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ABSTRACT: A logarithmic amplifier capable of operating 
with input currents as low as 10 amps having a capacitor 
feedback loop for smoothing out fluctuations at very low cur 
rent inputs and a second feedback loop consisting of a resistor 
and diode to switch in the resistor at very low outputs to limit 
the time constant of the parallel connection of the feedback 
capacitor and logarithmic transistor elements to reduce out 
put fluctuations at switch-on. 
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1. 

LOGARTHMICAMPLFER 
This invention relates to a logarithmic amplifier, and more 

particularly, it relates to a logarithmic amplifier suitable for 
use with an ionization chamber such as is commonly used with 
nuclear reactors. 

Logarithmic amplifiers have in the past been built in various 
forms but their design for use with low-input currents, for ex 
ample from 10 to 10 amperes, has presented a number of 
problems. Prior art amplifiers have commonly needed ovens 
to maintain at least some of their components at constant tem 
perature for stability, moreover, they have required large 
numbers of adjustments and trims in use; and they have typi 
cally given rise to noise and drift problems. 

Accordingly, it is an object of the present invention to pro 
vide a logarithmic amplifier suitable for use with an input cur 
rent ranging from approximately 10 to 10 amperes, which 
amplifier requires little if any adjustment in use, and in which 
no oven is required, and in which noise and drift problems are 
reduced. 

Further objects and advantages of the invention will appear 
from the following disclosure, in which the embodiment 
discussed is presented for illustrative purposes, the scope of 
the invention being defined primarily by the appended claims. 

in the drawings: 
FIG. 1 is a schematic, partly in block diagram form, of a 

logarithmic amplifier according to the present invention; 
FIG. 2 illustrates various voltage-current curves for portions 

of the circuit of FIG. 1; 
FIG. 3 is a more detailed circuit representation of the device 

of FIG. 1; 
FIG. 4 shows output voltage curves for the circuit of FIGS. 1 

and 3; and 
FIG. 5 shows a modification of the circuit of FIG. 1. 
Referring firstly to FIG. 1, there is shown a schematic, 

partly in block form, of a logarithmic amplifier in accordance 
with the present invention. An input current i from an ioniza 
tion chamber shown diagrammatically at 1 is directed over a 
cable 2 to the input terminal 3 of an insulated gate field effect 
transistor input stage 4. The output signal from the input stage 
4 is directed to a conventional operational amplifier 6, to 
which is connected a conventional stabilizing network 8. The 
output from the operational amplifier 6 is next directed to a 
cascode follower output amplifier 10. 

Output amplifier 10 provides a low impedance output into 
an output cable 12 to a differentiator shown in block form at 
14. The differentiator 14 is commonly used in conjunction 
with nuclear reactors to differentiate the output signale from 
the logarithmic amplifier and to shut down the reactor as a 
safety measure when such output signal (which is a measure of 
the current from the ionization chamber 1) increases too 
rapidly. The cascode follower output amplifier 10 is used to 
provide a low-output impedance because the output cable 12 
will often be relatively long, with consequent high 
capacitance, and the differentiator 14 will normally include a 
series capacitance. The output signal must be able to charge 
the capacitances quickly in order to avoid errors and lags in 
the response of the differentiator 14, and thus a low-output 
impedance for the logarithmic amplifier is needed. 
A feedback loop from the output amplifier 10 is provided, 

through the series combination of an attenuator 16 (contain 
ing resistors R15 and R16 in series, resistor R16 being adjusta 
ble), a temperature drift compensation network generally in 
dicated at 18, and logarithmic elements generally indicated at 
20, back to the input terminal 3 of the field effect transistor 
input stage 4. The logarithmic elements 20 consist of the se 
ries-connected emitter-base junction diodes of two silicon 
planar transistors Q1 and Q2. The collectors of transistors Q1 
and O2 are tied to their respective bases to reduce the effect 
of the body resistance of the base regions of these transistors. 
The temperature compensation network 18 includes a pair 

of transistors Q3 and Q4 having the same characteristics as 
transistors O1 and O2 but connected in opposition thereto. 
The emitter currents of transistors Q3 and Q4 are set so that 
the average emitter current is approximately equal to the max 
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imum current expected through the base-emitter diodes of 
transistors O1 and Q2. Transistors Q3 and Q4 thus serve to 
cancel the "constant current' temperature drift of transistors 
Q1 and Q2. A temperature compensation resistor R1 is pro 
vided to compensate for the variation in temperature charac 
teristics of transistors Q1 and O2 with respect to the current 
flowing through these transistors. A, B, C and D are reference 
points. 

