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Outline

= Can SI tools be made like mobile apps?
= Advanced SI Design Kit (ADK)

= Many mobile-apps-like SI tools in one place: causality correction, eye
diagrams, TDR/TDT, compliance testing, DK/DF extraction, Delta L, Channel

Operating Margin (COM), ...
" Complex SI operations in ~3 mouse clicks.
= Significantly increase productivity.

= Advanced 2D solver (X2D2)
= Model DK, DF and roughness.
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If it takes more than 5 seconds to do any of these, it is
too long...
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Advanced SI Design Kits (ADK)

Many mobile-apps-like SI tools in one place

n ADK by AtaiTec (www.ataitec.com)
Help

= - Version
Advanced Sl Design Kit 2022.05

Interpolate
Change Impedance
Extract or Re-order

TDR & TDT
x2D: 2D Field Solver

[S] to SPICE
Cascade [S]
Combine [S]

Plot Eye Diagram
Channel Operating Margin
Extract DK & DF
Single to Mixed Mode
Change Reference Port
Scope to Spectrum

Find Connection & Skew
Passivity & Causality
Plot Multiple Curves

[S] to Z0, TO, W-element
RLGC to [S]
SPICE to [S]

De-embed [S]
Combine PEC and PMC
IEEE and OIF Spec.

Extract 1X + 2X Traces

Compute Loss by Delta L
Mixed Mode to Single

Condense Aggressors

Batch

" Complex SI operations, from
causality correction to eye
diagrams, TDR/TDT, compliance
testing, DK/DF extraction,
Channel Operating Margin, ... in
a few mouse clicks.

= Everything you want to do with
S parameters in one place.

" Increase productivity.
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4 www.ataitec.com



Passivity & causality correction
The only tool that can correct measurement error

" Proprietary algorithm to smooth

B Correct Passivity & Causality by AtaiTec (www.ataitec.com) = X S - pa ra m m a g n |tu d e a n d p h a Se
Correct Passivity & Causality and correct causality error for

Select Input Touchstone File a n y n O I Sy d ata
'

Correct[S] at DC Causal
e : . _ Reciprocal
® Set DC resistance for point-to-point net
Passive Smoothest ~

el Tl = Popular vector-fitting method

@ Set DC by resistive circuit file L8 L OO Ca n On |y CO rreCt Sm a I I e rror fo r

O Default

_ ®IN:1,2 3, .., OUT: n#1, n+2, n43, ... SimUIatiOn data.

O Extrapolate [S] at DC ®IN:1.3.5,..: OUT:2. 4,6, ...

@ Use original value ® Random or no thru

Reverse polarity
\ portumber | [ B Pl s = Multiple ways to fill in DC data.
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Raw data
— ADK corrected
08
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Raw data
— ADK corrected
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DUT

SAE/USCAR-49 inline connector

Frequency (GHz)
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De-embed [S]
The only tool that can de-embed arbitrary N ports from M ports

Bl De-embed [S] - ®

De-embed [S]

Select Total Touchstone File 1

D:AISD Examples\Asymmetric\test.s3p

Select Partial Touchstone File

D:AISD_Examples\Asymmetricitest.s3p_left_ DUT.sdp -

Location of Partial [S]

W N

® On the Left ® On the Right
O Specified Ports “ T
o be
R DUT
. de-embedded
O 1 to N on left; N+1 to N on right
®@1,35, ..0nleft 2, 4,6, .. onright \ Y }
Output Reference Impedance m TOtaI

ataitec
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Robust DK/DF/SR extraction

n Extract DK, DF and Roughness

Stripline (Homogeneous) ~

Length = n inch

Cross section (in mil)

td1 td2

tm pitch ETEE]
Ll 4.349 LLN 4,349
Fixed

O Thickness @ Width @ All

* Optimized

Extract DK, DF and Roughness

Touchstone File (Trace only)

Roughness (Rq)

Top ground “ um
Signal um

Bottom ground “ um
Sigma Sim

M Fixed Rq

DK & DF at 1 GHz
e 3.498 ()2 0.000132:
Uyl 10.504 irl 13.085

Updated after
W Fixed M1, M2 extraction

W Auto de-skew

Interactive GUI
Multiple templates

Different roughness for each
surface

Simulate directly
Huray model conversion
Compatible HFSS models

ataitec
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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

10
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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

P’ gh z1+5-SR- :
oooooo h 1+5(f)+1[5(f)j
a 2\ a
o(f)= ! ; a =radius ; SR = surface ratio
7 fuoc

= Curvefit Prough / Psmooth to convert o, , R, to «, SR

Sigma=5.8e+07 S/m; Rq=0.3789 urm;_a=0.232727 um; SR=0.961939
T T I

1.8 T T T T
Effective conductivity
— Huray model
- 16 {%
g /
g /
n
e 14
ey
(@]
3
<
& 12
A
i
1 il
10” 10" 10° 10’ 10°
Frequency (GHz)
12
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Compute loss by Delta L

= Curvefitted equation for loss per
inch with uncertainty

B Compute Loss by Delta L _ ~ u Auto de_SkeW

Compute Loss by Delta L

Touchstone Files Figure Property (Optional)

