Last updated 2/8/24




* DDR
 Double Data Rate
e Data I/O on clk and clkb

* Pre-fetches 2 words per read
* Provides 2 words / array access

* Allows for data to flow at 2x the memory access speed
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« DDR SDRAM - Additional Signal
 D/Q Strobe — DQS

* Generated by the memory chip on reads
* Matches timing of data

» Receiver (MMU for example) uses this to generate its latch signal (mid
DQS)

e Externally generated on writes
* Must be near center of write data
* Used by the memory to latch the input data

FBGA TSOP
Numbers Numbers Symbol Type |Description
E3 51 DQS f{®] Data strobe: Output with read data, input with write data. DQS is
E7 16 LDQS edge-aligned with read data, centered in write data. It is used to
E3 51 uDQs capture data. For the x16, LDQS is DQS for DQ[7:0] and UDQS is
DQS for DQ[15:8]. Pin 16 (E7) is NC on x8.
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* DDR SDRAM

e 256Mb : 32Mx8
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* DDR SDRAM —Timing

e Read

commnn 7 Xactivate XK Noe XX vead XK o X)X nor X000 wor XO000X Nov X7 preche XK Nop X Noctivate7,
AORESS X ROW X 0. X \row k7
Bank x
8N s X s X o X sk X,
| . All Banks
DQS, DQSH < "X >< >< >< V.

2 7 i i i i i i i i i
i e 0 e 7, s e e e 7, 7
2 i i i i i i i i i i
o s s s 7 s s s s v e
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* DDR SDRAM —Timing

e Write

commanoacivateX X _noe XX wiiee X000 noe X000 vor XK o X0 noe X eeche XK oe X octivate)(T

ADDRESS 77X ROW ) Xcowa X)) 7 7 Xrow kX7
Bank x
BANK%X Bank x X Bankx X 7 7 X oo X 7 X Bank 2 7

All Banks

D0, D0st { TS
o W Ao A A X Wi
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* DDR SDRAM —Timing

* Read Latency
* CL-CAS latency — clock cycles from CAS to data out
* AL — Additional Latency — pipeline commands or to match parts

SRS’ G e i Sa G S G S G S
Comman d REgp //~ NOP , NOP ) [/Jf NOP I NOP )@
acaress 7 @R )L/ L)L UL ) L ) LR

RL=3(AL=0, CL=3)

DQs, DQS# . f, by Y -

I

oQ Oy ——

BL=4

TR
CK

Command

Address

DQs5, DOS:#

DQ
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* SDRAM —Timing

* Non-consecutive Read bursts

TO Lk T2 T2 T3n T4 T4n T5 TE TEr‘l T}" T?n TB

CK# - - - -
. X NDP JWWREADWK NOPM " NOP W NOP @( NOP
Address /(&[S N/////A V////// S 'II»X//////////////////////////////////////f//////Af BL=4

Command ;b-g READ
EL 3 I I I I
: -

|
f
| . : {— {—
DQS, DQS# : : !1 R I~’ | h S S S
DQ '

| lromy e > DD
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* DDR SDRAM —Timing

e Consecutive Read bursts

oos 00 —— N S e S S G .
0Q OO
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* DDR SDRAM —Timing

* Read interrupted by read

BL=8

Ta T T2 T3 T4 TG Te 7 T3 T9

command Er{nE.TDIE";‘,'—?;;\i NOFZ }ﬂff}’;ﬁ{RETﬁ}?fffjﬁ NOPZ mvaiud X777y Rl W77 77 valid Y77 77y vaid W77 vl W77 77 vald Y7/,
| | | | | |
Address ?)(v_:-l‘ﬁ)(/ffﬁffz’z‘fﬂfx’ff/)(ﬁlllﬁ)?fx%’fx’{f;’Kfz’(ﬁx’f’fx’]/ffffx‘/ffff{fﬁfﬁfﬁfffz’f(ffff{fﬂﬁ{ffﬁﬁﬁg’fx’ﬁfx’(fz’ff{ﬁﬁm vy,

s By L T T T T e T L T
005, 0088 —— {7 i T N N N
DQ | un‘l‘un}, Dni{nn}{m}inﬂ)ﬁnﬂ}i{nn {m}‘l‘{nn}:—

| I I I I

CL =3 (AL =0)
Tcco CL=3(AL=0)

