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2Gb DDR2 - AS4C256M8D2

256M x 8 bit DDR2 Synchronous DRAM (SDRAM)

Confidential

Advanced (Rev. 1.0, Sept. /2014)

Features

High speed data transfer rates with system frequency up
to 533 MHz

8 internal banks for concurrent operation

4-bit prefetch architecture

Programmable CAS Latency: 3,4 ,5,6 and 7
Programmable Additive Latency: 0, 1,2,3,4,5and 6
Write Latency = Read Latency -1

Programmable Wrap Sequence: Sequential or Interleave
Programmable Burst Length: 4 and 8

Automatic and Controlled Precharge Command

Power Down Mode

Auto Refresh and Self-Refresh

Refresh Interval: 7.8 us at -40°C < Tcase <

85°C, 3.9 us at 85°C < Tcase < 105°C

ODT (On-Die Termination)

Weak Strength Data-Output Driver Option

Bidirectional differential Data Strobe (Single-ended
data-strobe is an optional feature)

On-Chip DLL aligns DQ and DQs transitions with CK
transitions

DQS can be disabled for single-ended data strobe
Read Data Strobe (RDQS) supported (x8 only)
Differential clock inputs CK and CK

JEDEC Power Supply 1.8V + 0.1V

VvDDQ =1.8V £ 0.1V

Available in 60-ball FBGA for x8 component

RoHS compliant

tRAS lockout supported

Operating Temperature range

* Commercial (Extended) 0°C < Tc < 85°C

* Industrial (Extended) -40°C < Tc < 95°C

All parts are ROHS Compliant

Table 1. Speed Grade Information

Description

The AS4C256M8D2 is an eight bank DDR DRAM
organized as 8 banks x 32Mbit x 8. The V59C1G02808QD
achieves high speed data transfer rates by employing a chip
architecture that prefetches multiple bits and then
synchronizes the output data to a system clock.

The chip is designed to comply with the following key
DDR2 SDRAM features:(1) posted CAS with additive latency,
(2) write latency = read latency-1, (3) On Die Termination.

All of the controls, address, circuits are synchronized with
the positive edge of an externally supplied clock. 1/O s is
synchronized with a pair of bidirectional strobes (DQS, DQS)
in a source synchronous fashion.

Operating the eight memory banks in an interleaved
fashion allows random access operation to occur at a higher
rate than is possible with standard DRAMs. A sequential and
gapless data rate is possible depending on burst length,
CAS latency and speed grade of the device.

Speed Grade Clock Frequency | CAS Latency treo (ns) tze (ns)
DDR2-800 400 MHz 12.5 12.5
Table 2. Ordering Information
Product part No Org Temperature Package
AS4C256M8D2-5BCN | 256M x 8 | Commercial (Extended) 60-ball FBGA
0°C to 95°C
AS4C256M8D2-5BIN 256M x 8 | Industrial 60-ball FBGA
-40°C to 95°C (Extended)
Confidential 2 Rev. 1.0 Sep. /12014
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2 GB DDR2 SDRAM Addressing

Configuration 256Mb x 8
# of Bank 8
Bank Address BAO ~ BA2
Auto precharge A10/AP
Row Address A0 ~A14
Column Address A0 ~ A9
256MX8 DDR2 PIN CONFIGURATION
=Top View=
1 2 3 7 8 0
VDD | NU/RDOS VaS A VS50 DOS VDD
D06 VS50 | DM/RDOS B DOS WSS i
VDD 9} VDN C VDD DO VDD
D04 Y 550) D)3 D D2 Y Sa0) DO
VDDL VREF VSS E VSSDL CK VDD
CKE WE F RAS | CK | oDT
BA2 BAD BAl G CAS S
ALO/AP Al H Al Al yDD
VES A3 Ad J Ab Ad
Al A9 | 4 All AR VS
DD All Ald L NC Al3
Confidential 3 Rev. 1.0 Sep. /2014
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Signal Pin Description

Pin Type Funetion
CK. CK nput | The system closk input. A1 Inpuls exceps DS and OME ars sampled or the rEing edge of CK
CKE nput | Actvaies the CK signal when nigh and ceacivales the CK sgnal when Iow, nenedy Inliates eitner the
Power Dawn mode, or ihe Seif Retrssh mode
[{ nput | TF enalizs the command secoder when |ow ard disables the command decoder whisn rign. wihan
ihe command decoder 5 disabled, new commands are ignored bt previous operations continue
RAG, GAS, WE nput | When sampled at she postive reing edge of the clock, TAS, RAS, and WE defire the command ta b=
sxeculed Dy the SDRAM
A0 - &4 nput | During a Bank Acsivate command cycle, A0-A14 defines the row address (RA0-RA14) when sampled
at the rising clook eoge for 8.
Curng & Read or Write command cycie, AD-An defines the columin address (SAL-CAR) when sampled
at the rising clook ecge CAN depends on the SDORAM organization
255M ¥ & DOR CAn = CAQ
In agdtion fo the column address, A10{=AP) |s usad to Imvoke autoprachange aparation 3 the and of
the Burst read or writa cycle. | A13 Is high, autoprecharge Is selecied and BAD, BA1, BAZ sefines tha
pank ta ba prechargad. If A10 Is low, aulopracharge Is disabiar
During a Precharge command cycle, A10(=AF) Is used In canjunction with BAD, BA1and BAZ to contro
whilch Bank(s) to pracharnge. if410 16 Nigh, all &ignt banis will be prachanged simuitanesusly regardiess
of 523t of BAD | BA1 and BAZ.
BAD-BaZ aput | Selects which bank IS o be aciive
Do Aputt | Cata InpusOusput pins operas 0 the S3Me Manner 35 on convertiaral DRaks
Culput De0-DeS7 #or xE dewice.,
oGS, (DES) aputt | Data Strobe, oulput with read data, input with wilte data. Eoge-aligned wilh read data, certered Inwrite
ROGS, (RD@S5) | Culput | daia. For x8 device, an ROES apfion using DK pin can be enabied via it EMRS(1) o simplRy read
fiming. The data sbrobes D0S and ROGS may be used In @ngle ended mods or palred wiih aptara
complimantary signals RS and ROGE fo provide differansial pair signaling fo the system during both
reads and writes. An EMRS(1) condral bt 2rabies or disables 3l complamantary cata strobe signals
o6 npat | DM Is an Input mask signal forwiite data. Input data 1s masked when 08 15 sEampiad nigh along wit
that Input data during 3 Write access. DM Is sampled on bath edges of DOS,
Alihawgh DM pins are input anly, the DM lnaging Is deslgned to makeh that of DC and DEE pins
Far ¥E device, the funclion of DM or RDOE/RDGS Is enabled by EMAE command.
VOO, W53 Supply | Power and ground far the Input bulfers and the cora logie
VODO, WSSD | Supply | Isolated power supply and ground for the output buters to prosida Improved nolse mmmunisy.
VREF nput | S2TL Refarance Wokage for Inpuss
VODL, V2SOl | Supply | Isclated power supply and ground for the DLL fo provige Impraved nolse immunity
OOT nput | On Dle Temination Enable. It enables termination rasistance Intarnal to the DRAM. ODT ks appled ta
gach DO, OGRS, DS, RDAS, RDQS and DM for xE device. COT will be ignorad If EMRE dsable the
function.
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 Simplified State Diagram
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oo SV | RDA T
Writing ™, PR, PRA A Reading
| with | | with |
é\-utoprecharge: PR, PRA | PR, PRA ' Autoprecharge
e l\‘*-"" tﬁ/ Sy
:Prechargind CKEL = CKE low, enter Power Down
i CKEH = CKE high, exit Power Down, exit Self Refresh
o S ACT = Activate

WR(A) = Write (with Autoprecharge)
RD(A) = Read (with Autoprecharge)
PR(A) = Precharge (All)

MRS = (Extended) Mode Register Set
SRF = Enter Self Refresh

REF = Refresh

Note: Use caution with this diagram. It is intended to provide a floor plan of the possible state transitions and the commands to control them,

not all details. In particular situations involving more than one bank, enabling/disabling on-die termination, and Power Down entry/exit -
among other things - are not captured in full detail.
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Basic Functionality

Read and write accesses to the DDR2 SDRAM are burst oriented; accesses start at a selected location and continue for a
burst length of four or eight in a programmed sequence. Accesses begin with the registration of an Active command, which
is then followed by a Read or Write command. The address bits registered coincident with the active command are used to
select the bank and row to be accessed (BAO, BA1 select the bank; A0-A14 select the row). The address bits registered
coincident with the Read or Write command are used to select the starting column location for the burst access and to
determine if the auto precharge command is to be issued.

Prior to normal operation, the DDR2 SDRAM must be initialized. The following sections provide detailed information
covering device initialization, register definition, command descriptions and device operation.

Power up and Initialization

DDR2 SDRAMs must be powered up and initialized in a predefined manner. Operational procedures other than those
specified may result in undefined operation.

Power-up and Initialization Sequence

The following sequence is required for POWER UP and Initialization.

*1
1. Apply power and attempt to maintain CKE below 0.2*VDDQ and ODT ' at a low state (all other inputs may be
undefined.)

- VDD, VDDL and VDDQ are driven from a single power converter output, AND
-VTT is limited to 0.95V max, AND
- Vref tracks VDDQ/2.

Or

- Apply VDD before or at the same time as VDDL.
- Apply VDDL before or at the same time as VDDQ.
- Apply VDDQ before or at the same time as VTT & Vref.

At least one of these two sets of conditions must be met.

. Start clock and maintain stable condition.
. For the minimum of 200us after stable power and clock (CK, CK), then apply NOP or deselect & take CKE high.
. Wait minimum of 400ns then issue precharge all command. NOP or deselect applied during 400ns period.

. Issue EMRS (2) command. (To issue EMRS (2) command, provide “Low” to BAO, “High” to BA1.)

. Issue EMRS (3) command. (To issue EMRS (3) command, provide “High” to BAO and BA1.)

. Issue EMRS to enable DLL. (To issue "DLL Enable" command, provide "Low" to AO, "High" to BAO and
"Low" to BA1 and A12.)

8. Issue a Mode Register Set command for “DLL reset”.
(To issue DLL reset command, provide "High" to A8 and "Low" to BA0-1)

9. Issue precharge all command.

N o o~ WwWwN

10. Issue 2 or more auto-refresh commands.

11. Issue a mode register set command with low to A8 to initialize device operation. (i.e. to program operating
parameters without resetting the DLL.

12. At least 200 clocks after step 8, EMRS OCD Default command (A9=A8= A7=1) followed by EMRS OCD Exit
command (A9=A8=A7=0) must be issued with other operating parameters of EMRS.

Confidential 6 Rev. 1.0 Sep. /2014
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13. The DDR2 SDRAM is now ready for normal operation.

*1) To guarantee ODT off, VREF must be valid and a low level must be applied to the ODT pin.

Initialization Sequence after Power Up

tCHtCL.

—r ~1 # =yr = |-_.. = 1—|=| fap=r I
Up.r. i .JI dk.f_',li””',l'"i.—} T 'lrl .tw’fﬂ'w\j
tIS
CKE ‘
oDT | ] | | | | | | | |
-, ,. 5 A %, W, o s Wanvi
Command P>< AT.IL 1: '\-'J';MI‘R ,;I / Ml ’)w.} r}{ tu-ukTX E)(-hF ll\ l\:"")"'ltl ||a< h} h/" ! ]\;’{CTX
.y i [k T
o 400ns | RP ‘RD . tl L . . M’_‘ EnabIeOCD i o
T \-\l Defaults
DLL DLL &L min. 200 cycie 1. ocD ocb
ENABLE RESET Default EXIT

Programming the Mode Register

For application flexibility, burst length, burst type, CAS latency, DLL reset function, write recovery time (tWR) are user defined
variables and must be programmed with a Mode Register Set (MRS) command. Additionally, DLL disable function, driver
impedance, additive CAS latency, single-ended strobe and ODT (On Die Termination) are also user defined variables and
must be programmed with an Extended Mode Register Set (EMRS) command. Contents of the Mode Register (MR) or
Extended Mode Registers (EMR (#)) can be altered by re-executing the MRS and EMRS Commands. If the user chooses to
modify only a subset of the MRS or EMRS variables, all variables must be redefined when the MRS or EMRS commands are
issued.

MRS, EMRS and Reset DLL do not affect array contents, which mean reinitialization including those can be executed any
time after power-up without affecting array content.

Confidential 7 Rev. 1.0 Sep. /2014
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DDR2 SDRAM Mode Register Set (MRS)

The mode register stores the data for controlling the various operating modes of DDR2 SDRAM. It controls
CAS latency, burst length, burst sequence, test mode, DLL reset, tWR and various vendor specific options to
make DDR2 SDRAM useful for various applications. The default value of the mode register is not defined,
therefore the mode register must be written after power-up for proper operation. The mode register is written
by asserting low on CS, RAS, CAS, WE, BAD and BA1, while controlling the state of address pins AD ~ A15.
The DDR2 SDRAM should be in all bank precharge with CKE already high prior to writing into the mode reg-
ister. The mode register set command cycle time (tMRD) is reguired to complete the write operation to the
mode register. The mode register contents can be changed using the same command and clock cycle
requirements during normal operation as lang as all banks are in the precharge state. The mode register is
divided into various fields depending on functionality. Burst length is defined by AD ~ A2 with options of 4 and
8 bit burst lengths. The burst length decodes are compatible with DDR SDRAM. Burst address sequence type
is defined by A3, CAS latency is defined by A4 ~ AB. The DDR2 doesn't support half clock latency mode. AT
is used for test mode. AB is used for DLL reset. A7 must be set to low for normal MRS operation. Write recov-
ery time tWR is defined by A9 ~ A11. Refer to the table for specific codes.

[BarT Bad [Bacfosmra ] mzfan [mof me [as [ ar [ e [as (e[ me [ e [ a0 [ 0| Acdress Fioid

[07] oo [ o [ro] WR |IJ|LL| T | CASLlatency | BT | Bursilengm | Mode Regster
As | DLL Reset A7 mode A3 | Burst Type | Burstlength
0 Mo 0 Mormal 0 Sequential Az| A1| Ao| BL
Yes 1 Test 1 Interleave 01 |0 4
| 0 1 1 8
L 3 L 3 !
At Active power Write recovery for autoprecharge CAS Latency
down exit time A1 Ado| Aa| WRicydes) As | A5 | A4 | Latency
0 |Fast exit{use txaro) 0 [0 [0 ] Reserved |2 0 | 0o | 0 |Reserved
1 |Slow exit{use taros) 0 0 1 2 0 0 1 |Reserved
¥ 0 1 0 3 0 1 0 |Reserved
BAY| BAD MRS mode 0o |1 |1 4 o |1 |1 3
0] 0 MRS 1 o Jo 5 1 o [o 4
0|1 EMRS(1) 1 o [1 6 1] 0 |1 5
1 0 |[EMRS(2): Reserved 1 1 0 7 1 1 0 8
1 1 |[EMRS(3): Reserved 1 1 1 8 1 1 1 E

*1:A13 is reserved for future use and must be programmed to 0 when setting the mode register.
BAZ and A14 are not used for 512Mb, but used for 1Gb and 2Gb DDR2 SDRAMs. A15 is reserved for future
usage.
*2: WR[?:;rite recovery for autoprecharge) min is determined by ICK max and WR max is determined by tCK min.
WR in clock cycles is calculated by dividing tWR (in ns) by tCK (in ns) and rounding up a non-integer value to
the next integer (WR[cycles] = tWIgl[ns}.l‘tCK[ns}}. The mode register must be programmed to this value. This is
also used with tRP to determine tDAL.

Confidential 8 Rev. 1.0 Sep. /12014
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DDR2 SDRAM Extended Mode Register Set
EMRS (1)

The extended mode register(1) stores the data for enabling or disabling the DLL, output driver strength, ODT

value selection and additive latency. The default value of the extended mode register is not defined, therefore the
extended mode register must be written after power-up for proper operation. Extended mode register(1) is written
by asserting low on CS, RAS, CAS, WE and high on BAO and low on BA1, and control-ling rest of pins A0 ~ A14.

The DDR2 SDRAM should be in all bank precharge with CKE already high prior to writing into the extended mode
register. The mode register set command cycle time (tMRD) must be satisfied to complete the write operation to
the extended mode register. Mode register contents can be changed using the same command and clock cycle
requirements during normal operation as long as all banks are in the precharge state. A0 is used for DLL enable
or disable. A1 is used for enabling reduced strength data-output drive. A3~A5 determines the additive latency. A2
and A6 are used for ODT value selection, A7~A9 are used for OCD control, A10 is used for DQS disable and

A11 is used for RDQS enable.

