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20 MHz BIPOLAR LOGARITHMIC AMPLIFIER

FEATURES

* WIDE BANDWIDTH: 20MHz

* WIDE DYNAMIC RANGE: 80 dB

¢ | OG FUNCTION

o CURRENT AMND VOLTAGE INPUTS

APPLICATIONS

LOG FUNCTION

ULTRASONIC MEASUREMENTS
SONAR

VIDEOQ LOG

DESCRIPTION

The 2520 bipolar logarithmic amplifier is de-
signed o perform legarithmic functions on the
signals applied to itz inputs. |15 specifications
rmake it mast suitable to & variety of applications,
The hybrid design, packaged ina 24 pin Dyal-In-
Line Package, allpws ugse of standard sockets
and takes up only a minimum ¢f PC board real
eslate.

The 2820 has been designed to fillthe gap that
exists for logarithmic amplifiers, where wide
available bandwidth and wide dynamic range at
high frequancias are ¢oncerned. Most amplifiers
of thiz Kind have wide bandwidth and good
dynamic range at frequencies near DC, The
dynamic range of the device covers a minimum
of 4 decades [B0dB). Owver 75% of this range
(60dB) a logarithmic error of only £0.7% is
fypical, with a maximum error of anly £3% at the
upper portion of the dynamic range. Tha fre-
guency response registers a full 1 to 20 MHZ and
fthe 2820 can therefare be used for 8 variety of
video applicalions.

Another advantage of the design of the 2820 is
the lact, that, although the device is curranl
driven, appropriate scaling resistorz, applied
externally or by use of the built=in resistor, allow
it b become a vollage driven amplifiar,

The power supply requirements are standard
16 voll inputs, and range from =5 volis ta 220
valts. The low power consumption, even el the
maximum rated cutput, make the device anergy
elficient. The 2100 to 400 mV cutpul range can

be scaled o any requirements with the addition
of an operalignal amplifier,

The 2920 can easily be compensated with the
application of a single capacitor. Because of the
influence of this capacilor on the dynamic range
gnd frequency response, performance can eas! |y
be shapad to fit even filtaring applications. As
would be expected an increase in capacitance
decreases the bandwidth of the device,

The 2920 finds applications in video and audic
Compression circuits and any other place where
a logarithmic function is réaquired. The wide
frequency range also makes it ideal for ultra-
sonic measurements and In sonar devices.



SPECIFICATIONS

ELECTRICAL

Specifications at Tg = #2570, Vep = 215VDC unless elherwise noted,

MODEL 2820

PARAMETER MIN TYP MAX UNITS

DYNAMIC RANGE &0 dB

RATED OUTPUT

Valtage 4100 +400 my

Currant +1 A

Dynamic Resistance 3 i1

Output GCoefficiant 75 my

Temperature CGoefficient -1.6 mY~ G

INPUT

Dynamic Range +3x1077 +3x10°7 A

Dynamic Range +3.0 my

Resistance Current Inpul 1 n

Resistance Vaoltage Input 1000 n

Polarity Bipolar

INPUT OFFSET YOLTAGE

Initial Offzet Al

Drif =100 pnc

INPUT BIAS CURRENT

Initial Bias +30 na,

DCrrift +1q nace G

MAXIMUM LOGARITHMIC ERROR

80dE Dynamic Range 1 3 o

G0dB Dynamic Range 0.7 T

FREQUENCY RESPONSE

10KHz B0 dB

100KHz 2 dE

TMHz 50 de

dkHz 4 des

10MHz a0 dB

20MHz 20 dg

TEMPERATURE RANGE

Thermal Resistance of Package CW

Quiescent Tempearature Rise o

Ciperating -25 +85 "C

Starage -55 +150 "

POWER SUPPLY

Rated voltage 5 +15 20 W

Current Quiescent +12/-10 mA
The infesmatitn in this publication has een caralully ¢hacked spacifcalions are subject to changs wilhaut nolice. Ma patent
and iz believed o be refliable; howewver, no respansibility is rights are granied 10 any of the circuils dascribed harain.

gasumed Tor poasibe inacsuracies or omissions. Prices and
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MECHANICAL DESCRIPTION: The 2520 is a
standard 24-pin DHP. It uses glass-fiber-filled
diallyl-phthalate cases wilh anepoxy encapsulant.
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There are some misconceplions regarding the
operation and function of logarithmic amplifi-
ers. To explain this a bit better, the following
figure is provided.

