
A Precision 3Vz Digit Multimeter 
Model 3435A Digi tal  Mult imeter is a 3Vz digi t  instrument that 

h a s  b e t t e r  a c c u r a c y  ( 0 . 1 % )  t h a n  M o d e l  3 4 7 6 A ,  a  w i d e r  f r e  
quency range for ac signals ( to 100 kHz), and higher sensit iv i ty 
for  res is tance measurements  (10-mf t  reso lu t ion) .  I t  measures 
dc  and  ac  vo l t s  w i th  fu l l - sca le  ranges  f rom 200mV to  1200V,  
resistance from 20ft  fu l l -scale to 20 Mft ,  and dc and ac current 
r ang ing  f r om  200  / uA  f u l l - s ca l e  t o  2000  mA,  w i t h  au toma t i c  
polar i ty  ind icat ion and e i ther  manual  or  automat ic  range selec 
t i o n  a n  w h e n  m e a s u r i n g  c u r r e n t ) .  L i g h t e d  f r o n t - p a n e l  a n  
nunc ia tors  show the funct ion and range se lected.  

An opt ional  " touch-hold"  probe enables a vo l tage reading to 
be reta ined on d isplay when a pushbut ton swi tch on the probe 
body  i s  p ressed .  Th is  fac i l i t a tes  measurements  in  s i tua t ions  
whe re  i t  may  be  d i f f i cu l t  t o  ho ld  t he  p robe  i n  pos i t i on  wh i l e  
look ing away to  read the measurement .  

Pressing the button on the probe grounds the amperes input,  
which is  conver ted to  a log ic  input  whenever  the inst rument  is  
s w i t c h e d  t o  e i t h e r  t h e  d c  o r  a c  v o l t s  m o d e .  G r o u n d i n g  t h e  
amperes input interrupts the voltmeter's logic circuits so voltage 
sampl ing is stopped and the most recent reading is retained on 

d isp lay.  Releasing the but ton restores normal  operat ion.  
Mode l  3435A is  powered by  a  sea led lead-ac id  s torage bat  

tery that  can g ive more than 10 hours of  cont inuous operat ion 
with only 12 hours recharge (a built- in charger is included). With 
a new high-eff iciency LED display, the voltmeter dissipates only 
three watts,  not  only extending battery l i fe,  but  a lso enhancing 
accuracy,  s tab i l i ty ,  and re l iab i l i ty  by keeping in terna l  tempera 
tures low. 

M o d e l  3 4 3 5 A  u s e s  t h e  f i n e - l i n e  r e s i s t o r s  a n d  t h e  s i n g l e -  
re ference A- to-D conver ter  descr ibed in  the accompany ing ar  
t i c le ,  g iv ing  i t  h igh-grade per fo rmance a t  low cos t .  Serv ic ing  
and cal ibrat ion costs are a lso low because there are only  four  
potent iometers and two capaci tors that  require adjustment dur 
ing rout ine cal ibrat ion procedures.  

The instrument is housed in a tough plast ic case, wel l  sui ted 
for  app l icat ions requi r ing por tab i l i ty .  The car ry ing handle  dou 
b les as a bai l ,  be ing able to  rotate through 15 posi t ions,  each 
secured by a posi t ive locking detent .  An opt ional  version (Opt.  
002). is in a modular cabinet that can be racked or stacked with 
o ther  HP modular  ins t ruments (see photo be low).  

an attenuator, using a switched feedback network for 
the various ranges as shown in Fig. 4a. The opera 
tional amplifier establishes a virtual ground at the 
summing point at its inverting input where the 
switches are. The problem with MOS transistor 
back-gate bias is thus eliminated. The problem with 
the ON resistance remains, however. The ON resis 
tance in series with the 1-kil resistor of Fig. 4a must 
satisfy the following relationship if it is to introduce 
less than a one-count error in a full-scale reading in a 
2000-count (3y2-digit) voltmeter: 

point to the other side of the MOS switches and then 
using additional MOS switches to connect the ap 
propriate summing point to the amplifier's inverting 
input, as shown in Fig. 4b. The ON resistance of a 
MOS switch in series with the 10-MÃ1 input resistance 
easily satisfies the relationship (for a 1-count error in 
a 2000-count voltmeter): 

RON 
10xi06fi 

2000 
=  5 0 0 0 Ã 1  

R O N  
looon 
2000 =  0 . 5 Ã 1  

This is a value much lower than that realizable at the 
present time. 

