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200114

WRAAEZESI L —RDORKRYUZK0.1ppm/°C 20 DAC

1ppm DERET V4 )L 2SR i

Jim Williams
J. Brubaker
P. Copley

J. Guerrero
F. Oprescu

EUSHIC

VAR, ERSEE., 57 L — F O DIA B IR L 0 % 3%
WFE L7, 104EHT, 12EY D D/A 22 3—% (DAC) I, Eifk
BT NWNAREEZONTVE L, HIETIZ16E Y FDACHS
RS, S AT LEGEEANDY KNELTHE S, Thold
BCEREEDTINA ZATHY | IEFPERR L 1LSB K, BV
7 M 1ppm/CCEER LT E T, ZRTHHICE MG
FRTEDACT 7V — av b h 5, HET A MR,
FHHIEE, BIEEE, L — — - b, EIEE TR, 2ofth
DT 7Vr—vavid, LIZLIET1I6EY h 22 5 DAC K E
ZHAERLELET, 1ISEY FDACHIAIE TRy 7Y E W) ILRET
EFEINTHEHOD, Efli Th 2 EFRF, MELIIED
WY, FEYI DI LE Y N — LA EERICRES
5,208y +23+EY b (0.1ppm!) DAC ZAFELET, 2
NEDTNA RUIEIREHEZ R 2L DD, KA KH )
DELOTEANTT, ZDHEITEH ., EEHEPFZEATICIR S 1
T BRI AR SR E A L
EL%w, FEHINZ220E Y b (1ppm) DAC &b T,

20EYRDACDT7—FTIF ¥

X 11320y F(1ppm) DACOT7 =X 77 F v %2R L7zHD
TY, ZOHNIE, A7 = FU7bELER - FY7 28
0.02ppm/°C Aiifi D, ED 1ppm A/D 2> 3 =¥ 3 AF-HHET
HBHERAHRELTOET, ZOF A ZALTC®24001%. 20
FDACZFEHT 570D T V¥ WA IE IV — 7 N D it 35 5
e UTREHL £, ?

FEERIZIE. TAL =7 020y FDACH 1 ZT= 2% ;D
LTC2400 A/D 22 N—=FILLoTE=I L, ZORARYDTY
IVERE =R - 2L —FIHELET, a—F - a8
L =23 2—F = AN L7727 —FELTC2400 DH 1D %%

K, WIEFADI—FZ AL —7DACICANLET, 2D
JEIckh, AL—=7"DACDHOFY 7 EFEERR IR, A/DaY
W= EVREpICEOTIREINBIEEE T V—T712koT
I IE SN E T, DACISRD SN B ME— DB X,
WHTHBZETT, L—7HOMDOEBRIZ. WTNHLEET
HHLBEIIHD FX A,

VRer

20-BIT FEEDBACK
BSER DIGITAL CODE LTC2400 | Vin
npur—>|  CODE |« “MASTER” |«
CODE COMPARATOR A-TO-D
20-BIT
CORRECTED — (IPPVD)

ANALOG

CODE oUTPUT

20-BIT Vour

> “SLAVE”
DAC /
ANBS FOT

1. IL—TIcED<20EY hDAC DEEZE, V7L
BZREWTA/D IV/I\N—%Ic &S DAC DIREMIED FIEE,
LTC2400 A/D 32/\—5 DIEWVWARFEREH 1ppm D
HAREZERE

O \TCHELULTRV=ZFZ T/ O — 1D BFEIETT,

Note 1: SFEEDALBAETTZICIE, HRAD SHEEDATBOES 25
BoZe,

Note 2: 7)LEY - N—LA D EZRDRETICOWTIE, FERCDMppmITES D
F—% - AVN\—SEREORIL ZS RO, BT, [FRADTSHEEDAZ
HBOER I HSRBOE,

Note 3 : LTC2400 A/D J>/\—% DF5#I&. {F8RBDLTC2400 — E/ U v 24
EYRADIVIN—% 1 %28RBD &,

Note 4:D/AD>/\—%(FA/D AVI\—F %R T I, REICHOI>TIL—
TRICEBENTE fco COVATATIRAD AVN—INIL—TICRBIESE
HHELU. DADYNN—9 %R T %, 2DLSIT, SEIDBEHICIEE IR
HNHBDESICB OIS, DAL AD DERE ZFEES B -FHRTH 2,
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ZDON—=TEELZ DI F L W Z i AT T, #idbo s
BY, BEORFIZAD AV N=2EZD) 7 7L v AEEIC
FoTHIREDET, ZNUUNDIFHIZ T NOLETH B4
ENHDEA, HIOV=7EEIE TR EY Fof v Tre v
TETy NI T D720, N —THAE DAME S AL E
ZELET BBIC. AD Y N—Y 2 AMICIE TS
T HERDVE— - VTR FHALID, TYINMEFIC
HOK o v 7R FEBL D THIEBHEETT, A/DaY
N—=FDS0-83v 77— & AT TH DI LD,
FIOIACININE Y s V7 SR E ERNR S DIC
LCnET,?’

EIRE D

212 1ppm DAC DFEf & [RIE& X278 L £9, AL —7 DAC
E2 DD DAC L OMERINE T, a—F - av L =2 o
Efz16 EY MI 16 E FDAC (TMSB DAC ) ICASIS 1L, T
HrEY MEZ&1351@ DAC (TLSB DAC ) IZ &> T I N
9, 20D DACIZIFAFIREY FDBATENDZHDD, ZD
IBL8EY MIBREBELTEYD, HoWHIRYLTIL— 7 B4 i

5V

5Vpgr (SEE APPENDIX |

RTEBLIICLTVET, 22D DACKE RE2 AR LTELN
%24y FOSfRBEIZ, 20 FHOEY XD T HLIC4EY FD
AVTI w7 LYl 27—V D 1ppm YT
2R LT LSB # Al L £ 3, Al £ A213DAC D &%
BHEICAHAL, SN A3 TIMEINE T, A3D R —)Lid,
FIEL—7 230l L 7 VA — Vil D H S W B A
HbhEEMIBIOWIETER LI I INE T, A3DH
H. ZOMEDHSINILTC2400 A/D 2> N—Z IS g
T, LT®1010 3 Efii & — OV Z BB § 28y 7 7 HéRE 2 R fit
LETADIAVN=YDTIINHIIEATTT—FED#EE
aA—F-a L —=FI2koTRD, ZRUTKDBIEFAa—F
ZAERLET, ZOMEF A2 —F%2MSBE XLULSB DAC
WKANTHIEThRIENL—7 DAL £ T, OV —7 D52k
ADIAN—=FEETFY 7 7LV ADMAEIT L >TIREND ET,7
SVEITEIET 2 AD IV N—FIcERIN 8L 54
F—Fl, A3 DTN (FRIFBA ., EPEHLR | BT
WiZe L) poav =82 RHELET, A4IZV 7 7LV A AV
N—%_ A5 DDACIZY Y — v N 2 52 F 7,

5V

A48T | | FOROPTIONS) N
20-BIT CODE FEEDBACK [ RE] 1 f 1N5817
USER __|  COMPARATOR CODE__IoGimal  LTC2400 1 LanA
INPUT (SEE APPENDIXD  [* ouT A-TO-D b
CODE FOR DETAILS) &

" T i 1N5817
COMMAND ¢ 4 CORRECTED L A4 - =
INPUTS FROM CODE OUT— LT1001 -
CODE COMPARATOR 24-BIT WORD -
._|I
5Veer | 100pF1 MSB DAC
DATA | —t

INPUTS

e

REF Ros Rrs B

%l 5"
LD )3

LTC1599

> WR
ML
BYTE CLVL CLR OUTPUT
> L1 AMPLIFIER
> = 5 15V
2k
* =1% METAL FILM W\ +
A3
LT1001 LT1010 OuTPUT
hUT 1 4120
INPUTS m e - LSB DAC _ A
s BYTE L 100pF v
R LTC1599 lout %4.12M*
S L - 1
08 - ANB6 FO2
[
VRer 5V =

[E2.1ppm DACDF¥#fllo SELDACIZ2 DD DACIEZ N7 Y7 TMHET S ETHEREI NS,
LTC2400 A/D AVN\N—F&D—R - AVIL—FILL>TRE(LREZRRT S

Note 5: 7ILEVIlIE. KDOBRENTIFIESNTWEZOZRTREE SRS
S, EHDRICENIHTH S,

Note 6: 1— K->/ —#IcDWTid, (AR D OOy HcED<I—R-O
YINL—% , TEIR S B,

Note 7: EEV 7 7LYADA T avicdDWTI}, [MERIDTEEYT77LVXT
REFLT WS, LTC2400 DF 12— KU TILIE. ([FERBESR D&,
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ERMEICET2RFAFER

A/D 22— DIEFREDDAC A D ERME 2 PE L T,
A/D 28— DIEELREZF) £2ppm T, ZDEEEFF
KCELZT 7V =2 avinsld, ZOMIZEGRLThE0E
Ao 1ppmDEFNED IS E1E Y 7 M7 27 FkIc k-
TIEAREDTRE S 2 MIE L £ 9, LTC2400 DEMMES X
ZORRE DML, 8D L EISGEHINTOET

DC P EE4FIE

K3FEREEH I a—Fo7ay b TT, 2OT =406,
EAR D 0 — FEIPH T Ippm INTH B ZE03bn ) 7,8
0.1Hz~ 10Hz DHFHECHIE L 7271 /A X135 0.2LSB T9
(X4).° ZOMEIX, BEEROHFINC L2 T DAL G A,
F1020V DA X707 BFELTOET,

1.0 T T T
INDICATED MEASU‘REMENT RESULTS

et
o

N

LINEARITY ERROR (ppm)
o

|
o
o

I— SHADED REGION DELINEATES —
MEASUREMENT UNCERTAINTY DUE TO
DAC OUPUT NOISE AND
INSTRUMENTATION LIMITATIO

\ |
-1.0
0 262,144 524,288 786,432 1,048,576

DIGITAL INPUT CODE

w

ANB6 FO3

E3.£3—KTx1ppmZz L[ES
EENFEELTVWRWIEERT
EfEo7OvE

HALFZ v IERE

ADZEHL — b BIONL—7DF—% « 70 7R LK
HD7 v 7 DENFDMHFE > T, DACIHE IZHEKE T,
15D AN —IENTIFKY 150ps ZEELTWE T,

X 6251k, 7IVAT =5 Ippm (£5uV) BAN~D DAC &
) 7RIS 1400ms Z B L §H L3 £9, — 7,
W& ATy 7 (7)) TH 25000V 225 Ippm ~D ~ ) >
22E, HTH100ms Lo 84,10

FEH

1ppm DAC DALAR DO ZE 2 X 91278 L £ 9, DAC DR,
FRlINTIA 7Y a v R EFOHELZ T 570, LT O
BREATARIAVERARLUEZ O, GO E L — R A
712DV TR, BN T A2 S TZ3,

500nV/DIV

2s/DIV AN FO4.if

B 4.1pV K&, $90.2LSBOH A /1 X, #EE2D
HIIC & BRE /(X - 7ATI0.2pV

Note 8 : 1ppm DERIERIE DEEMEEREIZL. HFT 2 EFRBBURBIFE
RAITERMOBRFRICED TR TH D AEICHERLIFEZ, [F8CD1ppm
ISET 2T —4 - AVN—YERIEDRIE IR U,
Note 9: /-7 THIE CBE Y 2IREITE L. FERHD NI OMRILE - LRILD /A
ZHRIE ICEHINTWS,
Note 10 : 1ppm TDACO NV I HEZAIE T 22 &id. SEIDLSICHERN
EEDBETH>TE—FHBTIEVDRL, [ERGDDACDE N> BRI
EiESRBOIE,
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1V/DIV

50us/DIV ANBG FOS.if
5.DAC ZILRAT—ILEHADRIL—451%

50ms/DIV ANgE FO7.tif

7. /\R7v 7 (500pV) BHEED 1ppm (£5pV) BIAND
TV J BRI 100ms

5uV/DIV

500ms/DIV ANBG FOG.f

6. ZILAT =) ATV TEBERDENI Y TEMEDE I EREE
FEHE, 1ppm LA (25pV) ANDE KU > J 15 1% 1400ms

INFRA—=%5 HEE
Resolution 1ppm

4ppm of VRer (Trimmable to 1ppm by
VRrer Adjustment)

0.04ppm/°C Exclusive of Reference
(0.1ppm/°C with LTZ1000A Reference')

Full-Scale Error

Full-Scale Error Drift

Offset Error 0.5ppm

Offset Error Drift 0.01ppm/°C

Nonlinearity +2ppm, Trimmable to Less Than 1ppm?
Output Noise 0.2ppm (=0.9pV, 0.1Hz to 10Hz BW)
Slew Rate 0.033V/us

