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1. GENERAL DESCRIPTION

The W972GG8KB is a 2G bits DDR2 SDRAM, organized as 33,554,432 words 3 8 banks 3 8 bits. This
device achieves high speed transfer rates up to 1066Mb/sec/pin (DDR2-1066) for general
applications. W972GG8KB is sorted into the following speed grades: -18, -25, 251 and -3. The -18 is
compliant to the DDR2-1066 (7-7-7) specification. The -25/25I are compliant to the DDR2-800 (5-5-5)
or DDR2-800 (6-6-6) specification (the 251 industrial grade which is guaranteed to support -40°C O
TcASE O95°C). The -3 is compliant to the DDR2-667 (5-5-5) specification.

All of the control and address inputs are synchronized with a pair of externally supplied differential
clocks. Inputs are latched at the cross point of differential clocks (CLK rising and CLK falling). All

I/Os are synchronized with a single ended DQS or differential DQS- DQS pair in a source
synchronous fashion.

2. FEATURES

. Power Supply: VoD, VDDQ=1.8V+£0.1V

. Double Data Rate architecture: two data transfers per clock cycle

. CAS Latency: 3,4,5,6 and 7

. Burst Length: 4 and 8

. Bi-directional, differential data strobes (DQS and WS) are transmitted / received with data
. Edge-aligned with Read data and center-aligned with Write data

. DLL aligns DQ and DQS transitions with clock

. Differential clock inputs (CLK and CLK))

. Data masks (DM) for write data.

. Commands entered on each positive CLK edge, data and data mask are referenced to both edges
of DQS

. Posted CAS programmable additive latency supported to make command and data bus efficiency

. Read Latency = Additive Latency plus CAS Latency (RL = AL + CL)

. Off-Chip-Driver impedance adjustment (OCD) and On-Die-Termination (ODT) for better signal
quality

. Auto-precharge operation for read and write bursts

. Auto Refresh and Self Refresh modes

. Precharged Power Down and Active Power Down

. Write Data Mask

. Write Latency = Read Latency - 1 (WL =RL - 1)

. Interface: SSTL_18

. Packaged in WBGA 60 Ball (8x12.5 mm?), using Lead free materials with RoHS compliant

3. ORDER INFORMATION

PART NUMBER SPEED GRADE OPERATING TEMPERATURE
W972GG8KB-18 | DDR2-1066 (7-7-7) 0°C OTcAsE 085°C
W972GG8KB-25 | DDR2-800 (5-5-5) or DDR2-800 (6-6-6) 0°C OTcAsE 085°C
W972GG8KB25I DDR2-800 (5-5-5) or DDR2-800 (6-6-6) -40°C OTcASE 095°C
W972GG8KB-3 DDR2-667 (5-5-5) 0°C OTcAsE 085°C
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4. KEY PARAMETERS
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SPEED GRADE DDR2-1066 | DDR2-800 |DDR2-667
SYM. Bin(CL-tRCD-tRP) 7-7-7 5-5-5/6-6-6 5-5-5
Part Number Extension -18 -25/25I1 -3
Min. 1.875nS - -
@CL=7
Max. 7.5nS - -
Min. 25nS 25nS -
@CL=6
Max. 7.5nS 8 nS -
. Min. 3nS 25nS 3nS
tCK(avg) | Average clock period @CL=5
Max. 7.5nS 8 nS 8nS
Min. 3.75nS 3.75nS 3.75nS
@CL=4
Max. 7.5nS 8 nS 8nS
Min. - 5nS 5nS
@CL=3
Max. - 8 nS 8nS
tRCD Active to Read/Write Command Delay Time Min. 13.125 nS 12.5nS 15nS
-40°C OTCASE 085°C - %2 7.8€S*23 - %2
Average periodic o ~ oo 1 1 1
tREFI refresh Interval 0°C OTCASE 0O85°C Max. 7.8 €S* 7.8 €S* 7.8 €S*
85°C < TCASE 095°C 3.9 eS* 3.9¢eS* | 3.9gS*
tRP Precharge to Active Command Period Min. 13.125nS 12.5nS 15nS
tRC Active to Ref/Active Command Period Min. 58.125 nS 57.5nS 60 nS
tRAS Active to Precharge Command Period Min. 45 nS 45 nS 45nS
IDDO Operating one bank active-precharge current Max. 75 mA 70 mA 67 mA
IDD1 Operating one bank active-read-precharge current | Max. 80 mA 75 mA 72 mA
IDD4R | Operating burst read current Max. 150 mA 125 mA 110 mA
IDD4W | Operating burst write current Max. 140 mA 135 mA 120 mA
IDD5B | Burst refresh current Max. 160 mA 145 mA 135 mA
IDD6 Self refresh current (TCASE 085°C) Max. 10 mA 10 mA 10 mA
IDD7 Operating bank interleave read current Max. 190 mA 170 mA 150 mA
Notes:

1.

2.
3.
4

All speed grades support 0°C OTCASE 085°C with full JEDEC AC and DC specifications.
For -18, -25 and -3 speed grades, -40°C OTCASE < 0°C is not available.
251 speed grades support -40°C OTCASE 085°C with full JEDEC AC and DC specifications.
For all speed grade parts, TCASE is able to extend to 95°C with doubling Auto Refresh commands in frequency to a 32 mS

period ( tREFI = 3.9 puS) and to enter to Self Refresh mode at this high temperature range via A7 filoon EMR (2).
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5. BALL CONFIGURATION

1 2 3 4 5 6 7 8 9
VDD |NURDQS| VSS A VSSQ | DQS | vDDQ
DQ6 | VSSQ |DM/RDQS B DQS | VSSQ | DQ7

VDDQ | DQ1 | vDDQ C VvDDQ | DQO | vDDQ
DQ4 | VSSQ | DQ3 D DQ2 | VSSQ | DQ5

VDDL | VREF | VSS E VSSDL| CLK | VDD

CKE | WE F RAS | CLK | oDT

BA2 | BAO | BA1 G CAS | CS
A10/AP| Al H A2 A0 | VDD

VSS A3 A5 J A6 A4
A7 A9 K A1l A8 VSS

VDD | A12 | Al14 L NC A13
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6. BALL DESCRIPTION
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BALL NUMBER SYMBOL FUNCTION DESCRIPTION
Provide the row address for active commands, and the column
H8,H3,H7,J2,J8,J3, address and Auto-precharge bit for Read/Write commands to select
J7,K2,K8,K3,H2,K7, AOT A14 Address one location out of the memory array in the respective bank.
L2,0.8,L3 Row addr e s4s: AOT A1l
Col umn a d dA9gAlSs is uséddor Auto-precharge)
_ BAOT BA2 define to which bank an ACTIVE, READ, WRITE or
G2,63,G1 BAOT BA2 Bank Select PRECHARGE command is being applied.
Data Input R
CS’CZ’IDBZ’,gng'Dg' DQOi DQ7 / OutpEt Bi-directional data bus.
F9 oDT On Die Termination | ODT (registered HIGH) enables termination resistance internal to the
Control DDR2 SDRAM.
Output with read data, input with write data for source synchronous
B7 A8 N D‘lfjfata S'tr(IJl;ie/d operation. Edge-aligned with read data, center-aligned with write
, ifferential Rea — . . ) .
DQS, DQS Data Strobe data. DQS is only used when differential data strobe mode is
enabled via the control bit at EMR (1) [A10] = 0.
All commands are masked when CS is registered HIGH. cs
G8 cS Chip Select provides for external rank selection on systems with multiple ranks.
CS is considered part of the command code.
F7.G7.F3 RAS,_CAS, Command Inputs RAS , CAS and WE (along with CS) define the command being
WE entered.
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
OM/RDOS Input Data Mask/ access. DM is sampled on both .edges of DQS. The DM loading
B3 Q Read Data Strobe | matches the DQ and DQS loading. RDQS/RDQS are used as
strobe signals during reads is enabled by EMR (1) [All] = 1. If
RDQS/RDQS is enabled, the DM function is disabled.
) ) RDQS is only used when RDQS is enabled and differential data
A2 NU/RDQS Not Use/Differential | strohe mode is enabled. If differential data strobe mode is disabled
Read Data Strobe | yia the control bit at EMR (1) [A10] = 1, then ball A2 and A8 are not
used.
CLK and CLK are differential clock inputs. All address and control
E8.F8 _ Differential Clock | input signals are sampled on the crossing of the positive edge of CLK
' CLK, CLK Inputs and negative edge of CLK . Output (read) data is referenced to the
crossings of CLK and CLK (both directions of crossing).
CKE (registered HIGH) activates and CKE (registered LOW)
F2 CKE Clock Enable deactivates clocking circuitry on the DDR2 SDRAM.
E2 VREF Reference Voltage | VREF is reference voltage for inputs.
A1,E9,H9,L1 VDD Power Supply Power Supply: 1.8V + 0.1V.
A3,E3,J1,K9 Vss Ground Ground.
A9,C1,C3,C7,C9 VDDQ DQ Power Supply | DQ Power Supply: 1.8V + 0.1V.
A7,B2,B8,D2,D8 VSSQ DQ Ground DQ Ground. Isolated on the device for improved noise immunity.
L7 NC No Connection No connection.
E1l VDDL DLL Power Supply | DLL Power Supply: 1.8V + 0.1V.
E7 VSSDL DLL Ground DLL Ground.
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8.

FUNCTIONAL DESCRIPTION

8.1 Power-up and Initialization Sequence

DDR2 SDRAMs must be powered up and initialized in a predefined manner. Operational procedures
other than those specified may result in undefined operation. The following sequence is required for
Power-up and Initialization.

1.

10.
11.

12.

13.

