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ME AT TBIEA1] EWS, ) 12, ®1, 3&&EHIT, ROTHEI DS,
(FIERR U THRITIHEIZL S, UTRL, )

“[0002] Embodiments described herein relate to processes and
apparatus for performing plasma deposition on a substrate. More
specifically, embodiments described herein relate to plasma deposition
processes and apparatus for forming layers having extreme uniformity
of composition and thickness.”

(F0ER) “[0002] AEAMEZEDHIZHWTHRBEAINIEHEREL, HiRETT
SARHEBEEETIT S5-HDTOELRARUVEEIZET S, K YEFKEMIZIE, X
BENHICEVTEHRAShLIERBEIL HEYPMRUVESDBIRGH— 4%
EI5BZHAT 5O TS AIHBOTOCLIARVEEICEHT S,

“[0004] Recently, manufacturers have developed processes that extend
device structures into the third dimension to increase
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processingcapability. Such devices generally feature large numbers of
material layers deposited sequentially on a substrate. In some cases

over100 layers may be formed. When so many layers are formed
sequentially, non-uniformities in each layer can multiply, resulting
in unusable structures. Current layer formation processes and

apparatus typically produce non-uniformities that are not suitable for
three-dimensional structures. Thus, new processes and apparatus are
needed for forming extremely uniform layers on a substrate.”

(F0ER)  “[0004] %, HEE-BIL, WNEBEHZEMSIELL-0I1Z, TN
A ADEEESRIEANELRKT S TOREZEEALTE, TOLIBEEND,
BLT, Z<L<OHOMEDOBLAERLEITGEGMICHIBEINSZ L5 HHMET S,
WO DBZEIZEWT, 100ZBASELNTERINGED. ZLDEINES
BICHEENDIEE, SROBOTOFRY—HFTEMLE FALGVVEEZD
69, BEOEBZHERT S TOLARUVEEX, HBMICIE, SIRTOEE
[Sx LTARBY LR - ZEAHET, TN WBiFICH—LGEZEREICH
B 5012, FLLWOEARUEENAREESINSG,

“[0027] Extremely uniform, high quality, device layers may be formed
on a substrate in a plasma process by controlling uniformity of gas
flow, uniformity of temperature among surfaces of the processing
chamber, temperature profile of the substrate, and plasma density
profile at various locations of the substrate surface. Plasma density
profile and temperature profile can be adjusted together to achieve a
desired deposition rate profile across a substrate surface.
Temperature uniformity of chamber surfaces can be adjusted to provide
uniform concentration of reactive species and to control and/or
minimize deposition on chamber surfaces.”

(F0ER)  “[0027] #BIKICH—CEMBDTNAREIE, HRAROH—1%, A
BFry U/N\QXRAICSITHEEDY—M, ERDEETOTI74(4)L, RUEIKR
REDHERLGEUBEICETSTSIAYEETOI7AIINEZHEHTEELICE ST,

TS5 AT RIZEVWTERLICERENES, TSAREETOT7M4)L
EUBRETOI7A4)LF EREZEICHEIEZEFLVEBEEREI A 2741L%E
BRI 5012, —HICHABINED, FYroN\REDEREOH—HE RIS
BOW—LHEEXREMRT E=-HHIZ, D OF vy UNKRALOHBEZHEEL X
(FR/MET B =DICARINE S, 7

“[0028] A method 100 of forming a layer of uniform thickness and
composition on a substrate is summarized in the flow diagram of FIG. 1.
At 102, a substrate is disposed on a substrate support in a CVD
chamber. ”

(F0ER)  “[0028] EMREDH—LBESIRVHEBODEBEZRHKT H5AEF100I1E
B1ORNEDOBPIZEVWTENIATLNS, 1021250 T, EiklE, CVD
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FroNDPRDERZHFRLICEESNS, 7

“[0031] At 108, a precursor gas mixture is provided to the chamber
through the temperature controlled face plate. The gas mixture maybe
any suitable CVD precursor mixture, such as a silicon (polysilicon or
amorphous silicon), silicon oxide, silicon nitride, or silicon
oxynitride precursor mixture. Dopant precursors such as boron
compounds, phosphorus compounds, and/or arsenic compounds may be
included.

