=25 k

MMD&150
or Equiv.

Test Point

MMD 7000
or Equiv.

C= 130 pF for DO-D7

= 30 pF for PAO-PA7, PBO-PB7, CA2, and CB2
R= 11.7 k2 for DO-D7

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

Test Point

_H)_ad B Load C
(IRQ Only) (CMOS Load)
6.0V
3k

Test Point Oj
30 pF

100 oF 1 1

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 {D0-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 MCB800 ¢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 (CS0, CS1and 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 IRQB) — The active low
Interrupt Request lines (IRQA 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
T Y < lee—— 40 CA1
IRQA 38 Interrupt Status
: Control A 4—e> 39 CA2
Control
Register A
DO 33 w—p (CRA) ]
D1 32 <a—> -N] Data Direction
D2 31 <a—b V] Register A
[ [ (DDRA)
D3 30 <a—s| Data Bus
Buffers
D4 29 «@—&  (DBB) Output Bus v
D5 28 <a—&=
D6 27 =a—b le—e= 2 PAO
07 26 = N e N DR
(ORA) 4 PA2
Peripheral [a—= & PA3
Intezace ¢ 6 PA4
0 lt——8= 7 PAS
Bus Input o
Register 8 l@—e 8 PAB
(BIR) a ke 9 PA7
Ve = Pin 20 {a—s= 10 PBO
=Pin1
Vgg = Pin output la—a~11 PB1
) Register B > 12 PB2
(ORE) ) pe—-
cso 22 Peripheral lg—= 13 PB3
CcS1 24 —# Inte;face «— 14 PB4
CS2 23 —b Chip lgq— 15 PB5E
RSO 36 —ay  Solest le—s 16 PB6
RS1 35 — R/W 17 P87
R/W 21 @ Control ~
Enable 25 —>
Resst 34 —#
__J |___ Data Direction
Control Register 8
Register B (DDRB)
(CRB)
L—> le—— 18 CB1
Interrupt Status
iRas 37 Control B le—s- 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 B-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 (PB0-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 lines PAO-PA7. They have three-

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 wiil
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 lines
CA1 and CB1 are input only lines 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
CAZ2 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 1.5volts 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 is active
to prevent setting of corresponding interrupt flags in the control
register when Feset 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.

- @ MOTOROILA Semiconductor Products Inc.
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£ Details of possible configurations of the Data Direction
k& and Control Register are as follows. signals are applied to RSO and RS1.
Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) —
DATA DIRECTION REGISTERS (DDRA and DDRB) The four interrupt flag bits are set by active transitions of
The two Data Direction Registers allow the MPU to signals on the four Interrupt and Peripheral Control lines
control the direction of data through each corresponding when those lines are programmed to be inputs. These bits
peripheral data line. A Data Direction Register bit set at cannot be set directly from the MPU Data Bus and are
0" configures the corresponding peripheral data line as reset indirectly by a Read Peripheral Data Operation on
an input; a ''1"’ results in an output. the appropriate section.
TABLE 3 —~CONTROL OF INTERRUPT INPUTSCA1 AND CB1
MPU Interrupt
CRA-1 CRA-0 Interrupt Input Interrupt Flag Request
(CRB-1) | (CRB-0) CA1 (CB1) CRA-7 (CRB-7) [RGA (IRQB)
0 0 | 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 0 1 Active Set high on 1 of CA1 | Disabled — IRQ re-
(CB1) mains high
1 1 1 Active Set high on 1 of CA1 | Goes low when the
(CB1) interrupt flag bit CRA-7
(CRB-7) goes high
Notes: 1. 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. It CRA-0 (CRB-0) is low when an interrupt occurs (Interrupt disabled) and is later brought
high, IRQA (IRQB) occurs after CRA-0 (CRB-0) is written to a “‘one"’.
I, @ MOTOROLA Semiconductor Products Inc.
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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 controlled by the RSO and RS1 inputs
together with bit 2 in the Control Register, as shown
in Table 1.

