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Fig. 4 Current driven from suppfies 0 CCH

117 {positive supplfr)
& T (negative supply)

Table 1; W/, of transistors of circuit shown in Tig, 2

Transislor Aspeet ratio
MI-M2, M5-Mb6 1071
M3-M4. M7-M8 271

M9-M10 11.52.5

MI11 M12 0.5
MI3 10/2,5
M4 6/1.5
MI15-M16 12415
MI17 60/1,5
MI18-M19 6/1.5
M20 51.5

M2l M23 11.5/2.5

M24 23235

PSPICE sinrdations: The performances of the CCH o shown in
Fig. 2 are simulated vsing PSPICE. Transistor aspect ratios are
given in Table 1 and a 0.5pm MIETREC CMOS process is
assumed. The supply voltages are ¥y =--Fee = 1.5V, and [y is
sel to GA. Table 2 shows a summary of the results of the simula-
tlons,

Table 2: Summary of simulation results

THD 50dB
Tnpul resistance R, 20
Open-loop gain 42dB

3dB frequency 30MHz

{voliage amplifier topology)
Standby current 2pA

Voltage ollset (from ¥ to X) | 0.05mV

Current offset (from X to Z+)| 0.8pA

Fig, 3 shows the voltage transfer characieristics from node Y Lo
node X and to node Z-+ when node X is tevminated by R, = 40k
and R, = BOkL2 ¥y is set to 0.5Vp-p.

Fig. 4 shows the current driven from the supplics when the
voltage Fy is scanned from -0.6V to 06V with the same R, and
R I is clear that, when nade Y is at ground, the standby power
consunplion is very low.

Conefusion: Tn this etter, the novel realisation of a CCIT has been
introduced. Simulation resulls show thal the circuil exhibits excel-
lent performance while consuming low standby power, which
makes it suitable for low-pawer analogue signal processing.
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Realisation of expanential V-l converter
using composite NMOS transistors

Weihsing Liu, Cheng-Chich Chang and Shen-luan Tiu

A CMOS  woltige-tocurrent  converter  wilh — exponential
churacieristics is presented. The Taylor's series expansion 15 Nsed
for realising the exponential function. In a G.35um CMOS
process, the HAPICE simulation resulls show a 15dB lincar range
with a lincarity error of < HL3AB. The total power consumption
is < 0.8mW with 2:1. 5V supply voltage. The cirouit can be used in
the design ol a variable gain amplificr (VGA),

Infroduction: Since ihere is no intensic logarithmic MOS device
aperating in the satwation region for CMOS technologies, one
method to generale the exponential characteristics s by usc of 4
‘psende-exponential’ generator (1, 2] Alternatively, the Taylor’s
serics expansion can also be used for implementation of the cxpo-
nential 3] According Lo the Taylor's serics expansion, a general
expenential function can be expressed as

F 3 n
4 LT SO & w

explan) &~ 1 + T + DThd ST R i 4+ (1}

where o is the coefTicient and x is the independent variable; if ax]

<< |, the higher order terms of eqn. 1 can be neglected and the

final approximation equation ¢an be given as [3]

2
oxplor) ~ 1 -%::: + Z—!:vz (2
Egn, 2 can be implemented by the composition of a V-[ squarer
circuil, a linear V-I converter and a constant bias current which
are equivalent 1o the sccond-order, the first-order and the zero-
order terms in eqn. 2 [31 To this [etter, a simple and universal
approach is presenled to realise eqn. 2, Simulation results will be
piven (o verify the validity of the approach.

Cirenit implementation: Consider the composite NMOS transisior
[4] shown in Fig, 1, Assuming that tramsistors M1 and M2 are
identical and that both of them operate in the saluration region
withoul body effects, the following equation applies:

Idl+1d2 = %(Vm—-v:c—vm)'* +%(V::;—-I-"c—vtn)2

{3)

where Kl and Ji2 are the drain curremts of transistors M1 and
M3, respectively, Kn = 1, Cox i3 the process parameter and Vi is
the threshold voltage. According to eqn. 3, ift Vx = Ve/2, then
eqn. 3 can be rewritten as

Tdl - Id2 =

2 ; .
‘ -V Vi Vin?
Kn(—‘f—{/tn) | B m} + ! in -
2 (=5=-Vin) 2= Vi)

4)
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Fig, 2 Proposed composite NMOS tvransistor expanentiol VoI comerier

The proposed exponential V-1 converter can be realised ss shown
in g 2, the voltages Fe and ¥x equal 1o the nepative supply
vollage, Vv, and the gate vollage of M2, respectively. The transis-
tors ME, M9, M3 and M4 wre two-cucrent miirrors. Sinice fd =
Il = 19, no current will flow from node A Lo node B, and tran-
sistors M6 md M7 will force the gate vollage of M2 to half of the
supply voltage, s, (ie. Vx = P2} I x = Vi, o = 2(Fss
2V, 3 = Kul(—Fsy  2Viy#4 and, according 1o eqn. 4, the out-
put currenl of Fig, 2 can be given as

