ANALOG
DEVICES

Low Cost, 250 mA Qutput
Single-Supply Amplifiers

ADB531/ADB532/ ADB534

FEATURES

Single-Supply Operation: 2.7 Volts to 6 Volts
High Output Current: =250 mA

Low Supply Current: 750 pA/ Amplifier

Wide Bandwidth: 3 MHz

Slew Rate:5 V/ps

No Phase Reversal

Low Input Currents

Unity Gain Stable

APPLICATIONS

Multimedia Audio

LCD Driver

ASIC Input or Output Amplifier
Headphene Driver

GENERAL DESCRIPTION

TheAD 8531,AD 8532 and AD 8534 are shglk, dualand cuad
railto-rail mput end cutput shygk-supply am plifiers eaturing
250 m A cutputdrive current. T his high cutput currentm akes
these am plifiers excellent for driving etther resistive or capacitive
Ipads.AC perfom ance is very good wih 3 M H z bandw idth,
5V ils skew mte and low distortion . A llare quaranteed to cper-
ate from a+3 velshyk supply aswellasa +5 volt supply.

T he very low mputbiss currents enable the AD 853x to be used
or hiegrators and dicde am plification and cther applications
requiring low hputbiascurrent. Supply current isonly 750 pA
peram pliferat b volts, albw ing low current applications to con-—
trelhigh current loads.

Applications mchide audi am plification f©r com puters, scund
ports, sound cards and set-top boxes. AD 853x tam iy s very
stable and capablk ofdriving heavy capaciive loads, such as
those found In LCD =.

T he ability to sw Ing railto-rail at the mputs and cutputs enables
designers to buffer CM O S D AC 5, ASIC s or otherw Ide output
W Ing devices In sihgle—=upply system s=.

TheAD 8531,AD 8532 and AD 8534 are specitied over the ex—
tended industrial (-40°C to +85°C) tem perature range. T he
AD 8531 isavailable 1 50 -8 and SO T 23-5 packages. T he

AD 853%Z s availabk 1h 8-ph plasticD TP s, SO 8 and 8—ead

T 580P surfacem cuntpackages. The AD 8534 is available In
14-pin plastic D IP s, nanrow SO -14 and 14-kad TSSO P surtace
m ountpackages. ANLT SSOP and SO T versions are avaibble I
tape and reelonly.
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ADB531/ AD8532/ ADB534-SPECIH CATIONS
H ECTRICAL CHARACTERISTICS (@ V.= +3.0V, Ve = 1.5V, Ty = +25°C unless otherwise noted)

Parameter Symbol Conditions Min Typ Max Units
INPUT CHARACTERISTICS
O ff==tVoltage Visg 25 my
-40°C €T, <€ +85°C 30 mv
InputBias Curment Iy 5 50 PA
-40°C € T, € +85°C 60 pA
Input O fiset C urent Tos 1 25 PA
-40°C < T, € +85°C 30 pA
InputVolage Range 0 3 v
CommonM odeRegctbn Ratio CMRR Vew =0V 03V 38 45 dp
Large SignalVolage C am Ryg R,=2kQ,Vy=05Vio25sV 25 Vv
O fet Voltage D nift AV o5 AT 20 uv AC
BiasCumentD it A AT 50 3 FC
O fiset C urent D rift AL AT 20 &P
CQUTPUT CHARACTERISTICS
CutputVolage H igh Vg L =10mA 2.85 2.92 v
-40°C €T, < +85°C 2.8 Vv
OutputVelage Low VoL I, =10mA 60 100 mV
-40°C € T, < +85°C 125 mV
O utput Current our +250 mA
C Iosed-Toop O utput Tn pedance ZouT f=1MHzA;= 1 60 Q
POWER SUPPLY
Power Supply Re®ction Ratic PSRR Ve=3VtooV 45 55 dB
Supply CurentAm plifier Toy Vo =0V 1 mA
—40°C < T, < +85°C 125 mA
DYNAM IC PERFCRM ANCE
Slkw Rate SR R, =2k0Q 35 V fls
Settling Tmme t To0.01% 14 Us
G ah Bandw th Product GBP 22 MHz=z
Phase M argin do 70 D egrees
C hannel Separation Ccs f=1kHz, Ry = 2kQ 65 dB
NCISE PERFORM ANCE
Volage N odse D enstty e, f=1kHz 45 nv AHz
Volage N odse D ensity e, f=10kH 2 30 nv AHz
CurentN oise D enstty i f=1lkiz 0.05 oA ATz
Sperifications sub et to changs w thout netice,
—2— REV. A



MI CN_ CHMIIE:“STI CS (@ Vo= +5.0V, Vo = 25V, Ty = +25°C unless otherwise noted)

