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Low-Noise Micropower
Precision Voltage Reference

Preliminary

ADR293

FEATURES

Voltage Output 5.0 V

5.5V to 15 V Supply Range

Supply Current 20 pA max

Initial Accuracy =3 mV max
Temperature Coefficient 8 ppm/°C max
Low-Noise 12 pVp—p (0.1 - 10 Hz)

High Output Current 5 mA min
Temperature Range —40°C to +125°C
REF02/ REF19x Pinout

APPLICATIONS

Portable Instrumentation

Precision Reference for 5 V Systems
A/D and D/A Converter Reference
Solar Powered Applications
Loop-Current Powered Instruments

GENERAL DESCRIPTION

The AD R293 isa low noise, m icropow er precision vo tage
reference that utilize an X FET™ reference circuit. T he new
XFET™ archirecture offers significant perform ance in prove-

m ents over traditional bandgap and zener based references.

Im provem ents include: one quarter the voltage noise output of
bandgap references operating at the sam e current, very low and
ultra-linear tem perature drift, low themm alhysteresis, and excel-
Jent ong-tem stability .

The AD R293 isa series voltage reference providing stabl and
accurate output volage from a 5.5 V supply. Q ulescent current is
only 20 PA m aking this device ideal for battery pow ered nstrmi-

m entation . T hree electrical grades are available offering initial
outputaccuracysoft3mVv,x4mV,andt6mV . Tem perature
coefficients for the three grades are 8 ppm £C , 15 ppm £C , and
25 ppm £C m ax.L ne reguhtion and Joad requlation are typically
30 ppm &/ and 30 ppm M A, m aintaining the reference’s overall
high perform ance.

The AD R293 is specified over the extended industrial tem pera—-
ture range of —40°C to +125°C . T his device isavaibblk In the
8-pI SO IC, 8pin TSSO P, and the T O 92 package.

XFET isatrademark of Analog D evices, Inc.
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Part Number | Nominal Output Voltage (V)

ADR290 2.048
ADR291 2500 } See seperate datasheet
ADR292 4.096
ADR293 5.000
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ADR293-SPECIFICATIONS

Hectrical SﬁCiﬁcations (Vs= +5.5 V, Ty= +25°C unless otherwise noted)

Parameter Symbol Conditions Min Typ Max Units
INITTIAL ACCURACY

“E” G rade Vo Lyr = 0mA 4997 5000 5.003 |V

“E“ G rade 4.996 5004 |V

NG ” G rade 4.994 5006 |V
LINE REGULATION

“E £ G rades AV 4 AV 4 55V t0l15V,Lhyr=0mA 30 100 ppm A/

“G ” G rade 40 125 ppm A7
LOAD REGULATION

“E £ G rades AV, AT onp Vg=55V,0mA to5mA 30 100 ppm M A

“G ” G rade 40 125 ppm M A
LONG TERM STABILITY AV, 1000 hrs@ +25°C ,Vg=+15V 02 ppm
NOISE VOLTAGE ey 01Hzto10Hz 12 W pp
W DEBAND NOISE DENSITY ey acl kH z 640 nv AH z
Bectrical Specifications (v.= +55v,7,= —25°c< 1,< +85°Cunless otherwise noted)
Parameter Symbol Conditions Min Typ Max Units
TEM PERATURE COEFFICIENT

“E” G rade TCV, FC Lyr=0mA 3 8 ppm fC

Y G rade 5 15 ppm fC

“G ” G rade 10 25 ppm fC
LINE REGULATION

“E £ G rades AV 4 AV 4 55V t0l15V,Lhyr=0mA 35 125 ppm A/

“G ” G rade 50 150 ppm A7
LOAD REGULATION

“E A& G rades AV, AT onp Vg=55V,0mA to5mA 20 125 ppm M A

“G " G rade 30 150 ppm M A
Bectrical Specifications (= +55v,T,= —40°c<T,< +125°Cunless otherwise noted)
Parameter Symbol Conditions Min Typ Max Units
TEM PERATURE COEFFICIENT

“E” G rade TCV, FC Lyr=0mA 3 10 ppm fC

Y G rade 5 20 ppm fC

“G ” G rade 10 30 ppm fC
LINE REGULATION

“E &7 G rades AV 5 AV 1 55V t0l15V,Lhyr=0mA 40 200 ppm A7

“G " G rade 70 250 ppm A/
LOAD REGULATION

“E &7 G rades AV o AT onp Vg=55V,0mA to5mA 20 200 ppm M A

“G " G rade 30 300 ppm M A
SUPPLY CURRENT 15 20 HA
THERMAL HYSTERESIS TO-92,50-8,TSSOP-8 50 ppm
NOTE
Specifications subgct to change w tthout notice.
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ADR293

