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L (a) (4%) EH energy band diagram (E, Ey, Eg) for a 8i p-n junction in thermal
equilibrium - : :
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2. (16%) To measure the carrier concentration directly, the most common used

method is the Hall Effect. Consider a P-type semiconductor sample (size is
LxHxW), try to set up the measurement (%&@ﬂﬁ%%&ﬁ%ﬂﬂ%@%%ﬁﬁ%
HI 5145 and write the equations to obtain carrier_' concentration.

3. (18%) From Poisson’s equation to derive (J£3#) electric-field distribution and find
the maximum field in an abrupt p-n junction. Assumed the metallurgical junction
is located at x = 0, the depletion region in p-side and n-side are -xp and x,,, ‘
respectively. Dielectric constant is &

(b) (8%) FH#5H Depletion (transition) region % neutral region. JF¥F energy

4. (a) (10%) A silicon npn bipolar transistor is uniformly doped and biased in the forward-active region.The

T *‘“"4"rxcatrak¢,bm' widih: is EB;.Z?"*Q&&&MWW;TIJQ trmaﬁmdepiﬂgeeﬁcmtmimare%; ._val-Ov'l -cm3r3',—-~1\l,,v-=
10* cm™, and Ne = 10" cm™, For Ve =0.625V, determine npat x = 0 and pg at x = 0. Note that n;
=1.5x10% em™, ¥V, = kT/g = 00259V, and ¢*"'=3,0210"
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(b) (10%) Consider a uniformly doped silicon bipolar transistor with a metaﬁurgical base width of 0.5
#m and a base doping of Nz = 10 ¢m™, The punch-through voltage is to be Vo =25 V. Determine
the collector dopi;gg and collector width to meet the punch-through voltage specification. Note that

€si=11.7 x 8.85 x 10™Flem,

5. (a) (10%) Consider an n* polysilicon gate and a p-type silicon substrate doped to N, = 3 x 10 cm™.
Assume the fixed charge at the oxide-semiconductor interface.is Qs = 10" em?. Determine the

work function difference ¢ m. Note that n, = 1.5%]0" cm”, the bandgap energy Eg=112¢V,
and the electron affinity y =4.01V. : '

(b) (10%) Follow (a). Determine the oxide thickness such thate the threshold voltage Vzy = +0.6 V. Note
that ¥, =kT/q =0.0259V, and In(N/m;) = 14.5086.

6. (10%) Using superposition, the shift in the flat-band voltage A Vg due to a fixed charge distribution
0 @)= (a x x) Clem® in the oxide can be givenby AVes=f€ ox, fox, a). Please find the function
JUE ox ; tox, @), which is a function of the oxide permittivity €., the oxide thickness tox, and the
charge distribution coefficient a. '




