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Revision History

Revision No. History Draft Date Remark
0.1 Initial Graphics Version Release Jan. 2005
0.2 300Mhz Speed Bin & Lead Free Comment Insert Mar. 2005
0.3 AC parameter value change Mar. 2005
0.4 AC parameter value change (tRRD, tDQSQ...) Apr. 2005
0.5 tCCD Change (for 450MHz) Aug. 2005
1.0 IDD Value Insert & VDD/VDDQ max range change Aug. 2005
11 CAS Latency Value insert at AC timing table Jan. 2006
12 tWR(500MHz) change from 15ns to 14ns (Page 71) Jun. 2006

Note) The HY5PS561621AFP data sheet follows all of JEDEC DDR2 standard.
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1. Description

HY5PS561621AFP

1.1 Device Features & Ordering Information

1.1.1 Key Feature

- VDD/VDDQ=2.0V +/- 0.1V(500/450MHz)

S

- 1.8V VDD/VDDQ wide range max power supply supports(400/350/300MHz)

< All inputs and outputs are compatible with SSTL_18 interface

< Fully differential clock inputs (CK, /CK) operation
e Double data rate interface:two data transfers per clock cycle(tCK)
e Source synchronous-data transaction aligned to bidirectional data strobe (DQS, DQS)

« Differential Data Strobe

(DQS, DQS)

« Data outputs on DQS, DQS edges when read (edged DQ)
» Data inputs on DQS centers when write(centered DQ)
e On chip DLL align DQ, DQS and DQS transition with CK transition

« DM mask write data-in at the both rising and falling edges of the data strobe

« All addresses and control inputs except data, data strobes and data masks latched on the rising

edges of the clock

e Programmable CAS latency 4, 5, 6 and 7 supported

e Programmable additive latency 0, 1, 2, 3, 4, 5 supported
e Programmable burst length 4/8 with both nibble sequential and interleave mode
< Internal four bank operations with single pulsed RAS
e Auto refresh and self refresh supported

e tRAS lockout supported
» 8K refresh cycles /64ms

e JEDEC standard 84ball FBGA(x16)
e Full strength driver option controlled by EMRS
e On Die Termination supported
« Off Chip Driver Impedance Adjustment supported
e Partial Array Self Refresh supported
< High Temperature Self Refresh rate supported

1.1.2 Ordering Information

Part No. Power Supply |Clock Frequency| Max Data Rate | Interface | Package
HY5PS561621AFP-2 500MHz 1000Mbps/pin
HY5PS561621AFP-22 VDD/VDDQ=2.0V 450MHz 900Mbps/pin
HY5PS561621AFP-25 400MHz 800Mbps/pin SSTL_18 ?;é%ﬂl
HY5PS561621AFP-28 VDD/VDDQ=1.8V 350MHz 700Mbps/pin
HY5PS561621AFP-33 300MHz 600Mbps/pin
Note)
Hynix supports Lead free parts for each speed grade with same specification, except Lead free materials.
We'll add "P" character after "F" for Lead free product.
For example, the part number of 300MHz Lead free product is HY5PS561621AFP-33.
Rev. 1.2 7 Jun. 2006 5
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1.2 16Mx16 DDR2 Pin Configuration

1 2 3 7 8 9

[ wvoo J[ ~c J[ vss | A [ vsso |[ Ubos || vopo |
[ pousa |[ vsso |[ uom | B8 | upgs || vsso |[ bqis |
[ voog |[ bga |[ wooo | ¢ [ vooq || pos || vopg |
[ po12 ][ vsso |[ bt | o [ powo || vsso || pois |
[ voo ][ nc |[ vss | e [ vssq || ipgs || vopg |
[ bos ][ wvsso |[ tom | ¢ [ ipgs || vsso |[ bo7 |
[vooo |[ por |[wooe | & [ vooo |[ poo |[ voog |
[ poa ][ wsso |[ o3 | W [ b2 || vsso |[ bgs |
[ woor |[ wrer |[ wvss | 5 [wssoL || ck || vop |

[oxe J[ we | « [ Ras |[ ok [[ oor |
[ nc ][ Bmo ][ Bar ] o | cas || cs |

[ a0 J[ At | wm [ a2 || a0 || vop |
[vss [ a8 [ as ] N~ [ a6 || m |

a7 ][ a | p [ ann || a8 |[ vss |
[voo J[ a2 J[ nc | ®r [N || N |

ROW AND COLUMN ADDRESS TABLE

ITEMS 16Mx16
# of Bank 4
Bank Address BAO, BA1
Auto Precharge Flag A10/AP
Row Address AO - A12
Column Address AO-A8
Page size 1KB
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1.3 PIN DESCRIPTION

PIN

TYPE

DESCRIPTION

CK, CK

Input

Clock: CK and CK are differential clock inputs. All address and control input signals are sampled
on the crossing of the positive edge of CK and negative edge of CK. Output (read) data is refer-
enced to the crossings of CK and CK (both directions of crossing).

CKE

Input

Clock Enable: CKE HIGH activates, and CKE LOW deactivates internal clock signals, and device
input buffers and output drivers. Taking CKE LOW provides PRECHARGE POWER DOWN and
SELF REFRESH operation (all banks idle), or ACTIVE POWER DOWN (row ACTIVE in any bank).
CKE is synchronous for POWER DOWN entry and exit, and for SELF REFRESH entry and exit..
CKE must be maintained high throughout READ and WRITE accesses. Input buffers, excluding
CK, CK ,CKE and ODT are disabled during POWER DOWN. Input buffers, excluding CKE are dis-
abled during SELF REFRESH. CKE is an SSTL_18 input, but will detect an LVCMOS LOW level
after vVdd is applied.

Input

Chip Select : Enables or disables all inputs except CK, CK, CKE, DQS and DM. All commands are
masked when CS is registered high. CS provides for external bank selection on systems with
multiple banks. CS is considered part of the command code.

OoDT

Input

On Die Termination Control : ODT enables on die termination resistance internal to the DDR2
SDRAM. When enabled, on die termination is only applied to DQ, LDQS, /LDQS, UDQS, /UDQS,
LDM and UDM

RAS, CAS, WE

Input

Command Inputs: RAS, CAS and WE (along with CS) define the command being entered.

LDM, UDM

Input

Input Data Mask : DM is an input mask signal for write data. Input Data is masked when DM is
sampled High coincident with that input data during a WRITE access. DM is sampled on both
edges of DQS, Although DM pins are input only, the DM loading matches the DQ and DQS load-
ing.

BAO, BA1

Input

Bank Address Inputs: BAO and BA1 define to which bank an ACTIVE, Read, Write or PRE-
CHARGE command is being applied. Bank address also determines if the mode register or
extended mode register is to be accessed during a MRS or EMRS cycle.

A0 ~ Al12

Input

Address Inputs: Provide the row address for ACTIVE commands, and the column address and
AUTO PRECHARGE bit for READ/WRITE commands to select one location out of the memory
array in the respective bank. A10 is sampled during a precharge command to determine
whether the PRECHARGE applies to one bank (A10 LOW) or all banks (A10 HIGH). If only one
bank is to be precharged, the bank is selected by BAO, BA1. The address inputs also provide the
op code during MODE REGISTER SET commands.

