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STAINING TECHNIQUE FOR SEMICONDUCTOR DEVICE
FOR SEM EXPOSURE

Field of the Invention
The present invention relates to a process for staining wafers containing
semiconductor devices to provide contrast of the various layers of the semiconductor

devices when viewed by an SEM (Scanning Electron Microscope).

: Backg' round of the Invention

Semiconductor devices are formed by depositing and patterning several layers
of-.material. FIG 1 schematidally illustrates a conventional MOSFET device 10, in
particular an NMOS device. The NMOS device 10 comprises an N-type silicon
substrate 11 and a P-well 12 which is forrﬁed in 'the substrate 11. N* source and

drain regions 14, 16, are formed at the surface of the P-well 12. The source and drain

.regions 14, 16, are separated by a channel 18. A gate structure is formed over the

channel 18 between the source and drain regions 14, 16. More specifically, the gate
20 is formed from a conducting material such as polysilicon or polycide.

The gate 20 is separated from the surface of the P-well by a gate oxide (Slo,)
22. The gate 20 is covered by a dielectric 21 which may be oxide (SiO,) or nitride
(SizNy). The dielectric 21 located on either side of the gate 20 forms oxide or nitride
spacers 24, 26. Lightly doped regions 34 and 36 are provided to reduce the device
hot carrier effects. Field oxide regions 38 are provided to separate adjacent MOS

devices in an integrated circuit.

REPLACED SHEETS SG

o] Description : paged ....... o paged ...7.
T'mc Sheet Has Been Reilaced ™ Claim(s) : paged ... to paged .5,

II,I" llll" I‘_’{Drawing(s) paged |]3 to paged 3'3

[IZ(Abstract : pagcd g’ to paged .......




of materfal.'FIG 1 schematically illustrates a conventional MOSFET device
10, &n particular an NMOS device. The NMOS device 10 conprises an N-type
silicon substrate 11 and a P-well 12 which is formed in the substrate 11. N
source and drain regions 14, 16, are forned at the surface of the P-well

12. The soultercomiedtsiiBy,r 86i @inecthf cobtacBtRe Ssiltat &6d Mrath cpnnel Hhe A
gate structure is formed over the channel 18 betvveen the source and drain

regi Onﬁlt%onﬁ@ctd\@l-%éw Bé?ﬁétla}’ yC| Ié@@r‘i %églg ﬂ@%t@?@&ﬂr?e&?%qu% ng

material such as polysilicon or IS separated fromthe

Z:J;r Zf ) IaWbeE@?w%d lplr%géﬁﬁgct&?%%r {f\gdﬁe? e?&:}gﬂﬁz‘ﬁ%ahg 96! E:heialezé)tncsﬂC 8r\1/c Bg%gby a
the gate 20. Alternatively, no interconnects 54, 56 are formed.

5. | A Metal-Poly-Dielectric (MPD) iayer 42 is deposited over the surface of the

| “device 10. Openings are formed in the MPD layer 42 so that metal contacts 44, 46
can be made td the interconnects 54, 56. In the case where no interconnects 54, 56
are formed, the metal contacts 44, 46 directly contact the source and drain regions
14, 16.

- 10 Testing to diagnose a problem is performed on a re-presentative wafer sample
after making a group of wafers containing semiconductor devices on a silicon
substrate, such as the NMOS 10 of FIG 1, or other devices such as memory cells,
bipolar junction transistors, etc. Conventional testing involves a method of removing
and staining the various layers that form the device under test. Staining delineates the

15 variqus layers aﬁd provides better contrast for viewing the device using an SEM
(Scanning Electron Microscope). |

FIG 2 shows a flow chart of a conventional method 200 for staining wafers
containing _semiconductor devices used to delineates the various layers and improve
contrast. The stained semiconductor devices of the wafer are viewed by an SEM.

20 However, despite improved contrast as compar.ed to unstained semiconductordevices,
the semiconductor devices stained using tﬁe conventional method 200 suffer from
poor contrast among the various materials. As shown in '“FI'G 2, the surface of the
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[err]. The dielectric 21 located on either side of the gate 20 forms oxide
or nitride spacers 24, 26. Lightly doped regions 34 and 36 are provided to
reduce the device hot carrier effects. Field oxide regions 38 are provided
to separate adjacent MOS devices in an integrated circuit. - 2

| nt er owafercdentaihing Geftic Grdliotof RREs KlltepBHd forstdinthgids Adtowd: The

1. a. In step 205, grindiﬁg the -surface of the wafer is performed by first
using diamond films with progréésively smaller sizes.
5 ' b.  Instep 210, lapping the ground wafer surface is performed using
diamond films.
c. In step 215, polishing the sample with colloidal silica is performed

using nap cloth.

10 2. In step 220, staining of P-N junctions is performed for 8 seconds using
a conventional staining sélution comprising:
1 part by volume Hydrofluoric acid;
3 parts by volume Nitric acid; and
6 parts by volume Acetic acid.
15 o
3. In step 225, covering the wafer with a conductive metal coating is

performed to dissipate charges induced during SEM operation.

4. In"step 230, subjecting the wafer to a 10 kv to 30 kv scanning electron
20 beam of an SEM is performed for observation and diagnosis of any

problems.
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i nt er conhect s 54, 56 may be netal, polysilicon or polycide. The

i nt erconnects 54, 56 may be forrred in part directly over the FOX regions 38
and the dielectric 21 enclosing the gate 20. Alternatively, no _

i nterconnects 54, 56 are formed. A Metal-Poly-Dielectric (MPD) |ayer 42 is

deposited oltes stdivingsolwtion Staiidithaldiélctarié Pnateran BaSears e Mtalsigh@g MD
| ayer 42 so that nmetal contacts 44, 46 can be made to the |nterconnects 54,

56. | nsthitfedC afenortii Stadingib ?kct t [ %vué@cgﬁﬁragfﬁ% g;u"l@ﬁolﬁtb%&%leen

contacts 44, 46 directly-Con e source an 1 ons

Testi %etd?elgbﬁ@%‘?eﬁalg %Itﬁ@rﬁétai)se,rsfu R nStdl SBNESSE R, 460 e metal P! ©
| interconnects 54, 56. A better contrast allows for better observation of the structure
5 under an SEM.

Such a conventional junction staining suffe_rs from a controllability problem since
the staining time is critical. If the staining duration using fhé staining solution is too
long, then the junctions are over etched. This may cause structure collapse, such as
collapse of the source and drain 14, 16 (FIG 1). If the staining duration is too short,

10 then the dielectric maferials are not Stained properly and the metal structures are not
delineated. Thus, contrast is poor.

