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(57) ABSTRACT 

A reliable, inexpensive “back side” thinning process, 
capable of globally as Well as locally thinning an integrated 
circuit die to a target thickness of 10 microns, and main 
taining a yield of at least 80%, for chip repair and/or failure 
analysis of the packaged die. The ?ip-chip or Wire-bond 
packaged die is mounted on a thinning/polishing tool With 
the backside accessible. The thinning/polishing tool can be 
a lapping machine used for global thinning, or a mini milling 
machine, laser, FIB, or E-beam machine for local thinning. 
The thickness of the die is measured at at least ?ve locations 
on the die before thinning. The thinning tool removes silicon 
on the exposed surface of the die to a thickness someWhat 
greater than the target thickness. The exposed surface of the 
die is polished. The thickness of the die is again measured 
optically With high accuracy. Based on the thickness data 
collected, appropriate machine operating parameters for 
further grinding and polishing of the exposed surface are 
determined. Further grinding and polishing are performed. 
These steps are repeated until the target thickness is reached. 
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METHOD FOR BACKSIDE DIE THINNING AND 
POLISHING OF PACKAGED INTEGRATED 

CIRCUITS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a Continuation-in-Part of 
copending US. patent application Ser. No. 09/924,736 by 
Chung-Chen Tsao and John Valliant, ?led Aug. 7, 2001. The 
speci?cation of application Ser. No. 09/924,736 is hereby 
incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to integrated circuits (ICs) 
having ?ip-chip or other packaging, and more particularly, 
to thinning the semiconductor die on Which such an inte 
grated circuit is disposed. 

BACKGROUND 

[0003] Demand for ?ip-chip interconnect technology is 
increasing, because it offers several advantages relative to 
traditional Wire-bond packaging, including better speed per 
forrnance, higher pin count, srnaller form factor, and better 
heat management. In Wire-bond packaging, the electrical 
interconnection betWeen the crystalline semiconductor die 
(synonyrnously, chip) and the carrier (synonyrnously, pack 
age substrate) is rnade using conductive Wires. As illustrated 
cross section in FIG. 1, the die 4 is attached to the carrier 6 
With the die 4 front-side face up. An exemplary Wire 2 is 
bonded ?rst to the die 4, then looped and bonded to the 
carrier 6. Wires 2 are typically 1-5 mm in length, and 25-35 
microns in diameter. Dies packaged in this manner may be 
accessed through the front side 7 of die 4 for performing 
testing and yield analyses. Solder burnps 5 on the underside 
of the carrier 6 are for external electrical contacts. Mold cap 
12 is the top lid of the package. 

[0004] In contrast, the interconnection betWeen the die 4 
and carrier 6 in ?ip-chip packaging is made through con 
ductive “burnps” (e.g., of solder) 8 that are placed directly 
on the die surface, as illustrated cross section in FIG. 2a. 
The burnped die is then “?ipped over” and placed face 
doWn, With the bumps 8 electrically connecting to the carrier 
6 directly. The bumps are typically 100-125 microns in 
diameter. 

[0005] If the electrical operation of the integrated circuit is 
to be preserved in its original package, then the only 
accessible part of the ?ip-chip packaging for chip repair and 
or failure analysis is the “back side”10 of the die 4, Which 
typically is a relatively thick silicon substrate. The thickness 
of the silicon substrate of die 4 is typically about 400 to 800 
microns. 

[0006] The increasing use of such ?ip-chip packaging for 
integrated circuits, in turn, has driven the development of 
failure analysis tools that can be applied to the back side 10 
of the die. See, e.g., Carnpbell, Ann N. et al., “Die Backside 
FIB Preparation for Identi?cation and Characterization of 
Metal Voids, ” Proceedings from the 25th International Sym 
posium for Testing and FailureAnalysis, pp. 317-325, 1999. 

[0007] Wire-bond packaging is some cases suited to back 
side access. As exarnples FIG. 2b illustrates cavity-up and 
cavity-doWn Ball-Grid Array (BGA) packages, forms of 
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Wire-bond packages by Way of example. Cavity-up packag 
ing 200 has the silicon substrate 202 on the same side as 
solder bumps 204, Which makes the silicon thinning/polish 
ing difficult without damaging the solder bumps. Also shoWn 
are Wire bond 206, encapsulation 208, stiffener 210, larni 
nate 212, and circuit layer 214. In contrast, cavity-doWn 
packaging 216 alloWs full access to the silicon substrate 202 
With loW probability of damaging the device or compromis 
ing package functionality. 
[0008] In order to access the internal nodes of an inte 
grated circuit device to perform failure diagnostics and/or 
yield analyses using optical techniques or a charged-particle 
beam, the thickness of die 4 must be reduced to a Workable 
(penetrable) range, usually 100 microns or less. More 
sophisticated techniques require an even thinner silicon 
substrate. 

[0009] To perform such back side failure analysis or 
circuit editing using focused ion beam (FIB), a three-step 
process is currently used. In the ?rst step, a ?ip-chip 
packaged or other packaged die as shoWn in FIG. 3A in a 
perspective vieW is typically rnechanically globally thinned 
(i.e., thinned over its entire die surface area) such that the 
remaining silicon thickness, t, is around 100 microns, as 
illustrated in FIG. 3A. The pre-thinning thickness is shoWn 
by the broken lines. Using existing thinning techniques for 
this stock rernoval step, yield drops When the die is thinned 
to less than 100 microns. (That is, there is excessive thinning 
of the die 4 due to lack of thickness control, Which may 
result in die breakage). As Will be understood by those of 
ordinary skill in the art, FIG. 3A actually depicts a packaged 
die as in FIG. 2a With solder bumps 5 on its underside 
serving as the contacts; the back (top) side of the die 4 has 
been exposed by removing the top lid of the package. The 
other detail of FIG. 2a is omitted for simplicity. 

[0010] After this silicon rernoval, alignrnent points 9 (typi 
cally three or more) are exposed and identi?ed on the 
corners of die 4 to assist in navigation of a tool about the die 
4, as illustrated in FIG. 3B. This process is referred as 
“Global alignrnent”. For example, a FIB systern commer 
cially available as the “IDS P3X” (Precision Probe Point 
extension) system, from NPTest, LLC., San Jose, Calif., 
provides softWare-based navigation tools in Which the CAD 
layout and live FIB images of the die can be registered to one 
another. Once registered, these images are linked so that 
When the user selects a point or feature on one of the images, 
the corresponding location is identi?ed on the other image. 
Note that ?ducial marks are built into the circuit layer and 
are not on the surface. Therefore there is a need to expose the 
marks by removing the silicon above the marks before the 
alignment processes. The ?ducial excavation is usually done 
by FIB rnilling. 

