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Single-Supply Sensor
Interface Amplifier

AD22050

FEATURES

Gain of x20. Alterable from x1 to x160

Input CMR from Below Ground to 6x (Vg—1 V)
Output Span 20 mV to (Vs-0.2) V

1-, 2-, 3-Pole Low-Pass Filtering Available
Accurate Midscale Offset Capability
Differential Input Resistance 400 kQ2

Drives 1 k2 Load to +4 V Using Vg =+5V
Supply Voltage: +3.0 V to +36 V

Transient Spike Protection & RFI Filters Included
Peak Input Voltage (40 ms): 60 V

Reversed Supply Protection: -34 V

Operating Temperature Range: —40°C to +125°C

APPLICATIONS

Current Sensing

Motor Control

Interface for Pressure Transducers, Position Indicators,
Strain Gages, and Other Low Level Signal Sources

GENERAL DESCRIPTION

The AD 22050 isa single-supply difference am plifier for am pli-
fying and low -pass filtering an all differential voltages (typically
100 mV FS atagahn of40) from sources having a large com m on—
m ode voltage.

Supply voltages from +3.0 V to +36 V can be used. T he input
comm on-n ode range extends from below ground t +24 V usihg

SOLENOID
LOAD

-
+Vg (CAR BATTERY) l

FUNCTIONAL BLOCK DIAGRAM

+Vg OFS A1 A2

AD22050

IN+ 8\_AAA +

vy

IN- (D)W

AAA

\AAZ
AAA

\AAZ
\AAZ

a+5V supply with excellent repction of this com m on-m ode
voltage. T his is achieved by the use ofa special resistive attenua-
toratthe hput, hsertrinm ed t© a very high differentialbalnce.

P rovisions are Included for optional low -pass filtering and gain
adjistm ent. An accurate m dscake offset feature allow s bipolar
signals to be am plified.
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Figure 1. Typical Application Circuit for a Current Sensor Interface
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mzzoso_g ECl FI CNII G\B (Ta= +25°C, V5= +5 V, and Vo = 0, R = 10 k€2 unless otherwise noted)

Parameter Test Conditions Min Typ Max | Units
INPUTS (Pinsl and 8)
+CM R Positive C omm on-M ode Range Ta=Tyw ©Tyax +24 v
-CM R N egative C om m on-M ode Range Tp=Typy ©+85°C -1.0 v
CM RRyp C omm on-M ode Rection Ratio f<10Hz 80 90 dB
CM RRyy C omm on-M ode Rection Ratio f=10kH z 60 75 dB
Ruycu Common-M ode InputResistances| Pin 1 orPin 8 to Pin 2 180 240 300 kQ
Ryarch M atching of R esistances t05 %
Royp rr D ifferential Input R esistance PhltoPin§g 280 400 kQ
PREAM PLIF IER
Ger C osed-Loop G ain' 9.7 10.0 103
Vo OutputVolage Range P 3) +0.01 +4.8 v
Ro O utput Resistance? 97 100 103 kQ
OUTPUT BUFFER
Ger C osed-Loop G ain' Rioap = 10 kQ 1.94 2.0 2.06
Vo O utput Volage Range’ Ta=Tyw ©Tyax +0.02 +4.8 |V
Rg O utputResistance P 5) Vo201lVde I, <1lmA 2.0 Q
OVERALL SYSTEM
G G ain? Vo201V de 19.9 200 20.1
O ver T an peratire Ta=Tyw ©Tuax 198 202
Vos TnputO ffeet Volage! -1 0.03 1 mv
O ver T an peratire Ta=Tyw ©Tuax -3 3 mV
OFS M idscal O ffeet (Pin 7) Scaling 0.49 050 0.51 VAN
InputResistance Ph7toPin2 14 20 265 kQ
Tosc Short=C ircuit O utput C urrent Ta=Tyw ©Tyax 7 11 25 mA
BW a4 -3 dB Bandw idth Vo =+1V de 30 kH z
SR Slw Rate 02 V s
N o N oise Spectral D ensity” f= 100 H zto 10 kH 7 02 uv AHz
POW ER SUPPLY
Vg O perating Range Ta=Tyw ©Tyax 3.0 5 36 v
Tg Q uiescent Supply C urrent’ T, =+25°C,Vg=+5V 200 500 pA
TEM PERATURE RANGE
Top O perating T em peratire Range -40 +125 | °C
NOTES

!specified fordefiulkm ode, ie., w ith no external com ponents. T he overall gain istrinm ed to 0.5% , while the individualgainsofA 1 and A2 m ay be subpct to am axi-

mum 3% tolerance.N ote that the actualgain in a particular application can be m odified by the use of external resistor netw orks.

