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Introduction

Within Tl, we have vast experience using probe cards for Multiprobe testing. We
use various probe technologies to probe a wide array of features and metallurgies.

Tl has implemented a process called Design for Probe, that is used within Tl to help
ensure that our devices use the correct probe card technology and vendor.
Processes like DFP have given us the ability to standardize many of our settings and
requirements across all probe vendors allowing Tl to transfer probe cards and
technologies across the world.

Parametric and WLR testing also requires the use of probe cards to help with
probing, but we do not have the same standards in place as in multiprobe. There
are some key differences for parametric and WLR probing, but also many
similarities with probe.

In this presentation, | will discuss some of the similarities and differences from
multiprobe and provide some ideas on how we can leverage the long history of
learnings at multiprobe to help benefit and improve our processes for parametric
and WLR testing.
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Parametric Testing Overview

Whew Chipapt fie for b5 1210a

Parametric testing is a process used to monitor production processes in attempt to
improve yields.

It is many times referred to as scribe test because the DUTs reside in the non-revenue-
generating wafer area between the product die, called the scribe (or street).

Structures typically have 5-26 “sub-sites” within a reticule field, each typically with
around 5-20 pads .

Wafer level reliability testing is a statistical process control tool that is used to monitor
production processes by inducing high stresses (time and temperature) on parts /
structure.

Because of the high stresses, WLR helps to shorted test cycles and time generally would
be required.
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Multiprobe Overview

Wafer Probe (sort), or functional testing, is a step in semiconductor
fabrication process where electrical excitation is applied to individual die in
wafer form to test the functionality of the embedded circuits without
inducing excessive bond pad damage or any underlying metal damage.

In multiprobe there is often push for testing multiple die in parallel helping
to increase the throughput.
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Simi

larities

e There are many similarities between the two
types of testing.

e Because of the large knowledge base and long
history of standardizing practices at multiprobe,

many of those same practices can be leveraged
for parametric and WLR.

— Probe Card Technology Decision

— Cleaning / Probing Procedures
— High Temperature testing
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Design For Probe

DFP-Design For Probe is a risk-review Tester

I I I Dev Prober
process involving a cross functional team of robe
experienced probe test members whose Interface
objective is to target probe solutions that are - =
aligned to Tl's Roadmap and Best Practices. VB €

Benefits

e  Optimize the Probe Card technology selection! Adv
Package

—  Build the right Probe Card for your device. Req’'ds

Cantilever Probe Cards (staggered peripheral layout)

— Take advantage of the latest qualifications !

— Understand each test floor’s strengths for smooth

|
i
| Ex:
offloZes : Cantilever
e  Maintain Probe Card Build Spec } design rules
. q . I
—  Monitor vendor compliance to avoid probe card \ below for
! pad layout.

mis-builds and lost cycle time
e  WPL assists with RFQ to ensure best pricing!
e Design Rules for various silicon technologies.

e Help to provide robust solutions that can easily be
transferred across various Tl sites worldwide.
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Probe Card Technologles

R

In multiprobe, many different probe card technologies are available depending on the
application.

Many of these same vendors / technologies can be utilized in parametric testing as
well.

Leverage probe card pricing if we can use same vendors / technologies in both.
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Qualification Process

Multiprobe

Requirement
Incoming Inspection of Planarity Check Planarity 0u
*Confirm with specific site as to requirements per technolog;

Probe Card On
Analyzer Alignment of:
*(If not available, then must Cantilever: +/- 9um
Vertical +/- 12um

rely on Outgoing Vendor
*Confirm with specific site as to requirements per technology.

Total

Alignment Check (x/y) X
Data)

Visual Inspection Corrrect wiring/solder points/residues on probe card. Place photos in "Photos" tab. --

tgoing Analyzer Results from Vendor

Prober Device Needle Alignment Settings define

9
Bin to Bin Correlati 98% bin to bin from baseline card to new probe technology or LBE/PDE
acceptance.

. Limit of 3 Ohms Standard dewviation on 100k TD and a minimum 100 wafers probed.
Cres Over Time . L
Confirm cleaning optimized to keep Cres consistant.

100k TD and a minimum 100 wafers Probed in production or accelerated probing and
cleaning wear study to show the TD vs. Tip length as it relates to probe card end of
life. (life expected must be (>750K TD)

X, Y, Z correction across a wafer must be lest the 30um min to max without
dramatic swings not including stops to the prober with in a wafer once the card gets
to tem)

Device Characterization it it iy

Thermal Agility

Optimize on cleaning OD / Recipe. (Record recipe in Probe & Cleaning Recipe Tab)
Define cleaning Block rotations

MSDS Sheet New njaterlals require MSDS sheet. No polyethylene allowed, high temp transfer
study is needed.

