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1. (24) Ibzeting — Doping
[ jonafgreedsluskrefi (skammtur = 104 em =2, R, = 0.0226 um, AR, = 0.0102 um) er
arsen (As) igraett i p-leidandi hélfleidara sem hefur einsleita bor (B) ibot af béttleika
10'® em~3. Heildarpykkt kisilskifunnar er 300 pm.
(a) (4) Finna skal mesta As béttleika, N,.

(b) (4) Rissid upp bversnid As of B ibotar. Merkid greinilega inn & grafid skotlengd

og haesta péttleika. Gera skal rad Gaussisku pversnioi.
(¢) (3) Finna skal dyptina(irnar) nidur ad samskeytum rétt eftir igraedsluna.

(d) (4) N1 er synid hitad upp i 950 °C i brot af sekindu. Rissid nt upp pversnid

arsens og bor eftir pessa héahita medferd.

(e) (3) Synid er hitad i 1000 °C i langan tima, segjum tveer vikur. Dragid na aftur
bversnio As og B.

(f) (3) Channeling getur einnig haft ahrif 4 pversnid ibotar eftir jonaigreedslunar.
Utskyrid stuttlega channeling hrifin og listid /1ysid adferdum til ad draga tr dhrifum

(a0 mestu fjorar setningar).

(g) (3) Pad ad mynda ofur-grunn skeyti sem lind /svelg framlengingar i nanoskala

MOSFETum er enn virkt rannsoéknarsvid. Reedio hvort pad ad mynda ofur grunn



skeyti er erfidara fyrir p eda n ibot. Réttlaetid svarid stuttlega (prjar setningar ad

mestu).

An ion implantation step (dose = 10 em™2, R, = 0.0226 pum, AR, = 0.0102 pm)
implants Arsenic (As) into a p-type semiconductor material with uniformly doped
borron (B) background concentration of 10'® cm™3. The total thickness of this Si

wafer is 300 pm.
(a) (4) Find the peak As concentration, N,.

(b) (4) Qualitatively draw the As and B concentration profiles. Clearly indicate and
label the projected range and the peak conceentration. Assume an ideal Gaussian

profile.
(c) (3) Find the junction depth(s) right after the implantation.

(d) (4) The sample is now thermally annealed at 950 °C for a fraction of a sec-
ond. Qualitatively draw the Arsenic and boron profiles of this sample after high

temperature annealing.

(e) (3) We do high temperature annealing at a 1000 °C for a long time, say two
weeks. Redraw the As and B profiles.

(f) (3) Besides the various effects covered in the previous parts of this question, chan-
neling could also affect the dopant profile after the ion implantation step. Briefly
explain the channeling effect and list /describe two approaches for reducing the chan-

neling effect (4 sentences max).

(g) (3) Achieving ultrashallow junctions as the source/drain extensions of nanoscale
MOSFETs is a challenging field of active research. Speculate whether enabling
ultrashallow junctions is more difficult for p* or n* doping. Briefly justify your

answer (3 sentences max).



2. (15) Raektun htdar — Deposition of thin film

(a) (3) Gerum rad fyrir pversnidi undirlags eins og synt er hér ad nedan. Vid recktun &
Al O3 er goori skrefpekju nad med recktunarhrada 0.1 micron/min. Rissid pverskurd
reektadrar hidar ef gert er rad fyrir fullkominni skrefpekju eftir 1 min, 2 min, og 4

min rektun.
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L

Substrate

(b) (6) Fyrir efnagufuagraedslu fjolkristallads kisils med SiCly sem gaslind, er mas-
saflutningsstudullinn b, = 1 cm/sec, hradafasti yfirbordshvarfa ks = 2x10% exp(—1.9/kT)
cm/sec, og béttleiki Si atoma 1 gasfleedinu er C, = 3 x 10'% atoms/cm?. (Atompét-

tleiki storkins kisilkristalls er 5 x 10*? atoms/cm3.)
(i) (3) Hver er raektunarhradinn vid 500 °C ?
(ii) (3) Vio hvada hitastig er ks = hy 7

(c) (3) Listid upp meginkostina vid pad ad nota efnagufuagraedslu (CVD) umfram
physical vapor deposition (PVD) begar reektadar eru punnar hadir.

(d) (3) Listid upp megin kostina & pvi ad nota spaetun umfram uppgufun vid reektun

4 punnum hadum.

(a) (3) Assume a starting substrate profile shown below. A conformal deposition of
Al, O3 is then performed with a deposition rate of 0.1 micron/min. Sketch the cross
sections of the deposited film for a completely conformal deposition after 1 min, 2

min, and 4 min of deposition.

