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Agenda

* Pre-silicon Simulation[sim]
 Post silicon Measurement

« 2mm Trace Layout simulation data vs Network
Analyzer [NA] measurement data

* Pre and Post Data correlation
e Summary
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Information about measurement set up in general

« USB2.0 MUX switch
« Have multiple input pairs and output pairs

» User can decide which input and output to be connected by sending
command through 12C

* For purpose of this presentation, study was done on below input and output
pair
— RP [ positive input ] to TP [ positive output]
— RN [ negative input] to TN [ negative output]

* Network analyzer[NA] is used to measure the DUT along with Advance

Design System software [ADS] to extrapolate measurement data vs
Simulation result.

I e St ‘ 0 nX Modeling Measurement of High Bandwidth Device 3 2 O 2 1



Design DUT SIM ( data from Designer)

m1

freq=300.0kHz
dB(S(4,3))=-0.264 mAesign DUT sim RP_Port1_RN_Port3 TP_Port2_TN_Port4
0-¥

m2 R 2
freq=1.000GHz i
dB(S(4,3))=-3.282 5

m3 -
freq=970.2MHz NS
dB(S(2,1))=-3.269 &S 10—

i

B

-20

| | | | | | | | |
0.0 05 1.0 15 20 25 30 35 40 45 50

freq, GHz
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Generate S2P files from board Layout

1. Get S2P file for each path from Layout. It is critical to follow below structure

to get correct port assignment for layout Simulation.

1 Layout IN+ 2

1 Layout IN+ 2

Design DUT
SIM[ From
designer

1 Layout OUT+ 2

1 Layout OUT+ 2

2. S2P file for each all 4 paths will be created from ADS

. Layout IN+.S2P
Il.  Layout IN-.S2P

lll. Layout OUT+.S2P
V. Layout OUT-.S2P

TestConX
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Simulation of layout trace with DUT model

1 Layout IN+ 2 . 1L tOUT+ 2
/ Design DUT =i
SIM[ From
1 Layout IN+ 2 designer 1 Layout OUT+ 2

Do not see any effect
of adding layout
traces to Design
DUT SIM. The same
as Design DUT sim
without traces

\

TestConX

m2
freq=300.0kHz
dB(S(4,3))=0.272

m3
freq=000. 3MHz

dBISE,1))=3275|5

=
m1 @
freq=1.000GHz |

dB(S(4,3))=-3.266

Layout Faths Plus Design DUTSIM {2.1) RP o TP path (4,3) RN to TH path
Layoupffgihs Plus Dasign DUT SIM {2.1) RP to TP path (4,2) RM to TH path

E < -
/

dB(S(2, 1))

Bt I

I I I I
g0 Qs 10 15 20 25 30 35 40 45 50

freq (200.0kHz to 5.000GHzZ)

Measurement DUT plus FIXTURE {7.5) RF to TP and (8.8) RN to TH
Measlrsment DUT plus FIXTURE (7.5) RF to TP and (8.€) RN to TN

md
freq=300.0kHz
dB(S(7 5))=-0.276

HE ™6 /\

ma
freq=830.3MHz
dB(S(8,6))=-3.297

REACRp)
dBIS(7 50

ms
freq=540.3MHz
dB(S5(7,5))=-3.258

D

S(7,5)
SES

= | — | I R —
0o as 10 1.5 20 25 30 35 40 45 50
freq, GHz
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The De-Embedding Steps, Summarized

1. Build three PCB fixtures with DUT, open, and short.

2. Measure S-parameters of the open, short, and DUT using your network
analyzer.

3. Convert S-parameters to Z-parameters and remove the series parasitic by
subtracting:

a) Z parameters of the short from Z parameter of embedded DUT
b) Z parameters of the short from Z parameter of open

4. Convert Z-parameters from step 3a and 3b above to Y-parameters and
remove the parallel parasitic by subtracting Y-open from Y-DUT (Y3a —
Y3b).