DQ

Input/Output

Data input / output : Bi-directional data bus

(UDQS),(UDQS)
(LDQS),(LDQS)

Input/Output

Data Strobe : Output with read data, input with write data. Edge aligned with read data, cen-
tered in write data. For the x16, LDQS correspond to the data on DQO~DQ7; UDQS corre-
sponds to the data on DQ8~DQ15. The data strobes LDQS, UDQS may be used in single ended
mode or paired with optional complementary signals LDQS, UDQS to provide differential pair
signaling to the system during both reads and wirtes. An EMRS(1) control bit enables or dis-
ables all complementary data strobe signals.

NC

No Connect : No internal electrical connection is present.

VDDQ

Supply

DQ Ground

VDDL

Supply

DLL Power Supply

VSSDL

Supply

DLL Ground

VDD

Supply

Power Supply

Vss

Supply

Ground

VREF

Supply

Reference voltage for inputs for SSTL interface.

In this data sheet, "differential DQS signals" refers to any of the following with A10 = 0 of EMRS(1)
x16 LDQS/LDQS and UDQS/UDQS

"single-ended DQS signals" refers to any of the following with A10 = 1 of EMRS(1)

x16 LDQS and UDQS

Rev. 1.2 / Jun. 2006
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2. Functional Description

2.1 Simplified State Diagram

HY5PS561621AFP

Initialization
Sequence

OCD
calibration

Self
Refreshing

il Refreshing

Active
Power
Down

Bank
Active

Writing

—) Automatic Sequence

——» Command Sequence

Read
Read

Reading

Writing
with
Autoprecharge,

in full detail.

Reading
with
Autoprecharge

CKEL = CKE low, enter Power Down

CKEH = CKE high, exit Power Down, exit Self Refresh
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 indented to provide a floorplan 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, Power Down enty/exit - among other things - are not captured
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2.2 Functional Block Diagram (16Mx16)

4Banks x 4Mbit x 16 1/0 DDR2 SDRAM

refresh > Self refreSh
logic & timer
Internal Row
Counter
CLK
e Row 4Mx16 Bank3 |
_ | Active Row 2| [4Mx16 Bank2 | DLL
>
CKE—» 5 Prg 2| [T 4Mx16 Bank1 | O
| §|OPT s Decoders &| | [T4Mx16 Banko
CS —» S control P oDT DLL Clk Control
T % Memory controlj i i
SRS 17, » Cell
—> R0 Arra 16 Output
o |refresh L y Buffers [
CAS_, § & ODT
= — L
— = — 4bit pre-fetch
WE __,) 2 Column Read Data
= | Active Sense Amp 64 Register DQ
ULDM__,| 3 & 1/0 Gate 0~15 «»
Column Active ¢ 4bit pre-fetch
ODT_,)| latch Write Data
y x Column decoders Register
A
bank select Additive Latency 16 Input
Buffers [¢
Column Add Column T
A0 —> Counter&latch » Pre Decoders DS
>
Al _I’ o oDT
1 I g control
I Address DQS
1 llg— Registers 1/0 Buff DQS
! urrer
| = —p ——
' @ DS 4—g0pT DQS
Al2 —» © T T
BA1 —P A
Mode DLL Clk OCD
BAD  —» Register Control
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2.3 Basic Function & Operation of DDR2 SDRAM

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 regis-
tration of an Active command, which is then followed by a Read or Write command. The address bits reg-
istered coincident with the active command are used to select the bank and row to be accessed (BAO-BA1
select the bank; A0-A12 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.

2.3.1 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. 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 0.95 V 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.

N

. Start clock and maintain stable condition. .
3. For the minimum of 200 us after stable power and clock(CK, CK), then apply NOP or deselect & take
CKE high.
4. Wait minimum of 400ns then issue precharge all command. NOP or deselect applied during 400ns
period.
5. Issue EMRS(2) command. (To issue EMRS(2) command, provide “Low” to BAO, “High” to BAl.)*2
6. Issue EMRS(3) command. (To issue EMRS(3) command, provide “High” to BAO and BAl.)*2
7. Issue EMRS to enable DLL. (To issue "DLL Enable" command, provide "Low" to AO, "High" to BAO and
"Low" to BA1))
8. Issue a Mode Register Set command for “DLL reset”.
(To issue DLL reset command, provide "High" to A8 and "Low" to BAO-1.)
9. Issue precharge all command.
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 oper-
ating parameters without resetting the DLL.)
12. At least 200 clocks after step 8, execute OCD Calibration ( Off Chip Driver impedance adjustment ).
If OCD calibration is not used, EMRS OCD Default command (A9=A8= A7=1) followed by EMRS OCD
Calibration Mode Exit command (A9=A8=A7=0) must be issued with other operating parameters of

Rev. 1.2 / Jun. 2006 10
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EMRS.
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.

*2) Sequence 5 and 6 may be performed between 8 and 9.

Initialization Sequence after Power Up

ﬁﬁ@w@w@w@w@wmumew@wmwuWua

CKE | | | | |
wmmmmmmw @o
400ns tMRD tMRD tRFC tMRD Follow OCD toIr
Flowchart
QQ min. 200 Cycle Q&
DLL DLL ocD ocp
ENABLE RESET Default CAL. MODE

EXIT

2.3.2 Programming the Mode and Extended Mode Registers

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) com-
mand. Additionally, DLL disable function, driver impedance, additive CAS latency, ODT(On Die Termina-
tion), single-ended strobe, and OCD(off chip driver impedance adjustment) 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 means reinitialization including those can
be executed any time after power-up without affecting array contents.

Rev. 1.2 / Jun. 2006 11
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2.3.2.1 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, BAO and BA1, while controlling the state of address pins A0 ~ 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 required 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 long as all banks are in the precharge state. The mode register is
divided into various fields depending on functionality. Burst length is defined by A0 ~ 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 ~ A6. The DDR2 doesn’t support half clock latency mode. A7
is used for test mode. A8 is used for DLL reset. A7 must be set to low for normal MRS operation. Write recov-
ery time tWR is defined by A9 ~ Al1. Refer to the table for specific codes.

| BA2| BA1 | BAO|A15—A13| A12|A11| A10| Ao | As | A7 | A6 | A5 | Aa | A3 | A2 | A1 | A0| Address Field

ce el

| o1 | 0 || 0 | o*l | P|D | WR |D|LL| T|M | mLatency | BT | Burst Length | Mode Register
| ¢ l
As DLL Reset A7 mode A3 | Burst Type | Burst Length
No 0 Normal 0 | Sequential A2| A1| Ao| BL
1 Yes 1 Test 1 Interleave 0
01 1 8
\J v y
ALy AGiveE power Write recovery for autoprecharge CAS Latency

down exit time A11| Al0| As| WR(cycles)? A6 | As | A4 | Latency
Fast exit(use txarp) 0 0 0 Reserved 0 0 0 | Reserved
1 [Slow exit(use txArRDS) 0 0 1 2 0 0 1 | Reserved
v 0 1 0 3 0 1 0 | Reserved
BA1| BAO MRS mode 0 1 1 4 0 1 1 Reserved
0 0 MRS 1 0 0 5 1 0 0 | Reserved

0 1 EMRS(1) 1 0 1 6 1 0 1 5

1 0 |EMRS(2): Reserved 1 1 0 - 1 1 0 6

1 1 |EMRS(3): Reserved 1 1 1 Reserved 1 1 1 7

*1: BA2 and A13~A15 are reserved for future use and must be programmed to 0 when setting the mode
register. BA2 and A13~A15 are not used for 256Mb

*2: WR(write recovery for autoprecharge) min is determined by tCK 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 to the next integer
(WR][cycles] = tWR(ns)/tCK(ns)). The mode register must be programmed to this value. This is also used with
tRP to determine tDAL.

