
N
\,Q
o
w
I....
o

TABLE 5. 2903 STATUS OUTPUTS

"OVR C/N Z

(...·l (...., 01 Pt MOlt Sig. Other MOlt Sig. Other Mo.t Sig. Intermedllte Le..t Sig.
1,.,Ie. 1413121 10 (1=0 to 3) (1=0 to 3) Cft+4 Slice Sllc.I Slice Sllc•• Slic. Slic. Slic.

X 0 H 0 , 0 0 0 F3 G YOY'Y2Y3 YOY'Y2Y3 YOY'Y2Y3

X , X Ai I\. Sj AjV Si GVPCn Cn+3 '" Cn+ 4 p F3
-- f-_. G

YOY'Y2Y3 YOY,Y2Y3 YOY'Y2Y3

X 2 X Rj As-i RjV Sj GV PCn Cn+3 '" Cn+4
p -

F3 G YOY'Y2Y3 YOY,Y2Y3 YOY'Y2Y3

X 3 X RjASj RjV Sj GYPCn Cn+3 '" Cn+4
p F3 G YOY'Y2Y3 YOY'Y2Y3 YOY'Y2Y3

X 4 X 0 Sj GyPCn Cn+3 '" Cn+4 P F3 G YOY',Y'2Y3 Y'OY,Y'2Y'3 'YOY"Y2Y3

X 5 X 0 Sj GYPCn Cn+3 '" Cn+4
p F3 G YOY'Y2Y3 YOY'Y2Y3 YOY'Y2Y3

X 6 X 0 Rj GVPCn Cn+3 ",Cn+4 P F3 G YOY'Y2Y3 YOY'Y2Y3 YOY'Y2Y3

X 7 X 0 Rj GVPCn Cn+3 -", Cn+4 p F3 G YOY'Y2Y3 YOY,Y2Y3 YOY'Y2Y3

X 8 X 0 , 0 0 0 F3 G YOY'Y2Y3 YOY'Y2Y3 YOY'Y2Y 3
-------~-

X 9 X Ri I\. Sj , 0 0 0 F3 a- YOY'Y2Y3 YOY'Y2Y3 YOY'Y2Y3

X A Rj I\. Sj RjV Sj 0
-- -------------

0 F3 G YOY'Y2Y3X 0 YOY,Y2Y3 YOY'Y2Y3

X B X Ri I\. Si RjV Sj
---0·_---- --6-----·---~·--·-- -0-- ---

F3 G YOY'Y2Y3 YOY'Y2Y3 Y OY"Y2Y3-_._-_.- ~ ___ R ______._._._ ---_.
X C X Ri I\. Sj , 0 0 0 F3 G YOY'Y2Y3 YOY'Y2Y3 YOY'Y2Y3

X 0 "Rj I\. "S"j
_.-f----.-----------._---- --------

F3 G YOY'Y2Y3 YOY'Y2Y3X , 0 0 0 YOY'Y2Y3

X E X Rj I\. Sj , 0----- -0---·_---_··--·- --0---
F3 G YOY,Y"2Y3 Y OY,Y2Y'3 YOY,Y'2V3

X F X Rj I\. Sj
____._u__ -

F3 G YOY'Y2Y3 YOY'Y2Y3 YOY'Y2Y3, 0 0 0

Si ifZ=L
-- ------_.--_...._- ~-- ,--..~--

0 0 l
OifZ=l

GVPCn Cn+3 '" Cn +4
p F3 G Input Input 00

Ril\.Si jf Z=H RjVSj jf Z=H

Oif Z=l Sj if Z=l
._- .._----~----- f---

2 0 l
Ril\.Sj if Z=H Ri V 5j ifZ=H

GVPCn Cn+3 '" Cn+4 is F3 G Input Input· 00

4 0 l See Note' S.. Note 2 GVPCn Cn+3 '" Cn+4
p F3 G YOY'Y2Y3 YOY'Y2Y3 YOY'Y2Y3

5 0 l 0
Sj jfZ=l

GV PCn Cn+3 '" Cn +o4 IS F3 if Z=l G 53 Input Input
Sj jfZ=H F3'" S3 ifZ=H

6 0 l
OifZ=l Si if Z=l

GV PCn Cn+3 '" Cn+ 4 is F3 G Input Input 00
Rjl\.Si if Z=H RjVSi if Z=H

8 0 l 0 Sj S.. Note 3 02'" 0, JS 03 G 00°,°2°3 000 ,°20 3 00°,°2<:)3

A 0 L 0 Si S•• Not. 4 F2'" F, JS F3 U- S.. Note 5 S.. Note 5 See Note 5

C 0 L
!:!il\.Sj if Z=L RjVSj ifZ=L

GyPCn Cn+3 ",Cn+o4 p F3 G Sign Compare
Input Input

RjASj if Z=H RjVSj ifZ=H FF Output

0 l
RjAS j ifZ=L RjVSj ifZ=L

GVPCn Cn+3 '" Cn+ 4
p F3 G

Sign Compare
Input InputE Rjl\.Sj if Z=H RjVSj if Z=H FF Output

~
<
3:

L., LOW", 0

H - HIGH'" 1
V-OR
1\. .. AND
It! - EXCLUSIVE OR
P =P3P2P,PO

G ... G,vG2P3VG,P2P3VGOP,P2P3

Cn+3 '" G2YG,P2VGOP,P2VCnPpP,P2

NOTES: 1. If LSS is LOW, GO = So and G,.2.3 = 0
If LSS is HIGH, Go., ,2.3 = 0

2. If LSS is LOW. Po = 1 and P'.2,3 = S'.2,3
If LSS is HIGH, Pj = Si

3. At the most significant slice, Cn+4 = 03'" 02

At other slices, Cn +o4 = GVPCn
4. At the most significant slice, Cn+4 = F3¥ F2

At other slices, Cn+ 4 = GV PCn

5. Z,;" OOO,0203FOF,F2F3



MSS LSS
0EVICE4 DEVICE 3 DEVICE 2 DEVICE 1

4 4 4 4 4 4 4 4

DA DB DA DB DA DB
01015 010:3 01°0 010:3 010 01°3 01°0 010051015 5103 5100 5103 51 5103 5100 5100

CARRY OUT Cn+4 Cn Cn+4 Cn Cn+4 en CARRY IN
NEGATIVE N +5

OVERFLOW OVR WMSS W/M55 W/MSS
Z ~ +5 ':' Z z ISS z rn

Y WE Y WE'" Y WE -=
4 4 4 4

'--------------'----------+----------~-JVt/l...._-- +5

Figure 5. 16-Bit CPU with Ripple Carry

left or right as a contiguous n-bit word
prior to storage in the RAM. At the LSB and
MSB of the CPU, the shift pins should be
connected to a shift multiplexer which can
be controlled by the microcode to select
the appropriate input signals to the shift
inputs.

Device I has been defined as the least sig­
nificant slice (LSS) and its LSS pin has
accordingly been grounded. The Write/Most
Significant Slice (WRITE/MSS) pin of device
1 is now defined as being the Write output,
which mal-now be used to drive the write
enable (WE) signal common to the four de­
vices. Devices 2 and 3 are designated as
intermediate slices and hence the LSS and
WRYTE/MSS pins are tied High. Device 4 is
designate2-!he most significant slice (MSS)
with the LSS pin tied High and the WRITE/­
MSS pin held Low. The open collector, bi­
directional Z pins are tied together for
detecting zero or for inter-chip communica­
tion for some special instruction. The
Carry-out (Cn+4) is connected to the Carry­
In (Cn ) of the next chip in the case of
ripple carry.

The fEN pin of t~e 2903 allows the option of
conditional instruction execution. If fEN
is Low, all internal clocking is enabled,
allowing the latches, RAM, and Q Register to
function. If fEN is High, the RAM and Q
Register are disabled. The RAM is control­
led by fEN if WE is connected to the WRITE
output.

It would be appropriate at this point to
mention that the 2903 may be microcoded to
work in either two-or three-address archi­
tecture modes. The two-address modes allow
A+B B while the three-address mode makes
possible A+B~C. Implementation of a three­
address architecture i~ade possible by
varying the timing of lEN in relationship to
the external clock and changing the B ad­
dress as shown in Figure 4. This technique
is discussed in more detail under Memory
Expansion.

2903-11 RevM



Parity

The 2903 computes parity on a chosen word
when the instruction bits IS-S have the
values of 616 to 716 as shown in Table 3.
The computed parity is the result of the
exclusive OR of the individual ALU outputs
and 5103' Parity output is found on 5100.
Parity between devices may be cascaded by
the interconnection of the 5100 and 5103
ports of the devices as shown in figure 5.
The equation for the parity output at 5100
port of device 1 is given by 5100 = FlS V
F14 V F13V V Fl V FO V 51015.

Sign Extend

Sign extension across any number of 2903 de­
vices can be done in one microcycle. Re­
ferring again to the table of instructions
(Table 3), the sign extend instruction (In­
struction E) on 15-8 causes the sign present

at the 5103 port and at the Y outputs. If
the least significant bit of the instruction
(bit IS) is High, Instruction F is present
on I5-S, commanding a shifter pass instruc­
tion. At this time, F3 of the ALU is pre­
sent on the 5103 output pin. It is then po­
possible to control the extension ·of the
sign across chip boundaries by controlling
the state of IS when I6-S are High. Figure
6 outlines the sign extend mode. With 16-8
held High, the individual chip sign extend
is controlled by ISA- D• If, for example,
ISA and IS~ are High while I SC and ISD are
Low, the sl.gnalpresent at the coundaries of
devices 2 and 3 (F3 of device 2) will be ex­
tended across devices 3 and 4 at the 5103
pin of device 4. The output of the four de­
vices will be available at their respective
Y data ports. The next positive adge of the
clock will load the Y outputs into the ad­
dress selected by the B port. Hence, the
results of the sign extension are stored in
the RAM.

SIGN
IN

DEVICE ~DEVICE 2DEVICE 3DEVICE 4

S~ SIOO - 5103 SK\> - SI03 SIOo SI03 SIOo~
,.-- ~-Ie r--- ~-Ie - 16-1e - 16-le
~ ~ ~ 15(: ..-- 158 ...-- 15A

....,
1>--
....

"

.....
"....
"

SIGN
OUT

{

HI::
CHIP 15<:
SIGN 1

EXTEND 58
15A

Figure 6. Sign Extend
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DESCRIPTION

The 2907 is an array of four p-n-p general­

purpose transistors in a dual in-line pack­

age. Continuous collector current rating is

600 mAdc. Maximum voltage ratings are:

Collector-Emitter
Collector-Base

Emitter-Base

(Vcd)

(Vcb)
(Veb)

40V

60V

5.0V

NOTES:
1. Element identifier: None
2. Package pin configuration is shown

below.

14 13 12 fI 10 9 8

2 3 4 5 6 7

2907

2907
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DESCRIPTION
+5V

10
LSI

MICROPROGRAM
CONTROllER

I
2910

6(CPI ClK XXX ENBl PIPELINE ADRS (PI)

(CII - 32 CARRY IN ENBl VECTOR ADRS 5 (Vffi)
(m) - 15 lOAD RGTR ENBL MAP ADAS (MllS)

(DE) 20 ENBL OUTPUT STACK FULL 16 (roIT)

(CCI 14 CONOITION CODE

(CCEN) 13 ENBL COND, CODE

1 B--, 1'04.4 INSTR 1024
(10'Y 2 AOIRS 512

• 1 ---1 256

"l 128

10 MICROPROGRAM 64

9

AOL~
(YO-II)

8 16

7 8

6 4
(DO-Ill DATA

iJ
2

1
40

38

36

34

30

LOGIC SYMBOL

The register/counter consists of 12 D-type,
edge-triggered flip-flops, with a common
clock enable. When its load control, RLD,
is LOW, new data is loaded on a positive
clock transition. A few instructions in­
clude load; in most systems, these instruc­
tions will be sufficient, simplifying the
microcode. The output of the register/
counter is available to the multiplexer as
a source for the next microinstruction ad­
dress. The direct input furnishes a source
of data for loading the register/counter.

The controller contains a four-input multi­
plexer that is used to select either the
register/counter, direct input, microprogram
counter, or stack as the source of the next
microinstruction address.

The 2910 is a bipolar microprogram control­
ler intended for controlling the sequence of
execution of microinstructions (stored in
microprogram memory) in high-speed micro­
processor applications. It allows address­
ing of up to 4K words of microprogram. A
block diagram is shown in figure 1. For
convenience, the input/output mnemonics used
in figure 1 will be retained throughout
these data sheets. The mnemonics are also
shown in parenth~ses outside the logic sym­
bol at the right.

The 2910 contains a microprogram counter
(~PC) that is composed of a 12-bit incre­
menter followed by a l2-bit register. The
~PC can be used in either of two ways: When
the carry-in (Cl) to the incrementer is High,
the microprogram register is loaded on the
next clock cycle with the current Y output
word plus one (Y + l~~PC). Sequential
microinstructions are thus executed. When
the carry-in is Low, the incrementer passes
the Y output word unmodified so that ~PC is
reloaded with the same Y word on the next
clock cycle (Y~~PC). The same microin­
struction is thus executed any number of
times.

The third source for the multiplexer is the
direct (D) input. This source is used for
branching.

The fourth source available at the multi­
plexer input is a 5-word by l2-bit stack (F).
The stack is used to provide return address
linkage when executing microsubroutines or
loops. The stack contains a built-in stack
pointer (SP) which always points to the last
file word written. This allows stack refer­
ence operations (looping) to be performed
without a pop.

(Continued on sheet 2)

NOTES:

1. Element identification: None

2. Package pin configuration

10
"cc:

10 -11
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The stack pointer operates as an up/down
counter. During microinstructions 2, 4, and
5, the PUSH operation is performed. This
causes the stack pointer to increment and
the file to be written with the required re­
turn linkage. On the cycle following the
PUSH, the return data is at the new location
pointed to by the stack pointer.

During five microinstructions, a POP opera­
tion may occur. The stack pointer decre­
ments at the next rising clock edge follow­
ing a POP, effectively removing old inform­
ation from the top of the stack.

The stack pointer linkage is such that any
sequence of pushes, pops, or stack refer­
ences can be achieved. At RESET (Instruc­
tion 0), the depth of nesting becomes zero.
For each PUSH, the nesting depth increases
by one; for each POP, the depth decreases by
one. The depth can grow to five. After a
depth of five is reached, FULL goes Low.
Any further PUSHes onto a full stack over­
write information at the top of the stack,
but leave the stack pointer unchanged. This
operation will usually destroy useful in­
formation and is normally avoided. A POP
from an empty stack may place non-meaningful
data on the Y outputs, but is otherwise safe.
The stack pointer remains at zero whenever a
POP is attempted from a stack already empty.

The register/counter is operated during
three micoinstructions (8,9, F) as a l2-bit
down counter, with result = zero available
as a microinstruction branch test criterion.
This provides efficient iteration of micro­
instructions. The register/counter is ar­
ranged such that if it is preloaded with a
number N and then used as a loop termination
counter, the sequence will be executed ex­
actly N+l times. During Instruction F, a
three-way branch under combined control of
the loop counter and the condition code is
available.

The device provides three-state Y outputs.
These can be particularly useful in designs
requiring automatic checkout of the proces­
sor. The microprogram controller outputs
can be forced into the high-impedance state,
and pre-programmed sequences of microin­
structions can be executed via external ac­
cess to the address lines.

OPERATION

Table 1 shows the result of each instruction
in controlling the multiplexer which deter~

mines the Y outputs, and in controlling the
three enable signals PL, MAP, and VECT. The
effect on the register/counter and the stack
after the next positive-going clock edge is
also shown. The multiplexer determines
which internal source drives the Y outputs.

2910-2

The value loaded into ~PC is either id­
entical to the Y output, or else one great­
er, as determined by CI. For each instruc­
tion, one and only one of the three outputs
PL, MAP, and VECT is Low. If these outputs
control three-state enables for the primary
source of microprogram jumps (usually part
of a pipeline register), a PROM which maps
the instruction to a microinstruction start­
ing location, and an optional third source
(often a vector from a DMA or interrupt
source), respectively, the three-state
sources can drive the D inputs without
further logic.

Several inputs, as shown in Table 2 (Pin
Functions), can modify instruction execution.
The combination CC High and CCEN Low is
used as a test in 10 of the 16 instructions.
RLD, when Low, causes the D input to be
loaded into the register/counter, overriding
any HOLD or DEC operation specified in the
instruction. ~, normally Low, may be
forced High to remove the 2910 Y outputs
from a three-state bus.

The stack, a five-word last-in, first-out
l2-bit memory, has a pointer which addresses
the value presently on the top of the stack.
Explicit control of the stack pointer occurs
during Instruction 0 (RESET), which makes
the stack empty by resetting the SP to zero.
After a RESET, and whenever else the stack
is empty, the contents of the top of stack
is undefined until a PUSH occurs. Any POPs
performed while the stack is empty put un­
defined data on the S outputs and leave the
stack pointer at zero.

