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As CMOS technology is scaled down to deep sub-100 nm regime, leakage, variation, and long-term
degradation have surfaced to constrain the scalability, attainable performance, and reliability. Long term
degradation such as soft’/hard oxide breakdown (BD) [1, 2] results in excessive gate leakage, while Host
Carrier Effect (HCE), NBTI (Negative Bias Temperature Instability), and PBTI (Positive Bias Temperature
Instability) [3-5] cause Vr drift over the life span of usage. In 6T SRAM cells, gate-to-source and
gate-to-drain BD of pull-down NMOSs have been shown to significantly degrade the Read Static Noise
Margin (RSNM) [2].

NBTI (Negative Bias Temperature Instability) has long been known as a limiting factor in the scaling of
PMOS [3, 4]. At high negative bias and elevated temperature, the PMOS Vt gradually drifts to become more
negative, thus reducing the PMOS current drive. The mechanism has been identified to be due to interaction
of holes in inversion layer with Si-H bonds at interface, which leave interface traps (thus causing increase in
[Vl under stress condition). When stress conditions are removed, H diffuses back to interface and passivates
dangling Si-bonds. As a result, passivation (or partial “recovery” of Vr) occurs [3, 4, 5]. NBTI has been
shown to degrade SRAM RSNM , while writability and leakage may improve with time [4]. Recently, with
the introduction of high-k metal-gate technology, the Positive Bias Temperature Instability (PBTI) has
emerged to be a major reliability concern for NMOS due to Vr instability caused by charge trapping at the
interface [6]. PMOS NBTI and NMOS PBTI have been shown to lead to additive degradation in Vcc,min of
6T SRAM [7].
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All these previous works, however, focused only on the standard SRAMs and cells. Many of the
state-of-the-art low-power SRAM designs employ power-gating techniques to suppress leakages. As such, it
is crucial to understand the impacts of gate-oxide BD and NBTI/PBTI degradation on the power-gating
structure, in addition to the cell, and the resulting impacts on the power, performance, margin, and wake-up
time, etc.. Further, performance-critical peripheral circuits such as PFET-type pre-charge circuit is also
susceptible to NBTI, and high-performance differential sense amplifier can be particularly sensitive to the Vr
mis-match/mis-tracking caused by NBTI and PBTI. Finally, most state-of-the-art SRAMs utilize replica-based
Read/Write timing control scheme to mitigate the effects of excessive leakage and variation, and NBTI/PBTI

induced Vr drifts can render the scheme ineffective or even useless.
R

In this project, using 32nm CMOS high-k Predictive Technology Model (PTM) calibrated with
published hardware data, we carried out comprehensive analyses to include the impacts on various SRAM
power-gating structures, sense amp, and peripheral circuits, to understand the resulting degradation in overall
power, performance, and wake-up time, etc.. We also examined the timing control degradation caused by
NBTI/PBTI on replica-based read/Write assist circuits. The analyses provided fundamental understanding and
insights to facilitate the exploration and development of degradation-tolerant circuit schemes to enhance the

reliability, lifetime, and scalability of nanoscale SRAMs.

We also collaborated with our former colleagues at IBM T. J. Watson Research Center to engage
high-x metal-gate Group for NBTI/PBTI model-to-hardware correlation/calibration, and SRAM and
Technology-Circuit Co-Design members in VLSI Design Department to assess impacts of NBTI/PBTI on
dynamic noise margin, cell failure probability, relative sensitivities and development of optimization

guidelines based on performance or density requirements for application-specific target stability/performance.

B aE

1. We carried out a comprehensive analysis on the impacts of NBTI/PBTI on power-gated SRAM arrays
with high-k metal-gate devices and the combined effects with the contact resistance on SRAM cell
stability, margin, and performance. NBTI/PBTI tolerant sense amplifier structures were also discussed.
The results have been presented at 2009 IEEE International Workshop on Memory Technology, Design,
and Testing (MTDT), August 31-Sept. 2, 2009, Hsinchu, Taiwan. The full-length journal paper has been
accepted by IEEE Transactions on Very Large Scale Integration (VLSI) Systems.

