o Monolithics Inc.
it

Qutput +0.3% Max
ntRANGE ... ... +3% Min

t Temperature Stability 8.5ppm/° C Max
30uVp.p Max

it

ly Current
Input Voltage Range 12V to 40V

Load-Drlving Capability
ernal Components

] jrcuit Proot
’\= _§TD-883 Screening Avallable
. -
n Die Form
.»"" . i

"’fgsmc INFORMATION '
o PACKAGE

OPERATING
CERDIP PLASTIC LCC TEMPERATURE
&-PIN 8-PIN 20-CONTACT RANGE

REFMAZ" - — MIL
REFO1EZ - - COoM
REFO12* - REFO1RC/B83 MmiL
REFOIHZ  REFO1HP — [ore ]
REFO1CZ - - com

- REFOICP - XIND

- REFO1CStt - XIND

processed in lotal compliance to MIL-STD-883, add /883 aher part
 Consult factory for 883 data shest.
§ Soninis available on commercial and industrial temperature range parts in
, plastic DIP, and TO-can packages. For ordering information, see
"'ym Data Book, Section 2.
¢ fo avaiabiiity and bum-in information on SO and PLCC packages, contact
'w sales office.

GENERAL DESCRIPTION
'REF-m precision voltage reference provides a stable

PMPLIFIED SCHEMATIC
o

REF-01

+10V PRECISION
VOLTAGE REFERENCE

+10V output which can be adjusted over a 3% range with
minimal effect on temperature stability. Single-supp!y opera-
tion over an input voltage range of 12V to 40V, low current
drain of 1mA, and excellent temperature stability are achieved
with an improved bandgap design. Low cost, low noise, and
low power make the REF-01 an excellent choice whenever a
stable voltage reference is required. Applications include D/A
and A/D converters, portable instrumentation, and digital
voitmeters. Full military temperature range devices with
screening to MIL-STD-883 are available. For guaranteed
long-term drift see the REF-10 data sheet.

PIN CONNECTIONS

ne O [*1nc.
vin [2] [ Ine.
ne 3] [¢] vour
ano 7 () TRm

EPOXY MINI-DIP
M (P-Suffix)
SEast 8-PIN HERMETIC DIP
TO-99 (Z-Sutfix)
(J-Suttix) 8-PIN SO
(S-Suffix)

REF-01RC/883
LCC
(RC-Suffix)

—
-

VOLTAGE REFERENCES

s
‘)
$R2=ena

R9 ~ 50k
$—AAA—O TRIM
]

$
b3 MY~ 2

4
GROUND
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REF-01 +10V PRECISION VOLTAGE REF|

ABSOLUTE MAXIMUM RATINGS (Note 1) Junction Temperature (T)) ...cccocovevvnrerimecc, -8

Input Voitage Lead Temperature (Soldering, 60 sec) ...................
REF-01, A, E,H, RC,AIIDICE ......c.cceoeeverecrrerrcreen 40V
REF-01C w.ooovvreeeeeresseeeseeneseserenessesemmesssssareerecseren sov _PACKAGE TvPe S MOTEZ) o
3 Output Short-Circuit Duration 70-99 (J) 170 24 vt
{to Ground OF V) .ccurveemnrrirnises s sesenens Indefinite 8-Pin Hermetic DIP (2) 162 g W;‘a/-
Storage Temperature Range 8-Pin Plastic DIP (P) 110 50 3 ﬁ
§ J, RC. and Z Packages ............................ —65° C to +150°C 20-Contact LCC (RC) 120 ., 1 g/m"
. P Package.................c. SR —65°C to +125°C 8PS0 8) 180 “ & T
LB Operating Temperature Range 20-Contact PLCG (FG) % PP R——_} gl"i.
% | REF-01A, REF-01, REF-01RC................. -55°Cto +125°C - — K ws‘
REF-01E, REF-01H, ?olii)lute maximum ratings apply to both DICE and pack: W
REF-01CJ, REF-01CZ oo 0°Cto +125°C oorwise noteq. o 2PPY PaCIRRed part, gy S =
REF-01CP, REF-01CS ... —40°C to +85°C 2. 8, is specified for wors! case mounting conditions, 1.e., 8,, s Specited 3 SR }‘}—")

device in socket for TO, CerDIP, P-DIP, and LCC packages; @ , is SDeciigg &
for device soidered to printed circuit board for SO and PLCC pa'&am .
.

ELECTRICAL CHARACTERISTICS at Viy = +15V, T, = 25°C, unless otherwise noted.

REF-01A/E REF-01/H
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX
Output Voltage Vo k=0 997 10.00 10.03 9.95 10.00 10.06
Output Adjustment Range AVirim Rp =10k *30 +33 - *3.0 $33 -
Output Volitage Noise ®np-p 0.1Hz to 10Hz (Note 6) - 20 30 - 20 0
Line Regulation (Note 4) Vin = 13V 10 33V —  0.008 0.010 -  0.006 0.0
Load Regulation (Note 4) I, = 0to 10mA — 0005 0008 — 0008 0.0
Turn-on Settling Time ton To £0.1% of final value - 5 - - 5 -
Quiescent Supply Current lgy No Load — 1.0 14 — 1.0 14
fLoad Current I 10 21 - 10 2 -
Sink Current Is ‘Note 7: -03 -0.5 - -03 -05 -
Short-Circuit Current lse Vo=0 - 30 — - 30 -

ELECTRICAL CHARACTERISTICS at Vi =+15V, ~55°C < T, < +125°C and I = OmA, unless otherwise noted.

