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Change Notice #1

July 29, 1983

Freedom 100 Maintenance Manual Errata and Changes

Replace pages Int-7 and Int-8.

Add the Appendices section entitled "The Self-Test Mode"
after page Int-8.

Note that all references to P 401, P 402, P 403, P 404,

P 405, and P 406 on pages PWR-1, PWR-2, PWR-3, and MTC-1
should be changed to B 401, B 402, B 403, B 404, B 405 and
B 406 respectively.

Replace appendices -C- schematics "The Main Logic Board"
schematics, 2.1-1 through 2.1-5

Replace appendices -D schematics "The Keyboard" schematics,
3.1

Insert the parts list after page 2 of the part list which
includes a parts listing for the monitor board.
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INTRODUCTION

Scope of this Manual

This Manual presents details of the circuitry and data paths of the
Freedomt™ 100 Video Display Terminal, along with information on typical wave-
forms and signal levels, to allow service personnel to troubleshoot and repair
the terminal, as needed. Familiarity with the Freedom'™ 100 User’s Manual is
assumed,

While every effort has been made to assure that the information contained
herein is accurate and up to date, Liberty Electronics reserves the right to
make engineering changes and appropriate parts substitutions without prior
notice in the interests of increased and improved performance.

> 2> > > WARNING < € € <
CRITICAL. COMPONENT WARNING:

SERVICEMAN WARNING: This product contains components
which are critical for X~-Radiation Safety. See Service
Manual for proper replacement. Normal 2nd Anode Voltage
is 12 KV at Zero beam current, AC 120V input, and must
NOT exceed 13 KV under any operating conditions. To
measure 2nd Anode Voltage, use High Impedance meter.
Connect (-) to chassis, use a High Voltage lead from (+)
to 2nd Anode.

Components of the Freedomt™ 100 Terminal

External

From an outside viewpoint, the Freedom 100 consists of two units: The
Monitor Unit, containing the CRT, power supply, and control circuits; and the
Keyboard Unit, containing the physical keyboard, its decoding circuitry, and
circuits for communicating with the Monitor Unit.

The Keyboard and Monitor Units are connected by a coiled telephone
handset cord with 7,62 mm (0.3 in) male plugs at each end. Power is supplied
via a 3-wire grounded cord, terminated by a U.S. NEMA standard plug (which may
be replaced to suit local power system requirements).

Communications with a Host computer or modem and a printer are provided
via asynchronous RS-232 communication via two female DB-25 receptacles om the
rear of the Monitor Unit. Controls are provided on the Monitor Unit for Power
ON/OFF, Contrast, and setting operating parameters.



Introduction . Page INT-2

Internal
Internally, the Freedom 100 consists of:

> A Transformer and Voltage Selector Switch for converting 115V or 230V
AC mains power to 10.5V AC, 16.7V AC, and 21.3V AC.

> A Power Supply board, with rectifiers and voltage regulators, to pro-
duce +5V, +15V, and -12V DC [regulated to +10%].

> A Main Logic Board, with a 68A02 Microprocessor, 16k of EPROM-resident
firmware, 2k of character storage RAM, 4k of attribute and control storage
RAM, a 68A45 CRT Controller, a 68A21 PIA, one 6850 and two 6851 ACIAs for
Keyboard, Host and Printer communications, respectively, as well as miscel-
laneous control and sequencing logic.

» A Video Comtrol board, to convert Horizontal and Vertical synch pulses
to the proper waveforms for controlling CRT raster scan, and circuitry to
control pixel display. Connection is made via cables to a 12" diagonal
CE745129 VRA tube (or equivalent) for actual display.

> A small Contrast control and connector board, having a rotating poten-
tiometer for contrast control, and a female RJ-11 receptacle for the Keyboard
connector cord.

> A Keyboard, with a 93-key switch-matrix keyboard, decoded by an 8035
stand-alone microcomputer, which generates R5-232 signals by toggling one
output line under the control of on-chip software, and receives RS-232 data
via software use of interrupts.
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Theory of Operation

Terminal Operation

The Freedom 100 CRT Terminal is designed to be an inexpensive and
convenient data-entry and console device for a wide range of computer and data
applications.

The Freedom 100 will normally be connected to a Host computer system,
either directly or via MODEM, by asynchronous RS-232 or 20ma current loop,
through the Host connector on the rear of the Monitor Unit. The terminal’s
on-board firmware allows it to communicate with the Host in Full or Half
Duplex, Block Mode (transmitting a screen full of data at once, instead of
character-at-a-time), or strictly Local mode (no outside communication). Com-
munication rates range from 110 to 19,200 baud.

A subsidiary Printer port, also located on the rear of the Monitor Unmit,
allows the Freedom 100 to be connected to any ASCII printer with an RS-232
serial interface. Baud rates from 100 to 19,200 are available. The terminal
provides two basic modes for printer operation:

Simultaneous Mode -- all characters transmitted from the Host are
displayed on the monitor, and also sent to the Printer

Buffer Mode -- characters from the Host are buffered internally in
the Freedom 100, and sent to the Printer without being displayed on
the monitor

The Freedom 100°s 16k of on-board firmware provides 93 basic commands, as
well as numerous options, for setting operating parameters. These commands
can be sent by the operator from the Keyboard, or by the Host through the Host
port. The commands and their effects are documented in the Freedom 100 User’s
Manual.
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Data Paths

The Freedom-100"s Main Logic Board receives serial Asynchronous RS-232C
character data from either the Host Port or the Keyboard. This character da
is stored in a 2k-byte Display RAM. Character data from the display RAM is
sent continuously to the Video display circuitry, where it is processed by a
Character generating ROM, combined with attribute data from a separate 2k-byte
Attribute RAM, and sent to the CRT for display.

If the Freedom 100 is in Full Duplex Mode, all character data received
from the keyboard is immediately transmitted to the Host hrough the Host Port,
but is not displayed on the CRT.

If it is in Half Duplex Mode, character data received from the keyboard
is displayed on the CRT in addition to being transmitted to the Host.

In either Mode, XON/XOFF protocols are used in communicating with the
Host.

If it is in Simultaneous (Transparent) Print Mode, character data
received from either the Host or the Keyboard is displayed on the CRT and
transmitted to the Printer Port.

If it is in Buffered Print Mode, character data received from the Host is
transmitted directly to the Printer Port (with XON/XOFF handshaking) without
being displayed on the CRT.
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To check out the operation of the Freedom 100 quickly, and
isolate problems:

1)

2)

3)

4)

5)

6.

The logic operation of the Freedom 100 can be checked
by putting the unit in self test mode. A description
of this test follows this diagnostic procedure.

Check for 115V AC or 230V AC on the primary (input) leads
of the Power Transformer.

a) If found, go to Step 4

b) Check the fuse, power switch and power select

switch.

Check the secondary (output) leads
21.3V AC on white, and 16.7V AC on

a) if OK, go to Step 4

b. Replace power transformer

for 10.6V AC on blue,
brown.

Disconnect cable from Power Supply to Main Logic Board

(B404 -- B204).

Pin 1

Pin-

Pin

2
3

=12V DC +0.5V
+15V DC +0.5V

Check B404 for:

+5V DC +0.25V
Pins 4 & 5 Ground

If OK, replace cable to Main. Logic Board (B404 --

to step 6.

Disconnect cable to power transistors (B406, 407). Check

connectors for:

B406 Pin
Pin
Pin
B407 Pin
Pin
Pin

1
2
3

1
2
3

15.1v
29.8V
29.9v

5.1v
14.3v
14.4v

DC
DC
DC

DC
DC
DC

a) If OK, check U401 through U403 and capacitor.

b) Check Bridge Rectifiers BR401, BR402, BR403, and
transistors Q401 and Q403.

Check voltage on B404 again. If OK, go on to Step 8.

Check Power Transistor voltages:

Q402 Base
Collector -
Emitter

- 10.6V

- 11l.4v

DC

5.1V DC

DC

B204),



Introduction , Page INT-8

8)

9)

10)

11)

12)

Q404 Base - 24.6V DC
Collector - 15.1V DC
Emitter - 25.2V DC

a) If OK, check U401 through U403 and capacitor.
b) Replace transistor(s).

Disconnect cable from Main Logic Board to Video Board (B203 --
B104). Check signal levels and typical waveforms on Connector B203.

Disconnect cable to Contract Board (B208 -~ BS508). Check signal
levels and typical waveforms on Connector B208.

a) If OK, reconnect cable to Contrast Board (B208 -- B508),
go to Step 10.

b) Check all test points on Main Logic Board for proper
signal levels and typical waveforms, then isolate and
replace defective parts.

Disconnect cable connecting Keyboard to Contast Board (BS09 --
B309). Check Contrast Board for defective parts and broken traces.

a) If OK, reconnect cable to Keyboard connector (B509 --
B309) and go to Step 1ll.

b) Replace Contrast Board.

Check signal levels and typical waveforms at B309 on Keyboard PC
board.

a) If OK, check all test points on Keyboard for signal
levels and typical waveforms. Isolate and replace
defective components.

b) Replace coiled telephone handset cord.

END.



Self Test Mode

The self test mode is a good mechanism for initial burn-in to
find problems and subsequent testing after maintenance. To
enter the self test mode set up the terminal as follows.

1. Prepare the main RS-232C port by placing a jumper from pin 2
to pin 3 to allow loop-back.

2. Prepare the Auxiliary RS-232C port by placing a jumper from
pin 2 to pin 3 and from pin 4 to pin 6 to allow loop-back.

3. Prepare dipswitches as follows.

A. Reading the dipswitches from left to right set the
first bank of 10 switches to the up position with
the exception of switch number 9.

B. Set the next bank of switch in the down position.
C. Set the remaining bank of switches to the up position.
4. Enter the self test mode by entering an "ESC V" from the keyboarad.

At this point the screen and attribute memory will be exercised. A
special status line will appear at the bottom of the screen. This
will supply information for diagnosis. The status line appears as
follows: '

g Z.Y E=nnnn P=mmmm UUUUUUﬁU XXDDDDDDDD XUUUUUUUU M= A= K=

Where: Z.Y is the revision of firmware
nnnn is the ME eprom check sum
mmmm is the MP eprom check sum
U - represents up on dipswitches

D - represents down on dipswitches

X - not connected :

M - represents the main port

A - represents the auxiliary port

K - represents the keyboard port

A. If everything is fine with logic and firmware the screen

will constantly change and the 'status line will appear as
shown above.

B. If an eprom is not inserted correctly of data corruption
has occured, the eprom where this occured will be framed
in "?" on the status line.

C. If a dipswitch is suspected of not working it can be
determined by toggling the dipswitches while in self-test
to see if they register on the status line.
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The Video Board
Theory of Operation
Video Signal

The Video Signal is essentially an ON/OFF signal, which determines
whether a particular pixel position on the face of the CRT will be illuminated
or not by the scanning electron beam. It is generated by the video circuitry
on the Main Logic Board, and received via Pin 3 of Connector B103 on the Video
Board. It is amplified and pulse-formed by Transistors TR10l and TR102, and
fed to the gate of the CRT tube through Pin 1 of Connector BlOl.

Vertical Synch

The Vertical Synchronization signal is generated by the CRT Controller
chip on the Main Logic Board, and reaches the Video Board via Pin 4 of
Connector B103. It is used by IC101 (muPC 1031 H2) to reset the beam of the
CRT to the top of the screen in preparation for a scan. After pulse-shaping
by IC10l, it is used to control the Vertical Deflection Yoke (Y101) to
position the beam correctly. o

Horizontal Synch

The Horizontal Synchronization Signal is also generated by the CRT
Controller chip on the Main Logic Board, and reaches the Video Board via Pin 6
of Connector Bl03. It controls the rate at which the beam scans the face of
the CRT from side to side. After being amplified and pulse-shaped by TR103
and TR104, it is fed to the Horizontal Yoke and the Fly-Back Transformer
(T102) to produce scan lines on the face of the CRT tube.

Miscellaneous Controls

Variable Resistors (Potentiometers) are provided to control:

Vertical Hold
Vertical Size
Vertical Linearity
Focus

Brightness
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Troubleshooting

Components

1) Make sure the power is OFF. Look at the Video Board, and check

1
for obvious physical problems:

that tt

Broken Wires
Loose connectors
Broken connector parts
Dirt or dust
Overheated or burned parts
Correct problems and recheck before going on.

II) Remove the Video Board from the Freedom 100, and give it a thorough
look, both front and back.

A) Are you sure the power is off? Turm it OFF.

B) CAREFULLY ground the Anode lead from the CRT tube. A heavy
jumper from the Anode lead connection at the Flyback Transformer to chassis
ground is the best bet -- the Anode may be at any voltage up to 12kV!

C) Disconnect the Anode lead. |

D) Disconnect Bl104 (connector to Main Logic Board)

E) Disconnect B10l (connector to CRT tube)

F) Disconnect B102 (connector to small PCB on CRT tube)

G) Disconnect B103 (CRT tube grounding strap)

H) Remove the screws which hold it in the Monitor Unit.

I) Lift out the board, carefully.

J) Check all of the components for burns, overheating, leaks, etc.

K) Check for broken or missing components.

L) Check for cracked or broken traces, solder bridges or cold
solder joints.

M) Carefully re-install Video Board, remembering to put the holding
screws back in, and tighten them down.

N) Re-comnect B10l, B102, B103, Bl104, and the CRT Anode lead.
0) Turn ON power, wait for the CRT tube to warm up.

P) Enter a random assortment of letters and numbers via the
keyboard. (If nothing happens, check Keyboard and Main Logic Board)
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Q) Adjust:
Contrast,
Brightness,
_Focus,
Horizontal Hold,
Vertical Hold,

Vertical Linearity, and
Vertical Size

. III) Malfunctions
A) No Video Signal

1) Check that the Contrast control knob at the front of the
Monitor Unit is turned up (clockwise).

2) Check for +15V on Pin 1, Connector Bl104, and at base of
- TR101. If not found, check Main Logic Board and Power Supply.

» 3) Check for Video Signal at TP10l (base of TR102). If not
found, check Pin 3 of Connector Bl104.

a) If signal found, check VR10l (contrast control pot on
small PCB at front of Monitor Unit) and R102. Replace as necessary.

b) If not found, check Main Logic Board.
4) Check for Video signal at TP102. If found, go to Step 9.

} 5) Check collector of TR102 for 6.4V, base for 0.4V, and
emitter for 0.3V.

a) If signal found, go to Step 5.

b) If not found, isolate collector to check for pin being
pulled down.

c) Check R103, R104, Cl03. Replace as necessary.
d) Check/replace TR102.

6) Check TP102 (collector of TR101) for 6.5V, base for 6.9V,
and emitter for 6.4V.

a) If signal found, go to Step 6.
b) Check R101, €101, D101, Cl102. Replace as necessary.

¢) 1Isolate collector to check for pull-down. If no
signal, check/replace TR1Ol.

d) Check L101, R105, Cl04, D102, and Brightness circuitry
connected to Pins 3, 4, & 5 of Flyback Transformer. Replace as necessary.
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7) Check Pin 1 of Connector B10l.
a) If signal found, go to step 6).
b) Chec ‘

. Replace as necessary.

8) Check R107 and C118 for short, open or solder bridges.
Replace/repair as necessary.

9) Check circuitry connected to Pin 2 of Flyback Transformer
-- D103, Cl129, RI118, R119, R122, C132, C133, VRI106. Replace/repair as
necessary.

10) Check CRT tube for opeh circuit in Cathode. Replace as
necessary.

B) No Vertical Deflection

1) 1Is the power ON? Turn it on.

2) Check connection between R111 and R101 for +15V relative to
ground. If not found, check Pin 1, Connector Bl104 for +15V. If not found,

check Main Logic Board and Power Supply Board.

3) Are all of the connectors from the Video Board to the Main
Logic board and the CRT tube actually connected? Wiggle them to make sure.

4) Check Test Point TP103 for Vertical Synch signal from the
Main Logic Board. If no signal, check Main Logic Board.

a) If signal found, go to Step 5.
b) Check C105, C106, and R108. Replace as necessary.

5) Check TPl04 for Vertical deflection signal from IC10l. 1If
no signal, test or replace IC10l.

6) Check Vertical Yoke (Y101) for broken wires. If found to
be open circuit, replace Yoke.

7) Check cathode of CRT tube for open circuit.

8) If all of the above are OK, check diodes, resistors, poten-
tiometers, and capacitors in the vertical timing circuit for shorts, broken
wires, or internal open circuits.

C) No Horizontal Deflection

1) Check connection between R116 and L102 for +15V relative to

ground. If not found, check Pin 1, Connector Bl04 for +15V. 1If not found,

check Main Logic Board and Power Supply Board.

2) Check TP105 for Horizontal Synch signal from Main Logic
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Board. If no signal, check Main Logic Board. If signal does not agree with
illustration of typical signal, check R114, and check TR103 for 0.35V on base,
14V on collector, and Ground on emitter.

3)  Check TP106 (collector of TR103)
a) If signal found, go to Step 3).
b) Check collector of TR103.
¢) If signal found, isolate collector of TR103 to see if
signal is being pulled down by R116, R117, C121, or C122. Also check T10l.
Replace as necessary.
d) Test/replace TR103
4) Check TP107 (collector of TR104)
a) 1If signal found, go to Step 5).

b) Check base of TR104 for -0.1V, collector for 18V, and
emitter for ground. Also check T101. Replace as necessary.

¢) If signal found, isolate collector of TR1O04 to see if
signal is being pulled down. Replace components as necessary.

d) Test/replace TR104.
5) Check for open circuit between Horizontal Yoke and ground.
Check Horizontal Yoke, L103, L104 (adjustable), C127 and C126. Replace as
necessary.
6) If all of above are OK, check all components in Horizontal
Deflection circuitry, including conmections to the Flyback Transformer, for

shorts, opens, or corroded wires.

7) Check CRT Tube, replace as necessary.
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The Main Logic Board

Theory of Operatiom

Serial character data from the Host reaches the Main Logic board via Pin
3 of Connector B20l, and is directed to Pin 12 (RXD) of U228 (6551 ACIA).

Serial data from the keyboard reaches the Main Logic Board via Pin 4 of
Connector B208, and is directed to Pin 2 (RxD) of U218 (68A50 ACIA).

The ACIAs convert the serial data to 8-bit parallel data on their output
pins (DG - D7) which are connected to Lines DO - D7 of the CPU Data Bus.

The 68A02 Microprocessor accepts the data and re~transmits it on the Data
Bus to the display memory, U212 (2k x 8 RAM). From the memory, it is later
transmitted via U223 (Octal Transciever) to U224 (Octal Latch). It is then
ready for tramsmission to U225 (2732 Character Generator EPROM).

1f the Freedom 100 is in Full Duplex Mode, the character data is also
sent to U228 (ACIA) for transmission to the Host via Pin 2 of Connector B201.
In Half Duplex, Block and Local Modes, data is not transmitted to the Host.

U209 (68A45 CRT Controller) controls Display refresh, as it withdraws
character data from the Character Genmerator EPROM (U225). It also takes care
of painting the cursor on the CRT screen.

Output from the Character Generator goes to U236 (74LS166 Shift
Register), where it is converted into a serial bit stream. This serial bit
stream represents the sequence of pixels which must be turned ON to display
one line on the CRT screen. Freedom 100 characters are displayed ina 7 x 9
dot block within a 9 x 12 dot matrix.

The serial data from U233 is combined at- U229 (74LS74 Dual D Flip~FLop)
with Attribute data from U211 (2k x 8 DRAM) gated through U221 & U222 (Octal

Latches) to produce the Video Data output signal, which is transmitted on Pin
3 of Connector B203 to the Video Board.

Test Points, Typical Waveforms, & Signal Levels

See the attached drawings and schematics
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The Keyboard

Theory of Operation

The Freedom 100 Keyboard consists of an 8 x 12 matrix, 89 nodes of which
are actually connected to key switches, decoded under software control by an
8035 Microprocessor with a crystal-controlled clock frequency of 3.58 MHz.

The <SHIFT>, <CTRL>, <CAPS LOCK> and <BLOCK> keys are separately decoded
by Input Pinms TO, Tl1, P15, & P10, respectively.

All 8 rows of the matrix are normally pulled up to +5V by 10k resistors,
and are comnected to the inputs of a 74LS244 inverting Octal Buffer. When a
key is pressed, the Row line is connected to one of 12 Column lines connected
to Input Pins 21 - 24, 28 - 31, and 35 - 38 of the 8035 (P 11 - 14 & P 20 -

L2 A
Ll ) e

To read a key, the 8035 strobes data onto its data bus by bringing RD
(Pin 8) low, enabling the Octal Buffer. Rows 0 - 7 are mapped to DO - D7
(Pins 12 - 19). The 8035 then reads Column Data from the Input Pins to

determine which key has been depressed.

The 8035 uses external Program Memory, stored in a 2k x 8 UV EPROM
(2716). It uses a multiplexed Address/Data Bus, first putting the Address on
the bus, then strobing the address data into an Octal Latch (U304, 74LS373)
with a 1 microsecond pulse on the ALE line (Pin 11). The outputs of the Octal
Latch are connected to the address inputs of the EPROM. The 8035 then strobes
the EPROM by bringing PSEN (Pin 9) low for 1.6 microsec. One byte of program
data is then put onto the Data Bus.

The 8035 can access a total of 8 256-byte pages in this way by specifying
the page number on P20 - P22 (Pins 21 - 23)., These pins are also used for
keyboard decoding, but interference is precluded by adroit use of timing.

The Freedom 100 keyboard has an on-board 8-Ohm speaker for audio
signalling (ASCII <BELL> character, operator attention, etc.) which is
connected to the output of U308 (a NE 555 timer). The 555 puts out a 7 ms
pulse, and is controlled by the 8035, which strobes P16 (Pin 33) under
software control at a rate sufficient to produce either a high or low tone.
The low tone is used in the key-click option to signal that a key has been
pressed.

The keyboard also contains a 7805 Voltage Regulator to convert +12V power
received from the Monitor Unit to +5V, which is used internally.

Test Points, Typical Waveforms & Signal Levels

See the attached drawings and schematics
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The Power Supply

Theory of Operation

The Freedom 100 Power Supply comsists of a 3-wire grounded power cord, an
ON/OFF switch, a fuseholder with a L+ A fuse, a voltage level select switch ,a
115/230 Vv (Primary) transformer, whose 3 secondary windings produce: 10.6V AC,
21.3V AC, and 16.7V AC, as well as a power regulator board.

The Power Regulator Board gets 16.7V AC via Pins 1 & 2 of Connector P405,
which is rectified to unfiltered -15.0V RMS by BR401 (Full-Wave Rectifier,
WOO5M or equiv.), filtered and voltage limited to -12V DC, 1.5 A, by U403
(MC7912 or equiv.), which is output on Pin 1 of P404.

Pins 3 & 4 receive 21.3V AC, which is rectified to an unfiltered 19.2V
RMS by BR402 (Full-wave rectifier, KBPC6005 or equiv.), voltage-limited by
U402 (MC7815) to 15V DC, 1.5 A, and output on Pin 2 of P404. Pin 5 is the QV
reference ground for this power line.

Pins 5 & 6 receive 10.6V AC, which is rectified to an unfiltered 9.5V RMS
by BR401 (KBPC6005 or equiv.), voltage limited to +5V DC, 1 A by U401 (MC7805
or equiv.) and output on Pin 3 of Connector P404. Pin 4 is the OV reference
ground for this power line.

Troubleshooting

Components
I) Visual Check.

A) Turn power OFF and disconnect power cord from mains socket.

B) Visually check all wiring and components for signs of heat,
burning, leakage or breakage. '

C) Using ohmmeter, check Power cord for open circuit (all 3 wires).
Check ON/OFF switch for proper operation. Check fuse for open circuit.
Check voltage selector switch for proper operation. Check transformer for
open circuits (both primary and secondary windings).

D) Disconnect P405 (connector to transformer) and P406 (comnector to
Main Logic Board). Disconnect P402 (connector to Power Transistors on heat
sink).

E) CAREFULLY discharge all capacitors on the Power Supply Board.

F) Carefully remove Power Supply Board, unscrewing and saving any
holding screws.

G) Inspect both sides of Board for damaged or burnt components,
broken or corroded wires, broken traces, solder bridges, cold solder joints,
etc.

H) Carefully replace Power Supply Board, tightening down all
holding screws. Replace Connectors P402, P404, and P405.
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I) Plug in Unit and turn ON power.

J) Check secondary (output) leads for:

Blue lead - 10.6V AC
White lead - 21 .3V AC
Brown lead - 16.7V AC

Replace Power Transformer if necessary.

II) Voltage Problems
A) No +5V DC

1) Check Pins 5 & 6 of P405 for 10.6V AC. If not found, check
transformer.

2) Check across C401 (electrolytic) for 15V DC. If not found,
replace BR401 (full wave rectifier) and/or Capacitor C40l.

3) Check for ground at Pin 4 of P404, Pin 2 of U401, and
negatxve pole of C401, C402, C403, C405, and at C404. If not found locate and
repair broken trace.

4) Check capacitors for short circuit, check R401 and R402 for
open circuit.

5) Remove and check Q402 (power transistor) using transistor
checker. Replace or repair wiring as necessary.

6) Isolate and test Q401 with tramsistor checker. Replace as
necessary. ,

7) Remove and test U401. Replace as necessary.

B) No +12V DC

1) Check Pins 3 & 4 of P405 for 21.3V AC. If not found, check
transformer.

2) Check across C406 (electrolytic) for 30.1V DC. If not
found, replace BR402 (full wave rectifier) and/or Capacitor C406.

3) Check for ground at Pin 5 of P404, Pin 2 of U402, and
negatlve pole of C406, C407, C408, C410, and at C409. If not found, locate and
repair broken trace.

4) Check capacitors for short circuit, check R403 and R404 for
open circuit.

5) Remove and check Q404 (power transistor) using transistor
checker. Replace or repair wiring as necessary.
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6) Isolate and test Q403 with transistor checker. Replace as
necessary.

7) Remove and test U402, Replace as necessary

B) No +15V DC

1) Check Pins 1 & 2 of P405 for 16.7V AC. If not found, check
transformer.

2) Check across C4ll (electrolytic) for 15.0V DC. 1If not
found, replace BR403 (full wave rectifier) and/or Capacitor C4ll.

3) Check for ground at Pin 1 of U403, and negative pole of
C411, C412 C413, C415, and at C4l4, If not found, locate and repair broken
trace(s)

4) Check capacitors for short circuit.

5) Remove and test U403. Replace as necessary.

Test Points, Typical Waveforms, & Signal Levels

See the attached drawings and schematics
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Maintenance

The Monitor Unit
General

The exterior of the Monitor Unit should be cleaned periodically with a
damp cloth to remove accumulated dirt and grime. Be careful, however, in
cleaning the face of the CRT screen, since it is covered with a Nylon anti-
glare screen. This screen is relatively fragile, and will not withstand heavy
pressure or vigorous scrubbing motions.

Approximately every 6 months to 1 year, the housing of the Monitor Unit
should be removed by a competent service technician, and the circuitry inspec-
ted for collected dust or particulate matter, possible corrosion, or loose
connections. Vacuum as necessary, and replace or clean parts, and check
signal levels before reassembling the case.

It is recommended that signal levels and waveforms at all defined Test
Points be checked whenever the Monitor Unit case is opened.

Starting with the Power Supply, check signal levels at Connectors P405
and P404, then Test Points TP401 - TP406.

Next, test the Main Logic Board, beginning with P204, and continuing with
TP201 through TP218, in order.

Next, test the Video Board, beginning with P103, and continuing with
TP10l1 through TP107, in order.

Replacing the CRT tube

> > > > WARNING < < < <

CRITICAL COMPONERT WARNING:

SERVICEMAN WARNING: This product contains components
which are critical for X-Radiation Safety. See Service
Manual for proper replacement. Normal 2nd Anode Voltage
is 12 KV at Zero beam current, AC 120V input, and must
NOT exceed 13 KV under any operating conditions. To
measure 2nd Anode Voltage, use High Impedance meter.
Connect (-) to chassis, use a High Voltage lead from (+)
to 2nd Anode.
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The Keyboard Unit

Like the Monitor Unit, the Keyboard Unit should be cleaned periodically
with 2 damp cloth to remove accumulated dirt and grime. Be careful not to get
water on the keyboard itself, since this would cause electrical shorting and
possible damage.

It is recommended that the Keyboard Unit be opened and the keys, PC board
and case be vacuumed or blown out with 0il- and moisture-free compressed air
every 3 to 6 months, since it is exposed to environmental contamination —-
dust, dirt, hair, cigarette ashes, spills, paper shreds and dust, etc.

