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Practical PCB Material
|ldentification Techniques
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Wideband Debye model properties

Dk and LT at one point is sufficient to define the model!
Djordjevic-Sarkar model assumptions
* Dielectric properties represent the behavior

of two poles
. . * Low frequency pole (kHz)
loml :< ' 10’"2 .
: POLES > * High frequency pole (THz)
~HIE ] *  Well outside the frequency band
o) Re( £ ) T T H 4.2 that we want to characterize for
o A~ TR data transmission.
35100 1x10° 1x10t 1x10°  1x10%  1x107  1x10° od10® 1x10® ixiot! 1x10"? 1x10?® 1x10™ 1x10P . L.
1 MHz f 100 GH3z Djordjevic-Sarkar model advantages
* Describes most materials used in PCB/
2 tan o (w) [ i e Sy ‘R Wi Package/Cable
o / £ =101 Hz J tand = 0.02 \ * Simple to adjust
Cioo _F1:103 10t 1x10° 1x10® 1x10”  1x10® 1x10°  1x10"  1x10'' 1x10? 1x10® mglt— 1x10"
b Frequency, Hz
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Plane wave in Wideband Debye dielectric
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1 MHz 100 GHz
74x107°
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Both attenuation and phase delay provide
the same information regarding the
dielectric loss.

Slope of the phase delay is dependent upon
loss tangent.

We can use this to identify dielectric, since
there is a fairly sensitive slope.




“Oliner’s waveguide —

o AAARA puc

Practical implication of rough

ideal to |nvest|

Copper: w=20 mil;
Ideal dielectric: Dk=4; h=5.3 mil;

&ohiductors

10
Attenuation, Np/m f /
Re(I7) / “
Rel[‘rhuj'l ~
Re(t)  [Transition to skin-effec/ Haticoppen Taart(f)
0.1
A
Milxmﬁ 1x107 1x10° 1x10° 1x10%° 110"
1 MHz 100 GHz
mr) s Flat copper 7#__##
©j
Km*rhu]‘; 6.5%107°
—u’ 6.4x107° /
ImlIrhjl
R Phase delay, s/m
—9

6.2x10

Roughness has a large impact on loss.

Roughness has a very small impact on phase
delay.

We can use this in the final tuning of overall
interconnect loss.

We can neglect roughness for the purpose
of identifying Dk and Df.

1x10° 1x107

1x10°

1x10°

1x10%° 1x10"!

Frequency, Hz




GMS-Parameters

(1) Measure scattering parameters for
two transmission line segments with
lengths L1 and L2

(3a) Guess material or conductor
roughness model and model
parameters

v

v

(2) Compute reflection-less GMS-
parameters of line difference L=|L2-L1|

(3b) Compute reflection-less GMS-
parameters of the line segment

with length L

|

v

(4a) Compute difference between GMS-
parameters from measurements and
model

(4b) Adjust model parameters or
change the model

o _ 2
Optimization loop — red line; &8l

Automated in Simbeor software;
Yes

Is the difference
smaller than a

(4c) Material or conductor
roughness model is found

0 exp(—F-L)

GMSe = exp(—I‘-L) 0

AMeasured DifferenceStrip.Filtered; B:Computed.6 inch.Simulation(1);
Magnitude(S), [dB] Group Delay, [ns]
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=15 ‘Lﬁ-‘ =
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201 VU%
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05 Apr 2013, 15:36:25, Simberian Inc. Frequency, [GHz]
—HEASm[IN1(M1).In2(M1)] O— —; = B:Sm[In1{M1)In2(M1]] +— —:
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Raw vs. GMS

£:30100 solid copper.30100_1m. Slmulallonﬁ] B:30100 solid copper. 301 00_4m.Simulation(1):

—t ASmm[D1.D1] e e — A Smm[D1.D2] e — — S —s B:Smm[D1D1] (O = e e —eeee8) B:Smm[D1.D2] O e —
MMaanitude(S). [dB] Magnllude[S] [dB]
a0 — d - 2 e - L o

