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Entrance Examination for Master’s Course, April 2013 Enrollment
Graduate School of Advanced Sciences of Matter, Hiroshima University
Department of Semiconductor Electronics and Integration Science

II  Circuit Theory

Q1. Consider an infinitely large honeycombed resistive network composed of linear resistors with a resistance R,

shown in Figure 1(a). The resistance of each edge of the hexagons is R. Answer the following questions.

(1) A current I is injected into the resistive network from the node A as shown in Figure 1(b). The current spreads
out from A toward infinity. Find the current that flows in the branch AB, shown in Figure 1(a), in terms of I.

(2) A current I is injected into the resistive network uniformly from inifinity and is drained out from the node B, as
shown in Figure 1(c). Find the current that flows in the branch AB in terms of I.

(3) Acurrent I isinjected into the resistive network from the node A and is drained out from the node B, as shown in
Figure 1(d). Find the voltage drop ¥ along the branch AB intermsof 7 and R.

(4) Find the resistance between the nodes A and B in terms of R.

(@) (b) () (d)

Q2. Figure 2 shows the circuit consisted of the switch S, resistor R, capacitor C and alternating voltage

(M gl ifpdt B hara T io wnltage amnlimde g is anoular frequencv. ¢ is time and @ is phase. Answer
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the following questions.
(1) The switch S is connected to the node B and C is discharged when ¢ < 0. The switch S is connected to the node A at

t = 0. Find the current i() fort20.

(2) Find a charge Q(f) stored in C when the circuit is in a periodic steady state.

(3) The circuit is in a periodic steady state. The switch S is connected to the node B at ¢=¢t,. Find the current i(¢) for
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11| Integrated Circuit

Q1. Convert the complex logic gate shown in Figure 1 into the transistor-level schematic diagram implemented in the
static CMOS integrated circuit.

Q2. Draw the waveform: of the output voltage ¥, shown in Figure 2(a), when the input voltage ¥, in Figure 2(b) is
applied to the circuit. Here ¥, is applied to the gate of the NMOSFET, the threshold voltage is assumed to be % :
and the capacitance C is assumed to be small enough. The substrate bias effect can be ignored and the subthreshold

leakage current is assumed to be zero.

Q3. Figure 3 shows a two-stage circuit consisting of the same two inverters, where the gate width of the MOSFETS is
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Ftric field constant. Ii\Ioteithat the supply voltage

this circuit breught caliitgyrule: shrunk by % keeping ele

ing rule, res#a:ﬁilv ely : 0
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and the gate oxide capaciténée . w: of the MOSFET

V,p and the subthreshold veltage€ ¥, become %Vm an

(1) Derive how the gate oxide capacitance per unit ared

[>.4

change by the scaling rule.
[}

(2) Derive how the d

is the mobility] |V, rce voltage, and ¥, is the threshold voltage.
(3) Deri the d rter input/output (between the node A and B) changes by the scaling
rule
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