DLL Enable / Disable

The DLL must be enabled for normal operation. DLL enable is required during power up initialization, and upon
returning to normal operation after having the DLL disabled. The DLL is automatically disabled when entering
self-refresh operation and is automatically re-enabled upon exit of self-refresh operation. Any time the DLL is
enabled (and subsequently reset), 200 clock cycles must occur before a Read command can be issued to allow
time for the internal clock to be synchronized with the external clock. Failing to wait for synchronization to occur
may result in a violation of the tAC or tDQSCK parameters.

Confidential 9 Rev. 1.0 Sep. /2014
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EMRS(1) Programming

[BaeTom]moe [aisan] az] an [ an [ as [ 2 [ a7 |

[8s [ [a T [ar [a |Addesfad

Tl

Lo

I

i
l

[0 Jo[1 ] o [wd|roos[D05| ocopmgram  [Rn | addswilswngy | mn [ouc [ow | Brendad Mods Regisis
| |
BA1| BAD MRS mode AG | AZ| Rt oseew)
0| oD MRS Disahl !
0 |0 |ODT Disable Ao | DLL Enable
0 1 EMRS(1) 0 1 75 ohm
0 Enable
1 0 EMRES(2) 1 0 150 ahm -
Disable
1 1 [EMRS(3): Reserved 1 1 50 ahim (=2) T
¥
Adl AB AT| OCD Operation As| Ad| Az| Additive Latency
0| 0| 0 |OCDexit [ 0
0 0 1 [Reserved o0 |1 1
0 1 0 |Reserved 0 1|0 2
1 0 0 |Reserved 0 1 1 3
1| 1| 1 |Enable OCD default " 1]010 4
1[0 (1 &
* 1 After sefting o default, OCD mods nesds to be exited 0 &
by safting ASAT to 000, 1 1
Y 1 1 1 Reserved
Atz | Qoff (Optional) 2 L T ==
utput Driver rive r
1] Dutput buffer enabled Al impedence Contral Size
1 Dutputbuﬁerdl&abi 0 Marmal 100%
a. Culputs disabled - DOs, DQSs, DOSs, .
ROQS, RDQS. This feature is used in 1 Weak 60%
conjunction with dimm |DD meaurements when
IDDQ is not desired to be included.
A10 Das
» 0 Enable
1 Disable
Al RDQS Enable J Al AT Strob e Fun ction Matix
0 Disable (RDQS Enable) | (DS Enable) | ROos/oM RDQS DOs DOs
] Enable 0 (Disabs) 0 (Enabile) DM Hiz Das Dos
RGOS & ewabed e 0 (Disatla) 1 (Disabla) Dk Hiz Das Hiz
DM function is disabled. RDQS 1 {Enabis) 0 {Enabla) ROOS RDOS 0as Dos
Is aclive for reads and don't 1 {Enabla) 1 (Disable) RDQS Hiz Das Hiz
cans for writes.

*1: A13 is reserved for future use and must be programmed to 0 when setti

BAZ and A14 are not used for 512Mb, but used for 1Gb and 2Gb DDR2 Sng

*2 . Optional for DDOR2-400/533/667 /8001066

the mode register.

RAMs. A15 is reserved for future use.

Confidential
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EMRS(2) Programming: *1

[Bez2[mat [pao|atsz-as a2 [as1fato] e [ as [ a7 [ e [as [as Jaa (a2 [as [ a0 |  Address Field

l .

L L i f f W
(oz[1Jo] o ] 0" [sre| o | Extended Mode Register (2)
Bal | BAD MRS mode AT High Temperature Salf-Refresh Rale
0 0 MRS Enable
i 1 EMRS(1) 0 Disable | Tcase SE5C )
1 0 |EMRS(Z) 1 Enable | Tease > 85C )
1 1 |[EMRS{3): Reserved

*1 : BA1 must be programmed to O setting the mode register during initialization.
*2 : BAZ and A14 are not used for 512Mb, but used for 1Gb and 2Gb DDR2 SDRAMs. A15is reserved for future

usage.
EMRS(3) Programming: Reserved™

[Bazz | Bat Bao[at52-a1z]at2]at1[at0] as [as [a7 [ a6 [as [ a4 [as [a2 [a1]a0] Address Feld

oz [1 o] o2 | o | Extended Mode Register(3]

*1: EMRS(3) is reserved for future use and all bits except BAD and BA1 must be programmed to 0 when setting
the mode register during initialization.
*2: BAZ and A14 are not used for 512Mb, but used for 1Gb and 2Gb DDRZ SDRAMs. A15 is reserved for future

usage.
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ODT (on-die termination)

On Die Termination (ODT) is a feature that allows a DRAM to turn on/off termination resistance for each

DO, DAS/DAS, RDAS/RDAS and DM signal for x5 configurations via the ODT control pin.
The ODT feature is designed to improve signal integrity of the memory channel by allowing the DRAM
controller to independently tum on/off termination resistance for any or all DRAM devices.

The QDT function is supported for ACTIVE and STANDBY modes. ODT is turned off and not supported in
SELF REFRESH maode.

DRAM
Input
Buffer

VooQ Yoo VoD
| | |
‘ \swi ‘ “Ew2 | sw3
< Rvall < Rval2 Rval3
J-:‘ J- J. Input
{ { l Pin
Rvall <. Rvalz <. Rval3
b b |
| swi | sw? I w3

Wesil Vst Vss0

Switch (sw1, sw2, sw3) is enabled by ODT pin.
Selection among sw, sw2, and sw3 is determined by “Rtt (nominal)” in EMR.
Termination included on all DQs, DM, DQS, DAQS, RDQS, and RDQS pins.

Functional representation of ODT

Confidential
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ODT Truth Table

The ODT Truth Table shows which of the input pins are terminated depending on the state of address bit
Al0Oand A1l in the EMRS.

To activate termination of any ofthese pins, the ODT function has to be enabled in the EMRS by address bits
A6 and A2.

. EMRS EMRS
Input Pin Adress Bit A10 Adress Bit A11
x8 components :

DQO~DQ7 X X
DQS X X
DQS 0 X

RDQS X 1

RDQS 0 !

DM X 0
X=Don't Care
0=Signal Low
1=Signal High

Confidential 13 Rev. 1.0 Sep. /2014
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DC Electrical Characteristics and Operation Conditions :

Parameter / Condition Symbol min. | nom. | max. | Units | Notes
Rit eff. impedance value for EMRS{AGE A2)=0,1; 75 ohm Rit1{eff) 60 75 an ahm 1
Rit eff. impedance valus for EMRS{AG,AZ2)= 1,0; 150 ohm Rit2{eff) 120 150 180 ahm 1
Rii eff. impedance value for EMRS{AG,AZ2)=1,1; 50 ohm Rit3{eff) 40 50 a0 ahm 1
Deviation of WM with respect to Vppo2 delta VM -6 +B % 2

1) Measurement Definition for Rit{eff) :

Apply VIHac and ViLac to test pin seperately, then measure current I{VIHac) and [{VILac) respectively

Rit{eff) = (VIHac - VILac) /{ I(VIHac) - l{VILac))

2) Measurement Definition for WM -
Measure voltage (VM) at 25t pin (midpoint) with no load:

delta VM = {{ 2* VM Vppg) - 1) x 100%

AC Electrical Characteristics and Operation Conditions : For speed 667/800

Symbaol Parameter / Condition min., max. Units | Notes
taonD | OOT turn-on delay 2 2 tck

taon CDT turn-on tacimin) tacimax) + 0.7 ns 1
taompPo | COT tum-cn (Power-Down Mode) tacimin) + 2 2ok + tacimax) + 1 ns 3
taoED COT tumn-off delay 25 25 top

tanF QDT turn-off tacimin) tacimax) + 0.6 ns 2
taorep | CDT tum-off (Power-Down Mode) tacimin) + 2 25 tok +tacimax) = 1 ns 3
tapED OOT to Power Down Mode Enfry Latency 3 X top 4
taxeD ODOT Power Down Exit Latency a top 4

1) QDT tum on time min. iz when the device leaves high impedance and OOT resistance begina to tum on.
QOT turn on time max. is when the ODT resistance is fully on. Both are measured from taopD-

2} COT turn off time min. iz when the device stars fo turn-off QDT resistance.
QDT turn off fime max. is when the bus is in high impedance. Both are measured from taoFn-

3) For Standard Active Power-down - with MRS A12 ="0" - the non power-down timings ( taonp. taon: taorn @nd taop ) apply

4)tappo and tappo define the iming limit when either Power Down Mode Timings (taoypo. taoFpo) or Mon-Power Down Mode timings

{taonD: taoFp) have to be applied.

Confidential 14 Rev. 1.0
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QDT Timing for Active / Standby (ldle) Mode and Standard Acti ve Power-Down Mode

by
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=
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1
]
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L 1
1
1
|
T
1
1
1
|

e e, 3

mGFmﬁﬂ
OoT1

1) Both DT o Power Down Entry and Exit Latency timing parameter tANPD and tAXPD ara mat, themiore Non-Powar Down
Mada timings have to be appliad.

2) ODT tum-on time (o min) 1 when the device leaves high impedance and ODT resistance begins toturn on, ODT tum on
time max. {LA0N, max) i& when the ODT resistance is fully on. Both are measured from taoND.,

3) 00T tum off tme min. (t40F min) i5 when the device starts to tum off the ODT resistance. 00T turn off time max. LAOQF max) &
when the bus is in high impedance. Both are measured from tanEp .

ODT Timing for Precha rge Power-Down and Low Power Power-Down Mode

T-7 T-6 T-5 T-4 T-3 T-2 T-1 TO T
I'ilI VT T Voo Y VAT R | P ',I__% V- Voo
CK, CK [N __,-ll". .II.I__ ,:lgl .':I:_ _"{ .'Il,___,.:k. .IIJII_ _,I':'. .'II'__}I'u n'il,_ — _.:ﬁll. | i 'P:'n
R s s S S S
GE 1 L/ ! tAXPD A \ -
: ‘! ! ! H ! ! ! !
b T g TANPD R
| H ! H 1 : t : + . 1 H 1 : 1 H i
B = A O O A O
i ! ! Lo 0 tAOFPDmin 2 G0
! ; : b |1 e tAOFPDmax 1 J[i|
pa | : | bbb e
i ; E — Rt I
| | : | tADNPD.mini |1 —
| _ tAONPD.max ol
I - ooT2

1) Both DT to Power Down Entry and Exit Latencies tANPD and tAXPD am not met, therefore Power-Down Mode timings have 1o
be applied.
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Bank Activate Command

The Bank Activate command is issued by holding CAS and WE high with CS and RAS low at the rising edge
of the clock. The bank addresses of BAD - BAZ are used to select the desired bank. The row addresses AD
through A14 are used to determine which row to activate in the selected bank for x8 organised components.

The Bank Activate command must be applied before any Read or Write operation can be executed.
Immediately after the bank active command, the DDR2 SDRAM can accept a read or write command (with
or without Auto-Precharge) on the following clock cycle. If a R/W command is issued to a bank that has not
safisfied the tRCDmin specification, then additive latency must be programmed into the device to delay the
R/W command which is internally issued to the device. The additive latency value must be chosen to assure
tRCDmin is satisfied. Additive latencies of 0,1,2,3,4,5 and § are supported.

Once a bank has been activated, it must be precharged before another Bank Activate command can be
applied to the same bank. The bank active and precharge times are defined as tRAS and tRP respectively.
The minimum time interval between successive Bank Activate commands to the same bank is determined

(tRC). The minimum time interval between Bank Active commands, fo any other bank, is the Bank A to Bank
B delay time (tRRD).

Bank Activate Command Cycle: tRCD =3, AL =2, tRP =3, tRRD =2

Bank A to Bank B I:Ivelag.r tRRLD.

adkditive laben:g,rAL 2 Headﬁ:. |
L

To T T2 T3 T4 /,f Tn Tr+ Th+2 Tn+3
)
||
_ P T |“|__ |||Il'__-l |I_——'|- |I,-——.I ||I.'-——| ||I——
cK, € ) b ! | L
|I___ __.r'l_.ll'-__;!|II 'Il:'.._ _n.l' '“_II_I|-'.{' 'II'——{(‘ 'L__nljlll'- 'I__n'll. |'|__I{'|_
. N | i i . 1 i .
Internal RAS-CAS dela}rtHCDmln : i i ! !
I‘ r I r 1 K : : I : 1 r : 3
L '. i 1] i { v 1
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Address | Ficujr_:!.ddr Cnlaiddr -’_ B Adklr. -'_|'.C-:-I.32d:|r. ' H T addr | Addr |\ Reow Addr, ,
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Read and Write Commands and Access Modes

After a bank has been activated, a read orwrite cycle can be executed. This is accomplished by sefting RAS
high, CS and CAS low at the clock’s rising edge. WE must also be defined at this time to determine whether
the access cycle is a read operation ( WE high ) or a write operation { WE low ). The DDR2 SDRAM pro-
vides a wide vanety of fast access modes. The boundary of the burst cycle is restricted to specific segments
of the page length.

A new burst access must not interrupt the previous 4 bit burst operation in case of BL = 4 setting. Therefore
the minimum CAS to CAS delay (tCCD) is a minimum of 2 clocks for read or write cycles.

For 8 bit burst operation | BL = 8 ) the minimum CAS to CAS delay (tCCD) is 4 clocks for read or write

cycles. Burst interruption is allowed with & bit burst operation. For details see the "Burst Interrupt” - Section
of this datasheet.

Read Burst Timing Example : (CL=3, AL=0, RL =3, BL=4)

f Y | S \ - LW
CMD- READA I,.—q NOP  {READ B | MNOP {READ C | MNOP Homor A

b,

22
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1
1
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1
1
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S| |
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| Ceourt 80 ll:lot.ﬂ.ﬂ l Do-.rl#..: Dol.rI.B'DI:II.tBIZI:I:DD.ItB1 :I: DiowtiB 2 DuLﬂB!-'IDD!.ﬂCIJ:I:DuLtU:I: Do-.nczl DoutC2
|
i L
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| I
| I 1
1 1 1 1
| | | |
1 1 1 1
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Posted CAS

Posted CAS operation is supported to make command and data bus efficient for sustainable bandwidths in
DDR2 SDRAM. In this operation, the DDR2 SDRAM allows a Read or Write command to be issued immedi-
ately after the RAS bank activate command (or any time during the RAS to CAS delay time, tRCD, period).
The command is held for the time of the Additive Latency (AL) before it is issued inside the device. The Read
Latency (RL) is the sum of AL and the CAS latency (CL). Therefore if a user chooses to issue a Read/Write
command before the tRCDmin, then AL greater than 0 must be written into the EMRS. The Write Latency
(WL) is always defined as RL - 1 {(Read Latency -1) where Read Latency is defined as the sum of Additive
Latency plus CAS latency (RL=AL+CL). If a user chooses to issue a Read command after the tRCDmin
period, the Read Latency is also defined as RL = AL + CL.

Read followed by a write to the same bank, Activate to Read delay < tRCDmin:
AL=2andCL=3,RL=(AL+CL)=5 WL=(RL-1)=4,BL=4

I D 1 2 3 4 5 6 ? 8 9 10 11 12

e 3 [ E {:l_iilii:[jc][]_T_l_T_ﬁ OO

|
I
Achvabe
CMD — Eiria.ﬁ.x%nk.ﬁ.}—--lr

S |
s

Das, | | AL =

pas T |
ItRCD ) -

I RL=AL+CL=5

* I |

|

|

Do

nhn cinl DME}J—

|
I
|
|
1
|
| |

PaostZ 851

: "R ACT

Read followed by a write to the same bank, Activate to Read delay < tRCDmin:
Al =2and CL=3,RL={AL+CL)=5 WL=(RL-1)=4,BL=28

IIJ 1 2 304 5 6 7 8 9 10 1 12
CKC“_I l_Ld 1_L_%_l_l_i_I_l_i_l_i_l_i_l_l_i_l_l_i_i_le_JL_
-:mn- i

|
| | |
S e Y| ]

| | |
| | :
1 1
T i | \BankR/ WL 4 |
| | AL=2 CL=3 | * |
pas, | H——————ﬂa = e
Das II ®RECD ‘|r~ Jr_l | j ______ j._i ..... _il A
-‘—o—l "
| |

| AL=AL+CL=s r T
Do I [-l— , :M:lim.""':l: |Ml.l_*.:in’nm:|'nm'1unsl

II "tRAC™

Posu_.ﬁ.sll
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Read followed by a write to the same bank, Activate to Read delay = tRCDmin:
AL=1,CL=3, RL=4 WL=3BL=4

1 ] 1 2 3 4 5 6 7 8 a 10 11 12

A N A A NN N M N S M A N
CK, TK JEQ:E}ICE?J:/E:‘ J-_LLEiIIlL}IJ_fJ_ -

| |
i ¢ tR C D=tR  Dmin. > = ! |
s T REO.
- i - =2 == )
! ' ! ' MRACT | e ] o] e oo o | 2 o )
l ~ I I I * l | I Posil ASS l
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Burst Mode Operation

Burst mode operation is used to provide a constant flow of data to memory locations { write cycle ), or from
memory locations ( read cycle ). The parameters that define how the burst mode will operate are burst
sequence and burst length. The DDRZ SDRAM supports 4 bit and & bit burst modes only. For 8 bit burst-
mode, full interleave address ordering is supported, however, sequential address ordering is nibble based
for ease of implementation. The burst length is programmable and defined by the addresses AD ~ AZ of the
MRS, The burst type, either sequential or interleaved, is programmable and defined by the address bit 3
(A3) of the MRS, Seamless burst read or write operations are supported. Interruption of a burst read or write
operation is prohibited, when burst length = 4 is programmed. For burst interruption of a read or write burst
when burst length = § is used, see the “Burst Interruption” section of this datasheet. A Burst Stop command
is not supported on DORZ SDRAM devices.

