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Abstract. This paper presents the design and implementation of a low power 8 × 8 2-D DCT chip based on a
computation-effective algorithm. Computational complexity can be reduced by simplifying the direct 2-D algorithm. Thus, the low power consumption is achieved due to complexity reduction. Besides, the parallel distributedarithmetic (DA) technique is used to realize constant multiplication due to the low-power consideration. Additionally,
the 2 V-power supply is practiced in circuit implementation for now and future battery operated applications. By
using the TSMC 0.6µm single-poly double-metal technology, 133 mW power consumption at 100 MHz and the
133 MHz maximum operation speed are achieved by critical path simulation.
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Introduction

The discrete cosine transform (DCT) [1] is a very
promising technique used for video/image coding, and
widely adopted by most image and video compression
standards, such as JPEG [2], MPEG [3], MPEG2 [4],
H.261 [5] and H.263 [6] etc. Since increasing applications apply these standards to portable systems like
hand-held videophone and multimedia terminals, it becomes imperative to develop a low power DCT chip as
one key component for such applications. In this paper,
the low power approach based on algorithm, architecture and circuit level optimization is derived to achieve
such design goal.
There have been lots of implementations on DCT
by researches and commercial products. Most of them
can be classified into three major approaches: (a) rowcolumn decomposition [7]–[12], (b) direct method
[13]–[18] by polynomial transform and (c) the adaptation of other transform like DFT and DHT [19]. The
row-column approach is favored in most VLSI implementations by its regularity advantage. Since direct
2-D DCT algorithm is somewhat more complex, direct method approach usually employs mathematics
simplification to reduce its computational complexity

[18]. Among those low power implementations for
2-D DCT, Kuroda et al. [12] had proposed a 0.9 V,
150 MHz @ 10 mV 2-D DCT chip design. Such paper
reports a very good result on power reduction for a 2-D
DCT design. However, it required variable threshold
voltage support under 0.3 µm CMOS triple-well technology. Namely, the power optimization is derived at
circuit and device level, not including architecture and
algorithm level consideration in such paper.
In most low power designs, computational complexity is a very important power consumption factor at
algorithm level. And, it has been proved that the computational complexity of the row-column approach is
more than that of direct 2-D approach [18]. Based on
this result, the low-power 2-D DCT architecture using
direct method is designed. Although the direct method
incurs the irregularity in realizing 2-D DCT chips, the
feature of low computational complexity is attractive
for low power DCT chip design. Besides, the irregularity can be reduced by employing the proposed routing
techniques. Moreover, the parallel architecture is designed such that it can work at low supply voltage (2 V)
to achieve low power consumption. The low-power circuits are also designed in order to reduce power consumption more. Thus, the major efforts of this paper
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are on effective algorithm deduction, low-complexity
parallel architecture and low-power circuit designs.
This paper is organized as follows. The computationeffective direct 2-D DCT algorithm [18] will be briefly
described in Section II. Based on such derivation, an
efficient architecture is proposed in Section III. In the
Section IV, circuit design with 2 V power supply will be
shortly illustrated. The core characteristics, the simulation results and the comparisons with previous studies
will be shown in Section V. A conclusion for this architecture approach, the chip design and possible further
enhancements are pointed in the end.

By using the permutation [13], signal xn 1 ,n 2 can be permuted as:
yn 1 ,n 2 = x2n 1 ,2n 2 ,

n 1 = 0, . . . , N /2 − 1,
n 2 = 0, . . . , N /2 − 1
n 1 = N /2, . . . , N − 1,
= x2N −2n 1 −1,2n 2 ,
n 2 = 0, . . . , N /2 − 1
= x2n 1 ,2N −2n 2 −1 ,
n 1 = 0, . . . , N /2 − 1,
n 2 = N /2, . . . , N − 1
= x2N −2n 1 −1,2N −2n 2 −1 , n 1 = N /2, . . . , N − 1,
n 2 = N /2, . . . , N − 1

Thus, (2a) can be rewritten as:
II.

The Direct 2-D DCT Algorithm
Yk1, k2

The adopted direct 2-D DCT algorithm is reviewed
and its derivation from original 2-D DCT expression
is briefly discussed in this section. The derivation of
algorithm can be divided two major stages: (A) The
mapping of input data, and (B) The direct 2-D DCT
algorithm deduction.
A.

