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Abstract: Considering the effect of temperature and process variations, the inputs and clock signals combination sleep

state dependent leakage current characteristics is analyzed and the optimal sleep state is examined in sub-65nm dual thresh-

old voltage (V) footed domino circuits. HSPICE simulations based on 65nm and 45nm BSIM4 models show that the pro-

posed CLIL state (the clock signal and inputs are all low) is the optimal state to reduce the leakage current of the high

fan-in footed domino circuits at high temperature and almost all footed domino circuits at room temperature, as compared

to the conventional CHIL state (the clock signal is high and inputs are all low) and the CHIH state (the clock signal and

inputs are all high). Further, the influence of the process variations on the leakage current characteristics of the dual V,

footed domino circuits is evaluated. At last, temperature and process variation aware new low leakage current setup

guidelines are provided.
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1 Introduction

As the technology scales down below 65nm node,
excess leakage current and variation are two of the
most challenging obstacles for IC design'"'*'. With ag-
gressive device scaling, the threshold voltage (V)
scaling accompanies with the exponential increase in
the sub-threshold leakage current ([1,), which is a
concern for both power consumption and noise immu-
nity. Another challenge for technology scaling is to
cope with the variation in the presence of increasing
temperature and process variations. Temperature can
vary significantly from one die area to another due to
the unbalanced utilization and diversity of circuitry at
different sections of an integrated circuit and envi-

ronmental temperature fluctuations™

» thereby posing
great impact on the leakage current. In addition,
process variations, which are introduced during chip
device fabrication steps, also have a significant effect
on the leakage current™* =%,

As a common logic in high speed-performance
chip design, domino circuits (dominos) can be classi-
fied into footed dominos and footless dominos "%/,
The footed dominos have better robust characteristics
because the footer isolates the pull-down network

(PDN) from ground. And the footless dominos re-
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duce both the circuit evaluation delay and the power
consumption by omitting the footer.

However, both footed and footless dominos con-
sume more leakage power compared to the static log-
ic. To tackle the high I, problem of dominos, many
circuit level approaches have been proposed including
transistors stack effect'’”’, body-bias control''", in-
put vector control™*, dual V, CMOS"*!, and so on.
The dual V, CMOS technique proposed in Ref.[13] is
shown to be especially efficient for dominos due to
this circuit logic has the fixed transition directions.
The dual V, footless domino technique™ is realized
by assigning low V. devices in the evaluation path
while high V, devices are used in the precharge path
of the circuits. Kao et al.™ indicated that a high
clock signal with high inputs (CHIH) is preferable to
reduce I, of a sleep dual V, footless domino gate.
Based on Kao’s found. previous works in the arca of
footed dominos also adopt the CHIH state to reduce
the leakage current of sleep circuits. These include
the NMOS-sleep dominos'*', the sleep dominos'**,
the low swing low power dominos'® , and so on.

Nevertheless, the CHIH sleep state produces
great gate leakage current ([, ) through the PDN
transistors in both footed and footless dominos. In
fact, I, increases exponentially with the scaling of
the oxide thickness (¢, ). 2003 International Tech-

* Project supported by the 2008 Science and Research Foundation of Hebei Education Department (No.2008308)

T Corresponding author. Email: gongna_china@yahoo. com. cn
Received 9 July 2008

(©2008 Chinese Institute of Electronics



%12 14 Gong Na et al . :

Temperature and Process Variations Aware Dual Threshold Voltage Footed Domino - 2365

nology Roadmap for Semiconductors (ITRS) predicts
that oxide thickness will decrease from 1. 3nm for the
65nm generation to 0. 9nm for 35nm'"’. With such
thin ., accordingly, I, is becoming a significant
contributor to the total leakage current as CMOS
process advances to sub-65nm regime.

More recently, comprehensive analysis of the to-
tal leakage including I, and [I,,. of footless dominos
was carried out by Liu et al."" . Considering the im-
pact of I,,. on the total leakage current, the study in-
dicates that a high clock signal with low inputs sleep
state (CHIL) is preferable in dual V, footless domi-
nos, particularly at low sleep temperature. However,
for footed dominos with CHIL sleep state, the PDN
exhibits great [, and the footer is in the maximum
I, state. Thus, the CHIL sleep state does not solve
the leakage current problem completely.

