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General classification of electronic memories

 Non-volatile Memories * Volatile Memories
> ROM > St:tg:tRAl\/l (RAM/SRAM)
atic
> PROM > S ynchronous
» EPROM
» Dynamic RAM
i IEIEPS(E)FI\’/IROI\/I (DRAM/SDRAM, DDR)
as
NVRAM » D ynamic
» E lectricall NonVolatile
> E bl g RAM » R andom
rasabie » A ccess
» P rogrammable | pRAM > M emory
> R ead Magnetoresistive RAM
»> O nly > S ynchronous
» M emory FRAM
- » D ual
Ferromagnetic RAM > D ata R ate

» Z-RAM (Zero transistor)
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Objectives

» Having an overview of the different kinds
of memories on the market

* Understanding the internal architecture of
dynamic memories, specifically SDRAM
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Memory Model

Random Access Memory :
at Address - DATA

Address Data: Content

0110 1101
0x00 0000 0000
0x01 0000 0001 0100 0102 O |
0000 0010 0010 1111 Write
0000 0011 1101 0101
0000 0100 0110 1001
“ L
// //
d 1010 1101 8 Read
0111 1011 T\
0111 1100 0011 1000
0111 1101 1100 0101
0111 1110 191y 1wl
Ox7F 0111 1111 0111 1010
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Content

« Non Volatile Memories
 Volatiles Memories : Static

» Volatiles Memories : Dynamic
»Asynchronous
»Synchronous
»Dual Data Rate
»RamBus
»Evolution / Market
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Non Volatile Memories
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Volatile Memories

Dynamic Memories

1998-2008
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DRAM (asynchronous basic memory)

« Main characteristics:

»Dynamic Memory

»Rom/Column Organization
» Control signals: /RAS, /CAS, /WR, (/OE)

»Burst access possibilities:
»Nibble mode
» Static Column Mode
»Page Mode
»Fast Page Mode (FPM)
»Extended Data Out (EDO)
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DRAM

élément de

sélection
sélection d’une /
ligne (Row) _T_Vf' _T_ _T_
cellules de | | | |

mémoire dynamique

\

Memorization elements
All acceded on a row at the same time
- Power consummation

J

élément de
memarisation
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DRAM

adresses

multiplexées

CAS

Din Dout

| 1

1

RAS —cg

" Sélectionne
decodeur

une colonne

éléement de
selection

glément de

Sélectionne
une ligne

/"cmn.onmn.

35

Mémoire

dynamigque

L mémorisation

ky-'
1 cellule de
memoire dynamigue

multiplexed Addresses: Row/Column
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DRAM

adresses

multiplexées

Din Dout

)

RAS

B

d

é

¢

Sélectionne o
une ligne d
e

u

r

—)

décodeur

DRAH

|

Sélectionne
une colonne

élément de
sélection

adresses
mulliplexées

décodeur

\

Sélectionne
une cclonne

élément de
sélection

Sélectionne
une ligne

™ C O O O m O

[

multiplexed Addresses: Row/Column

DRAM

'3
/
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DRAM

11

Adresse mulliplexée

-0
I
N

> RAS
L cas DRAM

WR X 1

|

99
Xo¥e

Din Daut

O

Data Bus :

Separated In/Out
Bi-directional

1L

Adresse mulliplexée

RAS —CI> RAS

RS — DRAM
WR — WR ¥ 4

OE —C) D3. D@

10
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DRAM

EEEEE

Contréle

aig

R: Row

Memories controller

C: Column

D7

t

D6

L

D5

T

D4

Y ;

D2

&

Processor interface : Address multiplexer
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DRAM, circuits multiples

DQE1:DQ24+P3 DQ23:DQ1&6+P2 DQ15:DQE8+P1 DQ7:DQO+PO

RASO

RAS1

CAS3 CAS2 CAS1 CASO

Control signals organization on a memory module
Ex: 32 bits data bus width, with parity
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DRAM read access

Cycle de lecture

RAS L /
CAS 1\ /

Adresse KX é XKXEC
R TXXXYYX/

| —

Din LA XX XA XXX XXX N XX XX XXX XXX KR XXX Mémoires x1.
Dout { | e—

Data 0 { —XX Mémoires x4
OE AAAXXXKAXXXX Y

1998-2008 R.Beuchat / Memories

65



DRAM write access

Cycle d écriture avancé (WR avant CAS)

RAS i i \

CAS ] \ | |

Adresse R 'i S840 0000000000

WR. YYyyyyy COYYY

Din THEAVEENE SRR AR AR R0 ENE Mémoires x1

Dout

Data AXX AR L A XA AR XX A XA A XX A A Mémoires x4

OE S04 00005000000000000400000)0 OE: pas d'importance
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DRAM late write

RAS
CAS
Adresse

WwR

Cycle d écriture

retardé (WR apres

CAS)

Din
Dout

Mémoires

1

Data
QE

Mémoires

4
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DRAM Read-Modify-Write

Cycle de lecture-modification-écriture

RAS L / \
CAS i $ { A
Adresse XX R XXX C AXNKAXAXXKAXRXXAXRAXKXAXD
WR XXX \ L0000
Din XXX AXAXRXXA: XAXXAXNXXKXAXD Mémoires x1.
Dout —{ —
Data Ixxxxx}—+{ Qut }{iln Mémoires x4
OE \XAXRXXRAXNARN XN
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DRAM Precharge time

Between 2 access there is the recovery
time

The vertical (column) lines are precharge
to an intermediate voltage

When access to the memory is done, the
driver is less stressed to transfer the
high/low logical level

This take time !l ~30-50 ns

1998-2008
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DRAM Refresh

 The memory need to be refreshed to
maintain its content

 Particular Cycles :
»RAS only
»CAS before RAS
»Hidden refresh
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DRAM Refresh

Cycle de rafraichissement RAS Only

RAS \ / \
CAS !
Adresse

|

]Hlﬁllﬂl3]]3]3]]3}3]]3]33]3]33]3]I

H’) TATATATATATATATATATATATATATATATATA'ATATATATATATATATATATATATATATATA"
AY

nAaAMAAMAAAAABRARAARARGARARARAARARNRARRANRNDDN

Din KAXKXXXXNXXRXXXXAXXKXXXXKXAXX XXX XD Mémoires x1

Data AAXKRXXXRAXAXRXXAXKRKXRAXRAXAXXKX KX Mémoires x4
OE AAXRXXRXXXXAXKXXANRXXKXXKXAXXAXR XD
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DRAM Refresh

Cycle de rafraichissement CAS avant RAS

RAS — / \
CAS A\ OO0
Adresse YOO XK XXX

WR TA'ATATA'ATA'ATATATATA'ATA'ATATA'AAATAATATA'ATATATATATATATATATA"
A aAaAnRAARfM/AARRNRARAARARMARR AR/ ARRRRMRMDMARNR

Din AR AR X XANR XX A XA XX R XK AR KX XK XA NR KN A XD Mémoires x1.
Dout

Data ANKRRXAXKARAXNKRAXKRARNARARNNRNRXRANALD Mémoires x4

OE AAXRXXXAXXXRAXNXKXAXKKXAXXRNXRXXXXAXD
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DRAM Refresh