(b) (6) For chemical vapor deposition of poly-Si using SiCly as a gaseous source,
the vaporphase mass transfer coefficient h, = 1 cm/sec, the surface reaction rate
constant k, = 2 x 10°exp(—1.9/kT) cm/sec, and the concentration of Si atoms in
the gas stream Cy = 3 x 10'® atoms/cm?®. (The atomic concentration of solid Si is

5 x 10*? atoms/cm?.)



(i) (3) What is the growth rate at 500 °C ?

(ii) (3) At what temperature does ks = hy 7
(c) (3) List the major advantages of using chemical vapor deposition (CVD) versus
physical vapor deposition (PVD) for thin films.
(d) (3) List the major advantages of using sputtering deposition versus evaporation

deposition for thin films.



3. (10) Oxun — Oxidation

Fyrir tiltekid oxunarferli, er pad bekkt ad oxunarhradinn (dx./dt) er 0.24 pm/klst
begar pykkt oxidsins er 0.5 pym og verdur 0.133 pm/klst pegar pykkt oxidsins er 1
pm. Finna skal linulegan oxunar fasta (B/A) og fleygboga oxunarfasta B. Gefa skal

svarid { videigandi einingum.

For a particular oxidation process, it is known that the oxidation rate (dxqy/dt) is
0.24 pm/hour when the oxide thickness is 0.5 pm and it becomes 0.133 pm/hour
when the oxide thickness is 1 pm. Find the linear oxidation constant (B/A) and

the parabolic oxidation constant B. Give answers in proper units.

4. (5) Lithography
Fyrir tiltekio lithography ferli sem byggt er a vorpun, er minnsta upplausn [/, = 1

pum og depth of focus (DOF) er 1 pm. Ef ad [j6sopid yfir varpara linsunni er minnkad,
lj6sopid er helmingad, skal reikna ny gildi 4 [, og DOF.

For a particular lithography process based on projection printing, the minimum
resolution (I,,) is 1 mum and the depth of focus (DOF) is 1 pm. By placing a
smaller aperture over the projection lens, the numerical aperture (NA) is reduced

by a factor of 2, calculate the new values of [, and DOF.

5. (5) Forsveim — Diffusion Predeposition

Forsveimi arsens er beitt til ad mynda grunn skeyti 1 p-leidandi kisli (Ng = 1 x 10%
cm?). Leysnimork As { kisli eru pekkt 1 x 10*' /em3. Ef ad skeytin skulu vera ekki
meira en 0.1 pym, hvert er leegsta sheet vionam sem haegt er ad fa fram 7 Notid Irvin

ferla.

Diffusion predeposition of Arsenic is used to form a shallow junction in p-type Si
(Ng =1 x 10% cm?). The solid solubility of As in Si is known to be 1 x 10*' /em?.
If the allowed junction depth is less than 0.1 um, what is the lowest sheet resistance

which can be achieved ? Use Irvin curves.



6. (5) Lithography

Utskyrid hvers vegna kréfu um minnstu upplausn og mesta depth of focus er ekki
haegt ad besta samtimis med pvi ad stytta bylgjulengd ljoseinda 1 vorpunar lithog-
raphy.

Explain why minimum resolution and depth of focus requirements cannot be op-
timized simultaneously by using shorter wavelength photons for projection optical

lithography:.

7. (6) Kisill — Silicon

Af hverju er kisill mikilveegasta frumefnid 4 smarasum ? Nefnid prju atridi.

Why is silicon the most important element in integrated circuits 7 Name three

reasons.

8. (8) Valvisi i setingu — Selectvity in etching

Finna skal hvada valvisi skal krafist paegar aett er 460 nm laga af fjolkristélludum
kisli &n pess ad seta meira en 3 nm nidur i undirliggjandi gattaroxid. Gera skal rad

fyrir a0 einsleitni setingar & fjolkristolludum kisli sé¢ 12 %.

Find the etch selectivity required to etch a 460 nm polysilicon layer without removing
more than 3 nm of its underlying gate oxide, assuming that the polysilicon is etched

with a process having a 12 % etch rate uniformity.



9. (10) Vandamal med &l leidara — Problems with aluminum conductors

A medfylgjandi mynd sjast sum megin vandamalin sem fylgja pvi ad nota al sem
leidara i fjollaga malmtengi. Lystu asteedum eftirfarandi vandamala og peim laus-

num sem beitt er til a0 draga dr eda eyda pessum vandamélum.
(a) Holar og innflakar (e. hillock and void)
(b) Myndun &albrodda

(c) Onog skrefbekja (e. step coverage)

The figure below shows some of the problems that arise when aluminum is used
as a conductor in multilevel interconnects. Describe the reasons for the following

problems and the soultions that are applied to minimize or eliminate the problems.
(a) Hillocks and voids
(b) Formation of aluminum spikes

(c) Limited step coverage
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10. (12) Oxun — Oxidation

Gerum 140 fyrir ad atompéttleiki 1 hreinum kisli sé 5 x 10?2 cm ™2 og ad samein-
dapéttleiki SiOy sé 2.2 x 10?2 cm™3. Struktirinn hér ad nedan hefur farid { gengum

eftirfarandi frmaleidsluskref:

Assume the atom density of pure Siis 5 x 10*2 cm ™3 and the molecular density of

SiO5 is 2.2 x 10?2 cm 3. The structure shown below has gone through the following

400 nm $i0, X X.s
n + 7 i XOX
=) f’fLﬂ!

