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MULTI-POINT SOIL MOISTURE MEASUREMENT AND CONTROLLER

MR. DAENG DAMWAN
MR. WORRAWIT  TACHAPHAN
ADVISOR .2+ MR.. SUPHAN KULPHANICH

SCHOOL YEAR 1987

ABSTRACT -

SOIL MOISTURE IS AN EMPORTANT FACTOR FOR AGRICULTURAL
BECAUSE LEVEL OF MOISTURE IS WANTED FOR SOME PLANTS TO GROWTH.

SQ WE MUST BE. CONTROL AN APPROPRIATE WA&ER FOR PLANT.
THIS PROJECT IS USED FOR MEASURING AND CONTROLLER THE QUANTITY
SOIL MOISTURE.

THE PRINCIPLE OF THIS .PROJECT IS AN APPLICATION OF
CAPACITANCE MEASUREMENT CIRCUIT,AS WE LOOK THE SOIL: MOISTURE IS
A DIEBLECTRIC SUBSTANCE. IN ORDER TO DESIGN THIS PROJECT, THE
MULTIPLEX CIRCUIT IS USED FOR MULTI~ POINT SENSOR AND IN THIS

PROJECT WAS DESIGNED FOR 8 POINTS ONLY.
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MOTOROLA

md SEMICONDUCTOR
TECHNICAL DATA

¢

Quad 2-Input AND Gate
High-Performance Silicon-Gate CMOS

J SUFFIX
CERAMIC

The MC54/74HCO08 is identical in pinout 1o the LS08. The device inputs are com- CASE 632

patible with standard CMOS outputs; with pullup resistors, they are compatible with
LSTTL outputs.

@ Output Drive Capability: 10 LSTTL Loads N SUFFIX

® Outputs Diractly Interface 1o CMOS, NMOS, and TTL i PLASTIC

@ Opurating Vohage Range: 2to 6 V A | CASE 648

@ Low Input Current: 1 A "

@ High Noise Immunity Characteristic of CMOS Davices '

® in Compliance with the Requirements Defined by JEDEC Standard No. 7A D SUFFIX

@ Chip Complexity: 24 FETs or 6 Equivalent Gates "@- §0IC
R CASE 751A

ORDERING INFORMATION

MC74HCXXN Plasuc
MC54HCXXJ Ceramic
MC74HCXXD soic
Ta= -55% 10 125~C for alt packages.
Dimensions in Chapter 7,

LOGIC DIAGRAM

PIN ASSIGNMENT
A rwos BN 3

= n A
51 \ [ 13 {18e

n 12 a4

1
H
3
P I—— . a2ll4 1
ML 3-—'—" B2{} 6 10 182
(]
7

. 14 flvee

v2(] 8{ia
Gu [ . 80

FUNCTION TABLE

Y pULL— n Inputs Qutput
7]
1 8 Y

A
Lot L
PN 14 VL L H L
PN TGN H oL L
H H H

- R
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MC54/74HCO08

MAXIMUM RATINGS*

Symbol Parameter Value Unlit This dovice contans p otection
Vec | DC Supply Vohiaga (Referonced to GND} ~0.510 170 v circuitry 10 guard against damage
dun to Iugh state voltages or eloctric

Vin DC Input Voltage {Relerenced 1o GND) -15tVee+ 15 v fiolds. However, precauions must
Vout DC Output Voliage {Referencad to GND) -05tVvee +0.5 3 " be 1aken to avoid applications of any
lin DC Input Currant, per Pin . ) mA voltage higher than maximum rated

voltages to this Pigh impedance

lout OC Output Current, per Pin 425 mA citcuit, For proper oneration, Vi and
lcc DC Supply Current, Ve and GND Pins 1 50 mA Vous should be constrained to the

Pp Power Dissipation in Sult Aw, Plastic or Ceramic DIPt 750 mw ranygn GND < (V,n of Vet * VCC!
SOIC Packaget 500 Unused inputs must always he tied
Py to an approprate logic voltage Jovel

T, Storage Temperature 65 to 1 150 C i
el A o 3 2 - li2.q1., ather GND ar Veg). Unused
Ty Lot Tomperatar, 1 mo from Cise for 10 Suconds ‘C antputs must b Inlt opan,
{Plastie DIP or SOIC Packagm 260 e e s ptemo s o e st e e 3 S
L {Caramic DIP} LY

* Maximum Ratings are those values beyond which damage to thu device may otcur,
Functianal operation should be restricted to the Recommended Operating Conditions.
tDerating ~ Plastic DIP: 10 mW/“C from 65 10 125"C
Cotmnic DIP; 10 mW/'C from 100" to 126°C
SOIC Package: 7 mW/"C trom 65° tu 125"C
For high frequency or heavy load considerations, soe Chaptet 4 subject listing on pago 4 2.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
vee DC Supply Voltage (Referencod to GNDI 2.0 6.0 v
Vin-Vout | DC (nput Valtage, Output Voltage {Rufuranced to GND) 0 vee v
Ta Operating Tumporature, All Package Types -85 +125 °C
te, t¢ | Input Rige und Fall Time vee=2.0V [ 1000 ns
tFigure 1} Vee 745V 0 500
Vee 60V 0 400

DC ELECTRICAL CHARACTERISTICS (Vohtages Ruferancad to GNDI

| ¢ Guarantead Limit
Symbol Parameter Test Conditions cc U Unit
‘ Y V[ BC ggec | w12s°C
f -55°C
Vi | Miumum High-Level input Vout=0.1 VorvVee -0V 2.0 1.5 1.5 1.5 v
i Voltsge llout! 520 A 4.5 .15 318 3156
6.0 4.2 4.2 4.2
ViL Maximum Low-Leve! Input Vout=0.1Vorvee 01V 2.0 0.3 0.3 0.3 v
Vaoltage llout! 520 xA 4.5 0.8 0.9 09
6.0 1.2 1.2 12
VoH Minimum High-Leve! Output Vin=ViH4 of V| 2.0 1.9 1.9 1.9 v
Voltage llout} 520 wA 4.5 4.4 44 44
6.0 5.9 59 5.9
Vin *ViM or V)i lloutl 4.0 mA| 4.5 3.98 s 3.70
. ol 5.2 mA| 6.0 5.48 534 5.20
VoL |Maximum Low Level Output Vin ViH or Vi 2.0 0.1 0.1 01 "
Voltago Ioutl $20 A 45 0.1 0.1 0.1
6.0 Q.1 [ ] 0.1
Vin Vgt or v, floul - 4.0 MAL 456 0.26 0.133 0.40
Homtls B2 mAl 6.0 026 0m 040
in M.ixinins Tngnat Leakagn Curront [V Ve o1 GND 6.0 01 10 1o A
i
| Ice Maximum Quiascent Supply Vin Vce of GND 6.0 2 20 40 A
Current {pee Packagu) lout 0 nA
NOTE. Information on typicat parametric vatues can be found in Chapter 4 subject listing on page 4 2,

MOTOROLA HlGH~SPEEb CMOS LOGIC DATA
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MC54/74HCO08

AC ELECTRICAL CHARACTERISTICS (C_ =50 pF, Input t; = ty =6 ns) '

v Guarantued Limit
Symbol Parameter cc 25°C 10 Unit
v . .
~85°C s88°C | $126°C
tpLH. | Maumum Propagation Delay, input A or B to Output Y 2.0 120 150 180 ns
1PHL (Figures 1 and 2) 4.5 24 30 36
6.0 20 26 Bl
tTLH. | Marimum Output Transition Time, Any Quiput 2.0 75 95 110 ne
ITHL (Figures 1 and 2} 4.5 15 19 2
6.0 13 16 19
Cin Maxmty fnput Capacitance - 10 HUJ Y pF
NOTES:
1. For propagation dulays with louds other than S0 pF, see Chapter 4 subject Disting on page 4-2.
2 Intoasation on typical parametnc values can be tound in Chapter 4.
Cep | Power Dissppation Capacaance tPer Gates . Typical ;+ 25°C, vee=8.0V Y. 1.
Usud 10 Queternung 1hg 104040 dynanuc power ConsumpLion; i
Bp Cpp Vecdl viec Vee 20 pF
Fot load conmdurations, sece Chapter 4 subjuct hsting on pagu 4-2.

TEST POINT
INPUT QuTPUT
AORSB QEVICE
UNDER
1687 G*
outPLT Y .
QU] ThL * Includes all probe and yig capiscitance.
Figure 1. Switching Waveforms Figure 2. Test Circuit

EXPANDED LOGIC DIAGRAM

{% of the Duvicu)

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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4-Bit Magnitude Comparator
High-Performance Silicon-Gate CMOS

The MC54/74HC8S is identical in pinout and function to the 1.S85. This device is
similar in function to the MM74C85 and L85, but has a different pinout. The device
inputs are compatible with standard CMOS outputs; with pullup resistors, they are
compatible with LSTTL outputs.

This 4-Bit Magnitude Comparator compares two 4-bit nibbles and gives a high
voltage level on either the A>Bgyt, A=Bgyt, or A <Bgyt output, leaving the other
two at a low voltage level. This device also has A>Bin, A =Bjp, and A< Bjp, inputs,
eliminating the need for external gates when cascading.

Output Drive Capability: 10 LSTTL Loads

Qutputs Directly Interface to CMOS, NMOS, and TTL

Operating Voltage Range: 2 to 6 V

Low Input Current: 1 xA

High Noise Immunity Charactenistic of CMOS Devices

In Compliance with the Requiremants Defined by JEDEC Standard No. 7A
Chip Complexity: 248 FETs or 62 Equivalent Gates

ORDERING INFORMATION

MC74HCXXN
MCBAHCXXJ
MC74HCXXD

TA~ =55 to 125°C for sl packages.
Dimansions in Chaptor 7,

Plastic
Caramic
soic

J SUFFIX
CERAMIC
CASE 620

N SUFFIX
PLASTIC
CASE 648

D SUFFIX
soIC
CASE 7518-01

LOGIC DIAGRAM

10

Al ———

12

Al —

1

A2

15
pata } A3 )

weuts 9

S A> By
9 8 COMPARISON
ST " A=Bout { oyreurs

B ——armat

A<Boy

PIN ASSIGNMENT

83[; te
A<By ]
A=B, [l
A> 8]
A>Byy ]
A'Hautc
A<Byy [

oND (]

LTI I I SR AR

Dvee
A3
a2
Da2
Na
Dot
[ A0
1 b0

14

32-——-

BJ—*

\

“>nin"‘_-J

CASCADING 3
weyrs ) A =By =

A<Bjy 2

PIN 16 = Vo
PIN 8 = GND

MOTOROLA HIGH SPEED CMUb LOGIC DAYA
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MAXIMUM RATINGS*
Symbol Parameter Value Unit This device contains protection
Vo | DC Supply Voltage {Referanced to GND) ) ~-0.610 +7.0 v clecultry to guard against damage
. GN 16 v due to high static voltages or eloctric
Vin DC Input Voltage (Referenced to GND) ~1btoVec+t, fiolds. Howaver, precautions must
Vout DC Output Voltage {Referenced 1o GND} -0510 Vg +0.56 \ be taken to avold applications of any
Yin DC input Current, per Pin 420 mA voltage higher than maximum rated
" | to this high-impedance
lout DL Output Currant, por Pin +25 mA circuit. For proper oporation, Vi and
Icc__ | DC Supply Current, Ve and GND Pins 50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Caramic DIPt 750 mw range GND < (Vi or Vgl V(.
SOIC Packagot 600 Unusod inputs must always be tiod
. o, to an appropriate logic voltage level
T'Jﬂ_ Storage Tomperature 6510 +150 l’C 0,0, sitir GND of Voe). Unused
T Lowd Tamperature, 1 mm from Case for 10 Seconds C outputs must by lett open,
{Plastic DIP or SOIC Package) 260
{Caramic DIP} 300

