ANALOG
DEVICES

15 MHz Rail-to-Rail
Operational Amplifiers

OP162/0P262/ OP462

FEATURES

Wide Bandwidth: 15 MHz

Low Offset Voltage: 325 pV max

Low Noise: 9.5 nV/vHz @ 1 kHz
Single-Supply Operation: +2.7 V to +12 V
Rail-to-Rail Output Swing

Low TCVgs: 1 pV/°C typ

High Slew Rate: 13 V/ps

No Phase Inversion

Unity Gain Stable

APPLICATIONS

Portable Instrumentation
Sampling ADC Amplifier
Wireless LANs

Direct Access Arrangement
Office Automation

GENERAL DESCRIPTION

The OP162 (shgk), 0P262 (dual), 0P462 (quad) raiHo—rail
15M H z am plifiers feature the extra speed new designs require,
w ith the benefits of precision and low pow er operation. W ith
their ncredibly low offset voltage 045 WV (typ) and low noise,
they are perfectly suited for precision filter app lications and
Instrum entation . T he low supply currentof 500 pA (typ) is
critical for portable or densely packed designs. In addition, the
raiHo-tail output sw ing provides greater dynam ic range and
control than standard video am plifiers provide.

T hese products operate from shgk suppliesas ow as+2.7V to
dualsuppliesoft 6 V. T he fast settling tin es and w ide output
aw Ings recom m end them orbufersto sam pling A D converters.
T he outputdrive of 30 m A (sink and source) isneeded for

m any audio and display app lications; m ore output current can
be supplied for lin ited durations.

The OP162 fam ily is gpecified over the extended industrial
tem perature range (-40°C to +125°C ). The single OP 162
and dualOP262 are available in 8-pin PD 1P, SO IC and

T 5SSO P packages. T he quad OP462 isavaikbl in 14-pin

PD IP, narrow -body SO IC and T SSOP packages. TheH grade
listed in the specification tab ks reflects the different offset vol—
age available in the TSSOP.
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OP162/0P262/ OP462—SPECI FICATIONS
E—ECTH CN. G'IMIEH STI CS (@ Vs= +5.0 V, Vey= 0V, To= +25°C, unless otherwise noted)

Parameter Symbol Conditions Min Typ M ax Units
INPUT CHARACTERISTICS
O ffset Voltage Vos OP162G ,0P262G ,0P462G 45 325 Y
—40°C €T, <+125°C 800 Y
O ffset Voltage Vos H Grade, -40°C < T, £+125°C 1 mv
TnputBiasC urrent Is 360 600 nA
—40°C < T, £+125°C 650 nA
Tnput O ffset C urrent bs 25 +25 nA
—40°C < T, <+125°C 40 nA
Input Voltage R ange Vewu 0 +4 v
C omm on-M ode Regction CM RR 0V <V £+40V,
—40°C < T,<+125°C 70 110 dB
Large SignalVoltage G ain Ayo R, =2kQ,05<V,;, <45V 30 Vv
Ry =10kQ, 058 Vo €45V 65 88 Vv
Ry =10 kQ, -40°C €T, <+125°C 40 Vv
Long-Tem O ffset Volage Vos G G rade! 600 Y
O fiset Volage D rift AV, s /AT N ote 2 1 w Ac
Bias C urrent D rift AL AT 250 pA fC
OUTPUT CHARACTERISTICS
O utputVolage Swing H igh Vog I, = 250 A, -40°C €T, £ +125°C 4.95 4.99 Vv
L =5mA 4 .85 4.94 v
O utputV olage Sw ing Low Vor I, = 250 A, -40°C £ T, £ +125°C 14 50 mv
L=5mA 65 150 mV
Short C ircuit C urrent Tsc Short to G round +80 mA
M axin um O utputC urrent Tour +30 mA
POW ER SUPPLY
Power Supply Regction Ratio PSRR Vg=1+27V to+7V 120 dB
—40°C < T, <£+125°C 90 dB
Supply C urrentAm plifier Ley OP162,Vgyr =25V 600 750 A
—40°C €T, <+125°C 1 mA
OP262,0P462,Vyoye =25V 500 700 A
—40°C €T, <+125°C 850 A
DYNAM IC PERFORM ANCE
Skw Rate SR 1V <Vayr<4V,Ry,=10kQ 10 V pls
Settling T in e s To01% ,Ay=-1,Vy =2V Step 540 ns
G ain Bandw idth P roduct GBP 15 MHz
Phase M argin On 61 D egrees
NO ISE PERFORM ANCE
Volage N oise e, PP 01lHz©10Hz 05 W pp
Voltage N oise D ensity e f=1%kHz 95 nv AHz
CurrentN oise D ensity Iy f=1%kHz 0.4 pA/\/m
NOTES
Longem offset voltage is quaranteed by a 1000 hour life test perform ed on three independent btsat+125°C , with an LT PD of1.3.
-0 fiet voltage drift is the average ofthe —40°C o +25°C delta and the +25°C to +125°C delta.
Specifications refer to both G and H gradesunless otherw ise noted.
Specifications subgct to change w thout notice.
—2- REV.B