REF-01A/E REF-01/H 4 2V

PARAMETER SYMBOL  CONDITIONS MIN  TYP  MAX MIN  TYP  MAX UNITS 3 TCV
Quput Voltage Change with v, 0°C =< Ta<+70°C - 0.02 0.06 - 0.07 0.7 ‘
or -55°C S To< +125° - 006 015 - 018 045
Temperature (Notes 1, 2) 85°C < T, 25°C OUTPU
Output Voltage —
N - 30 8s - 10. 250 ° I
Temperature Coefficient TCVo tNote 3 0 ppm/iC
Change in Vg Temperature
Coetficient with Qutput Rp = 10k} —_ 0.7 — - 07 - PPM/™%
Adjustment )
Line Regulation 0°C S To< +70°C — 0007 0012 — 0007 0012 “w
(Vin = 13V 10 33V) (Note 4) -55°C € To < +125°C — 0009 0015 — 0009 0015
Load Regulation 0°C < T,<+70°C —_ 0.006 0.010 - 0.007 0.012 wmA i)
(I, = 0to 8mA) (Note 4) -55°C < T, < +126°C - 0.007 0.012 - 0.009 0.015 "
o NOTES: _ ) Vg7 0° to +70°C .
Er 1. AVgyis defined as the absolute difference between the maximum TCVg 0° to +70°C: = — g 4
~? output voltage and the minimum output voltage over the specified B
temperature range expressed as a percentage of 10V: AVor -55° 10 +126°C:
Viax - Ymin and TCVp '-56° to +125°C: = -
aVor=| oy |} 100 180°C The RE
4. {ine and Load Regulation specifications include the effect of self heating.
2. AV specification applies trimmed to + 10.000V or untrimmed. S. Guaranteed by design. voltage
3. TCVj is defined as AV divided by the temperature range, i.e., 6. Sample tested. 3 A.Ym
7. During sink current test the device meets the output voltage specified. ;8 Ik 14

A—
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REF-01 +10V PRECISION VOLTAGE REFERENCE

gELECTRICAL CHARACTERISTICS at V) = +15V, Ta = 25°C, unless otherwise noted.

..... -85°C to +150°c
—————
...................... 300°¢ REF-01C
N R SYMBOL CONDITIONS MIN TP MAX
o, UNy PARAMETE| 0! UNITS
—?—_—‘\CM ) Output Voitage Vo I =0mA 9.90 10.00 10.10 v
20 i ) = —
26 Cw Output Adjustment Range AVyrim Ap = 10k 2.7 +33 %
T T ——— N
50 . “Chw Output Voitage Noise €np-p 0.1Hz to 10Hz (Note 6! — 25 35 ,.vze
—_—
40 ‘Cw Line Reguiation (Note 4) Vi = 13V to 30V - 0.009 0.015 %Y
‘——_—_\
44, *Cw { oad Regulation |Note 4 1= 010 BmA - 0.006 0.015 %/mA
—
u Jum-on Settling Time ton To +0.1% of tinal value - 5 - us
'd packaged parts, Uniesy quiescent Supply Current lgy No Load - 1.0 16 mA
Load Current [ 8 21 — mA
's. be., @, Is specifiaq f,
Dad(aq,,':“e“ i8 $pecite, sink Current Is ‘Note 7. -03 -05 - mA
and PLCC packages. short-Circuit Current lsc Vo=0 - 30 - mA
ELECTRICAL CHARACTERISTICS atV,, = +15V°C s T, s +70°C for REF-01CJ, CZ, -40°C < T, = +85°C for REF-01CP,CS,
uniess otherwise noted.
VH REF-01C
MAX UNITS PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
10.05 v Ouput Voltage Change AVor (Notes 1 and 2) - 0.14 0.45 %
_ % with Temperature
-
P vy Output Voltage Tev, (Note 3) - 2 8 ppmI C
Temperature Coefficient
0.010 v
T Change in Vo Temperature
_.( ’ %/ma Coefficient with Output Rp =10k - 07 - pPpmM/%
s Adjustment
14 mA Line Regulation (Note 4) Vin = 13V to 30V - 0.01 0.018 L%
—_—
— mA Load Regulation (Note 4) I, =0to 5mA - 0.008 0.018 %/mA
_— "
- mA NOTES:
1. AVgris defined as the asbsolute ditference between the maximum output TeV, = AVor
— mA voitage and the minimum output voitage over the specified temperature °” Jo°C
range expressed as a percentage of 10V: 4. Line and Load Regulation specifications include the eftect of seit
Viax ~ Vaiy I heating.
: AV, =‘————-— X 100
se noted. or wov 5. Guaranteed by design
———————————————— . 6. Sampie tested
/M 2. Vg7 specification applies trimmed to + 10.000V or untrimmed. 7 X 1 test th
MAX UNITS 3. TCVp s defined as AVpy divided by the temperature range. t.e.. . During sink current test the device meets the output voltage specitied
0.17
0.45 *
OUTPUT ADJUSTMENT BURN-IN CIRCUIT
250 ppm/°C s
+15v i
VIN
- i2
ppm/%
Vin
vo L] ouTPUTY AEF.01
0.012
0.015 ok REF-01
GND
0.012 %/mA TR} 002 l
0.015 GND _1av
4
- 70°C
_ also be set to exactly 10.000V, or to 10.240V for binary
210 +125°C applications.

‘80°C
the effect of self heating.

put voltage specified.