Apply power and attempt to maintain CKE below 0.2 x VbbQ and ODT™! at a LOW state (all other
inputs may be undefined.) Either one of the following sequence is required for Power-up.

A. The VDD voltage ramp time must be no greater than 200 mS from when VDD ramps from 300
mV to VDD min; and during the VDD voltage ramp, |VDD -VDDQ| O0.3 volts.

VDD, VDDL and VDDQ are driven from a single power converter output
VTT is limited to 0.95V max
VREF™ tracks VDDQ/2
VDDQ OVREF must be met at all times
B. Voltage levels at 1/0Os and outputs must be less than VDDQ during voltage ramp time to avoid
DRAM latch-up. During the ramping of the supply voltages, VDD O vobL OVDDQ must be

maintained and is applicable to both AC and DC levels until the ramping of the supply voltages
is complete.

Apply VDD/VDDL™ before or at the same time as VDDQ
Apply VDDQ™ before or at the same time as VTT
VREF™? tracks VDDQ/2
VDDQ OVREF must be met at all times.
Apply VTT
The VTT voltage ramp time from when VDDQ min is achieved on VDDQ to when VTT min is
achieved on VTT must be no greater than 500 mS
Start Clock and maintain stable condition for 200 uS (min.).

After stable power and clock (CLK, CLK ), apply NOP or Deselect and take CKE HIGH.
Wait minimum of 400 nS then issue precharge all command. NOP or Deselect applied during 400
nS period.

Issue an EMRS command to EMR (2). (To issue EMRS command to EMR (2), provide LOW to
BAO and BA2, HIGH to BAL.)

Issue an EMRS command to EMR (3). (To issue EMRS command to EMR (3), provide LOW to
BA2, 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-BA2 and A13-Al4. And A9=A8=A7=LOW must be used when issuing this
command.)

Issue a Mode Register Set command for DLL reset. (To issue DLL Reset command, provide HIGH
to A8 and LOW to BAO-BA2 and A13-Al14.)

Issue a precharge all command.
Issue 2 or more Auto Refresh commands.

Issue a MRS command with LOW to A8 to initialize device operation. (i.e. to program operating
parameters without resetting the DLL.)

At least 200 clocks after step 8, execute OCD Calibration (Off Chip Driver impedance adjustment).
If OCD calibration is not used, EMRS to EMR (1) to set OCD Calibration Default
(A9=A8=A7=HIGH) followed by EMRS to EMR (1) to exit OCD Calbration Mode
(A9=A8=A7=LOW) must be issued with other operating parameters of EMR(1).

The DDR2 SDRAM is now ready for normal operation.
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Notes:

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

2. VREF must be within + 300 mV with respect to VDDQ/2 during supply ramp time.

3. VDD/VDDL voltage ramp time must be no greater than 200 mS from when VDD ramps from 300 mV to VDD min.
4

. The VDDQ voltage ramp time from when VDD min is achieved on VDD to when VDDQ min is achieved on VDDQ must be
no greater than 500 mS.

tCHtCL

Command

| | 4o0ns | tRe | tMRD | tMRD | tRP | [tRFC | | | trec| ] tMRD |  FollowocD | tor | |
' ' ' ' ' ' ' y ' ' ' (L ' ' ' ' "M Fowehar ' ' ' '
v

OCD

Al
DLL DLL » " )) ocDb
Enable Reset min 200 Cycle Default CAL. Mode
Exit

Figure 17 Initialization sequence after power-up

8.2 Mode Register and Extended Mode Registers Operation

For application flexibility, burst length, burst type, CAS Latency, DLL reset function, write recovery
time (WR) are user defined variables and must be programmed with a Mode Register Set (MRS)
command. Additionally, DLL disable function, driver impedance, additive CAS Latency, ODT (On Die
Termination), 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 (1), EMR (2) and EMR (3) can
be altered by re-executing the MRS or EMRS Commands. Even if the user chooses to modify only a
subset of the MR or EMR (1), EMR (2) and EMR (3) variables, all variables within the addressed
register must be redefined when the MRS or EMRS commands are issued.

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

8.2.1 Mode Register Set Command (MRS)

(CS ="L", RAS ="L", CAS ="L", WE ="L",BA0="L",BAL="L",BA2="L", AO to Al4 =
Register Data)

The mode register stores the data for controlling the various operating modes of DDR2 SDRAM. It
programs CAS Latency, burst length, burst sequence, test mode, DLL reset, Write Recovery (WR) and
various vendor specific options to make DDR2 SDRAM useful for various applications. The default
value in the Mode Register after power-up is not defined, therefore the Mode Register must be
programmed during initialization for proper operation.

The DDR2 SDRAM should be in all bank precharge state with CKE already HIGH prior to writing into
the mode register. 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.
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The mode register is divided into various fields depending on functionality. Burst length is defined by
A[2:0] 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 A[6:4]. The DDR2
does not 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 recovery time WR is defined by A[11:9]. Refer to the
table for specific codes.

[BA2|BAL|Bro | A4 A3 A2 A1n[At0] Ao [ A8 [ A7 [ A6 [ As [ Aa | A3 [ A2 ] AL ] A0 |  AddressField
A4 A4 Y A4 A4 A4 A 4 A 4 A A A4 A4 A4 A4 A 4 A 4 A
| 0 | 0 0 0 | 0 | PD | WR |DLL| ™ | CAS Latency | BT | Burst Length | Mode Register
— | \ﬁ
! y
A8 DLLNF;eset = ‘Mode A3 Burst Ty.pe _ Buritll_enitg -
0 Normal 0 Sequential
Yes 1 Test 1 Interleave 0 ! 0 4
A 4 0 1 1 8
BAl | BAO MRS mode
0 0 MR Write recovery for Auto-precharge CAS Latency
0 1 EMR (1) All | A10 | A9 WR * A6 A5 A4 Latency
1 0 EMR (2) 0 0 0 Reserved 0 0 0 Reserved
1 1 EMR (3) 0 0 1 2 ~ 0 0 1 Reserved
v 0 1 0 3 § S 0 1 0 Reserved
Al2 Active power down exit time 0 1 1 4 g 2 3 0 1 1 3 S o
0 Fast exit (use tXARD) 1 0 0 5 o5 S 1 0 0 4 § 8 s
1 Slow exit (use tXARDS) 1 0 1 6 e % 1 0 1 5 8 % 94|
1| 1| o 7 o 1| 1] o 6 o g
1 1 1 8 1 1 1 7 8

Note:

1. WR (write recovery for Auto-precharge) min is determined by tCK(avg) max and WR max is determined by tCK(avg) min.
WR]cycles] = RU{ tWR[nS] / tCK(avg)[nS] }, where RU stands for round up. The mode register must be programmed to this
value. This is also used with tRP to determine tDAL.

Figure 27 Mode Register Set (MRS)
8.2.2 Extend Mode Register Set Commands (EMRS)
8.2.2.1 Extend Mode Register Set Command (1), EMR (1)

(E ="L", RAS ="L", CAS ="L", WE = "L", BAO = "H", BA1 = "L, BA2 = "L" A0 to Al4 =
Register data)

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

strength, additive latency, ODT, DQS disable, OCD program. The default value of the extended
mode register (1) is not defined, therefore the extended mode register (1) must be programmed during
initialization for proper operation. 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).
Extended mode register (1) 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. AO is used for
DLL enable or disable. Al is used for enabling a reduced strength output driver. A[5:3] determines the

additive latency, A[9:7] are used for OCD control, A10 is used for DQS disable. A2 and A6 are used
for ODT setting.
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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 and reset 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 tbQSCK parameters.
| BA2 | BAL | BAO | AL4 | AL3 | AL2 | ALl | A10 | A9 | A8 | A7 | 26 | A5 | A4 | A3 | A2 | AL | A0 | Address Field
A4 A 4 Y Y A4 Y Y A4 A 4 Y A4 Y A4 A4 Y A4 A 4
[0 T oJ 1] o] o Jco[rogs]opos ] ocDprogram | Rt | Additive Latency | Rtt | D.L.C| DLL | Extended Mode Register (1)
v A6 A2 Rtt (nominal) v
BA1 | BAO MRS mode 0 0 ODT disabled A0 DLL Enable
0 0 MRS 0 1 75 ohm 0 Enable
0 1 EMR (1) 1 0 150 ohm 1 Disable
1 0 EMR (2) 1 1 50 ohm** v Driver strength control
1 1 EMR (3) Out i
put driver . .
Al impedance control Driver size
Driver impedance adjustment v
0 Normal 100%
A9 A8 A7 OCD Calibration Program
1 Reduced 60%
0 0 0 OCD calibration mode exit; matain setting
0 0 1 Drive (1) v Additive Latency
0 1 0 Drive (0) A5 A4 A3 Latency
1 0 0 Adjust mode*? 0 0 0 0 o
1 o
1 1 1 OCD Calibration default*? 0 0 1 ,%
0 1 0 2 8 |g
N o
L 4 : 0 1 1 3 |
Al12 Qoff (Optional)** a o
1 0 0 4 a
0 Output duffers enabled a
" 1 0 1 5
1 Output duffers disabled
1 1 0 6
— 1 1 1 Resesved
—»| AlL0 DQS
0 Enable
1 Disable
A 4 A 4
All Al0 Strobe Function Matrix
»| All | RDQS Enable*s (RDQS Enable) (DQS Enable) RDQS/DM RDOS DQS DQS
0 Disable 0 (Disable) 0 (Enable) DM Hi-z DQS T%
1 Enable 0 (Disable) 1 (Disable) DM Hiz DOs Hi-z
1 (Enable) 0 (Enable) RDQS RDQS DQS DQS
1 (Enable) 1 (Disable) RDQS Hi-z DQS Hi-z

Notes:

1. Optional for DDR2-667, mandatory for DDR2-800 and DDR2-1066.
2. When Adjust mode is issued, AL from previously set value must be applied.

