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1. (a) The logic swing is 1.2V, symmetric about Vg =—1.5v.

Vou = VR+%><I.2 = ~1.5+06 = 09V

Vo= Vg ~%x1.2 -15-06 = 21V

and Vou — VoL = 1.2 V as required. In this design, Vg, is sometimes referred to as the
‘NOR’ output; Vo is the “‘OR’ output; they are always mutually inverted.

As a matter of principle, the maximum allowable Ig should be used to maximise switching

speed, so in the following we take Ig = 5 mA, wherever possible. When input A is high (-
0.9 V),

Vi1 = Vou — Ve — Ve and

Re=(Vou—Vee1 — Veg) /' Ie1 = (-0.9-0.8+6)/5x 107 = 860 ohms
We need to choose Rej so that Vg isat Vg =-2.1 V when T3 is ON, and I = 5 mA
Rey=Vee—(Vee + Vi) /gy = (0+2.1-0.8)/5x 107 = 260 ohms

Re; is not just the same as Re,, since Vy is held fixed at —1.5 V. We choose its value so that Vo, is
at Vo, =—2.1 V when A is low. Note that its emeitter current Ig; will not be exactly SmA, since
the value of Rg has already been fixed.

Igz = (VR — VB2 — Vee) / Re = (-1.5-0.8+6) /860 =3.7/0.86 = 4 2mA
which is close to 5mA, but not greater, as required.
Hence, Rey =(Vee— (VoL + Vi) / Ig, = (0+2.1-0.8)/4.2x 10 =309 ohms
b) Typical circuit
Vec ov
P t R7, Rg, Dy and D, are a potential divider to
' 7 sepasaly set Vgs to (-1.5 + 0.8).
Ts o
D S“‘PPL& Dy, D; enhance temperature stability
Ts is an emitter follower ; Ry should be chosen
+%% for convenient reference current, a few mA
R, fs Vs~ Vee ~ (Vee ~ 2Viiode — Vi) R7/(R7 + Rg)
Vee | N
<)
v, 'R
! my
9l ¥ e Vi = -1500 + 15072 mV = -1.425 V
Vou
Zro WAL xR Vi = 1500 — 1502 mV =—1.575 V
‘ Ny = Vo — Vig = 0.9 + 1.425 = 0.525 V
%L 4 ; ok NML = VIL —_ VOL =-1.575+2.1= 0.525V
~20 [ ;_ R
e T 7
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d) If the hyg of T4 is 50, then Ips = Igs/51. Ips4 flows through Re; and slightly reduces Vg4
and hence Vg, so slightly eroding the noise margin. If the gate does not drive any other

gates:
Iga=(Vou — Ves) /R4 = (-09+6)/50x10° ~ 102 pA
Hence Igs = 102/51 =2 uA

This extra current flowing through R¢; will increase the voltage drop in this component by
2 x 10 x 309 ~ 600 1V, hence reducing Voy to ~0.90006 V. This difference is quite
negligible.

¢) Each driven stage consumes a small amount of current from the output of the driving stage. The
greater the current, the greater the fall in drive voltage, until the noise margin drops to an
unacceptable level.

We are told that the noise margin may fall by 525/10 mV owing to loading effects. We do not
actually know how much current each subsequent gate requires at its input, so we must estimate,
and assume that these hypothetical gates will be of the same family with Iz ~ 5 mA and hgp ~ 50,
from which we can deduce that the required base current at each input is ~ 100 pA.

Owing to the emitter followers (T, and T3), the increase in base current Iz, due to each additional
driven input is about 100 x 10 x R2/ 51. Taking the worst case, with R, = 309 chms, Delta Voy
per additional input ~ 620 puV.

If a reduction of 52 mV is allowable, this corresponds to 52/0.62 ~ 80 driven gates.

