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CHECKER MACHINE

Rachan Suranen

Vallop Kampo

Singtong Patanasattanon Advisor
1994

Abstract
This project is the machine for check answer the question which on

the special answer cheet .It check is very quickly and don’t have to people
check. It will autometic check by sensing the carbon on the answer sheet
with infared LED and detecting by photo transistor and applying squar
wave signal follow to carbon on the answer sheet .1t is data or control data
data tranfer into buffer after that storing into the RAM New data is to
compare data with data in RAM when data correct and store into the
RAM and display ' :

To make digital circuit for apply and step design.The first step begin
for design story theoretically and understand , after that to design follow
theoretically. When the circuit is finished, putting device on photo board
and apply power supply to circuit for testing , whether at works as ous
desirability. The next step is that eircuit passed testing comby transform to
circuit board and test the circuit board is correct apply to works ,control
signal sensing proces as well as and data number
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BOTH LAMPS HAVE THE SAME
LED CHIP AND THE SAME SHAPED
DOME LENS

Y

—

UNDIFFUSED PLASTIC LAMP: HIGH VALUE OF ON-AXIS LUMINOUS INTENSITY
WITH A NARROW RADIATION PATTERN

ﬁ

DIFFUSED PLASTIC LAMP: REDUCED VALUE OF ON-AXIS LUMINQUS
INTENSITY WITH A WIDE RADIATION PATTERN
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7493, LS93
Counters

4-Bit Binary Ripple Counter
Product Specification

Logic Products

DESCRIPTION TYPICAL SUPPLY CURRENT
The '93 is a 4-bit, ripple-type Binary TYPE TYPICAL fuax TOTAL)

Counter. The* device consists of four

master-slave flip-flops internally con- 7393 40T 28mA

nected to provide a divide-by-two sec- 741583 42MHz ImA

tion and a divide-by-eight section. Each
section has a separate Clock input to  ORDERING CODE

initiate state changes of the counter on

the HIGH-to-LOW.clock transition. State PACKAGES IR < Whpeive I

changes of the Q outputs do not occur e SNE Rl 1A= 0iC to

simultaneously because of internal ripple Plastic DIP N7493N, N74LS93N

deiays. Therefore, decoded output sig- Plastic SO N74LS930

nais are subject to decoding spikes and Fr—

should not be used for clocks or strobes. oot g 4 1o Mktary : see the Sgnetcs Military Products

A gated AND asynchronous Master Re- ~ Data Manual.

set (MR{*MR,) is provided which over-
rides both clocks and resets (clears) all INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

the flip-flops. PINS . DESCRIPTION 74 | 74LS
Since the output from the divide-by-two MR Master resat inputs Tul 1LSul
section i_s not internally connected to the Th, Input 2ul sLSul
succeeding stages, the device may be =

operated in various counting modes. In a ! 08d - 4LSul
4-bit ripple counter the output Qp must Qy~Qa Outputs 10ul 10LSul

be connected externally to input CP;. NOTE:
Where a 74 unit ioad (ul) is understood to be 40uA Iy and — 1.6MA hiL. and a 74LS unit toad (LSul) is 20uA hyy

and -0.4mA Iy
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC)
] [l 7o 2 CTR]
- ) ne 14— cry : & |n
MRz (7] [1Z] % v —qcPy r | & jnesy
e (&} [1] 0, a a
vee 5] [ia] ano MRS 20 8y S21 8 T m::l«:z‘ : i:
o foa "N S
Thaplll
Ry o 21 2 09 8 n s
L Folmmio




dignencs Logic Srocucts

Counters

7493, LS93

LOGIC DIAGRAM

— SEREEC

|

| () =Pn number
| vec =®as

| GND = PnC

n Y A
FUNCTION TABLE MODE SELECTION
| OUTPUTS | ! RESET INPUTS | OUTPUTS
S&INT T T T 0 :
lpQq g=Q1=4-ay \od | ! ‘Mﬂ, . MRy { Qy Qi Q. Q3

: 0 V 210090 7¢] \T" A A A TR ol O
| | | '
| \ = = =y L o) unt '

2 L B rrne [l H L Zount I
! 3 oL LA o | : ¢ b5
| L B e P I AR DR\ T i
% 5 { A { L LT M HIGH yoitage evel
l 6 o | AIL "8 & L~ LOW votage level

" > (AT D X = Don't care
i 8 . an Loy
i E] L YW A
| 0 1 L o Dl | Hing
! i Al 140 ] 1 H
‘ : oo mibis
i 13 VIR P o A NV
‘ 14 v e P fon

15 b | A R

NOTE:
Qutput Oy connected to input TP,

The input count puises are applied to nout
ZP,. Simultanecus dvisions of 2, ¢, 8 and 16
are performec at the Qo Qy. Q; and O3
outputs as shown in the Function Table.

As a 3-bit npple counter the input count
bulses are apptied to input P, Simuitaneous
trequency divisions of 2, ¢ and 8 are avadatie
at the Q,, Q, and Qj outputs. independent
use of the first tiip-flop 1s avalable f the reset
iunction coincides with reset of the 3-bit
npple-through counter.

ABSOLUTE MAXIMUM RATINGS (Over operating Iree-air temperature range uniess otherwise noted )

i PARAMETER | 74 74LS ‘ uNIT |
| Vee Supoly voltage ! 7.0 | 7.0 v |
Vin Input voitage ! 9.5 tc +505 ‘ -0.51t10 +70 | v ‘
™ Input current -30tc x5 | -301t0 +1 ! mA |
Vourt Voltage apphed to output in HIGH outout state -050 +Vee | -0.51t0 +Vec | v J
Ta Operating free-air temperature range 1 91t 70 J‘ 'c
RECOMMENDED OPERATING CONDITIONS
{ 74 74Ls
PARAMETER I UNIT
| Min “ Nom | Max Min Nom Max
Vee  Supply voltage | 475 50 | 525 475 5.0 525 v
Vin HIGH-level mnput voitage 2.0 2.0 \
Vie LOW-level input voitage +08 +0.8 v
h Input clamp current -12 -18 mA
loH HIGH-level output current -800 -400 A
oL LOW-level output current 16 8 mA
L Ta Operating free-air temperature [+] 1 70 0 70 °C i
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54/7T446A © 54/T447A
54LS/74L.S47
BCD TO 7-SEGMENT DECODER/DRIVER

DESCRIPTION — The '48A, '47A and 'LS47 accept four lines of BCD (8421)
input data, generate their complements internally and decode the data with
seven AND/OR gates having open-collector autputs to drive indicator seg-
ments directly. Each segment output is guaranteed to sink 40 mA (24 mA for
the 'LS47) in the ON (LOW) state and withstand 15 V (30 V for the '46A) in the
OFF (HIGH) state with a maximum leakage current of 250 uA. Auxiliary inputs
provide blanking, lamp test and cascadable zero-suppression fuctions. Also
see the 'LS247 data sheet.

CONNECTION DIAGRAM

PINOUT A

201 e 6] vee
a7 [s]7
(3] (14l
81780 (1] 3]
RBi 3] 2]
Az 5] mg
A 7] [o]d
GNo (3] B4

OPEN-COLLECTOR OUTPUTS

DRIVE INDICATOR SEGMENTS DIRECTLY
CASCADABLE ZERO-SUPPRESSION CAPABILITY
LAMP TEST INPUT

ORDERING CODE: See Section S

o |_COMMERCIAL GRADE| _ MILITARY GRADE |
PGS Ve = +5.0 V %5%, Voc = +5.0 V £10%,
OUT| 1l 0°C10470°C | Ta=-56°C to+125°C | 1YPE
Plastic 2 7446APC, 7447APC L3
oIP (P) 74LS47PC
Coramic | , | 7446ADC, 744TADC |5446ADM, 5447ADM £
oIP D) 74L.5470C 54LS47DM
Flatpak | , | 744BAFC, 744TAFC |S445AFM, S447AFM - 4
13} 74LS47FC 54L.S47FM

LOGIC SYMBOL

L

B
& boeid g RBO

BEEAGHA

13 12 11 10 15 14 4

Vee = Pin 16
GND =Pin 8

INPUT LOADING/FAN-QUT: See Section 3 for U.L. definitions

54/74 (U.L.) 54/74LS (U.L)

