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Baoiko Block Diagram
YmoouoTnudatwy MvAung

Memory
Address cell
Decoder
In Address[ | | mBitLines
Bits

RAM/ROM ovopuaToAoyia:
32 X 8,"32 by 8" => 32 8-bit words

IM X 1, "1 meg by 1" => IM 1-bit
words

Word Line
2" word
lines
32X8 M X 1
5% /[/B Eﬂ/k
addr data addr data
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KeAi pvapng pe 1 transistor (DRAM)

Evvpapn - Write:

1.  Odnyouue Tnv bit line row select
2. EmAéyoupe ypappn (row select)
Avayvwon - Read: —
, IR I
1. TlpoywopTiCoupe (precharge) Tnv
bit line o Vdd/2 ——
2. EmAéyoupe ypappn (row select) 1
3. To keAi kai n bit line poipdZovTal Ta bit —
popTia (charge sharing)
4. Sense ortnv bit line (sense amplifier)
MTmopei va avixveUel oAU HIkpEC aAAayEg
5. Write: emavagépoupe Thv TIHA
Avavéwon - Refresh :
ApKei éva amAo read oe KAOe KeAi
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KAaooikh Opyavwon DRAM
(TeTpaywvikh)

bit (data) lines

Each intersection represents
a 1-T DRAM Cell

Square keeps the wires short:
Power and speed advantages
Less RC, faster precharge and
discharge is faster access time!

STMOO0O0OMAO SO

word (row) select

row W Column Selector & 4 g%lgmn
address I/0 Circuits ress

Row and Column Address

dc;t’rc;l¢ . _
together select 1 bit a time
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Noyikh Opydvwon DRAM (4 Mbit)

4 Mbit = 22 address bits Column Decoder
11 row address t?its
11 col address bits 11 SenseAmps 2T/0
5 2
o)
AO..A10 (0 b |11| Memory Array =
_—— E m (2,048 x 2,048520
E O S’rora?e
:;jj D : Cel
E Word Line q
R '

* Square root of bits per RAS/CAS
- Row selects 1 row of 2048 bits from 2048 rows
- Col selects 1 bit out of 2048 bits in such a row
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Ta onpata The DRAM

RAS_L] JCAS_L WE_L] IOE_L

/ 256K x 8 2R
A 9 DRAM g8 D

> Auata eAéyxou (RAS_L, CAS_L, WE_L, OE_L) 6Aa active low
Koivé bus dedopévwy D - £10680u ka 1 e€6dou (Din & Dout):

- WE_L evepyomoicitai (Low), OE_L amevepyomoieitar (High)
- D xpnopomoiéital oav gicodo¢c othv DRAM

- WE_L amevepyomoieital (High), OE_L evepyomoigitar (Low)
« D xpnoipgomoiéital oav €€odo¢ amé tnv DRAM
O1 81euBUvaoEeIg YPaUUARG Kal aTAANG HolpdlovTal Ta idia pins (A)
- RAS_L evepyomoicital (low) -> A amoBnkeVeTal oav row address
- CAS_L evepyomoicital (low) -> A amoBnkeveTar aav column address
- RAS/CAS edge-sensitive
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ATtAoTtoinpévo didypappa
xpoviaguou DRAM

Read Write
Address % Row Address Col Address Address —XX Row Address ><><CO| Address %
RAS
CAS I I
CAS -
WE L |
Dout (X Valid ) Din C Vaid >

+ H &i1e0Buvon diveTal oe 2 PApara
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Tumkoc xpoviopoc Avayvwonc DRAM

RAS_Ll 1CAS_L WE_Ll 1OE_L

+  KdBe mpooméAaon DRAM Eekivder pe:
- Evepyomoinon Tou RAS_L p— 25&;‘,‘8 —

9 8
- 2 TpomoI avdyvwon: early or late

l«———— DRAM Read Cycle Time —»:

RAS_L / /
I I I I I [ —
CAS I : | :
— I 1 1 | | 11 1 | | | |
A XRow Address Cél ddress X Junk: XRow Addr'ess ¢ol ddress X Junk: X
I | I I ' I
WE_L 1 1 f
I I I
1 I 1) e
OE_L I I i
. I

