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Agenda

» Theoretical background on grounding and its role in RF systems.

« Simulation setup and methodologies used to assess RF
performance.

« Comparative analysis of various grounding locations and their
Impact on performance metrics.

« Case studies highlighting implementations
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Concepts: Insertion Loss
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Concepts: Return Loss
0  Return Loss is the amount of
s power reflected back to a
10% 1 v generator from a load due to
15 T impedance mismatch.
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Concepts: Crosstalk

» Crosstalk is the coupling of
undesired signals between

lines.
Port 1 O, —OPort2 — Pa
r or S41 = 10 x logq (P1
Port 3 O— 0 Port 4 - P, is the input power at Port 1
- P, is the power received at

Port 4 from Port 1
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Distance to Ground

Coaxial Impedance

Theoretical Coax: Effects of Ground Location —

7 —138l D
0—\/E—r0910 d

Where:

D Zo
1.000mm 85.2Q
0.750mm 68 Q
0.556mm 50.2 Q
0.500mm 439 Q
0.400mm 30.5Q

Z = 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)
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Note: d= 0.24mm
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Theoretical Coax: Effects of Ground Location —
Distance to Ground
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Theoretical Coax: Effects of Ground Location
Number of Grounds

OQLO

= | (@p || deo SOS

f 1 Ground 2 Grounds 4 Grounds 8 Grounds
Coax

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

How many are required?

Test Co nX 11 mpactofGrouncing on R Performance » 2025

TestConX Workshop www.testconx.org March 2-5, 2025




TestConX 2025

Session 3 Presentation 2

Signal Integrity

| ] u
|
Theoretical Coax: Effects of Ground Location Number
Comparison of Different Number of GND Connections vs. Coax - So4 0 Comparison of Different Number of GND Connections vs. Coax - S
0.0 -3 S T S —— ] _l
1% ] e mm mm m= mm == == mm == =m ee -
IFER 10 - |
| - ] -
. ] \‘ 1 '4
a ] - -20j I'
] —— —
T -1.04 K & 1. —
" 1 \‘ E-30j ’ /
2 . g W/,
< 1.5 s Sawll/
S N B /
t 1 ~ S 1
° i ~ ° -50j
n -2.0- WS Y ]
= ] o 60 :l
e C 0aXial GND Surrounding Signal S - 1 n " T
257 [t s Swounding Sigmal |V~ 2 — —s Gounds Swounding Sinal
2 Grounds Surrounding Signal S~ e - '7Of ;groun:s :urroun:!ng :!gna:
= = = =1 Grounds Surrounding Signal Noem . - ] A G::::d: sﬂ:gﬂ:d::g s:g:ZI
B0 e e e e e e T S80 i
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Frequency (GHz) Frequency (GHz)
Grounds Z,
1 81.8 Q = =
2 66.2 O Addition of grounds brings
4 56.9 0 the sysftem Cc;loser to ideal
coax of 50 Ohms
8 529 Q —
™ Coax 50.2 Q —
e St 0 n The Impact of Grounding on RF Performance 9 2025

TestConX Workshop

www.testconx.org

March 2-5, 2025




TestConX 2025

Session 3 Presentation 2

Signal Integrity

1.1

Eye Density

Theoretical Coax: Effects of Ground Locations
Time Domain

Eye Diagram For RF Signal Surrounded by 1 GNDs and 1mm Length

Eye Diagram For RF Signal Surrounded by 8 GNDs and 1mm Length

Time, psec

@
TestConX

. Lot

Eye Diagram @ 60 Gbps

Ting, psec
0Q0
000
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Theoretical Coax: Different Contact Heights
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Theoretical Coax: Different Contact
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Proper grounding produces clean signals

Vias not shielded by ground Vias surrounded by ground

Vias attach ground planes and significantly improves signal integrity

Test CO nX 11 mpactofGrouncing on R Performance -2025
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Top View of Model

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

~TestConX

Application: PAM4 112 Gbps high speed bus.

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

| @ B f/;i:;":;—7:,:1;77\; L evice Side
= 22 - T4 a =

The Impact of Grounding on RF Performance

Example: 1 mm Probe* @ 0.5 mm Pitch
Different Ground Configurations

* Probe test height = 1 mm

* 2025
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Example: 1 mm Probe @ 0.5 mm Pitch
Different Ground Configurations

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

Field configuration in
differential mode
performance up to 100
GHz.

Short probe technology
. allows for 50 GHz

First terminal lsted i board side termanal and

second terminal listed is owiput and device interface GSSG FiEId \ performance in edge

—— w—GSSG Edge \. configuration.

Insertion Loss (dB) - SDD21

Frequency (GHz)
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Example: 1 mm Probe @ 0.5 mm Pitch
Different Ground Configurations

0.5mm Pitch 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
crosstalk.