PIN NAMES DESCRIPTION HIGH/LOW HIGH/LOW
Ag—Aa BCD Inputs 1.0/1.0 0.5/0.25
RBI Ripple Blanking Input (Active LOW) 1.0/1.0 0.5/0.25
T Lamp Test Input (Active LOW) 1.0/1.0 0.5/0.25
BI/RBO Blanking Input (Active LOW) or -/2.5 -/0.75
Ripple Blanking Output (Active LOW) 5.0/5.0 1.25/2.0
(1.0
a—g Segment Outputs (Active LOW) 0C*/25 ocC'/15
7.5)

*OC— Open Collector
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FUNCTIONAL DESCRIPTION — The '46A, '47A and 'LS47 decode the input data in the pattern indicated in the
Truth Table and the segment identitication illustration. If the input data is decimal zero, a LOW signalapplied to
the RBI blanks the display and causes a multidigit display. For example, by grounding the RBI of the highest
order decoder and connecting its BI/RBO to RBI of the next lowest order decoder, stc., leading zegi_will be
suppressed. Similarly, by grounding RB! of the lowest order decoder and connecting its BI/RBO toR Bl of the
next highest order decoder, etc., trailing zeros will be sqg_p_ressed. Leading and trailing zeros can be suppressed
simultaneously by using external gates, ie: by driving RBI of an intermediate decoder from an OR gate whose
inputs are BI/RBO of the next highest and lowest order decoders. BI/RBO also serves as an unconditional
blanking input. The internal NAND gate that generates the RBO signal has a resistive pull-up. as opposedtoa
totem pole. and thus BI/RBO can be forced LOW by enternal means, using wired-collector iogic. A LOW signal
thus applied to BI/RBO turns oft ali segment outputs. This blanking feature can be used to control display
intensity by varying the duty cycle of the blanking signal. A LOW signal applied to LT turns on all segment
outputs, provided that BI/RBO is not forced LOW.

LOGIC DIAGRAM

RIPPLE-ALANKING
NPUT

BLANKING INPUT OR e
LAMP.TEST AIPPLE-BLANKING

NPUT ouTsuT

|

, 7 ‘
| g qj
=

A2 Ay
!

T
|
1IN IIREEESE L ] (%,.LL

QUTPUT

o<k
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TRUTH TABLE

INPUTS | OUTPUTS
DECIMAL
OR ™ B
FUNCTION| LT RBI A3 A2 A1 Ao B/RBO @ b ¢ d 8 [ g NOTE

0 T QAL L | D H Lol L AN H 1
1 HT &S R/ L/ L0 H H L L H H H H 1
2 H|lX L L H L H L L H L L H L

3 H|lXx L L H H H L L L L H H L

4 | ¥ b BH WL H B ghtmiedel, bR i WL

5 Bil] B /0 <IN bl H f I €0+ «T L

6 B XA R S TFHGRL H Hpemeeey Ll L=

7 H| X L H/ H H H il SH,  ®

8 HlX |H L L L H OO O B (-

9 H| X H AR H CXITO HP B e O

10 HliX | H L H L H My” P P =10\

11 H{Xx |H L H H H P Al & H [

12 H|{X |H H L L H Hal |l A= v C [

13 HIRX MUK L, H H Do na®=y (T A

14 H|lX |[H H H L H H H H L L L L

15 H{X |H H H H H H H H H H H H

Bl X~ X X\ Xy X 3 H H H H H H H 2
BBl | H (ORIl |( (ST H H H H H H H 3
LT B ) Y€&xdXx x X H ' R adY & AN 4

NOTES: IS

(1) BI/RBO is wire-AND logic serving as blanking input (Bi) and/or ripple-blanking output (RBOY. The blanking out (BN must be open or held
at a HIGH level when output functions 0 through 15 are desired. and ripple-dlanking input (RBI) must be open or at a HIGH level if
blanking or a decimal 0 is not desired. X = input may be HIGH or LOW,

(2) When a LOW level is applied to the blanking input (forced condition) all segment outcuts go to a HIGH level regardiess of the state
of any other input condition.

(3) When ripple-blanking input (RBI and inputs Ac. A1. Az and A3 are LOW level, with the lamo test input at HIGH leved. all sagment outputs
90 to a HIGH level and the rippie-blanking output (RBO) goes to &8 LOW level (response condition).

(4) When the blanking input/ripple-blanking output (BI/RBO) is open or held at & HIGH level, and a LOW lavel is applied to iamp test
input. all segment outputs go to a LOW level.

32




Logic Products

FEATURES

® Separate negative-edge-triggered
shift and parailel load clocks

e Common mode control Input

@ Shift right serlal input

® Synchronous shift or load
capabllities

DESCRIPTION

The '95 is a 4-Bit Shift Register with
senal and parallel synchronous operat-
ing modes. It has serial Data (Ds) and
four parallel Data (Dy-Ds) inputs and
four Parallel outputs (Qqg - Qa). The seri-
al or parallel mods of operation is con-
trolled by a Mode Select input (S) and
two Clock inputs (CPy and CF,). The
serial (shift nght) or parallel cata trans-
fers occur synchronously with the HIGH-
to-LOW transition of the selected Clock
input.

When the Mode Select input (S) is
HIGH, CP; is anabled. A HIGH-to-LOW
transition on enabled CP; loads parallel
data from the Dg-Dj inputs into the
register. When S is LOW, CP, is en-
abled. A HIGH-to-LOW transition on en-
abled CPy shitts the data from Serial
input Ds to Qg and transfers the data in
Qo to Qy, Q1 to Qp and Q, to Q3

PIN CONFIGURATION

7495, LS95B
Shift Registers

4-Bit Shift Register
Product Specitication

TYPICAL SUPPLY CURRENT
L TYPE TYPICAL fuax (TOTAL)

[ 7a9s 36MHz 39mA

| 7415958 | 36MHz i 13mA

(Vi .

ORDERING CODE

COMMERCIAL RANGE
PACBAGES, Vee =5V £5%; Tp = 0°C to +70°C ’
Plastc OIP [ N7495N, N74LS358N o)
NOTE:
For informaton regarding devices pr o Miktary S . 389 the Sig Miktary Products
Data Manual.

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

[ PINS ] DESCRIPTION I 74 74LS
a | Input i 2ul 1LSul
Other E Inouts l tul 1LSul
Q | Gutout | 100t 10LSul

NOTE:

Whera a 74 unt Icad (Ui) 1S LNGErsIoad 10 be 404A Iy and - 1 BmA fw. and a 74LS unitload (LSut) is 20 uA 1y

and -0.4mA I,

respectively (shift right). Shift left is ac-
complished by externally connecting Qq
to Dz, Qz to Dy, Q4 to Dg, and operating
the '95 in the parallel mode (S = HIGH).

In nommai operations the Mode Select
(S) should change states only when both

LOGIC SYMBOL

Clock inputs are LOW. However, chang-
ing S from HIGH-to-LOW while. TP, is
LOW, or changing S from LOW-to-HIGH

* while CP; is LOW will not cause any

changes cn the register outputs.

LOGIC SYMBOL (IEEE/IEC)

—

o3 1] 14] vee
% (7] 73] 0
0, (3] 7] Qy
02 (4] [i7] o,
03 (5] 0] a5
s (€] [,
ano(T] [8]CP,

cooarsas

LR ZERE (R RN ]

|

S 0g 0y D2 Dy
1 —fog
1 —of cp,
& —o CPy

Q9 9y 0 Oy

1312 11 10

(sasarcs

Ve =Pin 14
GND = Pin 7

[ |
SRG4
]
0 & poc
) & pe2
1
L B
—20
S YN 12
4 11
s 10
Lsossas,




Product Specification

Shift Registers 7495, LS958

LOGIC DIAGRAM

® @ @ “w )
s '—1 T

m

|
|

1 _"'_1‘ =]
‘;% | 0 0

Rl | |
I T 1
T, \ l R Lia
| |
v i
r — Q s Q —]
| an an o (10
i So 9 02 Q3
Cairesns
() = Pn rumbers
Veg = Pnoi4
| g0 =Pnt
FUNCTION TABLE
INPUTS ouTPUTS
OPERATING MODE
s cP,y cP, Dg On Qg e Q, Qs
H X ! X | o L L L
|
Parallel load H X ¥ X h H H H H
b B i X l X L %) Q 32
Shift right L 1 X h X H Q Gy Q2
T I X X X no change
T H X X X undetermined
NgdayghangP | X L o X no change
! X H X ¥ undetermined

H = HIGH voitage level steady state.

h = HIGH voitage level one set-up tme prof 10 the HIGH-to-LOW clock transition.

