ANALOG ULTRA-LOW DISTORTION

DEV'CES HIGH SPEED AUDIO OPERATIONAL AMPLIFIER
FEATURES ) The SSM-2131's common-mode rejgttion of B0dB minimum over
= Low Distortion - DC to 40kHz, A, = +10 ... 0.01% Typ azi1rangsis exceptional for a high-speed ampliller. High CMR,
= High Slew Rate 40Vius Min combined with a minimum 500V/mV gain into a 10k load en-
» Gelr-Bandwidth Product OMHzZ Typ sufes exceltent inearity in both naninverling and inverting gain
* High Galn 200,000 Typ configurations. This means that distortion will be very low over a
« Common-Mods Rejection §0dB Min wide range of circull configurations, The low olfsat provided by

the JFET input stage often eliminates the need for AC coupling
or for external offset trimming.
APPLICATIONS
» Power Amplifier Driver
* Aotive Fllter Clroulis
» Paramatric Equalizers
Graphic Equalizers

The SSM-2131 conformsto the standard 7471 pincult with niulling
oY~ The S8M-2131 upgrades the performance of circuits using
the TLO71 by direct replacement,
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ULTRA-LOW DISTORTION

HIGH SPEED AUDIO OPERATIONAL AMPLIFIER


SSM-2131

OHDERING INFORMATION Cutput Short-Circult Duration .......ccoivwin i, . indelinite
Storage Temperature Hange ... ~65°Clo+175°C
PhCKAGE OPERATING Operating Temperature Range. . =000 to +88°C
PLASTIC 50 TEMPERATURE JUNCHON TAMPBrAMre ..o e nsrncainsere i ~G5°0 0 1750
P 8P RANGE Lead Temperature Rangs (Soldering, 60560 .ovo.... +300°C
SEMIIAE SEMMPTIS TN PACKAGE TYPE 8, (Note 2) e UMITS
HIND = ~40°C 10 £85°C 8-Pin Plastic DIF (P} 193 43 W
&Fins01(5) 158 43 AN
NOTES:
ABSOLUTE MAXIMUM RATINGS 1. For supply valiages less than 220V, the absolute maximum inpw! vohage is
SUpPly VORBOE (it i s recneninsn s +20V equal to the supply voltage.
input Vollage (Note 1. cnirciiirneii v 220V 2. B, isspeciliedior worstcase mounting condificns, 19, 6 , isspecifiedfor device
Differential Input Voltaga (Note 1) v 40V in sockst tor P-DIP packagss: 8, is specified for device soidered 1o prntag
circuit board for SO package. 1
ELECTRICAL CHARACTERISTICS at Vg =218V, T, = 25°C, unless otherwise noted,
55M-2131
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ELECTRICAL CHARACTERISTICS at V_ = $15V, T, = 25°C, unless otherwise noted. Continued

S8M-2131
PARAMETER SYHMBOL CONDITIONS L TP 153 WHITS
Phasde Margin gy a8 Gain - 47 - degrae:
. 480" Open-Loop )
Gairy Margin Ayso Phass Shift - 2 S af
Gapacitive Loag Unity-Gain Stable
Drive Capability G, {hicte 4} 160 3069 - ot
Supply Yohage Fange Ve xd 15 £20 y
HOTES:
1 Guarantesd by CMF tesl.
2. Guaranieesd by sieverate test and formuia awp = SRHZRIOV ).

3. Bettiing tmeis gusrariesd but not lested.
4 Guarantesd bul ndl tested.

TRICAL CHARACTERISTICS at v, = 215V, —40°C < T, <85°C, unless otherwise noted.

SEM-2131
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS Continved
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SSM-2131

APPLICATIONS INFORMATION

The 55M-2131 combines speed with a high tevel of input 9‘3;5
sion usually tound only with siower devices. waeli-pehaved AC
performance in the form of cisan transient respoNse, symmetris
cal siew rates and a high degree of forgiveness to supply decou-
pling are the halimarks of this amplifier. AC gain and phase re-
sponse dce guite independantof mm;:a?ratu @ O supply wlt&g'a
Figure 1 shows the S5M-2131s small-signalresponse. Evenwith
75pF loads, there is minimal ringing in the output waveform,
Large-signal responsg is shown in Figure 2. This figure clearly
shows the SSM-2131's exceptionaily close matching betwesn
positive and negative slew rates. Slew rate symmaetry decreases
the DO offset a system encounters when processing high-fre-
quency signals, and thus reduces the DC current necessary for
oad driving,

FIGURE 1 2K/ X50F
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EIGURE 3! Input Offset Voltage Nulling

YOLTAGE SUMMING

Because of its extremely low input bias current and large umity-
gain bandwidth, the SSM-21314s ideal for use as a voltage sum-
mer or adder.

