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100000068

-

Quad 2-Input Exculsive-OR Gate

100000069

Single 7-Input NOR Gate

PIN CONFIGURATION PIN CONFIGURATION
Vee

Ver 48 4a 4y 1B 3a 3y I
w1l s 2 ., o R R i)l fu]jio]l]e 8

= - - - -

A

.\ AN

= — = - -
1 2 3 4 5 6 7
7 1E v 2 28 2r GND 2 3 4 S 6 7

Positive logic: Y=A e B

— -

0-26
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100000094

Precision Voltage Regulator

PIN CONFIGURATION
NC U 4 fg\égQUENCY
CURRENT LIMIT | 2 13 COMPENSATION
CURRENT SENSE |3 12 v*
INVERTING INPUT |4 1y ve
LINVERTING INFUT | 8 101 Vour
VREF | ¢ 9| v,
v-17 8 | NC

The 1000000094 is a precision voltage regulator
consisting of a temperature compensated reference
amplifier, error amplifier, power series pass transistor
and current limit circuitry. Additional NPN or PNP
pass elements may be used when output currents
exceeding 150mA are required. Provisions are made
for adjustable current limiting and remote shutdown.

Equivalent Circuit

FREGUENCY

TEMPERATURE L
PENSATION
COMPENSATED { COMPENSATIO
ZENER INVERTING ‘e
INPUT
VRef ° SERIES PASS
o TRANSISTOR
NON-INVERTING vout
l INPLT
VOLTAGE - :
v -
REFERENCE CURRENT CURRENT <

AMPLIFIER

LianT SENSE

100000095
and

100000096

256-Bit Bipolar ROM
LOGIC DIAGRAM
T Ag Aq a; Ay L)
(143 (131 12) (2 31] (10}

32 B ARRAY

T 1 I
(A1} ) ; (k1] ) ; (£3] i ) M 9
8¢ 8y 8, 83 84 8y 8¢ 8,

Logic Diagram/Pin Designations
Gnd = Pin 8

These TTL 256-bit read only memories are or-
ganized as 32 words with 8 bits per word. The
words are selected by five binary address lines
with full word decoding incorporated on the chip.
A Chip Enable input is provided for additional
decoding flexibility, which will cause all eight
outputs to go to the high state when the Chip
Enable input is taken high.

The 100000095 and 100000096 are fully TTL or
DTL compatible. The outputs are uncommitted
collectors, which allows wired-AND operation
with the outputs of other TTL or DTL devices.
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100000133

< S

Hex Inverter
PIN CONFIGURATION
Vee
14 13 12 1 10]}] 9 8

2113 llallsllell7
GND

DIP (TOP VIEW)
*Open collector

Gnd = Pin 7

Positive logic: Y = A

100000134

4-Bit Data Selector/Storage Register

PIN CONFIGURATION
OUTPUTS
INPUT OUTPUT WORD
Vec @ 9 Q¢ p1 Op cLock SELECT

LRI IR

][n][w][s]

0a 0y 0 D1
WORD
» A2 secect |

A1 B1 B2 €1 €2 D2

Qp cLock

.

1 'AIERIERIERIE RIR s
A2 A1 Bl B2 Cl_ C2 02, GND
INPUTS
VCC=Pin 16
Gnd = Pin 8

Positive logic: word select low for word 1,

word select high for word 2.

This monolithic data selector/storage register
is composed of four S-R master-slave flip-flops,
four AND-OR-INVERT gates, one buffer and six
inverter/drivers.

When the word select input is low, word 1 (A1,
B1, C1, D1) is applied to the flip-flops. A high
input to word select will cause the selection of
word 2 (A2, B2, C2, D2). The selected word is
shifted to the output terminals on the negative-
going edge of the clock pulse.

NOTE Thre 100000134 is a low power TTL
device.

1-20




R L E T TER L VIV

P K OB Caaitiat e WRT WY A% SETMIIIEY AMA CUBOINEYS 44 8 ENIGT 0 (NT PTUPRT IRSIALAINDN, GPETIITN, ARG TMASINTAMT O LLL IYpment snd

sdhun 'hdtnhpn‘w«uknhmmidmdhwvhmmmvo‘DctmdMm«hﬂhnpmdh-h‘kuhmwwoﬁ(swﬂ--mmmdwkwno

grant any license 10 make, ute, or sell equipment manvisctured i accordance herewith.

100000146

[ /\

Dual Line Dnver

PIN CONFIGURATION

OUTPUTOUTPUT
NC Vce+ 1Y 2y Vcc- NC NC

BN ENENENENE

203 esefir

NC STROBEINPUTINPUT GND NC NC

S 1A 2A
'&' ) VCC+ = Pin 13
Vcc_ = Pin 10
Gnd =Pinb
NC = No Internal
Connection

Positive logic: Y = AS

This device is a monolithic dual line driver which
satisfies the requirements of the standard inter-
face between data terminal equipment and data
communication equipment as defined by EIA
Standard RS-232-C.

A rate of 20, 000 bits per second can be trans- .
mitted with a full 2500pF load.

100000147

o .,

Dual 2-Line-To-4-Line Decoder/Demultiplexer

PIN CONFIGURATION
SELECT OUTPUTS
DATA sSTRB INPUT /\

Vec  2c 2G A 72Y3 2Y2 2v1  2v0)

LS RSRLRERRERAERINIR ROR )

? 2Y3  2v2 2Y1  2v0
26 g8AA
Q 8 A
] 1816 BB8AA
é 1¥3  1Y2 1Yl Y0
- ped - —
IRIRZIERIERIERIERIREIR
DATA STRBSELECT, 1¥Y3 1v2 11 1Y0, GN
ic 1G lNPUT V
B QUTPUTS
FUNCTION TABLE
Inputs Outputs
“Select [Strobe| Data
B A 1G 1C |1Y0 1Yl 1Y2 1Y3
X X" H X H H H H
L L L H L H H H
L H L H H L H H
H L L H H H L H
H H L H H H H L
X X X L H H H H
Inputs Qutputs
Select S%be Data
B A 2G 2C {2Y0 2y1 2Y2 2Y3
X X H X H H H H
L L L L L H H H
L H L L H L H H
H L L L H H L H
H H L L H H H L
X X X H H H H H
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100000157

High Speed Differential Comparator

PIN CONFIGURATION

NC l | 14 | NC

GND [: 2 3 I NC
NON.INVERTING

INPUT 12 l NC
INVERTIN G

INPUT " Ve

NC : 5 10 j NC

v- : 6 ] outeur
ne (] e J ne

The 100000157 is a differential voltage comparator
intended for applications requiring high accuracy fast
response times. Constructed on a single silicon chip,
the device is useful as a variable threshold Schmitt
trigger, & pulse height discriminator, a voltage
comparator in high-speed A/D converters, a memory
sense amplifier, or a high-noise immunity line
receiver.

100000158

Quad 2-Input Positive-NAND Gate

PIN CONFIGURATION
vce 4B 4A 4y 38 3A 3y
7 13 | " 10 9| |8
Ba )
L [ —
1 213 4 5 6 7

1A

B8 1Y 2A 28 2Y
Positive logic: Y = AB

GND

NOTE The 100000158 is a Schottky davice.
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% 100000159 100000160

Hex Inverter Dual J-K Edge-Triggered Flip-Flop

R e 2 g i b = e 4

PIN CONFIGURATION

PIN CONFIGURATION 2

2
Vee cLoexk 2k 2 PRESET 20 poo]
13 2 " 10

Vcc 6A 6Y S5A  5Y 4A 4y ﬁ[—lﬂn[—]ﬁﬁ

Wl l3] Jf Inl fw] s ]s

4 PRESET g
cLock
x G

T2 ]sHsHs 2 LU gygggdogd

1A 1Y 2A 2Y 3A 3Y GND , T 10 W@ o
cLocx PRESET
: Positive logic: Y = A TRUTH TABLE
th thel
NOTE The 100000159 is a Schottky device. J K Q
L L Qn
L H L
H L H
‘ Notes:
Z th = bit time before clock pulse.

th+1 = bit time after clock pulse.

These monolithic dual flip-flops are designed so
that when the clock goes high, the inputs are
enabled and data will be accepted. The logic

: level of the J and K inputs may be allowed to

p change when the clock pulse is high and the bi-

! stable will perform according to the truth table
as long as minimum setup times are observed.
Input data is transferred to the outputs on the
negative-going edge of the clock pulse.

i g IR D

o NOTE The 100000160 is a Schottky device.
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100000164

256-Bit Bipolar RAM
PIN CONFIGURATION
\ s
A 18] v
AQ E E Az
cs, [ [14] A,
cs, [ T3] o,
cs, 2] 12] we
oo [E] 17] a,
2, [ 5] g
£ 6no [B] (9] A
FUNCTION TABLE
i Write
hip Selects Enable | Operation Qutput
Ao e Write Lozical 1" State
t\H 0 1 Read Complement of data
written in memorv
‘Jne or More "1" X Hold Logical ~'1" State
e 1¢ 10164 integrated circuit is a high speed,

lly decoded static bipolar 256-bit random
:cess memory in a 256x1 organization. This
rvice provides uncommitted collector output
xd three chip selects.

:\peratlon
Read

he memory is addressed through the Ag-Aq
Aputs which select one of the 256 words. The
1ip is enabled by placing all chip selects (CS)
2 logic ""0". If any or all CS inputs are logic
1", then the device will be disabled. If the
,;rlte enable (WE) is at logic ''1" the stored bit
3 read out of DO.

Write

‘he memory is addressed through the Ay-

Aputs which select one of the 256 words. T’{Ae
‘~np is enabled by placing all the CS inputs to
agic ""0". If the WE input is at logic "'0", the
jata on terminal DI is written into the addressed
‘ord.

hen WE returns to logic ''1'", the information
at was written in is now read out; however,
fach = ~vd read out is the complement of what
?as *en in,

’%;*
E The 100000164 is a low power Schottky
device.

100000165

Data Selector/Multiplexer with 3-State Outputs

PIN CONFIGURATION
DATA INPUTS DATA SELECT
N\
vee . s . T N a s o
16 5 14 13 12 11} 10 9
04 os oS o7 A B
[} <
02 -1} 0O=—" Y w 3
2 3 4 ] 6 7 8
N 3 2 1 o AN Y W , STROBE GNMD
DATA \l;PUYS QUTPUTS
FUNCTION TABLE
Inputs Outputs
Select Strobe
C B A S Y w
X X X H Z VA
L L L L DO DO
L L H L D1 Di
L H L L D2 D2
L H H L D3 D3
H L L L D4 D4
H L H L D5 D5
H H L L D6 D8
H H H L D7 Dt

H = high logic level, L = low logic level

X = irrelevant, Z = high impedance (off).

DO, D1.... D7 = the level of the respective D
input,

NOTE The 100000165 is a Schottky device.
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100000166 100000167

Quad 2-Line-To-1-Line
Data Selector/Multiplexer

Dual 4-Line-To-1-Line Data Selector/Multiplexer

PIN CONFIGURATION PIN CONFIGURATION
INPUTS
vee T er VT outeur ouTPuT UT jAemmy, OUTPUT
sIninininionin VCCCONTROU4A 48° 4 3A 38 3Y
I Ar__IB Bljuwijuspuzpyynpwulls
2G
A K l l
Q OE 4A 4B 4Y 3A 38
1 8 BAA
1c3 _1c2 1C1 10 1Y
A S s 3v
/ 1 2113114 ] § I 1 ” ] I
e ey oot o 1A 1B 1Y 2A 2B 2Y
FUNCTION TABLE T T F T
Select 1 2 3 4 ] 6 1 8
Inputs Data Inputs Strobe | Output | | eTect 7o 18, v 2o 25, 2v oD
| B_A | CO C1 _C2 C3 G Y inpUTs  OUTPUT inpuTs OUTPUT
X X X X X X H L FUNCTION TABLE
L L L X X X L L I n
L L|H X X X| L H nputs Output Y
L H|X L X X| L L Output
g }l{. § ;1{ f X II: H Control Select| A B
X L
HL|X X H X| L H H X XX 2
H H X X X L L L L L L X L
H H X X X H L H
L L H X H
Select Inputs A and B are common to both L H XL L
sections.
ton L H X H H

H = high level; L = low level; X = irrelevant.

This monolithic, data selector-multiplexer
contains inverters and drivers to supply fully
complementary, on-chip, binary decoding
data selection to the AND-OR-invert gates.

Separate strobe inputs are provided for each of
the two four-line sections.

NOTE The 100000166 is a Schottky device.

H = high level, L = low level, X = irrelevant,
Z = high impedance (off).

These Schottky-clamped multiplexers have three:
state outputs which can interface directly with
and drive data lines of bus-organized systems.
With all but one of the common outputs disabled
(at a high-impedance state), the low impedance
of the single enabled output will drive the bus
line to a high or low logic level.

This three-state cutput means that n-bit (para-
lleled) data selectors with up to 258 sources can
be implemented for data buses. It also permits
the use of standard TTL registers for data re-
tention throughout the system.

NOTE The 100000167 is a Schottky device.
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100000170

Look-Ahead Carry Generator

PIN CONFIGURATION
INPUTS OUTPUTS
V¢ P2 G2 Cn Cpen Cmey G Cpeg
LRI RO RERRERVARRIBIR ROR
P2 G2 ¢, C,, Cp, G
G1 Cnesz
PP GO PO G3 P3 P
R IERIERIERIE R IRANE D
WGl _P1__GO PO G3 P3, P GND
'N;IJYS ouTPUT
Pin Designations
Designation |Pin Nos. Function
GO0,G1,G2,G3(3,1, 14,5 | Active-Low Carry
Generate Inputs
PO, P1,P2,P3|4.2,15,6 | Active-Low Carry
Propagate Inputs
Ch 13 Carry Input
Ch+x» Cn+y»
C 12,11,9 Carry Outputs
n+z
G 10 Active-Lpow Carry
Generate Output
P 7 Active-Low Carry
Propagate Output
Vee 16 Supply Voltage
Gnd 8 Ground

Positive Logic:

Chnex = EO + T”0 Cn
Cn+y = Gi+ P1Gg + P1PoCy
Cniz = G2+ PaG1 + P2P1Go + P2P1POCn

G = G3(P3:+Gg) (P3+P2+G1)(P3+P2+P1+Go)

P = P3P,PF

NOTE The 100000170 is a Schottky device.

100000171

16-Bit Muiltiple-Port Register File
with 3-State Outputs

PIN CONFIGURATION

ODATA WRITE/READ READ
whiTE  INPUTS  waiTe ADORESS ENABLE ouTRUTS
ADORE ENABLE
vce W2 DA DA 2GW 2W/RZ ZW/RY ZW/RO 2GR ‘GR 10A 204

U302} 19110417 416} 1S} 4} 13
W2 DA 2D0A 2GW 2wW/R2 nm\J‘/‘Eo—TLa GR 1GaA
i 204

13
WO IGW DB 208 A JR2 1R) 1m0 10y 2Qg

I

1 2] |3] |4 S| [6] |7] |8 9 |10f [Nt |2
wi mo,wl’:;'v‘lt,!ol 208 ,CLOCK 1R2 RY 1RO, \VQg 208/ GND

WRITE ENABLE DATA READ OoUTPUTS
ADDRESS INPUTS ADORESS

The 100000171 is a high-performance 16-bit
register file organized as eight words of two bits
each.

Multiple address decoding circuitry is used so
that the read and write operation can be performed
independently on two word locations. This pro-
vides a true simultaneous read/write capability.
Basically, the file consists of two distinct sections

Section 1 permits the writing of data into any two-
bit word location while reading two bits of data
from another location simultaneously. To pro-
vide this flexibility, independent decoding is in-
corporated,

Section 2 of the register file is similar to section
1 with the exception that common read/write
address circuitry is employed. This means that
section 2 can be utilized in one of three modes:

1) Writing new data into two bits.
2) Reading from two bits.
3) Writing into and simultaneously
reading from the same two bits.
Regardless of the mode, the operation of section

2 is entirely independent of section 1.

Functions of the inputs and outputs are as shown
in the following table:
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100000172

Dual J-K Negative-Edge-Triggered Flip-Flop
with Preset and Clear

PIN CONFIGURATION

1 2
\ CLR CLR 2CK 2K 2J 2PR 2Q

16 15 14 13 12 1" 10 ]
I Ry
CLR PR
— a J Q
- CK > CK
! PR e CLR a
T Y
= = 1 —
1 2131 $ (] ] (]
1CK 1K i PR 10 18 28 GND
FUNCTION TABLE
Inputs Outputs
Preset Clear Clock J K|Q @
L H X X X|H L
H L X X|L H
L L X X X|H* H*
H H { L L|Q Q
H H i H LIJ}H L
H H { L H|L H
H H { H H| TOGGLE
H H H X X|Q @
Notes:

H = high level (steady state).

L = low level (steady state).

X = irrelevant.

} = transition from high to low level.

= the level of Q before the indicated input
conditions were established.

TOGGLE = Each output changes to the complement
of its previous level on each active trans-
ition of the clock.

= This configuration is nonstable; that is,
it will not persist when preset and clear
inputs return to their inactive (high)
level.

*

NOTE The 100000172 is a Schottky device.

100000173

Dual 4-Input Positive-NAND 50 Ohm Line Driver

PIN CONFIGURATION

Vec 20 2€ NC 28 2A  2Y
“ 13 12 )] » L ] [ ]

-
= 1 ' AmE] 4 s[ 16
1A 18 NC 1Cc D v GND

Positive logic: Y = ABCD

NOTE The 100000173 is a Sohottky devioe
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100000174 100000175

Positive-NAND Gate Quad 2-Input Positive-NAND Gate
with Open-Collector Outputs with Open-Collector Outputs
PIN CONFIGURATION PIN CONFIGURATION
Vee 20 2 NC 28 24 2y
14 13 12 1" 10 9 8 vVee 4B 4A 4y 38 3A 3Y
(111 rirnm wi {uf jr] n] jw] lo] s

— 1

[ o— Ba
L o

1

~4

1
l 13 (e[ |5 |8

1A 8 1Y 2A 28 2Y GND

Positive logic: Y = AB
NOTE The 100000174 is a Schottky device.

NOTE The 100000175 is a Schottky device.
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100000181 100000182
Expandable 4-Wide AND-OR Gate 4-2-3-2-Input AND-OR-INVERT Gate
PIN CONFIGURATION PIN CONFIGURATION
| H G F X Y vee o] C <] K J Y
j-«“ 1221 |n 0 |9 |8 Wl 113 12 In vl | .
rzf‘z s s |s[]7 23 e s e[
0 E NC GND A E F G H I GND
>ositive logic: Y = AB+CDE+FG+HI+X Positive logic: Y = ABCD+EF+GHIWK

(S

NOTE The 100000182 is a Schottky device.
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100000185 100000186
| Decoder/Demultiplexer 8-Line-To-1-Line Data Selector/Multiplexer
PIN CONFIGURATION
PIN CONFIGURATION e OATA INPUTS e DATA SELECT —
S S YR NS SRR S
SELECT DATA OUTPUTS OO0 nnn
BLE /N N
vee EN?(;L 24 28 \72v0  2v1 2v2  2v3 l
qw s juluuuliwl]s o o o o 4 ®
i 03 (4
ﬁ I ,[ é 1 A J 0y [<3] Do A w S
G A B8 R ANRZ]
va I ]
Juduyugogy
111 5 v = swacet w0
e DATA INPUTS wmed & OQUTPYTS 4
G
[-d A B Yo Y1 Y2 V3 TRUTH TABLE
| P T T 1T 0 Inputs Outputs
IRIRZIERIRRIER IR IRA L C B A|Strobe|Dy Dy Dy D3 Dg D5, Dg Dp|Y | W
1G 1A 18 1Y0 v 1¥2 1¥3 GND
ENABLE ) / ~ % XXX 1 XXXX X X X Xj|o0 1
SELECT DATA OUTPUTS 000| O 0 XXX X X X Xilo 1
FUNCTION TABLE 000/ 0 |1 XXX X X XX|1]o0
(Each Decoder/Demultiplexer)
001} O X0 XX X X X Xj|o0 1
- Inputs
(4 - Outputs 001| 0 X1 XX X X XX|1]0
G Enable Select
. 010| O XX0 X X X X X|0 1
G B A YO0 Y1 Y2 Y3
- p— - H - H 010} O XX1X X X X Xj1 0.
L L L L H H H 011} 0 XXX0 X X X X|o 1
L L H H L H H 011} 0 |XXX1 X X XX|1]0
L H L H H L H
L H H H H H L 100f O XXXX 0 X X Xj|o 1
H = high level; L = low level; X= frrelevant 100} 0 |XXXX 1 X XX|[1]O0}
R 101 0 XXXX X 0 X X|o 1
These Schottky-clamped TTL MSI circuits are de-
signed to be used in high-performance memory- 101} 0 XXXX X1 XXj11]10
decoding or data-routing applications requiring 110/ o XX XX X X o0 xlo 1
very short propagation delay times. In high per-
formance memory systems these decoders canbe {|1 10| 0O XXXX X X 1X|1}0
used to minimize the gﬁects of system decod?ng. 111! o XXXX X X xolo 1
When employed with high-speed memories utilizing
a fast enable circuit, the delay times of thesede- [[111] 0 | X XX X X X X 1|1 ] 0
coders and the enable time of the memory are
usually less than the typical access time of the Note: When used to indicate an input, X =
memory. This means that the effective system irrelevant.
delay introduced by the Schottky-clamped system
decoder is negligible. The 100000186 is a one-of-eight data selector
which performs parallel-to-serial data conver-
. sion. The unit incorporates an enable circuit
NOTE The 100000185 is a Sehottky device. for chip select. This allows multiplexing from
N-lines to one-line.
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s 100000187 100000188

Quad 2-Line-To-1-Line Hex Inverter with Open-Collector Outputs
Data Selector/Multiplexer
PIN CONFIGURATION PIN CONFIGURATION
TPUT ,__A.._'NPUTS OUTPUT ’_M_quurs OUTPUT yec 6A  6Y - 5A SV - 4A - 4V
ouTP
VCCCONTROL4A 4B 4y 3A 38  3Y — 14 Bl nl m | 19 |8 |
LRSRRERRERRERIZIRIRIR RO -
4] 3 4A 48 4y 3A 38
S 3Y
1A 18 1Y 2A 2B 2Y [Do] (Dj [D)]
[ [ _ _ il
P23 1elsTAs o8] | 1123 1e[ 5|87
SLECT 1A 18, 1Y 2A 2B, 2Y GND 1A 1Y 2A 2y 3A 3y GND
INPUTS QUTPUT -—V-—INPUTS OQUTPUT _
FUNCTION TABLE Positive logic: Y =A
:  Inputs [Output Y
Output
Control | Select| A B NOTE The 100000188 is a Schottky device.
H X X X Z
L L L X H
L L H X L
L H XL H
L H X H L

= high level. L = low level, X = irrelevant,
= high impedance (off).

ese Schottky-clamped multiplexers have three-
ite outputs which can interface directly with
1 drive data lines of bus-organized systems.
th all but one of the common outputs disabled

a high-impedance state), the low impedance
the single enabled output will drive the bus
2 to a high or low logic level.

is three-state output means that n-bit (para-
led) data selectors with up to 258 sources can
imy  1ented for data buses. It also permits
* use .« standard TTL registers for data re-
:;tic( “iroughout the system,

NUTE The 100000187 is a Schottky device.
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100000192

Timer
PIN CONFIGURATION
L
1 8
2 7
3 6
4 5
PIN DESIGNATIONS
1. Ground 5. Control Voltage
2. Trigger 6. Threshold
3. Output 7. Discharge
4. Reset 8. Voo

The 100000193 monolithic timing circuit is a
highly stable controller capable of producing
accurate time delays or oscillation. Additional
terminals are provided for triggering or re-
setting, if desired.

In the time delay mode of operation, the time
is precisely controlled by one external resistor
and one capacitor. For a stable operation as
an oscillator, the free-running frequency and
the duty cycle are both accurately controlled
with two external resistors and one capacitor.

The circuit may be triggered and reset on
falling waveforms, and the output structure
can source or sink up to 200mA or drive TTL
circuits.

NOTE The 100000194 is a Schottky device.

100000194

Quad MOS Clock Driver
PIN CONFIGURATION
outeut i [T} ~ E Ves
ne 2] 73] nc
outeuT 2 [3] 4& [17) outeuT «
NC E} [T1) ne
ineut 2 [5] [70] outrut s
eut 1 6] QE INPUT 3
vee [T} (3] weute

The 100000194 is a monolithic quad driver
designed primarily for use as a1 MOS clock
driver. It can be driven by high current TTL
buffers or drivers, either directly or through
input coupling capacitors, if level shifting is
required.
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100000222

Dual Retriggerable Monostable Multivibrator
with Clear

PIN CONFIGURATION

1 Rext/ 1 2
Ve Cext Cext 10 20 CLR 28 2A

1% 15 14 13 1y n 10 )

- e
CLR

o= ]
=

4> CLR !" e

w2 s lesis 18
1A 18 1 18 20 2 2Rex/ GND
CLR Cext Cext
FUNCTION TABLE
Inputs Outputs
Clear A B| Q §Q
L X X L H
X H X L H
X X L L H
H L t JuL  r
H i\ H | oo
t L H Ju
Notes:

H = high level (steady state).
L = low level (steady state).
t = transition from low to high level.
| = transition from high to low level.
Jl= one high-level pulse.
= one low-level pulse,

X = irrelevant (any input, including transitions).

An external timing capacitor may be connected
between Cext and gt/ Coxt (positive).

100000223

Decoder/Demultiplexer

PIN CONFIGURATION
DATA OUTPUTS
A\

veCe /vo \Al Y2 Y3 Y4 Y5 ve\

L RURCRSRLRERERERIAERINER RER

Ll

YO Y1 Y2 Y3 Y4 ¥YS

A Y6

B C G2a G228 GY V7

BERER
Lo ﬁl

1 'RIERIERIERAERIR 8
\ A 8 C nG2A G28 Gi 7 GND

Vo —\/ oyrvrurt

SELECT ENABLE

FUNCTION TABLE

Inputs Outputs
Enable Select
G1G2*C B A |Y0 Y1 Y2 Y3 Y4 Y5 Y6 Y7
X H X X X|{HHHUHUHUHHH
L X X X X|H HHUHUHUHUHH
H L L LU L|L HHHUHUBHEUBEH
HLLLHH{; H HHHH
H L L HLI|H H HHHH
H L L HHI|HH L HHHH
HL HL LIHHUHUHLUHUHH
H L HL H|H HHHHILTHH
H L HHUL|HHUHUHUHI HTLH
H L HHH|/HHUHHHUHIHL

*G2 = G2A + G2B
H = high level; L = low level; X = irrelevant

These Schottky-clamped TTL MSI circuits are de-
signed to be used in high-performance memory-
decoding or data-routing applications requiring
very short propagation delay times. In high per-
formance memory systems these decoders can be
used to minimize the effects of system decoding.
When employed with high-speed memories utilizinyj
a fast enable circuit, the delay times of these de-
coders and the enable time of the memory are
usually less than the typical access time of the
memory. This means that the effective system
delay introduced by the Schottky-clamped system
decoder is negligible.

NOTE The 100000223 is a Schottky device.
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100000237

Triple 3-Input Positive-AND Gate

100000238

Dual Peripheral Driver

PIN CONFIGURATION
PIN CONFIGURATION
Vee 1€ 1Y 3¢ 38 3A 3y v “ a2 .
w13 |2 ni fwof [s| /8| ' , . s
[ ' ? l: la
Al [ 3] X GNO
TRUTH TABLE

1 2[]3[|a[]|s[]6[]7
1A 1B 2A 2B 2 2vY GND
Ve = Pin 14

Gnd = Pin 7

Positive logic: Y = ABC

NOTE The 100000237 is a Schottky device.

