Lors whose input sources dre the gale voltages of M5 and M6, P,
and Fy, respeclively, Therelore, in steady-stale conditions the volt-
apes ueross capacitots Cy and Cp are equal 1o 7, and ¥, vespee-
tively, and the input vollage Is foreed 1o ground (which is set to
half the supply voltage 1o achicve a synuvietric biasing), Current Iy
is hence set by currents Ty and £y and the aspect ratios of M-
M2 and M3-M&6. To reduce charge injection errors, capacitors (4
are set larger than € 5.

The circuil can be operaled with any supply voltage higher than
the minimum requircment, but for low-power supphes a clock
hooster must e used 1o properly drive the switehes [5).
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Fig. 3 Stari-np of drain cwrrents of M and M2
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Table (2 Main design parameters

"~ Component Value
M1 M3 M3 S0/2pmim
T M2 M4 M6 202 |
T B ' fopa |
TG 0.5pF
G Gy 1pr
Vor-Vss 12v

Sizilertions: The cirenit in Tig, 2 was simulated using SPECE and
the process paramelers of a standard 0.85m CMOS technology.
Sinee the trangistor threshold voltages are ~0.8V, & 1.2V power
supply was chosen, Transistor dimensions and other electrical
paramelers are given in Table 1. Mimimum dimensions were
adopted for the transistors implementing the switches. Morcover,
s-channel transistors were used for S1-84 and pchannel transis-
tors for 83-86, The clock period was sel 1o [0ps. Since switches
§3-54 both need o clock booster, n 2.4V clock (e (wice the
power supply) was adopled 1o drive these two switches. Fially,
parasilic capacitances associated with the lop and bollom plate of
capacitors O—C, were taken into accounl and sct (o | and 10% of
their respeetive capacitor valucs,

Fig, 3 shows Lhe start-up Gme interval nceded by the quicscent
currents of input transistors M I1-M2 (o reach a steady-siate condi-
tiom. Both currenis are nearly zero until arcund 80ps since (ransis-
tors MLI-M2 are working in the subthreshold vegion. Onee the
threshold voltage is reached, the module of currents inereases undil
the desired bias current (1OpA)Y Is atlained. The simulaled quics-
cent current is 9.56pA, which is reached in ~250ps. OF course, Lhis
start-up time can be veduced by reducing the time constant of the
domped inlegrators,

With the chosen supply voltage, the analogue ground is equil to
0.6V, This value is accurnlely transferred 1o the inpul terminal
with an error lower than 0.1 mV.
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Power reduction in self-timed circuits using
early-open latch controllers

A, Riocreux, M.1.G. Lewis and .M, Brackenbury

An garly-open latch controller for use in sdi<timed mieropipeline
arenits i deseribed. 10 switches inlo normally-open mode shorly
telore the arrival of the data, preventing energy dissipation due to
duta propagation down  the pipe, but preserves he gpeed
advantage of 4 normally-open lateh controller. This is confirmed
by comparing the throughput and power for a lurge cirenit with
those oblained using olher latch controllers,

Latch controlfer seples: Micropipelines [1] tepresent o practical
engincering approach o implementing pipdlined  asynchronous
systems. Figo | shows g typical micropipeline avrangenienl with
the transter of data belween adjacent slages controlled by local
request and acknowledge handshake signals,

+---1Ain Acut Al Aout ---
fffff erp@1eh == == slepyal
controller| L controller
Rin_Routp{A] AT Rin_ Routf—+

Tunctional
logic

latch

functional
logle

requast
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acknowlodge - —
broadish —
data valicity
brasa

Vig. 2 Brocd and broadish four-phase proiocols

TFour-phase control signals with a broad or broadish protocol
([ig. 2) are usually adopled because this facilitates the enabling of
processing logic by Rin [2]. In the broad protocol, data must
remain valid until the back edge of the Adckrowkdge signal
whereas 1t i3 only 10 the back cdge of the Reguest signal in the
broadish protocol,

Latches operate i efther normally-open (NO) or normally-
closed (NC) mode, An NO Liteh is normally transparent with the
Laich closing to caplure new data when il arrives, An NC laich is
normally closed and briefly apens when new data arvive to pass
these data 1o ils output,

When pipeline occupancy is high, 1t is desirable to operate the
latehes in NO mode so that data propagale down the pipe at the
maxinium rate. However, diting lower oceupancy, high (hrough-
pul is not neeessury and the NC mode 15 desitable (o reduce
umiecessary power dissipation from data propagating through
tocenpicd stages,
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Controlling fatch operating mode: For these reasons, latch control-
lers capable of reconfiguring the latch mode were developed [3].
These used an additional signal to switch the laiches between the
NO and NC mode depending on the pipeline load. To detect when
the operaling mode should change required a significant soflware
ar hardware overhead; the early-open latch controller described
here overcomes this.