5. Convert Y-parameter from step 4 above to S-parameters.
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Simulation results for Measured OPEN RP, RN,
TP and TN

£ D'd

0.3
0.2

—me—ee— [J.1 ]

A e, e,

20— o
A0 —
0—,}@@ 0.0 \
MMomam ]
TOUT 014

0.2 \

0.3

A4 i i | i i i i i i
00 05 1.0 15 20 25 30 35 40 45 50

freq, GHz
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Simulation Results for Measured SHORT RP, RN,
TP and TN

i

e o Pt

I I I I I I I I I
0.0 0.5 1.0 15 20 25 30 35 4.0 45 50

freq, GHz

freq (300.0kHz to 5.000GHz)
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Measured DUT+FIXTURE

USB TOP_Port1_RP_Port2 RN Port3 TP Portd TN_0p4V_3VaV

=y

e USB3TOP_Port1_RP_ Port2_RN_Port3_TP_Port4_TN_0p4V_3V3V

freq=300.0kHz 0
dB(S(4,2))=-0.258

m2
freq=820.3MHz
dB(S(4.2))=-3.243

m1
freq=840.3MHz
dB(5(3,1))=-3.258

dBiS(4,2))
dB(S(3.1))

| | | | | | | | |
0.5 1.0 15 2.0 25 30 3.5 40 45 5.0

freq, GHz

=2
]

freq (300.0kHz to 5.000GHz)
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Step3

Convert S-parameters to Z-parameters and remove the series parasitic by subtracting:
a) Z parameters of the short from Z parameter of embedded DUT
b) Z parameters of the short from Z parameter of open

ADS, import Measured Short, Open , DUT+ Fixture measurement and change the format to Z.

a) Zsh = Short measurement

b) Zop = Open measurement

c) Zdu = DUT + Fixture measurement
d) ZduD =Zdu - Zsh

e) ZopD =Zop - Zsh
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Step 3a, ZduD = Zdu - Zsh

4

“TestConX

ﬂZduD = write_snp{Zdul.s4p", Zdiff, "2dul-parameter simulation data™, "Hz", "R, 50)

Modeling Measurement of High Bandwidth Device

B s ZduD
. SPARAMETERS . | , L] |Z=500m
hIZ ... .. . . .= . _DUTMEASZ . - I zcuD =21, 1-Z(12.12)
T A a— o . 7 o
Stp=sGHe - - o [ S l__ng_ T, ZduD 2={Z(1 2JHZ(12.8)) . . .
.Step=10MHz . . . . . . . . MNum=1 - - - . - hoN. MNum=2 F o] er e Snp WI e au a a In O
o .Ez:suonm. L= Z=500MM . . I zcuD13=(Z(1 22012, 1)) —_
il * Fllef'C:\Usérs\2027 2432100 urhents\ADSIA CEVOPENIDATA for YOuDD\DUT 2 sép” T ZuD1 (21 4 Z121T) HZ S Rl R 1
I zcun21={Z(2.1)HZi8.12)) SO after flle IS ertten, Change
Terms oo ZduD22=(Z(2 2))(Z(0.8))
o the format headerto # Hz Z RI
L] |00 I zcuDza=Z(2 2)HZ(8.10)) .
= MY zcunza=zi2 4)-Z(8.11)) R 1 tO use flle as Z data fOrI | |at
A¥ Term 2 cuD31={Z(2HZ10.12)
. Term11
Num =11 M zcunaz=(z(32)4Z(10.))
L £=30 Ohm 2 cuD33={Z(2.2)HZ(10.10)
- —— . . . 7. = 7 IZI
= SHORTZ ZduD34={Z(2 41 Z(10.11))
* Term ¥ Term
Term 12 Term 9 I zcuDa1={Z(4,1-Z(11,12))
Num=12 Num=9
Z=50 Ohm S84 = Z=50 Ohm MYz cunaz=zi2 2)-Z(11.9))
= SNR3 L
L Filer"C:\Users\a02724 33[Documents\ADS\ACE\OPEN\DATA for YduDD\Short_Z.s4p" ﬂZduD‘*‘F[ZHB?HE[ﬂ.ﬂH
_ _ ZduD44={ 2(4 4J)-(2Z[11.11])
+ Term
Term10 Zdif={ZduD 11, ZduD12.2duD 12, ZduD 14, { ZduD21, ZduD22, ZduD2 3, ZduD 24} {ZduD 31 ZduD32. ZduD33 ZduD34) ZduD41 ZduD42 ZduD43, ZduD 447
Num=10
Z=50 Ohm
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Term .