Positive logic: AB=X
B Output X*

OOy
-0 O
-0 00

‘nOn Output g 0. 7V
""1" Output < 100,A

drivers, each capable of sinking two independent
300mA loads to ground. In the off state (or with

Ve = 0V) the outputs will withstand 30V. Inputs
are fully DTL/TTL compatible.

These devices are general purpose dual peripheraﬂ

2-15
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100000249

100000250

Positive-NAND Gate Quad Exclusive-OR Gate
PIN CONFIGURATION PIN CONFIGURATION
Ve 20 2C NC 28 2A 2Y Ve

10 9 8

minlislis

:)::'

B,
—

o0

:
[
mpupmpups

4 6 7
1A iB NC 1C 10 1v GND
TRUTH TABLE
A|B|2Z2]|7Z
L{L|L|H
L|H|H|L
H|L|H|L
HiL|H

H
H = High Voltage Level
L = Low Voltage Level

The exclusive OR gate produces an output when
the inputs are complementary. Two gates have
an additional inverted output which provides
directly a compare capability. The Boolean
expressions for the gates are: Z = AB + AB;

Z = AB + AB.

NOTE The 100000249 is a Schottky device.

o
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100000259

Triple 3-Input Positive-AND Gate
with Open-Collector Outputs

Positive logic: Y = ABC

(o

PIN CONFIGURATION
vVce 1C 1Y 3C 38 3A 3y
| Jual el | (o] [s| [s]
[_\L
B;
11 [ 2 s 1e s 117
1A 18 2A 28 2C 2Y GND

NOTE The 100000259 is a Schottky device.

100000260

Triple 3-Input Positive-NOR Gate

PIN CONFIGURATION
Vcc 1C 1y 3¢ 38 3A  3Y
wl (| {2l In| [w] |s| [s]_
1 >‘j
1 2 13[4 s ] ]
1A 18 2A 28 2C 2Y GND

Positive logic: Y = A+B+C

2-25
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100000266

64-Bit RAM
Vee PIN CONFIGURATION
e 15 s i3 |2 lu 0|9

GND
TRUTH TABLE
Memory | Write
Enable |Enable | Operation Outputs
0 Write Hi-Z State
1 Read Complement of
Data Stored in
Memory
1 X Hold Hi-Z State

The 100000266 is a fully decoded 64-bit RAM
rganized as 16 4-bit words. The memory is
iddressed by applying a binary number to the
our Address inputs. After addressing, informa-
ion may be either written into or read from the
Aemory. To write, both the Memory Enable and
he Write Enable inputs must be in the logical

0" state. Information applied to the four Write
nputs will then be written into the addressed
ocaticn. To read information from the memory
he Memory Enable input must be in the logical
0" state and the Write Enable input in the logical
1" state. Information will be read as the com-
lement of what was written into the memory.
’hen the Memory Enable input is in the logical

1" state, the outputs will g0 to the high-imped-
Nce state. This allows up to 128 memories to

€ connected to a comman bus-line without the

Se of pull-up resistors. All memories except
%€ are gated into the high-impedance while the

ne $*” ~ted memory exhibits the normally
’temﬁft -+le low impedance output characteristics
N

100000267

Operational Amplifier

PIN CONFIGURATION
BALANCE/ 1 eomeed u e 8 COMPENSATION
COMPENSATION
INPUT 2 oo e ) v
INPUT ] ooy =6 0UTPUT
V4 e pee §  BALANCE

The 100000267 is a general purpose operational
amplifier. This amplifier offers overload pro-
tection on the input and output, no latch-up when
the common mode range is exceeded, freedom
from oscillations and compensation with a single
30pF capacitor.

In addition, the circuit can be used as a com-
parator with differential inputs up to 30V, and
the output can be clamped at any desired level
to make it compatible with logic circuits.

2-29
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Dual D-Type Edge-Triggered Flip-Flop Phase-Frequency Detector
PIN CONFIGURATION
PRESET PRESET LOGIC DIAGRAM
la Lo } )
i | OHASE e 13
3 S
—— - —C Q- FREQ
¢ o vi | [OETECTORL 5o JFU | L Ys  awpurien
3e [ 2 CHARGE, A .
u2 PO punr OF ? ouTPUT
2 ) o [ 12 ) ole— mn:o =12 e e 10
OETECTOR
2 __0.1‘ Vee = pin o:
(fl T‘ N GND = PIN
CLEAR CLEAR FUNCTION TABLE
ALTERNATE PIN CONNECTIONS
INPUT INPUT OUTPLT
PRE?“ PRESET STATE | RI Vi tr | D1 U2 D2
) 13 1 0 o I x 4 x 1 1
2 1 0 5 X X 0 1
3 6 n [] 3 1 1 bx X 1 0
¢ e ¢ e 4 1 9 1 X !X 0 1,
5 .0 o | X X o1 1
2 s 12 0 6 0 i X ! X 0 :
3 a 7 0 9 X ! X 1
-0 [~} —Qq0 °] e ' 8 1 o | x ' x 0 ! ’
s T,o | 9 0 N 1 [
Vv, Pin 14 i0 | o [ I | 1 1
cc* 1 io o 1 [ 1
ctear  Gnd =PIn7  ciear 12 1 0 1 1 Lol 1
13 0 0o i 1 0 1 1
FUNCTION TABLE 40 P 0 1 1
15 o ! 0 1 0 1 1
Inputs Outputs 16 1 1 0 1 0 0 1
17 g 0 0o i 1 1 1 1
Preset Clear Clock D] Q @
1. X indicates output state unknown
L H X X H L 2. Ul and D1 outputs are sequential:
H L. X X L H i.e., thev must be sequenced in
order shown,
L L X X | H* H* 3. U2 and D2 outputs are combina-
tional: 1. e., thev need onlv inputs
H H ¢ H H L shown to obtain outputs.
H H * L{ L H TRUTH TABLE
H H L X QO 60 This is not strictly a functional
truth table: 1. e., it does not show all
possible modes of operation. [t is use-
H = high level (steady state) ful for dc testing.

)I; = low level (steady state) The 100000301 contains two digital phase detectors
\ = irrelevant ) and a charge pump circuit which converts MTTL
=_t’ ansition from low to high level inputs to a dc voltage level for use in frequency
Qo=the level of Q before the indicated input con- |4;ccrimination and phase-locked loop applications.

ditions were established.
* = This configuration is nonstable; that is. it
w will not persist when preset and clear inputs
return to their inactive (high) level.
NOTE The 100000300 is a Schottky device.
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(. 100000365 100000366

Quad 2-Input Exclusive-OR Gate Quad 2-Input Positive-NOR Gate
PIN CONFIGURATION PIN CONFIGURATION
N 8 3 3 Vcc 4Y 4B 4A  3Y 3B 3A
14 13 12 i [1o] 9 8 ,___<“ ‘3 ‘2____‘“%_4”__4’__“
- F— e -
b L
!
S Y i
7 7 i
- -
AN i
L—_L?—l >_] ;
) ] 2 3 B . i s ] 6 B ’ [ -
14 8 Y 2a 28 2v GND e n She — — —

! 2 k) 4 5 ¢ 1
iy 1A 1B 2¥ 2A 2B GND

(~ NOTE The 100000365 s a Schottky device. NOTE The 100000366 is a Schottky device.

4

g d”
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( 100000470 100000472

Voltage Comparator Quad 2-Input Positive NAND Gate

PIN CONFIGURATION
PIN CONFIGURATION

NutPal ) OWIPYT & A1 NPT 8 NPT 4 INBLT NPT

“ " 12 " L] ] v L) 4 av 38 ia v

- |

] [ T2

? ]‘ ¢
v

[IDAL{VANPEN ML JEL A NPT eyt NPUT NPyl 7

The 100000470 operates from a single power sup- NOTE The 100000472 is a Schottky device.
ply over a wide range of voltages. Operation from

split power supplies is also possible and the low
power supply current drain is independent of the
magnitude of the power supply voltage. The input
common-mode voltage range includes ground, even
though operated from a single power supply volt-
i age.

Pin Designations

V+ =Pin3
Gnd = Pin 12

4-11
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100000475

Quad 2-Line-To-1-Line
Data Selector/Multiplexer

PIN CONFIGURATION
ouTPUT uT ,_A.._.. OUTPUT
VCCCONTRn4A 4B av 38 3y
—“E u][n u_]'w_[_mus:_1
OE 4A 4B 4y 3A 3B
s 3y
1A 18 1Y 2A 2B 2Y
RIEZIERIERIRRIERIRALL
SELECT 1A 18, 1Y 2A 2B, 2Y GND
NPT OUTPUT == 0uTPUT
VCC = Pin 16
Gnd = Pin 8
TRUTH TABLE
Inputs Output
Output
Control Select| A B Y
H X X X Z
L L L X L
L L H X H
L H X L L
L H X H H

H = high level, L = low level, X = irrelevant.
Z = high impedance (off).

NOTE The 100000475 is a low power Schottky device.

100000476

Dual D-Type Positive-Edge-Triggered Flip-Flop
with Preset and Clear

PIN CONFIGURATION
vce CSR 2D 2CK 2PR 2Q 2Q
v Jua 2l fnl [wl [s]| |0
] I 2 ‘—]
| | o PR g
L D> CK ]
I I— CLRCH_——"
i CLR o ‘ T
. pex ‘
i=—IN .
11 213 1ea[ 5[] 1
1 1D 1CKk PR 1@ 18 GND
CLR
Logic Diagram Pin Designations
Ve = Pin 14
Gnd = Pin 7
FUNCTION TABLE
Inputs Qutputs
Preset Clear Clock D| Q @
L H X X!/ H L
H L X xlv H
L L X X! H* H*
H H ¢ H{ H L
H H ¢ L{ L H
H H L X1 Q Qo

H = high level (steadyv state)

L = low level (steady state)

X = irrelevant

' = transition from low tu high level

Q0= the level of Q before the indicated input con-
ditions were established.

* = This configuration is nonstable: that is, it
will not persist when preset and clear inputs
return to their inactive (high) level.

NOTE The 100000476 is a low power Schottky device.
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100000504

PIN CONFIGURATION

MAKE NO EXTERNAL CONNECTION

Vv 18 10 1C 1Y

1A 2A 28 2C 20 2Y GND

v Positive logic: Y=AB+CD

NOTE
The 100000504 is a Schottky dsvice.

N

Dual 2-Wide 2-Input AND-OR-INVERT Gates

100000505

Clock Driver

PIN CONFIGURATION

Veez !
N.C. 2
N.C.3

7
GND 8—]

13

16 Vcc|
15 X

14 VCC3

12
"

9 N.C.

L
w
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Azynchronous Receiver/Transmitter

‘I'he Asynchronous Receiver/Transmitter is an LSI
subsystem which accepts binary characters from
either a terminal device or a computer and re-
ceives/transmits this character with appended
conirol ard error detecting bits. Allcharacters -
cortain a start bit, 5 to 8 data bits, one or two
stop bits and either odd/even parity or no parity.
The baud rate (bits per word),  parity mode and the
rumber of stop bits are externally selectable,

Description of Pin ¥unctions

Pia Yo, Nime Symbot Ferction
1 Vee Power Supply | Vo 3V Supplv °
2 - | Vo Poxersupsly | Vo =32V Supply
3 Ground \'m. Grourd .
-4 Received Data Bhe A losic “0” on the receiver enylie line
Enadle places the received data ontnr the output
lines,
5-12 | Received Data Bus | RDA-RD1 | These are the 3data output lines, Pee
. ceived characters are rizty mtilind,
the LSB always appears on ROY, These
lines have tri-state outjura; te,, they
have the rormal TTL cutput chazacter-
istics when RDE 19 =0 ard 3 Mz ime
pedance state wden DK is ~p-, Theas,
the data output Lines can Me Nus strwe-
ture oriented,
13 Receive Parits PE This lin® woes ta 3 logie ~F- of the re-
Error ceived character punity oes "R azree
with the selected POL,
" Framiaz Error FE This line coes o 3 butic “T° if the re-
ceived character kay s valig wop brt.
15 Over-Run " OR

This line poes o a binsie =1~ 4 pre-
vinusly received character ts v::'nu
(DA line not reset) Befnre D> present
cha:acter is tramferred o the receiver
holZing regtister,

SWE A logic "0 on us line places the
status word bits {PE, FF, OR. L,

TBMT) onto the cutpot hiven, These
are tri-state atsn,

15 Statys Wore
Eratie

This Line will comtain 2 ebwrk whose

freqnence is 15 tirmes (150 the de

Sired receiver b»d rave,

12 Resst Data A locic "0 will resut the DA line.
Avvilade ° "

12 Recewe Data D&

Availuble

17 Receiver Chck RCP

This hine zoes $3 3 togic “ 1 whem 2a
entire character has been received 2
transierred to e recoiver holdine rep-
ister. -
2 Seriat taput s1 This Tine accepts X - serial bat input
stream. A Marking {logic "M
spacing lloie “0°) transition 1y ge=
quired for initiatinn of daty rece-tiom,
Resets all registers, Sety SO, £0C.
and TBMT to a legie =1,

The tFanamitter bulley empty Nag
€003 10 a logic “I* when the data bits.

holdinz register may be Inaded with
another character,

21 External Reset XR.

22 Transmitter TBMT

Bulier Emply

2 Data Strobe u3 A strobe on this line will enter he
data bits iato the data Bite Boldreg reg-
ister, (nitial dala transmissrn by

initiated by the rising edtce of D3,

This line coea ts a Togie ~1~ each tivwe
a full character is transeaitted, 18 re=
mains 2% this tovel ungil the stam of
transmission of the next character.
This line will sertally, by b, provide
the entire transmitted charactee, Mt

will remain at a logie “1° when madals
is being transmitted,

.

28 Erd of Character

23 Sersial Output SO

Ce2ntinued ....
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Continued
Yransmittor Block Diogram Description of Pin Functions (C ntinued)
I Faa No. Naxe Sonitel Furction
r a!? 5 :"2 - 25-33 Data Lat Ioputs DRL-DAA | These 27€ up ta 2 data byt jnoy tLines
Eua‘ia e avaitavde, ’
Doz Og LRI Rl - g
‘"?gu._o 2> « 31 Chnteal Strate s AT "0 this bed oIl ome
2¥532 23 gsgssaaz conteol buts (EPS. NBY, N3, Temn
bh 4 bbb e controd b s e
- ister. W3 Las € be straded o
. TRoL BT DATa BITS e - A v
Cf:'é;’;‘t co;&am";n * HOLOING PREGISTER DaTa STAG3Z haed warsd 03 Ertic 2 evol,
= RESISTER BUFFER 35 | No Pariy Np Alasic T17 01 s leud will edeminate
r . the pxmev it from the transmitiad and
‘ STEER received charcter Ino PE induwcation:,
R e . ;;'r | TRaNSWITTER The‘stC-x:bi";.lzm intmedaatels follox !
- BUFFER EMPTY the lust Cita it am oy :.~. i
RECEI/ER 3 muse henea:naln-:w'w::d‘ 13 lead :
H
scRIaL 35 Nur:ber of Stop TSB This Tead will seteet the runberof i
15 x7_| nuss 03D TRANSWITIZR > 0uTPUT Bils stop bits. 165 2 5 he appended ime .
cLelx GEN spzp  SMFT REGISTER . mediatels after the panity b, & :
i orut 1o2ic 0 will 1hsesy 1 st0p tat ard o 5
Leore lozie "I~ wilt inserr 2 SIop s,
: >A31TY 8T . 37-33 Numler of Bits NRA2.NBL | These twa loads will he sniermille dew 8
SENERATION b €ND OF Character coded 1> select either 5, 6, Tora !
L031C T CHARCTER Prap e iiuy
| XB1  NXB2 Bis Character !
[ ] [ :
2 . 8 s :
o ] 3 |
3 2 ] i
39 | O%d Erea Paricr | EPS The Incsc Bered on tae pin selocts the i
) tvpe of parits ®Nch w;lt be appender i
inimediately after the data s, g2
. also detecmmines the paritv N30 will
be chevke? Ly the recerver. A locic
O wialt insert odd parity and 3 tozic
T3 witl imsect even Panv, ‘
40 Transmutier TP This tiae witl eontain 2 cLack adnse
Clock Line frequencs is 18 imes 114X) 1he dew.
sired traaamitter baud rate. - l
) . - Continued....
Receiver Block Disgram
.
>~
o - £ o
E . =g
L z
3 D <* S YenaX
2 < 28 o=t Zo o=@
<2 O~V O ¢ MmN - = :< ,.<5 <& e <u -
] So0poo0oaoo w < _Z <>> ZC <o
(«Y "} {3 < < < - S - < < El, OE‘), nw Oo<O uwil pulm
I S Iss | R O O
: e s o2 .
: s J43 AND GATE
AND GATE ¥ x = N . )
DATA BITS Rpe S1ATUS WORD :
HOLDING REGISTER F/F HOLDING REGISTER -
. BUFFER S . .
BITS FROM l f :
HOLDING - . .
REGISTER ’ . -
PARITY BIT RIGHT . RECEIVER
SERIAL __} START BIT CHECKING l—+ JUSTIFY SHIFT
INPUT VERIFICATION LOGIC LOGIC —-cp REGISTER -
[ l : '
16 X R TIMING
\ G o
=~ & J CLOCK - GEN
G e . " .
' 1-109 REV. 03
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71 TURN POW:R ON
2 PULST EXTERNAL RESET
3.SELECT BAUD RATE-I3 X CLK

i

TBMT =1
EOC=I
$O= 1 (STOP BIT)

|

Continued

[ scT coNTROL BITS-PULSE CS }

[ sevoatasits [

1S
TRANSMITTER
SHIFT REGISTER
EMPTY ?
{EOC=1)

§. LOAD TRANSMITTER SHIFT REGISTER

{—F 2.S0=0 (START BIT)
3. E0C=0 .

1 ]

{ TBMT= | ]

HAS
I BIT TIME
ELAPSED?

{i6-16 XCLK)

SHIFT | BIT RIGHT IN
TRANSMITTER SHIFT REGISTER

1

TRANSMIT START BIT, OATA
BITS, SELECTED PARITY MODE,
AND STOP BIT(S)

)

HAS
THE LAST
STOP BIT BEEN ON THZ
LINE FOR IBIT
TIME ?

NO

YES
so=1 |

|  Eoc=1

ARE
THERE NEW
CONTROL BITS
?

YES

Transmitter Operation
Initializing

Power is applied, external reset 15 enabled ang
clock pulse is applied having a frequency of 16
times the desired baud rate. The above conditions
will set TBMT, EOC and SO to logic 1" (lire is
marking).

After initializing is completed, user may set con-
trol bits and data bits with control bits selection
normally occurring before data bits selectioa,
However, one may set both DS and CS simultane-
ously if minimum pulse width specifications are
followed. Once data strobe (DS} is pulsed the
TBMT signal will change from a logic '1'" to a
logic 0" indicating that the data bits holding reg-
ister is filled with a previous character and iS'l;.)n-
2ble to receive new data bits, and transmitter
shift register is transmitting previously loaded
data. TBMT will return to a logic "1'"". When
transmitter shift register is empty, data bits in
the holding register are immediately loaded into
the transmitter shift register for transmission.
The shifting of information from the holding reg-
ister to the transmitter shift register will be fol-
lowed by SO and EOC going to a logic "0, and
TBMT will also go to a logic "1 indicating that
the shifting operation is completed and that the
data bits holding register is ready to accept new
data. It should be remembered that one full
character time is now available for loading of the
next character without loss in transmission speed
due to double buffering, (separate data bits hold-
ing register and transmitter shift register).

- Data transmission is initiated with transmission

of a start bit, data bits, parity bit (if desirad)
and stop bit(s). When the last stop bit has been
on line for one bit time, EOC will go to a logic
"1'" indicating that new character is ready for
transmission. This new character will be trans-
mitted only if TBMT is a logic 0" as was pre-
viously mentioned.

Continued. ...
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L T R S SO R l

. YURN POAFA Coe e .
Y Pnss Exiewin prser Continued
3 LELECY BAUD RATE-5XCUK
-“__~S.‘.l' CONTROL B'TS
r m{,;, ] Receiver Opzration
] Initializing
p— o 2ntEte s
: Power is applied, external reset is enabled, and
1o ) clock pulse is applied having a frequency of 16 -
MAR QNG TO . Y v . v -
sPacis o times the desired baud rate. The previous condi-

tions will set data available (DA) to a logic "¢
. After initializing is completed, user should note
that onz se<t of control bits will be used for both
receiver and transmitter making individual con- :
v t setting unnecessary. Data reception R
R . starts when serial input signal changes from )
: Marking (logic 1”) to spacing (lagic ""0'*) which
initiates start bit. ‘The start bit is valid if, after
transition from logic *1" to logic 0", the SI line
continues to be at logic "0, when centersampled,
8 clock pulses later. If, however, line is at a :
) . logic "1 when center sampling occurs the start )
La?’é"n’s??ﬂ, 23 .2?’252'.}:;] bit verificalion process will be reset. IE the '
- Serial Inpui line transitions from logic "1'* to
logic "0 (marking to spacing) when the 16X clock
is in 2 logic "1 state, the bit time for center
sampling will begin when the clock line transitions
from 2 logic ""1" to a Yogic 0" state, After veri-
fication of 2 genvine start bit, data bit reception, '
parity bit reception acd stop bit(s), reception pro-{ [
ceeds in an orderly manner.

NO A START BIT
BEEN VIRIFIZD?

8 X16 XCLX

KaS
$ BIT TiME
ELA®SZD?
16 =15 X CLX

RECEIVED
?

Has

1817 TivE

ELAPSED
?

While receiving parity and stop bit{s) the receiver
will compare transmitied parity and stop bit(s)
with control data bits {parity and namber of stop
bits) previously set and indicate an error by
changing the parity error flip-flop and/or tha
framing error flip-flop to-a logic "1, It should
be noted that if the No Parity Mode is selected : '
. the PE (parity error} will be uncorditioning set b
to a logic "0, ) A ‘

HAS
THE PROPER
PARITY BiT BSEN
P.ECE?WED

SETY PARITY ERROR

SET PARITY ERROR
REGISTER TO o

REGISTER TO ©

HAS
NO 1 BIT TIME,
ELA;‘SSD

-

Once a full character is received, internal logic
looks at the data available (DA) signal to deter~
mine if data has been read out. If the DA signal
is at a logic 1" the receiver will assume data e
kas not been read out and the overrun flip-flop of ‘
the status word holdieg register will be set to a

“logic ''1"". If the DA signalis at a logic 0" the -
receiver will assume that data has been read out. | °
After DA goes to a logic "1, the xeceiver shift
register is now ready to accept the next character -
and has one full character time to remove the re-

g ceivad character.
TRANSFER DATA BITS FROM

SHIFT REGISTER TO DATA
BITS HOLDING REGISTER

L DAl N
{
+

. EXAMING QUTPUTS
) STROIE STATUS WORD ENASLE
2 STROBE DATA ENASLE

HAS

A STOP BIT

BEEN REZEIWVED
?

YES [SET FRAMING ERROR
RZGISTER 70 O

SET FRAMING ERRJAY NO
REGISTER TO I

SET OVER RUN
REGISTER TO |

SET OVER RUN
RIGISTER TO ©

{RESET 0ATA ZvatLAGLE -C2s O ]

Continued....
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Centinved

DATA AVAILABLE

DE

S

m

e
!

Receiver Propogation Deloy Timing Diogram

f—

DATA OUTPUT
STATUS WORD OUTPUT

i

;d‘

e toaoS

Receiver Timing Diagrom

s START DATA] DATAZDATAY DATASEATAS T2725 SIT2 7 0272 8 MARTY STOMSTOO2 STANT, |
14 Iy OLSB . - B H Tusa .
[+) .l-..~——-!....o.__-.._.t..,.s J..._A S
DATA
, sTrdAt I I N T S TN N A N 1
PARITY [—
ERROR Al | .
FRAMING . ’
NOTE § —
RROR BCLOCK SYCLE
“*{be/ss BIT TINE
. DATA . -
AVAILABLE NOTE 2 —+ :
' OVER RUN T ROTE
£
NOTES:
L THIS IS THE TIMZ WHEN THE ERAOR CON- &, 235 SHCWN FOR 8 LEVEL CODE

DITIONS ARE DETECTED, F ERROA OTCLRS.

PoATY AND TWO STO2 FOR KO PARITY,
STSP BITS FOLLOW DAZA.

2. DATA A‘IAILA?YLE IS SET ONLY WHEN THE
| RECEIVED DATA, PE,FE,OR HAS BEEN € E THE
f TRANSSERRED 7O VHE HOLDING REGISTERS. = r:». ';';L ;}?,’;T'}:?: ’;,.;i" ,,3;}“,‘,',’2,,‘.'"‘
- - - - »
{ - (SEE RECEIVER BLOCK DIAGRAN). it 13, LS3 ALWAYS &APPIARS IN
3. ALL INFORNATION 1S GOOD IX HOLBING RO (PiN12)
REGISTER UNTIL DATA AVAILABLE TRIES -
YO SET FOR NEXT CHARACTER, ’
o"
Tronsmitter Timing Disgram
DATA . -
srhost | Inore 3 1
| vewr | f 1 | | ’
: - [l-NOTE 2
o) ———— -,-—--r-——-——-—-- ——— .
so w ]smavo:mumnzmns BATA4D1TA 3 2473 £5237 200 !;ﬁ?l?l"S‘l’ON zkmr'o.sm

NOTE S bo—ad BII’ Tlu‘

IOC-———I

NOTE: TRANSMITTER INITIALLY ASSUMED INACTIVE
AT START OF DIAGRAM. SHOWN FOR 8
LEVEL CODE AND PARITY AND TWO STOPS.
BIT TIVE » 18 CLOCK CYCLES,

IF TRANSMITTER IS INACTIVE THE START
PULSE WiLL APPEAR DN LINE WITHIN
$1CLOCK CYCLE OF TIME DATA STRIBE
OCCURS, SEE DETAIL.,

SINCT TRANSMITTER 15 DOUBLE BUFFERID
ANOTHER DATA STROBE CAN QCCUM AMY-
WHERE DURING TRANSNISSION OF
CHARACTER I

s

o~

.

DITawn:

DATA ] —
1733z r -"
cLocx

b 1716 BIT

lS'I’ART

$3
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sz"m IDGC) has prepared this manual for use by DGC peértonnel and customers as a guide 1o the proper insiallation, operation, and maint ¢ ot DGC e
BB e g wgew, use, O sell equipment manulactured in accordance herewith.

100000537

Quad 2-Input AND Gate

PIN CONFIGURATION

NEOOOROEORE

GNO

NOTE The 100000537 is a Schottky device.
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100000540

High Speed 6-Bit identity Comparitor

PIN CONFIGURATION
T\

] [: Ag vee :Ils
2[ |0 Bs| |15
3[ as :]14
e Nal
N P o ¥
e[ ez s3ju
[ e AB:]uo
8[_Jono A=ajg

LOGIC DIAGRAM

00 OO OO QO QO GO ©

] [Bo A |8 ‘7i iﬂ? ‘3i i33 ‘ci iea ‘si ies £

O]

The 100000540 is a very high speed 6-Bit Identity
Comparator. The device compares two words of
up to 6-bits and indicates identity in less than 12 ns
It is easily expandable to any word length by using
either serial or parallel expansion techniques.
When the Enable Input (E) is LOW, it forces the
output LOW. The device is fabricated with the
Schottky barrier diode process for high speed and

is completely compatible with all TTL product
families.

