NG/

Solid State
Division

Microprocessor Products

CDP1802
CDP1802C
Types

Features:

40-Leaa Ceramic Package
CcDP1802D

CDP1802CD H-1891

40-Lead Plastic Package
CDP1802E
CDP1802CE

H-1892

The RCA-CDP1802 is an LS! COS/MOS
8-bit register-oriented central-processing unit
(CPU) designed for use as a general-putpose
computing or control element in a wide
range of stored-program systems or products.

The CDP1802 includes all of the circuits re-
quired for fetching, interpreting, and exe-
cuting instructions which have been stored
in standard types of memories. Extensive
input/output {1/0) control features are also
provided to facilitate system design.

The COSMAC architecture is designed with
emphasis on the total microcomputer sys-
tem as an integral entity so that systems
having maximum flexibility and minimum
cost can be realized. The COSMAC CPU
also provides a synchronous interface to
memories and external controllers for 1/0O
devices, and minimizes the cost of interface

COSMAC Microprocessor

& Typical instruction fetch-execute time of 2.5 or 3.75 us
atVpp =10 V; 5.0 or 7.5 us at VDD =5V

B Static silicon-gate CMOS circuitry — no minimum
clock frequency

& Operating temperature range: — 55 to +1259C (CDP1802D,
CDP1802CD); —40 to +85

= High noise immunity, wide operating-voltage range

® Single voltage supply

= Single-phase clock; optional on-chip ® TTL compatible

i crystal-controlled oscillator

i @ Simple control of reset, run, and pause

® 8-bit parallel organization with bidirectional data bus

= Any combination of standard RAM and ROM

® Memory addressing up to 65,536 bytes

® Flexible programmed 1/O mode

C (CDP1802E, CDP1802CE)
& Low power

# On-chip DMA

B Program interrupt mode

® Four 1/0 flag inputs directly tested by
branch instructions

® Programmable output port

B 91 easy-to-use instructions

# 16 x 16 matrix of registers for use as
multiple program counters, data
pointers, or data registers

controllers. Further, the 1/O interface is
capable of supporting devices operating in
polled, interrupt-driven, or direct memory-
access modes.

The CDP1802 and CDP1802C are function-
ally identical. They differ in that the CDP
1802 has a recommended operating voltage
range of 4-10.5 volts, and the CDP1802C, a
recommended operating voltage range of
4-6.5 volts. These types are supplied in 40-
lead dual-in-line ceramic packages (D-suffix),
and 40-ead dual-in-line plastic packages (E
suffix).
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Fig. 1 — Typical CDP1802 microprocessor system.
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‘ile No. 1023 CDP1802, CDP1802C

MAXIMUM RATINGS, Abso/ute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (VDD)

{Voltage referenced to VSSTerminal)

CDP1802. . . . . . . .« .« . . . . . . . —05to+11"
CDP1802C . . . . . . . « . . . oo . . . —-05t04+7"
INPUT VOLTAGE RANGE, ALLINPUTS . . . . . . . =051tV +05"
DC INPUT CURRENT, ANY ONE INPUT . . . ¥0m
POWER DISSIPATION PER PACKAGE (P.):
ForT,= —401to +60°C (PACKAGE TYPE E) . . e .« . . . . . .s00m
For T, = +60 to +85°C {PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 m'
ForT,= -5510 +100°C (PACKAGE TYPE D) . e .« . . . . . .500m
For L +100 to +125°C (PACKAGE TYPE D) Derate Linearly at 12 mW/° C to 200 m!
DEVICE DISSIPATION PER OUTPUT TRANSISTOR
For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . . . . 100m\
OPERATING-TEMPERATURE RANGE (T ):
PACKAGE TYPE D e e e e e e e e e e ey e e . =55 to +125°(
PACKAGETYPEE. . . . . . . . . « v v « v v v v« v . . . —401t0+85°(C
STORAGE TEMPERATURE RANGE (Tstg) —65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16% 1/32 inch (1.59 * 0.79 mm) from case for 10 s max. . . . . . . .+265°C

STATIC ELECTRICAL CHARACTERISTICS at Ta= —40 to +85°C, except as noted.

CONDITIONS LIMITS 1)
CHARAC- Vee, CDP1802D CDP1802CD ':'
TERISTIC VO VIN Vop CDP1802E CDP1802CE T
VM| v | v) [Min. | Typ.* | Max.| Min| Typ.* | Max.| S
Quiescent Device - - 5 - 0.01 50 - 0.02 | 200
Current, || — “ 10 = ] 2001 — — — KA
Output Low Drive
(Sink) Current,

loL 04| 05| 5 |1a] 22 | - |11} 22| -

(Except XTAL]" 05 [ 0,10 10 |22 | 44 | — - - — |mA

XTAL Output

'OL 0.4 5 5 75 150 - 75 150 — | A

Output High Drive
(Source) Current 4.6 0,5 5 |-0.27| -0.55 — 1-0.27] -0.55 —

IOH —_— mA
(Except XTAL) 95 {010 10 |]-055] -1.1 | — — — —
XTAL Output

loH 46| o| s |-38| -7 | - |-38|-15 | - |pA
Output Voltage - los| 5 |- o |oos| - o | 0.05
Low-Level
Vv - 0,10 0] - 0 0.05 - - -
oL
Output Voltage - | o5]| 5 |aes| 5 | - [a95] 5 [ - | V
High Level,
VOH - 0,10 10 19.95 10 - - - -
Input Low Volt- 0.5,4.5 - 5 - - 1.5 - - 15
age V“_ 05,45 - 1510 — - 1 - —_ 1
1,9 B I T — 3 — — — v
Input High Volt- |0545] — | 5 |35 = — 35| - -
age V 0545 — 510 4 - |- 3] = [ -
19 | - | 10 7 - 1 - | - - 1 =
Input Leakage Any 0,5 5 — +10™ +1 — | +10 ]| 1 A
Current 'IN Input | 0,170 { 10 - +10 | - - - K

"Typical values are for T , = 25°C.
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STATIC ELECTRICAL CHARACTERISTICS at T =—40 to +85°C, except as noted.

CONDITIONS LIMITS U
CHARAC- Vee CDP1802D CDP1802CD '}'
TERISTIC ! CDP1802E CDP1802CE
Vo | Vin|VpD T
(V) (V) | (V) [Min. | Typ.* | Max.| Min.| Typ.* | Max. S
3-State Output 0,5 0,5 5 | - +107¢ | +1 — | 107 | 1 uA
Lc:akage Current 010|010 10 | - +104 | +1 _ - -
ouT
Minimum Data
Van =V - 2 2.4 - 2 2.4 Y
Retention Volt- DD DR
age, VDR
Data Retention VDD =24V - 0.01 1 - 0.5 5 uA
Current, IDR

*Typical values are for T A= 25°C,

RECOMMENDED OPERATING CONDITIONS at T

For maximum reliability, nominal operating conditions should be selected
so that operation is always within the following ranges:

A= —40 to + 85° C Unless Otherwise Specified

CONDITIONS LIMITS
CHARACTERISTIC Vec! | Vop | cpP18ozp | CDP1802CD | ynits
(V) (V) CDP1802E | COP1802CE
Supply-Voltage Range — - 4 t0 10.5 4 to 6.5 \Y
Input Voltage Range - - Vggto Ve | Vgs to Ve \YJ
Maximum Clock Input Rise or
Fall Time, t,ortf 4-10.5/4—-10.5 1 1 us
5 5 6.4 6.4
Instruction Time2 5 10 5.1 — us
{See Fig. 8)
10 10 3.2 -
5 5 312 312
Maximum DMA Transfer Rate 5 10 390 - KBytes/sec
10 10 625 -
5 5 DC—-25 pbC-25
Maximum Clock Input Frequency, 5 10 DC — 3.1 — MHz
f 3 :
CLOCK 10 10 | DC— & -

NOTES:

1: V.SV ;for CDP1802C, V

DD

=V ¢
2. Equals 2 machine cycles — one Fetch ango

=5 volts.
ne Execute operation for all instructions except Long Branch and

Long Skip, which require 3 machine cycles — one Fetch and two Execute operations.