The following flow rate ranges apply for a chamber sized for 300 mm
substrates. Appropriate scaling may be used for chambers sized for
other substrates. A silicon precursor such as silane may be provided
at a flow rate between about 20 sccm and about 2,000 sccm. TEOS may
be provided at a flow rate between about 20 mgm and about 5, 000 mgm.
An oxygen precursor such as N,0, 0, 0s;, H,0, CO, or CO, may be provided
at a flow rate between about 1,000 sccm and about 20,000 sccm. A
nitrogen precursor such as N, N),O, NH;, or HN, or a substituted
variant thereof, or any mixture of the foregoing nitrogen species, may
be provided at a flow rate between about 200 sccm and about 50,000
sccm. A carbon precursor such as a hydrocarbon, for example methane
may be included to add carbon to the layer. Dopants precursors such
as trimethylborane (TMB), diborane (B,H;), phosphine (PH;), arsine

(AsH;), and substituted phosphines and arsines, or mixtures thereof,
may be provided at flow rates between about 20 sccm and about 3,000
scem. The dopant precursors may be carried by a carrier gas, or
diluted in a dilution gas, for example helium, argon, nitrogen, or
hydrogen, or any mixture thereof, flowing at a rate of between about
500 sccm and about 30,000 sccm. Operating pressure between about 0.5
Torr and about 10 Torr is established in the chamber. Spacing between
the face plate and the substrate is established between about 200 mils
(thousandths of an inch) and 1,100 mils.”

(F0ER) “[0031] 1 08IZHWT, HIEEAAREEYIE, BENKIEHEIAT
WBTIARTL— B LOTF Y UNICRESASE, AREBEIE Uy

(‘I’f'J DYAVRIETEILTZFARAY)AY) , BlETA4FR, By M4F XiE

) A VERRZELCYRIEFMKESLGTED, FEDOEYIGCVDRIEKMKESTHY
B85, mOFIELEW )IEEY RO/ XIEREEVMEED F—/\2 bl
%%#aih 5, LTOREDEHEIE, 3003 A—FLOERICHLT
YA ZXIMNROONT=F v oNITHERAINS, BYGIEAMENS, BRI

LTHA XN RON=Fr oNIZFEREINE D, /7/&&®/Uzzmﬁ

171575‘ 20scemRUH2, 000s ccmDEIDOREICENTIRES
%%, TEOSIE #120mgmRkUH5, ooomgmwﬁwmglﬁuf
kﬁéh 5, N,O, O,, O3, H,O0, CO, XI[XCO.,% EDEEFRIERIK
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X, 91, 000sccmBU#I20, 000sccmDEIDREICHELNTIE
HEINETED, N2, N,O, NH;, XIEH N, GZEDEZRAERAE, HLLLIEE
NoDRBULEEYR, XEILELBRDEZREDEENDESIEX $1200sccecmk
U950, 000s c cmDEIDFREICEVWTREEINES, BIZIE, 242>
BEDRILKFRGE EDRFRAEEERDLS, RFZEBICMALS=OICEENEFED, b
JAFIARZ Y (TMB) , PRS2 (BxHe) , RRT 14> (PH3) , 7
WPy (AsHjg) , TiMITREWERR 740 Y RUTILYY, XRIEEFALD
BEBED, F—/N\2 MHIEEKRIE, $8920scemBUH3, 000sccm
DEDHREIZEWTIRBEINE D, F—/\2 FFIEEAIX, T U THRIZE-
TEENE, XEHZIE AUDL, 7LIY, BFR BLLEKER XIF
NEDEEDRERED, FRARXRDBTHREN, $1500s c cmEUH
30, 000sccmDEIDHEEIZENTHEND, $50. 5 +F—ILEUH10
F—ILDOBDEBE AN, F¥ o/ \ORTHEILIEINE, JTARTL—FRY
HEiROBEOREMREIE, $5200mils (AVFD1, 0009MD1) RU1,
100mi | sOEITHIINDS, ”

“[0032] At 110, a plasma is formed in the chamber from the precursor
gas mixture. The plasma may be formed by capacitive or inductive
means, and may be energized by coupling RF power into the precursor
gas mixture. The RF power may be a dual-frequency RF power that has a
high frequency component and a low frequency component. The RF power
is typically applied at a power level between about 50 W and about
1,500 W, which may be all high-frequency RF power, for example at a
frequency of about 13.56 MHz, or may be a mixture of high-frequency
power and low frequency power, for example at a frequency of about 300
kHz.”