NOTE The 100000540 is a Schottky device.

100000541

8-Bit Parallel-Out Serial Shift Register

PIN CONFIGURATION
OUTPUTS
J/\
Vee ‘04 Qg QO ‘CLEARCLOCK
| URERRERASRINER RER RUN
Oy Qg O Qg cLear
A cx 4

8 9% 9 A Qo

' AIERIERIRRIR RIR

A B \QA s Q¢ °D, GND
SERIAL INPUTS RUTS
FUNCTION TABLE
INPUTS OUTPUTS
CLEAR|CLOCK |A B |Qa Qg ... Qn
L X X X L L L
H L X X |Qag Qgo Qno
H t H H|H Qan Qgn
H t L X L Qan Qgn
H * X L L Qan QGn

Notes:

H = high level (steady state),

L = low level (steady state)

X =irrelevant (any input, including transitions)
t+ = transition from low to high level.

QAO’ QBO’ QHO = the level of QA’ QB’ or QH’

respectively, before the indicated steady-
state input conditions were established.

QAn’ QGn = the level of QA or QG before the

most-recent # transition of the clock; in-
dicates a one-bit shift.

The 100000541 features gated serial inputs and an
asynchronous clear. The gated serial inputs (A
and B) permit complete control over incoming data
as a low at either (or both) input(s) inhibits entry
of the new data and resets the first flip-flop to the
low level at the next clock pulse. A high-level in-
put enables the other input which will then deter-
mine the state of the first flip-flop. Data at the
serial inputs may be changed while the clock is
high or low, but only information meeting the set-
up requirements will be entered. Clocking occurs
on the low-to-high-level transition of the clock

5-22
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100000580

'«

4-Bit Bidirectional Universal Shift Register

PIN CONFIGURATION
vee Q@a a8 Q¢ Qo crock sy S0

I EIENENENEEIE

p—tg l—-—1
Qa 0g Q¢ Qo Y &
cLOCK
CLEAR SO
R A 8 C D L
— H - »—J
1 2113114 5 6 ) s
CLEARSHIFT A 8 3 D  SHIFT GND
RIGHT - LEFT
SERIAL  PARALLEL INPUTS  SERIAL
INPUT INPUT
FUNCTION TABLE
INPUTS OuUTPUTS
__ MOOE SERIAL PARALLEL
s S O T miowTa s € 5] %4 9 % O
L X x x x x X X X X L L i L
" | S L x x x x x x|0agp Qgg Oco Qoo
L] H L] 1 X x a b 13 a ] b 14 d
Ll L ] . X L) X X X x| H Qa, Oga Ocn
H L M . x L :x X X x| L Qan Os, Oca
" N oL . H x Ix x x x|Qga Qca Qpn M
“ HoL t L X X X X X|{Oga Qca Qpoa L
H Lo X x x lx X X x!laag Qg Qcg OGpo
H = high level (steady state).
L = low level (steady state).
X = irrelevant (any input, including transitions).

!

a, b, ¢, d = the level of steady-state input at
inputs A, B, C or D, respectively.

Qa0r Qo Qco- Qpo = the level of Qa, Qp,
Qe or Qp, respectively, before the indicated
steady-s?a e input conditions were estab-
lished.

QAno Q 0 QCn' QDn = the leve‘ Of QAc QBy
c 13'13 Qr. respectively, before the most
recent ! transition of the clock.

"

transition from low to high level.

'OTE The 100000580 is a low power Schottky device.

.

100000581

Synchronous 4-Bit Counter

PIN CONFIGURATION
RIPPLE QUTPUTS
CARRY - & ENABLE
Vcc output Ga Qg Q¢ 1 LOaD

URSRLRSRLRSR:RIRIAURINIR RER)

L
1
RIPPLE Oa Og  Oc  OpENABLE]
CARRY T
oUTPUT
CLEAR LOAD
ENABLE]
X A 8 ¢ 0 »p
s : :
1 2 3 4 S § ] |
CLEAR CLOCK A 8 [o} DJENABLE GND
P

A
DATA INPUTS

Synchronous operation is provided by having ail
flip-flops clocked simultaneously so that the out-
puts change coincident with each other when so
instructed by the count-enable inputs and in-
ternal gating. This mode of operation eliminates
the output counting spikes which are normally
associated with asynchronous (ripple clock)
counters. A buffered clock input triggers the
four flip-flops on the rising (positive-going)

edge of the clock input waveform.

This counter is fully programmable; that is, the
outputs may be preset to either level. As pre-
setting is synchronous, setting up a low level at
the load input disables the counter and causes
the outputs to agree with the setup data after the
next clock pulse regardless of the levels of the
enable inputs.

NOTE The 100000581 is a low power Schottky
device.
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100000594

Quad D Flip Flop with Clear

veo 4Q <« 4 30 30 30 CLOCK

CLRC . cx CLRPA

J

— —

VA [+
cLRt” CKeym
o] Q Q 2]

IBIRSIERIERIRRIE IR

CLEAR 10 Lo} 0 20 20 20 GND
FUNCTION TABLE
Inputs Output.
Clear Clock D | Q
L X X L
¢ H ! H | H
H t L L
H L X | Q
Notes:

H = high level (steady state)

L = low level (steady state)

X = irrelevant

! = transition from low to high level

Qg = the level of Q before the indicated steady
state input conditions were established.

NOTE The 100000594 is a low power Schottky
device.

NOTE The 100000595 is a low power Schottky
device.

100000595

Quad 2-Input Positive-AND Gate

._c% J8 la v i
n_wﬂﬂu"t«' Dol el
T A

o L ;
L= =D

|
!
!
U

Eoal:a
| ]
fiakigt LLI‘I'.HLT Lr‘l
1A 18 w 28 2Y GNO

abmancAE A,

it 53,
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E

B
100000779 100000780
74- S 3¢ ‘ s
Quad 2-Input NAND Buffer Quad 2-Input OR Gate
PIN CONFIGURATION PIN CONFIGURATION
[ I r}; nioioin! [ | ( Inininiainioid L,l
= GRS
i Lg:)d E}J | |t i~ t
I——;D, i |
1114!‘@?} g e I
ot v
LOGIC DIAGRAM
LOGIC DIAGRAM
vee
vee
INPUTS
A
aj OU'VPU‘ ouTPUT ¥
Y
-—
77
GND
The 100000779 consists of four 2-input NAND buffers | The 100000780 consists of four 2-input OR gates with
with open collector-outputs. totem-pole outputs.
NOTE The 100000779 is a Schottky device. NOTE The 100000780 is a Schottky device.
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o make,

1 00000795 100000796

PRCRRT I AR}
Programmable Blt Rate Generator Dual J-K Negative-Edge-Triggered Flip-Flop
with Preset and Clear

PIN CONFIGURATION PIN NAMES

PIN CONFIGURATION
1 2
———
‘c % Yoo 3" ce € xternal Cloct Input v‘s C‘LSR C‘L‘R 2'(;.( iK = Z:;R 2
2(]aq, i ) External Clock Enable ’
input {Active LOWY) T .
Qe %o :“ Ix Cry ts Input ’ ! L—_—"
‘C E; Sy 3“ Irg Multipiexed Input &7
s SorSa Rate Seiect inputs
sCee 2(] 2 ot o e P CLR 5
0: Ox 5 :]“ Ux Crystel Orive Cutput
1 Q Scan Counter Outputs
10 2w ‘z)o ? o b CK > CK
e ML) b J Q K a
PR CLR
CLOCK MODES AND INITIALIZATION % %
Ix Ecp ce OPERATION | ™ 1 1 i
JTuuul W L Clocked trom i 1 213 I 4 l H § 7 ]
x L {-ruUd | Clocked from cP 1CK 1K 1 1PR 10 10 20 GND
H H Continuous Reset
X I L M -Reset During Furst CP = HIGH Time FUNCTION TABLE
Note : Actust output frequency 15 18 times the indicated Output Rate,
assuming g clock frequency of 2.4576 M., Inputs OUtwts
L] —
e Preset Clear Clock J K | Q Q
e = MIG!
- oW Lot L H X X Xx|H L
3 X = Don’t Care H X X X L H
‘ -n é?;".'?ﬁ'_..:"" L L X X X|H* H*
[ , —
(SN e oo on oLl
U Clock Puhes H L
H H ' L HJ|L H
H H + H H | TOGGLE
TRUTH TABLE FOR RATE SELECT INPUTS H H H X X|Q @Q
(2 T N :
s3 s s so ouw::, :.;. ) Notes:
T L L Muluplexed Input (1p] H = high level (steady state).
¢ L L H Muttipiexed Input (i) L = low level (steady state).
L L H L 50 Baud X = irrelevant.
¢ t " H 75 Baud | = transition from high to low level.
N " ¢ L 1345 Baua Qo = the level of Q before the indicated input
L H L 2] 200 saud s .
N " n . 600 Bava conditions were established,
L H H " 2400 Baua TOGGLE = Each output changes to the complement
" L L L 3600 Baud of its previous level on each active trans-
~ L L H 4800 Baud ition of the clock.
H L " L 1800 Baug * = This configuration is nonstable: that is.
o N - H 1200 Baurt it will not persist when preset and clear
p p
« o I L 2400 Baug inputs return to their inactive (high)
L2 Lo L L] 300 Baua ievel.
) “ - L 150 Arud
“ H - L] 16 Bau
o - NOTE The 100000796 is a low power Schottky
¢ wi device.
7-9
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100000797
PN 5 {'(

Triple 3-Input Positive-NAND Gate

PIN CONFIGURATION

Vee IC 1Y 3¢ 3B 3A 3y
n

L {12 Il 1w 19 |8

=
D-

)|

1 2 3 4 ] 6 7
1A 18 2A 28 2C 2Y GND

Positive logic: Y = ABC

NOTE The 100000797 is a low power Schottky
device.

i
ot - e e — — e

——

100000798

Hex Inverte; with Open Collector Outputs

PIN CONFIGURATION

vee 6A 6Y SA SY 4A 4y
wl |l el nl fw] [s] |8

> >

L-1 samm o S oy

1 2 3 4 L] L 1
1A 1Y 2A 2Y 3A 3y GND

Positive logic: Y = A

NOTE The 100000798 is a low power Schottky
device.
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100001018

Octal D- Type Transparent Latches

..'léﬂ

PIN CONFIGURATION

TRUTH TABLE
outPUT | EnABLE | L
CONTROL G
L H H W
L H L L
L L x Qg
H X x Hi-Z

Qg = the ievel of O before the indicated stesd-state 1nput conditions
were estebiished.

H B high leve!

L & low leve!

Hi-Z ® high impedsnce

X B irretevont

1 ® transition trom low 1o high level

The 100001018 contains eight D-type latches. When
the enble G is high, the Q outputs follow the D inputs.
When this enable goes low, the outputs are latched at
the data states that were setup.

These latches have totem-pole 3-state outputs for

driving highly-capacitive or relatively low-impedance
loads.

NOTE The 100001018 is a Schottky device.

N

100001019

Octal D-Type Edge-Triggered Flip-Flops

» 2 S 3@/

TRUTH TABLE
ouTrPUT
contmoL | CtOSK O |outeut
L t L] H
L 1 L L
L L x Qo
H X X Hi-2

Qg = the leve! of Q betfors the ind:cated stead-state input conditions
were ssteblished.

H = high leve!

L = iow leve!

Hi-Z ® high impedance

X & irrotovent

1 = ransition from low 10 high leve!

The 100001019 contains eight edge-triggered D-types
flip-flops. On the low-to-high clock transition, the
outputs are set to the data states setup on the D
inputs.

These flip-flops have totem-pole 3 state outputs for
driving highly-capacitive or relatively low-impedance
loeds.

NOTE The 100001019 is a Schottky device.

and
ed 1o
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> 100001020

/\ ’ 1
RO
Quad 2-Input NOR Gate

PIN CONFIGURATION

wl Vee

1y C
uE @u a
2v [1]

2a E@ w] av
nl: &:] 38

awo (7]

Positive 1ogic: ¥ « o8

NOTE The 100001020 is a low power Schottky
device.
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Y

¢

!

e e m.n- IDGC) has prepared this manual for use by DCC personnel and customers a5 4 guide 1o the proper installation, operation, and maintenance of DCC WMT
: w‘::.“h.. and specifications contained herein are the property of DCC and shall neither be reproduced in whaole or in part without DCC s prior written approval n
.,gu.::; ticense to mahe, use, or sell equipment manufactured in accordance herewith

01 be implied 1o

——

100001045
Ll

« -

8-Input NAND Gate

PIN CONFIGURATION

LI T T - -
wijojjajin] e je] s

positive legic:
Y = ABCDEFGH

NOTE The 100001045 is a Schottky device.
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10000104

oE

Octal D-Type Transparent Latch

PIN CONFIGURATION

(1)

BLOCK DIAGRAM

TRANSPARENT LATCHES

ENABLE (11)
G

ouTPUT ;D
CONTROL
‘{‘ RO L — 4
—q8
s @
] = )
[ S I il
s % .q
n
30 o [
*—q6
s ®_ .
i8)
40 D [
s
5 & LN
o N2 5 )
+—da l
a (2 5Q
(14)
o [
t—9° & (1s)
a 6Q
on
70 o] r
g & 116)
[} 0
a0 U8 5
¢—da

FUNCTION TABLE
OUTPUT | ENABLE
CONTROL G 0 | ourrur
L H H H
L H L L
L L x Qo
W X X z

The 100001046 consists of eight, transparent D-type
latches with totem-pole three-state outputs. When the
enable (G) is high the Q outputs will follow the data
((D) inputs. When the enable goes low, the output will
be latched at the level of the data that was setup.

A buffered output control input can be used to place
the eight outputs in either a normal logic state (high
or low logic levels) or a high-impedance state. In the
high-impedance state the outputs neither load nor
drive the bus lines significantly.

The output control does not affect the internal
operation of the latches. That is, the old data can be
retained or new data can be entered even while the
outputs are off.

NOTE The 100001046 is a low power Schottky
device.

T

10-15




al Carporation DGCC! has prepared this maneal for use by DGC personnel and customers a1 2 guide te Ihe proper installation, ation, and ¢ of DGC %
o oper. ™)

Quip L]
: he drawings and specifications contzined herein are the property of DGC and shall neither be reproduced in whole or in part without DGC s prior writlen approval ner be implied 1o
-ﬁl\:l::" :kra" 1o make. use, or sell equipment manufaciured in accordance herewith
"."

——

100001047
and
100001048 ... "

Quad Two-Input Registers

PIN CONFIGURATION

vee Q3 Oja Oyp D¢ Dja O CF
nnannoong

W I8 e 13 20w w0 1]

|8
)

0O~

3 e 5 6 7
UU U
Oos o

Ooa 018 O1a 0y GaC
Note: Pin 1 1s marked tor orentstion.
LOGIC SYMBOL

€ 5 N 12 W ow

FLLdL]

3 e
[ |
Opa Ogs Dsa Ois D3a 028 O3a O3e

9 ———y P
Qo 0 @ )
[0 T
H ? W0 1

& Vee = Pin 16

GND = Ping

~ L ~a
. JE }
T
~ J

LOGIC DIAGRAM

e LN ) LY

2 —4—o
2~

The 100001047 and 100001048 are registers containing
four D flip-flops with a buffered common clock and a
two input multiplexer at the input of each flip-flop.
The multiplexers are controlled by the common select
line S. Data selected by S is stored in the flip-flops on
the low-to-high transition of the clock. When the S
input is low, the DiA data is stored in the register;
when it is high, the DiB data is stored.

NOTE The 100001047 and 100001048 are

Schottky devices. The 100001047 is a lower
power component.
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AR, DTS

Four-Bit Bipoiar Microprocessor Slice

Bipolar Mlicroprocessor Circuits

4 A dH NS e BT

Advanced Micro Devices E :

L IWSTIVE CHARACTERISTICS

cerpent for standard Am2301,

-y
{
~d
v
s
]
-1
)
<)
(.:
t!‘

4 faster than standard Am2901

s in D input and carry paths

‘:’“P than standerd Am2307
» loe reduced to 120mA at 125°C — 30% less
than standard AmZQOI
11, raised to 0.8V over full military range for
increased noise immunity

Nole @\O/Z
Qé(\ Q)

S imy raisad to 20mA onY outputs — 30% more

meeng

~ cuitry.

GENERAL DESCRIPTION

The four-bit bipolar micrcprocessor slice is dos, gned as a
high-speed cascadable elament intended for use in CPU's,
paripheral conzrolizrs, programmable microprocessors and
numarous other applications,
lity of the Am2201A will allow efficient emulation of almost
any digital computing machina. .

The device, a2s shown in the block diagram below, consists
of a 16word by 4-bit two-port RAM, 3 high-speed ALU,
and thz associated shifting, dzcoding and_multiplexing cir-
The ninebit microinstruction word is organized
into thrze groups of three bits each and selects the ALU
source operands, the ALU function, and the ALU dastina-
tion register. The microprocessor is cascadable with full
look-ahead or with ripple carry, -has threestate outputs, and
provides varicus status flag outputs from the ALU. Ad-
vanced low-power Schottky processing is used to fabricate

this 4C-lead LS! chip. The Am2901A is 2 plug in replace-

ment fcr the Am2201. For datailed description and applica.
tions see the Am2201 Data Sheet.

The microinsiruction flaxibi- .

- ?.»'-tf& .

-~
4

|

B BB MM et ¥ NS et B ) adBe AR g dbete Al S A B ey

ORNDERING INFORMATION

btde.’

Package Teinperature
Typ= Range Number
Molded DiP 0°C 10 70°C AM2301APC
Hermetic DIP 0°C to 70°C AM2901ADC
Hermetic BIP ~55°Cto +125°C  AM2901ADM
Mermetic Flat Pack  —55°C1t0 +125°C  AM2901AFM
Dice " 0°Cto +70°C’ AM2901AXC

Note: The Data in this dats sheal contains expectsd typica! par-
formance 107 the Am2301A As a ruls, worst case AC limits will
b approximatziy 1.6 times typicsl over the commercial rangs and
gpproximataly 2.0 times typical over the military renge. Be sure to
contrct Advanced MicrcL Davices fOor the latast data.

-
(“!ADMMY[) ¥ ADCAESS

AVAILABLE FEBRUARY, 1977

MICRCPROCESSOR SLICE BLOCK DIAGRAN,

1L

sfrfisysialsjajafe

DESTINATION ALy ALy
CONTROL BLNCTIOM sousce

SICRINSTALTION DECOOS

U

1 4
LYCT N 1 SR TUW S ‘ —-—-r-—-_—-—--
wed

. et R A

T S, S}—
cLocx oDus;
|
® W OATA U
. —_
A AEADY A
ASCAESE ] AT AT . s - =

18 ADORESSABLE RECTSTERS
O ngc TN

ADCRESS Al =4
QA?A bAYA

oimecT
DATA e
BLUDATA SOUMCE
. sLEcTon
n L]
L e e C
CARRY My [ . ——td
8 5URCTION ALY e g
SRS, D. 150G @
pee OVEINTLOW
LEY -~
W""ﬂ -
teasy ootrm onn uucvon

U DAYA OVUT

Copyrizht W 1977 by Advanced Micro Devices, Inc.




ALU SUUALE .
PMICRC CCDE OPERANDS MICRO CODE AL
] - Funclion Srrdy
Octal 1, 9 1 Octal
T P Y P R s s W 13 Code
L L L [ A a L L v 0 RPN S ReS °
v L H 1 A B L L H ] 5 Minus R S~R
L H L 2 o) Q L H L 2 RMinus S A-S
L M H 3 o B L H H 3 ROAS RVS
ML L 4 o A H L v 4 RANDS AA'S
H | § H S o A H | 8 H 5 RANDS RAS
" H L 6 o a . H H L 3 REXORS ARYS
H Y H 7 D (] H H H 7 HEXNORS Aavs
ALU Source Operand Control. ALU Function Control.
RAM Q-REG. RAM Q :
z
MICRO CODE . FUNCTION FUNCTION Y SHIFTER | SMIFTER
Octal Cen: o OUTPUT

'8 5 |6 Shite Losd Shiky Load RAMg | RAM3 Qg o3

L L L ° x NONE NONE F-—Q F x x x x

L L H 1 x NONE x NONE F x x x x

L H L 2 NONE F-B8 x NONE A x x x x .

L M H 3 NONE F-B x NONE F x x | x | x

H L L 4 DOWN F2-8 DOWN wz-0 F Fo | g | g | g

W L M s DOWN FR2-B x NONE F Fo | N3 | O x

H W L 6 up 2F-8 ur 20-Q F wo | F3 | wo | o

W H H 7 ur 2F-+8 x NONE F iNg | F3 x | o

X=Don’t care. Electricslly, the shift pin Is 8 TTL input Internaily connected tc » three-state output which is in the high.
impedance state, ’

B= Register Addresssd by B inputs.
.Up is towarcd MSB, Down is toward LSB.

ALU Destination Control.

o 1510 OCTAL 0 1 2 3 4 s € 7
Cig ALy | ) 4
Adlao oureel  a.a A8 o.a 0.8 0.A D.A D.Q ‘D, 0
L3 . ’
Function
Cp=L AsQ A8 Q 8 A . D+A o+a D
o R PiusS
Ch=H AsQoet A+B*1 Qa 81 A1 D+A+1 D+Qet Ot
‘Cpa=L o—A-1 B-A-1 Q-1 B8-% A-1 A-D—1 a-D-1 —D-1
7 ] SMinusR .
Ch~H Qa-A B-A Q [ A A-D Q-D -0
Cn=L A-Q-1 A-B-1 -Q-) -B-1 —A=) O-A-13 D-Q-1 01
2 | R Minus S .
Ch=H A-Q A-B -0 -B -A D-A o-a o
3| RORS Ava AVE Q [:] A DVA pvo 1+
4 | RANDS | AnQ AAB 0 c o DAA | DAG o
6 | RAaNDS AAQ AaB a 8 A Baa bara [
- 6 |[REX-ORS AvO AvS o 8 A- DvA ova o
M 7 |[REX-NORS] Ava AV B ] & TR Dva Gvo [5)
<5
*=Piuy, -~ = Rtinuy; V=0OR, A= AND. ¥~ EX-OR - {a
Source Uperand and ALU Function Matrix. y - .*
. B
& .



TAL..!ZATIO ) AND PAD LAYOUT

[ W N RN

Da-a

- Q-register and RAM. These pins are tied to the Q3
and RAM3 pins of the adjacent device to transfer
data between devices for up and down shifts of the
C regisier and ALU data.

Direct data inputs. A four-bit data field which may
be selected as one of the ALU data sources for
entering data into the Am2301A, Dg is the LSB,

v Ton View Top Viaew
- ———— Ve
— R .
Y. } ) DIP .
— y . hEs
_’___.__-———]—:——_—]] . ~’_£ e .v;':,_ s S -~ :") o "C:l‘ Vo \_/ aly,
;w«srr,L";‘\(':“k'l“—x :? et ""'ri: ‘\vL‘_‘ s YR » :j Y3 ST 31 on LY
O R R gl B = N
c"““i"i—'-‘-i“—l; et 6 O s »{I Y ] » 3
By ——p >3 3k w1 »tT)y Vee T »Est
By ——lomal, i S04 e ] L ) -0 x[v
: SRR S g B rauy s 117 e iy s
T 4 i Mg [T1y {7z niJ» » [N
.:~.'L "C::" »[T1% tzdm v
- NP Ser se0 0 x ) Gno cuocx [ o)
S g Bk (oau p::]cp [Cdem it} » :lﬁvh
FALEy) g E-Jemgh Loy o A3 2 [J%ea
R Nl i [ Y e A1} tJe M
- o e o Y s T »{3%
NN T oy .3 »[710% [ P am k1 » :,-;
ek %E" »[10 s Ciwn »{J%
bty P [ Y ) ni)% o in nid
'x_& 2y n{J0; O3 ] o
; : Ll »I% Lo bl niy,
.ﬁz:c&_ v = o ] nla%
] L ¢,
:i _—-—_——J l—_—_— an 4
" F3 Caution: Am2301AFM pinout
<, GND Note: ditfers from Am2301FM
DIESIZE 0.132” X 0.149" Pin 1 iz marked for oriantation, onpins 4,11, 12 2nd 13.
PIN DEFINITIONS Yg-3  The four data outputs of the Am2901A. Thess are
* _ three-state output lines. When enabled, they display
- - . har the four outputs of the ALU or the data on the
Ap.3 The four address inputs to the register stack used to eit 2
= select one register whose contents are displayed A-port tOf th“d’eE:'Ste’ stack, as determined by ths

é:'\’ through the A-port. tination code Ig7g- }

. &f’ 'Bg_a  The four address inputs to the register stack used to  OZ - Output Enable. When OE is HIGH, thé Y outputs
select one register whose contents are displayed 2r2 OFF; when OE is LOW, the Y outputs are active
through the B-port and into which new data can be {HIGH or LOW).
written when the clock goes LOW. - T o 3

o ) . P,G The carry -generate and propagate outputs of the
lo-s Th.e nine mstn{cuon control lines to t.he Am299‘|, Am2201A's ALU. These signals are used wnth the
used to determine what data sources will-be applied Am2902 for carry-lookahead.
to the ALU (lg;2), what function the ALU will
perform (I345), and what data is to be deposited in ~ OVR  Overflow. This pin is logically the Exclusive-OF! of
the Q-register or the register stack {lg73). the carry-in and carry-out of the MSB of the ALU. _
L » . . At the most significant end of the word, this pin
03 A shift line at the MSB of the Q register (Q3) and the indicates that the result of an arithmetic two's com-
RAM; register stack (RAM3). Electrically these lines are plement operation has overflowed into the sign-bit.
three-state outputs connected to TTL inputs internal Se= Figure 8 for logic equation.
to the Am2901A. When the destination code on .
Ig78 indicates an up shift (octal 6 or 7) the three- F =0 This is an open collector output which goes HIGH
state outputs are enabled and the MSB of the Q {OFF) it the cdata on the four ALU outputs Fg.3
register is available on the Q3 pin and the MSS of are all LOW. In positive logic, it indicates the result
the ALU output is available on the RAM3 pin. of an ALU operation is zero.
Otherwise, the three-state outputs are OFF{high-im- - )
pedance) and the pins are electrically LS-TTL inputs. Cn The carry-in to the Am2901A’s ALU. »
When the destination code calls for a down_shift, the s .
pins are used as the data inputs to the MSB of the Ch+g - The carr\,f-out of the Am2901A’s ALU, See Figure 8
Q register (octal 4) and RAM (octal 4 or 5). for equations.
Shift lines like Q3 and RAM3, but at the LSBofthe ©  1he clock to the Am2301A. The Q register and

reqister stack outputs change on the clock LOW-to-
HIGH transition. The clock LOW time is internally
the write enable to the 16 x 4 RAM which com-
promises the “master” latches of the register stack.

