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This chapter gives an overview of the 512Mbit Double-Data-Rate-Two SDRAM product family and describes its
main characteristics.

1.1 Features

The 512Mbit Double-Data-Rate-Two SDRAM offers the following key features:

1.8V 0.1V Power Supply
1.8V £0.1V (SSTL_18) compatible 1/0O

DRAM organizations with x8, x16 data in/outputs

Operating Comply with JEDEC DDR2 SDRAM standard

Eight internal banks for concurrent operation

Programmable CAS Latency: 3, 4, 5, 6, 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
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» Auto-Precharge operation for read and write bursts
+ Auto-Refresh, Self-Refresh and power saving Power-
Down modes
* Operating temperature range (Tcase)
— Commercial, C(0 °C to 95 °C)
Industrial, | (-40 °C to 95 °C)
— Automotive, A2( -40 °C to 105 °C)
Automotive, A3( -40 °C to 95 °C)
High-Rel, X (-55 °C to 125 °C)
» Average Refresh Period 7.8 us at a Tcage lower
than 105°C, 3.9 us between 105 °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 and PG-TFBGA-84 for
x16

NOTE: Self Refresh Mode available on temperature less
than 105°C (Tcase) only.
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UnilC Speed Code -19F -25D -25E -3D Unit Note
DRAM Speed Grade DDR2 -1066 -800 -800 -667
CAS-RCD-RP latencies —-7-7 5-5-5 6-6-6 5-5-5 tek
Max. Clock Frequency  |CL4 fora 266 266 266 266 MHz
CL5 feks 333 400 333 333 MHz
CL6 foxs 400 - 400 - MHz
CL7 fers 533 - - - MHz
Min. RAS-CAS-Delay treo 13.125 |12.5 15 15 ns
Min. Row Precharge Time trp 13.125 12.5 15 15 ns
Min. Row Active Time tras 45 45 45 45 ns
Min. Row Cycle Time tee 58.125 |57.5 60 60 ns ®
Precharge-All (8 banks) command | torea 15 15 17.5 18 ns D2)
period

1) This topes value is the minimum value at which this chip will be functional.

2) Precharge-All command for an 8 bank device will equal to tg, + 1 x t., or t,o, + 1 x NCK, depending on the speed bin,
where tgp = RU{ tzp / texang +@Nd tgp is the value for a single bank precharge.

3) READs and WRITEs with auto precharge are allowed to be issued before tRAS (MIN) is satisfied because tRAS lockout

feature is supported in DDR2 SDRAM.

1.2 Description

The 512Mbit DDR2 SDRAM is a high-speed Double-Data-
Rate- Two CMOS Synchronous DRAM device

Containing 536,870,912 bits and internally configured as
an octal bank DRAM.

The 512Mbit device is organized as 16 Mbit >8 1/O >4 banks
or 8 Mbit <16 1/0 >4 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 Standard 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.

AN
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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 DQS-D_QS pair in a source synchronous
fashion.

A 14 bit address bus for x8 organised components and a
13 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 *01V
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.
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TABLE 2

Ordering Information for RoHS Compliant Products
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Product TypeV CAS-RCD-RP | Clock (MHz)|Package Note®
Latencies?3%

Commercial Temperature Range (0 °C~ +95 °C)

DDR2-1066F ( 7-7-7)

SCB18T512800AF-19F 8 DDR2-1066F| 7-7-7 533 PG-TFBGA-60 ‘

SCB18T512160AF-19F <16 DDR2-1066F| 7-7-7 533 PG-TFBGA-84

DDR2-800D ( 5-5-5)

SCB18T512800AF-25D >8 DDR2-800D |5-5-5 400 PG-TFBGA-60

SCB18T512160AF-25D <16 DDR2-800D |5-5-5 400 PG-TFBGA-84

DDR2-800E ( 6-6-6 )

SCB18T512800AF-25E >8 DDR2-800E | 6-6-6 400 PG-TFBGA-60

SCB18T512160AF-25E <16 DDR2-800E |6-6-6 400 PG-TFBGA-84

DDR2-667D (5-5-5)

SCB18T512800AF-3D >x8 DDR2-667D |5-5-5 333 PG-TFBGA-60

SCB18T512160AF-3D <16 DDR2-667D |5-5-5 333 PG-TFBGA-84

Industrial Temperature Range (-40 °C~ +95 °C)

DDR2-1066F ( 7-7-7)

