ANALOG
DEVICES

Rail-to-Rail High Qutput
Current Operational Amplifier

OP279

FEATURES

Rail-to-Rail Inputs and Outputs
High Output Current: 80 mA
Single Supply: +5 Vto +12 V
Wide Bandwidth: 5 MHz

High Slew Rate: 3 V/ps

Low Distortion: 0.01%
Unity-Gain Stable

No Phase Reversal

Short Circuit Protected

Drives Capacitive Loads: 10 nF

APPLICATIONS
Multimedia

Telecom

DAA Transformer Driver
LCD Driver

Low Voltage Servo Control

GENERAL DESCRIPTION

The OP279 isa dual raiHo—1ail, high output current, single—
supply am plifier. Tt is designed for low voltage app lications that
require either current or capacitive load drive capability. T he
0P279 can sink and source currentsoft 80 m A (typ) and is
stable w ith capacitive loads to 10 nF .

Applications that benefit from the O P279’shigh output current
nchide driving headphones, displays, transform ers, and pow er
transistors. T he pow erfiill output is com bined w ith a unigque
put stage thatm antains very bow distortion w ith w ide comm on-
m ode range, even n single supply designs.

The OP279 can be used asa buffer to provide m uch greater

drive capability than can usually be provided by CM O S outputs.

CM O S ASTIC sand D AC soften have outputs that can sw Ing to
both the positive supply and ground, but are incapable of driv—
ng greater than a few m illiam ps.
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Bandw idth istypically 5M H z and the skw rate is3 V s,

m aking these am plifiers well suited for singlke supply applications
that require audio bandw idths w hen used in high gain configu-
rations. O peration is quaranteed from voltagesas low as4.5V,
upto 12 V.

W hen using the OP279 in +5 volt system s, very good audio
perform ance can be attained . THD isbelow 0.01% wih a

600 Q Joad, and noise isa respectable 21 nv ANHzZ. Supply cur-
rent is lessthan 3.5 m A peram plifier.

The OP279 isavaikble in 8—ad plasticD P, TSSO P, and SO -
8 surface m ount packages. T hey are specified over the ndustrial
(-40°C to +85°C ) tem perature range.
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OP279-SPECIFICATIONS
E.ECTH CN- SD EC| FI CN'l Q‘IS (@ Vs= +5.0V, Vou = 2.5 V, —-40°C < Tp < + 85°C unless otherwise noted)

Parameter Symbol Conditions Min Typ Max Units
INPUT CHARACTERISTICS
O ffset Voltage Vos Voyr =25V 4 v
TnputR fas C urrent % Vour = 25V, T, = +25°C +300 nA
InputBiasCurrent Iy Voyr = 25V +600 nA
Input O fset C urrent s Vour = 25V, T, = +25°C +50 nA
Input O fset C urrent Tos Voyr =25V +100 nA
TnputVolage Range Veu 0 5 v
CommonM ode Repction Ratio CM RR Vey =0V tobV 56 66 dB
Comm on-M cde Repction Ratio CM RR Vey =0V 1035V 70 dR
Large SignalV oltage G ain Avo Ry =1KkQ,03V<V,yr<47V 20 Vhv
O flset Voltage D rift AV g /AT 4 el
OUTPUT CHARACTERISTICS
OutputVoltage H dgh Vou I = 10mA Source +4.8 v
O utputVolage Low Vor I =10mA Sink, T, = +25°C 75 nv
OutputVolage Low Vor L =10mA Sink 100 nv
ShortC rcuitLin it Tc T, = +25°C +45 +30 A
O utput Tn pedance Zour f=1MHz Ay =1 22 Q
POWER SUPPLY
Power Supply Repction Ratio PSRR Vg=+45Vto+l2V 76 88 dB
Supply C urrent/Amn plifier Tsy Voygr =25V 2.6 35 mA
Supply Volage R ange Vg +4.5 +12 v
DYNAM IC PERFORM ANCE
Slew Rate SR Ry =1kQ,1nF 3 V fis
G ain Bandw idth P reduct GBP 5 MHz
PhaseM argin om 60 D egrees
C apacitive Load D rive N o O scillation 10 nfF
AUDI® PERFORM ANCE
TotalH am onic D istortion THD 0.01 % .
Volage N ¢ise D enstty f=1kHz 22 nv AHz
E.ECTHCN. SDEG FICN.IG‘IS (@ Vs= =5.0V,-40°C< Ta< +85°C unless otherwise noted)
Parameter Symbol Conditions Min Typ Max Units
INPUT CHARACTERISTICS
O fiset Voliage Vos 4 nv
Tnput B iasC urrent I Ta = +25°C +300 nA
InputBiasCurrent I +600 nA
Input O fset C urrent s T, = +25°C +50 nA
Input O fset C urrent s +100 nA
InputV cltage Range Ve -5 +5 v
ComnnmonM ode Repction Ratio CM RR Ve =5V o+5V 60 66 dB
Large SignalV oltage G ain Ayo Ry =1kQ,-47V<Vyyo <47V,
T, =+25°C 20 VAV
Large SignalV oltage G ain Ayo Ry =1kQ,-47V<Vyyo <47V 20 Vv
O flset Voltage D rift AV g /AT 3 el
OUTPUT CHARACTERISTICS
OutputVoltage H dgh Vou I = 10mA Source +4.8 v
OutputVolage Low Vor L =10mA Sink -4 85 v
ShortC ircuit Lin it Tse T, = +25°C +50 +80 A
O pen-Loop O utput n pedance Zour f=1MHzAy=+1 22 Q
POWER SUPPLY
Supply C urrent/An plifier Tsy Vg=26V,Voyp =0V 2 3.75 mA
DYNAM IC PERFORM ANCE
Slew Rate SR Ry =1kQ,1nF 3 V fis
FullP owerBandw Idth BWp 1% D istortdon kH z
G ain Bandw idth Product GBP 5 MHz
PhaseM argin om 69 D egrees
NOISE PERFORM ANCE
Volage N oise enpp 01lHztw 10HzZ 2 w o
Volage N olse D ensity en f=1kHz 22 nv AHz
CurrentN olise D enstty i 1 PA AHz
Specifications subgct to change w tthout notice.
—2- REV. D



oP279

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage . ... oo oo +16V
InputVoliage .. ... .. +16V
D ifferential putVoltage' ... ... ... oo t1vVv
O utput Short=C ircuitD uration to GND . ......... Tndefinite

Storage T em perature R ange
P,S,RU Package
O perating T em peratiire R ange

OP279G .ttt -40°C to +85°C
dunction T em perature R ange

P,S,RUPAKATE o oo e e e e eeeeeeaeenn -65°C to +150°C
Lead T em perature Range (Soldering, 60 sec) ....... +300°C
Package Type 0422 0 Units
8T.ead PlasticD IP ) 103 43 °C M
81.ead SO IC (S) 158 43 °C M
81,ead TSSOP RU) 240 43 °C M

NOTES

T he inputs are clam ped w ith back—~o-back diodes. T the differential input voage
exceeds 1 vol, the Input current should be Iim fred to 5m A .

