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Intro: 5G mmWave Drivers
5G£5G

« Demand « 5G Comparison:
5G sub-6Ghz 200Mb/s

— Urban area capacity, fixed wireless -
broadband (FWA), video streaming, AR/VR, — 5G mmWave 5Gb/s

Critical IOT such as autonomous vehicles and . P t W |
mobile healthcare ercentage mmvvave sales
— 43% phones by 2022

* Frequency
— 5G FR2 (frequency range 2) (24.25GHz to
52.6GHz)
— Bandwidth up to 3.4GHz

https://www.macrumors.com/guide/mmwave-vs-sub-6ghz-5g/

Speed Comparison

< S e > % mmWave 5G Sales
24 to 100GHz Bands 100-300GHz Bands
I I 43.00%
2
25.00% =
Shigﬂre a Sh";‘:e i 48 50 Un??c(;::ed L 2020 2021 2022 5G sub-6 5G mmWave
WWW. 5gmmwave com/5g-mmwave/5g-mmwave-nsa-or-sa/
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» Low Noise Amplifier
 Down-conversion
« ADC

 Possible Vendors

Ericsson, etc.

TestConX

High Speed
5G transceivers
Bits to Millimeter Wave
. i | X
mmWave 5G radio <:J = 4 = 4
— Transmitter A
o DAC &From
» Power Amplifier Beamformer
» Up-conversion Digital
c FPGA/[—N
— Receiver asic | 4 ™

|PI.LNCO

| SR

Ref Clock

= | PLL/VCO

Fan Out

— Anokiwave, ADI, Nokia, Qualcomm,

55 GHz Octal-site Wafer Test Probecard for 5G mmWave devices

_\Imwa\'e Radio Transceiver Block Schematic
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Introduction — RF Probing Challenges

« General probing challenges * RF probe card challenges
— Planarity — Higher Initial Cost
— Overdrive — Exotic Space transformers
— Maintenance — Multisite limitations
— Initial Cost — Loss
— COT — Reflections
— Throughput — Repeatability
— Yield — Tester resource Limitations
— Routing — Components, connectors,
— Temperature SWitChing, Cabling

TeSt Co nX'u 55 GHz Octal-site Wafer Test Probecard for 5G mmWave devices 4 2022
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Wafer probe Objectives / Goals

* Mechanical targets » Electrical targets
— 600+ i/o die — 55 GHz to tester
— 150 um pitch — 55 Ghz loopback
— Octal Site Probecard — 44 GHz switching

- el ContaCt?’ — Low impedance power supplies
— <50 um planarity

— -10 dB max return loss
— >100 RF connectors/cables 50 ohm i q ‘ch
— >100 01005 components — oY ohm impedance matc

(capacitors, resistors) — Simulated and measured full
— >80 RF mmWave switches path from tester to DUT for

— Full probecard including stiffener, calibration and de-embedding

cabling, docking, RF brackets, etc.

| e St ' 0 nX 55 GHz Octal-site Wafer Test Probecard for 5G mmWave devices 5 2 0 2 2
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« cRacer Probehead .
3mm test height spring probe, 150 um pitch,
6g, 150 um overdrive (DUT side)

Metal frame, stiffener, 8 site MA .
Simulated and optimized signal integrity,
bowing/stress analysis

Measured life cycle, cRes, CCC, RF, planarity,
force

 Direct Attach PCB

— Fanout in PCB (no space

transformer/MLO/MLC required)

— 100+ RF channels (5 GHz-55 GHz RF paths)
» Simulated signal integrity (HFSS, SI Wave)
 DUT side: surface, internal traces
» Tester side: surface, internal traces

— 25 Power supplies

» Simulated IR drop and impedance (S| Wave) all
8 sites

Methods/Materials

Connectors/Cabling
— SMPM connectors, Cabling
+ Simulated launch geometries
Switching
— 10-44 GHz SP4T switches
— Simulated launch geometries
Components

— 01005 capacitors and resistors
for signal integrity and space
savings

— Simulated footprints

Simulation and Measurement
equipment

— Ansys CFD, HFSS, Sl Wave

— PCA (Cohu FReD machine)

— VNA (67GHz Keysight)

