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1. Introduction

Micro-Bump Probing for 3D-SIC Pre-Bond Test
• Pre-bond test is necessary to take die yield out of stacked-die yield equation
−Without pre-bond test, the compound stack yield decreases drastically

• Non-bottom dies have only micro-bump arrays as their functional interface
Probe Challenges
Probes on grid; landing on bump
Fan-out routing in space transformer
#Tester channels, interfaces

Probe mark damage; dirt on tips
Electrical contact; probe tip wear-out

• Micro-bump array characteristics
− Small diameters : 25μm, 15μm
− Dense pitches : 50μm, 40μm
− Large arrays : WIO1: 4×(50×6)=1,200

WIO2: 4×(73×6)=1,752
− New metallurgies: Sn: soft

Cu, Cu/NiB: hard 
• Conventional probe technology does not handle such micro-bump arrays
− Cantilever probe cards: fine pitch, but not full-array
− Vertical probe cards : full-array, but not fine pitch

• Industry adds dedicated pre-bond probe pads [ISSCC’11, CDNLive’11]

• Cascade Microtech and imec enable direct micro-bump probing [SWTW’11, ITC’11, 3D-TEST’12, ITC’14]
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1. Introduction

Test System for Micro-Bump Arrays
• Cascade Microtech’s CM300 Probe Station
• National Instruments’ PXI Test Instruments
• Cascade Microtech’s Pyramid® Probes RBI Probe Cards and Cores

• imec’s Micro-Bump Test Wafers
• imec’s Data Analysis Software
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MHUProber 2

2. Cascade Microtech’s CM300 Probe Station

CM300 Dual Configuration
• Probers 1 and 2 (identical)
− Manual front-port loading of

• Ø200mm wafers
• Ø300mm wafers
• Tape frames Ø300mm wafers

Prober 1

• MHU:
Material Handling Unit
− Automatic loading of

Ø200/Ø300mm wafers
from FOUP/FOSB

− Automatic wafer identification
− One or two load-ports

shared between two probers

− MicroAlign for use with vertical probe cards
− Anti-vibration table
− Thermal Control System: -60 – 200°C
− GPIB command interface
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2. Cascade Microtech’s CM300 Probe Station

CM300 Adapted For Test Head Docking
• Differences between Probers 1 and 2
− Prober 1:

• 4.5” rectangular
engineering probe cards

• Cable interface from
test instruments
to probe cards

− Prober 2:
• No microscope bridge (for test head)
• Ø300mm circular Apollo probe cards

with 1644 pogo-pin landing pads

MHU
Prober 2

Prober 1
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2. Cascade Microtech’s CM300 Probe Station

‘Vortex-2’ in imec’s Fab-2

• Vortex-2/1: right-hand system

• Vortex-2/2: left-hand system
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2. Cascade Microtech’s CM300 Probe Station

Probe Station Features
• Four Cameras per Prober

Top-view camera on bridge (*absent on Prober 2)
Platen camera
Chuck camera
Side-view camera (‘Probe Horizon’) Wafer sideWafer side

Probe‐card sideProbe‐card side

Reflection of
probe tips
in wafer

Reflection of
probe tips
in wafer

Probe tipsProbe tips

Wafer side

Probe‐card side

Reflection of
probe tips
in wafer

Probe tips

Software overlay for
non-see-through probe cards

• Five Auxiliary Chucks per Prober
− 2.5×2.5cm2 each
− For tip-cleaning and calibration substrates
− Three aux chucks inaccessible if large tape frame is loaded

• Handles Large Tape Frames [Marinissen – ITC’15]

− Up to Ø300mm wafers (SEMI G74-0699)
• Extra maneuver space
• Chuck camera away from chuck
• Extra support bars for large frames

− Manual loading through front-port
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2. Cascade Microtech’s CM300 Probe Station

Control Software Functions
• Velox™ – Probe Station Control Software
− WaferMap with Z-profiling, binning,

sub-die stepping, etc.
− Integrated thermal control,

automated environment conditioning
− CellView: stitched image of full device
− ProbeHorizon™ for easy wafer loading
− Cleaning routines for probe tips

Screen capture of CM300 Velox software

Side‐View Camera

Platen Camera

Chuck Camera

Top‐View Camera

Wafer Map

Test Program
per Die Stack

Chuck Pos

• VeloxPro – Test Automation Software
− Cassette mapping and visualization
− Test sequence customization
− Load new wafers into cassette during test
− AutoInventory: address wafers by wafer ID
− Multiple wafer types in single cassette
− Load any wafer out of any cassette to any chuck
− Setup new recipes, parameters, and

pattern recognition
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3. National Instruments’ PXI Test Instruments

STS Hard-Docking Test Head

PX
I 

Ra
ck

 1

Test head

PX
I 

Ra
ck

 2
Manipulator

Test head:
160 kg 12×137=1644 pogo pins Docked!