Temt = (Idl | 1d2)

Ve ¥ Vin Vin?
= Im.(_g“_‘ﬁ_vm) 1+ vwm _ in !
- ('_}_ -¥ m) 2(- . ?m —Vf-'”«:]

2.2
= Hj(l + o - %) =~ Ioxplaz) (5]

The threshold vollage Ve of the NMOS transistor is ~0.4V in ooy
process, I[Py = 2Fm = 08V, then { Vas—2Vm) = 0 and all the
requirements in the proposcd approach can be satisfied. For the
proposed converler 1o operate properly, all of the transistors
shoukd be binsed in the saturation region. Theorctically, the input
range of his cireuit could be

T
Ve + Vinl £ Vin < Vdd — |Vipd| 4 Vil {B)

where Fierl and i are the threshold voltages of transistors M1
and M4, With ¥l = 0.4V and Vipd = -0.55V, the imput range is
betwean - 0,35 and 135V,

Stirndation resufts: HSPICT simulation results are shown in Fig, 3
where a 0,33um CMOS process is uscd. The aspect ratios of the
transistors in g, 2 are lisicd in Table 1. As Vin varies from -0.3
to 0,6V, the pscudo-exponential function achicves 15dB with a
lincarity crror of < #.5dB. When Fin > 0.6V, the simulation
result deviates from the ideal ling due to neglecting the higher
order terms in eqn. L. [T the threshold voliages of transistors M1
and M2 in Fig. | are not equal (e, Vil = Vinl, Vil = Ven2 +
AFir), cqn. 4 can be modilied 1o read

Hdl + [l =

Ry P s i
K (# —V.i.nl) L+ 1—“—”— +$—2
2 (= --vinl 2(=¥e V)

AVin o
- Kn,f_\\"r.n,( Vin _ —I—i — V'r"nil.) (7}

2 2

whete an additional constant current (erm is generated, and it will
only resuit in the offset corrent with respect to the pseudo-expo-
nential function.

14 - .
12} Al
’d
10
a L
m ST
-l
dF
2 I
ok
2l
b,
4I|||1I1;|AII1I|1||1||II
10 0.8 06 04 02 0 02 04 06 08 10D
v
Fig. 3 Sinndetion resudis, Tout against Vin, (eith aormolised JB scafe)
<ident
proposed

Table 13 Aspect ratios of transistors of civeuit in Fig, 2

Transistors Aspeet ratios
WU
M1, M2, M8, MY 1/l
M6, M7 10071
M3, M4, M5 1/l

Conclusions: A now composile NMOS transistor based cxponen-
tiul V-1 converler has been presented, This exponential V-T con-
verler is compact and power ctficient. The proposed circuit could
be of use (0 the design of VGAS [5].
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Analytical prediction of buffer hit ratios

Jongmoo Choi, Scongje Cho, Sam H. Noh, Sang Lyul
Min and Yookun Cho

An analytical model for the prediction of bufler hit ratios is
presented, Prediction is camied oul by means of the ondine
detection of block reference patlerns ol applications  and
exploilation of functions that approximate the hit ratios for such
detecied pulierns. Experimental results show that the proposed
method accurately models the hit ratios of actual cxecutions.

Introduction: The analytical prediction of butfer hit ratios is very
useful in making informed operaling system decisions such as
when allecating buffer space 1o various applications. To this end,
the study of methods for predicting the expected bufter hit ratio of
applications has been the focus of much research both in the data-
base and operating system fields [1 — 4]. ln this Letter, we propose
a new method for the analytieal prediction ol bulfer hit ratios that
is based on the characleristics of the block reference patterns of
applications. The method first deteets the block reference patterns
ol the applications on-line fi.e. during execution), Based on the
detecled result, it then predicts the expected buffer hit ratio using
an analytical bufter model. The main focus of this Leiter is on the
second stage of this miethod, which employs previously known
approximation methods. Such approximation niethods have not
been widely used in practice since there has been ne reliable tech-
nigue for detecling the relference patterns of the applications.

Derection of hlock reference parterns: We have proposed a block
reference pattern detection technique where the pattern is detected
by associating block altributes such as the backward distance and
frequency with the lorward distance of a block [5]. This is done
on-line, allowing it to detect dynamic reference pattern changes
within the applications. Four reforenes patterns, namely sequen-
tial, looping, temporally clustered and probabilistic patierns, are
deteeted. {The characteristics of these patterns are claborated on
below.) Tt has been observed that the majority of reference pat-
terns of applications that make use of the bulTer cache fall into
one ot these calegories [2, 6], To oplimise the hil ratio, we can
apply different block replacement methods to each application
according Lo the deiected reference pattern. For sequential and
looping pallerns, we apply the most frequently used (MR1])
replacement method, while for lemporally clustered and probahil-
islic patlerns, the least used (LRU) and least frequently used
(LFU) methads are, respectively, applied. These choices ic duc 1o
the optimalily of the method under such reference patierns [2, 7).

