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AUTOMATIC CONNECTION PABX (DTMF)
Mr. SOMKIAT ARJARASIRI 34131231

ABVISOR
Mr. PAISAN SITTIYOPASAXUL

ABSTRACT

AUTOMATIC . CONNECTION PABX IN DIFFERENCE SYSTEMARE THE
EQUIPMENT WITCﬁ CAN BE‘CONNECTED BETWEEN PABX WITH OUT OPERATOR.
BECAUSE = EACH PABX OF THE MANUFACTURE SOME TIME CAN NOT DIRECTING
CONNECT  TOGETHER. FROM THE OPERTION OF EQUIPMENT HAVE TO BE USED
PASSWORD FOR THE VOICE CONNCETION WITH IS NO PROBLEM. BECAUSE OF
DIFFERENCE' ¥HEN. THERE IS | PABX ' SYSTEM. THE PRINCIPLE OF THIS
EQUIPMENT IS RINGING TONE.FROM PABX A.THE RINGING COUNTER WILL BE
COUNT VWHEN THE COUNT IS DONE DISPOSE THE MATCHING IS CONNECTTED
¥vITH THE TELEPHON LINE. FOR UNHOOX THE TELEPHON HANDSET THEN
THEY WILL HECK FOR RIGHT OR WRONG. IF THEY ARE RIGHT THE MATCHING
WILL BE CONNECTTED THE OTHER SIDE WITH THE PABX B. LIKE A OF HOOK
OF PABX B. THEN THE TELEPHON WITH SEND THE DIAL TONE -IN TO THE
PABX A WILL PRESS DTMF SIGNAL PASS THROUGH PABX B. LIKE A USEING
OF PABX B IN DIRECTLY.
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CAPACITOR

c,,C, = 1uF 250 V. X 4
c, = 224F 16V X2
c, = 2.24F 18V X2
C.,CesC,, =0.1uF 50V X2
c, = 4TuF 18V X1
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c,, 8\ 0 770NN AN )
CerT T, pli WEmF | 150\ G 2
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'MC14013B

DUAL TYPE D FLIP-FLOP

The MC140138 dual type D flip-flop is constructed with MOS
P-channel and N-channel enhancement mode devices in a single
monolithic structure, Each flip-flop has independent Data, (D),
Direct Set, (S}, Direct Reset, (R}, and Clock (C) inputs and comple-
mentary outputs {Q and Q). These devices may be used as shift regis-
ter elements or as type T flip-flops for counter and toggle applica-

tions, R

® Static Operation

® Quiescent Current = 2.0 nA/package typical @ 5 Vdc
® Noise Immunity = 45% of Vpp typical

® Diode Protection on All inputs

® Supply Voitage Range = 3.0 Vdc to 18 Vdc'

® Single Supply Operation

® Toggle Rate = 4 MHz typical @ 5 Vdc

® Logic Edge.Clocked Flip-Flop Design -

Logic state is retained indefinitely with clock level either high or
low; information is transferred to the output onty on the positive-
going edge of the clock pulse

® Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper-
ature Range

® Pin-for-Pin Replacement for CD40138

CMOS SSI

(LOW-POWER COMPLEMENTARY MOS)

DUAL TYPE D FLIP-FLOP

MAXIMUM RATINGS (Voitages referenced to Vgg)

I?

S

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXX8 Suttix Denotes

L Ceramic Package

P Piastuc Package -

A Extended Opsrating
Temperature Range

C Limited Operating
Temperature Range

Rating Symbol Value Unit
DC Supply Voltage Vpo -051t0 +18 Vde
‘Input Voltage, All Inputs Vin |-05tw0Vpp+ 05 Vdc
DC Current Drain per Pin ! 10 mAdc
Operating Temperature Range — AL Device Ta -55 to +125 °¢
CL/CP Device ~40 t0 +85
Storage Temperature Range Tetg -65 to +150 °c
»
TRUTH TABLE
INPUTS OUTPUTS
CLOCK' | DATA | RESET| SET Q a
Y [} [¢] 0 [) 1
Ve 1 <] 1 0
a No
- x [+] o Q Q Change
X X 1 4] ] 1
X x o 1 ¥ o
X X 1 1 1 1

X = Don't Care
t = Level Change

BLOCK DIAGRAM

[2]
[o]]
[X]

8

9 D-- Qb——13

N—c . Qf— 12
R

10

Vpp = Pin 14
Vgg = Pin7
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MC14013B

ELECTRICAL CHARACTERISTICS

Voo | . Tiow’ 25°C Thigh®
Characteristic Symbol Vde Min Max Min Typ Max Min Max Unit
Output Voltage 0" Level Vol 5.0 - 0.0 - 0 0.05 - 0.0s vdc
Vin Vppor0 10 - 0.05 - o] 0.05 - 0.0%
15 - 0.05 - 0 0.08 - 0.0%
“1° Level VoH 5.0 495 - 495 5.0 - 495 - Vde
Vin OorVpp 10 9.95 - 9.85 10 - 9.95 -
15 14.95 - 14.95 15 - 14.95 -
input Voltage ™ 0" Level ViL Vde
(Vg - 4.5 0r 0.5 Vdc) 5.0 - 15 - 2.25 1.5 - 15
(Vg 9.00r 1.0 Vdcl 10 - 3.0 - 4.50 3.0 - 3.0
{vo=1350r 1.5 Vdc) 15 - 40 - 6.75 4.0 - 4.0
1 Levet| Vin
Vg = 0.5 or 4.5 Vdc) 50 35 - 35 2.75 - 35 - vde
(Vo* 1.00r9.0 Vdc} 10 7.0 - 7.0 5.50 - 7.0 -
(Vo = 1 50r 12.5 Vdc) 18 1.0 - 1.0 8.25 - 11.0 -
Output Drive Current (AL Device) IOH - | mAdc
(VOH = 2.5 Vde) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
(VoW = 4.6 veel 5.0 -0.25 - -0.2 -0.36 - -0.14 -
(VoW * 9.5 Vde) 10 ~0.62 - -0.5 -09 - -0.35 -
Von = 13.5 Vdc} 15 ~1.8 - -1.5 -3.5 - -1 -
(Vop = 0.4 Vdel Sink oL 5.0 0.64 - 0.51 .88 - 0.36 - mAde
(Vor = 0.5 Vde) 10 16 - 13 2.25 - 08 -
(VoL = 1.5 Vde) 15 4.2 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) [fe17} mAdc
(Vo = 2.5 Vdel} Source 5.0 -1.0 - -0.8 =1.7 - -086 -
{(Vou * 4.6 Vdc) 5.0 ~0.2 - -0.16 -0.36 - -0.12 -
(VoM = 9.5 Vac! 10 =05 - 04 -0.9 - -0.3 -
{Vow = 13.5 Vdcl 15 -14 A 1.2 | =35 - -| -10 - -
(Vo = 0.4 Vdc} Sink 1oL 5.0 0.52 - 0.44 0.88 - 0.36 - mAde
(VoL = 0.5 Vae) 10 13 - 1.1 225 ] - 08 -
Vo = 1.5 Vdc} 15 36 - "1 30 8.8 - 24 -
1nput Current (AL Dewvice) Iin 15 - £0. - +0.00001 | 20.1 - +1.0 wAdc
Input Current {CL/CP Devicel lin 15 - :03 - £0.00001 | =03 - 210 wAdc
Input Capacitance Cin - - - 50 7.5 - - - of
(Vin = 0} A
Qurescent Current (AL Device) 10D 5.0 o 1.0 . e 0.002 1.0 K 30 _| wAdc
{Per Package) 10 - 2.0 - 0004 | 20 - 60 B
15 ) 4.0 ., 0.006 4.0 - 120
Quiescent Current (CL/CP Devicel oD 5.0 = 4.0 - 0.002 4.0 Q 30 uAdc
(Per Package) 10 - 8.0 - 0.004 8.0 - 60
15 - 16 - 0.006 16 — 120
Total Supply Curcent®*1 Ir 5.0 It = (0.75pA/kH2) { + Ipp uAde
{Dynamic pius Quiescent, 10 IT= {15 #A/kHZI{+ IppD
Per Package) 15 It = (2.3 wA/KHz)t+ DD
{Cy = 50 pF on all outputs, ali _ . 5 e ] e T e el 4 —
butfers switching) T .
*Tyow * -55°C for AL Device, -40°C for CL/CP Device. ) e T . _ B

Thigh = +125°C for AL Device, +859C for CL/CP Device.
=Noise immunity specified for worst-case input combination. - a———— e e
Nose Margin for both “1° and 0™ level = 1.0 Vde min @ Vpp * 5.0 Vde — s -
- 2.0 Vde min @ Vpp +.10Vde o e s -
~ 25Vdemin@Vpp +15Vde - ; oy
1To calculaté total supply current at loads other than 50 pF:
\HCL = 7150 pFl +2x 1073 (Cy_ -50! Vpp!*
where: |7 is in A (per package), C_in pF,Vpp in Vde, and f in kHz is input frequency.
**The formulas given are for the typical characteristics only at 25°C.

