
In advanced IC comparators, 
programmable hysteresis elimi-

nates 0V-centered differential-input-
voltage noise (Reference 1) and im-
proves the comparator’s response if its 
differential-input voltage is low or var-
ies slowly over time. For example, the 
ADCMP609 comparator from Analog 
Devices (www.analog.com) lets you 
program its hysteresis from 0 to 160 
mV with a single resistor that con-
nects between the HYS (hysteresis) 
pin and ground. That voltage range 
may be too narrow for some applica-
tions, however. The circuit in Figure 1 

lets you widen the hysteresis by using 
two reference voltages applied to the 
noninverting input. The circuit uses 
IC3, an Analog Devices ADR390B, 
to generate a high reference volt-
age, VREFH, of 2.048V. Resistor divider 
R1/R2 produces a low reference volt-
age, VREFL, of 0.2048V, or a difference 
of 1.8432V. Thus, the hysteresis equals 
the high reference voltage minus the 
low reference voltage. IC2, an Analog 
Devices ADG772 dual-SPDT (single-
pole/double-throw) switch, routes the 
voltages to the comparator’s nonin-
verting input (Reference 2).

Whenever the input voltage at the 
comparator’s inverting input exceeds 
the high reference voltage, the output 
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Circuit uses two reference voltages 
to improve hysteresis accuracy

Figure 1 An analog switch changes the comparator’s reference voltage, thus increasing hysteresis.
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When a fixed-gain amplifier 
doesn’t offer the optimum gain 

for your application, you can adjust the 
gain to a lower value by adding an ex-
ternal resistor network. This attenua-
tion circuit works like a voltage divid-
er but with a key difference: Resistors 
inside the fixed-gain amplifier load 
down the external network (Figure 
1). For the differential-input configu-
ration, you can reduce this system to 

an equivalent half-circuit for analysis 
(Figure 2).

You determine the voltage gain 
for the differential configuration as 
follows:

where gain is the amplifier’s fixed-volt-

age gain in decibels. Maxim’s (www.
maxim-ic.com) MAX9705 differen-
tial-audio amplifier, for example, is 
available in fixed-gain versions of 6, 
12, 15.5, and 20 dB, and its input re-
sistance is typically 20 k�. For single-
ended configurations, the gain is:

These gain equations assume that 
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goes to a logic low. That action forces 
S1B to connect the low reference volt-
age to the comparator’s noninverting 
input. The circuit remains in that state 
until the input voltage drops below the 
low reference voltage. At that point, 
the switch connects the high reference 
voltage back to the comparator. For 
fast-ramping waveforms at the input, 
the hysteresis increases because of sig-
nal-propagation delays in both IC1 and 
IC2. The 35-nsec propagation delay in 
the ADCMP609 occurs at approxi-
mately 10 mV of input overdrive, and 
this overdrive roughly doubles in effect 
as an addition to the hysteresis voltage, 
increasing it by approximately 1%.

Because ADCMP60x comparators 
are rail-to-rail I/O devices, the low 
reference voltage could be 0V. In this 

case, however, the value of 0.2048V 
lets the comparator cooperate with 
other rail-to-rail I/O ICs from the 
same supply voltage. The outputs of 
these ICs can swing between 0V and 
the power-supply voltage with a mar-
gin of millivolts to tens of millivolts, 
depending on the load. An ADR390B 
provides the reference voltages (Ref-
erence 3). The 2.2-nF decoupling ca-
pacitors suppress variations of these 
voltages during voltage transitions at 
the Q output. These values are suf-
ficient because the parasitic-charge 
transfer from the switch’s control in-
put, IN1, to the respective channel’s 
source electrode is typically 0.5 pC. 
The short-term variation of the de-
coupled reference voltages is less than 
250 �V.EDN
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Resistor network sets gain 
for fixed-gain differential amplifier
Miles Thompson, Maxim Integrated Products, Sunnyvale, CA
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Figure 1 You can configure this fixed-gain audio amplifier for signals that are differential (a) or single-ended (b).
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