[0011] In the second step (FIG. 3C), one or more local 
cavities or “trenches”13 are de?ned in the silicon substrate 
of die 4, With a trench area siZe betWeen about 100 and 400 
microns . Currently, either laser rnicro-chernical etching 
(LMC) or the focused ion beam (FIB) is used to de?ne the 
trench. While the laser rnicro-chernical etching method for 
trenching is fast and reliable, it is also very expensive. 
Typical systems, which include the laser and sophisticated, 
but necessary, navigation softWare, cost around $1.5M. An 
FIB system, While less expensive ($500K-$1M), is also 
much sloWer. Etching a 100 microns2 trench in a die With a 
FIB device typically takes about 30 minutes. 
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[0012] The distance d from the bottom of the trench 13 to 
the underlying active circuit layers is only 5 microns at most, 
as illustrated in FIG. 3D in partial cross section. FIGS. 3D, 
3E shoW only a small part of the die; other illustrated 
structures are the passivation 19 and metal layers 15a, 15b. 
Also provided is silicon dioxide deposition layer 21. More 
over, trenching using either LMC or FIB techniques requires 
an additional thickness measuring tool to monitor the trench 
ing progress. Optical beam induced current (OBIC) and 
imaging techniques are being used for this purpose. HoW 
ever, either an additional laser system or a high end imaging 
system is needed to measure silicon thickness inside the 
trench, further complicating overall requirements for the 
system. 

[0013] In the third step (FIG. 3E), an FIB system is used 
to mill to the circuit layer 17 With small openings 23a, 23b 
to perform a circuit edit through the bottom of the trench 13 
formed in the second step. Acircuit edit can include shorting 
circuit elements, cutting a trace (metal layer interconnect), 
and changing an interconnect 15a, 15b. The FIB system is 
typically used in conjunction With chemical assistance for 
cutting or depositing metal trace 25 or an insulating layer, or 
for milling and quick, uniform removal of the silicon sub 
strate. HoWever, to mill a hole With FIB there is an aspect 
ratio (hole depth vs. hole opening) limitation in the use of an 
FIB device. Practically, the FIB hole 23a, 23b aspect ratio is 
less than 10:1. Therefore, the trench is preferably made as 
deep as possible Within the silicon substrate. 

[0014] Thus, existing processes for preparing a die having 
?ip chip or Wire-bond packaging for an FIB circuit edit are 
time-consuming (especially When trenching is required at 
several locations in the same die), and expensive (because a 
sophisticated tool is required to make the trenches). 

[0015] The recently developed picosecond imaging circuit 
analysis (PICA) technique, Which measures dynamic photon 
emission at the transistor level, has also demonstrated utility 
in device failure analysis. See, e.g., McManus et al., “Pico 
secona' Imaging Circuit Analysis of the IBM G6 Micropro 
cessor Cache, ” Proceedings from the 25th International 
Symposium for Testing and Failure Analysis, pp. 35-38, 
1999. HoWever, effective use of PICA requires the silicon 
substrate to be thinned to 50 microns or less in order to 
acquire Waveforms having a reasonable signal-to-noise ratio 
Within a reasonable acquisition time. This requirement is due 
mainly to the fact that silicon absorbs emitted photons 
ef?ciently in the visible part of spectrum, leaving near-IR 
light partially transmitted, and that current photodetectors 
give a loW response in the infrared part of the spectrum. 
Emission signal intensity increases exponentially as the bulk 

silicon thickness decreases. While an anti-re?ection coating on the silicon surface may be used to help improve 

signal transmission through silicon during PICA analyses, 
signal acquisition time is still on the order of a feW hours at 
a silicon thickness of 50 microns. To further improve acqui 
sition speed more silicon needs to be removed from the 
backside. 

[0016] Ultra thinning of silicon is also applicable to silicon 
CCD and CMOS imaging sensors. Conventional CCD and 
CMOS sensors, detect light at the front side of the sensor, 
While the photons are absorbed and the photocurrent is 
generated in the P/N junction located at the back of the 
sensor. The presence of circuitry in the front reduces the 
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light transmission to the back, and therefore loWers the 
detector quantum ef?ciency. The state-of-the-art CCD and 
CMOS sensors use a back illumination con?guration in 
order to obtain higher quantum efficiency, especially in the 
UV and NIR spectra. Due to the absorptive nature of silicon, 
the back-illumination sensors need to be back-thinned as 
thin as possible. An accurate and non-destructive technique 
is required in order to monitor the CCD/CMOS thinning 
process. 

[0017] Thus, a reliable, inexpensive “back side” global die 
thinning process is needed that is capable of globally thin 
ning a die to a thickness of about 10 microns, Without 
signi?cantly reducing the yield. At a die thickness of 10 
microns, the ef?ciency of PICA for failure analysis can be 
enhanced, the ease With Which FIB circuit edit/repair is 
performed can be greatly increased, and the sensitivity of 
CCD and CMOS sensors can be greatly improved. 

[0018] In addition to the aforementioned backside global 
die thinning process, a method for local backside substrate 
thinning Which can reliably and inexpensively thin regions 
as large as an entire die or small fractions of a die to a 
thickness of about 10 microns or less Would be of great 
bene?t in several circumstances. As a ?rst example, die 
Warpage can be as high as 20-30 microns, Which Would 
preclude global thinning to 10 microns if the Warpage cannot 
be corrected. As a second example, a Wire-bond package as 
illustrated in FIG. 2b requires local thinning (Which may 
include the entire die, but not the package periphery) to 
avoid unduly Weakening the package and to avoid encoun 
tering the ball grid. Use of such local thinning is important 
in backside FIB edit operations, Where it is desirable to 
avoid too deep a milled tiny FIB hole. The use of a locally 
thinned cavity or trench With dimensions betWeen 100 and 
400 microns squared is preferred. 

SUMMARY 

[0019] The present invention is directed to a reliable, 
inexpensive “back side” thinning process that is capable of 
globally (over the entirety of one surface) or locally thinning 
a die to a predetermined thickness of, e.g., 10 microns, and 
maintaining a yield of, e.g., 80% or more. A ?rst embodi 
ment is directed to global thinning. 

[0020] In a ?rst sub-embodiment of the global thinning 
method, the packaged die is mounted on a lapping apparatus 
having a cutting media. The package cap has been removed 
or cut open. The thickness of the exposed die is measured at 
at least ?ve locations on the die before lapping. The lapping 
apparatus grinds the exposed backside surface of the die to 
a thickness someWhat greater than the predetermined (tar 
get) thickness. The ground surface of the die is then polished 
to a mirror ?nish. The thickness of the die is measured at at 
least ?ve locations using an optical tool. Based on the 
measured thickness, appropriate operating parameters for 
further grinding and polishing of the die exposed backside 
surface are determined. Further die grinding and polishing 
are performed by the apparatus according to the determined 
appropriate operating parameters. These steps are repeated 
until the target die thickness is reached. 

[0021] In a second sub-embodiment of the global thinning 
method, useful in a die having Warpage, additional steps are 
used. After the die is thinned to a thickness less than 40 
microns, the die is heated to a temperature about 60 degrees 
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Celsius. The die is then allowed to cool. This’ heating/ 
cooling process relieves the stress on the die, reducing 
Warpage. Further grinding and polishing are performed 
according to the determined appropriate operating param 
eters. The thickness of the die is again measured at at least 
?ve locations using an optical tool. If the Warpage is still 
signi?cant (i.e. greater than 10 um), and if the target thick 
ness has not been reached, the die is again heated, alloWed 
to cool, and further grinding and polishing are performed. 