* Valid addresses include
* Same bank, same row w/o precharge
* Different bank —assuming precharged
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* DDR SDRAM —Timing

* POSTED CAS

 For CL=3, set AL=2 and move the READ command forward 2 clocks

Normally the read would be here

T Te TF T8
CK# - - - - R ' . - v oo
K A

. g

Command /HACTIVE 77/} READ n\r{j{;’l}",{a NOF {,r?'_,"_/_lf.«"_,ﬁ NOP }fﬂ:{-’_:,/_x:.;{ NOP Wf;gjxj; NOF x‘({:’(f!;‘:‘?( NOP }\ij-j::’,"_j}{ NOP W;aﬁ.- nor W BL=4
D5, DO5# | | | ' J ' X I N

|
..

f
| I | TRCD (MIN]
I ’ |

(K8

AL =2 | CL=3
| -

Move the read forward to complete the cycle and do something else
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* DDR SDRAM —Timing

* Write
 DQS generated by the MMU in write mode
* Edge must match up with the center of valid data

TO T1 T2n

CK# ----- s
PR .

BL=4

T3n

31

T4

Command ?x WRITE \/‘/ﬁ( NOP

| @

Address Egghf ///1)7

tDQSS (NOM) . : WL ltnqss | _ : B
’ /

DQS, DQS# | ; X )f

_____

ZA\@M ><///% z

|

12

oo ////////////////////////// W ER W//////
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* DDR SDRAM —Timing

* Non-consecutive Writes

BL=4

T2n 13 T3n T4 T4an 15 T5n TE Tén
I

SR E s
command /{ WRITE X///X NOP Wﬁx NOP mﬁlTE B{E:}: NOP }\/ﬁ{ NOP ){ilil@f oP V/Iﬁ

2

Address 7 EW///////J//////// /////// Bﬂ?“ W//////A/W///////////?///A////////Af
IDQss (NOM) . WL + 'DQss_

DQS, DQS# —
0Q ?7/////////7///////////%?'\'}7”( X < YXUNTITTTT
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* DDR SDRAM —Timing

* Consecutive Writes

Command

Address

tpqss (NOM)
DQS, DQS#

S,

ELE 4142

|
M w HITE

_n’

T1 Tin T2

BL=4

T2n T3 T3n T'd Tfl n T5

" NoP )

WRITE

W NOP
_."

T5n

IS >«//////////////////////////////////j///////////]/4
: WL1|D?5?‘:""}E I}, lj-,.-: | 1|J___f}

14

///WEU(}J)“@T{){)(} .

77
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* DDR SDRAM —Timing

* Write interrupt by Write

Command /HNRITE m

Address 77 Valld?

A0 7y

TQ

kg --- T
K $

- ____I - -
7 .m:.; %Eﬁ MOP

DQ5, DOS#

DG
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2-clock reguirement
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* DDR SDRAM Generations

* All generations use clk and clkb for data

DDR - 2 word pre-fetch

DDR2 — 4 word pre-fetch

DDR3 — 8 word pre-fetch

DDR4 — 8 words pre-fetch, enhanced bank structure
DDR5 — 16 words pre-fetch, enhanced bank structure

16
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* DDR2
e 2Gb:in a x8
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ODT — H
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* DDR3
e 1Gb:in a x8

lower nibble for BC4)

(select wpper or
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* DDR4
e 4Gb: in a x8
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* DDR5

e 16Gb: in a x8
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. Hank 1
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* Transfers / sec

» With data flowing on clk and clkb data transfer is 2X clock rate
* MT/s — M Transfers / sec

« SDRAM — DDR3 spec sheet

Table 1: Key Timing Parameters

speed Grade Data Rate (MT/s) Target '‘RCD-'RP-CL 'RCD (ns) RP (ns) CL (ns)
-10712 1866 13-13-13 13.91 13.91 13.91
-107E"-? 1866 12-12-12 12.84 12.84 12.84
-1251.2 1600 11-11-11 13.75 13.75 13.75
-15E! 1333 9-9-9 135 13.5 13.5
187E 1066 7-7-7 13.1 13.1 13.1