L = LCW voitage level steacy state.

| = LOW voitage level one sat-up time prior 10 the HIGH-1o-LOW clock transiticn.

q = Lower case latters indicate the state of the raferenced output one set-up time priof to the HIGH-to-LOW clock transition,
X = Don't care

| = HIGH-10-LOW transition of clock or mode select.

T = LOW-to-HIGH transiticn of mode select.

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.)

PARAMETER 74 74LS UNIT
Vee Supply voitage 7.0 7.0 v
Vin Input voltage -0.5 to +5.5 -0.5to +7.0 v
N Input current ' -30 to +5 -30 to +1 mA
Vout Voltage applied to output in HIGH output state -0.5 to +Veo +0.5 to +V¢g v}
Ta Operating free-air temperature range Q0 to 70 *C
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Logic Products

FEATURES

» Encodes 10-line decimal to 4-line
BCD

» Useful for 10-position switch
encoding

s Used In code converters and
generators

DESCRIPTION

The '147 9-input priority encoder ac-
cepts data from nine active-LOW inputs
(iy —ig) and prowvides a binary represen-
tation on the four active-LOW outputs
(Ag— Ag). A prionity is assigned to each
input so that when two or more inputs
are simultansously active, the input with
the highest pronty is represented on the
output, with input line lg having the
nighest priority.

The device provides the 10-line-to-4-line
priority encoding function by use of the
implied decimal "'zero.”" The "zero' is
sencoded when all nine data inputs are
HIGH, forcing all four outputs HIGH.

PIN CONFIGURATION

74147

Encoder

Product Specification

10-Line-To-4-Line Priority Encoder

TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL)

74147 | 10ns 4BmA

ORDERING CODE
COMMERCIAL RANGE
RAGRASES Yeg =5V £5%; To=0°C to +70°C

Plastic DIP N74147N
HOTE:
For information regarding devices to Military Soec see tha Signeucs Military Procucts
Data Manual.

INPUT AND QUTPUT LOADING AND FAN-OUT TABLE

PINS DESCRIPTION [ 2
All Inputs i 1ul
Ail Outouts i 10ui !
L o

NOTE:

A 74 unit load (ui) 18 understood o be 40pA hy and - 1.6mA ly.

LOGIC SYMBOL

LOGIC SYMBOL (IEEE/IEC)

T ['e) vee
is 2] [15] NC
T ] 4] Ay
o ) i
WG [ 7
G mi
e [l s
anD (7] 5] Xy

cooseos

il
ls s

1 's

ot

vtz 3 s

A3 Az Ay Ao
T R
14 L] g 1]
(soutoos
Voc =Pn 16
GND =P 8

AN BT
202

1B

. : NN
2Ns 1: .
3nle !
TN P o
Sy

1,
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74147

Encoder

Signetics Logic Products

LOGIC DIAGRAM

[ o LN R R

m_h b s e L0 s s o

=P TN X ) TE

INPUTS
Is
H
X
X
X
X
L
H

I XXX XX

Is

XX X X XXX

Is

Iz

T X X XX X X

— | TX XX XX X

FUNCTION TABLE

H = HIGH voitage level
L = LOW voitage level

X = Don't care



Logic Products

FEATURES

o Gated serial Data inputs

o Typical shift frequency of 36MHz

e Asynchronous Master Reset

e Fully buffered Clock and Data
inputs

DESCRIPTION

The '164 is an 8-bit edge-triggered shift
register with serial data entry and an
output from each of the sight stages.
Data is entered serially through one of
two inputs (Dsa OF Dsp): either input can
be used as an active HIGH enable for
data entry through the other input. Both
inputs must be connected together or an
unused input must be tied HIGH.

Data shifts one place to the right on
each LOW-to-HIGH transition of the
Clock (CP) input, and enters into Qp the
logical AND of the two Data inputs
(Dsa * Dsp) that existed one set-up time
before the rising clock edge. A LOW
level on the Master Reset (MR) input
overrides all other inputs and clears the
registar asynchronously, forcing all out-
puts LOW.

PIN CONFIGURATION

74164, L5164
Shift Registers

8-Bit Serial-in Parallel-Out Shift Register
Product Specification

TYPICAL SUPPLY CURRENT
TYPE TYPICAL fuax (TOTAL)
74184 36MHz 37TmA
74LS164 36MHz 16mMA

ORDERING CODE

PACKAGES COMMERCIAL RANGE

Ve =5V 15%; TaA = 0°C to +70°C
Plastic DIP N74164N, N74LS164N
Plastic SO N74LS1640

NOTE:
Foc informabon regarding davices processed to Military Specifications, see the Sgnetcs Military Products
Data Manual.

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

[ ems DESCRIPTION 74 } 74Ls
- All Inputs 1ul 1LSul
All Outputs Sul 10LSut

NOTE:
Where a 74 unit load (ul) is understood to be 40pA Iy and -1.6mA 1y, and 2 74LS unit load (LSui)
15 20pA lng and -0 4mA Ty

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC)

=

ou @ [ vee
05 (T 1] oy b
—o
% O] mEN S e
Qy [
= o as MR Qg 0102 93 Q405 Qg 7
o G ] a
G ) FRREE
] 9 3 4 5 610111213 L0
ano (7] ijece asasnct 1
omareen ::
U
Voo =Pn 14
GNO =P 7

118
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sSignetics Logic Products

shift Registers 74164, L5164

LOGIC DIAGRAM

=

Veg =Pn 14
GNE =Pn 7

MODE SELECT — TRUTH TABLE

—
INPUTS OUTPUTS
OPERATING MODE T T
MR | CP | Du { Dwy | QG | 4 — @
Ressat (clear) L X { X X L8 : L —ab !
H i b 1 J € 4 [
H t | h L okt ) do
St H ! h 1 L 1 w — Qs
H ] h n Mooy 53 )—f Jad V|

H =HIGH voitage lavel.
h = HIGH voltage lavel one sat-up ume pnor 0 the LOW-10-HIGH Clock transiton.
L = LOW vonage level.
| = LOW voltage levsi one set-up bme paor ta the LOW-to-HIGH Clock transiton.
= Lower case letters indicate the state of the referenced input (or outout) one sst-uc ime pror to the
9 LOW-10-HIGH Ciock transion.
X = Don't care.
T = LOW-to-HIGH Clock transition.

ABSOLUTE MAXIMUM RATINGS (Over cperaﬁn§ free-air tamperature rangs unless otherwiss noted.)

! PARAMETER 74 74LS UNIT
| Vec Supgly voitage 7.0 7.0 v
I Vin Input voltage -0.5to +5.5 -0.5to +7.0 v
] Input current -3C to +5 -30 to +1 mA
Vout Voltage applied to output in HIGH output state -0.5 to +VYee -0.5 to +Veg V'
Ta Operating free-air temperature range 0.tc 70 °C
RECOMMENDED OPERATING CONDITIONS
74 74LS
PARAMETER UHIT
Min Nom Max Min Nom Max
Vee Supply voltage 4.75 5.0 5.25 475 5.0 5.25 v
Vi HIGH-level input voitage 20 | 2.0 v
ViL LOW-level input voltage | +0.8 +0.8 v
lix Input clamp current -12 -18 mA
loH HIGH-level output current -400 -400 HA
loL LOW-levsl output current ¢ ) 8 8 mA
Ta Operating free-air temperature 0 70 0 70 °C
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Logic Products

FEATURES

o 8-bit transparent latch —'373

» 8-bit positive, edge-triggered
register — '374

o 3-State output buffers

» Common 3-State Output Enable

o Independent register and 3-State
bufter operation

DESCRIPTION

The ‘373 is an octal transparent latch
coupled to eight 3-State output buffers.
The two sections of the device are
controlled independently by Latch En-
aole (E) and Output Enabile ( OF) control
gates.

