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| NVENTI ON Thi s invention relates generally to the field of testing

sem conduct or Qigedides and nore particularly relates to a neRCRESPHHEZIOOF
preparing silicon sem conductors in wafer and packaged form for inspection
by Emission M croscopy. BACKGROUND OF THE I NVENTION U. S. Patents 4,811, 090
and earlier telated U S. Patents 4,755,874 and 4,680,635 as well as the
recently issued U S. Patent 5,475,316 disclose an inage em ssion m croscope
whi ch | ocalizes defects in integrated circuits. The em ssion 5

m croscope i s based on the principle of reconbinant radiation. In excess
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manuf acturers on wafers and delidded or decapsul ated fini shed devices from
the front side, that is |ooking digppgid Vol ' E surface of the
integrated circuit. The predom nant value of the technique is rapid
detection and failure | oteis Adveptics rrdakancFeRpraldy to (t8fefi81d50%i ngl e
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transistors. a new method for preparing silicon semiconductors in wafer and
packaged form for inspection by Emission Microscopy.

BACKGROUND OF THE INVENTION
U.S. Patents 4,811,090 and earlier related U.S.
Patents 4,755,874 and 4,680,635 as well as the recently issued
.. U.8. Patent 5,475,316 disclose an image emission microscope
which localizes defects in integrated circuits. The emission
5 microscope is based on the principle of recombinant radiatioen.
In excess current drawing conditions such as oceur during
semiconductor failure modes, electrons and holes in silicon,
recombine and relax, giving off a photon of light which is
readily detected by specialized intensified CCD sensors. The
10 technique is widely performed by semiconductor manufacturers on
- wafers and delidded or decapsulated finished devices from the
front side, that is looking directly down upon the surface of
the integrated circuit. The predominant value of the technique
is rapid detection and failure localization to the junction
15 level of a single transistor in integrated circuits which may
have up to 4,000,000 or more transistors. _
The demand for greater speed in the semiconductor
.industry has lead to both a high level of chip integration and
innovation in package design. The result of these innovations,
20 while successful in increasing speed, has left the failure
analyst with semiconductor circuits that are not inspectable
using frontside inspection techniques alone for emission
testing. In these circuits photons emitted from failure sites
cannot reach the front side and therefore cannot be detected.
25 Examples of the types of problems encountered include 4-5
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10 emissions from these new generation integrated circuits and new
package configurations is a major concern for failure analysis.
Photons from failure sites do however escape toward the back of
the die as well. This has lead increasingly to the inspection
of packaged semiconductor from the backside; that is, by

15 . removing the packaging, thinning the die, polishing, and then
performing emission microscopy.

When enissions are produced, the light is
nonisotropic going equally up to the front of the integrated
circuit as well as to the back of the die silicon. Of the four .

20 known emission types, saturation, gate dielectrics, reverse
bias junction avalanche and forward biasing (Latch-up), only
forward-bias emissions emit with the same intensity from the
backside as from the front. This predictable result is related
to a narrow spectral signature from 850 nm to 1.1 um.

25 ' For the other three emission types {which are
broadband emitters 550 nm to 1.1 um), the silicon acts as a
filter largely absorbing the emissions occurring within the
visible spectrum (400-800 nm). This silicon filter effect can
be significant for weak emitters viewed from the backside. T.

30 Ishi and K. Miyamoto in "Functional Failure Analysis Technology

from Backside of VLSI Chip," Proceedings of the 20th |
International Symposium of Testing and Failure Analysis,
November 13-18, 1994, showed that the anticipated'calculated
absorption of silicon closely follows empirical observation:
I(x)=(1-R) I (o) exp(—2X)

where a = absorption coefficient

r = reflection index of silicon

x = silicon thickness

35
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In "Infrared Emission Microscope Analyzes Defects in Multllevel'
LSI and Silicon Bulk," Toshiba Corporation, Nikkei Electronics
Asia, September 1992, Kazuhiko Etoh performed photon count
evaluations from the front and rearside for all known emission
15 - - types without thinning the backside silicon. For light emitted
' from a saturated pn junction of an npn transistor . (intensity)
photon counts dropped by 2 orders of magnitude. Similarly,
gate dielectric for MOS transistors dropped by two orders of
magnitude and reverse bias between the emitter and base or

20 between collector and base resulted in a 3 order of magnitude
drop in detection sensitivity. As anticipated, there was no
loss in photon count from forward biased emissions since these
occur in the 850-11 nm range and are largely above the silicon
filter effect.

25 Joseph and Berry evaluated the effects of heavily
doped P+ silicon which is receiving wider usage in advanced
logic and microprocessor applications in "Infrared Laser |
Microscopy of Structures on Heavily Doped Silicon," IBM
Proceedings of the 18th International Symposium of Testing and

30 | :Failure Analysis, October 17-24, 1992. For a 625 um thick die
P- not heavily doped wafers transmit over 50% of their light
‘while P+ wafers of similar thickness transmit only a maximum of
only 1-2% over a very narrow range around the silicon bandgap
at 1.1 um. In an effort to improve performance, they planar

35 lapped and thinned the die to reduce the silicon filter effect
and improve illuminated image cquality.

Prior art in preparing samples for backside
inspection has evolved over the past three years but largely
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never be socket tested. For high lead count devices this is a
considerable hardship. The lead pitch being exceptionally
small on high pin count devices, the process of bending the
leads back can often result in complete lead fracture and
separation where it meets the packaging. For DIP (dual in-line
packages) the leadframe may be ground away with the die.

Thinning of wafers can also be easily achieved using
this technique but with considerable. drawback. Planar lapping
refers to lapping the entire wafer to reduce the bulk property
of the silicon by several hundred microns. A 750 um thick
wafer would need to be lapped to less than 200 um (preferably
less than 100 um) to reduce the silicon absorption effect. An
8" (200 mm) wafer thinned to this level is exceptionally
brittle and presents a real obstacle for inspection as the
mechanical force needed to clamp and probe the wafer with a
probe card is sufficient force to induce cracking.