The following figures show both an inverting and noninverting
tage adder,
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FIGURE 2: Large-Signal Transient Response, Z, = 2K{75pF

As with mosUIFET-input amplifiers, the oulput of the SSM-2131
may undergo phase inversion if either input excesds the speci-
fied input vollage range. Phase inversion will not damage the
amplifier, nor will if cause an internal lalch-up.

Supply decoupling should be used to overcome inductance and
resistance associated with supply lines to the ampiifier.

For most applications, & 0.1uF to 0.01uF capacitor should be
placed petween each supply pin and ground.

OFFSEYT VOLTAGE ADJUSTMENT

Oifsat voltage Ts adiusted with & 10ki2 1o 100kQ potentiomeater
as shown in Figure 3. The potentiometer should be connacied
between pins 1 and 5 with its wiper connecied to the V- supply.

Alternately, WV, may be nulled by attaching the polentiomeler
wiper through a 1MQ resisior {o the posilive supply rail.
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FIGURE 5: Noninvarting Adder
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CURRENT FEEDBACK

AUDIO POWER AMPLIFIER

The SE8M-2131 can be used as the input buffer in a current fesd-
pack audio power amplifier as shown in Figure 6. This design is
capable of very good performance as shown in Figures 7, Band
g, At thiz and 50 watls oulput into an 802 load, the ampiifier
generates just 0.002% THD, and is Hiat to 1MHz. The slew rate
tor the overall amplifier is more than adequate gt 300V/us and is
rasponsible for the very low dynamic intermodulation distortion
(DIM-100) that was measured al just 0.0017% at 50 watlts output
into 8 ohms. The total amplifier idiing current for all tests was
approximately 300mA; the V+/Vee and V-V~ power supplies
were both +40V, and the gain was satio 24.0.

ire a currant teadback amplifier. a unity o low gain mput bulfer
drivesalowimpedancenetwark. Anydifferantialcurrant that Hows
inthe collectors of the bulfer (SSM-2131 ) output transistors is fed,
via the two complemaentary Wilson current mirrors A and B o g
High impedance gain node whers the high oulput voltage 13
generated.

This voltage is then buftered by a double emitter follower diver
stage and fed o the complementary power MOSFET outputsiage,
No RC compensation network 10 ground or output inductor g
required at the oulput of this amplifier 1o make 1 stable. As the
100kHz square wave response shows. there'sne evidence of any
instability in the circuit, Capacitive load compensaton can be
provided by the components marked TBD on the ampiber
schematic: These were not used in the 1est, however
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FIGURE &: Audio Power Amplifier Schematic
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FIGURE 9: 100kHz Bguare Wave into 813,

One problem thal s commonly encountered with current fsed-
back amplifiers is that the mismalch between he two current
mirrars A and 8 forces a small bigs current to appear atthe input
buffer's cutput terminal. This bias current (usually in the range of
1-100uAYis mulliplied by the feedback resisior of 75041 and gen-
sraias an outpul offset that could be tens of milivolts in magne
tide. Matched transistors could be used in the current mirrorg,
but these do not completely eliminate the outputoffset problem,

An inexpensive soluton is 1o use a low power precision DC op
amp. such as the OP-97, to contrel the amplifier's DC character-
istics, thus overnding the DO offset due to mismalch inthe cur
rent feadback loop. The OP-87 acts as acurrent output DO -serve
amplifier that injects a compensaling current into the emitters of
1he low voltage regulator ransistors (thal power tha S5M-2131;
o carract for current mirrer mismatch. Since the OP-97 is setfor
anoverallinput-to-oulput gainof 24 Gas wall, the DU cutput ofiset
is equal 10 the OP-97's Vgg x 24.0, which is roughly 1 millivais,
Thus. any offsettrimming can be completely eliminated. Together,
the SSM-2131 and GF-97 provide a levetl of performance thal
exceeds most of the requirements for audio power ampliters. The
driver circull can handle several pairs of power MOSFETs inthe
output stageifrequired. Thistopology canbe used in clircuits that
must deliver several hundreds of watls 1o a load by using igher
veltage transistors inthe driver stage. Operation with rail vollages
cess of £100V is possible. if more gain is desired, the S8M-
J3Nnput pufer can have its gain increased from the nominal

guency. Ouipul impedance at 1MHz is !ywml\ly 5(folan =
2131 operating at unity-gain. lf lower output impedances BT
quired, an output buffer may be placed at the gutput of the S5M.
2181,



