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INTRODUCTION

TEHCNICAL TREND

* Next generation integrated system will exceed several tens of GHz in its operating frequency.
» Performance of high-speed integrated system is limited by interconnect lines.
« Signal integrity verification of the data links is an integral part of high-speed circuit design.
» As data rate increases, signal loss mechanism in the interconnect lines becomes more complicated.
- Conductive loss (skin effect, metal roughness)
- Dielectric loss (dielectric polarization, conductive leakage)
* Due to frequency-variant characteristics and non-ideal effects,
Experimental characterization of transmission line is essential !!
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Problem Definition
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Inherent resonance effects during measurements make
it difficult to understand experimental transmission line
characteristics

Measurement Parameter Signal Integrity
(S-parameter) Determination Verification

Previous work
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Resonance-Effect-Free

Parameter Determination
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START

Determine characteristic impedance (Z,) and propagation constant (y,) by using [3]

eVl = 1_S112+S212 +\/(S”2_S2]2+1)2_(2SH)2 (Z )2=Z 2(1+Sll)2_S212
28, (28, 4 " (1=8,)7 =8,

STEP 2

Determine per-unit-length (PUL) transmission line(TL) parameters by using [3]

STEP 3
Determine effective loss tangent (tand )
Z, - By+a,tand,, By o, + B, tand,, ’ kéRe(ZA)= B+atand,, . tndy, = —B—ko
oC,(1+tan’ 5,5) ~ @C,(1+tan’ 5,;) Im(Z,) -a+ftand,, T a+kpB
STEP 4

Determine resonance-effect-free (REF) capacitance (Cg) using different line lengths

C (o) S = foabie 1_ ¢

C(){ Srvonanee ===
w) = 5 resonance — [ — 4 AT
? CA (wstab/e) f > fstab[e Er /l 8,, 21

[3]1Y. Eo and W. R. Eisenstadt, “High-speed VLSI interconnect modeling based on S-parameter measurements,” /[EEE Trans.
\ Compon., Hybrids, Manuf. Technol., vol. 16, no. 5, pp. 555-562, Aug. 1993.
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Resonance-Effect-Free

Parameter Determination
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STEP 5
Determine REF conductance (Gg) using Cg and tand

Gy(w) =tan 6,y - @Cp(w)

STEP G
Determine REF resistance (Rg) and inductance (Lg)

Ry(@) =Re| 73(@0)/(Gy(@)+ jaxC, (@) ], LB(a;)=1m[yj(w)/(GB(a))+ ja)CB(w))J/a)

RESULT

REF Characteristic impedance (Z3)

Z(@) = (Ry (@) + 0Ly (@) / (Gy (@) + jOCy (@)
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VE I al F I C/ \ I I O N MEASUREMENT SETUP AND VERIFICATION PROCEDURE
1. Self-Verification 2. Verification (Long line)
o] / Measurement \
um
25][ SR 80, 100 0 : : : (5cm)
15| GND | [ sic [ 80] enD g =4.2 L
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151 GND tand;=0.016 (proposed) L 3 TL Parameter
Nominal cross-section dimension o -10 |- & g Extraction
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CONCLUSION SUMMARY & CONCLUSION
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In High-speed circuits, various loss mechanisms should be considered.
Test patterns were experimentally characterized up to 20GHz by using VNA.

The resonance-effect-free network parameters for arbitrary line lengths
were reconstructed.

Usefully exploited for the Accurate Signal Integrity Verification and Data Link
Design of High-Performance Integrated Electronic Systems !!
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