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Fixture removal has come a long way

ISD

Impedance corrected de-embedding
Adjust for impedance variation between fixture and cal structure
Remove causality error in DUT results
2x thru or 1x open/short de-embedding
Arbitrary N-port de-embedding
Narrow-band de-embedding (for waveguide)
De-embed N ports from M ports (for devices)
De-embed via, socket or package
De-embed pair-to-pair crosstalk
De-embed mode conversion
Fixture has large impedance discontinuities
Fixture is much larger than DUT

TRL

2X thru
Port
Extension
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Outline

" What is causality

= What is In-Situ De-embedding (ISD)

= Comparison of ISD results with simulation and other tools

= How non-causal de-embedding affects connector compliance testing

" How to extract accurate PCB trace attenuation that is free of spikes
and glitches

" How to extract a PCB's material property (DK, DF, roughness) by
matching all IL, RL, NEXT, FEXT and TDR/TDT of de-embedded PCB
traces

= New "“Smoothing” feature for better accuracy to higher frequencies

= Automated PCle 5.0 and ccICN compliance testing
ataitec
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VNA and S parameter

= Vector network analyzer (VNA) is an equipment that launches a
sinusoidal waveform into a structure, varies the period (or
frequency) of waveform, and lets us observe the transmitted and
reflected wave as “frequency-domain response”.

" Such frequency-domain response, when normalized to the incident
wave, is called scattering parameter (or, S parameter).

S11 .

S (dB)

T (period)
f (frequency) = 1/T

v | —— 311
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What is S parameter

" For an n-port (or I/O) device, S parameter is an n X n matrix:

S S8, S5 -8

* ~ln

S21 S22 S23 S2n

S, 8, 8,58,

= Sjj is called the S parameter from Port j to Port i.

n

"= Sij has a unique property that its magnitude is less than or equal to

1 (or, 0 dB) for a passive device.

<1

ij

S; (dB) = 20 x log,|S;| < 0 dB
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What is a Touchstone (.

= S parameter at each frequency

sNp) file

is expressed in Touchstone file

format.
in GHz in dB and Reference

\ S param phase angle impedance
| /

! Total/numng/of por = 4

! Total/ numbér of fréquency points = 800

# GHZ S DB R 50

0.025 -36.59296 48.77486 -41.40676 79.91354 -0.08648679 -6.544144 -49.50045 -105.618
-41.39364 79.94686 -36.35592 51.52433 -49.4886 -105.5124 -0.09038406 -6.527076
-0.08421237 -6.537903 -49.44814 -105.644 -36.0317 49.60022 -41.37105 79.91856
-49.44393 -105.8186 -0.09834136 -6.542909 -41.36758 79.9318 -36.05645 48.98348

0.05 =-32.22576 48.03161 -35.59394 74.15976 -0.1277169 -12.82876 -43.90183 -112.0995
-35.58736 74.16304 -32.12694 50.92389 -43.90926 -112.0764 -0.132402 -12.7985
-0.1242117 -12.82302 -43.89 -112.0248 -32.10987 50.3115 -35.56998 74.078
-43.88424 -112.0517 -0.1381616 -12.80199 -35.56758 74.06782 -31.94136 50.49276
-29.88861 42.02766 -32.19713 68.06704 -0.1589249 -19.05252 -40.67476 -118.8188
-32.19116 68.0941 -29.7086 45.41557 -40.63857 -118.837 -0.1635606 -19.01593
-0.1603356 -19.0376 -40.63557 -118.8543 -29.89064 47.63852 -32.16917 67.94677
-40.65711 -118.8021 =-0.1737256 -19.02956 -32.16865 67.93389 -29.65444 46.15548

\

Frequency in GHz

S11, S12, ..., S44 in dB and phase angle
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What is causality

cau-sal-i-ty

/kd ' zaledé/

noun
1. the relationship between cause and effect.
2. the principle that everything has a cause.

In other words:

Can not get something from nothing.

ataitec
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How to identify non-causal S parameter

" Convert S parameter into TDR/TDT.

0

S (dB)

A0 A

[f_\;

ol |
: i | —— sDD11

-40 : :
0 5 10
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" Check phase angle.

15

20

=

S Phase (degree)

Response before time
zero* and/or after DUT is

non-causal.
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Why does S parameter violate causality

" Measurement error (de-embedding), simulation error (material
property) and finite bandwidth of S parameter all contribute to non-

causality.

= Kramers-Kronig relations require that the real and imaginary parts
of an analytic function be related to each other through Hilbert

transform:
Y(0)= ¥, (0)+ /¥, (@)
¥ (0)- % P v, ()

¥, ()= —%P [ %dw'

do'

w—Q
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What is de-embedding

®" To remove the effect of fixture (SMA connector + lead-in/out) and
extract the S parameter of DUT (device under test).

_—\_ f
s’ 4 putr —
# ¥h
I \\<
/ // \ to VNA
lead-in trace test board lead-out trace

=
SMA DUT
__/_
_fﬁ /
/ /
lead-in trace test board

10

« The lead-ins and lead-outs don’t need to look the same.
« There may even be no lead-outs (e.g., package).
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Why do most de-embedding tools give causality error

" Most tools use test coupons directly for de-embedding, so difference
between actual fixture and test coupons gets piled up into DUT

results.
L A B 4 C
_% f_ [%:F]
DUT L
s B=| — \—
B Test coupons

Phantom limbs* due to
difference in fiber weave,
etching, soldering, ...

m 7 our

A+B-C

______

* http://www.edn.com/electronics-blogs/test-voices/4438677/Software-tool-fixes-some-causality-violations by Eric Bogatin
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What is In-Situ De-embedding (ISD)

Introduced to address impedance variation

= ISD uses test coupon (V2x thru” or “1x

Open / 1X Short,,) aS refe rence and de- nISD by AtaiTec (www.ataitec.com) — x
em bed S fl XtU re ’S a CtU a | I m ped ance Sitools PlotSparam Plot TDR  Configuration Run  Help
through numerical optimization. In Situ De-Embedding 2ors a3

Optional

Scaling for lead-in flight time

= QOther tools use test coupon directly for
de-embedding and give causality error
when test coupon and actual fixture
have different impedance.

1bed GHz
! Smooth DUT ripples
s i

O None @ Left @ Right

= ISD addresses impedance variation gt F— i
between test coupon and actual fixture et L] e g g
through software, instead of hardware, N DFFrractomSoneon Tt Dt

improving de-embedding accuracy and
reducing hardware cost.

. ataitec
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What is "2x thru”

= "2x thru” is 2x lead-ins or lead-outs.

=l

=
SMA DUT
__/_ x_
/ / \
lead-in trace test board lead-out trace

_%:F
1= =

2x thru for lead-ins

2 sets of "2x thru” are required for asymmetric fixture.

="
N\

2x thru for lead-outs

13

ataitec

www.ataitec.com



What is “1x open / 1x short”

= "1x open / 1x short” is useful when “2x thru” is not possible (e.g.,

connector vias, socket, package, ...).

SMA

B\
-

R B
DUT
_—/_ —
_fﬁ / |
/ / \
lead-in trace test board lead-out trace
= :F
il —
= :&
_—/_
1x short 1x open

1x open

-~
%

1x short
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What is “1x open + 1x short”

= "1x open + 1x short” can be equated to effective* 2x thru.

