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‘Voltage Reference Circuit Collection
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This application note is a guidebook of circuits featuring
voltage reference ICs in various configurations. The cir-
cuits shown are both basic as well as complex and employ
many popular IC references. Included are 2-terminal and
3-terminal references in series and shunt modes, for

positive and negative polarities, in voltage and current
boosted versions. Additional circuit information can be
located in the references listed in the index. The reference
works as follows, i.e., AN8, page 2 = Application Note 8,
page 2; LTC1044 DS = LTC1044 data sheet.
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5.120V Qutput, Trimmed RefErence ... Figure 9 ..o B o LT1029 DS
Basic Hookup for LT1031 Series RefErBnCe .........cooocviiniieii s Figure 21 ..o T oroeerievevsis s LT1031 DS
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+1.227V, +2.45V Qutput, Self-Buffered, Micropower Reference .........ccooevvcvvivenivinnnne. Figure 51 ..o | B O LT1178 DS
+10V Output Reference Figure 42 ... 10
15V OULPUL RETEIENCE ..o Figure 40 ...........co.c....... 10 e LT1029 DS
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DRAWING INDEX (Continued)
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Series Reference with PNP BOOSE .......c.ccoocoivvii it Figure 56 ......ccccevvvnee. 12 e, LT1021 DS
Buffered Reference

2.5V Output, Low NOISE REFEIBNCE .......ccoovvvceiriec e e Figure 64 ..................... 15 e LT1009 DS
Precision High Current Reference (1.5A) ......cccovvirenirreinieneennrenminssnnssssses e seneens Figure 57 ..o, 12 e AN2, page 7
~10V Qutput, Low NOiSE REEFENCE ......cvveeesvecceerce ettt enene Figure 62

Single Supply, =10V Qutput, Trimmed Low Noise, Low TC Reference .............ccooecrvnnee. Figure 63

-5V Qutput, Current Boosted Negative Reference with Overload Protection .................. Figure 60

10V Output, Low NOISE REIEIBNCE .......cveeee ettt Figure 61 LT1031 DS
7V Qutput, Low Noise, Low Drift RETEIENCE...........cccoiveevieceeeeeeect e Figure 65 LTZ1000 DS
Buffered Standard Gell ..ottt st Figure 58 LT1012 DS
Standard Grade Variable Voltage REfErence ..........cccoovvvieurivcneinicness s sensene Figure 59 LTC1052 DS
Micropower Reference

1.2V Output, Micropower Reference from 1.5V Battery ......cocoooeveervceceeeeeceen Figure 44 ..................... 10 e LT1004 DS
+1.236V, 2.45V Output, Self-Buffered, Micropower Reference (100mMA) ..........ccceveeene. Figure 51 o L LT1178 DS
1.24V Qutput, Micropower, Current Boosted Reference ..........ccccoeeveevrcvveveveeeerennnne Figure 52 .......coevveenee. L I IO LT1004 DS
2.5V Output, Micropower REfErENCE ......c.cocovver et eesser e Figure 47 .......coovee.... L LT1004 DS
2.5V Output, Micropower Reference with Wide Input Voltage Range ............ccccovevevec.. Figure 48 ............c........ 1

Negative Output Reference

Shunt Operation of a Series Device (LT1019-2.5, -5, -10) .....cccovvverrivieccirrrre e Figure 36 .....coooorrnee. 9

Current Boost Negative Reference (LT1019-2.5, -5, -10) ........ccccvvniromrsinrmvecereevnrrnnnn, Figure 37 ....ocvvveevnene O LT1019DS
Shunt Mode Operation of a Series Device (LT1021-7, -10) ..covvvevreeveceee e Figure 32 .....coovvevrnnen. 9 e LT1021 DS
-5V Output Reference (LT1021-5) ......ococivees et eessee st snneas Figure 33 ..o, 9 LT1021 DS
=10V Qutput for @ Series DEVICE .........o.cervrmiriceriieersisie et enssesesisnsess et Figure 34 .........cco......... LT1031 DS
=10V Qutput, Wide InPut RANGE ......cc..oooveiceres e ses e Figure 35 ..o D e LT1031 DS
-10V Output, Current Boosted REfErence ...........cc.coevivveeiiieroceieesseceesseeriss e Figure 38 .......cocovvvneee. LT1031 DS
Power Reference/Regulator Circuits

Programmable Negative Qutput High Stability Regulator .............cccovevreeeivevevernins Figure 83 LT1033 DS
High Current Variable QUEPUL SUPDIY ...ecv.eeveee e et Figure 88 LT1004 DS
Simple High Stability ReGUIALOT .........cccoiveiieisiiereeeecse st e Figure 77 LT1004 DS
High Stability Negative ReQUIBLOT ..........c...ccooimerinerirensiessss s sessssssssssens Figure 78 .....ccoovvrvnnnes 19 s LT1033 DS
Regulator With REFEIBICE ..ot et se e Figure 79 oo 20

Negative Output Regulator with REfErenCe ..........covvocvviecis e Figure 80 ......cceveneeee.. 20

Low Temperature Coefficient Regulator ............ Figure 84 ..................... 22

Precision High Current Reference (1.5A) Figure 57 .o, 12 e, AN2, page 7
5V Output, Low Dropout, Micropower Regulator with 2.5V Reference .........cc.ccooeuneee.... Figure 85 ......ccccononc. 22 e LT1020 DS
Programmable High Stability RegUIBTOT ..........ccc.ievve e e eeeee e s Figure 82 ......cc.c..c........ 21

High Current Regulator With REFErENCE ............covcveiirce e neeenan Figure 87 ....ovvcvrvviian, 23 e LT1086 DS
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DRAWING INDEX (Continued)

FIGURE TITLE FIGURE # PAGE REFERENCE/SOURCE
Power Reference/Regulator Circuits (Continued)

5V Qutput, Low Dropout, Micropower Regulator with 2.5V Reference and Shutdown ...Figure 86 .................... 23 e LT1120 DS
Simple Stacked ReferenCe/ReGUIALON ...........cco.vvvcererririecesrn e cenirec e ecirennes Figure 81 .....cccoovvvnne. 21

Series Reference

Wide Trim Range (+5%) ......cccovvivevnecn Figure 25 .....ccoocvveveee. R LT1019 DS
Narrow Trim Range (£0.2%) Figure 26 ......ocvvvrenee 8 e LT1019 DS
10V Qutput, Trimmed 10 10.240V .......c.ccovrceoiimrrcessnr et Figure 29 .......cccovvnnnen B e e LT1019DS
5V Qutput, Trimmed 10 5.120V ..o e e eesees Figure 28 ....cccovvveene.. S LT1018 DS
10V Qutput, Full Trim Range (£0.7%) ..cveerrcrereicrinreeiniriesnericemecense st resssssiosnrss Figure 22 .......ccccoveuernn. [ LT1021 DS
10V Qutput, Restricted Trim Range for Improved Resolution ..........co.cvuvivnvererncrrennene Figure 23 ..oooovvvvveriraes T eerierirenmsinsns s, LT1021 DS
10V Output, Trmmed 10 10.24Y ..ot e ssisessssssineees Figure 27 ..ccoovver v R LT1021 DS
Low Noise Statistical Voltage Standard ..o s Figure 31 .ccooevreeae 9