3. After setting to default, OCD calibration mode needs to be exited by setting A9-A7 to 000. Refer to the section 8.2.3 for
detailed information.

4. Output disabled - DQs, DQS, DQS, RDQS, RDQS . This feature is used in conjunction with DIMM IDD measurements
when IDDQ is not desired to be included.

51 f

RDQS

i s

enabl

ed, t he
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function is

Figure 317 EMR (1)
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8.2.2.3 Extend Mode Register Set Command (2), EMR (2)
(CS ="L", RAS ="L", CAS ="L", WE ="L", BAO = "L", BAL = "H", BA2 = "L" AO to Al4 =

Register data)

The extended mode register (2) controls refresh related features. The default value of the extended
mode register (2) is not defined, therefore the extended mode register (2) must be programmed during

initialization for proper operation.

The DDR2 SDRAM should be in all bank precharge state with CKE already high prior to writing into
the extended mode register (2). The mode register set command cycle time (tMRD) must be satisfied to
complete the write operation to 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 banks are in the precharge state.

|BA2|BA1|BAO|A14|A13|A12 | Alll A10| A9 | A8 | A7 | Ab6 | A5 | A4 | A3 | A2 | Al | A0 |AddressFieId

| Extended Mode Register (2)

\ 4 4 A4 \ 4 \ 4 A4 A4 A4 A4 A4 A4 A 4 A 4 4 4 A 4 \ 4 \ 4
| 0+ | 1 | 0 | o+t | SELF | o+t
\ 4 A 4
BA1|(BAO| MRS mode A7 | High Temperature Self Refresh Rate Enable

0 0 MRS 0 Disable

o | 1 EMR (1) 1 Enable*?

1 (o0 EMR (2)

1 1 EMR (3)

Notes:

1. The rest bits in EMR (2) is reserved for future use and all bits in EMR (2) except A7, BAO, BA1 and BA2 must be
programmed to fDowhen setting the extended mode register (2) during initialization.

2. When DRAM is operated at 85°C < TCASE 095°C the extended Self Refresh rate must be enabled by setting bit A7 to fiLd

before the Self Refresh mode can be entered.

Figure 47 EMR (2)

-13-

Publication Release Daté&eb. 16 2017

Revision:A03




W972GG8KB
V/ winbond I/ 4

8.2.2.4 Extend Mode Register Set Command (3), EMR (3)

(CS ="L", RAS ="L", CAS ="L", WE ="L", BAO = "H", BAL = "H", BA2 = "L", AO to Al4 =
Register data)

No function is defined in extended mode register (3). The default value of the EMR (3) is not defined,
therefore the EMR (3) must be programmed during initialization for proper operation.

BA2|BA1|BAO|A14|A13 | A12| A11| A10| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO Address Field

Extended Mode Register (3)

Note:
1. All bits in EMR(3) except BAO and BAL1 are reserved for future use and must be set to fdDowhen programming the EMR(3).
Figure 57 EMR (3)
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8.2.3 Off-Chip Driver (OCD) Impedance Adjustment
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DDR2 SDRAM supports driver calibration feature and the flow chart in Figure 6 is an example of the

sequence.

Every

cal

brati

on

mo de

command

shoul

before any other command being issued. MRS should be set before entering OCD impedance
adjustment and On Die Termination (ODT) should be carefully controlled depending on system

environment.

Y

y

i

(o)

[€—— All MR shoud be programmed before entering OCD impedance adjustment and ODT should

be carefully controlled depending on system environment

| EMRS: OCD calibration mode exit li

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

Test

ALL OK

A

Y

EMRS: Drive(0)

DQ &DQS Low; DQS High

ALL OK

Test

Need Calibration

EMRS: OCD calibration mode exit

Y

EMRS:

Enter Adjust Mode

A J

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

'

EMRS: OCD calibration mode exit

Y

Need Calibration

EMRS: OCD calibration mode exit

A

EMRS:
Enter Adjust Mode

Yy

BL=4 code input to all DQs

Inc, Dec or NOP

'

EMRS: OCD calibration mode exit

EMRS: OCD calibration mode exit |

End

Figure 617 OCD Impedance Adjustment Flow Chart
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8.2.3.1 Extended Mode Register 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 dependent on EMR bit enabling RDQS

operation. In Drive (1) mode, all DQ, DQS (and RDQS) signals are driven HIGH and all DQS signals

are driven LOW. In Drive (0) mode, all DQ, DQS (and RDQS) signals are driven LOW and all DQS

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 q during

nominal temperature and voltage conditions. OCD applies only to normal full strength output drive

setting defined by EMR (1) and if reduced strength is set, OCD default 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 characterist
maintain the default or calibrated value.

Table 17 OCD Drive Mode 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
8.2.3.2 OCD Impedance Adjust

To adjust output driver impedance, controllers must issue the ADJUST EMRS command along with a

4 bit burst code to DDR2 SDRAM as in table 2. For this operation, Burst Length has to be set to BL =

4 via MRS command before activating OCD and controllers must drive the burst code to all DQs at the

same time. D70 in table 2 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 and DQSdés of a given DDR2 SDRAM will be adjusted
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 27 OCD Adjust Mode Program

4 bit burst code inputs to all DQs Operation
DTo D11 DT2 DT3 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

1 0 1 0 Decrease by 1 step Decrease by 1 step
Other Combinations Reserved
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For proper operation of adjust mode, WL = RL - 1 = AL + CL - 1 clocks and tDs/tbH should be met as
shown in Figure 7. For input data pattern for adjustment, DTo - DT3 is a fixed order and is not affected
by burst type (i.e., sequential or interleave).

Y B (3 D 0 D 0 V000 0 O D
ewo {‘ewrs (" vor }{"wom ("o 1 W wor { wor J{ ewms W{ nor —

| , - |
¢ ' bes la WR N
DQS._in _:—\ /y \ / \ /: |
: oslion " : : :
| , ! |
DQ_in : pTo { DT1 X DT2 X DT3 ) : :
| ! |
| | | |
| | X !
oM | \ | |
| I
! 1

? OCD adjust mode OCD calibration mode exit f

Figure 71 OCD Adjust Mode

8.2.3.3 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 toiraf t er FfAenter dri ve

modeo co

output drivers are turned-offtoraf t er A OCD cal i brati on modigure8xi t 0 ¢ omma

S O U O O O O O U O U O 6 O U O
CMD -( ;EMRS )—( NOP )—( NOP )—( NOP )—( NOP )—( IiEMRS )—( NOP )—( NOP )—( NOP )—

: toir . torr
DQS | - — - [— T HI-Z
ﬁ | DQS high & DQS low for Drive (1), DQS low & DQS high for Drlve (0)

!

|

| DQs high for Drive (1) :

|
DQ —— DQs low for Drive (0) :

' [

' [

' |

' |

* Enter Drive mode ? OCD calibration mode exit

Figure 81 OCD Drive Mode
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8.24 On-Die Termination (ODT)

On-Die Termination (ODT) is a new feature on DDR2 components that allows a DRAM to turn on/off
termination resistance for each DQ, DQS/DQS, RDQS/RDQS, and DM signal 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 turn on/off termination resistance for any or all DRAM devices.

The ODT function can be used for all active and standby modes. ODT is turned off and not supported
in Self Refresh mode. (Example timing waveforms refer to 11.2, 11.3 ODT Timing for
Active/Standby/Power Down Mode and 11.4, 11.5 ODT timing mode switch at entering/exiting power
down mode diagram in Chapter 11)

VbDQ VDDQ VDDQ

szl K sw2 K sw3

Rvall Rval2 Rval3

DRAM HJ Input
Input ;
Buffer |¥|

halitiel
:

Rvall Rval2 Rval3
szl KSWZ sz3
VssQ VssQ VssQ

Switch (swl, sw2, sw3) is enabled by ODT pin.

Selection among swl, sw2, and sw3 is determined

Termination included on all DQs, DM, DQS, DQS, RDQS, and RDQS pins.
Figure 97 Functional Representation of ODT

8.2.5 ODT related timings

8.2.5.1 MRS command to ODT update delay

During normal operation the value of the effective termination resistance can be changed with an
EMRS command. The update of the Rtt setting is done between tMoD,min and tMob,max, and CKE
must remain HIGH for the entire duration of tMoD window for proper operation. The timings are shown
in the following timing diagram.
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CMD

EMRS >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >

|\____// ___ \___/

——

tMOD, max

A
A\ 4

—-ypl |
1 tAOFD 1 |
tmop,min | |
|
|

| |
Rit Old setting >< Updating >< New setting
| |

1) EMRS command directed to EMR(1), which updates the information in EMR(1)[A6,A2], i.e. Rtt (Nominal).
2) "setting" in this diagram is the Register and 1/O setting, not what is measured from outside.

Figure 107 ODT update delay timing - tMOD
However, to prevent any impedance glitch on the channel, the following conditions must be met.

tAOFD must be met before issuing the EMRS command.
ODT must remain LOW for the entire duration of tMmob window, until tMOD,max is met.

Now the ODT is ready for normal operation with the new setting, and the ODT signal may be raised
again to turned on the ODT. Following timing diagram shows the proper Rtt update procedure.

(i
CMD : \\

—

T
| T T
| | | |
obT [ [ [ T T
| | ! s |
t t t 1S |
/] | J/i | | |
| tAOFD I tMOD,max ol | tAOND |
P 1 > [
|
) \ o
Rit Old setting / { New setting
[

1) EMRS command directed to EMR(1), which updates the information in EMR(1)[A6,A2], i.e. Rtt (Nominal).
2) "setting" in this diagram is what is measured from outside.