TABLE 1 — INTERNAL ADDRESSING

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 O through 5 of the
two registers may be written or read by the MPU when
the proper chip select and register select signals are

Control applied. Bits 6 and 7 of the two registers are read only
Register Bit and are modified by external interrupts occurring on
RS1| RSO | CRA-2 | CRB-2 Location Selected control lines CA1, CA2, CB1 or CB2. The format of the
0 0 1 X Peripheral Register A control words is shown in Table 2.
ta Direction Register A
o409 0 X __ | Data Direction Reglster TABLE 2 — CONTROL WORD FORMAT
4] 1 X X Control Register A
- 76 |6 [a 3] 2]1]o
1 V] X 1 Peripheral Register B
- - n CRA [IRQA1]IRQA2 CA2 Control DDRA | CA1 Control
1 0 X 0 Data Direction Register B Access
1 1 X X Control Register B 7 6 5 I 2 I 3 2 1 l )
X = Don't Care CRB |IRQB1[IRQB2 CB2 Control DDRB | CB1 Control
Access
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 PIA must be con-
figured during the restart program which follows the reset.

Data Direction Access Control Bit (CRA-2and CRB-2) —
Bit 2 in each Control register (CRA and CRB) allows
selection of either a Peripheral Interface Register or the
Data Direction Register when the proper register select

REPRINTED BY PERMISSION OF MOTOROLA, INC,
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Control of CA1and CB1 Interrupt Input Lines (CRA-0,
CRB-0, CRA-1, and CRB-1) — The two lowest order bits
of the control registers are used to control the interrupt
input lines CA1 and CB1. Bits CRA-0 and CRB-0 are

used to enable the MPU interrupt signals IRQA and IRQB,
respectively. Bits CRA-1 and CRB-1 determine the active
transition of the interrupt input signals CA1 and CB1

(Table 3).

CRAS5 {CRBS) is low

TABLE 4 — CONTROL OF CA2 AND CB2 AS INTERRUPT INPUTS

2. | indicates negative transition (high to low)

3. Thelnterruptflagbit CRA-6 is cleared by an MPU Read of the A Data Register and CRB-6is
cleared by aft 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, IRQA {IRQB) occurs after CRA-3 (CRB-3) is written to a “one”’.

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) IRQA (IRGB)
0 0 0 | Active Set high on | of CA2 | Disabled — TRQ re-
(CB2) mains high
0 0 1 | Active Set high on | of CA2 | Goes low when the
(CB2) interruptflag bit CRA-6
(CRB-6) goes high
0 1 0 1 Active Set high on 1 of CA2 | Disabled — IRQ re-
B2) mains high
0 1 1 1 Active Set high on 1 of CA2 | Goes low when the
(CB2) interrupt flag bit CRA-6
(CRB-6) goes high
Notes: 1. 1 indicates positive transition (low to high)

TABLE 5 — CONTROL OF CB2 AS AN OUTPUT

CRB-5 is high
CcB2
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. Will go 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-3is | High when CRB-3 goes high asa
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”.

.- @ MOTOROLA Semiconductor Products Inc.
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¢
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 Control 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
CRA-5 is high
CA2
CRA-5 | CRA4 | CRA-3 Cleared Set
1 0 Low on negative transition of £ High when the interrupt flag bit
after an MPU Read A’ Data CRA-7 is set by an active transi-
operation, tion of the CA1 signal.
1 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 0 Low when CRA-3 goes low as a Always 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 Always high as long as CRA-3 High when GRA-3 goes high as
is high. Will be cleared on an a resuit 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)
14,9 cA1( 40 SEE PAGE 165 FOR
2 P:g cazl 39 PLASTIC PACKAGE
I e e o DIMENSIONS.
afdral TRGAD 38 o i
4gprPA2 [RGB P 37 B
5 [ PA3 RSO f 36 .
|2 of
6 prad RS1 P 35 ——— *J
70QpPas  Reset P 34 A - i
8  PA6 DO p a3 ﬂ][._F |
9 ] PA7 D1 h 32 - ;;ii 1 C N
RS -
10 P8O D2 p 31 W\ | L | */Wi’ﬁ_;][ I!\
i I
11dpsi D3 p 30 H JLD SEATING PLANEG_‘ L A1y myk
12 PB2 D4 29 — L
13gere3 DS p 28 [MILLIMETERS | _INCHES
14 g PB4 D6 1 27 DIM[ MIN | MAX | MIN | MAX | NOTE:
150 PB5 D7 P 28 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 P86 Ef2s C | 254 419 |0.100]0.16 PLANE), AT MAX. MAT'L
17 ] PB? cs1p 24 D | 0.38] 053 |0.015]0.021 | CONDITION.
18 ce1 csz2h 23 F 0.76 .40 .030 | 0.055
G. 2.54 BSC 0.100 BSC
19fce2  csop 22 H | 076] 1.78 | 0,030 [ 0.070
200 vee R/WP21 J | 020] 0. 008 [ 0.013
K 5 . 100 | 0.165
L 14,60 | 15.37 | 0.575 | 0.605
M - 0o — 100
N 0.51 .52 {0.020 | 0.060
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Semiconductors