While the Keyboard Unit is being cleaned, it is recommended that signal
level and waveform checks on the circuitry be performed.

First check signal levels and waveforms on the pins of Connector 308, the
proceed with Test Pcints TP30! through TP31l, in order.

Variance of more than 15% in signal level, or significant deviations from
the illustrated waveforms will indicate that detailed troubleshooting of the
associated circuitry should be performed.
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Part #

231400000-0
235240000-0
235200000-0
235400000-0
235280000-0
233240001-0
233280000-0
233240000-0
237140004-0
237140005-0
237140002-0

237140001-0
237140003-0
237140006-0

237140007-0
237160001-0

237160005-6"

237160003-0

237160004-0

237160000-0
23720000-0"
235060001-0
235140000-0
235140001-0
271140000-0
3502-11804

3194-14753
3194-11753
3194-11053
3194-13323

3194-12743
3194-11223
3194-12213
3194-11013
42-T11331C
49-K11100cC

Desc.

CPU

ACIA

CRTC

PIA

ACIA
Static Ram
EPROM
EPROM

Resistor
Resistor

Resistor
Resistor
Resistor
Resistor

Resistor
Resistor
Resistor
Resistor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor

Generic
Desc.

68A02
68A50
68A45
68A21
6551
6116
2564
2732
74LS00
74LS04

I v an

74L808
741832
74L874
74LS86
74L89¢C
74L892
74LS8S107
74L8138
745139
74L8157

74LS166
74LS374

74LS193
74LS 245
4N33

MC1488
MC1489
NE556
180HM2W . J
5100HM

1/2 W.J
4.7M.1/4W.J
1.8M.1/4W.J
IM.1/4W.J
3.3K.1/4W.J

570K.1/4W.J
1.2K.1/4W.J

2200HM.1/4W.J
1000HM.1/4W.J

330uf/lé6v
10uf/lé6v
0.47uf/l6v
0.1luf/50v
0.1luf/1l2v

Component
Location
U202

U218

U209

U201
U228,236
u208,211,212
U203
U205,225
U242
U206,230,247
U231,241
U207,238,239
U229

U240

L 5 N AN 4

Ueao

U244
U243
U219
U220
U213,214,
215,237
U233
U221,222
224,232
U246
U210,223
U216,217
U227,235
U226,234
U204
R212
R217,218

R206
R204
R205
R201,202
207,208
209,211
213,214
R203
R210
R219,220
R215
c201
C203
C206
c231
C202,204
205,207



41-K234710

41-K23680C
1120-00010
382GA00000001
377410018001
37741001A001
3786125H001

1603-00004

3781140P0001
3781128pP001
3781124P001
375T1200AL00

Monitor Board

Capacitor
Capacitor

Capacitor
Diode
Crystal
Dip SW

Dip SW

D Connector

Post Connector

IC Socket
IC Socket
IC Socket
Jumper
PCB

0.0luf/50v
470pf/50v

68pf/50v
1N4148
18.432MH2

8 pin piano
type

10 pin piano
type

25 pin right
angle

5 pin RTB-
1.5-5

MICRO 7 pin
JST

40 pin

28 pin

24 pin
62.5m/m

208,209
210,211
212,213
214,215
216,217
218,219
220,221
222,223
224,225
230,232
233,234
239,240
241,242
243,244
246
210,211
212,213
214,215
216,217
218,219
220,221
222,223
224,225
230,232
233,234
239,240
241,242
243,244
246
C245
€226,227
228,229
235,236
237,238
c247
D201-227
X201
SW201

SW202,203
B201,202
B203,204

B208
$201,204
$202,203
5205

X.4
PB-200



3525SRAJOEO0LL
352101K0G0014
3621007000014
256070M500014
39C1211200112
'398412P000018
3968241200216
1110000004RE2

375T1200AM001 -

- -
422022500024
452064500014
422042500020
422053500018
3784102P00017
3784103P00011
378410400014
441024050A771
48RS00000001

311R21RSJHCI
311R2330JHC1S
31501330JHC16
311RAATQIHCLE
311R4A33LIHC13
311RA456GIHCLS
1311RA10LIRCY7
-311R2391LHC11
311R4471LHCIY
311R2122JHC15
I11R256QJHC1L
‘ 311RA182HC11
' 311R4272HC10
311R4562IHCI4L
311R2104JHC17
311R2154JHCL5
311R2184HC16
J11R2274JHCLS
311R22253MC11

12" CRT Tube
Transistor
Transistor
Transistor

V. IC
Coil
Coil
Coil
Coil

D. Yoke

Driver Transformer
Flyback

2P Assembly Wire
6P Assenbly Wire
4P Assebly Wire
SP Assenbly Wire
2P Base  __

3P Base

4P Base

Lead Wire

Jump Wire

Generic
Desc.

758Z12D31VRU
2SC681A
1702L
2SC2371L
VO6C(1N4003)
6.2v
uPC1031H2

S.6uH 452

1000 +10%

3 - 16
hH

FR155

250 w/m  (Mind)

250 m/m (Mini)
350 m/m (Mini)

50 u/m
10m/m

1.50M YA
BAM YN
BaEM W

moM YW
330 GM /W
56 O 1/4W
100 M 1/
390 G /M
470 OBt 1/
1.X UM
seaM UM
L& Y
2. UM
S.6&K L/
10K UM
15K UM
18K UM
2K YN
2.M UM

huhhhhhhhhhhhhhhkhh

Sh:pumm:
Location

wl

TR104
TR102, TR103
TRICL

D102, D104, D105, D107
D101

1C101

L101

1102

1103

L104

-Yoke 01

T101
T102
VD106
PCBO1
VD103

Base 03
Base 01, 02
Base 04
WOl

Ji01, J102, J103, J104, J105
ﬁﬁ. J107, J108, J109, J110

R112
R107
R116, Rill
R102, R103
R124
R117
R104
R106
Ril4
R105
R124
R110, Ri01
R108



‘Part #

' 321B5B52B0016

32785B13v2011
: 32785824V3019
 32785B15V3010
! 327D1826V3017
' 33750027LISL3

338500103082

3361014723020
336601472K039

336500223014
336401183K036
13385004732084
{334250010KG13
g333101l.a7m1:.
|3331601001G17
13312506RAGL?
3331012201011
333160470710
'334160220K616
333160221TG15
"1331602R2TG18
333250471TC14
333160471TCLS
3331601027618
3331602221611
3331604R71C12

Variable Resistor
Variable Resistor

Variable Dansietme
axr A€ AES1S0T

Variable Resistor
Variable Resistor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capactior
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor

Generic

Desc.
164 S00B

8 IX V Type

8 20K V Type

86 100K V Type
1% M
270PF/ 50V
10000PF/50V * +20%
4700PF/100V
4700PF /600V
22000PF/ 50V
18000PFI4OQV
47000PF/SOV  +80,-20%
1uF/25v )
4.7uF/100V  +100,-10%
10uF/16V +100,-1072
(BP) 6.8uF/25V
22uF/100V 4100, -107%
47uF/16V +100,-10%
22uF/16V
220uF/16V 4100, -10%
2.2uF/16V +100,-10%
470uF/25V +100,-107%
470uF/16V  +100,-10%
1000uF/16V  +100,-10%
2200uF/16V  4+100,-10%
4.7uF/16V  +100,-10%

Location

VR101

VR103
VR102, VR105

Qo3

c101

Cl34

C129, A132, 33
cal2 '
a2z

22

C106

C130, 131
€105, C107
€126

Cil04

110
Cl17, Q15
an

C120

Cl24

C125

Cll4

c108



Keyboard

231400001-0
233240002-0
237140000-0
237200000-0
237200001-0
237080000-0
271080000-0
215030001-0
3194-12233

3194-11033

3194-12223
3194-11023
3501-31014

42-K12100C
49-K11109D

49-K11107¢C

41-K23333C
41-K23331cC
41-330220C
1127-00002
1120-00010
3781140P0001
3781124P001
39A020R16801

377920040001

375T1-200AK00

Power Supply

215030000-0
215030001-0
215030002-0

1310000000158

[l
rg o
w o

Regulator IC
Resistor
Resistor

Resistor
Resistor
Resistor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor

Capacitor
Capacitor
Capacitor
Crystal
Diode

IC Socket
IC Socket

‘Speaker

Wafer
Keyboard

PCB

Regulator IC
Regulator IC
Regulator IC
Tr

8035
74LS14
74LS244
74LS373
SN75452
NE555

7805
22K.1/4W.J
10K.1/4W.J

2.2K.1/4W.J
1K.1/4W.J
1000HM.1W.J
47uf/l6v
10uf/l6v
4.7uf/l6v
luf/1l6v
O0.luf/12v
0.01uf/50v

0.033uf/50v
330P£f/50v
22P£f/50v
3.58MHZ
1N4148

40 Pin

24 Pin
0.16W.80hm
GPin Micro90
Degree JST

Key Top + Key

SW. + Plate

7805
7815
7912
2N40373

u3ol
U305
U306
U302
U304
U307
U308
U309
R307
R302,303
304,305
317,318
319,320
321,322
323,324
25
R306
R301
R308
c312,313
€309
C314
C303
c311
€305,306
€307,310
315
c308
C304
€301,302
X301

- D301,302

§301
§302
SP301

B309

KB301
PB300

U401
U402
U403
Q401,403



15100000008M
11200000015
11200000016G
3402-31803
3402-30393
42-T11472D
42-T11472E
42-T11471cC
42-T11471D

49-K11100C
49-K11100D
49-K11109E

41-K23104E

1603-00022
1603-00004
1603-00002
1001-00015
376225000001
377522261001
412100A60001

377622260001

398121133001
375T1200A300

Contrast

1603-00029
3791204P0001

375T1200A600

Assembly Wire

Tr

BR

BR
Resistor
Resistor
Capacitor
Capacitor
Capacitor
Capacitor

Capacitor
Capacitor
Capacitor

Capacitor

Wafer
Wafer
Wafer
Fuse

"Fuse Holder

Power SW
Power Cord
Power Select
SW
Transformer
PCB

Base
Telephone
Jack

PCB

MJ2955
KBPCGOOS5
WOO5M
18ohm.2W.J
0.30hm.2W.J
4700uf/25v
4700uf/35v
470uf/l6v
470uf/25v

10uf/lév
10uf/25v
luf/35v

0.1uf/50v
GP-SVF Base

5P-SVF Base
3P-SVF Base

250V.1.5A FST

Screw type
2P2T B Type

B Type
115v/230v

7 Pin Micro JST

PCB

3P Assembly
Wire (Mini)
5P Assembly
Wire (Mini)
6P Assembly
Wire (Micro)
7P Assembly
Wire (Micro)

Q402,404
BR401,402
BR403
R401,403
R402,404
C401
C406
c405
C410,411
415

€403
C413,408
C402,412
413
C404,409
414

B4OS
B404
B406,407
F401

SW401
PW401

SW402

XF401
PB-400

B508

B509
PB500

WA006,007
WA004
WA009

QA008
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PRELD
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intal
8048H/8048H-1/8035HL/8035HL-1
HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER

B 8048H/8048H-1 Mask Programmable ROM
® 8035HL/8035HL-1 CPU Only with Power Down Mode

@ 8-BIT CPU, ROM, RAM, I/0 in Single ® 1Kx8 ROM
Package 64 x RAM

@ High Performance HMOS 27 1/0 Lines

B Reduced Power Consumption @ Interval Timer/Event Counter

B 1.4 usec and 1.9 usec Cycle Versions m Easily Expandable Memory and I/O
All Instructions 1 or 2 Cycles ® Compatible with 8080/8085 Series

@ Over 90 Instructions: 70% Single Byte Peripherais

~ B Two Single Level interrupts

The Intel® 8048H/8048H-1/8035HL/B035HL-1 are totally self-sufficient, 8-bit parallel computers fabricated on single
silicon chips using Intel's advanced N-channel silicon gate HMOS process.

The 8048H contains a 1K X 8 program memory, a64 X8 RAM datamemory, 27 /0 lines, and an 8-bit timer/counter in addition
to on-board oscillator and clock circuits. For systems that require extra capability the 8048H can be expanded using stan-
dard memories and MCS-80® /MCS-85® peripherals. The 8035HL is the equivalent of the 8048H without program memory
and can be used with external ROM and RAM.

To reduce development problems to aminimum and provide maximum flexibility, a logically and functionally pin coméati-
bleversionof the 8048H with UV-erasable user-programmable EPROM program memory is available. The 8748 will emulate
the 8048H up to 6 MHz clock frequency with minor differences.

The 8048H is fully compatibie with the 8048 when operated at 6MHz.

These microcomputers are designed to be efficient contrcllers as well as arithmetic processors. They have extensive bit
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from
an instruction set consisting mostly of singie byte instructions and no instructions over 2 bytes in iength.

5 SN PORT
1024 WORDS 84 WORDS pt
cLocx PROGRAM DATA XTAL
MEMORY MEMORY —
PORT
— =2
SINGLE
STEP —o READ
EXTERNAL 0048H
.c:g < M 2035HL
0048H-1 — WRITE
—et  BOISHL-1
1!81’{ PROGRAM
- e STORE
ENABLE
INTERRUPT —a
ADDORESS
TEn Vo Lines T LATOH
EVENT COUNTER ENABLE
ws@ PORT
—e EXPANDER
STROSE
Figure 1. Figure 2. Figure 3. Pin
Block Diagram Logic Symbol Contfiguration

(top view)
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Table 1. Pin Description

Symbol |[Pin No. Function Symbol |Pin No. Function
vVss 20 Circuit GND potential Aiso testable with conditional
VDD 26 Low power standby pin . jump instruction. (Active low)
. : ; RD 8 Output strobe activated during a
ly; +
vee 40 gﬂam power supply SV during BUS read. Can be used to enable
peration.
data onto the bus from an
PROG 25 Ou'put strobe for 8243 I/0 external device.
exp.ander.. L Used as a read strobe to external
P10-P17 27-34 | 8-bit quasi-bidirectional port. data memory. (Active low)
Port 1 _ S RESET | 4 Input which is used to initialize
P20-P27 21-24 8-bit quasl"bldlrectlona' port. the processor. (Active 'ow) ]
Port 2 (Non TTL ViH)
35-38 | P20-P23 contain the four high WR 10 Output strobe during a bus write.
order program counter bits dur- (Active low)
ing an external program memory g
fetch and serve as a 4-bit I/O :Jsted as write strobe to external
expander bus for 8243. ata memory.
i ; ; ALE 11 Address latch enable. This signal
DB80-DB7 | 12-19 | True bidirectional port which v
BUS can be written or read __ ___ occurs om;:eidurmg’ ea;:h cycle
synchronously using the RD, WR and is useful as a clock output.
strobes. The port can also be The negative edge of ALE strobes
statically latched. address into external data and
Contains the 8 low order pro- program memory.
gram counter bits during an PSEN 9 Program store enable. This out-
external program memory fetch, put occurs only during a fetch to
and receives the addressed external program memory.
instruction under the contro! of (Active low)
PSEN. Aiso contains the add’;eAss SS 5 Single step input can be used
and data dyrmg an exterr:’al M in conjunction with ALE to “single
data st'o '? ;nl.séru%on. “nw—z step” the processor through each
control o - RD. and WR. instruction. (Active low)
TO 1 |nptg. pin t'eitablet using thet EA 7 External access input which
conditional transfer instructions
forces all program memory
JT0 and JNTO. TO can be fetches to reference external
designated as a clock output memory. Useful for emulation
using ENTO CLK instruction. and debug, and essential for
T1 39 input pin testable using the JT1, testing and program verification.
and JNT1 instructions. Can be (Active high)
designated the timer/counter XTAL1 2 One side of cr ;
. . ystal input for
gnput using the STRT CNT internal oscillator. Also input for
—_ instruction. external source. (Non TTL V)
INT 6 Interrupt input. Initiates an XTAL2 3 Other side of crystal input.

interrupt if interrupt is enabled.
Interrupt is disabled after a reset.

5-39
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Table 2. Instruction Set

Accumulator Subroutine
Mnemonic Description Bytes Cyciles Mnemonic Description Bytes Cycies
ADD A R Add register to A 1 1 CALL addr Jump to subroutine 2 2
ADD A, @R Add data memory to A 1 1 RETR Return 1 2
ADD A, #data  Add immediate t0 A 2 2 RETR Return and restore status 1 2
ADDC A, R Add register with carry 1 1
ADDC A, @R Add data memory with carry 1 1
ADDC A, # data Add immediate with carry 2 2 Flags
ANL A, R And register to A 1 1 Mnemoni o ‘ot .
ANL A, @R And 'dltl memory to A 1 1 CLRC Clear carry 1 !1 ’
ANL A #data  And immadiate to A 2 2 cPLC Complement carry 1 1
ORL A R Or register to A 1 1 CLA FO ClLear fiag 0 3 1
ORL A @R Or data memory to A 1 1 CPL FO Compiement flag 0 1 1
ORL A, # dats Or lmﬂ.\.dl.ﬂ lO'A 2 2 CLR F1 Clear fiag 1 1 1
XRL A R Exclusive or register to A 1 1 CPL F1 Complement fiag 1 1 1
XRL A, @R Exciusive or data memory to A 1 1
XRL, A, # data  Exclusive or immediate to A 2 2
INC A increment A 1 1 Data Moves
DEC A Decrement A 1 1 "
r A 1 1 nemonic Description Bytes Cycles
g:,’:: g'o'r:p!omcm A 1 1 . MOV A R Move register to A 1 1
DA A Decimal adjust A 1 1 MOV A, @R Move data memory to A 1 1
SWAP A Swap nibbies of A 1 1 MOV A, # data  Move immediate to A 2 2
AL A Rotate A left 1 1 MOVR. A Move A to register 1 1
ALC A Rotate A left through carry 1 1 MOV @R. A Move A to data memory 1 1
RR A Rotate A right 1 1 MOV R, # data Move immediate to register 2 2
RRC A Rotate A right through carry 1 1 MOV @R, #data Move immediste to data memory 2 2
MOV A, PSW Move PSW to A 1 1
MOV PSW, A Move A to PSW 1 1
Input/Output XCH A R Exchange A and register 1 1
XCH A, @R Exchange A and data memory 1 1
Mnemonic Description Bytes Cycles XCHD A, @R Exchange nibble of A and 1
INA P input port to A 1 2 register
OUTLP. A Output A to port 1 2 MOVX A, @R  Move external data memory to A 1 2
ANL P, # data And immediate to port 2 2 MOVX @R. A Move A 10 external data memory 1 2
ORL P, # data  Or immediate to port 2 2 MOVP A, @A Move 10 A from current page 1 2
INS A, BUS Input BUS to A 1 2 MOVP3 A. @ Move to A from page 3 1 2
OUTL BUS. A Output A to BUS 1 2
ANL BUS, # data And immediate to BUS 2 2
ORL BUS. # data Or immediate to BUS 2 2
MOVD AP Input expander port to A 1 2 Timer/Counter
MOVD P, A Output A to expander port 1 2 Mnemonic Description Sytes Cycies
ANLD P, A And A to expander port 1 2 MOVA T Read timer/counter 1 1
ORLD P, A Or A to expander port 1 2 MOV T, A Load timer/counter 1 1
STRTT Start timer 1 1
STRT CNT Start counter 1 1
Registers STOP TCNT  Stop timer/counter 1 1
; EN TCNTY Enable timer/counter interrupt 1 1
M Description , Bytes Cycies DIS TCNT1 Disabie timer/counter interrupt 1 1
INC R Increment register 1 1
INC @R Increment data memory 1 1
DECR Decrement register 1 1 Control
Mnemonic Description Sytes Cycies
Sranch EN 1 Enable external interrupt 1 1
" DIS 1 Disable externai interrupt 1 1
Descrip - Bytes Cycles SEL RBO Select register bank 0 1 1
JMP adar Jump unconditiona! 2 2 SEL RB1 Select register bank 1 1 9
JMPP @A Jump indirect o2 SEL MBO Select memory bank 0 1
?é':ﬁ d':' adar m’:’::'::::':‘:' and skip : g SEL MB1 Select memory bank 1 1 1
JNC adar Jump on carry = 0 2 2 ENT 0 CLK Enable clock output on TO 1 1
JZ adar Jump on A zero 2 2
JNZ addr Jump on A not zero 2 2 Mnemonic Description Bytes Cycies
JTO addr Jump on TO = 1 2 2 NOP No operation 1 1
JNTO adar Jumpon TO =0 2 2
JT1 addr Jumpon T1 =1 2 2
JNT1 addr JumponT1=0 2 2
JFO adar Jumpon FO =1 2 2
JF1 addr Jump on F1 = 1 2 2
JTF addr Jump on timer flag 2 2
JN1 addr Jump on INT =0 2 2
JBb adar Jump on accumuilator bit F 2
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias 0°C to 70°C
Storage Temperature ................ -65°C to +150°C
Voltage On Any Pin With Respect

to Ground
Power Dissipation

-0.5V to +7V
1.5 Watt

*NOTICE. Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of device atthese or any other conditions above those
indicated in the operational sections of this specification
is not implied.

D.C. CHARACTERISTICS (TA = 0°C to 70°C. V¢ = Vpp = 5V *+ 10%, Vgg = OV)

Limits
Symbol Parameter Unit Test Conditions
Min. | Typ. | Max.
ViL Input Low Voltage -5 -8 v
(All Except RESET. X1, X2)
ViL1 Input Low Voltage -5 .6 v
(RESET, X1, X2)
ViH input High Voltage 2.0 Vce v
: (All Except XTAL1, XTAL2, RESET)
ViH1 Input High Voltage (X1, X2, RESET) 3.8 Vee \"
VoL Output Low Voitage (BUS) .45 V |loL=20mA
v Output Low Voltage .45 V |loL=18mA
OL' | (WD, WR, PSEN, ALE)
VoL2 Output Low Voltage (PROG) -45 V [lgL=10mA
VoLs Output Low Voltage .45 V |loL=16mA
(All Other Qutputs)
VOH Output High Volitage (BUS) 24 V {loH = -400uA
VOH1 Qutput High Voltage 2.4 V | loH = -100uA
(RD. WR, PSEN, ALE)
VoH2 | Output High Voitage 2.4 V | loH =-40uA
- (All Other Qutputs) :
) Input Leakage Current (T1, INT) +10 | pA |Vss<VINSVCC
L Input Leakage Current ___ -500 KA | Vsg * 45<VINSVCC
(P10-P17, P20-P27, EA, SS)
ILo Output Leakage Current (BUS, TO) +10 | HA | Vgg + 45<VINS Ve
(High Impedance State)
To]s) Vpp Supply Current 4 8 mA
op * Total Supply Current 40 80 mA
lcc
Voo RAM Standby Pin Voltage 2.2 55 V |Standby Mode, Reset <0.6V
0 mA sus 400 uaA - LI ] 0 ma - sus. P1. M2
00 u P § 30 mA P TYPICAL
- L s
TYPICAL
=100 wA | 10 mA | /———-
B T B R
Vou VoM You

R-41
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. .
Iﬂtel 8048H/8048H-1/8035HL-1/8035HL-1 PRELIMINARY
A.C. CHARACTERISTICS (Ta =0°C to 70°C, Vo = Vpp = 5V * 10%, Vg = OV)
8048H 8048H-1
8035HL 8035HL-1
6 MHz 8 MHz 11 MHz Conditions

Symbol Parameter F (tcy) |Min. [Max. |Min. |Max. | Min. [Max. |Unit| (Note 1)

L ALE Pulse Width 7/30 tcy -170 | 410 260 150

tAL Addr Setup to ALE 1/5 tcy -110 390 260 160

tLA Addr Hold from ALE 1/15tCcy -40 | 120 80 50

tcc1 Control Pulse Width 1/2tCcy -200 | 1050 730 480

(RD. WR)

tcc2 | Control Puise Width (PSEN)|2/5 tcy -200 | 800 550 350

tow Data Setup before WR ___ |13/30 tCy -200| 880 610 390

twD Data Hold after WR 1/5tcy -150 | 350 220 120 (Note 2)

tDR Data Hold (RD, PSEN) 1/10 tcy -30 0 220 0 160 0 110

tRD1 | RD to Data in 2/5 1cy -200 800 550 350

tRD2 | PSEN to Data in 3/10 tcy -200 550 360 210 |

AW Addr Setup to WR 2/5tcy -150 | 850 600 300 o

tAD1 Addr Setup to Data (RD)  [23/30 tcy -250 1670 1190 750 |

tAD2 Addr Setup to Data (PSEN) [3/5 tcy -250 1250 880 480 i

tAFC1 | Addr Float to RD, WR 2/15 tcy -40 290 210 140

tAFC2 |Addr Float to PSEN 1/30 tcy -40 40 20 10

tLAFC1 |ALE to Control (RD, WR) [1/5 tey -75 420 300 200

tLAFC2 |ALE to Control (PSEN) 1/10 tcy -75 170 110 60

tCA1 Control to ALE 1/15 tcy -40 120 80 50

(RD, WR, PROG)

tcA2 | Control to ALE (PSEN) 4/15tcy 40 | 620 460 320

cp Port Control Setup to PROG 1/10 tcy 40 | 210 140 100

tpc Port Controi Hoid to PROG |4/15 tcy -200 | 460 300 160

tPR PROG to P2 Input Valid 17/30 tcy 1300 940 650

-120

tPF Input Data Hold from PROG| 1/10 tCy 250 0 [ 190] o0 | 140

tpp ‘| Output Data Setup 2/5tcy -150 850 600 400

tpD Qutput Data Hold 1/10 tcy -50 200 130 90

tPp PROG Pulse Width 7/10 tgy -250 | 1500 1060 700

tPL Port 2 1/0 Setup to ALE 4/15 tCy -200 | 460 300 160

tLp Port 2 i/0 Hold to ALE 1/10 tcy -100 | 150 80 40

tpy Port Output from ALE 3/10 tCy +100 850 ) 660 510

tcy Cycie Time 25 1.875 1.36

OPRR TO Rep Rate 3/15 tcy 500 370 270
Notes:

1. Control Outputs CL = 80pF
BUS Outputs CL = 150pF
2. BUS High Impedance Load 20pF
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WAVEFORMS
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2 ]
/O PORT TIMING
1ST CYCLE 2ND CYCLE

Y e W o W ‘an

\ / \
P20-23 x x . . ATA PCH
OUTPUT PCH PORYT 20-23 DATA X NEW P20-23 D C

p24-27
P10-17 PORT 24-27. PORT 10.17 DATA x NEW PORT DATA
ouTPUT
Crystal Oscillator Mode LC Oscillator Mode
(3] 2 fe ‘. .
: XTALY XTALY ImLe
! 1-6MH2 .~ C:3Cpp
(7 E N w| 2
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. PIN-TO-PIN
XTAL2
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C2: CRYSTAL - STRAY 8pF L c NOMINAL 1
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PART NUMBER

R6500 Microcomputer System \

PRODUCT DESCRIPTION

R6551 Asynchronous Communications Interface Adapter
(ACIA)

SECTION 1
INTRODUCTION

The Rockwell R6551 Asynchronous Communications
Interface Adapter (ACIA) provides an easily imple-
mented, program controlled interface between 8-bit
microprocessor-based systems and serial communication
data sets and modems.

The R6551 has an internal baud rate generator. This
feature eliminates the need for multiple component
support circuits, a crystal being the only other part
required. The Transmitter baud rate can be selected
under program control to be either 1 of 15 different
rates from 50 to 19,200 baud, or at 1/16 times an
external clock rate. The Receiver baud rate may be
selected under program control to be either the Trans-
mitter rate, or at 1/16 times the external clock rate. -
The R6551 has programmable word lengths of 5, 6, 7,
or 8 bits; even, odd, or no parity; 1, 1-1/2, or 2

stop bits.

The R6551 is designed for maximum programmed
control from the CPU, to simplify hardware implemen=
tation. Three separate registers permit the CPU to
easily select the R6551's operating modes and data
checking parameters and determine operational status.

The Command Register controls parity, receiver echo
mode, transmitter interrupt control, the state of the
RTS line, receiver interrupt control, and the state of
the DTR line.

The Control Register controls the number of stop bits,
word length, receiver clock source and baud rate.

The Status Register indicates the states of the IRQ,
DSR, and DCD lines, Transmitter and Receiver Data

Registers, and Overrun, Framing and Parity Error
conditions.

