Delson

D59C1G02(808/168)QUCP

HIGH PERFORMANCE 2Gbit DDR2 SDRAM

Technology Co, Ltd.

3 25A 25
DDR2-667 DDR2-800 DDR2-800
Clock Cycle Time (tcks) 5ns 5ns 5ns
Clock Cycle Time (tcka) 3.75ns 3.75ns 3.75ns
Clock Cycle Time (tcks) 3ns 3ns 2.5ns
Clock Cycle Time (tckg) 3ns 2.5ns 2.5ns
Clock Cycle Time (tck7) 3ns 2.5ns 2.5ns
System Frequency (fck max) 333 MHz 400 MHz 400 MHz

Features

The 2-Gbit Double-Data-Rate-Two SDRAM offers the following key features:

+ 1.8V 0.1V Power Supply
1.8V 0.1V (SSTL_18) compatible I/O

+ DRAM organizations with x8, x16 data in/outputs

+ DDR2 SDRAM architecture:

— Comply with JEDEC DDR2 SDRAM Standard
— Eight internal banks for concurrent operation

* Programmable CAS Latency: 3,4, 5,6 and 7

» Programmable Burst Length: 4 and 8

- Differential clock inputs (CK and CK)

« Bi-directional, differential data strobes (DQS and DQS)
are transmitted / received with data. Edge aligned with
read data and center-aligned with write data.

» DLL aligns DQ and DQS transitions with clock

« DQS can be disabled for single-ended data
strobe operation

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

» Data masks (DM) for write data

» Posted CAS by programmable additive latency for
better command and data bus efficiency

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

Description

The 2-Gbit DDR2 SDRAM is a high-speed Double-Data-
Rate- Two CMOS Synchronous DRAM device
Containing 2,147,483,648 bits and internally configured
as an octal bank DRAM.

The 2-Gbit device is organized as 16 Mbit x8 1/0 x8
banks or 8 Mbit x16 1/0O x8 banks chip. These
synchronous devices achieve high speed transfer
rates starting at 400mb/sec/pin for general applications.
SeeTable 1 for performance figures.

The device is designed to comply with JEDEC DDR2
DRAM key features:

Posted CAS with additive latency.

Write latency = read latency - 1.

Normal and weak strength data-output driver.
Off-Chip Driver (OCD) impedance adjustment.
On-Die Termination (ODT) function.
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* Auto-Precharge operation for read and write bursts
* Support concurrent Auto Precharge function
+ Auto-Refresh, Self-Refresh and power saving
Power- Down modes
» Operating temperature range (7case)
— Commercial, (0 °C to 95 °C)
— Industrial, | (-40 °C to 95 °C)
— Automotive, A2 (-40 °C to 105 °C)
— High-Rel, X (-55 °C to 125 °C)
» Average Refresh Period 7.8 ¢ s ata 7case
lower than 85 °C, 3.9 ¢ s between 85 °C and
125 °C
* Programmable self refresh rate via EMRS2 setting
* Full and reduced Strength Data-Output Drivers
+ 1KB page size for x8, 2KB page size for x16
+ Packages: PG-TFBGA-60 for x8, PG-TFBGA-84 for
x16

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 CK falling). All I/Os are synchronized with
a single ended

DQS or differential
synchronous fashion.
A 15 bit address bus for x8 organised components and
a 14 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 1.8V * 0.1V
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 TFBGA package.

DQS-DQS pair in a source
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Part Number Information

IN
o

D59C1G02(808/168)QUCP

2 3 6 7 8 9 10 1M 12 13 14 15 16 17 18 19
D 59 Cc 1 G0216 8 Q U Cc P 25
ORGANIZATION
DELSON & REFRESH
64Mx4, 8K : 25640 16Mx16, 8K : 25616
32Mx8, 8K : 25680 TEMPERATURE
128Mx4, 8K : 51240  32Mx16, 8K : 51216 BLANK:  0-85C
64Mx8, 8K : 51280 l: -40-95C
TYPE 256Mx4, 8K : G0140  64Mx16, 8K : GO116 H: -40 - 105C
59 : DDR2 CMOs 128Mx8, 8K : G0180 E: -40 - 125C
256Mx8, 8K : G0280  128Mx16, 8K : G0216 SPEED
3 :333MHz @CL5-5-5
VOLTAGE 25 : 400MHz @CL5-5-5
1: 1.8V BANKS 25A : 400MHz @CL6-6-6
4 : 4 BANKS [/[e)
8 : 8 BANKS Q: SSTL_18 REV CODE
REV CODE
PACKAGE
Green |PACKAGE
DESCRIPTION
P FBGA

2Gb DDR2 SDRAM Addressing

Configuration 128Mb x 16 / 256Mb X 8
# of Bank 8

Bank Address BAO ~ BA2

Auto precharge A10/AP

Row Address A0 ~ A13
Column Address A0 ~ A9
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Ball# Name Ball Buffer Function
Type Type

H8 A0 | SSTL Address Signal 14:0, Address Signal 10/Auto precharge
H3 Al | SSTL
H7 A2 | SSTL
J2 A3 | SSTL
J8 A4 | SSTL
J3 A5 | SSTL
J7 A6 | SSTL
K2 A7 | SSTL
K8 A8 | SSTL
K3 A9 | SSTL
H2 Al0 | SSTL

AP | SSTL
K7 All | SSTL
L2 Al2 | SSTL
L8 Al3 | SSTL
L3 Al4 | SSTL
Data Signals x8 Organizations
C8 DQO 110 SSTL Data Signal 3:0
Cc2 DQ1 1/0 SSTL
D7 DQ2 110 SSTL
D3 DQ3 110 SSTL
D1 DQ4 1/0 SSTL Data Signal 7:4
D9 DQ5 110 SSTL
B1 DQ6 1/0 SSTL
B9 DQ7 1/0 SSTL
Data Strobe x8 Organizations
B7 DQS 110 SSTL Data Strobe
A8 DQS 110 SSTL
Data Strobe x8 Organization
B3 RDQS (e} SSTL Read Data Strobe
A2 RDQS O SSTL
Data Mask x8 Organizations
B3 DM I |sSTL Data Mask
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D59C1G02(808/168)QUCP

Ball# Name Ball Buffer Function
Type Type
Power Supplies x8 Organization
A9, C1,C3, Vobo PWR - I/O Driver Power Supply
C7,C9
Al, E9, H9, L1 | I, PWR — Power Supply
A7,B2, B8, Vsso PWR - I/O Driver Power Supply _Gnd
D2, D8
A3,J1,E3,K9 | Vg PWR - Power Supply_Gnd
E2 Vier Al - I/0O Reference Voltage
El Voo PWR - Power Supply
E7 VsspL PWR |- Power Supply_Gnd
Not Connected x8 Organization
L7 ‘ NC | NC ‘— ‘ Not Connected
Other Balls x8 Organizations
F9 jooT i |SSTL  [On-Die Termination Control

TABLE 4

Abbreviations for Ball Type

Abbreviation Description

| Standard input-only ball. Digital levels.
(0] Output. Digital levels.

110 1/0 is a bidirectional input/output signal.
Al Input. Analog levels.

PWR Power

GND Ground

NC Not Connected

TABLE 5

Abbreviation

Abbreviations for Buffer Type

Description

SSTL Serial Stub Terminated Logic (SSTL_18)

LV-CMOS Low Voltage CMOS

CMOS CMOS Levels

oD Open Drain. The corresponding ball has 2 operational states, active low and

tristate, and allows multiple devices to share as a wire-OR.
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FIGURE 1
Chip Configuration for x8 Components, TFBGA-60 (Top view)
1 2 3 4 5 6 7 8 9
Vop  [NU/ ﬁ Vss A Vssa DQs Vbpg
DQ6 Veso  [PM/RDQS B DQS Veso | DQ7
Vonao DQl Vbpo C Vbpo DQO Vopo
DQ4 Veso DQ3 D DQ2 Veso DQ5
Voor VREr Vss E VsspL CK Vop
CKE WE F RAS CK ODT
BA2 BAO | BAL G CAsS Cs
AIO/AP | Al q A2 A0 Voo
Vs A3 A5 5 A6 A4
AT A9 K All A8 Vs
Voo Al2 Al4 L NC Al3

Notes

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. VppL and Vssp. are power and ground for the DLL.

.
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D59C1G02(808/168)QUCP

Configuration for TFBGA-84

The chip configuration of a DDR2 SDRAM is listed by function in Table 6. The abbreviations used in the
Ball#/Buffer Type columns are explained in Table 7 and Table 8 respectively.

