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CONTROLLED ELEMENT

DESCRIPTION

The S5M 2014 is a generalized VCA building block which will substitute for any VCA circuit presently available, in addition 1o pos-
sessing powerful {eatures not available using any other device. It may be configured as a voltage-in or current-in VCA or VCP {vokt-
age contolled potentiometer). In most applications it will replace a standard VCA and two or more op amps. The S5M 2014 offers
performance which rivals the best integrated VCA's and closely approaches the performance of modular devices. Configured as a
standard VCA circuit. it provides tue gain to over 50dB with excellent specifications at any signal level or gain. It provides the func-
tion of a voltage controled preamplifier for both high impedance and balanced low impedance inpms simultaneacusly. Class A or
class AB operation may be selected at the user's option.

FEATURES (used as a standard VCA) -
I16dB Dynamic Range (Class AB) Minimum External Component Count
12MHz Effective Gain Bandwidth Product No trimming Required in Many Applications
Low Cost 0.01% Class A THD {Any Gain or Signal, +10dBV injout)
100dB Open Loop Gain Class A or AB Operation
UNIQUE FEATURES
Replaces any VCA ir Any Application Acts As A Voluage Controlled Preamp
Combines All Features of Op Amps and VCA's Has high and Low (Balanced) Impedance Inputs
Acts As A Voltage Conuolled Potentiometer Fully Buifered Control Port
Complementary Qutputs Voltage Selectable Class A or AB Operation
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SPECIFICATIONS

Operating Temperature; -10°C 10 +55°C; Storage Temperature: -55C w+125T

The following specifications apply for Vsup =z15V, Ta=25C.

PARAMETER MIN  TYP MAX  UNITS CONDITIONS
[nput Amplifier:
Bias Current 100 300 nA
Inpw: Offser Current 15 30 nA
Input Offser Vollage 2 5 my
[nput Impedance 5 1 MQ
Equivaient Input Noise 18 nwWHz @ 1kHz
Common Mode Range +13,-13 v
Open Loop Gain 75 100 vimv
Effective Gain BW Product 12 MHz VCA Configuration

5 MHz VCP Configuration
Slew Rate &VS VCA Configuration
Supply Current - Positive 715 9 mA
Supply Current - Negative 10 12 mA
Output Amplifiers:
Cffset Vollage 10 20 myY
Minimum Load 9 10 k) For Full Output Swing
Cutput Voltage Swing 11,5 v
Noise Residual -8 10 uv 20KHz Bandwidth
Conirol Port:
Bias Current 150 300 nA
Input Impedance 1 M
Gain Constant -30 mV/dB Ratio of ourputs
Gain Constant Temp. Cocfficient -3300 ppm/ C
Gain Linearity 0.5 %
Control Feedihrough (trimmed) 10CHz Sine Wave Applied
Class A 2 mV 10 Control Port Causing
Class AB 0.5 mV -30dB to +20dB of Gain
Inermediate 1 mV
Control Feedthrongh (untrimmed) 100Hz Sine Wave Applied
Class A 25 75 mV 10 Control Port Causing
Class AB' 5 15 mv -30dB to +20dB of Gain
Intermediate ' 15 45 mv
Off Isolation 100 105 dB @ 1kHx
Channel Specifications:
Noise- Class A 8 8l dBV Rpinl2 =33K 20kHz B.W.
Noise?- Class AB -95 92 dBv Rpin12 = 330K 20kHz B.W.
Noise?- Intermediate -88 -85 dBV Rpini2 =43K 20kHz B.W.
THD>- A@ Av =048 0005 002 % Rpinl2 = 33K
THD3. A@ Av= 20dB 002 004 % Rpinl2 = 33K
THD®- AB @ Av = (dB 002 005 % Rpin12 = 330K
THD . AB @ Av = 20dB 006 012 % Rpin12 = 330K
THD> Interm @ Av = 0dB 001 003 % Rpinl12 =43K
THD®- Interm @ Av = 20dB 003 006 % Rpin12 = 43K

