Module 4
CMOS Subsystem Design

Subsystems are building blocks to compose larger systems.



Architectural Issues

Guidelines may be
set out as follows:

l.
2.
3.

Define the requirements (properly and carefully)'

Partition the overall architecture into appropriate subsystems.
Consider communication paths carefully in order to develop
sensible interrelationships between subsystems.

. Draw a floor plan of how the system is to map onto the silicon

(and alternate between 2, 3 and 4 as necessary).

. Aim for regular structures so that design is largely a matter of

replication.

. Draw suitable (stick or symbolic) diagrams of the leaf-cells of

the subsystems.

. Convert each cell to a layout.
. Carefully and thoroughly carry out a design rule check on each

cell.

. Simulate the performance of each cell/subsystem’



The whole design process will be greatly assisted if considerable care
is taken with:

1. the partitioning of the system so that there are clean and clear
subsystems with a minimum interdependence and complexity of
interconnection between them.

2. the design simplification within subsystems so that architectures
are adopted which allow the exploitation of a cellular design
concept. This allows the system to be composed of relatively few
standard cells which are replicated to form highly regular structures.



In designing digital systems in MOS technology there are two
basic ways of building logic circuits

1. Switch Logic

Switch logic is based on the 'pass transistor' or on transmission
gates. This approach is fast for small array, and takes no static
current from the supply rails' Thus, power dissipation of such
arrays is small since current only flows on switching.

1. Gate (restoring) Logic
Gate logic is based on the general arrangement typified by the
inverter circuits (the inverter being the simplest gate).

Both Nand and Nor and, with
CMOS, And and Or gate arrangements are available. inverters are
also employed to complement and restore logic levels that have
been degraded (e.g. because they have passed through pass
transistors)



Fig. 7.1 Some switch logic arrangements
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Fig. 7.2 Some properties of pass transistors and transmission gates



BiCMOS CMOS (complementary)

(Note : n- and p- transistors assumed to be minimum size unless stated otherwise)
{a) Circuit symbols

4:1 Ratio may be indicated here
or (8:1) if appropriate but otherwise
assumed to be 1:1

S >

nMOS BiCMOS CMOS

(b) Logic symbols

7N

7N

GND Vss Vss

nMOS Simple BiCMOS CMOS (complementary)
Overall ratio = Lyl WV
Lo/ W,

(c) Stick and symbolic diagrams

Fig. 7.3 nMOS, BiCMOS and CMOS inverters
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Rsil= Zoyii, KR = 40 k2 (NMOS)
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| Rpd =Zpa. X R, =5 kQ .
Power dissipation (on) Py = ﬁ;:\i_Rp—_;
= 0.56 mW
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Note : A 4:1 inverter is formed if the p.d. width is halved

Fig. 7.4 An alternative 8 : 1 nMOS inverter
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Zp_u_ = Lp.u_NVp.u. =8
Rp_u_ = Zp_u_ X Rg = 80 k2 (NnMOS)
Similarly,

Rpda. = Zp.d. X Rg = 10 k2

V2

+ Rp.d.

Power dissipation (on) Py = =3

p.u.

= 0.28 mW
Input capacitance = ‘HZIC:Q

Fig. 7.5 8 : 1 nMOS inverter (minimum size p.d.)
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CMOS (complementary) nMOS (ratio 4:1) BiCMOS

Vob
ﬂ X |
A Vout A |
B
V
GND GND SS
(a) Circuit diagrams
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(b) Logic symbols
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: : Vss
Symbolic form (BiCMOS)

GND
(c) Stick diagrams (nMOS and CMOS)

Note : The natural 2.5:1 asymmetry of the CMOS inverter is improved to 1.25:1 (or better) owing to the two n-type pull-down
transistors in series for the two I/P NAND.

Fig. 7.6 CMOS, nMOS and BiCMOS 2-input NAND gates
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Certain examples of structured of combinational logic are-

a. Parity Generator
b. Multiplexers (Data Selectors)



a. Parity Generator

A circuit is to be designed to indicate the parity of a binary number or word.
It will be seen that parity information is passed from one cell to the next and is modified or
not by a cell, depending on the state of the input lines A;and A,

1 Even number of 1s at input
0 Odd number of 1s at input

Ap A1 A2 An-1 An Parity generator basic block diagram.
= }
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= -t—r —b—;— Hos. — 5
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R
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Note: Parity requirements are set at the left-most cell where P;, = 1 sets even and P, = 0 sets odd
parity.



Pr-1

Previous

A, A
FIGURE 6.17 Parity generator—basic one-bit cell.

A little reflection will readily reveal that the requirements are:
A; =71 parity 1s changed, P; = p;
= (0 parity 1s unchanged, P; = P, ,

The circuit implements the function

HER, + B

i—



FIGURE 6.18 Stick diagrams (parity generator).



Multiplexers (Data Selectors)

The requirements and general arrangement of a four-way multiplexer :

B TSty i Sty Pt - LS R

/ Truth table
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Note: Vppand Vs contacts not shown.
(a) nMOS switches (b) Transmission gates (CMOS)

FIGURE 6.24 Switch logic implementations of a four-way multiplexer.






FPGA







Completeness and irredundancy




















































S¢ three elements are mixed together 10 form an FPGA fa £
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figure 3-1 Generic structure of an FPGA fabric.

PGA architectures FigunS-lsbowsﬂnbsicmmofmFPGAmwm
three elements. The combinational logic is divided into relatively small
units which may be known as logic elements (LEs) or combinational
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Figure 3-3 Segmented wiring and offsets.

FPGA configuration

ring structure [EIG88] since the wiring is

constructed of segments of varying lengths. The alternative to seg-
wire length 1. However, this would

mented wiring is to make each
require a long connection to hop through many programmable wiring
on 3.6. that would lead to excessive

points, and as we will see in Secti
delay along the connection. The segments in a group need not all end at

the same point. The bottom part of Figure 3-3 shows segments of length

2 that are offset relative to each other.

All FPGAs need to be programmed or configured. There are three
major circuit technologies for configuring an FPGA: SRAM, antifuse,
and flash. No matter what circuits are used., all the major elements of the
FPGA—the logic, the interconnect, and the /O pins—need to be con-
figured. The details of these elements vary greatly depending on how
the FPGA elements are to be programmed. But FPGAs are very com-

known as a segmented wi

plex VLSI systems that can be characterized in many different ways.