Rev. 1.2 / Jun. 2006 12
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2.3.2.2 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, additive latency,
ODT, DQS disable, OCD program, RDQS enable. The default value of the extended mode register(1) is not defined,
therefore the extended mode register(1) must be written after power-up for proper operation. The extended mode regis-
ter(1) is written by asserting low on CS, RAS, CAS, WE, high on BAO and low on BA1, while controlling the states of
address pins AO ~ A15. The DDR2 SDRAM should be in all bank precharge with CKE already high prior to writing into the
extended mode register(1). The mode register set command cycle time (tMRD) must be satisfied to complete the write
operation to the extended mode register(1). 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. Al is used for enabling a half strength output driver. A3~A5 determines the additive latency, A7~A9 are used for
OCD control, A10 is used for DQS disable. A2 and A6 are used for ODT setting.

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 syn-
chronization to occur may result in a violation of the tAC or tDQSCK parameters.

Rev. 1.2 / Jun. 2006 13
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EMRS(1) Programming

HY5PS561621AFP

[BAJBAL[BA0[As-A3 [ A2 A [ Ao [ A9 [ As [ A7 [ As [ As | A [ A3 [ A2 [ A1 [ Ao |AddressField

b

!

!

[0fo] 1] o [ o] o [Dgs| ocpprogram  [Rit | Addiivelatency [ Rt | D..C [DLL | Extended Mode Register
[ |
\ <
BA1| BAO MRS mode A6 | A2| Ritt(nominaL)
0 0 MRS 0 0 |ODT Disabled Ao | DLL Enable
0 1 EMRS(1) 0 1 75 ohm Enable
1 0 |EMRS(2): Reserved 1 0 150 ohm 1 Disable
1 1 |EMRS(3): Reserved 1 1 50 ohm
\ V
A9 A8 A7 OCD Calibration Program As5| A4| A3| Additive Latency
0 0 0 |OCD Calibration mode exit; maintain setting 0|0 O 0
0 0 1 |Drive(1) 0 0 1 1
0 1 0 |Drive(0) 0 1 0 2
1| 0| O |Adjust mode? 0111 3
1| 1| 1 |ocD Calibration default 11010 4
a: When Adjust mode is issued, AL from previously set value must be applied. 1 0 1 5
b: After setting to default, OCD mode needs to be exited by setting A9-A7 to 1 1 0 Reserved
000. Refer to the following 2.2.2.3 section for detailed information
\ / 1|11 Reserved
A12 | Qoff (Optional)? v _ _
Al Output Driver Driver
0 Output buffer enabled Impedence Control Size
1 Output buffer disabled Normal 100%
a. Outputs disabled - DQs, DQSs, DQSs. 1 Weak 60%
This feature is used in conjunction with DIMM
IDD meaurements when IDDQ is not desired to
be included.
= AlO DQS
0 Enable
1 Disable

*1: BA2 and A13~A15 are reserved for future use and must be programmed to 0 when setting the mode register.

Rev. 1.2 / Jun. 2006
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EMRS(2)

The extended mode register(2) controls refresh related features. The default value of the extended mode reg-
ister(2) is not defined, therefore the extended mode register(2) must be written after power-up for proper
operation. The extended mode register(2) is written by asserting low on /CS,/RAS,/CAS,/WE, high on BAl
and low on BAO, while controling the states of address pins AO~A15. The DDR2 SDRAM should be in all bank
precharge with CKE already high prior to writing into the extended mode register(2). Mode register contents
can be changed using the same command and clock cycle requirements during normal operation as long as
all bank are in the precharge state.

EMRS(2) Programming:

|BA2|BA1|BAO|A15~A13| A12| An | A0 | Ag | As | A7 | A6 | As | A4 | A3 | A2 | A1 | Ao |AddressFie|d

Vi v e by

[o1] 0 | ott [SRF | ort | PASR Extended Mode
l Register(2)
BA1[ BAO MRS mode A2l Al| AO Bank Refresh @ PASR
0 0 MRS 0 0 0 |All Bank
0 1 EMRS(1) 0 0 1 [Half Array (BA[1:0] = 00 & 01)
1 0 EMRS(2) 0 1 0 |Quarter Array (BA[1:0] = 00)
1 1 EMRS(3):Reserved 0 1 1 |Not defined
=l 'Izamp 1 0 0 3/4 Quarter Array
A7 Self-refresh (BA[1:0] =01, 10 & 11)
Rate Enable 1 | 0 | 1 |Half Array (BA[1:0] = 10 & 11)
1 Enable 1 1 0 |Quarter Array (BA[1:0] = 11)
Disable 1 1 1 |Not defined

*1 : The rest bits in EMRS(2) is reserved for future use and all bits except A7, BAO and BA1 must be
programmed to 0 when setting the mode register during initialization.

Due to the migration natural, user needs to ensure the DRAM part supports higher than 85  Tcase tempera-
ture self-refresh entry. JEDEC standard DDR2 SDRAM Module user can look at DDR2 SDRAM Module SPD
fileld Byte 49 hit[0]. If the high temperature self-refresh mode is supported then controller can set the EMRS2
[A7] bit to enable the self-refresh rate in case of higher than 85 temperature self-refresh operation. For the
lose part user, please refer to the Hynix web site(www.hynix.com) to check the high temperature self-refresh
rate availability. In order to save power consumption, DDR2 DRAM has Partial Array Self Refresh (PASR)
option. PASR includes 6 kinds of self refresh mode.

EMRS(3) Programming: Reserved+

| BAJBA1[BA0 [A1s-Ata | Az | A [ Ao | Ao [ As [ A7 [ As | As | Ac [ A [ A2 [ A1 | A0 ]

VLl

(o711 ] o |

*1 : EMRS(3) is reserved for future use and all bits except BAO and BA1 must be programmed to 0 when setting
the mode register during initialization.

