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Methodology 397
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Figure 8-16 The Semicustom (or ASIC) design flow.

5. Placement. The precise positioning of the cells is decided.

6. Routing. The interconnections between the cells and blocks are wired.

7 Extraction. A model of the chip is generated from the actual physical layout, including
the precise device sizes, devices parasitics, and the capacitance and resistance of the wires.

8. Postlayout Simulation and Verification. The functionality and performance of the chip is
verified in the presence of the layout parasitics. If the design is found to be lacking, itera-
tions on the floorplanning, placement, and routing might be necessary. Very often, this
might not solve the problem, and another round of the structural design phase might be
necessary.

9. Tape Out. Once the design is found to be meeting all design goals and functions, a binary
file is generated containing all the information needed for mask generation. This file is
then sent out to the ASIC vendor or foundry. This important moment in the life of a chip is
called tape our.

:::zl;h;’acd;ﬁgn flow just described has served us well for many years, i.t was .found to be
ogy PTOCeedinng' once technology reached the 0.25-um CMQ$ boundary;. With desngn.technol-
e—are pig gl Into tf?e deep.submicron region, layout para§|t1.cs——espcc1ally from the intercon-
bl Syn:{h:g' an increasingly important role. The predlcuoq models used by the !qgnc and
Nances thay ih 815 tools have a hard time providing accurate esumalcfs for these parasitics. The
(Figure g 17a)e generated design meets the timing constraints at the first try are thus very small
"eratiop, of g e ,deSigﬂer (or design team) is then forced to go through a number of costly
i constr:'mhe.sm followed by layout generation until an acceptable artwork that meets the
dayS\just roJ?[s is obtained (Figure 8-17b and c). Each of these iterations may take several
18 a complex chip can take a week on the most advanced computers! The
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Figure 8-17 The timing closure process. The white lines indicate nets with timing
violations. In each iteration of the design process, timing errors are removeg b
optimizing the logic, by insertion of buffers, by constraining the placement, or by
streamlining the routing until an error-free design is obtained [Avantio1].

number of needed iterations continues to grow with the scaling of technology. This probley,

called timing closure, made it obvious that new solutions and a change in desi

&n methodology
were required.

The common answer is to create a tighter integration between the logical and physi
design processes. If the logic synthesis tool, for example, also performs some part of the plac-
ment—or directs the placement—more precise estimates of the layout parameters can i
obtained. Figure 8-18 shows an example of a design environment that merges RTL synthess
with first-order placement and routing. The resulting netlist is then fed into an optimization
that performs the detailed placement and routing, while guaranteeing the timing constrain§ e
met. While this approach has shown to be quite successful in reducing the number of design¢*

RTL (Timing) constraints

{ |

Physical synthesis

Macromodules

Netlist with
fixed netlists

1 place-and-route info

Place-and-route
Optimization

* Artwork

Figure 8-18 Integrated synthesis place-and-route reduces the
of iterations to reach timing closure in deep submicron. .
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prray-Based mp!

85
. (hrows quite 2 challenge at the design-tool developers. With the number of parasitic

alions: }t casing with every round of technology scaling, the design optimization process that
effects m: 2ll this into account becomes exponentially complex as well. As a result, other
must ta};es might be required as well. In the coming chapters, we will highlight “design solu-
appr?‘ﬂ:h . canvhelp to alleviate some of these problems. An example is the use of regular and
[i:::ictabl ¢ structures, both at the logical and the physical level.
p

85 A.—.-ay-Based Implementation Approaches

While design automation can help reduce the design time, it does not address the time spent in
e manufacturing process. All of the design methodologies discussed thus far require a com-
jete run through the fabrication process.This can take from three weeks to several months, and
i can substantially delay the introduction of a product. Additionally, with ever-increasing mask
costs, a dedicated process run is expensive, and product economics must determine if this is a
viable route.