BOX 20912+« PHOENIX, ARIZONA B5036

MC6850

(0 to 70°C; L or P Suffix)

MC6850C

(-40 to 85°C; L Suffix only)

ASYNCHRONOUS COMMUNICATIONS INTERFACE
ADAPTER (ACIA)

The MC6850 Asynchronous Communications Interface Adapter
provides the data formatting and control to interface serial asyn-
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
an 8-bit bi-directional data bus. The parallel data of the bus system
is serially transmitted and received by the asynchronous data inter-
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

Up to 500 kbps Transmission

False Start Bit Deletion

Peripheral/Modem Control Functions
Double Buffered

One or Two Stop Bit Operation

MOS

(N-CHANNEL, SILICON-GATE)

ASYNCHRONOUS
COMMUNICATIONS INTERFACE
ADAPTER

L SUFFIX

CERAMIC PACKAGE
CASE 716

P SUFFIX

PLASTIC PACKAGE
CASE 709

NOT SHOWN:

M6800 MICROCOMPUTER FAMILY
BLOCK DIAGRAM

MC6850 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER

BLOCK DIAGRAM

MC6800
Microprocessor
Data T .
Read Only Data Bus Bus Transmitter |——m= rgnsm"
Memory Butfers ate
Random
Access . N Receive
Memory i Data
{nterface l
Adapter Ad
dress Selaction]
Control
and and
MC6860 . Interrupt Control Peripheral’
Interface Modem Modem
e
y Adapter Control

Address Data
Bus Bus
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MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vee -0.3 t0 +7.0 Vde This device contains circuitry to protect the
Input Voltage Vin -0.3 t0 +7.0 Vdc inputs against damage due to high static
) voltages or electric fields; however, it is ad-
Operating Temperature Range TA 0to0+70 oc vised that normal precautions be taken to
Storage Temperature Range Ts_(g -565 to +150 C avoid application of any voltage higher
Thermal Resistance 0JA 825 oc/w than maximum rated voltages to this high-

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

impedance circuit.