Rev. 1.2 / Jun. 2006 15
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2.3.2.3 Off-Chip Driver (OCD) Impedance Adjustment

DDR2 SDRAM supports driver calibration feature and the flow chart below is an example of sequence. Every
calibration mode command should be followed by “OCD calibration mode exit” before any other command

being issued. MRS should be set before entering OCD impedance adjustment and ODT (On Die Termian-

tion) should be carefully controlled depending on system environment.

*4—

>*

MRS shoud be set before entering OCD impedance adjustment and ODT should
be carefully controlled depending on system environment

EMRS: OCD calibration mode exit

A

EMRS: Drive(1)
DQ & DQS High; DQS Low

Need Calibration

R

EMRS: Drive(0)
DQ & DQS Low; DQS High

ALL OK

EMRS: OCD calibration mode exit

Test

Need Calibration

Y

EMRS: OCD calibration mode exit

EMRS:

Enter Adjust Mode

Y

BL=4 code input to all DQs
Inc, Dec, or NOP

Y

EMRS: OCD calibration mode exit

Y

EMRS :
Enter Adjust Mode

Y

BL=4 code input to all DQs
Inc, Dec, or NOP

Y

EMRS: OCD calibration mode exit

\

EMRS: OCD calibration mode exit

Y

End
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Extended Mode Register Set for OCD impedance adjustment

OCD impedance adjustment can be done using the following EMRS mode. In drive mode all outputs are
driven out by DDR2 SDRAM and drive of RDQS is depedent on EMRS bit enabling RDQS operation. In
Drive(1) mode, all DQ, DQS (and RDQS) signals are driven high and all D_QS signals are driven low. In
drive(0) mode, all DQ, DQS (and RDQS) signals are driven low and all D_QS signals are driven high. In
adjust mode, BL = 4 of operation code data must be used. In case of OCD calibration default, output driver
characteristics have a nominal impedance value of 18 ohms during nominal temperature and voltage con-
ditions. Output driver characteristics for OCD calibration default are specified in Table x. OCD applies only
to normal full strength output drive setting defined by EMRS(1) and if half strength is set, OCD default out-
put driver

characteristics are not applicable. When OCD calibration adjust mode is used, OCD default output driver
characteristics are not applicable. After OCD calibration is completed or driver strength is set to default,
subsequent EMRS commands not intended to adjust OCD characteristics must specify A9-A7 as '000' in
order to maintain the default or calibrated value.

Off- Chip-Driver program

A9 A8 A7 Operation
0 0 0 |OCD calibration mode exit
0 0 1 Drive(1) DQ, DQS, (RDQS) high and DQS low
0 1 0 Drive(0) DQ, DQS, (RDQS) low and DQS high
1 0 0 |Adjust mode
1 1 1 OCD calibration default

OCD impedance adjust

To adjust output driver impedance, controllers must issue the ADJUST EMRS command along with a 4bit
burst code to DDR2 SDRAM as in table X. For this operation, Burst Length has to be set to BL = 4 via MRS
command before activating OCD and controllers must drive this burst code to all DQs at the same time.
DTO in table X means all DQ bits at bit time 0, DT1 at bit time 1, and so forth. The driver output impedance
is adjusted for all DDR2 SDRAM DQs simultaneously and after OCD calibration, all DQs of a given DDR2
SDRAM will be adjusted to the same driver strength setting. The maximum step count for adjustment is 16
and when the limit is reached, further increment or decrement code has no effect. The default setting may
be any step within the 16 step range. When Adjust mode command is issued, AL from previously set value
must be applied

Table X : off- Chip-Driver Program

4bit burst code inputs to all DQs Operation
Do DT1 D12 D13 Pull-up driver strength Pull-down driver strength
0 0 0 0 NOP (No operation) NOP (No operation)
0 0 0 1 Increase by 1 step NOP
0 0 1 0 Decrease by 1 step NOP
0 1 0 0 NOP Increase by 1 step
1 0 0 0 NOP Decrease by 1 step
0 1 0 1 Increase by 1 step Increase by 1 step
0 1 1 0 Decrease by 1 step Increase by 1 step
1 0 0 1 Increase by 1 step Decrease by 1 step

Rev. 1.2 / Jun. 2006
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1 ‘ 0 ‘ 1 ‘ 0 Decrease by 1 step Decrease by 1 step
Other Combinations Reserved

For proper operation of adjust mode, WL = RL - 1 = AL + CL - 1 clocks and tDS/tDH should be met as the
following timing diagram. For input data pattern for adjustment, DTO - DT3 is a fixed order and "not affected
by

MRS addressing mode (ie. sequential or interleave).

OCD adjust mode OCD calibration mode exit
CMD —<EMRS JS( NOP ( NOP )

CK -~

-Y

Drive Mode
Drive mode, both Drive(1) and Drive(0), is used for controllers to measure DDR2 SDRAM Driver

impedance. In this mode, all outputs are driven out tOIT after “enter drive mode” command and all output
drivers are turned-off tOIT after “OCD calibration mode exit” command as the following timing diagram.

Enter Drive mode OCD calibration mode exit

oo ~auns)——por p——Cpor )—C o p—awey——<_ )

CK - T A - T M
Hi-Z Hi-Z
ng DQS high & DQS low for Drive(1), DQS low & DQS high for|Drive(0) 7
DQs high for Drive(1)
DQ DQs low for Drive(0)
> ¢ s
toIT toIT
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2.3.2.4 ODT (On Die Termination)

On Die Termination (ODT) is a feature that allows a DRAM to turn on/off termination resistance for each DQ,
DQS/DQS, RDQS/RDQS, and DM signal for x4x8 configurations via the ODT control pin. For x16 configura-
tion ODT is applied to each DQ, UDQS/UDQS, LDQS/LDQS, UDM, and LDM signal via the ODT control pin.

The ODT feature is designed to improve signal integrity of the memory channel by allowing the DRAM con-

troller to independently turn on/off termination resistance for any or all DRAM devices.

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

FUNCTIONAL REPRESENTATION OF ODT

VDDQ VDDQ

-
o

< Rvall <_ Rval2

i [
DRAM
Input T T Ig?nm
Buffer P

> Rvall § Rval2

(" swl ( sw2

VssQ VssQ

Switch swl or sw2 is enabled by ODT pin.

Selection between sw1 or sw2 is determined by “Rtt (nominal)” in EMRS
Termination included on all DQs, DM, DQS, ﬁ RDQS, and RDQS pins.

Target Rtt (ohm) = (Rvall) / 2 or (Rval2) / 2
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ODT timing for active/standby mode
TO T1 T2 T3 T4 T5 T6
& PN S N N RN / NN 4 NN
CKE
tIs tIS
l«» ‘H
oDT =
) tAOFD
tAOND )
e - %
. |
‘ tAON,min‘ f‘ ‘ tA F,mir74| FL
—»| [¢—tAON!max —» 4—LtAO . max
ODT timing for powerdown mode
TO T1 T2 T3 T4 T5 T6
a RN / AN NI RN / NN AN N2
CKE
tIs tIS
r—b JH
oDT
AL »[tAOFPD,max
tAOFPD,min >
Internal R '
Term Res. tAONPD.mi il
,ml 4 | | | ;
worPDmaxls | | |
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ODT timing mode switch at entering power down mode

CKE

Entering STow EXIt Active Power Down Mode
or Precharge Power Down Mode.

| | | | |
tIS
Jo | | \
ODT ) | | | |
; 1 tADFD M\ ; Active & _Standby
| | ' > | mode timings to
Internal : be applied.
Term Res. RTT B PP

| | | |
Lusp | | |

| JH | | |

OoDT

I I \ \ ‘ Power Down

| | tAOFPDmax \
| |

Term Res.

| <« » mode timings to
Internal (’» be applied.

