ANALOG
DEVICES

True RMS-to-DC
Converter

SSM-2110

FEATURES

® Muitiple Output Options (Absolute Value, RMS, Log RMS,
Log Absolute Value, Average Absolute Value)

Wide Dynamic Range 100dB
Prebias Option for Fast Response at Low Signal Levels
On-Chip Log Output Amplifier

Optional Internal Log Output Temperature
Compensation

GENERAL DESCRIPTION

The SSM-2110 is a true RMS-to-DC converter designed to pro-
vide multiple linear and logarithmic output options. The linear
outputs, true RMS and absolute value, can be obtained simuita-
neously with the absolute value output configurable to give a peak
function. The logarithmic outputs can provide log RMS, log ab-
solute value or log average absolute value. Full on-chip tem-
perature compensation is available for each output option.
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SSM-2110

GENERAL DESCRIPTION Continued

The SSM-2110 has a dynamic range of 100dB. A unique on-chip
prebias circuit enables the users to trade dynamic range at low
signal levels for a faster response time. As a precision level
detector, the SSM-2110 has applications in digital multimeters,
panel meters, process contro! and audio systems.

ORDERING INFORMATION
PACKAGE OPERATING
PLASTIC TEMPERATURE
18-PIN RANGE
SSM2110P —25°C 10 +75°C

ABSOLUTE MAXIMUM RATINGS
Supply Voltage .......cccccoernenee
Storage Temperature Range .
Lead Temperature Range

(Soldering, 60 SEC) .......ccevireeeieincseininii st
Junction Temperature

.. 18V
.. —65°C to +150°C

Operating Temperature Range . —25°C to +75°C
PACKAGE TYPE 8, (Note 1) o UNITS
18-Pin Plastic DIP (P) 75 33 °CIW

NOTE:
1. Olﬁisspeciﬁed for worstcase mounting conditions, i.e., ei s specified for device
in socket for P-DIP.

ELECTRICAL CHARACTERISTICS atV =+ 15V, T, =+25°Cand R, = 4.7kQ, unless otherwise noted.

SSM-2110
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Dynamic Range DR SOnAp_p < lle»p < :!m/&p_p 160 110 - dB
Unadjusted Gain g = £1MA 0.95 1.0 1.05
Error {Mean or RMS) - - +0.5 dB
Qutput Offset Current loos Iy =21 mA - 5 15 nA
log Shift Blgos Ronesias = 3MQ - 50 120 nA
For D.1dB Additional Error - 25 -
Crest Factor @ 1mAg o CF For 0.5dB Additional Error - 5 -
For 1.0dB Additional Error - 8 -
RMS Filter Time Constant tecon lams > 100ALys 11kQx C\r
Frequency Response (Sine Wave)
In> 1mAlws - 400 -
For 0.1dB Additional Error I > 100A - 10 -
ln> THAGys - 2 -
I > TMAGys - 1000 -
For 0.5dB Additional Error BW > 10A s - 50 - kHz
Iy > THALys - 75 -
b TMAGs - 1500 -
-3dB Bandwidth In> 10RAGus - 300 -
Iy > WAz - 50 -
Log Amp Output Offset Current
(Pin9) 1008 -LOG - +3.3 +13 pA
Max Log Amp Output (Pin 9) lour 106 +250 +265 +288 pA
Log Scale Factor s V/dB
(Pin 2 or Pin 6) - * - mv/d
Log Mode Zero Crossing y
(Mean or RMS, Pin 8) RMS In To Get Zero Out (See Figure 7) - 10 - nA
Log Amp Linearity (Pin 9) —240mV < Vo 0= Ve g1 < +240mV - 0.1 0.25 dB
Log Output Tempco Te 0°C < T, <+70°C - +75 - ppm/°C
Viee (Pin 310 V-) 67 7.5 7.8 v
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SSM-2110