TSymmetry trim only.iPammcmr sample lot tested to maximum limits.>Vin and/ot Vout = +10dBV,

Specifications may be subject to change without notice.
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General

The 2014 is a new 1ype of general purpose signal processing device which we have named an Operational Voltage Controlled Ele-
ment. The inputs can be configured to operate either differentially or single ended in 1erms of voltage or current. The cutput(s) can
also operate either in the current or voltage domain. This unique input/output structure enables the 2014 to act not only in standard
voltage controlled amplifier (VCA) applications, but also as a cost effective solution to many other functions cailing for voliage con-
trol of high performance audio signal paths,

Input Stage (Pins 5-9, 12)

The input stage of the 2014 consists of an op amp with differential inputs and a gain variable compensation scheme under control of
the gain control port. This variable compensation makes it possible to maintain a bandwidth in excess of 120kHz over the gain range
of+40dB. The output of the op amp faces a current splitter with a variable bias point under control of pin 12, This bias point estab-
lishes the guiescent current in the gain core and thus affects the noise, distortion, and control feedthrough performance.

A current between 40 10 50CuA must be sourced into pin 12 for proper operation of the device. Without such a current, the omiput sig-
nal will appear half-wave rectified. A resistor connecied between pin 12 and the positive supply can be used to establish this current,
The table below indicates the recommended resistor values and typical performance trade-offs for the various classes of operation:

CLASS A AB INT, CONDITION

Rset 33K 330K 43K Vs=£15V

Noise -84dBV  -95¢BV -88dBV 20kHz Bandwidth
THD @Av=0diB 0.005 002 0.010* +10dBV infout @ tkHz
THD @Av=+2(dB 0.02 0.06  0.030% +10dBV injout @ ikHz
THD Type Pure2nd Mostly3rd 2nd*

Trimmed Control

Feedthrough 2mV 500uV  1mV -30dB<gain+20dB

*for intermediate operation near unity gain, distortion will increase and become mostly third harmonic for levels above +14dBV infout.

Class A operation is preferred for its distortion performance, particularly at high signaf levels and over gain or attenuation. Also, class
A distortion is nearly pure second harmonic which is, in sonic terms, less objectionable than other types.

Noisc and control feedthrough performance are significantly berer in class AB. These specifications are important at low signal levels.

It is possible to realize the virtues of both classes of operation by using a level detector sensing the input signal levet to change the
VCA from class AB at lower signal levels (<+4dBV) (o class A above this. A time constant in the range between 10 and 25 mil-
liseconds should be included in the level detecior not only to smooth the signal, but to subjectively eliminate the resulting noise floor

modulation and cutput offset shifi. Both of these effects are small compared to the signat level at which the class of operation chan-
ges.

Intermediate class operation may be preferred as a good compromise in many VCA applicatiors. The distortion performance is near-
ly that of class A and the noise and control feedthrough specifications are about halfway between A and AB.

Control Port (Pin 11)

The control sensitivity of the cantrol port is -30dB/voit (at pin 1), Like all dB/volt VCA's, this sensitivity has a -3300 ppmy/ C empena-
ture coefficient. This drift can be compensated for in automation syssems by using a single tempsistor* with a +3300 ppm/ T drift for
the reference current set resistor in the system DAC. An attenuator is usually connected in series between the control veltage source
and the control port 1o appropriately scale the available control voltage range. The worst case input bias cutrent is 300nA so the im-
pedance of the attenuator from the pin to ground must be kept small enough that the resulting voltage drop does not canse a significamt
gainerror (10K or less is recommended). Noise and distortion of the 2014 are uraffected by the impedance at the contro] port; however,
care must be taken to eliminate coupling to signal paths, especially if higher impedances are used.

