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The INTEL® Bipolar Microcomputer 
Set is a family of Schottky bipolar LSI 
circuits which simplify the construction 
of microprogrammed central processors 
and device controllers. These processors 
and controllers are truly microprogram- 
med in the sense that their control logic 
is organized around a separate read-only 
memory called the microprogram mem- 
ory. Control signals for the various 
processing elements are generated by the 
microinstructions contained in the micro- 
program memory. In the implementation 
of a typical central processor, as shown 
below, the microprogram interprets 
a higher level of instructions called 
macroinstructions, similar to those 
found in a small computer.  For device 
controllers, the microprograms directly 
implement the required control 
functions. 

The INTEL® 3001 Microprogram Con- 
trol Unit (MCU) controls the sequence in 
which microinstructions are fetched 
from the microprogram memory.    Its 
functions include the following: 

Maintenance of the microprogram 
address register. 

Selection of the next microinstruction 
based on the contents of the micro- 
program address register. 

Decoding and testing of data supplied 
via several input busses to determine 
the microinstruction execution 
sequence. 

Saving and testing of carry output data 
from the central processor (CP) array. 

Control of carry/shift input data to 
the CP array. 

Control of microprogram interrupts. 

High Performance — 85 ns Cycle 
Time 

TTL and DTL Compatible 
Fully Buffered Three-State and Open 
Collector Outputs 
Direct Addressing of Standard Bipolar 
PROM or ROM 
512 Microinstruction Addressability 
Advanced Organization 

9-Bit Microprogram Address Register 
and Bus 
4-Bit Program Latch 
Two Flag Registers 

Eleven Address Control Functions 
Three Jump and Test Latch 
Functions 
16-way Jump and Test Instruction 
Bus Function 

Eight Flag Control Functions 
Four Flag Input Functions 
Four Flag Output Functions 

40 Pin DIP 

Figure 1. Block Diagram of a Typical System 

Other members of the INTEL Bipolar Microcomputer Set: 
3002 Central Processing Element 3214 Priority Interrupt Control Unit 
3003 Look-Ahead Carry Generator 3226 Inverting Bi-Directional Bus Driver 
3212 Multi-Mode Latch Buffer                   3301 Schottky Bipolar ROM (256 x 4) 

3304A Schottky Bipolar ROM (512 x 8) 
3601     Schottky Bipolar PROM (256 x 4) 
3604    Schottky Bipolar PROM (512 x 8) 

© Intel Corporation, 1975 
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PACKAGE CONFIGURATION 

1 • 40 PXA^> -Vcc 
PX7-* 2 39 — AC0 

PX6-o 3 38 -AC, 
PX5^> 4                       37 — AC5 

SX3-0 5                       36 — LD 
SX2-0 6                       35 p-ERA 
PR2 — 7                       34 hMA8 

SX,-° 8                       33 — MA7 
PR,- 
sx0^> 10     INTEL    31 

-MA6 

-MAs 
PR„- 11       3001      30 — MA4 

FC3- 12                     29 -MA0 

FC2- 13                     28 -MA3 
FO-^J 14                     27 — MA2 

FCn^ 15                     26 — MA, 
FC,- 16                     25 — EN 

Fl-o 17                     24 -ACe 
ISE — 18                     23 — AC4 

CLK — 19                     22 — AC3 

GND — 20                     21 — AC2 

PACKAGE OUTLINE 

-2.100 MAX. 

nnnnnnnnnnnnnnnnnnnn 

uuuuuuuuuuuuuuuuuuuu 

.514 

.588 

0.020 MIN. u 

.015 

.023 

.090 

.100 
TYP. 

.230 MAX. 

:ioo 
.150 

.590 

.710 



PIN DESCRIPTION 

PIN SYMBOL NAME AND FUNCTION TYPE (1) 

1-4 PX4-PX7 

5,6,8,10 SX0-SX3 

7,9,11 PR0-PR2 

12,13, 15, FC0-FC3 
16 

14 

17 

18 

36 

FO 

Fl 

ISE 

19 CLK 

20 GND 

21-24 AC0-AC6 

37-39 

25 EN 

26-29 . MA0-MA3 

30-34 MA4-MA8 

35 ERA 

LD 

active LOW 
three-state 

active LOW 

40 VCC 

Primary Instruction Bus Inputs active LOW 

Data on the primary instruction bus is tested by the JPX function to 
determine the next microprogram address. 

Secondary Instruction Bus Inputs active LOW 

Data on the secondary instruction bus is synchronously loaded into the 
PR-latch while the data on the PX-bus is beingtested (JPX). During a 
subsequent cycle, the contents of the PR-latch may be tested by the 
JPR, JLL, or JRL functions to determine the next microprogram address. 

PR-Latch Outputs open collector 

The PR-latch outputs are asynchronously enabled by the JCE function. 
They can be used to modify microinstructions at the outputs of the 
microprogram memory or to provide additional control lines. 

Flag Logic Control Inputs 

The flag logic control inputs are used to cross-switch the flags (C and Z) 
with the flag logic input (Fl) and the flag logic output (FO). 

Flag Logic Output 

The outputs of the flags (C and Z) are multiplexed internally to form the 
common flag logic output. The output may also be forced to a logical 0 
or logical 1. 

Flag Logic Input 

The flag logic input is demultiplexed internally and applied to the inputs 
of the flags (C and Z). Note: the flag input data is saved in the F-latch 
when the clock input (CLK) is low. 

Interrupt Strobe Enable Output 

The interrupt strobe enable output goes to logical 1 when one of the JZR 
functions are selected (see Functional Description, page 6).  It can be used 
to provide the strobe signal required by the INTEL 3214 Priority Interrupt 
Control Unit or other interrupt circuits. 

Clock Input 

Ground 

Next Address Control Function Inputs 

All jump functions are selected by these control lines. 

Enable Input 
When in the HIGH state, the enable input enables the microprogram 
address, PR-latch and flag outputs. 

Microprogram Column Address Outputs three-state 

Microprogram Row Address Outputs three-state 

Enable Row Address Input 

When in the LOW state, the enable row address input independently 
disables the microprogram row address outputs.  It can be used with the 
INTEL 3214 Priority Interrupt Control Unit or other interrupt circuits 
to facilitate the implementation of priority interrupt systems. 

Microprogram Address Load Input 

When in the active HIGH state, the microprogram address load input 
inhibits all jump functions and synchronously loads the data on the 
instruction busses into the microprogram register.  However, it does not 
inhibit the operation of the PR-latch or the generation of the interrupt 
strobe enable. 

+5 Volt Supply 

NOTE: 
(1)   Active HIGH unless otherwise specified. 



LOGICAL DESCRIPTION 

The MCU performs two major control 
functions. First, it controls the sequence 
in which microinstructions are fetched 

Ifrom the microprogram memory.   For 
this purpose, the MCU contains a micro- 
program address register and the 
associated logic for selecting the next 
microinstruction address. The second 
function of the MCU is the control of 
the two flag flip-flops that are included 
for interaction with the carry input and 
carry output logic of the CP array. 
The logical organization of the MCU 
is shown in Figure 2. 

NEXT ADDRESS LOGIC 

The next address logic of the MCU pro- 
vides a set of conditional and uncondi- 
tional address control functions. These 
address control functions are used to 
implement a jump or jump/test opera- 
tion as part of every microinstruction. 
That is to say, each microinstruction 
typically contains a jump operation field 
that specifies the address control 
function, and hence, the next micro- 
program address. 

In order to minimize the pin count of 
the MCU, and reduce the complexity of 
the next address logic, the microprogram 
address space is organized as a two 
dimensional array or matrix. Each 
microprogram address corresponds to 
a unit of the matrix at a particular 
row and column location. Thus, the 9- 
bit microprogram address is treated as 
specifying not one, but two addresses — 
the row address in the upper five bits 
and the column address in the lower 
four bits. The address matrix can there- 
fore contain, at most, 32 row addresses 
and 16 column addresses for a total of 
512 microinstructions. 

The next address logic of the MCU 
makes extensive use of this two com- 
ponent addressing scheme. For example, 
from a particular row or column 
address, it is possible to jump uncon- 
ditionally in one operation anywhere in 
that row or column.   It is not possible, 
however, to jump anywhere in the 
address matrix. In fact, for a given loca- 
tion in the matrix, there is a fixed sub- 
set of microprogram addresses that may 
be selected as the next address. These 

possible jump target addresses are referred 
to as a jump set. Each type of MCU 
address control (jump) function has a 
jump set associated with it. Appendix 
C illustrates the jump set for each 
function. 

FLAG LOGIC 

The flag logic of the MCU provides a 
set of functions for saving the current 
value of the carry output of the CP 
array and for controlling the value of 
the carry input to the CP array.   These 
two distinct flag control functions are 
called flag input functions and flag 
output functions. 

The  flag   logic   is  comprised   of  two 
flip-flops, designated the C-flag and the 
Z-flag, along with a simple latch, called 
the F-latch, that indicates the current 
state of the carry output line of the 
CP array.   The flag logic is used in con- 
junction with the carry and shift logic 
of the CP array to implement a variety 
of shift/rotate and arithmetic functions. 

INTERRUPT 
STROBE ISE ■ 
ENABLE 

ACs- 

ACB- 

AC4- 
ADDRESS 
CONTROL     AC3 - 
FUNCTION 

AC2- 

AC,- 

AC0- 

LOAD        LD- r~i 
CLK 

GND 

Vcc 

L__ 
FCo   FC, 

ENABLE 
ROW 

ADDRESS 
MICROPROGRAM MEMORY 

ADDRESS 

MA„  MA4 MA3   --    MAo 

Cz 
' OUTPUT 
j BUFFER 

OUTPUT 
BUFFER 

MICROPROGRAM 
ADDRESS REGISTER 

NEXT ADDRESS LOGIC 

OUTPUT 
BUFFER 

T1 

MCU OUTPUT 

OUTPUT 
BUFFER m 

'"2   PROGRAM 
PR,    LATCH 

PR0   OUTPUTS 

9"~9 
 _J 

Fo FC2   FC3 PX7 -- PX4 SX3 -    SXo 

FLAG FLAG FLAG FLAG          PRIMARY SECONDARY 
LOGIC INPUT OUTPUT LOGIC     INSTRUCTION INSTRUCTION 

CONTROL CONTROL          BUS BUS 

Figure 2. 3001 Block Diagram 



FUNCTIONAL DESCRIPTION 

ADDRESS CONTROL FUNCTIONS 

The address control functions of the 
>-•-•-     . MCU are selected by the seven input 

lines designated ACn-ACg. On the 
> rising edge of the clock, the 9-bit micro- 
program address generated by the next 
address logic is loaded into the micro- 
program address register. The next 
microprogram address is delivered to the 
microprogram memory via the nine 
output lines designated MA0-MAg. The 
microprogram address outputs are or- 
ganized into row and column addresses 
as: 

MA8 MA7 MA6 MA5 MA4 

row address 

MA3 MA2 MAT MAQ 

column address 

Each address control function is speci- 
fied by a unique encoding of the data on 
the function input lines. From three to 
five bits of the data specify the par- 
ticular function while the remaining bits 
are used to select part of either the row 
or column address desired. Function 
code formats are given in Appendix A, 
"Address Control Function Summary." 

kThe following is a detailed description 
of each of the eleven address control 
functions. The symbols shown below 
are used throughout the description to 
specify row and column addresses. 

Symbol       Meaning 

rown 5-bit next row address 
where n is the decimal row 
address. 

coin 4-bit next column address 
where n is the decimal 
column address. 

UNCONDITIONAL ADDRESS CON- 
TROL (JUMP) FUNCTIONS 

The jump functions use the current 
microprogram address (i.e., the contents 
of the microprogram address register 
prior to the rising edge of the clock) and 
several bits from the address control in- 
puts to generate the next microprogram 
address. 

Mnemonic       Function Description 

JCC Jump in current column. 
AC0-AC4 are used to 
select 1 of 32 row ad- 
dresses in the current 
column, specified by 

MA0-MA3, as the next 
address 

JZR Jump to zero row. 
AC0-AC3 are used to 
select 1 of 16 column 
addresses in row0, as the 
next address. 

JCR Jump in current row. 
AC0-AC3 are used to 
select 1 of 16 addresses 
in the current row, speci- 
fied by MA4-MA3, as 
the next address. 

JCE Jump in current column/ 
row group and enable 
PR-latch outputs. AC0- 
AC2 are used to select 1 
of 8 row addresses in the 
current row group, speci- 
fied by MA7-MA8, as 
the next row address. The 
current column is speci- 
fied by MArj-MA3. The 
PR-latch outputs are 
asynchronously enabled. 

FLAG CONDITIONAL ADDRESS 
CONTROL (JUMP/TEST) 
FUNCTIONS 

The jump/test flag functions use the 
current microprogram address, the con- 
tents of the selected flag or latch, and 
several bits from the address control 
function to generate the next micro- 
program address. 