This davice contains circuitry to protect the inputs against damage due to high static voltages or electric fields; howavaer, it is ad-
vised that normal precautions be taken to avoid application of any voltags higher than maximum rated voltages to this high im-
pedance circuit. For proper operation it is recommended that Vin and Vgyt be constrained to the range Vsg S (Vip of Vour)
< VpD- -

__Unused inputs must always ba tied to an appropriate logic voltage level {e.g., either Vgg or Vool




MC14013B

SWITCHING CHARACTERISTICS® {Cy_ = 50 pF, T4 = 25°C)

Characteristic Symbot Vpo Min Typ Max Unit
Outwut Rise Time tTLH -~
t1TLH = (3.0 ns/pF) Cy_ +30ns 5.0 - 180 360
ITLH= (1.5 ns/oF) C_ + 15 ns 10 - 90 180
tTLH= {1.1 ns/pF) C + 10 ns 15 - 65 130
Output Fall Time THL ns
tTHL= (1.5 ns/pF} C_+ 25 ns 5.0 - 100 200
tTTHL = (0.76 ns/pF) C_ + 125 ns 10 - 50 100
tTHL = (0.55 ns/pF) C|_+ 12.5 ns 15 - 40 80 ’
Propagation Delay Time tPLH ns
Clock 10 Q PHL -
tPLH. tPHL = (1.7 ns/pF) C_ + 90 ns PR 5.0 - 175 350
tpLH. tPHL = (0.66 ns/pF) C| +42ns 10 - 75 150
) P H. tPHL = (0.5 ns/pF) Cy_+ 25 ns 15 - 50 100
Set 1o Q !
tpLH. tPHL = (1.7 ns/pF) C| +90ns 5.0 - 178 350
tpLH. tPHL, = (0.66 ns/pF) C_ +42ns 10 - 75 150
tPLH. PHL = (0.5 ns/pF} C|_+ 25 ns 15 - S0 100
Reset10Q 4
tPLH. 1PHL = (1.7 ns/pF) C{_ + 265 ns 5.0 - 350 4s0
tPLH. tPHL = (0.66 ns/pF) C| +67ns 10 - 100 200
tPLH. tpHL = (0.5 ns/pF} Cy_ + 50 ns 15 - 75 150
Setup Times tesi 5.0 40 20 - ns
| 10 20 10 -
7 15 15 .15 -
Hold Times n 5.0 40 20 - ns
10 20 10 -
y 15 15 75 -
Ciock Pulse Width WL, WH - 5.0 250 125 - ns
! 10 100 50 -
15 70 35 -
Clock Puise Frequency fe) ; 5.0 - 4.0 20 MHz
; 10 - 10 5.0
i 15 - 14 7.0
Clock Puise Rise and Fali Time tTLH | 5.0 - - 15 s
TTHL i 10 - - 5.0
! 15 - - 4.0
Set and Reset Pulse Width Wi, tWH 1 5.0 250 125 - ns
10 100 50 -
{ 15 70 35 -
*The formula given is for the typical characteristics only.
r
LOGIC DIAGRAM
{1/2 of Device Shown)
¢ :1 >—oa
c -
P Q
c
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MC14013B

FIGURE 1 — DYNAMIC SIGNAL WAVEFORMS FIGURE 2 — DYNAMIC SIGNAL WAVEFQRMS
{Data, Clock, and Output) {Set, Reset, and Output)
~-—2Q e 20
20 ns —ey - —-1 ns v zc)m—---ql [ -—i'_{—- ns Y
[ 90% oo 20% | 00
o fo% H £ 50%
! 10% X. Vss i 10% Vss
GulH)—=] |[=~—  tsull) =y 1—20ns W 200 =) -~ f—20ms

Vv
s0nX | Voo 90% oo
c 50% R 50%
/ h o 10% C L Ve
l 10% o Vgs . ss
. l———r— w
twH
} . Wi PLH ——' P
| I .
t H
PLH f—— el —] f—tPHL Q 50% N‘
i v .
a i# 90% on
‘1 50%
'10'.6 | Vou

Vor
Vou

— l-‘.-- — —
tYLH TTHL
Inputs R and S low.
TYPICAL APPLICATIONS
n-STAGE SHIFT REGISTER
1 2 ath
o (v] -Q 0 Qp—— — — =~ O qQ == Q

l——c a [—Uc
Clock O~ 4 a

(o]
|
|
|
)
(o]

i -\ R 2 n

- ]

T Flip-Floo

- L. N, ., 1 4

MODIFIED RING COUNTER (Divideby-(n + 11}

1 2 ath

: D Qpl— 0O a —=———=ip ® oa - . -

- - - - - PP -4 . . -

. .._,..[- c° a - [_. c "'.b - "'“'-‘:]——— C.-—'— a g’ mewin s
Clock C—— - — --, -~ B -
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‘ MOTOROLA

- MC14017B

DECADE COUNTER/DIVIDER

The MC140178 is a five-stage Johnson decade counter with built-
in code converter. High-speed operation and spike-free outputs are
obtained by use of 3 Johnson decade counter design. The ten de-
coded outputs are normally low, and go high only at their appropriate
decimal time period. The output changes occur on the positive.
going edge of the clock puise. This part can be used in frequency
division applications as well as decade counter or decimal decode

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)
DECADE COUNTER/DIVIDER

display applications.

Fully Static Operation

DC Clock Input Circuit Allows Slow Rise Times

Carry Out Output for Cascading

12 MHz (typical) Operation @ Vpp = 10 Vde

Divide-by-N Counting

Quiescent Current = 5.0 nA/package Typical @ 5 Vdc

Supply Voltage Range = 3.0 Vdc 1o 18 Vde

Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper-
ature Range

Pin-for-Pin Replacement for CD40178

MAXIMUM RATINGS (Voltages reterenced 10 Vgs)

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

ORDERING INFORMATION

MCi4xxX8 Suffix

E L Cerermic Package
P Ptsstic Pacxage
A Extendged Opersting
Tampersture Range

C  Limitea Opersting
Temperature Renge

Denotes

FUNCTIONAL TRUTH TABLE

Rating Symbol Vatue Unit
DC Supoly Voliage VDo -0Sto 18 Vac
Input Voltage, All Inputs V.a 0S5t vVpp - 05 Vdc
OC Current Dran per Pin ] 10 mAde
Operating Temperature Range ~ AL Device Ta -5510 +125 o¢
CL/CP Device ~40 10 +85
Storage Temoersture Range Targ -65 10 »150 °c
LOGIC DIAGRAM
1 2 6 7 "

Clock
14
13

Clock
Enable

15
Rewt

as aQr a7 Qa3 as

Voo

*XeX3)
"ol o

,Unﬂ
ol O
o000
®o1 o

Vss

{Positive Logc)
CLOCK DECOODE
CLOCK ENABLE RESET | OUTPUT = n
0 x ] N o
X 1 ] n
X X 1 Qo
-~ [} 0 net
T x o n
x Vi [} n
1 N— -] ney

X = Don't Care 1t n &5 Carry = *“1°, Otherwise = <™

BLOCK DIAGRAM

Clock 14 O—r QO p—o03
Qi p—o02
Q2l—o0 4
Q3 =0 7
o Q4 |—0 10
Ec_";:‘.'_. 13 0—( as—o
Qs —0 5
Q7-—0 6
Qs —o 9
Qs p—0 11
Retet 15 O— Cout —0 12

