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Seminar Agenda

* RF Signal Integrity refresher

* Existing RF analysis for array socket products
* HFSS Modeling and simulation

Insertion Loss, Return Loss, Crosstalk

Inductance, Capacitance and Impedance

Analog RF vs. Digital — some thoughts

Tools — Plotting and Calculating

e Universal ‘Library’ approach to custom simulations
* 32 Port S-Parameter libraries of contactors
* Using S-Parameter files for DUT configurations

 Break

e uSimmics — A FREE Tool that works!
* How Johnstech Apps Engineers use this tool

* Type of models and schematics using S32p files
* Example Analyses and a live demonstration

* Questions and wrap-up

This is a Smith Chart — We will not be discussing this@




RF Basics — A Refresher

* Electrical simulations/measurements on new probe technology are
done because the contactor is a critical interface between the device
under test (DUT) and the test system and can impact the device
performance under test.

Signal Integrity (High-Frequency Performance)

* Evaluate impedance, capacitance, and inductance of probe
configurations.

* Predict insertion loss, return loss, and crosstalk at GHz+ frequencies.

* Optimize geometry to minimize distortion of high-speed signals.




Measured and Simulation Electrical Performance

Simulations Measurements

Ansys HFSS is used to perform 3D To validate simulations with actual
electromagnetic simulations of our test  behavior of the built hardware from DC to
contactors, enabling detailed analysis of 67 GHz.

signal integrity, impedance control,
insertion loss, and crosstalk across a
wide range of ground and signal
configurations.

Time and frequency domain
measurements are made.




Metrics: 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.

P
— n
* 521 =10 logi9(z—)
Pout
o
s(2,1)
Pgﬂ ", | Port2
S(11 e
Returh > s(1.2) o2z
Loss Loss

S(2,1=2{1,2) For Ideal Passive Parts




Metrics: Return Loss
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* Return Loss is the amount of
power reflected back to a
generator from a load due to
Impedance mismatch.
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Metrics: 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




Bare-Bones Basics About Spring Probe RF Transmission
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Typical Spring Probe Contactor at Native DUT Pitch

Probe Spring Probe — Native Pitch

50 Ohm constant impedance is desired BGA Device

Contactor Floating

TDR — Impedance Profile
Alignment Plate

Contactor Housing
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<+ (Contactor Retainer Plate

PCB DUT

Contactor shown at test height — fully compressed




Probe — Use Smaller Probe to Increase Impedance

Spring Probe — Smaller signal pins

Impedance increases closer to 50 Ohms

TDR — Impedance Profile

050 Pin

Impedance (Ohms)
P Ul wul

4 050 Signal Pin

A decreases
a decreases
» /Z Increases

PCB DUT
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Use Smaller Probe And Air Gap

Spring Probe — Smaller signal pins
Air gap — lower ¢

Impedance increases closer to 50 Ohms

TDR — Impedance Profile

Pin
Medium Gap
g A/\\‘ . Med Signal Pin — Medium Air Gap
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Johnstech Common Test Heights - S Parameter Tunin

* All of Johnstech Spring Probe lines share common test heights:
* HER@HF-1.0mm
e HER@HC-2.5mm
e SHOTO -3.0mm
* YARI=4.5mm
e Coming soon HER@PUC —3.2mm

This allows for J-Tuning! _/-,””[”
PDeeROR®

OPR®®® | :




Analog vs Digital AN
g g 7

* Digital signals are bits of data transmitted as ones and zeros v —
* Most digital applications use differential signaling ov -
* The square wave can be broken down into frequencies to I e

approach a better approximation of the true square

* Digital modulation is the way the data bits are broken down:
Pulse Amplitude Modulation (4-level) is PAM-4

 Differential pairs are used commonly

* Cleaner impedance profiles result in higher channel bandwidth:
* Cleaner ‘eye’, lower BER, lower jitter, less ringing

-
@e0e0®@O0®




‘Usual’ Tools Used for RF Analysis

Simulations Measurements

Ansys HFSS is used to perform 3D Vector Network
electromagnetic simulations of our test Analyzers measure
contactors. This is Finite Element Analysis of actual behavior of the
the governing Maxwell’s Equations of the built hardware from
electrical system DC to high GHz.

Time and frequency
domain
measurements are
made




HFSS Example - Inpufts

s “w2. « Geometry from CAD:
o * Spring probe
oo * Housing

N * Air gap
- « DUT

B .+ PCB

— * Ports — (where does

signal go in and out)
* Material Properties:

R~ )

= * Dielectric constant
* Loss tangent
: e Conductive elements
x‘—.a.-\{

* Boundary conditions

0 05 1 {mm)




What Do You Gef from HFSS or VNA Measurements

e

* S-Parameter Files! (Touchstone

E S-PARAMETERS

SP1

files)

* Industry Standard text-file format

[

Num=3
Z=50 Ohm

=0.5"(S(1,1)-5(1.3)-5(3,1)+S(3.3))
5%(S(1.2)-5(1,4)-S(3,2+5(34))

File=FileName Num=4

2Z=50 Ohm

Start=10 MHz

Stop=40 GHz

Step=10 MHz
TermG5 TermG6:
Num=1 E— —_— Num=2
2=50 Ohm 2=50 Ohm
TermG SnP2 v
TemG? NumPorts=4 TermG8

Measd
SDC11=0.5°(S(1.1#8(1.3}-8(3.11S(3.3)
Touchstone-file-exported-from-HFS55-2024.1.0

 Definition of Input/Output ports
(any # of ports)

* |Insertion Loss and Return Loss

"(5(2.1)-5(2,3)-5(4,1)+5(4.3))
SDD22=0.5"(S(2.2)-5(2.4)-5(4,2)+5(4.4))

Meas2

5%(S(1.1)-5(1.3)+5(3,1»-8(3,3))