* Maximum Ratings are thoase valuss beyond which damage to the davice may occur.
Functional oporation shouid be restricted to the Recommendad Operating Conditions.
tDerating — Plastic DIP: = 10 mW/°C from 65° to 126°C
Ceramic DIP: = 10 mW/°C from 100° to 125°C
SOIC Package: -7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4 subject listing on page 4-2,

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
vee DC Supply Voltage {Refarenced to GND) 2.0 6.0 \
Vin.Vout | DC Input Voltage, Output Voltage {Referenced to GND) 0 vee \
TA Operating Temperature, All Package Typos ~55 +125 °C
t,, tf | Input Rise and Fall Time Veeg=20V 0 1000 ns
{Figure 1) Veer4bV 0 500
Vee=60V 0 4n0
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
N Guarantoed Limit
Symbol Parameter Test Conditlons cc ° Ualt
Y v [ B | (msec | s12seC
~5°C
ViH | Minimum High-Level input Vout=0.1 Vorvec-0.1V 2.0 1.5 1.5 15 v
Voltage tout| £20 gA 4.5 3.18 3.16 3.16
6.0 4.2 4.2 4.2
Vi | Maximum Low-Level input Vour®0.1Vorvec-01V 20 0.3 03 0.3 v
Voitage llout| 520 xA 4.5 0.9 09 0.9
6.0 1.2 1.2 1.2
VoM | Minimum High-Level Qutput Vin=VIH or Vi 2.0 1.9 1.9 1.9 v
Voltage llgut] <20 pA 45 44 4.4 44
6.0 5.9 5.9 5.9
Vin=VIH or Vi lloutl s4.0 mA| 45 3.98 3.84 .70
lloutl 5.2 mA| 6.0 5.48 5.34 5.20
Vou |{Maximum Low-Levesl Output Vin=Viy or Vi 2.0 0.1 0.1 0.1 \
Voltage Houtl 520 pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViH or Vi ftoutl s4.0mA| 45 0.26 0.33 0.40
lout] s5.2mA | 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin =V or GND 6,0 0.1 110 +1.0 »A
Ice Maximum Quiescent Supply Vin=Veg or GND 8.0 8 60 160 A
Currant (per Package) tout =0 nA

NOTE: Information on fypical parametric values can be found in Chapter 4 subjact listing on page 4-2.

T ot N

MTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HC85
AC ELECTRICAL CHARACTERISTICS (CL = 50 pF, Input t, = ty~ 6 ne)
v Guaranteed Limit
Symbol Parameter cc Unls
v V| BC | mee | stasec
~85°C
tPLH. | Maximum Propagation Dolay, Inputs A or B to Outputs A>B or A<B 2.0 230 290 45 ns
tPHL {Figures 1 and 2) 45 46 58 69
6.0 39 49 59
tPLH. | Maximum Propagation Delay, Inputs A or B to Qutput A=B 2.0 200 250 300 ns
tPHL, (Figureg 1 and 2) 45 4n 50 60
6.0 34 43 51
tPLK. | Maximum Propagation Delay, Inputs A<B or A= B to Output A>8B 2.0 175 220 265 ns
tPHL (Figures 1 and 2) 45 35 44 53
6.0 30 7 45
{PLH. | Maximum Propagation Delay, Inputs A>B or A =B to Output A<B 2.0 175 220 265 ns
tPHL (Figures 1 and 2) 45 35 4 53
- 8.0 30 37 a4
tPLH. | Maximum Propagation Delay, Input A =B to Output A-B 2.0 145 180 220 na
tPHL {Figures t ang 2) 4.5 29 38 44
6.0 25 3t an
TLH. | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
THL (Figures 1 and 2) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input C itance - 10 10 10 pF
NOTES:

1. For propagation delays with loads other than 50 pF, soe Chapter 4 subject listing on pago 4.2,
2. Information on typicel parametric valnos can be found in Chapter 4,

Cpp | Power Dissipstion Capacitange (Per Package) Typical @ 28°C, Voo =50 V
! Used to dntarmine the no-load dynamic power consumption:
Pp=Cpp Vee! + Icc Vee 50 oF
For load considerations, see Chapter 4 subjoct listing on pagn 4-2.

FIGURE 1 —~ SWITCHING WAVEFORMS FIGURE 2 ~ TEST CIRCUIT
FIGURE 1
5 ’ r: 5 — Vce Test Fooy
'nouts 50% Ouipg
J 1 GND Device
Under cr e
PLH “Ja—— PHL Tost I L
Qutputs { 50% \

* Includes all probe and pg capacitanca

1PHL e - IPLH -
N%
Outputs )%
10% l '

B 1THL ‘q—- —»‘ fLH
-

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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™ SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

Quad D Flip-Flop with Common
Clock and Reset
High-Performance Silicon-Gate CMOS

The MC54774HC175 is iduntical in pMout 1o the L$175. The dovice inputs are
compatible with standargd CMOS outputs; with pullup resistors, they arg compatible
with LSTTL outputs

Thes device consists of tour D fhp tlops with rommon Resel and Clock npuss,
and separate D nputs. Reset lactive-low) is asynchronous and occurs when a low
Fvehis apphid to the Resat nput. Informatan at a D mputs transferred to the

wresponding Q output un the next pusitive-qoing vdge ol the Cloek mput.
® Quiput Dive Capability. 10 LSTTL Loads

® Ouiputs Drectly Interface 1o CMOUS, NMOS, and TTL

® Operating Voltage Range 210 6 v

® Low Input Current: 1 WA

® High Nowse ity Charagterishe of CMOS Duovices

® tn Complance with the Roquiremonts Defined by JEDEC Standard No. 7A
¢ Cp Compleaty 167 MLlsorars Equavatent Gots

LOGIC DIAGRAM

Clock —L e | 7‘ 00
; Qo0
o . [ g: In\;er::;ng
Data | D1 =2 '—%07 Noninverting
nputs | oo 12 -——"—-02 Outputs
P ()3
D32 a3

Rugm—-'*__?

Pin 16w Vee
Pin 8w GND

TR

i A
MOTOROLA HIG

H-SPEED CMOS LOGIC

A

DATA

LM054/74HC1 757

s J SUFFIX

m“( ey

CERAMIC
CASE 620

N SUFFIX
PLASTIC
CASE 648

D SUFFIX

SoIC
v CASE 7518-01

ORDERING INFORMATION

MC2AHCXXXN Plastic
MC54HCXXXJ Coramig
MC74HCXXXD Fleoll

TA S8 10 126°C fur alt P kangns
Divonsiong in Chiyyen 7.

PIN ASSIGNMENT "

FUNCTION TABLE

Inputs Outputs

Heswt Clock D Q T

L X x 1 It
H /N 1 t
H 1 H
H L

X no chiingn




MC54/74HC175

MAXIMUM RATINGS#*

Symbol Parametor Value Unit This duvice contuing protecton
Vee | OC Supply Voltug (Reterenced to GND) -0.5ta +2.0 v ;"3““':, ': uard ?9"'"“ di:"”’m’
ud 10 high stabic voltayes of eluctnic
Vin DC Input Vultage {Rulerenced 1o GND) -1510 Vet 1.6 \Y fiolds. Howewer, precautions must
Vout DC Qutput Voltage {Rulurunced 1o GND) ~0510 Ve 4 0.5 \s b tuhet 1o avoid apphications of any
ln OC Input Currant, per Pin 420 mA voltegy highur than maximum rated
voltagus 10 this tugh-impedance
lout OC Qutput Currant, por Pin 125 mA cucutt. For proper oparation, Viq and
Icc DC Supply Curtunt, Ve and GND Pins 1 60 mA Vout 8hould by comtrained to thy
Pp Power Dissipation in Still Air, Plastic or Cermmic DIPT 750 mw tange GND = Vi or Vy,,q) Ve
SOIC Pachagut 500 Unused inputs imust always by tud
Te St at 65 to + 160 oo to un apprapriste logic voltuge level
sty | Storage Temperature 2 - te.y., oither GND or Vel Unused
T Luad Temperature, 1 mm from Case for 10 Seconds [ outputs must be left apun,
{Plastic DIP or SOIC Package) 260
{Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur,
Functiunal operation should by restncted to the Recommendud Opurating Condinons,
1Derating — Plasuc DIP: - 10 mW/°C from 65° 1o 125%C
Ceranmuc DIP: - 10 mW/¥C fiom 100° 10 126°C
SOIC Package: -7 mwW/°C from 65° to 125°C
For high frequuncy or heavy load considerations, seu Chapter 4 subject listing on page 4-2,

RECOMMENDED OPERATING CONDITIONS .

Symbol Purametur Min Max Unit
Vee | DC Supply Voitays [Retsrenced 1o GNO) 2.0 6.0 %
Vin:Vout | DC Input Valtage, Output Voltage (Reterenced to GND) 0 vee \
Ta Oputating Tempurature, All Packagy Typus 65 1126 vC
. g | Input Rise and Fall Time vee=2.0V (1] 1000 ns
(Figure 1) Vec=4.5V 0 500
vec=6.0v| 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Rufwencud to GND)
v Guarantesd Linut
Symbol Parameter Tust Conditions cc o Unit
Y Vo BCW I see | sr2sec
-65°C
ViH Muninwan High Level Input Vour 0.1 Vorvee 01V 20 15 1.5 1.5 v
Vultuye Hout! +20 A 4.5 315 315 315
u.0 42 4.2 4.2
Vit Maximum Low Luvel thput Vout 01Vorvee 01V 20 u3 0.3 03 v
Voltayu Hout! =20 xA . 4.5 0.9 0.9 0.y
6.0 12 12 1.2
VOH | Minimuny High Leved Qutput Vin Vin or Vi 20 1.9 1.9 1.9 v
Voltage Itoutl £20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=ViH or VL Houtl $4.0 mA| 4.5 393 3.4 0
llowil 562 mA| 6.0 5.48 5.34 5.20
VoL | Muaimum Low-Level Output Vin=Viy or Vi 2,0 0.1 0.1 0t v
Vaoltaye ligutl 520 pA 4.5 0.1 0.1 a1
6.0 0.1 0.1 Q.1
Vin=Vi or Vi lloytl 4.0 mA| 4.5 0.26 0.33 0.40
lowl 562 mA| 6.0 0.24 0.33 0.40
bn Maximum Input Leakages Cutrent { Vin = Ve or GND 6.0 1 0.1 1 1.0 11.0 HA
ice Maximum Quiwscunt Supply Vin = Vcg or GND 6.0 8 80 160 A
Current {per Packayu) L lour=0 xA

NOTE: Information on typical paramstric values can be found in Chaptur 4 subjuct listing on puge 4.2,

T

IC DATA

MOTOROLA HIGH-SPEED CMOS LOG
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MC54/74HC175

AC ELECTRICAL CHARACTERISTICS (C| 50 pF, laput 1, - 17 - 6 ns)

v Guarnntesd Limit
cc
Symbol Parameter . Unit
Y v BC esec | susec
~85°C
fmax Maximum Clock Frequency (50% Duty Cycle) 2.0 6.0 4.8 a0 MH:z
{Figures 1 and 4) 4.5 30 24 20
6.0 35 28 24
tpLH. |Maximum Propagation Delay, Clock to Q or @ 20 150 190 235 ng
tPHL {Figuras 1 and 4) 4.5 30 38 45
6.0 26 33 38
tpHL | Maximum Propagation Delay, Reset to Q or Q 2.0 125 155 190 ns
{Figures 2 and 4) 45 25 31 38
6.0 21 26 3
tTLH, { Maximum Qutput Transiton Time, Any Output 2.0 75 95 110 ns
ITHL [Figures 1 and 4) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Cupacitance - 10 10 10 pF

NOTES:
1. For propagation delays with loads other than 50 pF, sea Chapter 4 subject listing on page 4.2,
2. Information on typical parametnc values can be found in Chapter 4.

