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Abstract

In this paper q low voltage/low power design of an one
dimensional Discrete | lartley transform (hiry ) chip using
transmission gate logic is described in seqa of pates
semicustom environment. The use of transmission gate
logic is shown 1o pe advantageous Jor extraction of
optimum.  low  power/flow voltage performance in
semicustom degign environment.

1. Introduction

With the rapid advancement of VI §] technology,
Systems with high integration density and high  clock
frequency arc cmerging. As the microminiaturization of the
system continucs, (he difficulty in providing adcquatc
cooling might cither add significant cost (o the systcms or
limit the functionality that could be provided. As a resul,
the concept of low voltage/low power system design comes
as the headling Lopic,

In the ficld of si gnal processing, digital technology finds
immense application, It is almost obvious that the future
Digital signal processing (DSP) sysicms should be of low
ROWCF type (o improve the system performance. ‘The
discrete Hartley transform (DH'T) which involves only real
arithmetic, is alrcady popuiar in the ficld of DSP as an
alternative o the discrete Fourier transform (D171 |1].
DHT is very much important in the ficld of biomedical
signal proccssing, particularly in medical imaging. T'wo
dimensional fast Hartey  transform s employed  for
processing ultrasound images, in reconstruction of imagc
for computerized tomography |2 o mention within the
numerous set of medical applications, So 1o find a low
power/low voltage design technique for implementation off
DHT is always preferablc.

In this paper 4 low power/low vollage design of a parallel
processing  scheme 3] for fas computation of |
dimensional DIFT having prime transform length using a
set of circular CORINC (CoOrdinate Rotation Digital

Computer) processor as basic processing  clement s
described. The paper is organized as follows, in Scction 2
the madilicd CORDIC algorithm is discussed, Section 3
gives a briel introduction o DHT algorithm using
CORDIC processor, in Scction 4 the background of low
power design methodology and design implementation arc
discussed, Section 5 depicts the power performance of the
design and in Section 6 conclusions arc drawn.

2. Brief introduction to modified CORDIC
algorithm

The CORDIC algorithm is an itcrative process for
computing  gencralized  vector rotations. ‘The  detail
discussion of conventional CORDIC algorithm is given in
14, 5].

In the case of computation of transforms the angles 1o be
computed arc predefined and at the same time arc normally
small as the transform length is long. In this type of casc the
application of conventional CORDIC algorithm requires a
larpe number of itcrations and thus the computation speed
suffers. Moreover the con ventional CORDIC requires the
scaling operation and thus demands more hardware. To
avoid these problems the modificd CORDIC method 13 1s
choscn here. In the modificd CORDIC method instead of
rotating the vector to and [ro, the desired angic is achieved
by rotating the veetor in the same direction through small
angles everytime. ‘The incremental angle 0, is chosen such
that it may be expressed as 2 * and sausfy the condition
sin 0, 0,

Thus for computation of some anple £ the rotational
matrix can be decomposed into

Ccos & gin cose,  sine,  cose, sin o,
SinE cos stne,  cose, sine, cosa,
cose,  sina,

sine,  cose,
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where £ = a, 1 d, b ... e,

In this casc the third term in the sine serics is neglected.
“This modification is valid when k =< {4, 5, ..b 1} where b
is thc bit width of the machine. Yig. 1 shows the
architectural organization of a modificd CORDIC block
alongwilh the transfer matrix and symbol |3]. The rotation
operation is performed by simple shift and addition method.
This CORDIC processor is used as basic processing
clement to realise 113 DITT which has been deseribed in the
following section.
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Fig. 1 Architecture of one dimensional modificd
CORDIC block

3. Introduction to 1-D DIIT

The DHT involves only real arithmetic and for the
forward and inverse DIIT the transform kernel is same.
This reduces hardware considerably than the DITF
architccture.  Different algorithm has been proposed lor
DHT to realize the translorm in the form ol array
architecture. Tlere we have considercd the permutation
cycle based approach for DITT architccture |3
let N be a given set ol data samples depicted by (1),
where v e {0, 1,2, ..., N 1}, Then the DIFT of the sample
set can be defined as

TH(y) Y [(v) cas Py o/N) )

wherey -0, 1,2, L., N 1, cas (()
and N is the transform length.

