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2.4mm Abstract

e  With Data rates climbing to 10-12.5 Gb/s and plans for 28 Gb/s, it becomes important to
increase PCB fixtures from the typical 20 GHz to 50 GHz. There are several vendor Vector
Network Analyzers that will sweep this high, but not many PCB launch connectors that can
accurately launch these high frequencies.

e This paper will:
— Present modeling and validate data for a novel compression launch 2.4mm coaxial
connector, functional up to 50GHz
— Introduce methods for analytical modeling and measurements for optimizing the PCB
launch and escape, under the 2.4 mm connector.

— Demonstrate accurate broadband material characterization, using the method of
generalized modal S-parameters, out to 50 GHz.

* The 2.4mm design includes a compression attach center conductor that does not require a
solder attach to the PCB. The 2.4mm coax design meets all the standard 2.4mm mechanical
interface standards, with a VSWR of <1.2 @ 50 GHz back to back test method.

*  This paper will review EDA analytically modeling methodology and results for the integrated
2.4mm coaxial connector with, several PCB layout designs.

The final optimized PCB design was fabricated, measured and correlated to the analytical
model.
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Paper Overview

 This DesignCon paper will be presented in several parts
— Review of 2.4mm coaxial design and optimization modeling and results
— Two pcb optimization patterns have been modeled and measured.

e Optimization 1: Review of analytical models, results. Review of optimization
1 test board fab, test results and model to data correlation

e Optimization 1: Review of analytical models, results. Review of optimization
1 test board fab, test results and model to data correlation

— Practical material characterization and identification of dielectric loss and copper
surface roughness
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2.4mm Coaxial Design
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2.4mm Coaxial Design

2.4MM CONNECTOR OVERVIEW

«Standard 2.4mm coaxial design using pressure contact attachment to the board.
sUses two 0-80 UNF screws to mount the connector to the PCB with no solder
requirement.

eIntegrated center pin design which is capable to 1.2:1 VSWR at 50 GHz using
back to back test method.
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2.4mm Coaxial Design

[E}-
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2.4mm Coaxial Initial Design

Window 3 (1) S11 Units

s SWR C 2-Port Body 1D 2.4mm|
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Window 2
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2.4mm Coaxial Optimized Design
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Optimization 1

Measure S-parameters of test fixture with 4”length of line
segment.
Optimization 1 has a simplified gnd pcb launch pattern
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Optimization 1
e Model review

PCB Pattern

|

PCB Launch Simplified Gnd Pattern
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Optimization 1: Model Review

e PCB Stack
— 135mil Nelco 4000-13EP
— Copper layers : 4 signals, 8 gnds

Lol N |

Signal Layer 1 —;
Signal Layer 2 >

Signal Layer 3
Signal Layer 4

vV V

7/ \\

\

Backdrill
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Optimization 1: Modeled to Measured Results

000 IL Plots Circuitl &,
Signal Layer 4
] Red: Modeled
Brown: Measured
0.00 ' ' ' ' 10.|00 ' ' ' ' 20.IOO ' ' ' 'F3[OG-IIO—|OZ] ' ' /' ' 4O.IOO ' ' ' ' 50!00 ' ' ' ' 60.00
Signal Layer 4: Cavity Mode Resonance due to non optimized
PCB via pattern
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Optimization 1: TDR Results

Opt1 TDR: Tr=17.5 ps
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Optimization 1 Observations

Due to the high frequency bandwidth of this design it
becomes very difficult to optimize both Frequency
and Time domain capabilities. Optimization 1 tunes
the TDR, leaving higher frequency resonances.
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Optimization 2 Goals

— More aggressive
optimization.

e Push cavity modes far
above 50 GHz.

* Increase launch
“localization” by providing
better cavity ground
containment.

* Optimize two connectors
on trace to minimize half-
wave end-to-end
resonances.

e Provide complex internal
compensation structures.
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Areas of Optimization
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Return Loss Optimization Runs
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TDR Results Across Sweeps
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Optimization 2 Design Results

S-Parameter Magnitude in dB

st Optimization results of

' two connectors separated
by 300 mil of stripline
trace to extend
performance above 30
GHz.

