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Abstract

This paper presents noble insights of the combined
effects of NBTI (Negative Bias Temperature Insta—
bility) and ground bounce in SRAM cells. Experi—
mental results shows that the performance degra—
dation of SRAM cells by NBTI impacts can be pos—
sibly reduced by the ground bounce by the parasitic

inductance on power signals.
Keyword: NBTI, Ground bounce, SRAM
I. 48

PMOSe®l| ZAI7E F<et 52 npo]oj (Negative Bi—
as)7} AlE w®xE Fd T¥EHEW Sio9F Si0, AW
Atolo] QlE]Ho] A~ EF (Interface trap)o] LAY
wrh o2 Q% E2|d Wiz NBTIZF 2 &
= olg)s A B oA 7143 @t [1]

kel SRAM Al Y% PMOSe]l NBTIZF 24 §§E}Ud_
PMOS®] #8 A4 (Vi) o ASOo & Qlete] EdAA
o] PMOS”} Cut—Off g<jeld wFE=2E Azto
NBTIZ7} #AskA] 92> Ao nla] dujdo=z Fr}

Z

-

Mo 1:% OF“

gom A RE(Q, Qb)E FHIE Aol =#A
Al €Tt Fo &89
AgtE 22 W34 (transition speed) 7} =H A A ¥
o] NBTI:= SRAM A9 A5& #AA7Itr [2][3].
SRAM A 329 AgX(GND, Vpp)S EE= g9
o] Bond Wire), & WF2 W& Meta) & &3 3
Qo AYgMy} AAFEL, A E= glojol g} wjgh
ol 717 QIge s o] EAst7] Ao AR
VA= A AA"e] agEg B gEs 7HA
Al Hol Ao Adeel d¥E = & Utk 4], H A
gz HFe Wyt w4 HW Vyp £ GNDE

we Zzbholo] 7hag 9l HAF

RO AHAHEANRO ZAF =07 S HREA

X
AFAPEAR 0] A7 shol ), AN F4 s A%
99 AAE AR Adow H .

rr.%t
L)
2

o o F Q& = wvkA (Ground
Bounce) o] FHZ eldA "o [4]. dAE T8

f&t}

o %-Eroﬂ*i% NBTIZ 213 SRAM A9 A% #A
gh Aol Vpp g GNDe 714 IF"A o <l
st k=Rl 9o AEHAE EAste AY 4
HE V& Sk

=

II. NBTIS} 2322

Cs

p—

NBTIS} Zepe=nbe el st mdE 7 °f
Stk 512x1bite SRAMS £ =% H¥oz 3t
statglor, 1709 6T SRAM A3} 2709 HlEA (BL,
BLb)S 77 ¥F3= 10247019 access transistor
Ms—Mioen) €2 7452 Y. NBTI @37} SRAM
A el HAPs we sde avE ] A
A (Vi ) = F7HsESIoH, Mo/l 7ﬂ 1E wzt9
AGS A 2ol 59 4 vt |

10 o
Lo



Ve (at Mg ) = Vqb + Vip (1)

AYE (Lo, L1, Ly, L) & HE
B sololal Mg 52 maw ol 4 AdE
Hroz e otk ARe mEe] ekl
H@ GND 714 Qg®la gRro® e k=
ule o) FejE el G oldsl wAe 12e
5

Sukgst 4(2)% ol EE 5 Uk
V=Lxdi/dt (2)

SRAMA S Q, QbellA e 714 AHRAH= Co & Cy
olw, HIEMS] 7|4 AFHAE= Cp 9 Czolth. 714
APA = E5 slo]lg 2] 0.18um Mixed 33& ol &
st #olobx 3 ¥, SynopsysAte] hercules RC—
ojgete]l FE¥ ol mEy H
SRAM A3} FH3I|Z+= 1.8V VppolAd 200Mhze]
FAEEE AlEE ol =l

PMOS Mo2 452 == Q7F PMOSel & 54
2w 540l d 5 vk A Ve == Qb
tolm, Vpp (1) & GND(O) 9 #& 714 4 3l
B Qb7 1 & ARsk s AEd W Mo
V& Vi HE A sto]l A3l =Hol Vpp o179
THAA Ao R Qell 1's 2231, Qbell ‘0

2= 54 ek (BL=‘1", BLb='0", WLO="1" ¥
) Qb2 Aol Vpp — [ Vrael 7F HolE Mo®] Vee

Vool dAets o 7443 QA Hol Me: Eza)

Extractions

O

flo

£ e = lo o

Z, Vs 39 TOo=2M Mo VsoZl #AsH H
of ZE Aol e Ad #2 adRE vEpdy. 1
HEE, Vipggs F7F 224 Med =dl AR/
ZAaro] SRAM A Wiel NBTI 7} &€ A3 2
a7E vehd = qlth. SRAM A& FEe AR/
g A AAZE (Delay Time)ol gk Zlojtt,
SRAMell =9I A1ZE F<3t 7b S7FskA =
d A (2) oM K wkel o] nAgE 7 JIYE A
o R QI gpErke AT AAA "y SR