Settling Time—Full-Scale Step 1400 Milliseconds

Settling Time—500pV Step 100 Milliseconds

Output Voltage Range 0V to 5V.For Other Ranges See Note 3
Note 1: %I S8,

Note 2: TR ESER,

Note 3: HRER LU FER,

X8.20 "y N DAC D{tHRDFEEH

Note : COFFUT—2av/—ME, B EDNEEICIBE T BichicfElmSnic
HOICIMEEEZMZ D TH S,
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fTERA

=1EE D/AZIROESE

TV EET IRy RICEERT 2R OERIEE BZS
(RO FICZOEMMBICHI NI D 10, GHET 7
V7= a Il BT BREFE AT (K AL, ) o
L bNET, WIHOBEBLRDAZIRTIE, ALy FRIEEE
BRI Z LI 525502 TLE), 205D
fEIEE 77 — FRINGEESINTCF L, 77— 3
U B DA AIVBRHBICXZBIESIN 7Y v P DA
BEE 73 AH LEIEIC K> TRANDBIEZHET 55D
TL7, BIiZH WA ZDDODAC DI B, I bIEEDE
HODBTIIVE VD IVE Y « N— LA TFESR (NDKRE
ER) T, A v FIckoTYI DB Z M2l k> T,
R DREEE 12 0.1ppm (23 By M) 232K L, FEHERFZETC
FHTETH)IA b0 T, ' EHE D DIAZHTIE, 1K1
I D=0 BB ALy FICkoTY DA E T, I OB
T DACIZTA A7) — FDEREERILE T V2 =T L +F
VORY BT, HL VORI N E L7 (FER RO
HiglZ, S=v h=r « YA D-17B DE MM IS AT LIS
i TV 72 (1962 4EHH) 12 E FDACTY) , FEEHESRLF L L

TR X 1o T DE A4 v FRADACIE, EZ6
{ Pastoriza Electronics 123 1960 H R HhbE I #lid L 7= 8 5T
L9, ZDMDA—=AHEREL, 1970 FRETIZIE T AV
V= bEBLUE/ VS 7EMmICE 2 EY 22— LA DAC (BE
)DL F Lz, 2=y MBI L P2 10 T
iz, (FOUR) HEEABEZIRETEL LI, LIFLIE
Ry T4V T INTOE LT, R0 A7)y FEAffIC KD,
BN Dy — 2 (B E AT BEE IS )12k
9, >V ay - 7ulBLOFEIC LD LTC1595 (B E iR Hi
) e EDEREEE /Y v 7 DACHSHIREIC AR 9, &%
T2y 7T 52 EIHE) . BITEDE 5T f#HEIC DACD 2
AL X7 A=V A FL—FA713E LD TEEOWEZRIRI
TT, BATHATEEZ, 16EY FDACH8E Y DIC /Sy
r—IINEBDTT, 7LVEVINC LSy b h—FRTEL .,
LTCOBHR S Z A6, MEBOTHFHEIELLILET
L&,

Note 1: 7JLEY - N—L A D ERROFEMIE, (FEKCOMppm IET DT —% - O
YN— S EREORIE EBBOZE,

AN8B6 FAO1.tif

HA1, BRHEZRORZEVD/AIVN—Y 3R (FRE), 23+ EVRDTILEY «N\—L 1 B ERR (KELRER), \MTUYRD
HERBLCEY2—ILRAV/IN—F ELTC1595 IC (FTF) o W TeWN, ECETRETZDREZ5H
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f+E%B

LTC2400—E/V v 24EY NA/D OAVIN—4
LTC2400 34> L —FHED <A 70,87 — 24y F A/D 2
VN—%T, dppm DIFEFEEL 0.3ppm D RMS /A A% FHEL
LTWET, ZOELDTEHWEEM,IZ, AT FfiiicksbD
TY, 77354 A1Z50Hz % 7213 60Hz+2% 12\ >T 110dB % i
Z5IEWTRICEE T 50, AL —F I K> THRE 5 2
EITE>T, 1Hz~ 120Hz DH#iPH T2 — 4 — & £ DM 1
BefHT2Ze83TEET,

ZDSO-8EY » Ny r —VIZINd SN E G A/D Y
N—ZF ASCTHRIL 7220 Ew F DAC DOMEER% 253 H D
T, ZCOTNAADFERDAY v R 7u— v ik Ellz 5.2
SNTEREEA/D 2N =TI, B 1 >DOER G
ELTEON TR LR, RELRBEW®WLZFILET, ZOHMH
JEIZ, ICORFERH P TEEME T, FFEITREF v
YAZEBTHLET, HIEWiEIE R oI1E, ZoBFEE ]
AL . ST 5 TL XD, A/D 3 N—F D F i Rk
ZRBLIZRLET,

IKGA=4 eSS
Resolution (No Missing Codes) 0.1V < VRer < Ve 24 Bits
Integral Nonlinearity VRer = 2.5V 2ppm of VRer
VRer = 5V 4ppm of VRer
Offset Error 2.5V < VRer < Ve 0.5ppm of VRrer
Offset Error Drift 2.5V < VRer < Ve 0.01ppm of Vrer/°C
Full-Scale Error 2.5V < VRer < Ve 4ppm of VRer
Full-Scale Error Drift 2.5V < VRer < Ve 0.02ppm of Vrer/°C
Total Unadjusted Error VRer = 2.5V 5ppm of VRer
VRrer =5V 1ppm of Vrer
Output Noise 1.51VRms
Normal Mode Rejection 110dB (Min)
60Hz £2%
Normal Mode Rejection 110dB (Min)
50Hz £2
Input Voltage Range 0.125V + VRerto 1.125V « VRer
Reference Voltage Range 0.1V < VRer < Ve
Supply Voltage 2.7V < Vgp < 5.5V
Supply Current o
Conversion Mode CS =0V 200pA
Sleep Mode CS=Vge 20pA

I B1. LTC2400 A/D O/\—49 DFE R {ti%,
EhEREEEVWEREMEICE>T1ppm DAC ZEIR
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fFE%C

1ppm ISET BT —F - AVIN—F EREDIREE
19N SDEI-> A

XUSIC

DACBIOINZWETZ-0IfHibN B A/D AV N—=FD
EREZ 1ppm IC R A HEETHIGET 212ld, Rl 22L& DK
DoNFET, TAMIUE, TPV AIDA VY IZVAVMZED
W CENOIRIBEIAT Y 72 R ET 5, MDD E
I3 g, iz, MIEDEEEZSE5I1CIE, SO
Ippm DELE LD BB E O IEFREZ 2 T2 2L
FNFET, YR, BAHTEAM ORI T2, BLW
FRTY,

L2 L, BEMEDOLND/A jav =213, EhOTHEL
HBAVN=FTHEHNET, 7LVEVHEID, rLEY « N—L
A 5728 (KVD) Db F ) L 72Tl 0.1ppm I MSTH
MR ZERLCOET, COFEYDBEZ RO TN UL, 7
T — Rz 7o TE AN 1000 J7 38 D DR E DS RE 22 54
TIVEHZTOET, TV R ey — 2V F P~ ETT T
7 — R DRENED D B ALY FRIT A 3% Ko7, 3% 1R
Fyyar—FtEZUTIOTLE) (XCL),

SEVEN-DECADE SWITCHED
R =100k &<4——0 WIPER POSITION PERMITS
SETTING TO 0.1ppm LINEARITY

— ¥ ANBE FCO1

EC1. TILEY - N—LA 3 ERDOER

0.1ppm KVD ZFHEBIAESE T 2/E3E1L, Bl XD 0k
FISIEWFEIR D S AN A, T IFER /NS, Rvd
B3P a2 s itkbEid a9, REDAAyF LI
PL21FI2 13,000 BV E VLI lifE 2R TE R0 51E, ZHS
TKVDZED, #BiE%E 2T TA T, X C21ZFE 2= A
B ERLET,

IR LZKVDD ANA Y E—=F v 21X 100kQ T, Z
DIz TAMHDEY IR D BREICK>TEH L £
T, L7edio T RERRAZ T AE I T ICKVD O Hfif 215
(T 5I2iE, A TAERDPIEF NS OER 7 42170545
BT, V7720 —DOKVDIZKIC3D X IR I
TWET, Y 77D LT101012 k> T — 7V &l 2 5K
B TERLEBIT, IV LR E LT 7V 7 DR —
THBEROZENTEET,

INPUT

COMMON

10k

2k

400Q 80Q

80Q
out
80Q

ANBB FC02

C2. AT T —RDTILEY «IN\— LA 53 EZR. BICEZL DT —

REEREKIBICIE. REDAIYFZRBUT, ZZITHERSN
TW32D0 80QIEHIZEND RV ET, 5| EiHEE 5 7 EIDIER

Fr—V e EBRBRBILETERTS

10k

Einput

KVD

0.1pF

¢ MV

€L
» b— OUTPUT

KVD = ELECTRO SCIENTIFIC INDUSTRIES RV-722,
=  FLUKE 720A OR JULIE RESEARCH LABS VDR-307 ANBG FCO3

B C3. /Xy 7 7 EKVD Ic &k B FREN R EE
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FELREICEHIIRFAER

COREERIE— Rz I 2 £, Lo L, ERRITIE
iR _E DM\ B S E b THE T, &4 B X (£ —
Ry TR VAT b, L, S — VR, A=KV r—
TIEE  Z DD BRI FENERR I B2 5.2 £ 7, FEFE,
FU7 b, 7%y b, N4 7 A&, CMRRIZDWTEF ay
N—=IZ ko TRELL 72 LTC1152 TH D MERENE S
F92%, Ippm Al DIEERRIEMEREZ B R T 2854, FIRDS
BT, X C4 DRGE T RGNS | —EBOEIRIEREDFE
2D F7,

5V
KVD Ry = 100k

30k OUTPUT
WORST-CASE
OUTPUT
RESISTANGE
ERROR WORST-CASE REALISTIC SELECTION ERROR IN
SOURCE SPEC TARGET PPM
Eos 5uV 0.5uV 0.1
EosaT 0.05uV/°C 0.05uV/°C 0.01/°C
I 50pA 10pA 0.1
CMRR 110dB 140dB 0.1
FINITE GAIN 140dB 140dB 0.1
ANSS FC04
B C4, KVD/Ny 7 7 DIREFEI T, LEEDFEIRIC
&D#70.4ppm DFBREMRIEREZE R ATHE
10k
0.1uF
V
KVD%H
= \\\\\+///// ﬁ
ooooooo
Q O
| FLOATING, BATTERY-POWERED
uV NULL DETECTOR
HP-419A ANgE FCO5

B C5 7O—F 17 -v17amILk - RIVIREERICE DA -
HAREDHENSINY T 7REZRET B COFIEICELD
EEREL LVUIERICEETY SR EDHliH FI6E

Ny 77K C5 DIEEEIC k> TTANENE T, KVDZ L~
IO TEESELEE, 70 —T4 27 D XVIRHER IR
a2 FF>Tlppm (5pV) AN, THEZ 51X 0.5ppm A 2 £
MEPHET, TOTAME, & TORAELR, FHCBI{ER
Ik THEE N ATT 51 CMRRZHEL Q0 9, H
EIZE>THESN MR, KIC4D TR LZRED AR
DIAEE IR EZ 153 1cimi 72 L C0B T EZ R LT ET,

KC6lx, A7y D)2, BELEEP., XA KVD
ZIEITAHE2OKVDZEBM LK TT, HIZ. 320D
HP3458A BTt 2 A b THNIZE=ZYLTVET,

Z7%v bk MU ZHLTAAL VY KVDD TSR V¥ —iC
/INETR AR AL, ?5(74)7133'\11/}‘0)1’7‘12/}‘ r)=-L Y
ZRAEIEET, TNDHERE M)V TEfEERD, 22T
DXuMAEDOEK (7T 032“7)@/%\ FAEBE SO
%ﬂZUZcE‘)%EFB%LiTO ZHUCEHST ALV KVD S —)L - ¥

CREINLFICEOY ORI NS E RIS R D £,

10V L' ¥ T0.1ppm A i D IR E M2 RO B3,

BRI ZREL T,

EIR& D
KC7iz, KD A R L E 9, IKC6I I XT3 25,
HEHL RS RHEAERLCOE T, 1 S s, vy —
BIEMPETAMAENEATAZLRZEET, KVD EETL
FHEOM BB T2 — VR &Nr —7vid, Bk
HEDMRAERRD S D2 20469036 1) 7, Keithley ¥
A 7°SC-93 E L O Guildline #SCW 255 L CWE§, NV ¥ f)
FEA 7 TR EE YA 7 Db 2 HT528 T, KVD &
DVM Dz RSB T 2Z L BE N ORI 22 £ 9, 72721,
:m%@ﬁ#ﬁ*ﬁﬁcﬁ%@c:{%ofﬁa’%ﬂﬁ%%? BV T 20 %
LTI 20EPHD FT, 220 L) il R T 51
V&, HAMERR A (Caig Labs "Deoxit) D100L) 23 & H & THA)
T ARBTEED ., 7 — 7 W ADTE 2 v v 7 bR
SN TED (Hewlett-Packard 11053, 11174A) . fEF] T,

