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Problem:High DRAM Latenc
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Major bottleneck for system performance
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Historical DRAM Trends
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DRAM latency continues to be a critical bottlen
Goal Reduce DRAM latency at low cost
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Why Is DRAM slow?
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DRAM Organization
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DRAM Cell Array: Mat
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Cell Array (Mat): High Latenc
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DRAM Cell Array: High Later

Inside mat

ANarrow poly wir
¢ Large resistance
¢ Large capacitan
A Slow

ASmall cell

Outside mat e
AThi . ¢ Difficult to detect
Thick met_al Wire data insmallcell
¢ Small resistance A Slow

¢ Small capacitance
A Fast
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DRAM cell array (mat) Is
the dominantlatency bottlenecl
due tothree reasons
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1. Long Narrow Wires

@ Long narrow wires:
enables small area,
Increases latency
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2. Operating Conditions

@ Operatingconditions:

differing latencies,
O uses the same standard valt
o optimized for the worst case

e.g.,small celvs.normal cell
e.g.,hot vs.cool
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3. Distance from Peripheral Lo

€ Distance from @ripheral logic

differing latencies
uses the same standard vall
optimized for the farthest cel

e.g.,near cells.far cell
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Three Sources of High Laten

@ Long narrow wires
A TLDRAM

@ Operating conditions
A AL-DRAM

© Distance fronperipherallogic
A AVADRAM

Goal Reduce DRAM latency at low cost

with three approaches
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Thesis Statement

DRAM latency can be reduced
by enabling and exploiting
latency heterogeneityn DRAM
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Outline
L. TEDRAM R R oA cture
2. ADRAM  Qrmzngoras eny
3 AVAD RAMIE)?VI%?(%?OltEISAA%rIﬁ%%?Sr riation
Prior Work
Future Research Direction
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LongBitlineA High Latency

DRAM cell
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TradeOff: Areavs. Latency
LongBitline ShortBitline
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TradeOff. Area vs. Latency
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TradeOff: Areavs. Latency
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Approximating Bestf Both World:

LongBitline ShortBitline
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Transf.tg;switlineA Fast
SAFARI 19




Approximating Bestf Both World:

LongBitlir TieredLatency DRAMortBitline
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TieredLatency DRAM

A Divide abitlineinto two segments with aisolation
transistor

i

|Isolation Transistor
Near Segment

Sense Amplifier
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Near Segment Access

A Turnoff the isolation transistor

Reduceditline length
Reduceditline capacitance

C Low latency &w power

Isolation TransistoO(f)
Near Segment

Sense Amplifier
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Far Segment Access

A Turnonthe isolation transistor

Longbitline length
Largebitline capacitance

Additional resistance of isolation transistor

A High latency & high power
QOOQQC

|solation TransistoiO(1)
Near Segment

Sense Amplifier
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Commodity DRAM vs.-DRAM

A DRAM LatencyRQ A DRAM Power
+49%

150% 150%
+23%

0% 0%
Commodity Near Far Commodity Near Far
DRAM TLDRAM DRAM TLDRAM

A DRAM Area Overhead
~3% Mainly due to the isolation transistors
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Latency vs. Near Segment Lel
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Longer near segment length leads to

higher near segment latency
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Latency vs. Near Segment Lel
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B Near Segment m Far Segment
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Near Segment Length (Cells) Ref.
Far Segment Length = 54 Rlear Segment Length

Far segmentatency is higher than

commodity DRAM latency
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TradeOff: Areavs. Latency
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Leveraging Tieredatency DRA

A T-DRAM is substratethat can be leveragec
by the hardware and/or software

¢ Use near segment as hardwarmanaged cache
to far segment
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Performance Energy Evaluatio
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Using near segment as a cache improves

performance and reduces energy consumption
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Summary: FDRAM

A Observation
¢ Longpitinesarethe dominantsource o0DRAM latency

A Idea

¢ Divide a lon@itlineinto two shortersegments
A Fastand slowsegments

A Tieredlatency DRAMEnablegatency heterogeneity

¢ Canleverage this in many ways to Improve performance &
reduce power consumption

A Performance & Power Evaluation
¢ When the fast segment is used as a cache to the slow se
A Significanperformance improvemelrit12%) angower
reduction(>23%) at low area cost (3%)
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Outline
1. TEDRAM B s tneArcmacure
2. A-DRAM  Qptimizing DRAM Latency
3. AVADRAM S i Archiectideriation
Prior Work
Future Research Direction
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DRAM Stores Data as Chairt

DRAM caell

Three steps of
charge movement

1. Sensing
2. Restore
3. Precharge

Sense amplifier
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DRAM Charge over Time

A cell

cell

Data 1

charge

Sense amplifier
Sense amplifier

Data O

Timing Parameters Sensing " Restore time>
In theory
In practice

Why does DRAM need the extra timing maire
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Two Reasons for Timing Maure

1. Proces¥ariation
¢ DRAM cells are not equal

¢ Leads to extra timing margin for cells that can
store large amount of charge

2. Temperature Dependence
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DRAM Cells are Not Equal

|deal Real_ smallest cell

ell

Cone egion n SR 0,
aﬁﬁl@lé@r on in &t latency

Large variation in access latency
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Two Reasons for Timing Maure

1. Proces¥ariation

¢ DRAM cells are not equal

C Leads taextra timing margirfor cells that can
store large amount of charge

2. Temperature Dependence
¢ DRAMeaks more charge at highiemperature

¢ Leads to extra timing margin when operating i
low temperature
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Charge Leakade Temperature

Cells stoed satadpehargd-atdei¢iakepsperatul
and large charge at low temperature

A Large variation in access latency
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DRAM Timing Parameters

ADRAM timing parameters are dictated by
the worst case

¢ The smallest cell with the smallest charge
in all DRAM products

¢ Operatingat the highestemperature

A Largetiming margin for theommon case
A Can lower latency for the common cas
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) DRAM [Tesiing IRHastructl

lemperattl
Controller




ODbsl. Faster Sensing

Typical DIMM at 115 DIMM
Low Temperature characterizatior

Timing

ilililil“lil; Strong charge _
;2 flow M T2 3
_ Faster sensing No Errors

Typical DIMM at Low Temperature

A More charged Faster sensing
SAFARI 40



Obs2. Reducing Restore Tiir

Typical DIMM at 115 DIMM

Low Temperaturel_arger cell & characterization

Less leakag€ Read tRAS)
Extra charge n"n
O T.=z

No need r:o fully Write ( tWR)
t
restore charge 540/@

No Errors

Typical DIMM at lower temperature

A More charge”A Restore time reduction
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