FIG. 2 illustrates the principles of the temperature compen 
sation network 18 in more detail. FIG. 2 plots voltage against 
the logarithm of the current through the feedback loop, with 
reference to the various points A, B, C, and D of FIG. I. In 
FIG. 2A, curve 1 plots the voltage between points A and B at 
one temperature, e.g., 25 C., while curve 2 plots the voltage 
between points A and B at another higher temperature, e.g., 
50° C. It will be noted that a change in temperature causes the 
voltage characteristics of transistors Q1 and Q2 to shift, and 
that a two-component correction will bring the two curves 1 
and 2 back into coincidence (so that there will be no variation 
with temperature). The first correction needed is a translation 
of the curves so that they will intersect near the current range 
in question, and the second correction needed is a rotation 
about the intersection point (change in slope) of one of the 
curves so that the two curves will then coincide. 
The first correction component is supplied by transistors O3 

and Q4. FIG. 2B plots voltage between points B and C as a 
function of the emitter currents of transistors O3 and Q4, 
curve 3 being the 25°C. line and curve 4 being the 50° C. line, 
and the emitter currents of transistors Q3 and Q4 being set at 
the value indicated by the dotted line of FIG. 2B. To obtain 
the voltage between points A and C as a function of current 
through transistors Q1 and Q2, the voltage values of curves 3 
and 4 at the fixed emitter currents of transistors Q3 and Q4 
are added to curves 1 and 2 respectively, resulting in curves 5 
and 6 respectively of FIG. 2C. Curves 7 and 8 of FIG. 2C are 
similar to curves 5 and 6 but show the voltage between points 
A and D instead of points A and C, curve 8 being plotted in 
the absence of the effect of temperature compensation re 
sistor R1. 
When the effect of resistor R1 is taken into account, curve 8 

is rotated, i.e., its slope is changed, with the new result being 
shown as curve 8' in FIG. 2C. Thus, resistor R1 supplies the 
second correction component needed for temperature com 
pensation. 
The feedback network of the logarithmic amplifier illus 

trated in FIG. 1 also includes a time-constant capacitor C1 
shown connected across the logarithmic elements O1 and Q2. 
Capacitor C1 could of course be connected directly between 
the output of cascode follower amplifier 10 and terminal 3, 
but location of capacitor C1 as shown is more convenient 
from the point of view of routine construction and operation 
of the circuit. 
The reason for the presence of time constant capacitor C1 is 

as follows. When the output current from the ionization 
chamber 1 is at a low level, for example, 10 amperes, then 
normal statistical variations in the ionization measured in the 
ionization chamber will give rise to wide fluctuations in the 
current i therefrom. If such fluctuations in the current i were 
not smoothed the differentiator 14 would trigger safety 
devices (not shown) unnecessarily often, and the nuclear 
reactor (not shown) would be shut down at undesired times. 
Therefore, the fluctuations of current i at low current levels 
are averaged or filtered with the smoothing circuit formed by 
capacitor C1 and the resistance of transistors Qi and Q2. At 
higher current levels, the statistical fluctuations in current i 
are much smaller in relation to the average current, so that lit 
tle filtering is needed. However, less filtering occurs at higher 
levels because the resistance of logarithmic elements Q1 and 
O2 drops greatly with an increase in current through these ele 
ments. If the resistance of the series base-emitter diodes of 
transistors Q1 and Q2 is denoted by R, then resistance R 
decreases as the current through transistors Q1 and Q2 in 
creases, and hence the time constant RC1 of the filter con 
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stituted by the combination of transistors Q1 and Q2, and 
capacitor C1, becomes smaller. At relatively high-input cur 
rents, the resistance R of the logarithmic elements Q1 and Q2 
is so low that the effect of capacitor C1 is of little significance. 