Cycle de rafraichissement caché (Hidden Refresh)

RAS ___i | [ \__Rafraichissement / .
Adresse 2R K XAX
ﬁ !
Din Mémoires xI1
Dout { E)_
W YEXXEXLT X
Data { ‘— Mémoires x4
OE (XX XXEXAXXR [XXXX
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DRAM Acces multiples, page

Cycle de lecture, Page Mode

CAS 1\ [\ [\ [
Adresse [ R CC XTIIXRXTIXTIRCC YIXXTIXTIRIAECC YOT) YEXEXRA
WR TR Vi Th L/ LAk
Din LA XARA AR RA KR XR XA XA RN XA XN RXRXRNKRANRNRXRRNRARNNRKNRXRXANRARNRNA ~ Ménmoires x1
Dout f '_\1 — i :_

Page mode
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DRAM Acces multiples, nibble

Cycle de lecture, Nibble Mode

T | | /

Adresse N RO NN K KX KKK KK R
RS 11 141 | ; |
Din IIIHKIIIKXIIIl!lIIHKIIIlhIIIahlIllhllllhllxlhllllhll \
Dout 5 (_ —— —— )

Nibble mode

Mémoires x1.
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DRAM Acces multiples, static column

Cycle de lecture, Static Column Mode

T | | [
w e T
Adresse YR KKX;C LC LC |
® IO : : I
Din TR R KRR XXX UMY Memoires x1
Dout f { AU f +—

Static column mode
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DRAM Acces multiples, static column

Cycle de lecture, Static Column Mode

T | | [
w e T
Adresse YR KKX;C LC LC |
® IO : : I
Din TR R KRR XXX UMY Memoires x1
Dout f { AU f +—

Static column mode
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DRAM Acces multiples, EDO

Cycle de lecture, EDO

CAS R / \ / \ [

Adresse TR D C O S

W EONINTR 7 X V44

DO —ee HH F— HH F—— Do
OE I i i SR i/

DO e ) DO ——  Normal
EDO
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VRAM (Video RAM)

* Asynchronous Dynamic Memory
* Added "Serial Register”

* Transfer between Dynamic array and
serial line

* Independent serial transfers

1998-2008 R.Beuchat / Memories
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VRAM (Video RAM)

RAS —I> DRAM
6AK X 4
CAS —>
WE —G | |
o | ]
TJ" E_C [ |
| |
4 x 256 Bits
v

—— SC
—— 50
— S§1
—— 52
—— 53

>— SE

Ex: First VRAM 64k x 4,
4 serial bits
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VRAM (Video RAM) simple model

adresses De

. . o1
multiplexees D2
D3 A

4
k' 4
ﬁ décodeur

Sélectionne
une ligne

S
S
S2
sSC S3

4 registres séries SE
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VRAM parallel register+counter+mux

adresses

multiplexées o1 Do
1
RAS Compteur
- M Refresh

Sélectionne

une ligne
RAM <—> SAM ® H Z55 1 1|
Adresses L P AR i Iiininiiiaamaeniieaan
Multiplexées
(CAS)

Se

S52
53

SE

SC
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VRAM parallel register+counter+mux

* The serial register is build from a parallel
register = the full content of the selected
line (Row) is transferred in a large register

* During the column phase, the address is
transferred in a counter: the start address
of the line

* The counter select a multiplexer, thus the
parallel register is transform in a serial
register!
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SDRAM

Synchronous Dynamic RAM

1998-2008
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SDRAM (Synchronous DRAM)

* synchronous DRAM Memories
* 16 Mbits..256 Mbits

x4, x8, x16, x32

« 3.3V, 2.5V 2> 1.8V

 Clk 200MHz

« 2 Banks /4 Banks

« PC100 SDRAM standard

« Command ACTIVE to send with the Row and Bank
address

« Read, Write Command with Column address
« Concurrent Precharge between 2 banks

1998-2008 R.Beuchat / Memories

85



SDRAM

» Clock to synchronized every signals
* Internal Pipeline

* New column address possible in every
transfer cycle

* |Internal banks available to shadow the
precharge

» Self-refresh (Self-Refresh command )
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FUNCTIONAL BLOCK DIAGRAM
1 Meg x 16 SDRAM

BANK 0
MEMORY
ARFAY
(2,048 x 2586 x 16)

- 256 (x16) ——

SEMSE AMPLIFIERS
WO GATING
DaM MASK LOGIC

ADDRESS BUFFER

COLUMN
DECODER

[nm
ROW- = A
1 ADDRESS [of=]
[ | LATCH @ 3
[m]
o COMNTROL
=z W LOGIC
- O
=0
Za
O [=]
MODE REGISTER
- o
£T1zf¥ 2 =
. 5 .
=5 5 =
El =5 [} =
= W o =
-} -
[e] E I [}
o 8 = o
< @
REFAESH
ADDRESS CONTROLLER
REGISTER
REFRESH
GOUNTER
ROW-
ADDRESS
ML
11
\_l\ E
ROW- =5
11 ADDRESS 59
LATGH T 5
O

DATA

16

OuUTPUT

16

REGISTER

DATA

INPUT

N— —

SEMSE AMPLIFIERS
1O GATING
DM MASK LOGIC

- 256 (x16) —-

BANK 1

MEMORY

ARRAY
(2,048 x 256 x 16)

16

REGISTER (4]

1998-2008
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SDRAM

Ba  A10 Ag A8

vy

AT AB

ASE A4 A3 A2 AT AD

Address Bus

Iy

11

|Reserved' l WE I Op Mode | CAS Latency

Mode Register (Mx)
| BT | Burst Length

*Should program
M1, MI1O = 0, O
to ensure compatibility
with future devices.

