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CENTRAL PROCESSING ELEMENT

The INTEL®3002 Central Processing High Performance — 100 ns Cycle Time PACKAGE CONFIGURATION
Element contains all of the circuits that .
represent a 2-bit wide slice through the TTL and DTL Compatible

data processing section of a digital com- N-Bit Word Expandable Multi-Bus
puter. To construct a complete central Organization
processor for a given word width N, it 3 Input Data Busses lp—=|1 e 281—Vce
is simply necessary to connect an array 2 Three-State Fully Buffered Output 1, =2 27—F,
of N/2 CPE’s together. When wired Data Busses Ko—d3 26— F,
together in such f CPE's . & -
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3002

PIN DESCRIPTION

PIN SYMBOL NAME AND FUNCTION TYPEM

1,2 lo-14 External Bus Inputs Active LOW
The external bus inputs provide a separate input port for external input
devices.

3.4 Ko-K1 Mask Bus Inputs Active LOW
The mask bus inputs provide a separate input port for the microprogram
memory, to allow mask or constant entry.

5,6 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.

7 CcO Ripple Carry Output Active LOW
The ripple carry output is only disabled during shift right operations. Three-state

8 RO Shift Right Output Active LOW
The shift right output is only enabled during shift right operations. Three-state

9 LI Shift Right Input Active LOW

10 Cli Carry Input Active LOW

1 EA Memory Address Enable Input Active LOW
When in the LOW state, the memory address enable input enables the
memory address outputs (Ag-A1).

12-13 Ag-Aq Memory Address Bus Outputs Active LOW
The memory address bus outputs are the buffered outputs of the Three-state
memory address register (MAR).

14 GND Ground

15-17, Fo-Fg Micro-Function Bus Inputs

24-27, The micro-function bus inputs control ALU function and register
selection.

18 CLK Clock Input

19-20 Dg-D4 Memory Data Bus Outputs Active LOW
The memory data bus outputs are the buffered outputs of the full Three-state
function accumulator register {AC).

21-22 Mg-M4 Memory Data Bus Inputs Active LOW
The memory data bus inputs provide a separate input port for

v memory data. »

23 ED Memory Data Enable Input Active LOW
When in the LOW state, the memory data enable input enables the
memory data outputs (Dg-D1)

28 Vee +5 Volt Supply

NOTE:

1. Active HIGH, unless otherwise specified.
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3002

LOGICAL DESCRIPTION

The CPE provides the arithmetic, logic
and register functions of a 2-bit wide
slice through a microprogrammed central
processor. 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 Fg-Fg,
are decoded internally to select the
ALS function, generate the scratchpad
address, and control the A and B
multiplexers.

M-BUS AND I-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 I-bus inputs are arranged to bring
data from an external 1/0 system into
the CPE. Data on the I-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 |/O
devices are connected to the |-bus.
Alternatively, the |-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, |/0
device data is gated externally onto the
M-bus.

SCRATCHPAD ‘

The scratchpad contains eleven registers
designated Rqg through Rg and T. The
output of the scratchpad is multiplexed
intermally 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
output of the accumulator is multi-
plexed internally for input back to the

ALS and is also available vid 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
1/0 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 |-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 flexibie
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-

MAIN MEMORY
ADDRESS

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 1/O operations.
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Figure 2. 3002 Block Diagram
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3002

D.C. AND OPERATING CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias. . . ... ........... 0°C to 70°C
Storage Temperature . . . .. .....vvnnn. -65°C to +160°C
All Output and Supply Voltages. . . .. ...... -0.5V to +7V
All Input Voltages. . ... .............. -1.0V to +b.5V
Output Currents . . . .. .. v it ittt it i e n 100 mA

T, =0°C to +70°C, V- = 5.0V 5%
A CcC

*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 section of this
specification is not implied. Exposure to absolute maximum ratings for
extended periods may affect device reliability.