‘The Transmitter and Receiver Data Registers are used

for temporary data storage by the R6551 Transmit and
Receiver circuits,

FEATURES

o Compatible with 8-bit microprocessors

o Full duplex operation with buffered receiver and
transmitter

e Data set/modem control functions

e Infernai baud rate generator with 15 programmable
baud rates (50 to 19,200)

e Program-selectable internaily or externally con-
trolled receiver rate

o Programmable word lengths, number of stop bits,
and parity bit generation and detection

e Programmable interrupt control

o Program reset

e Program-selectable serial echo mode
o Two chip selects

® 2 MHz or 1 MHz operation

e Single 5V = 5% power supply

® 28-pin plastic or ceramic DIP

o Full TTL compatibility

(V1DV) se3depy eoepieru] suopesjunWLLIOY SNOUCIYOUASY | GGaY

Specifications subject to

change without notice
Document No. 29650 N90

©Rockwell International Corporation 1981
All Rights Reserved
Printed in US.A



SECTION 2
R6551 INTERFACE REQUIREMENTS

This section describes the interface requirements for the
R6551 ACIA. Figure 2-1 is the Interface Diagram and
Figure 2-2 shows the pin-out configuration for the R6551.

DATA TRANSMIT o
DO-D7 <8 >{ | BUS controL | [ cTs
BUFFERS
TRANSMIT
DATA & ‘
wa INTERRUPT SHIFT & TxD
*+—1 | LoGic REGISTERS
}4——— DCD
_ STATUS
AW ——— REGISTER -
CSO ———— -
&si i/0 R
™ CONTROL | - [BALD ¢ RxC
L1/ p—— RATE pep—— XTL|
P eneratorl | o v110
CONTROL
REGISTER
22 ———p{ | TIMING
& CONTROL
RES — | LOGIC commanp | [ OTR
REGISTER
p————=> RTS
vee —— RECEIVE
DATA &
SHIFT ps——— RxD
VSS e REGISTERS
RECEIVE
CONTROL

Figure 2-1. R6551 INTERFACE DIAGRAM

2.1 MICROPROCESSOR INTERFACE
SIGNAL DESCRIPTION

RES (Reset) (4)

During system initialization a low on the RES input will
cause a hardware reset to occur. The Command Register
and the Control Register will be cleared. The Status
Register will be cleared with the exception of the indi-
cations of Data Set Ready and Data Carrier Detect, which
are externally controlled by the DSR and DCD lines, and
the transmitter Empty bit, which will be set. RES must be
held low for one @2 clock cycle for a reset to occur.

@2 (Input Clock) (27)

The input clock is the system @2 clock and is used to clock
all data transfers between the system microprocessor and

the R6551.

vss 1 283 AW
cso F2 273 d2_
cs1 33 260 IRQ
RES CJ4 25 07
RxCc [I5 2433 06
XTLI 36 23 05
xTLOC7? 220 D4
ATS s 2103
cTs o 200 02
Tx0 CJ10 19 Dt
OTR 1 18§ DO
Rx0 12 17f D3R
rRso Ch3 16 DCD
rs1 CJ1a 1sfJvce

Figure 2-2. R6551 PIN CONFIGURATION

R/W (Read/Write) (28)

The R/W input, generated by the microprocessor, is used to
control the direction of data transfers. A high on the R/W
pin allows the processor to read the dota supplied by the
R6551, a low allows a write to the R6551.

IRQ (Interrupt Request) (26)

The IRQ pin is an interrupt output from the interrupt control
logic. It is an open drain output, permitting several
devices to be connected to the common IRQ microprocessor
input. Normally a high level, IRQ goes low when an
interrupt occurs.

DO0-D7 (Data Bus) (18-25)

The DO-D7.pins are the eight data lines used to transfer
data between the processor and the R6551. These lines are
bi-directional and are normally high-impedance except
during Read cycles when the R4551 is selected.

CSO0, CS1 (Chip Selects)(2.3)

The two chip select inputs are normally connected to the
processor address lines either directly or through decoders.
The R6551 is selected when CSO is high and CS1 is low.

RSO0, CS1 (Register Selects)(13,14)

The two register select lines are normally connected to the
processor address lines to allow the processor to select the
various R6551 internal registers. The following table shows
the internal register select coding.



RS1 RSO Write Read
0 0 Transmit Data Receiver Data
Register Register
0 1 Programmed Status Register
Reset (Data is
"Don't Care")

Command Register

Control Register

Only the Command and Control registers are read/write.
The Programmed Reset operation does not cause any data
transfer, but is used to clear bits 4 through 0 in the
Command register and bit 2 in the Status register. The
Control Register is unchanged by a Programmed Reset. It
should be noted that the Programmed Reset is slightly
different from the Hardware Reset (RES); these differences
are shown in Figures 3-2, 33, and 3-4.

2.2 ACIA/MODEM INTERFACE
SIGNAL DESCRIPTION

XTLI, XTLO (Crystal Pins) (6,.7)

These pins are normally directly connected to the external
crystal (1.8432 MHz) used to derive the various baud rates
(see Section 4.5). Alternatively, an externally generated
clock may be used to drive the XTLI pin, in which case
the XTLO pin must float. XTLI is the input pin for the
transmit clock.

TxD (Transmit Data) (10)

The TxD output line is used to transfer serial NRZ
(nonreturn-to-zero) data to the modem. The LSB (least
significant bit) of the Transmit Data Register is the first
data bit transmitted and the rate of data transmission is
determined by the baud rate selected or under control of
an external clock. This selection is made by programming
the Control Register.

RxD (Receive Data) (12)

The RxD input line is used to transfer serial NRZ data into
the ACIA from the modem, LSB first. The receiver data

rate is either the programmed baud rote or under the
control of an externally generated receiver clock. The
selection is made by programming the Control Register.

RxC (Receive Cioci) (b}

The RxC is a bi-directional pin which serves as either the
receiver 16x clock input or the receiver 16x clock output.
The latter mode results if the internal baud rate generator
is selected for receiver data clocking.

RTS (Request to Send) (8)

The RTS output pin is used to contro! the modem from the
processor. The state of the RTS pin is determined by the
contents of the Command Register,

CTS (Clear to Send) (9)

The CTS input pin is used to control the transmitter opera-
tion. The enable state is with CTS low. The transmitter
is automatically disabled if CTS is high.

DTR (Data Terminal Ready) (11)

This output pin is used to indicate the status of the R6551
to the modem. A low on DTR indicates the R6551 is
enabled, a high indicates it is disabled. The processor
controls this pin via bit 0 of the Command Register.

DSR (Data Set Ready) (17)

The DSR input pin is used to indicate to the R6551 the
status of the modem. A low indicates the "ready" state
and a high, "not-ready".

DCD (Data Carrier Detect) (16)

The DCD input pin is used to indicate to the R6551 the
status of the carrier-detect output of the modem. A low
indicates that the modem carrier signal is present and a
high, that it is not.



SECTION 3
INTERNAL ORGANIZATION

This section provides a functional description of the R6551.
A block diagram of the R6551 is presented in Figure 3-1.

TRANSMIT
CONTROL

DATA ol—-:a TRANSMIT TRANSMIT
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CONTROL 8AUD fxc
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8 REGISTER
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. & CONTROL e DATA o sHIFTY RxD
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Figure 3-1. INTERNAL ORGANIZATION

3.1 DATA BUS BUFFERS

The Data Bus Buffer interfaces the system data lines to the
internal data bus. The Data Bus Buffer is bi-directional.
When the R/W line is high and the chip is selected, the
Data Bus Buffer passes the data from the system data lines
to the R6551 internal data bus. When the R/W line is low
and the chip is selected, the Data Bus Buffer writes the
data from the internal data bus to the system data bus.

3.2 INTERRUPT LOGIC

The Interrupt Logic will cause the IRQ line to the micro-
processor to go low when conditions are met that require
the attention of the microprocessor. The conditions which
can cause an interrupt will set bit 7 and the appropriate bit
of bits 3 through 6 in the Status Register if enabled. Bits 5
and 6 correspond to the Data Carrier Detect (Bﬁ) logic
and the Data Set Ready (DSR) logic. Bits 3 and 4 corres-
pond to the Receiver Data Register full and the Transmitter
Data Register empty conditions. These conditions can cause
an interrupt request if enabled by the Command Register.

3.31/0 CONTROL

The 1/O Control Logic controls the selection of internal
registers in preparation for a data transfer on the internal

data bus and the direction of the transfer to or from
the register.

The registers are selected by the Register Select and Chip
Select and Read/Write lines as described in Table 2-3
previously.

3.4 TIMING AND CONTROL

The Timing and Control logic controls the timing of data
transfers on the internal data bus and the registers, the
Data Bus Buffer, and the microprocessor data bus, and the
hardware reset features.

Timing is controlled by the system @2 clock input. The chip
will perform data transfers to or from the microcomputer
data bus during the @2 high period when selected.

All registers will be initialized by the Timing and Control
Logic when the Reset (RES) line goes low. See the indi-
vidual register description for the state of the registers

following a hardware reset.

3.5 TRANSMITTER AND RECEIVER
DATA REGISTERS

These registers are used as temporary data storage for the
R6551 Transmit and Receive Circuits. Both the Transmitter
and Receiver are selected by a Register Select 0 (RSO) and
Register Select 1 (RS1) low condition. The Read/Write
line determines which actually uses the internal data bus;
the Transmitter Data Register is write only and the Receiver
Data Register is read only.

Bit O is the first bit to be transmitted from the Transmitter
Data Register (least significant bit first). The higher order
bits follow in order. Unused bits in this register are
"don't care".

The Receiver Data Register holds the first received data bit
in bit O (least significant bit first). Unused high-order
bits are "0". Parity bits are not contained in the Receiver
Data Register, They are stripped off after being used for
parity checking.

3.6 STATUS REGISTER

Figure 3-2 indicates the format of the R6551 Status Register.
A description of each status bit follows.



l—— Parity Error*

0 = No Parity Error

1 = Paruy Error Deteciad

Framing Error®

0 = No Framing Error
1 = Framing Error Detected

Overrun®

0 = No Overrun
1 = Overrun Mas Occurred

Data Regl Fuli
0 = Not Fuit
1 = Full
Tr Data Register Empty
0 = Not Empty
1 = Empty

Data Carner Detect (DCD)

0 = DCD low (Detect)
1 = DCD high (Not Detected)

Data Set Ready (DSR)

0 = DSR low (Ready)
1 = DSR high (Not Ready)

Interrupt {IRQ)
76543210 0 = No interrupt
ofl-|-11]0l0]o[0|Hardware Reset 1 = Interrupt Mas Uccurrea
0 - |Program Reset *No interrupt occurs for these conditions

Figure 3-2. STATUS REGISTER FORMAT

3.6.1 Receiver Data Register Full (Bit 3)

This bits goes to @ "1" when the R6551 transfers data from
the Receiver Shift Register to the Receiver Data Register,
and goes to a "0" when the processor reads the Receiver
Data Register.

3.6.2 Transmitter Data Register Empty
(Bit 4)

This bits goes to a "1" when the R6551 transfers data from
the Transmitter Data Register to the Transmitter Shift
Register, and goes to a "0" when the processor writes new
data onto the Transmitter Data Register.

3.6.3 Data Carrier Detect (Bit 5) and Data
Set Ready (Bit 6)

These bits reflect the levels of the DCD and DSR inputs to
the R6551. A "0" indicates a low level (true condition)
and a "1" indicates a high (false). Whenever either of
these inputs change state, an immediate processor interrupt
occurs, unless the R6551 is disabled (bit 0 of the Command
Register is a "0"). When the interrupt occurs, the status
bits will indicate the levels of the inputs immediately
after the change of state occurred. Subsequent level
changes will not affect the status bits until the Status
Register is interrogated by the processor. At that time,
another interrupt will immediately occur and the status
bits will reflect the new input levels.

3.6.4 Framing Error (Bit 1), Overrun (2},
and Parity Error (Bit 0)

None of these bits causes a processor interrupt to occur,
but they are normally checked at the time the Receiver
Data Register is read so that the validity of the data can
be verified.

3.6.5 Interrupt (Bit 7)

This bit goes to a "0" when the Status Register has been
read by the processor, and goes to a "1" whenever any
kind of infterrupt occurs,

- 3.7 CONTROL REGISTER

The Control Register selects the desired baud rate,
frequency source, word length, and the number of stop bits.

3.7.1 Selected Baud Rate (Bits 0, 1, 2, 3)

These bits, set by the processor, select the Transmitter baud
rate, which can be at 1/16 an external clock rate or one
of 15 other rates controlled by the internal baud rate
generator as shown in Figure 3-3.

7 (] 5 4 3 2 1 [
WL SBR
SBN RCS
wit | wio ssnaTsanz] sar1| saro
—
SELECTED BAUD RATE {SBR)
3210
00 00 16x External Clock
0001 50 Baud
0010 75 Baud
00 11 10992 Baud
0100 13458 Baud
0101 150 Baud
0110 300 Baud
0111 600 Baud
1000 1200 8aud
1001 1800 Baud
1010 2400 Baud
161131 3600 Baud
1100 4800 Baud
1101 7200 Baud
1110 9600 Baud
1111 19,200 Baud
RECEIVER CLOCK SOURCE (RCS)
0 = External Recsiver Clock
1 = Baud Rate
WORD LENGTH (wL)

STOP BIT NUMBER (SBN)

0 = 1 Stop Bit
765 43210 1= 2 Stop Bits

= 1% Stop Bi
nnnnnnﬂﬂ Hardware Reset (RES) For W: -"s‘u\d No Parity
(L= =] ==l =1-] -] Proaram Reser =1 Stop Bit
For WL = 8 and Parity

Figure 3-3. R6551 CONTROL REGISTER



3.7.2 Receiver Clock Source (Bit 4)

This bit controls the clock source to the Receiver, A "0Q"
causes the Receiver to operate at a baud rate of 1/16 an
external clock. A "1" causes the Receiver to operate at
the same baud rate as is selected for the transmitter as
shown in Figure 3-3,

3.7.3 Word Length (Bits 5, 6)

These bits determine the word length to be used (5, 6, 7
or 8 bits). Figure 3-3 shows the configuration for each
number of bits desired.

3.7.4 Stop Bit Number (Bit 7)

This bit determines the number of stop bits used. A "0"
always indicates one stop bit. A "1" indicates 1-1/2 stop
bits if the word length is 5 with no parity selected,

1 stop bit if the word length is 8 with parity selected, and
2 stop bits in all other configurations.

3.8 COMMAND REGISTER

The Command Register controls specific modes and functions,

3.8.1 Data Terminal Ready (Bit 0)

This bit enables all selected interrupts and controls the
state of the Data Terminal Ready (DTR) line. A "0"
indicates the microcomputer system is not ready by setting
the DTR line high. A "1" indicates the microcomputer
system is ready by setting the DTR line low.

3.8.2 Receiver Interrupt Control (Bit 1)

This bit disables the Receiver from generating an interrupt
when set to a "1", The Receiver interrupt is enabled when
this bit is set to a "0" and Bit 0 is set to a "1".

3.8.3 Transmitter Interrupt Control
(Bits 2, 3)

These bits control the state of the Ready to Send (RTS) line
and the Transmitter interrupt. Figure 3-4 shows the various
configurations of the RTS line and Transmit Interrupt bit
settings.

3.8.4 Receiver Echo Mode (Bit 4)

This bit enables the Receiver Echo Mode. Bits 2 and 3
must also be zero. In the Receiver Echo Mode, the Trans-
mitter returns each transmission received by the Receiver
delayed by one-half bit time. A "1" enables the Receiver
Echo Mode. A "0" bit disables the mode.

3.8.5 Parity Mode Enable (Bit 5)

This bit enables parity bit generation and checking. A "0"
disables parity bit generation by the Transmitter and parity

bit checking by the Receiver. A "1" bit enables generation
and checking of parity bits,

7 3 5 4 3 2 1 0
PMC TiIc
PME | REM IRD | OTR
PNCY Imco TIcY [ Tico

0 = Data Terminal Not Ready IDTR Hugh!

‘ L DATA TERMINAL READY (DTR)

1 = Data Terminal Ready (DTR Low!
|
i

INTERRUPT REQUEST DISABLED iIRD¢
0 = IRQ Enabied

i
1 = 1AQ Drabled
TRANSMITTER INTERRUPT CONTROL (TIC)

RTS = High, Transmst Interrupt Disabled *
ATS = Low. Transma Interrupt Enabled
ATS = Low. Transmut Interrupt Disabled
* Low. Transmut Interrupt Disabled
Transm Break on TxD

- 0o
-0 = om

RECEIVER ECHO MODE (REM}

0 = Receiver Normai Mode
1 = Recever Echo Mode «

PARITY MODE ENABLED (PME)
0 = Parsty Mode Disabled

No Parity Bit Generated

Parity Check Disabled
1 = Parity Mode Enabled

PARITY MODE CONTROL (PMC)
[

0 Odd Parity Transmutted/Raceived
1 Even Parity Transmitted/Recoived
765 43210 0 Mark Parity Bit Transmitied
- RES Parrty Check Disabled

Hard Reset (RES)
90 nn 0.0 u 0 | Hardware Re 1 1 Space Parity Bit Transmitted

- ~[-10[0,0]0]0] Program Resat Parny Check Dissbled

~ooiN

*BITS 2 AND 3 MUST BE ZERO FOR RECEIVER ECHO MODE, RTS WILL BE LOW.

Figure 3-4, R6551 COMMAND REGISTER

3.8.6 Parity Mode Control (Bits 6, 7)

These bits determine the type of parity generated by the
Transmitter, (even, odd, mark or space) and the type of
parity check done by the Receiver (even, odd, or no
check). Figure 3-4 shows the possible bit configurations
for the Parity Mode Control bits,

3.9 TRANSMITTER AND RECEIVER

Bits 0-3 of the Control Register select divisor used to
generate the baud rate for the Transmitter. [f the Receiver
clock is to use the same baud rate as the transmitter, then
RxC becomes an output and can be used to slave other
circuits to the R6551. Figure 3-5 shows the transmitter and
Receiver layout,

RECEIVER e AxD
SHIFT REGISTER x
Y
CLOCK
] DIVIDER | t;zfc
(16)
-« RxC
CONTROL
REGISTER
BIT 4

XTL BAUD RATE g‘l-\?g‘“
| >
XTLO —po | CENERATOR O

BITS0-3IN TRANSMITTER

—
CONTROL SHIFT REGISTER Txb
REGISTER

Figure 3-5. TRANSMITTER/RECEIVER CLOCK CIRCUITS



SECTION 4
OPERATION

4.1 TRANSMITTER AND RECEIVER
OPERATION

4.1.1 Continuous Data Transmit (Figure

4-1)

In the normal operating mode, the processor interrupt (IRQ)
is used to signal when the R6551 is ready to accept the
next data word to be transmitted. This interrupt occurs at
the beginning of the Start Bit. When the processor reads
the Status Register of the R6551, the interrupt is cleared.

The processor must then identify that the Transmit Data
Register is ready to be loaded and must then load it with
the next data word. "This must occur before the end of
the Stop Bit, otherwise a continuous "MARK" will be
transmitted.

CHAR#n CHAR #n+1 CHAR zn+2 CHAR #n+3
1 1 1 A
\. E \\ s \\ s \
TxD |[Start| By | B, By | P |ston|start| By | B, By | P |Stoe|stare] B, | B, By | P |Stop|start| By | B, By | P |Stop
' -- -- -- | .- L
i | | 1
1 | ! |
-1RQ
e
PROCESSOR MUST
PROCESSOR LOAD NEW DATA
INTERRUPT PROCESSOR READS STATUS IN THIS TIME
(TRANSMIT DATA REGISTER, CAUSES IRQ :%Lﬂ':m&os‘:f:f:msﬁ
REGIST MPTY ’
GISTER EMPTY) TO CLEAR 18 TRANSIITrED
Figure 4-1. CONTINUQUS DATA TRANSMIT
4.1.2 Continuous Data Receive (Figure
4-2)
Similar to the above case, the normal mode is to generate Stop Bit. The processor must read the Status Register and
a processor interrupt when the R6551 has received a full read the data word before the next interrupt, otherwise the
data word. This occurs at about the 9/16 point through the Overrun condition occurs.
CHAR#n CHAR #n+1 CHAR #n+2 CHAR % n+3
| 1 { i
.- .. .- -- AN
RxD —ISnn 8y e, By | P [stop|stan Bo 81 By | P |Stop]start By B8, BN P |Stop|Start 8 8, Byl P smpL

|

PROCESSOR PROCESSOR READS STATUS
INTERRUPT OCCURS REGISTER, CAUSES iRQ
ABOUT 9/16 INTO TO CLEAR

LAST STOP BIT.

PARITY, OVERRUN,
AND FRAMING ERROR
UPDATED, ALSO

PROCESSOR MUST READ
RECEIVER DATA IN THIS
TIME INTERVAL; OTHERWISE,
OVERRUN OCCURS

Figure 4-2. CONTINUOUS DATA RECEIVE



4.1.3 Transmit Data Register Not Loaded
by Processor (Figure 4-3)

If the processor is unable to load the Transmit Data Register
in the allocated time, then the TxD line will go to the
"MARK" condition until the data is loaded. Processor
interrupts continue to occur at the same rate as previously,

except no data is transmitted. When the processor finally
loads new data, a Start Bit immediately occurs, the data
word transmission is started, and another interrupt is
initiated, signaling for the next data word.

CHARZn CONTINUOUS "MARK" CHAR #n+1 CHAR = n+2
| N ! I
TxD _] Stop{Start| B4 | B, By | P |Stop Start] By B, 8y | P |Stop|Start] By 8, By
- - - CHARACTER ____ - °T
| ’ TIME l
. - --
iRa _]
et
PROCESSOR
INTERRUPT PROCESSOR
FOR DATA DOES NOT LOAD) INTERRUPTS
REGISTER #f“:"e"”“ ! CONTINUE AT
EMPTY CHARACTER RATE, WHEN PROCESSOR FINALLY LOADS
PROCESSOR EVEN THOUGH NEW DATA, TRANSMISSION STARTS
READS NO DATA IS IMMEDIATELY AND INTERRUPT
STATUS TRANSMITTED OCCURS, INDICATING TRANSMIT
REGISTER DATA REGISTER EMPTY
Figure 4-3. TRANSMIT DATA REGISTER NOT LOADED BY PROCESSCOR

4.1.4 Effect of CTS on Transmitter (Figure
4-4)

TTS is the Clear-to-Send Signal generated by the modem.
It is normally low (True State) but may go high in the event
of some modem problems. When this occurs, the TxD line
immediately goes to the "MARK" condition. Interrupts
continue at the same rate, but the Status Register does not

indicate that the Transmit Data Register is empty. Since
there is no status bit for CTS, the processor must deduce
that CTS has gone to the FALSE (high) state. This is
covered later in this note. CIS is a transmit control line
only, and has no effect on the R6551 Receiver Operation.

CHAR#n CHAR #n+1 CONTINUOUS “MARK"’
L L L
- \ - \ /
T
<D B, By | P |Stop|start] By | B, By | P |Stop|Start]| By | B, |B,
- - CHARACTER
TIME
iRQ
I T NOT CLEAR-TO-SEND
cTs CLEAR.TO-SEND \
PROCESSOR READS
NEXT STATUS REGISTER.
PROCESSOR  g|NCE DATA REGISTER
. INTERRUPT 5 NOT EMPTY, PROCESSOR
CTS GOES HIGH, AT NORMAL  MyUST DEDUCE THAT
INDICATING MODEM START BIT €T3 IS SOURCE OF
IS NOT READY TO TIME INTERRUPT (THIS IS
RECEIVE DATA. TxD COVERED ELSEWHERE
IMMEDIATELY GOES IN THIS NOTE).
TO "MARK’* CONDITION
Figure 4-4. EFFECT OF CTS ON TRANSMITTER



4.1.5 Effect of Overrun on Receiver
(Figure 4-5)

See 4. 1. 2 for normal Receiver operation. If the processor but the Overrun status bit is set. Thus, the Data Register
does not read the Receiver data Register in the allocated will contain the last valid data word received and all
time, then, when the following interrupt occurs, the new following data is lost.

data word is not transferred to the Receiver Data Register,

CHAR #n CHAR# n+1 CHAR #n+2 CHAR #n+3
{ 1 L i
-~ .- .- .-

RxD —Iswp start] 8y | B1 By | P |stop|start| By | By BN | P |stop|start] By | B, BN | P |stop|start| Bo | By By
_ I\
IRQ

PROCESSOR / PROCESSOR \ RECEIVER DATA REGISTER

INTERRUPT PROCESSOR DOES NOT NOT UPDATED, BECAUSE

FOR RECEIVER READS READ DATA PROCESSOR DI!D NOT READ

DATA REGISTER STATUS REGISTER PREVIOUS DATA, OVERRUN

FULL REGISTER BIT SET IN STATUS

REGISTER

irRQ

PROCESSOR DOES
NOT READ STATU
{ReGISTER

OVERRUN BIT SET IN
STATUS REGISTER

Figure 4-5. EFFECT -OF OVERRUN ON RECEIVER

4.1.6 Echo Mode Timing (Figure 4-6)

In Echo Mode, the TxD line re~transmits the data on the
RxD line, delayed by 1/2 of the bit time,

AxD _ls.,,, swe| %0 |81 | [ o] » [swnfsunfo [o | o
AR

'
TxD :lsmp Start] 89 1 Stop{Start] Bp 1

VA

Stop | Start

N

re—— 1/2 DATA BIT DELAY

Figure 4-6. ECHO MODE TIMING



4.1.7 Effect of CTS oen Echo Mode
Operation (Figure 4-7)

See 4.1.4 for the effect of CTS on the Transmitter. Receiver
operation is unaffected by CTS, so, in Echo Mode, the
Transmitter is affected in the same way as 4.1.4. In this

CHAR Zn+1

case, however, the processor interrupts signify that the
Receiver Data Register is full, so the processor has no way
of knowing that the Transmitter has ceased to echo.

CHAR ZFn+2 CHAR Zn+3
1 1 i 1
RxD __IStop start| By | 84 Byl P |stopstart| By | B4 By | P |stop|start]| By | B, By | P |Stop|stare| 8, | B, By
IRG
NOT-CLEAR-TO-SEND
cTs
TxD P StoplStln By B, By | P |Stop|Start| By 8, |8,
CTS GOES TO
“FALSE"” CONDITION
NORMAL

RECEIVER DATA

REGISTER FULL
INTERRUPTS

Figure 4-7. EFFECT OF CTS ON ECHO MODE

4.1.8 Overrun in Echo Mode (Figure 4-8)

If Overrun occurs in Echo Mode, the Receiver is affected
the same way as described in 4.1.5. For the re-transmitted
data, when overrun occurs, the TxD line goes to the

"MARK" condition until the first Start Bit after the Receiver
Data Register is read by the processor.

CHAR Zn CHAR #x CHAR # x+1
L L L
W\ -- { ¢ .- --
/
RxD —JStopu" t| 8, | 8, By | ¢ ]Stop|stant| B | B, ; ( By | P |stop]start| By | By By | ¢ |stop|start| Bg | B4 By |r
-- 4 -- .-
[ (
/| Y
iRQ
-+ (f =
TxD P |Stop|start| By | B4 By| ¢ strt| B | 8, By | P
—JI - -——
PROCESSOR PROCESSOR FINALLY TxD DATA
INTERRUPT PROCESSOR READS RECEIVER RESUMES
FOR RECEIVER DOES NOT DATA REGISTER,
DATA REGISTER READ RECEIVER LAST VALID
FULL DATA REGISTER GHARACTER (n)
PROCESSOR
PROCESSOR OVERRUN OCCURS INTERRUPT
s GOES TO FOR CHAR #x
REGISTE TMARK" IN REGEIVER
R CONDITION DATA REGISTER

Figure 4-8. OVERRUN IN ECHO MODE



4.1.9 Framing Error (Figure 4-9)

Framing Error is caused by the absence of Stop Bit(s) on
received data. The status bit is set when the processor
interrupt occurs. Subsequenf data words are tested for

Framing Error separate!

r
Framing Error sepa
reflect the last data word received.

: RS R S
;, 5¢ the status bit will Giways

T T
RxD B p |Stor 'Stopig . | B B, |8 B B B. |8 p |Stop Stop B
(EXPECTED) 6 1 2 P o 1| P23 4] Ps e T TP start] By
T 1
RxD B p |Stop Stoplgeare] By | B, |8, | B.] 8.8 |B p |Stop|Stop gl B
{ACTUAL} 8 1 2 ol 12 3] 4| s ¢ 12} 0
7
/
iRa
missING |
sToP
PROCESSOR
NOTES: 1. FRAMING ERROR DOES NOT BIT INTERRUPT
INHIBIT RECEIVER OPERATION, FRAMING
RROR
2. IF NEXT DATA WORD IS OK, :n, o
FRAMING ERROR IS CLEARED.
Figure 4-9. FRAMING ERROR

4.1.10 Effect of DCD on Receiver (Figure
4-10)

DCD is a modem output used to indicate the status of the
carrier-frequency-detection circuit of the modem. This
line goes high for a loss of carrier. Normally, when this .
occurs, the modem will stop transmitting data (RxD on the
R6551) some time later. The R4551 will cause a processor
interrupt whenever DCD changes state and will indicate
this condition via the Status Register.

