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Baoiko Block Diagram
YmoouoTnudtwy MvAung

Memory
Address cell
Decoder
‘[n Addres{ | | 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,{/ ,}/8 ZD,{/
addr data addr data
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KeAi pvhpncg pe 1 transistor (DRAM)

- Evyypaopn - Write:

1.  Odnyouue Tnv bit line row select
2. EmAéyoupe ypapph (row select)
+  Avdyvwon - Read: —
, IR .
1. TlpogopTtiCoupe (precharge) Tnv
bit line og Vdd/2 ——
2. EmAéyoupe ypappun (row select) 1
3. To keAi kai n bit line poipalovrar Ta bit —
popTia (charge sharing)
4. Sense otnv bit line (sense amplifier)
Mmopei va avixveUel ToAU HIkp€C aAAayég
5. Write: emavagépoupe Thv TIHA
«  Avavéwon - Refresh :
- ApkKei éva amAd read oe KABO¢e KeAi
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KAaoaikn Opyavwon DRAM
(TeTpaywvikn)

__— bit (data) lines

a |
) Each intersection represents
0
W " a1-T DRAM Cell
d RA)‘(Vr\,ri(;'I” Square keeps the wires short:
i Power and speed advantages
o Less RC, faster precharge and
d discharge is faster access time!
¢ .
: word (row) select
rOW M Column Selector & ] Column
address I/0 Circuits Address
da‘rai Row and Column Address

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 é/'rs
11 col address bits 11 SenseAmps &1/0
5 2
o)
A0..A10 (0 b |11| Memory Array
— E el (2,048 X 2,048§"
-g O S’ror'a?e
p b , 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\ \CAS_L WE_L\ \OE_L

/ 256K x 8 ;o
A 3 DRAM —5 D

> Auata eAéyxou (RAS_L, CAS_L, WE_L, OE_L) 6Aa active low
Koivé bus dedopévwy D - €106d0u ka 1 €¢6dou (Din & Dout):

- WE_L evepyomorcitar (Low), OE_L amevepyomoicitar (High)
- D xpnoipgomoiéital oav eicodoc otnv DRAM

- WE_L amevepyomoieital (High), OE_L evepyomoieitai (Low)
* D xpnoipomoiéitar oav é€odo¢ amo Tnv DRAM
O1 31euBUvoeIg YpapUARG Kal oTAANG poipdlovTal Ta idia pins (A)
- RAS_L evepyomoicital (low) -> A amoBOnkeVeTal oav row address
- CAS_L evepyomoicital (low) -> A amoBnkeveTar aav column address
- RAS/CAS edge-sensitive
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ATtAoTtoinpévo didypappa
xpoviopoU DRAM

Read Write

Address W Row Address Col Address Address % Row Address ><><C0I Address XX—
RAS | |

e RAS

RAS | |
CAS | I

CAS | -
WE L

Dout (X Valid ) Din ¢ Vaid >

+ H d1eUBuvon divetai oc 2 pAuara
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Tumikocg xpoviouoc Avdyvwonc DRAM

RAS_Ll 1CAS_L WE_Ll lOE_L

«  KdBe mpooméAaon DRAM Eekivaer pe:
- Evepyomoinon Tou RAS_L f— 25&:;8 e

9 8
- 2 1pomol avdyvwon: early or late
1

+———— DRAM Read Cycle Time —»:

RAS_L / /
I I : I | —
CAS_ | 1 | |
1 | 1 | 1 11 | | | I I
A_x Row ;?ddr'ess x C%)I ddress x J'unk: x Row ;?ddr'ess ('['ol ddress x J'unk: X
| e—| | | |
WE_L /T ; , ! |
} I | i e
OE_L I I i | i
I | [ I ; [
D Higl‘xI z X J'ulnk Data Out : X : High Z | Da‘ra:Ou‘r
] ] 1 ]
— Setup : Reaci_ I';:\nceces_sl : , : Ou‘rpslllaEnable J :: ,
= Hold | 1 1 3 Y |
N > N >
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
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Ta phuata yia 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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Tumikoc xpoviopoc Eyypaphc DRAM

RAS_Ll 1CAS_L WE_Ll lOE_L

«  KdBe mpooméAaon DRAM Eekivaer pe:

- Evepyomoinon Tou RAS_L A 25&:;8 —— 0
- 2 TpoéTOI EYYPAPNG: early or late
:4— DRAM WR Cycle Time —»:
RAS_L 2\ / \ /

CAS
1 l
A X Row Addr'ess

| 1
Cﬁ')l Address x Junk

I
Row Addr'ess x Cﬁ')l ddress x Jun
| I

— P — — - —
>

I
i
I
1
I
| — | | —
OEL /7 ! ! :
I I
; I I ; I —_—
WE_L I I i I : i
I I I I I I I : I I
D Junk x Dh‘ra In x : Junk | Data In x I,Tunk
1 |_I 1 | | 1 I_l |
— ae’lfgp I —_ WR Access Time :<— I WR Access Time | :
= Ro l » le »
Early Wr Cycle: WE_L asserted before CAS_L ' WE_L asserted CAS L
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Key DRAM Timing Parameters

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

- Quoted as the speed of a DRAM

- A fast 4Mb DRAM 1y = 60 ns
toot minimum time from the start of one row access
to the start of the next.