The effect of the MOS transistor ON resistance can 
be reduced significantly by shifting the summing 

The switches between the summing points and the 
amplifier's inverting input contribute negligible er 
rors because very little current flows through them. 

To prevent errors from source-to-substrate leakage 
currents in the OFF switches , the MOS switch fabrica 
tion process must be carefully controlled. A 200-mV 
input to the attenuator of Fig. 4 results in a mere 20 nA 
flowing through the 10-MÃ1 resistor. This corres 
ponds to 10 pA per count in a 2000-count volt- 
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0.1V 
Output  

F ig .  4 .  ( a )  Range -sw i t ch i ng  a r rangemen t ,  ( b )  Mod i f i ca t i on  
that  reduces e f fec t  o f  MOS-t rans is tor  "on"  res is tance.  Here,  
S  7  and  S6 a re  sw i tched  on  to  se lec t  one  range,  S2  and  S7 
(not  shown)  se lec t  another ,  and so  on to  S5 and S10.  

meter. Thus, the sum of aJJ leakage currents must be 
less than 10 pA to avoid errors from this source. 

Lower-Cost Circuits 
New ideas in circuit design continue to reduce the 

number and precision of parts used in multimeters. 
An example is the dual-slope A-to-D converter widely 
used in digital multimeters. A simplified diagram of 
one such converter is shown in Fig. 5. If Rl and S2 
were removed from this diagram, the result would be 
an autozeroed single-polarity (Vin=sO) converter of 
traditional design. 

The conversion cycle starts in autozero with Si to 
ground and the voltage building up on C2 causing the 
current flow through Cl to go to zero. The resulting 
voltage on Cl is the difference between the integrator 
and comparator offset. 

Next, S4 opens with C2 holding the zeroing voltage 
and Si connects to the input voltage. Integrator 
capacitor Cl now charges for a fixed time established 
by the control circuit. Then, Si switches to ground, 
S3 closes, and Cl discharges until it reaches the au 
tozero voltage. At this time, the comparator changes 
states signaling the end of discharge. The time to 
discharge is proportional to the input voltage. 

Dual-polarity operation has been added to this 
basic circuit by switching R2 to a -10V reference or 
by using an op amp circuit that inverts the +10V 
reference to create a negative reference, or by charg 
ing a capacitor with the +10V reference and switch 
ing both ends of the capacitor to create a negative 
reference. The same result can be accomplished by 

Comparator  
and Slope 
Ampli f ier  

To Logic 
Circuits 

+ 10V 
Reference 

Switch No.  

S 4  

S1 

S 2  

S 3  

On 
Off  
On 
Of f  
On 
Off 
On 
Off 

Autozero Run-up Run-down 

Indicates Logic for  Vln<0 
Indicates  Logic  Modi f icat ion for  V ,n  0  

F i g .  5 .  S i n g l e - r e f e r e n c e ,  d u a l  
s l o p e  A - t o - D  c o n v e r t e r  i s  a u  
tozeroed while switch S2 is closed. 
Open ing  S2 dur ing  in tegra to r  d is  
c h a r g e  i s  t h e n  e q u i v a l e n t  t o  
switching to a negative reference. 
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Extending the Ranges of a Digital 
Multimeter 

Present-day d ig i ta l  mul t imeters typ ica l ly  have four  to  seven 
ranges  fo r  each  func t ion  bu t  by  tak ing  advantage o f  the  h igh  
i npu t  impedances  and  low  inpu t  b ias  cu r ren ts  cha rac te r i s t i c  
o f  today 's  mul t imeters  in  the vo l tmeter  mode,  res is tances and 
c u r r e n t s  b e y o n d  t h o s e  s p e c i f i e d  f o r  t h e  m u l t i m e t e r  c a n  b e  
measured. 