Vop ® Pin 16 —

Vgg» Ping .
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MC140178B

ELECTRICAL CHARACTERISTICS

Voo Tiow® 25°C Thigh*
Characteristic Symboi Vde Min Max Min Typ Max Min Max Unit
Qutput Volitage “0" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vde
Vin *Vppor0 10 - 0.05 - 0 0.05 - 0.05
15 - 0.05 - 0 0.05 - 0.05
1" Level VoH 50 495 - 4.95 5.0 - 4.95 - Vde
Vin-0orVpp. 10 9.95 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 - 14.95 -
Input Voltage® “0" Level| V)L ) Vde
(Vo = 4.5 0r 0.5 Vdc) L 5.0 - 15 - 2.25 15 - 15
(Vo = 9.0 or 1.0 Vdc} 10 - 3.0 - 4.50 3.0 . - 3.0
{Vo = 13.5 or 1.5 Vdc) 15 — 4.0 - 6.75 4.0 - 4.0
"1 Level ViK .
(Vg = 0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - vde
(Vo = 1.0 or 9.0 Vdc) 10 0 - 7.0 5.80 - 7.0 -
(Vo = 1.50r 13.5 Vdc) 15 1.0 - 11.0 8.25 - 11.0 -
‘Output Drive Cusrent (AL Devicel 1oH mAde
{(VoH = 2.5 Vde) Source 5.0 -12 - -1.0 -1.7 - -0.7 -
{(VoH = 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 - -0.14 -
(VoK = 9.5 Vde) 10 ~0.62 - -0.5 ~09 - -0.35 -
(Vou = 13.5 vdel 18 -1.8 - -1.5 -3.5 - -1.1 -
(Vor = 0.4 Vdel Sink loL 5.0 0.64- - 0.51 0.88 - 0.36 - mAde
(VgL = 0.5 Vde) 10 1.6 < 1.3 2.25 - 0.9 -
{Vor = 1.5 Vdel 15 42 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device} loH mAdc
{(VoH = 2.5 Vdcl} Source 5.0 ~-1.0 - -0.8 -1.7 - -8 -
{(Von = 4.6 Vde) 5.0 ~0.2 - -0.16 | -0.36 - -0.12 -
{(Vou = 9.5 Vde) 10 -0.5 - -0.4 -0.9 - -03 -
{Vou = 13.5 Vde) 15 -14 b -1.2 | =38 - -1.0 -~
{(Vop = 0.4-Vde) Sink oL 5.0 0.52 - 0.44 0.88 . 0.36 - mAdc
(Vo = 0.5 Vde) 10 *13 - 1a 225 - 0.9 -
{(Vop = 1.5 Vde) 15 36 - 3.0 8.8 - 24 -
tnout Current (AL Device) lin 15 - 0.1 - £0.00001 | :0.1 - $1.0 wAde
Inout Current (CL/CP Device) lin 15 - £03 - £0.00001 | +03 - 10 uAde
input Capacitance Cin - R E, 5.0 75 - - pF
{(Vin = 0)
Quiescent Current AL Device) oo 50 - 5.0 - 0.005 5.0 - 150 uAdc
{Per Package) 10 - 10 - 0.010 10 by 300
5 X 15 - 20 - Q.015 -} 20 Y 600
Quiescent Current (CL/CP Device) oD 5.0 - 20 - 0.005 20 - 150 nAde
{Per Package) 10 - 40 - 0.010 40 - 300
15 - 80 - 0.015 80 4 600
Total Supply Current®“t iT 50 Iy = (0.27 uA/kH2) 1 + Ipg pAdc
(Dynamic plus Quiescent, 10 Iy = (0.55 sA/kH2) f + Igp
Per Package) 15 Iy =1{0.83 uA/kHz} f + IpD - .
(Cy_ = 50 pF on all cutputs, all N
buffers switching)

*Tiow * -559C for AL Device, 40°C for CL/CP Device.

Thigh = +1259C for AL Device, +85°C for CL/CP Device.
=Noise immunity specified for worst-case input combination.

Naise Margin for both “1°* and 0" level = 1.0 Vde min® Vpg =5.0Vvde _ .
2.0 Vde min @ Vpp =10 Vdc

25 Vdemin®@ Vgp = 15Vde ~

_ 1To calculate total supply current at loads othes than 50 pF:

“I7(CL) = 1pi50 pF) ¥ 1.1 x 10~3 (€ —50) Vppf ,
where: I is in gA (per package), C_in pF, Vgp in Vde, and f in kHz is input frequency.
**The formulas given are for the typical characteristics only at 25°C.

This device contains circuitry to protect
tha inputs against damage due to highstatic
voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid spplication of any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it

is recommanded that V;, and Vg, be
constrained to the range Vgg < (Viy or
Vout! € VDO-
Unused inputs must always be tied to an
appropriate logic voltage level (a.g., either
Vgs or Vppl.
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MC140178B

SWITCHING CHARACTERISTICS® (C_ = 50 pF, Ta = 25°C)

Characteristic Symbot \:,l:': Min Typ Max Unit
Output Rise Time TLH ns
tTLH = (3.0 ns/pF} C_+ 30 ns 5.0 - 180 360
tTLH = (1.5 ns/pFI C + 15 ns 10 - 20 180
tTLH ™ (1.1 ns/pF) C + 10 ns ) 15 - 65 130
Output Fall Time TTHL ns
TTHL = (1.5 ns/pF) Cy_+ 25 ns 5.0 - 100 200
tTHL = {0.75 ns/pF) C-+ 12.5 ns 10 - 50 100
tTHL = (0.55 ns/pF) C_ + 12.5 ns 18 - 40 80
Propagation Delay Time tPLH, ns
Reset to Decade Output PPHL
tPLH, tPHL * (1.7 ns/pF) C_ +415ns 5.0 - 600 1000
tPLH, tPHL = (0.66 ns/pF) Cp + 197 ns 10 - 230 460
tpLH, tpHL = (0.5 ns/pF1 &1 + 150 ns » 15 % 175 350
Propagation Delay Time PLH, ns
Clock to Coyt PHL
tPLH, tPHL = (1.7 ns/pF) C_+ 315 ns 5.0 * - 400 800
tpLM, tPHL = (0.66 ns/pF) Cy +142ns f 10 - 175 350
tpLH, tPHL = (0.5 ns/pF) C_+ 100 ns 15 - 125 250
Propagation Delay Time tPLH, ns
Clock 1o Decode Output PHL
tpLH, tPHL = (1.7 ns/pF).Cy + 415 ns 4 . 50 ) 0Y ', 500 1000
tpLH, IPHL = {0.66 ns/pF) Cy + 197 ns 10 - 230 460
tpLH, tPHL = 10.5 ns/pF) C_ + 150 ns 15 - 175 350
Turn-Otf Delsy Time | WPLH ns
Reset 10 Coyg !
tpLH = (1.7 ns/pF) C + 315 ns A 5.0 - 400 800
tpLH = (0.66 as/pF) Cy + 142 ns . 10 - 175 350
tpLH = (0.5 ns/pF) Cy + 100 ns ! 15 - 125 250
Clock Puise Width WH 5.0 250 125 - ns
10 100 50 -
15 75 35 -
Clock Frequency i fe) 5.0 - 5.0 20 MHz
' 10 - 12 5.0
[ 15 - 16 6.7
Reset Pulse Width I tWH 50 500 250 - ns
10 250 125 -
i 15 190 95 - b
Reset Removal Time trem 5.0 750 375 - ns
10 275 135 -
- 15 210 105 -
Clock Input Rise and Fall Time ITTLH, 'TTHL 5.0 -
1 10 No Limit
I 15
Clock Enable Setup Time tsu 5.0 350 178 - ns
10 150 75 -
15 115 62 -
Clock Enable Removal Time trem 5.0 420 260 - ns
10 200 100 -
| 15 140 70 -

* The formula given is for the typical characteristics only.
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MC14017B

-—

Vpo FIGURE 1 — TYPICAL OUTPUT SOURCE AND QUTPUT SINK CHARACTERISTICS

TEST CIRCUIT
QVout
Vss ———0—1C e ©
o —\_ stSzT;:I/E souORL::TEPg;wE
Q2 t—-0
—0 Clock to
A a3 DECODE | (o0 desired
Vpp—0 $1 Qa—o OUTPUTS outputs
~p———Q——{ Reset Q% |0 ‘o (S1 108}
Vss —BO S1 Qs o Clock to 5
—o Carry thru 9 S1twA
a (S1 to 8)
as ° Vgs = Voo - Voo
Q9 p—0 External Vos * Vout Vout - VDD
pu—, S el [.7-. § — Power
Clock ¢ out Supply
JE g WO Vss
?VOO FIGURE 2 — TYPICAL POWER DISSIPATION TEST CIRCUIT
500 uF 7~ @ kd 0.01 uF
’1 1: Ceramic
1 =
Qo —<
Qi —o
——O——Clock Ensble Q2 —0
Q3 —O0-
Q4 +—0
penO——— Resat Qs p—_0—
Q6 —C
S o WTRPSEEIG R
Pulse fe 4 2%
Generator i Clock as —o——————m i
Q9 —0———
Cout '—'01 /
ss TRCL T CL S CL AR L RS LR CL R CL TRCL ZRCLREL

[ 4
P APPLICATIONS INFORMATION -

Figure 3 shows a technique for extending the number of decodéd output states for the MC140178. Decoded
outputs are sequential within each stage and from stage to stage, with no dead time (except propagation delay).