0 3 isspecified forthe w orst case conditions, ie., 04 isspecified Hordevice in socket
forP-D IP, packages; O is specified fordevice soldered in circuitboard forsSo IC
packages.

CAUTION

ORDERING GUIDE

Temperature Package Package
M odel Range D escription Option
OP279GP [ -40°C to +85°C | 8-Lead PlasticD P| N -8
OP279GS [ -40°C to +85°C | 8-dead SOTC SO -8
OP279GRU [ -40°C to +85°C | 8-Lead TSSOP RU 8

DICE CHARACTERISTICS

+V

OUTA ouTB
—INA -INB
+INA +INB

-V

OP279 Die Size 0.070 x 0.070 inch, 4,900 sq. mils
Substrate (Die Backside) Is Connected to V+.
Transistor Count, 129

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.
A Ithough the O P279 features proprietary ESD protection circuitry, perm anent dam age m ay
occur on devices subgcted to high energy electrostatic discharges. T herefore, proper E SD
precautions are recom m ended to avoid perfomm ance degradation or loss of functionality .

WARNING!

i ESD SENSITIVE DEVICE

REV.D
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Typical Performance Graphs
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Typical Performance Graphs
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THEORY OF OPERATION

The OP279 is the htestentry In Analog D evices’ expanding

fam ily of single-supply devices, designed for the m ultim edia and
telecom m arketplaces. Tt isa high output current drive, raikto-
rail input butput operational am plifier, pow ered from a single
+5V supply. Ttisalso intended for other bow supply voltage
app lications w here low distortion and high output current drive
are needed. T o com bine the attrbutes of high output current
and low distortion in raiko-rail inputbutput operation, novel
circuit design techniques are used .

Forexam pk, Figure 1 illustrates a sin plified equivalent circuit
forthe O P279’s nput stage. Tt is com prised of two PN P differ-
ential pairs, Q 5Q 6 and Q 7-Q 8, operating In paralle], w ith
diode protection networks. D lode networksD 5-D 6 and D 7-D 8
serve to clam p the applied differential nputvoltage to the
OP279, thereby protecting the input transistors against ava—
Janche dam age. T he fiindam ental differences betw een these
two PN P gain stages are that the Q 7-Q 8 pairare nom ally OFF
and that their inputs are buffered from the operationalam plifier
nputsby Q1-D 1-D 2 and Q 9-D 3-D 4. O peration isbest under-
stood as a function of the applied com m on-m ode voltage:

W hen the inputsofthe OP279 are biased m idw ay betw een the
supplies, the differential signalpath gain is controlled by the
registively loaded wiaR7,R8) Q5-Q 6. Asthe nput com m on-
m ode kevel is reduced tow ard the negative supply (Vyzg Or

G N D ), the nput transistor current sources, 11 and 13, are
forced into saturation, thereby forcing the Q 1-D 1-D 2 and

0 9D 3D 4 netw orks Into cutoff; however, Q 5-Q 6 ram ain
active, providing input stage gain. O n the other hand, when the
com m on-m ode Input voltage is increased tow ard the positive
supply, Q 50 6 are driven Into cutoff, Q 3 isdriven hto satura—
tion, and Q 4 becom es active, providing bias to the Q 7-Q 8 dif-
ferentialpair. T he pointatwhich the Q 7-Q 8 differential pair
becom es active is approxin ately equalto (Vpag —1V).

Vpos

1
IN+ Q

D7

D8
|'J R5 R6 L'|
Q7 4k 4kQ s
»g—o— Vo +O—L¢

S R7 R8 <
> 5 ok 2.2k} <

D1
D2

AAA—B-
\AAan 4

VNEG

Figure 22. OP279 Equivalent Input Circuit

T he key issue here is the behavior of the inputbias currents in
this stage. T he inputbias currents ofthe O P279 over the range
of com m on-n ode voltages from (Vypg + 1V) O Vpas —1V)
are the arithm etic sum ofthe base currents n Q 1-0 5 and Q 9-
Q 6. O utside of this range, the Input bias currents are dom i~
nated by the base current sum ofQ 5-Q 6 for input signals close
O Vygg,and ofQ 105 (Q 9-Q 6) for nput signals close to Vg g -
Asa reaultofthis design approach, the inputbias currents in
the OP279 notonly exhibit different am pliudes, butalso ex—
hibit different polarities. T his Inputbias current behavior is
best illustrated in Figure 3. It is, therefore, of param ount in -
portance that the effective source im pedances connected to

the OP279’s inputs are balanced foroptin um dc and ac
perfom ance.
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Tn order to achieve raiHo-rail output behavior, the OP279
design em ploys a com plem entary com m on-em iter (©rqg,R)
output stage (Q 15-Q 16), as illustrated in Figure 23. T hese
am plifiers provide output current until they are forced nto
saturation which occurs at approxin ately 50 mV from either
supply rail. T hus, their saturation voltage is the lin it on the

m axin um outputvoltage sw ing n the OP279. T he output
stage also exhibits volage gain, by virtue of the use of com m on-
am iter am plifiers; and, as a result, the voltage gain of the out—
put stage (thus, the open-loop gain of the device) exhibisa
strong dependence to the total load resistance at the output of
the OP279 as illustrated In Figure 7.

Qi3
-
* Q15
N
—OVour
e
[ 'S Qi6
3N
12 * Q6 Q10 |4 *
1050 Q4

VNEG

Figure 23. OP279 Equivalent Output Circuit

Input Overvoltage Protection

Aswih any sem iconductor device, w henever the cond ition
exists for the Input to exceed either supply volage, the device’s
nput overvoltage characteristic m ust be considered. W hen an
overvoltage occurs, the am plifier could be dam aged depending
on them agnitide of the applied voltage and the m agniude of
the fault current. Figure 24 illustrates the input overvoltage
characteristic of the OP279. T his graph w as generated w ith the
pow er supp lies at ground and a curve tracer connected to the
nput. Ascan be seen, when the input voltage exceeds either
supply by m ore than 0.6 V, intemal pn—jinctions energize which
allbw current to flow from the Inputto the supplies. Asillus-
trated In the sim plified equivalent Input circuit ¢ ure 22), the
0O P279 doesnot have any Intemal current Iim iting resistors, so
fault currents can quickly rise to dam agihg levels.

