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A Study on Circuit Design for Low-Voltage and

Soft-Error Resilient SRAM in Nanometer CMOS
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This dissertation reports robust circuit designs for low-voltage, low-power and soft-error
resilient SRAM in deep-submicron technology.

Chapter 1 shows background of the dissertation and basic characteristics for the SRAM. The
soft-error mechanism is also explained in the chapter.

In Chapter 2, intrinsic issues in the deep-submicron technology are presented: decreased
operating margin in a read and write cycle, energy dissipation induced by bitline swing variation,
and decreased critical charge incurring soft error-are considered for the robust SRAM design.
This dissertation presents robust circuit designs in Chapter 3 - Chapter 6 to address the issﬁ% in
the deep-submicron technology. ,

Chapter 3 describes two disturb tolerant 8T SRAM designs; 1) a dual write wordline 8T cell
with a sequential writing technique and 2) a low-power disturb mitigation scheme.

1) The dual write wordline 8T SRAM mitigates disturb (half-select) problem in a write
cycle. The 8T SRAM cell has two write wordlines which are sequentially activated in a
write cycle, and its combination with the half-VDD precharge suppresses the half-select
problem. We implemented a 256-Kb DW8T SRAM and a half-VDD generator with a
40-nm CMOS process. The measurement results of the seven samples show that the
proposed 8T SRAM improves the average VDDmin by 367 mV compared to the
conventional 8T SRAM. '

2) The proposed low-power disturb mitigation scheme reduces the power overhead of a
general write-back scheme for low-voltage 8T SRAM using a floating write bitline
technique and a low-swing bitline driver (LSBD). The LSBD consists of only nMOSes
which pull up and down write bitlines in unselected columns. The pulled up bitline goes
up to VDD - Vthn. The suppressed bitline swing reduces the write-back power
consumption. A test chip with the proposed scheme is implemented and measurement
results shows 1.52-uW/MHz writing active energy and 72.8-uW leakage power, which
are 59.4% and 26.0% better than those of the conventional write-back scheme.

Chapter 4 presents two bitline swing limiting technique for low-power 8T SRAM; 1) a read
bitline amplitude limiting circuit and 2) a selective source line control scheme with an address
preset structure.

1) The read-bitline amplitude limiting (RBAL) scheme suppresses dynamic energy
dissipation to charge the read bitlines. The RBAL consists of an nMOS switch which is
inserted between a source line and ground in the dedicated read port. In addition, a
discharge acceleration (DA) circuit is proposed to decrease delay overhead of RBAL.

The proposed scheme improves the active energy dissipation in a read cycle by 22% at
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the center-center corner and 25°C. The maximum delay overhead is 32% at the
fast-slow corner and -40°C. ' '

The selective source line control (SSLC) scheme reduces a read bitline voltage swing in
an unselected column with a floating source line (SL) of dedicated read ports.
Funhermoré, an address preset structure is presented for a suc}cessive readout operation.
The preset address enables the SRAM to be read out with no access time penalty for
preferred use of the SSLC scheme. We observed that the proposed SSLC scheme with
the address preset structure saves 38.1% of the readout power of a test chip on average.

In Chapter 5, two margin-enhancement techniques for the bit-error and soft-error tolerant
SRAM design; 1) a bit-error and soft-error resilient 7T/14T SRAM and 2) soft-error resilient 8T
bitcell with divided wordline structure.

D
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Reliability of the 7T/14T SRAM can be dynamically changed by a control signal
depending on an operating condition and application. The 14T dependable mode
allocates one bit in a 14T cell and improves bit-error rate (BER) in a read operation and
soft-errror rate (SER) in a retention state, simultaheously. In our measurements, the
minimum operating voltage was improved by 100 mV, the alpha-induced SER was
suppressed by 80.0%, and the neutron-induced SER was decreased by 34.4% in the 14T
dependable mode over the 7T normal mode.

The soft-error tolerant 8T SRAM cell layout is presented to mitigate multiple-bit upset
(MBU) in a divided wordline structure. In the 8T cell array, horizontally adjacent
latches are completely separated by p-substrate of the dedicated read ports. The MBU in
the proposed 8T SRAM is improved by 90.70% and the MBU SER is decreased to 3.46
FIT / Mb at 0.9 V when a single-error correction and double-error detection (SEC-DED)
ECC is implemented. The proposed 8T SRAM array has a 48% area overhead over the
conventional 6T SRAM; however, the minimum operation voltage can be improved by

0.45 Vand t_hus. the operation power is decreased by 77.2%.

Chapter 6 describes a soft-error simulator and two multiple-bii-upset tolerant 6T bitcell

" layouts; 1) a nentron-induced soft-error simulator using a particle transport code (PHITS), 2) an
nMOS-inside 6T cell layout, and 3) an nMOS-pMOS reversed 6T cell layout..

