
DPGAs (digitally programma-
ble-gain amplifiers) are handy 

signal-processing components when-
ever ADCs must acquire signals with 
a wide dynamic range. Without the 

ability to accommodate input-signal 
amplitude to match and efficiently use 
ADC span, low-level inputs may not 
be digitized with adequate resolution, 
and high-level inputs may overrange 

the ADC and be lost altogether.
Currently available DPGA designs 

typically incorporate a multiplying 
DAC into an op-amp-feedback loop, 
so that the input code to the multi-
plying DAC sets the amplifier’s closed-
loop gain. Several available monolith-
ic DPGAs, such as Linear Technology’s 
(www.linear.com) LTC6910 and Na-
tional Semiconductor’s (www.national. 
com) LMP8100, employ this topolo-
gy. But the DPGA’s digital-gain-con-
trol bits are sometimes inconvenient 
to provide, and these devices’ output 
span may be inadequate, for exam-
ple, to interface to 610V ADC-input 
spans. Also, the resolution of these de-
vices’ available gain settings is usually 
coarse—for example, 2-to-1 per gain 
step—and their power consumption is 
sometimes large. In contrast, this De-
sign Idea describes a new DPGA that 
employs the concept of the divergent-
exponential curve.

No waveform is simpler or more 
familiar than the e2t/RC-convergent 
exponential—the asymptotic dis-
charge to zero of an elementary RC 
circuit initially charged to the input 
voltage, VIN, in which V5VIN/2 at 
t5T5loge(2)RC, VIN/4 at t52T, 
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Figure 1 The behavior of the RC topology is still simple when you replace R 
with an active circuit that synthesizes a negative resistance.
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Fuses are essential parts of 
power-distribution systems be-

cause they prevent fire or damage to 
electronic equipment. Fuses have the 
disadvantage of requiring replacement 
after every burnout, but they have the 
advantages of being inexpensive and 

widely available. It is difficult to de-
termine the failure time of fuses with 
ceramic or sand-filled bodies to pre-
vent arcing. This Design Idea presents 
a simple circuit that solves this prob-
lem (Figure 1). It visually and audibly 
indicates ac-mains-fuse failure; in most 

cases, audible indication is sufficient. 
The circuit works with a range of loads, 
and you can change its components to 
adapt to particular ac mains and load 
specifications.

When a fuse is in good order, the in-
dication circuit is off because the fuse 
shunts it. When a fuse burns out, the 
indication circuit starts working. Ca-
pacitor C1 reduces the ac-mains volt-
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VIN/8 at 3T, and so forth. Less famil-
iar, but just as simple, is the behavior 
of the same RC topology when you 
replace R with an active circuit that 
synthesizes a negative resistance (Fig-
ure 1). Replacing R with 2R makes 
the RC time constant negative: 2RC 
and the waveform function yield the 
divergent exponential, VIN3e1t/RC. 
Then, instead of converging to zero, 
the waveform diverges theoretically 
to infinity, and V52VIN at t5T, 4VIN 
at 2T, 8VIN at 3T, and so forth. There-
fore, no matter how small the input 
voltage might be, you can amplify it 
as much as you desire to any voltage 
by simply waiting the right amount of 
time5t5log2(V/VIN)T after starting 
the negative discharge. 

The divergent-exponential and 
negative time constants are the core 
concepts of the DENT (divergent-
exponential-negative-time-constant) 
DPGA topology (Figure 2). When 
the amplify/track-control bit goes to 
logic one, the two-times-noninverting 
gain of the op-amp follower creates a 
negative time constant: 2(R11RON) 
(C1CSTRAY)5214.4 msec, where RON 
is the on-resistance of the CMOS 
switch, and CSTRAY is the parasitic ca-
pacitance surrounding C (Figure 3). 
It also creates a diverging exponen-
tial: VOUT(t)5VIN32(t/10 msec11). Thus, 
gain52(t/10 msec11). The 1-msec timing 
resolution in the amplify-control bit 
provides 1.07-to-150.6 dB533 steps/
decade gain-programming resolution. 
Figure 4 graphs the voltage gain ver-
sus the time elapsed since the track/
amplify-logic transition.

Unlike monolithic PGAs, DENT 
uses discrete components, such as op 

amps and switches, so it can easily ac-
commodate parameters such as I/O-
voltage spans—negative inputs and 
10V amplitudes—by choosing appro-
priate parts and power supplies. The 
accuracy and repeatability of the tim-
ing of exponential generation, ADC 
sampling, and RC-time-constant sta-
bility limit the practical performance 
of the amplifier in gain-programming 
accuracy and jitter. In the sample cir-
cuit, with T514.4 msec, 1 nsec of am-
plify-timing error or jitter equates to 

0.007% of gain-programming error. 
Fortunately, the near ubiquity of pro-
grammable timer/counter hardware 
in popular microcontroller and data-
acquisition peripherals usually makes 
the digital generation of a precisely 
repeatable amplify/track control an 
easy matter. On the analog side, pos-
sibilities exist for self-calibration algo-
rithms that preserve gain-setting accu-
racy and relax RC-component-preci-
sion requirements, but they lie beyond 
the scope of this Design Idea.EDN