¸
2π(4n 1 + 1)k1
=
yn 1, n 2 · cos
4N
n 1 =0 n 2 =0
¸
·
2π(4n 2 + 1)k2
× cos
4N
n 1 , n 2 , k1 , k2 = 0, 1, . . . , N − 1

Uk1 ,k2 =

For simplicity, Yk1 ,k2 is introduced by neglecting the
kernel factor 2c(k1 )c(k2 )/N such that
Yk1 ,k2

¸
2π(2n 1 + 1)k1
=
xn 1, n 2 · cos
4N
n 1 =0 n 2 =0
¸
·
2π(2n 2 + 1)k2
× cos
4N
n 1 , n 2 , k1 , k2 = 0, 1, . . . , N − 1
N −1
N −1 X
X

·

and
X k1 ,k2 =

2
c(k1 )c(k2 )Yk1 ,k2
N

(2b)

(4n 1 +1)k1 +(4n 2 +1)k2
yn 1 ,n 2 W4N
,

µ
¶
2π
where W4N = exp − j
4N

(4)

It is not difficult to find that Yk1 ,k2 can be computed
from Uk1 ,k2 by the following set of expressions:
1
[Re(Uk1 ,k2 ) − Im(U N −k1 ,k2 )]
2
1
= [−Im(Uk1 ,k2 ) − Re(U N −k1 ,k2 )]
2

Yk1 ,k2 =
Yk1 ,N −k2

(5)

In order to obtain all Yk1 ,k2 , note that Uk1 ,k2 in (4) has to
be computed for all k1 and subset of k2 that {k2 , N −k2 }
covers all possible values of k2 .
B.

(2a)

N −1
N −1 X
X
n 1 =0 n 2 =0

The 2-D DCT of an N × N real signal xn 1 ,n 2 is defined
as:
N −1
N −1 X
X
2
c(k1 )c(k2 )
xn 1, n 2
N
n 1 =0 n 2 =0
¸
·
¸
·
2π(2n 2 + 1)k2
2π(2n 1 + 1)k1
cos
· cos
4N
4N
n 1 , n 2 , k1 , k2 = 0, 1, . . . , N − 1
1
c(0) = √ , and c(n) = 1 for n 6= 0 (1)
2

(3)

Consider the following expression:

The Mapping of Input Data

X k1 ,k2 =

·

N −1
N −1 X
X

The Direct 2-D DCT Algorithm Deduction

As described in [18], the exponential term [(4n 1 +
1)k1 + (4n 2 + 1)k2 ] can be treated as a rotation. In
(4n 1 +1)k1 +(4n 2 +1)k2
the row-column approach the term W4N
is rotated twice, one for row operation [(4n 1 + 1)k1 ]
and the other for column operation [(4n 2 +1)k2 ]. However, the relation between n 1 and n 2 can be employed
(4n 1 +1)k1 +(4n 2 +2)k2
could be rotated
such that the term W4N
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only once so as to reduce computation. Based on this
idea, let’s consider the following expression,
4n 2 + 1 = (4t + 1)(4n 1 + 1) mod 4N ,
where 0 ≤ t, n 1 , n 2 ≤ N − 1

(6)

By substituting (6) into (4), the latter can be rewritten
as:
Uk1 ,k2 =

N −1
N −1 X
X
n 1 =0 n 2 =0

=

N −1
X

"

(4n 1 +1)[k1 +(4t+1)k2 ]
yn 1 ,t W4N

N −1
X
n 1 =0

t=0

(7a)
#

(4n 1 +1)[k1 +(4t+1)k2 ]
yn 1 ,t W4N

By applying this algorithm, an N × N 2-D DCT can
thus be realized by N N-point 1-D DCT and some extra
additions. Compared with the row-column decomposition method, which needs 2N N-point 1-D DCT, this
approach is more suitable for low-complexity implementation.

III.

Low Power 2-D DCT Architecture

By reviewing (5) and (8), the data flow for computing
N × N 2-D DCT from input xn 1 ,n 2 to the output Yk1 ,k2
is shown as follows:

(7b)
xn 1 ,n 2 ⇒yn 1 ,n 2 ⇒

4n 2 + 1 = (4t + 1)(4n 1 + 1)%4N

Furthermore, consider the following relation:
⇒yn 1 ,t ⇒

k1 + (4t + 1)k2 = a N + b,
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1D − DCT

