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Objectives

Overview ofSilicon Technology

-  Wafer preparation
- Lithography

- Oxidation

- Etching

- Doping

- Deposition

- Packaging
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Common Dopantilsedin SemiconductoManufacturing

Acceptor Dopant Semiconductor Donor Dopant
Group A Group IVA Group VA
(P-Type) (N-Type)
Atomic Atomic Atomic
Element Number Element Number Element Number
Boron (B) 5 Carbon 6 Nitrogen 7
Aluminum 13 Silicon(Si) 14 Phosphorus(P) 15
Gallium 31 Germanium 32 Arsenic (As) 33
Indium 49 Tin 50 Antimony 51

)evices LAB.




CMQOS Structure with Doped
Regions
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Figurel7.1
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CommonDopant Processes ©@MOSFabrication

ProcessStep Dopant | Method
A. p+ Silicon Substrate B Diffusion
B. p  Epitaxial Layer B Diffusion
C. Retrograden-Well P lon Implant
D. Retrograde-well B lon Implant
E. p-ChannePunchthrough P lon Implant
F. pChannellhreshold Voltage (M Adjust P lon Implant
G. p-ChannePunchthrough B lon Implant
H. p-ChanneV Adjust B lon Implant
l. n-Channel LightlyDopedDrain (LDD) As lon Implant
J.n-ChannelSource/Drairn(S/D) As lon Implant
K. p-ChannelLDD BF, lon Implant
L. p-ChannelS/D BF; lon Implant
M. Silicon Si lon Implant
N. DopedPolysilicon PorB é?%:?ﬂ%?,t
O. DopedSiO; PorB (L?%Iifrpuﬂ%?]t
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lon Implantin Proces$-low

Wafer fabrication (front-end)
v v
Wafer start
iy Thin Films Polish
Unpatterned

wafer >

» - . 4_

Completed wafer "| Diffusion Photo . Etch «—
ESS=EP -
\ Photoresisiask

Test/Sort Implant

Annealafterimplant _ .

Hard mask (oxider nitride)

Usedwith permissiorfrom LanceKinney, AMD
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DopedRegionin a SiliconWafer

Dopantgas

p* Siliconsubstrate
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Diffusion

A Diffusion Principles

I ThreeSteps
A Predeposition
A Drive-in
A Activation
I DopantMovement
I Solid Solubility
I LateralDiffusion

A Diffusion Process

I WaferCleaning
I DopantSources




Dopant Diffusionin Silicon

Vacancy
b) Substitutionadiffusion

Dopantin
interstitial site

Displaced silicon
atomin interstitial
site

c) Mechanicalnterstitialdisplacement d) Interstitial diffusion

Figurel7.4
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Solid SolubilityLimits in Siliconat1100C

Dopant Solubility Limit (atoms/cn?)
Arsenic(As) 1.7x 10¢
PhosphoruéP) 1.1x 107
Boron(B) 2.2x 107
Antimony (Sb) 5.0x 10
Aluminum (Al) 1.8x 10

Tablel7.3
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Diffusion Process

Eight Steps for Successfiffusion:

1.

2.
3.

Ol

Run qualificationtest to ensure the tonleetgroduction
guality criteria.

Verify waferpropertieswith alot controlsystem.

Downloadthe procesgecipewith the desirediffusion
parameters.

. Set upthefurnace,including a temperaturprofile.
. Cleanthewafers andlip in HF to removenativeoxide.
. Performpredepositiontoad wafersinto the depositiofurnace

anddiffuse thedopant.

. Performdrive-in: increasdurnace temperatutte drive-in and

activatethedopant bondghen unload thevafers.

. Measure, evaluate amdcord junction depthndsheet

resistivity.




Typical Dopant Sources fdpiffusion

Dopant Formula of Source Chemical Name
Arsenic(As) AsH; Arsine(gas)
PhosphorugP) PHs Phosphindgas)
PhosphorugP) POCk Phosphorusxychloride(liquid)
Boron(B) B.Hs Diborane(gas)
Boron(B) BFs Borontri-fluoride (gas)
Boron(B) BBrs; Borontri-bromide(liquid)
Antimony (Sb) SbCk Antimony pentachloridésolid)

SEMATECHA Di f fPursoi coersumacaProcesseand Relatedopics (Austin, TX: SEMATECH,1994),P.7.

Tablel7.4
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lon Implantation

A Overview
I ControllingDopantConcentration
I Advantage®f lonImplant
I Disadvantagesf lonImplant

A lon ImplantParameters
I Dose
I Range




Controlling Dopant Concentration abepth

_ Low energy H!gh energy
lonimplanter Low dose lon implanter High dose
Fastscanspeed Slow scanspeed
Dopanﬁons\"ij-
Beamscan ——
Mask | X, - Mask Mask
Siliconsubstrate Siliconsubstrate
a) Low dopantconcentration (np") b) High dopantconcentration (hp*)
andshallowjunction(x;) anddeepjunction(x;)
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GeneralSchematic of an lohmplanter
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Advantages of loimplantation

1.
2.
3.
4.
.
6.
7.

PreciseControl of DopanConcentration
Good Dopantniformity

Good Control of DoparfPenetratioibepth
Produces a Pure Beavhlons

Low Temperaturd’rocessing

Ability to ImplantDopants Througlfrilms
No Solid Solubility Limit

Tablel7.5



Classes oimplanters

Classof Implante

r System Description and Applications

Highly purebeam currents10mA.

Beamenergyis usually< 180keV.

Most oftentheion beamis stationaryandthe waferis scanned.
Specialized applicationsf punchthrougtstops.

Medium Current

A |=A=_2=a=A

Generatdbeam currents 10 mA and up to 25nA for highdos
e implants.

Beamenergyis usually<120keV.

Most oftenthe waferis stationaryandtheion beamdoest

he scanning.

1 Ultralow-energy beamg<4keV downto 200eV) for implantin
g ultrashallow source/draijnnctions.

=4 =N

High Current

Beamenergyexceed200keV up toseveralMeV.
Place dopantbeneatha trenchor thick oxide layer.
Able to formretrogradenells andburiedlayers.

High Energy

E E

Oxygen lonimplanters Classof high currentsystemausedto implantoxygen insilico

n- onrinsulator(SOI) applications.

Tablel7.6
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Rangeand ProjectedRangeof Dopantion

Incident
ion beam

| DR, dopant

Stoppingpoint—{. s distribution
for asingleion |~ S

Siliconsubstrat e
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ProjectedRangeChart
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Redrawnfrom B.El-Kareh,Fundamentalef SemiconductdProcessing
Technologieg Boston:Kluwer, 1995),p. 388
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EnergyLoss of an Implanted DopaAtom

O Energetic

dopanton

Electroniccollision W/ Silicon crystallattice
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CrystalDamageDueto Light and Heavyons

1/ Light ion impact . //f/ Heavyion impact
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lon Implanters

A lon Source

A Extraction and lo\nalyzer
A AccelerationColumn

A ScanningSystem

A Proceshamber

A Annealing

A Channeling

A Particles




Interactionof ion Source and Extractigkssemblies

lon Source ExtractionAssembly
g Groundecklectrod
- Suppressiomelectrod i
il g i +/—Arc chamber :I,-
+ L1+
1
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magnet + —— = +lonbeam
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+
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Filament Arc Extraction Terminalreference

(PAvoltage)

Usedwith permissiorfrom AppliedMaterials TechnologyPrecisionimplanter 9500
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