7ORev. B1

The REF-01 trim terminal can be used to adjust the output
voltage over a 10V +300mV range. This feature allows the
system designer to trim system errors by setting the refer-
ence to a voltage other than 10V. Of course, the output can

Adjustment of the output does not significantly affect the
temperature performance of the device. The temperature
coefficient change is approximately 0.7 ppm/° C for 100mV of

output adjustment.

10-7
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REF-01 +10V PRECISION VOLTAGE REFERENQE

DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE)

)

2. INPUT VOLTAGE (V)

4. GROUND

5. TRIM

6. OUTPUT VOLTAGE (Vour)

Far additional DICE ordering information,

DIE SIZE 0.074 x 0.048 Inch, 3552 sq. mils refer to 1990/91 Data Book, Section 2.

(1.88 X 1.22 mm, 2.29 sq. mm)

WAFER TEST LIMITS at V= + 15V, Ta= 25° C for REF-01N and REF-01G devices; Ta= 125° C for REF-01NT and REF-01GT
devices, unless otherwise noted. (Note 1)

T

REF-0INT REF-0IN  REF-01GT REF-01G

PARAMETER SYMBOL  CONDITIONS LT umIT LIMIT LMIT UNITS,

1005 10.03 10.10 10,08 V MAX
Output Voitage Vo =0 9.05 007 9.90 995 VMIN
on"::": Adjustment Veim Rp = 10K - +30 - +30 %M.
Line Regulation Vi = 13V 10 33V 0.015 0.01 0.015 001 WVMAX.
NOTE: .

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaqipq is nat
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sampie lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at V)5 = +15V, T, = 25°C, unless otherwise noted. “

REF-0INT  REF-0IN  REF-01GT REF-01G ‘
PARAMETER SYMBOL  CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL UNITS

= 0to 10mA
0.007 0.005 0.009 0.006 %
Load Regulation I, =010 8mA, NT, GT @ +125°C mA
Output Voltage Noise 8npp 0.1Hz to 10Hz 20 20 20 20 #Vp.p
Turn-On Settling To +0.1% of Final Vaiue .
75 50 75 5.0

Time tow NT. GT @ +125°C i
Quiescent Current lgy No toad, NT, GT @ +125°C 1.4 1.0 14 10 mA
Load Current Y 4l 21 21 2t mA
Sink Current is -0.5 -05 -05 -0.5 mA
Short-Circuit Current Isc Vo=0 30 30 30 30 mA
Output Voitage o
Temperature Costticient TCVo 10 10 10 0 ppm/*C
NOTE:
1. For +25°C specifications of REF-OINT and REF-01GT, see REF-01Nand

REF-01G respectively.
10-8 7/89, Rev. B1
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TAGE REFERENCE
TAGE REFERENCE

T and REF-01GT

LINE REGULATION {dB}

——
-01G
LI UNITS
—_—
10.05 V MAX
9.95 VMIN
—_—_—

3.0 % MIN

0.01 %/V MAX

t' ging is not
1B esting.

PICAL UNITS

0.006 %/mA
20 Wop

5.0 us

1.0 mA

2 mA

-0.5 mA

30 mA

10 ppm/°C

7/%Rev. B1

REF-01 +10V PRECISION VOLTAGE REFERENCE

7YPICAL PERFORMANCE CHARACTERISTICS

LINE REGULATION

OUTPUT WIDEBAND
NOISE vs BANDWIDTH (0.1Hz

OUTPUT CHANGE DUE TO

1)

k)

k)

MAXIMUM LOAD CURRENT (mA}
°

[

[EI_

VOLTAGE REFERENCES

TEMPERATURE ("C)

vs FREQUENCY TO FREQUENCY INDICATED) THERMAL SHOCK
0.0031 10,000 = 3 00%
001 o~ WA T § 0.0%
! 2 LT e 1 s Vin = 15V
: °’°:"E, E S oo Ta Ta~
: ; E‘m 5 wc I8¢
. o1 3 ” é 0020 PP——=
| -4 2
. t%‘ o (%3} ; ? E 0.016
N B §
}‘ e | 10 " 3 5 oo
il 5, z /
Lk é Z § 0008 DEVICE IMMERSED
gl 14 HW L 10.0 10 “Im S 0 N 7°C OlL BATH
® Tox 100k ™ w0 ™ w0 1 20 » &
FREQUENCY (Hz) TIME (SEC)
NORMALIZED LOAD NORMALIZED
MAXIMUM LOAD CURRENT REGULATION (Al = 10mA) LINE REGULATION
vs INPUT VOLTAGE vs TEMPERATURE vs TEMPERATURE
T T 14 14
SHORT CIRCUIT PROTECTION
— - 13 13
5 5 /]
—— S00mW MA;(ZM\' [ g 1 4
DISSIPATION 8 11 g u
5 M
/ § 10 3 1.0
Y )
/ Ny N
] Ta = 25°C g os A g *
07 07
os oe
" 2 3 E) 80 4020 0 20 40 80 80 100 120 140 0040 20 D 20 40 60 8 100 120 140
INPUT VOLTAGE fVOLTS) TEMPERATURE (*C}
MAXIMUM LOAD CURRENT QUIESCENT CURRENT
vs TEMPERATURE vs TEMPERATURE
» ™ . 4
Fi I 1 ‘
RN i - MRy
- AN I H //
o =5
g ~L g
ERE 3 10—
4 VIN = 15V N % 1
Z 10 -+ 8 o9
i :
5 08
Viy » 16V
° 07 i1
8040 20 0 20 40 60 80 100 120 140 6040 -20 © 20 40 60 $0 100 120 140
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REF-01 +10V PRECISION VOLTAGE REFERENGE