Once such a change of state occurs, subsequent transitions
will not cause interrupts or changes in the Status Register
until the first interrupt is serviced. When the Status
Register is read by the processor, the R6551 automatically
checks the level of the DCD line, and if it has changed,
another interrupt occurs.

CONTINUOUS "MARK"

RxD 8gl B, | B, BN | P |Stop|Start| Bg | B, | B, HStop start] Bg | B, Byl e S(opL
MODEM MODEM
DELAY ] DELAY "
bco
— N T
1Ra ol
;.-_a.u S
NORMAL AS LONG AS NO INTERRUPT th‘z?cssson
PROCESSOR DCD 1S HIGH, WILL OCCUR INTERRUPT
INTERRUPT pROCESSOR NO FURTHER PROCESSOR HERE, SINCE FOR €
INTERRUPT INTERRUPTS INTERRUPT  RECEIVER IS NOT SE‘;E'V R
FOR DCD FOR RECEIVER FOR DCD ENABLED UNTIL ATA
GOING HIGH WILL OCCUR GOING LOW  FIRST START BIT
DETECTED
Figure 4-10. EFFECT OF DCD ON RECEIVER



4.1.11 Timing with 1-1/2 Stop Bits (Figure
4-11)

It is possible to select 1-1,/2 Stop Bits, but this occurs only
for 5-bit data words with no parity bit. In this case, the
processor interrupt for Receiver Data Register Full occurs
in halfway through the trailing half-Stop Bit.

CHAR = n+1
|

I i
Start] B B B 8 B, jr1/2
RxD 0 1 2 3 4 St

11720 |
Start Bg B1 82 33 84 Stop

= |

1

PROCESSOR INTERRUPT
OCCURS HALFWAY
THROUGHT THE 1/2

STOP BIT

Figure 4-11. TIMING WITH 1-1/2 STOP BITS

4.1.12 Transmit Continuous "BREAK"”
(Figure 4-12)

This mode is selected via the R6551 Command Register and
causes the Transmitter to send continuous "BREAK" char-
acters, beginning with the next character transmitted.

At least one full "BREAK" character will be transmitted,

even if the processor quickly re-programs the Command
Register transmit mode. Later, when the Command Register
is programmed back to normal transmit mode, an immediate
Stop Bit will be generated and transmission will resume.

\ N\ _— AN
TxD Stop [Start| Bg | B4 By | P [stop|Starr Bp 8, 8y Stop Stop |Start] B, By | P |Stop]start B, | 8,
- 1 L J__1 L4 1d —_—
)}
. |
— { {
1RQ
PERIOD DURING
WHICH PROCESSOR
— SELECTS
CONTINUOUS POINT AT WHICH PROCESSOR
“BREAK" MODE PROCESSOR INTERRUPT
NORMAL SELECTS TO LOAD
INTERRUPT NORMAL TRANSMIT
TRANSMIT DATA
MODE

Figure 4-12. TRANSMIT CONTINUOUS "BREAK"

12



4.1.13 Receive Continuous "BREAK"”
(Figure 4-13)

In the event the modem transmits continuous "BREAK "
characters, the R6551 will terminate receiving. Reception
will resume onliy after a Stop Bit is encountered by the

R6551.
.
CONTINUOUS “BREAK"
B B B P ls Start{ B B8
RxD 8 B p | Stoplstart BO B.l BN P Stop Stop {Start| B, 1 N top | Star: 0 1
* ! N [ WU T B TR RN IV IO | .
== 1 )
(L
T T ['
__ ” too
iRG
‘ ] Lol
'—— NO —» NO INTERRUPT
MORE SINCE RECEIVER "o
PROCESSOR INTERRUPTS DISABLED UNTIL RMAL
INTERRUPT PROCESSOR FIRST STOP BIT RECIEVER
FOR INTERRUPT INTERRUPT
RECEIVER WITH FRAMING
ERROR (PARITY
DATA REGISTER AND OVERRUN
FULL CHECKS NORMAL)

Figure 4-13. RECEIVE CONTINUOUS "BREAK"

4.2 STATUS REGISTER OPERATION 4.3 PROGRAMMED RESET

OPERATION

A program reset occurs when the processor performs a write
operation to the R6551 with RSO low and RS1 high. The
program reset operates somewhat different from the hardware

reset (RES pin) and is described as follows:

Because of the special functions of the various status bits,
there is a suggested sequence for checking them. When
an interrupt occurs, the R6551 should be interrogated, as
follows:

. d Stat ist .
. Read Status Register 1. Internal registers are not completely cleared. The data

This operation oufomcfico“z clears Bit 7 (IRQ). sheet indicates the effect of a program reset on internal

Subsequent transitions on DSR and DCD will cause
another interrupt.

Check IRQ Bit

If not set, interrupt source is not the R6551.

Check DCD and DSR

These must be compared to their previous levels, which
must have been saved by the processor. If they are both
"0" (modem "on-line") and they are unchanged then
the remaining bits must be checked.

Check RDRF (Bit 3)

Check for Receiver Data Register Full,

Check Parity, Overrun, and Framing Error (Bits 0-2)
Only if Receiver Data Register is full.

Check TDRE (Bit 4)

Check for Transmitter Data Register Empty.

If none of the above, then CTS must have gone to the
FALSE (high) state.

registers.
The DTR line goes high immediately.

Receiver and transmitter interrupts are disabled
immediately. If IRQ is low when the reset occurs, it
stays low until serviced, unless interrupt was caused by
DCD or DSR transition.

DCD and DSR interrupts disabled immediately. 1f IRQ

is low and was caused by DCD or DR, then it goes high,
also DCD and DSR status bits subsequently will follow
the input lines, although no interrupt will occur.

Overrun cleared, if set.

.4 MISCELLANEOUS NOTES ON

OPERATION

If Echo Mode is selected, RTS goes low.

If Bit 0 of Command Register is "0" (disabled), then:

a) All interrupts disabled, including those caused by
DCD and DSR transitions.

b) Transmitter disabled immediately.

c) Receiver disabled, but a character currently being
received will be completed first,



3., Odd parity occurs when the sum of all the "1" bits in
the data word (including the parity bit) is odd.

In the receive mode, the received parity bit does not go
into the Receiver Data Register, but is used to generate
parity error for the Status Register.

b

b n

Transmitter and Receiver n e in full operation

simultaneously.  This is "full-duplex" mode.

If the RxD line inadvertently goes low and then high
right after a Stop Bit, the R6551 does not interpret this
as a Start Bit, but samples the line again halfway into
the bit to determine if it is a true Start Bit or a false
For false Start Bit detection, the R6551 does not
begin to receive data, instead, only a true Start Bit
initiates receiver operation.

one.

Precautions to consider with the crystal oscillator
circuit:

a) The external crystal to be used should be a "series"
mode crystal.

b) The XTALI input may be used a an external clock

The unused pin must be floating and may

far
0T

input.

not be used any other function.

DCD and DSR transitions, although causing immediate
processor interrupts, have no affect on transmitter
operation, Data will continue to be sent, unless the
processor forces transmitter to turn off. Since these are
high-impedance inputs, they must not be permitted to

float (un-connected). [f unused, they must be terminated

either to GND or Vce.

4.5 GENERATION OF
NON-STANDARD BAUD RATES

4.5.1 Divisors

The internal counter/divider circuit selects the appropriate

divisor for the crystal frequency by means of bits 0-3 of

the R6551 Control Register.

The divisors, then, are determined by bits 0-3 in the

Control Register and their values are shown in Figure 4-14.

4.5.2 Generating Other Baud Rates

By using a different crystal, other baud rates may be
generated. These can be determined by:

Crystal Frequency
Divisor

Baud Rate =

Furthermore, it is possible to drive the R6551 with an off-
chip oscillator to achieve the same thing. In this case,
XTALI (pin 6) must be the clock input and XTALO (pin 7)
must be a no-connect.

CONTROL | DIVISOR SELECTED BAUD RATE GENERATED BAUD RATE GENERATED
REGISTER FOR THE WITH 1.8432 MMz WITH A CRYSTAL
5 :ni INTERNAL COUNTER CRYSTAL OF FREQUENCY (F)
0 0 O No Divisor Selected ;?P)n(n gxtxergal Clock ;?an Ext:vgal Clock
6
00 0 1 36.864 ’—B%%%gfq =50 36;6 .
3
00 1 0 24,576 ’—%éig =75 2727?
1]
000 1 1 16.769 %‘;—?%9'—0 = 10992 __—:17&%63 .
¢
01 00 13.704 L%ﬁ =1ast _—13;04 7
]
01 0 1 12.288 %‘3 =150 1—22—55
6
01 10 6.144 %ﬁ = 300 —E,%Z— ]
&
01 1 1 3.072 B —‘% = 600 -3.572
6
1 0 0 0 1,536 %.—23210 = 1.200 i __V‘?_;_ﬁi._.‘_,__
6
10 0 1 1.024 L’%?:JQ = 1.800 —1'524 )
6
10 1 0 768 ﬂ"?’%B—X'O = 2.400 725
10 1 512 '—Q‘U;T;'—”' = 3.600 5:2
6
1100 384 ﬂ‘%%:‘—'o = 4.800 3;4
6
110 1 256 '%9 = 7.200 2;6
6
11 1 0 192 '—“%292’(—'9 = 9.600 122
1o 9% '—%"'O' = 19.200 gFG

Figure 4-14. DIVISOR SELECTION FOR THE R6551



4.6 DIAGNOSTIC LOOP-BACK
OPERATING MODES

A simplified block diagram for a system incorporating an
R6551 ACIA is shown in Figure 4-15.

tICRO-
PROCESSOR
PROGRAM] SYSTEM 1/0 RE6551
ROM RAM CONTROL ACIA
I
T
1o MODEM
TO DATA LINK
Figure 4-15, SIMPLIFIED SYSTEM DIAGRAM

Occasionally it may be desirable to include in the system
a facility for "loop~back" diagnostic testing, of which
there are two kinds:

1. Local Loop-Back

Loop-back from the point of view of the processor. In
this case, the Modem and Data Link must be effectively
disconnected and the ACIA transmitter connected back

to its own receiver, so that the processor can perform
diagnostic checks on the system, excluding the actual
data channel.

Remote Loop-Back

Loop-back from the point of view of the Data Link and
Modem. In this case, the processor, itself, is dis-
connected and all received data is immediately
retransmitted, so the system on the other end of the
Data Link may operate independent of the local system.

The R6551 does not contain automatic loop-back operating
modes, but they may be implemented with the addition of
a small amount of external circuitry.

Figure 4-16 indicates the necessary logic to be used with
the R6551.

The LLB line is the positive-true signal to enable local
loop-back operation. Essentially, LLB = high does the

following:
ollo aq:

1. Disables outputs TxD, DR, and RTS (to Modem).

2. Disables inputs RxD, DCD, Eﬁ, DSR (from Modem).
3. Connects transmitter outputs to respective receiver

inputs:

a) TxD to RxD
b) DTR 0 DCD
c) RTSto CTS

LLB may be tied to a peripheral control pin (from an R6520
or R6522, for example) to provide processor control of local
loop-back operation. In this way, the processor can easily
perform local loop-back diagnostic testing.

R6551
RTS DTR TxD RxD DCD CTS OSR
LLB SEL v
2y
E—— STB k\'4
p— ay
- 74157 AxD
B 1A x .
28 2A ¢
38 3A crs
R
-L—+ 48 4A s
= - MODEM
TxD
SEL 137 =
2y ot
RTS
re -
= 4Y }—
74157
+5 il 1A
NOTES: 1. HIGH ON LLB SELECTS LOCAL LOOP-BACK MODE,
28 2A
1. 1A 2. HIGH ON 74157 SELECT INPUT GATES “B” INPUTS
. A TO “'Y* OUTPUTS; LOW GATES A" TO "Y",
e 4 e

Figure 4-16. LOOP-BACK CIRCUIT SCHEMATIC
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Remote loop-back does not require this circuitry, so LLB
must be set low. However, the processor must select the
following:

1. Control Register bit 4 must be "1", so that the transmitter
clock = receiver clock.

2. Command Register bit 4 must be "1" to select Echo
Mode.

3. Command Register bits 3 and 2 must be "1" and "0",
respectively to disable [RQ interrupt to transmitter,

4. Command Register bit 1 must be "0" to disable IRQ
interrupt for receiver.

In this way, the system re-transmits received data without
any effect on the local system.

4.7 DCD AND DSR AS SWITCH
SENSE INPUTS

The R6551 (Asynchronous Communication Interface
Adapter) has several special-purpose control pins. Among
them are the input signals, DCD (Data Carrier Detect)
and DSR (Data Set Ready). The normal functions of these
pins are adequately described in the R6551 data sheet and
are not covered here. However, it is possible to use these
pins as switch sense inputs; that is, as input pins used to
detect the state of switches or circuit jumpers in the
system.

An important requirement of the use of DCD and DSR as
sense inputs is that they must not normally change state
during system operation. If they do, and if the R6551 is
enabled, then immediate processor interrupts will occur
and normal operation will be interrupted. If, however, -
these pins are connected to switches or circuit-board
jumper wires which do not change state during operation,
then they can be sensed by the processor and may be used
to select special operating modes.

The circuit connections are quite simple and are outlined

in Figure 4-17.
6551 5
% % P N
bco <+ o \0_1 ) OR
l JUMPER
WIRES
DsSR o\o——hu

Figure 4-17. CIRCUIT CONNECTIONS FOR
DCD AND DSR

Note that pull-up resistors are required, since DCD and
DSR are high-impedance inputs on the R6551.

In order to sense the state of the inputs, it is necessary to
do the following:

1. Disable the R6551 by setting bit 0 of the Command
Register to o "0".

2. Read the R6551 Status Register. Bits 5 and & will then
indicate the levels on DCD and DSR, respectively.
A "0" is a low level and @ "1" is a high.

As long as the R6551 is disabled, the Status Register will
reflect the levels on the pins and no interrupts will occur,
even if the pins change state. However, if the R6551 is
enabled, then changes of state of the DCD and DSR levels
cause immediate interrupts and the Status Register indicates
the levels taken on the interrupt. Subsequent level
changes are not indicated by the Status Register until the
interrupt is serviced. Thus, it is not convenient to use
DCD and DSR as general switching inputs, but they may
easily be used as inputs which do not change regularly.



APPENDIX
CHARACTERISTICS AND RATINGS

READ/WRITE CYCLE CHARACTERISTICS

(Voo = 5.0V £5%, Ta = 0 to 70°C, unless otherwise noted)

1 MHz 2 MHz
Characteristic Symbeol Min Max Min Max. Unit
Cycle Time teye 1.0 40 05 40 us
92 Pulse Width tc 400 - 200 - ns
Address Set-Up Time taC 120 - 70 - ns
Address Hold Time tCAH 0 - 0 - ns
R/W Set-Up Time wC 120 - 70 - ns
R/W Hold Time tCWH 0 - 0 - ns
Data Bus Set-Up Time tDCW 150 - 60 - ns
Data Bus Hold Time tHW 20 - 20 - ns
Read Access Time {Valid Data) tCDR - 200 - 150 ns
Read Hold Time tHR 20 - 20 - ns
Bus Active Time (Invalid Data) tCDA 40 - 40 - ns
(ty and t¢ = 10 1o 30 ns)
- fcve
- !c -

/ L vIl-l
2 /
¢ Vie
- e - ~=tcan~-
e Vin
cso, €31, RS0, RST X
M1
-~ 'we - - 'cwH -
« T\ /
RW v,
- (DCW - le -
T — Vin
DATABUS % . g h X X
i
Write Timing Characteristics
i X Vin
RW A
‘ YiL
- ‘tcoR - = 'HR =
| ‘ \
N | SN OH
MO AN ,
! oL
= ‘cpa

Read Timing Characteristics
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TRANSMIT/RECEIVE CHARACTERISTICS | tcey =
|

x._vt ——.J
H
1 MHz 2 MHz XTLI c ,

(TRANSMIT \ ‘
Characteristic Symbol | Min | Max | Min | Max | Unit CLOCK INPUT)

|-— tCL -

Transmit/Receive t 400* - 400* — ns

cCcY t
Clock Rate DD
TransmitiReceive ten 175 | — (175 — | ns TxD X

Clock High Time
NOTE: TxD rate is 1/16 TxC rate

Transmit/Receive oL 175 - 175 - ns
Clock Low Time Transmit Timing with External Clock
XTLI to TxD (DD — 500 - 500 ns
Propagation Delay
RTS Propagation t - | s00| - | 500 | ns ¢2
DLY
Delay |
c— !4 t -
IRQ Propagation tIRQ - 500 - 500 ns 1 DLy
Delay (Clear) ‘
OTR, ATS | X
(t ,t.=101t030ns) '
r'f i
g ) 1 :
*Th ith ext I clocking is: Baud Rate = ———— . |
The baud rate with external clocking is: Baud Rate T6% Tony {‘tIRQ";

iAa ‘
(CLEAR)

Interrupt and Output Timing

tcey

<——-—tCH ——

————

RxC . :
(INPUT) ‘

NOTE: RxD rate is 1/16 RxC rate

Receive External Clock Timing

PACKAGE OUTLINES

28 LEAD CERAMIC 28 LEAD PLASTIC
m-l_w;’--—— AAAGAADNNNANAAN T
g o > =
] i e |
::;:g: N :j_.;_%: UUUUUUR‘{EOK)}UUUUU 101

{1.440) ‘"‘” 1610)
— (5”
_JT (.015)
1012) {008}
[~ (008) 1.065) noo)
| 1.620) (045)
mov 590) (023) 032 ner mm

(NSD 01s) (.150) (.060)
(:065) (:090) (125) (020

(.085)

(010 (018) ( 155) (.065)
(125) (018)



SPECIFICATIONS

Maximum Ratings

Rating Symbol Value Unit
Supply Voltage Vee -031t0+7.0 Vdc
Input Voltage Vin -03to+7.0 Vdc
Operating Temperature T 0to+70 °C
Storage Temperature TsTG -55 to +150 °c

This device contains input protection against damage due to high static voltages or electric fields; however, precautions should be taken to
avoid application of voltages higher than the maximum rating.

Electrical Characteristics

(Veg =5.0 £5%. Ta = 0-70°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage ViH v
(Except XTL!| and XTLO) 20 - Voo
(XTLI and XTLO) 24 - - Vee
input Low Voltage ViL . v
(Except XTLI and XTLO) Vss- - 0.8
(XTLI and XTLO) Vss - 04
Input Leakage Current: VN =0 to 5V. IN - +25 KA
(@2, R/W, RES, Cs0, CS1, RSO, Rs1, TS, RxD, DCD, DSR)
Input Leakage Current for High Impedance State (Three State) ITs] - +10.0 MA
Qutput High Voitage: ||_Q_A_D =_-1_00 KA VoH 24 - - Y
(D0-D7, TxD, RxC, RTS, DTR)
QOutput Low Voltage: || gap =16 mA VoL - - 04 v
(D0-D7), TxD, RxC, ATS, DTR, iRQ)
Output High Current (Sourcing): Vo = 2.4V loH -100 - uA
(D0-D7, TxD, RxC, RTS, DTR)
Output Low Current {Sinking): 'VOL =04V loL 1.6 - - mA
(D0-D7, TxD, RxC, RTS, DTR, IRQ)
Output Leakage Current {off state): VouT = 5V (IRQ) ' 10FF - 10.0 uA
Clock Capacitance (92) CeLk - - 20 pF
Input Capacitance (except XTLI| and XTLO) CiNn - - 10 pF
Output Capacitance CouTt - - 10 pF
Power Dissipation Pp - 170 300 mwW
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@ MOTOROLA N | MC6802
| MC6808
MCG6802NS

SEMICONDUCTORS

3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721

MICROPROCESSOR WITH CLOCK AND OPTIONAL RAM

The MC6802 is a monolithic 8-bit microprocessor that contains all the Mos
registers and accumulators of the present MC6800 plus an internal clock
oscillator and driver on the same chip. In addition, the MC6802 has 128 {N-CHANNEL, SILICON-GATE,
bytes of on-board RAM located at hex addresses $0000 to $007F. The DEPLETION LOAD)
first 32 bytes of RAM, at hex addresses $0000 to $001F, may be retained
in a low power mode by utilizing Vcc standby; thus, facilitating MICROPROCESSOR
memory retention during a power-down situation. WITH CLOCK AND OPTIONAL RAM

The MC6802 is completely software compatible with the MC6800 as
well as the entire MB800 family of parts. Hence, the MC6802 is expand-

able to 64K words.

The MCBBO2NS is identical to the MC6802 without standby RAM
feature. The MCB808 is identical to the MCB802 without on-board

RAM. L SUFFIX
® On-Chip Clock Circuit CERAMIC PACKAGE
@ 128x 8 Bit On-Chip RAM CASETIS
® 32 Bytes of RAM are Retainable
® Software-Compatible with the MC6800
® Expandable to 64K Words
® Standard TTL-Compatible Inputs and Qutputs
® 8—B|t. Word Size A . P SUFFIX
® 16-Bit Memory Addressing RN PLASTIC PACKAGE
® interrupt Capability : . CASE 711
PART NUMBER DESIGNATION BY SPEED
MC6802 MC6808 MCB802NS
(1.0 MHz) (1.0 MHz) {1.0 MH2)

. PIN ASSIGNMENT
MC68AQ2 MC68A08

(1.5MHz) (1.5 MHz) vss1 @ N~ wharse
MC68802 MC68B08 . " HALT[]2 39PEXTAL
(2.0 MHz) (2.0 MH2z) MR{ 3 38O XTAL
- RQM4 e
TYPICAL MICROCOMPUTER \/MAC 5 36 J RE**
Vee Vee vee Vee NMilse 3O Ve Standby®
Bal}7 MRRW
< veels 3300
Counter/ :: MC6846 . TRQ RESE Aofjo 2flon
Timer I/0 —— ROM, 1/0, Timer MR A?E 10 3N :]D2
RESET — 50 e YMA VMA HACT (= T af 003
- Clock =
<—a| 2k Bytes ROM [* = E_ RE f— A3 12 291 D4
o 101/0Li /W R/W NMI
‘ . ines Mcegp2 NMI fea— A4]13 28 tl D5
Parallel | <a—a 3 Lines Timer MPU BA =
1/0 | o= 00-07 D0-D7 A5 (14 27} 06
Al
| EXTAL— I 260107
- - a7 06 0 A5
- CP2 AO-A10, g L T
Control { i st AQ-A15 AQ-A15 XTAL as 17 24 A
T ) A9 []18 X IS
This block diagram shows a typical cost effective microcomputer. The MPU is A10Q19 21 A12
the center of the microcoputer system and is shown in a minimum system inter- A1 n 20 b2 J Vss
facing with a ROM combination chip. It is not intended that this system be
limited to this function but that it be expandable with other parts in the M6800 *Pin 35 must be tied to 5 V on the 6802NS

Microcomputer family. **Pin 36 must be tied to ground for the 6808




MC6802¢MC6808°MCE802NS

>

MAXIMUM RATINGS

This input contains circuitry to protect the

i | Value Unit
Rating Symbo 4 inputs against damage due to high static
Supply Voltage vVee -03t0 +70| V voltages or electnic fields; however, it is ad-
input Voltage Vin ~-03t0 +70 i vised that normal precautions be taken to
Operating Temperature Range TA 0to +70 °C avoid application of any voltage higher than
— ry maximum rated voltages to this high-
Storage Temperature Range Tstg 510 +150 ¢ impedance circuit. Reliability of operation 1S
4 enhanced if unused inputs are tied to an ap-
propriate logic voltage level (e g., either V
THERMAL CHARACTERISTICS VSN 5S
Characteristic Symbol Value Unit
Average Thermal Resistance (Junction to Ambient)
Plastic 100
g 6 °C/W
Ceramic JA 50
POWER CONSIDERATIONS
The average chip-junction temperature, T, in °C can be obtained from: )
Ty=Ta+(Ppeya) nm

Where:
T =Ambient Temperature, °C
6 = Package Thermal Resistance, Junction-to-Ambient, °C/W
Pp=PINT+PPORT
PINT=ICC x VCC, Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT <€ PINT and can be neglected. PPORT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if PPQRT is neglected) is:

Pp=K =+ (Tj+273°C) (2)
Solving equations 1 and 2 for K gives:
K =Ppe(T A +273°C) + 8 a°PD2 (3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known T A. Using this value of K the values of Pp and T j can be obtained by solving equations {1) and (2) iteratively for any
value of TA.

@ MOTOROLA Semiconductor Products Inc.
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MC6802eMC6808¢MCE802NS

OPERATING TEMPERATURE RANGE

Device Speed Symbol Value Unit
MC6802P L {1.0 MHz) . Oto +70
MCB802CP, CL (1.0 MH2) A -40t0 +85 '“
MC68A02P L (1.5 MHz) Ta Oto +70 o¢
MCB8AQ2CP,CL (1.5 MHz) ~401t0 +85
MC68B02P, L (2.0 MHz) ’ Ta Oto +70 oc
MC68B02CP,CL (2.0 MHz) -40 to +85
MC6802NSP, L {1.0 MHz) TA Oto +70 °C
MC6808P, L {1.0 MHz)
MC68A08P,L (1.6 MHz) TA Oto +70 °C
MC68B808P, L (2.0 MHz)

DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vde £5%, Vgg=0, TA=0 to 70°C, unless otherwise noted)

Characteristic Symbol Min Typ | Max Unit
Input High Voltage Logic, EXTAL, RESET | Vi xgg:ig - \\;(C:g v
Input Low Voltage Logic, EXTAL, RESE ViL Vgg-0.3 - Vsg+08 v
Input Leakage Current (Vin =0105.25 V, Ve = max) Logic Iin - 1.0 2.5 A
Output High Voltage _
liLoad= - 205 kA, Voo =min) __ Do-D7 VoK Vgg+24 - - v
(lLoad = - 145 4A, VcC = min) AQ-A15, R/W, VMA, E Vgs+2.4 - -
ILoad= — 100 kA, VcC = min) BA Vss+24 - -
Output Low Voltage (I gaq=1.6 mA, Vcc = min) VoL - - Vss+0.4 \%
Internal Power Dissipation (Measured at Tp = 0°C) PINT - 0.600 1.0 W
kAR NERE
Standby Current 'sBB - - 8.0 mA
Capacitance # .
(Vin=0, TA=25°C, f=1.0 MHz) D0-D7 Cin - 10 125 pF
Logic Inputs, EXTAL — 6.5 10
AC-AI5, R/W, VMA | Cour - - 12 pF

“In power-down mode, maximum power dissipation s less than 42 mwW
#Capacitances are periodically sampled rather than 100% tested.

CONTROL TIMING (Vcc=5.0V £5%, Vg5=0, Tao=T| to Ty, uniess otherwise noted]

MC6802NS, | MC68A02 | MC68B02
Characteristics Symbol MC6808 MC68A08 | MC68B08 | Unit
Min | Max | Min | Max | Min | Max
Frequency of Operation fo 0.1 1.0 | 0 15 [ 0.1 2.0 | MHz
Crystal Frequency fxTaL | 10 |40 [ 10] 60 |10] 80 |MHz
External Oscillator Frequency 4xf, 04 | 40 (04| 60 |04 | 80 [ MHz
Crystal Oscillator Start Up Time tre 100 - 100 — 100 - ms
Processor Controls (HALT, MR, RE, RESET, TRQ NMI)
Processor Control Setup Time tpCs 200 - 140 - 110 - ns
Processor Control Ri nd Fall Tim t
?(goesoNo:) At;gly tzeRaESETa) ° IPP(érf' (10 - [ 100~ | 100 ] ns

@ MOTOROLA Semiconductor Products Inc.