— Cycler (Kita)
Te St ' 0 nX 55 GHz Octal-site Wafer Test Probecard for 5G mmWave devices 6 2 0 2 2
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Signal Integrity Difference

cRacer Direct Attach Signal Path
PCB CPW cRacer Probehead

connector| - [

Other Signal Path Options

CPW flex
' Pillar
Ustrip flex MEMS
PCB CPW CPW flex PCB CPW MEC CPW
Impedance
Discontinuities IToedkiee

Discontinuities

® | e St ‘ 0 nX 55 GHz Octal-site Wafer Test Probecard for 5G mm\Wave devices 7 2 O 2 2
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cRacer Optimization Process (Patent Pending)

» Select pin based on required pitch and tip profile G S G
(150 um crown tip in this case) i i l }
FAP

» Select contactor materials for PRP, Spacer, I ' . |

Body and FAP to provide required mechanical ~ Body
strength and dielectric performance

« Simulate RF performance in GSG or GSSG — Spacer
configuration

« Tune performance by matching to required
impedance (typically 50 Ohms) across
bandwidth of interest

- PRP

PRP = Probe Retainer Plate
s FAP = Floating Alignment Plate
1 p St 0 n 55 GHz Octal-site Wafer Test Probecard for 5G mm\Wave devices 2 0 2 2
I
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Radial Probe cRes Optimization

« Expertise leveraged for
performance

cViper 015 Life Cycle Testing

 Back to the Basics

— Low and consistent cRes g 3000 e

— Lot-to-lot stability S 20000 W“MM

- Long Ilfetlme 100.00
- Opt|m|zed “GutS” 50:00

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

« Standardized Recipe for probes
and cross sections
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Bowing Simulation — Rev 04

» Predict the bowing deflection due to probe preload that can be expected from

Probehead using Ansys simulation
« Max Y-Directional Deformation: 10.3 ym

0.0048817
0.0032217
0.0015616
-9.8462e-5
-0.0017585
-0.0034186
-0.0050786 Min

0.000

—
5.000

—
15.000

~TestConX

55 GHz Octal-site Wafer Test Probecard for 5G mmWave devices
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cRacer Probehead Simulated Insertion Loss

» Predict the insertion loss and return loss expected from Probehead using Ansys simulation
out to 55 GHz

— Great performance with <1 dB Insertion loss, <-12 dB return loss through 60 GHz

ssssssssss 03503 0200 _pich ANIYE . Return loss 0.1503_0.2093_pitch ANTYE
oo

Setup! : sv-utep

Setup! : sv-mep

Froq [GHz|
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 cRacer150 GSG Probehead RF Measurement to RF Simulation correlation
— Great correlation between simulation and measurement
— simulation -12 dB, measurement -10 dB @ 53 GHz
Return loss cVIPER150 S11 Return loss ¢VIPER150 §22
0 0
—DB(|S(1,1]) —DB{|5(2.2}])
heas Meas
-10 —DEB(|S(1.1)]) -10 —DB{|5(2.2))}
Sim Sim
-20 811 -20
-30 — -30 —
5351 GHz 5351 GHz
-9.865 dB 1026 dB
-40 -40
S22
-50 -50
20 40 60 20 40 60
Frequency (GHz) Frequency (GHz)
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RL issue for mmWave signals

» High return loss found for mm\Wave signals on device
» Alternative materials attempted

» Impedance is still too low (approx. 40 Q)
— Recommended Solution - > De-Populate the 3 GND Probe in the Probehead

— Return loss before -7 dB, Return loss after -12 dB

O

O O
G\ G
G

-12 dB

7dB— .

before

| e St ' 0 nX 55 GHz Octal-site Wafer Test Probecard for 5G mmWave devices 13 2 0 2 2
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mmWave Simulation: cRacer with PCB Launch

* |nsertion loss
— <1 dB to 60 GHz

» Return loss
— <-13 dB to 60 GHz

« 2022

TestConX Workshop www.testconx.org May 1-4, 2022
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DC Voltage Drop Simulations (1V supply)

Target IR drop less than 24 mV (16 mV Max simulated) achieved thru Ansys S| Wave simulation
« Voltage Drop

* Current Density

+4.686E+07 A/m~2

+4.947E+06 A/m~2

+5.222E+05 A/m~2

+5.512E+04 A/m~2

+5819.148 A/m*2

+614.290 A/m”2

+64 847 A/mA2

V @ DUT (V)