=70

0 5 10 15 20 25 20 35
Frequency / GHz
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Material parameters identification with GMS-
parameters

e Measure S-parameters of two test fixtures with different length of line
segments S1 and S2

e Transform S1 and S2 to the T-matrices T1 and T2, diagonalize the product
of T1 and inversed T2 and compute GMS-parameters of the line difference

e Select material model and guess values of the model parameters

e Compute GMS-parameters of the line difference segment by solving
Maxwell’s equation for t-line cross-section (only propagation constants are
needed)

e Adjust material parameters until computed GMS parameters fit measured
GMS-parameters with the computed

Simberian’s patent pending
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Measure S-parameters of two test fixtures with line
segments (no calibration is required)

e S1andT1 for line with length L1

_____ 1.1]
—#— Opt2.opt2_4013EP_SE_din_thru_S1_s2p Simulationl, 5[1.2]
Magnitude(S), [HEB]
E

L1 S1-5T1 oy

-25

T B 1 | [suTil| 2 4

3
E
*

5 10 15 20 25 30 35 40 45 50
15 Dec 2010, 11:47:52, Simberian nc. Frequency, [GHz]

e S2and T2 for line with length L2

Magnitude(S), [dB]

| 2 S2 572 T all
=H =) 1 | [S2/T2]| 2 o

5 10 15 20 2h 30 35 40 45 50
15 Dec 2010, 11:48:28, Simberian |nc. Frequency, [GHz]

T1 and T2 matrices are scattering T-parameters
(computed directly from S-parameters)
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Extract Generalized Modal T-parameters (GMT) and
then GMS-Parameters

Segment L1 T1=TA-TB

1 [T1] 2

Segment L2 T2=TA-GMT -TB

[T2] 2 1 [TA] || [GMT] [TB] 2

— ——
'

GMT is non-reflective modal T-matrix (normalized to
the unknown characteristic impedances of the modes)

T2.T1'=TA-GMT - TA™ _
For 1-conductor line we get:

¢
T 0 |0 T
GMT = eigenvals(TZ-Tl—l) GMT ={ 0 Tl} =) GMSD: [Tﬂ (1)1}
11
Easy to compute! Just 1 complex function!

N 11020
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ldentifying dielectrics by fitting GMS-parameters

Solve Maxwell’s equations for 1-conductor line: | dL |

0 exp(-I-dL)
GMSc = r.dL 0
eXp (_ ) ) —#— Project] Difference Top Simulation, Smlln1(M1]In2M1]] — %= —
—&— Project2 4 inch segment. Simulation, Smw[ln1[M1)In2[M1]] —& —
Magnitude(S), [dB] Group Delay. [ns]
1 : 10575
e Fit measured data: Only 1 complex function! | Lossas
I T0.55
° - b > loss
G M Sm |: O T]_]_ :| il MM 10525
o 1 105125
% T05
10 20 30 40 5ID
15 Dec 2010, 12:24: 22, Simbenan Inc. Frequency, [GHz]

e Measured GMS-parameters of the segment can be directly fitted with the
calculated GMS-parameters for material parameters identification

Phase or group delay can be used to identify DK and insertion loss to identify
T or conductor roughness!
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The GMS-parameters technique is the simplest
possible

 Needs un-calibrated measurements for 2 t-lines with any
geometry of cross-section and transitions

— No extraction of propagation constants (Gamma) from measured data
(difficult, error-prone)

— No de-embedding of connectors and launches (difficult, error-prone)
e Needs the simplest numerical model

— Requires computation of only propagation constants

— No 3D electromagnetic models of the transitions
e Minimal number of smooth complex functions to match

— One parameter for single and two parameters for differential
— All reflection and modal transformation parameters are exactly zeros
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What if launches or connectors in test fixtures
are not identical?