TYPICAL APPLICATIONS

D/A CONVERTER REFERENCE

A/D CONVERTER REFERENCE

=
z
Q)

VWA

0.1

5
uF ReF-0) [0

[o1 82 83 84 85 86 87 88

ios
DACO8 y

be

81 B2 83 B4 BS

POS. FULL-SCALE -1 188

L |

-
-

ZERO—SCALE

NEG. FULL-SCALE+1LSB 0

NEG. FULL-SCALE

o |o o
o |olo
olojo
o jlo |o

o1
uf REF-01

B70O-

SERIAL
OUTPUT

104
STARVH

FOR CONTINUOUS CON-

o |o |o
o |o jo

PRECISION CALIBRATION STANDARD

+10V REFERENCE

—— 1.1mA

0.1
uF

REF-O1

GND

&

5
TRIM

+18vV
2

Vin

REF-01

CURRENT SOURCE

CURRENT SINK

+15v
2

ViN

REF-O1

5
TRIM

GND

lour

VOLTAGE COMPLIANCE:

R oyt~ 2% tma

VOLTAGE COMPLIANCE: -3v TO +25V

REF01

10-10
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REF-0t +10V PRECISION VOLTAGE REFERENCE

PRECISION CURRENT SOURCE

A current source with 25V output compliance and excellent
outputimpedance can be obtained using this circuit. REF-01

keeps the line voltage and power dissipation constant in
device ; the only important error consideration at room
temperature is the negative supply rejection of the op amp.
The typical 3uV/V PSRR of the OP-02E will create an 8ppm
change (3sV/V X 25V/10V) in output current over a 25V range.
For example, a 10mA current source can be built (R = 1k{l)
with 300M01 output impedance.

25V

Rg= ———
8 X 1078x 10mA

REFERENCE STACK WITH EXCELLENT LINE
REGULATION

Three REF-01's can be stacked to yield 10.000, 20.000, and
30.000V outputs. An additional advantage is near-perfect line
regulation of the 10.0V and 20.0V output. A 32V to 80V input
change produces an output change which is less than the
noise voltage of the devices. A load bypass resistor (Rp)
provides a path for the supply current (lgy) of the 20.000V
regulator.

tn general, any number of REF-01's can be stacked this way.
For example, ten devices will yield outputs of 10, 20, 30 . ..
100V. The line voltage can range from 105V to 130V. However,
care must be taken to ensure that the total load currents do
not exceed the maximum usable current (typically 21mA).

+80V 22V 1o 80V
TRIMMED
2 2 OUTPUTS
*
. Vin Vin . 30.000v
Vo vo —0
REF-01 REF01
® s s
TRIM 3 10k52
GND GND 1
2 . .
Yin . 2
Vo yw s 2.000v
v
o
REF-01
> (TRIM FOR
O] CALIBRATION} REF-01
L
ND <
[ TR |2 3 10k03
4 2 GND <
Vin . 4 10,000V
Vo ©
REF-01
> 2 R,
B < Shs
Vo= 0 TRIM S 1 Sema
TO +28v GND
—0 L‘
—0
} o n 10V =+
RC - 1078s€C -5V o™ &
SUPPLY BYPASSING

For best results, itis recommended that the power supply pin
is bypassed with a 0.1uF disc ceramic capacitor.

7/89, Rev. B1
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FEATURES

e SVoltOutput ............................ +0.3% Max
¢ Temperature Voltage Output ................ 2imv/°C
o AdjustmentRange ................. ... 0000 +3% Min
¢ Excellent Temperature Stability ....... 8.5ppm/° C Max
® LowNoise .............................. 154 Vp.p Max
o LowSupplyCurrent ....................... 1.4mA Max
¢ Wide Input Voltage Range .................. 7V to 40V
¢ High Load-Driving Capabllity ................... 20mA
¢ No External Components

® Short-Circuit Proof

¢ MIL-STD-883 Screening Available

* Available in Die Form

REF-02
+5V PRECISION VOLTAGE
REFERENCE/TEMPERATURE TRANSDUCER

GENERAL DESCRIPTION

The REF-02 precision voltage reference provides a stable
+5V output which can be adjusted over a 6% range with
minimal effect on temperature stability. Single-supply operation
over an input voltage range of 7V to 40V, low current drain of
1mA, and excellent temperature stability are achieved with an
improved bandgap design. Low cost, low noise, and low
power make the REF-02 an excellent choice whenever a
stable voltage reference is required. Applications include
D/A and A/D converters, portable instrumentation, and
digital voltmeters. The versatility of the REF-02 is enhanced
by its use as a monolithic temperature transducer. For +10v
references, see the REF-01 and REF-10 data sheets.

ORDERING INFORMATION ' PIN CONNECTIONS

T, =25°C PACKAGE OPERATING he-

Vog MAX CERDIP  PLASTIC LCC  TEMPERATURE \ T ne
mvV) TO9  BPIN 8PIN 20-CONTACT  RANGE ne. -
215 REF02A; REF02AZ - - ML im 2 & vour
21§  REF02EJ REFQ2E2 - - com
125  REFO2)*  REF02Z* - REFO2RC/883 MIL ewe 3 -~
225  REFO2HJ REFOZHZ REFO2HP - com S
250 REF02CU REF02CZ - - COM GROUND
250 - - REF02CP - XIND CAse

- - REF02CS _ XIND . .
J:: REFG20J  REF020Z REFO‘ZDP" com REF-02RC/883 T0-99 (J-Sutfix)

For devices processed in total compliance to MIL-STD-883, add /883 after part

number. Consult factory for 883 data sheet.

t Burn-inis available on commercial and industrial temparature range parts in
CerDIP, plastic DIP, and TO-can packages. For ordering information, see
1990/81 Data Book, Section 2.

tt For availabitity and burn-in information on SO and PLCC packages, contact

your local sales office.