BURST DEFINITION

Burst Length

M2 M1 MO M3 =0 M3 =1
ooo 1 1
oo 1 2 2
o1 0 4 a
o1 1 8 8
100 Feserve =l Reserved
10 1 Reserve o Reser ed
110 Reserved Reserved
111 Full Page Reserw ed

13 Burst Type
o Sequential
1 Interleave
MIE M5 WS CAS Latenc v
o oo Reserv ed
o o 1 1
o 10 2
11 3
100 Reserved
104 Reserved
110 Reserve: d
11 1 Ressarw ed
¥
M M7 MG - RO Operating Mode
o o Defined Standard Operation
All other states reserved

Write Burst Mode

Programmed Burst Length

Single Location Access

Figure 1

MODE REGISTER DEFINITION

Burst | Starting Column Order of Accesses Within a Burst
Length Address: Type = Sequential | Type = Interleaved
A0
5 0 0-1 0-1
1 1-0 1-0
A1 A0
0 0 0-1-2-3 0-1-2-3
4 0o 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
A2 A1 A0
0 0 0 |0-1-234567 | 0-1-2-3-4-5-6-7
0 0 1 |1-2-3-4-56-7-0 | 1-0-3-2-5-4-7-6
0 1 0 |234-56-7-0-1 | 2-3-0-1-6-7-4-5
8 0 1 1 |34-56-7-0-1-2 | 3-2-1-0-7-6-5-4
1 0 O 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 |56-7-0-1-2-3-4 | 5-4-7-6-1-0-3-2
1 1 0 |6-70-1-2-345 | 6-7-4-5-2-3-0-1
1 1 1 |7-0-1-2-34-56 | 7-6-5-4-3-2-1-0
Full N = AO-A7 Cn, Cn+1, Cn+2
Page Cn+3, Cn+4... Not supported
(256) | (location 0-255) “(';”'1 *

1998-2008
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SDRAM

TRUTH TABLE 1 — Commands and DQM Operation

(Notes: 1)
NAME (FUNCTION) CS# RAS# | CAS# | WE# | DQM ADDR DQs NOTES
COMMAND INHIBIT (NOP) H x x X x x X
NO OPERATION (NOP) L H H H x X X
ACTIVE (Select bank and activate row) L L H H x Bank/Roww X 3
READ (Select bank and column and start READ burst) L H L H > Bank/Col x 4
WRITE (Select bank and column and L H L L x Bank/Col Valid 4
start WRITE burst)
BURST TERMINATE L H H L x X Active
PRECHARGE (Deactivate row in bank or banks) L L H L X Code X 5
AUTO REFRESH or L L L H x x X 6, 7
SELF REFRESH (Enter self refresh mode)
LOAD MODE REGISTER L L L L x OpCode x 2
Write Enable/Output Enable — — — —_ L = Active 8
Write Inhibit/Output High-Z — — — —_ H — High-Z 8
CLK ] , 4}\ CcLK 4
CKE HIGH f E CKE HIGH i
cS# FAASI SIS : WA AAAI AP cs# N ;
RASH IO i S 7 RASH oo 2774 5 7 o
casw LI L \izoiiiss oase A i, i A
WER s W N/ A A M 7 ; WA ooz
SN L N7 7 W= 7777 77 A 777 A = AV 7.
EAIE-IK 1 AB-A9 W W /// M
WA A7/ 7777 erkoLe aurd enccranfs
A10 Y s
Figur 3 DIsS: BLE AUTO PRECHA 3IGE
ACTIVATING A SPETCIF ROWW IN A BANK 1
SPECIFIC .\ [ . 4 B.A /// A} >{//

BAMNK O

READ CONMMAND
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SDRAM Cas Latency (CL) Read cycle

TO T T2

|
COMMAND 7 ReAD NoP_ X A S T N S U Y S O O
Wz ‘ toH

lac ‘ COMMAND

CAS Latency =1

DQ

ADDRESS
TO T1 T2 T3

DGR R
COMMAND 7%/ REMNDP WK,

Iz
AP B T
pQ R
‘ tAC
CAS Latency = 2
TO T1 T2 T3 T4
CLK ‘ i | | | i
| |
COMMAND READ NOP NOP NOP XN
P PP | |
o0 L e ey
....... | / Dour Dout Dout DouT Dout
‘ tac DQ : : o >'< n+1 n+2 >.< n+3 >_< b >7
| | | | | |
CAS Latency =3 | CAS Latency =2 |
DON'T CARE
4 burst accesses
1998-2008
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SDRAM write data with command

TO T T2 T3 T4 TO Ti T2 T3 T4 T5

“1_LARR
oo %} ) )
pooress {2 W///M////Mmf(// ?,-ng Y

—

COMMAND

ADDRESS

DQ

DQ

NOTE: A CAS latency of three is used for illustration. The READ command
may be to any bank, and the WRITE command may be to any bank.

NOTE: A CAS latency of three is used for illustration. The READ
command may be to any bank, and the WRITE command w DON'T CARE
may be to any bank. If a CAS latency of one is used, then ;

DQM is not required.
SL=3 ;
_ READ TO WRITE WITH
READ TO WRITE EXTRA CLOCK CYCLE
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SDRAM

CLK

COMMAND4< WRITE L4 WRITE WRITE >_< WRITE ><:

|
BANK, BANK, BANK, BANK,
ADDRESS { coLn A CcoL a }< COL x >‘< coL m
DQ

NOTE:

CLK

COMMAMND

ADDRESS

DQ

MNOTE:

1
1
|
D Diry Din Dirng
n a8 X m

Eac RITE c mand may be to any bank.
DQM is LOW.

RANDOM WRITE CYCLES

|

1 1

1 |

[» 2] Drour Drour

e+ b b+1
T 1 B T T

E command may be to any bank, and the READ command may
bank. DQM is LOW. CAS latency = 2 for illustration.

WRITE TO READ

1998-2008
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SDRAM 4 banks ex: 1s42s328008

* Nbrow (12) #
Nb Column(9 o

CONTROL
SIGNAL

cLOCK -
BUFFER “|GENERATOR
CKE \L X
cCsS# —
RAS#— COMMAND
C:':\Sﬂ#—DECODER
o 4 banks e _ REMG?SPEER
COLUMN
[] [] [ ] COUNTER
e x32 bits width (4x8bits) -~
. 256 MbItS : AD — | ADDRESS
5 BEUFFER
AD
>4 x 2M X 32 alt
=et REFRESH
COUNTER
 Masked by DQM<3..0>
DQ
__s| BUFFER
Dao
§
DQ31
DamMo~3

Calumn Decoder

Row Demder

4098 X 512 X 32
CELL ARRAY
(BANK #0)

Sense  Amplifier

Sense Amplifier

Decoder

Row

4096 X 512 X 32
CELL ARRAY
(BANK #1)

Column  Decoder

Column Decoder

Row Dacader

4096 X 512 X 32
CELL ARRAY
(BANK #2)

Sense Amplifier

Sense  Amplifier

Decoder

Row

4096 X 512 X 32
CELL ARRAY
(BANK #3)

Column Decoder
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SDRAM 4 banks ex: 1s42s328008