* Numerical experiment to investigate the consequences of the non-identity

Materials & Stackup Simple transition to 7-mil strip-line with pad
(in L2) diameter changing from 8 to 22 mil

9...E,ﬁterials: T=20[*C], RF=2,... with 3.5 mil discret
"Copper”, RR=1, SR=0.5

B "Mat. & Core", Dk=3.66, LT=0.0037, PLM=\WD TO — 8 mil
----- £ "Mat, & Prepreg”, Dk=3.66, LT=0.0037, PLM='WD T1 — 11.5 mil
""" A T2 — 15 mil
- 1| Plane: "L1", Cond="Coppet", T=2, Ins="Mat, A Core" T4 — 22 mil

~JJ 21 wedium: T=6.8, Ins="Mat. & Core"
- 3| Signal: "Lz", T=0.6, Ins="Mat. & Prepreq”

. 4| Medium: T=5, Ins="Mat, A Prepreg”
- 5| Plane: "L3", Cond="Copper", T=0.6, Ins="Mat, & Core" /

Models of the launches —
different between 2 structures g y., 2010, 12:54:03, Simberian I, 30 View Mode [press <E5 to Edit]

nputt HPTT 116 inch 3"”3”4 Ut From simulated S-parameters of 2
:.Z—'— 2 —'—:.:— structures with varying pad

R ° ° M diameters we extract GMS-
a1 8 inch . MP12 Jnpu2_ > parameters of 2-inch segment and
PN prorrd L e I compare it with the GMS-parameters
& < S—r &—a of 2-inch segment computed directly

Editar Mode [press <Ex for Mebwaork, Wiew).
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Effect of launch pad diameter on reflection from
8-inch test fixture

e In case of the t-line impedance close to 50-Ohm, the envelop of the reflection
parameters is mostly defined by the reflection from the transition

Pad diameter:

% Launches OF.T0 Simulationd, S[1.1] TO—8 mil ——— Launches 0. 5E & inch TO. Simulation?, 5[1.1]
——a— Launches OF.T1.Simulation1. S[1.1] T1—-11.5 mil ——— Launches Off SE 8 ir‘u:h T'I.S!mulat?n:nm, 5[1.1]
—#— Launches OF.T2 Simulation], S[1.1] T2 — 15 mil — Launches Of.5E 8 inch T2 Simulation1, 5[1.1]
— 85— Launches O T2 Simulation, S[1,1] T3 — 18.5 mil Launches OFf.5SE & !nch TE.S!muIat!DnL sM.]
——+—— Launches O T4 Simulation, 5[1.1] T4 — 22 mil _ Launches OF.SE 8 inch T4 Simulation1, 5[1.1]
Magnitude(S], [dE] k agnitude(5], [dE]
o} or
T’.')
—"1 53—t
R
10t 4.}} W’#tﬁﬂ_‘ | ot
=]
/,/J; B/ e T2 ol
20T //?::V \ TO 1L -
7

B =™

test fixtu

|S11]| of launches

AT ||

EI é 1 :|:| 1 :5 2:|:| 2:5 3:|:| 3:5 4:|:| 4:5 5:|:| EI 5 1 IEI 1 I5 2I|:| 2I5 3I|:I 3I5 4.|:| 4I5 EII:I
05 Moy 2010, 1332 46, Simberian Inc. Frequency. [GHz] 05 Moy 20010, 13:33:47, Simberian Ihe. Frequency, [GHz]
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Effect of launch pad diameter on transmission
through 8-inch test fixture

e Reflective launch lead to substantial difference in the insertion loss |S12|

of the test fixture

|S12| is not suitable for the material
Launches Off SE & inch T0.Simulation], 5[1.2 - TP . -
Launches Off 3E 8 inch T1.5:m3|:t:§21,5%1,2% identification, even with relatively good
Launches Off.5E 8 inch T2 Simulation, 5[1.2] launches!

