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SSM 2110 AUDIO LEVEL DETECTION SYSTEM
DESCRIPTION

The SSM 2110 is a precision level detect ion system designed specrf ical ly for audio appl icat ions. l t  features both l inear and
logari thmic (dB) outputs, and unl ike previous designs, the dB output can be internal ly compensated for scale factor changes
with temperature.

Two l inear outputs, t rue R.M.S. and absolute value, are avai lable simultaneously and the lat ter can be al ternat ively
conf igured to give a peak funct ion. The dB output can provide a log R.M.S.,  log absolute value or log mean value funct ion.
In each case, {ul l  on-chip temperature compensat ion is avai lable.

A dynamic range of 100d8 is achievable, and a unique pre-bias circui t  enables dynamic range to be traded for faster
response t ime at low signal levels.

FEATURES

I  Provides al l  Common Transfer Funct ions
I Wide Dynamic Range (100d8)
f  High Accuracy (0.5%)
I Pre-Bias Option for Fast Response Time at Low

Signa lLeve ls
On-Chip Log Output Ampl i f ier
Optional Internal Log Output Temperature
Compensat ion
Low Dri f t  lnternal Reference
High Speed
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GENERAL

The SSM2110 is designed to operate off  spl i t  suppl ies in the range from * 12V to ' -  1BV. Since the level computat ions of the
2110 are done in terms of currents rather than voltages, the device has an extremely wide dynamic range and bandwidth.
The l inear outputs, absolute value (pin 1) and RMS (pin 5) are presented as currents whi le log outputs, log of absolute
value and log of RMS, appear as vol tages on pins 2 and 6 respect ively.  The log recovery transistor is an internal level
shi f t ing component which may be switched between the two log outputs. This wi l l  reference the log output(s)to the internal
vol tage regulator which is about Z5 volts above the negat ive supply.  The log recovery ampl i f  ier is used to rereference the
log output(s) to ground and also to temperature compensate the KT/q term in the log trans{er character ist ic.  This
compensat ion can be defeated for certain appl icat ions such as compressor/ l imiters where the log dr i f t  wi l l  cancel the
thermal gain dr i f t  of  a VCA dB/volt  control  port .  l f  the log recovery amp is not used, pins 10 and 11 MUST be connected to
pin 3 for proper operat ion of the rest of  the circui t .

INPUT (p in  17)

The input (pin 17) is an A.C. vir tual  ground with about a 1 .4Y D.C. offset vol tage. The useful  dynamic range of s ignal input
current the device can process is in excess of 100dB (3 mA to 30nA peak to peak).  The input RC network is usual ly chosen
to al low at least 20dB of headroom in order to process hrgh crest factor mater ial  and to provide a D.C. block below the audio
band. With * 15 vol t  suppl ies, a . l0K input resistor wi l l  y ield the proper maximum input current of t  1 .5mA. l f  one al lows for
20dB of headroom, a nominal s ignal level would be 300pA pp or 3V pp which is about 0dBV A very low leakage capacitor
must be used as a D.C. block to avoid impairrng the dynamic range at low signal levels (many electrolyt ic types won't  work).
I t  is also possible to D.C. couple into the 2110 by using the circui t  in Figure 1A. However the low end of the dynamic range
wil l  be l imited by the resistor matchinq and the op amp offset.
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6)  P |NS r0  AND 11 MUST BE CONNECTFD TO P N 3

IF tOG RECOVERY AMP S NOT USED

FIGURE 1.  2110 CONNECTION OPTIONS
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THE RMS COMPUTTNG LOOP (PlN 13, PIN 5, AND PIN 18)

The RMS sect ion of the SSM2110 consists of an impl ic i t  RMS computing loop whose output (pin 5) obeys the equat ion

lo - l '^ / io where io is the average o{ lo

The time constant for averaging is determined by the value of the averaging cap on pin .13 and an internal resistor whose
effective value is 10.8K. Again, a very low leakage cap must be used for C,^, to prevent limiting the dynamic range.

The pre bias pin (pin 1B), can be used to increase the speed of the RMS computing loop at low signal levels at some
expense to the dynamic range. Below a 10pA pp input level the time constant of the RMS loop will increase from its nominal
value by a factor of 10 for every 20ciB drop in level.