The metal coating used after staining the wafer with the staining solution is
often thick. This results in loss of surface information due to being covered. by the
rﬁetal coating layer.

15 In view of the foregoing, it is an object of the present invention to provide a
method for staining a semiconducfor device which overcomes the shortcomings of the

prior art.

Specifically, it is an object of the present invention to provide a method for
20 staining a semiconductor device which better delineates the various materials and
layers of the semiconductor device and improves contrast.

it is another object of the present invention to provide a method for staining a
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after meking a group of wafers containing sem conduct or devices on a
silieon substrate, such as the NMOS 10 of FIG 1, or other devices such as
menory cells, bipolar junction transistors, etc. Conventional testing

i nvol ves a net hod of renoving and staining the various |ayers that formthe

devi cssenmidendtictor deSics whitdh idalasiig abAtroliBBle; AahdPraveAatsAind&rYt dve? ditéleing
better contrast for viewi ng the device using an SEM ( Scanni ng El ectron

M cr osfiPstructur& coliapsys a flow chart of a conventional method 200 for
stai ni ng wafers containing sem conductor devices used to delineates the

~various |la ' e Cf , stai ned sem conduct or, .devi ces of
the wafer éfé%eﬁ%\%géﬂ%@%ﬁcgﬁﬁl{e%}eseIPI‘?\ve%%'oneto pr%vufe a %e%od for staining
" a semiconductor device which eliminates the need for metal coating thus preventing

5 loss of surface information, and allowing for an unhindered view of the semiconductor

device.

Summary of the Invention

A method for staining a wafer containing a semiconductor device in accordance
10 with an illﬁstrative embodiment of the invention comprises the following steps:

(1)  ion beam etching a polished surface of the semiconductor device, e.g.,
for approximately 5 minutes, using approximately 9 kv of beam voltage
level, under a 90° tilt;

(2) reactive ion etching the ion beam etched surface of the semiconductor -

15 device, using, e.g., 40 parts by volume CF,, and 10 parts by volume of. |
O, and performed for approximately 4 sec, with a power of

approximately 150w and a pressure of approximately 150 mTorr;

(3)  staining the semiconductor device by cooling a staining solution to
20 approximately 5°C; and

(4} illuminating the cooled staining solution.
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However ,* despite inproved contrast as conpared to unstained seni conductor
devi ges, the sem conductor devices stained using the conventional nethod
200 suffer from poor contrast anong the various materials. As shown in FI G
2, the surface of the 3 waf er containi ng seni conduct or devices is

P of ST NaraTed o0 plriconductar SRR a0 it
staining solutlon.. The ion bgam and reactive ion etching steps enhance a view of
metal contacts of the semiconductor devicé', while the staining step delineates
dielectric layers of the semiconductor device.

5 lllustratively, the staining solution is made from 1 part by volume hydrofluoric_
acid, 3 parts by volume nitric acid, and 6 parts by volume acetic acid. A halogen
lamp, for example, is used to illuminate the cooled staining solutlon llluminating the
cooled staining solution slows the reaction of the staining solution. This prevents
structure collapse and under or over etching, and provides an easily controllable

10 staining process.

Prior to ion beam etching, the surface of the semiconductor device is prepared
by grinding, lapping and polishing. lllustratively, grinding is performed using diamond
films having progressively smaller sizes, e.g., having sizes of 30 um, 15 yum, and 6
um. Diamond films, e.g., having sizes of 3 ym and 1um, are used for lapping.

15 Polishing may be performed with colloidal silica having a size of 0.05 ym using nap

cloth.

The stained wafer containing semiconductor devices is provided with a
20 conductive path using carbon tape, copper tape, or silver paste. lllustratively, the
conductive path is located on the surface of the wafer and is connected to ground.

The conductive path dissipates electrical charges induced by the electron beam of the
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-us.i.ng diamond films with progressively smaller si zes. b. In step 210,

| appkng the ground wafer surface is perfornmed using dianond filns. c. In
step 215, polishing the sanple with colloidal silica is perfornmed using nap
cloth. 2. - In step 220, staining of P-N junctions is performed for 8

seconasanaingg electany enittasvalpes t foir néxamplel. Utiext, Cmép&emlélﬂ\dtictbﬁrde\iWe \ygl ure
Hydrofl uoric acid; 3 parts by volune Ntric acid; and
scanned with an electron beam of a scanning electron microscope. lllustratively,
scanning ié performed using a voitage from approximately 2.5 Kev to approximately
5 Kev.
5 The present invention results in a stained semiconductor device that does not
have a metal coating, is better delineated, and has improved contrast. The inventive

method is easily controllable, and prevents under or over etching and structure

collapse. This allows for proper_testing and diagnosis of problems using an SEM.

10 Brief Description of the Drawing

FIG 1 illustrates a conventional MOS device;

FIG 2 illustrates a flow chart of a conventional method for staining wafers
containing semiconductor devices; and

FIG 3 illustrates a flow chart of a method for staining wafers containing

15 semiconductor devices according to the present invention.
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6_.pérts’ by- vol une Acetic acid. 3.. In step 225, coveri ng the wafer with a
_ conductive nmetal coating is perforned to dissipate charges induced during
- SEM operation. 4. In step 230, subjecting the wafer to a 10 kv to 30 kv

scanni ng el ectron beam of an SEMis performed for observation and di agnosis

of anDetailed ®escription of the lrivention

10

15

20

The present invention is directed to a methdd for staining a wafer containing a
semiconductor device which prevents structure collapse and over or under etching,
eliminates metal coating, and provides better contrast for \)iewing under an SEM.

FIG 3 shows a flow chart of a method 300 for staining wafers containing
semibonductor devices according to the present invention. As shown in FIG 3, the

inventive method involves the following steps to stain the surface of the wafer:

1. As in the conventionai method, grinding, lapping and polishing of the
surface of the wafer ére performed. A detailed description of these steps
include:

a. In step 305, grinding the surface of the wafer by first using
diamond films with progressively smaller sizes. For example, a
diamond film having a size of 30 ym is first used. Next, 15 ym

and 6 ym diamond films are used;

b. In step 310, lapping the ground wafer surface of the wafer using

diamond films having a size of 3um and 1 uym, respectively; and

c. In step 31 B, polishing the surface of the wafer with colloidal silica

having a size of 0.05 ym using nap cloth.
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4 The staining solution stains the dielectric naterials but |eaves the
nmetals lightly stained. Junction staining is perforned to provide contrast
in the junctions between the dielectric materials and the netals, such as
the metal contacts 44, 46 or the netal -interconnects 54, 56. A better

contrast ap] owsinf Stepb820¢kuBfREeing2iheOPoRihddSulhts FFthe WaRsH tarlbrnSBdamSuch

a conventional junction staining suffers froma controllability problem

convent ignal’ Junct on Starni ng suffers froma c ity p
Staining sol ot s FE: Bohimpidy 5 finbiaR Biriirtied: (e BPpHRRRE oy

cause struct Uregc \I,Ig\fo %%bmsw%?ta%% level, under 90° tilt. That is, the angle of

incidence of the ion beam on the specimen is 90°.