B. Reagent thinning. The use of etching compounds
and reagents based on Hydrofluoric acid have been utillzed.
Hydrofluoric Acid will dissolve silicon neatly but is
exceptionally hazardous. It is one of the few known acids to
eat away skin and tissue down to the bone. It is very
undesirable to use on a routine basis for that reason. The
liability with continued usage is high even in a controlled
environment making it impractical for day to day FA usage.

c. Dimpling. Dimpling was developed for TEM
(tunneling electron microscopy) and is a slow speed grinding
operation using a weighted head diamond wheel turning at low
RPM. As the wheel spins above the part below is spun at low
RPM as well. This results in a bowl shéped cut known as a
dimple. The flat area is directly under the wheel. If the
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The inspection area is limited with regions outside of the

10 flatspot abruptly losing contrast due to increasing silicon
thickness. The technique is also time consuming as the low RPM
tool speed takes hours to cut through the packaging materials
and silicon. The desired large flat area such as the entire
backside of the die cannot be achieved. Preparation with this

.15 tool is similar to a boring operation rather than a backside
Planar preparation. It is not possible to prepare a part
without a radiused edge. For users concerned with detecting
where the emission might occur at any point over a large die
surface the technique is limited to boring "test hole" over

20 increasingly larger areas of the part.

D. Ion Milling. Focused Ion Beam (FIB) systems
have been widely utilized to selectively mill semiconductors.
They work in a high vacuum over areas generally no larger than
a few microns in size. They can mill out silicon but only in a

25 tightly defined small area. For users with detailed knowledge
of the failure site they can be beneficial. The cost of FIB
equipment is over $750,000. Its limited inspection window and
high cost of ownership make it prohibitive for routine FA
usage. As above, for users concerned with detecting where the

30 emission might occur at any point over a large die surface the
technique is limited to boring "test hole" over increasingly
larger areas of the part. ’

E. Milling. The use of milling equipment has been
utilized by the failure analyst to remove molding compound.

35 Efforts to use machine tools for thinning the die and polishing
"in package" have not been successful, leading to chipping,
gouging and cracking of the die. At lower speeds and without
proper technique and tooling, the dies in fact shatter even
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that produces flat thinned semiconductors with a high mirror

finish for inspection by an emission microscope. Many failure
analysts are intimidated by the prior art and see few solutions

15 which can be used on those parts that may need unique
preparation to make them even partially inspectable. Because
there is an obvious and urgent requirement for rapid detection
of failure sites by emission microscopes, a rapid method for
backside inspection preparation is a necessity.

20 The invention encompasses a high speed diamond based
method of machining semiconductor wafers and packaged devices
which addresses the following problens:

1. Utilizing mechanical tools of a specific kind
and in a prescribed method the technique rapidly (in under one

25 hour) produces flat, thinned and polished die ready for
backside inspection utilizing mechanical tools. The entire back
surface of the die is exposed, thinned and polished without
cracking providing an optimum inspection window equivalent to
the frontside inspection view which up to this point has not

30  been achievable by any other method. Prior art cannot achieve
this inspection window without degrading the packaging or wafer
integrity.

2. The technique produces rectangular or square
cuts without radiused edges in packaged devices including epoxy
as molding compound, aluminum oxide and copper/gold, copper
tungsten or similar metal heat sink substrates.
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undamaged. This allows them to be easily reinserted in test
10 ' sockets. This is critical for high pin count fine pitch
packages which are easily damaged or destroyed when the leads
are bent as is required in the prior art.
6. The technique utilizes a newly developed
"flipped socket" that allows inspection of the thinned die to
15 occur in a specially designed socket that is flipped and routed

away to expose the chips backsurface for inspection by the
emission microscope.

7. The technigue produces individual thinned die on
silicon wafers. This has never been done before. Rather than
20 thinning entire wafers, selected die on the wafer can be-
thinned allowing for easy clamping and inspection without fear
of wafer fracture. By maintaining the wafer§é bulk silicon
thickness and thinning only selected die a new method has
evolved for yield enhancement in the FAB environment where

25 wafers are routinely inspected.

8. The technique provides a rapid method for in-
situ backthinning of flip-chip components within their carrier
packaging.

30 . SUMMARY OF THE INVENTION

It is an objective of this invention to provide a
method for successfully preparing semiconductor integrated
circuits for backside inspection in both packaged form and as
individual die on wafers. The technique fulfills the requirement

35 to remove the overlying bulk of the silicon which acts as a
filter effect reducing both emission detection sensitivity and
image contrast in the illuminated mode. The invention addresses
the shortcomings seen in prior art and does so utilizing

heet Has Been Replaced

T



15 tool is simlar to a boring operation rather than a backsi de pl anar
preparation. It is not possible to prepare a part w thout a radi used edge.
For users concerned with detecting where the enmi ssion mght occur at any
poi nt over a large die surface the technique is limted to boring "test

hol e" over 2Quoos i},_,?creasi ngly larger areas of the part. D.popgggndhd !.ing.
Focused 1 on ean1( B) systens have been widely utilized to selectively
m |l sem conductors. They work in a high vgcuum over areas generally no
| arger than a few mcrons in size. They can m |l out silicon but only in a
25 ti ght | gotméroial lynevaidable Eoolinerandvpdl icdtinig sdagents edya of t he

failure site Bl Gl ost of FIB equi pnent is over
$750, 000. Itggﬁﬁﬁ?ﬁggngﬁspectf%%h%ﬁﬁg§§fgﬁd h'qﬂﬁgqst of .ownership nmake it
prohi bitive for routi MrEATIBATY oRIeghiVes ?%r Y REARE REY wi ¢ h

detecting where the 3(creatsnizssiimdowi ghr busprctioranexposingobee entiarge
die surgace EB%kEQ&Qndf&”%déiédé“a%?% ¥9a80th{hed @fa RAkPorop6iished

cqul pront haSHERRe 0T BARKS HOSRSUETPR RFIUHS PAFSTCoRY Aoy
conpound. 35 indikfifloal xdiie arsevafiextsi.ne tools for thinning the die and
g S o0 B WA B4k chdi coueiyity .
dout 19 21 <120k 0 Sla e Shsoute AT ExRBEE e Knckai2 e $6ELcn
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Remove the leadframe from the die without cratering
or shattering the die. '

Reduce the bulk thickness of the die to 100 um or
less to overcome the silicon filter effect, without cracking

15 the die, taking into consideration plunge pressure, feedrate
and the angular edge and brittle nature of the silicon
crystalline semiconductor material.

In wafers effectively reduce the bulk thickness of
the wafer to 100-200 um or less over localized areas of

20 individual die without shattering or cracking the wafer and
while maintaining otherwise the mechanical integrity of the
selected die and complete wafer for microprobing and mounting
in a chuck assembly. This process has never been achieved
before and is entirely original and has not been seen in prior

25 art.

Effectively finish the backside surface to a mirror
finish with ridges and machine marks under 5 microns. The final
finishing step is critical to the final inspection and utilizes
prior art diamond paste polishing technigues but in a novel

30 manner. . ' _

The invention and objects and features thereof will
be more readily apparent from the following detailed
description and appended claims.