Although capacitor C1 is primarily intended as a smoothing 
capacitor, providing, with logarithmic elements Q1 and Q2 a 
variable (with input current) time constant, the choice of 
value for capacitor C1 is also affected by another factor. In 
practice, the input cable 2 from the ionization chamber 1 will 
normally be relatively long and hence will possess considera 
ble capacity and it is found that the higher this capacity, the 
more high frequency amplifier noise there will be at the output 
of the logarithmic amplifier. However, it is also found that a 
higher value for feedback capacitor C1 assists in reducing the 
amplifier noise in the output signal. 

Referring again to FIG. 1, it will be noted that there is pro 
vided a feedback path consisting of a diode D1, and resistors 
R2 and R3. 
The purpose of this arrangement is to compensate for the 

following phenomenon: if the nuclear reactor (not shown) 
generating the ionization current has been shut down, the 
input current i will be very small. As previously mentioned, at 
very low signal currents the resistance of logarithmic elements 
Q1 and Q2 becomes extremely high. Then, after the reactor is 
restarted, the input current i increases and in the absence of 
resistor R3, would charge capacitor C1 for a period of time 
determined by time constant RC1, where R is as mentioned 
the equivalent resistance of logarithmic elements Q1 and Q2. 
Since R is large at this time, an undesirably long period of time 
would be required for the output of the logarithmic amplifier 
to reach equilibrium. If a fixed resistance having a lower value 
than that of logarithmic elements Q1 and Q2 were connected 
across capacitor C1 during the low-input current stages, then 
capacitor C1 would be charged by the input current to a volt 
age limited by this lower resistance and hence, upon restora 
tion of the signal from the ionization chamber, would reach 
equilibrium much sooner. Such lower resistance is provided 
by resistor R3 which is connected into the feedback circuit 
when diode D1 becomes forward biased, this occurring when 
the output signal at cable 12 becomes sufficiently low. 

In the exemplary circuit shown in FIG. 1 (and illustrated in 
more detail in FIG. 3, to be referred to shortly) the output 
voltage e at cable 12 varies from -5 volts at full scale input 
current (approximately 10 amperes) to 0 volts at low-input 
currents (10 amperes). At input currents below 10 am 
peres, the output voltage e begins to go positive, i.e., reverses 
sign. Diode D1 then becomes forward biased and connects re 
sistor R3 across capacitor C1 as mentioned. When the output 
voltage e begins to come back on scale, i.e., decreases below 
zero volts, diode D1 becomes reverse biased and disconnects 
resistor R3, so that logarithmic feedback through elements Q1 
and O2 is restored. 

Resistor R3 may be thought of as a maximum time constant 
limiting resistor, limiting the maximum time constant of the 
feedback path to a selected value at times when the resistance 
R of logarithmic elements Q1 and O2 approaches infinity. The 
switching-in of resistor R3 at very low-input currents has the 
further advantage that it reduces sudden jumps in the output 
voltage e that would otherwise tend to occur (because of the 
normal circuit characteristics of the logarithmic elements, Q1 
and O2, and the capacitor C1, in parallel) during the initial 
turn-on period. Sudden jumps in the voltage e are undesirable 
except where they indicate apdanger condition in the reactor, 
because such sudden jumps will cause the differentiator 14 to 
provide a large output to trigger safety devices (not shown) to 
shut down the reactor. 
The actual time constant of the feedback loop at times when 

diode D1 is forward biased and the resistance R of elements 
Q1 and O2 approaches infinity, may be shown to be 
C1R1 R3/(R1+R15+R16). This assumes that the gain of 
operational amplifier 6 is very high, so that input terminal 3 
(reference point A) is very nearly at ground potential. It may 
be noted that the resistor R3, instead of being connected as 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