Mnemonic 

JFL 

JCF 

Function Description 

Jump/test F-Latch. 
AC0-AC3 are used to 
select 1 of 16 row ad- 
dresses in the current 
row group, specified by 
MAg, as the next row 
address. If the current 
column group, specified 
by MA3, is C0I0-C0I7, 
the F-latch is used to 
select C0I2 or C0I3 as the 
next column address. If 
MA3 specifies column 
group C0I8-C0I15, the 
F-latch is used to select 
col-jo or coin as the 
next column address. 

Jump/test C-flag. 
AC0-AC2 are used to 
select 1 of 8 row ad- 
dresses in the current 

row group, specified by 
MA7 and MAg, as the 
next row address.  If the 
current column group 
specified by MA3 is 
C0I0-C0I7, the C-flag is 
used to select C0I2 or 
C0I3 as the next column 
address. If MA3 specifies 
column group colg-colis, 
the C-flag is used to select 
col 10 or col 11 as the next 
column address. 

JZF Jump/test Z-f lag. Identical 
to the JCF function de- 
scribed above, except 
that the Z-flag, rather 
than the C-flag, is used to 
select the next column 
address. 

PX-BUS AND PR-LATCH CONDI- 
TIONAL ADDRESS CONTROL 
(JUMP/TEST) FUNCTIONS 

The PX-bus jump/test function uses the 
data on the primary instruction bus 
(PX4-PX7), the current mircoprogram 
address, and several selection bits from 
the address control function to generate 
the next microprogram address. The 
PR-latch jump/test functions use the 
data held in the PR-latch, the current 
microprogram address, and several selec- 
tion bits from the address control 
function to generate the next micro- 
program address. 

Mnemonic       Function Description 

JPR Jump/test PR-latch. 
AC0-AC2 are used to 
select 1 of 8 row ad- 
dresses in the current 
row group, specified by 
MA7 and MAg, as the 
next row address. The 
four PR-latch bits are 
used to select 1 of 16 
possible column ad- 
dresses as the next 
column address. 

Mnemonic       Function Description 

JLL Jump/test leftmost PR- 
latch bits. AC0-AC2 are 
used to select 1 of 8 row 
addresses in the current 
row group, specified by . 
MA7 and MAg, as the 
next row address. PR2 
and PR3 are used to 



FUNCTIONAL DESCRIPTION (con't) 

JRL 

JPX 

select 1 of 4 possible 
column addresses in C0I4 
through C0I7 as the next 
column address. 

Jump/test rightmost PR- 
latch bits. AC0 and AC1 
are used to select 1 of 4 
high-order row addresses 
in the current row group, 
specified by MA7 and 
MAs, as the next row 
address. PRrj and PR1 are 
used to select 1 of 4 pos- 
sible column addresses in 
C0I12 through C0I15 as the 
next column address. 

Jump/test PX-bus and 
load PR-latch. AC0 and 
ACi are used to select 1 
of 4 row addresses in the 
current row group, speci- 
fied by MA6-MA8, as the 
next row address. PX4- 
PX7 are used to select 1 
of 16 possible column 
addresses as the next 
column address. SX0- 
SX3 data is locked in the 
PR-latch at the rising 
edge of the clock. 

FLAG CONTROL FUNCTIONS 

The flag control functions of the MCU 
are selected by the four input lines 
designated FC0-FC3.  Function code 
formats are given in Appendix B, "Flag 
Control Function Summary." 

The following is a detailed description 
of each of the eight flag control 
functions. 

FLAG INPUT CONTROL FUNCTIONS 

The flag input control functions select 
which flag or flags will be set to the cur- 
rent value of the flag input (Fl) line. 
Data on Fl is stored in the F-latch when 
the clock is low. The content of the F- 
latch is loaded into the C and/or Z flag 
on the rising edge of the clock. 

Mnemonic 

scz 

STZ 

STC 

HCZ 

Function Description 

Set C-flag and Z-flag to 
Fl. The C-flag and the Z- 
flag are both set to the 
value of Fl. 

Set Z-flag to Fl. The Z- 
flag is set to the value of 
Fl. The C-flag is 
unaffected. 

Set C-flag to Fl. The C- 
flag is set to the value of 
Fl. The Z flag is 
unaffected. 

Hold C-flag and Z-flag. 
The values in the C-flag 
and Z-flag are unaffected. 

FLAG OUTPUT CONTROL 
FUNCTIONS 

The flag output control functions 
select the value to which the flag out- 
put (FO) line will be forced. 

Mnemonic 

FFO 

FFC 

FFZ 

FF1 

Function Description 

Force FO to 0. FO is 
forced to the value of 
logical 0. 

Force FOtoC. FO is 
forced to the value of 
the C-flag. 

Force FO to Z. FO is 
forced to the value of 
the Z-flag. 

Force FO to 1. FO is 
forced to the value of 
logical 1. 

LOAD AND INTERRUPT 
STROBE FUNCTIONS 

The load function of the MCU is con- 
trolled by the input line designated LD. 
If the LD line is active HIGH at the 
rising edge of the clock, the data on 
the primary and secondary instruction 
busses, PX4-PX7 and SX0-SX3, is 
loaded into the microprogram address 
register. PX4-PX7 are loaded into 
MA0-MA3 and SX0-SX3 are loaded 
into MA4-MA7. The high-order bit of 
the microprogram address register MAg 
is set to a logical 0. The bits from the 
primary instruction bus select 1 of 16 
possible column addresses.  Likewise, 
the bits from the secondary instruction 
bus select 1 of the first 16 row.addresses. 

The interrupt strobe enable of the MCU 
is available on the output line designated 
ISE. The line is placed in the active high 
state whenever a JZR to C0I15 is selected 
as the address control function. Cus- 
tomarily, the start of a macroinstruction 
fetch sequence is situated at rown and 
col15 so that the INTEL 3214 Priority 
Interrupt Control Unit may be enabled 
at the beginning of the fetch/execute 
cycle. The priority interrupt control 
unit may respond to the interrupt by 
pulling the enable row address (ERA) 
input line down to override the selected 
next row address from the MCU. Then 
by gating an alternative next row address 
on to the row address lines of the micro- 
program memory, the microprogram 
may be forced to enter an interrupt 
handling routine. The alternative row 
address placed on the microprogram 
memory address lines does not alter 
the contents of the microprogram 
address register. Therefore, subsequent 
jump functions will utilize the row 
address in the register, and not the 
alternative row address, to determine 
the next microprogram address. 

Note, the load function always overrides 
the address control function on ACQ- 

ACe- It does not, however, override the 
latch enable or load sub-functions of the 
JCE or JPX instruction, respectively. In 
addition, it does not inhibit the interrupt 
strobe enable or any of the flag control 
functions. 



D.C. AND OPERATING CHARACTERISTICS 

r- 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias    0 C to 70 C 

Storage Temperature  -65 C to +160 C 

All Output and Supply Voltages    -0.5V to +7V 

All Input Voltages . . -1.0V to+5.5V 

Output Currents    100 mA 

•COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum ratings for extended periods may affect device reliability. 

TA = 0 C to 70° C 

SYMBOL PARAMETER MIN TYP (1) MAX UNIT CONDITIONS 

• 

vc Input Clamp Voltage (All 
Input Pins) 

IF Input Load Current: 
CLK Input 
EN Input 
All Other Inputs 

IR Input Leakage Current: 
CLK 
EN Input 
All Other Inputs 

V|L Input Low Voltage 

V|H Input High Voltage 

Ice Power Supply Current 

VOL Output Low Voltage 
(All Output Pins) 

VOH Output High Voltage 
(MAn-MA8, ISE, FO) 

'os Output Short Circuit Current 
(MAo-MA8, ISE, FO) 

'o(off)' Off-State Output Current: 
MA0-MA8, FO 
MA0-MA8, FO, PRo-PR-2 

2.0 

2.4 

-15 

-0.8 

-0.075 
-0.05 
-0.025 

170 

0.35 

3.0 

-28 

-1.0 

-0.75 
-0.50 
-0.25 

120 
80 
40 

0.8 

240 

0.45 

-60 

-100 
100 

mA 
mA 
mA 

juA 
MA 
JUA 

V 

V 

mA 

V 

mA 

Vcc = 4.75V, lc = -5 mA 

Vcc = 5.25V, VF = 0.45V 

Vcc = 5.25V, VR = 5.25V 

VCc = 5.0V 

(2) VCc = 5.25V 

Vcc = 4.75V, lOL = 10mA 

Vcc = 4.75V, IQH = -1 mA 

Vcc = 5.0V 

ßA Vcc = 5.25V, V0 = 0.45V 
pA Vcc = 5.25V, V0 = 5.25V 

NOTES: 
(1) Typical values are for T/\ = 25°C and nominal supply voltage. 
(2) EN input grounded, all other inputs and outputs open. 



A.C. CHARACTERISTICS AND WAVEFORMS   TA = o°c to 70°c, vcc = 5.ov ±5% 

SYMBOL PARAMETER MIN TYP (1) MAX 

tcY Cycle Time 85        '      60 

tWP Clock Pulse Width 30 20 

Control and Data Input Set-Up Times: 
tSF LD,AC0-AC6 10 0 
t'sK FC0, FC, 0 
tSX SX0-SX3, PX4-PX7 35 25 
tS| Fl 15 5 

Control and Data Input Hold Times: 
tHF LD, AC0-AC6 5 0 
tHK FC0, FC, 0 
tHX SX0-SX3, PX4-PX7 20 5 
tH| Fl 20 8 

tco Propagation Delay from Clock Input (CLK) to Outputs 30 
(MA0-MA8, FO) 

t«0 Propagation Delay from Control Inputs FC2 and FC3 to Flag 16 
Out (FO) 

tpo Propagation Delay from Control Inputs ACrj-AC6 to Latch 26 
Outputs (PR0-PR2) 

tEo Propagation Delay from Enable Inputs EN and ERA to Outputs 21 
(MA0-MA8, FO, PR0-PR2) 

tpi Propagation Delay from Control Inputs AC0-AC6 to Interrupt 24 
Strobe Enable Output (ISE) 

44 

30 

40 

32 

40 

UNIT 

ns 

ns 

ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 

ns 

ns 

ns 

ns 

ns 

...,J 

NOTE: 
(1) Typical values are forTA = 25° C and nominal supply voltage. 

TEST CONDITIONS: 

Input pulse amplitude of 2.5 volts. 
Input rise and fall times of 5 ns between 1 volt and 2 volts. 
Output load of 10 mA and 50 pF. 
Speed measurements are taken at the 1.5 volt level. 

TEST LOAD CIRCUIT: 

Vcc 

»50012 

OUTO- 

50 pF u • 1 xn 

CAPACITANCE*2' TA = 25°C 

SYMBOL PARAMETER 

CUM Input Capacitance: 
CLK, EN 
All Other Inputs 

QDUT Output Capacitance 

MIN TYP MAX 

11 
5 

16 
10 

12 

UNIT 

PF 
PF 

PF 

'NOTE: 
(2) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, VB|As = 2.5V, VQC = 5V and 

TA = 25°C. 



3001 WAVEFORMS 

• 

CLK 
CLOCK INPUT 

EN,ERA 
ENABLE INPUTS 

MA0-MA8 

CONTROL MEMORY 
ADDRESS OUTPUTS 

AC0-AC6, LD 
ADDRESS CONTROL 

INPUTS 

PR0-PR2 
"PR" LATCH OUTPUTS 

FC0-FC3 
FLAG CONTROL 

INPUTS 

Fl 
FLAG INPUT 

FO 
FLAG OUTPUT 

\ ISE 
INTERRUPT STROBE 

ENABLE OUTPUT 

SX0-PX7 
INSTRUCTION 

BUS INPUTS 

«-tco- 

Y 
"tcY" 

«-tHK- 

tEO 

X 
-tHF" * tsF-" > 

X 
-tEO- 

•tHI- 

«-tco- 
tEO- 

tpo 

J 
_tSK~ 

tsi 

-twp- 

X 
V 
A. 