OP162/0P262/0P462

E.ECTH CN. G'IMIEH STI CS (@ Vs= +3.0V, Voy= 0V, To= +25°C, unless otherwise noted)

Parameter Symbol Conditions Min Typ M ax Units
INPUT CHARACTERISTICS
O ffset Voltage Vos OP162G ,0P262G ,0P462G 50 325 Y
O ffset Volage Vasg H Grade, -40°C < T, £+125°C 1 mv
TnputBiasC urrent IS 360 600 nA
Tnput O ffeet C urrent s 25 25 nA
Input Volage Range Vewu 0 +2 v
C omm on-M ode Regction CM RR OV <ESVey £+20V,
-40°C €T, < +125°C 70 110 dB
Large SignalVolage G ain Avyo R;=2kQ,05VEVyayr£25V 20 Vv
R, =10kQ,05V<Voyp 25V 20 30 Vv
Long-Tem O ffset Volage Vas G G rade! 600 Y
OUTPUT CHARACTERISTICS
O utputVolage Swing H igh Vou L =250 uAa 2.95 2.99 v
L =5mA 2.85 2.93 Y
O utputVolage Swing Low Vor L =250 uAa 14 50 mV
L=5mA 66 150 mv
POW ER SUPPLY
Power Supply Regction R atio PSRR Vg=+2.7V to+7V,
—40°C < T, <+125°C 60 110 dB
Supply C urrent/Am plifier Loy OP162,Vayr =15V 600 700 HA
-40°C €T, <+125°C 1 mA
OP262,0P462,Voyr =15V 500 650 A
—40°C €T, £ +125°C 850 1A
DYNAM IC PERFORM ANCE
Skw Rate SR Ry = 10 k€ 10 V fLs
Settling T im e s To01% ,Ay=-1,Vy =2V Step 575 ns
G ain Bandw idth P roduct GBP 15 MHz
Phase M argin oy 59 D egrees
NO ISE PERFORM ANCE
Volage N oise e PP 01lHzto10HzZ 05 W pp
Voltage N oise D ensity e, f=1kiz 95 nV/\/&
C urrent N oise D ensity i f=1kiz 04 pA/\/HZ
NOTES

lLong—tem offset voltage is quaranteed by a 1000 hour life test perfom ed on three independent Iotsat+125°C , with an LTPD of1.3.

Specifications referto both G and H gradesunless otherw ise noted.
Specifications subgct to change w tthout notice.
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OP162/0P262/0P462-SPECIFICATIONS
B ECTRICAL CHARACTERISTICS (@ Vs= 5.0V, Vgy= 0V, Ty= +25°C, unless otherwiise noted)

Parameter Symbol Conditions Min Typ Max Units
INPUT CHARACTERISTICS
0 ffset Volage Vos OP162G,0P262G ,0P462G 25 325 T
—40°C < T, £+125°C 800 v
O ffset Voltage Vos H Grade, -40°C < T, £+125°C 1 mv
TnputBiasCurrent I 260 500 nA
-40°C €T, <+125°C 650 nA
Tnput O ffeet C urrent Tos 25 125 nA
-40°C < T, <+125°C +40 nA
Input Volage Range Vewu -5 +4 v
C ommon-M ode Regction CM RR 49V <V £+H40V,
—40°C < T,<+125°C 70 110 dB
Large SignalVolage G ain Avyo R, =2kQ,-45V<Vsyp <45V 35 Vv
R;=10kQ,-45V<Voyp <45V [ 75 120 Vv
-40°C < T, £+125°C 25 Vv
Long-Tem O ffsetVolage Vos G G rade’ 600 v
O ffset Volage D rift Av, s AT Note 2 1 W FC
Bias C urrentD rift ATz AT 250 pA fC
OUTPUT CHARACTERISTICS
O utputVolage Swing H igh Vou I, = 250 pA, -40°C < T, <+125°C | 495 4.99 Vv
I, =5mA 4 85 4.94 v
O utputVolage Swing Low Vor I, = 250 pA, -40°C < T, <+125°C -499  -495 Vv
I, =5mA -4.94 -4 85 v
Short € ircuit C urrent Tc Short to G round +80 mA
M axin um O utputC urrent Lur +30 mA
POW ER SUPPLY
Pow er Supply Rection Ratio PSRR Vg=1135V tot6V,
-40°C €T, <+125°C 60 110 dB
Supply C urrent/Am plifier Tsy OP162,Vaoyp =0V 650 800 HA
-40°C < T, <+125°C 1.15 mA
OP262,0P462,Voyq = 0V 550 775 A
—40°C < T, <£+125°C 1 mA
Supply Volage Range Vg +3.0 &1.5) +12 &6)| Vv
DYNAM IC PERFORM ANCE
Slw Rate SR 4V < Voyr <AV,Ry = 10KkQ 13 V fis
Settling T im e s To0l1% ,Ay=-1,Vy =2V Step 475 ns
G ain Bandw idth P roduct GBP 15 MHz
Phase M argin oy 64 D egrees
NO ISE PERFORM ANCE
Volage N oise e PP 01lHzto10HzZ 05 W pp
Voltage N oise D ensity e, f=1kHz 95 nV/\/&
C urrent N oise D ensity i f=1kHz 04 pA/\/HZ
NOTES

lLong—tem offset voltage is quaranteed by a 1000 hour life test perfom ed on three independent Iotsat+125°C , with an LTPD of1.3.
20 ffset volage drift is the average ofthe —40°C to +25°C delta and the +25°C to +125°C dela.