Internal mode timings to
Term Res. RTT be applied.

oDT | I | | |

| | | |
| | P tAON‘PDmaX | Power .qun

S D ‘ mode timings to
Internal A Dbe applied.

Term Res.

| 0 |
oDT
— ' [AOND ! ! .
| | | | | \ Active & Standby
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ODT timing mode switch at exiting power down mode

HY5PS561621AFP

CKE

|
EXiting from Slow Active Power Down Mode
or Precharge Power Down Mode.

| | | | | | |
| | Lusp | |
| | | | | | |
Active & Standby ‘ ‘ ‘ : . |
mode timings to | | || tAOFD > |
be applied. Internal ‘ | ‘ | | {/ |
Term Res. RTT 8
| | | | | | |
Lus | | | | |
| \J” | | | | |
Power Down
mode timings to ; ; . | tAQFPDmak | |
be applied. Internal ! ! ‘ L g ' ‘
Term Res. RTT >>> / e
\ \ 1 fs [ i [ I
| NN \ | |
Active & Standby | | | |
imi | | I [ [ [ I
mode timings to | | L IAON‘D ‘ |
be applied. : ‘ I DR R \ |
Internal RTT
Term Res.
| | | | | | |
t

| el | | |
| | I I I | |

Power Down
mode timings to ; | tAONPDmax| ; ‘ |
be applied. Internal | : ! v aran : !
Term Res. | | | ‘ | ;‘ ‘ il T ‘ [
| | | | | | |
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2.4 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 BAO ~ BA2 are used to select the desired bank. The row address AO
through A15 is used to determine which row to activate in the selected bank. 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 on the following clock cycle. If a R/IW
command is issued to a bank that has not satisfied the tRCDmin specification, then additive latency must be
programmed into the device to delay when the R/W command 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 and 5 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 by the RAS cycle time of the device (tgc). The minimum time interval between Bank Activate

commands is tgrp-

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

Tn+l Tn+2 Tn+3

ﬂ D ﬂ ﬂ """" ﬂ jﬂr oA

! Internal K S-CAS delay >= tecomn) |

Bank A Bank A : < Bank B Bank B\~ Bank A Bank B Bank A\~
ADDRESS <Row Addr. >'_< Col. Addr. Row Addr. >—< Col. Addr. /""" "" Addr. Addr. Row Addr.
l |__CAS-CAS delay time (tcep). |

tRCD =1
| additive latency delay (AL)’ Read Begins | |

| E———
RAS - RAS delay time (>= tRRD)

Bank A BankA_ Bank B Bank B Bank A Bank B Bank A
COMMAND < Activate >—< P%Ségs Activate Post CAS """ Precharge Precharge Activate
i I

|:| 447 or 4L | Bank Active (>= tgas) Bank Precharge time (>= tgp)

f RAS Cycle time (3= tao)
' 7
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2.5 Read and Write Command

After a bank has been activated, a read or write cycle can be executed. This is accomplished by setting 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 provides a fast column access operation. A single Read or Write Command will initiate a
serial read or write operation on successive clock cycles. The boundary of the burst cycle is strictly restricted
to specific segments of the page length. For example, the 32Mbit x 4 I/O x 4 Bank chip has a page length of
2048 bits (defined by CA0-CA9, CA11). The page length of 2048 is divided into 512 or 256 uniquely addres-
sable boundary segments depending on burst length, 512 for 4 bit burst, 256 for 8 bit burst respectively. A 4-
bit or 8 bit burst operation will occur entirely within one of the 512 or 256 groups beginning with the column
address supplied to the device during the Read or Write Command (CA0-CA9, CA11). The second, third and
fourth access will also occur within this group segment, however, the burst order is a function of the starting
address, and the burst sequence.

A new burst access must not interrupt the previous 4 bit burst operation in case of BL = 4 setting. However,
in case of BL = 8 setting, two cases of interrupt by a new burst access are allowed, one reads interrupted by
a read, the other writes interrupted by a write with 4 bit burst boundry respectively. The minimum CAS to
CAS delay is defined by tCCD, and is a minimum of 2 clocks for read or write cycles.
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2.5.1 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 CAS read or write command to be issued immediately after the
RAS bank activate command (or any time during the RAS-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 controlled by the sum of
AL and the CAS latency (CL). Therefore if a user chooses to issue a R/W command before the tRCDmin, then AL (greater
than 0) must be written into the EMRS(1). 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). Read or Write operations using AL
allow seamless bursts (refer to semaless operation timing diagram examples in Read burst and Wirte burst section)

Examples of posted CAS operation

Example 1  Read followed by a write to the same bank
[AL=2and CL=3,RL=(AL+ CL)=5, WL =(RL-1)=4,BL=4]

CK/CK
| (e I r (e (i | - I ---
I I I I I I | | I I | I I |
! Active Read : : ! /_W:F\ ! ! ! ! ! ! !
oo S =SS SIS S
R I 1 = I 1 CL=3 | | | |
DQS/DQS . . , . ANE
I I I I I |
| . >'=tRCD | ml_ _ 5 | | I [ | I
I I I | | 5 = I |
Qe
| | ! L >5tRAG | I I I I I I |

Example 2  Read followed by a write to the same bank
[AL=0and CL=3,RL=(AL+CL)=3,WL=(RL-1)=2,BL=4]

1 0o 1 2 3 4 5 6 7 8 9 10 1 12
e e N |

CK/CK - 1 1" (I [ "~ (. | " | | | | I
S o T e e e
ewo B )
I T B NN
DQS/DQS | J=tRCD ' ! \ICL
B e e TR TR -
QT dmac | I 0 6 G e
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2.5.2 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. DDR2 SDRAM supports 4 bit burst and 8 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 type, either sequential or interleaved, is programmable and defined by the
address bit 3 (A3) of the MRS, which is similar to the DDR SDRAM operation. Seamless burst read or write
operations are supported. Unlike DDR devices, interruption of a burst read or write cycle during BL = 4 mode
operation is prohibited. However in case of BL = 8 mode, interruption of a burst read or write operation is lim-
ited to two cases, reads interrupted by a read, or writes interrupted by a write. Therefore the Burst Stop com-
mand is not supported on DDR2 SDRAM devices.

