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The “Vor vs. Vi VIC curve” analysis 1s very important for the discussion of the
static performance of a digital circuit. Let us make a test of this fundamental
skill by means of the following two basic inverter-modules of both the BJT and
the CMOS technologies.

1 ~ The current gain of the transistor in Fig.1 is p = 100 , Vggucry = 0.7 V, Vigisan = 0.8 V, and
Vegsan = 0.2 V.o Plot the Vour vs. Viy VTC curve of this circuit.  Note : You have to indicate
the breakpoints and to annotate the slopes of the curve. (10 pt.s)
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2 ~ A CMOS inverter shown in Fig.2(A) with NMOS-FET Qy parameters (Ky , (W/L)n, and Vn) and
PMOS-FET Qp parameters (Kp , (W/L)p, and Vp) is a basic structure for the CMOS digital circuit.
Neglecting the effect of the channel-length modulation of both MOSFETs (Qy and Qp ), the Voyr
vs. Viv VTC curve of this inverter is shown in Fig.2(B). Please answer the following questions.
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(1) Indicate the operation regions of both MOSEFET using annotations ( OFF |, SAT, and € regions)

within each field labeled by the ( 1, II, 1l[, IV, V) characters. (5 pt.s)
I 11 | v A%
Qn
Qr

(2) Analyze and express the breakpoints B(Vig, Vog ), C(Vic, Voc ) of the VTC curve using the
parameters of Qy and Qp. (10 pt.s)

(3) The noise margins NMy and NM|, are defined by NMy = Vo - Vin, and NM = Vi, — Vg, . As
we know that the Vo = Vpp and Vg = 0 V .Describe briefly (don’t need to calculate) how to
analyze the Vi, and Vi of this CMOS inverter. (5 pt.s)

(4) What is the meaning of “a symmetric-design”, and explain how to deal with it.
(5 pt.s)

(5) Changing the relative ratio ( Ky / Kp) of the aspect-ratio of the MOSFETs Qy and Qp , what will
be happened on the VTC curve, and explain the reasons why. (5 pt.s)

(6) Using this inverter circuit, explain “the dynamic power dissipation ; Ppynamicy” and “the short-
circuit current; Isc” of a CMOS digital circuit. (5 pt.s)

(7) For a correct inverter-operation , what is the necessary condition of the supply voltage Vpp. How
comes ? (5 pt.s)
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3. 5% Please minimize the following expression:

BCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

4. 5%Please design and make the logic circuit as simple as possible of Y(A, B, C,
D)=£m(7,9,10,11,12,13,14,15)..

5. 5%Please design a logic gate circuit can implement the function of a 4-1 Multiplexer.

6. 5%Please design a logic gate circuit can implement the function of a 4-2 Encoder.

7. 10%Please draw the output waveforms for the follows logic device
(1) D-type Flip-Flop
<)
D-FF

Out
put
(2) D-type Latch
)
D-
Latch
Out
put

8. 10%Please use the D-FF to design a Synchronous counter with the counting sequence of 0->1-
>3->5->7->0.

9. 10%Please use the JK-FF to design a Asynchronous counter with the counting sequence of 0->7-
>6->5->4->3->2->1->0