The function ‘cas’ is periodic and thus v 1 is essentially
computed modulo N. If the transform length N is prime, y

cos (C) 1-sin (&)

modulo N becomes a permutation ol the sequence 1, 2, ...,
N 1fory,ve{l,2,..,N 1}. Thusin the cquation (2),
the term under summation contains ‘cas’ values of all the N
multiples of 0 |viz. 0,0,20, ., (N 1)0] where 0 =
27/N. ‘Thus the unigue permutation scquence can be
utilized to define the interconncction between  the
processors.

Considering r — y © modulo N, the cquation (2) can be
wrillcn as

LECy) =T (0) -+ 18 (y) 3
where 11, () =Y () cas r0, 0 = 2x/N (4)
From cquation (3), one can write

W (y)--) [(v)casrQ, y,ve{1,2,..,N 1}

where IV (y) = H,(y)  [(0) 5
A lincar array of CORDIC rotational units can be utilized
o compute Uy, ¥, T (k) cas (N k)0 [31, where Uy, is the
output of the array and I (k) is the k th input signal.
Using the principle deseribed above, the architecture for 5
point DI using CORDIC rotational unit is shown in Fig.
(2) 131 This architccture may be extended for computation
of long data scquence which is cssentially prime. Howcever,
in that case the interconncetion is to be defined properly.
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Fig. (2) Architeeture of 5 point DHT chip
A. Design implementation

lixtensive rescarch in past few years proposcs different
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techniques for low power design; such as power reduction
through circuit/logic design, proper alporithm scicction,
systemn inlegration, proper technology selection |6] cte. It
has been found that maximum amount of power savings can
be achicved al the algorithmic level and at architcetural
level. From the technology scelection point of view, full
custom design is best suited for low power circuit design
but the cost and time cffectivencss cannot be achieved. The
cost as 'well as time cffectivencss can be achicved by
semicustom design approach. But the problem associated
with this approach is that the arca optimivation cannot be
achicved and as a resull the arca capacitance may hecome
high which degrade the circuit performance. So it is
required (o adopt a methodology to exiract 4 optimum low
power performance while  designing in semicustom
cavironment. Hor the low power cireuit application, pass
transistor logic is a suitable candidate 16| duc to their
inherently low capacitances. It has been shown that [or the
sca of gates sermicustom design approach, the application
of transmission gate logic (1'G1.) comes out as a potential
candidate |7, 8] when low power circuit design is
concerned. ‘The sea of gates technology is a special gate
array type of semicustorn design echnology without the
presence of predefined routing channcls. The symmetrically
placed NMOS and PMOS transistors of fixed dimensions
about the power rails enable a clean and compact
implementation of the circuits [9]. The DI architecture
design is done using transmission pate logic on sca of gates
technology.

The software used for the design of the circuit is the
'OCEAN', developed in Delft University of “Technology
(Netherlands) following C3DM (Philips) 1.6pum double
layer CMOS technology. 'The minimum size  transistor
dimensions  arc Lo pm x  23.2 pm  (NMOS),
L6pm x 29.6pm (PMOS), transistor pitch 8pm, metal
layer width 2.4pm, poly pate resistance 70082 and 9506
for NMOS and PMOS respectively, threshold  voltage
0.7V and 1.1V for NMOS and PMOS respectively.

‘The basic circuits are designed hicrarchically using the
minimum size transistor dimensions. In this approach a
basic cell of transmission pate and an inverter circuil is
constructed. With the translation of these two basic cells
the CORDIC rotational unil is constructed in hicrarchical
manner. 'The CORDIC unit is then utilized as a basic macro
to construct the DEHT chip. Placement and routing of the
basic modules arc done both automatically as well as with
manual intervention whenever necessary. 'The individual
cell isolation is donc by connceting the PMOS and NMOS
poiygates to the power rails. For some critical routing
portions the polysilicon gates of the unused transistors arc
used. Buffers are placed at the appropriate places to
compensate the loading cffccts. lor construction ol the
arithmetic units; conditional sum addition technique is used
[10]. 'The circuit diagram and layout of onc § bit shifter

156

module (which is a basic module of the shifter block) |'/]
arc shown in l'ip. 3 as cxamples.

