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Agenda

* Why de-embedding?

* 2-port de-embedding

* Mixed mode S-parameters
» Four port de-embedding

* TRL based de-embedding

« Summary

De-embedding Techniques in ADS

Agilent Technologies



Non Insertable Measurements

,—Die—|
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Reference Plane.~ “1— Probe SMA
K y
Ball Pad

Referen;:e Plane

Board Response = Total Response — Probe SMA Response

Require accurate modeling of Probe SMA response
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DUT with Test Fixtures

Requires test fixture: Not a part of the back plane structure

How to remove test fixture effects from the overall measurement?
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Backplane measurements

Test Fixture

Bt . e i LG
Backplane Response = Total Response — Test Fixture Response

Sometimes it is not feasible to remove test fixture effects using
various calibration techniques
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De-embedding Requirements in EM Simulation

Moving Reference Plane

Sometimes it is not feasible to move the reference plane in EM tools.
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What is De-embedding?

“Real” DUT SP = Measured SP - Fixture Characteristic
De-embedding : Negating effects of unwanted portion

De-embedding is a mathematical process that
removes the effects of unwanted portions of the
structure that are embedded in the measured data
by subtracting their contribution.

A
A 4

Input Reflection Coefficient

Input Reflection Coefficient

Requires accurate fixture model

(1.1

* Empirical models from measured data

S(1,1)

» Simulation based models

SMT__no_deembed..S

freq (10 00MHz to 8.000GHz) LG QST G Sbe )

Before De-embedding After De-embedding
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Why use S-Parameters?

relatively easy to obtain at high frequencies

o relate to familiar measurements (gain, loss, reflection coefficient ...)
e Can cascade S-parameters of multiple devices to predict system performance

can compute H, Y, or Z parameters from S-parameters if desired
can easily import and use S-parameter files in our simulation tools
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De-embedding two port network

To de-embed with transfer scattering parameters, the
matrix math is straightforward...
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Order is very important
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Getting DUT data using De-embedding
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Let us build a sample network to demonstrate the de-
embedding process in ADS
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De-embedding Example - DUT
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Test Fixture plus Connector
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Using 2-Port ADS De-embedding Component
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Backplane Performance Evaluation

' Backplane and
Daughter card

Fujitsu
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The Simulation Circuit Problem
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Solve the Problem with De-embedding

block

SMP
File="Four Port Zbxy Al Measured 01.chi"

D/C

LIEEmaeds
SNP3
File="F:\usersideembeding_pridataDLOVDLD_S12.ct

File="Four_Port_2bxy Al Measured_01.ct"

Term "i Term /4“' B = ‘\ "'k Term B 12::24
Term3 Terrm1 e _l'_ N Term2 g Mum=4
Num=3 Num=1 .~ AN Num=2 Z=50 Chm
e % =g = = ;T ML2CTL_C = N % SN
= / L CLint K = -
_i:_ ) 5 Dé'embedlé Length=11500 mil \ a _i_ —
~ _L sNP4 | [ie)
=/ ! [ =]
'é)' — 1 B
<! f L 8
S ! Hw] ! [ g
& : v Q
vy | i
g .-' Lz
S . )
S | ! =2 D/C
g - . L &
S Effect of SMA’s reméved by de-embedding. vl
— ! ':
- ~ ! P -~
T)SMA "
S i / SM \
% : ) \
- \ : ! g \
o ! =
e ! . I : |
I ’ N
Connector L —— e —— L 3 Connector y
4” Trace, = » X Trace (4” or 10”) a4 Trace

: Agilent Technologies

ve-embedding Techniques in ADS




Simulation vs. Measured Data
( Only two port de-embedding element was used)

Teradyne 18in at 2.5GHz

Teradyne 18in at 3.125GHz
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Four Port Measurements

Four Port Fixture: Four Port De-embedding

Differential to
common-mode
conversion

Test Board To Be De-embed
Differential Pai

Differential-  Common-mode
mode signal signal

VAVARRVAVA
Wy VI

DUT Reference Plane

Measurement
Reference Plane
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Single Ended Simulation of Differential Pins
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What is Mixed Mode S-parameters?