Command State CKEn-1 CKE DQMe BSO1 A10 A11A9-0 CS# RAS# CAS# WE#
BankActivate Idle & H X X V Row address L L H H
. BankPrecharge Any H X X y L X L L H L
See the fUIl dOCU mentatlon PrechargeAll Any H X X X H X L L H L
Write Active H X X V L Column L H L L
For all Speciﬁc timi ngs relationshi pPS Witeand Auto Precharge Actve®  H X X v W Sy
(AD~AT)
http://www.issi.com/pdf/42532800B.pdf "= et B XX VL o LWL
Read and Autoprecharge  Active 2 H X X v H (A0 ~AT) L L H
Mode Register Set Idle H X X OP code L L L L
No-Operation Any H X X X X X L H H H
Burst Stop Activet®) H X X X X X L H H L
Device Deselect Any H X X X X X H X X X
AutoRefresh Idle H H X X X X L L L H
SelfRefresh Entry Idle H L X X X X L L L H
SelfRefresh Exit Idle L H X X X X H X X X
(SelfRefresh) L H H H
Clock Suspend Mode Entry Active H L X X X X X X X X
Power Down Mode Entry ~ Any@) H L X X X X H X X X
L H H H
Clock Suspend Mode Exit  Active L H X X X X X X X X
Power Down Mode Exit ~ Any L H X X X X H X X X
(PowerDawn) L H H H
Data Write/Output Enable  Active H X L X X X X X X X
Data Mask/Cutput Disable  Active H X H X X X X X X X

Note:
1. V=Valid X =Don 't care, L =Logic low H =Logic high
2. CKEx signal 1s input level when commands are provided.
CKEn-1 sagnal 1s mput level one clock cycle before the commands are provided.
3. These are states of bank designated by BS signal.
4. Device state 15 1,2.4.8 and full page burst operation.
5. Power Down Mode can not enter in the burst operation.
When thus command 15 asserted 1n the burst cycle,device state 1s clock suspend mode.
6. DQMO-3
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Module DIMM SDRAM

* Module DIMM 100-Pin
e Bus x32

* Synchronous
« SDRAM Memory

1998-2008 R.Beuchat / Memories
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SDRAM (x32, x36)

FUIMCTIONS&L BILOSTE DA CCH A
TELELTIEIILN p54he) PIN ASSIGNMENT (Front View)
! 100-Pin DIMM
—
—p—i
-]
—]
-]
—]
—rr]
-]
—p—
—— ! 1
—rd
—rr]
g
—=r] PIN FRONT PIN FRONT PIN BACK PIN BACK
—r] 1 V/ss 26 \V/ss 51 V/ss 76 \V/ss
e 2 DQO 27 CKEO 52 DQ8 77 CKE1
3 DQ1 28 WE# 53 DQY9 78 DNU
; 1 . 4 DQ2 29 SO+# 54 DQ10 79 S1+#
5 DQ3 30 S2# 55 DQ11 80 S3#
—hb 6 Vbp 31 Voo 56 Voo 81 Voo
e 7 DQ4 32 NC 57 DQ12 82 NC
—=r] 8 DQ5 33 NC 58 DQ13 83 NC
—re] 9 DQ6 34 NC 59 DQ14 84 NC
— T I 10 DQ7 35 NC 60 DQ15 85 NC
= . - 11 DQMBO 36 Vss 61 DQMB1 86 Vss
) 12 \ss 37 DQMB2 62 \ss 87 DQMB3
—Tr] 13 AQ 38 DQ16 63 Al 88 DQ24
——] 14 A2 39 DQ17 64 A3 89 DQ25
_"""" 15 A4 40 DQ18 65 A5 90 DQ26
— T 16 A6 41 DQ19 66 A7 91 DQ27
17 A8 42 VDD 67 A9 92 VDD
—_ _I:::-cci: 18 A10 43 DQ20 68 BAO 93 DQ28
—
. 19 BA1 44 DQ21 69 A1 94 DQ29
_ 20 NC 45 DQ22 70 NC 95 DQ30
I _[:E 21 VoD 46 DQ23 71 VoD 96 DQ31
- 22 DNU 47 \/ss 72 RAS# 97 Vss
—_—— 23 RFU 48 SDA 73 CAS# 98 SAO
24 RFU 49 SCL 74 RFU 99 SA1
= ———

1998-2008
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SDRAM (x64, X72)

FUNCTIONAL BLOCK DIAGRAM .
MT5LSDTA72A (32MB) PIN ASSIGNMENT (Front View)
So# -
DOMBO———— DQMB4————— DOMB1 ————— 168-Pin DIMM
DQML CS# DQML CS# DQML CS#
DQO - DQO DQ32 - DQO CBO —|DQO
DQ1 —4DQ1 U0 DQ33 ~— DQ1 U2 CB1 -w-|DQ1 U3 [ ]
DQ2 -n{DQ2 DQ34 - DQ2 cB2 —-{DQ2 ) f 1 i‘ ‘i r ‘1 r 1 r ﬁl?:r:l <
DQ3 —w{DQ3 DQ35 —~~—{ DQ3 CB3 —»— DQ3 = = = £ =,
DQ4 -~ DQ4 DQ36 A DQ4 CB4 -~ DQ4
DQ5 - DQ5 DQ37 ~»— DQ5 CB5 ~»—DQ5 L<® mormnmnm ¢ \orimi o N i Annnnronn - L O OO OO AN < |
DQ6 - DQ6 DQ38 —»— DQ6 CB6& ——DQ6
DQ7 —wDQ7 DQ39 —- DQ7 CB7 —wDQ7 PIN SYMBOL PIN SYMBOL PIN SYMBOL PIN SYMBOL
DQMB1 DQMH DQMB5S DQMH — DQMH 1 Vss 43 Vss 85 Vss 127 Vss
DQ8 —n~DQ8 DQ40 -~ DQ8 —DbQs 2 DQO a4 DNU 86 DQO32 128 CKEO
RO (oo D T hawe —53% 3 DQ1 45 S2# 87 DQ33 1290 | NC (S34)
Q11 ] Q11 DQ43 —nlDa11 10411 a DOz 46 DOQMBZ2 88 DQ34 130 DOMBG
DQ12 —n | DGQ12 DQ44 D12 _ Ipaiz 5 DQ3 a7 DOMB3 89 DQO35 131 DOMB7Y
DQ13 -~ DQ13 DQ45 —~— DQ13 —{DQ13 6 Voo 48 DNU 90 Voo 132 NC (A13)
DQ14 —~-{DQ14 DQ46 = DQ14 — DQ14 7 DQ4 49 Voo EX DQ36 133 Voo
DQ15 —{DQ15 DQ47 ~{DQ15 —DQi5 a8 DO5 50 NC EH DO37 134 NC
9 DQ6 51 NC 93 DQ38 135 NC
So# 10 DQ7 52 CcB2 94 DQ39 136 CB6
DOMEBZ DAMB6 11 D8 53 cB3 95 DQ40 137 CcB/
DQML CS# DOML CS# 12 Vss 54 Vss 96 Vss 138 Vss
DQ16 —n | DQO DQ48 —— DQO 13 DQ9 55 DQ16 97 DQ41 139 DQA48
DQ17 —»~{DQ1 U1 DQ49 ~DQT U4 14 DQ10 56 DQ1 7 98 DQ4Z 140 D49
DQ18 —n—|DQ2 DQ50 —»— DQ2 15 DO 57 DQ18 99 DQA43 141 DQ50
gg; — ggi ggg; = ggi 16 DQ12 58 DQ19 100 DQ44 142 DQ51
7 - 17 DQ13 59 VDD, 101 DQ45 143 VDD,
ggg; e ggz gg:i - ng i Voo 60 DQzZ0 102 Voo 144 DQ52
Daz3 D7 DQES —nd DG 19 DO14 61 NC 103 DQ46 145 NC
DOMB2 DOMH DAMB? DAMH 20 DQ15 62 NC 104 DQ47 146 NC
DQ24 —n~ DO8 DQ56 —n- DO8 21 CBO 63 NC (CKE1) | 105 CcBa 147 NC
DQ25 — DQY DQ57 - DQY 22 CB1 64 Vss 106 CB5 148 Vss
DQ26 ——| DQ10 DQ58 —»- DQ10 23 Vss 65 DQz21 107 Vss 149 DQ53
DQ27 -~ DQ11 DQ59 v~ DQ11 24 NC 66 DQ22 108 NC 150 DQ54
DQ28 —~— DQ12 DQ60 - DQ12 25 NG 67 DOz 109 NG 151 D55
gggg ropans ggg; - gg]i 26 Voo 68 Vss 110 Voo 152 Vss
DQ31 D15 DQB3 v D15 27 WE# 69 DQ2z4 111 CAS# 153 DQ56
28 DQMBO 70 DOzZ5 112 DOMBA 154 DO57
RASH RAS#: SDRAMS U0-U4 29 DOMB1 71 DO26 113 DOMBS 155 DQ58
: uo 30 SOo# 72 DQ27 114 NC (S1#) 156 DQ59
2223 g:ﬁf‘sso?qi:\):suziﬁll CcKo u1 31 DNU 73 Voo 115 RAS# 157 Voo
> : us 37 Vss, 74 DOzs 116 Vss 158 DO60
WE# ————= WE# SDRAMs U0-U4 33 AO 75 DQ29 117 Al 159 DQ61
AQ-A11 ——————» AO-A11: SDRAMs UO-U4 34 A 76 DQ30 T8 A3 160 DQ62
BAO-1 ——————= BAO-1: SDRAMs U0-U4 35 A4l Vi DQ31 119 AS 161 DQ63
Voo ———= SDRAMs U0-U4 cKe u2 36 A6 78 Vss, 120 A7 162 Vss
U4 37 A8 79 CK2 121 A9 163 NC _(CK3)
Vss ————+ SDRAMs U0-U4 - 38 A10 80 NC 122 BAO 164 NC
SPD L 5P 39 BAT a1 NG/WP -~ 123 AT 1656 SAO
sCL —-— 40 VDD 82 SDA 124 VDD 166 SA1
wpP CK1,0K3 ——n— 41 Voo 83 SCL 125 NC (CK1) 167 SA2
47K = 10pF 42 CKO 84 /oD 126 NC (A12) 168 VoD
j% SAO0 SA1 SA2 = WP applics to -10B/-10C versions only
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PClOO SDRA M DI M M Dual In Line Memory module