—_ FIGURE 3 — COUNTER EXPANSION ... . .

______] . __..,'_"'_l

R R

[ c

MC140178 cE MC140178 MC140178
Q0 Qle ¢ «Q8 Q9 Q0Q1e ¢ o QB-Q9 Qt e« o « Q8Q9

% ; L.*______i.__ | I,

\_—_v_-—_l \_-V_J 8 Decoded

9 Oecoded 8 Decaded Qutputs

Quwmouts Qutputs

Clock I- f ——— —
First Stage intermegiate Stages Last Stage
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MC14017B

FIGURE 4 — AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS

o e P 90% Voo
Clock 50%
- = _ (I A N 0% —Vss
. ‘m tsu  20.ns:
Clod: e I R R ’ ~ ﬁ9$;% ' 1 Voo
Er -V
tram—] l_ ‘ I \ " __.l l._{ 20 b T —T— ss
Reset —VoD
20 ns ) Vss
o —‘-L-lf-l_-—“i"*\- 1 4 ‘ - " N —] }—-—‘PLH ‘FLH:——1 l‘— - Vo:
tPLH l-———”-—lpm. - =we o
| T e
o J‘_:l\ T e,
tPLH l—-.—{ }-—xplm_ . SCE| l—-—l fo—trHL v
I oH
a2 L tPLH —‘l PHL . LM Jt—-—-i r— UTHL Vo
f_( 3 jl'" -y vou
Q3 b - Vo
Ich |——+ \ o el ] von
Qe tTHL -VoL
LK l—-—-{ *—-—I‘PHL TLH ——l’[-:jf—s:'l{.- L Gom
Qs —ﬂ l Vou
PLH ’.——-1 t.;’:p‘m TLH ——1 H}-— THL Von
10% I |
e trhL = rs, ‘T"'- TYor
I LM -—“rm. Vom
A
a7 Vou
| ot :,4 =
LM K Vor
es TTLm ‘-—‘T"L =TT Vou
oL ———t l 4 e Von
h
Q9 Vo
—-{ tPHL TLH —] { I}f—"rl-u. ——1 tPLH
Cout PLH -—j( —VOoH

7-58

| F'—VOL
THL
TTLH



ECCTORCLA MC14028B

BCD-TO-DECIMAL DECODER CHMOS WSl
BINARY-TO-OCTAL DECODER

The MC 14028B decoder is constructed so that an 8421 BCD code
on the four inputs provides a decimal {one-of-ten) decoded output,
while a 3-bit binary input provides a decoded octal {one-of-eight) BCD-TO-DECIMAL DECODER
code output with D forced to a logic “0”. Expanded decoding such BINARY-TO-OCTAL DECODER
as binary-to-hexadecimal {one-of-186), etc., can be achieved by using I
other MC140288B devices. The part is useful for code conversion, ad-

{LOW-POWER COMPLEMENTARY MOS!

dress decoding, memory selection control, demultiplexing, or read-

out decoding.

® Diode Protection on All Inputs -
® Noise Immunity = 45% of Vpp typical

® Supply Voitage Range = 3.0 Vdc to 18 Vdc
[

Capable of Driving Two Low-power 7T L Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper-

ature Range L SUFFIX P SUFFIX
i . 4 CERAMIC PACKAGE  PLASTIC PACKAGE
Positive Logic Design case s IS

Quiescent Current 5.0 nA /package typical @ 5 Vdc
Low Qutputs on All lllegal tnput Combpinations P ORDERING INFORMATION
Similar to CD40288.

MC14XXXB __ Sutiix Denates

-1' E L Ceramic Package
P Plastic Package

MAXIMUM RATINGS {Voitages referenced to Vggi A Extenced Operating

Temperature Range

Rating Symbo! Value Unit
\—— C Limited Operating
DC Suppiv Voitage VDo 0.5t =18 Vde Temperature Range
Input Vottage, All Inputs Vin -0.5to Vpp + 0.5 Vde
DC Current Drain per Pin l 10 2 mAdc
Operating Temperature Range — AL Device Ta 8510 +125 %
CL/CP Device 40 to =85
Storage Temperature Range Tsig -65 10 +150 oc
TRUTH TABLE
BLOCK DIAGRAM INPUT QUTPUT
D € 8 AjQ3Q8Q70Q5Q504Q30Q2Q1Q0
0 00 OO0 O 0O OOOOOO
. " 3 ) 1 0 00 1{0 0 00CO0OOOTI1TO0
’°°—1’ Q0p——o0 00 10{000000OGCO0T1O00
Qlp——=O0 14 0 0 1 1j0 60 0 0 OO 1 O C O
010 00 0C0CQO0COT11T O0CO0OO0O
—02
3-8it R Octal 0 1 ©01j0 0 0 01 00 00O
Binary 130—8 C).:!'—-'O“5>D 11 0j0 001 0O0O0COOO
8421 | jnputs ecoded | pocimal 0 11 1{0 0 1 000000O
Q4 S1 | Qutputs
BCD < Puts > Decoded 1 000J031 000O0O0GOLOO
Inputs Qs—>0s6 Outputs 100 1{1 0000O0COOO0O
12 0—¢ asl—o7_ 101 0{000O0D0O0O0O0O0TO
a7 a 1 01 1/0 0°0°"0 0 0 0 O O O
11 00(00O0OCOOOTUOCOTUGOCO
Qg[—o0°9 110 1/0000000O0GO0TGC
11 1 0/0 000 O0CO0CCOOTO
11 0—{D e
\ Qs 5 1 11 1/0 600000000
Vpp = Pin 16
Vgg = Pin8
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MC14028B

ELECTRICAL CHARACTERISTICS

Voo Tiow” 25°C Thigh®
Characteristic Symbol Vde Min Max Min Tya Max Min Max Unit
Output Voitage "0 Level Vou 5.0 - 0.0 - 0 0.05 - 0.05 Vde
Via VpporO 10 - 0.0 - o} 0.05 - 0.0
15 - 0.05 = 0 0.05 - 0.05
‘1" Level VoH 5.0 495 - 4.95 5.0 - 495 - Vdc
Vin OorVpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 — 14.95 ~
tnput Voltage® 0" Level ViL Vde
(Vg = 4.5 0r 0.5 Vde) 5.0 - 1.5 - 2.25 1.5 - 15
(Vg = 9.0 or 1.0 Vdc! 10 - 3.0 - 4.50 3.0 - 3.0 .
(Vg = 13.5 or 1.5 Vde} 15 — 4.0 - 8.75 4.0 - 4.0
1" Level ViH
Vg = 0.5 or 4.5 Vde) 5.0 3.5 - 35 2.75 - 35 - vde
(Vg * 1.0 0or 9.0 Vdc} 10 7.0 = 7.0 5.50 - 7.0 -
VO = 15 0r 12.5 Vdcl 15 11.0 - 11.0 8.25 - 11.0 -
OQutput Drive Current (AL Dewvice) loH mAde
(VOR = 2.5 Vdc} Source 5.0 -1.2 - -1.0 -1.7 — - =07 -
(Van = 4.6 Vdc) 5.0 ~0.25 ~ -0.2 -0.36 - -0.14 -
(VoH = 9.5 Vde) 10 -0.62 £ -0.5 -0.9 » -0.35 -
(Vgu = 13.5 Vdc) 15 18 B -15 -3.5 - -1.1 -
(VoL = 0.4 Vde) Sink oL 5.0 0.64 = 0.51 0.88 - 0.36 - mAde
VoL = 0.5 Vac) 10 16 =~ 1.3 - g - 0.9 -
VoL = 1.5 Vdel 15 4.2 - 34 2.8 - 2.4 -
Outout Drive Current {CL/CP Device) ‘oM mAde
tVoH = 2.5 Vdcl Source 5.0 -1.0 - -0.8 =17 - -0.6 -
(VoH = 4.6 Vdc! 5.0 ~-0.2 - -0.16 -0.36 - -0.12 -
Vou * 9.5 Vae) 10 -0.% - -04 =09 e -0.3 -
{(Von = 13.5 Vdo) 15 -1.4 - -1.2 -3.5 - -1.0 -
VgL = 0.4 Vda) Sink oL 5.0 0.52 - 0.44 0.88 b 0.36 - mAde
Wor = 0.5 Vde) 10 1.3 - 11 2.z - 0.9 -
VgL = 1.5 Vde! 15. | 36 2 30 38 - 24
Input Current (AL Davicel bin 15 - 0.4 - =0 00001 | =0.1 - 1.0 sAdc
tnput Current tCL/CP Device) Yin 15 - =03 - +0.00C01 | 03 - £1.0 uAdc
Input Canacitance Cin - - - = 5.0 7.5 - - pF
Viq =0)
Quiescent Current {AL Devicel oo 5.0 - 50 - 0.005 5.0 - 150 uAde
{Par Package) 10 - 10 - 0.010 10 - 300
15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) oD 5.0 - 20 - 0.005 20 - 150 wAdc
{Per Packagel 10 - 40 - 0.010 40 — 300
15 = 80 - 0.015 80 - 600
Toral Supply Current®* 1 IT 5.0 IT=(0.3 AA/KHZ) f +ipp uAdc
{Dynamic pius Quiescent, 10 IT.= (0.6 wA/kHZIf+ Ipp
Per Package) i5 It= (0.9 uA/kHZ) £+ IpD
{Cy_ =50 pF on ail outputs, all
buffers switching)