T his Input current is not inherently dam aging to the device as
bngasiislim ted to 5m A orless. Forthe 0 P279, once the
nput voltage exceeds the supply by m ore than 0.6 V, the input
current quickly exceeds 5 m A . If this condidon continues to
exist, an extemal series resistor should be added. T he size of
the resistor is calculated by dividing the m axin um overvoltage
by b5mA . Forexam ple, if the input voltage could reach 100 v,
the external resistor should be (100 VA mA) = 20 k. This
resistance should be placed in series w ith either orboth inputs if
they are exposed to an overvoltage. Again, In order to ensure
optin um dec and ac perform ance, it is in portant to baknce
source in pedance kvels. Form ore informm ation on general

REV.D

overvoltage characteristics of am plifiers refer to the 1993
Seminar Applications Guidg, availabk from the Analog D evices
Literature C enter.
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Figure 24. OP279 Input Overvoltage Characteristic

Output Phase Reversal

Som e operational am plifiers designed for single—supply opera-
tion exhibitan output voltage phase reversalwhen their nputs
are driven beyond their usefilcom m on-n ode range. T ypically
for single-supply bipolar op am ps, the negative supply deter-

m ines the ower lin it of their com m on-m ode range. W ith these
devices, extermmal clam ping diodes, w ith the anode connected to
ground and the cathode to the nputs, prevent nput signal
excursions from exceeding the device’s negative supply (ie.,
GND ), preventing a condition that could cause the output
volage to change phase. FET ~input am plifiersm ay also
exhibitphase reversal, and, if so, a series input resistor isusually
required to prevent i.

The OP279 is free from reasonable input voltage range restric-
tions provided that the input voltages no greater than the supply
voltages are applied. A lfthough the device’s outputw illnot
change phase, large currents can flow through the input protec—
tion diodes, previously shown in Figure 22. T herefore, the
technigue recom m ended in the “Input O vervolage P rotection”
gection should be applied in those applications where the lkeli-
hood of input voltages exceeding the supply voltages is possible.

Capacitive Load Drive

T he OP279 has excellent capacitive load driving capabilities. Tt
can drive up to 10 nF directly as the perform ance graph titled
“Sm all Signal O vershoot vs. Lioad C apacitance” (F igure 18)
shows. However, even though the device is stable, a capacitive
Joad doesnot com e w ithout a penalty in bandw idth. A sshown
n Figure 25, the bandw idth is reduced to under1 M H z for
lads greater than 3 nF . A “snubber” netw ork on the output
won’t increase the bandw idth, but it does significantly reduce
the am ount of overshoot for a given capacitive load. A snubber
consistsofa seriesR-C network Rg,C g), asshown in Figure
26, connected from the outputofthe device to ground. T his
netw ork operates In paralkelw ith the load capacitor, C 1, to
provide phase lag com pensation. T he actualvalue of the resis—
tor and capacitor is best determ ined em pirically.
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Figure 26. Snubber Network Compensates for Capacitive
Load

T he first step is to determ ne the value of the resistor, Rg. A
good starting value is 100 Q (typically, the optin um valie will
be lessthan 100 Q). T hisvalue is reduced until the an all-signal
ransient response isoptim ized. Next, C s isdetermm hed— 10 JF
isa good sarting point. T hisvalie is reduced to the an allest
valie for acceptable perform ance (ypically, 1 uF'). For the case
ofa 10 nF lad capacitoron the OP279, the optin al snubber
network isa 20 Q in serieswith 1 uF' . T he benefit is in m edi-
ately apparent as seen In the scope photo In Figure 27. T he top
trace was taken w ith a 10 nF' load and the bottom trace w ith the
20 Q, 1 YF snubbernetwork In place. T he am ountofovershot
and ringing is dram atically reduced. T abl ITbelow illustratesa
few sam ple snubber netw orks for Jarge load capacitors.
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Figure 27. Overshoot and Ringing Is Reduced by Adding a
“Snubber” Network in Parallel with the 10 nF Load

Tablel. Snubber Networks for Large Capacitive Loads

Load Capacitance (C,) Snubber Network (Rs, Cs)

10 nF 20 Q, 1 pF
100 nF 5Q,10 pr
1pr 0Q,10 pr

Overload Recovery Time

O verlboad, or overdrive, recovery tim e ofan operational am plifier
is the tim e required for the outputvoltage to recover to its linear
region from a saturated condition. T his recovery tim e is in por-
tant in applications w here the am plifierm ust recover after a
large transient event. T he circuit in Figure 28 was used to
evaluate the O P279’s overload recovery tine. The OP279 takes
approxin ately 1 s to recover from positive saturation and
approxim ately 1.2 Us to recover from negative saturation .

R2 R3
1kQ 10k

2V p-p
@ 100Hz

Figure 28. Overload Recovery Time Test Circuit

Output Transient Current Recovery

Tn m any app lications, operational am plifiers are used to provide
m oderate levels of output current to drive the inputsof AD C s,
an allm otors, tranan ission lines, and current sources. It is in
these applications that operational am plifiersm ust recover
quickly to step changes in the load current whikem aintaining
steady-state load current kevels. Because of its high output
current capability and low closed-loop output in pedance, the
0OP279 isan excellent choice for these types of applications.
Forexam ple, when sourcing or shking a 25 m A steady-state
Joad current, the OP279 exhibits a recovery tin e of less than
500 nsto 0.1% foralOmA (e, 25mA to35mA and 35mA
o 25m A) step change In load current.

A Precision Negative Voltage Reference

Tn m any data acquisition app lications, the need for a precision
negative reference is required. In general, any positive volage
reference can be converted into a negative voltage reference
through the use of a operational am plifier and a pair ofm atched
resistors In an nverting configuration. T he disadvantage to that
approach is that the largest single source of error in the circuit is
the relative m atching of the resistors used .

T he circuit ilustrated in Figure 29 avoids the need for tightly

m atched resistors w ith the use ofan active ntegrator circuit. n
this circuit, the output of the voltage reference provides the
nputdrive for the integrator. T he Integrator, to m aintain cir-
cuitequilibrium , ad j1sts its output to establish the proper rela-
tionship betw een the reference’sVyyr and GN D . T hus, various
negative output voltages can be chosen be sin ply substituting
for the appropriate reference IC  (see table) . T o gpeed up the
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ON -OFF settling tin e of the circuit, R2 can be reduced to

50 kQ or Jess. A lthough the htegrator’s tin e constant chosen
here is1m s, room exists to trade off circu it bandw idth and
noise by increasing R 3 and decreasingC2. The SHUTDOW N
feature ism aintained in the circuitw ith the sin ple addition ofa
PN P transistorand a 10 kQ resistor. O ne caveat w ith this
approach should bem entioned: although raikto-rail output

am plifiers w ork best in the application, these operational am pli-
flers require a finite am ount (m V) of headroom when required
to provide any load current. T he choice for the circuit’s nega-
tive supply should take this issue Into account.