By use of the pre bias pin, one can insure that the loop tirne constant will not increase above a chosen maximum as the
signal level continues to decrease. The equation relating lhe maximum lime constant increase to the resistors value
connected between pin 18 and - Vee is given by:

i"l. - 1o|il t &q see Fig" 2' i r ,r .v 6.BV

LINEAR OUTPUTS (pin 1 and pin 5)

The instantaneous absolute value of the inpul s iqnal appears as a clrrrent into pin 1 .  The true RMS value of the input signal
similarly appears as a current into pin 5. With r l5 volt supplies the voltaqe compliance on these outputs is from + 15 to " 6
volts. For simple appfications it is possible to convert these currents to output voltage signals by connecting a resistor in
series with the pin(s) to ground. For a maximurn 3mA pp input signal t l re resistor(s) value should be 3.6K or less. l f  one
wants an average of absolute value output, a capacitor can be added in parallel with the resistor (fig. 3a).

More commonly a positive going voltage at low inpedance is desired as an output. This can be accomplished by connecting
a linear output pin to the virtual ground of an op amp configured as a current to voltage convertor (fig. 3b). The scale factor
for the conversion is determined by the value of the feedback resistor. A small capacitor is usually added in parallel with the
feedback resistor for stability particularly if a high slew rate FET input op amp is used. This capacitor can be made large to
obtain an average of absolute value output. The linear output pins must be kept within their voltage compliance range for
proper device operation. An unused linear output should be connected to ground.

A peak output can be implemented by u'.ring the circuit in fig. 3c. The output scale factor is determined by Rout. The decay
time constant is equal to the product R(,u 'l,ror r).

FIGURE 2. NORMALIZED TIME CONSTANT RELATIVE TO 1mA R.M.S.



FIGURE 3C.

-CAPACITOR FOR AVERAGING ABSOLUTE VALUE OUTPUT.



LOG OUTPUTS (p ins  2 ,6 ,7  and 8)

The log of the instantaneous absolute value and the log of t rue R.M.S. of the input signal appears as vol tages on pins 2 and
6 respect ively.  However,  these outputs must be buffered, levelshi f ted and, in many appl icat ions, temperature compensated
in order to be made useful .  Figure 4 shows the recommended connect ion between the log output transistors Q2 and Q10,
and the log recovery transistor Q11. Note that al though the log recovery transistor can be switched between the two log
outputs, only one log output can be recovered at a t ime. With the resistor values shown, the output swing at the emit ter of
Q11 over the dynamic range of the device wi l l  be roughly symetr ical  about the internal negat ive vol tage relerence. Also, the
output impedance wi l l  be low enough to dr ive the log recovery amp input(s) without introducing signi f icant errors The
output sensit iv i ty at this point is about + 60mV for every 10dB of s ignal level increase at 25" 'C. Thrs sensit iv i ty has a
temperature coeff ic ient of  + 3300ppm/'C.

The log of absolute value output can be converted to a log of mean value by connect ing a capacitor between pin 2 and the
negat ive supply.  Since this is an emit ter fol lower output,  the response to a large signal level increase wi l l  be fast whi le the
t ime constant of the output fol lowing a large signal level decrease wi l l  be determined by the product of the averaging
capacitor and the resistor f rom pin 2 to the negat ive supply.

One might think that connect ing a capacitor to the log output would produce the average of the log of the absolute value.
However,  s ince the capacitor enforces an ac ground at the emit ter of  the output transistor,  the capacitor charging currents
are proport ional to the ant i log of the signal at  the base. Since the base voltage is the log of absolute value, the log and
ant i log lerms cancel,  and the capacitor rs charged as a l inear integrator wrth a current direct ly proport ional to the absolute
value of the input current. This effectively inverts the order of the averaging and loggrng operations. The signal at the output
therefore is the log of the average of the absolute value of the input signal.