FPUT WOWVEFORM FOR LOGARITHME. CONVER SHN
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The vertical axis shows an input signal voltage
of a given frequency. The horizontal axis indi-
catas a ime axis, Mo particular scale is shown
because this axis is only representative. The vol-
tage is a positive going signal that uses a
+300V offsel with alternative spikes ranging to
3mV and 3V. It must be remembered that the
legarithm of 0 is not defined and if a signal is
suspecled to go to a zero value, a small positive
DC offsat must be introduced.

If ong assumes that a 30dB dynamic range is
used, the 3V input signal will be represented by a
400mV output.

The 3mV¥ signal is then 3 decades down from the
3V which translales to a 225mV difference so that
the outpul appears as 400myV—225mY = 175mV,

The advantage of the OEIl davices is thair ability
1o do logarithmic conversions at frequencies 1o
20MHz. Devices with outstanding DC character-
istics abound on the market, but none is capable
of operations at higher frequencias.

INTRODUCTION

The 2920 bipolar logarithmic amplifier can be
employed when a logarithmic function is re-
quired. Since the device is current driven, the
input voltage to the device must be convarted to
a current by use of internal or external resistors.
Input current lavels range from 300 nanoamps to
3 milliamps and this 80dB range provides output
voltages between 100 and 400 millivolts with an
output coefficient of 75 mV/decade. The autput
follows the ideal logarithmic function with a high
accuracy up to 20 MHz for small signals.

THEORY OF OPERATION

The 2920 is basically an operational amplifier
with diodes in its feedback loop. Thus, advan-
tage is taken of the exponential relatlionship

belweasn current and voltage exhibited by a pn
junctian.

The relationship of current through the diode
and the voltage across it can be expressed by,

) Wik
if=lpfe 1)

where if current thraugh diode

| reverse current

Vivoltage across diode
and where the factor K is dependent on junction
material and temperature. If the diode is con-
nected in the feedback-loop of an operational
amplifier, the input current becomes if and the
oulput voltage becomes Vi as shown in the dia-
gram, below if it is between 3 x 10 and 3 x 1077
Amp.

Since the input current iy is equal to V|/R the
equatian for the diode becomes:

'L.If.
Vg = —Klin % + Kin g
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For large encugh output voltages, the exponen-
tial expression becomes very much largerthan 1
and the equation can be simplified. If the natural
logarithm is taken on both sides and the equa-
tion is rearrangead, it reads:

'|.||‘.
Vo = —KIn % + Kin Ig

This shows that the output voltage is propor-
tional to the logarithm of the input voltage, plus a
constant. The constant K as well as the inverse
currant 1, are constant for a constant tem-
perature.

APPLICATIONS
Thetransterfunction and accuracy limitations of
the 2920 are given below.

E W
3x107 A=< 3ma
in
'|ul'.
Vg = —Kln =% + Kin Ig
Rin

£100mY = Vg £2400mY
K = .0326 at 25°C

lg = 1.4 X10°® Amp



Az is shown, the logarithmic relationship holds
for Vg between 300 nanoamps to 3 milliamps.

The constant Kinl, is approximately 6V at 25° C
and may be subtracted to the offset adjustment.

Due to the temperaturg sensitivity of the pn
junction K is lemperature sansgitive. In the trans-
ferfunction, K is proportional to the temperature
in degrees Kelvin. As a result, for a given input
current, the output voltage will vary as a function
of temperature. This behavior must also be taken
into account, and appropriate means of com-
pensation must be designead into the aircuit, In
the saction with typical performance curves,
data can be found for this purpose. Fora £25°C
lemperature swing, the outpul vollage can vary
as much as £35mV,

When multiplying logarithmically the constant K
will be additive and thus must be taken into
account when designing with the 2020. Division
of two numbers cancels the constant automati-
cally. Conversion to logarithms of othar bases
can be accomplished by appropriate gain ad-
justment of the fallowing stages.