WN: ER TEST |J MITS (@ l.oip= 0 mA To= +25°C unless otherwise noted)

Parameter Symbol Conditions Limits Units
INITIAL ACCURACY Vo 49945006 Y

LINE REGULATION AV, AV Vot 1V <Vy <15V, Lyr =0mA 125 ppm A
LOAD REGULATION AV AT oap Owb5mA,Vy =Vs +1V 125 ppm Mm A
SUPPLY CURRENT N o Joad 15 pA

NOTES

E lectrical tests are perform ed asw afer probe to the lim its shown.D ue to variations In assem bly m ethods and nom alyield loss, yield affler packaging is not guaranteed
for standard product dice. C onsult factory to negotiate specifications based on dice lot qualification through sam ple ot assem bly and testing.
Specifications subgct to change w tthout notice.
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DICE CHARACTERISTICS
D ie Size 0.074 X 0.052 inch, 3848 sgq.m ils
(188 X 132mm,248 sg.mm)
T ransistor C ount: 52

ForadditionalD ICE ordering infom ation, refer to databook.

1. Vin
2. GND
3. VOUT(FORCE)

4. VOUT(SENSE)
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ABSOLUTE MAXIMUM RATINGS*

SupplyVoltage. . . ... oo i +18V
O utput Short=C ircuitD uration ................. Indefin ite

Storage T em perature R ange
T9,R,RU Package .............
O perating T em perature Range . .....
dunction T em perature R ange
T9,R,RU Package .............

....—65°% to+150°C
....—40°C to +125°C

....—65°% to+125°C

Lead T an perature (Soldering, 60 s2¢) ..o v v +300°C
Package Type 04 O Units
8-Lead SOIC R) 158 43 °C M

3Pin TO 92 (T9) 162 120 °C M
8-Lead TSSOP RU) 240 43 °C M

NOTE

0., is specified forw orst case conditions, Le. 8y is specified fordevice in socket
®rPD IP, and 04 is pecified Hra device soldered in circuitboard for SO IC

1. Stresses above those listed under “Absolute M axim um
R atings” m ay cause pem anentdam age to the device. T hisisa
stress rating only and functional operation at or above this
gpecification is not in plied. E xposure to the above m axin um
rating conditions for extended periods m ay affect device
reliability .

2. Rem ove power before inserting or rem oving unis from their
sockets.

3. Ratingsapply to both D ICE and packaged parts, unless other-
w ise noted

packages.
*CAUTION

ORDERING GUIDE
Model Temperature Range Package
ADR293ER,AD R293FR,AD R293GR —40°C to +125°C 84,ead SO IC
ADR293ERREEL, ADR293FRREEL, ADR293GRREEL —40°C to +125°C 84,ead SO IC
ADR293ERREEL7,ADR293FRREEL7,AD R293GRREEL7 —40°C to +125°C 84,ead SO IC
ADRZ293GTS9 —40°C to +125°C 3-Pin TO-92
ADR293G T 9REEL —40°C to +125°C 3P TO-92
ADR293GRU REEL —40°C to +125°C 84ead T SSOP
ADR293GRU REEL7 —40°C to +125°C 84ead T SSOP
ADR293GBC +25°C DICE
CAUTION

ESD (electrostatic discharge) sensitive device. E lectrostatic charges as high as 4000 V readily
accum ulate on the hum an body and testequipm entand can discharge w ithoutdetection . A lthough
the AD R293 features proprietary ESD protection circuitry, permm anent dam age m ay occur on
devices sub gcted to high energy electrostatic discharges. T herefore, proper ESD precautions are
recom m ended to avoid perform ance degradation or loss of functionality .

WARNING!
Wu@

ESD SENSITIVE DEVICE

—4—
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Figure 3. ADR293 Supply Current vs. Temperature
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Figure 5. ADR293 Line Regulation vs. Temperature
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THEORY OF OPERATION

The AD R293 usesa new reference generation technigque known
asXFET™ (X tra in planted finction FET ). T his technique
yields a reference w ith low noise, low supply current and very
low them al hysteresis.

The core of the XFET ™ reference consists of two jinction field-
effect transistors one ofw hich hasan extra channel in plant to
raise its pinch-off voltage. By ranning the two FET S atthe

sam e drain current, the difference in pinch-off voltage can be

am plified and used to form a highly stable voltage reference.

T he Intrinsic reference voltage is around 0.5 V w ith a negative
tam perature coefficient of about 120 ppm K . T his slope ises-
sentially locked to the dielectric constant of silicon and can be
closely com pensated by adding a correction temm generated in
the sam e fashion as the proportional-to-tem perature PTAT )
term used to com pensate bandgap references. T he big advan—
tage over a bandgap reference isthat the intrinsic tem perature
coefficient is som e thirty tim es low er (therefore less correction is
needed) and this results in m uch low ernoise sihcem ost of the
noise of a bandgap reference com es from the tan perature com -
pensation circuitry.