SIMPLIFIED SCHEMATIC

LCC (RC-Suttix)
8-PIN HERMETIC DIP

(Z-Suftix)
ne. [ o EPOXY MINI-DIP
vin 2] 7] ne. (P-Suftix)
TEme 3] [¢] vour
8-PIN SO
oo 1] Shis (S-Suffix)

INPYT

S on
+———ooutrur
[ ]
3m
RI2 w8 k()
\al @ s T
RS —AN—O
P ‘)m @0 ~ 123 .
S
3 ?
TEwe o4 A0 R = R
n2
GROUND
.
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REF-02 +5V PRECISION VOLTAGE REFERENCE/TEMPERATURE TRANSDUCER

ABSOLUTE MAXIMUM RATINGS (Note 1)

input Voltage
REF-02A, E, H, RC, Al DICE ...........cccccevvvninannee P 40V
REF-02C, D ..o ccnrrnieneecereneseenieseseecnssoreneaen v
output Short-Circuit Duration
{to Ground OF V| ) et Indefinite
storage Temperature Range
J, RC, and Z Packages ... =65°C to +150°C
P Package ... —65°Cto +125°C

Operating Temperature Range
REF-02A, REF-02, REF-02RC ................ —65°C to +125°C
REF-02E, REF-02H 0°C to +70°C
REF-02CJ,CZ, REF-020 . <. 0°C to +70°C
REF-02CP, CS ... ~40°C to +85°C

Lead Temperature (Soldering, 60 sec) ..

Junction Temperature (T ) —65°C to +150°C
PACKAGE TYPE 6,, (NOTE 2) 8 UNITS
T0-98 (J) 170 24 cW
8-Pin Harmetic DIP (Z) 162 26 ‘CW
8-Pin Plastic DIP (P) 110 50 cW
20-Contact LCC (RC, TC) 120 40 ‘CW
8-Pin SO (S) 160 4 *CW
20-Contact PLCC (PC) 80 39 cw

NOTES:

1. Absolute maximum ratings apply to both DICE and packaged parts. uniess other-
wise noted.

2 9 isspedﬂedfovworstcasenmnﬁngmndiﬁons.ia.,emisspedﬁodhdcm
in socket for TO, CerDIP, P-DIP, and LCC packages; B’A is specified for device
soldered to printed circult board for SO and PLCC packages.

ELECTRICAL CHARACTERISTICS at Vi =+15V, Ty = +25°C, unless otherwise noted.

e—

REF-02A/E REF-02/H
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Output Voltage Vo 1,=0 4885 5000 5.015 4975 5000 5.025 v
Output Adjustment Range AVirim Rp =10k +3 +8 - +3 +6 — LY
Output Voltage Noise ®np-p 0.1Hz to 10Hz (Note 7) - 10 15 - 10 15 #Vpp
Line Reguiation (Note 2) Vin =8V 10 33V — 0008 0010 — 0006 0.010 “/V
Load Regulation (Note 2) I, =01to 10mA - 0.005 0.010 — 0.008 0.0t0 %/mA
Turn-on Settling Time ton To £0.1% of final value — 5 - — 5 —_ us
Quiescent Supply Current gy No Load — 1.0 14 — 1.0 14 mA
{oad Current Iy 10 21 - 10 21 - mA
sink Current Ig :Note 8- -03 -0.5 - -0.3 -0.5 - mA
Shont-Circuit Current Isc Vo=0 - 30 — - 30 - mA
Temperature Voitage Output vy (Note 3: - 830 - - 630 — mv

ELECTRICAL CHARACTERISTICS at Vjy=+15V, -55°C < To < £125°C for REF-02A and REF-02, 0°C < To< +70°C for

REF-02E and REF-02H, {| = OmA, unless otherwise noted.

REF-02A/E REF-02/H

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Quput Voitage Change with AV 0°C<T,s+70°C - 0.02 0.06 - 0.07 0.17

Temperature (Notes 4, §) or -55°C < T, s +125°C - 008 0.15 — 018 045 *
Output Voltage

Temperature Coeticient TCVo {Note 8) - 3 8.5 - 10 25 ppm/°C
Change in Vg, Temperature

Coefficient with Output Rgp = 10k - 0.7 - - 0.7 - ppm/%
Adjustment

Line Regulation 0°C < Tp<+70°C — 0007 0.012 - 0.007 0.012

(Vin =810 33V) (Note 2! -55°C<T,<+125°C - 0009 0.015 - 0.009 0.015 v
Load Reguiation 0*C S T,c+70°C - 0.006 0.010 — 0.007 0.012

(I, =0to 8mA) (Note 2) -55"C < T, < +125°C - 0007 0.012 - 0.009 0.015 WmA
Temperature Voitage Output

Temperature Cosfficient TCVr {Note 3) - 21 - - 21 - mvre
NOTES:

1. Guaranteed by design. 5. AVgyspecification applies timmed to +5.000V or untrimmed.

2. Line and Load Regulation specifications include the effect of self heating. 6. TCVgis defined as AVqr divided by the temperature range, i.e.,

3. Limit current in or out of pin 3 to 50nA and capacitance on pin 3 to 30pF.

4. AVgyis defined as the absolute difference between the maximum output AVor

voitage and the minimum output voitage over the specified temperature TCVo= 70°C

range expressed as a percentage of SV.

avor= e Vuw | 100

7. Sample Tested.
8. During sink current test the driver meets the output voltage specified.
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REF-02 +5V PRECISION VOLTAGE REFERENCE/TEMPERATURE TRANSDUCER

ELECTRICAL CHARACTERISTICS at V| =115V, T = 25°C, unless otherwise noted.