[0022] In a second embodiment of the invention, an 
improved process for local thinning of a die or a fraction 
thereof utiliZes mechanical milling, or laser, electron-beam 
(E-beam), or FIB etching, as Well as precise thickness 
measurement. 

[0023] These and other aspects of the present invention 
may be better understood through the accompanying draW 
ings and the folloWing detailed description of the exemplary 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a cross-sectional vieW of an integrated 
circuit having a die With conventional Wire-bond packaging. 

[0025] FIG. 2a is a cross-sectional vieW of an integrated 
circuit having a die With ?ip-chip packaging. 

[0026] FIG. 2b shoWs cross-sectional vieW of integrated 
circuits having die With cavity-up and cavity-doWn BGA 
packaging, one form of Wire-bond packaging. 

[0027] FIG. 3A is a side vieW of an integrated circuit 
having a die that has been globally thinned in accordance 
With the prior art. 

[0028] FIG. 3B is a side vieW of the integrated circuit of 
FIG. 3A, depicting alignment points on the eXposed surface 
of the die that assist in navigation of a tool about the die. 

[0029] FIG. 3C illustrates a local trench formed in the die 
of FIG. 3B. 

[0030] FIG. 3D is an enlarged cross-sectional vieW of the 
trench illustrated in FIG. 3C. 

[0031] FIG. 3E illustrates FIB editing in the trench shoWn 
in FIG. 3D. 

[0032] FIG. 4 is a side vieW of a lapping machine suitable 
for practicing the present method 

[0033] FIG. 5 is a bottom vieW of an angle adjustment 
plate of the lapping machine of FIG. 4. 

[0034] FIG. 6 is a schematic illustration of a system 
including an optical tool for measuring silicon thickness in 
accordance With the present method. 

[0035] FIG. 7A is an enlarged side vieW of a large die 
mounted on a substrate, as it appears after solder re?oW and 
the addition of under?ll betWeen the die and the substrate. 

[0036] FIG. 7B is a side vieW of the die of FIG. 7A, 
folloWing a ?rst phase of die thinning and polishing. 

[0037] FIG. 7C is a side vieW of the die of FIG. 7B, after 
the die has been heated and then alloWed to cool, in 
accordance With an embodiment of the present method. 
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[0038] FIG. 7D is a side vieW of the die of FIG. 7C, after 
the die has been treated by a second phase of die thinning 
and polishing. 

[0039] FIG. 8 illustrates local thinning as compared to 
global thinning. 
[0040] FIG. 9 is a diagram of a FIB system With incor 
porated re?ectometer. 

DETAILED DESCRIPTION 

[0041] In accordance With a ?rst embodiment of the 
present method, a die of an integrated circuit With ?ip-chip 
packaging is thinned to a target thickness of, e. g., 10 microns 
over its entire backside surface area (“globally”). In other 
embodiments the thinning need not be global. To reach the 
target thickness, the thickness of the die is non-destructively 
measured by a very accurate optical tool at least once during 
the thinning process. Dies thinned by the present method 
typically have a yield rate of at least 80%. 

[0042] Because of the large variations in die thickness (on 
the order of :10 microns) in silicon Wafers as supplied by 
Wafer manufacturers or otherWise available, the main chal 
lenges in thinning a die from such a Wafer doWn to 10 
microns or less are controlling the levelness of the surface of 
the die, and controlling the silicon thickness removed across 
the surface of the die by the thinning tool. In meeting these 
challenges, the present method uses a multi-stage process. 
These stages include: preparation for mounting on the 
thinning machine and initial height map measurements; bulk 
silicon removal; collection of die thickness measurements 
using an optical tool; adjusting the thinning machine oper 
ating parameters; second die thinning/polishing stage; and 
iteration stage. The iteration stage is repeated until the target 
thickness is reached. 

[0043] To practice the method successfully, the operator 
may need to compensate for Warping of the die packaging, 
and/or the uneven seating of the die in its packaging during 
the die thinning process. Techniques for compensating for 
these factors are also described herein. 

[0044] In addition, the tool used for thinning the die is 
calibrated per the operating instructions from its manufac 
turer. For example, a typical lapping machine of the type 
commercially available from Allied High Tech. Products, 
Inc. (Rancho DomingueZ, Calif.) requires daily calibration 
to ensure ?atness of thinned and polished surface. 

[0045] The discussion beloW ?rst describes a ?rst sub 
embodiment of the present global thinning method, Which is 
particularly useful for die Where die Warpage is insigni?cant. 
In this embodiment, the thinning tool used is a lapping 
machine. Then, a second sub-embodiment of the method is 
described, suitable for larger die, or for a die With Warpage 
greater than about 10 microns betWeen center and corner. 

1. Global Thinning of Die 

[0046] Preparation of Die for Mounting on Lapping 
Machine/Initial Height Map Measurements 

[0047] Often, a die having ?ip-chip packaging Will have a 
mold cap 12 (synonymously, back lid or heat spreader) 
above the die 4, as illustrated in cross section FIG. 2a. Mold 
cap 12 is typically used to conduct heat aWay from the 
silicon substrate at the back side 10 of the die 4 and is made, 
for eXample, of copper. 
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[0048] If mold cap 12 is present, then it is removed so as 
to speed up the thinning process. Mold cap 12 may be 
removed manually by using, for example, a raZor blade or 
Exacto® knife together With mild heating on the cap 12 
(40°). The back side 10 of die 4 (Which is typically com 
prised of a silicon substrate) is thereby exposed. 
[0049] After the mold cap (if present) is removed from the 
chip, the die is mounted to a lapping puck. A lapping puck 
is a disc With an extremely ?at front side and back side, 
Which is ultimately mounted to a lapping machine. Typical 
dimensions for a lapping puck are a diameter of 50 milli 
meters and a thickness of 10 millimeters. The lapping puck 
is preferably made from a substance that is substantially 
hard and strong (e. g., stainless steel). The chip is mounted to 
the lapping puck by using, for example, a loW temperature 
Wax applied to the heated lapping puck (e.g., melting point 
50° C.-80° C.). When the lapping puck is heated by a 
hotplate to above a melting point of the Wax, gently touching 
a Wax stick to the puck Will apply a thin layer of melted Wax 
to the puck surface. 

[0050] After a very thin layer of Wax is thereby applied to 
the front side of the lapping puck, the puck is removed from 
the hotplate using an insulated tool and is placed on a ?at 
surface to alloW it to air cool. Immediately thereafter, the 
chip (packaged die) is placed on the melted Wax layer 
applied to the front side of the puck. Using a holloW 
cylindrical tool having approximately the same cross section 
area as the package substrate, pressure is manually applied 
through the tool to the package substrate to evenly position 
the chip on the puck. 