Any time the stack is full (five more PUSH­
es than POPs have occurred since the stack
was last empty), the FULL warning output
occurs. This signal first appears on the
microcycle after a fifth PUSH. No addition­
al PUSH should be attempted onto a full
stack; if tried, information within the
stack will be overwritten and lost.
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REGISTERI
COUNTER

CP

R

STACK
POINTER

OUT
r--------,r--~-t

IN F

CI
INCREMENTER

0::: '-----..._.r------'
c:(
l&J
~o
~
f;3
~

~

PUSH/POPIHOLCVCLR

zo
t=0«
;j~

0:::Cl.
t;
~

o
II

0:::

__...,:> 12-81T DATAPATH

CONTROLPATH

Figure 1. Block Diagram
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TABLE I. INSTRUCTIONS

REGI FAIL PASS

HEX CNTR CCEN '" LOW and CC =HIGH CCEN '" HIGH or CC .. LOW REGICON·
13-10 MNEMONIC NAME TENTS V STACK V STACK CNTR ENABLE

0 JZ JUMP ZERO X 0 CLEAR 0 CLEAR HOLD PL

1 CJS COND JSB PL X PC HOLD 0 PUSH HOLD PL

2 JMAP JUMP MAP X 0 HOLD 0 HOLD HOLD MAP
-- .._---_ .._--- -------- ------------------

3 CJP CONDJUMPPL X PC HOLD 0 HOLD HOLD PL

4 PUSH PUSH/COND LD CNTR X PC PUSH PC PUSH Note 1 PL

5 JSRP COND JSB R/PL X R PUSH 0 PUSH HOLD PL

6 CJV COND JUMP VECTOR X PC HOLD 0 HOLD HOLD VECT

7 JRP COND JUMP R/PL X R HOLD 0 HOLD HOLD PL

8 RFCT *0 F HOLD F HOLD DEC PL
REPEAT LOOP, CNTR * 0

=0 PC POP PC POP HOLD PL

9 RPCT REPEAT PL, CNTR * 0 *0 0 HOLD 0 HOLD DEC PL

=0 PC HOLD PC HOLD HOLD PL

A CRTN COND RTN X PC HOLD F POP HOLD PL

B CJPP COND JUMP PL & POP X PC HOLD 0 POP HOLD PL

C LDCT LD CNTR & CONTINUE X PC HOLD PC HOLD LOAD PL

0 LOOP TEST END LOOP X F HOLD PC POP HOLD PL

E CONT CONTINUE X PC HOLD PC HOLD HOLD PL

F TWB *0 F HOLD PC POP DEC PL
THREE·WAV BRANCH

"'0 0 POP PC POP HOLD PL

Note 1: If CCEN .. LOW and CC .. HIGH, hold; else load. X = Don't Car.

TABLE 2. PIN FUNCTIONS

Abbr••i.tion Name Function

Di Direct Input Bit i Direct input to register/counter and multiplexer. DO is LSB

Ii Instruction Bit i Selects one-of-sixteen instructions for the Am291 0

CC Condition Code Used as test criterion. Pass test is a LOW on ~.

CCEN Condition Code Enable Whenever the signal is HIGH, CC is ignored and the part operates
as though CCwere true (LOW•.

CI Carry-In Low oreter carry input to incrementer for microprogram counter

FITl5 Register Load When LOW forces loading of register/counter regardless of
instruction or condition

OE Output Enable Three-state control of Vi outputs

CP Clock Pulse Triggers all internal state changes at LOW-to-HIGH edge

Vce +5 Volts

GND Ground

Vi Microprogram Address Bit i Address to microprogram memory. Vo is LSB, V 11 is MSB

FULL Full IndicateS that five items are on the stack

Pi:' Pipeline Address Enable Can select #1 source (usually Pipeline Register) as direct
input source

MAP Map Address Enable Can select #2 source (usually Mapping PROM or PLA) as
direct input source

VECT Vector Address Enable Can select #3 source (for example, Interrupt Starting Address)
• direct input source

2910-4
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THE 2910 INSTRUCTION SET

The 2910 provides 16 instructions which se­
lect the address of the next microinstruction
to be executed. Four of the instructions are
unconditional - their effect depends only on
the instruction. Ten of the instructions
have an effect which is partially controlled
by an external, data-dependent condition.
Three of the instructions have an effect
which is partially controlled by the contents
of the internal register/counter. The in­
struction set is shown in Table 1. ' In this
discussion it is assumed that CI is tied
High.

In the ten conditional instructions, the re­
sult of the data-dependent test is applied
to ce. If the CC input is Low, the test is
considered to have been passed, and the
action specified in the name occurs; other­
wise, the test has failed and an alternate
{often simply the execution of the next se­
quential microinstruction} occurs. Testing
of CC may be disabled for a specific micro­
instruction by setting CCEN High, which un­
conditionally forces the action specified in
the name; that is, it forces a pass. Other
ways of using CCEN include (1) tying it High,
which is useful if no microinstruction is
data-dependent; (2) tying it Low if data­
dependent instructions are never forced un­
conditionally; or (3) tying it to the source
of 2910 instruction bit 10' which leaves in­
structions 4, 6, and A as data-dependent but
makes others unconditional. All of these
tricks save one bit of· microcode width.

The effect of three instructions depends on
the contents of the register/counter. Un-

less the counter holds a value of zero, it
is decremented; if it does hold zero, it is
held and a different microprogram next ad­
dress is selected. These instructions are
useful for executing a microinstruction loop
a known number of times. Instruction F is
affected both by the external condition code
and the internal register/counter.

Perhaps the best technique for understanding
the 2910 is simply take each instruction and
review its operation. In order to provide
some feel for the actual execution of these
instructions, examples are shown to the right
of each description.

The examples should be interpreted in the
following manner: The intent is to show
microprogram flow as various microprogram
memory words are executed. For example, the
CONTINUE instruction, instruction number E,
simply means that the contents of micropro­
gram memory word 50 is executed, then the
contents of word 51 is executed. This is
followed by the contents of microprogram
memory word 52 and the contents of micropro­
gram memory word 53. The microprogram ad­
dresses used in the examples were arbitrarily
chosen and have no meaning other than to show
instruction flow. The exception to this is
the first example, JUMP ZERO, which forces
the microprogram location counter to address
ZERO. Each dot refers to the time that the
contents of the microprogram memory word is
in the pipeline register. While no special
symbology is used for the conditional in­
structions, the test to follow will explain
what the conditional choices are in each ex­
ample.

2910-5

2910
Rev ~1

Sheet 5 of 13



Instruction 0, JZ (JUMP and ZERO, or RESET),
unconditionally dpecifies that the address of
the next microinstruction is zero. Many
designs use this feature for power-up se­
quences and provide the power~up firmware
beginning at microprogram memory word loca­
tion O.

o (JZ)

Instruction 1 is a CONDITIONAL JUMP-TQ-SUB­
ROUTINE via the address provided in the pipe­
line register. In this example the machine
might have executed words at address 50, 51,
and 52. When the contents of address 52 is
in the pipeline register, the next address
control function is the CONDITIONAL JUMP­
TO-SUBROUTINE. Here, if the test is passed,
the next instruction executed will be the
contents of microprogram memory location 90.
If the test has failed, the JUMP-TO-SUB­
ROUTINE will not be executed; the contents
of microprogram memory loca~ion 53 will be
executed instead. Thus, the CONDITIONAL
JUMP-TO-SUBROUTINE instruction at location
52 will cause the instruction either in lo­
cation 90 or in location 53 to be executed
next. If the TEST input is such that loca­
tion 90 is selected, value 53 will be pushed
onto the internal stack. This provides the
return linkage for the machine when the sub­
routine beginning at location 90 is com­
pleted. In this example, the subroutine was
completed at location 93 and a RETURN-FROM-
SUBROUTINE would be found at location 93.

50

51

52
53

54

55

I (CJS)

Instruction 2 is the JUMP MAP instruction.
This is an unconditional instruction which
causes the MAP output to be enabled so that
the next microinstruction location is deter­
mined by the address supplied via the map­
ping PROMs. Normally, the JUMP MAP instruc­
tion is used at the end of the instruction
fetch sequence for the machine. In the ex­
ample, microinstructions at locations 50, 51,
52, and 53 might have been the fetch sequence
and at its completion at location 53, the
jump map function would be contained in the
pipeline register. This example shows the
mapping PROM outputs to be 90; therefore, an
unconditional jump to microprogram memory
address 90 is performed.

2910-6

50

51
52

53

2 (JMAP)

90

91
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Instruction 3, CONDITIONAL JUMP PIPELINE, de­
rives its branch address from the pipeline
register branch address value. This instruc­
tion provides a technique for branching to
various microprogram sequences depending up­
on the test condition inputs. Quite often,
machines are designed which simply execute
tests on various inputs waiting for the con­
dition to come true. When the true condition
is reached, the machine then branches and ex­
ecutes a set of microinstructions to perform
some function. This usually has the effect
of resetting the input being tested until
some point in the future. The cqnditional
jump via the pipeline register address is at
location 52. When the contents of micropro­
gram memory word 52 are in the pipeline reg­
ister, the next address will be either lo­
cation 53 or location 30 in this example.
If the test is passed, the value currently
in the pipeline register (30) will be se­
lected. If the test fails, the next address
selected will be contained in the micropro­
gram counter which, in this example, is 53.

50

51

52

53

54

3 (CJP)

30
31

Instruction 4 is the PUSH/CONDITIONAL LOAD
COUNTER instruction and is used primarily
for setting up loops in microprogram firm­
ware. In the example, when instruction 52
is in the pipeline register, a PUSH will be
made onto the stack and the counter will be
loaded based on the condition. When a PUSH
occurs, the value pushed is always the next
sequential instruction address. In this
case, the address is 53. If the test fails,
the counter is not loaded; if it is passed,
the counter is loaded with the value con­
tained in the pipeline register branch ad­
dress field. Thus a single microinstruction
can be used to set up a loop to be executed
a specific number of times. Instruction 8
will describe how to use the pushed value
and the register/counter for looping.

2910-7

50

51

52

53

4 (PUSH)

STACK
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Instruction 5 is a CONDITIONAL JUMP-TO-SUB­
ROUTINE via the register/counter or the con­
tents of the PIPELINE register. As shown, a
PUSH is always performed and one of two sub­
routines executed. In this example, either
the subroutine beginning at address 80 or
the subroutine beginning at address 90 will
be performed. A return-from-subroutine
(instruction number A) returns the micro­
program flow to address 55. In order for
this microinstruction control sequence to
operate correctly, both the next address
fields of instruction 53 and the next ad­
dress fields of instruction 54 would have
to contain the proper value. Let's assume
that the branch address fields of instruc­
tion 53 contain the value 90 so that it will
be in the 2910 register/counter when the
contents of address 54 are in the pipeline
register. This requires that the instruc­
tion at address 53 load the register/count­
er. Now, during the execution of instruc­
tion 5 (at address 54), if the test failed,
the contents of the register (value = 90)
will select the address of the next micro­
instruction. If the test input passes, the
pipeline register contents (value = 80) will
determine the address of the next microin­
struction. Therefore, this instruction pro­
vides the ability to select one of two sub­
routines to be executed based on a test con­
dition.

90
91

92

93
94

5 (JSRP)

Instruction 6 is a CONDITIONAL JUMP VECTOR
instruction which provides the capability to
take the branch address from a third source
heretofore not discussed. In order for this
instruction to be useful, the 2910~ out­
put is used to control a three-state control
input of a register, buffer, or PROM con­
taining the next microprogram a~dress. This
instruction provides one technique for per­
forming interrupt type branching at the
microprogram level. Since this instruction
is conditional, a pass causes the next ad­
dress to be taken from the vector source,
while failure causes the next address to be
taken from the microprogram counter. In the
example, if the CONDITIONAL JUMP VECTOR in­
struction is contained at location 52, ex­
ecution will continue at vector address 20
if the TEST input is High and the microin­
struction at address 53 will be executed if
the TEST input is Low.

2910-8

50
51

52
53

54

6 (CJV)

20
21
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Instruction 7 is a CONDITIONAL JUMP via the
contents of the 2910 REGISTER/COUNTER or the
contents of the PIPELINE register. This in­
struction is very similar to Instruction 5,
the conditional jump-to-subroutine via R or
PL. The major difference between Instruc­
tion 5 and Instruction 7 is that no push on­
to the stack is performed with 7. The ex­
ample depicts this instruction as a branch
to one of two locations depending on the
test condition. The example assumes the
pipeline register contains the value 70 when
the contents of address 52 is being executed.
As the contents of address 53 is clocked in­
to the pipeline register, the value 70 is
loaded into the register/counter in the 2910.
The valqe 80 is available when the contents
of address 53 is in the pipeline register.
Thus, control is transferred to either ad­
dress 70 or address 80 depending on the test
condition.

10
71

7(JRP)

80

81

Instruction 8 is the REPEAT LOOP, COUNTER ~

ZERO instruction. This microinstruction
makes use of the decrementing capability of
the register/counter. To be useful, some
previous instruction, such as 4, must have
loaded a count value into the register/
counter. This instruction checks to see
whether the register/counter contains a non­
zero value. If so, the register/counter is
decremented, and the address of the next
microinstruction is taken from the top of
the stack. If the register counter contains
zero, the loop exit condition is occuring;
control falls through to the next sequential
microinstruction by selecting ~PC; the stack
is POPed by decrementing the stack pointer,
but the contents of the top of the stack are
thrown away.

An example of the REPEAT LOOP, COUNTER ~

ZERO instruction is shown. In this example,
location 50 most likely would contain a
PUSH/CONDITIONAL LOAD COUNTER instruction
which would have caused address 51 to be
PUSHed on the stack and the counter to be
loaded with the proper value for looping
the desired number of times.

Since the loop test is made at the end of
the instructions to be repeated (microad­
dress 54), the proper value to be loaded by
the instructions at address 50 is one less
than the desired number of passes through
the loop. This method allows a loop to be
executed 1 to 4096 times. If it is desired
to execute the loop from 0 to 4095 times,
the firmware should be written to make the
loop exit test immediately after loop entry.

Single-microinstruction loops provide a
highly efficient capability for executing a
specific microinstruction a fixed number of
times. Examples include fixed rotates,
byte swap, fixed point multiply, and fixed
point divide.

2910-9

50

51

52
53

54

55

8 (RFCT)
STACK
(PUSH)

REGISTER/
COUNTER
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Instruction 9" is the REPEAT PIPELINE REGIS­
TER, COUNTER ~ ZERO instruction. This in­
struction is similar to Instruction 8 except
that the branch address now comes from the
pipeline register rather than the file. In
some cases, this instruction may be thought
of as a one-word file extension; that is,
by using this instruction, a loop with the .
counter can still be performed when subrou­
tines are nested five deep. This instruc­
tion's operation is very similar to that of
Instruction 8. The differences are that on
this instruction, a failed test condition
causes the source of the next microinstruc­
tion address to be the D inputs; and, when
the test condition is passed, this instruc­
tion does not perform a POP because the
stack is not being used.

In the example, the REPEAT PIPELINE, COUNT­
ER ~ ZERO instruction is instruction 52 and
is shown asa single microinstruction loop.
The address in the pipeline register would
be 52. Instruction 51 in this example could
be the LOAD COUNTER AND CONTINUE instruction
(number C). While the example shows a
single microinstruction loop, by simply
changing the address in a pipeline register,
multi-instruction loops can be performed in
this manner for a fixed number of times as
determined by the counter.

50

51

52
53

9 (RPCT)

COUNTER
(LDCT)

Instruction A is the conditional RETURN­
FROM-SUBROUTINE instruction. As the name
implies, this instruction is used to branch
from the subroutine back to the next micro­
instruction address following the subroutine
call. Since this instruction is conditional,
the return is performed only if the test is
passed. If the test is failed, the next se­
quential microinstruction is performed. The
example depicts the use of the conditional
RETURN-FROM-SUBROUTINE instruction in both
the conditional and the unconditional modes.
This example first shows a jump-to-subrou­
tine at instruction location 52 where con­
trol is transferred to location 90. At lo­
cation 93, a conditional RETURN-FROM-SUB­
ROUTINE instruction is performed. If the
test is passed, the stack is accessed and
the program will transfer to the next in­
struction at address 53. If the test is
failed, the next microinstruction at address
94 will be executed. The program will con­
tinue to address 97 where the subroutine is
complete. To perform an unconditional RE­
TURN-FROM-SUBROUTINE, the conditional RETURN­
FROM-SUBROUTINE instruction is executed un­
conditionally; the microinstruction at ad­
dress 97 is programmed to force CCEN High,
disabling the test and the forced PASS
causes an unconditional return.

2910-10

50

51
52

53
54

55

A (CRTN)

90
91

92

93
94

95

96

97
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Instruction B is the CONDITIONAL JUMP PIPE­
LINE register address and POP stack instruc­
tion. This instruction provides another
technique for loop termination and stack
maintenance. The example shows a loop being
performed from address 55 back to address
51. The instructions at locations 52, 53,
and 54 are all conditional JUMP and POP in­
structions. At address 52, if the TEST in­
put is passed, a branch will be made to ad­
dress 70 and the stack will be properly
maintained via a POP. Should the test fail,
the instruction at location 53 (the next se­
quential instruction) will be executed.
Likewise, at address 53, either the instruc­
tion at 90 or 54 will be subsequently ex­
ecuted, respective to the test being passed
or failed. The instruction at 54 follows
the same rules, going to either 80 or 55.
An instruction sequence as described here,
using the CONDITIONAL JUMP PIPELINE and POP
instruction, is very useful when several in­
puts are being tested and the microprogram
is looping waiting for any of the inputs be­
ing tested to occur before proceeding to an­
other sequence of instructions. This pro­
vides the powerful jump-table programming
technique at the firmware level.

Instruction C is the LOAD COUNTER AND CON­
TINUE instruction, which simply enables the
counter to be loaded with the value at its
parallel inputs. These inputs are normally
connected to the pipeline branch address
field which (in the architecture being de­
scribed here) serves to supply either a
branch address or a counter value depending
upon the microinstruction being executed.
There are altogether three ways of loading
the counter - - the explicit load by In­
struction C; the conditional load included
as part of Instruction 4; and the use of the
RLD input along with any instruction. The
use of RLD with any instruction overrides
any counting or decrementation specified in
the instruction, calling for a load instead.
Its use provides additional microinstruction
power at the expense of one bit of microin­
struction width. Instruction C is exactly
equivalent to the combination of instruction
E and RLD Low. Its purpose is to provide a
simple capability to load the register/coun­
ter in those implementations which do not
provide microprogrammed control for RLD.

50

51

52
53

54
55

56

50

51

52
53

B (CJPP)

STACK
(PUSH)

90

91

92

C (LDCT)

70

71

72.