AVI Fail Rate Fail rate must be less the 0.25% across 20 EWR lots at all temperatures.

Damage must meet all packaging requirments
FC or WCSP, b
Dielectric cracking study Automotive requirement 9x TD in the same location ai

max production prob

No under layer metal exposure on automotive products

QSS states for Al technologies “shall not expose underlying passivation or
underlying metal equal to or greater than 25% of the pad width adjacent to the edge
of the pad or exceeds 1.0mil2 near the center of the bond pad.

Quality

Dielectric Cracking

Study (if needed) Punch Through

Cleaning
Qual

=

Parametric / WLR

Parameter

Planarity Check Planarity of +/- 50um
Alignment Check (x/y) |Alignment of +/- 12um
must rely on Outgoing
Vendor Data) Leakage Spec Pin / Pin |Leakage of <100nA

Visual Inspection onrect wiring/solder points/residues on probe card

Outgoing Analyzer Results from Vendor Pass / Fail
. . Leakage < 1pA @ 100V for low leakage.
Leaki T Pi Pi
S R - - - < 10pA @ 100V for standard cantilever. (Adjust velue per tester

Stable and controlled Cres at optimal OD. (Discretion of Parametric Team)

CRES data on Conti-short structure (sanity modul) @ OD.
cespalaion *(If no santiy module available for CREs, then can use blank unstructrued Al wafer
Probe Mark Check @ OD

If active circuitry then must chracterize probe mark damage / depth using dielectric
cracking study.

Test at nominal OD and max OD at x1 TD to 6x Tds.

*(Instructions on how to perform cracking study can be found in Dielectirc Cracking Study tab)

Sameness and accuracy test for all PCD scrap parameter.
Wafer Correlation Data Minimum should be 3 wafer.
If basline probe card available can correlate to that.

Run on prod test with 500 wafers or at least 500KTds. (may vary depend on loading)
Cres should not creep over time. monitor CRES over time.

Measurements should be recorded at various intervals (50-100kTds) to help predict
\wearout of card. (length, diameter, debris, abrasion)

Requirement
Qual Qual
Incoming Inspection
of Probe Card On
Analyzer
*(If not available, then

Characterization of

Pad Damage (If needed)
Test System

.
.
Cleaning Optimization Optimize on cleaning OD / Recipe. (Record recipe in Probe & Cleaning Recipe Tab) --
.

Lifetime Monitoring Test

Evaluate and characterize Soak time for high temperature (125°C / 150°C / 200°C).
Must have stable x/y/z alignment of tips at temperature.
Once card at equilibrium, marks should be centered and not touching PO.

Verify no shift in needle x/y/z after 30min test time.
obe to Pad Alignment over Time Probe marks should not be increasing after time.
Cres should be stable and controlled at optimal OD after 30min test time.

Verify maximum current over time at testing temperature.
No burnt needles / owerstressed or melted pads.

Preheat Soak Time

Max Current at Prob

In wafer probe, we have always used a standard qualification document that
allows us to look at both mechanical and electrical properties of the probe
technology and compare against Tl requirements.

We utilize the same document for parametric and WLR testing.
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Qualified Probe Card Vendor Plan

Probe Card
Vendor
Capabilities

{ Vendor Pricing
/ CO0

Lifetime /

Volume - | ‘

Set list of requirements expected of probe card vendors
Establish the actual capabilities of each of the probe vendors

— Need help from sites to help gather data to “qualify” vendors and present in Qual Worksheet
Build database of all vendor’s data and qual reports
Narrow down list to solid number of Qualified vendors for each application (3?)