Analvtical buffer model Tn this Section, we show how to predict
the hit ratio for applications that show the aforementioned refer-
ence patterns. A sequential relerence pallern is a veference pattern
where all blocks are accessed one atler another and never re-
accessed. Formally, a refercnee <r), ry, ..., 1, = I8 sequential it 7, #
iy for all 1 <4, j < w. The oxpeeted bufler hit ratio of this pattern is
therclore FIT,, (8) = 0, where # is the number of buffer blocks
allocated to the pattern, irvespective of which replacement method
is used. A looping rcterence patiern is a reference patlern where all
hlocks are accessed repeatedly with a regular interval. Formally, a
reference <ry, Fy, ..., #, 7 is 2 looping veference il for some /< w, 1y
#rforall | 4 7<), and ry, = vy for | £/ < w—{. The subscquent
<y, Fay o B 08 called a loop, and /s the length of the loop. IT
we apply the MRU method to the looping pattern, the expectad
buffer hit ratio of this paltern is HT75,,,(By = (minf), B] x (wWh)w
= min[}, B} A temporally clustered reference pattern is a refer-
ence pattern wheie blocks accessed more recently arc the ones
more likely to be aceessed in the future. This reference paltern can

he characterised by the LRU stack model [7, 8] In the model, all
blocks are ordered by their last reference time m the LRU stack.
When » block is accessed, it moves o the top position of the stack
(pasition 1) and (he blocks that were above 1he accessed block are
pushed down one position (from position i (o position i + 1) 1o
make room for the accessed block. Cach position { of the stack has
a reference probability . Hence, the block located in position
will be accessed with probability ;. When a reference satisfies ¢ =
@y 2.2y, il is a temporally clustered refercnce pattern. It we
apply the LRU method to this reference pattern, the expected
buffer hit ratio is LHT, (B) = ):fl ;. The question now is how to
abtain the «; values. This may be possible by cbserving the hit
counts of the stack position ¢ and dividing by the length of refor-
ence w vsing ghost buffers [3] However, measuring the hit counls
of all stack positions individually is impractical duc to its over-
head, Henee, we devise an elficient approximation methed that
ulilises Belady's lifetime lunction. We use Belady’s lifetime func-
tion as it is well known that the funetion aceutately approximates
the buffer hit ratio of references that show the temporally clus-
texed pattern [8]. Belady’s lifetime function, A, which represents
the buller hit ratio with bullet size f, is given as

Ay=omtag+ - Ha=1-cxi* (1}

where ¢ and & are control parameters. The coniral parameters
determine the degree of temporal locality; as ¢ becomes smalier or
as & becomos larger, the degree of lemporal locality inereases.
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Using Fig, 1, we show how the approximation method works.
Assume we have measured two bufler hil ralios As and Ay,
depicted as cross pomis in the Figure. Using these values and
eqn. 1, we can ealevlate the values of ¢ and k. With these values,
we can estimate the value of @& for all fas 4, = 4, — 4,;. Lllence, we
can predict HIT,.(B) for all B. As the number of measured A
increases, the degiee of accuracy ol the approximation also
increases. In our experiments, the results of which we show later,
we used four measurements {4y, Ay, sy, and Ay}, We then
computed the ¢ and & valucs with cach pair of 4. Finally, we set
e and k to the average of these compuled values. A probabilistic
relerence pattern 18 a reference pattern where cach block has a sta-
lionary reference probability and all blocks aro accessed independ-
ently with the associated probabilities. The probabilistic pattern
can be characterised by the independent reference model [7]. In
this model, each block #; bas its stationary and independent refer-
ence probabilitg . The cxpected boffer hit ratic is then
HIT,o(B) = 22, p; (assuming p; = p, (or £ £ /). Similarly 1o the
temporally clustered patlern, we vse an approximation method to
estimate p; for all £ Tior the probabilistic telerence patlern, it is
well known that the Zipfian probability distribution function pro-
vides an accinale approximation for the buffer hit ratio [7),

The Zipfian probability distribution function, 1%, which repre-
sents the buffer hit ratio with bufTer size £, is given as

Py=pu4pactooeopos (ifnyor e/ 1068 (2)

whete 1 15 the toial number of accessed bhlocks, and contral
parameters it and B are interpreted as follows: of the total refer-
ences, o fraction of the accesses are made 1o the P fraction of the
tolal # blocks. Using a similar calculating process as the tempo-
rally clustered patiern, we can calculate the valves of o and [§; spe-
cifically, by solving cqn. 2 with measured P; values, Note that # is
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