Cpp Power Dissipation Capacitance (Per Flip-Flop) Typical @ 25°C, Vog =50V
Usod 1o determine the no-load dynamic powrnr consumption:
Pp Cpp Vec?i i Ice Vee k1] ph
For kol considerations, sea Chapter 4 subyect fisting on pago 4 2,
TIMING REQUIREMENTS tinput t; 1y 6 nsl
v Gunrnnteed Limit
Symbol Parametor cc 25°C to Unit
v - - 1250
v 85°C 125°C
sy Mmimum Setup Time, Data to Clock 20 100 12% 190 o4
{Figure 3) 4.5 20 25 a0
6.0 17 21 26
th Minimum Hold Tune, Clock to Data 2.0 3 3 3 ns
(Figure 3) 4.5 3 k] 3
6.0 3 3 3
trec Minimurn Recovery Time, Reset Inactive to Clock 2.0 100 125 150 ns
{Figure 2} 4.5 20 25 30
6.0 17 2 26
'
tw Mtimum Pulse Width, Clock 2.0 80 100 120 ns
{Figure 1) ‘4.5 16 20 24
6.0 14 7 20
. tw . Minimum Pulse Width, Reset - 2.0 80 100 120 ns
(Figure 2) - 4.5 16 20 24
) 6.0 14 17 20
t. 4 | Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 1) 4.5 600 500 600
6.0 400 400 400

NOTE: Information on typical parametric values can bie found in Chapter 4 subject fisting on pago 4.2,
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SWITCHING WAVEFORMS

FIGURE 1 FIGURE 2
Vee
Clack Rosut
—— GND
Q
90
QoD H0%
1%
[} B
TLH ITHL
Fl—‘m:
Clock H0ve
FIGURE 3 : FIGURE 4 ~ YEST CIRCUIT
[t——Valid—3»{ Tust Paint
Vee
Data )(50% )( L T Output
GND U':\um
C.*

Clock

vee Tust I
GND

* Includus all protee and pg copacilance
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MC54/74HC175

EXPANDED LOGIC DIAGRAM
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MC54/74HC373
Octal 3-State Noninverting —~

Transparent Latch s ! cenamc
High-Performance Silicon-Gate CMOS a Y L o casera

The MCB4/74HC373 is identical in pinout 1o the LS373, The device inputs are

compatible with standard CMOS outputs; with pullup resistors, they are compatibie ':LSAU;TF"‘;‘
with LSTTL outputs. CASE 739

Thase latches sppear traneparent to data {i.e., the outputs change asynchron-
ously} whon Latch Enable is high. When Latch Enable goes low, duta meeting the
sotup and hold time becomes tatched.

The Output Enable input does not affact the state of the latches, but when Out- DW SUFFIX
put Enable is high, all device outputs are forcud to the high-impedance state. Thus, c Agg‘;:slo
data may be latchod even when the outputs are not enabled.

The HC373 Is identical in function to the HCS?3, which has the input pins on the
opposite side of the package from the output pins. This device is similar in function
10 the HC833, which has inverting outputs. ORDERING INFORMATION
& Output Drive Capability: 15 LSTTL Loads MC74HCXXXN Plastic
® Qutputs Directly Interface 1o CMOS, NMOS, and TTL MCS4HCXXXJ Ceramic
® Operating Voltage Range: 2 to 6 V MCI4HCXXXDW  S0I1C
@ Low Input Current: 1 uA
® High Noise Immunity Characteristic of CMOS Dovices Ta= -65° 10 126°C for ali packages.
® In Comptiance with the Requirements Defined by JEDEC Standard No.7A Dimansions in Chapter 7.
® Chip Complexity: 186 FETs or 46.5 Equivalent Gates

PIN ASSIGNMENT

QUTPUT ENABLE(} t » 20 lvee
a0l 2 19107
oofl 3 18 o7
LOGIC DIAGRAM
o104 17 106
e A ngs 18 0o
A = 020 a 1505
OV e rnwi 02(]7 14 flos
02 ) . Q2 o3fje 13004
DATA n:T —'—7—03 NONINVERTING 019 1204
INPUTS 13 L2 ouTPUIS .
04 » 0 04 eno(] 10 11 [JLATCH ENABLE
05-—— 1]
06— |16 _ g5
07 -8 207 |
FUNCTION TABLE

1" I lnputs Output
LATCH FNABLE
1 Output Latch
OQUTPUT ENABLE Enable | Enable o a
PIN 20-vpe
L H H H
PIN 10-GN
N 10-GNO L H L L
L L P ne
change
H X X 2

X =don't care
2 = high impedance

5

MOTOROLA HIGH-SPEED C

= g

MOS LOGI

P

C DATA
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MC54/74HC373

MAXIMUM RATINGS*

Symbol Paramotor Valuo Unit This duvice cohtaing prothetion
Vee | DE Buppiy Veltage (Refsroncad 10 GNOD) -0.610 1 7.0 v circuitry 10 quard dgninst dimage
= dun to high static voltggns or mnctric
Vin DC input Voltage (Rotorencad to GND) -15teVee+ 1.5 \Y fiolds. Howavar, peacautions must
Vout | DC Output Voltage (Roeforoncad to GND) 0.5to Vee 4 0.5 Vv b taken 1o avoid applicntiors of any
fin DC input Currant, per Pin +20 mA voltage highar than maximum ratnd
N voitagns to this  high.mpedanca
lout DC OutpuBlmént. por Pin +35 A circuit. For proper aperation, Vin and
Icc | DC Supply Current, Ve and GND Pins 175 mA Vour should be constrainnd to the
Pp Power Dissipation in Still A, Plastic or Ceramic DIPt 750 mw rangn GND < (Vi or Vo) 5V(CC.
SOIC Package! 500 Unused inputs must always be lied
o to an appropriate logic voltage leve!
T, T i -6510 4150
519 Plofage Temporatyrs 2 G te.g., either GND or V. Unused
TL Lead Temperature, 1 mm from Case for 10 Seconds °eC outputs must be laft opan.
{Plastic DIP or SOIC Package} 260
{Ceramic DIP) 300
*Maximum Ralings are those values beyond which damage to the device may occur.
Functional operation should be icted to the R ded Operating Conditions.

1Derating — Plastic DIP: - 10 mW/°C from 65° 10 125°C
Ceoramic DIP: =10 mW/9C from 100° to 125°C
SOIC Package: - 7 mW/°C from G5° to 125°C
For high frequency or huavy losd considmations, sae Chaptar 4 subjuct listing on page 4-2.

RECOMMENDED OPERATING CONDITIONS

Symbol Paramatar Min Moax Unit
vee DC Supply Voltage (Relarenced 10 GND) 2.0 6.0 v
Vin.Vout | DC Input Voltage, Output Voitage (Referenced to GND) 0 vee \
Ta Operating Temperature, All Package Types - 55 + 125 “C
te. tf | Input Rise and Foll Time vee =20V 0 1000 ns
{Figuro 1) vee»45V 0 500
Vegs60V[ 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND}
v Guaranteed Limit
Symbol Parameter Test Conditions cc Unit
v | BC | e | s1mec
-66°C
ViK Minimum High-Leve! input Vout=0.1Vorvec-0.1 vV 2.0 1.5 1.5 1.6 v
Voltage lloutl <20 A 45 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVec~01V 2.0 0.3 0.3 0.3 v
Voltage Iout] 520 uA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
Vou | Minimum High-Level Output Vin=Viy or Vi 2.0 1.9 19 1.9 v
Voltage loutl 520 pA 4.5 4.4 4.4 44
6.0 6.9 5.9 6.9
ViamVIH or VL llout| 8.0 mA | 4.6 3.98 i .70
lloyls7.8mA} 6.0 5.48 5.34 6.20
VoL | Maximum Low-Level Output Vin=Vi4 or Vi, 2.0 01 0.1 0.1 v
Voltage ltoutl S20 A . 4,8 0.1 0.1 0.1
6.0 0.1 0.1 0.
Vin=Vi4 or Vi, lloytl| s6.0mA| 4.5 0.26 0.3 0.40
llgutl <7.8 mA| 6.0 0.26 0.33 0.40
tin Maximum Input Leakage Current | Vin = Ve or GND 6.0 10.1 11.0 1.0 rA
102 Maximum Throa-State Leakage | Output in High-impedance Stote 6.0 105 150 1100 | A
Curront Vin=ViL ot iy
Vout=Vce or GND
lec Maximum Qulascant Supply Vin=Vce or GND 6.0 8 80 160 pA
Curront {par Packagel lout = 0 A

NOTE: Information on typical purametric values can be tound In Chiapter 4 subject listing on pagoe 4-2.
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=40~ MC54/74HC373

AC ELECTRICAL CHARACTERISTICS ICy =60 pF, Input 1, = t; « 6 ns)

v Guaranteed Limit
Symbol Paramater cc .
Vo B | sssec | stsec
tPLH, | Maximum Propagation Delay, Input D 10 Q 2.0 150 190 225
) PHL {Figures 1 and 5} 4.5 0 38 45
6.0 26 33 38
'PLH. | Maximum Propagation Delay, Latch Enable 10 Q 2.0 175 “220 265
t(PHL {Figurus 2 and 5) - 45 35 44 53
6.0 30 k1 45
tPL2. | Maximum Propuyution Defuy, Output Enably 10 Q - 2.0 160 190 225
pH2 {Figures 3 and 6) 4.5 30 39 45
6.0 28 0 K]
tPZL. | Maximum Propagation Dalay, Qutput Enubie to Q 2.0 150 190 5
Pz (Figurus 3 und 6} 4.5 30 38 45
6.0 26 kX] 38
'TLH, | Maximum Output Transition Tim, Any Output 2.0 80 75 %0
ITHL (Figutos 1 and &) 4.5 12 15 18
8.0 10 13 16
* Cin Maxinum Input Capucitance - 10 10 10
Cout Maximum Three-Staty Qutput Capacitance {Output in High-tmpedance - 16 18 16
State)
NOTES: | A #h

1. For propagation delays with loads other than 50 pF, ses Chapter 4 subject fisting on page 4-2,
2. Information on typical Paramavic values can be found in Chapter 4.