Figure 111 ODT update delay timing - tMOD, as measured from outside
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8.3 Command Function
8.3.1 Bank Activate Command

(CS ="L" RAS ="L", CAS ="H", WE ="H", BAO, BA1, BA2=Bank, A0 to A14 be row address)

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 Read/Write 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
Read/Write 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, 5 and 6 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 (tRC). The minimum time interval between Bank Activate
commands is tRRD.

In order to ensure that components with 8 internal memory banks do not exceed the instantaneous
current supplying capability, certain restrictions on operation of the 8 banks must be observed. There
are two rules. One for restricting the number of sequential ACT commands that can be issued and
another for allowing more time for RAS precharge for a Precharge All command. The rules are as
follows:

Sequential Bank Activation Restriction: No more than 4 banks may be activated in a rolling tFAw
window. Converting to clocks is done by dividing tFAw[nS] by tck(avg)[ns], and rounding up to
next integer value. As an example of the rolling window, if RU{ (tFaw / tck(avg) } is 10 clocks,
and an activate command is issued in clock N, no more than three further activate commands
may be issued at or between clock N+1 and N+9.

Precharge All Allowance: trRp for a Precharge All command is equal to tnrRP + 1 X nck, where
tnrP = RU{ trRP / tcK(avg) } and trRP is the value for a single bank precharge.

TO Tl T2 Tn+l Tn+2 Tn+3
CLK - - - _Y_X_ - - - =
Internal RAS - RAS delay (OtrRCDMIN) J

Address Bank A Bank A Bark B Bank B Bank A Bank B Bank A
Row Addr. Col. Addr. Row Addr. Col. Addr. Addr. Addr. Row Addr.
I

| CAS - CASdeIaytlme(tCCD) ‘|

| |
Additive Latency delay(AL .
»l il 24 yAL) ::Read Begins

i
RAS - RAS delay time(OtRRD) I |

1
Bank A Bank B
Bank A Bank B — Bank A Bank B Bank A
Command ; H Post CAS Post CAS -
< Activate Rea d Activate Read Precharge Precharge Activate
T T

I I
I | | |
| | | |
| tRCD=1 | | |
| | | |
| | | |
1 1

: Bank Actlve (OtRAS) Bank Lrecharge time (6{RP)
| == . gl |
1
|

;I

RAS Cycle time (OtRC)

Figure 121 Bank activate command cycle: tRcD = 3, AL = 2, tRP = 3, tRRD = 2, tCCD = 2
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8.3.2 Read Command
(& ="L",RAS ="H", CAS ="L", ﬁ ="H", BAO, BA1, BA2=Bank, A10="L", AO to A9=Column Address)

The READ command is used to initiate a burst read access to an active row. The value on BAO, BA1,
BAZ2 inputs selects the bank, and the AO to A9 address inputs determine the starting column address.
The address input A10 determines whether or not Auto-precharge is used. If Auto-precharge is
selected, the row being accessed will be precharged at the end of the READ burst; if Auto-precharge
is not selected, the row will remain open for subsequent accesses.

8.3.3 Write Command
(& ="L", RAS ="H", CAS ="L", ﬁ ="L", BAO, BA1, BA2=Bank, A10="L", A0 to A9=Column Address)

The WRITE command is used to initiate a burst write access to an active row. The value on BAO, BAL,
BAZ2 inputs selects the bank, and the AO to A9 address inputs determine the starting column address.
The address input A10 determines whether or not Auto-precharge is used. If Auto-precharge is
selected, the row being accessed will be precharged at the end of the WRITE burst; if Auto-precharge
is not selected, the row will remain open for subsequent accesses.

8.3.4 Burst Read with Auto-precharge Command
(& ="L",RAS ="H", CAS="L", WE ="H", BAO, BA1, BA2=Bank, A10="H", A0 to A9=Column Address)

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 than the read with AP command if tRAS(min) and tRTP(min) are satisfied.

8.3.5 Burst Write with Auto-precharge Command
(C_S ="L",RAS ="H", CAS="L", WE ="L", BAO, BA1, BA2=Bank, A10="H", AO to A9=Column Address)

If A10 is HIGH when a Write Command is issued, the Write with Auto-precharge function is engaged.
The DDR2 SDRAM automatically begins precharge operation after the completion of the burst write
plus write recovery time (WR) programmed in the mode register.

8.3.6 Precharge All Command

(Ez"L", RAS ="L",CAS="H", WE ="L", BAO, BA1, BA2=Don 6t Ca'l"eA0 to/A2 and All to
Al4=Donbét Car e)

The Precharge All command precharge all banks simultaneously. Then all banks are switched to the
idle state.

8.3.7 Self Refresh Entry Command
(CS="L",RAS ="L", CAS="L", WE ="H", CKE="L", BAO, BA1, BA2, A0 to A14=Dond Care)

The Self Refresh command can be used to 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
DDR2 SDRAM device has a built-in timer to accommodate Self Refresh operation. ODT must be
turned off before issuing Self Refresh command, by either driving ODT pin LOW or using an EMRS
command. Once the command is registered, CKE must be held LOW to keep the device in Self
Refresh mode. The DLL is automatically disabled upon entering Self Refresh and is automatically
enabled upon exiting Self Refresh. When the DDR2 SDRAM has entered Self Refresh mode, all of the
external signals except CKE,are Don 6t Car eo.

The clock is internally 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,;
however, the clock must be restarted and stable before the device can exit self refresh operation.
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8.3.8 Self Refresh Exit Command

(CKE="H", CS ="H" or CKE="H", CS ="L", RAS ="H", CAS ="H", WE ="H", BAO, BA1, BA2, A0 to
Al14=Dond Care)

The procedure for exiting Self Refresh requires a sequence of commands. First, the clock must be
stable prior to CKE going back HIGH. Once Self Refresh Exit is registered, a delay of at least tXSNR
must be satisfied before a valid command can be issued to the device to allow for any internal refresh
in progress. CKE must remain HIGH for the entire Self Refresh exit period txsrRD for proper operation
except for self refresh re-entry.

Upon exit from Self Refresh, the DDR2 SDRAM can be put back into Self Refresh mode after waiting
at least txsNR period and issuing one refresh command (refresh period of tRFC). NOP or Deselect
commands must be registered on each positive clock edge during the Self Refresh exit interval tXSNR.
ODT should be turned off during txsrD.

The use of Self Refresh mode introduces the possibility that an internally timed refresh event can be
missed when CKE is raised for exit from Self Refresh mode. Upon exit from Self Refresh, the DDR2
SDRAM requires a minimum of one extra auto refresh command before it is put back into Self Refresh
mode.

8.3.9 Refresh Command
(§:"L", RAS ="L", CAS :"L",W ="H", CKE="H", BAO, BAl, BA2, AOto Al4=Do n ot Car e)

Refresh is used during normal operation of the DDR2 SDRAM. This command is non persistent, so it
must be issued each time a refresh is required.

The refresh addressing is generated by the internal refresh controller. This makes the address bits
fDono6t dGrmg am duto Refresh command. The DDR2 SDRAM requires Auto Refresh cycles at
an average periodic interval of tREFI (max.).

When the refresh cycle has completed, all banks of the DDR2 SDRAM will be in the precharged (idle)
state. A delay between the auto refresh command (REF) and the next activate command or
subsequent auto refresh command must be greater than or equal to the auto refresh cycle time (tRFC).

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

TO T1 T2 T3 Tm Tn Tn+1

cuddx | BEREE ?‘\_"‘/_I
\\\ ‘ \\\ yEy
oMp {prechmge)_( iNop >_< NOP H REF >_< / / H REF H // H NOP H iANY >7

11 T

OtrRP OtRFC

Figure 131 Refresh command
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8.3.10 No-Operation Command

(C_S:"L", RAS ="H", KS:"H", WE ="H", CKE, BAOQ, BA1, BA2, AOto A14=Don ét) Car e
The No-Operation command simply performs no operation (same command as Device Deselect).
8.3.11 Device Deselect Command

(CS="H",RAS,CAS, WE , CKE, BAO, BA1, BA2, AOto Al4=Dondt) Car e

The Device Deselect command disables the command decoder so that the RAS , CAS, WE and
Address inputs are ignored. This command is similar to the No-Operation command.

8.4 Read and Write access modes

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.