SSM-2131

HIGH-CURRENT OQUTPUT BUFFER

The circultin Figure 10 shows a high-current outpul stageforthe
55M-2131 capable of driving a 7512 load with low distortion,
Cutput current is Himited by R, and R, For good tracking be-
ween the output transistors Q. Q and this biasing diodes D,

and D, thermal contact must ﬁe mamzamec between the traxi

sistor ‘and its associated diode. if good thermal contact s not
maintained. R, and R, must be increased o 5-60 in order to
pravent :harmai w:}awayi Using 501 resistors, the circuit sasily
drives a 7541 load (Figure 11), Quiput resistance is decreased
ant heavier loads may be driven by decreasing R, and H .

Base current and biasing for Q, and Q, are provided by tweo
currant sources, the SEM-2131 and the .J%ET The 2kilpotenti-
pmeter in the JFET current scurce should be trimmed for opt-
mum transient performance. The caze of the SSM-2210 should
ba connected to V-, and decoupled to ground with a §.1uF ca-

Th icuit may be operated at any gain, in the

g -18Y My
.I' '_L".'l
V £.052
L Aypye e R L N
T, AND R, ARE 180, ik =
“ﬁ TEXT BpE

FIGURE 10: Migh-Curram Qutput Buffer

DRIVING CAPACITIVE LOADS

Best performance will always be achieved by minimizing input
and load capacitances around any high-speed amplifier. How-
ever, the SEM-2131 is guarantesd capable of driving a 100pF
capacitive load over its full operating temperature range while

Aygy = <5
R, & P

FIGURE 11: Cutput Buffer Large-Signal Response

cperating at any gain including unity. Typically, an S8M-2131
will drive more than 250pF at any temperature, Supply decou-
pling does aftect capacitive foad driving ability. Extra care should
be given to ensure good decoupling when driving capacitive
loads; between 1uF and 10uF should be placed on each supply
rail,

Large capacitive loads may be driven utilizing the cirouit shown
inFigure 12. R, and C  introduce a small amount of feediorward
ompengation arcuﬂd the amplifier to munmfac:t me phase lag

el

A
Ny

FIGURE 121 Compensation for Large Capacitive Loads
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When driving very iarge capacilances, slew rate will be limited
by the shorb-gircuit current imit. Although the unloaded slewrate
isinsensitive (o variations intemperature, the culput current fimit
has anegative termperature coefliclent, and isasymmetrcal with
regards to spurcing and sinking current. Therelore, slewrateinto
excassive capacities will decrease with increasing lemperature,
and will lose symmetry.

DAC QUTPUT AMPLIFIER

The S8M-2131 is an excelient choice for a DAC output ampli-
fier, since 1s high speed and fast sefiling-time allow quick tran-
sitions between codes, evenforfull-scale changes in outputlevel
The DAC gulput capacitance appears at the operational ampli-
fier inputs, and musi be compensated to ensure aptimal settling
spead. Compensation is achieved with capacitor Cin Figure 13
C must be adjustedio accountfor the DAC's cutput capacitancs
the op amp's inpul capacifance, and any stray capacitance at
the inputs, With a bipotar DAC, an additional shunt resistor may
he us timize response, This technique is described in

G213 s

*

HOTE; R, S INTERNAL TO MOST CHMODS GACS

FIGURE 13: DAC Qutput Amplifier Circuit

Highest speed is achieved using bipolar DACs such as PMl's
DAC-08, DAC-100r DAC-312. The cutputcapacifances of these
converters are up to an order of magnitude lower thantheir CMOS
counterpans, resulting in substantially faster settling-times. The
high outputimpedance of bipolar DACs allows theoutput amplifier
to operate in a true current-to-voltage mode, with a noise gain of
unity, thereby retaining tha amplifiers full bandwidih. Ofiset
voltage has minimal effect on linearity with bipolar converters.,