D1

Num=5
Z=100 Ohm

i
ot [f

CMP1

over a set of frequencies

TermG11
Num=7
2=250hm

* Once we have the S-Parameter
files — ANY parameter can be
plotted and analyzed

File: G:/HFSS/HF05065333422G561inGS5Goutb. asdt
Generated: 10:07:04 -AM-Aug-14, - 2026
! Design: Zmmnewpaddradpidsd
— Project: HF05065333422G5GinG55Gouth
($(1.2)-5(1.4)+5(3.2)-5(3.4)) 8CC12 Setup: Setupl
gg‘ég Solution: Sweepl
Variables:
5 SFCH10.-=-3250000000
. o ! Sfreql.-=-1000000000
1
; '$.GHz.5.DB.R-50.000000
8nP3 ! . Terminal -data-exported
NumPorts=4. cns
File=FileName Port[l] -=-pinZin
Port[2] -=-pinT7in
1.Port[3] -=-pin%in
!-Port[4] -=-Pin2out
!'-Port[5] -=-PinToiut
!.Port[6] -=-Pin%out
Q -100.459883233348-0 -125.391469682401-0 -125
—-125.3581726705211-180 -125.378011047082-180
-125.391474991765-0 -100.347006401595-0 -113
.3285562424029€E-05-0 -113.871822804595. 180
—-125.377734747853-0 -113.867256109323-0 -100
-113 1 323152180 -8.36306227T9335TE-05-0
—7.23508712195413E-05-0 —-125.391707934463- 180
-125.39182541103-0 -125.373115218638-0
—-125.3591726938444 180 -8.32856045751874E-05-0
—-100,347163478708-0 -113.867552¢ §42-0
—-125.378022816596- 180 -113.8718201 -2.3¢
-113.867556232109-0 -100.3018%
! Gamma S0 0 50 0 Q
!.Port - Impedance 50 a 50
0.5 —48.5200359482340% .4831993420337- - -72.
—-72.7190686317652--95. 7122236704169 --72,T050658657566--95. 710836922491
—-72.68461492893065-52.9408370737988- -40.454677462675-85.0259434563719--54.6
—0.0044153648 8815645986 --55.5654126438722.-95.217436566052¢




RF Performance — Plotfted from S-Parameter Files

* The performance of any probe
teChnOIOgy depends nOt Only On 0.5mm Pitch HF040 Full Array Edge vs. FieId-GSSG-SDD21

the contactor design also on the ™™

. . 0 -0.5-
signal and grounding 3" _ \
configuration. N ~

- . 1.5 ™~
* Additionally, the quality of the 8 o N
ground has a major influenceon = . ™
signal Integrity §_3 . HF040 Crown - GSSG Field \\
c = ===HF040 Crown - GSSG Edge .
* Number of grounds “asted T T T T IQII

o Proximity of grounds Frequency (GHz)
* Symmetry of grounds

https://www.johnstech.com/wp-content/uploads/2024/10/The-Impact-of-Grounding-on-RF-Performance.pdf
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RF Performance — Insertion Loss Calculated from S-

Parameter Files

HER@HF Electrical Specifications — RF Insertion Loss — GSG/GSSG

Specification
(GHz)

GSG 0.3 0.4 0.5 0.65 0.8 1 1.27
Edge |Field|Edge | Field |Edge | Field| Edge |Field|Edge |Field|Edge |Field|Edge [Field

* Frequency (GHz)

HF030

* S,, Insertion Loss HFod0
* -1dB Threshold HF050

HF080

* Tip-style options

Specification
(GHz)

GSSG 0.3 0.4 0.5 0.65 0.8 1 1.27
Edge |Field |Edge | Field | Edge [Field | Edge |Field |Edge |Field |Edge |Field |Edge [Field

FIELD - GSS

00
00
00

m
-
o
(2]
w
(1]
(2]
v
w
(7]

HFO030 Crown

HF040

HF050

OCOO:
QOO
OO

000,
Q0O
Q0O
Q00
Q0O
Q00

HF080




RF Performance — Insertion Loss Plotted from S-

Parameter Files

HER@HF® Electrical Specifications — RF Insertion Loss Example — GSG/GSSG with 0.5mm Pitch DUT

¢ Frequency (GHZ) _ HF S21 Insertion Loss

* S,, Insertion Loss (dB)

- — —-1dB

HFO50C MATERIALA 0.5mm GSSG Edge
S21

HFO50C MATERIALA 0.5mm GSG Edge
s21

HFO50C MATERIALE 0.5mm GSG Edge
s21

* Tip-style options:
* S = S p e a r HFO50C MATERIALB 0.5mm GSG Edge
[ J C - C rOW n -4 EZ{)SOC MATERIALA 0.5mm GSSG Edge

HF030C MATERIALA 0.5mm GSG Edge
S21

HFO30S MATERIALA 0.5mm GSSG Edge
s21

HF030S MATERIALA 0.5mm GSG Edge
-6

s21
HF040C MATERIALA 0.5mm GSSG Edge
s21

HF040C MATERIALA 0.5mm GSG Edge
s21

HF040S MATERIALA 0.5mm GSSG Edge
s21

HF040S MATERIALA 0.5mm GSG Edge

ss (dB)

Insertion Lo

s21

00000000
Oooo O OOO 252503 MATERIALA 0.5mm GSSG Edge
0000 0000

HFO50S MATERIALA 0.5mm GSG Edge
S21

0 10 20 30 40 50 60




RF Performance — Return Loss Calculated from S-

Parameter Files

* Frequency (GHz)

* S,; Return Loss
* -10 dB threshold

* Tip-style options

FIELD - GSS

00
00
00

m
—
o
(2]
w
(1]

000,
Q0O
Q0O
Q00

QOO

OO0

OCOO:
OO0

[9]
w
w
(2]

OO

HER@HF® Electrical Specifications — RF Return Loss — GSG/GSSG

Specification
(GHz)

GSG

0.3

0.4

0.5

0.65

0.8

1

1.27

HF030

HF040

Edge |Field

HF050

Edge | Field

Edge | Field

HF080

Edge

Field

Edge

Field

Edge

Field

Edge

Field

Specification
(GHz)