The ion beam etching step 320 micro finishes the sample surface to delineate
. the hard structure material like tungsten from its surrounding soft metal, such as the

MPD layer 42 and the interconnects 54, 56.

10 3. In step 325, reactive ion etching using is performed, for example, 40 part
by volume CF, and 10 p'arts by volume of O,. lllustratively, the reactive
ion etching is performed for approximately 4 sec, with a power of

approximately 150w and a pressure of approximately 150 mTorr.

15 The ion beam etching step 320 and reactive ion etching step 325 are not
performed in conventional sfaining methods. The reactive ion etching step 325 etches
and delineates the different dielectric layers, e.g., BPSG (borophosphosilicate glass),
oxide (SiO,), nitride (Si;N,), or other dielectric layers formed by various process, such
as by PECVD (Pressure Enhanced Chemical Vapor Deposition). These two etching

20 steps, the ion beam step 320 and reactive ion etching step 325, enhance the view of

the metal contacts 44, 46 (FIG 1).
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collapse of the source and drain 14, /16 (FIG 1). If the staining duration
Is too short, then the dielectric materlals are not stained properly and

t he net al s'tructures are not delineated. Thus, contrast is poor. The netal
coating used after staining the wafer with the staining solution is often -

thi ck. - Thi s4r esuhtstep83®staiviing thé AfifctioHsb IRy el QiffReREUMe GRS ARl DY
the nmetal coating Iayer In view of the foregoing, it is an object of the

present inventi W qﬁe@al@&n{ﬁ@ﬁg A 5&6'(@!(?91)aaﬁﬂrT{rféoﬂﬂHSFl%eger

whi ch over cones e shortcom ngs

10

15

e pr
delineate the various dielectric materials, such as the oxides, is

performed as follows:

a. In step 335, preparing the conventional staining solution made of
1 part by volume hydrofluoric acid, 3 parts by volume nitric acid,
and 6 parts by \;olume acetic acid.

b. In step 340, subjecting the wafer to the staining solution.

c. In step 345, cooling the staining solution to approximately 5°C.-

d.  In step 350, shining a strong halogen light.

When the semiconductor device is illuminated in step 350, fhe semiconductor
device is immersed in the cooled staining solution. Nitric and acetic acids are sensitive
to light. Therefore, the reaction of the nitric and acetic acids with the wafer can be
slowed and controlled by cooling the staining solution and shining a light thereon.
This greatly enhances controllability of the junction stainihg, and prevents over or

under etching, thus preventing structure collapse.

10
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Specifically, it is an object of the present invention to provide a method
for .staining a sem conductor device which better delineates the various
materials and | ayers of the sem conductor device and inproves contrast. It
i s anot her object of the present invention to provide a nethod for staining

a 5 senBcondircistep d358,Cprovidiely aScarrduidtivec path abl B evafan dindegviest $s
under or over etching
performed by using, for example, carbon tape; copper tape or snlver
paste. The conductive path is provided on the surface of the wafer and
is connectéd to ground. The conductive path dissipates electrical

5 charges induced during SEM operation. e.g., induced by the electron

beam of the scanning electron microscope.

6. In step 360, subjecting the wafer to a scanning electron beam of an SEM
is performed for observation and diagnosis of any problems.
10 lllustratively, the voltage level of the scanning electron beam is from

approximately 2.5 Kev to approximately 5 Kev.

Unlike a wafer stained using the conventional method 200 shown in .FIG 2, a
- wafer surface stained using the inventive method 300 of FIG 3 has good contrast
15 among the various types of material.

The advantages of the inventive method include:

1. The ion beam etch, performed in step 320, and the RIE etch, performed in step

325, sufficiently delineate the metal parts from the rest of the structure.

20
2. Etching the junction is easily controlled since the staining solution is cooled |

down to slow down the etching.

11
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and structure collapse. It is yet another object of the present invention
to provide a nethod for staining a sem conductor device which elimnates
the need for netal coating thus preventing |oss of surface information, and:
allowing for an unhindered view of the sem conductor device. Summary of the

| nvenBi on Fheeteesl, vohicht débés RBt FelBir€ 'mGeRtdtchint) aAdSddlinatidng i letdRyd Ce
I n accordance with an illustrative enbodi nent of the invention conprises

the fol | Ovislightty %95the(éc)oleéi PRriceRIY S ICdUimg &f #R AtRE el ré&fc%sq{s Eing

sem conduct devi ce,
characteristic thereby etching the metal only slightly.

5 - Finally, the above described embodiments of the invention are intended to be
illustrative only. Numerous alternative embodiments and equivalent methods may be
devised by those skilled in the art without departing from the scope of the following

claims.

12
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for approxi matelly 5 minutes, using approximtely 9 kv of beam voltage

| evel,

under a 90[err] tilt; (2) reactive ion etching the ion beam et ched

surface of the sem conductor device, using, e.g., 40 parts by volune [err]

and 10 parts by volume of 02, and perforned for appro mﬂ“ m th a
power of approximately 150w and a preidyiMe of appr oxi ﬂl ‘ H “m ‘Ilr (3)
stai ning the sem conductor device by cooling a staining selutioh t%

appr oxThaictdiphddeinventioRds{4) il lum nating the cool ed staining solution.

10

15

20

1. A method for staining a wafer containing a semiconductor device comprising
the steps of: |
(1) ion beam etching a polished surface of the semiconductor device;
(2)  reactive ion etching the ion beam etched surface of the semiconductor
device;
(3)  staining the semiconductor device by cooling a staining solution; and
(4) illuminating the cooled staining solution to control a reaction of said

staining solution with said semiconductor device.

2. The method of claim 1, wherein the ion beam etching is performed for

approximately 5 minutes, using approximately 9 kv of beam energy, under a 90° tilt.