Burst Length and Sequence

Burst Length Starting Address (A2 A1 AO) Sequential Addressing (decimal) Interleave Addressing (decimal)

000 0,123 0,123
001 1,2,30 10,32

‘ 010 2,3,0,1 2,3,0,1
011 3,0,1,2 3,2,1,0
000 0,1,23,4,56,7 0,1,23,4,56,7
001 1,2,3,0,5,6,7,4 1,0,3,2,5,4,7,6
010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5
011 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4

® 100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,4,1,2,3,0 547,6,1,0,3,2
110 6,7,4,52,30,1 6,7,4,52,3,0,1
111 7,4,5,6,3,0,1,2 7,6,54,3,2,1,0

Note: Page length is a function of I/O organization and column addressing
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2.5.3 Burst Read Command

The Burst Read command is initiated by having CS and CAS low while holding 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 to when 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 1 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 subsequent data-out appears on the DQ pin in phase with the DQS 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 Mode Register Set (MRS), similar to the existing SDR and DDR SDRAMs. The AL is defined by the
Extended Mode Register Set (1)(EMRS(1)).

DDR2 SDRAM pin timings are specified for either single ended mode or differential mode depending on
the setting of the EMRS(1) “Enable DQS” mode bit; timing advantages of differential mode are realized in
system design. The method by which the DDR2 SDRAM pin timings are measured is mode dependent. In
single
ended mode, timing relationships are measured relative to the rising or falling edges of DQS crossing at
VREF. In differential mode, these timing relationships are measured relative to the crosspoint of DQS and
its complement, DQS. This distinction in timing methods is guaranteed by design and characterization.

Note that when differential data strobe mode is disabled via the EMRS, the complementary pin, DQS, must
be tied externally to VSS through a 20 ohm to 10 Kohm resistor to insure proper operation.

tcH oL

CcK
- " T T
CK
KA o

DQS/DQS

tRPRE

DQ

tDQSQmax

Figure YY-- Data output (read) timing

Burst Read Operation: RL =5 (AL =2, CL =3,BL =4)

TO T1 T2 T3 T4 TS T6 T7 T8
[ [

Sisiststntntstntnts

Posted CAS NOP . NOP . NOP : NOP . NOP . NOP NOP
oMD {spst S nop H{_nop H wor I wor H{ no o wop I wor { wor )

I ' l I
: : =< fpasck
| | | | | | | - — — iy L N L, | |
DQS/DQ$ | : | | - oo I - | ' |7——%
' ' ' ' \ ' oy (S ' '
| ; | : | ! | ! | ! I : | ; | ! | ;
| AL=2 . | . | ct=s | 4 : | | ' | |
| : =S : st o owe o |
DQs DOUTAy X DOUT Ay X DOUTA, X DOUT A
| | | | | [ - . / |
| | | | | . |
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Burst Read Operation: RL =3 (AL =0and CL =3, BL =8)
TOo0 T T2 T3 T4 5 176  Tr T8

oS

CMD~< READA>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >»

|

DQS/D_QS’ I
I : |
' |

|

|

|

|
CL=3 |
RL=3 | : | : l : l : | : 1

! | !
I I 1 I DOUT Ay X DOUT Ay X DOUT Ay X DOUT Ay X DOUT A, X DOUT A X DOUT Ay X DOUT A >—'—

DQs

s

Burst Read followed by Burst Write: RL =5, WL = (RL-1) =4,BL =4

TO T1 Tn-1 Tn Tn+l Tn+2 Tn+3 Tn+4 Tn+5

. X S j/L A j/L A X A j/L A j/L )
H wor 53;§$;§>_< H H H H >

| trTw (Read 9 Write turn arojind tlme)

Post CAS
CMD < READ A« >—< NOP

|
| , | : I~ —:_—| A :/— +\ I_JI__I—\F—\I_ }'\F‘\\I
DQS/DO A ! . . !
i | S S 'L4 'ﬂ: NS W T N
! ! ! : ! : ! ' wil=RL- 1 4l . | : | :
| | | : | X | : | : | X | :
| | | | . | : | . . ; . . . . .
DQ’s | | | | |\ DOUT A, X DOUTA, X DOUTA, X DOUTA3>—4—< DA, X DINA1 X DINA, >< DA, >
| | | | Z : | : :
I | | I ' f [ f f

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 4 clocks in case of BL = 4 operation, 6 clocks in case of BL = 8 operation.
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Seamless Burst Read Operation: RL =5, AL=2,and CL=3,BL =4

TO T1 T2 T3 T4 TS5 T6 T7 T8

— - " " - " - " - " " - " - " !
CK’CK/H\/\/\/X/\/\/\/\
| S | S | U AU AU S} S 4 | S
PostCAS |

CMD < P;é}_\%AAS >—< NOP >—< e >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >

| | |
—l- | | | |

QsiDGy / \J U

| A <» | | ECL | . | |

| | T RL=5 | ' | : 1 ' | : | : | :
DQs | | | | | |< DOUT Ay >< DOUTA, >< DOUTA, X DOUTA, >< DOUT >< DOUT, >< DOUTR, >

| | | | | ! ! | : l

| | | I [ : ! ! X f

The seamless burst read operation is supported by enabling a read command at every other clock for BL =4
operation, and every 4 clock for BL = 8 operation. This operation is allowed regardless of same or different
banks as long as the banks are activated.
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Burst read can only be interrupted by another read with 4 bit burst boundary. Any other case of read inter-

rupt is not allowed.

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

ewick <X XK XA XX XX XK XX XX XX XX
~ ~ . N~ ~ S ~ AN . N _/
| | | | | | | |

B NPP NOP N?P r\fop NOP NOP NOP

| | | | |

| | | | | | |

| |
i i
CMD ReaT:i A N(|)P Real

|~ —

-~ I~ N\ I~ A\ ~ ~
A X X X X X X o

Read burst interrupt function is only allowed on burst of 8. Burst interrupt of 4 is prohibited.

| | | | | |
o)X A a2 X a3 X BoX B1 X B2 X B3 X B4 XB5 ){ 86 X87 )

(o) a2 X s X o)1 X e2) e X o X5 {3 X7 pr—

Read burst of 8 can only be interrupted by another Read command. Read burst interruption by Write

command or Precharge command is prohibited.
Read burst interrupt must occur exactly two clocks after previous Read command. Any other Read

burst interrupt timings are prohibited.

Read burst interruption is allowed to any bank inside DRAM.
Read burst with Auto Precharge enabled is not allowed to interrupt.
Read burst interruption is allowed by another Read with Auto Precharge command.

|

DQS/DQS |

|

DQs i

|

|

|

|

|

Note

1.
2.
3.
4,
5.
6.
7.

