


Wafer Cleaning Procedures

The first step in dealing with wafers

' with an unknown history is to thoroughly degresse them A commas-
method is the use of a degreasing chemical such as 1,1,1-trichloroethane

followed by ninmses in acctone and alcohol. This cleaning procsdure

guarantess that any greases or waxes fhat might be insoluble in subse-

quent cleaning steps are removed. (If the history of the wafer is known,

this degreasing operation mey often be safely omitted.) Wafers are then

cent through 2 series of solutions designed to remove sny irace of metals

Gt other polenfally harmful materials, A common sefics of cleaning
~ steps is: )

,q;o:‘. o - STEP :r_.v:snus

1. Heat in H-50, 1. Rcmoves any phmur:ti.ﬂ. or
—'"'; ) other organic material
- 2. Heat in aqua regia ’ 2. Dissolves pgold as well as
" other metals
3. Dip briefiy in dilute HF 3. Top layer of §iO; containing
. " any potential contamination
. s etched away :
4. Rinse in water 4, Remove any residoal acid
5. Dry - 5. Get them ready for the next
: process step -

TABLE 16-1: High Purity Semiconductor Manufacturing Sater -

Compared to Tap Water L

P.' F T _,_.-a-"'"'"-r_.-_--‘“""-?_
Warer Specification Teop Water ii( High Purity W:rur/_

resistivity (megohm-cm) 0002 T - 15187

clectrolytes (parts per billion]) 200,000 <25

particulate content (#/cm?) 100,000 <150

living organisms (#/cm?) : 100-10,000 <10




i i ical immersion cleans for
F 5-8. Block Layouts of Wafer Clean Sinks C]:{Eﬂ'ﬂ :

wffu:r: range from (a) the complex RCA-derivative cleaning sequences to (b) simple 1-51-"
etch procedures. The exact procedure used depends on the cleaning effects desired.

1. Preliminary Cleaning - If photoresist is present on the wafers, it is removed by plasma
oxidation stripping aod for immersion in an inorganic resist stripper (e.g. H,50,-H,0,). In
many processes, even if the resist has previously been stripped, the first step of the cleaning is a
second immersion into a sulfuric acid-oxidant mixture. Upoo removal from this solution, the
wafers are rinsed in 18-23°C deionized and filiered waler, with 2 resistivity of 10-18 M{l-cm.
Such water is also used for all other rinse steps of this cleaning procedure,

2. Removal of Residual Organic Contaminants and Certain Metals - A fresh mixture of
H,0-NH OH-H,0, (5:1:1 by volume) is prepared and heated 10 75-80°C. The wafers and their
holder are submerged in the soluton for 10-15 minutes, with the lemperature being maintained
at B0°C. The wifers are then rinsed in DI water for one minute,

3. Stripping of the Hydrous Ozide Film Formed During Step 2 (Note that this step is not
necessary if a thermally grown Si0, film completely covers the wafer.) - Wafers are submerged
for 15 seconds into a mixture of 1 volume HF (49% electronic grade) and 10 volumes H,O
directly from rinse tank of Step 2. Exposed silicon (but not 5i0,) should repel H,O as the
walers are pulled oul of this soludon. Following immersion in HF, the wafers are transferred 1o
a rinser, but are rinsed for only 20-30 seconds. The shor rinse minimizes regrowth of the oxide.
The bholder and wafers are then transferred, without drying, into the solution of Step 4.

4, Desorption of Remaining Atomic and Jonic Contaminants -« A fresh mixture of
H,O: HCl: H,0, (6:1:1 by volume) is prepared and heasted 10 75-80°C. The stll-wet wafers
from Step 3 (or Step 2, if Step 3 is not necessary) are submerged into the solution for 10-15
minutes. The wafers are pext rinsed in DI water lo resistivity.

5. Drying of Wafers - Wafers are dried in a rinser-drier that uses DI water (o rinse, and heated
N, todry. Remove wafers by dump transfer o @ high-lemperature boat.

6. Storage - Avoid storage of cleaned wafers, preferably by immediately continuing
processing. If storsge must ocour, store in closed plass containers in a nitrogen dry-bex,




Other Cleaning Technigues ( j/_ug(d._tﬂ.a/ M“,EU&Q_ )
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Figure 5-10. Functional Diagram of Megasonic Cleaner Here we can ses a wafer
immersed in the megasonic cleaner. The wafers are moved back and forth over the

megasonic wave generator, which provides sufficient energy to lift particles off the

surface of the wafer. The cleaning solutions range from straight DI water to ammonia,
waler, end hydrogen peroxide combinations.
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Figure 5-12. Wafer Scrubber Block Diagram The wafer scrubber is & device which
allows the physical scrubbing of the surface of the wafer with either a soft brush or a
high-pressure chemical jet. The wafer is rotated &t 1000 to 3000 rpm, while the brush
or spray is applied. This process is not recommended except in the rare cases of

proven yield enhancement, since scratches and particles are both significant sources
of yield loss using such procedures,



Wafer-Cleaning Technology

TABLE 1

Sources and related effects of various contaminations

Contamingtion

Possible source

Effects

Particles

Metal

Crganic

Microroughness

Mative oxide

Equipment, ambient. gas,
deionized (D) water, chemical

Equipment. chemical, reaciive
won eiching (RIE), implantation
ashing

Vapor in room. residoe of
phvoresist, storage containers,
chemical

Initial wafer material. chemical

Ambient moisture, DI water
ninze

Low oxide breakdown
Poly-5i and metal bridging=-
induced |ow yield

Low breakdown field
lunction leakage

Reduced minority lifetime
V, shift

Change in oxidation rate

Low pxide breakdown field
Low mobility of carrier

Degraded pate oxide
Law quality of epi-layer
High contact resistance
Foor silicide formation

anz

deflector plase

Polypropylene
link

Substrale
—_—
(7}
Transducer 1'r.m-an:tu|:|:r

ERRE

FIGURE 3
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Operating power:
120V, 60 Hz, 10 A
Cutput power:

300 W max. 800 kHz
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ta) Detailed schematic of statie megasonic cleaning tank. The transducer
plate incorporates eight transducers. The water holder is not shown,

far clarity, The megasonic action for particle removal is indicated
schematically, In an aliernative sysiem design the wansducers are
mounied in the shape of stnps, climinating the need for the reflector,

(&) Model of megasonic action on a particle held on a silicon wafer surface:
frequency 900 kHz; pressure 9.1 % 1{PN/m®; maximum instantaneous
velocity 30 emfs; wavelength 1.3 mm; acceleration ~ 107 g; metion of H:O
malecule ~ 0.1 wm, {(After Shwartzman et al,, Ref. 7.)
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FIGURE 6
Contamination induced by various processes. (After Anzai
etal, Ref 12, and Ohmi er al,, Ref 13.)
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FIGURE 11

f:ombmed summary breakdown field histograms for 13 nm oxides. All oxides were grown
in dry E; al 900°C, The thresheld contamination level for this oxide thickness is between
1% 10% and 5% 10" em~?, (After Henley et al., Ref. 9.)

TABLE &
Typical metallic contamination after the last cleaning step
followed by rinsing (% 10" atom/em?), measured by VPD
{vapor-phase decomposition)-TRXF"

K Ca Cr Fe Ni Cu In

RCA 0.3 8.6 0.2 5.1 i3 0.3 04
HF 0.1 ig 005 03 0.1 0.06 0.1
HF-H; & 1B 0.3 22 2 nog 12

BHF 02 1.4 0.4 2.6 03 7 0.7
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FIGURE 17 )
0.0 L L L L Surface microroughness on a silicon
' Conwral. 5PM 3C-2 5C-| wafer treated with SC-2 cleaning,

SPM: H,50,-Hy0, cleaning SC-1 cleaning, and fourth-time eyelic

SC-1: NH,OH-H,0,-Hy0 cleaning SPM cleaning. (Afrer Ohuni er al.,

SC-2: HC=H;04-H,0 cleaning Ref 24.)
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FIGURE 32
Particle density on a S-inch wafer after dipping in HF with various amounts of
IPA added and subsequent DI-water rinsing. (After Verhaverbeke ot al., Ref 36.)



Advanced wet cleaning processes. The steps of the advanced wet-chemical
cleaning process proposed by Ohmi,*® and the contaminants each removes, are

H.O + 0Oy Organic contamination
NH;OH + H;0;  Panicle, organic, and metallic impurities
HF + H105 Mative oxide, metallic impurities

Ultrapure water  Rinsing

This process omits the conventional RCA SC-2 step when highly purified HF so-
lution is used. In the clean process, most of the organic contamination is removed
first in the ozoned, ultrapure water (low oxygen dissolved < | ppb) cleaning. Then
NH;OH-H:0;-H:0 = (.05 : | : 5 is used to remove the particles, organic, and
metallic impurities, maintaining an atomically flat surface. A HF (0.5%)-H10
(10%) cleaning is proposed as the final step to remove the native oxide and noble

metals,

TABLE 8
Concept of IMEC cleaning®

Step 1 Step 2¢ Step 3

Oxide growth Oide removal Optional Drying®
Hy50,/MH.0. Wet DHF Chemical oxide IPA vapor
H:80,/0, HF vapor + rinsing Hot DI water
H- WO, Spin dry
L.y N2 blow

"Step |: growth of about 1.5 nm of chemical oxide.

*Step 2: removal of the oxide: drving procedure,

¥Step 3 foptional): growth of chemical oxide

*Step 4: easier drying due to the roveth of 3 hydrophilic Sisurface,

Another new cleaning concept, IMEC (for Interuniversity Microelectronic Cen-
ter) cleaning, is illustrated in Table 8. The basic concept of this new cleaning process
is to separate the oxidizing and the etching action.*” In step 1 the organic contam-
ination is removed and a thin chemical oxide is grown; then this oxide is etched in
step 2. By using this method, the total etch depth should be sufficient to remove the
particles. The advantage of separating the cleaning into two steps is that the forma-
tion of the oxide layer is a self-limiting process of the chemical reaction. This layer
is easy to control by oxide removal to obtain minimum surface roughness. Step 3, a
chemical oxide growth, is optional. A cleaning process based on the IMEC cleaning
concept is as follows:

H:50:-H,0y = 4:1  at90°C for 10 min
HE(O.5%VIPA(DLI%)  at room temperature for 2 min

It has been shown that the particle removal efficiency using the IMEC clean is better
than 8C-1 on the native oxide, and slightly weaker on the thermal oxide. IMEC
cleaning is also quite superior to the other cleaning process in removing metallic
contamination,** The yields of the gate oxide for four different clean methods are

IMEC + RCA(spray)} + HF(bath)  80%

IMEC + RCA(spray) 65%
RCA(bath) 6%
IMEC(bath) 83%

The IMEC (bath) clean has the highest yield. The vield is defined as the percentage
of gate oxide with a breakdown field larger than 12 MV/em.