TABLE 6
Chip Configuration for TFBGA-84
Ball# Name Ball Buffer Function
Type Type

Clock Signals x16 Organization
J8 CK | SSTL Clock Signal CK, /CK
K8 CK | SSTL
K2 CKE | SSTL Clock Enable
Control Signals x16 Organization
K7 RAS | SSTL Row Address Strobe (/RAS), Column Address Strobe
L7 CAS I SSTL (/CAS), Write Enable (/WE)
K3 'WE | SSTL
L8 Cs | SSTL Chip Select
Address Signals x16 Organization
L2 BAO | SSTL Bank Address Bus 2:0
L3 BAl | SSTL
L1 BA2 | SSTL
M8 AO | SSTL Address Signal 13:0, Address Signal 10/Autoprecharge
M3 Al | SSTL
M7 A2 | SSTL
N2 A3 | SSTL
N8 A4 | SSTL
N3 A5 | SSTL
N7 A6 | SSTL
P2 A7 | SSTL
P8 A8 | SSTL
P3 A9 | SSTL
M2 Al10 | SSTL

AP | SSTL
P7 All | SSTL
R2 Al2 | SSTL
R8 A13 | SSTL
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Ball# Name Ball Buffer Function
Type Type
Data Signals x16 Organization
G8 DQO 110 SSTL Data Signal Lower Byte 7:0
G2 DQ1 110 SSTL
H7 DQ2 110 SSTL
H3 DQ3 110 SSTL
H1 DQ4 110 SSTL
H9 DQ5 110 SSTL
F1 DQ6 110 SSTL
F9 DQ7 110 SSTL
C8 DQ8 110 SSTL Data Signal Upper Byte 15:8
Cc2 DQ9 110 SSTL
D7 DQ10 110 SSTL
D3 DQ11 110 SSTL
D1 DQ12 110 SSTL
D9 DQ13 110 SSTL
B1 DQ14 I/O SSTL
B9 DQ15 I/O SSTL
Data Strobe x16 Organization
B7 ubQs /0 SSTL Data Strobe Upper Byte
A8 UDQS I/O SSTL
F7 LDQS I/O SSTL Data Strobe Lower Byte
ES8 LDQS 110 SSTL
Data Mask x16 Organization
B3 UDM | SSTL Data Mask Upper Byte
F3 LDM | SSTL Data Mask Lower Byte
Power Supplies x16 Organization
J2 Vier Al - I/O Reference Voltage
A9, C1, Cs, Vooo PWR - I/O Driver Power Supply
C7, C9, E9,
Gl, G3, G7,
J1 Vool PWR |- Power Supply
Al, E1, J9, Voo PWR - Power Supply
M9, R1
A7,B2,B8, D2, VSSQ PWR - I/O Driver Power Supply _Gnd
D8, E7, F2,
F8, H2,H8
J7 VssoL PWR - Power Supply_Gnd
A3, E3, J3, Vss PWR - Power Supply_Gnd
N1, P9
Not Connected x16 Organization
A2,E2, R3,R7 |NC NC - Not Connected
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Ball#

Name

Ball Buffer Function
Type Type

Other Balls x16 Organization

K9

OoDT

|I ISSTL On-Die Termination Control

TABLE 7
Abbreviations for Ball Type
Abbreviation Description
| Standard input-only ball. Digital levels.
(0] Output. Digital levels.
110 1/0 is a bidirectional input/output signal.
Al Input. Analog levels.
PWR Power
GND Ground
NC Not Connected

TABLE 8

Abbreviation

Abbreviations for Buffer Type
Description

SSTL Serial Stub Terminated Logic (SSTL_18)

LV-CMOS Low Voltage CMOS

CMOS CMOS Levels

oD Open Drain. The corresponding ball has 2 operational states, active low and

tristate, and allows multiple devices to share as a wire-OR.
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FIGURE 2
Chip Configuration for x16 Components, TFBGA—-84 (Top view)
1 2 3 4 5 6 7 8 9
Voo NC Vss A Veso | UDQS Vono
DQl4 Veso | UDM B UDQS | Wy, | DQIS
Vong | D Vong ¢ Vopg | DQ8 Vong
DQI2 Veso | DQII D DQ10 Veso | DQI3
Voo NC Vss E Veso | LDPQS Vbbo
DQ6 Veso LDM F LDQS Veso DQ7
Vopao DQl Vbpg G Vbpo DQO Vbpo
DQ4 Veso DQ3 i DQ2 Viso DQ5
Vool Vi Vs ¥ VssbL CK Vop
CKE WE K TRAS TK ODT
BA2 BAO BAl L TAS Ts
A10/AP Al M A2 A0 Voo
Vis A3 AS N A6 A4
A7 A9 P All A8 Vs
Voo AL2 NC R NC Al3

Notes

1. UDQS/UDQS 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[15:8]
3. VppL and Vggp, are power and ground for the DLL.
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Addressing

This chapter describes the DDR2 SDRAM addressing.

TABLE 9
Addressing

Configuration 256 Mb x 8% 128 Mb x162 Note
Bank Address BA[2:0] BA[2:0]
Number of Banks 8 8
Auto Precharge Al0/ AP Al10/ AP
Row Address A[14:0] A[13:0]
Column Address A[9:0] A[9:0]
Number of Column Address Bits 10 10 3
Number of I1/0Os 8 16
Page Size [Bytes] 1024 (1 K) 2048 (2 K) 4

1) Referred to as 'org’

2) Referredto as 'org’

3) Referred to as 'colbits’

4) PageSize = 2°°"™ x org/8 [Bytes]
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Functional Description

This chapter contains the functional description.

Power-up and initialization sequence

The following sequence is required for Power-up and Initialization.

1) Either one of the following sequence is required for Power-up.

al) While applying power, attempt to maintain CKE below 0.2 x VDDQ and ODT * at a LOW state (all other
inputs may be undefined.) The VDD voltage ramp time must be no greater than 200 ms from when VDD ramps
from 300 mV to VDD min; and during the VDD voltage ramp, [VDD-VDDQ| <0.3 volts. Once the ramping of
the supply voltages is complete (when VDDQ crosses VDDQ min), the supply voltage specifications provided
in section 5.2, table 20 Recommended DC operating conditions (SSTL_1.8), prevail.

- VDD, VDDL and VDDQ are driven from a single power converter output, AND

- VTT is limited to 0.95 V max, AND

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

- VDDQ =VREF must be met at all times.

a2) While applying power, attempt to maintain CKE below 0.2 x VDDQ and ODT * at a LOW state, all other
inputs may be undefined, voltage levels at I/0Os and outputs must be less than VDDQ during voltage ramp time
to avoid DRAM latch-up. During the ramping of the supply voltages, VDD =VDDL =VDDQ must be
maintained and is applicable to both AC and DC levels until the ramping of the supply voltages is complete,
which is when VDDQ crosses VDDQ min. Once the ramping of the supply voltages is complete, the supply
voltage specifications provided in section 5.2, table 20 Recommended DC operating conditions (SSTL_1.8),
prevail.

- Apply VDD/VDDL before or at the same time as VDDQ.

- VDD/VDDL voltage ramp time must be no greater than 200 ms from when VDD ramps from 300 mV to

VDD min

- Apply VDDQ before or at the same time as VTT.

- The VDDQ voltage ramp time from when VDD min is achieved on VDD to when VDDQ min is achieved

on VDDQ must be no greater than 500 ms.

(Note: While VDD is ramping, current may be supplied from VDD through the DRAM to VDDQ.)

- Vref must track VDDQ/2, Vref must be within +/- 300 mv with respect to VDDQ/2 during supply ramp

time.

- VDDQ =VREF must be met at all times.

- Apply VTT.

- The VTT voltage ramp time from when VDDQ min is achieved on VDDQ to when VTT min is achieved on
VTT must be no greater than 500 ms.

2) Start clock and maintain stable condition.

3) For the minimum of 200 us after stable power (VDD, VDDL, VDDQ, VREF and VTT are between their
minimum and maximum values as stated in section 5.2, table 20 Recommended DC operating conditions
(SSTL_1.8)) and stable clock (CK, CK), then apply NOP or Deselect & take CKE HIGH.

4) Wait minimum of 400 ns then issue precharge all command. NOP or Deselect applied during 400 ns period.
5) Issue an EMRS command to EMR(2). (To issue EMRS command to EMR(2), provide LOW to BAO and BA2,
HIGH to BAL.)

6) Issue an EMRS command to EMR(3). (To issue EMRS command to EMR(3), provide LOW to BA2, HIGH to
BAO and BALl.)

7) Issue EMRS to enable DLL. (To issue DLL Enable command, provide LOW to AO, HIGH to BAO and LOW to
BA1-BA2 and A13-A15. And A9=A8=A7=LOW must be used when issuing this command.)

8) Issue a Mode Register Set command for DLL reset.

(To issue DLL Reset command, provide HIGH to A8 and LOW to BAO-BA2, and A13-A15.)

9) Issue a precharge all command.

10) Issue 2 or more auto-refresh commands.

11) Issue a MRS command with LOW to A8 to initialize device operation. (i.e. to program operating parameters
12) At least 200 clocks after step 8), execute OCD Calibration (Off Chip Driver impedance adjustment).

If OCD calibration is not used, EMRS to EMR(1) to set OCD Calibration Default (A9=A8=A7=HIGH) followed
by EMRS to EMR(1) to exit OCD Calibration Mode (A9=A8=A7=LOW) must be issued with other operating
parameters of EMR(1).

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

*1: To guarantee ODT off, VREF must be valid and a LOW level must be applied to the ODT pin.
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Mode Register Set (MRS)

The mode register stores the data for controlling the various operating modes of DDR2 SDRAM.

BA2 | BA1 | BAO ﬁi: A12 | A11 | A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 |A1 |AO
oY 0 o | oY PD WR DLL| T™ cL BT BL

TABLE 10

Mode Register Definition, BA,., = 000g
Field Bits |Description

PD 12 Active Power-Down Mode Select
Og PD Fast exit
1z  PD Slow exit

WR [11:9] | Write Recovery?
Note: All other bit combinations are illegal.

001; WR 2
010, WR 3
011, WR 4
100, WR5
101, WR 6
110, WR7
111, WR8

DLL 8 DLL Reset
Og DLL No
1g DLL Yes

™ 7 Test Mode
0g  TM Normal Mode
1;  TM Vendor specific test mode
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Field Bits |Description

CL [6:4] |CAS Latency?

