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Introduction

Since the printed circuit board is a vital element in
our field of semiconductor test, this investigation
was undertaken to examine the impact of six
different electrical and physical variables in a PCB,
each of which plays a definite role in determining the
integrity of the signal being transmitted. The focus is
on the high-speed digital area. Although extensive
use of modeling and simulation tools is made,
validation and correlation of results with measured
data is also done and will be presented.
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Outline

e Dielectric properties

 Conductor skin effect

 Conductor surface roughness

e Via stub effects

e Crosstalk

e Signal return path quality and localization
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Comparison of dielectric losses for 12-inch stripline

FR4.FR4 12in il Simulationd, 5[2.1]

MA4000-123.M4000-13 120 ol Simulation, 5[2.1]
RO4003_4403.R04003_ 4403 1 2in Simulation], S5[2,1]

Cuclad21? . Cuclad21¥_B250 12in Fmil. SimulationT, 5[2,1]
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Insertion loss S21 variation due to conductor skin effect

Copper skin depth as a function of frequency

Skin depth Frequency Skin depth (micron)
. 10 MHz 21.00
12 0 | 2 100 MHz 6.60
J=_[— g | P 1 GHz 210
\ ou 1\. 2afu 10 GHZ 0.66

1 oz. copper thickness = 30.5 microns

b agnitude(5], [dB]
|:| T T

TLine Brmils. TLine ; 12inch - Smil - 50.060hm. SimulationT , S[2.1]
TLine 7.5milz. TLine - 12inch - F".Emil - 0. 27 ohm. Sirmulation, 5[2.1]
TLing 10milz. TLine - 12inch - 10mil - 50.05chm. Simulation, 52,

]
---"'"-- I TL|r||e 18milz. TLine - 1Zinch 15mil - 50.250hm. Simulation., 5[2,1}
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Conductor surface roughness
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Conductor surface roughness (cont’d)
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Insertion loss S21 variation due to
conductor surface roughness

t agnitude5]. [dE]

I:I . .
| Surface Hnughness 0. 'II'Llne 12|r'u:h .8l - SFH:I Sirmulationd, 3[2 1]
— Surface Roughness .40 mu:rpn TLine - 'IElnn:h .8l - SH 0.40 Simulation, 5[2.1]
Slurfan:e Roughness .60 MICTEN. TLine - 'IElr'u:h .8mil - SIFI 0,80 Simulation , 5[2.1]
"_ Surface Royghhness 2 mu:ri:m TLine - 12|r'u:h £.8mil - 5R 2. 5imulation, 5[2.1]
54+ ‘
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Return loss S11 for via example with and
without stub

Backdrling to GHD4 w2 GMD Shtchesz Backdnlled to GHNDO4 w2 GHND Shtches - wT Line Simulation?, 5[1.1]
Yia Stub w2 GMD Sttches Via Stub - Mo Backdnling - w2 GHD Stitches - wT Linez. Simulation, 5[1.1]
t agritude(5), [dB]
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Eye diagrams for via example

Yia Stub.Mo backdrilling - Signal from Top ta IMT1 with TLinez. Simulation, %1 .2]
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Conductor to conductor crosstalk

Title-
File: l1space.in Date: Wed Sep 1 11:03:23 PDT 1909
lInlts: ml Freq: 1.ﬂﬂﬂe+ﬂ9
Iavers: 3 Conchwtors: 3
Gronmdd: Pattom Type: gen

im.cmt.:l.p ith 1 width Epertlcui l ;

1
000000
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Conductor to conductor crosstalk (cont’d)

CIRCUIT
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Conductor to conductor crosstalk (cont’d)

ApsimRLGC Layout

Title:

File: 3Ispace.in Date: Wed Sep 1 11:06:35 PDT 1999
Tnits: mal Freg: 1.000e+09

Layers: 3 Concurtors: 3

Groamel: Bottom Type: gen

Comment : [Microstips with 3 width seperation |

=l 1>
P

S

-16,20 ' 28,00 ' 72,70
0,00 56, 00

Zoce In Pactor: X-axis 1 | Y-axis
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Crosstalk simulation circuit

ApsimSKETCH 1.400.3 Project /homesffred/circuitdir/testing e

File

Edit Yiew Window Options Analysis Tools Layer

dry lout . dr Tl

o drv2out ;:_: drvezont o

| s

[0 Ready CMD: edit property Units: - m CW  « MM « um « in  “* mil

Checking drawing. .. Al

Mo errors found.

Generating ApsinSPICE file “testl.ckt’.