LOG RECOVERY AMPLIFIER (p ins  9 ,  10 ,  11 ,  and 12)

The log recovery ampl i f ier is a l inearized voltage to current transconductor whose gain can be made proport ional to
absolute temperature. One input is usual ly connected to the emit ter of  the log recovery transistor whi le the other is
connected to the internal vol tage reference (pin 3).  The output current at pin 9 is given by.

r , , (p ine)  2 tv(Pi^-  UqL ! lP!11)L l '?sv
'  1 .8K x  2B0uA '  Rsca le

This corresponds to about 3.2pAldB. 1 .25 V is the vol tage across the Rscale resistor which rs connected between prn 12
and the negat ive supply.  A value ol  4.7K for this resistor gives best overal l  l ineari ty and temperature compensat ion
performance which is an improvement of about a factor of 40 over the uncompensated dr i f t .  l f  one connects a 2K resistor
in ser ies with a si l icon diode from pin 12 to the negat ive supply,  the temperature compensat ion can be defeated for
compressor/ l imiter appl icat ions. The maximum output current for both the compensated and uncompensated examples
above is * 260pA. The output current can be converted to a vol tage with the circui t  in Figure 5. Usual ly,  one would l ike the
output range to be from ground to + 5 or + 10 vol ts.  This circui t  al lows for an arbi trary choice of range and scale factor.  The
offset and scale factor trims can be used to improve unit to unrt repeatability.

The SSMT appl icat ions staff  is avai lable for quest ions on this or any other SSMT device.
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FIGURE 5.



SPECIFICATIONS- OPERATING TEMPERATURE
- 25"C to + 75"C

The Following Specifications Apply for V. - * 15V Tn - 25'C and R,"nr" .

PARAMETER

Useful Dynamic Range
Linearity Error
Mean Output 40dB Dynamic Range

60dB Dynamic Range
80dB Dynamic Bange

RMS Output 40dB Dynamic Range
60dB Dynamic Bange
BOdB Dynamic Range

Unadjusted Gain (pin 1 or pin 5)
Error (Mean or RMS)
Output Offset Current

(Mean or RMS
Shif t o{ lu" with R0,",,,,. 3Ml I

(RMS Only)

0.475

7 0
320
2 1
- 1 2

1 1 0

.005
.04

0.25
.005
.04

0.25
0.500

5

50

400
1 0
2

1 000
50
7 .5

1 500
300
50

0.525
*  0 .5
20

120

025

,  1 5 0

kHz
kHz
kHz

kHz
kHz
kHz

kHz
kHz
kHz

dB

dB
dB
dB
dB
dB
dB

dB
nA

kr 1, , ,  *  1mA

k r  l *  0

( r  l ,  -  0

tt 25"C
RMS in to get zero out

r 240mV
240mV' V,,,,,,,, V",*,,

0 "c -  T^ .  75 ' , c

nA

Crest Factor (rr 1mA RMS
For 0.1d8 Addi t ional  Error
For 0.5d8 Additional Error
For'l .OdB Additional Error

RMS Filter Time Conslanl
(1"u.  '  10p ARMS)

Frequency Response (Sine Wave)
For 0.1 dB Additional Error

1,"  , .  1mA BMS
l,^  1OpA BMS
l *  I p A R M S

For 0.5d8 Addil ional Error
1 , "  , l m A R M S
1,"  1OpA RMS
l,*  1pA RMS
3dB Bandwidth
l "  , '  1mA RMS
l,*  1OpA RMS
l,*  1pA RMS

2.5
5
B

1 1KO x C," ,

Log Amp Output Ollset Current (pin 9)
Max Log Amp Output (pin 9)
Log Scale Factor (pin 2 or pin 6)
Log Mode Zero Crossing (Mean or RMS)

(p in s)
Log Amp Linearity (pin 9)

Log Output Tempco (prn 9)

V", ,  (p in 3 to Vr , )
Positive Supply Current (Quiescent)
Negative Supply Current (Quiescent)
Supply Voltage Range
'F in ia l  spec i f rca t ions  sub jec t  to  change

*  3 .3
+ 265

1 6
1 0

0 . 1

- 7 5

pA
pA

mVdB
pA

dB

pA
mA

7 5

2.63

B O
500
3 3 0
+ 1 8

l ' "  0
l "  0

c., 1984 by Solid State Micro Technology, Inc., 20768 Walsh Avenue, Santa Clara, CA 95050.
Al l  Rights Reserved
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STORAGE TEMPERATURE
- 55"C to + 125'C

4.7K{L unless otherwise noted.

CONDITIONS

50nA PP .::, l,"PP .::. 5mA PP

ffiil
Sol id State Micro Technology cannot assume responsibi l i ty  for  use of  any c i rcui t ry descr ibed other than the c i rcui t ry ent i re ly embodied in an SSMT product .  No other c i rcui t
l icenses are impl ied.  Sol id State Micro Technology reserves the r ight ,  at  any t ime wrthout  not ice,  to change said c i rcui t ry.