—  Compare vendor capabilities with Tl requirements and against each other

— Add specs to provide guidelines for probe card build based upon qualifications

—  Helps to leverage PC pricing by limiting supplier base (WPL help)
From this, we could then build database to help automate Probe Card Vendor / Technology
Decision. (Ties into PBD)

25TH ANNIVERSARY

June 7-10, 2015 2.0-1.5 SW Test Workshop

10



Pad Cracking DOEs
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e We use dielectric cracking studies in both multiprobe
and parametric testing to help us understand the
forces of a given technology and whether or not it will
cause excessive damage to pad or underlying metals.
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Probing / Cleaning Settings

Probing / Cleaning Recipe

Probe Tech

Probe OT
Method

Probe OT

Cleaning
Media

Clean Freq

Clean OT

Clean Tds
Clean Pattern

Tester

Cleaning
block
Rotations
Planarity
Spec
Lifetime

Temperature

Analyzer
Available

or
Vendor

Specific
FT/LT
(Lm)
(Material)
(PTd)

()
(CTd)
(shape)

5000000
4500000
4000000
3500000
3000000
2500000
2000000
1500000
1000000
500000
0

TD Count

(

{

‘!Illl

16VS52
16VT04
16VT15
16VTO9
16VTO07
16VT16
16VS53
16VTO1
16VT18
16VTO06
16VT14
16VT19
16VT20
16VT12
16VT21
16VS50
16VTO3
16VT02
16VT13
16VT11
16VTO08
16VT10
16VS51
16VTO5
16VT17

There are many lessons learned in cleaning optimization in the multiprobe area.

=—4—TD Count

The key learnings can be used for parametric as many of the same technologies and vendors are

used.

Optimized cleaning recipes can help to determine and predict lifetime and wear of the probe

cards.

Lifetime and cost numbers can be used to create COO-Cost of Ownership models which can
predict over a certain amount of volume which vendor / technology is optimal.

June 7-10, 2015
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High Temperature Testing

Table #9 — High Voltage Specs*

VoItage >50V considered HV
>70x70um

0.333 mm per 1kV ( Follow HV spacing guidelines on probe
Spacing needle solder points and W|re wraps

Purge

Needles of same type should be grouped together. (For Ex:
Type All HV needles should be grouped together

Group like pins together (PWR with PWR and GND with
GND GND). PWR GND PWR configuration could induce arcing.

Example of high voltage specs.

Both multiprobe and parametric WLR have high temperature testing.

Maintaining steady and robust solutions at these higher temperatures becomes
difficult as pad sizes shrink giving way to less margin for alignment.

Leveraging tools like auto-realignment can help to maintain current z position of
needle as it expands due to the temperature rise.

Both multiprobe and parametric testing are also pushing for applications that need
1kV test capability and we are using learnings from both applications to develop rules
/ specs surrounding high voltage testing.
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Differences

e There are also many differences between the two types
of tests.

e Some of these differences actually make parametric
testing a simpler process from a probing aspect.

e Also easier to transfer knowledge from multiprobe back
to parametric.

Probe Card Flow / Order Process

Probed Test features

Number of sites / pins

One probe card for a technology vs one specific device

In multiprobe, each probe card design is custom to that specific device.
In parametric we have ability to test multiple devices within a certain technology using one probe card.

This allows the cards to run on setup longer without having to change for individual devices like at
multiprobe.

25TH ANNIVERSARy
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Probe Card Development Flow / Ownership

» LBE requests Probe Build Document (PBD) and PCB

Start PBD
Design For Probe w‘c" )
RFQ / Feasibility Study LBE e LBE initiates the Probe Build Document (PBD)
Select PC Technology » PBD sent to DFP Team for recommendations (optional)

Select Vendor

» PBD is sent to Probe Vendor for quote/feasibility
» Vendor copy DFP on RFQ communications

» |LBE selects the Probe Vendor
LBE Phase Il

* Probe vendor will design the probe head
* Probe Vendor then request the footprint’s upload to the
LIBRARY VENDOR CAD library for PCB design

Complete PH Design
Complete PH Footprint
Request Probe Head added to Library
Probe Head added to Library
Complete Schematic

PROBE VENDOR

Phase Il
* LBE submits the Probe Card schematic and PBD to PCB
Submit PCB Design Input B et
Review/Approve PH Placement » LBE works with the PCB Vendor to complete the PCB

design.
» LBE and Probe Vendor review PCB design
» LBE approves the PCB design

Phase IV
* PCB vendor manufacturing and test of the PCB
* PCB Vendor ships PCB and doc packet to Probe Vendor &
provides PCB documentation to TI.
PCB VENDOR * Probe Vendor assembles and tests Probe Head on PCB
» Probe Vendor delivers finished Probe Card & PBD to Tl

Manufacture Probe Head
Complete PCB Routing
Review and Approve PCB Design

PCB VENDOR

—
m

PROBE VENDOR

LBE

Fabricate & Assemble PCB
Release PCB Documentation
Ship PCB to Probe Vendor
Finish Probe Card Assembly
Send PBD for release

