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10 MHz BIPOLAR LOGARITHMIC AMPLIFIER

FEATURES APPLICATIONS
« WIDE BANDWIDTH: 10 MHz o ALIDIC COMPRESSION
« WIDE DYMNAMIC RAMNGE: 80 dB « LOG = AMTILOG
e LOG o ANTILOG + LILTRA SONIC MEASUREMENTS
¢ CLURBENT ANDVOLTAGEINPUTS « SONAR
+ VIDEDQ LOG
DESCRIPTION

The 2310 bipolar legarithmic amelifier is designed
to perform logarithmic or antilogarithmic func-
tipns on the signals applied to its inputs. Square
root functigns can alzo be implemented. s
specifications make it most suitable to a variety
of applications. The hybrid design, packagedin a
16 pin Dual-In-Lire Package, allows use of stan-
dard sockets and takas up only a minimum of PC
board real estate.

Thea 2810 has been designed &2 fill the gap that
exists for lagarithmic and antilogarithmic ampli-
fiers, whare wida available bandwidth and wida
dynamic range at high requencies is concerned,
sost amplifiers of thiz kind have wide bandwidth
and gacd dynamic range at frequencies near DC.
The dynamit range of the devica covers a minl-
mum of 4 decades (B0 db). Owver T5% of this range
{80 divy alogarithmic error of anly £0.7% is bypical,
with a maximum errgr of only £3% at the upper
portion of the dynamic range. The frequency
response registers a full 1 to 10 MHz and the 29140
can therefore be used for a wvariety of vidag
applications.

o L#Enether advantage of the design of the 2010 s the
gﬁéﬁ thiat, 3ttht}u:gh the device iz current driven,
PN %@p%priat& sgaling rasistors, applied externally

=15 use of the built-in resistors, allow it D

“'Hecome & voltdge driven amplifier.

The low power consumplion, even at the maximum
rated output, make the devige energy efficient,
The £100mY 1o 2400 mY olls surtpulrange can be
scaled to any reguiremeants with the addition of a
simple aperational amplifier,

The 2810 can easily be compensated with the
application of a single capaciter, Because of tha
influgnca of this capacitor on the dynamic range
and frequency response, perfarmance can easily
be shaped ta fit even filkaring applications. As
would be expected, an increase in capacitance
decreases the bandwidth of the device,

The 2810 finds applications in video and audio
compression circuits and any other place where a
logarithmic or antilpgarithmic funetign is r-aquimd.
Even square root signal processing can-easily be
arnanmmlichad The wide freaoyancwo ranoa glan


http://www.dzsc.com/stock-2910.html
http://www.jdbpcb.com/J/
http://pdf.dzsc.com/

SPECIFICATIONS

ELECTRICAL
Specifications at Ty, = 428" C, Vop = 215VDC unless otherwise noled.
MODEL 2910
PARAMETER MIN | TYP max | uNITS
DYNAMIC RANGE

| a0 dB
RATED QUTPUT
Valtage 100 =400 'y
Currant +1 s
Dynamic Resistance 3 0
Output Coefficient 75 m\f/dacade
Temparature Coeticiant -1.6 my/2C
INPUT
Dynamic Range +3x107 +ax10 A
Dynamic Rangs +0.0001 +10 W
Resistance Current Input 1 1l
Resistance Yallage Inpul 1K 10K i1
Polarity Bipolar
INPUT QFFSET VOLTAGE
Initial Offset Al
Corife =100 Ty
INPUT BIAS CURRENT
Initial Bias 20 A
Drrift +500 N G
MAXIMUM LOGARITHMIC ERRCR
2048 Dynamic Pange 1 3 %
E0dB Dynamic Range Q.7 Y
FREQUENCY RESPONSE
1KHz ac dBe
10KHz o] ag
100KHz aa dB
1MHz B0 dB
AMHz 40 dB
10MHz 20 dB
TEMPERATURE RANGE
Thermal Resistance of Package B0 =G
Qiescent Temp Rise a2 *C
Operating =25 +85 L
Storags -55 +125 ol o
FOWER SUFPLY
Rated Voltage 5 *15 20 W
Current Quiescent +§2 mA

MECHANICAL DESCRIPTION: The 2010 is P

a standard 16-pin DIP. It5 pins are compatibie
with standard 0.3-inch dual In-line sockets, The
case is made of glass-flber-filled diallylphthalate
and is filled with epoxy encapsulant.
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TYPICAL PERFORMANCE CURVES
{Ta =+25C, Vo = £15VDC unless otherwise noted)
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There are some misconceptions regarding the
cperation and function of logarithmic ampli-
fiers. To explain this a bit better, the following

figure iz provided.
IWFUT WEVEFDRMW FOR LODARITHWC CONVERSION
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The vertical axis shows an input signal voltage
of a given frequency. The horizontal axis indi-
cates a time axis, Mo particular scale is shown
because this axis Is only representative. The
voltage is a positive going signal that uses a
+300pV offset with alternative spikes ranging
to 3mV and 3V. It must be remembered that I.na

Ilnmaelbs o 2l M 25 sevmd odom 8% 2 o o = = B ="F - 1 &

If one assumes that a 30dB dynamic range is
used, the 3V input signal will be presented by a
400 mY output.