File “testl.ckt” generated. —
]
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Noise on adjacent victim lines

Analysizs  Graph Table Print Extract

Legqend : testi.raw rec2:R:R
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CIRCUIT
"ECTRUM




Square wave leading edge
e

File Analysiz Graph Table Print Exiract
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Signal return path quality and localization

From CAD Modeling in Simbeor
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Return loss S11 for three ground stitch patterns

Project]. NoShtch. SimulationT, 5[1.1]
Project]. TwaStitch Simulation, S5[1.1]

Froject] Fowstich. Simulation?, 5[1.1]

b agnitude(5], [dB]

|:|--
. (]
0T f______,..--"' None
__.-""--_ e ——— I
20T ..-'/rf I -
// Two
AT / = Four
Reflection or return loss S11 as
gl 1 a function of frequency and
signal return path quality
ED T | ! ! | ! ! ! ! | | | | l | | |

125 25 375 5 EX% 75 87 10 1195 125 137 15 1625 175 1875 20
Frequency, [GHz]
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RLGC model for length dz

1 Rdz Ldz i +di
+ O— AN/ YV * o
v Gdz —— (Cdz v +dv

— O %t L] O

The impedance of this leg/path is not zero!

dv _ di X
1, -L Tt R1

di dv
e -C =T Gv

6 CIRCUIT SPECTRUM Silicon Valley Test Conference 2010 21




)

Insertion loss S21 for three ground stitch patterns

Project! NoShtch Simulation?, S[2,1]
Project!. TwoShtch Smulation], 5[2,1]

Project]. Fourshitch, Smulation], S[2,1]

M agnitude(5), [dB]

|:|--
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SMA launch detail

TO0P VIEW
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Poor return path model

<

186, 160

found3

+Lr

16.Jan 2010, 16:31:08, Smberian Inc. 30 Yiew Mode (press <E3 to ed)

0 CIRCUIT SPECTRUM Silicon Valley Test Conference 2010



Improved return path model
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16 Jan 2010, 16:30:34, Simberian Inc. H ,:*'fl 30 View Mode [press <E3 to edi]
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SMA launches joined by co-planar microstrips
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VNA and test board

Agilent
E8722ES

The VNA provides measured responses over a frequency
range (S-parameters) that can be saved in a Touchstone file
format, allowing importing into a simulator for comparison
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Return loss S11 for SMA launch and microstrip

SMA_Launch_7_laver MeazPathiafith. Simulationd, 5[1.1]
Sha_Launch_7_laver.coupon Simulation?, 5[1.1]

M agritude(5), [dB]
I:I -4

Va\VaWs WAV

’ AN
gl /AVa VAV 2V AY Y AV
{[ y
s

p | t h ° V\V Ml\ V U
A0 T vd V '

0 1 2 3 4 5 E 7 a 9 10 1A 12 13 14 15 16
16Jan 2010, 1210:21, Simbernian Inc. Frequency, [GHz]

Sha_Launch 7 _laver MeasPathywithout Simulation?, 5[1.1]
Shd_Launch_7_laver Couportfithout. Simulation, 5[1.1]

b agritude(5], [dB]

1: LN P i /— \u[- Evvv

A LAY

Poor path _BD__/\/ th /L )L'\/ \/ \
\l\,f[\/ \YJ

A0 T I

0 1 g 3 4 5 B 7 8 9 10 1 12 13 14 15 16
16 Jan 2010, 11:50:50, Simberian Inc. Frequency, [GHz]

Measured response in blue, simulated in red
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Insertion loss S21 for SMA launch and microstrip

ShA_Launch_7_layer MeasPathiwith, Simulation, 5[2.1]
SMA_Launch_7_laver. coupon. Simulation, 5[2,1]

bt agritude(5], [dB)

0T B e = — ——— ]
| SSTTNALAN
54
Improved
0T
path
A5 T
1] 1 2 a 4 4] B 7 a 9 10 i 12 13 14 15 16
16Jan 2010, 12:14:29, Simberian Inc. Frequency, [GHz]

ShaA_Launch 7 _laverMeasPathvwithout Sinulationd, 5[2.1]
SMA_Launch_7_layer. Couportafithout. Simulation, S[2.1]

HMASAYANE NN

M agnitude(5), [dB]

Poor path af

) \/ /
-4I:I --I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1] 1 2 3 4 5 E 7 8 9 10 1 12 13 14 15 16
16 Jan 2010, 11:54:59, Simberian Inc. Frequency, [GHz]

Measured response in blue, simulated in red
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TDR scope and test board

Tektronix 11801C Improved pa’Fh in green, poor
path in purple
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Insertion loss S21 - improved vs poor

Sha_Launch_7_laver MeazPathtefith, Simulation?, S[2.1]
Skdd_Launch_7_laver kM eazPatktwithout. Simulation, 5[2.1]

NS

A0+ \
Measures ] \/\/

M agnitude(s], [dE]
0T =

data
.3|:| 4
-40 T, , | , , , , | , , , , , | , , )
I} 1 2 3 4 5 E 7 8 9 10 11 12 13 14 15 16
AR lawm 2000 1R-1012 Sirnbanan lae Fram=nen [HH=1

Ska_Launch_7_laper coupon. Simulation, 5[2.1]
Skd_Launch 7 _layer. Couporiafithout. Simulation, 5[2.1]

N /-\\’ /\M/\\wﬂuﬂﬁﬁ
Simulation "/\ /\/\J\

=20 A

Magnitude(5], [dB]

data / \
30 T+ /
-4I:I -_I 1 1 1 1 1 1 1 1 1 1 1 1 - 1 1 1 1
0 1 2 3 4 4] E 7 8 9 10 1 12 13 14 15 16
16 Jan 2010, 16:04:34, Simberian Inc. Frequency, [GHz]

Improved path in green, poor path in purple
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