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1. Ibzeting — Doping (20)

[ jonafgreedsluskrefi (skammtur = 10' em=2, R, = 0.0226 ym, AR, = 0.0102 pm) er
arsen (As) igraett i p-leidandi halfleidara sem hefur einsleita bor (B) ibot af péttleika
106 ¢cm=3. Heildarpykkt kisilskifunnar er 300 pm.

(a) Finna skal mesta As béttleika, N,.

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

heesta péttleika. Gera skal rad Gaussisku pversnioi.
(c) Finna skal dyptina(irnar) nidur ad samskeytum rétt eftir igreedsluna.

(d) Nu er synid hitad upp i 950 °C i brot af sekindu. Rissid nt upp pversnid arsens
og bor eftir pessa hahita medferd.

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

(f) Channeling getur einnig haft &hrif & pversnid ibotar eftir jénaigreedslunar. Ut-
skyrid stuttlega channeling hrifin og listid/lysid adferdum til ad draga ar ahrifum

(a0 mestu fjorar setningar).

(g) Pad ad mynda ofur-grunn skeyti sem lind/svelg framlengingar i nanéskala MOS-
FETum er enn virkt rannsoknarsvid. Reedid hvort pbad ad mynda ofur grunn skeyti

er erfidara fyrir p eda n ibot. Réttleetid svarid stuttlega (prjar setningar ad mestu).



An ion implantation step (dose = 10 cm™2, R, = 0.0226 pm, AR, = 0.0102 pm)
implants Arsenic (As) into a p-type semiconductor material with uniformly doped
borron (B) background concentration of 106 cm=3. The total thickness of this Si

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

(b) 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) Find the junction depth(s) right after the implantation.

(d) The sample is now thermally annealed at 950 °C for a fraction of a second. Qual-
itatively draw the Arsenic and boron profiles of this sample after high temperature

annealing.

(e) We do high temperature annealing at a 1000 °C for a long time, say two weeks.

Redraw the As and B profiles.

(f) 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) 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).

(Prof desember 2016)



2. Jénaigraedsla

(10) Fosfor er igreeddur i p-leidandi kisil med einsleitan bakgrunnspéttleika 1016

cm~3. Fosforkammturinn (P*) er 10'3 ¢cm=2 og hrédunarorkan er 200 keV.
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(a) Finna skal sheet vidnam fosforigreedda lagsins med Ry »~ 1/(que).
(b) Finna skal sta0setningar skeyta sem myndast vi0 fosforigraedsluna, zj; og ;2

(c) Eftir fosforigraedsluna er synid bakad med Dt = 10712 c¢cm? til ad endurheimta
kristollun og gera ibotina rafvirka. I1j6s kemur ad snid ibotarinnar breytist 6verulega.
Utskyrid.

(d) Fjolkristollud kisilhad (0.5 pm bykk) er nt reektud ofan & kisilundirlagio ar 1io
(c). Pa er bor igraeddur. Hréounarorka bor jonanna er valinn pannig ad stadsetning

bortoppsins falli 1 fosfortoppinn 1 kisilundirlaginu. Hver er hrodunarorka borjonanna

?
(prof mai 2003)

3. Sheet vidnam

(10) Kisilbatur hefur pykkt 2 pm. Efri 1 ym er ibaettur til ad mynda n-leidni med

Ng =107 ¢cm™3. Nedri 1 pm er 6ibaettur.
(a) Finna skal sheet vionamio.

(b) Vidnamsmynstur er lagt ut fyrir sméras eins og sést 4 myndinni. Finna skal

vionam vionamsins.
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4. Sveim — Diffusion (10)

Gulli er sveimad inn 1 kisilskifu med fostum yfirbordspéttleika 10'® cm=3. Hve lengi er
gullid ad sveima fullkomlega um kisilskifu sem er 400 pm pykk pegar bakgrunnspét-
tleiki er 1016 cm=3 vid hitastig 1000°C ?

Gold is diffused into a silicon wafer using a constant-source diffusion with a surface
concentration of 10'® cm=3. How long does it take the gold to diffuse completely
through a silicon wafer 400 pm thick with a background concentration of 106 ¢cm=3
at a temperature of 1000°C 7
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(Prof desember 2014)