PIN CONFIGURATION

S374

Latches/Flip-Flops

'373 Octal Transparent Latch With 3-State Outputs
'374 Octal D Flip-Flop With 3-State Outputs
Product Specification

7418373, 7415374, 5373,

TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL)
74LS373 19ns 24mA
74S373 10ns 105mA
74LS374 18ns 27TmA
l{ 745374 3as 116mA

ORDERING CODE

T Voo 2 3V 5% TA=OC o #70°C

Plastic DIP N74LS373N, N74S373N, N74LS374N, N74S374N

Plastic SOL-20 N74LS3730, N74S373D, N74LS374D, N74S3740
NOTE:

For information reqarding cevices ar

Oata Manual.

sed to Miktary Sp

, see the Signaocs Military Products

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

PINS | DESCRIPTION 745 7 74LS
All -, Inputs 1Sut 1LSul
Al [ Outputs 10Sul 30LSul

NOTE:

Whero a 74S unit load (Sul) is SOUA Iy and - 2.0mA Iy, and a 74LS unit foad (LSul) s 20pA Iy and -0.4mA

he-

LOGIC SYMBOL

LOGIC SYMBOL (IEEE/EC)
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Latches/Flip-Fiops

7418373, 7415374, S373, 3374

The cata on the D inputs ars transferred to
the latch outputs when the Latch Enable (E)
input is HIGH. The latch remains transparent
to the data inputs while E is HIGH, and stores.
the cata present one set-up time before the
HIGH-to-LOW enable transition. The enable
gate has hysteresis built in to help minimize
problems that signal and ground noise can
cause on the latching operation.

The 3-State output buffers are designed to
crive heawvily loaded 3-State buses, MOS
mameries, or MOS microprocessors. The ac-
tive LOW Output Enable (OE) controls all
eight 3-State butfers indeperdent of the latch

LOGIC DIAGRAM, '373

operation. When OE is LOW, the latched or
transparent data appears at the outputs.
When OF is HIGH, the outputs are in the
HIGH impedance "off'’ state, which means
they will nerther drive nor load the bus.

The '374 is an 8-bit, edge-triggered register
coupled to eight 3-State output buffers. The
two sections oi the device are controiled
independentty by the Clock (CP)yand Output
Enable (OE) control gates.

The register is fully edge triggered. The state
of each D input, one set-up time tefore the
LOW-to-HIGH clock transition, is transferred

to the corresponding flip-flop's Q output. The
clock buffer has hysteresis buiit in to help
minimize prociems that signal and ground
notsa can cause on the clocking operation.

The 3-State output buffers are designed to
d¢rnve heavily loaded 3-State buses, MOS
mamones, or MOS microprocessors. The ac-
tive LOW Output Enable (OF) controls. ail
eignt 3-State buffers independent of the reg-
ister operation. When OE is LOW, the data in
the register appears at the outputs. When OF
is HIGH, the outputs are in the HIGH imped-
ance "off" state, which means they wili
netther drive nor load the bus.
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LOGIC DIAGRAM, '374
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MODE SELECT — FUNCTION TABLE '373
INPUTS OUTP!
OPERATING MCDES T INTERNAL REGISTER bl
O E Dy Qg -0y
1 L H L L L
Enable and read register L H H H H
. L L ! L
Latch and read register C C n @ ;
A H L 1 1
Latch r and disable outputs L @
egister H L h H 2)
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Advance Information 5

Octal 3-State Noninverting
Buffer/Line Driver/

Line Receiver
High-Performance Silicon-Gate CMOS

The MC54/74HC244A is identical in pinout to the LS244. The device inputs
are compatible with standard CMOS outputs; with pullup resistors, they are
compatible with LSTTL outputs.

This octal noninverting buffer/line driver/line receiver is designed to be
used with 3-state memory address drivers, clock drivers, and other bus-
oriented systems. The device has noninverting outputs and two active-low
output enables.

The HC244A is similar in function to the HC240A and HC241A.

@ Output Drive Capability: 15 LSTTL Loads

@ Outputs Directly Interface to CMOS, NMOS, and TTL

® Operating Voltage Range: 2 to 6 V.

® Low Input Current: 1 4A

® High Noise Immunity Characteristic of CMOS Devices

® In Compliance with the Requirements Defined by JEDEC Standard No. 7A
@ Chip Complexity: 136 FETs or 34 Equivalent Gates

LOGIC DIAGRAM

4
A2 4 @ 15 YA2
[
] N 14
A3 162 YA3
<
A4 L_$ 12 YA4
DATA NONINVERTING
INPUTS " E q QUTPUTS
81 DA Y81
‘
13 l 7
82 L o— Y82
[
8y o 5 ve3
17 3
B4 s 84
1
ouTPuT [ENABLE A = R,
ENABLES | ENABLE 8 PIN 10 = GND

J SUFFIX
CERAMIC
CASE 732-03

N SUFFIX
PLASTIC
CASE 738-03

DW SUFFIX
soic
CASE 751D-03

ORDERING INFORMATION
MC74HCXXXAN Plastic

MCS54HCXXXAJ Ceramic
MC74HCXXXADW SOIC

Ta = -55°to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT

ENABLE A 1 @ 20 lvge
INK1 ¥ 19 [JENaBLE 8
v8a (] 3 18 {J a1
a2l e 17 084
83l s 16 [J A2
a3l 6 15 183
y82(7 14 [Jva3
[YRIE] 13182
CINE] 12 [Jvas
oNof 10 1 [s:

FUNCTION TABLE

Inputs Outputs
Enable A,
Enable B A-BIlYALYE
L L 1=
L H H
H X z

Z = high impedance

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MC54/74HC244A

MAXIMUM RATINGS* e

Symbol Parameter Value Unit This device contains prolectm
Vce | DC Supply Voltage (Referenced to GND) —05t0 +7.0 v circuitry to guard against damage |
due to high static voltages or electric i
Vin DC Input Voltage (Referenced to GND) -15t Vcc+1.5 Y fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -05to Vec+0.5 v be taken to avoid applications of any
lin DC Input Current, per Pin +20 | mA vo:‘age higher t:an :_\a:irnum rated
-~ voltages to this high-impedance
lout DC Output Current, per Pin +35 ilo circuiS:. For proper operation, Vi and
icc | DC Supply Current, Vcc and GND Pins +75 mA Vout should be constrained to the
PD Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mW range GND = (Vj, or Vo) =VcC:
SOIC Packaget 500 Unused inputs must always be tied
Tetq | Storage Temperature -6510 +150 oC ::_;T" "’e‘;‘;:’rpgarjg'Z?'&gz;'laai:)es"e':
TL Lead Temperature, 1 mm from Case for 10 Seconds °C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C
Ceramic DIP: — 10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit i
Vce | DC Supply Voltage (Referenced to GND) 2.0 6.0 "
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee \Y
TA Operating Temperature, All Package Types -55 +125 °C
t, 4 |Input Rise and Fall Time Vec=20V 0 1000 ns
(Figure 1) Vgc=45V 0 500
Vcc=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
¥ Guaranteed Limit
Symbol Parameter Test Conditions cc 25°C to ! Unit
v <85°C | =<125°C
-55°C
ViH Minimum High-Level Input Vout= Vec—0.1V 20 15 &) 1:5 \
Voltage lloutl =20 pA 45 3.15 3.15 3j3
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1V 20 0.5 0.5 0.5 \
Voltage lloutl =20 wA 45 1.35 1.35 1.35
6.0 1.8 1.8 1.8
VoH | Minimum High-Level Output Vin=VIH 20 1.9 1.9 1.9 \
Voltage |loutl =20 kA 4.5 4.4 44 44
6.0 5.9 5.9 5.9
Vin=VIH lloutl<6.0 mA | 4.5 3.98 3.84 3.70
loutl<7.8 mA| 6.0 5.48 5.34 5.20
VoL |Maximum Low-Level Output Vin= VIL 20 0.1 0.1 0.1 \
Voltage lloutl =20 kA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin= VIL lloutl <6.0mA| 45 0.26 0.33 0.40
llout 7.8 mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin=Vcc or GND 6.0 +0.1 +1.0 +1.0 uA
loz Maximum Three-State Leakage | Output in High-lmpedance State 6.0 +05 +5.0 +10.0 A
Current Vin=VjLor VIH
Vout = Vcc or GND
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 4 40 160 nA
Current (per Package) lout=0 kA

NOTE: Information on typical parametric values and high frequency or heavy load considerations can be found in Chapter 4.