KVD & DVM D&l % BNy 7OV 5 &, B
ZNFF P vy 2 1R BOEERRBEICECRI R H D | R

Note 1: BEET 2 F 1 —hUFILIE FHRIDOTT—T)L, . /\VF [ L1
TN EERE. BhicERERE FSROIE,

Note 2: LEEDEIFZZRDI L,
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TLEHABENS R E R/ NRICIZZ 28 TEET, £
B RENOBEROBZTIRLTEZ I, ZEEIEICLS
MRS REZ QS >T, BELERBIE I ET, 2044
R4 NHEBI ET DL, e 2B % T T 572012,
BN - A Z BN 20 EEL 258051
FT(KCTDOIX A ZHud, IS T 274 Y 72135
WL —AZYIWi L7 BT, 262 F T T UL BT
EET, COMBEICL>TEMEINZBAENOIREDS, HRL
JI) LT ATBOEIEIERET 2 2 L2 R LT,
B SR 2IIE, HH 2 TOEA T2 YRR T S ChHL
ELET,

ALY KVDD /AR 74NV ay 7 o33 Eiimo/n
WIAL L, ZD&)Er — A1y 7 71l k> TERE§
BIETEEI—Iho#ELET,

SEIFEHL -T2 R T 2854, BRI o2 X
W22 EMEETT, ZHUTE T, M2 e T 506
2z WE T RICHIBREOAHREI SN T,
BRI, 1 SBEEERL 200, VE—F- 2y
ZTWEERL 2o e onE 3, Jiud, mEz24d
THEVED B 215 BRGNP A AR W o 5% i /RIS 2
%7 DEM N 7E R T, [HERIC, KVDDLTZ1000A 8
JEREBEGHEICL S A ANy 220 7 7L A% o
o OLFEEOH N2 6T, HERMIZIZL S A XN v
PEREDSTDIF) 7 MINZKADET, LaL, FEERIZIZZD
Bee D T A BVE IS, AREINET B XY v b
ZHHHLTLEVRE T, LTZI000A Y 7 7Ly AL E G DY
77y ZfBARICH, 2H5H LTZ1000A Zf#i ) Z&b¥ 7
LEEIZ, 10O T0. 1ppm BANZ +43 1R LT
WEF 105 Hb HAUL, ERRED 10 FHlE I 5T,

ADJUST FOR
5.000000V AT A 10k
STABLE 1 YW
VOLTAGE 0.1uF
SOURGE 10k
(LTZ1000A -
BASED)
LTC1150 ® LT1010
KVD +
OUTPUT
0000000V
v T0
L * 5.000000V
OFFSET
TRIM
RWiRE | HPs4s8A
iy -
[ HP3458A
I HP3458A
- AN86 FC06
[ C6. 7 ppm DERIEZEZ - EETR (EIEE)
Note 3 : ZEMIARIRET I, MERID T —TIb, B, /\> T L1T7 T, ER5
BRE BhiclREBRR 2RO,
Note 4:LTZ1000A) 77 L 2D lIE. (AR IDTEBEV 77 LY R 2SBOTE,
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BiE

XC8LColE,. BEREBINU 77 LA Ny 7 7ERDN
HHEEOEETT, Io¥v 7y avic EaREER LT
HHET,

R

KVD IZH:D W2, ZOEWERE 2 2 7B EIE, &%
DFEEET2EELMELNTEE L2, 2O, BEREZD
T HEEHC X > THE SN A EBEDRAHEFZME X

SEE APPENDIX F
FOR CIRCUIT DETAILS
OF LTZ1000A
ADJUST FOR
5.000000V AT A 10k
’ MW\
STABLE O 1
VOLTAGE AR
SOURCE
(LTZ1000A
BASED)
KVD

+V

OFFSET
TRIM
2k

-V

X= SOLDER-COPPER JUNCTION.
PLACEMENT AND NUMBER AS REQUIRED

2uF = POLYSTYRENE. COMPONENT RSCH. CORP.

USE LOW THERMAL, LOW TRIBOELECTRIC

SHIELDED CABLE FOR KVD AND DVM CONNECTIONS.
SEE TEXT

HIGH QUALITY

GROUND =

H$020.3ppm TL (K C10DJE S iESIH) , UL HEE
PERECTH S 1ppm LD D 3FFOENFHETH D, FEE SO
T AEFEHEICHDLHDTT,?

FEHIITNVEVHL BIOEHEIFEHTTH S C. S. Draper
Laboratory (I[HM. I. T. Instrumentation Laboratory) ? Warren
Little FOIZ/&FH L % 97, Warren Q3. X Z304EH1, KVD D
S 2 E R AT NI AN TH D FE 3BHETHZ O
LEDWDB 2 ALRORRELTVET,

10k

OUTPUT
| 0.000000V

5.000000V

F——]

2MF —— [ Tast

HP3458A

HP3458A

HP3458A

ANgE FCO7

K C7. 7 ppm DEREZEZLEEIR (GHER)

Note 5: V7 - =TV ICIFADBHERLIENWEETHZH. "TILEVE
=TV FARBLRLD IENTE, Thid. TILEY - K\—L A ESRT
BLDTLTIVEREZR L. EZYHEAD AV/N—5ED—BEHI 1ppm UNTH
BIEHTER T DEIN TH Do BLUFEDA Y VMTEITH DD, HBDIEDAXIC
EOTIEWES SN BBEBRDTH B,
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ANB6 FCO.tif

K C8. Y7 ppm DERMEZRA T BEER. A LOERKIILTZI000AZAWEYT77LYRENY T 7. ELRATZEY R RUT,
UI77LYREXL Y TIVEY < N—L A ERRBEERROZNZN EEHPR, 3BEDHP3458 7 F7ILEEET (DVM) (EET) HA
ZEZHIT B, AvE1—Y (BEEERI) ZfE-TEREZHETS
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AN86 FCO9.tif

EC9. UT77LYRINy T 7 EFRDRERIBIE, LTZ1000AV 77 LY ABRRIBEEE T, \v 77 - PV TREEHRR,

AVTF Y r—ADT— b ARSIV TER (EERR~R) ISEREDI &1 /U TWSENEEAL LICRZ%. BR(EEL)IF
EFABICIO TSN, BROAELZRNRICHWZITVS

1. VERIFY KVD LINEARITY BY INTERCOMPARISON AND INDEPENDENT CAL. LAB.

2. TAKE WORST-CASE VOLTMETER ENSEMBLE DEVIATIONS OVER 0V TO 5V, EVERY 0.5V
3. 100 RUNS (10 PER DAY, ONCE PER HOUR)

4. INDICATED RESULT IS 0.3ppm NONLINEARITY

ANBE FC10

EC10. SERMEEERDTANGE
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38D

70tyYIicES><d—K-aV/\L—%

a—F a3 =413, AL—7 DACD AS1%, 2—HF — A
HELTC2400 A/D % —EEE5a—FIZRETHIET,
N—T7%HEL T, COEIZ, KLD1R—ITEER LT
b)ij-o

KD1LF, a—F a2y L—=FDT TN - N—FI 27 TY,
3DODANT =%« 7vF EPIC-16C5X 7 0ty ¥ SHER X
NFET, AE, 22— — - 57—% (il : DAC AJ7) ., ERRNE
HR A IE (DIP AL v F1c k%), Zfta~<> F(TDA WR)),
BIRTRE R 74 VYR E B EDH Y 9, HHH1(TDAC

SEYLRZEZRLET, ZOMD T E ATIDIT 0 75y
(KXo 2) ZflHE L 0E=5 L, F%‘Jw 7@% WE L

52%3,22D16Evk+« AL —7 DACIZ u+321: v D3
ANENTR2H0D, 8w b+ ;@%ﬁlxu%h b, WYL F
Sy 7Ly PIE24EY FTT, ZHUCE->T0HHDOEY R X
DTFRLUCAEY b DA VT I - Ly P RIBHEL 27—
0)lppmﬂdﬂé"‘@“%%ﬁlﬂ”LSB%f%?IELi?“ Sty FDHE
BEITICE>T =T SEY MR RS TEET,

784y # & Florin Oprescu 23/ L7z 7 b7 =7« 2a—FIC

RDY ) &, DACH I 2= —DANE~NDE ) 7% XoTEELET, 2Oa—FZDTNIRLET,
DACWR U2 74HCT574
2 19
5100 =
bl 01—
D2 02
2 D3 03 12
5V 7 D4 Q4 T
1ppm © o 51% 05 =
5108 06 (=
= D7 a7
v 11
2ppm © > : CLK
o | o
= 10 20 20pF
—{ GND Voo
5V >
499,__or"°<J > — I—_r_—
= LB p—! 0-1pF PN — CRYSTAL
= 5 — T | T
FILTER © «— > | =
_?_ > U3 74HCT574 Ut PIC16C5X T
= - 2 19 5v 1 —— 28
DO Qo USER INPUT  MCLR
- 3 18 1 2 27 5v
> T D1 Q = * 3 Voo CLKIN 0 10k
> =02 2= omF =N CLKING [ 0k
> =103 03— ={Vss MsB D7 1= M 07 MSB
USER > D4 04 —ne D6 A—> D6
7 14 10k 6 23 10K
DATA » AA AAA—S
INPUT » 3 D5 Q5 " VWv 7 ADC SCK D5 2 vvaS
> S D6 Q6 T2 = 3 ADC SDO D4 o ‘N‘W D4
> D7 a7 —]Ne D3 AN— D3 DAC
iK1 Pt ] e 02 |2 AT Do COMMANDS
> 1| 10 o~ 19 A 10Kk T0 ANALOG
m 2 LB 0E D1 = WA D1 SECTION
— —GND V¢ <] MiD O LSB DO [ AN—> D0
— _I__I T MSB OE DACRDYF 10k
— 0.1uF i LSBWR  DACLD 5 ‘N‘W DAC LD
> I — MSBWR  MLBYTE AA—> MLBYTE
= 10k
10K
MSB U4 74HCT574 Av‘v‘v%v MSB W
) 19 Ay Lsewr | T0 LTC2400
7120 00 == '"_jADC spo( NANALOG
D1 o} 0K SECTION
Hoo w b AN— ADG SCK
Z D3 03 12
—{04 04—
7108 05—
5108 06—
s a7
DAG RDY ; CLK
»BGND Voo P2 I
= 0.1uF
T
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;**************************************************

20bit DAC code comparator

Rk Ik b b S I S I I Rk kI R R R I

*
Filename: dac20.asm *
Date 12/4/2000 *
File Version: 1.1 *
*
Author: Florin Oprescu *
Company : Linear Technology Corp. *
*
*
*

Variables

uses 17 bytes of RAM as follows:

{uB2, UB1l, UBO} user input word buffer

24 bits unsigned integer (3 bytes):

The information is transferred from the external input register
into {UB2, UB1l, UBO} whenever a “user input update” event

is detected by testing the timer0 content. Following the data
transfer, the UIU (“user input update”) flag is set and the DAC
ready flags RDY and RDY2 are cleared. UBO uses the same physical
location as U0. The user input double buffering is necessary
because the loop error corresponding to the current ADC reading
must be calculated using the previous user input value.

The old user input value can be replaced by the new user input
value only after the loop error calculation.

The worst case minimum response time to an UIU event must be
calculated. The user shall not update the external input register
at intervals shorter than this response time. For the moment the
program can not block the user access to the external input
register during a read operation. In such a situation the result
of the read operation can be very wrong.

UBO - least significant byte. Same physical location as U0
UB1l - second byte.

UB2 - most significant byte.

{u2, U1, U0} user input word

24 bits unsigned integer (3 bytes):

The information is transferred from {UB2, UB1l, UBO[7:4], [0000]}
into {U2, Ul, U0} whenever the UIU flag is found set within the
CComp (“code comparator”) procedure. The UIU flag is reset
following the data transfer.
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; U0 - least significant byte of current DAC input
; The 4 least significant bits U0[3:0] are set
; to zero.

