@ MOTOROLA

MC14538B

DUAL PRECISION RETRIGGERABLE/RESETTABLE
MONOSTABLE MULTIVIBRATOR

The MC14538B is a duai, retriggerable, resettable monostable
multivibrator. It may be triggered from either edge of an input pulse, and
produces an accurate cutput pulse over a wide range of widths, the dura-
tion and accuracy of which are determined by the external timing compo-
nents, Cy and Rx. :
® Unlimited Rise and Fall Time Allowed on the A Trigger Input
@ Pulse Width Range = 10 psto 108 '
® Latched Trigger inputs
@ Separate Latched Reset Inputs
@ 3.0 Vdc to 18 Vdc Operational Limits
@ Triggerable from Positive (A Input) or Negative-Going Edge (B-Input)

@ Capable of Driving Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Range

® Pin-for-pin Compatible with MC14528B and CD4528B (CD4098)

® Use the MC54/74HC4538A for Pulse Widths Less Than 10 ps with
Supplies Up to B V. el

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

DW SUFFIX
16 soIC
CASE 751G

ORDERING INFORMATION

MC14XXXBCP  Plastic
MC14XXXBCL  Ceramic
*MC14XXXBDW SOIC

Tp = <55 to 128°C for all packages.

Symbol Parameter Valus Unit

VoD DC Supply Voitage ~-0.5to +18.0 v

Vin. Vout | Input or Output Voltage (DC or Transient) -0.5t0 Vpp +0.5 v

lin. lout | lnput or Output Gurrent (DC or Transient), per Pin +10 mA

Pp Power Dissipation, per Packaget 500 mw
Tst Storage Temperaturei -85 10 +150 °C
TL Lead Temperature (8-Second Soldering} 260 °C

“Maximum Ratings are those values beyond which damage 1o the device may occur.
{Temperature Derating: Plastic P and D/DW" Packages: - 7.0 mW/C From 65°C To 125°C
Caramic “L" Packages: - 12 mWrC From 100°C To 125°C - -

ONE-SHOT SELECTION GUIDE

100ns 1ps 10ps 100 ps 1ms 10ms 100ms 1s 1083

MC145268 l

MC145368 - X 23 hr
MC14538B H\(——D
MC14541B >€—- - 5 min.
MC4538A i ) 4*__9

“LIMITED OPERATING VOLTAGE {2-6V)
Total Output Pulse Width Range 4> [—
Recommended Pulse Width Rangex__é,—————é( I

BLOCK DIAGRAM

Cx

Ry
I A

4 A
Q1 p———m>086
508 P & 7
Reset
30—————J
C
X Rx
r—-—ahk—‘\N\'——OVDD
= L 14
1208 - -
L Q2f———010
1108 az 9
Reset

Ry and Cx are external componants
Vpp = Pin 16
Vgs = Pin 8, Pin 1, Pin 15
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*Consult factory for possible "D" suffix S0IC Case 751B.
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ELECTRICAL CHARACTERISTICS

MC14538B

(Voltages Referenced to Vss)

#Data labelled “Typ” is not to be us
intended as an indication of the IC

ed :for desfgn purposes but is
s potential performance.