Ui Vour(V)
’ﬂ’ REF192 ~ 25
REF193 30
R5 P REF195 33,
sHUTDOWN 1KO o REF1%4 45  4.F
TTL/CMOS 2 |
R3 W5V
u1 1KQ Ra
REF195 - N\-——
l 172 e oV
\A'A —VREF
GND c1 OP279

1nF
4 R2
100k <

Figure 29. A Negative Precision Voltage Reference That
Uses No Precision Resistors Exhibits High Output Current
Drive

A High Output Current, Buffered Reference/Regulator

M any applications require stable voltage outputs relatively close
n potential to an unrequlated input source. This “low dropout”
type of referencefregu lator is readily in plem ented w ith a railHto-
railoutputop am p, and is particu larly usefiilwhen ushg a
higher current device such asthe OP279. A typicalexam pk is
the 33V or4.5 YV reference voltage developed from a 5V sys-
tem source. G enerating these voltages requires a three-term inal
reference, such astheREF196 33 V) ortheREF194 (45V),
both ofwhich featire Iow pow er, w ith sourcing outputs of
30mA orless. Figure 30 show show such a reference can be
outfitted w ith a 0 P279 buffer for higher currents and or voltage
Jevels, plus sink and source load capability .

Vs u2
v
* N 1/2 OP279
c1L > oVourt =
0.1 uF$ W 3.3V @ 30mA
R2
10kO
LIm 1%
S10k0 |
1% 1
I c2
0.1pF
c3 R3 .
= (SEE TEXT) 4+C5
0.1pF 2 i
6 I 10pF/25V
| TANTALUM
3 REl|J=11 96| v, ' R4 |
et & il il I £ .
ON/OFF 2 d*ca | 10
CONTROL T 1uF |
INPUT CMOS HI | £
(OR OPEN) = ON |
LO = OFF |
v
Vs o 4 o our
COMMON %7 COMMON

Figure 30. A High Output Current Reference/Regulator
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T he low dropout perform ance of this circuit is provided by stage
U 2, onehalfofan OP279 connected as a follow er/buffer for the
basic reference voltage produced by U 1. T he low volage satura—
tion characteristic of the OP279 albwsup to 30 m A of lbad
current In the illustrated use, asa 5V to 3.3 V converter w ith
high dc accuracy. In fact, the dc output voltage change fora
30mA bad currentdeltam easures lessthan 1 m V. T his corre—
gponds to an equivalent output in pedance of< 0.03Q. In this
app lication, the stable 33V from U1 isapplied to U 2 through a
noise filter, R1-C1.U 2 replicates the U 1 voltage w ithin a few
mV,butata higher current output at Vo 11, w ith the ability to
both sink and source output current(s)— unlke m ost IC refer-
ences. R2 and C 2 in the feedback path ofU 2 provide bias

com pensation for lowest dec error and additional noise filtering.

T ransient perform ance of the reference/requlator fora 10 m A
step change n load current isalso quite good and is determ ned
Jargely by the R5-C 5 outputnetw ork. W ith values as shown, the
transient isabout 10 m V peak and settlesto wihin 2mV in

8 Us, foreither polarity . A Ihough room exists for optim izing the
transient regponse, any changes to the R5-C 5 netw ork should be
verified by experin ent to preclude the possibility of excessive
ringing w ith som e capacior types.

To scale Vyyro to another higher) output level, the optional
resistorR 3 (shown dotted) isadded, causing the new Voyri to
becom e:

R2
Vour1=VYourz* [1+ Ej

Asan examplk, oraVayr=45V,andVoyp, =25V from a
REF192, the gain required of U2 is1 .8 times, s0 R2 and R 3
would be chosen fora ratio of0.8:1,0r18 kQ:22 5 kQ. Note
that for the lowest V., dc error, the parallel com bination of
R2 and R3 should be m aintained equal to R1 (ashere), and the
R 2R 3 resistors should be stable, close tolerance m etal filn

types.

T he circuit can be used eitherasshown asabVv o 33V
reference fequlator, or it can also be used with ON OFF con-
trol. By drivingPn 3 of U 1 with a logic control signal as noted,
the output is sw itched ON OFF . N ote thatwhen ON O FF
control isused, resistor R4 should be used w ith U 1 to speed
ON-OFF swiching.

Direct Access Arrangement for Telephone Line Interface
Figure 31 illustratesa +5 V only tranan it/eceive telephone line
nterface for 110 £ tranam ission systan s. Ttallow s ullduplex
tranan ission of signals on a transfom er coupled 110 Q Ine in a
differentialm anner. Am plifier A1 provides gain that can be
adjisted to m eet the m odem output drive requiram ents. Both
Al and A2 are configured so asto apply the largest possible
signalon a singlke supply to the transform er. Because of the
0OP279’shigh output currentdrive and low dropout voltage, the
largest signal available on a single +5 V supply is approxim ately
45V pp Into a 110 Q tranan ission system . Am plifierA3 is
configured as a difference am plifier to extract the receive signal
from the tranam ission line foram plification by A4. A4’sgain
can be adisted In the sam em annerasA 1’sto m eet the

m odem ’s nput signal requiram ents. Standard resistor values
pem ittheuse of STIP (Sihgl In-line Package) form at resistor
arrays. C oupk thisw ith the OP279’s 8-pin SO IC footprintand
this circuit offers a com pact, cost—sensitive solition .
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P1

TX GAIN
ADJUST  R2
9.09kQ2
- R1 Gl  TRANSMIT
TO TELEPHONE R3 2%0 10ko OWF  TXA
LINE
) 550 1 -
1:1 A
VWA Al |,
6.2v RS \
Zo " 10kQ
1100 R4 WA
6.2V
350 an +5V DC
T v ;
10kQ R7
5 10k
R8
€1°MF 10kQ
R9 R10
10kQ 10k P2
VWv AV RX GAIN
2 R13  R14 ADJUST RECEIVE
R - 1] |10k2 s0ske ] RXA
10kQ 3 A3 M- AAA AAA ]
R12g
A1,A2=1/2 OP279 10k ¢