Launches O.SE 8 inch T3.Simulation1, 5[1.2]
Launches Off 5E 8 inch T4 Simulation?, 5[1.2]

Magnitude(S). [dB]

\\ |S12] of the |8-inch test fixtlures
T0 Phases are practically
A0+ iy, : S ¢/ Tl T2 identical
Pad diameter: %%:&% Group delays are
posm o L substantially different due to
d T2 — 15 mil " e, | reflections
T3 — 18.5 mil T3 M““\««N L
T4 — 22 mil The result is similar for the
| | | | | | | | IT4 %“‘m 6-inch structure
0 5 10 15 20 25 30 35 40 45 50
05 Mow 2000, 14:30:32, Simberian Inc. Frequency, [GHz]
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GMS-parameters in case of identical launches

e Extracted GM transmission parameters of 2-inch segment are independent of the
launch geometry as long as all 4 launches on 2 test fixtures are identical

Launch with 8 mil pad

—#—— Benchmark.5E Strip 2 inch.Sinulationd, Sm{ln1M1]In2kM1])]] — % —

TEOO

T 500

T400

T300

T200

—&—— Launches Off.Difference TO-T0.Simulation, Smiln1(M11In2[M1]] — & —
Magnitude(S). [dB] Group Delay, [ps]
L]
067
&
_‘I L
L]
-15 P %% [Eq
> _g e ] & FEBEE SHEIHE BE DR SEEE
N v/
251 MN
al %ﬁ'
Seay

1] 5 10 15 20 25 30 35 40 45
11 Dec 2010, 15:15:08, Simberian Inc.

50
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100

Frequency, [GHz]

Launch with 22 mil pad

—#—— Benchmark 5E Strip 2 inch.Simulation, Smllnd[M1]In2[M1]] — % —

—&—— Launches Off Difference T4-T4.Simulation], Smlln1M1LIn2(M1]] — & —
Magnitude(S). [dB] Group Delay.
&
06T
&
‘I L
& L
157 %% —>
- % B T : :::_:-:_: U.Tw BB B BB
= N%%&
a3l Bﬁ%@,
"o

0 5 10 15 20 25 30 35 40 45
11 Dec 20010, 14:47:50, Simberian [ne.

50

[ps]
OO0

1500

1400

T300

1200

100

Frequency, [GHz]

Stars — 2-inch exact, circles — computed from 2 test fixtures



What if launches on 6-inch fixture are different
from launches on 8-inch fixture?

e Magnitude of Generalized Modal transmission and group delay look “noisy”
 Material identification may be possible only up to 20-25 GHz

Pad diameter: TO -8 mil; T1 - 11.5 mil

—#—— Benchmark.5E Strip 2 inch.Simulation, SmllaT (k11102 1]] o . .
— Launches Dff Difference T0-T1.Simulation?, Smiln1 (M1)In2(1]] —*—Laiir;'mgﬁgﬁfgrgﬁciI?EhTﬁllrgrarLaL:EE;mS rnE[lr:EI LTMH?%% ;
bl agritude(S], [dB] Giroup Datay, [oo] : . . .

|GMS12
14 * Group Delay
| 500+
a4t I | I I
400 +
gt
. 00T 1
) Stars — 2-inch segment
Blue line — launch TO on 6-
inch and T1 on|8-inch fixture 2007 I |
A+ I
} } } } } } } } } } } 100, } } } } }
0 5 10 15 20 2% 30 35 40 45 D 0 10 20 0 40 RO
05 Mow 2010, 16:10:04, Simbenan Inc. Frequency, [GHz] 09 Mow 2010, 10:01:4E. Simberian Inc. Frequency, [GHz]
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Another pair of launches (better)

* Generalized Modal transmission and group delay looks “noisy”
 Material identification may be possible only up to 20-25 GHz

Pad diameter: T1 - 11.5 mil; T2 — 15 mil

—#—— Benchmark.5E Stip 2 inch. Simulationd, Smflnd (M1 1LIn2[11] o . .
— Launches Off Differenice T1-T2 Simulatior. Sm{in (M1LIn2M1]] —*—Laiir;mgﬁgﬁgﬁf;&;ﬁéIﬁhT%Insﬁ?rLaL:::H;n? mg[lrrn?I LTMH?%% !
kW agnitude(5], [dE] Giroup Delay, [ps] : - . :