Characteristic Symbol Min Typ Max Unit
Input High Voltage VIH Vgs +2.0 - Vee Vdc
Input Low Voltage ViL Vgg -0.3 - Vgs + 0.8 Vdc
Input Leakage Current R/W,CS0,CS1,C52,Enable lin - 1.0 2.5 #Adc
(Vjn = 0 t0 5.25 Vdc)
Three-State (Off State) Input Current DO-D7 ITs1 - 20 10 pAdc
(Vi = 0.4 to 2.4 Vdc)
Output High Voltage Do-D7 VoH Vdc
(I Load = ~205 uAdc, Enable Pulse Width <25 us) _ Vgg + 2.4 - -
(I _oad = -100 uAdc, Enable Pulse Width <25 us) Tx Data, RTS Vgs +2.4 — -
Output Low Voltage VoL - - Vgg+04 Vde
(1 _oad = 1.6 mAdc, Enable Pulse Width <25 us)
Output Leakage Current {Off State) 1RQ | ILOH — 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) ___ __DboD7 - 10 12,5
E, Tx Clk, Rx Clk, R/W, RS, Rx Data, CS0O, CS1, CS2, CTS, DCD — 7.0 7.5
Output Capacitance RTS, Tx Data | Cout - - 10 pF
{Vin =0, Ta = 25°C, f = 1.0 MHz) TRQ - - 5.0
Minimum Clock Pulse Width, Low (Figure 1) +16, +64 Modes | PWc| 600 - - ns
Minimum Clock Pulse Width, High (Figure 2) +16, +64 Modes | PWcH 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 | tRpsSU 500 - — ns
Receive Data Hold Time (Figure 5) +1 Mode | tRDH 500 - - ns
Tnterrupt Request Release Time (Figure 6) R - — 1.2 s
"Request-to-send Delay Time (Figure 6) tRTS - - 1.0 s
Input Transition Times (Except Enable) tr,tf - - 1.0* us
*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 s
Enable Pulse Width, Low PWEL 0.43 - - Hs
Setup Time, Address and R/W valid to Enable positive transition tas 160 — — ns
Data Delay Time tDDR - - 320 ns
Data Hold Time tH 10 — ~ ns
Address Hold Time tAH 0 - — ns
Rise and Fall Time for Enable input tey, tES - - 26 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 PWEL 0.43 - - us
Setup Time, Address and R/W valid to Enable positive transition tAS 160 - - ns
Data Setup Time tpsw 195 - - ns
Data Hold Time tH 10 — — ns
Address Hold Time tAH 10 - - ns
Rise and Fall Time for Enable input tEr tEF - - 25 ns

SYSTEM TEST FIXTURE
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FIGURE 1 — CLOCK PULSE WIDTH, LOW-STATE

FIGURE 2 — CLOCK PULSE WIDTH, HIGH-STATE

PWgL

Tx Clk
or
Rx Clk 0.8V 7

Tx Clk 2.0V R
or
Rx Clk

PWcH

FIGURE 3 — TRANSMIT DATA OUTPUT DELAY

FIGURE 4 — RECEIVE DATA SETUP TIME

{+1 Mode)
20V
Tx Ctk Rx Data
o8 v 0.8 v
trpop  f— — tRDSU
24V
Tx Data Rx Clock
0.4V o8V

FIGURE 5 — RECEIVE DATA HOLD TIME

FIGURE 6 — REQUEST-TO-SEND DELAY AND

{+1 Mode) INTERRUPT-REQUEST RELEASE TIMES
’ Enable \
{ 0.8V
2.0v — f—1,
Rx Clk RTS
A 2.4V
F*— tRDH 0.4V
20V >< R
Rx Data
0.8V

I 24V
IRQ /

FIGURE 7 — BUS READ TIMING CHARACTERISTICS
{Read information from ACIA)

FIGURE 8 — BUS WRITE TIMING CHARACTERISTICS
(Write information into ACIA)

teycE
tAS
Enable
2.0V 3
RS,CS,R/W >§ Sev X
o fa— tAH
tH

24V

Data Bus 0.4V
T

tAS —f
Enable

RS,CS,R/W ><

Data Bus

. @ MOTOROLA Semiconductor Products Inc.

REPRINTED BY PERMISSION OF MOTOROLA, INC.

@

SYSTEM TEST FIXTURE



5

e

s

6800 MICROCOMPUTER SPECIFICATIONS

MC6850

FIGURE 9 — BUS TIMING TEST LOADS

Load A
(D0-D7, RTS, Tx Data)
50V
RL=256k

MMD6150
or Equiv.

Test Point

MMD 7000
or Equiv.

