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A Multirange Standard for AC/DC 
Difference Measurements 

H A R O L D L . S T O T T , J R . 

Abstract—A. standard for ac/dc difference measurements which in
corporates an integrated circuit thermal sensor is described. The basic 
instrument (SL85Í) is intended for use in the frequency range of 100 
Hz to 1 MHz and for voltage levels of 600 mV to 200 V. Coupled with 
an amplifier or high-voltage range resistors, the full-scale ranges can 
be extended down to 200 mV and up to 1000 V. This new standard is 
being developed to take advantage of the capabilities of the National 
Bureau of Standards (NBS) to give uncertainties of 10 ppm, under spe
cial conditions, in the frequency range of 100 Hz to 20 kHz, and for 
voltages of 5-100 V. It is expected that the SL851 will have ac/dc 
differences of only a few parts per million for levels up to 60 V at fre
quencies up to 100 kHz. Other advantages, as compared to vacuum 
thermoelements, are a shorter settling time and an output level of 2 V 
instead of a few millivolts. A power supply which can be operated uu 
batteries was also developed. 

This paper provides a brief description of the SL851 instrument and 
ass(x:iated high-voltage range resistors, preamp, and power supply. The 
factors that were considered in the physical construction are also ad
dressed. A test configuration is described and the data obtained are 
presented and discussed. 

L I N T R O D U C T I O N 

FO R M A N Y Y E A R S , t h e r m a l c o n v e r t e r s us ing vac 
u u m t h e r m o e l e m e n t s h a v e b e e n used a s t he de tec to r 

for compar ing the r m s v o l t a g e leve l of a n ac s ignal to that 
o f a dc s ignal o r a n a c s igna l at a different f requency. 
B a s e d on the e q u i v a l e n t h e a t i n g p o w e r of r m s ac a s c o m 
p a r e d to dc , t h e r m o e l e m e n t v o l t a g e c o n v e r t e r s have fairiy 
wel l -def ined a c / d c d i f fe rences [ 1 ] . T y p i c a l l y , the re is a 
cal ibrat ion u n c e r t a i n t y of 2 0 p p m in t he a c / d c difference 
for these c o n v e r t e r s a t f r equenc ie s of 2 0 H z to 2 0 k H z 
a n d vol tages o f 0 . 5 - 1 0 0 0 V , 

V a c u u m t h e r m o e l e m e n t d e v i c e s , c o m p a r e d to solid-
s ta te devices , h a v e a ve ry l o n g t h e r m a l t i m e cons tan t . It 
m a y take a h a l f - m i n u t e o r l o n g e r t o r ega in t h e r m a l equi 
l ibr ium when t r ans fe r r ing b e t w e e n the re fe rence vo l tage 
and the vo l tage b e i n g m e a s u r e d . T h i s long t ime delay 
causes an add i t iona l b u r d e n o n the s tabi l i ty r equ i rements 
for the v o h a g e s o u r c e b e i n g u s e d . A n o t h e r d i sadvan tage 
o f v a c u u m t h e r m o e l e m e n t s is t h e i r l o w o u t p u t vol tage of 
a few mil l ivol ts . T o m e a s u r e a c / d c di f ferences wi th a res 
olu t ion of 1 p p m r e q u i r e s r e so lv ing a few n a n o v o l t s . 

T h e r e is an o b v i o u s des i r e fo r a d e v i c e wi th less uncer
ta inty in the stated v a l u e s o f a c / d c di f ference , and a shor ter 
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Fig. I. SL851 ac/dc converter. 

t i m e to s tab i l ize . It w a s wi th these g o a l s in mind tha t the 
S L 8 5 1 rms s enso r was d e v e l o p e d . 