5V Output, Fast Settling, Trimmed RefErence ......c..cccovecnmcveemmnricemrcnsconnenierinenss Figure 30 .....o.ovvovevnen. T LT1027 DS v
10V Qutput, TrMmMed REfErENCE .......ecvvveeivcceeer ettt enae s Figure 24 ........cccoeve... B e, LT1031 DS
Shunt Reference*

PreciSion Divide DY TWO ......ccccvvrriiierirsce vt sn s vsst e ensessnaneossesenss Figure 15 ....oocovvrvvrnne.. B o LTC1043 DS
PreciSion MUIIDIY DY TWO ......covveivciccins e e esss s sasissaanes Figure 16 ........ccoceemnnen. P LTC1043 DS
Ultra-Precision VORADE INVEIIET ... cenemssse s essessenenes Figure 17 .ccovvrnnrvcinnne B s LTC1043 DS
2.5V ReferenCe (LT1431Z) ..ottt ssescssenes Figure 10 ..o, B s LT1431 DS
2.5V REfErence (LT1431) ..t rsssssaessesssnns Figure 11 ocvvvvrvernnns B e LT1431 DS
5V Reference .................. Figure 12 .....coccovcvvmnnee. 6 LT1431 DS
Increasing 5V Reference Figure 13 ..o, B e LT1431 DS
Programmable Reference with Adjustable Current Limit .........cccovvvevevveiornervrerecinnnns Figure 14 .....cccovverne. T LT1431 DS
Basic Operation of Shunt Reference Family ..........cccoovvevrcnvinecvinienniinicrescnniseenins Figure 1 ...ccovvvvevrnne, N LT1004 DS
Current Source Stabilized REfEreNCe ........ccccccevvriivirrcrrisie e reenees Figure 2 ...coccvvvvvivennnn. B s LM334 DS
Low TG Current Stabilized REFEraNCE ............ccceerermrieinin st esecanenns Figure 3 ...ccoocovvivvcrnnn. 5

Temperature Stabilized Reference

Buffered Standard Cell ReplaCemENnt...........c.covvvrerrririeerienes e riessnns Figure 69 ........c..ccocon.... 17

10V Output, Self-Biased Temperature Stabilized Reference Figure 70 ....coocvvvnee, | LM399 DS
Ultra-Precision Variable Voitage Reference...........coovovveierieveveccrrveesienrescevesenseernee s Figure 71 ANS, page 6
10V Output, Temperature Stahilized RefErenCe .........ccovvvecvrrievrvrinrrsrrsrrssseersereceeceenns Figure 72 LM399 DS
Temperature Stabilized 10V Buffered Reference ..........c.ccoeeomvveniccsiveveevcenrinssnrnenn. Figure 73 LT1012 DS
6.95V Output, Temperature Stabilized Reference (Vi = 2 15V) v, Figure 74 LM389 DS
6.95V Qutput, Temperature Stabilized Reference (Viy = 9V t0 40V) ...ccoovvvvevcrivirvcnnnne, Figure 75 LM399 DS
6.95V Qutput, Temperature Stabilized Reference (Viy = -9V 10 =33V) ...cccooevvverrivrcennn. Figure 76 LM399 DS
10V Output, Temperature Stabilized Referance ..........ccce.ovvvrvemrvivec e Figure 66 LT1019 DS

LTZ1000 DS
LTZ1000 DS

Low Noise, Ultra Low Drift, Long Term Stable 7V Positive Reference .................. Figure 67
Low Noise, Ultra Low Drift, Long Term Stable Negative Voltage Reference Figure 68
Appendix

Precision Resistor SEIeCtON ............cccoioeiciieiiiciei e Appendix A .................. 24
Capacitor SEIBCHION ........c.cvveeiecerieieri ettt sb e AppendixB ............... 27
TrMMING TECAMQUES ...eveveeeereeeeeeee ettt et en et es e beeae Appendix G .................. 29