= 4.7k, unless otherwise noted. Continued

ELECTRICAL CHARACTERISTICS at V =+ 15V, T, = +25°C and R

SCALE
SSM-2110
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Positive Supply Current Ig+ =0 480 - 820 HA
Negative Supply Current 1= INT 21 - 3.3 mA
Supply Voltage Range Vg +12 - +18 v
Specifications subject to change; consult latest data sheet.
10pF
1} 1] ABSOLUTE VALUE PREBIAS |'% —— — — ——
" 2 17 -t ! Rry G
'Inrf —]LOGpgs vaL INPUT : -w—l |—0 Vin
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+15V 4 1 _L 0.1pF
X GND [— T Crws 3*Repesus| L
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L] 1:_] 0.1uF
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+ 1 ease LoG scaLe 12 -
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2 emrTeR —LOGIN -+
-15v =
oG out +LOG N o |

*OPTIONAL PREBIAS CONNECTION, SEE TEXT

Vans = Vinaus "—;"5
IN

TYPICAL VALUES:

Rin=1

Rpus = 10k
Cyy = 0.80F
Crus = 10F

FIGURE 1: AMS Output Circuit

THE RMS COMPUTING LOOP

The RMS section of the SSM-2110 consists of an implicit RMS
computing loop whose output follows the equation:

o

lo = In°

lo
where | is the average of Ig

The time constant for averaging is determined by the value of
the averaging cap Cp, s (onpin 13) and aninternal resistor whose
effective value is 10.8kQ. A very low leakage capacitor mustbe
used for C,, - to prevent limiting the dynamic range.

Increasing the value of C o will resultin lower levels of ripple on
the RMS Output at the expense of an increase in settling time for
astep change inthe input signal amplitude. This is a proportional
relationship where increasing the value of C,  tenfold results in
a tenfold increase in the settling time.

REV. A

Forthe circuitin Figure 1, the peak-to-peak rippie approximately
follows the equation:

2V2 x Vgus . Raus
4nfRnTCrus  Rin

where Ryt = 10.8kQ

VRIPPLE(p-p) =

The settling time of the SSM-2110 aiso depends on the frequency
of the signal being processed. It takes approximately 100ms for
a 300pAp-p, 50Hz signal to settle within 0.1% when C = 1pF,
and it takes 10ms for a 500Hz signal to settle within the same
value. The generalrule is atenfold increase in frequency causes
a tenfold reduction in settling time. The settling time also varies
with the amplitude of the signal. The larger the signal level the
faster the settling time.
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SSM-2110

INPUT

The INPUT (pin 17) is an AC virtual ground with approximately
+1.3V DC offset voltage. The useful dynamic range of input
currentthe device can process is 100dB (3mAp-p to 30nAp-p). The
input RC network is usually chosen to allow close to 20dB of
headroom in order to process high crest factor signals and pro-
vide a DC block below a given frequency band. Since in every
case the ratio of Ry ¢ fRAv and Rp,,J) to Rin det_ermines the
overall gain of the circuit, R ;; must also be considered when
selecting the low frequency breakpoint. The maximum recom-
mended values for R, vary from 4kQ to 10k for the circuits in
Figures 1, 3, 4, and 5.

Referring to the circuit in Figure 3, and assuming a gain of 1 is
desired, R should be setto 4kQ (Ry,o and R, = 4kQ). Based
onthis value of R, C, should be 2uF to place the subsonicfilter
pole at 20Hz. If you wish to limit the lower frequency to some-
thing other than 20 Hz then C, should be changed accordingly.
The low frequency pole is governed by the simple equation

fuin = 1727RCyy

C,, should be a very low leakage capacitor to avoid impairing
the dynamic range at low signal levels (many electrolytic types
will not wark).

The choice of R, = 10kQin Figure 1 is good for processing 0dBV
reference signals. Given a nominal signal levelof 0dBV (2.828Vp-
p=1Vgu) this voltage across the 10kQ input resistor gives a
nominal input current of 283uAp-p, which allows 20dB of head-
room. The three other common choices for R, are 4k, 5kQ and
8k&2, which provide 12dB, 14dB, and 18dB respectively.