T h e S L 8 5 1 , shown in F i g . 1, c o n t a i n s an rms s enso r , 
f e e d b a c k amplif ier , buffer ou tput ampli f ier , and five 
s w i t c h a b l e r a n g e res i s tors . A d e c o d i n g sec t ion is i nc luded 
o n the range switch w h i c h c a n be used in a sys tem app l i 
ca t i on t o h e l p prevent ove rvo l t age cond i t ions . T h e r e is 
a l s o a s epa ra t e p o w e r supp ly m o d u l e a n d , as a cces so r i e s , 
a n ampl i f ier and two h igh -vo l t age r a n g e res is tors . 

I I . C I R C U I T D E S C R I P T I O N 

A. Sensor 

T h e in tegra ted c i rcui t t he rma l s e n s o r [2] is the key to 
t h e i m p r o v e d pe r fo rmance o f the S L 8 5 1 as c o m p a r e d to 
p r e v i o u s d e v i c e s . It is p resen t ly e m p l o y e d in the F l u k e 
8 5 0 6 A Dig i t a l M u l t i m e t e r [3] in a pa t en t ed ac e r ro r -co r 
rec t ion t e chn ique desc r ibed in [ 4 ] , a s wel l as in S L 8 5 1 . 
A s implif ied d i ag ram o f the the rmal sensor is s h o w n in 
F i g . 2 . 

T h e input vo l tage V^^ is app l ied t o R\ and resul t ing hea t , 
p ropor t i ona l to the r m s p o w e r l eve l , is coupled t o the 
b a s e - e m i t t e r j unc t ion o f Ql. T h e w e l l - k n o w n re la t ionsh ip 

Vte = (kT/q) In (/,) 

0 0 1 8 - 9 4 5 6 / 8 6 / 1 2 0 0 - 0 3 8 7 $ 0 1 . 0 0 © 1986 I E E E 
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Fig. 2. Diagram of thermal sensor circuit. 

Fig. 3. Thermal sensor die (magnified). 

is used in a f eedback c i rcui t 

where 

Vi^ the b a s e - e m i t t e r v o h a g e , 
k B o h z m a n n ' s c o n s t a n t , 
Τ t e m p e r a t u r e in d e g r e e s Kelv in 
q cha rge on an e lec t ron (1 e V ) , and 
/, co l lec tor c u r r e n t . 

T h e hea t g e n e r a t e d d u e to t h e input v o h a g e p r o 
duces a c h a n g e in the b a s e - e m i t t e r vo l tage of 0 1 · T h i s 
e r ror vo l t age is ampl i f ied by Q\, β 2 , and Al and a p p l i e d 
to R2. T h e c i rcu i t d r ives i tself into a ba lanced c o n d i t i o n 
which resul ts in a d c ou tpu t vo l t age Kout a p p r o x i m a t e l y 
equal to the r m s va lue of the input vo l tage V^n^ A l t h o u g h 
the bas ic a p p r o a c h w a s d e v e l o p e d by Ott [ 5 ] , i m p r o v e 
men t s in res i s tor t e chno logy a n d the rmal i so la t ion h a v e 
p roduced i m p r o v e m e n t s in the pe r fo rmance of t h e s e d e 
v ices . 

A p h o t o g r a p h o f the s e m i c o n d u c t o r d ie (magni f i ed) is 
s h o w n in F i g . 3 . E a c h t r ans i s to r - r e s i s to r pa i r is i so la ted 
on an is land s u p p o r t e d by l eads that ex tend ac ross t h e a i r 
g a p b e t w e e n the i s l ands and the su r round ing f r ame . T h e 

leads are m a d e of 304 s ta in less s teel se lec ted for its h igh 
electr ical conduct iv i ty a n d low t h e r m a l conduc t iv i ty . It 
has been de t e rmined tha t t h e t h e r m a l r e s i s t ance of the d e 
vice is be t t e r than 8 4 0 0 ° C / W . T h e d e t e r m i n a t i o n is b a s e d 
on m e a s u r e m e n t s of the c h a n g e in b a s e - e m i t t e r vo l t age a s 
a funct ion of appl ied inpu t p o w e r and the k n o w l e d g e tha t 
the b a s e - e m i t t e r vol tage c h a n g e s a p p r o x i m a t e l y 2 .1 m V / 