*Tiow = -55°C for AL Device, -40°C for CL/CP Device. ° -
Thigh = +125°C for AL Device, +859C for CL/CP Device.
=Noise immunity specified for worst-case input combination.
Noise Margin for both 1" and 0" level = 1.0 Vde min@ Vpp =5.0 Vde
20Vdemin@ Vpp =10 Vde
2.5Vdemin@ Vpp = 15 Vde
1To calculate totaf suoply current at loads other than 50 pF:
tT(CL} = 1T{S0pF) + 1 x 10-3 {C -50) Voppf
where: I 18 in uA (per packagel, Cy_ in pF, Vpp in Vdec, and f in kHz is input frequency.
**The formulas given are for the typical characteristics onty at 25°¢C.
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MC14028B

SWITCHING CHARACTERISTICS* (C|_ =50 pF, Tp = 25°C)

Charactaristic Symbol Voo Min Typ I Max Unit
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) C_+ 30 ns 5.0 - 180 360
tTLH=(1.5ns/pF) Cp + 15 ns 10 - 920 180 .
tTLH = (1.3 ns/pF} CL + 10 ns 15 - 65 130
Qutput Fall Time TrHL ns
TTHL = (1.5 ns/pF) C + 25 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) Cy_+ 12.5 ns 10 - 50 100
tTHL = (0.55 ns/pF) C_ +9.5 ns 15 - 40 80
Propagation Delay Time PPLH, ns
tpLH, tPHL * (1.7 ns/pF) C_ + 215 ns PR 5.0 - 300 600
tPLH, tPHL = {0.66 ns/pF) C|_+97 ns 10 - 130 260
tp H, tPHL = (0.5 ns/pF} Cy + 65 ns 15 - 90 180

The formula given is for the typical characteristics only.

FIGURE 1 — DYNAMIC SIGNAL WAVEFORMS

20 ns

l._ _.1 le—20 ns

Inputs A, B, and D low.

LK "— e

. v
90% OH

fe—tTLH tTHL

inputs B, C, and D Vob Aill outputs connected

switching in respect Input A o respective C ) loads.

to # BCO code. 10% { in respect 1o & system
Vgg clock.

- ?’—20 ns -] fe—200s
v
90% oo
input C 2 50%
10%

< Vpp.

Unused inputs must always be tied to an appropriate logic voltage level {e.g., either VgsorVppl.

This device contains circuitry to protect the inputs against damage due to high static voitages or electric fields; however, it is ad-
viséd that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high irh-

pedance circuit, For proper operation it is recommended that Vi, and Vg, be constrained to the range Vgs < (Viq or Vou)
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MC14028B

LOGIC DIAGRAM

B D

B —B_ =Bt
D_D)T_D‘_j:)} W: [ ™
,___J Qs

c °—{>°—['{>°—‘_2L_D’/\ % as

|
%

|
%

APPLICATION INFORMATION

Expanded decoding can be performed by using the
MC14028B and other McMOS Integrated Circuits. The cir-

FIGURE 2 - CODE CONVERSION CIRCUIT
AND TRUTH TABLE

cuits in Figure 2 converts any 4-bit code to a decimal or
hexadecimai code, The accompanying table shows the inputs
. . . . . . ——— e
input binary combinations, the associated “output num- ) c 8 A
bers” that go “high” when selected, and the “redefined
output numbers’” needed for the proper code, For ex-
ample: For the combination DCBA = 0111 the output
number 7 is redefined for the 4-bit binary, 4-bit gray, ex- [ [
cess-3, or excess-3 gray codes as 7, 5, 4, ar 2, respectively. o c 8 A o c 8 A
Figure 3 shows a 6-bit binary 1-0f-64 decoder using nine \ MC 140288 MC140288
MC140288 circuits and two MC'I.40698. mvert.ers. ) A & V41 fo 2 A0 - .. Qo
The MC140288 can be used in decimal digit displays, I l 5 l [
such as, neon readouts or incandescent projection indi- I I [
cators as shown in Figure 4. J7 SIGNF " K i N i o
Qutput Numbers
CODE AND REDEFINED -
QUTPUT NUMBERS
Hexadecimal Decimal :
I e )
=2Z|ex|luinzlsls
INPUTS QUTPUT NUMBERS s8|ga|3 gg 2l
olc|B|A[5[1a3[1z11]10]9]8|7]6]8]4]3]2]1]0| " B|¥C I E (2T |<|~ -
ofolojofo[olo|o|cfo|o|ojo|jojof{ojoloflo|r] o | o olo
ofof{of1|ojolofolojojo|ofolojojojajoft]|o} 1 1 1]
o{ojt]ofo|olojo|ojojolojololo]ojoli|olo] 2 3 o |2
ofojijijolojojofojofjofojofo|o|olt]ojolo]| 3 21613 |3
ol1{olofojo|lofo|oflo|ofo|o]ojo|s]ojojo|o| 4 7 1]4|a
ofl1joli1lojolojojojo]ojo|lojo|1]|ololojo]o| s 6 |2 3
o|t{1lo]ojolojo{olo|ojolo|t{o|lololofolal & 4 |3 ] 4
o|lt1{1|1]jojololojojojojo{1}jc{alo{o|ojoio} 7 s |a |2
1{ojojofojofocjojolofoj1{o|ojo{ojo{o|o}jo]| 8 15 s
1{ojo|1|o]otoclolojof1lojo|ojojo)ojojo]a]| o 14 |6 5
1{o/t1{o|olofojolof1lojojolojo|ojojofo{o| 1t0f 127 |9 6
1{o|t{i|olofojo|t{ofjo|o|o|o|ojo|o}ojo]lo| 11| 13]8s 5
1{1|o|o|o]o{o|1{o]jo]ojojof{ojo{o|ofofo}o} 12] 8 |9 |5 |86
1{1|ol1|ojo|1]ojolo]ojolo|ojojo]ofojojo| 13| s 6 |717
1{1f1|{o|o]|1|ojofo{ojojo|ofo|lojojo|lofolo]| 14| 11 8 |ais
1|{t1l1]1|1]ojojolojojol{ojofo|ajojofojoja]| 15| 10 7 {919
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mMC14028B

FIGURE 3 - SIX-BIT BINARY 1-OF-64 DECODER

Inputs
—
A 8 C =} E F inhibit ,
[ 7 ? ? T § (Ne Selection)
A 8 c 2}
MC140288
- Q0 - e o - - e - Qs
l l T T
S.Z §.7 %7. . o . 0
h < A b 1 1
h - b I b~ 71 I S T T ) NN 3
S | T 1 1 1 T T T T 1 1 1T 1 ) S ]lI
A BCOD||A B CDjIABCD A B CD|{A B CDi{|]AB CD{|]AB CD|]|lA BCD
MC140288 MCi140288 MC140288 MC140288 Mc140288 MC140288 MC140288 MC140288
- QO=-==-- Qg Q0o ewn as| |Q0.-.~-- Q9 Q0 ----- Q8] 1Q0----- Q3
N B | Pisl gyl 1
0 7 18 23 24 31
°1/6 MC140698 3 .
64 Outputs (Selected Output is High)
FIGURE 4 — DECIMAL DIGIT DISPLAY APPLICATION
Appropriste Appropriate
A Qo —=° Voltge Voltsge
g; |0 Neon incandescent
= 9 . -
. Display Display
o8 = Q3o
mciaozss 24 ( y > oy
Qsi=—o e?999997%%%
b e NEEENEER
Q7 p—o o
Qs —o 9 2 2 1 0
o—iD
Q9b—o0-cn~ - — o ——— —
= C =
»
Circult diagrams utilizing Motorola products are included as s means is believed to be entirely reliable. M . NO T ibility is
of iliustrating typicat i tor ticati q Y. assumed for inaccuracies. Furthermore, such information does not
n sutficient for construction purposes is not convey 1o the purchaser of the semiconductor devices described any
necessarily given. The information has besn carefully checked and licanse under the patent rights of Motorols inc. or others.
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‘ MOTOROLA

MC14071
MC14071B

QUAD 2-INPUT “OR" GATE

and/or high noise immunity is desired.