; Ul - second byte of current DAC input

; U2 - most significant byte of current DAC input

; {coN} control byte

; (1 byte):

; The 3 least significant bits CON[2:0] represent the ADC linearity
; correction factor transferred from UB[2:0] when the UIU flag

; 1s found set within the CComp procedure - at the same time as the
; {U2, U1, U0} variable is updated.

; The effect of CON[2:0] is additive and its weight is as follows:

; CON[0] = 1 linearity correction effect is about lppm
; CON[1] = 1 linearity correction effect is about 2ppm
; CON[2] = 1 linearity correction effect is about 4ppm

; The LTC2400 has a typical 4ppm INL error therefore the default
; curvature correction value can be set at CON[2:0] = 100

; CON[3] is the control loop integration factor transferred from

; UB[3] when the UIU flag is found set within the CComp procedure.

; If CON[3]=0, after the control loop error becomes less than 4ppm
; the error correction gain is reduced from 1 to 1/4

; If CON[3]=1, after the control loop error becomes less than 4ppm
; the error correction gain is reduced from 1 to 1/16

; CON[7] 1is used as the UIU (“user input update”) flag. It is set

; when {UB2, UB1l, UBO} is updated and it is reset when {U2, Ul, U0}
; and CON[3:0] are updated.

; CON[6] i1s used as the RDY (“DAC ready”) flag. It is set when

; the DAC loop error becomes less than 4ppm and it is reset when

; the UIU flag is set.

; CON[5] is used as the RDY2 (“DAC ready twice”) flag. It is set

; whenever the DAC loop error becomes less than 4ppm and the RDY
; flag has been previously set. It is reset when the UIU flag is set.

; The bit CON[4] is not used and is always set to 0.
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{ADC3, ADC2, ADC1l, ADCO} formatted ADC conversion result

32 bits signed integer (4 bytes).

The ADC reading is necessary only for the calculation of the control
loop error and in order to save RAM space, it can share the same
physical space as the loop error variable.

The LTC2400 output format is offset binary. It must be converted
to 2’'s complement before any arithmetic operation. A number of
possible codes are not valid LTC2400 output codes. If such codes
are detected it can be inferred that a serial transfer error has
occurred, the data must be discarded and a new conversion must
be started. For all LTC2400 devices B31=0 and B30=0 always. In
addition, with the exception of some early samples of the device
the sequence B[29:28]=00 should not occur in a valid transaction.

ADCO - least significant byte
contains ADC output bits B11 (MSBIT) to B4 (LSBIT)

ADC1 - second byte

contains ADC output bits B19 (MSBIT) to B1l2 (LSBIT)
ADC2 - third byte

contains ADC output bits B27 (MSBIT) to B20 (LSBIT)
ADC3 - most significant byte

contains ADC output bits ~B29(as 7 MSBITS for
2’s complement sign extension) and B28 (LSBIT)

{ADCC} ADC curvature correction

8 bits unsigned integer (1 byte)

The LTC2400 transfer characteristic has a typical INL of about
4ppm and a parabolic shape symmetric with respect to mid-scale.
This error can be corrected to a first and second order and
ADDC contains the magnitude of this correction.

{ER3, ER2, ER1, ERO} control loop error value

signed integer (4 bytes)

Contains the value of the current control loop error calculated
as the difference between the previous user input and the last
ADC reading. It is used to adjust the Low DAC setting. Uses the
same physical location as {ADC3, ADC2, ADC1l, ADCO}:

ERO - least significant byte, same location as ADCO

ER1 - second byte, same location as ADC1

an86f
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; ER2 - third byte, same location as ADC2

; ER3 - most significant byte, same location as ADC3

; {DL3, DL2, DL1, DLO} Low DAC control value

; signed integer (4 bytes):

; Contains the Low DAC setting in a 2’'s complement, 32 bit
; format. Must be initialized to 0!

; DLO - least significant byte - used for Low DAC
; control
; DL1 - second byte - used for Low DAC control after

; conversion to offset binary format {DL1, DLO}
; DL2 - third byte - may be only 00 or FF

; DL3 - most significant byte - may be only 00 or FF

; {INDX} Index variable for various program functions

; 1 byte.

; {TMPV} Temporary variable for various program functions

; 1 byte.

; Algorithm

; After each ADC conversion cycle the processor calculates the control
; loop error value as the difference between the desired output and

; the latest conversion result. Than it updates the DACs command

; such as to reduce the error magnitude. A new ADC conversion cycle

; 1s started following the DACs update operation.

; In order to maintain adequate control loop stability it is necessary

; for the DACs and the associated amplifiers to settle to better than

; 20 bits accuracy before the ADC starts sampling the system output. For
; an LTC2400 based system this settling time is 66ms.

; Initialization:

; Initializes the PIC controller and the hardware interface
; and starts the Scan procedure.

an86f
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1. Load ADC control port with default wvalues

SCKAD = 0
SDOAD = 1
2. Set ADC control port I and O pins
SCKAD = output
SDOAD = input
3. Load register control port with default values
NCSR[2:0] = 111
NCSD[1:0] = 11
ADDAC = 1
NLDAC = 1
DACRDY = 0

Set register control port in output mode
Set data bus to default value DBUS[7:0]=0x00
Set data bus in output mode
Initialize internal registers and variables:
OPTION = O0x2F
Timer0 used as counter is incremented by low-to-high edge
Prescaler works with watch dog timer in div128 mode
CON = 0x80
Simulate a UIU “user interface update” event to force
the update of both Low DAC and High DAC
{pL3, DL2, DL1, DLO} 0
{ U2, Ul, U0} =0
8. Update hardware using the initialized variables
9. Start new ADC conversion by reading and discarding
32 serial bits.
10.Start the Scan procedure

< O U1 o

Scan:

Continuously looks for “user input update” events. When
a “user input update” event is detected updates the
input buffer {UB2, UB1l, UBO}, resets timer, sets UIU flag
and resets RDY and RDY2 flags.

The active low write signal for the external input register
(which is the same as the user interface NWR input signal)

is driven by the user and it is connected to the counter
input of TimerO. The Timer0 is used in counter mode without a
prescaler and it increments whenever a low-to-high transition
is detected at its input. This is the same transition which
latches in the input register a new user command.

Because of the PIC controller timing constraints, this write
signal must be maintained low for at least 2*Tosc + 20ns
where Tosc is the maximum PIC clock period. When a 4 MHz
clock is used for the PIC processor, the low time must be
longer than about 520ns.

1. Test for “user input update” events by testing the Timer0
value.
If Timer0>0 an UIU event has occurred. Reset the timer
and answer Yes.
If Timer0=0 answer No.
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1.1 If Yes, read input latch into {UB2, UB1, UBO},
reset DACRDY output line, set UIU flag and
and reset RDY and RDY2 flags (CON[7:5]=100)
Than continue

1.2 If No continue

Continuously looks for the ADC end of conversion event. When
the “end of conversion” is detected it reads the 28 most
significant bits from the ADC and it constructs the ADC
result {ADC3, ADC2, ADC1l, ADCO} in 2’s complement format

If ADC3[1] == 0 => ADC3[7:1]=1111 111

If ADC3[1] == 1 => ADC3[7:1]=0000 000

For very early LTC2400 samples only, it is possible

to obtain as a valid 0 conversion result ADC3[1:0]=00

In this case:

If ADC3[1:0] == 0 => ADC3=0
It also calculates the first (x1) and second (x2) order ADC
curvature correction ADCC as follows:

x1 = {0x00, 0x80} -

-abs ({ADC3, ADC2, ADC1l, ADCO}/(2"16)-{0x00, 0x80})
x2 = {0x00, 0x40} -
-abs ({0x00, {0,ADC2([6:0] } ,ADC1,ADCO}/ (2"16) -{0x00,0x40})

ADCC = floor ((x1 + x2/2) * {00000 CON[2:0]} / 4 )
The actual implementation uses only the least significant
byte of x without any substantial additional error.
Thus the above relation can be modified as follows:

ADCC = floor ( (abs (ADC2) + abs ({ADC2[6],ADC2[6:0]})/2) *

* {00000 CON[2:0]} / 4 )

The maximum correction range is about 7ppm INL at mid
scale for CON[2:0] = 111.

2. Test for ADC “end of conversion” event by testing the
value of the ADC SDO signal.
If ADC_SDO = LOW answer Yes.
If ADC_SDO = HIGH answer No.

2.1 If Yes read 28 most significant bits from the ADC,
update {ADC3, ADC2, ADC1, ADCO} and calculate the
curvature correction byte ADCC. Than start the CComp
procedure.

It should be noticed that while reading the first 28

most significant bits from the ADC the controller
generates 27 serial clock pulses. An additional 5 serial
clock pulses (for a total of 32) are necessary to restart
the conversion.

2.2 If No restart the Scan procedure.

CComp :

Calculates the current control loop error as:

error = current user input - ADC reading +
+ new_user input LSB - current user input LSB
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;  The curvature correction is included in the ADC
; conversion result and is always positive therefore:

; ADC reading = {ADC3, ADC2, ADC1l, ADCO} +
; + | 0, 0, 0, ADCC}

; The term “new user input LSB - current user input LSB”
; represents the residue of the new user command which
; 1s added to the Low DAC.

;  {ER3, ER2, ER1l, ERO} =

; {o, U2, Ui, U0} {ADC3, ADC2, ADC1l, ADCO}
; - 0, 0, 0, ADCC} +

; + {0, o0, o0, UuBO} - { 0, 0, 0, Uo} =

; = {0, U2, U1, UBO} {ADC3, ADC2, ADC1l, ADCO}
; - 0, 0, 0, ADCC}.

; The loop error {ER3, ER2, ER1, ERO} is a 32 bit signed number
;  and the weight of the least significant bit is 1/1léppm of

;  the ADC reference voltage. A 4ppm error value is represented
; as {0, 0, 0, 0x40}.

;  The ADC output noise is dominated by thermal noise and has a

; white distribution. The control loop noise can be reduced by

;  the square root of N by averaging N successive ADC readings.

;  The obvious penalty is a slow settling time. Due to the

; limited amount of RAM available a direct implementation

;  of this noise reduction strategy is difficult. In an equivalent
;  1mplementation, when the absolute value of the loop error

;  {ER3, ER2, ER1l, ERO} decreases below a certain threshold, the
; gain of the error correction loop can be decreased. The default
;  threshold is set at a very conservative 4ppm. This value must
; always be larger than the peak noise level of the ADC. A very
;  quiet implementation can probably operate with a threshold of
; 2ppm. If CON[3]=0 the gain of the error correction loop is

; decreased from 1 to 1/4. If CON[3]=1 the gain of the error

; correction loop is decreased from 1 to 1/16.

;  The High DAC is always controlled by the 16 most significant
; bits of the most recent user command {UB2, UB1}

; The Low DAC is controlled by the {DL3, DL2, DL1, DLO}

;  variable which integrates the control loop error. Under

; correct operating condition abs ({DL3, DL2, DL1, DLO})<2"15.

;  In order to avoid roll-overs during large transients the

; {DL3, DL2, DL1, DLO} must be clamped within the +/- 2”715 range.
; The 16 bit Low DAC can than be controlled by {DL1, DLO}

; after conversion to offset binary format.
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The DACRDY output line reflects the state of the
internal RDY2 flag.

After the updates are completed we must start a new ADC
conversion by completing the serial transfer.

1. Test if UIU flag is set
1.1 If Yes, move UB[3:0] into CON[3:0]
and {UB0[7:4], 0000} into UO. The last ADC result
is curvature corrected using the previous CON[3:0] value!.
2. Calculate {ER3, ER2, ER1, ERO}.
3. Test if UIU flag is set
3.1 If Yes, move {UB2, UBl} into {U2, Ul} and
clear UIU, RDY and RDY2 flags (CON[7:5]=000 )
3.2 If No, test if abs({ER3, ER2, ER1, ERO}) < 4ppm
3.2.1 If Yes, test if CON[6]=1 (RDY flag)
3.2.1.1 If Yes, set RDY2 flag (CON[5]=1 )
3.2.1.2 If No, set RDY flag (CON[6]=1 )
and test if CON[3]=0 (filter flag)

3.2.1.3 If Yes, {ER3, ER2, ER1, ERO} =

= {ER3, ER2, ER1, ERO}/4
3.2.1.4 If No, {ER3, ER2, ER1l, ERO} =

= {ER3, ER2, ER1, ER0}/16

3.2.2 If No, clear UIU, RDY and RDY2
flags (CON[7:5]=000 )
4 {DL3, DL2, DL1, DLO} = {DL3, DL2, DL1, DLO} +
+{ER3, ER2, ER1, ERO}.
5. Update High DAC, Low DAC and DACRDY output line
6. Read the 4 least significant bits from ADC and start
a new conversion
7. Restart the Scan procedure

Hardware resources

Uses 8 input/output pins, 9 output pins, 1 input pin and 1
counter input pin

DBUS[7:0] data bus

8 bit bi-directional data bus is used to read the 20 bit input
command IC[19:0], the one bit filter selection FS[0] and the 3 bit
curvature correction selection CC[2:0]. It is also used to write
the 16 bit Low DAC command LDAC[15:0] and the 16 bit High DAC
command HDAC[15:0].

assigned to PIC port C[7:0]
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; The data format for the read and write operations is as follows:

; DBUS[ 7:0] = IC[19:12] when NCSR[2] = 0O

; DBUS[ 7:0] = IC[11: 4] when NCSR[1] = O

; DBUS[ 7:0] = {IC[3:0], FS[0], CC[2:0]} when NCSR[0] = O
; LDAC[ 7:0] = DBUS[7:0] when NCSD[0] = 0 and ADDAC = 0

; LDAC[15:8] = DBUS[7:0] when NCSD[0] = 0 and ADDAC = 1

; HDAC[ 7:0] = DBUS[7:0] when NCSD[1] = 0 and ADDAC = 0

; HDAC[15:7] = DBUS[7:0] when NCSD[1] = 0 and ADDAC = 1

; NCSR[2:0] active low output enable controls for input registers

; 3 output lines used to selectively enable the three 8-bit input

; registers in order to read the user updated DAC command, the 3

; curvature correction bits and the one filter control bit.