The 3mV signal is then 3 decades down from
the 3V which translates to a 225mV difference
sothat the output appears as 400mV — 225my =
175mYy,

The advantage of the OEl deviges is their abil-
ity to do logarithmic conversions at frequen-
cigs o 10MHz. Drevices with outstanding DC char-
acteristics abound an the market, but none is
capable of operations at higher frequencies.
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INTRODUCTION

The 2010 bipolar logarkhmic amplifier can be
employed whenever logarithmic or antilogarith-
mic functions are required. Since the device is
current driven, the input voltage to the device
must be converted to a current by use of internal
or extarnal resistors. Input currant levels range
from 300 nancamps to 3 milliamps and this 80dB
range provides output voltages betweean 100 and
400 millivolts with an output coefficient of 75
mV/decade. The output follows the ideal log-
arithmic function with a high accuracy up to 10
MHz for small signals,

THEORY OF OPERATION

The 2910 is basically an operational amplifier
with a log elament in its feedback loop, or at the
device input. Thus advantage is taken of the
@xponential relationship between current and
woltage exhibited by a pn junction. Depending
on the connection scheme used, logarithmic or
antilogarithmic functions can be obtained with
the same device.

The relationship of current through the log ele-
ment and the voltage across it can be expressed
h}l' 1
If
b — ()
+ u' -

where iy current through loging element

Iy reverse currant

Vs voltage across loging element
and where the factor K is dependent on junction
material and temperature. If the log element is
connected in the feedback-loop of an opera-
tionalamplifier. the input current becomes if and
the output voltage becomes Vy, as shown in the
diagram below, if it is batween 3x10-"and 3x10-7
Amp.

= 1o (e VK.

Since the input current if is equal to Vin/R the
aquation for the loging element becomes

%ﬂ:ifﬂn[g"‘rﬁm-n (2)

For large anough output voltages the exponan-
tial expression bacomes vary much larger than 1
and the equation can be simplified. If the natural
logarithrm is taken on both sides and the egqua-
tion is rearranged it reads:

\ul.
Vﬂ="H|”§+H|ﬁ|n (3)

This shows that the output voltage is propor-
tional to the logarithm of the input voltage, plus a
constant, The canstant K az wall a5 the inverse

<0

if
Vin -::—“:'ﬁ-ﬁ.r—

——oVout=-V¢

Instead of inserting the logging element in the
feedback-loop it can be connected to the input of
the gperational amplifier. The feedback resistor
Ry iz then used, With this arrangement, shown
below, the appropriate agquations becomae:

= 1oe VK 1g
! Vo )
R hy = M (5]
iy
‘u’inn::vD_—- ——oVout
f

v
for 3 x 100" Amp =—2 = 3 x 10 Amp
At

Since the current iy equals -l and the input
voltage Vi, equals Vy the equation becomes:

Vg = -Rilg (e Vi 1) (6)

For the case of e Vin/K < 1 the eguation
becomes:

Which shows that the output voltage is the
antilogarithm of the input voltage.

APPLICATIONS

The transfer function and accuracy limitations of
the 2910 are given below:

=i 1ul'-
3% 10 mA=—0< 3mA

1ur.
Vo=-KIn—+Kinlg Rin
Rin 100mV = Vo = 400mV
K = 0326 at 25°C

Ig = 1.4 X 10% Amp

As is shown, the logarithmic relationship holds
for Vi between 300 nanoAmps to 3 milliamps.
The constant K In |, is approximately .6 Volts at
25*°C and may be subtracted by the offset
adjustment.

Cue to the temperature senszitivity of the pn



in degrees Kelvin, As a result, for a given input
currant, the gutput voltage will vary as a function
oftemperature. This behavior must also be taken
into actcount, and appropriate maans of compen-
sation must be designed into the circuit. In the
section with typical performance curves, data
can be found for this purpose. For a £25°C
temperature swing, the cutput voltage can vary
as much as 35mV,

When multiplying logarithmically the ¢onstant K
will be additive and thus must be taken into
account when designing with the 2810, Division
of two numbers cancels the constant automati-
cally. Conversion to logarithms of other bases
can beaccomplished by appropriate gain adjust-
ments of the following stages. Depending on the
connections chosen the 2910 will either produce
an output that is proportional to the logarithm of
the input, or an gutput that is proportional 1 the
antilegarithm of the input as shown below:
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Antllogarithmie oulput

For a logarithmic output pins 1 and 4 are tied
together, and provide the output voltage Vi, A 1K
ohm potentiomater (trimpot) is connected ba-
twaen pins 9 and 10. This offset adjustment pot
must be included in any design with tha 2910,
The input can be applied to either pins 12, 13, or
14, If an external resistor is used, ortheinputisa
current, connection can be made to pin 13.
However, for convenience, the 2910 also containg
a 1K ohm and a 10K ghm resistor. Either one can
be usad for a voltage input.

