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0 O (Mathematics)

gr7rogo 10

000000 (Instructions):

1.

gobbobobobogoobbboodgobobbuooan

Do not open this cover sheet until the start of examination is announced.

. 0000000000 7000000030000 (100000 10)0000O

You are given 7 problem sheets including this cover sheet, and 3 answer sheets (1 sheet for

each field).

0006000030 00000O0O0ODO0ODODODODODOODODOOODOODbDOODbDOODOn
Select 3 fields out of the following 6 fields and answer the questions. You must use a separate

answer sheet for each of the fields you selected.

oo field page
1| 0000 Linear algebra 2
2|0000a Differential equation 3
3| 000000 Vector analysis 4
4 100000 Complex function theory 5
500000 Probability and statistics 6
6| 00000 Symbolic logic 7

000000000000 0000oo00o0o0ooooo0oo0oode0OonoOonoO
O0o00oooDooooooogon

Fill in the designated blanks at the top of each answer sheet with the department name,
course name (except the department of informatics), the selected field number (mark with a

circle), your examinee number and your name.

0000000000 DO0bO000O0DO0O0DODO0oDO0oDbOO0bO0ObOOoObOUODOobDOoDOon
O00000DbO00O00000O0ooDoDbOooOo
Write your answers on the answer sheets. You may use the backs of the answer sheets when

you run out of space. If you do so, indicate it clearly on the sheet.
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Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

1. 00000 (Linear algebra) 0 0 O

-2 -3 -3
ogd A= 6 7 6 oooooooooogood
—6 —6 —5
T1
(1)Ax:—21:DDDDDDDDDD1:: zo |0 100000
x3

n
(2) Ay=dy000d#-2000000000y= |y |0100000

Y3
d 0 0
(3) Ap=pPDO0O0OD0O0OCODOO POODOOOD=|(0 do O0|0100D00OC
0 0 ds
(4) POOOO P'OO0OOO
(5) A0D0000
-2 -3 -3
Consider the matrix A=| 6 7 6 |. Answer the following questions.
-6 —6 -5
I
(1) Find a nonzero vector x = | x | that satisfies Ax = —2x.
T3
Y1
(2) Find a number d # —2 and a nonzero vector y = | y, | that satisfy Ay = dy.
Y3
d 0 0
(3) Find an invertible matrix P and a diagonal matrix D = | 0 dy 0 | that satisfy
0 0 ds

AP = PD.
(4) Find the inverse P~! of P.
(5) Find A'.
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for each field.

6000000030000 oooooOobOoooooooooao
Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet

2. 000000 (Differential equation) O 0O O
00000 «x(),y¢) 0000000000 DO0O0OODOOOO

dx .
a
dy

FUA

dx .
@I
dy

FUA
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Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

3. 0000000 (Vector analysis) 0 0 0O

gbobobobdtbez,y,z 0000O00OO00OO0O0ODOODOO 2,5, k000000D00DOO
oo

(1) 00000 ¢0 ¢=e"siny+e"cosy0 00000 AD A= (22— 2)i—2j+2k00
0000 (1,01)0000 ¢0000 ADODDOOOOOO

(2) 00000 A=2z2—-3)+4xyk 00000000 SOOOO ADOODOOODOOOO
S: 6r+3y+z2=3 (x>0,y>0, 2z>0)

The unit vectors on z, y and z axes of Cartesian coordinates are denoted 2, 7 and k, respec-

tively. Answer the following questions.

(1) Let the scalar field ¢ = e**siny + e” cosy and the vector field A = (2z — z)i — 25 + 2k.
Evaluate the component of the gradient of ¢ in the direction of A at the point (1,0,1).

(2) Evaluate the surface integral for the vector field A = z¢ — 37 + 4zxyk, along the following
surface S.

S: 6r+3y+z2=3 (x>0,y>0, z>0)
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Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

4. 000000 (Complex function theory) 0 O O
0000 f(¢) =u+w0D000000002z=20+w0000020y 0000wl 000
00000i=+/-1000020y0000 2=rcosf0y=rsinf0000000000
oo0ooooooooooooboboOoOooooooooboboOoooo

ou 10v Owv 10u

ar  roe o rol
O
Consider an analytic function f(z) = w + iv, where z = z + iy is a complex number, = and y
are real numbers, u and v are real functions, and ¢ = /—1. Suppose x and y are written in
the polar form = = rcosf and y = rsinf. Prove that the Cauchy-Riemann equations in the

polar form can be written by the following equations.

ou 10v Ov 10u

o radg’ or  rof
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Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

5. 000000 (Probability and statistics) 0 O O
Q={(z,y) eR*|0<2<1,0<y<1} 000000000000 (X,Y)OOODOODO
00

feg) = Gle™ +e) (y) €0

ooooooooooboooob oc>0o00000O00DOODOOOODOOODO

(1) cooooooo
(2) XO0yOOOOOOOOOOOOO0OOOO
(3) Y=00000ODOO0XO0O0O0OO0OO0OOODO

Let Q = {(z,y) e R? |0 <2 <1, 0<y <1}, Let (X,Y) be a pair of continuous random
variables given by the joint probability density function

feg) = ole +e) (@y) €D

where C' > 0 denotes the normalizing constant. Answer the following questions.