“The actualoutput resisance ofA1 isonly a fow ohm s, but access to thisoutput, via P In 3, is alw ays through the resistorR12 (see F igure 16) which is100 kQ,

rinmed to £3% .

ForVey €20V .ForVey > 20V, V
‘Referred to the nput @ins1 and 8).

o1 Z1ImVHA XVey .

"W ith Vyy = 0 V. D ifferentialm ode signals are referred to asVpy , while Vo, refersto com m onm ode voltages— see the section P roduct D esaription and F igure 3.

Allm in and m ax specifications are quaranteed, although only those m arked in boldface are tested on all production unis at final test.
Specifications subgct to change w tthout notice.

ORDERING GUIDE

Model Temperature Range | Package Option'
AD 22050N -40°C to +125°C N -8

AD 22050R -40°C to +125°C SO -8

AD 22050RReel | -40°C to +125°C SO 82

NOTES

IN = PlasticD TP Package, R = P lastic SO IC Package, R-Reel= T ape and Reel.
“Q uantities m ustbe in increm ents of2,500 pieces each.

REV. B



AD22050

ABSOLUTE MAXIMUM RATINGS*

SupplyVoltage ...... .. ... . . .. +30V to+36V
Peak InputVolage 40ms) ........ .. ... 60V
Veors PIN7TOPIN2) oo +20V
Reversed Supply Voltage Protection . .............. -34V
Operatihg Temperatire ................ -40°C to +125°C
Storage Tam peratire .. ..o.ovvvvvennnn.. -65°C to +150°C
Output ShortC ircutDuration ................ Tndefinite
Lead T em perature Range (Soldering 60 sec) ........ +300°C

*Stresses above those listed underAbsolute M axin um Ratingsm ay cause pem a-
nentdam age to the device. T his isa stress ratdng only; the finctional operation of
the device atthese orany otherconditions above those indicated in the operational
sectionsofthis specification isnotim plied .E xposureto absolutem axin um rating
conditons forextended periodsm ay affect device reliability .

CAUTION

PIN CONFIGURATIONS
Plastic Mini-DIP Package Plastic SOIC Package

(N-8) (SO-8)
AN [T] +IN -IN ) +IN
GND [2] AD22050N [7] OFFSET  anp [2[] Ap22050R [17] OFFSET
TOP VIEW
A1[3] (Not to Scale) | 6] *Vs A1 [3]] (N-I;?fovslirlle) [T6] +vs
A2 [4] 5] out A2 [A[] [ T5] out

ESD (electrostatic discharge) sensitive device. E lectrostatic charges as high as 4000 V readily
accum ulate on the hum an body and test equipm ent and can discharge w ithout detection.
Although the AD 22050 features proprietary ESD protection circuitry, permm anent dam age m ay
occur on devices subgcted to high energy electrostatic discharges. T herefore, proper ESD
precautions are recom m ended to avoid perfom ance degradation or loss of functionality .

WARNING!
WM@

ESD SENSITIVE DEVICE

PRODUCT DESCRIPTION

TheAD 22050 is a single-supply difference am plifier consisting
ofa precision balnced attenuator, a very low drift pream plifier
and an outputbufferam plifier @1 and A 2, regpectively, In F ig-
ure 2). ITthas been designed so that am all differential signals
Vpy In Figure 3) can be accurately am plified and filtered in the
presence of large com m on-m ode voltages (V. ) w thout the use
ofany other active com ponents.

+Vg OFS A1 A2

Figure 2. Simplified Schematic

T he resistive attenuator netw ork is situated at the inputto the
AD 22050 Pins1 and 8), allow ing the com m on-m ode voltage at
Pins1 and 8 to be six tin es greater than thatwhich can be toler-
ated by the actual inputto A1.A sa resul, the input com m on-

m ode range extendsto 6X (Vg— 1V).

T wo an all filter capacitors (ot shown in F igure 2) have been
included at the nputsofA 1 to m Inin ize the effects ofany spuri-
ousRF signalspresent in the signal.

Intemal feedback around A1 sets the closed-lbop gain ofthe
pream plifier to X10 from the nputpins; the outputofAl is
connected to Pin 3 via a 100 kQ resistor, which istrimm ed to
3% (R12 in Figure 2) to facilitate the low “pass filkering of the
signal of nterest (e Low PassF iltering section) . T he inclusion
ofan additional resistive netw ork allow s the output of A1 to be
offset to an optional voltage ofone half of that supplied to Pin 7;
in m any casesthisoffsetwould be +Vg 2 by tyilngPin 7 to +Vg
Pin 6), pem iting the conditioning and processing of bipolar
signals (see Strain G age Interface section) .

