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1. FEATURES
The 512-Mbit DDR2 SDRAM offers the following key features:
1.1.8V£0.1V Power Supply
2.1.8V+0.1V (SSTL_18) compatible I/O
3. DRAM organizations with 4, 8 and 16 data in/outputs
4. Double Data Rate architecture: two data transfers per clock cycle, four internal banks for concurrent
operation
5. CAS- Latency: (2),3,4and 5
6. Burst Length: 4 and 8
7. Differential clock inputs (CK and !CK)
8. Bi-directional, differential data strobes (DQS and 'DQS) are transmitted / received with data. Edge aligned
with read data and center-aligned with write data.
9. DLL aligns DQ and DQS transitions with clock
10. 'DQS - can be disabled for single-ended data strobe operation
11. Commands entered on each positive clock edge, data and data mask are referenced to both edges of DQS
12. Data masks (DM) for write data
13. Posted CAS by programmable additive latency for better command and data bus efficiency
14. Off-Chip-Driver impedance adjustment (OCD) and On-Die-Termination (ODT) for better signal quality.
15. Auto-Precharge operation for read and write bursts
16. Auto-Refresh, Self-Refresh and power saving
17. Power-Down modes
18. Average Refresh Period 7.8 us
19. Full and reduced Strength Data-Output Drivers
20. 1K page size for x4 & %8, 2K page size for x16
21. Packages: P-TFBGA-60 for x4 & x8 components P-TFBGA-84 for x16 components
RoHS Compliant Products

Table 1 High Performance DDR2-667D

Product Type Speed Code -3 Unit
Speed Grade DDR2-667D 5-5-5 —
max. Clock Frequency CL5 fexs 333 MHz
CL4 foxa 266 MHz
CL3 foya 200 MHz
min. RAS-CAS-Delay trep 15 ns
min. Row Precharge Time tee 15 ns
min. Row Active Time tras 45 ns
min. Row Cycle Time tec 60 ns
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Table 2 High Performance for DDR2—400B and DDR2-533C

Product Type Speed Code —3.7 —5 Unit
Speed Grade DDR2-533C 4-4-4 DDR2-400B 3-3-3 —
max. Clock Frequency CL5 fos 266 P00 MHz
CL4 foxa P66 200 MHz
CL3 foca 20O 200 MHz
min. RAS-CAS-Delay trep (5 15 ns
min. Row Precharge Time trp (L5 15 ns
min. Row Active Time tras A5 40 ns
min. Row Cycle Time tec 60 55 ns

2. Description

The 512-Mb DDR2 DRAM is a high-speed Double-Data-Rate-2 CMOS Synchronous DRAM device containing
536,870,912 bits and internally configured as a quad-bank DRAM. The 512-Mb device is organized as either 32
Mbit x 4 /O x 4 banks, 16 Mbit x 8 I/O x 4 banks or 8 Mbit x 16 1/0 x 4 banks chip. These synchronous devices
achieve high speed transfer rates starting at 400 Mb/sec/pin for general applications.

The device is designed to comply with all DDR2 DRAM key features:
1. posted CAS with additive latency,

2. write latency = read latency - 1,

3. normal and weak strength data-output driver,

4. Off-Chip Driver (OCD) impedance adjustment

5. On-Die Termination (ODT) function.

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 (CK rising and ICK falling). All 1/Os are synchronized with a
single ended DQS or differential DQS-!DQS pair in a source synchronous fashion.

A 16-bit address bus for x4 and x8 organized components and a 15-bit address bus for x16 components is used
to convey row, column and bank address information in a RAS-CAS multiplexing style.

The DDR2 device operates with a 1.8 V £ 0.1 V power supply. An Auto-Refresh and Self-Refresh mode is
provided along with various power-saving power-down modes.

The functionality described and the timing specifications included in this data sheet are for the DLL Enabled
mode of operation. The DDR2 SDRAM is available in P-TFBGA package.



Table 3

Ordering Information for ROHS compliant products

Part Number Org Speed CAS1)RCD2)RP Clock CAS1)RCD2)RPClock Package

3) Latencies (MHz) B) Latencies MHz)
PT3216BG-5 x16 DDR2-400 B-3-3 200 |— - P-TFBGA-84
PT6408BG-3.7 x8 DDR2-533 4-4-4 266 B-3-3 200 P-TFBGA-60
PT3216BG-3.7 x16 P-TFBGA-84
PT6408BG-3 x8 DDR2-667 5-5-5 333  4-4-4 266  P-TFBGA-60
PT3216BG-3 x16 P-TFBGA-84

1) CAS: Column Address Strobe
2) RCD: Row Column Delay
3) RP: Row Precharge

3. Pin Configuration

The pin configuration of a DDR2 SDRAM is listed by function in Table 4. The abbreviations used in the Pin
No./Buffer Type columns are explained in Table 5 and Table 6 respectively. The pin numbering for the FBGA
package is depicted in Figure 1 for x4, Figure 2 for x8 and Figure 3 for x16.

Table 4 Pin Configuration of DDR SDRAM
Pin No. Name Pin Type [Buffer Type Junction
Clock Signals x4/x8 organizations
E8 CK I SSTL Clock Signal CK, Complementary Clock Signal !CK
F8 ICK I SSTL
F2 CKE I SSTL Clock Enable
Control Signals x4/x8 organizations
F7 RAS I SSTL Row Address Strobe (RAS), Column Address Strobe
a7 CAS | SSTL (CAS), Write Enable (WE)
F3 WE I SSTL
G8 CSs I SSTL Chip Select
Address Signals x4/x8 organizations
G2 BAO I SSTL Bank Address Bus 1:0
G3 BA1l I SSTL
H8 A0 I SSTL Address Signal 12:0, Address Signal 10/Autoprecharge
H3 Al I SSTL
H7 A2 I SSTL
J2 A3 I SSTL
Jg Ad I SSTL
J3 A5 I SSTL
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J7 A6 I SSTL
K2 A7 I SSTL
K8 A8 I SSTL
K3 A9 I SSTL
H2 A10(AP) I SSTL
K7 All I SSTL
L2 Al12 I SSTL
L8 Al13 I SSTL Address Signal 13 for 512Mbit
Data Signals x4/x8 organizations
cs8 DQO 110 SSTL Data Signal 7:0
C2 DQ1 I/O SSTL
D7 DQ2 le] SSTL
D3 DQ3 I/O SSTL
D1 DQ4 le] SSTL
D9 DQ5 I/0 SSTL
B1 DQ6 le] SSTL
B9 DQ7 I/0 SSTL
Data Strobe x4 organizations
B7 DQS /0 SSTL Data Strobe
A8 IDQS I/O SSTL
Data Strobe x8 organizations
B3 RDQS /0 SSTL Read Data Strobe
A2 IRDQS I/0 SSTL
Data Mask x4/ x 8 organizations
B3 DM I SSTL Data Mask

Power Supplies x4/x8 org

anizations

E2 VRer Al - I/0 Reference Voltage
El VoL PWR - Power Supply
E9,H9,L1 Vob PWR -
E7 VssoL PWR -
J1,K9 Vss PWR -

Not Connected

x4/x8 organizations

G1, L3,L7,L8

NC NC

Not Connected

Not Connected

x4 organization

A2, B1, B9,
D1, D9

NC NC

Not Connected

Other Pins x4/x8 organizations
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F9 . ODT | [ | SSTL On-Die Termination Control
Clock Signals x16 organization

J8 CK I SSTL Clock Signal CK, Complementary Clock Signal !CK

K8 ICK I SSTL

K2 CKE I SSTL Clock Enable
Control Signals x16 organization

K7 RAS I SSTL Row Address Strobe (RAS), Column Address Strobe

L7 CAS | SSTL (CAS), Write Enable (WE)

K3 WE I SSTL

L8 Cs I SSTL Chip Select
Address Signals x16 organization

L2 BAO I SSTL Bank Address Bus 1:0

L3 BA1 I SSTL

M8 A0 I SSTL Address Signal 12:0, Address Signal 10/Autoprecharge

M3 Al I SSTL

M7 A2 I SSTL

N2 A3 I SSTL

N8 A4 I SSTL

N3 A5 I SSTL

N7 A6 I SSTL

P2 A7 I SSTL

P8 A8 I SSTL

P3 A9 I SSTL

M2 A10(AP) I SSTL

P7 All I SSTL

R2 Al12 I SSTL
Data Signals x16 organization

G8 DQO 110 SSTL Data Signal 15:0

G2 DQ1 le] SSTL

H7 DQ2 110 SSTL

H3 DQ3 110 SSTL

H1 DQ4 I/10 SSTL

H9 DQ5 110 SSTL

F1 DQ6 I/10 SSTL

F9 DQ7 110 SSTL

Ccs8 DQ8 I/10 SSTL

C2 DQ9 110 SSTL

D7 DQ10 I/10 SSTL

D3 DQ11 110 SSTL

D1 DQ12 I/10 SSTL

D9 DQ13 110 SSTL
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B1 DQ14 I/0 SSTL
B9 DQ15 /10 SSTL
Data Strobe x16 organization
B7 ubDQS /10 SSTL Data Strobe Upper Byte
A8 1UDQS I/0 SSTL
F7 LDQS /10 SSTL Data Strobe Lower Byte
E8 ILDQS I/0 SSTL
Data Mask x16 organization
B3 UDM I SSTL Data Mask Upper Byte
F3 LDM I SSTL Data Mask Lower Byte
Power Supplies x16 organization
J2 VRer Al - I/0 Reference Voltage
E9, G1, G3, Vbbo PWR - I/O Driver Power Supply
G7, G9
J1 VoL PWR - Power Supply
E1,J9, M9, R1| Vpp PWR -
E7, F2,F8, H2,| Vggo PWR - I/O Driver Power Supply
H8
J7 VsspL PWR - Power Supply
J3,N1,P9 Vss PWR -
Not Connected x16 organization
A2, E2, L1, R3 NC NC - Not Connected
R7, R8
Other Pins x16 organization
K9 oDT | SSTL On-Die Termination Control

Power Supplies x4/x8/ x 16 organizations

A9,C1,C3,C7, | Vppo PWR - I/O Driver Power Supply
C9
Al Vob PWR - Power Supply
A7,B2,B8,D2, Vsso PWR - I/O Driver Power Supply
D8
A3,E3 Vss PWR - Power Supply




4, TFBGA Ball Out Diagrams
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1 2 3
Voo | NC Ve
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NG |NC,A13

WPPT O

Figure1  Pin Configuration for =4 components, P-TFBGA-80 (top view)

Notes

1. VopLand Vssp. are power and ground for the DLL.They are isolated on the device from Vpp,

VDDQ' Vss, and VSSQ

2. Ball position L8 is A 13 for 512-Mbit and is Not Connected on 256-Mbit
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1 2 3
Voo |pes| Ve
DOE | Vo |piies
Yoo | DO | Voo
D04 | Vg | DO3
VoL | Yeer | Ve

CKE | WE

NG | BAD | BA1
piaR| A1

Ves | A3 | as
A7 | Ag

Vo | m12 [ NE

7 8 8
Veen | OB | Voo
oo | Ve, | DO?
Voo | DGO | Yoo
oa2 | Ven | DOS
Mo | CK Voo
FAS | TR | oDT
CAS | TS

Az &0 ¥
AB Ad
A11 | A8 Veg
(T (R

SAPP T

Figure 2 Pin Configuration for <8 components, P-TFBGA-S0 {top view)

Notes

1. RDQS /'RDQS are enabled by EMRS(1) command.

2. If RDQS / 'RDQS is enabled, the DM function is disabled

3. When enabled, RDQS & !RDQS are used as strobe signals during reads.

4. Vpp and Vgp, are power and ground for the DLL. They are isolated on the device from Vpp, Vooa: Vss

and VSSQ-

5. Ball position L8 is A 13 for 512-Mbit and is Not Connected on 256-Mbit.

10
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[ 4 Wiz LD 3 LR35 Vegn ey B
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D06 Vesn LA F Tesis Vazny L]
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4 i r 411 AB 4T
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PP TOI20

Figure 3 Pin Configuration for 16 components, P-TFBGA-84 {top view)

Notes

1. UDQS/MUDQS is data strobe for DQ[15:8], LDQS/!LDQS is data strobe for DQ[7:0]

2. LDM is the data mask signal for DQ[7:0], UDM is the data mask signal for DQ[1 5:8]

3. VppL and Vppg, are power and ground for the DLL. They are isolated on the device from Vpp, Vppg, Vss

and VSSQ-

11
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Block Diagrams
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Block Diagram 8 Mbit x 16 1/0 x16 Internal Memory Banks
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6. FUNCTIONAL DESCRIPTION
6.1 Simplified State Diagram

Initialization CKEL
Sequence
Self
OCD
calibration Refresh
CKEH
REF _
» Refreshing
CKEL

—  Automatic Sequence
— Command Sequence

Write Read

Reading with
AP

Precharging

MPFTO040

15
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6.2 Basic Functionality

Read and write accesses to the DDR2 SDRAM are burst oriented; accesses start at a selected location and
continue for the burst length of four or eight in a programmed sequence.

Accesses begin with the registration of an Activate command, which is followed by a Read or Write command.
The address bits registered coincident with the activate command are used to select the bank and row to be

accessed.

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 description and device operation.

6.3 Power On and Initialization

DDR2 SDRAM 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. Apply power and attempt to maintain CKE below 0.2 x Vppoand ODT at a low state (all other inputs may be
undefined). To guarantee ODT off, Vrer must be valid and a low level must be applied to the ODT pin.
Maximum power up interval for Vo / Vppg is specified as 20.0 ms. The power interval is defined as the
amount of time it takes for Vpp / Vobpg to power-up from 0 V to 1.8 V = 100 mV. At least one of these two sets
of conditions must be met:

Vbp, VoL @and Vppq are driven from a single power converter output, AND

Vrris limited to 0.95 V max, AND

Vger tracks Vpp/2
or

Apply Vpp before or at the same time as Vpp, .

Apply Voo before or at the same time as Voppg.

Apply Vopg before or at the same time as V1 & Vger

Start clock (CK, !CK) and maintain stable power and clock condition for a minimum of 200 ps.
Apply NOP or Deselect commands and take CKE high.

Continue NOP or Deselect Commands for 400 ns, then issue a Precharge All command.
Issue EMRS(2) command.

Issue EMRS(3) command.

Issue EMRS(1) command to enable DLL.

Issue a MRS command for DLL reset .

© © N o g b~ DN

Issue Precharge-all command.
10. Issue 2 or more Auto-refresh commands.

11. Issue the final MRS command to turn the DLL on and to set the necessary operating parameter.

16
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12. At least 200 clocks after step 8, issue EMRS(1) commands to either execute the OCD calibration or select the
OCD default. Issue the final EMRS(1) command to exit OCD calibration mode and set the necessary
operating parameters.

13. The DDR2 SDRAM is now ready for normal operation.

CH
CK r _ e e oy T T Ay A Y e, Ay ST e e U N e e T T
ICK ) - I\ | A I, Af o o [ W I W A W [ I _—
s
I 1 I I 1 1 I 1 I I 1 1 I 1 I I 1 1 I 1 1 I 1 I
I ! ! I I ! I ! ! I I ! I ! ! I I ! I I ! I !

CKE

L 1
L

I

— RS X D L%

MRD
1 1 1 p | TolowOCD [
BLL ({ minzo0cpte (L
DLL RESET och ocD
ENABLE Default CAL, MODE
EXTT

Figure 8 Initialization Sequence after Power up

6.4 Mode Register and Extended Mode Registers

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, additive CAS latency, driver impedance, On Die Termination (ODT), single-ended strobe and
Off Chip Driver impedance adjustment (OCD) 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, 2, 3)) can be altered by re-executing
the MRS and EMRS Commands. If the user chooses to modify only a subset of the MR or EMR variables, all
variables must be redefined when the MRS or EMRS commands are issued.

After initial power up, all MRS and EMRS Commands must be issued before read or write cycles may begin. All
banks must be in a precharged state and CKE must be high at least one cycle before the Mode Register Set
Command can be issued. Either MRS or EMRS Commands are activated by the low signals of CS, RAS, CAS
and WE at the positive edge of the clock. When both bank addresses BA[1:0] are 0, the DDR2 SDRAM enables
the MRS command. When the bank addresses BAO is 1 and BAlis 0, the DDR2 SDRAM enables the EMRS(1)
command. The address input data during this cycle defines the parameters to be set as shown in the MRS and
EMRS tables. A new command may be issued after the mode register set command cycle time (tygp)-

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

6.5 DDR2 SDRAM Mode Register Set (MRS)

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 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, BA[1:0], while
controlling the state of address pins A[13:0]. The DDR2 SDRAM should be in all bank precharged (idle) mode
with CKE already high prior to writing into the mode register. The mode register set command cycle time (twrp) IS
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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
precharged state. 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 length. Burst address sequence type is defined by
A3 and CAS latency is defined by A[6:4]. A7 is used for test mode and must be set to O for normal DRAM
operation. A8 is used for DLL reset. A[11:9] are used for write recovery time (WR) definition for Auto-Precharge
mode. With address bit A12 two Power-Down modes can be selected, a standard mode” and a “Iow-power"
Power-Down mode, where the DLL is disabled. Address bit A13 and all ‘higher address bits have to be set to 0
for compatibility with other DDR2 memory products with higher memory densities.