0.4

0.5

0.65

0.8

1.27

GSSG  |os
Edge [Field
HFO030 Crown
HF040
HF050

Edge | Field

Edge [Field

HF080

Edge

Field

Edge

Field

Edge

Field

Edge

Field




RF Performance — Return Loss Plotted from S-

Parameter Files

. HER@HF® Electrical Specifications — RF Return Loss
Frequency (GHz) Example — GSG/GSSG with 0.5mm Pitch DUT

* S,; Return Loss (dB) )

* Tip-style options: .
* S=Spear
* C=Crown

HFO50C MATERIALA 0.5mm GSSG Edge
S11

HFO50C MATERIALA 0.5mm GSG Edge S11

HFO50C MATERIALB 0.5mm GSSG Edge
511

HFO50C MATERIALB 0.5mm GSG Edge S11

HFO30C MATERIALA 0.5mm GSG Edge S11

HFO30C MATERIALA 0.5mm GSSG Edge
S11

HFO30S MATERIALA 0.5mm GSG Edge S11

HFO30S MATERIALA 0.5mm GSSG Edge
S11

HF040C MATERIALA 0.5mm GSSG Edge
S11

HF040C MATERIALA 0.5mm GSG Edge S11

HF040S MATERIALA 0.5mm GSSG Edge
511

HF040S MATERIALA 0.5mm GSG Edge S11

HF050S MATERIALA 0.5mm GSSG Edge
S11

HF050S MATERIALA 0.5mm GSG Edge S11




RF Performance — Inductfance Calculated from S-

Parameter Files

HER@HF® Electrical Specifications — Inductance

Inductance (nH):

e Inductance (nH) HF030 HF040 HF050 HF080
MATL A MATL B MATL A MATL B MATL A MATL B MATL A MATL B
° Derived from — Edge |Field| Edge |[Field| Edge |Field| Edge |Field| Edge |[Field| Edge |Field| Edge [Field| Edge |Field
simulated and/or Crown 0.221 |0.262| 0.295 |0.262
measured S- Spear 0.306 |0.272| 0.306 |0.272
param eters 0.40
] ) Crown 0.387 |0.341 0.378 |0.305
¢ Housmg material Spear 0.395 |0.349 0.395 (0.319| 0.393 [0.318
optlons 0.50
Crown 0.444 |0.399 0.468 |0.365 0.296 |0.261| 0.297 |0.261
o Tip-style options Spear 0.452 |0.407 0.480 |0.376 0.319 |0.282
0.65
Crown 0.487 |0.429 0.388 [0.334 0.247 [0.286
Spear 0.501 |0.443 0.409 |0.353 0.265 |0.305
0.80
FIELD - GSSG EDGE - G55G Crown 0.453 |0.387 0.355 [0.305| 0.355 [0.305
Spear 0.423 |0.361 0.374 (0.322| 0.374 |0.322
0000 0000
Crown 0.427 (0.364
Oooo OOOO Spear 0.445 (0.381
1.27
00000000 —-
Spear 0.496 |0.437




RF Performance — Capacifance Calculated from S-

Parameter Files

HER@HF® Electrical Specifications — Capacitance

Capacitance (pF):
. C ) HF030 HF040 HF050 HF080
apacitance(pF) MATL A MATL B MATL A MATL B MATL A MATL B MATL A MATL B
e Derived from _ Edge |Field| Edge |Field| Edge |Field| Edge |Field| Edge |Field| Edge |Field| Edge |Field| Edge |Field
simulated and/or Crown 0.166 |0.142| 0.125 |0.144
measured S- Spear 0.127 |0.147| 0.123 |0.142
para meters 0.40
. ] Crown 0.115 |0.125 0.141 |0.125
° Hoqsmg material Spear 0.114 |0.125 0.138 |0.123| 0.138 |0.123
options 0.50
_ _ Crown 0.115 |0.119 0.135 |0.116 0.168 |0.187| 0.159 [0.177
* Tip-style options Spear 0.112 [0.116 0.136 [0.116 0.160 [0.179
0.65
Crown 0.110 |0.112 0.149 |0.161 0.200 |0.188
Spear 0.108 |0.111 0.147 |0.159 0.205 |0.193
0.80
FIELD - GSSG EDGE - GS5G Crown 0.153 [0.156 0.184 [0.191] 0.184 [0.191
OOOO O°°O Spear 0.195 |0.200 0.182 |0.190| 0.183 |0.176
1.00
Oooo OOOO Crown 0.180 |0.187
Spear 0.178 [0.185
0000000 —=
O Crown 0.184 |0.186
Spear 0.180 [0.181




RF Performance —Impedance Calculated from S-

Parameter Files

HER@HF® Electrical Specifications — Impedance By DUT Pitch

Impedance (Q)

* Impedance (Q) HF030 HF040 HF050 HF080
) MATL A MATL B MATL A MATL B MATL A MATL B MATL A MATL B
¢ D_enved from Edge |Field| Edge |Field| Edge |Field| Edge |Field| Edge |Field| Edge |Field| Edge |Field| Edge |Field
simulated and/or 0.30
measured S- Crown 36.5 | 43.0 42.7
parameters Spear 43.0 43.8
_ _ 0.40
* Housing material Crown 58.0
options Spear 58.9 | 52.8 53.5 53.4
_ ) 0.50
* Tip-style options Crown 621 |57.9 58.9 | 56.1 420 |37.4| 432 | 384
Spear 63.5 | 59.2 59.4 | 56.9 44.7 | 39.7
0.65
Crown 66.5 | 61.9 45.5 35.1 | 39.0
FIELD - GSSG EDGE - GSSG Spear 681 | 632 527 | 471 36.0 | 39.8
0.80
OOOO Oo O Crown 54.4 439 | 40.0| 439 | 40.0
Spear 466 | 425 453 |412| 452 | 428
00000000 =
Crown
00000000 —=
1.27
Crown
Spear




Real-World - It Is HARD!

