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pw$s tough demands on desEswt
by NOfman StfOng, John Fluke Manutacturing Co., Mountlake Terrace, Wash.
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Hand-held instrument has custom analog-to-digltal converter chip,
as well as a liquid-crystal display that is directly driven;
combination reduces parts count and keeps pCIwer demand low

tr The hip-pocket l i fe c'f a porrable digital
mult imeter catr ls for  a tough instrument,  The
portable DMM must put up with rough handl ing,
electrical abuse, adverse environments, and long
per iods without cal ibrat ion" The instrument also
must be smal l ,  l ight ,  operate f rom batter ies,  and
sell far less and work more easilv than does its
bench counterpart .

To meet these stringent denrands was the goal
ol ' the designers of  the 8020A. Long battery l i fe
immediately suggested a l iquid-crystal  d isplay
coupled to complementary-metal-oxide-serni-
conductor logic. Small size and low cost dictated
a low parts count. And a tolcrance for electrical
and mechanical abuse required a sturdy plastic
casc and good input-protection circuitry.

It-d conrserter chip

Although therc wsre several go<ld one- and
two-chip analog-to-digital converters on the
market,  wi th more t$ come, each clne had draw-
backs that made i t  unsui table for  mult imeter
appl icat ions.*cspecial ly when used with an ! . .cD
display. Every general-purpose a-d converter
required thc addi t ion of  exrernal  d isplay c l r ivers,
as wel l  as dual  powcr suppl ies and the usual
passive components,  These requircments largely
vi t iate the advantages of  large-scale integrat ion.

f r luke chose to s impl i fy external  c i rcui t ry by
designing a clrstonl C.N{oS a-d converter chip
capable of  d i rect ly dr iv ing an LCD display and
incorporat ing addi t ional  features useful  in.  a
rnul t i rneter appl icat iarr .  The conversion tech-
nique chosen was a version of  the fami l iar  dual-
siope c*nverter; it has high accuracy, adequate
speed, and en.joys general acceptance through-
out the electronics industr ies.  The design goals
for the chip,  bui l t  by Intersi l  lnc. ,  Santa Clara,
Cal i f . ,  are:
w 2,000 count (  *  I ,999) for  h igher precis ion
than with 1,000-count instruments.
s Singl* 9-volt battery operatirtn to keep size
smal l  and operat ing costs low"
s Direct r-c'u drive to sinrplify circuitry.
e Crystal-controllEd clock oscil lator for near-
perfect rejection of i ine interference,
w Digi ta l ly  seiected 2-v and ?00-mi l l ivol t
ranges requir ing no external  components
changes.
6 True differeririal input for a simpler ac-to-dc
converter.
e A singie, fJoating, external reference voltage
to simplify the r:hmmeter protectir:n circuits.
e Ratio accuracy to within one c*unt when
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making nleasurernents of '  h igh resistance.
E Near-zero bias currcnt  at  a l l  input terminals,

The inputs to the chip (Fie.  l )  are roured
through a ser ies of  switches (actual ly N{os t ran-
sistors),  which set up operat ions dur ing di fTercnt
port ions of  the measurement cycle.  Each
measurement cycle is div ided into autornat ic-
zero,  integrate,  and deintegrate per iods (Fig.  2) .

Dur ing auto-zero,  switches connect the buf ler
and integrator inputs to the internal  common-
vol tage l ine.  This c loses a loop around the inte-
grator and cornparator to thc auto-zero capaci-
tor, C2, removing the system offset voltage. 'fhe

switches also connect capaci tor  Cr to the l -v
reference, charging C1 in preparat ion lor  the
deintegrate period.

Because the 8020A is designed to operate
from a supply as low as 6 v,  the usual  6.1-v
reference zener had to be replaced with bandgap
type of reference, which operates at the bandgap
vol tage of  s i l icon, (about 1.2 v)  and has excep-
t ional  stabi l i ty .  A vol tage close to the desircd
l-v reference also makes for a much less cr i t ical
vol tage div ider.

Dur ing integrat ion,  the unknown input vol t -
age is connected to the noninvert ing inputs of
thc buffer and the integrator.  These are both
high- in ipedancc inputs and al low a t rue di l ler-
ent ia l  mef lsurement.

