
SolidStcte
Micro SSMTechnologry 2r00for Music

SSM 21OO MONOLITHIC LOG/ANTILOG AMPLIFIER
DESCRIPTION

The SSM 2100 is a complete monoi:thic subsystem for the realization of logarithmic and exponential transfer characteristics.
Included are two precision op-amps, a high conformance transistor pair and a precision bandgap voltage reference.
Additionally, the chip has a substrate temperature regulator which stabilizes the scale factor and greatly attenuates drift ot
the reference. A negative reference voltage is also available to facilitate externaltrimming.

FEATURES

I  500pA Input Bias Current (untr immed)

I 50pA Input Bias Current ( t r immed)

I 4mV Input Offset Voltage
I 1Oppm/"C Reference Drift
I 3Oppm/'C Scale Factor Drift
a 0.25"/"Conformance
I 3 Decade Dynamic Range (Voltage Input)

I  5 Decade Dynamic Range (Current Input)

APPLICATIONS

I Photodiode Preampli f ier
I Absorotion Measurement
I Log Sweep Generators
I High Resolution Data Acquisition
I Analog Computation Circuits
I Analog Compression/Expansion
I Linear to dB Conversion
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FIGURE 1.  BLOCK DIAGRAM
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SPECIFICATIONS- OPERATING TEMPERATURE STORAGE TEMPERATURE
- 10"C to + 55'C - 55'C to + 125'C

The following specifications apply for V" - * 15V R'urr : 1 .6kO,
5"C < TA < 50"C, l".r : 1mA, unless otherwlse noted.

PABAUETER (SYMBOL) MIN TYP ilAX UNITS CONDITIONS

Conformity Error (V",.,o,)
(Note 1)

0.25

0.4

%

o/
/o

l ,*  :  100nAto 100pr,A

1,"  :  10nAto 1mA
(lnput Offset Trimmed)

Scale Factor (V,"",") 6s 70 75 mV/Decade Measured at Pin 16

Scale Factor
Temperature Drift
(TC V"",b)

30 ppm/'C

Input Offset Voltage (V,".)
(Note 2)

4 8 mV

Input Bias Current (lo)
(No tes  1 ,2 )

500 2000 pA

Output Offset Voltage
(v-")

30 70 mV l , * :  l ^ . r :  1mA
Scale Factor Set at 1V/Decade

Power Supply Rejection
Ratio (PSRR)
(Note 3)

500
250

pV/V
P,V/V

+12V<V+<+17V
12Y. , .V  -  >  -17V

Scale Factor Set at 1V/Decade

Output \,{rltage Swing
(Vort)

1
-  0 .2

+10
+10

V
V

RL >  10K
Rt=- 2K

Reference Output Voltage
(V*.. + )

4.7 5 .0 5.2 V No Load

Reference Output Voltage
Temperature Coefficient
(TC VnEF)

10 ppm/'C

Reference Output Current 5 mA

Reference Load Regulation 0 .015 "hlmA RL>1Ko

Reference Supply Rejection 0.04 7"lY +12V <V +  <  +17V

Voltage at Pin 7 (V"., - ) 6 7 B V

Positive Supply Current
(1 .  +)

35
20
50
5

mA
mA
mA
mA

Tn : 25"C
To : 50"C
To : 5'C
Heater Disabled

Negative Supply Current
( t "  -  )

5 MA

Heater Start up Current 80 120 MA

Regulated Chip
Temperature (T*ro)

53 60 75 .C

Notes
1). Guaranteed by design but not direct ly measured
2). Applies to both signal and reference inputs.

-Final specifications may be subject to change.

3). Referred to output in log mode, or to input in anti log mode
4). Specifications apply after a 50 second warmup period.



Princlple of Operation

The 2100 uses the predictable logarithmic relationship between the collector currents and differential input voltage of an

NPN transistor pair, given bY:

^v,^, : !I rn !t' '  q  1 " ,

where  k  :  Bo l tzmann 'scons tan t (1 .38x10 'z3J /K)
Q :  charge on the electron (1.6x10 1'gC)

T :  absolute temperature (K)

The absolute temperature term is el iminated on the 2100 by regulat ing the chip temperature at 6O'C (333K), producing a

constant scale factor set by two external resistors.

Referring to figure 1 , two high gain op amps force the collector currents of the transistor pair to equal the input and reference

currents. These currents can be easily generated by externaf resistors since both op amp inputs rest at virtual ground.

In the logari thmic mode, the overal l  c i rcui t  provides the transfer f  unct ion:

V. , , ,  '  
k r  

In  (5 ! r  r  l ^  )o rVo, ,  -  K log 'o1Yl ! - r , .  
R '  

;
Q  

' V , ^  
H o , , '  "  "  V r r . r  H R r t '

'  o'o7 (R' + R') 
volts/decade in the case of the 2100.wnere

For most applications, K will be set equal to .lV/decade.

An on chip 5V reference has been included for appl icat ions needing a true log, rather than a log rat io funct ion. Both l ,*  and

1".,  should be kept at 1mA or less for best results.

2100Inputs

The 2100, l ike al l  log ampl i f iers,  has l imited dynamrc range for vol tage inputs due part ial ly to rnput offset vol tage (which is
trimmable) and to various second order ef{ects (which are not). Therefore, for widest dynamic range current inputs are
recommended. Since most wide range transducer inputs (such as photodiodes)closely resemble current inputs, this is not

usual ly a problem. Untr immed, the 2100 can handle about 5 decades of dynamic range in log mode, or about 1O decades
in log rat io mode. When tr immed, this can be extended to at least 6 decades (12 decades in log rat io mode).

