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Seminar Qutline

* Theoretical background on grounding and its role in RF systems.
e Simulation setup and methodologies used to assess RF performance.

* Comparative analysis of various grounding locations and their impact on
performance metrics.

 Case studies highlighting successful implementations

 Recommendations for optimizing grounding practices in diverse RF
applications
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Concepts: Insertion Loss
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* Insertion Loss is the loss of signal
power between two points in a
circuit due to resistance,
material absorption or
impedance mismatch.
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Concepts: Return Loss

 Return Loss is the amount of

. power reflected back to a
o 0 generator from a load due to
15 e impedance mismatch.
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Concepts: Crosstalk

* Crosstalk is the coupling of
undesired signals between lines.

P
* 541 = 10 * logy (P_:

Port 1@ | 4. @ Port 2 e P, is the input power at Port 1
* P, is the power received at Port 4
Port3 @ 7] @ Port4 from Port 1
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Effects of Ground Location — Distance to Ground

Coaxial Impedance (1]

138 D
Zo = \/e—rlogm (E)

Where:
Z o= characteristic impedance of the coax (Q)
€, = relative permittivity (dielectric constant) of the insulator

D = inner diameter of the outer conductor (m)

d = outer diameter of the inner conductor (m)

D Z,
1.000mm 85.2Q
0.750mm 68 Q)
0.556mm 50.2 Q)
0.500mm 43.9 O
0.400mm 30.50Q

Note: d= 0.24mm




Effects of Ground Location — Distance to Ground

Comparison of GND Distance From Signal - Coax Structures - So4

Comparison of GND Distance From Signal - Coax Structures - S14
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Deviation from 50 Ohms
leads to lower return loss
(more reflections)
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Effects of Ground Location — Number of Grounds

(@0 || c@pr Ser
OO0
1 Ground 2 Grounds 4 Grounds 8 Grounds

Continuous ground coax is ideal and when not
possible, need to bring grounds very close.

How many are required?




Effects of Ground Location — Number of Grounds

Comparison of Different Number of GND Connections vs. Coax - So4 0 Comparison of Different Number of GND Connections vs. Coax - S41
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Effects of Ground Locations in the Time Domain

1.1 Eye Diagram For RF Signal Surrounded by 8 GNDs and 1mm Length
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Comparison of Different Contact Heights

Insertion Loss (dB)

-0.8
-0.9 / / Why does the
1 | > Insertion Loss
0 20 40 60 30 100 Improve at various
Frequency (GHz) frequencies?

==1mm =—3mm 5mm




Comparison of Different Contact Heights

0 Name Freq [MHz] Ang Mag RX VSWR

m1 15000 70.1666 | 0.0265 [1.0169 + 0.0507i| 1.0544
14 . 5 G H Z 3 O G H Z 45 G H Z 60 G H Z m2 30000 52.5912 | 0.0500 |1.0592 + 0.0844i| 1.1054
m3 45000 34.7589 | 0.0689 [1.1163 + 0.0881i| 1.1479

10 74.6 Q 53.1Q 74.4 Q) 58.4 Q) me | ooooo | 1oasas|ooera 11072+ o] v.17e0
\‘ >/ Seupt Sy
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Frequency (GHz)

Name Freq [MHz] Ang Mag RX VSWR

m1 12500 | 1.4550 | 0.1974 |1.4916 + 0.0156i| 1.4919

m2 30000 |-94.3656] 0.0072 | 0.9988 - 0.0144i | 1.0145

—1 mm —3 mm 5 mm m3 45000 | 22204 | 0.1962 | 1.4874 - 0.02351 | 1.4881
ma 60000 |-88.6424] 0.0153 | 1.0003 - 0.03061| 1.0311
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Proper grounding produces clean signals

Vias not shielded by ground Vias surrounded by ground

ey

o Rt TS

Vias attach ground planes nd significantly improves signal integrity

& Copyright 2024, Johnstech Intemational Comporation. 2
Al products, technologies, logos, and other proprietary mformation including the ROL® pin shape and Johnstech logo are trademarks 0 n s e c
of Johnstech Intemmational, Inc. and are covered within and protected by LS. and Intemational patents, trademarks, and copyrights. _—



ohnstech

HEROHF™ Spring
Probe Examples

Johnstech’



HERDHF™ Spring Probe Attributes

* New Patented Single-ended probe architecture 0 250

* Robust homogeneous radial Pd-alloy DUT plunger - DUT COMPLIANCE

* Gold plated, stainless steel alloy spring
 Temperature Rating: -65°C to 175°C

* Contact Resistance: 50 mQ
* Inductance (GSG): 0.28nH (self), 0.49nH (loop)

|__-
‘

|

e Current Carrying Capacity: 2.1A (20° T-Rise DC) \ 1.000

. TEST HEIGHT
* Probe compressed test height: 1.000mm l
* Probe free length: 1.3mm BEL

* Force at test height: 23 g
 Reliability: Minimum 500,000 Cycles

0.050
PCB PRELOAD




HERGQHF™

Optimal Performance

0.5mm Pitch HF 040 Crown Eye Density - Field GSSG - 80 Gbits/s

-
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0.5mm Pitch HF 040 Crown Eye Density - Field GSSG - 100 Gbits/s
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0.5mm Pitch HER@QHF™

Ditferent Ground Configurations

Top View of Model Application: PAM4 112 Gbps high speed bus retimer

Challenge: Multiple configurations within the device
needed to be evaluated to ensure high speed
performance.

First terminal listed is board side terminal and
second terminal listed is output and device interface

Johnstech’




0.5mm Pitch HER@QHF™

Ditferent Ground Configurations

0.5mm Pitch HF040 Full Array Edge vs. Field - GSSG - SDDy4

Field configuration in
differential mode

N
~ performance up to 100 GHz.
\\

Top View of Model
\X/ @

]
'y
o

Short probe technology
20 ) \\ allows for 50 GHz
25 e soet s oot et o Bt \ performance in edge
\ configuration.
HF040 Crown - GSSG Field

Insertion Loss (dB) - SDD21
a o

= ==HF040 Crown - GSSG Edge N,

-3.5 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 10 20 30 40 50 60 70 80 90 100
Frequency (GHz)




0.5mm Pitch HER@QHF™

Ditferent Ground Configurations

0.5mm Pitch HF040 Full Array Edge vs. Field - GSSG - SCD»4

Excellent isolation
performance in either field
or edge configuration.

The addition of grounding
minimizes the noise on the
differential pairs, reducing
the signal loss associated
with interference.

Crosstalk (dB) - SCD21

HF040 Crown - GSSG Field
= ===HF040 Crown - GSSG Edge

0 10 20 30 40 50 60 70 80 90 100
Frequency (GHz)




0.5mm Pitch HER@QHF™

Ditferent Ground Configurations

0.5mm Pitch HF040 Full Array Edge vs. Field - GSSG - SDD 44
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RL @ 30 GHz = -26.2 dB

At 30 GHz, what accounts to
RL @ 30 GHz =-29.9 dB

additional reflected power
in the Edge configuration?