[0051] As the lapping puck cools, the Wax solidi?es, 
thereby anchoring the chip in position on the front side of the 
lapping puck. 
[0052] To obtain approximate initial height map measure 
ments, the starting height of the assembly (lapping puck plus 
chip package plus die) is measured at at least 5 locations 
using a dial indicator or other tool to an accuracy of :1 
microns. The die height at its center is then referenced as 
Zero. For example, a tabletop dial indicator (commercially 
available from Mitutoyo Corporation, Japan) may be used to 
measure the height of the assembly at the four corners 
referenced to center of the die (as determined by visual 
approximation). This step is to create a baseline on hoW 
evenly the chip is seated on the puck, and hoW much the die 
is Warped. 
[0053] FolloWing the method described above should 
result in the four corners of the die being seated evenly 
relative to the lapping puck. The height measurements 
collected should not vary by more than 10 microns from one 
side of the die to the opposite side. If a height gradient 
betWeen edges greater than 10 microns is present (in Which 
case the die is said to be “Wedged”), the chip should be 
re-blocked immediately. 
[0054] After collecting the required height measurements, 
the lapping puck/chip assembly is mounted on a lapping 
machine. For example, in one embodiment, the lapping 
machine includes a MultiPrepTM Positioning Device, (com 
mercially available from Allied High Tech Products, Inc. 
Rancho DomingueZ, Calif.). The back side of the lapping 
puck (the side Without the Wax) is slid onto an angle 
adjustment plate at the base of the spindle of the Multi 
PrepTM Positioning Device (as described in greater detail 
beloW). 
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[0055] For the purposes of this disclosure, “thickness” is 
de?ned as the thickness of the die as determined using an 
optical tool. “Height” refers to the combined heights of the 
lapping puck, the ?ip-chip package, and the die thickness, 
typically measured using a tabletop dial indicator or a dial 
indicator mounted on the lapping machine. Height map 
measurements do not directly indicate die thickness. 

[0056] First Die Thinning/Polishing Stage 

[0057] Most of the discussion Which folloWs describes the 
use of a lapping machine 14 as shoWn in FIGS. 4 and 5 to 
perform both a ?rst phase of thinning and polishing of the 
die, and a second phase of thinning and polishing. The 
lapping machine should be calibrated prior to use each day. 
A lapping machine that is not properly calibrated Will 
quickly generate a grinding thickness Wedge, Which makes 
a target thickness of, e.g., ten microns dif?cult to achieve. 

[0058] After a lapping puck having a chip mounted thereto 
is attached to the spindle 16 by cam-lock lever 28, the puck 
is indexed doWnWard by counterclockWise rotation of the 
vertical adjustment knob 38 until the sample makes contact 
With a rotating platen 48. Lapping machine 14 is calibrated 
so that puck When mounted on plate 18 is parallel to the 
plane of platen 48. Platen 48 may have an abrasive material 
disposed on its surface (e.g., diamond particles resin bonded 
to a polyester ?lm backing). In the illustrated embodiment, 
platen 48 is housed in a polishing machine 19. One such 
polishing machine is the TechPrepTM polishing machine 
(also commercially available from Allied High Tech Prod 
ucts, Rancho DomingueZ, Calif.). By continuing to loWer the 
arm 36, the spindle pulley 42 is displaced farther from the 
arm 36. The displacement is measured in real time and is 
displayed on the digital dial indicator 46. This “measured 
distance” indicates the amount of material that Will be 
removed from the die plus any compression the die makes 
into the abrasive on platen 48 before the spindle pulley 42 
is displaced from the arm 36. As material is being removed, 
the spindle 16 Will travel doWnWard until the spindle pulley 
42 makes contact With the arm 36. 

[0059] In the ?rst die thinning/polishing stage, the die is 
thinned doWn to a value someWhat greater than the target 
thickness and dependent on the expected variation in die 
thickness. For example, if the die has originally a thickness 
of approximately 600 microns, With a possible variation of 
:12 microns, and the target thickness is 10 microns, then the 
?rst thinning/polishing stage must stop When the die has a 
thickness at or above 22 microns (10 microns+12 microns). 
To be conservative, it is recommended that the die be 
thinned to no less than 40 microns in the ?rst die thinning/ 
polishing phase. 

[0060] Rough grades of cutting media may be used to 
minimiZe the time required to thin the die to 40 microns. For 
example, a 30 micron diamond lapping ?lm, folloWed by a 
15 micron diamond lapping ?lm may be used (Allied High 
Tech Products Item Nos. 50-30040 and 50-30045, respec 
tively). These diamond lapping ?lms are precision graded 
diamond particles, resin bonded to a ?at uniform polyester 
backing. The diamond lapping ?lms are placed on and 
adhere to the rotating platen. The lapping puck 22, having 
the die 4 (not shoWn in FIG. 5) mounted thereto, and itself 
mounted on the angle adjustment plate 18 of the spindle 16, 
engages rotating platen 48, thereby “thinning” die 4 (remov 
ing silicon from its surface). 
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[0061] The speed With Which the silicon is removed from 
the die depends on several operating parameters, including 
lapping head pressure, platen rotation speed, and cutting 
media disposed on the platen. Actual operating parameters 
and results obtained for thinning die using a MultiPrepTM 
Positioning Device, in conjunction With a TechPrepTM pol 
ishing machine (Which houses rotating platen 48), are listed 
in Table AbeloW. These results include die removal for both 
the ?rst die thinning/polishing stage and a second die 
thinning/polishing stage (synonymously, ?ne lapping stage), 
Which is discussed beloW. 
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[0064] The thinning progress can be monitored mechani 
cally using a dial indicator. Abuilt-in digital dial indicator 46 
( e.g., a Mitutoyo dial indicator) can determine hoW much 
material is removed in real time, but With more ?uctuation 
because of the lapping motion and the How of extender. The 
tabletop dial indicator that is used for initial height mea 
surements can provide more accurate thinning update With 
11 um accuracy. 

[0065] While the methods just described may be satisfac 
tory for die thinning to a thickness of 50 microns or more, 

TABLE A 

Step 1 2 3 4 

Abrasive size and 3 u diamond 15 u diamond 6 u diamond 1 u diamond 

material ?lm ?lm suspension suspension 
Allied Item No. 50-30040 50-30045 90-30025-S 90-30015-S 

Abrasive surface N/A N/A Kempad B Val-Cloth 
Allied Item No. N/A N/A 85-150-100 90-150-400 

Extender Water Water Greenlube TM Greenlube TM 

Allied Item No. N/A N/A 90-208005 90-208005 

Platen speed (rpm) 100 100 200 200 

Time (min) 10-15 10-15 10 10 
Die thickness Bulk removal 50 5 none 

removed (microns) 

[0062] In some situations, the IC package also includes a 
stiffener surrounding the die. Usually, the stiffener can be 
removed With the same procedure as removing the cap. In 
case that stiffener cannot be removed (since package sub 
strate is too thin to stand alone) an aluminum oxide abrasive 
pad may be positioned on the platen to substitute for 
diamond ?lms and used for the ?rst part of the ?rst die 
thinning/polishing stage. Actual operating parameters and 
results obtained for thinning a die having a copper stiffener 
using a MultiPrep TM Positioning Device, in conjunction With 
a TechPrepTM polishing machine, are listed beloW in Table 
B. 

[0063] “Extenders,” Which are listed in both Table A and 
Table B, are materials used to enhance the polishing per 
formance of diamond suspensions, compounds, and sprays. 
They also reduce friction, and increase the life of the 
polishing cloths. 

they are not satisfactory for thinning the die to less than 20 
microns. Applicants have found that the use of the digital 
dial indicator often shoWs less or more ?nal silicon thickness 
than the actual thickness because of the silicon thickness 
variation of the raW Wafer and the nature of mechanical 
“height” measurement. Accordingly, the thickness of the die 
should be measured directly after the die thickness is beloW 
50 microns. An optical approach is described beloW. 