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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The Motorola Spectrum of OPTOELECTRONICS

Optoelectronics is a special branch of semiconductor tech-
nology which has come into prominence during the last fifteen
to twenty years. Solid state optoelectronic components have
proven 1o be versatile design tools, offering the engineer
inexpensive, reliable alternatives to their bulky predecessors.

Solid state light emitting diodes (LEDs) in the visible portion
of the electromagnetic spectrum have virtually eliminated the
usage of incandescent lamps as panel indicators. Infrared
emitters and silicon photodetectors are finding wider appli-
cation as sensor pairs, replacing electro-mechanical
switches. Optoisolators are being designed into circuits pre-
viously using small mechanical relays and pulse
transformers. ; :

Over the years, solid state optoelectronic technology has
advanced dramatically. Research into new and improved
materials and processing techniques have led to devices hav-
ing higher efficiencies, improved reliability and lower cost.

Emitters

Early emitters, both visible and infrared, suffered from low
power output and rapid power output deterioration (degra-
dation) when compared to present day devices. Emitter chip
materials, commonly referred to as IlI-V compounds, are
combinations of elements from the Il and V columns of the
periodic chart. The P-N junction is formed by either diffusing
or by epitaxially growing the junction. Typical materials used
for emitters include gallium arsenide (GaAs) and gallium alu-
minum arsenide (GaAlAs), among others.

When a forward bias current (Ig) flows through the emitter’s
P-N junction, photons are emitted. This is shown schemati-
cally in Figure 1. The total output power (PQ) is a function
of the forward current (Ig), and is measured in milliwatts.
Likewise, the axial radiant intensity (lp) of an emitting device,
which is the portion of the total emitted power radiated within
a specified cone angle directly on axis, is also a function of
this forward current (Ig), and is measured in milliwatts per
steradian.

+

i
o

Figure 1. The LED

Motorola's line of emitters operate at wavelengths of either
660, 850 or 940 nanometers (nm). See Figure 2. This encom-
passes the red and the near infrared portions of the electro-
magnetic frequency spectrum. Emitters of various wave-
lengths are produced for the purpose of optimizing system
efficiency, when the emitter is operated in conjunction with a
variety of applications and environments.

The 940 nm emitters are the most cost effective, however,
their spectral emission is not ideally matched to that of the
silicon detectors. Most applications can tolerate a certain
amount of spectral mismatch, and this sacrifice is generally
justified by the devices’ lower price. Almost all optoisolators,
for example, use the 940 nm emitter.

The 850 nm emitters have a peak emission which almost
exactly matches that of silicon. This emitter finds usage in
applications where this efficiency, and the emitter's faster
speed, are the primary concerns.

The 660 nm emitters are not well matched to siiicon, but
are ideal for use in plastic fiber optic systems. Plastic fiber
has a characteristic attenuation curve which reaches a min-
imum at 660 nm. This attenuation is the predominant factor
to consider when designing a piastic fiber system.

1} T T ST SR 5 5
— —Silicon Detectors
——1 GaAlAs 680 nm Emitter
—— 2 GaAlAs 850 nm Emitter
Tl ——3 GaAs 940 nm Emitter
> A 4 N
o T TN Y &
W~
5g [ TN
S A R
wa A
a0 1 T EAN
WGy e [ TN
£ % o] - AN 1
E A /ltl‘ 42\‘ 3\\\
L
e Wi L W
500 600 700 800 900 1000 1100

A, WAVELENGTH (nm)

Figure 2. Emissivity versus Wavelength

The above emitters find wide usage in a variety of isolating,
sensing, remote control and fiber optic applications.

Newly developed materiais and refinements in chip pro-
cessing and handling have led to more efficient and more
reliable emitters. New packaging techniques have made low
cost plastic devices suitable for applications formerly requir-
ing glass lensed units, by providing efficient molded-in lenses.
In this way, higher on-axis radiant intensities can be achieved,
for a given amount of total radiated power. A narrow radiation
angle provides for a lower drive current when operating in a
configuration where the opto detector is on-axis with the emit-
ter, such as in sensing applications or when launching power
into an optical fiber. When a very wide or off-axis viewing
angle is required, such as in a remote control situation, emit-
ters with less directional lenses, or unlensed emitters are
generally used.

Motorola’s selection of emitters includes the low-cost plas-
tic “Case 349" devices, such as MLED71, MLED76 and
MLED77. Also in a plastic package is the remote control
emitter, MLED81.

Metal and glass packages, such as the TO-18 (MLEDS30)
are utilized in applications where high axial intensity or abso-
lute hermeticity are essential.

t
>
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Advances made in emitter technology over the years have
eliminated many of the problems of early-day devices. Even
the problem of degradation of emitter power output over time
has been brought to a level which is tolerable and predictable.
When coupled to a silicon detector, today’s devices can be
expected to lead a long and useful life.

Detectors

As emitters have developed over the years, photo-
detectors have also advanced dramatically. Early photo-
transistors and photodiodes were soon joined by photo-
darlington detectors, and then by light-activated SCRs.
Innovations in design have created devices having higher
sensitivity, speed and voltage capabilities. A variety of
detectors is shown in Figure 3.

¥
h~ h =
L l I
Photodiode Phototransistor
+
h
O h
l e QOutput
Photodarlington Photo Schmitt
+
—
I h\\
N : Y. =
= g
Photo SCR Triac Driver
h
ac
Zero-
cross
Circuit

Zero-cross Triac Driver

Figure 3. Light Sensitive Detectors
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Recent developments in. detector technology have led to
larger and more complex circuit integration. Photodetectors
incorporating Schmitt trigger logic outputs are becoming
increasingly popular in applications requiring very fast speed,
hysteresis for noise immunity, and logic level outputs.

In 1977, Motorola introduced the world's first photo-tiac
driver, a planar silicon device capable of controlling loads on
an ac power line. This was followed in 1979 by the zero-
crossing triac driver, also a Motorola development. This
device still stands as a classic example of opto technology’s
dramatic progress. Bipolar circuitry, photo-optic technology,
high voltage solid state physics and field effect transistor
(FET) technology are all incorporated on a monolithic inte-
grated circuit chip inside this device.

Future trends point to even higher performance charac-
teristics and more circuit integration in photodetectors.

Detectors, like emitters, are available in plastic and in
lensed metal packages.

Fiber Optics

Motorola offers devices specifically designed for either
plastic or glass fiber systems. For giass fiber systems, fiber
optic emitters and detectors are available in a high perfor-
mance glass and metal hermetic package, which is compat-
ible with many industry standard fiber optic connectors. A
more cost effective choice may be the “MOD" series of emit-
ters and detectors. These devices are packaged with plastic
caps instead of metal, and offer moderate performance with
moderate price.

For low cost plastic systems, Motorola's popular FLCS
(Fiber optic Low Cost System) series is the most economical
way ‘0 go. Using the MFOE76 emitter distances of up to 180
meters can be achieved, depending on the MFOD detector
which is selected. Convenient termination techniques make
the FLCS system the first truly practical fiber optic system
for general purpose usage.

Optoisolators

Optoisolators, a block diagram of which is shown in Figure
4, are devices which contain at least one emitter, which is
optically coupled to a photo-detector through some sort of an
insulating medium. This arrangement permits the passage of
information from one circuit, which contains the emitter, to
the other circuit containing the detector.

Because this information is passed optically across an insu-
lating gap, the transfer is one-way; that is, the detector cannot
affect the input circuit. This is important because the emitter
may be driven by a low voitage circuit utilizing an MPU or
logic gates, while the output photo-detector may be part of
a high voltage DC or even an ac load circuit. The optical
isolation prevents interaction or even damage to the input
circuit to be caused by the relatively hostile output circuit.