Table 8 Mode Register Definition (BA[2:0] = 000B)

Field |Bits [Type" Description

BA2 16 reg. addr. Bank Address [2]
Note:  BA2 not available on 256 Mbit and 512 Mbit components

Os BA2, Bank Address
BA1 15 Bank Address [1]
Os BA1, Bank Address
BAO 14 Bank Address [0]
Os BAO, Bank Address
A3 13 Address Bus[13]
Note: A 13 is not available for 256 Mbit and x16 512 Mbit configuration
Os A13, Address bit 13
PD 12 w Active Power-Down Mode Select
Os PD, Fast exit
1s PD, Slow exit

WR [11:9] w . 2)
Write Recovery

Note: All other bit combinations are illegal.

001y WR,2
010 WR,3
011; WR,4
100 WR,5
101s WR, 6
DLL 8 w DLL Reset
Os DLL, No
1s DLL, Yes
™ ’ w Test Mode
Os TM, Normal Mode
1s TM, Vendor specific test mode
CL [6:4] W CAS Latency
Note: All other bit combinations are illegal.
010g CL,2
011 CL,3
1005 CL,4
101; CL,5
110g  CL,6
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BT 3 w Burst Type
Og BT, Sequential
1 BT, Interleaved
BL [2.0] w Burst Length
Note: All other bit combinations are illegal.
010s BL,4
011; BL,8

1) w = write only register bits

2) Number of clock cycles for write recovery during auto-precharge. WR in clock cycles is calculated by dividing
twr (in NS) by tex (in ns) and rounding up to the next integer: WR [cycles]=tyg (nS) / tcx (NS). The mode
register must be programmed to fulfill the minimum requirement for the analogue tyg timing WRy,y is
determined by tck max and WRwax is determined by tekmin

6.6 DDR2 SDRAM Extended Mode Register Set (MRS)

The Extended Mode Register EMR(1) stores the data for enabling or disabling the DLL, output driver strength,
additive latency, OCD program, ODT, DQS and output buffers disable, RQDS and RDQS enable. The default value
of the extended mode register EMR(1) is not defined, therefore the extended mode register must be written after
power-up for proper operation. The extended mode register is written by asserting low on CS, RAS, CAS, WE, BA1l
and high on BAO, while controlling the state of the address pins

Table 9 Extended Mode Register Definition (BA[2:0] = 001B)

Field Bits [Type? Description

BA2 16 reg. addr. Bank Address [2]
Note: BA2 not available on 256 Mbit and 512 Mbit components

Og BA2, Bank Address

BAl 15 Bank Address [1]

Os BA1, Bank Address
BAO 14 Bank Address [0]

Og BAO, Bank Address
A13 13w Address Bus[13]

Note: A 13 is not available for 256 Mbit and x16 512 Mbit configuration
Og A13, Address bit 13

Qoff 12 Output Disable
Og QOff, Output buffers enabled
1lg QOff, Output buffers disabled

RDQS 11 Read Data Strobe Output (RDQS, RDQS)
Og RDQS, Disable
1lg RDQS, Enable

DQS 10 Complement Data Strobe (DQS Output)
Os DQS, Enable
1g DQS, Disable

OCD 9:7
[9:7] Off-Chip Driver Calibration Program
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Program 000g OCD, OCD calibration mode exit, maintain setting
001g OCD, Drive (1)

0105  OCD, Drive (0)

100 OCD, Adjust mode

111y  OCD, OCD calibration default

AL [5:3] Additive Latency
Note: All other bit combinations are illegal.
000y AL,O
001; AL, 1
0105 AL, 2
011s AL, 3
1008 AL, 4
101; AL,5
RTT 2,6 Nominal Termination Resistance of ODT

00g RTT, ~ (ODT disabled)
01y  RTT, 75 Ohm

10s  RTT, 150 Ohm

11s  RTT, 50 Ohm?

DIC 1 Off-chip Driver Impedance Control
Os DIC, Full (Driver Size = 100%)
lg DIC, Reduced

DLL 0 DLL Enable
Os DLL, Enable
1s DLL, Disable

1) w = write only register bits
2) optional for DDR2-400/533 & 667

A0 is used for DLL enable or disable. Al is used for enabling half-strength data-output driver. A2 and A6 enables
On-Die termination (ODT) and sets the Rtt value. A[5:3] are used for additive latency settings and A[9:7] enables
the OCD impedance adjustment mode. A10 enables or disables the differential DQS and RDQS signals, All
disables or enables RDQS. Address bit A12 have to be set to 0 for normal operation. With A12 set to 1 the
SDRAM outputs are disabled and in Hi-Z. 1 on BAO and 0 for BA1 have to be set to access the EMRS(1). A13
and all ‘higher” address bits have to be set to 0 for compatibility with other DDR2 memory products with higher
memory densities. Refer to Extended Mode Register Definition.

6.7 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 and reset upon exit of Self-Refresh operation. Any time the
DLL is 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 t,c or tpgsck parameters.

6.8 Output Disable (Qoff)

Under normal operation, the DRAM outputs are enabled during Read operation for driving data (Qoff bit in the
EMR(2) is set to 0). When the Qoff bit is set to 1, the DRAM outputs will be disabled. Disabling the DRAM outputs
allows users to measure Ipp currents during Read operations, without including the output buffer current and
external load currents.
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6.9 Single-ended and Differential Data Strobe Signals

Table 10 lists all possible combinations for DQS, 'DQS, RDQS, 'RQDS which can be programmed by A[11:10]
address bits in EMRS. RDQS and 'RDQS are available in x8 components only. If RDQS is enabled in x8
components, the DM function is disabled. RDQS is active for reads and don't care for writes.

Table 10 Single-ended and Differential Data Strobe Signals

EMRS(1) Strobe Function Matrix Signaling

All A10 RDQS/DM RDQS DQS DQS

(RDQS Enable) (DQS Enable)

0 (Disable) 0 (Enable) DM Hi-Z DQS DQS differential DQS signals

0 (Disable) 1 (Disable) DM Hi-Z DQS Hi-Z single-ended DQS signals
1 (Enable) 0 (Enable) RDQS IRDQS DQS DQS differential DQS signals

1 (Enable) 1 (Disable) RDQS Hi-Z DQS Hi-Z single-ended DQS signals

6.10 Extended Mode Register EMR(2)

The Extended Mode Registers EMR(2) and EMR(3) are reserved for future use and must be programmed when
setting the mode register during initialization. The extended mode register EMR(2) is written by asserting LOW on
CS, RAS, CAS, WE, BAO and HIGH on BA1, while controlling the states of the address pins. The DDR2 SDRAM
should be in all bank precharge with CKE already high prior to writing into the extended mode register. The mode
register set command cycle time (turp) Mmust be satisfied to complete the write operation to the EMR(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 precharge state.

Table 11 EMRS(2) Programming Extended Mode register Definition (BA[2:0]=010z)

Field [Bits Type®” Description

BA2 |16 reg.addr Bank Address[2]
Note: BA2 is not available on 256Mbit and 512Mbit components

Oe BA2, Bank Address

BA1 [15 Bank Address[1]

1s BAL, Bank Address
BAO (14 Bank Address|[0]

Os BAO, Bank Address
A [13:0] W Address Bus[13:0]

Note: A 13 is not available for 256 Mbit and x16 512 Mbit configuration
(0 A[13:0], Address bhits

1) w = write only
6.11 Extended Mode Register EMR(3)

The Extended Mode Register EMR(3) is reserved for future use and all bits except BAO and BA1 must be
programmed to O when setting the mode register during initialization. The EMRS(3) is written by asserting low on
CS, RAS, CAS, WE, BA2 and high on BAO and BA1, while controlling the state of the address pins.
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Table 12 EMR(3) Programming Extended Mode Register Definition (BA[2:0]=010z)

Field Bits Type" Description

BA2 16 reg.addr Bank Address|[2]
Note: BA2 is not available on 256Mbit and 512Mbit components

O BA2, Bank Address

BA1 15 Bank Address[1]
1s BAL, Bank Address
BAO 14 Bank Address[0]

1s BAO, Bank Address

A [13:0] W Address Bus[13:0]

Note: A 13 is not available for 256 Mbit and x16 512 Mbit configuration
Os A[13:0], Address bits

1) w = write only
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6.12 Off-Chip Driver (OCD) Impedance Adjustment

DDR2 SDRAM supports driver calibration feature and the flow chart below is an example of the 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 On Die Termination (ODT) should
be carefully controlled depending on system environment.

OCD Impedance Adjustment Flow Chart

m EMRS: OCD calibration mode exit

A }
EMRS: Drive (1) EMRS: Drive (0)
DQ & DQS High; DQS Low| DQ & DQS Low; DQS High
ALL OK
\Tesl
Need Calibration Need Calibration
Y
EMRS: OCD calibration mode exit EMRS: OCD calibration mode exit
: .
EMRS: EMRS:
Enter Adjust Mode Enter Adjust Mode
BL = 4 code input to all DQs BL = 4 code input to all DQs
Inc, Dec or NOP Inc, Dec or NOP
EMRS: OCD calibration mode exit EMRS: OCD calibration mode exit

Y
EMRS: OCD calibration mode exit

Note: MR should be set before entering OCD impedance adjustment and ODT should be carefully controlled
depending on system environment

MPFTQ020
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OCD impedance adjustment can be done using the following EMRS(1) mode. In drive mode all outputs are driven
out by DDR2 SDRAM and drive of RDQS is dependent on EMR(1) bit enabling RDQS operation. In Drive(1)mode,
all DQ, DQS (and RDQS) signals are driven HIGH and all DQS (and RDQS) signals are driven LOW. InDrive(0)
mode, all DQ, DQS (and RDQS) signals are driven LOW and all DQS (and RDQS) 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 conditions.
Output driver characteristics for OCD calibration default are specified in the following table. OCD applies only to
normal full strength output drive setting defined by EMR(1) and if half 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(1) commands not intended to adjust OCD characteristics must specify A[9:7] as 000 in order
to maintain the default or calibrated value.

Table 13 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 ('RDQS) low
0 1 0 Drive(0) DQ, DQS, (RDQS) low and !DQS ('RDQS) 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(1) command along with a 4 bit
burst code to DDR2 SDRAM as in the following table. 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.
DTO in the table 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
maximum step count range. When Adjust mode command is issued, AL from previously set value must be applied.

Table 14 Off-Chip-Driver Adjust Program

4 bit burst code inputs to all DQs Operation

DTO DT1 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 il 0 Decrease by 1 step NOP

0 il 0 0 NOP Increase by 1 step
1 0 0 0 NOP Decrease by 1 step
0 il 0 1 Increase by 1 step Increase by 1 step
0 il il 0 Decrease by 1 step Increase by 1 step
1 0 0 1 Increase by 1 step Decrease by 1 step
1 0 ik 0 Decrease by 1 step Decrease by 1 step
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For proper operation of adjust mode, WL = RL - 1 = AL + CL - 1 clocks and tps / ton should be met as shown in
figure. Input data pattern for adjustment, DT[0:3] is fixed and not affected by MRS addressing mode (i.e.
sequential or interleave) Burst length of 4 have to be programmed in the MRS for OCD impedance adjustment.

ox.c—}( "X \"X :’Y "X \"X_,\'X "X X"X )

CMD -(EMHSU})—( NOP H NOP H NOP >_( NOP ).( NOP )_< NOP )—(Emnsm )—( NOP >—
- tWFl

(rrr
.90.
nrra

mrra
.,,.
Crre
uvoc

|

«—iW i >

DQS_in i ;
apsiond f
DQ_in DTO l DTq XDTE ( DT3 } .
DM \ /g
OCD calibration ocot
TOCD adjust mode mod(la exit T

Drive Mode

Both Drive(1) and Drive(0) are used for controllers to measure DDR2 SDRAM Driver impedance before OCD
impedance adjustment. In this mode, all outputs are driven out toir after enter drive mode command and all
output drivers are turned-off toir after OCD calibration mode exit” command. See figure.

e XX OO e

CMD -(EMHSU) )—( NOP )—( NOP )—( NOP )—( NOP )—( EMRS(1) >—( NOP )—( NOP NOP >—

i : i ! ! | E
1 ! l != 1 L) ]
Das_in - ———(0as high & DGS ow for Diive(1), DQS low & DQS high for Diive 0 } ! E
E i i_DQS high for Drive(1) : H : ;
' T g G T 1 1 I
—+—K N ! ! l
DOS high for Drive(n H
pain . i ; T ; NS i i i
fEnter Drive Mode $OCD calibration

mode exit

6.13 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, DM for x4 and DQ, DQS, 'DQS, DM, RDQS (DM/RDQS share the same pin)
and 'RDQS for x8 configuration via the ODT control pin. IDQS and !RDQS are only terminated when enabled by
EMR(1).For x16 configuration ODT is applied to each DQ, UDQS, 'UDQS, LDQS, 'LDQS, UDM and LDM signal
via the ODT control pin. 'UDQS and LDQS are terminated only when enabled in the EMRS(1) by address bit
A10=0.
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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.

DRAM
Input
Buffer

VDDQ

sw1

Rval1

vDDQ

Rval2

vDDQ

Rval3

Input

— 41—

Rval1

VSSQ

Rval2

sw2

VSsQ

Pin

Rval3

sw3

— — T

ODT_funct2
VSssQ

Switch swl, sw2 or sw3 are enabled by the ODT pin. Selection between sw1, sw2 or sw3 is determined by ‘Rt
(nominal) in EMRS(1) address bits A6 & A2. Target: Rvall = Rval2 = Rval3 = 2 xRtt. The ODT pin will be
ignored if the Extended Mode Register (EMRS(1)) is programmed to disable ODT.
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ODT Truth Tables

The ODT Truth Table shows which of the input pins are terminated depending on the state of address bit A10 and
All in the EMRS(1) for all three device organizations (x4, x8 and x16). To activate termination of any of these
pins, the ODT function has to be enabled in the EMRS(1) by address bits A6 and A2.

Table 15 ODT Truth Table

Input Pin EMRS(1) EMRS(1)
Address Bit A10 Address Bit A11
x4 components
DQI[3:0] X
DQS X
IDQS 0 X
DM X
X8 components
DQJ[7:0] X
DQS X
IDQS 0 X
RDQS X 1
IRDQS 0 1
DM X 0
x16 components
DQJ[7:0] X
DQ[15:8] X
LDQS X
ILDQS 0 X
uUDQS X
IUDQS 0 X
LDM X
UDM X

Note: X = dont care; 0 = bit set to low; 1 = bit set to high
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ODT timing modes

Depending on the operating mode asynchronous or synchronous ODT timings apply. Asynchronous ODT
timings (taorro: taonen) @pPly when the on-die DLL is disabled. These modes are:

« Slow Exit Active Power Down Mode (with MRS bit A12 is set to 1)
* Precharge Power Down Mode

Synchronous ODT timings (taono, taorp, taon, taor) apply for all other modes.

To T T2 3 T4 Ts T6 v4 T8

_ A - r—- — 1= r—- i - r—- —
oo f_ K X O XX X
i i 1 i i i 1 i 1 i 1 i 1 h 1 i i
CKE = 1 i : i ] i 1 i ; E ] i : i 1 i :
b o b e L N
T 2 s s U T T T s« wll S AL A
oor : . = ! i 1 1 : 1 i 1 i 1 i 1 i 1
i : | g LAOND (2 tck) plg— i TAQED (2.5 tck) pi E i E : E !
A T T T S S S T TS B S T N
Tl owem N Rt T T T
R T T LA | S N [ S A R T
H ' i i i ' 1 l i —n |—+ l i l :
et o tAON(max) ' ' tADF(maX) : '
ooTH

Notes

1.Synchronous ODT timings apply for Active Mode and Standby Mode with CKE HIGH and for the “Fast Exit”
Active Power Down Mode (MRS bit A 12 set to “0”). In all these modes the on-die DLL is enabled.

2. ODT turn-on time (tyon.min) 1S When the device leaves high impedance and ODT resistance begins to turn
on.ODT turn on time max. (taon.max) is when the ODT resistance is fully on. Both are measured from taonp.