Specifications refer to both G and H gradesunless otherw ise noted.
Specifications subgct to change w thout notice.
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OP162/0P262/0P462

ABSOLUTE MAXIMUM RATINGS ORDERING GUIDE

SUPP VOoltage .. oo t6V

MputVoltage® .. ... ... ..o t6V Temperature Package Package

D ifferential mputVolage® . ....... ... t06V M odel Range Description Option

Intemal Power D isspation , OP162GP |-40°C to +125°C | 8PinPlsdcD P | N -8
PhsticDIP ) .......c.o ... Obse]:veDeraU.ngCu]:ves 0P162G S ~40°C to +125°C 8P SO IC 30 -8
SOIC (S) v v i Obse]:veDeraU.ngCu]:ves O0P162HRU |-40°C to +125°C 8P TSSO P RU -8
TSSOP (RU)...: ...... REEEEEE Obse]:veDeraU.ngCu]:ves OP262G P ~40°C to +125°C 8PN PhsticD P | N -8

O utput Short=C ircuitD uration .... Observe D erating C urves 0P262GS |-40°C to +125°C | 8pin SO I© S0 -8

storage T em perature Range . . OP262HRU [-40°C t© +125°C | 8Pin TSSOP RU -8
P,S,.RU Package ............ .. .. ... -65°C o +150°C 0P462G P _40°C to +125°C 14pin PlasticD T | N 14

Operating T em perature Range . . OP462GS |-40°C to +125°C | 14-Pin SO IC S0 -14
OP.162,0P262,0P462G,H ........... -40°C to +125°C 0P462HRU | -40°C o +125°c | 141 TSSOP RU 14

danction T an perature Range
P,S,RUPackage .........covvueuunnn. -65°C to +150°C

Lead T an perature Range (Soldering, 10 sec) ....... +300°C

Package Type 03 0c Units

8PinPhsticD IP P) 103 43 °cCM

8-Pin SOIC (S) 158 43 °cCM

8Pin TSSOP (RU) 240 43 °cCM

14-Pin PlasticD TP (P) 83 36 °cCM

14-Pin SOIC (8) 120 36 °cCM

14Pin TSSOP RU) 180 35 °cCM

NOTES

'Forsupply voltages greaterthan 6 volts, the inputvolage is Jin ted to lessthan or
equalto the supply volage.

“For differential input voltages greater than 0.6 volts the input current should be
Jin ied to lessthan 5m A to preventdegradation ordestruction ofthe nputdevices.

0 3 isspecified orthew orstcase conditions, ie., 05 isspecified Hordevice in socket
forP-D IP package;0 5 isspecified fordevice soldered in circu thoard ©rS0 IC and
T SSO P packages.

CAUTION
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. WARNI NGI @
Although the OP162/0P262 0 P462 features proprietary ESD protection circuitry, perm anent “

dam agem ay occuron devices sub ected to high energy electrostatic discharges. T herefore, p roper
ESD precautions are recom m ended to avoid perfom ance degradation or loss of functionality .

ESD SENSITIVE DEVICE
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OP162/0P262/ OP462-Typical Characteristics

250 | 100 | |
Vg=+5V Vg=+5V
200 Ta=+25°C 80 Ta=425°C
0 COUNT = 0 COUNT =
g 720 OP AMPS 2 360 OP AMPS
i 3
g 150 g 60
< <
1 1
E E
£ 100 E 40
Z Z
< <
2 2
o o
50 20
0 | B3 0 == o
-200 140 -80 -20 40 100 160 02 03 05 07 09 11 13 15

INPUT OFFSET VOLTAGE — puv INPUT OFFSET DRIFT, TCVqg — pV/°C

Figure 1. OP462 Input Offset Voltage

Distribution Drift (TCVs)
125 0
. Vg = +5V Vg =45V
T 100 < 100
) l il
< \
= z
a7 N & 200
> AN z
5 [3)
£ 50 2 -300
5 5 |17
% 25 Z 400
0 -500
—75 50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150

TEMPERATURE - °C TEMPERATURE - °C
Figure 4. OP462 Input Offset Voltage

vs. Temperature vs. Temperature
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OP162/0P262/0P462
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OP162/0P262/ OP462-Typical Characteristics
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OP162/0P262/0P462

APPLICATIONS SECTION

Functional Description

The OPx62 fam ily is fabricated using Analog D evices’ high
gpeed com plem entary bipolar process, also called XFCB . The
process nclides trench isolating each transistor to low er para—
sitic capacitances thereby allow ing high gpeed perform ance.