)
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= ==HF040 Crown - GSSG Edge 0.25% power reflected
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0.5mm Pitch HER@QHF™

Ditferent Ground Configurations

57

0.5mm Pitch HF040 Crown 328418 4x4 Array - GSSG TDR @ 30 GHz

Characteristic Impedance (Ohms)
) Ul
@ N
1 | 1 | 1 1 ‘ 1 1 1

a
N
PRI BRI

a
—_—
|

Edge

: 1T2R2t(in;1 c2)

o TORzKmsc2) Return Loss =-20 * Iog | (ZL - Zo) / (ZL + Zo)

Soupt Sweep! Return Loss (RL) Summary @ 30 GHz

L o M Configuration |ModeledDataRL| TDRRL
Edge -26.2 -25.7
Field -29.9 -30.2

Field Configuration closer
to 50 Ohm source




HEROHF™ WLCSP Array

Comparison Of Metal vs. Optimized Hsg

Application: High power RF switch requiring excellent -
isolation (very low crosstalk on pins 6 to 1)

Challenge: Due to geometry constraints, providing full

ground surrounding each test site may not be possible. 5 6 1
Need to determine how grounding impacts isolation. O ® @
O O O
ce@e @@ 4 3 2

000 000

No perimeter ground

(ON©)
(ON©)

OX°)
(ON©)
(ON©)
oOX°)

Pin 6 Side Ground

©O 0 O O @ @

'

O Other Pin 3 side Ground Full Ground




HEROHF™ WLCSP Array

Comparison Of Metal vs. Optimized Hsg
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The addition of any ground improves Insertion Loss Improved isolation with grounding in proximity to
signal pins

s vt Johnstech’
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HERDHF™ 0.80mm Pitch

Application: 26 Gbps 0.80mm
pitch

Challenge: Larger pitches and

L NN BON
less ground are unavoidable. ® @O OO0
Both tend to increase ON NON NGO

characteristic impedance.




HER@HF™ Family Solution

* Contactor construction

e Standard CNC machined housing components for
quick fabrication — no special tooling required

 BGA /LGA / QFN — any configuration

* True configurability

* Socket design improved with optimal probe size for
application — J-tuned™

* Optimize for RF performance (match impedance)

* Optimize for signal isolation

&-TUNED o7z

0.3mm 0.4 mm

ZO X 10910

0.5 mm

D

d

0.8 mm



HERDHF™ 0.80mm Pitch

0.8mm Pitch HF080 Edge and Field GSSG Comparison - Sq1

§_20_ 7 . . .Ground
:-25_ . C’\I;JiIE!Il::IC> . . OSig"al
€ a0 ® Y )

£ 35 90000

3 35
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m——Fjeld Standard Config. - GNDs Surrounding

-0 - ==Edge Standard Config. - GNDs Surrounding
55 = == =Fjeld Config. Performance
Edge Config. Performance

-60 T T 1 | T T 1 | T T 7 | T T 1 ‘ T T 1 | 1T T 1 | T T 1 ‘ T T 1 | T T 7 | T T 1
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HERDHF™ 0.80mm Pitch

0.8mm Pitch HF080 Edge and Field GSSG Comparison - Sg41
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VROL® Specifications

Product Summary:

= A solid contact featuring a self-cleaning wipe motion. VROL products have the industry’s
best Cres performance and are ideal for RF products.

Applications:

= Power amplifiers * LNAs

- RF Front-end = High speed digital

modules IC’s Device Pitch  20.3mm 20.3mm
= Transceivers = Switches Insertionloss < -1.0 dB up to 45 GHz < -1.0 dB up to 55 GHz
Return loss >-10 dB up to 45 GHz >-10 dB up to 52 GHz

Cres 30mQ 30mQ
cce 100% up to 4.3A 100% up to 2.8A

1% up 43A (RMS) 1% up 28A (RMS)
Pad VROL200 VROL100

Device Pitch 20.3mm 20.3mm
Compressed Height 1.40mm 0.75mm
Contact Compliance 0.20mm 0.175mm

Contact Force  Up to 50gm Up to 40gm

Temperature  -65°C to 175°C -65°C to 175°C

Inr rnational Corporation.

d other proprietary mformation inclu jmg 1hn= R ]L"' pln hups and Jchns:t-—- h logo are fra jFrnurb






Impact of ES-P™ on VROL® Performance

Application: ESD-sensitive devices

Challenge: Developed ROL/VROL with standard materials.
Customers requesting static dissipative materials that
limit triboelectric charging to <100V. Need to determine
the impact of performance over frequency.

Device Side

Board Side




Impact of Dielectric on VROL® Performance

$21 VROL $11 VROL
Torlon and ES-P Torlon and ES-P
0 e 0 " " " T T
— Z=41.7Q Z=46.20 ~
1 T 10
— \7Z
20 7 \\ /
5 2 \ — / /
3 %’-30 J'\./"/ \
33 g f v
£ 5 40 7=51.80 7=50.7Q
£ 2
-50
-5 -60
-6 -70
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
Frequency (GHz) Frequency (GHz)
====ES-P 0.5mm Pitch 521 dB ====Torlon 0.5mm Pitch $S21 dB == Series3 e===ES-P 0.5mm Pitch S11dB  ===Torlon 0.5mm PitchS11dB = Series3
7 1 VROL100/VROL200 designed to be optimized to 50 Ohms with standard materials
0 N ES-P material has a higher dielectric, which lowers the impedance from 50 Ohms,

but can still operate as a 40 GHz contactor.

Johnstech’



0.5mm Pitch VROL200 324319 Contact in Torlon vs. Esp

Housing Material

— Smith Chart

VROL200 324319 - ESP Housing
VROL200 324319 - Torlon Housing

N\

Housing Material [ 10 GHz Imp.| 20 GHz Imp. | 33 GHz Imp. |10 GHz RL|20 GHz RL|33 GHz RL
Torlon 51.6-j4 | 52.4-j15.5 | 43.8-j16.7 -27.3 -16.4 -14.5
ESP 40.5-9.9 | 37.2-j/.1 00.6-j2.8 -16.4 -15.5 -24.4




0.5mm Pitch Customer Package and Layout

AVpp

NC -GND-
RF

NC -GNB-

7

&
/4

i

A5 S\ 9\ S SRS S ¥ £ (04

)

A

L e e e e e e e - = — -

Application: RF Amplifier

Challenge: Customer was experiencing performance
degradation not typical or ROL performance.

From this graphic you can see that the GND labeled on the
device pinout are in fact not ground, but not connected.

This is similar to having a coaxial cable with a shield, but
having the shield broken or not connected to outer shield
on connector on one end. . >




Source of the Issue — Impedance Mismatch

The lack of wire bonds (grounds), the
- Characteristic Impedance (Contactor vs. Device Input) signal into the device package has an
g increased impedance from 50 Ohmes.

— Input Into Contactor

I~ / The closest ground is in the center paddle,
. which places the ground farther away and
- Legend | yields a higher impedance.

— Input into Device Package

55.00 —

Characteristic Impedance (Ohms)

5000 = — Loadboard characteristic
] impedance close to 50 Ohms.
00 sho 1000 1500 2000 2500 5000 3500 4000
Frequency (GHz)

Johnstech’
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Solutfion — Bring the Ground fo the Device

Coax-like
plastic inserts

Grounded
metal
housing




Solution — Bring the ground to the device

Return Loss (dB)

-10

-20

-30

-40

-50

-60

0.5mm Pitch Return Loss - S11

-=512 - Original Contactor
-=512 - Solder to Board

==S512 - Performance Plus

P e

Grounded metal housing

creates “solder-to-board”
environment.