*See also 2-Terminal References
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* ‘ O t O
VOLTAGE REFERENCE SELECHON GU'DE* b E?Z’\q’(\JAgORrCe(ﬁhr%sCex(t)eTnYzR c%nlro| and biasing circuits.
VOLTAGE MAXIMUM
VOLTAGE | TOLERANGE OPERATING DYNAMIC
Vz MAXIMUM TEMPERATURE DRIFT, CURRENT RANGE IMPEDANGE
(VOLTS) Ta=25°C DEVICE ppm/°C OR mV CHANGE {OR SUPPLY CURRENT) () MAJOR FEATURE
1.235 £0.32% LT1004C-1.2 20ppm (typ) 10pA to 20mA 1.5 Micropower
+0.32% LT1004CS8-1.2 20ppm (typ) 10uA to 20mA 15 Micropower
+1% LT1034BC-1.2 20ppm (max) 20uA to 20mA 15 Low TC Micropower with
7V Aux. Reference
£1% LT1034C-1.2 40ppm (max) 20uA to 20mA 15 Low TC Micropower with
7V Aux. Reference
+2% LM385-1.2 20ppm (typ) 15uA to 20mA 1.5 Micropower
+1% LM3858-1.2 20ppm (typ) 15pA to 20mA 1.5 Micropower
2.5 +0.5% LT1004C-2.5 20ppm ({typ) 20uA to 20mA 1.5 Micropower
+0.8% LT1004CS8-2.5 20ppm (typ) 20uA to 30mA 15 Micropower
£0.2% LT1009C 6mV (max) 400pA to 10mA 1.4 Precision
+2.5% LT1009S8 25ppm {max) 400pA to 20mA 0.6 Precision
+0.2% LT1019C-2.5 20ppm (max) 1.2mA N/A Precision Bandgap
+4% LM336-2.5 6mV (max) 400pA to 10mA 1.4 General Purpose
+2% LM336B-2.5 6mV (max) 400pA to 10mA 1.4 General Purpose
+3% LM385-2.5 20ppm (typ) 20uA to 20mA 1.5 Micropower
+1.5% LM3858-2.5 20ppm (typ) 20uA to 20mA 1.5 Micropower
+3% LT580J 85 (max) 1.5mA N/A 3 Terminal Low Orift
+1% LT580K 40 (max) 1.5mA N/A 3 Terminal Low Drift
+0.4% LT580L 25 (max) 1.5mA N/A 3 Terminal Low Drift
+0.4% LT580M 10 (max) 1.5mA N/A 3 Terminal Low Drift
4.5 +0.2% LT1019C-4.5 20ppm (max) 1.2mA N/A Precision Bandgap
5.0 +0.2% LT1019C-5 20ppm (max) 1.2mA N/A Precision Bandgap
+1% LT1021BC-5 5ppm (max) 1.2mA 0.1 Very Low Drift
+0.05% LT1021CC-5 20ppm {(max) 1.2mA 0.1 Very Tight Initial Tolerance
+1% LT10210C-5 20ppm (max) 1.2mA 0.1 Low Cost, High Performance
£1% LT1021CS8 20ppm (max) 1.2mA 0.1 Low Cost, High Performance
+0.02% LT1027A 2ppm (max) 2.0mA N/A Low Drift, Tight Tolerance
+0.05% LT10278 2ppm {max) 2.0mA N/A Low Orift, Tight Tolerance
+0.05% LT1027C 3ppm (max) 2.0mA N/A Low Drift, Tight Tolerance
+0.05% LT1027D 5ppm (max) 2.0mA N/A Low Drift, Tight Tolerance
+0.1% LT1027E 7.5ppm (max) 2.0mA N/A Low Drift, Tight Tolerance
+0.2% LT1029AC 20ppm (max) 700pA to 10mA 0.6 Precision Bandgap
+1% LT1029C 34ppm (max) 700pA to 10mA 0.6 Precision Bandgap
+0.3% REF0ZE 8.5ppm (max) 1.4mA N/A Precision Bandgap
+05% REFO2H 25ppm (max) 1.4mA N/A Precision Bandgap
+1% REF02C 6.5ppm (max) 1.6mA N/A Precision Bandgap
+2% REFO2E 250ppm (max) 2.0mA N/A Bandgap
6.9 +3% LM329A 10ppm {max) 600pA to 15mA 1.0 (typ) Low Drift
+5% LM329B 20ppm (max) 600uA to 15mA 1.0 (typ) Low Drift
+5% LM329C 50ppm (max) 600pA to 15mA 1.0 (typ) General Purpose
+5% LM329D 100ppm (max) 600pA to 15mA 1.0 {typ) General Purpose
+4% LTZ1000 0.1ppm/°C 4mA 20.0 Ultra Low Drift,
2ppm Long Term Stability**
6.95 +5% LM399 2ppm {max) 500pA to 10mA 15 Ultra Low Drift
+5% LM399A 1ppm (max) 500uA to 10mA 1.5 Ultra Low Drift
7.0 +0.7% LT10218C-7 5ppm (max) 1.0mA 0.2 Low Orift/Noise, Exc. Stability
+0.7% LT1021DC-7 20ppm (max) 1.0mA 0.2 Low Cost, High Performance
10.0 +0.2% LT1019C-10 20ppm (max) 1.2mA N/A Precision Bandgap
+0.5% LT10218C-10 5ppm (max) 1.7mA 0.25 Very Low Drift
+0.05% LT1021GC-10 20ppm (max) 1.7mA 0.25 Very Tight Initial Tolerance
+0.5% LT1021DC-10 20ppm {max) 1.7mA 0.25 Low Cost, High Performance
+0.5% LT10318C 5ppm (max) 1.7mA 0.25 Very Low Drift
+0.1% LT1031CC 15ppm (max) 1.7mA 0.25 Very Tight [nitial Toferance
+0.2% LT1031DC 25ppm {max) 1.7mA 0.25 Low Cost, High Performance
+0.3% LT581J 30ppm (max) 1.0mA N/A 3 Terminal Low Drift
+0.1% LT581K 15ppm (max) 1.0mA N/A 3 Terminal Low Drift
+0.3% REFO1E 8.5ppm (max) 1.4mA N/A Precision Bandgap
+0.5% REFO1H 25ppm (max) 1.4mA N/A Precision Bandgap
+1% REFO1C 65ppm (max) 1.6mA /A Precision Bandgap
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Figure 1. Basic Operation of Shunt Reference Family
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Figure 3. Low TC Current Stabilized
Reference
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TRIM RANGE
0.4% — LT1029A, R1=750k
1.2% — LT1029, R1=250k

Figure 6. 5V Output Reference,
Narrow Trim Range
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Figure 4. 2.5V Qutput Reference,
5% Trim Range

5-35 Volts

Vigr = 2.500V

10k*

LM336-2.5 TRIM

*DOES NOT AFFECT
TEMPERATURE COEFFICIENT

Figure 7. 2.5V Output, Temperature
Independent Trim
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Figure 2. Current Source Stabilized Reference
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Figure 5. 5V Output Reference,
+5%, =13% Trim Range
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Figure 8. 2.490V Output,
Trim for Minimum TG
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Figure 11. 2.5V Reference
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Figure 9. 5.120V Output, Figure 10. 2.5V Reference
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Figure 12. 5V Reference Figure 13. Increasing 5V Reference
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Figure 15. Precision Divide by Two
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Adjustable Current Limit
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Figure 16. Precision Muitiply by Two Figure 17. Ultra-Precision Voltage
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Figure 18. Basic Hookup for
LT1019 Series Reference
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Figure 21. Basic Hookup for
LT1031 Series Reference

LT1021-10
Viv=—t N out Vour
GND TRIM
[ SRI*
i» 10k
* LOW TC CERMET
(CAN BE RAISED TO 20k FOR

LESS CRITICAL APPLICATIONS)

Figure 22. 10V Qutput, Full
Trim Range (+0.7%)
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GND TRIM
R1
75k < R2
VW—P$ 50k
]

TRIM RANGE = = 10mV

Figure 23. 10V QOutput, Restricted Trim
Range for Improved Resolution
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LT1021
IN out

Vout

GND

|

AN42 - 19

Figure 19. Basic Hookup for

LT1027

Vin IN OUT f—— Vyr

GND

l

- AN42+ 20

Figure 20. Basic Hookup for

LT1021 Series Reference LT1027 Series Reference

LT1031 PERFORMANCE

TC IN ppm/°C
DEVICE Vour (TYP/MAX)
LT1031B 10V £5mV 3/5
LT1031C 10V £10my 6/15
LT1031D 10V £20mV 10/25
LT1021 PERFORMANCE

TC IN ppm/°C
DEVICE Vour (TYP/MAX)
LT1021C-5 5V £2.5mv 3/20
LT10218-5 5V +50mV 2/5
LT1021B-7 7V £50mvV 2/5
LT1021D-7 7V £50mV 3/20
LT1021C-10 10V £5mV 5/20
LT10218-10 10V £50mV 2/5
LT1019 PERFORMANCE

TC IN ppm/°C
DEVICE Vour (TYP/MAX); C = COM, M = MIL
LT1019A-2.5 | 2.5V +1.25mV 3/5 (C), 5/10 (M)
LT1619-2.5 2.5V 5mV 5/20 (C), 8/25 (M)
LT1019A-5 5V £2.5mV 3/5 (C), 5/10 (M)
L.T1019-5 5V £10mV 5/20 (C), 8/25 (M)
LT1019A-10 | 10V £5mV 3/5 (C), 5/10 (M)
LT1019-10 10V £20mV 5/20 (C), 8/25 (M)
LT1027 PERFORMANCE