Two intogratiom porioda

There are t rvo avai lable integrat ion pcr icds.
For the 2-v rangc (used for three resistance-
range inputs),  there is the 1,000-uount per iod
corresponding to one cycle of  the ac 60-hertz
l ine (rvhich helps the meter to reject  extcrnal
60-uz, signals). For the 200-rnv rangc (usccl for
al l  other inputs),  thers is rhe 10,000-count (10
60-nz cycles),  which increases the sensi t iv i ty by
a factor of  10.  A iogic s ignal  appl ied to the
three-state range pin on the chip selects ei ther
integrat ion per iod ,or a th i rd choice in which the
reference input is swapped with the unknown to
al low inverse resistance nreasurements.

After integration, C I is connectcd to the
buf ler  through the deintegrate sr i , i tches in the
opposi te polar i ty f rom the unknown (which is
determined by the outpui  state of  the compi i ra-
tor) .  When the integraror returns to the thresh-
old,  the comparator changes state and the count
is transfcrred to the decoder and lcn driver for
display.  A new auto-zero per iod begins.
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The reading rate is three per sccond, ideal for
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$tromg competit ion
The Fluke 80204 enters one of  today's most compet i t ive
arenas in electronic instruments-3r/2-digi t  portable
digi ta l  mult imeters.  There are at  least  n ine other sucn
DMMs on the market wi th pr ices ranging from approxi_
mately $100 to abor_r l  $2S0. As with any instrumenr,
pc; tent ia l  buyers wi l l  have to s ize up the total  speci f rcatron
package, along vr i th convenience features.

One of  the basic requirenrents is accuracy.  For dc
vol tages, the $169 80204 has an accuracy to wi th in
0.25o/o of  reading + 1 digi t .  This beats al l  iower-cost instru-
ments and even sorne higher-pr iced ones, such as tne
$195 weston 6000, which has o.3s% +2 digi t  accuracy.
(Br i t  Weston's uni t  a lso has autornat ic rarrging, which the
Fluke uni t  and others do not) .  There are at  reast f ive
higher-pr iced uni ts that  come in wi th O.1yo +.1 digi t
accuracres on dc vot ts-* the $279 Bal lant ine 3028A, the
$249.50 Dananreter l l  2100A, the $234 Data Tech rnodel
22, the $189 Data Precis ion nrodet 175, and the $235
simpson model 464D. (pr ices di f fer  because di f ferent
features are of lered. )  Their  manufacturers say tne
accuracy specs wi l l  hold for  a t ime span of  one year.

Accuracy on ac voi tage ranges gets a l i t i le more cornpl i_
cated, s ince i t  can vary wi th f requency. Most meters are

speci f ied wi th at  least  three di f ferent ac vol taqe accura-
cies,  each over a certain f requency range. Here,  the
8020A's basic ac vol tage accuracy ol  O.7S% +2 digi ts
from 45 hertz to 1 k i lohertz appears tc;  be about r ight  for
i ts pr ice.  Again,  i t  is  possibie to do better wi th higher-
pr iceC instruments,  as is t r .ue r .v i th accuracies for  ac and
dc currents and for resis lance readings.

One basic choice facing buyers wi l l  be between those
instrunrents that  use l ight-emit t ing-diode readouts and
thus require rechargeable bai ler ies (s l rch as the s impson
and Data Precis ion meters) and those that use the lower-
power l iquid-crystal  d isplays and thus can use disposaore
batter ies (such as the Fluke, Data Tech, and Dana
meters).  The rechargeabie uni ts give about s ix to eight
hours of  operat ion and then require overnight recharging.
Alkal ine batter ies,  however,  general iy can give more than
200 hours of  operat ion before they must be replaced.

The Fluke uni t  has an exclusive feature * i t  can read
conductance, thereby ai lowing resis lance measuremenrs
up to 10,000 nregohrns,  which wouid be useful  in
measur ing leakage in capaci tors,  d iodes, cables,  and
pr inted-circui t  boards'  

stephen E. scrupski
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2. Meacuromonl cycls.  The basic rneasurement cycle has three
periods. During auto-zero, of{set is removed and the relerence

capaci tor  is  charged. Dur ing integrat icn,  the unknown input i$ in le-
grated {or ei ther '1,000 counts or 10,000 counts.  Dur ing deintegra-

t ion,  the reference capaci tor  vol tage is integrated unt i l  i t  causes lhe
integrator to relurn to i ts threshold,  and the counl  is  d isplayed.

causc false readings bccause of  the gent;  ra l ly  s low
response t ime of  the lco.  Rapid al ternat ion between 6
and 7 might appear as an 8,  for  example.