A schematie diagram for the carly-open latch using the bread
protocol is shown in Iig. 3. The logic for the broadish protocol is
siinilar except that the latch cnable, Ex, is only held Low {closed)
by the output stage while Reguest Our is high.

The latch operates in NC mode and uses an additional signal,
‘earlyRiX which gives advanced nolice of an impending input
requesl; it can be derived from the Regrest Out signal of the
preceding block as shown hy the dashed lines in Fig. 1. The
‘earlyRin’ signal is used to switch the data latches into NO mode,
This scheme has the virtues of both high performanece and low
power dissipation. Opening the latches just prior to the atrival of
the Reguest {n signal allows the input to propagate to the lalch
outpur as fast as possible while normally operating in NC maode
prevents umwanted data propagating beyond the input to the first
pipcline stage.

earlyRin

normally closed early cpen

£nk

Fig. 3 Broad protocol early-open latch controller

Results: The early-open latch controller circuit was tested againsi
the existing reconfigurable normally-open (RNQ), reconfigurable
noermalty-closed (RNC) and conventional NO lalch controllers in
a 3k-transistor design consisting of a 32 x 32 bit five-stuge pipe-
lined multiplier [4]. Simulations were performed on the full
extracted layout, with TimeMill and PowerMill used to measure
throughput and power.,

() Throughput: Random data were used for the throughput
tests, as the performance is not data-dependent, Table 1 shows the
rosuits of these tests.

Table 1: Throughput performance (in MOPS)

NO RNO RNC Early-open
Broad 101 97 90 95
Broadish 106 106 98 106

For the broadish protocol, the eatly-open latch has a perform-
ance comparable to that of any other latch style while for the
broad protocol, it has a slightly inferior performance, This is due
to the slightly increased complexity of the critical path in the latch
coniroller circuit. With the broadish protocol, the latches can
bepin to reset before the output Acknowledye has comploted, so
this penaity disappears.

(ii) Power consumption: Here, measurcments on different Jevels
of pipeline occupancy and also inpul skew were performed, The
results with the inputs coineident arc shown in Fig. 4. Asis lo be
expected, the energy consumplion per operation fer high occu-
pancy levels is similar for all controller slyles, since the propaga-
tion of spurious transitions is restricted. At iow occupancy, the
early-open design exhibits near miniomim energy per operation for
both protocols; at an occupancy of one, its power is compatable
to that of an RNC controller and is 22-25% better than that of
the other NO controller types demonstrating the advantage off
only opening the larches just prior to the arrival of data.

Tests with the inputs skewed show that the power per operation
rises slightly for the carly-open and both NO designs while

remaining approzimately constant for the NC lawch design. This
increase in the early-open implementation can be attributed Lo not
being able to use early-open lalches in the first stage; NO latches
had to be used here so wansitions can propagate to the second
latch beforc heing stopped.
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Vig, 4 Power for different Fageh controffors
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Conrclusions: A high performance, low power early-open latch con-
troller for use in asynchronous pipeline sysiems has been described
and compared with other controller types. Ils maximum through-
put is comparable to that of the fastest control style. Al high pipe-
line occupancies, the power per operation of all controller styles is
comparable. However, at the lowest occupancy it exhibits ~23%
less power per operalion than that of the other high performance
lateh contrellers. The latch therefore can be wused 1o best advan-
tage when the pipeline load is variable.
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Simgle model for positive-feedback
adiabatic logic power consumption
estimation

A. Blotti, 8. Di Pascoli and R, Saletti

A model based on constant R-C elements for ihe caleulation of
the cnergy dissipated in adiabalic circuits with positive feedback is
prosented, ‘The model can be used to cstimate the encrpy
dissipaled as a function of both the load capacitance and
aperating frequency with an error of < 8 and 18%, respectively.
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