T hishigh speed process hasbeen in plem ented w ithout trading
off the excellent transistorm atching and overall dc perform ance
characteristic of Analog D evices’ com plem entary bipolar pro-
cess. Thism akes the O Px62 fam ily an excellent choice as an
extram ely fast and accurate low voltage op am p.

Figure 27 show sa sin plified equivalent schem atic forthe OP162.
A PN P differential pair is used at the mputofthe device. T he
cross connecting of the em itters is used to low er the transcon-—
ductance of the Input stage, which in proves the slkew rate of the
device. Lowerhg the transconductance through cross connect—-
Ing the em iters has another advantage in that it provides a

Jow er noise factor than ifem itter degeneration resistors were
used. T he input stage can function w ith the base voltages taken
all the w ay to the negative pow er supply, orup to within 1V of
the positive pow er supply.

Vee 0—8 o e . o o °

Q ®

o/

1l
+IN p "
[ v‘v‘v
aN o %I: J;_l O Vour
% — —
- (
¢
® ®
$ 3
> >
VEEO > » . . *

Figure 27. Simplified Schem atic

Two com plan entary transistors in a com m on-em itter con figura—
tion are used for the output stage. T his allow s the outputofthe
device to sw ing to w thin 50 m V ofeither supply rail at load
currents kessthan 1m A . As ad current increases, the m axi-

m um volage sw ng of the outputw illdecrease. T his isdue to
the collectorto-em iter saturation voltages of the output transis—
tors Increasing. T he gain of the output stage, and consequently
the open-loop gain of the am plifier, is dependent on the load
resistance connected at the output. And because the dom inant
polk frequency is inversely proportional to the open-lbop gain,
the unity-gain bandw idth ofthe device is not affected by the
Joad resistance. T his istypically the case n miko-—1ailoutput
devices.

Offset Adjustment

Because the OP1620P2620 P462 has such an exceptionally
bow typical offset voltage, ad jistm ent to correct offset volage

m ay not be needed . H owever, the 0P 162 does have pinouts

w here a nulling resistor can be attached. F igure 28 show s how
the OP162 offset voltage can be ad jisted by connecting a poten—
tiom eter betw een Pins 1 and 8, and connecting the w iper to

REV. B

Ve . Ttis i portant to avoid accidentally connecting the w fper
© Vg, as thisw illdam age the device. T he recom m ended valie
for the potentiom eter is 20 k€.

+5V

p—Vos

-5V

Figure 28. Schematic Showing Offset Adjustment

Rail-to- Rail Output

TheOP1620P2620P462 has aw ide output voltage range that
extends to within 60 m V ofeach supply railw ith a load current
of 5bm A . D ecreasing the load current w ill extend the output
volage range even closer to the supply rails. T he com m on-—

m ode Input range extends from ground to w ithin 1 V ofthe
positive supply. Tt is recom m ended that there be som em inin al
am ountofgain when a rmito-rail output sw ng isdesired. T he
m inin um gain required isbased on the supply voltage and can
be found as:

Vs
Ve 1

AV,m in —

where Vs is the positive supply voltage. W ith a shgle supply
volage of +5 V, them Inim um gain to achieve railHto—rail output
should be 1 .25.

Output Short-Circuit Protection

T o achieve aw ide bandw idth and high skw rate, the output of
the OP162,0P2620P462 isnot shortcircuit protected . Short-
ng the output directly to ground or to a supply railm ay destroy
the device. The typialm axin um safe output current ist30mA .
Steps should be taken t ensure the output of the device w illnot
be forced to source or sinkm ore than 30 m A .

Tn applications w here som e output current protection isneeded,
but not at the expense of reduced output voltage headroom , a
Iow value resistor in seriesw ith the output can be used. This is
shown in Figure 29. T he resistor is connected w ithin the feed-
back loop ofthe am plifier so that if V,y ¢ is shorted to ground
and Vqy swingsup to +5V, the output current w ill not exceed
30mA.

Forsingk +5V supply applications, resistors kess than 169 Q
are not recom m ended .

v,
IN 1690
p— Vour

Figure 29. Output Short-Circuit Protection
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Input Overvoltage Protection

T he Input volage should be lin ited to £ 6 V ordam age to the
device can occur. E lectrostatic protection diodesplaced In the
nput stage of the device help protect the am plifier from static
discharge. D iodes are connected betw een each inputaswellas
from each input to both supply pins as shown in the sin plified
equivalent circuit in Figure 27. Ifan nputvoltage exceeds
either supply voltage by m ore than 0.6 V, or if the differential
nputvoltage is greater than 0.6 V, these diodes begin to ener-
gize and overvoltage dam age could occur. T he mput current
should be Iim ied to lessthan 5m A to prevent degradation or
destruction ofthe device.

T his can be done by placing an extermnal resistor in series w ith
the input that could be overdriven . T he size of the resistor can
be calculated by dividing the m axin um inputvoltage by Sm A .
Forexam plk, ifthe differential input voltage could reach 5V,
the external resistor should be 5V A mA = 1 kQ. In practice,
this resistance should be placed in seriesw ith both inputs to
balance any offset voltages created by the inputbias current.