* Complex HFSS modeling of multiple
input/output ports in a socket model takes a
long time to model and simulate — hours to
days

* Models are simplified as much as possible
* Simulations are run to lower frequencies to reduce
time

* VNA measurements:

* Need special fixturing and de-embedding
techniques (errors)

* Limited usually to 2 or 4 ports MAX
* Precise calibration required

* Requires very high skill level for accurate
measurements




Available Tools For S-Parameter Analysis

* Import .sNp Touchstone files

° Expensive Tools e Channel simulation
. * Eye diagrams

* Keysight ADS « BER estimation

* Ansys HFSS + Circuit * TDR/TDT

.. e COM calculations
e Cadence Sigrity

* Equalization modeling

e  Mixed circuit + EM simulation
AV KEYSIGHT

q ' %
S —— e b
T P
+ >

Advanced
Design System

cadence

_— = Sigrity” X

Redefines SI/PI analysis

Step=Fstep

003




Available Tools For S-Parameter Analysis

* Import .sNp Touchstone files
* Other Tools e Touchstone import

* Matlab RF Toolbox « TDR

e Python + Scikit-RF library (free) * Eye diagrams ‘.:

e Simbeor « COM calculations m
 Web-based tools (All Free) * PCle/CXL analysis

* EverythingRF S-Parameter Viewer i e

 RFLab Tools waSPViewcom @ RFLab e aear

* SnpView.com — —
* Free Software:

e S-View Classic (from Microsoft Store) | MathWorks: EE hsc;iea :: Trj::;im_pmanamgde_embe .

* Tstonelab (from Microsoft Store) ‘ b s

¢ TOUChStone Viewer StUd|0 FREE (from Microsoft Store) RF Toolbox Visualisation & Analysis

* uSimmics < Param Plotter

£\ Simberian e




New Approach — S-Parameter Library — 4x4 Arrays

* Create a library of S- 29 30

31 32
Parameter files of sockets o g g,
by:
' - 2 22 23 24
* Spring probe type S e
* Housing material type 13 14 15 16
e Standard DUT Pitch 5 10 11448 outpUTDUT
e Define a 4x4 grid of probes s oad®

* Universally defined
input/output ports

e 32 Port S-Parameter file

* Simulations set up and
batch-run on servers 16 Input ports and 16 output ports -> S32 S-Parameter Files




New Approach — S-Parameter Library — 4x4 Arrays

& Deskiop 2024 R1 - HFSSDesignT - 3D Modeler - SOLVED - [HF04053284 T8crowndxdgndhsg - HFSSDesignT - Modeler - 8 x
W0 Fle Edt View Project Dimw Modeler HFSS Tools Window Help
sex
[ R grn @rean 890:mO|\VY|® . ne e mson B 3 sutace | JuRelateCs + @ Messure » HiGra @ Model -
™ G (© setect by ame S eromer Qrisecca § 0 9 (Q A | L | - Rotat @ ot | B | @ cranter | < sheet> | Sracecs | cmpter (v || BRN | woeom -
D hd o) (EE® BeniO ~ & hru intersect Nedge - | T.objectcs - units » -ma B 1
Destop  View | Dmw | Model  Smustion  Rests  Automation  AnosMimena  Leaming and Support
Project Manager 2 x 07 3264214c3_Spltl_Split_Split1 oA
s & & stz s sp spht | Field [Vim] Ansys
ngm » 85 Viax 294134628 Dot
XY Plot 11 Botgnd
Hxvror 12 2 botpadricl 10000
P xveiot 13 & botpadric2 9000
S Temin s pacamete ot 1 P botpadric3 8000
S Teminl s pacamete ot 2 P botpadrich
3 Teminl s pacametes Chat 1 2 botpadrzcl
3 Temin s pacamete ot 3 P botpadizc2
Bt g 29 30 31 &32
S Teminl prt 20 ot 1 P botpadizch
S Teminl s pacamete ot + 2 botpadricl
S Teminl s pacamete ot s P botpadi2
39 Temin s pacamete ot P botpadric
S Teminl prt 20 ot 2 P botpadiich
S Teminl TOR impedance ot 2 2 botpadract
5 Teminal s Perameter Chart2 P botpadric2 2 5 26 2 7 2 8
3 Teminl s pacamete ot 7 P botpadréc3
S Temin s pacamete ot 2 botpadrich
S Teminl s pacamete ot 2 topgnd
S Teminl s paramete lt 10 & toppadricl
S Teminl s pacamete lt 11 P toppadi2
39 Temin TOR impedance ot 3 2 toppadric3
38 Terminal s Parameter Chart 3 P toppadrics 2 1
S A 23 24
S Teminl s paramete lt 12 P toppadiec
S Teminl S paramete lt 13 P toppadizc
S Teminl S paramete lot 14 P toppadizca
3 Teminl TOR impedance ot + & toppadricl
emina S Parameter ot 15 P toppadii2
emina S Parameter ot 16 P toppadeic
it 2o 17 18 19 20
Terminsl S Parameter Cht 5 & toppadract
TR Inpedance Plot 5 P toppadeéc2
eminaPort 0Pt 3 2 toppadiec3
: = 13 1
il 16
1 Terminel TR tmpedence Plot 7 Srewes e
9D PorteidDisiay
5§ e Overays
 Radaton
C0efintons
(0] HROSOS 33198 roNnTarusAstrlbsGSSG
o ermm—— 9 10 11 s¢807
& Hrososs33342205GnGSSGouta”

Nothing Is selected

S L - BRI Gk O S 5 6 7 8

16 Input ports and 16 output ports -> S-Parameter Files




Why 4x4 Arrayse

* 4x4 arrays are a reasonable compromise for modeling and analysis
* |s usually large enough to fit standard DUT pinouts

ADC_AVSS | ADC_AVSS
_1P0 _1P0

ADC_VCM | ADC_AVSS “ - ADC_A |ADC_A
oQ e : : _ VSS_1P|VSS_1P

VSSA  VSSA

VSSA  VSSA

VSSA  VSSA




Break Time
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Recap of the Seminar So Far

* We discussed:
* RF Basics — Inductance, Capacitance, Impedance
e Return Loss, Insertion Loss, Crosstalk
 How do these parameters impact socket performance?
e S-Parameter files
* Tools available for an engineer to study RF parameters

* Now let’s see some examples and use the best FREE S-parameter

analysis tool
|ﬁm uSimmics

BCopyright 2024 he«hltaﬂd p-:lu

All prod "tt?h oo o d other etary infl tion inchuding the ROLE pin shape and John shz-hh h-'.r.aﬂ-rnnl'h_
af Jokns 5. and Intemational patents, tradem oA 5.