The most popular isolator package is the general purpose
six-pin DIP, or dual-in-line, package. In this configuration, Pins
1 and 2 are generally connected to the emitter, while Pins 4,
5 and 6 are connected to the detector. Between emitter and
detector is an isolating medium which incorporates the
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Photo Detector
Darlington Output

... designed for a wide variety of industrial processing and control applications requir-
ing a sensitive detector. The MRD711 is in an identical package and is designed for use

with the MLED71 infrared emitter.

e Miniature, Low Profile, Clear Plastic Package

e Designed for Automatic Handling and Accurate Positioning
e Side Looking, with Molded Lens

e High Volume, Economical

MRD711

PHOTO DETECTOR
DARLINGTON OUTPUT
NPN SILICON
60 VOLTS

2
CASE 343-01
PLASTIC
MAXIMUM RATINGS (Tp = 25°C unless otherwise noted) 5
Rating Symbol Value Unit %
Collector-Emitter Voltage VCEO 80 Volts 3
Total Device Dissipation @ T = 25°C PD 150 mw i
Derate above 25°C (Note 1) 2 mwWrC
Operating and Storage Junction Temperature Range TJ. Tstg -40to +100 °c
Lead Soldering Temperature (5 sec. max, 1/16" from case) (Note 2) — 260 %€
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit i
Collector Dark Current (Vcg = 10V, H = 0) Ip O 100 nA
Collector-Emitter Breakdown Voltage (Ic = 1 mA, H = 0) V(BR)CEO 60 = - Voits ’
Capacitance (Vcc = 5V, f = 1 MHz) Cece — 3.9 — pF
OPTICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) ]

Collector Light Current (Vcg = 5V, H = 500 pwicmZ, A = 940 nm) Ip 5 25 — mA
Turn-On Time H = 500 uW/cm2, Veg = 5V ton — 125 = us :
Turn-Off Time RL = 100 0 toff — 150 — i
Saturation Voltage (H = 500 uWicm2, A = 940 nm, Ic = 2mA, Ve = 5 V) VCE(sat) - 0.75 1 Volts ‘
Wavelength of Maximum Sensitivity Ag — 0.8 — pm e'
Notes: 1. Measured with device soldered into a typical printed circuit board. :
2. Heat sink should be applied to leads during soldering to prevent case temperature from exceeding 100°C. i
|
j
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MRD711
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Figure 1. Typical Operating Circuit 0
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Figure 2. Angular Response

TYPICAL COUPLED CHARACTERISTICS USING MLED71
EMITTER AND MRD711 PHOTODARLINGTON DETECTOR
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Figure 3. Continuous MRD711 Collector Light Current
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Figure 4. Instantaneous MRD711 Collector Light

Current versus MLED71 Forward Current

OUTLINE DIMENSIONS
% CASE 343-01
‘ —a PLASTIC
7 [ MILUMETERS | WcHES ]
.? N/ NOTES: DM | MIN | MAX | MIN | MAX
5 ~J i 1. DIMENSIONS A. B AND C ARE DATUMS. A | 343 | e60 [ 0135 | oS
' e Lo B 2. POSITIONAL TOLERANCE FOR D DIMENSION: B [ 279 [ 330 | 0110 | 0130
« T | t l Re2000@[TA®C® € | 200 | 318 | o080 | 0125
=] ! ’ 3. POSITIONAL TOLERANCE FOR Q DIAMETER: P4 i T ] o
7 | | | ' . 105000 O]AO (8 ® G | 2sa8sC W BSC
”! 1 m 2 '@ 4 m IS SEATING PLANE. H 1.52 8SC 0.060 BSC
T 5. DIMENSIONING AND TOLERANCING PER ANSI J | 023 [ 0% | 009 [ o0z
_.J" L‘-F Y145, 1973 K 12.83 19.05 0.505 0.750
] " N | 305 | 330 [ 0120 [ o130
r Q [ 076 | 152 [ 0030 | 0060
T STVEL: R | 381 | ¢60 | 0150 | 085
PIN 1. EMITTER
c A
— 2. COLLECTOR
A T
J
.
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Infrared LED LMLED71

This device is designed for a wide variety of infrared applications, including keyboards,
end-of-tape sensors, coin or papes handlers, and other general sensing applications. The

MLED71 can be used in conjunction with any MRD700 series detector. It features high

power output, using gallium arsenide technology. ’ INFRARED j
® Low Cost ! LED

® Popular Case 349 Package, with Molded Lens 340 nm

® Uses Stable Long-Life LED Technology

® Clear Epoxy Package

CASE 34801

PLASTIC |
|
MAXIMUM RATINGS :
| Rating Symbol ] Value ; Unit i
| Reverse Voltage vy | 5 é Volts |
| Forward Current — Continuous Ig i 50 | ma
Forwara Current — Peak Pulse Ig ( 1 " A
Total Power Dissipation @ Ta = 25°C (Note 1) | °0 ’ 30 I mw
Derate above 55°C | i 2 | mwrc
Amoient Operating Temperature Range Ta -40to -100 ; G
J Storage Temperature Tstig } -40to —100 ] ’C
| Lead Soldering Temperature (Note 2) — i 260 | ’C
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
| Characteristic | symbol | Min | Typ Max ' Unit
| Reverse Leakage Current (Vg = 6 V) IR \FF | 005 | w0 | ua
| Forward Voltage (Ig = 50 mA) ‘ VE = e s v
} Temoperature Coefficient of Forward Voltage I AVE - - mViK
; Capacitance (V = 0V, f = 1 MHz) ] G }‘ — ; 18 =il oF
OPTICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)
| Peak Wavelength (I = 60 mA) | Ap I - 40 | o~ nm ‘
J Spectral Haif-Power Bandwidth ] AA e gt — nm T
[ Continuous Power Qutput (I = 50 mA) (Note 3) } Po | 2 25 1 — mw
E Instantaneous Power Qutput {If = 100 mA) [ ?a = f ] 3, i mw ]
;\ Instantaneous Axial Intensity (I = 100 mA) (Note 4) t lg — { 3.5 b= i mWisr
| Power Half-Angie | 9 L =30 =] E |
Optical Turn-On and Turn-Off Times tons toff - 1 ] — [ us !

- Measured with device soldered into a typicai printed circuit toard.
. 5 seconds max; 1/16 inch from case. Heat sink should be 3pplied during soidering, to orevent case temperature from =xceeding 100°C.

1
2
3. Measured using a Photodyne 88xLA with a #350 integrating sphere.
4. On 0” axis, with cone angle of =13°,

Notes:
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MLED71

TYPICAL CHARACTERISTICS
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MLED71

OUTLINE DIMENSIONS

CASE 343-01
PLASTIC
PSSR -0
T J
| N/ T NOTES: [ [ _MLLWETERS | INCHES
8 J Tl 1. DIMENSIONS A, 8 AND C ARE DATUMS. DM | MN | WAX | MIN | MAX
} o i T 2. POSITIONAL TOLERANCE FOR D OIMENSION: | : *‘ ’-g | 460 [ 0135 | 0.165
- i [ 2 330 [ 0.110 | 0.1%0
K= ] | VAT o] EATYO] (Y ¢ | 2@ 1 318 [ 0080 [ 0128
! T 1. POSITIONAL TOLERANCE FOR Q OIAMETER: 7 ;
— 1 & - [0 | o4 | 0600017 | 0.00
v | ¥ 102500010 O[A D[ O] TF 41 140 | 0045 | 005
7 1 2l 4. [7-]1S SEATING PLANE. [[6 ] asa8sC 2,100 85C
I |i—p 5. DIMENSIONING AND TOLERANCING PER ANSI I H 1 1s28sC | 0.060 8SC
Y¥14.5, 1973. {0 1 a1 355 | 0003 | 002
X | 1283 [ 1905 | 0505 | 0.0
LN 308 | 330 10120 | 0130
[Ta o076 [ 152 0030 | 0080
STYLE 1 R 191 | 460 | 2150 | 2.185
PIN 1. CATHODE
2 ANODE

4-4



CHRERR: " e

, INTEGRATED * - o ‘
- CIRCUITS -~ g : ,- i

*

i

- ' TYPES S£5%55, SES55C, SA555, NESSS

e

o

. . PRECISION TIMERS "

" D163, BEPTEMBER 1873~ 2VISED OCTOMER 1843

& &
\ .

. ® Timing from Microseconds to Hours
© Astable or Monostabls Operation
1
® Adjustable Duty Cycle
g ® TTL-Compatibla Output Can Sink or
Source up to 200 mA ) 3
® Functionally Interchangeable with the
Signetics SEEB5, SEBEEC, SAB56, NESES:
Huave Same Pinout ) :
) . .. .
description

Thess devices are monolithic timing circuits
capable of producing accurate time deleys or
oscillation. In the time-dslay or monosteble mode
of operation, the timed interval is controlied by
a single external resistor end capacitor network.
In the estable mods of oparation, the frequency
and duty cycle may be indepepdantly coniiolled
Wilth two external resistors and e single external
capacitor.