CpD | Power Dissipation Capacitance (Per Latch) Typical ¢ 25°C, Ve =5.0 V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Ve +lec Vee 4
For load considerations, sue Chapter 4 subject hsting on page 4.2,
TIMING REQUIREMENTS {lnput t; - 1y <6 ns)
{ \ Guaranteed Limit
cc
Symbol Puramoter .
A 7 Vo B Cegec | sizec
-56°C
sy Miniium Sutup Time, Input O to Latch Enable 2.0 25 30 40
{Figure 4) 4.5 5 6 8
6.0 5 6 7
th Minimum Hold Time, Lutch Enable 1o Input D 2.0 50 65 75
{Figure 4} 4.5 10 13 15
6.0 9 1 13
Iw Minimum Pulse Width, Latch Enabiy 2.0 80 100 120
(Fiygute 2} 4.5 16 20 24
6.0 14 17 20
Yo 4 | Maximum Input Rise and Fall Times 2.0 1000 1000 1000
{Figure 1) 4.5 500 500 500
6.0 400 400 400

NOTE" Intormation on typical paramutne values can be found in Chapter 4 subject lisung on page 4-2.
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MC54/74HC373

SWITCHING WAVEFORMS

INPUT D
PLH IPHL
1} 50%
Figure 1 Figure 2
Vee
OUTPUT ENABLE
— oND ———— vaui0

r<_ vee
HIGR INPUT B )(5“
/— {MPEDANCE GND
10% pob—1gy h

‘ 7
F— = Yo — v
50%
20% = VoH LATCH ENABLE e
0 \ HIGH
IMPEDANCE
Figure 3 Figure 4
= TEST POINT TEST POINT

QUTPUT woy i CONNECT T0 Vgg WHEN
DEvICE DEVICE TESTING tp 7 AND 1pp,
UNDER UNDER CONNECT 10 GND WhEN
TEST I & TesT I o TESTING 1pyz AND 1pzy.

*Includes all probe and Jig cepacitance. *Includes all probe and jig capacitance,

Figure 5. Test Circult Figure 6. Test Circuit

EXPANDED LOGIC DIAGRAM

E-Dﬂ EDD L:DO EDO ljuu L'-‘DD ['—700 ll’D(!

LATCH 11
ENABLE
ouTeYT _'4/\

ENABLE ]2

FRTY
SPEED CM
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TECHNICAL DATA

MC54/74HC4051
Advance Information MC54/74HC4052

Analog Multiplexers/ IVIC54/74HCA4053

Demultiplexers = ..
. eqe 1x

High-Performance Silicon-Gate CMOS lii CERAMIC

S CASE &0

The MC54/74HC4061, MC64/74HC4052, and MCB4/74HC4063 utllize silicon-gate 1

CMOS technology to achieve fast propagation delays, low ON resistances, and low

OFF leakage currents. These analog multiplexers/demultiplexers control unalog volt- N SUFFIX

agoes that may vary across the complete power supply range (trom VCG to VEg). PLASTIC
The HC4051, HCA4052, and HC4053 are iduntical in pinout to the metul-yate " ] l g ‘! | CASE 648

MC140518, MC140528, and MC140538. The Channel-Select inputs dutermine which ,

one of the Analog Inputs/Qutputs is 10 bae connected, by means of an analog switch,

to thu Common Output/Input. When the Enable pin is high, all analog switches are DW SUFFIX

turned olf. "% S0IC
The Channel-Select and Enable inputs are compatible with standard CMOS out- ! CASE 7618 (

puts; with pullup resistors, they are compatible with LSTTL outputs.

These devices have been designed so that the ON resistance (Rgp) is more linear
over input voltage than Ry of metal-gate CMOS analoy switches.

For muitiplexers/demultiplexers with channel select latches, see HC4351, HC4352,

ORDERING INFORMATION

MC74HCXXX XN Plastic

MCS4HCXXXX.) Ceramic
and HCA4353. MC74HCXXXXDW  SOIC
® Fast Switching and Propagation Speeds

= O '
® Low Crosstalk Between Switches Ta=-55 to 125°C for all packagus.
® Diode Protection on All Inputs/Outputs Dumunstons i Choptor 7.
® Analog Power Supply Range (Vce - VEg) =2.0 to 12.0 V
@ Digital {Control) Power Supply Range (Vce ~GND) =2.0 10 6.0 V
® Improved Linearity dnd Lower ON Resistance than Metal-Gate Counterparts
¢ Low Noise PIN ASSIGNMENT
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A MCS4/74HC 4051
® Chip Complexity: HC4051 — 184 FETs or 46 Equivalent Gates ——]
HC4052 — 168 FETs or 42 Equivalent Gates kg1 e 16p Vee
HC4053— 1566 FETs or 39 Equivalent Gates x6Q?2 150 X2
xq3 140 xt
X104 110 x0
LOGIC DIAGRAM x5 12p
MCB4/74HC4051 .
Single-Pole, 8-Position Plus Common Off ENABLLGE npa
veeQ? 008
{ 1 1
x0 L] - chod8 spc
L
15
X2 ——a—e= MUKRLEXER! FUNCTION TABLE
12
ANALOG } X371 G TiPLEXER | g3y COMMON MCS4/74HCATSY
INPUTSIOUTRUTS | yq L] OUTPUTINAUT Control Inputs
15 5 . Sutuct ON Chunnel
2 Enuble
X§ =t cC B8 A
L X7—‘<—*— L L L L X0
A 11 ] PIN 16~ Vg L L L H X1
CHANNELSELECT 10 I 7 - Ve L L H L X2
wursy B —————— PIN 8 = GND L LOH M x3
¢ | L H L L X4
G L H L H X5
ENABLE L H H L X6
L H H H X7
H X X X None
X =.don’t care
This d ins i ion on & new product. Spucitications and information herein are subject 1o chénge without notice.

&

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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B MCS4/74HC4051°MC54/74HC4052°MC54/74HC4053
MC54/74HC4052
Double-Pola, 4-Position
Plus Common Oft
LOGIC DIAGRAM PIN ASSIGNMENT
12 . vogie 161 vee
( 7 Gl {2 1502
x 15 T M | I v Qs upx
x2 " Y3gs4 130x
A3 ]
el _ () Q- [T SoY W ngs 1200
INPUTSIOUTPUTS 1 OUTPUTSINPUTS ENABLE J G 1"px
Y0 ———t-p—of
T 5 vee Q7 1004
]
2 veWICR | 3y 6N 8 aa
Y2 i
\ 3 A FUNCTION TABLE
10
CHANNEL SELECT W acaeoel |\ Controt tnputs
weuts | g -\_,9 Select
) b Yo Enable s T A ON Ch |
(] cc=
ENABLE VEg = PIN 7
GND = PIN 8 L Ll Yo xn
t L|H A4l X1
L H L Y2 X2
L H | H Yl Xa
H XX None
X Don't Carn
MC54/74HC4053
Triple Singlo-Pole, Double-Position
Plus Common Off
LOGIC DIAGRAM PIN ASSIGNMENT
Yiflle 6 Dvee
12 3
X0 ——a-— YoqQ2 15y
( 3 XSWTEH  faem iy §
Xt ——t-—df 211(3 143x
T T e e e o - 204 13hn
2
ANALOG | YOS e 5y | cOMMON ngs
INPUTSIOUTPUTS | yy . OUTPUTSIINPUTS ENABLEL 6 1pa
il el BN U vie Q7 wpe
5
——t-p—i GN
i‘: ZSWITCH  feemte; PRe ipe
\ J
FUNCTION TABLE
YL I
CHANNELSELECT | 5 10 - Control Inputs
NPUT: Soloct
weuts 4 —“—————————— Enable b ON Ch t
ENABLE -2 | Ve« PN 18 L,
Veg=PIN 7 L L L t]z vo xo
GND=PIN 8 L L L H 20 Yo X1
L L H L 20 Y1 X0
L L H H 20 Y1 X1
L H [ [§ 21 Y0 X0
NOTE: This davice alfows independent control of each switch. Channel-Selact Input L H oL Hl 21 Yo xi
A controls the X Switch, input B controis thy Y Switch, and Input C controls L H H 2 vi x0
the Z Switch, L H oH H[ & \L xt
H X X X None
' X - Don't Care
G R P A .
MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MM54C915/MM74C815

National
Semiconductor

MM54C915/MM74C915 7-Segment-to-BCD Converter A\

General Description

The MMS4CY15/MM74C915 is a monolithic comple-
mentary MOS (CMOS) integrated circuit, constructed
with N and P-channel enhancement-mods transistors.
This circuit accepts 7-segment information and converts
it into BCD intormation. The true state of the Segment
Inputs can be selectud by use of the invert/Non-invert
control pin. A logical “0” on the Invert/Non-invert
control pin selects active high true decoding at the
Segment inputs. A logical “1'' on the Invert/Non-invert
control pin selects active low true decoding at the
Segment inputs. In addition to 4 TTL compatible BCD

\

The Minus output goes to @ logical"'1" whenever a
minus code is detected and is useful as a microprocessor
interrupt. The BCD outputs are in » flow-though
condition when Latch Enable (LE) is at a logical 0",
and latched when LE is at a logical ““1”. The inputs will
not clamp signals to the positive supply, allowing simple
tevel translation from MOS 1o TTL.

Features

outputs, an Error output and Minus output are avail- . W.ide Surfph'/ range 3V-15V
able. The Error output goes to an active *'1* whenever a ® High noise immunity 0.45Vcc (typ.)
non-standard 7-segment code appears at the Segment m TTL compatible fan out 1 TTL toad
inputs. The BCD outputs are forced into a TRI-STATE"’ m Selectable active true inputs
condition when an error is detected. Thus. allows the ® TRI-STATE outputs
user to program his own error code by tying the BCD .0 A h
outputs to Vg¢ or Ground via high value resistors n-chip latc .
{~ 500k). The BCD outputs may_also be forced into B Error output
TRI-STATE by a logical “1* on output enable (OE). w  Minus output
Logic and Connection Diagrams
(
/ E jD_‘ ——-Do——oumus
‘O—DOJ::) oDl
SEoMINT ‘:D ™ - =0 § 31 \\ -
nPuts '°—D°";:D— iR m !
e
7 e\ HeH e
b .
.o—Do—;)D_ "“-oum
H >°._ D { 4
INVERT/NON: IIV!:: 1: 1
| :bulum.o_Do— ‘
tnanyt 0= >0 H

SECMENT INPUTS
cc 3 L3

<

lu [ L 1D

INVERT MiNUS
Tocontaet vyt e B2l ca?

T

3 . [ [} ‘n

L . ' ¢, CERROR OF A 3! OND
out
SECMLRT NP
LuT ineuTs Tor viEw
2-36




bsolute Maximum Ratings

tago at Any Output

-~ 0.3V toVee + 0.3V /

Ntage at Any Input - 0.3V to 18V
rating Temperature Range

MM54CO15 —55°C to +126°C
MM74C815

—40°C to +85°C iy

\,

C Electrical Characterlstlcs Min/max limits apply across temperature range, unless otherwiss noted.

