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== 7.4 STATIC SEQUENCING ELEMENT METHODOLOGY E_‘M

is usually worst during burn-in testing at elevated temperature and voltage, where the chip
must still function correctly to ensure good toggle coverage. Static elements are larger and
somewhat slower than their dynamic counterparts.

Similarly, the growing difficulty and cost of debugging and testing has forced engi-
neers to build design-for-test (DFT) features into the sequencing elements. The most
important feature is scan, a special mode in which the latches or flip-flops can be chained
together into a large shift register so that they can be read and written under external con-
trol during testing. This technique is discussed further in Section 9. Scan has become par-
ticularly important because chips have so many metal layers that most internal signals
cannot be directly reached with probes. Moreover, some flip-chips are mounted upside
down, making physical access even more difficult. Scan can dramatically decrease the time
required to debug a chip and reduce the cost of testing, so most design methodologies dic-
tate that all sequencing elements must be scannable despite the extra area this entails. The
Alpha 21264 did not support full scan and was very difficult to debug, leading to a later-
than-desired release.

Clock distribution is another key challenge. As we will see in Section 12.5, it is very
difficult to distribute a single clock across a large die in a fashion that gets it to all sequenc-
ing elements at nearly the same time. Controlling the clock skew on more than one clock
1s even more difficult, so almost all modern designs distribute a single high-speed clock.
Other signals such as complementary clocks, pulses, and delayed clocks are generated
locally where they are needed. The clock edge rates must be relatively sharp to avoid races
in which both the master and slave latches are partially on simultaneously. The global
clock may have slow edge rates after propagating along long wires, so it is typically buff-
ered locally (either in each sequencing element or in a buffer cell serving a bank of ele-
ments) to sharpen the edge rates. Clock power, from the clock distribution network and
the clocked loads, typically accounts for one third to one half of the total chip power con-
sumption. Therefore, clocks are often gated with an AND gate in the local clock buffer to
turn off the sequencing elements for inactive units of the chip.

All bistable elements are subject to soft errors from alpha particles or cosmic rays
striking the circuits and injecting charge onto sensitive nodes (see Section 4.8.7).
Sequencing elements require relatively high capacitance on the state node to achieve low
soft error rates. This can set a lower bound on the minimum transistor sizes on that node.

EZXE Choice of Elements

Flip-flops, pulsed latches, and transparent latches offer tradeoffs in sequencing overhead,
skew tolerance, and simplicity.

7.4.1.1 Flip-flops As we have seen, flip-flops have fairly high sequencing overhead but
are popular because they are so simple. Nearly all engineers understand how flip-flops
work. Some synthesis tools and timing analyzers handle flip-flops much more gracefully
tban transparent latches, Many ASIC methodologies use flip-flops exclusively for pipe-
lines and state machines. If performance requirements are not near the cutting edge of a
Process, flip-flops are clearly the right choice in today’s CAD flows.
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