REV. B

T he outputbuffer A 2 has a gain ofx2, setting the precalbrated,
overallgain ofthe AD 22050, w ith no external com ponents, to
x20. (T hisgain is easily userconfigurable— see A Iering the

G ain section for details.)

T he dynam ic properties of the AD 22050 are optin ized for in-
terfacihg to ttansducers; In particular, current sensing shunt
resistors. Tts regction of large, high frequency, com m on-m ode
signalsm akes it superior to that of m any altemative approaches.
T his isdue to the very carefiil design of the input attenuator and
the close integration ofthishighly balanced, high in pedance
system w ith the pream plifier.

APPLICATIONS

TheAD 22050 can be used wherever a high gain, sihgle-aupply
differencing am plifier is required, and w here a finite nput resis-
tance (240 kQ to ground, 400 kQ betw een differential nputs)
can be tlerated . In particular, the ability to handle a com m on-
m ode Input considerably larger than the supply voltage is fre—
quently of value.

A Iso, the output can run down to w ithin 20 m V ofground, pro—
vided i isnotcalled on to sink any load current. F inally, the
output can be offset to half ofa fiillscale reference voltage W ith
atolrance of£2% ) to albw abipolr hput signal.

ALTERING THE GAIN

T he gain of the pream plifier, from the attenuator input Pns1
and 8) to tsoutputatPin 3, isX10 and that ofthe output
buffer, from Pin 4 to Pin 5, isX2, thusm aking the overall de-
fault gain X20.T he overallgain is accurately trimm ed (to w ithin
+0.5% ). In som e cases, itm ay be desirable to provide for som e
variation in the gain; forexam ple, in absorbing the scaling error
ofa transducer.

Figure 3 show s a generalm ethod for trin m g the gan, eitther
upw ard or downw ard, by an am ount dependenton the resistor,
R . The gain range, expressed as a percentage of the overallgan,
isgiven by (10 M QR )% . Thus, the ad j1stin ent range would be
12% forR=5MQ;+ 10% forR =1M Q, etc.
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Figure 3. Altering Gain to Accommodate Transducer
Scaling Error

Tn addition to the m ethod above, anotherm ethod m ay be used
to vary the gain .M any app lications w ill call for a gain higher
than X20, and som e require a owergain . Both of these siua-
tions are readily accom m odated by the addition ofone extermal
resistor, plus an optional potentiom eter if gain ad j1sm ent is re—
quired (forexam plk, to absorb a calbration error in a transducer) .

Decreasing the Gain. sec I igure 4. Snce the output of the
pream plifier has an output resistance of 100 kL, an extemal re—
sistor connected from P 4 to ground w ill precisely low er the
gain by a factorR /(100k+R ). W hen con figuring the AD 22050
forany gain, the m axin um inputand the pow er supply being
used should be considered, since either the pream plifier or the
output buffer w ill reach its fiill-scale output (approxin ately
Vg —0.2V)wih large differential input voltages. T he nputof
the AD 22050 is Iim ited to no greaterthan (v — 0.2)/A0, for
overallgains lessthan 10, since the pream plifier, w ith its fixed
gain ofXx10, reaches its fiill scale output before the output
buffer.ForvVg= 5V thisis 0.48 V.Forgains greater than 10,
how ever, the sw ing at the buffer output reaches its fill-scale first
and lin tsthe AD 22050 nputto Vs - 02)4G ,where G isthe
overallgain. Increasing the pow er supply voltage increases the
allowablem axin um input.ForVg = 5V and anom inalgain of
20, them axim um hputis240mV .

T he overall bandw idth is unaffected by changes in gain using
thism ethod, although there m ay be a an all offset voltage due to
the in balance in source resistances at the inputto A2. In m any
cases this can be Ignored but, ifdesired, can be nulled by insert—
nga resistor n serieswith Pin 4 @t “PointX ” in Figure 4) of
value 100 kQ m nus the paralkelsum ofR and 100 k€. For ex-
amplk,with R = 100 kQ (giving a totalgain ofx10), the op-
tional offset nulling resistor is 50 kQ.
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Figure 4. Achieving Gains Less Than x20