R Step :32b:’ ZOpD = Zop - Zsh

o
Term5.
Num=5
Z=50 Ohm
- @9y | sPARAMETERS . ZopD
= " OPENZ - S
Y o L S faa o
erm . erm - Start=300 kHz - gl 20 D1 =(ZE SR-{Z(1 2,12 't 'II d f It d t 1 t #
e write _snp will default data into
Num =8 Num=7 . Step=10 MHz . Ellzoo o -6y A129) -
Z=50 Ohm L Z=50 Ohm o Qeall 700 O 3= (25 A -T2 T H S Rl R 1
- SNR2 L 001 3=(Z5 E)-E12.1 D)) Z
Jo " Filef"C:\Users\a0272433IDocuments\AD S\ACE\OPENIDATA for YduDD\Open_Z.s4p" T 70001 4=(Z SHHE12.11) S ft fl . tt h
N .Terﬁ i E o pe e e R : g
o zon -2 7-209) the format headerto # Hz Z RI
.;‘fg';ghm FY oo -2 7 Fyrze. 103 .
A S P oorco-z 55,1 R 1 to use file as Z data format
+ ¥ Term W 2o 05 1=(ZF E)HE10.12)
- -Lelrmrn : P zoo oa2-(Z6 THE 10,97
Z=50 Ohm P oo 326 SR 0.1 D))
b - 2o 200 05 4-(26 51210113
= SHORT Z
s Tm : 3 Term Wz ol =25 EHE 1120
- Term12 = : Term 9 2.35342-:157::_:2:11 )
Num=12 Num=9
.| |z=50 onm s4 . = | |z=500m W 200 04326 BN, 105
e e L 1 . . o . o o0 D =25 S, 1
L Filer"C:\Users\a02724331Documents\ADS\ACE\OPEN\DATA for YduDD\Short_Z.s4p"
| ., 'T P00 CoM-{PopD11. BopDi 2.Z0p0H 3 Zopli4}. FopDe1 Zop D22 Zop 00 3. Fopla 4] [20p03 1 2o pD32 Zop D33 Zop D34 1ZopDd 1, Zop D42, FopDu 3 ZopDad |
erm
Term 10
Num=10 20 COMFLE = wite_snp{'ZopD.s4p”, ZopDOH, ‘ZopD-p@mmeter simulation dai”, "Hz", "Rl 510)
| 7250 Ohrh o o o o . o .

| e St Co nX Modeling Measurement of High Bandwidth Device 13 2 0 2 1



Step4

Convert Z-parameters from step 3a and 3b above to Y-parameters and remove the parallel
parasitic by subtracting Y-open from Y-DUT (Y3a — Y3b).

* YduDD= YduD-YopD
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Convert ZduD, ZopD to Y in ADS

« ADS, import modified ZduD and ZopD and change the formatto Y.

{
+ Brm
| R | S-PARAMETERS I Term4
Num=4
Y P Z=50 Ohm
SP1 =
Start=300 kHz e
- ZduD
Stop=5 GHz
Step=10 MHz - —J——|— - T
Tarm1 l_ Term2
Num=1 Num=2
Z=50 Ohm — Z=50 Ohm
= SN
L FileF C \Users\aoz?m ocun nentstADS\ACEVOPENDATA for YduDD\ZduD_modified.sdp”
Term3
Num=3 C A . .
2250 0hm i | S-PARAMETERS T
- " Num=4
= S_Param Z=50 Ohm
SP1
Start=300 kHz =~ | ZopD
Stop=5 GHz =

Step=10MHz =~ '

‘ Term
Termﬂ = Term2
B . . Num=1 . . . Num=2 .
R - . Z=50 Ohm . S4H = . Z=50 Ohm .
U — U - SN

Filef C\Users\al)2724 ccuments\ADS\ACE\OPEN\DATAforYduDD\ZopD modified.s4p"
o Term3
Num=3
' Z=50 Ohm
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YduDD= YduD-YopD

[W%5] sremamerers. | 8 ems:
— —— | Mum=d -
Z=500m .