Output Phase Reversal

TheOP1620P2620P462 isinm une to phase reversal as long
as the Input voltage is lim ited to £ 6 V . F igure 24 show s a photo
of the output ofthe device w ith the input voltage driven beyond
the supply voltages. A lthough the device’s output w ill not
change phase, large currents due to input overvolage could
reault, dam aging the device. Tn app lications w here the possibility
ofan Input voltage exceeding the supply voltage exists, over—
voltage protection should be used, as described in the previous
section .

Power Dissipation

Them axin um pow er that can be safely dissipated by the
OP1620P2620P462 is Iin ited by the associated rise n jainc-
tion tam perature. T hem axin um safe jinction tem perature is
150°C , and should not be exceeded or device perform ance
could suffer. Ifthism axim um ism om entarily exceeded, proper
circu it operation w illbe restored as soon as the die tem perature
is reduced . Leaving the device In an “overheated” conditon for
an extended period can reault in pem anent dam age to the device.

T o calculate the ntemal Jinction tem perature ofthe O Px62,
the ©llow ing orm ula can be used:

Ty= Poissx 0+ Ta
where: T;= 0Px62 jinction tem perature;
Ppiss = 0 Px62 pow er dissipation;

044 = OPx62 package them al resistance, jinction—+o-
am bient; and
T4 = Am bient tem perature of the circuit.
T he pow er dissipated by the device can be calculated as:
Ppiss = lroap % Vs = Vour)
where: [ pap is the O Px62 output load current;
Vs is the 0 Px62 supply volage; and

Vour is the 0 Px62 output volage.

10—

Figures 30 and 31 provide a convenientw ay to see if the device
isbeing overheated . The m axin um safe pow er dissipation can
be found graphically, based on the package type and the am bi-
ent tem perature around the package. By using the previous
equation, it isa sin ple m atter to see if Py g5 exceeds the device’s
pow er derating curve. T 0 ensure proper operation, it is im por-
tant to observe the recom m ended derating curves shown in
Figures 30 and 31.

2.0

8-PIN DIP
PACKAGE

A

1.0 8-PIN SOIC
PACKAGE ~N

0.5 8-PIN TSSOP ]

PACKAGE

MAXIMUM POWER DISSIPATION — Watts

/
i/

-40 -20 0 20 40 60 80 100 120
AMBIENT TEMPERATURE - °C

Figure 30. Maximum Power Dissipation vs. Temperature
for 8-Pin Package Types

2.0
14-PIN DIP
PACKAGE
1.5 i i \
14-PIN SOIC
PACKAGE

14PINTSSOP | \

05— PACKAGE ~J

1.0 ~
N N
N
AR
\§

-40 -20 0 20 40 60 80 100 120
AMBIENT TEMPERATURE - °C

MAXIMUM POWER DISSIPATION — Watts

/74

Figure 31. Maximum Power Dissipation vs. Temperature
for 14-Pin Package Types

Unused Amplifiers

Tt is recom m ended that any unused am plifiers in a dualora
quad package be configured asa unity gain llowerw ith a 1 kQ
feedback resistor connected from the inverting inputto the
output and the nonnverting input tied to the ground plne.

Power On Settling Time

T he tin e i takes forthe output ofan op am p to settke aftera
supply voltage is delivered can be an in portant consideration in
om e pow er-up sensitive app lications. An exam pl of this
wouldbe iIn an A O converter where the tin e until valid data
can be produced after pow er-up is in portant.

The OPx62 fam ily has a rapid settling tim e after pow erup .
Figure 32 show s the O P462 output settling tin es ora single
supply voltage of Vg = +5V . T he test circuit in F igure 33 was
used to find the pow eron settling tin es for the device.

REV. B
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Figure 33. Test Circuit for Power On Settling Time

Capacitive Load Drive

TheOP1620P2620P462 isahigh gpeed, extram ely accurate
device and can tolerate som e capacitive lbadng at its output.

A s Joad capacitance increases, how ever, the unity-gain band-

w idth of the device w illdecrease. T here w illalso be an increase
n overshoot and settling tin e for the output. F igure 35 shows
an exam plk of thisw ith the device configured for unity gain and
driving a 10 k€ resistor and 300 pF capacitor placed in paralkel.

By connecting a seriesR -C netw ork, com m only called a “snub—
ber” netw ork, from the outputofthe device to ground, this
ringing can be elin inated and overshoot can be sign ificantly
reduced. F gure 34 showshow to setup the snubber netw ork,
and F igure 36 show s the in provem ent In output response w ith
the netw ork added .

Vour

VINO

1E Ry CL
v % v
Figure 34. Snubber Network Compensation for Capacitive
Loads

Figure 35. A Photo of a Ringing Square Wave
REV.B
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WITH SNUBBER:
Ry = 1400

Cx = 10nF

Figure 36. A Photo of a Nice Square Wave at the Output

T he netw ork operates In paralkelw ith the load capacitor, C,
and provides com pensation for the added phase lag. T he actual
valies of the netw ork resistor and capacior are determ ined

am pirically to m Inin ize overshoot while m axin izing unity-gain
bandw idth. T able I show sa few sam ple snubber netw orks for
large load capacitors:

Table |. Snubber Networks for Large Capacitive Loads

Croap Rx Cx

<300 pF 140 Q 10 nF
500 pF 100 Q 10 nF
1nF 80 Q 10 nF
10 nF 10 Q 4’ nF

O bviously, higher load capacitance w illalso reduce the unity-
gain bandw idth ofthe device. Figure 37 showsapltofunity-
gain bandw idth versus capacitive load. T he snubber netw ork
w illnot provide any increase in bandw idth, but it w ill substan—
tially reduce ringing and overshoot, as shown in the difference
betw een F igures 35 and 36.