The threshold and trigger levels are normally
two-thirds 2and one-third, respectively, of Voo,
These levels can bs altered by use of the control
voliege terminal. When the triggsr input falls
below the trigger level, the flip-fiop Is set and the
output goes high. If the triggsr input is above the
triggsr level and the threshold Input is above the
threshold level, the tlip-tiop s reset snd the
output is low. The reset input cen overrids all
other inputs 8nd can be used 10 initiate a new
uming cycie. When the reset input goes low, the
flip-tiop s resst and the outlput goss low.
Whenever the output Is low, » low-impsdance
pathis provided betwesn the discherge terminal
and ground.

The output circuit Is capable of sinking or
sourcing current up 1o 200 milliemperes.
Operation ts specified for supplies of & 1o
15 vohs. With & 5-volt supply, output levels are
compatible with TTL inputs.

The SE655 and SE655C are cheracterized for
operation over the full military renge of —55°C
1o 125°C. The SAS566 Is cheracterized tor
operation from —40°C to 85°C, and the NE 556
Is characterzed for operstion from 0°C 1o 706w

MESBS, BEBEE. SEEEEC . . . JG DUALIN-UINE PACXAGE - o
SABBE. NEBEE ... D, JG, OR P DUAL-IN-UNE PACKXAGE
TOP VIEW) = .

8 g vVce
DISCH

() THRES

(] CONT

GND
TRIG
ouT
RESET

AW -
RN

SE6BE, SEEEEC . .. FH OR FK CHIP CARRIER PACXAGE ey
TOP VIEW)

(SR 4
Z O

ons

NC—Ne imemal conmection

-—
O
C
=

juS
(q9]
(&}
[
o

w

functional block dizgram

Vee RESET

THRESHOLD |
uTRUT
TRIGQER
R
< T , DISCRARGE

GND

Ressl can overnide Triggs:, which can overrioe Thiesholc

TEXAS
INSTRUMENTS

Copyngnt € 15E% by Teras Metiumanis s e eled

5-21
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"TYPES SES5, SESSSC, SASSS, NESES . .. .. ...
PRECISION TIMERS UL R L AR S

- y TYPICAL APPLICATION DATA
‘astable operation e &
: ' vee Ra~8k0
L 5V 15V) L Rg=3xQ .
’ . C=0.5 uF
2 FRL=1kn
dhy .| See Figura 13 .
Ra . 3
-
>
Ry 2
}
(o] & b
Ag UTPUT 5 1y [
: i~ |OUTPUT VOLTAGE
GND
£ //\ /r\ £ /r\ Aj\f
|
= = / I MNV TV
NOTE A Dacouoing Ihe control voilags snput 10 ground with & Capacitor [ CAIPAC;TDT VOILT"IGE "j—‘

¥

Moy MMpOve 0peralion. This shoud e svsiusied lor ndividusl

appHCations. Thme—05 me/div

FIGURE 13—CIRCUIT FOR ASTABLE OPERATION FIGURE 14—-TYPICAL ASTABLE WAVEFORMS

Agdition of & second resistor, Rg, 1o the circuit of Figure
the trigger input 1o the threshold input will cause the timer 1o selt -trigger and run es a mulnvmrawr The
capscitor C will charpe through fa 2nd Rg then diacharge through Rg only. The duty cycle may be conuohe"‘g

therefore, by the values ol RA end Rg.
This asieble connection results in capacitor C cherging and discharging between the threshold- volraga(
level (=~ 0.67-Vec) and the trigger-voltage level (~0.33- -Vl As in the monostsble circuit, charge and g
discharge times {2nd therefore the freauency snd duty cycle) are independent of the supply volisge.: 4

/Figure 14 shows 1ypica! weveforms generated during astable operanon The output high-level durauan'
1H 8nd low-level duration 1 mey be tound by: 4

14 ="0.683 (R4 + Fg) C

{ = 0.633 (Rai C

5-26

Other usefui relationships are shown belowy., =
« |
l g
perod = \H + 4y = G.6S3 (Ry + 2Ag) C '
1.44 f
trequency = NGs. - 7?\5)_(: g
e Re E
Cutputl oriver duiy Cycie = oL 4 RA + 2Rg l;
tH Rg &
. el \ cle = - - -
Guiont wavetorm culy cycie T, 1 Fia < 2R% ot \
l
1L Ag J ’
Low-te-high 1t = H - Aa ¢ F‘Q 0.1 ! \/,\ Z
0001 Q.01
C—Capachanoe—uf 5
FIGURE 16—FREE-RUNNING FREQUENCY !
- 4.
TEXAS ,
INSTRUMENTS

POST OFFICL BOX 226012 » DALLAS TEXAS Tu7eL



CMOS Microprocessors, Memories and Peripherais

CDM6116A

1 ‘
| CMOS 2048-Word by 8-Bit
A7 1 Yoo -
s6—, 2 a8 Static RAM
:: : % Features:
A3 s 20 ae s Fully static operation s Industry standard 24-pin configuration
a2 s 19— a0 s Single power supply:.4.5Vt0 5.5V = Chip-enable gates address butfers for
- i , s & » All inputs and outputs directly TTL minimum standby current
A0 8 7 1/08 compatible s Data ratention voltage: 2 Vmin.
3 z/s01 9 18 1/07 s 3-state outputs oa .
1702 — 10 o 1/08 [CDMB116A-2[CDME116A-3{COME116A-3
3 Gro3 :; - :; ij[;i Access Time (max.) | 200ns | 1s0ns [ 2s0ns
E Vss TR ) Output Enable Time (max.) ] 120 ns I a0 ns | 150 ns
3 ) 92C5-36542 i Operating Temperature i 0° to +70°C 40° to +85°C
@erating Current (max.) | 3a5mA | 35mA 40 mA
TERMINAL ASSIGNMENT - Standby Current 2
lgos (max.) 30 A S0 uA 100 A
The RCA-CDMB6116A is a CMOS 2048-word by 8-bit static The output enable (b_é) controls the output buffers to
random-access memory. Itis designed for use in memary eliminate bus contention.
systemswnerehign-speed.low power and simplicity inuse The COMB116A-2 and COMS116A-3 have an operating
are desirable. Thisdevice hascomman datainputs and data temperature range of 0° to +70°C. The COMB116A-9hasan
outputs and utilizes asingle power supply ot4.5Vta5.5V. A operating temperature range of -40° to +85° C.

chip-enable inputand an output-enable input are provided

for memory expansion and output butfer control. The COM6116A-2 and COM6116A-3 are supplied in a 24-

lead dual-in-line plastic package (E suffix). The COM-
68116A-9is suppliedin a 24-lead dual-in-line plastic package

The chip enable (EE) gates the address and output buffers (E suffix) and a 24-lead duai-in-line side-brazed ceramic
and powers down the chip to the low power standby mode. package (D suffix).

Al s, 1/08
a9 g | f %——— /07
A8 I | ‘-——- I/086
AL INPUT Xt | 1282128 | T /03
As_i AODFRFEESESS i OEC O0E | :E:TORR“Y‘ . Og;?gT ——— L/04

8U ) ]
A5 | ‘ QUFFERS | zs03
a4 ol | ; —— z/02
A3 | 1 ! I/01 —
az .

|
Al
40 —| ENaBLE | ‘
= i —-——Vpp
— CONTROL & OVss
E LOGIC K
o
92CM-36943

Fig. 1 - Functional block diagram.

