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1. (7 %) Kristallastefnur — Crystallographic planes
Hvers vegna er mikilveegt ad pekkja kristallaplon og stefnur innan Si kristalls ?

Why is it important to keep track of crystallographic planes and directions within

a Si crystal 7
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2. (7 %) Leidni Si — Conductivity of Si
(b) Breytist leidni 6ibaetts Si verulega med hitastigi naleegt 300 K ? Utskyrid stut-
tlega.

(b) Does the conductivity of undoped Si vary significantly with temperature near

300 K ? Briefly explain your answer.
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3. (7 %) Varmamyndun rafeinda-holupars — Thermal generation

Utskyrid varmamyndun rafeinda-holupars og jonun rafgjafa atéms & orkuborda myn-

dinni.

[llustrate thermal generation and donor atom ionization on the energy band dia-

gram.
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4. (26 %) Jonaigraedsla — Ion implantation
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(a) (i) (7 %) 1000 keV bér var skotid inn { n-leidandi Si (Ng = 10'° em™3) og

skammturinn var 10* cm?. Hver er dypt samskeytanna ?

(a) (i) (7 points) 1000 keV boron was implanted into n-type Si (Ng = 10*° cm™3)
to a dose of 10'® cm?. What are the junction depths ?
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(a) (i) (7 %) Notid nalgunarjofnuna fyrir sheet vidnam, Ry = 1/(quo), til ad finna
sheet vidnamid fyrir igreedda lagid 7

(a) (ii) (7 points) Using the approximate formula for sheet resistance: R s= 1/R, =
1/(gpd), what is the sheet resistance of the implanted layer ?
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(b) (5 %) Utskyrid hvers vegna parf ad auki hitunar skref vid ~ 900° C eftir jonai-
greedslu.

(b) (5 points) Explain why we need an additional annealing step at ~ 900° C after

implantation of dopants.
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(c) (7 %) Ef mynda barf ofur-grunn skeyti, raedid peer tveer adferdir sem notadar eru
vid framleidslu smardsa sem er setlad ad minnka ahrif bess ad jonir berist djupt inn

i kristallinn.

(c) (7 points) We would like to form ultra-shallow junctions, discuss two methods

used in integrated circuit processing to minimize the ion channeling effect
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5. (25 %) Sveim — Diffusion

Bor er sveimad inn i n—leidandi kisil sem hefur upphaflegan ibotarpéttleika 2 x 106
cm™3. Forsveimid er framkvaemt vid 900 °C i 12 min. Gefid er ad leysnimérk bor i

kisli eru 3.5 x 10 em ™3 og ad sveimfastinn er 1.6 x 10~1* cm?/s.
(a) (14 %) Reikna skal hve djiupt er nidur ad samskeytum, z;.

(b) (11 %) Reikna skal bérskammtinn sem kisillinn hefur innbyrt, Q.

Boron is diffused into a n—type silicon with impurity concentration 2 x 10 em=3.
The prediffusion is performed at 900 °C for 12 min. The solid solubility limit for

silicon is 3.5 x 10* em™ and the diffusion constant is 1.6 x 107'* cm?/s.
(a) (14 points) Determine the junction depth, z;.

(b) (11 points) Determine the boron dose deposited into the silicon, Q.
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6. (28 %) Tél — Device

Skodum nud t6lid sem er synt hér ad nedan. p—leidandi undirlagid er upphaflega
fbeett med bor af béttleika 10*° atoms/cm?®. n—brunnurinn er ba ibeett med fosfor

med béttleika 2'° atoms/cm?.

Consider the cross-section of a device shown below. The p—type substrate is initially
doped with boron at a concentration of 10'® atoms/cm?®. The n—well region is then

doped with phosphorous at a concentration of 2% atoms/cm?.
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(a) (7 %) Hvada tol hofum vid 4 milli tengipunkta A og B ?

(a) (7 points) What type of device can be obtained by accessing terminals A and B
?
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(b) (7 %) Finna skal béttleika rikjandi bera i n—brunninum vid stofuhita.

(b) (7 points) Find the majority carrier concentration in the n—well at room tem-
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(c) (7T %) Gera skal rad fyrir ad hreyfanleiki rafeinda og hola i n—brunninum séu

1200 em?/V s og 450 cm?/Vs. Reikna skal rafleidni i n—brunninum.

(¢) (7 points) Assume that the mobility values for electrons and holes in the n—well
are 1200 cm®/V s, and 450 cm?/ Vs, respectively. Calculate the electrical conductiv-

ity of the n—well.
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(d) (7 %) Na ma til p—leidandi Si undirlagsins um Vg. Hvada spennu barf ad leggja

4 Vp til ad tryggja rétta virkni télsins i (a) ? Hvers vegna ?

(d) (7 points) Here, the p—type Si substrate can be accessed via Vz. To ensure a
proper operation of the device in (a), what voltage should be applied to Vg, e.g.,
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