MC6802¢MC6808°MC6802NS

BUS TIMING CHARACTERISTICS
ot Mﬁgﬁgs MCB8A02 | MC68B02
Number Characteristic Symbol | \ceong | MCE8A0B | MCE8BOS | Unit
Min | Max | Min | Max | Min | Max
1 Cycle Time teye 10| 10 |0667] W0 {05 10 us
2 Pulse Width, E Low PWg | 450 | 5000 | 280 | 5000 | 210 | 5000| ns
3 Pulse Width, E High PWgH | 450 | 9500 | 280 | 9700 | 220 | 9700f ns
4 Clock Rise and Fall Time tr, U4 — 25 - 25 - 20 ns
9 Address Hold Time tAH 20 - 20 - 20 - ns
12 Non-Muxed Address Valid Time to E {See Note 5) AV 160 _ 100 B 50 B ns
tAV?2 - 270 - - - -
17 Read Data Setup Time tDSR 100 - 70 - 60 - ns
18 Read Data Hold Time IDHR 10 — 10 - 10 - ns
19 Write Data Delay Time tDDW - 225 - 170 - 160 | ns
21 Write Data Hold Time IDHW 30 - 20 - 20 - ns
29 Usable Access Time (See Note 4) tACC 605 - 310 - 235 - ns
FIGURE 2 — BUS TIMING
< o
\
le Q) >
E = | </ 7 \
L 4 x
< ©) >
~ @ —O O~ © = -0
R/W, Address ‘)/\A’\ ;
(Non-Muxed) LY x3
-t ‘12 ’————)'
—+® - <D~ <
Read Data MPU Read Data Non-Muxed -
Non-Muxed 4 X L 2_
. 1\ Note 4
r< \291 >
—® e @®—
Write Data K y il A K
Non-Muxed P 4 3 N >_
(21} <
NOTES:
1. Voltage levels shown are V| 0.4 V, VH=2.4 V, unless otherwise specified.
2. Measurement points shown are 0.8 V and 2.0 V, uniess otherwise noted.
3. Al electricals shown for the MCB802 apply to the MCB6802NS and MC6808, unless otherwise noted.
4. Usable access time is computed by: 12+3+4-17.
5. If programs are not executed from on-board RAM, TAV1 applies. If programs are to be stored and executed from on-board RAM, TAV2 ap-
plies. For normal data storage in the on-board RAM, this extended delay does not appiy. Programs cannot be execuied from on-board
RAM when using A and B parts IMC68A02, MCB8A08, MC68802, MC68B08). On-board RAM can be used for data storage with all parts.

@ MOTOROLA Semiconductor Products Inc.
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DELAY TIME (ns)

FIGURE 3 — BUS TIMING TEST LOAD

C=130 pF for DO-D7, E _
=90 of for AD-AYE, R/W,
=30 pF for BA

R=117kQ for DO-D7, £
=16.5 k{2 for A0-A15, R/W, and VMA
=24 kQ for BA

and VMA
and Viviaa

FIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY
versus CAPACITIVE LOADING

Test Point

475V

RL=2.2kQ
MMD6150
or Equiv.

MMD7000
or Equiv.

FIGURE 5 — TYPICAL READ/WRITE, VMA AND
ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING

600 T T T T 600 T T T T -
- IOH:—ZOSuAvIIaxEﬂ_Z.4_V L 1OH ~-145 WA max @ 24 V
ﬁuo_igL:i.GmAmax@!u.AV IgL = 1.6 mA max @04V
Vee=50v 500Fvip=50v
FTAa=25¢C - Ta=25¢C
400 g 400
> Address, VMA
=
300 = 300
-
J'/ = e RW i
200 o |
"1 200 [ T
100 100 bt ‘
, L ]
o Ci |:1cludeislray‘capacvt‘ance 0 Cy includes stray capacitance ]
0 100 200 300 400 500 600 0 100 200 300 400 500 600
CL, LOAD CAPACITANCE (pF) CL. LOAD CAPACITANCE (pF)
FIGURE 6 — EXPANDED BLOCK DIAGRAM
A15 Al4 A13 A12 A1l AI0 A9 A8 A7 A6 A5 A4 A3 A2 Al AO
25 24 23 22 20 19 18 17 6 15 413 i2 11 10 9
A
e e A e O e O O O, O
Output Output
Butfers Butters
r =3
! RAM 36 RAM Enable
! Controt |
[ !
T
| 32 Bvies €35 v Standby
————— [
)
T -
Memory Ready 3~ l 96 Byies : Not Avaiabie
Enable 37 < - = 2 ur MC6808
RESET 40— Progiaii Program
Non-Maskable interrupt (NMI} 6~ Clock Counter H Counter |
HALT 22— Instruction
Interrupt Request (TRQ) 4——gpq  DECODE Stack Stack
and Puinter " Pointer
EXTAL 39=—3m Controi
XTAL 38—~ Index Index
Bus Availlable 7 <€ Reyister H Register |
Vahd Memory Address 5
Read/Wrnite (R/W) 34 Accumuiator
i .
Instruction Accumulator
Regster 8
Condition
Code
Register
11
Vcec=Pin 8 Data
VCC = Pin 35 for MCB802NS Butfer ALt
Vss=Pins 1, 21
Vgs =Pin 36 for MCE808 t t i i i ¢ i :
6 2/ 28 29 30 31 32 33
D7 D6 D5 D4 D3 D2 DI DO

@ MOTOROLA Semiconductor Products Inc.




MC6802eMC6808*MC6802NS

MPU REGISTERS

A general block diagram of the MC6802 is shown in Figure
6. As shown, the number and configuration of the registers
are the same as for the MC6800. The 128 x 8-bit RAM* has
been added to the basic MPU. The first 32 bytes can be re-
tained during power-up and power-down conditions via the
RE signal.

The MCB802NS is identical to the MC6802 except for the
standby feature on the first 32 bytes of RAM. The standby
feature does not exist on the MCB802NS and thus pin 35
must be tied to 5 V.

The MC6808 is identical to the MCB8802 except for on-
board RAM. Since the MCB808 does not have on-board
RAM pin 36 must be tied to ground allowing the processor to
utilize up to 64K bytes of external memory.

The MPU has three 16-bit registers and three 8-bit
registers available for use by the programmer (Figure 7).

PROGRAM COUNTER

The program counter is a two byte (16-bit) 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 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-voiatiie.

INDEX REGISTER

The index register is a two byte register that is used to
store data or a 16-bit memory address for the indexed mode
of memory addressing.

ACCUMULATORS

The MPU contains two 8-bit accumulators that are used to
hold operands and results from an anthmetic logic unit
{ALU).

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 (). The unused bits of the Con-
dition Code Register (b6 and b7) are ones.

Figure 8 shows the order of saving the microprocessor
status within the stack.

*1f programs are not executed from on-board RAM, TAV1 applies. It programs are 10 be stored and executed from on-board RAM, TAV2 ap-
plies. For normat data storage in the on-board RAM, this extended delay does not apply. Programs cannot be executed from on-board RAM
when using A and B parts (MC68A02, MCB8A08, MC68802, and MCE8B08). On-board RAM can be used for data storage with all parts.

FIGURE 7 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT

Accumuliator A

Accumulator B

Index Register

Program Counter

Stack Pointer

ACCA
7 o
ACCB
15 0
X
15 o
-
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15 o
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1H1IH C

Condition Codes
Register

L.
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FIGURE 8 — SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK

SP = Stack Pointer
CC = Condition Codes (Atlso called the Processor Status Byte)
ACCB = Accumulator B
ACCA = Accumulator A
IXH = Index Register, Higher Order 8 Bits
IXL = Index Register, Lower Order 8 Bits
PCH = Program Counter, Higher Order 8 Bits
PCL = Program Counter, Lower Order 8 Bits

A s
— "
m-9
m-8
m-7 — SP
m-6| cc T
m-5| ACCB
m-4 ACCA
m -3 IXH
m-2 m-2 IXL x
m -1 m -1 PCH g
m -§———— SP m PCL
m+ 1 - m+ 1
m+ 2 x mOZ’
Q
R o |
| | . I I |
Before After

MPU SIGNAL DESCRIPTION

Proper operation of the MPU requires that certain control
and timing signals be provided to accomplish specific func-
tions and that other signal lines be monitored to determine
the state of the processor. These control and timing signals
are similar to those of the MCB800 except that TSC, DBE,
o1, ¢2 input, and two unused pins have been eliminated,
and the following signal and timing lines have been added:

RAM Enable (RE)

Crystal Connections EXTAL and XTAL

Memory Ready (MR)

Ve Standby

Enable ¢2 Output (E)

The following is a summary of the MPU signals:

ADDRESS BUS (A0-A15)

Sixteen pins are used for the address bus. The outputs are
capable of driving one standard TTL load and 90 pF. These
lines do not have three-state capability.

DATA BUS (D0-D7)

Eight pins are used for the data bus. It is bidirectional,
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.

Data bus will be in the output mode when the internal
RAM is accessed and RE will be high. This prohibits external
data entering the MPU. It should be noted that the internal
RAM is fully decoded from $0000 to $007F. External RAM at
$0000 to $007F must be disabled when internal RAM s ac-
cessed.

HALT

When this input is in the low state, all activity in the
machine will be haited. This input is level sensitive. In the
HALT mode, the machine will stop at the end of an instruc-
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. tion, bus available will be at a high state, valid memory ad-
dress will be at a low state. The address bus will display the
address of the next instruction.

__To ensure single instruction operation, transition of the
HALT _T line must occur tpcg before the falling edge of E and
the HALT line must go high for one clock cycle.

HALT should be tied high if not used. This i1s good
engineering desigr: practice in general and necessary to en-
sure proper operation of the part.

READ/WRITE (R/W)

This TTL-compatible ouiput signals the peripherais 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). When the processor i1s halted, it will be in the read
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.

BUS AVAILABLE (BA) — The bus available signal will nor-
mally 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 (but not in a three-state
condition). 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 execu-
tion of a WAIT instruction. At such time, all three-state out-
put drivers will go to their off-state and other outputs to their
normally inactive level. The processor is removed from the
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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)

A low level on this input requests that an interrupt se-
quence be generated within the machine. The processor will
wait until it completes the current instruction that is being
excuted before it recognizes the request. At that time, if the
interrupt mask bit in the condition code register is not set,
the machine wiil 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 vectoring address which is located
in memory locations $FFF8 and $FFF9 is loaded which
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
1S low.

A nominal 3 kQ pullup resistor to V¢ should be used for
wire-OR and optimum control of interrupts. IRQ may be tied
directly to V¢ if not used.

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. When this line is low, the
MPU is inactive and the information in the registers will be
lost. If a high level is detected on the input, this will signal
the MPU to begin the restart sequence. This will start execu-

tion of a routine to Initialize the processor from i1ts reset con-
dition. 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 i1s addressed
by the program counter. During the restart routing, the inter-
rupt mask bit 1s set and must be reset before the MPU can be
interrupted by IRQ. Power-up and reset tming and power-
down sequences are shown in Figures 9 and 10, respectively.

RESET, when brought low, must be held low at least three
clock cycles. This allows adeguate time to respond internally
to the reset. This 1s independent of the t;c power-up reset
that is required. .

When RESET is released it must go through the low-to-
high threshold without bouncing, oscillating, or otherwise
causing an erroneous reset {less than three clock cycles).
This may cause improper MPU operation until the next valid
reset.

NON-MASKABLE INTERRUPT (NMI)

A low-going edge on this input requests that a non-
maskable interrupt sequence be generated within the pro-
cessor. As with the interrupt request signal, the processor
will complete the current instruction that is being executed
before it recognizes the NMI signal. The interrupt mask bit in
the condition code register has no effect on NMI.

The index register, program counter, accumulators, and
condition code registers are stored away on the stack. At the
end of the cycle, a 16-bit vectoring address which is located
in memory locations $FFFC and $FFFD is loaded causing the
MPU to branch to an interrupt service routine in memory.

A nominal 3 kQ pullup resistor to V¢ should be used for
wire-OR and optimum control of interrupts. NMI may be tied

FIGURE 9 — POWER-UP AND RESET TIMING
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|
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—tPCS
tre =3 l—
v ViH
I3 — Vie
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(See Note Below)

!(c — (— \

seare / \_E
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Option 2
(See Figure 10 for
Power-down Condition)

143

(PCr
NOTE: If option 1 is chosen, RESET and RE pins can be tied together.

o
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directly to_VCC if not used. FIGURE 10 — POWER-DOWN SEQUENCE
inputs IRQ and NMI are hardware interrupt lines that are
sampled when E is high and will start the interrupt routine on v jk 475y
a low E following the completion of an instruction. cc
Figure 11 1s a flowchart describing the major decision —
paths and interrupt vectors of the microprocessor. Table 1
gives the memory map for interrupt vectors. N
TABLE 1 — MEMORY MAP FOR E
INTERRUPT VECTORS
{CPS
Vector L tPCt -
MS s Description =
SFFFE SFFFF Restart RE -3 Cycies_ﬂ
$FFFC | SFFFD | Non-Maskable Interrupt ViL
SFFFA | SFFFB Sottware Interrupt
SFFF8 $FFF9 Interrupt Request
FIGURE 11 — MPU FLOWCHART
Start Sequence
$FFFE, SFFFF
4
Yes —
*T* HALT
Machine No
on Halt
Y J—
e HALT
No
Fetch | . Execute
eteh Instruction Interrupt Routine
J, v
Execute ‘ ___L
Instruction NMI TRQ
$FFFC SFFF8
$FFFD | $FFF9
)
< i i
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FIGURE 12 — CRYSTAL SPECIFICATIONS

Y1 Cin Cout
3 58 MH2z 27 pF 27 pF
4 MH2 27 pr 27 pf
38 39 6 MHz 20 of 20 of
R | — — —
Cout [: Y Ic'n 8 MHz 18 pF 18 pF
Crystal Loading
IDI
[}
Y1
1L AAA
L1 l\ R
ci S
Cco
114
[AN
Nominal Crystal Parameters*
3.58 MHz 4.0 MHz 6.0 MHz 8.0 MHz
Rs 60 Q 50 @ 3090 20-40 Q
Cco 3.5 pF 6.5 pF 4-6 pF 4-6 pF
C1 0.015 pF 0.025 pF 0.01-0.02 pF 0.01-0.02 pF
Q > 40K > 30K > 20K > 20K

*These are representative AT-cut parallel resonance crystal parameters only
Crystals of other types of cuts may also be used

Figure 13 — SUGGESTED PC BOARD LAYOQUT

Example of Board Design Using the Crystal Oscillator

}1;20 mm Max——-3m

/O:her Signals are Not Wired in this Area

CL @I CL / I
E
/

/11
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FIGURE 14 — MEMORY READY SYNCHRONIZATION

EXTAL 39
38
XTAL
1
MC6802 -
MR Q <
Memory Ready
Db— Generated from
CS Logic
SN74LS74

FIGURE 15 — MR NEGATIVE SETUP TIME REQUIREMENT

E Clock Stretch

~tPCS —1PCS
0.8V 08v

The E clock will be stretched at end of E high of the cycle during which MR negative meets the tpcg setup ime. The tpCs setup tme is
referenced to the fall of E. If the tpCs setup time is not met, E wiil be stretched at the end of the next E-high % cycle E will be stretched in in-
tegral multiples of 2 cycles.

Resuming E Clocking

HIPCS J«—>»ttpCS je—tipCS [E—>riPCS
| I T

! | I
Stretched E | | | I

. N i

The E clock will resume normal operation at the end of the ' cycle during which MR assertion meets the tpcs setup tme The tPCS setup time
is referenced to transitions of E were it not stretched. If tpCg setup ume 1s not met, E wiil fall at the second possible transition time after MR is
asserted. There s no direct means of determining when the tpcg references occur, unless the synchronizing circunt of Figure 14 1s used
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RAM ENABLE (RE — MC6802+ MCB802NS ONLY)

A TTL-compatible RAM enable input controls the on-chip
RAM of the MCB8802. When placed in the high state, the on-
chip memory is enabled to respond to the MPU controls. In
the low state, RAM is disabled. This pin may also be utilized
to disabie reading and writing the on-chip RAM during a
power-down situation. RAM Enable must be low three
cycles before Vc goes beiow 4.75 V during power-down.
RAM enable must be tied low on the MC6808. RE should be
tied to the correct high or low state if not used.

EXTAL AND XTAL

These inputs are used for the internal oscillator that may
be crystal controlled. These connections are for a parallel
resonant fundamental crystal (see Figure 12). (AT-cut.) A
divide-by-four circuit has been added so a 4 MHz crystal may
be used in lieu of a 1 MHz crystal for a more cost-etfective
system. An example of the crystal circuit layout is shown in
Figure 13. Pin 39 may be driven externally by a TTL input
signal four times the required E clock frequency. Pin 38 s to
be grounded.

An RC network is not directly usable as a frequency

' source on pins 38and 39. An RC network type TTL or CMOS
oscillator will work well as long as the TTL or CMOS output
drives the on-chip oscillator.

LC networks are not recommended to be used in place of
the crystal.

If an external clock is used, it may not be halted for more
than tpwelL. The MCB802, MC6808 and MCEBBO2NS are
dynamic parts except for the internal RAM, and require the
external clock to retain information.

MEMORY READY {MR)

MR is a TTL-compatible input signal controlling the stret-
ching of E. Use of MR requires synchronization with the 4xf,
signal, as shown in Figure 14. When MR is high, E will be in
normal operation. When MR is low, E will be stretched in-
tegral numbers of half periods, thus allowing interface to
slow memories. Memory Ready timing is shown in Figure 15.

MR should be tied high (connected directly to V) if not
used. This is necessary to ensure proper operation of the
part. A maximum stretch is teyc.

ENABLE (E)

This pin supplies the clock for the MPU and the rest of the
system. This is a single-phase, TTL-compatible clock. This
clock may be conditioned by a memory read signal. This is
equivalent to ¢2 on the MCB800. This output is capable of
driving one standard TTL load and 130 pF.

Vce STANDBY (MC6802 ONLY)

This pin supplies the dc voltage to the first 32 bytes of
RAM as well as the RAM Enable (RE) control logic. Thus,
retention of data in this portion of the RAM on a power-up,
power-down, or standby condition is guaranteed. Maximum
current drain at Vgg maximum is Isgg. For the MC6802NS
this pin must be connected to VC(.

@ MOTOROLA Semiconductor Products Inc.
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MPU INSTRUCTION SET

The instruction set has 72 different instructions Included
are binary and decimal arithmetic, logical, shift, rotate, load,
store, conditional or unconditional branch, interrupt and

stack manpulation instructions (Tables 2 through 81 Thein-

struction set 1S the same as that for the MC6800

MPU ADDRESSING MODES

There are seven address modes that can be used by a pro-
grammer, 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 bus
frequency of 1 MHz, these times would be microseconds.

ACCUMULATOR (ACCX) ADDRESSING

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

IMMEDIATE ADDRESSING

In immediate addressing, the operand is contained in the
second byte of the instruction except LDS and LDX which
have the operand in the second and third bytes of the in-
struction. 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 contain-
ed 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 execu-
tion 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 se-
cond byte of the instruction is used as the higher eight bits of
the address of the operand. The third byte of the instruction
is used as the lower eight bits of the address for the operand.
This is an absolute address in memory. These are three-byte
instructions.

INDEXED ADDRESSING

In indexed addressing, the address contained in the se-
cond 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 ot the index register. This result is
then used to address memory. The modified address is held
in a temporary address register so there i1s no change to the
index register. These are two-byte instructions.
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IMPLIED ADDRESSING byte of the instruction is added to the program counter’s

In the implied addressing mode, the instruction gives the lowest eight bits plus two. The carry or borrow is then added
address (i.e., stack pointer, index register, etc.). These are to the high eight bits. This allows the user to address data
one-byte instructions. within a range of — 125to0 + 129 bytes of the present instruc-

tion. These are two-byte instructions.
RELATIVE ADDRESSING
In relative addressing, the address contained in the second

TABLE 2 — MICROPROCESSOR INSTRUCTION SET — ALPHABETIC SEQUENCE

ABA Add Accumuiaiors CiR Ciear PUL Pull Data
ADC Add with Ca"y CLv Clear Overflow ROL Rotate Left
:33 fdd Ang ggz ggmpafs‘em ROR  Rotate Right
ogical ple RTI Return from Interrupt

ASL Arithmetic Shift Left CPX Compare Index Register RTS

ASR Arithmetic Shift Right Return from Subroutine

DAA Decimai Adjusi

BCC Branch it Carry Clear DEC Decrementl 282 Subtract Accumulators
BCS Branch it Carry Set DES Decrement Stack Pointer SEC Subt(r:act with Carry
BEQ  Branch if Equal to Zero DEX Decrement Index Register o get arry
BGE  Branch it Greater or Equal Zero A et Interrupt Mask

: EOR Exciusive OR SEV Set Overflow
BGT Branch if Greater than Zero STA
BHI  Branch if Higher INC  Increment s g{m Accumulator
BIT Bit Test INS Increment Stack Pointer STX Slore | :c Reg;ster
BLE Branch if Less or Equal INX Increment Index Register SUB S ore \ndex Register
BLS Branch if Lower or Same ubtract
BLT Branch if Less than Zero JMP Jump A Swi Software Interrupt
BMI Branch it Minus JSR Jump to Subroutine TAB Transfer Accumulators
BNE Branch it Not Equal to Zero LDA Load Accumulator TAP Transter Accumutators to Condition Code Reg.
BPL Branch if Plus LDS Load Stack Pointer TBA Transfer Accumulators
BRA Branch Always LDX Load Index Register TPA Transter Condition Code Reg. to Accumulator
BSR Branch to Subroutine LSR Logical Shift Right TST Test
BvC Branch if Overfiow Clear NEG Neqate TSX Transfer Stack Pointer to Index Register
BVS Branch if Overtiow Set NOP NggOperatnon TXS Transfer index Register to Stack Pointer
(C:Eé gfe':’pg:r:/oc umulators ORA Inclusive OR Accumulator WAl Wait for Interrupt
CLI Clear Interrupt Mask PSH Push Data
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TABLE 3 — ACCUMULATOR AND MEMORY INSTRUCTIONS
ADDRESSING MODES BOOLEAN/ARITHMETIC OPERATION CONO. CODE REG.
IMMED DIRECT INDEX EXTND IMPLIED {All register labels Sj4(3|2[1]0
OPERATIONS mnemonic| op - =lop - =lop - =iOP - ={OP ~ = refer to contents) Hil1N|Z|V|C
Ado ADDA 38 2 2(98 3 2]AB 5 2 i 88 ¢ 3 AeM -A ile o
AQD08 c8 2 2|08 3 2{€8 5 2|FfB 4 3 8-M -8 ile .
Add Acimitrs ABA 82 ! Aa-8 -a ile :
Add with Carry ADCA 89 2 2199 3 2/4A9 S 2/8B9 3 3 AWML -A e :
ADCB €9 2 2109 3 2|€3 5 2,F3 4 3 B«M-C -8B e N
And ANDA 84 2 2194 3 2|A8 5 2|84 4 3 A-M A ofe Rle
ANOB c4 2 2]D&e 3 27{E€E4+ 5 2}/F4 4 2 B-M -8 ele Rie
Bt Test BITA 85 2 2|95 3 2!As 5 218 4 3 A-M o0 !{Rle
BIT8 €5 2 2{05 3 2|€5 5 2}F5 4 3 8- M ole ‘|Rle
Clear CLR 6F 1/ 2] 7F 6 3 00 -M e|®iR|S|RIR
CLRA aF 2 00 -A ®|@iRIS{R|R
CLRB 5F 2 1 00 -8 ®j®|R|S|R|R
Compare CMPA 81 2 2|91 3 2|A1 5 2|81 4 3 A M olef |l
Cmes ct 2 2{0v 3 2]EY S5 2;F1 4 3 B ™ ole|. e
Compare Acmitrs [%:1.) 2 1A B L3N} N
Complement 1's oM 63 7 27713 & 3 MM ®j{ei!|!|RIS
COMA . 43 2 1 |A-A ejlel |I[R|S
coms i 53 2 1 B -8 e8| I RIS
Complement. 2's NEG 60 7 2170 6 3 00 MM ejei | D@
(Negate! NEGA 40 2 1006 A -A ool | |DIQ
NEGB 5 2 100 8 -8 ole|:l:|DI@
Decimal Adjust. A DAA 19 2 1 | Converts Bingry Add of BCD Characters [ @ (@ (|11 D
ni1y BCO Formet
Decrement 0EC 6A 1 2,7A 6 3 Mo1eM DOHROLD
DECA 4A 2 1A 1 -A elei @) e
DECB 54 2 118 18 elej:|:[D)e
Exclusive OR EORA 88 2 2|98 3 2|A8 5 2|B8 4 3 A®OM -A ole t{R|®
EORB €8 2 2|08 3 2{€8 5 2]F8 4 3 8®OM -8 eje| ||Rje®
Increment INC 6 7 2|71c 8 3| Mol oM ejef | 1@
INCA ac 2 v a1 -a eje|:|: (D)o
INCB SC 2 1 | B+1 ‘B elel: 5o
Load Acmitr LDAA 86 2 2196 3 2/A6 S5 2(8B6 4 13 M A ele| |l]|R|e®
LDAB c6 2 2{06 3 2(€6 S 2{F6 4 3 M -8B ofe( ! |R|e®
Or. Inctusive ORAA 8A 2 2|9A 3 Z|AA 5 2iBA 4 3 A+M -A elej.{:|R(®
ORAB CA 2 2j0A 3 2|EA 5 2]FA 4 3 B+M -B ele Rl|e
Push Data PSHA . 36 4 1 A -Mgp SP 1 -SP eole ole
PSHB 37 4 B -Mgp SP 1 -SP oo ele
Pull Data PULA 32 4 1 | SPe1 -SP Mgp ‘A oo o
PULB 33 4 1 SP+1 -SP Mgp -8 ofe ole
Rotate Left ROL 69 2 2119 6 3 M _— LIE 2 I .
ROLA 49 2 1 A}E—_{SOU:UIIET-—] o.::%‘,
ROLB 59 2 1|8 c 87 = b0 olelil|®):
Rotate Right ROR 66 1 2|76 6§ 3 M} —_— eiel i)
RORA % 2 1 Ay =0 - OITITTITH ele| 11BN !
RORB - 6 2 1|8 ¢ o7~ o0 NOHRBGE
Shift Left, Arithmetic ASL 68 7 2|18 6 3 M - BOBHGHE
ASLA 48 2 A} Q- TIIOTTT-0 efel:[:\6):
ASLS 8 2 1108 [ b7 b0 elei | iEY:
Shift Bight. Anthmetic ASR 6/ 1 2|1 6 3 M - oje| | KB
ASRA a7 2 A}r:&lll¢: - BOHHRGE
ASR8 51 2 1|8 b7 [} eole|:l:IG6):
Shift Right. Logic LSR 64 1 2{74 5 3 ™ - ejelr| )
LSRA a 72 A} 0—-([IITITC - O elelnr|:iB):
LSR8 4 2 1|8 L LU NOIITHGHE
Stare Acmlit STAA 97 a4 21laAar 6 2|8/ &% 3 A M ole|:|:iR|®
STAB 07 4 21€1 6 2(F1 5 3 B M ole |Rle
Subtract SUBA 80 2 2190 3 2|A0 5 2(80 4 3 A M -A elel | il
sugs €6 2 2{00 3 2|0 5 2|Ff0 4 3 3 M-8 efe]: :
Subtract Acmitrs SBA 10 2 1 A B -A eleo|: o
Subtr with Carry SBCA 82 2 2192 3 2|A2 5 2|82 4 3 A M C-A ele|: -
SBCB €2 2 2}102 3 2]€ 5 2[Ff2 & 3 B ™M ( -8B oo o
Transter Acmitrs TAB 16 2 1 A B eolof: Rle
TBA 72 8 -A ool R|e
Test, Zero or Minus TST 60 /7 2170 6 3 M 00 eoie|: Rlr
TSTA a2 a 0o ole qia
7878 . 50 2 1 B 00 eole RiR
HiVINjZ|V|C
LEGEND: CONOITION CODE SYMBOLS:
OP  Operation Code (Hexadecimall * Bootean Inctusive OR
~ Number of MPU Cycles. @ Booltean Exclusive OR H Halt carry trom bit 3
= Number of Program Bytes '] Complement of M | Interrupt mask
. Arithmetic Plus, . Transfer Intg. N Negative (sign bit)
- Anthmetic Minus; 0 Bit = Zero 4 2ero (byte)
Boolean AND, 00 Byte = Zero v Overtiow. 2's complement
Mgp Contents of memory iocation pointed to be Stack Pointer [ Carry trom bit 7
R Reset Always
Note - Accumulator addressing mode instructhions are included in the column tor IMPLIED addressing S Set Always
. Test and set it true, cleared otherwise
. Not Attected
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TABLE 4 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS
COND. CODE REG
IMMED DIRECT INDEX EXTND | IMPLIED "sTa3 2 10
POINTER OPERATIONS MNEMONIC 0P | ~| =|OP ~ = | OP|~ = OP ~|=|OP| - = ' BOOLEAN/ARITHMETIC OPERATION H I'N Z V ¢
Compare Index Heg cex  (sc|3|3fsc]af2facls|2lecls 3] | | 7 Xy MX( (M) ool (3)e
Oecrement [ndex Reg DEX : o 0974 1 : X 1 X e oo { D ele.
Decrement Stack Pntr DES k \ 34 4 ‘ 1 SP 1 -SP ® 0o 00 00
Increment Index Reg INX bolog a1 X+l -X e o0 eie!
Increment Stack Pnir INS A L B SP1 -SP o e 0.0 00
Load Index Reg LOX CE|3| 3|DE| a| 2 €E[6|21FE 513! M oXp M H X e e Rie
Load Stack Pntr LDS 8E | 3| 3({96| 4| 2lac]|6!2l8e 53 M SP. (M- 1 -SP| e ¢3! Rle
Store Index Reg STX DE| 51 2 |EF | |2 é‘FF‘ 6 ; 3 XH M X iMoo e .3 Rie
Store Stack Patr STS 9F 1 51 2 AF! 72 'BF 63 ! SPH "M SPL -(M+ 1} [e. 8.9 R @
tndx Reg - Stack Pntr TXS ; i ; ' ! 135 4 X 1 -SP l e e e 0o 00
Siack Puis - fndx Reg TSX i | l NN P X l-L-f. siee
TABLE 5 — JUMP AND BRANCH INSTRUCTIONS
- o ' COND. CODE REG.