COUNTER
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Instruction D is the TEST END-OF-LOOP in­
struction, which provides the capability of
conditionally exiting a loop at the bottom;
that is, this is a conditional instruction
that will cause the microprogram to loop,
via the file, if the test is failed else to
continue to the next sequential instruction.
The example shows the TEST END-OF-LOOP
microinstruction at address 56. If the test
fails, the microprogram will branch to ad­
dress 52. Address 52 is on the stack be­
cause a PUSH instruction had been executed
at address 51. If the test is passed at in­
struction 56, the loop is terminated and the
next sequential microinstruction at address
57 is executed, which also causes the stack
to be POPed thus, accomplishing the required
stack maintenance.

Instruction E is the CONTINUE instruction,
which simply causes the microprogram counter
to increment so that the next sequential
microinstruction is executed. This is the
simplest microinstruction of all and should
be the default instruction which the firm­
ware requests whenever there is nothing
better to do.

Instruction F, THREE-WAY BRANCH, is the most
complex. It provides for testing of both a
data-dependent condition and the counter
during one microinstruction and provides for
selecting among one of three microinstruc­
tion addresses as the next microinstruction
to be performed. Like Instruction 8, a pre­
vious instruction will have loaded a count
into the register/counter while pushing a
microbranch address onto the stack. In
struction F performs a decrement-and-branch­
until-zero function similar to Instruction 8.
The next address is taken from the top of
the stack until the count reaches zero; then
the next address comes from the pipeline
register. The above action continues as
long as the test condition fails. If at any
execution of Instruction F the test condi­
tion is passed, no branch is taken; the
microprogram counter register furnishes the
next address. When the loop is ended,
either by the count becoming zero or by
passing the conditional test, the stack is
POPed by decrementing the stack pointer,
since interest in the value contained at the
top of the stack is then complete.

50
51

52

53

54
55

56

57

62
63

64

65

66

o (LOOP)

E (CONT)

~l52

53

F (TWB)

STACK
(PUSH)

STACK
(PUSH)

REGISTERI
COUNTER

72
73
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The application of Instruction F can enhance
performance of a variety of machine-level
instructions. For instance, (I) a memory
search instruction to be terminated either
by finding a desired memory content or by
reaching the search limit; (2) variable­
field-length arithmetic terminated early up­
on finding that the content of the portion
of the field still unprocessed is all zeroes:
(3) key search in a disc controller proces~

sing variable length records; (4) normaliza­
tion of a floating point number.

As one example, consider the case of a mem­
ory search instruction. The instruction at
microprogram address 63 can be Instruction 4
(PUSH), which will push the value 64 onto
the microprogram stack and load the number
N, which is one less than the number of mem­
ory locations to be searched before giving
up. Location 64 contains a microinstruction
which fetches the next operand from the mem­
ory area to be searched and compares it with
the search key. Location 65 contains a
microinstruction which tests the result of
the comparison and also is a THREE-WAY
BRANCH for microprogram control. Ifno
match is found, the test fails and the
microprogram goes back to location 64 for
the next operand address. When the count
becomes zero, the microprogram branches to
location 72, which does whatever is neces­
sary if no match is found. If a match oc­
curs on any execution of the THREE-WAY
BRANCH at location 65, control falls
through to location 66 which handles this
case. Whether the instruction ends by find­
ing a match or not, the stack will have been
POPed once, removing the value 64 from the
top of the stack.

2910-13
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DESCRIPTION

Type 3423 is an overvoltage protection (OVP)
device that senses transient overvoltages or
regulator failures. It is used in conjunc­
tion with an external "crowbar" SCR to
quickly short circuit the power supply,
forcing it into current limiting or opening
the fuse or circuit breaker. The device can
be connected to operate in either the In­
stant or the Delayed mode.

In the delayed mode, trip voltage VT is
developed across a voltage divider between
Vcc and ground, and is fed to pin 2, where
it is compared with the reference voltage,
VREF' which is typically 2.6 V. When VT
exceeds VREF, a current flows from pin 4 to
charge an external capacitor. If the over­
voltage persists long enough, the capacitor
will charge to VT. Because pin 3 is con­
nected to pin 4 in this mode, the delayed
trip voltage will activate the device,
causing output pin 8 to go high. Pin 8
provides the control for the G (gate) in­
put to the external SCR, which turns on to
short the supply.

In the instant mode, pin 4 is not used, and
pins 2 and 3 are both connected to the trip
voltage source. Otherwise, operation is as
described above.

In either mode, if a voltage greater than
2.0 V is applied to pin 5, the device will
trip regardless of whether or not an over­
voltage condition exists.

Pin 6 provides an open-collector output that
goes active along with pin 8. This output
may be used to trigger a FF that acts in
parallel with the SCR to shut down the power
supply. Such an arrangement reduces the
heat-sink requirements of the SCR.

NOTES:

1. Element identifier: none

2. Package pin configuration:

V~C08
2 7 GND
3 6
4 5

3423·

+V

1

mVREF
3423
XXX

2 -CMPTR I
1/2/32

6
#

VT>VREF G2

3 +CMPTR 8
1/2/3

VT>VREF GI
5

V3

7

"="

OR

+V

I

mVREF
3423

XXX

2 -CMPTR 2 4
VT>VREF G2

G21-----lm
,

3 6
1/3 <> #

GI
5

V3 1/3
8

7

"="

& REPLACE m WITH DESIRED
REFERENCE VOLTAGE.

& REPLACE m' WITH DELAY
PERIOD.

LOGIC SYMBOL

3423
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DEXCRIPTION

The 4021 is an a-bit, static CMOS shift reg­

ister. It is capable of parallel in/serial

out, or serial in/serial out operations,

depending upon the state of the parallel/

serial shift control (pin 9).

When pin 9 is high, data at the parallel

data inputs is asynchronously loaded into

the register. In this situation, data re­

ceived by the last three stages is immedi­

ately available at the outputs of those

three stages.

When pin 9 is low, data is shifted through

the register on the positive-going edge of

each clock pulse (pin 10), and at the same

time serial data at pin 11 is shifted into

the register.

(CLO CK ) --'-T---C>

(PIS)

SERIAL DATA
IN (OS) C2.4D

CID
6 CID
5 CID

PARALLEL
4

CID
DATA 13IN CID

14 CID 2 (06)
15 CID 12 (07)
I CID 3 (08)

LOGIC SYMBOL

TRUTH TABLES
SERIAL OPERATIONS

NOTES:

1. Element identification: None

2. Package pin configuration:

16 Vdd 9

~ :1

t CLOCK Os PIS

n .s- O 0

n+1 I 1 0

n+2 .r 0 0

n-+3 .r I 0

....r X 0

06 07 08
t=n+6 t=n+ 7 t=n+ 8

0 ? ?
I 0 ?

0 I 0

I 0 I

06 07 08

8 Vss
(GND)

4021

PARALLEL OPERATION

CLOCK Os PIS Om Om

..r X I 0 0

..r X I I 1

X= DON'T CARE

4021
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DESCRIPTION

See sheet 2 for functional block diagram and

truth table.

Maximum clocking frequency is dependent upon

the supply voltage (VDD). Typical values

are given below

The 4040 is a l2-stage CMOS counter with

asynchronous clear. The clock input (pin 10)

contains a special pulse-shaping circuit,

allowing the counter to be triggered by a

sine wave input. The count is advanced on

the negative-going edge of the clock.

4096 CNTR
4040

xxx
2048

1024

~1.:.0,.l.,,;l[>+1 512

256

128

64

32

16

8

4

2

R I

MHz

3.5

9.0

13.0

VDD

5.0V

10.OV

l5.0V

LOGIC SYMBOL
NOTES:

1. Element identifier: None

2. Package pin configuration:

16 Vdd 9

~ :1
8 Vss

4040-1
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OUTPUTS ~ ~

(6) Q3 (4) Q7
(5) Q4 (13) Q8
(3) Q5 (12) Q9
(2) Q6 (14) QIO

FUNCTIONAL BLOCK DIAGRAM

TRUTH TABLE

CLOCK RESET OUTPUT STATE

-..r- L NO CHANGE

~ L ADVANCE TO NEXT STATE

X H ALL OUTPUTS ARE LOW

x = DON'T CARE

4040-2
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DESCRIPTION

The 5603 circuit is a l024-bit programmable
read-only memory (PROM) organized as 256
words of 4 bits each. Open-collector outputs
are provided.

Logical ones are written into the memory us­
ing special equipment. Reading is accom­
plished by bringing the selected address bits
high, while bringing both enable inputs (G)
low.

With either or both G-inputs high, the out­
puts are floating. Typical access time is
40 ns.

NOTES:

1. Element identifier: none

2. Package pin configuration.

5603

ADDRESS
INPUTS

A255
AOOO

AG -

AG -

AG -

LOGIC SYMBOL

5603
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DESCRIPTION

(Logic symbols and pin configuration are on
sheet 2.)

The 6402 is a CMOS Universal Asynchronous
Receiver Transmitter (UART) that acts as an
interface between a computer or micropro­
cessor and a serial data channel. The Re­
ceiver section converts serial start, data,
parity, and stop bits into parallel data, at
the same time verifying proper code trans­
mission. The Transmitter section converts
parallel data to serial form, adding start,
parity, and stop bits. Data word length can
be 5, 6, 7, or 8 bits. Parity can be odd or
even, or the parity check/generate fu~ction
can be inhibited. Control-word funct10ns
are given in table 1 on sheet 6.

Separate inputs are provided for the trans­
mitter and receiver clocks. These inputs
will accept frequencies up to 4.0 MHz which,
when divided by 16 within the UART, permit
data-channel speeds of up to 250,000 band.

Abbreviations have been added to the left­
hand symbol on sheet 2; these abbreviations
are used in the descriptions of the transmit
and receive functions. Note that the re­
ceived data (RBRx) outputs are three-state,
as are all status outputs except TRE (pin
24). Status lines TBRE (pin 22) and DR (pin
19) are always active. Other status lines
may be examined by bringing SFD (pin 16) low.

6402-1
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SER XMTR DATA~(M_)

STATUS ~2RGTR OUT BFR RGTR EMPTY

XMTR SHF RGTR EMPTY 24

5

-=-

7

6

5

4

3

Z
20

40 21wcj
-=-

13
Vee GND

"* = 3- STATE OUTPUT

I SER XMTR DATAr!!- (M.) (TRO)
1-

+5V

I

(SFD)
(21)

RESET LSILSI
UART (34)

LOAD MODE RGTR
UART

6402 RC VR

(CRl) xxx
(36)

SEL STOP BIT vi 6402,...,., XXX
(SBS)

(CLS2)

(CLSI)

(EPE)

(PI)

RCVR '"'v,,,.,,"-...,, .." , ___v I~_ I.' __ ,

STATUS ~(RRC) PARITY ERR
STATUS 13

(PE)·
14

PARITY ERR FRAME ERR
14

(FE) •
15

FRAME ERR OVERRUN ERR
15

(OE) •
18 19

OVERRUN ERR RESET RCVR RGTR FULL RCVR RGTR FULL

(ORR) ~AESET AeVA AGTA FULL RCVR RGTR FULL
19

(DR) • 4
ENBL RCYR RGTR

(RRO) 4 ENBL ReVR RGTR 20 !S
1M.) SER RCYR DATA RCVR RGTR B

(RRI) (M.) 20 SE R ReVR DATA ReVR RGTR 8 5 (RBR 8)* 7 6

6 7

!S 8

4 9
10

3

"0'\ ;E ~ I 2
0l:Io 12
Q

I 12
OR

N (RBR I) *
~I XMTR AND

N d BF~M::T~T:~~~y 22 (TBRE) •
+5V

(TRC) XMTR ClK .;.. 16
I

(TBRl) 23 LOAD E'FFi RGTR XMTR SHF - RGTR rMPTY 24 (TRE) ~:~~ RESET LSI
UART
XMTR
6402
XXX

en
::r
m
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IV
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o
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CLSI8--t---+------------~

CLS2® --+--+--------------4..

CRL8­
RESET@) -t---.

CONTROL
REGISTER ...-------------_+_,_ @ EPE

@PI

~lf($/19@@@@
TBRS TBRI

-----,
I
I
I

r--""'"'"-_ I
,--_~I

_----.--------------------l~11----.....-..... MULTIPLEXER I
""'-..--..r--' I

'---------;I,...@TRO

........-----------4- @ SBS

TREe 4+------,

TBRE@ .....- ......

TBRL@

TRC@

7------i--0 RRD

MULTIPLEXER

.-------------~....-+---+-@ RRI

I
OE PE

• Tt£SE OUTPUTS ARE THREE STATE (IM6402) OR
AL*YS ACTIVE (IM6403).

DR@......- .....

DRR@

SFD @ --+--....-~ I-------~ ~---......;\-}IoII1-

RRC@

Figure 1. Functional Block Diagram
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TRANSMIT FUNCTION

The transmitter section accepts parallel
data, formats it, and transmits it in serial
form on the TRO line. Data is loaded into
the transmitter buffer register (refer to
block diagram, figure 1) from inputs TRI-TR8
by bringing TBRL low (see A in figure 2).
If less than eight bits, the character is
right-justified into the least significant
bit, TRI. Only the significant bits are
transmitted. The rising edge of TBRL clears
TBRE (at B) and, zero to one clock cycles
later, data is transferred to the transmitter
register. At the same time, TRE is cleared,
TBRE is set high, and serial data trans­
mission is begun. Output data is clocked by
TRC; 16 clock cycles are required to serial­
ize each bit.

A second pulse on TBRL (C) loads data into
the transmitter buffer register. Data
transfer to the transmitter register is de­
layed until transmission of the previous
character has been completed (at D). Trans­
mission of the second character begins one­
half cycle later.

TBRL

raRE

TRE

TRO

CYCLE

BIT

DATA

Figure 2. Transmitter Timing

6402-4

J..-'/2 ClK
CYCLE

I

~
I DATA

END OF LAST
D STOP BIT
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RECEIVE FUNCTION

Serial data is received at the RRI input,
pin 20. As shown in figure 3, RRI must re­
ma~n in the MARK state (logic HI) when no
data is being received. Data is clocked by
RRC, which pulses at 16 times the data rate.

A Iowan DRR (A in figure 3) clears the DR
line as well as the receiver and receiver
buffer registers (see figure 1). Meanwhile,
the start logic has been looking for a start
bit, signalled by RRI going low. (A valid
start bit is signified if RRI is still low
dfter 7 1/2 clock cycles.) After having s
sensed the start bit, the UART loads the
serial data bits into the receiver register.

Upon sensing the first stop bit (MARK state
for 7 1/2 cycles) data is transferred from
the receiver register to the receiver buffer
register (B), right-justified to the least
significant position, RBR1. If DR was not
cleared prior to this transfer (DR is
cleared by a Iowan DRR), an overrun error
occurs and is indicated by OE going high.
One-half clock cycle later (at C), DR is set
high and PE and FE are evaluated. A high on
PE indicates a parity error; a high on FE
indicates a framing error, caused by sensing
an invalid stop bit. Data in the receiver
buffer register is read by bringing RRD (pin
4) low.

J---
ORR

-F START BIT thBEGINNING OF FIRST
, STOP BIT

RMI ----,.-.--.1----------- I l
~~---------------------------~-- ~71/2 ClK CYCLES

RBRI-a.....O_E --'T

------'r-ct
I I

DR

FE,PE ~I ---:'_----.J>K

~ i 1:==1/2 ClK
CYCLE

A B

Figure 3. Receiver Timing

6402-5

6402
Rev M

Sheet 5 of 6



Table 1. 6402 Control-Word Definition

CONTROL WORD

SBS

EPE

PI CHARACTER FORMAT

CLS 1

~CLS 2 START DATA PARITY STOP•
Pin No-- 37 38 35 39 36 BIT BITS BIT BITS

L L L L L 1 5 Odd 1

L L L L H 1 5 Odd 1.5

L L L H L 1 5 Even 1

L L L H H 1 5 Even 1.5

L L H X L 1 5 None 1

L L H X H 1 5 None 1.5

L H L L L 1 6 Odd 1

L H L L H 1 6 Odd 2

L H L H L 1 6 Even 1

L H L H H 1 6 Even 2

L H H X L 1 6 None 1

L H H X H 1 6 None 2

H L L L L 1 7 Odd 1

H L L L H 1 7 Odd 1

H L L H L 1 7 Even 1

H L L H H 1 7 Even 2

H L H X L 1 7 None 1

H L H X H 1 7 None 2

H H L L L 1 8 Odd 1

H H L L H 1 8 Odd 2

H H L H L 1 8 Even 1

H H L H H 1 8 Even 2

H H L X L 1 8 None 1

H H L X H 1 8 None 2

L LOW; H High; X Don't care

6402-6
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DESCRIPTION

1. Element identifier: None

2. Package pin configuration.

ADRS BUS AVAIL
VALID MEM ADRS ;4

READ/WRITE

I
~HE~~
4'096 22
2'048 20
1'024 19
• 18

ADRS 512 17
256
123 16
64 15

32 14

16 13
8 12
4 II
2 10

L..-- 1 9

LSI
8 - BIT MICROPROCESSOR

6800
XXX

+5V

8

4> I CLK

4> 2CLK
INTRPT REQ
NON-MASKABLE INTRPT
HALT
RESET
AODRESS BUS ENABLE
DATA BUS ENABLE

26 7
27 6
28 5
29 4
30 3
31 2

32 1
33 0

01 CLK (MEM ROY)
02 CLK (ENBL SYSTEM)
ADDRESS BUS ENBL (XTAL)
DATA BUS ENBL (RAM
ENBL)
NOT USED (Vcc STANDBY)

FUNCTION

3
37
39
36

35

Pin

The 6800 is a monolithic 8-bit microproces­
sor. In all respects save two, it func­
tions in the same manner as the 6802 (which
see). The two differences, lack of an in­
ternal system clock and lack of 128 bytes
of on-board RAM, necessitate differences in
five pin functions. These are listed below
and described on sheet 3. A block diagram
of the 6800 is shown on sheet 2. For all
other aspects, please refer to the 6802 da­
ta sheets.