A3, A4 =1/2 OP279

Figure 31. A Single-Supply Direct Access Arrangement for
Modems

A Single-Supply, Remote Strain Gage Signal Conditioner

T he circuit in Figure 32 illustrates a way by which the OP279
can be used n a +12 V shgk-supply, 350 Q strain gage signal
conditioning circuit. Tn this circuis, the OP279 servestwo func-
tions: (1) By servoing the outputofthe REF43’s+2.5 V output
acrossR1, tprovidesa 20 m A drive to the 350 Q strain gauge.
In thisway, an all changes in the strain gage produce large dif-
ferential output voltages across the AM P04’s inputs. 2) To

m axin ize the circuit’s dynam ic range, the other halfof the
0OP279 is configured as a supply-splitter connected to the

+12v
o
2
J— 0.1pF
REF43 %
F+ %
—
+12V gy C2
| T 1k 0.1nF
<
3 20mA DRIVE
3
S+ [ I
s- | ] Cx
1] 2
]
< R1
2 $1240 {
100-ft TWISTED PAIR 1 0.1%, LOW TCR Vo
BELDEN TYPE 9502 §>
| I
F-
3500
STRAIN GAGE

A1, A2 = 1/20P279

Figure 32. A Single-Supply, Remote Strain Gage Signal
Conditioner
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AM PO4’sREF tem lhal. T hus, tension or com pression in the
application can bem easured by the circuit. The AM P04 is
configured fora gain of 100, producing a circuit sensitivity of
80mV AY. CapaciorC 2 isused across the AM P04’sPns 8 and
6 to provide a 16-H z noise filter. If addidonalnoise filtering is
required, an optional capacitor, Cy , can be used across the

AM P04’s input to provide differentialm ode noise regction.

A Single-Supply, Balanced Line Driver

T he circuit n F igure 33 isa unigue Ine driver circu it topology
used in professionalaudio applications and hasbeen m odified
for autom otive audio applications. On a shgke +12 V supply,
the Iine driver exhibits less than 0.02% distortion into a 600 Q
Joad across the entire audio band (ot shown). For loads
greater than 600 €, distortion perform ance in proves to where
the circuitexhibits kessthan 0.002% . The design isa

transform erless, balanced tranam ission system w here output
com m on-m ode regction of noise is of param ount in portance.

L ike the transform erbased system , either output can be shorted
to ground forunbalanced line driver app lications w ithout
changing the circuitgain of 1. O ther circuitgains can be set
according to the equation in the diagram . T his allow s the de-
sign to be easily configured fornoninverting, inverting, or differ-
ential operation .

c3
47pF
+)
1 Vo1
R23 AW
10kQ S <R7
110k +12v
c1
22uF 7 R_ S
Vino—| 6000 @
SR oo
A1, A2 = 1/2 OP279 T10kQ 10k
R3 Y R14 c4
GAIN=F2 N , pia qu
5| A2 A i Vo2
SET:R7,R10,R11=R2 { + ~"Ri3
10k
SET: R6, R12, R13 = R3 A

Figure 33. A Single-Supply, Balanced Line Driver for
Automotive Applications
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A Single-Supply Headphone Amplifier

Because of tshigh speed and large outputdrive, the OP279

m akes for an excellent headphone driver, as illustrated in
Figure 34. Tts ow supply operation and raitto-rail inputs and
outputs give am axin um signal sw ing on a single +5 V supply.
To insurem axim um signal sw ing avaikbb ke to drive the head-
phone, the am plifier nputs are biased to V+ 2, which isin this
case 2.5 V. The 100 k€ resistor to the positive supply is equally
gplit into two 50 kQ w ith their com m on pointbypassed by

10 UF to prevent pow er supply noise from contam inating the
audio signal.

+V + 5V
O

220pF
160 7 LEFT
LEFT HEADPHONE
INPUT 50k
220pF
RIGHT
INPUT

160 4 RIGHT
-W— HEADPHONE
50KkQ2

Figure 34. A Single-Supply, Stereo Headphone Driver

T he audio signal is then ac-coupled to each inputthrough a

10 WF capacitor. A large value is needed to ensure that the

20 H z audio infom ation isnotblocked. Ifthe inputalready has
the proper dc bias, then the ac coupling and biasing resistors are
notrequired. A 220 UF capacitor is used at the output to couple
the am plifier to the headphone. T hisvalue ism uch larger than
that used for the inputbecause of the low in pedance of the
headphones, which can range from 32 Q to 600 Q. An addi-
tionall6 € resistor isused In seriesw ith the output capacitor to
protect the op am p’s output stage by lin iting capacitor dis-
charge current. W hen driving a 48 Q bad, the circuitexhbits
lessthan 0.02% THD +N at ow outputdrive kvels ot
shown).The OP279’shigh current output stage can drive this
heavy load to 4 V pp and m aintain lessthan 1% THD +N .

Active Filters

Several active filter topologies are usefulw ith the OP279.

Am ong these are tw o popular architectures, the fam iliar Sallen—
Key (SK) voltage controlled voltage source (VCVS) and the

m ultiple feedback M FB) topologies. T hese filter types can be
arranged forhigh pass HP), low pass (LP), and bandpass (BP)
filters. T he SK filter type uses the op am p as a fixed gain voltage
follower atuniy ora highergain, whilk theM FB structure uses
itasan inverting stage. D iscussed here are sim plified, 2-pole
form s of these filters, highly usefilas system building blocks.

REV.D

UNITY-GAIN, SALLEN-KEY (VCVS) FILTERS

High Pass Configurations

In Figure 35a isthe HP form ofauniy-gan 2-pok SK filter
using an O P279 section. Forthisfilterand itsLP counterpart,
the gain in the passband is inherently unity, and the signalphase
is noninverting due to the follow er hookup. For sin plicty and
practicalitty, capacitors C 1-C 2 are setequal, and resistorsR2R 1
are ad jisted to a ratio “N ,” which provides the filter dam ping
Yo" as per the design expressions. A HP design is begun w ith
selection of standard capacitor valies forC 1 and C 2 and a
calculation of N ; then R1 and R2 are calculated asper the figure
expressions.

In these exam plks, o (or14 ) issetequalto \/5, providing a
Butterw orth (m axim ally flat) response characteristic. T he filter
comer frequency isnom alized to 1 kH z, w ith resistor values
shown in both rounded and (exact) form . Variousother2-pole
regponse shapes are also possble w ith appropriate selection of
o.Foragiven regponse type @), frequency can be easily scaked,
using proportionalR orC valies.

