vVPROBE:Variation Aware Post-Silicon Power-Performance
Binning Using Embedded 3T1D Cells

Abstract—Variation-aware design involves designing circuits toleant to
process and temperature variations by estimating corner-@se scenarios
and providing minimum reliability guard bands. In order to e xtract
maximum performance while consuming minimum power, systera need
to adapt themselves by making them aware of their compositio post-
manufacturing. In this paper, we present an on-die post-siton binning
methodology that takes into account the effect of static anddynamic
variations and categorizes every processor based on powpetformance.
The proposed scheme is composed of a discretization hardwearthat
exploits the delay/leakage dependence on variability soces characteristic
for categorization. We start by analyzing memory structures. The
backbone of the binning scheme is the variation-tolerant 3ID cell
which is embedded into existing SRAM circuitry. By measurirg the
access and retention time of the 3T1D, we show that it is pofde to
gather sufficient information about the spread of spatial vaiability. This
information can then be used for enforcing circuit-optimizations that
are specific to every processor by making them aware of crogdie and
intra-die variations. The results of our binning scheme indcate that post-
manufacturing nearly 40% of chips fall into the high-performance low-
power bin. However, this can change over the lifetime of thehip owing
to constant activity resulting in degradation and performance reduction.
To counter the effects of such high and low frequency variatns, we
also demonstrate the extended capabilities of this schemea isensing
high-frequency temperature variations and adapting to lowfrequency
changes. Plus, the information gathered by the binning canhen provide
a platform for cross-layer optimizations.

. INTRODUCTION

frequency temperature variations due to the time-delayeimsisig
on-chip temperatures and off-chip regulation [3]. Furthiged-point
one time calibration does not account for the effect of dagfian
and aging. Almost most of the sensors implemented on-cleivery
big and require special processes for components like iktara
or platinum resistors [4]. Such special requirement ofteaken
their usage near-to-impossible for regular designs. Dyodrermal
Management (DTM) plays a vital role in offsetting the negati
impact of temperature shootups and high power densitiegseNe
theless, response mechanisms based on DTM principles signdd
to mitigate emergency scenarios assuming homogeneoustiooad
across different processors. This calls for the need toldpve
platform that discretizes every processor post-manufacfenabling
the possibility to provide ad hoc optimizations based on-tione
power/performance.

In this paper, we present a novel 3T1D-based delay/leakpge a
proximation scheme specially targeted towards memorycsires
such as register files & caches. The 3T1D cell (from now on ehad
cell) is embedded along with existing SRAM circuitry. Thensiag
scheme has been incorporated into the read/write cycle®lthe
hiding all the synchronization and control overhead for pasate
test cycle. Post-Silicon calibration through a single read write
has also been envisaged. The scheme is based on the facathat e

Tremendous advancements in chip design have made possiigiad (or write) to the 3T1D cell will suffer almost the sameiation

billion-transistor integration over the last decade. Tdas be largely
attributed to the improving capabilities of the manufaictgr pro-

on access power and delay when compared to the 6T cell itiecai
with (since it will use the same periphery circuits and theggital

cesses. However manufacturing has improved only to sucknextvariations will be almost identical between the cells duetheir

that the problem of variability in physical parameters ikiliting
the power/performance gains achieved by scaling devicebalite
operation is further hindered by dynamic variations of teragure,
supply voltage, transistor aging etc.

Increasing power densities is another cause of concernefiga-
ing high performance/low power circuits. With increase émpera-
ture, the leakage component of power increases exporignRaicent
study has shown the operating temperature of chips can biglas$

proximity). While keeping 6T cells for program executio, 1D cells
are hidden (shadowed) from program execution and they keeg t
of the power/delay relation of each paired 6T cell. This infation
is later used to classify the different cells into poweragebins.

The paper is organized as follows. Section 2 makes a review of
existing work in the literature. In section 3, we discuss wbihe
3T1D cell and its performance in the presence of spatio-teaip
variations. In section 4, we propose the new binning metloago

90 °C and in some cases as high129 °C [1]. Frequent temperature by introducing the composition inference scheme and thetudsing

shootups can result in functionality problems and causenaeent
damage in the form of faults due to electromigration, thémyaling
& stress migration [2]. These faults can have a long lastifeceon
the processor performance over the lifetime of the chip.