(1) Compute the value of C'.
(2) Establish whether or not X and Y are independent.

(3) Find the expectation of X under the condition of Y = 0.
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Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

6. 000000 (Symbolic logic) 0 O O

goboboobooogn

() ooodO0((p—q) —(r—=s)—=(t—-(@¢—w)—s) —(r—s) 0000000
goooooooon

(2) 30000000 VavyVz(P(z,y, z) = = P(z,y,2)), Ja3y(P(z, 2, y) NP(z,y,y)), YVaVyVz
(P(z,y,2) = (P(y,z,2) V P(z,z,y))) 00000 ¢y,90,¢: 0000

a) ¢ 00 VaVy—P(z,y,2) 00000000000

b) Y1 Av», 00000 {0,b} 00000000 10000

(¢) (b Ats) -, 000000000000000000

(
(

Answer the following questions.

(1) Show that the propositional formula ((p — ¢) — (r — s)) = (((t = (¢ = u)) = s) —
(r — s)) is a tautology.

(2) Let 11,19, and 13 denote the predicate logic formulas VaVyVz(P(z,y, z) — —P(z,y,)),
3y (P(x, 2, y) A P(z,y,y)), and VavyVz (P(z,y,z) — (P(y,z,2) V P(z,2,y))), respec-
tively.

(a) Show that v derives VaVy = P(x,y, z).
(b) Give a model for 1; A 1) whose domain of discourse is {a, b}.

(c) Determine the validity of (¢4 A ¢5) — 13, and justify your answer.
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BP9 T (Specialized subjects I)

fif& EDEE (Instructions):

1.

R, THRD] OERNH 5 E TRV TITR S 2.

Do not open this cover sheet until the start of examination is announced.

MERRIIREZ D 9, MERAKIIIKTHS.

You are given 9 problem sheets including this cover sheet, and 3 answer sheets.

PLFD 3585 1 B2 RUMET L2 L.

Select 1 out of the following 3 fields and answer the questions.

7 EF field page
1 BREK  Circuit theory 2 ~
2 | &FEE  Electronic circuits 4 ~
3 | #l#TI%  Control engineering 6 ~

FREIIFRERMICREAT S22 L. KM—2b ) —KOMERREZAVEL., Z—2
MRV BZVWHBEIIERZAVTHEREWVS, ZOHRAE, EEICEENH S5 Z L 2B
THZ L.

Your answers should be written on the answer sheets. Use one sheet for each
question. You may continue to write your answer on the back of the answer sheets if

you need more space. In such a case, indicate this clearly.

FRERBROEENC, SET 2324, BROYBL, ZRES, RABLIUMESES
ZREATDZ L.

Fill in the designated blanks at the top of each answer sheet with the course name,
your selected field name, your examinee number, your name and the question

number.
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4B 3MEREY, BERARRCBE L MEES2RATIZ L.

(1] 1 DEEIZDWT, MTFTOMWIZE Uy
Z&. 17U, BREEE LER L ORMEZEIZ wv‘y
arg(E/L) = 0 T 5. I T
2
(1) Rl, RQ, Xl, X5 @Faﬁ@@g%iﬁ%m‘li‘ | E]@ R2 ]X2
2) |[L|=2A, |[L|=1A,|V|=4V, |E|=8V
DEE, Ry, Ry, X1, X, DEMEE KD X.
&1
(2] M20EKIZOWT, UTFORWIZEX &. R, ﬂ{ X
L, BIFEEEOARKEE LT 3. — VWV E:}__11
1) LR, BRI L HEBH P 2K £, ‘Nt
(1) IR, DER I LIBBEEN K ET@ L1§ %Lz RL§P
(2 U72XVAXDNPAIETHL L E, HEE
NPWBERLZED LD X 2RkD X.
& 2
(3] H3DEBIZO>WT, MTOBWICEZ &. [ 21 ]
REL, BEEEEO/REREw LT 5. N A5
(1) $EH - OB T % Red k. EW@Q =2
(2) ZOZR, lejxl, 22=-jX20)Z§, EEI “ N
DAARZED arg(E/1) = 0 2 72 B 5k % Rk k. [ 22 ]
X3

