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What is the Space Transformer PCB

Standard pitch extender PCB to fan out the 200um 

DUT pins to 0.7mm pitch or larger for standard 

load board fabrication process 

Space Transformer PCB For Testing 200 µm WLCSP 3
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How it Gets Used in the Probe Head

Space transformer connects the Monet 200um probe head 

to load board through a low profile spring probe interposer 

Space Transformer PCB For Testing 200 µm WLCSP 4
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Parameter Load Board with Probe Head

smiths connectors  Proprietary Design

Traditional Design  

Probe Card 

Application Probe wafer and final packages Probe wafer only

Multi-Sites 

Limitation

No limit (up to max tester resources) Size restriction for tooling

Maintenance • Field service repairable

• When a probe is damaged, the 

cartridge for a broken site can be 

replaced for quick PH recovery

• Non field service repairable

• When a probe is damaged, 

the entire PH is down and 

need to be replaced

Cost Of 

Ownership

PH can be refurbished when probes reach 

end of life

PH will be retired when probes 

reach end of life

High Speed 

Signal Integrity

Acceptable Acceptable

High Power 

Delivery 

Superior Acceptable

Space Transformer PCB For Testing 200 µm WLCSP 5

Comparing Probe Head with Load 

Board vs. Traditional Probe Card
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Comparing PCB with MLC and MLO

Parameter Standard PCB
smiths connectors  

Proprietary Design

MLO (Multi-layer Organic)

Thin/ Thick Film Substrate

MLC

Multi-Layers Ceramic

Flatness Acceptable Need Improvement Best

Thermal 

Performance

Acceptable Need Improvement Best

Rigidity Acceptable Need Improvement Best

High Power Delivery Acceptable Need Improvement Acceptable

Hole’s True Position 

to Pads

Acceptable Acceptable Poor

16-Layers Average 

Thickness

Acceptable

1.3 to 1.6mm 

range

Acceptable Too Thick

3 to 5mm

Via Resistance Acceptable Acceptable High Resistance

High Speed Signal 

Integrity

Acceptable

Up to 6Ghz 

Acceptable Poor

Space Transformer PCB For Testing 200 µm WLCSP 6
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The Challenges of PCB

The success of the probe head relies heavily on 

the success of the space transformer PCB

– PCB flatness will have big effect on tip to tip 

coplanarity of the probe head (first to last 

touch)

– Alignment hole true position accuracy is very 

critical for pin to pad alignment

– RF signals need special routing

Space Transformer PCB For Testing 200 µm WLCSP 7
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PCB Flatness

Space Transformer PCB For Testing .2mm WLCSP

• The old design PCB had a flatness issue in the same direction of the bowing 

induced by the spring probe interposer preload.

• The new design PCB with controlled thieving and solder mask improved flatness 

by 10um and is now in the opposite direction of interposer bowing and preload

Old Design New Design

8
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Probe Head Flatness
The new SS frame structure and the improved PCB flatness 

design contributed significantly to reduce the bowing by 30um
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Probe Head & PCB Flatness
The overall PH coplanarity and the bowing was reduced by 30um 

after improving the structure  of the PH frame and PCB flatness.
4 PH using the Old PCB design Same PH using the New PCB design 
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Alignment Hole True Position

Space Transformer PCB For Testing 200 µm WLCSP 11

Placing fiducial pads 

around alignment holes in 

PCB with true position of 

+/-0.001” is a standard 

practice for POP interposer 

PCB, however for these 

200um WLCSP PCB, the 

target pad is too small, 

therefore we developed 

additional fiducial pads to 

achieve precision PH 

optical alignment
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RF Signal Routing

Space Transformer PCB For Testing 200 µm WLCSP 12

Developed special routing for RF signal

to meet 6GHz speed requirement. 

This routing was simulated then verified

by actual measurement not only for the

PCB but also for the entire Probe Head

Simulation vs Actual Measurements:  IL:  -1 dB, 6.8GHz;   RL:  -10dB, 6.0GHz
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Test and Validation

Space Transformer PCB For Testing 200 µm WLCSP 13

Design and set up 4-wire Kelvin Cres board to measure leakage and 
100% Cres for every space transformer PCB and probe head
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Test and Validation

Space Transformer PCB For Testing 200 µm WLCSP 14

Example of Cres report for each probe head
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Test and Validation

Space Transformer PCB For Testing 200 µm WLCSP 15

Example of a device pin map showing the Cres measurement of the 

exact location of each bump, to check any failing via, pad or pin
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Test and Validation

Space Transformer PCB For Testing 200 µm WLCSP 16

Example of first article PH validation to verify the space transformer PCB 

and the PH can withstand the 300K cycles at room temp, 85C and -10C
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WLCSP 395 - 0.2mm 6-Sites PH Cres Report
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• Over the past several years, development of this type of 
fan out PCB that gets integrated into PoP test sockets 
has been very successful, and more recently has been 
adapted to probe heads for multi-site ≥200um WLCSP

• The design standards of this space transformer PCB 
have been developed in such a way as to ensure 
precision alignment in HVM environment and in 
consideration of PCB fabrication, yield, and tolerances

• Overall performance is very satisfactory while there is 
still room for improvement, moving forward for the next 
generation Probe Head.

Space Transformer PCB For Testing 200 µm WLCSP 17

Summary