3. Load Capacitance (CL) =50 pF.
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Fig. 2 — Minimum output high (source) current

characteristics.
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Fig. 3 — Minimum output low (sink) current
characteristics.




File No. 1023 CDP1802, CDP1802C

400 AMBIENT TEMPERATURE (TA)=25'CM '; IH c AMBIENT TEMPERATURE (Ta)=25°C T
vy ’- i ':‘v1 e + tH ++-4- 444 - \»+-—14
il il f AT e ety
- v IRERELRERI THHA - HHETHRTT R 4-1» I'H
H : IRESE P 1 I b 84 ¥ dFHETH
[ E i &Ll e
T 4'50}—44— ] H T
= T + T T it ite M
~ g 25 o
H RESEEE=as a ne ' O/
= ~ + +
= shalssdsas w ool :
- 8
< S
- b4 as
) < 75
z pr}
= ° 2 o
[ . 2z _lgHEr
2 | S 59 ™~ f )
‘z‘ '<:t V\Q ) W i ’ "l \lcc' rﬁi
« Sasn Lt prerly
ad g 25 1 D‘g‘4”1b s SRRSO “lojvl
. -] 3 S NpD*
vee g Ve 1 S HEH
b TR HH T ] oo e HHHHHH
© 25 8 75 100 125 150 (75 200 SPEC_ O 50 100 150 200 gocs- 29598
LOAD CAPACITANCE (CL)— pF 925 - 29596 VALUE ALOAD CAPACITANCE (AC{ )— pF

NOTE: ANY OUTPUT EXCEPT XTAL

Fig. 4 — Typical transistion time vs. load Fig. 5 — Typical change in propagation delay as a

apaci 3 ! )
capacitance function of a change in load capacitance.
" o [TOOOs
p [0 CAPACITANCE (CL) 53;‘ B H €] AMBIENT TEMPERATURE (Tp)e25°C
H T r o
[ * >
") L T s T T o 2 3
£ . » H * %m LA
© T | T (gt ) N
! t 1 11 t K% € 1]
Z . ] — aReR " o 4 A
3 " 58335 [ cc"’oouov Z2 2
¢ H Py h -
woa - d1: 1 < 10
x ¢ isSauns a "%
8 1 3 6
=] et sum |5 2 4
o 3N t T I
z = Vec Vpp =5y G 2
z S
x 2 a '8
=z L, 6
zZ S ¢
% > 2
o -o.1
2,5 35 45 55 65 75 85 95 105 15 125 oo 2 ¢ sl el cee |
SPEC. AMBIENT TEMPERATURE (Ta)—"c ' CLOCK INPUT FREQUENCY {fc)—MHz
VALUE . 92cs- 29549
AT 50 oF 92¢5-29897 NOTES:

IOLE = “O0"AT M(OO0O) BRANCH =" 3707°AT M (8107) € * 50 pF
Fig. 7 — Typical power dissipation as a function of
clock frequency for BRANCH instruction
and IDLE instruction for COP1802.

Fig. 6 — Typical maximum clock frequency as a
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Fig. 8 — Required memory system address time as a function of instruction time.
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Voo Yec
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INPUTS OUTPUTS

e
Voo - .
N ] . hs
o -
vss s -
—— e

}

vss 92€5-29606

€:
TEST_ANY ONE INPUT WITH ALL OTHER
INPUTS AT “NOISE" VOLTAGE LEVELS.

Fig. 9 — Noise immunity test circuit.

Voo Vec

f

Voo . NOTE:

‘\,_@_, < MEASURE INPUTS
° SEQUENTIALLY

Vss - TO BOTH Vpp AND Vgs:
-] CONNECT ALL UNUSED
INPUTS TO EITHER
l Vop OR Vss°

Vss
92CS - 29608

Fig. 11 — Input leakage current test circuit.

Voo Vec
Voo (] A

INPUTS

Vgg  92cs-29607
Fig. 10 — Quiescent-device leakage current test circuit.

v?D Vee
OUTPUTS
—a
. Voo
- : [}
3-STATE Vss
\TE S
OUTPUTS NOTE:
OISABLED MEASURE OUTPUTS
SEQUENTIALLY.
FORCE DEVICE CONNECT ALL UNUSED
[mro OMA OUT] INPUTS TO Vpp OR Vss.
STATE 92CS - 29609

Fig. 12 — Three-state output leakage (data bus)test circuit.
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WRITE CYCLE) ] Lo I | |

d
/; tpLH M T t :
DATA FROM PLH!PHi -
XN T — Y
. T
STATE 1PLH: T { T T &
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(x/0 tPLM —— N
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R ///////////AI(//////////*////////////////////////X-—*%@

SAMPLED (S), 52,53}

WA | 1
REQUEST | INTERRUPT
| ! SAMPLED (S1,52) '
INTERRUPT i
REQUEST FLAG LINES \!sul 'H |/
SAMPLED (IN SI) H
F -4 ETNIY I !
l |

ANY NEGATIVE
tsu TRANSITION

CLEAR \ 'w [
NOTES:

92CL-29599R1

). THIS TIMING DIAGRAM 1S USED TO SHOW SIGNAL RELATIONSHIPS 3. SHADED AREAS INDICATE "DON'T CARE " OR UNDEFINED STATE;

ONLY AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE
2. ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE

WAVEFORMS

MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD

Fig. 13 — Timing waveforms.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = —40 to +85°C, Cy = 50 pF,

Vpp +5%, except as noted.

CDP1802, CDP1802C

CHARACTERISTIC

Vee

LIMITS

Voo UNITS
{Vv) (v) Typ.® | Max.
Propagation Delay Time, tPLH, tpHL: 5 5 300 450
Clock to TPA, TPB 5 10 250 350 ns
10 10 150 200
5 5 900 |1350
Clock-to-Memory High-Address Byte 5 10 500 750 ns
10 10 400 600
5 5 350 500
Clock-to-Memory Low-Address Byte 5 10 250 375 ns
10 10 150 250
5 5 300 450
Clock to MRD, tpLH 5 10 250 350 ns
10 10 150 200
5 5 300 450
Clock to MRD, tpy 5 10 [ 250 | 350 | ns
10 10 150 200
5 5 300 450
Clock to MWR, tPLH, thHL 5 10 250 350 ns
10 10 150 200
5 5 450 650
Clock to {CPU DATA to BUS) 5 10 350 450 ns
10 10 200 300
5 5 500 750
Clock to State Code 5 10 350 450 ns
10 10 250 300
5 5 350 550
Clock to Q 5 10 250 400 ns
10 10 150 250
5 5 550 800
Clock to N(0-2), tpLH 5 10 350 500 ns
10 10 250 350
Minimum Setup and Hold Times, tSU, tyY 5 5 -30 0
Data Set Up 5 10 -25 10
10 10 -10 20 ns
5 5 200 300
Data Hold 5 10 125 200
10 10 100 150
5 5 -75 0
DMA Setup 5 10 | -50 0
10 10 -25 0 ns
5 5 150 250
DMA Hold 5 10 | 100 | 200
10 10 75 125

o Typical values are for TA = 25°C and nominal V

V¥Maximum limits of minimum characteristics are the values above which all devices function.

DD.