10 15 20
Frequency
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Ground Inductance

Ground Inductance is Critical on:

* High frequency designs — above 3 GHz

* High speed digital designs — above 6 Gbits/sec
e High gain devices (above 20 dB)

* Voltage sensitive devices —i.e. high BIT DACs and ADCs (voltage per BIT small)




Effects of Amplifier Ground Inductance Paths

IF—vWA— = A—
” ‘ @ ‘ S-PARAMETERS I
Term _‘I_ Term

Term Term? S_Param
Mum=1 Mum=2 SP1
SIP Stop=10.0 GHz
el
ShP mose Step=0.01 GHz

File="C1A\Customer ADS Files\RFPART 102ma.s2p"

WA = Al

Pl Fhit Fhit

Term _‘I_ _L Term
Term?a L Termsd

MNum=3 — L1 — Murm=4
£=50 Ohm 5 ) L=0.25 nH £=50 Ohm
F=
SIP S2P
- Contactor Inductance -
File="PADmodel 5 S2F" 52P — File="PADmodel_5 S2P"
SNP2

File="Q\Customer ADS Files\RFFPART _102ma.s2p"




Effect of Inductance on Power Amplifiers

For Power Amplifiers, additional

Impact of Inductance on Power Amplifier

inductance leads to ground bounce, . .
introducing voltage noise in the high » 70
M = | — i itreeseenten e g g P P P 60 N
inductance return path S 30 R O -

' : £ 20 30 2
The inductance will affect the “ 20 ®
efficiency and gain of the power ; "
amp||f|er 1 1.2 1.4 1.6 1.8 2 2.2

o VDD1
- Efficiency decreases as output . sower Sower (sdded 1)
« efficiency efficiency (added L)

power increases
- QOutput power is reduced




Example 1: ROL®200 Contact vs. Competitor

Customer Data

Density (Relative Frequency)

=
un
1

S
un
1

P
o
I

.
wun
1

5y
o
1

0.0

)
A \
e ;
g '
. \
" -
N g W

T T T ey =T
13.26 13.52 13.78 14.04 14.30

Gain

Varable

" ROL

" Competitor

Mean
13.53
13.49
13.58
13.27
13.47

StDev N
0.1843 39163
0.1879 39173
0.1798 38943

0.2353 19398 " Competitor

0.2231 21965

" ROL

Higher and more

repeatable gain

with Johnstech
solid-contact
technology
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Example 1: ROL®200 Contact vs. Competitor

Customer Data

ROL

Competitor

Return Loss Performance

Mean

-26.08
-26.20
-25.91

-24.09
-24.30

Stdev
0.9766
0.9862
1.152

1.964
1.514

39163
39173
38943

19398
21965

ROL provided better

matched impedance

and more repeatable
performance.




Example 2: Ground Inductance Effect on Gain

Osclllations

Effect of Inductance to Ground of High Frequency High Gain Amplifier

65 = . .
w0 | s T Sz When inductive reactance
e | m o o Tl is high, resonance can
. QEE% @ 1 L @ E”ﬁ% occur more easily at
45 4 Comeoan lower frequencies, driving
| S | Performance the amplifier into
a 40 File="G:\Customerdata.s2p" PIUS Inductance OSCI”atlon
T 35 '
c
g 30 ;‘A v;"OVV
25 M
20 — Gain With Device Soldered to board
5 —=— Gain With Device in Contactor and no Ground Inductance Solution: Ultra-low
—e— Gain With Device in Contactor and 0.005nH Ground Inductance - -
10 Gain With Device in Contactor and 0.009nH Ground Inductance impedance to ground with
5 —— Gain With Device in Contactor and 0.01nH Ground Inductance Performance Plus
0 —A— Gain With Device in Contactor and 0.02nH Ground Inductance prevents oscillations.
\O\.HHHH'\I\).\H\HH\O\.HH\H\L\‘)iHHHH\o\.\HH\HL\(\).HH\\\\\O\.\\H\\HL\{\).H\HHHO\.HHHH'\‘)\.\HH\H\O\IHH\H\L\r)\.HHHH\O.
2 2 - - & & o Nk 3 3 2 2 2

Frequency (GHz)

including the ROL® pin s J oh n st e c h-:_ﬁ_:-
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Gain With Device Soldered to board

Gain With Device in Contactor and no Ground Inductance

Gain With Device in Contactor and 0.005nH Ground Inductance

Gain With Device in Contactor and 0.009nH Ground Inductance

Gain With Device in Contactor and 0.01nH Ground Inductance

Gain With Device in Contactor and 0.02nH Ground Inductance

Frequency (GHz)

Gain (dB)