—% + _% :||> —%:F—
:f :f 1= =1
1x open 1x short Effective 2x thru

(PMC) (PEC)

2x 2x open short open _  cshort

[S]2x . Sll Slz _l Sll +Su Sll S11
2x 2x open _  cshort open short

S12 Sll 2 Sll Sll Sll +S11

* C.C. Huang, "Fixture de-embedding using calibration structures with open and short terminations,"
US patent no. 10761175B2, Sep. 1, 2020.

ataitec
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ISD advantages

ISD

Others

Accuracy

Accurate and causal DUT results. Easier to correlate with simulation,
improving design and time to market.

Artificial ripples in S-param; non-physical TDR/TDT before and after DUT.
Difficult to correlate with simulation, resulting in long design cycle.

Cost saving

Saves hardware cost because inexpensive test fixtures with large
impedance variation can be used.

Requires expensive test fixtures to tighten impedance variation.

Precise qualification in meeting compliance spec. Avoid components
from being thrown away by mistake.

Good components may fail compliance spec because of de-embedding
error and get thrown away by mistake.

Technology

Uses impedance corrected 2x thru or 1x open/short to de-embed
actual fixture impedance

Uses 2x thru or 1x open/short to directly de-embed fixture, resulting in
causality error.

Capabilities

Able to de-embed arbitrary number of ports. No

Able to de-embed n ports from m-port structures (n<=m and n, m are No
arbitrary). Essential for RF and MEMS devices.

Able to de-embed mode conversion No

Able to use single line to de-embed crosstalk No

Able to de-embed longer or shorter than existing test coupons No

Automatic de-skew No

Creates effective 2x thru from 1x open + 1x short No

Extracts small DUT from a large board

Error is extremely large if DUT is much smaller than test fixture.

De-embeds asymmetric structures

Claims to be able to de-embed asymmetric structures but assumes IL to be
identical on both left and right sides of test fixture.

* See https://ataitec.com/docs/ISD advantages.pdf for a complete list.

16
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Why ISD is more accurate and saves $$$

TRL calibration board ISD test coupon

= More board space - Multiple test coupons are required. ® Only one 2x thru test coupon is needed.
= Test coupons are used directly for de-embedding. " ggsg r%obue%%r;nis used only for reference, not for direct
= All diff_elrgnce _bethleJ[Il actu?l fixture and test coupons = Actual fixturegi.mpedance i« de-embedded
gets piled up into results. - .
z Exphensive|SMAs, board matel('jials (Roger) and tight- - érggﬁi%%nié\fgrgrés&abﬁ%red unswgéerials (FR4) and loose-
etching-tolerance are required. - .
= Impossible to guarantee all SMAs and traces are identical = ECal can be used for fast SOLT calibration.
~ (consider weaves, etching, ...) _ = Reference plane is in front of SMA.
= Time-consuming manual calibration is required. . Bﬁ}e?be%d(ig%,&e?UigeﬁA%any twﬁ itnDUtffileS: 2x thru and
= Reference plane is in front of DUT. oar -1o- ouchstone Tiles.
= Both de-embedding and DUT files are provided as outputs.
atattec
* TRL = Thru-Reflect-Line 17 =
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Example 1: Mezzanine connhector
ISD vs. TRL

= In this example, we will use ISD and TRL to extract a mezzanine
connector and compare their results.

To be de-embedded

SMA Mezzanine
connector
(DUT)

*Courtesy of Hirose Electric

ataitec

www.ataitec.com
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DUT results after ISD and TRL

Which one is more accurate?

"= TRL gives too many ripples in return loss (RL) for such a small DUT.

IL (dB)
RL (dB)

[~
Non-causal
ripples

FEXT (dB)

ataitec
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Converting S parameter into TDR/TDT shows non-
causality in TRL results

12 T T
e
0.8 Prf" ..............................
e ER R EECEEEEEEEEEEEEEEEEEEE =
= : =
st REEEEEEE S LLEEEEEEE AL EELLEEEEEEEEEEEEY T
?
02f----1- St RRRR R e L L L L LR LR
[
’ {
g_l\_,:;l ........................ — 15D
Noo — TRL
0.2 ’ -0.05
1 0 1 2 3 4 -1 0 1 2 3 4
Time (ns) Time (ns)
T 0.01 :
; 0.0 |- W
= : = 002} N
o i o
= : =
= ! e 003 g oo NI ----------
| Non-causa |
= ; ) SO R R R L L R LR RE R ELEEEEER
005 f--------4- Tr -------------------
“0.06 f-omme e s — 8D
: : — TRL
0.05 : -0.07 :
1 0 1 2 3 4 - 0 1 2 3 4
Time (ns) Time (ns)

Rise time = 40ps (20/80)
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Zoom-in shows non-causal TRL results in all IL, RL,
NEXT and FEXT

" TRL causes time-domain errors of 0.38% (IL), 25.81% (RL), 1.05%
(NEXT) and 2.86% (FEXT) in this case*.

)
10
4}( T T T T T 0.06 T T T T T
— : ' ' N i Non-causal : .
31 1SD e 0.05 1 ISD onzcatzal. * The percentage is
—— : larger with single-bit
£ R R \P=Sroibasioprisy i b e A i response and/or
Y S e Y L U A 0 O B faster rise time.
N S YA VAR T
5 X ; N r
-3 ‘ i i i i -0.02 ' : ' :
1 08 06 04 02 0 0.2 1 08 06 04 02 0 02
Time (ns) Time (ns)
x 10 : x 10

U S - / 2

NEXT (valt)
FEXT frolt)

iNon—ciausaI
: . . ' B TRt PEFEEErS FEEEEEEE
- S S U SR N sy -y | — 15D || Rise time = 40ps (20/80)
i i i D ——TRL ——TRL}|: : : :
A : : : : : 3 : : : : :
-1 -0.8 -0.6 -0.4 -0.2 0 02 -1 -0.8 -0.6 -0.4 -0.2 0 02
Time (ns) Time (ns) ataltec
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How did ISD do it?

®" Through numerical optimization, ISD de-embeds fixture’'s impedance
exactly, independent of 2x thru’s impedance.

75 ; , , . 75 : ; . .
' : Total fixture (T11) Total fixture (T11)
[ R I 2xthru (T11) [ 7] [ R I Removed by ISD |
e e & RSN N N— e e A S —
E ol i ()i TDRfrom left | Eol i ()i ~ De-embed |
= s | s | < ] 7 tHom left
1) SR R . S foneeeeee foceeee 1) SR [RRR 7. (U foneeeeee foceeee
50 Jro R e 50 “r """"" T T
45 + H H H 45 + H H H
2x thru and p 2 3 4 -1 0 1 2 3 4
fixture have Time (ns)
different : : 75 T : : .
impedance. Total fixture (T33) Total fixture (T33)
2x thru (T33) . ALl FTTReT " Removed by ISD |1
S N 65

60

i
'O
e o R
=
e
=t
__:_:.___
\Qa
s
=

Z (Ohm)

B S — 65

Rise time = 40ps (20/80)

e 50

45
-1

ataitec
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TRL can give huge error in SDD11 even with less than

5% impedance variation*

* See previous slide.

= ISD is able to de-embed fixture’s differential impedance with only a

single-trace 2x thru.

108

106

104

102

SDD11 (dB)

100

ZOD11 (ohm)

98

— Fixture+DUT

Removed by I1SD

0 1 2 3
Time {ns)

1] S —

94
-1

Frequency (GHz)

23

ZOD11 {ohm)

TRL gives more
than 100% error
due to causality
violation.