0
⇒ Ut,b
⇒

N −1
X

(− j)a ×

t=0

where a ∈ integer and 0 ≤ b ≤ N − 1
By substituting the above relation into (7b), one can
obtain:
"
#
N −1
N −1
X
X
(4n 1 +1)b
a
Uk1 ,k2 =
(− j)
yn 1 ,t W4N
(8)
t=0

n 1 =0

The inner summation can be rewritten as follows:
0
=
Ut,b

N −1
X
n 1 =0

=

=

(4n 1 +1)b
yn 1 ,t · W4N
,

0≤b ≤ N −1

·
2π(4n 1 + 1)b
yn 1 ,t cos
4N
n 1 =0
N −1
X

N −1
X

·

2π(4n 1 + 1)b
− j sin
4N

yn 1 ,t cos

n 1 =0

2π(4n 1 + 1)(N − b)
− j cos
4N

¸
(9)

Although Ut01 ,b is a complex number, its real part is
indeed an N-point 1-D DCT, and its imaginary part can
be obtained by the following equations:

0
}
Im{Ut,b

=

0
−Re{Ut,N
−b },

1
[±Re(
2

) ± Im( )]

⇒ Yk1 ,k2

In this flow, the input data xn 1 ,n 2 are mapped to yn 1 ,t
at first. Namely, the source data have to be re-ordered
such that the subsequent processing can be performed
correctly. This data mapping is finished by (6). After
0
is then achieved by calthe source data mapping, Ut,b
culating the 1-D complex DCT of yn 1 ,t . Then, before
the output Yk1 ,k2 is computed by (5), Uk1 ,k2 have to be
computed by the summation with respect to t depicted
in (8). In summary, this flow can be divided into three
major processing stages: i) Source data re-ordering; ii)
1-D complex DCT; and iii) Post-summation;

¸

2π(4n 1 + 1)b
4N

0
} = 0,
Im{Ut,0

⇒Uk1 ,k2 ⇒

(10a)
1 ≤ b ≤ N − 1. (10b)

i) Source data re-ordering: It is quite intuitive to realize data re-ordering by applying an input buffer
and an address generator, which is used to provide
the write address of input data. Since the mapping
of input data is fixed, the address generator could
be implemented by an address mapping table and
a counter. Fig. 1 shows the mapping from xn 1 ,n 2 to
yn 1 ,t for 8 × 8 block. The input buffer serves as
a serial-in parallel-out convert for parallel subsequent stages. The parallel architecture is designed
in order to increase the processing throughput.
ii) 1-D complex DCT: As mentioned in Section II,
1-D complex DCT consists of two N-point 1-D
DCT, one is real part and the other one is imaginary
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Figure 1.

Data mapping from xn 1 ,n 2 through yn 1 ,n 2 to yn 1 ,t for an 8 × 8 block.

part. By employing the relation between the real
part and imaginary part, which is shown in (10),
the 1-D complex DCT can be achieved by only
calculating the real part 1-D DCT. Moreover, the
symmetry of real 1-D DCT can be used to reduce
the computation further.
The 8 × 8 coefficient-matrix applied to calculate
the 1-D DCT can be written as:

a




b




f



−e
A=
h




c




−g



−d

a
a
a
a
a
a
c
d
e −b −c −d
g −f g
f
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It is observed that even rows of matrix A are
even-symmetric and odd rows are odd-symmetric.
Therefore, by exploiting this relationship of symmetry, the even rows and odd rows can be separated. Thus, the 8 × 8 1D DCT can be decomposed
as
 
0
}
Re{Ut,0
a
Re{U 0 }  f
t,2 =

0  
Re{Ut,4
}
h
0
−g
Re{Ut,6 }
 

0
}
Re{Ut,1
b
0  
Re{Ut,3
}
−e
 

0 =
Re{Ut,5
}
c
0
−d
Re{Ut,7
}


a
g
−h
f
c
−b
−d
−e

 

a
y0,t + y4,t


g 
 ·  y1,t + y5,t 
−h   y2,t + y6,t 
y3,t + y7,t
−f
 

d e
y0,t − y4,t


−c d 
 ·  y1,t − y5,t 
e b   y2,t − y6,t 
y3,t − y7,t
b c
a
f
h
g

From the resulting decomposition, the number of
multiplication is halved since 8 × 8 matrix-vector
multiplication has been replaced by two 4 × 4
matrix-vector multiplications. Furthermore, these
two matrix-vector multiplications can be computed
in parallel. The savings in the multiplication are
traded at the expense of some data ordering before these two 4 × 4 vector-multiplication are performed.
Based on the above deduction, basic 1-D complex
DCT cell with reduced computational complexity is proposed. Since the coefficients of matrix
A are constant, the implementation of multiplication can be simplified. The ROM-based Distributed
Arithmetic (DA) [20] is a promising and widely
used approach for implementing the constant multiplier. Therefore, ROM-based DA technique is utilized for simplifying the architecture, instead of
adopting the traditional MAC implementation for
the matrix-vector multiplication, The 1-D DCT basic cell composed of a ROM, an accumulator and

Figure 2.