— S ———
20 + <l7' D1 20
T m—
30 P 30
40 — 2 1 a5 -+ -a0
50 - ' kLt | 1 -T- -50
60 - -+ -60
E 5 x* &
' ; t t t ! ' ' ' t ' ' t ! ' ; t } }
£:30100 solid copper 30100 gms unfiltered. Simulation : B:30100 solid copper.30100 g i . Simulation :

et ) S:S AT (M LINZ(A )] O o e ; —) B Sm[lrﬂ[MZ] IN2(M2)] O = = — Smill n1[M1] IN2(M1])] > = o e

— B:SMNTM2LIN2(M2]] <
MMaagnitude(S). [dB] M agnitude(S). [dB]

§%§a .

54 % Differential Made Noise occurs when return 1 5
a0 4 g\ %% loss crosses insertion loss.. 4 1 e

15 \ -+ 15
20 N / Common Mode 1
o5 / -25

ifferences between uniform sections of two
35 = - -+ 35
neasurements become apparent with GMS

s 1 PR s ' s
t t 1 t t t 1 t t 1 + t t t t 1 t
o 1 2 3 4 te_‘:nnlqye 7 8 =} 10 11 12 13 14 15 16 17 18 19 20

W)

=
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Filtered vs. Unfiltered Attenuation

A:30100 solid copper. 30100 gms unfiltered. Simulation; B:30100 solid copper. 30100 gms filtered. Simulation1;
) B S[INT(M1)IN2(MT)] O o o s i) 45 m[IN1(M2),IN2(M2)] O o o s ; ey B:S[INT (M 1)I02(M1)] o o o e
— BSmIN (M2)IN2(M2)] K =
Magnitude(S), [dB] Magnitude(S), [dB]

Ekg ‘
°T B&g% Differential Mode I T°
a0+ WWW: we ] + 10
=1 Common Mode I
204 + 20
x4 £ 25
04 + 30
% T Mode-separation-occurs-whenrdielectricis not-uniform-whenworking with-differential- conductors: T3

The position of Diffelrentilal Mode vs Common Mode prc:[/ides information on whelre the'a diffl rence

1 ]
T
0 1 2 3 4 5 6 7 8 Boccqg " 12 13 14 15 16 17 18 19 20
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Unfiltered Phase Delay

A:30100 solid copper. 30100 gms unfiltered. Simulation;
) B SM[INT(M1)IN2(MT)] O o o s ) 45 m[INT(M2),IN2(M2)] O o o e

Phase Delay, [ns] Phase Delay, [hs]
155 -+ 155
15.25 "Ea T 15.25

15 T T 15

Phase Delay is always
1475 + 14.75
much cleaner than

145 b/ T+ 14sAttenuation or Group
1425 + Differential Mode / 4 1425 Delay

14 + — & oy T 14
127 Commoh Mode 1
135 "C/ Il Il Il Il 1 1 1 1 1 1 1 1 1 1 Il Il Il Il 1 l__ 135

1 2 3 4 5 B 7 8 9 10 1 12 13 14 15 16 17 18 19 20

Mode separation occurs when dielectric is not uniform when working with differential conductors.
The position of Differential Mode vs Common Mode provides information on where the difference
occurs. Faster Common Mode indicates common mode fields are exposed to a lower Dk dielectric.
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Comparison of GMS and AFR

A:30100 solid copper. 30100_3m AFR. Simulation(1); B:30100 solid copper 30100 gms filtered. Slmulat|0n1

e 8.5 mm[D1,02] o A:Smm[C1,C2] ey B:Sm[INT(M1),IN2[M1)] Do e o e
e B S[INT (M2)IN2[M2)] DK
Magnitude(S), [dB] Magnitude(S), [dB]
g |
»T "y Red - Differential Mode GMS T2
54 \’2‘1;: Dark Green = Differential Mode AFR 15
Q%. ) Light Green — Common Mode AFR
75 1+ ‘% | q 4 75
e Blue — Common Mode GFS
104 N‘-&_,__‘M ] 4 10
125 + = -\)&h—.& T 125
"""%i P
15 T - ‘-‘h T -15
175 T+ \ Hh" ""-ak-\’ T 175
| ! T
20 T ] I o T -20
% % { | | : : : i | % % { : | | : : i | %
0 1 2 3 4 5 5 7 8 9 10 1" 12 13 14 15 16 17 18 19 20