Effect of Inductance to Ground of High Frequency High Gain Amplifier

1.6541269

1.65

1.6940485

1.7260476

1.7340552

1.8142745

2.605443

2.61

2.6518241

2.6889339

2.6982109

2.7909278

3.6433092

3.64

3.6961636

3.7383563

3.74889

3.8538498

4.6125276

4.61

4.6698852

4.715528

4.7269024

4.8397629

5.5046249

5.5

5.5640095

5.6110606

5.6227566

5.7381376

6.3803281

6.38

6.439338

6.4858139

6.497327

6.6099936

7.1777423

7.18

7.233237

7.2765751

7.287258

7.3905978

7.9506935

7.95

7.9999986

8.038029

8.0473354

8.1358168

8.6872598

8.69

8.7273649

8.757676

8.7650033

8.8326285

9.3679212

9.37

9.3956299

9.4157041

9.420429

9.461135

10.0333807

10

10.0463049

10.0543039

10.0559778

10.0655421

10.6530716

10.7

10.6485852

10.642535

10.6406829

10.6147782

11.252063

11.3

11.2285098

11.2072351

11.2015839

11.137947

11.8401671

11.8

11.7966412

11.7595779

11.7500088

11.6479219

12.3917213

12.4

12.3274139

12.2741038

12.2605276

12.1196237

12.9853835

13

12.8995406

12.829537

12.8118623

12.6316393

13.558999

13.6

13.452013

13.3657795

13.3441414

13.1263126

14.1003971

14.1

13.9736288

13.8723522

13.8470591

13.5949111

14.6217151

14.6

14.4771889

14.3625138

14.333979

14.0516474

15.1143599

15.1

14.9554258

14.8299562

14.7988195

14.4924436

15.6171006

15.6

15.4468936

15.3129902

15.2798218

14.9546817

16.1158715

16.1

15.9385346

15.7992796

15.7648192

15.4276864

16.5885112

16.6

16.4095413

16.2690093

16.2342335

15.8940236

17.1153309

17.1

16.9380941

16.7986951

16.7641696

16.4258097

17.6137132

17.6

17.4444915

17.3108727

17.2777099

16.9513179

18.1245492

18.1

17.9706107

17.8481741

17.8176693

17.515063

18.6622518

18.7

18.5326682

18.4282498

18.402054

18.1384902

19.1700238

19.2

19.0734845

18.9938438

18.9736164

18.764926

19.5564444

19.6

19.4970605

19.4457367

19.4323906

19.2881149

19.9035141

19.9

19.8859417

19.8669986

19.8615899

19.7929474

20.2958593

20.3

20.3262402

20.345009

20.3489216

20.3706301

20.8933907

20.9

20.9834459

21.0497972

21.0655584

21.2038639

21.4523055

21.5

21.6083986

21.72869

21.7580647

22.0343366

21.9319297

21.9

22.1543806

22.3302625

22.3738703

22.7992076

22.3564204

22.4

22.6439806

22.8757514

22.9338717

23.5164262

22.7594607

22.8

23.111103

23.3991278

23.4720507

24.2204239

23.3391287

23.3

23.7657611

24.1206926

24.2113995

25.1645819

23.8812571

23.9

24.3763586

24.7934606

24.9008757

26.0526073

24.4053065

24.4

24.9585876

25.4287321

25.5504474

26.8741311

24.9194102

24.9

25.5176665

26.027936

26.1603301

27.6080465

25.4030777

25.4

26.0286724

26.5609234

26.6987601

28.1956073

25.9240707

25.9

26.5557815

27.0866139

27.2229162

28.6628993

26.4291635

26.4

27.0355771

27.5318435

27.6569928

28.9069131

26.8746443

26.9

27.4207781

27.848076

27.9525697

28.9030259

27.1806574

27.2

27.6330368

27.9631146

28.0399713

28.640052

27.4752036

27.5

27.8097155

28.0251053

28.070587

28.3119532

27.8286474

27.8

28.0276743

28.1184678

28.1310299

28.0277519

28.2112427

28.2

28.2583141

28.2180988

28.1973409

27.7740823

28.5763698

28.6

28.458497

28.2860684

28.2330389

27.5248874

28.8351096

28.8

28.5359822

28.2305758

28.1466099

27.189215

29.0855581

29.1

28.6090807

28.1826826

28.0715968

26.9088175

29.3446676

29.3

28.7066432

28.1765775

28.0429272

26.7164632

29.6189036

29.6

28.8395632

28.2230518

28.0709794

26.6143209

29.8832154

29.9

28.9769112

28.2862231

28.1186605

26.5553758

30.1243314

30.1

29.1041226

28.34971

28.1690902

26.5181635

30.3543425

30.4

29.2446327

28.4413282

28.2507671

26.5332879

30.5927034

30.6

29.4207669

28.5830645

28.3854224

26.6188224

30.8838478

30.9

29.6713828

28.8090743

28.6060885

26.7983474

31.1647855

31.2

29.9412878

29.0685192

28.8628542

27.0291567

31.391824

31.4

30.199012

29.336456

29.1320893

27.2963546

31.5835562

31.6

30.4656757

29.6353518

29.436473

27.6226594

31.7711581

31.8

30.7674073

29.989495

29.7999177

28.0282469

31.9413639

31.9

31.0777442

30.3678607

30.1906837

28.4781251

32.1079131

32.1

31.4181476

30.7979896

30.6376169

29.008321

32.2741193

32.3

31.7927054

31.2878926

31.1497829

29.6345952

32.441454

32.4

32.2029276

31.8440744

31.7351695

30.3752918

32.6052516

32.6

32.639355

32.4608391

32.3896634

31.2401848

32.7696041

32.8

33.0997029

33.1391743

33.1160851

32.2506414

32.9316352

32.9

33.5759184

33.8765567

33.9149411

33.4431749

33.1106302

33.1

34.0806072

34.6891945

34.8057027

34.8883303

33.3635562

33.4

34.6693525

35.6382314

35.8538297

36.7275309

33.608565

33.6

35.2394701

36.6136413

36.9531128

39.0694309

33.9402511

33.9

35.8904936

37.7163327

38.2090185

42.4258891

34.3183617

34.3

36.555056

38.8340447

39.4978123

47.9672689

34.6791386

34.7

37.1216808

39.738723

40.5383924

64.9406491

34.9501691

35

37.4400924

40.0648915

40.8492667

49.3325217

35.2108219

35.2

37.5622458

39.7907085

40.3817359

42.8502721

35.392408

35.4

37.4222754

39.0087642

39.3518045

39.3542919

35.4663606

35.5

37.0498172

37.9805039

38.1229447

36.9995622

35.539285

35.5

36.6182938

36.9783732

36.9761221

35.2302064

35.6850411

35.7

36.2282121

36.1057535

35.9973332

33.8427492

35.8479288

35.8

35.8530966

35.3442763

35.1606981

32.7460697

35.9713625

36

35.4617833

34.6555879

34.4200793

31.8474929

35.9469902

35.9

34.9712373

33.9510833

33.6825458

31.0393264

35.9248671

35.9

34.5528936

33.3754554

33.0838768

30.3934256

35.8345241

35.8

34.155216

32.8735396

32.5679628

29.8602843

35.6976909

35.7

33.7967523

32.4498574

32.1363801

29.4293598

35.5608965

35.6

33.5121515

32.1264624

31.8087578

29.1089844

35.3917034

35.4

33.2760597

31.8788731

31.5609338

28.880287

35.2203619

35.2

33.1046366

31.7163389

31.4009949

28.7462945

35.0280484

35

32.9823085

31.6256921

31.316349

28.6991521

34.8033605

34.8

32.9014479

31.603024

31.3038758

28.7406817

34.5727763

34.6

32.87991

31.6657744

31.3810403

28.8877611

34.2237582

34.2

32.8030071

31.7095742

31.4463191

29.0632046

33.8295197

33.8

32.7246645

31.7848181

31.5497827

29.3146515

33.4316678

33.4

32.6716091

31.9175148

31.7179217

29.6731878

33.0828504

33.1

32.6738106

32.1304784

31.9728577

30.1596484

32.7179676

32.7

32.6718555

32.3778447

32.2731367

30.7738478

32.332586

32.3

32.6370479

32.6223578

32.5817155

31.5053395

31.9255631

31.9

32.5541772

32.8403043

32.8749693

32.3717173

31.4967559

31.5

32.4119363

33.007471

33.1272707

33.4059746

31.1510125

31.2

32.2961786

33.1720595

33.3757886

34.6068714

30.78938

30.8

32.110433

33.2300613

33.5135393

35.9525615

30.4250463

30.4

31.8619188

33.1622653

33.5098141

37.319445

30.0663001

30.1

31.5567765

32.9548387

33.3399589

38.3255878

29.691352

29.7

31.1698006

32.5693441

32.9580872

38.2939213

29.3897418

29.4

30.8122285

32.1428568

32.5090933

37.3031258

29.0984906

29.1

30.4185698

31.6161681

31.9380543

35.6995104

28.8016277

28.8

29.9792546

30.9986241
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Sheet1

						S21		S11		S21		S11		S21		S11		S21		S11		S21		S11		S21		S11

				Frequency (GHz)		Gain With Device in Contactor and no Ground Inductance		Return Loss With Device in Contactor and no Ground Inductance		Gain With Device in Contactor and 0.005nH Ground Inductance		Return Loss With Device in Contactor and 0.005nH Ground Inductance		Gain With Device in Contactor and 0.009nH Ground Inductance		Return Loss With Device in Contactor and 0.009nH Ground Inductance		Gain With Device in Contactor and 0.01nH Ground Inductance		Return Loss With Device in Contactor and 0.01nH Ground Inductance		Gain With Device in Contactor and 0.02nH Ground Inductance		Return Loss With Device in Contactor and 0.02nH Ground Inductance		Gain With Device Soldered to board		Return Loss With Device Soldered to Board

		1.00E+10		10.00		1.6500000		-1.6900000		1.6940485		-1.6615365		1.7260476		-1.6361774		1.7340552		-1.6298387		1.8142745		-1.5665035		1.6541269		-1.6932374

		1.01E+10		10.10		2.6100000		-1.7300000		2.6518241		-1.6996359		2.6889339		-1.673713		2.6982109		-1.6672371		2.7909278		-1.6026248		2.605443		-1.7320736

		1.01E+10		10.10		3.6400000		-1.7700000		3.6961636		-1.7400843		3.7383563		-1.7149047		3.74889		-1.7086218		3.8538498		-1.6461117		3.6433092		-1.7716546

		1.02E+10		10.20		4.6100000		-1.8100000		4.6698852		-1.7840964		4.715528		-1.7618372		4.7269024		-1.7562984		4.8397629		-1.7015473		4.6125276		-1.8121363