While designers have cognizance of corner-case behaviors a
design time, chips are seldom designed for worst-case owing Several

reduced performance. These dynamic variations to a gréateare
dependent on the operating conditions and environment.has t
frequency of occurrence and nature of existence is veryomand
it becomes virtually impossible to monitor and measure thBwer
signing systems with reduced guard bands would greatly awgpr
performance but at the cost of reliable operation. Relialpleration
can then be restored at the circuit level by making the systeare
of the static variations and also sensing dynamic variatatrregular
intervals.

Sensing these variations, temperature in particular, bas mostly
performed off-chip. Such a scheme lacks the ability to nwrtiigh-

about the discretization architecture. Section 5 disaigseextended
use of our methodology towards temperature sensing andiagdp
slow dynamic variations. Section 6 concludes the paper.

Il. RELATED WORK

works have highlighted the importance of post-
manufacturing binning through the use of elaborate ATGst@idled

by rigorous burn-in tests. Others have provided mechan@mship
which are manufacturer-controllable on an one-time baSjs For
the sake of brevity, we will be discussing only on-die reslile self-
adaptable sensing schemes.

In [6], tunable replica circuits resilient to dynamic vditams have
been proposed. On sensing high-temperatures of 60€C, the
clock frequency is lowered to reduce dynamic power dependen
temperature and also body bias lowered to reduce the leakageo
et al. [7] have exploited the temperature dependent sub-leakaaye c
acteristics for gradient sensing of temperature. The sewwists of



a chain of NOT gates fed by a input pulse. The pulse-width ef that negative voltage (say -0.2V) when the cell is in its idlatest(no

output is dependent on temperature and converted into aunadxs
form for temperature display. In [8], dynamic variationdrnce is
achieved by means of using path-delay that amplify diffeeedue
temperature and aging. The change in delay is reported foeatove
measures. In [9], the sensitivity of p-n junction diode tmperature
is exploited for determining the temperature withir3 aC range. In
[10], the dependence of threshold voltage on temperatamsified
through a chain of gated inverters. The scheme is extended as
voltage regulator to scale supply voltage reducing dynapuwer
consumption.

IIl. 3T1D CELL

Alternatives to 6T based SRAM have been researched diligent 16

for want of increased memory density and lower vulnerabiti
variations. One such proposal is the 3T1D cell proposed by étu

al. [11]. The capacitorless DRAM like cell stores the data using

gated diode that is tied to the read-wordline as shown inr€idu

The 3T1D unlike 1T DRAM memory provides non-destructivedea
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Fig. 1. Schematic of the 3T1D Cell

and access speeds comparable to that of standard 6T SRAN{#&.
the cell can operate in the absence of transistor T2 in a 2TaBem

T2 enhances the retention time and provides the gated diugle t

required boosting to improve the read speeds. The biggeantage
of the 3T1D is the non-requirement of similar strength tistoss
that constitute the cell. This has 2 fold advantages oveP@ifmarily,
process variations causing device mismatch are likely tsedess
failures to the cell [12]. Secondly, it improves the overstihbility
making it radiation hardened.

Liang et al. [13] have proposed a 3T1D based cache architecture

that relies on the fact that data stored in first level cachéransient
and the time to the last cache reference to a given block ietfis
erased) is well within the retention time of a 3T1D cell.

A. Write and Read Operation

Data is written into the cell by raising the write-wordlinggh and
charging the write-bitline to the required value. The vodaevel
corresponding to a value "1’ at the storage node is largepeddent
on the strength of the transistor T1. A strong T1 would meai tie
voltage level would be degraded when storing a 1. A loweragat
level would greatly reduce the retention time of the cellisTban
be avoided by increasing the threshold of the write drivdd.[The
read operation is initiated by precharging {t@;) the read-bitline and
strobing the read-wordline. Due to boosting by T2, the vati¢he
storage node increases temporarily close to the value té-woitage.
As the only path for sub-threshold leakage is through readiine
tied to the gated diode, it can be reduced by holding the vezrdiine

access). This has shown to increase the retention rate byéis as
40X [11].

B. Retention & Access Time Measurement

As variation in device parameters are known to affect thdéoper
mance of 3T1D to a lesser extent when compared to SRAM [12], fo
the sake of a comparative study, we place each of them nexcto e
other on the same wordline and measure the retention andsatioe
under similar conditions. The retention time of the 3T1D &imked
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Fig. 2. Access Time Vs Temperature

as the time taken for the voltage at the storage node to degsty p
Vaa/4. It can be observed from Figure 2 that both 3T1D and 6T cells
mimic their behavior. Although, Figure 2 for simplicity asses just
temperature variation, in the following sections, we whioss how
this behavior repeats when considering the other sourceariattion.