T he sim plified schem atic below show s the basic topology of the
ADR293.T he tan perature correction tem isprovided by a cur-
rent source w ith value designed to be proportional to absolute
tem perature. T he general equation is:

Vour = AVP[W} +(IPTAT)(R3)

where AV, isthe difference in pinch-off voltage betw een the two
FET sand Lpap I8 the positive tem peratuire coefficient correc—
tion current.

T he processused forthe XFET reference also features vertical
N PN and PN P transistors, the latter of which are used as output
devices to provide a very ow drop-outvoltage.

Vin

> —O Vour
< R1
L,
r |
PTAT
< R2
2R3

*EXTRA CHANNEL IMPLANT
R1+R2+R3
1

¢ GND
Vout =

Figure 12. ADR293 Simplified Schematic

X AVp+ lptaT XR3
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Device Power Dissipation Considerations

The AD R293 isquaranteed to deliver oad currentsto 5m A

w ith an nput voltage that ranges from 55V to 15V . W hen this
devices isused In applications w ith large nput voltages, care
should be exercised to avoid exceeding the published gpecifica—
tions form axin um pow er dissipation or jinction tem perature
that could result in prem ature device failure. T he follow ng

form ula should be used to calculate a device’sm axin um  jinc-
tion tem perature or dissipation :

p _I=T
0

Tn thisequation, T rand T, are the jinction and am bient tem -
peratures, respectively, P, is the device pow er dissipation, and
0, is the device package themn al resistance.

Basic Voltage Reference Connections

References, in general, require a bypass capacitor connected
from the Vyyr pin tothe GND pin. The circuit in Figure 13
illustrates the basic con figuration forthe AD R293.N ote that
the decoupling capacitors are not required for circuit stability .

Nc |1 s ] ne
INPUT
2 7] ne
ADR293
OUTPUT
+
10uF == 0.1pF 0.1uF
% 4

% a g

Figure 13. Basic Voltage Reference Configuration

Noise Performance

T he noise generated by the AD R293 is typically less than

12 Wppoverthe 0.1 Hzto 10 H zband. T he noisem easure—
m ent ism ade w ith a bandpass filterm ade of a 2-pole high-pass
filter w ith a comer frequency at 0.1 H z and a 2-pole ow -pass
filter w ith a comer frequency at 10 H z.

Turn-On Time

U pon app lication of power (cold start), the tin e required for the
outputvolage to reach its finalvalie w ithin a specified error band
isdefined as the tum-on settling tin e. T w 0 com ponents nom ally
asochted w ih this are; the tin e for the active circuits to settk, and
the tin e forthe them algradientson the chip to sabilize.

APPLICATIONS SECTION

A Negative Precision Reference without Precision Resistors
Tn m any currentoutput CM O S D AC applications w here the
output signalvoltage m ust be of the sam e polarity as the refer-
ence voltage, i is often required to reconfigure a current-sw itch-
ngD AC Into a voltage-sw tching D AC through the use ofa
125V reference, an op am p and a pair of resistors. U sing a
current-sw tching D AC directly requires the need foran addi-
tional operational am plifier at the output to reinvert the signal.
A negative voltage reference is then desirabk from the point that
an additional operational am plifier is not required for either
reinversion (current—sw itching m ode) or am plification (volage—
sw tchingm ode) ofthe D AC outputvoltage. In general, any
positive voltage reference can be converted into a negative
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volage reference through the use of an operational am plifier and
a pairofm atched resistors iIn an hverting configuration . T he dis-
advantage to that approach is that the largest shgk source ofer-
ror In the circuit is the relative m atching of the resistors used .

T he circuit illustrated in F igure 14 avoids the need for tightly

m atched resistors w ith the use of an active Integrator circuit.

Tn this circuit, the output of the voltage reference provides the
nputdrive for the integrator. T he Integrator, to m aintain circuit
equilbrium adjists its output to establish the proper relation-
ship betw een the reference’sV,ye and GN D . T hus, any nega—
tive output voltage desired can be chosen by sin ply substituting
for the appropriate reference IC . O ne caveat w ith this approach
should bem entioned : although raiHo-rail output am plifiers
work best in the app lication , these operationalam plifiers require
a finite am ount (n V) ofheadroom when required to provide
any load current. T he choice for the circuit’s negative supply
should take this issue into account.

