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1. Kennistaerdir MOSFET — MOSFET characteristics (15)

Fyrir pversnidido af NMOS toélinu sem er synt hér ad nedan, gerum vid rad fyrir
rasalengd L = 0.5 pm, breidd réasar W = 50 pm, pykkt gattaroxios t,x = 9 nm,
Fermiorkustigi ¢y, = 0.4 V, proskuldsspennu vid enga alagda spennu Vipypg = 0.7 'V,
ibotarpéttleika undirlags 9 x 1014 cm™3, og hlutfallslegum rafsvorunarstudli Si sem
11.8 og fyrir SiO5 3.9 og hreyfanleika ;1 = 350 cm? /Vs.

(a) Reikna proskuldsspennuna pegar Vx = 0.5 V, Vpp =5V, og Vg =2 V.
(b) Haldio afram med (a) og reiknids svelgstrauminn Ip.

(c¢) Endurtakid (b) med Vx =0 V.

(d) Gerum rad fyrir ad Vx megi breyta & medan 6drum spennugildum er haldid

fostum. Reikna vio hvada spennu Vx veldur pvi ad t6lid 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 o, =9
nm, the Fermi level v, = 0.4 V, the zero-bias threshold voltage Vg = 0.7 V, the
substrate doping concentration 9 x 10 ¢m™3, and the relative permittivity of Si is
11.8 and of SiO5 3.9, respectively. Assume a mobility of p = 350 cm?/Vs.

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

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

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

(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.

(Prof desember 2014)

. Ohmsk skeyti - snertividnam (10)

Snertividonami ohmskra skeyta, sem eru mikid ibaett og smug er radandi leidniferli,

er lyst med jofnunni

e =p exp(¢b01)
C co \/Fd

par sem C] ~ 6.9x 1010 cm=3/2eV-1 fyrir kisil. Ef ¢y, = 0.6 eV og peo = 1.0x1077 Q cm?
fyrir snertu als a kisil. Hversu mikid fellur snertiviondmio ef ibotin er aukin fra

1x 101 til 1 x 10?0 ¢m=3 7

. Préskuldsspenna MOS tvists (10)

Teikna skal proskuldsspennu MOS tvists sem fall af ibotarpéttleika & bilinu 1014-1019
cm™3 fyrir baedi n- og p-leidandi undirlag. Gera skal rad fyrir ¢, = —0.92 V fyrir
n-efnid, Qy = 1011¢q C/cm? og bykkt oxids d = 200 A. Athugid ad ¢, barf ad reikna
ut fré breytingu 1 Ey fyrir p-leidandi efnid.



4. Device Cross-Sections/Symbols (10)

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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