RELATIVE | INDEX | EXTND | IMPLIED 5 4.3 2 1]0

OPERATIONS MNEMONIC oP| ~ : = oP| ~i =|0P! ~| = DP}' ~ | = BRANCH TEST H ' I N z J vic

Branch Always BRA 0|4 2] b None e ¢ o o . o0

Branch If Carry Clear BCC 24|42 i i C=0 e o, 0 o o6

Branch If Carry Set 8CsS 3|42 i C=1 * o o o o0

-Branch It = Zero. 8eQ 2i } 412 ! ! ! Z-1 e o o o oo

Branch It ™ Zero BGE 2,4 2 i ; ‘ i NOV=0 e o o o o6

“Branch If > Zerg 8GT 2064 |2 ! [ Z+INOVI=O o o o o oo

Branch It Higher 8HI 22 4|2 i ; C+7=0 e o o o oo

Branch It < Zero BLE 2004 |2 [ Z+IN®O V)= e e o o o o

Branch it Lower Or Same BLS 23| 412 ! ‘ C+Z:=1 e o o o o o

Branch If < Zero 8LT 2|42 ! : NOV:=1 e o o o o o
Branch It Minus BMI (42 N=1 e o o o o 0

Branch It Not Equal Zero BNE 268 |2 Z-0 o o o o o'

Branch if Qverfiow Clear BvVC 28|42 : V=0 e o o o o o
Branch If Overflow Set 8vs 2942 - V-l e o .8 o o o
Branch If Plus BPL wm| a2 i N=0 e o o o o o
Branch To Subroutine 8SR 80| 8|2 f ' ® o0 o o ¢ ‘
Jump IMP GE| 4| 2/7E] 3] 3 See Special Operatiuns * o o o o o
Jump To Subroutine JSR AD| 8! 2180193 ! f (Figure 16) e o ‘ o o o o
No Operation NOP ‘ 012 i 1 Advances Prog Cntr Only ® o o o o, ‘
Return From Interrupt RTI ! B 101 —_— - 10\ [——
Return From Subroutine RTS 3915 (1 ‘ e o o o ’ O : L] |
Software Interrupt Swi F 11200 See Specral Operations e o o o/ e o]
Wait for Interrupt WAI i 3E 1 ‘ (Figure 16) . Uh o o i . { ° |

@ MOTOROLA Semiconductor Products Inc.
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SPECIAL OPERATIONS
JSR, JUMP TO SUBROUTINE:
PC Main Program
n | AD=JSR
INDXD n+t | K=0fset*
n+? Next Main instr.
*K = 8-Bit Unsigned V
PC Main Program
n | 80=JSR
EXTND n+1 | SH=Subr. Addr
n+2 | SL=Subr Adds.
n+3 | Next Main Instr

BSR, BRANCH TO SUBROUTINE:

FIGURE 16 — SPECIAL OPERATIONS

—>

—>

P

SP-2

SP-1
SP
{n+2]

P

SP-2

SP-1

sP

Stack

{n+2]

H

[n+2]

L

W and [n

Stack

+2 Formn+2

In+3]

H

In+3l

L

— = Stack Pointer After Execution

PC  Main Program

n | 80 =8SR
net | K= Offset® l—_>
n+2 | Next Main instr.

‘K = 7-8it Signed Value,

JMP, JUMP:
PC  Main Program
n | 6E = JMP
n+1 | K= Offset
INDXD g

X+ K

—

sp
$P-2

SP-1

sP

Stack

In+2]

H

in+2|

L

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

EXTENDED

INX + K

"

>

Subroutine
15t Subr. Instr.

Subroutine

15t Subr. Instr

(S Formed From Sy and S )

PC
n+22 K

[dv

n+l

ne+2

Subroutine

151 Subr. Instr.

Main Program
1E = JMP
Ky = Next Address
K = Next Address|

K
RTS, RETURN FROM SUBROUTINE:
PC Subroutine sp Stack PC Main Program
S | 39=RTS @ SP n | Next Mamn Instr.
SP e Ny
—~ P2 | N
RTi, RETURN FROM INTERRUPT:
pC Interrupt Program sP Stack PC Main Program
S 38 =RTI :> SP n | Next Maw instr
SP+1 Condihon Code
SP+ 2 Acmitr 8
SP+3 Acmitr A
SP+4 index Register {XH)
SP+5§ Index Register (X )
SP+6 PCH
—- SP+7 | PCL
TABLE 6 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS
COND. CODE REG.
IMPLIED s]ala 201]0
— '—-——4——«‘”7- L
OPERATIONS MNEMONIC | 0P ~ - BOOLEAN OPERATION H ' | i N Z Vv |C
Clear Carry P oae oo 2 0-¢C o/ e'eleleln
Clear lnterrupt Mask ‘ cLi 0B, 2 1| 0 - e/ R, ® o e e
Clear Qverflow 1‘ cLv 0A 2 1] 0-v ol @ ‘ e el R| @
Set Carry | sEC 002 1 1 -c el eleloials
Set Interrupt Mask i SEI oF 12 l 1 -1 (0‘3‘010 o o
Set Overtlow | SEV 08211 [ jejeie ieisie
Acmiir A - CCR i TAP 06 2 1 1 ¢ A -rcBe B — A
cmitr A+ CCF ‘ 062 1 1 ; A -CCR | 2
CCR -+ Acmitr A | TPA 07121 CCR -A [|o{e|e o|e!le

(Bit V)
(Bit C)
(8 C)

(Bit V}
(Bitv)
(Bit V)

Test
Test

Test
(No

Test
Test

CONDITION CODE REGISTER NOTES:

Result = 10000000”
. Result # 000000007

- Decimal vatue of most significant BCD Character greater than nine?
t cleared «f previously set.)

: Operand = 10000000 prior to execution?
- Operand = 01111111 prior to execution?
Test: Set equal to result of N®C after shift has occurred

(Bit set 1t test s true and cleared otherwise)

7
8
9
10
n

12

16

(Bit N}
(Bit V)
(81t N)
(Al

(Bit 1)

Test: Sign bit of most sigmficant (MS) byte = 17
Test: 2's compiement overtlow from subtraction of MS bytes?
Test: Result less than zero? (Bit 15 = 1)
toad Condition Code Register from Stack . (See Special Operations)
Set when interrupt occurs. If previously set, a Non Maskable

interrupt is required to exit the warit state

(Al

@ MOTOROLA Semiconductor Products Inc.
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%
&
2
3}
3
<
@
O
3
N
2
o
b3

TABLE 7 — INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES

(Times in Machine Cycle)

patdw
paxapu)
papuaix3
1wang
aleIpawwy
X0V

(puesadQ jenq)

annejay
panduw)
paxapu)
papuaix3y
1wanQg
sle1patw )
XJJv

(puesedQ 18nQ)

et T o 0 O 0 @

~ @ &<t MUY WUMN N

W e oMM T DU W W

® o 060 0MT T OO

e o6 o 0 N M

e eNN o

oeuwn @

T o

e o

[ NV J

N ®© @ 0 ® 0 & U & 0 O

>

INC
INS
INX
JMP
JSR
LDA

LDS
LDX

e & © 0 & & T 2

N ® o 0o 0 o

s NN~ I~

* T T T WO

*eMMM™M & o

OSNANN o @

® o e NN

x x x

<000 @
n0QZwunWy
CLCCqCAaCg«

BCC
BCS
BEA

LSR
NEG
NOP
ORA
PSH

BGE
BGT
BHI
BIT

e

X

Tt e elwvwanoecncnn o e e eNauaunn o

O~ ® & 0N & 6 oMU O 6 00 o o

0w e

[a ]
ROL
ROR
RTi

i - -

BLE
BLS
BLT
BMI

RTS
SBA

BNE
BPL

<

X

SBC

BRA

SEC

® o WWW

o OT LUV M

e e 0 0 0N

e ¢ o 0 0 o

SEI
SEV
STA

>

STS

>

STX
suB

Swi
TAB
TAP
TBA

DT T ¢ 0060 00 0 0

.

BSR
BvC
BvS

‘e ©

TPA
ST

TSX

® NN O @ 0 eV 8T

cBA
cLe
CLI

e~

e W

CLR

W~ O
.4.65
*eM™M e
eN oM

® eN o

X

CLv
CMP
COM
CPX

® M~

e W

DAA
DEC
DES

<t

TSX
WAI

DEX

o]

X

EOR

Interrupt tume 1s 12 cycles from the end of

NOTE

the instruction bheing exvcuted, except following

a WA instruction Then it s 4 cycles

ductor Products Inc.

icon
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SUMMARY OF CYCLE-BY-CYCLE OPERATION
Table 8 provides a detalled description of the information as the control program s executed. The information 1s
present on the address bus, data bus, valid memory address categorized In groups according to addressing modes and
hine (VMA), and the read/write line (R/W) during each cycle number of cycles per instruction. (In general, instructons
for each instruction. with the same addressing mode and number of cycles ex-
This information s useful in comparing actual with ex- ecute in the same manner; exceptions are indicated in the
pected results during debug of both software and hardware table.)
TABLE 8 — OPERATIONS SUMMARY
Address Mode Cycle | VMA R/W
and Instructions Cycles £ Line Address Bus Line Data Bus
IMMEDIATE
ADC EOR 1 1 Op Code Address 1 Op Code
:Rg (‘—)gﬁ ) 2 1 | Op Code Address + 1 1| Operand Data
BIT SBC
CMP SuB
CcPX 1 1 Op Code Address 1 Op Code
ll:gi 3 2 1 Op Code Address + 1 1 Operand Data (High Order Byte)
3 1 Op Code Address + 2 1 Qperand Data (Low Order Byte)
DIRECT
ADC EOR 1 Op Code Address 1 Op Code
ﬁgg (L:-)%ﬁ 3 1 Op Code Address + 1 1 Address of Qperand
BIiT SBC 1 Address of Operand 1 Operand Data
CMP SUB
CcPX 1 1 Op Code Address 1 Op Code
Lo 4 2 | 1 | OpcCode Address + 1 1| Address of Operand
3 1 Address of Operand 1 Operand Data (High Order Byte)
4 1 Operand Address + 1 1 Operand Data (Low Order Byte)
STA 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Destination Address
3 0 Destination Address 1 Irrelevant Data (Note 1)
4 1 Destination Address 0 Data from Accumulator
STS 1 1 Op Code Address 1 Op Code
STX 2 1 Op Code Address + 1 1 Address of Operand
5 3 0 Address of Operand 1 Irrelevant Data (Note 1)
4 1 Address of Operand 0 Register Data (High Order Byte)
5 1 Address of Operand + 1 0 Register Data (Low Order Byte)
INDEXED
Jmp 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Offset
3 0 Index Register 1 Irrelevant Data {Note 1)
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
ADC EOR 1 1 Op Code Address 1 Op Code
D oA 2 | 1 | OpCode Address + 1 1| Offset
BIT SBC 5 3 0 Index Register 1 Irrelevant Data (Note 1)
CmP SUB 4 0 Index Register Plus Offset (w/o Carry) 1 Irretevant Data (Note 1)
5 1 Index Register Plus Offset 1 Operand Data
CcPX 1 1 Op Code Address 1 Op Code
"L'gi 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 1 index Register Plus Offset 1 Operand Data (High Order Byte)
6 1 Index Register Plus Offset + 1 1 Operand Data (Low Order Bytel

@ MOTOROLA Semiconductor Products Inc.
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TABLE 8 — OPERATIONS SUMMARY (CONTINUED)

Address Mode Cvcle |lVMA a/w
and Instructions Cycles Lise 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 tndex Register 1 Irrelevant Data (Note 1)
4 0 Index Register Ptus 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
éf: ggﬁ 2 1 Op Code Address + 1 1 Offset
COM ROR 7 3 0 Index Register 1 Irrelevant Data (Note 1)
&ECC TST 4 0 Index Register Plus Offset (w/o Carry) 1 irrelevant Data (Note 1)
5 1 Index Register Plus Offset 1 Current Operand Data
6 0 Index Register Plus Offset 1 Irrelevant Data (Note 1)
7 1/0 Index Register Plus Offset 0 New Operand Data (Note 3)
{Note
3)
STS 1 1 Op Code Address 1 Op Code
ST 2 | 1 | OpCode Address + 1 1 | Offset
7 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 (High Order Byte)
7 1 Index Register Pius 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 0 Stack Pointer — 2 1 Irrelevant Data (Note 1)
7 0 Index Register 1 lrrelevant Data (Note 1)
8 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
EXTENDED
JMP 1 1 Op Code Address 1 Op Code
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
:Sg 522 4 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
BIT SBC 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
CMP  Sus 4 1 Address of Operand 1 Operand Data
CPX 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 Syte)
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 0 Data from Accumulator
ASL LSR 1 1 Op Code Address 1 Op Code
éfg ggﬁ 2 1 Op Code 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)
PNECC TST 4 1 Address of Operand 1 Current Operand Data
5 0 Address of Operand 1 | lrrelevant Data (Note 1)
6 1/0 Address of Operand 0] New Operand Data (Note 3)
(l\gcjne

10
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TABLE 8 — OPERATIONS SUMMARY (CONTINUED)

Address Mode Cycle |[VMA RW
and Instructions Cycles z Line Address Bus Line Data Bus
EXTENOED (Continued)
STS 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
g9 5 1 Stack Pointer 0 Return Address (Low Order Byte)
6 1 Stack Pointer — 1 o} 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 2 1 Op Code Address + 1 1 Op Code of Next Instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLV ROR TST
COM SBA
DES 1 1 Op Code Address 1 Op Code
?NESX 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
a 2 1 Op Code Address + 1 . 1 Op Code of Next Instruction
3 1 Stack Pointer 0 Accumulator Data
4 0 Stack Pointer — 1 1 Accumulator Data
PUL 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 0 Stack Pointer 1 Irrelevant Data (Note 1)
4 1 Stack Pointer + 1 1 Operand Data from Stack
TSX 1 1 Op Code Address 1 Op Code
a 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 Index Register 1 Irrelevant Data °
4 0 New Stack Pointer 1 lrrelevant Data
RTS 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 irrelevant Data (Note 2)
5 3 0 Stack Pointer 1 Irrelevant Data (Note 1)
4 1 Stack Pointer + 1 1 Address of Next Instruction (High
Order Byte)
5 1 Stack Pointer + 2 1 Address of Next Instruction (Low
Order Byte)

N
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TABLE 8 — OPERATIONS SUMMARY (CONCLUDED)

Address Mode Cycle | VMA R/W
and Instructions Cycles # | Line Address Bus Line Data Bus
INHERENT (Continued)
WA 1 1 |Op Code Address 1 [Op Code
2 1 |Op Code Address + 1 1 | Op Code of Next Instruction
2 1 iStack Paointer Q | Return Address {Low Order Byte}
4 1 |Stack Pointer — 1 0 | Return Address (High Order Byte)
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 — 5 0 | Contents of Accumulator B
9 1 |Stack Pointer — 6 1 | Contents of Cond. Code Register
RTI 1 ] 1 |OpCode Address 1 | Op Code
2 1 |Op Code Address + 1 1 |[lrrelevant Data (Note 2)
3 G |Stack Pointer 1 | lrreievant Data (Note 1)
4 1 |Stack Pointer + 1 1 | Contents of Cond. Code Register from
Stack
10 5 1 |Stack Pointer + 2 1 | Contents of Accumuiator B from Stack
6 1 |Stack Pointer + 3 1 | Contents of Accumulator A from Stack
7 1 [Stack Pointer + 4 1 lande)‘( Register from Stack (High Order
yte!
8 1 |Stack Pointer + 5 1 | Index Register from Stack (Low Order
Byte)
9 1 |Stack Pointer + 6 1 | Next Instruction Address from Stack
(High Order Byte)
10 1 |Stack Pointer + 7 1 | Next Instruction Address from Stack
{Low Order Byte)
SWi 1 1 |Op Code Address 1 | Op Code
2 1 |Op Code Address + 1 1 |lirrelevant Data (Note 1}
3 1 | Stack Pointer 0 | Return Address (Low Order Byte)
4 1 |Stack Pointer — 1 O | 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 8
9 1 {Stack 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 B8HI BNE 1 1 |{Op Code Address 1 | Op Code
Bc Brs g;'-A 4 2 | 1 |{OpCode Address + 1 1 | Branch Offset
BGE BLT 8VC 3 0 |Op Code Address + 2 1 | irrelevant Data (Note 1)
BGT BMI BVS 4 0 | Branch Address 1 | Irrelevant Data (Note 1}
BSR 1 1 | Op Code Address 1 | Op Code
2 1 |Op Code Address + 1 1 | Branch Offset
3 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 0 |[Stack Pointer — 2 1 | lrrelevant Data (Note 1)
7 0 | Return Address of Main Program 1 | irrelevant Data (Note 1)
8 0 | Subroutine Address (Note 4) 1 | frrelevant Data (Note 1)
NOTES:

1. If device which is addressed during this cycle uses VMA, then the Data Bus wili go to the
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus.

2. Data is ignored by the MPU.

3. For TST, VMA =0 and Operand data does not change.

high-impedance three-state condition.

4. MS Byte of Address Bus=MS Byte of Address of BSR instruction and LS Byte of Address Bus=LS Byte of Sub-Routine Address.
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ORDERING INFORMATION

MC68A02CP

Motorola Integrated Circuit ____j- .l'

M6800 Family Levei 1 'S =10
Blanks= 1.0 MHz Hi Temp testing at T A max
A=15MHz Level 2 "D = 168 Hour Burn-in at 125°C
B=2.0 MHz Level 3 "DS" = Combination of Level 1 and 2.
Device Designation
In M6800 rFamily
Temperature Range
Blank=0°— +70°C
C= -40°— +85°C
Package
P = Plastic
S = Cerdip
L = Ceramic

T~ lal¥ T < { 2 .~
Temp Cycies — {—25 10 150°C),

BETTER PROGRAM

Better program processing is available on all types listed. Add
suffix letters to part number.

Level 1add ‘S Level2add "D"  Level 3 add "DS”

PACKAGE DIMENSIONS

L SUFFIX
CERAMIC PACKAGE

' _T CASE 71504
-]

A J —L—
—ir-F | MILLIMETERS
DS I 1 ¢ |OIM] MIN | MAX
- —— 1 o e o U INEFEHERE
ot bty 'y E AR AR AL} M Ceans, TRuE PosiTionED wiTHiN 0.25
- b A A . . 3 mm
H— tLo SEATING PLANE _J L K EEN {0.010) DIA (AT SEATING PLANE), AT MAX
G 4y M- 76 | 140 | 0.030 | 0.055 MAT'L CONDITION.
s [ 25468 0,100 8SC 2. DIMENSION “L” TO CENTER OF LEADS
| 076 | 1.78 | 0.030 | 0.070 | WHEN FORMED PARALLEL.
7] 020 033 [ 0.008 | 0.013
K 254 | «19 [0.100]0.185
L 7499 [ 1549 [ 0.50 | 061
(W - [0 | - 1 100
N | 1021 152 |o.0a0] 0.060

f
‘ P SUFFIX
8 PLASTIC PACKAGE
; CASE 7118
0 i

NV L ! MILLIMETERS|  INCHES
R DIM[ MIN | MAX | MIN | MAX
I M o 1 A | 51.69 | 5245 2035 2065 NOTES
J | l \ J ’ 1372 | 1422 | 0.540 | 0.560 1. POSITIONAL TOLERANCE OF LEADS (D).
L :

94 [ 5.08 .155 | 0.200 SHALL BE WITHIN 0.25 mm (0.010) AT
136 .56 | 0.014 022 | MAXIMUM MATERIAL CONDITION, IN
1

|

8
SEATING D
FLANE 3 0 52 40 | 0.060 RELATION TO SEATING PLANE AND
[ 2.54 85C 1008SC . EACH OTHER
H | 16 16 | 0.065 [ 0.085 2. DIMENSION L TO CENTER OF LEADS
1 ] 0.20 | 0380008 0015 WHEN FORMED PARALLEL.
K | 292 343 [0115] 0135 | 3. DIMENSION B DOES NOT INCLUDE
L | 1524BSC | 06008SC MOLD FLASH
M [ 0° [750 | @ 150
N

1051 1.02] 0020 0.040

Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arising
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.

MOTOROLA Semiconductor Products Inc.
3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 e A SUBSIDIARY OF MOTOROLA INC

A11138-6 PRINTED IN USA 5-81 IMPERIAL LITHO 95271 18.000 0598181
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3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721

MC6821

(1.0 MHz)

MC68A21
(1.5 MHz)

MC68B21

(2.0 MHz)

PERIPHERAL INTERFACE ADAPTER (PIA)

The MCB8821 Peripheral Interface Adapter provides the universal
means of interfacing peripheral equipment to the M6800 family of
microprocessors. 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.

MOS

(N-CHANNEL, SILICON-GATE,
DEPLETION LOAD)

PERIPHERAL INTERFACE
ADAPTER

The functionai configuration of the PIA is programmed by the MPU
during system initialization. Each of the peripheral data lines can be pro-

grammed to act as an input or output, and each of the four con-

trol/interrupt lines may be programmed for one of several control
modes. This allows a high degree of flexibility in the overall operation of

the interface. o L SUFFIX
® 8-Bii Bidirectionai Data Bus for Communication with the T LLLL: CERAMIC PACKAGE
CASE 715
MPU
® Two Bidirectional 8-Bit Buses for Interface to Peripherals
® Two Programmable Control Registers
® Two Programmable Data Direction Registers S SUFFIX
. . CERDIP PACKAGE
® Four Individually-Controlled interrupt Input Lines; Two CASE 734
Usable as Peripheral Control Outputs )
@ Handshake Control Logic for Input and Output Peripheral
Operation
® High-Impedance Three-State and Direct Transistor Drive P SUFFIX
Peripheral Lines PLASTIC PACKAGE
® Program Controlled Interrupt and Interrupt Disable Capability CASE 7N
® CMOS Drive Capability on Side A Peripheral Lines
® Two TTL Drive Capability on All A and B Side Buffers
® TTL-Compatible
. . PIN ASSIGNMENT
® Static Operation
vssl]i @~ w 1 CA1
pAo[] 2 39f]CcA2
MAXIMUM RATINGS PA1{]3 38[JIRQA
v ' PA2[} 4 37{J1RQ8B
Characteristics Symbol Value Unit p
Supply Voltage Vee | -0310 +70 | V A3ls 36 [IRSO
Input Voltage Vin |-03tw+70 | V PA4[l6 - 3RS
Operating Temperature Range TLto TH PAS[] 7 34 [JRESET
MC6821, MC68A21, MC68B21 Ta 0 1070 °C
MC8821C, MC68A21C, MC68821C -40 10 +85 PAsl 8 33pD0
Storage Temperature Range Tstg -65t0 +150 | °C PA709 32[JD1
PBOQ10 31{1D2
THERMAL CHARACTERISTICS peIQN [o3
Characteristic Symbol Value Unit pe2(]12 9[04
Thermal Resistance _
Ceramic o 50 oc/W PB3[]13 28[]D5
Plastic JA 100 pBaf]14 271106
Cerdip 60 pas(]1s 26[1D7
PB6[J16 50E
This device contains circuitry to protect the inputs against damage due to high PB7017 24fICs1
static voltages or electric fields; however, it is advised that normal precautions ce1l]s 23 ]ﬁi
be taken to avoid application of any voltage higher than maximum-rated
voltages to this high-impedance circuit. Reliability of operation is enhanced if cs2l19 22fCs0
unused inputs are tied to an appropriate logic voltage (i.e., either Vsg or V). veell2o 21 ]R/W
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POWER CONSIDERATIONS

The average chip-junction temperature, T J, in °C can be obtained from:
Ty=TAa+(Ppedja) ' nm
Where:
T A= Ambient Temperature, °C
6 A= Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=IcC x Ve, Watts — Chip Internal Power
PPORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT € PINT and can be neglected. PPORT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if PPORT is neglected) is:

PD=K+(TJ+273°C) (2)
Solving equations 1 and 2 for K gives: ,
K = Ppe(TA+273°C) +A*PD? (3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known T A. Using this value of K the values of PD and TJ can be obtained by soiving equations (1) and (2) iteratively for any
value of Ta.

DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vdc £5%, Vss=0, TA=T( to TH uniess otherwise noted).

L Characteristic [Symbol | Min | Typ | Max | Unit |
BUS CONTROL INPUTS (R/W, Enable, RESET, RSO, RS1, CS0, CS1, CS2) -
Input High Voltage VIH Vgs+20 | - vce v
Input Low Voltage ViL Vgg-03] — |Vss+08( V
Input Leakage Current (Vin =0 t0 5.25 V) lin - 1.0 2.5 A
Capacitance (Vin=0, TA=25°C, f=1.0 MHz) Cin - - 75 pF
INTERRUPT OUTPUTS (IRQA, IRQB)
Output Low Voltage | gad=3.2 mA) VoL - - Vgg+0.4 V.
Three-State Output Leakage Current oz - 1.0 10 uA
Capacitance (Vi =0, TA=25°C, f=1.0 MHz) Cout - - 5.0 pF
DATA BUS (D0-D7)
Input High Voltage Vi Vgg+20 | - Vece v
Input Low Voitage viL Vgg-03| - |Vss+08} V
Three-State Input Leakage Current (Vin=0.4t0 2.4 V) liz - 20 10 A
Output High Volitage (I gad = — 205 pA) VOH Vgs+24 | - - \
Output Low Voltage (I gad=1.6 mA) VoL - — | Vss+04| V
Capacitance (Vijh =0, TA=26°C, f=1.0 MHz) Cin — - 12.5 pF
PERIPHERAL BUS (PA0-PA7, PBO-PB7, CA1, CA2, CB1, CB2)
Input Leakage Current R/W, RESET, RS0, RS1, CS0, CS1, CSZ, CAI1, b a 10 25 A
{Vin=0t05.25 V) CB1, Enable n K
Three-State Input Leakage Current (Vi =0.4t02.4V) PB0O-PB7, CB2 hz - 2.0 10 A
Input High Current (ViH=2.4V) PAO-PA7, CA2 iH - 200 -400 - A
Darlington Drive Current (Vo =1.5V) PBO-PB7, CB2 10H -1.0 - -10 mA
input Low Current (V| =0.4 V) PAQ-PA7, CA2 e - -13 -24 mA
Cutput High Voltage
(L oad= —200 gA) PAO-PA7, PBO-PB7, CA2, CB2| VOH Vgg+24 | - - \Y
(I oad = ~ 10uA) PAO-PA7, CA2 Vee-101| - -
Output Low Voltage (I gad=3.2 mA) VoL - — | Vss+04
Capacitance (Vi =0, TA=26°C, f=1.0 MHz2) Cin - - 10 pF
POWER REQUIREMENTS
[ Internal Power Dissipation (Measured at T = Ty) | PINT | - l - i 550 I mw l

@ MOTOROLA Semiconductor Products Inc.
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BUS TIMING CHARACTERISTICS (See Notes 1 and 2)

ngr?t;r Characteristic Symbol M“::‘CG?ALX mgsa:ﬁx m:s&:::x Unit
1 Cycle Time teye 1.0 10 {067 | 10 |05 10 us
2 Pulse Width, E Low PWE| (430 | - [280 | — 210 | - ns
3 Pulse Width, E High PWEH (450 | — 280 | — [220 | - ns
4 Clock Rise and Fall Time tr, tf - 25 - 25 - 20 ns
9 Address Hold Time tAH 10 - 10 - 10 - ns
13 Address Setup Time Before E tAS 80 - 60 - 40 - ns
14 Chip Select Setup Time Before E tcs 80 - 60 - 40 - ns
15 Chip Select Hold Time tCH 10 - 10 - 10 - ns
18 Read Data Hold Time tDHR 20 50*1 20 50* | 20 30*] ns
21 Write Data Hold Time IDHW 10 - 10 - 10 - ms
30 Output Data Delay Time ] tDDR - 20 | - 180 | - 150 | ns
31 Input Data Setup Time tosw | 165 | — 80 - 60 - ns

*The data bus output buffers are no longer sourcing or sinking current by tDHRmMax (High Impedance).

