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1. S-parameterZt £0|1, M HEY offH TS F=712
2. S-parameter®lA| Causality errorZt 210|100 of HMSI=7}?
3. Causality errorZ| 2 /45lX| 2= Fixture De-embedding 4

4. In-Situ De-embedding (ISD) tool 1} 4+ BAO| H| 1 Apd|

rr

5. PCB2| Material Property (Dk, DF, Roughness)?} S-parameter®ll &= &t

o

e

6. MPX(Material Property Extractor)& O| &%t PCB A|=g&|0| M1} AN FH
Hlm Abg|

7. Z|Cje] 452 & HSI= PCB2 RF H4YE| 1A C|XtOl Bt
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x S-parameterZt F21217}?

-parameter(Scattering Parameter): F£7|(Fo})7} Chot AQIutE o A ZH|(DUT)O
2 3 (input) 510 &1}l (transmitted) The 0} BEALEl (reflected) T S “F Ot EH| Q170 A Z|
% U3 0t (Incident wave) 2} H| 1 6f =518 74,

Incident wave(input) 1. [\ /\ Port1 Port2
perlod | }/\\ /\‘ N f\
f (frequency) = J \/ V \ « \\/ ‘-\ / | transmitted wave(output)

VRV

A / \ /\ //\
reflected wave(output) V/ V/ VL

v Incident wave scatter back into the source, reflected wave: S11 or Return Loss

v'Incident wave scatter through the device, transmitted wave: S21 or Insertion Loss

amplitude of output sine wave

mag(S) =
amplitude of input sine wave

Sq= 20 x log,, (mag(S)) Phase(S)= Phase(output sine wave) — Phase(input sine wave)

TeraBit Solutions www.terabitsolutions.com



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

X N matrix: i i
n-1 Sll S]Z S13 : In
S2] 522 S23 2n
[SU ]nxn - . :
Snl S}:Z S S nn _|

" S5, is called the S parameter from PortJ to Port J.

o SU- has a unique property that its magnitude is less
than or equal to 1 (or, 0 dB) for a passive device.

5

S, (dB) = 20 x log,,|S,| < 0 dB

5 10 15 20 25 30 3 40
Frequency (GHz)
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x S-parameters of Single & Differential T.line

Single-end Line

Differential Line

Port1
Port2

Port3

Port4

2Port S-parameters

S11 512

S21 S22 » Touchstone file: .S2P

4Port S-parameters
S11 512 S13 S14

S21 S22 S23 S24 m) Touchstone file: .S4P
S31 S32 S33 S34

S41 S42 S43 S44
4Port Mixed-Mode S-parameters

Stimulus

Differential |[[Common Mode

Port1| Port2| Porti | Port2

Port 1|[SDD11||SDD12||SDC11 ||SDCA2

Differential

Port 2||SDD21||SDD22||SDC21 ||SDC22

Response
Port 1|[SCD11||SCOA2||SCC11 ||SCC12

Common Mode

Port 2{|SCD21(|SCD22||SCC21 ||SCC22

TeraBit Solutions Limited

www.terabitsolutions.com



x Touchstone (.sNp) file

= S parameter at each frequency is expressed in
Touchstone file format.

in GHz in dB and Reference
\ S param phase angle impedance

"'Total numk[:;j/of por
I‘otal number of f quency p01nt5 = 800

GHZ S DB R
.025 -36.592%¢6 48.??486 -41.406e7€6 79.91354 -0.08643679% -6.544144 -49.50045 -105.¢l8
-41.39364 79.94686 -36.35592 51.52433 -49.4886¢ -105.5124 -0.09038406 -6.527076
-0.08421237 -€.537%03 -495.44814 -105.e44 -36.0317 4%.6002Z -41.37105 795.9185¢
-4%.44393 -105.8186 -0.09683413¢ -6.54250% -41.36758 79.9318 -36.05645 435.58348
0.05 -32.22576¢ 48,0316l -35.593%4 74.15%76¢ -0.12771e¢9 -12.8287¢ -43.%0183 -112.0985
-35.58736 7T74.16304 -32.126%4 50.9238% -43.90%26 -112.0764 -0.132402 -12.7885
-0.1242117 -12.,82302 -43.8% -112.0243 -32,10887 50,3115 -35.5658%8 74.078
/f’““x\ -43.88424 -112.0517 -0.1381lele -12.801%% -35.56758 74.06782 -31.94136 50.49276
0.075)(-29.88861 42.02766 -32.19713 €8.06704 -0.1589249 -19.05252 -40.67476 -118.81838
-32.19116 €8.0941 -25.708¢ 45.41557 -40.63857 -118.837 -0.1e35606 -19%.01553
-0.1603356 -19.0376 -40.63557 -118.8543 -25.8%064 47.63852 -32.16917 67.594e77
-40.65711 -118.8021 -0.1737256 -19%.02%5e -32.16865 ©7.9338% -29.65444 46.15548/