[0066] After the ?rst phase of die thinning is completed, 
the surface of the die is polished to a mirror ?nish so that an 
optical tool may be used for die thickness measurements. 
This may be accomplished, for example, as described in step 
3 and 4 in Table A. A mirror polish Will be produced on a 
cleanly ground die surface after polishing. After the mirror 
polish is obtained, die thickness measurements are obtained 
using an optical tool, as explained beloW. 

TABLE B 

Step 1 2 3 5 

Abrasive size 100 u A1203 40 u A1203 15 u A1203 6 u diamond 1 u diamond 
and material pad pad pad suspension suspension 

Allied Item No. 50-40070 50-40085 50-40095 90-30025-S 90-30015-S 
Abrasive Surface N/A N/A N/A Kempad B Vel-Cloth 
Allied Item No. N/A N/A N/A 85-150-100 90-150-400 

Extender Greenlube TM Greenlube TM Greenlube TM Greenlube TM Greenlube TM 

Allied Item No. 90-208005 90-208005 90-208005 90-208005 90-208005 
Platen speed 75-100 100-125 100-150 200 200 

(rpm) 
Time (rpm) 30-40 5-10 5-10 10 10 
Die thickness Bulk 80 30 5 none 

removed removal 

(microns) 
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[0067] Obtain Die Thickness Measurements Using Opti 
cal Tool 

[0068] After the die has been thinned to the upper limit of 
the target thickness {or, conservatively, 40 microns), and a 
mirror polish is present on the surface of the die thickness 
measurements is preferably obtained at a minimum of ?ve 
points on the die {e.g., four corners and the center of the die) 
using an optical tool. The optical tool is, for example, a 
re?ectance spectrometer, a confocal microscope, or an ellip 
someter. Advantageously, these optical techniques for mea 
suring thin ?lms are very accurate, non-destructive, and 
require little or no additional sample preparation. The die 
thickness measurements should be collected from approxi 
mately the same points Where they Were collected When the 
table top dial indicator Was used for the initial height map 
measurements, discussed above. Preferably, a ?xture is 
fabricated that permits mounting of the lapping puck and die 
on or just above the vieWing stage of the selected optical 
tool, so that the die need not be removed from the lapping 
puck to perform die thickness measurements. 

[0069] In one embodiment, the optical tool used to obtain 
die thickness measurements is a re?ectance spectrometer. 
Spectral re?ectance is an expression of the amount of light 
re?ected from a thin ?lm and the substrate underneath over 
a range of Wavelengths, With the incident light perpendicular 
to the sample surface. As illustrated in FIG. 6, a system 60 
for measuring the thickness of a die 4 includes a light source 
62 and a spectrometer 64, in communication With a com 
puter 70. 

[0070] As better appreciated by reference to FIG. 6, 
incident light of various Wavelengths is propagated through 
a ?ber optic cable 66 to a lens assembly 68, and from lens 
assembly 68 to the die 4. Some of the light provided by the 
light source 62 is transmitted into die 4, and some is 
re?ected, depending on {among other factors), the thickness 
of die 4. Re?ected light travels back through the ?ber optic 
cable 66 and into the spectrometer 64. Spectrometer 64 
measures the intensity of the re?ected light as a function of 
the Wavelength of the incident light. This information is 
transmitted from spectrometer 64 to computer 70, Which 
calculates the thickness of die 4 at a given point on die 4. 

[0071] Advantageously, the re?ectance spectrometer is 
relatively inexpensive, fast, and very accurate. For example, 
the Model F20 re?ectance spectrometer {commercially 
available from Filmetrics, Inc., San Diego, Calif.) currently 
costs about $12,000, and is capable of making about one 
thickness measurement per 30 seconds including stage navi 
gation. The spectrometer for the Model F20 is a ?xed 
CZerny-Turner spectrometer With a 512-element silicon 
CCD array. The light source is a regulated tungsten halogen 
light source. 

[0072] The spectrometer is modi?ed such that it is tuned 
and calibrated in the near IR Wavelength range, 700 nm to 
1,000 nm, rather than the standard 400 nm to 700 nm range. 
This range of Wavelengths is particularly useful because 
transmission of light through silicon is much higher in this 
near-infrared range. In addition, the lens system of the 
spectrometer Was also modi?ed by Applicants, because the 
beam spot siZe provided by the F20 is greater than 500 
microns, Which is too large for this application. As illustrated 
in FIG. 6, lens assembly 68 Was modi?ed to include a lens 
72 having a focal length of 40 mm, Which acts as a 
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condenser to collimate the light beams exiting from ?ber 
head 65 of ?ber optic cable 66, and a 20x near-IR micro 
scope objective lens assembly 74 (Mitutoyo model M plan) 
to focus the beam on die 4. Objective lens assembly 74 
includes a lens With a custom coating, needed for Working 
in the near-IR range. To properly position die 4 With respect 
to objective lens 74, a Z stage focus adjustment 71 is 
provided, Which is mounted to a post 73. Post 73, x stage 76 
and y stage 77 are positioned on, for example, a bench 
breadboard 69, to minimiZe vibration While measuring die 
thickness. An x stage 76 and y stage 77 are also provided for 
positioning die 4. Advantageously, as a result of these 
modi?cations, a beam spot siZe on the order of 100 microns 
is provided, and dies having a thickness of up to 50 microns 
may be measured With an accuracy of 10.1 microns. The 
cost of these modi?cations is relatively loW. 

[0073] In another embodiment, the optical tool used to 
obtain die thickness measurements is a confocal laser scan 
ning microscope (CLSM). In a traditional microscope, the 
depth of focus is on the order of ten microns. Consequently, 
When a sample is vieWed through a traditional microscope, 
the image vieWed is a composite of 10 microns thick of the 
sample. In contrast, the depth of focus on a CLSM is very 
shalloW, on the order of one micron, providing Well-de?ned 
focused layer of the sample. 

[0074] One such CLSM, the InfraScan 200 commercially 
available from Checkpoint Technology, San Jose, Calif.) 
may be used in conjunction With a high precision Z stage on 
Which the sample is mounted. The elevation of the Z stage 
may be adjusted at 0.1 micron increments. To determine the 
thickness of the die, the Z stage is ?rst moved to focus the 
CLSM on the top surface of the die (the appearance of 
scratches or coating residue on the top surface of the die can 
be used to help determine the best image). When the best 
image is obtained of the top surface of the die, the associated 
Z stage encoder value is recorded. Keeping the same x and 
y coordinates, the Z stage is then moved up, to focus on the 
die diffusion layer. The Z stage encoder value associated 
With this position is then recorded. The difference betWeen 
the tWo Z stage encoder value is the distance the Z stage has 
traveled. The thickness of the silicon is then calculated by 
multiplying the actual Z stage travel distance by the refrac 
tive index of silicon, Which range 3.5 and 3.7 depending on 
the substrate type and doping level. 

