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Solve All Questions: (20 Mark)
a- What is an integrated circuits and its advantages over a circuits made by

*Books & notes not allowed

interconnecting a discrete components? (3 Marks)
b- Sate the main differences between monolithic and hybrid technologies used with ICs?
(3 Marks)

c- State the advantages and features of four group logic families digital ICs? (3 Marks)
d- State the simplified process sequence for the fabrication of the n-well CMOS
integrated circuit with a single polysilicon layer, showing only major fabricati(()n L?Itellzs).?
3 Marks
e- define: Moore’s law - Lithography process - Transient response for an inverter with a
rectangular input waveform. (3 Marks)
f- Drive an expression for the total power dissipated in a digital integrated circuits?

(2 Marks)
g- Find the inverter dissipation power, logic swing, Noise margin and sketch the VTC if
RD= 25 KQ

(3 Marks)
Vou=18V Vbp
Vo.=0.12V
ViL=0.59V - 4, ip
V|H =1.06V _
For inverter illustrated in Fig. 1. Rp
Fig. 1. '
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Solution

The integrated circuit or IC is a miniature, low cost electronic
circuit consisting of active and passive components that are irreparably
joined together on a single crystal chip of silicon. Most of the

Miniaturization and hence increased equipment density

Cost reduction due to batch processing

Increased system reliability due to elimination of soldered joints

Improved functional performance (as it is possible to fabricate

even complex circuits for better characteristics)

5. Matched devices

6. Increased operating speeds (due to the absence of parasitic ca-
pacitance effect) |

7. Reduction in power consumption.
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b- Sate the main differences between monolithic and hybrid technologies used with
ICs? ‘ :

In monolithic integrated circuits, all circuit components, both active
and passive elements and their interconnections are manufactured
into or on top of a single chip of silicon. The monolithic circuit is ideal
for applications where identical circuits are required in very large
quantities and hence provides lowest per-unit cost and highest order
of reliability. In hybrid circuits, separate component parts are attached
to a ceramic substrate and interconnected by means of either
metallization pattern or wire bonds. This technology is more adaptable
to small quantity custom circuits. Based upon the active devices used,
ICa can be classified as bipolar (using BJT) and unipolar (using FET).
Bipolar and unipolar ICs may further be classified depending upon
the isolation technique or type of FET used as in Fig. 1.1.

' JFET
lsolation Inolmiton




c- State the advantages and features of four group logic families digital ICs? (3 Marks)
1- MOS logic circuits are by far the most important today. They draw their name from the
silicon MOSFETSs on which they are based. The two important variations are NMOS,
which uses n-channel MOSFETSs exclusively, and CMOS, which uses p-channel and n-
channel MOSFETs in complementary pairs. CMOS is used almost exclusively in modern
microprocessors and application-specific integrated circuits (ASICs). The unique
advantage of CMOS is the low standby power dissipation. :

2- Saturated bipolar logic families include resistor—transistor logic (RTL), diode—transistor
logic (DTL), and the many families of transistor—transistor logic (TTL). A common
feature of these circuits is that they use silicon bipolar transistors as saturated switches.
Their advantage is that bipolar transistors exhibit higher transconductance than MOSFETs.
Therefore, although these circuits are inherently slower than CMOS, they are less
susceptible to capacitive loading. The result is that saturated bipolar gates can outperform
CMOS in applications involving large-load capacitances such as motherboards.

3- Nonsaturated bipolar logic families are collectively called emitter-coupled logic (ECL).
ECL gates are the fastest silicon digital circuits with regard to off-chip propagation delays
and outperform saturated bipolar circuits by a considerable margin. Consequently, they are
important in high-performance computing and high data-rate digital communications. In
addition, the possible development of ECL circuitry using SiGe alloys or compound
semiconductors may further boost the performance of ECL.

4-compound semiconductor logic families such as GaAs direct coupled FET logic (DCFL)
are used only in niche applications that demand higher speed than is available from silicon.
These include digital communication and, occasionally, microprocessors.
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“Moore’s law” states that the number of transistors per chip doubles every 18 months.

The process used to transfer a pattern to a layer on the chip is called lithography. Since
each layer has.its own distinct patterning requirements, the lithographic sequence must
_be repeated for every layer, using a different mask. | ‘
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Transient response for an inverter with a rectangular input waveform.
The four important transient parameters for the inverter are the low-to-high propagation
delay, tpy, the high-to-low propagation delay, tpyr, the output rise time, tg, and the output
fall time, tg.
The rise time and fall time for the output are measured between the 10 and 90% points on
the waveform. The 10% point is the point in time at which the output voltage is 1/10 of the
way from the low value to the high value; the 90% point is defined in similar fashion. The
propagation delays are measured between the 50% points on the input and output
waveforms (the points at which the voltage is midway between the two limiting values).
As a matter of nomenclature, the low-to-high propagation delay, tp_y, refers to the low-to-
high transition at the output node. For an inverter, this corresponds to the opposite
transition at the input node. Similarly, tpy, refers to the high to- low transition at the output
node. Often the two propagation delays are very different and should be specified. In other
situations, the transient response is entirely symmetric so that the two propagation delays
are equal. In such cases it suffices to use the notation tp.
e-

> t

Ppp(t) = Vppip(t)

The energy delivered by the power supply to charge the capacitor can be determined by inte-
grating pp,,(t) over the charging interval T,
T

c

Epp = jVDDiD(r) di
0




T

4

= VDDJ. ip(t) dt
0

= VppQ

where Q is the charge delivered to the capacitor during the charging interval. Since the ini-
tial charge on C was zero,

Q= CVpp
Thus,

Epp = CVpp
Since at the end of the charging process the energy stored on the capacitor is

lev2,

Estored = E

we can find the energy dissipated in the pull-up switch as

Edissipaled = EDD - Estored = ; C'I’IDD

E dissipated — 5 CVpp

This amount of energy is dissipated in the on-resistance of switch P and is converted to
heat.

Thus in each cycle ot 111ve1ter switching, an amount of energy of 2 CVDD 1S d1531p1ted n
the pull-up switch and 2 5C V pp 1s dissipated in the pull-down switch, for a total ener gy loss
per cycle of

2
Edissipated/ cycle = C'V'DD

If the inverter is switched at a frequency of f Hz, the dynamic power dissipation of the
inverter will be
den :fCVDD

Pr+Py

static power or DC power dissipated is Ppc =
P, = Vpplpp,,
Py = VppIppy

the total power dissipation is
P= I)DC+ den




f-LS=1.8-0.12=1.68 V

NML = V[L - VOL =047V

Nmu=Vou-— Viu=0.74 Vv
The inverter dissipates power only when the output is low, in which case the current drawn from the sup-
plyis v

o o Voo-Vor _1.8-0.12
DD R, ~ 25kQ

and the power drawn from the supply during the low-output interval is

= 67 pA

PD = VDDIDD= 18)(67 = 121 “:W

Since the inverter spends half of the time in this state,

1
PDaverage = EPD = 60.5 M.W
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