AD8531/ AD8532/ ADB534

Parameter Symbol Conditions Min Typ Max Units
INPUT CHARACTERISTICS
O ff==tVoltage Visg 25 my
-40°C €T, <€ +85°C 30 mv
InputBias Curment Iy 5 50 PA
-40°C € T, € +85°C 60 PA
Input O fiset C urent Tos 1 25 PA
-40°C < T, € +85°C 30 PA
InputVolage Range 0 5 v
CommonM odeRegctbn Ratio CMRR Vew =0V t0o bV 38 47 dp
Lamge SignalVolage G ann Avyo R,=2kQ,Vy=05ViodbV 15 80 ViV
O fiset V oltage D rift AVos AT -40°C € T, < +85°C 20 wv £C
BiasCumentD it A AT 50 3 FC
O fiset C urent D rift AL AT 20 &P
CQUTPUT CHARACTERISTICS
CutputVolage H igh Vg L =10mA 4.9 494 v
-40°C €T, < +85°C 4.85 Vv
OutputVelage Low VoL I, =10mA 50 100 mV
-40°C € T, < +85°C 125 mV
O utput Current our +250 mA
C Iosed-Toop O utput Tn pedance ZouT f=1MHzA;= 1 40 Q
POWER SUPPLY
Power Supply Re®ction Ratic PSRR Ve=3VtooV 45 55 dB
Supply CurentAm plifier Toy Vo =0V 14 125 mA
—40°C < T, < +85°C 1.75 mA
DYNAM IC PERFCRM ANCE
Slkw Rate SR R, =2k0Q 5 V fls
FulkP ow er B andw idth BW 1% D istortion 350 =z
Settling T e [ To0.01% le Us
G ah Bandw dth Product GBP 3 MHz=z
Phase M aryin do 70 D egrees
C hannel Separation Cs f=1kHz Ry =2kQ2 65 dBe
N ISE PERFORM ANCE
Volage N odse D enstty e, f=1kHz 45 nv AHz
Volage N oise D enstty e f=10¥lz 30 nv ATz
CurentN oise D ensity i f=1ki¢z 005 ph AHz
Sperifications sub Bct to change w ithout notice,
REV. A —3-



ADB531/ADB532/ ADB534

ABSOLUTE MAXIMUM RATINGS'

ORDERING GUIDE

Supply Volfage Va) v v v vt e e e s +7V
INPULVOIBGE « o vv vt et eeeee eeeeieieenns GND toVsg Temperature | Package Package
D ifferenti]l INput Volage® v vve e ee e 6V M odel Range Description Option’
Sto T ti=e R

M 00 wa1sge | ADESIIAR [-40°C to #65°C | 8P SOTC 508
L AT AD8531ART®|-40°C to +85°C |54ead SOT23 |RT-S
O peratihg T em peratuire Range

AD 8531ADBE3ZADER34 ... ..., -40°C 1o +85°C AD 8532AR  |-40°C t +85°C |BPM SOTC SCo-8
Janction T em peratiire R ange AD 8532AN -40°C t0 +85°C [8PmMmPlstcDIP | N8

H,R,RT,RU PACHATE + v v v v vrrrannnn. -65°C o +150°C AD 8532ARU?|-40°C o +85°C |BPi TSSOP RU -§
Lead T em perature Range (Soldermg, 60 s=c) ...... +300°C AD B534AR —40°C 1o +85°C | 1491 50 IC g0 -14
NOTES AD 8534AN -40°C t© +85°C [14Ph PlasteD IP | N 14
lStresses above those listed under Absolute M axin um Ratingsm ay cause pem a- AD BLE34ARU 2 —-40°C 1t +85°C 14P1n TSSO P RU 14
nentdam age © the device. T his isa soessrating only; the finctional operaton of
the device at these or any other conditibnsabove those indicated n the operational NOTES

IN =PlasdeD IP;RT = Surface M ount (SO T -23); R = T hin Shrink Small

sectibnsofthisgpecification isnotin plied. Exposure to absolute m axin um rating
ronditions forextended periodsm ay affect device reliability.
*F or supplies kess than + 6 volts, the differential input voltage isequalt tVg.

PACKAGE INFORMATION

Package Type 04 O Units
5-Lead SOT-23 RT) 230 °CoM
8PN SOIC R) 158 43 °Com
8P TSSCP RU) 240 43 °c M
8P PlstcD IP (V) 103 43 °C M
14PnPlasticD P () 83 39 °C M
14Pmn SCIC R) 120 36 °C M
14-PIn TSSOP RU) 240 43 SOy

NCTE

0, issperified rthe worstrase conditions, ie., B, issperified ©rdevice in sorket
for P-U P packages; Oy Is specified for device soldered onto a circuitboard Br
sarface m ount packages.

CAUTION

O utline (L SSOP), SO = Smallo utlhe; Availsble n 3,000 or 10,000 pkre wels.
*available in 2,500 piere welsonly.
availsble in 2,500 piece melsonly.

ESD

felectimstatic dischamge) sensiive device. E lectrostatic charges as high as 4000 V readily

accum ulate on the hum an kody and test equim ent and can dischame w thout detection.
A theough the AD 8531 AD 8532 AD 8534 feature propritary ESD protection ciruitry, pem anent
dam agem ay cccuron devices sub poted to high energy electrostaticd ascharges. T herefore, proper
ESD precautions are recomm ended to avoid perform ance degradation or loss of functionaliy .