(4] H4DERIZOWT, UFTOMWVIZEZR K. 27U, E=v3/2V, Ri=R,=2Q, C =4F,
L=1Hk 753.
(1) A4 vF S z2RWEEE, BHt=01IlBVWTAS Y F

S EMILZ. ZOLE, t>0LBYBEM) ARD o AN
. 27U, q(0)=1CE ¥ 5. S R $ R
1 *q(")
(2) So &BIVAZ XS, ZBL CHBAERREIEL %, ~— E C— L%
t=0IBWTS, 2B LAICS, 2L 5. ok | i
E, t>0IZBITBERI() 2R L.

(3) (2) TRDi(t) DRE S HBAL 2 BHH ¢ 2K & = 4
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Circuit Theory

Choose three out of the four questions and write the chosen question number on each answer sheet.

(Q1] Consider the circuit shown in Fig. 1, where

the phase difference between the source voltage F —’\/\/\/—’YRS“—

and the current I, is arg(E/I3) = 0. I T R, JX

(1) Find the equation representing the relation
among R;, Ry, X; and X,. E]@ R, JX

(2) Find the values of R;, Ry, X; and X, when
L] =2A, |L|=1A,|V[]=4V and |[E| =

8 V. Fig. 1
(Q2] Consider the circuit shown in Fig. 2, where the R M iX
source voltage E has the angular frequency w. Answer M N
the following questions. 11

(1) Find the current I and power consumption P in E]@ L, % é L, R; § P

the resistance Rj.

(2) Find the reactance X for which the power con-
sumption P is maximized when X is variable. Fig. 2

(Q3] Consider the circuit shown in Fig. 3, where the

L]
source voltage F has the angular frequency w. Answer the 1 I
following questions. zo 4
2| =
(1) Find the current I in the resistance r. l
20 22
(2) Find the requirement for which the phase difference rz ]
between E and [ is arg(E/I) = 0 when 2y = R, =
Z1 = ]Xl and 29 = ‘—jXQ. Flg 3

(Q4] Consider the circuit shown in Fig. 4, where E = v/3/2V, R = R, =2Q,C =4Fand L = 1 H.

(1) The switch S; is closed at the time t = 0 while the
switch Sy is left open. Find the charge ¢(¢) for ¢t > 0 _o/

i =1

under the assumption of q(0) = ; CE. s, R s, R,

(2) S; and S, are left closed and open, respectively, and _ | °q(®
o — E C_— L

the circuit is in the steady state. After that, S; and S, '(t)

are simultaneously opened and closed, respectively, at l !

t = 0. Find the current i(¢) for t > 0.

Fig. 4

(3) Find the time ¢ at which the magnitude of the current
i(t) obtained in (2) is maximized.
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EFEIE | HERRE F304E8A230 (K)

ROZR (1, 2, 3) K&z &, BEXTRTHBERAKICEATRZ L,

1. ROMIZEZR L, 72720, EEHERIBENTHD LT3,
(1) 1 (@R TREEOEERE Gis)=V.(s)/ Vi(s) 2K X,
(2) B1 IR TREEOEERE Gi)=V,(5)/ Vi) ZEX, Glio)lZ oW TEEFIEL LN
FLFRD R —F RO 2 H#i17,
Zy

Zy

(a)
1

2. M2 @IZFTV IvHERIZONT, ROMICEZ X, 27FL, X414 — NIEENTHBE LT3,
(1) AHAHEEHEEZK 2 (b) IR LT BIER IR L,
(2) ANEE V; L LTHR2 (QITFRT I REXEE S22 XOBAEE V, DEFEA2RRE L,
o A Vi“

V
R D, i\ o vV, + v,
-V
N ‘[ v, TVO : r 0 } >
* O

i D,/

v

(a) (b) (c)

3. HIBITATLCHERS (~N— FL—RIRE) oW, ROMICE X X,
(1) V—=TFIfF T 2RkD XK,
(2) R EFREBICH 2 REORIRE R L RIBSEM 2K L,

+
RiZ Wy, ngbl L, éLl

7J/7 BB

X 3
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ELECTRONIC CIRCUITS

Aug.23,2018

Answer the following questions (1, 2,3). All answers should be written on the answer sheets.

1. Answer the following questions. The operational amplifiers are assumed to be ideal.
(1) Derive the transfer function G(s) = ¥, (s) / Vi (s) for the circuit shown in Fig. 1 (a).
(2) Derive the transfer function G(s) = V5 (s) / Vi (s) for the circuit shown in Fig. 1 (b), and sketch the Bode plots
of the voltage gain and the phase for G(jw).

