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Sense Amplifiers (Alternate)

........

Half Latch Based - Full Differential

Current Mirror Based
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d Memory Arrangement & Timing Diagrams
 Alternative Cell Types (6 to 10T)
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 Array of 2k bits => K address
bits?

Memory Architecture
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Memory Architecture

« 2" words of 2™ bits each, If n >> m, fold by 2k into
fewer rows of more columns

bitline conditioning

wordlines
i'"" ': JEE N S I <« Dbitlines
V|3 M
= |0 | memory cells:
1 Q
—> 2 ! 2K rows x
18 [Ie ~ | 2™* columns
R
W R
k I column | :
Mgy dreuty | For read & write:
N1 column b e b A __ ) NFET
only based ?
i decoder' -¢- .¢- ¢- -¢. y

2™ bits

Good regularity - easy to design
Utilization = Cell Area / (Cell + Periphery Area)




Memory Folding
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Why memory is folded?

« To improve aspect ratio by column multiplexing

— E.g.: 2Kword x 16 can be arranged as 256 rows and 128
columns

— 8:1 MUX are used to read 16 desired columns out of 128

* To improve soft-error immunity

— bits of a word are not placed next to each other
 Single-bit soft-error can be corrected by ECC




Bit Interleaving
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« Easier to fit SA in the width of ‘N’ bit cells, rather than 1 (as in the case of
unfolded memory)




Column Select and Half-Select Issue

W YaWaVaW WaWaVaW WaWaVa W

selected column non-selected column

Prevents multiple-bit soft error
Better aspect ratio

Selected for

- _/ WRITE

Disturb failure
can occur




The Balancing Act

T

L E:] E]__I_

v

Large N: Better READ performance. If too large, trip voltage of inverter becomes so low
that cell becomes unstable.

Large A: Better Performance. If too large, storage node voltage goes high during READ,
causing cell flip

Large P: Increase stability. If too large, hard to WRITE




High Performance vs Dense Cells

W _PU W_PD
> —>

High-Performance and READ stable
* Wpp >> Wy for READ stability

* Low READ access time
* Large cell footprint
 Less RDF induced V7 fluctuation in PD

* Microprocessors etc.

Dense and WRITE stable

* Wpp ~ Wpg for WRITE stability

« Large READ access time

» Small cell footprint

» Large RDF induced V7 fluctuation in PD
* Dense applications — PDA etc.

» Maintain read stability by preventing increasing
Vmin_cell (dual supply arrays)




Topics

d Alternative Cell Types (6 to 10T), Asymmetric Cells, Sub-
threshold Cells, Low - leakage cells
Modified to
 Alternative Cell Types
ASplit word line with single ended read
dAssymetric cells
dDecouple Read/Write Cells (8T Cells)

dRegenerative Feedback

dIimpact of Variation
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6-T Single Ended Read

R/WWL o
WWL ?

A pL |o PR

o El]ﬁ" -

il

WBL R/WBL

 Split word line for Read and Write READ : RIWWL = VDD and WWL = GND
 Single-ended Read / Differential Write
* Full swing domino Read with short bit line WRITE: RWWL = VDD and WWL = VDD




Reduced bit-line swing

R/WWL o

* Duration of word-line being ‘ON’ T
Sufficient for bit-line differential (or)
Sufficient for bit-line droop to detection threshold

R/WBL




Refresher Question

Decreasing the size of only one side of NFET transistors
will improve the cell

a) Cell density

b) Read margin

c) Write margin

d) Hold margin

Slide 17



Asymmetrical 6T SRAM: Device Sizing

® Read word-line separated from Write word-line
e Single-ended Read, differential Write

R/WWL ? 1.0 L € c|
WWL Shift of Q vs Qb curve
1 0.8 —_— Sym.6T
Pm /ﬁ/PR N - — Asym.6T
0 S0.6 with minimum size
. W/ A o]
Weaker Q c NL
NR 0741
read
0.2
Make thetwosides | | a40mv —\N_ _____

WBL unbalanced R/WBL 0.0

_ 00 0.2 0.4 0.6 0.8 1.0
Trip voltage of PL-NL Q (V)

pair goes up

Asymmetry could be achieved through VT selection as well




6T Asym SRAM in Double Gate Technologies

e Bias back-gate of NL to GND. Front-gate as cell device & sizing down NL
e Left and Right SNM become comparable
Optimal SNM of asymmetrical cell

— Cell 3 w/ NL=0.1um

1.0
R/WWL ®
WWL T 300 mV
0.8 —— 270 mV
PL P H PR = (S:ZJT.:T/ NL=0.25um
AL E — W, =U.2oU
5 ~L|

0.6
oy 3
NR

WBL R/WBL




Workhorse 6T-Cell

v

BL=GND BLb=VDD

Pull Up Xr

Access Xr: On

Data driven on bit - lines
Data Flipped by over-
coming pull-up / pull —
down Xrs