P

The proposed soft-error simulation tool can calculate the SER according to various data
patterns and the layout structure of the memory cells in an SRAM. Additionally, the tool
distinguishes a single-event-upset (SEU) SER, a horizontal multiple-cell-upset (MCU)
SER, and a vertical MCU SER using an extracting function. We evaluated the following

layouts using the estimation tool.
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The nMOS-centered 6T SRAM cell layout reduces a neutron-induced MCU SER on a
same -wordline. We implemented a 1-Mb SRAM mdcro in a 65-nm CMOS process and
irradiated neutrons as a neutron-accelerated test to evaluate the MCU SER. The
proposed 6T SRAM macro improves the horizontal MCU SER by 67-98% compared
with a general macro that has pMOS-centered 6T SRAM cells.

The proposed nMOS-pMOS reversed 6T cell leverages pMOS characteristics of smaller
dopant variation and larger saturation current than that of nMOS in the advanced
process. In 22-nm node, the static-noise margin and the saturation current of the
proposed cell are respectively enhanced by a factor of 2.04 and 2.81. The 6T cell also
improves the single-bit-upset and multiple-cell-upset soft-erior rate by 11~51% and
34—76%, respectively, because the proposed n-p reversed cell has a 33% smaller tMOS
diffusion than the conventional one and reduces a collected charge induced by a

secondary ion.

Finally, Chapter 7 concludes this dissertation. This thesis presents the low-voltage,

low-power and soft-error tolerant SRAM designs. The work contributes to achieve an
energy-efficient and robust SRAM design for the advanced technology.
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BIRTRN—TELT MERBEEZRRTS 2 DOERICOWTRREN TS,

3.1 Z7— REMERHF TS ST SRAM

RE ST LI TRERAB T2 2 RICHOT L TRARB YA I TEED ) - RIcT 7 2RF
B ENAREERS. T THERREIN O WBL 2EBEE VDD OX450O BN (Half-VDD) 10K ET S
ZETTARY—TBHRERDPEED. MAT2ROBAAL Y — REERRDZIIIVITHL T3
EWRED—HDT 4 RS —TBREHRT 3. ZOBIALT— FREERECEREHT 57D, BAsdt
BIIETS. T THAAMMEEEZRETI2DICRIF+ T WBLEZEAL, EBEWESEEL-.
BRI O-NIVT—X MzRiZBWT, 71%0 Bit error rate DRBEEEZ L. 40om 7O IERN
T, 256Kb SRAM Z&sH LML /2 & 25, BIEIMEBE% 04V ¥EL, 0.6V OBREBE COMHES
EWL 7=,

3.2 /MREE Y MERIANZRAWET 4 25— THEMEH

AEi T 8T SRAM OEBEMEA Y v FERBDODEMRBAEERTEHEBE LT, /MEEE Y
FERESANBRWET 4 A7 —TEMERERERBINTVS. BEFERRIZAAY Y MROEIET

O—F4 >Ff&, NMOS N7y T RSANKEBEy NEEEIN S 25, ko0 —F4 TE
v MREWIIA S NI NS N TWENER 7 O—F 4 V2V ETB 2 & T, 05V BHEROY—7 8
F1% 33%HIE (FF O—7F) TE3. NMOS V7 v 7 RSANIRE B Yy MBI L D IERINRDN—
ZEVIMASLCBIBEY FMEKHBEESH 2 0%HBKTES. 40nm TutZE2BNT, 512Kb
SRAM ZRELFMEL /& Z3, 05V B—BRTOBELERL, 1.52 uW/MHz OF 754 TEHE
72.8uW QYU —J BHEERLE. #EST NV I FRCHENTENRTN 59%, 26%DEADEIF SN
7. 0.5V BfEMr OWHRBEHIZ 12.90W/MHz L 720, EREROT TROLEDIETH LI EERLTNS,

EBLARTIREY MRORIBZIHT 2 2 DOFEMIcOVTRRENTNS,

4.1 FHUIMEEBENY Yy MY 3 v FEE

AETR, 8T SRAM ICHEAT 3B LYy MU I v MEMEBAL)S L R EMEREDA) 2185
L7, RBAL ZHWSZ LIk D 18%-27% DT 757 4 TLXINEEHEIML, DAZAWVS I &Rk S8