Specification from Intel for DIMM 100MHz

EEPROM memory on the module for the
specification of the DIMM

- SPD : Serial Presence detect

Specification for memory from 64Mbytes to 1024
Mbytes (1GBytes)

Module without buffer

Module with register to be used with up to 36
chips

Old specification (historical)

1998-2008
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SGRAM Synchronous Graphic RAM

« 128kx32, 256kx32, 512kx32

* Synchronous

* Double banque

* Burst 1, 2, 4, 8 ou pleine page
* Block Write, Write par bit

* Auto precharge, auto refresh
e 3.3V

1998-2008 R.Beuchat / Memories



SGRAM Synchronous Gra

COMMAND
DECODE

CONTROL
LOGIC

SPECIAL MODE
REGISTER

MODE REGISTER

oL

ROW-
ADDRESS
LATCH

AO0-AB, BA 10

AD

REGISTER

DRESS

REFRESH
CONTROLLER

REFRESH
COUNTER

ROW-
ADDRESS
MUX

COLUMN-
ADDRESS LATCH

ROW-
ADDRESS
LATCH

BURST COUNTER

hic RAM

BANK D
MEMORY
ARRAY
(512 x 256 x 32)

- 256 (x32) - -

SENSE AMPLIFIERS
IO GATING
DaM & WPB MASK LOGIC

BLOCK WRITE COL/BYTE MASK LOGIC

'S

COLUMN-
ADDRESS BUFFER

COLUMN
DECODER

- 256 **l

32

SENSE AMPLIFIERS
IO GATING
DQM & WPB MASK LOGIC

BLOCK WRITE COL/BYTE MASK LOGIC

32

ROW
DECODER

- 256 (x32)- -

BANK 1
MEMORY
ARRAY
(512 x 256 x 32)

X

‘ M
ﬁSZF 32
BLOCK WRITE

COLOR
REGISTER

DATA-INPUT
REGISTER

i B

MASK (WPB)
REGISTER

i

32

_i— DQMO-3

1998-2008
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SGRAM

DA
raSsK cELLs
REcISTER
Das
[T
Daso
PR
oaza
mRze
Daza
rmRze
Daz7
T
Dazs
mRzs
Dazs
mRzs
PEy—
MRz
DA
nasK cELLS
REGISTER
Daza
Rz
oazz
Rz
Doz
21
Dazo
PR
Dats
mR1e
Dais
mR1E
oo
MR
Dais
MR1s
DA
A sk CELLS
REGISTER
oos
MRS
Daia
PR
Daia
F1a
DGz
MR1Z il\\l: L k_n:u
oo SELECTED BY __J
AD-AD, AND BA
T
Doio
MR10 WITH ACTIVE
oaa COMMAND)
e
Das
MR
A S DEan
cELLS c
REcISTER -
WiTH BLoCcK DO
DT WAITE C < A -
{ - oar 1
PMIRT OMBAANDY) [ ]
Das
mRs
oas
RS
oaa
R
Das
s
Doz
Rz
oG
R
oao
Ao

COLOA REGISTER
VICHISLY LOADED FROM
3 INPUTS)

WRITE MASKING — FUNCTIONAL g e
REPRESENTATION BLOCK WRITE MASKING - FUNCTIONAL REPRESENTATION
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SGRAM

CURRENT STATE

CS#

RAS#

CAS#

WE#

DSF

COMMAND (ACTION)

Any

x

x

COMMAND INHIBIT (NOP/Continue previous operation)

NO OPERATION (NOP/Continue previous operation)

Idle

ACTIVE (Select bank and activate row)

ACTIVE w/WPB (Select bank, activate row and WPB)

AUTO REFRESH

LOAD MODE REGISTER

LOAD SPECIAL MODE REGISTER

PRECHARGE

Row Active

READ (Select bank and column and start READ burst)

WRITE (Select bank and column and start WRITE burst)

riririrjrirrjirjrjir|r|Ix

I T IT|rrirjirirr|x

ririr|IIirrrir|I/I|I

r|r|I|(r|rir|IT|IT|IT|I|X

I rrjir|TrjirITrir|x

BLOCK WRITE (Select bank and column and start block
write access)