&P

SErEI00 kH2

U P n Sop=5rGHz -

E}’-.LEE =01, 18,85 seErf-JMHz.
I rduDDiz= (1L ZHYET)
M rduD D=1 2B
E{:LDD‘ 4= {1, HYE 5

* YduD

Terml
Mum=1
Z=500hm ~

Jrmd
Nurm=2
= |7 |z=s0omm -

"Cillsas\alZT 2438 0oruments ADSWACEVOPENIDATA or YduDDRYduDrs4p™

e

W vauD021= (Y2, YT 2) _
duDDE2={v (2 YT T a o ¢ Terms-

E{ o ' R MNur=5

I rduD D=2, YT AN oo | Z=500hm .

T eco0es-029009) L e

"I'érrr.'_’.'
Mum=3 - -
=50 0hm

Rl
MNum=T
"Z=50 Ohriy -

Y vauDD31=(v(2, IHYIES) R BJ O o
Mum=8

I rduDDaz= (Y2, ZHYETY = e 9 Z=50Ohr -
M duDDa= {2, 2R

I duDDa4= V(2. 40BN

Terms -
Mum=5 -
Z=E0 Chm .

"CoiUses'alZr24, ments ADSWACEWOPENIDATA for YduDOWNepD s4p”

Terms:
B YouDD1= (Y14 HYSE) S I T T ¥ o = sy (I e 00 P

2 e 1 Termg& TermT.
Y vouDD42=(v4. ZHYET) Mum=2 Num=7
I ouD D4 3=(vi4, Y5 E)

Z=50Ohriv * Z=50 Ohriv
I duDD44= (4. 4055

g
Il
La =

. YepD

"Cilser a7 24 ment AWDSWACEVIPENDATA for YduDDRYepD sdp”

E}’-:LDDnﬂ"r’-:LDD" SduD012 duDD13 YduDDA 4}, {YduDD2 1, vdu D022, duDO2Z3 YduD D24}, MduD D31, YduD D22, YduDD33 YduDD 34} MNduDOD41 YduD D42 YduD D43, YduDD44Y} - - - - -+ - - - - - 'T;rnf"
Z=500hm .

E‘]’-: uD'DF ILE = write_snp{™duDC.s4p”, YduDD, "duDD-parameter simulstion dats”™, "Hz™, "RI, 50}

write_snp will default data into# Hz S Rl R 1
So after file is written, change the format header to #
Hz Y RI R 1 to use file as Y data format
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Step 5, YduDD to SduDD
S PARAVETERS |

EIE

S_-Param

.8P2 . . . . + Term .
Start=300 kHz Term4
Stop=5 GHz Num=4

" Step=10 MHz ' C 'Z=50 Ohm

+

3= Term : i Term
Term1 = Term2
Num=1 ‘Num=2
Z=50 0hm 54H = Z=50 Ohm
SNR1

Filer C\Users\aO 33\Documents\ADS\ACE\OPEN\DATAfor YduDD\YduDD_| modlﬁed s4p"

P Term

:|Term3 ) . : C

Num=3

Z=50 Ohm /

frrr11 910.3MH \
—21U.aWnz 31NVUSBRPto TP

dB(S(4.2)}=-3.279 . (2] USBRN BTN

Wawyywt

)
E
1)
)
Bl

::...‘m 0—
m2 Zt% 3
freq=920.3MHz ;:; 53 L 1
=- -1 . T
dB(S(3.1))=-3239 1 E ok, F
. =Y —— i
i | e ] I'I
=i 28 =0 g
=300.0kHz 0hn g -
d S(4.2)=0247] QL ¢ S5 _
F e
i
1
i

da
5

J
25
| R A R T T 1
1 -_ ] -_ ] E ] .|.I . L 1

freq (300.0kHz to 5.000GH=)

[=
L=
=

™
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Measured DUT after De_Embedding vs Design
DUT SIM|

| fxy| s-PARAMETERS.