o e =

Frequency in GHz S11, S12, ..., S44 in dB and phase angle

TeraBit Solutions www.terabitsolutions.com



x S-parameter@t 2221712

= S21 or Insertion Loss .

Transmitted wave: Ab ......... ......... ......... /

Incident wave: _ _ :
0.89V, 40GHz g | i .1dB.@ 40GHzZ....

1V, 40GHz

-lar

/\/W\ [ R

S (dE)

2.4

T (period) :
f (frequency) = 1/T 3 : i i . i i .
0 5 10 15 20 25 30 35 40
Frequency (GHz)

v Passive DeviceO| A= S211} S12+= CHN| 2 SUSiC}.

www.terabitsolutions.com
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x S-parameter%t £ ¢!

= S21 or Insertion Loss: =X 24

v Loss

v" Resonance

v' Skew(Differential) o

v Impedance mismatching

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

1 A 1 i I
14 20 25 30 34 40
Frequency (GHz)

TeraBit Solutions

www.terabitsolutions.com



x S-parameterdt

= S11 or Return Loss

Incident wave

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

@port1 )
/\] - Oppqs!te
Polarities

Reflected wave: Z,,, # Z, ¢

@port2

Length=Time delay

Length(TD) =1/4 T =1/4 A (Phase 90 E)

A0k e SRTRRR R TR R PR
O T T e el T e
[un]
= : : : :
Uoanbf ............ TR b e L
1] T ............. e .............

Fd.p SN S —

Ralll

70 | / |
a

2 4 B g 10
Frequency (GHz)

Length(TD) = 1/2 T = 1/2 A (Phase 180)

Port1 & Port2 akojA| E/d0|] St
symmetric TX0|AM= S111} S22 E S YolL}.

Fap 242 B2 DUTOIM H 1, 71 DUTOA]
&Lt Fyp TH4= 1/(2*TD)

TeraBit Solutions
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x S-parameterZt F21217}?

= S11 or Return Loss: &X| A ;

v Impedance mismatching
v" Resonance

v' Multi reflection

v' Causality Error

=11
| |

a0 i i I i I i I
a 5 10 14 20 25 30 34 40
Frequency (GHz)

Length=Time delay

TeraBit Solutions www.terabitsolutions.com



X S-parameter@t 2221712

= Interconnect system(Channel)2| S-parameters

Component, Channel, System?| Black Box 2 20|X}, 2MZ 2ot &

+ |+ + ||+ + ||+ +

| TH e == > | R
N

PCB Connector Cable Socket
R R e R T R v
il wvmhr‘ — Wwﬂ"r" '_;_,u"-/ B

\ /

TeraBit Solutions www.terabitsolutions.com



5 (dB)

“oltage (volt)

Freguency (GHz)

Port 1

Port 3

Port 1

Port 3

b SRURRRRRTRRRR : —— A SDD1Y |
: : —— B 50021
: ——EB S0011
-0 i 1
0 5 15

Yoltage (valt)

 —coD3472

o 60 81 100 1
Time (ps)

T T T |
140 160 180 200

—SDD3412

i i

0 20 40 60 a0 100 1200 140 160 180 200
Time (ps)

TeraBit Solutions
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X S-parameter0| A 2] 0f|2]: Causality

cau-sal-i-ty

/kd zaladé/

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.

TeraBit Solutions www.terabitsolutions.com



" Convert S parameter into TDR/TDT.
Response before time

110 : P or: _
H zero® is non-causal.