Al though clock f requency for the counter c i rcui t ry is
60 ki lohertz,  i t  is  obtained from a 3.84-rnegahert .z osci l -
lator div ided by 64 in an on-chip s ix-state counter.  This
high osci l lator f requency al lows use of ' the highly stabie,
low-c-ost  AT-cut crystal ,  which is nt l t  avai lable bclow 2
MHz. Also,  crystals c lose to the te levis ion color-burst
frequency (3.58 ttttz) bcnefit from the very low produc-
t ion costs of  th is high-volume equipmcnt.

C-MOS benef i ts

When Intersi l  was l i rst  askcd to dcsign the a-d chip,
there was some quest ion about the pract ical i ty of
meet ing sonre ol ' the very str ingent perfornlance require-
nrents.  Three, in part icular,  stood out:
r  Low power dissipat ion ( less than 20 nr i l l iwatrs) ,
r  Input currents in thc low-picoampere rcgion.
I  Very low noise ( less than 30 rnicrovol ts peak-to-peak).

lntersi l  s l ight ly modif ied i ts low-vol tage c-t \ {os process
to meet these requirements in a chip measur ing 124 by
149 mi ls.  The dcvice is packagcd in a 40-pin dual  in- l ine
package and operates at  vol tages down to 6 v f rom the
single 9-v alkal inc battery.  Current drain is less than 1.5
mi l l iamperes.

Low power dissipat ion is an inherent character ist ic of
c-Mos dcvices-unless the f rcque ncy of  d ig i ta l  switc l i ing
r ises into the megahertz region. I - lowevcr,  lowering the
supply vol tage w, i l l  reduce the currcnr.  Since Fluke
rvanted to operate f rom a battery rvhose vol tage might be
anywhere from 6 to l0 v.  the digi ta l  logic scct ion was
internal ly regulated to 5 v,  whi le thc analog circui ts
cont inue ro operate at  the fu l l  bat tery vol tagc.  This low
vol tage for the digi ta l  scct ion l imi ted thc currcnt  drain t<r
300 microamperes.

A zensr diode bul i -ercd by a largc p-channel  Mos
source fol lower suppl ics the digi ta l  logic wi th the 5 v.  I t
a lso suppl ies the internal  contmon vol tagc,  which is
div ided dorvn to 3 v f re int  the posi t ive supply.  A buffer
ampl i l ier  presents a Iow impedance at  the conlmon
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3. Voltage and current inputa. Unknown input voltages are applied
across the divider string of resistors, while unknown currents are
appl ied through a separate input jack,  prevenl ing damage to the
shunts.  For current measurernents,  the meler input rnay be
connected to any switch position to pick up the voltage across the
shunl ,  s ince unknown input currents do not { low through the div ider.

terrninal  so that current may be drawn fr t_ i rn thc supply
by c i rcui ts external  to the chip.

The ohmmeter ranges of  the 80204 require cxcept ion-
al ly low leakage currents at  the input and reference
terminals.  The avai labi l i ty  of  l ie ld-ef l 'ect  r ransistors wi th
negl ig ib le gate currents is another inherent advantage of
C-tv{OS processing, but such circui ts arc susccpt ib le to
damage from stat ic charges. Thcrefore,  whcn the gate of
a FE'r  is  brought out to an input pin,  a snral l  d iodc is
added for st .at ic-charge protect ion-an important con-
siderat ion in an instrument for  f ie ld environnrents.  Even
with the diode, the leakage is typical ly less rhan I  pA ar
operat ing vol tage and room temperature.  l -ow leakage is
especial ly important in th is system because any charge
that the external  capaci tors lose through lerrkage wi l l
shoiv up as an error in the instrument reading.