Vinile the clock is LOW, the “slave’” I3tches on the -

RAN outputs are closed, storing the datz prgvious!y'
on the [.AY outputs.  This allows synchronous
master-sla.. opzration of the rogister stack.
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AR

iroens 2, oad d) Dats i bnld facais chang ‘d from Am2301
Typ. .
Mercription Test Conditions (MNote 1) Pin. (Note 2) PAox. Units
T oM ~ —1.6mA a4 T
YQ. Y¥1.Y2.Y3 .
1on = —1.0mA, C 4 "
Vee ™ MIN. on= Z1.0mA Cnra 2
Owtzus HIGH Volwage ton = —80C0uA, OVA, P 24 Volts
Vin=Vinor Vi —
! 10m ~ ~600,.A, F3 24
! - —500
on A 24
RAMS. 3,003
1IgH = =1.6mA, G 24
Cutput Leakagw Current Vee = MIN, Vo = 5.5V - A
for I = 0 Output Vin=Vigor Vi
lor ~20mA {COMLY 05
. v
A VeemMin, | Yo-Y1.Y2.V3 1oL ~ 16mA (MIL) 05
Cutpet LGV Volage Vin“~Viy G, F=0 fop = 16mA 0.5 Vor
T s jervie Cnis 1oL ~ 16mA 05 ol
OVA,P 1oL = 8.0mA 0s
F3. RAM
- . 3 0.3, loy = 6.0mA 0S5
: 0,3
Guaranteed input logical HIGH .
HIGH Leval . 20
toput as voltage far all inputs (Note 7) Volts
G teed input logical LOVY
Inoat LOW Level uarantes "\?u osical LO 08 Volts
voitage for all inputs (Not 7)
$nput Clamp Voltage Vee = MIN., i1y = —~18mA * -~15 Volts
: . . Clock, OF - ~0.36 .
. - Ap. A1 A2 A3 -0.35
v | 8o.B1.82.83 ~0.36
. o] .D2.0 A
1hput LGVI Cusrznt Vee = MAX., Viy = 05V 0.D1.02.03 -o.n2 mA
. 10.hh.02.16. 13 -0.36
. 13.12.15. 17 -0.72
L .
. RAMQg 3, Qg, 3 (Note 4) -0.8
Cn 3.6
" Clock, OF 20
. Ap.A1.A2. A3 20
- By.B1.B2.83 . 20
' E Dg. D3, D2. O3 40 )
tnput HISH C: Voo MAX,Vin =27V -
npu S sSrrent cC - VIN o012, 15, 12 %0 V pA
.‘_ - . . . I12.13.15. 17 40
- RAMp, 3. Qg 3 (Notz4) 100 |
; - - Ca 200
taput HIGH Current T Vee = MAX., VN = 5.5V 1.0 mA
' Yo. Yi. Vo =24V 50
: - Y¥2.Y3 Vo= 0.5V =50
Oit State {High Impadancs) Vo = 24V
Vee = MAX. . T
OCugput Current cc . RAMg 3 {Nrte 8) . 1% ‘“A .
Qo 3 Vo= 0.5V
- (Note &) —800 :
. Y0.Y1.Y2.Y3.G -30 -85
€ -30 - -85
Ourtput Shart Cireuit Current | Ve = 5.75V, Vg ~ 05V ni4 ™A
: OVR, P -30 -85
{Note 3)
. F3 =30 -85
e RAMp 3.09,3 ~ . —30 -85
TA=25°C * 160 250
TA= 0 Cto+70°C 160
.ot Am29015PC,DC  p—2 orit. 263
Puwer Supply Current r o MAX . Ta=+20"C 160 220 oA
{Nots 6) vee . Tc~-55Cto 350
Am2501ADM, FM | #125°C 0
Yo~ +125°C 160 190

'N°‘“' 3. For conditions shown a2 MIN. or MAX., use the approprists value specitied under Elsctricat Choracteristics for the soplicable device typs..
2. Typlcal imlts are at Vo r = 5.0V, 25°C amblent snd maximum loading. :
3. Notmaore than one output should bas shortsd at a time, Duration of tha short clrcult test should not sxcesd one second, i
3. Thess are thrasatets outpurs lnternaliy connected to TTL inputs, bnput charscteriatics are messured wigh ‘678 In » stata gueh that the tMN«'
siste output Is OF r > )

B. "MIL™ =~ Am2301AXM, D, FM, “COM'L"” =~ Am2901AXC, PC, DC, Al »
8. Worstcass Ipe: 1s i inlnlmum tampsraturs.

7. Thass Input levels provids zero nolss Immunlty and should on!v ba tasted In » statlc, nolis-fres On‘JT_'orbnut,

-

e ® LN
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Voo tiinas ared

ctinedrelative to the clock LOW-to- cperatien on the correct dola sa that the correct ALU data

TEMSERATURE ~ °C

' _ Inputs rmust be steady at a!l tirnes from the set-up can bz written into one ouf the registers.
YYmcat
4 Lt _
,. _(nlquOm)
] c A i
H t - 15 -
o . - i=>o—]
: o TN RS
2 -
! . % 25 :
* - SRR PRI '
i D AN .
. ! 15 - .
1 . b 15 >0—] o
i \/ C X
e B X R KRR 0K
-Minimum Cycle Times from inputs. Numbers Shown are Minimum Dats Stable
Times for AM2SDIADC, in ns. See Table 111 for Detailed !nformation.
Typical loc Versus Temperature
i A .
9 | 38 L4 .
tw . 30
i
. [
o /
BN
cc” 8 = .
? ~ SEE TABLE « g 4
.8 . .
\\
150 P
TYPICAL Y
Vermso |
10 L]
. prTy 025 0 125
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11 below detine the timing characteristics of

- H an ! . vy o . T
" ‘:.g‘c‘)'IA at 25°C. The tables are divided into three typss LA TYPICAL |GUARANTEED
&3 m . . :
‘ -'".:\mr;a:erS; clock characteristics, combinational delays from Read-Modify-Write Cycle
i .EU:S 10 outputs, and set-up and hold time requirements. The {tim= from selzction of " &5ns
:;;i‘, 1able defines the time prior to the end of the cycle (i.e., f;.c?’;es-s:e:; to end of
.cE'::k LOW-to-HIGH transition) that each input rnust bz stable )
1o guarantea that the correct data is written into one of the t’aximum Clock Frequency to
< eornal rocisters Shift  Ragister (50% duty 40MHz
-Intarnsy registers. . CYCEQ) V= 432 or 632
All values are at 25°C and 5.0V. Measurements are made at Minimum Clock LOW Time " 30ms
1.5V with V=0V and V= 3.0V. : Minimum Clock HIGH Time 30ns
’ Minimum Clock Period 75ns

.

§1ot0: The Data In this data sheat contains expacted typicel parformancs for thes Am2301A. As a ruls, worst casa AC limlis will be approximateiy 1.5
timas typical ovar tha commercial range and approximataly 2.0 times typical over the military rangs. Be sure to contaci Advanced Micro Devices
for the Iatast dats.

. , TABLE 1]
COMBINATIONAL PROPAGATION DELAYS (all in ns, C) < 50pF)
TYPICAL 25°C, 5.0V ' GUARANTEED 25°C, 5.0V
To Shift _ Shift
Output | - ——|F=0 Outputs —_|F=0 Outputs
From Y | F3 |{Ca+4| G, P | R =|OVR - Y | F3 |Cnh44| G, P | RL=|OVR v
1 Input - 470 RAMgl Qp ' 470 RAMg| Qg
ARAM3l Q3 - RAM3 Q3
A.B , 45 | 45 | 45 | 40 | 65 | 50 | 60 | — | -
D{arithmeticmode){ 30 | 30 | 30 | 25 | 45 | 30 | 40 | — |l —
D(I=X37)(Notes5){ 30 | 30 | — | — | 45| - |40 | — | - | - = T =
C s Cn 2|2 [1w0] -]3]20]3] -1 = =
o {io1z |35 | 35|35 |25 50|40 |45 | - -
e | 1345 35 | 35 | 35| 25|45 | 35 | 45 | . — -
* 678 15| - | -} -} -1|-121]20 } 1T -1 -1-1=-17:=
OE Enable/Disable [20/20] — - - | - - - - - - ). - - - - [ -
A bypassing 20 | - 111 - | = - | - - -1 - :
ALU {1 = 2xx) | =1 -
Clock _4 (Note6)| 40 | 40 | 40 | 30 | 55 | 40 | 55 | 20

SE'-UP AND HOLD TIMES {allinns) (Note 1} TABLE Il
: TYPICAL 25°C, 5.0V GUARANTEED 25°C, 5.0V
From Inpu. Notes
Set-Up Time Hold Time Set-Up Time Hold Time

g\c;uBrce g:g 'tpwﬁo"‘ 15 0. “ 0

B Dest. - 2,4 tpr"‘ 15 0 0

D {arithmetic mode) . 25 0 3]

D (i = X37) {Note 5) 25 0 : 0

C, 15 0 0

o1z 30 0 0

335 30 0 0

’678 4 tp\NL +15 0 0
P RAMg,3.Qp, 3 15 0 0
L tNotes: V. Sse next page,

1.

2. 1 tho B address Is usad a3 a source operand, allow for the A, B source® sat-up time; If It 1Is used only forths destinatlon address, uss tha
‘B test”™ pot-up time, . .

3. Where two numbers are shown, both must ba» met. .

4.t L7 i the clock LOW tims, . @

5. DV O is ths taste:: wiay to laad the RAM from the D Inputs. This function iy obiainad with 1 = 337, 7 <

6. Using Q rejizts, as:0urce oparand In arithmoetic rmods, Clock 13 nor normally In critical speed pathvwheng Q ls Pt » tource.

¥ q
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STOCKED and SOLD BY Am2901 B

ﬁ our-Bit Bipolar Microprocessor Slice
- Pioneer/ wﬂShing ton ELECTRONICS, INC. Advanced Micro Devices

m 9100 GAITHER ROAD, GAITHERSBURG, MD 20760 BiPOIar Microprocessor Circuits
G B Phone: 301 948-0710
DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
. The four-bit bipolar microprocessor slice is designed as a high-
® Plug-in replacement for Am2901 and Am2901A speed cascadable element intended for use in CPU'’s,
® Up to 27% faster than Am2901A, up to 50% faster | peripheral controllers, programmable microprocessors and
than 2901 numerous other applications. The microinstruction flexibility of
. the Am2901B will allow efficient emulation of almost any digital
e High reliability plastic and cerdip packages computing machine.
® Available now The device, as shown in the block diagram below, consists of a
16-word by 4-bit two-port RAM, a high-speed ALU, and the as-
sociated shifting, decoding and multiplexing circuitry. The
nine-bit microinstruction word is organized into three groups of
three bits each and selects the ALU source operands, the ALU
function, and the ALU destination register. The microprocessor
is cascadable with full look-ahead or with ripple carry, has
three-state outputs, and provides various status flag outputs
For applications information see the Am2900 Family Data Book from the ALU. Advanced low-power Schottky processing is
and Chapters lil and IV of “Build a Microcomputer”, AMD’s appli- _used to fabricate this 40-lead LSI chip. The Am2901B is a plug
cation series on the Am2900 famity. in replacement for the Am2901 or Am2901A.

MICROPROCESSOR SLICE BLOCK DIAGRAM
1
1L |
L
& sl7]els]alaja]a]o - j
L

DESTINATION ALV ALU
CONTROL FUNCTION SOURCE

MICROINSTRUCTION DECODE

U
Ls

F |
~=—a{ RAMg RAM SHIFT RAMg |- i
CLOCK || Qo % :
~LJ« QSHIFT
‘B’ DATA IN U
‘A’ {READ) j . ‘_:5 I
ADDRESS A’ ADDRESS cp
RAM F a
16 ADDRESSABLE REGISTERS
8’ - G REGISTER
(READ/WRITE} Y '8’ ADDRESS
ADDRESS I’y ‘B’ cp a
DATA  DATA
ouT out
—_—
LOGIC
DIRECT ] Iy
DATA IN j\,L T
[} A 8 ] a
ALU DATA SOURCE
SELECTOR
R s
R B — G
CARRY IN Cin - P
8 FUNCTION ALU —= Cnes
. - F (SIGN}
.
) 3 |— OVERFLOW
F f——e - 0000
A 3
ouTPuT
ENABLE — ouTPUT DATYA SELECTOR
!
L+ DATA QUT MPR-004

Crarmvrinkt R 1070 ko Arhianaad Mirnra Noviecne  Ine



ALU SOURCE MICRO CODE
MICRO CODE OPERANDS ALU | cymBOL
. Octal . Octai | Function
Mnemonic [ I | 1y | lo | coqe | R s Mnemonic | 15 | 13| I3 | o4
AQ L L L 0 A Q ADD Litit 0 R Plus S R+ S
AB L L H 1 A 8 SUBR Ll LIH 1 S Minus R S-R
zQ L H L 2 0 Q SUBS LiH]L 2 R Minus S R-§
z8 L H|Hl 3 0 B OR L{H{H| 3 |RORS RV S
ZA H|L L 4 o] A AND HiL|tL 4 RAND S RAS
DA H| LIH 5 D A NOTRS H{L|H 5 RANDS RAS 1
baQ H|lH|lL] 6 D Q EXOR HiH|lL| 6 |REXORS | R¥S ’
Dz Rl W |H| 7 D o EXNOR |[H|H|H| 7 |REXNORS| RS !
Figure 2. ALU Source Operand Control. Figure 3. ALU Function Control. %
RAM Q-REG. RAM Q
MICRO CODE FUNCTION FUNCTION v SHIFTER SHIFTER
Mnemonic [1g | b | 1 | S92 | shift | Load | Shift | Load | OUTPUT | mam, | RAM; | ap | @
QREG Lt o X NONE | NONE | F»aQ F X X x X
NOP U O T x NONE x NONE F x x x x
RAMA | L | H | L| 2 | NONE | F>B x NONE A X X X x |
RAMF L|H|H| 3 |NONE | F>B x NONE F x X X x :
RAMQD |H | L | L | 4 |DOWN |F2-8 | DOWN |Q2-aQ F Fo INg Qo IN3 {
RaMD  |H | L | H| 5 |DOWN |F2-B | X NONE F Fo IN3 Qo x |
RAMQU |H [ H | L | up |2k>B | UP |20-a F INg Fa IN Q,
RAMU |H | H | H | 7 up  |2k>B | X NONE F INg F3 x Q;

X = Don't care. Electrically, the shift pin is a TTL input internally connected to a three-state output which is in the high-impedance state
B = Register Addressed by B inputs.
UP is toward MSB, DOWN is toward LSB.

Figure 4. ALU Destination Control.

° !210 OCTAL 0 1 2 3 4 5 6 7
A4l Yl a,a A, B 0,Q 0.8 0.A D, A D,Q D,0
L3 .
Function
Cnh=L A+Q A+B Q B A D+A D+Q D
0| RPlusS
Ch=H A+Q+1 A+B+1 Q+1 B+1 A+1 D+A+1 D+Q+1 D+
Ch=1L Q-A-1 B-A-1 Q-1 B-1 A1 A-D-1 Q-D-1 ~D-1
1 | SMinus R
Cn=H Q-A B-A Q 8 A A-D a-o -D s
Ch=1L A-Q-1 A-B-1 Q-1 ~B-1 ~A-1 D-A-1 D-Q-1 D1
2 | RMinus S
Ch=H A-Q A-B -Q -B -A D-A 0-Q s} 1
3 RORS AV Q A B Q B A D./A DvaQ D
4 | RANDS A’ Q A" B 0 0 0 DAA pAQ 0
5 | RANDS Rra ArB Q 8 A B A bra 0
6 [REX-ORS AvQ AvB Q B A Dv A v Q D
7 |[REX-NORS| AvQ A% B o] B A Dv A OvaQ D
+ = Pius, - = Minus, V= OR, A - AND. y - EX OR

Figure 5. Source Operand and ALU Function Matrix.




METALLIZATION AND PAD LAYOUT

GE

3 v3
A3 1 e e 38 Y
Ay 2 T e e 37 Yy
A3 ) [ 38 Y
Ag 4 —— 3P
g 5 —"*—————'} == 34 OVR
¥ Y
g &
" b 33 Cps g
i 32 G
77— ——— 31 f3
RAMa B b IR E A E AT Lt L
RAMg 9 ——-i
vee 10 —— — 3;(; ?ND
GND ——1 R s 2 n
b )
F=0 11 — 5 5 T ?;j ‘4
lg 12 — 5
Iy 13—
—— 26 |
i 14— 3
cP 15 ——if
o ;anw
03 16 L % 0g
8g 17 — ————— 24 Dy
8y 1§ —————— -3 o,
By 19 e
B3 20 ~——————————d
Qp 21 e
D3 22 e

DIE SIZE 0.117” X 0.128"

CONMEL I i -
Top View Top Vigw
DiP
[N o RN N e B s @ S 2T
Ay 3 Y 2 I e Yy
R w3 Rama o so A
Ay e k72 A e 4,
w T4 3623 Yo Ramy 15 w1 A3
e L]0 w Y F vee L3 6 31 )08
R o 33 {7 ovR voo[7 £ B AR
RV, (T8 EE) o g K KLY e Y
Ravg 19 R e e LT e A
Vee [T 37 f e 33173
[ 30 ] GND crock [ Fi o
i (T4 PL3 SN ~ne [T 3 JovR
(1% s X1 Y RN G g £ o SRR
(3w AL 271 ' 8 [T} 2933
e [}s 201" 8, s Py e
a3 e 25§ % 8, []e aJane
gy 1 210 83 26 3¢
8 s 2343 92 G s pLy o N
8, [} 2§10 o3 [ v 27
83 [}20 2t Qg 0, T} 20 2313
ogn 22§35
MPR-006 MPR-007

Note: Pin 1 is marked for orientation.

Ag.3

PIN DEFINITIONS

The four address inputs to the register stack used to
select one register whose contents are displayed through
the A-port.

The four address inputs to the register stack used to
select one register whose contents are displayed through
the B-port and into which new data can be written when
the clock goes LOW.

The nine instruction control lines. Used to determine what
data sources will be applied to the ALU (lp42), what func-
tion the ALU will perform (l345), and what data is to be
deposited in the Q-register or the register stack (lg7g)-

A shift line at the MSB of the Q register (Q;) and the
register stack (RAMj3). Electrically these lines are three-
state outputs connected to TTL inputs internal to the
device. When the destination code on lg7g indicates an up
shift (octal 6 or 7) the three-state outputs are enabled and
the MSB of the Q register is available on the Q3 pin and
the MSB of the ALU output is available on the RAM, pin.
Otherwise, the three-state outputs are OFF (high-imped-
ance) and the pins are electrically LS-TTL inputs. When
the destination code calls for a down shift, the pins are
used as the data inputs to the MSB of the Q register (octal
4) and RAM (octal 4 or 5).

Shift lines like Q3 and RAM3, but at the LSB of the
Q-register and RAM. These pins are tied to the Q3 and
RAM; pins of the adjacent device to transfer data be-
tween devices for up and down shifts of the Q register and
ALU data.

Direct data inputs. A four-bit data field which may be
selected as one of the ALU data sources for entering data
into the device. Dy is the LSB.

Yo-3

The four data outputs. These are three-state output lines.
When enabled, they display either the four outputs of the
ALU or the data on the A-port of the register stack, as
determined by the destination code lg7g.

Output Enable. When OE is HIGH, the Y outputs are OFF;
when OE is LOW, the Y outputs are active (HIGH or
LOW;).

The carry generate and propagate outputs of the internal
ALU. These signals are used with the Am2902 for carry-
lookahead.

Overflow. This pin is logically the Exclusive-OR of the
carry-in and carry-out of the MSB of the ALU. Atthe most
significant end of the word, this pin indicates that the
result of an arithmetic two's complement operation has
overflowed into the sign-bit.

This is an open collector output which goes HIGH (OFF) i
the data on the four ALU outputs Fg.3 are all LOW. I
positive logic, itindicates the result of an ALU operation i

zero.

The most significant ALU output bit.
The carry-in to the internal ALU.
The carry-out of the internal ALU.

The clock input. The Q register and register stack outpt
change on the clock LOW-to-HIGH transition. The clo
LOW time is internally the write enable to the 16 x 4 R/
which compromises the “master” latches of the regis
stack. While the clock is LOW, the “slave” latches on"
RAM outputs are closed, storing the data previously
the RAM outputs. This allows synchronous master-sk:
operation of the register stack.

AW ULLULS,



PRELIMINARY DATA
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)
(Group A, Subgroups 1, 2, and 3)

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
| = —-1.6mA
b 2.4
Yo.Y1.Y2,Y3
I = —1.0mA, C, 4
Vee = MIN. OH ntd__ 2 ]
VoH Output HIGH Voltage Via = Ve or V 10H = —BOOuA, OVR, P 24 Volts
N TR AL ioH = —BO0kA, F3 24
| = —600uA
OH i 24
RAMo, 3,Qo, 3
IoH = —1.6mA, G 24
Output Leakage Current Vce = MIN, Vgy = 5.5V 250 uA
ICEX for F = 0 Output VIN = ViHor Vi
Yo Ya Yoy oL = 20mA (COM'L) 0.5
Veg=MIN, | O T TZT3 O T emA (ML) 05
VoL Cutput LOW Voltage ViN = VIH G, F=0 loL = 16mA . 05 Volts
or ViL Cn+4 lop = 10mA 0.5
OVR, P oL = 8.0mA 0.5
F3, RAM
03 0.3. IoL = 6.0mA 05
0.3
- ol
Vin Input HIGH Level Guaranteed input logical HIGH 2.0 Volts
voltage for al! inputs (Note 7)
} togica!
viL Input LOW Level Guaranteed input logical LOW 0.8 Volts
voltage for all inputs (Note 7)
Vi Input Clamp Voltage Vee = MIN, iy = ~18mA -15 Volts
Clock, OE -0.36
Ag. A1, A, A3 —-0.36
Bp. B1.B2. B3 —0.36
m Input LOW Current Vee =MAX., Vi = 0.5V Do. D1. D2. D3 —0.72 mA
1o. 1. 12, %6. 18 —-0.36
13,14, 15, 17 -0.72
RAMp, 3. Qp, 3 (Note 4} -0.8
Cn 36
Clock, OF 20
Ap. A1, A2, A3 20
Bp. By, B2, B3 20
WK Input HIGH Current Vee = MAX., Viy = 2.7V Do. D1. D2, D3 40 uA
10.11.12. 1g. Ig 20
13, 14. 15, 17 40
RAMg 3, Qg, 3 (Note 4) 100
Cn 200
by Input HIGH Current Vee = MAX,, VN = 5.5V 1.0 mA
Yo. Y1, Vo =24V 50
Y¥2.Y3 Vo =05V -50
] Off igh =
0OZH State (High Impedance) Vee = MAX. Vo =24V 100 A
lozL Output Current RAMg, 3 (Note 4)
Qp, 3 Vo = 0.5V ~800
(Note 4)
Yo.Y1.Y2,Y3.G -30 ~85
. | Cos S -30 -85
los Output Short Circuit Current - ' = n*4 _ mA
oot Vee = MAX. + 0.5V, Vg = 05V OVR P 30 85
Fy -30 -85
. RAMg, 3.Qp, 3 -30 ~85 N
| Ta=25°C i 4160 250
i Am29018PC. DG | TA=0°Cto +70°C | { 265
i ¢ C.0C ot tels
‘e Power Supply Current Vee = MAX, ‘"‘i“ ] ! Ta=+70°C P | 220 mA
(Note 6) iSee Fig. 12) f Tc= ~55°Cto i :
I . | 265
| Am2901BDM. FM +128¢ : S
; i Tc=+125"C 198

Notes: 1. For conditions shown as MIN. or MAX.,
. Typical limits are at Vee ¢+ 5.0V, 25°C ambient and maximum loading.
. Not more than one output should be shorted at a tirme. Duration of the short circuit test should not exceed one second.

. These are three-state outputs internally connected to TTL inputs. input characteristics are measured with Ig7g in a state such that the three
state ouiput is OFF.

5. "MIL" = Am2901BXM, DM, FM. “COM’L = Am2801BXC: PC, DC.
ES. Worst case e is at minimum temperature.
7. These input levels provide zero noise immunity and should only be tested in a static, noise free environment.

B WN

use the appropriate value specified under Electrical Characraristics for the applicable device type.
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I. Typical Room Temperature Performance

The tables below specify the typical performance ofthe Am2801B [ Read Modify-Write Cycle (from selection of A, B registers
at 25°C and 5.0V. Ali data are in ns, with inputs changing between to end of cycle.) 51ns
rements made at 1.5V. F e T -
OV and 3V at 1V/ns and f"e"s“ ements €a ? o Maximum Clock Frequency 10 shift Q (507 duty cycie,
guaranteed data, see following pages. | - 432 or 632) 33MHz
e ook LoW Tme | aoms

Minimum Clock HIGH Time 30ns
Minimum Clock Period 60ns

B. Combinational Propagation Delays.

C, = 50pF
To Output RAMO Qo
From Input Y | F3 | Cn+4 G, P F=0 | OVR | RAM3 Q3
A, B Address 38 41 39 33 44 44 50 -
D 22 23 24 20 28 29 31 -
Cn 17 19 13 - 22 19 26 -
1012 30 30 29 22 34 34 38 -
7345 32 32 30 25 32 30 34 -
1678 17 - - - - - 16 16
- I I i N e A i
Clock _&~ 29 | 31 29 23 33 35 40 19
C. Set-up and Hold Times Relative to Clock (CP) Input.
Input cP: Y——— — e — ————7
Set-up Time Hold Time Set-up Time Hold Time
Before H =L After H > L Before L > H After L > H
A, B Source Address 20 0 (Note 3) 51 (Note 4) 0
id?jf::;‘ ation 1" Do Not Change 0
D - - 39 0
Cn - - 33 0
1012 — - 46 0
1345 - - 42 ]
1678 5 Do Nothhange 0
RAMO, 3, Q0, 3 - - 9 0

D. Output Enable/Disable Times.
Output disable tests performed with C| = 5pF and
measured to 0.5V change of output voltage level.

r Input Output Enable Disable

OE Y 12 27

A dash indicates a propagation delay path or set-up time constraint does not exist.

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by the phrase “do not change".

3. Source addresses must be stable prior to the clock H —~> L transition to allow time to access the source data before the latches close. The A
address may then be changed. The B address could be changed if itis nota destination; i.e. if data is not being written back into the RAM. Normally
A and B are not changed during the clock LOW time.

4. The set-up time prior to the clock L—> H transition is to allow time for data to be accessed, passed through the ALU. and returned to the RAM. It

includes all the tme from stable A and B addresses to the clock L = H transition. regardless of when the clock H = L transition occurs.




ll. Guaranteed Commercial Range Performance

The tables below specify the guaranteed performance of the
Am2901B over the commercial operating range of 0°C to +70°C,
with V¢ from 4.75V to 5.25V. All data are in ns, with inputs
switching between OV and 3V at 1V/ns and measurements made

at 1.5,

N -

A. Cycle Time and Clock Characteristics.

Read-Modify-Write Cycle (from selection of A, B registers 77ns
to end of cycle.)
. ) o
Maxnmum Clock Frequency to shift Q (50% duty cycle, 16MHz
= 432 or 632)
N‘(mmum Clock LOW Time 30ns
Minimum Clock HIGH Time 30ns
Minimum Clock Period 77ns

B. Combinational Propagation Delays.

C_ = 50pF
To Output L RAMO Qo
From Input Y F3 Cn+4 G, P F=0 OVR RAM3 Q3
A, B Address 60 61 59 50 70 87 71 -
D 38 36 40 33 48 44 45 -
Cn 30 29 23 - 37 29 38 -
1012 50 47 45 35 56 53 57 -
1345 49 48 44 45 54 49 53 -
1678 28 - - - - - 27 27
i I el B B S+ S
Clock _§ 49 48 47 37 ? 55 59 29
C. Set-up and Hold Times Relf§if#{8 Clock (CP) input.
—
Input cP: _——r '—""—7
Set-up Time Hold Time
Before After H—>L Before L - H After L—> H
A, B Source Address 0 (Note 3) 77 (Note 4) 0
2‘13?:;?“0“ 157 Do Not Change 0
D - - 57 0
Cn - - 53 0
1012 - - 70 0
1345 - - 66 )
1678 11 Do Nothhange 0
RAMO, 3, QO, 3 - - 16 0

Output disable tests performed with C; = 5pF and
measured to 0.5V change of output voltage level.

