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Objectives 

Overview of Silicon Technology

- Wafer preparation

- Lithography

- Oxidation

- Etching

- Doping

- Deposition

- Packaging
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Common DopantsUsedin SemiconductorManufacturing

AcceptorDopant

Group IIIA  

(P-Type)

Semiconductor  

Group IVA

Donor Dopant

Group VA 

(N-Type)

Element
Atomic  

Number
Element

Atomic  

Number
Element

Atomic  

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



CMOS Structure with Doped
Regions
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Common Dopant Processes in CMOSFabrication

ProcessStep Dopant Method

A. p+ Silicon Substrate B Diffusion

B. p
-
Epitaxial Layer B Diffusion

C. Retrograden-Well P Ion Implant

D. Retrogradep-well B Ion Implant

E. p-ChannelPunchthrough P Ion Implant

F. p-Channel Threshold Voltage (VT) Adjust P Ion Implant

G. p-ChannelPunchthrough B Ion Implant

H. p-Channel VT Adjust B Ion Implant

I. n-Channel Lightly Doped Drain(LDD) As Ion Implant

J. n-Channel Source/Drain(S/D) As Ion Implant

K. p-ChannelLDD BF2 Ion Implant

L. p-ChannelS/D BF2 Ion Implant

M. Silicon Si Ion Implant

N. DopedPolysilicon P orB
Ion Implant  

or Diffusion

O. DopedSiO2 P or B
Ion Implant  

or Diffusion



Ion Implant in ProcessFlow

Used with permission from Lance Kinney,AMD
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Doped Region in a SiliconWafer
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Diffusion

ÅDiffusion Principles

ïThreeSteps

ÅPredeposition

ÅDrive-in

ÅActivation

ïDopantMovement

ïSolidSolubility

ïLateralDiffusion

ÅDiffusion Process

ïWaferCleaning

ïDopantSources



Dopant Diffusion in Silicon
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Table17.3

Solid Solubility Limits in Silicon at1100ôC

Dopant Solubility Limit (atoms/cm3)

Arsenic(As) 1.7 x 1021

Phosphorus (P) 1.1 x 1021

Boron(B) 2.2 x 1020

Antimony(Sb) 5.0 x 1019

Aluminum(Al) 1.8 x 1019



Diffusion Process

Eight Steps for SuccessfulDiffusion:

1. Run qualification test to ensure the tool meetsproduction  
qualitycriteria.

2. Verify wafer properties with a lot controlsystem.

3. Download the process recipe with the desireddiffusion  
parameters.

4. Set up the furnace, including a temperatureprofile.

5. Clean the wafers and dip in HF to remove nativeoxide.

6. Perform predeposition: load wafers into the depositionfurnace  
and diffuse thedopant.

7. Perform drive-in: increase furnace temperature to drive-in and  
activate the dopant bonds, then unload thewafers.

8. Measure, evaluate and record junction depth andsheet  
resistivity.



Table17.4

Typical Dopant Sources forDiffusion

Dopant Formula of Source ChemicalName

Arsenic(As) AsH3 Arsine(gas)

Phosphorus(P) PH3 Phosphine(gas)

Phosphorus(P) POCl3 Phosphorus oxychloride(liquid)

Boron(B) B2H6 Diborane(gas)

Boron(B) BF3 Boron tri-fluoride (gas)

Boron(B) BBr3 Boron tri-bromide(liquid)

Antimony(Sb) SbCl5 Antimony pentachloride(solid)

SEMATECH ñDiffusion Processes,ò Furnace Processes and Related Topics, (Austin, TX: SEMATECH, 1994), P.7.



Ion Implantation

ÅOverview

ïControlling DopantConcentration

ïAdvantages of IonImplant

ïDisadvantages of IonImplant

Å Ion ImplantParameters

ïDose

ïRange



Controlling Dopant Concentration andDepth

a) Low dopant concentration (nï, pï)  

and shallow junction(xj)

MaskMask

Siliconsubstrate

xj

Low energy  

Low dose

Fast scanspeed

Beamscan

Dopantions

Ion implanter

b) High dopant concentration (n+, p+)  

and deep junction(xj)

Beamscan

Highenergy  

High dose

Slow scanspeed

MaskMask

Siliconsubstrate

xj

Ion implanter



General Schematic of an IonImplanter
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Table17.5

1. Precise Control of DopantConcentration

2. Good DopantUniformity

3. Good Control of Dopant PenetrationDepth

4. Produces a Pure Beam of Ions

5. Low TemperatureProcessing

6. Ability to Implant Dopants ThroughFilms

7. No Solid SolubilityLimit

Advantages of IonImplantation



Table17.6

Classes ofImplanters

Class of Implante

r  System
Description and Applications

MediumCurrent

¶ Highly pure beam currents <10mA.

¶ Beam energy is usually < 180keV.

¶ Most often the ion beam is stationary and the wafer is scanned.

¶ Specialized applications of punchthroughstops.

High Current

¶ Generate beam currents > 10 mA and up to 25 mA for highdos

e  implants.

¶ Beam energy is usually <120keV.

¶ Most often the wafer is stationary and the ion beam does t
he  scanning.

¶ Ultralow-energy beams (<4keV down to 200 eV) for implantin

g  ultrashallow source/drainjunctions.

High Energy

¶ Beam energy exceeds 200 keV up to severalMeV.

¶ Place dopants beneath a trench or thick oxide layer.

¶ Able to form retrograde wells and buriedlayers.

Oxygen IonImplanters ¶ Class of high current systems used to implant oxygen in silico

n- on-insulator (SOI) applications.



Range and Projected Range of DopantIon
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Projected RangeChart
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Redrawn from B.El-Kareh, Fundamentals of Semiconductor Processing  

Technologies, (Boston: Kluwer, 1995), p.388



Energy Loss of an Implanted DopantAtom
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Crystal Damage Due to Light and HeavyIons

Light ion impact Heavy ion impact



Å Ion Source

ÅExtraction and IonAnalyzer

ÅAccelerationColumn

ÅScanningSystem

ÅProcessChamber

ÅAnnealing

ÅChanneling

ÅParticles

Ion Implanters



Interaction of ion Source and ExtractionAssemblies
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Used with permission from Applied Materials Technology, Precision Implanter9500