Note: All other bit combinations are illegal.
011, CL 3

100, CL 4

101, CL 5

110, CL 6

111, CL 7

BT 3 Burst Type
Og BT Sequential
1z BT Interleaved

BL [2:0] |Burst Length
Note: All other bit combinations are illegal.

0105 BL 4
011, BL 8

1) BA2 and A14-A13 are reserved for future use and must be set to 0 when programming the MR.

2) Number of clock cycles for write recovery during auto-precharge. WR in clock cycles is calculated by dividing tyg (in ns) by te (in
ns) and rounding up to the next integer: WR [cycles] =tyg (ns) / tck (nS). The mode register must be programmed to fulfill the
minimum requirement for the analogue tyy timing. WR,, is determined by tcx uax and WRyax is determined by tcx win-3) speed
bin determined.

3) speed bin determined.
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Extended Mode Register EMR(1)

The Extended Mode Register EMR(1) stores the data latency, OCD program, ODT, DQS and output
for enabling or disabling the DLL, output driver strength, buffers disable, RDQS and RDQS enable.
additive

Al4
BA2 (BAL [BAO | . A12 (A1l |AI10 [A9 | A8 |A7 [A6 [AS5 |A4 |A3 [A2 [AL [AO
0 | o 1 | 0" | off |RDQS| DQS| OCD Program Rtt AL Rtt |DIC | DLL

TABLE 11

Extended Mode Register Definition, BA,., = 0015

Field Bits |Description

Qoff 12 Output Disable
Og QOff Output buffers enabled
1y  QOff Output buffers disabled

RDQS |11 Read Data Strobe Output (RDQS, RDQS) ©
0y RDQS Disable
1, RDQS Enable

10 Complement Data Strobe (DQS Output)
Og DQS Enable

DQS 1 DQS Disable
OCD [9:7] |Off-Chip Driver Calibration Program
Program 000z OCD OCD calibration mode exit, maintain setting

001, OCD Drive (1)

010, OCD Drive (0)

100, OCD Adjust mode

111, OCD OCD calibration default

AL [5:3] |Additive Latency
Note: All other bit combinations are illegal.

0005 AL O
001z AL 1
0105 AL 2
0115 AL 3
1005 AL 4
101z AL 5
1105 AL 6
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Field Bits |Description

R+ 6,2 Nominal Termination Resistance of ODT
00 RTT oo (ODT disabled)

01; RTT 75 Ohm
10 RTT 150 Ohm
11, RTT 50 Ohm ?

DIC 1 Off-chip Driver Impedance Control
Og DIC Full (Driver Size = 100%)
1y DIC Reduced

DLL 0 DLL Enable
Og DLL Enable
1; DLL Disable

1) BA2 and A14-A13 are reserved for future use and must be set to 0 when programming the EMR(1).
2) Optional for DDR2-400/533/667, mandatory for DDR2-800.

3) When Adjust mode is issued, AL from previously set value must be applied.

4) After setting to default, OCD calibration mode needs to be exited by setting A9-A7 to 000.

5) Output disabled - DQs, DQSs, DQSs, RDQS, RDQS. This feature is used in conjunction with DIMM IDD measurements
when IDDQ is not desired to be included.
6) If RDQS is enabled, the DM function is disabled. RDQS is active for reads and don’t care for writes.
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Extended Mode Register EMR(2)

The Extended Mode Registers EMR(2) control refresh related feature.

Al4
BA2 BAl1 BAO Al13 Al2 A1l Al0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

0! 1 0 oY SRF oY oY PASR

TABLE 12

EMR(2) Programming Extended Mode Register Definition, BA,.,=010g

Field |Bits Description

SRF |7 Address Bus, High Temperature Self Refresh Rate for Tcase > 85°C
0y A7 disable
1, A7 enable?

PASR [[2:0] |Partial Self Refresh for 8 banks®
000z Full array (Banks 000g - 1115)

001; Half Array(Banks 0004 - 011p)
0105 Quarter Array(Banks 000, - 001)
011, 1/8th array (Banks 000 )

1005 3/4 array(Banks 010 - 111;)
101, Half array(Banks 100, - 111p)
1105 Quarter array(Banks 1104 - 111;)
111, 1/8th array(Banks 111;)

1) BAZ2 and A6-A3, A14-A8 are reserved for future use and must be set to 0 when programming the EMR(2).

2) When DRAM is operated at 85°C < TCase < 125°C the extended self refresh rate must be enabled by setting bit A7 to 1 before
the self refresh mode can be entered.

3) If PASR (Partial Array Self Refresh) is enabled, data located in areas of the array beyond the specified self refresh location may
get lost if self refresh is entered. During non-self-refresh operation, data integrity will be maintained if tREFI conditions are met.
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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 0 when setting the mode register during initialization.

Al4
A13
o | o 1 0"

BA2 |BAl1 |BAO Al2 |Al11 |A10 | A9 A8 A7 | A6 A5 Al A3 | A2 |Al | AO

1) All bits in EMR(3) except BAO and BAL1 are reserved for future use and must be set to 0 when programming the EMR(3).

3.6

Burst Mode Operation

TABLE 14
Burst Length and Sequence
Burst Length Starting Address Sequential Addressing Interleave Addressing
(A2 A1 AD) (decimal) (decimal)
4 x00 0,1,2,3 0,1,2,3
x01 1,2,3,0 1,0,3,2
x1 0 2,3,0,1 2,3,0,1
x11 3,0,1,2 3,2,1,0
8 000 0,1,2,3,4,5,6,7 0,1,2,3,4,56,7
001 1,2,3,0,5,6,7,4 1,0,3,2,5,4,7,6
010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5
011 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,4,1,2,3,0 54,7,6,1,0,3,2
110 6,7,4,5,2,3,0,1 6,7,4,5,2,3,0,1
111 7,4,5,6,3,0,1,2 7,6,5,4,3,2,1,0
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Truth Tables

The truth tables in this chapter summarize the commands and the signal coding to control a standard Double-Data-Rate-
Two

SDRAM.
TABLE 15
Command Truth Table
Function CKE CS |RAS |CAS |WE |BAO|A[14:11]|A10 |A[9:0] |Noteb??
BA1
Previous |Current BA2
Cycle Cycle
(Extended) Mode Register | H H L |L L L |BA |OP Code 4)5)6)
Auto-Refresh H H L |L L H X |X X X 4
Self-Refresh Entry H L L |L L H |X [X X |X an
Self-Refresh Exit H |X X X 478
L H L H H H X X X X
Single Bank Precharge H H L |L H L |BA |X L X 49
Precharge all Banks H H L |L H L |X [X H |X 49
Bank Activate H H L |L H H |BA |Row Address 49
Write H H L |H L L |BA |Column |L [Column |99
Write with Auto-Precharge  |H H L |H L L |BA |Column |H |[Column 999
Read H H L |H L H |BA |Column |[L [Column |[999
Read with Auto-Precharge |H H L |H L H |BA |Column [H |Column |99
No Operation H X L |H H H [x [X X X 4
Device Deselect H X H |X X X Ix |X X X 4
Power Down Entry H [X X X 410)
H L L H H H X X X X
Power Down Exit H [X X X 410)
L H L H H H X X X X

1) The state of 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) AllDDR2 SDRAM commands are defined by states of CS, WE, RAS, CAS and CKE at the rising edge of the clock.

5) Bank addresses BA[2:0] determine which bank is to be operated upon. For (E)MRS BA[2:0] selects an (Extended) Mode Register.

6) All banks must be in a precharged idle state, CKE must be high at least for #p and all read/write bursts must be finished before the
(Extended) Mode Register set Command is issued.

7) Vger must be maintained during Self Refresh operation.

8) Self Refresh Exit is asynchronous.

9) Burst reads or writes at BL = 4 cannot be terminated.

10) The Power Down Mode does not perform any refresh operations. The duration of Power Down is therefore limited by the
refresh requirements.
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TABLE 16
Clock Enable (CKE) Truth Table for Synchronous Transitions
Current State? CKE Command Action (N)? Note®®)
(N)?PRAS, CAS,
Previous Cycle®|Current Cycle®|\wg cs
(N-1) (N)
Power-Down L L X Maintain Power-Down | 791D
L H DESELECT or NOP | Power-Down Exit D901
Self Refresh L L X Maintain Self Refresh 8)11)12)
L H DESELECT or NOP | Self Refresh Exit 91L)12)13)14)
Bank(s) Active H L DESELECT or NOP |Active Power-Down 7)9)10)11)15)
All Banks Idle H L DESELECT or NOP |Precharge Power-Down | 9101115
Entry
H L AUTOREFRESH Self Refresh Entry N1D14)16)
Any State other H 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 therefore limited by
the refresh requirements.

8) “X” means “don’t care (including floating around Vigge)” 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) fexemn 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 fg + 2 X fcx + fin-

12) Vger 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 fsus period.
Read commands may be issued only after #sgrp (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.

TABLE 17
Data Mask (DM) Truth Table
Name (Function) DM DQs Note
Write Enable L Valid D
Write Inhibit H X

1) Used to mask write data; provided coincident with the corresponding data.
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Electrical Characteristics

This chapter describes the Electrical Characteristics.

Absolute Maximum Ratings

Caution is needed not to exceed absolute maximum ratings of the DRAM device listed in Table 18 at any time.