* 1866MT/s --> 933MHz clock operation
e -->1.071ns/clock

e --> CL=13 means tCL = 13.93ns delay for a read from
the array
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* Dimm

e Dual Inline Memory Module

Multiple memory chips integrated onto a board
Support 64bit transfers

Parallel configuration

» Different chip selects

Word configuration

* Each chip supplies part of a bigger word
e 8, x1 devices = 8 bit word
* 8, x4 devices = 32 bit word

use PCx-zzzz where zzzz is max bandwidth (transfer rate in

bytes)

 DDR2-800 = pc2-6400 (transfers x # bits /8) = 800M x 64b /8 =
6.4GB/s

22
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* DDR — Technology

Bandwidth Eihns il Prefetch
SDR 1993 1.6 GB/s 168 3.3 n
DDR 2000 3.2 GB/s 184 2.5/2.6 2n
DDR2 2003 8.5 GB/s 240 1.8 4n
DDR3 2007 17 GB/s 240 1.35/1.5 8n
DDR4 2014 25.6 GB/s 380 12 8n
DDRS 2019 32GB/s 380 1.1 8/16n
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Memory

DDR200
DDR266
DDR333
DDR400
DDR2-400
DDR2-533
DDR2-667
DDR2-800
DDR2-1066
DDR3-800
DDR3-1066
DDR3-1333
DDR3-1600

* DDR - Technology

Real Clock

100 MHz
133 MHz
166 MHz
200 MHz
200 MHz
266 MHz
333 MHz
400 MHz
533 MHz
400 MHz
533 MHz
666 MHz
800 MHz

Maximum
Theoretical
Transfer
Rate

1,600 MB/s
2,133 MB/s
2,666 MB/s
3,200 MB/s
3,200 MB/s
4,266 MB/s
5,333 MB/s
6,400 MB/s
8,533 MB/s
6,400 MB/s
8,500 MB/s

10,666 MB/s
12,800 MB/s

24

Memory
Module

PC-1600
PC-2100
PC-2700
PC-3200
PC2-3200
PC2-4200
PC2-5300
PC2-6400
PC2-8500
PC3-6400
PC3-8500
PC3-10600
PC3-12800
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* DDR — Technology
« DDR4

Standard Memory 1/0 bus Data Module Peak trans- TS CAS
name clock clock rate name fer rate CL-tRCD-tRP latency
(MHz) (MHz) (MT/s) (MB/s) (ns)
DDR4-1600J* 10-10-10 12.5
DDR4-1600K 200 800 1600 PC4-12800 12800 11-11-11 13.75
DDR4-1600L 12-12-12 15
DDR4-1866L* 12-12-12 12.857
DDR4-1866M |233.33 933.33 1866.67 PC4-14900 14933.33 13-13-13 13.929
DDR4-1866N 14-14-14 15
DDR4-2133N* 14-14-14 13.125
DDR4-2133P |266.67 1066.67 2133.33 PC4-17000 17066.67 15-15-15 14.063
DDR4-2133R 16-16-16 15
DDR4-2400P* 15-15-15 12.5
DDR4-2400R 16-16-16 13.32
DDRA4-2400T 300 1200 2400 PC4-19200 19200 17-17-17 14.16
DDR4-2400U 18-18-18 15
DDR4-2666T 17-17-17 12.75
DDR4-2666U 18-18-18 13.50
DDRA4-2666V 333.33 1333.33 2666.67 PC4-21333 21333.33 19-19-19 14.25
DDR4-2666W 20-20-20 15
DDR4-2933V 19-19-19 12.96
DDR4-2933W 20-20-20 13.64
DDR4-2933Y 366.67 1466.67 2933.33 PC4-23466 23466.67 91-21-21 14.32
DDR4-2933AA 22-22-22 15
DDR4-3200W 20-20-20 12.5
DDR4-3200AA 400 1600 3200 PC4-25600 25600 22-22-22 13.75
DDR4-3200AC 24-24-24 15
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https://en.wikipedia.org/wiki/Transfer_(computing)
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