Output Enable/Disable Times.

Input

Output

Enable

Disable

OE

Y

35

25

. A dash indicates a propagation delay path or set-up time constraint does not exist.

. Centain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by the phrase “do not change”.

. Source addresses must be stable prior to the clock H — L transition to allow time to access the source data before the latches close. The A
address may then be changed. The B address could be changed f itis not a destination; i.e. if data is not being written back into the RAM. Normally
A and B are not changed during the clock LOW time.

. The set-up time prior to the clock L — H transition is to allow time for data to be aocessed passed through the ALU, and returned to the RAM. It
includes ali the time from stable A and B addresses to the clock L= H transition, regardiess of when the clock H = L transition occurs.

.



iil. Guaranteed Military Range
Performance I Read-Modity-Write Cycle {from seiecncmdof A B .fegxst‘é;émg q% \
The tables below specify the guaranteed performance of the wendofoydle . mm_vk___ﬂ_é_;jf
Am2901B over the military operating rangeé of —§5°C to +125°C, Mhaximum Clock Frequency to shift Q (507 duty cycle. |
with V¢ from 4.5V to 5.5V. All data are in ns, with inputs switch- | = 432 or 632) ‘ 16MHz
i 1V/ns and measurements made A e T T T s
’ ina between 0V and 3V &t n at Minimum Clock LOW Time 30ns |
i Minimum Clock HIGH Time 30ns
! Minimum Clock Period . 97n541
; B. Combinational Propagation Delays.
% CL = 50pF
% To Output l \ o RAMO Qo
i From Input Y F3 Cn+4 G, P F=0 OVR RAM3 Q3
| A B Address | 82 ' s0 90 86 94 -
‘ 50 45 48 -
j A Bypass ALU
{1 = 2XX)
C. Set-up and Hold Times Re Clock (CP) Input.
? —
r CP:
Input \ - - i
Set-up Ti {Hold Time Set-up Time Hold Time
Before Hée> Ly After H-L | BeforeL—~>H | After L—>H
A, B Source Address 'S 0 (Note 3) ‘ 97 (Note 4)
B Destination
Address Do Not Change 0
D
Cn
1012
1345
1678
RAMO, 3, Q0, 3 i
P
D. Output Enable/Disable Times.
Output disable tests performed with C; = S5pF and
measured to 0.5V change of output voltage level.
X input | Output Enable Disable “
‘ OE Y 40 35 A
—
Notes: 1. A dash indicates a propagation delay path or set-up time constraint does not exist.
operation. This is indicated by the phrase “do not change”.
ore the latches close. The A

uring the entire clock LOW time to avoid erroneous
le prior to the clock H — L transition to allow time to access the source data bef

address may then be changed. The B address could be changed if itis not a destination; i.e. if data is not being written

A and B are not changed during the clock LOW time.
4. The set-up time prior to the clock L— H transition is to allow time for data to be accessed, passed through the ALU.
includes all the tme from stabie A and B addresses to the clock L—> H transition, regardiess of when the clock H—> L transiti

2. Certain signals must be stable d

3. Source addresses must be stab
back into the RAM. Normally

and retumed to the RAM. It
on OCCUrS.
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T T

T jf
DATA Ck  CK A 8,1 %
REG ...,...,__w,‘,asq] P:
Q Q
] to DA. 0B A8 DA, 0B | A.B.I
I v
L MUX SHIFT RAM CK CK SHIFT MUX
Nt 4
- \
— Am2901B . L I 1 Am29QiB
Ve o T2l -
Nl ‘———;2 F3 N Cn
D Y J

[ Device Path Delay o
- STATUS
| Register CpoQ_ 15 REG
129018 ABwGP 50 ) Cn+ 2 G4
;20024 | G.PoCn., 10  —
{2901B . ChtoF3 OVR 29 CK} pataouT
! XOR gate | ntoout 11 CLOCK REG Am2902A o CARRY
i Mux ! Doy T
129018 + RAM; set-up | 15 ‘
i T Bt AV AU
| Total | ! 140ns
| | Q

Example of speed calculation for two’s complement arithmetic operation with shift down. The worst case speed path is shown in half-
tone. For more detailed timing analysis, see Chapter ili of “Build a Microcomputer,” AMD’s application series on the 2900 family.

PACKAGE OUTLINES
Cerdip Molded
D-40-1 P-40-1
N Y P N N Y P PR N P N N Y
TRTRTRThTaTATATATATATATRTATATATTRThTe) Ve 2
0 n 3
o 2D
510 6
o L L »
L ' 2 ST PP L P LU L L L L L P L) L—
Shan o Y 131 T n 040
vavvvvvvvuvavvymﬁ L o seativo
2 N . £00 ; R LA
s R ®r s oy
"ﬁ ] = | SEATING " j Rod
= }g —~tetane.
120 090 | | mcm’o ce
a2 o - e T
Flatpack ORDERING INFORMATION
F-42-1 Package Type Temperature Range Screening Level
;z.g.g Order Number (Note 1) (Note 2) (Note 3)
| AM2901BPC P-40 c c-1
AM2901BDC D-40 Cc c-1
AM2901BDC-B D-40 (o} B-1
H AM2901BDOM D-40 M c-3
3 AM2901BDM-8 D-40 M B-3
1 AM2901BFM F-42 M c-3
T AM2901BFM-B F-42 M B-3
% Visual inspection
P AM2901BXC Dice c to MIL-STD-883
; ; U AM2901BXM Dice M Method 20108B.
s . &2 a0
.660 370 005
" 1.300 _ Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Fiat Pak. Number following letter is
5 1370 number of leads. See Appendix B for detailed outline. Where Appendix B contains
o6 o several dash numbers, any of the variations of the package may be used unless B
o1 - w0 - e otherwise specified. )
e 2. C=0Cto +70°C, M = ~55°C to +125°C.
T e 7‘ 3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-
i 883, Class C. Level B-3 conforms to MIL-STD-883, Class B.

ADVANCED MICRO DEVICES, INC.,
901 Thompson Place, Sunnyvale, California 94086 (408) 732-2400 TWX: 910-339-9280 TELEX: 34-6306 TOLL FREE: (800) 538-8450

Advanced Micro Devices cannot assome responsibility for use of any circuitry described other than circuitry embodied in an Advanced Micro Devices' product. 10-78
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National Semiconductor

MICROPROCESSOR

Nationai
Semiconductor

General Description

The IDM2901A 4-bit bipolar microprocessor slice is a
cascadable device designed for use in Central Processing
Units, programmable microprocessors, peripheral control-
lers, and other “"high-speed’” applications where economy,
hardware/software flexibility, and easy expansion are
system prerequisites. The building-block architecture
and microinstruction format of the IDM2901A permits
efficient emulation of most digital-based systems.

As shown in the simplified block diagram, the IDM2901A
device consists of a 16-word by 4-bit 2-port RAM, a
high-speed ALU, and the required shifting, decoding,
and multiplexing circuits. The 9-bit microinstruction
word is organized into three groups of three bits each —
the first group (bits 0 - 2) selects ALU source operands,
the second group (bits 3 - 5) selects the ALU function,
and the last group (bits 6-8) selects the destination
register within the ALU. The slice microprocessor is
cascadable with full look-ahead or ripple carry; all
outputs are TRI-STATE® and four status-flag outputs
are available. To minimize power consumption and to
maximize speed and reliability, the 40-pin LS! chip is
fabricated using state-of-the-art (Low-Power Schottky)
technology.

IDM2S01A 4-Bit Bipolar Microprocessor

Features and Benefits

Multiple-address architecture — improves W&*
speed by providing simultaneous yet indeg
access to two working registers.

Multifunction ALU — performs addition, twedi
traction operations, and five logic functions on s
source-operands.

Flexible data-source selection — for every
function, data is selected from five source porty
total of 203 source operand pairs. ¢

Left/right shift independent of ALU — an arig
operation and a left or right shift can be ob
the same machine cycle.

¢

Four status flags — carry, overflow, zero, and
tional sign are available as outputs.

Expandable — Connect any number of |DM29Q
together for longer word lengths.

Microprogrammable — three groups of 3 bits each
source operand, ALU function, and desti
control,

Block Diagram —+r—
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ute’ Maximum Ratings . Operating Range 1
Temperature -85°C to +150°C Ambient :
sture (Ambient) Under Bias -55°C to +125°C P/N ) Temperature Vce ;
"y Voltage to Ground Potential -05V o +6.3V IDM2901A DC,PC  0°Ct0+70°C  4.75V 10 5.25V :
Joltage Applied to Outputs for IDM2901A DM, FM  -55°C to +125°C 4.50V to 5.50V 3
' . pOutput State -0.5V to +Voc max
] Voltage 05Vt +55V
Enutput Current, into Outputs 30mA
out Current -30mA to +5.0mA
£ .
dard Screemng {Conforms to MIL-STD-883 for Class C parts)
| miLsTD883 Level
Step i Method Conditions DC, PC DM, FM
b Pre-Seal Visual Inspection 2010 B 100% 100%
Stabilization Bake 1008 C: 24-hour 150°C 100% 100%
C: -65°C to +150°C
Temperature Cycle 1010 10 cycles 100% 100%
Centrifuge 2001 B: 10,000G 100% 100%
Fine Leak 1014 A: 5x 10-8 atm-cc/cm3 -100% 100%
Gross Leak 1014 C2: Fluorocarbon 100% 100%
i Electrical Test 5004 See below for :
b Subgroups 1 and 7 and 9 definitions of subgroups 100% 100%
B Insert Additional Screening here for Class B Parts
Group A Sample Tests I
Subgroup 1 LTPD =5 LTPD =6
Subgroup 2 LTPD =7 LTPD =7
Subgroup 3 : 5005 See beiow for LTPD =7 LTPD =7
Subgroup 7 definitions of subgroups LTPD =7 LTPD =5
- Subgroup 8 E LTPD =7 LTPD =7
i Subgroup 9 i LTPD =7 LTPD =5
Additional Screening for Class B Parts Group A Subgroups
: {as defined in MIL-STD-883, method 5006)
! e
MILSTD 883 Level Subgroup | Parameter Temperature o)
Step Method Conditens DMB, FM8 1 oc : 25°C °
Bum-in 1015 2: 125°C, 140 hours min 100% 2 oc Maximum rated temperature o)
Electrical Test 5004 3 ocC Mini rated ature g
- Subgroup 1 100% 7 Function 25°C (o)
Subgroup 2 100% 8 Function |Maximum and minimum rated o
Subgroup 3 100% temperature E
» Subgroup 7 100% 9 | Switching 25°C )
2 Subgroup 9 ) 100% 10 Switching | Maxi rated temp ()]
/ Return 10 Group A Tests in Stancars Soeaneng 1 Switching | Minimum rated temperature ]
R c
Ke]
L ol
(3]
Z
vaical Characteristics Over Operating Range
; Typ &
! Symbol Description Test Conditions (Note 1) Min | (Note 2)] Max Units 3
IoH = -1.6mA; 24 7))
Yo/Y1/Y2/Y3 ) w
{IgH = =1.0mA; Cn+q 24 8
E . Mo = - ‘OVR/P | 24 @
Vv fo) Hi «CC = min IoH = -800 uA v
” OH |Output High Voitage viy = Vi or Vi HigH = -600uA; F3 24 Q.
i (@)
A 1oH = -600 uA; 24 0@
RAMg 3/Q0.3 o
oy =-16mA; G 24 5

_ R 1978 1681
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Electrical Characteristics (cont'd.)

S

1 Typ
Symboll Description Test Conditions (Note 1) Min | (Note 2)| Max Units
ICEX ?o“,‘f-."’,‘o%:";,‘—‘j’f“"""‘ vVee = min; VOH = 5.5V, VN = Vi or Vi 250 | pA
loL = 20mA (Com'l) 0.5
Yo/Y1/Y2/Y3 ’
1oL = 16 mA (Mil); 05
Yo/Y1/Y2/Y3 :
Ve = min; loL=16mA; G/F=0 0.5
| v
VoL |Output Low Voltage VIN =ViH or Vig [1gL = 10mA; Cnea 05
oL = 10mA;
OVR/P 0.5
loL = 8mA; 0.5
F3/RAMg 3/Q0 3 ’
ViH  |Input High Level i(i::r‘asnteed input logical high voltage for all 20 v
ViL |input Low Level iCr;‘uannteed input logical low voltage for all ' 0.8
puts
Vi Input Clamp Voltage Vee = min; N = -18mA -1.5
Clock/OE/Cp, -0.36
Ao/A1/A2/A3 -0.36
Bp/B1/B2/B3 -0.36
Vee = max; Dp/D1/D2/D3 -0.36
A
i |input Low Current VIN =05V o127l 036 m
13/14/1s -0.36
i7/ig -0.72
RAMg 3/Qq,3 (Note 4) -0.36
Clock/OE ) 20
Ag/A1/A/A3 20
Bo/B1/B2/83 20
. Vee = max; Dg/D1/D32/D3 20
| [
IH nput High Current VIN = 2.7V To/i1/12/i6/18 20 HA
13/14/15/17 20
RAMg 3/Qg,3 (Note 4) 100
Cn 20
h Input High Current Vce = max; ViN =55V 1.0 mA
' Vo=24V 50
Y A4
LARUEAL] rveeryyy 50
10ZH, |Off State (High Impedance) - Vo =24V
10zL |Output Current Ve = max (N%te 4 100 HA
RAMQ 3/Q0 3
=P lvg=05V 360
(Note 4) -
Yo/Y1/Y2/Y3/G -30 -85
Output Short Circuit C Vee = 5.75 v—4 =30 =88
utput Short Circuit Current CcC =>o.
105 |(Note 3) Vo =05V OVR/F -30 -85 mA
F3 -30 -85 {
RAMg, 3/Q0,3 ~30 -85 L
Ta=25C 180 | 250
o TA =0°C 1o +70°C 180 | 265
Icc  [Power Supply Current (Note 6} | Vo = max Ta =+70°C 180 | 230 [ mA
oM Tc = -55°C to +125°C 180 | 280
Tc=+125°C 180 | 190

device type.

Note 2: Typicsl limits are st Vg = 5.0V, 25°C smbient, and maximum loading.
Note 3: Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

Note 4: These are TRI-STATE outputs internally connected to PNP inputs. Input characteristics are measured with 18,7 B8 in a state
such that the TRI-SSTATE output is off (high-impedance).

Note 6: “Mil"” = IDM2801A DM, FM; “"Com1" = IDM2801A DC, PC.
Note 6: Worst case i is at minimum temperature.

Note 1: For conditions shown as min or max, use the appropriste value specified under Electrical Characteristics for the spplicable

=
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Architecture

Figure 1 shows a detailed block diagram of the
IDM2901A. Observe that all data paths are 4 bits wide;
however, the 4-bit slice can be cascaded to the number
of bits required for a particular application. Although all
parts of the bipolar device are important, the two key
elements are the 16-word by 4-bit 2-port RAM and the
high-speed ALU.

Any one of the 16 words in RAM can be read from the
A-port (A3-Ap) or the B-port (B3-Bp); the selected
word for the A-port is determined by the 4-bit A-address
field, whereas the B-address field controls the output of
the B-port. If the two address codes are identical, the
same file data appears simultaneously at both output
ports (A and B).

When engbled by RAM EN, new data is written into the
file “wdfd” defined by the B-address field; the write
function is implemented when the clock input is fow.

Each bit of data to be written is input via a 3-input
multiplexer; this scheme permits shifting up one bit
position (from LSB towards MSB), shifting down one
bit position {from MSB towards LSB), or not shifting
at all. A similar scheme is used when data is written into
the Q" register.

Each of the A and B data ports drives an associated 4-bit
latch. These latches hold the RAM data while the clock
input is low; consequently, any possibility of race
conditions when writing new data is eliminated.

The high-speed ALU can perform three binary arithmetic
and five logic operations on the two 4-bit input words
(R3-Rgp and S3-Sg). The R-input field is driven from
a 2-input multiplexer, whereas the S-input field is driven
by a 3-input mulitiplexer. Both the R- and S-multiplexers

have an inhibit capability, where no data is P
is equivalent to a “zero” source operand. Re Fors
figure 1, observe that the A-port output of the R
the 4-bit direct-data inputs (D3 -Dg) are conne
the R-input multiplexers; the S-input Multipjes
three inputs — one from the A-port of RAM, ¢
the B-port of RAM, and one from the Q-registey,

With the foregoing input-multiplexer scheme, ¢
(A, B, D, Q, and *‘Zero"), when taken in Pairs,
any one of ten source operands for the ALY —
AQ, A0, 8D, BQ, B0, DQ, DO, and QO. When the ;
B address fields for RAM are identical, it is o
certain combinations {AD/BD, AQ/BQ, and 2
redundant; that is, the identical function is img
for either operand. Only seven of the combing
completely nonredundant. Eight of the ten ¢
tions {source operands! are implemented
IDM2801A microprocessor. The ALU source oped
are selected by three microinstruction inputs - gg
and 1. These inputs are defined in figure 2. Each i
preceding D and Q operands provides an
function. The D input (direct-data) is used to joad)
working registers inside the 2901 device; also, thig §
source can be used to modify data files within the Al

The Q-register is an internal 4-bit data source ghs
well suited for a muitiply/divide operation; hm
some applications, it can be used as a data-haid
register or as an accumulator. :

B

The ALU is a high-speed arithmetic/logic operator the
capable of performing three binary arithmetic f

and five logic functions. Three microinstruction ing ;

(13, 14, and I5) are used to select one of the
functions; these inputs, along with their octal coas,
defined in hgure 3.

— i
I2 " 1o | o R s
L L L 0 A | a
L L H 1 A B
L H L 2 ) Q
L H H 3 o B
H L L 4 ) A
H L H 5 D A
H H L 6 D Q
H H H 7 D 0

Figure 2. ALU Source Operand Control

Micro Code ALU
5 | 14 | 13 g:;.: Function
L L L 0 R Plus S
L L H 1 S Minus R
L H L 2 R Minus S
L H H 3 RORS
H L L 4 R ANDS
H|L|H 5 RANDS
H H L 6 REX:ORS
H H H 7 R EX-NOR S

Figure 3. ALU Function Contro!
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?Noﬂﬂa"Y, the look-ahead carry mode is used when
cascading the ALUs of several microprocessor devices.
The carry generate (G) and carry propagate (P) outputs
5 pas - th dare suitable for use in a carry-look-ahead generator. A
Re 1g tgemry-out (Ch+4) is also generated and is available for
the RAM anduse as the carry flag in a status register or as a ripple-
connected r.geary output. Both carry-in (Cp) and carry-out (Cn+4)
ultiplexer # Lare active-high signals. Three other status-oriented
AM, one fromfj outputs are available from the ALU; these are F3, F =0,
nster, g and overflow (OVR). The F3 output is the most signifi-
- cant (sign) bit of the ALU, and, without enabling the

ne, the inpunf) TRISTATE outputs, it can. be used to determine
pairs, provide positive or negative results. When enabled, the logic level
U - AB, AD B of F3 is identical to that of sign bit Y3. The F =0 output
?gn the A ancll i used for zero detect; F =0 is high when all F outputs
Is clear tharl§ gre low. The F =0 output is of the open-collector type
d AO/BO) aref and can be wire ORed between microprocessor slices.
'mplemeriteaf§ The overflow (OVR) output is used to flag arithmetic
binations are operations that exceed the available twos-complemnent
en combina § number range. When an overflow exists (Ch+3 and

input are enabled; in the no-shift mode, both'drivers are
TRI-STATE and neither muitiplexer input is enabled.
The shifter is controlled by the lg, 17, and Ig micro-
instruction inputs.

The Q register likewise is driven from a 3-input multi-
plexer and the Q shifter is equipped with two input/
output ports — Qg and Q3. Operation of these two ports
is similar to that of the RAM shifter, and the ports are
controlled by‘la, 17, and Ig. In the shift-up or shift-down

modes, the Q register is shifted in a specified direction

with the input/output terminals of the register being an
input (for a shift-up) or an output (for a shift-down). In
the no-shift mode, the multiplexer may enter the ALU
data into the Q register; in this case, input/output lines
of the register are TRI-STATE.

The clock input shown in figure 1 controls the RAM, the
A and B latches, and the Q register. When the clock
input is high, the A and B latches are open and data
from the RAM outputs is allowed to pass through to the
ALU or Y’ outputs. When the clock input is low, both

{ed . . . .
oo og:lra ‘:;: Cn+4 are of opposite polarity), the OVR output is high. latches are closed and the last data entered is retained.
uts — g n' Outputs from the ALU can be stored in the register file When the clock input is low and if the input control
. Each of th'e' § or the' Q register, or can be transmitted to the outside code (lg, 17, and ig) has enabled a file-write operation,
an essentiyl [§ WO'Id- Eight possible destination codes are defined by new data, as defined by the 4-bit B-address field, is
I 10 load the [ microinstruction inputs lg, 17, and lg; the various written into the RAM file. When enabled, data is clocked
10, this input destination control codes are shown in figure 4. The into the Q register on the low-to-high transition of the
air; the Afs 4bit data field (Y3-Y(q) is a TRI-STATE output that clock pulse.
. " ¥ ean be directly bus organized. The Y outputs-are enabled .
E::;::v:‘ratf;: ¥ by OE; when this control signal is high, the Y-outputs SOUI'CG OPerands and ALU Functions
data.holamg we TRISTATEd. A 2-input muitiplexer is also used at Any one of eight source operand pairs can be selected
the Y-output port to select either the A port of RAM by instruction inputs g, 11, and 12 for use by the ALU;
f or the F output of the ALU; this selection is cofitrolled instruction inputs 13, 14, and Ig then control function
ratoy.  tis by the previously described microinstruction inputs (lg, selection for the ALU — five logic and three arithmetic
iefu, uns B 17.and 1g). functions. In the arithmetic mode, the carry input (Cp)
i:’t'on iNpUts B As previously described, the RAM inputs (register file) also affects the ALU functions; the carry input has no
:‘ the eight B are driven by a 3-input multiplexer. Thus, outputs from effect on the “‘F"’ result in the logic mode_.. Thgse <':ontrol\
# codes, are B the ALU can be entered nonshifted, shifted up (towards parameters (ls-lp and Cp) are summarized in figure 5
b MSB) one position (x 2}, or shifted down (towards LSB) to completely define the ALU/source operand functions.
7. One position (+2). The shifter is equipped with two The ALU functions can also be examined on a task basis:
. ports — RAMg and RAM3; both ports consist of a that is, add, subtract, AND, OR, and so on. Again, in the
¥ TRISTATE buffer-driver, each of which supplies one arithmetic mode, the carry input will affect the resuit,
'hnut to the foregoing multiplexer. in the shift-up (x2) whereas in the logic mode it will not. Figures 6 and 7,
_Mode, the RAM3 output driver and the RAMg multi- respectively, define the various logic and arithmetic
¥ Plexer input are enabled, whereas in the shift-down (+2) functions of the ALU; both carry states (Cr,=0/Cn=1)
£ mode, the RAMQ output driver and RAM3 multiplexer are defined in the function matrices,
—] Figure 4. ALU Destination Control
Symbol Micro Code RAM Function Q-Reg. Function Y RAM Shifter Q Shifter
— t6 | 2 | shit | Load | Shift | Load Output | oMo | RAM3 | Qg | 03
+S
3-R L 0 X None None F-Q F X X X X
R-S H 1 X | None X None F X X X X
RVS L 2 None F-B X None A X X X X
RAS H 3 None F-8 X None F X X X X
RAS L 4 Down | F/2-B | Down | Q/2~Q F Fo IN3 Qo IN3
RS H 5 Down | F/2—-8 X None F Fo IN3 Qo X
TRV L 6 Up 2F—+8 Up 20-+Q F INg F3 INg Q3
- H 7 Up 2F—+8 X None F INg F3 X Q3

, 3 Register Addressed by B inputs.
k¥ it toward MSB, Down is toward LSB.

* Don't care. Electricaily, the shift pin is 8 TTL input internally connected to a TRI-STATE output which is in the high-impedance state.
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Figure 5. Source Operand and ALU Function Matrix

and OVR|
12 1 0 Octal 0 1 2 3 4 5 6 7
c when the 1D}
R
. 1 .
A Q A B 0.a 0.8 0,A | DA D.Q D,0 indicat® O
( | eight A |
. Octal | ALU follox
I5,43 | Function i are 8 !
, | selected acco:
Cn=L A+Q A+B Q 8 A D+A D+Q D ! Definy
0 R Plus § ‘ Po=F
Cph=H Q+1 A+B+1 Q+1 B+1 A+1 D+A+1|D+Q+1 D+ i P1=Ij
Ch=L [Q-A-1|B-A-1]| Q-1 B-1 A-1 |A-D-1|Q-D-1| -D-1 ' Py=
1 S Minus R P
Ch=H Q-A B-A Q B A A-D Q-0 -D 37
b C4=G3+Pj’
Ch=L A-Q-1|/A-B-1| -Q-1 -B-1 ~-A-1 |ID-A-1|D-Q-1 D-i CS‘G2+P§5
2 R Minus S t
Ch=H A-Q A-B -Q -B -A D-A D-Q D Pinoutg‘;
.t
3 RORS | Ava | AvsB ) B A bva | bva D Pin functior:
. wrareasfo?
A3-RO |
4 RANDS AAQ AAB 0 0 0 DAA DAQ 0 1:
5 | RANDS | AAQ | AAB Q B A BAA | DAQ 0 83-80
6 REXORS | A¥Q AvB Q B A DVA D¥Q D |
7 |REX-NORS| AvaQ AvB Q B A D¥A D¥Q D lg-10
, += Plus; - = Minus; V = OR, A = AND; ¥ = EX-OR.
[
Tegay t Figure 8. ALU Logic Mode Functions (C,, lrrelevant) Figure 7. ALU Arithmetic Mode Functions b Q3/RAM3
,“‘;‘/‘;w Groue Function Octal Cn =0 (Low) Cp = 1 (High) ]
43/127, ' -
— — 54,3/1210 Group | Function| Group | Function
- «“ AND AAB 00 A+Q A+Q+1 q
o s oAA 01 ADD A+B | ADDplus |A+B+1 i
8 48 D AQ 05 D+A one D+A+1
=] 2 Ava 06 D+a | D+Q+1
b o] k] AVSE . 02 Q
c 3 on oVA 03 B B
(o] 36 ova 04 PASS A Increment A+ ‘
0o [ Avo 07 D D+1 {
£ o EXOR v 12 a-1 Q E
8 ] ova :2 Decrement 2 - : PASS 2
_ 70 ava 27 D-1 D !
5 sl B 8 e | 3
6¥a -B- " -
.g ;: ; 24 fsComp | "7 1 | Negate) | -A :
= 2 . 8 17 -D-1 -D
= I INVERT x 10 Q-A-1 Q-A
” 5 11 B-A-1 B-A
pon P 15 A-D-1 A-D
b 5 16 Subtract | Q-D - 1| Subtract Q-0
0@ o PASS A 20 {1sComp) | A~-Q-1{(2sComp) | A-Q
O 67 o 21 A-B-1 A-B ;
b 25 D-A-1 D-A
b 2 ) 26 D-Q-1 D-Q !
W ot PASS :
o 37 o] i
o “ f
x a3 3 ; S—
Q “ “ZERO" o :
o s o ;
x \ 50 AAQ
2 51 " AAB ¥ -
- 55 ASK DA Note 1: G
58 bAo !
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E#hqic Functions for G, P, Cn+4,

ind OVR
% the IDM2901A is in the add or the subtract mode,
a signals (G, P, Ch4q, and OVR) are available to
e ‘carry and overflow conditions. Based on the
ALU functions, logic equations for these signals
as follows. (Note: The "R’ and 'S’ inputs are
led according to figure 2.)

