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Abstract

The transient current components of the DRAM are analyzed and the sensing current, data path
operation current and DC leakage current are revealed to be the major current components. It is
expected that the supply voltage of less than 1.5V with low VT MOS will be used in multi-giga
bit DRAM. A low voltage dual VT self-timed CMOS logic in which the subthreshold leakage
current path is blocked by a large high-VT MOS is proposed. An active signal at each node of the
self-timed circuit resets its own voltage to its standby state after 4 inverter delays. This pulsed
nature speeds up the signal propagation and enables the synchronous DRAM to adopt a fast
pipelining scheme. The sensing current can be reduced by adopting 8 bit prefetch scheme with 1.2V
VDD. Although the total cycle time for the sequential 8 bit read is the same as that of the 3.3V
conventional DRAM, the sensing current is lowered to 0.7mA or less than 2.3% of the current of
3.3V conventional DRAM. 4 stage pipeline scheme is used to reduce the power consumption in the
4 giga bit DRAM data path of which length and RC delay amount to 3 cm and 23.3 ns, respectively.
A simple wave pipeline scheme is used in the data path where 4 sequential data pulses of 5 ns width
are concurrently transferred. With the reduction of the supply voltage from 3.3V to 1.2V, the
operation current is lowered from 22mA to 2.5 mA while the operation speed is enhanced more than
4 times with 6 ns cvcle time.
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Abstract

In this paper, we present a logic synthesis algorithm for low power design of combinational
circuits. The proposed algorithm reduces power dissipation by eliminating unnecessary signal
transitions. The proposed algorithm restructures a given circuit by using a kernel as prediction logic
in a precomputation-based scheme such that switching activity of circuit can be minimized.
Experimental results show that the system is efficient for low power design of combinational

circuits.
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ABSTRACT

In this paper, Quantization and Inverse Quantization unit, as a component of MPEG-2 moving
picture compression system, are designed. In the processing of Quantization, this design adopted
newly designed arithmetic units in which quantization matrices and scale code was expressed with
SD(Signed-Digit) code. In the arithmetic unit of Inverse Quantization, quantization scale code, which
has 5-bits length, is splited into two pieces; 2-bits for control code, 3-bits for quantization data, and
the method to devise quantization step size is proposed. The design was coded with VHDL and
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synthesis result is that it consumed about 6,110 gates, and operating speed is 52MHz.
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Table 1. Quantization matrices.

(a) Intra B3l g+ kA3 4g
8 16 19 2 26 27 29 A
16 16 22 24 27 29 A 37
19 22 26 27 29 A A R
22 22 26 27 29 HA 37 40
2 2 27 29 32 H 40 48
%6 27 29 32 H 40 48 58
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16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
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Table 2. Quantization Scale Code and Scale
Types of ISO Draft.

quantiser scale [ q_scal_type |
scal_eode q_scal_tvpe = 0 [ a scal_type = 1
0 (forbidden)
1 2 1
2 4 2
3 6 3
4 8 4
5 10 o)
6 12 6
7 14 7
8 16 8
9 28 10
10 20 12
11 22 14
12 24 16
13 % 8
14 28 20
15 30 22
16 32 24
17 A 28
18 36 32
19 B 36
X 40 40
21 42 4
22 44 48
23 46 52
24 48 6
2% 50 64
26 22 72
27 A &0
30 60 14
31 62 112
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SD coded WAAIFIch =3 HHE SD A el of
slo, digit AR5 73] s BSell A=ski, sign
AR 7Yl Agdel 7o) BSE QMGH
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2 E53l o3l 2Ald Ax-R g,
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Table 3. The Signed Digit code for Quan-
tization matrix coefficients.

ﬁli 16/Qmat | 8Bit ®3 Signed Digit £8
19 | 084211 | 083984 | 27'+2%+27427=0.84375
22| 072727 | 072656 | 27'+274275427=0.72656
24 | 066667 | 066406 | 27+27%+27427=0.66406
26 | 061539 | 061328 | 227272061719

27 | 039259 | 058984 | 2424272059375

29 | 0365172 | 035078 | 27'+27-27=0.55469

32 |05 05 2705

34 | 047059 | 046875 | 27-27=0.46875

35 | 045714 | 045703 | 27'-27°-277=0.46094

37 | 043243 | 042969 | 27'-277-27%-043359

38 | 042105 | 041797 | 27127127920 42188

40 |04 0.39844 | 27%+27+27%+27=0.39844
46 | 034783 | 034766 | 27%+274+27+27=0.34766
48 | 033333 | 033203 | 27%+274+27%+27%=0,33203
56 | 028571 | 028516 | 22+27°+2%=0.28516

58 | 027586 | 027344 | 22%275-2%-097734

69 | 023188 | 0.23047 | 27°-2%-023438

83 | 019277 | 019141 | 2°-27+27%=0.19141
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Table 4. The SD code of scale coefficients

for Quantization scale type 1.

