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e VPC Test Structure

e The Importance of Impedance Continuity

e Impedance Control on Probe Pattern

e The Best Transmission Structure

e Examples of How to Find the Most Appropriate Solution
e Conclusion
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VPC Test Structure

Bridge Beam|l§

Probe Card

Why using Substrate?

C4 Pitch = 50um
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VPC Test Structure

What are CHPT's solutions for high speed

' ?
‘1% signal on probe card:
l[lfGl_;pls

S
PCI >
“/f EXPRESS
PCIE-III
SATA3 8Ghps

WML sobrs

CHPT design flexibility.

s Signal Path
L Path

MHL

m i. p.i 3Gbps

MIPI Excellent Impedance Control,

1.5Gbps

e USE

USBI.1
12Mbps

1995 2000 2005 2010 2015

Loopback + Bias-T and low cost

m DC

Excellen = ac

>
=

*The speed of signal is getting faster with the evolution of the technology.
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VPC Test Structure

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

ST Loopback +Bias-T Design

| s CHPT is specialized
at PCB/PC design
’’’’’’’’’’’’’’’’’’’’’’’’’’ for good SI.

FB right on high speed
trace to avoid stub.

e

USB3.1 (10Gbps) =

Test gite
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The Importance of Impedance Continuity

Substrate

Blue =» Key Factor
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The Importance of Impedance Continuity

Substrate

Good eyes opening

XY Plot 5 Eye_Bad *
Curve Info I
— AEYEPROBE(required)
QuickEyeAnalysis
Z0="900hm’

V]

quired) [m

AEYEPROBE|re:

100.00 126.00 150.00 175.00
Time [ps]

10Gbps (USB 3.1 Gen2)
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The Importance of Impedance Continuity

Die TX #I Probe#I Substrate #I Probe #I Die RX
1

4 N\

v

|

7
=
§ =

"

\ When probe length is Imm :
It occupies 0.016XX>6¢ (3Q)HAIR(TBHZz Signal)

\-/>Iength:

A =60mm for 5GHz speed signal (in air)

LI B | . L B S N S R T T T - L T ] .
0 2500 5000 75.00 100.00 123,00 150.00 175.00 20000
Time [ps]

10Gbps (USB 3.1 Gen2)
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The Importance of Impedance Continuity

USB3.1 (10Gbps)

Original Pattern

130um

@

To adjust

pattern

(  After Optimization

®@_9®

“4103um

Eye Opening could be improved by optimizing probe
pattern(Signal and GND) for better impedance continuity .
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The Importance of Impedance Continuity

- -

Pitch

® ol
—

Current Loop

Length

CHPT/Norman

Wire PitchT*=»Loop Inductance ™ =>Z,T -
Wire Length T =»Loop Inductance ™ =>Z,T (Zo=\/6)
@1 =>» Loop Inductance | = Z_{

Key factors of impedance control on open-wire T-Line :

&/ 1. Pitch (Signal to GND)

2. Length
3. Diameter
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Impedance Control on Probe Pattern

The key factors of impedance control for probe pattern :

Probes Change Probe Pattern W/O Change Probe Pattern

Signal Increase Impedance Decrease Impedance Decrease Reflection

(Differential Pair)

@® GND Probe Quantities @ Probe Pitch ® Probe Length @ Probe Cross-Section
E‘ E\XA D | & <a—>
|
y b
. . L m |
|
[ o ,
i |
No GND probe 6 GND probe
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Impedance Control on Probe Pattern

@® GND Probe Quantities(fixed pitch, length and cross-section)

Speed : USB 3.1 Gen2, 10Gbps

1
II GND Probex0  HEEp . GND Probex2  mmmp m. GND Probe x 6

| Curveinfe | Curve Info |
[= O{a253 24t OBz} |
: | |mnimTransiont ] | 2 4]
T 17500 — T o
18000

| | s mTransinnt |
— —— erys o
12500
£
£
QICJDJ
4

— = ]
Delay Time probe o o0 & 1500 ST probe

£00,00 — T T T =
a0 2600 50.00 K 100.00 s 16000 300 L
Time [pa]
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Impedance Control on Probe Pattern

@ Probe Pitch(fixed probe quantities, length and cross-section)
Speed : USB 3.1 Gen2, 10Gbps

X =130um, y =141um m X =108um,y =121um

Delay Time probe kil 1 _ Delay Time probe
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Impedance Control on Probe Pattern