Burst Length and Sequence

Burst Length St{agiggﬁnflfﬂrﬁss Sequential Addressing (decimal) Interleave Addressing (decimal)
x00 0,1,2,3 0,1,2,3
x01 1,230 1,0,3,2

: x10 2,3,0,1 2,301
x11 3,012 3,210
ooo0 0,1,2,3,4,56,7 0,1,2,3,4 56,7
001 1,2,3,0,5 6,7, 4 1,0,3,2,5.4,7,6
010 2,3,0,1,67,.45 2,3,0,1,67,4,5
011 3,0,1,2,7,4,5 6 3,21,0,7,6 5,4

: 100 4,56701,23 4,506,7,01,2,3
101 5,6,7,41,2,3,0 54,7,6.1,03,2
110 67,45 23,0, 1 6,7,4,5 2301
111 7.4,56301,2 7,6,654,3,21,0

Mote: 1) Page length is a function of /'O organization and column addressing.
2) COrder of burst access for sequential addressing is “nibble-hased” and therefore different from SOR
or DOR components.
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Burst Read Command

The Burst Read command is initiated by having C5 and CAS low while halding RAS and WE high at the rising
edge of the clock. The address inputs determine the starting column address for the burst. The delay from the
start of the command until the data from the first cell appears on the outputs is equal to the value of the read
latency (RL). The data strobe output (DQS) is driven low one clock cycle before valid data (DQ) is driven onto
the data bus. The first bit of the burst is synchronized with the rising edge of the data strobe (DQS). Each sub-
sequent data-out appears on the DQ pin in phase with the DAS signal in a source synchronous manner. The
RL is equal to an additive latency (AL) plus CAS latency (CL). The CL is defined by the Made Register Set
(MRS). The AL is defined by the Extended Mode Register Set (EMRS).

Basic Burst Read Timing

CK
_ '.{I, I".'rd_ ——= \ ,'—IV_-— - II.'—'.II I." - —‘”,-'—\II §F—
—_— v ¥
CE, CK .._'C___Jrll'-._. L___ﬂ I_I____":. -"'___.,'
0as, ."I iy a0 1'.
0as } ) ; }
————————— | N —_—
TrprE - ol TrpsT
- v ||l—' VoY 1
DQ ool (oo} | (pof !DO
tDosamax, FT'Tl_”__l_' L
_,t'C!H;. toosomax ( |don't care
i
taH. —
Burst Read Operation: RL=5 (AL=2, CL = 3, BL = 4)
T0 T T2 T3 T4 TS Ta T7 Te
— i YT Ty VoY [VERT W _'..'I | R W Y W _'u"_i"_ I AT
o 3% S A S S R A S S S A A SR S SR SN S R S
P | M0 h_ N e Mo ".__"I'n .'.___.III [ | [l N
| i ; i i ; i ; i ; i i ; i ;
— !". f 1 \ H / 1 I". o Lo 1 by f 1 byl L 1 L
CMD  (PostCASL [ wop % wop  —{ mNop W wop { mop W mop P CLI R TeL
\ H.EAD A."I \ T = i ; I'al—rn'l \ T ;a'l \ T A _.l'l \ T 4 ! T -
' : i ! i ! i ! i ! | ==tDASCK : : ' ;
1 ! ! i ! ! {— . — ! ! i ! i
1 1 H 1 1 H 1 H 1 H [} H I .
pgs, | | I T S i O ST N
Das ! i i i i i ) i TR T Y i
i f A=2¢ i i =3 | o AR
il ' e ' B ! H '
:"l T T ﬁ|l_1— 5 T H H l"i . '|: :I | : i ;
- 1 - 1 1 [ (] i H 1 H
Da 4 L L : I : "':l:-ouu.ul{: :-o-.tmll: Dout.!.l, Ceout : ! !
i ! I ; I | | i || i i : | !
I 1 1 1 1 1 1 1 1 E
BR=ad522
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Burst Read Operation: RL=3 (AL =10,

CL=3,BL=8)

To T1 T2 T3 T4 TS Ts T7 Ta
W W f 1K i \ \f 1] W 1 T ¥ \f \/ W \F ' ¥
N4 S N S (R N S SN SR S N AN SN SN SN SR S SR
e — _,I| [ | |I'|__"| [ L ,"|__'l| ||-|___.| |”_ _Nn I |
A P i P
|' - I". ."_I—.' 1 1 1 .l, 1 | 1 '|| r L .', 7 L 1
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= :: ! :'I ! :'I T A e :'I T :|l I -
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A A R T T
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1 i ! ! R = e t i ! H
: Pocl=3 i i P | . | ;
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|
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) '. [ . I} I | P a0 A
1 ! i 1 1 : 1 : 1 : 1 1 : 1 i
! BLQ+2 | | A Cob
1 1 1 1 1 ' 1 1 1 1 1
Hl 1 I.I ] | --------r-ln—i—-------l--'—i-!:- e 1 -—i—:---r --.—i—|..-
s i S, é'! 1IN RERERER
! i ﬁll | (L W Y LI 8| SN O | UL | WY R
| o 1 wiiRL-i-a T
: | RL=s 7 | P RMpHE SRR T
Ll 3 ' ) |
0o = T I T T JIDMM)IDUM-I :| Dnutru)[ Dout#-!'}—'—lnhm aunm :|:|:-|na.z :|:|:-ha:1 :l—
! ! || ! ! h : i B
BREW 514

The minimum time from the burst read command to the burst write command is defined by a read-to-write
turn-around time, which is BL/2 + 2 clocks.
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Seamless Burst Read Operation : RL =5 AL=2,CL=3EBL =4

T2 T3 T4 TS Ta T7 T8
L .r .'| ! W | N l'l | ! |r | | 1) 1| ! ! .II f ! |'. I|| i 'll ! { LY,
_ : ! | / '|' Y \ X f Y
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T i I S N R B I P
CMD-. PostCAs || Inop N [Posecas ) [ Ihml:- \ Inop "':. { Inop \ { rlum:- A, Inop / INOF' |
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! I S W— A : .
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DA S N g N N N A Y A S
1 = 1 1 H | | 1 !
Do —i! i L L L ——= numx.nll:l:-umm : Do-nx.‘l‘*numx.al Dot BO Iinum Bl II :-o-.tszl I:-cl.rIB3|
| | | | | l |! S H ik J
i I I I I I : i : I h

' SpRS2?

The seamless burst read operation is supported by enabling a read command at every BL / 2 number of
clocks. This operation is allowed regardless of same or different banks as long as the banks are activated.

Seamless Burst Read Operation : RL =3, AL =0, CL = 3, BL = 8 (non interrupting)

To T1 T2 T3 T4 Ts Ta T7 Ta Ta
_ W B e e Pt T
0 B S
: I. J 1: .'El : ‘- ':.__
' 3 ; : I
] — 1 :". f ! :'u .'_I_
LMD 4 "H‘:';;B"f }—{ Nop ) NoP ) Na
: ;“'I_ 1 ' - 1 EI ! :
L | | L
0as, i -1 " *I_._.: ' :.."_._\I . :.'-.'_
; i A
0os T i : i H ir 1 I
' ' - RL=3 I f \f i I| 1‘.‘| i i
Da % .'Dmnx.ulmnmlmnu,nmm:llmnm;'

Dot A5 |: num.u, Dot.rl.!.?'l:-mrIBlJIDot.rIBI i Doutsz:l DoutBil:nm

SBR_BLE

The seamless, non interrupting 8-bit burst read operation is supported by enabling a read command at every

BL / 2 number of clocks. This operation is allowed regardless of same or different banks as long as the banks
are activated.

Confidential

23 Rev. 1.0

Sep. /2014



2Gb DDR2 - AS4C256M8D2

Burst Write Command

The Burst Write command is initiated by having CS, CAS and WE low while holding RAS high at the rising
edge of the clock. The address inputs determine the starting column address. Write latency (WL) is defined
by a read latency (RL) minus one and is equal to (AL + CL -1). A data strobe signal (DQS) should be driven
low (preamble) one clock prior to the WL. The first dafa bit of the burst cycle must be applied to the DO pins
at the first rising edge of the DAS following the preamble. The tDOSS specification must be satisfied for write
cycles. The subsequent burst bit data are issued on successive edges of the DOS until the burst length is
completed. When the burst has finished, any additional data supplied to the DQ pins will be ignored. The D
signal is ignored after the burst write operation is complete. The time from the completion of the burst write to
bank precharge is named “write recovery time” (tWHR) and is the time needed to store the write data into the
memory array. tWHR is an analog timing parameter (see the AC table in this specification) and is not the pro-
grammed value for WR in the MRS.

Basic Burst Write Timing

Burst Write Operation :
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I 1 1 1 1 H | 1 1 | || ! BS54
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2Gb DDR2 - AS4C256M8D2

Burst Write Operation : RL=3(AL=0,CL=3),WL=2,BL=4
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BWER

The minimum number of clocks from the burst write command to the burst read command is

(CL- 1) +BL/2 + tWTR

where tWTR is the write-to-read turn-around time tWTR expressed in clock cycles. The tWTR is not a write
recavery time (tWR) but the time required to transfer 4 bit write data from the input buffer into sense amplifiers

in the array.
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2Gb DDR2 - AS4C256M8D2

Seamless Burst Write Operation: RL=5, WL=4, BL=4
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CMD _{ postcas '/ wop PostCAS '/  nop nop ) v L wor W noe
I WRITE A .H-n HWHITE B H e 3—\ L
T e A R A : S B R
| ' | : ' ! ' I | : |
i d i i i pre sty ey s s . P 1"_|_|I L.,
DQs, | : U e ';' O SR G
pos ! A R W N ¥ T O W SN LU N R A
H 1 i 1 i 1 i 1 i 1 i 1 i i 1
' i WL=FLr1=4: 1 i ! : ! : ! : :
I ! ! T = . H 1 |
([0 ! i : i | 14
: | |
1 | 1

I .
"spp -

The seamless burst write operation is supported by enabling a write command every BL / 2 number of clocks.
This operation is allowed regardless of same or different banks as long as the banks are activated.

Seamless Burst Write Operation: RL=3, WL=2, BL=8,

noninterrupting

T0 T T2 T3 T4 Ts Ta T7

we [ L (] ?a""}" 'f",*f_ _.-R ?-i . Kh )

———— -
S

Lo

pas, | i N 7T i T i :
pos ST BT

: I

| r-' 1 : 1 ——F :
Do ;

I

|

-L"IN Aﬂﬁlnm m:llnm Az:f\nm A2 .[:-m .M.I[:um ﬁlpm _5'5 [:-m J-“:l:wm an(::-m ml::-m azllc:-m e;}DIN B4|IDIN Bs:llc:-m

1
SRW_BLE

The seamless, non interrupting 8-bit burst write operation is supported by enabling a write command at every
BL / 2 number of clocks. This operation is allowed regardless of same or different banks as long as the banks

are activated.
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Write Data Mask

2Gb DDR2 - AS4C256M8D2

One write data mask input (OM) for x5 components are supported on DDR2 SDRAMs, consistent with the
implementation on DDR SDRAMs.

It has identical imings on write operations as the data bits, and though used in a uni-directional manner,

is internally loaded identically to data bits to insure matched system timing. Data mask is not used during
read cycles. If DM is high during a write burst coincident with the write data, the write data bit is not written to
the memory. For x8 components the DM function is disabled, when RDGS / RDOS are enabled by EMRS.

Write Data Mask Timing

25

DM

donlcare

Burst Write Operation with Data Mask :RL=3 (AL=0,CL=3), WL=2,tWR=3,BL=4

TO ™ T2 T3 T4 T& TG T7 Tn
b W .= Voo T W TS L | VT T "g".""- W o

CK, CK ! i | [

{i'u Il"u \ I JI,Il Ul .lll JIII ' 'll:' M II{II. I |1 .lx :I: 1 ||I r' .'II.

, I | I 1 | : I | I

| I I I 1 I ; I I I

WS f \ \ VS | Bank A

CMD - WRITE & H NOP }_41 NOP J NOP I;_{ NOF ,-"_':-. NOP >_< NOP ,I-H F‘Edla'gei—k Activae I"'.—

. T 1 1 <Itbags | | | | 1 T
DQs L ! A :r L ! ! ! L
= h ! i V) i e I S \ E | d d E | d
bas ————i . 1 L] b ' R

T R e B Ll R A A S R ! ' iab |

e L i (MR ! PR

' : A : | | Pl
oo I y IIDN.-'-.n:uN.m S a2 o s — ; ; ; EEEE

: ! N e B ! ! ! ]!

! ! SR SR S R ! | | |
M | I R | | | | |

1 1 1 1 H 1 1 1 1 1

oM
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Burst Interruption

Interruption of a read or write burst is prohibited for burst length of 4 and only allowed for burst length of 8
under the following conditions:

1. ARead Burst of 8 can only be interrupted by another Read command. Read burst interruption by a Write or Precharge
Command is prohibited.

2. A'Write Burst of 8 can only be interrupted by another Write command. Write burst interruption by a Read or Precharge
Command is prohibited.

3. Read burst interrupt must occur exactly two clocks after the previous Read command. Any other Read burst interrupt
timings are prohibited.

4. Write burst interrupt must occur exactly two clocks after the previous Write command. Any other Read burst interrupt
timings are prohibited.

in

. Read or Write burst interruption is allowed o any bank inside the DDR2 SDRAM.

. Read or Write burst with Auto-Precharge enabled is not allowed to be interrupted.

= &

. Read burst interruption is allowed by a Read with Auto-Precharge command.

[&=]

. Write burst interruption is allowed by a Write with Auto-Precharge command.

9. All command timings are referenced to burst length set in the mode register. They are not referenced o the actual
burst. For example, Minimum Read to Precharge timing is AL + BL/Z where BL is the burst length set in the mode reg-
ister and not the actual burst {(which is shorter because of interrupt). Minimum Write to Precharge timing is WL + BL/ 2
+ tWR, where tWR starts with the rising clock after the un-interrupted burst end and not form the end of the actual burst
end.

Read Burst Interrupt Timing Example : (CL =3, AL =0, RL = 3, BL = 8)

To T1 Tz T3 T4 T5 T& T7 T8
T Ty T Vit e Vel
. | 1
Ck. Ck |'|___,-|II'| S | ):. ! ||r'|__'ﬁll._
. - . : . : -
CMD peapa | NOP READ B Nop b
\ ;_"::'I:- H. )_< grl:-_

| |
1
Das. ! { \
bas | f A
1 ! |:- L
! ! !
! --_. —
i | | W ] 1 1 \f i \f T, \
Da : llmm:llnmm inu.t.u nuu}mauinummimkll Dout B2 | Dot 4 | ot 5 | Doens] poutk
1 i an It | 1 i I ! I I I
1
1

|
1
|
H 1
REI
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2Gb DDR2 - AS4C256M8D2

Write Burst Interrupt Timing Example : (CL=3, AL =0, WL =2, BEL=8)

To T1 T2 T3 T4 Ts Ta T7 Ta
— W W - _.I" VT (T T Y | I LT T _'.'I '.I'_ - Vi T
CK,CK /S S S A A (RN S S AR A A SR (RN SR S S S
II'___II |'__I'. 'I.__I'- .Il___-ln I||__I-II l'.__"n .".___.II |”__IIII |'|__'Il._
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
— v 1 - 1 \ 1 . 1 _ 1 - 1 \ 1 - 1 y
CMD 4 wop  H{ WRITE A H NOP H WRITEE H  HOP F'f NOP  h{  NOP H NP :;_g:l NOP b
: I\ : o I\ ; I\ J b\ : A : ro\ : .
H 1 1 1 1 1
' | | | | |
DQS" : : | { ] T | l 1
oas i i i bl .{ 5 ] |
H 1 L I L A [P R [ —
! l i | i
1 1 1 | :
! i i \ \f | \f 1 |f] i |
Da E ! : ':nhm :|:|:-|1 H :|:|:-|n.u :|:|:-|n.u Ir:l:lInBl:l I|:|:-|1 El I|: CinB 2 I|: Ding3 | Dout B4 I|:|:-|1 B3 I|: CinBé I|: CinET I|
| 1 1 | | i i i S—— ] s s i — ] s s ]
! i i i i i i i i
| 1 1 1 | 1 | | |
H 1 1 1 1 1 1 1 1
WEI
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Precharge Command

The Precharge Command is used to precharge or close a bank that has been activated. The Frecharge Com-
mand is triggered when CS, RAS and WE are low and CAS is high at the rising edge of the clock. The Pre-

charge Command can be used to precharge each bank independently or all banks simultaneously. Four

address bits A10, BAZ2, BA1 and BAD are used to define which bank to precharge when the command is
issued.