R1

C1 11kO
0.01pF (11.254kQ)
} j_ M oUuT
c2 +Vs  U1A
0.01pF 3 OP279
8 ) GIVEN: ALPHA, F
R2 2 [ SETC1=cC2=C
22kQ 4 ALPHA = 2/(N0.5) = 1/Q
(22.508Kk2) o N = 4/(ALPHA)A2 = R2/R1
Vs
R1 = 1/(2+PIxF+Cx (N0.5))
Y R<R2 A R2=NR1
1kHz BW SHOWN
0.1uF
It
[AY
Z; (HIGH PASS)
a. High Pass
R1
11kQ C1
(11.254kQ) 0.02uF
—¢ OUT]
R2 |
11kQ 2 U1iB

(11.250k0) ¥ 5N OP279 GIVEN: ALPHA, F
6 7 L SETR1=R2=R
c2 L _ ALPHA = 2/(MA0.5) = 1/Q
0.01pF g N = 4/(ALPHA)A2 = C2/C1

PICK C1
C1= M1
A R-R1+R2 A R=1/2P1*F*C1* (MA0.5))
e 1kHz BW SHOWN
0.1pF |,
[AY
Z; (LOW PASS)

b. Low Pass

Figure 35. 2-Pole Unity-Gain Sallen Key HF/LP Filters
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Low Pass Configurations

In the LP SK arrangem entofF igure 35b, R and C elem ents are
nterchanged, and the resistorsarem ade equal. Here theC 2L 1
ratio "M ” isused to setthe filtera, asnoted. T hisdesign isbegun
w ith the choice of a standard capacitor value forC 1 and a calcu-
Jation ofM , which forcesa value of "M X C1” forC 2. T hen, the
valie "R” ©orR1 and R2 is calculated as perthe expression.

Forhighest perform ance, the passive com ponents used fortun-
ing active filters deserve attention. Resistors should be 1% , ow
TC,metal filn typesofthe RN 55 orRN 60 style, or sin ilar.

C apacitors should be 1% or2% film typespreferably, such as
polypropykne or polystyrene, orN PO (COG ) ceram ic for

an aller valies. Som ew hat lesser perform ance is availbble w ith
the use polyester capacitors.

Parasitic Effects in Sallen-Key Implementations

In designing these circuits, m oderately Jow (10 k€ or less) val-
ues OrR1-R2 can be used to m Inin ize the effects of bhnson
noise when critical, w ith of course practical tradeoffs of capaci-
tor size and expense. D C errorsw ill resut for larger values of
resistance, unless bias current com pensation isused. T o add
bias com pensation in the HP filter of F igure 35a, a feedback
com pensation resistorw ith a value equal to R2 isused, shown
optionally as 7 . T hisw illm inim ize bias induced offset, reduc—
ng it to the productofthe OP279’s I, and R2. Sin ilar com —
pensation is applied to the L.P filter, using a 7 resistance of
R1 + R2. U sing dc com pensation and reltively low filter val-
ues, filter output de errors using the O P279 w illbe dom nated
by Vog, which islin ted to 4 m V or less. A caveat here is

that the additional resistors increase noise substantially— for
exam plk, an unbypassed 10 k€ resistor generates= 12 nv NE
ofnoise. H owever, the resistance can be ac-bypassed to elin i~
nate noise w ith a sim ple shunt capacitor, such as 0.1 PF .

Sallen-Key | mplementations in Single-Supply Applications

T he hookups shown illustrate a classical dual supply op am p

app lication, which forthe 0 P279 would use supplies up to
t5V . However, these filters can also use the op an p in a
single-supply m ode, w ith little ifany alteration to the filter itself.
T o operate single-supply, the OP279 ispowered from +5V at
Pin 8 with Pin 4 grounded. T he inputdc bias for the op am p

m ustbe supplied from a dc source equalto 1/2 supply, or2 .5V
in this case.

Forthe HP section, de bias isapplied to the comm on end ofR2.
R2 issin ply relumed to an ac ground that is a w ell-bypassed
2:1 divider acrossthe 5 V source. Thiscan be assinpk asa
pairof100 k€Q resistorsw ith a 10 pF bypass cap. T he output
from the stage is then ac coupled, using an appropriate coupling
cap from U 1A to the nextstage. Forthe LP section dc bias is
applied to the mputend ofR1, In com m on w ith the input sig-
nal. Thisdc can be taken from an unbypassed dual 100 k&2
divider across the supply, w ih the Input signalac coupled to the
dividerand R1.

Multiple Feedback Filters

M F'B filters, like their SK relatives, can be used asbuilding
blocksaswell. They feature LP and HP operation aswell, but
can also be used In a bandpassBP m ode. T hey have the prop-
erty of Inverting operation in the passband, since they are based
on an Inverting am plifier structure. Another usefil asset is their
ability to be easily configured forgain.
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High Pass Configurations

In Figure 36 isan HP M FB 2-polk filterusing an OP279 sec—
tion. Forthis filter, the gain in the passband is user configur-
ablk, and the signalphase is inverting. T he circuit uses one

m ore luning com ponent than the SK types. For sin pliciy,
capaciorsC 1 and C 3 are set to equal standard valies, and
resistors R1-R 2 are selected as per the relationships noted. G ain
of this filter, H , is set by capacitorsC 1 and C 2, and this factor
lin its both gain selectability and precision . A Iso, input capaci-
tance C 1 m akes the load seen by the driving stage highly reac—
tive, and lin its overall practicality of this filter. T he dire effect
ofC 1 loading can be tem pered som ew hat by using a an all series
nput resistance ofabout 100 Q, but can stillbe an issue.

c1 c2
0.01pF 0.01pF
>k ' ouT

GIVEN:
4 ALPHA, F AND H (PASSBAND GAIN)
ALPHA =1/Q

PICK A STD C1 VALUE, THEN:
€3=C1,C2=C1/H

R1 = ALPHA / ((2P1+F<C1)+(2+(1/H)))

R2 = (H+(2+(1/H))) / (ALPHA+(2+PI<F+C1))

1kHz BW EXAMPLE SHOWN

(NOTE: SEE TEXT ON C1 LOADING
CONSIDERATIONS)

Figure 36. Two-Pole, High Pass Multiple Feedback Filters

In thisexam pl, the filter gain is set to un iy, the comer fre-
quency is 1 kH z, and the response is a Butterw orth type. For
app lications w here dc output offset is critical, bias current com -
pensation can be used for the am plifier. T his is provided by
network 7y, where R isequalto R2, and the capacitor provides
a noise bypass.

Low Pass Configurations

Figure 37 isaLP M FB 2-polk fiterusingan OP279 section .
Forthis filter, the gain in the passband isuser configurable
overaw ide range, and the pass band signal phase is inverting.

