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This examination is closed book and closed notes. You are allowed oue .5 x 11 inch sheet
(both sides) on which you may write formulas. Calculators are allowed, however using the
calculator’s function memory to store course related material is NOT allowed and constitutes
cheating on this exam.

For all problems, state any assumptions you make, show all work, and clearly mark your
answers. Correct but unclear or ambiguous answers will not receive full credit.

Excerpts from the UC Davis Code of Academic Conduct state:

1. Each student should act with personal honesty at all times.

2. Each student should act with fairness to others in the class. This means. for example,
that when taking an examination, students should not scek an unfair advantage over
other classmates through cheating or other dishonest behavior.

3. Students should take group as well as individual responsibility for honorable behavior.
This includes notifying the instructor or T'A if you observe cheating.

I understand the honor code and agree to be bound by it.
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Grading:
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1 19 4 20
2 18 5 13
3 30
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Device Parameters

For all problems in this exam, assume we are using enhancement-type NMOS and PMOS
transistors which have the characteristics shown in Table 1, unless otherwise specified. All
dimensions are in microns. Also, assume minimum length devices unless otherwise specified.

Parameter NMOS PMOS
Viro 0.7V -0.7V
B0 300 pA/V? | 100 uA/V?
¥ 0 v1/2 0 Vv1/2
W nin 1.0pm 1.0pm
Limin 1.0pm 1.0um
A 0.0 V! 0.0 V-1
| Vop 5V

Table 1: Assumed Transistor Parameters.




Problem 1.3 (5 points) Assuming Vr, = 1.0V, find the value of V0 which yields a current
10 = 1mA.

Saturation T = Mnlox [w B = (20%s.
JRtarains ¢ J_*_Z_(t)(u@ Vrn) ets)
L mA = 300 uAp2 (i\)(\lé _ \‘0\137- (2pts.)
> \
Vg = 220\ [vo*)

Problem 1.4 (4 points) Suppose A = 0.06V~!. Assuming the value of V0 which you found
in Problem 1.3. what is the new value of 707
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1 Transistor Current Biasing

Figure 1: Voltage setup for NMOS biasing.

Assume that NMOS transistor M0 in Figure 1 has W/L =4, v = 0.33V%, and —2®p =
0.6V in the following problems.

Problem 1.1 (5 points) Connect the voltage souces VO and V1 to the transistor MO0
terminals in Figure 1 such that (a) MO0 is in either saturation or cutoff (but not in the linear
regime) by adjusting V0 and (b) adjusting V'1 varies the threshold voltage Vr,. (4 ot ea wire)

Problem 1.2 (5 peints) Find the value of V1 which yields Vp, = 1.0V.

= Y . ( 5 ) *’q..‘l“‘_
Vrn = Vipa + Xf Sz*zdﬁ:*\/se\ - sz) ¢
LLoVz 0.7V + (0339 (Jo-v — V| = lo.w\>
z (2¢o75)
0.6V =V, \ = U ‘f.;o'_7_> i j;;'&
0.33 .
735\ (4t



2 Inverter Characteristics

3um/ 1um

Figure 2: Cascaded inveriers forming part of a buffer chain.
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Problem 2.1 (12 points) Figure 2 shows a CMOS inverter driving a 4X bigger inverter.
Neglecting all FET capacitances, find Wp such that the 10%-90% rise time (f,) of V,u,
equals 140ps. Assume an ideal step voltage on V;, and approximate the charging current by
averaging the initial and final drain currents.
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Problem 2.1 (cont.)

2
T - 100 (W <0 - (:—9—3—3—\1) }
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Wp = 1%¢ mf :\7 e (3¢t2)
L (330 fm + BOH Al fuim)

Problem 2.2 (6 points) Assuming the value for Wp you found in Froblem 2.1 and the
capacitances in Table 2 in addition to the 100fF in the figure, what is the new value of ¢,.7

Capacitance/Width (fF/um) | PMOS | NMOS
Cys 0.8 0.8
Cya 0.8 0.8
Cap 1.0 0.9
Csb 1.0 0.9
Table 2: PMOS and NMOS capacitances per unit width. (4 1)
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3 Static CMOS, Dynamic Logic, and Pseudo NMOS

Problem 3.1 (3 points) Draw and label the schematic for a minimum-sized static CMOS
inverter assuming the transistor parameters of Table 1. Size the circuit for an inverter
switching threshold Vi, = 0.5Vpp.

(2% schemahic)

2\ +. sizes)
v ﬁgﬁ/ Jout (gt sizes
— _J
/-" L_/X ‘ { \
<

Problem 3.2 (2 points) Suppose the inverter you designed in Problem 3.1 drives a 45fF
capacitance at 4. 1GHz. How much power does it consume assuming Vpp = 5V?