Fig. 1

2. A limiter circuit has been constructed as shown in Fig. 2 (a), where the diodes are assumed to be ideal.
(1) Sketch the input-output voltage characteristic of the limiter circuit on the coordinate plane of Fig.2 (b).

(2) Sketch the waveform of the output voltage ¥, when the sinusoidal input voltage V; is applied as shown

in Fig. 2 (¢).
V, 4 VA
D, N
R . v, + vVt
V.
Vi D; N v, |V, l | > >
I v, v, 0 ¢
. o
-V, -V,
(a) (b) (c)
Fig. 2

3. Fig. 3 shows an LC oscillator which is called the Hartley oscillator.
(1) Derive the loop gain T.

(2) Derive the oscillation frequency and the condition for the amplitude when in the steady-state condition.

. !———0

RiZVy &nm Vbl L, Ly

7J/7 Amplifier

Fig. 3
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RoEM (1, 2, 3) K&z X.

1. ROVAFTLO~NZ FABE, F—TREEZR1 258X, BALBEREZE~X. ZC
Tsl37 77 2AERFTH 3.
1 55+10 55
DT m(u@ﬂﬁ+y+ﬂ’lm(maxf+x+ﬂ

5

1 T T T T T T T T g
g
8
)
g or =
Q
Z
Q
]
>
TR S SO N RO NN S . .
1 0 1 180, 10° 10!
Real Frequency (rad/sec)
X1

2. K2IRTVRTFLREZLS.

1) ZoYRT7TLEREAER L HAOHBRcEDE

2) udby~DEEEBE KD X.

3) 12070y 7 R3EBRLTCIOY AT LZAME A 27 2ice k., AR 7~
VATLDT vy 7 KERE,

0 | — | 1
4
u v+y
‘I?IJ =2:>(“)—>
- +
2
> 1 — | » 0
3
X 2
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3. K307 vy 7R TROEINB L RTLE2EZS. yOIBEL L CGEYADDRR 4
D HESR, BAFEAZBERE, 22T 5SS REEFCTH B,

_1_6-25
1 ; ¥(s)
s 10s+10{ + 1
_> » » — :
+ _ s s
3
T T T
a)
. . b) & v .
). ] . e
i e B 4.

/

i

it
= i
bt [
- e

b

b

0 ; | | | i
0 1 2 3 4
Tune (scc)
4
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Control engineering

Answer the following questions (1, 2 and 3).

1. Choose the vector loci and Bode plots of the following systems from Fig.1 respectively.

Explain the reasons why the loci and plots are appropriate. Here sis the Laplace operator.
1 55+10 Ss
DT (s+2)(s* +3s+5)’ m (s+2)(s* +3s+5)

5

Gain (dB)

Phase (deg)

U

101

-180 100 10!

Frequency (rad/sec)

-1

Fig.1
2. Consider the system shown by Fig.2
1) Represent the system using a state equation and an output equation.

2) Show the transfer function from u to y.

3) Modify a block so that the system is controllable. Draw the block diagram of the

controllable system.

Fig.2
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3. Consider a system shown by the block diagram in Fig.3. Choose an appropriate time

response of y from Fig.4. Explain the reason why the plot is chosen. Here sis the Laplace
operator.

le—Zx
1 ; ¥(s)
s 10s +10f + 1
_..» - — ;
+ _ S S
Fig.3
T T
- b)
l --------
0 . | i i
0 1 2 3 4

Tune (scc)

Fig.4
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BP9 (Specialized subjects II)

fit’s EoEFE (Instructions):

1.

IR, TaD] OaRRSH 2 ETHRW TR B2,

Do not open this cover sheet until the start of examination is announced.

MERRIRERRZED 17K, BERRILIILTHS.

You are given 17 problem sheets including this cover sheet, and 3 answer sheets.

UTO3nEHE»0 1 7HE2EUWMETLZ L.

Select 1 out of the following 3 fields and answer the questions.

Pkt field page
1 | ERRF Electromagnetism 2 ~
2 | 8T /NA X Semiconductor device 8 ~
3 |FtEMIE Computer engineering 14 ~

PR IMRERRICEAT A2 L. KB—o2dh ) —HOMEREE AV L. 22—2
BRVZWERIIZEBEAVTHRVA, ZOHAIX, ERICEERSHSHZ L BT
THZLE.

Your answers should be written on the answer sheets. Use one sheet for each
question. You may continue to write your answer on the back of the answer sheets if

you need more space. In such a case, indicate this clearly.

REREOEIIZ, ELTDa—24, BROBL, ZRES, RABIUHMEES
ZRATHZ L.