In this paper, we study the sources of leakage
current in dual V, footed dominos under temperature
and process variations and propose the state with low
clock signal and inputs (CLIL) to optimize the total
leakage current. In addition, the robustness of dual
V. footed dominos with different sleep states to the
process variations is studied and temperature and
process variation aware new low leakage current setup
guidelines are provided.

2 Temperature and process fluctuations
induced MOSFET leakage current va-
riation

2.1 Leakage current characteristics under temperature
fluctuations

In this section, the impact of temperature fluctu-
ations on the leakage current produced by a MOSFET
is identified utilizing BSIM4 MOSFET current equa-
tions. I, and I, of a MOSFET are"* %"

(- 5?)} D
et (2 ool 2L 5 ]|
ad/ Tox

(2)
where ters Werrs Leres Vrs €6 Naws D55 s Do s A, 5 and
B, are effective carrier mobility, effective channel
width, effective channel length,
permittivity of silicon, effective channel doping, sur-

thermal voltage,

face potential, subthreshold swing, barrier height of
the tunneling electron and process concerned physical
parameters, respectively. And V, and u. are given

byflﬁﬂ:
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where KT1, KT1L, KT2, Viexs Ugs Uwes Toxes Uas
U,,U.. Ty, and T are the temperature coefficient for
threshold voltage, channel length dependence of the
temperature coefficient for threshold voltage, body-
bias coefficient of threshold voltage
effect, effective substrate bias voltage, mobility at
the reference temperature, mobility temperature ex-
ponent, eclectrical gate-oxide thickness, first order
mobility degradation coefficient, second order mobil-

temperature

ity degradation coefficient, body effect of mobility
degradation coefficient, reference temperature, and
the operating temperature, respectively. KT1, KT1L
and KTZ2 are constant empirical parameters while U, ,
U, and U, are temperature dependent. These model
parameter coefficients that determine the tempera-
ture fluctuation induced MOSFET leakage current
variation in 65nm and 45nm CMOS technologies are
listed in Table 1.

Based on these equations, we can see that as the
temperature increases, I, increases significantly due
to the reduction of V,,but I,,. is almost insensitive to
temperature. As also can be obtained, both I, and
I, would increase with the upsizing of transistors.
Figure 1 shows [, and I,,. for a 65nm NMOS device
with minimum length as a function of temperature
and W/L and it is clear that the simulation results
match well with the analytical results.

Table 1 Temperature parameter coefficients in BSIM4 models
Model 65nm 45nm
parameter PMOS NMOS PMOS NMOS
KT1 -0.11 -0.11 -0.34 -0.37
KT1L 0 0 0 0
KT2 0.022 0.022 -0.052 —0.042
Ut -1.5 -1.5 -1.5 -1.5
U, 4.31X107° 4.31X10°° -1X10"° 1x10°°
Uy 7.61x10° 18 7.61x10° 1 2x10°*® -3.5x10° 1V
U. =5.6X10"1 -5.6xX10" 11 0 0
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Fig.1 I, and [I,. produced by a 65nm NMOS device with

minimum gate length.

Considering the impact of temperatures, in this
paper, we examine the leakage current characteristics
of dual V, footed dominos at the upper and lower ex-
tremes of a typical temperature spectrum of high per-
formance microprocessor dies: 110C which is as-
sumed that the sleep mode is short and the tempera-
ture keeps 110C during the short sleep period and
25C which is assumed that the sleep period is long
and the sleep temperature has fallen to the room tem-
perature.

2.2 Leakage current characteristics under process fluc-
tuations

As the CMOS process advances to sub-65nm era,
scaling has resulted in significant increase in the vari-
ations of the process parameters. The most important
of these variations are the variations in the effective
channel length (L), channel doping concentration
(N s and t,.

According to the ITRS"", the spread in L. and
to should taken to be:

3ol < 10% (6)

3ot ox << 10% 7

However, for sub-65nm technologies with L
much less than 65nm and ¢,, no more than 1. 3nm,
the variations in L., and t., increase with the increas-
ing difficulty in process controlling, which has signif-
icant effect on [, and [, due to their strong de-

pendence on the two parameters.

In addition to variations in L. and t,,, there is a
statistical random fluctuation of the number of dop-
ants due to the discreteness of atoms. The statistical
variation of the number of dopants N increases as N
decreases with technology scaling, and thus translates
into I, fluctuation*" .

It is clear that these different sources of physical
variation largely affect leakage mechanism. Accord-
ingly, when we study the leakage current characteris-
tics of dual V, footed dominos, the effect of process
variations is considered.