25

Vour
r—]

05

0 20 40 B0 80 100 120 140 160 180 200
RLoap—€

Figure 1. Culput Voltage vs. Load. Vg =+2.5V, R, Is Connected to GND (0 V)
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ESD SENSITIVE DEVICE
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Typical Performance Characteristics—AD8531/AD8532/ AD8534
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Figure 2. Input Offset Voltage
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AD8531/ AD8532/ ADB534-Typical Performance Characteristics
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Figure 11. Open-Loop Gain & Phase
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Figure 14. Closed-Loop Output
Impedance vs. Frequency
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ADB531/ADB532/ ADB534
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Figure 20. Power Supply Rejection
vs. Frequency
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ADB531/ADB532/ ADB534
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Figure 30. Large Signal Transient

Figure 31. No Phase Reversal

APPLICATIONS

THEORY OF OPERATION

TheAD 8531AD 8532AD 8534 Isan al-CM © S, high output
current drie, raiHo-rail hputtutput operational am plifier.

T his s the latestentry In Analog D evices’ expanding fam ily of
shygke-supply devices forthe m ultin edia and telecom m arket-
places. Ttshigh cutput current drie and stability w ith heavy ca—
pacitive loadsm akes the AD 8531 AD 8532AD 8534 an excellent
choice as a drive am plifer or LC D panels.

Figure 32 ilustates a sh phified equivakbnt cireut forthe AD 8531/
AD 8532AD 8534. T kem any mi-to-rail put am plifer confiqura-
tions, it is com prised oftwo difffrential pairs, one n—channel

M 1-M 2) and cne p<channel M 3-M 4).T hese differential pairs
are biased by 50 JA current scurmces, each w ith a com pliance

Iim it of approxin ately 0.5V from etther supply voltage rail. The
differential nput veltage is then converted nto a pairof differen—
tHaloutput currents. T hese differential output currents are then
com bined ;n a com pound folded-cascade second gain stage

M 5-M 2). T he outputs ofthe second gah stage atM 8 and M 9
provide the gate voltage drive to the railto-1ail cutput stage. Ad-
difional signal current recom binaticn forthe output stage is
achieved through the use oftransistors M 11-M 14.

In orderto achieve railtorail output sw ngs, the AD 8531 AD 8532/
AD 8534 desin em pbys a com plem entary com m on-scurce cutput
stage M 15-M 16). H cwever, the outputvolage aw Ing is directly
dependent on the load current, as the difference between the out-
putvolage and the supply s defem ned by the AD 8531 AD 8532/
AD 8534 s output ransistors on-channel resistance (see Figures 8
and 2). T he cutput stage alsc exhibis voltage gain by virtue of
the use ofcom m cn-source am plifiers; as a result, the volage
galn of the output stage {thus, the cpen-loop gai of the device)
exhbis a strong dependence to the total bad resistance at the
output of the AD 8531 AD 8532/AD 8534.

V+

SOpA D 100pA D Dmupn DZUuA
M1
Ms M12
VBzo—EtIMS 1
M1| m3 ma | Mz > F s
IN-
- ouT
MB M6
IN+ @ | .
VBsf-"F-I:IIm M14
20pa (¥
SUHA(P M?l:_|-< mip | M3
1 —t
V=

Figure 32. AD8531/AD8532/AD8534 Simplified Equivalent
Circuit

Short-Circuit Protection

Asa resulof the design ofthe output stage form axin um load
curent capabilty, the AD 8531 AD 8532 AD 8534 doesnot have
any htemal shortcircut protection circutry. D irect connection of
the AD 8531/AD 8532/AD 85345 cutput to the positive supply
n singlesupply applications w ill destroy the device. In those
applicationsw here som e protection Isneeded, butnot at the ex—
pense of reduced cutput voltage headroom , a low valie resistor
n seriesw ith the output, asshewn m Figure 33, can beused.

T he resistor, connected w th T the fedback bop of the am pli-
tler, w il have very itk effect on the perom aence ofthe am pli-
fier other than In g the m axdn um availablk cutput veolage

w Ing. Forshgk+5V supply applications, resistors essthan

20 Q are not recom m ended.

Vour

Figure 33. Oultput Short-Circuit Protection
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ADB531/ADB532/ ADB534

Power Dissipation

Although the AD 8531 AD 8532/AD 8534 is capable of providing
rad currentsto 250 m A, the usable output bad current drive
capability w illbe lim ied to the m axin um pow er dissipation at
low ed by the device package used. In any application, the abso-
Tutem axin um jnction tem perature forthe AD 8531 AD 8532/
AD 8534 i5150°C, and ghould never be exceeded fHhrthe devie
could suffer pram ature milire. Accurately m easuring power
dissipation ofan htegrated circut isnot alw ays a staightihr-
ward exercise, so Figure 34 has been provided asa design aid
foreither setting a saf cutput current drive level or n selecting
a heat shk forthe three package cptions available on the

AD 8531/AD 8532/AD 8534.
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Figure 34. Maximum Power Dissipation vs. Ambient
Temperature

T hese them al resistance curves were determ hed ushg the

AD 8531AD 8532AD 8534 them &l resistance data fhreach
package and am axin um janctbon e perature of 150°C . The B
Iw Ing ©m ula can be used t© cakulate the htemal incton tem —
perature of the AD 8531 AD 8532 AD 8534 forany application :

Ty= Ppiggx 040 + Ty

where Tj= finction tem perature;

Pnigs = powerdissipation;

O = package therm al resistance,

inction-to-case; and

T4 = Am bient tem perature ofthe circuit.
T o calculate the power dissipated by the AD 8531 AD 8532/
AD 8534, the H©Hlow g equation can be used:

Poiss= Troap x VsVour)
where [jpap= isoutputload current;
Vg= is supply voltage; and
Voyr = is cutput votage.
T he quantity w hm the parentheses is the m axin um volage
developed across effher cutput transistor. Asan additional de-
gign aid i cakulathg availkbble bad current from the AD 8531/

AD 8532AD 8534, Figure 1 illustrates the AD 8531 AD 8532/
AD 8534 cutput voltage asa fincton of bad resistance.