READ HOLD
WL=VDD WL=0
. T
e e
’/‘ Iread
Lb=VDD

BL=VDD

Pull down Xr

Acess Xr: On

BL, Blb pre-conditioned,
and then floated, one
line discharges thru the
cell (Iread), voltage
sensed, Data Retained

Access Xr

Access Xr : Off
Data Retained, due
to back-to-back
inverters




Asymmetric MOSFET

Tilted implantation for
asymmetric S/D extension

508 - B\

Sym. MOSFETS_

Single Sided Halo Modified Halo \ Modified |mp|ant

E
S!GlD slGlD lne@y

Asymmetric MOSFET can be realized in multiple ways

Net Effect: | (drain — sourceﬁ = | (source — drain)




Asymmetric Access Transistors
WI= = Vpp
T
o )
L§=0 |J Ll VR§=VDD
BLb= VDD BL= VDD BLb=0
Read Operation Write Operation
* Access Transistor in Fwd * L and R Access Transistor in
Mode Fwd and Rev Mode respectively
 Weaker than in Sym. Case
* Read Disturb Noise Reduced




Asymmetric 6-T Cells

RIWWL . Sym
WWL NL PL° AR
T

PL P As.ym Active
_W_E, Size I
r Asym AL Hng,rt\er
vt _ "AR doping

WBL R/WBL
Asym WeADS BmPRENRE  S-Dare

distinct

Device mNLmpEmg saRSE




Question
O Which of the following is not true wrt asymmetric 6-T sram
cell
a) Assymetric transistors can be used for pull down and access
transistors
b) Assymetric sizing based sram cell has reduced pull down
width on the side opposite to the read bit-line
c) Assymetric VT based sram cell does not provide any area

benefit

d) All asymmetric transistor sram cells need single ended read

Slide 24




Decoupled Read — Write Bitlines

RWL

©
WWL
- j READ
P q ;I ": Path

.
L
.
. ..
°. g
*
. Y
.,_v

WBL WBLb RBL




Decoupled Read — Write Bitlines

1.0
y NO read 6T :
0.8 |\ disturb 0.197pm’
— 152mV SNM, :
D E - — - 1 ™ eLh s
s = ER
0.4} | " ;
Fan -m LT 11T [ o
0.2F ) L
v [
L - _ i
D_ﬂ N L . L . L . L e |




Half-Select Disturb

During a Read or Write operation, half-selected cells on the selected word-
line are actually experiencing “Read” operation

— Disturb similar to Read-disturb

‘1! 51, ‘1, ‘0,

snnnnnn, FLLELLTS PYTTTTTENN D N B BF-LLILITS

Selected for

/ WRITE

Disturb failure
can occur




Half-Select in 8T

* Array architecture approach
— No column select. Floorplan such that all bits in a word are spatial
adjacent

« Gated Write wordline signal (Byte Write)
— Local Write wordline “on” only for the selected block

 Write-back scheme
— RWL activated even during Write, all cell data in selected WL read
out to D-latches
— Dataout is then written back to half-selected cells




WWL=VDD | 1 |

8T cell column |

RBL

0(1) L —
WBL 1(0) weL
A \/ W& 0(1)

|

‘ Write
| ;.| Back

Din_ b Din

Half-selected (WB)

|
8T cell column

RBL
WBL BL
VARV
Write
—— %%
Din b  Din

Selected (WR)

RBL

WBL

Delayed Read-Modify-Write

Delayed WRITE

w1 R1

R pch R pch

WR/
WB

Allow the column-select in 8T cell array by replacing “WRITE”
with “READ-MODIFY-WRITE”

One cycle delayed WRITE: Relaxed timing, No bandwidth loss




Question
O Which of the following is true wrt decoupled Read-Write 8T
SRAM Cell
a) The RBL needs to be on the side of the BL-bar
b) It is possible to be read and write to the different cell in the
same column
c) The 6-T portion of the SRAM cell is optimized for ‘hold’
operation

d) Memory folding cannot be done with 8-T cells
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Conditionally decoupling regeneration

VDD: Read

WWL 0 WL I

—— 9
VDD

i T |o- -o| PR _l_
[ |A VL. ! VR[AR
VDD $_o —

NR

BL

BLb




Conditionally decoupling regeneration

VDD: Read

WWL 0 WL I

—— 9
VDD

— PL F} 44 PR 1

[ [ac]w | VR [xR
VDD 1 $_o =
—| NR
¢ BLb
lIWL

- NL

0: Read

BL




5T SRAM

VDD




Worst case read condition

BL
BCO Acces.sed“ce’:,ll,
storing 1

Ileakv Unaccessed
: cells, all
. Storing CCO”

' BCn
Ileak J

<

: Worst case Bitline Leakage when reading a “1”
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