D L]
I 11 R R R (\(\ / X :
A TR [ DA O
o |:> e : 4 * Delay waveform by
| . : : : 1ns to see if tools
S| A S i I 90 ; : |  do not show before
i ; ’ : time zero.
40 ‘ : - 85 i :
0 5 10 15 20 -1 0 1 2
Frequency {(GHz) Time (ns)
200 -
® Check phase ang le. :l/ 1 Counterclockwise
= 100 Mo A phase angle is
] : AT non-causal.
on > o
s 0 -1
® :
& s
o -100 H--- B //
n| —— SDD11 |
10 15 20

-200 :
0 &
Frequency (GHz)

www.terabitsolutions.com

TeraBit Solutions



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

TeraBit Solutions www.terabitsolutions.com



x De-embeddingO| £t?

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

_‘\_ ﬁ _‘L
s’ T pur & - s’ N purt
_# \r‘—_ _#
I — \\‘| I
lead-in trace test board lead-out trace lead-in trace test board

+ The lead-ins and lead-outs don't need to look the same.
+ There may even be no lead-outs (e.q., package).

DUT

TeraBit Solutions www.terabitsolutions.com



\ 9 De-embedding & I causality error7} HM3sl=7}?

" 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 C

_% %_ [%:F]
DUT = —

T N\ — M\

Test coupons

Fixture
Phantom limbs* due to

difference in fiber weave,
etching, soldering, ...

/ .

I . / p

| I S ™ f P
1 =TT f -
L N /
- . D U I W
T - \ %
#m—— _———
| bmmm e \ A
N

______

* hitp://'www.edn.com/electronics-blogs/test-voices/44 3867 7/Software-tool-fixes-some-causality-violations by Eric Bogatin

TeraBit Solutions www.terabitsolutions.com



In-Situ De-embedding(ISD)O0| Zt?

" Use "2x thru” or "1x open / 1x short” as reference
and de-embed fixture’'s actual impedance through

numerical optimization. N\
(I 15D by AtaiTec (www.ataitec.com) - ® I n Sf. t U

Sltools  Plot 5 param Plot TOR.  Configuration  Fun Help

In Situ De-Embedding s

michstons File
(2x Thru)

DDemolExamplesil S0 Linedw_ s2p

H Pl figures for D

. — Paorts to skip

W Split 2x Thru directly for de-embedding

Fixture + DUT

Select Touchstone File Browse ..

iplesi SO_SMA 1o SMAs4p right_DUT. s4p
xamplesil 50_5MA_to_5MA.sdp_DUT.sdp
f; N+1 to 2N on right
on right
@ All ports are on the left side

TeraBit Solutions www.terabitsolutions.com



x 2X thru

B "2x thru” is 2x lead-ins or |ead-outs.

_ﬁ
= =

4 /—% f -
SMA DUT
I J||l'll /r II |
/ / .
lead-in trace test board lead-out trace

2x thru for lead-ins

D ==
—— N

2x thru for lead-outs

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

TeraBit Solutions
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x 1x open / 1x short

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

SMA

Y

DUT

/

=l
K—,‘__

[
lead-in trace

N
__

1x open

1x short

hilid

/
test board

lead-out trace

——
N

1x open

1x short

TeraBit Solutions
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ISD7} & d=totn

TRL calibration board

More board space - Multiple test coupons
are required.

Test coupons are used directly for de-
embedding.

All difference between calibration and
actulatl DUT boards gets piled up into DUT
results.

Expensive SMAs, board materials (Roger)
and tight-etching-tolerance are required.

= Impossible to guarantee all SMAs and traces
are identical (consider weaves, etching, ...)

Time-consuming manual calibration is
required.

= Reference plane is in front of DUT.

Only one 2x thru test coupon is needed.

Test coupon is used only for reference, not
for direct de-embedding.

Actual DUT board impedance is de-
embedded.

Inexpensive SMAs, board materials (FR4)
and loose-etching-tolerance can be used.

ECal can be used for fast SOLT calibration.

=  Reference plane is in front of SMA.

* De-embedding requires only two input files:
2x thru and DUT board (SMA-to-SMA)
Touchstone files.

=  More information: Both de-embedding and
DUT files are provided as outputs.

