Module 3 contd.. - Subsystem Design
processes

This topic covers the design of a digital system using a top- approach.
The complete system environment is that of a 4-bit microprocessor
which is readily envisaged as an interconnection of four major Archi-
-tectural blocks-ALU, control Unit, I/O Unit and Memory.



The first part of the question—‘What’s in it for me?’—may be quite simply answered
as: Providing better ways of tackling some problems, providing a way of designing and
realizing systems that are too large, too complex, or just not suited to ‘off-the-shelf’ components
and providing an appreciation and understanding of IC technology.

‘Better’ may irclude:

. [DOWerNinieest compared with other approaches to the same requirement. Quantity
plays a part here but even small quantities, if realized through cooperative ventures

such as the multiproject chip (MPC) or multiproduct wafer (MPW), can be fabricated
for as little as $200 (MPC) or $500 (MPW) per square millimetre of silicon, including

the bonding and packaging of five or six chips per customer.
2 ﬂ High levels of system integration usually greatly reduce
interconnections—a weak spot in any system.

3. ([ower power dissipation, lower weight) and lower Volume compared with most other

approaches to a given system.

4. (Béiiep performance=-particularly in terms of speed power product.

5. (Enlaneed repeatabiliy) There are fewer processes to control if the whole system or
a very large part of it is realized on a single chip.

6. WhelposSibility of rediiced design/developmen: periods) (particularly for more complex

systems) if suitable design procedures and design aids are available.




7.1.1 Some Problems

Some of the problems associated with VLSI design are:

1. How to design large complex systems in a reasonable time and with reasonable
effort. This is a problem shared with other approaches to system design.

2. The nature of architectures best suited to take full advantage of VLSI and the technology.

3. The testability of large/complex systems once implemented in silicon.

Problems 1 and 3 are greatly reduced if two aspects of standard practice are accepted.

“and with adequate computer-aided tools
to do the job. Partition the SyStem Sensibly, aiming for simple interconnection between

subsystems and high regularity within subsystems. Generate and then verify each
section of the design.

o (DEsignitestability info theSyStem from the outset and be prepared to devote a significant

proportion (e.g. up to 30%) of the total chip area to test and diagnostic facilities.

These problems are the subject of considerable research and development activity at
this time. ;



7.2 AN ILLUSTRATION OF DESIGN PROCESSES

e Structured design begins with the concept of hierarchy.
e It is possible to divide any complex function into less complex Subfunctions, These

may be and so on—the bottom
level being commonly

o This process is known as fop=down'

o As a system’s (complexity increases, changes as different factors

become relevant to its creation.
* Coupling can be used as a measure of how much submodules interact. Clever systems

partitioning aims at reducing implicit complexity by minimizing the amount of
interaction between subparts; thus independence of design becomes a reality.

* Itis crucial that components interacting with high frequency be physically proximate,

since one may pay severe penalties for long, high-bandwidth interconnects.
@ dit is desirable that all gates on the chip do useful

work most of the time.

* Because technology changes so fast, {fiefadaptation o a¥fiew process mustioeeuin

Thus a technology-independent description becomes important.



In representing a design, several approaches may be used at different stages of the
design process; for example:

e conventional circuit symbols;

¢ logic symbols;

o stick diagrams;

o any mixture of logic symbols and stick diagrams that is convenient at a particular
stage;

e mask layouts;

e architectural block diagrams;

o floor plans,



The General Arrangement of a 4-bit Arithmetic Processor
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FIGURE 7.1 Basic digital processor structure.



The data path has been separated out in Figure 7.2
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FIGURE 7.2 Communications strategy for data path.



A block diagram is
presented in Figure 7.3.
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FIGURE 7.3 Subunits and basic interconnections for data path.



A fqrther decision must then be made about the nature of the bus architecture linking
thhe subunm‘ts. The choices in this case range from one-bus, two-bus or three-bus architecture.

I s e
Registers | 4-bit ALU | 4-bit Shifter
bus bus
One bus

Seqguence:
(i) First operand from registers to ALU. Operand is stored there.
(i) Second operand from registers to ALU. Operands are added (etc.)
and the result is, say, stored in the ALU.
(iii) The result is passed through shifter and stored in the registers.
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B % 4-bitbus i
* * } oL, Bus B
Seqguence.
(i) Two operands (4 and Z) are sent from register(s) to ALU
and are operated upon and the resuit { S) Is stored in ALU.
(ii) Result is passed through the shifter and stored in the registers.
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Sequerice:

The two operands (A4 and £) are sent from the registers, operated
upon, and the shifted result ( S) returned to another register a/
/n the same clock period.

FIGURE 7.4 Basic bus architectures.