0,9916608690857
0,9847938822048
0,9904637043270
0,9880024180822
0,9886691346275
0,9889712166459
0,9837545030254
0,9917119874030

+1.000E+00 V
. +9.989E-01 V
+9.978E-01 V
+9.967E-01 V

+9.956E 01V

+9.945E-01 V

Plane Vdrop (V)

0,0083391309143001
0,0152061177952000
0,0085362956730000
0,0119975819178000
0,0113308653725001
0,0110287833541000
0,0162454969746000
0,0082880125970000

Current/ A

T
gﬁuﬁaﬁ«mnnm
AN ANV AN AT Y

~ Plane Res.
(Ohms)
0,0075810281039
0,013823743450
0,0086693597027
0,01090689265255
0,010300786702273
0,01002616668555
0,014768633613273
0,007534556906364

55GHz Octal-site Wafer Test Probecard for 5G mm\Wave devices
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Power Supply Impedance Modeling

s

‘/f
Decoupling -
-~
-
- -
- -
.‘-‘--\- /

55 GHz Octal-site Wafer Test Probecard for 5G mmWave devices

TestConX

« Site 1, 2 power supply configuration » Impedance improvement after Decoupling
! DUT1 Poqo Tester — DUT1 VDDATPO_RF PON 2|
::leerpoagd(; Tr:::;ﬁrceé /] power pa?:is resources B
JIET DUT1 Power shapes No Decoupiing
e gtl:\:;la gUT_Z ; Before decoupling 100 Ohms ) _ I‘LP
3 evice SARLTIN
DUT2 Power shapes/' 3 N\ /;\;" |,& , _r/J l'\-'
M / 7
g After decoupling 100 mOhms AN/
o o’ e’ \ed
| TF e /-;:/ ‘:\J,J/! ‘\‘.
\_\\\ ~

1000x reduction in impedance

v 2022

www.testconx.org
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LO Full Path

Simulation Includes:

— DUT pad (HFSS), CPW trace (W-element),
connector(HFSS), coaxial cable(2D) ,
param) , switch (s-param), bypass caps (s-
param), LNA (HFSS, s-param), divider (HFSS,
s-param)

Used for de-embedding in test program prior to
full path s-parameter measurements

Schematic

aaaaaaaaaaaaaaaaaaaaaaaaaaaa

Capacitor Divider

TestConX

55 GH

bias-T (s-

Simulation example

S Parameter Plot 1

LO2_TO_DWIDER_BEST ANSYS

13 dB insertion loss, -11 dB return loss
through 22GHz

0.00 -

| J Il| IJ U“'II \|‘l| \' \| ‘I\

p' |‘||

1\ I |' ||“| H

I‘.|
‘J

-20.00 —|

g

|'|J m'\u

H Lll 2181

50,00 T
.00

z Octal-site Wafer Test Probecard for 5G mmWave devices

5]
T

2022

TestConX Workshop
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Full Path S-parameter measurement to 55GHz

« Tester to DUT full path loss (12x 55 GHz paths) ““m?@%
— Return loss below -10 dB and linear insertion loss thru 55 GHz Jl‘“*\l} \

— Includes socket, vias, traces, connector, 18” coax cable

Return Loss (51 DUT side)

" -10dB

’,l]wi,;“’x] ih *T!' ‘ W 1”! rU ’f’ﬁ?

_l!”

~ TestConX

55 GHz Octal-site Wafer Test Probecard for 5G mmWave devices
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Probehead Inspection