LOGARITHMIC QUTPUT

2920

For a logarithmic conversion use pin 17 1o pro-
vide the output voltage V. A 1K ohm potenti-
cometer (trimpot) is connected between pins 9
and 10. This offset adjustment pot must be
included in any design with the 2820. The input
can be applied to either pins S or 7. If an external
resistoris used, ortheinputisacurrent, connec-
tion ¢an be made to pin 5. Howeaver, for conven-
ignce, the 2820 also contains a 1K ohm resistor.

The offsel voltage caused by some mismatch in
the logarithmic elements, is small and can be
adjusted by applying a bipolar signal to the
input. The offset can then be adjusted, until the
output swings to equal magnitude in both the
positive and negative direction {dynamic trim).

BASIC CONNECTIONS,

TYPICAL APPLICATIONS.

The diagram in figure 1 shows the 2920 in the
basic log connection. Pins 5 and 7 provide the
input terminals and can be used for current or
voltage sources. Voltage sources between 0.3
millivolts to £3 voltz can make use of the internal
resistor of 1K ohm

FIGLIRE 1: BASIC COMNMECTIOMS

available at pin 7. Pin 17 is the oulput connec-
tion. As mentioned before, the offzet adjustment
potentiometer, connected between pins 9, 10
and the negative power supply is mandatory, If

" this adjustment is not available the dynamic

range of the circuit will suffer. Cap is used to com-
pensate for load capacitance,

cr: [\I{;V__""’

INPUT 5T T G QUTFLIT

FIGURE 2: BASIC LOGARITHMIC CONMECTIONS

The diagram of figure 2 is, as the previous one,
designed as a logarithmic amplifier. As shown
there, input signals are applied to pins 5 or 7 with
the same voltage ranges. This diagram differs
from the gne in figure 1 in that a compensation
capacitor Cp. is connacted batween ping 5 and
19. Polarity must be observed. This capacitor will
ovarcompensale the 2920 and thus reduce the
bandwidth the device is capable of providing. In
most applications, this measure is not necessary
and actually detrimental to the overall perfor-
mance. However, when the circuit is particularly
naisy, Cp will better the noise performance of the
2920,



+

FIGLIRE 3: CURRENT INPUT CONMNECTIONS

Figure d is essentially a repetition of the diagram
of figure 3 excapt that the input iz series con-
nected to the signal source via a resistor, This
then allows the source to be a voltage source. R
must be selected to keep input currents inside
the specified limits.

FIGUBE 4 VOLTAGE INPUT COMMECTIOMS

Throughout these discussions, mention has
been made of the Importance of the offset com-
pansation of circuits employing the 2920. Figure
5 shows a circuit designed for cases where very

FIGURE & TYPICAL BOARD LAYQUT
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FIGURE 5: STABILIZED BIPOLAR OR LCI'W-DUT"I"
CYCLE PULSE LOGARITHMIC AMPLIFIER

accurate offset adjustments must be made, The
circuit is a rivel circuit that allows coarse adjust-
ment via the offset pot, which is connected
betwean ping 9, 10 and the negative supply vol-
tage. The inpuptis again connected at pin 5. The
output, taken off pin 17, is fed back via a 1
Megohm resistor to the input of the LF 356H
pparational amplifier, The .1uxF capacitor shorls
any possible AC voltage ta ground, thus letting
this input follew the average DG offset of the
input. The other aperational amplifier input is
held at virtual ground via the 1 Magohm resistor.
The gutput of this amplifieris connectedto pin 7
of the 2820 and thus provides soft offset correc-
tions automatically. This circult is
recommended when the dynamic range capabil=
ity of the 2020 should be fully taken advantage of,
for example, when processing bipolar or low
duty cycle pulsa signals.
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