Fill in the designated blanks at the top of each answer sheet with the course name,
your selected field name, your examinee number, your name and the question

number.

001



Rk 3 1 FERFREAFRBRME EMKF (PR3 048A23H)

ROFR (M1 B2 M3) K&z k.

M1 H1IITRTESC, FEXRGOEEFICEINZEES, BEdOFTER2 T

YOWBIR A, BORIZ, HES, BEXt (t<d) OEFEKRC %2 ACHOBEEENS x 1225 X512

A, BIZHTIZRA LB EIZOWTUTOMWMIE L L. 77 URSRITEHRETEE LD

L33,

(WA, BEZEMLI-REBTCILEEM Q% E5X. COACHEHLEZEERICHNDERN 0,
COBIZHE L7=-REIZEND ER 0, 2K X.

QACHDOEMIIEZ bNEHBETRNLF—W,, BCRDERIZEZ bNABET XL X—
W, ZRD L.

GVAERT A A & BIERAT AR 2RO L.

t 1] ||
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Rk 3 1 FERFRALRRME EWKT (A3 08 A 23 A)

M2 BR2ITRT LI, FEE a ODNEER L LR c TESOERTE 28K L

DRI — 7 ABERINTEY, ANERIIIRETER I DA —HRICHh T 3.

(1) B2 @IZRIHRICEEBIZZOORMERZ BIRIZEA Lz, BIEE 1 L 2 OFRERIT#
NZNw, b THD. MR L 2128 T 2HAOEE Hi(r) & Hy(r) NEREED T .0 A
SOMEEr DBEL LTRYE. E7z, BEE 1 & 2 12RIT 2BHEEE Bi() & B(nEkKD
x.

2) B2@DHEITONT, ZODHMERNIZE X SN B RS Y OMRTXLE—U, &
KOE. FZORRENS, Ry —7VOBMNEYYDEDA VX7 X R (A4
VEIREUR) LERD L.

(3) E2®OICRITRICEFEBOEEENTNITEMEN y &1 DZODRMEREZEA L.
T2, ZODMEROEREIZE LW ET 5. “ODRMEAPRICRAT AR DIE S Hi(),
Hy)(r), RUBEREE Bi(r), By(nZXKd k.

oA XN

X 2
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2019 Entrance Examination for ISEE (Electromagnetism)  (August 23, 2018)

Answer the following questions  ([Question 1] [Question 2] [Question 3]).

[Question 1] As shown in Fig. 1, a pair of parallel conductor A and B with the area S and the spacing
d is placed in vacuum with permittivity &. A conductor plate C is parallelly inserted between A and B
so that the space between A and C becomes x. It can be assumed that the edge effect is negligible.

(1) The electrical charge Q is given to the plate C while plates A and B are kept at earth potential.
Give the electrical charge O; which appears on the plate C surface facing the conductor A. Also
give the electrical charge O, which appears on the plate C surface facing the conductor B.

(2) Give the electrostatic energy W; stored in the space between A and C. Also give the electrostatic
energy W, stored in the space between B and C.

(3) Give the electrostatic force F acting on A. Also give the electrostatic force F, acting on B.
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2019 Entrance Examination for ISEE (Electromagnetism) (August 23, 2018)

[Question 2]  As shown in Fig. 2, there is a co-axial cable made of an inner conductor with radius a
and an outer conductor with radius ¢, where thickness of the outer conductor can be neglected.
Uniform current / is flowing in the two conductors oppositely.

(1) Two coaxial layer magnetic materials are inserted between the conductors as shown in Fig. 2(a).
Permeability of the material 1 and 2 are 4 and g5, respectively. Give the magnetic field H(r) and
H,(r) in the material 1 and 2 as a function of » from the center of the inner conductor. Also, give
the magnetic flux density B(r) and B,(r) in the material 1 and 2.

(2) In the case shown in Fig. 2(a), give the magnetic energy Uy, stored in the two materials per unit
length. Also, give the self inductance (external inductance) L of the co-axial cable per unit length.

(3) Two magnetic materials with permeability 4 and s, are inserted into left-side part and right-side
part between the conductors as shown in Fig. 2(b). Here, volumes of material 1 and 2 are equal
with each other. Give the magnetic field H(r) and Hy(r), and the magnetic flux density B;(r) and

Magnetic Magnetic Magnetic
material 2 material 1 material 2
Magnetic
material 1
H
I / ¢
(b)

H
a
4

By(7) in the two materials.