(F0ER)  “[0032] 1 10I2HBWVT, 75X, HIBEAEAREESYHA S F ¥
DINDHRTHEEENS, 757XV, BEEXIIFTEEDOFERICE > THERS
N\ NP ORFERZHHARANREEGYDHIANEEIEDH I LITEH>TEREN
MzoNED, RFENE SLEEHSEASRVEVWERBBRSEZET H2E
BHRFEATHY B D, RFENIEL, HEMICIE 507y FRUH1,
5007y FORDBEALRNIIZEVWTERASN, HIZIE, $13. 5647
ANWYIZEITS5ETEVEARBMORFEATHYE XIEHZIE, $300+F
ANLVLYDREARBIZETAEWVEAEBDODEN L EBEVEERBDOENDEETHY
"5, 7

“[0033] At 112, the plasma density profile is adjusted by biasing an
electrode coupled to a side wall of the chamber and/or an electrode
coupled to the substrate support. Each electrode will typically be
controlled to provide impedance for a selected current to flow through
the electrode. A resonant tuning circuit is typically coupled to each
electrode and to ground, and components for the resonant tuning
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circuit are selected, with at least one variable component, so the
impedance can be adjusted dynamically to maintain the target current
flow. The current flow through each electrode may be controlled to a
value between about 0 A and about 30 A or between about 1 A and about
30 A7

(FDER) “[0033] 11 2(2BWVT, FSAIFETOIT7AIIE, Fr /N
DEZRIZHEESN-EE, RU/ RIIERIFARICHEESN-EIEIC, 47
ABEEZEZNFDCLICEKOTHEBEINS, FRDEMBIE, HEMICIE, FBZE
BOTHRNDERINL-ERICHT 24 VE—F UV RFRIBET H5-DICHIHS
nd, HIEEFAREIE, HBEMICIE, BFLKOEBRUHEICHEESN, HhDOH
BRIFFARKDO-ODERERNSDVLECEDL 1 DDAEDERERTFH > TER
SN, LizhoT, 4AVE—FLVRIE, =5y rEROFNEHETS-8
[CEICHAEEINES, EROEWMZELIERDANIE, 0T U RTRUE
BO7URTDME, RIFW17UoRFRUHIOTZURTOREDEIZHIEH SN
75,7

“[0034] At 114, a layer is formed on the substrate from the plasma
Depending on the composition of the precursor, the layer may be a
silicon layer, for example a polysilicon, microcrystalline silicon, or
amorphous silicon layer, which may be doped, a silicon oxide layer,
which may be doped, a silicon oxynitride layer, which may be doped, a
silicon carbide layer, which may be doped, a silicon oxycarbide layer,
which may be doped, a silicon nitrocarbide layer, which may be doped,
a silicon nitroxycarbide layer, which may be doped, or a silicon
nitride layer, which may be doped. Other layers, for example layers
not containing silicon, may also be deposited by selecting appropriate
precursors and flow rates.”

(F0ER)  “[0034] 1141281 T, BlX, 75 XAIhoHiRETEREINS,
BIERADMRKIZIE LT, BlE, YJavETHYE FhiFFzE, F—7
nfzRU)ay, MERIYaY, BLLIET7ELIZRADYaVEEDE
ThHhYR, F—TEnEBETAZREBETHYE F—TIhiBBEELTAZRE
ThHhYR, F—TEInERETAZREBTHYE F—TIhiBRETAZRE
THYE F—TSINnEEBERETIAIRBTHYR, F—TIh22BRiETA(
ZETHYER XERF—TINEZELELTAREBTHYED, HIZIEK Vo
FEATULWEVLWEGEDMDELAE -, BUILABRARVREZERT S L
[CE->THEREEINGED, 7

“[0045] FIG. 3 is a schematic side view of an inventive apparatus 300
that may be used to practice processes described herein. The
processing chamber 300 features a chamber body 302, a substrate
support 304 disposed inside the chamber body 302, and a |id assembly
306 coupled to the chamber body 302 and enclosing the substrate
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support 304 in a processing volume 320. Substrates are provided to
the processing volume 320 through an opening 326, which may be
conventional ly sealed for processing using a door.”