Xmin Xmax Ymin Ymax L I I
setect rumber ot ties [ s s Fit data to bottom, middle or top

Xsize (in) Ysize (in) X label Y label

File Name Length (in)
_Examples\Delta_L\PCB_2in.s4p
_Examples\Delta_L\PCB_3in.sdp W
_Examples\Delta L\PCB_5in.sdp R 9 , ,
_Examples\Delta_L\PCB_7in.s4p — L2{3"}-L1(2")

Fitted=[]_[]79?141*Frequ'E‘+U_0202345*Freq+0_000214132*Freq2
Fmax = 40 GHz (auto); Fit to Bottom; with De-skew

18H e RICERRRE beeenones SECTEPREEE boeeeee :

— L3{(5"-L12") ' i . '
1.6H —— L4727 | ---- beeeeeee- beeeeeee dmemenmeee R
L3(s"H.2(3") ; i i P r 30
141 1237 [ b b Ao -

Cutoff frequency = ::jl:;} t‘;(:“} . . i | =
g 12¢ F'tE d}- G- bonenos foomoooes ERRR? . o ECELEECIS TREE SEEES s
=2 I itte : : D : ; =
§ 1 Uncertainty . R o SR . . 20 ;:Eu
—1 T ' , ' ' ' o
L 08 =
Lo [
=] : : {59 : : : : -

0.6 [---g-ph sl F - - -4 B s ARRTTTERN S NP AE
! : : : : : 10
0.4kl I e T LR T T PSR O S
T T ——
0 ' 0
0 5 10 15 20 25 30 35 40

Frequency (GHz)
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[S] to TDR & TDT

B convert [S] into TDR & TOT . X

Find min/max
Convert [S] into TDR & TDT

Select Input Touchstone File
D:MISD_Examples\USB_Type_Cltotal_typeC.s8p

Port sequence
@ Single-ended ® 1, 2 to N+1, N+2
ft @13 ..1024,..

@ Port indices O Default

O Step @ Single-bit @ Impulse Bandwidth 6.3337 GHz
O Butterworth filter
44438 B
R0 T at ||”-||»—'|_

NS

& Desired Outputs

Resolution n ps
B

Delay

O Impedance Profile
® DI O |

After filter:

Rise time (20/80) = 50 ps
Rise time (10/90) = 72.7041 ps

Plot figures

Built-in filter & IFFT.

Single-ended, differential or
common mode.

Step, single-bit or impulse

respon

SeE.

Correlated with TDR equipment.

106
104
102
100
98
96

Z (Ohrm)

94
92
90
88

86

14

Time (ns)

ataitec
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Robust S-param and TDR/TDT viewer

= Add math expression, spec
curves, figure title/legend.

Plot Multiple [S] Curves N - | d | S
Touchstone or TDR Input Files Figure Property (Optional) D I S p a y e a y O r D K, V W R,
Select number of curves to plot i i S - h C h
File Name [S] Indices m It a rt .

Xsize (in) Ysize (in) X label

|
Browse ... tal_mezz_conn.s4p_DUT.sdp.out Math .
x2y2 ..)
ne by

®" Flexible port index.

Plot Multiple [S] Curves - '3

Reset impedance.

108 T T T T T -10

G prmmne e R LT ERPEREEREEE 4

2 f f : i
L — AT SR 4
£ 12 R R (1 A WA R Y 7 T A
= P TCnRts So o B || A A -
o < : H :
=] @ 0P foeffreneeaees RNt 11 1L IREEES B SERRR
3T B LR foreannenneanes R RRCCOTRTE N | RETRRE
Sl /s [ —TRL
7 | N [ — 5D ||
H H _SDE
60 :
0 5 10 15 20
Frequency (GHz)

ataitec
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Plot eye diagram

B Channel Optimization - X

Reset Configuration .

[S] to eye diagram, waveform

Channel’s Touchstone File:

Reset port impedance (optional)

D:\DemolExamples\ISD_SMA_to_SMA.sdp ; O r S e Ct ru I I I
Selected ports DD3412 )

o woors B " Single-ended, differential or

Minimum Voltage
Rise Time (20/80) # Precursors n

e e | o My (| e mixed-mode.

e Mask (x1y
Random Jitter O Fixed '

re—— = With or without NEXT and FEXT.

® Sy Demo\Examples\ISD_SMA to_S
Selected ports=DD 3412
Data rate = 10 Gbps

[ WO | SRS = With or without TX FFE, RX CTLE

DC offset = 0 volt
th Filter O None O Bessel Filter @ None

s e | e and DFE.
" Fixed or PRBS patterns.
= NRZ or PAM4

Yalt
Yalt

i i i i i i i i i i i i i
a 20 40 B0 80 100 120 140 160 180 200 a 20 40 B0 80 100 120 140 160 180 200
Time (ps) Time (ps)

NRZ PAM4 ataltec
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IEEE, OIF and PCle Spec.

B 1EEE and OIF Spec. — X

Reset Configuration

IEEE and OIF Spec.