[0075] While the CLSM can measure silicon thicknesses 
up to a feW hundreds of microns, the CLSM is signi?cantly 
more expensive than the re?ectance spectrometer—costing 
approximately $100,000 per unit. CLSM accuracy (about 1 
micron, limited by depth-of-focus) is not as good as that of 
the re?ectance spectrometer (0.1 micron) because of the 
?nite depth-of-focus, CLSM gives poorer accuracy When 
measuring very thin sample, say less than 10 microns. 
Moreover, a skilled operator requires a feW minutes to 
complete a single thickness measurement using a CLSM. 

[0076] In another embodiment, the optical tool used to 
obtain die thickness measurements is an ellipsometer, 
another knoWn tool for thin ?lm measurement. An ellipsom 
eter operates according to the principle that light polariZa 
tion can be altered When the light travels from one medium 
to a different medium having a different index of refraction, 
and that the poliZariZation change can be correlated to the 
media thicknesses (and other optical parameters). Although 
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an ellipsometer is the most accurate measurement tool for 
?lm thickness, the extra accuracy is not needed here, and it 
commands a higher price. Moreover, a higher degree of 
operator knowledge is needed to operate the ellipsometer 
than is required With either the re?ectance spectrometer or 
CLSM. 

[0077] Adjust Lapping Machine Operating Parameters 

[0078] Based on the die thickness measurements obtained 
using an optical tool (as described above), the lapping 
machine operating parameters may need to be adjusted 
conventionally prior to beginning the second phase of thin 
ning and polishing of the die. Parts of the lapping machine 
may require calibration and/or adjustment if the measure 
ments obtained indicate Wedging, as de?ned above. A die is 
said to be Wedged When the die shoWs an uneven thickness 
map as determined the optical measurement mentioned 
above. 

[0079] AWedged die may be caused by a lapping head that 
is out of calibration, or by an unevenly “blocked” die. 
Lapping head calibration should be checked before an 
attempt is made to re-block the die onto the lapping puck. If 
the lapping head is found to be properly calibrated, then to 
achieve an even layer of silicon at the target thickness, the 
chip must be re-blocked in a manner that physically raises 
only the loW corners. The high and loW corners of the die 
should be referenced ?rst, and then the chip may be removed 
from the lapping puck. 

[0080] Methods for Re-blocking Die Onto Lapping Puck 

[0081] A properly positioned shim of knoWn thickness or 
multiple shims can raise the loW corner(s) of a die by an 
amount 10 microns and higher. The shim is positioned 
betWeen the bottom of a loW corner of the chip and the top 
surface of the puck (Which has the Wax applied to it). The 
lapping puck, having the chip and shim(s) mounted thereto, 
is again positioned on the lapping machine, Which engages 
the rotating platen. High corners are then removed. HoW 
ever, this method is only effective in correcting for corners 
that are betWeen 10 microns or more too high. 

[0082] Another method that is more universal may be used 
for correcting for high corners (i.e., Will level a die having 
corners that are less than 10 microns too high). In this 
method, one of tWo micrometers on the spindle hub of the 
lapping tool is adjusted so that the lapping puck (attached to 
the spindle hub) and the rotating platen are not parallel. 
Thus, When the spindle hub is rotating, it engages the 
rotating platen unevenly, such that a high corner of the die 
is machined, While the loW corners are not. The amount that 
the micrometers are adjusted is determined by trial and error. 

[0083] Second Die Thinning/Polishing Stage 

[0084] In the second die thinning/polishing stage, the 
lapping machine is used to continue to thin the die from its 
thickness as determined by the optical tool to the target 
thickness (e.g., 10 microns) using adjusted operating param 
eters, if appropriate. From this point, the die thinning should 
proceed cautiously. 

[0085] During the second die thinning/polishing stage, the 
chip should be visually inspected and/or optically measured 
more frequently to ensure that die thinning progress is in 
control. Moreover, great care needs to be taken to ensure that 
foreign debris does not fall into the lapping medium ( e.g., 
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diamond ?lm) from the package or the chip copper stiffener. 
Such foreign debris may cause damage ranging from minor 
surface scratches (Which may be polished aWay using a 
Vel-Cloth pad and a 1 micron diamond suspension) to 
complete destruction of the die When the die is extremely 
thin, e.g., less than 20 microns. Sometimes, scratching may 
be caused by the lapping medium itself, indicating the 
lapping medium may need to be changed. 

[0086] For the second die thinning/polishing stage, a 9 
micron diamond ?lm can be used to bring the thickness from 
40 microns to 20 microns and then a three micron particle 
diamond lapping ?lm may be used to remove material 
(silicon) from the die at a rate of approximately one micron 
per minute, assuming a virgin diamond ?lm, and a platen 
rotational velocity of 150 rpm. Prior to each subsequent 
thickness measurement With the optical tool, the die is 
polished to a mirror ?nish. 

[0087] 
[0088] During this stage, the steps of die thickness mea 
surement using an optical tool, adjusting lapping machine 
operating parameters, and second stage die thinning and 
polishing are repeated until the target thickness (e.g., 10 
microns) is reached. 

Iteration State 

2. Global Thinning of Highly Warped Die 

[0089] Referring again to FIG. 2, in ?ip-chip packaging, 
the interconnection betWeen die 4 and package substrate 6 
(synonymously, “carrier”) is made through a conductive 
“bump”8 that is placed directly on the front side of die 4. 
Conductive bumps 8 are attached to package substrate 6 
using a solder re?oW process. After die 4 is soldered to the 
package substrate 6 through bumps 8, under?ll 11 (an 
epoxy) is added betWeen die 4 and substrate 6, surrounding 
the space betWeen bumps 8. Under?ll 11 is added to absorb 
stress exerted on conductive bumps 8 resulting from the 
different rates of thermal expansion at Which die 4 and 
substrate 6 contract While cooling after solder re?oW. Under 
?ll redistributes stress over the entire surface area of die 4, 
and reduces the stress on solder bumps 8. 

[0090] Nevertheless, in die With larger surface areas (e.g., 
greater than 2 cm2), We have observed that die 4 itself tends 
to “boW” upWard after under?ll has cured, taking on a 
convex shape, as illustrated (highly exaggerated) in FIG. 
7A. (For clarity, solder bumps 8 are omitted from FIGS. 
7A-7D). As a result, after bulk silicon removal is achieved 
by the ?rst die thinning/polishing stage, Which also pla 
nariZes the top surface 90 of die 4, the thickness of die 4 at 
corners 86a, 86b (to) is signi?cantly greater than at center 84 
of die 4 (to), as illustrated in FIG. 7B. 

[0091] The Warpage is generally relatively small (5 
microns or less) in ceramic-substrate packages, but is often 
signi?cant for plastic packages. Often, in plastic ?ip-chip 
packages, there is a thickness difference of 30 microns or 
more betWeen the center 84 and corners of die 4, tWo corners 
of Which are shoWn as 86a and 86b in FIG. 7B (the 
remaining tWo corners are hidden in this vieW). The thick 
ness difference is much greater than that associated With 
smaller die (e.g., 10 micron thickness difference in die 
having a surface area of 1 cm2 or less). Obviously, When a 
target thickness of 10 microns :2 microns is required for the 
entire surface of die 4, a thickness difference of 30 microns 
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or more between that at center 84 of die 4 and corners 86a, 
86b, is unacceptable. Applicants have found that this thick 
ness difference can be partially corrected by taking addi 
tional steps in treating the die. 