Architecture of 1-D DCT basic cell.
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registers, is shown in Fig. 2. The basic cell can com0
every four clock
pute one of the real part of Ut,b
cycles. Thus, 8-point 1-D complex DCT can be realized by using eight basic 1-D DCT cells. The proposed parallel architecture is shown in Fig. 3. Note
0
is simply achieved
that the imaginary part of Ut,b
by wire routing for the relationship presented in
(10a) and (10b). The inputs for the basic cell are
the addition/subtraction pairs of yn 1 ,t . It should be
noted that the extra shift register is used to reorder
the data with parallel-in serial-out for next stage.
iii) Post-summation: In this stage, Uk1 ,k2 have to be
0
with respect
computed by the summation of Ut,b
to t first, and then all Yk1 ,k2 are obtained from Uk1 ,k2 .
Since the coefficient term (− j)a in (8) could have
four different values, i.e., ±1, ± j, depend on exponent coefficient “a”, Uk1 ,k2 can be achieved by a
serial of addition/subtraction operations on the in0
. Thus, a butterfly-like addition/subtraction
put Ut,b
network is constructed to compute Uk1 ,k2 . Without
computing the term (− j)a directly, the exponent
coefficient “a” can be decomposed into several
small number first such that the common terms,
(− j)0 , (− j)2 . . . , can be extracted. Using these
common terms repeatedly can thus reduce the computation. Figure 4 shows the deduction process of
Uk1 ,k2 , where k1 = 3, 4, 5, 6; k2 = 1, 5 as examples. In (8), as the summation index “t” goes
from 0 to 7, the exponent coefficient “a” becomes
0, 1, 1, 2, 2, 3, 3, 0, respectively (Strictly speaking, the “a” should become 4N + 0, 4N + 1, . . . ,
4N + 3, 4N + 0, respectively, where N is an integer). All these “a” coefficients are then divided
into several numbers to extract the common terms.
As shown in the left side of Fig. 4, these “a” are
divided into three groups eventually, that is, the
three columns in the rightmost dashed box. The
reason for choosing U3.4.5.6.,1 and U3.4.5.6.,5 as an
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Architecture of the fast 1D-DCT algorithm.

Figure 4. Decomposition of “a” coefficient into several segments such that common terms can be extracted. Each column means the coefficient
(− j)a multiplied by Uk1 ,k2 .
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quired for achieving these four data is reduced to
one fourth. In fact, the other k1 /k2 combinations
have similar results. Thus, the computation amount
can be further reduced by using this summationnetwork deduction technique.

Figure 5. The example for U3.4.5.6, 1 and U3.4.5.6, 5 architecture
deduction.

example is that when index “t” changes, they have
the same corresponding “a” values. Accordingly,
U3.4.5.6.,1 (or U3.4.5.6.,5 ) can be achieved by the same
calculations. Namely, the computation amount re-

Figure 6.

Butterfly-like adder-substracter routing tree.

Based on the decomposition of “a” coefficient, an
addition/subtraction network with three stages is constructed to complete the summation (8) with index from
0 to 7. It is not difficult to find that some symmetric relation exists among these decomposed coefficients. Accordingly, the common terms can be extracted to simplify the addition/subtraction network. Figure 5 shows
the final network configuration for calculating U3.4.5.6.,1
and U3.4.5.6.,5. Note that the dash-line in Fig. 5 represents the subtrahend in subtraction. As the depiction of
(5), only a subset of k2 in Uk1 ,k2 is sufficient to attain
all Yk1 ,k2 . In our design, {0, 1, 2, 4, 5} is chosen for k2 .
Then applying the deduction approach for each Uk1 ,k2 ,
the butterfly-like addition/subtraction network is constructed and shown in Fig. 6. After the essential Uk1 ,k2
are computed, Yk1 ,k2 can be easily achieved by the final
addition/subtraction stage, which is derived from (5).
The basic processing units, which are deduced in
these three stages, can reduce computation complexity
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more as we mentioned above. Less computation could
lead to less power consumption essentially. Another
important power factor is the supply voltage. In order
to achieve a low power 2-D DCT chip at reduced supply voltage, a parallel architecture is commonly used
to compensate the speed degradation due to lowering operating voltage. Figure 7 shows the core of the
2-D DCT chip. Such parallel architecture is composed
of eight 1-D complex DCT cells, the butterfly-like addition/subtraction network and two routing modules.
Note that the routing module is used to simplify the

Figure 7.