-tFi- 

"tHX" ~tsx~ 

X 

X 



TYPICAL AC AND DC CHARACTERISTICS 

Clock Pulse Width vs Vcc and Temperature 
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APPENDIX A    ADDRESS CONTROL FUNCTION SUMMARY 

MNEMONIC DESCRIPTION 
AC6 5 

FUNCTION 

4       3       2 1 0 MA8 

NEXT ROW 

7       6       5 4 

NEXT COL 

MA3    2       1 0 

./"-\   JCC 

\^fc JZR 

Jump in current column 0 0 d4 d3 d2 di do d4 d3 d2 di do rri3 m2 ™1 m0 

Jump to zero row 0 1 0 d3 d2 di do 0 0 0 0 0 d3 d2 di do 

-    JCR Jump in current row 0 1 1 d3 
d2 di do mg m7 m6 m5 m4 d3 d2 di do 

JCE Jump in column/enable 1 1 0 d2 di d0 mg m7 d2 di do m3 m2 ™1 m0 

JFL Jump/test F-latch 0 0 d3 
d2 di do mg d3 d2 

d1. do m3 0 1 f 

JCF Jump/test C-flag 0 1 0 d2 di do mg m7 d2 di do m3 0 1 c 

JZF Jump/test Z-flag 0 1 1 d2 dl do mg m7 d2 di d0 m3 0 1 z 

JPR Jump/test PR-latches 1 0 0 d2 di do mg m7 d2 di do P3 P2 P1 P0 

JLL Jump/test left PR bits 1 0 1 d2 di do m8 m7 d2 di do 0 1 P3 P2 

JRL Jump/test right PR bits 1 1 1 1 di do mg m7 1 di do 1 1 P1 PO 

JP.'. Jump/test PX-bus 1 1 1 0 di do mg m7 me di do *7 *6 *5 x4 

SYMBOL MEANING 

dn Data on address control line n 

mn Data in microprogram address register bit n 

Pn Data in PR-latch bit n 

xn Data on PX-bus line n (active _OW) 

f, c, z Contents of F-latch, C-flag, or Z-flag, respectiv ely 

APPENDIX B    FLAG CONTROL FUNCTION SUMMARY 

TYPE MNEMONIC DESCRIPTION FC, 

Flag 
Input 

SCZ 

STZ 

STC 

HCZ 

Set C-flag and Z-flag to f 

Set Z-flag to f 

Set C-flag to f 

Hold C-flag and Z-flag 

0 0 

0 1 

1 0 

1 1 

TYPE MNEMONIC DESCRIPTION FC3 

Flag 
Output 

FFO 

FFC 

FFZ 

FF1 

Force FO to 0 

Force FO to C-flag 

Force FO to Z-flag 

Force FO to 1 

0 0 

0 1 

1 0 

1 1 

LOAD 
FUNCTION NEXT ROW NEXT COL 

LD MA8       7        6 5 4 MA3       2         , 

0 see Appendix A see Appendix A 

1 0      x3      x2 *1 *0 x7    x6      x5 x4 

SYMBOL MEANING 

f Contents of the F-latch 

Data on PX- or SX-bus line n (active LOW) 

11 



APPENDIX C    JUMP SET DIAGRAMS 

The following ten diagrams illustrate 
the jump set for each of the eleven 
jump and jump/test functions of the 
MCU.   Location 341, indicated by the 
black square, represents one current 
row (row2i) and current column (col5) 
address. The blue boxes indicate the 
microprogram locations that may be 
selected by the particular function as 
the next address. 

JCC 

Jump in Current Column. 

rOWn  ^OODGOOGODDUDDGUD 
" oooaoeiQnnonDGoaD 

aonaooooooaaaaoa 
ODaaaQoaoaaaoooD 
aaoaoQaaoooDoaoa 
aaaaaDODoaaaaoao 
OOGGQOaQDOOQDOGG 
aaaaasaaaaoooaaa 
DOGÜDQaGDODDDDnn 
□DDGnDGOoooonooa 
oaoooaoaaaoaooaa 

■   .ODGDDDDDQGnnDnGO 
oaooaEoaaaaaooaa 
GDDOGOaDGGDDDÜQD 
:OOOaoaOOaaaaaGQa 
oooaDQaaaaaaaaaa 
0000000000000000 
aoaonGoaDoooGüaa 

■DDOGODaODDDGDDaQ 
■ ■ -■DaDDODDanDDDDGGD 

' oooooooaoDoooDoa 
QPDDG«aDODDDnDGG 
nnaGDoaDDnaaauDD 
aoaoanoQOOoooQaa 
DnDGGEiaaDDDDDDDa 
DDDDDQDDOaQOOOGG 
aaDaaQaaoooaoaao 
aoaaoBoaaaooaaaa 
00000130000000000 
aaaaanaaaaDaoaao 
aooooBoooaaooaaa 

roW3i —> aaaaooaaoaoonnoo 

■t t 
colo current 

column 

JZR 

Jump to Zero Row 

BBBBBBSeBSaBBBBfl 
oaoooaoaaDaoaaaa 
aaQGQQDDDDaaaoQG 
apaaaaGaaDGDaaaa 
GaaaaoDaaaDGQDaa 
oaooaooooaaaaaoo 
oaaaaaaaaaaaQDQG 
nnDpaaaaaDGGGaaD 
ooooaaaaaaaaoooo 
QDODDDaDDODDaOGD 
0000000000000000 
GODDDDaDaDQDaGOD 
GGDDoaaoDDaoaaDD 
aaQQoaaaanaoaaaG 
oaaaaaoooooaaaaa 
aDpaaaaaaoaaaooa 
GQaaaaaaaQoaaaaa 
QaaaaaaaQODGDaaa 
aoaaQaaaDDDaaaaQ 
aaaoaooDoaaauaaa 
aooooaaaDooooaaa 
GGDaaBaoDoaDaaaD 
aaaaoDaDoaaDQaaa 
0000000000000000 
Gaoaaaaooooaaoaa 
aaaaaaaaaooaooao 
DaaaaaoaaaDaaDua 
DODDDDananooGooa 
ODDDDGGGQaDaDDDQ 
GaQQaQaaaoDaDaaa 
0000000000000000 
aGoaaQQQDGDaDDaa 

col 15 

JCR 
Jump in Current Row 

row« —^ooaoaaaooaoaoaoo u    DaDGGDDGGGaDQQDa 
GGQaaaaaDaaaaaaQ 
oaaaaaooQaQaoaaa 
□ooaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaa 
GDaaaaaaaaaaaaoa 
DDaaaaaaaaaaQaaa 
ooaGGGGGaGaGDaüa 
QDoaaaaaaaaaaaDa 
GDaaaaaaaaaaaaaa 
aQaaaQQaaaaaGGDa 
Daaaaaaaaaaaaaaa 
DaaaQaaaQQQaaQQQ 
0000000000000000 
DaaaaaaaaQQQQQaa 
GDaQaaaaaGaaaaaa 
0000000000000000 
aaDDODDGODDGGUDD 

_   _.   Daaaaaaaaaaaaaaa 
current   aaaaQaaaaaaoonoa 

 ä>BBnDDBEDDDDnaaDB 
row aaaaaaaaaaaaaaaa 

QDoaaaaaaaaaaaaa 
DDoaaaaaaanaaaaa 
aaaaaaaaaaaaoaaa 
aaoooaoDaoaooaao 
aaaaaaaaaaaaaaaa 
GDaaaaaaaaaaaaaa 
oaaaaaoaoaaaaaaa 
DaaaaaaaaaaaDDaa 

row/31 —^ oaaaaaaaaaaDDoaa 

t 
COIQ 

current 
row 
group 
M87 

1 0 

col 15 

JCE 
Jump Column/Enable 

uauuuuuuuuuuuauu 
aaaaaauauauaaaaa 
aaauaauanaunaDUD 
aoaoooooooaaaaao 
aaaDaDDaauauaaaa 
aDuaaanoaaaaauaa 
aaaQooaaoaaaooao 
oooaaoooooaooooa 
aaoaaaaaaauoaouD 
aaaaacuaaaüoaaaa 
ooaaaaacoaaoaDoo 
aacaQDaaaaaoaaaa 
aooooaoaoouoaüDO 
oaaaaoaoQouaouua 
uaaaaaaanaauonaa 
uaaaaaaüüt lanoaoa 
aoooaQoaauaaaaau 
uaaaaanuuGLiaaaua 
anoooDaaaoaaauoa 
oaoooaaoaaaaaaoo 
uauauQUDnaauauaa 
uaaooBoaoaouuooa 
aaaooQoaaaauaauu 
oüoooQaoaaaaaaoa 
aaaaaaaaaaDDGDDU 
aaaaaaDDDaaaaaaa 
aaaaaaDDDOoaaaaa 
aaaaaaoaaaaaaDau 
aaDaaoaannauuDaa 
ooaaQaaaDQaaDaoa 
aaaaaaaaDDGDDDaa 
Daaaaaaaoaarjaaaa 

current column 

row 
group 
M8 

JFL 

Jump/Test F-Latch 

current 
column 
group 

I M3 = 0 | 
Duaaaaaaüaoaaauü 
aaaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaa 
aaaaaaaaaaooDODa 
aaaaaaaaaaaaoaaa 
aaaoDooooaaaoaaa 
aaaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaa 
aaaaDDDDDaaaaaoa 
ooDaaoaaaaaaaaaa 
aDaaaaaaaoaaaDDa 
aaaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaa 
.aaaaaaaaaaaaaaaa 
aaoaaooooooaaaoa 
aaaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaa 
aoDDoaaooooDooao 
aaDaaaoaaaaaaaaa 
aaDODBaaaaaaaaaa 
aaDaaaaaaaaaaaao 
aaoDoooooooaaaaa 
aaoaaoaaaaaooaaa 
aaaaaaaaaaaaaaaa 
Doaaaaaaaaaaanaa 
DOQaaaaaaaaaaaoo 
aaaoaoaaaaooDODO 
aonaaaoooDoaoooo 
aoanooQoaooaoooa 
ooooaaaaaoaaoaaa 

t 
C0I3 (f = 

col2 (f = 0) 

1) 

current 
row 
group 
M87 

1 0 

JCF.JZF 

Jump/Test C-Flag 

Jump/Test Z-Flag 

current 
column 
group 

|M3=0| 
Daauaaaaaaaauaua 
aaaDDaaaaaaaaaaa 
aooooaaaaoaaaooa 
oaaaaaaaaaaaoaaa 
Daaaaaaaaaaaaaaa 
aaaaaaaaaaoaaaaa 
aaaaaaaaaaaaaaaa 
aaaaaaaDDaoaaaaa 
aaaooooooaoooaaa 
aDDaaaaaaaaDaDaa 
aaaaaaaDDaoaaaaa 
aaaaaoaaaaaaaaaa 
aaaaaaaaDaaüaaaa 
aaoaaaoDaoaoaDaa 
DaDDaaaaaaaaaDaa 
.aaaaaaaaaaaaaaaa 
aaoDaaaaaaaaopoa 
aadaooaaaooaoaaa 
aaciaoaoaaaoaaaaa 
aaaaaaoaaaoooaaQ 
aaaaaaaaaDDODaaa 
aaaDaBaaDaaaaaaa 
aaDDDaaaaaaaaaaa 
.aoBaoaoDoaoaaaao 
aaaaaaaaDaaaaaDD 
aaaaaaaaaaDoaaaa 
DaaaaaoaaDDDaaaa 
aaaaaaaaooaaaaaa 
aaaaaaaaaaaaaaaa 
aaaaaaDaaaaaaaaD 
□DaaDDaaaaaaaaDD 
aaaaaaaaaaaaoaaa 

JPR 
Jump/Test PR-Latch 

JLL 

Jump/Test Left Latch 

JRL 

Jump/Test Right Latch 

JPX 

Jump/Test PX-Bus 

rowQ- 

current 
row 
group 
M8 7 

1 0 

row31- 

►aaaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaa 
ooaaaaaaooaoaaoa 
DDDaaaaaaaauDDaa 
GODDDDDaaDaaaaaa 
aaaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaa 
ooDOODODOoooaoao 
Daaaaaaaaaaaaaaa 
Daaaaaaaaaaaaaaa 
DDDaaoaDaoaaDDDO 
Gooaaaooooaaaaaa 
aaaoaaaoaDDDoaua 
DDaaaaaaDDDDDDaa 
aoooaooaooaaaaaa 
.aanannaoaoaooana 
OnDanDDDDODDDDOa 
BaDODaoaoDaaDaaa 
EDODOaDDQaDDDODa 
DaaoaaaaaGaaoana 
□aaaoanaoaoonGoa 
oaoon»oaaooaaaaa 
BaaaaGGoaoDGDoaa 
.Bdaaaaaaooaaaacia 
ODDDDDDaDGaDDDDD 
aaaaaaaaaDDODaaa 
aaoooooaooDocaao 
aaonaaaDDDaaoaaa 
aaaaDDDDaaaDDaaa 
DDDDaGaDDDDOaDDD 
ODoaDDonaaooaooa 
»cooaaaoaooaaonao 