2. We provided comprehensive analyses on the impacts of NBTI/PBTI on a two-port 8T SRAM design,
including the stability, Write Margin, Read/Write access paths, and Replica timing control circuits. We
showed, for the first time, that because the Read/Write Replica timing control circuits were activated in

every Read/Write cycle, they exhibited distinctively different degradation behavior from the normal array
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access paths, resulting in degradation of timing control and performance. We also discussed degradation
tolerant design techniques to mitigate the performance and reliability degradation induced by NBTI/PBTI.
The full-length journal paper has been submitted to IEEE Transactions on Circuits and Systems, and is

under revision now.

3. We carried out a detailed analysis on the impacts of various gate-oxide breakdown (BD) paths in
power-gated SRAMs. The gate-oxide breakdowns (BD) of the power-switches were shown to have severe
and even detrimental effects on the margin, stability, and performance of power-gated SRAM. We also
proposed and evaluated several techniques to mitigate the power-switch gate-oxide BD, including adding
a gate series resistance to the power switch, dual threshold voltage power switch, thick gate-oxide power
switch, and dual gate-oxide thickness power switch. It is shown that dual gate-oxide thickness power
switch improves the time-to-dielectric-breakdown of the power switch while maintaining the performance
without side effect. The results have been presented at 2010 International Conference on IC Design and
Technology (ICICDT), Minatec in Grenoble, France, June 2-4, 2010. The full-length journal paper has
been accepted by Microelectronics Journal.

4. Together with IBM, we analyzed the relative impacts of NBTI/PBTI on SRAM stability and access time.
Monte-Carlo simulations were performed in a 45 nm PD/SOI technology to estimate the increase in cell
failure probability with time, and design guide-lines for different application specific (high-performance
versus low-power) SRAM cells were provided. The results have been presented at The results have been
presented at 2009 IEEE International Reliability Physics Symposium (IRPS). Montreal, Quebec, Canada.
The full-length journal paper has been published in Journal of Microelectronics Reliability.

5. We have filed 2 patents (a) Circuit techniques to mitigate the NBTI/PBTI effects in SRAM Write-Replica
timing control circuit, and (b) Use of dual-oxide header/footer in SRAM power-gating structures to

mitigate the power-switch gate-oxide breakdown effects.
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1. Hao-I Yang, Ching-Te Chuang, and Wei Hwang, "Impacts of Contact Resistance and NBTI/PBTI on
SRAM with High-x Metal-Gate Devices,” Proc. IEEE International Workshop on Memory Technology,
Design, and Testing (MTDT), August 31-Sept. 2, 2009, Hsinchu, Taiwan, pp. 27-30.

2. Hao-I Yang, Ching-Te Chuang, and Wei Hwang, "Power-Switch Gate-Oxide Breakdown Tolerance
Techniques for Power-Gated SRAM,” Proc. 2010 International Conference on IC Design and
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Technology (ICICDT), Minatec in Grenoble, France, June 2-4, 2010, pp. 102-105.

. Aditya Bansal, Rahul Rao, Jae-Joon Kim, Sufi Zafar, James H. Stathis, and Ching-Te Chuang, “Impact
of NBTI and PBTI in SRAM Bit-cells: Relative Sensitivities and Guidelines for Application-Specific
Target Stability/Performance,” Proc. 2009 IEEE International Reliability Physics Symposium (IRPS),
Montreal, Quebec, Canada, pp. 745-749. (with IBM).

(B) 4 Journal Paper:

Hao-I Yang, Wei Hwang, and Ching-Te Chuang, “Impacts of NBTI/PBTI and Contact Resistance on
Power-Gated SRAM with High-x Metal-Gate Devices,” IEEE Transactions on Very Large Scale
Integration (VLSI) Systems, (accepted).

Hao-I Yang, Wei Hwang, and Ching-Te Chuang, "Impacts of Gate-Oxide Breakdown on Power-Gated
SRAM,” Microelectronics Journal, (accepted).

Hao-I Yang, Shyh-Chyi Yang, Wei Hwang, and Ching-Te Chuang, "Impacts of NBTI/PBTI on Timing
Control Circuits and Degradation Tolerant Design in Nanoscale CMOS SRAM,”IEEE Transactions on
Circuits and Systems — Part I: Regular papers (TCAS 1), (under revision).