**The formulas given are for the typical characteristics only at 25°C.
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Characteristi Symbot | YOO ~5v°C ¢ 125°C Unit
aracteristic mbo e i
) . y . Vdc_ Min Max Min Typ # Max | Min | Max
Output Voltage . .- - "0" Level 5.0 — 0.05 — 0 0.05 — 0.05
Vin = Vpporo = . VoL 10 - 0.05 - 0 005 [ — | 005 | vdc
- 15 —: 0.05 — 1] 0.05 —_ 0.05
“1" Level 5.0 4.95 — 4.95 5.0 —_ 4.95 -
Vin = 0 or Vpp VOH 10 | 995 — | 995 10 = 1995 | — | vge
B s 15 14.95 — 14.85 15 - 14.95 —
Input Voltage "0" Level
(Vo = 450r05 Vdc) Vv 50 - —_ 15 —-_ 225 1.5 1.5 Vde
(VO = 9.0 or 1.0 Vde) iL 10 — -] 30 - 450 | 30 | — | a3
(Vo = 1350r 135 Vdc) 15 - 4.0 — 6.75 4.0 4.0
: T Level '
(Vo = 050r4.5 Vidc) v, 5.0 3.5 — 3.5 2,75 —_ 3.5 —_ Vdc
(VO = 100r9.0vde) iH 10 7.0 - 7.0 5,50 - 7.0 -
Vo =150r135vdg) . 15 11 — 11 8.25 —_ 11 —
Quiput Drive Current
(VoH = 2.5 vdg) Source 5.0 -3.0 — -24 -42 - -1.7 -
(VOH = 4.6 Vdc) IoH 50 -064| — | -p51 ! -pgs — 17036 — | madc
(VoH = 9.5 Vdc) o 10 -16 —_— -1.3 -2.25 —_ ~09 -
(VOH = 135 Vde) = ._ 15 | -42 | — ~34 - 8.8 - | -24 | —
(VoL = 04 vdey Sink 50 | 064 - 051 0.88 —_ 0.36
(VoL = 0.5 Vde) loL 10 1.6 —- | 13 225 —- ] o8 — | mAdc
VoL = 1.5 Vdg) L . 15 4.2 - 3.4 8.8 — -1 24 —_-
Input Current, Pin 2or14. in 15 — +0.05 _ +0.00001] +0.05 -— £0.5.| pAde
Input Current, Other Inputs . lin | 15 - £0.1 12000001 <01 ) — | +10 | sAde
input Capacitance, Pin 2 or 14 Cin — — — — 25 — — — pF
Input Capacitance, Other Inputs Cin — - - - - 5.0 75 - — pF
(Vin = 0) . )
Quiescent Current Ibp 5.0 - 5.0 - 0.005 5.0 - 150 | pAde
(Per Packa_ge) 10 —_ 10 — 0.010 10 - 300
Q = Low, Q = High S 15 — 20 — 0.015 20 — | 600
Quiescent Cutrent, Active State (Both) Ipp 5.0 -_— -2.0 — 0.04 0.20 - 2.0 | mAde
(Per Packag_e) 10 — 2.0 —_ 0.08 045 —_ 20
Q= High, Q = Low . . - 15 §— 20 — 0.13 6.70 —_— 2.0
"*Totai Supply Current at an external IT. 5.0 . lT' = {3.5x 10 “2) RyCxf + 4Cxf + 1x10-5 Cpf
load capacitance (CL) and at external 10 IT = (8.0x 162 RxCxf + 9Cxf + 2x10-5 Cf
timing network (Ry, Gy} T = (125 x 10~ 1) RyCxf + 12Cyf + 3x 10~ STy
where: IT in zA (one monoslable switching only),
Cx in uF, CL in pF, Ry in k chms, and
. R _L - FinHz is the input frequency. =

This device contains protection circuitry to
guard against damage due to high static
voltages or electric fislds. However, precau-
tions must be taken to avoid applications of
any voltage higher than maximum rated
voltages to this high-impedance circuit, For
proper operation, Vi, and Vout should be
constrained to the range Vss < (Vi or
Vout) = Vpp.

Unused inputs must aiways be tied to an ap-
propriate logic voltage leve! (e.g., either Vss

or Vpp). Unused outputs must be left open.
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MC14538B