Reducing charge in ject ion

Another way thc capaci tors c i ln lose (or gain) charge
is by charge in ject ion f ront the switches. As the gate of  a
rEr s iv i tch is dr iven of f ,  i ts  gate-to-drain capaci tance
injects a chargc on any capaci tor  t ied to i t .  This changcs
the vol tage across the capaci tor .  However,  in thc c-uos
chip,  each srvi tch comprises ln n-channel  nr, r  and a p-
channel  pEr in paral le l .  I i  thc gate-to-drain capaci tances
of the t ransistors are equal ,  the net chargc in ject ion wi l l
be zero,  s ince the posi t ive-going signal  turning of f  the p-
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4. Ac/dc conver ler .  To measure ac input s ignals,  the meter

converts them to dc wi th a fu l l -wave rect i f ier .  Since both s ides of  the

output are connected to one side of  the ampl i { ier ,  of fset  vol tage is

canceled, and, wi th the choice of  resistors R and 2R to supply bias

current,  ot lsel  current is t raded for ot fset  vol tage.

channel  F-ET wi l l  exact ly cancel  the negat ive-going signal
turning of f  the n-channel  FtsT. Cancel lat ion is not
perfect ,  but  capaci tor  vol tage changes less than 2 pv.

I f  regular low-threshold (0.6-v) n- and p-channel  t ran-
sistors were used, the ones in the analog switches would
have turned out to have too much leakage. This comes
about because Mos transistors have exponent ia l  charac-
ter ist ics at  low currents such that;

Drain current = n (gevc"zrrn -  l )

where a :  a constant,  Vc;s = the gatc-to-sourcc vol tage
(threshold_-a negat ive quant i ty) ,  q :  the charge on an
electron, k :  Bol tzmann's constant,  J '  :  device temper-
ature on the absolute scale,  n :  2 (a constant for
Intersi l 's  low-vol tage process).

This equat ion shows thaI to reduce the drain current
by a factor of  l0 requires a 0.12-v changc in threshold
vol tage. Thus rais ing the thrcshold vol tage of  the t ran-

sistors in the analog switches to greater than I  v means
that undcr no signal  condi t ions wi l l  leakage currents be
signi f icant.  (The increase in threshold f rom the 0.6 v of
the low-threshold t ransistors to I  v reduces drain current
about 1,000 t imes.)  To achieve this drast ical ly reduced
threshold,  an extra step ol '  ion implantat ion is needed
dur ing fabr icat ion of  the t ransistors.

Cutt ing noise

The rernaining problem was noise.  Fluke wanted very
lorv noise to avoid the problem of digi t  rat t ls  so common
on lorv-pr iced rnul t imeters.  Histor ical ly,  c-uos circui ts
have not been noted for low noise,  and anxiety was
arnpl i f ied when prel iminary sarnples of  a compet i tor 's
c-Mos a-d converter showed 300 s,v of noise rcferred to
the input.  This was 15 t imcs greater than the 80204
requirement of  20 pv peak-to-peak.

Noise in c-vos is caused by t rapping si tes that  are
f i l led and empt ied at  audio and subaudio f requencies.
The chip 's design at tacked noise in two ways. First ,  a
super-c lean, gettered, and annealed process rnininr izes
the nurnber of  t rapping si tes per uni t  area. Second, al l
FETs that serve noise-sensi t ive funct ions were made with
very large gat€ areas. Because their  instantancous drain-
to-source noise current is dependent on the percentagc of
t rapping si tes under the gate region that are f i l led at  any
one t ime, a large area givcs more trapping si tes over
which to average and thus a smal ler  drain-to-source
current var iancc (noisc).  Sincc thc states of  thc t rappirrg
si tes are independent of  each other,  the noise vol tage is
inversely proport ional  to the square root of  the gate area.

With a big FET area. two other desirable features come
free. The source-to-drain dimension (channcl  length) can
be made greater than 2 mi ls,  so that  the output impe-
dance is very high. This gives excel lent  common-mode
reject ion.  Also,  the device can be fabr icated with a low
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5. Ohmmater circuil. For resistance measuremenls, the voltage inpul divider is used as a feference resislor. lts voltage is measured to

determine the vollage across, and lhus the value of, lhe unknown resislor. It the roles of lhe lwo resislors are reversed, the meler can measure