3. The method of claim 1 further comprising, before the step of ion beam etching,

the steps of:
(a}  grinding the semiconductor device;
(b) lapping the ground semiconductor device; and

(c) polishing the lapped semiconductor device.

4, The method of claim 3, wherein said grinding step is performed by using

diamond films having progressively smaller sizes.

13

This Sheet H;

N Wi



6 During the illumnating step, the sem conductorm@ﬂ ce is imersed in the
C

cool ed staining solution. The ion beam and reactil cﬂt’ﬂ“ﬁﬂ,"ﬂlﬂtgpfhe

enhance a view of metal contacts of the sem cond ! _
staining step delineates dielectric |layers of the seniconduct®or *device.
| 11 ustPat i vEng methednfglainn @, sshereinsaidsgrinding stem is peafarmied byl first using -
hydr of | uoric _ '

a diamond film having a size of 30 um, second by using a diamond film having a size

of 15 um, and third by using a diamond film having a size of 6 yum.

5 6. The method of claim 3, wherein said lapping step is performed by using

diamond films having progressively smaller sizes.

7. The method of claim 3, wherein said lapping step is performed by first using a

diamond film having a size of 3 yum, and next by usihg a diamond film having a size

10 of 1 um.

8. The method of claim 3, wherein said polishing step is performed with colloidal

silica having a size of 0.05 um using nap cloth.

15 9. The method of claim 1, wherein said reactive ion etching step is performed

using a mixture of CF, and O,.

10. The method of claim 1, wherein said reactive ion etching step is performed

using 40 parts by volume CF,, and 10 parts by volume of O,.

20

14
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acid, 3 parts by volune nitric acid, and 6 parts by v acid. A
hal ogen | anp, for exanple, is used to illum nategthe m; HuL
solution. Illumnating thé cool ed staining solution sl of
the staining solution. This prevents structure collapse and under or over

et chi g, aiitiepnethodesf claine & iviyereimsiidl reabtive $érietdHiag Btes RSperfEfrheéd f6© i on
beam et ching, the surface of the sem conductor device is prepared by

gr i ndapgroximapelodasec Pt i Hbwér lo#ShpeidxiPlaYely 91 50N %d 2 Bﬁ Sdr 0BGt

usi ng dianond. fil s haV|ng progressively snaller sizes, aving sizes

f 30 nd 6 [err]. Dianond fil s, eg, hawng sizes of 3
0 aéﬁlgﬂimfﬁel?] 150 MTor?! | |

[err] are used for | apping.

5 12.  The method of claim 1, wherein said ion beam and reactive ion etching steps

enhance a view of metal contacts of the semiconductor device.

13. The method of claim 1, wherein said staining step delineates dielectric layers
of the semiconductor device.

10
14. The method of claim 1, wherein said staining step comprises cooling said

staining solution to approximately 5°C.

15. The method of claim 1, wherein the staining step cools the staining solution
15 made of 1 part by volume hydrofluoric acid, 3 parts by volume nitric acid, and 6 parts

by volume acetic acid.
16. The method of claim 1, wherein said step of illuminating said staining solution

staining solution is carried out with a halogen lamp.

20

15
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Pol i shing may be perfornmed with colloidal silica havingggggi
[err} using nap cloth. The stai ned wafer containing se*’lmlmmglﬂ“lg Iles
is provided with a conductive path using carbon tape, cepper iape, *
silver paste. Illustratively, the conductive path.is located on the surface
of t heldaf efhemetheodcehalaimet futhgr camprisiing the step bif \propiing di condudtie

el ectrical charges induced by the el ectron beam of the

10

15

20

path to the semiconductor device for dissipating electrical charges caused by an

electron beam of a scanning electron microscope.

18. The method of claim 1 further comprising the step of scanning the

semiconductor device with an electron beam of a scanning electron microscope.

19. The method of claim 18, wherein the scanning step is performed using a

voltage level of approximately 2.5 Kev to approximately 5 Kev.

20. . Amethod for diagnosis of defects in a wafer containing a semiconductor device
t:omprising the steps of:

(1)  ion beam etching a polished surface of the semiconductor device;

(2)  reactive ion etching the ion beam etched surface of the semiconductor
device;

(3)  staining the semiconductor device by placing said semiconductor device
in contact with a. staining solution and slowing a reaction rate of said
staining solution with said semiconductor device using an external
stimulus;

(4)  providing a conductive path to the semicbnductor device using one of
carbon tape, copper tape, and silver paste; and

(5)  scanning the semiconductor device with an electron beam of a scanning

16
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7 scanning el ectron mcroscope, for exanple. Next, the:sé%%eendurfnr devi ce
is scanned with an el ectron beam of a scanni ng el ectron [ 0SCO
Il'lustratively, scanning is performed using a voltage fr wm"ﬁmm,ﬂﬂ"
2.5 Kev to approximately 5 Kev. .-The present invention re d
seni conduct or de®leelonHBicrasedpeiot have a net al coating, is better

del i neated, and has inproved contrast. The inventive nethod is easily

control |l able, and prevents under or over etching and structure coll apse.
This allows for proper testing and di agnosis of problens using an SEM

21. The method of claim 20, wherein said external stimulus is light from a halogen

lamp.

17
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Brief Description of the Drawing FIG 1 illustrates a conventional MOS
device; FIG 2 illustrates a flow chart of a conventional nethod for
stai ni ng waf ers contai ni ng sem conductor devices; and FIG 3 illustrates a
flow chart of a method for staining wafers containing sem conductor devices
according to the present invention.

ABSTRACT OF THE INVENTION

A method for staining a wafer containing a semiconductor device is disclosed

5 which properly delineates the various layers of the semiconductor device and provides
good contrast for proper testing and diagnosis of problems using a scanning electron
microscope. After grinding, lapping and polishing a surface of the semiconductor
device, the surface is ion beam etched, reactive ion etched and stained. The staining

. solution is made from 1 part b\j volume hydrofluoric acid,. 3 parts by volume nitric

10 acid, and 6 parts by volume acetic acid. The stainii'\g solution is cooled and subjected
to a light to slow the reaction of the stafning solution with the semiconductor device.
This prevents structure collapse and under or over etching, and provides an easily

controllable staining process.