; NCSR[0] enables the low input byte (LSB) and is assigned to port B[O0]

; NCSR[1] enables the second input byte and is assigned to port BI[1]

; NCSR[2] enables the high input byte (MSB) and is assigned to port B[2]

; NCSD[1:0] active low input enable controls for the DACs

; 2 output lines used to selectively enable the two DACs
; NCSD[0] enables the Low DAC and is assigned to port B[3]

; NCSD[1l] enables the High DAC and is assigned to port B[4]

; ADDAC DAC address control

; output line. A low enables a write operation to the low byte of
; Low DAC or High DAC. A high enables a write operation to the high
; byte of Low DAC or High DAC.

; ADDAC 1is assigned to port B[5]
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; NLDAC active low DAC load control

; output line. A high to low transition on this line updates the
; Low DAC and High DAC output values

; NLDAC is assigned to port B[6]

; DACRDY active high ready output signal

; output line. Indicates that the control loop error has been
; within a +/- 4ppm range for at least 250 ms

; DACRDY is assigned to port B[7]

; SCKAD external serial clock line for the ADC

; output line. ADC external serial clock. An external 10Kohm
; pull-down resistor is necessary on this line for correct
; power-up configuration.

; SCKAD is assigned to port A[O0]

; SDOAD serial data line from ADC

; input line. Used to read ADC serial data.

; SDOAD is assigned to port A[1]

; NWRUI active low user interface write control

; input line. The user must bring this line low in order to update
; the DAC input value. A minimum low and high time is required !

; NWRUI is assigned to TOCKI counter input pin
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; The spare I/O pins A[3:2] are configured as outputs and maintained LOW.

L r o r o r o rr o r o r o r L r L r L rr L rrrrrrrrrr

list p=16c55A ; list directive to define processor
#include <plé6cSx.inc> ; processor specific variable definitions
___CONFIG _CP_OFF & WDT ON & _XT 0OSC

; VARIABLE DEFINITIONS

UBO EQU H’0008"' ; user input word buffer LSB
UB1 EQU H’0009"' ; user input word buffer second byte
UB2 EQU H’000A’ ; user input word buffer MSB
Uo0 EQU H’0008" ; user input word LSB
Ul EQU H’000B’ ; user input word second byte
U2 EQU H’000C" ; user input word MSB
CON EQU H’' 000D’ ; control byte
ADCO EQU H’'000E’ ; ADC conversion result LSB
ADC1 EQU H'000F’ ; ADC conversion result second byte
ADC2 EQU H’0010" ; ADC conversion result third byte
ADC3 EQU H’0011" ; ADC conversion result MSB
ADCC EQU H’0012" ; ADC curvature correction byte
ERO EQU H’'O000E’ ; control loop error LSB
ER1 EQU H'000F’ ; control loop error second byte
ER2 EQU H’0010' ; control loop error third byte
ER3 EQU H’'0011" ; control loop error MSB
DLO EQU H’0013" ; Low DAC LSB
DL1 EQU H'0014" ; Low_ DAC second byte
DL2 EQU H’0015" ; Low DAC third byte
DL3 EQU H’ 0016 ; Low DAC MSB
INDX EQU H’0017" ; index variable
TMPV EQU H’0018' ; temporary variable
#define OPRDF O0x2F ; OPTION register default value
#define CONDF 0x80 ; CON register default value
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; HARDWARE ASSIGNMENT DEFINITIONS

#define

#define
#define
#define
#define
#define

#define
#define
#define
#define

#define
#define
#define
#define

#define
#define

; THE CODE

start

REGCN
REGDF
NCSRO
NCSR1
NCSR2

NCSDO
NCSD1
ADDAC
NLDAC

DACRDY

ADCCN
ADCTR

ADCDF
SCKAD
SDOAD

movlw
movwE
movlw
tris

movlw
movwE
clrw
tris

movwt
tris

movlw
option

PORTB
0x7F
PORTB, 0
PORTB, 1
PORTB, 2

PORTB, 3
PORTB, 4
PORTB, 5
PORTB, 6

PORTB, 7
PORTA
0x02
0x02

PORTA, O
PORTA, 1

ADCDF
ADCCN
ADCTR
ADCCN

REGDF
REGCN

REGCN

DBUS
DBUS

OPRDF

; 8bit I/O data bus

; register control port

; register control port default wvalue

; LSB input register active low output enable

; second byte input register active low output enable
; MSB input register active low output enable

; Low DAC active low write enable

; High DAC active low write enable

; address bit for Low DAC and High DAC

; active low load control for Low DAC and High DAC

; 20bit DAC ready indicator

; ADC control port

; ADC control port configuration
; SDOAD input, the rest outputs
; ADC control port default value
; ADC external serial clock

; ADC serial data output

; processor reset vector

;Initialization procedure

;write ADC control port default value

;set the I and O pin states for the

;ADC control port

;write register control port default value
;set register control port pins as

;output only

;set DBUS default value of 0

;set DBUS as output

;set OPTION register default value
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clrf
btfss
movwt

clrf
clrf
clrf
clrf
clrf
clrf
clrf

movlw
movwt

movlw
movwt

goto

fladc movlw
movwt

rddmy bsf
bcf
decfsz
goto
btfss
goto

goto

rduiu movlw
tris
bcf
nop
movE
bst

bcf
movwf
movE
bst

TMRO
STATUS,NOT_TO
TMRO

DL3
DL2
DL1
DLO
U2
Ul
Uuo

CONDF
CON

0x20
INDX

iupdt

0x20
INDX

SCKAD
SCKAD
INDX, 1
rddmy
SDOAD
fladc

scan

OxXFF
DBUS
NCSRO

DBUS, 0
NCSRO

NCSR1
UBO

DBUS, 0
NCSR1

;if this is not a power-on reset
;load Timer0O with a nonzero value

;to force an initial read of the
;external input register

;initialize {DL3, DL2, DL1, DLO}=0
;initialize {U2, U1, UO0}=0

;set CON variable default value
;prepare to trigger a new ADC conversion
;after completing a hardware update
;read and discard 32 serial bits from
;the ADC

;go to the hardware update function

;ADC output buffer flush function

7

;reads and discards 32 serial bits from
;the ADC

;ADC dummy serial read function

;reads and discards the number of serial

;bits indicated by the INDX variable
;low-to-high ADC serial clock edge

;high-to-low ADC serial clock edge

;test if we read enough bits

;1f No, read one more bit

;1f Yes test that a new conversion has started
;if No, there is an interface problem. Flush the
;ADC output buffer and start a new conversion
;1f Yes restart the scan procedure

;external input register read function

;input register read routine

;set data bus in read mode (input)
;output enable for input reg. LSB
;walit for data bus to settle

;read input reg. LSB

;output disable for input reg. LSB

;output enable for input reg. second byte
;store input reg. LSB into input buffer
;read input reg. second byte

;output disable for input reg. second byte
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bcf
movwE
movEf
movwE

clrw
bsft
tris

clrf
bcf

bsft
bcf
bcf

scan movf
btfss
goto

btfsc
goto

rdadc movlw
movwt

rdbit bsf
bcf
bcf
btfsc
bst
rlf
rlf
rlf
rlf
decfsz
goto

NCSR2
UB1
DBUS, 0
UB2

NCSR2
DBUS

TMRO
DACRDY

CON, 7
CON, 6
CON, 5

TMRO, 1
STATUS, 7z
rduiu

SDOAD
scan

0x1B
INDX

SCKAD
SCKAD
STATUS, C
SDOAD
STATUS, C
ADCO, 1
ADC1,1
ADC2,1
ADC3,1
INDX, 1
rdbit

;output enable for input reg. MSB

;store input reg. second byte into input buffer
;read input reg. MSB

;store input reg. MSB into input buffer

;terminate input reg. read operation
;output disable for input reg. MSB
;return data bus to write mode

;clear Timer0 to continue wait for a UIU event
;signal user that input data has been read

;set UIU flag
;clear RDY flag
;clear RDY2 flag

;scan procedure

;monitors UIU and end-of-conversion events
;test if TimerO = 0

;if Timer0=0 no UIU has occurred, skip next
;a user interface update has occurred

;go and read the new DAC input data

;test ADC end of conversion signal
;conversion not ready, rescan

;ADC serial read function

;ADC conversion 1is done, read first 28 bits

;the first bit must be “0” to get here

;80 do not bother with it

;low-to-high ADC serial clock edge

;high-to-low ADC serial clock edge

;move ADC output bit to carry. First clear carry
;read ADC output bit

;if ADC output is “1” set carry

;load carry as msb of ADC result

;and shift left all 4 bytes of the ADC result

;test 1if all 28 bits have been read

;1f not, continue

;we have skipped the first ADC bit (ADC bit31=0)
;which has been tested as =0 when we detected the
;end of conversion.

;we have read 27 additional bits and have generated
;27 clock pulses. To restart the conversion we must
;produce the 5 remaining clock pulses
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btfsc
goto

movlw
andwf

btfsc

goto

i goto

movlw
btfss
movlw
xorwf

rdend movEf
btfsc
comf
movwE

movEf
btfsc
comf
movwE
rrf

andlw
addwf
movwt

clrf
bcf
btfsc

ADC3,2
fladc

0x03
ADC3,1

STATUS, Z

rdend

fladc

0x02
ADC3,1
OxFE
ADC3,1

ADC2,0
ADC2,7
ADC2,0
ADCC

ADC2,0
ADC2, 6
ADC2,0
TMPV

TMPV, O

0x1f
ADCC, 0
TMPV

ADCC
STATUS, C
CON, 2

;verify validity of ADC serial data and format it

;test 1if the ADC bit30 is “0”

;if not there is an interface problem. Flush the
;ADC output buffer and start a new conversion

;if yes, put the ADC result in 2’s complement form

;first clear the 6 most significant bits in ADC3

;tests for the [ADC B29,ADC B28]=00 ADC output

;if Yes the formatting is completed.
;in very early LTC2400 samples the ADC output code
; [ADC_B29,ADC_B28]=00 is valid

;for current LTC2400 devices improved error
;detection capability is obtained if the
;previous line is replaced with this line.

;The replacement is not mandatory.