REF-02C REF-02D o
PARAMETER SYMBOL CONDITIONS MIN TYP MAX TYP MAX UNiTg
Output Voltage Vo I =0mA 4950 5000 5050 5000 S5.100 v
Output Adjustment Range AVirim Rp = 10k 27 +6.0 - 6.0 -_ %
Output Voltage Noise enp-p 0.1Hz to 10Hz (Note 7 — 12 18 12 - uv
Line Regulation {Note 2 Vin = 8V to 30V — 0.008 0015 0.010 0.04 %y
Load Regulation |Note 2! :t: 2 :Z 5:: : 0'00_6 O'OE 001—5 0.0_4 %/ma
Turn-on Settling Time ton To +0.1% of final value — S - 5 - us
Quiescent Supply Current lgy No Load - 1.0 1.6 1.0 20 mA
Load Current L 8 21 -— 21 - mA
Sink Current ig Note 8! -03 -05 — -05 - mA
Short-Circuit Current lsc Vo=0 — 30 - 30 - mA
Temperature Voltage Output Vr 1Note 3: — 630 - 630 —_ my

ELECTRICAL CHARACTERISTICS atV,, = +15V:|, =0mA, 0°C < T, = +70°C for REF-02CJ, CZ, DJ, DZ, DP; ~40°C =T, 5 +85°C

for REF-02CP, CS; unless otherwise noted.

REF-02C REF-02D0
PARAMETER SYMBOL CONDITIONS MIN TYP MAX TYP MAX UNITS
h ith

Ouput Voltage Change wit aVor (Notes 4 and 5) _ 0.14 0.45 0.49 7 .

Temperature

Output Voltage

T — 7

Temperature Coefficient Cvo {Note 6) 0 85 0 20 ppm/°C
Change in Vo Temperature

Coetficient With Output Rp = 10kN - 07 - 07 — ppM/%

Adjustment

Line Regulation (Note 2 VN = 8V to 30V - 0.011 0.018 0.012 0.05 %V
Load Regulation (Note 2) i =0to 5mA -~ 0008 0.018 0.016 0.05 %/mA
Temperature Voltage Output TCVy (Note 3) _ 21 _ 2.1 _ mVeC

Temperature Coefficient

NOTES:
1. Guaranteed by design

Line and Load Regulation specifications include the etfect of self heating
Limit current in or out of pin 3 10 50nA and capacitance on pin 3 to 30pF
Vg7 is defined as the absolute difference between the maximum output
voltage and the minimum output voltage over the specified temperature
range expressed as a percentage of 5V.

{VMAX ~ Vmin
v

AVor= X 100
AV specification applies trimmed to +5.000V or untnimmed.
TCVy is defined as MVpy divided by the temperature range, i.e.,

WVor
TCVo= T
°" 70°C
Sample Tested.
During sink current test the device meets the output voltage specified.
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TURE TRANSDUCER E@ REF-02 +5V PRECISION VOLTAGE REFERENCE/TEMPERATURE TRANSOUCER i
TURE TRANSDUCER .

pICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE)

————
2D
MAX UNITg
5.100 v 2. INPUT VOLTAGE (Vi)
— % 3. TEMPERATURE TRANSDUCER
—_— OUTPUT VOLTAGE (TEMP)
- “VE 4. GROUND
0.04 %y 5. TRIM
_ — 6. OUTPUT VOLTAGE (Vour)
0.04 %/ma
—
. DIE SIZE 0.074 x 0.048 inch, 3552 sq. mils For additional DICE ordering information,
) 20 mA (1.88 X 1.22 mm, 2.29 sq. mm) refer to 1990/91 Data Book, Section 2.
- mA
) — mA

) - mA
) - my WAFER TEST LIMITS at V= + 15V, Ty = 25°C for REF-02N and REF-02G devices; To= 125°C for REF-02NT and REF-02GT
devices, uniess otherwise noted. (Note 3)
. " REF-02NT  REF-02N REF-02GT REF-02G
~40°Cs T, s +85°C PARAMETER SYMBOL  CONDITIONS umIT umir LT umIT UNITS
4975 4.985 4.950 4.975 VMIN
o Output Voltage Vo h=0 5.025 5.015 5.050 5025 V MAX
> MAX UNITS Output Adjustment Virim Rp= 10K _ +3 _ 13 “MIN
Range
3 7 % Line Regulation Vi = 8V 10 33V 0.015 0.01 0.015 001 WV MAX
NOTE: .
0 250 ppmrC Electrical tests ars performed at water probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
g d for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through ple lot bly and testing.
7 - pPPM/%
TYPICAL ELECTRICAL CHARACTERISTICS at vy = + 15V, Tpo = +25°C, uniess otherwise noted.
2 0.0 %V
—_—_— REF-02NT REF-02N REF-02GT REF-02G
6 0.05 %/mA PARAMETER SYMBOL  CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL UNITS ] O
P _ mvrec Temp. Voltage Output Vy {Notes 1, 2) 630 830 6830 630 mv )
Temp. Voitage Qutput (75}
Temp. Coafficient TCVy {Notes 1, 2) 2.1 21 21 21 mv/eC 8 Fg
4
Output Voitage Z f
1
Temp. Coeflicient TCVg 10 10 0 10 ppm/°C 2
' 4
I, =010 10mA m ‘
Load Reguiation i( = 010 BmA, NT. GT @ +125°C 0.007 0.005 0.009 0.006 %/mA a
Output Voitage Noise enp-p 0.1Hz to 10Hz 10 10 10 10 #Vp.p 5
Turn-On Settling To +0.1% of final Q
Time ton value, NT, GT @ +125°C s 50 s 5o ke f_’:_
Quiescent Supply Current gy No Load, NT, GT @ +125°C 1.4 1.0 14 1.0 mA 5
Load Current I 2t 2 21 21 mA > M
Sink Current is -0.5 -0.5 ~0.5 -0.5 mA '
Short-Circuit Current Ise Vo=0 30 30 30 30 mA
NOTES:
1. See AN-18 tor detailed REF-02 pplications information.