3.0DT turn off time min. (taxor min) iS When the device starts to turn off the ODT resistance.ODT turn off time max.
(taor.max) is when the bus is in high impedance. Both are measured from taoro.
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CK,CK

KoL)

T T

0 3

\ [ \ r ! i [ 1 \ ]

K o o _

S B [T T P R T B

’FL*

i iy : i ! i ! i ! i ! i ! i : i :
S e O i |

boP M 8 0 i b woreoma i : i

S Yo Y BN L : :
ba N N B ' ' N : !

¥ H | T ) 3 Rt p ] ] ]

i 1 MONPDin L T T ' ! '

Note: Asynchronous ODT timings apply for Precharge Power-Down Mode and ‘Slow Exit Active Power Down
Mode (MRS bit A 12 set to 1 ),where the on-die DLL is disabled in this mode of operation.

ODT timing mode switch

When entering the Power Down Modes Slow Exit Active Power Down and Precharge Power Down two additional
timing parameters (taneo and taxpp) define if synchronous or asynchronous ODT timings have to be applied.

Mode entry

As long as the timing parameter t,yepmn 1S Satisfied when ODT is turned on or off before entering these
power-down modes, synchronous timing parameters can be applied. If tyypp min iS NOt satisfied, asynchronous
timing parameters apply.
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T3 T2 T2
- 7_\ "‘f_U_\ /_X"‘ BESR
K, CK | S— '__f l._-l p— L__l | 1__,
P ; i ANPD (30 Joon b :
oKE 1 t L l ; ; T i ;*ti. 1 i : * ;
H N ' ' h : . ;
] 1 . 1 . I . 1 i H '
i ! b ! i ! ! '
ODT turn-off, tANPD >= 3 tck : ! : : ' ! ' : f
oor el 1] b i
; — ; Synchronous
— ; — i timings apply
RTT }
H . PR . H .
S M worp | ! !
ODT turn-off, tANPD <3 tck : : 1 : ; :
oot T T y:k—; i i i
i ' . L : X
! ; P : ! ; ;
. Asynchronous
T T T RT,I; ; T T >>>? timings apply
IR e
I 1 L] L] 1 L] 1
ODT turn-on, tANPD >= 3 tck : | . N . . i : !
] I ] I ]
Pof — i
oot T | tAOND : | : :
: ; : / RTT Synchronous
. . H : P . timings apply
h ] f 1 1 1
b P ; i ;
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1
i ! )r | tAONPDmlax | Lo
oot T v ) T : Asynchronous
= AL RTT__| timings apply
ODTO3

30



LD Pointec PT973216BG

Mode exit

As long as the timing parameter taxeo.mn is satisfied when ODT is turned on or off after exiting these power-
down modes, synchronous timing parameters can be applied. If taxpp vin iS NOt satisfied, asynchronous timing
parameters apply.

To T TS5 T6 T7 T8 To Ti0
RSN EaEeEn.
_ x h_A ).__l d_ }I‘___,\ ﬁ__;g __1
_ '; tAXPD _
l
ODT turn-off, tAXPD >= tAXPDmin: :st
Synchronous obT J’i
timings apply
Rit >
ODT turn-off, tAXPD < tAXPDmin: ; tAOFD
1S
Asynchronous opT _l:"' >
timings apply
Rit >>i >>I 22 j‘
1 T
ODT turn-on, tAXPD >= tAXPDmin: tAOFPDmax
Synchronous ts
timings apply alad
oDT JL
Ritt
t | tAOND|
IS
o
ODT turn-on, tAXPD < tAXPDmin: *_
Asynchronous opT ~ V4
timings apply \I< < <i< < Rtt
tAONPDmax
oDTOo4

31



L Pointec PT973216BG

6.14 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 BA[1:0] are used to select the desired bank. The row addresses A0 through
A13 are used to determine which row to activate in the selected bank for x4 and x8 organized components. For
x16 components row addresses A0 through A12 have to be applied. The Bank Activate command must be
applied before any Read or Write operation can be executed. Immediately after the bank active command, the
DDR2 SDRAM can accept a read or write command (with or without Auto-Precharge) on the following clock
cycle. If a R/W command is issued to a bank that has not satisfied the trco.min Specification, then additive latency
must be programmed into the device to delay the R/W command which is internally issued to the device. The
additive latency value must be chosen to assure trcomin 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 tzag and tgp, respectively. The
minimum time interval between successive Bank Activate commands to the same bank is determined by trc. The
minimum time interval between Bank Active commands to different banks is tggp.

T4

ox i /TU__\:X__X"LX"

Internal FIAS CAS delay tFICDmIn.
|1 T | H 1 H r .

i
Bank A Bank A Bank B Bank B
Address '(nowAd Col. Add) <Flow Col. Addr/

I
Barll( Ato Ba.rll( B delay tF’lFlDE i i

™ Tn+1 Tn+2 Th+3

X T

1
1
1
1

A NoP }_( Bank B
Addr. )-( Addr.

gl

I |Read A
i adgltlve Iatency AL_2. Begins

B

7] —
S

&

_< Bank A NOP Bank B} / Bank A
Prechar Precharge \ Ac’ttvate
1

A
z 2 1
L - tRP_Row Precharge Time (E_ank A]
Hl i [ I \\ Ll i 1 i ] 1 i
1 (39 tccq ot : ' : 1 ! ' i !
P i 1 > tAC Row Cycle Time (Bank A) ! _! H
1 [ 1
ACT

trep =3, AL =2, trp =3, trrp = 2
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6.15 Read and Write Commands and Access Modes

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
wide variety of fast access modes. A single Read or Write Command will initiate a serial read or write operation
on successive clock cycles at data rates of up to 533 Mb/sec/pin for main memory. The boundary of the burst
cycle is restricted to specific segments of the page length.

For example, the 32 Mbit x4 1/0 x 4Bank chip has a page length of 2048 bits (defined by CA[11, 9:0]).

In case of a 4-bit burst operation (burst length = 4) the page length of 2048 is divided into 512 uniquely
addressable segments (4-bits x 4 1/O each). The 4-bit burst operation will occur entirely within one of the 512
segments (defined by CA[8:0]) starting with the column address supplied to the device during the Read or Write
Command (CA[11, 9:0]). The second, third and fourth access will also occur within this segment, however, the
burst order is a function of the starting address, and the burst sequence.

In case of a 8-bit burst operation (burst length = 8) the page length of 2048 is divided into 256 uniquely
addressable segments (8-bits x 4 I/O each). The 8-bit burst operation will occur entirely within one of the 256
segments (defined by CA[7:0]) beginning with the column address supplied to the device during the Read or Write
Command (CA[11, 9:0]).

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

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

Burst interruption is allowed with 8 bit burst operation. For details see Chapter 6.20
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6.16 Posted CAS

Posted CAS operation is supported to make command and data bus efficient for sustainable bandwidths in DDR2
SDRAM. In this operation, the DDR2 SDRAM allows a Read or Write command to be issued immediately after
the bank activate command (or any time during the RAS to CAS delay time, tgcp period). The command is held
for the time of the Additive Latency (AL) before it is issued inside the device. The Read Latency (RL) is the sum
of AL and the CAS latency (CL). Therefore if a user chooses to issue a Read/Write command before the tgcp pins
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).
If a user chooses to issue a Read command after the tycp v PErIOd, the Read Latency is also defined as RL =

AL + CL.
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6.17 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 the addresses A[2:0] of the MR. The burst
type, either sequential or interleaved, is programmable and defined by the address bit 3 (A3) of the MR.
Seamless burst read or write operations are supported. Interruption of a burst read or write operation is prohibited,
when burst length = 4 is programmed. For burst interruption of a read or write burst when burst length = 8 is used,
see Chapter 6.21. A Burst Stop command is not supported on DDR2 SDRAM devices.

Table 16 Burst Length and Sequence

Burst Length Starting Address Sequential Addressing  [nterleave Addressing
(A2 A1 AO) (decimal) (decimal)
4 00 0,1,2,3 0,1,23
01 1, 2,30 1,0,3,2
10 2,301 2,301
11 3,0,1,2 3,210
8 000 0,123, 4,5,6,7 0,1,23,4,5,6,7
001 1, 2,30, 56,7, 4 1,0,3,2,5,4,7,6
010 2,301, 6,7,4,5 2,3,01,6,7,4,5
011 3,0,1,2 7,4,5,6 3,2,10,7,6,5/4
100 4,5,6,7,0,1,2, 3 4,5,6,7,0,1,2,3
101 56,7,4,1,23,0 5 4,7,6,1,0, 3,2
110 6,7,4,5 2,30, 1 6,7,4,5, 2,301
111 7,4,5,6, 3,0,1, 2 7,6,5/4,3,2,1,0
Notes

1. Mb x 4 organization (CA [9:0], CAl1l); Page Size = 1 kByte; Page Length = 2048
64Mb x 8 organization (CA[9:0]); Page Size = 1 kByte; Page Length = 1024
32Mb x 16 organization (CA[9:0]); Page Size = 2 kByte; Page Length = 1024
2. Order of burst access for sequential addressing is ‘nibble-based and therefore different from SDR or DDR

components
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6.18 Read Command

The 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 until the data from the first cell appears on the outputs is equal to the value of the read latency (RL).
The data strobe output (DQS) is driven LOW one clock cycle before valid data (DQ) is driven onto the data bus.
The first bit of the burst is synchronized with the rising edge of the data strobe (DQS). Each 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 Set (EMRS(1)).
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The minimum time from the read command to the write command is defined by a read-to-write turn-around time,
which is BL/2 + 2 clocks.
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The seamless read operation is supported by enabling a read command at every BL / 2 number of clocks. This
operation is allowed regardless of same or different banks as long as the banks are activated.
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RL =3, AL =0, CL = 3, BL = 8 (non interrupting)

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

The 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) has to be driven LOW (preamble) a
time typre 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 tposs 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. 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
named write recovery time” (twg) and is the time needed to store the write data into the memory array. tw is an
analog timing parameter and is not the programmed value for WR in the MRS.
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The minimum number of clocks from the write command to the read command is (CL - 1) +BL/2 + twrr, Where twrr

is the write-to-read turn-around time tytr expressed in clock cycles. The twrr is not a write recovery time (twr) but
the time required to transfer 4 bit write data from the input buffer into sense amplifiers in the array.
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The seamless write operation is supported by enabling a write command every BL/2 number of clocks. This
operation is allowed regardless of same or different banks as long as the banks are activated.
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RL = 3, WL =2, BL = 8, non interrupting

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

activated.
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6.20 Write Data Mask

One write data mask input (DM) for x4 and x8 components and two write data mask inputs (LDM, UDM) for x16
components are supported on DDR2 SDRAM'’s, consistent with the implementation on DDR SDRAM’s. 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 system timing. Data mask is not used during read cycles. If DM
is HIGH during a write burst coincident with the write data, the write data bit is not written to the memory. For x8
components the DM function is disabled, when RDQS / 'RDQS are enabled by EMRS(1).
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6.21 Burst Interruption

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

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

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

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

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

5. Read or Write burst interruption is allowed to any bank inside the DDR2 SDRAM.
6. Read or Write burst with Auto-Precharge enabled is not allowed to be interrupted.
7. Read burst interruption is allowed by a Read with Auto-Precharge command.
8. Write burst interruption is allowed by a Write with Auto-Precharge command.

9. All command timings are referenced to burst length set in the mode register. They are not referenced to the
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). Minimum Write to
Precharge timing is WL + BL/ 2 + t\y, Where t, starts with the rising clock after the un-interrupted burst end
and not from the end of the actual burst end.
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6.22 Precharge Command

The Precharge Command is used to precharge or close a bank that has been activated. The Precharge
Command 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. 3 address
bits A10, BA[1:0] are used to define which bank to precharge when the command is issued.

Table 17 Bank Selection for Precharge by Address Bits
A10 BAl BAO Precharge Bank(s)
0 0 0 Bank 0 only
0 0 1 Bank 1 only
0 il 0 Bank 2 only
0 il 1 Bank 3 only
1 Don't Care Dont Care all banks

Note: The bank address assignment is the same for activating and pre charging a specific bank.

6.22.1 Read Followed by a Precharge

The following rules apply as long as the tgzp timing parameter - Internal Read to Precharge Command delay time
- is less or equal two clocks, which is the case for operating frequencies less or equal 266 MHz (DDR2 400 and
533 speed sorts).

Minimum 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, as long as the minimum tras timing is satisfied

The term (tzrp - 2xtcy) is O clocks for operating frequencies less or equal 266 MHz (DDR2-400 and DDR2-533
product speed sorts). The term (trtp - 2xtck) is one clock for frequencies higher then 266 MHz (DDR2-667 speed
sort).

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

1.The RAS precharge time (tgp) has been satisfied from the clock at which the precharge begins.

2.The RAS cycle time (trc.min) from the previous bank activation has been satisfied.
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6.22.2 Write followed by Precharge

Minimum Write to Precharge command spacing to the same bank = WL + BL/2 + t,r. 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 (tyg) referenced from the completion of the burst write to the
Precharge command. No Precharge command should be issued prior to the twr delay, as DDR2 SDRAM does

not support any burst interrupt by a Precharge command. tyr is an analog timing parameter and is not the
programmed value WR in the MR.
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6.23 Auto-Precharge Operation

Before a new row in an active bank can be opened, the active bank must be precharged using either the
Pre-charge Command or the Auto-Precharge function. When a Read or a Write Command is given to the DDR2
SDRAM, the CAS timing accepts one extra address, column address A10, to allow the active bank to
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 enabled. During Auto-Precharge, a Read Command will execute as
normal with the exception that the active bank will begin to precharge internally on the rising edge which is CAS
Latency (CL) clock cycles before the end of the read burst. Auto-Precharge is also implemented for Write
Commands. The Precharge operation engaged by the Auto-Precharge command will not begin until the last data
of the write burst 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 so that the Auto-Precharge command may be issued with
any read or write command.

6.23.1 Read with Auto-Precharge

If A10 is 1 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 trasmin and trre are satisfied. If tras.min IS NOt satisfied at the edge, the start point of
Auto-Precharge operation will be delayed until tgas \n 1S Satisfied. If tzrp v IS NOt satisfied at the edge, the start
point of Auto-Precharge operation will be delayed until tzrp \ IS Satisfied.

In case the internal precharge is pushed out by trrp, trp Starts at the point where the internal precharge happens
(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 + trrp + trp. For BL = 8 the time from Read with
Auto-Precharge to the next Activate command is AL + 2 + tryp + trp. Note that (tzrp + trp) has to be rounded up
to the next integer value. In any event internal precharge does not start earlier than two clocks after the last 4-bit
prefetch.

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

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

2. The RAS cycle time (trc) from the previous bank activation has been satisfied.
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6.23.2 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 write burst plus the write recovery
time delay (WR), programmed in the MRS register, as long as tz,s Iis satisfied. The bank undergoing
Auto-Precharge from the completion of the write burst may be reactivated if the following two conditions are
satisfied.

1. The last data-in to bank activate delay time (t; o, = WR +1tzp) has been satisfied.
2. The RAS cycle time (trc) from the previous bank activation has been satisfied.

In DDR2 SDRAM's the write recovery time delay (WR) has to be programmed into the MRS mode register. As
long as the analog twr timing parameter is not violated, WR can be programmed between 2 and 6 clock cycles.
Minimum Write to Activate command spacing to the same bank = WL + BL/2 + tDAL
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6.23.3 Read or Write to Precharge Command Spacing Summary

The following table summarizes the minimum command delays between Read, Read w/AP, Write, Write w/AP to the
Precharge commands to the same banks and Precharge-All commands.

Table 18 Minimum Command Delays

From Command  [To Command Minimum Delay between ‘From  Unit  Note
Command to “To Command’
READ PRECHARGE (to same banks as AL + BL/2 + max(tgre, 2) - 2Xtck tex a
READ)
PRECHARGE-ALL AL +BL/2 + max(fare, 2) - 2%tex tex
READ w/AP PRECHARGE (to same banks as AL + BL/2 + max(tare, 2) - 2Xtex tex >
READ W/AP)
PRECHARGE-ALL AL + BL/2 + maX(trrp, 2) - 2xtck tex b2
WRITE PRECHARGE (to same banks as WL +BL/2 + tyr tex i
WRITE)
PRECHARGE-ALL WL + BL/2 + tyg tex D
WRITE W/AP PRECHARGE (to same banks as WL +BL/Z +WR o [
WRITE w/AP)
PRECHARGE-ALL WL + BL/2 + WR tec D
PRECHARGE PRECHARGE (to same banks as 1 tex i
PRECHARGE)
PRECHARGE-ALL 1 tex i
PRECHARGE-ALL PRECHARGE 1 tex i
PRECHARGE-ALL 1 tex i

1) RU{tgp(ns) / te(ns)} must be used, 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 tzp,all
depending on the latest precharge command issued to that bank

6.23.4 Concurrent Auto-Precharge

DDR2 devices support the Concurrent Auto-Precharge’ feature. A Read with Auto-Precharge enabled, or a Write
with Auto-Precharge enabled, may be followed by any command to the other bank, as long as that command
does not interrupt the read or write data transfer, and all other related limitations (e.g. contention between Read
data and Write data must be avoided externally and on the internal data bus). The minimum delay from a Read or
Write command with Auto-Precharge enabled, to a command to a different bank, is summarized in the
Command Delay Table. As defined, the WL = RL - 1 for DDR2 devices which allows the command gap and
corresponding data gaps to be minimized.