GMS-parameter method is designed to remove losses due to impedance mismatch by normalizing to a perfectly
matched condition at every frequency point.
Other methods are designed to create faithful models of the actual delta-length interconnect. This may
introduce additional losses as mismatch increases.
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Comparison of GMS and AFR Phase Delay

A:301 UD SO|IC| copper. 30100_3m AFR.Simulation(1); B:30100 solid copper. 301 00 gms unfiltered.Simulation ;

el B:GM[D1,D2] e =k ASmm[C1,C2] Herrninn —) B Sm[ln1[M1] IN2(M1)] O o o o
——) B:SmlIn(M2),In2(M2)] O— —
Phase Delay, [ns] Phase Delay, [ns]
155 3 T 155
15.25 T T 15.25
*
9
15 T T 15

14.75 —% /g‘l‘ 1475

145 T, /@r' T 145
Differential Mode /

14.25 + -+ 14.25

N P s e e e e e Foa =
144 DSl : ‘ ' A - SO EA A R SR S S 4 R
o Common Mode L3
)

135 --E) 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 |_- 135

1 2 3 4 5 [ 7 8 9 10 1 12 13 14 15 16 17 18 19 20

Essentially identical delay between GMS and AFR methods.

Phase or Phase delay is generally the most stable method for identifying dielectric properties.
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Modeled vs. Measured Phase Delay

A:30100 solid copper. 30100 gms unfiltered. Simulation1; B;30100 solid copper. 30100_HFSS_model. Simulation(1);
) B:S[INT(M1)IN2[M1)] O e s s i) 45 [INT[M2),IN2(M2)] O o o o ; e ] B:Stm[D1,02] [ e e e

''''''' =] B:Smm[C1,C2] [
Phase Delay, [ns] Phase Delay, [ns]
155 Eg T 155
PhaseD|1525 Eé T 1525
155 --1| 154 145
1825 "}14.75 - /gﬁ-- 1475
BT s, ;D" T™®
1475 455 / 4 145
[ o A PR P P PR P P N -
145 1 1 — = PP S o L e T P = | e — L= |
| 14 = e e[ = = = = ] mminf} vl + =3 Fds - 14
1
WB T3z L + 1375
14
! 135 —-E} | | | | | ! ! ! ! 1 | | | | | | | | | ) 135
T T T T T T T T T T T T T T T T T T T T
1375 + 1 2 3 4 5 5 7 8 9 10 " 12 13 14 15 16 17 18 20
135 __8 Il Il Il Il Il 1 1 | | | | | Il Il Il Il Il Il Il |+ 135
T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 [ 7 8 9 10 n 12 13 14 15 16 17 18 13 20
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Modeled vs. Measured Attenuation

A:30100 solid copper. 30100_3m AFR. Simulation(1); B:30100 solid copper. 30100 gms unfiltered. Simulation1; C:30100 sohd copper 301 00 gms filtered. Simulation; D:307100 solid copper. 30100_HFSS_model. Simulation(1);

K ASMMD1.D2] e = A:Smm[C1,C2] ) B:SINT(M1)IN2(M1)] O o o
™) B2 SN (M2)IN2[M2)] O o o o e LS (M1 |n2[M1]] ><— —— e e C:SmINT(M2)IN2(M2)] DK
—F] D:SmD1.02] [ == == = v} D:SIAM(CT,CZ] [rrerereine;
Magnitude(S), [dB] Magnitude(S), [dB]
45
T -10
+ 5
T -20
+ 25
“.E""h-EL kahhhﬁ'““'g—* L
~ Raan il
*E---..E_
. -
""—GE—{:I' 35
0 25 5 75 10 125 15 17.5 20 225 25 275 30 325 35 375 40 425 45 475 50
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Trace Geometry Cross Section