35 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
In accordance with this invention an improved, safe
and reliable method for preparing specimens in package and
wafer form for backside inspection is presented in response to
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1. Utilizing a programmable milling machine such as
an EMCO PC Mill 50 CNC milling machine the general attributes
of the "pocket" (the XY¥Z shaped hole to be cut in the DUT
(device under test) are entered. It is also to be understood

15 that this is a multistep process involving the changing of
"tools. Speed, depth, feed and coolant are all under computer
control and all references made below are made with the
understanding that it is achieved in a CNC (computer
numerically controlled) environment. A specially built jig is

20 used for packaged devices to hold the chip and preﬁent lead
damage during the machining operations. This is a departure
from prior art.

2. For removal of overlying bulk packaging (does
not apply to wafers) a 1/16 twin flute end mill is utilized

25 taking .005 cuts at 40,000 rpm utilizing a high speed 2
horsepower air bearing driven spindle such as NSK Planetary
spindle with recirculating oil lubrication at a feed rate of 3
IPM (inches per minute) until the backside of the leadframe is
exposed and the overlying material molding compound removed.

30 The high torque capability of the tool is essential The prior
art failed in part because it did not have sufficient torque or
speed to ensure clean cutting and grinding. The propensity for
this to occur in packaged devices is high. Since packaged die
are all slightly non-planar in relation to the packaging ( the

35 tools zero off on the package) the tooling inevitably is forced
to cut into the slope of the non-planar surface. The high
torque spindles can push through while high speed but lower
torgque spindles bind and dig in to gouge the surface. The



and in a prescribed nmethod the technique rapidly (in under one 25 hour)
produces flat, thinned and polished die ready for backside inspection
utilizing mechanical tools. The entire back surface of the die is exposed,
t hi nned and polished w thout cracking providing an optinmminspection

MﬂﬂdOM/EQUIV&%@Héﬁky the frontside inspection view whi ch UpcirfishdisgioPQi Nt
has not 30 achi evabl e by any other nethod. Prior art cannot achieve

this inspection w ndow w thout degradi ng ghe packaging or wafer integrity.
2. The t-echni que produces rectangul ar or square cuts w thout radi used
edges in packtibkizalcicc e thesedhigh egmeed 3md highl teorgue apineles dlsumi num
oxi de and co&gﬁgfggyéjfﬁyap? fugg@ten or simlar nmetal heat sink

substrates

e ut|I|z s conventional CNC qegf
numerical ly control | ed9H IcleFﬁ’Qlﬁ “3 PPERIES GrEPORL qa&%rl n
the -z -axis thels¢tmetidaavityi wrl:imsmolldmg Trampoupnfoliowad |y &thd @hove

resi dug, non £ guhits Gl (i (ehil! SxoL5RIoR S NlirkOR! AThNENE ¢ I Rl (O

users or pac |ng nat erla S S ranes ec n|

mai nt ai ns Ieﬁ FRrend initl. TﬁBgﬁaER%Qe%scﬂﬂYﬁﬁ?ﬁﬁHeﬂBﬁtF?€n$?ﬂe i de and
the |l eads left undamagied. Thill ebtbisgtdescribdse isapprformedsundest d n t est

constant flood of coolant (Koolmist #378) This coolant provides
three functions essential for this application. First it

10 reduces heating by preventing the tools from heating and
digging in while keeping the tool faces clean and unclogged.
Second it reduces the potential for localized heat damage of
the delicate semiconductor metallization, and third it reduces
the potential buildup of static charges which would also damage

15 the semiconductor metallization

4. In the development of the pocketing program a
trench is cleared all the way around the entire chip. This is a
crucial aspect of the technique for packaged die. Since the
tooling must make successive passes and turns it was found that

20 the momentary pause of the tcol to switch direction on the die
face resulted in a slight deflection (spindle compliance) which
results in scoring marks and gouges at the turn points. By
having the tools turn in an open area off the chip these are
eliminated. This is not addressed in the prior art.

25 S. The leadframes (die paddle) which makes intimate
contact with the die and can be bonded eutectically via gold
silicon eutectic formation can crater if not handled properly.
cutting tools even at high speed tend to tear the soft copper
leadframe and the resultant tearing can crater the die as the

30 leadframe is ripped bringing with it a piece of the die. To
overcone this problem a 150 grit 0.125 diameter diamond end
mill grinding tool is utilized at 60,000 RPM at 3 IPM taking
cuts of .00025 (approximately 6 um) each pass until the
leadframe is ground through. The user needs to monitor this

35 phase as the leadframe paddle can become so thin it will simply
peel off which is desirable. This method significantly departs
from prior art



sockets. This is critical for high pin count fine pitch packages which are
easi 'y damaged or destroyed when the |eads are bent as is required in the

prior art. 6. The technique utilizes a newy devel oped "flipped socket™

that allows inspection of the thinned die to occur in a specially designed
socket that is wbiepmash and routed away to expose the chi ps bapéfiusdsagaef or
I nspection by the em ssion mcroscope. 7. The techni que produces

i ndi vi dual thinned die on silicon wafers. THils has never been done before.

Rat her than thinning entélre fers, selected dig on . the wafer can be
cl

thinned all owing for easy RECERE PREFER i th SATIRHOGL FERPVRftREARLE
fracture. By nmAmanbibtynef tthe wifldconbuskngi the dtpals cpeeds, aplunde rarndifeed