53



LD Pointec PT973216BG

Table 19 Command Delay Table

From Command | To command (different bank, Minimum Delay with Concurrent Auto- (Unit  |Note
non-interrupting command) Precharge Support

WRITE W/AP Read or Read w/AP CL -1) + (BL/2) + twrr te

Write or Write w/AP BL/2 tck

P recharge or Activate il tck i
Read w/AP Read or Read W/AP BL/2 te

Write or Write w/AP BL/2 + 2 tck

P recharge or Activate il tc k Y

This rule only applies to a selective Precharge command to another bank, a Precharge-All command is illegal
6.24 Refresh

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.

6.24.1 Auto-Refresh Command

Auto-Refresh is used during normal operation of the DDR2 SDRAM'’s. 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 "don’t care” during an Auto-Refresh command. The DDR2 SDRAM
requires Auto-Refresh cycles at an average periodic interval of trerimax. When CS, RAS and CAS are held LOW
and WE HIGH at the rising edge of the clock, the chip enters the Auto-Refresh mode. All banks of the SDRAM
must be precharged and idle for a minimum of the precharge time (tgzp) before the Auto-Refresh Command can
be applied. An internal address counter supplies the addresses during the refresh cycle. No control of the
external address bus is required once this cycle has started.

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

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

SDRAM, meaning that the maximum absolute interval between any Auto-Refresh command and the next
Auto-Refresh command is 9 x tgep,.

TO T T2 T3
_ VT =7 T T ~
o f_ XKL b AL A
high' 1 P

CKE

>=tpp

AUTO AUTO
CMD-(Pracharga)—( NOP }-( NOP )'(REFRESH)‘( NOP ‘(FIEFRESH

= i T

: i i i | | i
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6.24.2 Self-Refresh Command

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. The Self-Refresh Command is defined by having CS,
RAS, CAS and CKE held LOW with WE HIGH at the rising edge of the clock. The device must be in idle state
and ODT must be turned off before issuing Self Refresh command, by either driving ODT pin LOW or using
EMRS(1) 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 control
signals, except CKE, are “don’t care”. The DRAM initiates a minimum of one Auto Refresh command internally
within tcke period once it enters Self Refresh mode. The clock is internally disabled during Self-Refresh
Operation to save power. The minimum time that the DDR2 SDRAM must remain in Self Refresh mode is txe.
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.

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 command 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 tXSRD for proper operation. Upon exit from Self
Refresh, the DDR2 SDRAM can be put back into Self Refresh mode after tygyg €xpires. NOP or deselect
commands must be registered on each positive clock edge during the Self-Refresh exit interval tygyg. ODT
should be turned off during txsnr.

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.

TO T T:
— 1= -
CK/CK :,1.__.\ !L__.K A ‘
| i = | |
AR
fts] agFD | i \ >l XONR \\
oot [0 I — | i i e
CMDl I H I : | ﬁf&‘;?w') I H \| (N?P (g:{:::) |(a:::;ﬂ) |
CKICKmay  CKICK must
be halted be stable
Notes

1. Device must be in the “All banks idle” state before entering Self Refresh mode.
2. tysrp (=200 tek) has to be satisfied for a Read or a Read with Auto-Precharge command.

3. txsnr has to be satisfied for any command except a Read or a Read with Auto-Precharge command
4. Since CKE is an SSTL input, Vrer must be maintained during Self Refresh.
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6.25 Power-Down

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,
Auto-Precharge or Auto-Refresh is in progress, but power-down Ipp 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. DRAM design guarantees it s DLL in a locked state with any CKE
intensive operations as long as DRAM controller complies with DRAM specifications.

If power-down occurs when all banks are precharged, 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.

For Active Power-down two different power saving modes can be selected within the MRS register, address bit
Al2. When A12 is set to LOW this mode is referred as “standard active power-down mode” and a fast
power-down exit timing defined by the txarp timing parameter can be used. When A12 is set to HIGH this mode
is referred as a power saving “low power active power-down mode”. This mode takes longer to exit from the
power-down mode and the txarps timing parameter has to be satisfied.

Entering power-down deactivates the input and output buffers, excluding CK, !CK, 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 DDR2 SDRAM, and all other input signals are “Don’t Care”. Power-down duration
is limited by 9 times trer Of the device.

Power-Down Entry

Active Power-down mode can be entered after an Activate command. Precharge Power-down mode can be
entered after a Precharge, Precharge-All or internal precharge command. It is also allowed to enter power-mode
after an Auto-Refresh command or MRS / EMRS(1) command when tygp is satisfied.

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

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

In case of a write command with Auto-Precharge, Power-down mode entry is allowed after the internal precharge
command has been executed, which is WL + BL/2 + WR starting from the write with Auto-Precharge command.
In this case the DDR2 SDRAM enters the Precharge Power-down mode.

Power-Down Exit

The power-down state is synchronously exited when CKE is registered HIGH (along with a NOP or Deselect
command). A valid, executable command can be applied with power-down exit latency, txe, txarp OF txarps, after
CKE goes HIGH.

56



) pointec PTO73216BG

) 1 ]
CKE ! - i :
: E i {XARD or _!
i : ! T txArRDS !
T T AcLPD O
Active Active
Power-Down Power-Down
Entry Exit

Note:Active Power-Down mode exit timing txarp (“fast exit”) or txaros (“slow exit”) depends on the programmed
state in the MR, address bit A 12.

T0 T T2 T3 T4 T5 T6 T7 Tn T+t Tn+2

CK,C

e —_—
[

1 E
CMD {q READ )_(
EAD w/AP,

CKE : —» i
" ; ’r tIs i
Dos, _ ! | / :
Dos 1 i H A :
| AL=11 cL=3' : «_ IXARDor _
i " RL=4 H . tXARDS *) |
R R g
i L | | —— 4 it |
Active Active
Power-Down Power-Down AcLPD 1
Entry Exit

RL=4(AL=1,CL=3),BL=4

Note:Active Power-Down mode exit timing txarp (“fast exit”) or txaros (“slow exit”) depends on the programmed
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58




LD Pointec PT973216BG

Tn+1 Tn+2

SEeESRen

HOo How Hama )l )

1 1 1

[ 1 i
! ' ' i b
| i 0 H ] i
! 1 ' i ' 1 I H
p | tRP i I e XP >l P
= ' : 1, i i P

Precharge Precharge
Power-Down Power-Down
Entry Exit

Note: "Precharge" may be an external command or an internal precharge following Write with AP.

TO ™ T2 T3 T4 Tn
BN NERERRERERERERE
CK, CK
::’L__:\ I__]‘ :__'!( :\___,\ l__\ '\__( IL__,\ l__.\'L I\__J(
1 I_A‘ : L ' }1 1 1 1
cMp | | RFG i i i i ( Vaiid D -
i Refresh i | 1 . I tXP | Comman
e O I T
CKE ! \ 4 ! ; : i i
H I ' | ] 1 ] tis I I 1
CKE can go low one clock after an Auto-Refresh command ARFD
When tRFC expires the DRAM is in Precharge Power-Down Mode
TO T T2 T3 T5 T6 T7

T Enters Precharge Power-Down Mode MRS_PD

59



D Pointec PT973216BG

6.26 Other Commands
No Operation Command

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

Deselect Command

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

6.27 Input Clock Frequency Change

During operation the DRAM input clock frequency can be changed under the following conditions:
1. During Self-Refresh operation

2. DRAM is in Precharge Power-down mode and ODT is completely turned off.

In the Precharge Power-down mode the DDR2-SDRAM has to be in Precharged Power-down mode and idle.
ODT must be already turned off and CKE must be at a logic LOW state. After a minimum of two clock cycles
after tzp and tyop have been satisfied the input clock frequency can be changed. A stable new clock frequency
has to be provided, before CKE can be changed to a HIGH logic level again. After txp has been satisfied a DLL
RESET command via EMRS(1) has to be issued. During the following DLL re-lock period of 200 clock cycles,
ODT must remain off. After the DLL-re-lock period the DRAM is ready to operate with the new clock frequency.

T0 ™ T2 T3 T4 Tx Tx+1 Ty Ty+1 Ty+2  Ty+#3 Tz

o oK ECEJ—_—X"V:K“ i
omo vor H vor V vor H I )—( or H
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! “ Minhimurh 2 clocks : >
required before Frequency Change Stable new cloc ODT is off during

changing the frequency occurs here before power.down exit DLL RESET

Frequ.Ch.

Asynchronous CKE LOW Reset Event

In a given system, Asynchronous Reset event can occur at any time without prior knowledge. In this situation,
memory controller is forced to drop CKE asynchronously LOW, immediately interrupting any valid operation.
DRAM requires CKE to be maintained HIGH for all valid operations as defined in this data sheet. If CKE
asynchronously drops LOW during any valid operation, the DRAM is not guaranteed to preserve the contents of
the memory array. If this event occurs, the memory controller must satisfy a time delay (toeay) before turning off
the clocks. Stable clocks must exist at the input of DRAM before CKE is raised HIGH again. The DRAM must be
fully re-initialized as described the initialization sequence (Power On and Initialization, step 4 through 13). DRAM
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is ready for normal operation after the initialization sequence.
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7. Truth tables

Table 20 Command Truth Table

1)2)3)

Function CKE CS| RAS | CAS | WE | BAO | A[12:11] | A10 A[9:0] Note
BAl
Previous Current
Cycle Cycle
(Extended) Mode H H L L L L BA OP Code 4)5)
Register Set
Auto-Refresh H H L|L L | H X X X X K
Self-Refresh Entry H L L L L |H X X X X ()
Self-Refresh Exit L H H | X X X X X X X A)6)7)
L |H H H
Single Bank Precharge | H H LiL |H L BA X L X ()
Precharge all Banks H H LiL |H L X X H X )
Bank Activate H H L | L H H BA Row Address ()
Write H H L | H L | L BA Column L  Column 9
Write with Auto- H H L | H L L BA Column H Column #%)8)
P recharge
Read H H L |H L H BA Column L Column [?®®
Read with Auto- H H L |H L H BA Column |H  Column %9
P recharge
No Operation H X L | H H |H X X X X K
Device Deselect H X HiXx |X | X X X X X K
Power Down Entry H L H | X X X X X X X 4)9)
L |H H H
Power Down Exit L H H | X X X X X X X 4)9)
L |H H H

1. Thl? sta}te og ODT does not affect the states described in this table. The ODT function is not available during
Self Refresh.

2. “X" means “H or L (but a defined logic level)”.

3. Operation that is not specified is illegal and after such an event, in order to guarantee proper operation, the
DRAM must be powered down and then restarted through the specified initialization sequence before normal
operation can continue.

4. All DDR2 SDRAM commands are defined by states of CS, WE, RAS, CAS, and CKE at the rising edge of the
clock.

5. Bank addresses (BAx) determine which bank is to be operated upon. For (E)MRS BA[1 :0] selects an
(Extended) Mode Register.

6. Vrer must be maintained during Self Refresh operation.
7. Self Refresh Exit is asynchronous.
8. Burst reads or writes at BL = 4 cannot be terminated.

9. The Power Down Mode does not perform any refresh operations. The duration of Power Down is therefore
limited by the refresh requirements outlined in Chapter 6.24
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Table 21 Clock Enable (CKE) Truth Table for Synchronous Transitions

Current State?  |ckE Command (N)»y 3y Action (N)? Note®®
Previous Cycle® Current Cycle® | "AS: CAS, WE
(N-1) N)
Power-Down L L X Maintain Power-Down 78)11)
L H DESELECT or NOP  |PowerDown Exit 79)10)11)
Self Refresh L L X Maintain Self Refresh B)11)12)
L H DESELECT or NOP  |Self Refresh Exit £)12)13)14)
Bank(s) H L DESELECT or NOP  |Active Power-Down Entry ~ [)910)11)15)
Active
All Banks Idle H L DESELECT or NOP  |Precharge Power-Down P)10)11)15)
Entry
H L AUTOREFRESH Self Refresh Entry D141 6)
Any State other |H Refer to the Command Truth Table "
than
listed above

1. Current state is the state of the DDR2 SDRAM immediately prior to clock edge N.
2. Command (N) is the command registered at clock edge N, and Action (N) is a result of Command (N)

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

4. CKE must be maintained HIGH while the device is in OCD calibration mode.

5. Operation that is not specified is illegal and after such an event, in order to guarantee proper operation, the
DRAM must be powered down and then restarted through the specified initialization sequence before normal
operation can continue.

6. CKE (N) is the logic state of CKE at clock edge N; CKE (N-1) was the state of CKE at the previous clock edge.

7. The Power-Down Mode does not perform any refresh operations. The duration of Power-Down Mode is
therefor limited by the refresh requirements

8. “X" means “don’t care (including floating around Vggp)” in Self Refresh and Power Down. However ODT must
be driven HIGH or LOW in Power Down if the ODT function is enabled (Bit A2 or A6 set to “1” in EMRS(1)).

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

10. Valid commands for Power-Down Entry and Exit are NOP and DESELECT only.

11. tekemiv 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 t,g + 2Xtcxe + ty.

12. Vgrer must be maintained during Self Refresh operation.

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

14. Valid commands for Self Refresh Exit are NOP and DESELCT only.

15. Power-Down and Self Refresh can not be entered while Read or Write operations, (Extended) mode
Register operations, Precharge or Refresh operations are in progress.

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

17. Must be a legal command as defined in the Command Truth Table.
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Table 22 Data Mask (DM) Truth Table

Name (Function) DM DQs Note
Write Enable L Valid &
Write Inhibit H X 2

1. Used to mask write data; provided coincident with the corresponding data
8. AC & DC Operating Conditions
8.1 Absolute Maximum Ratings

Table 23 Absolute Maximum Ratings

Symbol Parameter Rating Unit Note
Voo Voltage on Vpp pin relative to Vg ~1.0to +2.3 Y 12
Voo Voltage on Vo pin relative to Veg —0.5to +2.3 v P?
VopL Voltage on Vpp, pin relative to Vgg 0.5 t0 +2.3 v b2
Vi Vour Voltage on any pin relative to Vgg —0.5t0 +2.3 vV &
Tere Storage Temperature ~55 to +100 °C b3

1.Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a 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. Vop, Voo and Vpp must be within 300 mV of each other at all times, and Vger must not be greater than 0.6 x
Vppg. However when Vpp, Vopg and Vpp. are less than 500 mV, Vrer may be equal to or less than 300 mV.

3. Storage Temperature is the case surface temperature on the center/top side of the DRAM.

Table 24 DRAM Component Operating Temperature Range

Symbol Parameter Rating Unit Note

Toper Operating Temperature 0to 95 °C 1)2)3)4)

1. Operating Temperature is the case surface temperature on the center / top side of the DRAM.

2. The operating temperature range are the temperatures where all DRAM specification will be supported.
During operation,the DRAM case temperature must be maintained between 0 - 95 °C under all other
specification parameters.

3. Above 85 °C case temperature the Auto-Refresh command interval has to be reduced to trer = 3.9 ps.

4. Self-Refresh period is hard-coded in the chip and therefore it is imperative that the system ensures the DRAM
is below 85 °C case temperature before initiating self-refresh operation.
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8.2 DC Characteristics

Table 25 Recommended DC Operating Conditions (SSTL_18)

Symbol Parameter Rating Unit Note
Min. Typ. Max.

Voo Supply Voltage 1.7 1.8 1.9 v Y

Voo, Supply Voltage for DLL 1.7 1.8 1.9 v Y

Vooo Supply Voltage for Output 1.7 1.8 1.9 \Y Y

VRer Input Reference Voltage 0.49 X Voo 0.5 %X Vppo 0.51 x Vpopo Y P

Vot Termination Voltage Vrer — 0.04 V rer Vrer + 0.04 \Y K

1. Vppg tracks with Vpp, Vppp, tracks with Vpp. AC parameters are measured with Vpp, Vppg and Vppp, tied
together.

2. The value of Vzegr may be selected by the user to provide optimum noise margin in the system. Typically the
value of Vrer is expected to be about 0.5 x Vppgof the transmitting device and Vreris expected to track
variations in Vppo.

