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Optimization of a Flip-Chip Transition for Signal Integrity at 60-GHz Band

Zt
(=]

om
r

Dong Gun Kam

Q o
QA o2 FY JS sfolo] Bol vl N5 FAYE AshshE 714 ol AT, 60 GHz BN HE AA ]
& L 2y P 729 ofg A WFEd geh Y £40

Abstract

Although flip-chip interconnects have smaller parasitics than bonding wires, they should be carefully designed at 60 GHz. Insertion
loss at a flip-chip transition may differ as much as 2 dB depending on design parameters. In this paper we present a comprehensive
sensitivity analysis to optimize the flip-chip transition.
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Fig. 1. Design parameters of a flip-chip transition.
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Table 1. Parameter sweep plan.

1. Bump diameter 60~120 um, 4=15 um
2. Bump height 30~90 um, 4=15 um
3. Pad pitch 150~250 um, 4/=50 um
4. Pad size 70~100 um, £=10 um
5. T-line width 75~125 um, 4=25 um
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Fig. 2. Effect of pad size on insertion loss.
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Fig. 3. Effect of pad pitch on insertion loss.
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Fig. 4. Effect of bump diameter on insertion loss.
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Fig. 5. Effect of bump height on insertion loss.
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Fig. 6. Effect of T-line width on insertion loss.
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Table 2. Regression coefficients of five input variables.

. Standard
Coefficients ancan t-Stat p-value
error

Intercept 0.2693 0.07454 3.61 3.2B-04

Bump —00106 | 000030 | —3489 | 49E-169
diameter

Bump —00010 | 000030 | —333 | 9.1E-04

height
Pad pitch | 00039 | 000016 | 2492 | 1.8E-104
Pad size | —00180 | 000058 | —31.03 | 4.7E-144

T-line width 0.0037 0.00032 11.72 1.3E-29
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Table 3. Regression coefficients of two-factor interactions.

Coefficients Standard t-Stat p-value
€Iror
Intercept | —9.78E-01 | 225E-02 | —43.43 | 14E-222
Height X |y o4 | 533806 | —2659 | 2.7E-115
diameter
Height x| g 05 | 270806 | 2772 | 13812
pitch
Height x| cep 04 | 818E:06 | —2050 | 70E.77
S1Z¢
Height | 2005 | 540806 | 1814 | 68E-63
width
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Table 4. Two design examples of a flip-chip transition.

Worst case Best case
Bump diameter 120 um 60 um
Bump height 90 um 90 um
Pad pitch 150 um 250 um
Pad size 100 um 70 um
T-line width 75 um 125 um
Insertion loss 243 dB 0.34 dB
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