How Johnstech Uses uSimmics

Johnstech engineering has created a vast library of 32-port S-
Parameter files to analyze new customer applications

Schematic templates have been made so Applications Engineers
can quickly analyze a customer DUT signal requirement

This saves time! Faster technical answers! Faster quotes! Less
formal HFSS simulation needed in many cases

You can use this same philosophy and use the same tools help you
optimize your test cell

Engineering Tools > S-Parameter Explorer > 32 Port S-parameter Files > HF
":" [ Name v | Modified &

About a minute ago

1 HF040532841 8crown4x4arraymds10050ohmsa5555.532p

y e Y T

PROBE FAMILY PITCH PROBEPN TIPSTYLE HSGMATERIAL

32 Port S-parameter Files

|

F—— Hcos0

| '7HCOSO5329496cr0wn4x4arraygndhsgSSSSASSZp
| F——HC05065329496crown4xdarraygndhsgSsss.s32p
| I;HC0508329496crown4><4gndhsgSSSSASSZp

|

F——Hcoso

| '7hc080103298966rown4x4arrayflatprobesgndhsgSSSSsSZp
| |;hc080127329896crown4x4arraygndhsgSSSSASSZp
|

F——HFos50

| HF0505331983crown4x4gndhsgSSSS.s32p

Ateiqn dzes

| '7HF05065331983crown4x4gndhsgSSSSASSZp

| |7HF0508331983crown4x4gndhsgSSSS1009hz.s32p
| I;HF05010331983cr0wn4><4gndhsgl::SSSSASBZp
|

F—— Shoto 020

| Shoto0204338462crowndx4gndhsgSSSS.s32p
|

F—— Shoto 030

| '7shot00303312137crown4x4gndhsgSSSSAs32p
| shoto0304312137crown4x4gndhsgSSss.s32p




uSimmics Overview M https://qucsstudio.de/ Il

About

This application is mainly a circuit simulator that has evolved out of the project Qucs, but isn't compatible with
it. Many things have been completely reworked. It's meant as a development environment for electrical
engineers (graphical user interface, circuit simulator, PCB layouting, numerical data processing etc.), which

can compete even with professional products. The application uses Qt4® by the Qt Company® as graphical
user interface.

e uSimmics (Qucs Studio) is Windows software that is freeware that is
based on the Open-Source Qucs project

* This is a free circuit-simulator that has many of the same features that
is found in ADS and other commercial software

e S-Parameter simulations can easily be done, and n-port Touchstone
SnP files can be used in the circuits



http://qucs.sourceforge.net/
http://www.qt.io/about-us/

Create An Appropriate Schematic

* Open a schematic file Signal Pin Map

from a template e

cecceeeon LI e R ARADET

* 4-port models: R Rt SR AL B

° P]_’ P3 input ot Ceoeosaliiososa i iososa i sos o icisaia sy o N 2

® le P4 Output . ""*‘“@'7____4'@“*” A 17 18 19 20
AT T R

Input ports""""M;fwa.é.:mzﬁ*"”ou'fpu'f Ports . ., » . % —

* 2-port models: == HPCET a w4
* P1linput SERIHEEN -7 o SRS

* P2 output . filesymbol - .-

Standard Contactor s32p Model -

1 2 3 4

4-Port Schematic o= B
* N-port models t
pOSS|bIe Simulation Parameters




32 Port Generic Contactor Model — 4-Port — GSSG Analysis

* PCB connections - Ports 1-16
* DUT connections - Ports 17-32

| GdddE e T, 5 »
. = L I 25 26407 28
S N 5 S B0 o - 24 2> 23
NPUT OUTPUT 17 |[S18 | 48 a0

(PCB) (DUT) 13 14 15 16




32 Port Generic Contactor Model — 2-Porf — GSG Analysis

* PCB connections - Ports 1-16
* DUT connections - Ports 17-32

* Open/Short analysis for L and C
extraction possible

INPUT OUTPUT
(PCB) (DUT)
P1ll—C@H B—{1n P2

29 30 31 32
25 26 27 28
21 22 23 24

3L 18 15 20
13 14 15 16

Shorted (L) Open (C)

P4 -ni—*@—l
|~$£ﬁﬂﬁﬁ@ﬂﬁﬁﬁﬁﬁﬁﬁﬁ

e R 6




2-Porf Analysis — Extraction of Capacitance and Inductance

* Open circuit:

e Zero current flowing through L and
R

e Capacitive reactance is dominant

e Short circuit:
e All current bypasses Cand G
* |nductive reactance is dominant

* uSimmics converts to Z
parameters and does the
complex math:

e C->plots 1/(w*imag(Z(S[1,1]))
e L->plots imag(Z(S[1,1])/(w)

* Plots over frequency — choose a
‘low and flat’ region

Z=R+jX =|Z|28

08 L(nH): 0.454 Los
Zooen e c  OPEN
07 +0.7
. 1

—— Lossy Transmission Line Circuit Model
—————— IZ(R.X) L R
Z | 0
© INDUCTIVE: jX>0 T ‘~
CAPACITIVE: jX<0 £ T
11 °
| C oc L & C from Short/Open S11

X, = 27fL = aL 1 rom SToT-ben :

indep: 2.5 T09

= $

1 I o6 06 3

Z open = S 05 I\ 05 &

T Gopgy T J0C g - =

oren T J O oppy 5 4 = -

1 £ indep: 2.6 ul

R,..+jwlL,, <<——+—————— C(pF).0.112 4

[ OPEN OPEN G(JFEN + C()PE_-\-’ 03 03
0.2 0.2

01 = = T 0.1
% SHORT 0 0
0 1 2 3 4 5 6 7 8 9 10

Frequency (GHz)

Z?HORT - RS‘HORT S‘HORT




Schematics with 32-port S-Parameter Files

* Double-click the
schematic symbol

* Click “Browse” and

| m?rr%%?@“‘?“?‘“?@@“?“?“?@@“?