		1.02E+10		10.20		5.5000000		-1.8500000		5.5640095		-1.8300583		5.6110606		-1.8132516		5.6227566		-1.8090976		5.7381376		-1.7686908		5.5046249		-1.8514745

		1.02E+10		10.20		6.3800000		-1.8800000		6.439338		-1.8719441		6.4858139		-1.8634478		6.497327		-1.8614021		6.6099936		-1.8427621		6.3803281		-1.8832445

		1.03E+10		10.30		7.1800000		-1.9200000		7.233237		-1.9185465		7.2765751		-1.9214763		7.287258		-1.9223266		7.3905978		-1.933512		7.1777423		-1.9159187

		1.03E+10		10.30		7.9500000		-1.9600000		7.9999986		-1.9814686		8.038029		-1.9990598		8.0473354		-2.0036216		8.1358168		-2.0529216		7.9506935		-1.9609356

		1.04E+10		10.40		8.6900000		-2.0100000		8.7273649		-2.0572562		8.757676		-2.0928065		8.7650033		-2.1019094		8.8326285		-2.1977019		8.6872598		-2.014747

		1.04E+10		10.40		9.3700000		-2.0700000		9.3956299		-2.1381077		9.4157041		-2.1946536		9.420429		-2.2090579		9.461135		-2.3589412		9.3679212		-2.0698438

		1.05E+10		10.50		10.0000000		-2.1300000		10.0463049		-2.2271368		10.0543039		-2.3078432		10.0559778		-2.32834		10.0655421		-2.5402066		10.0333807		-2.129169

		1.06E+10		10.60		10.7000000		-2.1900000		10.6485852		-2.3204707		10.642535		-2.4276835		10.6406829		-2.4548526		10.6147782		-2.7343428		10.6530716		-2.1898088

		1.06E+10		10.60		11.3000000		-2.2500000		11.2285098		-2.4172675		11.2072351		-2.5526252		11.2015839		-2.5868676		11.137947		-2.9378124		11.252063		-2.251783

		1.06E+10		10.60		11.8000000		-2.3200000		11.7966412		-2.5169286		11.7595779		-2.6815061		11.7500088		-2.7230814		11.6479219		-3.1479111		11.8401671		-2.3151866

		1.07E+10		10.70		12.4000000		-2.3800000		12.3274139		-2.6188514		12.2741038		-2.8131758		12.2605276		-2.862204		12.1196237		-3.3619307		12.3917213		-2.3800722

		1.08E+10		10.80		13.0000000		-2.4400000		12.8995406		-2.7169719		12.829537		-2.9423829		12.8118623		-2.9991957		12.6316393		-3.5771411		12.9853835		-2.4394285

		1.08E+10		10.80		13.6000000		-2.5000000		13.452013		-2.8142474		13.3657795		-3.0703966		13.3441414		-3.1349025		13.1263126		-3.7901695		13.558999		-2.4983097

		1.09E+10		10.90		14.1000000		-2.5600000		13.9736288		-2.9133479		13.8723522		-3.1987819		13.8470591		-3.2706177		13.5949111		-3.999686		14.1003971		-2.5608042

		1.09E+10		10.90		14.6000000		-2.6300000		14.4771889		-3.0209462		14.3625138		-3.3338114		14.333979		-3.4125216		14.0516474		-4.2111003		14.6217151		-2.6341578

		1.10E+10		11.00		15.1000000		-2.7100000		14.9554258		-3.1255498		14.8299562		-3.4624339		14.7988195		-3.5471777		14.4924436		-4.4071826		15.1143599		-2.7088826

		1.10E+10		11.00		15.6000000		-2.7800000		15.4468936		-3.2269697		15.3129902		-3.5850417		15.2798218		-3.6751296		14.9546817		-4.5900517		15.6171006		-2.784126

		1.11E+10		11.10		16.1000000		-2.8600000		15.9385346		-3.3242061		15.7992796		-3.6995956		15.7648192		-3.7940807		15.4276864		-4.7548437		16.1158715		-2.8602326

		1.11E+10		11.10		16.6000000		-2.9400000		16.4095413		-3.4151961		16.2690093		-3.8023478		16.2342335		-3.8998609		15.8940236		-4.8930435		16.5885112		-2.9372551

		1.12E+10		11.20		17.1000000		-3.0200000		16.9380941		-3.5129317		16.7986951		-3.9106668		16.7641696		-4.0109446		16.4258097		-5.0344617		17.1153309		-3.0228171

		1.12E+10		11.20		17.6000000		-3.1100000		17.4444915		-3.6034304		17.3108727		-4.0053293		17.2777099		-4.1067759		16.9513179		-5.1445737		17.6137132		-3.109316

		1.13E+10		11.30		18.1000000		-3.2100000		17.9706107		-3.6961094		17.8481741		-4.0954594		17.8176693		-4.1963958		17.515063		-5.2312706		18.1245492		-3.2064681

		1.13E+10		11.30		18.7000000		-3.3200000		18.5326682		-3.7935764		18.4282498		-4.1814136		18.402054		-4.2795616		18.1384902		-5.2873454		18.6622518		-3.3194031

		1.14E+10		11.40		19.2000000		-3.4300000		19.0734845		-3.8788452		18.9938438		-4.2440827		18.9736164		-4.3365742		18.764926		-5.2859246		19.1700238		-3.4332393

		1.14E+10		11.40		19.6000000		-3.5600000		19.4970605		-3.9683208		19.4457367		-4.3044591		19.4323906		-4.3895847		19.2881149		-5.2615677		19.5564444		-3.5586367

		1.15E+10		11.50		19.9000000		-3.6900000		19.8859417		-4.0541082		19.8669986		-4.3544309		19.8615899		-4.4303911		19.7929474		-5.2043095		19.9035141		-3.6876709

		1.15E+10		11.50		20.3000000		-3.8300000		20.3262402		-4.143894		20.345009		-4.4009538		20.3489216		-4.465699		20.3706301		-5.1166416		20.2958593		-3.8284066

		1.16E+10		11.60		20.9000000		-4.0100000		20.9834459		-4.2680446		21.0497972		-4.4703952		21.0655584		-4.5206738		21.2038639		-5.0064691		20.8933907		-4.0146165

		1.16E+10		11.60		21.5000000		-4.2000000		21.6083986		-4.380351		21.72869		-4.5136627		21.7580647		-4.5454556		22.0343366		-4.8164812		21.4523055		-4.2030912

		1.17E+10		11.70		21.9000000		-4.4100000		22.1543806		-4.5050717		22.3302625		-4.5614919		22.3738703		-4.5724652		22.7992076		-4.5979392		21.9319297		-4.4105068

		1.17E+10		11.70		22.4000000		-4.6300000		22.6439806		-4.63975		22.8757514		-4.6130709		22.9338717		-4.601327		23.5164262		-4.3555708		22.3564204		-4.6325413

		1.18E+10		11.80		22.8000000		-4.8600000		23.111103		-4.7716919		23.3991278		-4.6540515		23.4720507		-4.6172724		24.2204239		-4.0706419		22.7594607		-4.8584088

		1.18E+10		11.80		23.3000000		-5.1500000		23.7657611		-4.9388936		24.1206926		-4.6964178		24.2113995		-4.6250825		25.1645819		-3.6630638		23.3391287		-5.1520183

		1.19E+10		11.90		23.9000000		-5.4500000		24.3763586		-5.103081		24.7934606		-4.7252269		24.9008757		-4.6165968		26.0526073		-3.2155864		23.8812571		-5.4532837