At high temperatures, 6T cell is more prone to performanss Vehen
compared to the 3T1D. As opposed to regular 6T cells, the 3drED
designed for single ended sensing. This combined with tlstbha
action provides very high read speeds even at high tempesatu
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Fig. 3. Retention Time Vs Temperature

Figure 3 shows the measured retention time for 500 samples
simulated for spatial variability. The simulated circug & 32KB
cache composed of multiple 1KB array sub-blocks. Each aisay
organized into 64 rows by 128 columns with each column hgldin
32 active 6T and 3T1D cells. The retention time is normalited
the smallest retention time dtl0 °C. This is to provide a better
perspective on worst and best performing chips for estonatf
power/performance guard bands. Retention time with zar@bility
at 30°C is found to be 9.8s. Under the presence of process
variations, operating &0 °C, the retention can be as high as 342
or as low as ps. This is due to the high dependence of leakage



on physical parameters such as threshold voltage and dhangéh cycle of the 6T. Secondly, the cells could double up as atam@
established by the relation storage space. By making the write driver stronger and thmeirtn
oV sense amplifier weaker, read/write speeds can be made tb thake
Ireakage = ke "™ /(KpT) @ of the 6T cell. Additionally by making the write driver strger, the
where q & K5 are physical constants, a and k are device parameté&géention time is significantly improved. The fundamentsumption
and T is absolute temperature [14]. Thus it is clear from theva ©f the binning scheme is that leakage power (dominant soafce
argument that leakage is an important figure of merit that c@®wer in sub 32nm designs) is a strong function of retentiore t
be exploited to reflect static variations of physical par@reand and and the time to access a cell corresponds to the critetal p
simultaneously sense fine grain dynamic variations. delay. Looking at Figure 2 & Figure 3, the fact that acces®tand
retention indeed reflect delay and leakage can be validated.
IV. POWER/PERFORMANCEBINNING SCHEME The purpose of binning chips individually post-silicon isry
A. Composition Inference Scheme much alike calibration. Calibration enables the chip taifgdtself

Conventiona| Sensors that employ analog Components eqLﬁliom deViatiOnS that arise out Of manufacturing. From alﬂiaal
substantial calibration and often perform a one-time catibn
not accounting for the effects of low-frequency variaticwech as
degradation and aging which alter the behavior over theirike
of the chip. Further, due to their large area requiremenmtis nhot
possible to integrate them into thermally unstable regioning to
existing device density [9]. It is well known that memoryusgttures < + Retention
like register files and caches are sources of hotspots asuli ofs " -Retention .\ T s reakage
constant high activity. Also their importance from an areleergy &
performance point make them top priority for constant ramnig.

In order to take advantage of the potential benefits offengd b
approximating leakage, in this work as a first step, we prepos
measure the time taken by a 3T1D to discharge completely. One g
of the major bottlenecks of approximating leakage for iefee of i Meppng
physical parameter distribution is the impact spatialalaitity across Fig. 5. 1:1 Mapping of Access Time/Retention to Delay/Legka
and within chips. In other words, variation of a parametemcd be
assumed as a single lumped value but a function of inter-dé astandpoint, these deviations can be on either side of thenmea
intra-die(systematic & random) variations [15]. Inteediariations corresponding to the value obtained at design time. Due i® th
are known to affect all the devices in a given die uniformiytrd- gifference in values of physical parameters across diesngles
die systematic variations are dependent on layout georaetlyalso point fixed calibration will not address issues of inter-déiations.
correlated across distance. Intra-die random variatientha name Thys it becomes extremely important to preclassify chipsetia
suggests affect every device differently and are causeddmes such on their static variations post-manufacturing. While iteistremely
as random dopant effects and line edge roughness [16]. \dgjldar  difficult and expensive to measure absolute values of pamme
structures like memories have lower levels of within-disteynatic deviations, as shown in Figure 5 chips can be categorized int
variations, they are easily affected by intrinsic varintiobecause different bins based on predefined delay and leakage vatugsry
of minimum geometry transistors. These intrinsic randomat®ns  high access time and low retention translates directly tp siow and
affect the critical charge of the SRAM cells making them emtely  sjgnificantly high leakage power. Several circuit levelimitation
susceptible to bit-flips on accumulation of charge from alphrticles  |ike duale.,, body biasing, supply voltage minimization have been
[15] . proposed to maximize performance while maintaining powetl w