- tpc =110 ns for a 4Mbit DRAM with a ty,- of 60 ns
teact minimum time from CAS line falling to valid
data output.

- 15 ns for a 4Mbit DRAM with a tp, of 60 ns
tori minimum time from the start of one column
access to the start of the next.

- 35 ns for a 4Mbit DRAM with a g4 of 60 ns
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DRAM with Column buffer

AO..A10
L

&ddress Buffer

Pull column into fast buffer storage

Access sequence of bit from there

PrMoOOONMUO S0P

m (2,048 x 2,

11 M'e”mor'y Array

=

. =y

—]
048)12E

Storac

. )€
Word Line Cell !_

|

alam

A U [

Sense Amps

L

Column Latches

MUX
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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-r—--———-"-""-""-""-""""""""""""""""""""""""""""""""="—="——=—= T
CKE : control — {
———  logic |, ___

l address f
CLK | P [
1 13 r
WE# | g9 ¥ [
CAS#L |£ 9 g f
RAS#L|S & bank 0 |
row {

l .
L :gg?seter refresh address [
l counter latch [
L and dat f
l decoder ataj
l i out |f
1 r
addr| /—.—'eg ;

bus || ad".'etss 2 bank 7o Gating data[[_
: register \ ™ control Read Data Latch "3 :
logic Write Drivers
L 9 WY W Gatal
I. '.;-\\\ T in [
l column AV Y reg |
L address 9 r [
: —*™| counter/ . o g‘e’::“o"c":r {
\

l latch :
e e e e e e o o o o — — —— — — — — — — — — — — — — — — — — — — — -

256 Mbit chip: 8192 rows, 512 columns, x16 data, 4 banks
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AD-AT1,
BAD, BA1

CONTROL
LOGIC

COMMAND
DECODE

Functional Block Diagram

8 Meg x 16 SDRAM

L

LATCH

[ /7 ¥
=3 [ »
1 r
i | REFRESH [73
' NT
MODE REGISTER : COUNTER [0 o o 2 BANKD
_ : ADDRESS —,ﬁ R OWY- N BAN KD
i MU ADDRESS MEMORY
120 i N LaTcH |40 ARRAY
12 & {4,096 X 512 X 16)
; DECODER ||
i i g
' SENSE AMPLIFIERS [~
|
1
: 4096
1
:
' 2 10 GATING
' P DQM MASK LOGIC
: BANK. READ DATA LATCH
ADDRESS [— e e e e CONTROL WRITE DRIVERS
REGISTER |— , LOGIC
= =l
7 g 512
ix16)
P
COLU NN
DECODER
COLUMN-
I ADDRESS 5,
3 COUNTER! 7

2 2
i z
7 I 7
DATA
16 QUTPUT
———1 REGISTER
16
DATA ]
16 INPUT
REGISTER [\

$.-------------------------.-----------.-------------.I
o
o
=
=]

DQo-
DQ1s



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
cAs# |E S
—AST I E 8
RAS# |8 8
mode
register
addr address|
bus register

12 111098 7 6 5 4 3 210

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

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

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
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Baoikég XpoVvikEG
TTapauetpor SDRAM

* taep + ACTIVE to READ or WRITE delay
» CL : CAS Latency

* thue + ACTIVE to PRECHARGE time

* tpp  + PRECHARGE Period

* twe + WRITE recovery time

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

CLK 1y - tCKT: ML "12 oH 4 FY ' & 4 L]
sl | | | | | | | L
ok 7f | ey | | g ) ey | e e
foms| e
COMMAND & ACTIVE m MNOP W READ W MNOP W MNOP W NOP @( MNOP W MNOP >@< ACTIVE W
TS| temH
QUL DOMH W///_WWW/{*HW L\ 00 L L,
taH
AGAS, A1 j(JOW e R
tas| faH EMABLE AUTO PRECHARGE
wo W _ron XTI | I T iy e
tas| taH
wo o1 W_save NN s X T T T ) —se YT
DG '"":'::- Dour s Dour 7+ 1 Dour -+ 2 Dourm + 3
tReD _RP —
RAS