Resin

DESIGNCON [2016' JANUARY 19-21,2016

WHERE THE CHIP MEETS THE BOARD y#’DO 6 // /



Differential Pair Geometry

- |
7.56mil
5.9 1Tmil 6.0Z2mil
3 _Resin rich / Fiber Free Region® -
8.58mil 0.55mil
7.13mil

To correctly model differential trace geometries, anisotropic layering must be modeled. Resin/Epoxy/Polymer.
regions are always lower Dk than mixed dielectric regions. Laminate weave skew is identified and bounded
through measurements and then incorporated into channel models as a post process step.
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Dielectric Mixture Modeling

Difference between epoxy
Er and Average Er results
in separation of common
and differential
propagation modes.

DEsIGNCON 2018 ianuary 1921, 2016 ,':51 5",
WWincie

WHERE THE CHIP MEETS THE BOARD

Dielectric average
of epoxy and glass




Measured Megé Diff Stripline

Acltera.Megb_16_244in_shallow_sdp.Simulation(1); B:ltera.Megb_9_329_shallow_s4p. Simulation(1):

X AL X K A1 ] R S RS T K RS A] S  BS[1.2] 6 — B:S[1.4] o— —:
Magnitude(S). [dB] Magnitude(S). [dB]
 S—
e S e !
5 — S — = 5
A0 10
15 T-15
20 ™ 20
1 - = . B - > 2 3 > -,

o5l f‘ﬁ (lj] . i § Sy e p e I DI e - 3 A B e =12
NS % o ek s T
a0 E; l ) 1 EFarward Crocctalle M— - B .30

)ﬁk%x& 3 it { rulrvwdalu CIIUoSoLWdiinN R
iRl /
40Tk \ﬂfb I / 1

- /£
-45 } ——1-45
;;]““.

so bl { 1 3= /' D 1 10
g mnserti OSS / Rewurn LoOsSS
Wit

55 1k 155
f#,, crossover @|13/GHz

&0 J 1-60

1 4 5 10 11 12 13 14 15 15 17 18 139 20 21 22 23 24 25 2
03 Apr 2013, 10:21:05, Simberian Inc. Frequency, [GHz]

Measured data is often limited by Signal-to-Noise ratio at the insertion loss / return loss crossover point. But
even this data can produce good model correlation if parameters are extracted between DC and 13 GHz.
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Meg 6 Mode Separation Phase

A:|tera. diff stripline Megb generalized 6_915 inch.Simulation ;
—= ASm[In2(M1)In1(M1])] O— —: o A:SmIn2(M2).In1(M2)] o— —

Angle(S). [deg] Angle(S). [dea]

100+ > n!ﬁe! ! MOje !S 1100

N B ter I

50T ¥ L +-50

f Common Mode Is

100 ) Slower kﬁ Y100
S = i

150+ < — +-150
~N ~J

101 10.2 10.3 10.4 105 10.6 10.7 10.8 109 11 111 11.2 11.3 11.4
03 Apr 2013, 10:42:58, Simberian Inc. Frequency, [GHz]

Mode separation due to layered anisotropy of epoxy and fiber rich areas in laminate system
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Meg 6 Mode Separation Group Delay

A:|tera. diff stripline Megb generalized 6_915 inch.Simulation ;

—2 ASmn2(M1LIn1[M1])] ©— — —= A:Sm[INn2(M2)In1[M2]] ©— —:

Group Delay, [ns] Group Delay. [ns]
114751 111475
11451 11145
. Commaon Mode is |-
114y Slowe |