In practice the net capacitance of the set of driven gate inputs plus the associated parasitic
capacitances due to wiring, PC tracks, connectors, etc will limit the switching times achievable
and the fanout will need to be restricted to a much lower value determined by these considerations.

Examiner’s note: most candidates
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2 (a) Main reasons for popularity of CMOS:
e QGate inputs are effectively open-circuit, very high impedance, easy to drive
e Power supply current for static/low frequency apps is very low, ideal for battery-
powered portable devices
¢ Very good noise immunity, ~0.4 Vpp for inverter both low and high states (not
quite so high for multi-input gates)
Fully restored logic levels Vpp and 0V
Can operate over wide range of supply voltages
Creates little electrical noise
Easily integrated with linear circuitry for complex mixed-signal designs

Main disadvantages:

e Not as fast as GaAs or some forms of bipolar/BiCMOS
Comparatively sensitive to static breakdown
Liable to destructive latch-up as compound doped layers form thyristor-like

structures
(b) o
Voutpurk v (driven circuits) Vona and Vora represent respectively:
\ + e e the lowest voltage supplied by logic
Voua b—1 1 circuit A delivering logic ‘1’°, and
NM o the highest voltage supplied by an
H V. output delivering logic ‘0’
% HB Vs and Vg represent respectively:
1 Vv o the lowest input to B acceptable as
(¥:} logic 1’
NM, ogic .
Vo s | o the highest input to B acceptable as
OL:; 1 L logic 0’

If the output of A is connected to the input of B, the noise margins observed in the High
and Low states are:

NM4u = Voua — Vs and NMp=Vus—VorLa

Both noise margins must be positive if the pair of circuits is to operate consistently. Their

magnitude must be & or greater if superimposed noise of voltage magnitude up to d is to
be rejected.

Note that the voltages Vou and Vo are liable to depend on the magnitude of the current
flowing in the corresponding output devices — i.e. they depend on fan-out.

(c) The RAM cell consists of a pair of cross-coupled inverters (M2, M3 and M4, MS5).
This forms a bistable unit which can be in either of two stable states corresponding to a
stored logic 0 or logic 1.

If inverter (M2, M3) generates logic 1, that will cause inverter (M4, M5) to output 0,
which will cause (M2, M3) to output 1 ... so maintaining the original values stable.

A similar argument holds if inverter (M2, M3) generates logic 0, giving logic 1 at the
output of (M4, M5).

Hence the cell may assume only two states, and if isolated from external influences will
retain its state while power is applied.
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MOSFETs M1 and M6 allow the inverter inputs to be accessed from outside for writing a
value (0 or 1), and the outputs, for reading. Both are controlled by the ‘word’ line which
would normally be controlled by decoding an address bus.

The state may be changed by driving the ‘bit’ and ‘bit’ lines to new complementary values
and operating switching transistors M1 and M6 by setting ‘word’ high. The new value is
forced on to the inputs/outputs, of the two inverters, which assume the new state.

To read out data, both bit lines are preset to precisely the same potential, typically Vpp/2.
They are fed to the inputs of a sensitive comparator, which will initially indicate the
equivalence between the lines. The switching MOSFETS M1, M6 are then enabled. One
inverter will drive its corresponding but line high, the other low, by a few mV. This is
because the inverters are by design weak, and the bit lines are a substantial capacitive
load.

The comparator then indicates 0 or 1 according to the sense of the perturbations
introduced to the bit lines.

When the ‘word’ lines are deselected, M1 and M6 cease conducting and the inverters
revert to their former logic values.

This only works if:
(a) the gates driving ‘bit’, ‘bit’ are strong (low impedance sources)
(b) M1 and M6 are sufficiently conductive when ‘word’ is selected

(c) the devices M2, M3 and M4, M5 are weak (high impedance), so can be overridden by
‘bit’, ‘bit’ applied via M1, M6.

Hence M1, M6 have a relatively large W/L, while M2-MS5 have much smaller W/L. This

is also consistent with the requirement for the cell to be compact.