The 32 Mbit x 8 /O x 8 Bank chip has a page length of 1024 bits (defined by CAO to CA9)". The page
length of 1024 is divided into 256 or 128 uniquely addressable boundary segments depending on
burst length, 256 for 4 bit burst, 128 for 8 bit burst respectively. A 4-bit or 8-bit burst operation will
occur entirely within one of the 256 or 128 groups beginning with the column address supplied to the
device during the Read or Write Command (CAO to CA9). 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 boundary
respectively. The minimum CAS to CAS delay is defined by tccp, and is a minimum of 2 clocks for
read or write cycles.
Note: Page length is a function of I/O organization and column addressing

32M bits x 8 organization (CAO to CA9); Page Length = 1024 bits

8.4.1 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, trRCD, 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 Read/Write command before the tRCDmin,
then AL (greater than 0) must be written into the EMR (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. (Example timing
waveforms refer to 11.10 and 11.11 seamless burst read/write operation diagram in Chapter 11)

8.4.1.1 Examples of posted CAS operation

Examples of a read followed by a write to the same bank where AL = 2 and where AL = 0 are shown
in Figures 14 and 15, respectively.
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CLK/CLK

CMD

DQS/IDQS

DQ ¢

[AL=2and CL=3,RL=(AL+CL) =5 WL=(RL-1)=4,BL=4]
Figure 141 Example 1: Read followed by a write to the same bank,
where AL=2and CL=3,RL=(AL+CL)=5 WL=(RL-1)=4,BL=4

CLK/CLK

[

Active

CMD A-Bank

DQ -

| |

| |

| |

| |

— | |
DQS/DQS i |
| |

| I

| |

f f

| |

AL=0andCL=3,RL=(AL+CL)=3,WL=(RL-1)=2,BL =4]
Figure 157 Example 2: Read followed by a write to the same bank,
where AL=0and CL=3,RL=(AL+CL)=3,WL=(RL-1)=2,BL =4

8.4.2 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. The DDR2 SDRAM supports 4 bit 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 length is programmable and defined by MR A[2:0].
The burst type, either sequential or interleaved, is programmable and defined by MR [A3]. Seamless
burst read or write operations are supported.
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Unlike DDR1 devices, interruption of a burst read or writes cycle during BL = 4 mode operation is
prohibited. However in case of BL = 8 mode, interruption of a burst read or write operation is limited to
two cases, reads interrupted by a read, or writes interrupted by a write. (Example timing waveforms
refer to 11.12 and 11.13 Burst read and write interrupt timing diagram in Chapter 11)

Therefore the Burst Stop command is not supported on DDR2 SDRAM devices.
Table 371 Burst Length and Sequence

Burst Length Sta(rzgii\‘ld(;)ess Sequerzgglzﬁij;;essing Interle(a(;/eectibxrgglr)essing

x00 0,1,2,3 0,1,2,3
x01 1,2,30 1,0,32

4 x10 2,3,0,1 2,3,0,1
x11 3,0,1,2 3,2,1,0
000 0,1,23,4,56,7 0,1,2,3,4,5,6,7
001 1,2,305,6,7,4 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

8 100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,4,1,2,3,0 54,7,6,1,0,3,2
110 6,7,4,5 2,30, 1 6,7,4,52,30,1
111 7,4,5,6,3,0,1,2 7,6,5/4,3,2,1,0

8.4.3 Burst read mode operation

Burst Read is initiated with a READ command. 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 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 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). The
AL is defined by the Extended Mode Register EMR (1). (Example timing waveforms refer to 11.6 and
11.7 Data output (read) timing and Burst read operation diagram in Chapter 11)

8.4.4 Burst write mode operation

Burst Write is initiated with a WRITE command. The address inputs determine the starting column
address for the burst. Write Latency (WL) is defined by a Read Latency (RL) minus one and is equal
to (AL + CL -1); and is the number of clocks of delay that are required from the time the write
command is registered to the clock edge associated to the first DQS strobe. A data strobe signal
(DQS) should be driven LOW (preamble) nominally half 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 each positive DQS transition to its associated clock edge
during 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 completion of the burst write to bank precharge is the write recovery time
(WR). (Example timing waveforms refer to 11.8 and 11.9 Data input (write) timing and Burst write
operation diagram in Chapter 11)
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8.4.5 Write data mask

One write data mask (DM) pin for each 8 data bits (DQ) will be supported on DDR2 SDRAM,
consistent with the implementation on DDR1 SDRAM. It has identical timings on write operations as
the data bits, and though used in a unidirectional manner, is internally loaded identically to data bits to
insure matched system timing. DM function is disabled, when RDQS / RDQS are enabled by
EMRS(1). (Example timing waveform refer to 11.14 Write operation with Data Mask diagram in
Chapter 11)

8.5

Burst Interrupt

Read or Write burst interruption is prohibited for burst length of 4 and only allowed for burst length of 8
under the following conditions:

1.

© ©® N o O

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

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

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

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

Read or Write burst interruption is allowed to any bank inside the DDR2 SDRAM.
Read or Write burst with Auto-precharge enabled is not allowed to interrupt.
Read burst interruption is allowed by a Read with Auto-precharge command.
Write burst interruption is allowed by a Write with Auto-precharge command.

All command timings are referenced to burst length set in the mode register. They are not
referenced to the actual burst. For example below:

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).

Minimum Write to Precharge timing is WL + BL/ 2 + twRr, where twRr starts with the rising
clock after the un-interrupted burst end and not from the end of the actual burst end.

(Example timing waveforms refer to 11.12 and 11.13 Burst read and write interrupt timing diagram in
Chapter 11)
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8.6 Precharge operation

The Precharge Command is used to precharge or close a bank that has been activated. The
Precharge Command can be used to precharge each bank independently or all banks simultaneously.
Four address bits A10, BAO and BA1 and BA2 are used to define which bank to precharge when the
command is issued.

Table 41 Bank selection for precharge by address bits

Al0 BA2 BAl1 BAO Precharge Bank(s)
LOW LOW LOW LOW Bank 0 only
LOW LOW LOW HIGH Bank 1 only
LOW LOW HIGH LOW Bank 2 only
LOW LOW HIGH HIGH Bank 3 only
LOW HIGH LOW LOW Bank 4 only
LOW HIGH LOW HIGH Bank 5 only
LOW HIGH HIGH LOW Bank 6 only
LOW HIGH HIGH HIGH Bank 7 only
HIGH Dond Care Dond Care Dond Care All Banks

8.6.1 Burst read operation followed by precharge
Minimum Read to Precharge command spacing to the same bank = AL + BL/2 + max(RTP, 2) - 2 clks

For the earliest possible precharge, the precharge command may be issued on the rising edge which
i s A Adaendy (AL)er BL/2 + max(RTP,2)-2 cl ocks o after a Read ¢
(command) may be issued to the same bank after the RAS precharge time (tRP). A precharge
command cannot be issued until tRAS is satisfied.

The minimum Read to Precharge spacing has also to satisfy a minimum analog time from the rising
clock edge 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 command. For BL = 8 this is the time from AL + 2 clocks after the Read to the
Precharge command. (Example timing waveforms refer to 11.15 to 11.19 Burst read operation
followed by precharge diagram in Chapter 11)

8.6.2 Burst write operation followed by precharge
Minimum Write to Precharge Command spacing to the same bank = WL + BL/2 clks + 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 (twr) referenced
from the completion of the burst write to the precharge command. No Precharge command should be
issued prior to the twr delay. (Example timing waveforms refer to 11.20 to 11.21 Burst write operation
followed by precharge diagram in Chapter 11)

8.7 Auto-precharge operation

Before a new row in an active bank can be opened, the active bank must be precharged using either
the Precharge 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 automatically 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 command is issued, then the Auto-precharge function is
engaged. During Auto-precharge, a Read command will execute as normal with the exception that the
active bank will begin to precharge on the rising edge which is CAS Latency (CL) clock cycles before
the end of the read burst.
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Auto-precharge is also implemented during Write commands. The precharge operation engaged by
the Auto-precharge command will not begin until the last data of the burst write sequence is properly
stored in the memory array.

This feature allows the precharge operation to be partially or completely hidden during burst read
cycles (dependent upon 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 (tRAS satisfied) so that the Auto-precharge command may be issued with any
read or write command.

8.7.1 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 Read with AP command if tRAS(min) and tRTP(min) are satisfied. (Example timing
waveform refer to 11.22 Burst read operation with Auto-precharge diagram in Chapter 11)

If tRAS(min) is not satisfied at the edge, the start point of Auto-precharge operation will be delayed until
tRAS(mMin) is satisfied.

If tRTP(Min) is not satisfied at the edge, the start point of Auto-precharge operation will be delayed until
tRTP(min) is satisfied.

In case the internal precharge is pushed out by tRTP, tRP starts at the point where tRTP ends (not at the
next rising clock edge after this event). So for BL = 4 the minimum time from Read with Auto-
precharge to the next Activate command becomes AL + RU{ (tRTP + trRP) / tCK(avg) } (Example timing
waveform refer to 11.23 Burst read operation with Auto-precharge diagram in Chapter 11.), for BL =8
the time from Read with Auto-precharge to the next Activate command is AL + 2 + RU{ (tRTP + tRP) /
tckavg)} , where RU stands f or Ar ouwnyckent interpal preochargehdees
not start earlier than two clocks after the last 4-bit prefetch.

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

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

The RAS cycle time (tRC) from the previous bank activation has been satisfied.
(Example timing waveforms refer to 11.24 to 11.25 Burst read with Auto-precharge followed by an
activation to the same bank (tRc Limit) and (tRP Limit) diagram in Chapter 11)

8.7.2 Burst write with Auto-precharge

If A10 is HIGH when a Write Command is issued, the Write with Auto-Precharge function is engaged.
The DDR2 SDRAM automatically begins precharge operation after the completion of the burst write
plus write recovery time (WR) programmed in the mode register. The bank undergoing Auto-
precharge from the completion of the write burst may be reactivated if the following two conditions are
satisfied.

The data-in to bank activate delay time (WR + tRP) has been satisfied.

The RAS cycle time (tRC) from the previous bank activation has been satisfied.

(Example timing waveforms refer to 11.26 to 11.27 Burst write with Auto-precharge (tRc Limit) and
(WR + trP Limit) diagram in Chapter 11)
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Table 57 Precharge & Auto-precharge clarifications

From To Command Minimum Delayb et we e n Unit | Notes
Command Commantd®d ATo Com
Read Precharge (to same Bank as Read) AL + BL/2 + max(RTP, 2) - 2 clks 1,2
Precharge All AL + BL/2 + max(RTP, 2) - 2 clks 1,2
Read w/AP | Precharge (to same Bank as Read w/AP) AL + BL/2 + max(RTP, 2) - 2 clks 1,2
Precharge All AL + BL/2 + max(RTP, 2) - 2 clks 1,2
Write Precharge (to same Bank as Write) WL + BL/2 + tWR clks 2
Precharge All WL + BL/2 + tWR clks 2
Write w/AP | Precharge (to same Bank as Write w/AP) WL + BL/2 + WR clks 2
Precharge All WL + BL/2 + WR clks 2
Precharge | Precharge (to same Bank as Precharge) 1 clks 2
Precharge All 1 clks 2
Precharge Precharge 1 clks 2
Al Precharge All 1 clks 2
Notes:

1. RTP[cycles] = RU{ tRTP[nS] / tCK(avg)[nS] }, where RU stands for round up.

2. For a given bank, the precharge period should be counted from the latest precharge command, either one bank precharge or
precharge all, issued to that bank. The precharge period is satisfied after tRPall (= tRP + 1 x tCK) depending on the latest
precharge command issued to that bank.

