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WA 17.3 Asynchronous Interlocked Pipelined
CMOS Circuits Operating at 3.3-4.5GHz

Stanley Schuster, William Reohr, Peter Cook, David Heidel, Michac! Immediato,
Keith Jenkins

IR Research Div., 7. J. Watson Research Center, Yorktown Heights, NY

Chip performance, power, noise, and clock syncheonization ave
hecoming formidable challenges as microprocessor performance
moves into the GITz repime and beyond. Intorlocked pipelined
CMOS (TPCMOB), an asynchronous clocking technigue, helps ad-
dross Lhese chaligngea. Figure 17.3.1 shows how a typical bleck
{o.gr, Block D) i inferlocked with all the blocks with which it
intoracts. In the forward divection, dedicated Valid signals emulate
tho worst-case path through each driving block and thus determineg
when data can be latched within the typical bloek, Tn the reverse
direetion, Acknowledge signalsindieate that data hag been receivod
by the subscquent blocks and that new data may be processed
within the typical block. In this interlocked approach loeeal clocks
are genervated only when there 1s an operation to perform,

Measurad vesults on an experimental chip demonstrate robust
operation for TPCMOS at 3.3GHz under typical conditions and
4.56Hz under best-case eonditionsin a 0,1 8um 1.5V CMOS Lechnol-
ogy. The hlock diagram of Figure 17.3.2 shows the care of what is
#mplemented. The logie belween the latches eonsists of two stages
of 1 worst-case path through the 3to2 compressor tree of a 64b
Moating-point multiplier with a total of ten of these stagos included
in the path, The asynchrenous handshaking loeal clock civcuits ure
each loaded with 40 latehoes to simulate practical loading. Since the
lncally-gencrated elocks for enchstage are active only when the data
to a given atage is valid, power is conserved when the logie hlocks
areidling. Forthermaore, with the simplificd elock environment it 1s
passible to design a simple single-stage lateh thal can capture and
launeh data simultancously without the danger of a vace.

The gencral eoncepts of interlocking, pipelining and asynchronoeus
self-timing are not new and have been proposed in a vaviely of forms
[1-3]. However, the technigques used in Lhose approaches are toa
slow, especially for inacros which receive dala from many sepurate
lagic blocks, IPCMOS achiceves high-speed intorlecking by eombin-
ing the function of a statie NOR and an inpul switch to porform a
unique cycle dependent AND fanction as exempilled by the strobe
cireuil diagrams of Figure 17.3.3a and b. Every local cloek cirveuil
in Figure 17.3.2 has a strohe circuit which implements the asyn-
chronous interlocking between stages.

The operation of Lthe strobe cireuit ean he undevstood by starting at
the end of a cycle when the external valid signals (VALID -VALID )
and CLKR whiech is genorated [rom the acknowledge signals (ACK)
are law, the switches ave open, and the internal valid signals (Vint,
- Vint) and Rint are high. The strobe oulputs, CLKE and ACK,
which are high and low, regpectively, transition to low and high,
rospectively, only when all of the internal valid signals{Vinl, - Vint.)
and Rint go low, For this to happen, each external valid signal muast
first be reset high, therehy turning on its associated switch, Next,
each of the valid inputs transitions low, as data for that input
becomes valid. This ¢auses the asanciated internal valid signal Lo
alan go low. The strobe efreuit autpuls ACK and CLKE will transi-
tion high and low, respectively, when the last of the external valid
signals makes its downward transition and CLER hag gone high.
When this oeeurs all the internai valid signals and Rint will be low,
ACKiransitioning high turns cach Switeh off, since all the external
valid signals are low at this time, ACK is alao the handshaking
signal, to the transmitling blocka that datais received, and they can
send more data, Immediately atter ACK turns the Switch off, CT.KE
precharges cach of the internal valid nodoes (Vint} and Rint high.

This in {urn causes ACK to go low and CLKE high. In the Strobe
cirenit, the p-channal load device of the static NOR is connected to
only one internal Valid signal, The Valid signal te which the load is
connected should be the nominally last arriving. ITowever, in actual
operation if another signal arvives last, the civeuil functions nor-
mally but with some additional power dissipalion.

The unique way the Strobe cireuit ANDs the valid inputs and ab the
same time keeps track of Lhe eycle in which they oceor s acen in the
wave forms of Migure 17.3.4 for a civeuil with three valid signals,
Initially all the external valid signals arc high, They all transition
low and tho Sirabe ¢ireuit generates a low CLKTL pulse output.
Subsequaontly, a strobe oulput is genoraled only after all 3 valid
inputs have transitionad low to high to low, Thus the Strobe eircuit.
keeps track of the eyele that each input occurs in by not penerating
an output until all the inputs have transilioned from a low to a high
and back to a low.

Measured loeal cloek signals running at 4.5GHz are shown in the
picoprobe waveforms of Vigure 17.8.6. The way the interlacking
automatically compensales for delay variations, which result from
powny supply noise, across chip line width variations, and param-
ater variations, is alse seen in the wave forms when the data valid
input of loeal elock stage 2 is intentionally delayed for a perviod of
time by the externally penerated Valid Inhibit signal going high.
Because of the handshaking, the local clocks [or all the stages before
and afteor stage 2 is also delayed as shown in the wave farmeg, until
Valid Inhibit goog low again and all the stages résume their normal
mode of operation with no lass of data,

A significant power reduction results when there is no operation to
perform and the loeal clocks turnoff. This is similar te what happens
in the waveforms of igure 17.3.5 when the data valid signal of eloek
stage 2is intentionally inhibited, The wave forms also show thal the
clock Lransitions are staggered in time, redueing the peale di/dt and
thorefore noise compared to a conventional approach with a single
global clock.

The TPCMOS circuils show roebust operation with large variations
in power supply valtage, nperaling temperature, threshold veltage,
and channel length. One example of this is given in Iigure 17.3.6,
where a plot ol measured froquency versus Leff for both normal and
low Lhreshold devices are given, This data again demonstrates the
ability of IPCMOS (o cperate ai extremely high frequonecies, while
realizing the power and noize reduction of an inierlocked asynchro-
nous approach.
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Figure 17.3.1: Interlocking at block level,
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Figure 17.3.5: Measured local clock waveforms at 4,5GHz, Figure 17.3.6: Frequency vs, channel length,
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