Tha infarmatian in s pudlicalion has bean canelully cheched and Is
alipvad g ba relinblec howavar, e aepangibility is assumed 1gr

These resistors ¢an also be used as feedback
resistorsin the antilog mode, Here pin 1 provides
the cutput voltage, Feedback is accomplished
via an external resistor to pin 13 or by use of
aither of the internal resistors on pin 12 or 14
respectively. The offset adjustment pot of 1K
ahm is also mandatory for this use, and it is
connected between pins 9 and 10,

The offset valtage, caused by some mismatch in
the logarithmic elements, is small and can be
adjusted by applying a bipolar signal to the input.
The offsat can then be adjusted, until the ocutput
awings to equal magnitude in both the positive
and negative direction,

BASIC CONNECTIONS,
TYPICAL APPLICATIONS.

The diagram in figure 1 shows the 2910 in the
basic log connagtion. Ping 12, 13, or 14 provide
the input terminals and can be used for current or

= 5%
K
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FISURE 1: BASIC COMMECTIONS

voltage sources. The input voltage range for pin
12 is* 3 millivolts to 30 volts fora £ 15 volt powear
supply. Voltage sources between £ 0.3 millivolts
to + 3 volts can make use of the 10 times smaller
intarnal ragistor of 1K obhm available at pin 14,
Fins 1 and 4 must ba tied together to make the
output connection, As mentioned befors, the
offset adjustment potentiometer, connected be-
twean ping 9, 10 and the negative powersupply is
mandatory. If this adjustment is not available the
dynamic range of the circuit will suffer,

The diagram of figura 2 i3, as the previous one,
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dasignad as a logarithmic amplifier. Asg shown
there, input signals are applied to pins 12, 13 or
14 with the same voltage ranges. This diagram
differs from the one in figure 1 in that a compen-
sation capacitor Cp is connacted between pins
13 and 15. Polarity must be observed. This
capacitor will overcompensate the 2910 and thus
reduce the bandwidth the device is capable of
providing. |n most applications, this measure i5
not necessary and actually detrimental to the
overall performance, Howeaver, whan the circuit
is particularly noisy, Cg will better the noise
performance of the 2810.

The basic antilogarithm connections are given in
the diagram of figure 3. Az shown, the input and
putput pins are essentially reversed. The input
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FIGURE 3: BASIC ANTI-LLOGARITHMIC CONMECTION

signal is applied at pin 4 and input voltages can
range from £ 100 millivelts to £ 400 millivolts, Pin
1 together with pin 12 or pin 14 provide the
output, When high accuracy is reguired, pin 12
should be used, and for widest bandwidth, pin 14
will serve best. Here as In the other ¢ircuits, use
of the 1K ochm trimpot is mandatory, particularly
at lower signal levels. Figure 4 shows a 2810
application when a current source is available as
input, Currants can
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FIGURE 4 CURARENT INPUT COMMECTIONS

range from = 3 pAmps te £ 3 milliamps fer a full
range of output voltages. If the current source Is
used, the bypass capacitor e may be necessary
with values frem 10pF to 001 wF. As with all 2810
applications, a compensation potentiometer be-
tween the pins 9, 10, and negative supply is
reguirad.

Figure 5 is essentially a repetition of the diagram
of figure 4 except that the input is series con-
nected to the signal source via a resistor. This
then allows the source to be a voltage source. A
must be selected to keep input currents inside
the specifiad limits.
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1K
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FIGURE 5 VOLTAGE INPUT CONNECTIONS

Throughout thesa discussions, mention has beean
made of the importance of the offset compensa-
tion of circults employing the 2810. Figure &
shows a circuit designed for cases where very
accurate offset adjustments must be made. The
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FIGURE & STABILIZED BIFOLAR OR LOW DUTY
CYCLE PULSE LOGARITHMIC AMPLIFIER

circuit Is a rivet gircuit that allows coarse adjust-
ment via the offset pot, which is connected
between pins 9, 10 and the negative supply
voltage. The inpul is again connected at pin 14.
The outputtaken off pins 1and 4, is led backviaa
1 Megohm resistor to the input of the LF 356H
operational amplifier. The 1 xF capacitor shorts
any possible AC voltage to ground, thus letting
this input follow the average DT offset of the
input, The other operational amplifier input is
held at virtual ground via the 1 Magohm resistor,
The output of this amplifier is connected to pin 12
of the 2010 and thus provides soft offset correc-
tions automatically. This circuit is recommended
when the dynamic range capability of the 2910
should be fully taken advantage of. forexample,
whean processing bipolar or low duty eycle pulse
signals.
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