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v Horizontal Furnace is a key thermal

processing tool, commonly known as
a diffusion furnace.Uses a quartz tube
housed inside a ceramic muffle.Built
as a multi-tube system.

Wafers must be loaded/unloaded
slowly to prevent thermal stress and
breakage.

Horizontal furnace tube is equipped
with three heating elements to enable
even heat distribution and precise
temperature control.

v Uniform Heating via Heating Elements

Heating coils surrounding the quartz

tube provide consistent thermal energy

across the process zone.
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HORIZONTAL FURNACE DESIGN AND TEMPERATURE PROFILE
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A vertical furnace processes wafers in a

vertical orientation, providing better

automation, contamination control, and

process uniformity than a horizontal ADVANCED SEMICONDUCTOR DEPOSITION SYSTEMS:

e & heese APCVD vs. LPCVD COMPARISON
furnace. e e
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ADVANCED LPCVD FIVE-ZONE FURNACE SYSTEM SCHEMATIC (REFINED)
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: 20 sIm
Nz 1slm
Tube 01 (Top) LPCVD Silicon Nitride/ Oxynitride(FEOL) | 400°C~850°C SiH,Cl, : 200 sccm
N20 : 1slm
NHs : 500 sccm
N2 :20slm : N, :1slm
xz = . :
Tube 02 P e S 400°C~800°C | SiHs : 300 sccm
%2 IF e PH; : 1%, 200 sccm
Bank-A
e e Ny y:20sim; N2 H:1slm
BEIEE 0,. 1sim
Tube 03 LPCVD TEOS Oxide 400°C~800°C Vabor Flow Controller TEOS 200
sccm
N, : 20 slm
N, : 1slm
Tube 04 LPCVD Silicon Nitride/ Oxynitride(BEOL)| 400°C~850°C SiH,Cl, : 200 sccm
NHs : 500 sccm
Nzo : 1slm
Drive-in / Dry Thermal Oxidation o o N2 : 20 slm
Tube 05 (Top) IN+ Anneal 400°C~1250°C 02 - 10 sim
N, : 20 slm
Bank-B Tube 06 Wet / Dry Thermal Oxidation 400°C~1100°C O, : 10sIm
wBAEIEE Hz : 20sIm
:"%‘_ﬂ o NZO : 10 Slm
2N o : N2 : 20 slm
Tube 06 Wet / Dry Thermal Oxidation 400°C~1100°C 02 - 10sim
Tube 08 506 H2-Sinter/N2 Anneal 300°C~900°C |2 20SIm 9

5% H2 in N2 : 10 sIm
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v" Four Basic Operations in Semiconductor manufacturing:
Adding » Removing -~ Pattern, and HeatingDoping - Layer growth - and Deposition are Adding
Processes.

v Thermal processes: High-temperature steps (usually above aluminum's melting point).Where they run: Done
in front-end semiconductor manufacturing using diffusion furnaces. Including Oxidation -
Diffusion ~ Annealing ~ High Temp CVD (Poly - Nitride ...etc.)

v Tool : Horizontal Furnace and Vertical Furnace

Materials IC Fab IC FABRICATON PROCESS FLOW
o "| Dielectric
[ <
Metalization | CMP & m Thin Film
1 . : P— n | o -,
. Wafers <
N “ ¥ \ 4 ]
| Thermal | Implant Etch
Processes PR strip PR strip
| v
> Photo- =l [*
,| lithography

Design;

LIJJ%E

e ——

10



IRl B RE

AIER Y42 (FEOL - Front-End-of-Line) \'

Il : HERER

% REBRRES (EHE -
RHE « R/ RHE) o

1% . SRE2 (>1000°CiBN) »
AFECBE REE RRIAE -

MEtE 59 (Si) » A BEEM
¥ (High-k) « 2EBRAE

=

BEOL -

FEOL -

<400°C

>1000°C

N EXREBER

o= % F%%4%2 (BEOL - Back-End-of-Line)
% i

8 ERRLANZEEBEE
(RJ#E 15-20 |8) o
%% . BB+ B EERAMRENREE
1% 3k of ;3
1 GRIRS (<400°C) > BE
S & SRR IR B RIE M
RASERE © 80 (Cu) BRACEBLABE(E

&M (R) > B EEH (Low-k) #
HLFERZ (C) °

[ #0IZRS) : FEOL B BEOL MIERF AR » ZHESMK SENESE  ERISGR naEEEe . 1]