		1.19E+10		11.90		24.4000000		-5.7600000		24.9585876		-5.2664643		25.4287321		-4.7481968		25.5504474		-4.6013539		26.8741311		-2.7676457		24.4053065		-5.7604924

		1.19E+10		11.90		24.9000000		-6.0700000		25.5176665		-5.4316076		26.027936		-4.7724983		26.1603301		-4.5881722		27.6080465		-2.3574167		24.9194102		-6.0738409

		1.20E+10		12.00		25.4000000		-6.4000000		26.0286724		-5.6046636		26.5609234		-4.8098667		26.6987601		-4.5908264		28.1956073		-2.0339009		25.4030777		-6.3974589

		1.21E+10		12.10		25.9000000		-6.7900000		26.5557815		-5.8239937		27.0866139		-4.8831418		27.2229162		-4.6291765		28.6628993		-1.8109261		25.9240707		-6.794391

		1.21E+10		12.10		26.4000000		-7.2200000		27.0355771		-6.0717581		27.5318435		-5.0006928		27.6569928		-4.7188843		28.9069131		-1.7764922		26.4291635		-7.2238914

		1.22E+10		12.20		26.9000000		-7.6900000		27.4207781		-6.3588709		27.848076		-5.1856239		27.9525697		-4.8857831		28.9030259		-1.9537521		26.8746443		-7.6850089

		1.22E+10		12.20		27.2000000		-8.2300000		27.6330368		-6.739249		27.9631146		-5.4937291		28.0399713		-5.1849874		28.640052		-2.3488778		27.1806574		-8.226677

		1.23E+10		12.30		27.5000000		-8.8000000		27.8097155		-7.1537506		28.0251053		-5.8516797		28.070587		-5.5387253		28.3119532		-2.8245482		27.4752036		-8.8020686

		1.23E+10		12.30		27.8000000		-9.4200000		28.0276743		-7.5793065		28.1184678		-6.2154427		28.1310299		-5.8980977		28.0277519		-3.2906216		27.8286474		-9.4232113

		1.23E+10		12.30		28.2000000		-10.1000000		28.2583141		-8.025392		28.2180988		-6.5976288		28.1973409		-6.2759645		27.7740823		-3.7566887		28.2112427		-10.0970649

		1.24E+10		12.40		28.6000000		-10.8000000		28.458497		-8.5055509		28.2860684		-7.0172937		28.2330389		-6.691803		27.5248874		-4.2403893		28.5763698		-10.8228808

		1.24E+10		12.40		28.8000000		-11.7000000		28.5359822		-9.0377829		28.2305758		-7.4894566		28.1466099		-7.1606282		27.189215		-4.7638582		28.8351096		-11.6511215

		1.25E+10		12.50		29.1000000		-12.6000000		28.6090807		-9.6297539		28.1826826		-8.0140232		28.0715968		-7.6790555		26.9088175		-5.295706		29.0855581		-12.5609303

		1.26E+10		12.60		29.3000000		-13.5000000		28.7066432		-10.215945		28.1765775		-8.5212216		28.0429272		-8.1767472		26.7164632		-5.7702506		29.3446676		-13.493575

		1.26E+10		12.60		29.6000000		-14.4000000		28.8395632		-10.7883563		28.2230518		-9.0059061		28.0709794		-8.6488236		26.6143209		-6.187071		29.6189036		-14.4040996

		1.27E+10		12.70		29.9000000		-15.4000000		28.9769112		-11.4690321		28.2862231		-9.5733953		28.1186605		-9.197425		26.5553758		-6.6308552		29.8832154		-15.4184158

		1.27E+10		12.70		30.1000000		-15.7000000		29.1041226		-11.8673442		28.34971		-9.955592		28.1690902		-9.5744286		26.5181635		-6.9646766		30.1243314		-15.6782673

		1.27E+10		12.70		30.4000000		-15.7000000		29.2446327		-12.3427414		28.4413282		-10.4195649		28.2507671		-10.0292536		26.5332879		-7.3304063		30.3543425		-15.7326455

		1.28E+10		12.80		30.6000000		-15.6000000		29.4207669		-12.8950074		28.5830645		-10.9529161		28.3854224		-10.5468009		26.6188224		-7.7004569		30.5927034		-15.6317854

		1.28E+10		12.80		30.9000000		-14.9000000		29.6713828		-13.1011805		28.8090743		-11.2433404		28.6060885		-10.8347347		26.7983474		-7.8973669		30.8838478		-14.9236989

		1.29E+10		12.90		31.2000000		-14.3000000		29.9412878		-13.4687922		29.0685192		-11.6928547		28.8628542		-11.2719893		27.0291567		-8.1533437		31.1647855		-14.2662646

		1.29E+10		12.90		31.4000000		-13.5000000		30.199012		-13.7851875		29.336456		-12.1543271		29.1320893		-11.7225585		27.2963546		-8.388577		31.391824		-13.5371656

		1.30E+10		13.00		31.6000000		-12.8000000		30.4656757		-14.0639105		29.6353518		-12.6567295		29.436473		-12.2145846		27.6226594		-8.6067534		31.5835562		-12.7957263

		1.31E+10		13.10		31.8000000		-12.1000000		30.7674073		-14.434266		29.989495		-13.3459686		29.7999177		-12.8847128		28.0282469		-8.852892		31.7711581		-12.1117811

		1.31E+10		13.10		31.9000000		-11.4000000		31.0777442		-14.4900527		30.3678607		-13.8334344		30.1906837		-13.3714558		28.4781251		-8.9515335		31.9413639		-11.4315846

		1.31E+10		13.10		32.1000000		-10.8000000		31.4181476		-14.5307815		30.7979896		-14.4716682		30.6376169		-14.0130271		29.008321		-9.0439836		32.1079131		-10.7951492

		1.32E+10		13.20		32.3000000		-10.2000000		31.7927054		-14.5467459		31.2878926		-15.2639827		31.1497829		-14.8119675		29.6345952		-9.0691484		32.2741193		-10.2435131

		1.33E+10		13.30		32.4000000		-9.7800000		32.2029276		-14.5267128		31.8440744		-16.2269247		31.7351695		-15.7844339		30.3752918		-8.957701		32.441454		-9.7847178

		1.33E+10		13.30		32.6000000		-9.3400000		32.639355		-14.3962686		32.4608391		-17.5299535		32.3896634		-17.1455739		31.2401848		-8.7315508		32.6052516		-9.3420759

		1.34E+10		13.40		32.8000000		-9.0100000		33.0997029		-14.308025		33.1391743		-19.5630181		33.1160851		-19.285167		32.2506414		-8.2650317		32.7696041		-9.0133324

		1.34E+10		13.40		32.9000000		-8.7200000		33.5759184		-14.079729		33.8765567		-22.768194		33.9149411		-22.9886261		33.4431749		-7.4806078		32.9316352		-8.7174802

		1.35E+10		13.50		33.1000000		-8.4100000		34.0806072		-13.602607		34.6891945		-27.3608958		34.8057027		-32.5837848		34.8883303		-6.2602121		33.1106302		-8.409651

		1.35E+10		13.50		33.4000000		-8.0400000		34.6693525		-12.7827811		35.6382314		-24.1503917		35.8538297		-26.9128084		36.7275309		-4.3878818		33.3635562		-8.0363456

		1.36E+10		13.60		33.6000000		-7.6800000		35.2394701		-11.7220956		36.6136413		-17.6498236		36.9531128		-17.7170261		39.0694309		-1.7297266		33.608565		-7.6784203

		1.36E+10		13.60		33.9000000		-7.2200000		35.8904936		-10.3884138		37.7163327		-13.0099493		38.2090185		-12.4978712		42.4258891		2.117303		33.9402511		-7.2158735