All command timings are referenced to burst length set in the mode register. They are not referenced
to actual burst. For example, Minimum Read to Precharge timing is AL + BL/2 where BL is the burst

length set in the mode register and not the actual burst (which is shorter because of interrupt).
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2.5.4 Burst Write Operation

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 data bit of the burst cycle must be applied to the DQ pins
at the first rising edge of the DQS following the preamble. The tDQSS specification must be satisfied for write
cycles. The subsequent burst bit data are issued on successive edges of the DQS until the burst length is
completed, which is 4 or 8 bit burst. When the burst has finished, any additional data supplied to the DQ pins
will be ignored. The DQ Signal is ignored after the burst write operation is complete. The time from the com-

pletion of the burst write to bank precharge is the write recovery time (WR).
DDR2 SDRAM pin timings are specified for either single ended mode or differential mode depending on the
setting of the EMRS “Enable DQS” mode bit; timing advantages of differential mode are realized in system
design. The method by which the DDR2 SDRAM pin timings are measured is mode dependent. In single

ended mode, timing relationships are measured relative to the rising or falling edges of DQS crossing at VREF.

In differential mode, these timing relationships are measured relative to the crosspoint of DQS and its com-
plement, DQS. This distinction in timing methods is guaranteed by design and characterization. Note that
when differential data strobe mode is disabled via the EMRS, the complementary pin, DQS, must be tied
externally to VSS through a 20 ohm to 10 Kohm resistor to insure proper operation.

DQS/
DQS

DQ

DM

— toQsH bgsL
DQS - Q > Q
/S T T N/ A\|/ T T N

DQS

ST T M

~ - — ~ - —

twprE twesT

Data input (write) timing

Burst Write Operation: RL =5, WL =4, tWR =3 (AL=2, CL=3),BL =4

TO T1 T2 T3 T4 TS5 T6 T7 Tn
1 oA oA oA oA oA oA o0 rff I
CK’CK/\/\/X/X/\/\/\/\JX

oo (U v (R (S (U [ U (I

PostedCAS oP NOP NOP NOP NOP NOP ! Precharé
EMD{ \wriTE A >< N >—< ' 9

A I

\ ) ‘
/ DINAg < DINA, / DINA, < DA
/ /

Completlono
<= tD?SS | | the Burst erTl |
DS/BLS \ o \r——+\ . ,/—Lz« | |
QS/DR i T\ T U S A A |
o b wesrb=a 0 e
5 S N ' N
Qs . ‘ |
| |
‘ |

o
o B
o
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Burst Write Operation: RL =3, WL =2, tWR =2 (AL=0, CL=3),BL =4
TO T1 T2 T3 T4 T5 T6 T7 Tn

M%XXXXYXXXXXXXXXXlX

CMD<WRITEA ~< NOP >_< NOP >_< NOP NOP >_<Precharge>_< NOP < BankA
Actlvate

‘ i t ‘ Completlon OJ | ‘
‘ ! DQSS the Burst Write
DOS/ \ - —: - r :/— Ja/ : | | \ \
DQS | . I Q oA | | \ ‘ \
CowesRtliz2s ([ T C laewr | >=wp || |
\ T \ . ‘
DQs : | < DINA < DINA < DINA, < DINA; | : : : ﬂ
| | | | | |
[ ‘ I I [ [

|

|

J /]
| ‘

L |
|

| ' |

Burst Write followed by Burst Read: RL =5 (AL=2, CL=3), WL =4,tWTR=2,BL =4

TO T1 T2 T3 T4 T5 T6 T7 T8 T9
0 oA oA oA Il oA oA oA oA 0
CK/CK )i
o \_ - \_ o \_ o S \_ - .

erte to Read 3 CL 1 + BL/2 + tWTR

Post CAS, |
NOP
w%onHWHme$MMMWHWHw%

I | | |
D ! 1
DQS/ | |r bos -M—\.r Wﬁ. - r ) | | r . |r
DQS : Z : Z :
| T\DQS o o |/ . ALLZ | | | | cL=3 |\.—" “
LowesRip=a g AR e g
| R N T T r— | |
D | [ ' T | | | [ oot
Q | \ DIN A X D, X DINA, X DI:NA3 > | : | | | :L
I : I : I I I |

|
| : l ; I
| | . |

The minimum number of clock from the burst write command to the burst read command is [CL - 1 + BL/2 +
tWTR]. This tWTR is not a write recovery time (tWR) but the time required to transfer the 4bit write data from

the input buffer into sense amplifiers in the array. tWTR is defined in AC spec table of this data sheet.
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Seamless Burst Write Operation: RL =5, WL =4,BL =4

T0 T1 T2 T3 T4 T5 T6 T7 T8

eHx ‘/L A j/L A j/L A j/L X X X j/L X j/L J\F j/L J\F j/L J\'

Post CAS' NOP ! POStCAS NOP NOP ! NOP NOP NOP !
CMD Write A ! >_< >_< Write B ! NOP

. |DQS_ ‘
\
|
|
\
|

DQs/
DQS

:'\FDQSL I\L JXF \/(L J\I_ K J\\r |}/L JX/_ 1&7

\
\
WL RLL1:4: | : | | ‘ : ‘ | |
\
\
I

DQ’s

I — T T T / i / T T |
|

|
|
|
| |
| | | / \ i \ \ ] \ \ \ \ |

- \ DINA, < DINA, < DINA, < DA, < DINE, < DB, < DB < DINB; ;*——
| | | N AT | / '
| |

The seamless burst write operation is supported by enabling a write command every other clock for BL = 4
operation, every four clocks for BL = 8 operation. This operation is allowed regardless of same or different

banks as long as the banks are activated
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Writes interrupted by a write

Burst write can only be interrupted by another write with 4 bit burst boundary. Any other case of write inter-
rupt is not allowed.

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

CK/_CK/_“ N S N VN el I~ N\ I~ N\ 7~ N\ N\ N\
~ ~ ~ ~ ~ ~ ~ ~ ~ N

DQS/DQS

| | | | | | | | | |
CMD < NOP>—<Write A>—< Nop>—<Write B>—< NOP >—<NOP >—< NOP >—<Nop >—<NOP >—<NOP >
| | | | | |

/—| /--\| /—-\| /—-\| /——\| /——\| ~ A\

/ ~ [ — |
| |

|

|

| -,

| | | |

| Ao X A1 X A2 X A3 X B0 X B1 X B2 X B3 X B4 X B5 X 86 X B7)
| | |

| | |

| | |

| | |

| | |

| |

| |

| |

| |
DQs i

| | |

| |

| |

| |

I I

Notes:

1.
2.

w

No ok

Write burst interrupt function is only allowed on burst of 8. Burst interrupt of 4 is prohibited.

Write burst of 8 can only be interrupted by another Write command. Write burst interruption by Read
command or Precharge command is prohibited.

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

Write burst interruption is allowed to any bank inside DRAM.

Write burst with Auto Precharge enabled is not allowed to interrupt.

Write burst interruption is allowed by another Write with Auto Precharge command.

All command timings are referenced to burst length set in the mode register. They are not referenced
to actual burst. For example, 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 from the end of actual burst end.
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2.5.5 Write Data Mask

One write data mask (DM) pin for each 8 data bits (DQ) will be supported on DDR2 SDRAMs, Consistent
with the implementation on DDR SDRAMSs. It has identical timings 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 sys-
tem timing. DM of x4 and x16 bit organization is not used during read cycles. However DM of x8 bit organi-
zation can be used as RDQS during read cycles by EMRS(1) settng.