SCB18T512800AF-19FI 8 DDR2-1066F| 7-7-7 533 PG-TFBGA-60 E

SCB 18T512160AF-19FI <16 DDR2-1066F| 7-7-7 533 PG-TFBGA-84

DDR2-800D ( 5-5-5)

SCB18T512800AF-25DI >8 DDR2-800D |5-5-5 400 PG-TFBGA-60

SCB18T512160AF-25DI <16 DDR2-800D | 5-5-5 400 PG-TFBGA-84

DDR2-800E ( 6-6-6 )

SCB18T512800AF-25El >8 DDR2-800E |6-6-6 400 PG-TFBGA-60

SCB18T512160AF-25EI <16 DDR2-800E | 6-6-6 400 PG-TFBGA-84

DDR2-667D ( 5-5-5 )

SCB18T512800AF-3DI >3 DDR2-667D |5-5-5 333 PG-TFBGA-60

SCB18T512160AF-3DI <16 DDR2-667D |5-5-5 333 PG-TFBGA-84

Automotive Temperature Range:A3 (-40 °C~ +95 °C)

DDR2-1066F ( 7-7-7)

SCB18T512800AF-19FA3 | >8 DDR2-1066F| 7-7-7 533 PG-TFBGA-60 ‘

SCB18T512160AF-19FA3 | <16 DDR2-1066F| 7-7-7 533 PG-TFBGA-84

DDR2-800D ( 5-5-5 )

SCB18T512800AF-25DA3 | >8 DDR2-800D | 5-5-5 400 PG-TFBGA-60

SCB18T512160AF-25DA3 | <16 DDR2-800D | 5-5-5 400 PG-TFBGA-84

DDR2-800E ( 6-6-6 )

SCB18T512800AF-25EA3 | >8 DDR2-800E | 6-6-6 400 PG-TFBGA-60

SCB18T512160AF-25EA3 | %16 DDR2-800E |6-6-6 400 PG-TFBGA-84

DDR2-667D ( 5-5-5)

SCB18T512800AF-3DA3 | >8 DDR2-667D |5-5-5 333 PG-TFBGA-60

SCB18T512160AF-3DA3 | <16 DDR2-667D |5-5-5 333 PG-TFBGA-84
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High-Rel Temperature Range (-55 °C~ +125 °C)

DDR2-1066F ( 7-7-7)

|\

SCB18T512800AF-19FX | x8 DDR2-1066F| 7-7-7 533 PG-TFBGA-60
SCB18T512160AF-19FX | x16 DDR2-1066F| 7-7-7 533 PG-TFBGA-84
DDR2-800E ( 6-6-6 )

SCB18T512800AF-25DX | x8 DDR2-800D |5-5-5 400 PG-TFBGA-60
SCB18T512160AF-25DX | x16 DDR2-800D |5-5-5 400 PG-TFBGA-84
DDR2-667D ( 5-5-5)

SCB18T512800AF-3DX x8 DDR2-667D |5-5-5 333 PG-TFBGA-60
SCB18T512160AF-3DX x16 DDR2-667D |5-5-5 333 PG-TFBGA-84
Automotive Temperature Range:A2 (-40 °C~ +105 °C)

DDR2-1066F ( 7-7-7)

SCB18T512800AF-19FA2 | x8 DDR2-1066F| 7-7-7 533 PG-TFBGA-60 “
SCB18T512160AF-19FA2 | x16 DDR2-1066F| 7-7-7 533 PG-TFBGA-84
DDR2-800E ( 6-6-6 )

SCB18T512800AF-25DA2 | %8 DDR2-800D | 5-5-5 400 PG-TFBGA-60
SCB18T512160AF-25DA2 | x16 DDR2-800D |5-5-5 400 PG-TFBGA-84
DDR2-667D ( 5-5-5)

SCB18T512800AF-3DA2 | x8 DDR2-667D |5-5-5 333 PG-TFBGA-60
SCB18T512160AF-3DA2 |x16 DDR2-667D |5-5-5 333 PG-TFBGA-84

1) For detailed information regarding product type of UnilC please see chapter "Product Nomenclature" of this data sheet.
2) CAS: Column Address Strobe

3) RCD: Row Column Delay
4) RP: Row Precharge

5) RoHS Compliant Product: Restriction of the use of certain hazardous substances (RoHS) in electrical and electronic equipment as defined
in the directive 2002/95/EC issued by the European Parliament and of the Council of 27 January 2003. These substances include mercury,
lead, cadmium, hexavalent chromium, polybrominated biphenyls and polybrominated biphenyl ethers. For more information please visit
http://www.unisemicon.com/

UnilC_techdoc,rev E, 2017-09
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2 Configuration

This chapter contains the chip configuration.