Fig. 2

006



2019 Entrance Examination for ISEE (Electromagnetism) (August 23, 2018)

[Question 3] An infinitely long solenoid coil of radius a having » turns per unit length is placed in

vacuum, as shown in Fig. 3 (a). The current J flowing through the solenoid coil is zero at time ¢ = 0,

and increases steadily to /s in time 7, as shown in Fig 3 (b). For time ¢ > T, a constant current /s flows

through the solenoid coil. The permeability of vacuum is .

(1) Give the magnitude of the magnetic flux density B both inside and outside the solenoid coil at
time ¢.

(2) A one-turn circular coil of radius r is placed coaxially to the solenoid coil, as shown in Fig. 3 (c).
Give the magnitude of the electromotive force ¥ induced in the circular coil at time ¢.

(3) Give the magnitude of the electric field E at a distance » from the axis of the solenoid coil at time
t using the result obtained in question (2).

(4) Give the magnitude and direction of the Poynting vector § at a distance » from the axis of the
solenoid coil at time ¢.

(5) Give the energy stored per unit length of the solenoid coil, U, at time ¢ = T using the result
obtained in question (4). Also, show how to derive the energy U.

1 I A
- DRRRRRARRANRRIRS,
s AN ’ AN ]S __________ ;
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\
\
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L T S o

v

O
ﬁ

~
S ———————T

jcocclociolociociooCooN
@ ®)
,--@m@@.@é@&@@@@_@@@w ___________________ (cross-sectional view)

\

!: ‘E i circular
"\ ," circular/B coil
“\\ /’, C 0 11 -------------------- \\: ------ / ;I
JlO(C[C00/Cl0]0]0]0]0;0]C] 00— solenoid coil
(©
Fig.3
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TRk 31 EE  EHRERAZRR

FBETIAR
wosm ([1] [2] [8]) w&z L.

1

ARURB)RTFEE: 15510 m) 2 &L ) 2 L (SHERICETAUTOR WAL L. =71,
ZOSifEROERIZEBIT 2 AHEFBLVELOBEIEL, F1LFEH 0.15 m¥/Vs, 0.050 m*/Vs,
ERICBIT2EMHES Y ) 7HEEL 15x10%m3 & L, EKEE® 1.6x10°C LT 5.

(1) ZOSIHRBELFER(LVOES: 1.0cm)IZEIVHL, 1HOMAVE D 2 EICEBEMR
L7z, ZOEBEORERIZBIT2EREZRD L.

(2 () OHE Si OBEMBENC 20 VZEIIN L. FRICBITS SihoLx v ) 7 AN EER
EBETODOICETIREMERD L.

(3)  ZOSiFEAIZ, E5IT1.0x10Mm? DY CPYRFEHRM L. FRIZBITA SiPOEAE
FHEE, ELEE, BIWMERRZRD L.

(4)  ERQG)D Si HsSTOELEEDREKREREZRT ST 7 ZERITHT. 7T 71213,
EEFLEE p ORHEERT &Mty Eh, HEXHEE T oWEBohc R, ERIZBWTE, &
BRI, PIRFEER SEERICBIT 2 EAEEOBREREENOMZ L5 IcrEYL, £
7z, IRIRfRER X ORI R 2 AT Si RO LD XL 5 R HET A E
BAEEE L.

(6) EFRG)TPRFERMTIFEETIE, FLOBBEIZISLOLABE VL 2EBL L LI

EAX.
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(2)

(3)

(4)

(5)

T eTE—HEEN, O p BRI L NS —FE Np O n BB TS N D pn A2 T

D TREORMICEZ L.

Z O pn #HA OFHERREEIZIS T 2 p WA MESEIRO B HETHE no %, nBERO FF—%
BE Np, FEBREEAL Ve, MEXHRE T, ANY < Ek BREE g 2RV T TR Y.
D pn HEEDNEST /A 7 ZRRE(NA T AEBE: VAIZRBIT % p BIEROEZ BIHTOH
HEFHEE n, 2, IRF A T R Ve, FEURRBIZ BT 5 p BRI O B HEFHE n0,
HHREE T, RNV Y~ U Bk BREE g ZAVTRTERY.

pn 5D p BPMERICKT 2 B HETEE O FEREEE: no)dbOE{LBDOSTH
Any()iZ, ROWHFTERADOMELE L THEZLNS.

EZE
—
Pan. () An () pRISELE, | nZUfAN
dxpz - Lpz =0 . T .
n —x =W, 0 0 W, x
I
i
Ve
1

ZIT, LITEREFOIBERMTHS. K 1ITRTERY, BZRIMOMB Tx=0 & L,
p PRI T x 3ZATH D, p HPHEIROWE w, 7%, BEET OVLBEERE L, I~ T+
FCRWEREL, EHRAAT A Ve ZHIM L7z pn A O p BdEgERIC S T2 BHE
FEEDEAEDIIH Any(x) %KD L.

