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Digital voltmeter parameters
o range

o  resolution

o accuracy

o input impedance

Digital voltmeter types
o CC - continuous current
o AC - alternative current
o vector type
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Accuracy specification

Three type of accuracy specification for DMM

* ppm of Uy + ppm of Uxg

¢ o/o Of UX + o/o Of UCS

* % of Uy + Least significant digit

R . d & = eabs £ _ eabs
eminder: = Rap =

UX UCS
Absolute error: €y =&,(%) Uy + €4,p (%) - U

ey =E.(ppm) Uy + &pp(ppm) - U

ey =€.(%)-Uy + e
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Performances specification types

DC VOLTAGE
ACCURACY 23°C = 5°C
*ippm of rdg. + ppm of range) INPUT
RANGE RESOLUTION 90 DAY 1 YEAR RESISTANCE
1000000 mV 0.1 pv 40 + 35 S0+ 35 = 10 GG
L0000 v Y 25 +7 3+ 7 = 10 GG
loononn v I v 20+ 5 W+5 = 10GEL
loanonn v 100 gV W+6 5+ 06 10 MEL2 +1%
loan.onn v I mV B+a $H+ 6 10 ME2 +1%
Accuracy 1s expressed as T(percentage of reading + digits).
1. DC VOLTAGE OR DCV OF RTIPPLE FUNCTION
RANGE RESOLUTION | ACCURACY INPUT IMPEDANCE
500mV 10V LOME)
5V 100 'V 11.1 M()
S0V lmV 0.02%+4 10.1MC)
500V 10mV 10M)
1000V 100mV 10M)

Keithley

GW-Instek
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Relation between digits number (DMM) and bits number (DAC)

* ideal case DMM display | N —digit number AV — display resolution
DAC n — bits number OV — conversion resol.
UREF UREF

Uy =Upr = AV:W ; 5V=7; cond: AV =0V

_ U., =20V U U :
Exp: {A;S: 10pV = N-= loglo( AC\i) =53 5% ; n= logz[ 53} =17.6bits ;

. . Unoise MAX . :
* noisily case : Ugys noise = \/E , it U, wax >AV — AV unreliable
It USes Avech = URMS_noise | \/E
Exp: Upis woiee =700V = AV, =7012 nV=2425uV=4V,,

N zlogm[ Uss ]:4.92 —5; nzlogz( Yes ]:16.33bits
AVech ech
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Digital voltmeter type

Bits

10

16

12

20

22

Digits 54 4% 54 6
1 10 7 17 17 T ]
ENOD 301 3 61 471 451 542 6102 6 652 723
| | | | | | |
| | | | | | |
Comts L1024 4096 16384 65536 262144 1048576 4194304 16777216

e e

12 14

24
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AO basic circuit (CIA remember)

Inverting amplifier R,
v, R v [
foo. _ i . _ i
aU=V0 :_R ) RIN_T_Ri’ R, =0

Non-inverting amplifier

V. R,
aU_V_:q:1+E ; Ry >~ R, =0
V,=V. , R, = = buffer function
Applications

« [solate one circuit from the loading effects of a following stage
» Impedance converter - Data conversion System (ADC or DAC)
where constant impedance or high impedance is required

VI
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AO basic circuit (CIA remember)

* open loop output: Vy

» Voltage drop by load: V, «
V,=V, -V, R—_V _ R _@E
R, +R, R, +R,

Rx

Q_ é N}
)
-

R, >R, = V,=V,

ldeal: Ry low, R very large

Differential amplifiers

R,
V.=V,
R—I—R
R
Vs =V —-R/l >:>V6:(V2_V1)F2
1

V.=V, + IR,

¥y
100 kI3
R, Wy
10 Efl
| _
= i
¥,
+
H]
'|Dll:ﬂ- 120 k22

- P—
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AO basic circuit (CIA remember)
«CMG =0 (V,=V, V=0V )
« DG = R,/R;
« CMRR = DG/CMG (large)

* not high input impedance ()

Instrumentation amplifier

« Two Noninvering Amp + One Differential Amp

« Differential Amp with High Input Impedance and R,
Low Output Impedance

A, R;
10 kit 120 kL2
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= Rectifiers

Precision half wave rectifier

Precision full wave rectifier

Limiters

R

Lv_ v, AN o, N
D, R
R —=v.,v,<0
vy=y R
- 0,v>0
Ry
W ¥, O——AAAN “AAAA O v, YYW\
D,
i 2y, v,<0
V =
-r'v\W + D, 0 1
v, , v,>0
D,
———