2.1 Configuration for TFBGA-60

The chip configuration of a DDR2 SDRAM is listed by function in Table 3. The abbreviations used in the Ball# and Buffer
Type column are explained in Table 4 and Table 5 respectively.

TABLE 3
Chip Configuration
Ball# Name Ball Buffer Function
Type Type
Clock Signals x8 Organizations
E8 CK | SSTL Clock Signal CK, /CK
F8 CK | SSTL
F2 CKE I SSTL Clock Enable
Control Signals x8 Organizations
F7 RAS I SSTL Row Address Strobe (RAS), Column Address Strobe (CAS), Write
G7 CAS I SSTL Enable (WE)
F3 WE | SSTL
G8 Cs I SSTL Chip Select
Address Signals x8 Organizations
G2 BAO I SSTL Bank Address Bus 1:0
G3 BA1 | SSTL
7

UnilC_techdoc,rev E, 2017-09
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Ball# Name Ball Buffer Function
Type Type

H8 A0 | SSTL Address Signal 13:0, Address Signal 10/Autoprecharge
H3 Al I SSTL
H7 A2 | SSTL
J2 A3 | SSTL
J8 Ad I SSTL
J3 A5 I SSTL
J7 A6 I SSTL
K2 A7 I SSTL
K8 A8 I SSTL
K3 A9 I SSTL
H2 A10 I SSTL

AP | SSTL
K7 A1l I SSTL
L2 Al12 I SSTL
L8 Al13 | SSTL
Data Signals x8 Organizations
c8 DQO I/O SSTL Data Signal 3:0
Cc2 DQ1 I/O SSTL
D7 DQ2 I/0 SSTL
D3 DQs3 I/O SSTL
D1 DQ4 I/0 SSTL Data Signal 7:4
D9 DQ5 I/0 SSTL
B1 DQ6 I/O SSTL
B9 DQ7 I/O SSTL
Data Strobe x8 Organizations
B7 DQSs 110 SSTL Data Strobe
A8 DQS I/0 SSTL
Data Strobe x8 Organization
B3 RDQS (@] SSTL Read Data Strobe
A2 RDQS (0] SSTL
Data Mask x8 Organizations
B3 DM I | sSTL Data Mask

8
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Ball# Name Ball Buffer Function
Type Type
Power Supplies x8 Organization
A9, C1, C3, C7, VDDQ PWR - 1/0 Driver Power Supply
Cc9
Al,E9,H9, L1 |Vp PWR - Power Supply
A7,B2,B8, D2, |Vggq PWR - I/O Driver Power Supply _Gnd
D8
A3, J1,E3,K9 |Vgg PWR - Power Supply_Gnd
E2 Vier Al - I/0 Reference Voltage
El VoL PWR - Power Supply
E7 VssoL PWR |- Power Supply_Gnd
Not Connected x8 Organization
L3,17,G1 INC INC |- | Not Connected
Other Balls x8 Organizations
F9 ‘ oDT | I |SSTL ‘ On-Die Termination Control

TABLE 4
Abbreviations for Ball Type
Abbreviation Description
I Standard input-only ball. Digital levels.
(0] Output. Digital levels.
1/0 I/0 is a bidirectional input/output signal.
Al Input. Analog levels.
PWR Power
GND Ground
NC Not Connected

TABLE S5
Abbreviations for Buffer Type
Abbreviation 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.

UnilC_techdoc,rev E, 2017-09
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1 2 3
Voo [NU/Rpos| Vs
DQ6 Vsso  [DM/RDQS
Vbpo DQ1 Vbpo
DQ4 Vsso DQ3
VppL VREFR Vss
CKE WE
NC BAO BAl
A10/AP Al
Vss A3 A5
AT A9
Voo Al12 NC

9

Vsso DQS Vbpo
DQS | wveo | DQ7
Vbbo DQO Vbpo
DQ2 Vsso DQS
Vssor CK Voo
RAS CK ODT
CAS CS

A2 A0 Vi

A6 A4

All A8 Vss

NC Al3

Notes

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

If RDQS / RDQS is enabled, the DM function is disabled

When enabled, RDQS & RDQS are used as strobe signals during reads.
VppL and Vggp, are power and ground for the DLL.

