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Motivation:

Need for exact characterisation of critical components

Testing the temperature and humidity sensitivity of
= Precision resistance arrays
= Capacitors

Testing the dielectric absorption of capacitors

Conclusion
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IADC MODEL AND SIMULATION

General IADC structure MATLAB & SIMULINK

MATLAB Simulink LTSpice
s IADC Model
'gitize.m Parameters
+Vref RO
IADC Calculate
Vin Rin
_Vref Ry

Sampled IADC Post

Data

Processing
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Resistor networks ratio temperature and humidity dependence —0=

Setup

Three resistor networks with the
same nominal ratio 1:1

-R,  10kQ/10kQ
Hermetic 3-pin (through-hole)

-R, 4x10kQ

Plastic 8-pin (surface-mount)

Multimeter Low Thermal Scanner Data Proof Climatic Chamber Resistor inside the climatic
Fluke 8508A 6664B Thunder Scientific 2500 chamber - R3 10k /10 kQ
Plastic 3-pin (surface mount)
Resistor SCANNER DVM 8508 : : : : :
network chamnel | Ratio function of a high-resolution multimeter (Fluke 8508)
AN g:cc ?’H Sequential two-channel measurements and outputs the resistance ratio directly
Ri o~o I NBOT Measurement uncertainty is dominated by short-term noise and ADC linearity
/) — o o \ “True-ohm” function: measurements with reverse polarity
channel 2
[\ 1 o0>o Vi N : . -8
AN o~o I RpAR Validation: two matched 10 kQ standards over six days -> standard deviation = 9x10
= L o o Ip INPUT
— o o Vi




R/Rnom — 1 (1n§2/£2)

10— —— Ratio sensitivity 10
| 5 [ —n
_ 15 R;: 9x108K! = M 80
. R,: 14x1078 K- R
2| Ry -5x10%K! - 1%
— ; I ~ 40
IV —— 20
R;: 0.3x1078 %rh-! é::? :*_;L‘-‘_"':/‘\W- N e el e
el 1y Rzl 3x1078 %rh! _5_1,,,lllllj,,,,l,,J,“,,l.,,
0 20 40 60 80 Ry: -5%x1078 %rh-! 0 20 40 60 80 100
time (h) time (h)

Y%Rh

Mean value and standard deviation of the mean for the relative error of the measurement ratio

T 5r(R,) o or(R,) o) or(R;) o) RH or(R,) (o} or(R,) o) or(R;) o)
(°C) | (uQ/Q) | (uQ/Q) (nQ/Q) | (Q/Q) | (HQ/Q) | (HQ/Q) (%rh) | (uQ/Q) | (UQ/Q) | (Q/Q) | (UQ/Q) | (pQ/Q) | (HQ/Q)
=

-2.22 0.02 4.78 0.02 —26.68 0.05

331  0.02 4.36 0.03  -27.22  0.04
185  0.02 5.99 002  —2795  0.03 —2.17  0.01 5.41 0.01  -28.25  0.02
106  0.02 7 59 002  -28.01  0.03 ~2.14  0.01 5.95 0.02  -29.12  0.01
048 | 002 3.95 002 | 5847 | 0.03 —2.12  0.01 6.71 0.01  -29.43  0.02
TR = 05 Y TR ~2.03  0.01 6.44 0.01  -27.96  0.03
—2.20  0.03 5.65 0.03  -27.19  0.03
253  0.02 5.75 0.02  -27.80  0.03
—2.24  0.01 5.29 0.01  -26.48  0.01

2330  0.02 4.96 0.03  -26.81  0.03
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IsotechTT922
100 + —G—-:Ium. A 470 :;F | | - i s e Reeuraep0e e an e
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- 0 - -6 -1
o A (batch 2) -12.6 x10°K
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<]
~200 | :
| | 1 1
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Rotr?.mc HydroGen2
temperature (°C) R b
300 . T . . . . Increasing sensitivity with
80 %R higher humidity and ) 20 %Rh —] |
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= 200 F : =
= & 400 | -
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Measurement of the dielectric absorption of capacitors
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Measurement of recovery
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Fluke 8588A DMM
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™ Sn uncertainty: 0.05 %
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TDK 470 pF SMD Ceramic NPO

Recovery Voltage (V)
o
o
(o))}

0.04
Charging voltage: 10V
Charging time: 900 s R
Discharge : 1s

0.00

0 200 400 600 800 1000 1200
Time after discharge (s)



N\ . . . . TrueD':E
nTNEReip  EURAMET Model of the dielectric absorption of capacitors -"\f>| %g

n n
Vrecovery(t) — z Vi(t) = z a; - (1 — e_bi't)
=1

=1

# Component
_ 100- (Q) (F)
: o e 825x 103  1.78x 1072
§ o L i 256x103  1.62 x 1022
g//P/Z4 1.81x1083  571x1073
= | | | | 1.61x10"  3.10x 10
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Conclusions

It was demonstrated the possibility to characterize passive componentes
» using traceable measurements

» with an uncertainty level useful to modeling ADC circuit

For some devices humidity was found to induce larger and more variable effects
than temperature

Dielectric absorption in ceramic capacitors was measured
» with high resolution and

» modelled using a five-element RC network, offering a useful tool for IADC
design simulations.
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Thank you for your attention

For details: https://true8digit.eu/
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