10
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D.C. digital voltmeter

Ucg=200mV...2kV  Ugg=200mV
| |

Ux

Ucs (dual slope ADC)=200mV

v

o——

o—o

Calibrated
divider

LPF

Point position

Dual Slope
ADC
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Calibrated voltmeter divider 00y
H O O

"1

Input V-meter

Ucs=200mv. .. 20V Range selector
2000V
200V mV-meter
UcCS=200mv

R,, =10MQ - constant

2000V

12
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Auto-range digital d.c. voltmeter

Overflow
[ Jdetlogic| !
¥ J 4
T Cal. o V-meter
D|V UCS=200mV
Fp
] 1 h 4
' D1 D2

Cal. divider electronic switch
Range: Usg = 200mV — 2V — 20V etc (range overlapping)
U|N - OZOOmV = UCS = 200mV

increasing:

decreasing:

U|N - 200mV 2V = UCS - 2V

Uy = 2V.. 180mV = Usg = 2V (decision hysteresis )

13
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Dual slope ADC

- Example of schema for positive voltage

----------------------------- - -
, 1 Eezet
1=2"T., , t=NT., —0 ~o—
14 | .l g ”T
——|U (t)dt =—— | V,dt e —
RC RC 5 TRk u(t s
J— o . (034 — P_C
U (l’) t Nv —_— n ~ — L
a =2 — :>U t:V b21=VN
VR ]-i 2n X( ) R ; l R . immermmrmmrmmEsEmamemmmrmm—ama—n
- Absolute values of R and C don't affect operation " . .
- Conversion time is given by: ) N ” £
Tvconv :(2n+N')TCK S 2rH_lfTCK O - -.j'l;_’ i ;:U i
igi i e A
» Digital output word gives average value of U, e
during first integration phase &

14
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Dual slope ADC

- Examples of scheme for bipolar voltage

-
E1

o

I
Uy K2 R e

Ve L
2 RC 2 2 RC

X

-

U.=0 for ¢t =T
= U ,=—0,5V, for t =0
: U,=0,5V, for t =2T,

—< SC

T

e []

15
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Example of digital voltmeter with dual slope ADC

+ - oV
?IN? ‘|'||| =
|
Cg Cs Rs C
R3 Cq DISPLAY
Cq1=0.1uF
3 ﬁém %lﬁl:’al:lﬁ “EIRIEE Cy = 0.47uF
Ca = 0.22uF
- ™M of = N bk o ™ om o o@on 3 1
2334 <z =" 9f=oenm C4 = 100pF
©e° Cs = 0.02uF
0 ICL7106 R =240
$ T T T T = T o 04 T g o4 O e e E EJI R3=1Dﬂkﬂ
> 0 0O 0 << w O w o O 0 < w w o O w w < o R4='1kﬂ
- oll=1lcll= 1= |k e = _
CIElElEHRIEIEIRIEIEEEEE Rs = 1M
DISPLAY

16
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Uy
Functioning principle — ICL7106
Fa .
comim | ReFeREnce %f\?tl Switches szisée) 0 | Phase 1 | Phase 2
—%EF)l“':'"} -REF -
o NEUT FI 5 " redl INPUT open close open
*HTI Ao Ry
S UI - +REF open open | funct. of
i i . S Vin Sign
CLOCKI QST i EG'\ITF!;L LOGIC
Al _ I?__ : -REF open open | funct. of
— R COUMTER —— [DISPLAY Virl Slgn
AUTO- close open open
ZERO

AUTD ZERD PHASE SIGMAL INTEGRATE DE-INTEGRATE PHASE
COUNTS PHASE FIXED 0 - 1999 COUNTS
959 - 1000 1000 COUNTS

17
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Techniques for perturbation reduction

 Phase 1 — auto zero
(K1 =O, K2=O)

Phase 2 — unknown
voltage integrating (K,=1,
K2=1)

Phase 3 - reference
voltage integrating (K1=2, R o
K2=2) T 12

18
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Techniques for perturbation reduction