Consequently, a number of alternative implementation approaches have been devised that
do not require a complete run through the manufacturing process, or they avoid dedicated pro-
cessing completely. These approaches have the advantage of having a lower NRE (nonrecurring
expense) and are, therefore, more attractive for small series. This comes at the expense of lower
performance, lower integration density, or higher power dissipation.

851 Prediffused (or Mask-Programmable) Arrays

In this approach, batches of wafers containing arrays of primitive cells or transistors are manu-
factured by the vendors and stored. All the fabrication steps needed to make transistors are stan-
dardized and executed without regard to the final application.

. To transform these uncommitted wafers into an actual design, only the desired intercon-
"Cfllons have to be added, determining the overall function of the chip with only a few metalli-
::on steps. These layers can be designed and applied to the premanufactured wafers much

% rap_‘dly, reducing the turnaround time to a week or less.
the Sl)::';f?gpfoacl? is often called the gate-array or the sea-of-gates approach, deper}(?ing on
Shown i . e prediffused wafer. To illustrate the concept, consider the g.ate-an'ay pn.n?mve cell
°°"nect10nsgure 8-19a. It comprises four NMOS and four PMOS transnstors,. polysﬂncpn g'ate
ea ang tw(’) and a power and ground rail. There are fvf/o pOSSfble contact points .per dlffusx.on
08s oy implg Otential COnnt?clion points for the polysnllcop stfnps. We can turn this cell.'whlch
the megy) layq’:e;“ any logic function so far, into a rez'll circuit by adding some extra wires on
2 Our-inpye N OE contact holes. This is illustrated in Figure 8-19b, where the cell is turned into
NOR gate.
Showp, ine ?ﬂgma] gate-array approach? places the cells in rows separated by wiring channels, as
e Advep og}ure 8-20a. The overall look is similar to the traditional standard-cell technique. With
€Xtra metallization layers, the routing channels can be eliminated, and routing can

b i

‘ Is apPl'()a :
chis often MOSAID Technologies |
called g
ed the channeled gate array. EX 2003 - IPR2024-00599
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Figure 8-19 An example of the gate-array approach.
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Figure 8-20 Gate-array architectures.

(b) Channelless (or sea of gates)

be performed on top of the primitive cells—occasionally leaving a cell unused. This channelles
architecture, also called sea of gates (Figure 8-20b), yields an increased density, and makes it pos
sible to achieve integration levels of millions of gates on a single die. Another advantage of
sea-of-gates approach is that it customizes the contact layer between metal-1 and difqui"“.an
or polysilicon, in contrast to the standard gate-array approach where the contacts ar¢ predel
(see Figure 8-19a). This extra flexibility leads to a further reduction in cell size.
The primary challenge when designing a gate-array (or sea-of-gates) template

mine the composition of the primitive cell and the size of the individual transistors- A et
number of wiring tracks must be provided to minimize the number of cells wasted 10 mlm
nect. The cell should be chosen so that the prefabricated transistors can be utilized to @™
extent over a wide range of designs. For example, the configuration of Figure 8-1 g
for the realization of four-input gates, but wastes devices when implementing o=
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554 Insert G

. Design Veriﬁcaﬁo
n

Verification, on the other hand, attempts to extract the system parameters d
circuit description. For instance, the critical path of an adder can be recognized
tion of the circuit diagram or a model of it. This approach has the advantage thy the regy, .
independent of the choice of excitation vectors and is supposedly foolproof. O the othe, l;] i
it relies on a number of implicit assumptions regarding design techniques anq Methodo, a.nd’
For the example of the adder, determination of the propagation delay requires an Understamg;-es'
of the logic operation of the composing circuitry—for example, dynamic or static 10gic\an:l
definition of the term . pagation delay. As 2 second example, it is necessary to idemify the re ?
ister elements first before the maximum clock speed of a synchroncus circuit can pe dctennjnei.
The resulting tocls are therefore restricted in scope and handle orly a limited clagg of cjchi;

styles, such as single-phase synchronous design. In this insert, we analyze a number of the pop-
ular verification techniques.

irecuy fr()m

the

Electrical Verification

Given the transistor schematics of a digital design, it is possible to verify whether 3 number of

basic rules are satisfied. Some examples of typical rules help illustrate this concept, and many
others can be derived from previous chapters:

* The number of inversions between two C2MOS gates should be even.