PN

UnilC_techdoc,rev E, 2017-09
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Configuration for TFBGA-84

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

Ball# Name Ball Buffer Function
Type Type

Clock Signals x16 Organization
J8 CK | SSTL Clock Signal CK, /CK
K8 CK I SSTL
K2 CKE I SSTL Clock Enable
Control Signals <16 Organization
K7 RAS I SSTL Row Address Strobe (RAS), Column Address Strobe (CAS),
L7 CAS I SSTL Write Enable (WE)
K3 WE I SSTL
L8 CSs I SSTL Chip Select
Address Signals <16 Organization
L2 BAO | 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 | SSTL
N8 Ad I SSTL
N3 A5 | SSTL
N7 A6 | SSTL
P2 A7 I SSTL
P8 A8 | SSTL
P3 A9 | SSTL
M2 A10 I SSTL

AP | SSTL
P7 A1l I SSTL
R2 Al12 I SSTL

UnilC_techdoc,rev E, 2017-09
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Ball# Name Ball Buffer Function
Type Type
Data Signals <16 Organization
G8 DQO I/0 SSTL Data Signal Lower Byte 7:0
G2 DQ1 I/O SSTL
H7 DQ2 I/0 SSTL
H3 DQs3 I/0 SSTL
H1 DQ4 I/O SSTL
H9 DQ5 I/O SSTL
F1 DQ6 I/0 SSTL
F9 DQ7 I/0 SSTL
Cc8 DQ8 1/0 SSTL Data Signal Upper Byte 15:8
Cc2 DQ9 I/0 SSTL
D7 DQ10 I/0 SSTL
D3 DQ11 I/O SSTL
D1 DQ12 I/0 SSTL
D9 DQ13 I/0 SSTL
B1 DQ14 110 SSTL
B9 DQ15 110 SSTL
Data Strobe <16 Organization
B7 ubDQsS 110 SSTL Data Strobe Upper Byte
A8 uDQS I/10 SSTL
F7 LDQS 110 SSTL Data Strobe Lower Byte
E8 LDQS I/0 SSTL
Data Mask <16 Organization
B3 UDM | SSTL Data Mask Upper Byte
F3 LDM | SSTL Data Mask Lower Byte

Power Supplies %16 Organization

J2 Vier Al - I/O Reference Voltage
A9, C1, C3, C7,| Vppg PWR - I/O Driver Power Supply
C9, E9, G1, G3,

G7, G9

Ji Voo PWR - Power Supply

Al, E1,J9, M9, |Vp PWR - Power Supply

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, N1, |Vgg PWR - Power Supply_Gnd

P9

Not Connected %16 Organization

A2,E2,L1R3, |NC NC - Not Connected

R7, R8

UnilC_techdoc,rev E, 2017-09
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Ball# Name Ball Buffer Function
Type Type
Other Balls <16 Organization
K9 OoDT | | |SSTL On-Die Termination Control

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

TABLE 8
Abbreviations for Buffer Type
Abbreviation 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.

13
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1 2 3 4 5 6 7 8 9
Vip NC Vss A Vssa UDQS Vbbq
DQI4 | Vo UDM B UDQS | vgo | DQIS
Vbpo DQ9 Vppo C Vbpo DQ8 Vbpq
DQI2 Vsso | DQIL D DQIO Vssq | DQI3
Vbp NC Vss E Vssa LDQS Vbpq
DQ6 | Veo | LDM F LDQS | Vsso DQ7
Vbpo DQI1 Vo G Vbpo DQO Vppo
DQ4 Vssa DQ3 H DQ2 Vsso DQ5
VoL Vier Vss 7 VSSDL CK Vip

CKE WE K RAS TK ODT

NC BAO BAlL L ‘CAS TS
A10/AP Al M A2 AD Vbp

Vss A3 AS N A6 A4
AT A9 p All A8 Vs

Voo AL2 NC R NC NC

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. Vpp. and Vggp, are power and ground for the DLL.

14
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2.3 Addressing

This chapter describes the DDR2 SDRAM addressing.