C = 130 pF for DO-D7
= 30 pF for RTS and Tx Data

R

Load B
(IRQ Only)

5.0V
3k
Test Point

100 pF

=11.7 k& for DO-D7
= 24 kQ for RTS and Tx Data

EXPANDED BLOCK DIAGRAM

Transmit Clock 4 1 Clock Parity
Enable 14 —j Gen Gen
Read/Write 13 —# Chip
Chip Select 0 8 —#»{ Select Transmit Transmit
Chip Select 1 10 —~ and Data ) Shift p————————3= 6 Transmit Data
Chip Select 2 9 —> Read/Write Register Register
Register Select 11 — Controli ’
¥ Transmit
Control _—-T———— 24 Clear-to-Send
DO 22 <a-
Status
D127 s <~ Regi *
<R t t vy
D2 20 InL«:;:JCp — 7 Interrupt Request
D3 19 <@g Data 1 +
D4 18 <@ BSfufi,—s 23 Data Carrier Detect
D5 17 <@
D6 16 <@ :—V!\ #= 5 Reguest-to-Send
D7 15 <& Control
Register A
Receive Parity
1 Control ¢ Check
v A
Vpp = Pin 12 Receive Recgive »
Vgg = Pin 1 Data K Shift 2 Receive Data
Register Register
Clock Sync
Receive Clock 3 Gen Logic

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

@ 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 clock 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-

@ MOTOROLA Semiconductor Products Inc.

ceived from a peripheral. |f 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 (D0-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, CS2) — 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.

Tnterrupt Request (TRQ) — Interrupt Requestisa TTL
compatible, open-drain (no internal pullup), active low
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output that is used to interrupt the MPU, The TRQ 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 TRQ
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 CR6 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 Clk) — 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 O 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

control of a peripheral or modem. The functions included
gﬁClear-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 (DTR).

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

@ MOTOROILA Semiconductor Products inc.

REPRINTED BY PERMISSION OF MOTOROLA, INC.

SYSTEM TEST FIXTURE @ 4-35




6800 MICROCOMPUTER SPECIFICATIONS

4-36

MC6850

TABLE 1 — DEFINITION OF ACIA REGISTER CONTENTS

. Buffer Address
Data RS ¢ R/W RS ¢ R/W RS e R/W RS e R/W
Bus Transmit Receive
Line Data Data Control Status
Number Register Register Register Register
{Write Oniy) (Read Only) (Write Only) {Read Only)
o Data Bit 0* Data Bit 0 Counter Divide Receive Data Register
Select 1 (CRO) Full (RDRF)
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-5end
(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 Control 2 Parity Error (PE)
(CR6)
7 Data Bit 7*** Data Bit7** Receive Interrupt interrupt Request
v Enabie (CR7) (1RQ)

* Leading bit = LSB = Bit0
** Data bit will be zero in 7-bit plus parity modes.
*** Data bitis “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 ACIA 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
o] 1 + 16
1 0 + 64
1 1 Master Reset

Word Select Bits (CR2, CR3, and CR4} — The Word

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

7 Bits + Even Parity + 2 Stop Bits
7 Bits + Odd Parity + 2 Stop Bits
7 Bits + Even Parity + 1 Stop Bit
7 Bits + Odd Parity + 1 Stop Bit
8 Bits + 2 Stop Bits

8 Bits + 1 Stop Bit

8 Bits + Even Parity + 1 Stop Bit

[+]
[+]
]
1]
1
1
1
1 8 Bits + Odd Parity + 1 Stop Bit

wawp0O0--=00
Qom0 =0=20

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 | CRS Function
0 o RTS = low, Transmitting Interrupt Disabled.
0 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 (DCD) 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 low 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 (RDRF), 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 RDRF
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.

Data Carrier Detect (DCD), Bit 2 — The Data Carrier
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
. remains high after the DCD input is returned low until
% . cleared by first reading the Status Register and then the
Data Register or until a master reset occurs. |f 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

.

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 TRQ output. Any interrupt condi-
tion with its applicable enable will be indicated in this
status bit. Anytime the TRQ output is low the IRQ bit
will be high to indicate the interrupt or service request
status. IRQ is cleared by a read operation to the Receive
Data Register or a write operation to the Transmit
Data Register.

PIN ASSIGNMENT

PACKAGE DIMENSIONS
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REPLACEABLE PARTS

‘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.

If 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.