TRUTH TABLE
, S
CE 0E WE ‘ A0 TO A10 MODE }x/m TO 1/08 | c%i‘ggbfr (
H X X X NOT SELECTED HIGH Z | STANDBY
L s H STABLE READ DATA OUT | ACTIVE
] L H L STABLE WRITE DATA IN ACTIVE
= L L L STABLE WRITE DATAIN | ACTIVE

L=LOW H=HIGH X=Horl

"; 460 File Number 1472




Random-Access Memories (RAMs)

CDMEé6116A.
MAXIMUM RATINGS, Absolute-Maximum Ratings
pC SUPPLY-VOLTAGE RANGE, (Voo):
(Voltage refarencead 10 Vas tBIMINAI) . ... ...ttt et et e et ettt ae et e et e e e et e e -03to+7V
INPUT. VOLTAGERANGE ALLANPUTS o summamin saman 5 595 5 i 5omsssenes sosianiiis 555 6618 55945 54 5 63040 otmdlaiin -03to +7V
DC INPUT CURRENT, ANY ONEINPUT ..ottt T +10mA

POWER DISSIPATION PER PACKAGE (Po):

For Ta = -40° to +60° C (PACKAGE TYPE E)
For Ta = +60° to +85°C (PACKAGE TYPE E)
For Ta = -40° to +85°C (PACKAGE TYPE D)

DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types)

OPERATING-TEMPERATURE RANGE (Ta)

COM6116A-2, COM6E116A-3 (PACKAGE TYPE E)
COMB116A-9 (PACKAGE TYPES D, E)
STORAGE TEMPERATURE RANGE (T,,)

LEAD TEMPERATURE (DURING SOLDERING):

Atdistance 1/16 = 1/32 in. (1.59 = 0.79 mm) from case for 10 s max.

OPERATING CONDITIONS at TA = 0to +70°C, (CDM6116A-2, COM6E116A-3); Tx = -40° to +35°C (COME116A-9)
For maximum rellability, operating conditions shouid be selected so that operation Is always within the following ranges:

Oto+70°C
-40 to +85°C’
.. =55 t0+125°C .,

+265°C

\ LIMITS
CHARACTERISTIC ALL TYPES UNITS
MIN. MAX. ik
DC Operating Voltage Range 4.5 5.5
Input Voitage Range Vin 2.2 Voo +0.3 \
Vi -0.3 0.8
Input Signal Rise or Fall Time A te.te = 5 oS
A Input signal rise and fall imes longer than the maximum value ¢an cause oss of stored data in the selected mode.
STATIC ELECTRICAL CHARACTERISTICS at Ta = 0 to +70°C (CDM6116A-2, COM6116A-3);
Ta = -40° to +85°C (CDM6116A-9), Voo = 5 V = 10%, Except as noted
LIMITS
CHARACTERISTIC CONDITIONS CDM6E116A-2 CDM6116A-3 CDM6116A-8 UNITS
MIN.| TYP.® 1;AAX. MIN.| TYR.® [MAX. MIN.| TYP.® [MAX,
Standby Device  loos CE = Vi =7 0.6 e | P55 2| — | 03 2 mA
Current loasy CE'= Voo-0.2V — 1 30 | — 1 50 | — 1 100 pA
Output Voitage loo =2.1 mA — — 04 | — — 04 | — - 0.4 v
LORERE! " vq, M\ Do A& D) el ST — e W — | = | 01 | —
Qutput Voltage lon = =1 mA 2.4 — —T 2.4 — — | 2.4 — — v
High Levely, Ny Ml = -1 1A — Mo R QN = J#oc-0.1 | — | — Noo-01 | —
Input-Leakage Vi V5% Vo[ P01 — | 001 | 22| = | =01 | =2
Current o Max. | Vi 20 V to Voo i
3-State Output CE or OE = Vin
Leakage : — +0.5 | =22 | = 05| 2| — £0.5 &2
Current lour Vio =0V to Voo
Qperating I
Device Vin = Vi, Vin == 20 35 = 20 35 o=+ 28 40 mA
Current lopen® s
Input Vin=0V, - A 4 &)
Capacitance Cin f=1MHz Ta=25°C ) i - i : of
Qutput Vio=0V, b ik o
Capacitance  Cio f=1MHz T.=25°C 2 : ;i i : >
*Typical values are for T, = 25° C and nominal Voo. #Outputs open circuited; cycle time = Min. teyeie, duty = 100%.
461




CMOS Microprocessors, Memories and Peripheraig

CDM6116A

SIGNAL DESCRIPTIONS

A0-A10 (Address Inputs): Theseinputs must be stable prior to a write operation, but may change asynchronously during
read operations.
: 3 1/01-1/08: 8-bit tristate data bus.
__CE(Chip Enable): Powers down chip, disables Read and Write functions, and gates off address inputs.

OE (Output Enable): Enables tristate outputs if CE is low and WE is high.

WE (Write Enable): Enables Write function, if CEislow. WE will dominate if both WE and OE are low (i.e., the bus will
be tristated and a Write will occur).
Voo, Vas: Power supply connections.

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 0 to +70°C (CDM6116A-2, COMB116A-3);
Ta = -40° to +85°C (COMB116A-9), Voo = 5 V = 10%, ) e s ey
Input t, t = 10 ns; C_ = 100 pF and 1 TTL Load, Input Puise Leveis: 0.8 Vto 2.4 V i

LIMITS
CHARACTERISTIC CDME116A-2 CDM6116A-3 CDM6116A-9 [UNITS
Regfl cle ThwewlewFfioa MIN. 1 MAX. | MIN.T | MAX. | MIN.T | MAX.
Read Cycle Time tind 20| — 150 = 250 fa
Address Access Time taa <l 200 — 150 — 250
Chip Enable Access Time tace - 200 - ! 150 — 250
Chip Enable to Output Active tex 15 — 15 — 19 —
Output Enable to Qutput Valid y toev — 120 et 50 = 150 ns
Output Enable to Qutput Active toex 15 - 15 l — 15 =
Chip Disable to Output “High 2" .Y o 0 20 i 08" Ed ) 80
Output Disable to Qutput “High Z" 1 = 0 0 | o 50 0 80
Output Hold from Address Change tom 15 — ! 18 — f 15 —
TTime required by a limit device to alfow for the indicated function.
!
= 3 ————'nc———‘——"i
ADORESS : * *
|

: ] | | quon—u
2d cx | |
o= tonz e
DATA QUT @( i ‘%
|
i
i ™~ 'ace | tenz

WE 1S HIGH OURING REAO CYCLE
TIMING MEASUREMENT REFERENCE
LEVEL IS 13V

I2CM-36944

Fig. 2 - ARead-cycle timing waveforms.
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random-Access Memories (RAMs)

-CDM6118A
VDYNAMIC ELECTRICAL CHARACTERISTI'CS at Ta = 0 to +70°C (CDME116A-2, CDMB118A-3);
7, = -40° to +85° C (COMB116A-9), Voo = 5 V = 10%,
|nput t,, tr = 10 ns; C = 100 pF and 1 TTL Load, Input Pulse Leveis: 0.8 Vto 2.4V
LIMITS
CHARACTERISTIC CDM6116A-2 | COM6116A-3 | COME116A-9 |UNITS

Write ‘Cyzls Timea Se¢ Flg. 8 MIN.T | MAX. | MINT | MAX. | MIN.T | MAX.

Write Cycle Time twe 200 - 150 — 250 -

Chip Enable to End of WRITE tew 160 — 90 - 200 —

Address Valid to End of WRITE' law 160 — 90 — 200 —

Address Setup Time tas 0 - 0 - s fis —
[ Write Pulse Width twe | 160, P — 30 TR e

.ns

‘ Write Recovery Time twa 10 " 0 -_ 10 —
‘ Output Disable to Qutput “High Z" towz o | s0 0 50 0 80
| write to Output “High Z* twiz 0 80 0 40 0 80
—
!‘ Input Data Setup Time tow 80 — 50 — 100 —
l Input Data Hold Time tow 10 — 5 — 10 -
‘l Output Active [rom End of Write tow 10 — 10 — 10 —

Time required by a limit device to allow for the indicated function.

WRITE CYCLE 1 ! o -
ACDRESS % b *7
i tew : ™ 'wr
& \ g % 7 v
o taw
,AS — L‘—- F . P
a C SRS \ -
PATS LT L AT
towz ==t fon ™
g \ RO,
P2C M~ 36948
WRITE CYCLE 2 - OE = LOW - .
ADORESS X )(
b ! ] tew ‘
!’f | \ taw ''wR ""_
! - typ
. 6 e B
_—1 tas i "_'WZH -t o —.‘
s our TS SUERETTRCTINANERNRY N
T LA AL L T LT, : .
™ ton

DATA IN

OOOAAXY

TIMING MEASUREMENT REFERENCE
LEVEL IS 1.3V

Fig. 3 - Write-cycle timing waveforms.
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APLICATION MANUAL “ ,Hewletl pachard company , 1 977
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,1986
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