TABLE 18

Absolute Maximum Ratings

Symbol Parameter Rating Unit Note
Min. Max.

Voo Voltage on Vpp pin relative to Vss -1.0 +2.3 \Y; D
Vono Voltage on Vppg pin relative to Vss -0.5 +2.3 v n2)
Vool Voltage on Vpp, pin relative to Vs -0.5 +2.3 \% D2)
Vi Vour Voltage on any pin relative to Vss -0.5 +2.3 Y% D3
Tsre Storage Temperature -55 +150 °C 12)

1) When Vpp and Vppo and Vo, are less than 500 mV; Ve may be equal to or less than 300 mV. VDD and VDDQ must be within
300mv of each other at all times; and VREF must be not greater than 0.6 x VDDQ.

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

3) Voltage on any input or I/O may not exceed voltage on VDDQ.

Attention: 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.

TABLE 19
DRAM Component Operating Temperature Range
Symbol Parameter Rating Unit |Note™™?
Min. Max.
Toper Operating Temperature 0 +95 °C Commercial Temperature
-40 +95 °C Industrial Temperature
-40 +105 |[°C Automotive A2 Temperature
-55 +125 |°C High-Rel Temperature

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.

3) Above 85 °C the Auto-Refresh command interval has to be reduced to fzrer= 3.9 uSs.

4) When operating this product in the 85 °C to 125 °C 7case temperature range, the High Temperature Self Refresh has to be
enabled by setting EMR(2) bit A7 to 1. When the High Temperature Self Refresh is enabled there is an increase of /ppg by
approximately 50%.
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DC Characteristics

TABLE 20
Recommended DC Operating Conditions (SSTL_18)
Symbol Parameter Rating Unit Note
Min. Typ. Max.
Voo Supply Voltage 1.7 1.8 1.9 \% D)
Vool Supply Voltage for DLL 1.7 1.8 1.9 \% D
Vono Supply Voltage for Output 1.7 1.8 1.9 \% D)
Vier Input Reference Voltage 0.49 x Vopo 0.5 x Vopg 0.51 x Vopo Y 29
Vir Termination Voltage Vier — 0.04 Vagr Vier + 0.04 \Y R

1) Vopo tracks with Vo, Vpp, tracks with 1hp. AC parameters are measured with Vpp, Vopg @and Vpp, tied together.

2) The value of Vg may be selected by the user to provide optimum noise margin in the system. Typically the value of Vige is
expected to be about 0.5 x Vppg Of the transmitting device and Vzer is expected to track variations in Vppe.

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

4) Vir is not applied directly to the device. V41 is a system supply for signal termination resistors, is expected to be set equal to
Vrer, @nd must track variations in die dc level of Vgge.

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

TABLE 21

ODT DC Electrical Characteristics

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

Termination resistor impedance value for EMRS(1)[A6,A2] = [0,1]; 75 Rtt1(eff) |60 75 90 Q D
Termination resistor impedance value for EMRS(1)[A6,A2] =[1,0]; 150 |Rtt2(eff)|120 |150 |180 Q D
Termination resistor impedance value for EMRS(1)(A6,A2)=[1,1]; 50 Rtt3(eff) |40 50 60 Q D2)
Deviation of V), with respect to Vppqg / 2 delta V| -6.00 | — +6.00 | % 3

1) Measurement Definition for Rtt(eff): Apply Ve and Vi« to test pin separately, then measure current I(V;,c) and I(V, 4c)
respectively.

Rtt(eﬁ) = (VIH(ac) - VIL(ac)) /(I(VIHac) - I(VILac))'
2) Optional for DDR2-667, mandatory for DDR2-800.
3) Measurement Definition for VM: Turn ODT on and measure voltage (VM) at test pin (midpoint) with no load: delta Vy = ((2 x Vu /
VDDQ) — 1) x 100%

TABLE 22
Input and Output Leakage Currents
Symbol Parameter / Condition Min. Max. Unit Note
Iy Input Leakage Current; any input 0 V < VIN < Ipp -2 +2 uA D
IoL Output Leakage Current; 0 V < VOUT < Vppg -5 +5 wA &

1) All other pins not under test =0 V
2) DQ’s, LDQS, LDQS, UDQS, UDQS, DQS, DQS, RDQS, RDQS are disabled and ODT is turned off
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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 Vgrgr.

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 23

DC & AC Logic Input Levels

Symbol Parameter DDR2-667, DDR2-800, DDR2-1066 Units
Min. Max.

Vi) DC input logic HIGH Vigr + 0.125 Vopo + 0.3 7 \Y

Vi DC input LOW -0.3 Vigr — 0.125 \Y

Vinao) AC input logic HIGH Vier + 0.200 Vono + Veeak \%

Viao) AC input LOW Vaso = Veeak Vier — 0.200 \Y

1) VvVDDQ + 300mV allowed provided 1.9V is not exceeded.

2) Refer to Overshoot/undershoot specification. for Vpeak value: maximum peak amplitude allowed for overshoot and undershoot.

TABLE 24
Single-ended AC Input Test Conditions
Symbol Condition Value Unit Notes
Vier Input reference voltage 0.5 % Vppg \ 2
VawING. MAX Input signal maximum peak to peak swing 1.0 \ 2
SLEW Input signal minimum Slew Rate 1.0 V/ns 23)

1) Input waveform timing is referenced to the input signal crossing through the ke level applied to the device under test.
2) The input signal minimum Slew Rate is to be maintained over the range from V.. min t0 Vier for rising edges and the range from

Veer 10 Viiaeymax for falling edges as shown in Figure 3.

3) AC timings are referenced with input waveforms switching from V) t0 Vi) ON the positive transitions and Vi) t0 Vs ON the

negative transitions.
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FIGURE 3

Single-ended AC Input Test Conditions Diagram

Viggomin

Vswincax) Vier
Vipgomax
/ Vi omax
y /
Vss
Delta TF Delta TR
-] ]
Falling Slew= Vier - ViLeomax Rising Slew= Viaomin - VRer

Defa TF FETR

TABLE 25

Differential DC and AC Input and Output Logic Levels
Symbol Parameter Min. Max. Unit Notes
Vi) DC input signal voltage -0.3 Vooo + 0.3 Do)
Vi) DC differential input voltage 0.25 Vopg + 0.3 2)9)
Vioao) AC differential input voltage 0.5 Vopg + Vpeak \Y; 3N
Vix(ac) AC differential cross point input voltage | 0.5 x Vppg — 0.175 0.5 x Vpopg + 0.175 \Y, 4
Vox(ac) AC differential cross point output 0.5 x Vppg —0.125 0.5 x Vppg +0.125 Vv 5

1) Ve SpPecifies the allowable DC execution of each input of differential pair such as CK, CK, DQS, DQS etc.

2)  Vibwe Specifies the input differential voltage 17— Ve required for switching. The minimum value is equal to Viyaey — Vo)

3) Vibae SPecifies the input differential voltage 17z — Vcp required for switching. The minimum value is equal t0 Viyue — Vo)

4) The value of Viy.) is expected to equal 0.5 x Vppq Of the transmitting device and Viy,) is expected to track variations in Vppq.
Vix@e) indicates the voltage at which differential input signals must cross.

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

6) VDDQ + 300mV allowed provided 1.9V is not exceeded.
7) Refer to Overshoot/undershoot specification. for Vpeak value: maximum peak amplitude allowed for overshoot and undershoot.

FIGURE 4
Differential DC and AC Input and Output Logic Levels Diagram
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Output Buffer Characteristics

This chapter describes the Output Buffer Characteristics.

TABLE 26
SSTL_18 Output DC Current Drive
Symbol Parameter SSTL_18 Unit Notes
o Output Minimum Source DC Current -13.4 mA H24)
Io, Output Minimum Sink DC Current 13.4 mA 234

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

2) The values of /oy and o 4 are based on the conditions givenin Y and¥. They are used to test drive current capability to ensure
Viemin- plus a noise margin and V,_yax 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) Voog =1.7V; Vour =280 mV. Voyr / I, must be less than 21 Ohm for values of V4, between 0 V and 280 mV.
4) The dc value of Vrer applied to the receiving device is set V7,

TABLE 27
SSTL_18 Output AC Test Conditions
Symbol Parameter SSTL_18 Unit Note
Vorr Output Timing Measurement Reference Level 0.5 x Vppq \

TABLE 28

OCD Default Characteristics
Symbol | Description Min. Nominal |Max. Unit Notes
— Output Impedance See full strength default driver 9] 1)2)

characteristics

— Pull-up / Pull down mismatch 0 — 4 0 1)2)3)
— Output Impedance step size for OCD calibration |0 — 15 Q Y
Sout Output Slew Rate 1.5 — 5.0 V/ns 198)

1) Vipg =1.8V #0.1V; Vpp =1.8V £0.1V

2) Impedance measurement condition for output source dc current: Vppo = 1.7 V, Vour = 1420 mV; (Vour—Voog) / lon Must be less
than 23.4 ohms for values of Voyr between Tppq and Tppq — 280 mV. Impedance measurement condition for output sink dc
current: Vppg = 1.7 V; Vour = =280 mV; Vour / Iop must be less than 23.4 Ohms for values of 1oy 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) 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.

6) Timing skew due to DRAM output Slew Rate mis-match between DQS / DQS and associated DQ’s is included in fposq and fous
specification.
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Input / Output Capacitance

This chapter contains the Input / Output Capacitance.