TeraBit Solutions
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x Ol Xl 1: Mezzanine connector, 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

TeraBit Solutions www.terabitsolutions.com



X De-embedding 21}

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

u T T
) 3
= & —
Non-causal
ripples
: : | —— L]
- H i i A0 H H N
] 5 10 15 20 0 5 10 15 20
Frequency (GHz) Fraguency (GHz)
n T T u T T
o [T
= I
— — -
i i
= [ I
A | 15D ||
H . —1TRL
40 ; H A0 H : .
0 5 10 15 20 5 10 15 20
Fraquancy (GHz)

Fraguency (GHz)

www.terabitsolutions.com
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2 2| Causality 0|2

TDR/TDTE tH

S-parameter

[Noa) 7d

ISR AN (S I Ry i ——

T T T =
b N O
A
: i
i i
R SRR PR A bevandes _ _ i
: : i
1 1 1 1 1
- R e 4 e
b oo
: : :
1 1 1 1 1

Time (nz)

Time {na)

.
1 1 1 -] =
S
: : : : _ 7
T ot T r==--r ]
' ' ' '
N T e
N
' ' [ ' '
B
A
S I =
. o . .
i P = i i
B i it LR
' ' 1

-001 -
D.02
003 -
Ddp----
-0.05 -
0.06
0.07

fyea) 7

! ! 1 =
Y
|||||||||||||| ™ R
T
B
A st S S N,
H =T ¢
H ' m ql_u
H = H
H L3
R = e B
. T 1 _ﬂ_
=
" 0
T -
= .
o '
= H
— 1
— x
L I ™l W

(sl L¥SN

Time (nz)

Time (nz)

www.terabitsolutions.com

TeraBit Solutions



ISD2| De-embedding

HEAI
o™

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

thru’s impedance.

75 : . .
: : Total fisture (T11)
L R e | 2% thru (T11)

T[}F‘i from ieft

L] R B S AL
™ 5 : E
= gy
£0 - O ——
,el:"\._f P
45 L= .
2x thru and P 0 1T' 2 3 4
d ime (ns)

fixture have -~

different ri , T I j
impedance. % i b [ —— Total ficturs (123
1‘{l,L'III - i—--- 2% thru [T33)
£ _|li TOR from right |
N -
55 Np-- e
50 TN S S ;: ___________________
45 e E
1 0 1 2 3 4
Time {ns)

T4 T - T
Total fixture {T11)
T0}- Remaved by IS0 |1
E De-embed
e} ]
=l
55 (-
£0 .
45 -
- 0 1 2 3
Time (ns)
TE T T H T
; Total fixture {T33)
70 oo Removed by IS0 [
E j i De-embed
g T }}‘f‘“'ﬁﬁ'r'ﬁ"r"l'g'ﬁit""""
Pl . \ . .
) IS N ' '
i
50 - .
45 i =
- 0 1 2 3
Time (ns]

Rise time = 40ps (20/80)

TeraBit Solutions
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x OiH| 2. 2 AlO|=2| H E (fixture)2E| De-embedding

" TRLOJAM DUTO H|3H O Z! FixtureQ| Lead-in/out2 M=tstA| Of
Kot= AL Ao 2 Ho| 27

Fixture

Mezzanine
connector
2x thru (DUT)

(12" total)

TeraBit Solutions www.terabitsolutions.com



ISD2| De-embedding Z 1}

115

| —— TDD11 (Fixture)
—— TOD11 [Removed by 130)

-1 0 1 2 3 4 5
Time (=)

D012 (dB)

D014 (dE)
[ .
=

i Fiature i
| = DUT after 120
H i I
0 5 10 15 20 0 5 10 14 20
Fraquency (GHz) Frequency (GHz)

— DUT aftar IS0 |
= X thru :

TeraBit Solutions www.terabitsolutions.com



x oAl 3. USB type C 7 E]: ISD2} CIE SW tool A H|11

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

S (@B)

1 2x thru

[—s12]]

40 .
p— 11
— S22
0 . -
0 5 10 15 20
Frequency (GHz)
0 sy 1 s
201~ AN\ SNAL
o lferasaces
DUT 2 : ; Fixture
v eg ey R
— SDD11
oYL |——sDD12|
0 : E — SDD13
r— SO0 14
-100 H H n
0 [ 10 15 20
Frequency (GHz)

TeraBit Solutions www.terabitsolutions.com



)( ISD2} Tool A2| ZI1} H|

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

IL [dB)

NEXT (dB)

[=]

=
53]

S00M2 (after IS0) feemmebemmmneen
= S0D12 [after Tool A)
5 10 15 20
Frequency (GHz)
T T
i |——=DD13aterisD) ||
5 SDD3 (atter Tool A)
5 10 15 20

Fraguency (GHzr)

RL (B}

FEXT (dB)

-30

40

Non-causal ripples

_________________

SO0 (after ISD) ||
50011 (after Tool A)
i I

5 10
Fraguency (GHz)

15 20

-0
i

T0t-- -_

SDD4 (after 13D)
30014 (after Toal A)

5 10

Frequency (GHz)

15 20

TeraBit Solutions
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TDR/TDTE &2 2] Non-causality H|

= Counter-clockwise phase angle is another indication
of non-causality.