1000
N
100
\Rpa =
N
2
H N
L4
i AN
F | ecims N
= App = IMQ. N
NN
N\
~N
1
-1004B  -80dB -50d8 —a0de -20dB
10nA 10004 1A 0.4 10044
INPUT CURRENT

FIGURE 2: Normalized Time Constant Relative to TmAg,

The PREBIAS pin (pin 18), 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,, - input level, the time con-
stant of the RMS loop will increase from its nominal vaiue by a
factor of 10 for every 20dB drop in level.

By use of the PREBIAS pin, one can ensure that the loop time
constant will notincrease above a chosen maximum as the sig-
nal level continues to decrease. The equation relating the maxi-
mum time constant increase to the value of R, .5 CONNected
between pin 18 and V-is given by:

i 1 10pA x R, )
The values of C,, R, and R, can be changed accordingly to max _ 10MA x Reremias (See Figure 2)
vary output levels to system requirements. TNOM 6.8V
tor \,‘x’;‘{c | ABSOLUTE VALUE PREBIAS | Rw C
= Cava S Q2 . LOGaBs vaL eyt [ vAV‘"“{ }_0 Vin
I 3tv [ LN 2uF
= = ——{ Vrer . 40 w18V
4 s L 0.1pF
e L = _I.c,,,,s =T
Vaws e L] vo g +——o -1
0.14F
::_‘:‘s ] L06aus Coms [2 . !
L ATy Lo scaLe |12 -
2 emTTER “<oGIN |11 o
31106 our woem 2

*OPTIONAL PREBJIAS CONNECTION
**Cayg CAN BE ADDED TO AVERAGE THE ABSOLUTE VALUE

Vams =—Vin-Rus

R,
Vay =—IVin| ZAY
AV RN

Rams
Rin

FIGURE 3: Simple RMS/Absolute Value/Average Absolute Value Configuration
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Cave
10pF
Rav
AA
WV
+15V
1 18
- ABSOLUTE VALUE PREBIAS | — R O
2 17
¥y 08— SSM-2131 2] 1L0Gagsvar weuT A0 Vi
r 2 Vier Ve 4O s
4 15 0.1F
GND 15 T
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F e il 4o
L] 13 0.1pF
= —|'OGnus Crus |— =
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*LARGER VALUES OF C,,. CAN BE USED TO
AVERAGE THE ABSOL VALUE

Rav
Vav=Vilg s

TYPICAL YALUES:

7 o K
= ROUY
P! ANA
10pF
11
1t
+15V
1 18
- ABSOLUTE VALUE PREBIAS |— Ru Om
SSM-2131 =2 LOGaps vaL weyr 17 V‘\VAV‘=|| }_0 Vin
+ L3y, Ve “———l—o T
4 il 15 0.14F
GND LA I
15V = F Ams v he _‘-L o185V
= £ 10Gmus Cams |2 T e
Z{ease LoG scALE [12 -
2l emTER -Loain f1
21106 0ur +LOGIN 10|
Vpeak = Vin pEAK/ Rour
[
TYPICAL VALUES:
Ry = SKQ
Rour = 5k
Cyn = 1.54F
CroLp = 1WF
FIGURE 5: Peak Volitage Output
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SSM-2110

LINEAR OUTPUTS (ABSOLUTE VALUE AND RMS)

The instantaneous absolute value of the input signal appears as
a current absolute value pin (pin 1). The true RMS value of the
input signal similarly appears as a current into the RMS pin (pin
5). With £15 volt supplies, the voltage compliance on these
outputs is from +15 to —6 volts. For simple applications it is
possible to convert these currents to negative output voltages
by connecting a resistor in series with the pin(s) to ground (see
Figure 3). For a maximum 3mAp-p input signal, the resistor(s)
value should be 4.0kQ or less. To obtain an average of the abso-
lute value output, capacitor C,,. can be added in parallel with
Ray

More commonly, a positive going voltage at low impedance 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 converter (see Figures 1 and 4). The scale
factor for the conversion is determined by the value of R and the
feedback resistor (Rg,,s of R,,)-

For the absolute value circuit in Figure 4, a maximum feedback
resistor (R, ) of 8kQ allows maximum swing of the SSM-2131
output amplifier. Given a maximum output signal of 1.5mA_,
the SSM-2131 willbe able to swing to +12V. If values larger than
8kQ are used, then signal clipping may result.

