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Abstract

This application report is designed to answer any questions that the user may have on the operation of the
SN74AHC/AHCT123A. It also covers the most frequently asked questions and includes detailed instructions on how to
calculate the external components required to make the device function correctly. Several circuits using this device also ar
included to show the versatility of operations that can be performed using this part.

Introduction

The SN74AHC123A and SN74AHCT123A are dual, retriggerable, monostable multivibrators (see Appendix A) that have
similar functions. The SN74AHCT123A has TTL inputs and CMOS outputs. The SN74AHC123A has CMOS inputs and
outputs. These devices require external resistors and capacitors for proper operation, and the resulting RC time consta
determines the output pulse duration. These devices are capable of very-long-duration output pulses by retriggering the inpu
at appropriate times. An input clear can be used to decrease the output pulse duration. This application report discusses t
following points:

* Rules for operation, which include the output pulse duration, its calculation, and retriggering data
e Setup of the device in relation to its external components and the variation from unit to unit
* Applications

Features
Features of these devices are:

* Retriggerable

* Edge triggered from active-high or active-low logic inputs

* Inputs are TTL-voltage compatible for the SN74AHCT123A.

Vccrange of the SN74AHC123Ais 2V 10 5.5 V.

Vccrange of the SN74AHCT123A is 4.5V to 5.5 V.

Clear (CLR input overrides the other inputs &kd B).

When inputs Aand B have pulses applied to them, the signal that occurs first determines the pulse that triggers the

output.

e Three inputs (AB, and CLR have Schmitt triggers with sufficient hysteresis to handle slow input transition rates
with jitter-free triggering at the output.

Figure 1 illustrates the logic diagram for both devices. Each multivibrator has two inputs, one that is active low and the othe
that is active high, allowing leading- and trailing-edge triggering. The output pulse duration can be increased by retriggering
the input signal in use. The retrigger pulses at the input must occur after a certain period to be recognized and acted upon |
the device. If the input retrigger pulse follows the initial input pulse after>0tB8 initial output pulse duration, the output

is retriggered. CLRerminates the output pulse at any time.

Rext/Cext
B J]’\ ] Q
/
CLR r>—e——dr pPp——0Q

Figure 1. SN74AHC123A and SN74AHCT123A Logic Diagram for Each Multivibrator



Table 1. Function Table for the SN74AHC123A and SN74AHCT123A

INPUTS OUTPUTS
CLR A B Q Q
L X X L H
X H X Lt HT
X X L Lt HT
H L 1 int 1r
H ! H I r
1 L H I 1r

T These outputs are based on the
assumption  that  the indicated
steady-state conditions at the A and B
inputs have been set up long enough to
complete any pulse started before the
setup.



Rules for Operation

Proper use depends on observing these rules of operation:

* Minimum value of external resistancer{Rs 250Q.
¢ External capacitance {§ can have any value.
* |nput voltage range is from 0 V to 5.5 V.
* SN74AHC123A \¢cmust be 2V to 5.5V, and SN74AHCT1234¥ must be 4.5V to 5.5 V.
* SN74AHC123A and SN74AHCT123Tcan be between —20 and 858C.
* A switching diode on one side of the capacitor is not needed for the timing scheme.
* Regquired connections offRand G, for the proper operation of the devices, are shown in Figurg 2ag be
grounded at the &;terminal.
Vee Vece
RT RT
Ct Crt
Rext/Cext Cext Rext/Cext Cext
15 1 7 6
-1 13 -9 5
IA——— — 1Q 2A ———— 2Q
2 1/2 'AHC123A 10 1/2 'AHC123A
B — or B —— or
3 1/2 ' AHCT123A 4 - 1 1/2 AHCT123A 12 -
1CLR O——— 1Q 2CLR ——— O———2Q

Figure 2. Timing Component Connections

Output Pulse Duration

The output pulse duration,f} for both devices is determined primarily by the valuesp&@d R-. The timing components
are connected as shown in Figure 2.

The definition of the output pulse duration is shown in equation 1.

tw = KX Ry X C; 6N

Where:
ty = pulse duration in ns
K = multiplier factor
Rt = external timing resistance ifXk
Ct = external capacitance in pF

If:
Ctis21000 pF, K=1.0
Ct is <1000 pF, K can be determined from Figure 3

The minimum output pulse duration, using the minimum value of external resistan€s @%Da minimum value of external
capacitance (open air), is approximately 290 ns.
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Figure 3. Output Pulse Duration vs External Timing Capacitance

Calculations

Equation 1 and Figure 3 can be used to determine values for output pulse duration and external resistance and capacitance
values for the SN74AHC123A and SN74AHCT123A.