. 1/
11375 1= T1.1375
~ |
1135+ L= S Tl —— 11135
ol B
Tl E—___e'_‘——h—f
113251 S +1.1325
Tl "_————o-_____‘;__
—al S L
1131 S = T1.13
S| P
—
112751 == — T1.1275
——
e
11251 +—s —— +1.125
Differential Mode is R
11225+ +1.1225
112t Faster Liaz
111751 T1.1175
3 4 5 B 7 g8 9 10 11 12 13 14 15 16 17 18 19
03 Apr 2013, 10:45:46, Simberian Inc. Frequency. [GHz]

Mode separation due to layered anisotropy of epoy and fiber rich areas in laminate system.
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Megtron 6 20" Differential Pair Modeled vs. Measured
Single-ended S-parameters

| o~ L0~ eom (390NN aT>0aa;
|nr ‘e@xe CEX | PD«® N
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Practical Material Identification

Step 1 — Use group/phase delay for preliminary Er
Step 2 — Evaluate potential variation

Step 3 — Identify low frequency characteristics
Step 4 — Adjust for dielectric loss

Step 5 — Final adjustment for conductor roughness

2016 JANUARY 19-21,2016
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Practical Material Identification
Step 1 - Group Delay Preliminary Er
Identification

—<—— N4000-13EP.2 in stripline 4tob opt2 S4. Simulationd, Sm[ln1(M1)In2(M1])] — < — —
——— N4000-13EP.4 in stripline 2tob opt2 S4.Simulation1, SmIn1[M1)LIN2(M1)] — —3<— —
Group Delay. [ns] Group Delay, [ns]
0.7 “T T07
%%w 0.6625 >
r
0.65 T 2 T 0.65
Tune Dk near 1 GHz to match phase
0.6 T + 06
0.55 1 T0.55
05T T05
0.45 + T0.45
0.4 - TO04
12 03309 1
0.35 & =y 0.35
+ + + + + 25 + + + +
25 5 75 10 125 15 175 20 225 25 275 30 325 35 375 40 425 45 47.5 50
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Practical Material Identification
Step 2 - Evaluate variation

—#%—— N4000-13EP.2 in stripline 2to4 opt2 S4.Simulation1, Sm[In1(M1)LIn2(MM1)] — —% — —
—S—— N4000-13EP.2 in stripline 4to6 opt2 S4. Simulation1, Sm[In1(M1LIn2(M1])] — <= — —
——>¢—— N4000-13EP.4 in stripline 2to6 opt2 S4.SimulationT, SmIn1(M1)LIn2(M1])] — =< — —

Group Delay, [ns] Group Delay, [hs]
0333 f + 0.333
E
0.3325 T %‘5&% +0.3325
0332 4 % o332
S o 0.331527 > Yuck! 033153
0.3315 1 g o A e SRRtk okl 103315
"Sesecgl, 033093>
0.331 + Poce, 10331
2 E969.906
0.3305 + Seosaa 1 0.3305
SSSesecg
=
0.33 4 1033
0.329589
Sy
0.3295 + 50— 1 0.3295
0.329 ¢, " . s " . 4 . . i . . . i " s . . . 170329
5 7.5 10 125 15 17.5 20 225 25 27.5 30 325 35 375 a0 425 a5 475 50
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Practical Material Identification
Step 3 - Identify Low Frequency Characteristics

—#%—— N4000-13EP.2 in stripline 2tod4 opt2 S4.Simulationd, Smln1[(M1)LINn2(M1])] — —% — —

—S—— N4000-13EP.2 in stripline 4to6 opt2 S4.Simulation, Smln1[M1LIn2(kM1)] — <= — —

——¢—— N4000-13EP.4 in stripline 2tob opt2 S4.Simulation1, Smln1[M1)LIn2[M1]] — =< — —
—— ] 4000-13EP.2 in modeled trace.Simulation1, Smln1[M1)In2[k1]] se—t——

—— ] 4000-13EP.4 in modeled trace.Simulation], S[1,2] se——g—
M agnitude(S). [dB]

M agnitude(S). [dB]
025 F tozs
Adjust for conductivity
o+t to
h,;q 2
% o win = - -