3 Leakage current analysis in dual V,
footed dominos

In this section, the leakage current conduction is
analyzed firstly in the dual V, footed dominos with
different sleep state in detail. And in the second part
the I, and I, analysis of a single transistor is pres-
ented.

3.1 Leakage current conduction in the dual V, footed
dominos

The leakage current conduction paths in the dual
V. footed dominos with different sleep states are
identified. To make this discussion more clear, con-
sider a typical 2-input dual V, footed domino AND
gate with the conventional CHIH and CHIL states as
shown in Fig. 2. It can be seen that there are multiple
sources of I, in a dual V, footed domino circuit, but
this work aims to reduce [, through the PDN and
the footer (PDNF). One reason for this is that the
remaindings of dominos are PMOS and high V,
NMOS transistors, which all produce less I, than
the low V, NMOS transistors in the PDNF. Second,
the remaindings of different logic dual V. footed
dominos have the same structure, and yet the number
of the PDNF is increased with the increasing of the
fan-in. Thus, I, through the PDNF plays a crucial
role in determining the total I,., especially in the
high fan-in dominos.

As illustrated in Fig. 2, when the footed dominos
are in the conventional CHIH and CHIL states. its
leakage current characteristics is similar to the foot-
less conditions analyzed in Ref.[17]. The CHIH state
turns off all of the high V, transistors, suppressing
I.,. But the PDNF are all turned on and produce the
greatest forward I,.. To reduce I, the CHIL state
cuts off the NMOS transistors in the PDN, which
produce reverse and edge reverse I .. But in this
case, significant [, flows through the PDN. Fur-
ther. in the CHIL state, the footer exhibits maximum
forward I, due to the high clock signal, which im-
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Fig.2 Variation of the Iy, and [, conduction paths with the
two conventional sleep states in a 2-input dual V, footed domino
AND gate (The high V, transistors are symbolically represented

by a thick line in the channel region.) (a) CHIH; (b) CHIL

poses a serious limitation to the leakage current re-
duction that can be provided by the dual V, tech-
nique.

Therefore, to suppress the leakage current effec-
tively, we propose the sleep state with low clock sig-
nal and inputs (CLIL) as shown in Fig. 3. For the
CLIL state, since all the transistors in the PDNF are
turned off, reverse and edge reverse I,,. exist in the
PDNF, which is smaller than those in the CHIH and
CHIL states. Also, the off PDNF in series prevents
I, from increasing greatly due to the stack effect™"’.
Hence, the CLIL state suppresses [, greatly and
produces middling I,, compared to the CHIH and
CHIL states.

Notice that, in general, the CHIH minimizes
I, sthe CLIL state leads to minimum [/, and the
CHIL state has little its own predominance compared
to the others. And between CHIH and CLIL states,
which one is better for the total leakage current mini-
mization is dependent on the relative contribution of
I, and I, to the total leakage current. If [, is the
highest source, the CLIL states are preferable; other-
wise the CHIH state is the best choice.
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Fig.3 Variation of the I, and I,,. conduction paths with the
CLIL state in a 2-input dual V, footed domino AND gate

3.2 I, and I, analysis of a single transistor

In this part, the comparison of I, and I, of a
single transistor is analyzed and the results are shown
in Fig. 4. It is can be seen that [, produced by the
low V, transistors is the highest source of leakage cur-
rent in sub-65nm technologies at 110°C . It is impor-
tant to note that, for the 65nm technology at 110C ,
the gap between I, and I, of the low V, transistors
is much narrower than that in the 45nm technology.

At 25C, I, produced by low V, NMOS tran-
sistors in the PDNF is the dominant source of the
leakage current in sub-65nm technologies,as shown in
Fig. 4.

The opposite results at two typical sleep tempera-
tures are attributed to the different dependence of I,
and I, on the temperature, as discussed in Section
2. At low temperature, I,,. is the bigger contributor
and it has a very weak dependence on temperature.
And yet I, increases exponentially with the tempera-
ture increasing, therefore, it dominates the leakage
current at high temperature. However, for a domino
circuit composed of many transistors, the relative
contribution of I, and I, also varies with the fan-
in, structure of the PDN"" . It is shown that a quan-
titative analysis is needed to identify the optimum
combination state of the inputs and clock signal with
the minimum total leakage current at two typical
sleep temperatures in sub-65nm era.