B. Feedback Circuit 

A s implif ied d i ag ram o f the f e e d b a c k c i rcui t is s h o w n 
in F i g . 4 . T h e rms s e n s o r o u t p u t is ampl i f ied by in tegra to r 
/ I I , fo l lowed by a c i rcu i t c o m p r i s e d of .42 a n d its feed
back c i rcui t / / I , and / / 2 a n d / 1 3 . T h e funct ion oíA2,H\, 
HI, and /43 is to p r o v i d e i m p r o v e d t rans ient r e s p o n s e 
charac ter i s t ics by i m p l e m e n t i n g a squa re root function in to 
the feedback pa th . AA is a buffer ampl i f ie r w h i c h p r o v i d e s 
a 2 -V dc ou tpu t for 2 -V r m s at the s e n s o r input . 

C. Input Attenuator and SL853 High-Voltage Range 
Resistors 

In front o f the rms s e n s o r c i rcui t is an input a t t enua tor 
cons is t ing of five s w i t c h a b l e r a n g e res is tors m o u n t e d on 
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- V S 

Fig. 4. Simplified diagram of feedback circuit. 

Fig. 5. SL851 and accessories. 

a ro tary swi tch se lec ted for low t h e r m a l s and repeatabi l i ty 
o f con tac t r e s i s t ance . T h e t h e r m a l s enso r res i s tor o f ap 
p rox ima te ly 4 0 0 Ώ in con junc t i on wi th the r a n g e res is tors 
resul t in full-scale r anges of 2 , 6 , 2 0 , 6 0 , a n d 2 0 0 V . 
Add i t i ona l accesso ry h igh -vo l t age range res is tors {A and 
Β in F i g . 5) p rov ide ful l -scale r a n g e s of 6 0 0 a n d 1000 V . 
T h e S L 8 5 1 is set to the 2 -V r a n g e w h e n us ing these range 
res i s to r s . Fo r c o m p a r i s o n , the S L 8 5 1 is s h o w n as C in 
F i g . 5 . 

D . SL852 Preamp 

A n accessory p reampl i f i e r ( D in F i g . 5) is u s e d to pro
v i d e the ful l -scale r anges of 2 0 0 a n d 6 0 0 m V . T h e a m 
plif ier i n c o φ o r a t e s a differential F H T input s t a g e coup led 
t o a cus tom thin-fi lm hybr id ampl i f ie r . T h e resul t is a g a m 
o f ten and a b a n d w i d t h o f a p p r o x i m a t e l y 3 0 M H z . T h e 
S L 8 5 1 range swi tch is p l aced in the 2 - and 6-V pos i t ions 
w h e n us ing the p r e a m p for 2 0 0 and 6 0 0 m V , r e spec t ive ly . 

E. SLS54 Power Supply 

T h e power supp ly is a differential supply o f -h/— 15 V 
(£• in F ig . 5 ) . T h e supply c o n t a i n s ba t te r ies w h i c h will 
p r o v i d e p o w e r for the S L 8 5 1 for app rox ima te ly 8 h before 

r echa rg ing is needed . Opera t ion on bat te r ies r e d u c e s t he 
sca t te r ( p robab ly d u e to ground loops) in the m e a s u r e m e n t 
resu l t s . 