The proposed parallel DA 2-D DCT architecture.

complexity of interconnection. Basically, the complicated routings of this parallel architecture is divided
into several stages. Each stage is composed of two
types of routing cell, cross-type and direct-type. As
shown in Fig. 8, the complicated routing network can
be implemented by locally duplicating the routing cells
and cascading the stages.
By integrating I/O buffers, the complete 2-D DCT architecture can be achieved. The whole chip architecture
is shown in Fig. 9. Since the ranges of input and output
data is −255–255 and −2040–2040, respectively, the
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which are operated in Ping-Pong mode are designed
for re-ordering the input and output data of 2-D DCT
core. 9-bit input data are word-serially fed to the INPUT
SRAM, and are converted to 64 word-parallel bit-serial
data for 2-D DCT. After 2-D DCT processing, the 64
word-parallel bit-serial resulted data are converted by
the OUTPUT SRAM to 16 word-serial bit-parallel data
set.
IV.

Figure 8.

The details of the routing module.

word-length of input data into 9-bit and that of output data into 12-bit. For simplicity, the kernel factor
2c(n 1 )c(n 2 )/N is neglected such that the word-length
of the output data turns out to 16 bits. Two-port SRAMs,

Figure 9.

Low power 2D-DCT whole chip architecture.

Figure 10.

Address transition detector (ATD) circuit.

Chip Implementation

The proposed low power 2-D DCT architecture has
been implemented. In order to achieve 2 V power supply and 100 MHz in 0.6 µm TSMC technology, circuitlevel design considerations are discussed. For speed
consideration, the conventional ROM implementation
is discarded. The pseudo-nMOS ROM circuit [21] can
be modified for saving the power by activating the precharging logic only when the address line is changed.
The function is achieved by integrating an ATD (address transition detection) circuit, as shown in Fig. 10.
The architecture of proposed power-saving ROM is
shown in Fig. 11. During the pre-charge phase, pre = 0
and the bit-lines are pre-charged to VDD. Meanwhile,
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Figure 11.

ROM decoder and ROM data circuit in the proposed power-saving ROM.

the AND gates in decoder ensure that all pull-down
paths through the NMOS are off during pre-charging.
In evaluation phase, pre = 1 and if the whole-line is activated high, the bit-line is discharged. Since the PMOS
and NMOS are not turned on simultaneously during
pre-charging or evaluation phase, there is no DC path
from VDD to GND. Table 1 shows the comparison of
the power dissipation in the conventional ROM and the
proposed ROM.
Figure 12 shows the basic structure of the twoport SRAMs. They are designed for data mapping and
data reordering. The INPUT-SRAM has input port size
n = 9 and output port size m = 64, and the OUTPUTSRAM has input port size n = 64 and output port size
m = 16. The sense amplifier [22] consists of a crosscoupled pair of PMOS transistors and NMOS input
devices. This differential pair applies the positive feedTable 1. Power comparison of conventional ROM and proposed ROM.
ROM size = 16 × 12

Static ROM

Supply voltage

2V

2V

Delay

4.0 ns

7.1 ns

Psower @ 50 Mhz

2.9465 mW

0.4522 mW

Proposed ROM

back to accelerate the sense speed. The pre-charging
circuit is used for the high-speed requirement under
2 V power supply and the 0.6 µm technology.
In the realization of registers, TSPC [23] implementation is adopted. In addition to advantages of transistor
count, TSPC-register can be integrated with extra logic
functions, such as NAND, NOR and RESET. . .etc., For
TSPC-registers, the power dissipated at charging and
discharging phase can be eliminated if times of statetransient are reduced. Based on this consideration, the
TSPC-registers are re-designed and employed for several key components, such as sequential addresser in
SRAM, shift registers and counters. Actually, the simulation results also reveal that they have better performance in power and speed than that of static CMOS
DFFs while applying them on those key components.
The adder design is based on the carry-select structure. In order to meet the requirement of hard specification, parallel architecture is employed to compensate the speed loss due to the low supply voltage.
Large-bit adder, which is used in the 2-D DCT core,
is dividing into several stages so as to make each
stage operate in parallel. Each stage is implemented
by using the low-power small-bit adder. In our design,
Manchester adder [22] is adopted for its low power
nature [24].
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Figure 12.