4 Leakage current characteristics of dual
V. footed dominos with different sleep
states

In the following experiments, the leakage cur-
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rent of sleep dual V, footed dominos with different
fan-in and PDN structure at two typical sleep temper-
atures is evaluated for CMOS 65nm and 45nm BSIMA4
models®', respectively. All the parameters are listed
in Table 2. The benchmark circuits are all sized to
operate with a 1GHz clock at a worst case tempera-
ture of 110C. To have a comparison, the transistors
in each type dominos have the same physical size, re-

spectively.

4.1 Leakage current at high temperature

The leakage current of dual V, footed dominos
with three states at 110C is shown in Fig. 5. As dis-
cussed above, I, produced by the low V, transistors is
the highest source of leakage current in sub-65nm
technologies at 110C . The CHIH state is, therefore,
preferable to suppressing the total leakage current in

Table 2 Process parameter

Parameter 65nm 45nm
Vb 1V 0.8V
L i 65nm 45nm

V¢ of high V devices
V. of low V. devices
HSPICE LEVEL

0.35V/—-0.35V
0.22V/-0.22V
54

0.35V/-0.35V
0.22V/—0.22V
54

Fig.5 Comparison of the total leakage current of dual V, foot-
ed dominos with three sleep states at 110C  The leakage cur-
rents are all normalized to the total leakage current of corre-
sponding gates with the CHIH state.

the majority of dual V, footed dominos as shown in
Fig. 5. However, as the increasing of parallel PDN
paths, I, rises and catches up with I, gradually.
Thus, I, becomes the bigger contributor in high fan-
in wide dominos. For the MUX16 gate, therefore, the
CLIL state minimizes the leakage current. Simulation
results show a leakage improvement of upto 72% and
42% (MUX16) as compared to the CHIH state in
65nm and 45nm technology,respectively. Since for the
65nm technology the gap is much less than the 45nm
technology, as mentioned before, I, is able to catch
up with [, faster,therefore, the effectiveness of the
CLIL state decreases with the technology scaling, as
indicated in Fig. 5.

4.2 Leakage current at low temperature

The leakage current of dual V, sleep footed dom-
inos with three sleep states at 25°C is shown in Fig. 6.
At 25C, I, produced by the low V, NMOS tran-
sistors in the PDNF is the dominant source of the
leakage current in sub-65nm technologies (Fig. 4).
Thus, unlike the previously published results, the
CLIL state is preferable for minimizing the total leak-
age current in most dual V, footed dominos except the
OR2 gate (Table 3). As an example, a 65nm OR4
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Fig.6 Comparison of the total leakage current of dual V. foot-
ed dominos with three sleep states at 25C  The leakage cur-
rents are all normalized to the total leakage current of corre-
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gate would exhibit better leakage characteristics with
CLIL state when the temperature is below 53C as
showed in Fig. 7. In addition, the effectiveness of the
CLIL state will become enhancive with the increasing
of the fan-in, reducing the total leakage current by up
to 76% and 75% (MUX16) in 65nm and 45nm tech-
nology, respectively, when compared to the conven-
tional CHIH state.

15
14t

13+
12+
11+
10

Leakage current of 65nm OR4 gate/10°A

(e} ~ == Nl
T

20 40 60 80 100 120
Temperature/°C

Fig.7 Leakage current produced by 656nm OR4 domino gate at
different temperatures

Monte Carlo simulations are done in 65nm CMOS
technology. In the simulation, each paramecter is as-
sumed to follow Gaussian statistical distribution, with
a three sigma (3¢) variation of 10%"7.

Figure 8 shows the leakage current distribution
curves of the MUX16 with three different sleep states
at two typical sleep temperatures as an example. It
can be seen that the distribution curves of the CHIH
and CLIL states cross at 1. 49, A and 1. 12pA at high
and low temperatures, respectively. At 110C, 85%
of the samples with the CLIL state produce leakage
current lower than 1. 49 A and the leakage current of
75% of the samples with the CHIH state is higher
than 1. 49pA. Alternatively. 91% of the samples with
the CLIL state produce leakage current lower than
1.12pA and the leakage current of 83% of the sam-
ples with the CHIH state is higher than 1.12pA.
These results indicates that the CLIL state are prefer-
able to reducing the total leakage current in majority
of the samples under process fluctuations at both high
and low temperatures, which is similar to the analysis
of the normal one.