Vin
2
1kQ 1uF
ADR293 6-\ AAA - 11
] AAA 11
Vour +5V
GND - 100Q
(2) > A A
< == 1uF 1 \AAJ
100k2 g = 1p + Vaer
-5V
A, =1/20P291,
1/2 OP295

Figure 14. A Negative Precision Voltage Reference Uses
No Precision Resistors

A Precision Current Source

M any tin es In low pow er app lications, the need arises fora pre-
cision current source that can operate on low supply voltages.
Asshown In Figure 15 the AD R293 isconfigured as a precision
current source. T he circuit configuration illustrated is a floating
current source w ith a grounded load . T he reference’s output
voltage is bootstrapped across Rger , which sets the output cur-
rent into the load . W ith this configuration, circuit precision is

m aihtained for load currents in the range from the reference’s
supply current, typically 15 m A to approxin ately S5m A .
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\

ADR293 ()
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Vour

AAA
Yvy
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=
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¥ lour
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Figure 15. A Precision Current Source

Kelvin Connections

Th m any portablk hstrum entation applicationsw here PC board
cost and area go hand-in-hand, circu it interconnects are very often
ofdin ensionally m inin um w dth. T hese narow Ines can cause
large voltage drops if the voltage reference is required to provide
Jad currents to varous fiinctions. In fact, a circuit’s interconnects
can exhbita typical Ine resistance of 0 Abm W /Ayuare (1 oz.Cu,
forexam ple) . Force and sense connections also referred to as

K elvin connections, offer a convenientm ethod of elin nating the
effects of volrage drops In circuitw ires. Load currents fow ng
through w iring resistance produce an error Vgppop = R X T, ) at
the bad . H owever, the K elvin connection of F igure 16, overcom es
the problm by including the w iring resistance w ithn the forcing
Joop ofthe op am p. Since the op am p senses the bad volage, op
am p bop control forces the output t© com pensate for the w iring
errorand to produce the correct voltage at the load .

Vin

4
; A1 =1/2 OP295

Figure 16. Advantage of Kelvin Connection

Voltage Regulator For Portable Equipment

The AD R293 is ideal forproviding a stabk, low costand low
pow er reference voltage In portabk equipm ent pow er aupplies.
Figure 17, showshow the AD R293 can be used in a voltage
requ lator that not only has low outputnoise (as com pared to

aw itch m ode design) and low pow er, but also a very fast recovery
affer current surges. Som e precautions should be taken i the
slection of the output capacitors. T oo high an E SR (effective
geries resistance) could endanger the stability of the circuit. A
olid tantalum capacior, 16 V orhigher, and an alum inum elc-
troytic capacior, 10 V orhigher, are recomm ended forC 1 and
C 2, regpectively. A Iso, the path from the ground side ofC 1 and
C 2 to the ground side ofR1 should be kept as short aspossible.

AN A\
4 77
CHARGER

INPUT 0ApFT

Vin

2

LEAD-ACID —* IRFE530

BATTERY—
+5V, 100mA
= + + C2
681F 1000yF
TANTT T ELECT

Figure 17. Voltage Regulator for Portable Equipment
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OUTLINE DIMENSIONS

D in ensions shown in inchesand (mm ).
8-Lead Narrow Body SO (R Suffix)

0.1968 (5.00)
0.1890 (4.80)

T

0.2440 (6.20) 0.1574 (4.00)
0.2284 (5.80) [[ 4|| 0-1497 (3.80)
[ ]
J_qu Ny
PIN{1  0.102(2.59) 0.0196 (0.50) .,
0.094 (2.39) *I |" 0.0099 (0.25)
[:
00098 025) y 1] LR/
0.0040 (0.10) KA > & il "f_ 8° >l
0.0500 0.0192 (0.49) 0°  0.0500 (1.27)
SEATING (1.27) pp13g(p.35) 2:0098 (025) 0.0160 (0.41)
PLANE BSC 0.0075 (0.19) : ’

8-Lead TSSOP (RU Suffix)

0.122 (3.10)
0.114 (2.90)

100

1
—»

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

3
=

A |

0.0256 (0.65)
0.006(0.15)  BSC

0.002 (0.05) 0. 0433
L Sl
17‘ MAX 0.028 (0.70)
00118(030) T B 0020(050)->”<-
SEATING oo o0 0.0079 (0.20)
PLANE 0-0075 (0.19) 29979 (0.29)
0.0035 (0.090)

3-Pin TO-92 (T9 Suffix)

0.205 (5.20)
0.135 S aon
(3.43) I" ™ 0175 (4.96)
MIN
0.210 (5.33)
0.170 (4.38)
SEATING ___ ¥ 0.050
PLANE Y (1.27)
MAX
0500 o |o 0019 (0.482)
(12.70) 0.016 (0.407)
MIN SQUARE
—¥ LU U U gps5(1.39
0.105 (2.66)_L_|‘_:" 0.045 (1.15)
0.095 (2.42)
0.105 (2.66)
0.080(242) [ ‘f
T 0.165 (4.19)
0.105 (2.66) 0.125 (3.94)
0.080 (2.42) l
¥
BOTTOM VIEW
—o—
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