SWITCHING CHARACTERISTICS* (C| = 50 pF, T4 =725°0) o
o All Types
Vop
Characteristic Symbol Vdc Min Typ # Max Unit
Qutput Rise Time o tTLH ns
tTLH = (1.35ns/pF) C '+ 33 ns 5.0 - 100 200
tTLH = (060 ns/pF) Cy + 20 ns ~ 10 - 50 100
tTLH = (0.40 ns/pF} C|_ + 20 ns 15 - 40 80
Output Fali Time oL tTHL ns
tTHL = {1.35 ns/pF) Cy_+ 33 ns 5.0 - 100 200
tTHL = {0.60 ns/pF) C|_+ 20 ns 10 - 50 100
TTHL = (0.40 ns/pF) CL + 20 ns 15 - 40 80
Propagation Delay Time tPLH, ns
AorBtoQorQ . tPHL
tPLH. tPHL = (0.90 ns/pF) Cy + 255 ns 50 - 300 600
tpLH: tpHL = (0.36 ns/pF) C_ + 132 ns 10 - 150 300
tPLH. tPPHL = (0.26 ns/pF) CL+87ns 15 — 100 220
Resetto Q or Q@ ns
tpLH. tPHL = {0.90 ns/pF} C + 205 ns 5.0 - 250 500
tPLH. tPHL = (0.36 ns/pF} C_+ 107 ns 10 - 125 250
tpLH, tPHL = (0.26 ns/pF) C|_ +B2 ns 15 - 95 190
Input Risg and Fall Times ot 5 — — 15 ps
Reaseot oo - 10 — — 5
16 m— 4
B Input 5 — 300 1.0 ms
10 —_ 1.2 (48}
15 - - 0.4 0.05
A Input 5 —_
10 No Limit
15
Input Pulse Width twH, 50 170 85 - ns
A. B, or Resel twL 10 S0 45 -
15 80 40 .
Retrigger Time ter ) 50 0 - - ns
10 o] - -
15 4] - -
Output Pylse Width — Q or Q T s
Refer to Figures 8 and 8 N 08
50 1 210
Cy = 0.002 uF, Ry = 100 k2 230
x X 10 200 212 232
15 202 214 234
Cx =0.1u4F, Ry =100 k2 5.0 2.3 9.86 10.5 ms
10 9.4 10 10.6
15 9.5 10.14 0.7
Cx = 10 4F, Rx = 100 k©2 5.0 0.91 0.965 1.03 s
i0 0.92 0.98 1.04
15 0.93 0.99 1.06
Pulse Width Match between circuits in 100(Ty - T} 5.0 - +1.0 £50 %
the same package. T 10 - *=1.0 +5.0
Cx = 0.1 uF, Ry = 100 kQ 15 - £1.0 +5.0
*The formulas given are for the typical characteri}lics ,or;'lly at 25;0. -__7-#,0“‘ Inbalied prfl,' no[lo ga Jsguﬂor Eiaslgn purposes but is
intended as an indication of {he IC's potential parformance.
OPERATING CONDITIONS
External Timing Resistance ' Ry - 5.0 - . k2
External Timing Capacitance Cx - - o - No WF
Limitt

* The maximum usable resistance Ry i;s a function of the leakage of the éépacitor gx, leakage of the MC14538B, and leakage due
to board iayout and surface resistance. Susceptability to externally induced noise signals may occur for Ry = 1 MQ.
t if Cx™ 15 uF, use discharge protection diode per Fig. 11.
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Voo Q Voo FIGURE 1 — LOGIC DIAGRAM
1 :J {1/2 of Device Shown)
‘.
Ax & ”l—- P - - - - - o ~ _
3 _ S - - ar . = o
) e uey
Lo 20a )i > ~_Enable
! c1 e c2 . y -
Cx ,'I: V"”—'{y\ Enable Vrer2 = ’D_- R Q € (10}
| {15) - | Output
L ! - - Latch
- h . s s 8«07 (9)
: — - . . _
412 T Vss Contirgl
A =
a s (11} —
31013) . . T
Reset O—————Z —— SQR Reset Latch dnﬂ - - Note: Pins 1, 8 and 15 must
- - be externally grounded
FIGURE 2 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS
Voo
- 0.1 pF
500 pF A 'p I Ccrfmic
s } =
Rx @ Ry’
1) <
Vs ©x L{ Cx’
H h\’ss
Vin N Cx/Ryx 7 -
o———t—0— -
p—O——1 8 Q -—oﬁ P - - - - [ - -
cL 20 ns ¢ l-— ——I T——- 20 ns
—O——1 Resot a "-‘O—ﬁ I v
c = 20% oo
L
~—o0— A @ f—— T
c =
—o— e atoq" T Vin 10% ——— ov
CL =
—O—{ Reset’ :_E Duty Cycle = 50%
i Vss
FIGURE 3 ~ SWITCHING TEST CIRCUIT
Vop
o INPUT CONNECTIONS
CHARACTERISTICS Reset A B
£
Ax g L Rx’ *Cy = 50 pF PLH: tPHL, TTLH, TTHL.
< L= =4 4 v v * v P v
Cx Cx' T, twH, twl. oo 61 ob
Vss V-{GT—-_I Vgs T r—
= —— LH: PPHL, tTTLH. TTHL.
= = v \ PG2'
] Gx/Ry T, twH, Wi oD §8 G2
Pulse PLH{R), tPHL(R). PG3 PGt PG2
Generastor L .
*u 8 a WH. twi
—_ . CL
], e Gt T n
c - PGt =
Generator O—1 A’ Q L I *Includes capacitance of probas,
* cL 1 = - wiring, and fixture parasitic,
o— 8 3 PG2 = | I
Pulse 8 Q © | ; NOTE: Switching test waveforms
Generator ° - CL I for PG1, PG2, PG3 sre shown
Reset’ -