CDP1802, CDP1802C File No. 1023

DYNAMIC ELECTRICAL CHARACTERISTICS (cont'd)

CHARACTERISTIC LIMITS
Vee Vpp UNITS
(v) | (V) Typ. | Max.
Minimum Setup and Hold Times, tSU, tyv 5 5 _75 0
Interrupt Setup 5 10 -50 0
10 10 -25 0 ns
5 5 150 250
interrupt Hold 5 10 100 200
10 10 75 125
5 5 -15 0
WAIT Setup 5| 10| -25 25 [ ns
10 10 0 50
5 5 -30 ]
EF1-4 Setup 5{ 10| -20 0
10 10 -10 0 ns
5 5 150 250
EF1-4 Hold 5| 10| 100 | 200
10 10 75 125
Minimum Pulse Width, tWLv 5 5 300 600
CLEAR Pulse Width 5 10 200 400 ns
10 10 150 300
5 5 150 200
CLOCK Puise Width, twi 5 10 120 160 ns
10 10 75 100
Typical Total Power Dissipation f=2MHz 5 5 4 - mW
tdle “"00” at M(0000), C_=50pF f=4 MHz 10 10 30 -
Eff:ct:ve Input Capacitance, CIN . _ o
ny Input
Effective 3-State Terminal Capacitance
DATA BUS 76 | — | pF

#Typical values are for T, = 25°C and nominal Voo
¥ Maximum limits of minimum characteristics are the values above which all devices function.

TIMING SPECIFICATIONS as a function of T (T=1/f; ock) at T4 = —40 to +85°C.

CHARACTERISTIC LIMITS
Vee| Voo UNITS
(Vi) | (V) Min.| Typ.®
High-Order Memory-Address Byte 5 5 |12T-800]2T-600
Setup to TPA Time, tg 5| 10 |2T-635(2T-475
10 10 |2T-400|2T7-300
High-Order Memory-Address Byte 5 5 |T/2+0 | T/2+30
Hold after TPA Time, t, 5 10 |[T/2+0 |T/2+20
. 10 10 |T/2+0 {T/2+10
Low-Order Memory-Address Byte 5 5 |T+0 T+30 ns
Hold after WR Time, ty 5 10 |T+0 T+20
10 10 |T+0 T+10
CPU Data to Bus Hold 5 5 |T+25 [T+120
after WR Time, ty 5 10 |T+10 |T+75
10 10 |T+0 T+50

eTypical values are for T , = 25°C.
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ARCHITECTURE

The COSMAC block diagram is shown in
Fig. 14. The principal feature of this system is
a register array (R) consisting of sixteen 16-
bit scratchpad registers. Individual registers
in the array (R) are designated (selected) by a
4-bit binary code from one of the 4-bit
registers labeled N, P, and X. The contents of
any register can be directed to any one of the
following three paths:

1. the external memory (multiplexed,
higher-order byte first, on to 8 memory
address lines);

2. the D register (either of the two bytes
can be gated to D);

3. the increment/decrement circuit where
it is increased or decreased by one and
stored back in the selected 16-bit
register.

The three paths, depending on the nature of
the instruction, may operate independently
or in various combinations in the same
machine cycle.

With two exceptions, COSMAC instructions
consist of two 8-clock-pulse machine cycles.
The first cycle is the fetch cycle, and the
second—and third, if necessary—are execute
cycles. During the fetch cycle the four bits
in the P designator select one of the 16 regis-
ters R{P) as the current program counter. The
selected register R(P) contains the address of
the memory location from which the instruc-

CONTRO\.

170 FLAGS

CDP1802, CDP1802C

tion is to be fetched. When the instruction is
read out from the memory, the higher-order
4 bits of the instruction byte are loaded into
the 1 register and the lower-order 4 bits into
the N register. The content of the program
counter is automatically incremented by one
so that R(P) is now "pointing’’ to the next
byte in the memory.

The X designator selects one of the 16 regis-
ters R{X) to “point’’ to the memory for an
operand (or data) in certain ALU or 1/O
operations.

The N designator can perform the following
five functions depending on the type of
instruction fetched:

1. designate one of the 16 registers in R
to be acted upon during register opera-
tions;

2. indicate to the 1/O devices a command
code or device-selection code for peri-
pherals;

3. indicate the specific operation to be
executed during the ALU instructions,
types of tests to be performed during
the Branch instructions, or the specific
operation required in a class of mis-
cellaneous instructions (70-73 and 78-
78);

. indicate the value to be loaded into P
to designate a new register to be used
as the program counter R(P);

i

STATE
1/0 REQUESTS CODES

MEMORY ADDRESS LINES

M%

WAIT

’;
[]]

?%"“”“%@f

\1

wEiTiw

i o

CONTROL LOGIC -Gt
TPB L TIMING
7)NRD
————(DnN2
el ! (8) N 1/0
A L+ @wi [CcOMMANDS
1s)
N ——®
(4) NO
RO)_{ [RI01.0 %
RON.T]R(D.0] "aamAr
géf:g’ R(Z').I R2.9 47016
! IT LINE
we R(9). 1]R(9).0) “
(’
R L [Rao DECODER <: “
RIE). 1 [R{E).O <:> R
RiF). || R(FI0 -m () @/
— E
060 ‘ (8)
D ALY
BUSH )
"‘(52 (:) ¢Z
C— Dvee—®
s@: [ voo—@
vss
BUS 4 BIDJRECTIONAL s
DATA BUS
8UsS 5
BUS 6 92CL-27438R2
BUS 7

Fig. 14 — CDP1802 block diagram.
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5. indicate the value to be loaded into X
to designate a new register to be used
as data pointer R{X).

The registers in R can be assigned by a pro-
grammer in three different ways: as program
counters, as data pointers, or as scratchpad
locations (data registers) to hold two bytes
of data.

Program Counters

Any register can be the main program
counter; the address of the selected register
is held in the P designator. Other registers in
R can be used as subroutine program counters.
By a single instruction the contents of the P
register can be changed to effect a “call”’ to a
subroutine. When interrupts are being ser-
viced, register R{1) is used as the program
counter for the user’s interrupt servicing rou-
tine. After reset, and during a DMA oper-
ation, R (O) is used as the program counter.
At all other times the register designated as
program counter is at the discretion of the
user.

Data Pointers

The registers in R may be used as data
pointers to indicate a location in memory.
The register designated by X (i.e., R(X))
points to memory for the following instruc-
tions (see Table 1):

ALU operations F1-F5,6F7,74,75,77;
output instructions 61 through 67;
input instructions 69 through 6F;
certain miscellaneous instructions—70-
73, 78.60, FO.

The register designated by N {i.e., R(N}}
points to memory for the ““load D from
memory’’ instructions ON and 4N and the
““Store D" instruction BN. The register
designated by P (i.e., the program counter) is
used as the data pointer for ALU instructions
F8-FD, FF, 7C, 7D, 7F. During these instruc-
tion executions, the operation is referred to
as ‘‘data immediate”.

Another important use of R as a data pointer
supports the built-in Direct-Memory-Access
(DMA) function. When a DMA-In or DMA-
Out request is received, one machine cycle is
“stolen’’. This operation occurs at the end of
the execute machine cycle in the current
instruction. Register R(0) is always used as
the data pointer during the DMA operation.
The data is read from (DMA-QOut) or written
into (DMA-In) the memory location pointed
to by the R(0) register. At the end of the trans-

bl i i

fer, R(0) is incremented by one so that the
processor is ready to act upon the next DMA
byte transfer request. This feature in the
COSMAC architecture saves a substantial
amount of logic when fast exchanges of
blocks of data are required, such as with
magnetic discs or during CRT-display-refresh
cycles.