G wen the design param eters fora, F', and H , a sin plified design
process isbegun by picking a standard value forC2. Then C 1
and resistorsR 1R 3 are selected as per the relationships noted .

O ptionalde bias current com pensation is provided by 7, where
R isequalto the valie of R 3 plus the paralkel equivalent value of
Rland R2.

R1 R2
11.3kQ 11.3kQ
O D>—w AWV OouT
R3 C2 GIVEN:

ALPHA, F AND H (PASSBAND GAIN)
ALPHA =1/Q

PICK A STD C2 VALUE, THEN:
ES C1=C2.(4+ (H+1))/ALPHAA2

R1=ALPHA/4-H-Pl.-F.C2)
R2=H-R1
v

R3 = ALPHA/{4 + (H+1) <Pl F.C2)

1kHz BW EXAMPLE SHOWN

\l (NOTE: SEE TEXT ON C1 LOADING
kL CONSIDERATIONS)

0.1pF
Z,

Figure 37. Two-Pole, Low Pass Multiple Feedback Filters
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G ain ofthisfilter, H , is sethere by resistorsR2 and R1 (@sin a
standard op am p inverter), and can be jistasprecise as these
resigtors allow at low frequencies. Because of this flexible and
accurate gain characteristic, plus a low range of com ponent
valie spread, this filter is perhaps the m ost practical ofall the

M FB types. C apacitor ratios are best satisfied by paralkeling
two orm ore comm on types, as in the exam ple, which isal kH z
uniy gain Butterw orth filter.

Bandpass Configurations

TheM FB bandpass filter using an O P279 section is shown in
Figure 38. T his filter provides reasonably stable m edium Q
designs for frequencies ofup to a few kH z. Forbestpredictabil
ity and stability, operation should be restricted to applications
where the 0 P279 has an open-loop gain in excess of2Q? at the
filter center frequency .

R1
26.4kQ c1

0.1pF
—————— <o

c2 R3
530k

(264k(2)

GIVEN:
P Q, F, AND Ag (PASSBAND GAIN)
R2 ALPHA = 1/Q, H = Ag/Q
>
1.4k0 S
(1.33KQ)

g OP279
1

PICK A STD C1 VALUE, THEN:
c2=c1

R1 = 1/(HY(2*PI*F*C1))

R2 = 1/(((2*Q) —H)*(2*PI*F*C1))
R3 = Q/(PI*F*C1)

EXAMPLE: 60Hz, Q =10,
Ao=10(OR1)
Ao=1FOR'( ) VALUES

Figure 38. Two-Pole, Bandpass Multiple Feedback Filters

G iven the bandpass design param eters orQ , F, and pass band
gain A, , the design process is begun by picking a standard valie
forC1. Then C 2 and resistors R1-R 3 are selected as per the
relationshipsnoted. This filter is sub gct to a w ide range of

com ponent valuesby nature. Practicaldesigns should attem pt
to restrict resistancesto a 1 kQ to 1 M Q range, w ith capacitor
values of 1 UF or less. W hen needed, dc bias current com pensa-
tion isprovided by 7y, whereR isequalto R3.

2-Way Loudspeaker Crossover Networks

A ctive filters are usefiil n loudspeaker crossover netw orks for
reasons of an all size, relative freedom from parasitic effects, and
the ease of controlling low high channeldrive, plus the con-
trolled driver dam ping provided by a dedicated am plifier. Both
SallenKey (SK)VCVS and m ultiple-feedback M FB) filter
architectures are usefiil in in plem enting active crossover net—
works (e Reference 4), and the circuit shown in Figure 39 is

a 2-way active crossover w hich com bines the advantages ofboth
filter topologies. T his active crossover exhibits lessthan 0.01%
THD +N atoutput levelsof1 V m susing general purpose unity
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gain HP/LP stages. In this 2-way exam ple, the LO signalis
adc500 H z LP wooferoutput, and the H T signal isthe H P
(> 500 H z) tweeteroutput. U 1B form saM FB LP section at
500 H z,whilk U 1A providesa SK HP section, covering fre—
quencies2 500 H z.

C1 Ri R3
0.01pF 31.6k0 49.90
500Hz AND UP
Vin
R4
49.90
DC — 500Hz
+Vg
+
0.1pF == 100F/25V
ToUt

O COM
vl,, L
0.1pF 100pF/25V
-Vg OLO -5V

Figure 39. Two-Way Active Crossover Networks

T his crossover netw ork is a I inkw itzR ilkey type (see Reference
5), wih a dam ping factorora of2 (also referred to as

“Butterw orth squared”). A halln ark of the L nkw itz-R iy type
of filter is the fact that the sum m ed m agnitude response is flat
across the passband. A necessary condition for this to happen
isthe relative signalpolarity of the H T outputm ustbe inverted
w ith regpectto the LOW outputs. Ifonly SK filter sections
were used, this requires that the connections to one speaker be
reversed on installation. A femately, w ith one nverting stage
used In the O channel, this accom plishes the sam e effect. In
the circuitas shown, stage U 1B istheM FB LP filterwhich
provides the necessary polarity inversion . L ike the SK sections,
it is configured forunity gain and an & of 2. T he cutoff fre-
quency 18 500 H z, which com plem entsthe SK H P section of
u4.

Tn the filter sections, com ponent valies have been selected for
good balance betw een reasonable physicalglectrical size, and
Jowestnoise and distortion. D C offset errors can bem inin ized
by using de com pensation in the feedback and bias paths, ac
bypassed w ith capacitors for low noise. A Iso, since the netw ork
nput is reactive, it should driven from a directly coupled low

in pedance source at Vg .