For the RMS output circuit in Figure 1, the maximum feedback
resistor (Rgy,s) can be 10kQ since the RMS level should never
exceed 1.2mA.

A peak output can be implemented by using the circuit in Figure
5. The output scale factor is determined by R /R . The decay
time constantis equal to the product R, ;C, ., 1, For this circuit,
the feedback resistor (R, ,;) should be kept below 5kQ.

A small capacitor {10pF) is usually added in parallel with the
feedback resistor for stability particularly if a high slew rate JFET

input op amp is used. In Figure 4, this capacitor (C,,,;) can be
made large to obtain an average of the absolute value output. If
the averaging circuit is implemented then R, can be increased
to a maximum of 10kQ since the 1.5mA peaks wilt no longer be
present.

ifthe signailevels being processed are less than 3mAp-p then the
above mentioned feedback resistors can be increased accord-
ingly.

The circuits in Figures 1 and 4 can be connected at the same
time providing the user with multiple functions from a singie SSM-
2110. Ry, Rgyg and R, should be set so that clipping does not
occur.

The linear output pins must be kept within their voltage compli-
ance range for proper device operations. An unused linear out-
put must always be terminated, preferably to ground.

LOG OUTPUTS (LOG,,,, AND LOG ;¢ )

The log of the instantaneous absolute value and the log of true
RMS of the input signal appears as voltages on pins 2 and 6
respectively. However, these outputs must be buffered, level
shifted and, in many applications, temperature compensated in
order to be made useful.

The log recovery transistor is an internal level shifting compo-
nent which may be switched between the two log outputs. This
will reference the log output(s) to the internal voltage regulator
which is about 7.5V above the negative supply (see Figure 6).

Figures 8, 7, and 8 show the recommended connection between
the log output transistor Q, or Q, ;, and the log recovery transis-
tor Q,,. Note that although the log recovery transistor can be
switched between the two log outputs, only one iog output can
be recovered at atime. With the resistor values R .. and R,
shown, the output swing at the emitter of Q,, over the dynamic

V+ O-

ViN (RMS)
i€
4

-7.5V ¢

Vrer
+7.5V

V-

R,

*
RREF" REF2' RRIAS AND RSCALE

ARE EXTERNAL RESISTORS

—O VoG (AMS)

FIGURE 6: Log Recovery Circuit
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— +LOG IN Ryy = 10k
08uF
Vioouy O—8—<C SSM-2131 ::‘,,: 15.9k0
RgcaLe = 4.7kQ
+ Rpgpy = 1.5M0
4 4 S, Rpgr, = 430k
-5V = 3 Feer 2 Prer g eoae Vioayv) = log (1%‘%)
V-0
*Cavo CAN BE ADDED TO OBTAIN THE AVERAGE OF THE ABSOLUTE VALUE
FIGURE 7: Log of Absolute Value/Average Absolute Value
1 18
ABSOLUTE VALUE PREBIAS |-~ —— -~ —— 1 Cat
2] 0Gass vaL weur |17 . W |0 vu
3 Vrer ' LB . 4———0 v
“} anp 5 _L %.ﬂ O.tuF
— Crses PRESIAS j_:
10pF 5] oms v- s T . - 0 -1V
—— & 12 = o
Anus = E— LOGpus Crus I
WAL 71 pase LoG scaLe |12
B — 1 EmrrTER aoam P
- 2] Loa our soam PO
v 2
Vioarrus)0—e—< SSM-2131 0148 x A ( Wn*“] \
Yioamus) = = BME tog L
+ scALE | PP—
s b3 2
-5V = 2 Peen 2 Fmer < Recaie WHERE  Ingrr = SIV
V-0 1ReFz = R’:;Vn + 3pA
‘OPTIONAL PREBIAS CONNECTION, SEE TEXT TYPICAL VALUES:
Ry = 10K
Cps = 08F
Res = 15960
Recars = 4.7k
Ragrs = 1.5M0Q
Rperz = 430k
Causg = 18F
Vica(rms) = fog ﬂ%ﬂ
FIGURE 8: Log of RMS
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range of the device will be roughly symmetrical about the inter-
nal negative voltage reference. Also, the output impedance will
be low enough to drive the log amplifier's input(s) without intro-
ducing significant errors. The bias current into the pins of the log
amplifier is typically less than 1pA but can be as high as 2pA. For
this reason the current through the log recovery transistor Q, ,
should always be set higher than 5uA. The current I ..., should
not be set too high (above 50puA) because the base current of
Q,,induceserrorsinthe RMS computing loop. It higher reference
currents are required then they should be taken care of by
changing the currentthrough Q,, . This can be done by changing
Rpgpor The Log Recovery Amplifier Section explains this in more
detail.