Pin-for-Pin Replacements for CD4071A and CD40718

The MC14071 and MC14071B are constructed with P and N channel
enhancement mode devices in a single monalithic structure (Comple-
mentary MOS). Their primary use is where low power dissipation

CMOS ssSi

(LOW-POWER COMPLEMENTARY MOS!}

QUAD 2-INPUT “OR"" GATE

® Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc ' -

® Noise Immunity = 45% of'VDD typ

® Supply Voltage Range = 3.0 Vdc to 18 Vdc [

L)

® All Outputs Buffered I e

® Capable of Driving Two Low-power TTL Loads, One Low-power L SUEFIX P SUFFIX
Schottky TTL Load or Two HTL Loads Over the Rated Temper- CERAMIC PACKAGE PLASTIC PACKAGE
ature Range. (MC140718 only) CASE 632 CASE 646

® Double Diode Protection on All Inputs ORDERING INFORMATION

MC1aXXXB ____Sutfix Denotes

E L Ceramic Package
[

MAXIMUM RATINGS tVoitages referenced to Vgg!

Plastic Package
A  Extended Opsrating
Tempersture Range

Qelete for
Non-8 Device

NOTE: )
MC14071 (Non 8) is not recommended for new designs.
Use MC140718, -

2.5.9,12¢

Rating Symbol Value Unit C' Limited Operating
Temperature Range
Ou Supply Vottage Voo -0.5t0 +18 Vde
Input Voltage, All Inputs Vin -051t0 Vgp -0§ vdc
DC Current Drain per Pin 1 10 mAdc LOGIC DIAGRAM
Operating Temperature Range AL Device Ta ~5510 +125 Ré =
CLICP Device 40 10 +85 :D_ s
Storage Temperature Range T“q -65 to +150 °c :
6 :D— = Voo = Pin 14
8 :D_ Yo Vgs = Pin'?
See the MC14001B data sheet for compiete characteristics of the 9
B-Series devica. 12 1"
13
CIRCUIT SCHEMATICS
14071 MC140718B
Mc {1/4 of Device Shown) »

3—0 3.4,10,11

7 9Vsgs

Vss

This device containg circuitry to protect the inputs against damage due
to high static voltages or electric fislds; however, it is advised that nor-
fMal precautions be taken to avoid application of any voitage higher than
Maximum rated voltages to this high impedance circuit. For praper
—

operation it is recommended that Vi, and Vg ,¢ be constrained to the
range Vgg S (Vi of Voud S Vpo-

Unusea inputs must always be tied to an appropriate iogic voltage fevet
(e.g., either Vgg or V).
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. MO TOROLA

MC14031
MC14031B

QUAD 2-INPUT “AND” GATE

and/or high noise jimmunity is desired.

Pin-for-Pin Replacements for CD4081A and CD40818

The MC14081 and MC140818 are constructed with P and N channel
enhancement mode devices in a single monolithic structure {Comple-
mentary MOS). Their primary use is where low power dissipation

CMOS SSi

(LOW-POWER COMPLEMENTARY MOS}

QUAD 2-INPUT “AND" GATE

® Quiescent Current = 0.5 nA typ/pkg @ 5 Vde
® Noise Immunity = 45% of Vpp typ
® Supply Voltage Range = 3.0 Vdc to 18 Vdc {
¥
® All Qutputs Buffered 14b T 1w
® Capable of Driving Two Low-power TTL Loads, One Low-power
UFFIX P SUFFIX
Schottky TTL Load or Two HTL Loads Over the Rated Temper- CERALMS;C PACKAGE PLASTIC PACKAGE
ature Range. (MC140818 only) CASE 632 CASE .646
® Double Diode Protection on All inputs ORDERING INFORMATION
MC14XXXB____Sutfix  Denotes

Ceramic Package

E ;
P Plastic Package

MAXIMUM RATINGS (Vottages referenced 10 Vgs)

Delets for
Ngn-8 Devics

A Extendea Operating
Temperaturs Range

€ Limited Qpersting -

Rating Symboi Value Unit
Tempersture Range
OC Supply Voltage Vpo -0.510 +18 Vdc
1nput Voitage, All inputs Via 05t Vpp «05 vde
OC Current Orain per Pin 1 10 mAde LOGIC DIAGRAM
Operating Temperature Range — AL Device Ta -551t0 #125 o¢:
CL/CP Device -40 to +85 3

Storage Temperature Range Tsig -65 10 +150 \ ¥

B-Series device.

See the MC140018B data sheet for complete characteristics of the

Vgg = Pin 7

=D ‘
8
Al o

MC14081

NOTE:
MC14081 (Non-B) is not recommended for new designs.
Use MC140818B. - T

289,12

1,6.8,13

CIRCUIT SCHEMATICS
{1/4 of Devics Showa)

MC140818

"j\’oo

B

3—#3410 11

0

.'.—_f

kil

W

This gevice .containg circuitry to protect the inputs against dsmage due
0 high static voltages or etectric fleids; however, it is advised that nor-
Mal precautions be taken 1o avoid application of sny voltage higher than

mMmaximum rated voitages to this high impedance circuit. For proper
e

operation it Is recommendaed that Vi, and Vq,,¢ ba constrained to the
range Vgg = (Vi or Voud = Vpp.

Unused inputs must alwavs be tied to an appropriate logic volitags level
{e.g., either Vgg or Vopl.
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@ MOTOROLA

MC14528B

- ature Range

Diode Protection on All Inputs

Separate Reset Available

DUAL MONOSTABLE MULTIVIBRATOR

The MC14528B is a dual, retriggerable, resettable monostable
multivibrator. 1t may be triggered from either edge of an input puise,
and will produce an accurate output pulse over a wide range of
widths, the duration and accuracy of which are determined by the
external timing components, Cx and R¥x.

Quiescent Current = 5.0 nA/package typical @ 5 Vdc

Triggerable from Leading or Trailing Edge Puise
Supply Voltage Range = 3.0 Vdc to 18 Vdc

Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper-

® See MC14538B Data Sheet for Applications Requiring
Precise Control of OQutput Pulse Width

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

DUAL
RETRIGGERABLE/RESETTABLE
MONOSTABLE MULTIVIBRATOR

MAXIMUM RATINGS (Voltages referenced to Vgg)

Rating Symbol Vaiue Unit
OC Supply Voliage Voo -0.5t0 +18 Vdc
Input Voltage, Alt inputs Vin 105t Vpp * 0.5 Vdc
DC Current Drain per Pin ] 10 mAdc
Operating Temperature Range — AL Device TA -55 10 +125 °c
CL/CP Device -40 10 +85
Storage Temperature Range Tsig -85 10 4150 oc-

L SUFFIX P SUFFIX
CERAMIC PACKAGE _PLASTIC PACKAGE
CASE 620 CASE 648

ORDERING INFORMATION

Denotes

‘[: L Ceramic Peckage

P Plestic Package

A Extsnced Operating
Tamperature Range

C Limited Opaerating
Tesmperature Range

MCI1aXXXB _ Suffix

LOGIC DIAGRAM
(1/2 ot Device Shown)

A

Note: Externally ground pins 1 and 15 to pin 8.