Q) DFEREZH, ZEZRIHO=0)EHY 2 ETILHEREE J,002RKD L. 272L, &F
DLW LR E D, LT 5.

LR FRROBENTFIET, pn BEE O n BPMFEIRIC RIS 5 EILEE O FHERREEGE: pao)
1B DRACB DI Ap(x)FB L OZEZ @i (x=0) % 58] 2 EILILENEREE J,(0) %K, IE
HRASAT A Ve EIM LT pn R ETINIEBRBE S 252 528 T, sbig, &
BIMBEEJ OREZ TS, pn BEEOYHRBEREZ KRBT 272005 %E%E 2 % I1T &,
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BlE2icFTES B, 7— NEEHFEEO MOSFET i oWTHIS. Y — XX 1y O,
FUAVIZRRIOERE r OFBEEZLTEY, WEFNBEFRERTEZ0L T3, ¥ — Mg
BROBMEBEL =) DEEE Cox, FYXRNVADBFOBEES 4, LEWEELV,, 75, b
WO r (rn <r<r)lBFEFYRVOEBME V.(r), TOHRICEIT2EMERY- ) DERE
Bz Q(r) T3, V—RIEMINTED, MOSFET 2@ T2 L5175 — b, FLAVitiiz
NENVgs, Vps DBEFIMRESNTWELDE TS, UTOHRMICEZ .

(1) Qi(r) 252 5ni-HBEAVTEY.

(2) Qr(r2) EEZ ShIFEBEFVTEY.

(3) Qi(r) #EASN-HEBEAVTERE.

(4) HL2 5 r DIEBEICH D RO F ¥ XFVAF ¥ ) Y OEE o(r) Z5RE.

(B) FVAVERIp % Vos BE U Vpg DEAKE LTETREZEHRE L.

(6) Vgs 2—REIZ L7 F Vpg 2 RELLTW & RLA VER Ip XEMNT S, fAfML- =0
Q(re) 1TV &,

(7) WFIL 7 RV A VEBR Ipse: 2R TREZEHE &,

(8) FLAYERMPEML TS MOSFET IZEWT, F¥ X ILVHADF v ) Y OEHT XL X —IF,
r=rfBEL r=ryETRELLRREVEEZSND D, BHE L HIHY,

V;
!! Ds
Vos
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2019 Entrance Examination

Semiconductor devices

Answer the following questions ( III @ @ ).

Answer the following questions concerning a silicon (Si) crystal doped with boron (B)
(concentration: 1.5%10?! m). Here, the drift mobilities of free electrons and holes in Si at room
temperature are 0.15 and 0.050 m?Vs, respectively, the intrinsic carrier concentration at room
temperature is 1.5x10'®m™, and the elementary charge is 1.6x107° C.

(1) The Si crystal was cut into a cube (side length: 1.0 cm), and a pair of electrodes were formed on a pair

of parallel faces of the cube. Evaluate the resistance between the electrodes at room temperature.

(2) A bias voltage of 20 V was applied between the electrodes of the Si cube of (1). Evaluate the traveling
time of a majority carrier between the electrodes at room temperature.

(3) In this Si crystal, phosphorus (P) atoms were additionally doped with a concentration of 1.0x10%' m™.
Evaluate the concentrations of free electrons, the concentration of holes, and the resistivity of the Si
crystal at room temperature.

(4) Draw schematically a graph showing the temperature dependence of hole concentration in the Si
obtained in (3) above. In the graph, take the logarithmic hole concentration p as the y-axis and the
inverse of the absolute temperature 7" as the x-axis. In the drawing, clarify the temperature dependence
in the low, middle, and high temperature regions. In addition, describe which physical properties of Si
crystals determine the slopes in the low and high temperature regions, respectively.

(5) Which has the higher hole mobility, the Si crystal before or after doping of P atoms in (3) above?
Answer with the reason.
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Answer the following questions about a pn junction consisting of a p-type region (acceptor
concentration: N4) and n-type region (donor concentration: Np).

(1) Give an equation for the free electron concentration n,0 in the p-type neutral region of the pn junction
under the equilibrium, using donor concentration Np in n-type region, the diffusion voltage Vi,
absolute temperature 7, the Boltzmann constant &, and elementary charge g.

(2) Give an equation for the free electron concentration 7, at the edge of the depletion layer in the p-type
region, using the forward bias voltage Vr, the free electron concentration n, in the p-type neutral

region under the equilibrium, absolute temperature 7, the Boltzmann constant k, and elementary
charge q.