(F0ER) “[0045] H 3L, ABMEDHRIZEWVWTHBAINS TOERXEEE
TEHEHITERSINGD, RRAIKRLIZFEIOOOONHIBAEAETHL, NETF
Y2INB00IE, FYyonNKE3302, FYroNKEKI020AMMICERESL
LERZFAERI 04, RUFYUN\KRKEKI02IZHEESHh, M DOERZIFHRS
O4ZNEREI20DHICHATEIV Y EFTELTY306%HASIEE
B ET S, ERIE, A3 26ZEBL TUEREI 2 0~ Ztsh, FHO
3261, F7ZFERLTURETLHE-HIC, RXOFEMTEHING D,

“[0046] An electrode 308 may be disposed adjacent to the chamber body
302 and separating the chamber body 302 from other components of the
lid assembly 306. The electrode 308 may be part of the |id assembly
306, or may be a separate side wall electrode. The electrode 308 may
be an annular, or ring—like member, and may be a ring electrode. The
electrode 308 may be a continuous loop around a circumference of the
processing chamber 300 surrounding the processing volume 320, or may
be discontinuous at selected locations if desired. The electrode 308
may also be a perforated electrode, such as a perforated ring or a
mesh electrode. The electrode 308 may also be a plate electrode, for
example a secondary gas distributor.”

(F0ER) “[0046] BB 3 08I1F, F¥r o/ \AEKI 02 [CHELTEREINE,
MOFYUNKAK302F% )y F7EVTY306DMDBREZRNOHBEL
B85, EWM308IE, Vy k72T 306DHRTHYHB, XIZERIDE
BOEBTHYED, EM308IE, BRTHYH, XII)ID&SHEHM
ThHYR/ MO VIEBTHYRD, EM308IE, WERFEI20%HY
FWEBF v /N30 0DEABDEHKHNEIL—TTHYHF/, XIFEFEFLITAIL
BREINE-HEIZBEVWTTERTHY H5H, EM3 08(FFT=, ALOFELY
DORIEAYD1EBEED, AOBAW-EBTHY S5, W3 08IFFET,
BIZIE2RARDEREED, TL—+EBTHYBD,

“[0049] The electrode 308 may be coupled to a tuning circuit 328 that
controls a ground pathway of the processing chamber 300. The tuning
circuit 328 comprises an electronic sensor 330 and an electronic
control ler 334, which may be a variable capacitor. The tuning circuit
328 may be an LLC circuit comprising one or more inductors 332. The
tuning circuit 328 may be any circuit that features a variable or
controllable impedance under the plasma conditions present in the
processing volume 320 during processing. In the embodiment of FIG. 3,
the tuning circuit 328 features a first inductor 332A in series with
the electronic controller 334 and a second inductor 332B in parallel
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with the electronic controller 334. The electronic sensor 330 may be
a voltage or current sensor, and may be coupled to the electronic
controller 334 to afford a degree of closed-loop control of plasma
conditions inside the processing volume 320.” (F1ER) “[0049] E4&E 3
08(F MEFv>/N300DEMBTEAHIET S, FFAEKSI 2 8ITHEE

nigsd, RFARK3328(F, EFE Y I3 ORVUEFIFA—5334%
BA, ThoEAEaVTUoHYTHYEDH, RFARKI 281, 1UEDSY
952 332%HEASHSLLCRIBTHYESD, RAFAMIEI 28(F, MEDMEIC
MBRE320DFICHFET S ITSATIRETT, AIEXIGHlMEHTaEELZA VE
— A REHAS L THBETHIEEDERTHY BT D, K3 DEREREEIC
HWT, RFAEKI328(F, EFIFO—F334LEIBE1DA2FD
A332A, RUEFaAFO—5334LMHLEE20D/459523328
FHADLEZHFHMET D, EFEHI330(F, BEXREFEREUTHY
B N OUNEREI20NDAFTND TS ATREDH/IL—THEHOEEZIRES
5=, EFaY tA—5334IEEINED,