		1.37E+10		13.70		34.3000000		-6.7000000		36.555056		-8.9622362		38.8340447		-9.4039817		39.4978123		-8.5709112		47.9672689		8.2600373		34.3183617		-6.7015736

		1.37E+10		13.70		34.7000000		-6.2200000		37.1216808		-7.6144737		39.738723		-6.5520384		40.5383924		-5.5032064		64.9406491		25.9203404		34.6791386		-6.2164505

		1.38E+10		13.80		35.0000000		-5.8100000		37.4400924		-6.4655354		40.0648915		-4.5405983		40.8492667		-3.4586756		49.3325217		11.0762807		34.9501691		-5.8139809

		1.38E+10		13.80		35.2000000		-5.4300000		37.5622458		-5.5430889		39.7907085		-3.4066142		40.3817359		-2.486782		42.8502721		5.3612662		35.2108219		-5.4296351

		1.39E+10		13.90		35.4000000		-5.1400000		37.4222754		-4.98583		39.0087642		-3.0758418		39.3518045		-2.3832903		39.3542919		2.5564452		35.392408		-5.1410403

		1.39E+10		13.90		35.5000000		-4.9800000		37.0498172		-4.7854904		37.9805039		-3.2475696		38.1229447		-2.7413382		36.9995622		0.7846361		35.4663606		-4.9788011

		1.40E+10		14.00		35.5000000		-4.8200000		36.6182938		-4.6745999		36.9783732		-3.4789561		36.9761221		-3.1063551		35.2302064		-0.4305781		35.539285		-4.8221082

		1.40E+10		14.00		35.7000000		-4.8300000		36.2282121		-4.7393699		36.1057535		-3.7546247		35.9973332		-3.4605279		33.8427492		-1.2875027		35.6850411		-4.8298407

		1.41E+10		14.10		35.8000000		-4.8800000		35.8530966		-4.843556		35.3442763		-4.0043473		35.1606981		-3.7608149		32.7460697		-1.9087649		35.8479288		-4.8783204

		1.41E+10		14.10		36.0000000		-4.9600000		35.4617833		-4.954351		34.6555879		-4.2126938		34.4200793		-4.0027702		31.8474929		-2.3681286		35.9713625		-4.9597315

		1.42E+10		14.20		35.9000000		-5.1700000		34.9712373		-5.1131742		33.9510833		-4.4129236		33.6825458		-4.2226775		31.0393264		-2.7286042		35.9469902		-5.1745505

		1.42E+10		14.20		35.9000000		-5.4000000		34.5528936		-5.2385729		33.3754554		-4.5555337		33.0838768		-4.3778255		30.3934256		-2.9853149		35.9248671		-5.396041

		1.43E+10		14.30		35.8000000		-5.6900000		34.155216		-5.3667237		32.8735396		-4.6702891		32.5679628		-4.4980731		29.8602843		-3.167841		35.8345241		-5.6939659

		1.43E+10		14.30		35.7000000		-6.0600000		33.7967523		-5.4957004		32.4498574		-4.7641427		32.1363801		-4.5923885		29.4293598		-3.2946136		35.6976909		-6.0557453

		1.44E+10		14.40		35.6000000		-6.4400000		33.5121515		-5.6040997		32.1264624		-4.8248965		31.8087578		-4.6504607		29.1089844		-3.365537		35.5608965		-6.4390877

		1.44E+10		14.40		35.4000000		-6.8300000		33.2760597		-5.6566365		31.8788731		-4.8184406		31.5609338		-4.6393496		28.880287		-3.3592175		35.3917034		-6.8327803

		1.44E+10		14.40		35.2000000		-7.2400000		33.1046366		-5.7069091		31.7163389		-4.7988214		31.4009949		-4.6121824		28.7462945		-3.3167975		35.2203619		-7.2448179

		1.45E+10		14.50		35.0000000		-7.6300000		32.9823085		-5.7110461		31.6256921		-4.7265825		31.316349		-4.5307974		28.6991521		-3.2110228		35.0280484		-7.6269874

		1.46E+10		14.60		34.8000000		-7.9500000		32.9014479		-5.6617308		31.603024		-4.5946673		31.3038758		-4.387995		28.7406817		-3.0338522		34.8033605		-7.9467933

		1.46E+10		14.60		34.6000000		-8.2700000		32.87991		-5.6347669		31.6657744		-4.4635468		31.3810403		-4.240897		28.8877611		-2.8202762		34.5727763		-8.2746558

		1.47E+10		14.70		34.2000000		-8.4900000		32.8030071		-5.603129		31.7095742		-4.3285009		31.4463191		-4.0879186		29.0632046		-2.5812895		34.2237582		-8.4896155

		1.47E+10		14.70		33.8000000		-8.6700000		32.7246645		-5.6009603		31.7848181		-4.2045917		31.5497827		-3.9405204		29.3146515		-2.3078677		33.8295197		-8.6728912

		1.48E+10		14.80		33.4000000		-8.8200000		32.6716091		-5.6216241		31.9175148		-4.0823944		31.7179217		-3.788121		29.6731878		-1.9800518		33.4316678		-8.8190843

		1.48E+10		14.80		33.1000000		-8.8300000		32.6738106		-5.5974384		32.1304784		-3.9112735		31.9728577		-3.5825599		30.1596484		-1.5609884		33.0828504		-8.8278293

		1.48E+10		14.80		32.7000000		-8.8300000		32.6718555		-5.6313958		32.3778447		-3.7748842		32.2731367		-3.4017723		30.7738478		-1.0766771		32.7179676		-8.8324648

		1.49E+10		14.90		32.3000000		-8.7800000		32.6370479		-5.6826742		32.6223578		-3.6538167		32.5817155		-3.2289194		31.5053395		-0.5014528		32.332586		-8.7776957

		1.49E+10		14.90		31.9000000		-8.6800000		32.5541772		-5.7686625		32.8403043		-3.5771481		32.8749693		-3.093649		32.3717173		0.1749471		31.9255631		-8.6838348

		1.50E+10		15.00		31.5000000		-8.5900000		32.4119363		-5.9352609		33.007471		-3.6070809		33.1272707		-3.0598101		33.4059746		0.9535037		31.4967559		-8.5894093

		1.51E+10		15.10		31.2000000		-8.4800000		32.2961786		-6.0919139		33.1720595		-3.6654733		33.3757886		-3.0573936		34.6068714		1.8726315		31.1510125		-8.4757505

		1.51E+10		15.10		30.8000000		-8.3700000		32.110433		-6.3253437		33.2300613		-3.8775535		33.5135393		-3.2194949		35.9525615		2.8717654		30.78938		-8.3664086

		1.52E+10		15.20		30.4000000		-8.2800000		31.8619188		-6.6438948		33.1622653		-4.2792083		33.5098141		-3.5942847		37.319445		3.8131885		30.4250463		-8.2786899

		1.52E+10		15.20		30.1000000		-8.2200000		31.5567765		-7.0478705		32.9548387		-4.8955065		33.3399589		-4.2194971		38.3255878		4.3026721		30.0663001		-8.219002

		1.52E+10		15.20		29.7000000		-8.1600000		31.1698006		-7.5134559		32.5693441		-5.7384316		32.9580872		-5.1219902		38.2939213		3.6528751		29.691352		-8.1621152

		1.53E+10		15.30		29.4000000		-8.1400000		30.8122285		-8.0312787		32.1428568		-6.7437586		32.5090933		-6.2243391		37.3031258		1.9306951		29.3897418		-8.1414119