CHMOS digital-to-analog converters have higher suiput capaci-
tances and lower oulpul resistances than bipolar DACs. Thisre-
sults in slower setlling-times. higher sensitivity to offsetvoltages
and areduction in the output ampilifier's bandwidih. These trade-
offs must be balanted agamst the CMOS DAC's advantages in
terms of interfacing capability. power dissipation, accuracy lev-
els and cost. Using the imernal feedback resistor which is pres-
entunmaost CMOS converters, the gain applied to offset voltags
varies batween 4/3 and 2, depending upon output code. Contri-
butions 1o inearity error will be as much as 2/3 Vg 10 10-volt
12-bit system. this may add up 10 an additional 1/5LSEB DNL with

ihe SEM-Z131. Amplifier bandwidth is reduced by the same gain
factorapplied toolisetvollage, howeverthe S8M-2131s 10MHz
gain-bandwidth product results in no reduction of the CMOS
conveniar's multiplying bandwidth.

Individual DAC data sheets should be consulted for more com:
plete descriptions of the converters and their circuit agiplications.

;
|
|

FIGURE 14: DAC Output Amplifier Response (PM-7545 DAC)

COMPUTER SIMULATIONS
’hefoliuwmg pages show!heSPiCE macro- mcde forthe S5M-

late the SSM 2131
commuodate,

AC behavior. Each stage contains a pole or a pole-zero pair, T
stages are separated from each other by voltage-cantrolied cur-
rent sources so that the polesand zero locations do notinteract,
The only nanlinear elements in the entire model are two p-chan-
net JFETs which compriss the input stage. Limiting the model o
almost entirely linear circult elements significantiy reduces
simulation time and simpiifies mode! development

“FSpwce iy a registered radermark of MiroSim Cormoration
“HEPICE say % of Mata- are, e
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?SM&Z*- 31T MACRO-MODEL  opmiisse *POLE AT 53 MHz

= subokt S6M-2131 1 232 68 50 17 18 88 1EB

" 18 18 KD 1EB
“INPUTSTAGE A POLE AT 159 MHz €11 18 43 3E-18

* ci2 18 59 3E-15

[ B 3 SE1Y g% 99 18 17 2B 1E-8
2 2 3 5E11 gio 18 82 26 17 1E-6
3 5 50 707.38 :

4 & B0 707.38 "POLEAT 53 MHz

ity 1 2 S5E-12 7

2 5 8 7.08E-12 19 19 93 1EB
88 4 1E-3 20 19 50 tEB
gy 1 2 4E-12 ng ;‘g gg 3%"‘%

g5 7 1 fy(1) 20 26 18-3 1 < 31

ﬁ s 2 4 fi‘m } gT1 39 19 18 28 1E6
2 8 7 4 x g12 18 50 26 1B1E-8
*SECOND STAGE & POLE AT 45 M2 ‘COMMON-MODE GAIN NETWORK WITH ZERC AT 100 kHZ
S59 89 176 84ES 21 20 21 1EB

% 9 50 176.84E6 22 20 23 1E8

20E-12 1 21 9% 1.5815
20E-12 2. 23 50 1.5915
Qoly(1} 5 6 3.98E-3 1413783 gi3 99 20 3 261E-1

G8E-3 1 4137E) gis 20 8D 26 3 1E-11
“POLE AT 79.6 MMz

tEB
1E8
2E-15

Poly(1) &

7

IR R 1E6

M1 .

ri0 11 13 4 566

c5 12 99 16.1E-15

6 13 50 16.1E-15

03 89 11 9 26 1E-B

glﬁ‘ 11 80 26 9 1E-6

: POLE-ZERO PAIR AT 1.B0 MHz/2.20 MHz

1y 14 89 1E8

e 14 50 1E6

M3 14 18 4.5E6

rid 14 16 4.5E6

of 15 ug9 18.1E-15

cd 16 50 16.1E-15

g5 9% 14 11 26 1E-6

gﬁ 14 50 26 11 1E-8

" POLE AT 83 MHz

5 17 99 1E6

e 17 50 1£6 “MODELS USED

c§ 17 99 3E-1§ i ‘

o100 17 BO 3E15 model jx PJF(BETA=999.3E-6 VTO=~2 000 182411}
g7 89 17 14 26 1E-6 smodel de D{IS=1E£-15)
g& 17 B0 26 14 1E-§ «modeldy D(iB=1E.18 BV=50)

ands $SM-2131
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