Channel Length Upsize for Robust
and Compact Subthreshold SRAM

David Bol, Renaud Ambroise, Denis Flandre and Jean-Didegalt
Microelectronics laboratory, Université catholique deulain
Place du Levant 3, 1348 Louvain-la-Neuve, Belgium
david.bol@uclouvain.be

Abstract—Subthreshold operation is an efficient way to achieve 100 200 10
ultra-low-power consumption. However, subthreshold SRAMre- _. 95 150 o
quires special design techniques to ensure sufficient robumess in § 90 > §
the context of high process variability of nanoscale techriogies. % Z 100 T 4
In this contribution, we propose to increase MOSFET channel 2 8 = 50 § 10
length in the conventional 6T SRAM cell to operate safely at 80 z
subthreshold V4. Two length upsizing schemes are proposed and 75 0
we show that they lead to an efficient robustness increase Wit 20 Lj:[nﬁ% 50 20 Lj:[n‘r‘n% 50 20 Lz?[nﬁ% 50

minimum area overhead (10%), thanks to DIBL and variability
mitigation. We also show that the improved subthreshold swig

yields a static power reduction by a factor 20 without signifcant Fig. 1. Evolution of subthreshold parameters with increggihannel length
speed deterioration for 45-nm technology (nominal.. s ;=17.5nm)

[7], [8]. Although very efficient, this technique requirdset
I. INTRODUCTION addition of 2 to 4 devices to the 6T SRAM cell with an

Over the last decade, ultra-low-power design has becomgr}jlportha_mt area_gvgrhea]}d. . f
vibrant research field for applications such as sensor m&syo . nt IS contribution, for compactness ISSUes, we focus on
RFID tags and biomedical devices. Subthreshold operaﬁon'ﬁlcreas'ng robustness of the 6T SRAM cell without architec-
an efficient technique to achieve ultra-low power consuampti tur_al mod|f|cz;\]t|onhn0r dle?/lce idd'tlor:' Therzforeb);ye PIepo
for circuit with very loose timing constraint [1]. The pripte to increase the channel length to solve read stability ssue

e i . ; two ways:
is simple: lowering the power supplyyq tolextremely IOV\.’ 1) improvement of MOSFET subthreshold operation and
voltages, below the threshold voltaye leading to quadratic

reduction of the dynamic power consumption. variability mitigation [9] through uniform channel length

: o . . upsize,
_\Nhereas subthresholq Igg|g design is straightforward n 2) exponential cell §) ratio increase by short-channel
principle thanks to the intrinsic robustness of CMOS logic effects and variability mitigation

style, serious stability issues are raised in subthreshRIAM . G : .
. . . . This contribution is organized as follows. In Section I, we
design by the inherent ratioed behavior of SRAM cells. Infjee, . . . .
- . - briefly examine the operation of MOSFET in subthreshold
at low V4, read/hold stability and write ability are severely

X ... _’regime. In Section Ill, the issues in subthreshold SRAM giesi
degraded because of reducéd, /I, ratio and magnified are presented with both channel length upsizing schemes.

current variability due to the exponential dependence bf SLhna”y performances in 45nm technology are compared

threshold current of; [2]. The design target is thus to achieve . . ; :
X . . ith resimulated versions of previously-proposed sulsthoéd
safe operation at low,, values, compatible with subthreshol . .
RAM cells in Section IV.

logic. . . o Il. SUBTHRESHOLDMOSFETOPERATION
Because of this exponential current variability in subshre  |n subthreshold regime, drain current can be expressed as:
old regime, read-stability and write-ability issues canhe

solved by tuning the device width, i.e. modifying the SRAM Tsup = I X 10% X (1 —e U‘:i,5> (1)
cell (5) and pull-up ratios, as it would lead to unacceptable
device widths [2]. In previous articles on subthreshold 8RA wherel, is a reference current proportionalité/ L. s ¢, which
write-ability issues have been dealt by: depends exponentially ov%. S is the subthreshold swing,
. unconventional biasing schemegy, collapse or WL the DIBL coefficient andU;;, the thermal voltage close to
boost during a write operation [3], [4], 26 mV at ambient temperature. At a given temperatiyg,

. device addition to the conventional 6T SRAM cell tfl€Pends only on three parametefs, .S and. In this con-

break/weaken the feedback loop when writing the dafdPution, we consider a 45nm technology (nominal=1V,
5], [6]. Toe=1.1nm,L.;y=17.5nm and/; 4,+=0.37V) based on predic-

tive technology modélfrom Arizona State University [10].

Read stability was ensured by decoupling the ré&dd from
the cell memory nodes, through read buffer insertion [3]; [5 Models available on-line at http://www.eas.asu.edu/ptm.
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Fig. 2. Evolution of subthreshold current (left) aig). /I, ratio (right)

with increasing channel lengthl(=68nm, V;,=0.3V, worst case i30). _ ;
Ion/Io5y ratio is computed between two adjacent devices (indepénien In 45-nm technology, subthreshold swing, DIBL effect and

but samelL variables because of strong spatial correlation). current variability are very high due to short-channel effe
Channel length upsize improves subthreshold operatiarktha

Spice simulation of this model gives the following valueso mitigation of these effects.

for the subthreshold parametefs=0.59nAlm, S=97mV/dec

andn=160mV/V.