Power Calculations for Varying or Unknown Loads

O fen, caloulating pow er dissipated by an ntegrated circuit to
determ e ifthe device isbehqg operated In a safe range isnot
as=in ple as tm Ight ssem . In m any cases pow ercannot be
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directly m easured. T hism ay be the result of regular output
wavehm s orvaryhg bads; hdirectm ethods cfm easuring
power are required.

T here are tw o m ethods to caloculate pow er dissipated by an In—
tegrated circudt. T he first can be dene by m easuring the pack-
age tem perature and the board tem perature. T he other s to
directly m easure the circuit’s supply current.

Calculating Power by Measuring Ambient and Case
Temperature
G wen the tw o equations for calculating jinction tem perature:

TJ: TA+ PeJA

where T;is incton tem perature, and T4 15 am bient tem pera-
ture. 0y is the inction t© am bient therm al resistance.

TJ: Tc-f- PQJC

where T is case tem perature and 044 and O are given In the
data sheet.

T he tw o equations can be solved ©rP (powen:
TA+ PGJA = Tc+ PBJC
P=(Ta=Tc)/ (6ic —6un)
Once powerhasheen determ hed it s necessary to go back and

calculate the Jainction tem perature to assure that thasnet
been exceeded.

T he tem peratire m easurem ents should be directly on the
package and on a spot on the board that isnearthe package
but definttely not touchng . M easuring the package could be
difficutt. A very su allbin etallic inction glied to the package
could be used or i could be done usihg an mfared sensng
device if the spet size s sm allencugh.

Calculating Power by M easuring Supply Current

Pow er can be caloulated directly know hg the supply voltage
and current. H cwever, supply currentm ay have a dc com po-—
nentw ih a pulse nto a capacitive Ipad. Thiscculd m ake m s
current very difficut to caloulate. Tt can be overcom e by litting
the supply pih and hserting an m s curentm eter o the cir-
cuit.Forthisto werk you m ust be sure all cf the current is be—
g delivered by the supply p1h you arem easurng. This is
usually a good m ethod In & shgk supply system ; how ever, if
the system uses dualsupplies, both suppliesm ay need to be

m cnitored.

Input Overvoltage Protection

Asw ith any sem iconductor device, whenever the conditon ex—
Ists for the mput to exceed etther supply velage, the device's
nput overvoltage characteristic m ust be considered. W hen an
overve tage coccurs, the am plifier could be dam aged depending
on them agnide of the applied vollage and the m agnimde of
the fault current. A lfthough not shown here, when the mput
vo fage exceeds etther supply by m ore than 0.6 V, pn—lincticns
hntemalto the AD 8531 AD 8532 AD 8534 eneryire allow Iny
currentto flow from the mputto the supplies. As flustated I
the sin plifed equivalent mput cirout F gure 32), the AD 8531/
AD 8532 AD 8534 doesnothave any mtemal current 1 itng
registors, 5o fAult currents can quickly rise to dam aghyg kevels.

T his hput current is net mherently dam agihg to the device as
Ingasitislinted o S mA orkss. Forthe AD 8531 AD 8532/
AD 8534, cnce the mput volage exceeds the supply bym ore
than 0.6 V the hput currentguickly exceeds Sm A . Ifthis
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conditon conthues to exist, an external series resistor should
be added. T he size of the resistor is calculated by dividing the
m axinum overveltageby SmA . Forexam plk, if the mput vol-
age could reach 10 V, the external resistor should be (10V A
ma)= 2 kQ. This resistance should be placed 1 series w ith
eftherorboth mputs if they are exposed to an overvolage con-
difion. Ferm ore mfom ation on general overvo tage character-
istics ofam plifiers refer to the 19953 Saninar Applications Guide,
available from the Analg D evices Literature C enter.

Output Phase Reversal

Som e cperaticnal am plifiers designed for shgle—supply cpera—
tin exhibi an cutput veltage phase reversalw hen their hputs
are driven beyond theirusefiilcom m cn-m ode range. The

AD 8531/AD 8532AD 8534 is free from reasonablk hput voltage
range restrictions provided that mput vefages no greater than
the supply volage rafls are applied. Alhoudgh the device’s out-
putwillnot change phase, large currents can flow through In-
temal finctons o the supply rails, asw as ponted cut I the
previcus section. W ihout Im i, these faul cunents can easily
destroy the am plifier. T he technigue recem m ended In the -
put overvetage protection section should theretore be applied
n those applications w here the pessbility of mput ve ages ex—
ceeding the supply votages exists.