The fol lowing appl icat ion circui ts are, for convenience, shown for vol tage inputs, though al l  con{igurat ions can be used for

current inputs in which case R,^ can be omit ted. To ensure uncondit ional stabi l i ty,  however,  i t  is recommended that the input
be shunted to ground with a 1OkO resistor in ser ies with a 10nF capacitor when using a true current input.

2100 Negat ive Supply

The 2100 negat ive supply is internal ly regulated at 7V, and a current l imit ing resistor (R.," ,r)  is required in ser ies with
pin 7. For most appl icat ions, a value of 1 .6kO for 15V suppl ies is recommended. The voltage at pin 7 is thus quite stable
and is usefulwhen tr imming the unit  external ly.

Power Supply Decoupling and Grounding

Because of the high gain of the temperature regulator circui t ,  generous posit ive supply decoupl ing should be used' The

0.2pFdecoup l ingcapac i to rshownontheapp l ica t ionc i rcu i tsshou ldbeof  ceramic typeandmountedasc lose top ins l  and

4 as possible. An addit ional capacitor of  about 50pF or more should also be included on the board. l t  should also be noted

that oin 1 carr ies al l  the heater current,  and care should be taken when laying out ground l ines to prevent this from causing

errors. The negat ive supply is internal ly regulated and needs no decoupl ing.

Temperature Control

The internal chip temperature is regulated at about 60'C but this can be adjusted by means of pin 2. To decrease the

temperature by N" C, a resistor of  value "N" MO should be connected between pins 2 and 10. To increase the temperature

by N" C, a resistor of value fi Vf l snoutO be connected between pins 2 and 7. The regulator can be shut off entirely with a

100kO resistor f rom pin 2to +V. This is useful  in low power appl icat ions. With no regulat ion, the reference dr i f t  is about

70 ppm/.C, and the scale factor drift about -3300 ppm/'C. The latter can be compensated using a temperature

compensating resistor (e.9. Tel Labs Q 81) instead of R'.
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FIGURE 2.  INVERTING LOGARITHMIC AMPLIFIER
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Inverting Log Amplifier

Figure 2 shows the 2100 used in the invert ing log mode. With l ,*  -  l "r ,  (V," :  10V with values shown) the output wi l l  be
zero, and willincrease at 1V/decade as l,* reduces. The 10V input range optrmizes dynamic range in + 15V systems, but
can be changed proportionally by adjusting R,,u. Adjusting R, will alter the scale factor, while adjustment of R"" will alter the
output offset at a given V,".

C, C, & C. provide phase compensation for the system, yielding a 30kHz small signal bandwidth at l,N : ' lmA, SkHz at 1,"
:  1pA and '1.6kHz al  l ,^ :  100nA. This can be improved by a factor of 3 by increasing C. to 1OnF and reducing C' to 2nF,
at the expense of some peaking at the upper range of input current.

Non Invert ing Log Ampli f ier

Interchanging the signal and reference inputs yields a non invert ing log ampl i f ier ( f igure 3).  In this case the output crosses
zero with the input five decades below full scale, but this can be altered by adjusting R.. A slight inaccuracy is caused by
R, and R, adding to the base resistance of the logging transistors, but this is minimized by keeping these as small as
oossible.

The small signal bandwidth is 5kHz with l,^ from 1 pA to 1mA and is better than 2kHz over the full five decade range.

Log Ratio Appl icat ions

The 2100 is well suited to log ratio applications where the output is proportional to the logarithm of the ratio of two input
currents or voltages. This is because both the signal and reference inputs operate at true virtual ground eliminating the
need for a true current found in many other configurations.

However, the output amplifier of the 2100 can only swing about 1.5V below ground and can only sink about 300pA of
current. This causes problems if the reference current is more than 1 decade below the signal current.

lf the latter criterion is not exceeded, the circuit of figure 4 is recommended. R. provides the extra sink current to provide a
1V outout with an addit ional 10k load.

lf full{our quadrant capability is necessary, the output buffer shown in figure 5 can be added. This will provide a * 5V output
for reference/signal ratios from 105 to 10 5 (a 10 decade dynamic range).
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FIGURE 4. LOG RATIO AMPLIFIER
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Anti log (Exponent ial)  Ampl i f ier

Figure 6 shows the connect ions required to generate the exponent ial  funct ion. The input range as shown is zero to 10V but
this can be changed by adjusting R,. The output scale factor is 1 decade/volt but can be changed by adjusting Rorr. The
bandwidth of the circui t  is about 50OkHz.

Trimming the 2100

Figure 7 shows general trimming techniques for input offset, output offset and scale {actor. The input offset adjustment can
be dupl icated for the reference input in the case of log rat io appl icat ions.

The input offset trim removes errors due to both amplifier offset and input bias current, and the use of the positive and
negative reference voltages gives a high rejection to supply voltages changes.

Unl ike an op amp, a log amp cannot be tr immed with V,* -  0 since the log of zero theoret ical ly gives an inf ini te output
voltage. A suggested technique is to trim output offset and scale factor first, and then apply a small signal to the input and
adjust the input offset trim for correct reading at the output.


