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CMOS 45nm process
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column column 700 | B on
3 - oo | (Pass gate)
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'3} b | | | = 400
S MC H MC [H MC [-Unselected L 300 1 \Write Data hold
>< row 200 . .
failure failure
100
0 T :
WL Y decoder 10E-08 YOE-07 10E-06 1.0E-0% 1.0E-04
B L/B LN MC:Memory cell lon [A]
BL BLN BL BLN
WL
__Write h l J Disturb
| current " current
¢ Y 4
| 4
VDD TIT GND VDD TIT VDD
Write target cell Unselected cell
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8T + &7 —K#R(Divided WL)#&i&

BLN
RWL

WL

8T SRAM cell

8T celllz&d
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L. T 1
{ MUX

| LN
| ‘Divided wordline

SYFD/—FHBET S
1=, YVIrIS5—IZ&Y
REELAOT LY

3
|

Bl—7—FRA®OMultiple

~._ mm Poly Bit Upset (MBU) h'5& 4

~~3 Diffusion

: ECCIZKARFE
" [Z] e [Z] _ﬁiﬁ& D
f~
Latch-1 s

Latch-0
Conventional 8T cell layout

Kobe University Integrated Silicon & Software architecture laboratory




Outline

— -1
=1

ST SRAM cell layout
YIRIS—2alb—iaViER
HEEOHERER

FeH

Kobe University Integrated Silicon & Software architecture laboratory



¥E3EST SRAM cell layout -1/2-

BL BLN RBL IIIIIIIIIIIIIIII.IIIIIIIIIIIIIII-POIy
RWL ° - Diffusion
= _m—i
s ||
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‘IIIIIIIIIIII ‘ IIIIIIIIIIIIII.
WL n0l1 IZI n00 nl0 IZI

1. Transistors of a latch Conventional 8T cell layout
are PMOS-NMOS-PMQOS.
2. The 8T cell alignment
pattern is slide type
(NOT symmetrically).

Nwell Nwell Nwell

N J\ N )

| |
S LAR—RZ&Y, s ”00~..\|:Z],”01 Read ”10..‘,\[[2]{,.”11 Read
3 5SRAMEILDSYF port port
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REEST SRAI\/I cell layout -2/2-

BL BLN IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-POly

Diffusion

RWL
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WL
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8T cell

Conventional 8T cell layout
NMOSiS moresenSitlveto A EEEEEEEEEEEEER A EEEEEEEEEEEEER

SEU than PMOS (x 3.5-4.5)  =Nwel !\lwelE Nwell EI\IweIE
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Soft-error simulator (TFIT)

TFIT Configuration SPICE Netlist Design Technology :
65nm generic CMOS
TFIT SPICE simulator :
Geometrical data HSPICE B-2008.09
exiraction SPICE model :

Neutron
Module TFIT Core

SPICE PTM 65nm CMOS
Simulator i -
Built-in module :
Technology Neutron-particle-induced
Response Current Pulse ) )
Generation data MBU simulation
Results Neutron MBU module :

Computation -
Normalized at NY sea level

FIT CURVES:
Values ﬂ

supported by iRoC technology
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Neutron MBU simulation (f€38T)-1/3-

Total MBU FIT

MBU in the same word

4 bits /'5 bits MBU / 3 bits MBU (16.15%) \
120 { prom s e
ol O e

80 [ 5

246% i 6.21% 0.59%

60 - .. 4 SppaassssEsssEssEEEEEEe-

40 P 2 bits MBU (89.40%)

NE B H ™

0 -

Conv. 8T SRAM  45.20% 10.40% i 20.90% :
@09V

N : N / »

[ J )

TT
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Neutron MBU simulation @ 0.9 V -2/3-

MBU FIT

= Poly

m MBU in the same word mMBU in different words

120 -

no1 [Z] .n00  ni0 [Z] nil

100 -
80 -
Conv. 8T

60 -
40 -

Nwell

20 -

0" | | ' " noo, [Z] no1
w/o ECC w/ECC w/o ECC w/ECC
Conv. 8T Prop. 8T

BELLTYMNANSCEICEY, T—RFESRD

MBUZ90.70%Hli& T EE. #&&R, 1bit correcting ECC
[2&Y96.27%DMBUZE R FH BT HE.
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Neutron MBU simulation -3/3-