TABLE 29
Input / Output Capacitance
Symbol Parameter DDR2-800 DDR2-667 DDR2-1066 Unit
Min. Max. Min. Max. Min. Max.
CCK Input capacitance, CK and CK 1.0 2.0 1.0 2.0 1.0 2.0 pF
CDCK Input capacitance delta, CK and CK — 025 |— 025 |— 0.25 |pF
Cl Input capacitance, all other input-only 1.0 1.75 1.0 2.0 1.0 1.75 pF
pins
CDI Input capacitance delta, all other input- — 0.25 — 0.25 — 0.25 pF
only pins
ClO Input/output capacitance, 2.5 3.5 2.5 3.5 2.5 3.5 pF
DQ, DM, DQS, DQS
CDIO Input/output capacitance delta, — 0.5 — 0.5 — 0.5 pF
DQ, DM, DQS, DQS
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Overshoot and Undershoot Specification

This chapter contains Overshoot and Undershoot Specification.

TABLE 30

AC Overshoot / Undershoot Specification for Address and Control Pins
Parameter DDR2-667 DDR2-800 DDR2-1066 Unit
Maximum peak amplitude allowed for 0.5 0.5 0.5 \%
overshoot area
Maximum peak amplitude allowed for 0.5 0.5 0.5 \%
undershoot area
Maximum overshoot area above Vpp 0.8 0.66 0.5 V-ns
Maximum undershoot area below Vsg 0.8 0.66 0.5 V-ns

FIGURE 5
AC Overshoot / Undershoot Diagram for Address and Control Pins
Maximum Amplitude
Volts (V) Overshoot Area
VDD
VSS
Undershoot Area
Maximum Amplitude
Time (nS)
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TABLE 31

AC Overshoot / Undershoot Specification for Clock, Data, Strobe and Mask Pins
Parameter DDR2-667 DDR2-800 DDR2-1066 Unit
Maximum peak amplitude allowed for 0.5 0.5 0.5 \%
overshoot area
Maximum peak amplitude allowed for 0.5 0.5 0.5 \%
undershoot area
Maximum overshoot area above Vppg 0.23 0.23 0.19 V-ns
Maximum undershoot area below Vsgq 0.23 0.23 0.19 V-ns

FIGURE 6
AC Overshoot/ Undershoot Diagram for Clock, Data, Strobe and Mask Pins
Maximum Amplitude
Vs (V) Overshoot Area
VDDQ
Vsso
Undershoot Area
Maximum Amplitude
Time (nS)
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Currents Measurement Conditions

This chapter describes the Current Measurement, Specifications and Conditions.

TABLE 32

Iop Measurement Conditions
Parameter Symbol |NoteP™?
Operating Current - One bank Active - Precharge Iopo
lex = [CK(IDD)I lrc = [RC(IDD)I rRas = [RAS.MIN(IDD)v CKE is HlGH,C_S is HIGH between valid
commands. Address and control inputs are switching; Databus inputs are switching.
Operating Current - One bank Active - Read - Precharge Iopy
Iour=0mA,BL =4, [ = lekaopy re = freqppyr fRas = fras.mingppy Trep = frepgopy 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 Iopop
All' banks idle; CKE is LOW; 7k = fckppy:Other control and address inputs are stable; Data bus
inputs are floating
Precharge Standby Current Iopon
All banks idle; CS is HIGH; CKE is HIGH; o = fckgpp): Other control and address inputs are
switching, Data bus inputs are switching
Precharge Quiet Standby Current Joo2o
All banks idle; CS is HIGH; CKE is HIGH; 7ck = fckapp); Other control and address inputs are
stable, Data bus inputs are floating.
Active Power-Down Current Iopsp()
All' banks open; fck = lckappy: CKE is LOW; Other control and address inputs are stable; Data bus
inputs are floating. MRS A12 bit is set to O (Fast Power-down Exit).
Active Power-Down Current [DDSP(l)
All' banks open; fck = lckappy, 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
All banks open; fck = lck(pp); RAS = IRAs.MAX(IDD): [RP = IRP(IDD)s CKE is HlGH,E is HIGH between
valid commands. Address inputs are switching; Data Bus inputs are switching;
Operating Current Iooar
Burst Read: All banks open; Continuous burst reads; BL = 4; AL = 0, CL = CLpp); fck = fckappy:
lras = lras.max ooy frp = ey CKE is HIGH, CS is HIGH between valid commands. Address
inputs are switching; Data Bus inputs are switching; /oyt = 0 mA.
Operating Current Iopaw
Burst Write: All banks open; Continuous burst writes; BL = 4; AL =0, CL = CLpp); Zck = Zckqpoy);
Iras = ras.max(op), ke = frpaop); CKE is HIGH, CS is HIGH between valid commands. Address
inputs are switching; Data Bus inputs are switching;
Burst Refresh Current Iopss
lck = Ick(pp) Refresh command every frec = [RFC(IDD) interval, CKE is HIGH, CS is HIGH
between valid commands, Other control and address inputs are switching, Data bus inputs are
Distributed Refresh Current Iopsp

fex = lekop)y, Refresh command every fger = 7.8 s interval, CKE is LOW and CS is HIGH
between valid commands, Other control and address inputs are switching, Data bus inputs
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Parameter Symbol |Note

Self-Refresh Current _ Iops

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.

Operating Bank Interleave Read Current P/

1. All banks interleaving reads, /oyr = 0 mA; BL = 4, CL = CLpp), AL = trepaopy -1 X fekqopy: Zek
= fekaopy: fre = lreaopy frro = frrogopy; tFAW = tFAW(IDD), Tred = 1 x tck(IDD); CKE is
HIGH, CS is HIGH between valid commands. Address bus inputs are stable during
deselects; Data bus is switching.

1) Vopo =1.8V+0.1V; Vpp =1.8V£0.1V.

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

3) Ipp parameter are specified with ODT disabled.

4) Data Bus consists of DQ, DM, DQS, DQS, RDQS, RDQS, LDQS, LDQS, UDQS and UDQS. IDD values must be met with all

combinations of EMRS bits 10 and 11.

5) Definitions for /p , see Table 33.
6) Timing parameter minimum and maximum values for /,, current measurements are defined in Chapter 7.

7) Input slew rate is specified by AC Parametric Test Condition.

Detailed /pp7

The detailed timings are shown below for IDD7. Changes will be required if timing parameter changes are made
to the specification. Legend: A = Active; RA = Read with Autoprecharge; D = Deselect.

Iop7 - Operating Current: All Bank Interleave Read operation

All banks are being interleaved at minimum #z¢c pp Without violating fzrp oo @Nd faw oo USING @ burst length of 4.
Control and address bus inputs are STABLE during DESELECTSs. IOUT =0 mA.

Timing Patterns for devices with 1KB page size

DDR2-667: AO RAO D A1 RA1 D A2 RA2 D A3 RA3 D D A4 RA4 D A5 RA5 D A6 RA6 D A7 RA7D

D DDR2-800: AO RAO D A1 RA1 D A2 RA2 D ASRA3 D D D A4 RA4 D A5 RA5 D A6 RA6 D A7

RA7DDD

DDR2-1066: AORAODDA1RALIDDA2RA2DDA3RA3IDDDDDA4RA4ADDAS5RA5DD

A6 RA6DDA7RA7TDDDDD

Timing Patterns for devices with 2KB page size

DDR2-667: AORAODD A1IRA1IDDA2RA2DD A3 RA3DDD A4 RAAD D A5 RA5 DD A6 RA6 D D A7 RA7D
D D DDR2-800: AORAODDA1RA1IDDA2RA2DD A3RA3SDDDDA4RA4DD A5 RA5DD A6 RA6 D D A7

RA7DDDD
DDR2-1066: AORAODDDDA1RAIDDDDA2RA2DDDDA3RASDDDDA4RAADDDDASRASDDD

DA6RA6DDDDA7RA7DDDD

TABLE 33
Definition for Iy
Parameter Description
LOW Defined as Viy <V|_ac.max
HIGH Defined as Viy =Vihacmin
STABLE Defined as inputs are stable at a HIGH or LOW level
FLOATING Defined as inputs are Vier = Vopg / 2

SWITCHING Defined 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 34
Ip Specification
Symbol -19F -25D -3D Unit Note
DDR2 - 1066 DDR2 - 800 DDR2 - 667
Max. Max. Max.
951 Y 95C"Y | 105CY [125CP| 95D

Tooo 61 56 60 60 51 mA |x8
Tooo 63 58 60 62 55 mA  [x16
Iops 77 70 72 74 65 mA | x8
ooy 80 72 73 75 68 mA | x16
Tooop 12 12 12 12 12 mA  |x8
Tooop 12 12 12 12 12 mA  [x16
Looon 39 37 39 41 36 mA  |x8
Loon 39 37 39 41 36 mA  [x16
oo 36 36 38 40 36 mA |x8
Jopao 36 36 38 40 36 mA  [x16
Ibpsp o (fast) 19 17 21 23 17 mA x8
Iopsp_o (fast) 19 17 24 26 17 mA x16
Topsp 1 (slow) 34 32 21 23 32 mA | x8
Topsp 1 (slow) 34 32 24 26 32 mA |x16
Lpan 63 58 47 49 55 mA  |x8
Topan 63 58 50 52 55 mA  |x16
Tooar 135 130 121 124 125 mA  |x8
Topar 136 131 124 127 127 mA  |x16
Loaw 136 132 123 126 128 mA | x8
Tooaw 137 133 126 129 129 mA  |x16
Iopss 150 145 147 150 140 mA  |x8
Tooss 150 145 148 151 140 mA  |x16
Toosp 18 18 19 21 18 mA |x8
Toosp 18 18 20 22 18 mA  [x16
Inng 12 12 13 13 12 mA x8
Jong 12 12 13 13 12 mA x16
Iop7 190 185 176 179 180 mA x8
Iop7 192 186 179 182 181 mA x16

1) Tcase temperature.
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7 Timing Characteristics

This chapter contains speed grade definition, AC timing parameter and ODT tables.