- selecting integration time in DS - ADC Au®
. T e X
o i r
U.=U  +u, ()=U +U  cos(ax+¢) o
7 7 NRE AUyl
| 1 s !
U =—|U )dt=—|\U ,+u_(t)dt R
’ TE[ ) Tl‘ e (U( 1 "R
T U > i
=—U 1 —2 sin(af +@)—sin U, |
wpmopsin(@h+g)=sin()] W !
2U,, . (o al
=U, ,+—= -sm(—lj-cos(—lﬂbj
T 2 2
2U T T, wt
ps oin| 2200 bl | .sin| —L
U~Ug,| U~V | 70 Sm( P jcos( P +¢) Ui Sm( . (a)le
&y = = — = T = < -S1ncl —
‘ UxO ‘ ‘ Ua_O ‘ U 1 %U x0 2
xOZ_ 2 x0

19
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Techniques for perturbation reduction
SRR — Serial Rejection Ratio

SRR|;,=—20log(s, ) =—20-log|sinc(7 fT,)|
' m res
For f:; = SRR‘dB —>00 [dB]

1

Most important perturbation - supply
voltage (f,;,=50Hz);

v

chose T, =1/f,.=20ms

Exp: f,, €[4950Hz, 5050Hz]
1

T ft,

SRR| ;3 2—20-log——|~50dB

« disadvantage: increase measurement time

20

FT
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Techniques for perturbation reduction

» Low pass filter design
1 1

H ] = =
(]a)) I+ joRC 1+ jot
RRS, | ;5>20-1log Uss =—20-log|H ( jo)
UPS'H(jw)

r=100ms = RRS.=14dB (f, =50Hz)

lim

RRS

Tot

i =RRS;| ;s +RRS| 5

SRR, increases equivalent CMRR

21



EIM Chap 3 - Digital Voltmeter

Exp: Agilent 34401A

Digits NPLCs | Integration Time | NMR
60 Hz (50 Hz)
444 Fast 0.02 400.7us (400 ps) | -
414 Slow | 1 16.7 ms (20 ms) 60 dB
5% Fast 0.2 3 ms (3 ms) -
5% Slow | 10 167 ms (200 ms) | 60 dB
6% Fast 10 167 ms (200 ms) | 60 dB
6%z Slow | 100 1.67 sec (2 sec 70 dB

RRS (NMRR sau NMR) pentru Agilent 34401A
NPLCs = Number of Power Line Cycles for 50/60Hz.
Obs: network frequency automating detection

22
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I-U converter module (DMM)

Fi SIG
H o—0"\ 0 200uA O oo
Input o 1 Output
Ampermeter R1 Voltmeter
lcs=200pV..2A  * 900 Ure=200mV
e oL ~Cs

=10MQ - constant

OUT voltmeter

R

IN ampermeter

Range selector
200mA

# constant

23
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Small signal d.c. voltmeter (milivoltmeter)

Typical scheme

D.C. Voltmeter

Uin cc
o Divider D.C.
(optional) Amp.
U _— AU

d.c. amplifiers disadvantages:
» self noise

» selt offset voltage

* thermal leeway
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D.C. amplifiers with chopper

? modulation

Vin DC AC AC DC DC
LPFF—©0 Vout
Vos DC DC AC ~0

Upper way - util voltage: V|
Lower way - offset voltage Vg (is rejected):

Used for d.c. and a.c. low frequency

Operation: DC — AC conversion (modulation), AC amplifier,
AC — DC conversion (demodulation + LPF)

25
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= D.C. amplifiers with chopper - frequency domain

Vch ‘?
(fch) +

v Y v
Vin o—-(—D— >—®—2> LPF—0 Vou
A

offset & noise

Uin
signal
1 1 1 -_
1 3 5 /e
LPF
Vs 4 modulated
:' : /:::ffset & noise residual noise & offset
I i J"
! ll. rr ‘ AN /

T T T - T ! ' >
1 3 5 iy 1 3 5 flfen
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D.C. amplifiers with chopper

CHOFPPER

SWITCH
DRIVER

Vi R1 R2 g | c2

N

C3

¥«

S = SAMPLE
Z=AUTO-ZERO

s R3 Vour

}—rn X N\ —e—e—O
T

4

T 2R,

C4

Variant: rectangular modulation/demodulation signal.
Switch=Z : C2 si C3 charges with offset voltage
switch=S: C2, C3 voltage compensate offset voltage

R1, C1 = antialiasing LPF
R3, C4 = output LPF

27
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A.C signal (METc remember)

&

Volume

vf uT Vi
ayg = ms l
] + '¢ 1""|1|I{-|1|I{

For u(t)=U sin wt:
Vieq = 0 (Unused)
Vina = Vo= 2U/  (full-wave rect.)
V=V, .=UA~2=0.707U
Vy=Vpc=U
Vyy = Vpp = Vpp = 2U