Qutputs (Pins 1, 3, 4, 14, and 16)

The 2014 can output signal either in terms of current (pins 1, 3 and 4) or voliage (pins 14 and 16). The worst case (lowest) maximum
signal the current cutputs can provide is=675uA when operated from =135 volt supples. This determines the lowest vaiue for the feed-
back resistors that can be used for the internal or external current to voltage convertor op amps (~20K). 1f external op amps are used

*RCD Components, inc. pant number LP1/4, 330! Bedford Swees, Manchester, NH U.S.A, (603} 669-0054, Telex 943512
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SSM-2014 OPERATIONAL VOLTAGE CONTROLLED ELEMENT

for this purpose, the on-board op amps can be disabled by connecting their outputs to the negative supply. The op amps have current
outputs and can sink in excess of 10mA but can only source about 1.5mA worst case.

O.V.C.E. Connections

Figures 1 and 2 show two options for connecting the 2014 as an operational voltage controlled element. These circuits form the core
of all the application schematics to follow. Figure 1 needs only the 2014 for the active electronics of the circuit while Figure 2 uses
an externat 5532 and has the advantage of much greater output drive and slightly better distortion and noise performance, Both cir-
cuits will be subsequently represented by the symbol of Figure 3A. Figures 3B and 3C show the connections for a VCA and a volt-
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Trimming

In each circuit, two rimpots are shown, Both affect offset and control feedthrough. The waveform symmeiry trim also affects distor-
tion. This trim is mandatory for acceptable class AB distortion but may not be required for non-critical class A-only operation. The
other trim is needed whenever the worst case vntrimmed control feedihrough specification (A or AB) is not deemed adequate.

The symmetry trim, if used, is always performed first. Distontion is nulled a1 unity gain with a 1kHz sinewave input between +4 and
+10dBV.

Nex1, with ihe signal input grounded, a 100Hz sinewave is applied to the control port with ils peaks comresponding to the maximum
gain required and 30dB of attenvation. The contro] feedthrough is then nulled using the offset trimmer. As an option, the control
feedthrough can be further reduced in class A by a slight readjusunent of the symmetry trim.

The class A and class AB control feedthrough null points do not exactly coincide. If both classes of operation are used, such as the
level detector conirolled switching scheme discussed earlicr, the class AB null point should be chosen. A D.C.biocking capacitor is
required in sesies with the signal input to prevent offsets in previous stages affecting the contro) feedihrough performance.

For many applications, such as the panning and EQ circuits described below, control feedthrough trimming should not be required.
This is because the control settings on these circuits are varied infrequemntly, usually during setup, and the effects of conwrol feedthrough
can be suppressed by inserting a 10 1o 20m$ time constant 1n the control path.

Self.Contained VCA

Figure 4 shows a self-contained VCA with a provision for differential inputs. This circuit is a slight variation of the circuit of Figure
3B using Figure 1 as the O.V.C.E. Notice that current feedback from pin 1 (+CUR:_ ;) to pin 7 and from pin 4 (-CUR;_g) to pin 6 is
used to create differential virual grounds. The clamp diodes prevent fast sub-uSec transients from overdriving the input stage in class
AB. Signal inputs may be applied through 22K ohm resistors and blocking capacitors 10 either pin-6 or pin-7 on the 1.C. This will
produce inverting ot non-inverting operation in the singie-ended case if only one is used. [t shouid be noted that if large common
made signals are present in differential operation, then class A operation should be chosen. Figure 5 shows typical distortion measure-
ments using this circuit over gain and aitenuation. The tests were made with a single- ended 1kHz source driving the input and/or
output to a signal Icvel of +10dBYV regardiess of gain or attenuation, This is 10dB below clipping. Three cases are shown; namely
full class A, class AB. and intermediate bias between those two extremes. Figure 6 shows the noise performance of the device with
shortad input operating in the three bias cases. Noise was measured in a 20kHz bandwidih.
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Typical distortion measurements for the circuit of Figure 4
+ 10dBV invout signal level.