Storage Temperature Rangs
Package Dissipation
Operating VCC Range
Maximum VcC

Lead Temperature, {Soldering, 10 seconds)

-66°C to +150°C

. 50O mW
3V to 15V
18V
300°C

PARAMETER | CONDITIONS D Tve | max | uwiTs
J0s TO CMOS
N(1} Logicat *1" Input Voltage vee =5V : 3.3 45 v
Vee = 10V 8 , 0 \
Vee = 16V 128 13.5 \
“hio Logicat 0" Input Voltage Vee = 5v 0.6 1.6 v
. Vee = 10V 1 2 \
- Vee = 18V 1.6 2.5 v
[}] . Logica! *1' Input Current VIN ® 16V 0.005 1 pA
()] Logicat “0” Input Current VIN = OV -1 ~0.005 HA
UT(1) Loglcal “1” Output Voltage 10 = 10pA ) .
vee = 5V 45 \
vee = 10V ' 9" v
vee = 16V 1356 v
JT{0} Logical 0" Output Voitags 10.® 10uA
. vee=sv O 05 v
vee = 1OV 1 v
vge = 15V RE \
Supply Current veee 5V 0.26 1 mA .,
vee = 1oV 0.75 28 mA
Vee = 18V 1.00 3 mA
/TTL INTERFACE
1) Logical **1”* Input Voltage
MM54C9156 Vee = 4.5V vee-t7 \
MM74CD16 ' vee = 4.76V vee-\.7 , , vV
0} Logical “0" Input Voitage ' C
MMB4CI1H Vee = 4.5V 08 v
MM74CH16 vee* 475V 0.8 v
i1} Logical “1” Output Voltage i 10 = ~360 A -
MM54C915 vee = 4.5V 24 \
MM74C915 Vee = 4.75V 24 v
(0) Logical 0" Output Voltage 1o~ 1.6 mA LN
i MM54C915 vee™ 4.5V 0.4 A\
MM74C915 vgee = 4.75V 04 v
JUT DRIVE (Short Circuit Current)
hce  Output Source Current . Ta = 25°C.VO = OV,
P.Channel {Note 2} .
veg=5v |« -1.76 -33 mA
. Veg = 10V o -8 -16 mA,
Vgoe = 15V -16 -26 mA
Output Sink Current Ta=25°C,Vo = Vce
N-Channel - {Note 2) '
Ve = 8V 13 8 mA
\ vee = 10V 20 30 © mA
Al - = TEN 30 . %0 mA

L e x rrat14Y 10 SO AL IR
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MMS54CS15/MM74C915

AC Electrical Characteristics 7,=25c

PARAMETER CONDITIONS MiN TYP MAX Ui
tpd0. tpd Propagation Delay Time to CL =50pF
Logical ““0” or a Logical “1" Vee = 5V 500 1000 X
Vee = 1oV 300 600 L
Vee = 15v 300 600 1
tOH. t1H Propagation Delay Time From R( = 10k,Cy = 10 pF S
Logical 0" or Logical "1 Vee = 6V , 110 200 J
into High Impedance State vee = 1ov © 76 130 Y
vee = 18V 60 10 ¢
tHO. tH1 Propagation Delay Time From R( = 10k, CL = 50 pF
High Impedance State to a Vee =5V 150 250 L
Logical 0" or Logicat “1*' Vee = 1oV 80 140 *
vee = 16V 70 126 1
tg Input Data Set-Up Time Cp =50pF
vee = 5V 600 1000 [
vee = 10V 300 600 1
Vee = 15V 300 600 3
tH Input Data Hold Time CL =50 pF
Vee = 5V =150 0 9
Vee = 10V ~100 0 r
Vee = 15V ~100 0 L
CIN Input Capacitance Any Input, (Note 3) 5 7.6 '<
CouTr TRI-STATE Output Capaci- Any Output, (Note 3) 10 A
tance

Nots 1: “Absolute Meximum Rstings” sre thote values beyond which the salety of the device cannot be guaranteed. Except for “Opun
Temparature Range” they sre not meant 10 imply that the devices should be operated at these limits. The table of “Electrical Charactarue
provides conditions tar actusl device operation.

Note 2: These specifications apply to transient oparstion. It is not meant to imply that the device should be operated at these limits In uuu-1
operation.

Note 3: Copacitance Is guaranteed by periodic testing. /
Truth Table CHARACTER | _BCD OUTPUTS NON-BCD
ATSEGMENT [D ] C B | A OUTPUTS
INPUTS 23 ] 22 | 21 | 20 [ERRORA | MINUS
0 0o(o]o|o 0 ()
| oo o 0 0
] olojo 0 0
¢ “lojo 1o o 0 " SEGMENT IDENTIFICATION
3 oo |1} () 0 '
Yy o+ |olo o [ —
) ol1]o0 ] 0 0 SIS
b o1 1110 0 0 o —
k: oit{1]o0 0 0 . J
1 01|11 0 0 =3
] tiololo 0 0
Yy 1100 0 0
q 1]ojofn 0 0
I I T I T I 0 o
- X | x| x| x 1 1
All other input X X X X 1 0
combinations X X X X 1 4]
X« upnunulTRI-STATE condition
2-38
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Typical Applications

Multiplex 7-Segmant to Straight 8CD

SEC BCO j‘ >
. Ls1 PART SEGMENT INFOAMATION > Wwruts  outrurs [STRAIGHT BCD
N W/MULTIPLEXED MMEACO16
VSEGMENT e MINUS
INFORMATION 10F 0 LATCH
} n DIGIT LINES MULTIPLEXER [ P] eNABLE

IGIT

SELECT
: M v E ton from 7-Seg Outputs
SEGMENT INFORMATION G MINUS
’ LSt PART INPUTS —» EAROA
! W/MULTIPLEXED N
K 1-SEGMENT e il
INFORMATION : > 10fn LATCH BCO .
i ® DIGIT LINES MULTIPLEXER ENABLE our
8D
1 INPUTS
DATA INPUTS
; WE
4
& START mmmeh 2n
: i COUNTER ™ x4

RAM

ADDRESS

COUNTER

%
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Semiconductor

MM74C925, MM74C926, MM74C927, MM74C928 4-Digit
Counters with Multiplexed 7-Segment Output Drivers

General Description

These CMOS counters consist of a 4-digit counter, an
internai output fatch, NPN output sourcing drivers for
a 7-segment display, and an Internal multiplexing
circuitry with four multiplexing outputs. The multi-
plexing e¢ircuit has its own free-running oscillator,
snd requires no external clock. The counters advance
on negative edge of clock. A high signal on the Reset
input will reset the counter to zero, and reset the carry-
out low. A low sigrial on the Latch Enable input will
latch the number in the counters into the internal out-
put latches. A high signal on Display Select input will-
sefect the number in the counter to be displayed; a iow
level signal on the Display Select will select the number
in the output latch to be displayed.

The MM74C025 Is a 4-decade countor and has Latch
Enable, Clock and Reset inputs.

The MM74C926 Is like tha MM74C925 except that it
has 8 display sefect and 8 carry-out used for cascading
counters, The carry-out signal goes high at 6000,
goes back low at 0000.

The MM74C927 is like the MM74C926 except the
second most significant digit divides by 6 rather than 10,
Thus, if the clock input frequency is 10 Hz, the display
would read tenths of seconds and minutes (i.e., 9:59.9).

The MM74C928 is like the MM74C926 except the most
significant dligit divides by 2 rather than 10 and the

carry-out is an overflow indicator which is high at
2000, and it goes back low only when the counter is
reset. Thus, this is a 3 1/2-digit counter.

Features

® Wide supply voltage range 3Vt 8V
® Guaranteed noise margin . 1w
® High noise immunity 0.45Vec {typ.)
8 High segment sourcing current 40 mA

@ Vcc - I.GV, Vcc =6V
8 |nternal multiplexing circuitry

Design Conslderations

Segment resistors are desirable to minimize power
dissipation and chip heating. The DS75492 serves as @
good digit driver when it is desired to drive bright
displays. When using this driver with & 6V supply at
room temperature, the display can be driven without
segment resistors to full illumination. The user must use
caution in this mode however, to prevent overheating of
the device by using too high a supply voltage or by
operating at high ambient temperatures.

The input protection circuitry consists of a series resistor,
and a diode to ground. Thus input signals exceeding
Ve will not be clamped. This input signal shouid not be
sllowed to exceed 16V,

Connection Diagram

Dual-In-Line Package

MM74C025
" PETR T TR SOy
[0 SN PR P PP P PO
[ CS R N RN oS e O
“« I

Functional Description

L ~ Asynchronous, active high
Owplay Select  — High, duplays output of counter
Low, displays output of latch
Enable ~ High, flow through conditlon

Low, latch condition

Negative edge sensitive

Dual-in-Line Package
MM74C026, MM74C927 and MM74C828

- o e awe b

L)
To o du fo Bo Jo Do Do Je

Segment OQutput ~ Current sourcing with 40mA @

Vour = Vee ~ 1.6Vityp)
Also, sink capabllity = 2 LTTL
loads

Digit Output ~ Current sourcing with 1 mA @
Vour ™ 1.75V. Also, sink caps-
bility = 2 LTTL loads

Carry-out — 2 LTTL loads. See carry-out
waveforms,

8Z60V.LINW ‘L260VZININ ‘9260VZININ ‘ST6OYLININ
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MM74C925, MM74C926, MM74C927, MM74C9z

Absolute Maximum Ratings (Note 1)

Voltage at Any Output Pin

Voltage at Any Input Pin
Operating Temperature Range {T,)
Storage Temperature Range
Package Dissipation

Operating Vcc Range

Vee

Lead Temperature (Soldering, 10 seconds}

DC Electrical Characteristics min/max timits apply ar ~0°C < T) < +85°C, ur'Jcss otherwise notec

Gnd — 0.3V to Vcc +0.3v
Gnd - 0.3V to +16V
—-40°C to +85°C

-65°C t0 +150°C

Refer ta.Pomax) vs T Graph

3V to 6V
6.5V
300°C

.