Resistance Average: 250 mOhm
Resistance STD: 30 mOhm
Force Average: 4 g

Force STD: 0.2 g

/>-Cohu

Probe Resistance

Probe Head Inspection Report

2222176 SN2117324 - Rasistance ot 3 140mm Test Haight Histogram
350

» First touch average: 3.36 mm
* Firsttouch STD: 7 um

* Min tip height: 3.335 mm

* Max tip height: 3.374 mm

+ Coplanarity: 41 um

- - » -
:;’) ' ‘o BTotu O/
v

(7

= | . ' '
% e ‘ l ‘
! r".\ £01 wWLCSP

By ey

4>-Cohu

Probe Head Inspection Report

Probe Head Planarity

// o h U 22-22178 SN211732M - Probe Planarity
==l 1400
‘ i PLANARITY STATISTICS
aw — Probe Head Inspection Report o e
Naan Res(mOhm): 246 96 Wax Tip Hi(mm). 3.374
250 StdDev ResimOhm) 30 08 oz ™ Mean Tp Hiimm): 3 360
- # Probes Testad: 4576 Probe Head Planarity/Force/Resistance Toce Stilies Tip Hi{mm): 0,007
g 5 e % Prones Testar: 4576
g 22-22176 SN211732M All Probe Failures - DUT-Side View g
&
E 600
PASS 40 4
Force FAIL  » - 400
Resistance FAIL  ®
] Planarty FAIL @ 200
o 50 100 150 200 250 300 350 400 450 -20 - 0

Probs Resrstancs (miliOhms)

2222476 SN211732M - Force al 3 140mm Test Height Histagram

Probe Force (1)

TestConX

T T T T
0 20 40 60 80

X (mm)

55 GHz Octal-site Wafer Test Probecard for 5G mmWave devices

35 22 325 a3 335 34 345 35 a5
Probs Tip Height (mm)

2222176 SN211732M Planarity

el 7%,

2022
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cRacer 55 GHz Octal-Site Direct Attach Probe Card
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Discussion of Results

« Advantages
— 8+ site capable mmWave Vertical Probecard Solution
— Traditional Spring Probe Technology
— Direct Attach (no MLO/MLC)
— Field maintainable
— Lower Cost of Test
« Challenges
— Significant Engineering Design effort
— Limited real-estate limits optimal RF Routing
— PCB registration and lamination
— High BOM count/cost and assembly complexity
— Long-leadtime mm\Wave components

| e St ' 0 nX 55 GHz Octal-site Wafer Test Probecard for 5G mmWave devices 21 2 O 2 2
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Summary / Conclusion

* Proven performance of a cRacer probecard
— Multisite (8+) spring probe probecard for 150 um pitch applications
— RF performance through 55 GHz
— Design, simulation, prototype and production builds completed
— Platform developed for generations of mmWave die and package test

* Turnkey Production Probe solution

— Mechanical/electrical design, supply-chain management, assembly and
test coordination, and global logistics management

— Product and processes developed for high-volume probecard applications

| e St ‘ 0 nX 55 GHz Octal-site Wafer Test Probecard for 5G mmWave devices 22 2 0 2 2
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Follow-On Work

Redesign for alternative impedance profiles

— Printed impedance transformers, High-Power cRacer socket
Optimize cable lengths and routing for lower loss

— Initial design used 19" cables for simplicity

— Optimized design can cut half the loss and half the length
Add fiducial alignment for finer pitches
Simplify test for high-volume orders

— Automated PCA and RF test Stations
to increase capacity by 10x+ '

.

—_—

—

RF test

Te St ' 0 nX 55 GHz Octal-site Wafer Test Probecard for 5G mmWave devices 23 2 0 2 2
TestConX Workshop www.testconx.org May 1-4, 2022




Session 6 Presentation 1

TestConX 2022

High Speed

Thanks to:
« Synergie CAD

— Mahmoud Mesgarzadeh (Design Team Manager)
— John Holmes (PCB CAD Engineer)
— Paul Holland (RF Simulation Engineer)

 Cohu

— Aaren Lonks (RF Product Development Manager)
— Peter Cockburn (Senior Product Marketing Manager)
— Anne Krantz (Product Development Engineering Manager)

I e St Co nX 55 GHz Octal-site Wafer Test Probecard for 5G mmWave devices

* 2022
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The presentation(s) / poster(s) in this publication comprise the Proceedings of the
TestConX 2022 workshop. The content reflects the opinion of the authors and their
respective companies. They are reproduced here as they were presented at the TestConX
2022 workshop. This version of the presentation or poster may differ from the version that
was distributed at or prior to the TestConX 2022 workshop.

The inclusion of the presentations/posters in this publication does not constitute an
endorsement by TestConX or the workshop’s sponsors. There is NO copyright protection
claimed on the presentation/poster content by TestConX. However, each presentation /
poster is the work of the authors and their respective companies: as such, it is strongly
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questions regarding the use of any materials presented should be directed to the author(s)
or their companies.
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