12345 Name & Description

Assembly and/or Component
Attachirig 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 D 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 SwW 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 ] VOLTAGE

RLF RELIEF VAR VARIABLE
RTNR RETAINER w/ WITH

SCH SOCKET HEAD WSHR WASHER
SCOPE OSCILLOSCOPE XFMR TRANSFORMER
SCR SCREW XSTR TRANSISTOR
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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, 19TH 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
079210 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

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
Cc31 283-0010-00
c4l 283-0010-00
C51 283-0010-00
ce0 283-0010-00
c6l 283-0010-00
Cc71 +283-0010-00
c8so 283-0010-00
c8l 283-0010-00
c85 283-0010-00
c101 283-0010-00
Clll1 283-0010-00
C131 283-0010-00
Cl4l 283-0010-00
Cl71 283-0010-00
clsl 283-0010-00
c211 283-0010-00
C311 283~0010-00
Cc321 283-0010-00
C331 283-0010-00
C341 283-0010-00
Cc361 283-0010-00
c381 283-0010-00
C382 283-0010-00
C411 . 283-0010-00
c421 283-0010-00
C431 283-0144-00
c432 283-0144-00
C441 283-0010-00
c471 283-0010-00
C501 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
Cc601 283-0010-00
c621 283-0010-00
Cc671 283-0111-00
C673 290-0246-00
C680 290-0746-00
ce8l 281~0524-00
C711 283-0010-00
Cc712 283-0000-00
Cc721 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:0.05UF,+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 :0.05UF,+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:0.05UF,+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:0.05UF,+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
301-000U2J05107
273C20