COIQ 

t 
COl 15 

row 
group 

1 0 
M8 

aaoaooooaaaoaoua 
aaaaaaaaaaaaaaua 
aaDaaaaoDDDDDDDD 
DDaDDDDODDaaaaaa 
aaaoDDDaaoaaaaaa 
aaaaaaaaaaaaaaaa 
aaoaoaaooaaaoDaa 
aaaaaaaaaaaDDDDD 
aaDoaaoaaaaaaaaa 
aaaaaaaaaaaaaaaa 
oaoaaaoaaoaacooD 
aaaaaooaaaDDaaaa 
aaaaaaoDaaaaaDaa 
DGODaaDGDDDDaDDD 
QaaaaDaaDDanDoaa 
.aaaanaaaooaocaao 
DDDDDGDOaaDDaDDO 
DaaDanaaaaoaoaoa 
DGGDanonDDDDDDaa 
ooaoaanaaaaooaao 
DaaDDaaaGDDODaoa 
ooaaoBanoaoaoQaa 
oaaaoaanooaaaouo 
.aoaaaaoaoaaouoao 
aaaaaaauaaaaaDDO 
DaaaaaaaaaDDDoaa 
aaDQDDaaaaaaDDaa 
aDDaaaaaaaaaaaGD 
aoDGGaaauauuuaau 
aaGDGüGüüuaaauLiLi 
DDÜDUDGDDDDaaüDG 
DaDDDDDÜGDDGDDDD 

col 7 

next 
row 
group 
M8 7 6 

1_ 
76 I  
01J 

aaaaaaaaooaaaaau 
aaaaaaaaaaaaaaaa 
Daaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaa 
aaaaaaaaaaaaoaaa 
oaooaoooaoooDooa 
aoDoaaaooaaaaooo 
GDaaaaaaaaaaaaaa 
Daaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaoD 
DaaooooaaaaQoaaa 
aoaaaaaaaaaaaaaa 
aaDaaaaaaaaaaaaQ 
aaaaaaaaDDDDDaoa 
aaDDDaaaaaaaaaaa 
aooaooaoaaaaaaoo 
aaaaaaaaaaaaoooD 
aaaaooaaaaaaaaaa 
aaoaooaaaaaaoaoa 
aaaaaaaoaaaaaaoo 
aaaaaaaoaaaannoa 
aaooDBaoaaaaoaora 
aaaaaaaaaaaaoaaa 
aaoooaoaoaoaaaas 
ODDDDDDDDDGUÜDDU 
aaaaaaoaooaaaaoa 
aaDDoaaDauaaaaaa 
aaaaaaaaaaaaaaaa 
DUDDDaGDuGDUaUULl 
DGGGGGOunuLiDaaaa 
aaaaaaaauaauaaao 
auooaaaaaüaaaoao 

C0I4 col 

coli 

12 

current 1 
row 
group 
M87 6 

1 0 1 J~ 

0000000000000000 
ODaQQDDDGoaoaaaa 
aaoaaaaaDooaaaaD 
DDDGDaaaooaaaaaa 
aaaaaaaaaaaaaaaa 
aaaaaaaaaaaaoaaa 
aaaGOOGDaaaaaDaa 
oaaaaaoooaaooaan 
aaaaaaaaaaoaoaaa 
ODODDaoaooaooaoo 
aaaaaaaaoaaaoaaD 
aaaaaaoooaoaoaan 
DaaaooaonaaaaaoG 
0000000000000000 
aaaaaaaoaoooDaao 
DDDDDaaaaaoaaaDa 
aaaaaaaaaaoooaao 
DoacaaaaooaDOGGD 
DDaoaaaaaaooDaaa 
aoaoaaaaaoooooaa 
aaaaaaaaaaaaaaaa 
Daaaa»GaaaDaaoaa 
nnooaaooaoaaoaaa 
aaaaaaaaaaaaaaaa 
oaaoaaaaaoaoaaGG 
GGDaaaaaaoaoaoGD 
aoooaaaaaooooGan 
aaaoaoaaoaaonnno 
OGaanDGaaoaGannn 
DaaoaaoooDaaarjaa 
GaOGOGaaGODOGODG 
onoaoDaaGOGOGDnG 
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APPENDIX D TYPICAL CONFIGURATIONS 

£ cs4 

Ao 3604 
PROM 

oe 

=1 cs4 

Ao 

01 

3604 
PROM 

°8 

A8 

- ISE 

AC6 

ERA MAS~ -MA0 

3001 
MCU 

ACo 

PR2 
PR, 
PR0 

FC0FC,    Fl FO    FC2FC3      PX7-PX4SX3 -SXo 

im im 
TO MEMORY DATA BUS 

• TO 3002 CP ARRAY 

Non-Pipelined Configuration with 
512 Microinstruction Addressability 

os - - o. 

3604 
PROM 

CS,-CS4Ao~ —A„ 

05 — O, 

3604 
PROM 

CS,-CS4A0- -A8 

n 
-A0CS4-CS* 

3604 
PROM 

o8- -O, 

im 

11H 
o5 — o. 

3604 
PROM 

CS, -CS4A0- -A8 

 A0CS4-CS, •CSi I   J- 

3604 
PROM 

Os- -O, 

6 
5V 

Two D-type flip-flops of the *S174 pipeline register ere used es the 
microprogram eddress register extension. 

05 — O, 

3604 
PROM 

CS1-CS4A0- -A„ 

A8- -Ao CS4-CS, *n 
3604 

PROM 

08 O, 

-Ao CS4-CSl       J. =sTl -L 

3604 
PROM 

Os- -O, 

- ISE 
  AC0 

ACj 
AC3 
AC4 

ERA MA8- -MAo 

3001 
MCU 

AC6 

FC0FC-|    Fl   FO   FCj FC3     PX7-PX4 SX3-SX0 
—rm—mr 

ID 10 
2D 20 
3D 3Q 
4D 4Q 
5D 50 
6D 60 

CLK 

CLR 
■S174 

TO MEMORY DATA BUS 

TO 3002 Cf> ARRAY 

PIPELINE 
REGISTER 

Pipelined Configuration with 
2048 Microinstruction Addressability 

13 
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C3001 Microprogram 

Control Unit 
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Intel Corporation 
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SCHOTTKY 
BIPOLAR LSI 
MICROCOMPUTER 
SET 

3002 

The INTEL Bipolar Microcomputer Set 
is a family of Schottky bipolar LSI cir- 
cuits which simplify the construction of 
microprogrammed central processors 
and device controllers. These processors 
and controllers are truly micropro- 
grammed in the sense that their control 
logic is organized around a separate 
read-only memory called the micro- 
program memory. Control signals for 
the various processing elements are 
generated by the microinstructions 
contained in the microprogram memory. 
In the implementation of a typical 
central processor, as shown below, the 
microprogram interprets a higher level 
of instructions called macroinstructions, 
similar to those found in a small com- 
puter. For device controllers, the 
microprograms directly implement the 
required control functions. 

The INTEL 3002 Central Processing 
Element contains all of the circuits that 
represent a 2-bit wide slice through the 
data processing section of a digital com- 
puter. To construct a complete central 
processor for a given word width N, it 
is simply necessary to connect an array 
of N/2 CPE's together. When wired 
together in such an array, a set of CPE's 
provide the following capabilities: 

2's complement arithmetic 

Logical AND, OR, NOT and 
exclusive-OR 

Incrementing and decrementing 

Shifting left or right 

Bit testing and zero detection 

Carry look-ahead generation 

Multiple data and address busses 

High Performance — 100 ns Cycle Time 

TTL and DTL Compatible 

N-Bit Word Expandable Multi-Bus 
Organization 

3 Input Data Busses 
2 Three-State Fully Buffered Output 
Data Busses 

11 General Purpose Registers 

Full Function Accumulator 

Independent Memory Address Register 

Cascade Outputs for Full Carry 
Look-Ahead 

Versatile Functional Capability 
8 Function Groups 
Over 40 Useful Functions 
Zero Detect and Bit Test 

Single Clock 

28 Pin DIP 

Figure 1. Block Diagram of a Typical System 

Other members of the INTEL Bipolar Microcomputer Set: 

3001 Microprogram Control Unit 3214 Priority Interrupt Control Unit 
3003 Look-Ahead Carry Generator 3226 Inverting Bi-Directional Bus Driver 
3212 Multi-Mode Latch Buffer 3301 Schottky Bipolar ROM (256 x 4) 

3304A Schottky Bipolar ROM (512 x 8) 
3601    Schottky Bipolar PROM (256 x 4) 
3604    Schottky Bipolar PROM (512x8) 

© Intel Corporation, 1975 
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PIN DESCRIPTION 

PIN SYMBOL NAME AND FUNCTION TYPE (1) 

1.2 

3,4 

5,6 

12-13 

21-22 

23 

28 

7 CO 

8 RO 

9 LI 

10 Cl 

11 EA 

/r~\     14 

C.JÄ15-17, 
^24-27, 

GND 

Fo-F6 

18 CLK 

19-20 DQ-D! 

l(Hl External Bus Inputs 

The external bus inputs provide a separate input port for external input 
devices. 

Krj-Ki Mask Bus Inputs 

The mask bus inputs provide a separate input port for the microprogram 
memory, to allow mask or constant entry. 

X, Y Standard Carry Look-Ahead Cascade Outputs 

The cascade outputs allow high speed arithmetic operations to be 
performed when they are used in conjunction with the INTEL 3003 
Look-Ahead Carry Generator. 

Ripply Carry Output 

The ripple carry output is only disabled during shift right operations. 

Shift Right Output 

The shift right output is only enabled during shift right operations. 

Shift Right Input 

Carry Input 

Memory Address Enable Input 
; When in the LOW state, the memory address enable input enables the 

memory address outputs (AQ-AT ). 

A0-Ai Memory Address Bus Outputs 

The memory address bus outputs are the buffered outputs of the 
memory address register (MAR). 

Ground 

Micro-Function Bus Inputs 

The micro-function bus inputs control ALU function and register 
selection. 

Clock Input 

Memory Data Bus Outputs 

The memory data bus outputs are the buffered outputs of the full 
function accumulator register (AC). 

M0-Mi Memory Data Bus Inputs 

The memory data bus inputs provide a separate input port for 
memory data. 

ED Memory Data Enable Input 

When in the LOW state, the memory data enable input enables the 
memory data outputs (Drj-Di) 

Vcc +5 Volt Supply 

NOTE: 
1.   Active HIGH, unless otherwise specified. 

Active LOW 

Active LOW 

Active LOW 
Three-state 

Active LOW 
Three-state 

Active LOW 

Active LOW 

Active LOW 

Active LOW 
Three-state 

Active LOW 
Three-state 

Active LOW 

Active LOW 



LOGICAL DESCRIPTION 

mmmmmm_ 

The CPE provides the arithmetic, logic 
and register functions of a 2-bit wide 

^ slice through a microprogrammed central 
Lprocessor. Data from external sources 
such as main memory, is brought into 

- the CPE on one of the three separate in- 
put busses. Data being sent out of the 
CPE to external devices is carried on 
either of the two output busses. Within 
the CPE, data is stored in one of eleven 
scratchpad registers or in the accumula- 
tor.  Data from the input busses, the 
registers, or the accumulator is available 
to the arithmetic/logic section (ALS) 
under the control of two internal multi- 
plexers. Additional inputs and outputs 
are included for carry propagation, 
shifting, and micro-function selection. 
The complete logical organization of the 
CPE is shown below. 

MICRO-FUNCTION BUS AND 
DECODER 

The seven  micro-function bus input 
lines of the CPE, designated Fn-Fß, 
are decoded internally to select the 
ALS function, generate the scratchpad 
address, and control the A and B 
multiplexers. 

M-BUS AND l-BUS INPUTS 

The M-bus inputs are arranged to bring 
data from an external main memory 
into the CPE. Data on the M-bus is 

^multiplexed internally for input to 
the ALS. 

The l-bus inputs are arranged to bring 
data from an external I/O system into 
the CPE. Data on the l-bus is also mul- 
tiplexed internally, although indepen- 
dently of the M-bus, for input to the 
ALS Separation of the two busses per- 
mits a relatively lightly loaded memory 
bus even though a large number of I/O 
devices are connected to the l-bus. 
Alternatively, the l-bus may be wired 
to perform a multiple bit shift (e.g., a 
byte exchange) by connecting it to one 
of the output busses.  In this case, I/O 
device data is gated externally onto the 
M-bus. 

SCRATCHPAD 

The scratchpad contains eleven registers 
designated Rrj through Rg and T. The 
output of the scratchpad is multiplexed 
internally for input to ALS. The ALS 
output is returned for input into the 
scratchpad. 

ACCUMULATOR AND D-BUS 

An independent register called the 
accumulator (AC) is available for storing 
the result of an ALS operation. The 

koutput of the accumulator is multi- 
plexed internally for input back to the 

ALS and is also available via a three- 
state output buffer on the D-bus 
outputs. Conventional usage of the 
D-bus is for data being sent to the 
external main memory or to external 
I/O devices. 

A AND B MULTIPLEXERS 

The A and B multiplexers select the two 
inputs to the ALS specified on the 
micro-function bus.   Inputs to the A- 
multiplexer include the M-bus, the 
scratchpad, and the accumulator.   The 
B-multiplexer selects either the l-bus, 
the accumulator, or the K-bus.   The 
selected B-multiplexer input is always 
logically ANDed with the data on the 
K-bus (see below) to provide a flexible 
masking and bit testing capability. 