Docking approach
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3. National Instruments’ PXI Test Instruments

Instrumentation for Wide-I/O Probing
PXI Rack for Wide-I/O Probing
• PXI-4072 Digital Multi-Meter
• PXIe-2535 Switch Matrix 4×136 FET (9×)

(136×9=1224 columns)

Enables two- and four-point (Kelvin)
resistance measurements
between any pair of micro-bumps

DMM Sense-Hi
DMM Force-Lo

DMM Sense-Lo

DMM
DMM Force-Hi

SMX Columns ................................. 135 136

.................................

1 2 ................................. 1223 1224

.................................

1089 1090

SMX1 SMX9

.................................
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4. Cascade Microtech’s Pyramid® Probes RBI Probe Cards and Cores

Test System’s Interconnect Overview

Pogo Pins
• Spring-loaded pins

• 12 blocks × 137 pins
= 1644 pogo pins

• Connected to PXI 
instrumentation 
outputs (e.g., Wide-I/O 
Switch Matrix columns)

Probe Card
• Pogo pad pattern 

matches the
pogo pin layout

• Pogo pads connect 
one-to-one to
Core-I/Os through 
multi-layered
probe card

Probe Core
• Chip-design specific insert

in probe card hole

• Consists of
− Metal frame + ‘plunger’
− First thin-film membrane

for routing signals from
Core-I/Os to center of
probe core

− Second thin-film coupon 
contains the MEMS probe tips

Probe Tips
• Probe tip pattern 

matches the
micro-bump layout

• Probe tips
− Probe area 6×6µm2

− Tip height: 12µm
− On Rocking Beam

Interposer (“RBI”)
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4. Cascade Microtech’s Pyramid® Probes RBI Probe Cards and Cores

Test Head to Probe Card Interface: Pogo Pins
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4. Cascade Microtech’s Pyramid® Probes RBI Probe Cards and Cores

Probe Card to Core Interface: Core-I/Os

Probe Card with hole for Probe Core Pyramid® Probe RBI MSI-HD Probe Core 
with 4×(38×8)=1216 Core-I/Os

Core-I/Os

Probe tips

Probe Core membrane layout
from core-I/Os to probe tips

South Core-I/Os: Columns 1-38, Rows A-H = 38×8 core-I/Os
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5. imec’s Micro-Bump Test Wafers

imec’s Micro-Bump Probe Applications
1. Probe-Card Characterization

− Micro-bumps all shorted
− Execute ‘ProbeCheck’ routine:

for ch=2 to 48 do {
Gang = {2...48}\{ch};
measure Rc between ch and Gang with I constant;

}
− Wafers cannot be used for subsequent stacking

2. Pre-Bond Micro-Bump Probing
− Main driver for this work
− Evaluation of test system: probe station, test instrumentation, probe card + core
− Evaluation of micro-bumps-under-test (MBuTs)

3. High-Density Post-Bond Daisy-Chain Testing
− Use as high-probe-count probe card,

e.g., for testing post-bond micro-bump daisy-chains with higher tap-off density
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5. imec’s Micro-Bump Test Wafers

imec’s Blanket Micro-Bump Wafers
• BMB Design
− All micro-bumps shorted by blanket Cu
− Everything drawn in micro-bumps

• Identification and alignment markers
• Arrays: 50/50µm pitch, WIO1, WIO2
• Banks with 0/1/2 rings of dummy bumps

• BMB Design Statistics
− Dies /Ø300mm wafer :          93
− 50um/WIO1/WIO2 arrays / die :  18/27/27
− Funct. micro-bumps / die :    101,304
− Funct. micro-bumps / wafer : 9,421,272