[0092] Speci?cally, Applicants have found that When die 
is 40 micron or less thick, by heating die 4 to a temperature 
betWeen 40° C. and 60° C. (by, for example, placing the 
lapping puck and die on a heating plate, as described earlier), 
and then alloWing die 4 to cool to room temperature, the 
height pro?le of die 4 changes, such that the heights at the 
corners 86a, 86b (he) of die 4 are increased slightly, so that 
the overall die height pro?le has changed from convex to 
concave, as illustrated in FIG. 7C. Repeated experimenta 
tion With multiple similar-siZe die has shoWn that the corners 
of die 4“ groW” 10 microns to 15 microns in height as a result 
of the heating and subsequent cooling of the die as just 
described. 

[0093] A second die thinning/polishing step is then per 
formed, Wherein die 4 is further planariZed, so that the height 
at the corners of the die is reduced (relative to the center of 
the die), as shoWn in FIG. 7D. That is, the corners of the die 
“groWn” in the previous step are removed, and die 4 is closer 
to its target thickness across its entire surface. 

[0094] A second heating/cooling process may “groW” an 
additional Zero to 15 microns on the corners depending on 
the packaging material or process. By performing a ?nal ?ne 
lapping step, the additional height at the corners is again 
removed, and die 4 is globally thinned to a target thickness 
of 10 microns :2 microns (as determined by again measur 
ing With the optical tool). 

[0095] In the case that die Warpage cannot be overcome 
completely, particularly at the corner section of the die, a 
manual, local thinning may be used as a ?nal resort. Dia 
mond pastes of various roughness levels are applied locally 
to the thick silicon area that needs to be thinned. Suitable 
diamond pastes are 6 micron or 15 micron mono crystalline 
diamond compounds, eg Item nos. 9-21092 and 90-21085 
supplied by Allied High Tech. Products. A Q-tip or other thin 
stick Wrapped With soft cloth is used by operator With 
diamond paste to remove the silicon locally. Since this is 
only used to correct the thickness variation of a feW microns 
on a small area, the process is fairly quick. Thickness is 
measured from time to time using an optical tool to monitor 
the local thinning progress. 

3. Cleaning and Functional Testing of Die After 
Thinning 

[0096] After the target thickness for the die has been 
reached, the chip is removed from the puck by melting the 
Wax using the heat plate. All Wax should be removed from 
the chip, because the Wax Will act as an electrical insulator, 
Which could lead to false indications of device failure during 
later functional testing. The Wax can be cleaned out by 
immersing the chip into a vessel containing acetone or 
citric-acid base solvent. The chip is then ?nally rinsed With 
acetone. 

[0097] After the chip has been cleaned, an electrical 
functional test is recommended before the chip is further 
tested. The functional test Will ensure that the global die 
thinning process has not affected performance and/or func 
tional characteristics of the chip. Functional testing per 
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formed on die globally thinned according to the present 
method, and having a thickness of 10:2 microns, has proven 
a yield rate of 80% or more. 

[0098] A heat sink may be required on top of the thinned 
die if the chip generates more poWer than the thinned silicon 
can dissipate during a functional test. The heat sink may take 
many forms, ranging from a solid heat spreader to a viscous 
thermal grease, so long as it is electrically insulating. 
HoWever, if optical probing is performed ( e. g., PICA), then 
the heat sink material must be optically transparent and its 
surface highly polished so that it does not absorb or scatter 
light. With suf?cient heat dissipation capability, the thinned 
die Will then be able to be tested at its normal operating 
speed for full characteriZation. 

[0099] Local Thinning Methods 

[0100] The above disclosed thickness measurement meth 
ods can be applied in varying combination to local thinning 
as Well as to global thinning. Local thinning is of particular 
importance When die Warpage cannot be entirely corrected, 
and also for Wire-bond packaging, Which Would be unac 
ceptably Weakened if the Whole package Were globally 
thinned optimally for backside operations. Small area, local 
thinning of the die by laser, E-beam, or FIB is also important 
to the success of backside circuit edit using FIB. 

[0101] FIG. 8 illustrates local thinning as compared to 
global thinning. According to an embodiment of this inven 
tion, an area Which may include the entire die 800 excluding 
the package 802, or Which may include a portion of the die 
as small as 100 square microns or smaller, is locally thinned 
to create cavity 804 instead of ?at surface 810. Local 
thinning cannot be accomplished by lapping, and therefore 
is of necessity more time-consuming than global thinning. 
Several thinning methods have been successfully applied to 
local backside thinning, including mechanical milling, laser 
etching, E-beam etching, and FIB etching. 

[0102] Mechanical milling may be accomplished With a 
diamond coated mini-milling bit. An example of a mechani 
cal milling system Which may be used is the ASAP-1 
Selected Area Preparation System by Ultratec, Which uti 
liZes a Z-movable rotating milling tool and an X- and Y 
movable table on Which the sample is mounted. Laser 
etching may be accomplished using intense laser beam 
interaction With silicon in the presence of chemical assis 
tance. An example of a laser system Which could be used, is 
the 9850 SiliconEtcher system by Revise, Inc. FIB etching 
may be accomplished using high-energy ion beam With 
chemical assistance, or plain physical sputtering. Local 
thinning by FIB etching is described by Chun-Cheng Tsao et 
al in Proceedings of LSI Test Symposium 2001 (Editing of I C 
Interconnects Through Back Side Silicon with a Novel 
Coaxial Photon-Ion Beam Column, pp 175-180). Electron 
beam etching Works according to the same principles as FIB 
etching and also requires chemical assistance to enhance 
etching rate. E-beam etching has the advantage of causing 
less device damage and charging as compared to FIB 
etching. The main draWback is its very sloW etching rate. 
E-beam etching Was discussed by Jurgen Gstottner et al at 
the 2001 European FIB user group meeting in Arachon of 
France (http://WWW.imec.be/fug/EFUG2001_Gstottner.pdf). 

[0103] Of these various methods, mechanical milling is 
the fastest, folloWed by laser etching, and then by FIB, With 
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E-beam etching being the slowest. Mechanical milling is 
useful in larger area operation, and the cavity dimensions are 
limited by the bit siZe and translation resolution of the 
mounting table. The mechanical milling method is generally 
best suited for the thinning of an entire die Within a package 
or Wafer, since the milling bit is relatively large and the 
removal rate is fast. For laser etching the siZe of the cavity 
is limited by the laser beam siZe, With a loWer limit on the 
order of microns. E-beam and FIB have the smallest beam 
siZe and can etch the smallest cavities, With approximate 
loWer limit of a fraction of a micron. 

[0104] Use of the aforementioned optical thickness mea 
surement techniques is critical to the achievement of 10 
microns or less thickness for the local thinning as Well as for 
the global thinning. The mechanical thickness measurement 
tools used in the ASAP-1 system yield speci?cations of 
about 50 micron thickness, due to their large uncertainty in 
thickness determination. HoWever, With use of a re?ectance 
spectrometer as disclosed herein to provide iterative thick 
ness measurement/thinning, 10 microns local thinning has 
been demonstrated using mechanical milling. 