within allowable budgets [17], [15]. However such optintinas
Wordine wordine e resulting from holistic procedures have been enforcedsacvarying
chips yielding non-uniform benefits.
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The idea of placing a 3T1D next to a 6T SRAM is to gather teakage \\t ;é; f//‘gﬁl’w,e'ow Y

sufficient information about the functioning of the SRAM dswn

in Figure 4. We would like to leverage their functional eqlénce Fig. 6. Power/Performance Binning

to garner meaningful data about their structural dispitiThe most

important factor to be taken into account while sizing thd BTs the An approach of finer-granularity binning based on
read/write speeds of the adjacent 6T cell. This is primaolynake power/performance is shown in Figure 6. In contrast to tharsm
sure that the system is unaware of the existence of the 3THidinyg grain approach depicted in Figure 5, this mode of classifioat
all the synchronization and control information within ttead/write makes it possible to reduce bounds within which a chip isquac
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into a given bin. Further, it makes it attractive to extenalsa
mapping scheme to different regions on-die to account foaidie
variations. It is well established that both power and penence are
transient and by generating this table-based data, oredisters can
be frequently updated with this information to be made abéd for
cross-layer optimizations. In [18], it was shown that untier effect
of v, variation, leakage can be as high as 4.7X in comparison
the leakage at design time. Nevertheless, these chips cesstoeed
to their original power configuration for a minimum perfonnca
overhead by iteratively assigning high, to delay non-critical paths
and reducing the standby supply voltage of idle blocks. Hawve
such optimizations also assume a standard percentageasecie
vy, irrespective of the composition specific to each chip. By imgk
the power/performance bounds more tight during binningcudt
optimizations can take advantage of the better cognizafticéheo
composition. Assuming that under the effects of static alality
it is possible to discretize systems based on their diffezeimn
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Power/Performance Bin Classification based on RetéAccess Time

Our proposed power-bin classification architecture is shamw
Figure 7. The output of the cache array is linked to an addectwh
has the feedback of a clocked register. The register is ethek a
frequency bounded by the pulse width of the minimum diffesen
between any 2 adjacent bins. The total number of bins to bd use
for classification is user selectable. With increase in nemdf bins,
titose that are adjacent to each other will exhibit retentioves of
very small differences. In order to amplify such small diéleces for
discretization, higher frequencies can be employed. Thedlection
procedure is initiated by writing a 1 to a 3T1D cell and sigmgla
read access and constantly holding the read-wordline figh output
of the sense-amplifier after a given period begins to decayoAg as
the output is high enough to signal a 1, the adder incrembatsalue
of register by a 1. The register is incremented at a predé@tedn
frequency whose clock period is low enough to make sure adjac
bins exhibit a difference of atleast 1 cycle as shown in Fedwr

retention and access times of the 3T1D, we have discussedva ne

binning approach that enables classification based on pawdr
performance. It was also demonstrated that it can adapt tower
dynamically and expose the difference in composition noly on
across chips but within them as well. In the next section, iseuss
one possible methodology for discretization based on tieterand
access time.

B. Discretization Architecture

As temperature has a more observable effect on the retetirien
when compared to access time, we begin with the classificaised
on power. The retention time is in the order;af only when there are
no accesses to a given cell. In other words when the readliwerd
is not strobed. By holding the read-wordline high continslguthe
retention is reduced by nearly 20X. It is this window of fewnkdued
ns that is deeply impacted by temperature. The measuremeeirgch
just has to convert this nanoseconds into something meassuoa-
chip. In this case, the simplest solution is to count the sddp
number of cycles. Any scheme that involves a delay-to-pcilsriitry
generates a clock cycle for every period that the output efcéche
array is held high [19]. In other words, the counter with a-pulse
width clock measuring a signal lasting typically few micrecends
will result in an output of a 100,000 thousand cycles. Theelothe
leakage, the higher the retention and so higher the numbeutpfit
cycles. In addition to very fast response, the only otheaathge of
using high frequency pulses is the large difference in dutycles
between adjacent bins. This pulse and the clock rate of theepsor
may be different, although for the sake of simplicity we sesjgthe
use of multiples of the clock rate of the processor.
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Fig. 8. Number of Output Cycles Vs Power Bin Number

It is clearly observable from Figure 8 that the cycle coustéases
with the bin number. This is in direct relation to the factttreducing
leakage along bin number corresponds to increasing retetitnes
which is reflected by the increase in cycle count along theig-a
Some researchers may argue that it is not a viable option e ha
a frequency divider for bin-classification purposes. Thmpdest
solution to the problem would be to design for a frequencyt tha
would cater to the maximum number of bins, for instance 64. If
the user intends to classify based on lesser number of bays8s
classification is performed by grouping into bins which andtiples
of 8. This way in an 8-bin classification using 64 bins, bin 8uldo
represent 1 and bin 16 represents 2 and so on.



