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1. (16) Kennistaerdir MOSFET — MOSFET characteristics

Fyrir pversnioido af NMOS toélinu sem er synt hér ad nedan, gerum vid rad fyrir
réasalengd L = 0.5 um, breidd rasar W = 50 um, bykkt gattaroxios tox = 9 nm,
Fermiorkustigi ¢, = 0.4 V, proskuldsspennu vid enga élagda spennu Vg = 0.7 V,
ibotarpéttleika undirlags 9 x 10 cm=3, og hlutfallslegum rafsvorunarstudli Si sem

11.8 og fyrir SiO, 3.9 og hreyfanleika p = 350 cm?/Vs.

(a) Reiknaproskuldsspennuna pegar Vx = 0.5V, Vpp =5V, 0g Vo =2 V.
(b) Haldid afram med (a) og reiknids svelgstrauminn Ip.

(c¢) Endurtakid (b) med Vx =0 V.
(d

) Gerum rad fyrir ad Vx megi breyta 4 medan 6drum spennugildum er haldid

fostum. Reikna vio hvada spennu Vx veldur pvi ad tolid er cut off.

p-substrate



Consider the cross-section of an NMOS device shown below. Assume the channel
length L = 0.5 pm, the channel width W = 50 pum, the gate oxide thickness t,x =9
nm, the Fermi level ¢, = 0.4 V, the zero-bias threshold voltage Vrng = 0.7 V, the
substrate doping concentration 9 x 10** cm™3, and the relative permittivity of Si is

11.8 and of SiO, 3.9, respectively. Assume a mobility of u = 350 cm?/Vs.

a) Calculate the threshold voltage when Vx = 0.5V, Vpp =5V, and Vo =2 V.

c) Repeat (b) with Vx =0 V.

(
(b) Continuing from (a) calculate the drain current Ip.
(
(d

) Now, suppose Vx can be varied while other voltage biases are fixed. Calculate

the value of Vx that causes the device to cut off.



2. (8) Device Cross-Sections/Symbols

Skodid pversnidid af MEMS-sméra smarasinni hér ad nedan. Merkid sméarana (D.e.
tveir MOS og einn tviskeyttur smari) og teiknid inn & myndina tékn fyrir sérhvern

sméara & videigandi stéoum., p.e. érin i takninu yfir rétta sveedio o.s.frv.

Consider the merged MEMS-transistor integrated circuit cross-section shown below.
Identify the transistors (i.e., two MOS and one bipolar transistor) and draw the cor-
responding symbols for each of the transistors on top of the figure in the appropriate

positions, i.e., with the “arrow part” of the symbol over the right region, etc.
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3. (6) Kisill — Silicon

Af hverju er kisill mikilveegasta frumefnio & smarasum ? Nefnid prja atrioi.

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

reasons.



4. (15) CVD

Gerum rad fyrir ad SiCly lind sé notud til a0 raekta fjélkristalladan kisil med efnagu-
fuagreedslu (CVD). Gerum rad fyrir ad béttleiki SiCly concentration { gas flaedinu N,
sé¢ 5 x 10'® molecules/cm?, massaflutningsstudullinn h, sé 0.63 cm/sec, hradafasti
fyrir yfirbordshvorf kg sé 2 x 10% exp(—1.9/kT) cm/sec, og atombéttleiki fjolkristal-

lads kisils s¢ 5 x 10?2 atoms/cm?.

(a) Aeetlid recktunarhrada fjlkristallads kisils, gerid rad fyrir massaflutningur tak-
marki CVD ferlio.

(b) Vido hvada hitastig er massaflutningssstudullinn h, jafn hradafasta fyrir yfir-

bordshvorf ks 7 Hver er reektunarhradinn vio petta hitastig 7

(¢) Myndin hér ad nedan synir raektunarhrada fyrir fjlkristalladann kisil fra fjorum
mismunandi gaslindum. Ut fra ferlinum fyrir SiH,, metid érvunarorkuna E, (i eV)

fyrir hradafasta yfirbordshvarfsins.

Suppose a SiCly source is used to deposit polysilicon via chemical vapor depo-
sition (CVD). Assume the SiCly concentration in the gas stream N, is 5 x 106
molecules/cm?®, the mass-transfer coefficient hy, is 0.63 cm/sec, the surface-reaction
rate constant kg is 2 x 10%exp(—1.9/kT) cm/sec, and the polysilicon atom density

is 5 x 10* atoms/cm?.

(a) Estimate the polysilicon film growth rate, assuming the CVD process is mass-

transfer limited.