only sel ected datadadeybo®s NMbraaggrekyede’ feedd &y BCEARE! {rh}-ddifed AB

rovi des a r apPdORAERGRNT drimn & etk LREFRHR Mo mish FPeRR b LS
within th8ir cieeilerpporkdgiangleluVRYWLERGEE BiMGENNE @GXAl araecan eSSt ikl h
a first aspect agpetBiCop! €€ MnvdhtaBhi. ONprepRESLicn RFLY ad Go{*ﬁé@gﬂmﬁ)f
nmachi ning a ba iﬁagfgscgoo %a. sem gondacéor.ghllg) 0 permt _bac fSI de
emi ssion ni croscopy oF an-ThtdYyPRCERIEH BAYICT ST SAntEattedetetd t he
conditions and under computer control are a significant
departure from prior art. A large quantity of the silicon must
10 be removed by this method to overcome the silicon filter
effect. For packaged devices, thinning should reduce the bulk
thickness to 100 um or slightly less. The use of 150 grit
diamond is also significant as finer diamond grit while more
desirable clogs rapidly and becomes quickly inefficient at
15 . grinding. In wafers the thinning should ‘be well under 200 um.
The slightly thicker die is needed to support microprobing
vwhich is unnecessary in packaged devices. To support wafers a
200 mm Teflon vacuum chuck is used to hold the wafer securely
during the grinding operations.
20 7. To remove the machine swirl marks left by the
150 grit diamond tool a 400 grit finishing diamond end mill of
0.125 diameter (1/8") is used running at 60,000 rpm at 3 IPM
taking .0001 cuts (plunge) in depth. 4 passes is sufficient to
remove most tooling marks and leaves the surface looking flat.
25 8. Final finishing is performed using prior art
diamond pastes. Polymorphic diamond pastes are used to polish
to the final mirror finish in three successive steps. These
are run on the part without cooling ligquids. The first and
most extensive polishing is performed using the 1 um diamond
30 paste with a soft cotton buffing wheel or end mill at 2,400 rpm
until a mirror finish is achieved. It is important to continue
polishing with the 1 um material for 5 minutes after the mirror
finish appears to level out the 400 grit tooling marks. Two
final and quick passes of 3-5 minutes each at first 0.1 micron
35 and then 0.05 micron complete the finish. It is important to

change to new buffing wheels or end mills at each change of the
diamond paste.



7a chip, said chip affixed by nolding maf ,
steps of a) mounting said package in a{lml|iBernBeL ihf ch permts
novenent of the package al ong three axes, A=kt D) ng material of
sai d package using a rotary tool operat ed at a first speed t hereby
renmovi ng nol di 8371 al over the back surface and formng Mﬁs@f}fsgw' n the
nol ding material around the sem conductor chip, and c¢) m I'Ii'ng

sem conductor material fromthe back surfagg of the sem conductor chip
using a rotary tool operating at a second rotary speed on the order of

60, 000 rpm or greater. s.n aPackaged edevidesapsepaned cspeatiows dame bpr piaceéd

i nvention, theg esﬁécﬂl(l‘{r' @i@glanaatga&ﬂé c%'i—he% fehvea NG daigll vi dual
die fromthe ba surfaceg o e uct or, wa havi I nt e

circuits for n%%‘gjf‘?‘n S r 5&P°§UFPSCELT$&%9’“HEPW§? ae E‘g %z%"licﬁt E8Rity
of the wafer Berrdindesited dinctbersbcket Ffon bjasing. f OFhé asxdaiiate mounted oto

m croscepy ofigs C&@s@@i&ﬁ' %Engpééfaﬁfﬂfuto‘cto B&mov&néﬁ@'%i%ﬂ-e%&gr in a
nllllng machi ne, whi pern1¥ go waf er ree axe
m|l'ing sem cOMRKk (e Al6m PRERLERR Serkelcaserial (ang etdecF-FSHﬂFEn

i nt egr at ed ci¢zxd tmatertiad mrenrovted ameayisi Mheacavdaiy mmlpxq:cce“ dini ag at a
rotary speed Piverted holder for inspection of the backside emissions under
biasing conditions provided through the socket card. This is a
10 departure from prior art.

THe St conprising the

10. Wafers can similarly be inspecped in inverted
probe stations. The advantage being the new method departs
from prior art which required the entire wafer to be thinned
resulting in a brittle unhandleable part. Without thinning the

1S silicon filter effect reduces detection sensitivity. Utilizing
the new technique which departs from prior art individual die
can be thinned maintaining the bulk thickness of the wafer
allowing both microprobing and attachment to. a vacuum chuck
without undo fear of shattering the wafer. This is a departure

20 from prior art and a significant advancement for the failure
analysis of wafers in the yield environment.

| 11. Flipped chip packaged assemblies can be opened

to expose the backside of the die and then thinned and polished
"in-situ" within the package without need for removal. For

25 many configurations of flip-chip packages the new technique is
the only viable non-destructive method possible for emission
Qetection.

The described method of machining the back surface of

a packaged semiconductor die or a die in a semiconducter wafer

30 has proved to be highly successful for emission microscopy.
The described tool sizes, linear speeds, and rotary speeds are
prefefred, but speeds within 10-15% of these speeds are
satisfactory in practicing the invention. Thus, while the
invention has been described with reference to a specific

35 embodiment, the description is illustrative of the invention
and is not to be construed as limiting the invention. Various
modifications and applications may occur to those skilled in
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the order of at |east 60,000 revolutions per mnute (rpnm) until said back
surface is thinned to 200 mcrons or less, the thinning being restricted to
a single integrated circuit thereby nmaintaining structural integrity of the
wafer. It is an objective of this invention to provide a nethod for
successful ly pwﬁ;&&g sem conductor integrated circuits for deaedsie -

i nspection in bo packaged formand as individual die on wafers. The
technique fulfills the . 7b requirenent toizenove the overlying bul k of
the silicon which acts as a filter effect reducing both em ssion detection
sensitivity arkheé ranfe wishonhsdeparting jfxomthet BEuepRRLr it @nc, FERPPOAT the
addresses the SReEdIUN RESaeLERed P HHY appenddd dDeimso utilizing VO
97/ 31392 ' PCT/ US96/ 18219 8
commercially avail abl e tooling and polishing reagents in a nethod never
before inplemented The primary objectives of the invention are: Create a

w ndow for inspection, exposing the entire



5 backsi de die surface as a flat thinned and mrror polished surface for
backsi de i nspection in packaged parts and_qver |nd|V|duaI di e on wafers.

Ef fectively renove at high speed the over e=metei-ng conpound and
expose the backside die attach 10 | ea "Fﬁﬁ@ﬁﬂﬂﬁ eadframe from

the die with ering or shattering tia sgﬁ,isaigckness
s

of the diet umor |less to overcone the silicon Tre

cracking 15 the die, taking into consideration pIunge feedrate
and the angul ar edge and brittle nature of the silicon c gﬁﬁ& li

sem conduct oNEAEL E6i GLAIMED \Effter s ef fectively reduce the .
t he wafer to 100-200 un1or | ess over Iocallzed areas of 20 individual

die without shattering_or crac t he fer_and whil I nt ai

ot herwi $e t he mechani cit |%t‘@‘g$1°g°5f magRinapd 2 RAGk 5“%%8"80?7% %te waf er
f or .mi ceopr olsiend.canducbont cinip ihavinghaok integnated cixonifsr dneasfremtnever
been aCB' evedsufi%fa%e é&ﬁa'1§nfﬁ1talfﬁl>aéa0bygmaﬁhla@%éf&%ﬁqt ihegnpasrage N

pri or art. fective % i ni sh t he backside surface to a mrror finish
with rlﬁges éﬁﬂmﬁﬁéﬁpﬂethﬁr kR 5 microns. The final finishing step is

criticab to the final apspemtuntirancaidi pagkagerinra arilldngnoadhpaetehich
pol i shigg tequpni4es nBYbnkAt Sof R4R pddkageBNBRY- three axes,

7 b) milling molding material of said package using a
8 rotary tool operated at a first rotary speed thereby removing

9 molding material over the back surface and forming a trench in
10 the molding material around the semiconductor chip, and

11 c) milling semiconductor material from the back

12 surface of the semiconductor chip using a rotary tool operating
13 at a second rotary speed greater than the first rotary speed.