Look-up-table (LUT) as shown in Figure 7 is created staltcat
design time. This information is composition independend aan
be loaded into control registers at run time. They are blgicaed
for comparison of observable cycle count to obtained cydent
for classification purposes. The basic format of the tabls &a
entry listing the cycle count for the first bin. For every néxt, the
cycle count is incremented by 1. The extended version of tH& L
is also shown which will be explained in the subsequent secti
When area is not a constraint, and bounds of each bin have to
very tight, frequency dividers can be used for sharper uwtiswi.
While the classification frequency for a given-number-wfsbis a
factor of the frequency for another set of given bins, the esalmes
not hold true for cycle count. This is primarily due to vaidat in
leakage dependent on random variations. As a result, tHe cgant
of the first bin for every target-number-of-bins is loaded &me rest
obtained by a simple add.

In order to classify based on performance dependent orcairiti
path delay, we determine the read access of the 3T1D cell.
access time is computed as the time from control-word tidta
till the output of the sense amplifier going high. Under theaet
of spatial variability, for a set of 500 samples, the acceswes
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Fig. 9. Power/Performance Binning using Shadow Cells

power, low performance bin. This phenomenon is charatierie
our single frequency grouped-levels binning methodoldgg/the 4-
bins have been approximated by scaling the 64-bin classificahe

Tlﬂ%unds of each bin are loose resulting in misplacement ofimax

power, low performance chips across the 3 immediate nergidpo
bins along its Cartesian co-ordinates. By re-running theukitions
adjusting the input-pulse frequency specific to 4-bin dfasgion, a

have been found to vary between 14-18% when maintained apcgp&derable number of samples were categorized into tixémmen

fixed ambient-temperature. This translates to a differasfcabout
400ps between the slowest and fastest chips. In effect efperation

between adjacent bins can be as low as 6ps. As a result evéir myl

Ghz frequencies for a 64 bin classification will not sufficchus
for multi-Mhz frequencies, the maximum target-number afsbis 4.
The procedure to measure delay in terms of cycle count islaimi
to the one proposed in [19]. A signal with a very large pulsdtivi
is XOR’ed with the output of the cache array. The clocked ¢eun
starts incrementing on enabling the control signal. As lasgthe
output of the sense-amplifier is 0 and large-pulse widthaiigh,
the counter is incremented for every cycle of the input clécksoon
as the output of the sense-amplifier reaches a high, theingwstbps.
Orshanskyet al. [20] have characterized the impact of of threshol
variability on delay(D) using the following relation,

D Leyy-Vaa/(Vaa — Vin)® )

where « is the velocity saturation assumed to be 1.3 for 45n
technology node. It is evident that delay is highly depehdenthe
inverse of the difference in supply voltage and threshatdother
words, for a fixed threshold by reducing the supply, the atiese
will increase considerably so as to make possible the armgtiifin of
adjacent performance bins. Under zero-spatial varighalitambient-
temperature, the difference in access time of the shaddvbesleen
1.0V and 0.6V is 4.7X which is magnified even higher whe
considering process variations. Thus the target numberinsf ¢an
be significantly increased by lowering the supply voltagauting in
the increase in delay.

On the outset, the entire scheme may look very slow incapa
of reacting to high frequency variations. This frame of thlotican
be eliminated by considering the example below. We simdlite
entire procedure on a shadow-cell based cache design alitimghe
discretization module implemented with 45nm PTM librani]2n
the HSPICE simulator. Multi-level quadtree based varigbicheme
was incorporated to account for cross-die and intra dieatians of

~

generated from monte-carlo simulations were measuredy usia
discretization architecture. For a fixed supply voltage ®f the
classification was performed for 4 binning levels of perfance and
power. The results of the final classification is shown in Feg@.