Equation 1 and Figures 3 and 4 can be used to solve the following problems.

0.001 1 T T I T T
For Capacitor Values of 0.001 pF, or Greater,
K =1.0 (Kis Independent of R T)

0.0001

o §

0.00001 I N
1.00 150 200 250 3.00 350 400 450

Multiplier Factor — K

C+ — External Capacitor Value — HF

Figure 4. External Capacitance vs Multiplier Factor



Pulse duration for a given external resistance and capacitance

For example, if an 804k resistor and a 100-nF capacitor are used, the pulse duration is obtained by following the
Rt = 80-K2 curve to the line indicating thatfG- 100 nF. The y (vertical) coordinate of this point gives the value
of the pulse duration, which is approximately &% ns (8 ms).

The pulse duration,(f) for an external resistance of 80 land a capacitor of 100 nF is:
ty = 1.0x 80 kQ X 1 X 10° pF =8 x 10° ns= 8 ms @)
(K = 1.0 because Cis greater than 1000 pF)

This value was obtained graphically in Figure 3.

Required external resistance for a given pulse duration and external capacitance

If a pulse duration of 200 ns is desired and a timing capacitance of 100 pF is used, the resistance needed is foun
where the horizontal line of 200 ns on tleakis intersects 100 pF on thg @Xxis. This point may be along one of

the curves and, in this case, the point is slightly above {he R-kQ curve. So the required resistance is
approximately 1.3 ®.

The required external resistance)fhat produces a pulse duration of 200 ns with a 100-pF external capacitor is:

_ tw _ 200ns _
Rr = K x C; 1.5x 100 pF 1.3l @)

Because € <1000 pF, use Figure 4 to find the value of K. Follow {he L00-pF horizontal line from the vertical
axis to the curve, then drop a vertical line to theais. The intersection on ther@xis gives the K value; in this
case, K =1.5.

This value of R is approximately equal to the value of & given in Figure 3.
Required external capacitance for a certain pulse duration and external resistance

For example, if § = 10 kQ and a pulse duration of<.10P ns is desired, the timing capacitance required can be
obtained by finding the point wherg £ 1x 106 ns (from the vertical axis) intersects the XD4urve. This point
is then dropped vertically, to cross the horizontal axisrat @ x 10P pF (100 nF).

The external capacitanceffhat produces an output pulse durationseff ns, with a timing resistance of 10k
is:

__ W _ 1x10ns
KXxR;y 1.0x 10 kQ

The value of capacitance is unknown; therefore, the explanation following equation 1 cannot be used directly to find
avalue for K. Figure 4 must be studied to determine a value for K. Using Figure 3, the maximum value for a 1000-pF
capacitor and 200¢k resistor is about 2 10° ns, which is much lower than the desired output pulse duration of 1

x 100 ns for this application. It can be concluded that the external capacitance is larger than 1000 pF and K = 1.0.

C; = 1x 10° pF = 100 nF 4)

The value of § here is the same as that in Figure 3.



Retriggering Data
The retrigger pulse duration is calculated as shown in Figure 5.

[ tMIR P
Input tRT=tw +tPLH =K XRT X CT +tpLH
\
tPLH —H — ‘(— tRT M Where:

—p ‘4_ tyy \ tMIR = Minimum Input Retriggering Time

tpLH = Propagation Delay
Output trT = Retrigger Time

tw = Output Pulse Duration Before Retriggering

Figure 5. Retrigger Pulse Duration

tmir is the minimum time required after the initial signal before retriggering the input. gfterthe device retriggers the
output. Experimentally, it also can be shown that, to retrigger the output pulse, the two adjacent input signals ghguld be t
apart, whereyjr = 0.30x t,.

The minimum value from the end of the input pulse to the beginning of the retriggered output should be approximately 15 ns
to ensure a retriggered output. This is illustrated in Figure 6.