Very High Resistances 
Res is tances  we l l  i n to  the  g igaohm reg ion  a re  eas i l y  made  

wi th the a id of  an external  source and the set -up shown in  the 
d iagram.  The mul t imeter  is  in  the dc vo l ts  mode.  

The unknown is  found by eva luat ing the formula:  

R  =  R  D M M  
(VSOURCE~VDMM j 

v , , . .  /  

For example, if VSOURCE is 1 0V dc, RDMM is 1 0 Mil, and VDMM is 
100 mV, 

R, = 10MÃ1 |  1 0 - 0 1  j  

0.1 
=  9 9 0  M i l  

I f  t he  DMM inpu t  r es i s t ance  i s  ve r y  h i gh ,  say  >1010 ,  i t  i s  a  
simple matter to arr ive at reasonable numbers by paral lel ing the 
input  wi th  a  10 Mi l  res is tor .  

Very  Low Currents  
A d ig i ta l  mu l t imete r  can  be  used  in  the  dc  vo l t s  mode as  a  

nanoammeter  where  the  mul t imeter 's  input  res is tance serves  
as  the cur rent  shunt ,  as  shown in  the d iagram be low.  

(10MÃ1) 

DMM 

The unknown current, Â¡x, is derived by evaluating the formula: 

V D M M  

R  "DMM 
'f VDMM were 1 00 mV and RDMM were 1 0 Mil , ix would be 1 0 nA. 
I f  the input were paral leled by a 1.111 Mil  resistor,  the effect ive 
RDMM would be 1 Mil and the multimeter would then read in nano- 
amperes d i rect ly .  

Pitfalls 
Obviously,  a manufacturer  could inc lude these ranges in the 

or ig inal  design.  Why doesn' t  he? The pr imary l imi t ing factor  is  
i n p u t  b i a s  c u r r e n t .  N o  m a t t e r  h o w  g o o d  t h e  i n p u t  a m p l i f i e r  
may be,  there is a smal l  amount of  b ias current ,  typical ly  10 to 
100 pA,  that  can in ter fere wi th  the measurement ,  and th is  cur  
ren t  can  change d ras t i ca l l y  w i th  tempera tu re .  A  vo l tage  read  
i n g  t a k e n  w i t h  t h e  u n k n o w n  i m p e d a n c e  c o n n e c t e d  w h i l e  n o  
s igna l  is  app l ied  wi l l  ind ica te  the amount  o f  e r ror  a t t r ibu tab le  
to the input  b ias current .  

A  second l im i t ing  fac to r  i s  the  vo l tage  app l ied  in  the  ohms 
mode.  To prevent  component  damage in the c i rcu i t  under test ,  
t he  open -c i r cu i t  vo l t age  o f  mos t  DMMs i n  t he  ohms  mode  i s  
l imited to 5 volts dc. No such constraint exists when an external 
source is used but the operator should evaluate the possibi l i t ies 
for damage beforehand. Also, i f  very high vol tages are used for 
ve r y  h i gh  r es i s t ances ,  p ruden t  sh i e l d i ng  shou ld  be  t he  r u l e  
and a h igh-qual i ty  capaci tor  ought  to  be connected across the 
mul t imeter  input  to  reduce noise.  