Aditya Bansal, Rahul Rao, Jae-Joon Kim, Sufi Zafar, James H. Stathis, and Ching-Te Chuang,
“Impacts of NBTI and PBTI on SRAM Static/Dynamic Noise Margins and Cell Failure Probability”,
Journal of Microelectronics Reliability, Elsevier, vol. 49, 2009, pp. 642-649. (with IBM).
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Power-Switch Gate-Oxide Breakdown Tolerance
Techniques for Power-Gated SRAM

Hao-I Yang, Ching-Te Chuang, and Wei Hwang
Department of Electronics Engineering & Institute of Electronics, National Chiao-Tung University,
Hsinchu, Taiwan, R. O. C.
haoi.ee94g@nctu.edu.tw, chingte.chuang@gmail.com, hwang@mail.nctu.edu.tw

ABSTRACT

The gate-oxide breakdowns (BD) of the power-switches
have severe and even detrimental effects on the margin,
stability, and performance of the power-gated SRAM. This
paper proposes and evaluates several techniques to mitigate
the power-switch gate-oxide BD, including adding a gate
series resistance to the power switch, dual threshold voltage
power switch, thick gate-oxide power switch, and dual gate-
oxide thickness power switch. It is shown that dual gate-oxide
thickness power switch improves the time-to-dielectric-
breakdown of the power switch while maintaining the
performance without side effect.

Index terms: gate-oxide breakdown, power gating technology,
SRAM.

I. INTRODUCTION

With technology scaling, the gate-oxide thickness becomes
thinner while the supply voltage remains relatively unchanged,
leading to higher gate-oxide electric field and causing gate-
oxide breakdown (BD). Gate-oxide breakdown has become a
major concern in deep sub-100nm CMOS circuit designs.
Besides, many state-of-the-art SRAM designs adopt dual-
supply-voltage scheme, where peripheral circuits, such as
decoders and sensing amplifiers, use the normal supply
voltage to reduce power, and SRAM cell array uses the higher
supply voltage, in order to maintain the cell stability. However,
these schemes have a higher voltage across the cell array, thus
increasing the probability of gate-oxide BD. Previous works
have focused on the gate-oxide BD in the cell that degrades
the already poor Static Noise Margin (SNM), Write Margin
(WM) [1, 2], as well as the worst-case Read delay and leakage
power [3]. Furthermore, most state-of-the-art SRAMs are
designed with power-gating structures (Fig. 1) to reduce
leakage in Standby or Sleep mode, and the power-switches
suffer gate-oxide BD as well. The gate-oxide BDs of the
power-switches have severe and even detrimental effects on
the margin, stability, and performance of the SRAM array [4].
As such, we evaluate several techniques to mitigate the gate-
oxide BD of the power-switch, including adding a gate series
resistance to the power-switch, dual threshold voltage power-
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Fig. 1. Power-gated SRAM with (a) header, and (b) footer.

switch, thick gate-oxide power-switch, and dual-oxide
thickness (dual Tox) power-switch. Based on the evaluation
results, the dual gate-oxide thickness power-gating structure is
recommended. In Section II, we describe the details of our
simulation model in PTM CMOS 32nm technology. The
technique of adding a gate series resistance to the power-
switch is analyzed in Section III. Section IV evaluates dual
threshold voltage power-switch, thick gate-oxide power-
switch, and dual gate-oxide thickness (dual Tox) power-switch.
The conclusion of the paper is given in Section V.

II. POWER-GATED SRAM MODELS

The post-BD characteristics of an NMOS can be explained
by the location of a constant-size breakdown path and
modeled as a narrow inclusion of highly-doped n-type silicon
well with the equivalent circuit shown in Fig. 2 [5]. The
equivalent post-BD resistance becomes smaller when the gate-
oxide BD spot position is close to drain or source of a
MOSFET (Fig. 3) [4]. The post-BD gate-to-drain and gate-to-
source leakages affect SRAM most significantly. Thus, the
model can reduce to simple equivalent resistance paths
between the gate and source/drain under normal operating
conditions. The gate leakage current after oxide hard BD can
be modeled as I = (1/R)V; where V is the voltage across the
gate-oxide, and R is the equivalent post-BD resistance

ICICDT-10
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Fig. 3. Effective post-BD resistance vs. BD position [6].

depending on the BD spot area and its position.