Definitions (+ = OR}:

Po=Ro+So Go = RoSo
P1=R1+8S, G1=R1S
P2=R2+S2 G2 =R2S)
P3=R3+S3 G3=R3S3

=G3+P3G2+ P3P2Gy + P3PoP1Gg + P3P2P1PoC,,
=G +P2Gy + PoP1Gg + P2P1PoCh

Bnout Descriptions of IDM 2901A

functions for the IDM2901A 4-bit slice microproces-
g are as follows:

4-bit address field used to select one of the
file registers whose contents are displayed
through the A port of RAM.

4-bit address field used to select one of the
file registers whose eontents are displayed
through the B port of RAM. When the clock
is low, new data can be written into the
selected B-port register.

Nine instruction-control lines — 1g/11/12
determine data sources of ALU, 13/l4/lg
select ALU function, and lg/l7/Ig select
data inputs for the Q register or the register
fite.

Serves as shift data input/output lines for
the most significant bit (MSB) of Q register
{Q3) and the register stack {(RAM3). These
lines are TRI-STATE outputs that connect
to TTL inputs within the IDM2901A device.
When the destination code, as defined by
lg/17/1g, indicates an up-shift (octal 6 or 7),
the TRI-STATE outputs are enabled; accor-
dingly, the MSB of the Q register is available
on the Q3 pin and the MSB of the ALU
output is available on the RAM3 pin. QOther-
wise, these output lines are TRI-STATE or
serve as LS-TTL inputs. When a down-shift

Qp/RAM( These shift lines are similar to Q3 and RAM3,
except they operate on the least significant
bit (LSB) of the Q register and RAM. To
transfer data for up- and down-shifts of the
Q register and the ALU, the Qg and RAMg
pins are connected, respectively, to the next
less-significant device (Qn and RAMp) in
the cascaded chain.

D3-Dg A 4-bit data field that can be selected as a
source of external data for ALU — Dy is the
least significant bit.

Y3-Y0  4-bit output data of IDM2801A. These lines
are TRI-STATE; when enabled, they provide
either the ALU output or data from the A
port of the register file — the selected source
is determined by the destination code, as
defined by lg, 17, and Ig.

Ot When the Output Enable (OE) signal is high,
the Y outputs are inactive; when the signal
is active-low, the active high or low outputs
are enabled.

P/IG Carry generate and propagate outputs — see
figure 8 for logic equations.

OVR The overflow flag corresponds to the
exclusive-OR of the carry-in and carry-out of
the MSB of the ALU. When set high, it
indicates that the resuit of an arithmetic
twos-complement operation has overflowed
into the sign bit — see figure 8 for the logic
equation.

F=0 An open-collector output that goes high if
all data lines (F3-FQ) are low, that is, the
result of an ALU operation is zerc.

Ch Carry-in to ALU.

Cnh+q Carry-out of ALU — see figure 8 for logic
equations.

CcP Clock input. Qutputs of Q register and file

are clocked on low-to-high transition; the
low interval of the clock input corresponds
to the “write enable” period of the 16-by-4
RAM, that is, the “master” latches of the
register file. When the clock is low, the
output latches store the data previously held
at the RAM outputs; thus, synchronous
master-slave operation of the register file is

‘ 1 is indicated by the destination code, the Q3 permitted.
b and RAM3 pins are used as data inputs to F3 Most significant (sign) bit output of the
the MSB of the Q register or RAM. ALU.
} B i5.4,3 | Function ’ Chea OVR
o R+sS P3P2P Py G3 +P3G7 + P3P2Gy + P3P2P1 Go Ca C3vCaq
: 1 S~R Same as R + S equations, but substitute R; for h; in definitions.
"“ 2 R-§ ' Same as R + S equations, but substitute § for S; in definitions.
9 3 RVS Low P3P2P1Pg P3PP1Pp+Cy P3P2P1Pg + Cq
* 4 RAS Low G3+G2+Gy +Gg G3+G2+G1+Gp+Cpn|G3+G2+Gy+Gg+C,
5 RAs Low Same as R A S equations, but substitute ﬁ_, for R; in definitions.
“ 6 R¥S Same as R ¥ S equations, but substitute R; for R; in definitions.
\‘ ;‘1 R¥S 1G3+Ga+Gy+Gg G3 + P3Gy + P3P2Gy + P3PoP1Gg [ See Note 1 See Note 2

%Gy P3G2 + P3P2Gq + P3PaP1Po(Gg + Ty} Note 2: (;2 + 62.;' + G;E.?o + E,E,Eocnl ‘V‘(;g + 63;7 + 6362;1 + 33326;50 + 63.6-2‘61 aoCnl
k Figure 8. Logic Equations for Flag Outputs
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Guaranteed Operating Conditions
Over Temperature and Voltage

When operated in a system, the timing requirements for
the IDM2901A are definad in tables 1, 2, and 3. Table 1

Table 1. Cycle Time and Clock Charscteristics

SRR

Set-Up
Setup and
nigh transt
must be §

1688

T
L4 gntil the
provides clock characteristics of the IDM2901A, table 2 1DM2901A i
gives the combinational delay times from input to Time DC, PC | DM, FM ;
output, and table 3 specifies setup and hold times. If " - e
used according to the specified delay and setup times, R&?‘i’yz g;:ays:{;g:i&y;'fe .
the device is guaranteed to function properly over the A, B registers to end of 60ns 75ns
entire operating range. Table 3 defines the time prior to c\;cle)
the end of the cycle {low-to-high transition of clock - F °
pulse} that each input must be stable to guarantee that Msa':lfr:g?im?i . ";ﬁe‘;&v to 20MHz | 16MH
the correct data is written into one of the internal cy(,:!e) egiste y z
registers.
Minimum Clock Low Time 25ns 30ns
Minimum Clock High Time 25ns 30ns
Minimum Clock Period 60 ns 75ns
Table 2. Maximum Combinational Propagation Delays K
{sitin n3; C < 50pF) ¥
Commercial Military 5
1DM2801A DC, PC (0°C to +70°C; 5 V £ 6%) 1DM2901A DM, FM (-55°C to +126°C;: 5V £ 10%)
To Output F=0 Shift Outputs F=0 Shift Note: N
v F3 | Cpnea | GF | R L= | OVR Y F3 |[Cneq | G# | R = | OVR
. 470 RAMg | Qg 470 RAMg
rom lnput RAM3| Q3 RAM;
A,B 70 65 65 60 70 65 70 - 85 80 80 75 85 80 8s
D larithmetic mode) 45 45 45 45 55 as 50 - 55 33 55 55 70 55 60 s
D U1 = X37) a5 | 4s - - 55 - 50 - 55 55 - - 70 - 6 | ol s
Cn 32 32 20 - 40 30 3s - 40 40 25 - 50 35 45 5
12,10 1 50 50 45 60 50 60 - 70 60 60 55 75 60 % -t
15,43 % |5 |50 |4 |55 |50 |50 | - |60 |60 |6 |55 70 |60 |60 |-y
1378 25 - - - - - 30 30 30 -~ - - - - 40 Q5
OF Ensble/Disabie 30/25 | - - - - - - - (a0/25{ - - - - - - -
A Bypassing ALU (I = 2xx) 40 - - - - - - - 50 - - = - - - -
Clock _§  (Note 6) 60 60 60 50 60 55 60 35 75 75 7% 65 75 70 75
Table 3. Setup and Hold Times (all in ns) — Note 1
Commercial IDM2901A DC, PC Military IDM2901A DM, FM
(0°C to +70°C, 5V * 5%) (-55°C to +125°C, 5V + 10%)
From Input Notes Setup Time Hold Time Setup Time Hold Time 4
A, B Source 2,3,4,5 60, tpwl + 20 0 75, tpwl + 25 0
B Destination 2,44 (pr + 15 0 tpr + 15 0
D (arithmetic mode) 40 0 50 0
D (1 = X37) 5 40 0 50 0
Cn 25 0 30 0 s
12,10 45 0 55 0 =
15,43 45 0 55 0 No
18,76 4 towl + 16 0 towl + 15 0 ,
RAMg 3/Qq 3 20 0 25 0 3.
4,
Note 1: See figures 9 and 10. ' 1 5.
| Note 2: If the B address is used as a source operand, sllow for the ""A, B Source” setup time: if it is used only for the destinetion .
5 address, use the "B Destination” setup time. ] ' F
Note 3: Where two numbers are shown, both must be met. 3
Note 4: “t5,, L" is the ciock low time.
Note 5: DVO is the fastest way to load the RAM from the D inputs. This function is obtained with | = 337,
Note 8: Using Q register as source operand in arithmetic mode. Clock is not normaelly in critical speed path when Q is not a source.
e



~ sup and hold times are defined relative to the low-to-
, transition of the clock pulse. At all times, inputs
st be stable from the setup time prior to the clock
until the hold time after the clock — observe that all

Set-Up and Hold Times (mimimum cycles from each input)

hold times are ‘zero.’” The set-up times allow sufficient
time to perform the: correct operation on the correct
data so that the correct ALU data can be written into
the correct register.

—— tpwl
(AT LEAST 38 ns) l

e —

ce
= 2 7] ket
AB §f |
|- “—)
» N\ |
E—————\;—-——-’!“

e

\ X

2}

SR S

Note: Numbers shown are m

e T

[

inimum data-stable times in nanoseconds for commercial product

_ see table 3 for detsiled information.

Figure 9. Setup Times for Input Parameters of IDM2801A

|———NOTES

ad

T Tpp—

NG cLocx
NOTE 20m

AT LEAST \\\\ \\\\\\\\NN\\T

16817 CPU CYCLE TIME r‘r‘

.

ATLEAST ol |
250

A.8.01 \§
f—
\

&.PouTPuTS 3

e o e ARy

Co FROM IDM2SO1A
. Cpex FROM CARRY N
; LOOKANEAD GENERATOR ASS

OVR
Y OUTPUT

SHIFT OUTPUTS

SHIFT INPUTS

Notes:
10 ns for look-shead carry. For ripple carry over 16 bits u

. Not applicable for logic operations.

A sWN -

s Figure 10. Switching Waveforms for 16-8it System Assuming A, 8, D, snd | are Drive
Delay and Clocked by the iDM2S01A. (Thase are maximum timaes in nanoseco

|

|

|

|

|

" |
Al SIS :
, ‘ \

|

|

|

|

. This is the delay associated with the multiplexer between t

I

This delay is the max tpd of the register containing A, B, D,and |.
se 2 x (Cp — Cng), or 60N

hae shift outputs and the shift inputs on the IDM2901A.

. Clock rising adgs may occur here it add and shift do not occur on same cycle.

n from Registers with the Same Propagation
nds using commaercial-product specifications.)
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Figure 11. Input/Output Current Interface Conditions for IDM2901A
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Figure 12. Burn-In Circuit for IDM2901A
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' Connection Diagrams

OIf (Top Viewi

U 40 pme OF

Flat Puck i Tep Vow)

-/

A=l Iy w—— t 42 p g
LY 39 peme Y3 1y =2 41 p— Ag
Ap——ql 38 prme Y2 RAM3 =43 A Ay
e 37 e Yy CP —dqs 39 pee A2
1§ e § 36 pueee Yo RAMg === § /P A3
Ig——i b 35 pe P vee =46 b OF
1) et 7 U fe OVR Frg=—d? p— Y3
RAMy =g . 33 pome Cedg g ~48 p— Y2
RAMY ==t § 32 feB e L] e Yy

V(G =y 10 tOM2801A 31 e F3 12 ~—q10 33 pe Y@

FrQemd it 30 p——GND Q3 ——q 11 7] — -
Ig=——q 12 29 b—Cs GND ~— 12 31 pe OVA ‘
e RE] 28 1y NC =i 13 30— Ca+a
1 weeed 14 27 e I, B ~——q 14 29 § *
P —d 15 26 13 8y — 15 28— rq 3
a3 —q18 25 p——Dg 82 == 1§ 27 f GND i
89—t 17 24 e Dy 83 =i t? 26— C, L ;
8y =18 23 p—Dy Qg ~{18 25b—— 14 :
82 ==q19 22 p=—103 03 ~—q18 28 o i3 ‘
83 —20 21 p——0g 02 =120 N~ H

Dy~ 21 2~ 0y {!

NOTE: PIN 1 1S MARKED FOR ORIENTATION. §

NOTE: B0TH GROUNDS (PINS 12 and 27) ;!

MUST BE CONNECTED.

Physical Dimensions

=
. ]
4
L T
=
i
i ] : %‘i"a T
som-s 12
'! p'.m—‘m " l ! N 1 ] -lll ’ =
- as - - < FTvene dwiine~ aniTwn T = ,;i% | g
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Ordering Information é
©
Package Temperature Order S
Type Range Number {..“7
Molded DIP 0’Ct0+70°C  IDM2901APC Z
Hermetic DIP 0 oC to +70 Q‘ IDM2901ADC
Hermetic DIP —~565 Cto+125 C  IDM2901ADM
Hermetic Flat Pack —55 Cto +125 C IDM2301AFM
Dice 0Cto+70 C IDM2801AXC

Manufactured wnder one or more of the following U.S. patents 3083262, 3189758, 1231797, 3303736, 3317671, 3323071, 3361071, JA08542, 3421028, JM26423, 2440438, 1318730, 3519697, 3557431, IS60MS.
5662189 1571630, 3575609, Y579059, 3592069, 3597640, 1607469, J6L7859. J6I1312, 3633052, J6IBIIL, J648071, 651565, 93248,

National Semiconductor Corporatio

n .
2900 Semiconductor Orive, Santa Clars, California 95051, (408) 7375000/ TWX (910) 339-9240

:l;l.ond Semiconductor GmbH
National Semiconductor (UK) Ld.
Larktiold ind Estate, G K S

10, West Germany, Teis. (08141) 1371/Telex 05- 27849

tiand, Tele. (0475) 33251 /Telex 778-832

National does not assume sny responmbility for use of sny Circustry described; Ao circuit patent licences are imphed; and National rasevrvas the right, at sny time without Aotice, to change sa«d corcuitry.
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100001073
(Continued)

The Q register is also driven from s 3-input
multiplexer. In the no-shift mode, the multiplexer
enters the ALU data into the Q register. In either the
shift-up or shift-down mode, the multiplexer selects
the Q register data appropriately shifted up or down.
The Q shifter also has two ports: QO0-LO/RI and
Q3-RO/LI These ports operate in the same way as the
RAM shifter and are controlled by 16,17, and I8.

The RAM, the Q register, and the A and B data
latches are controlled by the clock input. When
enabled, data is clocked into the Q register on the
low-to-high clock transition. When the clock input is
high, the A and B latches are open and pass the data
present at the RAM outputs. When the clock input is
low, the latches are closed and retain the last data
entered. If the RAM-EN is enabled, new data is
written into the RAM file (word) which is specified by
the B address field when the clock input is low.

The 100001073 has tri-state outputs.

NOTE The 100001073 is a low power Schottky
device.
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| 100001074

; Microprogram Sequencer

i
i
{

PIN CONFIGURATION
DEFINITION OF TERMS

P FEChg Gy O vy vy vy vy 8
OO0O0NNOAa0nnn
20 8 18 7 6 18 164 13 12 N Cn+4 Carry out from the incrementer
° internal Signals
" 2 3 & s s 1 8 8 10
oo OoUOUUOuUyu uPC Contents of the microprogram counter
@ vee M 03 0 O, Dy GNO ZERD %y REG Contants of the reyister

STKO-STK3 Contents of the push/pop stack. By definition,
the word in the four-by-four file, addressed by
the stack pointer is STKO. Conceptually data
is pushed into the stack at STKO; a subsequent
push moves STKO to STK1; 3 pop implies
STK3 - STK2 - STK1 = STKO. Physically,
only the stack pointer changes when a push or
pop is performed. The data does not move, |/O

Noate: Pin 1 is marked for orientation.

MICROPROGRAM SEQUENCER BLOCK DIAGRAM

occurs at STKO.
sSP Contents of the stack pointer
L
U FOP ut taagr s E xt‘m'
. r A Address to the control memory
oams 1Al Instruction in control memory at address A
" Face somee HWR Contents of the microword register {at output
of control memory). The microword register
.4 1 contains the instruction currently being exe-
1 b o cuted. .
1 nemme Tn Time period (cycle) n
e lad 4 °¢
:N:__*] 1 { a e Inputs
a— $y. So Control lines for address source selection
P e nmanen ] SR FE, PUP Control lines for push/pop stack
i S I RE Enable line for internal address register
OR; Logic OR inputs on each address output line
Z2ERO Logic AND input on the output lines
v Q }e OF Output Enable. When OE is HIGH, the Y out-
bod puts are OFF (high impedance)
Cn Carry-in to the incrementer
%'j r_'_——_-l R; Inputs to the internal address register
- D; Direct inputs to the multiplexer
ncatwtacre cpP Clock input to the AR and uPC register and
ot ey Push-Pop stack
T 0Oy
Ly JXM . I | Outputs
e v N ] < Ce
Y; Address outputs . {Address inputs

to control memory.)
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100001074
(Continued)

ADDRESS SELECTION OUTPUT CONTROL
3 OCTAL | Sy So| SOURCE FOR Y OUTPUTS | SYMBOL OR; ZERO OF Yi
0 L v Microprogram Counter ubC X X H 2
1 L H Register REG X L L L
) 2 |H L | PushPopstack STKO H H L H
3 H H Direct inputs D; L H L Source selected by Sg Sy
Z = High impedance
SYNCHRONOUS STACK CONTROL
/ FE PUP PUSH-POP STACK CHANGE
H X No change
L H Increment stack pointer, then
H = High push current PC onto STKO
L= Low L L Pop stack (decrement stack pointer)
X = Don’t Care

OUTPUT AND INTERNAL NEXT-CYCLE REGISTER STATES

— PRINCIPLE
CYCLE | Sy, Sg. FE,PUP |- uPC | REG | STKO | STK1| STK2 | STK3 | Yourt COMMENT USE
N 0000 J K | Re | Rb | Re | Rd | J End
N+1 - #1| K | Ro | Re | Rd | Ra | — | PopStack Loop
N 0001 J K Ra Rb Rc Rd J Set-up.
N+ - | K| 3 | Ra | Ro | Re | = |PushwuPC Loop
N 001X J K Ra Rb Rc Rd J . .
: N+1 - # | k| R | Ry | Rc | Ra | - [ Continue Continue
»' N 0100 J X Ra | Rb | Rc Rd K | Pop Stack; End
N+1 - K+1 K Rb Rc Rd Ra - Use AR for Address Loop
»; N 0101 J K Ra Rb Rc Rd K Push uPC; JSR AR
‘ N+1 - K+1 K J Ra Rb Re - Jump to Address in AR
¥ N 011X J K | Ra | Rob | Re | Rd | K .
<3 N+ 1 _ K+1 K Rs Rb Re Rd - Jump to Address in AR JMP AR
f N 1000 J K Ra Rb Rc Rd Ra Jump to Address in STKO; RTS
‘” N+1 - Ra+1 K Rb Rc Rd Ra - Pop Stack
N 1001 J K Ra Rb Rc Rd Ra Jump to Address in STKO;
' N+1 - Ra+1 K J Ra Rb Re - Push uPC
N 101 X J K Ra Rb Re Rd Ra . Stack Ref
N+1 _ Ra+1 K Ra Rb Re Rd = Jump to Address in STKQ (Loop)
N 1100 J K Ra Rb Rc Rd D Pop Stack; End
N+1 - D+1 K Rb Rc Rd Ra - Jump to Address on D Loop
N 1101 J K Ra Rb Rc Rd D Jump 1o Address on D; JSR D
% N+1 - D+1 K J Ra Rb Rc - Push uPC
B N 111X J K Ra Rb | Rc Rd D
. N+ _ D+1 K Ra Rb Re Rd ~ | Jump to Address on D JMP D
{‘ X = Don'tzere, 0= LOW. 1 = HICH, Assume C,, = HIGH - -
. Note STKQ i3 “he loce! Or a=c7esced by the stack ponter




100001074

(Continued)
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grant any license 10 mahe, use. or sell equipment manutaciured in accordance herewith
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100001074
(Continued)

The 100001074 is a bipolar microprogram sequencer
consisting of a 4-bit cascadable slice. Two 100001074s
can address up to 256 words of microprogram and
three devices can address up to 4K words of
microprogram.

A four-input multiplexer is used select either the
address register, direct inputs, microprogram
counter, or file as the source of the next
microinstruction address. The S0 and S1 inputs
control this multiplexer.

The address register consists of four D-type, edge
triggered flip-flops with a common clock enable. When
the address register enable is low, data enters the
register on the low-to-high transition of the clock.
The 4-bit direct data inputs are also used as inputs to
the register to permit an N-way branch where N is
any word in the microcode.

The microprogram counter (uPC) consists of a 4-bit
incrementer followed by a 4-bit register. The
incrementer has carry-in (Cn) and carry-out (Cn+4).
When the least significant carry-in to the incrementer
is high, the current Y output word plus one is loaded
into the microprogram register on the next clock
cycle. In this way, sequential microinstructions can be
executed. When the least-significant Cn is low, the
incrementer passes the Y unmodified and this same
word is loaded into the microprogram register on the
next clock cycle In this way, the -same
microinstruction can be executed any number of
times by using the least-significant Cn as the control.

The file is a 4 x 4 stack which provides the return
address linkage when executing microsubroutines. It
contains a stack pointer (SP) which points to the last
file word written. This permits stack reference
operations to be performed without a push or pop.

The stack pointer operates as an up/down counter
with separate push/pop and file enable inputs. The
Push operation is enabled when the file enable is low
and the push/pop input is high. When this happens
the stack pointer increments and the file is written
with the appropriate return linkage (the next
microinstruction address after the subroutine jump
which initiated the Push). A Pop operation is enabled
when the file enable is low and the push/pop input is
low. The stack pointer decrements on the next
low-to-high clock transition. When the file enable is
high, no action is taken by the stack pointer
regardless of any other input.

When the Zero input is low, all Y outputs are low
regardless of any other inputs (except . Bach Y
output bit has an independent OR input so a
conditional logic one can be forced at each Y output to
allow jumping to different microinstructions on
programmed conditions.

The 100001074 has tri-state outputs.
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100001075
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Octal D-Type Edge-Triggered Flip-Flops

PIN CONFIGURATION

ouTPUT
CONTROL

10—y D

20

(1)

(3)

(4)

BLOCK DIAGRAM

(2)

()

SPFS

20
n
logic: see function table 30 ] [
o—Pcx ™
a 3Q
8)
! 40 ! ] [
i —a>CcK
[ 90
: FUNCTION TABLE a
(13
5D b [
ouTPUT
conTmoy | StOSK O [ outru —aCcK on
L t H H o}
L L (18)
t I'. X Qg 60 o] ¢
1
| v - x > +—cx [| .
| a
1
1
i E% 70 )] r
; ' —ab>ck
. (16)
Lo} 70
a0 12 p 4
K il
5 09

1

cLOCK

The 100001075 is an 8-bit register containing edge
triggered D-type flip-flops with totem-pole tri-state
outputs. The D inputs are applied to the Q outputs on
the positive transition of the clock.

The buffered output control will place the outputs in a
normal logic state (high or low level) or a
high-impedance state. In the high-impedance state,
the outputs can neither load nor drive the bus lines.
Data can be retained or new data entered even when
the outputs are off.

NOTE The 100001075 is a low power Schottky
device.
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ﬁmQQQQ - AMZ29T],

Microprogram Sequencers

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION _
® Z-bit slice cascadable to any number of microwords The Am2909 is a four-bit wide address controller intended
for sequencing through a seri2s of microinstructions con-

© laternal address register

o Branch input for N-way branches tained in a ROM or PROM. Two Am2909°s may be inter-
® (Cascadable 4-bit microprogram counter connected to generate an eight-bit address {256 words),
© 4 x 4 file with stack pointer and push pop contral for and three may be used to 9‘"5'319 a twelve-bit address
' nesting microsubroutines. - | 8K words). : -

& Zero input for returning to the zero microcode word The Am2309 can select an address from any of four
& Individual OR input for each bit for branching to higher sources. They are: 1) a set of external direct inputs (D);

microinstructions (Am2909 only). 2) .extemal data from the R inputs, stored in an internal
® Three-state outputs register; 3) a four:word dee? push/pop stack;-or 4) a pro-
© All internal registers change state on the LOW-to-HIGH gram counter register {which usually contains the la.s t
.. address plus one). The push/pop stack includes certain
transition of the clock . contrct lines so that it can efficiently execute nested sub-
® Am2909 in 28-pin package ‘| routine linkages. Each of .the four outputs can be OR’ed
l ®, Arm2911 in 20-pin package . with an external input for conditional skip or branch
: - ° : instructions, and a sepzrate line forces the outputs to all

’ zeroes. The outputs are three-state. -

The Am2911 is an identical circuit to the Am29093, except

TN

the four OR inputs are removed and the D and R inputs
are tied together. The Am29311 is in a 20-pin, 0.3" centers
package.
TABLE OF CONTENTS MICROPROGRAM SEQUENCER
BLOCK DIAGRAM
Block Diagram ¢ i covveceas convoonnnssacs 22 )
Pin Definitions . . .... cescsenenae ceceeccacs 25 [ yPoteiyiaieiy | aoeror tm3
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FuncticnTables . .. .viveeecoceveacasnnoaa 26 b  mcamie +
SubrsuUlinIiNGg wecereecacoccsaoscsannsanns 26 : ° -
SCre2MiNg. ceeeeensasecnsnscccccsnconsons 2B '}:“;:,:,:,.",’ —
Ordzr Codes. ..... N 2. A & eavems
DC Characteristics. . cceevcennnnnscaceansse 28 o -
.« e onrcy | }
AC CNaracteristics. v v iveevecncccenesacnass 210 ':;:‘—’L‘;"‘ }e ":,_ <=
- L] -n . Cal -
8 >
NG ] e T
-,
Pe
= .

Cs

. e

-

-
»
-

.

LY




ey

(

intended dor sz in highopeod MICroprocHson apoacations.

[ha Coace iooa cocadatle 4 hit slize sich that two davicss
a'low addrawsing of up to 2535-woids of microprogram and
three devices.allow addressing of up to 4% words of micro-

program. A datailed logic diagram is shown in Figure 2.

Tha device contains a four-input multiplexer that is used to
select either the addrass registar, direct inputs, microprogiam
counter, or file as the scurce of the naxt microinstruction ac-
dress. This multiplexer is controlled by the Sg and 5 inputs.

Thz address register consists of four Dtyp2, edge triggered
tlip-fleps with a common clock enable. When the address
register enable is LOY/, new data is entered into the register
on the clock LOW-to-H!GH transition. The address register
is availabla at the multiplexer as a source for the naxt micro-
instruction address. The direct input is a four-bit field of
inputs to the multiplexer and can b2 salected as the naxt
microinstruction address. On the Am2811, the direct inputs
are also used as inputs to tha register. This allows an N-way
branch where N is any word in the microcode.

The Am2909/Am2311 contains a microprogram counter
(uPC) that is composed of a 4-bit incrementer followe ) by a
4-bit register. The incrementer has carry-in (Cp) and carry-out
{Ch+4) such that cascading to larger word lengths is straight-
forward. The uPC can be used in either of two ways. When the
least significant carry-in to the incrementer is HIGH, the
microprogram register is loadzd on the next clock cycle with

the current Y output word plus one {Y+1-+uPC.} Thus sequen-

tial microinstructions can be executad. If this least significant
Cq is LOW, the incrementer passes the Y output word unmod-
ified and the microprogram register is loadad with the same
Y word on the next clock cycle (Y-uPC). Thus, the same
microinstruction can be executed any number of times by
using the least significant Cpy as the control.