A program load facility, using the DMA-In
channel, is provided to enable users to load
programs into the memory. This facility pro-
vides a simple, one-step means for initially
entering programs into the microprocessor
system and eliminates the requirement for
specialized “’bootstrap’” ROM’s.

Data Registers

When registers in R are used to store bytes of
data, four instructions are provided which
allow D to receive from or write into either
the higher-order- or lower-order-byte portions
of the register designated by N. By this
mechanism (together with loading by data
immediate) program pointer and data pointer
designations are initialized. Also, this tech-
nique allows scratchpad registers in R to be
used to hold general data. By employing
increment or decrement instructions, such
registers may be used as loop counters.

The Q Flip Flop

An internal flip flop, Q, can be set or reset by
instruction and can be sensed by conditional
branch instructions. The output of Q is also
available as a microprocessor output.

Interrupt Servicing

Register R(1) is always used as the program
counter whenever interrupt servicing is ini-
tiated. When an interrupt request comes in
and the interrupt is allowed by the program
(again, nothing takes place until the comple-
tion of the current instruction) the contents
of the X and P registers are stored in the
temporary register T, and X and P are set to
new values; hex digit 2 in X and hex digit 1
in P. Interrupt enable is automatically de-
activated to inhibit further interruptions. The
user’s interrupt routine is now in control; the
contents of T may be saved by means of a
single instruction (78) in the memory location
pointed to by R {X). At the conclusion of the
interrupt, the user's routine may restore the
pre-interrupted value of X and P with a single
instruction (70 or 71). The interrupt-enable
flip-flop can be activated to permit further
interrupts or can be disabled to prevent them.

COSMAC Register Summary

D 8 Bits| Data Register {Accumulator)| | N | 4 Bits | Holds Low-Order Instr. Digit
DF 1 Bit | Data Flag {(ALU Carry) I | 4 Bits | Holds High-Order Instr. Digit
R | 16 Bits| 1 of 16 Scratchpad Registers] | T | 8 Bits | Holds old X, P after Interrupt
P 4 Bits| Designates which register is (X is high nybble)

Program Counter IE | 1 Bit Interrupt Enable
X 4 Bits Dlgj?angtoei;\:;?lch register is 1Bit Output Flip Flop
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INSTRUCTION SET

The COSMAC instruction summary is given
in Table |. Hexadecimal notation is used to

refer to the 4-bit binary codes.

In all registers bits are numbered from the
teast significant bit {(LSB) to the most signi-

ficant bit (MSB) starting with 0.

R{(W): Register designated by W, where

R(W).0: Lower-order byte of R(W)
R{W).1: Higher-order byte of R(W)
Operation Notation

M(R(N)) »D; R(N) + 1 >R(N)

This notation means: The memory byte
pointed to by R(N) is loaded into D, and

W=N or X, or P R(N) is incremented by 1.
TABLE | — INSTRUCTION SUMMARY
{For Notes, see page 13)
opP
INSTRUCTION MNEMONIC | CODE OPERATION
MEMORY REFERENCE
LOAD VIAN LDN ON M(R(N))>D; FORNNOTO
LOAD ADVANCE LDA 4N M(R(N)) > D; R(N) +1 > R(N)
LOAD VIA X LDX FO M(R(X))>D
LOAD VIA X AND ADVANCE | LDXA 72 M(R(X)} > D; R(X) +1 > R(X)
LOAD IMMEDIATE LD! F8 M(R(P)}> D; R(P) +1> R(P)
STORE VIAN STR 5N D+ M(R(N))
STORE VIA X AND STXD 73 D > M(R(X)}); R(X) —1> R(X)
DECREMENT
REGISTER OPERATIONS
INCREMENT REG N INC N R(N) +1 > R(N)
DECREMENT REG N DEC 2N R(N) —1 > R(N)
INCREMENT REG X IRX 60 R(X) +1 > R(X)
GET LOWREGN GLO 8N R(N).O>D
PUT LOW REG N PLO AN D> R(N).0
GET HIGH REG N GHI 9N R(N).1>D
PUT HIGH REG N - PH!I BN D > R(N).1
LOGIC OPERATIONS
L OR FT— [M{R(X) ORD>D
OR IMMEDIATE ORI F9 M(R(P)) OR D> D: R(P) +1 > R(P)
EXCLUSIVE OR XOR F3 M(R(X)) XORD>D
EXCLUSIVE OR IMMEDIATE XRl FB M{(R{P)) XOR D> D; R{P) +1> R(P)
AND AND F2 M(R(X)) ANDD~>D
AND IMMEDIATE ANI FA M(R(P)) AND D » D; R{(P) +1 > R(P)
SHIFT RIGHT SHR F6 SHIFT D RIGHT, LSB(D)>DF,
0>MSB(D)
SHIFT RIGHT WITH SHRC 76¢ SHIFT D RIGHT, LSB(D}>DF,
CARRY % DF>MSB(D)
RING SHIFT RIGHT RSHR
SHIFT LEFT SHL FE SHIFT D LEFT, MSB(D)>DF,
0>LSB(D)
SHIFT LEFT WITH SHLC 7e¢ SHIFT D LEFT, MSB(D)>DF,
CARRY DF>LSB(D)
RING SHIFT LEFT RSHL

ONOTE: THIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE
MNEMONIC. EACH MNEMONIC IS INDIVIDUALLY LISTED.
®ONOTE: THE ARITHMETIC OPERATIONS AND THE SHIFT INSTRUCTIONS
ARE THE ONLY INSTRUCTIONS THAT CAN ALTER THE DF.

AFTER AN ADD INSTRUCTION:

DF = 1 DENQTES A CARRY HAS OCCURRED

DF = 0 DENOTES A CARRY HAS NOT OCCURRED

AFTER A SUBTRACT INSTRUCTION:
DF = 1 DENOTES NO BORROW. D IS A TRUE POSITIVE NUMBER
DF = 0 DENOTES A BORROW. D IS TWO’S COMPLEMENT
THE SYNTAX “~(NOT OF)”” DENOTES THE SUBTRACTION OF THE BORROW