I I I . C O N S T R U C T I O N 

T h e S L 8 5 1 , preampl i f ie r , and h igh -vo l t age r a n g e res i s 
tors a re each housed in cyl indrical c h r o m e - p l a t e d b r a s s 
t ubes . T h e t ubes for the SL851 and preampl i f ie r a re 4 in 
in d i a m e t e r a n d the range resistors a re housed in 2-in 
t ubes . Al l s ignal connec to r s are G R 8 7 4 . T h i s t y p e c o n 
nec to r w a s c h o s e n b e c a u s e the in tended use of the S L 8 5 1 
is to r ep l ace t he rma l conver te rs wh ich have tha t t ype of 
c o n n e c t o r . T h e cy l indr ica l shape a l l o w s the t u b e s t o b e 
ro ta ted o n the i r suppor t s in o rder to a c c o m m o d a t e a n ar
bi t rary ro ta t ional posi t ion of the ma t ing connec to r . G R 8 7 4 
c o n n e c t o r s i n c o φ o r a t i n g slip jo in t s cou ld have b e e n u s e d , 
but they w o u l d add an addi t ional c o m p o n e n t to t h e un 
cer ta in ty in t he m e a s u r e m e n t s . 

A sepa ra t e cavi ty in the SL851 is u sed to h o u s e the 
range swi t ch a s s e m b l y . Th i s is done to e l imina t e e l ec t ro 
m a g n e t i c c o u p l i n g from the input c o n n e c t o r and r a n g e re 
sis tors t o the r m s senso r and sur round ing c i rcui t ry as wel l 
as to p r o v i d e the rma l isolation b e t w e e n t he a t t enua to r and 
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r m s s e n s o r . T h e h igh -vo l t age r ange res i s tors a re m o u n t e d 
coax ia i l y in sepa ra t e tubes for t w o r e a s o n s . T h e res i s to rs 
m u s t b e phys ica l ly d is tant f rom o t h e r c o m p o n e n t s in o r d e r 
to m a k e t h e f requency response flatter. T h e l a rge p h y s i c a l 
s ize o f the res is tors m a k e s it imprac t i ca l to m a i n t a i n t h e 
n e e d e d sepa ra t ion a n d house t h e m in the s a m e e n c l o s u r e 
wi th t he o t h e r r ange res is tors . A n o t h e r impor t an t c o n s i d 
e ra t ion is that of ma in t a in ing t h e r m a l i sola t ion b e t w e e n 
the h i g h - p o w e r resis tors (and c o r r e s p o n d i n g h igh hea t ) a n d 
the t h e r m a l s enso r c i rcui t . 

I V . T E S T R E S U L T S 

AC/DC 
SOURCE 

LINDECK 
AND 

GALVO 
STANDARD 

THERMOELEMENT 

POWER 
SUPPLY 

DVM 

SL851 
UNDER 
TEST 

Fig. 6. Typical test setup. 

T A B L E I 
GOALS FOR UNCERTAINTY SPEC/PRESENT N B S UNCERTAINTY FOR TYPICAL 

A typ ica l test s e tup for c o m p a r i s o n of a c o n v e n t i o n a l SINGLE-RANGE T V C (AT TIME OF MEASUREMENT) (ppm) 

t h e r m a l vo l t age conve r t e r t o t he S L 8 5 1 is s h o w n in F i g . =====================^ 
6. A s tab le dc vo l t age source is c o n n e c t e d t h r o u g h a t e e 2οκη2 sokhs iookhz sookh imhz 

to a s t anda rd t h e r m a l vo l tage c o n v e r t e r and t h e uni t u n d e r " 2 0 0 · ^ lo'/ll lo'/ll 7Ö/ÄÄ 3ÖÖ/ÄÄ loo'/lV 
test ( U U T ) . T h e dc vo l tage is ad jus t ed to a re fe rence inpu t ''''^ l^H ^ llalli 
level and the o u t p u t s of the s t andard a n d U U T a r e n o t e d . ^ m^/^H ^^/^^ 
T h e polar i ty o f the d c vo l t age is r e v e r s e d a n d t h e o u t p u t 6ov io /2üa 15/30 25/50 100/200 150/300 
, , 3 ' r^t 1 t · . 10/20 15/30 25/50 
l eve ls no ted a g a i n . T h e re sponse to dc for e a c h un i t is eoov 20/20 30/30 50/50 
^, , ^. r» . 1 . J- RR-, J lOOOV 20/20 50/30 100/50 
then t a k e n as the ave rage of the t w o r e a d i n g s . T h e d c 
sou rce is rep laced by an ac source a t t h e des i red f r equency * ^ l ^ ^ ' ^ J ; ' ^ ' : : ^ ^ ^ ^ I^HJ^J^ 
and t he level ad jus ted to g ive an i n p u t to the U U T w h i c h .ncertaxntxes at 200 are assxsne. at the ti.e Of 