Ke = U /U, = 11/ N2=1.11
KV=UV/Uef - \/2

28
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A.C voltmeter types

Obs: All a.c. voltmeter have gradation for sin wave rms

Types:

a.m. voltmeter gradated in rms value V,,,o=V,,, - 1.11 (introduce
important systematic error for non sin wave signals)

Peak detector voltmeter gradated in rms value V. = V., - 0.707
True rms voltmeter — correct indication for all wave forms

29
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A.C. True rms voltmeter

- thermal effect - thermocouple (slowly, very sensitive of environment
factors)

- analog multipliers (ex: Agilent 34405A)

- sampling and digital uP computing (only for repetitive signals)
(ex: Agilent 34410A, TDS 1001
Oscilloscope — measurement menu)

T

&
&~ 2nd Trigger Point

= 1st Trigger Point

30
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A.C. voltmeter with D.C. amplifier

Uin ca
O_

Detection
(a.c.-d.c
convertion)

Advantages:

High bandwidth (GHz)

Small Gy

DIV.
cal.

Detector : peak, absolute mean, etc;

Disadvantages:
Small Ry

d.c. voltmeter

>

Small sensitivity (x10 mV); nonlinear for small signals
D.C. amplif. gain limited by self noise and thermal leeway

31
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A.C. voltmeter with a.c. amplifier

Uin ca

O——
u(t)

DCC

Advantages:

high sensitivity (due a.c. amplifier), better linearity;
High R,y , small Gy

a.c.
Amp

Au (t)

Detector : peak, absolute mean, etc;

Disadvantages:

Medium bandwidth (MHz)

DCC must be compensated

d.c. voltmeter

Detection
(a.c.-d.c
convertion)

—
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Cabling — two terminal configuration (Hi, Lo)

Meas.
value

E =V

cm Gs

Vv

Gi

. . . En
After £ passivization, measured value @

voltmeter

Unm — Ecm !

L

E
CMRR=—-=1 = CMRR, =0dB

nm

Vias

L= (P_*
Fhb GNDl
(Y i
L
Ecm L
Vi1

33



EIM Chap 3 - Digital Voltmeter

Cabling — three wire configuration (Hi, Lo, GND)

Ecm — VGS — VGi
nm = Ecm Rb En
Z, +R,
E /Z +R yA
CMRR=—o="1_"t = L
Unm Rb Rb
2,2, , I,>>1,

U, on R, is neglected

Measuring

value

1?(_35

)

Fa

-

—

=
—
o

Ecm

Exp: R, = 1kQ; Z, =R,||C, (R,=109Q, C,=2.5 nF)

typically d.c. CMRR = 120dB

Voltmeter
Hi |_ = 1
D +— |
i
| - J oy |
A |
T |
| Z1 |
GND | 72 |
0 |
L j _____ |

M’El
CMRR = 62dB

a.c. (f=50Hz)
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Cabling — three wire configuration (Hi, Lo, GND)

1 1 1 1 1 1 E,
V,| —+—+—+— |-V | —+— |=-
—\r, Zl Z2 —\r 22

- (1 1 1 1 1 1 1
—t—t— || = ||+ |
ra ZV ZZ ’?7 Zl ra Zl
11

= FE razl I/EJZZ Ei ra J
cmi 1 cm Zl Z2
ra’}) raZV

ZV|>> A

U E Zl

. Z1 + Rb

Ra o) TE ******* ]
[1]
oy e \
Fom jf @ ‘
‘ ZV |
Unm Lo Il
——— . [0] J :
| Rb T ‘
71

<,ﬂ%zcm GND | ; % 73 |
: 0 |
T [2] |

U, on R, is neglected

35
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Cabling - four wire configuration

Measuring Voltmeter
— — R WL, il
Ecm _ VGS VGi value ; | A 2 |
T |
En |
U =FE Z4 @ | @ T :
nm cm 11 Lo Tl
Z,+R, om0 |
o |
E Z+R Z Ro | |
_ _ b 4 71
CMRR = = = = 4 | o |
U nm Rb Rb GUARD | T3 |
|
| |
| 72 74|
o |
! Y |
Ecm
VGs VGi

Exp: R, = 1kQ; Z,=R,||C;:(R;=109Q, C,=2.5nF ); Z4 : R4=1011 Q, C4=2.5pF
typically d.c. CMRR = 120dB  a.c. (f=50Hz) CMRR = 120dB

36
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