The output sensitivity at EMITTER (pin 8) is about +60mV for
every 10dB of signal leve! increase at 25°C. This sensitivity has
a temperature coefficient of +3300ppm/°C.

The log of absolute value output can be converted to a log of
mean value by connecting a capacitor between LOG ygc y/, (PIN
2) and V- (see Figure 7). Since this is an emitter follower output,
the response to a large-signal level increase will be fast while
the time constant of the output following a large-signal level de-
crease will be determined by the product of capacitor C,, , and

resistor R,

One might think that connecting a capacitor to the log output
would produce the average of the log of the absolute value.
However, since the capacitor enforces an AC ground at the
emitter of the output transistor, the capacitor charging currents
are proportional to the antilog of the signal at the base. Since the
base voltage is the log of the absolute value, the log and the
antilog terms cancel, and the capacitor is charged as a linear
integrator with a currentdirectly proportional to the absolute value
of the input current. This effectively inverts the order of the av-
eraging and logging operations. The signal at the output, there-
fore, is the log of the average of the absolute value of the input
signal.

LOG RECOVERY AMPLIFIER (PINS 9,10, 11 AND 12)

The log recovery amplifier is a linearized voltage-to-current
transconductor whose gain can be made proportional to abso-
lute temperature. Itis used to reference the log output(s) to ground
and also to temperature compensate the V. (KT/q) terms in the
log output recovery transistors (Q,/Q, and Q,,).

One input of the log recovery amplifier is usually connected to
EMITTER (the emitter of the log recovery transistor—pin 8) while
the other is connected to V. (pin 3).

Figure 6 shows the internal and external connections used to
obtain an output voltage equal 1o V| 55 qus;- The transfer char-
acteristic of the log recovery transistors is given by the following
equation:

2
AV = VT x In((Vm(RMS)/FhN) )

lrerF1 x IReF2

where, |ggry = (3-1V)
Rrer

IREFZ = (75\, ) + THA
Rrer2

7-106 SPECIAL FUNCTION AUDIO PRODUCTS

The transfer characteristic of the log recovery amplifier is given

by the following equation:
lour _ 64amV AV
Rscate VT

Combining the two equations yields the overall transfer charac-
teristic for the ouput voltage V| o6mus)’

0.148 xR Vin/R
VLOG (RMS) = X M8 x log (VivRm) * |
RscaLe Imert x |peral
where, lggr1 = 8'1\’)
Rper
lper2 = (7’5V ) + A
RRer2

Ideally this voltage is completely independent of temperature.
However, due to the temperature coefficient of several transis-
tors internal to the SSM-2110, this is not entirely true. The tem-
perature coefficient is approximately +75ppmy/°C.