Select a standard
Select Input Touchstone File

Convert to Differential Signals Baud Rate “ Gsym/s

Number of Crosstalk Curves Rise Time e

[8] Indices for crosstalk cciCN

o “ Place marker at kxa = m dB

Curve 3
App = 800 mV  fmin0 = n MHz

fmax0 = m GHz
Insertion loss index “

Return loss index

Curve 1

= Compare IL, RL, crosstalk, ICR,
ICN, ccICN with various
compliance spec.

-20 - - - -
s
o :
N gl = :
! f A I o
] — 532 %
H — 536 = o
=
B e X: 345
PSXT 8 01544
— PCle 5.0
10 20 30 40 40
Frequency (GHz)
2 )
= 2
gH =L . [
——PCle 5.0 :
-10 - : L
0 10 20 30 40
Frequency (GHz) Frequency (GHz)

ataitec

17 www.ataitec.com



Scope embedding & de-embedding

" Plot scope data in waveform,
eye diagram or spectrum.

[
n Scope to Spectrum = 3

Scope to Spectrum

; | = Embed and/or de-embed [S]

E:\Demo\Examples\PRBST_25p78125G.out
from scope data.

Total # of Bits
Optional LREES )
f 6.62332 |8

025

De-embedding .s2p or .sdp file Browse ... : -
E:\Demo\Examples\ISD_Line2x.s2p # Bits in an Eye

20
Embedding .s2p or .s4p file T Threshold Voltage B o

Minimum Voltage 0.25 REE

Maximum Voltage volt E, E
= =
o ek v y - \ pun} 5
) - Eye Mask (x1y1 x2y2 ...) _ g E
from Scope
M Contour Plot
025
0 10 20 30 40 50 50 70
Time (ps) Time (ps)
Original After de-embedding

ataitec
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Find connection

n Find Port Connection & Skew = X

" Quickly examine [S].
Find Port Connection & Skew Q y [ ]

Select Input Touchstone File - Identlfy from_to ConneCtlon-
" Compute quality metrics.

Check [S] quality Plot [S]
This file only Differential (SDD) v u COIIIpute delay and skew.
File name: D:\ISD Examples\Mezzanine Connector\TRL DUT mezz conn.sé4p
Data Rate for skew calculation = “ Gbps Total 800 points from 0.025 GHz to 20 GHz with 50 ohm Zref.
Reciprocity metric = 99.04 %
Passivity metric = 92.90 %

oe

Causality metric 62.48
Causality metric for each S(i,3J):
67.44 84.47 64.01 89.27
86.39 73.68 89.13 62.48
63.05 88.40 67.03 92.20

0 ! ] 89.08 66.11 92.36 70.97
AQ f-mmmm g AEREERE L SEESCERS From-To Connections:
Y T A S S Port 1 -> 3
—_ — . | 1 Port 2 -> 4
[is) o . :
= = 30 H mommeees Pt Data rate set to 32 Gbps --
@ ? ol )i R Ll: Median phase delay (1 to 3) = 132.159 ps
; ; SDD21 L2: Median phase delay (2 to 4) = 131.107 ps
a0 Rkl Amememeees - — Median skew (L1-L2) = 0.974904 ps
60 i i . Effective Intra-pair skew (EIPS: L1-L2) = 0.9157 ps
5 10 15 20

Frequency (GHz) Frequency (GHz)
ataitec
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Batch mode

= Run multiple jobs through batch
file in GUI or command line.

B ADK Batch Mode — X

Batch Mode

Select Batch File Browse ...

D:\pcie.abt

“C:\Program Files (x86)\AtaiTec\ADK\adk2.exe” adkc D:\pcie.abt

through batch file.

20

= Most ADK functions are available

# standard

infile D:\PCIeCEMb\allTest.s28p Z42p5.s28p DUT.s28p
spec_no 7
differential 1

ccicn 1

il 3 4

rl 3 3

xtalk 3 2

xtalk 3 6

xtalk 3 8

figure tag ccICN_ FEXT
csv_tag ccICN_ FEXT

# passive

infile D:\Demo\examples\ISD SMA to SMA.s4p
symmetric 0

causal O

plot O

dc_method 1

resistance 0.05

# s2mix
infile D:\Demo\examples\ISD SMA to SMA.sd4p pass.sdp
mixed 1
order O

ataitec
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X2D2
Advanced 2D solver for surface roughness modeling

= Accurate 2D BEM field solver
with causal dielectric and
e bttt o — E— effective-conductivity surface
------ e 20 ki Seiver with Sura roughness models.

MatID Er tanD  Sigma (S/m)

Mat ID

o mmm | | - | |37 " Compute impedance, RLGC

Stackup

— I matrices and S parameters.
- S—— s " Create Touchstone file and

5 5 8e7 0
52
Bottom Ground

. —— tabular W-element model

_ Conductor

Causal Dielectric Property —_

Mat ID  Eri Erd m1 m2 Sigma |Sha)
3 3.35 - 10 | 0
- 7

Wl Tor

4
Pl
4
P

ataitec
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