18
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8 Detailed Description of the Invention The present invention is directed
to a'nethod for staining a wafer go i Ng a sem conductor device which

- prevents structure col |l apse and oie gESunden et.ching, elimnates netal
coating, and provides better contrast for view ng under an SEM FI G 3 shows
a flow chart of a method 300 for staining wafers containing sem conductor -
devi ces according to the present invention. As shown in FIG 3, the

i nventive nethod involves the following steps to stain the surface of the
wafer: 1. As in the conventional method, grinding, |apping and polishing
of the

FlG&G 1
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surface of the wafer are perforned. A detailed description of these st eps
include: a.  In step 305, grinding tMe/s@face of the wafer by first using .
di anond filnms with progressively smaller sizes. For exanple, a dianond film -
having a size of 30 [err] is first used. Next, 15 [err] and 6 [err] dianond

films are-used; b. In step 310, | apping the ground wafer surface of the
waf er using dianond filnms having a size of 3 [err] and 1 [err],
respectively; and c. In step 315, polishing the surface of the wafer with

colloidal silica
G'V\h&\vx aos
wo&e\- Suf@ou.

LaPP:na_ “\t ?cowd Q210
wo.-@ev su«'cu.n.
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havi ng ‘a size of 0.05 [err] using nap cloth. 9 2. In step 320,
subj écting the polished surface ofXfleSdafer .to i on beam etching for
approximately 5 mnutes is perforned, using approximately 9 kv of beam

vol tage | evel, under 90[err] tilt. That is, the angle of incidence of the
I on beam on the specinen is 90[err].
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The ion-beam etching step 320 micro finishes the sanple surface to
delinmeate the hard structure material |ike tungsten fromits surrounding
soft rmetal, such as the MPD | ayer 42 and the interconnects 54, 56. 3. In
step 325, reactive ion etching using is performed, for exanple, 40 part by
vol ume CF4 and 10 parts by volune of [®err]. Illustratively, the reactive

Lon etching is perf ogFRANNY TAEARRYY YefnebhpUttdnbaace’ o .
approxi mately 1 50w and" a pres_su:{_eo[? nggpl y miorr. The ion.beam
etching step 320 and reactive ion e CE ep 5 are not performed in

- conventional stajnin t hods. The reactive ion etching step 325 etches
: ﬁeld of the Ingenql%n 9 P

The present invention relates to a process for staining wafers containing
semiconductor devices to provide contrast of the various layers of the semiconductor

devices when viewed by an SEM (Scanning Electron Microscope).

Background of the Invention

‘Semiconductor devices are formed by depositing and patterning several Iayel;s
of material. FIG 1 schematically illustrates a conventional MOSFET device 10, in
.particular an NMOS device. The NMOS device 10 comprises an N-type silicon'
substrate 11 and a P-well 12 which is formed in the substrate 11. N* source and
drain regions 14, 16, are formed at the surface of the P-well 12. The source and drain
regions 14, 16, are separated by a channel 18. A gate structure is formed over the
channel 18 between the source and drain regions 14, 16. More specifically, the gate
20 is formed from a conducting material such as polysilicon or polycide.
The gate 20 is separated from the surface of the P-well by a gate oxide (Slo,)
22. The gate 20 is covered by a dielectric 21 .which may be oxide (Si0,) or nitride
(SizN,). The dielectric 21 located on either side of the gaté 20 forms oxide or nitride
spacers 24, 26. Lightly doped regions 34 and 36 are provided to reduce the device
hot carrier effects. Field oxide r_egions 38 are provided to separate adjacent MOS.

devices in an integrated circuit.
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and, delineates the different dielectric |ayers, e.g., BPSG
(borophosphosilicate glass), oxide [err], . nitride [err], or other
dielectric layers fornmed by various process, such as by PECVD (Pressure
Enhanced Chemi cal Vapor Deposition). These two etching steps, the ion beam
step 320 and reactive ion etching step2325, enhance the view of the netal

contacts 44, 4?nt$ﬁ:|o§n%_g_t‘s 54, 35% directly contact the source and drain 14, 16. The "

interconnects 54, 56 may be metal, polysilicon or polycide. The interconnects 54, 56.
may be formed .in part directly over the FOX-regions 38 and the dielectric 21 enclosing
the gate 20. Alte.rnatively, no interconnects 54, 56 are formed.

A Metal-Pon-Dielectric.(MPD) layer 42 is deposited over the surface of the
device 10. Openings are formed in the MPD layer 42 so that metal contacts 44, 46
can be made t6 the interconnects 54, 56. In the case where no interconnects 54, 56
are formed', the metal contacts 44, 46 directly contact the source and drain regions
14, 16.

Testing to' diagnose a problem is performed on a representative wafer éample
after making a group of waférs COntaining semiconductor devices on a silicon
substrate, such as the NMOS 10 of FIG 1, or other devices such as memory cells,
bipolar junction transistors, etc. Conventional testing involvés a method of rémoving
and staining the various layers that form the device under test. Stainihg delineates the
véricus layers and provides better contrast for vfewing the device using an SEM
(Scénning Electron Microscope).

FIG 2 shows é flow chart of a conventional method 206 for staining wafers
.containing semiconductor devices used to delineates the various layers and improve
contrast. The stained semiconductor devices of the wafer are viewed by an SEM.
However, despite improved contrast as compared to unstained semiconductor devices,
the semiconductor devices stained using the conventional method 200 suffer from

poor contrast among the various materials. As shown in FIG 2, the surface of the
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4. ~ In step 330, staining the junctions between the different dielectrics
and between the netal contacts 44, 46 (FIG 1) and the underlayers, to
delineate the various dielectric materials, such as the oxides, is
performed. as fol lows: a. In step 335, preparing the conventional staining
solution made of 1 part by vol une I:u;éiufl uoric acid, 3 parts by vol une

nitric agdler didaifiingPsdriicbiiductor devieesis preparedl fdb staining =t fallo @40, .
subj ecting the wafer to the staining solution. c. In step 345, cooli.ng
the staining solution to approximately 5[err]C.

1. a. In step 205, grinding the surface of the wafer is performed by first
using diamond films with progressively smaller sizes.
b. In step 210, lapping the ground wafer surface is performed using

diamond films.

c. In step 215, polishing the sample with colloidal silica is performed

- using nap cloth.

2. In step 220, staining of P-N junctions is performed for 8 seconds using
a conventional staining solution comprising:
1 part by volume Hydrofluoric acid;
3 parts by volume Nitric acid; and

6 parts by volume Acetic acid.

3. In step 225, covering the wafer with a conductive metal coating is

performed to dissipate charges induced during SEM operation.