conductance. The lhermislor prolects lhe relerence resistor by increasing its resislance il lhe inpul signal levelis loo high.
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$n-step development
The deveiopmenl program for the 8020A portable digi ta l
nrul t imeter was closely t ied to the development schedule
of the custom C-MOS analog-to-digi ta l  converter chip.
Whi le the chip was being designed, there was a lot  of
other work {or the three-man design team to do. evaluate
l iquid-crystal  d isplays f ronr severai  venr jors,  l igure out how
to pack al l  the components into the hand-held enclosure,
and oesign the ci rcui t ry that  would protect  the nreter f rorn
al l  the nr ishandl ing and misappl icat ions to which a
portable DMM is subjected, However,  i t  was not unt i l  the
f i rst  chips f rom Intersi i  proved to work that  the designers
could be assured that they would complete their  job on
the schedule establ ished about a year before.

The DMM team formed in October '1975 was headed by
Stanley W. Jorres ( ief t  in photo),  who had been rnanager
of test  and manulactur ing engineer ing.  He broke cjown lhe
design responsibi l i t ies in just  about the most logical
manner possible:  analog and digi ta l .  Norman Strong (mid-
dle),  a 13-year veteran with Fluke, handled the design of
the analog port ions of  the meter,  whi le peter S. Duryee
(r ight) ,  n ine years wi th Fluke, handled the digi ta l  tJesign
and the select ion of  the l iquid-crystal  d isplay.

"We started out def in ing the performance requirements
for the part icular spot in the marketplace we wanted to hi t
wi th the 80204,"  says Jones, "and then v/e startetJ
looking at  Intersi l  and other serniconcJuctor compari ies ro
determine the best LSI approach. We knew r ight  f rom the
beginning that we would have to develop our own chip,
s ince there was nothing avai lable at  that  t ime (nor is there
now) that  would rneet al l  our requirements. '

The ear ly part  of  the project  thus was dominated by the
select ion of  the semiconductor process and the rnanufac-
turer.  "Once that was t ied down and we had a quote f rom
Intersi l  as to how much i t  would cost  and how long i t  would
take, t l ie rest  of  the projecl  sort  o l  revolved around that
schedule, " 

- lorre;s says.
Whi le the ofr ip was i r r  developrnent,  Duryee worked with

Intersi l 's  David Bingham whi le also checking on the LCt)
rnakers,  and Strong worked with Intersi l 's  Lee L.  Evans.
"We bui l t  qui le a few breadboards using C-MOS op amps
and even bui l t  some op amps out of  cJis i rete C-MOS
transistors in an ef tor t  to detern-r ine the safest  approach
frorn a standpoint of noise and accuracy," Jc.rnes says.

"This was by tar the srnoothesl chip developmerrt
project that Fluke has ever been involved wii l"r ," he says.
That set  the tone lor  lhe whole project ,  One ol  the htgn
potnts,  according to Jones, was when the f i rst  run of  chips
at lntersi l  actual ly worked. "The f i rst  d ie they put tne
probes on worked,"  he says. "We had some people in
Europe at  a sales meet ing and we sent them a telegram__
al l  we sald was: 'The chip works. '  That was al l  they
needed to know, because i t  meant the schedule vras
real ist ic.  "

One of  the major problems was maintaining adequate
frequency response without rnany compensat ion adjust_
menls.  The srnal l  s ize and a requirenrent for  no hand_
soldered parts el iminated many al ternat ives.  Af ter many
i teral ions of  pr inted-circui t -board layout,  a design was
created with a compensat ion adjustment on only the
Z-vol t  range. The solut ion was ro rnove the f i rst  pole of  the
div ider network beyond 35 ki lohertz,  which required less
than 0.5 picofarad ol  capaci tance across the input div ider.

sEs

bias current,  and thus only a 0.3-v turn-on vol tage is
required. This increases the comnton-mode vol tagc range
of the ampl i l iers,  which also nrakes operat ic ln f rom a
single 6-v supply possible.

LCD readout

The r-cD also is essent ia l  to the nlctor 's design, s inco i t
is  the only type of  d isplay that  would sar isf 'y  rhe power-
drain requirentents.  However,  exantples f rorn several
vendors did have several  problems for ovv appi icat ions:
r  Poor v iewing angie.
e Slou'operat ion at  low tenlper i i turcs.
r  Ser ious degradat ion wi th humidi ty.
I  Fragi l i ty  o{ ' the th in glass plates.
The coopcrat io i r  of  engineers f rorn Fluke and from
several  LCD vendors produced a display sat isfy ing al l  rhe
requirement.s or ig inal ly set  for  the new rnul t inteter.