[0105] A ?rst sub-embodiment of the local thinning 
embodiment employs iterative thickness measurement/local 
thinning to achieve 10 microns remaining cavity thickness. 
The thickness measurement may be accomplished using any 
of the aforementioned optical techniques, i.e., IR micro 
scope, re?ectometer, and ellipsometer. For the case of large 
area local thinning, multiple point measurement is recom 
mended to avoid over-thinning of a portion of the die (due 
to such factors as die Warpage or tilt). For small area cavities 
on the order of siZe of hundreds of microns, thickness 
measurement at one point may be suf?cient, since the small 
cavities, particularly those etched by laser or FIB, are 
typically quite ?at. 

[0106] A second sub-embodiment of the local thinning 
embodiment utiliZes in-situ thickness measurement When 
local thinning is done using FIB or laser etching. By Way of 
example, by incorporating a re?ectometer into a FIB instru 
ment such as the IDS OptiFIB, made by NPTest, LLC, the 
thinning process can be monitored in real time, thus avoid 
ing the risk of overshooting. A schematic diagram of an 
OptiFIB system With incorporated re?ectometer system is 
shoWn in FIG. 9 ShoWn are column 900, lens system 902, 
light illumination unit 904, photon beam 906, ion beam 908, 
spectrometer 910, CCD camera 912, and sample 914. 

[0107] CLSM can be incorporated into the OptiFIB sys 
tem and used to do in-situ measurement of local trench ?oor 
thickness, hoWever, there is no real-time measurement capa 
bility With CLSM measurement, because it involves Z stage 
motion Which cannot occur during the FIB trenching pro 
cess. Ellipsometry cannot be built into a FIB system, 
because it requires off-axis probing and detection of a laser 
beam. 

[0108] Thus, the present method provides, in a ?rst 
embodiment, an ultra-thin, highly ?at, functioning inte 
grated circuit die having an optical ?nish on its entire 
exposed surface. The method itself is controllable, predict 
able, and uses simple, relatively inexpensive laboratory 
tools. Moreover, the ultra-thin die can be produced Within a 
reasonably short time, as compared With methods currently 
used for local die thinning, the trench approach. Expensive, 
time-consuming trenching Within the die is avoided alto 
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gether. Furthermore, an optical ?nish may be provided on 
the exposed die surface. When an anti-re?ective coating is 
applied to the exposed die surface, much better image 
quality and light transmission is achieved When using emis 
sion techniques such as pica: 

[0109] In a second embodiment, the optical measurement 
tools used in the global thinning method are applied to local 
thinning for use With uncorrectable Wafer Warpage, Wire 
bond packaging, and structurally Weak packages. The non 
destructive optical measurement tools can also be used in a 
local trench created by laser, FIB, or E-beam. Ultra-thin 
cavities can be produced using a variety of milling or etching 
techniques chosen according to the application. Thickness 
measurement is done iteratively in a ?rst sub-embodiment, 
and in-situ in a second sub-embodiment. 

[0110] The presently disclosed embodiments of the inven 
tions are illustrative and not limiting. Moreover, the method 
of the present invention is not limited to speci?c IC package 
materials or components. Modi?cations and substitutions for 
the steps of the method disclosed Will be apparent to one 
skilled in the art in light of this disclosure and are intended 
to fall Within the scope of the appended claims. 

We claim: 
1. A method of backside thinning of at least a portion of 

a packaged integrated circuit die to a predetermined thick 
ness, comprising the steps of: 

mounting the packaged die on a support; 

measuring the thickness of the mounted packaged die at 
at least one location on the die; 

contacting a region of the surface of the packaged die to 
a thinning medium to thin at least a portion of the die 
to a thickness greater than the predetermined thickness; 

measuring the thickness of the thinned portion of the 
packaged die at at least one location; 

based on the measurement of the thinned portion of the 
packaged die, determining parameters for further thin 
ning; 

performing further thinning according to the determined 
parameters; and 

repeating the acts of determining the parameters and 
performing further thinning until the predetermined 
thickness is reached. 

2. The method of claim 1, Wherein said step of contacting 
a region of the surface of the packaged die to a thinning 
medium to thin at least a portion of the die to a thickness 
greater than the predetermined thickness comprises grinding 
said surface of said packaged die. 

3. The method of claim 2, Wherein said packaged die is 
?ip-chip mounted. 

4. The method of claim 3, Wherein: 

said steps of measuring the thickness of the packaged die 
and of measuring the thickness of the thinned portion of 
the packaged die are performed at a plurality of loca 
tions on the die; and 

said steps of grinding the surface of said packaged die are 
directly folloWed by polishing the ground surface of the 
packaged die. 
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5. The method of claim 4, further comprising the act of 
mounting the packaged die to a lapping puck prior to the act 
of mounting the packaged die on the support. 

6. The method of claim 5, Wherein the packaged die is 
mounted to the lapping puck using Wax. 

7. The method of claim 6, Wherein the Wax has a melting 
point of less than 45 C. 

8. The method of claim 4, Wherein media used in the act 
of grinding comprises tWo grades of particles. 

9. The method of claim 4, Wherein the act of measuring 
includes using an optical tool selected from a group con 
sisting of a re?ectance spectrometer, a confocal microscope, 
and an ellipsometer. 

10. The method of claim 9, Wherein the optical tool is a 
re?ectance spectrometer, operating at NIR spectral range. 

11. The method of claim 4, further comprising the act of: 

removing at least a portion of a lid from the die package 
prior to the act of mounting on the support. 

12. The method of claim 4 further comprising the acts of: 

heating the die; and 

alloWing the die to cool, prior to performing the further 
grinding and polishing. 

13. The method of claim 12, Wherein the die is heated to 
a temperature ranging from about 40 to about 60 degrees 
Celsius. 

14. The method of claim 12, Wherein the heating of the die 
is performed by placing the packaged die in heated Wax. 

15. The method of claim 4, Wherein the predetermined 
thickness is less than about 10 microns. 
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16. The method of claim 4, further comprising de-Warping 
the die. 

17. An integrated circuit having a die thinned according to 
the method of claim 4. 

18. An integrated circuit having a die thinned according to 
the method of claim 12. 

19. The method of claim 1, Wherein said step of contact 
ing a region of the surface of the packaged die to a thinning 
medium to thin at least a portion of the die to a thickness 
greater than the predetermined thickness is accomplished 
using a method selected from the group consisting of: 
mechanical milling, laser etching, FIB etching, electron 
beam etching. 

20. The method of claim 19, Wherein said at least a 
portion of the die is less than the entire die. 

21. The method of claim 20, Wherein said steps of 
measuring the thickness of the packaged die and of mea 
suring the thickness of the thinned portion of the packaged 
die include using an optical tool selected from a group 
consisting of a re?ectance spectrometer, a confocal micro 
scope, and an ellipsometer. 

22. The method of claim 21, Wherein said steps of 
measuring the thickness of the packaged die and of mea 
suring the thickness of the thinned portion of the packaged 
die are performed in situ. 

23. An integrated circuit having a die thinned according to 
the method of claim 21. 