3. Peak to peak ac noise on Vger may not exceed + 2% Ve (dc)

4. V7 is not aPpIied directly to the device. V17 is a system supply for signal termination resistors, is expected to
be set equal to Vrer, and must track variations in die dc level of Vigp.

Table 26 ODT DC Electrical Characteristics

Parameter / Condition Symbol Min. Nom. Max. Unit Note
Termination resistor impedance value for Rit1(eff) 60 75 90 B Y
EMRS(1)[A6,A2] = [0,1]; 75 Ohm

Termination resistor impedance value for Rtt2(eff) 120 150 180 - Y
EMRS(1)[A6,A2] =[1,0]; 150 Ohm

Termination resistor impedance value for Rtt3(eff) A0 50 60 ~ Y
EMRS(1)(A6,A2)=[1,1]; 50 Ohm

Deviation of Vy, with respect to Vppq / 2 delta Vy, —6.00 — + 6.00 % 2

1. Measurement Definition for Rtt(eff): Apply V,y(ac) and V, (ac) to test pin separately, then measure current
I( Viyac) and I(V,_ac) respectively. Rtt(eff) = (Vy(ac) — V,.(ac)) /(1(V\4ac) — I(V,.ac)).

2. Measurement Definition for Vi: Turn ODT on and measure voltage (Vwm) at test pin (midpoint) with no load:
delta V=((2 XV Vppo)— 1)x100%

Table 27 Input and Output Leakage Currents

Symbol Parameter / Condition Min. Max. Unit Note
m Input Leakage Current; any input 0 V < Vi< Vpp —2 +2 MA i
loL Output Leakage Current; 0 V < Vo1 < Vppq -5 +5 A i

1. all other pins not under test =0 V

2. DQ’s, LDQS, 'LDQS, UDQS, 'UDQS, DQS, IDQS, RDQS, IRDQS are disabled and ODT is turned off
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8.3 DC & AC Characteristics

DDR2 SDRAM pin timing are specified for either single ended 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 timing are measured is mode dependent. In single ended mode, timing
relationships are measured relative to the rising or falling edges of DQS crossing at Vger. In differential mode,
these timing relationships are measured relative to the crosspoint of DQS and its complement, DQS. This
distinction in timing methods is verified by design and characterization but not subject to production test. In
single ended mode, the DQS (and RDQS) signals are internally disabled and don't care.

Table 28 DC & AC Logic Input Levels

Symbol  Parameter DDR2-400, DDR2-533 DDR2-667

Min. Max. Min. Max. Unit
Vin(dc) DC input logic high Vrer +0.125  Mppg + 0.3 Vrer+ 0.125  Vppg + 0.3 Y
V|L(dC) DC input low 0.3 VRer — 0.125 0.3 VRer — 0.125 N
Viy(ac) AC input logic high Vgrer + 0.250 — Vrer + 0.200  — \V2
V. (ac) AC input low — Vrer —0.250 +— Vgee— 0.200 |y
Table 29 Single-ended AC Input Test Conditions
Symbol Condition Value Unit Note
Vrer Input reference voltage 0.5 X Vboo \Y4 &
Vawine max Input signal maximum peak to peak swing 1.0 \Y4 X
SLEW Input signal minimum Slew Rate 1.0 V/ns 23

1. Ingut waveform timing is referenced to the input signal crossing through the Vger level applied to the device
under test.

2. The input signal minimum Slew Rate is to be maintained over the range from Vu(ac).mnto Vrer for rising
edges and the range from Vger to V| (ac).max for falling edges as shown in below.

3. AC timings are referenced with input waveforms switching from V, (ac) to V y(ac) on the positive transitions
and Vu(ac) to Vi(ac) on the negative transitions.

Start of Falling Edge Input Timing Start of Rising Edge Input Timing v
DDQ

V 1H (ac) MIN

V IH (de) .MIN

V ReF

V1L (dc) MAX

VL (ac) MAX
\'

ss

VREF - V IL(ac).MAX

v v
Rising Slew = IH@@g)lMIN ¥ REF
delta TF delta TR

Falling Slew =
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Table 30 Differential DC and AC Input and Output Logic Levels

Symbol Parameter Min. Max. Unit Note

Vin(dc) DC input signal voltage ~0.3 Vopg + 0.3 — b

V,p(dc) DC differential input voltage 0.25 Vopg + 0.6 — 2]

Vio(ac) AC differential input voltage 0.5 Vopg + 0.6 \Y 3

Vix(ac) AC differential cross point input 0.5 X Vppg—0.175 0.5 x Vppg + 0.175 \ )

Vox(ac) Xcélit?j(i}?erential cross point output 0.5 X Vppg—0.125 0.5 %X Vppg +0.125 °)
voltaae

1. V,y(dc) specifies the allowable DC execution of each input of differential pair such as CK, CK, DQS, DQS etc.

2. Vip(dc) specifies the input differential voltage Vrr— Vcp required for switching. The minimum value is equal to
Viu(dc) =V (de).

3. Vip(ac) specifies the input differential voltage Vtr — Vcp required for switching. The minimum value is equal to
Vin(ac) — Vi (ac).

4. The value of Vi (ac) is expected to equal 0.5 x Vppq of the transmitting device and Vix(ac) is expected to track
variations in Vppg. Vix(ac) indicates the voltage at which differential input signals must cross.

5. The value of Vo«(ac) is expected to equal 0.5 x Vppq of the transmitting device and Vox(ac) is expected to
track variations in Vppg. Vox(ac) indicates the voltage at which differential input signals must cross.

Crossing Point

o
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8.4 Output Buffer Characteristics

Table 31 SSTL_18 Output DC Current Drive

Symbol Parameter SSTL_18 uUnit Note
low Output Minimum Source DC Current 113.4 mA 12)
oL Output Minimum Sink DC Current 13.4 mA P13

1.Vopg = 1.7 V; Vour = 1.42 V. (Vour—Vbp0o) / lon must be less than 21 Ohm for values of Vour between Vppg and
Vppo— 280 mV.

2. The values of Iy (dc) and I, (dc) are based on the conditions given in 1) and 3). They are used to test drive
current capability to ensure Viumn. plus a noise margin and V)_max minus a noise margin are delivered to an
SSTL_18 receiver. The actual current values are derived by shifting the desired driver operating points along
21 Ohm load line to define a convenient current for measurement.

3. Vopg = 1.7 V; Vour = 280 mV. Vour / lo. must be less than 21 Ohm for values of Vour between 0 V and 280
mV.

Table 32 SSTL_18 Output AC Test Conditions

Symbol Parameter SSTL_18 uUnit Note
Von Minimum Required Output Pull-up Vrr + 0.603 vV m
VoL Maximum Required Output Pull-down Vit —0.603 \Y4 w
Votr Output Timing Measurement Reference Level 0.5 x Vppg \Y2

1. SSTL_1 8 test load for Vo, and Vg, is different from the referenced load . The SSTL_1 8 test load has a 20
Ohm series resistor additionally to the 25 Ohm termination resistor into Vrr. The SSTL_1 8 definition assumes
that + 335 mV must be developed across the effectively 25 Ohm termination resistor (13.4 mA x 25 Ohm = 335
mV). With an additional series resistor of 20 Ohm this translates into a minimum requirement of 603 mV swing
relative to V1, at the ouput device (13.4 mA x 45 Ohm = 603 mV).

Table 33 OCD Default Characteristics

Symbol Description Min. Nominal |Max. Unit Note
— Output Impedance 12.6 18 23.4 Ohms 12)
— Pull-up / Pull down mismatch 0 — 4 Ohms 12)3)
— Output Impedance step size 0 — 1.5 Ohms M

for OCD calibration
SOUT Output Slew Rate 15 — 5.0 V/ns 1)5)6)78)

1. Absolute Specifications (Toper; Vop = 1.8 V + 0.1 V; Vppg = 1.8 V + 0.1 V), altering OCD from default state no
longer requires DRAM to meet timing, voltage and slew rate specifications on 1/O’s.

2. Impedance measurement condition for output source dc current: Vppg = 1.7 V, Vour = 1420 mV;(Vour—Voog) /
loy Must be less than 23.4 ohms for values of V o7 between Vppg and Vppg — 280 mV. Impedance
measurement condition for output sink dc current: Vppo = 1.7 V; Vour = —230 mV; Vour / 1o, must be less than
23.4 Ohms for values of Vout between 0 V and 280 mV.

3. Mismatch is absolute value between pull-up and pull-down, both measured at same temperature and voltage.

4. This represents the step size when the OCD is near 18 ohms at nominal conditions across all process ]
parameters and represents only the DRAM uncertainty. A 0 Ohm value (no calibration) can only be achieved if
the OCD impedance is 18 + 0.75 Ohms under nominal conditions.

5. Slew Rates according to Vi.(ac) to Vix(ac) with the load.

6. The absolute value of the Slew Rate as measured from DC to DC is equal to or greater than the Slew Rate as
measured from AC to AC. This is verified by design and characterization but not subject to production test.
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7. Timing skew due to DRAM output Slew Rate mis-match between DQS / DQS and associated DQ's is included
in togse and tons specification.

8. DRAM output Slew Rate specification applies to 400, 533 and 667 MHz speed bins.
8.5 Full Strength Output V-I Characteristics

DDR2 SDRAM output driver characteristics are defined for full strength default operation as selected by the
EMRS(1) bits A[9:7] ='111".

Table 34 Full Strength Default Pull-up Driver Characteristics

Voltage (V) Pull-up Driver Current [mA]

Min.V IBIS Target low? BIS Target high? Max.®
0.0 0.00 0.00 0.00 0.00
0.1 —4.30 ~5.55 ~5.90 ~7.95
0.2 8.6 -11.10 -11.8 -15.90
0.3 -12.9 -16.0 -17.0 -23.85
0.4 -16.9 -20.3 —22.2 -31.80
0.5 —20.05 -24.0 -27.5 -39.75
0.6 —22.10 —27.2 -32.4 —47.70
0.7 -23.27 -29.8 -36.9 -55.55
0.8 —-24.10 -31.9 —40.8 —62.95
0.9 -24.73 -33.4 —44.5 —69.55
1.0 —25.23 -34.6 —A47.7 —75.35
1.1 —25.65 -35.5 -50.4 -80.35
1.2 —26.02 -36.2 -52.5 —84.55
1.3 —-26.35 -36.8 -54.2 -87.95
1.4 —26.65 -37.2 -55.9 —-90.70
1.5 —-26.93 -37.7 -57.1 -93.00
1.6 —-27.20 -38.0 -58.4 —95.05
1.7 —27.46 -38.4 -59.6 -97.05
1.8 — -38.6 —60.8 —99.05
1.9 — — — —~101.05

1. The driver characteristics evaluation conditions are Minimum 95 °C (Tcase), Voog = 1.7 V, slow—slow

process

2. The driver characteristics evaluation conditions are Nominal Default 25 °C (Tcasg), Vopg = 1.8 V, typical

process

3. The driver characteristics evaluation conditions are Maximum 0 °C (Tcasg). Vppo= 1.9 V, fast—fast process
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VvDDQ to VOUT (V)
Table 35 Full Strength Default Pull-down Driver Characteristics
Voltage (V) Pull-down Driver Current [mA]
Min.V Nominal Default low® Nominal Default high? Max.®
0.0 0.00 0.00 0.00 0.00
0.1 4.30 5.65 5.90 7.95
0.2 8.60 11.30 11.80 15.90
0.3 12.90 16.50 16.80 23.85
0.4 16.90 21.20 22.10 31.80
0.5 20.05 25.00 27.60 39.75
0.6 22.10 28.30 32.40 47.70
0.7 23.27 30.90 36.90 55.05
0.8 24.10 33.00 40.90 62.95
0.9 24.73 34.50 44.60 69.55
1.0 25.23 35.50 47.70 75.35
1.1 25.65 36.10 50.40 80.35
1.2 26.02 36.60 52.60 84.55
1.3 26.35 36.90 54.20 87.95
14 26.65 37.10 55.90 90.70
15 26.93 37.40 57.10 93.00
1.6 27.20 37.60 58.40 95.05
1.7 27.46 37.70 59.60 97.05
1.8 — 37.90 60.90 99.05
1.9 — — — 101.05

1. The driver characteristics evaluation conditions are Minimum 95 °C (Tcasg), Vopg = 1.7 V, slow-slow process

2. The driver characteristics evaluation conditions are Nominal Default 25 °C (Tcase), Voog = 1.8 V, typical
process

70



LD Pointec PT973216BG

3. The driver characteristics evaluation conditions are Maximum O °C (Tcase). Voog = 1.9 V, fast-fast process

120
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= 40 Maximum
o

20
T
0 r"/rv : : : : : : : :
0 0,2 04 06 08 1 1,2 14 16 1,8 2

VOUT to VSSQ (V)

8.5.1 Calibrated Output Driver V-l Characteristics

DDR2 SDRAM output driver characteristics are defined for full strength calibrated operation as selected by the
procedure outlined in the Off-Chip Driver (OCD) Impedance Adjustment. The nominal points represent a device at
exactly 18 ohms. The nominal low and nominal high values represent the range that can be achieved with a
maximum 1.5 ohms step size with no calibration error at the exact nominal conditions only (i.e. perfect calibration
procedure, 1.5 ohm maximum step size guaranteed by specification). Real system calibration error needs to be
added to these values. It must be understood that these V-l curves are represented here or in supplier IBIS
models need to be adjusted to a wider range as a result of any system calibration error. Since this is a system
specific phenomena, it cannot be quantified here. The values in the calibrated tables represent just the DRAM
portion of uncertainty while looking at one DQ only. If the calibration procedure is used, it is possible to cause the
device to operate outside the bounds of the default device characteristics tables and figure. In such a situation,
the timing parameters in the specification cannot be guaranteed. It is solely up to the system application to
ensure that the device is calibrated between the minimum and maximum default values at all times. If this cant
be guaranteed by the system calibration procedure, re-calibration policy and uncertainty with DQ to DQ variation,
it is recommended that only the default values to be used. The nominal maximum and minimum values
represent the change in impedance from nominal LOW and HIGH as a result of voltage and temperature change
from the nominal condition to the maximum and minimum conditions. If calibrated at an extreme condition, the
amount of variation could be as much as from the nominal minimum to the nominal maximum or vice versa.
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Table 36 Full Strength Calibrated Pull-down Driver Characteristics

Voltage (V) Calibrated Pull-down Driver Current [mA]
Nominal Nominal Low” Nominal® Nominal High?  Nominal
Minimum® (18.75 Ohms) 18 ohms) (17.25 Ohms) Maximum?®
21 Ohms) (15 Ohms)

0.2 0.5 10.7 11.5 11.8 13.3

0.3 14.3 16.0 16.6 17.4 20.0

0.4 18.7 21.0 21.6 23.0 27.0

1. The driver characteristics evaluation conditions are Nominal Minimum 95 °C (Tcasg). Voo = 1.7 V, any

process

2. The driver characteristics evaluation conditions are Nominal Low and Nominal High 25 °C (Tcase), Voog =
1.8V, any process

3. The driver characteristics evaluation conditions are Nominal 25 °C (Tcase), Voog = 1.8 V, typical process

4. The driver characteristics evaluation conditions are Nominal Maximum O °C (Tcase), Vooo = 1.9 V, any process

Table 37 Full Strength Calibrated Pull-up Driver Characteristics

Voltage (V) (Calibrated Pull-up Driver Current [mA]
Nominal Nominal Low? Nominal Nominal High? Nominal
Minimum® 18.75 Ohms) (18 ohms)s) 17.25 Ohms) Maximum®
(21 Ohms) (15 Ohms)

0.2 —9.5 -10.7 -11.4 -11.8 -13.3

0.3 —14.3 -16.0 -16.5 -17.4 —-20.0

0.4 ~18.3 -21.0 -21.2 -23.0 -27.0

1. The driver characteristics evaluation conditions are Nominal Minimum 95 °C (Tcase). Voog = 1.7 V, any

process

2. The driver characteristics evaluation conditions are Nominal Low and Nominal High 25 °C (Tcase), Vopo =
1.8V, any process

3. The driver characteristics evaluation conditions are Nominal 25 °C (Tcasg), Vopg = 1.8 V, typical process

4. The driver characteristics evaluation conditions are Nominal Maximum 0 °C (Tcase), Vooo = 1.9 V, any process
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8.6 Reduced Output Drive Characteristics

A driver mode with reduced output drive characteristics can be selected by setting address bit A1 in the EMRS(1)

extended mode register to 1.

