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CMOS Voltage Scaling
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* Need: A memory compatible with the limits of
static CMOS logic

e Solution: A voltage scalable, single-supply, 8T
SRAM with no dynamic assists that minimizes
area and standby power



Features of This Work

 AC-Coupled Sense Amplifier (ACSA)
 Regenerative Global Bitline Scheme
 Data-Retention-Voltage Sensor



Sensing Approaches
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Sensing Approaches
CONVENTIONAL TECHNIQUES THIS WORK
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AC Coupled Sense Amplifier (ACSA)
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AC Coupled Sense Amplifier (ACSA)
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AC Coupled Sense Amplifier (ACSA)
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AC Coupled Sense Amplifier (ACSA)
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AC Coupled Sense Amplifier (ACSA)

8T bitcell 256
R%ém y :jloi’

[§_0| -
+

[Vl
Thick oxide —  [x -
MOS capacitor

EqualizePMOS—| ¥ [¢

Sensing/ )
PMOS ‘ == Dynamic
<« output

._ C, ~ 2fF .




AC Coupled Sense Amplifier (ACSA)
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AC Coupled Sense Amplifier (ACSA)
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ACSA Operation
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ACSA Output Current

Transfer Characteristics
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Offset Compensation Reduces Delay
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Offset Compensation Lowers Vy,
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Regenerative Global Bitline Scheme
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Regenerative Global Bitline Scheme
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Die Photo and Area of Sensing Network
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Measured Read Access Time
2]

N
Bank7
g (512 rows)
S
Clock c £
Buffering ® ™~
BankO
_d (512 rows)
V
5 5 0
S% @ O

ACLK




Measured Read Access Time

oil Measured Read Access Time
V/\\
Bank7
g (512 rows)
E —
Clock : £ =
. h“ [ S
Buffering e = o
£
BankO =
_d (512 rows)
Vv
X X @
Q O O | . .
| | | |
tA_ 0.4 0.6 0.8 1 1.2 1.4
CLK | <> VDD [V]
ACLK * The two measurements below 0.65V

require partial turn-on of a bleeder PMOS.
22



Data Retention and Standby Power
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Knowing the limit of the data-retention-voltage (DRV)

enables dramatic reduction of standby power. -



Current Approaches to the DRV

i

PMOS Diode: Nii et al.

T] Vref

Active regulation: Hamzaoglu

2003 VLSI, Pilo et al.
2008 ISSCC
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Conventional approaches cannot track global variation
and require separate knowledge of the DRV.
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Tracking the DRV

The DRV is a function of process corner and temperature.
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Bias Array voltage to: Calibrate against known
VDD —-VSS=2xV; DRV distribution.

Key challenge: Predict the DRV on-chip while preserving the
state of the memory and the array efficiency of the design.
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50 Measurement with 20 Sampling

General method,
Easy to implement

Efficient utilization
of resources
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The DRV Sensor Overview

v/‘lmplemented off-chip in this work

e Single column of 256
memory cells for each
32kb half-bank

e < 2% area overhead
o Split supply wiring
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DRV Sensor Cell with Split Supplies
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Skew on Supply Emulates V; Shift

-
Vi é*ov V2 = 100mV General matrix representation:
“off” AV 1eff] 1 —1 0 0
P M1 l’— "'E l__l_ AVroefs 0 1 1 0] [V1]
— 1 -1 AVrsege| 0 1 1 0 V2
— o M — AVrserr]l |0 0 —1 1] |V3
AVrsesr 0 0 1 0| V4.
— ME" = M4 O \—ﬂ VT6eff—j \-0 —1 0 0-}
= “on” “off” - Y Y —
V3 =0V V4 = 0V AVier = To-1 v
T T | * positive V; convention for PMOS devices.

Example supply skew (Q = “0"):
= AV, = [-100mV 100mV 100mV 0 0 —100mV]

Effective threshold shift achieved by degenerating VGS
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The DRV Sensor Algorithm

Given oy P| Select first of three skew directions
\_/-\ *
g P Program DRV sensor cells to “0”
Lower to VDDAR to VDDx
Apply and remove voltage skew
Adjust +
magnitude of Raise VDDAR to full VDD level
skew towards

50% failure rate

A

No Read DRYV cells

and check for 50% fail
Rate (flip to 1)

Record

Select next
skew

magnitude of current
skew and check if all three
skews have been

Solve linear system to obtain SNM coefficients and

evaluate Pf
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The DRV Sensor Algorithm

Given oy P Select first of three skew directions
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The DRV Sensor Algorithm

Given oy P| Select first of three skew directions
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The DRV Sensor Algorithm

Given oy P| Select first of three skew directions
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The DRV Sensor Algorithm
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The DRV Sensor Algorithm

Given oy P| Select first of three skew directions
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The DRV Sensor Algorithm
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DRV Sensor Measurement Results

10

015

B}

Retentlon Failure Rate (0 — 1) Versus Supply Voltage

| ——From 512kb main array
| —&—From 256b DRV sensor skewed to 50%

| —— From 256b DRV sensor skewed to 25%

02 025 03

VDDAR [V]

035

~75% Stable AVTZ

Projection of
failure boundary

~25% Flip

, AVT4

The spherically
symmetric sampling
of V; mismatch
enables the

Insertion of margin.
38



512kb Macro Summary

row decoder

256WL
X
128BL

(+ 2 dummy rows)

DRV COL

control

write drivers
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write drivers

Oreanization 4096 words x 128b
5 (in 8 banks of 64kb)
45nm High-
Technol
eUnotosy Performance SOI
Cell area 0578um"
Sense Circuit Area 2
Supporting 512b 20.9um
Access time at 1.2V 400ps
Access time at 0.57V 3.4ns
Active Power at 1.2V
(extrapolated from 169mW
100MHz to 1.25GHz)
Leakage Power at 1.2V 338mW
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Conclusions

 AC-coupling is viable on a finer scale In
advanced CMOS technology.

« Variation-tolerant sensing networks are needed
to operate closer to the fundamental voltage
scaling limits of the bitcell.

 Statistical fluctuation can be predicted on-chip
by recovering the functional relation between
variation parameter and performance metric.
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