Data Mask Timing

DQS/ -
DQS - — —
DQ X XX [ X
DM
tDs ! tbH tDS! tDH

Data Mask Function, WL=3, AL=0, BL =4 shown
Case 1 : min tbgss

cK
cK

COMMAND X  Wrijte togss twr
= - M
DQS/DQS w w /I

. MOXOOCK
on /N

Case 2 : max togss I =| l
=\ I~ M n

tbgss

DQS/DQS N N /
b0 XK XX
DM S\
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2.6 Precharge Operation

The Precharge Command is used to precharge or close a bank that has been activated. The Precharge 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. Three
address bits A10, BAO and BA1 for 512Mb are used to define which bank to precharge when the command is
issued.

Bank Selection for Precharge by Address Bits

A10 BA1 BAO Precharged Bank(s) Remarks
LOW LOW LOW Bank 0 only

LOW LOW HIGH Bank 1 only

LOW HIGH LOW Bank 2 only

LOW HIGH HIGH Bank 3 only

HIGH DON'T CARE DON'T CARE All Banks

Burst Read Operation Followed by Precharge

Minium Read to precharge command spacing to the same bank = AL + BL/2 clocks

For the earliest possible precharge, the precharge command may be issued on the rising edge which is
“Additive latency(AL) + BL/2 clocks” after a Read command. A new bank active (command) may be issued to
the same bank after the RAS precharge time (tgp). A precharge command cannot be issued until tgag iS sat-
isfied.

The minimum Read to Precharge spacing has also to satisfy a minimum analog time from the rising clock
egde that initiates the last 4-bit prefetch of a Read to Precharge command. This time is called tRTP (Read to
Precharge). For BL = 4 this is the time from the actual read (AL after the Read command) to Precharge com-
mand. For BL = 8 this is the time from AL + 2 clocks after the Read to the Precharge command.
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Example 1: Burst Read Operation Followed by Precharge:
RL=4,AL=1,CL =3,BL =4, tgTp <=2 clocks

TO T1 T2 T3 T4 T5 T6 T7 T8
\

AR RERE DD DREE

Post CAS NOP I Bank A I I
IH o e HH HCver Do (e e
+ T T

rAL +BL/2 clks | | |
DQS/DQ-SI

I I I

I I T _X___X( Ty___Y_ W\ I I

I I I ' \I ' ) [ f | . |

i ' ' i > = tRF’ ' 1

| ALF1 | looee=s L o

7 Riza . | » S P | |

DQs — | I | | 2o X DOUT A X DOUT A, X D0UT A, I | |
I I | >=tras | I . cl=3 . I I

[ [ > = trrp | [ f [ I | | [

Example 2: Burst Read Operation Followed by Precharge:
RL=4,AL=1,CL =3,BL =8, tgTp <=2 clocks

TO T1 T2 T3 T4 TS T6 T7 T8
v oo ool oo ol oo oo oo [l I
L A L A

(R (R [ (U (U (SR (R (R [

I ' I - I '

Post CAS fe) o] o NOP I NOP I I
CMDIREADAH o e o HpremargeII = o= )

AL. + BL/2|cIks I | . . | I

e I mEsGapiodsts il

\I
I CL=3 I I
|

. I . . | . .
I | I | | | | | l I I
I I (mw%memXmw%Xmm%xWWNXWW%XWW%XWWMI——*——
o I : |
| I | I I

ALE1
—'H

DQ’s

I : q\ I | I A I 1> = tgryp | : I
first 4-bit prefetc second 4-hit prefetchl
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Example 3: Burst Read Operation Followed by Precharge:
RL =5 AL =2,CL =3, BL =4, tgTp <=2 clocks

TO T1 T2 T3 T4 T5 T6 T7 T8

___ [ - A [ /. [ [ [ [ /
CK/CK/\/\/\/\HH/\/\H
v vod v | v v S | L

BankA :

CMD <Po§EeEDC£\S >_< NOP >—< NOP >—<Precharge />—< NOP >—< NOP >—< Actlvate >—< NOP .>‘

CAL+ él_/z clks

| | [
| . | _ | |
o \ . Tl

DQS/DQ§ | | '\ Z O S | O S y |
| | | : | : N e | |

I AL=2 N | CL=S3 | - | ' | ' | |

| ! RL=5 ! | o e |

DQ’s i i i I I n DOUTF\]IX DOUTA, X DOUTAfX DOUT A ) i
| | | >= tRAS | | | Ct=3 | : | |

| | | : > = trp N | ! | ' I |

Example 4: Burst Read Operation Followed by Precharge:
RL =6, AL =2,CL =4, BL =4, tgTp <= 2 clocks

TO T1 T2 T3 T4 TS T6 T7 T8

— oA oA oA oA oA oA roA oA ]
CK’CK/\/\/\/\/\/\/\/\/X
o o v Lo U oo o o Lo
CMD<PF?§ACDAAS>_< >—< NOP >—< NOP >—<PrechargeH NOP >—< NOP >—< &?EEQH NOP :>>

AL + BL2 Clks' |
i |

| | |
| | { ] B | '
r : \ ) I— =\ A / ) :
DQS/DQ§ | | | | '\ . | ! O T —
| | | | | > = tpl : f- f- | :
| AL=2 J, ! | cL=4 | | ! | : | : | :
| | RL=6 : | | | : | [ : L : L :
DQ’s I i i i i | n DOUTAOIX DOUT Ay X DOUTAZX DOUT Ay F—
| | | >=thas | | | fL=4 | : | : | :
| | I ! P =trp | | ! I I ! |
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Example 5: Burst Read Operation Followed by Precharge:
RL=4,AL=0,CL =4,BL =8, tgTp > 2 clocks

TO T1 T2 T3 T4 T5 T6 T7 T8

e |\

' | | ' ! | I
; : l ; I ; | : | : | : . |
CMD + PostCAS: NOP ! NOP NOP ! NOP ' }Precharge A—{ NOP Nop t){ BankA,
READ A ' : ' ' - . . 7\ Activate
| - | .

[ : AL +2 Ciks + nj.ax{tRTJD;z tCK}* ! : X | :
T 4 | | ' |

I j |

|
| L
Lo

|
i i ; ' i '
: : I _: - A ; r I X 1= = . I
DQS/BQE ————————4 | / i \ | / | |
| I | ; | : | : - A - P i . i .
AL=0 . | cL=4 | l | l [ ' | ! | _>a%Re | l | l
| : | __RL=4 | : | : | : | : | : ! : ! :
, f 5 ' . ' . ' . [ ) . .
DQ’s — i i | i DOUTAO-X DOUTA, X DOUTAZ'X DOUTA >< DOUTA, X DOUTA; X DOUTA; X DOUTA, >_._
| - | : | >=kas | . | - | . | . | . | .
| ! | l | I | I | ! | I | I | I | !
/I\ A > =1ryp
first 4-bit prefetch I'second 4-bit prefetch

*: rounded to next interger
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