In the pin differences below, the 6802 pin
functions are shown in parentheses.

NOTES:

'O~
~Y1
20~21
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pin 3
pin 37

pin 39

01 CLK
~2 CLK

These two input pins are connected
to an external clock generator
such as the 6875 (which see).

ADDRESS BUS ENABLE (ABE)

When this line is high, the Ad­
dress Bus and the R/W line are
placed in a Hi-Z state. In addi­
tion, VMA and BA are forced low to
prevent false reads or writes on
any device enabled by VMA. This
condition will occur 700 ns after
ABE=2.0 V. The Data Bus is not
affected by ABE and has its own
enable (DBE). In direct memory
access (DMA) applications, TSC
should be brought high on the
leading edge of the ~l clock. The
~l clock must be held high and the
~2 clock held low for this (DMA)

6800-3

pin 36

pin 35

application. The Address Bus will
then be available for other
devices to directly address
memory. Because the MPU is a dy­
namic device, it can be held in
this state for only 4.5 ~s or de­
struction of data will occur.

DATA BUS ENABLE (DBE)

This input is the 3-state control
for the MPU Data Bus, and enables
the bus drivers when in the high
state. For normal operation, DBE
would be driven by the ~2 clock.
During an MPU Read cycle, the Data
Bus drivers are disabled internal­
ly. When it is desired that an­
other device control the Data BUS,
such as in DMA applicatins, DBE
should be held low.

Not used in the 6800

6800
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READER NOTICE

The following data sheets provide basic information on the 6802
microprocessor, including the instruction list, register des­
criptions, signal definitions, and some timing functions. In­
formation concerning specific applications of the 6802 is con­
tained in the Theory of Operation section of the Hardware Ref­
erence manual for the relevant equipment.

These data sheets do not tell how to program the 6802. For such
information, the reader is referred to material provided by the
vendor (Fairchild) and/or to the various programming manuals
available for the 6800/6802 family.
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+5V +5V

LSI
8 - BIT MICROPROCESSOR

6802
XXX

DESCRIPTION

The 6802 is a monolithic 8-bit micro­
processor with a repertoire of 72 in­
structions. Included are binary and decimal
arithmetic, logical, shift, rotate, load,
store, conditional or unconditional branch,
interrupt and stack manipulation
instructions.

In addition to the registers needed to per­
form the above operations, the 6802 contains
an internal systems-clock oscillator and
128 bytes of on-board RAM. The first 32
bytes in RAM, locations 0000 through OOlF,
may be retained in a low-power mode (Vee
Standby) that facilitates memory retention
during a power-down situation.

The 6802 is compatible with all other
elements in the 6800 family, and is ex­
pandable to 64K words. A block diagram of
the microprocessing unit (MPU) is shown in
figure 1. Table 1 contains the instruction
set, given in alphabetic sequence.

NOTES:

26 7
27 6
28 5
29 4
30 3
31 2

32 I
33 0

I
DATA
~

~

ENBL SYSTEM ...,3::..;.7__

ADRS BUS AVAIL
VALID MEM ADRS ;4

READ/WRITE

~
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8' 192 23
4:096 22
2048 20
1'024 19
, 18

ADRS 512 17
256
123 16

64 15
32 14
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8 12
4 II
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1. Element identifier (for reference only):
585

1,21

SHOW THIS VERSION WHEN EXTERNAL
CRYSTAL IS USED
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38 39

r1Dh
I I

I

1040
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2. Package pin configuration:
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+5V +5V
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(VMA)

(R/W)

IOC2

I 1\

35 8

Vee LSI
STANO BY 8-BIT MPU

6802

INSTR. ENABLE SYSTEM 37
DECODE, ADDRESS BUS AVAILABLE 7
CLOCK,

5CONTROL VALID MEMORY ADDRESS

READI WRITE 34

3 MEM ROY
4",

IRQ
INSTR.

I STACK I -
I-- REG ADRS

6"" NMI I-- I-- --i POINTER BFR

2"" HALT AI5
25

40"" RESET AI4 24
PROGRAM I39

XTAL COUNTER AI3 23

38
EXTAL AI2 22

All
20r INDEX I36 RAM ENABLE ....

128 - REGISTER Ala
19,

BYTE
A9

18
~DATA RAM -

- ~ ACCUM- I
17

BUFFER A8
26 07 A7

16

27
06

ULATORS
A6 15

A8B
2.8

05 A5
14

29
04 CONDITION I A4 13

30
03 CODE A3

12
REGISTER

31
02 \I A2 II

32
01

~ I
AI

10

33 DO ALU AO 9----1,21

(RE)

(MR)

Figure 1. MPU Block Diagram
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TABLE 1 - 6802 MICROPROCESSOR INSTRUCTION SET - ALPHABETIC SEQUENCE

ABA
ADC
ADD
AND
ASL
ASR
BCC
BCS
BEQ
BGE
BGT
BHI
BIT
BLE
BLS
BLT
BMI
BNE
BPL
BRA
BSR
BVC
BVS
CBA
CLC
CLI
CLR
CLV
CMP
COM
CPX
DAA
DEC
DES
DEX
EOR
INC
INS

Add Accumulators
Add with Carry
Add
Logical And
Arithmetic Shift Left
Arithmetic Shift Right
Branch if Carry Clear
Branch if Carry Set
Branch if Equal to Zero
Branch if Greater or Equal Zero
Branch if Greater than Zero
Branch if Higher
Bit Test
Branch if Less or Equal
Branch if Lower or Same
Branch if Less than Zero
Branch if Minus
Branch if Not Equal to Zero
Branch if Plus
Branch Always
Branch to Subroutine
Branch to Overflow Clear
Branch if Overflow Set
Compare Accumulators
Clear Carry
Clear Interrupt Mask
Clear
Clear Overflow
Compare
Complement
Compare Index Register
Decimal Adjust
Decrement
Decrement Stack Pointer
Decrement Index Register
Exclusive OR
Increment
Increment Stack Pointer

INX
JMP
JSR
LDA
LDS
LDX
LSR
NEG
NOP
ORA
PSH
PUL
ROL
ROR
RTI
RTS
SBA
SBC
SEC
SEI
SEV
STA
STS
STX
SUB
SWI
TAB
TAP

TBA
TPA

TST
TSX

TXS

WAI

Increment Index Register
Jump
Jump to Subroutine
Load Accumulator
Load Stack Pointer
Load Index Register
Logical Shift Right
Negate
No Operation
Inclusive OR Accumulator
Push Data
Pull Data
Rotate Left
Rotate Right
Return form Interrupt
Return from Subroutine
Subtract Accumulators
Subtract with Carry
Set Carry
Set Interrupt Mask
Set Overflow
Store Accumulator
Store Stack Register
Store Index Register
Subtract
Software Interrupt
Transfer Accumulators
Transfer Accumulators to Condition
Code Reg.
Transfer Accumulators
Transfer Condition Code Reg. to
Accumulator
Test
Transfer Stack Pointer to Index
Register
Transfer Index Register to Stack
Pointer
Wait for Interrupt

----------------------------''----------------------------
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MPU REGISTERS

As shown in figure 1, the number and con­
figuration of the registers are the same as
for the 6800. The 128 X 8-bit RAM has been
added to the basic MPU. The first 32 bytes
may be operated in a low-power mode via a
Vcc standby. These 32 bytes can be retained
during power-up and power-down conditions
via the RE signal.

The MPU has three l6-bit registers and three
8-bit registers available for use by the
programmer (figure 2).

PROGRAM COUNTER

The program counter is a 2- byte (16 bits)
register that points to the current program
address.

STACK POINTER

The stack pointer is a 2- 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 con­
venient. In those applications that re­
quire storage of information in the stack
when power is lost, the stack must be non­
volatile.

o

INDEX REGISTER

The index register is a 2-byte register that
is used to store data or a l6-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 arithmetic logic unit (ALU).

CONDITION CODE REGISTER

The condition code register (8 bits) holds the
results of an Arithmetic Logic Unit oper­
ation: Negative (N), Zero (Z), Overflow (V),
Carry from Bit 7 (C), and half carry from
Bit 3 (H). These bits of the Condition Code
Register are used as testable conditions for
the conditional branch instructions. Bit 4
is the interrupt mask bit (I). The unused
bits of the Condition Code Register (b6 and
b7) are ones.

Figure 3 shows the order of saving the
microprocessor status within the stack.

Proper operation of the MPU requires that
certain control and timing signals be pro­
vided to accomplish specific functions and
that other signal lines be monitored to

--- 1 ACCUMULATOR A

o

~ ---"I ACCUMULATOR B

o

C CONDITION CODES
REGISTER'--............,....I...r-lL..rl.....,...........~

CARRY (FROM BIT 7)

OVERFLOW

ZERO

"---- NEGATIVE

~------ INTERRUPT
L-- HALF CARRY (FROM BIT 3) IOC3

Figure 2. Programming Model of the Microprocessing Unit
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determine the state of the processor. These
control and timing signals for the 6802 are
identical to those of the 6800 except that
TSC, DBE, ~l, ~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)
Vcc Standby
Enable ~2 Output (E)

A summary of the 6802 MPU signals follows.

ADDRESS BUS (AO-A15)

Sixteen pins are used for the address bus.
The outputs are capable of driving one
standard TTL load and 130 pF.

DATA BUS (00-07)

Eight pins are used for the data bus. It is
bi-directional, transferring data to and
from the memory and peripheral devices. It
also has 3-state output buffers capable of
driving one standard TTL load and 130 pF.

When this input is in the LOW state, all
activity in the machine will be halted.
This input is level sensitive. In the halt
mode, the machine will stop at the end of an
instruction, Bus Available will be at a HIGH
state, Valid Memory Address will be at a LOW
state, and all other 3-state lines will be
in the High-Z mode. The address bus will
display the address of the next instruction.

To ensure single instruction operation,
transition of the HALT line must not occur
during the last 250 ns of E and the HALT
line must go HIGH for one Clock cycle.

READ/WRITE (R/W)

This TTL-compatible output signals the pe­
ipherals and memory device~ 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 is halted,
it will be in the logical "1" state. This
output is capable of driving one standard
TTL load and 90 pF.

I I
BEFORE

.--SP

-~r
I I

AFTER

SP =STACK PO:NTER
CC =CONDITION CODES (ALSO 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

m-2
m - I
m
m+ I
m+2

I~

VI

m-9
m-8
m-7
m -6
m -5
m -4
m -3
m-2
m - I
m
m+ I
m+2

1....-----

CC
ACCB
ACCA

IXH
IXl
PCH
PC~

~I

..-..--SP

IOC4

Figure 3. Saving the Status of the Microprocessor in the Stack
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VALID MEMORY ADDRESS (VMA)

This output indicates to peripheral devices
that there is a valid address on the ad­
dress bus. In normal operation, this signal
should be utilized for enabling pheripheral
interfaces such as the PIA and ACIA. This
signal is not 3-state. One standard TTL
load and 90 pF may be directly driven by
this active HIGH signal.

ADDRESS BUS AVAILABLE (BA)

The Address Bus Available signal is normally
in the LOW state; when activated, it will
go to the HIGH state indicating that the
microporcessor has stopped and that the
address bus is available. This will occur
if the HALT line is in the LOW state or the
processor is in the WAIT state as a result
of the execution of a WAIT instruction. At
such time, all 3-state output drivers will
go to their off state and other outputs to
their normally inactive level. The pro­
cessor is removed from the WAIT state by the
occurrence of a maskable (mask bit I = "a")
or nonmaskable interrupt. This output is
capable of driving one standard TTL load and
30 pF.

INTERRUPT REQL (IRQ)

This level sensitive input requests that an
interrupt sequence be generated within the
machine. The processor will wait until it
completes the current instruction that is
being executed before it recognizes the re­
quest. At that time, if the interrupt mask
bit in the Condition Code Register is not
set, the machine will begin an interrupt
sequence. The Index Register, Program
Counter, Accumulators, and Condition Code
Register are stored away on the stack. Next
the MPU will respond to the interrupt re­
quest by setting the interrupt mask bit HIGH
so that no further nnterrupts may occur. At
the end of the cycle, a l6-bit address will
be loaded that points to a vectoring address
which is located in memory locations FFF8
and FFF9. An address loaded at these
locations causes the MPU to branch to an
interrupt routine in memory.

The HALT line must be in the HIGH state for
interrupts to be serviced. Interrupts will
be latched internally while HALT is LOW.

The IRQ has a high-impedance pull-up device
internal to the chip; however, a 3-k~

external resistor to Vcc should be used for
wired-OR and optimum control of interrupts.

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 execution of a routine to in­
itialize the processor from its 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 is
addressed by the program counter. During
the restart routine, the interrupt mask bit
is set and must be reset before the MPU can
be interrupted by IRQ. Power-up and reset
timing and power-down sequences are shown in
figures 4 and 5, respectively.

NON-MASKABLE INTERRUPT (RMi,
A LOW-going edge on this input requests that
a non-mask-interrupt sequence be generated
within the processor. As with the Interrupt
Request signal, the processor will complete
the current instruction that is being ex­
ecuted 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, Accumu­
lators, and Condition Code Register are
stored away on the stack. At the end of the
cycle, a 16-bit address will be loaded that
points to a vectoring address which is I
located in memory locations FFFC and FFFD.
An address loaded at these locations
caused the MPU to branch to a non-maskable
interrupt routine in memory.

NMI has a high-impedance pull-up resistor
internal to the chip; however, a 3-k~ ex­
ternal resistor to Vcc should be used for
wired-QR and optimum control of interrupts.

Inputs IRQ and NMI are hardware interrupt
lines that are sampled when E is HIGH and
will start the interrupt routine on a LOW E
following the completion of an instruction.

Figure 6 is a flow chart describing the
major decision paths and interrupt vectors
of the microprocessor. Table 2 gives the
memory map for interrupt vectors.

RAM ENABLE (RE)

A TTL-compatible RM1 Enable input controls
the on-chip RAn of the 6802. When placed in
the HIGH state, the on-chip memory is en­
abled to respond to the MPU controls. In
the LOW state, RAM is disabled. This pin
may also be utilized to disable reading and
writing the on-chip RAM during a power-down
situation. ~1 Enable must be LOW 3ws be­
fore Vcc goes below 4. 75 V during a power da-m.

EXTAL AND XTAL

The 6802 has an oscillator that may be
crystal controlled. These connections are
for a series resonant fundamental crystal.
(AT cut.) A divide-by-four circuit has been
added to the 6802 so that a 4-MHz crystal
maybe used in lieu of a I-MHz crystal for a
more cost effective system. Pin 38 of the

6802-6
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6802 may be driven externally by a TTL input
signal if a separate clock is required. Pin
39 is to be left open in this mode.

MEMORY READY (MR)

MR is a TTL-compatible input control signal
which allows stretching of E. When MR is
HIGH, E will be in normal operation. When

AC OPERATING CONDITIONS (Use with figures 4, 5, and 8)

Symbol Parameter Hin Typ Max Unit

tAD Address Delay - - 270 ns
-- -

tAcc Peripheral Read Access Time - - 530 ns

t acc = tut - (tDSR)

tDSR Data Setup Time (Read) 100 - - ns

tH Input Data Hold Time 10 - - ns

tH Output Data Hold Time 20 - - ns

tAH Address Hold Time (Address, R/W, VMA) 20 - - ns
- ----- __ .___0_.

tDDW Data Delay Time (Write) - 165 225 ns

Processor Controls

tpcs Processor Control Setup Time 200 - - ns

tPcr, tpcf Processor Control Rise and Fall Time 100 ns

(Measured between 0.8 and 2.0 V)

.-

6802-7
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Vee

1-------------------fJI-'---------------------

RE O~V
=! l.- tpcr 100 ns

OPTION 2
SEE FIGURE 5 FOR

POWER DOWN CONDITION

---------~J~-----li~~~----:1~--
JLt OPT1N1

~---------f,I-'------~ PCf (SEE NOTE BELOW)

:~----
I
I
I

f,J-'-----~\'_: _

E

20m5
MIN

RESET

20m5
MIN

RESET

VMA ------------11 f,I-r----------""\'- _

NOTE: IF OPTION 1 IS CHOSEN. RESET AND RE PINS CAN BE TIED TOGETHER IOC5

Figure 4. Power-Up and Reset Timing

Vee

E

RE

150 ns 14----I~

3.0""5

TABLE 2 - MEMORY MAP FOR INTERRUPT VECTORS

VECTOR DESCRIPTION
MS LS

FFFE FFFF Restart

FFFC FFFD Non-maskable
Interrupt

FFFA FFFB Software Interrupt

FFF8 FFF9 Interrupt Request

IOC6

FigureS. Power-Down Sequence
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START SEQU ENCE

FFFE. FFFF

FETCH
INSTRUCTION

EXECUTE
INSTRUCTION

Figure 6. MPU Flowchart

6802-9

EXECUTE
INTERRUPT ROUTINE

FFFC FFF8
FFFD FFF9

IOC7
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MR is LOW, E may be stretched integral mul
multiples of half periods, thus allowing
interface to slow memories. Memory Ready
timing is shown in Figure 7.

it fetches the immediate instruction for
execution. These are 2 or 3-byte
instructions.

ENABLE SYSTEM (E)
DIRECT ADDRESSING

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 cond~tioned by a Memory Ready signal.
This is equivalent to ¢2 on the 6800.

Vee STANDBY

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
5.25 V is 8 rnA.

MPU ADDRESSING MODES

The 6802 8-bit microprocessing unit has seven
seven address modes that can be used by a
programmer, with the addressing mode a fun
function of both the type of instruction and
the coding within the instruction.

ACCUMULATOR (ACCX) ADDRESSING

In accumulator only addressing, either ac­
cumulator A or accumulator B is specified.
These are I-byte instructions.