025+ . + 1025

05+ : T-05

R v aned
075+ +07s
0.1 0 01 02 03 0.4 05 06 07 o8 0.9 1 11 12 13 T4 15 16 17

2016 JANUARY 19-21,2016
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Practical Material Identification
Step 4 - Adjustment for Dielectric Loss

—#%—— N4000-13EP.2 in stripline 2tod4 opt2 S4.Simulationd, Smin1[(M1)LINn2(M1])] — —% — —
—¢—— N4000-13EP.4 in stripline 2tob opt2 S4.Simulation1, Smln1(M1)LIN2[M1])] — =< — —
—— | 4000-13EP.2 in modeled trace.SimulationT, Smln1[M1)IN2[k1]] se— —
—— N 4000-13EP.4 in modeled trace.Simulation], S[1,2] e———

Group Delay, [nhs] Group Delay, [ns]
+ ] | ] +
07 0.6636 > 0.6625 > 0.5%% 06615 > 07

10 o 20 40
e+ Los
Tune Df to match phase at high frequency
05+ 105
04+ 104
0.332 > 0.3315> 033145 0.3315>
% x
03T ‘ ‘ T0.3
25 5 75 10 125 15 175 20 225 25 275 30 325 35 375 40 425 45 475
20 Dec 2010, 17:58:19, Simberian Inc. Frequency, [GHz]
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Practical Material Identification
Step 5 - Final Adjustment for Conductor Roughness

—#%—— N4000-13EP.2 in stripline 2tod4 opt2 S4.Simulationd, Smln1[(M1)LINn2(M1])] — —% — —
—S—— N4000-13EP.2 in stripline 4to6 opt2 S4. Simulation1, Sm[In1(M1LIn2(M1])] — <= — —
—¢—— N4000-13EP.4 in stripline 2to6 opt2 S4.Simulation1, Sm[In1(M1)LIn2(M1])] — =< — —

—r— ] 4000-13EP.2 in modeled trace.Simulation1, Smln1[M1)In2[k1]] se—t——
—— ] 4000-13EP.4 in modeled trace.Simulation], S[1,2] se——g—
M agnitude(S). [dB]

M agnitude(S). [dB]
0 1

ES
”N w% ~

254 S g Tune roughness model'to match high | | .-
54 -5
75+ 175

A0+ %

25 5 75 10 125 15 17.5 20 225 25 27.5 30 325 35 375 40 425 45 475 50
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Terragreen Raw Measurements

A:TemagreenNew.24cm_1.Simulation(1); B: TerragreenNew.2d4cm_2. Slmulatlonﬂ] C;TemnagreenNew.12.65cm_1.Simulation(1); D: TenragreenNew.12.65cm_2. Simulation(1);

—f A5(1.1] *———-;—)K BG[12] Hom e AG[22] o o o o ) B:G[1,]] O e ) B:G[1,2] (O
—) B:S[2,2] O == == = ; — C:S[1.1] D ) C:501.2) D . C:5[2,2] mm ; —] D:501.1] [ o o e -
—_—] D:S[1.2] [ D:5[2.2) O= ==
Magnitude(S), [dB] M agnitude(S), [dB]
? = i A ‘ i
— -0
20 + -+ -20
30 T 2 ': 1 T -30
40 ! [l] + 40
50 T l EI T -50
) [k}
.BO T &) ) T 'BU
70 + l = -+ 70
- } } } } t } } } } t } } } } t }
25 5 75 10 125 15 175 20 225 25 275 30 325 35 375 40
19Jan 2016, 07:21:00, Simberian Inc. Frequency, [GHz]

WHERE THE CHIP MEETS THE BOARD
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Terragreen Phase Delay
GMS vs Modeled

A:TerragreenNew.se stripline 11.35cm_1.Simulation; B:TerragreenNew.11.35cmTrace. Simulation; C:TerragreenNew. se stripline siwave 11.35cm. Simulation?;