Capacitive Load Drive

The AD 8531 AD 8532 AD 8534 exhibits excellent capacitive
kad driving capabilities. kcan drive up to 10 nF directly as
ghown n Figures 21 through 24 . H owever, even thecugh the
device is stable, a capacitive load doesnotcom e w thout a pen—
alty n bandw fth. Asgown I Fijure 35, the bandw dth sre—
duced o under1l M H z Brbadsgreaterthen 10 nF' . A “mubber”
netw ork on the output won't herease the bandw idth, but
does sign ificantly recuce the am cunt ofovershoot fora gien
capacitive Ioad. A snubber consists ofa serles R-C netw ork
Rs,Cg),asshown n Figure 36, connected from the output of
the device to ground. T his network operates In paralelw i the
bad capacitor, C 1, to provide phas g com pensation . T he actual
valie cf the resistor and capactor isbest determ ned em pirically.

4 -...,_______-
\\ Vg= +2.5V
35 R =1k0 ]
\ Ta=+425C
3 y
: \
T
=25
. \
E
o 2 \
Z1s
o
1
0.5 ~
]
0.01 01 1 10 100

CAPACITIVE LOAD —nF

Figure 35. Unity-Gain Bandwidth vs. Capacitive Load
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U Vour

100mV p-p

Figure 36. Snubber Network Compensates for Capacitive
Loads

T he first step s to detem he the valie ofthe wesistor; Rg. A
good startihg value 8100 Q. Thisvalie iz reduced untilthe

an allsignal ramsient response is optin zed. N ext, C; isdeter-
m hed— 10 YF is a good starting peint. T his value is reduced to
the an allest value oracceptable perform ance (ypially, 1 UF).
Forthecase ofa 47 nF load capacitoren the AD 8531 AD 8532/
AD 8534, the optin al snubbernetwork izsa 5 Q in series w ith

1 WF . T he benefit &5 in m ediately apparent as seen In the scope
phote m Figure 37. The top trace was teken wih a 47 nF load
and the bottom trace with the 5 Q— 1 UF snubbernetwork in
plce. T he am ount of overshoot and rgng Is dram atically e
duced.T abk Ibelow fllustates a &w sam ple snubbernetw crks
or large lbad capactors:

Tablel. Snubber Networks for Large Capacitive Loads

Load Capacitance Snubber Network
(CL) (Rs, Cg)

047 nF 300,01

47 nF 30Q,1uF

47 nF 50, 1pF

47nF LOAD
ONLY

1

SNUBBER
IN CIRCUIT

Figure 37. Overshoot and Ringing Is Reduced by Adding
a Snubber Network in Parallel with the 47 nF Load
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A High Output Current, Buffered Reference/Regulator

M any applications require stable voltage cutputs mlatfrely close
In petential to an unregulated mput source. This “bw drop-
out” type of rfren cefegulator is readily n plem ented with a
rai-to-rail output op am p, and is particu larly usefiilw hen using
a higher current device auch asthe AD 8531 AD 8532AD 8534.
A typialexam pk isthe 3.3V ord 5V refrence voltage devel-
cped frem a b V system scurce. G eneratihg these voltages re—
gquires a three term halwefrence, sach asthe REF196 33 V) or
the REF124 4.5V}, both which feature low power, w ih sourc—
hgoutputs of30m A orless. Figure 38 showshow such a et
erence can be outfitfted with an AD 8531 AD 8532AD 8534
buffer orhigher curmrents and or voliage kvels, plus sink and
source load capabilty.

+Vg O u2
+5V
l}lq)ssm
o1 L © Vour: =
o1 w% ‘I;/ 3.3V @ 100mA
AAA
Yy
R2
10K 1%
Lm
2 10ke |
1 1% 1
| c2
01pF
al A3 ¥
0.1pF o~ 2 {SeeText) c5
A ui 8 1 L+ Joo0urnsy
——4 3 [ TANTALUM
Ve O~ reFios| | I
ON/OFF Vourz= [ RS
CONTROL Pl 3.3V |
. I 0.20
INPUT CMOS HI =
(OR OPEN) = ON l T W
LO = OFF - -
< R4
2 3.3k0 )
Vg O +—C Vour
COMMON % COMMON

Figure 38. A High Culput Current Reference/Reguiator

The low drpout perform ance ofthis ciroutt is provided by
stage U 2, an AD 8531 connected as a Dlbw erbufer for the basic
reference volage produced by U 1. The low volage ssiration
characteristic ofthe AD 8531 AD 8532AD 8534 allowsup to
100 m A of bad current n the ilnstrated use,asad VvV to 3.3V
converterw ih geod dc accuracy. In fact, the de output voltage
change fora 100 m A lbad current deltam easured less than
1mV. Thiscorresponds to an equivalent cutput In pedance cof
< 0.01 Q. In thisapplication, the stable 3.3V from U 1 isap-
plhed to U 2 through anodse filtker, R1-C1. U Z replicatesthe U 1
volage withh a few m fllfvolts, but ata higher current output at
Voprir wih the ability to both snk and scurce cutput current(s)
— unlikem ost IC references.R2 and C 2 In the ®edback path of
U 2 provide additionalneise fitering.

