
↘ Common analog multiplying 
devices employ methods using 

transistor parameters. Precise versions 
of these devices use the logarithm meth-
od of multiplication. This method 
involves the addition of logarithms and 
an exponential conversion (Reference 
1). Using these methods, you can 
achieve a minimal error of ±0.1%. This 
Design Idea reduces the error, employs 
readily available standard components, 
and maintains the correct voltage scale. 

The structure squares the sum and 
the difference of both components of 
the desired multiplication. The differ-
ence of these squared values yields the 
result of the multiplication. You can 
scale the desired multiplication of a 
and b using the identity of 4ab=(a+b)2−

(a−b)2. In a conceptual diagram, blocks 
1 and 2 represent the input part of the 
device (Figure 1). They comprise iden-
tical precise rectifiers. You implement 
these rectifiers with amplifiers A1, A2, 
A3, and A4 (Figure 2). They provide the 
addition and the subtraction of input 
voltages VA and VB. The rectifiers create 
the output voltages k(VA+VB), k(VA−VB), 
which have only positive polarity. You 
connect these outputs to a two-channel 
ADC, Block 3, and then to two identi-
cal DACs: DAC1 (Block 4) and DAC2 
(Block 5).

The ADC converts k(VA+VB) and 
k(VA−VB) to proportional codes N1 and 
N2. The ADC must handle the conver-
sion over the full range of the abso-
lute sum |k(VA+VB)|. The reference 

voltage of the ADC should be equal 
to the maximum expected value of 
|k(VA+VB)|. Codes N1 and N2 trans-
late to Register 1 of DAC1 and Register 
2 of DAC2, respectively (Reference 2). 
These codes establish the values on the 
R−2R dividers of each DAC. The out-
put voltages of blocks 4 and 5, compris-
ing N1|k(VA+VB)| and N2|k(VA−VB)|, 
pass through operational amplifier A7
in Block 6. You configure the op amp 
with a differential input, which takes 
the difference between the inputs and 
creates the multiplication result on the 
output. For example, if both voltages 
VA and VB have a range of ±10V and 
the input range of the ADC is 0 to 10V, 
then coefficient k=R2/R1=0.5. The full 
sum of each part should be ±10V. Table 
1 provides the results for all four quad-
rants of these conditions.

The systematic error of the multi- 
plication is the sum of the discrete errors 

Circuit provides  
more accurate multiplication
Yakov Velikson, Lexington, MA
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Figure 1 Perform a multiplication of two values, VA and VB, by using ADCs, DACs, 
and amplifiers to do the mathematics of an equivalent expression.

TABLe 1 Results of fouR quadRants
VA (V) VB (V) k(VA+VB) (V) k(VA−VB) (V) N1 N2 V5 (V) V6 (V) V5−V6 (V)

5 3 4 1 0.4 0.1 −1.6 −0.1 1.5

5 −3 1 4 0.1 0.4 −0.1 −1.6 −1.5

−5 3 1 4 0.1 0.4 −0.1 −1.6 −1.5

−5 −3 4 1 0.4 0.1 −1.6 −0.1 1.5
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of the ADC and both DACs. This error 
depends on the resolutions of these 
devices. Choosing an ADC and DACs 
with greater resolutions will further 
reduce the overall error.EDN
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↘ The late Jim Williams’ last proj-
ect was a 100A active load 

(Reference 1). That design needed a 
separate signal generator and other 
components. This Design Idea makes 
the load self-contained. It adds poten-
tiometers to control the stepped load 
levels, a chopper oscillator to switch 
between the set load levels, and a dual-
readout DPM (digital-panel meter) to 
allow for direct voltage and current 
readout. In tribute to Williams, it uses 
three Linear Technology chips.

The heart of the load controller is 
two potentiometers, Set A and Set B 
(Figure 1). These devices allow you 

to set A and B load levels anywhere in 
the 0 to 100A-load-range capability of 
Williams’ design. For instance, assume 
that Set A is at −0.5V and Set B is at 
−0.75V. Switching the load between 
these two levels changes it from 50 to 
75A. Timer chip IC1 controls the step-
ping rate and duty cycle between the 
Set A and the Set B levels. This timer 
IC allows you to control frequency over 
a decade range. It also allows you to set 
the duty cycle between 0 and 100%. 

The full 0 to 100% duty-cycle con-
trol comes in handy when you set up 
the load. At 100% duty cycle, the volt-
age between the potentiometers does 

not switch, and the Set A control is 
active alone. This situation allows you 
to adjust Set A and watch the actual dc 
level on the dual-readout panel meter. 
Likewise, setting the duty-cycle control 
to 0% switches to the Set B potentiom-
eter and allows you to adjust its static 
or dc level. 

Setting any duty cycle other than 
0 or 100% causes the Set A and Set 
B levels to alternate. You control the 
chopping frequency by adjusting the fre-

A few added components make a 
self-contained controller for 100A load
Steve Hageman, AnalogHome.com, Windsor, CA
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Figure 2 The detailed schematic of the multiplier follows the block diagram of Figure 1.

The full 0 To 100% 
duTy-cycle con-
Trol comes in 
handy when you 
seT up The load.
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