T, T T
sl Ripples i ]
An|- .
A5 1 Non-causal
iy
= -20
13}

i |=——sDp11 @terispy |
50011 (after Tool A)
i I

A0 - 1
0 5 10 15 20
Fraquency (GHz)

Z (Ohm)

H — TDOA (afier IS
= i ; \ | —— D011 (afier Tool A)
ay ED i
;E,u -1 0.5 0 0.5 1 1.5 2
B Time (ns)
@
=
[
i ' ' "
SDOT1 jafter 1SD) " Counter-
I : S00 |:ailler Toal A) clockwise
L 10 15 210

Frequency (GHz)

TeraBit Solutions www.terabitsolutions.com



Compliance specOi| O|X|= De-embedding &1}

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

ISD Tool A
Value Value
(Pass/Fail) (Pass/Fail) Spec
ILfit@2.5GH:z 04 ILfit@2.5GHz 0.4 0.6
ILfit®5.0 GHz 06 ILfit@5.0 GHz 06 0.8
1fit@00GH: 0.8 1Lfit@100GH: |09 1.0
IMR /4517 IMR 43T -40
IRL 232/ IRL \.1-20.8/ -18
INEXT 415 INEXT 415 44
IFEXT 492 IFEXT 493 -44
SCD12/SCD21 -23 SCD12/5CD21 -23.2
IL EL IL RL

TeraBit Solutions www.terabitsolutions.com



x 0| X| 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

TeraBit Solutions www.terabitsolutions.com



XKSDD1 1: ISD vs Tool A vs simulation

100G 126G

TeraBit Solutions www.terabitsolutions.com



x oAl 5. PCB trace attenuation: ISD vs eigenvalue

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

LSHDRT LLONG

LDUT = LLONG - LSHDRT

| DUT

f
N

De-embed De-embed

TeraBit Solutions www.terabitsolutions.com



2" (=7"-5") trace attenuation

identical launches (T, and T, ) and

Fhase Delay (ps)

SDD12 (dE)

Eigervalue :
35 ISD (Zref=83.37 ohm) |~
4 : : ;
0 10 20 30 40
Fraquency (GHz)
J205}-- -- T
320}-- R RCEEREY
319.6}--- S S
319}-- R
3MaE}-- -- T
FB e , it -
TS H —— Eigenvalue ;|
M7 — 18D (2ref=89.37 chm) |--- - -------- -~
0 10 20 30 40

Frequency (GHz)

SDD12 (dE)

Phase Delay (ps)

uniform transmission line (T, ).

4 : : Spikes are due to assumptions of
Af---
A2p----
A4y — Eigenvalug
— ISD {Zref=89.37 chm) :
15 ' : : '
10 11 12 13 14 15
Fraquency (5Hz)
9 T 1 1 I
: — Eigamvalue
I8 G poommrommaneees ISD (Zref=83 37 ohm) |
8.0 : " . :
HMETE
R e s e S
BN
Hidr 1 '
318.3 E ! E E
10 11 12 13 14 13

Freguency [GHz)

ISD’s spike-free

results help DK and DF extraction later.

TeraBit Solutions
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Material Property Extraction
Dk, DF and roughness

TeraBit Solutions www.terabitsolutions.com



of
00t

* PCB2| Material Properties?} S-parameter0f F=

AT IRC '
PR .".u“_"_'i" 7’;, S e

N et aa R A R S - .
Metal(Conductor)2| §4: & R
Conductivity s s e
Roughness

Dielectric Material £74:
DK (Dielectric Constant; &,)
DF (Loss tangent)

Material PropertyZ} PCB §40| = g%

Conductivity - Insertion Loss(/L)

Roughness 2 Insertion Loss(IL)

DK =2 Impedance(TDR/TDT), Return Loss(RL), Phase(delay)
DF -2 Insertion Loss(IL)