Pz CVUpo (Lpt.)

= (s €F) (5 V)" (41 6
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Problem 3.3 (11 points) Linplement the logic function F' = A+ B + C'D using a 4-input
static CMOS logic gate and a single minimum-sized inverter as designed in Problem 3.1.
Size the 4-input gate such that the worst case rise and fall times at its output are equal to
the minitnum-sized inverter.

OHhet solutions Pogs{\zﬂe...



Problem 3.4 (9 points) Implement the logic function F' using a 4-input dynamic logic gate
and a single minimum-sized inverter as designed in Problem 3.1. Size the 4-input gate such
that the worst case rise and fall times at the dynamic node are equal to the minimum-sized
inverter.

C\K%

other soluhons PoSS"\O\e"‘

Problem 3.5 (5 points) Implement the logic function F using a 4-input pseudo-NMOS
logic gate and a single minimum-sized inverter as designed in Problem 3.1. You do not have
to size the transistors.

other  solutiens Poggl\o‘e\ .



4 Sequential Element Design
oV
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Figure 3: Transparent Latch.
Figure 3 shows a transparent latch circuit.

Problem 4.1 (2 points) Is this circuit a static or dynamic sequential element (circle one)?
Justify your answer.

e Static
e Cy stores dota as charge
(o Dynam ’

e ns No feedback

Problem 4.2 (2 points) Is this latch transparent during the positive or negative phase of
the clock (circle one)? Justify your answer.

(s Positive) ~ when clock is high, Q=D

N N e | A k 3 - <+ il
T . when  clock V¢ TJow Y= (tast ‘/0‘»1"(—)~> yThere fore. R = last v
o Negative . g
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Problem 4.3 (10 points) The delay through the latch is determined by the rise and fall
times at internal node X. Suppose Cx = 9fF. Using the switch RC model for the transistors,
calculate the rise and fall times of node X assuming simultaneous ideal steps on D and CZL
or Clk and that the initial resistance remains unchanged throughout the transition.
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Problem 4.4 (6 points) Design a positive edge-triggered flip-flop using two of the
latch circuits shown in Figure 3. Be sure to label all data and clock inputs and outputs on
your circuit schematic. You do not have to size the transistors.
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5 One Transistor Memory

For this problem, assume the transistor characteristics as shown in Table 1 and all transistor
widths and lengths are lum, unless otherwise specified. Figure 4 shows a one transistor
memory cell connected to bit line BL with access to the storage node capacitance Cg con-
trolled by word line WL. PC controls the precharge PMOS transistor while a tristate write
driver is controlled by active high write enable WE.

BL

In

Cg, = 640fF ——
{2
L L =0

N

2.5V
N
ﬁ:—qq wL—4
?

WE

Figure 4: One transistor memory cell.

Problem 5.1 (2 points) What type of memory cell is shown in Figure 4 (circle one)?
Justify your answer.

o SRAM

(/o Dm 8;\ stored as ¢ ﬁ/wrﬁﬁ oNn (:5

e P .
No Heedback or inverTers

—_—
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Problem 5.2 (4 points) Suppose during Write operations, the bit line voltage swings be-
tween OV and Vpp = 5V while the word line voltage swings between 0V and 5.5V. What are

the highest and lowest voltages (corresponding to storing a ‘1’ and a ‘0, respectively) that
can be stored on Cg?

o Logic ‘1’ Vo= 4.9V (\ot)
e Logic ‘0’ Vs = OV (vet)

_ NMoS cuts off (ZP+5",
Voo = Vg = SV, Uy, = 55V = \J5:\}WL’\L‘_‘03" ’

Problem 5.3 (7 points) During a Read operation, the write driver is disabled ( WE = 0V)
and the bit line BL is precharged by PC going low for a short time and initializing the
voltage on bit line capacitance Cg,. The word line WL is driven to 5.5V. What is the final
voltage on the bit line after WL goes high for the two storage node voltages you found in
Problem 5.27 What is the voltage difference AV between reading a ‘1’ and a ‘0’7

e Logic ‘1’ Final Vp, =
e Logic ‘0’ Final Vg = [2 Y2V l

e AV = 2535V -2.Upz= \/{3m\l_l oc um\  (ieh)

(' loye Qe = Co N 9= CsVg
(1) 5 QQL: (6]_\—}_?_9 Qg = Cs\Js(&) \\‘. (O) . QBL = C 8L _2—; QS - CS kS (O)
1 \\h

Vay €inal = (640 £6) (2.5V) 4 (10€F) (o)

VBL Eioal = Q@L“L QS o
’ (CHo £F + 10€F)

Cg +Csg
Ugy g = (0 €€) @5V + (10FFY(4-2V)
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