FIGURE 1 — BUS TIMING

- (1)
— 9, =
TN et / \4
< o) >
amO) mO)
R/W, Address T X X
(Non-Muxed) . /X X W
)y i) -+ O
<> 14
cs \ /
—+/ £
Read Data MPU Read Data Non-Muxed y.
Non-Muxed A
(21) <-—-@—-n
Write Data = % MPU Write Data Non-Muxed F '
Non-Muxed y

Notes:
1. Voltage levels shown are V=04V, V4224V, unless otherwise specified.
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.

@ MOTOROLA Semiconductor Products Inc.
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PERIPHERAL TIMING CHARACTERISTICS (Vec=56.0V +5%, V§s=0V, ToA=T_ to TH unless otherwise specified)
L MC6821 MC68A21 MC68B21 .. | Reference
Characteristic Symbol Min | Max | Min | Max | Min | Max Unit Fig. No.
Data Setup Time tPDS 200 - 135 - 100 - ns 6
Data Hold Time tPDH 0 - 0 - 0 - ns 6
Delay Time, Enable Negative Transition to CA2 Negative Transition tCA2 - 1.0 - |0670] - [0500 | us | 3,7.8
Delay Time, Enable Negative Transition to CA2 Positive Transition TrS1 - 1.0 — 108701 — [0.500 | ps 3,7
Rise and Fali Times for CA1 and CA2 Input Signais tr, tf - 1.0 - 1.0 - 1.0 | us 8
Delay Time from CA1 Active Transition to CA2 Positive Transition tRS2 - 2.0 - |13k} - 1.0 | us 3,8
Delay Time, Enable Negative Transition to Data Valid tPDW - 1.0 - |0670| - 05 [us | 3,9 10
Delay Time, Enable Negative Transition to CMOS Data Valid
PAO-PA7, CA2 tcMos | — 20 — |13 | - 1.0 | us| 4,9
Delay Time, Enable Positive Transition to CB2 Negative Transition tce2 - 1.0 - {0670 - 05 | us |3, 11,12
Delay Time, Data Valid to CB2 Negative Transition toe 20 - 20 - 20 - ns 3,10
Delay Time, Enable Positive Transition to CB2 Positive Transition tRS1 - 1.0 - 10670 - 05 | ps 3N
Control Output Pulse Width, CA2/CB2 PWeT | 800 — [ 375 ] - 50| - ns 3N
Rise and Fall Time for CB1 and CB2 Input Signals tr, tf - 1.0 - 1.0 - 1.0 u 12
Delay Time, CB1 Active Transition to CB2 Positive Transition tRS2 - 120 - 13| - 1.0 | us 3,12
Interrupt Release Time, IRQA and IRQB YR - |180] - | 110] — |08 | pus| 5, 14
interrupt Response Time tRS3 - 1.0 - 1.0 - 1.0 | us 5,13
Interrupt Input Pulse Time PW, 500 - 500 - 500 - ns 13
RESET Low Time® tRL 1.0 - | 066 — 0.5 - us 15
*The RESET line must be high a minimum of 1.0 us before addressing the PIA.
FIGURE 3 — TTL EQUIVALENT
FIGURE 2 — BUS TIMING TEST LOADS
GU . S TEST LOAD
(00-07) 50V (PAO—PA7, PBO-PB?, CA2, CB2)
RL=2.4 k0 50V
Test Point MMD6150 RL=1.25 k@
or Equiv. -—
Test Point MMD6150
c R v, or Equiv.
130 pF 1.7x@ | MMD7000
or Equiv. ¢ A
MMD7000
= - or Equiv.
C=30pF, R=12k
FIGURE 4 — CMOS EQUIVALENT FIGURE 5 — NMOS EQUIVALENT
TEST LOAD TEST LOAD
(PAO-PA7, CA2) RAOnY)
Teast Point
l 3k0
30 pF
I Test Point
: = 100 pF I

Semiconductor Products Inc.
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FIGURE 6 — PERIPHERAL DATA SETUP AND HOLD TIMES

{Read Mode)
PAQ-PA7 \/ K/
PBO-PB7 N A
—-1 tPDS —tppH
Enable

FIGURE 8 — CA2 DELAY TIME
(Read Mode; CRA-5=1, CRA-3=CRA-4=0)

Enable

-t - T, t¢

CA1 x
7 L

= 'CA2 RS2 =

CA2

FIGURE 10 — PERIPHERAL DATA AND CB2 DELAY TIMES
(Write Mode; CRB-5=CRB-3=1, CRB-4=0)

Enable \ _—/__

POW

PBO-PB7

-‘toc-—1
ce2* \

*CB2 goes low as a result of the
positive transition of Enable.

FIGURE 12 — CB2 DELAY TIME
(Write Mode; CRB-5=1, CRB-3=CRB-4=0)

em.e_/_\_/}

/L
7/

= =t

cB1
/L.

7/
latc 820 RS2 ]

cB2 \ ._7/

* Assumes part was deselected during
any previous E pulise,

FIGURE 7 — CA2 DELAY TIME
(Read Mode; CRA-6=CRA3=1, CRA-4=0)

/N

-j‘ I‘-tRs1 *

PWer
cA2

*Assumes part was deselected during
the previous E pulse.

FIGURE 9 — PERIPHERAL CMOS DATA DELAY TIMES
(Write Mode; CRA-5=CRA-3=1, CRA-4=0)

Enab.e__\__/_\\r

'CMOS-=] r
tPWDle——a === === = Vee -30% Ve

PAQ-PA7,
CA2

FIGURE 11 — CB2 DELAY TIME
(Write Mode; CRB-6=CRB-3=1, CRB-4=0)

Enable

| tCcB2 RS’

[~———— PWoT ———y

cB2

*Assumes part was deselected during the
previous E pulse.

FIGURE 13 — INTERRUPT PULSE WIDTH AND IRQ RESPONSE

i PW,
CA1,2 i
cB1, 2 L _
TRAA/B \
tRs3® -

* Assumes interrupt Enabie Bits are set.

Note: Timing measurements are referenced to and from a low voltage of 0.8 voits and a high voltage of 2.0 volts, unless otherwise noted.

@ MOTOROLA Semiconductor Products Inc.
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FIGURE 14 — TRQ RELEASE TIME

|

Enable 7!
I

= - UR

—

IR

Note: Timing measurements are referenced to and from a low voltage of 0.8 voits and a high voltage of 2.0 volts, unless otherwise noted.

FIGURE 16 — RESET LOW TIME

RESET \

RL

—

*The RESET line must be a Vi for a minimum of
1.0 us before addressing the PIA.

FIGURE 16 — EXPANDED BLOCK DIAGRAM

IRQA 38 = le—— 40 CAI1
Interrupt Status
¥ ‘ ’ Control A e« 39 CA2
Control
Register A
00 33 (CRA)
D1 32 -y N Data Direction
D2 31 vV Register A
03 30 Data Bus r ] ] (DDRA)
Buffers <
D4 29 «.—1 (pgB) Output Bus <5
D5 28 w-—w V4
D6 27 wa— |e— 2 PAO
D7 26 Ogtput —a 3 PA1
. Register A PAZ
(ORA) - 4 PA2
Peripheral la—a 5 PA3
Inta;face — 6 PA4
1 lg—= 7 PAS
Bus Input o
Register 5 e—s 8 PA6
(BIR) g hg— 9 PA7
Vee = Pin 20 [e—> 10 PBO
Vss - Pin 1
Qutput —a= 11 PB1
Register B > .
(ORB) 12 Fa2
CsS0 22 ——b Peripheral le—»= 13 P83
£ .
cs1 24— nterface +— 14 PB4
CSZ 23 —— Chip lg—» 15 PBS
RSO 36 —ef  Selest la—w- 16 PBE
RS1 35 ~—n R/W lg—a= 17 P87
R/W 21 ——a Control /\
Enable 25 —
RESET 34 —am >
__’ l___ Data Direction
Control Register B
Register B (DDRB)
(CRB) -
lg— 18 CB1
tnterrupt Status
'R—Eﬁ 37 - Control B

6

l—a= 19 CB2

@ MOTOROLA Semiconductor Products Inc.
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PIA INTERFACE SIGNALS FOR MPU

The PIA interfaces to the M6800 bus with an 8-bit bidirec-
lines, two interrupt request lines, a read/write line, an enable
line and a reset line. To ensure proper operation with the
MC6800, MC6802, or MCEB808 microprocessors, VMA
should be used as an active part of the address decoding.

Bidirectional Data (D0-D7) — The bidirectional data lines
(D0-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 P1A read operation. The read/write line is in
the read (high} state when the PiA is seiected for a read
operation.

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.

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 ad-
dress and the enable pulse E are present.

RESET — The active low RESET line is used to reset all
register bits in the P1A to a logical zero {low). This line can be
used as a power-on reset and as a master reset during
system operation.

Chip Selects (CS0, CS1, and CS2) — These three input
signals are used to select the PIA. CSO and CS1 must be
high and CS2 must be low for selection of the device. Data
transfers are then performed under the control of the enable
and read/write signals. The chip select lines must be stable

for the duration of the E pulse. The device is deselected
when any of the chip selects are in the inactive state.

Register Selects (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 In-
terrupt Request lines (IRQA and TRQB) 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 accomplished
by a software routine that, on a prioritized basis, sequentially
reads and tests the two control registers in each PIA for in-
terrupt flag bits that are set.

The interrupt flags are cleared (zeroed) as a result of an
MPU Read Peripheral Data Operation of the corresponding
data register. After being cleared, the interrupt flag bit can-
not 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 in-
active edge to the active edge of the interrupt input signal to
condition the edge sense network. If the interrupt flag has
been enabled and the edge sense circuit has been properly
conditioned, the interrupt flag will be set on the next active
transition of the interrupt input pin.

PIA PERIPHERAL INTERFACE LINES

The PIA provides two 8-bit bidirectional data buses and
four interrupt/control lines for interfacing to peripheral
devices.

Section A Peripheral Data (PA0-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 cor-
responding 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 iMPU Read Peripheral Data Operation,
the data on peripheral lines programmed to act as inputs ap-
pears directly on the corresponding MPU Data Bus lines. In
the input mode, the internal pullup resistor on these lines
represents a maximum of 1.5 standard TTL loads.

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

MOTOROLA Semiconductor Products Inc.

line while a "0 results in a ““low." Data in Qutput 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 property if the voitage 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 Qutput Register A.

Section B Peripheral Data (PBO-PB7) — The peripheral
data lines in the B Section of the PIA can be programmed to
act as either inputs or outputs in a similar manner to PAQ-
PA7. They have three-state capabiity, 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
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PBO-PB7 will be read properly from those lines programmed
as outputs even if the voltages are below 2.0 volts for a
“high" or above 0.8 V for a ""low’". 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
CA2 can be programmed to act as an interrupt input or as a

peripheral control output. As an output, this line is compati-
ble with standard TTL,; as an input the internal pullup resistor
on this line represents 1.5 standard TTL loads. The function
of this signal line is programmed with Contro! Register A.

Peripheral Control (CB2) — Peripheral Control line CB2
may also be programmed to act as an interrupt input or
peripheral control cutput. As an input, this line has high in-
put impedance and is compatible with standard TTL. As an
output it is compatible with standard TTL and may also be
used as a source of up to 1 miliiampere at 1.5 volts to directly
drive the base of a transistor switch. This line is programmed
by Control Register B.

INTERNAL CONTROLS

INITIALIZATION

A RESET has the effect of zeroing all P!A registers. This
will set PAQ-PA7, PBO-PB7, CA2 and CB2 as inputs, and all
interrupts disabled. The PIA must be configured during the
restart program which follows the reset.

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.

Details of possible configurations of the Data Direction
and Control Register are as follows:

TABLE 1 — INTERNAL ADDRESSING

Control
Register Bit
RS1| RSO | CRA-2 | CRB-2 Location Selected

0 0 1 X Peripheral Register A

0 0 0 X Data Direction Register A
0 1 X X Control Register A

1 0 X 1 Peripheral Register B

1 0 X 0 Data Direction Register 8
1 1 X X Control Register B

X = Don’t Care

PORT A-B HARDWARE CHARACTERISTICS

As shown in Figure 17, the MC6821 has a pair of 1/0 ports
whose characteristics differ greatly. The A side is designed
to drive CMOS logic to normal 30% to 70% levels, and incor-
porates an internal pullup device that remains connected
even in the input mode. Because of this, the A side requires
more drive current in the input mode than Port B. In con-
trast, the B side uses-a normal three-state NMOS buffer
which cannot' pullup to CMOS levels without external
resistors. The B side can drive extra loads such as Darl-
ingtons without problem. When the PIA comes out of reset,
the A port represents inputs with pullup resistors, whereas
the B side (input mode also) will float high or low, depending
upon the load connected to it.

@ MOTOROLA Semiconductor Products Inc.
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Notice the differences between a Port A and Port B read
operation when in the output mode. When reading Port A,
the actual pin is read, whereas the B side read comes from an
output latch, ahead of the actual pin.

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 inter-
rupt flags. Bits O through 5 of the two registers may be writ-
ten or read by the MPU when the proper chip select and
register select signals are applied. Bits 6 and 7 of the two
registers are read only and are modified by external interrupts
occurring on control lines CA1, CA2, CB1, or CB2. The for-
mat of the control words is shown in Figure 18.

DATA DIRECTION ACCESS CONTROL BIT.{CRA-2 and
CRB-2)

Bit 2, in each Control Register {CRA and CRB), deter-
mines selection of either a Peripheral Output Register or the
corresponding Data Direction E Register when the proper
register select signals are applied to RS0 and RS1. A "1 in
bit 2 allows access of the Peripheral Interface Register, while
a ""0"" causes the Data Direction Register to be addressed.

Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) -
The four interrupt flag bits are set by active transitions of
signals on the four Interrupt and Peripheral Control lines
when those lines are programmed to be inputs. These bits
cannot be set directly from the MPU Data Bus and are reset
indirectly by a Read Peripheral Data Operation on the ap-
propriate section.

Control of CA2 and CB2 Peripheral Control Lines (CRA-3,
CRA-4, CRA-5, CRB-3, CRB-4, and CRB-5) — Bits 3, 4, and
5 of the two control registers are used to control the CA2 and
CB2 Peripheral Control lines. These bits determine if the con-
trol lines will be an interrupt input or an output control
signal. If bit CRA-5 (CRB-5) is low, CA2 (CB2] is an interrupt
input line similar to CA1 (CB1}. When CRA-5 (CRB-5) is
high, CA2 (CB2) becomes an output signal that may be used
to control peripheral data transfers. When in the output
mode, CA2 and CB2 have slightly different loading
characteristics.
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Control of CA1 and CB1 Interrupt Input Lines (CRA-0,
CRB-1, 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-O and CRB-0 are used to

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

FIGURE 17 — PORT A AND PORT B EQUIVALENT CIRCUITS

Port A Port B
vVee vee
5ATA — Port Pin Data Direction .
Wy .
Data ——y| DATA ’:E>o__< ort Pin
o v r
Direction _— ’_'D
{1—Qutput Pin) Dat?10|rle:‘f;tllﬁnpm)
{0~ Input Pin) = 10— Output Pin) —
Read of B
Data When
in Output
Mode
Read A Data Setad o; B
To External in Input or ~ Data when
Bus Output Mode in Input Mode
:} - Internal PIA Bus o
ORDERING INFORMATION
MC68A21CP
Motorola Integrated Circuit ( Speed Device Tem;;eratt;l(')eocﬂange
M6800 Family MC6821P,L.S 10
Blanks=1.0 MHz 1OMHz I Resg2TCP CL.CS ~0 10 +85°C
A=1.5 MHz 5 MH MCB8A21P,L,S 0to +70°C
B=20MHz > MRz Imcesa21CP.CLCS | 4010 +85°C
Device Designation 2.0 MHz MCe8B21P LS 010 +70°C
In M6800 Family

Temperature Range
Biank =0°= +70°C
= -40°— +85°C
Package
P = Plastic
S = Cerdip
L = Ceramic

BETTER PROGRAM

suffix letters to part number.

Level 1 add “S”  Level 2 add D"

Level 1 S =10 Temp Cycles — (- 25 to 150°C);
Hi Temp testing at T max.

Level 2 "D" = 168 Hour Burn-in at 125°C

Level 3 "DS"" = Combination of Level 1 and 2.

Better program processing is available on all types listed. Add

Level 3 add “"DS”

@ MOTOROLA Semiconductor Products Inc.




Determine Active CA1 (CB1) Transition for Setting

interrupt Flag IRGA(B)T — {bit 7)

b1=0: IRQAI(B}1 set by high-to-low transition on CA1
(cC1n

b1=1: IRQAI(B)1 set by low-to-high transition on CA1
(CB1).

IRQA(B) 1 Interrupt Flag (bit 7)

Goes high on active transition of CA1 {CB1); Automa-
tically cleared by MPU Read of Output Register A(B).
May also be cleared by hardware Reset.

1

FIGURE 18 — CONTROL WORD FORMAT

CA1 (CB1) Interrupt Request Enable/Disable
b0=0: Disables IRQA(B) MPU Interrupt by CA1
(CB1) active transition.
bO=1: Enable IRQA(B) MPU interrupt by CA1 (CB1)
active transition.
1. IRQA(B) will occur on next (MPU generated) positive
transition of b0 if CA1 (CB1) active transition oc-
curred while interrupt was disabled.

—
' b7 b6 b5 I b4 b3 b2 b1 T b0
Control Register | |RQA(B)1 | IRQAI(B)2 CA2 (CB2) DDR CA1(CB1)
Flag Flag Control Access Control
1

IRQA(B)2 Interrupt Flag (bit 6)

When CA2 (CB2) is an input, IRQA(B) goes high on ac-
tive transition CA2 (CB2); Automatically cleared by
MPU Read of Output Register A(B). May also be
cleared by hardware Reset.

CA2 {CB2) Established as Output (b5=1): IRQA(B)
2=0, not affected by CA2 (CB2) transitions.

Determines Whether Data Direction Register Or Output
Register is Addressed

b2=0: Data Direction Register selected.

b2=1: Output Register selected.

|

CA2 (CB2) Established as Output by b5=1
(Note that operation of CA2 and CB2 output

b5 b4 b3 functions are not identical)

=T TF—ca2

10 b3=0: Read Strobe with CA1 Restore
CA2 goes low on first high-to-low
E transition following an MPU read
of Output Register A; returned high
by next active CA1 transition, as
specified by bit 1.

b3=1: Read Strobe with E Restore
CA2 goes low on first High-to-iow
E transition following an MPU read
of Output Register A; returned high
by next high-to-iow E transition dur-
ing a deselect.

3 CB2

b3=0: Write Strobe with CB1 Restore
CB2 goes low on first low-to-high
£ transition following an MPU write
into Qutput Register B; returned
high by the next active CB1 transi-
tion as specified by bit 1. CRB-b7
must first be cleared by a read of

N data.

b3=1. Wirite Strobe with E Restore
CB2 goes low on first low-to-high
E transition following an MPU write
into Output Register B; returned
high by the next low-to-high E tran-
sition following an E pulse which
occurred while the part was de-
selected.

T Set/Reset CA2 (CB2)

CA2 (CB2) goes low as MPU writes

b3=0 into Control Register.

CA2 (CB2) goes high as MPU writes

b3=1 into Control Register.

CA2 (CB2) Established as Input by b5=0
05 b4 53

0 CA2 (CB2) interrupt Request Enable/Disable
b3=0: Disables IRQA(B) MPU Interrupt by
CA2 (CB2) active transition.*
b3=1: Enabies IRQA(B) MPU interrupt by
CA2 (CB2) active transition.
*IRQA(B) will occur on next (MPU generat-
ted) positive transition of b3 if CA2 (CB2)
active transition occurred while interrupt
was disabled.

——— Determines Active CA2 (CB2) Transition for
Setting Interrupt Flag IRQA(B)2 — (Bit b6)
b4=0: IRQA(B)2 set by high-to-low transi-

tion on CA2 {CB2).
b4=1: |RQA(B)2 set by low-to-high transi-
tion on CA2 (CB2).

@ MOTOROLA Semiconductor Products Inc.
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PACKAGE DIMENSIONS

L SUFFIX
CERAMIC PACKAGE

—T- CASE 71504

: T
7 —F ) MILLIMETERS] _INCHES
DiM[ MIN | MAX | MIN | MAX
————r————— ! C A T508 [E31 119 7
O TR o B | 14.94 ] 15.34 | 0.588 Fo.su: NOTES:
i I AR E € [ 305] 406 [0.120] 0.160 1. LEADS, TRUE POSITIONED WITHIN 0.25 mm
H— »:L SEATING PLANE - _J L_ K \/ 0.38 [ 053 [0.015 ] 0.027 | {0.010) DIA (AT SEATING PLANE), AT MAX
D G 4 M| 076 |_1.40 | 0.030 ] 0.055 MAT'L CONDITION,
G | 25485C_ | 0.i008sC 2. DIMENSION “L” TO CENTER OF LEADS
[ 076 ] 1.78 [0.030 [ 0.070 | WHEN FORMED PARALLEL.
T [ 0201 033 [0.008 [ 0013
K[ 254 | 419101001 0.165
U [74.99 ] 7549 [ 0.590 | 0510
M1 - T I Tip
N ["702 1 157 o040 1 0.060

P SUFFiX
PLASTIC PACKAGE
CASE 711-03
MILLIMETERS|  INCHES
DIM[ MIN | MAX | MIN | MAX
A [ 5169 | 5245 | 2.035[ 2.065 NOTES:
B | 13.72 | 14.22 | 0.540 | 0.560 1. POSITIONAL TOLERANCE OF LEADS (D),
C 94 | 508 ] 0.155 0.200 | SHALL BE WITHIN 0.25 mm (0.010) AT
1] 36 56 | 0.014 | 0022 | MAXIMUM MATERIAL CONDITION, IN
F 02 ] 152 10040 0.060 RELATION TO SEATING PLANE AND
G 2.54 BSC 100 8SC EACH OTHER.
H 65 ] 2.16 | 0.065 | 0.085 | 2. DIMENSION L TO CENTER OF LEADS
J .20 38 | 0.008 | 0.015 | WHEN FORMED PARALLEL.
K 92 3431 0.115] 0.135 3. DIMENSION B DOES NOT INCLUDE
L 15.24 BSC 0.600 BSC MOLD FLASH.
M | 09 [ 150 0° 150
N | 051 ] 1.02 {0020 0.040

%&m&mnnmmmg,_{ S SUFFIX
i CERDIP PACKAGE
> 8 CASE 734-03
A
C NOTES
MILLIMETERS 1. DIMENSION-A-IS DATUM
N MAX | 2. POSITIONAL TOLERANCE
FOR LEADS

Fnsm0n@[TAG]

ok _] F—l—o

3. IS SEATING PLANE.
4 DIMENSION L TO CENTER

020 | 0.30] 0.008 | 0.012 OF LEADS WHEN FORMED
3.18 | 4.08 | 0.125 [ 0.160 PARALLEL.

15.24 8SC 0.600 BSC 5. DIMENSION A AND B

]!
)|
R

L
M 50 160 | 50 [ 150 | INCLUDES MENISCUS.
N ] 08T | 12710020 ] 0.050
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SEMICONDUCTORS

3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721

MC6845 MC6845+1

{1.0 MHz) {1.0 MHz)
MC68A45 MC68A45+1

(1.5 MHz) (1.5 MHz)
MC68B45 MC68B45 -1

(2.0 MHz) (2.0 MHz)

CRT CONTROLLER (CRTC)

The MC6845 CRT Controller performs the interface between an MPU
and a raster-scan CRT display. Itis intended for use in MPU-based con-
troliers for CRT terminals in stand-alone or cluster configurations.

The CRTC is optimized for the hardware/software balance required
for maximum flexibility. All keyboard functions, reads, writes, cursor
movements, and editing are under processor control. The CRTC pro-
vides video timing and refresh memory addressing.
® Useful in Monochrome or Color CRT Applications
® Applications Include “Glass-Teletype,” Smart, Programmable, Intel-

ligent CRT Terminals; Video Games; Information Displays
® Alphanumeric, Semi-Graphic, and Full-Graphic Capability
® Fully Programmable Via Processor Data Bus. Timing May Be Gen-
eraied for Aimost Any Aiphanumeric Screen Format, e.g., 80 24,
72x64, 132 x 20
Single +5 V Supply
M6800 Compatible Bus Interface
TTL-Compatible Inputs and Outputs
Start Address Register Provides Hardware Scroll (by Page, Line, ot
Character) v
Programmable Cursor Register Allows Control of Cursor Format
and Blink Rate
® Light Pen Register
® Refresh (Screen) Memory May be Multiplexed Between the CRTC
and the MPU Thus Removing the Requirements for Line Buffers or

External DMA Devices
® Programmabie Interlace or Non-Interlace Scan Modes
@ 14-Bit Refresh Address Allows Up to 16K of Refresh Memory for

Use in Character or Semi-Graphic Displays
® 5-Bit Row Address Allows Up to 32 Scan-Line Character Blocks
® By Utilizing Both the Refresh Addresses and the Row Addresses,

a 512K Address Space is Available for Use in Graphics Systems
® Refresh Addresses are Provided During Retrace, Allowing the CRTC

to Provide Row Addresses to Refresh Dynamic RAMs
® Programmable Skew for Cursor and Display Enable (DE)
® Pin Compatible with the MCB835

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voitage Vee® |[-03t0 +7.0 VvV
Input Voitage Vin* -03t0 +7.0 V
Operating Temperature Range TLto TH
MCB845, MCB88A45, MC68B45 TA 0t 70 °C
MC6845C, MCB8A45C, MC68B45C -40to +85
Storage Temperature Range Tstg -55t0 +150{ °C
THERMAL CHARACTERISTICS
Characteristic Symboi Value Rating
Thermal Resistance
Plastic P
Cari Package %14 w0 |
Ceramic Package 50

*This device contains circuitry to protect the inputs against damage due to high
static voltages or electric fields; however, it is advised that normal precautions
be taken to avoid application of any voltage higher than maximum rated voltages
to this high-impedance circuit. For proper operation it is recommended that Vin
and Vgt be constrained to the range Vss=(Vin or Voutl s Vec.

MOS

(N-CHANNEL, SILICON-GATE)

CRT CONTROLLER
(CRTC)

® L SUFFIX
"1t CERAMIC PACKAGE
CASE 715

. S SUFFIX
' CERDIP PACKAGE
CASE 734

SEE P SUFFIX
T PLASTIC PACKAGE

. . CASE 711
% = Package Suffix

FIGURE 1 — PIN ASSIGNMENTS

GNDI§! .w Vs
RESETO 2 39[IHS
LPSTBQ 3 38[IRAO

MAO[ 4 37[1RA1

MA1[}5 36{JRA2

MA2[6 35[]RA3

MA3[ 7 34[JRA4

MAa4f] 8 33 oo

MA5[Q 9 321D1

MA6[] 10 afio2

MA7n of103

MA8[12 29104

MAg[]13 28{105
MA10[]14 271106

MA11[1S 26[1D7

MA12[16 25{1CS
MA13[]17 2a[1RS

DE[]18 23[J€
CURSOR[]19 2f1R/W
vecQo 21ficLK

ARANTARNL A NI 1001 [aYalo's Yt
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FIGURE 2 — TYPICAL CRT CONTROLLER APPLICATION

» AB
Processor
» DB Primary Bus
8 W
/‘ Secondary /‘ 8
High Speed | CLK > Refresh Bus 3-S
igh Spee efres -State
Timing CRTC 14, MUX > RAM - Buffer
7
y Refresh Cursor,
Memory Display
Addresses Enable
Y
Latch
Light
Pen
Circuit
Row Add \ L Y
ow resses
o, ROM Shift Video
74 P Character Register > Output 3
L 2 Generator
HS VS
RECOMMENDED OPERATING CONDITIONS
Characteristics ' Symbol | Min | Typ | Max | Unit
Supply Voltage vVee 475 {50 526 | V
input Low Voltage ViL -03}| - 0.8 \Y
Input High Voltage ViH 2.0 - | Vecc | V
POWER CONSIDERATIONS
The average chip-junction temperature, 7, in °C can be obtained from:
Ty=Ta+(Ppebja) (M

Where:
Ta=Ambient Temperature, °C
0 A = Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=!lcCcx Ve, Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watts — User Determined
For most appiications PPORT < PiNT and can be neglecied. PpQRT may become significant if the device is configured to
drive Darlington bases or sink LED loads.
An approximate relationship between Pp and T (if PPQRT is neglected) is:

PD=K=+ (T +273°C) : (2)
Solving equations 1 and 2 for K gives:
K =Ppe(Ta +273°C) + 8 a*PD? i3

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known TA. Using this value of K the values of Pp and T j can be obtained by solving equations (1)} and (2} iteratively for any
value of Ta.