TC IN ppm/°C
DEVICE Vour {TYP/MAX)
LT1027A 5V +imV 172
LT1027B 5V.42.5mV 1/2
LT1027C 5V +2.5mV 2/3
LT1027D 5V £2.5mV 3/5
LT1027E 5V £5mV 5/7.5
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(T10318

AND LH0070-2

**INCREASE T0 10 FOR LT1031D

Figure 24. 10V Output, Trimmed
Reference

Viy = IN

LT1021-10

TRIM GND

QUT = Vour = 10.24V

V—=~15y"

*MUST BE WELL REGULATED

dVour _ 15my
N =V

Figure 27. 10V Output,
Trimmed to 10.24V

AN42-8

“ NOISE REDUCTION CAP AND TRIM POTENTIOMETER OPTIONAL.

out Vout
Vin=—fIN  LT1019
SR
GNDTRIM & 25k
| I |

Figure 25. Wide Trim Range (+5%)

ﬁt—- VOUT
ouT SHx
LT1019:5 > 1%
Vipy =] IN 1L
< 5k*
aNDTRM '1 +1% TRIM
‘th.ozk
<
%

*LOW TC CERMET

Figure 28. 5V Output,
Trimmed to 5.120V

7.5V T0 35V

2

3 \R

:

Vin
LT1027

Viy=—{ N

ouT Vour
LT1019 R2”
1.5M SR
AN -
annTRM—AMA—>< 00,
| I |
-

*INCREASE TO 4.7MQ FOR LT1019A (+0.05%)}

Figure 26. Narrow Trim Range (-0.2%)

T
out < 90.9K
LT1019-10 1%
Vin =4 IN |
< 5k*
anp M TW +1% TRIM
< 4.02k
$1%
-
*LOW TC CERMET

Figure 29. 10V Output,
Trimmed to 10.240V

Vour

VTRIM

GND
o I

b

<
10k*
<

TuF

L,
I TANTALUM

Vour =5.0V

AN42 + 30

Figure 30. 5V Output, Fast Seftling, Trimmed Reference
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+15V ——@~
IN IN IN
LT1021-10 LT1021-10 LT1021-10 330
0.1uF ouT ouT OUT —AAA—
GND GND GND
33Q
"
330
AAA 10.00V
OuTPUT
X1 100pF
-I LOW LEAKAGE
= AN42 - 31
Figure 31. Low Noise Statistical Voltage Standard
LT1021
(7 AND 10 ONLY) LT1021-5 LT1031
ouT '—-L >3V—— IN out —1 out v——-L
GND GND GND
—Vour -5V —Vour
N —
Vin — Vout R (7)) Ri = vOUT - R1 1= Viy—Vour at ILoap
ILoap* 1.5mA ~ Troap+1.5mA
ANd2- 33 =15V

R = Troap ¥ T.5mA
—15v

Figure 32. Shunt Mode Operation of a
Series Device (LT1021-7, -10) (LT1021-5)
LT1031
ouT L—_L
= v
GND -
LT1019 i
> W iloap=1mA) (2.5,5, AND 10) N ou
2.5mA OUT| 1_
l GND __| GND -
LM334 \ N
~Vour —Vin—d p————— —Vper @ 50MA
270 % " R <= Vour
4 -1V v *1:2"‘2 R =V;m—KSV‘ =|_Vm1”m7xVREF‘ D1=Vger +5V
—11V 10 —40V
Figure 35. =10V Qutput, Wide Figure 36. Shunt Opéralion of a Series Figure 37. Current Boost Negative
Input Range Device (LT1019-2.5, -5, -10) Reference (LT1019-2.5, -5, -10)

-10V

Figure 33. -5V Qutput Reference

LY LR

Figure 34. —10V Qutput for a
Series Device




5V

5k

2N3904

LT1009

+5 5k
J L%
-5

+15V*

3k

1.235V

L

2N3906

I L71004-1.2

“OUTPUT REGULATES

Figure 43. +1.25V Qutput, Logic

DOWN TO 1.285V
FOR lgyr =0

>
? 5k
-5
AN42 « 44

AN42 - 43

Reference from 1.5V Battery

Programmable Reference

AN42-10

Figure 44. 1.2V Output, Micropower

L I
+ 15V
130K g
5% S
S e OUTI
5% 10.000v
4 I+\ 14
5| 1ok
%LT1002 WYV
LT1081 5 0.1% e
N wT— LM129A - 12 ~10.000V
GND =
3.3k
AN' “AA’—
-1V 1k 1%
—15 @50mA 5.2 ’
2N2905
Figure 38. —10V Output, Current Boosted Reference Figure 39. +10V Qutput, Precision Reference
+15V
R1 LT1021-10
10k + +2.5V (BUFFERED)
15V —— Vi Voyr fpr————— +10V
+5V
LT1029 GND
’x LT1029
*— COM
= LT1029 _]_
v —» -2.5V (CURRENT LT1021-10
Lo DETERMINED BY R3) Vig Vour
R2 Sk
10k 1 5%
GND
~-15V ANe2 - 40 -5V
Figure 40. +5V Output Reference Figure 41. +2.5V Output Reference — -1
LOAD
MELISIEE
ILoAp + 1.5MA 2
-15V ANG2 - 42

Figure 42. £10V Outpuf Reference

+9V
510k
1.235V
I LT1004-1.2
AN42 « 45

Figure 45. 1.2V Output, Micropower
Reference from 9V Battery
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"V+

(25V <vF < 30v)

Ls
'_i LT1004-1.2

& 1.235V

AN42 . 45

Figure 46. 1.2V Output, Micropower
Reference with Wide Input Voltage Range

+3.6V T0 +40V
v
LM334 A
=

S
62Q
pS

L g
LT1009 I——bqi’mk

<

AN42 . 49

Figure 49. 2.5V Output with Wide Input Range

Application Note 42

V+
I 3.7V <V +<30V
R
&y L M334
S0 2.7k
2500V ! 2.5V
LT1004-2.5 'f LT1004-2.5
- - AN42 - 48

Figure 47. 2.5V Output,
Micropower Reference

Figure 48. 2.5V Qutput, Micropower
Reference with Wide Input Voltage Range

RETEEIAAA

56.2k
SOURCE

0,
7V OUTPUT 55%3\{,{"1 to

A 'JA" 1.225V

|EIE| COMMON

LT10348

ANaz - 50

Figure 50. +1.2V, +7V Output, Pre-Reguiated Reference

v+
(5V TO 40V)
R2
1 1.2365V 100k
12 my QUTPUT Wy
+ 4 4V TO 9V |
0.001uF
2,470V
250k” QUTPUT
—— Vour =1.235V
4 LT1004 € Imax =100mA
0.1uF 12 :’ZM lg =50uA
™*
';' *=0.1% FILM RESISTORS LT1004-1.2
TOTAL BATTERY CURRENT = 28,A T
QUTPUT ACCURACY = +0.4% MAX J
TEMPERATURE COEFFICIENT = 20ppm/°C I
LOAD REGULATION = 25ppm/mA, 1 <5mA, V+ =5V = * USE HEATSINK IF HIGH POWER
LINE REGULATION = 10ppm/V DISSIPATION IS REQUIRED ANz - 52
Figure 51. +1.227V, +2.45V Qutput, Seli-Buffered, Figure 52. 1.24V Qutput, Micropower, Current Boosted
Micropower Reference Reference (100mA)
- __
L] |T_E|CUNOLOG| ¥
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+15V

30mA
———

R1*

N 1690

LT1031 OUT

GND

*SELECT R1 TO DELIVER TYPICAL LOAD CURRENT.
LT1031 WILL THEN SOURGE OR SINK AS NECESSARY
70 MAINTAIN PROPER OUTPUT. DO NOT REMOVE LOAD

AS QUTPUT WILL BE DRIVEN UNREGULATED HIGH. LINE
REGULATION 1S DEGRADED IN THIS APPLICATION.

