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Storage Cells
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DRAM: Dynamic Random Access Memory
How long does “memory storage” last?

Cell capacitance vs Leakage current
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Storage Cell Structure Il
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DRAM Array lll (folded bitline)
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2 Bitline lanes through each cell (larger cell size)
Cell size: typically 8 F2

Better noise tolerance (common mode rejection)
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Challenge: How to get good noise tolerance
AND small cell size?
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An Aside: the Sense Amp

L T 1
Bitline I_R _O|

+14 }_*
44
-4 !

Bitline
SAN SAP
goes to GND goes to Vcc




High-Speed
Memory Systems

Spring 2014

CS-590.26
Lecture B

Bruce Jacob
David Wang

University
of Crete

SLIDE 15

UNIVE F MARYLAND

An Aside: the Sense Amp

s 1
Bitline |_%'O|
%

>

Bitline
SAN SAP
goes to GND goes to Vcc




High-Speed
Memory Systems

Spring 2014

CS-590.26
Lecture B

Bruce Jacob
David Wang

University
of Crete

SLIDE 16

UNIVERSITY OF MARYLAND

Row Access 0

Wordlines

SN

Bitline

I_‘

|
1 I

0 Ve
h h - 4 »—| |: input
o . v | q = 1 ' [:_qmte driver
- ref >

1
' " sensing voltage input
H H circuit eq. circuit [ v write driver
vref I
- [ P

output

Bitlin(;AN SAP EQ CSL WE
about to sélect this row (wordline)
timeline

Vcc+Vt

VCC

(vref) Vcc/ 2

7
T NJ

| —
AccessP Sense Restore Precharge
S — Y
trcD trp
S
tras

output




High-Speed
Memory Systems

Spring 2014

CS-590.26
Lecture B

Bruce Jacob
David Wang

University
of Crete

SLIDE 17

UNIVERSITY OF MARYLAND

Row Access |

Wordlines

0
i
-

L

Vee
*~— s 2 ,_| |: input
' I Cl I—‘ I v write driver
B I::

)/'/\‘ 13-V, o
' ' sensing voltage input
+ M H ( circuit eq. circuit _[ v write driver
ref _ I
Bitline 1 output
1 I~ I—‘

Bitline
SAN SAP EQ CSL WE

selected rf)w (wordline) activated
timeline

Vcc+Vt

VCC

(vref) Vcc/ 2

7
5 NJ

Gnd

| —
AccessP Sense Restore Precharge
S — Y
trcD trp
S
tras

output




High-Speed
Memory Systems

Spring 2014

CS-590.26
Lecture B

Bruce Jacob
David Wang

University
of Crete

SLIDE 18

UNIVERSITY OF MARYLAND

Row Access Il (sense)

1 Vref+
' ' sensing voltage input
Viett 1 —| —| SAN circuit SAP eq.circuit [ " write driver
re

- t g1
. 1 Bitline - 4

Vee H
2

" I - 2 '—l input_
»0 H o } 4 H i "_”:l_ﬂmtednver

Bitline output
EQ CSL WE

output

SAN and SAP control signals active
lower NFet more conductive, upper PFet more conductive.
Bitline pairs slammed to opposite voltage rails, then upper

NFet and lower PFet shut off completely. v Voot 1
ref ref

. . Voltage color chart
tlmelllne

Vcc+Vt

VCC

(vref) Vcc/ 2
ﬂ
Gnd

7
@\OJ

| —
AccessP Sense Restore Precharge




High-Speed
Memory Systems

Spring 2014

CS-590.26
Lecture B

Bruce Jacob
David Wang

University

of Crete

SLIDE 19

UNIVERSITY OF MARYLAND

Row Access Ill (Restore)

1 1
e et sensing voltage input
A ¥ SAN circuit  SAP eq.circut [t |, write driver
- o
Bitline 1 output
0 1 I Vee I_‘
th (e a adEE ’—| |: input
H H = . = — g [:_qmte driver
=} = 3 *
Bitline output
EQ CSL WE

Wordline kept open, now bitline potential drives the
full voltage level “1” back into cell. If the column is
selected, data is driven out to rest of the world.
0 Vref Vref+ 1
Voltage color chart
timeline

VeetV4of - - - - — — — (00— — — — — — — &

vcc

(vref) Vcc/ 2

Gnd

- —
Acces? Sense > Restore Precharge

Tﬁ W_/
RAS RP




High-Speed
Memory Systems

wreoe | Write (over old data)

1
CS-590.26 fh sensing voltage input
L ecture B 0 H ( SAN circuit  SAP eq.circuit _[ H write driver
- - t
Bitline output

Bruce Jacob - v =

David Wang al- él- +H 4+ 4 H[L input
H H I | = 1 . g I:ll_qmte driver
iversi — [ I