-10-
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TABLE | — INSTRUCTION SUMMARY (CONT’D)
oP
INSTRUCTION vasmomc CODE OPERATION
ARITHMETIC OPERATIONS®®
ADD ADD F4 M(R(X)) + D> DF, D
ADD IMMEDIATE ADI FC M(R(P)) + D > DF, D; R(P) +1> R(P)
ADD WITH CARRY ADC 74 M(R(X)) + D + DF > DF, D
ADD WITH CARRY, ADC! 7C M(R(P)) + D + DF > DF, D
IMMEDIATE R(P) +1+ R(P)
SUBTRACT D SD F5 M{(R(X)) — D> DF,D
SUBTRACT D IMMEDIATE SDI FD M(R(P)) — D > DF, D; R(P) +1 > R(P)
SUBTRACT D WITH SDB 75 M(R(X)) — D — (NOT DF) > DF, D
BORROW
SUBTRACT D WITH SDBI 7D M(R(P)) — D — (NOT DF) > DF, D;
BORROW, IMMEDIATE R(P) +1> R(P)
SUBTRACT MEMORY SM F7 D — M(R(X)) > DF, D
SUBTRACT MEMORY SMI FF D — M{R(P)) > DF, D;
IMMEDIATE R(P) +1+ R(P)
SUBTRACT MEMORY WITH SMB 77 D — M(R(X)) — (NOT DF) > DF, D
BORROW
SUBTRACT MEMORY WITH SMBI 7F D — M(R(P)) — (NOT DF)» DF, D
BORROW, IMMEDIATE R(P) +1> R(P)
BRANCH INSTRUCTIONS—SHORT BRANCH
SHORT BRANCH BR 30 M(R(P)) > R(P).0
NO SHORT BRANCH NBR 38* | R(P) +1> R(P)
(SEE SKP)
SHORT BRANCH IF D=0 BZ 32 IF D=0, M(R(P)) > R(P).0
ELSE R(P) +1> R(P)
SHORT BRANCH IF BNZ 3A IF D NOT 0, M{R(P)} > R(P).0
D NOT O ELSE R(P) +1 > R(P)
SHORT BRANCH IF DF=1 BDF ? 33* | IF DF=1, M{(R(P)) > R(P).0
SHORT BRANCH IF POS 8PZ ELSE R(P) +1 > R(P)
OR ZERO
SHORT BRANCH IF EQUAL BGE S
OR GREATER
SHORT BRANCH IF DF=0 BNF 38* | IF DF=0, M(R(P)) > R(P).0
SHORT BRANCH IF MINUS 8M ELSE R(P) +1> R(P)
SHORT BRANCH IF LESS BL
SHORT BRANCH IF Q=1 BQ 31 IF Q=1, M(R{P)) > R(P).0
ELSE R(P) +1 > R(P)
SHORT BRANCH IF Q=0 BNQ 39 IF Q=0, M(R(P)) > R(P).0
ELSE R(P) +1> R(P)
SHORT BRANCH IF EF1=1 B1 34 IF EF1=1, M(R(P))> R(P).0
(EF1 = Vss) ELSE R(P) +1 > R(P)
SHORT BRANCH IF EF 1=0 BN1 3C IF EF1=0, M(R(P)) > R(P).0
(EF1 = Vcoe) ELSE R(P) +1> R(P)
SHORT BRANCH IF EF2=1 B2 35 IF EF2=1, M(R(P)) > R(P).0
(EF2 = Vss) ELSE R(P) +1 > R(P)
SHORT BRANCH IF EF2=0 BN2 3D IF EF2=0, M(R(P)) > R(P).0
(EF2=vcoe) ELSE R(P) +1> R(P)
SHORT BRANCH IF EF3=1 B3 36 IF EF3=1, M(R(P)) > R(P).0
(EF3 = Vss) ELSE R(P) +1 > R(P)
SHORT BRANCH IF EF3=0 BN3 3E IF EF3=0, M(R(P)) > R(P).0
(EF3=Vvce) ELSE R(P) +1 > R(P)
SHORT BRANCH IF EF4=1 B4 37 IF EF4=1, M(R(P)) > R(P).0
(EF4 = VsS) ELSE R(P) +1 > R(P)
SHORT BRANCH IF EF4=0 BN4 3F IF EF4=0, M{R(P))> R(P).0
(EF4 = Vce) ELSE R(P) +1> R(P)

O®NOTE: THIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE
MNEMONIC. EACH MNEMONIC IS INDIVIDUALLY LISTED.

SONOTE:

THE ARITHMETIC OPERATIONS AND THE SHIFT INSTRUCTIONS

ARE THE ONLY INSTRUCTIONS THAT CAN ALTER THE DF.

AFTER AN ADD INSTRUCTION:
DF = 1 DENOTES A CARRY HAS
DF =0 DENOTES A CARRY HAS

OCCURRED
NOT OCCURRED

AFTER A SUBTRACT INSTRUCTION:

DF =1 DENOTES NO BORROW. D IS A TRUE POSITIVE NUMBER

DOF =0 DENOTES A BORROW. D IS TWO’S COMPLEMENT
THE SYNTAX “~(NOT DF}* DENOTES 1HE SUBTRACTION OF THE BORROW

-11-
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TABLE | — INSTRUCTION SUMMARY {CONT’D)

oP
INSTRUCTION MNEMONIC | CODE OPERATION
BRANCH INSTRUCTIONS—LONG BRANCH
LONG BRANCH LBR co M(R(P)) > R(P).1
M(R(P) +1) > R(P).0
NO LONG BRANCH NLBR cs® | R(P)+2> R(P)
(SEE LSKP)
LONG BRANCH IF D=0 LBZ c2 IF D=0, M{R(P)) > R(P).1
M(R(P) +1) > R(P).0
ELSE R(P) +2+ R(P)
LONG BRANCH {F D NOT 0 LBNZ CA IF D NOT 0, M(R{P)} > R{P}.1
M(R(P) +1} > R(P).0
ELSE R{P) +2~> R(P)
LONG BRANCH IF DF=1 LBDF Cc3 IF DF=1, M(R(P)}> R(P).1
M(R(P) +1) > R(P).0
ELSE R(P) +2+ R(P)
LONG BRANCH IF DF=0 LBNF CB IF DF=0, M{R(P))> R(P).1
M(R(P) +1}> R(P).0
ELSE R(P) +2> R(P)
LONG BRANCH IF Q=1 LBQ Ct IF Q=1, M(R(P))> R(P).1
M(R(P) +1) > R(P).0
ELSE R(P) +2> R(P)
LONG BRANCH IF Q=0 LBNQ c9 IF Q=0, M(R{P)) > R{P).1
M(R(P) +1) > R(P).0
ELSE R{P) +2> R(P)
SKIP INSTRUCTIONS
SHORT SKIP SKP 38" R(P) +1+ R(P)
{SEE NBR)
LONG SKIP LSKP cg? R(P) +2+ R(P)
(SEE NLBR)
LONG SKIP IF D=0 LSZ CE IF D=0, R{P) +2+ R(P)
ELSE CONTINUE
LONG SKIP IF D NOT 0 LSNZ cé IF D NOTDO, R(P) +2 > R(P)
ELSE CONTINUE
LONG SKIP IF DF=1 LSDF CF IF DF=1, R{P) +2+> R(P)
ELSE CONTINUE
LONG SKIP IF DF=0 LSNF c7 IF DF=0, R(P) +2 > R(P)
ELSE CONTINUE
LONG SKIP IF Q=1 LSQ cD IF Q=1, R(P) +2> R(P)
ELSE CONTINUE
LONG SKIP IF Q=0 LSNQ c5 IF Q=0, R(P) +2»> R(P)
ELSE CONTINUE
LONG SKIP IF |E=1 LSIE cC IF 1E=1,R(P) +2> R(P)
ELSE CONTINUE
CONTROL INSTRUCTIONS
IDLE iDL 00% WAIT FOR DMA OR
INTERRUPT; M(R(0) > BUS
NO OPERATION NOP ca CONTINUE
SET P SEP DN N>P
SET X SEX EN N> X
SET Q SEQ 78 1>Q
RESET Q REQ 7A 0+Q
SAVE SAV 78 T> M(R{X))
PUSH X,P TO STACK MARK 79 (X,P)> T; (X,P)>M(R(2))
THEN P> X; R(2)-1~> R(2)
RETURN RET 70 M(ngxn > (X,P): R{X) +1+ R(X)
1>
DISABLE DIS 71 M(R(X)) > (X,P); R(X) +1+ R(X)

0> 1E

#An idle instruction initiates a repeating S1 cycle. The processor will continue to idle

until an 1/O request {INTERRUPT, DMA-IN, or DMA-QUT) is activated. When the
request is acknowledged, the IDLE cycle is terminated and the /O request is serviced,
and then normal operation is resumed.

ONOTE: THIS INSTRUCTION IS ASSOCIATED WITH MORE THAYN ONE
MNEMONIC. EACH MNEMONIC IS INDIVIDUALLY LISTED.