—) ASTINTMIINZMT]] O = o ;e BS[12] o o o ] CSmlInT M In2M)) [ =
Phase Delay, [ps] Phase Delay, [ps]
750 --E_ 1 70
745 + nsyS SIWave a nd 1™
N Simbeor have very 1™
735 1 _ 1735
faithful match to
730 1 1+ 730

GMS-parameter
725 1 ngs 2 T 75
720 + E& - 718,08 EIOt

e T 720
—-@.-_-E‘— == =" G .—V7,18-82 < , L .
715 + n : = = = Ot 715
710 + =+ 710
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
T T T T T T T T T T T T T T T
2 3 4 5 g 7 g 9 10 11 12 13 14 15
19Jan 2016, 07:21:54, Simberian Inc. Frequency, [GHz]
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Terragreen Attenuation
GMS vs Modeled

A TerragteenNew se stripline 11, 350m 1.Simulation1; B:TerragreenNew.11.35cmTrace. Simulation; C:TerragreenNew. se stripline siwave 11.35cm. Simulation ;

2 3

=
)]

18Jan 2016, 07:27: U2 Simberian Inc.

—) &S0 (M1),I02[M 1)) O - £ BiS[1.2] o C:Sm{in1(M1).In2(M1])
Magnitude(S), [dB] Magnitude(S), [dB]
0 TR -0
T Ansys SiWave and
T — Simbeor havevery 1%
N T faithful matchto ||
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Df = 0.004 ~ o P
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Roughness Factor = 2 \
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Frequency, [GHz]
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Tachyon 100G Measured Insertion Loss

A:Tachyon.dinch_horz_4p5dearee_s2p.Simulation(1); B: T achyon.dinch_vert_4pSdearee_s2p.Simulation(1); C:T achyon.8inch_horz_4pSdearee_s2p.Simulation(1); D: T achyon.8inch_vert_dpSdearee_s2p.Simulation(1); E:Tachyon. 2inch_horz_Odegree_s2p. Simulation(1); F:T achyon. 2inch_vert_Odegree_s2p. Simulation(1);
G- Tachyon.Binch_horz_Odegree_s2p. Simulation(1): H:Tachyan,Binch_vert_Odegres_s2p. Simulation(1):

—+tAS[2]t— —; —*BS[.2]*¥— —; —9O L5120 —; “Dis[.2) T HESN0— — 2 RS2 ¢— —:— G:S[1.2] — —;—8HS5[1.2]0— —;
Magnitude(S). [dB] Magnitude(S). [dB]
%x\lﬂh‘&\t}
S = o S|
4 \E\h:;\\_*\\ [T ——t—lo 1
e e T4 | - : :
e [T —=r—s+._|__2 inch Horiz /Vert 0 degree
T = b =—h,§’___*\ L £ |

2 =i gy == ] s e 2

e py = el N—\ T e

R e | T TS ch Horiz / Vert 4.5 degree
3 [Fo=] =N ‘ e 3
= = =
g\;\g i “al S ———
St = I \“”b:“\\\‘s:fib ]
‘ T T T T [ <= === ey [ B I S IS I B B =
e ' " t2—s__6 inch Horiz|/Vert 0 degree -
Mool T8l
5 . B o 5
e T—fede. |
s S te |

6 A 0 0 PN g

+-..8 inch Horiz// Vert 4.5 degree |
7 \&;‘ 7

8 inch Horiz 4.5 degree m\/w x

s Horizontal Weave Periodic Loading ™ kﬂ 8

05 15 2 25 35 4 45 5 55 ] ES 7 75 85 3 95 10 105 1 15 12 125 13 135 14 145 15 1565 16 165 17 175 18 185 13 185 20
13 Mar 2014, 17:20:37, Simberian Inc. Frequency, [GHz]

Variation of Dk in horizontal weave direction is discerned by 4.5 degree
periodic weave loading, which causes a '/2 wave resonance at '/ the

crossing frequency
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Tachyon 100G 4" Generalized De-embedded
Attenuation Match