p r o d u c e s the s a m e ou tpu t a s the a v e r a g e of t h e d c i n p u t s . c3iit.ratxon. 
T h e o u t p u t from the s tandard is t h e n noted a n d , t a k i n g The mfomation m the above table was furnished by National , , - . .^ ^ , 1 , 1 Bureau of Standards, Gaithersburg. 
into a c c o u n t the a c / d c difference o f the s t a n d a r d , t h e : 
a c / d c difference of the U U T is c a l c u l a t e d . 

T a b l e I s h o w s the goals for unce r t a in t i e s for t h e S L 8 5 1 T A B L E II 
(a mu l t i r ange dev i ce ) and a c c e s s o r i e s and t h e p re sen t u n - ^ ^ / D C DIFFERENCES FOR S L 8 5 1 AND S L 8 5 1 IN CONJUNCTION WITH SL852 

cer ta in t i es ob t a inab le f rom N B S fo r s ing le - r ange ther - AND IN CONJUNCTION WITH S L 8 5 3 AND SLl 5 3 RANGE RESISTORS 

m o e l e m e n t s . T h e 10-ppm u n c e r t a i n t i e s a re on ly ava i l ab le ===============================̂ ^ 
, i - i . , , ^ ^r^rx AC/DC Difference for SL851 S/N 002 <pp») 

m spec ia l c a s e s . A l s o , the ca l ib ra t i ons at a leve l o f 2 0 0 
- . ' ^ , , , 1 · . 1 · . RANGE 500 Hz 20 kHz 50 kHz 100 kHz 500 kHz 1 MHz 

m V a re h a n d l e d on a ca se -by -case b a s i s W i t h unce r t a in t i e s 2 voit 0 0 0 - 1 0 +10 -30 
d e t e r m i n e d at the t i m e of m e a s u r e m e n t . 20 voit 0 0 0 - 1 0 -30 - eo 

T a b l e II sh o ws the resul ts of m e a s u r e m e n t s t aken in t he I 
F l u k e P r imary S tandards L a b o r a t o r y , in Apr i l 1 9 8 5 , on 
t w o S L 8 5 1 i n s t rumen t s , o n e S L 8 5 2 ampl i f ie r , o n e S L 8 5 3 ac /dc Difference for sl85i s / n oo4 (pp«) 
and o n e S L 1 5 3 6 0 0 - V range r e s i s t o r , and o n e S L 8 5 3 and range 500 hz 20 kHz so r h z 100 kHz 500 kHz i mhs 

o n e S L 1 5 3 1000-V range res i s to r s . T h e S L 1 5 3 range r e - I I I I '^l - l o 
s i s to rs a r e usual ly used wi th v a c u u m t h e r m o e l e m e n t s , voit ° ? ? "^S 
h o w e v e r , the S L 8 5 1 was d e s i g n e d fo r compa t ib i l i t y wi th Ι^Λ.'^.^ . 'ΛΙ I i . 
the S L l 5 3 res i s to rs . T h e m e a s u r e m e n t s w e r e m a d e us ing 