ALS AND K-BUS 

The ALS is capable of a variety of 
arithmetic and logic operations, in- 
cluding 2's complement addition, in- 
crementing, and decrementing, plus 
logical AND, inclusive-OR, exclusive- 
NOR, and logical complement. The 
result of an ALS operation may be 
stored in the accumulator or one of the 
scratchpad registers. Separate left input 
and right output lines, designated LI 
and RO, are available for use in right 
shift operations. Carry input and carry 
output lines, designated Cl and CO are 
provided for normal ripple carry propaga- 

tion. CO and RO data are brought out via 
two alternately enabled tri-state buffers. 
In addition, standard look ahead carry 
outputs, designated X and Y, are available 
for full carry look ahead across any word 
length. 

The ability of the K-bus to mask inputs 
to the ALS greatly increases the versa- 
tility of the CPE. During non-arithmetic 
operations in which carry propagation 
has no meaning, the carry circuits are 
used to perform a word-wise inclusive- 
OR of the bits, masked by the K-bus, 
from the register or bus selected by the 
function decoder. Thus, the CPE pro- 
vides a flexible bit testing capability. 
The K-bus is also used during arithmetic 
operations to mask portions of the field 
being operated upon. An additional 
function of the K-bus is that of supply- 
ing constants to the CPE from the 
microprogram. 

MEMORY ADDRESS REGISTER 
AND A-BUS 

A separate ALS output is also avail- 
able to the memory address register 
(MAR) and to the A-bus via a three- 
state output buffer. Conventional usage 
of the MAR and A-bus is for sending ad- 
dresses to an external main memory. 
The MAR and A-bus may also be used 
to select an external device when 
executing I/O operations. 

MAIN MEMORY 
ADDRESS 

D, Do 

r 
ENABLE 
ADDRESS ,-U -I--+-—<--+-- "1 

OUTPUT 
BUFFER 

OUTPUT 
BUFFER 

MEMORY 
ADDRESS 
REGISTER 

AC REGISTER 

LOOK AHEAD        J 
CARRY OUTPUTS | 

P 

CARRY OUT CO—<> 

LEFT IN LI —c^ 

CLK 1 

Vcc 

GND 

Fs 

MICRO-FUNCTION   F3 
BUS 

ARITHMETIC/LOGIC 
SECTION 

-+- 
MICRO- 

FUNCTION 
DECODER 

1 
1 1 

1 
1 1 

MULTIPLEXER 

1  t t  t  t t 

MULTIPLEXER 

SCRATCHPAD 
REGISTERS 

1 

s 

■fa—ci 

L RO RIGHT OUT 

Ml   M0 1,    l0 K,   K0 

MEMORY EXT MASK 
DATA IN DEVICE IN IN 

Figure 2.3002 Block Diagram 
) 



FUNCTIONAL DESCRIPTION 

a 

During each micro-cycle, a micro- 
function is applied to F-bus inputs of 
the CPE. The micro-function is decoded, 
the operands are selected by the multi- 
plexers, and the specified operation is 
performed by ALS. If a negative going 
clock edge is applied, the result of the 
ALS operation is either deposited in 
the accumulator or written into the 
selected scratchpad register. In addition, 
certain operations permit related ad- 
dress data to be deposited in the MAR. 
A new micro-function should only be 
applied following the rising edge of the 
clock. 

By externally gating the clock input to 
CPE, referred to as conditional clocking, 
the clock pulse may be selectively 
omitted during a micro-cycle. Since the 
carry, shift, and look-ahead circuits are 
not clocked, their outputs may be used 
to perform a variety of non-destructive 
tests on data in the accumulator or in 
the scratchpad. No register contents are 
modified by the operation due to the 
absence of the clock pulse. 

The micro-function to be performed is 
determined from the function group 
(F-Group) and register group (R-Group) 

, selected by the data on the F-bus. The 
F-Group is specified by the upper three 
bits of data, F4-Fe. The R-Group is 
specified by the lower four bits of data, 
F0-F3. R-Group I contains RQ through 
R9, T, and AC and is denoted by the 
symbol Rn.  R-Group II and R-Group III 
contain only T and AC.  F-Group and 
R-Group formats are summarized in 
Appendix A. 

The following is a detailed explanation 
of each of the CPE micro-functions. 
A general functional description of each 
operation is given followed by two 
additional descriptions which explain 
the result of the micro-function with 
both K-bus inputs at logical 0 or both at 
logical 1. In most cases, the effect of 
placing the K-bus in the all-one or the 
all-zero state is to either select or de- 
select the accumulator in the operation, 
respectively. A micro-function 
mnemonic is included with each descrip- 
tion for reference purposes and to assist 
in the design of micro-assembly 
languages. The micro-functions are sum- 
marized in Appendix B. The effective 

I micro-functions for the all-zero and the 
all-one K-bus states are summarized in 
Appendix C and D, respectively. 

F-GROUP 0 R-GROUP I 

Logically AND the contents of AC with 
the data on the K-bus. Add the result to 
the contents of Rn and the value of the 
carry input (Cl). Deposit the sum in AC 
and Rn. 

ILR K-BUS = 00 

Conditionally increment Rn and load 
the result in AC. Used to load AC from 
Rn or to increment Rn and load a copy 
of the result in AC. 

ALR K-BUS=11 

Add AC and Cl to Rn and load the re- 
sult in AC. Used to add AC to a register. 
If Rn is AC, then AC is shifted left one 
bit position. 

F-GROUP 0 R-GROUP II 

Logically AND the contents of AC with 
the data on the K-bus. Add the result to 
Cl and the data on the M-bus. Deposit 
the sum in AC or T, as specified. 

ACM K-BUS = 00 

Add Cl to the data on the M-bus. Load 
the result in AC or T, as specified. Used 
to load memory data in the specified 
register, or to load incremented mem- 
ory data in the specified register. 

AMA K-BUS = 11 
Add the data on the M-bus to AC and 
Cl, and load the result in AC or T, as 
specified. Used to add memory data 
or incremented memory data to AC 
and store the sum in the specified 
register. 

F-GROUP 0 R-GROUP III 

(General description omitted, see Ap- 
pendix B.) 

SRA K-BUS = 00 
Shift the contents of AC or T, as speci- 
fied, right one bit position. Place the 
previous low order bit value on RO and 
fill the high order bit from the data on 
LI. Used to shift or rotate AC or T 
right one bit. 
(K-bus = 11 description omitted, see 
Appendix B.) 

F-GROUP 1 R-GROUP I 

Logically OR the contents of Rn with 
the data on the K-bus. Deposit the re- 
sult in MAR. Add the data on the K-bus 
to contents of Rn and Cl. Deposit the 
result in Rn. 

LMI K-BUS = 00 

Load MAR from Rn. Conditionally 
increment Rn. Used to maintain a 
macro-instruction program counter. 

DSM K-BUS = 11 

Set MAR to all one's. Conditionally 
decrement Rn by one. Used to force 
MAR to its highest address and to 
decrement Rn. 

F-GROUP 1 R-GROUP II 

Logically OR the data on the M-bus with 
the data on the K-bus. Deposit the re- 
sult in MAR. Add the data on the K-bus 
to the data on the M-bus and Cl. De- 
posit the sum in AC or T, as specified. 

LMM K-BUS = 00 
Load MAR from the M-bus. Add Cl to 
the data on the M-bus. Deposit the re- 
sult in AC or T. Used to load the 
address register with memory data for 
macro-instructions using indirect 
addressing. 

LDM K-BUS =11 
Set MAR to all ones. Subtract one 
from the data on the M-bus. Add Cl 
to the difference and deposit the result 
in AC or T, as specified. Used to load 
decremented memory data in AC or T. 

F-GROUP 1 R-GROUP III 

Logically OR the data on the K-bus with 
the complement of the contents of AC 
or T, as specified. Add the result to the 
logical AND of the contents of specified 
register with the data on the K-bus. Add 
the sum to Cl. Deposit the result in the 
specified register. 

CIA K-BUS = 00 

Add Cl to the complement of the con- 
tents of AC or T, as specified. Deposit 
the result in the specified register. Used 
to form the 1's or 2's complement of 
AC or T. 

DCA K-BUS =11 
Subtract one from the contents of AC 
or T, as specified. Add Cl to the dif- 
ference and deposit the sum in the 
specified register. Used to decrement 
AC or T. 



FUNCTIONAL DESCRIPTION (con't) 

F-GROUP2 R-GROUPI 

Logically AND the data on the K-bus 
Yith the contents of AC. Subtract one 
fom the result and add the difference 

"toCI. Deposit the sum in Rn. 

CSR K-BUS = 00 

Subtract one from Cl and deposit the 
difference in Rn. Used to conditionally 
clear or set Rn to all 0's or 1 's, 
respectively. 

SDR K-BUS = 11 

Subtract one from AC and add the 
difference to Cl. Deposit the sum in 
Rn. Used to store AC in Rn or to store 
the decremented value of AC in Rn. 

F-GROUP2 R-GROUPII 

Logically AND the data on the K-bus 
with the contents of AC. Subtract one 
from the result and add the difference 
to Cl.  Deposit the sum in AC or T, 
as specified. 

CSA K-BUS = 00 

Subtract one from Cl and deposit the 
difference in AC or T, as specified. Used 
to conditionally clear or set AC or T. 

SDA K-BUS = 11 

Subtract one from AC and add the 
jjifference to Cl. Deposit the sum in 
\c or T, as specified. Used to store 
AC in T, or decrement AC, or store 
the decremented value of AC in T. 

F-GROUP2 R-GROUPIII 

Logically AND the data of the K-bus 
with the data on the I-bus. Subtract one 
from the result and add the difference 
to Cl. Deposit the sum in AC or T, as 
specified. 

(K-bus = 00 description omitted, see 

CSA above.) 

LDI K-BUS =11 

Subtract one from the data on the l-bus 
and add the difference to Cl. Deposit 
the sum in AC or T, as specified. 
Used to load input bus data or decre- 
mented input bus data in the specified 
register. 

F-GROUP3 R-GROUPI 

Logically AND the contents of AC with 
the data on the K-bus. Add the con- 
tents of Rn and Cl to the result. Deposit 
the sum in Rn. 

INR K-BUS = 00 

Add Cl to the contents of Rn and 
deposit the sum in Rn. Used to in- 
crement Rn. 

ADR K-BUS =11 

Add the contents of AC to Rn. Add the 
result to Cl and deposit the sum in Rn. 
Used to add the accumulator to a register 
or to add the incremented value of the 
accumulator to a register. 

F-GROUP3 R-GROUPII 

(All descriptions omitted, identical to 
F-Group O/R-Group II described above.) 

F-GROUP3 R-GROUPIII 

Logically AND the data on the K-bus 
with the data on the l-bus. Add Cl 
and the contents of AC OF T, as speci- 
fied, to the result. Deposit the sum in 
the specified register. 

INA K-BUS = 00 

Conditionally increment the contents of 
AC or T, as specified. Used to incre- 
ment AC or T. 

AIA K-BUS =11 

Add the data on the.l-bus to the con- 
tents of AC or T, as specified. Add Cl 
to the result and deposit the sum in the 
specified register. Used to add input 
data or incremented input data to the 
specified register. 

F-GROUP 4 R-GROUPI 

Logically AND the data on the K-bus 
with the contents of AC. Logically 
AND the result with the contents of 
Rn. Deposit the final result in Rn. 
Logically OR the value of Cl with the 
word-wise OR of the bits of the final 
result. Place the value of the carry OR 
on the carry output (CO) line. 

CLR K-BUS = 00 

Clear Rn to all 0's. Force CO to Cl. 
Used to clear a register and force CO 
toCI. 

ANR K-BUS =11 

Logically AND AC with Rn. Deposit the 
result in Rn. Force CO to one if the 
result is non-zero. Used to AND the 
accumulator with a register and test for 
a zero result. 

F-GROUP 4 R-GROUPII 

Logically AND the data on the K-bus 
with the contents of AC.  Logically 
AND the result with the data on the 
M-bus. Deposit the final result in AC 
or T, as specified. Logically OR the 
value of Cl with the word-wise OR of 
the bits of the final result. Place the 
value of the carry OR on CO. 

CLA K-BUS = 00 

Clear AC or T, as specified, to all 0's. 
Force CO to Cl. Used to clear the 
specified register and force CO to Cl. 

ANM K-BUS =11 

Logically AND the data on the M-bus 
with the contents of AC. Deposit the 
result in AC or T, as specified. Force 
CO to one if the result is non-zero. Used 
to AND M-bus data to the accumulator 
and test for a zero result. 

F-GROUP 4 R-GROUPIII 

Logically AND the data on l-bus with 
the data on the K-bus. Logically AND 
the result with the contents of AC or T, 
as specified. Deposit the final result in 
the specified register. Logically OR Cl 
with the word-wise OR of the bits of 
the final result. Place the value of the 

carry OR on CO. 