. In Figure 4. PG3 = l I
v

6-368



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

MC14538B

FIGURE 4 — SWITCHING TEST WAVEFORMS

0% [——\———V—L ——
R f 50% 10% N 50%4 oD
—] tTWH tYLH —.-! l_. tTYHL {
TTHL tTLH
® 90:i i-‘ ‘
50% Voo
10% _
Wi f
- tTHL tPHL i
Reset _
/ Vop
twi ‘
tPLH — b= trr .
/ 50%
a B
tPHL  WPHL
a
50% 50% \ 50%

RELATIVE FREQUENCY OF OCCURRENCE

TOTAL SUPPLY CURRENT (A}

FIGURE 5 — TYPICAL NORMALIZED DISTRIBUTION
OF UNITS FOR OUTPUT PULSE WIDTH

FIGURE & — TYPICAL PULSE WIDTH VARIATION AS
A FUNCTION OF SUPPLY VOLTAGE Vpp

[ 1 - [ I . E
| Ay = 100 k0, 0% POINT PULSE WIDTH | w> N
Cx = 0.1 uF Vpp = 56V, T = 98 ms _| %S Rx = 100kQ —
[~ VoD = 10V, T = 10ms B Cx = 0.1 uF
10 7\ VDD = 15V, T - 102 ms | 2 a2 - 4
] =
- = -—
08 S < —
am =K —F
06 \ 5:;: [ ‘//
- Il - =S P
\ D .
04 / N 2
g s
= w
\ =% -1
82 / \ g§
o w2 0 2 ¢ E 6§ 5 & 9 W 1w 1z 1 14 15
T, OUTPUT PULSE WIDTH (%) Vpp SUPPLY VOLTAGE tVolist
FIGURE 7 — TYPICAL TOTAL SUPPLY CURRENT
versus OUTPUT DUTY CYCLE
1000 =i = R -
Ht - FUNCTION TABLE
F—1 Rx = 100k, € =50pF ’ I
" ONE MONOSTABLE SWITCHING ONLY Rath Inputs Outputs
1 — < =
— Reset A B Q Q
H Ve H JL r
H L N U
10 H ol L Not Triggered
- H H i W Not Triggered
o H L. H\ H Not Triggered
H L L H S/ Not Triggered
10 - L X X L H
Z W X X Not Triggered
- 174 S -
! 1]
0 /M il /
0801 0.1 1.0 10 100

OUTPUT DUTY CYCLE (%)
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FIGURE 8 — TYPICAL ERROR OF PULSE WIDTH

FIGURE 9 — TYPICAL ERROR OF PULSE WIDTH

EQUATION versus TEMPERATURE g EQUATION versus TEMPERATURE

3 = - T B

= = Ry = 100 kit

> " Cy = 002uF

(]

" Rx = 100 ks2 Sao 4"
e i Cx = 0.1,F =538 —
= 4 X = 0.1u Voo =15V 5= b
g2 — t 2% 29 : -~

it N w
o . NS ] vppgtsv ] ] ]
g2 Ypp =10V 22 10 0D ——
33 ——r 2= s T
= .
E; I B, Vpp =5V =1 vgp =10V -

© -l EN 10
25 1 = Vgp +50Y
232 s £ 20 o
g2 " 7 g
g5 =& g
=0 @

A bt

w

i E

L 60 -40 20 0 2. 0 60 80 w00 120 340 = .60. -40 -20 ) 20 40 50 80 100 120 140

= Ta. AMBIENT TEMPERATURE (9C) Ta. AMBIENT TEMPERATURE (9C) ~ -

THEORY OF OPERATION

FIGURE 10 — Timing Operation

® o

Reset

Cyx/Rx

7 — 7 —o]

@ Positive sdge trigger
@ Negative edge trigger
@ Pogitive edge trigger

TRIGGER OPERATION

The block diagram of the MC14538B is shown in
Figure 1, with circuit operation following.