-%%%%%%%%%%%%ﬁ%%%

[ t t t h Wiz Edit Compenent Properties *
Navigate to the proper oo e Cosone
. Mame: |5g1| | display in schematic
S-pa rameter file Parameers
show MName Value Description "~

® Y h t I t 1 File test.s2p name of the s-parameter file x

OU may nave 10 SselecC O v @ numberof ports e T

o . * * )) ] domain | polar = | interpelation domain [rectangular, polar] e ™ @

AI I F I I eS( o ) ] interpol | linear ¥ | interpolation type [linear, cubic] Wee s
] duringDC | short * representation during DC and transient analys T IS'?W:‘“:V"PNGHE :1:

: o ) ] func none T for 2-port only: special functions [none, deem | ™ Microsoft PowerP 1
® I C e n Hiatprobesmds100gndplaneSsss.sap 58P Fil 8
b > S3P Fil 2

] QUCS File 13

Edit ErEiEE IrfanView PNG File
° M o ”
IC spoly Cancel He...
VHXSys
3 This PC
B 3D Objects
I Desktop

B Documents ¥ <

b I
Cancel

File name: | HF0405328418crown4x4arraymds100500hmsassss.s32) | | All Files (%)
D




Creating The Circuit

Connecte

Wire Symbol — Top Toolbar

* Point S-Parameter symbol to proper file i Filled dot = connected
* Map pinout to closely match the customer i} No dot = not connected
DUT — connect Ports P1-P4 to S-parameter e ected
symbol using Wire Symbol | |
* Connect grounds using Ground Symbol
M 5 & ymbo! T Ground Symbol — Top Toolbar
* Multiple grounds can be connected with wires : :
— no difference in results — Right-Click to rotate symbol by 90°

e Missing pins - no connect at PCB and DUT

* Delete a Ground or Wire: - Celh = g
* Select element and hit “Delete” key _ :-I‘? _ Rt _ (ES‘ _ ]

* Orselect Delete from Top Toolbar and click
multiple elements

 Can select multiple elements by dragging a box Delete Symbol — Top Toolbar

with your mouse or Ctrl-Click select I
* Move elements for clarity W ﬁ T, _% . 4_
* Click and drag any existing element T

* Undo/Redo work as expected! < %
Or > T > “Delete”




Porf Equivalent Circuif Model — 4-Port — GSSG Analysis

* Used for low-frequency s parameler L
analysis (10GHz max) 0, e I s
* PCB connections - Ports 1 T B

el S N
and 3 %C;I:m*ﬂﬂl E— 3 ANS

7 C=Cm=(1-Bal)
L L L
Double Click Here &5 l e I Ra
[] D t ':'3 =
* DUT connections - Ports 2 N e A o sy FoRC
Mutual hductance M12=0.1752nH [~ ;ETUE I e I

P4
Murn=4
=500

(="

a n d 4 Capacitance to Ground C=0.1178 pF
Mutual Capacitance Cm=0.07922 pF

Parallel Rezistance R=5020 Ohm
Contact Resistance Rec=0.033 Ohm -

° Enter pa ra meter‘s |nt0 frunt-bafkgalance .E|ﬂI=I2I.TTEI.'2 - - v
Equations section — s
double-click

tit

07702  |front -back balance

h
C  |D1178pF | Capacitance to Ground
° . Cm 0.07922 pF Mutual Ca pacitance O
. Try Tu n I n g fu n Ct I O n e R 5020 Ohm Parallel Resistance
Rc 0.033 Ohm Contact Resistance
(|

a n d See W h at h a p pe n S ::m yes - putresultmtn:::aset[yes, :::nmy] - C. /.|\ Gl




Device Pin-Out Examples

. Diffe;enti.aldzilgital siﬁnaIin © © @
¢ equires a4-port schematic
* Rotation/side of signaling ports do not matter © 00
, . INPUT PCB. G4 NG,
* Ground every other pin: PCB and DUT side @ & O
G 6 6 6 -
Note not connected (5 @ @ @
here (G @, @
© 606 6

N AK
" S e
@ R P e BN - § MTX_13N | MTX_13p | AL
(3)evevccnalieoono e T, O AM
v L@

23 24 25




Device Pin-Out Examples

 Differential digital signaling
* Requires 4-port schematic

* Rotation/side of signaling ports do not matter
e Ground every other pin: PCB and DUT side

8 DG,
©OOE
\ DO QO

Note not connected
here

OO0 O I
OO O
OO O
OO O

A T _ MRX_10P

MRX_10N




Device Pin-Out Examples

Differential digital signaling — edge inset one row
* Requires 4-port schematic

Rotation/side of signaling ports do not matter
Ground every other pin: PCB and DUT side
If missing probe —no connect PCB and DUT side

8 DYDY,

Note not connected — probe missing

OO0 O I

OO O
« QOO
OO O

P—o® Qc—i72

HTX_10P | HTX_10ON

. p3.|= +@ ...... D~ =|.p4.