2. The method ‘as defined by claim 1 wherein the
2 first rotary speed is on the orxder of 40,000 revolutions per
second (rpm).

3. The method as defined by claim 2 wherein the
second rotary speed is on the prder of 60,000 rpm.

b 4. The method as defined by claim 3 and further
2 including before step c) the step of milling a lead frame die
3 paddle on the back surface using a rotary tool operating at a
4 speed on the order of 60,000 rpm.
1 5. The method as defined by claim 4 and further

2 including the steps of
3 d) removing swirl marks on the back surface after
4 step c), and
5 e) polishing the back surface with a polish paste.
1l 6. The method as defined by claim 5 wherein step c)

is completed when the semiconductor chip thickness is reduced

3 to 200 microns or less.

_—
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The invention and objects and featurg nore read]

apparent fromthe foll ow ng detail ed bkl Q1) pendemmﬁ\ﬂw“‘a\m‘“\m
DETAI LED DESCRI PTI ON OF PREFERRED EMBORLMENTS Lh- G Jance WARER WS *
i nvention an inproved, safe and reliable nmethod for preparing specinens in
package and wafywé ofsisss f or backsi de inspection is presented irCrespusse O .
WD 97/ 31392 PCT/ US96/ 18219 9 an

- urgent  need in the sem conductor community. ¥bhe technique is a departure

fromprior art for backside.preparation of sem conductQrs arg addr es§1sées éhe
shortcomhgs of the priof arfhe methofeps qefinad &y 9aif f| YDeRSh PR R
t echni que25 usee OUOOS nEtblbaduty,f eheast@e o f incldriingdanrdead ofranee paddle

nventiony TheuULllhzbe O£l d.13s BYGRLLOD diduod rBAdLLY SPOMGI HoR1a
person wth ski in the art of sem conductor yield and failure analysis.
Semi.condutt or FRAVRIHIT bl singbesk ReEmbRY e angh Fakdng Oy@pezy ipch each
Utilizingsa progsanuedst:cthie | padi)eyaslitepecy nrsesa sl sm geliftOdPandhd )| SBepCNG

. | |= - h- . " ‘ll

m I Ting mgching aQe.j.s%gfﬂ &{égcfier@u%ggt §amh@f cf.olcésgtmcﬁt Bgmggg%ﬁ%ﬂ%e

. S
to be cut in the Vi ce un are entered. It

|
under st 0od at 3 inches per minute and taking 0.0001 inch cuts in depth,

8 and step e) uses 1 micron diamond paste with a buffing wheel at
9 2,400 rpm.

1 8. The method as defined by claim 7 wherein step e)
further uses 0.1 micron diamond paste and then 0.05 micron
diamond paste.

W w

9. The method as defined by claim 1 and further
including before step c) the step of milling a lead frame die
paddle on the back surface using a rotary tool operating at a
speed on the order of 60,000 rpm.

S oW v

' 10. The method as defined by claim 9 and further
including the steps of

a) removing swirl marks on the back surface after
step ¢), and

wmobh W N W

e) polishing the back surface with a polish paste.

11. The method as defined by claim 10 wherein step
¢) is completed when the semiconductor chip thickness is
reduced to 200 microns or less.

N

12. A method of machining the back surface of a die
in a semiconductor wafer having integrated circuits formed in a
front surface comprising the steps of:

a) mounting said wafer in a milling machine which
permits movement of the wafer along three axes,

b) milling semiconductor from the back surface of
said wafer opposite from an integrated circuit in the front
surface using a rotary tool. operating at a rotary speed on the

0 ~1 O 0 & LN
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15 that this is a nultistep process involving the changln of tools.
Speed, depth, feed and cool ant are al| ﬂi ;
ref erences nade bel ow are nmade with t Tﬁ Rafirstrans BEEN hiat ,mmumﬂummm
in a CNC (conputer nunerically controlljl e 3 ﬂEPLAOED‘Ent speC| alty buidt *
jigis 20 sed packaged devi ces=ta=holt=tHFe—tH/p an | ead
damage duri na"??'?éa"jf?gchl ning operations. This is a departurgP ros%xlggrilbor art.
2. For renoval of overlying bul k packaghgg (does not apply to wafers) a
1/16 twin flute end mll is utilized 25 taking .005 cuts at 40,000 rpm
utilizihg a brdgr sped,dolbotreepbukions rpexe meicogdd(rpe)h wptildsaisiiblacks NSK
Pl anet a3 y spgaﬂffcwlwemhaaukﬁtég@ fldrdndbirCabban at a feed rate of 3

| PM (i nches per mnute) until ackside of the leadframe is exposed and
the overlying material nolding compound renmoved. 30  The high torque
capabi |1ty of the tooli3.s @heemethbtd Tdae duefiimedaby taaimdl2 rwherdirbetepse it
did noty haveppuiddeiay thﬂﬁﬁﬁﬁnép@efzé Cirfé?ﬁﬁ&ﬁgﬁh@f”ﬁf&%ﬁd‘%ﬁ'%n%

grindin fro en5| t LIS to occur %e g evi ces IS

Si nce pgckaggﬁ RAING, Lod) [travedpng At oh-iches Pey RePUFe A & al}ﬁ‘é‘gpackagl ng
( the 3 0000625 cinrhoidf siliibenpeatiagyss lyerothengafervitably is forced
to cut into the slope of the non-planar surface. The high torque spi ndl es
can push through while high speed but | ower, torque iglndles nd and dig in
to goug:b t he surface. e The method as defined by claim 12 and further

including the steps of

2

3 c) removing swirl marks on the back surface after
4 step b), and

5 4d) polishing the back surface with a polish paste.