Examiner’s note: this question ...
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Haitin Ata Lep as cloele Viges — JCve

Jollows  ov  chet  fotts a3

(b) By using the reverse engineering method from Fig 1 we can obtain:

Jo =QQi +QQu
Ko =Q:Q1 + QQ:
1= QQo

K1 =Q2Q0
J2=QiQo

K2 =QiQo

In a J-K bistable the next state Q" function of the present state Q is given by :
Q" =JQ+KQ
Thus we can calculate the next states Qo", Q;", Q2"

Qo' = QQi +Q:Q1
Q1 = QQiQ + Q:Q1 + Qo
Q2" = QiQuQ + QiQ2 + QoQ:2

The k-maps obtained from the expressions above will help to build the state table:
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Qo
Q: Ql\

Qo'

00

01

11

10

Q"
Q QIQ) 0 1
00| 0 1
01 | 1 1
11| 1 0
100 0 0
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Q'

Q2 QIQ) 0
00 0
01 1
1|1
10 0

From these K-maps we can build the state table and the state diagram. Since this is a

counter (there are no inputs) it makes sense to write the states in the counting sequence:

Present state | Next state
001 /Hm

011 - 010

010 ? 110

110 - 111

111 ? 101

101 /,100

100 /rooo

000

[S 5/;3

One can see that from the one state to another only one bit changes at a time. This is

therefore a 3-bit Gray code counter !

Conlo )
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4. (a) Output is only a function of the present state while next state (Q") is a function of

both present state and primary inputs.

Xi— )

Full Adder

|z,

C = carry bit
> (present state)
C ct C* = next carry
I-K bit (next state)
Bistable
doim vt of
DOIN %Y:n TR C Zi C+ JK
00 0 0 0 0x
00 1 1 0 x1
01 0 1 0 0x
01 1 o 1 x0
10 0 1 0 Ox
10 1 0 1 x0
11 0 0 1 1x
11 1 1 1 x0
@ v " 7  k *
N 0 01 11 10 \ ”
0 0 (|0 !
1 x X \)5} X
00 01 11 10
o T x |
Y\ 10 [0 o0
K=XY,
¥iTrh
c\ 00 01 11 10
ST T O 0@
@1 0o WTo
ij= XY, dC — - a
20 T A KGR C AT
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© X _z
VT Full Adder

e

1 c

s

A/S JK
—_— Bistable
wor = fr/ﬁ'}’a + &lsye I |
ST pOT . ___
© whea A/S =0 => %= %‘*Y’ Clear Prew

N ;/ --._ — ) .
q erESET =) v tle v . - xl{?{ pls + #c 7’) ¢ +
o=

-f o~ 3 - X Y7o k4 s S
[:t:‘, (El.,_,,, Ftn dép\—cw‘Q‘Sﬂ ‘A((J\/S v 4 A Z/‘) +
s w),(,\ pr[fg_ &_ *:-> ?'; ::74(‘&?". :——-’—:—:——-—"M——: “—
2 =X tY . o x;(,@/j?; cnleyi)C
N \ ‘
* R“‘PGC{ L (Q‘}Mi\f{ Jf TLe “%QM,":&RM e
Y N O UTEUT < [Q/) TR 2 ZMr%TS 7{:)‘2’(,#/

. R i } ford
ko= )<4<Pr/f}°c *‘A/ff;) C3-77
(¢) For 4 bit numbers the sequential adder will require four consecutive clock cycles to

perform the 4-bit addition. The combinational (“parallel” or “ ripple- carry”) adder wills
perform the addition in a simple step which equates to a single clock cycle.

¢ When the number of bits increases (e.g. 32 bits) the differences between the two

designs become more prominent. The parallel adder will require a huge number of o
components compared to the serial (sequential) adder. &, Ao B, [ / a]
@ Ay 873 K% p2 :



sk720
Rectangle

sk720
Rectangle