Voyr 10V

TYPICAL LOAD

AL | CURRENT = 30mA

L4

Figure 53. 10V Output with Viy-Voyr
Shunt Resistor for Greater Current

V= o
(Voyr+2.8V)
GLOWS IN <
CURRENT LMT W LED © 8.2a
(DO NOT OMIT) %Q
2N2905
IN
“LT10XX™ out
PER TABLE
GND I
DEVICE | Vour
LT1019-25 | 25V
LT1019-5 5V
LT1021-5
LT1027
LT1021-7 N
LT1019-10 10v
LT1021-10

Vr=128y
V4 =118V bie
1 l LED =
2009
! IN2905
N
LT1031  OUT g\{oom
GND o

—

Figure 54. 10V Output with External PNP

for Boosted Qutput {100mA)

I pan=<100mA

24F SOLID TANTALUM
Viy = IN

Figure 56. Series Reference with PNP Boost

SOLID
TANT

8.2Q

2N2805

N
10V
L1031 OUT 2100
GND uF

SOLD
I | TANT

*GLOWS IN CURRENT LIMIT.
DO NOT OMIT.

Figure 55. 10V Boosted Output with

Current Limit (100mA)

LT37T

+10V OUTPUT**

out

ADJ

“RESISTORS = TRW MAR-6

**10mA MINIMUM LOAD CURRENT

Al

gzk 15k*
<
N
LT1001

LT1009 r5~ N
Py I %4.9%

- &

= AN4Z. 57

Figure 57. Precision High Current Reference {1.5A)
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2N3609

g

+_L_ —15V

1018235V [ SATURATED R2
STANDARD AAA

CELL

#1071

EPPLEY LABS

NEWPORT, R.1.

—=0UT

VvV

e
-

THE TYPICAL 30pA BIAS CURRENT OF THE LT1012 WILL DEGRADE THE
STANDARD CELL BY ONLY 1ppm/YEAR. NOISE IS A FRACTION OF A
ppm. UNPROTECTED GATE MOSFET ISOLATES STANDARD CELL ON
POWER DOWN.

Figure 58. Buffered Standard Cell

JULIE RESEARCH LABS
MODEL SCO-106

[
+28v—q | } 01,F
]
' L
OVEN I I l JULIE RESEARCH LABS
POWER | +— = | MODEL VDR-307 . 0v-10.00000V
| | SKELVIN-VARLEY DIVIDER 3 out
| 100k S*=
| -+ +13V
1
— . 1
- =  20M
- L. — — — —J dh—_—i I._1. /'9'1
o QL
227k 3 99,95k
*TRW MAR-6 TYPE. (SELECT) | s500°
USE SINGLE POINT GROUNDING TEGHNIQUE. AMA AA
**JULIE RESEARCH LABS, TYPE NB-1 1

Figure 59. Standard Grade Variable Voitage Reference

$ 36k LT1027

4
=

ouT j

500 GND =

4
Vour| ¥y
Vz 2 VOUT +25vV  1N758 *

i
10V J

0.1uF

Vour™™
—p -5V
100mA

. *BYPASS SUPPLIES WITH 10y F AND 0.1y F CAPAGITORS
&—-15V “*QUTPUT WILL OSCILLATE WITH LOW ESR CAPACITORS

AN42 - 60

Figure 60. -5V Output, Current Boosted Negative Reference with Overload Protection
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MYLAR
1uF 15V
|
|
LT1031 R1 R2 LT1001 +VRee
" out 36k 36k 10V
15V — :;”,11
GND f=10Hz 0.54F TOTAL NOISE
[47 MYLAR <2uVmms
* 1Hz <f < 10kHz
~Vrer
Figure 61. 10V Output, Low Noise Reference
157 1IN458
1<
0.1uF"
]
4
| |
2 R3
5 10k
———— VW\—¢
1 6
LT1021C-10 1 — V7 =—10.000V
5 1
1
1
Rt 1
4 5k Lo
3 50k
]
'S
-15v

* POLYESTER OR SIMILAR

AN42 - 62

Figure 62. —10V Qutput, Low Noise Reference

1N458
l
<4
1000pF
IN L | ’
R3
LT1021-7 2 7k 2[\ 7
out ) 4 VVv -
6
Sil R4* , LT1006 b— Vgyp = - 10V
GND jo o 100k ) " R ko
‘ 37 5k 75k
VR e A
2 e
1% =
= R1
Vour= (1452 ) Vi
-15v AN—
25k 25k 25k 10k

—AMA—AMA—AAA— = R2

m:m

1% 25k ARRAY

* 20T, CERMET

AN42 + B3

Figure 63. Single Supply, ~10V Output, Trimmed Low Noise, Low TC Reference
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1uF
ViN= b6V |
1
10k
> 2]_ 7
<1k
1 10010 DS 257
10k * 4
A'A'AﬁA ""A + 4
£ [/
20
A 100k 7T 20F
‘m(ms
+
20uF*

t WET SLUG TANTALUM =

Figure 64. 2.5V Qutput, Low Noise Reference

INPUT
=20V

LT1012
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Viy= 10V

o W i

I T OUTPUT
| | $ 306 ﬁ

l ’K’ ' < 3 N 7 1N4148

| L d

|

L

Figure 63. 7V Qutput, Low Noise, Low Drift Reference

o

IN

HEAT

TEMP

out

LT1019-10

GND

¢ R3
75k

)

AAA

¢ R1*
> 1MQ

<

< R2"
Q 5k

=
*SELECT FOR DESIRED TEMPERATURE. VALUES =
GIVEN SET CHIP TEMPERATURE TO =70°C

WITH Vour=10V.