(K-bus = 00 description omitted, see 
CLA above.) 

ANI K-BUS = 11 

Logically AND the data on the l-bus 
with the contents of AC or T, as speci- 
fied. Deposit the result in the specified 
register. Force CO to one if the result 
is non-zero. Used to AND the l-bus to 
the accumulator and test for a zero 
result. 

F-GROUP 5 R-GROUPI 

Logically AND the data on the K-bus 
with the contents of Rn. Deposit the 
result in Rn. Logically OR Cl with the 
word-wise OR of the result. Place the 
value of the carry OR on CO. 

(K-bus = 00 description omitted, see 
CLR above.) 

TZR K-BUS =11 

Force CO to one if Rn is non-zero. Used 
to test a register for zero. Also used to 
AND K-bus data with a register (see 
general description) for masking and, 
optionally, testing for a zero result. 

^&s 



FUNCTIONAL DESCRIPTION (con't) 

G 

F-GR0UP5 R-GROUPII 

Logically AND the data on the K-bus 
with the data on the M-bus. Deposit the 

»result in AC or T, as specified. Logically 
OR Cl with the word-wise OR of the 
result. Place the value of the carry OR 
on CO. 
(K-bus = 00 description omitted, see 
CLA above.) 

LTM K-BUS =11 

Load AC or T, as specified, with data 
from the M-bus.  Force CO to one if the 
result is non-zero.  Used to load the 
specified register from memory and test 
for a zero result. Also used to AND 
K-bus data with M-bus data (see general 
description) for masking and, optionally, 
testing for a zero result. 

F-GROUP5 R-GROUPIII 

Logically AND the data on K-bus with 
contents of AC or T, as specified. De- 
posit the result in the specified register. 
Logically OR Cl with the word-wise OR 
of the result. Place the value of the 
carry OR on CO. 

(K-bus = 00 description omitted, see 
CLA above.) 

TZA K-BUS = 11 

Force CO to one if AC or T, as specified, 
js non-zero.  Used to test the specified 
'register for zero.  Also used to AND 
K-bus data to the specified register (see 
general description) for masking and, 
optionally, testing for a zero result. 

F-GROUP6 R-GROUPI 

Logically OR Cl with the word-wise 
OR of the logical AND of AC and the 
data on the K-bus. Place the result of 
the carry OR on CO. Logically OR the 
contents of Rn with the logical AND 
of AC and the data on the K-bus. 
Deposit the result in Rn. 

NOP K-BUS = 00 

Force CO to Cl.  Used as a null opera- 
tion or to force CO to Cl. 

ORR K-BUS =11 

Force CO to one if AC is non-zero. 
Logically OR the contents of the ac- 
cumulator to the contents of Rn. De- 
posit the result in Rn. Used to OR the 
accumulator to a register and, 
optionally, test the previous accumula- 
tor value for zero. 

F-GROUP6 R-GROUPII 

Logically OR Cl with the word-wise 
OR of the logical AND of AC and the 
data on the K-bus. Place the value of 
the carry OR on CO. Logically OR the 
data on the M-bus, with the logical 
AND of AC and the data on the K-bus. 
Deposit the final result in AC or T, 
as specified. 

LMF K-BUS = 00 

Load AC or T, as specified, from the 
M-bus. Force CO to Cl. Used to load 
the specified register with memory data 
and force CO to Cl. 

ORM K-BUS =11 

Force CO to one if AC is non-zero. 
Logically OR the data on the M-bus with 
the contents of AC. Deposit the result 
in AC or T, as specified. Used to OR 
memory data with the accumulator and, 
optionally, test the previous value of 
the accumulator for zero. 

F-GROUP6 R-GROUPIII 

Logically OR Cl with the word-wise OR 
of the logical AND of the data on the 
l-bus and the data on the K-bus. Place 
the value of the carry OR on CO. Logi- 
cally AND the data on the K-bus with 
the data on the l-bus. Logically OR the 
result with the contents of AC or T, 
as specified. Deposit the final result 
in the specified register. 

(K-bus = 00 description omitted, see 
NOP above.) 

ORI K-BUS = 11 

Force CO to one if the data on the 
l-bus is non-zero. Logically OR the 
data on the l-bus to the contents of 
AC or T, as specified. Deposit the 
result in the specified register. Used to 
OR l-bus data with the specified 
register and, optionally, test the l-bus 
data for zero. 

F-GROUP7 R-GROUPI 

Logically OR Cl with the word-wise OR 
of the logical AND of the contents of 
Rn and AC and the data on the K-bus. 
Place the value of the carry OR on CO. 
Logically AND the data on the K-bus 
with the contents of AC.  Exclusive- 
NOR the result with the contents of 
Rn.  Deposit the final result in Rn. 

CMR K-BUS = 00 

Complement the contents of Rn.  Force 
COtoCI. 

XNR K-BUS = 11 

Force CO to one if the logical AND of 
AC and Rn is non-zero. Exclusive-NOR 
the contents of AC with the contents of 
Rn. Deposit the result in Rn. Used to 
exclusive-NOR the accumulator with 
a register. 

F-GROUP7 R-GROUPII 

Logically OR Cl with the word-wise 
OR of the logical AND of the contents 
of AC and the data on the K-bus and 
M-bus. Place the value of the carry OR 
on CO.  Logically AND the data on the 
K-bus with the contents of AC. Exclu- 
sive-NOR the result with the data on 
the M-bus. Deposit the final result in 
AC or T, as specified. 

LCM K-BUS = 00 

Load the complement of the data on 
the M-bus into AC or T, as specified. 
Force COtoCI. 

XNM K-BUS =11 

Force CO to one if the logical AND of 
AC and the M-bus data is non-zero. 
Exclusive-NOR the contents of AC with 
the data on the M-bus. Deposit the 
result in AC or T, as specified. Used to 
exclusive—NOR memory data with 
the accumulator. 

F-GROUP7 R-GROUPIII 

Logically OR Cl with the word-wise 
OR of the logical AND of the contents 
of the specified register and the data on 
the l-bus and K-bus. Place the value of 
the carry OR on CO. Logically AND 
the data on the K-bus with the data 
on the l-bus. Exclusive-NOR the 
result with the contents of AC or T, as 
specified. Deposit the final result in 
the specified register. 

CMA K-BUS = 00 

Complement AC or T, as specified. Force 
COtoCI. 

XNI K-BUS =11 

Force CO to one if the logical AND of 
the contents of AC or T, as specified, and 
the l-bus data is non-zero. Exclusive- 
NOR the contents of the specified regis- 
ter with the data on the l-bus.  Deposit 
the result in AC or T, as specified. Used 
to exclusive-NOR input data with the 
accumulator. 



D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias    0 C to 70 C 

'Storage Temperature -65°C to +160°C 

AH. Output and Supply Voltages    ~0-5V t0 +7V 

All Input Voltages • ■ ■ ■ ~1.0Vto+5.5V 

Output Currents    100 mA 

•COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum ratings for extended periods may effect device reliability. 

TA=0 Cto+70 C 

LIMITS 

SYMBOL PARAMETER MIN TYpd» MAX UNIT CONDITIONS 

vc Input Clamp Voltage (All 
Input Pins) 

-0.8 -1.0 V Vcc = 4.75V, lc=-5 mA 

IF Input Load Current: 
F0-F6,CLK,K0,K1,EAf ED 
l0, h.Mn, M1f LI 
Cl 

-0.05 
-0.85 
-2.3 

-0.25 
-1.5 

"  -4.0 

mA 
mA 
mA 

Vcc = 5.25V, VF = 0.45V 

IR 

) 

Input Leakage Current: 
F0-F6,CLK, K0, K^EA, ED 
l0. li.M0.M1f-LI 
Cl 

40 
60 
180 

A/A 
/xA 
juA 

VCc = 5.25V, VR = 5.25V 

VIL Input Low Voltage 0.8 V Vcc = 5.0V 

V|H Input High Voltage 2.0 V 

•cc Power Supply Current 145 190 mA Vcc = 5.25V(2) 

VOL Output Low Voltage (All 
Output Pins) 

0.3 0.45 V Vcc = 4.75V, loL = 10mA 

VOH Output High Voltage (All 
Output Pins) 

2.4 3.0 V VCC = 4.75V, l0H=-1 mA 

>os Short Circuit Output Current 
(All Output Pins) 

-15 -25 -60 mA VCC = 5.0V 

'o(off) Off State Output Current 
A0, Ai, D0, D^CO and RO 

-100 
100 ßA 

VCC = 5.25V, V0 = 0.45V 
VCC = 5.25V, V0 = 5.25V 

o 

NOTES: 
(1) Typical values are for TA = 25°C and nominal supply voltage 
(2) CLK input grounded, other inputs open. 



A.C. CHARACTERISTICS AND WAVEFORMS 

TA = 0°C to 70°C, VCC = 5V ±5% 

SYMBOL PARAMETER 

tCY Clock Cycle Time 

tWP Clock Pulse Width 

tFS Function Input Set-Up Time (F0 through F 

Data Set-Up Time: 

tDS In. h. M0. M1f K0, K-\ 
tss LI, Cl 

Data and Function Hold Time: 

tFH FQ through Fg 

*DH l0, li, M0. M1f K0, K, 
tSH LI, Cl 

Propagation Delay to X, Y, RO from: 

tXF Any Function   Input 

*XD Any  Data   Input 

tXT Trailing  Edge  of CLK 

tXL Leading  Edge of CLK 

Propagation  Delay to  CO from: 

tCL Leading  Edge  of CLK 

tCT Trailing  Edge of CLK 

tCF 
Any  Function   Input 

tCD Any  Data   Input 

tec Cl   (Ripple  Carry) 

Propagation   Delay to  Ao, A-|,  Do,  D-\   f 

tDL Leading  Edge  of CLK 

tDE Enable   Input   ED,   EA 

from: 

MIN TYP (1) MAX UNIT 

100 70 ns 

33 20 ns 

60 -■-.. 

40 ns 

50 30 ns 
27 13 ns 

5 -2 ns 
5 -4 ns 
15 2 ns 

37 52 ns 
29 42 ns 
40 60 ns 

17 ns 

20 ns 
48 70 ns 
43 65 ns 
30 55 ns 
14 25 ns 

32 50 ns 
12 25 ns 

NOTE: 
(1) Typical values are for TA = 25°C and nominal supply voltage. 

TEST CONDITIONS: 

Input pulse amplitude: 2.5 V 
Input rise and fall times of 5 ns between 1 and 2 volts. 
Output loading is 10 mA and 30 pF. 
Speed measurements are made at 1.5 volt levels. 

TEST LOAD CIRCUIT: 

Vcc 

>50on 

OUTO- 

30 pF-r- S1 KH 

CAPACITANCE121 TA = 25°C 

SYMBOL PARAMETER MIN TYP MAX UNIT 

CIN 

Coin- 

Input Capacitance 

Output Capacitance 

5 

6 

10 

12 

pF 

NOTE: 
(2)  This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, VgiAs = 2.5V, VQC = 5.0V and 

TA = 25°C 



3002 WAVEFORMS 

CLOCK INPUT 
CLK 

A f 

-tCY" 

-twp" 

A 

FUNCTION INPUTS 

Fo-F6 X 
tFS- tFH 

X 
DATA INPUTS 

l0.'l.K0. KT.MO.MT 

CARRY AND SHIFT 
INPUTS LI, Cl 

X 
-tos" -*«—tDH > 

X 
-tss *«— tSH- 

X X 

CARRY AND SHIFT 
OUTPUTS X, Y, RO 

CO 

-txT" 

-tXF" 

"tXD- 

tcT- 

-tcD" 

-tcF" 

"tXL- 

X 
«-tcc^ 

X 

X 
<= tcL- 

t. 