PROBE VENDOR

LIBRARY VENDOR

Phase V

LBE checks out the probe card functionality
Verify Board. Verify EDGE Release . LBE confirms PCB and PBD are released to EDGE
Provide Vendor Feedback

June 7-10, 2015 %0 o"RY . SW Test Workshop




Probed Test Features

Spherical
Bump

Cu Pillar

Mushroom Bump

—
ELE AR L

Cu Post (as bumped) Post Flip Chip on LF

For parametric we are typically probing Al or NiPd pads where as in
Multiprobe there are many more types of features

25TH ANNIVERSARY
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Site / Pin Count

sBB=l= B Bells Besbasls
(FHHE AR

Some multiprobe probe cards test >100sites and upwards Parametric cards are typically single site with less than 20
of 20k probes. pins.

Multiprobe has the ability to test multiple devices at once in parallel.
— We have some devices testing 128 sites.

Some of these devices can have upwards of 20k probes per probe card.
— Should be easier to maintain a 20pin card versus 20k in terms of alignment / planarity.

Generally, parametric testing is single site with less than 2 dozen probes.

25TH ANNIVERSARY
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Design Rule Standardization

Goal is to move to standard pad frame on all products to reduce probe card
costs

K1 EA R EX Y B 3 R 1 R 2 1 B 3 0 B ) R 7 | EE  RE K

Card will be built in a 5-6-5 configuration
All measurements are from center of pad to center of pad

52um Scribe 80um Scribe

Small Pitch (S) = 126.0um Small Pitch (S) = 114.1um
Large Pitch (L) =216.0um Large Pitch (L) = 249.9um

In multiprobe, each different technology has design rules
associated with the pad size / pitch etc.

We are leveraging this same idea to try and standardize on
certain pad frames across multiple technologies for parametric.

Looking at possibility to also standardize pad dimensions.

25TH ANNIVERSA RY
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[ owvendor [ = w ]
WaferProbe™ Test System Feasibility Analysis and Probe Card Input
CUSTOMER INFORMATION FDn‘n

Parar ic
evice Hame

Y (um)

Probe Card Hardware

PCB Mateial [ ] Spring TechnologyRequed | ] Tip DismeteriSize (mil)

* The Probe Build Document (PBD) is an Excel form that contains the specific requirements for the
probe card design, manufacturing, and maintenance.

* Provides all TI Vendors with the information required for quote and feasibility analysis.

* Provides manufacturing information needed to develop onsite repair / maintenance activities

25TH ANNIVERSARY
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Build Specifications

Pad Probing - Cantilever & Blade Probe Card - Parametric

For production probing, both cantilever and vertical technology can be
selected depending on various parameters, but for the engineering
development (MQ) cantilever can used.
- Test floors must accept incoming cantilever devices as long as no
Offloads production issues with card. ?

1 million TDs over life of device

e Probe Card Build Spec is the document which we use to outline the
specifications we hold our probe card vendors to.

e We have rules governing the selection of certain technologies depending on
the characteristics of the device (See above example)

e For parametric, we can also incorporate these kind of specifications
depending on the application, high voltage / WLR temp testing/ small pad
size / etc...

25TH ANNIVERSA RY
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Current Probe Issues / Limitations

e Some of the major challenges we face today in probe

are also similar to problems we may see in parametric
testing.

— Decreasing Pad dimensions
e Always a push for smaller pads with smaller pitches

e Harder and hard for probe card to maintain alignment
e Risk breaking PO on edge of pad

— Temperature

e Continued push for high / ultra high temperature testing >1500C
e Some applications calling for 175 /2000C
e Must ensure that the setup is at equilibrium

e Prober can accurately maintain the z position of the probe as it
expands due to the temperature
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Summary

In the past, many of the Tl multiprobe test sites around the world
have had their own standards / operating procedures that differed
from site to site.

In the recent years, Tl has tried to unite all the test sides as one body
under group called the OMPT Team (One MAKE Probe Team).

Parametric and WLR at Tl has also created a worldwide team
comprised of members from each fab with a goal to help unite and
standardize across the fabs in terms of hardware / infrastructure/ and
processes just like in multiprobe.

This open communication between the fabs is key in sharing best
practices and key learnings or new qualifications between ALL of Tl’s
facilities.

25TH ANNIVERSARY
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Questions

Thanks to the PTS Team and WW Parametric Team at Tl and all the probe card
vendors we use.

25TH ANNIVERSARY
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