High-speed PCB electrical
characterization with good stability
and repeatability

( |nte|) Jimmy Hsu

Adolph Cheng Alex Wei Fred Chou
CORPORATION

PROBE TODAY, FOR TOMORROW



Overview

Background

— Quality assurance of Probe Card

— Industry Mega-Trends

— Intel Delta-L for PCB Electrical Characterization

Intel’s Delta-L Algorithm

Bottleneck of Handheld Probing Setup

Solution for Stability, Repeatability and Less Time Consuming
« Summary & Future Work

Adolph PROBE TODAY, FOR TOMORROW



Quality Assurance of Probe Card

Quality Assurance is a cornerstone to MPI’'s Probe Card business. This includes
verification methodologies (e.g. Automated TDR test process equipment) to
meet customer demand and support our quality improvement processes.
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Quality Assurance of Probe Card

Quality Assurance is a cornerstone to MPI’s Probe Card business. This includes
verification methodologies (e.g. Automated TDR test process equipment) to
meet customer demand and support our quality improvement processes.
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Quality Assurance of Probe Card

Quality Assurance is a cornerstone to MPI’s Probe Card business. This includes
verification methodologies (e.g. Automated TDR test process equipment) to
meet customer demand and support our quality improvement processes.
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Quality Assurance of Probe Card

Quality Assurance is a cornerstone to MPI’'s Probe Card business. This includes
verification methodologies (e.g. Automated TDR test process equipment) to
meet customer demand and support ourLcluaIity improvement processes.
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Quality Assurance of Probe Card

MPI work together with Intel to solve PCB loss characterization in
HVM by MPI's experience measuring probe card.

MPI Technology
Transfer

Quality Inspection: Quality Inspection:

TDR Impedance, Loss, Crosstalk, PDN and PCB Loss characterization in
SO on. HVM

Data Rate: Data Rate:

NRZ: 32+GT/s, PAM4: 56GT/s, 112GT/s NRZ: <32+GT/s
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Industry Mega-Trends

Future IT trends proposed by Intel require industry focus on product
development, design and business through cloud services.

INDUSTRY MEGA-TRENDS

PROLIFERATION OF GROWTH OF CLOUDIFICATION OF THE

Cloud Computing  Artificial Intelligence Network and Edge

Source: Intel Corporation presentation material released on Nov.21,2019.
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Intel Delta-L for PCB Electrical Characterization

As market demand for cloud computing is increases, channel loss on printed-
circuit board (PCB) will continue to increase in importance in order to meet
requirements of signaling integrity for high-speed 1/Os .
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Source: Intel Corporation presentation material released on Nov.21,2019.
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Delta-L Algorithm

« Intel’s PCB Loss Methodology: Delta-L Algorithm
« Loss can be extracted by measuring two different length transmission lines

Measurement PCB Loss

@

® Linel dB/inch
o
o Line2
y*(L2—L1)

TLl = TA X TB TDUT — [e 3 0 % ]

. O e y*(Lz—L1)
Ty =Ty XlTDUTXTB ) ) T
Tip XTpy =Ty XTpyr XTpXTp ~ XTy $21,yp = e V*Ua—L1) = g=ar(lz—Ly)

-1 _

Tp2 XTp = =Tpur Loss per inch = |S21pyr|/ALength

Source: Delta-L+ for Electrical Characterization, http://www.intel.com/content/www/us/en/processors/xeon/delta-l-plus-methodology-for-electrical-characterization-guide.html
MULTILINE TRL REVEALED, https://www.researchgate.net/publication/4027015 Multiline TRL revealed
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http://www.intel.com/content/www/us/en/processors/xeon/delta-l-plus-methodology-for-electrical-characterization-guide.html
https://www.researchgate.net/publication/4027015_Multiline_TRL_revealed

Probing Quality Characterization

In order to validate measurement stability and repeatability, Intel proposed the
probing quality characterization process below.

Measurement Setup

Measurement quality check

hSystt’-'m , <0.015dB@4GHz,
enhancemen <0.02dB@8GHz,
N O : -

Start Measurement Task

Source: Test Method 2.5.5.14, Measuring High Frequency Signal Loss and Propagation on Printed Boards with Frequency Domain Methods, IPC-D24D
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Measurement Quality Check

Uncertainty Check<20%

Uncertainty Check<20% Uncertainty Check>20%
10 R LPI dB 300 O 10 R LPI dB 290
e B\ — AW
9 S N T N
g Fitted_LPI_dB - 250 2 - Z ——Fitted_LPI_dB - 250 g N
7 Uncertainty 200 13 7 Uncertainty b
= - 200
6 .E 6 .E
5 150 t 5 150 g
- =4 <7 — =4 @
% 3 - 100 g % - 100 g
e, > . ﬁ@f@ o =
1 1
0 T = T 0 0 " T T - 0
0 5 10 15 20 0 5 10 15 20
GHz GHz
Sources of “Glitches” in Measured
Data

1. Manufacturing variation
2. Quality of probes & fixture
Source: Test Method 2.5.5.14, Measuring thB@"Mbeddi“ g°a@°'|'it'hm Boards with Frequency Domain Methods, IPC-D24D
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Measurement Quality Check

Probe quality check: IL<3.5dB for each probe @20GHz

Probe quality Check: IL<3.5dB for each
Rrobe Electrical Requirement

2inch PCB trace loss 3.5dB at 20GHz X 2 probes + 2inch x 2.5dB/ inch at
20GHz

Electrical Requirement

de21' dB

-10

Probe with the

2-inch microstrip without via launch pad

=== Upper limit line

-1Z == Probe+ PCB

1q = Lower limit line

- T ' T ' T T ' ' ' ' Probing Probing S
0 2 4 5 8 10 12 14 16 18 20 [S] quality Test board effect quality [ ]