D HighZ X Jul'\k X Data Out X High Z I X Da’ra:Ou’r
i |
Read Access | I I Output Enable ' I
== Setup | | i | o1, :
- Hold : Time ‘ | 4 Delay I |
v 1 ) !
Early Read Cycle: OE_L asserted before CAS_L OE_L asserted CAS_L
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Ta pAuara yia Early Read

Assert Row Address
Assert RAS L

- Start read cycle
- Meet Row Addr setup time before RAS/hold time after RAS

Assert OE L
Assert Col Address

Assert CAS_L
- Meet Col Addr setup time before CAS/hold time after CAS

Valid Data Out after access time
Disassert OE_L, CAS_L,RAS_L to end cycle

HY220 - BagiAng TTamasuoTtaBiou 9



Ta pnuara via Late Read

Assert Row Address
Assert RAS L

- Start read cycle
- Meet Row Addr setup time before RAS/hold time after RAS

Assert Col Address

Assert CAS_L
- Meet Col Addr setup time before CAS/hold time after CAS

Assert OE L
Valid Data Out after access time
Disassert OE_L, CAS_L, RAS_L to end cycle
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Tumkoc xpoviopoc Eyypaphc DRAM

RAS_Ll 1CAS_L WE_Ll 1OE_L

+  KdBe mpooméAaon DRAM Eekivder pe:

- Evepyomoinon Tou RAS_L AT 25&;8 ——
- 2 TpomoI eyypapng: early or late
:4— DRAM WR Cycle Time —»:

CAS
| l

A_ Row A_ddr'ess

RAS_L / \ /T

|
OE_L /

WE_L

|
|
| I
cdl Address X Tunk
|
;
|
|
|

I
]
I
1
I
]
D Junk X Data In X
I
I

l :
I |
! I
I |
i
! I ' | I
Junk 1 Datm In X :Junk
i
I
1

I

— ae'lfgp —__WR Access Time _1+— WR Access Time ! I

el o [0] < | < |
Early Wr Cycle: WE_L asserted before CAS_L WE_L asserted CAS L
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Key DRAM Timing Parameters

thact minimum time from RAS line falling to the valid
data output.

- Quoted as the speed of a DRAM

- A fast 4Mb DRAM ty,. = 60 ns

toot minimum time from the start of one row access
to the start of the next.
= Tpe = 110 ns for a 4Mbit DRAM with a tp,e of 60 ns

Teact minimum time from CAS line falling to valid
data output.
- 15 ns for a 4Mbit DRAM with a ty, of 60 ns

toot minimum time from the start of one column
access to the start of the next.
- 35 ns for a 4Mbit DRAM with a 1y, of 60 ns
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DRAM with Column buffer

—
AO..A10 3=
. el (2,048 x 2,048}

. Storage;
Word Line Cell i

Address Buffer
PMOOAamMU SO0Ow

ALA I

=
11 Mémory Array

Sense Amps 7

Column Latches

MUX
Pull column into fast buffer storage

Access sequence of bit from there
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Optimized Access to Cols in Row

Often want to access a sequence of bits

Page mode

- After RAS / CAS, can access additional bits in the row by
changing column address and strobing CAS

Static Column mode

- Change column address (without repeated CAS) to get
different bit

Nibble mode
- Pulsing CAS gives next bit mod 4

Video ram
- Serial access
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256 Mbit SDRAM Addressing

r--------- """ """"""-""""""--""""""""""""-""""-"""7"""-""7""7 """ T
L [
control

g:f: t logic = ;%gress {

t' mux r

Cs# l = e/ 13 [

W |5 o Ry F

CAS#! E S r

RAS#! (S @ ‘

row !