As shown in Figure 1 and 10, before an input trigger
occurs, the monostable is in the quiescent state with the
Q output low, and the timing capacitor Cx completely
charged to Vpp. When the trigger input A goes from
Vss to Vpp (whilé inputs B and Resel are held to Vpp)
a valid trigger is recognized, which turns on comparator
C1 and N-channel transistor Nt (@) . At the same time
the output latch is set. With transistor N1 on, the capaci-
tor Cx rapidly discharges toward Vgg until Vigfq is
reached. At this point the output of comparator C1
changes state and transistor N1 turns off. Comparator
C1 then turns off while at the same time comparator C2
turns on. With transistor N1 off, the capacitor Cx begins

LT L

ot ]

@ Positive edge r-'trl'ﬁcr {pulse In'ngthlnlng)
@ Raset {pulse shortening!

to charge through the timing resistor, Ry, toward Vpp.
When the voltage across Cx equals Vyef 2, comparator
C2 changes state, causing the output latch to reset (Q
goes low) while at the same time disabling comparator
C2 . This ends at the timing cycle with the
monostable in the quiescent state, waiting for the next

: trigger.

In the quiescent state, Cx is fully charged to VoD
causing the current through resistor Ry to be zero. Both
comparators are “off" with total device current due only
to reverse junction leakages. An added feature of the
MC145388B is that the output latch is set via the input
trigger without regard to the capacitor voltage. Thus,
propagation delay from trigger to Q is independent of
the value of Cx, Ry, or the duty cycle of the input
waveform.
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RETRIGGER OPERATION

The MC14538B is retriggered if a valid trigger occurs
@ followed by another valid trigger (@ before the Q
output has returned to the quiescent (zero) state, Any
retrigger, after the timing node voltage at pin 2 or 14 has
begun to rise from Vigf 1, but has not yet reached Vief
2, will cause an increase in output pulse width T. When
a valid retrigger is initiated @, the voltage at Cx/Rx
will again drop to Vraf 1 before progressing along the
RC charging curve toward Vpp. The Q output will re-
main high until time T, after the last valid retrigger.

RESET OPERATION

The MC14538B may be reset during the generation of
the output pulse. In the reset mode of operation, an in-
put pulse on Reset sets the reset latch and causes the
capacitor to be fast charged to Vpp by turning on tran-
sistor P1 (3. When the voltage on the capacitor
reaches Vigf 2, the reset latch will clear, and will then be
ready 1o accept another pulse. !f the Reset input is held
low, any trigger inputs that occur will be inhibited and
the Q and Eg outputs of the output latch will not change.
Since the Q output is reset when an input low level is

FIGURE 11 — USE OF A DIODE TO LIMIT
POWER DOWN CURRENT SURGE

Dy

vss

o

Reset

" detected on the Reset input, the output pulse T can be

made significantly shorter than the minimum pulse width
specification. ~ . T

POWER-DOWN CONS!DERAT!ONS

Large capacitance values can cause problems due to
the large amount of energy stored. When a system con-
taining the MC145388 is powered down, the capacitor
voltage may discharge from Vpp through the standard
protection diodes at pin 2 or 14, Current through the pro-
tection dicdes should be limited to 10 mA and therefore
the discharge time of the Vpp supply must not be faster
than (Vpp). (C)/(10 mA). For example, if Vpp= 10 V

_and Cx=_10 uF, the Vpp supply should discharge no
faster than (10 V) x (10 pF)/(10 mA) = 10 ms. This is

normally not a problem since power supplies are heavily
filtered and cannot discharge at this rate.
When a more rapid decrease of Vpp to zero volis oc-

" curs, the MC14538B can sustain damage. To avoid this

possibility use an external clamping diode, Dy, con-
nected as shown in Fig. 11.

PIN ASSIGNMENT

" .
1 —{Vss Vppf=o 16
2 . Cx/RxA Vgg = 18
3 CReset A Cx/RxB = 14

4acAn Reset B|E 13

7 b 5&5’;‘\ aglb—o 12
6 C3Qp 8g/n

7€ Gp Qgf= 10

T 8 vgg agf—=9
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TYPICAL APPLICATIONS

FIGURE 12 — RETRIGGERABLE FIGURE 13 — NON-RETRIGGERABLE
MONQSTABLES CIRCUITRY MONOSTABLES CIRCUITRY
Cx .
e e
= Vpp = VDD
Rising- Ed [ Rising-Edge Q
g-tdge 4 b A
Trigger B - Trigger B .
- o—-—38 D———0
B=Vpp <r T T
Reset=Vpp Reset =Vpp
Cx
Cx R ’9 RX
X ] B L—<
r"%l’*‘“"’w‘ﬁv = Voo
A=V = oD )
Q A e
Falling-Edge B b .5
Falling-Edge -—e—0 Trigger
Trigger -~ ?
— Reset=V,
Reser=Vpp DD

FIGURE 14 — CONNECTION OF UNUSED SECTIONS

aF—NC
.D ab——nNe
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