Figure 40 show s this filter arch tecture adapted for single supply
operation from a b V dc source, along the lines discussed
previously.
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ci R1 R3 500Hz Tablell. RC Component Selection for Various Crossover
E;“F 31.8k0 4000 TuF D TP Frequencies
100k R1/C1(U1A)*
Crossover Frequency (Hz) R5/C3(U1B)**
100 160 kQ 0 .01 pr
200 80.6 k0 .01 pr
319 49 9 kQ/0 .01 pr
R5 R6 R4 DC - 500 316 kQ0.01 ur
31.6k0) 31.6k0 49.90 10pF Z 1k 16 kKQ0 01 prF
' 2k 8.06 kQD .01 uF
100k0 5k 316 kQN0 01 pF
V 10k 1.6kQ0.01 uF
T able notes (applicable ro = 2).
*ForSK gageU1A:R1=R2,and C1=C2,etc.
** ForM FB stage U1B:R6=R5,R7=R5/2,and C4 = 2C 3.
References on Active Filters and Active Crossover Networks
1. Sallen,R P.,;Key, E L. “A PracticalM ethod ofD esigning
+Vg " +5V RC ActiveF ilters,” IRE Transactions on Cireuit Theory, vol.
To.mF T100|1.F/25V CT-2,M arch 1955.
Tout —4 ¢ 0 com 2. Huelan, T, P ;A Ten, P E ., Introduction to the Theory and
Dedgn of Active Filters, M oG raw 1 il1, 1980.
Figure 40. A Single-Supply, 2-Way Active Crossover 3. Zum bahln, H ., “C hapter 6: Passive and A ctive Analog

T he crossover exam ple frequency of 500 H z can be shifted

JIow er or higher by frequency scaling of either resistors or capaci-

tors. In configuring the circuit for other frequencies, com ple— 4
m entary LP H P action m ustbem aintained betw een sections,
and com ponentvaliesw ithin the sectionsm ustbe in the sam e
ratio. T abl II provides a design aid to adaptation, w ith sug-
gested standard com ponent values for other frequencies.
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Filtering,” w ithin 1992 Analog Devices Amplifier Applications
Guide.

. Zum bahln, H ., “Speaker C rossovers,” w thin C hapter 8 of

1993 Analog Devices Sydem Applications Guide

. Linkw iz, S ., “Active C rossover N etw orks for N oncoincident

D rivers,” JAES, Vol.24,#1, Janfreb 1976.
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OP279 Spice Macro Model R10 16 98
*OP279 SPICE M acro-m odel Rev.A,5/4 53 15 16
* ARG /ADI *7ERO AT 15M H 2
* *
. . E1l 14 98

*C ht 1994 by Analog D

oPyry yAnabg L evices R5 14 18
* R6 18 98
* Referto "READM E D OC ” filk for License Statem ent. Useof  C4 14 18

* thism odel ndicates your acceptance of the term s and pro-

* yisions In the L icense Statem ent.

*

* N ode assignm ents

* noninverting input
* | nverting input
* | | positive supply
* [ | | negative supply
* | | | | output

* N

SUBCKT OP279 3 2 99 50 45

*

*INPUT STAGE AND POLE AT 6MHz

*

I 1 50 60 2E -6

01 5 2 7 QN

Q2 6 4 8 ON

D1 4 2 DX

D2 2 4 DX

R1 1 7 1.628E3

R2 1 8 1.628E3

R3 5 99 2487E3

R4 6 99 2487E3

C1 5 6 5333E-12
EOS 4 3 POLY (1) (16,39) 0 25E-3 50 .118
s 2 3 5E-9

GB1 2 98 (24,98) 100E-9
GB2 4 98 (24,98) 100E-9
CIN 2 3 1E-12

*

*GAIN STAGE AND DOM INANT POLE AT 16H z
*

EREF 98 0 (39,0) 1

G1 98 9 (5,6) 402.124E-6
R7 9 98 497 359E 6

Cc2 9 98 20E-12

V1 99 10 0.58

V2 11 50 0.47

D5 9 10 DX

D6 11 9 DX

*

*COMMON-MODE STAGE W ITH ZERO AT 10 kH 2
*

ECM 15 98
R9 15 16

POLY 2) 3,39) 239900505
1E6

REV.D

*

10
15915E-12

9.39) 1IE6
1E6

1

106 .103E-15

*BIASCURRENT-VSCOMMON-M ODE VOLTAGE

*

EP 97 0
EN 51 0
V3 20 21
V4 22 23
R12 97 20
R13 23 51
D13 15 21
D14 22 15
FIB 98 24
RIB 24 98
E3 97 25
E4 26 51
D15 24 25
D16 26 24

*

*POLE AT 6MHz
*

G6 98 40
R20 40 98
C10 40 98

*

*OUTPUT STAGE
*

RS1 99 39
RS2 39 50
RO1 99 45
RO 2 45 50
G 45 99
G8 50 45
G9 98 60
D9 60 61
D10 62 60
V7 61 98
V38 98 62
FsYy 99 50
D11 41 45
D12 45 42
V5 40 41
Vo6 42 40
MODEL DX
MODEL D7
MODEL

ENDS

—15—

99,0) 1

(50,0) 1

l6

2.8

530

1E3

DX

DX

POLY 2)V3V40-11
10E3

POLY (1) (99,39) -1.631
POLY (1) (39,50) -2.73 1
DX

DX

(18,39) 1E 6
1E6
26 .526E-15

6.0345E3
6.0345E3

40

40

(99,40) 25E 3
(40,50) 25E 3
(45,40) 25E 3
DX

DX

DC 0
DC O

POLY ) V7IV81.711E3
DZ

DZ

1.54

1.54

D

D (IS=1E-6)

11

ON NPN (BF=300)
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OUTLINE DIMENSIONS

D in ensions shown in inchesand (mm ).

8-Lead Plastic DIP

(N-8)
0.430 (10.92)
0 348 ©84)
8 5
0.280 (7.11)
0.240 (6.10)
ol 4 ; 0.325 (8.25)
= EN? = 0.060 (1.52) 0.300 (7.62)
0.210 (5.33) 0.015 (0.38) '_‘ Ig:‘]?g (:Zg)
MAX U [ | |— 0.130 115 (2.93)
0.160 (4.0 i AN
0115 (299) il jaml » o 0.015 (0.381)
0.022 (0.558) 0.100 0.070(1.77)  SEANNG 0.008 (0.202)
0.014 (0.356) (2-54) 0,045 (1.15)
BSC
8-Lead Narrow-Body SO
(SO-8)
0.1968 (5.00)
0.1890 (4.80)
AAAA T
‘ 8 5
0.1574 (4.00) 0.2440 (6.20)
0.1497 *(3.80) %:74 0.2284 (5.80)
IR
PIN 1 0.0688 (1.75) 0.0196 (0.50)
0.0098 (0.25) 0.0532 (1.35) "I |" 0.0099 (0.25) *

0.0040 (0.10)
ToEEE gt
> e pile T & 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)

8-Lead TSSOP

(RU-8)
0.122 (3.10)
* o114 (2.901"
AR T
) B 5

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

3

=

-

~a
o=
—
—
]|~

> e
0.0256 (0.65)
0.006 (0.15)  BSC

0.002 (0.05), 0.0433
,_,Lﬁ e
0.028 (0.70
0.0118 (0 30) T ° ¢ )"I I"

SEATIN 0.0079 (0. 20) 0.020 (0.50)
PLANE 0.0075 (0.19) 90079 (0.20)
0.0035 (0.090)
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