4. 
shown, could be connected across capacitor C1 (with its value 
changed to the fraction R1/(R1+R15+R16) of its previous 
value, in order to maintain the same time constant). However, 
R3 is placed as shown, so that as few components as possible 
are utilized at very low currents, and so that as large a 
switching voltage as possible is available for switching diode 
D1. 
A more detailed schematic of the logarithmic amplifier of 

FIG. 1 is presented in FIG. 3. In FIG. 3, the input amplifier 4 is 
shown as including two insulated gate field effect transistors 
Q5 and Q6 connected in a differential amplifier configuration. 
These transistors are of the p-channel type. The input cable 2 
is connected through an input resistance R4 to the gate of 
transistor Q5, the gate of transistor Q6 being grounded. The 
source terminals of transistors Q5, Q6 are connected together 
through a balancing potentiometer R5, the tap of which is 
connected through a resistance R6 to a supply voltage tv., 
The drain terminals of transistors O5 and O6 are connected 
through resistors R7 and R8 to a supply voltage -v., and are 
also connected to input terminals 20 and 22 of the operational 
amplifier 6, which is shown as a differential amplifier in FIG. 
3. 

It will be appreciated that the input amplifier 4 need not be 
a differential amplifier as shown, but use of a differential input 
amplifier is convenient because in this way, the temperature 
drift in one field effect transistor Q5 is cancelled by the tem 
perature drift in the other field effect transistor Q6. In addi 
tion, extra gain is achieved by providing differential inputs 
into the operational amplifier 6. 
The operational amplifier 6 includes a stabilizing network 

consisting of capacitors C2, C3 and C4 and resistors R9 and 
R10. This network, which is conventional in design, stabilizes 
the operational amplifier over large changes in feedback due 
to the changes in resistance of the logarithmic elements Q1 
and O2. Power for the operational amplifier 6 is provided 
from terminal 24, which is connected to a zener diode Z1 
leading to ground, and to a resistor R11 connected to the v. 
supply. Power for the amplifier 6 is also provided from a ter 
minal 26 which is connected to a zener diode Z2 connected to 
ground and to a resistor R12 connected to the v. supply. 
The operational amplifier 6 includes an output terminal 28 

connected to the input of the cascode follower output amplifi 
er 10, which is shown as including transistors Q7 and Q8. The 
collector of transistor O7 is connected to the base of transistor 
Q8 and is also connected through a resistor R13 to the -v. 
supply, while the emitter of transistor Q7 is connected to the 
collector of transistor O8. The emitter of transistor O8 is con 
nected through an inductor L1 to the v. supply and through a 
capacitor C5 to ground. 
The output signal from output amplifier 10 is taken at the 

emitter of transistor O7. This output is directed to cable 12 
and is also directed through diode D1, and through resistor R3 
when diode D1 is turned on, to the collector of logarithmic 
element O. Resistor R2 enables diode D1 to become forward 
biased when the output signale begins to go positive. 
Connected to the emitter of transistor Q7 is a voltage di 

vider chain consisting of zener diode Z3 and resistors R14, 
R15, R16 and R1. Zener diode Z3, which is connected 
between the emitter of transistor O5 and resistor R14 (R14 in 
turn being connected to the v. supply) provides a potential 
rise, i.e., in effect acts as a simple battery, in order that full 
scale output voltage will be obtained at the maximum input 
current and zero output voltage will be obtained at the 
minimum input current. The effect of zener diode Z3 is shown 
in FIG. 4, which plots the voltage between points A and E, 
point E being the point at which the output voltage is taken. 
(It will be recalled that point A is virtually at ground poten 
tial). Output voltage curves 9 and 10 appear in FIG. 4, and 
these curves are the same as curves 7 and 8' respectively of 
FIG. 2C, but with the latter curves shifted upwardly by virtue 
of Zener diode Z3, so that maximum and minimum output 
voltages will occur at maximum and minimum input currents 
respectively. 
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Resistor R14 acts primarily as a load for transistor O7, while 
resistors R15 and R16 act, as mentioned, as an attenuator to 
assist in controlling the amount of feedback around the feed 
back loop. In particular, resistor R16 is used to set the desired 
span of measuring current range. Resistor R1 compensates for 
some of the temperature drift in logarithmic elements O1 and 
Q2, as discussed. 
The junction between resistors R16 and R1 is connected to 