PRECHARGE (Deactivate row in bank or banks)

LOAD SPECIAL MODE REGISTER

Read

(Auto-
Precharge

Disabled)

READ (Select bank and column and start new READ burst)

WRITE (Select bank and column and start WRITE burst)

[ i i

I|T|T|r|r

rir|irir|I

rir|rir|ir

Iir|ir|IT|ir

BLOCK WRITE (Select bank and column and start block
write access)

PRECHARGE (Truncate READ burst, start PRECHARGE)

BURST TERMINATE

Write

(Auto-
Precharge

Disabled)

READ (Select bank and column and start READ burst)

WRITE (Select bank and column and start new WRITE burst)

-\ |||\

I I T\ r

rir|ir|IT| I

rir|IT|ir|r

I|rir|irir

BLOCK WRITE (Select bank and column and start block
write access)

—

-

T

-

-

PRECHARGE (Truncate WRITE burst, start PRECHARGE)

-

T

-

BURST TERMINATE

1998-2008
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Graphics Memory GDDR

e Features

>

YV V V V YV V V V V

A\

2.2V +/-0.1V VDD/VDDQ power supply supports 900 / 800MHz

2.0V VDD/ VDDQ wide range min/max power supply supports 700MHz

1.8V VDD/ VDDQ wide range min/max power supply supports 500 / 600MHz
Single ended READ Strobe (RDQS) per byte

Single ended WRITE Strobe (WDQS) per byte

Internal, pipelined double-data-rate (DDR) architecture; two data accesses
per clock cycle

Calibrated output driver
Differential clock inputs (CK and CK#)
Commands entered on each positive CK edge

RDQS edge-aligned with data for READ; with WDQScenter-aligned with data
for WRITE

Eight internal banks for concurrent operation

» Data mask (DM) for masking WRITE data

1998-2008
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Graphics Memory GDDR

 Features
» 4n prefetch
» Programmable burst lengths: 4, 8
» 32ms, 8K-cycle auto refresh
» Auto precharge option
» Auto Refresh and Self Refresh Modes
» 1.8V Pseudo Open Drain |/O
» Concurrent Auto Precharge support
» tRAS lockout support, Active Termination support
» Programmable Write latency(1, 2, 3, 4, 5, 6)

» Boundary Scan Feature for connectivity test(refer to JEDEC
std., not in this version of Specifications)
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Graphics Memory

A1l
BAD- A2

1998-2008

CONTROL
LOGIC
- H—m}—m4 CELD, €0 Crf Cs
B 1
2
7
ket
REFRESH s g J reen - .
MOOE REGISTERS ODUNTER BANKD H 7 wros [322 o 3 i b
- MEMORY H 7 i DRVES
H |- peTA »
ADORESS ARREY kel »
-5 [409Fx5 12x128) H I f
WK HLU
i3 R
| —— 000-DQ32
SENSE AMPLIFIERS |
HeuT —F CKiCks
REGISTERS
3 +H
LD GATING 128 4, a4,
DM MG LOGIC ’ ! WOK0-3)
BANK 5y 4y
ADDRESS | CONTROL m‘r! ] r .1’;
LOGIC
REGISTER |— WRITE MasK -I’f -l!.i'
N = FIF) RCVRS
= b : & if ir
f 4 13‘5’3 DRIVERS 7 7
g ) — DM[0~3)
7 7
ng k]
[k a—J Cx OUT
& 18 2 ‘ LN Y]
COLUMY 7 o o E:F. 7y 7
3 ADDRESS 2 ¥ 7
comwrer | 5
2 Erf] Y]
LATCH ~ ¥ 2
Y
T i
73
£OLD, COLL
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DDR Dual Data Rate

 DDR-I

PC1600 =
PC2100 =
PC2400 =
PC2700 =
PC3000 =
PC3200 =

DDR-II

PC4300 =

DDR 200MHz Data-rate
DDR 266MHz Data-rate
DDR 300MHz Date-rate
DDR 333MHz Data-rate
DDR 366MHz Data-rate
DDR 400MHz Data-rate

100 Clk x 2) 1.6Gb/Sec
133 Clk x 2) 2.1Gb/Sec
150 CIlk x 2) 2.4Gb/Sec
166 Clk x 2) 2.7Gb/Sec
183 Clk x 2) 3.0Gb/Sec
200 Clk x 2) 3.2Gb/Sec

AN N N N N N

DDR 533MHz Data-rate (266 Clk x 2) 4.3Gb/Sec

1998-2008
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Clock in Synchronous DRAM

« SDRAM Clock: rising edge only

 DDR Clock: both edge
internal bus size = 2* external
internal f = 1/2 *ext. f

 DDR2 Clock: both edge
internal bus size = 4* external
internal f = 1/4 *ext. f
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DDR Clock use

SDRAM / DDR are synchronous DRAM
SDRAM are working on rising-edge only

DDR are working on both edge of the clk
for the burst data transfer on the same row
of a bank

They are external clk and internal clk

Internal bus width can is growing with new
generation

1998-2008
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Clk SDRAM

Operating frequency External clock Data bus
of internal bus frequency transfer rate
133MHz 133MHz 133Mbps
/O buffer
SDR Memory
SDRAM cell {n—M > >

n bits of data transferred
per clock cycle

using external clock with same speed
as the internal bus

array o
| |
A
(

j Transfer of n bits per clock cycle,

http://www.elpida.com/pdfs/E0437E40.pdf

1998-2008 R.Beuchat / Memories 109



Clk DDR

Operating frequency External clock Data bus
of internal bus frequency transfer rate
133MHz 133MHz 266Mbps
I/O buffer
DDR Memaory
SDRAM cel q —n—>
array

A

I \ Transfer of n bits per 1/2 clock cycle,
[ 2n bits of data transferred ] using external clock with same speed

per clock cycle as the internal bus

http://www.elpida.com/pdfs/E0437E40.pdf
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Clk DDR2

Operating frequency External clock Data bus
of internal bus frequency transfer rate
133MHz 266MHz 533Mbps

I/O buffer

DDR? Memory
SDRAM cell " @@@@—P
array

A

’ \ Transfer of n bits per 1/2-clock cycle,
[ 4n bits of data transferred ] using external clock with twice

per clock cycle the speed of the internal bus

http://www.elpida.com/pdfs/E0437E40.pdf
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DDR Dual Data Rate

« Synchronization for data transfers : DQs
« Burst transfer on 2 edges of DQs

» Synchronization with DQs :
» DQs provided by the memory controller in write cycle
» DQs provided by the memory in read cycle

» DQs propagate in the same direction as data

» DDR : power supply 2.5V

» DDR-II : power supply 1.8V, ODT (On Die Termination)
» DDR-III : power supply 1.5V, ODT