10

\
\
: A
z . \

2 \
~

10pF 100pF 1nF 10nF
Croap

Figure 37. Unity Gain Bandwidth vs. Cioap

Total Harmonic Distortion and Crosstalk

T he O Px62 device fam ily offers low total ham onic distortion .
T hism akes it an excellent device choice for audio applications.
Figure 38 showsa graph of THD plisnoise figuresat 0 .001%
forthe OP462.

Figure 39 show s a graph of the w orst case crosstalk betw een two
am plifiers in the O P462 device. A 1V m s signal is applied to
one am plifier whilke m easuring the output of an ad fcent am pli-
flier. Both am plifiers are configured foruniy gain and supplied
witht25Vv.
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- vg=+25v

- Ay =41

[ ViN=1.0Vrms
Ry = 10kQ

| BANDWIDTH:
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Figure 38. THD+N vs. Frequency Graph
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Figure 39. Crosstalk vs. Frequency Graph

PCB Layout Considerations

Because the OP1620P2620P462 can provide gain athigh
frequency, careful attention to board layout and com ponent
selection is recom m ended. A sw ih any high speed application,
a good ground plane is essential to achieve the optim um perfor-
m ance. T his can significantly reduce the undesirabk effects of
ground bops and IXR bsesby providing a low in pedance refer-
ence pont. Best results are obtained w ith a m ultdkyer board
design w ith one layer assigned to ground plne.

Chip capacitors should be used for supply bypassing, w ith one
end of the capacitor connected to the ground plane and the
other end connected w ithin 1/8 inch ofeach powerpin. An
additional Jarge tantalum electrolytic capacitor (4.7 pF-10 UF)
should be connected in parallel. T his capacitor does not need to
be placed as close to the supply pins, as it is to provide current
for fast large—signal changes at the device’s output.

APPLICATION CIRCUITS

Single Supply Stereo Headphone Driver

Figure 40 show s a stereo headphone output am plifier that can
be run from a single +5V supply. T he reference voltage is
derived by dividing the supply voltage down w ith two 100 k&
resistors. A 10 PF capacitor prevents pow er supply noise from
contam inating the audio signaland establishes an ac ground for
the volum e control potentiom eters.

T he audio signal is ac coupled to each noninverting input
through a 10 UF capacitor. T he gain of the am plifier is con-
trolked by the feedback resistorsand is: R2/R 1) + 1. Forthis
exam ple, the gain is 6. By rem oving R 1 altogether, the am plifier
would have uniy gain. A 169 Q resistor isplaced at the output
in the feedback netw ork to short—circuit protect the output of
the device. T hiswould prevent any dam age to the device from
occurring if the headphone output becam e shorted. A 270 UF
capacior isused at the output to couple the am plifier to the
headphone. T his value ism uch larger than that used for the
nputbecause of the low in pedance of headphones, which can
range from 32 Q to 600 Q orm ore.

R1 =10kQ

R2 = 50kQ

LEFTIN — }—
10uF | L VOLUME 1690 | 270WF
HEADPHONE
CONTROL 3
OP262-A LEET
10kQ 3 47kQ
+5V 9
100kQ2 ! 100kQ2
V‘V‘V l ‘V‘V‘V ¢
10pF
% +5V
L
10kQ.2- 7 270pF
1 4 HEADPHONE
R VOLUME RIGHT
CONTROL 47kQ
RIGHT IN —| |—
10pF
R2 = 50kQ

Figure 40. Headphone Output Amplifier

Instrumentation Amplifier

Because of tshigh speed, low offset voltages and low noise
characteristics, the OP1620P 2620 P 462 can be used In aw ide
variety of high speed applications, ncliding a precision hstru-
m entation am plifier. F igure 41 show san exam ple of such an
app lication .

Vi
2%
AAA
Yy
2%
- AAA -
yYyy yyy
OP462D >—9 Sq, S0k OP462-C >—8— OUTPUT
p: 1kQ
+ WA MA——+
2%
1.9kQ
<>
10kQ<
OP462-B 2000
10 TURN
+Vin + (OPTIONAL)

Figure 41. A High Speed Instrumentation Amplifier
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T he differential gain of the circuit is determ ined by Rg , where:

ApiFF =1+ Ri(;
w ith the Rg resistorvalue in kQ . Ream oving R will set the cir-
cuitgain to unty.
T he fourth op am p, 0 P462-D , isoptionaland isused to in -
prove CM RR by reducing any input capaciance to the am pli-
flier. By shielding the nput signal leads and driving the shield
w ith the com m on-m ode voltage, input capacitance is elim hated
at com m on-m ode volages. T his vo fage is derived from the
m idpoint of the outputs 0cfOP462-A and OP462-B by using two
10 kQ resistors ollowed by O P462-D asa unity gain buffer.