2 [S]Em

. Num=2

J = - Z=50 Ohm'’
£ T

. File}"C\Users\a0 2724 33\Doc umentsi ADS\A CE\OPEN\DATA for YduDDhSduDDusdp™

- Dresign DUT S -
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Measured DUT after De_Embed vs Design DUT

gj; Measured DUT after De-embed

5) Design DUT SIM

We still have
unaccounted lost

of A40 MHz in

RP-TP path and

A80 MHz in RN-

TN path. Where \

that coming from?
N |

1

freq=970 AMHz
GEE(E,E}}:—& 269 o
m2

JB(S(E,5)
dB(S(3, 1)
dB(S(E,5)
dBCS3, 1))

e s e e T R e F e ve LR R s R ]

hibebobd L Lol L Ly

(4, 2) Measured DUT after De-embed
(8,7) Design DUT SIM

BiF
4=
343 m3
14 freg=5950. 3MHz
: ﬁ% IdB{S(8,7))=-3.246
6 28 ma
= o 5= freg=010.3M Hz
e oz 335 dB{S(4,2))=-2.270 -
3 3 g
g:: @
33
253
T | T P RV I gé' T T
ao s 10 135 20 25 30 35 4.0 45 50 oo a 10 1
fraq, GHz freq, GHe
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i i K U!
IdB(S(3,1)=-3.278 /"‘

freq (300.0kHz o 5.000GHz)
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Layout Simulation thru path mesh
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Comparison up to 1 GHz Layout Vs Measured
thru path

(3,1) and (4,2) Layout Sim data, (6,8) and (5,7) NAmeasurement
0.05

ADS o o freq m1-m2

m1 '

freq=1.000GHz 0 nz—_ 1.000 GHz 0.029
dB(S(4,2))=-0.012 -

i 0.00 —: m1

freqg=1.000GHz | 2%~ 7 T

BEE8)=00hsue m2 Layout SIM vs

DBD 004—
- actual Network
-0.06—
| analyzer
-D-“B—_ measurement are
'I:I“:I I | | | | | | I | | | | | | matCh With 0002 dB
0.0 05 10 1.5

are 1GHz.
freq, GHz
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Comparison up to 5 GHz Layout Vs Measured
thru path

(3,1) and (4,2) Layout Sim data, (6,8) and (5,7) NAmeasurement

mé . 005
freq=4.010GHz o
dB(5(6,8))=-0.196 0.00_]
m3
freq=4.010GHz 0.05 freq m3-m4
dB(S(4,2))=-0.030| &&= 4.010 GHz 0.165
O =F ¢
nwo 010
[infiafan}
O

ayout SIM vs actual

Network analyzer

measurement are

match with 0.2 dB

— are 4GHz also our \
interest point is at

-850MHz.

\
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Layout Paths Plus Design DUT SIM vs
Measurement DUT+ Fixture

1 Layout IN+ 2 ) 1 Layout OUT+ 2
/ Design DUT s
SIM[ From
1 Layout IN+ 2 designer 1 Layout OUT+ 2

VS

1ol EVALUATION oW

g MO FEE APPRCNID

.-llw[
|

¢
5
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RP to TP

Measurement DUT plr_lﬁs-BFIX'l'lJHE {7.5) RP io TP, Layout Paths Plus Design DUTSIM {2,1) RP o TP path
aag

me 04
freq=300.0kHz 1i
dB(5(7,5)=-0.276 Er=
m7 24
freq=090. MHz == 32 i
B2, 1)=-3.275 3
: iy \
M. mm —
freq=850. 3MHz =T iggz 1'
dB(5(7,5)=-3.315 56 ca e \
24 5% |
— [ie Q] lll
_?'2_
gg_ T T T [T T T I T T T \
aa as 1.0 135

freq, GHz

freq {300 0k Hz to 5.000GHz)

Where is A140 MHz in
RP-TP path and A170

MHz in RN-TN path
coming from ??7?