		1.53E+10		15.30		29.1000000		-8.1300000		30.4185698		-8.5831115		31.6161681		-7.9214111		31.9380543		-7.5457884		35.6995104		-0.5323514		29.0984906		-8.131945

		1.54E+10		15.40		28.8000000		-8.1400000		29.9792546		-9.1605114		30.9986241		-9.2583358		31.2630786		-9.0774746		33.9492762		-3.3116024		28.8016277		-8.1387352

		1.54E+10		15.40		28.5000000		-8.2000000		29.5227022		-9.8037313		30.3406532		-10.7866352		30.5433332		-10.8577733		32.3035504		-6.2204012		28.5167636		-8.2022495

		1.55E+10		15.50		28.2000000		-8.2700000		29.0343101		-10.4015952		29.6456477		-12.3417091		29.7885513		-12.7365539		30.8134574		-9.2212208		28.2198911		-8.2703021

		1.56E+10		15.60		27.9000000		-8.3800000		28.5604508		-10.9868383		28.9733551		-13.9016051		29.0619475		-14.6963768		29.5130235		-12.2983141		27.9460714		-8.3762023

		1.56E+10		15.60		27.7000000		-8.5100000		28.0967898		-11.5183535		28.3258173		-15.2992784		28.366718		-16.5323193		28.3724706		-15.3484307		27.6845953		-8.5085831

		1.56E+10		15.60		27.4000000		-8.6500000		27.6276388		-11.9318255		27.6923242		-16.246045		27.6927274		-17.7877623		27.3573473		-17.9242611		27.4127027		-8.6453148

		1.57E+10		15.70		27.2000000		-8.7700000		27.2114235		-12.2162684		27.1276414		-16.6196047		27.0929066		-18.1657857		26.4810254		-18.8617127		27.1883297		-8.766093

		1.58E+10		15.80		27.0000000		-8.8900000		26.8029015		-12.363302		26.5922785		-16.3880785		26.5287435		-17.6428742		25.7055269		-18.0405486		26.9569947		-8.8916809

		1.58E+10		15.80		26.7000000		-8.9800000		26.3964159		-12.3130532		26.0767012		-15.6505321		25.9892872		-16.5283371		25.0008219		-16.5491007		26.7142091		-8.9768829

		1.59E+10		15.90		26.5000000		-9.0000000		25.9918636		-12.0471174		25.5803721		-14.6033828		25.4735294		-15.1682194		24.3575996		-14.9652889		26.4568724		-8.9986499

		1.59E+10		15.90		26.2000000		-9.0200000		25.6085053		-11.7116948		25.1270139		-13.6016882		25.0058106		-13.9594077		23.80064		-13.5771187		26.1929624		-9.0234982

		1.60E+10		16.00		25.9000000		-8.9200000		25.1996392		-11.179704		24.6704352		-12.5384639		24.5398737		-12.767659		23.2824984		-12.3986919		25.8718935		-8.922205

		1.60E+10		16.00		25.5000000		-8.7900000		24.7993237		-10.6182021		24.2421855		-11.5734888		24.1064879		-11.7185797		22.8259693		-11.3448675		25.527832		-8.7905928
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Ultra Low Inductance Solution — Performance Plus

Summary

* Available with insulated inserts, conductive housings, or insulative
metal coated housings

Details

* Insertionloss: <-1.0dB to =62 GHz & <-1.5dB to 78 GHz

* Return loss: >-20 dB to = 70 GHz

* Ground Inductance : <0.0003 to 0.002nH (Application Specific)

Insulated Inserts

Grounded'
metal housing



How to Improve Package Grounding

* More wire bonds to ground plane

« Shorter ground paths

 Flip chip to reduce path lengths

« Thin substrates with vias to ground pad

* More ground on peripheral, especially around high
frequency or clock signals

 Differential signals (GND-SIG-SIG-GND) vs. single
ended (GND-SIG-GND)




How to Improve Contactor Grounding

* More ground paths to lower inductance
* Lower housing height reduces inductance

* Provide various probe sizes to match impedance at
different pitches

« Creating ground planes in the contactor with metal housing

» Make contact to device where package ground connections
are to reduce path to board ground plane




In Summary

* A properly grounded system improves return loss by ensuring that
signals reflect less back into the system from mismatched components.
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In Summary

e Grounding provides a reference point for the signal and the system,
reducing the risk of unintended coupling between RF circuits. Without

proper grounding, stray RF signals can leak into sensitive parts of the
system, leading to crosstalk or interference.
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In Summary

* A properly grounded system offers a low-impedance path for return
currents, especially at higher frequencies. This is important because
inductive reactance increases with frequency, and a high inductance will
result in signal loss or interference. Proper grounding helps reduce this
impedance, lowering inductance and maintaining signal strength and

Integrity. . = o
SNP128 SNP129
Term + 5 : “ T "= Term
Term127 T T Term128
Num=127 : L Num=128
Z=50 Ohm = ° 18 Z=50 Ohm
- L=0.00003 nH '_*_
S2P
SNP130

File="G:\Customerdata.s2p" -




_________//4

Thank you for atfending!

Q&A




	The Impact of Grounding on RF Performance
	Seminar Outline
	Definitions
	Concepts: Insertion Loss
	Concepts: Return Loss
	Concepts: Crosstalk
	RF Performance on Theoretical Coax
	Effects of Ground Location – Distance to Ground
	Effects of Ground Location – Distance to Ground
	Effects of Ground Location – Number of Grounds
	Effects of Ground Location – Number of Grounds
	Effects of Ground Locations in the Time Domain
	Comparison of Different Contact Heights
	Comparison of Different Contact Heights 
	Proper grounding produces clean signals
	HERØHF™ Spring Probe Examples
	HERØHF™ Spring Probe Attributes
	HERØHF™�Optimal Performance
	0.5mm Pitch HERØHF™�Different Ground Configurations
	0.5mm Pitch HERØHF™�Different Ground Configurations
	0.5mm Pitch HERØHF™�Different Ground Configurations
	0.5mm Pitch HERØHF™�Different Ground Configurations
	0.5mm Pitch HERØHF™�Different Ground Configurations
	HERØHF™ WLCSP Array�Comparison Of Metal vs. Optimized Hsg
	HERØHF™ WLCSP Array�Comparison Of Metal vs. Optimized Hsg
	HERØHF™ 0.80mm Pitch
	HERØHF™ Family Solution
	HERØHF™ 0.80mm Pitch
	HERØHF™ 0.80mm Pitch
	ROL®/VROL®�Examples
	VROL® Specifications
	Impact of ES-P™ on VROL® Performance
	Impact of Dielectric on VROL® Performance
	0.5mm Pitch VROL200 324319 Contact in Torlon vs. Esp Housing Material – Smith Chart
	0.5mm Pitch Customer Package and Layout
	Source of the Issue – Impedance Mismatch
	Solution – Bring the Ground to the Device
	Solution – Bring the ground to the device
	Grounding and Inductance
	Ground Inductance
	Effects of Amplifier Ground Inductance Paths
	Effect of Inductance on Power Amplifiers
	Example 1: ROL® 200 Contact vs. Competitor�Customer Data
	Example 1: ROL® 200 Contact vs. Competitor�Customer Data
	Example 2: Ground Inductance Effect on Gain Oscillations
	Ultra Low Inductance Solution – Performance Plus
	How to Improve Package Grounding
	How to Improve Contactor Grounding
	In Summary
	In Summary
	In Summary
	Thank you for attending!��Q&A