@ MOTOROLA Semiconductor Products Inc.
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DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vde 4 10%, Vgg=0, TA =0 to 70°C unless otheriwse noted, see Figures 3-5)

Characteristic Symbol | Min | Tyn | Max | Unit
Input High Voltage VIH 2.0 - |vee | Vv
Input Low Voltage VL -03| - 0.8 \Y
input Leakage Current hn — 01 ] 25 | A
Three-State (Ve =5.25 V) (Vin=0.4 10 2.4 V) TSI -10 | - 10 | xA
Output High Voltage
lLoagd= = 205 4A) DO-D7) Von | 24 |30 | - | v
(L oad= — 100 uA) Other Outputs 24 |30 -
Output Low Voltage (I gag=1.6 mA) VoL - 03| 04 Vv
Internal Power Dissipation (Measured at T =0°C) PINT - 600 [ 750 | mw
input Capacitance DO-D7 - — 12.5
Atoters | Cn | _ | _ | 30 | PF
Output Capacitance All Qutputs | Cqyt — - 10 pF
BUS TIMING CHARACTERISTICS (See Notes 1 and 2) (Reference Figures 3 and 4)
ident. MC6845 MC68A45 | M(C68B45
Number Characteristic Symbol M96845ﬁ1 MC_58A45¢1 MQB8B451?1 Unit
Min | Max | Min | Max | Min | Max
1 Cycle Time teye 1.0 10 | 067] 10 | 05 10 us
2 Pulse Width, E Low PWEgL | 430 | 9500| 280 [ 9500 | 210 [ 9500 | ns
3 Pulse Width, E High PWEH | 450 | 9500{ 280 | 9500 | 220 [ 9500 | ns
4 Clock Rise and Fall Time it - 25 - 25 - 20 ns
9 Address Hold Time (RS) tAH 10 - 10 10 - ns
13 RS Setup Time Before E tAS 30 - 60 - 40 - ns
14 R/W and C3 Setup Time Before E 1cs 80 | — | 60| - |4 | - | ns
15 R/W and CS Hold Time tCH 0| -1} -1110]f-1|ns
18 Read Data Hold Time tDHR 20 50*| 20 50° | 20 50* | ns
21 Write Data Hold Time toHw | 10 - 10 - 10 - ns
30 Peripheral Output Data Delay Time tDDR - 220 - 180 0 150 | ns
31 Peripheral Input Data Setup Time tosw | 165 - 80 - 60 - ns
*The data bus output buffers are no longer sourcing or sinking current by tpHR mMax (high impedance).
FIGURE 3 — MC6845 BUS TIMING
'O >
» Q) ~ )ﬁ
—— \)
e |y
— "‘@ @_)‘ _)_ | —
<
as XXX
-®
R/W, CS
> | ®
Read Data x MPU Read Data
<> @ H——@-—)
Wiite Data MPU Write Data E_
NOTES: 21 )€

1. Voltage levels shown are V| 0.4 V, V4=2.4 V, uniess otherwise specified.
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.

3
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FIGURE 4 — BUS TIMING TEST LOAD

50V

Test Point RL=2.4kQ

c R MMD6150
or Equiv.

C =130 pF for DO-D7
=30 pF for MAC-MA13, RAO-RA4,
DE, HS, VS, and CURSOR
R=11kQ for DO-D7
=24 kQ for All Other Qutputs

FIGURE 5 — CRTC TIMING CHART

N\ /TN

X / X
r N c
RAO-RA4 >< ><
- \
€—IRAD—> € tRAD ]

DE

[

€—tDTD €—tDTD

ﬂ
HS \
— N
E—tHSD [ €—tHS D
N
Vs 7 N
S ~
E— 1ty 5 D— e
N
CURSOR
€—1tCDD *‘tCDD‘)‘

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 voits and a high voitage of 2.0 volts unless otherwise noted.
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FIGURE 6 — CRTC-CLK, MAO-MA13, AND LPSTB TIMING

Ve

r—PW
NN TN

€ty —P i

A

°

MAO-MA13 X M X M+ 1 M+2 ><

€ PWLPH

[t PO 11—

Y

When the CRTC detects the rising edge of LPSTB in
this period, the CRTC sets the Refresh Memory Ad-
dress ‘M + 2’ into the LIGHT PEN REGISTER

tLPD1. tLPD?2: Period of uncertainty for the Refresh
Memory Address.

NOTE. Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted

CRTC TIMING CHARACTERISTICS (Reference Figures 5 and 6)

Characteristic Symbol | Min | Max | Unit
Minimurm Clock Pulse Width, Low - PwcL | 80| — | ns
Minimum: Clock Pulse Width, High PwcH | 200 | - ns.
Clock Frequency fe - 25 |MHz
Rise and Fall Time for Clock Input ter, tef - 20 ns
Memory Address Delay Time tMAD - 160 | ns
Raster Address Delay Time tRAD - 160 | ns
Display Timing Delay Time tDTD - 300 { ns
Horizontal Sync Delay Time tHSD - | 300 | ns
Vertical Sync Delay Time tvsSD - {300 | ns
Cursor Display Timing Delay Time tcDD - | 300 | ns
Light Pen Strobe Minimum Puise Width PWipHy | 100 | — ns
Light Pen Strobe Disable Time tLPD1 - 120 | ns
wep2 | - 0 ns

NOTE: The light pen strobe must fall to low level before VS puise rises.
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CRTC INTERFACE SYSTEM DESCRIPTION

The CRT controller generates the signals necessary to in-
terface a digital system to a raster scan CRT display. In this
type of display, an electron beam starts in the upper left
hand corner, moves quickly across the screen and returns.
This action is called a horizontal scan. After each honzontal
scan the beam is incrementally moved down in the vertical
direction until it has reached the bottom. At this point one
frame has been displayed, as the beam has made many
horizontal scans and one vertical scan

Two types of raster scanning are used in CRTs, interlace
and non-interlace, shown in Figures 7 and 8. Non-interlace
scanning consists of one field per frame. The scan lines in
Figure 7 are shown as solid lines and the retrace patterns are
indicated by the dotted lines. Increasing the number of
frames per second will decrease the fiicker. Ordinarily, either
a 50 or 60 frame per second refresh rate is used to minimize
beating between the CRT and the power line frequency. This
prevents the displayed data from weaving.

Interlace scanning is used in broadcast TV and on data
monitors where high density or high resolution data must be
displayed. Two fields, or vertical scans are made down the
screen for each single picture or frame. The first field (even
field) starts in the upper left hand corner; the second (odd
field) in the upper center. Both fields overlap as shown in
Figure 8, thus interlacing the two fieids into a single frame.

in order to display the characters on the CRT screen the
frames must be continually repeated. The data to be
displayed is stored in the refresh (screen) memory by the
MPU controlling the data processing system. The data is
usually written in ASCIl code, so it cannot be directly
displayed as characters. A character generator ROM is
typically used to convert the ASCil codes into the “dot”’ pat-
tern for every character.

The most common method of generating characters is to
create a matrix of dots "'x’’ dots (columns) wide and "'y’ dots
(rows) high. Each character is created by selectively filling in
the dots. As 'x’" and "'y"’ get larger a more detailed character
may be created. Two common dot matrices are 5x 7 and
7 x 9. Many variations of these standards wili allow Chinese,
Japanese, or Arabic letters instead of English. Since
characters require some space between them, a character
* block larger than the character is typically used, as shown in
Figure 9. The figure also shows the corresponding timing
and levels for a video signal that would generate the
characters.

Referring to Figure 2, the CRT controller generates the
refresh addresses (MAO-MA13), row addresses (RAO-RA4),

and the video timing {vertical sync — VS, horizontal sync -
HS, and display enable — DE}. Other functions include an
internal cursor register which generates a cursor output
when its contents compare to the current refresh address A
light pen strobe input signal allows capture of the refresh ad-
dress in an internal ight pen reaister.

All timing in the CRTC is derived from the CLK input. In
alphanumeric terminals, this signal is the character rate. The
video rate or “"dot” clock 1s externally divided by high-speed
logic {TTL) to generate the CLK input. In alphanumeric ter-
minals, this signal is the character rate. The video rate or
"dot’”’ clock is externally divided by high-speed logic (TTL) to
generate the CLK signal. The high-speed logic must also
generate the timing and control signais necessary for the
shift register, latch, and MUX control.

The processor communicates with the CRTC through an
8-bit data bus by reading or writing into the 19 registers.

The refresh memory address is multiplexed between the
processor and the CRTC. Data appears on a secondarv bus
separate from the processor’'s bus. The secondary data bus
concept in no way precludes using the refresh RAM for other
purposes. It looks like any other RAM to the processor. A
number of approaches are possibie for solving contentions
for the refresh memory:

1. Processor always gets priority. (Generally, “hash’ oc-

curs as MPU and CRTC clocks are not synchronized.)

2. Processor gets priority access anytime, but can be
synchronized by an interrupt to perform accesses only
during horizontal and vertical retrace times.

3. Synchronize the processor with memory wait cycles
(states).

4. Synchronize the processor to the character rate as
shown in Figure 10. The MB6800 processor family
works very well in this configuration as constant cycle
lengths are present. This method provides no
overhead for the processor as there is never a conten-
tion for a memory access. All accesses are
transparent.

The present version of the CRTC is being upgraded to im-
prove functionality. This data sheet contains the information
describing both the MC6845 (present CRTC) and the
MC6845« 1 {upgraded CRTC). Complete compatibility be-
tween both versions is maintained by programming all
register bits, which are undefined/unused, in the MC8845
with zero's.

FIGURE 7 — RASTER SCAN SYSTEM (NON-INTERLACE)
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FIGURE 8 — RASTER SCAN SYSTEM (INTERLACE)

—— Eyven Number Field (First)
=== === == Odd Number Field (Second)

FIGURE 9 — CHARACTER DISPLAY ON THE SCREEN AND VIDEO SIGNAL
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FIGURE 10 — TRANSPARENT REFRESH MEMORY
CONFIGURATION TIMING USING M6800 FAMILY MPU

CRTC Accesses
Refresh Memory

mj

MPU Accesses
Refresh Memory

|
! |

!
¢y = Nxi¢ OF te/ M3
| |

Where: m, n are integers, 1. 1s character period

TABLE 1 — CRTC OPERATING MODE

RESET LPSTB Operating Mode
0 0 Reset
0 1 Test Mode
1 0 Normai Mode
1 1 Normal Mode

The test mode configures the memory ad-
dresses as two independent 7-bit counters 1o
minimize test tme

PIN DESCRIPTION

PROCESSOR INTERFACE

The CRTC interfaces to a processor bus on the bidirec-
tional data bus {D0-D7) using CS, RS, E, and R/W for con-
trol signals.

Data Bus (D0-D7) — The bidirectional data lines (DO-D7)
allow data transfers between the internal CRTC register file
and the processor. Data bus output drivers are high-
impedance state until the processor performs a CRTC read
operation.

Enable (E) — The Enable signal is a high-impedance
TTL/MOS compatible input which enables the data bus in-
put/output buffers and clocks data to and from the CRTC.
This signal is usually derived from the processor clock. The
high-to-low transition is the active edge.

Chip Select (CS) — The CS line is a high-impedance
TTL/MOS compatible input which selects the CRTC, when
low, to read or write to the internal register file. This signal
should only be active when there is a valid stable address be-
ing decoded from the processor.

Register Select {(RS) — The RS line is a high-impedance
TTL/MOS compatible input which selects either the address
register (RS ="0") or one of the data register (RS="1") or
the internal register file.

Read/Write (R/W) — The R/W line is a high-impedance
TTL/MOS compatible input which determines whether the
internal register file gets written or read. A write is defined as
a low level.

CRT CONTROL

The CRTC provides horizontal sync (HS), vertical sync
(VS), and display enable (DE) signals.

NOTE

Care should be exercised when interfacing to CRT
monitors, as many monitors claiming to be “TTL com-
patible” have transistor input circuits which require
the CRTC or TTL devices buffering signals from the
CRTC/video circuits to exceed the maximum-rated
drive currents.

@ MOTOROLA Semiconductor Products Inc.
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Vertical Sync (VS) and Horizontal Sync (HS) — These
TTL-compatible outputs are active high signals which drive
the monitor directly or are fed to the video processing cir-
cuitry to generate a composite video signal. The VS signal
determines the vertical position of the displayed text while
the HS signal determines the horizontal position of the
displayed text.

Display Enable (DE) — This TTL-compatible output is an
active high signal which indicates the CRTC is providing ad-
dressing in the active display area.

REFRESH MEMORY/CHARACTER GENERATOR
ADDRESSING

The CRTC provides memory addresses (MAO-MA13) to
scan the refresh RAM. Row addresses (RAQ-RA4) are also
provided for use with character generator ROMs. In a
graphics system, both the memory addresses and the row
addresses would be used to scan the refresh RAM. Both the
memory addresses and the row addresses continue to run
during vertical retrace thus.allowing the CRTC to provide the
refresh addresses required to refresh dynamic RAMs.

Refresh Memory Addresses (MAO-MA13) — These 14 out-
puts are used to refresh the CRT screen with pages of data
located within a 16K block of refresh memory. These outputs
are capable of driving one standard TTL load and 30 pF.

Row Addresses (RAQ-RA4) — These five outputs from the
internal row address counter are used to address the
character generator ROM. These outputs are capable of driv-
ing one standard TTL load and 30 pf.

OTHER PINS

Cursor — This TTL-compatible output indicates a valid

cursor address to external video processing logic. It is an ac-
tive high signal.

Clock (CLK) — The CLK is a TTL/MOS-compatible input
used to synchronize all CRT functions except for the pro-
cessor interface. An external dot counter is used to derive
this signal which is usually the character rate in an
alphanumeric CRT. The active transition is high-to-low.
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Light Pen Strobe (LPSTB) — A low-to-high transition on
this high-impedance TTL/MOS-compatible input latches the
current Refresh Address in the light pen register. The latch-
ing of the refresh address is internally synchronized to the
character ciock (CLKI.

Vee, Vss — These inputs supply +5 Vdc +5% to the
CRTC.

RESET — The RESET input is used to reset the CRTC. A
low level on the RESET input forces the CRTC into the
following state:

{a) Al counters in the CRTC are cleared and the device

stops the display operation.

(b} All the outputs are driven low.

{c) The control registers of the CRTC are not affected and
remain unchanged.

Functionality of RESET differs from that of other M6800

parts in the following functions:

(a) The RESET input and the LPSTB input are encoded as
shown in Table 1.

(b) After RESET has gone low and (LPSTB="0"), MAO-
MA13 and RAO-RA4 will be driven low on the falling
edge of CLK. RESET must remain low for at least one
cycle of the character clock (CLK).

(c) The CRTC resumes the display operation immediately
after the release of RESET. DE is not active untif after
the first VS pulse occurs.

CRTC DESCRIPTION
(Figure 11 CRTC Block Diagram)

The CRTC consists of programmable horizontal and ver-
tical timing generators, programmable linear address
register, programmable cursor logic, light pen capture
register, and control circuitry for interface to a processor
bus.

All CRTC timing is derived from CLK, usually the output of
an external dot rate counter. Coincidence (CO) circuits con-
tinuously compare counter contents to the contents of the
programmable register file, RO-R17. For horizontal timing
generation, comparisons result in: 1) horizontal sync pulse
(HS) of a frequency, position, and width determined by the
registers; 2) horizontal display signal of a frequency, position,
and duration determined by the registers.

The horizontal counter produces H clock which drives the
scan line counter and vertical control. The contents of the
Raster Counter are continuously compared to the maximum
scan line address register. A coincidence resets the raster
counter and clocks the vertical counter.

Comparisons of vertical counter contents and vertical
registers result in: 1) vertical sync pulse (VS) of a frequency,
width and position determined by the registers; 2) vertical
display of a frequency and position determined by the
registers.

The vertical control logic has other functions.

1. Generate row selects, RAO-RA4, from the raster count
for the corresponding interlace or non-interlace
modes.

2. Extend the number of scan lines in the vertical total by
the amount programmed in the vertical total adjust
register.

The linear address generator is driven by CLK and locates
the relative positions of characters in memory with their posi-
tions on the screen. Fourteen lines, MAO-MA13, are
available for addressing up to four pages of 4K characters, 8
pages of 2K characters, etc. Using the start address register,
hardware scroiling through 16K characters is possible. The
linear address generator repeates the same sequence of ad-
dresses for each scan line of a character row.

The cursor logic determines the cursor location, size, and
blink rate on the screen. All are programmable.

The light pen strobe going high causes the current con-
tents of the address counter to be latched in the light pen
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register. The contents of the light pen register are subse-
quently read by the processor.

Internal CRTC registers are programmed by the processor
through the data bus, DO-D7, and the control signals —
R/W, CS, RS, and E.

REGISTER FILE DESCRIPTIONS

The nineteen registers of the CRTC may be accessed
through the data bus. Only two memory locations are re-
quired as one location is used as a pointer to address one of
the remaining eighteen registers. These eighteen registers
control horizontal timing, vertical timing, interlace operation,
row address operation, and define the cursor, cursor ad-
dress, start address, and light pen register. The register ad-
dresses and sizes are shown in Table 2.

ADDRESS REGISTER

The address register is a 5-bit write-only register used as
an "indirect” or "pointer”’ register. It contains the address cf
one of the other eighteen registers. When both RS and CS
are low, the address register is selected. When CS is low and
RS is high, the register pointed to by the address register is
selected.

TIMING REGISTERS R0-R8

Figure 12 shows the visible display area of a typical CRT
monitor giving the point of reference for horizontal registers
as the left most displayed character position. Horizontal
registers are programmed in character clock time units with
respect 1o the reference as shown in Figure 13. The point of
reference for the vertical registers is the top character posi-
tion displayed. Vertical registers are programmed in
scan line times with respect to the reference as shown in
Figure 14.

Horizontal Total Register (RO) — This 8-bit write-only
register determines the horizontal sync {HS) frequency by
defining the HS period in character times. It is the total of the
displayed characters plus the non-displayed character times
(retrace) minus one.
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FIGURE 11 — CRTC BLOCK DIAGRAM
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- MC6845¢MC6845 1

TABLE 2 — CRTC INTERNAL REGISTER ASSIGNMENT
(Features of the MC6845-1 have 1 subscript)

&5 | Rs . Adgresszﬂegliter 5 Reg;ster Register File Przg‘rham Read Write e 5Num‘::er 031‘ Bits2 1 >
T X X X X X X X — - - -
ofo]l x x X X X AR |Address Register - No Yes
0 |1 0 0 0 0 o RO [Horizontal Total Char. No Yes
0 1 0 0 0 0 1 R1 Horizontal Displayed Char. No Yes
0|1 0 0 0 1 0 R2 [H. Sync Position Char. No Yes
oOfpt1{o0 o 0 1 1 R3  [Sync Width - No Yes | Vi{Vi|Vi|[Vy|H |H|H|H
o110 0 1t 0 O R4 [Vertical Total Char. Row No Yes
011 0 0 1 0 1 R5 V. Totai Adjust Scan Line No Yes
0 1 0 0 1 1 0 R6 |Vertical Displayed Char. Row No Yes
0 1 70 0 1 1 1 R7 |V. Sync Position Char. Row No Yes
oO{r*Wo0 1 0 0 o0 R8 |[Interlace Mode and Skew Note 1 No Yes C1]C1|Dy| Dy |
o11{f0 1 0 0 1 R9  |Max Scan Line Address Scan Line No Yes
0110 1 o 1 o0 R10 |Cursor Start Scan Line No Yes B | P (Note 2)
0|1 0 1 0o 1 1 R11  |Cursor End Scan Line No Yes
O I I 1 ¢ ¢ 12 (Start Address (H) - Yes Yes (VNG
o110 1 10 1 R13 |Start Address (L) - Yes Yes
0 1 0 1 1 1 0 R14 |Cursor (H) - Yes Yes 010
0 i 0 1 1 1 1 R15 [Cursor (L) - Yes Yes
0|1 10 0 0 o0 R16 {Light Pen (H) — Yes No 01}o
0|1 1 0 0 0 1 R17 |JLight Pen (L) - Yes No
NOTES:

1. The skew control is shown in Table 3 and interlace is shown in Table 4.
2. Bit 5 of the Cursor Start Raster Register is used for blink period control, and Bit 6 is used to select blink or non-blink.

FIGURE 12 — ILLUSTRATION OF THE CRT SCREEN FORMAT
l Number of Horizontal Total Char. (Nht+ 1)

‘—Number of Horizontal Displayed Char. (th)———]
CATBIC }L'ne

Ve

Maximum Scan Lines (Nr+ 1)

Display Period

Number of Verticat Displayed Char. (Nvd)

Number of Vertical Total Char. (Nvt+ 1)

Vertical Retrace Period

Total Scan Line Adjust (Nadj)—

Note 1: Timing values are described in Table 8.
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Horizontal Displayed Register (R1) — This 8-bit write-only
register determines the number of displayed characters per
line. Any 8-bit number may be programmed as long as the
contents of RO are greater than the contents of R1.

Horizontal Sync Position Register (R2) — This 8-bit write-
only register controls the HS position. The harizontal sync
position defines the horizontal sync delay (Front Porch) and
the horizontal scan delay (Back Porch). When the program-
med value of this register is increased, the display on the
CRT screen is shifted to the left. When the programmed
value is decreased the display is shifted to the right. Any
8-bit number may be programmed as long as the sum of the
contents of R1, R2, and R3 are less than the contents of RO.

Sync Width Register (R3) — This 8-bit write-only register
determines the width of the vertical sync (VS) pulse and the
horizontal sync {HS) pulse for the MC6845+% 1 CRTC. The
vertical sync pulse width is fixed at 16 scan-line times for the
MC6845 and the upper four bits of this register are treated as
“"don’t cares.”

The MC6845+ 1 allows control of the VS puise width for
1-to0-16 scan-line times. Programming the upper four bits for
1-t0-15 will select pulse widths from 1-to-15 scan-line times.
Programming the upper four bits as zeros will select a VS
pulse width of 16 scan-line times, allowing compatibility with
the M(C6845.

For both the MC8845 and the MC6845+ 1, the HS pulse
width may be programmed from 1-to-15 character clock
periods thus allowing compatibility with the HS pulse width
specifications of many different monitors. If zero is written
into this register then no HS is provided.

Horizontal Timing Summary (Figure 13) — The difference
between RO and R1 is the horizontal blanking interval. This
interval in the horizontal scan period allows the beam to
return (retrace) to the left side of the screen. The retrace time
is determined by the monitor’'s horizontal scan components.
Retrace time is less than the horizontal bianking interval. A
good rule of thumb is'to make the horizontal bianking about
20% of the total horizontal scanning period for a CRT. In in-
expensive TV receivers, the beam overscans the display
screen so that aging of parts does not resuilt in underscan-
ning. Because of this, the retrace time should be about Y
the horizontal scanning period. The horizontal sync delay,
HS puise width, and horizontal scan delay are typically pro-
grammed with a 1:2:2 ratio.

Vertical Total Register (R4) and Vertical Total Adjust
Register (R6) — The frequency of VS is determined by both
R4 and R5. The calculated number of character line times is
usually an integer plus a fraction to get exactly a 50 or 60 Hz
vertical refresh rate. The integer number of character line
times minus one is programmed in the 7-bit write-only ver-
tical total register (R4). The fraction of character line times is
programmed in the 5-bit write-only vertical total adjust
register (R5) as a number of scan-line times.

Vertical Displayed Register (R6) — This 7-bit write-only
register specifies the number of displayed character rows on
the CRT screen, and is programmed in character row times.
Any number smaller than the contents of R4 may be pro-
grammed into R6.

Vertical Sync Position (R7) — This 7-bit write-only register
controls the position of vertical sync with respect to the
reference. It is programmed in character row times. The
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value programmed in the register is one less than the number
of computed character-line times. When the programmed
value of this register is increased, the display position of the
CRT screen is shifted up. When the programmed value is
decreased the display position is shifted down. Any number
equal to or less than the vertical total (R4) may be used.

Interlace Mode and Skew Register (R8) — The MCB845
only allows control of the interlace modes as programmed by
the low order two bits of this write-only register. The
MCB845-1 controls the interlace modes and allows a pro-
grammable delay of zero-to-two character clock times for the
DE (display enable) and cursor cutputs. Table 3 describes
operation of the cursor and DE skew bits. Cursor skew is
controlled by bits 6 and 7 of R8 while DE skew is controlled
by bits 4 and 5. Table 4 shows the interlace modes available
to the user. These modes are selected using the two low
order bits of this 6-bit write-only register.

In the normal sync mode (non-interlace) only one field is
available as shown in Figures 7 and 15a. Each scan line is
refreshed at the VS frequency (e.g., 50 or 60 Hz).

Two interlace modes are available as shown in Figures 8,
18b, and 15c. The frame time is divided between even and
odd alternating fields. The horizontal and vertical timing rela-
tionship (VS delayed by %2 scan line time) results in the
displacement of scan lines in the odd field with respect to the
even field.

In the interlace sync mode the same information is painted
in both fields as shown in Figure 15b. This is a useful mode
for filling in a character to enhance readability.

In the interlace sync and video mode, shown in Figure 15¢,
alternating lines of the character are displayed in the even
field and the odd field. This effectively doubles the given
bandwidth of the CRT monitor.

Care must be taken when using either interlace mode to
avoid an apparent flicker effect. This flicker effect is due to
the doubling of the refresh time for all scan lines since each
field is displayed alternately and may be minimized with pro-
per monitor design (e.g., longer persistence phosphors).

In addition, there are restrictions on the programming of
the CRTC registers for interlace operation:

1. For the MCE845:

a. The horizontal total register value, RO, must be
odd (i.e., an even number of character times).

b. For interlace sync and video mode only, the
maximum scan-line address, RS, must be odd
(i.e., an even number of scan lines).

c. Forinterlace sync and video mode only, the ver-
tical displayed register (R6) must be even. The
programmed number Nvd, must be % the ac-
tual number required. The even numbered scan
lines are displayed in the even field and the odd
numbered scan lines are displayed in the odd
field.

d. Forinterlace sync and video mode only, the cur-
sor start register (R10) and cursor end register

on which field the cursor is to be displayed in.
2. For the MCB845+ 1:
a. The horizontal total register value, RO, must be
odd (i.e., an even number of character times).
b. For the interlace sync and video mode only, the
vertical displayed register (R6) must be even.
The programmed number, Nvd, must be %2 the
actual number required.
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TABLE 3 — CURSOR AND DE SKEW CONTROL

Value Skew
00 No Character Skew
(] One Character Skew
10  |Two Character Skew
1 Not Available

3
:
S
2
7

FIGURE 13 — CRTC HORIZONTAL TIMING
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*Timing is shown for first displayed scan row only. See Chart in Figure 16 for other rows. The initial MA is determined by the contents of Start
Address Register, R12/R13. Timing is shown for R12/R13=0.

Note 1: Timing values are described in Table 8.
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FIGURE 14 — CRTC VERTICAL TIMING
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Display ‘r_j'_\_.ll_b I
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Enable \e Ny

“Nht must be an odd number for both interlace modes.
* *Initial MA is determined by R12/R13 (Start Address Register), which is zero in this timing example.
***Ng| must be an odd nurnber for Intertace Sync and Video Mode.

NOTES:
1. Refer to Figure 8 — The Odd Field is offset % horizontal scan time.
2. Timing values are described in Table 8.
3. Vertical Sync Pulse width may be programmed from 1 to 16 scan line times for the MC6845+ 1.
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