1 15. The method as defined by claim 14 wherein step

2 " c) uses 400 grit diamond end mill of 0.125 inch diameter

3 ‘traveling at 3 inches per minute and taking 0.0001 inch cuts in
4 depth, and step d) uses 1 micron diamond paste with a buffing

5 wheel at 2,400 rpm.

1 16. The method as defined by claim 15 wherein step
2 d) further uses 0.1 micron diamond paste and then 0.05 micron

3 diamond paste.

This Sheet Has Been Rerlaced




12- 9  Packaged devi ces prepared as above can b ' T2l |

dedi gned socket cards referred to as "flip socketBEPEﬁgE- eTf B Xidyare'
undanmaged t he thinned device can be reinserted ir tthe socket for|biasing.
The socket nounted to its test card is specially jcdt ﬂdSﬂEﬁﬁ@%BtTe area
“directly under the die, both the socket material jarj]d the printedicircuit
card material are routed away. The card i s now pliaced 1 n an invertgd hol der
for inspection of the backsi de em ssions under bilasing conditions.provi ded
-t hrough the socket card. This is a departure fromprior art. 10. Wafers can

simlarly be insgectegnhentedyaibed pEalezekatbatent IbRaRIERO! 66fpleeng the
new nmet hod depart.s a&on1pr|or ﬁrt thﬁh reguined t€§ entire wafer.tp be
Lhi nned T es@ATERGCARLY BPPEEPE IGAnHANERE! EBAPTnty FRE B1ON: RRFHLSTRR-

si | ihcon fi{/ﬁ@bﬁl&hﬁ@cﬁm etleces -datiectisobesersi thant §. mikttrdbngi ng the new
techni que i C epar f Lior . ndividual _dk e i nned

mai nt ai ni ng the bal k &ﬁ?c&%nggl et%éE%éPgP %gWoafgégggiﬁoﬁi%é%%gobing and
attachnent tutaingcfimidsuthaki eireunoingortesgivef oshhezardeayst ke WarEs.
This is a d%Qaifpta%'kggfihg”}nB"tb%a%%t sﬁ@f& 8sShekkkamBE . advancenment for the
failure analysfs of "wafers in the yield environment. 11. Flipped chip
packaged assenbl Ses pgheb§eGb@ﬁ6Het@aéﬁﬁéééstH@agaéREFﬂﬁlBY-thghﬁie and
then thi nneqdandqee ahede’ bPeticdU frond kRhe bhekeaakagAdWeh8oVeadgelefer -

renoval .  FOr ] ) , ,
undamaged. This allows them to be easily reinserted in test

sockets. This is critical for high pin count fine pitch
packages which are easily damaged or destroyed when the leads
are bent as is required in the prior art.

6. The technique utilizes a newly developed "flipped
socket" that allows inspection of the thinned die to occur in
a specially designed socket that is flipped and routed away
to exposé the chips backsurface for inspection by the
emission microscope. '

7. The technique produces individual thinned die on
silicon wafers. This has never been done before. Rather
than thinning entire wafers, selected die on the wafer can be
thinned allowing for easy clamping and inspection without
fear of wafer fracture. By maintaining the wafers bulk
silicon thickness and thinning only selected die a new method
has evolved for yield enhancement in the FAB environment
where wafers are routinely inspected.

8. The technique provides a rapid method for in-
situ backthinning of flip-chip components within their

carrier packaging.

SUMMARY OF THE INVENTION
In accordance with a first aspect of the present
invention, there is provided a method of machining a back
surface of a semiconductor chip to permit backside emission
microscopy of an integrated circuit in a front surface of the



REPL ACFME )

many “configurations of flip-chip packages the new t¢ faLACENkBHl&E@gE y
vi<abl e non-destructive nethod possible for em ssion d¢tect|on The
descri bed nethod of machining the back surface of afpackhgdsCEa?H8&onduct or
die or a die in a sem conductor wafer has proved tojbe_highly succeksfu
for em ssion mcroscopy. The descri bed toﬁ% si zes, |inear speeds, and
rotary speeds are preferred, but speeds within 10-1S$ are
EatisLaotory in practicing the invention. Thus, while the invention has
een descri e n AR et PESgddPLion is
ilTustrati vgﬁgP t%gl?né!g%?l %ﬁf%ﬁe&l %yﬁtgét)i?gn%e constr ueldﬁ gise lim téljeﬂg the -
i nventi on. vempsisingdrhecatePfsCind applications may occur to those
skilled in WO,97/ 34838t ing sa1d package in a mllllng machine which

PCT/ US96/ 18219 11 6. The p g amis. set to renove the bul k
quantity ofpﬁﬁglgﬁlwegﬁmEEFnﬂ tFQetBﬁgéagﬁe%%ﬁpg e AP 1 eed data as
above. More aggr®$si vailtens moldimgema'cetrtal nbf whm pAackade cwsrtng iak to

crack the die. The_ hi [ o

wi t hout bi ndP ﬁ Xn&oggeoéggggggn gg%%%tro a%}ﬁoéﬁnve% on. ﬁ%’r epar aﬂr%
with the 60mﬂaﬂlngnmgtendahgoveulEhenb@thagéﬁa@%anQ foweing ontteenel f eed
condi tions QBQtHQdﬁBIQQHBUﬁQEeEQQEeroﬁﬁ& £hé! §&thi¢&dlictor chip, and

c) milling semiconductor material from the back

surface of the semiconductor chip using a rotary tool
operating at a second rotary speed on the order of 60,000 rpm

or greater.

In accordance with a second aspect of the present
invention, there is provided a method of selectively thinning
individual die from the back surface of a semiconductor wafer
having integrated circuits formed in a front surface thereby
maintaining structural integrity of the wafer for backside
microprobing as required for backside emission microscopy of
a die comprising the steps of:

a) mounting said wafer in a milling machine which
permits movement of the wafer along three axes,

b) . milling semiconductor from the back surface of
said wafer opposite from an integrated circuit in the front
surface using a rotary tool operating at a rotary speed on
the order of at least 60,000 revolutions per minute (rpm)
until said back surface is thinned to 200 microns or less,
the thinning being restricted to a single integrated circuit
thereby maintaining structural integrity of the wafer.