7.1 Speed Grade Definitions
TABLE 35
Speed Grade Definition
Speed Grade DDR2-1066 DDR2-800 Unit Note
UnilC Sort Name -19F —-25D
CAS-RCD-RP latencies 7=7-7 5-5-5 Lo
Parameter Symbol Min. Max. Min. Max. —
Clock Period @CL=4 lek 3.75 7.5 3.75 8 ns
@CL=5 lex 3 7.5 25 8 ns
@CL=6 ek 25 7.5 — — ns
@cCL=7 fex 1.875 7.5 — — ns
Row Active Time ans 45 70k 45 70k ns
Row Cycle Time lre 58.125 — 57.5 — ns
RAS-CAS-Delay laeo 13.125  |— 12.5 — ns
Row Precharge Time Lap 13.125 — 125 — ns
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TABLE 36
Speed Grade Definition
Speed Grade DDR2-800 DDR2-667 Unit Note
UnilC Sort Name —25E -3D
CAS-RCD-RP latencies 6—6—6 5-5-5 fox
Parameter Symbol | Min. Max. Min. Max. —
Clock Period @CL=4 |1y 3.75 8 3.75 8 ns
@ CL =51y 3 8 3 8 ns
@ CL =61y 2.5 8 — — ns
Row Active Time lrns 45 70k 45 70k ns
Row Cycle Time lac 60 — 60 — ns
RAS-CAS-Delay trep 15 — 15 — ns
Row Precharge Time lgpy 15 — 15 — ns

1) 8 bank device Precharge All Allowance : tRPall for a Precharge All command for an 8 Bank device is equal to tRP + 1 x tCK,
where tRP is the value for a single bank precharge, which are shown in this table.
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Component AC Timing Parameters

TABLE 37
DRAM Component Timing Parameter by Speed Grade - DDR2-800, DDR2-667, DDR3-1066

Parameter Symbol| DDR2-1066 DDR2-800 DDR2-667 Unit |Note?

_7)

Min. Max. Min. Max. Min. Max.
DQ output access time from |z, -350 350 —400 +400 —-450 +450 ps 8
CK/CK
CAS to CAS command delay| fcp 2 — 2 2 — nCK
Average clock high pulse lepave |0-48 0.52 0.48 0.52 0.48 0.52 lekave |9
width
Average clock period lexave | 1875 7500 2500 8000 3000 8000 ps 9)10)
CKE minimum pulse width [/, |3 — 3 — 3 — ncK |
(‘high and low pulse width)
Average clock low pulse loiave |0.48 0.52 0.48 0.52 0.48 0.52 lexave |9
width
Auto-Precharge write foaL WR + forp| — WR + forp| — WR + frp| — nck |
recovery + precharge time
Minimum time clocks remain | iy ny | 4s+ — Ls+ — s+ — ns
ON after CKE ¢ ¢ 7 +
CK .AVG CK .AVG CK .AVG

asynchronously drops LOW ey + hy fy
DQ and DM input hold time |, gase | 75 — 125 — 175 — ps 1418)19)
DQ and DM input pulse width |z, .,  |0.35 — 0.35 — 0.35 — bk AvG
for each input
DQS output access time from| ,5¢c, |-325 325 -350 +350 -400 +400 ps 8
CK/CK
DQS input high pulse width | 7,5, [0.35 — 0.35 — 0.35 — ek AVG
DQS input low pulse width |7, [0.35 — 0.35 — 0.35 — ek AVG
DQS-DQ skew for DQS & Ibgso 175 — 200 — 240 ps 15)
associated DQ signals
DQS latching rising boss |—025 |+025 |-025 |+025 |-025 [+0.25 |/yave|™
transition to associated
clock edges
DQ and DM input setup time | f5¢ gase | O — 50 — 100 — ps 1718)19)
DQS falling edge hold time |4, |0.2 — 0.2 — 0.2 — lekave |
from CK
DQS falling edge to CK loss 0.2 — 0.2 — 0.2 — lerave |
setup time
Four Activate Window for  |£,, |35 — 35 — 375 — ns )

1KB page size products

Four Activate Window for  |f,, |45 — 45 — 50 — ns )
2KB page size products

CK half pulse width b Min(Zch.as | — Min(feh.ae | — Min(fchas | — ps 20)
S Sy Sy

Data-out high-impedance tuz — Inc Max — Irc.MAX — Inc.max ps 21)

time from

CK/TK

Address and control input |4, gase | 200 — 250 — 275 — ps 22)24)

hold time

Control & address input lipw 0.6 — 0.6 — 0.6 — lck AVG

pulse width for each input

Address and control input | /g gase | 125 — 175 — 200 — ps 28)24)

setup time
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associated clock edges

Parameter Symbol| DDR2-1066 DDR2-800 DDR2-667 Unit |Note?

2)3
Min. Max. Min. Max. Min. Max. 9907

DQ'—OW impedance time from [LZ.DQ 2x [AC.MIN Z‘AC.MA)( 2x [AC.MIN Z‘AC.MAX 2x [AC.MIN [AC.MAX pS 820

CK/CK

l?QS/DQS low-impedance  |4;p0s |facwin Inc.max Iemin Iacmax Inc.min Inc.max ps &2

time from CK/ CK

MRS command to ODT foo |0 12 0 12 0 12 ns 3

update delay

Mode register set fvro 2 — 2 — 2 — nCK

command cycle time

OCD drive mode output lorr 0 12 0 12 0 12 ns )

delay

DQ/DQS output hold time fon bip = lons | — bup — lons | — bap — lops |— ps %)

from DQS

DQ hold skew factor lons  |— 250 — 300 — 340 ps 2)

Average periodic refresh her | — 7.8 — 7.8 — 7.8 us |20

Interval — 3.9 — 39 — 39 s 27)29)

Auto-Refresh to farc 195 — 195 — 195 — ns 80)

Active/Auto-Refresh

Read preamble lere  |0-9 1.1 0.9 1.1 0.9 1.1 lekavs | 9%

Read postamble lpsr |04 0.6 0.4 0.6 0.4 0.6 lorave | 2%

Active to active command |,  |7.5 — 7.5 — 7.5 — ns )

period for 1KB page size

products

Active to active command |, |10 — 10 — 10 — ns )

period for 2KB page size

products

Internal Read to Precharge | fi1p 7.5 — 7.5 — 7.5 — ns )

command delay

Write preamble twere | 0-35 — 0.35 — 0.35 — ek Ave

Write postamble lypst | 0.4 0.6 0.4 0.6 0.4 0.6 lekave | 2

Write recovery time byr 15 — 15 — 15 — ns )

Internal write to read tyre |75 — 7.5 — 7.5 — ns 34)39)

command delay

Exit active power baro |3 — 2 — 2 — nck |%

down to read

Exit active power down to tarps |10—AL |— 8-AL |— 7-AL |— nCK

read command (slow exit,

lower power)

Exit precharge power- lyp 3 — 2 — 2 — nCK

down to any command

Exit self-refresh to a hsng | Trec ¥10 | — e ¥10 | — lrec 10 | — ns 34)

non-read command

Exit self-refresh to read tero | 200 — 200 — 200 — nCK

command

Write command to DQS WL RL-1 RL-1 RL-1 nCK

1) Vopo=18V=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 CKICK 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.
4) 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.
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5) Inputs are not recognized as valid until Vg, stabilizes. During the period before Vg stabilizes, CKE = 0.2 x V5, is recognized

as low.

6) The output timing reference voltage level is V4.

7) New units, ‘foxavs @nd ‘nCK', are introduced in DDR2-667, DDR2-800 and DDR2-1066. Unit ‘/-« avs' represents the actual
ek ave Of the input clock under operation. Unit ‘nCK* represents one clock cycle of the input clock, counting the actual clock
edges. Note that in DDR2-400 and DDR2-533, ‘/«’ is used for both concepts. Example: #p = 2 [nCK] means; if Power Down
exit is registered at Tm, an Active command may be registered at Tm + 2, even if (Tm + 2 - Tm) is 2 X lcx ave * erR 2PER(MiN)-

8) When the device is operated with input clock jitter, this parameter needs to be derated by the actual ferrs.-10per) Of the input clock.
(output deratings are relative to the SDRAM input clock.) For example, if the measured jitter into a DDR2-667 SDRAM has ferpre.
1operyMin = — 272 PS and fegrs. 10per)max = T 293 PS, then f,oq ey minperaTen) = basckmin ~ lerrs-10perymax = — 400 ps — 293 ps = —
693 ps and Z,osck maxperaten) = Ibosckmax — lerree-1opery v = 400 PS + 272 ps =+ 672 ps. Similarly, £, ,, for DDR2-667 derates to
1.7 b minERATED) = - 900 ps — 293 ps = — 1193 ps and £ ; po waxperaten) = 450 Ps + 272 ps = + 722 ps. (Caution on the MIN/MAX
usage!