108

106

104

102

100

98

96

94
-1

Time {ns)

Rise time = 40ps (20/80)
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Example 2: Mezzanine connhector
Extracting DUT from a large board

= TRL is impractical for de-embedding large and coupled lead-ins/outs.

%
.
&

. _
- 1 Mezzanine
connector

(DUT)

Fixture DEMO DC2H

2x thru
(12" total)

ataitec

www.ataitec.com
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ISD can use a .s4p file of 2x thru for de-embedding

= TRL would have required many long and coupled traces.
= “Tool A” gave incorrect results.

0 0 0
: ' ! N A
AD femmmmmmnnerd e S hasozose oo
: 5 ; T o T AQ frmme et
211 ) Y S R T ¥ S— Y PE—
i — e Bl TP
— | J bl e mui 1) % - - ; %
S 4 i s S o P S =P
O : : : 0
@ ' ‘1 l“|i‘lll|lli % ' : %_25
40 f}:H- -+ —— S11 (2x thru) T .
ol . L | T Stz{axthu) o1 — DuTafterTool A | T 1 | ~{[——Fixt=DUT
] : : S13 (2x thru) —— DUT afterISD | 35 . ...... |-l —— DUT after Tool A |
j | [ S14 (2x thru) 2x thru : :| —— DUT after ISD
-60 . L L 1 R i : ; 40 | i T
0 5 10 15 20 20, 5 10 15 20 0 5 10 15 20
Frequency (GHz) Frequency (GHz) Frequency (GHz)
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ISD can even use a .s2p file of 2x thru to de-embed
crosstalk...

" And the results are similar!

0 0
: ; .
e R T : .
5 ; ! e TIy SERR 200, -
20y A A A 5 PRT NS SRR A WY AN WY
g 1 'y 1 ¢ = = a e e
= -30 ' R LY || i | |:> o = 20N
w : ‘ ‘ -] -] : ‘ ‘
. . . [ = . . .
- - - 77| PSSR SR WA SRR S Y RIS S | S
ndl B | A 1 I A A ? ? E E E
i | ! - - , | T I S i e
B0 rp--mmmme ke 511 (2x thru) ] -5 —ISD using .s4p of 2x thru |-7------- . el [ i | ——1SD using sdp of 2x thru |.
' i | —— 512 (2x thru) — I1SD using .s2p of 2x thru | : t | ——1sD using .s2p of 2x thru
E0 H H " 6 H H H A0 H T T X
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Frequency (GHz)

Frequency (GHz) Frequency (GHz)
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ISD allows a large demo board to double as a
characterization board

= [SD de-embeds fixture’s impedance regardless of 2x thru’s
impedance.

= “Tool A” gave causality error before and after DUT.

115 T y : T T 115 T T : T T 115
o PP I N N S A
E 105 beceeeenid oot
= 105 £ 105penenes
£ =3
S -
~ 100 8 100 et el AT
[
Y DU | | S ! ! ! | Y DR | ! ! ! ! | S p—= '
——— TDD11 (Fixture) ——— TDD11 (Fisture) # ! i : Eﬁfgg%ol A
—— TDD11 (2 thru) —— TDD11 (Removed by ISD) | DUT after 1SD
90 : : ' ' ' 90 : ' ' ' ' 90 i i i : :
-1 ] 1 2 3 4 5 -1 0 1 2 3 4 b 1 0 1 2 3 4 5
Time {ns) Time (ns) Time (ns)

ataitec
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Example 3: USB type C mated connector
ISD vs. Tool A

= Good de-embedding is crucial for meeting compliance spec.

- 2x thru
-

DUT

Fixture

ataitec

www.ataitec.com
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DUT results after ISD and Tool A
Which one is more accurate?

= “Tool A” gives too many ripples in return loss (RL) for such a small

DUT.

IL (dB)

NEXT (dB)

-20

55

-60
0

________________________________________

________________________________________

{ = SDD12 (after ISD)
— SDD12 (after Tool A)

_______________

5 10 15 20
Frequency (GHz)

— SDD13 (after ISD) ||

_________________

— SDDA13 (after Tool A)

5 10 15 20
Frequency (GHz)

RL (dB)

FEXT (dB)

Non-causal ripples

__________________________________

_____________

..................................

..........................................

— SDD11 (after ISD) |
— SDD11 (after Tool A)
I

_________________

5 10 15 20
Frequency (GHz)

-----------------------------------------

_____________________

- '
[N Sy e NEPRPRRNN L TR SN [ MO Ny ——

I 0

L’ '

' '

' '

' Y '

' '

' '
____________ -

' '

' '

' '

' '

' '

' '

'

""""""""" —— SDD14 (after ISD) ||
— 5DD14 (after Toaol A)

5 10 15 20
Frequency (GHz)
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Converting S parameter into TDR/TDT shows non-
causality in Tool A results

" Counter-clockwise phase angle is another indication of non-

causality.

S (dB)

(degre

3 Phase

Sowd---------f-----f - - -
apllo b — SDD11 (after ISD) |
— SDD11 (after Tool A)
-40 ; N n T
0 5 10 15
Frequency (GHz)

200
160 f-----
100 f-----
50 f----- K '

100 H--- g | SR ERVANIE
50 LN .i. [/} —— SDD11 (after 1SD)
: —— SDD11 (after Tool A)

_200 L L 1
0 5 10 15
Frequency (GHz)

20

S

Z (Ohm)

Counter-
clockwise

30

Non-causal

85 p-etemoooom el 7DD (after 1SD)
: i | = TDD11 (after Tool A)

-0.5 0 05 1 15 2

80
-1
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De-embedding affects pass or fail of compliance spec.

= ISD improves IMR and IRL (from compliance tool).

ISD
Yalue
(Pass/Fail)
ILfit®2.5GHz 04
ILfit@5.0 GHz 06
ILfit@10.0GHz 0.8
IMR 7] @
IRL N\l-23.2
INEXT 415
IFEXT 492
SCD12/5CD21 23
\ =
SN R
Vom
i |
IL RL

Tool A
(Pass/Fail] Spec
ILfit@2.5GHz 0.4 -0.6
ILfit@5.0 GHz 06 -0.8
ILfit@10.0GHz 0.9 -1.0
IMR 437 -40
IRL 20, 18
IMEXT 415 44
IFEXT 493 44
SCD12/5CD21 232
= A N
‘ ~¢\| I FAIL
IL RL

31
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Example 4: Resonator
ISD vs. Tool A vs. simulation

= Good de-embedding is crucial for design verification (i.e.,
correlation) and improvement.

2X thru

feed line feed line

ataitec
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ISD correlates with simulation

Good correlation is crucial for design improvement

SDD11

Illulllfwf"r

|

il

| W,

f'l “J 1

M

A

Yellow - After Tool A

ataitec
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Example 5: IEEE P370 plug and play kit

Using 45 ohm 2x thru to de-embed 50 ohm fixture*

MI1

2x thru

1.85mm M/M + M/F Adapter

MI6 oxp 3.1.1
(50 ohm)

1.85mm M/M + M/F Adapter

exp 3.1.2
M1 (50 ohm)

FIXTURE A

exp 4.1.1 6 cm microstrip FIXTURE B
(DUT)

Inaccurate RL is not
suitable for DK/DF/SR
extraction.