Full VCA Pre-Amp

Figure 7 shows the SSM 2014 configured as a full VCA preamp accepting both high impedance unbalanced and low impedance
balanced inputs simultancously. A fixed gain outpui providing 20dB of gain on the unbalanced input is available in addition o a voli-
age-controtled output. All the measurement data shown was taken using an intermediate bias between class A and AB as shown in
the previous section. Performance in full class A or class AB operation varies from the intermediaie bias in substantially the same
way as for the VCA. Figures 8 and 9 show distortion and noise with an input applied to the high impedance input. In the case of dis-
lortion measurements, a 1kHz sine-wave is applied in such a way as to drive one or both outputs to +10dBV,

The auxiliary specifications are quite good for the device operating in this configuration. The effective gain bandwidth product was
measured 10 be 12MHz with an accompanying slew rate of about 10V per microsecond. The control feedthrough was measured at
3mv peak to peak, with a 100Hz sine wave varying gain from +40dB to 0dB. Tesis were conducted with a balanced 600 ohm input
using more than 70dB of gain which showed essentially the same noise and distortion performance as before where the nominal gain
for this source was 34dB comesponding to 20dB from the high impedance input.

Panning Circuit

Figure 1G shows the 55M 2014 configured as a panning circuit or voltage controlied potentiometer (VCP), The gain characteristics
relating the input signal to the 1wo outputs are exacily complementary with both outputs summing 10 a fixed constant times the input.
Since the noise and distortion performance is compleiely complementary, Figures 11 and 12 show only the distortion and noise at the
V' output using class AB bias. The exczllent distortion performance did not warrant class A bias. The same test conditions were im-
posed as above. The variable compensation circuitry is not applicable in this kind of configuration but the gain bandwidth product is
not of concem since the maximum gain is near unity. The slew rate is 6V per microsecond for the inverting circuit and somewhat
less for the non- inverting connection, Control feedthrough for the voltage controlled potentiometer circuit is 500uV peak to peak with
a 100Hz sine wave varying the gain from full on to 40dB. This panning circuit may be configured for inverting or non-inverting
opcration in the same way that any operational amplifier circuit may be used. The noise and distortion of this configuration are truly
exceptional.

[1is common in high quality panning circuitry 1o have the center gain representing a balance between left and right to be not equal
-6dB. It is possible with exiernal circuitry 1o modify the SSM 2014 panning circuit described earlier in such a way as (o produce a
center gain of nominally less than 6dB of attenuation while still maintaining the complementary nature of the fwo outputs. This is
possible due to the unusual nature of the circuitry involving the intemal frequency compensation of the IC. By using the COMP 3 pin
on the S§M 2014 and additional circuitry one can vary the sum gain of the two outputs without changing their complementary nature
in such a way as to produce the desired panning effect. Contact SSMT for further information.

Variable Reciprocal Equalizer - High Pass Type

Figure 13 shows the SSM 2014 configured as a variable reciprocal equalizer circuit of the high pass type, which represents the worst
case for noise and distortion. Once again class AB bias was chosen for the specific measurements on noise and distortion doe to the

13
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excellent characteristics of this circuit. This data is shown in Figure 14. Figure 15 shows the eqralization gain characteristics as a
function of frequerncy and control voltage. Control feecihrough characteristics are better than those for the panning circuit; typically
500 uV peak to peak. Substitution of the high pass filter for a low pass filter or band pass filter will automatically reprogram this

m:mlur-!' ag a low nass or hand nace tvne with saaual Ar hatiar naies and dictartinn charactaricticre Tharafnes the QO A cmwr b
WRLLLS e < P S ORRRIS pOST brpy TTAHL V9Udl Ul UG TG 41U UIDWA UV WAV LT ISULY,  THEGIVEL URe JUIE LU LS liay VD

uscd toimplement any type of recnprocal equalizer in a straightforward way. The performance of this circuitis comparable to equalizers
with no volhiage control, making it a very attractive altcrnative.
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FIGURE 7. PREAMP CIRCUIT
S5M 2014 configured as a voltage controtied preamp with high and balanced 1ow impedance inputs.
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