the base of transistor Q3, and the emitter of transistor Q3 is 
connected in turn to the base of transistor Q4, the collectors 
of both these transistors being connected to the cathode of 
zener diode ZA, which controls the collector voltage of 
transistors O3 and Q4. Zener diode Z4 is connected between 
ground and a resistor R17 which is connected to the --v. 
supply. The emitters of transistors Q3 and Q4 are connected 
through resistors R18 and R19 to the -v. supply. The emitter 
of transistor Q4 is also connected to the emitter of logarithmic 
element Q2, the base and collector of logarithmic element O2 
being connected in turn to the emitter of logarithmic element 
Q1, and the base and collector of logarithmic element Q1 
being connected to input terminal 3. 

In practice, the circuit shown in FIG. 3 has been found to 
operate satisfactorily with the following component values 
and types, the transistor and diode types being listed in stan 
dard notation: 

Transistors 

O7 2N2905 

Diodes 

D FD300 
21, 24 N429 

Resistors 

R 2K temperature 
compensating 
resistor 

R2, R4, R13 10K 
R3 10 ohns 
R5, R16 SK 

R7, R8 26K 

R10, R14 1.8K. 
R11 820 ohms 
R2 220 ohms 
RS 5.6K 
R7 680 ohms 
Ri8, R19 selected for ful 

scale input current 

Capacitors 

C 4,700 pf. 
C2 1.0 f. 
C3 0.22 f. 
C4 0.047 f. 
CS 1,200 pf. 
inductor . 1 mh. 
Amplifier 1 Fairchild-type 

WA702 DC 
amplifier 

voltages +V and -v --15 volts and 
-5 volts 

With the values as noted above, the logarithmic amplifier 
described covers the range from 10' to about 10' amperes 
input current, with the output voltage e at cable 12 ranging 
from 0 volts at the low-range input current to -5 volts at about 
10 amperes current. 
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6 
With the circuit values shown, the drain currents for the 

field effect input transistors Q5 and Q6 were held at about 0.5 
milliamperes, i.e., to a value at which the temperature drift in 
characteristics of these transistors was low. 

it may be noted that more than two logarithmic elements in 
series could be used, and this would naturally result in a higher 
voltage across the logarithmic elements, which in a sense is 
desirable since this tends to swamp the drift in the input ampli 
fier 4. However, it is found that with too many logarithmic ele 
ments in series, their impedance becomes high, particularly at 
low-input currents, and it is then found that the time constant 
constituted by the product of the resistance of the series 
logarithmic elements and the capacitance of capacitor C1 
becomes too high, degrading the response of the device. The 
value of capacitor C1 must therefore be lowered, but this 
causes an undesirably high degree of amplifier output noise 
when a long input cable 2 from the ionization chamber 1 is 
used. It is therefore found that two logarithmic elements in se 
ries provide a good compromise and lead to efficient opera 
tion of the circuit. 

If desired, a low current correction facility may be built into 
the device, as shown in FIG. 5. In FIG. 5, a transistor O9 has 
been inserted, biased from a potentiometer R20, to add a very 
low correction current to the current flowing through 
logarithmic elements O1, and O2, to improve their linearity at 
values of input current i towards the lower end of the range. 
We claim: 
1. A logarithmic amplifier for providing an output signal 

proportional to the logarithm of an input current signal within 
a range extending down to approximately 10' amps, said am 
plifier comprising: 

a. signal input means for said input signal, 
b. amplifier means having amplifier input means, and having 

amplifier output means for said output signal, 
c. said amplifier input means being connected to said signal 

input means, 
d. logarithmic element feedback means coupled between 

said amplifier output means and said signal input means, 
e. capacitor feedback means coupled between said amplifi 