TeraBit Solutions www.terabitsolutions.com



X“"‘" MPXO| A DK, DF, roughness2 F&5}7| 2I5H

A8 3} fitting parameters

Single-end:
Insertion loss
Return loss

TDR, TDT

Differential:
Insertion loss

Return loss
TDR, TDT

NEXT/FEXT

TeraBit Solutions www.terabitsolutions.com



Material Property Setup: X2D2 2D solver

X2D2: The 2D Field Solver with Surface Roughness

Dielectric Property

MatlD Er tanD Sigma (S/m)

Metal Property

Mat ID
‘1

Sigma (5/m) Roughness (um)

Conduﬂcv:cllwtyl Roughness

5.8e7 1.5

Causal Dielectric Property

Mat ID Eri Erd m1 m2 Sigma (S/m)

Dielectric
Number of Layers

Layer 1 |IECHN NEN

Thick

Conductor

# Conductors
Bottom Ground

W Top Ground
Shoulder Width

Left
Right

Min. per
Total

Fit Dielectric | View Material

O Impedance

Thickness
|07 |
R0 e -

Run Control

Top Width

No. of Meshes

Load .tp2 File | View & Save

® 5 parameters

Bottom Wi

.. = .PCB trace?| Impedance / S-parameter A| 20|

Version
2016.02

Unit

® mm

® um

TeraBit Solutions
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MPX2| automated flow

Trace L1 2 inch
measurement
Fit IL, RL,
De-embedding =3 raceonivdata Lo eyt EexT, | DK DF
(L2-L1) roughness
TDR, TDT
Trace L2 D
measurement Tl ADK
2D solver
X2D2

Automated extraction flow

TeraBit Solutions www.terabitsolutions.com



Cross section Models

Optimized variables:

. . DK1, DF1, DK2, DF2
Glass fabric Resin R1, R2, R3, R4, RS (roughness)

Metal width and spacing

ground Eround
AL
DKL, DF2
R2
3
grous ground

Model 1 Model 2 Model 3

grownd

[\ [
—

ground

Model 4 Model 5

- CIE 2E FIH7ts

TeraBit Solutions www.terabitsolutions.com



MPX2| €l &

' < ° [l

— = =
e & e e s—]
e — =5

= :

b =

_-=‘\- MPX by AtaiTec (www.ataitec.com) - X ';:
Help :'E
Material Property Extractor (MPX) 2355 =
;
o File ® Directory
Select Excel spreadsheet ==
\mpx_for_ISD_M2_itr120\mpx_input_2_for_ISD.xIs
Select DUT file Browse ...
= TaTH gl g2 37
{E measured_sparameter 2017-02-05 27 920 S4p oHg S30KB

itr120MPX_L7_T5_WS1_Z90_T1234.s4p_DUT.s4p
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o
m\l

MPX2| &l ZAu}

Report 4’d
Material Characterization Report P/’0,0G/‘Z"/E’S Summa/j/ gﬂ/
PropertiesSf S-parameter, TDR/TDT plots

December 12, 2017

Conductivity(f), DK(f), DF(f) HIO|E

Properties Summary Z-Zf

ataitec Properties$} S-parameter, TDT/TDT plot
e X2D28 Ay ot

Measurement$} fitting 8F properties &&
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MPX2| AlsH

Az

ExtractE Properties / Measurement 2} fitting HIO|E{2| correlation Z 1}
(report & L& plot)

Single-ended TOT of 150 de-smbedded traces

i
2

Timse {ns)
Figure 30._, Rise time (20/80)=35ps.+

x 10° Single-ended TOT of 1SD de-ambedded traces
i i i
1 [ 1 2 3 4 5
Time {res)

Figure 31._. Rise time (20,/80)535ps.+

DK, DF and Effective Conductivity- 15
Bottom dislactsic 20 ﬂﬂn
g g 2|
o =
o =] -
@ g
40 -
45
-0
n
= Frequency (GHz) Frequency (GHz)
Frequency {GHz) Figure 38. Figure 36.4
Figure 1.4 . .
%10 Bottom dislactric 0 !
150 |- N
00} "
; 50|
£ Ll
H
£ soft-
w
100
150 "
F] -200“ 20 5 n
Frequency (GHz) Frequency (GHz) Frequency (GHz)
Figure 2.4 Figure 39, Figure 37.:
e Metat Diflerential TOR of ISD de-embedded traces s
T 02 X 10 Single-ended TOT of ISD de-embedded iraces
[
_ 55 i
E
L
Y — 98
: E o
g aslo g, =
B 5 a4 =
2 .l =] Z
= 0
e H
st i
: %0
, i : i i )
10 1% n 2 0 » a0 =
Frequency (GHz) Tine: () T
Figure 5. Figure 42._, Ri B0/B0}=35ps. e (el
gure 42... Rise time (20/80)=35ps Figure 32._. Rise time (20/80)=35ps.:

Extracted Material Property.