512 (dB)

-10

-35

=400

a 20 40

Frequency (GHz)
ouT

Tool &
j={n]

Criginal

* To mimic possible PCB impedance variation

ouT

0

_2 T
-.d. .............................................
_E ............................................
gt Orgnal | i
A0k Tool A Lo

—— 13D :
12 ' .
0 20 40 B0

Frequency (GHz)

34

ouT

1.4

512 (dB)

P A _________ /

non-causal ripples

Criginal
Taal A

711 (ohm)

12 14 16
Freguency (GHZ)

18 20

DUT; Rise time (20/80) = 50 ps

T

Original
Toal A
non-causal 5D
-1 n 1 2 3
Time (n=)

ataitec
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2x thru vs. fixture impedance

= ISD de-embeds fixture’s impedance, not 2x thru’s impedance.

reference
. plane
! “iewed from the left side

Z11 {ohm)

M m

Z11 {ohm)

ataitec
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Example 6: PCB trace attenuation

ISD vs. eigenvalue (Delta-L)

" De-embed short trace ( + launch) from long trace ( + launch) to get
trace-only attenuation.

L

! | SHORT |

! I—LONG

I—DUT = LLONG - LSHORT

De-embed

36

De-embed
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Eigenvalue solution: not de-embedding
For calculating trace attenuation only

= Convert S to T for short and long trace structures

= Assume the left (and right) sides of short and long trace structures
are identical

= Assume DUT is uniform transmission line
®" Trace-only attenuation is written in one equation.

— Ta T :l For uniform transmission line:
T,
e’ 0 -1
|| TDUT =P- ( )- P
S Ta Tour Te ﬂ +FI
: | ()
|| 5 5 Let TZ Tl —

{a+r:i}+a{a d) “+4bc
T, =T, Tg —> A 3
T, =Ty Tpyr-Tp

dal propagation
el e eigenvalue MO
|:> LTy =Ty Tpyr Ty constant

ataitec
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Case 1: 2" (=

7"'-5") trace attenuation

Eigenvalue solution is prone to spikes

SDD12 (dB)

(ps)

Phase Delay

0 A : . Spikes are due to assumptions of
_ j j identical launches (T, and T, ) and
| =3 = e "y . : . .. .
PR | , uniform transmission line (Tpz).

-----------------------------------------------

[£%]

[431] %]

SDD12 (dB)
w

— Eigenvalue | —— Eigenvalue

3511 —— 19D (2ref=89.37 ohm) [T T ——— 1SD (Zref=89.37 ohm)
A H H H 15 H H H H
0 10 20 30 40 10 " 12 13 14 15
Frequency (GHz) Frequency (GHz)
H ' H H 319 ! T T T
3205 - re e oo . 21189 i — Eigenvalue
Err N N S S L i : — ISDI(ZrehBQ_?Tnhm}
: : : : — MBe A
3198 M- -r e T 2 : ' :
1 S N A SR i R Tl SR - A
| | | 2 N |
MBS R ARREEEEEEEE 7 |:> L ) e ECL L L EERCEET SUEIY SERERELE
I ' ! m H H 0
318F """" CoT i o K T T T AN T CLCEeRE
75 H —— Eigenvalue g 3184 ﬂﬂ
3T — 18D {Zref=69.37 ohm) |------------- - + : : : :
’ = = = 318.3 : ' ' '
0 10 20 30 40 10 11 12 13 14 15
Freguency (GHz) Frequency (GHz)

ISD’s spikes-free results help DK and DF extraction later.

38
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One click compares ISD with eigenvalue and more...

Run

Help

Split 2x Thru only

Extract DUT

Batch mode

Eigenvalue (Delta-L) method
Compare ISD with Eigenvalue

Renormalize and deskew DUT

Material Property Extraction (MPX) One C_”Ck
does it all

Spikes are due to

assumption of uniform ~

transmission line (Tpyt).

SDD12 (dB)

buT

: ' : Division . .
0.5 - vedeneees feeeed — Eigenvalue {----- Direct dB subtraction
: : —— ISD (ref 100 ohm)
— ISD + Eigenvalue --
| —1SD (ref 89.37 ohm)

11

Eigenvalue of ISD results

SDD12 (dB)
[3%]

.......................................................

; Renormalize ISD results
PR AR by trace impedance

L (] . (automatically calculated)

P IS RS O S -
Y SURNS & S ORGSO N S
35 Z Z : :
o : : .
oY | i
_4 1 1 1 1 1 1 1 1
0 5 v 10 15 20 25 30 35 40
“ Frequency (GHz)
|
\
T T T
Eigenvalue

— ISD (ref 100 ohm)
— 15D + Eigenvalue
— ISD (ref §9.37 ohm)

____________________________________________________________

Frequency (GHz)

Spikes are due to assumptions of
___identical launches (T, and Ty ) and
uniform transmission line (Tpyr)-

ataitec
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How to define trace impedance
PCB trace is non-uniform transmission line

= Define impedance by minimal RL*

____________

ST s11) . C s22 g
)\ 2 %Z

< T,

- )
Minimize:
102

o= [ IS O + S (Y Fwlr Y ar
sin(#/7,) _sin(7;)

Zref=100 ohm |
Zref=89.37 ohm

w(f) = 3
T, T, z
i
* ], Balachandran, K. Cai, Y. Sun, R. Shi, G. Zhang, C.C. Huang and B. . L ) p——reo—]
Sen, “Aristotle: A fully automated SI platform for PCB material | || —— 71ef=89.37 ohm
characterization,” DesignCon 2017, 01/31-02/02/2017, Santa Clara, CA. 8 5 iz ; T
Time (ns)

ataitec
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Skewless de-embedding

" Pad ideal transmission line to de-skew.

SHORT ! 2
(with skew>0) 3 4

LONG

(with skew<0)

4

@ De-embedding

Skew<0:
DUT skew is worse when long and
short diff pairs have opposite skew

DUT

De-skew

=

1

41

/

/

ideal
transmission
line

2
4

De-embedding

Skew=0

ataitec
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ISD optionally automates de-skewing of raw data

SHORT (deskewed)

530

580 -
W W .
= =
= 978 & 575}
i a '
[ [
2 2 |
5 570 5 570 1

565

565

Frequency (GHz)

LONG (deskewed)

1390 ———————— —_— 512 1330
1380 i ___________ é ________ — 534 _;_ 1380
w 13704 ' b e w 1370
L}‘; 1360 0 SkeW=-10.31pS ________ = 1360
@ H \ . H ™
s :
o 1350 f- &g o-i--- beeeoneees T {5 1350
@ : ; : @ 1340 k- - - O T
g 1340p--- e rte e & T : : :
1330 -oooee o —— : 1330}~ Deskew -~ e . :
1320 f-----nnnnnm e e bemeennes ; 1320 f--nnnmnmeee boemeneaens boeeeneaans boeeeees '
0 5 10 15 20 0 5 10 15 20
Frequency (GHz) Frequency (GHz) Frequency (GHz)
LONG=8"
42 SHORT=3" ataltec
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Case 2: Extracted trace attenuation can be very
different with or without skew

SOD12 (dB)

_______________

Skew=-12.24p

________

_______________

["| — Eigenvalue {with skew)
— Eigenvalue {without skew)

1
____________

— ISD (without skew)

0 5 10

15 20

Frequency (GHz)

FPhase Delay (ps)

DuT

7aaf

=]
(==
L=

s

7o

765

— Eigenvalue {with skew)

i | = Eigenvalue {without skew)
V| IS0 (without skew) '

-3

-3.5

4

SDD12 (dB)

4.5

-5

— Eigenvalue {with skew)
— Eigenvalue {without skew)

5.5

— ISD (without skew)

10

11 12 13
Freguency (GHz)

14

Frequency (GHz)

Eigenvalue solution has a dip at the
frequency of interest (~12.9 GHz)

ataitec
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Case 3: Eigenvalue (Delta-L) solution becomes

unstable in this case, but why?