* In a pseudo-NMOS gate, a well-defined ratio between the PMOS pull-up and NMOS pull-
down devices is necessary to guarantee a sufficient noise-margin low NM,.

* To ensure that rise and fall times of the signal waveforms stay within limits, minimum
bounds can be set on the sizes of the driver transistors as a function of the fan-out.

* The maximum amount of charge sharing in a dynamic design should be such that the
noise-margin high is not violated.

Pure common sense can help define a large set of rules to which a design should always
adhere. Applying them requires an in-depth understanding of the circuit structure. An electrical
verifier, therefore, starts with the identification of well-known substructures in the overall circuit
schematic. Typical templates are simple logic gates, pass transistors, and registers. The verifier
traverses the resulting network on a rule-per-rule basis. Since electrical rules tend to be specific
to a particular design style, they should be able to be easily modified. For example, rule-based
expert systems allow for an easy updating of the rule base [DeMan85]. The individual rules ¢
be complex and even invoke a circuit simulator for a small subsection of the network to verify

. vl ) ) e it can
whether a given condition is met. In summary, electrical verification is a helpful tool, and It
dramatically reduce the risk of malfunction.

Timing Verification

. Aoy 25 s h paths
As circuits become more complex, it is increasingly difficult to define exactly Wt-nChsg]CE
through the network are critical with respect to timing. One solution is to run extensnv; G
simulations that may take a long time to finish. Even then, this does not guarantee that t
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Figure G-1 Example of false path in timing verification.

path is the worst case, since the delay path is a function of the applied signal pat-

.. verifier traverses the electrical network and rank-orders the various paths, based
mﬂi-'\uml?:de]ay can be deiermined in a number of ways. One approach is to build an RC-
o delay: Tmsnetwork and compute bounds on the delay of the resulting passive network. To
'“ﬂ.el e ccurate results, many timing verifiers first extract the details of the longest path(s),
" mo;izc.model. and perform circuit simulation on the reduced circuit in order to obtain
ed 00 xamples of early timing verifiers are the Crystal [Ousterhout83] and TV

) itical

s etter estimation. E

Jouppib4] systems- , , ke
~ One problem that hampered many earlier systems is that they identified false paths—that

s citical paths that can never be exercised during normal circuit operation. For example, a false
shexists in the carry-bypass adder discussed in Chapter 11 (also shown in simplified form in
fare G-1). From a simple analysis of only the circuit topology, one would surmise that the
aicd path of the circuit passes through the adder and multiplexer modules as illustrated by the
aw.A closer look at the circuit operation reveals that such a path is not feasible. All individual
dérbits must be in the propagate mode for In to propagate through the complete adder. How-
ot the bypass signal is asserted under these conditions, and the bottom path through the multi-
;ltxer is selected instead. The actual critical path is thus shorter than what would be predicted
“mthe first-order analysis. Detecting false timing paths is not easy, since it requires an under-
f"f“ding of the logic functionality of the network. Newer timing verifiers are remarkably suc-
J;M in accomplishing this and have become one of the more important design aids for the
“erformance circuit designer [Devadas91].

Ny
PeG.1 Example of Timing Verification

shfwﬁ"i'f‘;‘- of a static timing verifier, the PathMill tool from Synopsys [?athMill], is
& blOCk‘lngure G-2. The input to the verification process is a lransns.tor netlist, but gate-
eSistive evf_:l_ models can be included as well. The analysis considers capacitive and

Parasitics that are obtained from the transistor schematic or layout extraction.
.examplef):;-lpm of the timing analysis is an ordered list of critical timing paths. For‘the
"8 edge) ovégure G-2, the longest path extends from node B (falling edge) to node Y (fall-
rnodes S1, S2, and X3. The predicted delay is 1.14 ns. Other paths close to
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