-12-
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TABLE | — INSTRUCTION SUMMARY (CONT'D)

File No. 1023

(0] 4
INSTRUCTION MNEMONIC | CODE OPERATION

INPUT-OUTPUT BYTE TRANSFER

OUTPUT 1 OuT 1 61 M(R(X))}>*BUS; R(X) +1>R(X); NLINES =1
OUTPUT 2 ouT 2 62 M(R(X))*BUS; R(X) +1>R(X); NLINES=2
OUTPUT 3 ouT 3 63 M(R{X})>BUS; R(X) +1>R(X); NLINES=3
OUTPUT 4 OuUT 4 64 M{(R({X))»BUS; R{X) +1>R(X); NLINES =4
OUTPUT 5 OuUT 5 65 M(R{X))>BUS; R(X) +1>R{X); NLINES=5
OUTPUT 6 OuUT 6 66 M(R(X))>BUS; R{X) +1>R(X); NLINES=6
OUTPUT 7 ouT 7 67 M(R(X))»BUS; R(X} +1>R(X); NLINES=7
INPUT 1 INP 1 69 BUS*M(R(X)); BUS>D; N LINES = 1

INPUT 2 INP 2 6A BUS*M(R(X)); BUS*D; N LINES = 2

INPUT 3 INP 3 6B BUS>M(R(X)); BUS>D; N LINES = 3

INPUT 4 INP 4 6C BUS*M(R(X)); BUS>D; N LINES = 4

INPUT 5 INP 5 6D BUS>M(R(X)); BUS>D; N LINES =5

INPUT 6 INP 6 6E BUS>M(R(X)}; BUS>D; N LINES = 6

INPUT 7 INP 7 6F BUS*M(R(X)); BUS>D; N LINES = 7

1.

Long-Branch, Long-Skip and No Op instructions are the only instructions that require
three cycles to complete (1 fetch + 2 execute).

Long-Branch instructions are three bytes long. The first byte specifies the condition to
be tested; and the second and third byte, the branching address.
The long-branch instructions can:

a) Branch unconditionally

b) Test for D=0 or D#0

c) Test for DF=0 or DF=1

d) Test for Q=0 or Q=1

e) effect an unconditional no branch

If the tested condition is met, then branching takes place; the branching address bytes
are loaded in the high-and-low-order bytes of the current program counter, respectively.
This operation effects a branch to any memory location.

If the tested condition is not met, the branching address bytes are skipped over, and
the next instruction in sequence is fetched and executed. This operation is taken for
the case of unconditional no branch {(NLBR).

The short-branch instructions are two bytes long. The first byte specifies the
condition to be tested, and the second specifies the branching address.
The short-branch instructions can:

a) Branch unconditionally

b) Test for D=0 or DF#0

c) Test for DF=0 or DF=1

d) Test for Q=0 or Q=1

e) Test the status (1 or 0) of the four EF flags

f) Effect an unconditional no branch

if the tested condition is met, then branching takes place; the branching address byte
is loaded into the low-order byte position of the current program counter. This effects
a branch with the current 256-byte page of the memory, i.e., the page which holds the
branching address. |f the tested condition is not met, the branching address byte is
skipped over, and the next instruction in sequence is fetched and executed. This same
action is taken in the case of unconditional no branch (NBR)

The skip instructions are one byte long. There is one Unconditional Short-Skip (SKP)
and eight Long-Skip instructions.
The Unconditional Short-Skip instruction takes 2 cycles to complete (1 fetch + 1 execute).
Its action is to skip over the byte following it. Then the next instruction in sequence is
fetched and executed. This SKP instruction is identical to the unconditional no-branch
instruction (NBR) except that the skipped-over byte is not considered part of the program.
The Long-Skip instructions take three cycles to complete (1 fetch + 2 execute).
They can:

a) Skip unconditionally

b} Test for D=0 or D#0 d) Test for Q=0 or Q=1

c) Test for DF=0 or DF=1 e) Test for |E=1

If the tested condition is met, then Long Skip takes place; the current program counter

is incremented twice. Thus two bytes are skipped over and the next instruction in sequence
is fetched and executed. |f the tested condition is not met, then no action is taken.
Execution is continued by fetching the next instruction in sequence.

-13-
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TERMINAL ASSIGNMENT

SIGNAL NAME SIGNAL NAME.
— , CLOCK ] a0l— Vpp
controL [ WAIT 2 39— XTAaL  —»
— | ctEar 3 38— DMAT 1/0
— Q 4 37— DMA DU REQUESTS
T sc1 5 36— INTERRUPT
CODES
sco—{ 6 B—FWR
-— MRD 7 34— TPA J_ PULSEs
BUS 7 8 33— TPB) —
BUS 6 —; 9 32(— ma7
BUS 5 —10 31— mae
pata | BUs 4 —i 11 30— mas
8US 7| BUS 3 —i 12 29— MA4 | MEMORY
«» [BUS2 —i3 28— mA3 | ADDRESS
BUS | — 14 27— ma2 ’
leuso—s 26— Mmal
vee  —18 25— MAO
vo N2 — 17 24— EFT
COMMANDS N —]i8 p—EFZ | 10
— NO — 19 22— EF3 | FLAGS
vss 20 al—emd) ¢
TOP VIEW
92CS-27467R)
SIGNAL DESCRIPTIONS

BUS 0 to BUS 7 (Data Bus):

8-bit directional DATA BUS lines. These
lines are used for transferring data between
the memory, the microprocessor, and /O
devices.

NO to N2 (1/0 Lines):

Activated by an t/O instruction to signal the
1/0Q control logic of a data transfer between
memory and 1/0 interface. These lines can be
used to issue command codes or device
selection codes to the 1/0 devices (indepen-
dently or combined with the memory byte
on the data bus when an 1/0 instruction is
being executed). The N bits are low at all
times except when an /O instruction is
being executed. During this time their state
is the same as the corresponding bits in the N
register. )
The direction of data flow is defined in the
1/0 instruction by bit N3 (internally) and is
indicated by the leve! of the MRD signal.
MRD = V¢C: Data from 1/O to CPU and
Memory
MRD = VSS: Data from Memory to 1/O

EF1to EF4 (4 Flags):

These inputs enable the 1/O controllers to
transfer status information to the processor.
The levels can be tested by the conditional
branch instructions. They can be used in
conjunction with the INTERRUPT request
line to establish interrupt priorities. These
flags can also be used by 1/O devices to
“call the attention’” of the processor, in
which case the program must routinely test
the status of these flag(s). The flag(s) are
sampled at the beginning of every S1 cycle.

INTERRUPT, DMA-IN, DMA-OUT (3 1/0
Requests):

These inputs are sampled by the CDP1802
during the interval between the leading edge
of TPB and the leading edge of TPA,

Interrupt Action: X and P are stored in T
after executing current instruction; designa-
tor X is set to 2; designator P is set to 1;
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interrupt enable is reset to Q (inhibit); and
instruction execution is resumed. The inter-
rupt action requires one machine cycle (S3).

DMA Action: Finish executing current in-
struction; R(Q) points to memory area for
data transfer; data is loaded into or read out
of memory; and increment R(0).

Note: In the event of concurrent DMA and
INTERRUPT requests, DMA-IN has priority
followed by DMA-OUTand thenINTERRUPT

$CO0, SC1, (2 State Code Lines):

These outputs indicate that the CPU is: 1)
fetching an instruction, or 2) executing an
instruction, or 3) processing a DMA request,
or 4) acknowledging an interrupt request.
The levels of state code are tabulated below.
All states are valid at TPA. H=VCC, L=VSS.

State Type State Code Lines
SC1 SCO
SO (Fetch) L L
S1 (Execute) L H
S2 (DMA) H L
S3 (Interrupt) H H

TPA, TPB (2 Timing Pulses):

Positive pulses that occur once in each ma-
chine cycle (TPB follows TPA). They are
used by /O controllers to interpret codes
and to time interaction with the data bus.
The trailing edge of TPA is used by the mem-
ory system to latch the higher-order byte of
the 16-bit memory address. TPA is suppress-
ed in IDLE when the CPU is in the load
mode.