IMMEDIATE ADDRESSING

In direct addressing, the address of the
operand is contained in the second byte of
the instruction. Direct addressing allows
the user to directly address the lowest 256
bytes in the machine i.e., locations zero
through 255. Enhanced execution times are
achieved by storing data in these locations.
In most configurations, it should be a ran­
dom access memory. These are 2-byte
instructions.

EXTE NDED ADDRESSING

In extended addressing, the address contained
in the second byte of the instruction is used
as the higher eight bits of the address of
the operand. The third byte of the instruct
struction is used as the lower eight bits of
the address for theoperand. This is an
absolute address in memory. These are 3­
byte instructions.

INDEXED ADDRESSING

In indexed addressing, the address contained
in the second byte of the instruction is
added to the index register's lowest eight
bits in the MPU. The carry is then added to
the higher order eight bits of the index
register. This result is then used to ad­
dress memory. The modified address is held
in a temporary address register so there is
no change to the index register. These are
2-byte instructions.

In immediate addressing, the operand is con­
tained in the second byte of the instruction
except LDS and LDX which have the operand in
the second and third bytes of the instruct­
ion. The MPU addresses this location when

IMPLIED ADDRESSING

IN the implied addressing node the instruction gives
the address (i.e., stack pointer, index reg­
is·ter, etc.). '!hese are I-byte instructions.

A - SETUP 8 - RELEASE

10CB

\, 0.4 V /

"'t:= ~ 300 ns

tPcr ~ 100 ns

2J-------------4ff

____~V JJ

~ 200 ns

tpcf ~ 100 ns

E

MR

Figure 7. Memory Ready Control Function
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RELATIVE ADDRESSING

In relative addressing, the address con­
tained in the second byte of the instruction
is added to the program counter's lowest
eight bits plus two. The carry or borrow is
then added to the high eight bits. This
allows the user to address data within a

range of -125 to +129 bytes of the present
instruction. These are 2-byte instructions.

DATA TIMING

Figure 8 shows Read/Write data timing for
both the MPU memory and peripheral equipnent.

READ DATA FROM MEMORY OR PERIPHERALS

0.8 V --=IloI-~-----+.,e-

2.0 V

fAD --~------ fAee ------..+4-

.~ DATA NOT VALID

VMA

ADDRESS 2.4 V
FROM MPU 0.4 V ~~~~=----=:""",,+c::::... -+-+-~~

E

RlW

DATA
FROM MPU
OR PERIPHERALS

WRITE DATA IN MEMORY OR PERIPHERALS

DATA VALID

toow

0.4 V --roo;;;;;:, W

2.4 V

2.4 V _-=-+-'=

~DATA NOT VALID

IOC9

Figure 8. Read/Write Timing
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DESCRIPTION

NOTES:

1. Element identifier: none

2. Package pin configuration.

AGF

AGF
AGF

AGF
AGF

AGF
AGF

AGF

24

G

AI27
1'000

Vee

MEM
(RAM)
6810

AGCD

AGCD

AGCD

AGCD
AGCD

AGCD
AGCD

AGCD

12

13

IGND

24 Vee

With the 6810 selected (G active) and pin 16
high, memory data is available on the bi­
directional bus and is strobed into the
microporcessor by the system clock. Data is
written into the 6810 on the low-to-high
transition of the Write signal at pin 16.
To accomplish successive writes when G re­
mains active, pin 16 must remain high until
the address lines have settled.

The 6810 is a TTL-compatible, 128 x 8 MOS
random-access memory. Six chip select inputs
(two active high, four active low) allow for

memory expansion in the horizontal (word
length) and/or vertical (number of words)
direction. The 6810 incorporates data buf­
fering and features three-state outputs.
The memory is static and requires no re­
freshing.

LOGIC SYMBOL

6810

6810
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6821 PERIPHERAL INTERFACE ADAPTER (PIA)

The 6821 PIA is a member of the 6802 micro­
processor (~P) family of chips. It provides
a universal interface between the 6802 and
its peripheral equipment. The interface is
accomplished through two 8-bit bidirectional
data buses and four control lines, permit­
ting independent control over two peripheral
units. In most cases, this control is ef­
fected without additional external logic.

The functional configuration of the PIA is
programmed by the 6802 during system ini­
tialization. Each peripheral data line can
be programmed to act as an input or an out­
put, and each of the four interrupt/control
lines can be programmed for one of several
control modes. Features of the 6821 PIA
include:

• 8-bit bidirectional data bus to ~P

• Two 8-bit bidirectional data buses
(Port A, Port B) for communication
with separate peripheral devices

• Programmable control registers (2)

• Programmable data direction registers
(2)

• Individually controlled interrrupt in­
put lines (4), two usable as peripheral­
control outputs

• Three-state and direct transistor drive
lines to peripherals

• Program-controlled interrupt/interrupt
disable capability

• CMOS drive capability on Port A

• Two-TTL-load capability on all Port A/B
buffers

A functional block diagram of the 6821 is
shown in figure 1. The abbreviated signal
names shown in parentheses in that figure
will be used throughout the rest of this
discussion.

NOTES:

1. Vendor type number: 6821

2. Package pin configuration:
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PIA INTERFACE LINES FROM/TO
MICROPROCESSOR
The PIA interface to the 6802 ~P consists of
an 8-bit bidirectional data bus, three chip
select lines, two register select lines, two
interrupt request lines, and read/write, en­
able, and reset lines. These lines, in con­
junction with a valid memory address (VMA)
signal from the 6802, permit the ~P to have
complete control over the PIA. *

BIDIRECTIONAL DATA LINES (00-07)

The drivers (~P input) on these lines are
three-state devices that remain in the high­
impedance (off) state except when the ~P has
programmed a PIA Read operation (Read/write
line high).

ENABLE (ENBl)

The ENBL pulse is the only timing signal
that is supplied to the PIA. Timing of all
other signals is referenced to the leading
or trailing edges of this pulse. The ENBL
pulse is normally a derivative of the 6802
phase 2 (~2) clock.

READ/WRITE (R/W)

This signal controls the direction of data
transfers between the 6821 and the 6802. A
low on the R/W line enables the PIA input
buffers and data is transferred from the ~P

to the PIA's Data Bus register upon the ap­
pearance of the ENBL signal, provided that
th~ PIA has been selected. A high on the
R/Wline sets up the drivers in the Data Bus
buffers, and information is transferred from
the PIA to the ~P when ENBL comes up.

This low-active signal clears all registers
in the PIA. It can be used as a power-on
reset or as a master clear during system
operation.

CHIP SelECT LINES (CS1, CS2, CS4)

To select the PIA, lines CSI and CS2 must be
high, and line CS4 must be low. The numbers
(1, 2, 4) indicate the relative binary weight­
ing value of the three select lines. Data
transf~rs are then accomplished by the ENBL
and R/W lines. The chip select lines must
be stable throughout the duration of the
ENBL pulse, for putting any of those three
lines in the inactive state will deselect
the PIA.

;-See NOTE on sheet 8.

6821-3

REGISTER SelECT LINES (RS1, RS2)

These two lines are used in conjunction with
the internal Control registers to select one
of the six addressable registers in the PIA.
The numbers (1, 2) imply binary weighting.
While in a Read or Write cycle, the register
select lines must be stable for the duration
of the ENBL pulse.

INTERRUPT REQUEST LINES (IRQA, IRQB)

These low-active lines interrupt the 6802
either directly or through interrupt prior­
ity circuitry. Their open-collector outputs
permit wired-OR connections.

Each IRQ line has two internal interrupt
flag bits that can cause the respective IRQ
line to go low. Each flag bit is associated
with a particular interrupt line from the
peripheral device. The PIA provides four
interrupt enable bits that may be used to
inhibit a particular interrupt coming from a
peripheral device.

Servicing an interrupt may be accomplished
by the ~P through a software routine that
sequentially reads and tests the two Control
registers in the PIA for interrupt flag bits
that have been set. The interrupt flags are
cleared by any Read Peripheral Data opera­
tion, initiated by the 6802, for the cor­
restponding data register (that is, Port A
or Port B). Once cleared, the flag bit can­
not be enabled to be set until the PIA is
deselected during an ENBL pulse.

The ENBL pulse is used to condition the four
interrupt lines, CAl, CA2, CBl, and CB2.
When these lines are used as interrupt in­
puts, at least one ENBL pulse must occur
between the inactive edge and the active
edge of the interrupt signal to condition
the edge-sensing logic. If the interrupt
flag has been enabled and the edge-sensing
logic properly conditioned, the flag bit
will be set On the next active transition of
the interrupt line.

PIA INTERFACE LINES TO/FROM DEVICES

The PIA provides two 8-bit bidirectional
data buses (Port A, Port B), and four inter­
rupt/control lines to peripheral devices.

PORT A DATA LINES (PAO-PA7)

These data lines can be individually pro­
grammed for input or output by a correspond­
ing bit in Data Direction Register A (DDRA).
A "I" bit in DDRA causes the correspondingly



numbered peripheral data line to act as an
input; setting the bit to "0" causes the
line to act as an output. During a ~P Read
Peripheral Data operation, the data on the
peripheral data lines that have been pro­
grammedas inputs will appear directly at
the three-state drivers of the Data Bus Buf­
fers. Internal pull-up resistors on these
drivers represent a 1.5 standard TTL load
(maximum) during a Read operation.

Data in Output Register A will appear on
those peripheral data lines programmed as
outputs. A "1" bit in the register drivec

the line high, a "0" bit drives the line low.
This data (from Output Register A) is also
available during a Read operation. It will
be read properly if the voltage on the cor­
responding peripheral data lines is greater
than 2.0 volts for a "1" or less than 0.8
volt for a "0". Loading the output lines
such that these lines do not reach full
voltage causes the data transferred to the
~P during a Read operation to differ from
that contained in the respective bits of
Output Register A.

PORT B DATA LINES (PBO.PB7)

These data lines may be programmed for input
or output (using DDRB) just as for Port A.
The output drivers for Port B, however, have
a three-state capability, which allows them
to assume the high-impedance state when the
associated peripheral data lines are pro­
grammed for input. During a Read operation,
data on those lines programmed as outputs
will appear correctly at the Data Bus
Buffers even if the voltages are below 2.0
vo 1 ts fo r a "1".

As outputs, these lines are TTL compatible.
In addition, they may be used as a source
of up to 1 rnA at 1.5 V to directly drive the
base of a transistor switch.

INTERRUPT INPUT LINES (CAl, CBI)

Lines CAl and CBl are input lines only and
set interrupt bit 7 in the associated Con­
trol register. The active transition (i,+)
for these signals is also programmed by the
control registers.

A INTERRUPT/CONTROL (CA2)

This line may be programmed to act as an
interrupt input or as a peripheral control
output. As an output, the line is TTL com­
patible. As an input, the internal pull-up
resistor represents a 1.5 standard TTL load.
The function of CA2 is programmed by Con­
trol Register A.

B INTERRUPT/CONTROL (CB2)

Llke CA2, this line may also be programmed
as an input or output. As either an inter­
rupt input or peripheral control output, the
line is TTL compatible. In addition, it may
be used during an output to source up to
1 rnA at 1.5 V to directly drive the base of
a transistor switch. In this respect, it
matches the output capabilities of the Port
B data lines. This line is programmed by
Control Register B.

INTERNAL CONTROLS

The PIA contains six addressable registers
-- those accessible to the 6802'data bus:
two· peripheral (data) registers, two con­
trol registers, and two data direction
registers. Selection of these registers is
controlled by register select lines RSI and
RS2, together with bit 2 in the correspond­
ing Control register, as shown in table 1.

TABLE 1. INTERNAL ADDRESSING

Control
Register Bit

RS2 RSI CRA-2 CRB-2 Location Selected

0 0 1 X Peripheral (Data) Register A
._------------_.__ .. __._-----

0 0 0 X Data Direction Register A
----_..~.-------

0 1 X X Control Register A
... ----- ------- --_._----_.

1 0 X 1 Peripheral (Data) Register B
...__ .._--_..__._--

1 0 X 0 Data Direction Register B
... _.~-

1 1 X X Control Register B
.,

X Don't care
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INITIALIZATION

A low on the RESET line clears all PIA reg­
isters. This sets PAO-PA7, PBO-PB7, CA2,
and CB2 as inputs, and disables all inter­
rupts. The PIA must be configured during
the restart program that follows the reset
pulse.

possible configurations for the Data Direc­
tion and Control registers follow.

DATA DIRECTION REGISTERS (DORA, DDRB)

These registers allow the 6802 ~p to control
the direction of data on each peripheral
data line. Any DDR bi t set to "0" makes the
corresponding data line act as an input; a
"0" results in the line acting as an output.

CONTROL REGISTERS (CRA, CRB)

These two registers allow the 6802 lJP to
con trol the operation of the four peripheral
control lines CAl, CA2,CBI, and CB2. In
addition, these registers allow the lJP to
enable the interrupt lines and moni tor the
status of the interrupt flags. Bits 0
through 5 of these registers may be written
or read by the ~P when the proper chip se­
lect and register select signals are acti­
vated. Bits 6 and 7 are for reading only,
and are modified by the peripheral interrupt
signals that appear on control lines CAl,
CA2, CBl, and CB2. The format of the con­
trol word stored in these registers is shown
in table 2.

Data Direction Access Control Bits (CRA-2, CRB-2)

Bit 2 in each control register allows the
selection of either the peripheral interface
register (hereafter called the Data reg­
ister), or the Data Direction register when
the proper register select lines are acti­
vated (see table 1).

Interrupt Flag Bits (CRA-7, CRA-6, CRB-7, CRB-6)

These four interrupt flag bits are set by
active transitions on interrupt lines CAlor
CBI, or on interrupt/control lines CA2 or
CB2 when those two lines are programmed as
inputs. Line CAl (CBl) sets control reg­
ister bit CRA-7 (CRB-7), while line CA2
(CB2) sets bit CRA-6 (CRB-6).

How bits 7 and 6 of the control registers
are set by interrupt inputs is shown in
tables 3 and 4, respectively. As implied
earlier, these bits cannot be set from the
6802 'data bus; they will be cleared, however,
by a Read Peripheral (Data) Register opera­
tion for the appropriate port.

Control of CAl and CBl Interrupt Input
Lines --

The two low-order bits of the control reg­
isters (CRA-O, CRA-l, CRB-O, CRB-l) control
the effect that an active transition on in­
terrupt lines CAlor CBl will have on the
respective Interrupt Request to the ~P. As
seen in table 3, CRA-O (CRB-O) enables the
IRQ and CRA-l (CRB-I) determines whether a
positive-going or negative-going transition
on the interrupt line will set the interrupt
flag (bit 7 of the control register).

Control of CA2 and CB2 Interrupt/Control
Lines --

Bits 3, 4, and 5 of the control registers
are used to control CA2 and CB2. Bit 5
(CRA~5, CRB-5) , if low, makes the line an
interrupt input. In this situation, as
shown in table 4, bit 3 enables the IRQ and
bit 4 determines the active transition of
the interrupt line.

TABLE 2. CONTROL WORD FOR¥1AT

CR
Bits

CRA

eRE

7 6 5 1 4 T 3 2 1 I 0

IRQA-I IRQA-2 CA2 Control DDRA CAl Control
Access

IRQB-I IRQB-2 CB2 Control DDRB CBl Control
Access
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TABLE 3. CONTROL OF INTERRUPT INPUTS CAl AND CBl

Interrupt Interrupt Flag ~P Interrupt
CRA-l CRA-O Input CRA-7 (CRB-7)

Reques_t__
(CRB-l) (CRB-O) CAl (CBl) IRQA (IRQB)

0 0 + Active Set high on + Disabled -- IRQ remains
of CAl (CBl) high

._.__ ..._ .. __. _.•_--_ .._......•.. _ .•......_-- .- .._-- _.._-_._-_ .

0 1 + Active Set high on + Goes low when the Inter-
of CAl (CBl) rupt Flag bit CRA-7

(CRB-7) goes high
-_._-- ......-----,-.•_----_._.. _- -~.._-_.._--_._._----

1 0 t Active Set high on t Disabled -- IRQ remains
of CAl (CBl) high

..----_.._--- _.--_.__.__._.._-_ ....__._._.._---------
1 1 t Active Set high on t Goes low when the Inter-

of CAl (CBl) rupt Flag bit CRA-7
(CRB-7) goes high

NOTES:

1. + High-to-low transition

2. t Low-to-high transition

3. Interrupt Flag bits CRA-7 and CRB-7 are cleared by a Read Peripheral Data operation
for the corresponding port.

4. If an interrupt occurs when IRQ is disabled (Control register bit 0 is low), IRQA
(IRQB) occurs after CRA-O (CRB-O) is brought high.

TABLE 4. CONTROL OF CA2 AND CB2 AS INTERRUPT INPUTS
CRA-5 (CRB-5) IS LOW

Interrupt ~P Interrupt
CRA-5 CRA-4 CRA-3 Input Interrupt Flag Reques_t__

(CRB-5) (CRB-4 ) (CRB-3) CA2 (CB2) CRA-6 (CRB-6) IRQA (IRQB)

0 0 0 + Active Set high on t Disabled -- IRQ remains
of CA2 (CB2) high

f----.---- . -.._-_._.- --.. -_.... . . . .. - - ....._- - . .. -."--, .- _n__ ....___ . _._.. ______._..._______

0 0 1 + Active Set high on t Goes low when the Inter-
of CA2 (CB2) rupt Flag bit CRA-6

(CRB-6) goes high
-- _.-,_.- ...._...._._. _ . .- n ..._.- - • _0 •

H_'''__ '' _.___ .~__ ._____ •

0 1 0 t Active Set high on t Disabled -- IRQ remains
of CA2 (CB2) high

••_u .. _,_......-_._- _.
- --- h_'_, ____n _ • .._- . ---.._- _. _.- .. --"------_.. -----_.. -_._,-'- -_.~.- ~

0 1 1 t Active Set high on t Goes low when the Inter-
of CA2 (CB2) rupt Flag bit CRA-6

(CRB-6) goes high.