2. Limit current in or out of pin 3 10 50nA and capacitance on pin 3 to 30pF.
3. For+25°C specifications of REF-02NT and REF-02GT, see REF-02N and
REF-02G respectively.
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REF-02 +5V PRECISION VOLTAGE REFERENCE/TEMPERATURE TRANSDUCER

OUTPUT ADJUSTMENT

The REF-02 trim terminal can be used to adjust the output
voltage over a 5V +300mV range. This feature allows the
system designer to trim system errors by setting the refer-
enceto avoltage other than 5V. Of course, the output can atso
be set to exactly 5.000V or to 5.12V for binary applications.

OUTPUT ADJUSTMENT CIRCUIT

BURN-IN CIRCUIT

Adjustment of the output does not significantly affect the
temperature performance of the device. Typically, the tem.
perature coefficent change is 0.7ppm/° C for 100mV of outpyt
adjustment.

T +15v
2

Vin

Vo —O——T——O ouTPUT

5 ‘& 1052
O——=Temp TRIM ——-O——b-:,
GND
4

REF-02

L

18V
2

VIN

REF-02

GND

I

TYPICAL PERFORMANCE CHARACTERISTICS

FREQUENCY (Hz} FREQUENCY (H2)

OUTPUT WIDEBAND NOISE
vs BANDWIDTH (0.1Hz LINE REGULATION
TO FREQUENCY INDICATED) vs FREQUENCY
kL]
I
) JM
I L; 1
3 g% i
N g | |
2 X
g 3 (1
k4 =1 |
g g * ! i
e S i
2 R
16 |
i
0 100 A L3 0k 100K ™ s‘o 100 T 10K T00W

§

[T)]

LX)

(%rvoLT)

LINE AEGULATION

OUTPUT CHANGE DUE TO
THERMAL SHOCK

g

viN
Ta-
7%

[
§

- 18V

Tas
75°C

[

PERCENT CHANGE IN OUTPUT VOLTAGE ™)

DEVICE IMMERSED
IN 75°C OH BATH
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TIME (SEC)
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REF-02 +5V PRECISION VOLTAGE REFERENCE/TEMPERATURE TRANSDUCER Bt