Ad
Step 6) P-Si Step 7) P-Si

process steps:

1) Start with a bare <100> silicon wafer
2) Grow 400 nm of oxide

3) Lithography

4) Dry etch 400 nm of oxide

5) Remove P.R.

6) Diffuse phosphorous (n+)

7) Wet oxidation for ¢t minutes

Gerum 140 fyrir ad linulegur hradafasti oxunar sé¢ (B/A),+ = 4 x (B/A), = 04
pm/klst (b.e., yfirbordshradafastinn eykst pegar fosfor er fyrir hendi), og fleygboga
hradafastar eru (B),+ = (B), = 0.2 um?/klst. Akvarda t, Ad, og Xoy.

Assume that the linear oxidation rate constants are (B/A),+ = 4 x (B/A), = 0.4
pm/hr (i.e., the surface reaction rate increases when phosphorous is present), and

the parabolic constants are (B),+ = (B), = 0.2 um?/hr. Determine ¢, Ad, and X.
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Irvin curves
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Projected Range & Straggle in Angstrom

Projected Range & Straggle in Angstrom

:

8

=51.051+32.60883 E -0.03837 E2 +3.758¢-5 E> -1.433¢-8 E*

=185.34201 +6.5308 E-0.01745 E* +2.098e-5 B> -8.884e-9 E*

***************************************

**************************************************

=7.14745 +12.33417 E +0.00323 B2 -8.086e-6 E° +3.766e-9 E*

=24,39576+4.93641 E-0.00697 E> +5.858¢-6 B> -2.024e-9 E*
PinbSi |
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1 Fastar 3 Halfleidarar
1 meq* 13.6
g=1602x 107" C Bu=—goms=""5
0
Na, = 6.022 x 10®  sameindir/mol By =117 (4-7(3T i 1603‘64>)T2 eisill
k=138x10"*J/K=8.62x10"" ¢V/K 54 % 10-4)T2
B, =152 '(T: 204% GaAs
€0 =8.854x 107 F/cm 2
"= PE/dk?
€ox/€0 = 3.9
F(E) = ——
1+ exp (%)
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[ )
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27m* 3/2 )
_ /2
€Gans/€0 = 13.1 N(E) = 7T< 12 > E
Fyrir kisil vio stofuhita: E_FE
F(E) ~ exp <— — F> of E — Ep > 3kT
n; = 9.65 x 10° em™3 5 5
f(E) ~ 1—exp (— Fk;; ) ef E—FEp < 3kT
Fyrir GaAs vi0 stofuhita:
E.— E
n; =2.25 x 10° cm™3 n ~ N.exp <_C/§7TF>

2 Raektun
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E
np = NNy exp <—ﬁ> = n?

Er — E;
v (575

N
B, — Bp — kTn (==
¥ H(ND)

N
Fe— E, = kTIn (—)
A

np = n?
Vid stofuhita fyrir kisil
N, =28x 10" em™

N, =1.04 x 10 cm™

Vio stofuhita fyrir GaAs
N, =4.7x 10" em™

N, =7x10"¥ cm™3

n-leidandi halfleidari

1
n =5 [Np — Na +1/(Np — Np)? + dn?
0g
n;
Pn = —
Tin

p-leidandi hélfleidari

1
pp:é NA—ND+\/(NA—ND)2+4’I’L12
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J = q(npn + ppp)€ = o€

pofL_ L1
- Wd Wdo

4 MOSFET

MOS kjortvistur

Q¢ms = Q(¢m - ¢S)

qPms = qPm — {qx + % + qcbb]

Qsc = _qNAa;dmax ~ — \/ QQGSNA<2wb>

ths(umhverfing) & 2y, = KT In (NA)
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5 Vidnam
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Oxun
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11 MaAlmar

1 E,
MTF ~ 72 &Xp (ﬁ)

12 Lithography

CD = W, ~ \/Tg

o 0.§1A
n sin 6

61 A
_06LA A

R NA NA

NA =nsinf

R/2 R/2 A
DOF = &+ ~ 4+ =4k
O tan @ sin 6 2 (NA)?

MTF — Ivyax — Ihuin
Iyax + Ivin
Er—E, 107 —1

CMTF ixnam = =
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13 Framleioni

Likan Poisson
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Likan Murphy
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Likan Seeds
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