To better investigate the impact of the process
variation on the leakage current variations of dual V,
footed dominos,we compare the parameter uncertain-
ty (U) of dominos in different sleep states, which is
listed in Table 3. Here U is given as the standard devi-
ation (SD) of leakage divided by its average value,
which is similar to the definition in Ref.[6].



2370 e

{ZNE S 4

% 29 &

Table 3 Average and leakage uncertainty of leakage current of dual V', dominos in 65nm CMOS technology at two typical sleep tem-

peratures
T state Average and leakage uncertainty (Average/U) of total leakage current (A)
AND2 AND4 OR2 OR4 ORS8 MUX16
CHIH 0.401/0.389  2.297/0.447 0.069/0.388 0.102/0.428 0.169/0.463 9.854/0.500
110C CHIL 0.790/0.156 1.646/0.266 0.187/0.191 0.250/0.205 0.374/0.229 5.248/0.295
CLIL 0.676/0.201 1.237/0.271 0.127/0.192 0.139/0.192 0.161/0.209 2.826/0.306
CHIH 0.353/0.421  2.126/0.462 0.061/0.421 0.092/0.453 0.156/0.480 9.351/0.507
25C CHIL 0.432/0.256 1.227/0.327 0.092/0.256 0.116/0.274 0.164/0.304 2.934/0.379
CLIL 0.338/0.265 0.854/0.359 0.065/0.251 0.075/0.252 0.097/0.280 2.195/0.373
As implied by the results from Table 3,the CHIH
state is highly susceptible to the manufacturing varia- References
tions compared to the other two states. And between
the CHIL and CLIL states,the former is more robust [ 1] International Technology Roadmap for Semiconductors, 2003,

to process variations in AND type dual V. footed
dominos and the latter improves the robustness of OR
type dual V, footed dominos. This implies that, al-
though the CHIH state and the CLIL state are more
effective to reduce the leakage current,the CLIL state
can optimize the leakage current under the tempera-
ture and process variations.

6 Conclusions

This paper embarks on a comprehensive quanti-
tative approach to leakage current analysis and opti-
mization in sub-65nm dual V., footed dominos under
the effect of the temperature and process variations.
It is shown that in the sub-65nm technology domain,
with the increasing contribution of gate leakage cur-
rent towards the total leakage current, the conven-
tional CHIH and CHIL states are not adequate sleep
setup for dual V. footed dominos. Hence the CLIL
state is advanced and the inputs and clock signals
combination sleep state dependent total leakage cur-
rent characteristics is examined and optimized.

HSPICE simulations based on 65nm and 45nm
BSIM4 models have been performed. It is observed
that the conventional CHIL state is ineffective for
lowering the leakage current and the CHIH state is
only effective to suppress the leakage current at high
temperature other than the high fan-in dominos. An-
other observation is that the CLIL state reduces the
leakage current in high fan-in wide dominos and most
of dominos at room temperature by up to 76% depen-
ding on technology and circuit structure, compared to
the CHIH state. Finally, the leakage current charac-
teristics of the dual V, footed dominos under the in-
fluence of process variations is assessed. It shows that
the CHIH state is the most sensitive to the process
variations and the CLIL state is the optimal low leak-
age setup considering both temperature and process
variation simultaneously.

[2]

L3]

[4]

[5]

[8]

L9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

http://public. itrs. net/

Chandorkar A N, Ragunandan C, Agashe P, et al. Impact of
process variations on leakage power in CMOS circuits in nano
era. Proceedings of ICSICT, 2006:1248

Kumar R, Kursun V. Voltage optimization for simultanecous en-
ergy efficiency and temperature variation resilience in CMOS cir-
cuits. Microelectronics Journal, 2007, 4(38) . 583

Meng K, Joseph R. Process variation aware cache leakage man-
agement. Proceedings of ISLPED, 2006:262

Bhardwaj S, Cao Y, Vrudhula S. Statistical leakage minimization
through joint selection of gate sizes, gate lengths and threshold
voltage. Proceedings of the 2006 Conference on Asia South Pacif-
ic Design Automation, 2006:953

Tsai Y F, Vijaykrishnan N, Xie Y, et al. Influence of leakage
reduction techniques on delay/leakage uncertainty. Proceedings
of VLSI Design, 2005: 374

Mahmoodi-Meimand H, Roy K. A leakage-tolerant high fan-in
dynamic circuit design style. Proceedings of IEEE International
Systems-On-Chip Conference, 2003:117