Bank Selection for Precharge by Address Bits

alo BAD BAl BAZ Pgﬁ“ﬁﬁe a10 BAQ BAl BA2 Péfnhﬁﬁe
Lo Lo LW LW Bank o anly LW HIGH LW HIGH Bank 5 only
LW HIGH LW LW Bank 1 anly LW LW HIGH HIGH Bank & anly
LW LW HIGH LW Bank 2 anly LW HIiGH HiGH HIizH Bank 7 anly
LW HIGH HIGH LOW Bank 3 only HIGH Don't Care Dontt Care Dontt Care All Banks
LW LW LOW HIGH Bank 4 only

Burst Read Operation Followed by a Precharge

The following rules apply as long as the tRTP timing parameter - Internal Read to Precharge Command delay

time - is less or equal two clocks, which is the case for operating frequencies less or equal 266 Mhz (DDR2
400 and 533 speed soris):

Minimum Read to Precharge command spacing to the same bank = AL + BL/2 clocks. For the earliest possi-
ble precharge, the precharge command may be issued on the rising edge which is “Additive Latency (AL) +
BL/2 clocks” after a Read Command, as long as the minimum tRAS timing is satisfied.

A new bank active command may be issued to the same bank if the following two conditions are safisfied
simultaneously:

(1) The RAS precharge time (tRF) has been satisfied from the clock at which the precharge begins.
(2) The RAS cycle time (tRCmin) from the previous bank activation has been satisfied.

For operating frequencies higher than 266 MHz, tRTP becomes > 2 clocks and one additional clock cycle

has to be added for the minimum Read to Precharge command spacing, which now becomes AL + BL/Z + 1
clocks.
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Burst Read Operation Followed by Precharge: RL =4 (AL =1, CL =3), BL =4, tRTP ==2 clocks

TO T1 T2 T3 T4 T5 TE 7 T8

v ¥ et r—A VbV ik = Yl Tl =y \
ek |k L4 / } o } (|
I L ) I M }'; i lel. ' i 'I | 'lllll " ;ﬁll. ] I .Ilr:l )(l.
| 1 : 1 ; 1 : I : 1 : I : 1 : 1
] H ! : ! : ! : h : ! : ! : ! : ! :
/ \ \ / \ \ \
CMD _ Post CAS | NOR WNOP NOP / BankA wor b
_|'-. READA | f:’_'-:: \Piiedta:g? \ NOP -':'_"'. Adivate ,-"_':-. NOP /
[P S SN S U S £ N R B Lo
: 1 ' 1 1 1 ' 1 1 1 ' 1
Das i ; ! ! 1 |' B i BN H ! : !
' | H ] ] H i 1 ; It ] H ]
bas ! ; | i I :‘ I|| i ;:5., y | ; :
1oAL=1 | = H 1 i ' ' ! ! !
R s e
E_= ; ! RL=4 H ='| | i if IE | |
DG T t i i : |t me [ oo o Il::e..:.-.zlll::u.:.-.zl' ' * '
| L s | ! e e A
[ =tRAS i = i
: — P4 G > | oo
i ! | ==R0 ! ! ; ! - ! ; !
T T T - '
| i >=RTP pi i ' i N
H 1 1 = 1 | 1 1 : 1

Burst Read Operation Followed by Precharge:t RL =4 (AL =1, CL =3), BL =8,tRTP == 2 clocks

TO T1 T2 T3 T4 TS Ta T7 T8

e YO

e o [ W [N | — It h_ L | I T
[ ; 1 ; 1 ; : : . E
H | i | i | i i i i i
Frvrro N e W e W e W e ool s
CMD [PostCAS \ [ wop  \{ wor | NoOP VW wor >—<Precharge- H  noP Nop - Dank
\READA |\ N U . \ A

L b AL +BU2cks ; i i P L WRP o
e i : i : i i -t i : i i
pas, | ! I KT o T s s | R T
— H f ! : 1 '
pos — 1 1 f oo :,'
| alsy | R ol A
e > R | :
:__ i ! ! RL=4 : ! o i 1 'ir Hi !|| i :'| 4 :
) it ' H H M | . { " :
: ' T ' T : Jl:l':nl:-'i: Dout :|: nu.:m]ll:u.:ull:lllum.:m I‘]I:tul:-'uf J( I:-:-..I:AEJI Dout &7 I|—'—
! | H | i 1 i |:| ! | 1 : . i
! | >ERAS Py |cl=3 Lo E L :
T T T Lk | + T T -
| A N T . > : i
! | ! ! =Rr > S .
1
BR-P4 134
first 4-bit prefatch sacond 4-bit prefatch )
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T7 T8

4, tRTP==2 clocks
T&

5(AL=2, CL=3), BL=
T4 Ts

2Gb DDR2 - AS4C256M8D2

T

Burst Read operation Followed by Precharge: RL
To

|
| e
Tz ..1L.rr1 — et ....MF
_ ] _ - & o
| 8 5 | = 2 -
= & © ! = @
i = @ - = - . = T e SR
| R Y 4 L A
- I 5 |
rruf; L . H Lo |
o o s DR lu.mnu
B @ b ls
Lo |22 2. Ll z
| - IS = m i _1u|nnr -— e i T ] e et
* . P O e ' z
T : S | | :
- i e i
Jlluln_ S e TN IS e ._.___ 1H|1||._ -- | TR uu.m.ﬂn
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I g o I 2 5
o m I P oL MI,I IIIIIII _l o ..|J1-..I|_I| m IIIIIIIIIIIII |..|n.. IIIIIIIIII
- e " o =T e ¥
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- - v -
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el L] . P T L -- 5 ) ] B
| a f e — | a i ]
=9 o= H x v} I o e |
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- ™ o Q Eoe s L.
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L i L R
=7 ] - 7 Ty - .
| = W P I 2 1 o
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H SA 5] | w
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L — [»] L i~ - D= A A MR, S A A N N
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I I -
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Burst Read Operation Followed by Precharge: RL=4, (AL=0, CL=4), BL=8,tRTP>2 clocks

TO T1 T2 T3 T4 TS TG T7 Ta

§ [ el T | s Y S Y e T Y B LY R TR
\ " W § | \ y :' / \
CK, cK .'ill.__ _.:III._- S l"ll_.l:ll:-_ _'h"-_. [ _.III'._.‘;:_ | N [ _':':'l._l._ — _.:11._!"'_ _|'TII._1' — _':".,_
Lo I i I i I i I i I i i

- S . ! . ! L .
CMD o+ ResD A NOP }+ NOP [ nor H NOP '}-f Precharge NOP Bank A
. I - ) |- J O ) | ."-‘-ull.rae i

L AL + BLI2 clks + 1 i | | P | : i
os :-- . ! i | i j_______ ! ; = i i ] . : ,1 _____i________i
Cob R T Y T
0o —— o T E, 55, i Y\ Ik ,i : .IL 1
' ; | CL=d4 5 | i i .’ i LT R ! i
:'!'-. : ; T : ; } =1 ; 1 ; 1 1 1 ;
H : 1 ' 1 ' 1 1 i 1 i 1 H ! i ! i
lg L 1 RL=& 1 i U R
Do — 7 H : H H .-:ID:_“C I::w 1 I:c:«:l Dout A2 ﬂ .tm=:\oi.l = E-CJ'-‘«:I: Dout AT I'_'_
! : I i I i I § i L il
I R .. N RN : T
! i i : i : i i o | I i
1 : | | ' | 1 | I 1 I
| i ! | ; | =tRTF | ! ! !
. BR-PL0<(8
first 4-bit prefetch second 4-bit prefetch S
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Burst Write followed by Precharge

Minimum Write to Precharge command spacing to the same bank = WL + BL/2 + tWR. For write cycles, a
delay must be satisfied from the completion of the last burst write cycle until the Precharge command can be
issued. This delay is known as a write recovery time (t WR ) referenced from the completion of the burst write
to the Precharge command. Mo Precharge command should be issued prior to the tWR delay, as DDR2
SDREAM does not support any burst interrupt by a Precharge command. tWR is an analog timing parameter
(see the AC table in this datasheet) and is not the programmed value for tWR in the MRS.

Burst Write followed by Precharge : WL=(RL-1)=3,BL=4,tWR =3

To T1 T2 T3 T4 T5 T& T7 T8
Y] W | I | AT W T VT Vv T W T LY T
] [} L i (1 W i , (4 i (1l
\ \ | % ] y
LS D W S W VN W, W SO W N S . U S S S
I N N AN N S (N AN (N NN S N S N NN SN N
cmp Jpostcas ' wop W wop W mor W wop H'l—fl nop W wos W wor W Precharge |
T\WRITE A& J.-"'-. . M\ . Y : M\ . I\ [ - - A
E : i : i : g | | Completion of | ! !
! 1 H 1 H ! H 1 : H 1 1
bas, _| | by e |
bos ! | S U S R :
1 1 VI A L T Ll 1l !
! We=3 | R VR .
™ \ i ! I I T ; T L]
- : : | : \ \ : \f 1 : i i i i
Da : ] ] {DIN ADIDINAIIDINMIIDINAB: t t ; t .
I I I \ I I I\ I I : I I
\ 1 1 1 i [ i 1 1 H 1 1 H
Bw-P2
Burst Write followed by Precharge : WL =(RL-1)=4,EL=4,tWR =2
To T1 T2 T3 T4 T5 Ts T7 Ta
W |_.'__“. |"_'|I| "“'__'nl | / Tatatnt, '||__III VT T I.I.-"l;"l__'n' =
CK.CE | ) | ] 1 ] i ' Y f / | | / W f :'::
| [ Y LU | R | DU W W —— "\ e o - iy "\
i l . | : P i . i 5 P i FIoo
\ N AN AV N\ "V A N\ /e : —
CMD 4 [ postcas | HOP ! wop W { wop W ' NOoPp [ Precharge
A Wae A I_."'_"'. Howor H{ wor A woe H woe M I}l—l )
N S A R S e A S R S RS S A | B
| | i | | | § ! U Completion of | :
DQs, | L | ¥ T L/ the BurstWrite § | !
bas I ! i l 'l — “I .
| | wi=s | T R L
:= : B i : .=: : : . ] 1 . 1 : : E II | :
1 1 ' 1 1 ] | | 1 H 1 H [
pa ; i i i i iDlNﬁD,DINMHDINA2:|:L'IIN.6.3|' ! ! 7
I : I I \ i il i\ I I : I
I 1 ; 1 1 [ ' [ 1 1 H 1 ;
BW P4
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Auto-Precharge Operation

Before a new row in an active bank can be opened, the active bank must be precharged using either the Pre-
charge Command or the Auto-Precharge function. When a Read or a Write Command is given to the DDR2
SDRAM, the CAS timing accepts one extra address, column address A10, to allow the active bank to auto-
matically begin precharge at the earliest possible moment during the burst read or write cycle. If A10 is low
when the Read or Write Command is issued, then normal Read or Write burst operation is executed and the
bank remains active at the completion of the burst sequence. If A10 is high when the Read or Write Com-
mand is issued, then the Auto-Precharge function is enabled. During Auto-Precharge, a Read Command will
execute as normal with the exception that the active bank will begin to precharge internally on the rising edge
which is CAS5 Latency (CL) clock cycles before the end of the read burst. Auto-P recharge is also implementad
for Write Commands.The precharge operation engaged by the Auto-Precharge command will not begin until
the last datga of the write burstsequence is properly stored in the memory array. This feature allows the pre-
charge operation to be partially or completely hidden during burstread cycles (dependentupon CAS Latency)
thus improving system performance for random data access. The RAS lockout circuit internally delays the
Precharge operation until the array restore operation has been completed so that the Auto-Precharge com-
mand may be issied with any read or write command.

Burst Read with Auto-Precharge

If A10 is high when a Read Command is issued, the Read with Auto-Precharge function is engaged. The
DDR2 SDRAM starts an Auto-Precharge operation on the rising edge which is (AL + BL/2) cycles later from
the R ead with AP command if tR AS (min) and tRTP are satisfied. If tR AS (min) is not satisfied at the edge, the
start point of Auto-Precharge operation will be delayed until t(R AS (min) is satisfied. If tRTP{min) is not satis-
fied at the edge, the start point of Auto-precharge operation will be delayed until tR TP {min) is satisfied.

In case the internal precharge s pushed out by tRTP, tRP starts at the point where the internal precharge
happens (notatthe nextrising clock edge after this event). So for BL = 4 the minimum time from R ead with
Auto-Precharge to the next Activate command becomes AL + tRTP +tRP. ForBL = 8 the time from R ead with
Auto-Precharge to the next Activate command is AL + 2 + tRTP + tR P. Mote that both parameters tRTP and
tR P have to be rounded up to the next integer value. In any event internal precharge does not start earlier
than two clocks after the last 4-bit prefetch.

& new bank active (command) may be issued to the same bank if the following two conditions are satisfied
simulaneously:

(1) The RAS precharge time (tRP) has been satisfied from the clock at which the Auto-Precharge begins.

{2) The RAS cycle time (tR C) from the previous bank activation has been satisfied.
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Burst Read with Auto-Precharge followed by an activation to the Same Bank (tRC Limit)

RL=5({AL=2 CL=3),BL=4,tRTP <=2 clocks

- | \ ¢ \i v/ ."__‘_II' | | || Y | { W\
ck, CK O A R S SN (R SR S v Y oy
.II‘.I_ _ _I'III .'III'_ | \ I|"|I _.'nl I| L _.llll |”_ _ I|I .':I'n _ _,;ll IIL A |l_ _ Illl:l I:I|_ _ _”'|_
1 ! 1 H 1 H ! 1 ' 1 1 1
! : i | i i i i i i i i i i H
D _posmacasl{ wop | [ wor ‘. wor W wor VW wor VY wop '\ Bamk
TREAD wiap/ | A NOP ia | NOP _,.:'_"-H A A HoP __,."_':.,_ Actiate |
N U s e S oy s e S s S e
i i AL +BL#2 ! Auw-Precharge Begins ! : ! !
Das, i ! ! ! oy ’ by ' i
. ! ! ! : : S B TR
bas ! : : N S T N e
— 1 s I" H i 4 1 T T 1
» AL=2 CL=3" ‘e—F WP —+——F—T1—F—» |
> : RL=5 | L
Do = T T T T r:l:lu.tm?l:-o-.rl.ll :l Du.ﬂ.&:)\rnu.ﬂ.i.!-‘—i—a—i
| I I | [ N | MY Y | T | : i :
! i PtRAS i b ! i E i ' i = | =
! ' [ R Cmin, ' o ' | | L
| I ! I I I I I I =
| I I ! ' : ' : BR-AP5221

Burst Read with Auto-Precharge followed by an Activation to the Same Bank (tRAS Limit):

RL=5({AL=2CL=3),BL=4,tRTP ==2 clocks

J— ! ,l:l IIhlI - _I,' '|I.'- - _',rn' I': |._ i Il:I I:I.' - W ':1.'- - -'.rlI Y o ."I W - '.'I I'|;I- - -"II'_|I§I_
ckck i\ M ! |'1'| I N, ! N |'I':' I\ N Il':'-_ i lII| ! n |'r'| i)
1 ! H 1 1 1 1 ' 1 1 ' 1
I N N S T i S N N G N N
_Posted CAS|_/ \ \ | v T Bank \
CMD '.B?.&,D wikp HOP / NP . _':1 HoP J.—': NOP .'"_"-. MOp .':'_"'L HOP ..'H'., Activate |\ NP ."r
Y A S A S S S S S S S B
i : ! tRAS(mIn) i ! Auto-Precharge Begins ! i ! !
bas. : N S i S S| m S s Yo (N S
Das ! ! T ! 3 i O O '
! H . H SR i
1 - 1 i = 1 H 1 ' ! H T 1
L A= L L CL=3 e e — > i
L i RL=5 i ; I P i \ 1 ! i I i
Do = T T ; T T B et a0 JDouia1 | Doutaz) post sy ——————
! i : i ' i i s s | 5 | 5
i i i i i I i I ; I I
! | (RO | i i i J |
| I i I I I | I | |
H 1 1 1 1 1 1 1 1
BR-AP523Z
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Burst Read with Auto-Precharge followed by an Activation to the Same Bank:

RL=4(AL=1, CL=3), BL=8, tRTP=<=2 clocks

TO T1 T2

_ if { s il | Y ! ‘| Y \ iy A W
SISO S TR S U G S S S S U A SN SN W S S S
e — it | L | P N I fe — b | LR | N | WAL T
! A T e
1 ! ; ! . i . i ; . ; \ ; \
CMD 4;1;-:;5? Cas - wor Womoe  { wop W wor  { mNop | owor W wor W pank )
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T BR-AP412(E)2
first 4-bit prafatch sacond 4-bit prafatch
Burst Read with Auto-Precharge followed by an Activation to the Same Bank:
RL=4{AL=1, CL=3), EL=4, tRTP=2 clocks
TO T1 T2 T3 T4 TS T& T7 T8
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sl aL+mTPhme 10 | i ;
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"
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1

first 4-bit prefetch
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BurstWrite with Auto-Precharge

If A10 is high when a Write Command is issued, the Write with Auto-P recharge function is engaged. The
DDR2 SDRAM automatically begins precharge cperation after the completion of the write burst plus the
write recovery time delay (WR), programmed in the MR S register, as long as tR AS s satisfied. The bank
undergoing Auto-P recharge from the completion of the write burst may be reactivated if the following two con-

ditions are satisfied.