;For current LTC2400 parts the output code

; [ADC_B29,ADC B28]=00 is not wvalid thus it may
;be assumed that an ADC interface error has
;occurred. Flush the ADC output buffer and start
;a new conversion

;if No, convert ADC3 in 2’s complement form

7

;curvature correction calculator

;first order curvature correction multiplier
;use ADC2[7:0] as a 2’s complement number
;calculate abs (ADC2)

;1f ADC2[7]=0 w = ADC2

;else w = !ADC2

;ADCC=w=abs (ADC2)

;second order curvature correction multiplier
;use ADC2[6:0] as a 2’s complement number
;calculate abs (ADC2[6:0])

;1f ADC2[6]=0 w = ADC2

;else w = !ADC2

; TMPV=w=abs (ADC2[6:0])

;w=TMPV/2 in order to scale the second order
;curvature correction

;clear 3 MSB of w to complete calculation
;w=abs (ADC2) +abs (ADC2 [6:0]) /2

;TMPV contains the curvature correction multiplier

;clear carry for div-by-2 operation
;if CON[2]=1
an86f
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movwf ADCC

rrf TMPV, 1
movf TMPV, 0
bcf STATUS, C

btfsc CON, 1
addwf ADCC, 1
rrf TMPV, 1
movf TMPV, 0
btfsc CON, 0
addwf ADCC, 1

ccomp btfss CON, 7
goto ercalc
movlw OxFO
andwf CON, 1
movlw O0xOF
andwf UBO,0
iorwf CON,1

movlw O0xFO
andwf UBO,1

ercalc comf ADCC, 1
comf ADCO, 1
movlw 0x02

clrf TMPV
addwf UBO, 0
btfsc STATUS, C
inct TMPV, 1
addwf ADCC, 0
btfsc STATUS, C
inct TMPV, 1
addwf ADCO,1

btfsc STATUS, C
inct TMPV, 1

; ADCC=ADCC+abs (ADC2)

; TMPV=TMPV/2

;clear carry for div-by-2 operation
;if CON[1]=1

;ADCC=ADCC+abs (ADC2) /2

; TMPV=TMPV/2

;if CON[0]=1

;ADCC=ADCC+abs (ADC2) /4

;code comparator procedure

;if the UIU flag is clear
;skip CON[3:0] and UO update
;else update CON[3:0]

;clear CON[3:0]

;extract new CON[3:0]

;from input buffer

;and load it

;move UB[7:4] to U0[7:4]
;UBO and U0 use the same

;physical location

;calculate control loop error

;ADCC 1’s complement

;ADCO 1’s complement

;add carry-in for ADCC and for ADCO
;2's complement conversion
;prepare carry-out accumulator
;w=carry-in + UBO

;if there is a carry-out
;accumulate it

;w=carry-in + UBO - ADCC

;if there is a carry-out
;accumulate it

;ER0=UBO - ADCO - ADCC

;has same location as ADCO

;if there is a carry-out
;accumulate it
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comf
movlw
addwf
clrf
btfsc
incf
addwf
btfsc
incf
addwf

btfsc
incft

comf
movlw
addwf
clrf
btfsc
incf
addwf
btfsc
incf
addwf

btfsc
incft

comf
dect

movf
addwf

btfsc
goto

ADC1,1
oxff
TMPV, 0
TMPV
STATUS, C
TMPV, 1
U1,0
STATUS, C
TMPV, 1
ADC1,1

STATUS, C
TMPV, 1

ADC2,1
oxff
TMPV, 0
TMPV
STATUS, C
TMPV, 1
U2,0
STATUS, C
TMPV, 1
ADC2,1

STATUS, C
TMPV, 1

ADC3,1
TMPV, 1

TMPV, O

ADC3,1

CON, 7
1duiu

;ADC1 1’s complement

;w=0xff (1’s complement of ADCC second byte)
;w=0xff + carry-in

;prepare carry-out accumulator
;if there is a carry-out
;accumulate it

;w=0xff + carry-in + UB1

;if there is a carry-out
;accumulate it

;ER1=U1 - ADC1l - 0 + carry-in
;has same location as ADC1l

;if there is a carry-out
;accumulate it

;ADC2 1’s complement

;w=0xff (1’s complement of ADCC third byte)
;w=0xff + carry-in

;prepare carry-out accumulator
;if there is a carry-out
;accumulate it

;w=0xff + carry-in + UB2

;if there is a carry-out
;accumulate it

;ER2=U2 - ADC2 - 0 + carry-in
;has same location as ADC2

;if there is a carry-out
;accumulate it

;ADC3 1’s complement

;ADCC 2’s complement term. The next
;carry-in is not useful - discard
;w=carry-in

;ER3= 0 - ADC3 - 0 + carry-in

;has same location as ADC3

;test if the UIU flag is set
;go to Ul, U2 update
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movEf
btfsc
comf
btfss
goto

movEf
btfsc
comf
btfss
goto

movE
btfsc
comf
btfss
goto

movE
btfsc
comf
andlw
btfss
goto

btfsc
bsft
bsft

ER3,0
ER3,7
ER3,0
STATUS, Z
nrdy

ER2,0
ER3,7
ER2,0
STATUS, Z
nrdy

ER1,0
ER3,7
ER1,0
STATUS, Z
nrdy

ERO, O
ER3,7
ERO, O
0xCO
STATUS, Z
nrdy

CON, 6
CON, 5
CON, 6

;jerror comparator

;calculate absolute value of loop error and
;compare loop error magnitude with the 4ppm
;threshold

;W = ER3
;test if {ER3, ER2, ER1, ERO} < 0
;if yes W = -ER3

;test 1f W=0
;1f not absolute error >= 4ppm

;W = ER2
;test if {ER3, ER2, ER1, ERO} < 0
;if yes W = -ER2

;test 1f W=0
;1f not absolute error >= 4ppm

;W = ER1
;test if {ER3, ER2, ER1, ERO} < 0
;if yes W = -ER1

;test 1f W=0
;if not absolute error >= 4ppm

;W = ERO

;test if {ER3, ER2, ER1, ERO} < 0

;if yes W = -ERO

;keep only W([7:6] which are bits >= 4ppm
;test 1f W[7:6]1=0

;if not absolute error >= 4ppm

;if we are here the absolute loop error is
;less than 4 ppm. Set the flags and

;scale the loop error.

;test if RDY flag is already set

;if Yes, set RDY2 flag

;set RDY flag in any case
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btfsc
goto

rrf
rrf
andlw
btfsc
iorlw
movwE
div4 rrf
rrf
andlw
btfsc
iorlw
movwf
goto

lduiu movE
movwf
movE
movwf

nrdy movlw
andwf

eracc movEf
clrf
addwf
btfsc
incf
movEf
clrf
addwf
btfsc
incf
addwf
btfsc
incf
movE
clrf
addwf

CON, 3
div4

ERO,1
ERO, O
0x3F
ER3,7
0xCO0
ERO

ERO,1
ERO, O
0x3F
ER3,7
0xCO0

ERO

eracc

UB1,0
Ul
UB2,0
U2
0x1F
CON, 1

ERO, O
TMPV
DLO,1
STATUS, C
TMPV, 1
TMPV, O
TMPV
ER1,O0
STATUS, C
TMPV, 1
DL1,1
STATUS, C
TMPV, 1
TMPV, O
TMPV
ER2,0

;error scaling

;reduce error correction value for loop
;damping and ADC noise reduction
;test 1f CON[3]=0

;1f Yes ERO=ERO0/4

;1f No ERO=ER0/16

;*1/2

;*1/2

;clear 2 most significant bits
;if {ER3, ER2, ER1, ERO} < O
;set 2 most significant bits
;ER0=ER0/4

;*1/2

;*1/2

;clear 2 most significant bits
;if {ER3, ER2, ER1, ERO} < O
;set 2 most significant bits
;ER0=ER0/4

;go to error accumulator

;load latest user input

;Ul=UB1
;U2=UB2

;clear UIU, RDY and RDY2 flags

;error accumulator

;adds the current loop error to the
iprevious Low DAC control value
;{DL3, DL2, DL1, DLO}={DL3, DL2, DL1, DLO}+
; +{ER3, ER2, ER1, ERO}
;the carry-in is 0

;clear carry-in accumulator
;DLO=DLO+ERO

;if there is a carryout

;accumulate in carry-in

;load carry-in

;clear carry-in accumulator
;W=ERl+carry-in

;if there is a carryout

;accumulate in carry-in
;DL1=DL1+ER1

;if there is a carryout

;accumulate in carry-in

;load carry-in

;clear carry-in accumulator
;W=ER2+carry-in
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btfsec STATUS,C ;if there is a carryout
incf TMPV, 1 ;accumulate in carry-in
addwf DL2,1 ;DL2=DL2+ER2

btfsec STATUS,C ;if there is a carryout
incf TMPV, 1 ;accumulate in carry-in
movE TMPV, O ;load carry-in

addwf ER3,0 ;W=ER3+carry-in

addwf DL3,1 ;DL3=DL3+ER3

;Low DAC control truncation

;limits the {DL3, DL2, DL1, DLO} range to
; abs({DL3, DL2, DL1, DLO}) < 2715 by

;truncation
btfss STATUS, Z ;test 1if DL3=0
goto negpot ;if No, DL may be negative

;if Yes, DL is positive
;test for overflow (>= 2715)
movf DL2,1 ;

btfss STATUS, Z ;test 1if DL2=0
goto ovilow ;if No, DL >= 2715, must truncate
;if Yes continue testing for overflow

btfsc DL1,7 ;test if DL1([7]=1

goto ovilow ;if No, DL >= 2715, must truncate

goto updt ;if Yes we are done with DL range control
ovilow clrf DL3 ;if we arrive here DL >= 2°15. Must

clrf  DL2 ;truncate to DL=2"15-1 => DL3=DL2=0

movlw OxFF ;and DL1=0xEF, DLO=0xFF
movwf DLO ;
movwf DL1 ;
bcf DL1,7 ;
goto updt ;done with overflow correction
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udflow clrf
bst
clrf
movlw
movwE
movwE
goto

negpot btfss
goto
incf
btfss
goto
incf
btfss
goto

btfss
goto

updt movlw
movwf

DL1
DL1,7
DLO
OxXFF
DL3
DL2
updt

DL3,7
ovilow
DL3,0
STATUS, Z
udflow
DL2,0
STATUS, Z
udflow

DL1,7
udflow

0x05
INDX

;if we arrive here DL < -2"15. Must
;truncate to DL=-2"15-1 => DL3=DL2=0xFF
;and DL1=0x80, DLO0=0

;done with underflow correction

;DL may be negative. Test if DL3[7]=1
;if No, DL > 2”15, must truncate

;1f Yes, DL <O.

;test if DL3=FF

;if No, DL < -2715, must truncate

;if Yes continue testing for underflow
;test if DL2=FF

;if No, DL < -2715, must truncate

;if Yes continue testing for underflow
;test 1if DL1[7]=0

;if No, DL < -2715, must truncate

;if Yes we are done with DL range control

;Hardware update function

;Low_DAC and High DAC update

;This is the hardware update function
;entry point for normal operation.

;prepare to generate the last 5 ADC external
;serial clock pulses

;when going to restart the scan procedure
;at the end of the hardware update function
;This will trigger a new ADC conversion.
;This is the hardware update function
;entry point for initial operation.

;The INDX variable has been initialized
;before to 0x2F which will generate

;32 serial clock pulses to the ADC thus
;starting a new conversion

7
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iupdt clrw
tris
bcf
movEf
movwE
bcf
bst
movEf
movwE
bcf
bst
bst
movEf
movwf
bcf
bst
movlw
xorwf
movwf
bcf
bst
bcf
bst

btfsc
bsft
btfss
bcf
clrwdt

goto

END

DBUS
ADDAC
Ul,0
DBUS
NCSD1
NCSD1
DLO, 0
DBUS
NCSDO
NCSDO
ADDAC
U2,0
DBUS
NCSD1
NCSD1
0x80
DL1,0
DBUS
NCSDO
NCSDO
NLDAC
NLDAC

CON, 5
DACRDY
CON, 5
DACRDY

rddmy

;set the data bus in write mode

;set DAC address for LSB
;load High DAC LSB

;jwrite to High DAC

;load Low_ DAC LSB

;jwrite to Low DAC

;set DAC address for MSB
;load High DAC MSB

;jwrite to High DAC

;change DL1 to offset binary
;load Low_ DAC MSB

;jwrite to Low DAC

;load Low DAC and High DAC
;DACRDY output update
;test if RDY2 flag is set
;if Yes, set DACRDY output
;1f No

;and only if No, clear DACRDY output

7

;clear watch dog timer

7

;generate the necessary number
;of ADC serial clock pulses in order

;to start a new conversion

; directive ‘end of program’
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fTERE

EREEHALYIDATYaY

JiriE A/D R E LTDAC THW 531TW0 5 LTC2400 12 1,
+2ppm (FREfE) DR IEEREDSH D 3, ME1IDO FHID
i3 Z 2R L 72 0T, KITIFIEEH % 1ppm DLA
(thoe DR 12T B 72 DI B & 72 2 1 R Af 1 (o
)20 LTHY £7, B 1ppm PEREMSLE 25 E1%,
DTSV 727k amiiE 2 TEEd, V7
P72 TS Ko T B T RO R VL ORI IR EZ 2R B L
*7, H5WBLTC2400 AR IZ OV TR IR E R E 2 Wli5E
27012, a—F 2L —FDDIP AL v FIZ k> THIIES:
R ETHIEHRETT,

LTC2410121&, EMMEZEGET 209 1 DD FEPHEIN
TWE T, TOLTC2400 D3 7> MRS E X T
WELDD, I KA PDERED2.5V TF, KIE2 Tl
S PTG EIC L) DACHI I Z D HET 52T, 7
WA =)V D 5V 2 DD, LTC2410 2T 5L
LT E T, COFEOAF AR, R EICk-oTRlE
230.1ppm/°C B X O 5ppm/ 2 BN T B2 LT, ' IKE3 b
[FERRDRIFE T, ERFEE I - iz Wb 28TV
A =N 10V AN IBZ A HEE LT E T,