9) Inpgt c)lockjitter spec parameter. These parameters and the ones in Chapter 7.3 are referred to as 'input clock jitter spec
parameters. The jitter specified is a random jitter meeting a Gaussian distribution.

10) These parameters are specified per their average values, however it is understood that the relationship as defined in Chapter 7.3
between the average timing and the absolute instantaneous timing holds all the times (min. and max of SPEC values are to be used
for calculations of Chapter 7.3).

11) fexemn 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 fis + 2 X fok + f-

13) foarnck = WR [NCK] + firpnck = WR + RU{&p [PS]/ fek avelPS] }, where WR is the value programmed in the EMR.

14) Input waveform timing 7, with differential data strobe enabled MR[bit10] = 0O, is referenced from the differential data strobe
crosspoint to the input signal crossing at the 1}, ¢ level for a falling signal and from the differential data strobe crosspoint to the
input signal crossing at the V| ¢ level for a rising signal applied to the device under test. DQS, DQS signals must be monotonic
between V| pcmax and Viypcmn- See Figures8.

15) fhosq: 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 mismatch between DQS / DQS and associated DQ in any given cycle. .

16) These parameters are measured from a data strobe signal ((L/U/R)DQS / DQS) crossing to its respective clock signal (CK / CK)
crossing. The spec values are not affected by the amount of clock jitter applied (i.e. f;rper: GHit.ccs €1C.), as these are relative to the
clock signal crossing. That is, these parameters should be met whether clock jitter is present or not.

17) Input waveform timing 75 with differential data strobe enabled MR[bit10] = 0, is referenced from the input signal crossing at the
Viuac level to the differential data strobe crosspoint for a rising signal, and from the input signal crossing at the 1/ .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 Vjpcywax and Viyocymin- See Figure 8.

18) If 1ps Or foy is violated, data corruption may occur and the data must be re-written with valid data before a valid READ can be
executed.

19) These parameters are_measured from a data signal ((L/U)DM, (L/U)DQO, (L/U)DQ1, etc.) transition edge to its respective data strobe
signal ((L/U/R)DQS / DQS) crossing.

20) fp is the minimum of the absolute half period of the actual input clock. 4, is an input parameter but not an input specification
parameter. It is used in conjunction with tyus to derive the DRAM output timing 7. The value to be used for /o, calculation is
determined by the following equation; s = MIN (fcpass, foLass), Where, fohass IS the minimum of the actual instantaneous clock
high time; - ags is the minimum of the actual instantaneous clock low time.

21) fy7 and 7 7 transitions occur in the same access time as valid data transitions. These parameters are referenced to a specific
voltage level which specifies when the device output is no longer driving (#z), or begins driving (7.7) .

22) input waveform timing is referenced from the input signal crossing at the V}, pc level for a rising signal and V},; pc for a falling signal
applied to the device under test. See Figure 9.

23) Input waveform timing is referenced from the input signal crossing at the Vj ac level for a rising signal and V_ac for a falling signal
applied to the device under test. See Figure 9.

24) These parameters are measured from a command/address signal (CKE, CS, RAS, CAS, WE, ODT, BAO, A0, Al, etc.) transition
edge to its respective clock signal (CK / CK) crossing. The spec values are not affected by the amount of clock jitter applied (i.e.
byt.peR biT.cor €C.), @s the setup and hold are relative to the clock signal crossing that latches the command/address. That is,
these parameters should be met whether clock jitter is present or not.

25) lon = tup — lons, Where: fiyp is the minimum of the absolute half period of the actual input clock; and /s is the specification value
under the max column. {The less half-pulse width distortion present, the larger the /o value is; and the larger the valid data eye
will be.} Examples: 1) If the system provides #;r of 1315 ps into a DDR2-667 SDRAM, the DRAM provides /o, of 975 ps minimum.
2) If the system provides #yp of 1420 ps into a DDR2-667 SDRAM, the DRAM provides /oy of 1080 ps minimum.

26) lons accounts for: 1) The pulse duration distortion of on-chip clock circuits, which represents how well the actual 4 at the input
is transferred to the output; and 2) The worst case push-out of DQS on one transition followed by the worst case pull-in of DQ on
the next transition, both of which are independent of each other, due to data pin skew, output pattern effects, and pchannel to n-
channel variation of the output drivers.

27) The Auto-Refresh command interval has be reduced to 3.9 pus when operating the DDR2 DRAM in a temperature range between -
85°C and 125 °C.

28) -40 °C<T g B5°C.

29) 85 °C < Tepse <125 °C.
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30) A maximum of eight Refresh commands can be posted to any given DDR2 SDRAM, meaning that the maximum absolute interval
between any Refresh command and the next Refresh command is 9 X fzeg-

31) frpst end point and fzpre begin point are not referenced to a specific voltage level but specify when the device output is no longer
driving (fzpst), OF begins driving (Z&pre).- Figure 7 shows a method to calculate these points when the device is no longer driving
(ZrpsT), OF begins driving (fkpre) by measuring the signal at two different voltages. The actual voltage measurement points are not
critical as long as the calculation is consistent.

32) When the device is operated with input clock jitter, this parameter needs to be derated by the actual f,;per Of the input clock.
(output deratings are relative to the SDRAM input clock.) For example, if the measured jitter into a DDR2-667 SDRAM has
fytpermin = — 72 PS and £ per max = + 93PS, then foore winperaten) = freremin + Himpermmn = 0-9 X £ —72ps=+2178psand

CK.AVG
lrpre maxeraTED) = lRPREMAX + [T pErmMAx = 1-1 X locave + 93 PS = + 2843 ps. (Caution on the MIN/MAX usage!).
33) When the device is operated with input clock jitter, this parameter needs to be derated by the actual £, pyry Of the input clock.
(output deratings are relative to the SDRAM input clock.) For example, if the measured jitter into a DDR2—667 SDRAM has
=+93ps, then £, =0.4X Iy pyg —72PS=+928psand

K]IT.DUTY.MIN =-72 Ps and [JITDUTY.MAX PST.MIN(DERATED) = [RPST.MIN + fJIT.DUTY.MIN

lrpst MmaxpERATED) = fRpsTmax  Liroutvmax = 0.6 X lekave + 93 s = + 1592 ps. (Caution on the MIN/MAX usage!).

34) For these parameters, the DDR2 SDRAM device is characterized and verified to support Zparam = RU{lparam / lek ave}, Which is in
clock cycles, assuming all input clock jitter specifications are satisfied. For example, the device will support f,rp = RU{tkp / fck ave)
which is in clock cycles, if all input clock jitter specifications are met. This means: For DDR2-667 5-5-5, of which /zp = 15 ns, the
device will support zgp = RU{%&p / Zckavc} = 5, i.e. as long as the input clock jitter specifications are met, Precharge command at
Tm and Active command at Tm + 5 is valid even if (Tm + 5 - Tm) is less than 15 ns due to input clock jitter.

35) 4w is at lease two clocks (2 x f«) independent of operation frequency.

36) The maximum limit for this parameter is not a device limit. The device will operate with a greater value for this parameter, but
system performance (bus turnaround) will degrade accordingly.

37) User can choose which active power down exit timing to use via MRS (bit 12). tXARD is expected to be used for fast active power
down exit timing. tXARDS is expected to be used for slow active power down exit timing.

FIGURE 7

Method for Calculating Transitions and Endpoint

4 _— T T VOH - xmV VTT +2Z2x mv— —fF — —
/ — — —VvOoH —2x mv VTT + xmv — — —
tHZ n=
tRPST end point tRPRE begin point
\
\ — = — voL + 2x VTT - xmv — — —
‘7 — — — mv voL + VTT - 2x mv — — — — s
>x m\/
i T2 — T=
tTHZ . tRP ST end point= 2xTI-T2 ILZ.tRPRE begin point= 2xTI-T2
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FIGURE 8

Differential Input Waveform Timing - f,5 and £,
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Jitter Definition and Clock Jitter Specification

Generally, jitter is defined as “the short-term variation of a signal with respect to its ideal position in time”. The
following table provides an overview of the terminology.

TABLE 38
Average Clock and Jitter Symbols and Definition
Symbol Parameter Description Units
lek ave Average clock lek.ave is calculated as the average clock period within any ps
period consecutive
200-cycle window:
N
1
tCK.AVG = — z C K_
~N J
N = 200
T PER Clock-period jitter | 57 per is defined as the largest deviation of any single 7k from ps
lek.ave:
tirper = Min/Max of {fexi — fck ave} Where i = 1 to 200
tir.per defines the single-period jitter when the DLL is already
locked.
tyr.per 1S NOt guaranteed through final production testing.
tr(PER, LCK) | Clock-period jitter ty7(PER,LCK) uses the same definition as £y pgg. during the DLL- ps
during DLL- locking period only.
locking period t7(PER,LCK) is not guaranteed through final production testing.
tit.ce Cycle-to-cycle hirce is defined as the absolute difference in clock period between |ps
clock period jitter two consecutive clock cycles:
fOir.cec = Max of ABS{tcki+1 — fexi}
fir.cc defines the cycle - to - cycle jitter when the DLL is already
locked.
tyt.cc is not guaranteed through final production testing.
t1(CC, LCK) Cycle-to-cycle t51(CC,LCK) uses the same definition as f7.cc during the DLL- ps
clock period jitter locking period only.
during DLL-locking | #;+(CC,LCK) is not guaranteed through final production testing.
period
lepr.oPER Cumulative lerr.orer 1S defined as the cumulative error across 2 consecutive ps
error across 2 Cyc|es from fek AvG:
cycles
i+tn "1
tERR(2per) = Z tCK _nXtCK(avg)
n = 2 for frr(2per)
where i = 1 to 200
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Symbol Parameter Description Units
lERR.NPER Cumulative terr.2per 1S defined as the cumulative error across n consecutive ps
error across n cycles from ek ave:
cycles
itn "1
tERR (npcr) = z tC?KJ_ _nXtC?K(avg)
where, i =1 to 200
and N = 3 for fepg sper
N =4 for fepg 4per
N =5 for ferrsper
6 <n <10 for Zerr6-10per
11 <n <50 for ferg 11.50pER
fonAVG Average high- fcnave is defined as the average high-pulse width, as calculated lek ave
pulse width across any consecutive 200 high pulses:
~N
1
tCH(avg = - tC H.
( ) (NXtCl((an )) Z ’
i=1
N = 200
Il ave Averagg low- oL ave IS defined as the average low-pulse width, as calculated across | i ave
pulse width any consecutive 200 low pulses:
~N
1
tCL( avg) = - tCL
(~ X cck(avg)) Z ’
g =1
N = 200
| p—" Duty-cycle jitter tyrouty = Min/Max of {fyrch » fir.cL}, Where: ps