T ransint perform ance of the reference/fequlator Hra 100 m A
step change I bad current is also quie good and is largely
determ ned by the R5-C 5 cutputnetw oxk . W ith valies as
ghown, the transient isabout 20 m V peak and ssttlesto withh
Z2mV I kessthan 10 Us orether polarity. A hough room  exists
foroptin Izng the transient regponse, any changes to the R5-C5
netw ork should be verified by experim ent to prechide the posst
bility ofexcessive ringng w ith som e capacior types.
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T o scak V1. to another higher) cutput level, the optional
rwsistorR 3 (shown dotled) isadded, causihyg, the new Voyr,
becom e:

R
Vour: =Vour: X(1+m}

T he cireu it can ettherbe used asshown,asab Vo 3.3V
referencefequlator orw th ON OFF control. By driving Pin 3
ofU 1 w ih a bgic controlsignal as noted, the cutput is sw tched
CONALOFF. Notethatwhen ON OFF controlis used, resistorR 4
mustbeusedwih Ul t© speed ON OFF sw fiching.

A Single-Supply, Balanced Line Driver

T he circuit n F Igure 39 is a unique Ine driver circuit topology
uzed In proEssional audic applications and has been m odified
orautom otive and m ultin edia audi applications. Cn asngk
+5V supply, the Ine drierexhbits less than 0.7% distortion
hto a 600 Q bad firm 20 H zto 15 kH z ot dhown) w ith an n—
put signallevelofd V pyp. In fact, the cutput drive capability of
the AD 8531AD 8532AD 8534 m antans this level or loads as
an allas 32 Q. Fornputsignals kessthan 1V p4, the THD is
Essthan 0.1% , regardess cfload. The design is a tansom erless,
balanced trangn issicn system where output comm on-m ode re—
®ction ofnoie iscfparam ount I portance. Asw ih the trans-
form erbased system , etther cutput can be shorted to ground for
unbalanced Ihe drier applications w itheout changhyg the circutt
gam ofl. Otherciruit gams can be setaccordhyg o the equa-
tion In the diagram . T his allew s the design to be easily config-
ured Hr mvertng, nonhverthyg or differential operation.

R3
10k

c3
a7pF

+”_?V01

AAM
¥y

R1
10k
A1, AZ=1/2 ADBS32 Ry

10k %

c4
4TpF

H—bve:

I
1
I
I
I
1
1
1
1
1
1
R
600G
I
1
1
1
I
I
I
1
I
1

R3
GAIN = R2

SET: R7, R10, R11 = R2

SET: RE, R12, R13=R3

Figure 39. A Single-Supply, Balanced Line Driver for
Multimedia and Automofiive Applications
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A Single-Supply Headphone Am plifier

Because of is speed and hrge output drive, the AD 8531 AD 8532/
AD 8534 m akes an excellent headphone driver, as I stated In
Figure 40. Its ow supply opemtion and raibto-rail mputs and
cutputs give am axin um signalsw ng on a shgle +5V supply.
Toensurem axin um signalsw hg availablk to drive the head-
phone, the am plifier mputs are biased to V+ /2, which h this
caszis 25 V. The 100 kQ resistorto the positie supply is
equally split nto two 50 k2 resistors, w ith their com m on point
bypassed by 10 WF t© prevent pow er supply nolse from contam i
nating the audio signal.

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

10 YUF capacitor. A lamge valie is needed to ensare that the

20 H z audio mfom ation isnotblocked. Ifthe mput already has
the proper de bias, the ac coupling and biashg resistors are not
required. A 270 UF capacitor isused at the output to couplk the
am plifier to the headphone. T hisvalie ism uch lamgerthan that
used forthe hputhecause ofthe low in pedance ofthe head-
phenes, which can range from 32 Q to 600 Q. An additonal

16 Q resistor isused In series w ith the cutput capaciorto pro-
tect the op am p’s output stage by I iing capacitor discharge
current. W hen driving a 48 Q Ioad, the circuit exhbits Jess than
03% THD +N atoutputdrive evelsofd V pp.

+V + 5V
1RF/0.1pF
160 270WF
+ LEFT
HEADPHONE
LEFT
INPUT 50K
160 270pF
+ RIGHT
RIGHT HEADPHONE
INPUT 50Kk

Figure 40. A Single-Supply, Stereo Headphone Driver

A Single-Supply, Two-Way Loudspeaker Crossover Network
A ctive filters are usetilIn budspeaker crosscver netw orks for
reason s of an all size, relative feedom from parasitic effects, the
eage of controlling low fuigh channel drive and the controlled drier
dam phg provided by a dedicated am plifier. Both SalenX ey
(SK ) and m ultiple—feedback (M FB) filter architectures are use-
filn I plem enthg active crossovernetw crks. T he circuit
ghown In Figure 41 8 a shgke-supply, two-w ay active crosscver
which com bnes the advantages ofboth filter topologies. T his
actie crossoverexhbis kessthan 0.4% THD +N atoutput Ev-
elsefl .4V m sushg genergl putpose unty-gan H P AP stages.