Circuit indicates ac-mains-fuse failure
By Vladimir Oleynik, Moscow, Russia
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Figure 4 This graph shows the voltage gain versus the time elapsed since the 
track/amplify-logic transition.
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Figure 3 When the amplify/track-control bit goes to logic one, the two-times-
noninverting gain of the op-amp follower creates a negative time constant.
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Many modern power MOSFETs 
reach low values of on-resistance 

at 5V even when the gate-to-source 
voltage is 5V. For heavy-duty power 
MOSFETS and, especially, IGBTs (in-
sulated-gate bipolar transistors), how-
ever, engineers prefer gate-to-source 
voltages of 12 to 15V because the on-
resistance of those power switches fur-
ther decreases at higher gate-to-source 
voltages. The 17A-rated IRFR024 
power MOSFET from International 
Rectifier (www.irf.com), for example, 
has an on-resistance of 0.075V (Refer-
ence 1). When the gate-to-source volt-
age is 12V, the device’s on-resistance 
drops to 41% of its value compared to 
a case of a gate-to-source voltage of 5V. 
At a switching current of 10A, the de-
vice dissipates 6W less when the gate-
to-source voltage is 12V.

IC1, an Analog Devices (www.analog. 
com) ADuM5230 IC isolation driver, 
can boost a 5V input to a level that’s 
high enough to drive a MOSFET’s on-

resistance to a low value, minimizing 
power dissipation (Figure 1). At low 
switching frequencies, however, the 
IC’s high-side, internal 18V clamping 
dissipates the energy that the IC draws 
from the low-side 5V supply (Refer-
ence 2).

The ADuM5230’s output is, how-
ever, unregulated. Fortunately, this 
IC has an adjustment pin that you can 
use to control the duty cycle of the 
device’s internal PWM (pulse-width 
modulator) to reduce the duty cycle 
from a value of 1 to approximately 0.1. 
The default duty cycle has the value of 
0.55 when the adjust pin is open. The 
lowest value of duty cycle occurs when 
connecting the adjust pin to the 5V 
supply. IC2, an ASSR-1219 advanced 
photo-MOSFET device from Avago 
Technologies (www.avagotech.com), 
controls the voltage at the adjust pin. 
The photo-MOSFET has 0V satura-
tion voltage between its output ter-
minals. As a classical optocoupler has 

a bipolar phototransistor, using it as 
IC2 would be less suitable in this case. 
A bipolar phototransistor has a satu-
ration voltage of 0.4V, and, further, 
the CTR (current-transfer ratio) of a 
common optocoupler would decrease 
significantly when operating close to 
output saturation. Pulling the voltage 
at the adjustment pin to the external 
voltage-supply level comes into ac-
count when the high-side output of 
IC1 has light or negligible loading. 

At some point, VISO, the high-
side output voltage of IC1, will ex-
ceed the value of approximately 
VZ(IF)1VFLED~13.5V, where VZ(IF) is 
the voltage of zener diode D1 at IF, the 
forward current of D2, and VFLED is the 
minimum forward voltage at D2, the 
LED of IC2. IC1 exceeds this value, cur-
rent starts to flow through the D2, and 
the MOSFET at the output of IC2 be-
comes conductive. The manufacturer 
of IC2 designed it for on/off operation 
and recommends a forward current of 
at least 0.5 mA (Reference 3). 

At signal-level loading of the MOS-
FET at the output of IC2, a few tens 
of microamperes of forward current 
through the LED cause the photo 
MOSFET’s on-resistance to change 
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age, and bridge diode D1 rectifies the ac 
voltage. Resistor R1 limits inrush cur-
rent when capacitor C1 is discharged. 
Zener diode D2 and capacitor C2 form 
a dc voltage to operate a buzzer- and 
blinking-LED network. The blinking 
LED flashes, and buzzer B1, which has 
a built-in generator, sounds.

 Like most other simple circuits, this 
circuit also has a disadvantage: It is in-
compatible with some load-power and 
ac-mains-voltage values. When a fuse 
burns out, the load stays connected to 
the ac mains, and the ac voltage di-
vides between the circuit and the load. 
When the load is highly resistive or the 
ac-mains voltage is 110V rather than 
220V, the circuit’s operating voltage 
may be too low to drive the circuit. In 
that case, decrease the value of capaci-
tor C1 to 47 or 68 nF, after which the 
circuit’s resistance rises. With the com-

ponent values in Figure 1, the tested 
circuit operated with resistive loads of 
20 to 200W. With higher-power loads, 

the circuit operates well because, with 
higher load-power values, the circuit’s 
load resistance is lower.EDN

Isolation MOSFET-driver IC gets 
improved power efficiency at lighter loads
Marián Štofka, Slovak University of Technology, Bratislava, Slovakia 
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from an almost-infinite value to a 
value of kilohms. The voltage level at 
the adjust pin then increases, and the 
duty factor of both the PWM in IC1 de-
creases. This action establishes an iso-
lated negative-voltage feedback. Thus, 
the temperatures of both the MOSFET 
and the LED in IC2 have little effect on 
the properties of the circuit. At lighter 
loads, the current drain of the 5V sup-
ply is much lower than that of IC1 with 
its adjust pin open. 