Increasing the Gain. T he gain can be raised by connecting a re-
sigtor from the output of the buffer am plifier (Pin 5) to itsnon-
nverting input P 4) asshown In Figure 5. T he gain isnow

m ultiplied by the factorR /R -100k); for exam ple, it is doubled
forR = 200 k.0 verallgains ofup to X160 R = 114 kQ) are

readily achievable in thisway. N ote, how ever, that the accuracy
of the gain becom es critically dependent on resistor value at
high gains. A Iso, the effective input offset voltage at Pins 1 and
8 (about six tin es the actual offsst of A1) lin its the part/suse in
very high gain, de-coupled applications. T he gah m ay be trin m ed
by using a fixed and variable resistor in series (see, orexam pl,
Figure 10).
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Figure 5. Achieving Gains Greater Than x20

Once again, a an alloffset voltage w illarise from an in balance
In source resistances and the finite bias currents inherently
present at the nputofA 2. In m ost app lications this add itional
offset error (@bout 130 UV atx40) w illbe com parabl w ith the
gpecified offset range and w ill therefore introduce negligible
skew . Ttm ay, how ever, be essentially elin inated by the addition
ofa resistor In seriesw ith the parallel sum ofR and 100 kQ
(ie.,at“PointX ” in Figure 5) so the total series resistance is

m ahtained at 100 kQ . Forexam ple, ata gain ofx30, when

R = 300 kQ and the parallel sum ofR and 100 k€ is 75 kQ, the
padding resistor should be 25 kQ . A 50 kQ potwould provide
an offset range of about* 2 .25 m V referred to the output, or
175 WV referred to the attenuator nput. A specific exam plk is
shown in Figure 12..

LOW-PASS FILTERING

Tn m any transducer app lications it is necessary to filter the sig—
nalto rem ove spurious high frequency com ponents, including
noise, orto extract them ean valie ofa fluctuating signalw ith a
peak-to-average ratio PAR) greater than unity. Forexam plk, a
fi1llw ave rectified sihusoid hasa PAR of1 .57, a rised cosine
hasa PAR of2 and a halfwave sinusoid hasa PAR of3.14.
Signals having large spikesm ay have PARsof 10 orm ore.

W hen im plm enting a filter, the PAR should be considered so
the output ofthe AD 22050 pream plifier (A 1) doesnot clip
before A2 does, since thisnonlinearity would be averaged and
appear as an errorat the output. T o avoid thiserror both am pli-
fiers should bem ade to clip atthe sam e tin e. T his condition is
achieved when the PAR isno greater than the gain ofthe second
am plifier ¢ for the default configuration) . Forexam ple, ifa
PAR ofb isexpected, the gain of A2 should be Increased to 5.

Low -pass filters can be in plem ented in severalw ays using the
featuresprovided by the AD 22050. In the sin plest case, a
singlke-polk filter (20 dB Hecade) is form ed when the outputof
A1 is connected to the mputofA 2 via the ntemal100 kQ resis-
torby strapping Pins 3 and 4, and a capacitor added from this
node to ground, as shown in Figure 6. T he dc gain ram ainsx20,
and the gain trin shown in F igure 3 m ay stillbe used. If a resis-
tor is added across the capaciorto ow er the gain, the comer
frequency w ill increase; it should be calculated using the paralkel
sum ofthe resistorand 100 kQ.

—4— REV. B
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Figure 6. Connections for Single-Pole, Low-Pass Filter

Ifthe gain is raised using a resistor, as shown In Figure 5, the
comer frequency is low ered by the sam e factor as the gain is
raised . T hus, using a resistor of 200 kQ (brwhich the gain
would be doubled) the comer frequency isnow 0.796 H z4F,
(0.039 PF fora 20 H z comer) .
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Figure 7. Connections for Conveniently Scaled, Two-Pole,
Low-Pass Filter

A twopolk filter W ith a rolloffof 40 dB Mecade) can be in ple-
m ented using the connections shown I Figure 7. This isa
Salkn & Key form based on axX2 am plifier. Tt isusefiulto rem em -
ber that a tw opole filter w ith a comer frequency £, and a
one-pole filterw ith a comer at f; have the sam e attenuation at
the frequency (6°/f). T he attenuation at that frequency is

40 Log(f/5) . T his is ilustrated in Figure 8. U sing the standard
resistorvalue show n, and equal capacitors (in F igure 7), the cor-
ner frequency is conveniently scaled at 1 H zF (0 05 uF fora
20 H z comer).A m axim ally flat response occurs w hen the resis—
tor is Jowered to 196 k€ and the scaling isthen 1.145 H zuF .