Table 38 Reduced Strength Default Pull-up Driver Characteristics

Voltage (V) Pull-up Driver Current [mA]

Min.” BIS Target low? IBIS Target high? Max )
0.0 0.00 0.00 0.00 0.00
0.1 -1.72 -3.20 —3.70 =477
0.2 -3.44 —6.20 —7.22 —9.54
0.3 -5.16 -9.04 -10.56 -14.31
0.4 —6.76 -11.69 -13.75 -19.08
0.5 -8.02 -14.11 -16.78 -23.85
0.6 -8.84 -16.27 -19.61 —28.62
0.7 -9.31 -18.16 —22.20 —-33.33
0.8 -9.64 -19.77 —24.50 =37.77
0.9 —9.89 -21.10 —26.46 —41.73
1.0 -10.09 -22.15 -28.07 —45.21
11 -10.26 —22.96 —29.36 —48.21
1.2 -10.41 -23.61 -30.40 -50.73
1.3 -10.54 —24.61 -31.24 —52.77
14 -10.66 —24.64 -31.93 —54.42
15 -10.77 -25.07 -32.51 -55.80
1.6 -10.88 -25.47 -33.01 -57.03
1.7 -10.98 -25.85 -33.46 -58.23
18 — -26.21 -33.89 -59.43
1.9 — T — —60.63

1. The driver characteristics evaluation conditions are Minimum 95 °C (T¢asg), Vppg = 1.7 V, slow-slow process

2. The driver characteristics evaluation conditions are Nominal Default 25 °C (Tcase), Vopg = 1.8 V, typical
process

3. The driver characteristics evaluation conditions are Maximum 0 °C (Tcasg). Vppo = 1.9 V, fast—fast process
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Table 39 Reduced Strength Default Pull-down Driver Characteristics
Voltage (V) Pull-down Driver Current [mA]
Min." IBIS Target low? IBIS Target highz) Max.?
0.0 0.00 0.00 0.00 0.00
0.1 1.72 3.24 4.11 4.77
0.2 3.44 6.25 8.01 9.54
0.3 5.16 9.03 11.67 14.31
0.4 6.76 11.52 15.03 19.08
0.5 8.02 13.66 18.03 23.85
0.6 8.84 15.41 20.61 28.62
0.7 9.31 16.77 22.71 33.33
0.8 9.64 17.74 24.35 37.77
0.9 9.89 18.83 25.56 41.73
1.0 10.09 18.80 26.38 4521
1.1 10.26 19.06 26.90 48.21
1.2 10.41 19.23 27.24 50.73
1.3 10.54 19.35 27.47 52.77
1.4 10.66 19.46 27.64 54.42
15 10.77 19.56 27.78 55.80
1.6 10.88 19.65 27.89 57.03
1.7 10.98 19.73 27.97 58.23
1.8 — 19.80 28.02 59.43
1.9 — — — 60.63

1. The driver characteristics evaluation conditions are Minimum 95 °C (Tcase), Voog = 1.7 V, slow-slow process
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2. The driver characteristics evaluation conditions are Nominal Default 25 °C (Tcase), Voog = 1.8 V, typical
process

3. The driver characteristics evaluation conditions are Maximum O °C (Tcase). Voog = 1.9 V, fast-fast process

8.7 Input/ Output Capacitance

Table 40 Input / Output Capacitance

Symbol Parameter DDR2-400 & DDR2-667 Unit
DDR-2-533
Min. Max. Min. Max.
CCK Input capacitance, CK and CK 1.0 2.0 1.0 2.0 pF
CDCK nput capacitance delta, CK and CK — 0.25 — 0.25 pF
Cl nput capacitance, all other input-only pins 1.0 2.0 1.0 2.0 pF
CDI nput capacitance delta, all other input-only pins — 0.25 — 0.25 pF
ClO nput/output capacitance, 2.5 4.0 2.5 3.5 pF
DQ, DM, DQS, DQS, RDQS, RDQS
CDIO nput/output capacitance delta, — 0.5 — 0.5 pF
DQ, DM, DQS, DQS, RDQS, RDQS
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8.8 Power & Ground Clamp V-I Characteristics

Power and Ground clamps are provided on address (A[13:0], BA[11:0]), RAS, CAS, CS, WE, and ODT pins. The
V-l characteristics for pins with clamps is shown in Table 41.

Table 41 Power & Ground Clamp V-l Characteristics

Voltage across clamp (V) Minimum Power Clamp Minimum Ground Clamp Current (mA)
Current (mA)
0.0 0 0
0.1 0 0
0.2 0 0
0.3 0 0
0.4 0 0
0.5 0 0
0.6 0 0
0.7 0 0
0.8 0.1 0.1
0.9 1.0 1.0
1.0 2.5 2.5
1.1 4.7 4.7
1.2 6.8 6.8
1.3 0.1 0.1
1.4 11.0 11.0
1.5 13.5 13.5
1.6 16.0 16.0
1.7 18.2 18.2
1.8 21.0 21.0

8.9 Overshoot and Undershoot Specification

Table 42 AC Overshoot / Undershoot Specification for Address and Control Pins

Parameter DDR2-400 DDR2-533 DD2-667  Unit
Maximum peak amplitude allowed for overshoot area 0.9 0.9 0.9 \Y
Maximum peak amplitude allowed for undershoot area 0.9 0.9 0.9 \Y
Maximum overshoot area above Vpp 1.33 1.00 0.80 V.ns
Maximum undershoot area below Vgg 1.33 1.00 0.80 V.ns
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Volts (V)

Maximum Amplitude
QOvershoot Area

VDD

VSS

Undershoot Are
Maximum Amplitude neersno @

Time {rTs)

Table 43 AC Overshoot / Undershoot Specification for Clock, Data, Strobe and Mask Pins

Parameter DDR2-400 DDR2-533 DD2-667 Unit
Maximum peak amplitude allowed for overshoot area 0.9 0.9 0.9 \Y4
Maximum peak amplitude allowed for undershoot area 0.9 0.9 0.9 \Y4
Maximum overshoot area above Vppg 0.38 0.28 0.23 V.ns
Maximum undershoot area below Vsso 0.38 0.28 0.23 V.ns
Maximum Amplitude
A Overshoot Area
s
% VDDQ
>
VSSQ
Maximum Amplitude Undershoot Area
Time (n’s)
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9. Currents Measurement Specifications and Conditions

Table 44 Ibp Measurement Conditions

Operating Current

Burst Write: All banks open; Continuous burst writes; BL = 4; AL = 0, CL = ClLppy;
tek = tekapoyr tras = tras.maxaopy tre = trpgppy) CKE is HIGH, CS is HIGH between valid
commands. Address inputs are switching; Data Bus inputs are switching;

Parameter Symbol Note
Operating Current - looo U239
One bank Active - Precharge
tck = tekaopy), tre = tre(op), tras = trasmingop), CKE is HIGH, CS is HIGH between valid
commands. Address and control inputs are switching; Databus inputs are switching.
Operating Current - One bank Active - Read - Precharge lops H2949)9)
lour =0 MA, BL = 4, tck = tekqop), tre = tre(op), tras = tras.mingpp), trep = trepopy, AL = 0,
CL = CL(IDD); CKE is HIGH, CS is HIGH between valid commands. Address and control
inputs are switching; Databus inputs are switching.
Precharge Power-Down Current lob2p L2949
All banks idle; CKE is LOW; toi = tekgpp); Other control and address inputs are stable; Data
bus inputs are floating.
Precharge Standby Current lop2n 123)456)
All banks idle; CS is HIGH; CKE is HIGH; tcx = tekgppy: Other control and address inputs are
switching, Data bus inputs are switching.
Precharge Quiet Standby Current lop2 H2A3)45)0)
All banks idle; CS is HIGH; CKE is HIGH; tck = tckappy; Other control and address inputs are
stable, Data bus inputs are floating.
Active Power-Down Current lopsp) ~ NAIN9))
All banks open; tc = tekpp), CKE is LOW; Other control and address inputs are stable;
Data bus inputs are floating. MRS A12 bit is set to “0” (Fast Power-down Exit).
Active Power-Down Current lopgpy  PAIVRO)
All banks open; tck = tckaop)y, CKE is LOW; Other control and address inputs are stable,
Data bus inputs are floating. MRS A12 bit is set to 1 (Slow Power-down EXxit);
Active Standby Current Iopan 123)456)
All banks open; tck = tCK(IDD); tras = tRAS.MAX(IDD), trp = tRP(IDD); CKE is H|GH, CSis HIGH
between valid commands. Address inputs are switching; Data Bus inputs are switching;

: | 1)2)3)4)5)6)
Operating Current DD4R
Burst Read: All banks open; Continuous burst reads; BL = 4; AL =0, CL = CLpp),;
tek = tekaooyr tras = tras.max.aopy tre = trpopy CKE is HIGH, CS is HIGH between valid
commands. Address inputs are switching; Data Bus inputs are switching; loutr = 0 mA.

lopaw  D2345)6)

Burst Refresh Current

ftck = tekappy, Refresh command every trec = trecqop) interval, CKE is HIGH, CS is HIGH
between valid commands, Other control and address inputs are switching, Data bus inputs
are switching.

IbpsB

1)2)3)4)5)6)

Distributed Refresh Current

tek = tekgppy, Refresh command every tger = 7.8 ps interval, CKE is LOW and CS is HIGH
between valid commands, Other control and address inputs are switching, Data bus inputs
are switching.

Ibpsp

1)2)3)4)5)6)
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Parameter Symbol Note
Self-Refresh Current Ibos P49
CKE ~ 0.2 V; external clock off, CK and CK at 0 V; Other control and address inputs are
floating, Data bus inputs are floating.

1)2)3)4)5)6)7)

1. Operating Bank Interleave Read Current
All banks interleaving reads, lour = 0 MA; BL = 4, CL = CLpp), AL = treogop) -1 X tckaopy);
tCK = tCK(lDD)l tRC = tRC(|DD)1 tRRD = tRRD(|DD); CKE |S HIGH, CS |S HIGH between Valld

commands. Add

2. Timing pattern:
DDR2-400-333:
DDR2-533-333:
DDR2-533-444:
DDR2-667-444:
DDR2-667-555:

Ibp7

ress bus inputs are stable during deselects; Data bus is switching.

A0 RAO A1 RA1 A2 RA2 A3 RA3 D D D (11 clocks)

A0 RAO D A1 RA1 D A2 RA2 D A3 RA3 D D D D(15 clocks)

AORAOD A1 RA1 D A2 RA2 D A3RA3 D D D D D (16 clocks)
AORAODD A1 RA1 DD A2RA2D D A3RA3D D D D D (19 clocks)
AORAODD A1 RA1DDA2RA2D D A3 RA3DD DD D D (20 clocks)

1.Vopo=1.8V+0.1V;Vpp=18V+0.1V

2. Ipp specifications are tested after the device is properly initialized.

3. Ipp parameter are specified with ODT disabled.

4. Data Bus cons

5. Definitions for |

ists of DQ, DM, DQS, 'DQS, RDQS, IRDQS, LDQS, !LDQS, UDQS and !UDQS.

bo. See Table 45

6. Timing parameter minimum and maximum values for Ipp current measurements.

7. A = Activate, R

A = Read with Auto-Precharge, D=DESELECT

Table 45 Definition for Ipp

Parameter Description

LOW deflned as V|N -~ VIL{ac\ MAX

HIGH defined as Vin ~ Vixac.min

STABLE defined as inputs are stable at a HIGH or LOW level

FLOATING defined as inputs are Vger = Vppo / 2

SWITCHING  gefined as: Inputs are changing between high and low every other clock (once per two clocks)
for address and control signals, and inputs changing between high and low every other clock
once per clock) for DQ signals not including mask or strobes
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Table 46 Ipp Specification for DDR2-667D

Product Type Speed Code ~3 Unit Note

Speed Grade DDR2-667D

Symbol Max.

Iooo 71 mA x4/%x8
90 x16

Ioo1 85 mA x4/x8
104 x16

Iopon 50 mA

Iop2p S mA

Ibp2g 40 mA

lopan 50 mA

Ibpap 19 mA 1)x4/x8
6 mA 2)x16

Ibpar 130 mA x4/x8
150 mA x16

Iopaw 140 mA x4/x8
170 mA x16

Iopss 140 mA 3)

Ibpsp 6 mA 3)

Ibos 5 mA 3)4)

lbo7 147 mA x4/x8
228 mA x16

1. MRS(12)=0

2. MRS(12)=1

3.0~ Tcase ~85°C

4. standard products
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Table 47 Ipp Specification for DDR2-533C and DDR2-400B

Product Type Speed Code 3.7 5 Unit Note

Speed Grade DDR2-533C DDR2-400B

Symbol Max. Max.

Ibpo 65 55 mA x4/x8
80 70 mA x16

o1 75 60 mA x4/x8
90 75 mA x16

looon 40 32 mA

lopzp 4,5 4,5 mA

lop2o 30 25 mA

Ibpan 40 35 mA

Ibpap 16 13 mA 1)x4/x8
5 5 mA 2)x16

Iooar 90 70 mA x4/x8
115 85 mA x16

Iooaw 95 80 mA x4/x8
130 110 mA x16

lopss 130 120 mA 3)

oo 6 6 mA 3)

Ibos 4,5 4,5 mA 3)4)

o7 145 140 mA x4/x8
220 210 mA x16

1. MRS(12)=0

2. MRS(12)=1

3.0~ Tcase ~85°C

4. standard products
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9.1 Iyp Test Conditions

For testing the Ipp parameters, the following timing parameters are used:
Table 48 Ipp Measurement Test Conditions for DDR2-667D

Parameter Symbol -3 Unit  Note
DDR2-667D 5-5-5

CAS Latency CLyop 5 tex

Clock Cycle Time T 3 ns

Active to Read or Write delay tReDIDD) 15 ns

Active to Active / Auto-Refresh command period t5c 0 60 ns

Active bank A to Active bank B command delay {RRODD) 7.5 ns 1)
l:RRD(IDD) 10 ns 2)

Active to Precharge Command b AS MIN(DD) 45 ns
rAS.MAX(IDD) 70000 ns

Precharge Command Period trP(DD) 15 ns

Auto-Refresh to Active / Auto-Refresh trrc(pD) 75 ns

command period

Auto-Refresh to Active / Auto-Refresh trrc(pD) 105 ns

command period

Average periodic Refresh interval tRer 7.8 us

1. x4 & x8 (1 kB page size)
2. x16 (2 kB page size); not on 256M component
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Table 49 Ipp Measurement Test Condition for DDR2-533C and DDR2-400B

Parameter Symbol 1 3.7 5 Unit Note
DDR2-533C 4-4-4 | DDR2-400B 3-3-3

CAS Latency CLpp) 4 3 tck
Clock Cycle Time tekapo) 3.75 5 ns
Active to Read or Write delay tren(ioD) 15 15 ns
Active to Active / Auto-Refresh treaop) 60 55 ns
command period
Active bank A to Active bank B trrogop) 7.5 7.5 ns 1)
command delay 10 10 hs 2)
Active to Precharge Command trAs.MINGDD) 45 40 ns

trAS MAX(DD) 70000 70000 ns
Precharge Command Period trpaDD) 15 15 ns
Auto-Refresh to Active / Auto- trrcaDD) 105 105 ns
Refresh command period
Average periodic Refresh interval ftrer 7.8 7.8 US

1. x4 & x8 (1 kB page size)
2. x16 (2 kB page size); not on 256M component

On Die Termination (ODT) Current

The ODT function adds additional current consumption to the DDR2 SDRAM when enabled by the EMRS(1).
Depending on address bits A6 & A2 in the EMRS(1) a full or reduced termination can be selected. The current
consumption for any terminated input pin depends on whether the input pin is in tri-state or driving “0” or 1,as
long a ODT is enabled during a given period of time..