In the considered 45-nm technology, nominal effective _ i _ _
channel lengthL;; is 17.5nm. Increasind..;; by several In this section, we analyze the failure mechanisms of 6T
nanometers is easily achieved at layout level by increasiag SRAM cell operating in subthreshold regime. We then propose
drawn gate length by the equivalent quantity. The evolutibn t0 upsize device length to efficiently increase read stgbili
these parameters with increasing channel length is shownWih minimum area overhead. The goal is to operate safely at
Fig. 1 from Spice simulation. All parameters exhibit a nagat & target 0.4V subthreshold;,.
exponential dependence dn.;¢. Subthreshold swing tends o Eqijure mechanisms

Caep
towar_d Iong-chanpel value _dh(lo)_Uth 1+ 37> ), where Robustness of the conventional 6T SRAM cell shown in
Cqep is the depletion capacitance in the channel. DIBL factcprig_ 3 depends on 3 criterion:

tends toward 0 and reference curréptdecreases because of 1) Hold stability: measured by the hold SNM, computed

Vi roll-off short-channel effect. when writing in an adjacent cell data different from the

In nanoscale technologies, process variability cannot kgmorized ones, i.eBL; is assigned to "0” andBLy to
overlooked especially when focusing on subthreshold desigq».
as variability of the circuit performances is magnified bg th ) Read stability: measured by the read SNM, computed
exponential dependence @f,, on V; [11]. Throughout all j, precharge phase, i.e. with boB. clamped toV,.
this contribution, variability is taken into account by Bang 3) Write ability: measured by the write margin (SNM
out Monte-Carlo simulations with two sources of variabilit quring a write operation), computed by assigniag ;. to "0”
First, random doping fluctuation is considered by modelihg gng BLg to "1”.
of each device as an independent normally-distributedb®®i Hgld SNM and read SNM have to be positive while write
with variance given by [12]: margin has to be negative in order to ensure proper operation

A T NOA Evolution of the robustness criterion with,; is shown in
Vit or-Ych

oyt = ——— =319 x 1078 . (2) Fig. 4 for the considered 45-nm technology. Notice that we
VW Legy VW Legy choose thelo tail (99.997% confidence interval) instead of

This results in asy, of 44mV for minimum-sized devices. the tr.aditionaIGJ because ultra-low-povyer applicatioqs such
Second, variability of critical dimensions is consideretigh @S Microsensor nodes, RFID tags or biomedical devices only
L, variability. We modelL, variations as a normal distribution"€duire small SRAM arrays of several kilobytes and can rely
with 30/ equal to 20%. Ad.,, variations have a strong spatial®n redudancy [4]. _

correlation [13] and a single SRAM cell is very small, we SOMe observations can be made from Fig. 4:

consider a single normally-distributeld, variable for all the e robustness is severely degraded when loweting

devices of the cell. From 1k Monte-Carlo Spice simulations ¢ robustness is deteriorated by process variability;

under 0.3VV,,, the 3c worst-casd,,, is 30 times lower than « degraded subthreshold swing has little impact on robust-
typical 1,, and the3o worst-casel,s; is 60 times higher ness;

than typicall, ; ¢, with nominal channel length. Variability can « DIBL considerably affects hold and read SNM while
be mitigated by length upsize, as random doping fluctuation there is little effect on write margin.

depends on channel area according to Eq. (2) and as ghlbe first two observations are straightforward. The impdct o
length variations are relatively smaller when the changel subthreshold swing is small as confirmed in [15]. Margins are
long. Fig 2 shows that variability is efficiently reduced byomputed when the cell actually flips and at that moment,
length upsize. Combined with subthreshold swing reductictie input voltage of the cross-coupled inverters are close t
it results in improved,,, /I, ratio between adjacent devicesV,,/2, making theV,, of their devices equal. As a degradation

IIl. ROBUST AND COMPACT
SUBTHRESHOLDSRAM DESIGN
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Fig. 4. Robustness criterion of conventional 6T SRAM cell Wg;: hold SNM (left), read SNM (center) and write margin (rig@s-nm technology, cell
ratio is 2, pull-up ratio is 1). DIBL effect and process vaiidly affect robustness of the cell.

of the subthreshold swing reducés,/I,s; ratio but does 0.8 0.8
. . . -©- All devices
not influence the current between devices having s&ine 07 A Access devices

the subthreshold swing value has small impact on volta

o
3

margins. A more complete robustness characterizationdvor E;g 06 Eg 06
be achieved by investigating both voltage and current margi g 05 g 05
as suggested in [16] with the N-curve computation. Howeve £ oa E oal T
this is beyond the scope of this brief contribution. s - s -
0.3 0.3} —BrAlldevices