TABLE 9
Addressing
Configuration 64 Mb x 8Y 32 Mb x16? Note
Bank Address BA[1:0] BA[1:0]
Number of Banks 4 4
Auto Precharge A10/ AP A10/ AP
Row Address A[13:0] A[12:0]
Column Address A[9:0] A[9:0]
Number of Column Address Bits 10 10 3
Number of I/Os 8 16
Page Size [Bytes] 1024 (1 K) 2048 (2 K) R

1) Referredto as ’org’

2) Referredto as 'org’

3) Referred to as 'colbits’

4) PageSize = 2°"s xorg/8 [Bytes]

15
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3 Functional Description

This chapter contains the functional description.

3.1 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), prevalil.
- 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/Os 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 BA1.)

6) Issue an EMRS command to EMR(3). (To issue EMRS command to EMR(3), provide LOW to BA2, HIGH to
BAO and BA1.)

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.

16
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3.2 Mode Register Set (MRS)

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

BA2 | BAl | BAO | A13 Al2 | All | A0 | AS A8 | A7 A6 A5 A4 | A3 A2 |Al AO

o 0 o | o¥ PD WR DLL | ™™ cL BT BL

TABLE 10

Mode Register Definition, BA,., = 0005
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, WR2
010, WR 3
011, WR 4
100, WR5
101, WR 6
110, WR7
111, WR8

DLL 8 DLL Reset
Og DLL No
1 DLL Yes

™ 7 Test Mode
0  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, CL5

110, CL 6

111, CL7

BT 3 Burst Type

Og BT Sequential

1z BT Interleaved

BL [2:0] |BurstLength

Note: All other bit combinations are illegal.

0105 BL 4

011; BL 8

1) BAZ2 and 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 t,,5 (in ns) by t. (in ns) and
rounding up to the next integer: WR [cycles] >t (nS) / to (ns). The mode register must be programmed to fulfill the minimum requirement
for the analogue t,; timing. WR,, is determined by t.y yax @nd WRy,,y is determined by t., \n-3) Speed bin determined.

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

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

BA2 |BA1 |BAO [A13 |Al12 |All |A10 | A9 A8 A7 | A6 A5 A4 A3 |A2 |Al |AO

o’ | o 1 | 0" |Qoff |RDQS | DQS | OCD Program Rtt AL Rtt |DIC |DLL
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)

DQS Og DQS Enable
1 DQS Disable
OCD [9:7] |Off-Chip Driver Calibration Program
Program 000, 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
011z AL 3
100 AL 4
1015 AL 5
1105 AL 6
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Field Bits |Description

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

01, RTT 75 0Ohm
10, RTT 150 Ohm
11, RTT 50 Ohm ?

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

DLL 0 DLL Enable
0  DLL Enable
1, DLL Disable

1) BA2 and 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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UnilC_techdoc,rev E, 2017-09




h Data Sheet
SCB18T512[80/16]0AF

U N i I C 512Mbit DDR2 SDRAM

3.4 Extended Mode Register EMR(2)

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

BA2 BAl BAO Al13 Al12 A1l A0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
| | | | | | | | |
oY 1 0 0! SRF ! oY PASR

Field |Bits Description

SRF |7 Address Bus, High Temperature Self Refresh Rate for Teage > 105C
0 A7 disable
1,  A7enable?

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

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

100 3/4 array(Banks 010 - 111;)
101; Half array(Banks 100 - 111;)
1105 Quarter array(Banks 110 - 111;)
111, 1/8th array(Banks 111, )

1) BA2 and A6-A3, A13-A8 are reserved for future use and must be set to 0 when programming the EMR(2).
2) When DRAM is operated at 105°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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3.5 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.

TABLE 13

EMR(3) Programming Extended Mode Register Definition, BA,.,=011,

BA2 |BA1 |BAO | A13 |Al2 |All |A10 | A9 A8 A7 | A6 A5 A4 A3 | A2 |Al |AO

o’ | 1 1 o

1) All bits in EMR(3) except BAO and BA1 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 AO) (decimal) (decimal)
4 %00 0,1,2,3 0,1,2,3
%01 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 0,1,2,3,4,5,6,7
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 2,3,01,6,7,4,5
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 6,7,4,52,30,1
111 7,4,5,6,3,0,1,2 7,6,54,3,2,1,0
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4 Truth Tables

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

SDRAM.
Function CKE CS |RAS |CAS |WE |BAO|A[13:11] |A10 |A[9:0] |Noteb??
BA1
Previous |Current BA2
Cycle Cycle
(Extended) Mode Register Set | H H L |L L L |BA |OP Code 4)5)6)
Auto-Refresh H H L |L L H |X [X X X R
Self-Refresh Entry H L L |L L H |X [X X X an
Self-Refresh Exit H |X X X 4N8)
L H T T m HX 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 4%)
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 |99
Read H H L |H L H |BA |Column |[L Column |99
Read with Auto-Precharge H H L |H L H |BA |Column [H |Column |99
No Operation H X L |[H H H |Xx 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 T m HX X X X
Power Down Exit H |X X X 410
L H T T m HX X X X

1)
2)
3)

4)
5)
6)

7
8)
9)

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

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

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.