273C20

273C20

273C20
8121-N088Z5U104M
162D335X9015CD2

502D226
7001-1381
273C20
831-516E102P
273C20

502D226
502D226
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Tektronix  Serial/Model No. Mfr
Ckt No. PartNo.  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
Ds4 150~1001-00 LAMP,LED:RED, 2V, 100MA 28480 5082-4403
DS5 150~1001-00 LAMP,LED:RED, 2V, 100MA 28480 5082~4403
DSs1l 150-1001-00 LAMP, LED:RED, 2V, 100MA 28480 5082-4403
DS12 150-1001~00 LAMP,LED:RED, 2V, 100MA 28480 5082-4403
DS15 150-1001~00 LAMP,LED:RED, 2V, 100MA 28480 5082-4403
DS14 150-1001-00 LAMP,LED:RED, 2V, 100MA 28480 5082-4403
DS31 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
DS51 150-1001~-00 LAMP,LED:RED, 2V, 100MA 28480 5082-4403
DsS52 150-1001-00 LAMP,LED:RED, 2V, 100MA 28480 . 5082-4403
DS53 150~-1001-00 LAMP ,LED:RED, 2V, 100MA 28480 5082-4403
DS54 150-1001-00 LAMP ,LED:RED, 2V, 100MA 28480 5082~4403
Ds6l 150-1001-00 LAMP , LED :RED, 2V, 100MA 28480 5082-4403
DS63 150-1001~00 LAMP , LED :RED, 2V, 100MA 28480 5082-4403
D71 150-1001-00 IAMP,LED:RED, 2V, 100MA 28480 5082-4403
DS72 150-1001-00 LAMP,LED:RED, 2V, 100MA 28480 5082-4403
DS81 150-~1001~00 LAMP,LED :RED, 2V, 100MA 28480 5082-4403
ps82 150-1001-00 LAMP ,LED:RED, 2V, 100MA 28480 5082-4403
Ds83 150-1001~-Q0 LAMP,LED :RED, 2V, 100MA 28480 5082-4403
DS84 150-1001-00 LAMP,LED:RED, 2V, 100MA 28480 5082-4403
L571 108-0839-00 COIL,RF:FXD,0.729MHZ,SWITCHING REGULATOR 800092 108~0839-00
1671 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
RS 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 CB5115
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 CB5115
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 CB5115
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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Tektronix  Serial/Model No. Mfr
Ckt No. Part No.  Eff Dscont 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 CB5115
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 ¢B5115
R81 315~0242-00 RES.,FXD,CMPSN:2.4K OHM,5%,0.25W 01121 CB2425
R82 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 CB2425
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 CB5115
R431 321-0289-00 RES. ,FXD,FILM:10K OHM,1%,0.125W 91637 MFF1816G10001F
R432 321-0289-00 RES. ,FXD,FIIM:10K OHM,1%,0.125W 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 CBl125
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,FIILM:10K OHM,1%,0.125w 91637 MFF1816G10001F
R673 321-0289-00 RES. ,FXD,FIILM:10K OHM,1%,0.125W 91637 MFF1816G1l0001F
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
s2 260-0760~00 SWITCH,SENS:10A,250V,SPDT,SNAP ACTION 01963 E62-10A
s3 260~0760-00 SWITCH,SENS:10A,250V,SPDT,SNAP ACTION 01963 E62-10A
s4 260~0760~00 SWITCH,SENS:104,250V,SPDT,SNAP ACTION 01963 E62-~10A
s5 260~1116-00 SWITCH,SLIDE:SPDT 10389 23-021-144
S6 260-1116~00 SWITCH,SLIDE:SPDT 10389 23-021-144
s7 260-1116-00 SWITCH,SLIDE:SPDT 10389 23-021-144
s11 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
s13 260~-0760-00 SWITCH,SENS:10A,250V,SPDT,SNAP ACTION 01963 E62-10A
S14 260-1116-00 SWITCH,SLIDE:SPDT 10389 23-021-144
s15 260-1116-00 SWITCH,SLIDE:SPDT 10389 23-021-144
slé6 260-1116-00 SWITCH,SLIDE:SPDT 10389 23-021-144
s17 260-1116-00 SWITCH,SLIDE :SPDT 10389 23-021-144
S31 260-1116-00 SWITCH,SLIDE:SPDT 10389 23~021-144
s32 260~1116-00 SWITCH,SLIDE:SPDT 10389 23-021-144
S33 260-1116-00 SWITCH,SLIDE:SPDT 10389 23-021-144
s34 260-1116-00 SWITCH,SLIDE:SPDT 10389 23-021-144
S35 260~1116-00 SWITCH,SLIDE:SPDT 10389 23-021-144
S36 260-1116-00 SWITCH,SLIDE:SPDT 10389 23-021-144
S37 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
s43 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
s52 260-1116-00 SWITCH,SLIDE :SPDT 10389 23-021-144
S53 260-1116-00 SWITCH,SLIDE:SPDT 10389 23-021-144
s54 260~1116-00 SWITCH,SLIDE:SPDT 10389 23-021-144
s6l 260~1116-00 SWITCH,SLIDE:SPDT 10389 23-021-144
562 260-~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

260-1116-00
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Ckt No. Part No.  Eff Dscont Name & Description Code  Mfr Part Number
s81 260-1116-00 SWITCH,SLIDE:SPDT 10389 23-021-144
s82 260-~1116-00 SWITCH,SLIDE:SPDT 10389 23-021-144
S83 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~R242J
Ull 307-0422~-00 RES. ,FXD,FILM:15 RES. NETWORK 73138 898-1-R242J
U2l 156-0381~00 MICROCIRCUIT,DI:QUAD 2-INPUT EXCL OR GATES 01295 SN74LS86N
U3l 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 SN748133N
U6l 307-0422-00 RES.,FXD,FIIM:15 RES. NETWORK 73138 898-1-R242J
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
Ul2l 156-0381-00 MICROCIRCUIT,DI:QUAD 2-INPUT EXCL OR GATES 01295 SN74LS86N
Ul3l 156-0220-00 MICROCIRCUIT,DI:DUAL 4~BIT LATCH W/CLEAR 80009 156-0220-00
Ul41 156-0220-00 MICROCIRCUIT,DI:DUAL 4-BIT LATCH W/CLEAR 80009 156-0220-00
Ul71 156-0220-00 MICROCIRCUIT,DI:DUAL 4~BIT LATCH W/CLEAR 80009 156-0220-00
Ulsl 156-0708-09 MICROCIRCUIT,DI:PROM U181 80009 156-0708-09
U201 156~0386-00 MICROCIRCUIT,DI:TRIPLE 3-INPUT NAND GATE 01295 SN74LS10N
U211 156~0386~00 MICROCIRCUIT,DI:TRIPLE 3-INPUT NAND GATE 01295 SN74LS10N
U221 156-0383-00 MICROCIRCUIT,DI:QUAD 2-INPUT NOR GATE 01295 SN74LSO2N
U301 156-0464-00 MICROCIRCUIT,DI :DUAL 4~INPUT NAND GATE 01295 SN74LS20N
U311l 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 DMBO0O97M
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
U361l 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
U3sl 156-0708-10 MICROCIRCUIT,DI:PROM U381 80009 156-0708-10
U401 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 SN74LS08N
U431 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
U461 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
U521 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 SN74LS04N
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
u60l 156~0388-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP 01295 SN74LS74N
U6ll 156-0093-00 MICROCIRCUIT,DI:HEX, INVERTER 01295 SN7416N
U621 156-0599-00 MICROCIRCUIT,DI:RAM THREE STATE 80009 156-0599-00
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Ckt No. Part No. Name & Description Code  Mfr Part Number
U681 156~0096-00 MICROCIRCUIT,LI :VOLTAGE COMPARATOR 27014 'IM311lH
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 800092 156-~0599-00
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Mechanical