tyr.cn IS the largest deviation of any single foy from oy ave
tyircL IS the largest deviation of any single -, from o ave
Liren = {loni - lenave X lekave) Where i=1 to 200
Girel = {leui - leuave X lckavel Where i=1 to 200

The following parameters are specified per their average values however, it is understood that the following
relationship between the average timing and the absolute instantaneous timing holds all the time.
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TABLE 39
Absolute Jitter Value Definitions
Symbol | Parameter Min. Max. Unit
lek nBs Clock period lek aveming T Lim pERMIN) lek aveMax) T LT PERMMax) ps
lcnass | Clock high-pulse width | 7o aycing X fok.aveming + imoutyvin| lcHAVGMax) X lek AveMax) + ps
[T DUTY(Max)
leass | Clock low-pulse width | 7, avgminy X ok avein * leLaveMax) X IckaveMay + ps
LT pUTYMIn Lim.puTY(Max)

Example: for DDR2-667, fcyass.min = (0.48 x 3000ps) — 125 ps = 1315 ps = 0.438 x 3000 ps.

Table 40 shows clock-jitter specifications.

TABLE 40
Clock-Jitter Specifications for —-667, —800,-1066
Symbol Parameter DDR2 -667 |DDR2 -800 |DDR-1066 Unit
Min. |Max. [Min. |Max. [Min. |Max.
lek AvG Average clock period nominal w/o jitter 3000 8000 |2500 |8000 (1875 |7500 |ps
Iyt PER Clock-period jitter -125 (125 |-100 [100 |[-90 90 ps
Lirpericky | Clock-period jitter during DLL locking period —-100 [100 |-80 |80 |-80 80 ps
Lt ce Cycle-to-cycle clock-period jitter —250 |250 |-200 [200 |-180 |180 ps
Litce,Lek) Cycle-to-cycle clock-period jitter during DLL-locking |—200 |200 |-160 |160 |-160 |160 ps
lerr.2PER Cumulative error across 2 cycles -175 |175 |-150 |150 |-132 |132 ps
leRR 3PER Cumulative error across 3 cycles —225 |225 |-175 |175 |-157 |157 ps
lerR 4PER Cumulative error across 4 cycles —250 |250 |-200 |200 |-175 |175 ps
leRR 5PER Cumulative error across 5 cycles —250 (250 |(-200 [200 |-188 |188 ps
lerree10per) | CUMUIative error across n cycles withn=6..10, |-350 |350 |-300 |300 |-250 |250 ps
lerra1-s0per) | CUMUlative error across n cycles with n=11..50, |-450 |450 |-450 |450 |-425 |425 ps
lenave Average high-pulse width 0.48 |0.52 |0.48 |0.52 |0.48 |0.52 |/ G
fel ave Average low-pulse width 0.48 |0.52 |0.48 |0.52 (0.48 10.52 |1, .6
BT DUTY Duty-cycle jitter —-125 |125 |-100 |100 |-75 75 ps
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ODT AC Electrical Characteristics

This chapter describes the ODT AC electrical characteristics.

TABLE 41
ODT AC Characteristics and Operating Conditions for DDR2-667 , DDR2-800, DDR-1066
Symbol | Parameter / Condition DDR-667, DDR-800 DDR-1066 Unit| Note|
Min. Max. Min. Max.
Lhono | ODT turn-on delay 2 2 2 2 ek |V
fon ODT turn-on bemin tacmax + 0.7 NS | fic i faemax + 2.575|ns | Y2
tboneo | ODT turn-on (Power-Down baemin T2NS|2 fek+ tacmax + 1| tiein T2 0S| 3 fek + facmax | NS D
Modes) ns +1ns
horo | ODT turn-off delay 25 25 25 25 Ao |2
Inor ODT turn-off bemin lemax +0.6Ns [ fomax + 0.6 |ns [P
torep | ODT turn-off (Power-Down emn + 2 NS 2.5 ok + Iacmax | lacun + 2 NS | 2.5 fokt facmax| NS |V
Modes) +1ns +1ns
Lweo | ODT to Power Down Mode Entry|3 — 4 — ne |2
Latency
Lweo | ODT Power Down Exit Latency |8 — 11 — fee |

1) New units, “fckave. and “nek”, are introduced in DDR2-667, DDR2-800 and DDR2-1066. Unit “/cx avs” represents the actual
ek ave Of the input clock under operation. Unit “nc” represents one clock cycle of the input clock, counting the actual clock
edges. Note that in DDR2-400 and DDR2-533, “-«” is used for both concepts. Example: fp = 2 [1c«] means; if Power Down exit
is registered at 7;,, an Active command may be registered at 7;, + 2, even if (75, + 2 - 75)) IS 2 X fokave + fERR.2PER(Min)-

2) 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 measured from z,onp, Which is interpreted differently per speed bin. For DDR2-

667/800 fr,onp IS 2 clock cycles after the clock edge that registered a first ODT HIGH counting the actual input clock edges.

3) 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 /¢, Which is interpreted differently per speed bin. For DDR2-667/800, if /ckayg = 3 NS is
assumed, 4 orp is 1.5 ns (= 0.5 x 3 ns) after the second trailing clock edge counting from the clock edge that registered a first
ODT LOW and by counting the actual input clock edges.
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8 Package Outline

This chapter contains the package dimension figures.

Notes

1. Drawing according to ISO 8015
2. Dimensions in mm
3. General tolerances +/- 0.17

FIGURE 10
Package Outline PG-TFBGA-60
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Package Outline PG-TFBGA-84
SIN A1 INDEX - PIN A1 INDEX
1. 2 3 7 8 9 & 9 8 7 3 2 1
A ! Z ®00 0o0o0Ya
8 foXeXe! 000 |8
c 00O 000 |c
D 00O 00O |o
3 = @920 000 |e
F ® 0 O 000 |F
G 000 000 |
H i : e = ©-6-6 S-6-6—H
J | | (oo N o] Q0O |4
K | | 000 00 K
L o¥e 000 L
M 000 00 um
N oo OO0 [N
P @00 oo |
R @ O 00® |r
B E [e] DETALL B
E1 SE
DETAIL A 0.10lc
, )
— (
< Ll - i g \
— Y T A A U I S I
= < \SEATING PLANE TZS[6.70]¢
SIDE_VIEW DETAIL A
DIMENSION DIMENSION
(mm) (inch)
SYM.
MIN. | NOM. [ MAX. | MIN. | NOM.| MAX.
A — | — [120 [ — | — [o.047
=~ SOLDER BALL Al | 0.30 | 0.35 | 0.40 | 0.012| 0.014] 0.016
(:J @ (3 a2 | — | — |oBs | — | — [o0.033
o o —®b(84x PLACES) a3 |0.10 [0.15 [ 0.20 | 0.004| 0.006] 0.008
v b 0.40 | 0.45 0.50 0.016| 0.018| 0.020
0.15|C[A]B
pPoaQ @ g,gag c Ll D | 12.40/12.50 | 12.60 | 0.488| 0.492] 0.496
l D1 11.20 BSC 0.441 BSC
r DETAIL B E | 790 [8.oo |8.10 | 0.311] 0.315] 0.319
E1 6.40 BSC 0.252 BSC
F 2.00 BSC 0.079 BSC
sD 0.65 BSC 0.026 BSC
SE 0.80 BSC 0.031 _BSC
=] 0.80 BSC 0.031 BSC

D59C1G02(808/168)QUCP Rev.1.0 July 2017 43



DELSON TECHNOLOGY

Copyright, DELSON TECHNOLOGY.

D59C1G02(808/168)QUCP

Printed in Taiwan

The information in thisdocument is subject to change without
notice.

DELSON TECH makes no commitment to update or keep
cur-rent the information contained in this docment. No part of
this document may be copied or reproduced in any form or by
any means without the prior written consent of DELSON
TECH.

DELSON TECH subjects its products to normal quality control
sampling techniques which are intended to provide an assurance
of high quality products suitable for usual commercial applica-
tions. DELSON TECH does not do testing appropriate to
provide 100% product quality assurance and does not assume
any liabity for consequential or incidental arising from any use
of its prod-ucts. If such products are to be used in applications
in which personal injury might occur from failure, purchaser
must do its own quality assurance testing appropriate to such
applications.
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