LIMITS
SYMBOL PARAMETER MIN Typ" MAX UNIT CONDITIONS
Ve Input Clamp Voltage (All -0.8 -1.0 \% Ilc =-5mA
Input Pins)
Ie Input Load Current:
Fo—Fe. CLK, Ko, K1, EA, ED -0.05 ~0.25 mA Vg =0.45V
lo. 11, Mg, My, LI -0.85 -1.5 mA
Cl -2.3 -4.0 mA
IR Input Leakage Current:
Fo-Fe, CLK, Ko, K¢, EA, ED 40 UA VR =5.26V
lg, 11, Mg, M1, LI 60 LA
Cl 180 UA
Vi Input Low Voltage 0.8 \Y% Vee = b.0V
ViH Input High Voltage 2.0 \
lec Power Supply Current? 145 190 mA
VoL Output Low Voltage (All 0.3 0.45 Y loL=10mA
Output Pins)
VoH Output High Voltage (All 24 3.0 \'% loy =—1mA
Output Pins)
los Short Circuit Output Current -15 —25 —60 mA Vee = 5.0V
(All Output Pins)
10 (off) Off State OQutput Current —100 MA Vo =0.45V
Ag, A1, Dg, D1, CO and RO 100 UA Vo =5.25V
NOTES: .

(1) Typical values are for Tp = 25°C and nominal supply voltage
(2) CLK input grounded, other inputs open.
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3002

A.C. CHARACTERISTICS AND WAVEFORMS

Ta = 0°C to 70°C, Ve = 5V +5%

SYMBOL PARAMETER MIN TYpV MAX UNIT
tey Clock Cycle Time 2) 100 70 ns
twp Clock Pulse Width ‘ 33 20 ns
tFs Function Input Sei-Up Time (Fg through Fg) 60 40 ns

Data Set-Up Time:
tps |o, 19, Mo, My, Ko, K1 50 30 ns
tss LI, CI 27 13 ns
Data and Function Hold Time:
tFH Fo through Fg 5 -2 ns
tpH |0, 4, Mo, My, Ko, K1 5 -4 ns
tsH LI, CI 15 2 ns
Propagation Delay to X, Y, RO from:
txE Any Function Input 37 52 ns
txD Any Data Input 29 42 ns
txT : Trailing Edge of CLK 40 60 ns
txL Leading Edge of CLK 20 ns
Propagation Delay to CO from:
tcL Leading Edge of CLK 20 ns
teT Trailing Edge of CLK ‘ 48 70 ns
tcr Any Function Input 43 65 ns
tcp Any Data Input 30 b5 ns
tce Cl (Ripple Carry) 14 25 ns
Propagation Delay to Ag, Aj, Dg, D¢ from:
tpL Leading Edge of CLK 5 32 50 ns
tpe Enable Input ED, EA 12 25 ns

NOTE:

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

(2) tcy = tps * tDL-

TEST CONDITIONS: TEST LOAD CIRCUIT:

v

Input pulse amplitude: 2.5 V o

Input rise and fall times of 5 ns between 1 and 2 volts. ,

Output loading is 10 mA and 30 pF. s00¢2

Speed measurements are made at 1.5 volt levels. ouT

30 pF_ 1 KQ

CAPACITANCE®? T, = 25°C

SYMBOL PARAMETER MIN TYP MAX UNIT
CiNn Input Capacitance 5 10 pF
Cout Output Capacitance 6 12 pF

NOTE:

(2) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, V =25V, Ve = 5.0V and
BIAS cC

Ta =25°C.
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D.C. AND OPEﬁATING CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

M3002 | 4'% |

R "64'