4. In step 230, subjecting the wafer to 2 10 kv to 30 kv scann_ihg electron
beam of an SEM is performed for observation and diagnosis of any

problems.
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d. = In step 350, shining a strong hal ogen light. Wen the sem conduct or
device is illumnated in step 350, the sem conductor device is imersed in
the cooled staining solution. 'Nitric and acetic acids are sensitive to
light. Therefore, the reaction of thegnitric and acetic acids with the

waf er can be s| owed and control | ed

shining a Ii gHhe staipipg solutionstaipg the ie@ﬁ%ﬁ%\‘:‘]&%éérh S'lt’ IP?‘Z{% hgglﬁéjttﬁkqﬁﬁgcd

junction staining, and -prevents over or under etching, thus preventing

structur @t@loeqi.alggggtlon staining is performed to provide contrast in the junctions between
the dielectric materials and thé metals, such as the metal contacts 44, 46 or the metal
interconnects 54, 56. A better contrast allows for better observation of the structure
under an SEM.

Such a conventional junction staining suffers from a controllability problem since
the staining time is critical. If the stainiqg duration using the staining solution is too
long, then the junctions are over etched. This may cause structure collapse, such as
collapse of the source and drain 14, 16 (FIG 1). If the staining duration is too short,
then the dielectric materials are not stained properly and the metal structures are not
delineated. Thus, contrast is poor.

The metal coating used after staining the wafer with the staining solution is
often thick. 'fhis results in loss of surface information due to being covered by the
metal coating layer.

In view of the foregoing, it is an object of the present invention to provide a

method for staining a semiconductor device which overcomes the shortcomings of the

prior art.

Specifically, it is an object of the present invention to provide a method for
staining a semiconductor device which better delineates the various materials and
layers of the semiconductor device and improves contrast.

It is another object of the present invention to provide a method for staining a
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5. _In \step 355, providing a conductive path to the wafer under test is
perfornmed by using, for exanple, carbon tape, copper tape, or silver paste.
The conductive path is provided on the surface of the wafer and is
connected to ground. The conductive pgth dissipates electrical charges
I nduced during SEM operation. e.g., +rduced by the el ectron beam of the
scanni ng semicenductordavicecwhich i easilyrcogtrejalliéDand pigveots uryler oe overfetching - a
scanni ng el ectron beam-of an SEMis performed for observation and di agnosis
of any prana strecture collapse.
Itis yet another object of the present invention to provide a method for staining
a semiconductor device which eliminates the need for metal coating thus preventing
loss of surface information, and allowing for an unhindered view of the semiconductor

device.

Summary of the Invention

A method for staining a wafer containing a semiconductor device in accordance

with an illustrative embodiment of the invention comprises the following steps:

(1) ion beam etching a polished surface of the semiconductor device, e.g.,
for approximatel? 5 minutes, using approximately 9 kv of beam voltage
level, under a 90° tilt;

(2) reactive ion etching the ion beam etched surface of the semiconductof .
device, using, e.g., 40 parts by volume CF,, and 10 parts by volume of
O,, and performed for approximately 4 sec, with a power of

approximately 150w and a pressure of approximately 150 mTorr;

(3) staining the semiconductor device by cooling a staining solution to
approximately 5°C; and

(4) ' illuminating the cooled staining solution.
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Il'lustratively, the voltage level of the scanning electron beamis from
approximately 2.5 Kev to approximately 5 Kev. Unlike a wafer stained using
the conventional nethod 200 shown in FIG 2, a wafer surface stained using
the inventive nmethod 300 of FIG 3 has good contrast anpng the various types
of material. The advantages of the i_néentive nethod include: 1. The ion

beam et ch, pe?gﬁlﬁ%'gﬂ?ﬁrﬁeﬁﬁ\ﬁ%’p tﬁ@%&ﬁ%nﬁh o‘?BQUlce%anﬁ’érHEdjlritﬁe%bSIéd3§5

sufficiently ‘parts rest of the structure

Et chi ng tsqginin%n%hijt?%.i Thea8h peah?Shd Pbi&ieSioRCétchinG stbps BhRahcePh WidW'bfl s

cool ed

metal contacts of the semiconductor device, while the staining step delineates
dielectric layers of the semiconductor device.

lllustratively, the staining solution is made from 1 part by volume hydrofluoric
acid, 3 parts by volume nitric acid, and 6 parts by volume acetic acid. A halogen
lamp, for example, is used to illuminate the cooled staining solution. llluminating the
cooled staining solution slows the reaction of the staining solution. This prevents
structure collapse and under or over etching, and provides an easily controllable
staining process.

Prior to ion beam etching, the surface of the semiconductor device is prepared
by grinding, lapping and polishing. lllustratively, grinding is performed using diamond
films having progressively smaller siies, e.g., having sizes of 30 ym, 15 ym, and 6
pm. Diamond films, e.g., having sizes of 3 #gm and 1um, are used for lapping.
Polishing may be performed with colloidal silica having a size of 0.05 ym using nap

cloth.

The stained wafer containing semiconductor devices is provided with a
conductive path using carbon tape, copper tape, or silver paste. lustratively, the
conductive path is located on the surface of the wafer and is connected to ground.

The conductive path dissipates electrical charges induced by the electron beam of the

This is the replacement sheet
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down to sl ow down the etching. 12 3. The netal, which does not require
much etching and delineation, is etched slightly by the cooled nitric acid.
Cooling of the nitric acid reduces its etching characteristic thereby
etching-the metal only slightly. Finally, the above described enbodi nents
of the invention are intended to be _7_

scanning electron microscope, for example. Next, the semiconductor device is- -

scanned with an electron beam of a scanning electron microscope. lllustratively,'

scanning is performed using a voltage from approximately 2.5 Kev to approximately

5 Kev.

The present invention results in a stained semiconductor device that does not
have a metal coating, is better delineated, and has improved contrast. The inventive

method is easily controllable, and prevents under or over etching and structure

collapse. This allows for proper testing and diagnosis of problems using an SEM.

Brief Description of the Drawing

FIG 1 illustrates a conventional MOS device;

FIG 2 illustrates a flow chart of a conventional method for staining wafers
containing semiconductor devices; and

FIG 3 illustrates a flow lc':hart of a method for staining wafers containing

semiconductor devices according to the present invention.
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illustrative only. Nunerous alternative enbodi nents and equival ent net hods
may be devised by those skilled in the art w thout departing fromthe scope
of the follow ng clains. 13 CLAIMS The clained invention is:

8
Detailed Description of the Invention

The present invention is directed to a method for staining a wéfer containing a-
semiconduétor device which prevents structure collapse and over or under etching,
eliminates metal coating, and provides better contrast for viewing under an SEM.