Hu

o flo

TE= AR

1. 4843

NBTIS} Z2ehetube2ol #AARS] APE 9t
I 19 3=2E AFEF3l e, Corner Case? 93]
s st 258 Vpp & WEAIAH SRAMALS

Q% A<5AI7F (Rise Time) o W3S #as 4
g % 3 Asz AHUt 3 WA e
NBTIS} 285 vpA0 s B A 42 B
az 718 J9H AEH Vs & EF AT F AE
gold stglom ‘Case A'E Hth + WA A=
‘Case B'Z A3}, NBTIW @At ndz 7|4 <oy
B AR AN Aol Sdslg. wes
‘Case C't= NBTI®} aate= wpeA7l w% A
Eedojt.
AHSAI1ZH (at 0C)
1.8000E-10
1.6000E-10 */4\’ ——1.62V
—a— 1.8V
1.4000E-10 T /\ -y
1.2000E-10 e ——
Case A Case B Case C
AEAIZE (at 25C)
1.8000E-10
1.6000E-10 —— —— 1.6
- . —=—18V
1.4000E-10 a1V
p————— .
1.2000E-10 : :
Case A Case B Case C
ASAIZH (at 100C)
1.8000E-10
1.6000E-10 [ 0/‘\’ ey
e —=— 18V
1.4000E-10 | & —a—1.08/
1.2000E-10
Case A Case B Case C
Algefold =
a9 2. AsAT 53
a% 2¢ 29 1elA ArE 3=E o] &3te] A7t

A BeE Adsiion FrhAor 2RO Wl uf
& VopE WA F oA 7 A9 Adssich
NBTI7} 248 g& 4 (Case B)E NBTISH 18h&
TukE Azt BF gl (Case A) A9-9F vlusnd 2
59 Vpp 9 Aol wAGe] Azl FAhekedS
S o 5 9lth NBTISH 1etesrbeno] dee A
HA & 739 (Case CO) %8 Vpp o #AGLe
‘Case B’ Bt} 743k RS 3kl & 4 9]

<7kl mek NBTIS g&e] 7H&53

|
Ay A 7Fo

72 SRAM A<
EE QbY &
g3dEs BT Itk A 7HA] A5 Agsiglo
5t ‘Case B’ NBTI9} 18h&TnbA
7} BF #AsA] 2 ‘Case A’ vl P& uf st
A e AL Zot =ofzl FSAIEeE A3 WA
A (Switching Point)©] =% RS Ko},



EE |
i
oo
e |
-
-

% 3. SRAM A9 switching speed ¥ 3}

NBTI® 18k =ukeA 25 w3t ‘Case C'9 74
- AAAA AFEA S NBTIZF #A48317] A<l “Case
Ael sk Ae gov el shEARte R Qi
235l wsha el wet A sE& & o vk

Case A Case B
NBTI Effect Off NBTI Effect On
GB Effect Off GB Effect Off

<— <

]

N

R

Case C

NBTI Effect Off NBTI Effect O
ecC n

GB Effect On GB Effect On

1% 4. NBTI & a8k-= w29 #4

S NBTIZ} @AskA] 9ksk

[e] [e]
s A= T
Agks A @he A welFm vk

IV. 28

NBTI®] 42 PMOSE AHg3t1 Qe
of A dFE vA= °
goll ArfAl .
NBTIC] 24 A Eel wep zfol= AWt

3 A AAZFO R QlE] WA= A

717
ES
L EY

[1] M. A. Alam and S. Mahapatra,
sive model of PMOS NBTI degradation,” Mi—
croelectronics Reliability, vol. 45, pp.71—81,
2005.

“A comprehen—

[2] Li. Xiaojun, Qin Jin, Huang Bing, Zhang Xiaohu
“ SRAM circuit—{failure
modeling and reliability
SPICE,” Device and Materials Reliability, IEEE
Trans on. vol. 6, pp.235—246, June 2006.

and J.B. Bernstein,

simulation  with

[3] B. C. Paul, K. Kang, H. Kufluoglu, M. A. Alam,
and K. Roy.
performance degradation of digital circuits,”
IEEE Electron Device Letters, vol. 26 pp.560—
562, 2003.

“Impact of NBTI on the temporal

[4] B. Colwell.
11-13, March 2003.

“Ground bounce,” Computer, pp.

[5] Ding. Li and P. Mazumder, “The impact of bit—
line coupling and ground bounce on CMOS
SRAM performance,” proc.16® Int. Conf,
VLSI Design, pp.234 — 239, Jan. 2003.

[6] Rakesh. Vattikonda, Yansheng. Luo, Alex Gyure,
Xiaoning Qi, Sam Lo, Mahmoud Shahram, Yu.
Cao, Kishore. Singhal and Dino. Toffolon, “A
New Simulation Method for NBTI Analysis in
SPICE Environment,” Quality Electronic Design,
ISQED '07. 8" International Symposium on 26—
28 pp.41 — 46, March 2007.