Trading Resolut ion for  Reduced Burden 
There  a re  t imes  when  mak ing  measuremen ts  o f  cu r ren t  o r  

res i s tance  a t  l ess  than  10% o f  f u l l  sca le  may  resu l t  i n  more  
meaningful  resul ts.  In measurements of  current,  for  example,  a 
t y p i c a l  v o l t a g e  b u r d e n  ( v o l t a g e  d r o p  a c r o s s  t h e  D M M  i n p u t  
terminals) of 1 00 mV would be reduced to 1 0 mV by switching to 
the  nex t  h igher  range.  Measurement  accuracy  and reso lu t ion  
are reduced by a factor  of  10,  but  may st i l l  be h igh enough for  
m a n y  m e a s u r e m e n t s .  T h e  d i s t u r b a n c e  t o  t h e  m e a s u r e m e n t  
caused  by  the  vo l t age  bu rden ,  on  the  o the r  hand ,  i s  a l so  re  
duced,  so measurement  accuracy may actua l ly  be increased.  

For  res is tance measurements ,  a  typ ica l  1 -vo l t  burden is  re  
duced  to  0 .1  vo l t  by  go ing  to  the  nex t  h igher  range .  In  many  
i ns tances  th i s  wou ld  reduce  e r ro rs  caused  by  conduc t i on  i n  
so l id -s ta te  dev ices ,  aga in  enhanc ing accuracy .  

using only Rl and S2, as shown in Fig. 5. S2 is left on 
during autozero so the effect of its current is nulled, 
just like other currents flowing into the integrator. S2 
is left closed continuously until a negative current is 
required at the integrator. Then by opening S2, the 
removal of the precision positive current through Rl 
appears to the integrator l ike the application of a 
precision negative current. 
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1-fjV Resolution in a Low-Cost 
Digit Multimeter 

Model  3465A/B Dig i ta l  Mul t imeter  has a 20-mV fu l l -sca le dc 
vo l tage range tha t  g ives  a  reso lu t ion  o f  1  /xV,  very  use fu l  fo r  
measur ing  the  ou tpu ts  o f  s t ra in  gages  and  the rmocoup les  o r  
drift ac precision voltage sources. The maximum resolution on ac 
vo l tage measurements  is  10/u .V,  on measurements  o f  cur rent  
(ac or dc) i t  is 10 nA, and on resistance measurements,  10 mi l .  
Open-circuit  voltage on the most sensit ive ohms range does not 
exceed  5  vo l t s  to  p reven t  damage  to  mos t  semiconduc to r  de  
vices. 

Midrange dc accuracy is  Â±0.02% Â± 1 d ig i t .  The f requency 
range fo r  ac  measurements  is  40  Hz to  20  kHz.  

Model  3465A/B is  manual  rang ing wi th  autopo lar i ty  and au-  
tozero.  L ike Model  3435A, i t  can work wi th the opt ional  " touch- 
hold" probe to retain a measured value on display whenever the 
pushbut ton  on  the  probe is  pushed.  

T h i s  i n  i s  a v a i l a b l e  i n  t w o  v e r s i o n s .  M o d e l  3 4 6 5 A  i s  i n  
a modular  cabinet  that  is  readi ly  combined wi th other  modules 
for  rack mount ing or  bench s tack ing.  I t  has a  var ie ty  o f  power  
op t i ons ,  i nc l ud ing  recha rgab le  N i cad  ba t t e r i es  w i t h  i n te rna l  
cha rge r ,  t h row-away  t ype -D  d ry  ce l l s  (a l ka l i ne  ce l l s  g i ve  60  
hours continuous operation), or ac l ine. The dry-cel l  version can 
a lso operate on dc suppl ied f rom hand-held ca lcu la tor  bat tery  
chargers.  

Mode l  3465B i s  housed  in  a  s t reaml ined  p las t i c  case  w i th  
carrying handle. I t  is powered by ac l ine and rechargable Nicad 
batteries. 

L i k e  M o d e l s  3 4 7 6 A  a n d  3 4 3 5 A ,  M o d e l  3 4 6 5 A / B  a c h i e v e s  
qual i ty  per formance at  low cost  by extensive use of  computer-  
aided testing, laser-tr immed f ine-l ine resistors in the attenuator, 
and a s ing le- re ference b ipo lar  A- to-D conver ter .  
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