» Data bus termination V, =V _;./2

alim
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DDR SDRAM DDR2 SORAM DDR3 SDRAM
Data Rate 2007266 1333 7400 Mbps | 4004533 F667 J800 Mbps | 800 1066 1333 £ 1600 Mbps
Supply Yoltage 25 0.2 1.8 01 1.8Y £ 0075V
Interface SETL 2 =STL 18 SSTL 15
Data Strobe Single ended =ingle ended I Differential Differential Defaul
Burst Length 2,4,8 4,8 4 (Burst Chop), &
Prefetch 2 4 a8
Number of Bank 4 418 g
Reset i la] Mo Yes
On Die Termination i Yes Yes (Dynamic ODT)
Driver Calibration - Qff-Chip Driver Calibration =elf Calibration with £ Fin
Package TSOR I FBRGA, FBGA
RoHS Support SUpport Support
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DDR signaling

AGF

1998-2008

L HOST »

CONTROLLER

" he

5 __|
| PvwA- | CMDJADD

DATA

DATA STROBES

PLL

A

PCI

CLOCKS

CLOCKS

CLOCKS

CLOCKS

Figure 1. DDR PC266 PC Memory Subsystem

6500-pdf

vvvv-rﬂul
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DDR signaling

LVTTL STTL_2
y 33V Vpp = 2.5V
DD =3.
Vppg = 2.5V
Voo =3.3V
—O| out
our o0t ouT
— —] IN — - —Vper
Vssq Vssq ¥
Vss _
W,
OUTPUT BUFFER INPUT RECEIVER OUTPUT BUFFER 55
INPUT RECEIVER

http://www.fairchildsemi.com/ms/MS/MS-6500.pdf
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DDR signaling

« The SSTL_2 input receiver is typically a
differential pair common source amplifier.
This receiver provides better gain and
bandwidth, and the variation in threshold voltage
IS much tighter, since the threshold voltage
offset is determined by identical size and
technology transistors in a differential pair
configuration.

* The result is that smaller input signal swings can
be used reliably.

« Many variations and enhancements to this input
receiver topology are in use today.

http://www.fairchildsemi.com/ms/MS/MS-6500.pdf
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DDR signaling

Vrr=0.5xVDDO VT =05 xVppog
RT = 5042 RT = 5042
Vin
wm RS
Vigr '_I>~
05x Vppg

Double terminated output

UTr:ﬂﬁIVDDQ

RT = 250
Vin
Vour RS
w— +
VREF 1~
ﬂEIVDDq

Single terminated output
http://www.fairchildsemi.com/ms/MS/MS-6500.pdf
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DDR signaling

Vooo VppDaog Vpoo VpDo
===
1
: 20K L o pr 0. 1pF 0.1pF
I e . P
I : :
! i VREF
I 5 - ]
I |20k0 g
'2 1|0 pF Joapr JoapF
1 [ ] e S s
- [ ]
! 1
| N E—
Vsso Vssg Vgs0 Vss0

VRef divider and filter

http://www.fairchildsemi.com/ms/MS/MS-6500.pdf
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B8 8

V1T

Figure 7. V17 Island PCB Layout

http://www.fairchildsemi.com/ms/MS/MS-6500.pdf
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VITT PCB

ML6554 Bus terminator Power
‘Evzzaﬁ;;@wﬁ&a:; """"""""" B R LTI

I i 1
vy |
OSCILLATOR/ L

———————————————— —— gy
RAMP GENERATOR } [ |

[ ::i 7

Al ' w VL :

I OUT

-
' |

| I 1

| | 1

| I 1

| 1

' [ I

1

1

1

1

[

1

1

1

1

[

1

VRgr BUFFER i :
R O —[>—¢—,—| b £
VREF|y I | I

ERROR AMP

=
E
E'ﬂ
= r
o |
"
|
i
|
|
|
|
|
|
|
|
I
|

http://www.fairchildsemi.com/ms/MS/MS-6500.pdf
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VITT PCB

ML6554 Bus terminator Power

)25V TO 4V
1004 0.1pF
Ay P I I
1A - 3A Il 1000 ﬂ.”ﬂ |
°
~55 C ¥ 11 ‘ﬁ_
= 220pF
MLE554 .
C 1 N 16
" Vop AVee §1ﬂﬂun
- 2 15
3.3uH 0.1pF == PVpp1 Veea OVeea
e T 3 14
o T Vi VREFGUT O VREFQUT
J . PGND1 AGND P2
5 12
— T F SHDN OYSHDN
05.CON ot Viz VREFjy O VREF)y
TO SDRAMS T 7 —_— - o
8 9
DanD VoD
100K
AN
1K 1IHIF
Ay 1
GND () o oo

http://www.fairchildsemi.com/ms/MS/MS-6500.pdf
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DDR Dual Data Rate

DDR Module Roadmap

The "Mainstream” memory maodule migration path

128MB ™~ -.256Mb

'DDR 800-1200 -

¥ ~6-10GBls
FL5400 DDR 667 - 333MHz, 5. 4GBis

ARG €1ty

L4300 - DDR 533 - 267MHz, 4.3GB/s .~ |
DDR 400 - 200MHz, 3.2GB/s

DDR 333 - 167TMHz, 2.7GBf/s

Samples
0 Speccomplete

: | |
DDR266 - 133MHz , 2.1GB/s PE2100
DDR200 - 100MHz, 1.6GB/s PC16

1998-2008 R.Beuchat / Memories
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DDR/RamBus comparison

Memory name Type Clock Voltage DDR clock Data Bus &

name speed speed Bandwidth
PC100 100MHz 3.3v 64-bit, 0.8GB/s
PC133 133MHz 3.3v 64-bit, 1.05B/s
PC1600 DDR200 100MHz 2.5v 200MHz 64-bit, 1.6GB/s
PC2100 DDR266 133MHz 2.5v 266MHz 64-bit, 2.1GB/s
PC2700 DDR333 166MHz 2.5v 333MHz 64-bit, 2.7GB/s
PC3200 DDR400 200MHz 2.5v 400MHz 64-bit, 3.2GB/s
PC4200 DDR533 266MHz 2.5v 533MHz 64-bit, 4.2GB/s
RDRAM 400 400MHz 16-bit, 1.6GB/s
PC800
RDRAM 533 533MHz 16-bit, 2.1GB/s
PC1066
RDRAM 600 600MHz 16-bit, 2.4GB/s
PC1200

R.Beuchat / Memories
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SLDRAM (Synchronous Link DRAM )

SLD4M18DR400
4Mx18 (75Mbits)
400MHz rate

800MB/s peak

8 internal banks

Burst4 or 8

Protocol paquet oriented
2 data clock

1 command clock

Programmable Delay
Read/Wite

2.5V
Configuration Register

Vbp
Vop
TEST
RESET#
Vobp
VoboQ
DQ17
DQ1
DQ3
VobQ
DQ5
DQ7
DCLKO
DCLK1
CCLK
CA1
Vbop
CA3
CA5
CA7
CA9
DQ8
DQ10
VoboQ
DQ12
DQ14
DQ16
VopQ
VoD
Si
Vss
Vss