PARAMETER | CONDITIONS 1 miv | tve [ max
CMOS TO CMOS
Vinen Logical 1" Inprut Volteyu Vee = b0V 3b
Vinia Logical “0" Input Voliage Vee = 6OV 1.6
Voutiy  Logical 1 Output Voltage Vee = 5.0V, g = —10pA 4.5
{Carry-out and Dyt Output
Only)
Vourtiy  Logical “0” Qutput Voltage Vee = 5.0V, 1o = 10pA 0.5
hineny Logical 1" Input Current Vee = 5.0V, Vi =15V 0.008 1.0
Livioy Logical 0" Input Current Vee » 5.0V, Viy =0V -1.0 -0.005
Ice Supply Current Vee ™ 5.0V, Outputs Open élrcuit, 20 1000
Vin = 0V or 8V X
CMOS/LPTTL INTERFACE y
Vine® Logical “1** Input Voltage Vee = 4.75V Vee~ 1.5
Vino Logicat “0” Input Voltage Vee =4.75V . 0.8
Vourn;  Logical “1% Output Voltage Vee = 4.76V, 24
{Carry-Out and Digit to = =360 uA
Qutput Only)
Voutiey  Logical “0" Output Voltage Ve = 4.76V, 0.4
lg = 60 A
OUTPUT DRIVE
Vour Output Voltayge (Segmunt lout = 65 mMA, Ve = 5V, Ty = 25°C Vgev1.d
Sourcing Output} . = T, =100°C Vee™1.6 | Vecm12
lour = ~40mA, Ve = 5V { T,=150°C  |Veem2 | Vee-14
Ron Output Resistance {Segment lout ® —65 A, Ve =5V, T; = 25°C 20
Sourcing Output) : 1S WAL g T, = 100°C 30 40
. mA, » °
our Lo T, =150°C 35 50
Output Resistance (Segmunt 0.6 0.8
Output) Tempeyature Coetficient
Isounce Output Source Current Vee = 4.76V, Vour = 176V, T, = 160°C -1 -2
(Digit Qutput)
lsounce Output Source Current Vee = 5V, Vour » OV, Ty = 26°C -1.76 | -33
{Carey-out}
Ik Output Sink Current Vee * 5V, Vour * Vee. Ty = 26°C 1.76 kX
(All Qutputs) '
04a Thermat Resistance MM74C925 {Note 4) 5 100
MM?24C9268, MM74C927, MM74C928 70 90

Nots 1: “Absolute Maximum Ratings” are thoss valuss beyond which the safety of the device cannot be guaranteed. Except ¢
Range'' thuy are not mesnt to imply that the devices should be opersted at these limits. The tebie of “Electrical Chaructaris

conditions lor actual device opuration.

Note 2: Capacitance is guarantesd by periodic testing.
Note 3: Cpp determins the no load ac powsr consumption of any CMOS davice. For complete sxplanation see S4C/74C Family

spphication note, AN-80,

Note 4: 0,A muasured in free-air with device saldered into printed circuit board.,
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Electrical Characteristics Ta=25°C, C =50pF, unless otherwise noted

PARAMETER CONDITIONS MIN TYP MAX UNITS
heax Maximum Clock Frequency Vee = 50V, T,=25°C 2 4 MH2
: Square Wave Clock T, = 100°C 15 3 MHz
[ Maximum Clock Rise or Fall Time Vee = 5.0V 15 us
tnn Reset Pulse Width om0y T, =25°C 250 100 ns
cem ™ T, =100°C 220 125 ns
wee Latch Enable Pulse Width T,=25°C 250 100 ns
Ve = 5OV N
T, =100°C 320 125 ns
ek e Clock to Latch Enable Set-Up Time Ty= 25°C 2500 1250 ns
b Vee = 5.0V -
o 7, 100°C 3200 1600 ™
I Latch Enabte to Reset Vee = 5.0V T, =25°C o] -100 ny
Wait Time T = 100°C [ -100 n
v o
Wyinue) Reset 1o Latch Enable Set-Up Time T »26°C 320 160 ns
/ Vee = 6.0V s
v T, =100 C 400 200 ns
\E B Multiplexing Output Frequency Vee ® 5.0V 1000 . He
Ca Input Capacitance Any Input {Note 2} 3 ) pF
,{ipical Performance Characteristics Tyindht Abelon Sagment
Typicel Segment Current vs Meximum Power Dissipstion Current vs Segment Resistor
ph Output Voltage $ vs Ambient Temperature Value
5 €
m 1 T T £ nw i H] -
e ‘ yene /|.. e S 2em0 11 = "’:ﬂ "
s } / 4 PRI - PiL «
Pom - N H |
H 4 | B 100 ( - RN i ..L.H- - 5 oulN
5 ~qet0C S e [ MMICUIIMMICY manacens | | f V
W fe— o ff o — « ”
¥ E e Fggicns ¥ &
L é 1000 _'r “
} i a0 M R bt
"R |
L 3w Il s
i mEEHRE
Lo i [ ! £
s 48 30 20 18 ¥ S -1 o8 20 @ 80 W0 = PRI IR L LN U U]
Vour (V) T4 - AMBIENT TEMPEAATURE {°C) STOMENY AESISTOR B2}

Note. Vp © Voltage scross digit

driver,
sgic and Block Diagrams
MM74C9256 MM74CH26
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MM74C925, MM74C826, MM74C927, MM74C92

Segmant Dutput Driver
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Common Cathode LED Display

Input Protection
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Switching Time Waveforms

Input Waveforms

Multiplexing Output Waveforims
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CD4528BM/CD4528BC

National -
Semiconductor

CD4528BM/CD4528BC Dual Monostable Multivibrator

General Description Features g
The CD45288 is a dual monostable multivibrator, Each & Wide supply voltage range 3.0V1o0 18y §
device is retriggerable and resettable. Triggering can Separate reset avaliable v
oceur from either the rising or falling edge of an input N
pulse, resulting In an output pulso over a wide range of ® Qulescentcurrent = 6.0nA/package (typ.) at 5.0V
widths. Pulse duration and accuracy are determined by *® Diode protection on all Inputs
external timing components Ry and Cx. ® Triggerable from leading or trailing edge pulse
® Capable of driving two low-powaer TTL loads or om
low-power Schottky TTL load over the rated tempers
ture range
~ Connectlon Diagrams
1
J‘Cl
Ra
r——--’-rd\lw—vnn
" 12 Tia voo
T2a Ny
P} [ [}
= - » , oA 0
/ to AnINPUT cog 1
? L BaineuT
. Y7 "w A [TYN SninNruT
o “‘L ~ Taour Oaguy
. I = Voo vss Taour
v n n
T waincb B
" — : n '
. Lo
b 24
i -
4 .
Truth Tables
E, [nputs Outputs
H ® High Leval
E ! Clunr e B ¢ % L = Low Level
' L X X L - H t = Transition from Low to High
3 X H X L H 4 « Transition trom High to Low
, X X L L H J1= One High Level Putse
. " W' One Low Level Pulsg
L g n v X = Irrolovant
H t H n v ’
' 5-278
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B, DC Supply Voltage

. input Voltage, All Inputs
B Storage Temperature Range
i Package Dissipation

- 0. DC Supply Voltage
i Input Voltago

(D4528BM
(D46288C

B Lead Temperature (soldering, 10 seconds)

psolute Maximum Ratings (Notes1and 2)

~0.5VDC to +18VDC
-0.5VDC to Vpp +0.5Vpe

-65"Cto +150°C

500 mW

300°C

IV te 16V
0V to Vpp Voe

Operating Tomperature Range

-55°C to +125°C
~40°C 10 +86°C

Electrical Characteristics CD4528BM

ommended Operating Conditions (Note 2)

{Note 2}
: -55°C +25°C +125°C
Parameter Conditions Min {Max Min Typ | Max Min | Max [Units
B Quiescent Device Current |Vpp = 5V 5 0.005 5 150 | pA
Vpp = 10V 10 0.010 10 300 | uA
Vpp = 16V 20 0.016 20 600 | uA
B Low Level Output Voltage | Vpp = 5V 0.05 0.05 0.05{ vV
| 9 Vpp = 10V 0.0 0.05 0.05} V
k' Vpp = 16V 0.06 0.06 0.05| vV
Bt High Lavel Output Voltsge| Vpp = BV 4,05 496 | 6.0 4.95 v
X Vpp = 10V 9.96 0.95 10.0 0.99 Y
b.. Vpp = 16V 14.85], 1496 15.0 14,95 v
i Low Level Input Voltage |{Vpp =56V, Vp=0.6Vor4 bV 1.6 2267 1.6 15|V
Vpp = 10V,Vgo=1.0Vor 8.0V 3.0 450 3.0 3.0V
Vpp * 15V, Vo = 1.5V or 13.5V 4.0 6.75 | 4.0 40 |V
By High Level Input Voltage [Vpp =5V, Vg=05Vord. 5V | 35 3.5 2.75 35 \
Vpp = 10V,Vo=1.0Vor 9.0V | 7.0 7.0 5.50 7.0 v
Vpp = 15V, Vg = 1.5V or 13.5V| 11.0 110 | 825 11.0 v
Low Level Output Current| Vpp =5V, Vo =04V 0.64 0.51 0.88 0.36 mA
Vpp =10V, Vo = 0.5V 1.6 1.3 2.25 0.9 mA
Vpp = 15V, Vo = 1.5V 4.2 34 8.8 2.4 mA
High Level Output Current| Vpp =6V, Vo =4.6V -0.25 -0.2 -0.36 -0.14 mA
Vpp =10V, Vg =9.5V -0.62 -05 [-09 -0.3% mA
Vpp = 15V, Vg = 13.5V -1.8 -16 |[-3.5 -1.1 mA
 Input Current . |Vop =16V, vin = OV -0.1 -106{-0.1 -1.0 | pA
VpD = 16V, Vip = 16V 0.1 105 0.1 1.0 | uA

048825vQ0/NE82svad |
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CD4528BM/CD4528B¢
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DC Electrical Characteristics CD4528BC  (Now 2)

-40°C +26°C +85°C
Parameter Conditions Min |Max | Min Typ [Max | Min [Ma
{pp Quiescant Device Current | Vpp = 5V 20 0.005| 20 19010
Vpp * 10V 40 0.010{ 40 W0,
Vpp = 15V 80 0.015} 80 600 |4
Vou Low Level Qutput Voltage | VDD = 5V 0.05 0.08 0.05:»
Vpp = 10V 0.08 , | 0.08 0.081
Vpp = 15V 0.05 - 0.056 0.05' s
VoW High Level Output Voltage| Vpp = 5V 4.95 4,95 | 5.0 4.96 \
VoD » 10V 9.85 9.95 | 10.0 9.95 v
VpD = 16V 14.86 14.06| 16.0 14,95 v
ViL Low Level Input Voltage [VpD =6V, Vo= 0.8V or 4.8V 1.6 2,25 } 1.8 18 1y
Voo * 10V, Vo = 1.0V or 0.0V 3.0 4,80 | 3.0 301y
Vop = 16V, Vo = 1.6V or 13.6V 4.0 .76 | 4.0 40y
Vi High Level Input Voltage |Vpp =6V, Vo= 0.6Vord48V | 3.6 3.6 278 3.6 v
Vpp = 10V, Vo =1.0Vor 8.0V | 7,0 7.0 5.60 7.0 v
|VDp=16V,Vo=06Vorasyv | 11.0 1.0 | 825 11.0 '
loL ‘Low Level Output Current| Vpp = 5V, VQ =04V 0.52 044 | 0.88 0.36 »
Vpp =10V, Vo =0.5V 1.3 1.1 2,25 0.9 »
Vpp = 15V, Vg = 1.6V 3.6 30 | 88 2.4 -
foH High Level Output Current| Vpp = 5V, Vg =4.6V -0.2 -0.16 | -0.36 ~0.12 ~
Vpp = 10V, Vo =9.5V -0.5 -04 |-09 -03 ~
Vpp = 156V, Vo = 13.5V -14 -12 | -35 -1.0 “
1N Input Current VoD = 15V, V|N =0V -0.3 -105 0.3 1.0 |4
VDD = 16V, VIN = 16V 0.3 105 | 0.3 10 |

Note 1: "Absolute Maximum Ratings” are those values beyond which the tafety of the

Tumperature Range’ they sre not meant to imply that the devicus should bu operatsd st these limits.
provides conditions for actual device operation.