Electronics/June 23, 1g7l

By reducing the l iquid-crystal  rh ickness, both the
speed at  low tet 'nperaturcs and the viewing angle
inrproved dramat ical ly.  An extra,  protect ive lar : r inatc
atop the polar izer nratcr ia l  helped thc display resist
degradat ion for  thousands of  hours at  h igh humidi ty.

The f inal  problern was to protect  the t -cu f rorn rough
handl ing.  Since the front is covered by a polar iz ing f i l rn,
i t  seerned logical  to protecr i t  wi th a plast ic lens wi th a
nrar-rssistant surface. Unf 'or tunately,  the rnost ntar-
resistant plast ic tends ro shi f t  the polar izar ion of  l ight ,
once again reducing the viewing angle (and making the
display unreadable through Polaroid sunglasses).  The
solut ion to th is rvas a spccial  thermosett ing plast ic-r ig i t i
a l ly l  d ig lycol  carboni te inhercnt ly hard e nough to
provide nrar resistanoe without special  processing.

The signal  condi t ioners,  switches, and the al l - impor-
tant input-protect ion components extend thc basic
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6. Inpul  protect ion.  Three metal-oxide var is lors are connectecl  in
ser ies across the input.  l f  the vol tage appl ied is too high, the var istors
wi l l  short-c i rcui t  to protect  the internalc i rcui t ry of  the rneter.

circui t ry to the outside wor ld and makc thc dcvice a
mult inretcr .  Figurc 3 is a s i r r ip l i f icd represcntat ion of  thc
input c i rcui ts,  shorving how the shunts and input div ider
arc connectcd to the t r -d chip to nreasure vol tagc and
current.  No switching is ncccssary to get f rorn vol tagc to
currcnt ;  the user t ransfcrs a probe to the appropr iate
input jack.  This helps protect  the meter 's shunts.

" fhc input div ider and the trvo shunts rv i th the largest
resistancc are th ick-f i lnr  networks.  Thick f i l rn was
choscn over th in l i l rn bccausc i t  is  capablc of  wi th-
standing severe t ransient ovcr loads without darnagc.
Even low-cncrgy t ransicnts can causc sharp shi f ts in thc
valuc oi  a th in- l l lnr  rgsistor.  " l 'hc lorv-valuc shunts arc
rvirc lvou nd.

Ac /  dc converter

Figurc 4 is a s i rnpl i f icd rcprcscntat ion of  thc acldc
converter used for ac mcasurcnrents.  Thc di f tcrcnt ia l
output to the a-d convcrter nrakcs possiblc both fu l l -
wavc output and direct  coupl ing.  f ru l l -wavc output
doubles thc r ipple f requcncy, al lowing nruch less f i l ter ing
and resul t ing in a fastcr  set t l ing t imc. l t  a lso canccls thc
offset  vol tagc of  the ampl i f iers.  s incc both s ic ies of  the
output are conncctcd to the santc arnpl i f ier  input.

Without proper corrcct ive dcsign, anrpl i f icr  b ias
currcnts would f low through onc of  thc diodcs to only
onc side of  the output,  causing a vol tagc drop in that  hal l '
of  the c i rcui t  and an apparcnt ot i tet .  Placing a largc
rcsistor (2R) in scr ics wi th onc arnpl i l icr  input and onc
hal f  that  value (R) in scr ics wi th the othcr,  mcans that
the rcquired two uni ts of  b ias current i l re suppl icd
through R. Thcrciorc,  ofTset currcnt  can be traded for
of fsct  vol tagc,  to which ths c i rcui t  is  inscnsi t ive,  anci  thc
error is cancel led.  Al l  resistors in the c i rcui t  are
contained in a s ingle low-cost network.

The ohmmeter

Figurc 5 shows thc 80204 conncctcd to ncasurc
ohrns.  The input div idcr used for vol ts is also used as i r
refcrence rcsistor.  Since thc same currcnt  f lows through
i t  and the unknown rcsistor.  the two vol tage drops, which
arc the basis for  thc dual- integrat ion measurenlcnt ,  arc
proport ional  to thc respcct ivc resistances.

