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What 1s MPX

" A platform to automate PCB material property
extraction (DK, DF, roughness).
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from two 4-port measurements to de-embedding and curvefitting

3

ataitec



Model and report generation

" MPX inputs a setup file and outputs a report and

length- and frequency-scalable models.

Material Property Extractor (MPX) ot

Select Excel spreadsheet
=4 _i .

DUT data after de-embedding

DK, DF, roughness

Report in PDF %

Scalable models

De-embedding Optimization
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One click does it all.
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Why do many de-embedding tools have
causality error

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

] - _/B__ | y ]
i W= N\
DUT — —
-\ ﬂ
B Fixture | Test coupons
(2x thru)

____________ Phantom limbs> due to
~ P 1 . . .
Fee= T difference in fiber weave,

Y

DUT etching, soldering, ...
— ______ ::,_-_ ———{: ______ _ Error is non-causal because it
....... A D C appears before and after DUT.

* http://www.edn.com/electronics-blogs/test-voices/4438677/Software-tool-fixes-some-causality-violations by Eric Bogatin
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Causality error makes correlation and
curvefitting impossible

= Splitting 45 ohm “2x thru” test coupon to de-
embed 50 ohm fixture gives large causality error.

left right bl g “
20 -
exp 3.2.1 exp 3.2.2 &
M11 (45 ohm) (45 ohm) ] | 1 11 R AARY R YL [T L Y
in
2x thru o M-S N

T——Tmeout
De-embedded DUT with split 2x thru
T :  m—

1.85mm M/M + M/F Adapter 1.85mm M/M + M/F Adapter 0 10 20 30 40 50 60

Frequency (GHz)
M16  oxp3.11 exp 3.1.2
(50 ohm) (50 ohm)

Rise time (20/80) = 50 ps
T T T

FIXTURE A exp 4.1.1 6 cm microstrip FIXTURE B 52l ;
(DUT)

IEEE P370 example

(Each component can be measured separately.)

1 (ohm)
&

Causality

error | | —— De-embedded DUT with split 2x thru
a L ‘
4 05 0 05 1 15 2 25 3

Time (ns)
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IN-Situ De-embedding (I1SD)

Introduced to avoid causality error in de-embedding

" Instead of splitting “2x thru” test coupon directly for de-
embedding, ISD adjusts 2x thru’s IL and RL to match

fixture’s impedance.

2x thru or 1x open/short Fixture + DUT ISD matches fixture’s impedance for de-embedding
S-param S-param o \ N6 de-embedded by M11: Rise time (20/80) = 50 ps
\ 2 \ 2 54
Adjust S-paramto | TDR 0
o '~
match fixture TDR =
= 50
v N
. 48
De-embedding R | N L o
S-param 46 S S A LAt [ ——Fixture + DUT
A4 i 2y thru
DUT i Removed by ISD from left
445 ] 15 2 25 3 35 4
S-param Time (ns)

| fixture | DUT

| | | |
7 ataitec
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IEEE P370 example: Microstrip
I1SD vs. Split 2x thru

® |SD results correlate well with true DUT when 2x
thru and fixture have different impedance.

exp 3.2.1 exp 3.2.2
(45 ohm) (45 ohm)

$12 (dB)

M11

2x thru

1.85mm M/M + M/F Adapter 1.85mm M/M + M/F Adapter
Ex pa 11 Exp 4.1.1; Rise (zu 80) = SUp

M16 exp 3.1.1 exp 3.1.2 [ “] * | | [—— ongna |
(50 ohm) (50 ohm) ’ J ! 5 i
. - R 7-___ | [P 2 i o= )' “‘ [l ‘r ‘ | i i :

[iny
= Il
FIXTURE A exp 4.1.1 6 cm microstrip FIXTURE B ® ‘
(DUT) ! -1- ......
35 B -HRE-----F-- - 1-- - - I—Origljina\ i
| I : : — Split 2x thru
: —ISD ! ‘ ‘ : :
40 H T — H H H H H
0 10 20 3[] 40 50 60 0.5 0 0.5 1 15 2 25 3
Frequency (GHz) Time (ns)



IEEE P370 example: Beatty standard
I1SD vs. Split 2x thru

® |SD results correlate well with true DUT when 2x
thru and fixture have different impedance.