Red is Pre silicon data
« Layout Paths Simulation data of the traces plus Design

DUT Sim

Blue is post silicon measurement data
« Using NA, measured FIXTURE + DUT measurement

= ?—"_ ) - 3| h
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RNto TN

Meas uremant DUT 'EJHEI FPCTURE (86) RN to TH, Layout Paths Plus Des ign DUTSIM (4,3)RN o TN path
a

04
o0&

mi0 ETS
freq=300.0kHz B 5
dB(S(8.6)=0258| __ 2:i] mi1
ik 25 36

freq=1.000GHz | @@ 31
dB(S(4,3))=-3 266 ZZ 43 / 1
mi2 5] —_
freq=030.3MHz . i :|
dB(S(8 6))=-2 207 53— @0 \ |

-TE

=50 T T

oa as 1.0 1

ﬁ
Where 1s A140 MHz in v

RP-TP pa‘[h and A170 ¥6q {200.0kHz to 5.000GHz)
MHz in RN-TN path
oming from 77?7

Red is Pre silicon data
« Layout Paths Simulation data of the traces plus Design
DUT Sim

Blue is post silicon measurement data
« Using NA, measured FIXTURE + DUT measurement
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Summary

After taken care of loss due to
the trace, we are still seeing

Design SIM DUT

70MHz lost which are un-
- accounted for. Probe Measured
Next step: investigate on \ DUT + Trace
~ Packaging model of D[/JT Design SIM DUT
> + EM trace

Probe Measured

De-embed DUT +

Probe Measured
/OMHz corresponds to 350fF of extra  Trace

Cap on each side [ input & output].

> — | e St Co nX Modeling Measurement of High Bandwidth Device
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1. Design DUT [ data from Designer]
2. Layout Trace + Design DUT
3. Network Analyzer Probe Data

TestConX

m1
freq=970.3MHz
dB(S(2,1))=3 269
Design DUT
21NTP

(4,3)TN

ma
freq=300.0kHz

dB(S(2,1))=-0.257

m3 m4
freq=930.3MHz freq=840.3MHz
dB(S(11,12))=-3.235 dB(S(7,5))=-3.258
Layout Trace +Design DUT data Probe Data

(M1 12)TP (7.5)TP
9,10)TN (8,6) TN

freq, GHz
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GLOBAL INNOVATION v

Isc Global No.1! Total Test Solution Provider!

ELASTOMET SOCKET & INTERPOSERS

+ High performance and competitive price

* High speed & RF device capability

» Various customized design to meet challenge requirement

POGO SOCKET SOLUTIONS

+ Excellent gap control & long lifespan

* High bandwidth & low contact resistance

THERMAL CONTROL UNIT

* Extreme active temperature control
+ Safety auto shut-down temperature monitoring of the device & thermal control unit

* Full FEA analysis & Price competitiveness

BURN-IN SOLUTIONS

* Direct inserting on the board without soldering

» Higher performance BIB solution

CONTACT ISCHQ ISC International Tel: +82-31-777-7675 / Fax: +82-31-777-7699
ISC CO., LTD Seong-nam, Korea Silicon-valley, CA Email: sales@isc21.kr / Web: www.isc21.kr




The test probe for high signal integr

ty at extremely high speed test

Spring probe by stamping

Free Length (mm)

7.0
6.0 Il
5.0 =
4.0 | =
3.0 I o ‘g g
2.0 | | H [t : £
I [ : 5 ;.% £
1.0 | | EE &% ﬂ | 5 g
4t i ki E = -
| 0 | T i E ” 2
015 0.2 0.25 0.3 0.35 0.4 0.5 0.65 Above

250 kinds of spring probe pin

300 kinds of test socket (44,000 Pin count socket possible)
One piece spring probe

Three piece spring probe

High speed product — 0.63mm free length

spring probe pin available

Finest Pitch — 0.15mm Pitch
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Spring probe by stamping

Automation
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Top Figure: Socket CRES, Force,

\ Stroke test
Working
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Pin assembly and Quality control
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Top Figure: Socket CRES test

Bottom Figure: Data display 5,903

Bottom Figure: Data displayed pins socket
Socket and Lid Pin assembly
(Fully automated machines)
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Spring probe pins for High speed

Extremely short spring probes by stamping
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One piece spring probe
Design approach
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High Performance Probe solution
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