IGMS]'Z EDJ Group Delay
. | i I

gt {
30071
4] Stars = 2-inch segment
Blue line — launch T1 on 6- ! - ]

: inch and T2 on |8-inch fixture |
=7 |

} t } } } } } } } } } 1001y } } } } }

1] 4] 10 15 20 28 a0 35 40 45 50 1] 10 20 30 40 50
05 Moy 2010, 16:13:19, Simberian Inc. Frequency, [GHz] 09 Mow 20010, 10:06:44, Simberian Inc. Frequency, [GHz]
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Worst pair of launches

 Generalized Modal transmission and group delay are extremely “noisy”
* Material identification may be possible only up to about 5-10 GHz

Pad diameter: T3 —18.5 mil; T4 - 22 mil

—#— Benchmark.5E Stip 2 inch. Simulation], Smlnd (11In2[k1]] —#— Benchmark.5E Strip 2 inch. Simulation?, Sm{ln[M11.In2(M1]]
Launches Off Difference T3-T4.Simulation], Smln[M11In2[M1]] Launches O Difference T3-T4. Simulation, Sm{lnT (M1, 1n2[1]]
b agnitude(5). [] Group Delay, [ps]
GMS12] | *
08751 ¥ ul 500 Gl

|

ol 1] 400§
0625 |
l 00t
051

Stars + 2-inch|segment | '

. 200+
- Blue line — launch T3 on 6+
. 5 . . i
inch and T4 on 8-inch [fixture '
| | | | | | ' | | | | 100t , , , , ,
0 5 10 15 20 25 30 35 40 45 =0 1] 10 20 a0 40 a0
05 Moy 2010, 16:28:13, Simberian Ine. Frequency, [GHz] 09 Mow 2010, 10:09:03, Simberian Ine, Frequency, [GHz]
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Example with acceptable difference in pad
diameters

Suitable for material identification up to 50 GHz

Pad diameter: T2 — 15 mil; TM - 13 mil
—#— Benchmark.5E Strip 2 inch.Simulation, Smln1[M1In2[k1]]

—#—— Benchmark.5E Strip 2 inch. Sinulationd . Sm{lnd [(M1].002[471]]
Benchmark. Difference Small Simulation, Smln1[M1In2[k1]]

Benchmark. Difference Small. Simulation, SmllaT (k11102 1]]

Group Delay, [ps]

M agnitude(5 ). [dB]
G000 T
IGMS12] *
500+
7 Group Delay
400+
21
300t
; Stars — 2-inch segment
=T . . 200+
Blue line — launch T2 on 6-inch
and| TM |on 8-inch fixtur
' t t t t t t 100t ' ' ' ! '
20 25 30 a5 40 45 50 0 10 20 30 40 50
Frequency, [GHz] 09 Mow 20010, 10:15%:11, Simberian Inc. Frequency, [GHz]

o & 10 18
05 Moy 20010, 16:37:27, Simberian he.
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Differences in S-parameters of launches and
GMS-parameters extraction error

—#— Launches: OF. TO-T1. Simulation?, 5[1.1
—=— Launches OFF.T1-T2 Simulationd, 5[1.1
——— Launches OF.T2-T3.Simulation, 5[1.1
—+H— Launches OF.T3-T4 Simulation?, 5[1.1

Launches Off.Emor T3-T4. Simulationd . S[1.2]
Launches Off. Error T2-T3.Simulationd. 5[1.2]
Launches Off . Eror TO-T1. Simulationd . S[1.2]
Launches Off.Eror T1-T2 Simulationd . 5[1.2]
Launches Q. Emor TH-T2 Simulation, 5[1.2]

]
]
]
]