T he output offset is raised by about 4 m V (equivalent to 200 uv
atthe inputpins).
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—40LOG (f2/f1), AT FREQUENCY f22/f4

f4y fa

(F2%/f4)

Figure 8. Comparative Responses of One- and Two-Pole
Low-Pass Filters
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A threepok filter (W ith roll-off 60 dB decade) can be form ed by
adding a passive RC netw ork at the output form ing a realpole.
A threepolk filter w ith a comer frequency £ has the sam e
attenuation a one-pok filter of comer f; hasat a frequency

V£ /£, where the attenuation is 30 Log (§/) (see the graph 1
Figure 9) .U sihg equal capacior values, and a resistor of

160 kQ, the comer-frequency calbration rem ains 1 H z-4F .

FREQUENCY ——

ATTENUATION

|

—20dB/DECADE —60dB/DECADE -

A 1-POLE FILTER, CORNER f1,
30LOG (f3/f4) [~ AND A 3-POLE FILTER, CORNER f3,
HAVE THE SAME ATTENUATION,
—30LOG (f3/f1), AT FREQUENCY ¥/ (5% 1)

f4y f3

ir2ity)

Figure 9. Comparative Responses of One- and Three-Pole
Low-Pass Filters

CURRENT SENSOR INTERFACE
A typical autom otive application m aking use of the large
com m on-m ode range is shown In F igure 10.
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[
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100ma3 AD22050 ] 45% SENSOR
.
o—IN GND A1 A2 ;:f‘zokg CALIBRATION
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(0-224F FOR = 3.6Hz)
POWER l_—o
ANALOG COMMON
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Figure 10. Current Sensor Interface. Gain Is x40, Single-
Pole Low-Pass Filtering

T he current in a load, here shown asa soknoid, is controlled by
a pow er transigtor that is either cut off or saturated by a pulse at
itsbase; the duty-cyck of the pulse detemm ines the average cur-
rent. T his current is sensed in a an all resistor. T he average
differential vo ltage across this resistor is typically 100 m VvV,
although its peak valie w illbe higher by an am ount that
depends on the inductance of the load and the control fre—
quency. T he com m on-m ode voltage, on the other hand, extends
from roughly 1V above ground, when the transistor is saturated,
to about 1.5V above the battery voltage, w hen the transistor is
cutoffand the diode conducts.

Ifthem axin um battery voltage spikesup to +20V, the com m on-
m ode voltage at the input can be ashigh as21 .5 V. This can be
m easured using even a +5 V supply forthe AD 22050 .
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T o produce a fulkscake outputof+4 V, a gain X40 isused, adj1st-
abkebyt5% to absorb the tokmnce n the sense resistor. T here is
aufficient headroom to allow at kasta 10% overrange (o +4 4 V).
T he rough ly triangular vo ltage across the sense resistor is aver-
aged by a single-pole ow -pass filter, here setw ith a comer fre-
quency of & = 3.6 H z, which provides about 30 dB ofattenuation
at100 H z. A higher rate of atfenuation can be obtained by a
twopok filterhaving . = 20 H z, asshown in Figure 11 .A -
though this circuit uses tw o separate capaciors, the total capaci-
tance is kess than halfthat needed for the single-pole filter.

o +5V
+Vg (BATTERY) SOLENOID
LOAD ANALOG
I_W OUTPUT
FLYBACK [ L
DIODE > 432k

4N OFS +Vg OUT -=c
AD22050

e-N GND A1 A2

MA—AAA

50k

127kQ

AAA
\AAZ

CMOS DRIVER
CORNER FREQUENCY

= 1Hz-pF
(0.05pF FOR fc= 20Hz)

ANALOG
COMMON

POWER
DARLINGTON

CHASSIS

Figure 11. lllustration of Two-Pole Low-Pass Filtering

STRAIN GAGE INTERFACE: MIDSCALE OFFSET
FEATURE

The AD 22050 can be used to interface a strain gage to a subse-
quent processwhere only a single supply volage isavailable. In
this application, the m idscale offset feature is valuable, since the
output of the bridge m ay have either polarity. F igure 12 show s
typical connections.

>—o +Vg
ANALOG OUTPUT
4N OFS +Vg OUT 125ka L
(SETSGAIN
AD22050 TO 100)
o-IN GND A1 A2
$h
100kQ 3 10k
Vog NULL

—— OPTIONAL
T LP FILTER

ANALOG COMMON

Figure 12. Typical Connections for a Strain Gage Interface
Using the Offset Feature

T he offset isobtained by connectingPin 7 (OF S) to the supply
volage. In thisway, the output ofthe AD 22050 is centered to
m idw ay betw een the supply and ground. In m any system s the
supply w illalso serve as the reference voltage for a subsequent
A D converter. A fematively, Pin 7 m ay be tied to the reference
volage from an ndependent source. The AD 22050 istrin m ed
to quarantee an accuracy of£2% on the 0.5 ratio between the
volage on Pin 7 and the output.