Note 2: Vgg = 0V uniess otherwise spucitied.

device cannot be guaranteed. Except for “Ope
The table of “Elgctrical Charsieue

5-280
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Ltrical Characteristics CD4528BM

Cp = 60pF, R = 200k, Input t; = tg = 20 ns, unless otharwise specified.

Units

Pararmeter Conditions Min | Typ | Max
P Time tr = (3.0ns/pF)CL +30ns, Vpp = 5.0V 180 | 400 ns
te = {1.6ns/pF)Cy + 163, Vpp = 10.0V 90 | 200 ns
tr = (1.1n$/pF)CL + 10ns, Vpp = 16.0V 656 | 160 ns
Time ti = (1.5ns/pF)Cy +26ns, Vpp = 6.0V 100 | 200 ns
. t¢= (0.75ns/pF)C + 12.5ns, Vpp = 10.0V 50 | 100 ns
tf = {0.55ns/pF)CL +9.5ns, Vpp = 15.0V 35 |80 ns
rum-_pn Delay tPLH. tPHL = (1.7 ns/pF)C| + 240ns, Vpp = 5.0V 230 | 500 ns
porQ tPLH. PHL = (0.86ns/pFICy + 8ns, Vpp = 10.0V 100|250 | ns
Ru=opf tPLH. tPHL = (0.5 ns/pFICL + 6505, Vpp = 15.0V 65 | 150 | ns
Turn-On Delay tPLH, tPHL = 1.7 ns/pF)C +620ns, Vpp = 5.0V 230| 500 ns
Drmn?- o tPLH. tPHL = 0.66 ns/pF)CL + 257 ns, Vpp = 10.0V 100{ 250 | ns
’ tPLH. tPHL = (0.5 ns/pF)Cy + 186 ns, Vpp = 15.0V 65 | 150 | ns
finput Pulse Width Vpp = 5.0V 60 | 150 ns
b lom I Vpp = 10.0V 20 | 50 ns
Vpp * 15.0V 20 | 50 as
of, A N10kg Cfl NNV VRBREOv-THT 7 SN oW T Teo [180 | e
Vpp = 10.0V 20 | 60 ns
" Vpp = 15.0V 20 | 50 ns
hise Width Q or Q Vpp = 5.0V 650 ns
l?.Oi HF (see graph for appropriate Vpp = 10.0V 150 ns
F,Rx = 5.0k Vpp = 15.0V 300 ns
ootarwe N VS Voo sV YA S s T2s [45 | T
02 :‘;'c;’:“_“”g‘?{; Vssl Vpp = 10.0V 1037 {90 | us
Vpp = 15.0V 15| 42 | 95 Ms
th Match Between Circuits in the Vpp =5.0v 25 %
DI;J.Og;F, Rx = 10kQ Vop = 100V S
Vpp = 15.0V 35 %
pbpagation Delay, tp 4. tPHL Vpp = 6.0V 325| 600 ns
pF. Rx = 6.0 kS2 Vpp = 10.0V 80 225 | m
Vpp = 15.0V 60 | 170 ns
DOpF, Rx = 10k$} Vpp = 5.0V 7.0 us
Vpp = 10.0V , 6.7 s
o Vpp = 15.0V 6.7 us
I Retrigger Time Vpp = 6.0V 0
pF, Rx = 6.0k Vpp = 10.0V 0
Vpp = 15.0V 0 -
00 pF, Rx = 10k VDD = 5.0V ‘ 0
Vpp = 10.0V ’ 0
Vpp * 16.0V 4]

08825vA0/N882s+aD
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CD4528BM/CD4528E

Logic Diagram {% of Device Shawn)
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Figure 1. Power Dissipation Test Circuit and Waveforms
Yoo Input Connections
. - fy R\l Characteristics Cp A B
3 Ca CLeibpf
, i a’l--.n'm PLH. tPHL. tr. t, Vpp | PG1 Voo
NN 1‘1 N PWout, PWin
m ot {5 ere? tPLH. tPHL. tr. tf, VDD | Vss | PG2
m . o—{Cp a -0—?_ g_: PWoutn PWin
R 3
O=fA [y —0——1 xI
= t . , PW; PG3 PG1 P
ots oo T PLH(R). 1PHL(R), PWin G G2
m Ly’ “:.I__: i

CIRCLUDES CAPACITANCE OF PROSES,
WIRING, AND FIXTUAL PANASITIC.

NOTU. AC TEST WAVE ORMS FOR PGY,
PGL AND PUION NEAT PAGL,

Figurs 2, AC Test Cirouit
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CD4538BM/CD4538BC

National
Semiconductor

Ay

/

CD45388MICD453880 Dual Precxsuon Monostable

Multivibrator

General Description

The CD45388 is a dual, precision monostable multivi-
brator with Independent trigger and reset controls. The
device s retriggerable and resettable, and the control
Inputs are Internally latched. Two trigger inputs are pro-
vided to allow alther rising or falllng edge triggering. The
reset inputs are active low and prevent triggering while
active, Precise control of output pulse-width has been
achieved using linear CMOS techniques, The pulse dura-
tlon and accuracy are determined by external compo-
nents Ry and Cy. The device does not allow the timing
capacitor to discharge through the timing pin on power-
down condition. For this reason, no external protection
resistor Is required in series with the timing pin. Input
protection from static discharge is provided on all pins.

Features

W Wide supply voltage range 3.0Vio15v
® High noise immunity 0.45Vee (typ)
8 Low power fan out of 2 driving 74l

TTL compatibitity

Now Formula: PWgyy = RC

(PW In seconds, R in Ohms, C in Farads)

=1.0% pulse-width variation from part to part (typ)

Wide puise-width range Tustom

Separate latched reset inputs

Symmetrical outpul sink and source capability

Low standby current 5nA (typ)
@ 5V

or 1 driving 74LS

Pin Compatible to CD45288

Block & Connection Diagrams

[ o ]

RX AND Cx ARE EXTERNAL COMPONENTS
VDD = Pin 16

Vss=Pin 8
Truth Table
inputs Outputs
Clear A Bl o @
L X X L H
X H X L H
X X L L H
H L 4 o
H t H s

U/
T1A 1 16 =Yoo
Toa = 2 18 f==T18 .
CoA =~ 3 =T,
AINPUT ==—{ 4 13 p=—Cpg »
BAINPUT suned g 12 pewes AGINPUT /
QAOUT oy g 11 === BQINMUT,
0a0uT =1 7 10 f~== OgOUT
L i ] 9 P Q30UT
CD4538BM
CD45388C
H = High Leve!
L =Low Level

t =Transitlon from Low to High
+ =Transition from High to Low
11 =0ne High Level Pulse
15 =0ne Low Level Pulse
X =lrrelevant

§-200
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Jute Maximum Ratings (Notes 1 and 2)

; -0.5Vio +18Vpc
¥ Voltage . ~0.51t0 Vpp +0.5Vpe
&0 Temperature Range —-85°Cto +150°C
8350 Dissipation 500mW
A Temperature (soldering, 10 gseconds) 300°C

mended Operating Conditions (Note 2)

B supply Voltage +310 +15Voc
b Voitage 0to Voo Voc

OGQSSVGO!WSBSS?OO

R8M, ~55°Cto +125°C
foseC —40°C1o +85°C

¥ octrical Characteristics qwlo2 - CD4538BM
Conditions [ -ssc | 25°C [ 12sec
o n: mn. [ max. | Min. | Typ. [ Max. | min. [ man.

Vpp=5V | Vin=Voo 0.005
VDD-‘\OV ViL=Vss 0.010
Voo = 15V ) All outpuls open 0.015

output Voitage| V 10
‘R 8 g Vi = Voo. ViL = Vss

Voo=5Y 151 < 1uA
Vpp =15V

H High Level Voo =5V . 5
§ output Voitege| Voo = 10V |\',°‘ f\:““ - y ! 10
k VDD=15 H= V0D YILE $S 15
& Low Level Ilol < WA
&l nput Vottage | Voo= 5V, Vo=05V oras5V . 2.25
Vpp =10V, Vo=10Vor 9.0V d 4.50
Vpo=15V, Vo=15V or 13.5V b 6.75
Y High Level llio} < TuA
H nput Voltage Vop=5V, Vo= 0.5V ord.sV : . 2,75
; Vpo = 10V, Vo =10V or 9.0V . 0 | 550
‘ Vpo= 15V, Vo=15Vor 135V K 11.0 | 8.25
i Low Level Voo=6V, Vo= 0.4V ViV X ) 0.88
M8 output Current | Vop=10V, Vo= 0.5V v"‘_ V°° 2.25
Vop = 15V, Vo= 1.5V = Yes 8.8 E
Gl High Level Voo=5V, Vo=48V X -~0.51] -0.88
§ Output Current | Vop= 10V, Vo= 9.5V V\‘,“ ";\(,W -2.25
‘ Vpp=15V, Vo =135V L= Ves . 4| ~88

input Current, | Vop= 15V, Vin=0V or 15V . +10-5]£0.05

R pin2o0r 14
§ input Current, Voo =15V, Vin=0V or 18V X £10-% 0.1

! other Inputs




DC Electrical Characteristics (Note 2) — cD4538BC - .

CD4538BM/CD4538B(

-40°C 25°C [
Parameter’ Conditions
Min. | Max, | Min. | Typ.' | Max. | Min.
lpp Qulescent Voo = 5V Y Vin=Voo 20 0.005| 20
Device Current | Vpp=10V } V) =Vss 40 0.010 | 40
Voo = 15V | All outputs open 80 0.015| 80
VoL Low Level Voo =5V llo] < 1A 0.05 0 0.05
Output Voltage | Vop=10V 0= "0 0.05 0 |00s
Vpp =16V | T Y00 Vit =T8S 0.05 .0 |005
Vow High Level Voo=5Y |1 1. 495 495 | & 495
Output Voltage | Vop =10V v° b v“ Ve oV 9.5 995 | 10 .95
Vpp= 15V | '™ YOO ¥ILETSS 1495 14985 15 14.95
Vi Low Level lio| < 1A )
Input Voltage Vop=5V, Vo=05Vor45V 1.5 225 1 15
Vop = 10V, Vo = 1:0V or 9.0V | 30 450 | 3.0
Voo =15V, Vo= 1.5V or 13.5V 40 |, 6.75 | 4.0
Vit Hligh Leve! Hol < 1pA ‘
) Input Voltage Vpp=5V, Vp=05Vord5V 35 35 | 275 35 [}
Vpp= 10V, Vo=1.0V or 9.0V 70 7.0 | 550 7.0 '
Vpp=15V, Vo=15V or 13.5V 11.0 11.0 | 8.25 11.0
loo Low Level Voo=5V, Vo=04V Vig=V 0.52 0.44 | 0.88 0.36 !
Output Current | Voo =10V, Vo =05V V'”_'v°° 13 1.1 | 225 09 "
Vop= 15V, Vo=15V } = 'S8 36 30 | 88 2.4 "
low High Level Voo =5V, Vo=46V VgV -0.52 -0.44]| -0.88 -0.36 o)
Output Current | Vpp=10V, Vo=9.5V V'"“ v°° -1.3 4 -11]-225 -09 "
Vop =15V, Vo= 136V L7788 | 36 -30| -88 -24 =
hN Input Current, Vop= 15V, ViN=0V or 15V +0.02 £10-5 2£0.05 209 .o1
pin2or 14 "
w  Input Current, | Vpp= 15V, Vin=0V or 15V +0.3 +10-% 203 210, 4
other inputs

Note 1: “Absolute Maximum Ratings"” are those values beyond which the satety of the device cannot be guaranteed, they s s
meant to imply that the devices should be operated at these limits. The 1ables of "Recommended Operating Condilions »
“Electrical Characteristics” provide conditions for actual device operation. A

Note 2: Vgg =0V unless otherwise specitied. b’
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MOTOROLA

SEMICONDUCTOR
TECHNICAL DATA

Dual 4-Stage Binary Ripple

Counter
High-Performance Silicon-Gate CMOS

The MC54/74HC393 is identical in pinout to the LS393. The dovice inputs are
compatible with standard CMOS outputs; with pullup rosistors, thay are compatible
with LSTTL outputs.