(1) The lastdata-in to bank activate delay ime (tDAL = WR +tRP) has been satisfied.

(21 The RAS cycle time (tR C) from the previous bank activation has been satisfied.

In DOR2 SDRAMs the write recovery time delay (WR ) has to be programmed into the MRS mode register.
As long as the analog tWR timing parameter is notviolated, WR can be programmed between 2 and 6 clock
cycles. Minimum Write to Activate command spacing to the same bank=WL + BL/2 + tDAL.

Examples:

BurstWrite with Auto-Precharge (tRC Limit) : WL =2, tDAL =6 (WR =3, tRP =3),BL =4

To T1 T2 T3 T4 T5 Ta T7
_ 1 Ir W '.'I Y, F 1 '.I / i f 1 v -.I ¥ -I f -.II ; \f 1 | Y \ ..' I|.- III' .,I |r 1l||
T h _:EI . S _;:' Fooh R
T A W A T R TS R N R A R N o
oo {wrmea ' wor W owor o nor W wor o moe W noe W wop i Bamka Y
M\ A I I\ M\ I \Acthare
ATo =high® A S NS OO S S nn
: g : E i :Cnmpl:z-mn of the Bur?t\'.lrbs-: Auto-P racharge Eegin5|| |I :
vas, L L ey L
0o T W N S S O W A R
! Wi=R Tz—? [ N , WR »iePP Ll
et i i i i DAL L
! i : | | f f IR | T T T T |
Da i : E il [l¢] ﬁﬂ,l DIr A1 :II DIM ﬁ.ZxDIN .6.3:' 1 E : ' ' Il T:
: | | . @chin | )
| | i | | ==tRASmin. I I mi
' 1 1 1 | ; T I = I
BW-AP222
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Burst Write with Auto-Precharge (WR+RP Limit): WL=4, tDAL=6(WR=3, tRP=3), BL=4

T T3 T4 TS T& T7 Te T9 T12

LY] '|'-I.l"l._l|' \F = Ve A LTREY \mT T '1__'.|'_I|'__-|'_'|-'-|_.'|_'I_'.I__
S-SR CTA R O B U O O O D O B O R TV

II'I___,Ii N i _Th P [ L] I P T LA N

iR o i L ]

P 'ch;"- \ f Ay, N\ f \ Y N Bank s
CMD  Poste NOP b NoP  —{ NoP o NoP  { NOP W NOP $mp L .
[ fo

\WRITE A J P A VA [\ Activate |
A10 ="high"| | | | : Corpletion of the B urst Wiite i ! 1] ;
! il i ! i i i i i i Aute-Pracharge Begins II [
DAz —'—n—.—‘—ﬁ: 'I, v 1.’:'| '; 1y I ! i I | 2| I', |
DOs N 1 H I 1 1 1 H 1 HE
' oot el LS :' i WER wEe Lo
I WL=RL1=3% | : i 4 i . . >
S D ! ! ! ; ! ! ; !
S IS S v e g W S S S SO R 8¢ 4
| i I T : '||:'|N-5-':'I:EIINAII‘DINAIFDINABE | | : | | B
! | e | | : | | |
A 1 S T R S T A
' I ! ! >=RAS | Ny L
' ' ' " W -APA22
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Concurrent Auto-Precharge

DDR2 devices support the “concurrent Auto-Precharge” feature. A read with Auto-Precharge enabled, or a
write with Auto-Precharge enabled, may be followed by any command to the other bank, as long as that com-
mand does not interrupt the read or write data transfer, and all other related limitations (e.g. contention

between Read data and Write data must be avoided externally and on the intemal data bus.

The minimum delay from a read or write command with Auto-Precharge enabled, to a command to a different
bank, is summanzed in the table below. As dafined, the WL = RL - 1 for DDR2 devices which allows the com-

mand gap and corresponding data gaps to be minimized.

From Command

WRITE wiaP

Read wip

To Command
(diffarent bank,

non-interrupting command)

Read or Read wAP
Write ot Write wi P
Precharge or Activate
Reador Read wiP
Write or Write w/AP

Pracharge or Activate

Minirmum Delay with

Confidential

40

Concurrent Auto-Pre- Units
charge Support
(CL-1)+ (BL2) +tWTR K
BL/Z tZK
1 tzK
BL/z K
BL2 +2 HoK
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Refresh

SDRAMs require a refresh of all rows in any rolling 64 ms interval. Each refresh is generatad in one of two
ways . by an explicit Auto-Refresh command, or by an internally timed event in Self-Refresh mode. Dividing
the number of device rows into the rolling 64 ms interval defined the average refresh interval tREFI, which is
a guideline to controlles for distributed refresh timing. For example, a 512Mbit DDR2Z SDRAM has 81592 rows
resulting in a tREFI of 7,8 ps.

Auto-Refresh Command

Auto-Refresh is used during normal operation of the DDR2 SDRAMs. This command is nonpersistent, so it
must be issued each time a refresh is required. The refresh addressing is generated by the intemal refresh
controller. This makes the address bits "Don’t Care” during an Auto-Refresh command. The DDR2 SDRAM
requires Auto-Refresh cycles at an average periodic interval of tREF| (maximum).

When CS, RAS and CAS are held low and WE high at the rising edge of the clock, the chip enters the Auto-
Refresh mode. All banks of the SDRAM must be precharged and idle for a minimum of the Precharge time
(tre) before the Auto-Refresh Command can be applied. An internal address counter supplies the addresses
during the refresh cycle. Mo control of the external address bus is required once this cycle has started.

When the refresh cycle has completed, all banks of the SDRAM will be in the precharged (idle) state. A delay
between the Auto-Refresh Command and the next Activate Command or subsequent Auto-Refresh Com-
mand must be greater than or equal to the Auto-Refresh cycle time (tzzq).

To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the absolute
refresh intarval is provided. A maximum of eight Auto-Refresh commands can be posted to any given DDR2
SDRAM, meaning that the maximum absolute interval between any Auto-Refresh command and the next
Auto-Refresh command is 9 * tREFI.

TO T1 T2 T3
. 'lnl I:'_ Yy |Il'_ my) (Pl .III__llllll;-' VT Il,|_ —I--:;,-' '|I|_ _|I|l II_'__ —..II "I'_ —
ki || f AR T T
[ b Lo r - L | T L
rhigh R N | N B Wi !
CKE i : i : i i : 1 ! i M ! i i
| L AN T N S B W |
1 1= =1 1 | = =1 R\ i I H i = |
| BP | . YT S P 4\ RFLC o |
T R A e A I e A R L A
f oS Y Vo euto ) \AuTo W Vo
CMD n:ﬁp iechamgs 1A NOP & NOP HReFRESH | { HOP | \REFRESH .-'I _':'-. wop || wop \ ANY -

/ !
T T H T T T T T T T
i : ! i ! ! ! ! ! : ! ! i t i
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Self-Refresh Command

The Self-Refresh command can be used fo retain data, even if the rest of the system is powered down.
When in the Self-Refresh mode, the DDR2 SDRAM retains data without external clocking.

The DDH2 SDEAM device has a built-in timer to accommodate Self-Refresh operation. The Self-Refrash
Command is defined by having CS, RAS, CAS and CKE held low with WE high at the rising edge of the
clock. ODT must be turned off before issuing Self Refresh command, by either driving ODT pin low or using
EMRS command. Once the command is registered, CKE must be held low to keep the device in Self-
Refresh mode. When the DDRE2 SDEAM has entered Self-Refresh mode, all of the external confrol signals,
except CKE, are disabled. The clock is intemally disabled during Self-Refresh Operation to save power. The
user may change the external clock frequency or halt the external clock one clock after Self-Refresh entry is
registered, how-ever, the clock must be restarted and stable before the device can exit Self-Refresh opera-
fion.

Once Self-Refresh Exit command is registered, a delay equal or lenger than the tXSNR or tXSRED must be
satisfied before a valid command can be issued to the device. CKE must remain high for the entire Self-
Refresh exit period (tXSNR or t{SRD) for proper operation. NOF or DESELECT commands must be regis-
tered on each positive clock edge during the Self-Refresh exit interval. Since the ODT function is not sup-
ported during Self-Refresh operation, ODT has fo be tumed off before entering Self-Refresh Mode (tAOFD)
and can be turned on again when the tX5RD timing is satisfied.

To T T2 T3 T4 Ts Tm pr Tn Tr
JE— I.I T T | l'___|| Vi T Il'__I |'I|III { ||Il__ll| ||II |_l'__'|| |'_Iﬁr_'| T
CkL |III ?l II II" |II:| Pl |:l: |t :Il 'II 'I 5' | | :l' l:. |! ! |I lf. |:I:
L i, ] 1— — e — = — —| —— Fle s — — '-'—‘l'——'—
H 1 1 1 1 1 1 1 H 1 | :
L AN & 1 N =" L\ A A
P A e I tis | ) ! \W
CKE . L 1 N N o Coo | —'i-":-—tKSHD..
o R NIV A
L tis | ' adFD | S R > e
I (BQFD L W :-:.t}cs NR ! LI
| ‘ i ' : | i - il i ! ! ! i
oot [ t HE T TS T T N U B\ N A A
' 1 1 1 i I ! 1 ' ' :
i l | | ! 18 ; : i

. - SR ; : :

1 H H H H

i I N R P | i

T

1 StIFRefrts Mon-R ead Re=ad
CMD | i ( Entry NOP Ccrnmand } ;:Cornrna nd I.:

I I i I : I H [ : I | |

1 H

1 : 1 i 1 H [ i i

CKACE may  CK/ACK must
ke hahed b= s table

# = Device must be inthe *All banks idle” state to entering 5 elf R efresh maode.

QDT must be turned off prier to entering 5elf R efresh mode.

t{SRD has to be satisfied for a Read ora R ead with Auto-P recharge command.

t{SMR has to he satisfied for any command excepta Read or a Read with Auto-Precharge command.
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Power-Down

Power-down is synchronously entered when CKE is registered low along with NOP or Deselect command.
Mo read or write operation may be in progress when CKE goes low. These operations are any of the follow-
ing: read burst or write burst and recovery. CKE is allowed to go low while any of other operations such as
row activation, precharge or autopracharge, mode register or extended mode register command time, or
autorefresh is in progress. The DLL should be in a locked state when power-down is entered. Otherwise DLL
should be reset after exiting power-down mode for proper read operation.

If power-down occurs when all banks are precharged, this mode is referred to as Precharge Power-dowr; if
power-down occurs when there is a row active in any bank, this mode is referred to as Active Power-down.
For Active Power-down two different power saving modes can be selected within the MRS register, address
bit A12. When A12 is set to “low” this mode is referred as “standard active power-down mode” and a fast
power-down exit timing defined by the XARD timing parameter can be used. When A12 is set to “high” this
mode is referred as a power saving “low power active power-down mode”. This mode takes longer to exit
from the power-down mode and the tXARDS timing parameter has to be satisfied.

Entering power-down deactivates the input and output buffers, excluding CK, CK, ODT and CKE. Alsa the
DLL is disabled upon entering precharge power-down or slow exit active power-down, but the DLL is kept
enabled during fast exit active power-down. In power-down mode, CKE low and a stable clock signal must be
maintained at the inputs of the DDR2 SDRAM, and all other input signals are "Dion’t Care”. Power-down dura-
tion is limited by 9 times tREF| of the device.

The power-down state is synchronously exited when CKE is registered high (along with a NOF or Deselect
command). A valid, executable command can be applied with power-down exit latency, tXF, tXARD or
tXARDS, after CKE goes high. Power-down exit latencies are defined in the AC spec table of this data sheet.

Power-Down Entry

Active Power-down mode can be entered after an activate command. Precharge Powerdown mode can be
entered after a precharge, precharge-all or internal precharge command. It is also allowed to enter power-
mode after an Auto-Refresh command or MRS/ EMRS command when tMRD is satisfied.

Active Power-down mode entry is prohibited as long as a Read Burst is in progress, meaning CKE should be
kept high until the burst operation is finished. Therefare Active Power-Down mode entry after a Read or Read
with Auto-Precharge command is allowed after RL + BL/2 is satisfied.

Active Power-down mode entry is prohibited as long as a Write Burst and the intemnal write recovery is in
progress. In case of a wrte command, active power-down mode entry is allowed when WL + BL/2Z + tWTR is
satisfied.

In case of a write command with auto-precharge, power-down mode entry is allowed after the intermal pre-
charge command has been executed, which is WL + BL/2 + WR starting from the write with auto-precharge
command. In case the DOR2 SDRAM enters the Frecharge FPower-down mode.

Confidential 43 Rev. 1.0 Sep. /2014



2Gb DDR2 - AS4C256M8D2

Active Power-Down Mode Entry and Exit after an Activate Command

To T T2 Tn Tn+l Tz
{1 ff_
_ ',i—u_,-——-l._i'—'m—i”— I| I'—h—— - | | — =
K TE | S S N 1 L‘ } |" V
||:L__1I|_F|__h_|||__|_| | __||_||__!'_.l. | _l,.___..