8.8 Refresh Operation

DDR2 SDRAM requires a refresh of all rows in any rolling 64 ms interval. The necessary refresh can
be generated in one of two ways: by explicit Auto Refresh commands or by an internally timed Self
Refresh mode. Dividing the number of device rows into the rolling 64 ms interval defines the average
refresh interval, tREFI, which is a guideline to controllers for distributed refresh timing.

When CS, RAS and CAS are held LOW and WE HIGH at the rising edge of the clock, the chip
enters the Refresh mode (REF). All banks of the DDR2 SDRAM must be precharged and idle for a
minimum of the Precharge time (tRP) before the Refresh command (REF) can be applied. An address
counter, internal to the device, supplies the bank address during the refresh cycle. No control of the
external address bus is required once this cycle has started. (Example timing waveform refer to 11.28
Self Refresh diagram in Chapter 11)

8.9 Power Down Mode

Power-down is synchronously entered when CKE is registered LOW, along with NOP or Deselect
command. CKE is not allowed to go LOW while mode register or extended mode register command
time, or read or write operation is in progress. CKE is allowed to go LOW while any other operation
such as row activation, Precharge or Auto-precharge or Auto Refresh is in progress, but power down
Iop specification will not be applied until finishing those operations.

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.
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8.9.1 Power Down Entry

Two types of Power Down Mode can be performed on the device: Precharge Power Down Mode and
Active Power Down Mode.

If power down occurs when all banks are idle, this mode is referred to as Precharge Power Down; if
power down occurs when there is a row active in any bank, this mode is referred to as Active Power

Down. Entering power down deactivates the input and output buffers, excluding CLK, CLK, ODT and
CKE. Also 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
DDR2SDRAM, and ODT should be in a valid state but all/l
LOW must be maintained until tcke has been satisfied. Maximum power down duration is limited by

the refresh requirements of the device, which allows a maximum of 9 x tRerFI if maximum posting of

REF is utilized immediately before entering power down. (Example timing waveforms refer to 11.29

Basic Power Down Entry and Exit diagram and 11.30 Precharged Power Down Entry and Exit diagram

in Chapter 11)

8.9.2 Power Down Exit

The power-down state is synchronously exited when CKE is registered HIGH (along with a NOP or
Deselect command). CKE high must be maintained until tcKE has been satisfied. A valid, executable
command can be applied with power-down exit latency, txP, tXARD, or tXARDS, after CKE goes HIGH.
Power-down exit latency is defined at AC Characteristics table of this data sheet.

8.10 Input clock frequency change during precharge power down
DDR2 SDRAM input clock frequency can be changed under following condition:

DDR2 SDRAM is in precharged power down mode. ODT must be turned off and CKE must be at logic
LOW level. A minimum of 2 clocks must be waited after CKE goes LOW before clock frequency may
change. SDRAM input clock frequency is allowed to change only within minimum and maximum
operating frequency specified for the particular speed grade. During input clock frequency change,
ODT and CKE must be held at stable LOW levels.

Once input clock frequency is changed, stable new clocks must be provided to DRAM before
precharge power down may be exited and DLL must be RESET via MRS command after precharge
power down exit. Depending on new clock frequency an additional MRS or EMRS command may
need to be issued to appropriately set the WR, CL etcé

During DLL re-lock period, ODT must remain off. After the DLL lock time, the DRAM is ready to
operate with new clock frequency. (Example timing waveform refer to 11.31 Clock frequency change
in precharge Power Down mode diagram in Chapter 11)
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9. OPERATION MODE
9.1 Command Truth Table
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CKE BA2
COMMAND | previous | Current | BAL | A14-A11 | A10 | A9-A0 | CS |RAS | CAS | WE | NOTES
Cycle Cycle BAO
Bank Activate H H BA Row Address L L H H 1,2
Single Bank H H BA X L X L L H L 1,2
Precharge
Precharge Al H H X X H X L L H L 1
Banks
Write H H BA Column L Column L H L L 1,2,3
Write with Auto- H H BA | Column | H | Column | L H L L 123
precharge
Read H H BA Column L Column L H L H 1,2,3
Read with Auto- H H BA | Column | H | Coumn | L H L H 12,3
precharge
(Extended)
Mode Register H H BA OP Code L L L L 1,2
Set
No Operation H X X X X X L H H H 1
Device Deselect X X X X H X X 1
Refresh H X X X X L L L H 1
Self Refresh H L X X X X L L L H 1,4
Entry
H X X X
Self Refresh Exit L H X X X X 1,4,5
L H H H
Power Down H X X X
Mode Entry H L X X X X 5 v v v 1,6
H X X X
P&";’g;i‘;‘?{” L H X X X X 1,6
L H H H
Notes:

1. All DDR2 SDRAM commands are defined by states of CS, RAS, CAS,WE and CKE at the rising edge of the clock.
2. Bank addresses BA [2:0] determine which bank is to be operated upon. For (E)MRS BA selects an (Extended) Mode Register.
3. Burst reads or writes at BL = 4 can not be terminated or interrupted. See Burst Interrupt in section 8.5 for details.

4. VRer must be maintained during Self Refresh operation.
5. Self Refresh Exit is asynchronous.
6. The Power Down does not perform any refresh operations. The duration of Power Down Mode is therefore limited by the

refresh requirements outlined in section 8.9.
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9.2 Clock Enable (CKE) Truth Table for Synchronous Transitions

CKE 3
CURRENT : | COVMAND ® ACTION (N)? NOTES
> - -
STATE Previous Cycle Current Cycle RAS . CAS . WE, CS
(N-1) N)
L L X Maintain Power Down 11, 13, 15
Power Down
L H DESELECT or NOP Power Down Exit 4,8,11,13
L L X Maintain Power Down 11, 15, 16
Self Refresh
L H DESELECT or NOP Self Refresh Exit 4,5,9, 16
Bank(s) Active H L DESELECT or NOP Active Power Down | 4,8, 10, 11,
Entry 13
H L DESELECT or NOP Precharge Power Down 4, 8,10, 11,
Entry 13
All Banks Idle
H L REFRESH Self Refresh Entry 6,9, 11,13
H H Refer to the Command Truth Table 7
Notes:

1. CKE (N) is the logic state of CKE at clock edge N; CKE (Ni 1) was the state of CKE at the previous clock edge.
Current state is the state of the DDR2 SDRAM immediately prior to clock edge N.

COMMAND (N) is the command registered at clock edge N, and ACTION (N) is a result of COMMAND (N).

All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.

On Self Refresh Exit DESELECT or NOP commands must be issued on every clock edge occurring during the tXSNR period.
Read commands may be issued only after tXSRD (200 clocks) is satisfied.

Self Refresh mode can only be entered from the All Banks Idle state.

Must be a legal command as defined in the Command Truth Table.

Valid commands for Power Down Entry and Exit are NOP and DESELECT only.
Valid commands for Self Refresh Exit are NOP and DESELECT only.

10. Power Down and Self Refresh can not be entered while Read or Write operations, (Extended) Mode Register Set
operations or Precharge operations are in progress. See section 8.9 fiPower Down Modeo and section 8.3.7/8.3.8 fiSelf
Refresh Entry Command/Self Refresh Exit Commando for a detailed list of restrictions.

11. tCKEmin of 3 clocks means CKE must be registered on three consecutive positive clock edges. CKE must remain at the
valid input level the entire time it takes to achieve the 3 clocks of registration. Thus, after any CKE transition, CKE may not
transition from its valid level during the time period of tIS + 2 x tCK + tIH.

12. The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.
See section 8.2.4.

13. The Power Down does not perform any refresh operations. The duration of Power Down Mode is therefore limited by the
refresh requirements outlined in section 8.9.