Device Pin-Out Examples

Single-ended — analog antenna
* Requires 2-port schematic
* Corner signal

>, DIDLD)
: @00

* Not optimal ground -
* Rotation/side of signaling ports do not matter
e Ground every other pin: PCB and DUT side @ @ @ @
* Nearby misc signal pins — no connect PCB and DUT @ @ @
side Note not connected — misc I/O 8 @
2

GPIO_12
GPIO_12




Running The S-Parameter Model

i

equation

* Load the proper s32p file in the

Port_Z=50 Q
model © Ten_dB=-10
___________ e
. « 4. gtat=01CH>s Twenty dB=-20
* Set up S-parameter simulation to  Stope100GHE- < - S11adj=61

. Points=1000 S22adj=50.8
required parameters: Start/Stop Points=1000 " iftyOhms=50 Q

frequency, step size, etc.

oiie Edit Component Properties *

* Once your circuit is defined and all A

ring parameter {inear steady-state simulation in frequency domain)

. Sweep Parameter: | frequency | (] display in schematic

parameters are set — click the gear S

icon on the top toolbar to execute  pup= it
Step: | 100 MHz |

‘ Mumber: | 1000 | display in schematic
ar elp...




General Model Setup - Single-Port Template

* Single input and

output line A2 U wHEdEOs # 0K ARAABXSADRL LA IS APITMTRER

* Antenna ports
 RFin/out lines
e Other signals

| Standard Contactor s32p Model

Content Projects

o [
[ RN
=Ta-1
@ o
LRLRE
ERES
AAleda
bl o
- o
a3
55

¥ Components
I}
+
w

Li
.
(=]
[

CR =R
B 3 5
]

* Insertion Loss
e Return Loss

e Land C
* Time Domain




General Model Setup — 4-Port Differential Template

N-2-U- wEHEEO = 0 x ARXNARX[IRX B HhLIT T

& X 532p generic 2-port.sch 532p generic 4-port.sch |:|

Differential input
and output lines sorayse

G55G equivalent circuit.sch
G55G sdp.sch
G556 sB8p.sch
s32p generic 2-port.sch
|s32p generic 4-port.sch
Verilog
VHDL
Octave

Project Content Mote o
- QUTPUT o
SRS

Projects

Content

LT R T 3

Insertion Loss

Components

C++ Sources

Return Loss

Library

PCE Layouts
> Data Displays
> Datasets

Crosstalk
Land C
* Time Domain

* Digital-Common
mode
conversions




General Model Sefup - Lumped Element 4-Port

Templafe

o = &0 E - E . Y Q@ Q@ -~ SR o g Port . Y
. . . bl U wHEARO= 4 [ x AAARAA M XPAGREL L/ iswmBamTIND
o D Iffe re nt I a I I n p | lt & X £33p generic Z-port.sch 532p generic 4-port.sch G356 equivalent drevit.sch [ Digitalanalysis.sch GSG s2p.sch
2 Project Content MNote
. '“é v Schematics
and output lines "
B G5G s2p.sch
E |g§§g ::U'Vﬂ':e"tc'fcu‘t-sch Low-Frequancy Equivalent Circuit Standard Contactor GSSG Model
1= p.sc
(]
P : 655G s8p.sch
nsertion Loss | Bt :
5 £32p generic 4-port.sch 5
g Verlog [s-parameter | a T = Insertion Loss
& wHDL =1 o 71 Ez . 0
° Octave Type=in Num=1 c1 = & =
= C++ Sources Start=0.1 GHz Z=500 C=C*Bal —— ~ o - -0.5
2 PCE Layouts Stop=80 GHz = C=C*(1-Bal} pq
5 : -0.75
S| > Data Displays Points=800 R=Rc )
> Datasets 6 o s -
® > Oth ==c-cmrBal AR == c-Ccm(1-8al) p 125
Crossta -] w—
. 15
equation m @ 175
Parameters c4 [:1-L c3 R=Rc o
Self hductance L=0.518 nH P3 C-C'Bal  |aoy == c=C*(1-Bal) pa 2
Mutual hductance M12=0.1752 nH Num=3 | |: Num=g 225
. a n Capacitance to Ground C=0.1178 pF Z=500 - = z=s00 s -1dB Reference
Wutual Capacitance  Cm=0.07922 pF - 521
Parallel Resistance  R=5020 Ohm 4 275 | 7= S2s4p
Contact Resistance Rec=0.033 Ohm e — - — -3
. o front-back balance  Bal=0.7702 B B L s B 001 2 3 45 68 7 8 910 111213 14 15 16 17 18 19 20
. Smoothing Factor SmFac=1 Rz Frequency (GHz)
Ime bomain
. . leauation Return Loss Crosstalk
. OnedB=-1 . I EI——————,
igital-Common :
h 10
mode g
-15 -20
0 ] ]
3 20 sz 5 25
conversions 3 s
25 P 30
— 511 Y-y ' I I N [ N 1 =2, B -20dB Reference
-30 v’ 511 sdp . —— 541 FEXT
- -20 dB Reference -40 — 531 NEXT
-a5 == 541 FEXT =4p
-45 531 NEXT s4p
403 50
18300078 0DH BEUNBDYE P T001 023456 78 910 111213141516 17 18 19 20
Frequency GHz Frequency (GHz)




uSimmics Plots — The Basics

Réturh Ldss

* All schematics have basic plots S P N S P B ) BN b
defined: R I = cant P41 Voo i SN BN RO
* S,; Insertion Loss R = A

* S;; Return Loss
* S;,/S,, Crosstalk (4-port)

* Land C(2-port)