=7~ NMOS cell devices

To the authors’ knowledge, the impact of DIBL on SRAVM
cell stability has never been considered up to now. Let us ¢ 02
an intuitive insight of this point. Hold/read stability dempds 2 © w7
on a ratioed behavior: ON cell device®/¢ and /3 in Fig. 3) ° "
have to keep the data at internal nodes while access deviegss. simulated minimuni/, to ensuredo read stability of 6T SRAM
(M5 and M6) drive some current from these nodes to theell when increasing the channel length (left) or the chamnigth (right).
bitlines. This current from access devices is an ON curregi>

o
)

when in read operation, and an OFF current when in hg ect, which would thereby further increase robustnes8Tof

operation. In both cases, access devit£s and M6 have a 5 (@I;t/l) C:;Ioﬁ:ﬂa?rﬁhgg‘;n aesnfhbor\gﬂ IEtSbeCtllj):i fglr-rﬁ. Izlr?.th
large V;, close toV,,, which lowers theirV; through DIBL P 9 y 9

effect as compared to ON cell devicés2 and M 3 that keep upstze in terms of minimumVy, to ensure read stability
. . ositive SNM). In order to meet the target 0.4V subthreghol
internal nodes close to their ideal values and thus haveya v

small V. DIBL effect thus implies a systemati¢ mismatch %’ all channel lengths have to be upsized by only 13nm. As
between ON cell devices and access devices, thereby Icgvert?ﬂgo drg\?iigz()igisrﬁ(l)r;:lr:l:;ﬁgid W: ?rr: %%Sllzr:nt%ifshiavsvledt\r;a?i;g::
the SNM. In a write operation, things are different: a cotrec 9- gnb. '

. . o . mitigation leads to a reduction of minimuly, but the width
write operation depends on the ability 815 access device has to be upsized to unaccentable values in order to operate
that has to write a "0” to win the fight againdf3 PMOS ON upsiz u P vaiues 1 P

cell device keeping a "1". In this fight, access device hd5.a at 0.4V,

close toVq4, whereas PMOS ON cell device has a small.  C. Cell-ratio channel length upsize of access devices
The DIBL-inducedy; mismatch is thus no longer detrimental The other possibility to improve read stability is to incsea

and write ability is not clearly affected by DIBL effect. the cell () ratio, i.e. the ratio betweedV/L of NMOS

From Fig. 4, read stability limitsl;;; lowering for the . . .
X . . . cell d 1-M2 d d pB-M6). Th
considered technology, because read SNM is the first cmterf:e evices {f ) and access devices\5-16) 'S

. ) . is traditionally achieved by increasing the width of thelcel
to fail at 0.72V. As read SNM is strongly influenced by pProces§vos devicizs Howevery as showngin Fig. 5 (right), this
variability and DIBL, limiting these effects is important i ' ' . '

i is not feasible in subthreshold regime as it would lead to
order to operate at subthre_shc a. That. can be ach|eved vnacceptable width in order to compensate exponentiaéotirr
through channel length upsize as explained in Section II.

. ) - \Briability. We rather propose to tune cell ratio by inciags
next sections, we introduce two length upsizing schemestho

improve read stability. We neglect hold stability as it rémsa € length of the access devicefig. 5 (left) shows that it

-~ . o yields an efficient reduction of minimui¥i,4, thanks to DIBL
better than regd stablht_y. Write margin Issues are deality mitigation andV; roll off, which leads to a highly decreased
voltage boosting, as discussed in Section IV.

. . . 2Notice that in [8], a length upsize of the access devices bas proposed
B. Uniform channel length upsize of all devices in the opposite way to improve write margin thanks to revesisert-channel

Upsizing uniformly the channel Iength of all devices insidgffect: anlo increase when upsizing the length. Indeed, depending on the
considered devices (peak doping/halo implants), a chdength upsize could

an SRAM cell was 'ntr(_)duced. n [15] for_ I'm't'ng Var'ab'llty have a different impact oy whether forward or reverse short-channel effect
Moreover, we showed in Section Il that it also reduces DIBtominates. However, the impact ¢hand DIBL effect remains the same.



TABLE |
COMPARISON OFSRAM CELL PERFORMANCES INA5NM TECHNOLOGY

Cell Channel length | Vg4 Area Min. WL boost 40 worst-case  Pstat Max. # cells
type upsizing scheme | [V] overhead voltage [mV] Ircaq [NA] [pPW] per BL
6T / 1.0 / 0 3.510% 2.3104 570
6T uniform (+13nm) | 0.4 9.5% 66 23.8 26 190
6T cell-ratio (+50nm) | 0.4 7% 132 13.0 370 210
8T [7] / 0.4 29% [7] 59 24.8 850 5f
10T [8] / 0.4 60% (estimated) 49 18.0 800 oo

* Evaluated with 45nm high-density SRAM design rules from][17
 Can be solved by peripheral assist (rising buffer foot \gat#o V) [4].
t Solved in [8] by reverse short-channel effect (see footrte

subthreshold current of access devices, as we reportedyin greatly reduces static power dissipation thanks to impfove
2. A channel length upsize of 50nm is required to ensure resuabthreshold swing.
stability at target 0.4Wy,.
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