power, low performance bin. Majority of the chips have betated
in the high performance, low power bin indicating the gocsnef
e yield. During circuit operation, dynamic variationgpan at such
ine granularity that it is not possible for the chip to movere
its polar co-ordinates. Thus there is a fixed probability dingps
belonging to the low-high(high-low) bins move only to onetbé 4
bins along the Cartesian direction. Chips placed in extrbing can
move in 1 of 2 directions and the remaining 8 in 1 of 3 direcdidBy
loading the cycle-count of every neighboring bin at run tinvéhin 4
comparisons dynamic variations of any chip placed in anychimbe
tracked and appropriate response mechanisms initiatesl.bifiming
also can detect stuck-at faults. All measurements that gmwbthe
@ottom bin indicate a stuck-at-zero fault and all measurgsméhat
go beyond the maximum bin can be considered as stuck-atanitts.f
Since hin classification can be done periodically a cell caverin
(and out) of the fault at every period. It then depends on atjpey
stem or any control system to decide whether to use thisocel

o
ot.
V. APPLICATION

A. Temperature approximation under Spatio-Temporal Variability

Many smart temperature sensors (STS) exploit the delaghidity
across temperature characteristic for sensing the vammtiAs tran-
sistors are easily affected by process variations, elébaalibration
mechanisms are often used for compensation. This wouldtlgrea
increase the complexity, area and testing costs [22]. Hewdéor
non-critical applications such as everyday computing, sugament
ldecuracy can be traded-off for simplicity in design. Thi®mpts
the need for an on-chip based temperature approximatioanseh
Without any addition to the existing hardware, we create patvies
in the LUT for temperature approximation as shown in Figur&tve
cycle count is dependent on the lowest measurable temperats
we do not require a complete military range specificatioff °C to

125 °C), the system can be designed to sense temperatures between
v, @andlefy. The access and retention times of 500 cache sampRs°C & 110°C. The exact same procedure enforced for power

binning is employed for temperature approximation withi@°C
granularity. From Figure 10, it is evident that there is tsgping
in the number of output cycles across different temperatuifdis
is primarily due to the effect of cross-die variations. Theeaded

It is strange that no chips have been placed in the maximuwmarsion of the LUT has one entry for every bin number corradpt
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Fig. 10. Distribution of Number of Output Cycles Across Tesrgiure Range

to the cycle count of the lowest measurable temperaturesttose-
qguent temperature levels, a difference of 1-3 cycles froenlthwer
temperature is accommodated. This approximation can lieratdd
by taking advantage of the delay dependence on temperatdréoa
extra area overhead, store entries for cycle count obtdmoad the
delay test. The 2 different values obtained for the same ¢eatpre
are compared with the entries in the LUT for better approxioma
If both entries point to the same temperature but from dffiebins,
a complete re-binning is enforced.

B. Tracking and Tolerating Low-Frequency Dynamic Variation

As high performance is traded off for reliability by signditt
reduction of guard bands, it becomes imperative that forecor
operation reliability ought to be restored by monitoring thystem
functionality across its lifetime. The effect of processri@tons
worsens the scenario by altering the composition of micopssor
that Mean Time to Failure (MTTF) is not the same across differ
processors. Further, runtime temperature variation seethe circuit
causing fatigue deformation [2]. A figurative represemtatdf such a
phenomenon is shown in Figure 11. Our proposed power/padioce
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Fig. 11. Monitoring Low Frequency Dynamic Variations

binning scheme can be used for classification early in tlegirife of
the chip. It is possible to define reliability guard bands dgnitifying
emergency scenarios in terms of power/performance. Torerefhe

activity, certain chips degrade faster than others as icaise of Chip

2, thereby prompting the need for corrective measures. 8ytifying

the direction of flow of bins over a given period, a definitive
measurement of degradation can be enabled. The changenih tre
can be reported to the operating system for remedial opditioizs.

VI. CONCLUSION

With reducing feature sizes, process variations are bewprai
tough-challenge to cope with. This is worsened by high power
densities making reliable operation tougher. In order tovigle a
platform for power/performance optimizations, it beconmaportant
to make systems aware of their own composition. In this paper
have presented a novel binning architecture that can beedain
processors for self-classification based on power/pedooa. The
scheme proposed uses variation-tolerant 3T1D cells enelgeddo
a conventional 6T-SRAM based cache for monitoring of prsces
structures, memory in particular. It was also shown thag, ghme
design can be extended for temperature approximationhé&wirby
monitoring low-frequency dynamic variations such as agamy
degradation, system reliability can be assured acrossiftigrie of
the chip.
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