TEST BOARD LCR EVALUATION

(FOR DC-DC CONVERTER)

VINCE WEI

04/20/2016



TOPICS

« Parasitic parameters of PCB trace
 LCR analysis

e Transmission line



FEATURE OF TEST BOARD (DC-DC)

Long traces (test head dimension and cable)

Wide traces (high current)

Additional components (relays, buffers, servo-loop etc.)
Multi-traces (multi-resources per pin)

Multi-sites (parallel test)

Multi-layers (noise isolation)



PARASITIC MODEL




MODEL OF PCB TRACE
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COMPARISON
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TRACE CAPACITANCE

T=35um (102)
ER=4.6 (FR-4)
Ea=8.86*107-12F/m
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TRACE RESISTANCE

T=35um (102)
ER=4.6 (FR-4)
pCu=1.75"1e-8 Q.m
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SINE WAVE RESPONSE
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LCR ZERO-INPUT RESPONSE
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LCR ZERO-INPUT RESPONSE
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TIME CONSTANT "T”

vl

en(-t/T)

100%

\36.7%

13.5%

5%

1.2

0.8

0.6

0.4

0.2

15
1Bt

C 19t
D't
C1Z'Y
- 1r

C1g'E
C19'E
C1p'E
C1Z'E
[ 18

f1E'7
C19'Z
C 'z
f17'E
C 1z

C18'T
C19'T
C1pT
C17'T
LT

" 180
C 19D
C 140
C1Z'0
[ 10




LCR SPECIAL CASE (R? « 4L/C)
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LCR SPECIAL CASE(C > R?/(4 L))
2) C» R?*/(4L)

Urp = —ic R
Rt

= Uo - (Rio + Uo)e_ L

Al

Tl = (V) ()




LCR SPECIAL CASE(L « R2C/4)
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CIRCUITZ2
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Assume U;,, is sinewave: =
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TRACE CHARACTERISTIC IMP
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pf=w VLC

reflection coefficient
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If ZL - ZC:
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Z, =% T' =1, total reflection.
,f Rs =ZC'.

U(D=U;,e~iP



WAVEFORM
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PROPAGATION DELAY TIME

' C
propagation speed =

1%1010
v

Propagation delay time Tpd s (ps/cm)
FR4, micro-strip, Tpd=56.4ps/cm.

Time shift of two traces is: terr=ALength*Tpd
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Use Saturn to estimate LCR parasitic value.

Use R, 1/(jwC), jwL to calculate sine signal response.

For step signal or square signal, use R*C — 4 L to identify properly
waveform. Calculate time constant 1 .

If possible, ignore L, C or R to simplify model.

For high speed or short delay time, use transmission line model. Be
aware of impedance matching and length matching.
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