Exp4.3.9 Exp4.3.9
0 1 0 !
1 05k N
L . T s A :
] S .......................
B B s EESFERERRE R :
L T S e Ga: M
2 g 5
o ] ETREEORTS FEPPEER T 1 B N | SRR SUTTRTROPE SETPRRE B, £ e v i7 G Rt IOTILRER
17} 1) d
) FUTRR. W o A O EE LTI
exp 3.2.1 exp 3.2.2 ] R IEEt DELCISES SEEIEER | | ALY s MMM, :
M11 (45 ohm) (45 ohm) e R | on N S S
0L Original R L .. 1 1 ' :
y . — Split 2x thru B D REDEFDERDEI U5 (F EPPEPEPERT N
——1sD : ;
-12 . i 4 :
0 10 20 30 40 50 60 0 1 2 3 4 5
Fraq y (GHz) Frequency (GHz)
Exp4.39 Exp 4.3.9; Rise time (20/80) = 50 ps
0 T 60 T T T T
M18 exp 3.1.1 exp 3.1.2 :
(50ohm) — sFeAees ke

(50 ohm)

511 (dB)

FIXTURE B

FIXTURE A exp 4.3.9 Beatty standard
(DUT)

— Original
1 — Split 2x thru
—ISD

— Split 2x thru

—ISD
 —

. | i i : .
0 10 20 30 40 50 60 L. K
Time (ns)
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Extracting material property from 1SD
de-embedded results

" The shorter trace is used as 2x thru. The DUT results (trace
only after 1SD) will be matched by 2D solver.

SDD12 (dB)

2x thru

7 Fixture + DUT

Rise time (20/80) = 35 ps
T T

106

____________________________

5 inch (L&)
7 inch (L7)

2 inch trace only (after ISD)

_______________

104

102

100

| e e .

ZDD11 (ohm)

| ISR N SRS S S — .

5inch (L5) H
T inch (L7)

0 5 10 15 20 25

Freguency (GHz)

30

] a8 h i ]
35 40 -1 0 1 2 3 4
Time (ns)

2x thru and fixture have
different impedance.
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Cross-sectional models for 2D solver

Optimized variables:

DK1, DF1, DK2, DF2

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

ground
R1
DK2, DF2
R2
R3
ground eround ground
Model 1 Model 2 Model 3
ground I ground I
D D D D More models
e —— canbe addec
ground ground
Model 4 Model5
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Causal dielectric model

" Wideband Debye (or Djordjevic-Sarkar) model

" Need only four variables: ¢, , A¢ , m; , m,

1 10™ +i- f
E=¢€,+Ag-————100,)| ———
m, —m, 10™ +1- f

=g -(1-i-tan o)

Dielectric Constant (ER)
[¥%)
=
[==]
[Ay]
Loss Tangent (tanD)

107 10° 10’ 10° 10" 10° 10’ 10°
Frequency (GHz) Frequency (GHz)

¢ =335, Ac=015, m =10 , m, =145
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Surface roughness model

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

Parameter Description Stapdard
(QL root mean square DIN EN 150 426?)
R arithmetic average DIN EN 1SO 4287, ANSI B 46.1
R: core roughness depth DIN EN ISO 13565
R. average surface roughness DIN EN ISO 4287

Table 1: Statistical parameters to describe surface roughness

: _ — — V — _
= Numerically solving V?B- joucB +—6><(V>< B)=0 and equating power to
o2
that of smooth surface gives O

X
6

s Simple
«» Work well with field solver

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

Effective Conductivity (S/m)

0 = p S 2
10° 107 100 10° 10 10°

Frequency (GHz)

Gy =58 x10" s/m
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Matching IL and RL

[] T T T T T T T
_[]5 ____________________________
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Matching NEXT and FEXT
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Matching DDIL and DDRL
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Matching CCIL and CCRL
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Time (ns)
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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.

Model 1

o | e | Model DK1 DK2 DK2>DK1 because
of positive-polarity
— : 551 ' FEXT
= N =W 2 2444 12|/
———— € 2 3473 3623
4 3.863 3.360
und | growd | 5 3.115 3.975
Model 4 Model 5 At 10 GHz
B ok [ ok
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Extracted DK1 and DF1
Model 3

241
= = Ag - - a0m ;£
Ae=0144348  s=e.+he 0910(10"11 i j
ml=9.58619 —¢, .(1_i -tan 5)
m2 =15.4109

Bottom dielectric %107 Bottom dielectric

I I I I I I I I I I I I
0 § 10 15 20 25 30 35 40 0 § 10 15 20 25 30 35 40
Frequency (GHz) Frequency (GHz)
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Extracted DK2 and DF2

Model 3

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

3.645
3.64
3.635
3.63
3.625

o

[=)
3.62
3.615
361
3.605

36

21

g:goo+Ag. 1 .|oglo(uj

m, —m, 10™ +i- f
=g, -(1-i-tany)

x 107 Top dielectric
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Extracted effective conductivity
Model 3

& =5.8x10" S/m
R, = 0.324321um

] R N— S S R M —

w

_______________________________________________________________________________

-
o

Effective Conductivity (S/m)

.

w
53]

[}

I I I I | I
0 5 10 15 20 25 30 35 40
Frequency (GHz)
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Length- and freguency-scalable models

can now be created.