5. Performance analysis

‘the performance of the designed chip is analyscd with the
help of Switch | evel Timing simulator (S1.8) provided with
the OCHAN package. ‘This simulator has the ability to
maodel the pass transistor fogic and is capable 1o include the
routing and parasitic capacitances while cxtracting netlist
from the layoul. The design performance is analyzed with
regards o the parameters of delay, dynamic power
dissipation, power-delay product (PDP) and cnergy-delay
product (1XDP).
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Fig. 3(a) Circuit diagram of 8 bii shifier module
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Good performance in the low power regime can be
obtained by operating the circuit at reduced supply voltages
16]. But the problem related with the reduction of supply
voltage is that for the single channcl transistor logic as the
supply voltage approaches the threshold voltape of the
transistor the delay incrcases. 1 has been shown in |/] that
using VG, this problem may be solved where delay
remaing constant until the supply  voltage  beeomes
approximately equal to the threshold voltape of one ol the
transistors.

‘The dynamic dissipation of the extracted circuit from the
layout has been carried oul be using, the conventional
formula {6]

P=¥pC, Vnn? [

where 17 is the dynamic dissipation term, p,is the activity
constant, €, is the load capacitance, Vi, 18 the supply
voltage and [ is the operation frequency. The activity lactor
may be calculated by considering initially uncorrelated
inputs and then evaluating, the switching, probability of cach
nodal capacitances thsoughout the circuit |6]. But since the
simulator used here does not have the provision to include
the glitching offect (which has a considerable impact on
power estimation of the circuit) the aciivity factor 1s taken
as 1. ‘The calculation using this value yiclds somewhat
targer amount of power dissipation than the reality, but we
may consider this as a good approximation o compensate
the glitching phenomena and at the same time estimating,
the worst case Himit of power dissipation. As the transistors
of high threshold voltages arc used here the subthreshold
power dissipation term is nepligible. Since the G,
switches do not have direct access Lo the power rails the
static dissipation terms arc also excluded from the power
cstimation cqualion.

The extracted circuit from the layout of 5 point DITE
(shown in 1y, 2) cxhibits a simulated delay of 158 nsee at
5V supply. In order o achicve quadratic advantage in
power dissipation the supply volage is lowered. 1t has been
found that the supply voltape lowering docs not alfect the
delay down to 1.5V. 'This fact is aftributed (o the
phenomena that the delay ol the transmission pale cell s
approximately independent of the input level 6] The
simulated power dissipation of the design at 5V and
1.5V are 10 mW and 0.9617 mW respectively. The PDP
al 5V supply is 1.58 nl and the corresponding index at
15V s 0150 ol The EDP at 5V and 1.5V are
2.4964 x 100 Jsce. and 7.3858 x 10 VIsce. respectively.
However, as the supply voltage is lowered, the peak driving
current and the noise margin arc both allected. So proper
precautions should be taken while the cireuit is intended to
operate at reduced supply level.

lrom architcctural view point the circuit has the
advantage of parallclism which is advantageous lor low
powcer/low voltage application | 6] ol the circull.
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6. Conclusions

‘Ihe design presented in this paper is based on TGl
implemented on sca of gaies semicustom cnvironment. 'The
dynamic power dissipation, PDI> and HDP show that the
circuit can be utilized for low powed/low voltage DSP
applications. Usc ol {ransmission pate logic cnables the
cireuit to operale at reduced supply level of 15V and thus
quadratic power advantape can bo achicved as is evident
from the power  estimation  formula. The 'TGL
implementation turns out o be a suitable solution for
extracting optimal low power performance from the sca ol
pales type semicusiom design approach, The use ol high
resolution tochnology may improve the circuil performance
considerably.
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