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

Bank addresses BA[2:0] determine which bank is to be operated upon. For (E)MRS BA[2:0] selects an (Extended) Mode Register.
All banks must be in a precharged idle state, CKE must be high at least for t,, and all read/write bursts must be finished before the
(Extended) Mode Register set Command is issued.

Vger Must be maintained during Self Refresh operation.

Self Refresh Exit is asynchronous.

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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Current State® CKE Command Action (N)? Note®®
- (N)?®RAS, CAS, WE,
Previous Cycle® |Current Cycle® |~g
(N-1) (N)
Power-Down L L X Maintain Power-Down 8L
L H DESELECT or NOP | Power-Down Exit 191011)
Self Refresh L L X Maintain Self Refresh §1112)
L H DESELECT or NOP | Self Refresh Exit 91112)13)14)
Bank(s) Active H L DESELECT or NOP | Active Power-Down Entry | ?91011)15)
All Banks Idle H L DESELECT or NOP | Precharge Power-Down | "91011)15)
Entry
H L AUTOREFRESH Self Refresh Entry MD1416)
Any State other than |H H Refer to the Command Truth Table 1
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) Operationthat 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 V)" 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) toce v O 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 tg + 2 <t +t,,.

12) Vgee 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 t,q,s period. Read

commands may be issued only after t,qz, (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.

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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5 Electrical Characteristics

This chapter describes the Electrical Characteristics.

5.1 Absolute Maximum Ratings

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

Symbol Parameter Rating Unit Note
Min. Max.

Vop Voltage on Vpp pin relative to Vgg -1.0 +2.3 \Y D

Vooo Voltage on Vppq pin relative to Vgg -0.5 +2.3 v b2)

VoL Voltage on Vyp, pin relative to Vgg -0.5 +2.3 v h2)

Vine Vour Voltage on any pin relative to Vgg -0.5 +2.3 \% D3)

Tere Storage Temperature -55 +150 °C b2

1) When Vy, and Vi, and Vi, 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.

Symbol Parameter Rating Unit |NoteV™
Min. Max.

Toper Operating Temperature 0 +95 °C Commercial Temperature
-40 +95 °C Industrial Temperature

-40 +105 |°C Automotive A2 Temperature

-40 +95 °C Automotive A3 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 105C the Auto-Refresh command interval has to be reduced to tREFI=3.9 p s.

4) when operating this product above 105°C, before the self refresh is entered, A7 bit of MR2 must be enabled.
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5.2 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 \% D9)
VoL Supply Voltage for DLL 1.7 1.8 1.9 v D
Vooo Supply Voltage for Output 1.7 1.8 1.9 \Y DB)
VRer Input Reference Voltage 0.49 xVppg 0.5 xVppo 0.51 xVppg \Y 23)
Vi Termination Voltage Vger — 0.04 ViRer Vger + 0.04 Y 4

1) Vppg tracks with Vpp, Vpp, tracks with Vi, AC parameters are measured with Vi, Vo, and Vo, 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 V. is expected to
be about 0.5 %V, of the transmitting device and Vg is expected to track variations in Vpp.

3) Peak to peak ac noise on Vg may not exceed £2% V. (dc)

4) V. is not applied directly to the device. V., is a system supply for signal termination resistors, is expected to be set equal to Vg, and
must track variations in die dc level of Vgg,.

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

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

Rtt(eff) = (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 Vi = ((2 X Vw / Vbpg) —
1) x 100%

TABLE 22
Input and Output Leakage Currents
Symbol Parameter / Condition Min. Max. Unit Note
I Input Leakage Current; any input 0 V < VIN < Vpp -2 +2 pA D
loz Output Leakage Current; 0 V < VOUT < Vppq -5 +5 pA 2

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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5.3

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 Vgge.
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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.

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

Vo) DC input logic HIGH Vier +0.125 Vppo + 0.3 7 Vv

ViLo DC input LOW -0.3 Vier —0.125 \%

Vinao AC input logic HIGH Vgee +0.200 Voo + Veeak 2 v

Vi) AC input LOW Vsso = Veak” Veer — 0.200 v

1) VvDDQ + 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.