L - [

L p;;'ijs‘ier refresh address [

L counter latch 1 [

l and data)|

L [

: decoder Sence Amr out |

L [

actr l reg |
bus || “““_"iﬁ 2 bank 7O Gating Ardata I

t register ™l control Read Data Latch| [I/ :

l logic Write Drivers A datal

l i in |l

| column W reg [

L address g —— [

l *| counter/ ‘ column r

t latch v = decoder {

L —_ e e e e e e e e e e e e e e e e e e e e e — — — — — -

256 Mbit chip: 8192 rows, 512 columns, x16 data, 4 banks
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N

Functional Block Diagram
@ 8 Meg x 16 SDRAM

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
LK, —d——] i
. 1
o —wi——— CioM TROL '
: Suw LOGIC i
WER TG 320 BANK3 !
cash —m— =i EANKZ :
' o= B ANE1 H
RA —puiy— ;
H 1
; / :
i [ ¥ i
[ ] | I .‘ :
i ' !
' i | REFRESH [ :
H ' | COUNTER '
i hQDE REGISTER : R 2 BAN KD :
: ! ADDRESS Rl BAN KD :
! 12% : mALIZ ADE;ESS 2058 MEMO$Y z 2
LA = ARRA 7
1 1 [
! 12 & 4,096 % 512 X 18] - r !
: 7 DECODER | !
: : B sim :
! — 1
: : SER SE AMPLIFIERS DATA '
: ! QUTPUT '
! ! SEES REGISTER i
1 1 1
1 1 1
i ' :
1
i | 2 IFG GATING
' i L Db MASK LOGIC i
! i BANE, READ DT A LATCH !
AD-A11, T3 | ADDRESS [— P CONTROL WRITE DRIVERS DATA !
BAD, BAT REGISTER — . LoGlc = meutT [ :
i 1
i 7 L o | 512 REGISTER '
1 o, Gr1e) 1
L] 1 1
1 [ 1
] Lol 1
H 1
: COLU RN ;
i % DECODER i
i COLURAN- E
' | ADDRESS s, H
i 9 COUNTER! !
! LATCH i
1 1
1 1
. 1
H 1
1 1
' 1
H 1
[ 1
H 1
H 1
1 1
H 1
H 1
1 1
1
1



SDRAM Details

Multiple "banks” of cell arrays are
used to reduce access time:
- Each bank is 4K rows by 512
“columns” by 16 bits (for our part)
Read and Write operations as
split into RAS (row access)
followed by CAS (column access)
These operations are controlled
by sending commands
- Commands are sent using the RAS,
CAS, CS, & WE pins.
Address pins are "time
multiplexed"”

- During RAS operation, address
lines select the bank and row

- During CAS operation, address
lines select the column.

"ACTIVE" command "opens” a row
for operation
- transfers the contents of the
entire to a row buffer
Subsequent "READ" or "WRITE"
commands modify the contents of
the row buffer.

For burst reads and writes during
"READ" or "WRITE" the starting
address of the block is supplied.

- Burst length is programmable as 1,
2,4, 8 or a"full page” (entire row)
with a burst terminate option.

Special commands are used for
initialization (burst options etc.)

A burst operation takes ~ 4 + n
cycles (for n words)
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Mode Register

CKE control
———= logic
CLK
CS# T
WE# | E§
CAS# _|E &
RAS# 83
mode
register
addr address
bus register

12 1109 8 7 6 5 4 3 2110

CAS Latency Burst Length

Burst Type

Burst Length =1, 2, 4, 8, or Page mode
CAS Latency =2, 3 (4, 5, etc in special versions)
Burst Type = Sequential or Interleaved

ﬁﬁ._g-a-q.ﬁﬁ “’ﬂﬂ_:_‘l-i_-ﬂ--'-l-ﬁ-ﬁ_?‘f

1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6

SDRAM Device can be programmed to respond in
slightly different manners

HY220 - BagiAng TTamasuoTtaBiou
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Baoikég XpoVvikég
TTapapeTpor SDRAM

* Tpep ¢ ACTIVE to READ or WRITE delay
» CL : CAS Latency

* tpas + ACTIVE to PRECHARGE time

* tpp  * PRECHARGE Period

* Tyr * WRITE recovery time

* tpe + ACTIVE to ACTIVE time
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READ burst (with auto precharge)

L
-l

CLE

el

L

tCICH
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bt
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s
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CMS| tenaH

ot vaun /1IN |~ 2T,

AN

LT
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WRITE burst (with auto precharge)

#j-ﬂL:lMH¢|L|¢| I T S Y S
wﬁlﬁ"%|w|w|w|w‘w T
commane &EM;NE e WX vor Y vor YO v Y aer oo YN ser YK wawe YT
o TR T | 2 | s |
%%//// T
X” S | < T S
vosn W YL S A
o ///ﬂm? ELWBLWHLWWWWW/////{/WM/WM//
s ﬂ _

T
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DDR Read Command (wu’rh auto precharge)

CK§  =mmam

K

CKE

COMMANE?

wd: AQ-49 A1
x8: AC-AQ
16 AQ-AR

Dos

D!