14. CKE must be maintained HIGH while the SDRAM is in OCD calibration mode.

apwn

© © N

15.™X0 means fidondt care (REF Il udi rSglffl cRetfirregs ha racnudn d® oMver Do wn.
high or low in Power Down if the ODT functionisenabled ( Bi t A2 or A6 (@d)pt to Aldo in EMR

16. VREF must be maintained during Self Refresh operation.

9.3 Data Mask (DM) Truth Table

FUNCTION DM DQS NOTE
Write enable L Valid 1
Write inhibit H X 1

Note:
1. Used to mask write data, provided coincident with the corresponding data.
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CURRENT

STATE C_S R C E ADDRESS COMMAND ACTION NOTES
H X X X X DSL NOP or Power down
L H H H X NOP NOP or Power down
L H L H BA, CA, A10 | READ/READA ILLEGAL 1
L H L L BA, CA, A10 | WRIT/WRITA ILLEGAL 1
Idle L L H H | BA RA ACT Row activating
L L H L BA, A10 PRE/PREA Precharge/ Precharge all banks
L L L H X REF/SELF Auto Refresh or Self Refresh 2
L | L | L | L |opcode MRS/EMRS Mode/ i’gsgg;géegmer 2
H X X X X DSL NOP
L H H H X NOP NOP
L H L H BA, CA, A10 | READ/READA Begin read
Banks L H L L BA, CA, A10 | WRIT/WRITA Begin write
Active L L H H | BA RA ACT ILLEGAL 1
L L H L BA, A10 PRE/PREA Precharge/ Precharge all banks
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS/EMRS ILLEGAL
H X X X X DSL Continue burst to end
L H H H X NOP Continue burst to end
L H L H BA, CA, A10 | READ/READA Burst interrupt 1,3
L H L L BA, CA, A10 | WRIT/WRITA ILLEGAL 1
Read L L H H BA, RA ACT ILLEGAL 1
L L H L BA, A10 PRE/PREA ILLEGAL 1
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS/EMRS ILLEGAL
H X X X X DSL Continue burst to end
L H H H X NOP Continue burst to end
L H L H BA, CA, A10 | READ/READA ILLEGAL 1
) L H L L BA, CA, A10 | WRIT/WRITA Burst interrupt 1,3
e L L H H BA, RA ACT ILLEGAL 1
L L H L BA, A10 PRE/PREA ILLEGAL 1
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS/EMRS ILLEGAL
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CRRENT | ©S | RAS | CAS | WE | ADDRESS | COMMAND ACTION NOTES

H X X X X DSL Continue burst to end

L H H H X NOP Continue burst to end

L H L H | BA CA, Al0 | READ/READA ILLEGAL 1
Read with L H L L | BA, CA,A10 | WRITWRITA ILLEGAL 1
pr:CL;,tZ;ge L | L | H| H |[BARA ACT ILLEGAL 1

L L H L | BA,A10 PRE/PREA ILLEGAL 1

L L L H X REF/SELF ILLEGAL

L L L L | Op-Code MRS/EMRS ILLEGAL

H X X X X DSL Continue burst to end

L H H H X NOP Continue burst to end

L H L H | BA CA, Al10 | READ/READA ILLEGAL 1
Write with L H L L | BA, CA A10 | WRIT/WRITA ILLEGAL 1
prQ:‘:f;’;ge L | L | H| H |BARA ACT ILLEGAL 1

L L H L | BA A10 PRE/PREA ILLEGAL 1

L L L H X REF/SELF ILLEGAL

L L L L | Op-Code MRS/EMRS ILLEGAL

H X X X X DSL NOP-> Idle after tRP

L H H H X NOP NOP-> Idle after tRP

L H L H | BA, CA, A10 | READ/READA ILLEGAL 1

L H L L | BA, CA A10 | WRIT/WRITA ILLEGAL 1
Precharge

L L H H | BA RA ACT ILLEGAL 1

L L H L | BA,A10 PRE/PREA NOP-> Idle after tRP 1

L L L H X REF/SELF ILLEGAL

L L L L | Op-Code MRS/EMRS ILLEGAL

H X X X X DSL NOP-> Row active after tRCD

L H H H X NOP NOP-> Row active after tRCD

L H L H | BA CA, Al0 | READ/READA ILLEGAL 1

Row L H L L | BA, CA A10 | WRIT/WRITA ILLEGAL 1

Activating L L H H | BA RA ACT ILLEGAL 1

L L H L | BA,A10 PRE/PREA ILLEGAL 1

L L L H X REF/SELF ILLEGAL

L L L L | Op-Code MRS/EMRS ILLEGAL
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CIRXENT | CS | RAS | CAS | WE | ADDRESS | COMMAND ACTION NOTES
H X X X X DSL NOP-> Bank active after twR
L H H H X NOP NOP-> Bank active after twR
L H L H BA, CA, A10 | READ/READA ILLEGAL 1
Write L H L L BA, CA, A10 | WRIT/WRITA New write
Recovering L L H H BA, RA ACT ILLEGAL 1
L L H L BA, A10 PRE/PREA ILLEGAL 1
L L L H X REF/SELF ILLEGAL
L L L L | Op-Code MRS/EMRS ILLEGAL
H X X X X DSL NOP-> Precharge after twR
L H H H X NOP NOP-> Precharge after twR
) L H L H BA, CA, A10 | READ/READA ILLEGAL 1
Re(‘:’gcg‘iing L H L L | BA CA Al0 | WRIT/WRITA ILLEGAL 1
with Auto- L L H H | BARA ACT ILLEGAL 1
precharge
L L H L BA, A10 PRE/PREA ILLEGAL 1
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS/EMRS ILLEGAL
H X X X X DSL NOP-> Idle after tRC
L H H H X NOP NOP-> Idle after tRC
L H L H BA, CA, A10 | READ/READA ILLEGAL
Refreshing L H L L BA, CA, A10 | WRIT/WRITA ILLEGAL
L L H H BA, RA ACT ILLEGAL
L L H L BA, A10 PRE/PREA ILLEGAL
L L L H X REF/SELF ILLEGAL
L L L L | Op-Code MRS/EMRS ILLEGAL
H X X X X DSL NOP-> |dle after tMRD
L H H H X NOP NOP-> Idle after tMRD
L H L H BA, CA, A10 | READ/READA ILLEGAL
Mode L H L L BA, CA, A10 | WRIT/WRITA ILLEGAL
Register
Accessing L L H H | BA/RA ACT ILLEGAL
L L H L BA, A10 PRE/PREA ILLEGAL
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS/EMRS ILLEGAL
Notes:

1. This command may be issued for other banks, depending on the state of the banks.

2. All banks must be in "IDLE".

3. Read or Write burst interruption is prohibited for burst length of 4 and only allowed for burst length of 8. Burst read/write can
only be interrupted by another read/write with 4 bit burst boundary. Any other case of read/write interrupt is not allowed.

Remark: H = High level, L = Low level, X = High or Low level (Do n 6 t ), \C=avialiel data.
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9.5 Simplified Stated Diagram

OCD
calibration

Setting
MR,EMR (1)

Initialization
Sequence

CKEL

Self Refreshing

PRI

EMR (2)

EMR (3)

CKEL

< (E]MRS All banks REF :\ Refreshing
P»-\ Precharged
CKEL
CKEL
ACT  cked
Precharge
Power
Down
‘ CKEL
- Autoomatic Sequence
e
CKEL Command Sequence
CKEH
Bank
Active
Write Read
Write RITA RE Read
CKEL = CKE LOW, enter Power Down
CKEH = CKE HIGH, exit Power Down
Writing Read Reading CKEH = CKE HIGH, exit Self Refresh
|a ACT = Activate
h Write WRITA = Write with Auto-precharge
READA = Read with Auto-precharge
PRE = Precharge
PREA = Precharge All
(E)MRS = (Extended) Mode Register Set
WRITA READA SELF = Enter Self Refresh
REF = Refresh
REAR
Writing Reading
with with
Auto-precharge Auto-precharge
PRE,|PREA
PREA PRE
A 4

Precharging
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10. ELECTRICAL CHARACTERISTICS
10.1 Absolute Maximum Ratings

PARAMETER SYMBOL RATING UNIT | NOTES
Voltage on VDD pin relative to VSS VDD -1.0~23 \% 1,2
Voltage on VDDQ pin relative to VSS VDDQ -05~23 \% 1,2
Voltage on VDDL pin relative to VSS VDDL -05~23 \% 1,2
Voltage on any pin relative to VSS VIN, VOUT -05~23 \% 1,2
Storage Temperature TSTG -55 ~ 150 °C 1,3
Notes:
1. Stressesgreat er than those | ixtmudn RmedérmgfsAb snalyutcea uMa p e Mhismsant damage

stress rating only and functional operation of the device at these or any other conditions above those indicated in the
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended
periods may affect reliability.

2. When VDD and VDDQ and VDDL are less than 500mV; VREF may be equal to or less than 300mV.
3. Storage temperature is the case surface temperature on the center/top side of the DRAM.

10.2 Operating Temperature Condition

PARAMETER SYMBOL MIN. MAX. UNIT NOTES
Operating Temperature (for -18/-25/-3) TCASE 0 85 °C 1,2,3
Operating Temperature (for 25I) TCASE -40 95 °C 1,2,3,4

Notes:
1. Operating Temperature is the case surface temperature on the center/top side of the DRAM.
2. Supporting 0°C O CASE O & 5with full JEDEC AC and DC specifications.

3. Supporting 0°C O CARSE O & %and being able to extend to 95°C with doubling Auto Refresh commands in frequency to a
32 mS period (tREFI = 3.9 pS) and to enter to Self Refresh mode at this high temperature range via A7 fiLloon EMR (2).

4. During operation, the DRAM case temperature must be maintained between -40°C O CASE 095°C for Industrial parts under
all specification parameters.

10.3 Recommended DC Operating Conditions

SYM. PARAMETER MIN. TYP. MAX. UNIT | NOTES
VDD | Supply Voltage 1.7 1.8 1.9 \% 1
VDDL | Supply Voltage for DLL 1.7 1.8 1.9 \% 5
VDDQ | Supply Voltage for Output 1.7 1.8 1.9 \Y, 1,5
VREF | Input Reference Voltage 0.49 x VDDQ 0.5xVDDQ | 0.51 xVDDQ \% 2,3
VTT | Termination Voltage (System) VREF - 0.04 VREF VREF + 0.04 \% 4
Notes:

1. There is no specific device VDD supply voltage requirement for SSTL_18 compliance. However under all conditions VDDQ
must than or equal to VDD.

2. The value of VREF may be selected by the user to provide optimum noise margin in the system. Typically the value of VREF
is expected to be about 0.5 x VDDQ of the transmitting device and VREF is expected to track variations in VDDQ.
3. Peak to peak AC noise on VREF may not exceed *+2 % VREF(dc).