~N oW =

11

15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59
61
63

Vss
Vss
LINKON
LISTEN
Vss
VssQ
DQO
DQ2
DQ4
VssQ
DQ6
DCLKO#
DCLK1#
CCLK#
CAO
CA2
Vss
CA4
CA8
CA8
FLAG
DQg
VssQ
DQ11
DQ13
DQ15
VssQ
Vss
VREF
SO

Vbbb
VoD

PIN ASSIGNMENT (Top View)
64-Pin HSMP

64-Pin VSMP

VDD
Voo
TEST
RESET#
Voo
VooQ
DQ17
DQ1
DQ3
VopQ
DQ5
DQ7
DCLKO
DCLKA1
CCLK
CA1
VDD
CA3
CA5
CA7
CA9
DQ8
DQ10
VobQ
DQ12
DQ14
DQi16
VooQ
VoD
Sl
Vss
Vss

1 =

2
s |
7 = —= 6

:IB
1?z .o
o P12
15 — = 14
7o |18
19 o = 18
21 4 = 20
o3 o = 22
s | P24
27 o |28
29 — = 28
s1g [P
o 32
ws | |3
37 — 36
39 = 38
a1 — = 40
a3 |4
o M
7o P
49 — = 48

5 50
:;z L 52
55 o |2
o |58
50 — = 58
o o [P0

o 62
63:&4:64

Vss
Vss
LINKON
LISTEN
Vss
VssQ
DQo
DQ2
DQ4
VssQ
DQ6
DCLKO#
DCLK1#
CCLK#
CA0
CA2
Vss
CA4
CA8
CA8
FLAG
DQ9
VssQ
DQ11
DQ13
DQ15
VssQ
Vss
VREF
SO

Vbp
VbD

1998-2008
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SLDRAM

T
H
i
i
i
'
H
H
1}
REGISTER
'
H COMMAND
DECGODER
F
SEQUENGER
FLAG - i -
Gao- GOMMAND
T 3
s ADDRESS
CAPTURE =
7 5 BANK BANK BANK T BANK 7 RCLK
- ] a0, —conTROL
REG, LOGIC
PROG.
ICLK DELAY
'
H ROLK DaTA
H
10 A H— - H
P - BANKD - ckin  clkout | 18
I DR, PRE. 72
Y = MEMORY ARRAY
REG MUK i | HH READ
:E 1,024 ROWS FIFD 2
ADDRESS L~ % 128 COLUMNS o
' SEQUENCER . - x 72 EITS H Q-
' REFRESH H 1 ) o7
COLNTER ST DGLKs
- 3 DCLKD, DOLKO#
:‘,q?:;?— T DCLKY, DCLK e
INPUT H
HEGISTERS H
]
7, COLULN -
rd LATCH! WHRITE g
DECODER 72 72 FIFD 72 ¥ 1 H
kg 18 RCVRS |.— '
¥ H
g
e ok 2
ICLK out_in ¥
E 1
WRITE H
LaTCH H
CLocK | g A WCLK .
COoLK DIVIDERS RoLK & GEE’,‘;‘—??F,UN —t
i jul & — WLk DANERAS e ]
R DELAYS
(200 MHz) - CIT’—E=’ :
CLOCKS H
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RamBus RDRAM

Why Create A New Memory Standard?

Processor outpacing memory

bandwidth ... ... and memory bandwidth must be
delivered by fewer DRAMs

#DRAMs per
stem
Svm _

s ap o

e LSO

*Source: Intel Corp
1= 1986 386 Performance
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RamBus RDRAM

Rambus: 800 MHz Narrow Bus

, Bus clock

m Uniform transmission line design © 400MHz
m Uses Rambus Signaling Level (RSL)

m Standard printed circuit board layout

2.5 Volt Vdd supply, 1.8V V...

m1-32 RDRANMS supported per Channel

X

1998-2008

R.Beuchat / Memories 129



RamBus RDRAM

Rambus: Wide Internal Bus

M 128/144-bit internal bus

B Low pin-count

B Fine granularity K
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RamBus RDRAM

Direct Rambus Technology

Direct RDRAM

Direct RAC and RMC 5
Clock Generator Direct RDRAM

Connectors

RIMM Connector

Direct RAC and RMC
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RamBus RDRAM

Conventional DRAM Wide Bus Systems

Memory
Controller

DRAMS

64-bit data path (8 bytes @ 66 MHz) 533 MB/sec

Rambus DRAM Narrow Bus Systems

RDRAMS RDRAMS
Four Channels (64-bit data path): 6.4 GB/sec

Memory

Controlle

RDRAMS
Two Channels (32-bit data path): 3.2 GB/sec

RDRAMS
Single Channel (16-bit data path): 1.6 GB/sec

1998-2008
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RamBus RDRAM

High Channel Efficiency

=95% Channel utilization ARTROLL e

Goal: Maximize number
of simultaneous
transactions

Memory system is a
pipeline

Independent resources
m Row, column, data
m Lots of banks per DRAM

Few gaps on data bus

1998-2008
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RamBus RDRAM

Controller Design: RAC and RMC

1287144 178044 SHNCIK

CONTEOL

= T i e e [ = Pt el 1*1'

i, T O o e S T o e ] =

Rambus ASIC Cell [RAC) g

e et e il e e B
Lo o e

BusData Control BusData BusClk

ASIC ceall available from IBM, LSI, NEC, Tl and Toshiba
Several RACs available on foundry processes (0.25u or better)

Memory contreller available from Rambus

Models for the RODRAM available from Synopsys and Ram bus

Models forthe RAC and RMC available from Rambus K
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RamBus RDRAM

Packaging - Industry Standard

m Rambus RIMM™ modules fit within
SDRAM-100 power, thermal envelope

B RDRAM package - chip scale

DIMM-like module
form factor

DIMM -like
connectors
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RamBus RDRAM

Direct Rambus Memory
e

Highly efficient memory control pipeline
High bandwidth DRAM core
Comprehensive infrastructure support

Broad applicability
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RamBus RDRAM

Physical Channel Basics
Pipelined Bus

Definition:
m The electrical delay through a pipelined interconnect
is greater than the bus cycle time.

=
B

ip = TcT

The PCB interconnect “stores bits”
on the line!

X

1998-2008 R.Beuchat / Memories 143



RamBus RDRAM

Channel: Transmission Line
L

Controller RDODRAM1 RDRAMI6 RDRAM3I2 Vierm

T I
T L_‘—_“_:u T l— S —LE—‘
RDRAM capacitance lowers line impedance

m RESLULT: Closely spaced RDRAMS create a ““loaded®

transmission line impedance
B lLoaded impedance sets network impedance

m "Unloaded” line sections and termination must equal loaded

RIMM module design guidelines optimize
Channel performance
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