SOD12 (dB)

-15
0

10 20 30 40
Frequency (GHz)

DuUT

0 T r T

O .
% ) AR N F N LY (. . WP U
o
=
o RAGROOL EEECCEIEEEE REL SRS S

B — Eigenvalue | 777U

— 15D
-10 H H H
0 10 20 30 40

Frequency (GHz)

44
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TDR of raw data reveals why...
2" structure was back-drilled but 5” was not

= Eigenvalue solution assumes 2" and 5” structures have identical
launches.

= [SD de-embeds 5” structure’s launch correctly.

114
112
110
108
T 106

S 104
= 102
™ 100
98
96
94

g2 P H ] I 92 H H
-1 0 1 2 3 4 -1 0 1 2 3 4

Time {ns) Time {ns) Rise time (20/80) = 20 ps

' Remaved by ISD from left ||
i | = (Delayed) DUT after ISD

ISD saves SSS and time for not spinning another board.

ataitec
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Example 7: Material property extraction

DK, DF and roughness

= Self consistent approach to extract DK, DF and roughness by
matching all IL, RL, NEXT, FEXT and TDR/TDT of de-embedded

trace-only data.

L1

L2

Trace L1

—

measurement
De-embedding —> Trace-only data

(L2-L1)
Trace L2

measurement ISD

Fit IL, RL
’ ; DK, DF
NEXT, FEXT, —> 4 !
TDR, TDT roughness
1\\1, ADK
2D solver
X2D2

Automated extraction flow

46

ataitec

www.ataitec.com



Models for cross section

Optimized variables:

DK1, DF1, DK2, DF2

R1, R2, R3, R4, R5 (roughness)
Metal width and spacing

ground ground
R1
DK2, DF2
R2
R3
ground

Model 1 Model 2 Model 3

ground I ground I
—

e 3 —
ground | ground I
Model 4 Model 5

ataitec

www.ataitec.com
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Causal dielectric model

= Wideband Debye (or Djordjevic-Sarkar) model

= Need only four variables: ¢, , Ae¢, m , m,

Dielectric Constant (ER)

3495 }:--4-

34751

KL L e R e LD o i e B e w I a  paa

1 10™ +1i-
e=¢,+A¢- -logmL 0 +l. fj

m, —m,

=¢ -(1-i-tano)

3.5

349 H--i-4
34851+

348

34T p-eied

107 10° 10' 10° 107 10° 10' 10°
Frequency (GHz) Frequency (GHz)

£,=335,A=0.15, m =10, m, =14.5

48
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Surface roughness model

= Effective conductivity (by G. Gold & K. Helmreich at DesignCon 2014) needs only
two variables: o,, , R

q
Farameter Description Standard . . _%
‘Q{L root mean square DIN EN 150 426?) O} =Cpur - CDF(X) =Cun ILPDFUF” = Oour '_-Le Hdu
R; arithmetic average DIN EN 1SO 4287, ANSI B 46.1
R core roughness depth DIN EN ISO 13565 --%Rq
R. average surface roughness DIN EN 1SC 4287

Table 1: Statistical parameters to describe swrface roughness

= Numerically solving vzﬁ—ja)ya§+v—ax(w§):o and equating power to that of
smooth surface gives o, o

®10
6 HEHHH I R HEREHRR

s Simple
«» Work well with field solver

s Give effect of roughness on
all IL, RL, NEXT and FEXT

Effective Conductivity (Sfm)

Oy =5.8 x10" s/m ataltec
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Convert effective conductivity to Huray model

" Huray model

])rough . 1+ESR . 1
P 2
smooth 1+5(f)+1[5(f)
a 2 a
o(f)= ﬁfl,uo ; a =radius ;

SR = surface ratio

jz

= Curvefit* Prough / Psmooth to convert o,, . R, to a, SR

Prough / Psmooth

Sigma=5.8e+07 S/m; Rq=0.3789 um;_a=0.232727 um; SR=0.961939
18 H T H T T
Effective conductivity
Huray model
1.6 {}l
/
/
1.4
1.2
//
i
1 i
10” 10" 10° 10’ 10°

Frequency (GHz)

50

*Automated in ADK
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DK/DF/SR extraction (from ADK)

Multiple
templates

Updated after
extraction

- Extract DK, DF and Roughness = *

Tools

Extract DK, DF and Roughness

1e File (Trace !.-'fli':,"l
O Trace only
® Deltal

Stripline (Three layers) +

Browse ... MD:MPX_L7_T5 WS1_290_T1234.s4p_DUT.sdp

¥ Create new Touchstone file

Length inch
Minimum Frequency “ GHz

axim y GHz
DK & DF at 1 GHz
3.439 28 0.004123

td2 DK
td4 vl 3.628

01278 0.000664

dance “ Ohm
Simulate Only

W Fixed M1=REOE M2 §ER

pitch EFEY]

Roughness (Rqg)-

Top ground Lm Different
Signal um roughness
Bottom ground um for each
sioma BITSER <o surface

* Optimized B Auto de-skew

51
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Matching IL and RL

[] T T T T T T T
0.5
T
R SRS HP NS M. S
o =
E @
— w
= 1]
=
o
' ' ' ' T o
25 e b U ]
— 512 (ISD) g — 512 (ISD)
S| —— 534 (|SD} """" :L """" E'"""J: """"" 534 (|SD}
— Fitted model : ' i Fitted model
35 i i i i i i i ) i i i T T
0 B 10 15 20 25 30 35 40 15 20 25 30 35 40
Frequency (GHz) Frequency (GHz)
'2[] T T T : : : : T : T T !
25 L= R T ——————————————
s B s
T 1 e ek o RLRL
s 2 YAy NI
n 1 b | TRt
2 ollEd = "I .1&| | ' k l.ll
2 2 J {1 1L |
' ' = 1 !
<-4V EHAEHEE o . ] L
1 1 w : ;
o HEHHA e I L i
: : : —— 511 (ISD) : : —511(ISD)
B50-1-1-k--- S FARRECRRIEOREEE TRRLEEDE —s33qsD) H 000 80 833 (ISD)
: : — Fitted model : : : : : Fitted model
60 H i i H T I 200 H i i i i I I
0 B 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Frequency (GHz)

Frequency (GHz)

ataitec
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Matching NEXT and FEXT

'2[] T ! T : T T T
25 H H
-30
o 3a - I
g | |
= aol-1-4-F- - !
S |
= i ' '
A5+ -1 |
: | —— 813 (1SD) |
] R e R 524 (ISD)
; ; Fitted model
50 i i i i i T T
0 5 10 15 20 25 30 3% 40
. . Frequency (GHz)
Large FEXT implies
inhomogeneous
dielectric
25
3
3
g
L 40
>
1]
[T’
45
501 ,
i| —— 514 (I15D)
L] R SRR ——S23(8D)
{| = Fitted model
60 i i i H i T T
0 5 10 15 20 25 30 38 40

Frequency (GHz)

S Phase (degree)

S Phase (degree)

200 ! ! ! T T T T
: : : : — 513 (ISD)
: : : : — 524 (ISD)
150 f----f-- - Ao IRRRRERh Yoeeee . -
' ' ' : — Fitted model
L R S S S S
. S B Y W o
i 110
: AN
i |
100 i i i i i i