It is an objective of this invention to provide a method
for successfully prepafing semiconductor integrated circuits
for backside inspection in both packaged form and as
individual die on wafers. The technique fulfills the



departure fromprior art. A large quantity of the sildcer—rust— —a]
renoved by this nethod to overcone the silicon filte REPLAGENF r B8 nged
devi ces, thinning should reduce the bul k thickness tg 0 um or sllg thy
|l ess.” The use of 150 grit dianond is also significant| gs fi?ﬁ@- ?gn d grlt
while nore desirable clogs rapidly and beconmes qui cklly li éf irent att 15
grinding. In wafers the thinning shoul dbe well under| 2 Tghtly
thicker die is needed to support m croprobing which ils unnecessary in
packaged devices. To support wafers a 2007ym Tefl on vecounrchuck 1S used to
hol d the wafer securely during the grinding operations. 20 - 7.
To renove the machine swirl marks left by the 150 grit dianond tool a 400
grit finishEQQudkamand eodremblreoths. éﬁérﬂ?bngthmlk]éfﬁ@héssikinmewhdm@ at
60, 000 rpn1at [ PM_t ak u n

sufficient tgtﬁeﬁgvg %Dg?gfogggécg &3 §Bgﬁ§g§%%¥e% %n?hﬁ%ace |ng
flat. 25  sensitivity and magal cpnhrgatngm §h®e¥1b#mliﬁ,¢ rrgpim orThet

di amond past; %en"e‘%}a”aaab}lessegamedsaai»&eémﬁﬁ@s USE&h t.0n ROHiSH 4 tdeg (i nal

('\1

mrror finis hree_successi ve steps. These are run on the part w thout
cool i ng Ilqﬁkﬁ§ SPhétﬂﬂ#§ﬂn§nd nost extensive polishing is perforned using
the 1 um di anond 30 paste with a soft cotton buffing wheel or end mill

at 2,400 rpmuntil a mrror finish is achieved. It is inmportant to continue
polishing with the 1 ummaterial for 5 mnutes after the mrror finish
appears to level out the 400 grit tooling marks. Two final and qui ck passes
of 3-5 minutes each at first 0.1 micron



35 - .and then 0.05 mcron conplete the finish. LA£E$ﬁﬂ£ESEEET o change

to new buffing wheels or end mlls at each chande |of the di amon aste.
14 CLAIMS 1. A net hod of machi hi ng a back surflade d4f3 8C3l¥80 d ctor chip
to permt backside em ssion mcroscopy of an intledrated circuitlip a front

surface of the chip, said chip affixed 31 nDIding materral 1n a p ckage
conprising the steps of a) nDunting sai“d packd

ol i ng. mmt er a1 ofS Sai FHEAGAR ST HEES FRRERvAT o held e Phreys
rotary spéadsbéei&byyrdﬁsmqmgﬁrmbck@@ catds | cefeovead the dackidlpface and
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1 wherein 't Irst rotary spee on the order of 40, 000 revol uti ons ger
m nute (r@ymper the die, both the socket material and the printed circui

card material are routed away. The card is now placed in an
inverted holder for inspection of the backside emissions under
biasing conditions provided through the socket card. This is a
departure from prior art.

10. Wafers can similarly be inspected in inverted
probe stations. The advantage being the new method departs
from prior art which required the entire wafer to be thinned
resulting in a brittle unhandleable part. Without thinning the
silicon filter effect reduces detection sensitivity. Utilizing
the new technigque which departs from prior art individual die
can be thinned maintaining the bulk thickness of the wafer
allowing both microprobing and attachment to a vacuum chuck
without undo fear of shattering the wafer. This is a departure
from prior.art and a significant advancement for the failure
analysis of wafers in the yield environment.

11. Flipped chip packaged assemblies can be opened
to expose the backside of the die and then thinned and polished
"in-situ" within the package without need for removal. For
many configurations of flip-chip packages the new technique is
the only viable non-destructive method possible for emission
detection.

The described method of machining the béck surface of
a packaged semiconductor die or a die in a semiconductor wafer
has proved to be highly successful for emission microscopy.

The described tool sizes, linear speeds, and rotary speeds are
preferred, but speeds within 10-~15% of these speeds are
satisfactory in practicing the invention. Thus, while the
invention has been described with reference to a specific
embodiment, the description is illustrative of the invention
and is not to be construed as limiting the invention. Various
modifications and applications may occur to those skilled in



3. " The nethod as defined by claim1 or claim2 an¢REPLACEBMENICSHBER

béf or e step c) the step of mlling a | ead frane die|pgddle on the bhc

surface using a rot g at a speed on|the gr 0} 0DO

rpm 4. The met homlmnmf“mmlml l'aim 3 and furthe |ﬁ¢-ﬁd§gmgg%6h 5t eps
of d) renoving swirl+nmerks oM the back sypface after ,
pol i shing the back surface with a polish gaste 5. The nmet hod as deti ned

by any of the preceding clains wher ei nE Sc) is conpteted—wen The
sem conductor chi.p t N eletertl i ndiEed g a2@Rck su@fiscer offess. 15 6.

The net hod as def i l.ai m 5 when depe t on.claim4, wherein step b)
uses 0. 005 9 ai]%%qryé: e? Co PSR %c SllggdeWEﬁéOBaH‘&F§°§§8§Ya°f50
grit O. 125amzmnﬂagrahednmutcuui i la driomti surface bfavhei ehipt, Saidches

150 orit aclnarieedR B HARREREEI TN B Baeldeh “EREx13 B, B

“di anet er trsﬂﬁﬂalqj at 3 |nches per mnute and taking 0.0001 inch cuts in
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permlts movement of the package along three axes,

A O

b) milling molding material of said package using a
rotary tool operated at a first rotary speed thereby removing
molding material over the back surface and forming a trench
in the molding material around the semiconductor chip, and

c) milling semiconductor material from the back
‘surface of the semiconductor chip using a rotary tool

| operating at a second rotary speed on the order of 60,000 rpm
or greater.

2. The method as defined'by claim 1 wherein the
first rotary speed is on the order of 40,000 revolutions per
minute (xrpm).

3. The method as defined by claim 1 or claim 2 and
further including before step c¢) the step of milling a lead
frame die paddle on the back surface using a rotary tool
operating at a speed on the order of 60,000 xrpm. |

4. The method as defined by claim 3 and further
including the steps of |

di 'removing swirl marks on the back surface after
step ¢), and |

e) polishing the back surface with a polish paste.

.5. The method as defined by any of the preceding
claims wherein step c) is completed when the semiconductor
chip thickness is reduced to 200 microns or less.



further uses 0.1 micron dianmpnd paste-and then 0.05 micron di amond paste.