Directory: F\GneDrive\Datafles\Project\atanec\MPX_demo\mps_for_1S0_M3_240_3-
File name: MPX_L7_T5_WS1_90_T1234.53p_DUT.s4p-

Extracted material property: (Model 3)-
- Diglectric

27708, 3_1=0.0122542, th_1=7.56044e414 Ha, f_1=4.003030409 Hz
48384, 3_2:0.0120771, fh_2=1.0502de+15 Hz, l_2=4.012120+09 Ha+

Sigma=5.8e+07 5/m, Roughness=0.30455 um+
Top width (1)=5-3983 mil, Battom width (wh)=5.68764 mil
Pitch=14.9683 mil-

Ho. ofite

— Dielectric

Bottom (constant apprex.) -> DK1=3.36994, DF1=0.00589451-

Top (constant ) -> DK2=3.57756, DF

Thickness {mil] -» td=4.65 1.1 2.38 3,85

— Metal —

Roughness index=[111 11}

Thickness {tm)=1.21 mil, Length=2 inchs

Approx. impedance (2)-89.T785 ohm

— Generated files

DK, DF, sigma table = MPX_L7_T5_WS1_50_T1234.54p_DUT.5dp_fit.cov’

Fitted S-garan fle - M _WS1_Z90_T1234.54p_DUT.54p_it.s4p-
Scalable X202 file -» MPX_L7 T5_WS1 290 T1234.54p_DUT.54p_fittp2-

TeraBit Solutions
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(&) EYE diagram H| 1l : 25Gbps, PRBS

From measured S-parameter From simulated S-parameter

0.5
0.4
0.3
0.2
0.1
a
0.1

Yaoltage (valt)
Yoltage (volt)

0.2
0.3
0.4

: ! 05 : ﬁ _ ; : : :
: 25Gbps PRES : : : 25Gbps PRBS, simulated
I i T T I

a 10 20 30 40 a0 =] 70 an 0 10 20 3a 40 50 =] 70 an
Tirme (ps) Tirne (ps)

-—-- Outputs -
>>> Deterministic:
*** Threshold voltage = 0 volt

>>> Deterministic:
*** Threshold voltage = 0 volt

Eye height = 0.911855 volt
Eye width = 39.2379 ps
Jitter = 0.762092

Eye height = 0.914876 volt
Eye width = 39.3227 ps
Jitter = 0.677314
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I 20| & tHE5I0] =t S-parameterE

ne -4
o M
rot
o=
Q)
0]
3
©
o
©
®
ér.
p-=
e
_E_I
ne
Hu
-
_E_I
o be
4

12 [dB)
SCC12 (dB)

SDD12 (4B)

&l ISD LA - N
Fittad model | :

Fitted model | :

— Fitted model

o 20 0 8D 80 ‘b 20 0 8D 80 0 20 0 8D 80
Frequancy (GHz) Frequancy (GHz) Frequancy (GHz)

£11 (48]
SCC11 (dB)

S0O11 (d4B)

’A : ;| — Fitted model — Fitted model

; : Fitted model I ; .
20 10 8D 50 =" 20 10 8D 50 e 20 10 8D 50
Frequancy (GHz) Frequancy (GHz) Frequancy (GHz)
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X

zltie| 85= "Eot=

PCB2} RF Connector E” C| X2l

Measurement: up to 67GHz
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v" Chip test Board
v' PCB Material Property test

v" Socket, Connectors, cables test
v" Etc.

o b bo m" ﬁn" “ .
o ﬁ‘ " \\ !Q
s L / // / ” " I \ C .