(b) At what temperature does the mass-transfer coeflicient h, equal the surface-

reaction rate constant ks 7 What is the growth rate at this temperature ?

(c) The following figure shows the deposition rates of polysilicon for four different
gas sources. From the SiH, curve, estimate the activation energy E (in eV) for the

surface-reaction rate constant.
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5. (8) Valvisi i setingu — Selectvity in etching
Finna skal hvada valvisi skal krafist paegar aett er 460 nm laga af fjolkristélludum

kisli an pess ad aeta meira en 2 nm nidur { undirliggjandi gattaroxid. Gera skal rad

fyrir a0 einsleitni setingar & fjolkristolludum kisli sé¢ 10 %.

Find the etch selectivity required to etch a 460 nm polysilicon layer without removing
more than 2 nm of its underlying gate oxide, assuming that the polysilicon is etched

with a process having a 10 % etch rate uniformity.



6. (15) Sveim — Diffusion

Gulli er sveimad inn { kisilskifu med fostum yfirbordspéttleika 10'® ecm=3. Hve lengi
er gullid ad sveima fullkomlega um kislskifu sem er 400 ym pykk pegar bakgrunnspét-
tleiki er 106 cm=2 vid hitastig 1000°C ?

Gold is diffused into a silicon wafer using a constant-source diffusion with a surface

-3

concentration of 10'® ecm™3. How long does it take the gold to diffuse completely

through a silicon wafer 400 um thick with a background concentration of 106 cm=3

at a temperature of 1000°C 7
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7. (20) Jonaigraedsla — Ion implantation

Gerum rad fyrir eftirfarandi pversnisdi sem skal ibeett med As jonaigraedslu til ad
mynda lindar/svelg sveedin. Gerum rad fyrir ad Si undirlagid sé upphaflega ibaett

med B med einsleitum fbotarpéttleika 1016 cm=3.

Consider the following cross-section that is to be doped with As using ion implan-
tation to form the source/drain regions. Assume the Si substrate is initially doped

with B with a uniform concentration of 1016 ¢m—3.

llllllllmons
sio, eon'“‘—Ti:Ffo

P-type Si

(a) Gera skal rad fyrir ad SiO, og fjolkristalladur kisill hafi sama stédvunarafl og
Si, og ad pykktin 4 SiOy sé 60 nm. Hver er jonaigraedsluskammturinn og orkan
sem parf til ad fa hamarkspéttleika 10'° cm™3 fyrir As vid samskeyti SiO, og Si vid
lindar /svelg sveedin (b.e., y = 60 nm) ?

(b) Halda afram fra (a), og reikna dypt samskeytanna & lindar /svelg sveedunum.

(c) Hver er minnsta pykkt a fjolkristallada kislinum ef fjolkristalladi kisillinn og SiO4
hladinn & ad pjona sem virk grima fyrir jonaigreedsluna sem minnkar As péttleikann

i rasasveedinu nidur fyrir 1/10 af bakgrunnsibotinni 7

(d) Ef haldid er afram fra (a), eftirfylgjandi drif skref vid 1100°C gefur endanlega
skeytadypt sem er 2 um (meelt fra SiO,/Si samskeytunum). Asctlid endanlegt sheet

vionam { S/D sveedunum.

(e) Halda afram fra (d), aeetlid hve langur drif timinn er.

(a) Assume that the SiO and polysilicon layers have the same ion stopping power
as Si, and that SiOs thickness is 60 nm. What are the ion implantation dose and
energy required to achieve a peak concentration of 10! cm™3 of As at the SiO, and

Si interface in the source/drain regions (i.e., y = 60 nm) ?

(b) Continuing from (a), calculate the junction depth of the source/drain regions.



(c) What is the minimal thickness of the gate polysilicon for the polysilicon and SiO,
stack to serve as an effective implantation mask that decreases the As concentration

in the channel region below 1/10th the background concentration ?

(d) Continuing from (a), a following drive-in step at 1100°C yields a final junction
depth of 2 pm (counted from the SiO, and Si interface). Estimate the final sheet

resistance in the S/D regions.

(e) Continuing from (d), estimate the required drive-in time.
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8. (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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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 (%)
651/60 =11.9
[ )
n= E)N(E)dE
€Ge/€0 = 16 o0
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
Cs
k=&
M ko—1
Cs = k?oCQ [1 - ﬁo]
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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

2
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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
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Er—E, 107 —1
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13 Framleioni

Likan Poisson
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