1 H
V) Valid \

f { i (A
CMD o 4 chvaes —|: NOF  H HOP H H :|_|I MNP N
[} Y Fo

1 MCommand
| 1 .J ! 1 | 1 1 | | 1 !
—_— ! i ! [ i : : 11 1
CKE i ——»‘1, _ﬁ i || jr — ;
H 1 I 1 11 H TS P II 1
i i | \ I| : | : t){ARID ar :
1 ! ! | H Ir‘—|—l -+
! A A |I b T war ps% i
|
T II Il T Il || ATtPD O
Active N Active |
P owver-Down FowerDown
Entr!.- | | E xit |

note: Active Power-Down mode exit timing tHARD (fast exit’) or 8ARDS ("slow exit™) depends on the programmed
stEte in the MRS, address bit 412,

Active Power-Down Mode Entry and Exit after a Read Burst: RL=4 (AL =1,CL =3),BL=4

TO TI T2 LE] T4 T5 Ta T7 { f Tn Tn+1 Tn+2
)
N — e — i R —_ | - 4
W I T 0 | ' o i 1 i " i Y jll I %
— } | | 3 |
CE, C I%'- \ II| | .;lr' \ -|1|'- 1 _|$‘ -F'- f :II A 'I |'.I' I || | '|" -)L _ _ll _| | ?I 'l:n o sll_
| ! IR : : : o
READ L J \ \ \ | I I ! A I nY '-'all:l R
oMD wizp .NDP _.'H-._ r.«:.p H r.“jp _,.'H'._ r.‘np _.-'_ .NDP —  NOF  —  HOP  — | || L _p'_.:'-_._| | '—-, | ommand |
i | I | | | | \ - A :
CKE ' T T ] T T t T I 1 ts Pl il i S
» i i RL+BlL2 ' ol us \i /_iLtls Al !
Bl T T | T N ol ! i 1 [ 1
pas, _| i i [ T ' \\ : L —
Dos ! ! ' i' [ d o iA 1§ I |I | : Cod :
| AL=1 | =3 i . i i i i le| MARDor _ i
i U RL=4 i o Y : | : MARD: B
DG —IF_ * + + * = Imm:mm I'.lanI Dot &1 L | L L L
| | | | e R |
1

Active Active
Power-Down P cwer-Down ACLPDO
Entry E xit

note: Active Power-Down mode exittiming t(ARD (Fast exit’) or t{ARDS (“slow exit’) depends on the programmed
state in the MRS, address bitA12.
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Acti ve Power-Down Mode Entry and Exit after a Write Burst: WL =2, tWTR=2,BL =4

TO T1 T2 T3 T4 TS TG 7 Tn Trr+1 T2
fy IlI i
_ L 1 f - 1y Yy A W r r W T T 1] af i [ I: Wy t|—” il- [} II ¥ Iy
e |} | | PV 1 S O [ T T
TR o Il_.lr-__|_.|'___ﬂll_ul__!li_ll__ill_lp__é.'._u__l_ | __n_p___:l_#'. | n_
| o R [ g —— | o
om0 { wame - woe |}_!:l. oo IH HaE ;:._:: noe = Mo2 — woe | Woe | I B W ."':: ] | | “‘c::fu
e 4 | S— . J . N . : L I
. : S T S T S : \\ - o |
cKE | ' ' N DO S ST 1| : | —» e
0 O O N IR P o e S I e R R
) T 1 T T T T Ll 1 1 1 1 1
Bas ! | pemamazd S Vo To |.:,_E_I:......1.; I I 1 n 1 Vo !
3 i i ' 1y ' [ ' \ 1 IR 1
as —+ % i bbb ih ! ; ; ' - - -
! [J S S PI—o-I lll*--- e i 1 1 | || : v I| i
WL=RL-1=2 ! i ! i ! tWTR | : i . '|| . i tXAFEEﬂor _.J
- - T T L] i ' b — ' -
i | P i i | i i | ' tKARDS ") !
n] : * et Il :|:nmn:|:nulhl' . ; f : 1 1 + | H n t | 1
| I e i s et we A S N $ 4 | |
H I I H I H I H I H I H I I
Active Active
Power-Down Power-Down AR
Entry Exit

note: Active Power-Down mode exit timing tXARD (“fast exit”) or tXARDS (“slow exit”) depends on the programmed
state in the MRS, address bit A12.

Precharge Power Down Mode Entry and Exit

T Ti T2 T3 i Tn T+ Tn+2
I
_ W T o L e Wt M —.I.l ,' e Y e W e T T ,.———|.Il_'|:l___
ck.CK | | }. S I | [ S S i
i __.:_.:'__gll |:|__ 1: 'il___in .: I_,i',__ﬁil‘_,l i 'E_ _”_'I,I__ill
o : i : i . ' i : i ' : i '
Prext f VS W) | A Valid
CMD _ Pr I‘.‘Iugel _':'. HOP .-"_{. HOP ;._.‘ h.ij . _._Nl I J:._ NOP  — NOoP = o F  —  NOP .
— e 'S i i i i i - : ; i i
CKE ! ——»{ f— | i P Ry ol | | | i
1 H el I i I i o ] tlS ] ] ] H
o o G\ ! ! L
L1 xICK,| A A ' tXP o .
:‘:—? I ; I ; 1ot * T * | :
1 H 1 1 1 | | 1 1 1
g
Pracharge | Prachange
Powear-Diown | | Power-Down
Eniry | Exit
*) "Precharge” may be an external command or an intemal PPl

prechange following Wiite with AP,

Confidential

45

Rev. 1.0

Sep. /2014



P

No Operation Command
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The No Operation Command should be used in cases when the SDRAM is in a idle or a wait state. The pur-
pose of the No Operation Command is to prevent the SDRAM from registering any unwanted commands
between operations. A No Operation Command is registered when CS is low with RAS, CAS, and WE held
high at the rising edge of the clock. A No Operation Command will not terminate a previous operation that is
still executing, such as a burst read or write cycle.

Deselect Command

The Deselect Command performs the same function as a No Operation Command. Deselect Command
cccurs when CS is brought high, the RAS, CAS, and WE signals become don't care.

Input Clock Frequency Change

Dwring operation the DRAM input clock frequency can be changed under the following conditions:
a) During Self-Refresh operation
by DRAM is in precharged power-down mode and ODT is completely turned off.

The DDR2-5DRAM has to be in precharged power-down mode and idle. ODT must be allready turned off and
CKE must be at a logic “low” state. After a minimum of two clock cycles after tRP and tACOFD have besn sat-
isfied the input clock frequency can be changed. A stable new clock frequency has to be provided, before
CKE can be changed to a "high” logic level again. After tXP has been satisfied a DLL RESET command via
EMRS has to be issued. During the following DLL re-lock period of 200 clock cycles, ODT must remain off.
After the DLL-re-lock period the DRAM is ready to operate with the new clock frequency.

Clock Frequency Change in Precharge Power Down Mode

Minmum 2 clocks | : Stable new dock: )

required before : Ibef-::re pc?wer d-cml'n exit

changing freguency
1 1 1

N

TO T1 T2 T4 Tx Te#l Ty Ty+l  Ty+2 Ty+3  Ty+d Tz
CK ?...."_3',..,5_,?':)."_1.4'“4..,LE..,u'h?'...,‘_&..f. R A W S S . | S S
1 1 1 | 1 | 1 1 ! 1 1 1 1 ! | 1
1 i Yauwwmwl'n T, ST \ % T % ¥4
ﬁg "IEI'EE: .: NOF ::{ NOP _jli II| II". WA ".I\ \ ".::": "". \ "-,_I \"-,,K. | 1.""". N \:{‘ \_". ".,\ '-.k"\,-:{ NOP J NOP :I |: E:;I; FT:II: HOF III?I',: Wald :I
! : ' : I : H ' [ { / : :I ' ' ' v '
N ey T A >
e L e ([
oorA——— o+l L L
1 tRP ! 1 L 1 '._' 1 1 ] i 1 [ ] - 1 L 1
— ™ . : . : LA B : ' '
| UAOFD | -~ : : : I | ODTiis off duting
| | : | | | | . DLLRESET .
1 1 1 1 1 1 1 1
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Asynchronous CKE Low Event

2Gb DDR2 - AS4C256M8D2

DRAM requires CKE to be maintained “high” for all valid operations as defined in this data sheet. If CKE
asynchronously drops “low” during any valid operation DRAM is not guaranteed to preserve the contents of
the memory array. If this event occurs, the memary controller must satisfy a time delay ( t4g|ay ) before turn-
ing off the clocks. Stable clocks must exist at the input of DRAM before CKE is raised *high” again. The
DRAM must be fully re-inttialized as described the the initialization sequence starting with step 4.

The DRAM is ready for normal operation after the initialization sequence. The minimum time clocks needs
to be ON after CKE asynchronously drops low (the tdelay timing parameter) is equal to 115 + tCK + tIH.

Asynchronous CKE Low Event

stable clocks
- II.l i
f

i |'I f
J— W 1 f i i y ! '|I f ' f ' rf 1 1 |
K, TR i Ii 1': ? T| 1; \ i [ i V ;l I]{ | 1 r? Il. }/
s L et L L A B O B B e O e
| i i i i i AR i i AR : i :
\ i : i i i AL i i A | i |
| o fwelay Ep b b
! bk | b Pl | : A i P
T Il H 1 1 H 1 ! H 1 H 1 |: 1 r S el |
CKE | N R R T
i o4 A S s S R R
! H H H H H
| B .~ U U | A N |
b Pl P A S | i P | |
I CKE drops low due to an Clocks can be tumed off after
asynchronous reset event this point
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Command Truth Table

CHE BAD
: er=) = AT e - D oo T -
Fumnction Previous | Current C5 RAS CAS WE . Aonc-A AlD | AB-AD |Notes
Cycle Cycle BAx
{Extended) Mode Register Set H H L L L L BA OP Code 1.2
Refresh (REF) 4 H L L L H | x % X X
Self Refresh Entry H L L L L H X X X X 1.8
H X X %
Self Refresh Exit L H X X X X 1.7.8
L H F F
Single Bank Precharge H H L L H L BA X L X 1.2
Precharge all Banks H H L L H L x X H X 1
Bank Acfivate H H L L H H BA Row Address 1.2
Witz H H L H L L BA | Column L Column | 1,2,3,
Write with Aute Precharge H H L H L L BA | Column H Column (1,23,
Read H H L H L H BA | Column L Column | 1,23
Read with Auto-Precharge H H L H L H BA | Column H Column | 1,2.3
Mo Operation H X L H H H x X X X 1
Device Deselect H X H X X X X X X X 1
H X X %
Power Diown Entry H L X X X X 1.4
L H F F
H X x X
Power Diown Exit L H X X X X 1.4
L H F F
MNOTE1 AllDDE2 SDEAM commands are defined by states of 5, RAS, CAS , WE and CEE at the rizsing edge of the clack.
MOTE? Bank addresses BAD, BAL, BA2 (BA) determme which bank 15 to be operated upon. For (E)MES BA salects an
(Extendsd) Mode Fegister.
MOTE 3  Burst reads or writes at BL=4 cannot be termmated or mtenupted. See sections "Eeads interrupted by a Read” and
"Writes mtenupted by 2 Winite” in section 2.6 for details.
MOTE4 The Power Down Meode does not perform any refresh operations. The duration of Power Deown 15 therefore limited by the
refresh requirements outlined 1n section 2.9.
MOTE 5 The state of ODT does not affect the states described in this table. The ODT function 13 net avallable during Self Refresh.
See section 2.4 4.
MOTE & “X" means “H or L (but a defined legic level)”
MOTE 7 Self refresh axit is asynchronous.
MOTE § VEEF must be maintained during 5elf Befresh operation.
MOTE 9 BAx and Awxx refers to the MSBs of bank addresses and addresses, raspectively, per device dansity.
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Clock enable (CKE) truth table for synchronous transitions

CHE Command (M) 3
Current State < Previg Cyele L Current Cyel 1 - Action I:N:l 3 Motes
= ,Lr:f' 1 s "”‘F,N\ ¥EiE RAS, CAS. WE. CS
(AL At
L L X Maintain Power-Down 11,13, 14
FPaonwear Chown
L H DESELECT or NOP Power Down Exit 4, 8,11,13
L L X Maintain Self Refresh 11, 14,15
Self Refresh
L H DESELECT or NOP Self Refresh Exit 4, 5.8 18
Bank(s) Active H L DESELECT or NOP Active Power Down Entry 4, 8,10, 11, 13
H L DESELECT or NOP Precharge Power Down Entry | 4, 8, 10, 11,13
All Banks Idle
H L REFRESH Self Refresh Entry g,8 11,13
H H Refer to the Command Truth Table T
NOTE1 CEE (M) i the logic state of CKE at elock edge N; CKE (IN-1) was the state of CKE at the previous clock adze.

WOTE 2 Current state 1z the state of the DDE2 SDEAM mmediately prior to clock edge .

MNOTE 3 CORMAND (I¥) 13 the command registered at clock edge W, and ACTION (¥ 13 a result of CORMMAND 240,

WOTE 4 All states and sequences not shown ave 1llezal or reserved unless explicitly deseribed elsewhere in this decument.

MNOTE 5 On Self Fefrezh Exit DESELECT or WOP commands must be izsued on every clock edze ocomrmg during the tyoym
pertod. Fead commands may be 1ssued only after tyegn (200 clocks) is satisfied.

WOTE & Self Feafrezh mods can only be entered from the All Banks Idle state.

WOTE 7T Mustbealegal command as defined 1 the Command Truth Table.

WNOTE &8 Vahd commands for Power Down Entry and Exit are NOP and DESELECT cnlv.

NOTE 9 Valid commands for Self Eafresh Exat are NOP and DESELECT cnly.

WNOTE 10 Power Down and Self Eefresh can not be entered while Fead or Wite operations, (Extended) Mode Register Set
operations or Precharge operations are in progress. See section Power-down and Self refresh operation for a detailed
list of restrictions.

WOTE 11 tCEEmm of 3 clocks means CEE must be registered on three consecutive positive clock edges. CEE moust remam at
the valid mput lavel the entire time 1t takes to achieve the 3 elocks of registration. Thus, after anv CKE transition, CKE
may not transition fom itz valid level during the time pertod of {15 + 2 x LK + tIH.

MOTE 12 The state of ODT does not affect the states deseribed 1n thos table. The ODT functon 1= not availzble durmg 5=l
Fefrazh.

MOTE 13 The Power Down does not perform any refresh operations. The duration of Power Down Mede 15 therefore hinuted by
the refresh requirements outlined i Eefresh command saction.

WOTE 14 “X" means “don’t care {Includmg fleating around VEEF)” i Self Eefrazh and Power Down, However ODT mmst be
driven HIGH or LOW in Power Down 1f the ODT function iz enabled (Bit A2 or AS set to 17 mmn EME(1} ).

MOTE 15 WVEEF must be mamntamed during Self Fefresh operation.

DM truth table
Mame (Functional) Das HNote
Write enable WValid
Write inhibit *
MOTE 1 Tsed to mask write data, provided coincident with the comresponding data
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Absolute maximum DC ratings

Symbol Paramster Rating Units Motes
VDD Voltage on VDD pin relative to Vss -0V ~23Y W 1.3
VDD Voltage on VDDQ pin relative to Vss S0EV~23V W 1.3
VDOL Voltage on VDOL pin relative to Wss -0EV~23YW W 1.3
Vi Vour Vaoltages on any pin relative to WVss -0EV~23V W 1
Ters Storage Temperaturs 55 to +100 C 1,2

MOTE 1  Smesses greater than those listed under “Absolate Maximum Fatings™ may cause permanent damage to the device, This is 3 siress rating
only and fiunctionsl operation of the device atf these or auy other conditions sbove those indicated in the operational sections of thus specification is
not implied Exposure to absohite maxinmm rating conditions for extended pertods may affect reliabilicy

MOTE 2 Storage Temperamre is the case surface temperature on the center’top side of the DEAR. For the measurement conditdons, please refer to
JESD51-2 standard.

MNOTE 3 When VDD and VDD and VDDL are less than 500 mV, Vief may be equal 1o or less than 300 mW.

AC & DC operating conditions
Operation or timing that is not specified is illegal, and after such an event, in order to guarantee proper operation, the
DEAMN must be powered down and then restarted through the speechified initialization sequence before normal

DPEi'ﬂTiOﬂ can cominue.

Recommended DC operating conditions (SSTL_1.8)

Rating
Symbo Parameter Units MNotes
Mim. Typ. Belax.

VDD S :.pl}' 'q.":ltage 1.7 1.8 18 W 1
WODL Supply Voltage for DLL 1.7 1.8 1.8 W i
VDDGQ Supply Voltage for Cuiput 17 1.2 1.8 W 1,8
VREF Input Reference Voltage 048 = WVDDO 0.50 x VDDQ 0.51 = WVDDQ i 2.3

VTT Termination Voltage VREF - 0.04 VREF VREF + 0.04 W 4

NOTE 1 There 15 no specific device VDD supply voltage requirement for S5TL_18 complisnce. However nnder all conditions VDD mmst be less
than or equal o VDD

NOTEI The value of VEEF may be selected by the user to provide optimnm noise margm in the system. Typically the value of VEEF is expected
o be about 0.5 x VDD of the ransmirting device and VEEF is expectad to mack variations in VDD,

NOTE 3 DPesk fo peak ac noise on VEEF may not exceed +-2 % VEEF(dc).

NOTE 4 VTT of wansmitting device mmst wwack VEEF of receiving device.

NOTE 5 VDDQ tracks with VDD, VDDL macks with VDD, AC parameters are mezsured with VDD, VDD and VDDDL tied ogether
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Measurement Definition for WA Measure voltage (Vhi) at test pin (midpoint with no load.

(2% Vm

VM= -1 | x100%
\VDDQ
Input DC logic level
Symbal Parameter Beflirn. Max. Units Motes
Vi dc) de input logic HIGH VREF + 0.125 VDDGQ + 0.3 W
Wy (de) de input logic LOW -0.3 VREF - 0.125 W
Input AC logic level
DDR2-800 Unit
Symbol Parameter Min Max
VIH(ac) ac input logic HIGH VREF+0.200 | VDDQ+Vpeak
VIL(ac) ac input logic LOW VSSQ-Vpeak VREF-0.200
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AC input test conditions

Symbaol Condition Value Umits Motes
Veer Input referance voliage 0.5 x Voo W
VEWING{MAX) Input signal maximum peak to peak swing 1.0 W
SLEW Input signal minimum slew rate 1.0 Wins 2.3

NOTE]1 Input waveform timing 15 refevenced to the input signal crossing through the Vg a0 level

applied to the device under test.