SRAM power-gating structures can be classified into
header- and footer-gating structures. Fig. 1(a) shows a
column-based header-gated SRAM structure, wherein PH1 is
the header power-switch, and MH1 is the clamping device to
bias virtual supply (VVDD) for data retention in
Standby/Sleep mode. Fig. 1(b) shows a column-based footer-
gated SRAM structure. MF1 is the footer power-switch, and
PF1 is the clamping device to bias virtual ground (VVSS) for
data retention in Standby/Sleep mode. Package model [7] is
also included in our analysis, and parasitic capacitance,
inductance and resistance of the package are 5.32pF, 8.18nH,
and 0.217Q, respectively. The SRAM array size is 128x128
cells. The SRAM supply voltage is 0.9V, and the detailed
analyzed results in the following sections are based on BSIM
Predictive Model PTM 32nm [8].

III. POWER SWITCH WITH A GATE SERIES RESISTANCE

Previous work [4] has showed that the power-switch gate-
to-drain BD degrades SRAM stability during Active mode and
increase leakage power during Standby/Sleep mode. When
power-switch gate-to-drain BDs happen, their leakage current
paths discharge the voltage level of virtual supply rail (VVDD)
in a header structure, and charge the voltage level of virtual
ground (VVSS) in a footer structure. The VVDD (VVSS) may
collapse during Active mode, leading to SRAM stability
degradation. On the other hand, during Standby/Sleep mode,
the gate-to-drain power-switch BD leakage current paths

978-1-4244-5775-5/10/$26.00®©2010IEEE
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charge the VVDD rail in a header structure, and discharge the
VVSS voltage level in a footer structure, thus raising the
voltage across the SRAM array and increasing the
Standby/Sleep leakage/power.

To mitigate the gate-oxide BD and limit the leakage
current through the gate-oxide of the power-switch, a series
resistance, Rgeres, could be added between the gate of the
power-switch and its control signal, as shown in Fig. 4 for a
header-gated structure. Fig. 5 shows the relation between
VVDD and post header power-switch gate-to-drain BD (post-
PHD BD) resistance with various values of Rgees. In Region 1
(post-PHD BD resistance smaller than 2.5x10°Q) where the
BD is serious, VVDD voltage level degradation is mitigated
by using Rgees Since it limits the post-BD leakage current.
However, in Region II where the BD is mild to moderate, the
VVDD voltage level decreases with Rgeyes inserted due to
smaller Vg of the power-switch caused by the voltage drop
across Rseies (the gate voltage of power-switch increases as the
post-BD leakage current flows through Rseses). Thus, the
power-switch has less Vgs drive, and the voltage level of
VVDD degrades. Fig. 6 shows the relations between RSNM
and post-PHD BD resistance with various Rgeies. Clearly,
RSNM improves in Region I but degrades in Region II since
RSNM depends on VVDD voltage level. To limit the gate-
oxide BD leakage current of a footer power-switch, a series
resistance can also be used in a footer-gated structure. The
impacts on a footer-gated SRAM would be similar to a
header-gated SRAM.
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IV. DUAL V15 AND DUAL Tox POWER-SWITCH

Another way to mitigate the impacts of power-switch gate-
oxide BD is to prevent gate-oxide BD from happening. Time
to breakdown (TBD) of gate-oxide can be formulated by
Anode Hole Injection model [9] or Thermochemical model
[10]. Conventionally, Anode Hole Injection model is used to
describe gate-oxide Tpp at high gate-oxide field (Eox), and
Thermochemical model is used to describe gate-oxide Tpp at
low Eox. Because Eox of our analysis model is in the low field
region [11], we use Thermochemical model to calculate Tgp in
our analysis. In Thermochemical model, Tgp can be
formulated as:

AH
Tgp x exp (K; —vEox) (D

,where AH, is the observed activation energy of the bond
breakage, kg is Botzmann constant, T is temperature, and vy is
the field acceleration factor. According to Eq. (1), the Tpp
ratio with different Egx can be formulated as:

Tep2/Tep1 = exp [Y(Eox1 — Eox2)] 2

Moreover, the relation between Eqy, threshold voltage (Vry),
and gate-oxide thickness (Tox) can be expressed as:

Vgs—V
Eox = ~er 3)
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Fig. 8. Tpp ratio of PMOS devices with different Vi or Tox
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Therefore, the Tpyp ratio with different Tox and Vi of NMOS
and PMOS can respectively be formulated as:

exply (M(l - M))] (4)

Tep2/Tep1 Tons Toxs

Topz/Typr = exply (VT— (e 1))] 5)
Fig. 7 and Fig. 8 show the Tgp ratio with different Tox and
Vry of NMOS and PMOS respectively according to Eq. (4)
and Eq. (5). Clearly, devices with higher Vry or thicker Tox
have longer gate-oxide Tpp. Thicker Tox devices offer better
Tgp improvement than higher Vry devices. Therefore, we can
use higher Viy devices or thicker Tox devices to extend the
life-time of power-switches and prevent gate-oxide BD from
happening.

Although thick-Tox power-switch and/or high-Vty power-
switches can prevent gate-oxide BD from happening, they
degrade the wake-up transition performance. To resolve this
problem, we propose a dual-Tox power-gating structure and a
dual-Vy power-gating structure. In these structures, power
switches with thick-Tox (or high-Vry) provide sufficient
currents to SRAM array during Active mode, while power-
switches with regular-Tox (or regular-Viy) are used to
maintain SRAM wake-up performance. Moreover, according
to Fig. 7, Tpp improvement by using high-Vyy is limited, and
it may not be practical to increase Vry to two times of regular
Vtg. Hence, we focus on analyzing the dual Tox power-
gating structure. An example of our proposed dual-Tox
header-gating structure is shown in Fig. 9(a). In this structure,
M1 is a thin gate-oxide device, and M2 is a thick gate-oxide
device. Both of them serve as power-switches. During
Sleep/Standby mode, both M1 and M2 turn off. During wake-
up transition, M1 turns on first to charge up VVDD quickly,
while M2 remains off. After VVDD voltage level approaches
VDD, M1 turns off, and M2 turns on as SRAM enters Active
mode. In Active mode, M1 remains off while M2 remains on
to provide sufficient current to the SRAM cell array. Fig. 9(b)
shows the timing control circuit for signals PPG and PG of
M1 and M2. By using inverter chain delay, PG becomes
“logic 0” right after PPG becomes “logic 1”. Fig. 10 compares
pertinent waveforms and wake-up currents during wake-up
transition for three different header-gating structures: namely,
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Fig. 9. (a) A dual-TOX header power-gating structure, and (b)
timing control circuit for signals PPG and PG of M1 and M2.
single regular gate-oxide power-switch, single thick gate-
oxide power-switch, and dual gate-oxide power-switch. In our
analysis, the thick Tox (Toxz) is twice the thickness of the
regular Tox (Tox1). We also maintain the same W/L ratio for
both power-switch devices in the dual-Tox power-gating
structure as that of the power-switch device in the single Tox
power-gating structure. As can be seen in Fig. 10, the wake-up
transition performance of dual-Tox power-gating structure is
comparable to the case with single regular Tox power-switch.
In contrast, the use of single thick Tox header significantly
degrades the wake-up transition performance. Finally,
according to Fig. 8, Tgp of dual-Tox header can be extended to
about 51 times the Tpp of the single regular Tox case. Notice
that thick Tox device typically requires longer channel length
in order to contain the short channel effect. The area overhead
of the proposed dual-Tox power-gating structure depends on
the organization and partition of the overall power-gating
structure, and should not be significant compared with the
SRAM cell array area.

V. CONCLUSIONS

We have proposed several techniques to mitigate the
impacts of power-switch gate-oxide BD on SRAM. Adding a
gate series resistance to the power-switch could improve the
SRAM stability and decrease leakage power when power-
switch gate-oxide BD is serious. However, when power-
switch gate-oxide BD is mild or moderate, this technique
degrades the SRAM stability. We evaluated and compared
proposed dual threshold voltage power-switch, thick gate-
oxide power- switch, and dual gate-oxide thickness power-
switch to prevent gate-oxide BD from happening. Based on
the evaluation results, we recommended the dual-Tox power-
gating structure as this technique was most effective in
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extending the life-time of power-switches while maintaining
the wake-up performance.

