66 EDN

designideas

High-speed clamp functions
as pulse-forming circuit

Marién Stofka, Slovak University of Technology, Bratislava, Slovakia

Amplifiers with positive feed-

back are the bases of signal-
grade pulse-forming circuits. This
setup ensures a triggerlike operation
in which the input signal crosses the
input-threshold level; in most cases,
the input signal is a volrage signal. The

Schmitt trigger, which, by the way, will
this year celebrate its 70th birthday.
British scientist OH Schmitt in 1938

originated the Schmitr trigger in the |

form of a two-stage amplifier with cur-
rent feedback. The two active devices
were vacuum tubes.

The operation of a Schmitt trigger
has the advantage of fast, almost-con-
stant transition times of the output re-
gardless of the slope of the input signal.
One consequence of this type of opera-
tion is the hysteresis in the I/O char-
acteristic. In other words, the thresh-

old shifts to a higher value before the
positive-output transition, and it shifts
to a lower value after switching to the
positive-output level. You can set the

amount of hysteresis—from zero to |

latch-up—for Schmitt-trigger circuits

| comprising discrete parts. Schmitt
most well-known of these triggers is the |

circuits find wide use in logic ICs, in
which the hysteresis is rather high and
fixed.

As an alternative, you can use a cir-
cuit—a fast-response voltage limiter,

or clamper—as a pulse-forming cir- |

cuit. The input-voltage range is nar-
rower than that of Schmitt-trigger cir-
cuits, because, at low input voltages,
the voltage limitation becomes inac-
tive, and the circuit operates as a lin-
ear amplifier. On the other hand, be-
cause of its nonhysteretic behavior, the

decision threshold of the input voltage °
is precise and equal for both directions -
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ALL COMPONENTS ARE SMD.

ALL EXPERIMENTS WERE PERFORMED

FOR ASYMMETRIC CONFIGURATION WITH D,
SHORTED AND Ry, OMITTED.

FOR SYMMETRIC CONFIGURATION, USE THE IC,

o | HAVING A SUFFIX "R" (RING-QUAD DIODES);
EVENTUALLY, USE “P" (BRIDGE-QUAD DIODES) INSTEAD
OF "L” AND COMPLETE THE CIRCUIT WITH D,

AND Ry, AS DEPICTED.

Figure 1 This clamping circuit uses diodes to achieve nonlinear feedback. The
circuit employs a single diode in one feedback path and two diodes in the
other. The dual-diode configuration offers cleaner switching.
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of output-level transitions. Figure 1

- shows one example of such as circuit.

The voltage limiter in Figure 1 is an
inverting amplifier with a highly non-

~ linear negative feedback. For output

voltages ranging from —0.3 to +0.6V,
the feedback impedance is high be-
cause each of the diodes is noncon-
ducting. The forward-voltage drop of
the selected Schottky-barrier diodes
determines these voltage limits (Ref-
erence 1). The voltage gain of the in-
verting amplifier is thus almost that of
the op amp’s open-loop gain.
Whenever the output volrage ex-
ceeds these limits, diode D,, D,, or
D,—depending on the polarity of the
output voltage—starts to conduct.
The differential gain of the amplifier
then drops to the value of —R/2R
and —R /R, respectively, where R
is the equivalent-series resistance of
a single diode. The action clamps the
output voltage to approximately 0.8V
and to —0.4V even for large input
voltages. The figure uses an Analog
Devices (www.analog.com) AD8045

. VHSIC (very-high-speed integrated-

circuit) op amp because its slew rare
exceeds the value of 1V/nsec (Refer-
ence 2).

Figure 1’s circuit has an asymmetri-
cal-limiting configuration to compare
the single feedback diode with two se-
ries-connected diodes having a trans-

- verse resistor, R, between their mid-

points and ground. The clamping cir-
cuitry comprising D, D,, and R, offers
higher oft-isolation between the out-
put and the input of the op amp than
that of the single diode, D,. When D,
is on, you can observe small, weakly
damped oscillations at approximately
200 MHz in the output waveform. Os-

~ cillations manifest themselves less at

the beginning of turn-on of the D, and
D, diodes.eon
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