Under test, the default supply current 
of the unloaded IC1 was approximately 
94.6 mA. This value decreases to 31.7 
mA with the feedback in the circuit. 

At heavy loading, the high-side output 
current of IC1 rises to approximately 20 
mA, and the duty factor rises automati-
cally to a proper value that’s higher than 
at the default supply current. Thus, the 
output voltage is roughly 13.5V within 
the range of approximately 3.7 to 22.6 
mA. The power efficiency of the circuit 
is 20% or greater. At an output cur-
rent of 4.5 mA, the power efficiency is 
20.5%, and the power efficiency for IC1 
is approximately 15%. At a current of 
3.7 mA, the circuit reaches 20% effi-
ciency, a value that’s considerably high-
er than the 13% in IC1 with its adjust 
pin open.EDN
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In adjustable, frequency-selec-
tive RC networks, the recipro-

cal of an RC product, vC51/RC, de-
termines the corner frequencies of the 

network. If the adjustable elements 
are potentiometers with a linear-con-
trol characteristic—that is, taper—
R(a)5aRP, where a is the normalized 

wiper position, 0<a<1, and RP is the 
potentiometer’s end-to-end resistance, 
then the corner frequencies are recip-
rocal functions of the potentiometer’s 
wiper position, and the frequency scale 
compresses at the high end of the ad-
justment range. This situation is usu-
ally undesirable because it complicates 
adjustment of the network at the high 

Synthesize variable resistors  
with hyperbolic taper
TL Flaig, Clinton, WA
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end. To make the frequency scale lin-
ear requires a control element with a 
hyperbolic taper—that is, something 
in the form R(a)5RP/(A1aB). Such 
variable resistances are not general-
ly available from manufacturers, but 
you can synthesize them using a lin-

ear taper potentiometer and a few 
other components.

Figure 1 shows a simple cir-
cuit for producing a ground-refer-
enced variable resistance having 
the desired hyperbolic-control 
characteristic. Analysis of this 
circuit yields the following rela-
tionship between the control set-
ting and the resistance from Node 
1 to ground: R1-0(a)5R1R2RP/
(R1R21R1RP1aR2RP)0<a<1. 
If you use this resistance in se-
ries or in parallel with a capaci-
tor, the resulting corner frequen-
cy will be a linear function of 
a: vC5(R1R21R1RP1aR2RP)/
R1R2RPC. The minimum and  
maximum values for R1-0 are  
R1-0MIN5R1R2RP/(R1R21R1RP1 
R2RP) and R1-0MAX5R2RP/(R21 
RP).

To design this circuit for spe-
cific values of R1-0MIN and R1-0MAX, 
choose RP.R1-0MAX and then com-
pute R15R1-0MAX R1-0MIN/(R1-0MAX2 
R1-0MIN) and R25RPR1-0MAX/
(RP2R1-0MAX).

You can extend the basic cir-
cuit of Figure 1 to produce a float-
ing variable resistance with hyper-
bolic taper (Figure 2). The value 
of the floating resistance between 
nodes 1 and 2 is R 1-2(a)52R1R2RP/
(2R1R21R1RP12aR2RP)0<a<1, 
and the minimum and maximum val
ues for R 1-2 are R 1-2MIN52R1R2RP/
(2R1R21R1RP12R2RP) and R1-2MAX5 
2R2RP/(2R21RP). To design the cir-
cuit of Figure 2 for specific values of 

R1-2MIN and R1-2MAX, choose RP.R1-2MAX 
and then compute R15R1-2MAXR1-2MIN/ 
(R1-2MAX2R1-2MIN) and R25½RPR1-2MAX/
(RP2R1-2MAX). Note that the value of 
the R3 resistors does not directly affect 
the value of R1-2(a). You should choose 
resistors that are large enough to not 
excessively load the op-amp outputs.

Figure 3 illustrates the application 
of the circuits in figures 1 and 2 to 
the design of an adjustable bridged-
T notch filter with a linear frequen-
cy scale. The filter has a notch cen-
ter frequency that is adjustable from 
50 to 1000 Hz and a notch depth of 
220 dB. These requirements and the 
choice of 0.1-mF capacitors for C1 and 
C2 dictate that R1-0 varies from 375 to 
7503V and that R1-2 varies from 6752 
to 135,047V. (A side benefit of using 
this technique is that it frees the de-
signer from the restrictions of the lim-
ited number of standard end-to-end 
resistance values that potentiometer 
manufacturers offer.)

Figure 4 plots the Spice-simulated 
notch center frequency for the cir-
cuit of Figure 3 against the normalized 
wiper position. The notch center fre-
quency is a linear function of the con-
trol position.EDN
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Figure 4 The Spice-simulated notch center frequency for the circuit of Figure 3 
versus the normalized wiper position shows that the notch center frequency is 
a linear function of the control position.