Temperature Under Bias. . .. ... ... '~55°C to +125°C *COMMENT: Stresses above those listed under ““Absolute Maximum
° ° Ratings"” may cause permanent damage to the device. This is a stress
Storage Temperature . .. ......... -65"Cto+160°C rating only and functional operation of the device at these or any other
conditions above those indicated in the operational section of this
Al Input and Supply Voltages """""" -0.5V to +7V specification is not implied. Exposure to absolute maximum ratings for
All Input Voltages. . . .. ...ovuvnnnn... -1.0V to +5.5V extended periods may affect device reliability.
OutputCurrents . . . .. ... it ittt eee e 100 mA
Ta =-55°C to +125°C, V¢ = 5.0V £10%.
LIMITS
SYMBOL PARAMETER MiN TYP MAX UNIT CONDITIONS
Ve Input Clamp Voltage (Al —0.8 —-1.2 \Y lc =-5mA
Input Pins) ,
Ig Input Load Current:
Fo—Fg, CLK, Kg, K1, EA, ED —0.05 —0.25 mA Vg =045V
g, 11, Mg, M4, LI —0.85 -1.6 mA
Cl —2.3 -4.0 mA
Ig Input Leakage Current:
Fo-Fg. CLK, Kq, K1, EA, ED 40 MA VR = b.5V
lg, 19, Mg, My, LI 100 MA
Cl 250 HA
ViL Input Low Voltage 0.8 \Y% Ve = 5.0V
ViH Input High Voltage .20 \%
Ice Power Supply Current 145 210 mA
VoL Output Low Voltage (All 0.3 0.45 \YJ loL =10 mA
QOutput Pins})
VoH Output High Voltage (All 24 3.0 \% loH =—1mA
Output Pins)
los Short Circuit Output Current ~15 —25 —60 mA Ve = 5.0V
(Al Output Pins)
10 (off) Off State Output Current —100 MA Vg =0.45V
Ag, A1, Dg, D4, CO and RO 100 MA Vg = 5.6V
NOTES:

(1} Typical values are for Ta= 25°C and nominal supply voltage

(2) CLK input grounded, other inputs open.
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M3002

A.C. CHARACTERISTICS AND WAVEFORMS

Ta =-55°C to +125°C, V¢ = 5.0V £10%.

SYMBOL PARAMETER MIN TYpV MAX UNIT
toy Clock Cycle Time (2] 120 70 ns
twp Clock Pulse Width 42 20 ns
tFs Function Input Set-Up Time (Fg through Fg) 70 40 ns

Data Set-Up Time:
tps |0, Iy, |V|0, My, Ko, K4 60 30 ns
1ss LI, CI 30 13 ns
Data and Function Hold Time:
tEH Fo through Fg 5 -2 ns
tDH |0, |1, Mo, M1, Ko, K1 5 -4 ns
tsH LI, Cl 15 2 ns
Propagation Delay to X, Y, RO from:
txF Any Function Input 37 65 ns
txD Any Data Input 29 55 ns
IXT Trailing Edge of CLK 40 75 ns
txL Leading Edge of CLK 22 ns
Propagation Delay to CO from:
toL Leading Edge of CI.K 22 ns
ter Trailing Edge of CLK 48 85 ns
icF Any Function Input 43 75 ns
tcp Any Data Input 30 65 ns
tce C! (Ripple Carry) 14 30 ns
Propagation Delay to Ag, A4, Dg, D¢ from:
tpL Leading Edge of CLK 5 32 60 ns
tpe Enable Input ED, EA 12 35 ns

NOTE:

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

(2} tcy =tps *+tDL

TEST CONDITIONS: TEST LOAD CIRCUIT:

Vee

Input pulse amplitude: 2.5V

Input rise and fall times of 5 ns between 1 and 2 volts. :

Output loading is 10 mA and 30 pF. 5002

Speed measurements are made at 1.5 volt levels. ouT

30 pF- 1 KQ

CAPACITANCE®? T, = 25°C

SYMBOL PARAMETER MIN TYP MAX UNIT
Cin Input Capacitance 5 10 pF
Cout Output Capacitance 6 12 pF

NOTE:

(2} This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Vgiag = 2.5V, V¢ = 5.0V and

Ta =25°C.
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3002

3002 WAVEFORMS

CLOCK INPUT
CLK

tcy

twp

ts

— tFH

FUNCTION INPUTS
Fo-Fe

A

tps tpH

DATA INPUTS
lo. 11. Ko, K1, Mg, M4

€— tgg — 1€ tgy

CARRY AND SHIFT

INPUTS LI, CI

1 T

txT

IXF txL

txp

CARRY AND SHIFT
OUTPUTS X, Y, RO

tcr

tcF tcL

tco

co

ENABLE INPUTS

EA, ED

toe

< tpL

DATA OUTPUTS
Ag.Aq,Dg, D —
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