A THRER 2%-5%KE L. T—A b —2R (FSI1—4%, KB) THERETNF 113 32%TH-
7=, -40nm FOkEXZAWNT 256Kb 8T SRAM %8t - L& 23, 0.5V-0.7V BifEl BINT

10pd/access AP COUMEERIR L /=.
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RBRT3BREY - ARHARBRIIEBRINCBIZFEHLER- OV -2 TO—FT 4 > REBIC
HHd 3 Z & T, IERRAOTHBES ZHIWT 5HMTH 3. BIRFIDY — 213 NMOS A1 v F% ON
K3 ETERCHRMUBERZITDS 2R S. MAT, REREBOFERFINT 1 27277007
RLZAERBEMERRBL TS, BEERZALTRIMINOTUFv—OT7 RLAEZEELTR T E
THEENRFNT 4 BREEBHEEERL TWS, 40mm TOVAZAVTFy THELFMLEL 23, £
T 38I%DEEHENER ENTNS.
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5.1 BEET— N&FT 5 71/14T SRAM

7T/14T SRAM EFa > FO-NEBSOHBIC L D EEELHINICEE TE R YEF OATY THS.
4T BEEE-—RFR RO oS- IS BEEBREHT I ENTELZLDEY FIS5—-RUVY T b
IS-—DEBEBNTES. FyMREETVWEELEEZS, 100mV OEEBFELE, 80%D eV 7
L5—EHIW, 34.4%DHHETFHY 7 T —REIREER L.

52 VI ISt EHT 5 8T SRAM L1 77 FEiR R

RETSSTSRAM N LA 7Y MIFEHLA - L 2ANWTROSSI Sy F2LBIT B2 LT, HEU—
FREBEIIBIIEEE Y FNREOEEEZNHT LI ENTES, BRELATIMEYIIIS—33a L
—FTHEL 2L ZAR—T - RROBHRE Y FIT5—2% 90.70%HI¥ L, 0.9V Bi{ERFIZ 3.46 FIT/Mb £ T
I5—2B585. 58U — REEEE A= 8T SRAM + ECC #55134E3% 0 6T SRAM + ECC iz H~T
HERA =Ny R 48%7EH, BEBEBE% 0.45V BT 5 Z &N TE, T12%DEEILEEBTE 3
ZEMREREI N
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RETHYV 7 b —FHHY IV, ARG I 21— PHITS)ZMEL T80, diFe
) A VETFHEOBERVC R TOBESFEEZTI ZENTES. #EY—IILSRAM O 3 KB L7
—FNRNF =B ANEUTEIY, REBIZSRAM OV 7 FLS—WMEEZFETH LN TES.

6.2 NMOS ;i 7 b 2% 9% 6T SRAM

AEH T NMOS b 5> P2 % %RAIICEE L7z PMOS-NMOS-PMOS (PNP)#! 6T SRAM &)L L1 7
FERELTWS, BRVAT7U MY 7 ML —IZHEHZ NMOS 2RMICERB T3 Z &Itk U KELHR
DEZEY FRREHHTS. BRELVATU RERELV A 7Y b2 65nm 702 1Mb SRAM & L TElE
L7z. RCNPIZBWTHHFRMERBRTFME Li2E 253, @—7— RROBRY v FREE 67-98%HI%
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6.3 NMOS-PMOS K#:% 6T SRAM

£%£ 9 % NMOS-PMOS K48 6T SRAM i3, PMOS 27 7/ A& — MCHWSZ & T, E%ﬁ?f—/\«\ v |
Kz < NMOS ZHlICRBETES. HMLEI N TOER T ML AKFIK LD PMOS OBHEEHRL
PN #ERELT 22nm #TIE NMOS & PMOS OEFEMTIFLEL </x5. PMOS RERIIS D
HNIVEDEYT-C O bRMBICIEKRTES. VI I —REH Y-V EZRAWTEMGLI-EZ 5, -3
TWEY bV T M5 —8% 11-51%, INFEY RV T RIT5—8% 34-TO%EIRTES, -zl <—
DR 2041, FUEHRE 2SI BIHRETESLZLERLTVS,

LILEIENSE 6 BICBWT, ®#Mk SRAM 2B 2 EEE/LEN, BEALEE, VI rns—
e EERICET AIFERBICDVWTREL, BEIE 7TRCBNTEBXEZREL TEREBRRTWS.
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FHREMHML SRAM [ZDWT, ZOEEHE - EEEL - V7 P —REREEHEL2HOTH
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