—1o—

In thistwo-—way exam pl, the LO signalisa dec-500 H z LP
wooter output, and the H I signalisthe HP (>500 H z)
tweeter output. U 1B form san LP section at 500 H z, while
U 1A provides a HP section, covering frequencies=500 H z.

o R1 RS AND UP
0.01pF 31.6kQ 49,90 270pF
al AAA AAA 41
100k
Vin
Rin
100k
DC—
500Hz
100kQ
+
100kOg Zx 10pF AD8532
+Vg +5V

I I"‘
T 0ApF T 100pF/25V
Toul v - - O COM

Figure 41. A Single-Supply, Two-Way Active Crossover

T he crossover exam ple frequency of 500 H z can be shiffed
Iower or higher by frequency scaling ofeither resistors crca-
pacifors. In configuring the circuit for other frequencies,

com plem entary LP H P action m ust be m aintained between
sections, and com ponent valuesw ithh the sectionsmustbe
the sam e ratio. T ablk I provides a design ald t© adaptation,

w ith suggested standard com ponent valies tor other frequencies.

Table Il. RC Component Selection for Various
Crossover Frequencies

Crossover R1/C1 (U1A)'

Frequency (Hz) R5/C3 (U1B)?

100 160 kQ0.01 ur
200 805 kRO 01 pF
319 49912001
500 3162001
1k 16 kQ0 01 pF

2k 8.06 ¥Q0 01 pF
5k 316 QO 01 YF
10k 16 kQA001

NOTES

Applicable for f=ro = 2.
'ForSallen¥eystage M 1A:R1=RZ,and C 1 = C2,efc.
ForM ultiple Feedbark stage T 1B:R A = R5,R7 = RE/2, and
c4=1203,
Foradditibnal infom ation on the active filters and actire cross—
overnetw orks, pkass consul the data sheet Hrthe 0P279, a
dual rafbtorailh ith-output curent operational am plifier.
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Direct Access Arrangement for Telephone Line Interface
Figure 42 ilustates a +5 V only tranan tiecetve telephone The
ntertace for 600 Q tranan isgion system 3. Ttallow s fullduplex
tranam ission of simalson a transfbm er couplkd 600 Q lne m a
differentialm anner., Am plifier Al provides gatn that can be ad-
1isted to m eet them odem cutput drive requirem ents. Both AL
and A7 are configured to apply the lArgest possble signalon a
shgk supply to the transorm er. Because of the high cutput
current drive and low dropoutvoltage ofthe AD 8531/AD 8532/
AD 85345, the largest signalavailable on a sngle +5V supply is
approxin ately 4 5V p+ Into a 600  tranan Bsion system .

Am plifierA 3 Is configured as a difference am plifier Hriwo rea—
sons: (1) IEprvents the ranam I signal fom hterterng w ith
the recetve signaland (2) ftextracts the recetve signal from the
rengn ission Ine foram plification by A4. Ad'sgain can be ad-
fisted In the samem annerasA l’sto m estthem odem ‘s nput
signal requirem ents. Standard resistor valies perm it the use of
STP (Sngle In-lhe Package) fom at resistorarrays. Couplk this
wih the AD 8531 AD 8532AD 853428 SO IC orTSSOP
Hotprint and this cicut offers a com pact, costeensitie solution .

REV. A

P1

TX GAIN
ADJUST R2
9.09k(
<1
R1 TRANSMIT
TC TELEPHONE A3 2k0 10ke OTRF TXA
LINE 2 A1 P
3E60Q Yy by
11 AAA 1 "
) Yy Al 3
RS \
6.2V
Zg 10k
AAA
600£ 6.2V Yy
AR +5VDC
ey
T RE .
MIDCOM 10kQ o == RT
671-8005
A2 s 10k
L Ra
€1DFF 10kO
R% R10
10Kk 10kO P2
Wy W RX GAIN
2 R13 R14  ADJUST RECEIVE
R11 - 1 10kQ  14.3kQ RXA
10KE 3 A3 AA——AMN ANA II P
AN rFe
Vv l/ c2
R12 :: 0.1pF
10k <

A1, A2 =1/2 ADB532
A3, Ad =1/2 ADBS32

Figure 42. A Single-Supply Direct Access Arrange-

ment for Modems
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* AD8531/AD8532/AD8534 SPICE Macro-model

* 5-Volt Version
#

#

3/96, Rev. A
ARG/ ADSC

* Copyright 1996 by Analog Devices

# Refer to “README.DQOC?” file for License Statement. Use of this model
* indicates your acceptance of the terms and provisions in the License

