ECES20 — VLSI Design

Lecture 23: SRAM & DRAM Memories

Payman Zarkesh-Ha

Office: ECE Bldg. 230B
Office hours: Wednesday 2:00-3:00PM or by appointment
E-mail: pzarkesh@unm.edu
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Review of Last Lecture

J Nonvolatile Memories

e EPROM
e EEPROM
e Flash
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Today’s Lecture

O Static Random-Access Memory (SRAM)

e SRAM cell
e SRAM architecture
e Sense amplifier

0 Dynamic Random-Access Memory (DRAM)

e DRAM cells
e DRAM Capacitor implementation
e DRAM Sense amplifier

0 ECE 638 (Spring ‘16) — ST: VLSI Design & Testing
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SRAM Cell

0 SRAM cell is quite similar to flip-flop without any protective
circuitry

O Therefore, reliable operation imposes transistor sizing
constraints.

O Cell is selected by word line (WL=1) and read and write are often
differential

WL

TBL >4
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6-T SRAM Cell

0 SRAM cell consists of 6 transistors (6T cell) with differential BL

O When reading, BLs are at VDD and have high capacitance

e This is essentially a short to VDD for both side of the cell
e The side at logic one is unaffected. e.g. Q at VDD and BL at VDD
e Node Q is pulled up by the voltage divider of two NMOS transistors

WL

L

£
L]

BL
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6-T SRAM Cell — Read operation

0 The pull down must be stronger than the access transistor

e The access transistor is then generally narrower and longer channel
e Read margin is greatly affected by process variation

0 The amount of voltage rise at Q node, AV is computed as follow:

Vmin=m i n{VGS'VT! VDSa VDSAT}

Vq par—small then:
M1 in Linear region
M5 in Velocity Saturation

W,/L,

WL

DD

Chit T

: V 5sat AV?
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AV = Vipsarn + CR(Vpp =V, - ‘\/VES.-‘;THH +CR) + CRE(VDD - an)z
- CR
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6-T SRAM Cell — Read operation

0 Pull down NMOS must be stronger than access transistor to

prevent read upset

0 For 0.25um technology cell ratio, CR, must be larger than 1.2

1.2

4 \\o\ >

0.8 \
0.6 \ Safe operation
0
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6-T SRAM Cell — Write operation

0 The pull up PMOS must be weaker than the access transistor

e Write margin is also affected by process variation

d The amount of voltage at Q node, Vg is computed as follow:

Viin=min{Vgg-Vy, Vi, Vpgar}

Vgo=small then:
M6 in Linear region
M4 in Velocity Saturation

pR=W4—/L4
We /L

2

V 7 VDS'ATJ
ku__ Mﬁ(( VDD - VT!‘!) VQ - *Z_Q] = k,u. ."Irf4(( VD.D‘ - |VT;J‘ ]VDSAT;J_ : ]

2

3
2 M, Viosarp
Vo = Vop— V- ,\/( Vop= Vi) - EKLPR((VDD_‘VTHUVDSATH_ *j"—j]
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6-T SRAM Cell — Write operation

0 Pull up PMOS must be weaker than access transistor to make
the SRAM cell “writable”

Q For 0.25um technology pull up ratio, PR, must be smaller than
1.8
0.5 —
0.4 }
| / PR = Wa/la
WG/L6
0.2
0.1 Safe operation
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SRAM Layout

0 Layout must be symmetric to reduce process variation

inverter
pullup

inverter
pulldown

BL

strapped access fet

word line

bit line  bit line
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Real SRAM Cell

1 Real cells will have extensive
corner rounding and layer
misalignment

e Hence the cell will not be symmetric in
reality
e Note rounding and misalignment!

O Since there are a lot of statistics
in a large SRAM, e.g., 1IMB L2 has
nearly 10M cells (including ECC)
so random variation will work
against full yield

e This can be partly made up by
redundancy
e But solid cell design is essential

e Worst case process corners must be
used

-
.
h *
i
ol
¥
=
=
¥ ™ I
e p
Wik, ‘» —
| o
k"
1 -
L aGi=!
] :
i
L &
. - g ™ W ok - -‘~
[ -
= . 'ul._.__'-+
B el i
¥ o - G
; LR N
pa Ly B el —!
A - . N =
4 .
= - A 4
A P W 1 =]
= L
& - =
]
'] 3
g
[

Spot Magn

Ay

0-01-01 £221 rnm

TLD 6.1

3.0 30000y

=y

10.0 kY

A

ECE520 — Lecture 23 University of New Mexico Slide: 11



SRAM Read - Sensing

O The simplest reading is an inverter sense

e This is slow unless the BL is very short

O Generally, we want to use a sense amplifier

e Smaller swing on BLs (only about 50mv is necessary)

e The SRAM cell transistors are small and weak and BL has high capacitance.
Therefore, BL swing is very slow. Faster operation requires smaller swing.

e Smaller swing saves power (as long as we don’t drive the BLs with the
sense amplifier) by limiting swing on the BLs
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Sense Amplifier : Static

O A simple OPAMP can be used as sense amplifier

e Unfortunately in practice, it is very slow to respond
e This is static, since the output is only as a function of input

O This circuit has serious CMRR problems, particularly when both
inputs are near the VDD rail
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Sense Amplifier : Regenerative

 Consists of two inverters in a positive feedback configuration

e The input voltage imbalance V(BL) and V(BL) is put on SA and SA and then
positive feedback is enabled to amplify to the voltage rails

o dr
/\ | I—dq b_l—_d bJ
SA |— C _I SA
SAE "J

Yy ¥ Y

out out
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1T DRAM Cell

O Stored bit is held dynamically on a capacitor

O Very small storage cell — only 1 transistor

e Originally the capacitance was just the drain capacitance

4 Unfortunately, charge doesn’t scale — key to technology is
packing more capacitance into a smaller area over time

e Tow main approaches: (1) Trench capacitor, (2) stacked capacitor

BL

WL
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DRAM Cell Observations

d 1T DRAM requires a sense amplifier for each bit line, due to
charge redistribution read-out

0 DRAM memory cells are single ended in contrast to SRAM cells

O The read-out of the 1T DRAM cell is destructive; read and
refresh operations are necessary for correct operation

0 When writing a “1” into a DRAM cell, a threshold voltage is lost.
This charge loss can be circumvented by bootstrapping the
word lines to a higher value than VDD
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Sense Amplifier in DRAM

1 sense amp enabled with SE
O Initialized in its meta-stable point with EQ

1 Once adequate voltage gap created, positive feedback quickly
forces output to a stable operating point

llize
BL, [ 1 | BL
VDD VBL ‘\ V(1 )
|
5 |°— — VpRE
[ B DV (1)
L _r
|— —| V(o)
l:_TL Sense amp activated t
= Word line activated
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DRAM Technology — Trench Capacitor

O Capacitor is the trench under select line

0 The sidewalls and bottom of the trench are used for capacitor

d Trench is up to 5um deep

Cell Plate Si

Capacitor Ins

Storage Node

2nd Field O

Refilling Poly

'Si Substrate
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DRAM Technology — Stacked Capacitor

0 Capacitor is above select transistor | I
“FEOL
O Polysilicon vias to polysilicon Plates Capacitor
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Word Line
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Semiconductor Memory Trends
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ECE520 — Final Review

1 To prepare for the exam, you can find some problem sets on the
textbook’s website at
http://bwrc.eecs.berkeley.edu/lcBook/index.htm

A The final exam will be held next Wednesday, May 6" 2015 in the
same room (ECE 310) at 10:00AM

0 Good luck on your final exam!
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