NOTES:

1. t High-to-low transition

2. t Low-to-high transition

3. Interrupt Flag bits CRA-6 and CRB-6 are cleared by a Read Peripheral Data operation
for the corresponding port.

4. If an interrupt occurs when IRQ is disabled (control register bit 3 is low), IRQA
(IRQB) occurs after CRA-3 (CRB-3) is brought high.
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When bit 5 is high, CAl (CB2) becomes an out­
put that can be used to control the periph­
eral device. In the output mode, CB2 and

CA2 have slightly different characteristics,
as seen in tables 5 and 6:

TABLE 5. CONTROL OF CB2 AS AN OUTPUT
CRB-S IS HIGH

CB2

CRB-5 CRB-4 CRB-3 Cleared Set

Low on t of first ENBL High when Interrupt Flag
1 0 0 pulse following a ].lP Write bit CRB-7 is set by an

Data Register B operation. active transition of CBl.
1---------

Low on t of first ENBL High on t of first ENBL

1 0 1 pulse following a ].lP Write pulse following an ENBL
Data Register B operation. pulse that occurred while

the port was deselected.

Low when CRB- 3 goes low as Always low as long as
a result of a ].lP Wri te CRB-3 is low. Will go

1 1 0 Control Register B opera- high on a ].lP Write Control
tion. Register B operation that

changes CRB-3 to a " 1"
(high) •

Always high as long as High when CRB-3 goes high
CRB-3 is high. Will go as a result of a ].lP Write

1 1 1
low when a ].lP Write Control Control Register B oper-
Register B operation re- ation.
suIts in setting CRB-3 to
a "0" (low) •

NOTES: t Low-to-high transition

TABLE 6. CONTROL OF CA2 AS AN OUTPUT
CRA-5 IS HIGH

CA2

CRA-S CRA-4 CRA-3 Cleared Set

Low on + of ENBL pulse High when Interrupt Flag

1 0 0
following a lJP Read Data bi t CRA-7 is set by an
Register A operation active transition of CAl

signal.

Low on + of ENBL pulse High on the negative edge
1 0 1 following a ].lP Read Data of an ENBL pulse that oc-

Register A operation. curs during a deselect.

Low when CRA-3 goes low Always low as long as
as the result of a ].lP CRA-3 is low. Will go

1 1 0 Write Control Register A high on a ].lP Write Control
operation. Register A operation that

sets CRA-3 to a " 1" (high)_.
Always high as long as High when CRA-3 goes high
CRA-3 is high. Will go as the result of a ].lP

1 1 1 low on a ].lP Write Control Write Control Register A
Register A operation that operation.
sets CRA-3 to a "0" (low) •

~mTES: -r High-to-low transition
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NOTE: The three chip select inputs are

normally tied to the 6802 address

lines in accordance with the pe­

ripheral addressing configuration

used by the ~P. It is customary to

AND one of the address lines with the

VMA signal (also from the 6802), and

to feed the result into one of the

chip select inputs.
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DESCRIPTION
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EXPRESSIONS IN PARENTHESES ARE TERMS
REFERENCED IN THE ACCOMPANYING TEXT.
AND NOT PART OF THE LOGIC SYMBOL.

LOGIC SYMBOL

2~ElECT I:l-----l
4~

2 RGTR SEl
1------1 DATA 4

CLK

-L~READ/WRITE
RESET

COUNTER I
ClK I CNTR lOUT
GATE I

COUNTER 2
ClK 2 CNTR 2 OUT
GATE 2

COUNTER 3
CLK 3 CNTR 3 OUT 6

GATE 3

(CI )
(Gi)

(tl)

(GZ)

(CS I)
(CS"o)

(RS2)
(RS,)
(RSO )

(02)+(E)

(RfW)

_(RESET)

The 6840 is a programmable timing module

(PTM) that is controlled by Load and Store

I instructions from the 6800/6802 MPU. It

contains three independent timers, each 16

bits wide and capable of holding a maximum

count of 65,535 (decimal). The PTM has a

variety of applications, but all involve

either pulse generations or time-interval

comparisons, both of which depend upon

decrementing a count that has been preset

in the timer. To provide the widest possible

latitude in these functions, each timer can

select as its clocking (decrementing) input

either the Enable System clock (E, or ~2)

from the MPU or any signal that is connected

to its External Clock (C) input pin. For

accurate clocking, the C frequency should

not exceed one-half that of E (~2), since E

is used to resync C with the system. More

about that later.

As shown in the block diagram, figure 1,

each timer consists of four elements.

• a control register that determines
its counting mode

• a set of 16 bit latches (Timer Latches)

• a16-bit counter (Timer Counter)

• gating and clocking logic

Information is written into the timer latches

by the MPU and transferred to the timer

counter by a counter initialization (CI)

cycle. Contents of the counters can be read

by the MPU at any time, and interrupts may

be set if certain conditions occur during the

count down.

NOTES:

1. Element identifier (for reference only:
587

2. Package pin configuration:

28 15
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REGISTER SELECTION

Register selections, as well as the various
PTM Read/Write functions, are defined in
table 1. There are nine register selections
to be made for Write, but only three Register
Select lines available for the task. To
solve this situation, the RSO=RS~=RS2=0 con­
dition selects either of two reglsters, de­
pending upon the state of Bit 0 in Control
Register 2 (CR20).

REGISTER LOADING

With respect to the MPU, the Control
Registers and Timer Latches are write-only,
although both are affected by a Reset com­
mand from the MPU. Because the timer
latches are 16 bits wide, two-byte write
instructions (e.g. STX, STS) are required to
load them. (Refer to table 1.) First, a
Write MSB Buffer Register command stores the
Most Significant Byte in the MSB buffer.
Then, as the Least Significent Byte is loaded
directly into the lower eight latches by a
Write Timer X Latches command, data from the
MSB buffer is simultaneously transferred to
the upper eight latches.

REGISTER READING

With respect to the MPU, the Status Register
and the Timer Counters are read-only, al­
though both can be cleared by a Reset com­
mand from the MPU. Again, two-byte data
instructions (e.g., LOX, LOS) are required
to transfer the 16-bit contents of a timer
counter to the Data Bus Interface. First,
the upper bits of the counter are transmit­
ted to the MPU by a Read Timer X Counter
command; then the relevant Read LSB Buffer
Register command (one of three) transfers
the lower eight bits via the LSB Buffer.

The Status Register contains an Interrupt
flag bit for each timer, plus an Interrupt
Request bit (IRQ) that is a composite of the
individual timer flags. When the Status
Register is read, the four unused bits at
the top of the register are transferred as
Is. (The interrupt flags are discussed
below under Operating Modes.)

CONTROL REGISTERS

The three control registers define the
operating mode, and control the operation,

TABLE 1. REGISTER SELECTIONS

Register
Select Bits Operations

RS2 RSI RSO R/W = 0 R/W = 1

0 0 0 CR20 =0 Write Control Register 3
No Operation

CR2 0=1 Write Control Register 1

0 0 1 Write Control Register 2 Read Status Register

0 1 0 Write MSB Buffer Register Read Timer 1 Counter

0 1 1 Write Timer 1 Latches Read LSB Buffer Register

1 0 0 Write MSBBuffer Register Read Timer 2 Counter

1 0 1 \'Vri te Timer 2 Latches Read LSB Buffer Counter

1 1 0 Write MSB Buffer Register Read Timer 3 Counter

1 1 1 Write Timer 3 Latches Read LSB Buffer Register

6840-3
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of the timers. The bit functions are de­
fined in table 2. Note that for each
control register, Bit 0 has a unique
function. Other bits, I through 7, have
common functions for each timer.

Bit 0 of Control Register I (CRIO) is the
Internal Reset bit. It is the only bit in
all of the control registers that is not
cleared out by a Reset command from the MPU.
It is cleared (or set) only when the MPU
writes into that control register.

TABLE 2. CONTROL REGISTER BITS

I

Bit Designation
& Value Name/Function

CRIO Internal Reset

0 All timers allowed to operate

I All timers held in preset state

CR20 Control Register Address

0 CR.3 may be written

I CR.I may be written

CR30 Timer 3 Clock Control

0 Timer 3 clock is not prescaled

I Timer 3 clock is prescaled by ~ 8

CRXI Timer X Clock Source

0 Timer X uses Cx input as clock source

I Timer X uses Enable System (E) as clock source

CRX2 Timer X counting Mode Control

0 Timer X configured for l6-bit mode

1 Timer X configured for dual 8-bit mode

CRX3 CRX4 CRXS Timer X Operating Mode and Interrupt Control (see table 3)

CRX6 Timer X Interrupt Enable

0 Timer X Interrupt Flag masked on IRQ

Timer enabled to -1 X Interrupt Flag IRQ

CRX7 & Timer X Counter Output Enable

0 Timer X Output masked on output Ox.

1 Timer X Output enabled to output Ox.

NOTE Operation of the timer Counter, and read-out to the Data Bus
Interface, is not affected by the state of CRX7.
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Bit 0 of Control register 2 (CR20) selects
one of two other control registers, as men­
tioned earlier.

Bit 0 of Control Register 3 (CR30) controls
the Prescaler function unique to Timer 3.
If CR30=1, a divide-by-8 counter is inter­
posed between the timer clock input (either
E or C3) and the timer counter. As a result,
the counter decrements once for every eight
clock pulses.

INPUT/OUTPUT LINES

BUS INTERFACE

The bus interface comprises those I/O lines
that connect to the MPU bus. They are
shown in the top half of the logic symbol.
Output drivers on the Data Bus interface are
3-state, while the IRQ output is an "open
drain ll FET. Both allow wired-OR connections
to similar lines from other devices in the
6800 family. As indicated in table 2, the
IRQ line will not reflect the presence of a
timer's Interrupt flag unless Bit 6 in the
associated control register is set (CRX6=1).

A high-to low-level transition on the Reset
line has the following effects:

1. All timer latches are preset to maximum
(65,535) •

2. All counters are preset to the value in
their latches.

3. All counter outputs are cleared and all
counter clocks disabled (Counter Enable
FF--CE--reset).

4. All Status Register bits (Interrupt
flags) are cleared.

5. All Control Register bits cleared
except the Internal Reset bit (CRIO),
which is set.

EXTERNAL I/O LINES

The external I/O lines are shown in the
lower half of the logic symbol. The Clock
and Gate inputs (Cx , Gx ), which come from a
source other than the MPU, must be synchron­
ized with the Enable System (E) clock in
order to be recognized by the PTM. This
takes three to four E periods, depending
upon system jitter. In the case of a C in­
put, the E pulse following the synchroniza­
tion decrements the counter.

A high-to low-level transition on the Gate
input is one method of initializing a
counter; that is, transferring the contents
of the timer latches to the timer counter
and starting the lIcountdownll.

OPERATING MODES

Control Register bits 3, 4, and 5 set the
four operating IOOdes of each timer, as seen
in table 3. Unused bits in the table are
used to modify counter initialization and
interrupt enable conditions, as defined in
subsequent tables under the various mode
descriptions.

PULSE-GENERATING MODES

The continuous and single-shot modes are both
used to generate pulses. Of the four timer
modes, it is only for these two that the
timer outputs (01--03) are functional.

Continuous Mode

Control Register bit settings for the con­
tinuous mode are given in table 4, and the
output waveforms in figure 2. Note that
CRX2 determines the counting mode, either
16-bit or dual 8-bit. In the 16-bit counting
mode (CRX2=0), a square wave is produced, the
duration of which is determined by the value
(N) set in the timer. If N=O, the output is
zero.

In the dual 8-bit counting mode, provided
that both the MSB and LSB values preset in
the latches are non-zero, a pulse train is
produced wherein the duration of each pulse
is governed by the value of L (LSB, see fig­
ure 2), and the space between each pulse is
determined by M(L+l)+l. If either M or L
(or both) are zero, square waves are
produced.

Single-Shot Mode

The Single-Shot mode is the same as the con­
tinuous mode except for three differences:

1. After one output pulse, Ox remains LOW
until the next counter initialization.

TABLE 3. OPERATING MODES

Control Register

CRX3 CRX4 CRX5 Operating Mode

0 - 0 Continuous

0 - 1 Single-Shot

1 0 - Frequency Comparison

1 1 - Pulse-Width Comparison
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i N+ I r~-- N+1--....,...--.- N+ I ---[

N~-;;'l~ I""----~I~ r
, l I I t
CI TO TO TO

N='U _
I

CJ

16- BIT COUNTING MODE

F
(M+I)(L+t)=-t(M+I)(L+I)~. (M+I)(L+I)~

MIL+I)+1 KNIL+Il+1 -, rNIL+II+1 1 L r
'tit n ll-

I I I I
CI TO TO TO

r·M+I!;M+I-r-M+I i M+ 11
't:O~O~ l I ~ I~ _

I I I I I
CI TO TO TO TO

&1

DUAL 8-81T COUNTING MODE

NOTES:
N ='6-BIT CONTENTS OF COUNTER

M =8-81T NUMBER IN M S 8

L =8-BIT NUMBER IN LS B

CI = COUNTER INITTAUZATION

TO =COUNTER TIMEOUT

& OUTPUT TOGGLES AT 1/2 THE CLOCK FREQUENCY

Figure 2. Output Waveforms, Continuous Mode
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NOTES: G+

TABLE 4. CONTINUOUS MODE

Preconditions: NOTE
CRX3=0 After initialization (or

CRXS=O
reinitialization), G
must be LOW for the

CRX7=1 counter to decrement.

CR Bits Counter Counter

CRX2 CRX4
Initialization Mode

0 0 G+ + W + R

- 16-bit
0 I G+ + R

I
0

-1 G+ + W + R

- Dual 8-bit
I I G+ + R

Negative transition of Gate
Pulse

W Write Timer X Latches
command

R Timer Reset (CRIO=1 or
Reset on pin 8)

2. Counter action (counter enable) is not
dependent upon G remaining LOW.

3. If M=L=O (or N=O), counter output is
disabled.

The Control Register bit settings for the
Single-Shot mode are given in table 5. Out­
put waveforms are shown in figure 3.

TIME-INTERVAL MODES

The two time-interval modes differ from the
two pulse-generating modes in that inter­
rupts can be generated not only by a
counter time-out, but also by transitions
of the Gate input. Moreover, these tran­
sitions can be negative-going or positive­
going, depending upon the specific time­
interval mode.

Aside from minor variations in counter
initialization, there is one basic differ­
ence between the two time-interval modes.
Stated simply, that difference is this:

• In the Frequency Measurement mode,
frequency is determined by the interval
between successive negative-going
transitions on the G input. .

• In the Pulse-Width Comparison mode,
the width of the pulse is determined
by the time that the G input, having
gone LOW, remains LOW.

As stated previously, output pulses (Ox)
are not defined for these modes.

Frequency Measurement Mode

The Control Register bits for setting up the
Frequency Measurement mode are shown in
table 6. Note that CRXS determines whether
the Interrupt flag is set on a counter time­
out (TO) or a Gate transition. When CRX5=O,
a counter time-out occurring prior to the
negative-going Gate signal will recycle the
counter, starting another count down. In
any event, the count stops when Gate goes
LOW, and the Interrupt flag is set. Another
counter initialization cannot occur until
the Interrupt has been reset.

If CRXS=l, the counter will be recycled if
Gate goes LOW before_the counter times out.
If TO occurs before G, the Interrupt flag is
set and the counter halts.

In either case, a Reset pulse (CRIO=1 or
External Reset at pin 8) must first be issued
to clear the Interrupt flag and initialize
the counter. At this point the next G+
signal will set the Counter Enable FF,
thereby allowing the timer to decrement with
each Clock input.

Pulse-Width Comparison Mode

Table 7 depicts the set-up for this mode.
Again, CRXS determines whether an Interrupt
will be caused by a counter time-out or a
positive-going transition at the Gate input.
In other respects, this mode is similar to
Frequency Measurement.

TABLE 5. SINGLE-SHOT MODE

Preconditions: NOTE
CRX3=O After initialization,

CRXS=l
counter operation is not
dependent upon G

CRX7=1 remaining LOW.

CR Bits Counter Counting
CRX2 CRX 4 Initialization Mode

0 0 G+ + W + R
16-bit

0 I G+ + R

1 0 G+ + W + R

- Dual 8-bit
1 11 G+ + R
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rr=N;I===1
N~ I~ _

I I
CI TO

--,
N=O ;

I
CI

16-BIT COUNTING MODE

r--<M+J) ~L+I) l­r-- M(L+I)+I --, L

M";ol n
L~ 0 I . .... _

I I
CI TO

--~ ~M=L= 0 I ili_....'-----------..;:;;;:=._-----------------
I

CI

DUAL a-BIT COUNTING MODE

NOTES

&
2.

TIME OUTS OCCUR AT END OF EVERY CLOCK PERIOD.

FOR INTERPRETATION OF EXPRESSIONS, SEE FIGURE 2.

Figure 3. Output Waveforms, Single-Shot Mode
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TABLE 6. FREQUENCY MEASUREMENT MODE

Preconditions:
CRX3=1

CRX4=0

Counter Interrupt Flag
CRXS Initialization CE FF Set CE FF Reset Set (I)

0 Gi ·1· (CE+TO·CE) + R Gi W . Ii I w + R + I Gi before TO

1 Gi ·r + R Gi W R I w + R + I TO before Gi

CE = Counter Enable (flip-flop)
TO = Timeout
for other symbols, see Table 4

TABLE 7. PULSE-WIDTH COMPARISON MODE

Preconditions:
CRX3=l
CRX4=l

Counter Interrupt Flag
CRXS Initialization CE FF Set CE FF Reset Set (I)

0 Gi ·f + R Gi W R Y w + I + R + G Gt before TO

1 Gi ·1 + R Gi W R I w + I + R + G TO before Gt
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DESCRIPTION

The 6875 is a clock generator/driver that
provides non-overlapping ¢l and ¢2 clock
signals for the 6800 microporcessor. The
6875 is compatible with 1.0, 1.5, or 2.0
MHz versions of the 6800.