An ac excitation ofup to+2 V can also be used because the
com m on-m ode range of the AD 22050 extends to -1 V . A ssum —
ng a full-scake bridge output (Vg ) of£10mV, a gaih ofx100

m ghtbe used to provide an outputoft1V (@ fulltscak range
oft1. 5V to +3.5V).Thisgain isachieved using the m ethod
discussed In connection w ith F igure 5. N ote that the gain-set—
ting resistor does not affect the accuracy of the m idscale offset.
(H ow ever, ifthe gain were low ered, using a resistor to ground,
thisoffset would no longer be accurate.) A V¢ nulling pot is
nchided for illustrative purposes. O ne—, two—and three-pole fil-
tering can also be im plm ented, asdiscussed in the Low Pass
Filtering section .

Using the Midscale Offset Feature

Figure 13 show s am ore detailed schem atic of the outputam -
plifier A2 . Because this isa singlke supply device, the output
stage has no pulkdow n transistor. Such a transistorwould Iim it
them inim um outputto severalhundred m illivoIts above
ground. W hen using the AD 22050 in unipolarm ode Pin 7
grounded), the resistorsm aking up the feedback netw ork also
act asa pull-down for the output stage.

Figure 13. Detailed Schematic of Output Amplifier A2

If the output is called upon to source current (not sink), then it
can sw Ing aln ost com pletely to ground W ihin 20m V). H ow -
ever, if the offset pin is connected to som e positive voltage
source, this source w ill “pullup” the output voltage, thereby
Iim iting them Inin um outputsw ing. W ith no extemal load the
m inin um outputvoltage possible isV,ps/22 . Forexam plk, ifPin
7 isconnected to +5 V, them inin um outputvolage is equal
to the offset voltage 0of 2 .5 V . By adding an additional load, as
shown, the output sw ing tow ard ground can be extended.

T he relationship is described by:

1 R
V >—Vopg——"—+—
ouT = YOS R Y20 kQ *

*T his 20 kQ resistor is intemalto the AD 22050 and can vary by £30% .
where Ry, isan extemally applied load resistor. H ow ever, Ry,
cannot be m ade arbitrarily an all since this would require exces-
sive current from the output. T he output current should be

Iim ted to S5m A total.
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APPLICATION HINTS

Frequency Compensation

Asare all closed-loop op am p circuits, the AD 22050 is sensi-
tive to capacitive loading at its output. H ow ever, the AD 22050
is sensitive at higher output voltages due to nonlnear effects in
the raikto—rail design of the buffer am plifier @2).In this

am plifier the output stage gain increasesw th increasing output
voltage. T his behavior does not affect dc param eters such as
gain accuracy or linearity; how ever, it can com prom ise ac sta—
bility. W hen operating from apower supply of5V or less (and,
therefore, Voyr < 5V), the AD 22050 can drive capacitive
Joadsup to 25 pF w ith no extemal com ponents. W hen operat—
ng at higher supply voltages W hich are associated w ith higher
output voltages) and/or driving larger capacitive loads, an ex—
temal com pensation netw ork should be used. F igure 14 show s
an R-C “snubber” circuit bading the outputofthe AD 22050.

T his com bination, n conjinction w ith the ntemal 20 kQ resis-
tance, form s a lag netw ork . T his netw ork attenuates the open-
Joop gain ofthe am plifier at higher frequencies. T he ratio of
Riag to the boad seen by the AD 22050 determ ines the high fre—
quency attenuation seen by the op anp. IfRy ¢ ism ade 1,/20th
of the total Joad resistance =20 kQ”RL), then 26 dB ofattenua-
ton is obtained at higher frequencies. T he capacior €,4) is
used to control the frequency of the com pensation netw ork. Tt
should be set to form a 5 [s tin e constant w ith the resistor
Ryag).Table Ishowsthe recom m ended values of Ry and

C ag fOrvarious valies of extemmal boad resistorR;, . T en per—-
cent tolerance on these com ponents is acceptable.

A fematively, the signalm ay be taken from the m ddpointof
Riag —Crag - Thisoutput is particularly usefulwhen driving
CM O S analbg-to-digital converters. Form ore Inform ation see
the section D riving C harged Redistributed A O C onverters.