“[0055] Each of the tuning circuits 328 and 336 has a variable
impedance that may be adjusted using the respective electronic
controllers 334 and 340. Where the electronic controllers 334 and 340
are variable capacitors, the capacitance range of each of the variable
capacitors, and the inductances of the inductors 332A and 332B, are
chosen to provide an impedance range, depending on the frequency and
voltage characteristics of the plasma, that has a minimum in the
capacitance range of each variable capacitor. Thus, when the
capacitance of the electronic controller 334 is at a minimum or
maximum, impedance of the circuit 328 is high, resulting in a plasma
shape that has a minimum areal coverage over the substrate support
When the capacitance of the electronic controller 334 approaches a
value that minimizes the impedance of the circuit 328, the areal
coverage of the plasma grows to a maximum, effectively covering the
entire working area of the substrate support 304. As the capacitance
of the electronic controller 334 deviates from the minimum impedance
setting, the plasma shape shrinks from the chamber walls and areal
coverage of the substrate support declines. The electronic controller
340 has a similar effect, increasing and decreasing areal coverage of
the plasma over the substrate support as the capacitance of the
electronic controller 340 is changed.”

(F0ER) “[0055] EFAMEIE I 28 RU3I 3 6MNDHILNERIL, TNEFNDE
Fa2orA—35334RUI40%FALTHEBEINGES, LS VE—FY
A&EEHTH, EFaArA—F334RUI40MNAZEIAVTUOYTHSES,
AZAVTUOHDSIBEDERIDIT YN EZ VALY, VICTAF9 233
2ARU3B2BDAVEVAVRIE, T3XAIDORAKRBRUVEEHFMHEICELC
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T, A VE—F ALV DHERBTHLIICERSN, ThEBL20aEa Yy
TUOHDFAYNVAVALYODHRTR/IMEEZET S, Thi, EFa bO
—35334DF YNNI ANRINRIIRATHSHE, B3I 28DA E
—FOANEL, EREZBREESRIORRGEEEZET S5 TS AIBKEL
69, BFAFA—5334DFv/N\F AN, AR3I 28D, VE—
FORER/IMET BIEICEDCIEE, T3 AYORZREFAK, ERZHFEAIO
4 DERDEEBEEMEMICHAN—LENSHEXRE~NEEXRT S, EFa
FO—5334DF YNNI VAN, RINDAVE—FOREBEMNLRRET S
BE, TIRAIBRKEF vy oNEHLGHENL, BERZHAOREGEHTFELT
%, BFatO—3 340 FELUOMEEREL, EFaFA—53400
FYNRVAUANERT D E, BERIFARZES TSXATORREBHEIEML
=Y, BbL-YT B, "

“[0147] A silicon oxide layer may be formed using silane as a
precursor by another embodiment of the processes described herein
using an apparatus described herein. Silane is flowed at 100 sccm,
with helium at 3,000 sccm and N,0 at 6,000 sccm. Spacing is 300 mils,
pressure is 3 Torr, high frequency power is at 400 W, low frequency
power is at 100 W, face plate temperature is at 200 °C, substrate
temperature is 500 °C, temperature zone offset is 5 °C (outer above
inner), side wall tuning electrode current target is 1 A, substrate
support tuning electrode current target is 3 A. A silicon oxide layer
is formed with thickness uniformity that is no worse than about 1%.”
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BWMI—HZEZEBTEHESICHEEEIND, 7
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FIG. 3
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LEBETED,
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REREORRABHMEBEICEITE2TSAIEETOQO I 7/ ILEHIET S LIk
T, 73R TORRIZEVWTERLEICEATSIZE, (RE0002RUK
%0027)

b 102NDAXATYyFIZTHWT, CVDF /N (CVD chamber) DD EMRT
{& (substrate support) EIZE#R (substrate) ZEeEdT A&, (BBE%0028
EUR1)

c 108MRTYTITEWT, FIERAH XEEY (precursor gas mixture) A,
FronNIZiRENSZE, (BB%003 1 RUK1T)

d BIERAE LTI S2%100scem, NJDHDLE3000sccecm, N,
O%6000sccmLTHBIETMIRDORERIETSI_E, TDIR, BAIER
REBERI—TY MITTUoRTTHDHZE, (B%E0147)
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(BE% 003 3KRUK1)

g 11T4DATYTIZENT, BRTSAIMLERETERINAEZ &,
(B%0034KRUK1)

h LI F v >\ (processing chamber) 3 0 O A%, F v > /NAK{K (chamber
body) 302, F¥ UNAKKDAIPICEE S 1 5 E kX FH K (substrate
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i EiE (electrode) 30 8A, Fy¥ UN\AAKI02(CFEELTEHRESINSE, Al
BOEBTHYES L, (BEEO0046RUK3I)
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