Figure 66. 10V Qutput, Temperature Stabilized Reference
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ZENER +
SENSE
v+

o 15V
%S $h ° 3 §§k
1 9 9 1N4148
S LTZ1000 3L\ 8
ko7 Al 8 A2 1
5
2N3904 NLIER 10k V ,| L1013
- A A A 2 N } - 4
7
4 ‘ﬁ
0.14F . ZENER -~
T ﬂ?gﬁﬁ SENSE
1 y
L < R5 R1 < -
0.14F > > 0.0224F
: T Tk w0 T * GROUND
) § ZENER -
FORGE
2 1N4148 EQLE&%
Pt (TIED TO
*PROVIDES TC COMPENSATION, DELETE FOR LTZ1000A. GROUND)
APPROXIMATE CHANGE IN REFERENCE VOLTAGE FOR A 100ppm (0.01%) CHANGE IN
RESISTOR VALUES:
AR(Q) V7
R1 0.012Q 1ppm
R2 0 0.3ppm
R3 ] 0.2ppm
R4/R5 RATIO AR=0.01% 1ppm

BOTH A1 AND A2 CONTRIBUTE LESS THAN 2xV OF OUTPUT DRIFT OVER A 50°C RANGE.

Figure 67. Low Noise, Ultra Low Drift, Long Term Stable 7V Positive Reference

ZENER + SENSE

VHI5V

- GND
-L > S 3 S R2
. ) 13k 70k > 70k
2
1s | 8 . e
1K 7 |, LT21000
2N3904 LT1013 1
6 10k 5

-3 kﬂ 7

AAA

!

0.14F
VvV +
$rs :E R 1 1N4148
>k Q10 T
’ . $— ZENER — FORCE
*PROVIDE TEMPERATURE COMPENSATION, DELETE FOR LTZ1000A. 00k 2 ZENER — SENSE

APPROXIMATE CHANGE IN REFERENCE VOLTAGE FOR A 100ppm CHANGE IN
RESISTOR VALUES:

—-—>
100ppm = AR(2) AVy VT
R1 0.012Q 1ppm
R2 7 0.3ppm
R3 it 0.2ppm
R4/R5 RATIO AR=0.01% 1ppm

BOTH A1 AND A2 CONTRIBUTE LESS THAN 2,V OF CUTPUT DRIFT OVER A 50°C RANGE.

Figure 68. Low Noise, Ultra Low Drift, Long Term Stable Negative Voltage Reference
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Vi R e Vour = +15V
(16.5V MIN) LT1086 i
IN ouT —
21k
ADJ }a/z uF
° 6.2k |
1% ,'—\
AA OUTPUT 2% I
ADJUST AN
i 100k T-ww
S —
:;12k < 7
Z—{0uF S01% Som
10uF —— A 20k 1 LT1001AG > 2 otazisy
TANTALUM A\ 695V AAA 7
<2k —
LM199A 01% T TuF
—— AN42+ 69
Figure 69. Buffered Standard Cetl Replacement
.
A 8.8k
1%
U
270 —— LT1001A0>0 ¢ OUTPUT
1Y — 3 v
1
5k
+ A
> 19k
1%
695V A&
3K
LM399 TRIMS ¢ ]
o 1

Figure 70. 10V Qutput, Self-Biased Temperature Stabilized Reference
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+15V

_
TRIM 43k*
1009 (SELECT) 22k 0JTPUT
E——* AM——AA— AN v 100,V TO 10V
1l
1009, SW IN2219 2hmA
Al
Y2 LT1002 DIODES =
SEMTECH #FF-15 0JTPUT
TN4148 *° 1nV TO 100V
2hmA

<
90k* &
b3

L 4uF
s

7.5k
5%

LM39SH

7%
6.95V

9k

0.1%
2 R 7

LT1001

+

20k
0.1%

b—10v

Figure 72. 10V Output, Temperature Stabilized Reference

2N6533

0.1
11
i

TRIM—100Y 10y~
100Q (seLECT)

A2
2 LT1002

1N4148

2N2907

Figure 71. Ultra-Precision Variable Voltage Reference

KVD=E.S.I. #DP-311
“JULIE RESEARCH LABS #R-44

15V
7k 200
<
. ) 1k
§ 2N3904
LM399 E'K’
3¢ ouT
J_ VAA-

10v
= 365k 1k
*THE 1k PRELOAD
f MINIMIZES GLITCHES =

INDUCED Y TRANSIENT
LOADS

Figure 73. Temperature Stabilized 10V
Buffered Reference
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+15Y
:: 7.5k
. ~—
6.95V ’*’
LM399
Ly ] —

Figure 74. 6.95V Output, Temperature
Stabilized Reference

Vi 2 BV—-I—— IN
+
lqu

R
Vout = VR(rot )(“@J*‘ADJ R2

9V 10 40V ——
Rs
+ Y
é 695V &
LM399

||lr

Figure 75. 6.95V Output, Temperature
Stabilized Reference

LT338A
out

ADJ R1

300Q
1%

L71004-2.5

R2
100Q
1%

WHERE Vg(ror) 1S 1.25V + EXTERNAL REFERENCE =

Figure 77. Simple High Stability Regulator

||'-

2uf 7=

Vi

* ADJ. 1%

LT1004-2.5V R1

LY LN

IN 111033 OUT

Figure 78. High Stability Negative Regulator
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+ 15V

0.

6.95v

LM399

—9vI0 -
—33V

—
=

Figure 76. 6.95V Output, Temperature
Stabilized Reference

Vour = 5V @ 5A
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L.T1086*
75 il T " Your -8V @ 1A DEVICE “EATURES
4 o) our Vour =V (1+ 57 )+ oy P2+ Vg LT1086 1,52, Low Dropout
ILoap = 10mAMIN LT1085 3A, Low Dropout
I LT1084 5A, Low Dropout
- LT1083 7.5¢, Low Dropout
__________ Ve LT317A 1.5A
2.5V LT350 3A
I LT1009 LT338A 5A
1 LT1038 10A

- AN42 + 7

Figure 79. Regulator with Reference

LT1003

uf ADJ 2uF
| LT1033~
-Vin IN OUT | Vour =-7V @ 3A

*LT1033 FOR g = 3A
LT337 FOR Iy = 1.5A AN42 + 80

Figure 80. Negative Output Regulator with Reference
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= 7V ::RZ*
LM329B <
f + 1uF
R3 LRI = SOLID
15k ik T TANTALUM
1% 1%
ADJ
“ViN=]Vin LT1033 Vour “Vour
v
cpze Lol _gren
9.08X 10-3

AN42 - B3

Figure 83. Programmable Negative Output High Stability Regulator

LT317A
VIN ——{IN out
ADJ.