TUBE 1 : Az Si;N, & SiON ( FEOL- Nitride/ Oxynitride ) NE =T B R RBHER

Information
SiH2CI2 SiH4 NH3 N20 N2-bottle =) A E\Eﬂi
.‘l Z?—* T 3K B2 S|H2CI2 NH3 N NZO
£1I0 A &F. o o
E—— SIFZIRAE: 780°C~800 °C
Flange loadside [21 °C| ©
Flange pumpside (18 °C| @ %U%D =X .
~ #3128 7]: 200~350 mtorr
estoa | 1008 )
JI-= X . =38 | j£&
AREIR.EE - 8a  BR
1BAESR
.
Ive MainVac SI3N4 300A~7000A
<t
ol SION300A~10000A

21°C

3SiH2 Clz(g} + 4NH3{g) T>Si3 Nq(s)—l_ 6HCI(E] t 6H3(£)

TUBE 1 : AIEZ SisN, & SION ( Front-End Nitride/Oxynitride ) 2572 | REB{E2RARIE (LPCVD ) - &
PREARER . | ERY Si3N4 . FERIRFZEARITHIREE (10 LOCOS & =2 STI I@JE =) E’JEEL_% ( Hard
Mask ) - SkEEABEFHENERERE - BEEBAE  UaNfEEESREA - ’fbﬂsﬁﬁ (SiON) : F1k
MEREMZE - BERIMNEE ( BARC) DUFEBEMITRIE - IJZ%VEZ%EJ]%E@IJ: B ;”iSIE’J//T@-S%‘E . 12
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TUBE 2 : BUEX Poly-Si * Amorphous-Si * Doped-AMM N9 ERRBHER

NATIOMAL INSTITUTES OF APPLIED RESEARCH

. Information
N2 SiH4 PH3 N2-bottle . o
B SlH4(g) A )Sl(s)+2H2(g)
B X- e RIBFEL: SiH,

Flange loadside [25 °*C| ©
Flange pumpside (19 °*Cl  ©

Heatexch 100.Glm

p
SH
O
B
i

E:560°C~620°C

manifold N2

TIFEEE ] :200~350 mtorr

scrubber on

cm | B IR SH,BESR - TTaN
100 % SoftStart
L] X FEHMY FERERER
Poly-Si Zmhy Al - O[S - BEMOHE Gate - Efi - EFE - MEMS - 3D NAND
Amorphous-Si (a-Si) | Y 0 ERESIE - (RIE XEIES Poly-Si AUSEE - 3D NAND - TFT - {&% /8
Doped-AMM IR FEWIBRMAZHEITER REEEE BXE - T8 - ZRE - BREB/KIZH Poly-Si
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TUBE 3 : AyEg TEOS SiO, N3 ERREHER
Information SI(OC 5 H 5)4(9) —A)SiOZ(s) T 4C2 H 4(g) T 2H 20(g)

02 N2 N2-lowP
l N NIRS N ==
B TRAS IEWWEE £ Be(TEOS)
X2 Cooling Wler  rurpersse i HREmE: 700°C
Flange loadside |25 °C| @
JIIlO Flange pumpside 19 °C| @
Xsccm S S FFZE /] :200~350 mtorr
backfill rd s S ALt [ T My S 2a
FEEIE TEOSERE B T AREE -
AR EME(#940°C~70°Q) LIRS
scrubber on E@*D%’i\'{i’fb Ej__{ o
N

25°C

P ZEFER b

Tube-3:EBEBEMMEHEZXR ( Step Coverage ) ke xBILABRIEIRIE

78 ( Gap Fill' ) 8E70 - EZERIRNAIEEREPR/E ( Spacer ) - ERE T EE

( Interlayer Dielectric, ILD / Pre-Metal Dielectric, PMD ) - DIKRERELL

AENRZIER - TEOSE Y EEEEENEHEERERE - TEOSEIZLHY T P——

{48 (Sticking Coefficients)RE - MAMGEHS - REBBEHHE - 10.23 TEOS EWIER M — SLHRE
WEEI - (ERMRATR) 4




TUBE 4 : #%E2 Si,N, & SiON ( BEOL- Nitride/ Oxynitride )

Intformation
N2 SiH2CI2

SiH4 NH3 N20 N2-bottle

=

Cooling water

Temperature Flow

Flange loadside (20 °C| @

Flange pumpside (19 °*C| ©

IColdtrap 18 °C| ©

Heatexch 100.GIm

backfill rdy
tube254 Torr

scrubber on

SofiStart

= |

BEOL®#E

SisN, HEEERE RIR®E

Etch Stop Layer

BRZIFLERE - £ Via / Trench BZIRE

Cu Diffusion Barrier / Cap

BiLE Cu 7T EERE

Passivation FREmATRERTKA - BFEINRTH
Hard Mask ERZEMZNEIES
ILD&EtBEHENE EHC SiO: ~ Low-k ENE#Mif