At this stage of learning, floor plans
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FIGURE 7.5 Tentative floor plan for 4-bit data path.



7.2.2 The Design of a 4-bit Shifter

a right-shift or | If We now further spemfy thatall shlfts should be on
an end-around’ basis, so that any bit shifted out at one end of a data word will be shifted
in at the other end of the word, then the problem of right shift or left shift is greatly eased.
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FIGURE 6.38 Four-bit dynamic shift registers (nMOS and CMOS).
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4 x 4 barrel shifter.
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FIGURE 7.7 4 x 4 barrel shifter.
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FIGURE 7.8 One possible stick diagram for a 4 x 4 barrel shifter.
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FIGURE 7.9 Barrel shifter standard cell 2—mask layout.







8.2 REGULARITY
So far we have used regularity as a qualitative parameter. (REgUIatityrshouldberas)Righhas
to ‘minimize the design effort required for any system.

possible The level of any particular
design as far as this aspect is concerned may be measured by quantifving regularity as
follows:




_8.3 DESIGN OF AN ALU SUBSYSTEM
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FIGURE 8.1 4-bit data path for processor (block diagram).




8.3.1 Design of a 4-bit Adder

In order to derive the requirements for an n-bit adder, let us first consider the addition of two
binary numbers A + B as follows:

Column 0
A 1 0 0o ! 1 1 0 1 1
+B8 0 1 1 0 1 0
i el gy g o {0 Heeee- Sum
Carry ' \ Arrows indicate ‘carry 1’
out New Previous
carry carry

Column k&



TABLE 8.1 Truth table for binary adder

Inputs Outputs
Previous New
carry Sum carry
Ay By Cia S Cr
0 0 0 0 0
0 1 0 1 0
1 0 0 1 0
1 1 0 0 1
0 0 1 1 0
0 1 1 0 1
1 0 1 0 1
1 1 1 1 1

is:
Sum S =H,C,, +H.C,

New carry Cy = AiBy + HCy
where
Half sum H, =A4,B, +A,B,

Previous carry is indicated as C;_; and 0 £ X < n — 1 for n-bit numbers.



8.3.1.1 Adder element requirements

Table 8.1 reveals that the adder requirements may be stated thus:

If Ak == Bk then Sk = Ck-l
else g.=C .,

and for the carry C;
If A, = B, then Cy = Ay = BX
else C, = Cpy
*This relationship could also have been stated as:
Carry C,=1 when A, =B =1
or CGi=0 when A, =B =0



8.3.1.2 A standard adder element

A 1-bit adder element may now be represented as in Figure 8.2. Note that any number of
such elements may be cascaded to form any size of adder and that the element is quite
general.
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n such elements would be cascaded to form an n-bit adder.
FIGURE 8.2 Adder element.

Note also that this standard adder element may itself be composed from a number of
replicated subcells. Regularity and generality must be aimed at in all levels of the architecture.
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GURE 8.3 Multiplexer (n-switches)-based adder logic with stored and buffered sum output.















8.3.1.3 Standard cells required to be designed for the adder element
The stick diagram of Figure 8.5 shows that the adder consists of three parts:
1. the multiplexers (nMOS or CMOS);

2 the inverter circuits (4:1 and 8:1 ratio nMOS or CMOS);
3. the communication paths.
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FIGURE 8.11(a) 4-bit adder.



8.3.2 Implementing ALU Functions with an Adder

An arithmetic and logical operations unit (ALU) must, obviously, be able to add two binary
numbers (4 + B), and must also be able to subtract (4 — B).

From the point of view of logical operations it is essential to be able to And two binary
words (A.B). It is also desirable to Or (4 + B) and perhaps also detect Equality, and of course
we also need an Exclusive-Or function.
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FIGURE 8.11(b) 4-bit adder ocutline.



Sum S =HE. +H,C.
New carry Cy = AyBy + H,Cy
where Half sum H, =A,B, + A,B,

Consider, first, the Sum output if C,_; is held at logical 0, then
S, =H,1+H,.0=H,

that is Sy = Hy = AyB), + A By—An Exclusive-Or operation
Now, hold C;; at logical 1, then

S, =H,.0+H,.1=H,
that is

S, =H, = A,B, + A,B, —An Exclusive-Nor (Equality) operation
Next, consider the carry output of each element, first if C;_; is held at logical 0.

Then
Cy = Ay.By, + Hi.O0 = A;.B,— An And operation

Now, if C;, is held at logical 1, then
Ck = Ak~Bk T Hkl = Ak-Bk 5 Zk .Bk + Ak- Ek

Therefore
C, = A;. + By — An Or operation
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Manchester Carry Chain
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