, , , . 1 , r„. 1 AC/DC Difference for 200 and 600 «V 
v a c u u m t h e r m o e l e m e n t s a s w o r k i n g s t a n d a r d s . T h e l ow xnto sl852 Amplifier «ith s l b s i s /n 002 <ρρ·) 
ou tpu t vo l t age of t he v a c u u m t h e r m o e l e m e n t s p r e v e n t e d '"¿¡ÑGr'50rH¡'"'2rkH¡"'"5Ó'kH¡"'IorkH¡"'50o'kH^^ 
h a v i n g sufficient reso lu t ion to repor t the da t a wi th g r e a t e r ^oo «v -eo -70 - so -4o . 100 ^ 0 
than 10-ppm reso lu t ion . T h e unce r t a in t i e s in a c / d c differ-
e n c e for the w o r k i n g s t andards w e r e s l ight ly g r e a t e r t han ac/pc Difference for s l b s i s /n 002 with 600 ν s l s s s 

. 7 c o ^̂^̂  yĵ ĵ  y ^QQQ ^J SL153 Ranse Resistors <pp») 
t h o s e s h o w n m T a b l e I for p re sen t N B S c a l i b r a t i o n s . 

A 1 r- . , ^ . / 1 .·£Γ RANGE 500 Hz 20 kHz 50 kHz 100 kHz 

A s can be seen from the d a t a , t h e a c / d c d i f ferences a re sLssa eoo ν - l o - j o +10 . M O 
very smal l for f requencies of 5 0 0 H z ( lowes t f requency '¡H '^l '^l "^^^ '^Ι 
for w h i c h da ta w e r e taken) to 100 k H z for v o l t a g e s of 2 - s l i S s 1000 ν o <> -^0 Q 
6 0 V . T h e differences b e c a m e signif icant ly l a rge r for the 
2 0 0 - V r ange at a f requency of 1 0 0 k H z . T h e 2 0 0 - and 
6 0 0 - m V ranges h a d differences o f - 4 0 t o -hlOO p p m wi th p r e v i o u s m e a s u r e m e n t s us ing t h e s a m e range r e s i s -
w h i c h a r e not unders tood at the t i m e of th is w r i t i n g . M o r e tors w i t h convent iona l v a c u u m t h e r m o e l e m e n t s . T h e 6 0 0 -
inves t iga t ion is needed in o r d e r t o u n d e r s t a n d a n d , if p o s - a n d 1(X)0-V S L 8 5 3 r a n g e res i s to r s p r o d u c e d a h i g h e r 
s i b l e , r e d u c e these large a c / d c d i f fe rences . T h e 6 0 0 - and a c / d c difference due to t he d i f fe rence in c o n s t r u c t i o n . T h e 
1(X)0-V S L l 5 3 r a n g e res is tors p r o d u c e d resul ts cons i s t en t S L l 5 3 con ta in s a tun ing s l e e v e w h i c h s u r r o u n d s t he r e -
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T A B L E III 
A C / D C DIFFERENCE (IN ppm) F O R S L 8 5 1 S / N 0 0 2 , MARCH 1986 

RANGE 1 0 0 Hz 5 0 0 Hs 1 kHz 20 kHa 
2 V o l t 0 2 3 

2 0 V o l t 6 7 9 6 

RANGE 50 KHs 1 0 0 kH2 5 0 0 kHz 1 MHs 
2 V o l t - 1 1 - 2 7 

20 V o l t 4 2 - 3 2 - 8 9 

s i s to r b o d y and w h i c h c a n b e ad jus t ed t o op t im ize the fre
q u e n c y r e s p o n s e . T h e S L 8 5 3 r a n g e res is tors d o n o t c o n 
ta in t h e ad jus tab le s l e e v e . T h e r e a s o n s for d e v e l o p i n g the 
S L 8 5 3 w h e n the S L l 5 3 r ange r e s i s to r s a re ava i l ab le a re 
t w o f o l d : t h e cost o f b u i l d i n g t h e S L l 5 3 is cons ide r ab ly 
h i g h e r a n d the S L 8 5 3 , due to t h e different c o n s t m c t i o n , 
i s m u c h m o r e r u g g e d . T h e S L 1 5 3 a c / d c difference c a n b e 
a i fec ted s ignif icant ly b y a s h a φ m e c h a n i c a l s h o c k to the 
d e v i c e . 