8.” The nethod as defined by claiml and further ing ' Bmﬂ#p 131 2
the step of nmilling g'“lmmnjnmwuﬂl‘paddl e on the ba Plé‘&gl WIED SILIE >
rotary tool operatin he order of 60, (
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~renoving swirl marks on the back surface after step ¢ and e) pol i shi ng
- the back surface with a polish paste. 10. The net hod las defined by clajim?9
~wherein step c) s cdihe etl@dmdleastd%fmdd%nonﬂcﬁm Shwhendependent-sor

- reduced to 2 t fs el WgTel

- i ndi vi dual dﬁ%”?} ac(l:if;sl's face éyggﬁfébﬁ%tgﬁg#¥ %&ér%égﬁ:%?

i nt egr at ed ®i¥cing sa flﬁafbdflram%t Ea@ﬂﬂée supeace HHErenit i iRSidiianpter
structural diufid tghPmile g@{ﬁalﬁgirt&@pk&g?em@ QY O fighiass e red for

backsi de em'ssi on m Cr oscop die conprising the steps_of: a)

nounti ng sdrnukgerand, rsﬁkﬁngl%go%%%wm%q}h RaTH (s madile he
waf er al ongstdy &8 Ass 150 grit diamond, step d) uses 400 grit diamond

end mill of 0.125 inch diameter traveling at 3 inches per

minute and taking 0.0001 inch cuts in depth, and step e) uses
1 micron diamond paste with a buffing wheel at 2,400 xrpm.

7. The method as defined by claim 6 wherein step e)
further uses 0.1 micron diamond paste and then 0.05 micron
diamond paste.

8. The method as defined by claim 1 and further
including before step c) the step of milling a lead frame die
paddle on the back surface using a rotary tool operating at a
speed on the order of 60,000 xrpm.

9. The method as defined by claim 8 and further
including the steps of | _

d) removing swirl marks on the back surface after
-step ¢), and

e) polishing the back surface with a polish paste.

10. The method as defined by claim 9 wherein step
c) is completed when the semiconductor chip thickness is
- reduced to 200 microns or less.

11. A method of selectively thinning individual die
from the back surface of a semiconductor wafer having
integrated circuits formed in a front surface thereby
maintaining structural integrity of the wafer for backside
microprobing as required for backside emission microscopy of



b) oMl ng sem conductor_fromthe back surface o Ezg%gm‘ Uiy te
froman integrated circuit in the front surface us|t GEary-—t-08]

operating at a the order of at |eaftij60,000 reval utilons per
mnute (rpm UH““ITN'““‘EM rface is thinned to}200 m3GEEhIZ4S ?ess, Fhe
t hinning being restrictdd to & single intirated c réuit t her eby

mai ntai ning structural integrity of the wafer. 12. }The nethod as def|ned by
claim 11l wherein step b) uses a 150 grit di anond 0ll25-i-Rch—diareter
di anond endandié¢ qumphsing odhetsttepdiof:at 3 i nches per mnute and taking

0. 00025 inch of syli %gﬁgyp h f | : a
const ant flom/ofg%ooﬁgﬁf. X %%%dﬁ%%ﬁ%% g%m%éﬁi%% %gﬁéﬁgfﬁggﬁﬁ%gﬁclain1lz
and furtherpérmitslimevenenttepstios w3ferrahond nghteR raxe®r ks on the back

surface after stgp b)mi P& semPOhGREEErt PokaCke SHEERCOUMELBe 30RO! | SN
paste. 14. The nethod as defined by claim13 wherein step, c) use% 400 grit

di anond endS®iq | wafen cpErshed EremetRrintegerted atrauihchRstRer thPRkt e

and taki ng QuPPQéeiﬁ@ﬁgb&&é@aﬂyp&@ola@@eﬁaepn%)atJS@Sratmr edfiasand

paste with a bufflqg waeeluft_2,400 rgnl 15.. The nethod as defined, by

clai m 14 wheR@i 9FdeePH)at teaeh 22e809. 1eHPLIBICRTF Pohd™HaStE ARB™ hen

0.05 m cronught BI0SEH paAsdck dbxfdbe DBt thinasddedi peol wicedons ot aedsfurt her
the thinning being restricted to a single integrated circuit

thereby maintaining structural integrity of the wafer.

12. The method as defined by claim 11 wherein step b)
uses a 150 grit diamond 0.125 inch diameter diamond end mill
grinding tool traveling at 3 inches per minute and taking
0.00025 inch of silicon each pass over the wafer in the

presence of a constant flow of coolant.

13. The method as defined by claim 11 or claim 12 and
further including the steps of

c) removing swirl marks on the back surface after
step b), and _

d) polishing the back surface with a polish paste.

14. The method as defined by claim 13 wherein step
Cc) uses 400 grit diamond end mill of 0.125 inch diameter
traveling ét 3 inches per minute and taking 0.0001 inch cuts
in depth, and step d) uses 1 micron diamond paste with a
buffing wheel at 2,400 rpm.

15. The method as defined by claim 14 wherein step
d) further uses 0.1 micron diamond paste and then 0.05 micron

diamond paste.

16. The method as defined by claim 1 and further



i.ncl-uding the step of d) exam ni ng said sem conductor chip by backside
~em ssion mcroscopy. 17. The nethod as defined by clain16 and further
including the step of f) exam ni ng said sem conduct or i -ksi de
“em ssion mcroscopy. WD 97/ 31392

PCT/ US96/ 18219 16 1 order of 60,000 revol ution \mﬁ“\““m \“h unti |l
sdi d back 2 surface is thinned to 200 m crons Em

13. The nethod as defined by claim 12 wh&Yein step 2¢ Lb) uses 150 grit
di anond 0. 125 inch dianeter dianond end mll 3 grinding tool ‘traveling
at 3 inches ,per, minute and taking 4 0. 00025 inch of silicon each pass

over the wafi@cluding the step of4.  The nethod as defined by claim 12 and

further 2 i nclaydi ngxbien$hgP8a®8 3emiconduct flo blreBRYi Wi rl
marks on the hack surface aftgr 4 st époﬂ)?caﬁg chip b¥ Ekggdg)

pol i shi ng tﬁ@lﬁﬁé?nsWFFﬁeﬁcﬁPYh a polish paste.

17. The method as defined by claim 6 and further
including the step of

£) examining said semlconductor chip by backside
emission microscopy.



y ‘= 15. The method as defined by claim 14 wherein s‘l < 'gpg

uses %00 grit dianmond end m Il of 0.125 inch dianmeter 3 trav ﬁar%sat’b /1
i nches per mnute and taking 0.0001 inch cuts in 4 dept h, 5
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