The vcl l tage across thc unknor ln rcsistancc is intc-
gratcd f i rst ,  for  1,000 counts,  and thcn thc unknown
vol tagc across thc rcferencc rcsist .or  is  intcgrated down-

112

ward unt i l  thc zcro crossing. Thc resul t ing accurnulated
count dur ing the dcintcgrate per iod is proport ional  to thc
unknown vol tagc and thus to the unknown resistance. By
changing refercnce rcsistors and a-d rangcs, resistances
from 0.1 ohms to 20 nrcgohms can bc measured by the
ncrv mult inreter.

For higher resistances, the inverted rangc, rcfcrred to
above, comes in.  By integrat ing thc vol tage i rcross the
refcrence rcsistor f i rst  and using thc unknown vol tage as
the referencc dur ing the dcintcgrate per iod,  thc 8020A
wi l l  read the rcciprocal  of  an unknown resistance- i ts
conductance. This is the only pract ical  mcans of
nrcasur ing hundreds or thousands of  mcgohrns on zl
digi ta l  mult inreter.

In th is way, the 8020A can bc used to read up to
10,000 Mf).  l 'he scale is cal led 200 nanoSiemens ( for-
mcr ly known as thc mho, the Siemcns is the intcrnu-
t ional  uni t  of  conductance).  The conductance range
extends the usefulncss of  thc rnul t imeter by three orders
of magnitude without requir ing the addi t ion of  a s ingle
compon0nt.

Electr ical  protect ion

A posi t ivo-temperature-cocl l ic ient  therrnistor protects
the rcference resistor,  the most del icate component.
against  inadvertent high vol tages across the input.  This
device nraintains a low rcsistancc of  about I  k i lohrn up to
a cr i t ical  tempcraturc,  at  rvhich point  the rcsistance r ises
rapic i ly  to thousands ol '  t inrcs i ts or ig inal  valuc.  I f  an
external  overvol tagc is appl icd to the input terminal ,  i r
h igh current l ' lorvs through thc zcner c lamp lnd thc
thermistor.  The current hcats thc thcrmistor to i ts
switching point ,  whcrcup<ln i ts resistancc incrcascs to
protect  thc intcrnal  cornponcnt.  Al though thc thcrnr istor
is in ser ies iv i th the unknown and rc l 'crencc rcsistors.  i ts
vol tagc drop is not part  of  e i ther oi  thc indcpcndcnt ly
rneasured input or reference vol t i lgcs.

To protect  against  h igh-vol tage transients,  the 8020A
has a str ing of  rnctal-oxide var istors connectcd across the
input in ser ics 

"v i th 
a currcnt- l in i i t ing rcsistor (Fig.  6) .

The var istors look l ikc an open circui t  up to their  rated
vol tage. At that  point ,  their  conductancc incrcases
exponent ia l ly ,  e l fect ivelv short-c i rcui t ing thc input
pulses.  Thc i lc t ion is instantaneous and provides posi t ive
input protcct ion.

Long-sustaincd ovcrvol tagcs rv i l l ,  of  coursc,  dcstroy
the var istors.  Thcy arc dcsigncd to fa i l  as short  c i rcui ts,
howcver,  and the currcnt- l imi t ing rcsistor is designcd to
fai l  as an opcn circui t ,  so that  protcct ion rcm:r ins posi-
t ive.  Thc mi l l iamperc input tcrrninal  is  protccred by a
2-ampcre fusc and a pair  of  c larnping diodcs in the
standard fashion.

The cornplcte 80204 is bui l t  on a s inglc pr intcd-circui t
board wi th l 'erver than 50 components,  a l l  rvavc-soldcred
at one t inrc.  Thc lcn display is mountcd above the a-d
convcrtcr  chip,  and the single 9-v t ransistor battcry is
connccted to the pc-board by a f lcx ib lc connector wi th
snap-on terminals ( the fuse holder is mounted on the
battcry conncctor) .  [Jat tery l i fc ,  using an alkal ine
battery,  is  ovcr 200 l rours.  Cal ibrat ion is an annual  af fa i r
involv ing thrcc adjustnrcnts;  one for dc,  one l 'or  ac,  and
onc for ac frcquency rcspor.lsc. n
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