ACKNOWLEDGEMENT

This work was supported by the National Science Council
of Taiwan, under Contract NSC 98-2221-E-009-112, and
Ministry of Economic Affairs, Taiwan, R.O.C. under the
project MOEA 98-EC-17-A-01-S1-124.

REFERENCES

[11 R. Rodriguez, et al., “The impact of gate-oxide breakdown on SRAM
stability,” IEEE Electron Device Lett., vol. 23, pp. 559-561, Sept. 2002.

[2] R. Rodriguez et al. Oxide Breakdown Model and Its Impact on SRAM
Cell Functionality. In Simulation of Semiconductor Processes and
Devices, pp. 283-286, Sept. 2003.

[3] Hua Wang, et al., “Impact of Random Soft Oxide Breakdown on
SRAM Energy/Delay Drift,” IEEE Tran Device and Materials
Reliabilty, vol. 7, no. 4, pp. 581-591, Dec. 2007.

[4] Hao-I Yang, et al., "Impact of Gate-Oxide Breakdown on Power-Gated
SRAM," International Conference on Integrated Circuit Design and
Technology, May 2009.

[S] B. Kaczer, et al., “Consistent model for short-channel nMOSFET after
hard gate oxide breakdown”, IEEE Trans Electron Dev, pp. 507-513,
Mar. 2002.

[6] B. Kaczer, et al., “Impact of MOSFET gate oxide breakdown on digital
circuit operation and reliability”, IEEE Trans Electron Dev, pp. 500-
506, Mar. 2002.

[71 S.Kim, et al., “Understanding and Minimizing Ground Bounce During
Mode Transition of Power Gating Structures,” ISLPED, pp. 22-25, Aug.
2003.

[8] http://www.eas.asu.edu/~ptm/.

[91 Yee-Chia Yeo, et al., “MOSFET gate oixde reliabilty: anode hole
injection model and its applications,” International Journal of High
Speed Electronics and Systems, vol. 11, no. 3, pp. 849-886, 2001.

[10] J. W. McPherson, and H. C. Mogul, “Underlying physics of the
thermochemical E model in decribing low-field time-depandent
breakdown in SiO2 thin films,” Journal of Applied Physics, vol. 84, no.
3, pp. 1513-1523, 1998.

[11] Muhammad A. Alam, et al., “Field acceleration for oxide breakdown —
can an accurate anode hole injection model resolve the E vs. 1/E
controversy?” International Reliabilty Physics Symposium, pp. 21-26,
2000.

ICICDT-10



L&A Bh ot AT AR R R B K

B #1:2010/11/02

HE oA ARG I IER R M T B S LI R o T A SR R 2 2
BAHBE  [dEis BRe
& %I 98-2221-E-009-112~ £ PYAA R AR TSR A G

A AR AR A




08 £ B AALFE L P ETE SR KA

PTHIAEFEALRRR 4 %%t 98-2221-E-009-112-
PR FAEB G PR EFRYIRY PR AT ET R LT PR R 2 K
£ it L (F v o
. AEEF R S T
& % 7F p TR it | iiﬂﬁt$%:~$iﬂé
fe (it ﬁ:(gf; FTRT W W o 3
#ogd | 2 .. %)
7~ 0 0 100%
o F AR IR 2 |0 0 100% [
W F T
it g 0 0 100%
%3 0 0 100%
(D) yas, =P
W, ® =, =
R - I
NBTI/PBTI »x j& »%
£ g f2 SRAM 9
It U -
ERL Y 3
1) 'La i e 9 92 70% N g 1098125793,
1 1= o B
(2) &, BF
7 W, F ¥,
NHELEEREL T
R RN A
M, P R
BE Y g R
£ :99134465
© JEE i #c 0 0 100%
i+ #ic 0 0 100% it
P AS &
£ 0 0 100% + =
gﬁ_l 4 2 2 70%
%:Qﬁ,a% A 4 ng‘_l 4 1 1 T0%
A =
(+B#) [ELemsh |0 0 100% '
Lixepiam 0 0 20%
4 B R%E R i |
S < : J.
Microelectronics
Reliability
(appeared), IEEE
&) e FITO|PAH 3 4 70% % |TVLSI (accepted),
Microelectronics
Journal
(accepted), IEEE
TCAS (under
revision)