T a b l e I I I con ta ins add i t iona l d a t a , ob ta ined in M a r c h 
1 9 8 6 , o n S L 8 5 1 S /N 0 0 2 . T h e s e d a t a w e r e ob ta ined us ing 
a different sy s t em f rom tha t u s e d in t he p rev ious m e a 
s u r e m e n t s . T h e s y s t e m used for t h e d a t a ha s a r e so lu t ion 
o f 1 p p m , h o w e v e r , t h e r e h a s n o t b e e n a r igo rous e r r o r 
a n a l y s i s d o n e o n th is s y s t e m . T h e typica l t ransfer unce r 
ta in ty is e s t ima ted to b e less t h a n 5 p p m . T h e da t a in T a 
b l e I I I a r e re la t ive t o A 5 5 t h e r m a l vo l t age c o n v e r t e r s a s 
w o r k i n g s t a n d a r d s w i t h 0 - p p m a c / d c di f ferences , h o w 
e v e r , t h e y a re different s t anda rds from those u s e d for the 
m e a s u r e m e n t s in A p r i l 1985 . 

T h e l a rges t o b s e r v e d difference b e t w e e n the da t a t a k e n 
in A p r i l 1 9 8 5 , a n d t h o s e t aken in M a r c h 1986 , w a s 13 
p p m , w h i c h occu r red a t 5 0 0 k H z o n t h e 2-V r a n g e . H o w 
e v e r , a s m e n t i o n e d , different s t a n d a r d s w e r e u s e d for the 
t w o se t s o f data w i t h unce r t a in t i e s for the a c / d c differ
e n c e s o f t h e s t andards m u c h g r e a t e r t h a n 13 p p m . 

M e a s u r e m e n t s w e r e a l so t a k e n on tu rnove r ( the differ
e n c e in o u t p u t s for t h e s a m e m a g n i t u d e bu t o p p o s i t e p o 
lar i ty o f d c inpu t s ) , in M a r c h 1 9 8 6 , o n S L 8 5 1 S/N 0 0 2 

a n d t w o t y p i c a l F luke A 5 5 t h e r m a l v o l t a g e c o n v e r t e r s . 
T h e resul t w a s 2 3 0 and 2 7 0 p p m for the 2 - a n d 2 0 - V A 5 5 ' s 
a n d 7 a n d 1 0 p p m for t he S L 8 5 1 2 - a n d 2 0 - V r anges , 

r e spec t i ve ly . 

V . S U M M A R Y 

A m u l t i r a n g e s tandard for a c / d c di f ference m e a s u r e 
m e n t s in t h e f requency r ange o f 1 0 0 H z to 1 M H z w a s 
desc r ibed . T h e bas ic i n s tmmen t c o n t a i n s sw i t chab l e range 
res i s to rs for r a n g e s of 2 - 2 0 0 V , a n d w h e n c o u p l e d wi th 
a p reampl i f i e r o r h igh-vo l t age r a n g e r e s i s to r s , wi l l p ro 
v ide fu l l -sca le r anges of 2 0 0 m V to 1 0 0 0 V . T h e r m s sen
s o r and s u r r o u n d i n g circuitry w a s d e s c r i b e d a s w e l l as t h e 
c o n s t m c t i o n o f the suppor t ing h a r d w a r e a n d accesso r i e s . 
Prel imina.-y m e a s u r e m e n t resu l t s w e r e p re sen t ed and 
briefly d i s c u s s e d a long wi th goa l s for unce r t a in t i e s for t he 
a c / d c d i f fe rences for these n e w s t a n d a r d s . T h e 2 - V output 
for fu l l -scale i npu t , short t he rma l t i m e c o n s t a n t , and the 
s m a l l t u r n o v e r e r ro r should e n a b l e th i s i m p r o v e d t echno l 
o g y to a d v a n c e the state o f the ar t in a c / d c difference m e a 
s u r e m e n t s fo r a w i d e r ange of l eve l s a n d f r equenc ie s . 
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