—#—— Benchmark. T-Th. Simulation?, 5[1.1] Magnitude(S), [1
Magnitude(5), [] l ‘
Difference of reflections at launches 035 .|
3.5 mil [differences — red lines 03 | l
015t '
|T3-T2| |
0.25
01l |T4-T3] Eﬁufﬁgif; o |
oy |
0.05 1 2 [TO- [TI-T2] o1 |
0.0s —4 l A
- IT™M-T2] L
I:I-- :::. 1 1 / 1 1 1 h n l L n n n 1 1 1 n 1
0 11 a1 0 40 B0 0 5 10 15 20 5 a0 5 an 45 50
05 Moy 2010, 16:34:37, Simberian Inc. Frequency, [GHz] 11 Deo 2010, 154527, Simberen Inc. Frequency, [GHZ]

2-mil difference: 13 and 15 mil

The larger the difference in the launches, the larger the deviation of the
extracted GMS-parameters from the GMS-parameters of 2-inch line
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TDR of the test fixture can provide practical
measure of non-identity for pre-qualification

TDR. 8in T0.Simulation?, Z[1.1] _
TDR.8nT1Smuation?. Z[11]  TDRS are computed with the

TDR.8in T2 Simulation?. Z[1.1] :
DR EnT3amuaton Zi4]  FAtional macro-models and 20
TDR.8in T4.5imulation]. Z[1.1] ps (01_09) Gaussian step
—— TDR 8in TM.Simulation1. Z[1.1]

Z, [Ohm]
50T
el Pad diameter:
T1—-11.5 mil
#Br—2 pairs have M =13 mil
M T2 — 15 mil
acceptable T3 — 18.5 mil
51 difference less T4 — 22 mil
than 1 Ohm
401
0175 0z 0225 0.5 0275 e 0325 0% 0375 04
05 Moy 2010, 16:45:35, Simberian he. Time, [hz]

The difference in the launch impedances should be less than 1
Ohm for material identification up to 50 GHz

Where Chipheads Connect



Material extraction structures at
4000-13EP boards

2 board with the same stackup (4 signal & 8 GNDs), but different launches
6 test fixtures with 2, 4 and 6 inch strip line segments in Layer 1 and Layer 4

Signal Layer 1

Signal Layer 4
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Pre-qualification of launches on 4000-13EP
test board — Launch 1, layer S1

Optl.optl_4013EF_SE_2in_thru_S1 MFFE. S[1.
—#— Optl.opt]_4013EP_SE_2in_thru_ST.MFP, S[1,

_ 1
in_thru_ d . .
e Opt1 ap1 A1 IERGE din e 51 MEF 51 2] TDR computed with rational macro-models
_ _ 1 . .
it 2 (RMSE<0.005) and Gaussian step with 20 ps

—— Optl.optl_4013EP_SE_Gin_thru_S1.MFP, S[1,
——— Optl.opt _4013EF_SE_Bin_thru_S1.MFF. S[1,
kagnitude(S), [dB]

rise time

-%:v_t_;‘

el ztiz Opt.2in S1.TDR, Z[1.1]
— — = Optl .2in 51.TDR, Z[2.2
251 %)ﬁ _ s Opt! 4in S1.TOR, z%m%
e — — — Optl 4in §1.TDR, Z[2.2]
7§ g Optl Bin S1.TOR, 2[1.1]
— — = Optl Bin 51.TDR, Z[2.2]
Z. [Ohm]
= | §3.751 '
. Resonances — | | 2
AN
5 10 15 20 25 30 3 40 45 5D 5257 f Tt -
15 Dec 2010, 14:35:07. Simberian Inc. Frequency, [GHz] ] 4 .\ s o _————|
2 1 7’ ~
B1.26 1= £
o i \ \_/—-\U,_.:________.-._h ‘_5’__.-
. . ] I e -
6-inch fixture (green lines) has large ! w’ =
variation in the impedance el
2 and 4 inch structures are within 1
Ohm - suitable for the identification ] u
D.I25 D.EI?E EI.I3 D.3I25 D.I35 D.3I?5 0:4 D.JIIEE D.:45 EI.4I?5
15 Dec 2010, 14:28:48, Simberian Inc. Time, [ns]
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Pre-qualification of launches on 4000-13EP
test board — Launch 1, layer S4

[

—— Optl.opt1_4013EP_SE_Zin_thru_S4MFP, S[1,

Optl.opt!_4013EP_SE_4in_thru_S4MFR, 5[
[
[
[

TDR computed with rational macro-models
(RMSE<0.005) and Gaussian step with 20 ps

—&— Optl.optl_4013EP_SE_din_thru_S4.MFP, S
——— Optl.optl_4013EP_SE_Gin_thru_S4MFP, S[1.