10

COR

CHAI

RECTION
RACTERISITIC

-
,
-1

Py d

. y y
r-~# ‘
~
~|
~ -

b

o N B OO o

IDEAL CORRECTED ERROR |

A

"‘\\UM

vy

V,./W‘

LINEARITY ERROR (ppm)

INHERENT

ERR

OR

8,338,608

16,777,21¢

OUTPUT CODE (DECIMAL)

AN86 FEO1

E1. LTC2400 A/DIVN\—5 DERZEERIERZE (F) HERME (L),
FERDOERMY (PR), MIEICKD 1ppm REDOIEERIEZ R

FROM
DAC OUTPUT ouTPUT
AMPLIFIER 0V TO 5V

*10ppm RATIO SET
VISHAY VHD-200
0.1ppm/°C

DIGITAL OUTPUT
TO CODE COMPARATOR

LTC2410

IN
@3V pARTIAL)

MAX)

AN86 E02

K E2. SEEIBROLERENDACHNZLEL. BEERKE
HEEESN - LTC2410 DEAZAEEE T, TAY Y N
S5ppm/EH KT 0. 1ppm/’CORV T MEINTH S

FROM
DAC OUTPUT O\ﬂPUJ y
AMPLIFIER ~ 0vT0 10
1
* 1
13%’&5%‘8258 I '(';' sy LTC2410 DIGITAL OUTPUT
0.1ppm/°C ' MAX) (PARTIAL) TO CODE COMPARATOR
’ 1
1

ANB6 E03

RIE3. RIES EAfR, fefeL, LR EZ3:11ETBHIET
LTC2410 D 2.5V AAITKIEL2D, 10V HAZEHTES
£3IC9%

Note 1: EREADF S 1 MM ppmKBHLCFBRUTRED LR DETREN
BE51CD BI>RELDELRDDDHS,

an86f
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TR F

HAE

77— arOficld, AR LD OV ~5V LY
PUNDH N EBEETEHDLHETL L), kb ARZE
B3, RIFLISR T AL R =TT, ZOMEA 2N —
FDEHEIE, V7 7L AD5DACHI 1% LT R —
FHNEERTCOET, JIBINY 77 L 2ADEEZEFHLT,
WL v DICET B2 EHAEE T, LT1010H 713y
77 DSERENRE N 2 AL Fa v s—ickoTLEh
TV 7 30.05uV/ COREME R L T, KPS X T,
0.3ppm/°C DFRFAEN AL £, !

X F2TlZ, DACH /1% 7% A/D 2> 3 —ZIZHIIN9 BRI
FIETZZETEIEMSGEZB VXY, ZO8A, FELRE
LHCERETBEHIZI0VICEDET (A/Dav =5 DY
77V AMSVDEA) FLIRTERD, KilickoT
RS DT DI 5, BUEDEFEDL A, 19
0.1ppm/°C T, >

XIF3CTld, £100VISETSEEHICH)IET 57012, AEE)
TNAAZEHLCOET, 794 A7) — brEEER I, Fa v
N—=ZET7 V71XV =7 AT EIIN T, Q1 &
QWEHEMEZ522LEHI12, Q3-Q4D LIy« 7417
HOZEHEL 9, Q5 £ Q613 27Q D v MES iR
JEDS I 7 % & IR BN 25 E [0 S8, BBt % 25mA IZ
HIRL £, IM-50k D1 — AU DR 723, 2o
BRI % 20123%E L LTC1152 DEXENIC X >T 120V D7

OV TO 5V 10k*
FROM DAC
OUTPUT
AMPLIFIER
OouTPUT
-2.5VT0 2.5V
-5V
REFERENCE
*= VISHAY TYPE VHP-100 MATCHED SET ANGS FFO1

A, SEEEREFavIN—REBHTZ>TIcED
INAR—F DAC HAICH S FL—RAZ BB
&3#90.3ppm/°C DERZEIEDN

WHITHRIED S SN XL T, m—A)URIcX->T,
NEDOFERASEIRIV NS D, BT S S IC B0 £7,
BIEMRICF G T2 EQEITTHRI LS,
DED BB S LR S BLICSEBIC & £ 97, BHIC, it
JER T VP A BB EEBRZ VD, s VNS, BRI
BIF 20— A 716 TR 2B I A T3, KR
BTHBIEDS IHRIET YT DI AR L E T, ik
BifE 12, 0.005)F-10kQ DO — AN E>TP v 7 o2r—)L
A7 ETHEELET,

4ODMANL LRI R TS 2T, EDHEICE TN
FEEBIOEERBUC L DA 2 R/ NRICIZEd, b
7%, DAC D7 )VAr —)VIID3IEREIZ 100.0000V (278 5 X
AN, KR L 7RI IR LTI T E T,

[XIF4 X DAC 17 > 7 Ddiis o — 7 WIS E I A5 B % 3%
e cHERENEZBRELTCOE T, SO BE, K
IR L 72 150mA D LT1010 3y 7 7 LB &ML £ 5,
id, RO R R L2280 DA T avERLEL, H
TR T 5L, BRSPS K E RIBTEIRA A DIHIC
B2 RR L TELDIZEELTIZRWTL L) B, D
32> 10mA D H T E AR ISHT0.001Q T 10pV DEERE T
DL, ZHUI 2ppm DFRZEITHYM L £ T, 20720, KER
BAMICIIECEB RO OREKICK>THREL, VE—F - &
VI REHT M EBHD ET,

FROM
DAC OUTPUT ouTPUT
AMPLIFIER ovTO 10V
*VISHAY VHD-200 TO LTC2400/LTC2410
RATIO SET A-TO-D INPUT
0.1ppm/°C

USE 7.5k-2.5k VALUES
FOR LTC2410 - AN8G F02

F2. ADAVN—F LB ITBIREDEICE ST
x2 DEBEFIRFERE. TOHER. HIEEFREH
HTEMTS

Note 1:f#XE D Note 1 S8,
Note 2: LEEDRIESIR,
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15V

0.005pF

YRR —
PIAL 19 g0k 52 OUTPUT
INPUT FROM DAC —AAMV——AAM—

=15V

*HEAT SINK
**VISHAY VHP-100 RESISTOR 0.01%
***1% METAL FILM RESISTOR

Wk g5y
= 100k** 100k** 100k** 100Kk**
ANN—VWN—WN—VN—

AN86 FFO3

R F3. SEEHNERICE S £100V/25mA DG, EHOREBHICE ST
HEBHLEERBMOMRERIMETS

FROM TEXT FIGURE 2
(PARTIAL) /
2k 1
. Av A' 'l-
0.1uF ,’ m———- -H—-——-u
| ' 0.1uF
/ 1 (OPTIONAL—
/ | FORINCREASED
! 1 LOAD STABILITY)
FROM -
MSB
AND LSB LT1001
DACs +
I 11206: 250mA OUTPUT

LT1210: 1.1A OUTPUT ANBS FF04

EIF4, LT1206/LT1210lc & BHAEED. TN 2N 250mAR & UM . 1AR T ZRED,
BE. REEETZHETILHICVE—F VIV ITHRE

an86f
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%G

DAC DRIV HREAIE

20EY FDACOH 12 MY U VIR ZHIE T 2DIENEE R E ZOREDOLA 77 b EREICIZFEESHETT, KG2IZH

T, T AR AN IR TH L DD, 5pv e HIEEZR TR LET, HEROLA 7Y Mo ko, FA R
WIHLSBD AT v 7« ¥ A XDMEICZR D £T, COMEIEX, BEEE2R/BRICZ, #IRZH1IEL 9, DACANATY 7
EZIHAI VR —=TTH—N—FIAT7DHAELE VL) EBHREERI =V REN Ty THOI I EhE R ) —
LoD, REBA{ZEBTLLOH)PFEITEILTEET,  FAD74—F2L—=%1EL 7, B, Mg ikzs —
ZDEH A —N—=F 74 7IFHEMEZELL . BARSINDFER VR EINEERIIND JRERFREY 27y 7 /A4 ZDFHE
BREEIRZBDIZLET, Zh/MELE T,

MG, CORBEDMRYHKTT, DACOHE, 050V A ZOHEIZ. DAC XD bIE 2 ke ) v 7254
F v CHE AR E RS Y 7 7 Ly AEFE A B’ e RTy 7 ERAIMT A2 TTANLE T, KG3 T, KER
FO TP IR ET, RIFEORY DEBTIE, 77073, Fl V=R YL =20 A - P2 L =YLk TATY T
320002 3 S E Ty 72 L £ 9, HHBROAT EE2HHELTCOFET, KITRLA2=y M, HilmELT
KRB INZFA A=+ 77V 713, DACEYV 77 LV A AFEINTVET, 27 UEEDKEFEY —F - YL —TH A
DT UNTG Y ZAMRECHATORMBFEELRVEIIC  OEREE2ELIENTEET, VL —2FIE. OO
LET, £, MIS20MSELIET, 77V 7ORZRE J1ld. DACOAE— 27 v 7 HikiED X ) > 7k
OO 10kHz DSR2 REE LE T, TV AT mRa— XU, EARPICEE I ) 7 LT (K G4).,

° = AN ~
70i5mV/DIVifJi10mV/DIY (D:A“CHj?]ﬁKIJ‘\TCiISUV HG1 DI, A Fi B L. b5 % LA -
10pV) TEIEL, AERA—N—FIA47%ELCIEHRL, . _ - Lns N
SUV DR S 7% G 5 CrAL—FIlEoTHEIT5ZETTANLLLDTY,
H At ° G5Z, 1ppm (£5pV) AN~NDEX M) v 7 HREft] 23 2ms TH 5
CEZRLTVET, ZHUEDACDOR M) V7 XD bHIE A0
FRTHY)  ALDK 6 B LUK 7TITR LA ROE EIEE
ROFET,

0V TO -5V

IN 0.5uV STEPS
FROM BUFFERED
KVD BIASED FROM
-5V REFERENCE

+

LT1008 20pF
FROM <
DAC __'=fp----- S
OUTPUT 4 51k
0V TO 5V = > / OUTPUT
>
S 1k 3 "I ¢ O
>
IE S5k
* VISHAY VHD-200 RATIO SET 10ppm MATCHING 3 ]
<
B ina14s 909k j:wg = j:1k k L
L L S5k
—}f— 1N5712 = B 1
15V —AM— —15V =
CONNECT OUTPUT DIRECTLY TO 10k
0SCILLOSCOPE. DO NOT USE CABLE ZERO

TO SET ZERO, GROUND BOTH INPUTS
AND ADJUST “ZERQ” FOR Vgyt = <1mV

BG1, 757Nl 200007 v FicL>TRafIDRE
ZRIYICDACOENI VT IERIED FIEE

Note 1: ZD & SBEIRDFFMIE. MEKCESRDI L,
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AN FGO2.tif

G2. EhUV T RREYT V7 OEERIEH 2000 THHBHSHFHIEIZ DI D 10kHz THE DS, FLEREICEZRIFEZFRHIS
FERRVWLATZIORMDBE, AN (BEET)BRERICY—IVREN, PV TADBFT1—RRAIL—ZHLELTWS, EFIZERZE
FWRFEEYIT YT /A ZXDSI—ILRTS
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TEKTRONIX

/ 067-0608-00
+V

J:_ 25ms
= l/ Hg REED RELAY <>
ro —(e) ouTPUT
—_—
puLsE (O fNULSE —| | Yy | 500 TODAC INPUT OF >
GENERATOR SETTLECIRCUIT ~ 30ms
- = (GROUND SETTLE CIRCUIT
REFERENCE INPUT)

AN86 FGO3

EG3. Y—R-UL—ZRAW/NILHEENIVTRRTARNEBICIV -V BRATY T ESZMIGTS

AT RELA

ANB6 FGO3.if

G4, KERY—K-UL—(35ns TR SN, BIEICEQICEN) YT T3, 500MHz D

2T A1) —A A VY E—T Y ADFERICE>TELHDTHS

10pV/DIV

HORIZ = 2ms/DIV ANg FEO3.tf

B G5. TR RAFYZESIKHT IR VT REAERRDINE., £1ppm (£5pV) IC2ms T

thUYILTWS
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fi%H

YA70IRILs - LANILD /A XHIE

DAC i /1 /A ADMEGEICIE, A2 aRa—TH 7/ A XD
PYigo, BHROT Y 7 DBBETT, IKH1IZ, 2OX9 %]
EICHHAINS 12D EEZRLET, 551, FlfF1000T
FIET A AN TV 7 712k 5TO.1HZ THA SRR S 4,
IOHZz DTA A7) —h @ — « S Z - 74V FZEBELTA 1
2a—77%REL £, ImV/DIVICEREI N4 nza—
TN BEETV T T AT B FEREL LT IpV/DIV THRR
NET, XH2 XD . DACDHES /A XH3, #70.9uV DLSB & D
b Epbrh 3, EERoklfIc Xy, HIED
AR 77020V ICREINET,