Type 1 .
Seale. | 1/Qscal lé};f_t Signed Digit £
A
2 |05 05 205
3 | 0.33333] 0.33325) 2%+ 22 %+ 2401040120 33325
4 102 1025 |2%025
5 102 019995 2’2—2"‘»’6—2"8‘2’1@2’”—019995
6 ] 0.16667] 0.16630] 2727274220220 16675
7| 014286 0.14282] 272 72 %2 =0 14282
8 10125 {0125 |2%0195
10 |01 0.09985] 244275+ %+27%+271120,10009
12| 0.08333] 0.08325| 274+27%-0%+00: 0720 08325
[ 0w 0.07120] 22 T2 " P=0.07153
16| 00625 | 00635 | 20062
18 | 0.05555| 0.05542| 27-27-2=0,05566
20 1005 | 004981] 27%-2% 201070 05005
221 0.04545) 0.04541| 27-29-27+2M=0 04541
24| 004167 0.04150| 27027+ %0 2722004175
28| 003571 0.03565] 27°+2+2-0.03565
32 1003125) 0.03125] 27°=0.03125
36 [ 002778 0.02759] 2°-2%+21=0,02783
4010025 | 0.02490| 252772 P40=0,02450
441 0.02273| 002271 2042 -2 272002271
B 48 | 0.02083] 0.02075] 2 %222 "=0.02075
521001923 0.01907 2828072001929
56| 0.01786] 0.01782] 202220 01782
64 | 001563 0.01563| 27°-0.015625
72 1001389 0.01367| 27°-279-07%=0 01392
80 100125 | 0.01245) 27028407992 01245
88 | 0.01136] 0.01123| 2%-27%+2%=0 01147
96 | 001042 0.01025) 277+2%+2+2%=0,01049
104 | 0.00962| 0.00952( 2 "+27°-27=0,00952
112 | 0.00892] 0.00879| 277+27+27%=0,00903
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Table 5. The Proposed Quantization scale with

control signal in IQ.

q_scale gscale_code q_scale
qic;ile value Digit(5Bit) value 1l
%€ 1 (type=1)| ctrl Bit | Data Bit| 6643210
0 0 000 | 0000 000
1 1 oL | 0000 001
2 2 010 | 0000 010
3 3 © 01l | 0000 011 |(D Data
4 4 100 | 0000 100 |Bit<<0
5 5 101 | 0000 10t
6 6 110 | 0000 110
7 7 1| 0000 111
8 8 000 | 00x 000 0
9 10 ol | 00x 0010 |-
0| 12 010 | 00x 010 0 %:t?ff‘
1 14 ol OIL | 00x OLLO |
12 16 100 | 00x 1000 | 2
13 18 101 00x 1010 |
14 20 110 00x 110 0
15 2 1l 00x 1110
16 24 000 | 0x 000 00
17 R 0l | 0x 00100 |~
8 | 010 | Ox 010 00 Eﬁfﬁ;’"
19 % " OIL | Ox 0L 00 |25
%0 0 100 | 0x 10000 | of
2 44 101 | 0x 10100 [
) 8 110 | Ox 110 00
3 52 | ox 1100
% % 000 | x 000 000
% | & 0L | x 001000 |
% ) 010 | x 01000 | 2
7 0 I OLL . x 011000 |7
R | ® 100 x 100000 |
29 % o1 | x 101000 o
0 | 104 10 | x 110 000
31| n2 1| x 111 000
E 5@ "X'¥ shiftedAr F 23" ko] 7Rl wE 2l
Lyog "y w= "1"8 AYF

23 AAE g oFAg Al T AR

Zbite}e] w5

Table 6. The comparation of setting value
and MSB 2bit with Quantization

scale code.
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10 @ 0011000 24
11 (3) 0111000 53)

B EMUE CE FUR 25
qscai_cooe(4 0
r—m
! . cudcmnﬂm
i 0
m»_,i [00 Jomeom } [ «\ «2 «3 ]
| i (J\\ :i:> <j:>
i
0 1
ascal_type vy ]
qscal_out [6:0]
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Fig. 3. The Proposed Quantization Scale Generator.
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