NOTE2 The input signal mmimum slew rate is to be maintained over the range from Vygpto Vi) min

for rising edges and the range from Vpgg to Vg max for falling edges as shown m the below fizure.

NOTE 3 AC tmungs ars referenced with mnput waveforms switching from VIL{ac) to VIE(ac) on the pos-

itzve fransifions and VIH(az) to VIL(ac) on the negative transifions.

VawiNG(MAaX)

v

i
REF - ILjac) MAX

Vbopa
Vik(ac) Min
ViH(de) min
VREF
ViL(de) Max
ViL(ac) max
Vss

1Y) I !
Vikiae) MiN - Vier

Falling Slew = Rising Slew =
TF TR
AC input test signal waveform
AC & DC operating conditions (cont'd)
Differential input AC logic level
DDR2-800 Unit | Notes
Symbol Parameter Min Max
VID(ac) ac differential input voltage 0.5 vDDQ \Y 1
VIX(ac) |ac differential crosspoint voltage | 0.5xVDDQ 0.5xvDDQ
-0.175 +0.175 ) 2
Confidential 52 Rev. 1.0 Sep. /2014



—— Crossing point

WNOTE 1 Vmag specifies the inpwt differential voltage V1= -Vier | required for switching, where Vin is

the true input signal (such as CE. DQS, LDOS or UDQS) and Ver is the complementary input signal

{such as CE_ DQS, TDOS or UDQS5). The numnmumn value 13 equal to V mac - Vimao.

WOTE 2 The typical value of Vivac is expected to be about 0.3 % VDDQ of the transmitting device and
Wixgao is expected to track variations in VDDOQ). Vixac indicates the veltage at which differential input

signals must cross.

Dif ferential AC output parameters

Differential signal levels

Symbos

Paramster

Min.

Max. Units

Motes

Ve (38 |ac differential crosspoint voltage

0.5 x WDDGQ - 0.125

0.5 = WVDDQ + 0.125 W

NOTE 1 The typical value of Voxas is expectad to be about 0.3 x VDDQ of the transmitting
device and Vioxac) is expected to track variations in VDD . Vioxag indicates the voltage at which

differential output signals must cross.

Overshoot/undershoot specification

AC overshoot/undershoot specification for address and control pins:
A0-A15, BAD-BA2, CS, RAS, CAS, WE, CKE, ODT

Parameter DDR2-800 | Unit
Maximum peak amplitude allowed for overshoot area 0-5(0-9)1 V
Maximum peak amplitude allowed for undershoot area 0-5(0-9)1 V
Maximum overshoot area above VDDQ 0.66 V-ns
Maximum undershoot area below VSSQ 0.66 V-ns

NOTE 1: The maximum requirements for peak amplitude were reduced from 0.9V to 0.5V. Register vendor data sheets will specify the maximum
over/undershoot induced in specific RDIMM applications. DRAM vendor data sheets will also specify the maxi-mum overshoot/undershoot that their
DRAM can tolerate. This will allow the RDIMM supplier to understand whether the DRAM can tolerate the overshoot that the register will induce in the

specific RDIMM application.
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AC & DC operating conditions (cont'd)

Maximum Amplituds

Owvershoot Area

Undershoot Area

AT
Volts Vg
(V)

Maximum Amplitude
Time (ng)
AC overshoot and undershoot definition for address and control pins

AC overshoot/undershoot specification for clock, data, strobe, and mask pins:

DQ, (U/L/R)DQS, (U/L/R)DQS, DM, CK, CK

Parameter DDR2-800 | Unit
Maximum peak amplitude allowed for overshoot area 0.5 \%
Maximum peak amplitude allowed for undershoot area 0.5 \%
Maximum overshoot area above VDDQ 0.23 V.ns
Maximum undershoot area below VSSQ 0.23 V.ns
Maximum Amplituds COivershoot Area

W | N4

Volts  ves
[1'-."'1 VS50 m— I

Undershoot Area
Maximum Amplitude
Time (ng)

AC overshoot and undershoot definition for clock, data, strobe, and mask pins

Power and ground clamps are required on the following input only pins:

a) BAO-BAx ) WE
b) AD-Axx f) TS
c) RAS g) ODT
d) CAS h) CKE
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AC & DC operating conditions (cont'd)
V-l characteristics for input-only pins with clamps

‘\oltage across Clamp | Minimum Power Clamp | Minimum Ground Clamp

i\ Current (mA) Current (mA)

0.0 0 0

01 0 il

0.2 0 0

0.3 d d

0.4 0 il

0.5 d d

0.8 0 il

0.7 a a

0.8 01 01

0.8 1.0 1.0

1.0 25 25

1.1 T 7

1.2 @.8 @.8

1.3 2.1 2.1

1.4 11.0 11.0

1.5 13.5 13.5

1.8 168.0 16.0

1.7 18.2 18.2

1.8 210 21.0
Output buffer characteristics
Output AC test conditions

Symbos Paramster S5TL_18 Units Motes
Vorg Cutput Timing Measurement Reference Leve 0.5 2 Vppa W 1

WOTE 1 The VDDO of the device under test 15 refarenced.

Output DC current drive

Symbal Paramster S5TI_18 Units MNotes
lgriae Output Minimum Source DC Current -13.4 i 1,3, 4
laviae) Owtput Minimum Sink DC Current 13.4 m, 2.3 4

NOTE1 Vppg=1.7V: Voyr= 1420 mV. (Vgyr - Vppg) oy must be less than 21 for values of VT between Vppg and
Vppg - 280 mV.

- EY Venn=17YV W = 1 TP n . 1 s Ll T . v 2 r
NOTEZ Vppg=1.7V: Voyr=280mV. Voyrlop must be less than 21 for values of Viyy between (0 V and 280 mV.
WNOTE 3 The dc value of Vppr applied to the recerving device 13 set to VT
NOTE 4  The values of Igygry and Inp g are based on the conditions given in Motes | and 2. They are used to test device drive cur-
rent capability to ensure Vg min plus 2 noise marzin and Vi max nunus a noise margin are delivered to an S5TL_1E receiver. The
actual cwrrent values ave dertved by shufting the desived didver operating pomnt (see Section 3.3 of JESDE-15A) alonz a2l load lins
to define a convenent diiver current for measurement.
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Table 1. Full Strength Default Pulldown Driver Characteristics

Pulidow n Current (md )
.. Mominal Default | Mominal Defaut _
Voltage (V) Yinimum (234 Ohms} L”g:'?fs Dh::) H‘?::I'ﬁs uh::) Maximum (126 Ohms)

0z 85 13 118 15.4

03 121 6.5 16.8 238

04 14.7 21.2 221 31.8

05 16.4 250 T8 .7

06 17.8 268.3 24 477

07 16.6 308 369 55.0

08 19.0 3.0 408 62.3

08 19.3 345 446 0.4

10 197 355 477 75.3

11 198 6.1 504 BOE

1z 20.0 6.6 B2 546

] 201 6.8 54.2 a7

14 202 a7 55 0.8

15 203 aT.4 571 a2.8

16 204 6 EE.4 4.4

17 206 T 506 7.0

18 379 [ .1

14 011

Figure 1. DDR2 Default Pulldown Characteristics for Full Strength Driver
120
100 ~

— | Maximum
=L
E o

= 80 Nominal
o . Default
ot "

3

3 60 — High

% 40 "] Nominal
= = Default
= | A
o | ,]/‘ Low

20 : —
- 1" . =
rT" Minimum
0
0.2 04 06 08 10 12 14 16 1.8
0.3 05 07 09 114 13 15 17 19
VOUT to WSSQ (V)
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Table 2. Full Strength Default Pullup Driver Characteristics

Pubup Currant {ma)
Mominal Defautt | Mominal Default
Valtage (V) Minimum (23.4 Ohms Lm adam:-.]:: H':‘g"jl"'ﬁ‘g -:-1:11;3 Maximum (128 Ohms)
0.2 55 111 118 -158
0.3 121 160 70 -Z3B
0.4 147 -20.3 222 -318
0.5 6.4 -24.0 275 -7
0.6 -1TE 272 324 477
07 186 -20.8 369 -E&D
0.8 -1a0 TR <08 623
0.4 183 “i34 4.5 604
1.0 -1a.7 -34.6 477 -75.3
11 REY: -355 504 -B0.5
12 -200 362 525 -B4E
1.3 =201 -36.8 54,2 a7
1.4 202 T 554 -90.8
1.5 -20.3 T 571 -g9z.8
1.6 204 38,0 5G4 548
17 208 384 ROG _a7.0
1.8 -3BE &0.8 -39
14 -101.1
Figure 2. DDR2 Default Pullup Characteristics for Full Strength Output Driver
0
20 :H:"M N
R
e e S Minimum
— . '_“‘—m—._\_“_\_‘
T .40 I :
E= . Nominal
= k.
E ~d Default
S .60 e Low
8 . ——
o T~ :
3 e NMominal
T 80 =T Default
Tl High
-100 B _
Maximum
—_—
-120
0.2 04 0.6 08 1.0 1.2 1.4 1.6 18
0.3 05 0.7 0.9 1.1 1.3 1.5 1.7 1.9
VDDQ to VOUT (V)
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DDR2 SDRAM Default Output Driver V-1 Characteristics

DDR2 SDRAM output driver characteristics are defined for full strength default operation as selected by the
EMRST bits A7-A9 ="111". Figures 1 and 2 show the driver characteristics graphically, and tables 1 and 2
show the same data in tabular format suitable for input into simulation tools. The driver characteristics eval-
uation conditions are:

Mominal Default 25°C (T case), VDDQ = 1.8V, typical process
Minimum 85°C (T case), VDDQ = 1.7 V, slow - slow process
Maximum 0°C (T case), VDDQ = 1.9V, fast - fast process

Default Output Driver Characteristic Curves Notes:

1) The full variation in driver current from minimum to maximum process, temperature, and voltage will lie
within the outer bounding lines of the V-I curve of figures 1 and 2.

2) It is recommended that the "typical” IBIS V-1 curve lie within the inner bounding lines of the V-l curves
of figures 1 and 2.

Table 3. Full Strength Calibrated Pulldown Driver Characteristics

Calibrated Puldow n Gumant {ma)
Mominal Minimum | Nominal Low . Mominal High Maominal Madmum
Voltage (V) (21 ahms) (1875chms)  [rominal (18ohms}| oy s hms) (15 atime)
0.2 05 0.7 11.5 18 133
0.3 14.3 16.0 166 174 200
0.4 8.7 Z1.0 216 Z30 270

Table 4. Full Strength Calibrated Pullup Driver Characteristics

Calbrated Pulup Cament (m)
Mominal Minimum Maminal Low . Moaminal High Maminal M aximum
Vit i 1{18 ah a9
ge (V) (21 ohms) (18750tms)  [romnal B onmsll 5 o o chms) (15 ahms)
02 o5 07 ) 8 133
03 a3 6.0 65 74 300
04 87 210 212 230 270
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Tables 3 and 4 show the data in tabular format suitable for input into simulation tools. The nominal points
represent a device at exactly 18 ohms. The nominal low and nominal high values represent the range that can be
achieved with a maximum 1.5 ohm step size with no calibration error at the exact nominal conditions only (i.e.
perfect calibration procedure, 1.5 ohm maximum step size guaranteed by specification). Real system calibration
error needs to be added to these values.

It must be understood that these V-I curves as represented here or in supplier IBIS models need to be adjusted to
a wider range as a result of any system calibration error. Since this is a system specific phenomenon, it cannot be
quantified here. The values in the calibrated tables represent just the DRAM portion of uncertainty while looking at
one DQ only. If the calibration procedure is used, it is possible to cause the device to operate outside the bounds
of the default device characteristics tables and figures.

In such a situation, the timing parameters in the specification cannot be guaranteed. It is solely up to the system
application to ensure that the device is calibrated between the minimum and maximum default values at all
times. If this can't be guaranteed by the system calibration procedure, re-calibration policy, and uncertainty with
DQ to DQ variation, then it is recommended that only the default values be used.

The nominal maximum and minimum values represent the change in impedance from nominal low and high as a result
of voltage and temperature change from the nominal condition to the maximum and minimum conditions. If calibrated
at an extreme condition, the amount of variation could be as much as from the nominal minimum to the nominal
maximum or vice versa. The driver characteristics evaluation conditions are:

Nominal 25°C (T case), VDDQ = 1.8 V, typical process

Nominal Low and Nominal High 25°C (T case), VDDQ = 1.8 V, any process
Nominal Minimum 85°C (T case), VDDQ = 1.7 V, any process

Nominal Maximum 0°C (T case), VDDQ = 1.9 V, any process
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IDD Specifications for DDR2-800

(VDDQ=1.8V+/-0.1V; VDD=1.8V+/-0.1V)

-25
Symbol Parameter/Condition 110 DDR2-800 | Unit [Notes
T
DDO Operating Current x8 140 mA 1,2
T
DD1 Operating Current X8 185 mA 1,2
[ Precharge Power-Down
DD2P Current x8 30 mA 1,2
I Precharge Standby
DD2N Current x8 130 mA 1,2
| Precharge Quiet
DD2Q Standby Current x8 115 mA 1,2
Active Power Down
Standby Current x8 50 mA 1,2
| MRS(12)=0
DD3P Active Power Down
Standby Current x8 35 mA 1,2
MRS(12)=1
T
DD3N Active Standby Current x8 120 mA 1,2
I Operating Current
DD4R Burst Read x8 440 mA 1,2
| Operating Current
DD4W Burst Write x8 435 mA 1,2
| Burst Auto-Refresh
DDSB | Current (tRFC=tRFCmin) | x8 470 mA | 12
I Self-Refresh Current
DD6 for Standard products x8 18 mA 1,2
T
DD7 Operating Current x8 510 mA 1
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AC & DC operating conditions({cont'd)

10D specification parameters and test conditions
(DD values are for full operating rangs of Voltage and Temparature, Nobes 1 - 8)

Symbod

Conditions

Uinits

Hotee

00

Ops=rating one bank active-pracharge currant

tox = tokpoo), tRe = Ropoo), tRas = tRasmngoo);
CKE Is HIGH, TF k& HIGH betwaen valld commands;
Adoress Dus |"IF".I'E- are SWITCHING;

Data bus Inpuss ane SWITCHING

mA

oo

Ops=rating one bank activeread-prechargs curmant;

IO = Omi

BL =4, CL = CLIDO) AL =10;

ok = loknoD), IRe = 1RC 10O, RAS = tRASmINICD), 'RCD = RCoioo);
CHE Is HIGH, TF ks HIGH bebwaen valld commands;

AOress Bus Inpues are SYWITCHING;

Cata paltemn |5 5ame 3g IDD4W

mA

DozP

Pracharge power-gown curmant;

All banks idie

K = LCoKNDD);

CKE Is LOW,

{Oriner conirol and 3ddress Bus INputs are STASLE;
D&t bus Inpuss ane FLOATING

mA

ooz

Pracharge quist standby current

AJ banks ke

Ik - lokpooy;

CHE Is HIGH, T Is HIGH

Oriner coniral anid 332r268 DUB |'1|:‘.IE e STASLE,
Daia bus |'1|:\LI'.E- ane FLOATING

mA

DO2K

Pracharge standby current

Al banks ke

lox = tokooy);

CKE |5 HIGH, C5 s HIGH

Oiher coniral and address bus Inputs are SWITCHING;
O&a bus Inputs ane SWITCHING

mA

DOGP

Active power-down curment; Fasl PON Exit
All banks apern RARS( 12) =0
K = LoKNDD);

mA

- r
CHE 5 LOW. Siow PO Ex
Oiiher conltrol and adoress bus Inputs are STASLE; MAS[(1Z] =1

Ciaa DU INpuUss are FLOATING )

M

DOEK

Active standby currant;

Al banks apert

o = lokpon), Ras - Rasmaxion), IR0 - RPoooy;
CHE I5 HIGH, TF ks HIGH bebween valld commands;
Oriner conlrol and adoress Dus I'IF'.IE are SWITCHIMNG;
Diafa bus INpuss ane SWITCHING

m#
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AC & DC operating conditions{cont'd)

IDD specification parameters and test conditions

{IDD walues are for full oparating rangs of Violtags and Tamperatura, Motsa 1 - §)

Symibol Conditlons

Max

Unilte

Hotas

D4 |Operating burst wiite current

All baniks open, Continuous burs: wiites;

GL =4, CL = CLD0), AL =0

oK = 10K)IDD), TRAS = IRASmax Do), 'Fe = IRAI00),
(CKE Is HIZH, TS Is HIGH betwean valkd commands;
Address Dus Inpuls are SYWTCHING,

Dala bus Inputs are SWITCHING

D4R |Opersting burst raad currsnt;

Al banis open, Continuous burst reags, IOUT = 0 ma;
SL=d4, CL=CLIDD0}, AL=0

0K = 10K IDD, TRAS = IRASmaeIDO), 1RE = IRAIDD);
CKE Is HIGH, TS 15 HIGH betwesn vald commands;
Addrass Dus Inpuls are SWITCHING,

Dala pattem |s same as ID0DW

D258 |Burst refresh current

oK = oKD

Refrsh command at every IRFCIDD) Inena;

CKE I5 HIZH, TS 5 HIGH batassn valld commangs;
‘ther comindl and address bus Inpuls are SWITCHING,
Dala bus Inputs are SWITCHIMNG

D06 [Sal refregh current
CKamd TR atD v,

CKE 202V

\tnar conirol and address bus Inpuls are FLOATING
Dals bus Inputs arz FLOATING

IOC7 ‘Operating bank Intarlaava read currant;
All banik Interleasing reads, KOUT = Om#A;

L= 4, CL = CLIDO), AL = RCODD) - 1 % tCeyID0);

tACD = 1 xicsIDo)

CKE Is HIGH, TF I HIGH batwean valid commangs;
Aatdr=ss bus Inpuls are STASLE durng DESELECT:;

Dala pattem I same a5 IDD4R;

- Reefer o the Tollzaing pages for desalied timing condiions

SCHK = 1CKI DD, 1RG = SRCIDD), IRAD = IRRDIDT), FAW = IFRWIDD)
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2Gb DDR2 - AS4C256M8D2

IDD specification parameters and test conditions
(IDD values are for full operating range of Voltage and Temperature, Notes 1 - 6)

Symbol

Conditions

Max

Units

Notes

Combinations of EMRS bits 10 and 11.