N ote that when im plem enting this netw ork large signal re—
goonse is com prom ised . T his occurs because there isno active
pulldown and the lag capacitorm ust discharge through the in—
temal feedback resistor 0 K2) giving a fairly long-tin e con—
stant. Forexam pl ifC ;5 = 0.01 pF, the Jarge signal negative
slew characteristic is a decaying exponentialw ith a tim e con—
stantof=200 ps.

Table |. Compensation Components vs. External Load

Resistor

R, Riac Ciac

>100 kQ 470 Q 0.01 pr
50 kQ 390 Q 0.01 pr
20 kQ 270 Q 0.047 pr
10 kQ 200 Q 0.047 pr
5kQ 100 Q 0.1uF
2 kQ 47 Q 022 puF

Driving Charge Redistribution A/D Converters

W hen driving CM O S AD C s, such as those em bedded in popu-
Jarm icrocontrollers, the charge ingction AQ ) can cause a sig-
nificant deflection n the AD 22050 output volage. T hough
generally of short duration, this deflection m ay persist until af~
ter the sam ple period of the AD C hasexpired. Tt isdue to the
relatively high open-loop output in pedance of the AD 22050.

T he effect can be significantly reduced by incliding the sam e
R-C network recom m ended for in proving stability (see F re-
quency C om pensation section). T he large capacitor in the lag
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netw ork helps to absorb the additional charge, effectively low er-
ng the high frequency output in pedance ofthe AD 22050.F or
these applications the output signal should be taken from the

m idpointofthe R, -C 12 com bhation as shown In Figure 15.

Since the perturbations from the analog-to-digital converter are
am all, the output ofthe AD 22050 w illappear to be a low im —
pedance. T he transient response w ill, therefore, have a tin e
constant govemed by the product of the two lag com ponents,
Ciag XRiag -Forthe values shown In Figure 15, this tin e con—
stant is program m ed at approxin ately 10 us. T herefore, if

sam ples are taken at several tens ofm icroseconds orm ore, there
w illbe negligible “stacking up” of the charge in fctions.

RLag <

% Ciac

-
o
=
o]
AA

\AAZ

Figure 14. Using an R-C Network for Compensation

O

+Vg

AD22050

—(5)—Wv—_T_7 IN

4 0.01pF HPROCESSOR
1 g A/D

10k %7

Figure 15. Recommended Circuit for Driving CMOS A/D
Converters

UNDERSTANDING THE AD22050

Figure 16 show s them ain elem entsofthe AD 22050. T he signal
nputsatPins1 and 8 are first applied to dual resistive attenua-
torsR1 through R4, whose purpose is to reduce the com m on-
m ode voltage at the Input to the pream plifier. T he attenuated
signal is then applied to a feedback am plifier based on the very
Jow driftop am p, A1.T he differential voltage across the inputs
is accurately am plified in the presence of com m on-m ode volt—
ages ofm any tin es the supply voltage. T he overallcom m on—

m ode regponse ism Inin ized by precise laser trin m ing ofR 3
and R4, giving the AD 22050 a com m on-m ode regction ratio
CM RR) ofat keast 80 dB (10,000:1).

T he com m on-m ode range ofA 1 extends from slightly below
ground t© 1 V below +V4 @tthem inin um tem perature of
—-40°C ). Since an attenuation ratio of about 6 isused, the input
comm on-m ode range is-1 V to +24 V ushga +5V supply.

Sm all filter capacitors C 1 and C 2 are included to m inim ize the
effects of spurious RF' signals at the Inputs, which m ight cause
dc errors due to the rectification effects at the nputto A1.At
high frequencies, even a an all in balance in these com ponents
would seriously degrade the CM RR, s0 a specialhigh frequency
trin is also carried out during m anufacture.

—7—



AD22050

A unigue m ethod of feedback around A 1, provided by R9 and
R 7, sets the closed-loop gain ofthe pream plifier to X10 (from
the inputpins). T he feedback network isbalanced by the inclu—
sion ofR6 and R8.The an allvalue of R7 results in am ore
practical value forR 9 (which would have to be 2 M Q ifthe
feedback were taken directly to the nputsofA1).R8 isnot
directly connected to ground, but to an optional voltage of one
halfthat isappliedto Pin 7 OFS). Ttistrinm ed to w thin
close tolerances through R10 and R11 . T his allow s the output
of Al to be offset to m idscale, typically +Vg 2, by tylng Pins 6
and 7 together. (Foran exam pk of the use of this feature, see
Figure 12.) The gain isadjisted by the singlke resistorR 5,
which actsonly on the differential signal. M ore in portantly, it
also results in m uch less feed orward of the com m on-m ode
signalto the outputofA 1, which, being a single-supply circuit,
hasno m eans of pulling this output down tow ard ground n

oft3%
wihih £0.5%

those circum stances w here the com m on-m ode Input is very

positive w hile the net differential signal is an all. (T he output of
A1l isthe collectorofa PN P transistor whose em itter is tied to
+Vs.) R16 is gpecifically included to alleviate thisproblem .