Input

Output

tMRT = Minimum Time Between the End of the Second Input Pulse and the Beginning of the Retriggered Output
tMRT=15ns

Figure 6. Input/Output Requirements



Variation in Output Pulse Duration Due to Temperature and V. ¢ Levels

Figure 7 shows the percentage variation in the output pulse duration due to temperatyye afritié/devices. All points on

the graph are plotted relative tq T= 25°C and \¢c =5 V (which is assumed to be 0% variation). For example, according
to Figure 7, at atemperature of@and a \&clevel of 4 V, the value of the output pulse duration differs by 2% from the reading
atVec=5Vand T, = 25C.

14 T T T
ty = 866 ns

12 -vee =5V -
< 0 Ta = 25°C // V?C = 2|.5 \
CI ~ RT=10kQ 7 » VC;C=3V
S g| Cr=50pF / Vee =35V
©
5 7 ¢ L Vic=4V
?) 6 ///4// / V(f 5|V
0 o c~=
g 4 T L Vgc —6v
= —— / / |
5 " =
% 2 //I//‘/,/////’ VCC A
(@]

——

S o= — T
i) —_—
8 2 W — | 'é/
s ~_ —

-4

)

-60 -40 -20 O 20 40 60 80 100 120 140 160

Ta-°C

Figure 7. Variations in Output Pulse Duration for Various Temperatures and V cc Levels



Special Considerations

Setup Guidelines 1

Because the SN74AHC123A and SN74AHCT123A monostable multivibrators are half analog and half digital and are
inherently more sensitive to noise on the analog portion (timing leads) than standard digital circuits, they should teat be loca
near noise-producing sources or transient-carrying conductors. Liberal power-supply bypassing is recommended for greater
reliability and repeatability. Also, a monostable multivibrator should not be used as a solution for asynchronous systems;
synchronous design techniques always provide better performance. For time delays over 1.5 seconds or timing capacitors over
100uF, it usually is better to use a free-running astable multivibrator and two inexpensive decade counters (such as a 7490A)
to generate the equivalent of a long-delay one-shot multivibrator. Astable oscillators made with monostable building blocks
have stabilities approaching 5 parts in 100, and should not be used if system timing is critical. Crystal oscillatoretteovide b
stability.

In all one-shot multivibrator applications, follow these guidelines:

¢ Use good high-frequency OIF (ceramic disk) capacitors, located 1 to 2 inches from the monostable package, to
bypass \&¢ to ground.

¢ Keep timing components {RCy) close to the package and away from high-transient-voltage or current-carrying
conductors.

e Keep the Q output trace away from the CleRd; when the one-shot multivibrator times out, the negative-going
edge may cause the Cll&ad to be pulled down, restarting the cycle. If this happens, constantly high (Q=H, Q
L) outputs with 50-ns low spikes occur at the repetition rate determineg &ydRG. If sufficient trace isolation
cannot be obtained, a 50-pF capacitor, bypassing thel€ldo ground, usually eliminates the problem.

¢ Beware of using the diode or transistor protective arrangement when retriggerable operation is required; the second
output pulse may be shorter due to excess charge left on the capacitor. This may result in early timeout and apparent
failure of retriggerable operation. Use a capacitor that is able to withstand 1 V in reverse and meet the
leakage-current requirements of the particular one-shot multivibrator.

¢ Remember that the timing equation associated with each device has a prediction accuracy.

Distribution of Units

Figure 8 shows the variation in the output pulse duration for a random sample of both devices. The average pulse width of the
output is 856 ns, with a standard deviation of 3.5 ns. The median has the same value as the mean. There also is afigh frequenc
of finding units with an average output pulse duration. A unit with the median-value pulse duration was tested to obtain the
plots in Figures 3, 4, 7, and 8.

Vcc =5V Mean = 856 ns
Ta =25°C [ Median = 856 ns
g [ Ct=50pF Std. Dev. =3.5ns
§ RT=10kQ
5
Q
O
O
B \
>
[S]
c
(]
]
o
° }
I
g 1] ]
[J]
. \
-3 ¢ |4 Median —J +30

99% of Units
Output Pulse Duration —t

Figure 8. Distribution of Units vs Output Pulse Duration



Applications

Delayed-Pulse Generator With Override 1

In Figure 9, the value of the delay time depends on the valugs @ Gr1 in the first one-shot multivibrator (QF The
second one-shot multivibrator (@/Sdetermines the output pulse duration that is defined by the valugs e Gro. A
positive rising pulse into the override circuit can terminate the output pulse at any time.