FEE LR REE
Y =R AP A
42 Hp s g ¥
W E 2 LM E
RS SIRE-Y 3.3

§|Jo)

oy AR IBaer 4 |0 0 100%
3 h R%ZEEIFE R
it g~ 3 3 0% #w < . IRPS 09,
MTDT 09, ICICDT 09
£ 3 0 0 100% F/4
241 RS 1 2 70% "
v JER K 0 0 100%
i i 0 0 100% &
Pt s
AL 0 0 100% +
AL 2 0 0 100%
Fppld L4 4L 4 0 0 100% .
=X
TRE) ELEFTER 0 0 100%
e 0 0 100%
Ching-Te Chuang and Pin Su, Invited Talk’ Variability and Design of SRAM
His 2% in Scaled and Emerging Technologies,’ Ist IEEE International
(JE 11§ it 4322 & |Variability Characterization Workshop, Hsinchu, Taiwan, April 30, 2010.
S doyIl B s 6 B

L FEAP i PAER P FRTH®

b |BEFEL A

fR%EL (7 e ER)
¥ |aAm/p e

i@ TR R AN E
; ¥t

g |Fieg/a ity

> AN

P lergssnpz g (BR) 4

O (OO O O (oo |o




BF L ERML T R 2

AP R L P TFE+ %4 p P4

;ﬁ—fjhf—ﬂ?gp\ FERVFFINCAARE ESTFY PRGN TL SRR
'E.(Fs?-‘grlf Jfg\‘%“rl*z\\,g;;;\l%m\%‘,_gﬁg\a HEB2ZFT ) LE§
g g ALY FE AR PR

"”ﬁfﬁgl}: BExE o T- FE3F0G o

L g M R Ry EAP RALR ~ S0 P R R SR
W= p i
(A& +p 4% (Gsp » 12100 5 5 ')
[ ]9 2% 4z
[ %% B ¢ %
E-R R
P
LR R R g g A Y R R A
’m? 1."*’%% [JA#F L2 = ﬁa [J#E/s? &
e EE WY 57 L&
iiﬁ []e $i Dmpi“‘ | Ed
His (12100 F 5%2)
S hRGEIERM (2 F4)
4 BB IH e g4 (1), &% (2), B:x (1)
2 38 & 1. *% i< NBTI/PBTI »c /s>t £ i @42 SRAM <08 ~ #4072 B (% 50:098125793) 5
B B LR B B2 SR HE (K5 99134465) -

e

—i*




F
I'E_'_ (Fg.ﬁlr{zi%\'%“ﬁ‘x*z B N BE > -
500 F % ')
?}ﬁfﬁki&
1.~47 BTI 7 F&* (B scie & M F)SRAM enfE e & ~ 3B & ~ 2 L5y ©
& AR
47 BTl &R ad AT &/EME s> # 5 H o SRAM hf8 <& % i
SRR T RATFL L OUREPRERE
45 BTI =3 8T SRAM £ 2 A& ~ 2%ic ~# R ~ 2 FRIH RT3 5 - K%
TIFER A dl e o
4.5 F7 s G 2 F R SRAM e 2 & 2 sk e TR AT R LM B H# g2
PO P o
AR AT
1. *# ¥ NBTI/PBTI »c /s>t £ i 42 SRAM 0@ » #41 R Be” ,  f1¥ %55 ¢ 098125793,
98.07.31 - £m(¥ %)
2. B F LRI T FAM B R R H R RN, B Y % 50:99134465 >
99.10.08 - % B(¥ ¢ ) -
g B
1. NBTI #%*2 PMOS i, @ PBTI Bc€ #2558 2 41 F £ %M NMOS - B j2 v 4+ SRAM
P L Y B2 B F) 1 2 SRAM Compiler # 3 g ' E & AT -
2. Ml EFHBAESE o d 243 BT VB E R~ 7 VA~ B OSRAM 3o i
TABE S 247~ R AR G HehE F PR