With the values shown in Figures 7 and 8, this transfer function
corresponds to an output change of 50mV/dB. The reference
current is set to 10uA to provide the widest possible dynamic
range. The following results can be expected for the circuit in
Figure 8:

Viggmsy | 1004V 1mv 10mA | 100mV v 10V
i sy 10nA | 100nA 1A 104A | 100pA 1mA
Ve our -3V —2v -1V ov 1v 2v

An Ry, ¢ value of approximately 4.7kQ gives the best overall

linearity and temperature compensation performance. Thisis an
improvement of about a factor of 40 over the uncompensated
drift. A 2kQ resistor in series with a silicon diode can be connected
from LOG SCALE (pin 12) to the negative supply to defeat the
temperature compensation for certain applications such as
compressor/limiters where the log drift will cancel the thermal
gain drift of a VCA's dB/volt control port.

The maximum output current for both the compensated and
uncompensated examples above is #250pA. This output current
is converted to a voltage with the circuits in Figures 7 and 8. For
these circuits this corresponds to a maximum output voltage of
+3.975V. If Ry, ¢ is changed from the nominal value of 4.7kQ
the maximum output current will also change by the following
equation:

118V
RscaLE

if the log recovery amplifier is not used, +LOG IN (pin 10) and —
LOG IN (pin 11) must be connected to V. (pin 3) for proper
operation of the rest of the circuit.

ILOG OUT(MAX) =

It is possible to use one of the log configurations in Figure 7 or 8
in conjunction with the linear output circuits (Figures 1, 3, 4 and
5) but care must be taken in choosing the appropriate resistor
values. This provides the user with substantial fiexibility from a
single device.
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FIGURE 9: Error Trimming

ERROR TRIMMING

The offset, reference and scale factor trims (Figure 8) can be
used to improve the overall accuracy of the device. The correct
procedure for trimming out the various errors is as follows. First,
+LOG IN (pin 10) and —LOG IN (pin 11) shouid be connected to
Viaes (Pin 3). The offset trim should be adjusted to achieve OV at
the VLOG(RMS output. This nulls out any DC errors due to offsets
in the log recovery amplifier. Second, reconnect the +LOG IN
pins as shown in Figure 9. Apply an input signal of 100mVg,, o
(10uAL, o) Adjustthe reference trim to obtain OV atthe VLOG(RMS)
output. This compensates for the input bias current of the log

REV. A

recovery amplifier and other errors. It sets the reference current
to 10pA. Third, change the input signal to 1V, (100uAg, ).
Adjustthe scale trim to obtain 1.000V at theVLOG(RMS output. This
adjusts the scale factor to obtain 1V/20dB (50mV/dB). If other
reference currents or scale factors are used then steps 2 and 3
will have to be changed accordingly.

This same procedure can be used for the log absolute value and
log average absolute value configurations. If the log recovery
amplifier is not used then the circuit in Figure 10 should be used
to trim the offsets.
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FIGURE 10: Offset Trimming
AVERAGE OF CREST
ABSOLUTE FACTOR
VALUE Vp
WAVEFORM RMS (Any) = AMS
ve 4 ////Q\\\
Ve 2.Vp
\/ 7 —F VZ=1414
SINE WAVE
wt [
| Ve Ve 1
SQUARE WAVE
ve § /\ v
— Ve 4 V3 =1732
V3 V2
TRIANGLE WAVE
]V\ r Typically varies from 1 to 6 de-
2V, 2 pending on the characteristic of
P j J RMS o~ RMS the noise. Theoretically, the
crest factor is unlimited.
GAUSSIAN NOISE

FIGURE11: RMS, Average of Absolute Value and Crest Factors for Different Waveforms
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TYPICAL APPLICATIONS
AUTOMATIC GAIN CONTROL (AGC) AMPLIFIER
The automatic gain control amplifier shown below features se-
lectable gain reduction compression ratios and time domain
adjustable AGC attack and release. The design employs the
SSM-2013 VCA, SSM-2110 true RMS-ta-DC converter, two
SSM-2134 lownoise opamps and an OP-215FET inputop amp.
For additional information about this circuit, please see appli-
cation note AN-116.
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