Vce
RT1 RT2
C11 Cr2
1A Q 2A Q Output
J_ 1/2'AHC123A 1/2'AHC123A
1B or oB or
Input 1/2'AHCT123A 1/2 'AHCT123A
— 0S1 — 0S2
1CLR 2CLR
._
1/6 'LS04
Override
Input
———————— 1
Input
0

———————— 1
Output OS 1

0

———————— 1
Delayed OS 2
0

Figure 9. Delayed-Pulse Generator With Override



Missing-Pulse Generator 1

The external resistancefR and the external capacitancer¢Cdetermine the pulse duration of PShis pulse duration is

set to be greater than one-half of the incoming frequency. A transition from low to high logic on the incoming pulse sets the
output of O to a high logic level. The output of @& mains high as long as the input pulse consistently switches from high

to low to high logic at regular intervals. This implies that the one-shot multivibrator is being retriggered. If thersiisga mis
pulse in the pulse train of the input, the output of @8s to a low logic level and the output of &$es to a high level (see

Figure 10).

Vee
RT1 RT2
Ct1 Cr2
_,_i Q 2A Q Output
1 1/2 'AHC123A 1/2 'AHC123A
Inout - 1B or 2B or
put. ———— 1/2°AHCT123A 1/2 'AHCT123A
R oS [ oS
TR 1 2CIR 2
Vee Vece
———1
Input
0
—— 1
Output OS 1
— 0
—————— 1
Output OS 2
0

Figure 10. Missing-Pulse Detector
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Low-Power Pulse Generator 1

In Figure 11, the first one-shot multivibrator (Q$s responsible for the output frequency of the generator. The external
resistance () and the external capacitancer¢Cdetermine the frequency. The £&nfiguration gives rise to the output
pulse duration, which is determined byJRnd Gr».

Vce
RT1 RT2
C11 Cr2
1A 2A
1/2°'AHC123A 1/2 'AHC123A
J__ or J__ or
= 1g | V2'AHCT123A = g | 1/2'AHCT123A
os; Q os, Q@
1CLR 5} 2CLR 5} Outputs
Vce Vce
— 1 Roy X C
Duty cycle of output pulse =~ = —=Xt = ~ext
OUIDUt os 1 Rextl X Cextl
f=————=———— MHz
K x Rextl X Cextl
-1
Where Regyt is in k Q and C gyt is in pF.
Output OS 2 o See appropriate figure for values of K.

Figure 11. Low-Power Pulse Generator

11



Negative- or Positive-Edge-Triggered One-Shot Multivibrator 1

The circuit in Figure 12 is arranged such that a negative-going input pulse causes a low-to-high-to-low pujseAon OS
positive-going input pulse causes a low-to-high-to-low pulse gn T outputs of Ofand O$ are connected to an OR gate
that outputs a pulse when 8 OS switches. The circuit in Figure 12 also can be used as a frequency doubler.

Vce

RT1
Ct11

7

1A
JT— 1/2 'AHC123A
1B or
1/2 'AHCT123A
1CLR oSt _
Q
1/4 741832
Vce
:D Output
RT2
Ct2
2A
Input @ Q
1/2 'AHC123A
2B or
1/2 'AHCT123A
2CLR 0s2  _
Q ——

Figure 12. Negative- or Positive-Edge-Triggered One-Shot Multivibrator
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Pulse-Duration Detector 1

Figure 13 shows a circuit using the AHC/AHCT123A chip, which generates an outputg)utsedtrigger pulse duratiomnyft
is wider than the programmed output pulse duratigre(K x Ry x Cy). It functions as follows:

The A input of the AHC/AHCT123A is approximatelyc¢ and the transistor Qusually is off. The Q output of the
AHC/AHCT123A normally is low and the output 0b@® off (the output normally is low because no pullup exists). A trigger
of duration § applied at the input is differentiated by thgdR combination and Qis turned on. The result of that momentary
condition at the base of{ds a negative-going pulse at point 1 (the A input of the AHC/AHCT123A), which triggers
AHC/AHCT123A. The AHC/AHCT123A remains on for the timjgt K x Ry x Ct, which is waveform4 Q, on the output

of the device is turned on for a time equabtartd, after this time, turns off. If the input pulse is still high after this, it appears
at the output. The circuit output pulse duratiof), équals the input pulse duration, minus the pulse duration of the
AHC/AHCT123A.

