Dual flip-flop forms simple
delayed-pulse generator

Luca Bruno, ITIS Hensemberger Monza, Lissone, Italy

Some applications require
clock-timing adjustments, such
as generating precision clocks for
time-interleaved ADCs, or delay ad-
justments in a variety of precision-tim-
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ing and pulse-delay applications. This
Design Idea describes a delayed-pulse
generator using a dual-CMOS D-type
flip-flop (Figure 1). The circuit pro-
vides precision time delays of a trigger-
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Figure 1 The rising edge of a trigger input starts a precision ramp voltage that compares
with a control voltage, generating a precise delay.
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input pulse. A dc-control voltage se-
lects a time delay within the full-scale
range. When the rising edge of a pulse
triggers the input, the circuit’s output
generates a pulse with its rising edge
delayed by an amount equal to the se-
lected time delay, T, plus a fixed in-
herent propagation delay T . Also, a
time constant, R,C,, determines the
output pulse’s width.

A precision dc source, 1, and capac-
itor C, set the full-scale delay range.
When Q, is off, the current source
charges capacitor C,, generating a lin-
ear-ramp voltage with slope equal to
[/C,. The delay is the time it takes for
the ramp to rise from its initial voltage
to the control-voltage value.

In this application, the ramp slope
is 10 mV/1 psec, so that the full-scale
delay range is 256 psec for a control
voltage of 0 to 2.56V. You can set the
full-scale delay by changing I | through
either R +R, or capacitor C,. For best
accuracy, the current source can range
from 10 wA to 1 mA, the capacitor’s
value can range from 1 nF to 1 pF and
the corresponding full-scale delay can
range from 2.56 psec to 256 msec. Use
a precision film capacitor for C,.

The basis of the current source is a
shunt precision-micropower-voltage-
reference, IC,, producing a reference
voltage of 1.233V with an initial ac-



designideas

curacy of 0.2%. A Texas Instruments
(www.ti.com) LM4041, through pre-
cision resistors R, and R, biases the
Darlington-coupled transistors Q, and
Q, with a reference current I /=V,../
(R,+R,)=100 pA. The Darlington
configuration ensures that base cur-
rent is negligible and that the output
collector current can achieve a worst-
case accuracy of 0.3%. You can use any
small-signal transistor, but, for best ac-
curacy, use high-gain, low-level, low-
noise B]Ts, (bipolar-junction transis-
tors) such as a ZN5087 or a BC557C.
IC,, is a one-shot circuit (Refer-
ence 1). The output pulse’s width,
Ty, isR 4C2><ln(\/DD/VTH), where V.,
is the threshold voltage of the digital
CMOS. Because V.~V /2, then
T,=R,C,X0.69. Diode D, reduces
recovery time. After power-up, Q, is
in saturation, absorbing the current
source’s output, and, as soon as an input
pulse triggers the circuit, IC, s Q out-
put goes low, switching off Q,, starting
a ramp. When the ramp exceeds the
control voltage, then the IC,, compar-

ator’s output goes high, and the rising
edge triggers one-shot IC , and switch-
es on Q, through IC,, allowing the
discharge of the capacitor C. When
an input pulse triggers the circuit, any
other trigger pulse that occurs before
the falling edge of the delayed output
pulse does not produce an output pulse;
in other words, the circuit is not retrig-
gerable. This feature permits you, at
the same time, to divide and delay an
input-trigger clock.

Although IC, and IC, can operate
from a 3 to 16V supply, the minimum
supply voltage of the circuit is 5V;
otherwise, Q, and Q, approach satura-
tion, generating to a less linear ramp
voltage. Voltage comparator IC,,, an
STMicroelectronics (www.st.com)
TS3702, has an input-common-mode-
voltage range that includes ground,
permitting you to monitor input volt-
ages as low as OV.

However, for correct operation of
the circuit, the minimum control volt-
age must be greater than the saturation
voltage of Q.. For the components in

Figure 1, the measured value is 12 mV.
If you want to reduce this voltage, you
can use a digital N-channel MOSFET
with low on-resistance. The optional
input lowpass filter, comprising R, and
C, helps to clean noise from the dc-
control voltage.

If a DAC drives the control input,
you can build a digitally programma-
ble delay generator. A suitable low-
cost, 8-bit DAC is the AD558 from
Analog Devices (www.analog.com),
which features an internal precision
bandgap reference to provide an out-
put voltage of 0 to 2.56V, making 1
LSB equal to 1 psec. It operates from
5 to 16V, with a 1-psec settling time.
The circuit’s quiescent current, L, is
less than 300 wA because all ICs are
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