XIH3 X, /A ZAHEDTAMEETT, B#ETESL L
D, SRR =V R EN M T 7Ly RR— o4
VA= F TSN TR EICHEE LTI,

XIH4 2 /A ZPEICHE L 7S 7 > 7oflznm L 7, 31
HARDA T BRI =793 2mV/DIV LD E K % fi 2T
2L TTTH, IHROMERIZE D E ORI &2 LT
WET, IR, /A REISE L RENR TV T T

PREAMPLIFIER
FRD‘i\“g A= 1000 1.6k (10Hz) 0SCILLOSCOPE
OUTPUT_’ HIGH PASS " 1mw/DIV = 1uV/DIV
CUTOFF = 0.1Hz 104
ﬁ AN86 FHO1

EH1. v170MRIL D/ ZAEIEBEASORAT-TRICE
NBDTIVFPVTHRETH S, TIFPVTETARI)—h-
Z1)LIH0.1Hz ~10H: DRIEFEZRET D

SURA—T P74 D—EERRLTHYET, TnsDL
=y ME, L KA Ao E R L 9, 2ol
EMDL AHGE T 2 PHF R UL, DIFPEIEIN TV
WEWHZETT, 2, THRZHMERNILD LT IINAE
FORRHCHE M ZE O, BIEOHERD ML v F2EA 1T
LHRTLEI,

EZAHATBRAI—T7 DL —RIE TN T 7 B X % i
ZTCORFIUIED ER A, FL—2ZDOBHIE L) PEREICEY
LCTiE, mmE7Fas - A ara—7Iciisboliihh
Bh, ZNSDHIERD E LD TN 2B RIFEKL )LD /
A ZWPE TR T, ' DSOIED 7294 RDOAHEFEMEE T
A« 2% v DHilfyD3, LRI E SIS E T, <D
DSOEMRIE, /A R DM G2k T 52 LIZATE
XA,

500nV/DIV

2s/DIV ANBS FO4.tf

EH2. EElCRESNT0.1Hz~10Hz 35D DACEA /1 X
($%90.2LSBICHEY T B 1PVRB TH B, IR DHEIFIICELD.
BED/A X707 0.2pV ICERESIND

Note 1: 583 SDIFFRM S, Tektronix D% 7 453, 453A, 454, 454A, 547, 556 '
BNICRIRTHBIENASNCBE e (FERRDREZR L bL—ZK
RiEAENROMES 2, /A X TAFILES>THIREN BN\ I T FTVR
ERFITBDICHRBE T,
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AN86 FHO3.if

BH3. ¥—JLREnfcDACT Ly RR—K (Fi51), ZUFP Y7 (). AVARD—TIcEiShicO—/t A
7408 (FR)ZEE /A XRETAMNRE, AEESERBIE. 2 TEH

an86f
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Hp:lEok kv A=A EFIES | RATEIE RE/FE |#tekE ER
Differential Amplifier | Tektronix 1A7/1A7A | 500kHz/1MHz 10pV/DIV Secondary Market | Requires 500 Series Mainframe, Settable
Bandstops
Differential Amplifier | Tektronix 7A22 1MHz 10pv/DIV Secondary Market | Requires 7000 Series Mainframe, Settable
Bandstops
Differential Amplifier | Tektronix 5A22 1MHz 10pV/DIV Secondary Market | Requires 5000 Series Mainframe, Settable
Bandstops
Differential Amplifier | Tektronix ADA-400A 1MHz 10pv/DIV Current Production | Standalone with Optional Power Supply,
Settable Bandstops
Differential Amplifier | Tektronix AM-502 1MHz 100,000 Secondary Market | Standalone with Optional Power Supply,
Settable Bandstops
Differential Amplifier | Preamble 1822 10MHz Gain = 1000 Current Production | Standalone, Settable Bandstops
Differential Amplifier | Stanford Research|  SR-560 1MHz Gain = 50000 | Current Production | Standalone, Settable Bandstops, Battery
Systems or Line Operation
K H4, BRATEELRERE. 8/1XD7 >V 7DF, i,
RE, HHGREBLBREDNL—RATHHS
T8I
BEVIZ77LVZA

KINZDAC T T A2EEY) 7 7Ly ADA 7> a il %
ALET, HOEM RO 0@ cEMA LB TL X9,
LM199A & LTZ1000A (ZIFAMF T RIS DS A BT D3, KD
WIEREB B SN E T, WTNEIEIRL 7254 5 DAC Dk}
K2 M $ A7) SV 7T, 22Tl K
DEEVEZR PRI T 5 LTZ1000A [2DOWTEHIBHL £,

[XI12 1%, LTZ1000A &, ZDH R — AT, A1IZLTZ1000A
DYAMEZBHIL, 2N3904 % /- LCIC & — % — % # EL il
HMLEd. A3 7 7L AEREHBEILET, Y2 F—-VU 77
Ly ZDMHICIE T Ve v A L, BHERE N o 2%
BARPRICHIZ £9, 1 SEIc k->TV Y —V BIROEE L.
R BAREEDH A MBEREZ YRR L X7,

K131 V7 7Ly AD Ny 7 7 BREIDA 7> 2> TF, Wi
by 7 7B ko Tk En i F a v s —RET VT
ZERALTCOET, Ny 77D AL, R CTHREIL T2
EBD. K OTHTY, Baldfifliz =74 - 74 VB THD,
MZ/NEL V77 LY ANO A ER/ANRBICIZ T, AD
ZHINRELET, BbIEHFREOHELZE L, 7VOY 77
LY AATI6 (ZD84) . 10V 2L £ T, 13¢ TlE, 2
TN ANDB5V 2135200 771k%2RLTWET, — D)
BT, BREESERVPE T 77 Ly RO ERD, 5V
HNELT1010 2600 9, V7 7L v ZDE i MIE, 1)
I ERZREL (KA 7y av ELTERR) . TSRO
WIS AD Y N=5 D) 77 LY AN NZHRET22ET
Bk TEET,

BE ERE YIEREE BERUTH REREM ER
LTZ1000A 7.2V Minimum 7V 0.05ppm/°C 4ppm/Yr Typical Highest Stability Zener Available.Requires External
Maximum 7.5V Heater Control and Reference Buffer Gircuitry
LM199A 6.95V 2% 0.5ppm/°C 10ppm/Yr Typical Self-Contained, Including Heater Control Gircuitry.
Zener Output Is Unbuffered

LT1021 SV, 7V, 10V 0.05V (7V) 2ppm/°C (7V) 20ppm/kHr Noncumulative | Fully Self-Contained.Trimmable

LT1027 5V 0.02% 2ppm/°C 20ppm/kHr Noncumulative | Fully Self-Contained.Trimmable

LT1236 5V, 10V 0.05% 5ppm/°C 20ppm/kHr Noncumulative | Fully Self-Contained.Trimmable

BN, Y77PLYR AT avOHABE. BE. REEICL DR,
REOREEHESNDATY aVICBIMITEIELSBE
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2N3904

R1 THROUGH R5:
VISHAY VHP-100 0.1%

HEATER,
UNLABELED
AND

ZENER = LTZ1000A

PIN NUMBERS APPEAR
FOR INDIVIDUAL
LTZ1000A ELEMENTS

** VISHAY VHD-200 RATIO SET - 0.1%

ZENER + SENSE
V+
° ° * 15V
ém Rs 3¢ R2
S 13k 0k A 70k 1N4148
" + +
Al IJB ; A2
LT1013 LT1013
Lae Aok 6 TEMP 4 _
v SENSOR
™M 7 7
0.1uF j ZENER — SENSE
-
1 >
| R5 > R1 |
0.1uF %ﬂ( %1209 0.022uF
| | SINGLE
HEATER 1 1 ) ZENER - FORCE_\ O1EL

GROUND

5 1Nz;4|8

! HEATER RETURN 85 02
12, VUZ77LYRIZA1: =5 —FIE7 V7 A2:Y xF—EBFRLF21L—FELTZ1000A

VIF—Z88.VIF—DTIEVERE jiEtIEREDIE

10k
0.1uF
—— OUT = 7.2V NOMINAL
TO ZENER
SENSE
5Kk *
‘I MWV
12.9k**
\4
= LTC1150 —— OUT = 10V NOMINAL
TO ZENER
SENSE

10k

OUT = 5V NOMINAL

TO ZENER

SENSE 1 <—— OPTIONAL, DELETE INPUT DIVIDER.

2.2k ! SEE TEXT
OUT = 5V NOMINAL

* VISHAY VHP-100 - 1%

ANBE 103

B3 Fav/N\—REMLXIVTFPLYA Ny T 7ICiE(a) =T 1 71 . (b) 10V, (c)5VD
32DHNAT L a3V 5. EIEEEHILTHIDICNIZIVITHBETHD
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fE%J

7_7‘}l’\ ?ﬁﬁ:s l\y9‘1q‘j-s l/'f?'j l\\ Eﬁﬂnl:ligﬁ\
EEE. BhlicfElRERE

BV LD DMERE Tl H T D ZF BRI R T
RHHHLD O ELE RIZTHERHDET, v 7akL -
LD RGNS, B2 5 b 2 E o R I,
B BEENTL &9, BVE B9 2 55 Zeakim | 2 A Bk
CIREN T B0, 2Dk 7S a vy ODNED FilE &
LTHZHBL T I,

18224 | ZA =7 DYBAEF b — 2R - — Ry 7%, AL
=y 7RSI DB R OW TR, O A=A
L DRI 2 B LT, YT D ARG D3R I X B AL
ZRVFHIERFERLEL (K1), ¥—Xy 2130 DOE)E
DIAGDHRHIZODWTHIRE L I E X FICEZTHEBE &
DIR L. MG SR 2 SUsk L F L7z, BRYR L &I, ¥ —
Ry ZIFERDTNTCODEIFE LT, ZORNEE B &
LTHHT 52t AE LTz, 213 2 DR % "Magnetische

Polarisation der Metalle und Erze durch Temperatur-Differenz

T BESUCHRELET (ZEGRSIR)
JUNCTION
COPPER BISMUTH
JUNCTION
COMPASS ANB86 FJO1
R, E—Ry /LIS ZEAER
Ufct ElCE> T REBREE

ZOBDOWIZET, =y Z7RIH IFFEAR B SN 2Rk
THY, FFRMESRHLZE06EbOTHHTHEZEDHS
MCRDEL T, SHEDIEADIA SN b IV AT 2 —
P THIAEMIZ, E—Ry 7OERETT, FHakdis, BN
B, HFELLBROLAENS, X=Xy 70lflzd [ TnE T,

KRV 7 MalEETld, MHAOBEN B Z 6 (d T2
AR FT, axry, A4y F, VL—#R, V7 vk,
TAX, ZLTNVF ETHD, WIS EVEMF 54 Ol
EBRDZFET, AT IRV Ty MBS TN T S HE
WH5HIEZZNRDITHETELLDD, B ZXA—=HDY
AX %9 2751 TR BIZ 2000V COSF A T 2 5913
O CIRA Do ERA, ZOMITERKETY 7O 7
MERRD 4F5ICHZE L F T, KI21E, ZDXH %74 Yk
SIEFESNT Y FTT, NV TEA, i, aX—)L -7 A4%,
PC L —RLEEAZIEIR L TRL ~)L A TIRERATH E 72 )
FT(XIB2W) K4z, EFREET72y7VIfibiis
(O D— MM B O BVE R A7 2R L £ 9, Cu-CuO D

MICROVOLTS REFERRED TO 25°C
=
N

0
25 30 35 40 45
DEGREES CENTIGRADE

ANB86 FJ02

KJ2. 22D E > fe<A—1D[I71 VP THBICH
b STRLETFTHYICE >THREUEEMF

100

T T T T
SLOPE = 1.5uV/°C BELOW 25°C

I T g

64% Sn/36% Pb

o
o

60% Cd/40% Sn

|
SLOPE = 160nV/°C BELOW 25°C

IN MICROVOLTS
o

|
(S
o

THERMALLY PRODUCED VOLTAGE

-100

0 10 20 30 40 50

SOLDER-COPPER JUNCTION DIFFERENTIAL TERMPERATURE
SOURCE: NEW ELECTRONICS 2/6/77
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