RC
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WRITE burst (with auto precharge)

a [

tcks

TO

tckH

| = | = |

CKE%!

s

Xy

LY 1%

N4

N4

COMMAND &k ACTIVE %(

>@< WRITE >@< NOP >@< NOP @( NOP >@< U}

op U}

QP ACTNE %222222:

toms

oo sawn LTI

tcH

W7/

T

tas

AD-AS, AT j% R

taH

JW_- me(cowmmzw///////////////// LT

ROW %EEEEE;/

tas

EN ABLE AUTO PRECHARGE

A0 y

ROW %//

tas

BAO, BAT ak B

taH

N S

) WK i W/////////////////////////////////////////////////W///////// z

=

x XU,

toH

0o JYIII

/@k“

o

tRCD

Ras

IN M j@kmum 1j@k Dinm + 2)@( DiNm + BW

trp

I

tre
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DDR Read Command (with auto precharge)

CKE

COMMAND?

x4: AD-A9 AN
x8: AQ-AQ
x16: AO-A8

BAO, BAT WWBNXW ///|///////'//////////////://////////////://////////////2/ eanxxﬂ

D@5

Q!

s
1

1
i IS

T2 T3 T4

TS TSn T6 T6n T7 T8

%1
&
-
g
5
B
*é.
-8
E%

tH
I

mﬁﬂm a )W/WM/WI/M/WW@( X

IHE

I
| | 3

| tRep, fRaP® | CL=2

b

itRASE

:

: Y Zoano
|




DDR Read Command (without auto precharge)

R

-----------

-----

>

|
|

COMMAND® d No:;m
1 |

ﬂA%%(i% “WW/ (oan,

T4

------

IIIII

n 17
L TR

T8

-----

i

’M//ﬁ,’/////////Y//// )

X

x16: A0-A8
—> o TR "JW T //x—mw Y
210,81 W‘W i )@(//?,//,',;y//g i W//////////,y///y//// =
Vo ! tRep | (L=2 : ; : ;
étRAS7i | .
: : |'\RPRE i o SRy
DQs | . — :
- tLZ(IM|u)-'-....| I
DQ' l l )
.

tLZ0am)

A ;
!
tACIMIN .}

tHZiMiNg




DDR: Consecutive Read Bursts

TO T T2 T2n T3 T3n T4 T4n T5 T5n

/ I
CK ..............................

////,m////////ma//mmmv/

CL2

' I ! T ! | 1 | | | '
| | IRL t 1 1 1 I | | | |
' ' ! ' /7 DO W \/ \/ V7 Do %, v z
DQ T T ' n b < k\.( )
- TO T1 T2 T2n T3 T3n T4 T4n T5 T5n
""" . U SR X

CK ..............................

/////mv///f////mv///mw/m////
ADDRESS / /’///’///////’////////// W
; e Ul e
g — Lt gEmWW W WEX >*<
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DDR Write Command (without auto precharge)

CKE
US| UH, 1

RS T G ) M/W/WWWWW

=
i

o

x4: A12 ; ;
x16: A9, A1l A12 ; :
1 ]

A X/////////////////://///////////////// ////////////J/ ////////////////////////////////////////////////

ts| tH
' ALLBANKS

WDW}WWW/WM/WWM Y/

s

1 1
1 ]
| 1
1 1
1 1
1 ]

1 ONE QANK

B W/////////////////////Z////////////}/////////////////xs ¥

! tRCD |} : i i WR
T 4 ' : 1 v

I 1 1 U ¥
EN z s : T w
1 H x 1 H ' 1 1

o

ocs You U

- f g

IR

tWPST

tDQSS(N M)

L

e
v
o ]
vy
rI .

é ??

: tWPRES YWPRE tDQSL.

[
1

}'7/////////////////////////////////////

M

L] lwy'vs I\u’\vl\ul'll V\ls A vuvu\||$ I IMIVMUVLVV I WWIVVY Lo 4



DDR: Read - Burst Stop - Write

---------------

'?""“%.”H’
vooness 7R &l MU UTIIRIDRIETIRIIR 85 Xk iiv

: : DQsSS
' oa=2  , . (MIN) / : . :
> — N N =N S U :
0 ———————qF3 ) Hoz%g.}//
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Volatile Memory Comparison

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

- SRAM Cell - DRAM Cell

addr i l word line l word line
A\
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 r-equir-ed . Complex read = Ionger' access time
S|mp|e read = faster access . Sp@CiC(l IC process — difficult to
Standard IC process = natural integrate with logic circuits

for integration with logic * Density impacts addressing
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