TABLEI
NEUTRON-INDUCED MBU AT09-1.3V
T VDD w/o ECC w/ ECC E MBU .
P [V] [FIT] [FIT] = Reduction
0.9 111.92 37.20 ' 266.76% »
1.0 85.87 2785 -67.56% =
Conv. 8T 1.1 64.68 20.77 = -67.89% =
1.2 43.79 13.60 ™ -68.95% ™
1.3 37.12 1150 * -69.02% * 0
0.9 92.78 346 = 296.27% & 30%
1.0 68.49 257 96.24%
Prop. 8T 1.1 50.04 1.82 = 96.36% =
1.2 32.68 1.06 ™ -96.74% *
1.3 26.79 085 * -96.81% ™

0.9V-1.3VIZH VT,

MB UREZEH30% =
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3-D TCAD simulation -1/2-

eDensity [cm?]

2.1E+20

4.1E+16

8.2E+12

1.6E+09

3.2E+05

6.4E+01

Conv. 8T

eDensity [cm?]
2.1E+20

4.1E+16

8.2E+12
1.6E+09
3.2E+05
6.4E+01

Prop. 8T

3-D NMOS & SPICE models : PTM 65-nm CMOS

Simulator : Synopsys TCAD

Particle LET : 5.49 MeV
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3-D TCAD simulation -2/2-

16 E—ry 1.5E-04 3.0
Conv. 8T 7™ _Nop ® Conv. 8T
1.2 1
: T e N1 Disturb Current[A] - 1.2E-04 25 - u PrOp 8T
_ 08
S - 9.0E-05 g % 20 4
() = '
o 047 e =
S - 6.0E-05 —, — 15 |-
S o- R :
P
0.4 [ 3.0E-05 E 1.0 1
-0.8 — o ettt 0,0E+00 - 05
1.0E-12 1.0E-11 1.0E-10 1.0E-09 5
Common-mode effect | No nped 0.0 -
e 1.5E-04 o9V
_Nl "
Prop. 8T A~ T _NoM
12 - ; .
' i S e N1 Disturb Current[A]{\ [ 1.2E-04
: .~ = NODisturb Current[A]
. 08 - e o
2. - 90E-05 €
% 04 - o
S 4 sosos 2 SEU tolerance
- 3.0E-05 . .
0.4 A A
- IS Improved
08 e I — ——e— 3 0.0E+00
1.0E-12 1.0E-11 1.0E-10 1.0E-09

Time[s]
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1.0E+00

1.0E-01

1.0E-02

1.0E-03

1.0E-04

1.0E-05

1.0E-06

1.0E-07

1.0E-08

FS corner, Temp.=125°C
# of monte calro: 20K

M Prop. 8T
¢ Conv. 6T

0.2

0.4 0.6 0.8
VDD [V]

RWL

WL

BL

BLN

Prop. 8T
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HEEALERER

=50/50) [W]

Power (R/W

0.20

0.18 1
0.16 1
0.14 1
0.12 1
0.10 1
0.08 1
0.06 -
0.04 1

0.02 1

0.00

FF corner, Temp.=125°C

Freq.=10MHz, Cap.=1Mb BL BLN

® Prop. 8T
¢ Conv. 6T

WL

RWL

0.2

0.4 0.6 0.8 1 1.2

VDD [V] | Prop. 8T
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SRAM ARRAY FEATURES
Conv. 6T Conv. 8T Prop. 8T
SRAM SRAM SRAM
Cell area [um’] 0.9701/cell 1.294/cell 1.401/cell
(ratio to 671) (x 1.00) (X 1.33) (X 1.44)
Array style Bit interleaving Divided WL Divided WL
Configuration B bits/word X 8 words/row X 256 cells/bitline
ECC 1-bit correction
2.0
O 0 nw =z O 0 4
-=-Prop. 8T ERE  gEE @@
) -O- Conv. 8T
5 2 ;- 5l - N - SRR .
< ° RWL J ip——— B man VJ mn-cgm B 13
% é 15 - WL:r Fﬁll S :r | %ﬂ
8=
<5
2
48.45% area overhead
1.0

8 16 32 64
The number of bits/word (B)

(64 bits/word)
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Summary

MBU & SEU Miit4ZH 75
8T SRAM cell layoutZiRE

90.70% MBU reduction
-0.45V VDD,;,, Improvement
/7.21% power reduction

AR -FBEARNENTTIZ, LATIORD
TRODATMBUREMNRIREETED

SET—FRBEDECEEAZILIT,

SRAMDBEEBE - EEBHILZ{RAEHES
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