* Statement.
#

* Node assignments
#

L I B e

*

* INPUT STAGE
#

ML 3002
M2 4 7
M3 8 2
M4 9 7
EOS 7 1
INIL 1 98
m2 2z 98
108 21
1 9 5
2 6 50
R1 99 3
R2 99

R3 8 50
R4 9 50
D3 5 9
D4 50 6
#

* GAIN STAGE

EREF 98 0
+0.5

Gl 98 21
+145U0  +145U

RG 21 98
cC 21 40
D1 21 22
D2 23 21
Vi 99 22
V2 23 30

I
|
|
|
SUBCKT AD8531/AD8532/AD8534 5 1 2

noninverting input
| inverting input
I positive supply
I
I
I

I negative supply
| | output
| | |
99 50 40

6 50 NIX L=6U W=25U

6 50 NIX L=6U W=25U

5 5 PIX L=6U W=25U

5 5 PIX L[=6U W=25U

POLY(l) 25 98 35E-3 0451

5p

5P

0.5P

50U

50U

4.833K

4.833K

4.833K

4.833K

DX

DX

POLY(2) 99 0 50 0 0 05
POLY(Z) 4 3 9 8§ Q@

18.078E6
14P

DX

DX

L37

1.37

—14—

* COMMON MODE GAIN STAGE
#®

ECM 24 98 POLY(Z) 1 9% 2 9% 0 0.5
+0.5

R5 24 25 LE6

R6 25 98 10K

Cl 24 25 075P

#

* OUTPUT STAGE

%

ISY 99 50  4504U

GSY 99 50 POLY({l) 99 50 -3334E-4 6.667E-5
EP 99 39  POLY(l) 98 21 0.78925 1

EN 38 50 POLY(l) 21 98 078925 1

M15 40 39 99 99 POX L=15U W=1500U
Mle 40 38 50 50 NOX L=L5U W=1500U

Cl15 40 39 50P

Cl6 40 38  50P

.MODEL DX D(RS=1 CJO=0.1P)

.MODEL NIX NMOS(VTO=0.75 KP=205.5U RD=1 RS=1 RG=1 RB=1
+CGSO=4E9

+CGDO=4E-9 CGBO=16.667E-9 CB5=2.34E-13 CBD=2.34E-13)
.MODEL NOX NMOS(VTO=0.75 KP=195U RD=.5 R8=.5 RG=1 RB=1
+CGS0=66.667E-12

+CGDO=66.667E-12 CGBO=125E-9 CBS=2.34E-13 CBD=2.34E-13)
.MODEL PIX PMOS(VTO=-0.75 KP=205.5U RD=1 RS=1 RG=1 RB=1
+CGSO=4E9

+CGDO=4E-9 CBDO=16.667E-9 CBS=2.34E-13 CBD=2.34E-13)
.MODEL POX PMOS(VTO=-0.75 KP=195U RD=.5 RS=.5 RG=1 RB=1
+CGS0=66.667E-12

+CGDO=66.667E-12 CGBO=125E-9 CBS=2.34E-13 CBD=2.34E-13)
.ENDS
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OQUTLINE DIMENSIONS

D In ensions shown In inchesand fmm).

8 Pin PlasticDIP 14-Pin Plastic DIP
(N-8) (N-14)
0.430 {10.92) 0.795 (20.19)
0348 (8.34) * 0725 (18.42)
- - - - - -\
: *|| 0.280 g.11y " 31| 0280 z.11)
0.240 (6.10) 1 7|[0-240 (810 0.325 (8.25)
1 | 0.325 (8.25) N T T T~ 0.300 (7.62) 0.195 (4.95)
TR = X X 0.060 {1.52 0.115 (2.93
XEN 0.060 (1.52) 0.300(7.62) e PIN 1 oo :u.ss; |-¢—~I 2.93)
0.210 (5:33) 0.015 (0.38) — 10_195 e . (mx)
I s A = ==V — § 0.130
0180 "‘:T:: ("3-133n") 299 0.160 (4.06) 2 I (3.30)
Wtzse) MIN 0115 (298) giie- i b w e N 0.015 (0.381)
(2.98) - SEATING 0.015 (0.381) 0.022 (0.558) 0.100 0.070 (1. 77) SEATING 7,008 (0.208)
0.022 (0.558) 0.100 0.070 (1.77) NE 0.008 (0.204) 0.014 (0.356) (2.54) Doas (115 FLANE
0.014 {0.356) (2 54) 0.045 (1.15) BSC
8-Pin TSSOP 14-Pin TSSOP
(RU-8) (RU-14)
0122 (3.10) 0.201 (5.10)
EET 0193 (4.90)
T g 5 ‘Tr T 14 8
n_[ ‘1’ clo _L . 7 olo
&
AT NI L
0.0285 (u 85) PNt
0.006 (0.1§)  BSC 0.006 (0.15)
0.002 (0.05) 0.0433 0.002 (0.05) 0.0433
ﬁ % ¥ ﬁ 1.10 ;f%
TA o l ax L f g 0.028 (0. 70)__”‘_ Fi= wax’ 4 T 0028 @70 1
0.0118 (IJ 30) T D0.020 (0.50) 0.0256 0. ﬂ113 (ﬂ 30) T°  0.020 (0.50)
SEATING 0075 (@.79) o nn79 (0.20 SEATING ) gg) 0.0075 t0.19) 0.0079 {0.20)
PLANE 0.0035 {0.090) PLANE  ‘gsc 0.0035 {0.090)
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QUTLINE DIMENSIONS

D in ensions shown in inchesand fmm).

8 Pin SOIC
(SO-8)

|0.1968 (5.00)
0.1890 (4.80)

ﬁﬁﬂﬂ'_f_

‘ B 5
0.1574 (4.00) 4) 0.2440 (5.20)
0.1457(3.80) [[1 4|| 02284 (5.80)

[]
IR
PIN 1 0.0688 (1.75)
0.0098 (0.25) 0.0532 (1.35)
0.0040 (0.10)
¥

e
0.0500 0.0192 (0.48)

0.0196 (0.50)

SEATING 0.0098 (0.25)
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