NOTE 6 Definitions for IDD

NOTE 3 IDD parameters are specified with ODT disabled.
NOTE 4 Data bus consists of DQ, DM, DQS, DQS, RDQS, RDQS, LDQS, LDQS, UDQS, and UDQS. IDD values must be met with all

not including masks or strobes.

NOTE 1 IDD specifications are tested after the device is properly initialized

NOTE 2 Input slew rate is specified by AC Parametric Test Condition

NOTE 5 For DDR2-800 testing, tCK in the Conditions should be interpreted as tCK(avg)

LOW = Vin=< VILAC(max)

HIGH = Vin = VIHAC(min)

STABLE = inputs stable at a HIGH or LOW level

FLOATING = inputs at VREF = VDDQ/2

SWITCHING = inputs changing between HIGH and LOW every other clock cycle (once per two clocks) for address and control

signals, and inputs changing between HIGH and LOW every other data transfer (once per clock) for DQ signals

IDD testing parameters

For purposes of IDD testing, the parameters in the IDD testing parameters table are to be utilized

IDD testing parameters

Speed DDR2-800 | Unit
Bin(CL-tRCD-tRP) | 5-5-5
CL(IDD) 5 tCK
tRCD(IDD) 12.5 ns
tRC(IDD) 57.5 ns
tRRD(IDD)-1KB 75 ns
tRRD(IDD)-2KB 10 ns
tFAW(IDD)-1KB 35 ns
tFAW(IDD)-2KB 45 ns
tCK(IDD) 25 ns
tRASmIn(IDD) 45 ns
tRASmax(IDD) 70000 ns
tRP(IDD) 12.5 ns
tRFC(IDD)-2Gb 195 ns
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AC & DC operating conditions (cont'd)

Detailed IDD7

The detailed timings are shown below for IDD7. Changes will be required if timing parameter changes are made to

the specification. Legend: A = Active; RA = Read with Autoprecharge; D = Deselect

IDD7: Operating Current: All Bank Interleave Read operation

t t t
All banks are being interleaved at minimum RC(IDD) without violating RRD(IDD) and FAW(IDD) using a burst

length of 4. Control and address bus inputs are STABLE during DESELECTs. IOUT = 0 mA

Timing Patterns for x8 devices

-DDR2-806-at-bins: AO RAOD A1 RA1DA2RA2D A3RA3DDD A4RA4D ASRASDA6RA6DA7RA7DDD

Inputlo@ut capacitance

Parameter Symbol DDR2-800
Min Max [ Units
Input capacitance, CK and CK CCK 1.0 20 pF
Input capacitance delta, C?and CK CDCK| x 0.25 pF
Input capacitance, all other input-only pins| CI 1.0 1.75 pF
Input capacitance delta, all other input-only pins| CDI X 0.25 pF
Input/output capacitance, DQ, DM, DQ_S, DQS| CIO 25 35 pF
Inputfoutput capacitance delta, DQ, DM, DQS, Das | cDIO | x 0.5 pF
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AC Characteristics (AC operating conditions unless otherwise noted)

(DDR2-800)
-25
Parameter Symbol | Min | Max [ Unit | Note
1
Row Cycle Time RC 57.5 - ns
L
Auto Refresh Row RFC 195 - ns 11
Cycle Time
1
Row Active Time RAS 45 70K ns 21
T
Row Address to Column RCD 12.5 - ns 20
Address Delay
T
Row Active to Row Active RRD 7.5 - ns
Delay (x8)
T
Row Active to Row Active RRD 10 - ns
Delay (x16)
T
Four Activate Window FAW 35 - ns
(x8)
T
Four Activate Window FAW 45 - ns
(x16)
T
Column Address to Column CCD 2 - CLK
Address Delay
|
Row Precharge Time RP 12.5 - ns
1
Write Recovery Time WR 15 - ns
T T
Auto Precharge Write DAL WR - ns 12
Recovery + Precharge Time +HRP
System | CAS Latency =3 - ns 2
Clock —
Cycle CAS Latency = 4 3.75 8 ns 2
—_— t
Time CAS Latency =5 CK 25 8 ns 2
CAS Latency = 6 25 8 ns 2
CAS Latency =7 - ns 2
1
Clock High Level Width CH 0.48 0.52 CLK
{
Clock Low Level Width CL 0.48 0.52 CLK
T
Data-Out edge to Clock AC -0.40 0.40 ns
edge Skew
T
DQS-Out edge to Clock DQSCK | -0.35 0.35 ns
edge Skew
T
DQS-Out edge to Data-Out DQsQ 0.20 ns
edge Skew
T T
Data-Out hold time from QH _HLPmin - ns
DQS QHS
1
Data hold skew factor QHS 300 ps
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(DDR2-800)
-25
Parameter Symbol | Min | Max | Unit | Note
L L
Clock Half Period HP CHIL - ns 5
min
T
Input Setup Time 1S 175 - ps 15,17
(fast slew rate)
T
Input Hold Time IH 250 - ps 15,17
(fast slew rate)
I
Input Pulse Width IPW 0.60 - CLK
|
Write DQS High Level Width| DQSH 0.35 CLK
1
Write DQS Low Level Width|  DQSL 0.35 CLK
T
CLK to First Rising edge DQSS -(3.25 +9'25 CLK
of DQS-In CK CK
T
Data-In Setup Time to DS 50 - ps 16,17,
DQS-In (DQ & DM) (base) 18
T
Data-in Hold Time to DH 125 - ps |16,17,
DQS-In (DQ & DM) (base) 18
T
DQS falling edge to CLK DSS 0.2 - CLK
rising Setup Time
T
DQS falling edge from CLK DSH 0.2 - CLK
rising Hold Time
1
DQ & DM Input Pulse Width|[  DIPW 0.35 - CLK

Read DQS Preamble Time RPRE 0.9 1.1 CLK

{
Read DQS Postamble Time RPST 0.4 0.6 CLK

Write DQS Preamble Time WPRE 0.35 - CLK 10

Write DQS Postamble Time| WPST 0.4 0.6 CLK 10

Internal read to precharge RTP 7.5 - ns
command delay

Internal write to read WTR 7.5 - ns 13
command delay

Data out high impedance HZ - AC ns 7
time from CLK/CLK (max)
— T T T
DQS/DQS low impedance LZ(DQS) AC AC ns 7
time from CLK/CLK (min) (max)
T T
DQ low impedance time LzpQ) | 2tAC AC ns 7
from CLK/CLK (min) (max)
1
Mode Register Set Delay MRD 2 - CLK 9
L
MRS command to ODT MOD 0 12 ns

update delay
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(DDR2-800)
-25
Parameter Symbol Min Max Unit Note
T
Exit Self-Refresh to Non- XSNR tRFC*+10 - ns 19
Read Command
L
Exit Self-Refresh to Read XSRD 200 - CLK
Command
T
Exit Precharge Power Down XP 2 - CLK 14
to any non-Read Command
T
Exit Active Power Down to XARD 2 - CLK
Read Command
T
Exit Active Power Down to XARDS 8-AL - CLK
Read Command
(Slow exit, Lower Power)
T
Minimum time clocks re- Delay tIS+HCK ns
mains ON after CKE asynchronously +tIH
drops LOW
T
CKE minimum high and low CKE 3 - CLK
pulse width
T
Average Periodic Refresh REFI 7.8 us 18
Interval, -40°C < T < 85°C
T
Average Periodic Refresh REFIT 3.9 us 18
Interval, 85°C < T < 105°C
1
Period Jitter JITPER -100 100 ps 22
1
Duty Cycle Jitter JITDTY -100 100 ps 22
|
Cycle to Cycle JITCC -200 200 ps 22
1
Cumulative error, 2 cycles ERR(2PER) -150 150 ps 22
1
Cumulative error, 3 cycles ERR(3PER) -175 175 ps 22
1
Cumulative error, 4 cycles ERR(4PER) -200 200 ps 22
1
Cumulative error, 5 cycles ERR(5PER) -200 200 ps 22
T
Cumulative error, ERR -300 300 ps 22
6-10 cycles (6-10PER)
T
Cumulative error, ERR -450 450 ps 22
11-50cycles (11-50PER)
Confidential 67 Rev. 1.0 Sep. /2014



’ll\ ALLIANCE
N MENORY 2Gb DDR2 — AS4C256M8D2

Notes for Electrical Characteristics & AC Timing

1.

2.

10.
1.
12.
13.
14.

15.
16.
17.

18.

19.
20.

Input slew rate is 1 V/ns and AC timings are guaranteed for linear signal

transitions. For other slew rates see the derating tables on the next pages.

The CK/ CK input reference level (for timing reference to CK / CK) is the point at which CK and CK cross: the
DQS /DQS input reference level is the crosspoint when in differential strobe mode; the input reference level for
signals other than CK/CK, or DQS / DQS is VREF,

. Inputs are not recognized as valid until VREF stabilizes. During the period before VREF stabilizes, CKE =

0.2 x VDDQ is recognized as LOW.

. The output timing reference voltage level is VTT.
. Min (tCL, tCH) refers to the smaller of the actual clock low time and the actual clock high time as provided

to the device (i.e. this value can be greater than the minimum specification limits for tCL and tCH.

. For input frequency change during DRAM operation.
. t4z and t.z transitions occur in the same access time windows as valid data transitions. These parameters are

?Ii)é)referred to a specific voltage level, but specify when the device is no longer driving (HZ), or begins driving

. These parameters guarantee device timing, but they are not necessarily tested on each device.
. The specific requirement is that DQS and DQS be valid (HIGH, LOW, or some point on a valid transition) on or

before this CK edge. A valid transition is defined as monotonic and meeting the input slew rate specifications
of the device. When no writes were previously in progress on the bus, DQS will be transitioning from Hi-Z to
logic LOW. If a previous write was in progress, DQS could be HIGH, LOW, or transitioning from HIGH to LOW
at this time, depending on tpass. When programmed in differential strobe mode, DQS is always the logic
complement of DQS except when both are in high-Z.

The maximum limit for this parameter is not a device limit. The device operates with a greater value for this
parameter, but system performance (bus turnaround) degrades accordingly.

A maximum of eight Auto-Refresh commands can be posted to any given DDR2 SDRAM

device. (Note : tRFC depends on DRAM density)

For each of the terms, if not already an integer, round to the next highest integer. tCK refers to the application
clock period. WR refers to the WR parameter stored in the MRS.

tWTR is at least two clocks independent of operation frequency.

User can choose two different active power-down modes for additional power saving via MRS address bit A12.
In “standard active power-down mode” (MRS, A12 = “0”) a fast power-down exit timing tXARD can be used. In
“low active power-down mode” (MRS, A12 ="1") a slow power-down exit timing tXARDS has to be satisfied.
Timings are guaranteed with command / address input slew rate of 1.0 V/ns.

Timings are guaranteed with data / mask input slew rate of 1.0 V/ns.

Timings are guaranteed with CK /CK differential slew rate 2.0 V/ns, and DQS/DQS (and RDQS/RDQS)
differential slew rate 2.0 V/ns in differential strobe mode.

If refresh timing or tDS / tDH are violated, data corruption may occur and the data must be re-written with
valid data before a valid READ can be executed.

In all circumstances, tXSNR can be satisfied using tXSNR =tRFC + 10 ns.

The tRCD timing parameter is valid for both activate command to read or write command with and without
Auto-Pre-charge. Therefore a separate parameter tRAP for activate command to read or write command with
Auto-Precharge is not necessary anymore.

tRAS(max) is calculated from the maximum amount of time a DDR2 device can operate without a Refresh
command which is equal to 9 * tREFI.
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Reference Loads, Slew Rates and Slew Rate Derating
Reference Load for Timing Measurements

2Gb DDR2 - AS4C256M8D2

The figure represents the timing reference load used in defining the relevant timing parameters of the device. It is
not intended to either a precise representation of the typical system environment nor a depiction of the actual load
presented by a production tester. System designers will use IBIS or other simulation tools to cor-relate the timing
reference load to a system environment. This load circuit is also used for output slew rate measurements.

|VDDQ

DQ
CK, TK DQS
—— DUT pas — ] Vit = VDDQ / 2
RDQS 25 Ohm
T RDQS
s

Timing Reference Points
Note: The output timing reference voltage level for single ended signals is the crosspoint with VTT.
The output timing reference voltage level for differential signals is the crosspoint of the
true (e.g. DQS) and the complement (e.g. DQS) signal.

Slew Rate Measurements
Output Slew Rate

Output slew rate is characterized under the test conditions as shown in the figure below

|VDDQ
DQ
DUT DQS || || Vit=VvDDQ /2
RDQS 25 Ohm

J_ Test Point

Output slew rate for falling and rising edges is measured between VTT - 250 mV and VTT + 250 mV for single
ended signals.For differential signals (e.g. DQS - DQS) output slew rate is measured between DQS - DQS = - 500
mV and DQS - DQS = + 500 mV.Output slew rate is guaranteed by design, but is not necessarilty tested on each
device.

Input Slew Rate

Input slew for single ended signals is measured from dc-level to ac-level from VREF to VIH(AC),min for rising and
from VREF to VIL(AC), min or falling edges. L
For differential signals (e.g. CK - CK) slew rate for rising edges is measured from CK - CK =-250 mV to

CK -CK = +500 mV (250 mV to -500 mV for falling edges). Test conditions are the same as for timing
measurements.
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Package Dimension (x8)
60-Ball Fine Pitch Ball Grid Array Outline

o
T =
= - |
G EEE (3 %
& —ald]d 2
asl g i =iE E i a o
2z | B =l 3| = 3
NN EREMEEE 2
1= | =
= el = =
S HEHEE g
1 =
g x| 2| @ Fliw E E 3| %
e
]
0
o
—_
NI DT LI z
wd
[ g°
i L MWD Wl OO YoM '_ =
H
B —
Z v &
x | i
® |
- —0'-:'. ; |:| .':. ::;
fu [&l & ¥ & R W z
o 00000 POOCOOG— |
=t
[4F] 1
in ﬂﬂ ™ |
- |
~ 0000000 00—
m I COoPDPO000 - {
) | u
o| —0O0CO00¢ O GT— ]
o ) 1
=1
I=!)
U
by
=
| . -
s _
i —I[r
g .-
Z
o
"‘_‘{—'—E
i e
e Bl —e—

Confidential 70 Rev. 1.0 Sep. /2014



)l\ ALLIANCE
PNMENORY 2Gb DDR2 — AS4C256M8D2

Alliance Memory Inc. reserves the rights to change the specifications and products without notice.

Alliance Memory, Inc., 551 Taylor Way, Suite #1, San Carlos, CA 94070, USA
Tel: +1 650 610 6800 Fax: +1 650 6209211
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