The last source available at the multiplexer input is the 4 x 4
file (stack). The file is used to provida return address linkac2

pertormed without a push or pup.

The stack pointer wperates as an up/down counter with
szparate pushfpop and hl2 enable inputs. Whan the fils enatla
input is LOW and the push/pop input is HIGH, ths PUSH
opzration is enabled. This causes the stack pointer to
increment and the filz to be written with the required r-turn
linkaj2 — the next microinstruction address following tha sub-
routine jump which initiated the PUSH,

If the fite enable input is LOW and the push/pop control is
LOW, a POP operation occurs. This implies the usage of the
return linkaga during this cycle and thus a-return from sub-
routine. The next LOW-to-HIGH clock transition causas the
stack pointer to dz=crement. If the file enable is HIGH,
no action is taken by the stack pointer regardiess of 2ny
other input.

The s2ck pointer linkage is such that any combination of
pushas, pops or stack references can be achieved. One micro-
instruction subroutines can be performa. Since the stack is
4 words deep, up to four microsubroutines can be nested.

Tha ZERO input is used to force the four outputs to the
binary zero state. When the ZERO input is LOW, any
outputs are LOW regardless of any other inputs (except OE).
Each Y output bit also has a separate OR input such that a
conditional logic one can be forced at each Y output. This
allows jumping to different microinstructions on program~
rmed conditions.

The Am22)3/Am2911 feature three-state Y outputs. These
can bz particularly useful in military designs requiring externa$
Ground Support Equipment {(GSE) to provide automatic
checkout of the microprocessor. The internal control can
be placed in the high-impedance state, and prepregrammad
sequences of microinstructions can be executed via external
access to the control ROM/PROM. .
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A st oof
vanious interaal end exio

symbols s pied 10 tus daty sheet 1O ropiotag

13! resisters and signa’s used with

the Am?2309. Since its principle apolication is 3as a controller
for a microprogram store, itis necessa:yAto define scme signals
associzted with the microcode its2lf, Figure 3 illustrates the

“basic interconnection of AmM2903, memory, 2nd microinstruc-

tion-register. The definitions here 2pply to this architecture,

Inputs to AM2909/ Am2911

S1. So
FE, PUP
RE

ZERO

—
[<}
=

(o]

$

R;

jelis

Control lines for address source selection

Control {inzs for push/pop stack

Enable line for internal address register

Logic OR inputs on each address output line

Logic AND input on the output lines ’

Qutput Enable. When OE is HIGH, the Y out-
-puts are OFF (high impedance)

Cardy-in to the incrementer

Inputs to the internal address register

Direct inputs to the multiplexer

Clock input to the AR and uPC reg«ster and
Push-Pop stack

- Outputs from the Am2909/ Am2911
. Address outputs from Am2909. {Address inputs

to contro! memory.)

Internal Signals

LPC Contents of the microprograsn counter

REG Conztents of the register

STKO-STK3 Contents of the push/pop stack. By d:finition,
the word in the four.by-four file, addressed by
the stack oointer is STKO. Concep:ually data
is pushed into the stack at STKD; a subsequent
push moves STKO to STK1; a pop impliss
STK3 —+ STK2 -» STK1 - STKO. Physically,
only the stack pointer changes when a push or
pop is parformed. The data does notmove, 1/0
occurs at STKO.

sP . Contents of the stack pointer

External to the Am2503/Am2311

A _Add-ess to the control memory
1HA) * Instruction in control memory at address A
HWR Contents of the microword register {at output

of contral memory). The microword register
contains the instruction currently baing exe-
cuted. : .

Ta Time period {(cycle} n

. aock
! ! <
‘ i A
) o
i So. $y. FE.PUR. KT
: ), v
A
CONTAROL MEMORY
{ROM, PACA or RAM) .
"o .
szovence | LOGIC MICROWORD
CONTROL CINTROL REGISTER
fao | FIELOS LWA)

= LN

> TOOTHER DEVICES

CONNECTION DIAGRAMS
Top Views

<
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R
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Figure 3. Microprogram Sequencer Control.
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- Figura 5 lists the select codes for tha multiplexer. The two
.:! bits applied from the microword registar {and additional com-
Sinational lagic for branching) determine which data sousce
ks ~ontains the address for the next microinstruction. The

DVPERATION OF THE Am2809/Am2311

..
.;‘-
4

Am?290

LN

<

for the control of xh-:_;_ag»‘;/po;» stack. Figure 6 shows in detail
the effect of Sy, Sy, FE and PUP on the Am2309. These four

signals dzfin2 what address appears on the Y outputs and what
the state of 2!l the int2rnal regisiars will be following the clack
LOW-to-HIGH edgz. In this illustration, the microprogram
counter is assumed to contain initially some word J, the ad-

‘ cuntents of the salected source will appear on the Y outputs. ~ dress register some word K, and the four words in the push/
:; . Figure 5 also shows the truth tablz tor the output control and pop stack contain Ry through Ry.
i Address Selaction Output Control
OCTAL Sy S5 SOU;’-lCE FOR Y OUTPUTS |SYM30L OR; ZERO H Y;i
o L L Microprogram Counter . uPC X X H 4 i
1ot lL H] Registe ' REG X L L L
2 H L Push-Pop stack STXO H H L ) H
3 |H H] Diretinputs D; L H L Source salected by Sp Sp
2 = High impedance
Synchronous Stack Control
. FE pup PUSH.POP STACK CHANGE .
. H A X No change )
L- H * Increment stack pointer, then
# = Hiph push current C onto STKO
o - Low L [ 8 " Pop stack {decrement stack pointer)
X = Don"t Care .
Figure S. .
Ll : — - PRIN
5 cveLe | s, s,. 7 pup| ppe | REG | sTRO | sTK1|sTK2 | sTK3 | Your COMMENT ertEl .
-4 N 0000 3| k| Ra | R | R | RA| I s End ’
= R+ - | K| ro| B | Ra| Ra| = |POPSEk | toop
d N 0001 | x| R | R | R | RI| I Setup
‘3 N+1 - M ] K J Ra | Rb | Rc -1 PushuPC Loop
o N 801 X J K Ra | RO { Rc | Rd 3 . .
3 N+ - 31| K | Ra | &o | Re | Ra | — |Comtine Continue
; N ‘0100 J K | Ra | Ro | ke | Rd | K | PopStack; End
N+ - - K+ K Rb Re Rd Ra — | Use AR for Address Loop
N 0101 J3 K Ra Rb Re Rd X | Push uPC; JSR AR
N+1 - K+t K J Ra Rb Re — Jump to Address in AR :
3 N 011X 3 | k[ Ra|mo|R | Re| K ‘ - .
; e I k11| K | Ra | Rb | Re | me | — |mptoAddressinAR 1 JMP AR )
g N 1000 J K Ra Rb | Rc Rd | Ra | Jump to AddressinSTKO; | prg :
X N+ - Ra+1}] K Rb | Re | Rd | Ra —~ | Pop Stack H
A3 N 1001 3 | ¢k | ra | Ro | Re | Ra | Ra | Jumpto AddressinSTKO; :
f% N+ - Ra+1| K 3 Ra | Rb Re — | PushpPC
< - -
N 101X J K | Ra | Rb | Re | Rd | Ra . Stack Ref
%3 N+ - pil K | Ro | Bb | Re | Ra | — umPtoAddresinSTRO | oop)
i N 1100 J K | rRa | Ro | BRe | Ra | D |PopsStack: End
N+t - D+l K Rb Rc Rd Ra —~ | Jump to Address on D Loop
N 1101 3 K R || R | Ra| D |JumptoAddessonD; SR
N+ - D1 | K J | R | R | Re | - | PushpPC o
N EUAR N IO B I i IR D | Jump to Addresson D NP D
X = Don’tcars, 0= LOW, ¥} ~ HIGH, Anums T, = HIGH
MHore: STKO isthe locetion adsrerimd by the stecih poinTer, ‘
Fijure 5. Output ond Intarnal Naxt-Cycls Rogistar States fcr A.n2909/An.2911. ‘l
'
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AAXIMUM RATINGS [Above which the uszful i

f2 may ba impaired)

. !
Am2909/1

DC Input Current

Storaqa Temparature —65°C to +150°C
femperature [Ambient) Under Bias —55°C to +125°C

. §3pply Voitage to Ground Potential ~-05Vtio+7.0V
DCTVo!tage Applied to Outputs for HIGH Output State ~0.5 V to +Vcc max.
BC Input Voltage -05V1to*7.0V
OC Qutput Current, Into Outputs 30 mA
~30 mA to +5.0 inA

OPERATING RANGE

-—

P/N Ambient Temperature Vee
Am29038/29110C, PC 0°Cto #70°C 4.75V t0 523V
Am2309/29110M, FM ~55°C to +125°C 455V to 550V
STANDARD SCREENING
{Conforms to MIL-STD-883 for Class C Parts) -
MIL-STD-833 Level
Step Method Conditions Am2503/Am23911PC, DC | Am2309/Am2911DM, FM
Pre-Seal Visual Inspection 2010 B ] 100% 100%
) 24-hour )
Subilization Bake 1008 € is0'c 100% 100%
) ~A5"C 10 +150°C
. Temperature Cycle .IOIO C 10 eycles - 100% 100%
N Centrituge 2001 8 10000G - 100% 100%
Fine L1k 1014 A S5x10-8 atmcc/em3 100% * - 100%
Gross Leak 1014 €2 Fluorocarbon 100% °* 100%
Electrical Test See below for
Subgroups 132 7 5004 delinitions of subgroups 100% 100%
fraert Additional Screening here for Cass B Parts
Group A Sample Tests ’
Subgroup 1 LTPD =5 LTPD =5
Subgroup 2 LTPO=7 ° LIPD~7
Subgroup 3 See batow for LPO=7 LTPO~7
Subgroup 7 5005 detinitions of subgroups LYPO~7 LPD=7
Subgroup 8 : . LTPD =7 LIPD =7
Subgroup 9 LTPD =7 LTPD =7
*Not aaplicable for -
:’;‘ig‘:‘:zg or - ADDITIONAL SCREENING FOR CLASS BPARTS
. st MIL.STD-833 Condit Level
i Method Am2303/Am29110%3, FMB
125°C
Burn-in 1015 O teonirmin. 100%
Electrical Test 5004 -
. Subgroup 1 100% N
Subgroup 2 100% i
) Subgroup 3 10C%
Subgroup 7 100%
. Subgroup 9 100% .
Return to Group A Tests in Standard Screening .
ORDERING INFORMATION GROUP A SUBGROUPS
{as defined in MIL-STD-883, method 5005)
Am2909 Am2911 Subgroup | Paramater Temperature N
Package Temperature Order Order 1 te 25°C
Typs Range Number Number 2 fore] Maximum rated temperature
. . . 3 oC Minimum cated ternperature
h.otdet.l Dip O.C to+70°C  AM2903PC AM2311PC 7 Function 25°C
Hermetic DIP 0 E: to +70°C AM29090C AM23110C 8 Function Rlaximum and minimum rated
Hermetic DIP —55°C to +125°C  AMZ3000M ANM29110M temperatury
Hzematic Flat Pak —55°C to +125°C  Am2303F7 N - 9 Switching 25°C
Dice 0°C to +70°C AM2909XC - 10 Switching Maximum Rated Temeperature
(3] Saitching tinim um atad Temperature
28
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Untess Otherwise Hoted) gy
Typ. H
Paramaters Description . ’ Test Conditions (Noa V) Bin. (Now 2] Max. Units ! r
- - Vee = MIN., ML lor = -10mal 24 ! &
1] - N
Von Output HIGH Voltazs Vin=Vinor Vit [ CowL | ton-—25mA | 24 Voits N
f’, ipy =~ 4.0mA ) 0.4 i :J E
Y Vee ™ MIN., IgL = 8.0mA 0.45 : 3
' W Voltag 1 .
Voo Output LOW Voltags VIN=VIHOT Vit [ 1 = 12mA Voits DX
(Note 5) o5 P i
Guaranteed input lcsical HIGH 7
Vin 1nput HIGH Leve! R voltage for li inputs 20 . Volts ; ;‘)’:
. K [
Guarantead input logical LCH ML hald Vo! [
y ts
. vie Input LOW 'f'"’, voltaga for all inputs CcoM’L - 03 { .
T V. tnput Clamp Voltage Veg = MIN, iy =—12mA -15 Volts '
: - -1c3 b
- Low Ve = MAX., & — : A i
1 tnput LOW Currsnt : Push/Pop, CE -0.7 m Py
o P VN = 0.4V o2 . 2 ke
- Others {Note &) -0.33 e
Cn 40 : L
.l ) " Vee = MAX,, m g b‘,
: Iy ' Input HIGH Current VinN =27V Push/Pop 40 BA i
L4 . Others (Note 6} 20 ; r*
; Input HIGH € Vee = MaX., Co. PushiPo? - 92 mA ; 5
. ] nput HI urrent A
H ! Py ViN =70V Others (Fiote 61 0.1 N
. ircui : b
: tos ‘Cutput Short Circuit Current Ve = MAX. 40 —100 mA il
. . {Nota 3} - . il
-« I: - . . ;
' . Icc Power Supply Current Ve = MAX. (Note 4) : ‘ 80 130 mA ‘ R
. 1ozL Vee = MAX., VouT = 04V i 20 . b
. FF Current -_— A ¢
! togn | CorevrOFFCY OE =27V Vour =27V 20 s 4
. Notes: 1. For conditions shown as MIN. or MAX., use the sppropriaze value :oocviﬁn under Electrical Characteristics for the aDplicadls Qovico Type.
2. Typics! limits are at Vg = 5.0V, 25°C ambient snd maximum loading. . :
3. Not more than one cutdut should bs shorted at » tima, Durstion of the short circuit test should not axceed one second. ot i
4. Apply GND to Cp, Rg. Ry, R;, R3, ORg, OR,, ORy, OR3, Dg. Dy, D2. 373 D3. Other inputs cpen. All outputs 0pen, Measured after s
LOW-to-HIGH clock transition. <. .
S. The 12mA guarsntee spplies only 10 Yo. Y4, Y2 and Y3, . )
6.. For the Am2911, D; and Rj are Internally connascted. Loading is doubdlsd (1o same values as Push/Pop).
- *
- -
. ) L]
: ‘
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grant any license 1o make. use. or sell equipment manufactured in accordance herewith.

Data General Corporation (DGC) has prepared this manual for use by DGC personnel and customers as 2
software. The drawings and specifications contained herern are the property of DGC and shall neither be re,

guide 1o the proper inslaliation. operation, and maintenance of DGC equipment and
produced in whole or 1n part without DGC's prior writien approval nor be inrglied to

100001080

S Ao
Octal Buffer And Line Driver
With 3-State Outputs

PIN CONFIGURATION

Yee 26w aae vz A3 w3 a2 v 2y
n » ] v - - " 3 2 n

Y
l{}f/(/n//é_{/

This device features three-state outputs, selectable
combinations of inverting and noninverting outputs,
symmetrical G'(active-low output control) inputs,
and complementary G and G’inputs.

NOTE The 100001080 is a low power Schottky
device.

100001081

Decoder/Demuitiplexer

BLOCK DIAGRAM
J 114)
1 A4l
[5‘ o
ENASLE F]}
iNeUTS 1cu 41 = v2?
G 1 1,

P OATAa
1Weel ourrurs

am c
seLect J 4 D
INPUTS

e D

e

NOTE The 100001081 is a low power Schottky
device.
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instruction brnyg executad 3t any Given tim2 is the one con- siee the return 2t

S BT SU M i S LISy ey b P Tt te)
- tainzd in th2 micreword reginter (WAL The contents of the the Oirputs from tha W AR and apnears on the Y outpots, Ths
T YA also conirols (indirectly, perhaps) th2 four signals S, Sy, fiest instruction of the subeouting, HA), is accessed and is ot
. 'F“E, and PUP. Thz starting address of the subroutine is appliad the inpuls of the pWR. Oathe next clock transition, 1{A) is
,‘f to the D innuts of the Am2303 at the appropriate time. Isz22d into the uVWR for execution, and the return address
~ ) 343 is pushed cnto the stuck. The return instruction is exe.
1n the columns on the l2ft is the szquence of microinstructions cutzd at Tg. Figure 8 is a sirailar timing chart showing onz
é . to be executed. At 2ddress J+2, the sequence contrel partion sudsoutinz hinking to a second, the latter consisting of only
o of the microinstruction contains the comand “Jurmnp to sub- Gne microinsirustion.
CONTROL MENORY R .
Execute Cycle T, T T, T T. T T, T
Exscuts tlicroprogram Ciock {_To | L 1 2 [ 3 1 Ta | 5 | s | T1 | T | BREI
o L L L L L ULy
. : cls Address |$equ.er\?zr Sigaals ’_1
. nstruction '
' -1 ~ Am2903 | $1.S0| © 0 3 o 0 2 0 o .
T J - Inputs FE H H L H H L %] H
T 41 - ftom | pyp x X H X X L X x
T #2 | JSRA HWR) D x X A X X x X X :
Tg ~ H3 -
Ty 34 - pPC 1 2 J+3 A+t A2 A3 Hé J+5
: - - STKO | - - - $3 | 3 | M3 - -
, - - Internal STK1 _ _ ..
- - Registers ‘ST!£2 _ _ : : : : : :
- - STK3 - - - - - - - -
T A o || Am2909 ‘
Ta Arl - Output Y 1 H2 A A+1 | A¥2 | 13 | J+8 | S
s - - Output {Y) HB) FISRA ] HA) [ 1A+ RTS | 113e3) | 1{3+4) | 1{U+5)
: - - Contents
- - . of pWR
. - - (Imgen'snion EWR 1) R TISRAL HA) [ A+ RTS | 1(3+3) | 1{3+4)
. - - ing
- - executed)
gf' B ) : ) Figure 7. Subroutine Execution. . Gy HIGH
A S CONTROL MEMORY - : . -
(‘M : . M regram Exewt!co;':: , To Ty '! T2 | T3 | T | T Te T, | T .
e | T o LT O L L L
Instruction ignals
- 3-1 - 1 Am2909 | S1.S0} © o 3 (4] [ 3 2 0- 2 o
To J - Inputs FE H H L H H L L H L H
Ty 3 < - {trom pUP X X H X X H -L b L X
T2 »2 | JIRA- BWR) | p x x A X x B x x | x X
T »3 -
: . - - PC ] 31 | B2 B3] Av | A2 | M3 ] B | Asd | A | gag
. - - STKO - - - $3 33 $3 | A+3 H3 | 3 -
- - - Internal | orpey - - - _ _ . 343
. - _ Registers STK2 - _ _ _ _ _ _ : : :
. T3 A - stka| - - - - - - - - - -
14 Al -
» Ts A+2 JSRB Am2%09
. 1 A3 - Output Y 3 32 A A+ A2 B A+3 | A+4 33 Jea
Ts AN RTS ROM
- - Output {Y) 1H3+1) ISR A 1A} | H{A+1)] JSRB | RTS | 1{A+3) ~RT$ HE43) | atsesy
- - Contents
- - of yWAR
Ts 8 RYS (tnstruction] pWR | 13} [ 1sN [ISRA] HA) [ A+ [ ISRB] RTS [1A+3)] RTS {14e3;
- - being .
- - executed)
Figure B. Two Nested Subroutines. Routine B is Only One instruction, c,; - HIGH
27
. L4 :
Bmna e o - ’ B e ————— —— -
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DESCRIPTION

FEATURES

PIN CONFIGURATION

2

n 1978

gcrCOmpUters, nc.

uPDA416

uPD416-1
(PD416-2
1PD416-3

16384 x 1 BIT DYNAMIC MOS
RANDOM ACCESS MEMORY

The NEC uPD416 is a 16384 words by 1 bit Dynamic MOS RAM. It is designed for
memory applications where very low cost and large bit storage are important design
objectives.

The uPD416 is fabricated using a double-poly-layer N channel silicon gate process
which affords high storage cell density and high performance. The use of dynamic
circuitry throughout, including the sense amplifiers, assures minimal power dissipation.

Multiplexed address inputs permit the uPD416 to be packaged in the standard 16 pin
dual-in-line package. The 16 pin package provides the highest system bit densities and
is available in either ceramic or plastic. Noncritical clock timing requirements allow
use of the multiplexing technique while maintaining high performance.

16384 Words x 1 Bit Organization

L )
o High Memory Density — 16 Pin Ceramic and Plastic Packages
e Multiplexed Address I nputs
e Standard Power Supplies +12V, -5V, +6V
e Low Power Dissipation; 462 mW Active (MAX), 20 mW Standby (MAX)
e Output Data Controlled by CAS and Unlatched at End of Cycle
e Read-Modify-Write, m-only Refresh, and Page Mode Capability
o All Inputs TTL Compatible, and Low Capacitance
e 128 Refresh Cycles
e 4 Performance Ranges:
ACCESS TIME | R/WCYCLE | RMWCYCLE
uPD416 300 ns 510 ns 510 ns
uPD416-1 250 ns 430 ns 430 ns
uPD416-2 200 ns 375 ns 375 ns
uPD416-3 150 ns 375ns 375 ns
ves 1 e ) vss PIN NAMES
- Address Inputs
OIn E 2 15 3 CAS Aﬁ%ga Column Address Strobe
write [ 3 143 bour DN DataIn
"As O 4PD 130 Ag DouTt Data Out
RAS Row Addrass Strobe
o s 41812043 WRITE | Read/Write
Y Power (-5V)
A2 ge " :] A Vzg Power (+5V)
A1 qg- 103 As VoD Power (+12V)
VDD C 8 9 j VCC Ground

NEC Microcompu‘ters

MEMORY



KP4

(43 ATHx voe B LOCK
Ry =erm 10 BUS Sour Anz
SENSE AMP Bour
190 PWITCH o eren —a
D_Q_D: 3 B o [lf | [{f-"_ e L
. L OuUMMY CELL
O_E_[:]: —" 3 L |
0
—o
T =T
. . v
VR Qe g:—(
-2 O—vq es_'
ag
0‘[‘ r‘ F588 vEPER oo
- 1 H—L et o
(/2] 30— —0
| .
‘0._) vss vss
3
3
O  Operating Temperature . .. ............................. 0°Ct0+70°C ABSOLUTE MAXIMUM
8 Storage Temperature . .................... ... ... . .. -55°C 10 +150°C RATINGS* '
G AllOutputVoltages @D ......................... ... -0.5 to +20 Volts
S AlllnputVottages®. .................. ... .. ... . ~-0.5 to +20 Volts
¢ Supply Voltages Vpp, Vee, Vss @. .. ..o oo ~0.5 to +20 Volts
W  Supply VoltagesVpp, Vec @ - ..o vo oo =1.0to +15 Volits
Z  Short CircuitOutput Current .. ................. ... .. ... .. 50 mA ]
Power Dissipation . . ............ ... ... o 1 Watt !
Notes: (D Relative to Vgg
Relative to V
> @ Re o Vss i
© =
o COMMENT: Stress above those listed under ““Absolute Maximum Ratings" may cause permanent ;
< damage to the device. This is a stress rating only and functionsl operation of the device at these or [
w any other conditions above those indicated in the operational sections of this specification is not §§
implied. Exposure to absolute maximum rating conditions for extended periods may affect device ;l
E elisoiity. B
*Ty=25°C 5
= Q° ° = + = - - Ep
\t;s Bofi/to 70°C, Vpp =+12V % 10%, Vgg = -5V * 10%, vVee = +5V t 10%, CAPACITANCE ,;:}
LIMITS TEST ’§
PARAMETER SYMBOL UNIT ¢
MIN | TYP | MAX CONDITIONS é
Input Capacitance
‘ C 4 5 F b
(Ag-Ag), DN I P jg
Input Capacitance $
RAS, CAS, WRITE 12 S| B [0 | eF Q
Output Capacitance L
5 7 F
‘DOUT) CO p
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CHARACTERISTICS
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T,=0°Ct0+70°C(1), Vpp = +12V + 10%, Vo = 45V ¢

10%, Vgg = -5V : 10%, Vgg = OV

SYMBOL LIMITS UNIT TEST
PARAMETER MIN | TYP | MAX CONDITIONS
Supply Voltage Voo 108 | 120 | 13.2} Vv )
Supply Voltage Vee 45| 50| 55| Vv @ 0
Supply Voltage Vss 0 0 0 v ®
Supply Voltage Veg 45| -50 | -55] V ®
Input High (Logic 1)
Voltage, RAS, CAS, VIHC 2.7 70| Vv @)
WRTTE
Input High (Logic 1)
Voltage, all inputs
except RAS, CAS Vin 24 o v @
WRITE
input Low (Logic 0)
Voltage, all inputs Vi 1.0 08 v @
Operating Vpp Current DD 35 mA RAS, CAS cycling;
tRC = tRC Min.
Standby Vpp Current ipD2 15| mA RAS = Viyc. Dout
= High Impedance
Refresh Vpp Current pD3 25 mA RAS cycling, CAS =
ViHC: tRC = 375 ns(@)
Page Mode Vpp IpD4 27 mA RAS =V, CAS
Current cycling:; tpc =
225 ns (@)
Operating Ve icct sA | RAS,CAS cycling;
Current trc =375 ns (B
Standby V¢ Current lcc2 -10 10 A RAS = Viyc.
Doyt = High
Impedance
Refresh Vo Current Icc3 -10 10 KA RAS cycling,
CAS = ViHe,
tRCc =375 ns
Page Mode Voo lcca BA RAS = vy, CAS
Current cycling; tpc =
225 ns (§)
Operating Vgg 1881 200 uA RAS, CAS cycling;
Current tRc=375ns
Standby Vgg Igg2 100 BA RAS = ViHC,
Current Doyt = High
Impedance
Refresh Vgg 1883 200 HA RAS cycling,
Current CAS = Ve
trc =375 ns
Page Mode Vg 'gB4 200 BA RAS = vy, CAS
Current cycling;
tpc =225 ns
Input Leakage UTIR) -10 10 uA vgg = -5V, 0V <
{any input) VIN <47V,
all other pins not
under test = OV
Output Leakage o) |-10 10 BA DQuT is disabled,
0V € Vouyr < +5.5V
Output High Voltage VOoH 24 A oyt =-5mA
(Logic 1)
Output Low Volitage VoL 04| V louT=4.2mA
{Logic 0)

Nows: (D) T, is wecitied here for operation at frequencies m mc > tpe imin).
ambient tamperatures and high power di

See Figure 1 for derating curve.

All voltages referenced to Vgs.

Oumput voltage witl swing frum Vss to vee whon -cm.-d mth no current loeding. For purposes of m.lou{nm
o V

data in standby mode, Ve may be

the Vi (min)

Operation at higher cycle raws with reduced
, provided AC operating parematers are met.

Is not gus!

SS
- in this mode.,

or dats "

@) 'pos. IDD3. ndloogd-men mbnn Ses Figures 2, 3 and 4 for ipQ timits at other cycle rates.
dout of high level dats Vi is connected through a low

® 'ccv

During
?gsn typ) (o dan out. At ol other times 1CC consitts of leakage currents only.