Ttis im portantto use 1% orbetter tolerance com ponents for the
2 kKQ resistors, as the com m on-m ode regction is dependent on
their ratios being exact. A potentiom eter should also be con-
nected In seriesw ith the O P462-C noninverting nput resistor to
ground to optim ize com m on-m ode regction .

T he circuit n F igure 41 was in plam ented to test its settling
tin e. The Instrum entation am p waspowered with £5V, so the
nput step voltage went from -5V to +4V to keep the OP 462
with is nputrange. T herefore, the 0.05% settling range is
when the outputiswihin 4.5mV . Figure 42 show s the positive
slope settling tin e to be 1 .8 us, and F gure 43 show s a settling
tin e 0£ 3.9 s for the negative slope.

Figure 43. Negative Slope Settling Time

REV. B

Direct Access Arrangement

Figure 44 show s a schem atic fora +5V single supply tranan it/
receive telephone line interface for 600 £ tranan ission system s.
Tt allow s fullduplex tranam ission of signalson a transform er
coupled 600 Q line. Am plifier A1 provides gain that can be
adjisted to m eet the m odem output drive requirem ents. Both
Al and A2 are configured so asto apply the largest possible
differential signal to the transform er. T he largest signal avaikble
on a single +5V supply isapproxin ately 4.0V pp Into a 600 Q
tranan ission system . Am plifier A3 is configured as a difference
am plifier to extract the receive inform ation from the tranan is—
sion line for am plification by A4. A3 also prevents the tranam it
signal from nterfering w ith the receive signal. T he gain ofA 4
can be adfisted in the sam em annerasA 1’sto m eet them odem s
nput signal requirem ents. Standard resistor values pem it the
use of STIP (Single In-lne Package) form at resistor arrays. C ouple
thisw ith the OP 462 14-pin SO IC or T SSO P package and this
circuit can offer a com pact solution .

P1
TX GAIN

ADJUST R2
9.09kQ
[ ci
R1 TRANSMIT
TO TELEPHONE 0.1uF
LINE R3 %k 5 | 1oke O1H TXA
360Q 1 - —
11 AAA Al
Yy 3
R5 +
o 6.2V 100
600Q 6.2V Yvy
An +5V DC
- yYvy
T R6 6
MIDCOM 10kQ 7 - R7
671-8005 A2 | 10kQ
L R
% T0UF 2 ok
R9 R10
10kQ 10kQ P2
Wy Wy RX GAIN
2 R18  R14  ADJUST RECEIVE
R11 - 1] |10k 14 RXA
A3 AAA @A AA
10kQ 3 vy vy
AA s
yYyy I P
R12g
<
10kQ <
A1, A2 = 1/2 AD8532

A3, A4 =1/2 AD8532

Figure 44. A Single-Supply Direct Access Arrangement for
Modems
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Spice Macro-M odel
*OP1620P262LP462 SPICE M acron odel
*7P6,Ver. 1

* T roy M urphy /AD SC

*

* C opyright 1996 by Analg D evices

*

El
R6
R7

Ch
*

23
23
24
23

98  (21,98) 2

24 53E+3
98 53E+3
24 1E-2

*SECOND GAIN STAGE

*

*Referto "\READM E D O C” file ©rLicense Statem ent. U se ofthism odel G3

* Indicates your acceptance ofthe temn sand provisions in the License
* Staten ent
*

*N ode A ssignm ents

* nonihverthg nput

* | nverting hput

* | | positive supply

* | | | negative supply
* | | | | cutput
* \ \ \ \ \
* \ \ \ \ \
SUBCKT 0P162 1 2 99 50 45
*

*INPUT STAGE

*

Q1 5 7 3 PIX 5

Q2 6 2 4 PIX 5

Tos 1 2 12589

il 99 15 8bE-6

EOS 7 1 POLY (1) (14,20) 45E-61

RC1 5 50 3.035E+3

RC2 6 50 3.035E+3

RE1 3 15 607

RE2 4 15 607

c1 5 6 600E-15

D1 3 8 DX

D2 4 9 DX

vi 9% 8 DC 1

v2 9% 9 DC 1

*

*1s:CATN STAGE

*

EREF 98 0 (0,0) 1
G198 10 (5,6) 105
R1 10 98 1

c2 10 98 33E-9

*

*COMMONMODE STAGE W ITH ZERO AT 4kH z

*

ECM 13 98 POLY (2) 1,98) (2,98 0 05 05
R2 13 14 1E+6

R3 14 98 70

Cc3 13 14 80E-12

*

*POLEAT 15M Hz, ZERC AT 3MHz
*

G2 21 98 (10,98) 588E-6

R4 21 98 1.E6

R5 21 22 1.E6

C4 22 98 3121E-1S

*

*POLE AT eM Hz, ZERO AT 3MHz
*

R8
D3

D4
*

25
25
25
50

98  (24,98) 40E-6
98 1.65E+6

99 DX

25 DX

*OUTPUT STAGE

*

GSYy 99
R9 99
R10 20
Q3 45
o4 45
EB1 929
EB2 42
RB1 40
RB2 42
CF 45
D5 46
D6 47
V3 46
v4 47
M ODEL
M ODEL
M ODEL
M ODEL
ENDS