This dovice consists of two independent 4-bit binary ripplo countors with paraliel
outputs from each countor stage.. A <+ 256 counter can be obtained by cascading
the two binary countars.

Internat lip-flops are triggered by high-to-low transitions of the clock input. Reset
for tho countars is asynchronous and active-high, State changes of tha Q outputs
do not occur simultaneously because of internal ripple delays. Therefore, decoded
outpul signals are subject to decoding spikes and should not be used as clocks or
as strobes except when gated with the Clock of the HC393.

Output Drive Capahility: 10 LSTTL Loads

Qutputs Directly Interface to CMOS, NMOS, and TTL

Operating Voltage Range: 2106 V

Low Input Current: 1 gA

High Noiss Immunity Charactoristic of CMOS Dovices

In Comphance with tha Roquiramants Dulined by JEDEC Standard No. 7A
Chip Complexity: 236 FETs or 59 Equivalent Gates

LOGIC DIAGRAM
3,1 a1
4,10
1,13 Binary [————— Q2
Clock D>Coum‘¢;1 59 a3
5.8 Q4
Rosot 2.12
Pin 14= Ve
Pin 7= GND

MC54/74HC393

J SUFFIX
CERAMIC
CASE 622

N SUFFIX
PLASTIC
CASE 648

D SUFFIX
80I1C
' CASE 751A

ORDERING INFORMATION

MC74HCXXXN Plastic
MC54HCXXXJ Caramic
MC74HCXXXD S0IC

Ta = - 55° to 125°C lor ali packages.
Dimensions in Chapter 7,

PIN ASSIGNMENT

Clock a G1 @ b vee

Rasnt a 2 13h Clock b
a1, Q3 12 P Resat b
02, 04 1oty
03, 45 100 Q2
04, 46 90 Q3
GND {7 8{ 04y

FUNCTION TABLE

nputs

Outputs
Clock e

=
H

X L

No Chango
No Change_
No Change
Advance to
Noxt Stato

-~ rec~ X

H
L
_,_
.

A

AT,

SAHIe P
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MAXIMUM RATINGS®
Symbol Paramater Valus Unit This device contains protection
Ve | DE Supply Voltage (Rufursnced 10 GND) -0.6t0 +2.0 v :"WW;_ ': guard :'0'"\“ d';"‘m
. - ud 10 high static voltagas or slectnc
Vin__ | BC Input Voltage {Referenced 10 GND) -1.6t Vee+1.6 v fiuids. However, precautions must
Vout | OC Output Voltage {Refurenced to GND) -0.5t0 Ve +0.5 v be taken to avoid applications of any
lin DC Input Curront, per Pin +20 mA voltage "/‘07'" than maximum rated
- ltages “to this  high-imped
lout OC Output Curient. pur Pin - 125 mA circur. For proper oparation, Vip, and
lce DC Supply Cutrent, Vo and GND Pins 150 mA Vout should be constrained 1o the
Po Power Dissipation in Still A, Plastic or Ceramic DIPT 750 mw range GND ${Vjn of Vot sVee.
SOIC Packaget 500 Unused inputs must aiways be tied
—65 t 150 o¢ to an appropriate logic voltage level
—Tstg | Storege Temparature St {8.0.. wither GND or Vee). Unused
T Load Temperature, 1 mm from Case for 10 Seconds °C outputs must be laft open.
{Plastic DIP or SOIC Package) 260
{Ceramic DIP) 300

*Muxuimum Ratings are thosu values beyond which damags to the duvice may occur.
Functions! operation should be restiicted to the Recommended Opsrating Conditions.
10vrating — Plastic DIP; ~ 10 mW/*C from 65° to 1269C
Curamic DIP: ~ 10 mW/°C trom 100° 10 1254C
SOIC Package: -7 mW/°C trom 66° to 126°C
For high frequency or heavy load considerations, ses Chapter 4 subject listing on page 4-2.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee | DC Supply Voltage (Refarenced 1o GND) 2.0 8.0 v
Vin.Vout | DC Input Voltage, Output Voliage (Refsrenced 1o GND) 0 vee \
TA Operating Temperature, All Package Types -85 + 126 e
4. Y |input Rise and Fall Time Vee=20V (1] 1000 ns
{Figure 1) Vee=4.5V 0 600
Vee=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referanced to GND}
fs v Guarantead Limit
Symbol Parameter Test Conditions cc 3 Unit
: v | BCle | cpsec | susec| "
-65°C
Vi Minimum High-Level Input Vout=01VorVee=01V 2.0 1.6 1.6 1.5 v
Voltage Hout] $20 pA 4.6 3.6 315, 315
6.0 4.2 4.2 4.2
viL Mauximum Low-Luvel Input Vour»0.1VorVgo -0V 2.0 0.3 0.3 03 v
Voitaga Jlout) £20 4A 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
Vox | Minimum High-Level Qutput Vin=ViH or Vi 2.0 1.9 1.9 1.9 v
Voltsge llaut! £20 pA 4.5 4.4 4.4 4.4
6.0 5.9 6.9 5.9
Vin=Viy or Vi liout| s4.0 mA| 4.5 3.98 3.84 3.70
llout] 5.2 mA | 6.0 5.48 5.34 6.20
VoL | Maximum Low:Luvel Output Vin =~ Vi or Vit 20 0.1 0.1 0.1 v
Voltage lout] 520 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=Viy of Vgt llout] s4.0 mA| 4.5 0.26 0.33 0.40
low] $6.2mA| 6.0 0.26 0.33 0.40
tin Maximum Input Leakage Current | Vin =V or GND 6.0 0.1 +1.0 +1.0 »A
lce Maximum Quiescent Supply Vin=Vce or GND 6.0 8 80 160 nA
Current {per Package) fout =0 A
NOTE: Information on typical p ic values can be tound in Chapter 4 subject fisting on page 4-2,

Fakates

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HC393

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, tnput ty = ty= 6 ns)

v Guarsnteed Limit
Symbol Parameter cc . Unlt
v | BClo | lgsec | sizec
-66°C
imax» | Maximum Clock Frequency (50% Duty Cycle} 2.0 5.4 4.4 3.6 MH.
(Figures 1 and 3) 4.5 27 2 18
6.0 32 26 21
tPLH, Maximum Propagation Delay, Clock to Q1 2.0 120 150 160 ns
tPHL {Figures 1 and 3} 4.5 24 30 36
6.0 20 26 3t
tpLH,’ Maximum Propagation Dalay, Clock to Q2 2.0 190 240 285 ns
tPHL (Figures 1 and 3) 4.6 38 48 67
8.0 32 41 48
tpLH. | Maximum Propagation Delay, Clock to Q3 2.0 240 300 360 ns
PHL {Figures 1 and 3) 4.5 43 60 72
S 6.0 41 A1 81
tPLH, | Maximum Propagntion Dolay, Clack to Q4 2.0 0 anh AG na
tPHL {Figures 1 and 3) | 45 |, &R n LiH
8.0 49 82 74
tpHL | Maximum Propagation Delay, Resst to any Q 2,0 165 205 2%0 ns
{Figures 2 and 3} 4.5 k] 41 60
6.0 28 35 43
tTLH. | Maximum Qutput Transition Time, Any Qutput 2.0 75 95 110 ns
tTHL {Figures 1 and 3) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4 subject [isting on page 4-2.
2. Information on typical parametric values can be found in Chapter 4.
Cpp | Powoer Dissipation Capacitance (Per Counter) Typical @ 26°C, Veemb.0 V
Used to determine the no-loed dynamic power consumption:
Pp=Cpp Vec+ice Ve 40 oF
For load consldarations, see Chaptor 4 subject listing on page 4-2.

TIMING REQUIREMENTS (input t; =ty =8 ns)

v Guaranteed Limit
Symbol Parameter ce * Unlt
v v | BECW | e | susec
-§6°C

troc | Minimum Recovery Time, Rosst Inactive to Clock 2.0 60 65 75 ns
{Figure 2} 4.5 10 13 16
6.0 9 11 13

tw Minimum Pulse Width, Clock 2.0 80 100 120 ne
(Figure 1) 4.5 18 20 24
6.0 14 17 .20

tw Minimum Pulse Width, Reset 2.0 126 155 190 ns
(Figure 2) 4.5 25 3 38
6.0 20 26 32

tr. tf | Maximum Input Rise and Fali Times 20 1000 1000 1000 ns
(Figure 1} 4.6 600 500 600
6.0 400 400 400

NOTE: Int ion on typlcat p 1o values oen be found In Chapter 4 subject listing on page 4-2.
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MC54/74HC393

PIN DESCRIPTIONS

INPUTS
CLOCK (PINS 1, 13) — Ciock input. The internal flip-flops separate reset is provided for each counter. A high at the Reset
are toggied and the counter state advances on high-to-low input pravents counting and forcos all four outputs low.
ransitions of the clock input,
QUTPUTS .
CONTROL INPUTS Q1, 2, Q3, Q4 (PINS 3, 4, 5, 6, 8, 8, 10, 11) ~ Paraliel

RESET (PINS 2, 12) - Activo-high, asynchronous reset. A binary outputs. Q4 is tho most signilicant bit,

SWITCHING WAVEFORMS
FIGURE 1 FIGURE 2

—y — Vcc
Clock ce Rusot
GND GND
Q
a — Ve
Clock 50%
e GND
FIGURE3 - TEST CIRCUIT EXPANDED LOGIC DIAGRAM
Test Point Clock 1.13 asc Q

il

i 3
1
Output D Q : 1
Device ? a
Under
Test I e
C Q

-
* Inctudus ait probu and g capacance. qo ap—

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HC393

TIMING DIAGRAM

|o|1|2[a|4|s|e|7|a]n|10|n|1z||3|ul

Clock

ot [

8| o |

o1 LA SN TN

=9
@_| | | l | | | | |

=1
0y

| P\ 12 |

inds)
Q4 1

L

MOTOROLA HIGH SPEED CMOS LOGIC DATA

COUNT SEQUENCE
Outputs

Count 04 [ox] Q2 Qa1
0 L L L L
1 L L L H
2 L L H L
3 L L H H
4 L H L L
5 L H L H
6 L H H L
7 L H H H
8 H L L >
9 H L L H
10 H L H 2
1" H L H H
12 H H L L
13 H H L H
14 H H H L
15 H H H H
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