GSSG Field
— =—=GSSG Edge

Crosstalk (dB) - SCD21
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Frequency (GHz)
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Example: 1 mm Probe @ 0.5 mm Pitch
Different Ground Configurations

0.5mm Pitch Full Array Edge vs. Field - GSSG - SDD44

D -
105 At 30 GHz, what
RL @ 30 GHz = -26.2 dB accounts to additional
RL @30 GHz=-29.9.dB reflected power in the

= -
fa)
v
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=
m .
9 Field
= 0.1% power reflected
= GSSG Field
o —— ==GSSG Edge

. Edge
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0O 10 20 30 40 50 60 70 80 90 100 0.25% power
Frequency (GHz) reflected
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Example: 1 mm Probe @ 0.5 mm Pitch
Different Ground Configurations

0.5mm Pitch 4x4 Array - GSSG TDR @ 30 GHz
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Example: 1 mm Probe WLCSP Array

Comparison Of Metal vs. Optimized Housing

Signal Integrity

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

Challenge: Due to geometry constraints, providing 5 6 1 J
full ground surrounding each test site may not be O0e
possible. Need to determine how grounding impacts
! : O OO
isolation.
4 3 2
500 500 No perimeter
coo coo ground
000 000
00O 000

@ RF Pins Pin 6 Side Ground

O 0
" Growd___ PSRN 0oe

Pin 3 side Ground Full Ground

Test Co nX e pactof Grouning on R Performance +2025
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WLCSP Small Array HF030 Optimized vs. Metal Housing Design - S 4

-0.5
-1.0

-1.54

Insertion Loss (dB)

-2.0

-2.57

— e — T e e

WLCSP With Plastic Retainer

= —WLCSP With Metal Retainer

WLCSP With Metal Retainer - Pin 6 Side
WLCSP With Metal Retainer - Pin 3 Side

B T B A S L L S S S e T e A B B I S S LI

Frequency (GHz)

The addition of any ground improves
Insertion Loss

TestConX

Example: 1mm Probe WLCSP Array
Comparison Of Metal vs. Optimized Housing

WLCSP Small Array HF030 Optimized vs. Metal Housing D@ign(:

& (O Q|w
w (O @ o
ISEI@GN B

0

-54
_1 U_
154 K
204
25 /
=304
-354
-40 .
_45_ ’_____—_,._.___
50+ e

55- Pt
60+ A WLCSP With Plastic Retainer
65 / — —WLCSP With Metal Retainer

70 WLCSP With Metal Retainer - Pin 6 Sie
75 l WLCSP With Metal Retainer - Pin 3 Sid
80

Frequency (GHz)

Improved isolation with grounding in

proximity to signal pins

The Impact of Grounding on RF Performance

» 2025
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Example: 1 mm Probe @ 1.0 mm Pitch
Crosstalk and Symmetry

Challenge; Larger pitches have ,_____-0mm Pitch Edge vs Field GSG, GSSG Configurations - 51 vs. SDD
. T —
grounds farther away which ;
tends to increase characteristic M B \
: " m
impedance. Additionally, non- T O OO
. - - »n <]
§ymmetr|cal folﬂflguratlons § ] . . /) \\
Impact crosstalk. -3+
> & X N4
T ~N
i« @00 ~
1 = 1 ' Field RF Signal - 7 GNDs Surrounding N
D pItCh g = ==Edge RF Signal - 4 GNDs Surrounding
ZO o< loglo — Unsymmetrical GSSG RF Signal
d 0 5 10 15 20 25 30 35 40 45 50
probe %) Frequency (GHz)
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Example: 1 mm Probe @ 1.0 mm Pitch
Crosstalk and Symmetry

1.0mm Pitch GSSG Configuration - SCD9+

0
Non-symmetric
OO0
OO0
o0
OO ool .. Symmetric
f GSSG - Non-Symetrical GNDs
GSSG - Inset GSSG Config. Ground
y == ==GSSG - Edge GSSG Config. :
‘100‘_l — —GSSG - Field GSSG Config. Symmetry is
10— L T —————— impactful
0 5 10 15 20 25 30 35 40 45 50

Frequency (GHz)
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Example: Solid Contact Technology
Impact of Dielectric on RF Performance

» Application: ESD-sensitive devices

Challenge: Developed solid contact technology Device Side
with standard materials. Customers requesting
static dissipative materials that limit triboelectric
charging to <100V. Need to determine the
impact of performance over frequency.

Test Co nX 11 mpactofGrouncing on R Performance ~2025
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Insertion Loss (dB)

0

Example: Solid Contact Technology

Impact of Dielectric on RF Performance
P 1
X
0] ,-—Er
T oS _0 ‘z-4170 Z=4620Q ——

\ 20 .,_,__..-.—- Pl :—"‘::— /
\ geo //4"\/“/ \\ /

8 Vv
5-40612—5180 Z=50.7Q

— ESD Freu"encvfﬁﬂll_ STANDARD — ESD Frequencv(GHﬂ_ STANDARD
ESD material has a higher dielectric, which
. lowers the impedance from 50 Ohms
Te St CO nX The Impact of Grounding on RF Performance 24 2025
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Example: Solid Contact Technology
Impact of Dielectric on RF Performance

Signal Integrity

\

— ESD m— STANDARD
Housing Material | 10 GHz Imp. |20 GHz Imp. | 33 GHz Imp. |10 GHz RL|{20 GHz RL|33 GHz RL
Standard 51.8-j4 | 52.4-j15.5 | 43.8-j16.7 -27.3 -16.4 -14.5
ESD 40.5-j9.9 | 37.2-j7.1 55.8-j2.8 -16.4 -15.5 -24.4

TestConX

The Impact of Grounding on RF Performance

= 2025
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In Summary

* Many variables in socket design impact signal integrity
— Signal/grounding configuration, material, contact design

» Impact can be seen when comparing simulations of
— Insertion loss, return loss, impedance, crosstalk

* The quality of the ground has a major influence on signal integrity
— Number of grounds
— Proximity to grounds

— Symmetry of grounds
— Signal configuration (GSG, GSSG)

» Impacts of above variables are application specific and must be considered for each
unique package layout

Te ct Co nxm 1 Impactof Groundingon RF Perarmance ~ 2025
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