—— Optl.opt1 _4013EF_SE_&in_thru_S4.MFF, 3[1,
Magnitude(3), [¢B]

IEE:
el e G Y rise time
. ="
Pooaltn, P Opt1.2in S4.TDR, 2[1.1]
=l [1] ' — — — Opt.2in 34.TDR, 2[2.2]
o : : Optl 4in S4.TDR, 2[1.1]
75 ] Accive — — = Optl 4in S4.TDR, Z[2.2
o LUUY0 Pdoalve Optl in 54.TDR z%m%
— — = Optl 6in S4.TDR, Z[2.2
50 1 K >99% recipro cal Z. [Ohm] pen A
5251 Resc e —
1 \ Tﬁﬁyﬁﬁ?:
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Pre-qualification of launches on 4000-13EP
test board — Launch 2, layer S1
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Pre-qualification of launches on 4000-13EP
test board — Launch 2, layer S4
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GMS-parameters of 2-in line

Extracted from different combinations of S-parameters
measured for 2, 4 and 6 inch strip lines in layers S1 and S4

Bad launches & resonance blows off data above 30-35 GHz
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GMS-parameters of 4-in line

Extracted from different combinations of S-parameters
measured for 2 and 6 inch strip lines in layers S1 and S4

Bad launches & resonance blows off data above 30-35 GHz
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GMS-parameters from 3 best pairs

Generalized Insertion Loss
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Fitted GMS-parameters
from 3 best pairs

Generalized Insertion Loss
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Now data are suitable for precise characterization of materials!
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Practical Material Identification

e Step 1 - Use group delay for preliminary Er

e Step 2 — Evaluate potential variation

e Step 3 — ldentify low frequency characteristics
e Step 4 — Adjust for dielectric loss

e Step 5 — Final adjustment for conductor
roughness

Where Chipheads Connect




Practical Material Identification

Step 1 — Group Delay Preliminary Er
ldentification
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Practical Material Identification

Step 2 — Evaluate variation
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Practical Material Identification
Step 3 — Identify Low Frequency Characeristics
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Practical Material Identification
Step 4 — Adjustment for Dielectric Loss

——%—— MN4000-13EP 2 in stripline 2tod opt2 54 Simulation, Smlled (M100241)] — % — -
——— NA000-13EP.4 in stripline 2tof opt2 S4.Simulationd, Smlln] [M1]In2kM1]] — = — -
p— [ A000-13EF.2 in modeled trace. SimulationT, SmllnT[M1]InZ[07]]  se——
e NAOO0-13EP. 4 in modeled trace. Simulation, S[1,2] se——

Group Delay, [ng] Group Delay, [ne]
1 1 | 1 1
07 u.s%s > u.s?a > 0.EES > n.s¢5 > 07

B e Tee e i =
in 20 i 40
06+ tos
05+ 1as
041 104
032> 03715 03314 > 03315
A R ] %‘ ] 40
03+ | 103
25 5 75 0 125 15 175 20 225 5 X5 3 5 35 35 40 425 45 475

20 Dec 2010, 17:58:13, Simberian Inc. Frequency, [GHz]

Where Chipheads Connect



Practical Material Identification

Step 5 — Final Adjustment for Conductor
Roughness
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Conclusion

A novel compression-launch 2.4mm coaxial connector,
functional up to 50GHz, has been designed

e Methodology and design of optimal PCB launch and
escape under the 2.4 mm connector are presented

e GMS-based material identification procedure is
outlined and illustrated with practical examples

e Sensitivity of material identification to non-identities of
the launches geometries is investigated theoretically
and with practical examples

Materials of a test board are identified from DC to 50
Hz
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