TYPICAL PERFORMANCE CHARACTERISTICS

NORMALIZED

NORMALIZED LOAD ‘1
LINE REGULATION ik

MAXIMUM LOAD CURRENT REGULATION (Al = 10mA)
vs INPUT VOLTAGE vs TEMPERATURE vs TEMPERATURE L
* T T 14 4 o
SHORT CIRCUIT PROTECTION y :
» L —— 13 - 13 /1
H >\ L o S 2 A
3 B
hP-] e S00mW MAXIMUM = / !3
z DISSIPATION g " V/ g 1
13 1
"7 g / o Ve
Q o o
R £ g
3 ? g o9 L)
é w ° vin- 18 z 1
x ! Tas%C g ot P g o8
Fosl— 07 0y
° 08 o8
5 10 % 20 = 80 40 —20 0 20 40 60 80 100 120 140 9040 -20 0 20 40 60 80 100 120 140
INPUT VOLTAGE (VOLTS) TEMPERATURE (°C) TEMPERATURE C)
LINE REGULATION MAXIMUM LOAD CURRENT QUIESCENT CURRENT
vs SUPPLY VOLTAGE vs TEMPERATURE vs TEMPERATURE
003 ) 13
| e
- Tame 1= D i” e
E £ 5
sn.oz % 20 q § 11 H/
< g™ P 8o
g | g Vin - 15V N % -
oam 10 g
3 N : 3
\ 3 13 os
ViN = 18V
0.0 L4 a? 1
H 10 s 20 k-1 0 8040 -20 0 20 40 80 % 100 120 140 404020 O W 40 60 OO 100 120 140 ]()
INPUT VOLTAGE (VOLTS} TEMPERATURE ("C) TEMPERATURE (*C)
2]
TYPICAL APPLICATIONS 8
Z.
+5V REFERENCE +2.5V REFERENCE g
+15V " v Ef.
— =1 7 =
2 [
Vin . v 6 5
V0 0
A <
e REF-02 REF S :
e 3 5 $1xa * Vaee @)
o— TRIM}|——O | =
GND 10k SI Ly %N
‘ +15v ' // 2
[]
\omz s
- - . \
s oP-02 ——O
M ‘ \3 S-ov =
-28V
n [}
= 18V ver ,T‘-.L.-Z(Vnzr) ver QT.EA-: {vaer)
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REF-02 +5V PRECISION VOLTAGE REFERENCE/TEMPERATURE TRANSDUCER
—
PRECISION TEMPERATURE TRANSDUCER WITH REMOTE SENSOR PREC
i \l Acurr
i ‘ RESISTOR VALUES outpu!
il 15V
5 (‘\ TCVout SLOPE (S) 10mv/ e C 100mV/°C 10mv/°F v:‘:;
5 T TEMPERATURE -55°Cto -55°C to -67°F to de o
. 1, — o RANGE +125°C +125°C +257°C “’h":;
: Vo i e OUTPUT VOLTAGE -0.55V to -5.5Vto -0.67V 1o Th an 4
: Rer.02 RANGE +1.25V +12.5v° +2.57v chang
§ o1l raml2 By For &
: o T - e L“g“‘ ZERO-SCALE v@oc ov@0°C oV @ 0°F with 3
i BT R, ( 1% resistor) 9.09k(} 15k11 7.5k01
? S : -
H p1 (% 1% resistor) 1.5k 1.82k0 1.21k0N
H ) * !: Rpp (Potentiomater) 2000 500N 2000
: < R (+1% resistor) 5.11k0 84.5kN 8.25kN
UP TO 10 FEET OF SHIELDED
4-CONDUCTOR CABLE
*For 125°C operation, the op amp output must be able to swing to +12.5y,
increase V, to + 18V from +15V if this is a problem,
—
TYPICAL TEMPERATURE VOLTAGE REFERENCE STACK WITH EXCELLENT LINE
OUTPUT vs TEMPERATURE (REF-02A) REGULATION
o Two REF-01's and one REF-02 can be stacked to yield 5.000v,
- i J | ] 15.000V and 25.000V outputs. An additional advantage of this
_ Vg - 18V circuit is near-perfect line regulation of the 5.0V and 15.0v
™ 1/; outputs. A 27V to 55V input change produces an output
E = 74 i change which is less than the noise voitage of the devices. A
3 y ; load bypass resistor (Rg) provides a path for the supply
& oo L/ - current (lgy) of the 15.000V reguiator.
™) H in general, any number ot REF-01's and REF-02's can be v
| stacked this way. For example, ten devices will yield ten
. @0 outputsin 5V or 10V steps. Theline voltage can range from 100V
4 : to 130V. However, care must be taken to ensure that the total
Vw1 o % % w w 10 m load currents do not exceed the maximum usable current
TEMPERATURE °C) (typically 21mA).
TEMPERATURE CONTROLLER 29V 70 56V
A A
b A 25.000v
i v+ (12 TO 32V) Vo
B REF-01
R7 RC =
S Tam )2 —510-1:
Fr— - —f———— = —— 5 [ttt GND b
-\ 4
| 2 | a Rs
@.2x Y 2
li RV LLE vl S . 5000 CURF
| :5:»:'5':401 REF.02 | 1:3“ Vo
o 3
| GND { f REF-01
| 4 | <&nz 5 >
. o _ | tseemoreu | S TRtM ——’gwa
R RS 2 GND 1
2.2%: Vin R 4 | s.ooov
4 —AAY Vo +* O
1 SR i
f{ ‘1’2 i REF-02 !
4 NOTES: 5 2 Rg
o 1. REF-02 SHOULD BE THEAMALLY CONNECTED TRIM o 1ok 6.8k
L TO SUBSTANCE BEING HEATED. GND
k: 2. NUMBERS IN PARENTHESES ARE FOR A 1‘ l
: SETPOIN;ZT::FERATURE OF 60 C.
é 3. R3I=R1 __L
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REF-02 +5V PRECISION VOLTAGE REFERENCE/TEMPERATURE TRANSDUCER

pRECISION CURRENT SOURCE
A current source with 35V output compliance and excellent
output impedance can be obtained using this circuit. REF-02
keeps the line voltage and power dissipation constant in
device @; the only important error consideration at room
temperature is the negative supply rejection of the op amp.
The typical 3uV/V PSRR of the OP-02E will create a 20ppm
change (3uV/V X 35V/8V) in output current over a 35V range.
For example, @ SmA current source can be built (R = 1kQ2)
with 350M(1 output impedance.

35v

Ro= —————
©” 20% 10-6x 5mA

CURRENT SINK

lour
2

Vi

REF-02
o— TRIM ___05
GND

R igur® 5-_3‘/ +ImA

O-1Bv
VOLTAGE COMPLIANCE: -8V TO 28V

D/A CONVERTER REFERENCE

VIN

Vo
REF-02 J_ n
¢ (TRIM FOR
CALIBRATION)

By mse ise T 5.0k1;
Q o (]

Dac.os

0,F

v+ V- L Wie

o = o
I8V 15V -18v

+3V REFERENCE

Vo * 070 38V
-
RC = 10°5sEC -5V ¥ io- %
CURRENT SOURCE
B
A
Vin
vo o
REF-02
3 s >
o TRIM —0 :: R loyr- §.~:_V +lmA
GND

lout

VOLTAGE COMPLIANCE: -25V TO +8Y

T'T.EV {£10%) T 415V
2

ViN
Your
REF-02HJ

-0 Vgl+) = 430V

A
vV
»

GND
4 <

> R2
>

2 1nxa

12 OP-04CK

O +7.5V (- 10%]

=75V {:10%)

SUPPLY BYPASSING

For bestresults, itis recommended that the power supply pin
is bypassed with a 0.1uF disc ceramic capacitor.
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