- ( e Z 5,
_A .’ b
ﬂf"'-v-'-'--’
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x Solder typell Solderless type RF connector

O
S
o
o
3

L =]
S -
-

q B
| Q000000000 NC

CO0CCOC00
s
‘OOOOOOOOQ

POOR
CONNECTION

(RITITL

Pin Centered

ANANEA NN

AN

AN

PCBO|| 2™ A| signal El(X Body)2 solder2 AHZ
&S 18GHzO|3}0{|A| AFE (SMA)

Soldering E& 0| S-parameter0] 2 &2 &
F2 714

PCBO| 2782 screw AHE. signal T2 No solder(Press fit)
& 40GHz O| 0 M ALE

(2.92mm, 2.4mm, 1.85mm, Tmm &)

Soldering0| Sl B = QHHE Ol S-parameter 2tH

SOA a7t

HALE 7t
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J( M=Z2 typel| 1LY Edge Mount 74| E{

v ERE AXZE 32 AS:
Connector Body, Bottom clamp, screws

v Solderless (press fit)

v 1Y, 1 EE: 40GHz (2.92mm)
67GHz (1.85mm)
110GHz (1Tmm)

(\
ot

12| ol 7}7

v H|Z==}: USA (Signal Microwave)

TeraBit Solutions Part Number:
TBS-EM-40-001/002
TBS-EM-67-001/002
TBS-EM-110-001/002

Narrow profile Standard profile

TeraBit Solutions www.terabitsolutions.com



x Transmission Line 2t 0| A C}E {1 Xx0o| ZAdt

) ) Wr
_— Microstrip l—| | t
h
Dk2, Df2 D &y
+ -
WB

GCPWG(Grounde|d_q:o -Planar VYﬂ/e Guide)

C
Top Ground Pad —, I
Pin —,
"\ == Twg S

— Signal Trace

Signal Layer v~ Signal/Return Path 2}
v H/E Field2| tH3}
v' Mode Resonance 29|

Ground Via —/
“~ Ground Layer

L Other Layers
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v Board: ISOLA I-Tera MT40

v' Structure: GCPWG / MS 2inch, appx 500hm 5%
v No surface finish(Cu plating)
v' Edge Mount Connector: TBS-EM67-001

v' Measurement Frequency: ~67GHz

TeraBit Solutions www.terabitsolutions.com



Case 1: GCPWG_No stiching Vias besides signal T

mﬂf
W '

| BN S

10

“oltage (volt)

N h] TR SRR .......... .......... .......... ' _

: 5 : S Bl =Y 0 a0 & 8 00 T 10 18 160 210
-B0 i L ! ! ! 1 Tirne (ps)
0 10 20 30 40 Gl (1] 70

Fregquency [GHz)
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XCase 2: GCPWG_stiching Vias: 10mm, 2.5mm, Tmm

ooooooooooooooooooooo
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Case 2: GCPWG_stiching Vias: 10mm, 2.5mm, Tmm

10 ! ! ! ! !

| =5 %ias 10mm / 521

— S Wias 2.0mm £ 521 : ; ;

E0b | —2as Tmm 52 .......... D e
Mo Vias / 521 1 :

_ED i 1 ! 1 i
I 10 200 a0 A0 Al b0 /0

Fregquency (GHz)

40
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Case 3: GCPWG_stiching Vias: Tmm w/Launch via

S as 2 8mm F 521
— S Nias Tmm S 521

-200

— S5 %ias Tmm. Launch via / 521

_25 1 1 1 1
a 10 20 30 A0 a0
Frequency (GHz)

s
-

—

DLy & .00 & » O3
o

”
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x Case 4: Micro Strip_Launch Vias

& A5k a R,
i 20k -AIUUNEEREEE e AL IR Ll hE
s HERRREURURRIR A L 4 S -
L) {§, pLA . Micrastrip 521 ||
: : : Microstrip 511
et HE LY b GCPWG 521 |4
: ' GCPWE 511
A0 i 1 i 1 I 1
10 20 30 40 a0 il il

Frequency (GHz)
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........................................................................

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

<Pin, socket Test fixture: TBS-HF65-xxx> Al T .......... ......... ....... HFES 521 |
: : : : — HFE5 511
40 i i i L 1 I
] 10 20 a0 40 al &0 70

Frequency (GHz)

v Board: ISOLA I-Tera MT40

v' Structure: GCPWG, 2X thru Length ~2inch
v" ENIG surface finish(No PSR)

v' Edge Mount Connector: TBS-EM67-001

v' Measurement Frequency: ~70GHz
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X

A2t AT EQO]: ISD, X2D2, ADK, MPX,
(Ataitec, USA)

ALt RF Connector: TBS-EMxx-xxx
(Signal Microwave, USA)

= 9|: sales@terabs.com
010-7459-0902
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