LDGIC SYMBOL

DMA/REFRESH REQ
POWER-ON RESET

4x CLK

2x CLK

MEM CLK

CLK 4>1
ClK .;2

ElJS 4> 2

DMA/REFRESH ACt(

SYSTEM RESET

LSI
CLOCK GEN / DRIVER

6875
xxx

MEM ROY

2

EXT ClK

For crystal operation, a tank circuit tuned
to the desired crystal frequency, 4 x CLK,
is connected between pins I and 2; pin 3 is
grounded. For operation as an R-C oscil­
lator, the resistor is connected between
pins I and 2, and the capacitor between pin
2 and ground. Again, pin 3 is grounded. T
The 6875 may also be excited by an external
pulse generator, the output of which is con­
nected to pin 3. In this mode, pin I is
left open and pin 2 is grounded. Figure I
is a simplified logic diagram of the 6875.

Figures 2 and 3 show the 6875 timing when
only static memories are used in conjunction
with the 6800 microprocessor. (Static mem­
ories require no refreshing.) In figure 2,
the memory speed is compatible with that of
the microprocessor, and so there is no need
to extend (stretch) the 6800's machine cycle
during memory references. Figure 3 shows
how the cycle is stretched when slow mem­
ories are used. Memory Ready goes low to
extend all clock output pulses during these
slow-memory references.

Note that in figure 3 the DMA/Refresh Re­
quest signal is shown going low at the same
time as Memory Ready. It is during these
dynamic memory access (DMA) extensions that
the row-addressed cells of all dynamic mem­
ories are refreshed. As will be seen in
figure 4, however, these refresh cycles do
not affect the Memory Clock. The extension
of Memory Clock in figure 3 is entirely the
result of bringing Memory Ready low.

Figure 4 shows how the DMA/Refresh Request
signal is used by the 6875 to stretch dyn­
amic-memory cycles. During~the DMA or re­
fresh period, the microprocessor's ¢l and ¢2
clocks must stay in sync with the memory
cycle, as referenced to Memory Clock. Main­
taining the integrity of Memory Clock pro­
vides this reference to the 6800.

Figure 5 shows how a System Reset pulse is
generated when power is first applied. Re­
ference levels are given for positive logic
voltage levels, although the Reset pulse it­
self is low-going.

NOTES:

1. Element identifier: none

2. Package pin configuration.

IIJI6veC

8 9
GND
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eLK 4>1

eLK 4> 2

--12101--
MEMORY
CLOCK

NOTE:
I. TIMES ARE IN NANOSECONDS FOR fo=2MHz

Figure 2. Non-Stretched operation
(Memory Ready and DMA/Refresh Request held high)

6875-3

6875
Rev M

Sheet 3 of 6



MEMORY READY

DMA/REFRESH REQUEST • ~IRRELEVANT

DMA / REFRESH ACK (Low)

Figure 3. Memory Ready Stretch Operation (minimum stretch shown)
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MEMORY READY~ ~ IRRELEVANT

DMA/RE~RE

DMA_I_R_EF_R_E_SH_A_C_K ! \-----
Figure 4. DMA/Refresh Request Stretch Operation

(minimum stretch shown)
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3.6V

POWER-ON RESET

SYSTEM RESET

looon5 25On5 MAX

Pigure-5. Power On Reset
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DESCRIPTION

The 74HSI circuit consists of two 2-wide, 2­

input, positive AND-OR-INVERT gates in one

package.

NOTES:

1. Symbol sections may appear separately.

2. Vendor identification: 74HSI

3. Package pin configuration:

'tC 14 e

t=j
1 7 GND

1 a
8

74H51 74H51
6

OR
8

8

8

LOGIC SYMBOL

OUT-
INPUT PINS PUT

PIN

2 3 4 5 6

(I) (13) (9) (10) (8)

0 0 0 0 I

0 0 0 I I

0 0 I 0 I

0 0 I I 0

0 I 0 0 I

0 I 0 I I

0 I I 0 I

0 I I I 0

I 0 0 0 I

I 0 0 I I

I 0 I 0 I

I 0 I I 0

I I 0 0 0

I I 0 I 0

I I I 0 0

I I I I 0

AND -OR-INVERT

OUT-
INPUT PINS PUT

PIN

2 3 4 5 6

(I) (13) (9) (10) (8)

0 0 0 0 I

0 0 0 I I

0 0 I 0 I

0 0 I I I

0 I 0 0 I

0 I 0 I 0

0 I I 0 0

0 I I I 0

I 0 0 0 I

J 0 0 I 0

I 0 I 0 0

I 0 I I 0

I I 0 0 I

I I 0 I 0

I I I 0 0

I I I I 0

OR - AND - INVERT

74HSI

TRUTH TABLES

74HSI
Rev J
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DESCRIPTION

Type 7918C is a negative-voltage regulator
employing current limiting, thermal shutdown,
and safe-area compensation. The device has
a fixed output voltage and with adequate
heat-sinking can deliver currents in excess
of 1. 0 ampere.

The input voltage (-V) should remain 2.0
volts more negative than the output. An
input capacitor (typically 0.33 ~F) is re­
quired if the regulator is placed an appre­
ciable distance from the power suppli filter,
and a 1.0 ~F output capacitor improves sta­
bility.

-18 VR
7918CK

XXX

C

-v
(TO-3 PACKAGE)

OR

-18 VR
7918CT

2

3

NOTES:

1. Element identifier: none

2. Package pin configuration:

2

-v
(PLASTIC PACKAGE)

LOGIC SYMBOL

CASE
CONNECTS
TO -V

I 2 3
PLASTIC
PACKAGE
(7918CT)

BOTTOM VIEW
TO-3

PACKAGE
(7918CK)

7918C

79lec
Rev. J

Sheet I of I



DESCRIPTION

The 9368 is a TTL 7-segment decoder/driver

incorporating input latches and providing

outputs that can directly drive common­

cathode LED displays requiring up to 20 rnA

(at 1.7V) per segment. The hexadecimal

decode network provides outputs for numerics

0-9 and alpha characters A-F. A ripple­

blanking feature permits suppression of

leading and/or trailing zeros.

When pin 3 goes low, the input latches are

enabled and the outputs present a decode of

the input data. When pin 3 goes high, the

latch inputs are disabled and the outputs

reflect the information retained in the

latches.

Zero suppression is effected by connecting

the low~active Ripple Blanking Output (pin

4) of one stage to the low-active Ripple

Blanking Input (pin 5) of the next lower

stage. Pin 5 of the MSB stage is grounded

and pin 4 of LSB is left open. This allows

a number such as 0060.0300 to be displayed

as 60.03.

NOTES:

1. Element identifier: None

2. Package pin configuration:

x--v
0

5
G2
GI

x-v II
15 10 I8

4 e 9

2 f 13
0 GI

I 9
14

RGTR/CODER
9368

xxx

THE ASTERISK INDICATES AN
INCOMPLETE PORTRAVAL OF
COMPLEX LOGIC.

LOGIC SYMBOL

d
SEGMENT IDENTIFICATION

DI2jY55l
BgRbCdEF

Vee
16 9

8
GND

9368

CHARACTER REPRESENTATIONS

9368
REV L

Sheet 1 of 1



DESCRIPTION

EeL element 10113 comprises four 2-input,
dual-purpose gates having a common control
(pin 9). When pin 9 is low, the high-ac­
tive Exclusive OR function Y=AB + AB, or
the low-active equivalence (identity) func­
tion Y=AB + AB, is performed. When pin 9
is high, all four outputs are forced low,
regardless of the state of the other inputs.

NOTES:

1. Element identifier: none

2. Package pin configuration.

(A)

(B)

- (y)

Vee 2

16

Vee I

TRUTH TABLE

G/V A B Y

L L L L

L i L I-I H

L H L H

L H 11 L

H X X L

X=Don't care

9

8

Vee

10113

OR

(A)
4 2 (y)

(B)
~

6 3

7

10 14

II

12 I~

13

LOGIC SYMBOL

10113
Rev. M
Sheet 1 of 1



DESCRIPTION

The 10178 is a 4-bit ECL binary counter with

separate Set inputs for each stage and a

common Reset. Complementary outputs are

provided for the first and fourth stages.

Pins 10 and 12 provide two positive-edge­

triggered clock inputs. The positive-going

clock pulse can be applied to both pins sim­

ultaneously, or to either pin, provided the

other pin is held LOW. That is to say, a

static HIGH on either clock input pin in­

hibits the clocking function, as evidenced

by the truth table on sheet 2.

The asynchronous Set and Reset inputs over­

ride the clock.

NOTES:

1. Element identifier: None

2. Package pin configuration:
LOGIC SYMBOL

Vee 2

16

Vee I

9

8

Vee

1~178-1

l017~

Rev K
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Q3
(2)

Q2QIQO
-0(15) 0(13)

S~
Q(4 )

S~ (5)
~

SO S9(7) ~9(6)9(11)

l
5 S

..

S S

'-- 0 QI f-- '--0 QI f-- '--0 QI r-- '-- 0 Q' f--
0 CI d CI C1 CI Q' CI
12)

- C2 Q~ Qf--- Q r---- Q~

(10)
Qr-- Of--

R R R R

...... I
~

9)
0(14) 0(3)

CLK2

CLKI
(

RESET
(

FUNCTIONAL BLOCK DIAGRAM

TRUTH TABLE

INPUTS OUTPUTS

R SO 51 S2 53 CLK CLK QO QI Q2 Q3
I 2

H L L L L X X L L L L

L H H H H X X H H H H

L L L L L H X NO COUNT

L L L L L X H NO COUNT

L L L L L ** L L L L_.

** H L L L

** L H L L

** H H L L

** L L H L

** H L H L

** L H H L

** H H H L

** L L L H

** H L L H

** L H L H

** H H L H

** L L H H

** H L H H

** L H H H

L L L L L ** H H H H

KEY-=-
X = DON'T CARE

* *= -r ON BOTH

CLOCK INPUTS, OR

ON EITHER CLOCK

INPUT WITH THE

OTHER INPUT LOW

10178-2

10178
Rev K

Sheet 2 of 2



DESCRIPTION

ECL element 10195 is a hex, 2-input invert­
er/buffer. The pin 9 input is common to
all sections.

Each section acts as an inverter for its
second input when pin 9 is low, and as a
noninverting buffer for its second input
when pin 9 is high.

As shown by the truth table, the 10195
therefore performs the Exclusive OR func­
tion for low-active signals, and acts as an
Equivalence (identity) gate for high­
active signals.

NOTES

1. Element identification: none

2. Package pin configuration.

(A)

2 (Y)

(8)

3

4

13'

14

15

Veell

Vee 8

TRUTH
TABLE

A B Y

L L H

L H L

H L L

H H H

16 Vee2

9

10195

OR

(A)

10195 2 (Y)
xxx

(I)

3

4

13

14

15

LOGIC SYMBOL

10195
Rev. M
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DESCRIPTION

CMOS type 14411 is a bit-rate generator that
uses a crystal-controlled oscillator and a
frequency-divider network to produce a wide
range of output frequencies.

When pin 10 is high, the bit-rate outputs on
pins 1 through 11, and on pins 13 through
17, are determined by the state of the two
mode select inputs, pins 22 and 23. (Refer
to table on sheet 2.) .

ArL
I.S432MHz

4 ~g

.....----1
+2 4 IS

When pin 10 is low, the basic oscillator
frequency (1.8432 MHZ) appears at pin 19,
one-half that basic frequency appears at pin
18, and the other output pins are disabled.

For specific applications, the logic symbol
is often abbreviated as shown, with the
table reference omitted from the control
block.

NOTES:

1. Element identification: none

2. Package pin configuration

'9r24U Vdd

'2D,~V..
(GNO)

10

22.

23

BIT-RATE GEN
14411

XXXX
.......--------....... 15, (0/ 1/2/3)
1---...;....-------1 17

1-----------12

1-----------116

1-----------13

1-----------1 15

1-----------14

5
1-----------f7

~---------... 6

t-----------fS

t-----------f 14

t-------------t 13

t-----------fg

& SEE TABLE 12

OR (e. 0.)

14411-1

LOGIC SYMBOL

14411
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MODE SEL

2 1 MODE

0 () 0

0 1 1

& 1 0 2

1 1 3

OUTPUT OUTPUT RATES (Hz)
PIN * 0 1 2 3

9 75 600 1200 4800

13 109.9 879.4 1758.8 7035.5

14 134.5 1076.6 2153.3 8613.2

8 150 1200 2400 9600

6 200 1600 3200 12.8K

7 300 2400 4800 19.2K

5 600 4800 9600 38.4K

4 1200 9600 19.2K 76.BK

15 1800 14.4K 28.8K 115.2K

3 2400 19.2K 38.4K 153.6K

16 3600 28.8K 57.6K 230.4K

2 4800 38.4K 76.8K 307.2K

17 7200 57.6K 115.2K 460.8K

1 9600 76.8K 153.6K 614.4K

18 921. 6K

19 1.8432M

14411-2

14411
Rev M
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DESCRIPTION

The 74163 is a 4-bit synchronous binary
counter. Preset, reset, count, and ripp1e­
carry functions are all synchronized with
the rising edge of the clock (pin 2).

The 74163 may be preset to any value appear­
ing at the CD inputs by bringing the Load
input (pin 9) low. At the next rising edge
of the clock, the output data will agree
with the CD input data, regardless of the
condition of the Enable P and Enable T in­
puts.

For counting, Enable P and Enable T (pins 7
and 10) must both be high. Bringing pin 1
(Reset) low clears the counter at the next
clock pulse, regardless of the state of the
two Enable inputs.

The ripple-carry output is used when cascad­
ing counters for n-bitsynchronous opera­
tions.

High-to-low transitions on the Enable in­
puts should occur only when the clock is
high.

NOTES:

1. Element identification: 540

2. Package pin configuration

'lJ16VCC

8 9
GND

74163-1

(ENBL T)

(ENBL p)

(LOAD) 9

(CLOCK) 2

(RESET)

x ~y a
2

15

I
6 II

CO
5 CO 12

4 CO 13

3 CO
14

LOGIC SYMBOL

74163 '
Rev M
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CLOCK
2

9
LOAD

RESET
3

AO
(LS8)

14
D Q -<>A

C

Q

4
B

13
D Q B

DATA C
IN

DATA
Q OUT

5
C

12
D Q C

c

Q

6
D II

(MSB) D Q D

C

Q

15 RIPPLE
CARRY
OUTPUT

7
ENBL P

10
ENBL T

Figure 1. Logic Diagram

74163-2
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RESET

LOAD

DATA
IN

I l-J
I
I
I

r-------------------
I

,-------------------
I

IL _

IL _

CLOCK

II I I
I I

I i I
I I
I I

I
I I
I I II
I I
I I I
I I
I I I
I I
I n I
I 1

112 1'3 14 15 0 21

I 1 I

I ~ COUNT -I INHIBIT

PRESETRESET

RIPPLE-CARRY I
OUTPUT_--+I -+-_-+- _

I
I

I

ENBL T

ENBL P

DATA
OUT

Figure 2. Timing Diagram
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(OUTPUT READY)

(CLOCK OUT)

(INPUT READY)2

3

17

LOGIC SYMBOL

r CD GF 15 (I)

(2) CD GF
14 _ "'}DATA (3) CD GF 13 (3) DATA

IN 1_2__ (4) OUT
(4) CD GF

(5) CD GF II (5)

10

(OUTP ENBL)

(CLOCK IN)

(RESET)

(CLOCK A)

(CLOCK B)

The 745225 is a first-in-first-out (FIFO)
memory, organized as sixteen 5-bit words.
Data outputs are three-state. Word lengths
can be increased in multiples of 5 bits by
paralleling the circuits; the number of
words can be increased in mUltiples of 16
by cascading the circuits. Memory expan­
sion is possible using either or both of
these options.

Data is gated into the Last Word position
(word 16) of FIFO on the rising edge of
Clock A (pin 1) or Clock B (pin 19), pro­
vided that the other-clock (A or B) is held
high. Data will be accepted whenever IWPU~

~6adY (pin 2) is high, indicating that or
1S vacant. Once entered in Word 16, the

data ripples through FIFO until it reaches
the First Word position (Word 1), or until
it can't go any farther without bumping in­
to a word that is already present.

Data is read from the First Word position
by bringing Clock In (pin 16) high. If,
when pin 16 goes h1gh, the First Word posi­
tion contains data (Wd Cnt > 0), Output
~ea~y. (pin 17) will go high and will remain

19 until FIFO is completely empty. Out­
put Ready, therefore, indicates the pres­
ence of valid data.

DESCRIPTION

The Clock Out signal (pin 3) rises with
each gating input, and will stay high if
the input data so gated remains in the Last
Word position. This indicates that FIFO is
full and cannot accept more data. As soon
as a word is read from the First Word posi­
tion, any remaining words ripple down to
fill that just-vacated position. This
frees the Last Word position (assuming that
FIFO had previously been full), and Clock
Out returns to a low level.

The Reset input (pin 18) invalidates all
data stored in FIFO by clearing the control
logic and setting Output Ready to a low
level on the negative-going edge of the Re­
set pulse. The data outputs do not change
as a result of the Reset; however, Output
Ready being at a low level signifies inva­
lid data.

NOTES:

Data can be read from FIFO only when Output
Enable (pin 9) is low. Bringing pin 9 high
forces all five data outputs to the Hi-z
state, regardless of other considerations.