) 

ENABLE INPUTS 
EA, ED X 

DATA OUTPUTS 
AO.AVDQ.D, 

< »DE > 

X 
-tDL" 

X 
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TYPICAL AC AND DC CHARACTERISTICS 
Power Supply Current vs Temperature 

150 

130 

Vcc - 5.0V 

I 
I 
a 

0 25 50 
TEMPERATURE (°C) 

Output Current vs Output High Voltage 
o 

K 
OC 
3 
U 

5 -is 
H 
3 
O 

-25 

Vcc ■5.0V 
25°C  I// 

//70oC 

/ ^ 

"c 

1 2 
OUTPUT VOLTAGE 

Carry in Set Up Time vs Vcc ar,d Temperature 
30 

ui      20 

a   io 

25°C 
"~~~———i C 

75°C 
70°C 

25°C             " 

Vcc (VOLTS) 

Propagation Delay Clock to 
"A" and "D" Data Outputs vs Vcc and Temperature 

20 

__(£c 

70°C 

25°C 

Output Current vs Output Low Voltage 
2S 

Vcc- 5.0V 

/ 
70°C/V 

/// 0C 

25
°C-^// 

2 3 
OUTPUT VOLTAGE 

Clock Pulse Width vs Vcc and Temperature 

3    io 

o°c 70°C 

25°C 

5.0 
Vcc (VOLTS) 

Propagation Delay Function Inputs to 
Cascade Outputs vs Vcc ar,d Temperature 

70°C 

=  25°C 

0°C 

20 
4.75 5.0 S 

Vcc (VOLTS) 

Propagation Delay Clock to 
"A" and "D" Data Output vs Load Capacitance 

so 

TA = 
Vcc 

25° C 
= 5.0V 

5.0 
Vcc (VOLTS) 

100 150 
LOAD CAPACITANCE (pF) 
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APPENDIX A   MICRO-FUNCTION SUMMARY 

F-GROUP R-GROUP MICRO-FUNCTION 

II 

III 

Rn + (AC A K) + CI-"Rn, AC 

M + (AC A K) + Cl -»■ AT 

ATL A (lL A KL)-*RO LI v [(lH A KH) A ATH] 

[ATLA (lLA KL)]  v [ATHv(lH A KH)1 ^ATL 

ATH 

Rn+ K + CI ->Rn K V Rn-*MAR 

KvM->MAR M + K + CI 

(AT v K) + (AT A K) + Cl -»• AT 

AT 

(AC A K)-1 +CI^Rn 

(AC A K) -1 + Cl ->• AT 

(I AKI-1 +CI->AT 

(see Note 1) 

II 

III 

Rn + (AC AK) + CI->Rn 

M + (AC A K) + Cl - AT 

AT+ (I AK) + CI^AT 

II 

III 

Cl v(Rn 
A AC A K)^CO 

Cl v (M A AC A K) -»• CO 

Cl v (AT A I A K)->CO 

Rn A (AC AK)^-Rn 

M A (AC A K) -> AT 

AT A (I A K)-> AT 

II 

III 

Cl V (Rn A K)-*CO 

Cl v (M AK)-»CO 

Cl v (AT A K) -»■ CO 

K ARn^Rn 

K A M -* AT 

K A AT -> AT D 
ii 

in 

Cl V (AC AK)-» CO 

Cl V (AC A K) -+ CO 

Cl v(l AKI-+CO 

Rn V (AC AKhRn 

M v (AC A K) -* AT 

AT V(l A K)-*AT 

III 

Cl v(Rn AACAK)->CO 

Cl V (M A AC AK)-+CO 

Cl v (AT A I A K)^CO 

Rn e (AC AK)-+Rn 

M e (AC A K) ->■ AT 

AT i (I A K)^ AT 

NOTES: 

1. 2's complement arithmetic adds 111 ... 11 to perform subtraction of 000 ... 01. 

2. Rn includes T and AC as source and destination registers in R-group 1 micro-functions. 

3. Standard arithmetic carry output values are generated in F-group 0, 1, 2 and 3 instructions. 

SYMBOL MEANING 

I, K, M Data on the I, K, and M busses, respectively 
Cl, LI Data on the carry input and left input, respectively 

CO, RO Data on the carry output and right output, respectively 
Rn Contents of register n including T and AC (R-Group I) 
AC Contents of the accumulator 
AT Contents of AC or T, as specified 

MAR Contents of the memory address register 
L, H As subscripts, designate low and high order bit, respectively 

+ 2's complement addition 
— 2's complement subtraction 
A Logical AND 
v Logical OR 
e Exclusive-NOR 
-*■ Deposit into 

12 



APPENDIX B    ALL-ZERO AND ALL-ONE K-BUS MICRO-FUNCTIONS 

K-BUS = 00 MICRO-FUNCTION MNEMONIC K-BUS =11  MICRO-FUNCTION MNEMONIC 

Rn+CI-*Rn,AC ILR 

M + Cl -> AT ACM 

ATL -» RO      ATH -»ATL    LI -> ATH SRA 

AC+ Rn + CI->Rn, AC 

M + AC + Cl -> AT 

(See Appendix B) 

ALR 

AMA 

RpT>MAR      Rn+CI-*Rn 

M->MAR        M + CI 

ÄT + CI->AT 

AT 

LMI 

LMM 

CIA 

11 -+MAR 

11 ->-MAR 

AT - 1 + Cl 

Rn - 1 +CI-> Rn 

M - 1 + Cl -> AT 

AT 

DSM 

LDM 

DCA 

Cl - 1 - Rn 

Cl - 1 -* AT   [ 

(See CSA above) 

See Note 1 
CSR 

CSA 

AC - 1 + Cl -+ Rn 

AC - 1 + Cl ^ AT 

1-1 +CI-*AT 

See Note 1 
SDR 

SDA 

LDI 

Rn+CI^Rn 

(See ACM above) 

AT + Cl -> AT 

INR 

INA 

AC+ Rn +CI-* Rn 

(See AMA above) 

I + AT + Cl -> AT 

ADR 

AIA 

CI^-CO 0^Rn 

Cl -> CO 0 ^ AT 

(See CLA above) 

CLR Cl v (Rn A AO^CO        RnAAC^Rn 

CLA Cl V (M A AC) ^ CO MAAC->AT 

Clv(ATA|)^CO ATA l-^ AT 

ANR 

ANM 

AN I 

(See CLR above) 

(See CLA above) 

(See CLA above) 

Civ Rn-+CO 

Cl v M->-CO 

Civ AT-»CO 

Rn^Rp 

M->AT 

AT^-AT 

TZR 

LTM 

TZA 

CI->CO Rn^Rn 

Cl -> CO M -> AT 

(See NOP above) 

NOP 

LMF 

Civ AC^CO 

Cl v AC ^ CO 

Cl v I -> CO 

Rn v AC -> Rn 

M v AC -> AT 

| v AT -* AT 

ORR 

ORM 

ORI 

CI->-CO Rn"*Rn 

CI-»CO M->AT 

CI->CO ÄT->AT 

CMR Cl v (Rn     AC)->CO        Rn®AC->Rn 

LCM Cl v (M     AC)-»CO MeAC^AT 

CMA Cl v (AT     l)^CO leAT^AT 

XNR 

XNM 

XNI 

13 



APPENDIX C   FUNCTION AND REGISTER GROUP FORMATS 

FUNCTION 
GROUP 

0 
1 
2 
3 
4 
5 
6 
7 

0 
0 
0 
0 
1 
1 
1 
1 

0 
0 
1 
1 
0 
0 
1 
1 

0 
1 
0 
1 
0 
1 
0 
1 

REGISTER 
GROUP REGISTER 

Ro 
Ri 
R2 

R3 
R4 

R5 

R6 

R7 

Rs 
Rg 
T 
AC 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
1 
1 

0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
0 
0 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 

T 
AC 

0 
0 

0 
1 

T 
AC 

"w^ 
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APPENDIX D TYPICAL CONFIGURATIONS 

c# 

CLOCK 

CARRY FROM 
3001 

F0-F3 

CARRY TO 3001* 

MICROPROGRAM 
CONSTANT/MASK 
INPUT BUS 
(2IM LINES) 

ipple-Carry Configuration 

(N 3002 CPE's) 

Li> 

n> 

A 

F4-F6 

CO 

D 

CLK 

Cl 
3002 

LI RO 

F0-F3 

I     M    K 
A A A 

^> 

r> 

* 

1 

3002 

A  A  A 

^ 

L^> 

rr> 

^t 

3002 

A  A  A 

^ 

^ 

+ 

MEMORY ADDRESS BUS 
(2N LINES) 

DATA BUS TO MEMORY 
(2N LINES) 

DATA BUS FROM 
MEMORY 
(2N LINES) 

EXTERNAL DATA BUS 
(2N LINES) 

ECn+8 
-ft- 

+5V 

C„ + 7       X6Y6 

3003 C 

X, Y,     Cn + 1       X0 Y0 

CARRY 
FROM   - 
3001 

CARRY 
TO *—* 
3001 

X   Y 

CO      Cl 
3002 

LI      RO 

-tt- 

3002 

X   Y 

3002 

EC„+8 

C„+8 

X7Y7   Cn + 7       X6Y6 

-th 

3003 

X   Y 

3002 

T7 

3002 

X, Y,    Cn + 1      X0 Y0 

-> f     i   A  

3002 

X   Y 

3002 

rry Look-Ahead Configuration 
ith Ripple Through the Left Slice 

32 Bit Array) 

15 



APPENDIX D TYPICAL CONFIGURATION   (cont) 

in 

F2-Jy 
Fi 1 

>] 
+5 V 

j i  
'     ft 

ECn+8 

Cn + 8                                             3003 

X7Y7   C„ + 7        XsY6                        X, Y,    C„ + 1 

c„ 
x0 Y0 

EC„+8 

Cn + 8                                             3003 

X7 Y7    C„ + 7       X6 Y6                _       X, Y,    C„ +1 X0 Y0 

, >   . . i > —r r- 
, >   i. <.    1. ,,   ,, i.   -. • i       • i 

CARRY 

X   Y 

Cl 
3002 

LI      RO 
3002 3002 

X   Y 

3002 
<4  

X   Y 

3002 3002 
—t   t-+ 

3002 

X   Y 

Cl 
3002 

RO FROM     
3001 

-#. —r    r—* 

CARRY 
TO         «— 
3001 

Carry Look-Ahead Configuration 
With No Carry Ripple Through the Last Slice 
(32 Bit Array) 

slOTE: 
(1)  A bit from microprogram memory can be used to replace the gate shown above and inform the 3003 of an active Shift Right operation. o 

ORDERING INFORMATION 

Part Number 

C3002 

Description 

Central 
Processing 
Unit 

w 

Intel Corporation 
3065 Bowers Avenue 
Santa Clara, California 95051 
Tel:  (408)246-7501 

TWX:  910-338-0026 
Telex:  34-6372 

WESTERN 
1651 East 4th Street 
Suite 228 
Santa Ana, California 92701 
Tel:  (714)835-9642 
TWX: 910-595-1114 

MID-AMERICA 
6350 L.B.J. Freeway 
Suite 178 
Dallas, Texas 75240 
Tel:  (214) 661-8829 
TWX:  910-860-5487 

GREAT LAKES REGION 
8312 North Main Street 
Dayton, Ohio 45415 
Tel:  (513) 890-5350 
TELEX: 288-004 

EASTERN 
2 Militia Drive 
Suite 4 
Lexington, Massachusetts 02173 
Tel:  (617)861-1136 
TWX:  710-321-0187 

MID-ATLANTIC 
520 Pennsylvania Avenue 
Suite 102 
Fort Washington, Pennsylvania 19034 
Tel:  (215) 542-9444 
TWX:  510-661-3055 

EUROPE 
Belgium 
Intel Office 
216 Avenue Louise 
Brussels B1050 
Tel:  649-20-03 
TELEX:  24814 

ORIENT 
Japan 
Intel Japan Corporation 
Kasahara Bldg. 
1-6-10, Uchikanda 
Chiyoda-ku 
Tokyo 101 
Tel:  (03) 295-5441 
TELEX: 781-28426 

Printed in U.S.A.   MCS-269-0275/27.5K 



U U & v. 
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SCHOTTKY 
BIPOLAR LSI 
MICROCOMPUTER 
SET 

3C03 
iHEA! 

\i 

GH1ERÄTOB 

'The INTEL® Bipolar Microcomputer 
Set is a family of Schottky bipolar LSI 
circuits which simplify the construction 
of microprogrammed central processors 
and device controllers. These processors 
and controllers are truly microprogram- 
med in the sense that their control logic 
is organized around a separate read-only 
memory called the microprogram mem- 
ory. Control signals for the various 
processing elements are generated by the 
microinstructions contained in the micro- 
program memory. In the implementation 
of a typical central processor, as shown 
below, the microprogram interprets 
a higher level of instructions called 
macroinstructions, similar to those 
found in a small computer.   For device 
controllers, the microprograms directly 
implement the required control 
functions. 

The INTEL® 3003 Look-Ahead Carry 
Generator (LCG) is a high speed circuit 
capable of anticipating a carry across a 

full 16-bit 3002 Central Processing 
Array. When used with a larger 3002 
CP Array multiple 3003 carry generators 
provide high speed carry look-ahead 
capability for any word length. 

The LCG accepts eight pairs of active 
high cascade inputs (X,Y) and an active 
low carry input and generates active 
low carries for up to eight groups of 
binary adders. 

