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Thermal Processing

shrink
: gate didectrics
therma processing

therma processing

technology
Al SO,
: A 010 A copper

A low-k

RTP(Rapid Therma Processing) A device drink A
300mm wafer A A thermal budget
low-temperature & medium-time processing

lamp-based single-wafer  platform susceptor-based RTP
Applied Materids thermal oxidation diffusion

LPCVD nitride, HTO polysilicon

deposition gngle-wafer processing
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RTP ramp-up  ramp-down rate
ultrashallow junction
depth therma budget :
0.13 sidewall spacer furnace low-
temperature nitride (uniformity)
300mm batch

singlewafer processing :

0.13 200mm
300mm sngle-wafer
: process cycle-time

process cycle-time batch furnace cycle-time
CPW(cost per wafer)
single-wafer processing

* TURNAROUNDO TIME

— Single wafer
s Batch

Cycletime

1. single-wafer processing fab
(Source: Applied Materials)
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single-wafer processing darting cassette 1

fab CoO

[I ultras hallow junction  gate scaling

Spacer processing  700°C furnace 700°C 300mm single-wafer
system low-temperature processing
therma budget [1 <680°C
W'k FEOL THERMAL BUDODGET

w' -
2. thermal budget (Source: ASM).
ALD ALD processing throughput  thick film
CVvD
/ channel mobility gate dielectric
0.10 S0,
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throughput batch  dngle-wafer
deposition time : A
heating / cooling overhead A wafer handling A pressure balancing
: ramp-up ramp-
down rate low-/high-k :

Lamp vs. Hot Wall

300mm single-wafer processing

A processng time A high temperature
processing / A wafer uniformity A
robust
300mm hot-wal RTP lamp-based
system . lamp-based system
lamp bank thermal balancing
scale-up
hot-wall system  thermal balancing
thermal uniformity
therma processng A CoO A (H2, O2 carier gas
) A therma budget large batch, small batch sngle-wafer
processing . large-batch type sngle-wafer type
, process cycle-time
fab
sngle-wafer processing
0.13 film uniformity
temperature  uniformity film uniformity  control
composition batch hot wall reactor
particle lifetime
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SO, gae <15A

Dielectric & Thermal Budget

IBM 1998 copper
therma budget copper BEOL processing
(max. ~400°C) . IBM  SLK spin-on dielectric
425°C 450°C
BEOL
therma budget : 0.13
gate strap 8

RATP APPLICATION SPACE

BPSGPEG
densihcation

3. BPSG reflow silicide applications  STI liner
formation shallow junctions anneal

(Source: Mattson Technology)
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400°C
STI liner formation steam oxidation
H, Steam
Annealing
annealing copper anneding (350° C~400°C) sdf-annealing
recrystallization : low-temperature annealing (~300°C )
therma processing fab
single-wafer hot-plate type annealing process
RTP batch
furnace annealing
1 ECD anneding

recrystallization
dopant  copper

sdf-annealing process recrystallization

annealing grain sSize  electromigration resistance

sf-annealing

(mobility)
CMP rate

defect
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New Fabs & Single-wafer

CoO fab vertical furnace processing
fab vertical furnace
sngle-wafer platform 0.13
0.10

SVG ‘ Xcdeae€  dngle-wafer platform  vertical furnace

, hot wals batch

transfer, DCS-based nitride . lamp-based system

film  deposition DCS-based
nitride

uniformity SVG

large batch furnace capacitor dilectric  DCS-based thin nitride

3% 3d 0.13

single-wafer dichlor process batch system
1/2~2/3

thermal processing  APCVD-type process

locos oxide isolation shallow trench isolation
, HDP high-end gap
aspect ratios : plasma
APCVD

shallow-trench aspect ratios 4.1
6:1 HDP  sdewall sputtering
APCVD
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0.10 81 101 trench fill
40 5
insulator
SO,

replacement  damascene gate gate

0.10

SO, gate dielectric
front-end
batch furnace
throughput single-wafer processing high

pressure/high temperature
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