MAO to MA7 (8 Memory Address Lines):

tn each cycle, the higher-order byte of a 16-
bit COSMAC memory address appears on
the memory address lines MAD-7 first. Those
bits required by the memory system can be
strobed into external address latches by tim-
ing pulse TPA. The low-order byte of the 16-
bit address appears on the address lines after
the termination of TPA, Latching of all 8
higher-order address bits would permit a
memory system of 64K bytes.

MWR (Write Pulse):

A negative pulse appearing in a memory-write
cycle, after the address lines have stabilized.

MRD (Read Level):

A low level on MRD indicates a memory read
cycle. It can be used to control three-state
outputs from the addressed memory which
may have a common data input and output
bus. 1f a memory does not have a three-state
high-impedance output, MRD is useful for
driving memory/bus separator gates. It is also
used to indicate the direction of data trans-
fer during an 1/0 instruction. For additional
information see Table |.
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Q:

Single bit output from the CPU which can
be set or reset under program control. Dur-
ing SEQ or REQ instruction execution, Q is
set or reset between the trailing edge of TPA
and the leading edge of TPB.

CLOCK:

Input for externally generated single-phase
clock. A typical clock frequency is 6.4 MHz
at VCC=VDD=10 volts. The clock is count-
ed down internally to 8 clock pulses per ma-
chine cycle.

XTAL:

Connection to be used with clock input ter-
minal, for an external crystal, if the on-chip
oscillator is utilized. The crystal is connected
between terminals 1 and 39 (CLOCK and
XTAL) in parallel with a resistance (10
megohms typ.). Frequency trimming capaci-
tors may be required at terminals 1 and 39.
For additional information see ICAN-6565.

WAIT, CLEAR (2 Control Lines):

Provide four contro! modes as listed in the
following truth table.

CLEAR | WAIT | MODE
L L Load
L H Reset
H L Pause
H H Run

The function of the modes are defined as
follows:

Load

Holds the CPU in the IDLE execution state
and allows an |/O device to ioad the memory
without the need for a “‘bootstrap” loader. It
modifies the IDLE condition so that DMA-IN
operation does not force execution of the
next instruction.

Reset

Registers I, N, Q are reset, IE is set and 0’s
(VSS) are placed on the data bus. TPA and
TPB are suppressed while reset is held and
the CPU is placed in S1. The first machine
cycle after termination of reset is an initializa-
tion cycle which requires 9 clock pulses. Dur-
ing this cycle the CPU remains in S1 and re-
gisters X, P, and R(0) are reset. Interrupt and
DMA servicing are suppressed during the
initialization cycle. The next cycle is an SO,
S1, or an S2 but never an $3. With the use of
a 71 instruction followed by 00 at memory
locations 0000 and 0001, this feature may be
used to reset IE, so as to preclude interrupts
until ready for them. Powerup reset can be
realized by connecting a buffered RC net-
work to CLEAR. For additional information
see |ICAN-6581.

Pause

Stops the internal CPU timing generator on
the first negative high-to-low transition of the
input clock. The oscillator continues to oper-
ate, but subsequent clock transitions are ig-
nored.

Run

May be initiated from the Pause or Reset
mode functions. If initiated from Pause, the
CPU resumes operation on the first negative
high-to-low transition of the input clock.
When initiated from the Reset operation, the
first machine cycle following Reset is always
the initialization cycle. The initialization
cycle is then followed by a DMA (S2) cycle
or fetch (SQ) from location 0000 in memory.

Vbp, Vss. Vec (Power Levels):

The internal voltage supply VDD is isolated
from the Input/Output voltage supply VCC
so that the processor may operate at maxi-
mum speed while interfacing with various
external circuit technologies, inctuding T2L
at b volts. VCC must be less than or equal to
VDD. All outputs swing from VSS to VCC.
The recommended input voltage swing is VSS
to VCC.

RUN-MODE STATE TRANSITIONS

The CDP1802 and CDP1802C CPU state
transitions when in the RUN, RESET, and
LOAD modes are shown in Fig. 15. Each
machine cycle requires the same period of
time, 8 clock pulses, except the initialization
cycle, which requires 9 clock pulses. The
execution of an instruction requires either
two or three machine cycles, SO followed by
a single S1 cycle or two S1 cycles. S2 is the
response to a DMA request and S3 is the
interrupt response. Table Il shows the con-
ditions on Data Bus and Memory-Address
lines during all machine states.

50 DNA

52 Sl DMA-INT s$3
DMA IN/OUT EXECUTE INTERRUPT
CYCLE CYCLE CYCLE

DMA - DMA - LOAD (mu.uuuo)-m-m]
=)
oA

INT. DMA - COAD 92C8-27436R2

Fig. 15 — CDP1802 microprocessor state
transistions.
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Fig. 16- Timing diagram for machine cycle type Nos. 1, 2, 3, and 4 (propagation delays not shown).
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Fig. 17 — Timing diagram for machine cycle type No. 5 (propagation delays not shown).
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Fig. 18 — Timing diagram for machine cycle type No. 6 (propagation delays not shown).

92CS5-29602
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Fig. 19 — Timing diagram for machine cycle type No. 7 (propagation delays not shown).
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Fig. 20 — Timing diagram for machine cycle type No. 8 (propagation delays not shown).
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Fig. 21 — Timing diagram for machine cycle type No. 9 (propagation delays not shown).
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TABLE I1. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES

DATA | MEMORY |____
sTaTe| 1| N | MNEmONIC| INsTRUCTION OPERATION BUS ADDRESS |MRD|NOTESS
s1 RESET JAM: ILN,Q,XP=0 IE=1 R (0) 1] a

AN 0 UNDEFINED

FIRST CYCLE AFTER RESET R (0)

TIALIZE: R

NOT PROGRAMMER ACCESSIBLE INITIAL 100 0 unoerineo| ' | B
S0 FETCH M(R(PH~I.N R{P)+1 M(R(P)) | R(P) o | ¢

o 0 iDL IDLE [Load = O (Program !{dle)] M (R(0})) | R (0 0 D3

[Load = 1 {(Load Mode}] M(R(0}} | PREVIOUS o E£3
ADDRESS :
N#0 | LDN LOADDVIAN |M(R(N))-D M{R(N)) | RIN) o] 3

1 N | INC INCREMENT RIN}1 FLOAT | RIN) 1 1

2[ N |Dpec DECREMENT RIN)—1 FLOAT | RIN) 1 1

N Y SHORT [BRANCH NOT TAKEN] MIR(P)) | R(P) 0| ,

BRANCH [BRANCH TAKEN] M(R(P)) | R(P) 0
4] N [LDA LOAD ADVANCE [M(R(N)}=D R{N}+1 M(RIN)) [ R(NY o 3
s| N |STR STORE VIAN D>MIR(N}) D R(N) 1 3
0 ] IRX INC REG X RIXI*1 MIR(X)) | R(X) 0| 3
6[N=1—-7] OUTN OUTPUT MIR(X))—BUS R(XI+1 MR(X)) | R(X) 0| s
1/0
N=0_F| INP N I
9-¢| IN NPUT BUS—>M(R(X)), D oEVICE | A 1 5
M(R(X))~(X.P)
o |ReT RETURN RO 1olE MIR(X)) | RIX} o 3
M{R(X))=(X,P)
1 oIS DISABLE RO Or'E MRX) | R(X) ol 3
LOAD VIA X M(R(X))=D
2 |LDXA AND ADVANCE | R(X)+1 MIR(X) | RIX) 01 3
STORE VIA X D—M{R(X))
3 |sTx0 AND DECREMENT[R(X}—1 o RO ! 2