FIG 3 shows a flow chart of a method 300 for staining wafers containing
semiconductor devices according to the present invention. As shown in FIG 3, the

inventive method involves the following steps to stain the surface of the wafer:

1. As in the conventional method, grinding, Ilapping and polishing of the
surface of the wafer are performed. A detailed description of these steps
include:

a. In step 305, grinding the surface of the wafer by first using
diamond films with progressively smaller sizes. For example, a
diamond film having a size of 30 ym is first used. Next, 15 ym

and 6 um diamond films are used;

b. In step 310, lapping the ground wafer surface of the wafer using

diamond films having a size of 3um and 1 ym, respectively; and

c. In step 315, polishing the surface of the wafer with colloidal silica

having a size of 0.05 #m using nap cloth.
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1. . Anethod for staining a wafer containing a sem conductor device

v conprising the steps of: (1) 1ion beametching a polished surface of the
sem conductor device; (2). reactive ion etching the ion beam etched surface
of the sem conductor. device; (3) stainjng the sem conductor device by
cooling a staining solution; and (4) i m nating the cool ed staining

solution to conty ol c |

seni conduct or deivl ceﬂ'\ 5% é?‘ﬂesmg ﬁtm(?jg%t 61)%&1‘%31&9{‘ rg“trl;x\éﬂ[‘{\{gfﬁ?gﬁ%géﬁam'
etching is perfor made{ccf'\rmg for approximately 5 minutes is performed, using approximately
9 kv of beam voltage level, under 90° tilt. That is, the angle of

incidence of the ion beam on the specimen is 90°.

The ion beam etching step 320 micro finishes the sample surface to delineate
the hard structure material like tungsten from its surrounding soft metal, such as the

MPD layer 42 and the interconnects 54, 56.

3. In step 325, reactive ion etching using is performed, for example, 40 part
by volume CF, and 10 p.arts by volume of O,. lllustratively, the reactive
ion etching is performed for approximately 4 sec, with a power of

approximately 150w and a pressure of approximately 150 mTorr.

The ion beam etching step 320 and reactive ion etching step 325 are not
performed in conventional staining methods. The reactive ion etching step 325 etches
and delineates the different dielectric layers, e.g., BPSG {(borophosphosilicate glass),
oxide {Si0,), nitride (Si;N,), or other dielectric layers formed by various process, such
as by PECVD (Pressure Enhanced Chemical Vapor Deposition). These two etching
steps, the ion beam step 320 and reactive ion etching step 325, enhance the view of

the metal contacts 44, 46 (FIG 1).
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apb_r oxi"mat ely 5 mnutes, using approximately 9 kv of beam energy, under a
90[err] tilt. 3. The nethod of claim1l further conprising, before the
step of ion beametching, the steps of: (a) grinding the sem conductor
device; (b) [lapping the ground sem conductor device; and (c) polishing
t he |l apped sem conduct or device. 4. 1 he method of claim3, wherein said
grinding step is perforned by using di nd filns having progressively
smal | er sizes.4. In step 330, staining the junctions between the different dielectrics and
between the metal contacts 44, 46 (FIG 1) and the underlayers; to
delineate the various dielectric materials, such as the oxides, is
performed as follows:
a. In step 335, preparing the conventional staining solution made of
1 part by volume hydrofluoric acid, 3 parts by volume nitric acid,
and 6 parts by volume acetic acid.
b. In step 340, subjecting the wafer to the staining solution.

c. In step 345, cooling the staining solution to approximately 5°C.

d. In step 350, shining a strong halogen light.

When the semiconductor device is illuminated in step 350, the semiconductor
device is immersed in the cooled staining solution. Nitric; and acetic acids are sensitive
to light. Therefore, the reaction of the nitric and acetic acids with the wafer can be
slowed and controlled by cooling the staining solution and shining a light thereon.
This greatly enhances controllability of the junction staining, and prevents over or

under etching, thus preventing structure collapse.
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14 5. The nethod of claim3, wherein said grinding step is performed by.
first using a dianond filmhaving a size of 30 [err], second by using a

di anond filmhaving a size of 15 [err], and third by using a dianond film
having a size of 6 [err]. 6. The nethpgd of claim3, wherein said |apping
step is perfornmed by using di anond fitms—having progressively smaller
si zes. 7. The Ret hdf BeP 358, mravidingea aionductive bathpta thes waferi enderrtest ked
by first using a’ )
performed by using, for example, carbon tape, copper tape, or silver
paste. The conductive path is provided on the surface of the wafer and
is connected to ground. The conductive path dissipates electrical
charges induced during SEM operation. e.g., induced by the electron

beam of the scanning electron microscope.

6. In step 360, subjecting the wafer to a scanning electron beam of an SEM
is performed for observation and diagnosis of any problems.
lllustratively, the voltage level of the scanning electron beam is from

approximately 2.5 Kev to approximately 5 Kev.

Unlike a wafer stained using the conventional method 200 shown in FIG 2, a
wafer surface stained using the inventive method 300 of FIG 3 has good contrast
among the various types of material.

The advantages of the inventive method include:

1. The ion beam etch, performed in step 320, and the RIE etch, performed in step

325, sufficiently delineate the metal parts from the rest of the structure.

2. Etching the junction is easily controlled since the staining solution is cooled

down to slow down the etching.
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di armond filmhaving a size of 3 [err], and next by using a dianond film

having a size of 1 [err]. 8. The method of claim 3, wherein said
polishing step is performed with colloidal silica having a size of 0.05
[err] using nap cloth. 9. The nethod g5 claim1, wherein said reactive

lon etching step is perfornmed using a-=xture of [err] and [err]. 10. The

nmet hod of cl3ai mThe wieralgiwhiciiddes @e rbyfird MucRt&Bhing aﬁ{oeaelir%a%ﬁf R éefled
~using 40 parts by volune CF4, and 10 parts by volunme of [err].
slightly by the cooled nitric acid. Cooling of the nitric acid reduces its etchlng

characteristic thereby etching the metal only slightly.