Moisture Barrier

FREKREATHIAEERE

NESIY B RRERE
SION &% RH AR

@ ARC /BARC = &1/E%E 2 SION RIEFECHY
—IEFEF - 7£ Photolithography BByt - N 73
TR EMAR Ol gE S A &Y - FEAR
standing wave EfRE - &£Z CD - SION o]}
FEERIEH - PTHIER n + SEYEERE K + Film
thicknessZ#1E & 57 - ELIETIfES : ARC

( Anti-Reflective Coating ) S5 ERE S RIZT
BRI EE -

@ Hard Mask / Etch StopSiON th o] DU F/] A3 &3
SiO; ~ SINy EM B ZBARMZER - 15 :
Hard Mask / Etch Stop / Pattern transfer layer
LEZEMEIEENR - oJRIZEHEFAZ SiON By
O/N ratio 2% etch characteristics

@ Passivation / Protective LayerSiON t8E{E
RIRER - BEEEN D  SIO, WNMTERHG +
SizN, FFETERE DA FELERED - oJLIAR
a522 . Moisture resistance - Film stress -
Electrical insulation ~ Optical properties -
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TUBE 5 : 5;8N+Anneal / Drive in/ N+ ANNEAL

02 N2 - H$IEEE Drive In HiEREE
(safety

NEZAY AR R

1. SEERER 2. ¥PEERAE 3. MEEA 4. BN 5. Drive In (BBA)
0.0 10.0

slm slm v]emp

EBR TR SiO, EHYERILET DAEtFHEASL XA FRREE ERNE - EHE
EREILER BRE ~ BARZ BEITABSH (R SiO, 3E=) e PR AL B A

BTHEA (B'/P)

o ekt

Sio, SiO, SiO,

Si &R Si Z4R

Si BiR
""" WRMEFET N,/ 0, )
SRR £91000 ~ 1200°C » B5FE : B+ ~ BUNEF
, IR vs RE
[ ey 453 Drive In IREES 6 (SIETE) Lol )
. RE — A% (As Implant)
[] sio, 1 ? -~-- Drive In#
|
7] 5t#8 (Photoresist) J}
W REE/P) L
P W HSRE Si BiR |
¥z

RE

TUBE 5 : N* Anneal / Drive-In ( N 88 / SRIBE(ER X EEERA )
FEHIE . 3)BEEX ( High-Temperature Annealing ) ‘N.- O
SHIEIELE : EYUEEE (AREEEE ) S2FE XN BFHE (BESM AsHBEP) e
ST E - NSRRI EEEBEIRF ( Dopant Activation ) - I{EFEE @MW ERASBER mE: 300°C~1250°C
( Drive-In) - RS ITHRETHR KB D MERELARE
A& . HEN BEFHhERHNBERY  FHEAEM - EEHFHBEEHRNYERIES STEEIE LRSIEEASICHME - EH
( Crystal Lattice Damage ) - B AR - 195SiC -
REBERFALEBEENEBMAE ( Substitutional Lattice Sites ) - EHE M F L W e

( Electrical Activity ) - #Z=#lJR / JR1E ( Source/Drain ) #EFE ( Junction Depth ) k1

MEEDM  IERTTHRETHRRE - 16
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4000 = =
- I SUBLIMATION POINT
| 3500—§I (
3000 =
N
2500 =/ -
=e
E . MELTING POINT
ZOOOE m=" ICOIIDN| 1713°C
B
1500 =
g I | MELTING POINT
S = 1414°C
500 _E I MELTING POINT
E l 660°C
0=¥

_—

MELTING POINTS OF SILICON, SILICON CARBIDE,

GRAPHITE, QUARTZ, AND ALUMINUM

MELTING POINT
rave |°

AROUND 3600°C
AROUND 3600°C

oJ—'

:j°

il

O—HJ

[ *Temperatures are approximations and can vary based on conditions. Values for pure sub . :II

GRAPHITE (C) |
SUBLIMATION POINT (approx. 3600°C)

.. SILICON CARBIDE (S|C)
MELTING POINT (approx. 2730°C)

MELTING POINT (approx. 1713°C)

o—)—/

H__\ NEA¥E

e pra— a-—

QUARTZ (s|02)

SILICON (Si) ===

MELTING POINT (1414°C) N == |

ALUMINUM (Al) '1 !