7[457 | - ALU OPERATION MRX) | RIX) o | 3

B ALU OPERATION FLOAT | R(X) 1 1

8 | SAV SAVE T-M(R(X]) T R(X) 1 2

X.P)=T, M(R(2))

9 | MARK MARK b x: R(2)m1 T R(2) 1 2

s1 A | REQ RESET Q Q-0 FLOAT | R(P) 1 1
(Exe- B | SEQ SETQ Q-1 FLOAT | R(P) 1 1
cute) CDF ALUOPERATION IMMEDIATE | M(R(P)) | R(P) 0| 3
3 ALU OPERATION FLOAT | R(P) 1 1

8| N |GLO GET LOW R(N) .0~D R(N) .0 | RIN) 1 1

of v [oH GET HIGH R(N) .1-D RIN) 1 | RINJ 1 1

Al N | PLO PUT LOW D—R(N}).0 D RIN) 1 1

Bl N | PHI PUT HIGH C—R(N} -1 D R(N) 1 1

01.2 LONG
389 BRANCH (BRANCH NOT TAKEN] MIR(P) | RiP) o a
AB {BRANCH TAKEN] MRPPI) | RP) 0| 4
¢ 2’%75 LONG [SKIP NOT TAKEN] M(R(P) | R(P o | a
'F ' SKIP [SKIP TAKEN] M(R(P}) R(P) 0 4
4 |w~op NO OPERATION |NO OPERATION M(R(PY | R(P) o] a
N | SEP SETP N-P N N RIN) 1 1
E[ N | SEX SET X N=X N N RIN) 1 1
0 | LDX LOAD VIA X MIR(XN—D MIRIXD | RIX) o | 3
l:g ALU OPERATION MR(X) | RIX) o | 3
SHIFT D RIGHT
6 | SHR SHIFTRIGHT [ coi 0™ OF 0 - MSB(D) FLOAT | RiX) 1 1
LOAD
Fl 8 |tol (MMEDIATE M(R(PH~D R{P)+1 M(R(P) | RIP) 0| 3
9,A8 ALU OPERATION
C.D.F IMMEDIATE MIR(PY | RiP) 0y 3
E | SHL SHIFT LEFT ALU OPERATION FLOAT | R(P) 1 1
52 IN REQUEST DMA IN BUS-M(R(0)} ggwcs R (0) 1] ka7
QUT REQUEST DMA OUT M(R{0)) >BUS M(R(0)) | R{0) Q F8
X,P~>T, 0—IE
s3 INTERRUPT 2o%. 1P FLOAT | RIN) 1 9
NOTES:

A. 1E =1, TPA, TPB suppressed, state = S1

B. BUS = O for entire cycle
C. Next state always S1

D. Wait for DMA or INTERRUPT

E. Suppress TPA, wait for DMA
F. IN REQUEST has priority over OUT REQUEST

G. Numbers refer to machine cycles types — refer
to timing diagrams, Figs. 16 through 20.
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Dimensions in parentheses are in millimeters and The photographs and dimensions of each COS/MOS
are derived from the basic inch dimensions as in- chip represent a chip when it is part of the wafer.
dicated. Grid graduations are in mils ( 1003 inch). When the wafer is cut into chips, the cleavage

angles are 57° instead of 90° with respect to the
face of the chip. Therefore, the isolated chip is
actually 7 mils (0. 17 mm) larger in both dimensions.

Dimensions and pad layout for COP1802.
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OPERATING AND HANDLING

CONSIDERATIONS

Handling
All inputs and outputs of RCA COS/MOS
devices have a network for electrostatic
protection during handling. Recom-
mended handling practices for COS/MOS
devices are described in ICAN-6525,
“Guide to Better Handling and Operation
of CMOS Integrated Circuits."’
Operating

Operating Voltage
During operation near the maximum
supply voltage limit, care should be
taken to avoid or suppress power supply
turn-on and turn-off transients, power
supply ripple, or ground noise; any of
these conditions must not cause Vpp-—

Vss to exceed the absolute maximum
rating.
Input Signals
To prevent damage to the input protec-
tion circuit, input signals should never be
greater than Ve nor less than Vgs.
Input currents must not exceed 10 mA
even when the power supply is off.
Unused Inputs
A connection must be provided at every
input terminal. All unused input termi-
nals must be connected to either Vo or
Vgs, whichever is appropriate.

Output Short Circuits
Shorting of outputs to Vpp, Ve, or
Vgg may damage COS/MOS devices by
exceeding the maximum device dissipation.

DIMENSIONAL OUTLINES
(D) SUFFIX (E) SUFFIX
40-Lead Dual-In-Line Side~Brazed 40-Lead Dual-In-Line Plastic Package
Ceramic Package ° {
BASE PLANE —- | I°|
2 SEATING PLANE M :
E GAUGE PLANE ::_—.*
INDEX AREA _‘—A‘i—
!‘ ) - Lrj e "
c l T il
r THE 1 -. - |l
o ol mmenmel — | \ -+ |
92CM-27029R1 \,\
INCHES MILLIMETERS INCHE.
SYMBOL NOTE SYMBOL N, TMAX. |NOTE FMIN, | MAX.
MIN. |MAX. MIN. | MAX. A | 0.120(0.250 310 | 630
A 1.980 | 2.020 50.30 | 51.30 A1 g.gzo 0.0;0 3.51 1.77
B .016 | 0.020 .407 0.508
C__10.0950.155 g.:s 3.93 By | 0.028]0.070 072 | 177
D__[0.017]0.023 43| 056 C | 0008[0012| 1 | 0204 0.304
F 0.050 REF. 1.27 REF. D 2.000 | 2.090 50.80 53.09
G 0.100BSC | 1 254 BSC E; | 0515|0580 1309 | 1473
A [0.030]0.070 0.76] 1.78 e 0.T00TP | 2 254TP
3 0.008(0.012| 3 0.20 0.30 8A 0.600 TP 23 15.24 TP
- - - L 0.100 { 0.200 254 5.00
K 0.12510.175 3.18| 4.45 Lo | 0.000!0.030 0.00 0.76
L 0.580 |0.620| 2 14.74 | 15.74 o 0% 159 4 [ 150
M - 17 — 7° N 40 5 40
Nq 0 6 0
; 0.025 10.050 0.64 s 1.27 o 0.0650.095 156 XS]
40 s | 0.040]0.100 102 | 254
92CM-27029R2 NOTES. 920530959
NOTES: Refer to Rules for Dimensioning (JEDEC Publication No. 95)
1. Leads within 0,005” (0.13 mm) radius of True for Axial Lead Product Qutlines.

2.
3. When this device is supplied solder dipped, the

Position st maximum materisl condition,
Center to center of leads when formed paraliel.

maximum lead thickness (narrow portion)
will not exceed 0.013” (0.33 mm)

When incorporating RCA Solid State Devices in
equipment, it is recommended that the designer
refer to *’Operating Considerations for RCA Solid
State Devices”, Form No. 1CE-402, available on
request from RCA Solid State Division, Box 3200,
Somenrville, N, J. 08876.

1.

N

[ RO WA

.21 -

When this device is supplied solder-dipped, the maximum
lead thickness (narrow portion) will not exceed 0.013”
{0.33 mm).

. Leads within 0.005°’ (0.12 mm) radius of True Position

(TP} at gauge plane with maximum material condition
and unit installed.

. ep applies in zone Lo when unit installed.

. o applies to spread leads prior to installation.
. N is the maximum quantity of lead positions.
. Nq is the quantity of allowable missing leads.