1. Element identification: none

2. Package pin configuration.

GND 10

74S225
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DESCRIPTION

1. Element identifier: none

NOTES:

A~L
AOO

X-v
16

8

4

2

MEM
(PROM)
745288

XXX
AF 9

AF 7

AF 6

AF 5

AF 4

AF 3

AF 2

AF 1

LOGIC SYMBOL

9

8
GND

Vee
16

2. Package pin configuration.

The 74S288 is a 256-bit (32 x 8) PROM with
three-state outputs. Typical access time
is 25 nanoseconds. Unprogrammed outputs
are at a low logic level and are programmed
high by burning out the titanium-tungsten
fuse link provided for each bit. Once pro­
grammed high, the bit cannot be repro­
grammed low. When the chip select input
(pin 15) is high, all outputs are in the
Hi-Z state.

74S288
Rev. M
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DESCRIPTION

The 75115 is a dual differential line re­
ceiver with open-collector outputs. Each
section has its own strobe input which,
when low, forces the output to a high lev­
el. Frequency response for each section is
controlled by the external capacitor (con­
nected to pin 4 or 12) to provide immunity
to noise spikes.

The outputs are similar to TTL totem-pole
outputs, but with the sink output and cor­
responding active pull-up terminal for each
section (see electrical schematic) avail­
able on adjacent pins.

NOTES:

1. Element identification: none

2. Package pin configuration

16
Vee

. ,
••

POSITIVE-LOGIC FUNCTION TABLE

Strobe Diff Input Output
3 (13) 5,7 (9,11) *

L X H
H L H
H H L

OR

~

LOGIC SYMBOL

FUNCTION TABLE KEY

H

L

x

*Measured with respect to
circuit ground.

Vr > VIH min or VrD more posi­
tive than VTH max.

Vi < VIL mayor VrD more nega­
tive than VTL max.

Don't care

75115-1

VI
VIH
VIL
VID
VTH

VTL

Strobe voltage
High-level strobe = 2.4 V min.
Low=level strobe = 0.4 V max.
Differential input voltage
Diff. input, high threshold

(+500 mY)
Diff. input, low threshold

(-500 mY)

75115
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DESCRIPTION

The 82Sl00 and 82S101 are 16 x 48 x 8 Field­
Programmable Logic Arrays (FPLA) that are
TTL-compatible. The 828100 has eight
three-state outputs; the 828101 provides
eight open-collector outputs. In both ar­
rays, the outputs are enabled when pin 19
goes LO.

These FPLAs have 48 input-AND gates, each
of which responds to the true or false
states of up to 16 inputs, depending upon
how the input matrix is programmed. Like­
wise, programming the output matrix allows
each of the eight OR (output) gates to be
activated by one or more of the 48 AND (in­
put) conditions.

Matrix programming consists of burning out
(blowing) the links, represented by each
pair of crossed lines in Figure 1, for un­
used inputs to the AND/OR gates. If a
"programmed" gate does not use all of its
inputs (AND=32 True, 32 False; OR=48), all
of the unused links must be blown. If a
gate is not used, however, all of its links
are left intact. This permits unused gates
to be programmed at some future time.

Figure 1 is a representative FPLA configur­
ation utilizing three input lines to pro­
vide outputs for the binary numbers 0
through 4. To simplify the presentation,
the Output Enable (pin 19) has been omit­
ted. Gate numbers are for illustration on­
ly. A truth table (such as that shown)
normally appears on the logic diagram. In
place of the table, the INPUT PRODUCT/SUM
TERM8 information or equivalent signal name
is displayed on the appropriate output line.
Note that the outputs can be programmed
active HI or active LO. Here, output 6 is
active LO, while outputs 0 through 5 are
active HI. Output 7, of course, is unused
in this particular example.

NOTES:

1. Vendor identification:

82Sl00 (3-state)
82Sl0l (open-collector)

2. Element identification: none

3. Package pin configuration

14 ..r-
15

GND

82Sl00/l0l-1

x__v
FPLA

825100
XXX

9
1

-_-!- 8
7

C 51 18

6
0

11
TI

5
E

16
UI --

-~F VI
15--

3
G WI

13

2
H

12
XI --

21 ~---J YI
26

K 11
10

25
L

24
M

23
N

22 P
21

Q
20

R
19 ...

FI

825100
(nIREE-STATE OUTPUTS)

X--Y
F'LA

825101

9
XXX

A..
B

7
C

II
51-

6
0 TI-

11

5
E

16
UI-

4
F VI-

15

3
G WI-

II

2
H XI- II

27 II
J YI-

26
K ~I-

10

25
L

2" M
23

N
22

P
21

Q
20

R
19 L

GI

825101
(OPEN-COLLECTOR OUTPUTS)

~

OUTPUTS PROGRAMMED ACTIVE­
LOW MUST BE FLAGGED

LOGIC SYMBOLS
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A B C D R
90 8 7 6 20

I I I I I

ritl~ rEb~ ~-a
0

:::::;=
a
I

fT
CD L:- CDa

3

ra
--- ---- -------- ------ ----~ - ---- ---- ---- ---- ---- ---- _..J

ra1

® ~ ®a
6

•
•

47

I DOTS IN THIS AREA REPRESENT INTACT I I I I I I I I
LINKS. ALL OTHER LINKS MUST BE BlOWN. 0 I 2 3 4 5 6 7

2 ALL LINKS IN THIS "UNUSED GATE
II

AREA MAY BE LEFT INTACT.

18 17 16 15 13 12 II 10

CD

®

zYxUT v W
441t-------OUTPUTS--------,...

S

TRUTH TABLE
INPUT PRODUCT/SUM TERMS OUTPUT / STATE

ABC S = HI

ABC T = HI

ABC U = HI

ABC V = HI

ABC W = HI

ABC + ABC + ABC X = HI

ABC + ABC y = LO
(UNUSED) Z = -

Figure 1. Sample FPLA Configuration
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DESCRIPTION

AF 9

AF 10

AF II

AF 12

A511

AOOO

64

2 32

3 16

4 8

7 4

6 2
5

14 256

15 128
I

Type 825131 is a bipolar, 2048-bit, pro­
grammable read only memory (PROM) arranged
in a 512 x 4 array. When the low-active
Enable (pin 13) is high, the three-state
outputs are forced to a high-impedance state.

NOTES:

The programming procedure is not reversible.
That is, once a bit is programmed high, it
cannot be returned to the low-output state.

When shipped by the vendor, the device is
completely unprogrammed -- that is, all 2048
bits produce a low output when selected.
Programming the bits high is a relatively
simple procedure that involves selecting an
address and raising each output pin to a
higher-than-normal Vcc while the Enable pin
is held high. This eliminates the need for
special programming equipment required by
other ROMs or PROMs.

1. Element identifier: none

2. Package pin configuration: LOGIC SYMBOL

lil.. .16Vee

8 . 9
GNO

825131

Rev. J

Sheet 1 of 1
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DESCRIPTION:

Element LM387N consists of two low-noise

preamplifiers in one package. The 387 will

operate satisfactorily over a wide range of

power supply voltages from 9 V to 20 V.

• Output vol tage swing: Vec -2 V. (p-p)

• Channel separation: 60 dB

NOTES:

1. Element identifier: none

2. Package pin configuration

108

2 7

GND 3 6 Vee

4 5

LM 387

+v

5

[>104 dB
4

387N
_2_N

XXX

8

5

_7_N

3

-=

LOGIC SYMBOL

LM387N
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DESCRIPTION

The TIL3l.l is a single-character hexadeci­
mal display with internal logic for storing
and decoding 4-bit binary data, and for
displaying same on a 4 x 7 LED matrix. An
internal constant-current source ensures
uniform intensity of the display (see func­
tional block diagram). This intensity can
then be varied, if desired, by pulse=modu­
lating the blanking input (pin 8), which
performs its blanking function when high.

Curent for the two externally driven deci­
mal point LEDs is not affected by TIL3ll
logic, and must be regulated by the off­
chip drivers.

A separate connection for the LED supply
(pin l) permits using a smaller regulated
(Vcc) supply. Or, pin 1 may be connected
directly to Vcc pin 14.

NOTES:

1. Element identifier: none
2. Package pin configuration.

IIJ·14YCC

7 . 8
GND

TIL3l1-1

(CLOCK)

(BLANKING INPUT)

ENCODED[DATA
INPUTS

12

13

2

3

4

10

+Y

4X7 DISPLAY
TIL 311

XXX

X-Y
CD 8

CD 4

CD 2

CD I

[L DEC PTJ

[R DEC PTJ

LOGIC SYMBOL
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DATA
INPUTS

4-BIT
LATCH

LATCH
STROBE

INPUT

DECODER
CONSTANT
CURRENT
DRIVER

BLANKING
INPUT

LEFT
DECIMAL
POINT

CATHODE

LEO
SUPPLY

RIGHT
DECIMAL
POINT

CATHODE

0 •• 0 000. ••• 0 ••• 0 .000 •••• 0 •• 0 ••••• • 0 • 0 • 0 • • • • 0 • 0 0 •• • 0 • 0 • 0 • • • • 0 • 0 0 •
• 00. 000 • 0 •• 0 0 ••• •••• • •• 0 ••• 0 000 •

• • 0 • • 0 0 • 0 • 0 • • • 0 •• • 0 • • 0 0 • 0 • 0 • • • 0 •
0 •• 0 000. •••• ••• 0 000. • •• 0 0 •• 0 000.

0 2 3 4 5 6 7

0 •• 0 0 •• 0 0 •• 0 ••• 0 D ••• ••• 0 •••• ••••• • • • • 18 • • .. 0 • • • 0 • 0

• • • • • • • • • 0 • • • 0 • 0
••• 0 D ••• •••• ••• 0 111000 .00 • ••• 0 ••• 0

• • 0 • • • • • • 0 • • • 0 • 0

• • 0 • • • • • • 0 • • • 0 • 0
0 •• 0 0 •• 0 .00. ••• 0 0 ••• ••• 0 •••• • 000
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APPENDIX A

GLOSSARY OF MICROCIRCUIT TERMINOLOGY

The following terminology is used in this manual to describe
microcircuit function and design.

base - (sYmbol B) The region that lies between an emitter and
a collector of a transistor, and into which minority
carriers are injected. It corresponds to the grid of
an electron tube.

chip - The shaped and processed semiconductor die that is
mounted on a substrate to form a transistor, diode, or
other semiconductor device.

clock - A source of accurately timed pulses, used for syn­
chronization in a digital computer or as a time base
in a transmission system.

clocked flip-flop - A flip-flop circuit (Which see) that is
triggered only if the data input and clock pulse are
present at the same time.

clock frequency - The master frequency of the periodic pulses
that schedule the operation of a digital computer.

clock rate - The rate at which bits or words are transferred
from one internal element of a computer to another.

collector - (symbol C) A semiconductor region through which
a primary flow of charge carriers leaves the base of
a transistor. The electrode or terminal connected to
this region is also called the collector, and corre­
sponds to the anode of an electron tube.

counter - A complete instrument for detecting, totalizing
and indicating a sequence of events.

counter circuit - A circuit that receives uniform pulses
representing units to be counted and produces a
voltage proportional to the total count.

83322440 K A-I



Darlington amplifier - A current amplifier consisting essen­
tially of two separate transistors, often mounted in
a single·· transistor housing. A Darlington amplifier
has the same terminations as a single transistor.

decoder - A matrix network in which a combination of inputs
produces a single output.

delay multivibrator - A monostable multivibrator that generates
an output pulse a predetermined time after it is trig­
gered by an input pulse.

demultiplexer - A device used to separate two or more signals
that were previously combined by a compatible multi­
plexer and transmitted over a single channel.

emitter - (symbol E) A transistor region from which charge
carries that are minority carriers in the base are
injected into the base. The emitter roughly corre­
sponds to the cathode of an electron tube.

emitter follower - A grounded-collector transistor amplifier
whose operation is similar to a cathode follower using
a vacuum tube.

flip-flop (FF) - A bistable (two-state) multivibrator, sCJJretines called an Eccles­
Jordan. circuit. There are four basic tyPes:

RS (Reset, set) - aSYnchronous (unclocked inputs)
D - type - sYnchronous (one clocked input)

J-K type - SYnchronous (two clocked inputs)
master/slave - sYnc.lrronous (usually two clocked inputs)

In all but the master/slave, outputs change as soon as a change is seen
at the inputs. The master/slave has two sets of circuits. The state
of the master circuit will track that of the data inputs as long as the
clock is active. At the roc:m:mt the clock goes inactive (trailing edge
of the clock signal), data from the master (input) circuit is transfer­
red to the stave (output) circuit.

SYnchronous FFs may be triggered (set/reset) by either the leading edge
of the clock pulse, or by its static level. In addition, aSYnchronous
inputs may be added that will override the trigger action of the clock.

When the output of a FF changes state, the action is called toggling.
J-K FFs are unique in that, if both the J and K inputs are active, the
outputs will toggle with each clock pulse.
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grounded-base connection - A transistor circuit in which the
base base electrode is common to both the input and output

circuits. The base need not be directly connected to
circuit ground. Also called common-base connection.

c

OUT OUT

GROUNDED
BASE

GROUNDED
EMITTER

GROlJNDED
COLLECTOR

grounded-collector connection - A transistor circuit in which
the collector electrode is common to both the input
and output circuits. The collector need not be directly
connected to circuit ground. Also called common­
collector connection.

grounded-emitter connection - A transistor circuit in which the
emitter electrode is common to both the input and output
circuits. The emitter need not be directly connected
to circuit ground. Also called common-emitter connec­
tion.

integrated circuit - An interconnected array of active and
passive elements integrated with a single semiconductor
substrate or deposited on the substrate by a continu­
ous series of compatible processes, and capable of per­
forming at least one complete electronic circuit
function. Normally, only the input, output, and supply
terminations are accessible. Also called monolithic
circuit and monolithic integrated circuit. When tran­
sistors or other discrete components are separately
mounted and connected, it is a hybrid integrated
circuit.
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microcircuit - Generic term for all types of microminiature
or microelectronic circuits, including hybrid micro­
circuits, integrated circuits, thin-film circuits,
and monolithic circuits.

microcircuitry - The complete assembly of microcircuits used
in a piece of electronic equipment. Also called micro­
electronic circuitry and microminiature circuitry.

microcircuit wafer - A microwafer containing one or more com­
plete operating microcircuits or stages.

monostable multivibrator - A multivibrator with one stable
and one unstable state. A trigger signal is required
to drive the unit into the unstable state, where it
remains for a predetermined time before returning to
the stable state. Also called one-shot multivibrator,
single-shot multivibrator,and start-stop multivibra­
tor.

multiplexer - A device for combining two or more signals.

multivibrator - A relaxation oscillator using two tubes, tran­
sistors, or other electron devices, with the output
of each coupled to the input of the other through
resistance-capacitance elements or other elements to
obtain in-phase feedback voltage. The fundamental
frequency is determined by the time constants of the
coupling elements and may be further controlled by an
external voltage. When such circuits are normally in
a nonoscillating state and a trigger signal is re­
quired to start a single cycle of operation, the
circuit is commonly called a one-shot multivibrator,
a flip-flop circuit, or a start-stop multivibrator.

reference voltage - Reference voltages are typically specified
with respect to ground. Unfortunately, there is no
industry standard for the various symbols that denote
these voltages. Meanwhile, the explanations below
hold for this manual, and are generally applicable.

VBB - (Bias) The bias voltage may be produced by an
external bias supply or generated internally
on each card (or within each IC package). In
the latter case, VBB is usually brought out to
a connecting pin so as to provide a uniform
bias to all applicable circuits.

VCC - (In bipolar (TTL,DTL}and ECL circuits, this
term indicates the most-positive supply voltage.
In EeL circuits, VCC is typically ground.
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VDD - (Drain) In CMOS circuits, this term is generally
used in place of VCC to indicate the most-positive
supply voltage. When CMOS is used in combination
with ECL, VDD is typically ground.

VEE - In ECL circuits, this term indicates the most­
negative supply voltage.

Vss - (Source) In CMOS circuits, this term indicates
the most-negative supply voltage. When CMOS is
used in conjunction with ECL, both VSS and VEE
may be used to identify the same (-5.2 V) supply
voltage. Often, however, the -5.2 V ECL supply
(VEE) may not offer sufficient potential to
gain the required speed from the CMOS circuits,
and a higher-potential supply (VSS) is necessary.
In such cases, VSS and VEE specify different
voltages.

reset - Clear.

reset pulse - 1. A drive pulse that tends to reset a magnetic
cell in the storage section of a digital computer.
2. A pulse used to reset an electronic counter to zero
or to some predetermined position.

Schmitt trigger - A bistable trigger circuit that converts an
a-c input signal into a square-wave output signal by
switching action, triggered at a predetermined point
in each positive and negative swing of the input sig­
nal.

shift - Displacement of an ordered set of characters one or
more places to the left or right in a digital computer.
If the characters are the digits of a numerical expres­
sion, a shift may be equivalent to multiplying by a
power of the base.

shift pulse - A drive pulse that initiates shifting of char­
acters in the register of a digital computer.

shift register - A computer circuit that converts a sequence
of input signals into a parallel binary number or
vice versa, by moving stored characters to the right
or left.
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transistor - (TRANSfer resISTOR) An active semiconductor
device having three or more electrodes. The three
main electrodes used are the emitter, collector, and
base.

P-N-P N-P-N

Conduction is by means of electrons and carriers or
holes. Germanium and silicon are the materials most
often used as the semiconductor material. Transistors
can perform practically all the functions of tubes,
including amplification and rectification.

transistor-transistor logic - A logic circuit containing two
transistors, for driving large output capacitances at
high speed.

triggering - Initiation of an action in a circuit, which then
functions for a predetermined time.

trigger circuit - 1. A circuit or network in which the output
changes abruptly with an infinitesimal change in input
at a predetermined operating point. Also called trig­
ger. 2. A circuit in which an action is initiated by
an input pulse, as in a radar modulator. 3. Flip­
flop circuit.

truth table - A table that describes a function by listing
all possible combinations of input values and indica­
tions for the output.

AND

B A C
L L L
l H L

H l l

H HIH

OR

B A C
l L L
L H H
H L H
H H H

NAND
B A C
L L H

L H H
H L H
H H L

Truth tables for three gating functions.
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