MELTING POINT (660°C)

(%)

5

#tﬂs%ﬁﬁﬁ

—/ M (Silicon Carbide Tube with Extreme High-Temperature ReszsL

Vacuum
Gauge

,\.—! =

o

rH|gh-lemperakure process is asneul s
Carbide (SiC) comfonsed ts rent

the temperature niihe ov, and s
precessing - wafer boats wafers le
active moaotroment.

B X ] 5 b 5% P
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TUBE 6 : i#I/Fzx\ &1L

Information
N20

N2 Bottle

H2 N2 replaces H2

0.0

(purging )

torch temp

%ﬂﬁiﬁ , 002 0%, 0

02 RFIREX

(=] Si02fE
BHERHHEE RPERMS

535.2 |537.6

1dl "_ !

(EE]

| Eo L LT BEPETRE IBREEEY
LS

FERYBAR !

ICiBREREN
. FERYEAR !

GiE] P |

MR REWEE

NEAYEXRRMAR
)= DRY OXIDE &z &1t WET OXIDE #ZR &1t
FTERERE |O: H:0 ( KEfR )
FEHEE SiO: SiO:
HAGRE #9 800-1200°C #9 800-1200°C
BEREE Qg B
e R - EURE RIRRE - BEHERRE
BEER BEtE B&(tE
FERRE =EmENEE - BH(E Field Oxide - Isolation - BE{R:EE

{LE2 & 4E7F8 (Chemical Vapor Deposition, CVD)

g Tal

PDCIGIE Y

AYBIREE |

d ¢

Before \

=]
WEIRTERE

BIEIE

PVD/CVD | SMEBHISEM
sio, v RMEMIL
Lo SN
ng /Jlﬁﬁﬁ'ﬁﬁﬁ
CER] LtiAiE
THFEER !
'EEﬁEE:dz "
TBRE Rl e mewEE
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TUBE 7 :

P+ ANNEAL ( P2

N2
0.0 10.0
slm sim iRk
2 N2

02

0

FRHRIRK )

539.4 |536.6

552.4 |553.9 | 553.1 |550.3 | 5505 |

I5H N* Anneal P* Anneal
SERE N-type P-type
FREMTE P-As B
FRET P*~As* B* - BF.*
FEHM BHEL + R1BEE BHEE + Bi8EE
iADAEE N* Source/Drain ~ Contact region %  |P* Source/Drain * Contact region &
=]y F2{E N-type EI5EME FZ{E P-type EI1HEME

NI B R

TUBE 7 : P+ ANNEAL
( PRURRIBIRK ) /Dry SiO,

FERE . BREX - BEO,

E IE o] BUEz R AE -
HFYAR P+ (BEZEMW

A& :

B 2k BF, ) Bt FitERAYE{CE

i2i& -

AR : #SEE TUBES (N+ B
X)) THER FBiBRRIREXT
# ( Cross Contamination ) -
EAH (PR ) Edfs/fh (NE)

HER—IRETIR

T

R B R E T BT R EE

E (Vth) -
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TUBE 8 : H, SINTE

2

B

406.2 |393.7

383.0 |378.8

EH

EEEH

Interface Passivation

#{t Si/SiO: FREAY dangling bonds

PZ{E Interface Trap

PSSR EFEHZE Dit

IXE MOS £t

X2 threshold « RE - R ESESHH

Metal Contact t4=

ELERR D £ E/Si AT

fZ{E Contact Resistance

BEEBEREPREEEGERR

RPE (G

H BIREAFHELES - (F electrically active defects &>

BEEEREE

BRHEEDPEIES metallization ERIZEIE 2 —

TUBES : NEZHY
BERFHAYH, SINTER X EH1E . &
@ ( #9400°C -450°C) R RS
JBX ( Forming Gas Annealing,
FGA) -

Rk . HEBR Si/SiO, R EBYVEHE

( Dangling Bonds ) - P&{ERH
AEZE ( Interface State

Density ) - #ifH : RHEBEBEA
275 5%H,/N, SINTERHE SR fs
sSFRFESE FNEEMZETTHAmE -
ESRERANAVMIRES S ( #8161
) - EMEATHENEFBEHER
LI ERER - IG5 - EAEE
Hig - WP RTEERICEBEEWRY
EriE %88 ( Ohmic Contact) -

B RERHER

NATIOMAL INSTITUTES OF APPLIED RESE
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