T he output of the pream plifier is connected toPin 3viaR 12, a

100 kQ resigtorthat istrinm ed to within£3% . T

ofR 12 allow sa bow -pass filter to be fom ed, w ith an accurate
tim e constant, by placing a capacitor from Pin 3 to ground. By
separating the connectionsat Pins 3 and 4, a two-pol Salken

he Inclusion

n errorby £3%

and K ey filter can be formm ed (see Low PassF iltering section)
and also providesa m eans for setting the overall gain to valies
other than X20 (see A tering the G ain section) .

T he outputbuffer has a gain ofx2, set by the feedback netw ork
around op amp A2, form ed by R15 and R13[R14. N ote that this
gain isnottrinm ed to a precise valie, butm ay have a tolkrance
fm ax).Only the overallgain of Al and A2 istrimm ed to
by R5.Asa consequence, the gain of A1 m ay be
fn ax) as the trin to R5 absorbs the nital error
n the gain of A2. In m ost applications P ins 3 and 4 are sim ply
tied together, but the output buffer can be used independently if
desired . T he offset voltage of A2 isnulled during m anufacture.
R17 is included to m inin ize the offset due to bias currents. Tt is
recom m ended, in applications where A2 isused independently
and the source resistance s Jess than 100 k€, that the necessary
extra resigtance should be inclided.

T he output of A2 isthe collectorofa PN P transistor w hose
e iter is tied to +V4. T he bias current out of the inverting in-
put ofthis am plifier generates an offset voltage of about +1 m vV
in R13|R14, which is passed directly to the output viaR15. T his
sets the Jow est output that can be reached when there isno lad
resistor. H ow ever, the output can drive a 1 kQ Joad to at keast
+45V when +Vg = +5V. Ifoperation tom uch owerm ini-
m um voltages is essential, a load resistor can be added

extemally.

+Vg Al A2

7\

J 3 &

R1 AD22050 riz L Ll Sho
>
e AL 15 . 3ok
IN+ (8 VAAZ AAA A t
R 1k A1 b —G) our
IN- (D—Wy Wy T
R2 > c2
R8 R3g R5 < R4 R17 < R15
02 oo 4kQP 7o S4ke  LP 4;?9 95kQ T  qoka
AAA AAA AAA AAA,
yvy vy vy vy
<RM <SRé SR7 <R16 Shi4
38k 1 ke o $ 20k p
GND
S R10 SR8
" 28k > 20kQ

7) OFs

Figure 16. Simplified Schematic of AD22050, Including Component Values

Plastic Mini-DIP Package

OUTLINE DIMENSIONS

D In ensions shown in inchesand (mm ).

Plastic SOIC Package

(N-8) (SO-8)
0.430 (10.92) 01968 (5.00),
o 348 ®3849 0.1890 (4.80)
B —x AAAf
8 5] 0.280 7.11) [} 3 5
? 0.240 (6.10) 0.1574 (4.00) 0.2440 (6.20)
K ks - 0.1497 (3.80) [T 4||0.2284 (5.80)
T v 9 0.325 (8.25) fﬂ H H H
0.300 (7.62)
P Sos g 822 PIN1 0.0688 (1.75) 0.0196 (0.50)
0.210 (5.33) : ) IM 0.0098 (0.25) 0.0532 (1.35) "I 0.0099 (0.25)
MAX 0.130 0115 (2.93) 0.0040 (0.10)
0.160 (4.06) _.l L ﬁlﬁo) ¥ L@
0.115 (299) —r\ ey e g
0(022 )0 R lnl ™ v 177N SEATING 2015 (0.881) SEATING. 0:0800 0.0192 (0.49) IR g e
( ) (.77) pLANE 0.008 (0.204) (1.27) .0138(0.35) 0.0098 (0.25) 0.0500 (1.27)
0.014 (0.356) (5 54) 0.045 (1.15) PLANE ‘gsc 0.0075 (0.19) 0.0160 (0.41)
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