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Fabrication

New Section 1 Page 1



_—

|

|

Requirements

Elemental Material: e.g. Si not SiOZL

High purity (no unintentional impurities)
Crystalline Material

Controlled Doping for Concentration and
Location
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Example
—> Intrinsic Si

> Po=m=n, :1_.5’><L(_)10 cm
—> o=q(nu, +pu,) (Q-cm)”

-3

o =(1.602x10™)(1.5x10')(1450 + 500) = 4.686x 10 (Q—cm)™

——

———> Extrinsic Si with shallow donors

-3

> N;=2x10"" cm
n,=2.011x10"  em™> p,=1.119x10° cm™ (calculated) &

C

—
e el

>0 =1.602x10™[(2.011x10")(1450)+ (1119 10°)(500)]
Foo= 4.681x107°  (Q-cm)™

Number of Si atoms per unit volume
(8 atoms peér unit cell)(1 cell per a3)=[8/(0.5431*10° m)3]=4.994*1022 atoms per cm?3

NOte that cSextrinsic = 19,_* cintrinsic
—> 4.994x10%
ST Si atoms per one impurity atom
f‘“> 2x10
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—— Si Material

Process:, I V{
—> SiO,(solid) + C + heat = Si(impure solid) + CO, &~
—> Si+4Cl - SEI4(impure liquid) - SiCl, (puigﬂquid)
qu + 2H, + heat - Si(pure solid) + 4HCl &

. /\
—=> Czochralski Method ! /~$

Requires:
——=>+ Appropriate Temperature o Z/
* Appropriate Pull Rate
pprop Ao, /L

* Seed Crystal determines

—

’;>‘€' . 7
Crystal Orientation 7 - —
Melting of Introduction ofBeginning of Crystal Formed cryst.
polysilicon, the seed crystahe crystal pulling with a residu
doping growth of melted silit

"

Czochralski Boules (cylinders)
v R .

* X-rayed: Verify Quality —

* “Flat” Ground on Side to Indicate
Orientation

» Wafers are Cut

p— 1

Note: Images taken from Wikipedia

New Section 1 Page 4



Controlled Doping of Si

> Doping of Czochralski Liquid

* Good from background doping & |
* Impractical for Device Structural Doping P | substrate

ovomms o P

separation magnet

lon Implantation of Dopants
* Bombarding with high energy particles
7 .. L .
* Destructive effects: Annealing (heating)
= Udecell___

step —|—, =
accell

* High precision of doping concentration
e~ —— /(\ (j\ 1

Diffusion Doping

. Siyv/ajer exposed to Dopant gas

* Dopants driven into the wafer at high

temperatures via diffusion process

* Old process! £

* Good control, but graded concentrations
— R

ion source

lon Implant

—

Note: Images taken from Wikipedia
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Controlled Doping of Si: Contd.

Epitaxy
(ﬁ * Depositing a monocrystalline film on a monocrystalline substrate
(7 Layer-by-Layer deposit ( i

o

Slow, expensive, but good aWres: BJT, CMOS,
Compound Semiconductors —

)
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Elemental vs. Compound
Semiconductors

Advantages of Elemental Semiconductors
* Less difficult to manage and less expensive to produce.

—

Advantages of\Compound Semiconductors.

* Higher performance, such as,sw’gegd.
* Direct: LED, LD.

_—
_ . =
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Si is Superior to Ge

i

SN

L
Es (Si) > Eg (Ge)
* Nisi (T) <njge (T) : Lower doping levels needed for same extrinsic
behavior — [ —
* Better absorption by S@ applications for visible light and
i _—

common visible and NIR laser wavelengths.
— =<, N InNFRA RED
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Si0, is Superior to GeO,

* SiO,, provides better protection from environment, forms stable skin,

timefects_ pp—
» Si0,: easier to grow, better etching and masking properties.
« Device Processes ——— —_—

U Surface Passivation
—— U Electrical Insulation
_—>0 Electrical Isolation
«/Fabrication Processes
U Diffusion Masks
Q Cleaning Surface (remove damaged areas)

New Section 1 Page 9



Friday, April 19, 2013

ne Mskfron  Ep 2 5

09 él\/’b/N % PWB 4
_—> Qlléxlo > el-s
= \’\C’\> 2956 x 0% ml<

N B
=
- MZ

y\m



coR [TioN
T-= lo €
Ot o X, = Aok PTions  QEFEICONT
DieTANCE
(m m pm X =
P

T = IRRADIACE

| el DT [RAADIANCE
- [ E§LEG M ReFLECr|

New Section 1 Page 11



~@Q
Friday, April 19, 2013

st YA Y
hipobLeDe . ppncn Bt
gy g 7 ) poe
7 T fa—7 7
TL[QH”T — “/l 01/ ¢
s

New Section 1 Page 12