Vour

LT1009
ADJUST R2
FOR 3.75V
ACROSS R1

Figure 84. Low Temperature Coefficient Regulator

2.5VRer OUTPUT

[«

ViN>5.2V 3 REF

I g=404A Vin Vour 2 i — 5V MAIN OUTPUT
I LT1020 0.0014F i;1w
= FB 11.-1-
™

-+
10uFT N ® ]’\muF

Figure 85. 5V Output, Low Dropout, Micropower Regulator with 2.5V Reference
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2.5Vger OUTPUT

l6
F LI
RE Vour
LT1120
/8 | I
GND h

0.0014F 3

>
>

1T

—_r 10v*
hd

10uF

-4
1 LT1029

T [T

1004F

*10mA MINIMUM LOAD CURRENT

Figure 87. High Current Regulator with Reference

Ri<
= 0015

1
1

AA
\AAs

9— 5V MAIN OUTPUT
M
N
25uF
MI

Figure 86. 5V Output, Low Dropout, Micropower Regulator with 2.5V Reference and Shutdown

Vin

V- -1V

Vin

LT338A

Vour
ADJ

LT71004-1.2

AN42 - 88

Figure 88. High Current Variable Output Supply
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APPENDIX A
Precision Resistor Selection

Resistors are commonly used in precision linear circuits.
Common precision resistor technologies include thin-
film, thick-film, metal foil, and wirewound. Selecting the
appropriate resistor type for a given application requires
some understanding of the capabilities of the various
devices available.

In many applications resistor selection depends on resis-
tance value, absolute accuracy, and power dissipation.
However, when designing precision linear circuits other
performance parameters usually must be considered.
These include temperature coefficient, load life stability,
and voltage coefficient. The relative importance of any
parameter depends on the particular application. Table A1
lists characteristics of different resistor types. Because
individual processes vary, characteristics for the same
resistor technology vary between manufacturers.

Package type can significantly influence stability. Some
packages more effectively protect the resistive element
from stresses due to handling, packaging, insertion, and
lead forming. Also, manufacturing conditions including
solder baths, cleaning solutions, and humidity can cause
shifts in a resistor's value. Common package choices
include conformal coating, molded and hermetic types.
Conformal coated parts are the most common types in
semi-precision applications. Hermetic sealing offers
substantial stability improvements, regardless of resistor
technology. Hermetically sealed metal cases also provide
electrostatic shielding and isolation from humidity and
other environmental effects.

Ultra-stable time and temperature characteristics become
an issue when circuitry must hold calibration over ex-
tended ranges of time and temperature. In these applica-
tionsan oilfilled package may be required. The oil integrates
ambient temperature variations, preventing thermal gra-
dients across the resistor.

Various technologies available offer a spectrum of price-
performance tradeoffs. Because of this, a summary of
resistor types is useful.

Thin-Film

In the thin-film process, typically metal film, Nickel-Chro-
mium (Nichrome) or Tantalum-Nitride is deposited on a
ceramic substrate by evaporation or sputtering tech-
niques. The sputtering process is preferred since it pro-
duces a more stable device. The 750A-1500A film can be
applied to eithera planar substrate or a ceramic cylindrical
core. Resistor networks use the planar substrate with
discrete thin-film resistors utilizing the familiar cylindrical
shape. Nichrome parts have typical temperature coefficient
of resistance (TCR) of 25ppm/°C for a planar substrate
and 50ppm/°C for a ceramic core substrate. Tantalum-
Nitride resistors tend to be slightly higher.

Bulk-Metal Foil

Bulk-metal foil resistors are made with a Nickel-Chromium
alloy that is cemented to a planar ceramic substrate. The
Nichrome alloy, substrate, and adhesive material are care-
fully balanced to achieve an overall low temperature
sensitivity. The bulk-metal foil's 25,0004 thickness is
significantly less susceptible to humidity than thin-film
types.

Bulk-metal foil resistors are ultra-precision components.
Generally, they offer tighter tolerance, better stability, and
lower TCR’s than their thin-film counterparts. Their high
stability and uniformity makes them a good candidate for
precision networks. The networks use hybrid type con-
structionand offer extraordinary ratio stabilities (0.5ppm/
°C). Unfortunately, bulk-metal technologies may cost two
to five times that of film resistors.

Wirewound

Wirewound resistors are usually made by winding resis-
tive wire of a specific diameter and characteristic around
a core or card. Performance depends on the alloy used,
wire lengths, diameter, and annealing process. Wirewound
resistors can be ultra-precision components and are best
suited in applications that require absolute accuracy,
stability, power, or low resistance value. Wirewounds
have excellent overload handling capability, but are poor
candidates for high speed work due to inductive effects.
Special winding schemes can greatly reduce this parasitic
inductance, but never entirely eliminate it.
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Thick-Film

Thick-film resistors are made from a paste mixture of
Metal-Oxide (cermet) and binder particles, screen printed
onto a ceramic substrate and fired at high temperatures.
They are semi-precision components, with standard 1%
tolerance and typical TC's of 100ppm/°C to 200ppm/°C.

Carbon Composition/Carbon Film

Carbon composition resistors are made from a large
chunk of resistive material. They can handle large over-

- loads forashort period oftime. This is their main advantage

over the other resistor technologies. They are general
purpose components, not precision. Carbon composition
resistors do not have constant TC’s. TC’s can vary any-
where between —2000ppm/°C to —8,000ppm/°C and have
shelf-life stabilities of 2% to 5% of resistance value
(20,000ppm/Yr to 50,000ppm/Yr ).

Carbon film resistors are manufactured using a thin-film
process. Initial tolerance and TC are similar to carbon
composition. However, they do not have the high overload
capability. The sole advantage is their low cost.

AN42-26

Resistor Manufacturers

1.

Vishay/Ultronix

461 North 22nd Street
P.0. Box 1090

Grand Junction, CO 81502
(303) 242-0810

Vishay Resistive Systems Group
63 Lincoln Highway

Malvern, PA 19355

(215) 644-1300

International Resistive Company
P.0. Box 1860

Boone, NC 28607

(704) 264-8861

Julie Research Laboratories
508 West 26th Street

New York, NY 10001

(212) 633-6625

Allen-Bradley Company, Inc.
Electronic Components Division
1414 Allen-Bradley ODrive

El Paso, TX 79936-4888

(800) 592-4888
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APPENDIX B
- Capacitor Selection

Capacitor selection for voltage reference circuitry requires
care. Capacitor parasitics can introduce errors. Typical
capacitors found in reference circuitry include aluminum
and tantalum electrolytics, ceramic, and polyester. Table
B1 summarizes characteristics pertinent to reference
applications. It reveals that equivalent value capacitors
have electical characteristics that vary widely between
different capacitor technologies.

Leakage current becomes an issue when an RC network
filters a reference voltage. The leakage combines with the
resistor to shift the output voltage. Leakage varies with
time and temperature and varies from device to device. A
low leakage capacitor must be used in these applications.
The problem is illustrated by considering Figure B1. With
R = 1M, a 1x10712 leakage path in a capacitor creates a
1ppm error. Figure B2 is another approach to minimizing
leakage induced errors. Here, the voltage across C1 is
reduced to zero by bootstrapping via R1. Under these
conditions C1’s leakage current is effectively zero since
there is OV across it. C2's leakage appears in series with
R1, rendering it harmless.