Nodal S-parameter
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Mixed Mode S-parameter
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Driving Mixed Mode S-Parameter from Single
Ended Measurements

e
)
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Direct Mixed Mode S-Parameter Simulation

Advantage — Mixed Mode S-Parameter Optimization
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Connector With Fixture Model
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Using ADS Four Port De-embedding Component

Accounts for coupling between feed transmission lines
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De-embedding Components

Standard de-embedding components in ADS

*One Port de-embedding

« Two Port de-embedding

New standard de-embedding components in ADS2006A

Aggressor and Victim differential pair characterization requires

mUIti'pOrt De-embedding -_—

« Four port de-embedding = —=—

* Six port de-embedding
» Eight port de-embedding

» Twelve port de-embedding

Requirements:

Measured/Simulated S-parameters to be available
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Test Cases?

G i

Fixture S-parameter cannot be obtained directly?

Can one use TRL calibration standards?
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TRL measurement based De-embedded
Component

 Used when the test fixture S-parameter response is not available
- Ability to fabricate test fixtures and calibration standard

- Test fixtures are created using the same feed line structure as in the TRL
standard.
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DUT & Fixture/Calibration Kit

TRL
Calibration Kit DUT Board

Material - FR4

Er=4.2

Thickness=0.6mm
s=  Tand=0.025

TTTTTTT _ i T=18[mm] (Metal Thickness)
8=  S=5.8*107[S/m](Conductivity)

TRL calibration standard.
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i LineCalc /untitled o [=] B3]

Design of TRL Calibration kit

Thru % W
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Freq 10,000 GHz -] E_Eff 51.312500 deg
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(Open is more suitable than Short)
] *Red line is reference plane of DUT
Line Line

Length of Line must be determined by frequency range I”mmm

20deg < f < 160deg

—

* This condition must meet on both Common/Diff modes
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Why ADS based TRL De-embedding?

coupling not
accounted for

Some test fixture might have significant coupling.

How one can account for the coupling effects?
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Custom De-embedding using TRL Calibration

Standards

DUT with “Coupled” feed lines

=]

DUT

Feed lines can be
Asymmetric

.
4-port De-embedding
Term1 Temd
Hum=1 Nutm3
Z=50 Chrm Z=50 Ohm
— Temd

@Tr-mz ey sep=15 GHz Mur=4
Num=2 vel_gosfl_dug=-1 =50 Ohm
I=50 Ohm ral_coafl_ofidiag=-1 -

N A =

| i) | S.PARAMETERS I

sM

Start=l & Gz
Step=15 GHz
Step=0101 GHz

Our “New” 4-port De-embedding model
created using C code

Custom solution- Noft available as standard

feature of ADS
Contact EEsof for details

*Can not use TRL on Si Substrate
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“New"” 4-port De-embedding verification results

Comparison between De-embedded S-parameters & DUT without
feed lines.

. y
7
! »

Sde_wo_ked(1 1)
STRLA )

T T
ERR R T A S 1

teq,0Hz
¥ (500.0MH 210 15006H 2) Fe(S000MHE b 15 006Hz) “DC" teaGHz

"DD"

o0
1]
|
100 -
| :
o i G
! = 13
el el < o
1] ¥
g5 o
1]
10—
o
T T T T T

T T
]

iz &
3 g 5=
o sa 85
S 5 £
24 o 5
£ il

T T " — 1
LI A I BT T R N
¥ (S00DMHZ 1 15 00GHZ)

Teq,GHz
ool (SO0DMH 210 15.00GH2) ¥eq,GHz

w /f\

So_o_sedd1 1)
STRLGD)
i
Ses_wo_ted(11)
SRS
|
X
PN b

PERT BT T R B S

.
cer .
¥ea(S000MH 2 015.006H2) "cD" req (5008M Hzh 15000H2)
150, /\
i 2 L he
= £ 3E
5 3
S S L T T | !
gy e e e e |
] e e

feq,GHz

2 types of S-parameters are completely identical!!

De-embedding Techniques in ADS




Compare to ADS model

dB(S(1,2)[0::10::1000])

dB(diff_meas_deembed..5(1,2))
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Conclusion

« Demonstrates the use of ADS for a typical S| problem
 Provide powerful measurement based modeling
* ADS De-Embedding capabilities

« Two port de-embedding

« Powerful Multi-port de-embedding essential for bus/ differential bus
( one pair, two pair, & three pair) =m—m—m—m—mmmmm————=

 TRL calibration based de-embedding

* ADS has been used for Sl design for over 20 years

« ADS has a multitude of accurate built in models

» ADS allows you to build accurate physical models

« ADS brings IP, simulation and measurement together

Questions?
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