A:Tachyon.se stripline 4 inch horiz-horiz_4_Sdegree. Simulation1: B: T achyon.se strthne 4inch vert-vert_4_Sdegree. S\mulallon1 C:Tachyon. Tachyon dinchTraced_s2p.Simulation(1); D:Tachyon.se stripline 4 mch wverl l -vert_0_degree. Simulation; E: Tachyon se stripline 4 inch horiz-horiz_0_degree. Simulation1
—— A:5mlIn1 (M1)In2(M1)] S— — —< B:Smlin1 (M1)In2(M1)] X— —; ——+ C:5[1.2] +— — ——— D:Smlin1(M1)In2(M1)] ;——2 E:SmlIn1(M1)In2(M1)] 0—
Magnitude(S). [dB] Magnitude(S). [dB]

5 \e‘kw&% ‘

T~ | | " Red -'Ve.-ti?l (Fill) Direction | | ’

.~? | {Blue = Horizontal (Warp)) Direction . | 15
"“*vsi% ; Black - Sim

? lated Attenuation

Due to large difference between Dk _ | b
of p er-and s, Tachyon-is 1 e —N1 I 3

xtremely sensitive to dielectric %ﬁ& L
. . %a a5
variations/in

Il directions —
. 8 inch Horiz 4.5 degree W% )
Horizontal Weave PeriodigL Loading ' ' ' ?

05 15 25 35 4 45 &5 655 6 65 7 75 85 a5 10 105 11 115 12 125 13 135 14 145 15 155 16 165 17 175 18 185 13 195 20
13 Mar 2014, 17:21:31, Simberian Inc. Frequency, [GHz]

Cu Conductivity — 5.6 e’ S/M
Cu Roughness — 0.4 micron (Hamerstadt-]ensen)
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Material Comparison
De-embedded Periodic Weave Resonance

A:Megtrond. se stripline 4 inch horiz-horiz_4_Sdegree. Simulation] : B:Megtronb.se stripline 4 inch horiz-horiz_4_5degree. Simulation? : C:|-Speed.se stripline 4 inch horiz-horiz_4_5dearee. Simulation? : D:I-Tera.se stripline 4 inch horiz-horiz_4_Sdegree. Simulation? :
E:GigaSync_RTF.se stipline 4 inch horiz-horiz_4_5degree. Simulation? ; F: T achyon. se stripline 4 inch hariz-horiz_4_Sdegree. Simulation]; G:Teragreen. se stripline 4 inch horiz-horiz_4_Sdegree. Simulation1 ;
H:GigaSync_HVLP.se stripline 4 inch horiz-horiz_4_Sdegree. Simulation ;
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G:Smlln1[M1LIN2[M1)] = == ==K H:Sm[In1(M1)In2(M1]] H=— =
Magnitude(S). [dB] Magnitude(S). [dB]
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direction. Vertical (Fill) direction shows no evidence of this phenomena.
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Megtron 6 20" Differential Pair Modeled vs.
Measured Differential S-parameters

OB
Mﬂ‘y T Bt
T (WEH AL
I gt _ et DO

G Spe———— T e e L 5 e
e it ot s “Z
8 A AATAT i‘ﬂ' PO ‘?\"i =2z 2 ] —~

T R e e }ixj:_;v\,; 7
T sl B

N
A o
% P
M‘

\"T'\\:.,‘_“ . Modeled
‘\(

Modeled with |2 ps
launch skew added for
laminate weave skew

'Laminate weave skew introduces an additional factor in the assessment of models.
“In_this case, one'measured set of differential pairs had significant P/N skew of 12 ps,
identified in group delay and phase plots.
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Thank youl!

QUESTIONS?

MORE INFORMATION:
www.isodesign.isola-group.com

= Chudy.Nwachukwu@isola-group.com

www.simberian.com

= Shlepnev@simberian.com

www.teraspeed.com

= Scott@teraspeed.com
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