Output capacitors provide low output impedance at high
frequencies. Large capacitors at the output of some refer-

v R
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Figure B1. Leakage in the Capacitor Divides Vgeps Output,
Introducing Error

Table B1. Typical Capacitor Characteristics
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Figure B2. Bootstrapping Technique Minimizes Leakage Effects

ences may cause oscillations. The capacitor introduces a
feedback pole which reduces phase margin of the refer-
ence. Phase shift can be excessive with low effective
series resistance (ESR) capacitors. The phase shift can be
reduced by placing a small value resistor in series with the
capacitor. If the phase shift is significant the reference will
ring during transient conditions or simply oscillate. This
condition is particularly significant for SAR type A/D
converter applications. Here, the reference output must
settle quickly or conversion errors will result. Consult
manufacturers data sheet for recommended output by-
passing techniques. Aiso, all references are not stable with
all capacitive loads.

Leakage and AC effects are not the only sources of
problems. Some ceramic capacitors have a piezoelectric
response. A piezoelectric device generates avoltage across
it's terminals due to mechanical stress, similar to the way
a piezoelectric accelerometer or microphone works. For a
ceramic capacitor the stress can be induced by vibrations

ALUMINUM SOLID | POLYESTER SOLID TANTALUM MULTILAYER ALUMINUM
CHARACTERISTIC ELECTROLYTIC FILM ELECTROLYTIC CERAMIC ELECTROLYTIC UNIT
Capacitance 0.47 0.47 0.47 0.47 047 uF
ESR* 100kHz 0.198 0.456 45 0.062 5.4 Q
Leakage Current* @ 5V 20 0.03 30 0.16 175 nA
Manufacturer's SANYO SANYO KEMET KEMET SANYO
*Typical

LY IR
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Capacitor Manufacturers

1. Nichicon (America) Corporation
927 East State Parkway
Schaumburg, IL 60195
(708) 843-7500

2. Sanyo Video Components (USA) Corporation
| 1201 Sanyo Avenue
I San Diego, CA 92073

200ms/DIV N (619) 661-6322

20uVOIV

. _ . tor R . . -
;?#Jﬁ I%:’;p:iﬁ;ramlc Capacitor Responds to Light 3. United Chemi-Con, Inc.
. . : 9801 West Higgins Road
in the system or thermal transients. The resulting voltages
duced able refer 5 A ‘ Rosemount, IL 60018
produced can cause appreciable reference errors. Aceramic (312) 696-2000

capacitor produced Figure B3's trace in response to light

tapping from a pencil. Similar vibration induced behavior 4. lllinois Capacitor, Inc.

can masquerade as reference instabilities. 3757 West Touhy Avenue
Lincolnwood, IL 60645
(312) 675-1760

5. Kemet Electronics
P. 0. Box 5928
Greenville, SC 29606
(803) 963-6300
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APPENDIX C
Trimming Techniques

It is often necessary to adjust a resistor’s value in preci-
sion circuits. The desired value may not be available or
readily predictable. Either case necessitates a trim.

For optimum stability and adjustability, always use the
smallest value of trim resistance that gives the required
range of adjustment. This reduces the stability and drift
due to the poor matching characteristics between the
fixed resistor and trim resistor. There seems to be a
tendency for designers to use a 0.01% resistor with a 1%
trim adjustment. Don’t pay for accuracy that isn’t needed.

Avoid the extremes of resistance range when using a
trimmer. Although the entire range will meet the stated
specifications, mid-range values tend to perform (TC,
tracking, etc.) better than low and high values.

Typical resistor trimming techniques are shown in Figure
C1. Selecting the appropriate method depends on various
factors including trim range, temperature stability, long
term stability, manufacturing processes, and calibration
procedures. Figure C1(A) is a general purpose trim. This
technique has an extremely wide range. Equation 1 repre-
sents the percentage change in the desired resistor value,
Req, for a change in trim resistance. This equation is
useful when determining the optimum trimmer resistance
and is provided for the various trimming schemes. If
increased stability is required, the circuit in Figure C1(B)
can be used. In this case, increased stability is achieved at
the expense of a narrower trim range. R1 must have a
tighter absolute tolerance than in the previous circuit for
this technique to be useful. For improved resolution, a
resistor can be placed in series with this network, see
Figure C1(C). This approach is best suited for ultra-
precision applications, since it has the highest resolution.

In some applications potentiometers may be unreliable. In
these cases, resistor value can be trimmed by selecting
the appropriate series resistor vaiue, see Figure C1(D).
However, this requires numerous resistors that must be
hand picked in production. An alternative approach is to
use a binary weighted trim as in Figure C1(E). The resis-
tance is trimmed by opening various links. With just four
resistors there are 16 different resistor values possible.

Application Note 42

With this method, the need for a bin of resistors on the
production floor is eliminated.

Often, the best solution is to have coarse and fine adjust-
ments. This can provide a more stable resistor value.
Figure C1(F) illustrates various ways to implement this
approach.

In many voltage reference circuits it is necessary to scale
and buffer the output of a reference to some calibrated
voltage. The trim sets the output voitage to the desired
degree of accuracy. Figure C2 shows various techniques
for trimming the buffered output. These examples utilize
various resistor trimming techniques to set output
voltage.

Figure C2 (B) shows asimple voltage reference circuit. The
reference is connected to the non-inverting input of an op
amp. The feedback resistors around the op amp scale the
output voltage to the approximate output voltage. The
potentiometer fine tunes the output to the desired value.

The temperature coefficient (TC) of the op amps gain
setting resistors can add significant error to the reference
output due to ambient temperature changes. The circuits
temperature coefficient is primarily set by the ratio match-
ing characteristics of the resistors, as opposed to their
absolute tolerance. Matched resistor sets provide a de-
cade or greaterimprovementintempco performance than
individually specified resistors. Therefore, resistors that
have relatively high TC’s can be used if they track.

Another interesting characteristic of this circuit is the
magnitude of output voltage drift with temperature caused
by the gain setting resistors. The drift error contributed by
the resistors is determined by multiplying their ratio (R1/
R2) by their TCR tracking tolerance. For example, to obtain
a 10V output from a 6.9V reference the gain setting
resistors ratio needs to be about 0.45. This means that
10ppm/°C resistor TCR tracking effects output voltage by
only 4.5ppm/°C. Therefore, for minimum effect of the
resistor's TCR tracking, it is desirable to have the refer-
ence voltage be a large percentage of the output voltage.

The remaining circuits in Figure C2 show some alterna-
tives for trimming a reference voltage. The particular
circuit selected depends upon the required performance
specifications and manufacturing processes.
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Figure C1. Resistor Trimming Techniques
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Figure C2. Output Voltage Trimming Techniques
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Figure C3. Unreliable Trimming Techniques

If reliability is an issue, do not rely on the potentiometer
wiper contact. The open wiper condition is a common
trimmer failure. If this occurs the outputs in Figure C3 will
go to the supply rails, possibly damaging other system
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components. With the unused partion of the trimmer tied
to the wiper (Figure G2 (B)) the output can only shift by the
amount permitted by the total trimmer resistance, improv-
ing reliability.