[

80

[ S

ISD
— Fitted model

20

<t

ap) z1aas

80

— 5D

— Fitted model

0 =
tapl z1s

5
6

Frequency (GHz)

Frequency (GHz)

Frequency (GHz)

Fitted maodel

-20
25 .
-30

Lo = Ny)
D
ap) 11008

-60

Fitted model

Lo = Lo
o Ho;
(ap) L1aas

-50

Fitted model

80

60

20

80

60

20

80

60

20

Frequency (GHz)

Frequency (GHz)

Frequency (GHz)

ataitec
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Scalable models are valuable for channel
simulation and what-if analysis.

olt)

SBR (v

Rise time (20/80) = 10 ps: Bit time = 40 ps
T T T T

Y p— )
Fitted model |+

02 ; ; ; ;
0.25 03 0.35 04 0.45 05

Single-bit response

olt)

Woltage (v

i | ——spD12 (sD)

i i i i i
0 10 20 30 40 50 60 70 80
Time (ps)

Measured

EH=0.904578 volt
EW=39.0764ps

24

Waltage (volt)

25Gbps, PRBS12

! | —— sDD12 (Fitted)
L

i i i i
0 10 20 30 40 50 60 70 80
Time (ps)

Fitted model

EH=0.91192 volt
EW=39.202 ps
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Alternate approach extracts trace-only
attenuation from eigenvalue.

Ty 0 Ty For uniform transmission line:
T, : —
|| 5 :l T —p- eVt 0. p-1
oDur 0 .|.}.-g
___ Ta Tour Ty
T ] ] ﬂ b
: : : :l Let TZ T 1 —
T1=T4Tg I:> _ (a+d)+/ {a d) Z+4bc
I =Ts Tpyr-Tp
B A . .71 eisenvalue modal propagation constant
> T T =T, Tour- T; g
Spikes are due to
03 difference in fixture (T, 21
; or Ty ) and nonuniform ; | ; ; ; ; |
: s 3205 -4 SRt U SEEEEEE RS
L transmission line (Tp). oo e
P R i e e e
)] SR | At S S — R . : 3 ; ; ; ; 3
- . ! b ! ! g 3195} L IREn REEEORE SEPPEER booonond onnan Rl SOREEE e
% % = H i H H H H i
o P 1) SO R —— R R - R L T T B
o o : : : : @
® ® ; ; ; I g TR . L S
- Y SRR SRR S S 4 R N
: : : : T L R Uy .. UL RN SR
. : : : : : Y SN AU SN SN | I 3 ! : : :
36 Eigenvalue 3------- e St Eigenvalue | : : 75 sigenvalue 3------- poorensdees e
—so  fi bbb — 0 . : : — A
4 H I H H H H H 09 T H H H M7 H I H H H H |
0 5 10 15 20 25 30 35 40 2 3 4 5 6 7 0 5 10 15 20 25 30 35 40
Frequency (GHz) Frequency (GHz) Frequency (GHz)
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MPX vs. eigenvalue

" Alternate approach matches eigenvalue with 2D solver for
material property extraction.

De-embedding

Generated models

True de-embedding (with ISD)

eigenvalue

Not de-embedding

IL, RL, NEXT, FEXT are extracted

No RL or NEXT

Fixtures can be different

Assume fixtures are identical;

Extracted data are prone to glitches

DUT can be arbitrary

Assume trace is uniform

Match all IL, RL, NEXT, FEXT,
DDIL, DDRL, CCIL, CCRL, TDR, TDT

Match propagation constant only

Self consistent

Necessary but not sufficient condition

Models match original data

Models may not match original data

Two lines can be asymmetric

Two lines must be symmetric

/

__— No RL

26
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Summary

" Material Property Extractor (MPX) automates PCB
material property extraction (DK, DF, roughness)
Into one mouse click.

" Accurate de-embedding is crucial.

" In-Situ De-embedding (ISD) avoids causality error
when 2x thru coupon and fixture have different
Impedance.

" MPX creates self-consistent models by matching
all IL, RL, NEXT, FEXT, TDR and TDT.

= MPX creates scalable models that are valuable for
channel simulation and what-if analysis.
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