0 5 10 15 20

25 30 35 40

Frequency (GHz)

200 : N

-I1 —— s23(18D)

[ —— 514 1sD)

{| —— Fitted model

15 20

25 30 35 40

Frequency (GHz)

53
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Matching DDIL and DDRL

[] T T T T T T T T ! T
_[]5 _____________________________________________________________ -
_1 _____________________________________________________________ -
T
ey I e S . S
=z A
= 3
8 B T T T T LT CETEE R - E
o
wr
- e . S S ]
3| ———sDD12(ISD) [~ T TN ] -+| —— SDD12(ISD)
—— Fitted model ' : ; ; { ——— Fitted model
35 1 1 1 i i i i =200 i i i i h T T
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Frequency (GHz) Frequency (GHz)
-20 T T T T T T 200
— SDD11 (ISD) H . i :
-25-{ —— SDD22 (ISD) |------- Booeooes RIS Rt RatEs 150 i
— Fitted model H : . 1 |
) | B N L ARGUREE STSREEE oo 100
I AR T N T 50
% -40 l g 0
= 1 a
& g
O =
-45 & 50
w0 1
SO0HE-E-1 -100
S O A L (T [ AR e N -150 {{ —— SDD22 (1IsD
; ; | — Fitted model
-60 : : L ! L ! 200 : : : H ! T T
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40

Frequency (GHz) Frequency (GHz)

ataitec
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Matching CCIL and CCRL

40

— SCC12 (15D) {
— Fitted model

: H : =
= = = = = (= (= = =
= w = wy w0y = o =
&N - = AN

(saibap) aseyq g

=
=T
b e m e e cdmmcmm e qemm e ] Lo
[ar]
. . L =
o
U U N D D (S N Lo
(o8]
o S A P - =
o
R S SN S S S, L Jwn

23

£ 5
Lo r . o) M =1
[ ) -

QB

@
RO R R S S T _ _ 1w
: : : H : ; =

b - 0 = o o i
s - o o
(ap) 1120

Frequency (GHz)

Frequency (GHz)

T T T T T T
. . — . oo =
' ' ' ' =
o == |2 L3
o = oy B
' ' 1 VTN T
i i = — oo @
' M Jo o=
R o = () ) L |
i ' f——— r _ _ _
i i —a i : i
L2 o . I~ [ i
: : — = : :
I e e L e P
i I
bommmam oo . [y - [ PS—
] ; - ' ] ]
R - a e - eee- LR
i 1 ——— | !
i [— , i
1T T T 1 e |||"||||||q ||||||
: e H
= = = = = = (=] = =
= Ny = u w = y) =
[=¥] — - - - 51
(saibap) aseyq g
T - T T T
—= H = ==
_— y : R
D y | ==2
R — o pot R e o En
N — H— H SIS R
- ix H e o e
— R @ oL
L o= — [ L _ i
2 : : _
— H

(ap) 120

25 30 35 40

Frequency (GHz)

35 40

30

Frequency (GHz)

ataitec
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Matching TDT and TDR

2 Vin=1 volt; Rise time (20/80) = 35 ps w10
20 1 T ! ! T ? T ! ! ! T T

i : : P T T3(sD) : : : i | ——T14(sD)
3 ; : L | ———T24(ISD) L R R oo FR | ——T2308D) [
|| Pt mose et Positive polarity

|—7 implies Kco>K;

1 S s 4 =
o o
z =
= =
> >
L w
= S O Ry S N [

__________________________________

! A ! H 1 H H H
25 3 05 0 05 1 15 2 25 3

05 0 05 1 15 2
Time (ns)

Time (ns)
Rise time (20/80) = 35 ps

48 T T T T T T
i : : — 711 {130}

£33 (150
Fitted model ||

Rise time (20/80) = 35 ps
%5 ! : j : : !
? : | ——zce11 s
: A L | 47.5
245 ........ ........ . ZCCEE (lSD)
d : Fitted maodel A7
24 \ \ ....... ........ S \ ........

% ! A

235 PN ....... ........ ........ \\ ....... 4 E

ZGC (ohm)

oal ..... ........ ........ L] : -
: : : : : P00 U R B SR :

_Jé ........ ........ ........ ________ ] 5 Lo ________ ________ ________ ________

ag ... " RS 70011 (150) ||
: § 5 —— 70022 (1509 25
¥ : : Fitted model

as N ; | n n
05 0 05 1 15 2 25 3

Time (n=)

5 ; : : ; ; ; . ; : ; ; ;
-0.5 0 05 1 15 2 25 3 -0.5 0 05 1 15 2 25 3
Time (ns) Time (ns)

ataitec
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Comparison of Models 1 to 5

" Model 1 cannot match FEXT. Models 2 to 5 can match all IL, RL,

NEXT, FEXT and TDR/TDT very well.

DK2>DK1 because

of positive-polarity

>/ FEXT

ground Model DKl DKZ

1 L 3210 .
D D 2 2.444 4.294
—— 3 3.413 3.623
4 3.863 3.360
ground 5 3.115 3-975

Model 4 Model 5 At 10 GHz
3 okt [ ok
57
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Extracted DK1 and DF1
Model 3

- £, =3.27929
; 1 10™ +i-
! = Ag =0.144348 £=¢,+As: ’k’g”( v fj
) Sl m, —m, 10™ +i- f
= ml =9.58619 ¢ (1-i-tano)
| m2=15.4109

Bottom dielectric %107 Bottom dielectric

ataitec

www.ataitec.com
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Extracted DK2 and DF2

Model 3

td2]
m‘

3.645
364
3.635

3.63

3.625
4

[=]
3.62

3.615
361
3.605

36

£ =3.46724
Ae=0.170196
ml=9.58715
m2 =14.8352

59
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Extracted effective conductivity
Model 3

o=5.8x10"S/m
Rq =0.324321 pum

Conductivity (S/m)

Effective

| I I I I I
0 5 10 15 20 25 30 35 40
Frequency (GHz)

ataitec
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Length- and frequency-scalable models can now be

created.

P T

' ' =]

1 . [=]

P E

' 1 =

: ==

............................. 2 EH

s T8 9 o W @ 5
ap) z100s

Lo 3

H d E=]

[=)]

E

=]

21

H

s T8 9 o W @ 5
ap) z1aas

Y =z

' 1 =

[=]

15

=

............................. o £

@ T

s T8 9 o W @ 5
tapl z1s

80

80

80

Frequency (GHz)

Frequency (GHz)

Frequency (GHz)

=
T o
™
=
(=]
=
=}
2]
..................... Elle
[T w

e e Lepmn et _ ) _ _ _ Lol _Jd____] =

=t

- =

o
\

2 o
o = Lo = Ny) = o =
L N T T U U

ap) 11008
=
; . 2
T
H ]
' =
v (=]
H =
" =}
' 2]

BN - — — N S S Elle
' [ [T=]
:

:
:
:
:

e — L. _] =)
1 =t
H
:

=
o
\
=
w = Lo = Lo = w =
TS & o0 0 5 5 W
(ap) L1aas
=
o
™
=
(=]
=
=}
2]
Elle
[T w
||||| =
=t
P g =)
o
=
=
<

Frequency (GHz)

Frequency (GHz)

Frequency (GHz)

ataitec

www.ataitec.com

61



New “"Smoothing” feature improves accuracy for both
raw measurement and de-embedded data

= S parameters can have artificial ripples

= Before de-embedding
®" Due to bad calibration, port extension, bad contact or cable movement

= After de-embedding
= Due to 2x thru’s IL and RL crossing each other or DUT much smaller than
fixture
= New "Smoothing” feature lets the user remove such artificial ripples
and improve data quality for both raw measurement and de-

embedded DUT data.