Fig. &
Index  Tektronix  Serial/Model No. Mfr
No. Part No.  Eff Dscont 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 1l . 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
) - - e K m m -
-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

[ -
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ffff Fig. &
{ Index  Tektronix Serial/Model No. Mfr
No. Part No. Eff Dscont Qty 12345 Name & Description Code  Mfr Part Number
=7 ememee cecae- 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 3VH25/1JN5
175-1737-00 2 CA ASSY,SP,ELEC:50,28 AWG,15.0 LONG 80009 175-1737-00
(EACH 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
=13  ee—ee c—e—— 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
- e K - -
————— ———— - . 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
- o em B o m -
-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
= e e K e e o
~-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
- o K - - -
-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).

SOILVWIHIS

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:
Y14.15, 1966 Drafting Practices.
Y14.2, 1973 Line Conventions and Lettering.

Y10.5, 1968 Letter Symbois 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, S Switch or contactor
{circuit board, etc) heat radiator, etc) T Transformer
AT Attenuator, fixed or variable HR Heater TC Thermocouple
B Motor HY Hybrid circuit TP Test point
BT Battery J Connector, stationary portion u Assembly, inseparable or non-repairable
C Capacitor, fixed or variable K Relay (integrated circuit, etc.)
cB Circuit breaker L Inductor, fixed or variable \ Electron tube
CR Diode, signal or rectifier M Meter VR Voltage regulator (zener diode, etc.)
DL Delay line P Connector, movable portion w Wirestrap or cable
DS Indicating device (lamp) Q Transistor or silicon-controlled Y Crystal
E Spark Gap, Ferrite bead rectifier z 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
Strap or Link Identifies Panel
. Controls, Connectors and
Cam Switch P\S BAL |« |ndicators
Closure Chart

(Dot indicates Modified Component—See

switch closure) \ iy Parts List (Depicted in grey,
or with grey outline)

SEL Value Selected 50

at Factory A WAY

Plug Index

Reference to Board

/ and Sheet No.

Test Voltage

Internal

Scyewdriver

Adjustment Shielding
Heat Sink
Decoupled or Filtered
Voltage

Board Name Etched Circuit Board

Outlined in Black

Board No. Schematic Name
T~ VERTICAL BOARD 44/Sheet No.
-3

GTO-XXXX-XX VERTICAL AMPLIFIER
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SCHEMATICS

1. TRUE HIGH and TRUE LOW Signals

Signal names on the schematics are followed by —1 or —0. ATRUE 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 —@»—
XY-0 (1-5,37,4-6)
(1-6) V-1 —a—o \
/‘/ \ OUTPUT SIGNAL

(TRUE LOW)
From board 1, INPUT SIGNAL
(TRUE HIGH)

6-2 @
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