Finally, the above described embodiments of the invention are intended to be
illustrative only. Numerous alternative-embodiments and equivalent methods may be

devised b\/ those skilled in the art without departing from the scope of the following

claims.
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15 11. The nmethod of claim9, wherein said reactive ion etching step is
performed for approximtely 4 sec, wth a power of approxi mately 150w and a
pressure of approximately 150 mforr. 12. The nethod of clarm

said ion beam and reactive ion etching eps enhance ﬂm' _
contacts of the sem conductor device. — The net hod _ ’ Melln
said staining step delineates dielectriCtAMSers SR S oL

The claimed invention is:
1. A meihod for staining a wafer containing a semiconductor device comprising
the steps of:
(1) .ion beam etching a pplished surface of the semiconductor device;
{2)  reactive ion etching the ion beam etched surface of the serhiconductor.
devicé; |
.(3) staining the semiconductor device by cooling a staining solution; and
(4) illuminating the cooled staining solution to control a reaction of said

staining solution with said semiconductor device.

2, The method of claim 1, wherein the ion beam etching is performed for

approximately 5 minutes, using approximately 9 kv of beam energy, under a 90° tilt.

3. The method of claim 1 further comprising, before the step of ion beam etching,
the steps of:

(a)  grinding the semiconductor device;

(b)  lapping the ground semiconductor device; and

{c)  polishing the lapped semiconductor device.

4, The method of claim 3, wherein said grinding step is performed by using

diamond films having progressnvely smaller sizes.
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. [
of .the sem conductor device. 14. The nethod of claim.1l, wherein said
stai ning step conprises cooling said staining soluti nwmmmm “ﬂt&‘l
S[err] C 15. The nethod of claim1, wherein the:- st t he
stai ning solution rrade of 1 part by vowrre hydrofl uori*c &ci parts by

\(;Iolatjgfl,m W é?e??]'l‘esg}e sq gf)&%ﬁ%l’%ﬁv 2t | 4"&9 5?‘:' %Pﬁé&"&f’ﬁ?’ ﬁsg?ﬂpﬂi ng
so.I ution i 2 cf’;éar{'ur:rlme ﬂ taw\l/'lwgtahsu""f‘e QP{!B %%n secglll)d by using a diamond film having a size

of 15 pm; and third by using a diamond film having a size of 6 ym.

6. The method of claim 3, wherein said lapping step is performed by using

diamond films having progressively smaller sizes.

7. The method of claim 3, wherein said lapping step is performed by first using a
diamond film having a size of 3 ym, and next by using a diamond film having a size

of 1 ym.

8. The method of claim 3, wherein said polishing step is performed with colloidal

silica having a size of 0.05 ym using nap cloth.

S. The method of claim 1, wherein said reactive ion etching step is performed

using a mixture of CF, and O,.

10. The method of claim 1, wherein said reactive ion etching step is performed

using 40 parts by volume CF4,"and 10 parts by volume of O,.
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16.17. The method of claim1 further conprising thma
conductive path to the sem conductor device for di SS!W '
charges caused by an el ectron beam of a scanning el e¢ I”ﬂ”mgﬂ”!m/ 18.
The method of claim1 further conprising the step of Scahnihg ®¥he =«
sem conductor device with an el ect ron_dga.m of a scanning el ectron

mi croscope.1119. THhEfhetRbdBfcRim @, WHErif salth8a&ive bRt S6AG Btdpds PeRBrhed for
performed using a _
approximately 4 sec, with a power of approximately 150w and a pressure of

approximately 150 mTorr.

12. The method of claim 1, wherein said ion beam and reactive ion etching steps

enhance a view of metal contacts of the semiconductor device.

13. The method of claim 1, wherein said staining step delineétes dielectric layers

of the semiconductor device.

14. The method of claim 1, wherein said staining step comprises cooling said

staining solution to approximately 5°C.

15. The method of claim 1, wherein the staining step cools the staining solution
made of 1 part by volume hydrofluoric acid, 3 parts by volume nitric acid, and 6 parts

by volume acetic acid.

16. The method of claim 1, wherein said step of illuminating said staining solution

staining solution is carried out with a halogen lamp.

eplacement shest
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vol tage | evel of approximately 2.5 Kev to appr oxi ' A et hod
for diagnosis of defects in a wafer containing a %EM ﬂu ﬁll! ice
conprising the steps of: (1) ion beametching a p of the

sem conductor device; (2) reactive ion etching the ion beam etched surface
of the semniconductor device; (3) stailfiing the seniconductor device by

pl acing sai d sigmi cTHElmetHod ofldimel fuithep Bbmpiising the stef bR briviting @lcbhdwitivend
slowing a reaction rate of said staining solution with said sem conductor
devi ce using @atexd ee82miconductor device for dissipating electrical charges caused by an

electron beam of a scanning electron microscope.

18. The method of claim 1 further comprising the step of scanning the

semiconductor device with an electron beam of a scanning electron microscope.

19. The method of claim 18, wherein the scanning step is performed using a

voltage level of approximately 2.5 Kev to approximately 5§ Kev.

20. A method for diagnosis of defectsin a wafer containing a semiconductor device
comprising the steps of:

(1)  ion beam etch.ing a polished surface of the semiconductor device;

(2) reactive ion efching the ion beam etched surface of the semiconductor
device;

(3)  staining the semiconductor device by placing said semiconductor device
in contact with a staining solution and slowing a reaction rate of said
staining solution with said semiconductor device using an external
stimulus;

(4)  providing a conductive path to the semiconductor device using one of
carbon tape, copper tape, and silver paste; and

(5}  scanning the semiconductor device with an electron beam of a scanning

This i§ the repléceme’nt sheet
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stimulus; (4) providing a conductive path to the W
usi ng one of carbon tape, copper tape, and silver (5) scanning
t he sem conductor device with an el ectron beam of a.s M\ ron

m croscope. 17 21. The method of cl di’fm 20 wher €i n \iﬂ“‘i‘ mﬂ“\\ I rrul us
is light froma halt?g

e ctron microscope.

21. The method of claim 20, wherein said external stimulus is light from a halogen

lamp.
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18

STAINING TECHNIQUE FOR SEMICONDUCTOR DEVICE
FOR_SEM_EXPOSURE

ABSTRACT OF THE INVENTION

A method for staining a wafer contai_ning a semiconductor device is disclosed
which properly delineates the various layers of the semiconductor device and provides
good contrast for proper testing and diagnosis of problems using a scanning electron
microscope. After grinding, lapping and polishing a surface of the semiconductor
device, the surface is ion beam etched, reactive ion etched and stained. The staining
solution is made frém 1 part by volume hydroflucric acid,- 3 parts by volume nitric
acid, and 6 parts by volume acetic acid. The stainiﬁg solution is cooled and subjected
to alight to slow thé reaction of the staining solution with the semiconductor device. |
This prevents structure collapse and uﬁder or over etching, and provides an easily

controllable staining process.

Figure 3
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