er output means and said signal input means for 
smoothing out input signal fluctuations at the lower end 
of said range, 

f. and a passive circuit consisting of a combination of 
i. a maximum time constant limiting resistance 
ii. and switch means operative in response to a predeter 
mined level of said output signal corresponding to an 
input signal at the extreme lower end of said range, 

g. said passive circuit being coupled between said amplifier 
output means and said signal input means, said switch 
means being operative to insert said time constant limit 
ing resistance in circuit between said amplifier output 
means and said signal input means to limit the time con 
stant of the parallel connection of said logarithmic ele 
ment feedback means and said capacitor feedback means 
upon occurrence of said predetermined level of said out 
put signal. 

2. A logarithmic amplifier according to claim 1 wherein said 
logarithmic element feedback means comprises a pair only of 
logarithmic elements, said logarithmic elements being 
transistors with the emitter-base junctions of said transistors 
connected in series, and each of said transistors having its col 
lector connected to its base. 

3. A logarithmic amplifier according to claim 2 including 
temperature compensation means connected in series with 
said pair of transistors, said temperature compensation means 
comprising: 

h. a further pair of transistors having their emitter-base 
junctions connected in series with the emitter-base junc 
tions of said first mentioned pair of transistors to provide 
a first temperature dependent compensating variation in 
feedback between said amplifier output means and said 
signal input means (a), and 
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i. temperature dependent resistance means connected to 
said further pair of transistors to provide a second tem 
perature dependent compensating variation in feed 
back between said amplifier output means and said 
signal input means (a). 

4. A logarithmic amplifier according to claim 3 wherein said 
signal input means (a) is a differential amplifier including a 
pair of insulated gate field effect transistors as input elements, 
said input signal being applied to the gate of one of said field 
effect transistors, and the gate of the other of said field effect 
transistors being grounded. 

5. A logarithmic amplifier for providing an output voltage 
proportional to the logarithm of an input current over a range 
of input currents varying from a predetermined low value at 
least as low as approximately 10' amps to values greater than 
said predetermined low value, said output voltage having a 
predetermined level when said input current has said low 
value, said amplifier comprising: 

a. signal input means for said input current and including an 
insulated gate field effect transistor as a current input ele 
ment, 

b. an operational amplifier connected to said signal input 
means, 

c. a low impedance output amplifier connected to said 
operational amplifier and having output means for said 
output voltage, 

d. feedback means connected between the output means of 
said output amplifier and said signal input means and 
comprising: 
i. attenuator and temperature compensation means con 

nected to said output means, 
ii. a pair of logarithmic elements connected in series 
between said means (d) (i) and said signal input means, 

iii. a time constant capacitor connected in parallel with 
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8 
said logarithmic elements for smoothing out input cur 
rent fluctuations at said low value, 

iv. diode switch means connected to said output means 
and operative in response to occurrence of said 
predetermined level of said output voltage, 

v. and a time constant limiting resistance connected 
between said diode switch means and said signal input 
means, said diode switch means being operative to con 
nect said resistance between said output means and 
said signal input means to limit the time constant of the 
parallel connection of said logarithmic elements and 
said time constant capacitor upon occurrence of said 
predetermined level of said output voltage. 

6. A logarithmic amplifier according to claim 5 wherein 
e. said pair of logarithmic elements consist of first and 
second planar transistors, the collector and base of said 
first transistor being connected to said signal input means 
(a) and the collector and base of said second transistor 
being connected to the emitter of said first transistor, 

f. and said temperature compensation means includes 
i. third and fourth transistors of the same type as said first 
and second transistors, the emitter of said third 
transistor being connected to the emitter of said second 
transistor and the emitter of said fourth transistor being 
connected to the base of said third transistor, said third 
and fourth transistors providing a first temperature de 
pendent variation in feedback around said feedback 
means, 

ii. and temperature sensitive resistance means connected 
to the base of said fourth transistor to provide a second 
temperature dependent compensating variation in 
feedback around said feedback means. 