® Probe Length(fixed probe quantities, pitch and cross-section)

A
Speed : USB 3.1 Gen2, 10Gbps
. 5 —zx§L+_jzzltanﬁ§
. tan
= Signal Path _ HiZ tan g
A 4

Z, - limz.x Z +jZ,tan 5. B When Z, (probe) length is
in — 1 f
;>0 Zit)Z an S shorter, Z,, would be close
_7 (Lt x0 to Z,. When Z,=Z_, there is
no reflection on this

o structure.
MEMS
Length = 7000um Length = 6000um Length = 4000um

12600 2500 50.00 T6.00 00.00 12600 164.00 176.00
]
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Impedance Control on Probe Pattern
@ Probe Cross-Section(fixed probe quantities, pitch and length) 343_.

Speed : USB 3.1 Gen2, 10Gbps ] b

Type A(30um x 35um) PEFEYIX Type B(41um x 42um) YY) Type C(43um x55um)
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Impedance Control on Probe Pattern

Key Factors of Impedance Control

(1)GND Probe Quantities

(2)Probe Pitch

(3)Probe Length

(4)Probe Cross-Section

Eye opening performance: % Bad

CHPT/Norman

| tocwomoe
| x=130um,y=tatum
| Lenom=7o00m
| e AGum x35um)

Variables of Probe Pattern

Eye Opening Performance

No GND Probe 2 GND Probe 6 GND Probe

E

*
»*

* kK

X =130um,y =141um X =108um

, Y =121um X =93um,y=101um

' Y

»*
*

* kK

Length = 7000um Length = 6000um Length = 4000um

*
*

kK

Type A(30um x 35um) Type B(41um x 42um) Type C(43um x 55um)

*
%

¥k k

* % Medium % % % Good
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The Best Transmission Structure

O According to the previous experiment results, we could reach to the best probe
pattern for good eye opening and impedance continuity.

r
DUT + Probe(before optimization) + ST DUT + Probe(after optimization) + ST

X=393um, y=101um

I Length = 4000um

Type C(43um x 55um)

* A ‘

Probe pattern can be optimized to
improve impedance discontinuity.

Speed : USB 3.1 Gen2, 10Gbps
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Design For Testing(DFT)

= Signal Path

Variables of Probe Pattern

Key Factors of Impedance Control -
Eye Opening Performance
T N N |
DFT should take impedance continuity '
pedance cont R R R |
of probe pattern into consideration. ¥ - I T T )
0.
.. (®Probe Length ¢
A B B
B vrercomssam | mscsmiam | tpecismessm |
@Probe Cross-Section |
\
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Examplel with DFT Consideration

with 43um x 55um cross-section, five combinations of probe pitch
and GND quantities can achieve better SI.

After Optimization
Key Factors of Impedance Control

Eye Opening
DFT can design both GND I Probe Pitch

Probe Quantities and Probe
Pitch to get better SI.

X=93um, y=101um

- | ‘ o

=Y =V -] 6 GND X=8%um,y=111um

Speed : USB 3.1 Gen2, 10Gbps
GND Probe Quantities Probe Pitch 4GND X=98um,y=8lum
A4GND X=82um,y=101um

= n ' m
|j:] ] ‘ 2GND X=89um,y=8lum
No GND probe 6 GND probe .
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Example2 w/o DFT Consideration

of 141um S to S and 130um S to G design,

five combinations of probe cross-section and GND quantities can achieve better Sl.
After Optimization
'
Probe Cross-Section Eye Opening
GND Probe Quantities
If not, choose probe type for _ (Cobra Probe) _

better SI.

¢=76.2um(3mil)
Speed : USB 3.1 Gen2, 10Gbps Length=4851um

GND Probe Quantities Probe Cross-Section 4GND ¢=101.6um(4mil)
Length=5175um

S G I cl) 76.2um(3mil)

— 4GND Length 4851um
I ¢=101.6um(4mil) I

No GND probe 6 GND probe 2GND Length=5175um
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Conclusion

[ The best transmission structure should consider impedance continuity between
probe and space transformer.

1 Probe pattern is also a key factor for high speed S| performance, therefore, it is
necessary to be aware how to optimize probe pattern for impedance continuity.

[ Four key factors of probe pattern should be optimized as below:

® GND Probe Quantities @ Probe Pitch ® Probe Length @ Probe Cross-Section
Il By o “ gy
—X E:Cl IV ] L ]b
L n o=

No GND probe 6 GND probe
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