BLOCK DIAGRAM

D,
13&-————3

Ry and Cx are external components.,

Vpg = Pin 16
Vgg = Pin8
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MC14528B

ELECTRICAL CHARACTERISTICS

‘| Voo Tiow® 25°¢ Thigh" .
Characteristic Symbol Vde Min Max Min Typ Max Min ShmT Unit
Output Voitage "0 Level Vor 5.0 - 0.0 - [ 0.05 - 0.05 vde
Vin*Vppor 0 10 - 0.05 - Y 0.05 - 0.05
15 - 0.05 = 0 0.05 = -1 00s
1" Level Vou 5.0 4.95 - 495 5.0 - 4.95 - Vde
Vin = 00r Vpp 10 9.95 - 9.95 10 - |-99s -
15 14.95 - 14.95 15 - 14.95 -
Input Voltage™ 0" Level ViL Vde
(Vg = 4.5 or 0.5 Vdc) 5.0 - 15 - 2.25 15 - 16
(Vo =9.0 0r 1.0 Vde) 10 - 3.0 - 4.50 3.0 - 3.0
(Vg = 13.5 or 1.5 Vde) 15 — 4.0 - 6.75 4.0 - 4.0
17 Level| V)H .
(Vg = 0.5 or 4.5 Vdc) . 5.0 35 - 3s 2.5 - 35 - Vvde
(Vg = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo = 1.5 or 13.5 Vdc) 15 1.0 7 11.0 8.25 - 11.0 -
Qutput Drive Current {AL Device) IoH mAdc
{VoH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
{(Voi = 4.6 Vde) 5.0 -0.25 - -0.2 -3.36 - -0.14 -
{(VOH = 9.5 Vdc) 10 -0.62 - -0.5 ~0.9 - -0.35 -
(Vowu = 13.5 Vde) 15 ~18 - -1.5 -35 - ~1.1 -
VoL = 0.4 Vdel Sink oL 5.0 0.64 P 0.51 0.38 - 0.36 - mAdc
(VoL = 0.5 Vdc} 10 16 - 1.3 225 - 0.9 -
{(Vor = 1.5 Vde) 15 4.2 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) 10K mAdc
{(VOH = 2.5 Vde) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
{(Von = 4.6 Vde) 5.0 -0.2 -~ -0.18 -0.36 - =0.12 -
Vo = 9.5 Vde) 10 ~0.5 - -2.4 -09 - -0.3 | -
(VoH = 13.5 Vdc) 15 ~1.4 - -1.2 =35 - -1.0 -
(VoL = 0.4 vde) Sink low 5.0 0.52 - 0.44 0.88 - 036 - mAdc
(VoL = 0.5 vde) 10 13 = 1.1 2.25 - 0.9 -
(VoL = 1.5 Vde) - 1 15 36 - 3.0 8.8 - 24 T -
Input Current (AL Devicel lin 15 - 20.1 - =0.00001 | :0.1 - £1.0 uAde
Input Current (CL/CP Devica) ligy *15 - :03 - +0.00001 | 203 - :1.0 uAde
Input Capacitance Cin - - - - 5.0 75 - - pF
{(Vin = 0)
Quiescent Current {AL Devica) oo 5.0 - 5.0 - 0.005 5.0 - . 150 uAde
{Per Package) 10 - 10 3 0.010 10 - 300
15 = 20 b 0.015 20 & 600
Quiescent Current (CL/CP Device) T3] 5.0 - 20 - 0,005 20 - 150 wAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 .. ¥a0 ~ 0.015 80 - 600
°*Total Supply Current at an external T | e - Ip{CL, Cx )= [(C +0.36CxIVppf + 2x10~8 RxCx{VpD—=2)2¢} x 10—3
load Capacitance (Cy ) and at . W .3 where: 17 in A (per circuit), C_ and Cx in pF, Ry in megohms,
external timing capacitance (Cx), - - o 1 i ,__YDD in Vdg,_f in k_Hz is input frequency.
use the formula — - B - . = .

*T)ow = -55°C for AL Device, -40°C for CL/CP Device. vl N - 7 .
Thigh = +125°C for AL Device, +85°C for CL/CP Device.
#Noise immunity specified for worst-case input combination.
Noise Margin for both 1 and 0" level = 1.0 Vdc min @ Vpp = 5.0 Vdc
2.0 Vdc min @ Vpp = 10 Vac
2.5 Vde min @ Vgp = 15 Vdc
**The formulas given are for the typical characteristics only at 25°C.
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MC14528B

SWITCHING CHARACTERISTICS®® (Cy_ = 50 pF, T = 25°C)

. ~ 1 ex | PFx Voo .
Characteristic Symbol | oF A Min | Typ | Max | Unit
Output Rise Time hed . TTLH - - ns
tTLH =~ (3.0 ns/pF) C +30 ns 50. | - | 180 [360.
tTLH = (1.5 ns/pF) Ci_ +15ns 10 - 20 180
tTLH*= (1.1 ns/pF) C_+ 10 ns 15 - €5 130
Output Fall Time e mee] TTHL - — - ns
trHL = (1.5 ns/pF) C+ 25 s : ) 5.0 - 100 , | 200
tTHL = (0.75 ns/pF) CL + 125 ns i 10 - 50 100
. tTHL = {0.85 ns/pF) C|_+9.5 ns " P 15 - 40 80
Turn-Otf, Turn-On Delay Time —Aor8toQorQ - - - tPLH, 15 5.0 ns
tpLH, tPHL = (1.7 ns/pF) C(_ + 240 ns | tPHL 5.0 - 325 | 650
tpLH, tPHL = (0.68 nsfpF) C_ +87ns 10 - 120 | 240°
tpLH, tPHL = (0.5 ns/pF) C_+ 65 ns = = - 15 - 90 180
Tuen-Off, Turn-On Delay Time —Aor BtoQor Q tPLH, 1000 10 ns
tpLH, tpHL = (1.7 ns/pF) Cy_ +620 ns tPHL 5.0 - 705 -
tpLH, tPHL = (0.66 ns/pF) C)_ + 257 ns 10 - .§90 -
tpLH, tPHL = (0.5 ns/pF) Ci_ + 185 ns’ 11/ 15 - 10 -
Minimum input Puise Width — A or B WH 15 50 5.0 - 70 150 ns
é 10 - 300 |°75
15 - 30 85
WL 1000 10 5.0 - 70 - ns
JOR 4 g ) o - 10 - 30 -
15 - 30 -
Output Pulse Width — Qor O tw 15 5.0 5.0 - 550 - ns
{For Cx < 0.01 uF use graph for sppropriste Vo p level) = b7 W 10 - 350 - -
. 15 - 300 =
Output Pulse Width - Qor Q w 10,000 10 5.0 - 30 218 s
(For Cy > 0.01 sF use formula: 10 - 50 40
tw = 0.2 Ry Cx Ln [Vpp = Vssl)? 15 - 55 | 240
Pulse Width Match between Circuits in the same packsge v .12 | 10,000 10 5.0 - 6.0 25 %
10 - 8.0 35
. 15 - 8.0 s
Resat Propagation Delay ~Cp to Qor Q T tpLH, |- 15 5.0 5.0 - 325 600 ns
. D, . 3 ot it tPHL 10 - 90 | 225 |.
| _ A 15 - 60 170
1000 10 5.0 - 1000 - ns
10 - 300 -
- 15 =1 250 -
Minimum Retrigger Time ter 18 5.0 5.0 - 0 - ns
10 - 0 -
18 - 0 -
1000 10 5.0 - 0 - ns
10 |F- o -
i i 15 — ‘0 —
. Min
Externsl Timing Resistance Rx - - - 5.0 1000 1000 k2
External Timing Capacitance Cx - - - No Limits uF

The formula given is for the typical characteristics oaly.
T Ry is in Ohms, Cx is in farads, Vpp and Vgs in voits, PWqy¢ in seconds.
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FIGURE 1 ~ OUTPUT SOURCE CURRENT TEST CIRCUIT FIGURE 2 — OUTPUT SINK CURRENT TEST CIRCUIT
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FIGURE 3 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS
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Ax Rx’
a8 Rsail
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FIGURE 4 — AC TEST CIRCUIT
- v =
o% INPUT CONNECTIONS ——-
¥ . P g oL *Cx = 15 oF CHARACTERISTICS Cp A B s -
R > > Ry’ e
X g S X C_ =15 pF WLHPHL TTLH, TTHL . 1y
c % Ry = 5.0k0 Voo PG1_ oo o
X }"’ H Cx - : w )
- ﬁ e‘ Ty : wertene s el |, .
o T1 T2 T2r T _ tw oo sS i
- Puise oA SR I T BLHIRMPHL(R). tw PG3 | pG1 [..PG2 | %
-] Generator . ks - - - - -
- ‘ v - Qeed G - Q +—1
_ - CL o ’
Ganerator O—di A qQ —o——j_L I *includes capacitance of probes,
‘ _ cL I = wiring, ana fixture parasitic, G2 =
Pulse o— & Q’ "_01 - NOTE: AC test waveforms L—l
Generator o , Cy I tor PG1,PG2, and PG3 on
o— Co 1 next page. g3 = ——L__r—
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FIGURE 5 — AC TEST WAVEFORMS
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FIGURE 6 — NORMALIZED PULSE WIDTH FIGURE 7 — PULSE WIDTH versus Cx
versus TEMPERATURE
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CMOS 14- STAGE BINARY
_CUUNTER AND DSCILLA_TDR