(3) The profile of the change in the free electron concentration An,(x) from that under the equilibrium 7,0
in the p-type neutral region is given as a solution of the following derivative equation.

depletion region
e ——

2 . ;

d“dny(x) _ Any (x) —0, p-type region ! | n-type region
dx? L,? :

L 1

1
-x —W, 0 0 w, x

Fig. 1

where L, is the diffusion length of free electrons. As indicated in Fig, 1, x = 0 at the edge of the
depletion layer, and x is negative in the p-type neutral region. Derive the profile of the change in the
free electron concentration An,(x) in the p-type neutral region of the pn junction applied with a
forward bias voltage Vr, assuming that the width of the p-type neutral region W, is sufficiently longer
than the diffusion length of free electrons L.

(4) Derive the electron diffusion current density J,(0) crossing the edge of the depletion layer (x=0), using
the answer obtained in (3). Here, the diffusion coefficient of electrons is D,.

(5) By a similar analysis mentioned above, derive the profile of the change in the hole concentration
Apn(x) from that under the equilibrium pyo in the n-type neutral region and the hole diffusion current
density J,(0) crossing the edge of the depletion layer (x=0), and show an equation for the total current
density J in the pn junction applied with a forward bias voltage Vr. Moreover, describe two

approaches to suppress the revers current of a pn junction based on the equation for the total current
density J.
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Consider a MOSFET which has a ring-shaped gate as shown in Fig. 2. The source is made in
a disc-shape with the radius r; and the drain is made in a ring-shape with inner radius 9. The
resistance of the source and drain is negligible. The capacitance per unit area of the gate insulator
is Cox. The mobility of electrons in the channel is p. The threshold voltage is Vi;. The charge
density per unit area in the channel at the point having a distance r (r; < r < r3) from the center
is Qr(r) and the potential of the channel at that point is V,(r). The source is grounded. The gate
and drain are biased at voltages Vgs and Vpg, respectively, to turn on the MOSFET. Answer the

following questions.
(1) Express Qr(r1) using the given parameters.
(2) Express Qr(r2) using the given parameters.
(3) Express Q(r) using the given parameters.
(4) Obtain velocity of carriers in the channel, v(r), at the distance r from the center.
(5) Derive an equation for drain current Ip as functions of Vg and Vpg.

(6) When Vpg increased while keeping Vs constant, the drain current Ip saturates. Evaluate
Q(r2) when Ip saturates.

(7) Derive an equation for the saturated drain current Ipggs.

(8) Consider the kinetic energy of carriers traveling in the channel near r = r; and the kinetic
energy of those near r = rp. Which is larger? Describe with physics. Assume that the
MOSFET is operating under the condition where drain current saturates.
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(4¥ha 1)

(Gt T (Computer Engineering) 4 %)
ROERN ([B1] ~ [(B2] )& Z X.

(1] UTOEBERTEX SNREEH F(a,b,c,d) EHTRENDS £ 5 I G(a,b, ¢, d)
BEUNAND ¥ — F 2o CTERTEIL2E2 3. R GOERERBIE 7.

labcd‘F’

000 0]O0

000 1|0

001 0|1

001 1|1

010 0|0

010 11 ——}L
011 01 B2
01 1 1|1 }DF
1 000[0] a
100102;:,\ G——I_
101 0|1]| 4=

1 01 1)1

11000

1 10 1]1

1 1100

111 1)1
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(4o 2)

(2] Gxon785a1,as,...,0,DDB, i < jHDa; > aj (1<4,5<n) THbdLEZ,
(ai,a;) & RER & L.

(1) #311,6,3,5,2,4,7 DREDEE %KD &.

(2) BroN#I ar,as,...,0, DREOEBERZ 2HLEOBWT LT X L% b
A &.
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(4D 3)

Answer the following questions ( [Q1] ~ [Q2] ).

(Q1] Let F(a,b,c,d) be a logic function whose truth table is shown below. Consider that F
is composed of another subfunction G(a, b, ¢,d) and NAND gates as shown in the below

figure. Show the minimum sum of products form of G.

la b c d|F]

000 0[O

000 1]0

001 0]1

001 1|1

01 0 0]0

010 1]1 -—}L
011 ol B3]
01 1 1|1 }DF
100 0/0| ar>

100 10| 3 G—r
101 0|1 ="

101 11

1 1000

110 1)1

1 110/0

111 1)1
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(4¥ho 4)

[Q2] Given a sequence of numbers ai, as, . . . , an, (ai,a;) is an inversion if ¢ < j and a; > a;
hold (1 <4,j < n).

(1) Count the number of inversions in the sequence 1,6,3,5,2,4,7.

(2) Give an algorithm for efficiently counting the number of inversions in a given se-

quence of numbers aq,a,, ..., a,.
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