4. VTT is not applied directly to the device. VTT is a system supply for signal termination resistors, is expected to be set equal to
VREF, and device must track VREF of receiving device.

5. VDDQ tracks with VDD, VDDL tracks with VDD. AC parameters are measured with VDD, VDDQ and VDDDL tied together.
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PARAMETER/CONDITION SYM. MIN. | NOM. | MAX. | UNIT | NOTES
Rtt effective impedance val u Rtl(eff) 60 75 90 q 1
Rtt effective impedance value for EMRS(A6,A2)=1,0; 150 q Rtt2(eff) 120 150 180 a 1
Rtt effective impedance value for EMRS(A6,A2)=1,1; 50 q Rtt3(eff) 40 50 60 q 1,2
Deviation of VM with respect to VDDQ/2 VM -6 +6 % 1

Notes:
1. Test condition for Rtt measurements.

2. Optional for DDR2-667, mandatory for DDR2-800 and DDR2-1066.

Measurement Definition for Rtt(eff):

Apply VIH (ac) and VIL (ac) to test pin separately, then measure current I(VIH (ac)) and I(VIL (ac))

respectively. VIH (ac), VIL (ac), and VDDQ values defined in SSTL_18.

Rtt(eff) = (VIH@c) T ViL(ac)) /(I(VIHac) T I(ViLac))

Measurement Definition for gvm:

Measure voltage (VM) at test pin (midpoint) with no load.
gVM = ((2 x Vm /VDDQ) T 1) x 100%

10.5 Input DC Logic Level

PARAMETER SYM. MIN. MAX. UNIT
DC input logic HIGH | VIH(dc) VREF + 0.125 VDDQ + 0.3 \%
DC input logic LOW | VIL(dc) -0.3 VREF - 0.125 \%

10.6 Input AC Logic Level
-18 -25/251/-3
PARAMETER SYM. UNIT
MIN. MAX. MIN. MAX.
AC input logic HIGH | VIH (ac) | VREF + 0.200 - VREF + 0.200 VDDQ + VPEAK! \%
AC input logic LOW | VIL (ac) - VREF - 0.200 | VSSQ - VPEAK! VREF - 0.200 \%

Note:

1. Refer to the page 67 sections 10.14.1 and 10.14.2 AC Overshoot/Undershoot specification table for VPEAK value: maximum

peak amplitude allowed for Overshoot/Undershoot.
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SYM. PARAMETER MIN. MAX. UNIT
Cck | Input Capacitance , CLK and CLK 1.0 2.0 pF
CDCK | Input Capacitance delta, CLK and CLK - 0.25 pF
Ci input Capacitance, all other input-only pins 1.0 20 pF
CbI Input Capacitance delta, all other input-only pins - 0.25 pF
Input/output Capacitance, DQ, DM, DQS,
Cio nputioutpu” --apact Q Q 25 35 pF
DQS ,RDQS, RDQS
Input/output Capacitance delta, DQ, DM, DQS,
Cbio npUroLtpLt ~-apact Q Q - 0.5 pF
DQS ,RDQS, RDQS
10.8 Leakage and Output Buffer Characteristics
SYM. PARAMETER MIN. MAX. UNIT NOTES
Input Leakage Current
I N . -2 2 A 1
(OV OVIN OVDD) H
Output Leakage Current
loL . . R -5 5 A 2
(Output disabled, 0OV OVouTt OVDDQ) H
[OH(dc) | Output Minimum Source DC Current -13.4 - mA 3,5
IoL(dc) | Output Minimum Sink DC Current 13.4 - mA 4,5
Notes:
1. All other pins not under test=0 V.
2. DQ, DQS, DTQS , RDQS, RDQS are disabled and ODT is turned off.
3. VDDQ =1.7V;VOUT =1.42V. (VOUT-VDDQ)/IOHmMu st be | ess t hanoubetwgenVoDQ and ¥DDQ € S

0.28V.

4. VDDQ = 1.7 V; VOUT = 0.28V. VOUT/IOLmu s t

5. The values of IOH(dc) and I0L(dc) are based on the conditions given in Notes 3 and 4. They are used to test drive current
capability to ensure VIHmin plus a noise margin nd VIiLmax minus a noise margin are delivered to an SSTL_18 receiver.a

be

|l ess
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10.9 DC Characteristics

-18 -25/25I -3
SYM. CONDITIONS UNIT | NOTES
MAX. MAX. MAX.

Operating Current - One Bank Active-Precharge
tCK = tCK(IDD), tRC = tRC(IDD), tRAS = tRASmIn(IDD);

IDDO CKE is HIGH, CSis HIGH between valid commands; 75 70 67 mA
Address and control inputs are SWITCHING;
Data bus inputs are SWITCHING.

Operating Current - One Bank Active-Read-
Precharge

IOUT = 0 MA;

BL =4, CL = CL(IDD), AL = 0;

IDD1 tCK = tCK(IDD), tRC = tRC(IDD), tRAS = tRASmIn(IDD), 80 75 72 mA 1,2,3,4,5,
tRCD = tRCD(IDD); 6

CKE is HIGH, CSis HIGH between valid commands;
Address and control inputs are SWITCHING;

Data bus inputs are SWITCHING.

Precharge Power-Down Current

All banks idle;

tCK = tCK(IDD); 1,2,3,4,5,
CKE is LOW; 10 10 10 mA 6.7
Other control and address inputs are STABLE;
Data Bus inputs are FLOATING. (TCASE 085°C)
Precharge Standby Current

All banks idle;

tCK = tCK(IDD);
_ _ 50 45 42 ma | 12345
CKE is HIGH, CSis HIGH; 6

Other control and address inputs are SWITCHING;
Data bus inputs are SWITCHING.

Precharge Quiet Standby Current

All banks idle;

tCK .tCK(IDD), _ 45 20 a7 A 12345
CKE is HIGH, CSis HIGH;

Other control and address inputs are STABLE;
Data bus inputs are FLOATING.

Active Power-Down Current .

IDD3PE | All banks open; ;agéflg;\'_Eg” 25 25 25 mA 1'2%4’5'
tCK = tCK(IDD); -

CKE is LOW;

Other control and address inputs are

Data bus inputs are FLOATING. MRS(12) =1 6.7
(TCASE 085°C)
Active Standby Current
All banks open;
tCK = tCK(IDD); tRAS = tRASmax(IDD), tRP = tRP(IDD); 1,2,3,4,5,

) — ) 55 50 45 mA
CKE is HIGH, CS is HIGH between valid commands;

Other control and address inputs are SWITCHING;
Data bus inputs are SWITCHING.

12,345,
6

IDD2P

IDD2N

IDD2Q

IDD3PS

IDD3N
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Operating Burst Read Current
All banks open, Continuous burst reads, IOUT = 0 mA;
BL =4, CL = CL(IDD), AL = 0;

IDD4R tCK = tCK(IDD); tRAS = tRASmax(IDD), tRP = tRP(IDD); 150 125 110 mA 1,2%4,5,
CKE is HIGH, CS is HIGH between valid commands;
Address inputs are SWITCHING;
Data Bus inputs are SWITCHING.
Operating Burst Write Current
All banks open, Continuous burst writes;
BL = 4, CL = CL(IDD), AL = 0;

IDDaw | fCK = tCK(IDD); tRAS = tRASmax(IDD), tRP = tRP(IDD); 140 135 120 mA 1,2,36‘3,4,5,
CKE is HIGH, CSis HIGH between valid commands;
Address inputs are SWITCHING;
Data Bus inputs are SWITCHING.
Burst Refresh Current
tCK = tCK(IDD);
Refresh command every tRFC = tRFC(IDD) interval; 12345

IDD5B . — . 160 145 135 mA RN
CKE is HIGH, CSis HIGH between valid commands; 6
Other control and address inputs are SWITCHING;
Data bus inputs are SWITCHING.
Distributed Refresh Current
tCK = tCK(IDD);
Refresh command every tREFI =7 . & interval; 12345

IDD5D . = ) 15 15 15 mA T
CKE is LOW, CS s HIGH between valid commands; 6
Other control and address inputs are SWITCHING;
Data bus inputs are SWITCHING.
Self Refresh Current

IDD6 CKE 00.2 V, external clock off, CLK and CLK at0V; 10 10 10 mA | 12345,
Other control and address inputs are FLOATING; 6,7
Data bus inputs are FLOATING. (TCASE 085°C)
Operating Bank Interleave Read Current
All bank interleaving reads, IOUT = OmA,;
BL = 4, CL = CL(IDD), AL = tRCD(IDD) - 1 X tCK(IDD);
tCK = tCK(IDD), tRC = tRC(IDD), tRRD = tRRD(IDD), tFAW

IDD7 = tFAW(ID(D), t)RCD = tRCD((IDD)); oo 190 170 150 mA 1'2'?&'4’5’
CKE is HIGH, CSis HIGH between valid commands;
Address bus inputs are STABLE during deselects;
Data Bus inputs are SWITCHING.

Notes:

1
2
3
4.
5
6

. VDD=18V +0.1V;VDDQ =1.8V + 0.1V.

. IDD specifications are tested after the device is properly initialized.
. Input slew rate is specified by AC Parametric Test Condition.

IDD parameters are specified with ODT disabled.

. Data Bus consists of DQ, DM, DQS, DQS, RDQS, RDQS.
. Definitions for IDD

LOW = Vin OVIL (ac) (max)

HIGH = Vin OVIH (ac) (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 not including masks or strobes.

The following IDD values must be derated (IDD limits increase), when TCASE O85°C |DD2P must be derated by 20 %;

IDD3P(slow) must be derated by 30 % and IDD6 must be derated by 80 %. (IDD6 will increase by this amount if TCASE < 85°C
and the 2X refresh option is still enabled)
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