FEATURES-Z < - .-
14 Fully Sutic Suges~ T
10 Butfersd Outputs Available

Common Resst Lins - STe U . -
BMHz Counting Rate @ 10Vde  +7 -

LA X X X 2

DESCRIPT!ON Ny o

The SCL4D60AB consists of an ogullaxor section -

ond 14 rsipplecarry binary counter stages. The

oscillator configuration allows design of either R-C

or crystsl oscillator circuits, A Reset input s
provided which resets the counter to the @ll-Us
state. A high level on the Reset line sccomplishes
the reset function. The state of the counter is ad-

vanced one step in binary order on the neganve \

transition of the Glock input §. All inputs and put-
puts are fully bullered. Outputs are available from

stages £ through 10 and 12 through 14,57 - & -

Applications include timers, frequency dividers,
delay circuits and counter controfs.

TRUTH TABLE ~ el
T cocx ARESET | OUTPUT STATE
2! J o ~o Cho~y
) - .
- ag o-v:‘..: ~s1
L 1 ANOurwn s ¢ ipe
K * Don's Core

All Active Oscillator Components on Chip for
RC or C-ryrul Control -~ = - .

COP\NECT!ON D’AGRAM o
(all packages)’ U

. RSAEE TN

VppQ10 08 09 R
| S N DU N B
16 15 14 13 12 11.10
& SCLADEDAB
1 2.-3 4 5 6 -
UNRR N N
012013014 06 Q5 071,

Add sutfix for package:
C 16-pin Cedip
~~Fel D 16-pin Ceramic ™~ = ;
e E 16-pin Epoxy
F  16-pin Fiat .
gy 123281 ° | Chip L
- [CR OR.

RECOMMENDED OPERATING CONDITIONS
T .Fpr maximum relisbility: .- . oo sy
T DCSupply Voltage "Vpp™Vsg 1518 Ve

Opecoting Temperature - Ta -
C,.D,F, HDenc' .
E Device - SR

-55!04125 °oC
400485 ©C

LOGIC DIAGRAM

ors

e w—



. ' . . : SCLL0EDAB

T APPLICATIONS INFQR,"ATION T

- .., - ..‘- — N -
. y N TVl EO 0 VAL A e SR e s Ommt oL
N ———e mouare | ey | . g 1
f Snt uarwcy wofoan v vopere) T " * .
: b B - s e | w f o =~ - :
: —— N X oo | & e p. o .
H . - —-— - LIAN 4 .
. e . - A e - LA
2 vt v a~ | @« | e
. [y & [Ty 0 -
: — e T T T ] .
- — - . .
.- . B et - [
- - - - . — .- - -
s 5 e e e -
.7 Typical RC omllalov cireuit
. f LIRS ] e e v T
b oF 40 o ‘v e AN
- ) B
1 F——"— = — - — —— =
e s~ s |2 SCLA0E0AB. Sk N0 WD | . Y

N et e,

smI< R 100M - = - - - '
. Bs= 15X+ 10%] Rgix1.y) :
— - = A CSCT af T B v = o - .8 i

: -, - l“’ AV CS‘CT CUXTAL)—"--—-—- e=.. &4 -. -
- - =~ - Typieal erysal oscillator circuin . (o_J. H
A\ g 4 2 e i P
. ! SCLAOGDAB N "l TN y 20 -
t = - - - — i %op :
] 1
" ; lo¥  nd
L Py, S °
- SRS T — g . - S
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POM OB IOR P hi aC
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Input pulia-shaping cucvn {Schmint trigger) .. .~ Input circuit characteristics for pulu-s.‘upmq
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SCLAL60AS

t L T T 7T 7T ELECTRICAL CHARACTERISTICS - -
STATIC CHARACTERISTICS' e
- b ] * 3
PARAMETER Vool conpimons | _Tiow > Yucu_ | yaig
A . Vde) . Min | Max | Wi | Ty d Vax | wia [ vane
QUIESCENT DEVICE too] 5 |Ve=Ves orVaoo| - s| - loes] s | - 150 Lica
CURRENT T 1 10 {Anvaligirput - 0] -for ] 1o - | 30
‘ 15 Jcombengrions - 15 - [ 02 20 - 600
OUTPUT HIGH ISOUACE} ho
CURRENT
C.D, F,H devics 5 |V, a6V 0as] -1012{05 | - Jom| - !mace
10 [Vo.n=9.5V 031 -lo3laas] - Jon] -
18 {vg.=135v - [-125) ~1{-10 |45 | - Joas| - .
e e V.y*Veg 0r Vg
Edevice .- 5 Vo, sa6v Qi -Jaifos | - lowo| - [made
10 {Vo. -9.5V ©03s{ -{<3 jaas] - los | -
. 15 {Von =135V {12 ~f-10 jas | - loes| -
< Vi *Vgq 0f Vo
OUTPUT LOW (SINK} o
CURRENT d
C.D. F.H device S Voo =04V 015 —fon2[os § - log| - Imasel-
10 {vg +05V 037 —{o3 (1w | - Jor| -
4 N 15 |vo 1.5V 1.2s{ -110|s8 ] — losa| -
B Ve "Veg 0f Vo
€ device . s lvo -0.4v 004} —farzfos | ~Joro| - [mas
ai— : 10 |Vo -05V 0isj —-]e3 3o | - loxs| -
; : 15 [Vo 1.5V 1.2 —110)ss | - {oss) - -
Vire*Vay 0r Ve

NOTES: ! Remaining Static Elacoical Charactoristics are listed uncer “SCLAOOCE Series Family Speci ficatiom®,

Teow =-55ClorC, 0, F, H devica
¢ '»—40°C for E devicn.

Trscm = 2125°C tor €, D, F, H devi

@ ¢ 85°C foe € devica.

DYNAMIC CHARACTERISTICS {C = S0pF, T, = 25°C).

i o & FY Voo 1T - > R
PARAMETER v [ 1 o l Mia, ] Ty l an. .r Unia
CLOCKED OPERATION s 1
PROPAGATION DELAY TIME N[ _{J y o
Clock to 08 { Oy 5 - 650 1300 n
10 - 375 650
15 - 250 $20
Qito Qe Topm. trag 5 - 150 300 n
- - A .. . 7% 18 - 15 150 -
Y 15 S - 60 120
OUTPUT TAANSITION TIME . <~ trem. My [ - 180 360 n
i 10 - 90 180 .
- 15 A €5 130
MINIMUM CLOCK PULSE WIDTH FWe, H - 100 200 m
R N, . 10 - 50 100 .
- 15 - 40 80
MAXIMUM CLOCK FREQUENCY for 5 20 .40 - MHZ -
e T S 10 w -} 80 - - :
. 15 S 10 -
MAXIMUM CLOCK RISE AND FALL TIME Lewtée | ©. 8. 1S - - u
— : e e . . 10 15 _. -_ -
. 15 S - -
RESET OPERATION
PROFAGATION DELAY TIME — — T - -5 s} 300 -} .620 - '
. 10 - 150 300
. . 15 - 120 240
MINIMUM RESET PULSE WIDTH PWa 5 - 150 300 r
10 - s 150 .
15 - 60 120
RESET REMOVAL TIME . Lo 5 - 250 500 )
10 - 175 x0 |-
15 - 100 200 ’
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;
SV TN YNTARE (Vee) o} . oL e e e
20 18 36 14 2.0 & € 4 2 D, . _
1 Y ! Zve 5 3- - b4
L= - E
el E i
—4 Za B R ~ Vo = 15 ¥
'clu‘—‘.. Y& . .18 g ' o 2 T
A nxE : it
L= 2 e § - / |
Ve =15 ¥k 5 g : 7 Vo, =10 vee
+ = s . 7 < 7
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Typical PLChannel . Typical NChannel
Source Current Characteristics Sink Current Characteristics
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