14—

50 POLY (1) (99,50) 2775E-6 7.5E-6
20 100E3

50 100E3

41 99 POUT 4

43 50 NoOUT 2

40 POLY (1) (98,25) 0.70366 1

50 POLY (1) (25,98) 0.73419 1

41 500

43 500
25 11E-2
99 DX
43 DX
41 07
50 07

PIX PNP B£117.7)

POUT PNP (BF=119, IS=2.782E-17, VAF=28, KF=3E-7)
NOUT NPN (BF=110, IS=1.78¢6E-17, VAF=90, KF=3E-7)

DX D
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OUTLINE DIMENSIONS

D in ensions shown in inchesand (mm ).

8-Lead Plastic DIP

(N-8)
0.430 (10.92)
o 348 ®88)
B 5
0.280 (7.11)
0.240 (6.10)
ol A 4 0.325 (8.25)
ThNY 0.300 (7.62)
Noin 1 0.060 (1.52) 0.300 (7.62)
0.015 (0.38
0.210 (5.33) (038) — 10.195 (4.95)
MAX 0.130 0.115 (2.93)
0.160 (4.06) _.I (3.30)
— NI MIN
0115 299) g funf SEATING 0.015 (0.381)
0.022 (0.558) 0.100 0.070(1.77)  SEATIN 008 (0.208)

(2.54)
0.012(0.356) 259 0.045(1.15)

8-Lead SOIC
(SO-8)

0.1968 (5.00)
0.1890 (4.80)

ililinil

8 5

)
0.1574 (4.00) 0.2440 (6.20)
0.1497 (3.80) [T 4|[0.228a (5.80)

PIN1 0.0688 (1.75)
0.0098 (0.25) 0.0532 (1.35)
0.0040 (0.10)
L B L8
>l el 8 e

0.0500 0. . g
SEATING (1_27) %ﬁgg 0.0008(0.25) 0 0.0500 (1.27)
PLANE ‘ggc ™ =¥ 0.0075 (0.19) 0.0160 (0.41)

0.0196 (0.50)
0.0099 (0.25)

8-Lead TSSOP
(RU-8)

0.122 (3.10)
0.114 (2.90)

Elin

—»I
s

0.177 (4.50)
0.169 (4.30)
0.256 (6.50)
0.246 (6.25)

3

=z

-
i
o
—]
—]
o~

0.0256 (0.65)
0.006 (0.15)  BSC

0.002 (0.05) 0.0433
(1.10)
L Pt G 4
0.0118 (0.30) o oo;ta_(o 2 —a

0.0035 (0.090)

0.028(070) 1

SEATING 0.020 (0.50)

PLANE 0-0075 (0.19)
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14-Lead Plastic DIP
(N-14)

0.795 (20.19)
0725 (1842)

¥
81| 0.280 7.11)

0.240 (6.10)

ol 7 0.325 (8.25)
v\v T T v 0.300 (7.62) 0.195 (4.95)
PIN1 0.060 (1.52) |__.| 0.115 (2.93)
0.210 (5.33) 0.015 (0.38) j
LS A === == 0.130
0.160 (4.06) _.| I:\I (3.30)
0115 (2.9 MIN
0.115 (2.93) " 1o > e 0.015 (0.381)

0.022 (0.558)
0.014 (0.356)

0.100 0.070 (1.77) SEATING

0.008 (0.204)
(2.54) 0.045(1.15) PLANE
BSC

14-Lead Narrow Body SOIC

(SO-14)
0.3444 (8.75)
0.3367 (8.55)
i O O O
‘ 14 8
0.1574 (4.00) 0.2440 (6.20)
01497 (3.80) [T1 7{| 0.2284 (5.80)
R HHEHE
PIN 1 0.0688 (1.75) 0.0196 (0.50)

x 45°

0.0098 (0.25) 0.0532 (1.35)

0.0099 (0.25)
0.0040 (0.10)

->|
Lre=h

0.0099 (0.25) °* 0.0500 (1.27)
0.0075(0.19)  0.0160 (0.41)

> e >l
0.0500  0.0192(0.49)

SEATING _—
PLANE %‘27) 0.0138 (0.35)

14-Lead TSSOP
(RU-14)

0.201 (5.10)
0.193 (4.90)

AAAAAAR

14

—

——I

0.177 (4.50)
0.169 (4.30)

G

0.256 (6.50)
0.246 (6.25)

ST L

PIN 1
0.006 (0.15)
0.002 (0.05) 0.0433
(1. 10)
MAX 0.028 (0.70) e
0.0256 0. 0118 (0.30) 00 0.020 (0.50)

0. 0079 (0.20)

SEATING (55,
S 0.0035 (0.090)

PLANE 0.0075 (0.19)
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