Freq.,

GHz
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Measurement Quality Check

« Cross over check: IL and RL don’t cross over

0 p—

S| Cross over Non-Cross over
= | -20 1
X
5 =30 _---l_h-—_-_-"‘"--..
0 - U ‘-". ."I- f £

-50 '._‘ -I. St ."|I.II ..- :.:- r:.l ::. .1‘.. ::_-

B0 =—"Sun "

I i — Sldd21

o 2 4 ] a8 10 12 14 16 18 20

Freq, GHz

Source: Test Method 2.5.5.14, Measuring High Frequency Signal Loss and Propagation on Printed Boards with Frequency Domain Methods, IPC-D24D
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Adolph

L1 | 4GHz | 8GHz [12.89GHz
T1 0.491 | 0.858 | 1.261
T2 0.492 | 0.858 | 1.260
T3 0.492 | 0.860 | 1.263
T4 0.492 | 0.858 | 1.261
15 0.491 | 0.858 | 1.261
T6 0.492 | 0.859 | 1.262
T7 0.490 [ 0.858 | 1.261
T8 0.489 | 0.856 | 1.259
T9 0.490 | 0.858 | 1.261
T10 | 0.491 [0.858 | 1.261
o) 0.001 | 0.001 | 0.001
pass/fail| pass | pass pass

Repeatability Check

« At least 10 measurements
conducted to ensure repeatability
(probing setup quality)

« Standard deviation specification:
<0.015dB@4GHz
<0.02dB@8GHz
<0.025dB@12.89GHz
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Adolph

Measurement Method

Handheld probing is the commonest way for insertion loss of PCB.
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Handheld Probing Process

Time-consuming may Data
Semi-automation vary depending on A

operator’s experience nalysis

) ) _ Medium stability and
Manuel with guide pin repeatability by
operator’s experience

t

Manuel with guide pin t

Manuel Report
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Bottleneck of Handheld Probing Setup

1. Touching offset
- °

4. Time consuming
 Pad Arrangement Setting

= . * Measurement Data Saving
= et  Data Analysis
o) ® GEEE e Report

2. Bad contact condition (e.g. no probe marks)

‘—Guide Pin

—— Guide Hole
Wall

3. RF test cable repeatability
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Semi-automation Delta-L measurement system

Automation can significantly improve stability, repeatability and
time consumption over handheld operations

« Enter, MPIl's Semi-automatic Delta-L Solution:

B

I
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Adolph

Handheld

Manuel with guide pin

Manuel with guide pin

Semi-automation

Manuel

L

Report

Data

Analysis

Image Setting
Gerber import
coordinate input

Optical system

X, Y, Z, O precision
systems

Cable fixture

Auto-saving raw data
Auto-executing Delta L

Auto-generator
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Semi-automation

User friendly and
efficient setup process

Good stability
Repeatability

Time Saving

Customized Report
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Result - Measurement Time

%@) 130 minutes
Most experienced

155
145
160 0
140 59 145 minutes
AA
120
100
61 155 minutes
Beginner
The Semi-Automation Delta-L
solution took half the time to
A B C

complete the same

= o oQ
] = =

Measurement time [(Minute)

P
o

o

Semi-automation Handheld probe measurements when compared

to handheld operation.
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Standard deviation

Result - Repeatability

The repeatability of semi-automated Delta-L is greater than handheld results
with improved standard deviation from different operators.

4GHz 8GHz

0.015 0.02
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0.012- -g
' ® 0.015
o
0.009- g
? < 001
1
0.006 / s _
! £ 0.005- \/ e
0.003- e N e S -
— P P v ] -~ -~ - . -
R ] ‘/"— c__‘/‘_ LA .,,—"—"
0 0
S[2[2[2[R[R 9% 222 28R 2 822228898222 2832R mber EEEENEEEEEEENEEEEEEENEEEEEE SR
<@y | @)y | @)y <| @) U <| @l | @)y | @y <| @ u
Handheld Semi-auto Handheld Semi-auto Handheld Semi-auto Handheld Semi-auto TypE' Handheld Semi-auto Handheld Semi-auto Handheld Semi-auto Handheld Semi-auto T}‘pE"
Lo L10 L12 L14 |ayer Lo1 L10 L12 L14 Iayer
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Summary

Semi-automation Delta-L Solution

To have more accurate and robust PCB loss characterization.

v" Enhances the measurement repeatability(3 +x STD Improvement).

v High frequency characterization(20+GHz)

v" Reduces more than half of measurement resource(>50% +Time Consuming Improvement).

Semi-Auto [
0.025 —— 50%+ Time Consuming
160 - Improvement
0.020dB@8GHz

0.015dB@4GHz 120 1 4

3+xSTD Improvement .

0.02

=
(=1
=
w

——8GHz 80 1

o
=]
=

w12 B9GH

Standard Deviation(STD)

40 -
0.005%

0 10 20 30 40 50 60

Times Semi-Auto Hand Held
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Future Work

To develop an advanced metrology for PCB loss characterization
at higher frequency since computing market always needs more
throughput.

Years | 20200 20X

Inspection Item Application Data Rate Application Data Rate

PCle 3.0 8GT/s PCle 5.0 32GT/s
Insertion Loss PCle 4.0 16GT/s PCle 6.0 XXGT/s
Ethernet 25GT/s
Others NA SI/PI study

PROBE TODAY, FOR TOMORROW
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Any Questions?
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