Vce
RT1
vee 11 10kQ
“A” or 417 \ 47 kQ Output
1A
Q Q2
c1
1/2 'AHC123A
0.001 pF 1B or N
Input ——¢— Q1 1/2 'AHCT123A l
1CLR 0Sg =
R1
10kQ
L Vcc
[ t1 —W
Input
0 | I
] co— ee—— ——p———————— — — — — — —
Aorl V V V
[ t2 P
"AHC123A or VOH
"AHCT123A
Output
—» 13
Output —| _l

Figure 13. Pulse-Duration Detector
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Frequency Discriminator 1

Rt1 and G in Figure 14 form a resistor-capacitor integration network that produces an output voltage proportional to the
frequency. This plot is linear and is valid over a limited range.

Vee

RT1
C11

R1
T Q Output — 1
L 1/2 'AHC123A Input
- I C1

1B or
1/2'AHCT123A

—_ 0S1 — — VOH
Vce __ ICLR | Output I
0o

Figure 14. Frequency-Discriminator Circuit

Input

Conclusion

The SN74AHC123A and SN74AHCT123A function similarly. Both devices require external resistors and capacitors for
proper operation, and these timing units can be used to determine the output pulse duration. These devices can be retriggered
to create very long output pulses. If the input signal is triggered and the time length to the previous input signalris less th
0.30x initial output pulse duration in seconds, the output duration remains unchanged. A clear input can be used at any time
to terminate the output pulse. The output pulse duration also varies according to the temperature of operatiop@otl the V

the device.

There are several applications in which these dual retriggerable monostable multivibrators can be used. In all cases, it is
essential that the setup guidelines be followed to promote the safety and reliability of the devices.
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Appendix A

One-Shot Monostable Multivibrator T

Multivibrators are a form of flip-flop circuit in which an RC time constant is used to determine the rate of change of state
(toggling). In the monostable or one-shot multivibrator (MV), an external trigger signal starts the change of state of this MV,
and the external RC time constant determines the time required from the beginning to the end of this one-shot oscillation.

A basic monostable MV is shown in Figure A—1. The key elements are the two trigger inputs, the reset input, and the value:
of the external RC time constant. The OR circuit that triggers the MV has a small circle on one of its inputs, indicating that
it can accept either a positive- or a negative-edge trigger. The edge-triggering ability is produced because this particular Ol
circuit is combined with a Schmitt-trigger effect. In some ICs, this type of circuit has a hysteresis characteristicaratlis ref

to as a transmission gate.

The operation of the monostable MV requires that it first be reset so that the Q output is 0 aodtthe i® 1. When either

a positive or a negative trigger signal is entered, Q immediately changes to t@f@dAfter a period of time, determined

by the RC time constant, the MV returns to its original state, having generated one pulse. When the reset signal occurs, tt
MV returns to the original state where Q is at 0. In retriggerable monostable MVs, any trigger signal that occurs during the
period when Q is at 1 prolongs the duration of the pulse beyond the time determined by the RC time constant.

The function block of a typical emitter-coupled logic (ECL) monostable MV is illustrated in Figure A—1, which shows some
of the various features that are available in monostable MV ICs. Trigger signals are applied to the trigger input, améthe exte
+enable or —enable signals determine whether the MV accepts positive- or negative-going edges. Internal Schmitt-trigge
circuits make the trigger input insensitive to rise and fall times. Although there is an external RC time constant, ihere also
an input for external pulse-width control. With an external resistor, a control voltage can be used to vary the pulseamidth. Wh
acontrol currentis used, the resistor is not required. In addition, this ECL IC has a special high-speed-trigger ypassésat b

the internal Schmitt-trigger circuits and permits a very rapid response.

Monostable MVs that can be triggered multiple times within a given time period to increase the pulse duration according to
a fixed ratio are available. Other monostable MVs include a preset feature that can be combined with retriggering to generat
specific-pulse waveforms.

Twalter H. Buchsbaum, Sc.D., wrote Appendix A and provided Figure A-1 (see Encyclopedia of Integrated Circuits: A Practical Handbook
of Essential Reference Data).
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Figure A—1. One-Shot Monostable Multivibrator and Function Block Diagram