TG

1S
1

1
1
NOIPS ACT
1
1

T3

tH |
|

WDWHW ;Wx,ﬁmxmm N

1
H, ! I i
I I
D
1 1

n Te  Ten

7 T8

| tReD, Rar® |

-mm oo )@

Bank x W fjrif

Cl=2

il

. I
| RAS |

T T

,;g(m N

! " Ziang
|

tRPST

X _A

1
I
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DDR Read Command (without auto precharge)

CKE

|
|
COMMAND® j “"H@( ACT
1 1
1 1 t t
1 |

w3 AD-AG AN
K AD-AS
wla AD-AR

— A(

I
I
1
1 |
1 I
BAD, BAT Ban
1 I
1 I
I I
1 |

DOS

DQ'

1
US| tH

¥

is| o

- .
K CMH | R

1
L

' m% HEWM PR

A/

] )@( HoE }m NoE )@( AT )@

C Wm e S

i

CL=2

1 1 []
I Al papmes 1

W

1 OHE BAME  n
1 1
1

nkrﬁ

I
I tRp

XSG

1 ]
o TLZMN g
|

1
1
1 1 !
1 1 !
| ' '
1 i
! 1 '
tLI.( MIN} t.l'!'.'il:H""{' _} tHZfH""{'




CK
COMMAND

ADDRESS

DQs

DQ

CK
COMMAND

ADDRESS

DQs

DQ

DDR: Consecutive Read Bursts

T2n T3

_____

_______________

__________

______________________________

;W;W%%W%W%MW
- k W{WW

———3C 3 3R T

Tdn T5

_____

T2n T3

_____

TSn

——————————

__________

______________________________

%m%%m%m%mw
’4'7/////*‘74/*7//‘77/////‘7//*7/////‘7//

XK XER >:=<
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DDR Write Command (without auto precharge)

TS
L]

bs |t

x4 AD-AS, AT
x8: AD-AS
w16 AD-AR

x*4: A2

1
: T
COMMANDS ﬂ NOPE %{ AM
1 1
1 1
1 1

=

NI:;F'E )@(wmﬁz %ﬂmmﬂps

X #//WM%WMW

x8: A11, Al2

oA XWW//WW

xlg: A9, A11, A2

AlD

ts

! : ! : !
| 1 1 1 1
1 1 1 |
| : :

s

tH

1 ALL E.&.NKS-

/W/W/%@WWM

X

1 OINE BANK

1

T W/W/W/Wma X

R

tRP

D5

(le))

DM

i
» DS SiNom)

T T T T

LIV A e g W VAN VN

]

tDgsH| ¢

geanun

t".I"."F"ST

9%'

‘5 I TNAINVOVBWV VY TV IVWY
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farulf
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DDR: Read - Burst Stop - Write
comun L""‘”ﬂ‘”“
ADDRESS /) W‘WW} 3 WWWW

_____

. DQSS !
) ' =2 =. . (MIN)
DQs - : \ E /,/—\,\_/,'_\'_f - :
g —————— 3 R N ¥
o 7 N AN
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Volatile Memory Comparison

The primary difference between different memory types is the bit cell.

- SRAM Cell - DRAM Cell

addr i i word line i word line

B o

A4
bit line data bit line bit line
Larger cell = lower density, - Smaller cell = higher density,
higher cost/bit lower cost/bit
No dissipation * Needs periodic refresh, and
Read non-destructive refresh after read
No refresh required + Complex read = longer access time
Simple read = faster access * Special IC process = difficult to
Standard IC process = natural integrate with logic circuits
for integration with logic * Density impacts addressing
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