1405
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, HPDg, Ppa'i
v . DERATING CURVES  § Ac|
CYCLE TIME g (ns) |

1000 500 400 4. 300 250
50 mA SR S A 3
|
i < Pa d |
CYCLE TIME tRg (ns) £ 40mA — 1
i X - - i
- 1000 500 400 5, 300 250 5 Spre LMt yd ‘
. 5 4l 1 } 1 w ) 4
3 < 70 Ta (MAX) AN g somA —
1 r ’_ﬂ) o / i
i o > L/ |
. R
- 2 \ g < |
h 60 o y |
| : ) N @ 20mA ’/ - K
: g g //‘ 1
| ) - i
- S x Ve
< 50 < 10mA 4% ‘ l
- 0 1.0 2.0 3.0 4.0 2 . r
= CYCLE RATE (MH2) = 103/1Re (ns) 3
| 4 FIGURE 1 0 .
e , 0 1. 2.0 . 4, . ‘
E 2 Maximum ambient temperature versus cycle ° 30 0 2 %
rate for extended frequency operation. T, CYCLE RATE (MHz) = 103/tRc (ns) f. {
}- 7 (max) for operation at cyciing rates greater % |
i t g a
: 9 than 2.66 MHz (tcyc <375 ns) is FIGURE 2 %:
L o] determined by T, (max) [°C] = 70- 9.0 x Maximum Ipp versus cycle rate for device o 9 i
t_ g. {cycle rate [MHz] -2.66). operation at extended frequencies: v A f
Q j |
i o ‘
S Y i
i RS * 9 |
S CYCLE TIME tRe (ns) CYCLE TIME tpc (ns) 3 _; :
4 !
O 1000 500 400 300 250 1000 500 400 300 250 225 MY |
w 50 mA 1111 14375 50 mA AN 1 T & T
Z 3 |
_ _ |
< < 1
E 40ma E 40maA (
= = !
> B i
c B &
'y 3 ™ | 3 WmA SPEC LIMIT
s I SPEC LIMIT Pl 3
w Y a’/ g
% [/ a
P 2 20mA g > 2 20mA i —
ved 4 -
ol ”~ 3 N -
[} P a < -
; -~ J'/ ; - -T -
< 10mA
s m Pre g 1OmAt——
0 (]
0 1.0 2.0 3.0 4.0 0 1.0 2.0 3.0
CYCLE RATE (MH2) = 103/1Rc (ns) CYCLE RATE (MHz) = 103/tpc (ns)
FIGURE 3 FIGURE 4
Maximum Ipp3 versus cycle rate for device Maximum Ipp4 versus cycle rate for device
operation at extended frequencies. operation in page mode.

.
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T3 =0°C 0 +70°C, Vpp = +12V 1 10%, Vi = +6V 2 10%, Vgg = -6V t 10%, Vsg = OV

LIMITS
TEST
PARAMETER SYMBOL #PDE1E uPD416-1 uPD418-2 uPO416-3 UNtT c T
MIN | MAX | MIN | MaX | MmN Max | min | max
Random read or write | tRC 510 a30 ars 378 ns ©)
cycle time
Resd-wriwm cycle time RWC 510 430 37% 3 ns ®
Pege mode cycie time pC 330 280 225 170 ns
Access time from tRAC 300 20 200 150 | ne ®® |
RA.
Access time from tCAC 200 170 138 100 ns ® @
CAS :
Output butter 1OFF ° 80| o | o ° 01 m™ @
tum-off delay
Transition time (rise T 3 S0 3 50 3 3 35 s @
and falt)
RAS precherge time tRp 200 170 120 100 ns
AAS outse wickh RAS 300 32,000 | 250 | 32.000 | 200 | 32,000 {150 {32,000 | ns
ARAS hoid time tRSH 200 170 135 100 ns
CAS putse width tCAS 200 {10.000| 120 | 10,006 | 135 | 10,000 100 10,000 | ns
AIKS w CAS detay tRCD L] 100 38 85| 25 65 | 20 S0 ns ®
time
CAS 10 AAS 1cRP -20 - 20 -20 -20 ns
precharge time
Row sddress set-up tASR (1] [+] ] 0 ns
time
Row Addrass hoid IRAH 40 35 25 2 ns
time
Column address tASC =10 -10 - 10 - 10 ns
mtup time
Column sddress hoid CAH % 45 ns
time
Column address hoid tAR 190 180 120 95 ns
time referenced to
ARS
Read command stup tRCS [} o 0 ] ns
time
Read commend hoid tRCH ] () ] o ns
time
Write commend hoid wWeH 20 b 45 ns
time
Write commend hoid 190 160 120 95 e
time referenced ©
ARS
Write commend putse we 80 % 5 45 ns
width
Writs commend to RWL 120 100 80 60 ns
AAS teed ime
Write commend to 1cwL 120 100 80 60 ~
CAS tead ume
Oatarin set-up time DS 0 o [ ] ns
Data-in hold time oM 90 L] 58 a5 ns ®
Dstasin hokd time OHA 190 160 120 95 ns
referenced 1o RAS
CAS precharge time P 120 100 80 60 s
({tor page mods cycle
only)
Retresh period REF 2 2 2 2 ms
WAITE commend twes -10 - 10 -10 -10 n
P time
CAS to WRITE delay 1cwo 140 120 195 10 ny
RAS to WRITE deley tRWO Falil 178 180 120 ns
Notes: @ACqu-'.'nm.
(@) Vinc tmin) or Vi (min) end Vi imex) are ret levels for ing tisning of input signsle. Also, trensition timas

are massured betwesn Ve or Vip and Vi,

@ The specificstions for tRE (min) snd tRWE (Min) sre used only  indicam cycie time et which Proper operstion over the
full temperature range (0°C < Ty € 70°C) is sssured.

@ Assumes that tRCD < tRCD (Mex). if tRCD is greater than the meximum recommendsd value shown in this tabls, tRAC
wifl increase by the smount that tRCD exceech the vaiues shown.

@ Assymes thet t(RCD # tRCO (mex).

d with s losd

.

@ tOEF (max) defines the time st which the output schigves the open circuit

lovais,

to0 2 TTL loads and 100 pF.

end i not

to

d to output vohage

@ Operstion within the tRCO imex) Hmit ensures that tRAC (max) can be maet. tRGD (mex) is specified o3 » ference
>~ point only, it IRCD is grestsr than the soecifled trCD (Mex limit, then sccess time is controlled exdusively by ICAC.

to CAS lesding sdge in eerly write cycies and to WRITE lsading sdge in detsyed write or

® Trem

read-modify-write cycles.
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ADORESSES

Sout

ADORESSES

WRITE

Bout

ADORESSES

WRITE

Y Y. v

READ CYCLE
S o
:mc- t\ ‘cas o
Vin- Fﬁ“_‘ "A?‘“—‘ —
N/ = )@ﬁ oo T
‘Rcs —e{ 'RCH t-—
N/ g — Ky
- - G S
WRITE CYCLE
R R
y 'Rco ‘“c:———-—- l-.-?;.p‘
V‘“f- \ \ /
= W ) 0«
‘wes Toon O 1
by I / /
[~ r-'-‘osv‘::;—-
T T Y
" READ-WRITE/READMODIFY-WRITE CYCLE
w ) - ~ _
:::- RCO \ \ 'cAs 'CRp
- %h&s W X
= T =
VOL_ . rac ‘os t"o-
N/ SESER N

T T o a0 R

TIMING WAVEFORMs 3

.
.- . = sl S IR e N s P .
k N . - o B i T B o i e fﬁj’ AN gy S Lo o o SR L) 4
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EFORMS
(CONT.)

“RAS-ONLY"” REFRESH CYCLE

'ae

‘Aag

e Vine- \

ADDRESSES

Yomn-

|

" T ==X

' orEN
Vor-

Note: CAS = Vine WRITE = Don't Care

PAGE MODE READ CYCLE

PAGE MODE WRITE CYCLE

t

RAS

3}

v
s leC' 'AR'—“
w-
tmco! <
ACD 7o} teas™ =
v
o vmc—
- ‘aau -
gy
tASR L-_ . CAH

o T,
ADDRESSES V‘.:j A ﬁ.ﬁ I///////////
WRITE :':‘j’% 4 :
.-—‘wc[nl:l:‘ Fweet e taweL
. T IR 'S peet b= tp)y0md 'ps frad o=ty
SN, Wi 1/ e /) S )
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The 14 address bits required to decode 1 of 16,384 bit locations are muitiplexed onto  ADDRESSING
the 7 address pins and then latched on the chip with the use of the Row Address

Strobe (RAS), and the Column Address Strobe (CAS). The 7 bit row address is first

applied and RAS is then brought low. After the RAS hold time has elapsed, the 7 bit

column address is applied and CAS is brought low. Since the column address is not

needed internally until a time of tcRD MAX after the row address, this multiplexing

operation imposes no penalty on access time as long as CAS is applied no later than

tcRD MAX. If this time is exceeded, access time will be defined from CAS instead of

RAS.

For a write rite operation, the input data is latched on the chip by the negative going DATA /O

edge of WRITE or CAS, whichever occurs later. If WRITE is active before CAS, this "
is an “‘early WRITE" cycle and data out will remain in the high impedance state »
throughout the cycle. For a READ, WRITE, OR READ-MODIFY-WRITE cycle, the .

data output will contain the data in the selected oel!Lf_ter the access time. Data out
will assume the high impedance state anytime that CAS goes high. =

-4
; |
The page mode feature allows the uPD4 16 to be read or written at multiple column  PAGE MODE =
addresses for the same row address. This is accompl ished by maintaining a low on RAS F
and strobing the new column addresses with CAS. This eliminates the setup and hold 'i
times for the row address resulting in faster operation.

NEC Microcomputers

Refresh of the memory matrix is accomplished by performing a memory cycle ateach REFRESH
of f the 128 row addresses every 2 milliseconds or less. Because data out is not latched, '
“RAS only” cycles can be used for slmple refreshing operation.

T f

Either RAS and/or CAS can be decoded for chip select function. Unselected chip CHIP SELECTION
outputs will remain in the high impedance state.

MEMORY

o
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* PACKAGE OUTLINE
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uPD416C/D

uPD416C
(Plastic)

ITEM MILLIMETERS INCHES
A 19.4 MAX. 0.76 MAX.
8 0.81 0.03
c 2.54 0.10
D 0.5 0.02
3 17.78 0.70
F 1.3 0.051
G 2.54 MIN. 0.10 MIN.
H 0.5 MIN. 0.02 MIN.
i 4.05 MAX. 0.16 MAX.
J 4.55 MAX. 0.18 MAX.
K 7.62 0.30
L 6.4 0.25
M 0.25 *0.10 0.01

-0.05

uPDA16D
(Ceramic)

ITEM MILLIMETERS INCHES
A 20.5 MAX. 0.81 MAX,
8 1.38 0.05
c 2.54 Q.10
D 0.5 0.02
E 17.78 0.70
F 1.3 0.051
G 3.5 MIN. 0.14 MIN.
H 0.5 MIN. 0.02 MIN.
1 4.6 MAX, 0.18 MAX.
J 5.1 MAX. 0.20 MAX.
K 76 0.30
L 13 0.29
M 0.27 0.01

0-15° 2=

e K iy
e || ———

SP416-8-77-GY-CAT
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PIN CONFIGURATION

ey musy
Lery RiGHT
vee ® R OF WOe ¢0s O/0p SO CLOCK  sa
i) L L | L] L] » o 7 n

& Y Qv W fQp OXp &0 =

» =

[ aG0g €0y COr ADa  Ga’ ClLEAR

i 2

100001150

P ]

e

"o

8-Bit Universal Shift/Storage Register

BLOCK DIAGRAM
i HY

-

3 L) [ L}
» 3] @ eug M0y COc AVa Oy cLEAR @O ;] e’. ——
CONTAOLS —}
3 |
FUNCTION TABLE §- 1 3’. —
. INPUTS INUTIOUTIUTS [ouTmiTs ) * }
‘!:Lm utn'm':c::::m“m‘wmmmwvmwmn [ -%_l
$1 o 1481 a3 -
x b x (8 L LS L L L L
c"tu::::xx::t‘muulluxs j\ R
wa | [t LT U N x [ Gag Gee 9ca Goe Oko o co O [Oas Org 3 ~ 2
: x:LL 'L l:ﬁ:om%%ﬂ%:co“mo:!%
e B S RN I FIN NS NS ]
annx;;’"‘%%%%-%-%%"%“ +
MoqM Lt gL ]l v ]t %|Gss Oca Gow O%e Ofa OGa Owm L Oga
Laed “ “ L] X X ’ X X . » T 4 . ’ . L) 0 »~
'Nmummtmnwﬁmmmmno“.nmmw, ‘_ d Somm—
L_"0etntal 0guration ov claaring of the ropmer » aot stecred. 8 —
O BT e tevel o0 the ety St et 01 It A T Egh N, reeciovery Thom Sote e keases es e o flape while the '}I
T2 es Sutpy s e welored frem e ingut/ Bt rormumnate. il
l H
i <3 A
—3
3 |
The 100001150 is controlled by two function select i3 1‘ :.
Inputs and two output control outputs which select " —
the four operating modes listed in the function table. 3 |
-]
In load mode, the tri-state outputs are in a| . 2.
high-impedance state to permit data to be clocked ! Y s =
Into the register. Data can be read when the outputs =1
are enabled in any mode. The register can be cleared =
&t any time using the clear input. | -
5]
NOTE The 100001150 is a low power Schottky 3 i
device. ¢ |
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100001211 100001212

e o -

Quad 2-Line-To-1-Line JFET-Input Operational Amplifier
Data Selector/Multiplexer

PIN CONFIGURATION

INPUTS  OUTPUT  INPUTS OUTPUT PIN CONFIGURATION
e ey

" iy
VeC STROBE 4A 48  4Y 34 38 3y

SELECT %A 18 1Y 2A 28 2Y GND PIN 413 IN ELECTRICAL
M M WITH TH €

INPUTS OUTPUT  INPUTS OUTPUT CONTACT & Cas

Positive logic: NC ~No internal connection

Low level a1 5 seiects A inputs
High level a1 S setects B inputs

FUNCTION TABLE
HPVTS LOGIC DIAGRAM
STROBE |SELECT| A s OUTPUT Y »
Vo
] X X X " G sauanct (¢
L L L x " ot
L L H x L m -
L H x L " E‘EF_ _lr"‘a — 4 \lf‘ -
L H x H L H o= n o
M = Righ level, L = low level, X = irrelevent a O 1
BLOCK DIAGRAM

3 ay

15

STROBE G o
v
o ﬁ

The 100001211 is & selector/multiplexor with
inverters and drivers to supply on-chip data selection
to the four output gates. A separate strobe input is
provided. A 4-bit word is selected from one of two
sources and is routed to the four outputs. The device
presents inverted data.

i

|

.

i -
|

|

|

I

I

e e

NOTE The 100001211 is a low power Schottky
device.
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100001231

c ! z°
i e ~

8-Bit Parallel-Out Serial Shift Register

Va

PR
! .
it

PIN CONFIGURATION

ouTeUTS

BLOCK DIAGRAM

SERIAL WNPUTS ouTIUTS

TRUTH TABLE :
The 100001231 is a 8-bit shift register which feat
INPUTS ouTPUTS gated serial inputs, asynchronous clear,
CLEARICLOCK| A B jGp Qp Qy totem-pole outputs. A low on either (both) of
L X |x xXjL L serial gated inputs (A,B) inhibits the entry of 1
H L | X X |Qa0 Qo QMO data and resets the first flip-flop to low on the r
H t |H H|H Qan Qg clock pulse. A high input enables the other in
: ! |t X} L QanQgn which will determine the state of the first flip-i
P ]X it QanQan Clocking occurs on the low-to-high transition of

clock.

mmm
Oarr Ogn = he v of Op or Qg betore the mosi-recent ZIQTE The 100001231 is a low power Scho
o, evice.

TYPICAL CLEAR, SHIFT, AND CLEAR SEQUENCES

-3 e
S SR | | SN e W
B ! e
-3 S guanann
= —
o o
o -
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PIN CONFIGURATION

ouTruTS
2 A
vec 24 ciear “70a 208 20¢ 200"

" 13 12 " 0 9 ]
I

1 I I
LOA Qs Qc Qo
CLEAR

-
»

CLEAR
r Qa Os Qc Qo
T T T I
1 2 3 4 H [} 7
1A CLE‘Al NED \Oev‘Oc 130 , GnO
ouTPUTS
positive logic: High input to ciear resets ail four
outputs low
TRUTH TABLE
COUNT ouTPUT

Qo Oc Qg Q4
] [ S S SN
1 L L L w
2 L L H v
3 L L H H
4 L H L L
] L H L~
6 Lt H H L
7 L H H H
8 H L L v
9 H L L #®
10 H L H
1" H L H M
12 H H L L
13 H H L H
H H H L
H H H H

-
o

100001232

‘

Dual 4-Bit Binary Counter

BLOCK DIAGRAM
° 13.1%) outeut
A
o,
oyt a 13 b v .
€AR
0a Jg it 10 ouTRUT
Qg
v
cLEAR
—
5.9 oureur
% Q¢
p v
CLEAR
Qp pdf Bl OUTPUY
%
= 2
CLEAR
o s, | S

INPUTY

NOTE The 100001231 is a low power Schottky

device.

The 100001232 consists of eight master-slave flip-flops
and additional gating to implement two independent

4-bit counter. Each counter has a direct clear and a
clock input.
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100001253
. 1
Octal Buffer And Line Driver
With 3-State Outputs

PIN CONFIGURATION

Vee 32 avi aas W2 3a3 W 3ar wve  3a)
nl vl le Ol 1wl In] ju]l ol lel In

CRIATAA

1 2 3 L} [ ] L} ? L} L} L]
™ W om

Y m @0

This device has 3-state outputs to drive bus lines or
buffer memory address registers. It features selectable
combinations of inverting and noninverting outputs,
symmetrical G (active-low output control) inputs,
and complementary G and G inputs.

NOTE The 100001253 is a low power Schottky
device.

100001254

-y WS i

i~

Octal Bus Transceiver

With 3-State Outputs
PIN CONFIGURATION

vee “?“ 8y 82 L] e [ 3 ) LU (]
n | -] ] | ] “ ;] 2 n
~ !
VANAN AL

{4 {4 f-4 f-4 o
1 2 3 4 [} ] ? ] ] ]

FUNCTION TABLE
DIRECTION
ENA;LE CONTROL OPERATION
OIR
L L 8 dats 1o A bus
L H A dats 10 B bus
H x hsolation

H = high levei. L = iow level, X = irrelevent

This device allows data transmission from the #
to the B bus or from the B bus to the A bus depex
upon the logic level at _the direction control
input. The enable input (G) can be used to disab
device so that the buses are effectively isolated.

NOTE The 100001254 is a low power Sch
device. !

¥
H

12-26



grant any license 10 make. use, or sell equipment manulactured in accordance herewith

Data Cenerai Covporation (OGCi has prepared this manual for use by DGC personnel and customers as 4 guioe to the proper instatlation. operation, and mantenance of DLE equioment and
software. The drawings and specifications contained herein are the property of DGC and shail neither be reproduced in whole or in part without DCC's prioe written approval nor be implied 1o

100001264

1024-Bit Bipolar PROM

PIN CONFIGURATION
AGE I 6] Vec
ASE 15] A,
A 3] 14] CE,
AJ[Z‘ 13] CE,
AOE 12] 0,
Al e IL_](-)z

.
This 1024-bit programmable read only memory is
organized as 256 words by 4 bits. It includes on-chip

address decoding, two chip enable inputs (CE1, CE2),
and uncommitted collector outputs.

NOTE The 100001264 is a Schottky device.

100001265

4-Bit Bistable Latch

PIN CONFIGURATION

ENABLE
Vee ] 0 « 34

1% 15 14 2 ? " 10 9

T

| B

G o o G
Lol (e ]
1 ) |
1 2 3 4 S ] 7 L}
0 a 10 tu#u ) E L] I owp
FUNCTION TABLE
{EACH LATCH)

INPUTS] OUTPUTS

0O G Q Q
L H L H
H H H L
X L] 09 G
H = high level, L = low leve!, X = irrelevent

Qg = the level of Q before ths high-to-iow transition of G.

BLOCK DIAGRAM
{each latch)
ocata s
YO OTMER —©
LATCH
ENASLE —d
EQUIVALENT OF
TYPICAL OF ALL CUTPUTS
EACH INPUT
Vece = - ———
— s
b NOM
INPUT. - -
v
]: ouTPy
4 —_—
»

Dats: Req= 17k}
Ensble: Req=4.2k3

Information present at a data (D) input is transferred
to the Q output when the enable (G) is high. The Q
output will follow the data input as long as the enable
remains high. When the enable goes low, the
information (that was present at the data input at the
time the transition occurred) is retained at the Q
output until the enable goee high.

NOTE The 100001265 is a low power Schottky
device.
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PIN CONFIGURATION

1 3 4 $ 1] ? [ ] ]
ll?tl "° 0 ) x 30 E ] © 0
FUNCTION TABLE
(EACH FLIP-FLOP)
INPUTS OUTPUTS
& CLOCK DATA Q
M x x Qo
L t H H
L t L L
X L X Qo
BLOCK DIAGRAM

2<H—

| 34

100001266
/as3a"
Octal D-Type Flip-Flops With Enable

T0

OTHER FLIP-FLOPS

EQUIVALENT OF CLOCK
OR ENABLE INPUT EQUIVALENT OF DATA INPUY
vVee— - M —
20 k3 NOM nka
: INPUT g g1 NOM
INPUT - 4
k3
TYPICAL OF ALL OUTPUTS
- 120 © NOM - vee
OuUTPUT

The 100001266 consists of eight edge-triggered D-typ
flip-flops with a common enable input.

Information at the D inputs meeting the setup tim
requirements is transferred to the Q outputs on th
positive going edge of the clock pulse if the enabl
input G is low. Clock triggering occurs at a particula
voltage level and is not directly related to th
transition time of the positive-going pulse. When th:
clock input is at either the high or low level, the I
input signal has no effect at the output.

NOTE The 100001266 is a low power Schottk
device.
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100001355

~

Dual 4-Line To 1-Line Data Selector/Multiplexer

PIN CONFIGURATION

CONTAOL A OATA wrUTS outeur
Voo 26 SELECT T v
’

oininioioioioin,

e

¥ 88 A
1 €2 1ICY 1C0 1v

G
mpogagogoiojoog
STROBE 8 o/ OUTPUT GND
G SELECY DATA HPuTS w
TRUTH TABLE
SELECT OUTPUT
INPUTS DATA INPUTS CONTROL | OUTPUT
| J A |CO C1 C2 c3 G \
X X X X X X H Z
L L L X X X L L
L L H X X X L H
L H X L X X L L
L H X H X X L H
H L X X L X L L
H L X X H X L H
H H X X X L L L
H H X X X H L H
Address inputs A and 8 are common 10 both sections.
H = high level. L = low level. X = Z - hgh (ot

BLOCK DIAGRAM
(1}
8
""(S)
- - (7} oy
{3)
‘. i
A n!
- (14) D c
1108 |
{11} - |
b 1 19} ourowy
ki)
. (13
sracee 38 o (15!

ey

The 100001355 data selector/multiplexor contains
inverters and drivers which supply complementary,
decoding data selection to its AND-OR gates. There
are independent control inputs for each of the two

4-line sections.

The tri-states outputs allow the 100001355 to drive
the data lines of bus-oriented systems. When all of the
common outputs but one are disabled (in a high
impedance state), the remaining output is enabled (in
low impedance state) to drive the busline high or low.

NOTE The 100001355 is a Schottky device.
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100001497

1024-Bit RAM

PIN CONFIGURATION LOGIC SYM . .
OGIC SymBoL The 100001497 is a fully decoded 1024-bit random
access memory organized as 256 words by 4 bits. It
N T AT v R T features three-state outputs and two chip select
et 14 T l inputs. A word is addressed by the 8-bit address A0
N=f g L L through A7.
MQA wlges, R £S v Oy, Gy g
mCs o . The read and write operations are controlled by the
M vi[Jess - state of the active low Write Enable (WE). When WE is
gy 1 :1:. ! low and the chip is selected, the data at Din is written
owo(]e sf]os ‘ into the addresesed location. When WE is high and the
o1 11[Jos 0° U10; 0404 2 : 2 : :
= iy o T chip is selected, the data in the addressed location is
. " e read out at Dout.
2[00 oz
Vee - Pin 22
GND Pins8
TRUTH TABLE
INPUTS OUTPUTS
OE CSy cs2 WE Dy - D4 93422 MODE
PIN 18 PIN 19 PIN 17 PIN 20 PINS 8, 11,13, 15 3-STATE
X H X X X HIGH Z Not Selected
X X L X X HIGH Z Not Selected
L L H H X 0y -04 Read S'ored Data
X L H L L HIGH Z \Write "0"
X L H L H HIGH Z Write "1
2] L H H X HIGH 2 Output Disabled
H L H L L HIGH Z Write "0 (Dutput Disabled)
H L H L H HIGH Z ‘Nnite “1” (Output Disabled)

H = HIGH Voitage, L = LOW Voltage. X = Don't Care (NIGH or LOW), MIGH Z = Hign Impedance.

LOGIC DIAGRAM

POe®

N GG e

INPUT DATA
CONTROL

A4

@ Ag —— | 0y @
@ a1 — now 32x32 ourrur Lo, €2
Az ——i SELECT by MEMORY DATA
as ARRAY contror 03 9
— o4 (9
& a1
coLumN
SELECT Vee ™ Pin 22
GND Pin8
I ] ! QO - Pin Number
3
As Ag Ay

000

14-
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Four-Bit Binary Counter
PIN CONFIGURATION
FUNCTION TABLE
Vee 7€ Qg O, O; Oy cET FE
LLLLELELELELEL [ rUTS ouTruTs
CP | MR | PE |cer|CET P | Py [P [Pz |00 |01 02|03 |
x el xl x|l x [x x| x|x]ov]uefe]u ¢
" [ w ] L] x| x |0o]0 |07 |03]0p |01 02 |0y :
v W m] L[ L [ x| x| x| x [wc|[wc|we|nc i
] " ] [8 “ x x x x NC | NC | NC | NC
MR cr o ory P P, Py CEP GND n " - " 3 x X x X we | wc | we | e
1 L} " L] “ X X x x COUNT
Note: Pin 115 marked for orentation. " > HIGH NC = Ne
L= LOW Oy mey be e:cher HIGH or LOW
X © Don't Core 1 LOW.-10-HIGH Tremsenion
LOGIC DIAGRAM
TERMINAL COUNT (TC) TRUTH TABLE
CET| Qo [01] 02 | O3 | v
H j R KM H | M H
L x x s x . x L
X L x ’ x 5 X L ;
x | x vl x x| !
x bx Ix x|t |
x | x | x| x ‘ L L
LOGIC SYMBOL F
s e s The 100001524 is a synchronous 4-bit binary counter. f
| 111 When the parallel enable (PE) is low, the data on the |
T T PO-P3 inputs is parallel loaded on the positive clock ‘
y — e transition. When PE is high and both count enables
i reb— s (CEP,CET) are also high, counting occurs on the
D positive transition of the clock. The terminal count
T 1 T output (TC) is high when CET is high and the counter
S is in its terminal count state. The counter also has a
master reset input (MR) , which, when low, forces the
Q outputs low independently of all other inputs.
Vee =Pin 16
GND = Pin8
NOTE The 100001524 is a Schottky device.
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100001528

High Speed Optically Coupled Isolators

PIN CONFIGURATION

PIN
ONE

This device uses GaAsP light emitting diodes optically
coupled to a photo-sensitive circuit. It provides 3000
Vdc isolation between the input and the output.

100001529

Quad 2-Input AND Gate
w/Open Collector Outputs

PIN CONFIGURATION

(] ~ 7 vee
" @3 -
Wn

28 EE |l 38
4V e

GND E

Positive logic: Y « AB

NOTE The 100001529 is a Schottky device.
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