The core of the two-port SRAM circuits including memory cells, write buffers, sense amplifiers and pre-charging circuits.

Figure 13.

The photomicrograph of the whole chip including I/O pads.
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Table 2.

Chip characteristics.

Internal word-length

Simulated power dissipation by module.

16 bits

Module

Counts

Power (mW)

0.6 µm CMOS SPDM

Registers

2923

35.38

No. of transistors

152017

Clock buffers

1

29.35

21.27

Core size

7.85 mm × 6.45 mm

SRAM 32×16

4

21.76

15.77

Die size

8.98 mm × 7.79 mm

ROM

64

17.51

12.69

Clock rate

100 MHz

13-bit adder

64

15.48

11.22

Latency

198 cycles

SRAM 64 × 9

2

11.08

8.03

Block size

8×8

1-bit ALU

320

5.81

4.21

Supply voltage

2.0 V

Controller

1

1.27

<0.92

Power

138 mW

Technology

V.

Table 3.

Chip Performance and Specifications

By incorporating the module circuits discussed above,
a low power 2-D DCT chip with direct method is designed and implemented. Figure 13 shows the photomicrograph of the whole system chip. The number of transistor is 152017, the die size is about 50 mm2 (7.85 mm
× 6.45 mm) and the latency takes 198 cycles. The core
characteristics are summarized in Table 2.
In order to understand more details about the power
distribution in the designed chip, a power simulation at
100 MHz for major components is shown in Table 3.
It is obvious that registers consume most power. Excluding the clock buffers, the runner up are memory
modules. Hence, reducing the power consumption of
registers and memories can contribute more effective
the proposed chip. This concludes that the circuit-level
power-optimization should be mainly applied on registers and memories design to achieve the maximum
power reduction.
There were several 2-D DCT implementations presented. The implementation in [7] and the product
presented in [11] are not dedicated to a low power
design. The chip reported by [12], which required variable threshold-voltage scheme by controlling back-bias

VI.

Conclusion

A low-power high-performance 2-D DCT architecture
is proposed, and its circuit implementation is presented.
The design features that contribute most to this result
are summarized as follows. First, the usage of the direct 2-D DCT algorithm reduces the 2-D DCT into 1-D
DCT and some additions. Second, a fast algorithm of

Processor comparison.

Authors

Tech.

Core area

Trans.

Voltage

Clock rate

Slawecki et al. [7]

2 µm

72.68 mm2

67929

5V

50 MHz

1W

–

–

–

5V

20 MHz

1.5 W

Kuroda et al. [12]

0.3 µm

4 mm2

120000

0.9 V

150 MHz

10 mW

Hunter et al. [25]

0.35 µm

2.5 mm2

–

–

100 MHz

1.128 W(a )

Our chip

0.6 µm

50.6 mm2

152017

2V

100 MHz

138 mW

a Note:

25.64

voltage and better technology achieved a 10 mW 2-D
DCT core processor. The main features of these chip
implementations are summarized in Table 4. The chip
reported by [12] performs better than ours in power
consumption and chip area, however, it may much
depend on better process technology. Another work,
which reported on [25], presents a different design
strategy for DCT, that is, a DCT generator. The motivation of such work is to design a reusable 1-D DCT
core for different applications in points of flexibility.
But, this work may not have efficient power consideration and the output latency is large, too.
The maximum frequency simulated on the chip is
133 MHz. It meets the requirement of the real-time
HDTV signal processing for the chrominance format
4 : 2 : 0 and 4 : 2 : 2. The power simulated is 138 mW
at 100 MHz by 0.6 µm single-poly double-metal technology.

Table 4.

SGS-THOMSON [11]

Percentage(%)

The power consumption of storage ram is not included.

Power

A Low Power 8× 8 Direct 2-D DCT Chip Design

1-D DCT with low computational complexity is employed. Furthermore, a parallel distributed algorithm
(DA) architecture with the direct 2-D DCT approach is
proposed. The address transition detection (ATD) circuit to employ self-timing approach, a power-saving
ROM with dynamic circuits is implemented. It consumes power that is approximately one seventh of
the power of static pseudo-nMOS. Moreover, two-port
SRAMs approach for data re-ordering consumes less
power than shift-registers. Though both the reductions
of computation in architecture design and the circuit
implementation consideration, a low power 2-D DCT
chip is proposed and implemented. The simulation results shows it will be suitable for most portable video
applications.
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