* Double-click any plot to see - |
the detailed parameters and T S

* Frequency domain results plot -
in dB vs. GHz - T e, i}

She
Dataset Graph “ 0’
manud [0 |[10 |[ 100 | "
generi - *
L

""" -10 dB Ref| -
—— -20dB Ref
— SN
— S33
— SDDMN
—— SDhCN"
SCD11
— SCCMN

iz Edit Diagram Properties b o
™

- - ) 5320 generic +port plot(frequency/1e9 Ten_dE) .
P 5 - enty_dB) : %
ot limits can be set fromthe - : ;
SH11 frequency plotlire: (51331 . o
. . SH2 frequency plotlire (054511, 11511351311+ 13310 *  start step stop o
{ ) s3] frequency plotlire (0.5*(5[1.11+5[1.31-5(3.11-5[3.31) te o
I m I S a s[4l frequency plot(frequency/1e9,dB(0.5*(S[1,11-5[1,3}+5[3,11-5[3,31)) manual f#SEI || 10 ||EI J"
s[211 frequency plot{frequency/1e9,dB(0.5*(S[1,11+ 51,31+ 53,11+ 5[3,31) } e % -
S22]  frequency . o Ttmagga. o gaus®
$23 requency right Axis " ""stassssssmsssanunsst?
s24]  frequency
S31 frequency [=Eer 2 start step stop
s32 frequency Delete Graph L4 [ manual | -1 0.5 1




uSimmics Plots — The Basics

 Any marker can be addedto .

............... Return Loss = =~ = . . . . . . .
any plot: (DL A RN RPN RO RO RO
* Click the ¥ from the top o Soomana) L
toolbar B P P s S S W
* Click the plot S VA | N N
e Slide the marker to where & AR I I
needed ) ] B
* Delete the marker by o jigé}m
selecting it and hit ‘Delete’ S | scor
0 70 . .80 . .90 . .100




uSimmics Plots — Smoothing Plots

Double Click _|e_CIU$ti0_n_ o

* Smoothingtodataplots = Vv yp Pot.z=50Q
H ( H 7o Ten.dB=-10. .
appllgs a ‘Moving Averagee one dBet
function Twenty_dB=-20
o Stlad=61
I I I S22adj=50.8
* Smoothing Factor (in equation . S
table): " smoothing Factor SmFac=1
e 1=no Smoothing apphed Name: | GeneralDefinitions
e 5= S||ght SmOOthing show | Name Value Description
* 10 or more — heavy smoothing 2o
. . One_dB 1
* Double click the equation Ten s |
block to change the Smoothing ST
Factor (SmFac) and hit ‘Apply’ o] BE

e Resimulate 3

EJ.-'-‘




uSimmics Plots — The Basics — Copying Plots to Other Apps

e Use a Screenshot tool

* Or Right-Click a plot region and Copy

* Paste into any other application as a picture — background is
transparent — note that plot title does not copy over

... .. ... ... ... Retunloss . . . . . . ... ... . 0
B
- . | ' ' SO b G e s L R Rty  LRGEE TR TR P D e~ SO
s o o o e 4 o o o 1 R r aste o o || o \
. 2 o . P A7 S | A N indep:664 |
-~ op L i . [ | . g Imep173 \.:’ SCC11'102
S an AN I e .10.dB.R.f. | o N /, N 0B R
(i - . N - =1 1 } T - p=tig!
7. 30 indep: 39.7| — 1== -20dBRef|- || - IS11e-p_61 — S11
. 51161 . Lo J— 511 / v. . \.A\k — 833 /'
W T e s [ 40 P S| soo
dof—/ . |— sbc SDC11
SCD11 N SCD11
o |zsccu | || —— Scc1
o h M . -50 £
T e 0. a0 40 = w0 80 % 10, 0 10 20 30 40 30 60 70 80 9 100
Frequency (GHz)




uSimmics Plofs — The Basics — Export Data To Excel

ﬂ AutoSave (\. Off:l K) - - Bookl - Excel

File Home Insert  Page Layout Formulas Data Re

* If the uSimmics plots are not adequate, s

T B I = & A He G4

data can be exported to Excel e — B s el

i 1 X cu baste LI Copy e o
* Right-click graph you want to export Bew 5 Gromaniee | 1 4B A

* Select ‘Graph to Clipboard’ or Ctrl-K N . fie e

Paste 5pecial...

L] . Insert... A B C D E F
* Paste into Excel and do whatever you wish ! mdepUlplg;{::;a;[mcwlea,dmsri,lm
: ; ; 0.2 -51.152
* Frequency and Y-values will be in adjacent e ——
columns My Boring Excel Plot
.. . Return Loss . 0
. e N
@ -20
) 5-30
g & 1o
DI 1 /A R =k IV I B (ERENE (RCRE (N ¥ 10 dB Ref
: —— -20dB Ref 50
— 5N
|—— 833
|—— SDD11 -60
oo 0 5 10 15 20 25
L—scen Frequency GHz
0 10 20 30 40 50 60 70 80 90 100

. Frequency (GHz). .




uSimmics Plots — Exporting Touchstone SnP Files

e 2-port or 4-port analysis files can be
exported to Touchstone (SnP) files from
any uSimmics analysis

e After a circuit has been run and looks
correct, select: e

* ‘Content’ tab on left e

G556

GS.SGsAp.jat

‘Datasets’ 6556 s8p dat

s32p generic 2-

» Right-Click on appropriate .dat file (32p generic &
* SnP file is created at location:

iem it Aot

Open
Infos
Rename

Delete

Export to SnP N
.&P

C:\Users\xxxxx\.qucs\Contactor S-
Parameter Analysis_pr;j

Organize Me

Windows (i) » Users » wvireibergs » .quecs » Contacte

s

* [] Mame

| | G5G s2p.dat
| | G5G s2p.sch
| | GS5G equivalent circuit.dat
| | 355G equivalent circuit.dpl

— M 685G equivalent circuit.sdp

|| GS5G equivalent circuit.sch

Rl o o ol A 1




Let’s Run Some Live Demonstrations!

e 4-port - Johnstech HF040 at 0.5mm pitch

e 2-port - Johnstech HFO50 at 0.5mm pitch

e Compare L & Cvalues depending on grounding %%%
* Compare Insertion Loss vs. grounding

) D
%/ﬁ

fﬁ"é‘%
N




Thank You!

* The smart use of simple tools will give engineers insights into
socket performance

 Johnstech will always support our customers with innovation and
support — from NPI through production test!

e Questions?
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