WIO2 Arrays

WIO1 Arrays

50µm Arrays• Micro-Bump Types
− Ø25µm Cu/NiB
− Ø25µm Cu
− Ø15µm Cu/Ni/Sn

Ø15µm Cu/Ni/SnØ25µm Cu/NiB
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5. imec’s Micro-Bump Test Wafers

imec’s PTCN Wafers
• Two mirror-symmetrical banks

of 43×94 – 11= 4031 micro-bumps
at 50µm pitch
− Two interwoven horizontally-running 

daisy-chains
− Exceptions

• Wrap-around at array edges
• For alignment markers
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5. imec’s Micro-Bump Test Wafers

imec’s PTCU Wafers
Four symmetric-identical quadrants
• Pre-Bond:

single-bank WIO2 arrays 40µm pitch
− For developing

pre-bond micro-bump probing
− Micro-bumps pairwise connected by M1,

pre-dominantly in diagonal fashion

• Post-Bond:
single-bank WIO2 arrays 40µm pitch
− Connected to post-bond daisy-chains 

through micro-bump arrays of
40µm, 20µm, and 15µm pitch or
10µm, 7.5µm, and 5µm pitch

− 438 individual tap points per 3 daisy-chains
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6. imec’s Data Analysis Software

Input: Describing the Test System and Test Chip
• Test System
− Look-up table; per line: Example

• Probe number 3
• Core-I/O SH03
• Pogo block/pin S13_H08
• Switch matrix/column SMX5_COL010

− Probe core parameters

• Test Chip
− High-level description
− Netlist: daisy-chain segment

• From micro-bump: (bank, column, row)
• To micro-bump : (bank, column, row)

−Wafer map:
automatically generated in Velox
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6. imec’s Data Analysis Software

Example Input: Netlist of Test Chip PTCU

Test chip layout

Netlist layout (for verification of test chip layout)

Netlist
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6. imec’s Data Analysis Software

Layout vs. Netlist Visualization of Test Chip PTCN

• Probe core: 43×6 probe tips; two Core-I/Os per probe tip (for Kelvin measurements)
− 6 different “netlists” per bank
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6. imec’s Data Analysis Software

Output: Raw Data
• Raw Data: list of
− Date and time stamp
− Daisy-chain segment

• From micro-bump: (bank; column; row)
• To micro-bump : (bank; column; row)
• Measured resistance value R (in Ohm) 

• Lots of Measurement Data
Example: BMB wafers, WIO1 Arrays
− #Wafers : 5
− #Dies / wafer : 93
− #WIO1 arrays / die : 27
− #R measurements / WIO1 array : 1,200
Total #R measurements / 5 wafers: 15,066,000

• Data Abstraction & Visualization is Necessary!
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Pogo-Pin map
(zoomed-in)

Pogo-Pin map

6. imec’s Data Analysis Software

Output: Analyzing the Test System

Wafer map

Core-I/O map

Probe map
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6. imec’s Data Analysis Software

Output: Analyzing the Micro-Bump Arrays

• Probe map views
− Single touch-down vs. stitched multiple touch-downs

− User-defined vs. automatic coloring

Wafer map Probe map
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6. imec’s Data Analysis Software

PTCN: Multiple Touch-Downs Stitched
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7. Conclusion

Summary
• For 2.5D- and 3D-SICs, pre-bond testing is typically economically beneficial

• To avoid dedicated probe pads, non-bottom dies require micro-bump probing
− Diameters: 15–25μm; pitches: 40–50μm; array sizes: 1,200–1,752; Cu, Sn

• We presented a full-automatic test system for direct probing of
JEDEC Wide-I/O arrays of micro-bumps
− Cascade Microtech’s CM300 Probe Station + Auto-Loader
− National Instruments’ PXI Test Instruments in STS Test Head
− Cascade Microtech’s Pyramid® Probes RBI Probe Cards and Cores

• User-developed software for
− Description of test chips
− Analysis of test system
− Analysis of micro-bump arrays

 Erik Jan Marinissen  |  IEEE European Test Symposium (ETS’16) – Amsterdam, the Netherlands – May 24-26, 2016 32

7. Conclusion

The Test System in Action: PTCU
• Probe-to-Pad Alignment

through overlay of two
camera views

• Probe marks in center of 
micro-bumps as silent 
witnesses of accurate probing
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7. Conclusion
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