High Performance - 10 ns typical 
propagation delay 

Compatible with INTEL 3001 MCU 
and 3002 CPE 

DTL and TTL compatible 

Full look-ahead across 8 adders 

Low voltage diode input clamp 

Expandable 

28-pin DIP 

G 

CLOCK I r 

Diagram of a Typical System 

)ther members of the INTEL Bipolar 

'3001 Microprogram Control Unit 
3002 Central Processing Element 
3212 Multi-Mode Latch Buffer 

licrocomputer Set: 

3214 Priority Interrupt Control Unit 
3226 Inverting Bi-Directional Bus Driver 
3301A Schottky Bipolar ROM (256 x 4) 

3304A Schottky Bipolar ROM {512 x 8) 
3601    Schottky Bipolar PROM (256 x 4) 
3604    Schottky Bipolar PROM (512x8) 

© Intel Corporation, 1975 



3003 LOOK-AHEAD CARRY GENERATOR 

PACKAGE CONFIGURATION 

1 

2 

28 

27 

•      Y7 — 

*7 — 

— VCC 

— Y6 

EC^B- 3 26 — *6 

Cn + 8 —O 4 25 0- Cn + 7 

x5 — 5 24 — x2 

x« — 6 23 — Y2 

V5 — 
Y4  

7 

8 

INTEL 
3003 

22 

21 

0- Cn + 6 

— Y1 

Cn + 5 —0 9 20 — X1 
X3 — 10 19 — *0 

Y3 — 11 18 — Y0 

Cn + 4 —O 12 17 0- Cn 

Cn + 2   13 16 O— Cn + 3 

GND   14 15 O- Cn+ 1 

PIN DESCRIPTION 

PIN SYMBOL NAME AND FUNCTION TYPE 

1,7,8,11,18 Y0-Y7 
Standard carry look-ahead 

21,23,27 

2,5,6,10,19 x0-x7 Standard carry look-ahead 
20,24,26 

17 Cn 
Carry input 

4,9,12,13,15 cn+1"cn+8 Carry outputs 
16,22,25 

3 Ecn+8 Cn+g carry output enable 

28 Vcc +5 volt supply 

14 GND Ground 

Active HIGH 

Active HIGH 

Active LOW 

Active LOW 

Active HIGH 

PACKAGE OUTLINE 
 1.40 MAX. 

nnnnnnnnnnnnnn 

UUUUUUUUUUUUUU 

i 
j—KHKKWTOOTOWKK^ ,23°""'- 

» t 
0 020 MIN. / 

.015            ^ 

.023                 "~ 

.090 
.IE >o 

TYP. 

.590 

.710 



3003 LOGIC DIAGRAM 

EC„+8 

v; 

3003 LOGIC EQUATIONS 

The 3003 Look-Ahead Generator is implemented in a compatible form for direct connection to the 3001 MCU and 3002 CPE. 
Logic equations for the 3003 are: 

Cn
+1=Y0X0 + Y0Cn 

Cn + 2 = Y1X1+Y1Y0X0 + Y1Y0Cn 

Cn + 3 = Y2X2 + Y2Y1X1+Y2Y1Y0X0 + Y2Y1Y0Cn 

Cn + 4 = Y3X3 + Y3Y2X2 + Y3Y2Y1X1 + Y3Y2Y1Y0X0 + Y3Y2Y1 Y0Cn 

Cn + 5 = Y4X4 + Y4Y3X3 + Y4Y3Y2X2 + Y4Y3Y2 Y, X, + Y4Y3Y2Y1YQX0 + Y^Y^YQCn 

Cn + 6 = Y5X5 + Y5Y4X4 + Y5Y4Y3X3 + Y5Y4Y3Y2X2 + Y5Y4Y3Y2Y1X1 + Y5Y4Y3Y2Y1Y0X0 + Y5Y4Y3Y2Y1Y0Cn 

Cn + 7 = Y6X6 + Y6Y5X5 + Y6Y5Y4X4 + Y6Y5Y4Y3X3 + Y6Y5Y4Y3Y2X2 + Y6Y5Y4Y3Y3Y1Y0X0 +Y6Y5Y4Y3Y2Y1Y0Ch 

|C + 8 = High Impedance State when ECn + 8 Low 

Cn + 8 = Y7X7 + Y7Y6X6 + Y7Y6Y5X5 + Y7YßY5Y4X4 + Y7Y6Y5Y4Y3X3 + Y7Y6Y5Y4Y3Y2X2 + Y7Y6Y5Y4Y3Y2Y1X1 

+ Y7Y6Y5Y4Y3Y2Y1Y0X0 + Y7Y6Y5Y4Y3Y2Y1 Y0Cn when ECn + 8 hi9h 



D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

• Temperature Under Bias 0°C to 70°C 

. Storage Temperature -65°C to+160°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0Vto+5.5V 

Output Current 100 mA 

•COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specification is 
not implied. 

TA = 0 C to +70 C 

SYMBOL PARAMETER 

Input Clamp Voltage (All 
Input Pins) 

MIN. (1 TYP/"     MAX.      UNIT 

-0.8 -1.0 

CONDITIONS 

V Vcc = 4.75V, lc = -5 mA 

V 1L 

Input Load Current: 
Cn and ECn + 8 
All Other Inputs 

Input Leakage Current: 
Cn and ECn + 8 
All Other Inputs 

Input   Low   Voltage 

V|H Input   High   Voltage 

'cc Power Supply Current 

VOL Output Low Voltage (All 
Output Pins) 

V0H Output High Voltage (All 
Output Pins) 

'OS Short Circuit Output Cur 
(All Output Pins) 

'O(off) Off-State Output Current 
(Cn + 8) 

2.0 

2.4 

-15 

-0.07       -0.25 mA Vcc = 5.25V, VF = 0.45V 
-0.9 -1.5 mA 

-40 

40 
100 

0.8 

80 130 

0.35 0.45 

-65 

-100 
+ 100 

NOTE: 

(1)       Typical values are for T/\ = 25°C and nominal supply voltage. 

juA 
/xA 

V 

V 

mA 

mA 

A<A 
/zA 

Vcc = 5.25V, VR = 5.25V 

V CC: 

V CC: 

5.0V 

5.0V 

Vcc = 5.25V, All Y + ECn + 8 high, 
All X + Cn low 

Vc = 4.75V, IQL = 4 mA 

V Vcc = 4.75V, IQH = -1 mA 

V CC 5V 

Vcc = 5.25V, Vo = 0.45V 
Vcc = 5.25V, VQ = 5.25V 



A.C. CHARACTERISTICS 

TA = 0°C to 70° C, Vcc = +5V ± 5% 

SYMBOL PARAMETER MIN.      TYP.'1'        MAX. UNIT 

lXC 

*cc 

*EN 

X, Y to Outputs 

Carry In to Outputs 

Enable Time, Cn + 8 

10 20 ns 

13 30 ns 

20 40 ns 

NOTE: 
(1)      Typical values are for TA = 25°C and nominal supply voltage. 

TEST LOAD CIRCUIT:    vcc 

TEST CONDITIONS: 

Input pulse amplitude of 2.5V. 
Input rise and fall times of 5 ns between 1 and 2 volts. 
Output loading is 5 mA and 30 pF. 
Speed measurements are made at 1.5 volt levels. 

CAPACITANCE"' TA = 25 C 

SYMBOL PARAMETER MIN TYP MAX UNIT 

C|N 

CQUT 

Input Capacitance 

Output Capacitance 

All inputs 

Cn + 8 

12 

7 

20 

12 

pF 

PF 

NOTE: 
(2)   This parameter is periodically sampled and is not 100% tested.  Condition of measurement is f = 1 MHz,  VßiAS = 5.0V, 

VCC = 5.0V  and TA = 25°C. 

3003 WAVEFORMS 

Cn+1-Cn+8 OUTPUTS 

X 

-tec - 
NOTE:  ALTERNATE TEST LOAD: 

vcc 

(f 
Cn+8 OUTPUT 

J 
■ <EN ■ 

X 

\ 
0.5V Cn+8 OUT O- 

—1—VOH 

y^1 
■VOL 



3003 TYPICAL CONFIGURATIONS 

The 3003 LCG can be directly tied to the 3001 MCU and a 3002 CP array of any word length. The following figures represent 
typical configurations of 16- and 32-bit CP arrays. Figures 1 and 2 illustrate use of the 3003 in a system where the carry output 
(CO) to the 3001 MCU is rippled through the high order CPE slice. Figure 3 illustrates use of the 3003 in a system where tri-state 

^output Cn+3 is connected directly to the flag input on the 3001 MCU. Cn+g is disabled during shift right by decoding that instruction 
"externally, thus multiplexing Cn+g with the shift right (RO) output of the low order CPE slice. 

H 
EC„+8 

CARRY 
FROM   . 
3001 

CARRY 
TO ♦—*■ 
3001 

X   Y 

CO      Cl 
3002 

LI      RO 
3002 

3003 Cn 

Cn + 7        X6 Y6 X, Y,     Cn + 1       X0 Y0 
■T 

3002 

X   Y 

CO      Cl 
3002 

LI       RO 

'Figure 1.   Carry Look-Ahead Configuration with Ripple through the Left Slice (16-Bit Array) I) 

-ii- 

C„ + 7        XK    YB 

3003 Cn 

*1    Y1     C„+1 X0    Y0 

CARRY 
FROM 
3001 
MCU 

CARRY 

P001 
rMCU 

X    Y 

CO Cl 

3002 
LI RO 

n       n 
-*?- 

3002 
CPE 

+5V 

ECn+8 

Cn + S 

X7     Y, 

-**- 

-ih 
X,     Y,      C„ + 1       X0    Y„ 

i,      I, ,,      /, 

3002 
CPE 

) 

Figure 2.   Carry Look-Ahead Configuration with Ripple through the Left Slice (32-Bit Array) 



.     3003 TYPICAL A.C. AND D.C. CHARACTERISTICS 

ICC vs Temperature Output Current vs Output Low Voltage 

1     70 

VCC = 5.0V 

25 50 

TEMPERATURE ("Cl 

Vcc--5V 

V 

-■-. 

70° C   > 

// 0C 

^-^25°C 

0.2 0.4 0.6 

OUTPUT (VOLTS) 

Output Current vs Output High Voltage X,Y To Outputs vs VcC & Temperature 

Vcc " 5V 

jy/oc 

70'C 
/iv~ 25C 

70° C 

25° C 
0°C 

«XC+- 

4.50 4.75 

OUTPUT (VOLTS) 

5.00 

VCC (VOLTSI 

5.25 5.50 

X,Y To Output Delay vs Load Capacitance 

vcc = 
TA   - 

5.0V 
25° C 

t_+. 

tf- 

50 100 150 200 250 300 

LOAD CAPACITANCE (pF) 



3003 TYPICAL CONFIGURATIONS 

CARRY 
FROM   • 
3001 

CARRY 
TO 
3001 

.V 

EC„ + 8 EC„ + 8 

C„ + 8 3003 
c„ C„+8 3003 

X7    Y7      C„ + 7 *6     Y6 , ,     X1    Y1 <V1 x
0    Y0 *7     Y7      Cn + 7         X6    Y6 ,,     X,    Y,       Cn+1 

X0    Y0 

, i      , i , L           , I ^"^ i      i L i.    ,. 1,      .i ,\          Jl "-1     J,      j, ,>      ,, 

X7   Y7 X      Y X      Y X      Y 

C1 ■*- ■*- ■*- 

3002 3002 3002 3002 
CPE 

3002 3002 3002 3002 
CPE 

Figure 3.   Carry Look-Ahead Configuration with No Carry Ripple through the Left Slice (32-Bit Array) 

ORDERING INFORMATION 
Part Number Description 
C3003 Look-Ahead 

Carry 
Generator 

i is  B W '-—i 

Intel Corporation 
3065 Bowers Avenue 

Santa Clara, California 95051 
Tel:  (408) 246-7501 
TWX:  910-338-0026 
Telex:  34-6372 

WESTERN 
1651 East 4th Street 
Suite 228 
Santa Ana, California 92701 
Tel:   (714) 835-9642 
TWX:  910-595-1114 

MID-AMERICA 
6350 L.B.J. Freeway 
Suite 178 
Dallas, Texas 75240 
Tel:   (214) 661-8829 
TWX:  910-860-5487 

GREAT LAKES REGION 
8312 North Main Street 
Dayton, Ohio 45415 
Tel:  (513)890-5350 
TELEX:  288-004 

EASTERN 
2 Militia Drive 
Suite 4 
Lexington, Massachusetts 02173 
Tel:  (617)861-1136 
TWX:  710-321-0187 

MID-ATLANTIC 
520 Pennsylvania Avenue 
Suite 102 
Fort Washington, Pennsylvania 19034 
Tel:  (215) 542-9444 
TWX:  510-661-3055 

EUROPE 
Belgium 
Intel Office 
216 Avenue Louise 
Brussels B1050 
Tel:  649-20-03 
TELEX:  24814 

ORIENT 
Japan 
Intel Japan Corporation 
Kasahara Bldg. 
1-6-10, Uchikanda 
Chiyoda-ku 
Tokyo 101 
Tel:  (03) 295-5441 
TELEX: 781-28426 
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