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current-ratio-to-frequency 
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temperature sensor needs 
only a handful of parts

110 Integrator enables simple 
ohmmeter with gigohm range

 �What are your design problems 
and solutions? Publish them here 
and receive $150! Send your 
Design Ideas to edndesignideas@
reedbusiness.com.

The recent advent of Analog 
Devices’ (www.analog.com) 

 AD CMP60x family of comparators has 
filled a gap between the less-than-1-
nsec-response comparators consuming 
100 to 200 mW and those exhibiting 
approximately 1-�sec response, requir-
ing about one-thousandth that power. 
The ADCMP60x comparators exhibit 
a low value of the product of propa-
gation-delay-by-supply-current drain; 
possess rail-to-rail input and output op-
eration; and offer a variety of options 
for hysteresis, latch-mode operation, 
and shutdown mode. Some of them 

also have inherent level-translating 
capability. Moreover, the ratio of propa-
gation delays for the positive and neg-
ative transitions at the output is close 
to the ideal value of 1 within 8% toler-
ance for the ADCMP600, ADCMP601, 
ADCMP602, and ADCMP603 and 
with in a 6.7% tolerance for the 
ADCMP608 and ADCMP609 mem-
bers of the family (Reference 1).

This ratio is important in appli-
cations in which both positive- and 
negative-output-level transitions are 
equally significant. Figure 1 shows one 
such circuit. Voltage-level transitions 

at the output of the detector indicate 
changing of the sign of the first deriva-
tive of the input signal; in other words, 
the circuit detects time positions of 
peaks and valleys in the input-voltage 
waveform. The detector circuit uses an 
ADCMP601 for IC2, and IC1 is an An-
alog Devices AD8007 current-feed-
back amplifier. IC1 connects as a volt-
age follower with an antiparallel com-
bination of Schottky-barrier switching 
diodes, D1 and D2, between the output 
and the inverting input of the amplifi-
er. Comparator IC2’s inputs connect to 
the source of the input voltage and to 
the output of the current-feedback am-
plifier. This configuration enhances the 
voltage difference of VIN�VA between 
inputs of the comparator. It performs 
this enhancement in a steplike manner 
at the instant, or region, at which the 
sign of slope of the input signal chang-
es. This voltage difference is a measure 
of the double-forward voltage of di-
odes D1 and D2 at their forward current, 
which you derive from VIN/RF.

You use a current-feedback amplifier 
as IC1 because a dynamic current flows 
into its inverting input even when you 

Comparator detects position of 
peaks and valleys in a waveform
Marián Štofka, Slovak University of Technology, Bratislava, Slovakia
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Figure 1 Comparator IC2 produces an output that switches state at the posi-
tive and the negative peaks of the input-voltage waveform.
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connect it as a voltage follower. The 
values of the RS and RF resistors are 
those that Reference 2 recommends 
for a gain of 1. You needn’t worry about 
instability due to the presence of anti-
parallel diodes in the feedback path of 
the current-feedback amplifier. These 
diodes increase the value of feedback 
resistance to more than 499�. When-
ever the input voltage is only approxi-
mately 0V, the frequency-gain response 
of IC1 for an RF value greater than 
499� remains flat.

An analysis of the response of the 
voltage follower in Figure 1 to a har-
monic input voltage uses �/�T and 
��2�f, where f is the input-voltage 
frequency and �T is the radial transi-
tion frequency of the amplifier. At the 
radial-transition frequency, the ratio 
of ZM (the magnitude of the amplifier’s 
transimpedance) to RF drops to one. 
This simplification leads to an equa-
tion for the delay, tD, in Figure 2: where VF is the forward voltage of di-

ode D1, Vm is the amplitude of input 
voltage, Rm0 is the dc transresistance 
of the current-feedback amplifier, and 

�� is the electrical-error angle in ra-
dians. The period of input harmonic 
voltage, T in Figure 2, represents 2� 
radians. The final error of the detector 
is ��, which decreases by a factor of 
�2. This reduction occurs because the 
necessary operating overdrive over the 
midpoint of the steplike transition in 
the VA(t) voltage that the comparator 
requires is more than an order of mag-
nitude less than the value of VF.EDN
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liminary Data Sheet, Analog De-
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Figure 2 The output of comparator 
IC2 switches a slight time delay, tD, 
after the positive and the negative 
peaks of the input voltage.

The Design Idea in Figure 1 
uses the S1 switch of the Tex-

as Instruments (www.ti.com) IVC102 
precision integrator to select between 
a single input current or the superposi-
tion of two input currents. This func-
tion allows you to obtain an output 
signal whose characteristics directly 
relate to the ratio between the two in-
put currents. The circuit achieves high 
accuracy independent of most of the 
system parameters. In addition, you 
can enhance accuracy if you let a digi-
tal counter control the IVC102-based 
circuit (Figure 2). In this case, the sys-
tem’s output is a number in the BCD 
(binary-coded-decimal) format pro-
portional to the input-current ratio, 

realizing a true digital conversion.
The circuit divides into two phases. 

The first phase begins when the out-
put voltage of the IVC102 becomes 
slightly greater than the threshold 
voltage of the LM311 comparator. The 
comparator generates a falling-edge 
signal, and the 555 monostable starts 
a pulse, which closes S1. In this case, 
the total input current, I2�I1, gener-
ates a negative-going ramp if I2 is great-
er than I1. In the delta-time period, 
�TA, the integrator’s output voltage 
reaches the final voltage value. Hence, 
|VFIN	VTH|�(I2	I1)�TA/CINT, where 
CINT is the value of the IVC102’s in-
tegrating capacitor. When the 555 
monostable’s output pulse ends, the 

second phase starts: S1 opens, and in-
put current I1 discharges CINT. The 
�TB for the output voltage to assume 
the threshold voltage’s value is then 
CINT|VFIN	VTH|/ I1, and the compar-
ator generates a new trigger command 
to the monostable so that a new cycle 
can start. Manipulating the previous 
equations yields: I1/I2��TAf, where 
f�(�TA
�TB)	1. This equation states 
that the generated output signal, a train 
of pulses, has a frequency, f, proportion-
al to the I1/I2 current ratio. The accu-
racy of the monostable directly affects 
the accuracy of the system. Conversely, 
the integrating capacitor’s and thresh-
old voltage’s values do not influence 
the accuracy if they maintain constant 
values at least in the 1/f time scale.

You can increase the accuracy of the 
circuit in Figure 1 by modifying the 
section that generates the constant, 
�TA-wide pulse. The circuit in Figure 2 
generates a �TA-wide pulse using three 

Precision integrator sparks 
current-ratio-to-frequency converter
Stefano Salvatori and Gennaro Conte, 
Università degli Studi di Roma Tre, Rome, Italy
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