Table 50 ODT current per terminated input pin
ODT Current EMRS(1) State  Min. Typ. Max. Unit
Enabled ODT current per DQadded Ippg looTo A6 =0 A2=1 5 6 7.5 mA/DQ
current for ODT enabled; A6=1 A2=0 5 3 375 mADQ
ODT is HIGH; Data Bus inputs are floatin : : :

P g A6=1,A2=1 7.5 9 11.25 mA/DQ
Active ODT current per DQadded Ippgcurrent [loprr A6=0,A2=1 10 12 15 mA/DQ
for ODT enabled; . A6=1,A2=0 5 6 75  mA/DQ
ODT is HIGH; worst case of Data Bus inputs are
stable or switching. A6=1,A2=0 15 18 22.5 mA/DQ

Note: For power consumption calculations the ODT duty cycle has to be taken into account
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10. Electrical Characteristics
10.1 Speed Grade Definitions

Table 51 Speed Grade Definition Speed Bins for DDR2-667

Speed Grade DDR2-667D Unit Note

IFX Sort Name —3

CAS-RCD-RP latencies 5-5-5 bk

Parameter Symbol Min. Max. —

Clock Frequency @CL=3 ek 5 8 ns 1)2)3)4)
@CL=4 ek 3.75 8 ns 1)2)3)4)
@CL=5 ek 3 8 ns 1)2)3)4)

Row Active Time s 45 70000 ns 1)2)3)4)5)

Row Cycle Time e 60 — ns 1)2)3)4)

RAS-CAS-Delay tocn 15 — ns 1)2)3)4)

Row Precharge Time - 15 — ns 1)2)3)4)

1. Timings are guaranteed with CK/CK differential Slew Rate of 2.0 V/ns. For DQS signals timings are
guaranteed with a differential Slew Rate of 2.0 V/ns in differential strobe mode and a Slew Rate of 1 V/ns in
single ended mode.Timings are further guaranteed for normal OCD drive strength (EMRS(1) Al = 0) under the
“Reference Load for Timing Measurements” .

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

3. Inputs are not recognized as valid until Ve stabilizes. During the period before Vger stabilizes, CKE = 0.2 x
Vppg is recognized as low.

4. The output timing reference voltage level is V. For the reference load for timing measurements.

5. tras.max is calculated from the maximum amount of time a DDR2 device can operate without a refresh
command which is equal to 9 X trei.

Table 52 Speed Grade Definition Speed Bins for DDR2-533 and DDR2-400

Speed Grade DDR2-533C DDR2-400B Unit Note

IFX Sort Name —3.7 -5

CAS-RCD-RP latencies A—4—4 3-3-3 tex

Parameter Symbol Min. Max. Min. Max. —

Clock Frequency @CL=3 tex 5 8 5 8 ns 1)2)3)4)
@CL=4 | 3.75 8 5 8 ns 1)2)3)4)
@CL=5 o 3.75 8 5 8 ns 1)2)3)4)

Row Active Time tras 45 70000 40 70000 s 1)2)3)4)5)

Row Cycle Time trc 60 — 55 — ns 1)2)3)4)

RAS-CAS-Delay toco 15 — 15 — ns 1)2)3)4)

Row Precharge Time tep 15 — 15 — ns 1)2)3)4)

1. Timings are guaranteed with CK/CK differential Slew Rate of 2.0 V/ns. For DQS signals timings are
guaranteed with a differential Slew Rate of 2.0 V/ns in differential strobe mode and a Slew Rate of 1 V/ns in
single ended mode.Timings are further guaranteed for normal OCD drive strength (EMRS(1) A1 = 0) under the
“Reference Load for Timing Measurements”.
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2. The CK/CK input reference level (for timing reference to CK/CK) is the point at which CK and CK cross. The
DQS/DQS, RDQS/RDQS, inﬁut reference level is the crosspoint when in differential strobe mode; The input

reference level for signals ot

er than CK/CK, DQS/DQS, RDQ S/RDQS.

3. Inputs are not recognized as valid until Vrer stabilizes. During the period before Vgrer stabilizes, CKE = 0.2 x

Voo is recognized as low.

4. The output timing reference voltage level is Vrr.For the reference load for timing measurements.

5. tkas.max IS calculated from the maximum amount of time a DDR2 device can operate without a refresh

command which is equal to 9 X tggg.

10.2 AC Timing Parameters

Table 53 Timing Parameter by Speed Grade - DDR2-667

Parameter Symbol DDR2-667 Unit  |Note
1)2)3)4)5)6)

Min. Max.

DQ output access time from CK / CK tac ~450 +450 ps

CAS A to CAS B command period teen 2 — tex

CK, CK high-level width te 0.45 0.55 tex

CKE minimum high and low pulse width teke 38 — tex

CK, CK low-level width tel 0.45 0.55 tek

Auto-Precharge write recovery + precharge time toaL WR + tgp — tck N

Minimum time clocks remain ON after CKE [oELAY s+ tck+tn  — ns 8)

asynchronously drops LOW

DQ and DM input hold time (differential data strobe) {oH(base) 175 — ps 9)

DQ and DM input pulse width (each input) toipw 0.35 — tex

DQS output access time from CK/ CK tposck 400 +400 ps

DQS input low (high) pulse width (write cycle) toosLH 0.35 — tek

DQS-DQ skew (for DQS & associated DQ signals) tooso 240 — ps 10)

Write command to 1st DQS latching transition tooss —0.25 +0.25 oy

DQ and DM input setup time (differential data strobe) Ibs(base) 100 — ps 9)

DQS falling edge hold time from CK (write cycle) tosi 0.2 — tex

DQS falling edge to CK setup time (write cycle) toss 0.2 — tex

Clock half period tp MIN. (tcs, ten) 11)

Data-out high-impedance time from CK / CK Ly — tacwax  PS 12)

Address and control input hold time LiH(base) 275 — ps 9)

Address and control input pulse width Lipw 0.6 — tex

(each input)

Address and control input setup time Lis(base) 200 — ps 9)

DQ low-impedance time from CK / CK T 2 Xtacun  tacmax  PS 12)

DQS low-impedance from CK / CK L 200s) Eac.min tacmax  PS 12)

Mode register set command cycle time tMRD 2 — tek

OCD drive mode output delay torr 0 12 ns
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Parameter Symbol DDR2-667 Unit Note
1)2)3)4)5)6)

Min. Max.

Data output hold time from DQS ton tp— tons

Data hold skew factor tous 340 — ps

Average periodic refresh Interval trEFI — 7.8 us 13)14)
— 3.9 Us 13)15)

Auto-Refresh to Active/Auto-Refresh command period  trcc 105 — ns 1)

Read preamble trore 0.9 1.1 e 12)

Read postamble trpst 0.40 0.60 te L2

Active bank A to Active bank B command period trro 7.5 — hs 16)17)
10 — ns 17)18)

Internal Read to Precharge command delay tere 7.5 — ns

Write preamble tyupre 0.35 — tex

Write postamble typst 0.40 0.60 e 19

Write recovery time for write without Auto-Precharge twr 15 — ns

Write recovery time for write with Auto-Precharge WR fwe/tex -~

Internal Write to Read command delay twir 7.5 — ns 20

Exit power down to any valid command txArRD 2 — tek 21)

(other than NOP or Deselect)

Exit active power-down mode to Read command (slow  Ixaros 7-AL — ek 21)

exit, lower power)

Exit precharge power-down to any valid command (other txp 2 — Lex

than NOP or Deselect)

Exit Self-Refresh to non-Read command txsngr trec +10 — ns

Exit Self-Refresh to Read command tysro 200 — Lok

1. Vppo = 1.8V +0.1V; Vpp=1.8V+ 0.1V,

2. Timing that is not specified is illegal and after such an event, in order to guarantee proper operation, the
DRAM must be powered down and then restarted through the specified initialization sequence before normal
operation can continue.

3. Timings are guaranteed with CK/CK differential Slew Rate of 2.0 V/ns. For DQS signals timings are
guaranteed with a differential Slew Rate of 2.0 V/ns in differential strobe mode and a Slew Rate of 1 V/ns in
single ended mode. Timings are further guaranteed for normal OCD drive strength (EMRS(1) Al= 0) under
the Reference Load for Timing Measurements.

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

5. Inputs are not recognized as valid until Vg stabilizes. During the period before Vger stabilizes, CKE = 0.2 x
Vppg is recognized as low.

6. The output timing reference voltage level is Vrr.For the reference load for timing measurements.

7. For each of the terms, if not already an integer, round to the next highest integer. t-« refers to the application
clock period. WR refers to the WR parameter stored in the MR.

8. The clock frequency is allowed to change during self-refresh mode or precharge power-down mode. In case of
clock frequency change during power-down.

9. For Slew Rate and Slew Rate derating timing definition.
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10. Consists of data pin skew and output pattern effects, and p-channel to n-channel variation of the output
drivers as well as output Slew Rate mis-match between DQS/DQS and associated DQ in any given cycle.

11. MIN (tg, tcy) refers to the smaller of the actual clock low time and the actual clock high time as provided to
the device (i.e. this value can be greater than the minimum specification limits for tc. and tcy).

12. The t,, trpst @nd t, 5, trere Parameters are referenced to a specific voltage level, which specify when the
device output is no longer driving (tuz, trest), Or begins driving (t.z, trere). thzand t z transitions occur in the
same access time windows as valid data transitions. These parameters are verified by design and
characterization, but not subject to production test.

13. The Auto-Refresh command interval has be reduced to 3.9 us when operating the DDR2 DRAM in a
temperature range between 85 °C and 95 °C.

14.0 ~ Tease ~ 85 °C

15.85 °C < Tcase ~ 95 °C

16. x4 & x8 (1k page size)

17. The tggp timing parameter depends on the page size of the DRAM organization.
18. x16 (2k page size), not on 256Mbit component

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

20. Minimum twrr is two clocks when operating the DDR2-SDRAM at frequencies = 200MHz
21. User can choose two different active power-down modes for additional power saving via MRS address bit

Al12. In “standard active power-down mode” (MR, A12 = “0") a fast power-down exit timing txarp Can be used.
In “low active power-down mode” (MR, A12 ="1") a slow power-down exit timing txaros has to be satisfied.

Table 54 Timing Parameter by Speed Grade - DDR2-400B & DDR2-533C

Parameter Symbol DDR2-533C DDR2-400B Unit/Note
Min. Max. Min. Max. 22)3)4)5)

DQ output access time from CK/  fac ~500 +500 ~600 +600 ps

CK

CAS A to CAS B command period t..p 2 — 2 — tex

CK, CK high-level width tey 0.45 0.55 0.45 0.55 tex

CKE minimum high and low pulse lcke 3 — 3 — fek

width

CK, CK low-level width teL 0.45 0.55 0.45 0.55 tex

Auto-Precharge write recovery +  [oac WR+tre  — WR+1tzp — tex  [7)

precharge time

Minimum time clocks remain ON  IpeLay is+tex+  — bis e+ — ns 8)

after CKE asynchronously drops tin tin

LOW

DQ and DM input hold time lonpase) 225 — 275 — ps 9

(differential data strobe)

DQ and DM input hold time (single [oHipase) =25 — 25 — ps 9)

ended data strobe)

DQ and DM input pulse width (eachfoirw 0.35 — 0.35 — tek

input)
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DQS output access time from CK / fogsck 490 +450 —500 +500 ps

CK

DQS input low (high) pulse width ~ foests  0.35 — 0.35 — fek

(write cycle)

DQS-DQ skew (for DQS & Ipase — 300 — 350 ps 10)

associated DQ signals)

Write command to 1st DQS Ibgss WL -0.25 WL+ 0.25 WL-0.25 MWL+ 0.25 tck

latching transition

DQ and DM input setup time Ipspase) (100 — 150 — ps 9

(differential data strobe)

DQ and DM input setup time losi(pase) 22 — 25 — ps 9)

(single ended data strobe)

DQS falling edge hold time from  IpsH 0.2 — 0.2 — tex

CK (write cycle)

DQS falling edge to CK setup time [oss 0.2 — 0.2 — fex

(write cycle)

Clock half period thp MIN. (tci, tch) MIN. (tcy, tcn 11)

Data-out high-impedance time thz — tac.max — tac.max ps 12)

from CK / CK

Address and control input hold time tinpase) 375 — A75 — ps 9

Address and control input pulse ~ Lipw 0.6 — 0.6 — tex

width

(each input)

Address and control input setup ~ ltisase) 250 — 350 — ps 9)

time

DQ lowimpedance time from CK / tLz(bq) 2 X tacmin tac.max 2 Xtacmn  facmax ps 12)

CK

DQS low-impedance from CK/CK 17005 tacun tac.max fac.min tac.max ps  12)

Mode register set command cycle [vro 2 — 2 — Lek

time

OCD drive mode output delay torr 0 12 0 12 ns

Data output hold time from DQS ., tup — tous — tupo — tous

Data hold skew factor tous — 400 — 450 ps

Average periodic refresh Interval  trer L 7.8 — 7.8 us  13)14)
— 3.9 — 3.9 pus  [13)15)

Auto-Refresh to Active/Auto- trrc 105 — 105 — ns 1)

Refresh command period

Read preamble — 0.9 1.1 0.9 1.1 e 12

Read postamble trpsT 0.40 0.60 0.40 0.60 te 12

Active bank A to Active bank B lrrD 7.5 — 7.5 — ns [16)17)

command period 10 — 10 — ns [18)17)

Internal Read to Precharge tere 7.5 — 7.5 — ns

command delay

Write preamble tWPRE 0.35xtck — 0.35xtck tex

Write postamble bwpsr 0.40 0.60 0.40 0.60 tee  19)
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Write recovery time for write twr 15 — 15 — ns
without Auto-Precharge

Write recovery time for write with ~ WR twrltck twr/tcx fex
Auto-P recharge

Internal Write to Read command ~ wtr 7.5 | 10 | ns 20)
delay

Exit power down to any valid EXARD 2 2 tck
command — — 21)
(other than NOP or Deselect)
Exit active power-down mode to  Ixarps 6 — AL 6 — AL tex
Read command (slow exit, lower — — 21)
power)
Exit precharge power-down to any [xp 2 2 tex
valid command (other than NOP or — —
Deselect)
Exit Self-Refresh to non-Read [XSNR trrc +10 trec +10 ns
command

Exit Self-Refresh to Read txsrD 200 200 fek
command

1. Vppo = 1.8V +0.1V; Vpp=1.8V+ 0.1V,

2. Timing that is not specified is illegal and after such an event, in order to guarantee proper operation, the
DRAM must be powered down and then restarted through the specified initialization sequence before normal
operation can continue.

3. Timings are guaranteed with CK/CK differential Slew Rate of 2.0 V/ns. For DQS signals timings are
guaranteed with a differential Slew Rate of 2.0 V/ns in differential strobe mode and a Slew Rate of 1 V/ns in
single ended mode. Timings are further guaranteed for normal OCD drive strength (EMRS(1) Al= 0) under
the Reference Load for Timing Measurements.

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

5. Inputs are not recognized as valid until Vrer Stabilizes. During the period before Vrer stabilizes, CKE = 0.2 x
Vbpg is recognized as low.

6. The output timing reference voltage level is Vrr.For the reference load for timing measurements.

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

8. The clock frequency is allowed to change during self-refresh mode or precharge power-down mode. In case of
clock frequency change during power-down.

9. For Slew Rate and Slew Rate derating timing definition.

10. Consists of data pin skew and output pattern effects, and p-channel to n-channel variation of the output
drivers as well as output Slew Rate mis-match between DQS/DQS and associated DQ in any given cycle.

11. MIN (tg, tcy) refers to the smaller of the actual clock low time and the actual clock high time as provided to
the device (i.e. this value can be greater than the minimum specification limits for t; and tey).

12. The tyz, tresT and tiz, trere parameters are referenced to a specific voltage level, which specify when the
device output is no longer driving (t,z, trpst), OF begins driving (t 7, trere)- tyzand t , transitions occur in the
same access time windows as valid data transitions. These parameters are verified by design and
characterization, but not subject to production test.

13. The Auto-Refresh command interval has be reduced to 3.9 us when operating the DDR2 DRAM in a
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temperature range between 85 °C and 95 °C.
14.0 ~ Tease ~ 85 °C
15. 85 °C < Tecase ~ 95 °C
16. x4 & x8 (1k page size)
17. The trrp timing parameter depends on the page size of the DRAM organization.
18. x16 (2k page size), not on 256Mbit component

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

20. Minimum twrr is two clocks when operating the DDR2-SDRAM at frequencies =200MHz
21. User can choose two different active power-down modes for additional power saving via MRS address bit

Al2. In “standard active power-down mode” (MR, Al12 = “0") a fast power-down exit timing tyarp Can be used.
In “low active power-down mode” (MR, A12 ="1") a slow power-down exit timing txarps has to be satisfied.
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10.3 ODT AC Electrical Characteristics

Table 55 ODT AC Electrical Characteristics and Operating Conditions for DDR2-667

Symbol |Parameter / Condition Values Unit Note
Min. Max.

taonD ODT turn-on delay 2 2 te

taon ODT turn-on tac min tacmax + 0.7 ns ns D
taonpd ODT turn-on (Power-Down Modes) themn t2NS Rteg+tacmax +1ns NS

taorn ODT turn-off delay 2.5 2.5 tey

taor ODT turn-off tac.min tacmax + 0.6 ns ns 2)
tAOFPD ODT turn-off (Power-Down Modes) tacun +2 NS 2.5 tek+ tacmax + 1 ns NS

tanPD ODT to Power Down Mode Entry Latency 3 — tek

taen ODT Power Down Exit Latency 8 — tex

1. ODT turn on time min. is when the device leaves high impedance and ODT resistance begins to turn on. ODT
turn on time max is when the ODT resistance is fully on. Both are measure from t ,onp-

2. ODT turn off time min. is when the device starts to turn off ODT resistance. ODT turn off time max is when the
bus is in high impedance. Both are measured from tygorp.