= Better correlation, compliance testing and measurement-based
simulation can now be achieved as a result.

ataitec
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“Smoothing” option

- ISD by AtaiTec (www.ataitec.com)

Sltools PlotSparam PlotTDR Configuration Run Help

In Situ De-Embedding

Optional

(2x Thru)

D:\SAE\FIX-FIX1.s2p

B Turn off impedance correction

DASAEVMNLINE 1 _FIX-DUT-FIX.s2p Files created:

Port sequence-
@ 1to N on left; N+1 to 2N on rig

@ All ports are on the

Version
2022.03

None
1. Smooth
2. Smoother

D:\SAEVINLINE_1_FIX-DUT-FIX.s2p_left DUT.s2p
D:\SAEVNLINE_1_FIX-DUT-FIX.s2p_right DUT.s2p
: ; i D:\SAEVINLINE_1_FIX-DUT-FIX.s2p_orig_DUT.s2p
o1 on left; 2, D:ASAEVNLINE_1_FIX-DUT-FIX.s2p_DUT.s2p

63

The user can choose
different smoothing
level for DUT.

The original DUT file is
saved in ..._orig_DUT...

ataitec
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SAE/USCAR-49 inline connector example

= ISD gives smooth IL and RL across all frequencies.

Bl Figure 1 - o X

n Figure 1 - O X

Eile AtaiTec Tools

File AtaiTec Tools
SHS (R UBE | 0E B Figure 1 - O X

2x Thru
T T

Eile AtaiTec Tools

cdde % _\";?.r}'@k'l.!ﬂ DE cdde % _\";?.r}'@k'l.!ﬂ DE

DUT
0 ‘ : : : :

0 ‘ ‘ : : : :

S (dB)

‘
B3 A RN S

s . N | | o A
L IN L S | A s

T e S e e L S - 45

N wme ] I S S SR

() o : ; ! : ;
Bl Figure 1 E . . 1?:- L T L L . - A
e _AafTec Too B Db AU Y SO SRR | SR o 3 ‘ : : : ;
EED) | : ! ! : 30f-------- I W S Iy EEEREFET! SRR B
PSS SO S NS S - A e
: : : ' ’ R N ARt Attty Sttt
T 3| = 18D (original) ~ [----TiteeeiS , ] Ty I S o4 1=———18D (original)
[ - l il ISD (smoothest) : : ; | =——1SD (smoothest)
2] (i 3. i i 1 i i i N i L L I 1 1
= ! - FIX 350 2 4 6 8 10 12 14 500 2 4 6 8 10 12 14
jz ; Frequency (GHz) Frequency (GHz)
trlh
D1 | | I S S -
50 H H
Frequenc (GHz;
o De-embedded DUT

— - ——a
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Both raw measurement and de-embedded DUT data can
also be corrected through “"Plot S param->Causality...”

n ISD by AtaiTec (www.ataitec.com) = X

Sltools = PlotSparam Plot TDR Configuration Run Help

2x Thru >
Fatwe s DUT > In Situ De-Embedding 202203
Tes De-embed from left > Optional
De-embed from right >
DuT >

Scaling for lead-in fli

( I'Zl|::-'|! + 1x Short
¢ Short Scaling for lea

Reciprocity Flight time for [

Max. frequency

Causality > 1. Smooth Wi o passivity B Active DUT

Add DC 2. Smoother [ s2p l M Plc I S-param

! — Smooth DUT ripples
~  (Create corrected file ¥  3.Smoothest Il Output D(
- None v
H Differential only

Mode Ports to skip

B Turn off impedance correction

De-skew Match fixture impedane——
Select Touchstone File

D:NISD_Examples\USB_Type Cltotal typeC.s8p L1: Median phase delay (1 to 2) = 641.177 ps

Port sequence L2: Median phase delay (3 to 4) = 638.721 ps
y 2 Median skew (L1-L2) = 2.34156 ps

L3: Median phase delay (5 to 6) = 635.988 ps

- . L4: Median phase delay (7 to 8) = 634.111 ps

@ All ports are on the left side Median skew (L3-L4) = 1.06137 ps

ataitec
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ISD corrects USB-C raw measurement in this example

File

Gde RS

- Figure 1

AtaiTec Tools

-15

9« 0E

USB Type-C FIX-DUT-FIX

Dy | O
USB Type-C FIX-DUT-FIX

Raw data
— ISD corrected

SDD33 (dB)

..................

Raw data

— |SD corrected
0 5 10 15 20
Frequency (GHz)

File

a

Figure 1

B Figure 1 - O s
File AtaiTec Tools
dde | AN 0E
USB Type-C FIX-DUT-FIX
58 : ' :

=
AtaiTec Tools g :
de (R 09R|0E |88 i ;
USB TypeC F 8| E
0 T ;
N L- B85 Rawdlata ........................E .........
— |SD corrected .
21 - 18 185 19 195
Frequency (GHz)
i ) S
o
E L - - sas
7]
] e
iy N T TR R F -
8- Raw data
— |SD corrected
_9 1 H H
0 5 10 15 20
Frequency (GHz)
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PCIe CEM 5.0 spec. requires de-embedded results

6.3.6. Signal Integrity Requirements and Test Procedures
for 32.0 GT/s Support

de—embed iy

=5t fixture must be used for evaluating connector signal mtegnty. The test fixture effects are
ym measurements. Test fixture requirements and recommendations are provided.
the electrical signal integrity parameters, requirements, and test procedures.

Table 6-7: Signal Integrity Requirements and Test Procedures for 32.0 GT/s Support
Parameter | Procedure Requirements
Differential ElA 364-101 [-0.1 - 0.05625 *f] dB up to
Insertion The ElA standard shall be used with the following considerations: | 16 GHz;

Loss (DDIL) | 1. The measured differential S parameter shall be referenced to 3 — 025 dB for
an 85 O differential impedance. [3-0251]
2. The test fixture shall meet the test fixture requirement defined 16 <f< 24 GHz
in Section 65.3.5.1.
3. The test fixture effect shall be removed from the measured S
parameters. See Note 1.
Differential EIA 364-108 [-20 + 0.625*1 dB up to
Return Loss | The EIA standard shall be used with the following considerations: | 16 GHz;
(DDRL) 1. The measured differential S parameter shall be referenced to
an 85 ( differential impedance. [-24 +0.875°1] dB for
2. The test fixture shall meet the test fixture requirement in Section| 16 <f < 24 GHz
6.3.9.1.
3. The test fixture effect shall be removed. See Note 1.
Intra-pair Intra-pair skew must be achieved by design; measurement not 5 ps max
Skew required.
Differential EIA 364-90 [1.5*f — 60] dB up to 10 GHz;
Near End The EIA standard must be used with the following considerations:
Crosstalk | 1. The near end crosstalk requirement is with respect to all the [1{3’3);2‘233;3]2_"8 for
(DDNEXT) adjacent differential pairs including the crosstalk from opposite '

sides of the connector, as listed in Table 6-6.

2. This is a differential crosstalk requirement between a victim
differential signal pair and all its adjacent differential signal
pairs. The measured differential S parameter shall be
referenced to an 85 Q differential impedance.