Wang J S, Shieh SJ, Yeh C, et al. Pseudo-footless CMOS Domi-
no logic circuits for high-performance VLSI designs. Proceedings
of the ISCAS, 2004:401

Kursun V, Friedman E G. Domino logic with variable threshold
voltage keeper. IEEE Trans Very Large Scale Integr ( VLSI)
Syst, 2003, 11( 6):1080

Heo S, Asanovi¢ K. Leakage-biased Domino circuits for dynamic
fine-grain leakage reduction. 2002 Symposium on VLSI Circuits
Digest, 2002:316

Keshavarzi A, Narendra S, Borkar S, et al. Technology scaling
behavior of optimum reverse body bias for standby leakage power
reduction in CMOS IC’s. International Symposium Low Power E-
lectronics and Design, 1999:252

Abdollahi A, Fallah F, Pedram M. Leakage current reduction in
CMOS VLSI circuits by input vector control. IEEE Trans Very
Large Scale Integr (VLSD) Syst, 2004, 12(2).:140

Kao J T, Chandrakasan A P. Dual-threshold voltage techniques
for low power digital circuits. IEEE J Solid-State Circuits, 2000,
35(7):1009

Yang G, Wang Z, Kang S. Leakage-proof domino circuit design
for deep sub-100nm technologies. Proceedings of the IEEE Inter-
national Conference on VLSI Design, 2004 222

Kursun V, Friedman E G. Sleep switch dual threshold voltage
domino logic with reduced standby leakage current. IEEE Trans
Very Large Scale Integr (VLSI) Syst, 2004, 12(5): 485

Guo Baozeng, Gong Na, Wang Jinhui. Leakage-proof and high
performance Domino circuit design for sub-70nm CMOS technol-
ogies. Chinese Journal of Semiconductors, 2006, 27(5) :159

Liu Z, Kursun V. Leakage power characteristics of dynamic cr-



%12 Gong Na et al.: Temperature and Process Variations Aware Dual Threshold Voltage Footed Domino --+ 2371

cuits in nanometer CMOS technologies. IEEE Trans Circuits Syst [20] Wang Jinhui, Gong Na, Feng Shoubo, et al. A novel p-type

I, 2006, 53(8): 692 Domino AND gate design in sub-65nm CMOS technologies. Chi-
[18] Wang Jinhui, Gong Na, Hou Ligang, et al. Charge self-compen- nese Journal of Semiconductors, 2007, 28(11):1818

sation technology research for low power and high performance [21] Anis M, Aburahma M H. Leakage current variability in nanome-

Domino circuits. Journal of Semiconductors, 2008, 29(7):1412 ter technologies. IEEE International Workshop System-on-Chip
[19] Xu Yongjun, Luo Zuying, Li Xiaowei, et al. Leakage current es- for Real-Time Applications (IWSOC), 2005: 60

timation of CMOS circuit with stack effect. Journal Computer [22] Predictive Technology Model (PTM), http://www.eas.asu.

Science and Technology, 2004, 19(5):708 edu/~ptm

mEMTZSHFH T REE footed £ K im BRI IR B R4

O OEeR #HEH E

(LR TR B LR 2B, fRE 071002)
@ R T R ER RS REM R E, Lt 100124)

WE: HEIEEMTZS TR0 R IR XU (E footed £ K 7 L B A9 AL A ME AT T R AW R AL TF R A L. 15 8] T R
)R T 1 dc AR R HRCR S . 3k F 65 Al 45nm BSIM4 #5 %1 ¥y HSPICE {jj H 2B 5L T 42 () CHIL G40k i, 3 A3 I P ) R
1 CHIH I R0 A2 55 ) MRS AH B L AR SCHE 19 CLIL Co 4 R0 iy A2 S I fEL ) R 28 T8 A7 ) T 0 /MG TR R F 356 10 T F 37
R T Y 2 RO F S 0 U R L 3BT T A S R I B R L footed 2 K i L B Y IR FE R AR B R IR TIRE I T
SHOF T B E footed 22K i L 8% I FEL U d5c /N AR BRCIR S

XEiF: footed ZKiF; WEME; WHBK: TELSHF3
EEACC: 1130B; 1265
FESES: TN XEKERIRED: A XEHS: 0253-4177(2008)12-2364-08

* AL B T 2008 4R 2 5 5T 1R ¥ B3 H Gt ifi 5 :2008308)
T {5 1E# . Email: gongna_china@yahoo. com. cn
2008-07-09 i 5] ©2008 H[HH, T4