Table 56 ODT AC Electrical Characteristics and Operating Conditions for DDR2-533 and DDR2-400

Symbol |Parameter / Condition Values Unit Note
Min. Max.

taoND ODT turn-on delay 2 2 tex

taon ODT turn-on tac.min tacmax + 1 ns ns D
taoNPD ODT turn-on (Power-Down Modes) tacmun +2NS  Ptex+tacmax +1ns NS

taorD ODT turn-off delay 2.5 2.5 tex

taor ODT turn-off tac.min tacmax + 0.6 ns ns 2)
taoeen ODT turn-off (Power-Down Modes) teun +2NS 2.5 te + tacuax + 1 ns NS

tanen ODT to Power Down Mode Entry Latency 3 — tex

taxen ODT Power Down Exit Latency 8 — tex

1. ODT turn on time min. is when the device leaves high impedance and ODT resistance begins to turn on. ODT
turn on time max is when the ODT resistance is fully on. Both are measure from t ,onp.

2. ODT turn off time min. is when the device starts to turn off ODT resistance. ODT turn off time max is when the
bus is in high impedance. Both are measured from taorp.
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11. AC Timing Measurement Conditions
11.1 Reference Load for Timing Measurements

Figure represents the timing reference load used in defining the relevant timing parameters of the device. It is
not intended to either a precise representation of the typical system environment nor a depiction of the actual
load presented by a production tester. System designers should use IBIS or other simulation tools to correlate
the timing reference load to a system environment. Manufacturers correlate to their production test conditions,
generally a coaxial transmission line terminated at the tester electronics. This reference load is also used for
output Slew Rate characterization. The output timing reference voltage level for single ended signals is the
crosspoint with Vrr.

The output timing reference voltage level for differential signals is the crosspoint of the true (e.g. DQS) and the
complement (e.g. DQS) signal.

|VDDQ

B DQ
CK, CK DQs
Ut gggs bsomm T Vooa/2

RDQS

-

Timing Reference Points

11.2 Slew Rate Measurement Conditions
Output Slew Rate

For DQ and single ended DQS signals output Slew Rate for falling and rising edges is measured between V{; —
250 mV and V;; + 250 mV. For differential signals (DQS /!DQS) output Slew Rate is measured between DQS
- IDQS =-500 mV and DQS — 'DQS = + 500 mV. Output Slew Rate is defined with the reference load and
verified by design and characterization, but not subject to production test.

Input Slew Rate - Differential signals

Input Slew Rate for differential signals (CK / !CK, DQS /!DQS, RDQS / 'RDQS) for rising edges are measured
from CK - ICK =-250 mV to CK — ICK = +500 mV and from CK — !CK = +250 mV to CK — !CK = -500mV for
falling edges.

11.3 Input and Data Setup and Hold Time
11.3.1 Definition for Input Setup (t,s) and Hold Time (t,)

Address and control input setup time (ts) is referenced from the input signal crossing at the Vueac) level for a
rising signal and V, ) for a falling signal applied to the device under test. Address and control input hold time (t,)
is referenced from the input signal crossing at the Vi ) level for a rising signal and Vnqc) for a falling signal
applied to the device under test.
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Vooa
VIH(ac] min
VlH(ﬁc] min
VRer
ViLde) max
Vi (ac) max
Vss

11.3.2 Definition for Data Setup (tbs) and Hold Time (tpn), differential Data Strobes

Data input setup time (tg) with differential data strobe enabled MR[bit10]=0, is referenced from the input signal
crossing at the Vo) level to the differential data strobe crosspoint for a rising signal, and from the input signal
crossing at the Vi_c) level to the differential data strobe crosspoint for a falling signal applied to the device under
test.

DQS/DQS signals must be monotonic between Vi @c).max and Vinae).mn. Data input hold time (ton) with differential
data strobe enabled MR[bit10]=0, is referenced from the input signal crossing at the V, ., level to the differential
data strobe crosspoint for a rising signal and V4, to the differential data strobe crosspoint for a falling signal
applied to the device under test.

DQS/DQS signals must be monotonic between Vi @c).max and Vinc).min.

Vooa

Vi {a)min
ViH(gg)min
VREF
ViL(dey max
VlL{ac) max

Vss

11.3.3 Definition Data Setup (tps;) and Hold Time (tpy,), Single-Ended Data Strobes

Data input setup time (tbs1) with single-ended data strobe enabled MR[bit10]=1, is referenced from the input
signal crossing at the Vineac) level to the single-ended data strobe crossing Vinwac) at the start of its transition for a
rising signal, and from the input signal crossing at the V), level to the single-ended data strobe crossing Vi e
at the start of its transition for a falling signal applied to the device under test

Data input hold time (tp;) with single-ended data strobe enabled MR[bit10]=1, is referenced from the input
signal crossing at the Vi) level to the single-ended data strobe crossing Viniac) at the end of its transition for a
rising signal and from the input signal crossing at the Vi () level to the single-ended data strobe crossing Viwi(ac)
at the end of its transition for a falling signal applied to the device under test.
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The DQS signal must be monotonic between V) g¢ max @aNd Ve min-

Vona
ViH ac) min
ViH (dg) min
VRer
ViL(gc) max
VIL(ac) max
Vss

ViH (acy min

ViH (dy min

VRer

VL (de) max

ViL(ac) mex

Vss

11.3.4 Slew Rate Definition for Input and Data Setup and Hold Times

Setup (ts & ths) nominal Slew Rate for a rising signal is defined as the Slew Rate between the last crossing of
Vrer(dc) and the first crossing of Vinac)min. Setup (tis & tos) nominal Slew Rate for a falling signal is defined as
the Slew Rate between the last crossing of Vrer(dc) and the first crossing of Vi ac)max. If the actual signal is
always earlier than the nominal Slew Rate line between shaded “Vgee(dc) to ac region’, use nominal Slew Rate
for derating value. If the actual signal is later than the nominal Slew Rate line anywhere between shaded
‘Vree(dc) to ac region’, the Slew Rate of a tangent line to the actual signal from the ac level to dc level is used for
derating value.Hold (t,, & ty) nominal Slew Rate for a rising signal is defined as the Slew Rate between the last
crossing of ViLac).max and the first crossing of Vger(dc). Hold (tin & ton) nominal Slew Rate for a falling signal is
defined as the Slew Rate between the last crossing of V¢ min @nd the first crossing of Veee(dc). If the actual
signal is always later than the nominal Slew Rate line between shaded ‘dc to Vgee region’, use nominal Slew
Rate for derating value. If the actual signal is earlier than the actual signal from the dc level to Vrer level is used
for derating value.
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11.3.5 Setup (t5) and Hold (t,y) Time Derating Tables

1. For all input signals the total input setup time and input hold time required is calculated by adding the data
sheet value to the derating value respectively. Example: t,s(total setup tine) = tig(base) + Atg

2. For slow Slew Rate the total setup time might be negative (i.e. a valid input signal will not have reached V)
' Vi aq) at the time of the rising clock) a valid input signal is still required to complete the transition and reach
Vin@e) / Vi) For Slew Rates in between the values listed in the next tables, the derating values may be
obtained by linear interpolation. These values are not subject to production test. They are verified only by
design and characterization.

Table 57 Derating Values for Input Setup and Hold Time (DDR2-667)

Command / Address Slew Rate K, CK Differential Slew Rate Unit |Note
(Vins) 2.0 Vins 1.5V/ns 1.0 V/ns
Atg Aty Atg Aty Atg Aty

4.0 +150 +94 +180 124  #210 +154 ps H2)
35 +143 +89 +173 +119 1203 +149  ps &
3.0 +133 +83 +163 +113  +193 +143  ps &
25 +120 475 +150 4105  +180  +135 ps
2.0 +100 +45 +130 +75 +160 +105  ps &
1.5 +67 +21 +97 +51 +127 +81 ps &
1.0 0 0 +30 +30 +60 +60 ps &
0.9 5 14 425 +16 +55 +46 ps &
0.8 113 31 +17 -1 +47 +29 ps &
0.7 22 54 +8 24 +38 +6 ps Y
0.6 34 83 -4 53 +26 23 ps &
0.5 60 125 130 95 0 65 ps &
0.4 -100 188 70 158 40 128 ps &
0.3 168 292 138 262 108 232 ps &
0.25 200 375 170 345 140 315 ps &
0.2 1325 500 295 470 1265 440  ps &
0.15 1517 708 487 1678 457 648  ps &
0.1 11000 1125 970 1095 940 1065  ps &

1. For all input signals tis(total) = ts(base) + Atis and tiu(total) = tin(base) + At

2. For slow slewrate the total setup time might be negative (i.e. valid input signal will not have reached V) /
ViL(ac) at the time of the rising clock) a valid signal is still required to complete the transistion and reach V) /
ViLac). For slew rates in between the values listed in the next tables, the derating values may be obtained by
linear interpolation. These values are not subject to production test. They are verified only by design and
characterisation.
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Table 58 Derating Values for Input Setup and Hold Time (DDR2-400 & DDR2-533)

Command / Address Slew Rate CK, CK Differential Slew Rate Unit | Note
(Vins) 2.0Vins 1.5V/ns 1.0V/ns
Ats Aty Ats Aty Atis Aty

4.0 +187 +94 +217  #124 +247 +154 ps v2)
35 +179 +89 +209 +119 +239 +149  ps i
3.0 +167 +83 +197 +113 +227 +143 ps i
25 +150 +75 +180 +105 +210 +135  ps i
2.0 +125 +45 +155 +75 +185 +105  ps K
15 +83 +21 +113 +51 +143 +81 ps K
1.0 0 0 +30 +30 +60 +60 ps D
0.9 11 14 +19 +16 +49 +46 ps D
0.8 25 31 +5 -1 +35 +29 ps D
0.7 43 54 13 24 +17 +6 ps i
0.6 67 83 37 1 53 -7 23 ps K
05 110 125 80 95 50 65 ps i
0.4 175 188 145 158 1115 128 ps i
0.3 285 292 255 262 225 232 ps K
0.25 350 375 320 1345 290 1315 ps K
0.2 525 1500 495 470 465 440 ps
0.15 800 708 770 678 740 648 ps K
0.1 ~1450 1125 —1420 1095 1390  -1065  ps K

1. For all input signals ts(total) = tg(base) + Atgand t(total) =t (base) + Aty

2. For slow slewrate the total setup time might be negative (i.e. valid input signal will not have reached Viyac) /
Vg at the time of the rising clock) a valid signal is still required to complete the transistion and reach V) /
VL) FOr slew rates in between the values listed in the next tables, the derating values may be obtained by
linear interpolation. These values are not subject to production test. They are verified only by design and
characterisation.
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Table 59 Derating Values for Data Setup and Hold Time of Differential DQS (DDR2-667)

DQS, DQS Differential Slew Rate™?

SI|D§N 4.0 VIns 8.0 V/ns 2.0 VIns 1.8V/ns [1.6 ViIns | 1.4 V/ns 1.2 VIns 1.0 ViIns 0.8 Vins

Rate |A A A A A A A IAA A A A A A A A A A
(VIns)tos ton [bs ton [bs ton fos [on fbs [fton fbs o tbs ton tos  foH tbs  tow

2.0 +100 +45 100 w45 100 w45 — — — — — - L - L L L L

1.5 167 {21 #67 (21 #67 +21 #97 433 — — — — — — — - [ o

1.0 O 0 0 0 0 0 +12 +12 #24 24 — — — — — — — —

09 — — +5 —14 -5 =14 #7 2 #19 +10 #31 22 — — — — — —
0.8 +— — = — +13 31 ~1 19 #11 7 w23 #5 35 +17 — — — —
0.7 — — — = — +10 42 #2 30 #+14 18 #26 6 +38 6 — —
0.6 +— — = e — — — L10 59 H2 147 #14 135 #26 23 H538 L11
05 +— — = — = — - = — — 24 89 +12 77 D0 -65 +12 53
04 +— — = e - — - — — — = 52 140 20 +128 28 116

1. All units in ps.
2. For all input signals tps(total) = tos(base) + Atps and tpu(total) = ton(base) + A ton

Table 60 Derating Values for Data Setup and Hold Time of Differential DQS (DDR2-400 & -533)

DQS, DQS Differential Slew Rate™?

Sllje(\g/v 4.0V/ns B3.0VIns R.0Vins 1.8V/ins | 1.6 Vins | 1.4 VIns 1.2 VIns 1.0 VIns 0.8 V/ns

Rate A A A A [a A ja]a A aaaa A A A A |a

(V/ns)tos  fon fbs  fon fos  fon fos fou fbs fonw fos fon fos  fon  fos  fow  fos o

2.0 #125 +45 #125 W45 125 w45 — — - - — - - - - L [ L

1.5 #83 #21 #+83 +21 #83 H21 #95 +383 — — — — — — — — — —

1.0 0O 0 0 o D0 0 H12 +12 H24 #24 — — — — — — — —

09 — — L11 14 11 H4 #+1 2 #13 R0 ks 22 - — — - —
08 — — — | [25 131 -13 -19 -1 7 W11 5 k23 K17 — — —
o7 — - - - b L 31l42bt19f30+7 M8k 6 #17 6 —
06 — — — — - — — — 43 |59 31 47 119 35 7 L23 45 L11
o5 — — - - = = = L L L L7aleole2 77 50 L65 38 53
04 — — - = = = = = = = = = L127 F140 -115 128 103 -116

1. All units in ps.

2. For all input signals tpg(total) = tys(base) + Atyg and tpy(total) = ty(base) + Atpy
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Table 60 Derating Values for Data Setup and Hold Time of Single-ended DQS (DDR2-400 & -533)

DQS, DQS Single-ended Slew Rate™?

SIIDSNZ.OV/ns 1.5VIns [1.0VIns 0.9V/ns |0.8V/ns | 0.7V/ns | 0.6 VIns 0.5 V/ns 0.4 VIns
Rate |A A A A A A A IAA A A A A A A A A A
(V/ins)tos1  for1 tbsi  fomi tosi fomi fosi fowi fosi foHr fosi foHi fosi foHi  fost foHr fost foma
2.0 +188 +188+167 +146+125 #63 — — — +— — — +— — — — — —
1.5 [+146 +167+125 [+125183 w42 81 #43 — — — — — — — L L L
1.0 #63 t+125+42 +83 0 0 -2 #1 =7 =13 - — — — — — —
09 — [ k31 W69 L11 14 [13 13 L1g 27 20 s L [ L &
08 — — o | L25 131 27 -30 -32 44 43 |62 -60 86 — — —
0.7 — — — — - — +45 53 50 67 61 -85 78 109 108 ~152 — —
0.6 — — = — = — — — +74 96 -85 114+102 138 —132 ~181 183 246
0.5 — — = — — — — +— — +128-156+~145 180 ~175 223 226 288
04 — — — — & & B & & &= L210 (243 240 286 291 k351

1. All units in ps.

2. For all input signals tpsa(total) = tpsi(base) + Atpsi and tpua(total) = tpri(base) + Atoni
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12.

Figure Package Pinout

Package Dimensions

PG-TFBGA-60 (top view)

_11x08 =88 _

2.2 MAX.

8 x[0.8]

1.2 MAX.

0.31 MIN. |

20.46 0.05

C[AE]

1) Dummy pads without ball m
2) Middle of packages edges
3) Package orientation mark A1
4) Bad unit marking (BUM)

5) Die sort fiducial

A

SEATING PLANE

100




ﬂD POintec

PT9/3216BG

Figure Package Pinout

PG-TFBGA-84 (top view)
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13. VERSION HISTORY

VERSION DATE PAGE DESCRIPTION
A00 07/24/2005 — Initial Issued
A01 06/30/2005 — Modified all parameter

Important Notice

Pointec products are not designed, intended, authorized or warranted for use as components in systems
or equipment intended for surgical implantation, atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control
instruments, or for other applications intended to support or sustain life. Further more, Pointec products
are not intended for applications wherein failure of Pointec products could result or lead to a situation
wherein personal injury, death or severe property or environmental damage could occur.

Pointec customers using or selling these products for use in such applications do so at their own risk
and agree to fully indemnify Pointec for any damages resulting from such improper use or sales.
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