3. If this requirement is not met, cclCNres: can be used to
determine the crosstalk energy in the given frequency band
using Equation 1.

ccICNnext for fmax = 24 GHz
< 250 pV
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ISD accurately extracts pair-to-pair NEXT and FEXT for
ccICN compliance testing

= ccICN: Component Contribution Integrated Crosstalk Noise

* FEXTsignal path ——m02mmov-——

0.23:

fr

* NEXT signal path ——7m¥™ ICN = : x df x Z {% < Wiy x 10010 }|
anne - b
Pre-channel, 25 dB S Post-channel, 9.5 dB frmin
aggressor o
nn _ i
fmax Zxkxaxfb
1 Az, 10 (PSXT(fJ)
y— Dl victi cclCN = |>x df X Z —L X W(f) x 10 x 100 10
"l [min b
' aggressor
4*-' \  — s . )
ale W(f) = sinc? (—) X 5 X s for fan<f</fy
b 1+(f’<frisse) 1+(L)
6

Select Input Touchstone File

D:\PCleCEMS\aliTest_DUT_Z42p5.s28p

Convert to Differential Signals

Number of Crosstalk C

[S] Indices for crosstalk
Curve 1

urve 3

Place marker at kxa = m

App =

Import ISD results into ADK

x| £ =075%f,

kxa=19dB for cc/CN gy and kxa=34.5dB for cc/CN g

2.5

celCM

a3

] S NS . AU B
' ' ' For FEXT

cclCN (m, RMS)

N 0.1944
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Automated batch file (1)

# combine

! NEXT

infile D:\PCIeCEM5\Test8.s4p 17 5 19 7
infile D:\PCIeCEM5\Test9.s4p 21 5 23 7
infile D:\PCIeCEM5\Testl10.s4p 25 5 27 7
! FEXT

infile D:\PCIeCEM5\Testl4.s4p 2 5 4 7
infile D:\PCIeCEM5\Testl5.s4p 10 5 12 7
infile D:\PCIeCEM5\Testl6.s4p 14 5 16 7
! IL, RL for TX

infile D:\PCIeCEM5\Testl.sdp 1 2 3 4
infile D:\PCIeCEM5\Test2.s4p 5 6 7 8
infile D:\PCIeCEM5\Test3.s4p 9 10 11 12
infile D:\PCIeCEM5\Test4d.sdp 13 14 15 16

! IL, RL for RX

infile D:\PCIeCEM5\Test5.s4p 17 18 19 20
infile D:\PCIeCEM5\Test6.sd4p 21 22 23 24
infile D:\PCIeCEM5\Test7.s4p 25 26 27 28
outfile D:\PCIeCEM5\allTest.s28p

nports 28
# isd
2x _thru 1

test coupon D:\PCIeCEM5\thru2x.sdp

dut fixture D:\PCIeCEM5\allTest.s28p

port order 2

smooth dut 3

# reference

infile D:\PCIeCEM5\allTest.s28p DUT.s28p
outfile D:\PCIeCEM5\allTest DUT Z42p5.s28p
zref 42.5

Combine multiple .s4p files into one .s28p file

TXO0

X1

TX2

TX3

RX0

RX1

RX2

Put IL, RL .s4p files last to have good IL, RL

Run ISD

Set “"Smooth DUT ripples” to "Smoothest”

—

e
o T15

TESIS_ TS
TR )
TESOig

——————

TEST1
TEST2
TEST3
TEST4
TESTS
TEST6

TEST7

Change reference impedance
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Automated ISD batch file (2)

. . . ,
# adk "C:\Program Files (x86)\AtaiTec\ADK\adk2.exe" Make all ADK functions available (I—lcense req d)
# standard Run PCle 5.0 standard to get ccICN, etc.
infile D:\PCIeCEM5\allTest DUT Z42p5.s28p
spec_no 7/ e 24
differential 1 p - N —
ccicn 1 g ﬁvpiiii Ew'j N
il 3 4 " | Y EE%?TH gna\\
Il 3 3 78“0 110; 20 - }30 40 ﬂﬂ Wh ka‘(ﬂdm Bh _4|ﬂ
xtalk 3 2 0 0
—
xtalk 3 © 2 LN
4 -20 \
1k 3 8 . g g
fi:;ure tag ccICN FEXT Save figures " ‘ J’”/\/
Ccsv tag ccICN FEiT Save .CSV flles 0 _mmemzn 30 10 50 10 zu_:uc‘emzm
- - Frequency (GHz) Frequency (GHz)
# standard — " —o]
infile D:\PCIeCEM5\allTest DUT Zz42p5.s28p @ = g0
— J— o — 539 >
spec no 7/ = / —— 311 §“
:.p - . Ju'\/ :ggg— % 01 \ ---i.ll.gussss---- RS
differential 1 al G ST e
CCiCD l A 10 F[Equiocy(GHjo 40 0 10 kxazgﬂ 30 40
il 3 4 0 0 —
rl 3 3 e TN
xtalk 3 9 :, | 2
Xtalk 3 11 * :&_C\EE,U 77777777 :EE\EEU
Xtalk 3 13 10y mHEqUEHQEuHGHZ}au a0 05 mFrEquenzcny(GHZ)m 40
figure tag ccICN NEXT
csv_tag ccICN NEXT
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Summary

= Accurate de-embedding is crucial for design verification, compliance
testing and PCB material property (DK, DF, roughness) extraction.

®" Traditional de-embedding methods can give non-causal errors in
device-under-test (DUT) results if the test fixture and calibration
structure have different impedance.

= In-Situ De-embedding (ISD), with numerous advanced features
beyond simply “splitting 2x thru”, addresses such impedance
difference through software instead of hardware, thereby improving
de-embedding accuracy while reducing hardware cost.

ataitec

71 www.ataitec.com



To explore more...

" Follow https://ataitec.com/ and https://www.facebook.com/ataitec

AtaiTec

=y February 24 - @

Live demo on how to create a probe model using .
network analyzer (VNA), DVT Solutions 70GHz diffi
AtaiTec In-Situ De-embedding (I1SD) software.

Complete video with detailed background can be
earlier post.

See application note at
https://ataitec.com/docs/ISD_for_probe_models.pc

Live demo to create a probe model by In-Situ [

70 GHz In-Situ
Differential
Probing Syslem

Measurement
Port Assignments

AtaiTec Taiwan
April 6 at 9:10 AM - @

ataitec

[ Extract DK, DF and Roughness

Tools

: :

Stripline (Homogeneous)
Stripline (Two layers)
Stripline (Thres layers)
Microstrip (Conformal-1)
Micrestrip (Conformal-2)
Microstrip (Planar)
Microstrip (Air)
Coplanar (Homoger

Extract DK, DF and Roughness

f==

VNA In-Situ, De- Embeddmg &
Verification Measurement System

Differential probe model

e R

DK/DF/SR

extraction
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ataltec ppril 6 at 7:18 AM - @

B compute o oy DL

Compute Loss by Delta L

Select number of

Bl Figure 9 ] — X
File AtaiTec Tools
dde R 99E (08

Fitted=0.079714*Freq”5+0.0202346Freq+0.000214131Freq®
Fmax = 40 GHz (auto); Fit to Bottom; with De-skew

2
—L2FH2)
| — L3(5"-L1(27)
16} —— LUTHA2)
—L3EH2I")
e LT HL23)
5 12| — L)
1 Fitted
81 Uncentaint
k| Y

Delta L 4.0
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