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Some measurement devices exhibit large dynamic ranges

Si m u, ation hel ps (>1:10°) and nanosecond risetimes. These types of cur-

rent-output devices—which include photomultiplier
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buffer input signals to downstream measurement cir-

l Og a r ith mic a m ps cuits or A/Ds. Log amps compress large dynamic excur-

sions into a smaller signal range, which linear circuits can
then handle accurately.

Although the basic design of a log amp is quite straightforward (Fig 1) and
builds upon the exponential relationship of a bipolar transistor’s collector-
emitter current to base-emitter voltage, obtaining accurate transient response
requires careful attention to circuit parameters. However, because log amps
are nonlinear, an analytical solution isn’t possible.

To accurately predict a log amp’s transient response and stability, circuit
simulation with Spice is the best approach. Using example circuits for loga-
rithmic current/voltage amplifiers, this article discusses small- and large-
signal transient modeling using the Design Center from MicroSim Corp
(Irvine, CA (800) 245-3022), a Spice-based analog circuit simulator.

Core equations
Before delving into the specifics of log-amp design, first review bipolar-

transistor operation. The following formula expresses the exponential rela-
tionship between collector-emitter current (I.) and base-emitter voltage (Vpe):

lc =l exp(Vpe / Vi)

e NeN where | equals collector-emitter current, Iy corresponds

i to base-emitter saturation current and V,, represents base-
emitter voltage. In addition, Vi = k - T / e where k is

JWC Boltzmann's constant (1.381 - 1023 ), e equals the elemen-
tary charge of an electron (1.602 . 10719), and T is the

vioun

absolute temperature measured in ‘K. For calculations

’l of V; at room temperature (approximately 300 °K),
vee Vi= 29.5mV.

Now extend the basic transistor to log-amp operation.
Simply stated, a log current/voltage amp outputs a volt-

age proportional to the log of the input current. For

Fig 1—The basic log-amp design operation of the log amp in Fig 1, the transistor’s base
places a bipolar transistor within the  connects to ground, the emitter connects to the op-amp

feedback loop of an op amp, which
builds upon the transistor’s
exponential relationship between

output, and the collector connects to the signal input at
the amp’s inverting input. Thus, for the circuit in Fig 1,

collector current and base-emitter the op-amp output voltage (referenced to ground) equals

voltage.
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-Vpe, the base emitter voltage.
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I LOG-AMP SIMULATION
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Taking the log of the first equation and rearranging it
yields the following expression, which describes the log
current/voltage operation:

Vpe = Vi+log( 1/ 1)

where |, is the input current. Because the transistor satu-
ration current, Iq exceeds zero under all conditions, it
isn’t necessary to constrain input values for the equation.

For approximate calculations, Ig (base-emitter satura-
tion current) is relatively constant for small changes in
Vy,,. For bipolar transistors, Ig depends primarily upon
transistor design and temperature. Later in this article,
we’ll cover more advanced circuits that account for tem-
perature variation of transistor parameters through the
use of matched transistors.

Small-signal stability

Although the dc operation of the circuit in Fig 1 might
suffice for simple applications, transient stability of the
log amp requires additional components as the circuit in
Fig 2 shows. An analysis of small-signal behavior re-
quires calculation of the conductance for the feedback
loop. Differentiating the first equation defines bipolar-
transistor operation:

gp =0l / dVpe
g, = (1/Vy) « I exp (Vpe! V)

Substituting |, (using Ig e (VP& / V1) yields the final
equation for g,

gn=lc/ Vi

That final equation for g, describes the operation of the
current-dependent op-amp feedback because the collec-
tor current of the feedback transistor equals the current
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Fig 3—In addition to frequency compensation, practical
log amps require temperature stabilization as well. The
additional op amp (U,) and transistor (Q,) compensate
for temperature-dependent variations in base-emitter
voltage.
of the signal source (Fig 2). The equation also shows how
base current doesn’t affect the accuracy of the log operation.
Now you can analyze small-signal transient operation
of Fig 2 by including the circuit’s source impedance. At
this point, the most direct approach isn’t a theoretical
analysis but rather simulation. Simulation first requires
capturing the circuit diagram and using Spice to generate
data for a plot of frequency-dependent operation.
Drawing the schematic and supplying specific values
for the components yields Fig 3. A second op amp and
diode-connected transistor Q, (and associated 120-kQ
resistor to V ) compensates for temperature variations
in Vy, of Q;. Close thermal matching between Q; and Q,
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Fig 4—Like most bipolar transistor circuits, log-amp
frequency response depends upon dc collector current.
The plots show log-amp frequency response for 5-uA,
10-uA and 20-UA dc collector currents; dc current levels
above 20 LA lead to instability.
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