University ¢ $
of Crete <itline EQ 07- VE output
SLIDE 20

Wordline is still open, input write driver drives the
full voltage level “0” into cell. 0 Vet Viet™ 1
Voltage color chart

timeline

Vect+Vi - — = = = — — ; - — — -
Vet — — — — — — 4 — — — — — — e L
(Vref) Vcc/2 ﬂ @ N J
Gnd

| Lot
Accesg Sense Restore . Precharge
Write
Recove

twr  [RP

UNIVERSITY OF MARYLAND




High-Speed
Memory Systems

.. Decoders and Redundancy

CS-590.26 defect (hard error) o
Lecture B spare columns (bitlines)
R
Bruce Jacob QO
David Wang ©
3
University o O
of Crete T © on
(@)
SLIDE 21 o £ rows
O 4+
L®)
c
S N
° 8
c

column select >

m spare rows
(wordlines)

Challenge: How to get good yield and tolerate

Q *some* defect?

UNIVERSITY OF MARYLAND




High-Speed
Memory Systems

Spring 2014

CS-590.26
Lecture B

Bruce Jacob
David Wang

University
of Crete

SLIDE 22

\

UNIVERSITY OF MARYLAND

addlr'edss wordline
c:?lc?lc%\llc%q.“ vali WL
S Vcﬁ) voltage
L Y_CC

address Spare
valid wordline

WL
TS s Ia Vcﬁ) voltage
\P VCC
o
505 e

@ @ @ A

spare decoder (each spare row has one)

&) (laser) programmable link

Programmable Decoders |

) Fe-

functionally
equivalent to
NOR gate with
output that can
be disabled by
laser (or fuse)

T

functionally
equivalent to
NOR gate with
inputs that can

be selectively
disabled




y Higg—SL[oeed
emory Systems
o 2014 Programmable Decoders i
CS.500.06 az ap ay ag 4 address bits select 1 of 16 rows.
Lecture B %
Py \
Bruce Jacob an" D_®
David Wang i }@ Suppose that
l -
University gt —7 row OIqO1 00 is
of Crete g \ defective.
SLIDE 23 T3 )
[
\
u‘ D—@ ] ]
. ! 4+~ —— ~Dblast it with laser
t ] e
[
/
SR DA ™ replace standard
8 other rows not shown >,  decoder with
f Tt ~ T T T - g /spare row decoder
".' spare rows
[ 2
[
*—
d blast it with laser
T spare rows
.Q
[
(-
d3z + ds +adq + qdg




High-Speed
Memory Systems

. Device Gontrol Logic

CS-590.26 WE1; T e Tdatanl e ————— —
Lecture B buffer 8
| ) 18
Bruce Jacob | bater ] SDRAM logic g
: | i > 2
David Wang CASL# T o
— H )
University CAQﬁ:@O— ContrOI Loglc E §
of Crete no. 2 clock 8 3
! generator |- - refresh
I
SLIDE 24 | colﬁmn < % FPM I szseter counter
| address
: 1Ql/ buffer [1:0_» zg:r
I —®r address
addr refresh | register cgl;mn
b<us-r controller ™ | |—> 2ou;‘::f
12 refrvesh l———
| counter
I
I
| Remember SAN and SAP?
| Something has to control
RASH 1 sequence and timing
P Gonerator
L= — - VectVi

(vref) VCC/2

Gnd

UNIVERSITY OF MARYLAND




High-Speed
Memory Systems

o 2014 Mode Register

CS-590.26 12 11109 8 7 6 5 4 3 2 1 0
Lecture B CKE control
logic
CLK
Bruce Jacob — ™
David Wang CS# -
W S o CAS Latency Burst Length
University CAS# > £ Burst Type
of Crete RAS# g 3
RAs# |33
SLIDE 25 mode Burst Length = 1, 2, 4, 8, or Page mode
register CAS Latency = 2, 3 (4, 5, etc in special versions)
Burst Type = Sequential or Interleaved
: -1-2-3-4-5-6- 0-1-2-3-4-5-6-7
addr address 1-2-3-4-5-6
bus ™™ register 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6

Modern DRAM devices (SDRAM, Direct RDRAM, DDRXx
SDRAM, etc. have programmable behaviour)

Load value from address bus with special command.
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Package and Pincount |

2011 2014 2017 2020 2023
High Perf. physical gate 24 18 14 10.6 8.1
length (nm)
High Perf. device pin 5094 5896 6826 7902 9148
count
High Perf. device 0.97 0.83 0.71 0.61 0.52
cost (cents/pin)
Memory device pin cost 0.22 - 0.20 - 0.20 - 0.20 - 0.19 -
(cents/pin) 0.42 0.36 0.30 0.26 0.25

2012 ITRS Roadmap

SOJ ZL-MTSOP

Package Evolution
(higher pin count, higher datarate)
(higher costs, testing etc.)
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SDRAM “Same pinout”, except for data bus
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