Symbol Condition Value Unit Notes
Vier Input reference voltage 0.5 x Vppg \Y, D
VswiNG.MAX Input signal maximum peak to peak swing 1.0 \Y, D
SLEW Input signal minimum Slew Rate 1.0 V/ns 23)

1) Input waveform timing is referenced to the input signal crossing through the V.. level applied to the device under test.

2) The input signal minimum Slew Rate is to be maintained over the range from V¢, win 10 Viee for rising edges and the range from Viggeto

V\L(ac)max for falling edges as shown in Figure 3.

3) ACtimings are referenced with input waveforms switching fromV,, ., to V., on the positive transitions and V., to V,,, onthe negative

transitions.
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FIGURE 3

Single-ended AC Input Test Conditions Diagram

_____ ﬂ FVDDQ

\ / Vikgaemin

Vib@gmin

Vswinemax) Vrer

/ ViL@gmax
\ Vi agmax
1 4

VSS
Delta TF Delta TR
[t -

Falling Slew= Vrer - ViLeomax Rising Slew= Viomin - Veer

TABLE 25

Differential DC and AC Input and Output Logic Levels
Symbol Parameter Min. Max. Unit Notes
ViNeo) DC input signal voltage -0.3 Vppg *+ 0.3 1)6)
Voo DC differential input voltage 0.25 Vopg + 0.3 26)
Vipgae) AC differential input voltage 0.5 Voo + Vpeak \V; 3)7)
Vix(ac) AC differential cross point input voltage | 0.5 xVppg —0.175 0.5 xVppg +0.175 \Y Y
Voxgo) AC differential cross point output voltage |0.5 <V, —0.125 0.5 xXVppo +0.125 \ 9

1) Viyuo shecifies the allowable DC execution of each input of differential pair such as CK, 'CK, DQS, DQS etc.

2) Vipue Specifies the input differential voltage Vg~ V¢, required for switching. The minimum value is equal to Vg — Vi ge)-

3) Vipag Specifies the input differential voltage Viz — Ve required for switching. The minimum value is equal to Ve — Vi ao)-

4) The value of V., is expected to equal 0.5 xV;,;,, of the transmitting device and V.., is expected to track variations in Vppo. Vixae

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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54 Output Buffer Characteristics

This chapter describes the Output Buffer Characteristics.

TABLE 26
SSTL_18 Output DC Current Drive
Symbol Parameter SSTL_18 Unit Notes
lon Output Minimum Source DC Current -13.4 mA D24
lol Output Minimum Sink DC Current 13.4 mA 234

1) Vppg = 1.7V, Voyur =1.42V. (Vour—Vopo) / lon must be less than 21 Q for values of Vi, ;; between Vi, and Vg — 280 mV.,

2) The values of |y and lo 4, are based onthe conditions givenin » and ¥. They are used to test drive current capability to ensure V,,, .
plus a noise margin and V,_ ,,»x 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 =1.7V; Voyr =280 mV. V1 / I, must be less than 21 Ohm for values of V;; between 0 V and 280 mV.
4) The dc value of Vger applied to the receiving device is set V+r.

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

TABLE 28

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

characteristics

— Pull-up / Pull down mismatch 0 — 4 Q 1)2)3)
— Output Impedance step size for OCD calibration 0 — 15 Q 4
Sout Output Slew Rate 1.5 — 5.0 V/ns 1)5)6)

1) Vppo =1.8V0.1V;Vy, =18V 0.1V

2) Impedance measurement condition for output source dc current: Vppg = 1.7 V, Vor = 1420 mV; (Voyur—Vppo) / loy must be less than 23.4
ohms for values of V;; between Vpp, and Vip, — 280 mV. Impedance measurement condition for output sink dc current: Vppg = 1.7 V;
Vour =—280mV; Vg / I, must be less than 23.4 Ohms for values of V;; 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 thosq and tous
specification.
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5.5 Input / Output Capacitance

This chapter contains the Input / Output Capacitance.

TABLE 29
Input / Output Capacitance
Symbol Parameter DDR2-667 DDR2-800 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 |— 025 |pF
Cl Input capacitance, all other input-only pins 1.0 2.0 1.0 1.75 1.0 1.75 pF
CDI Input capacitance delta, all other input- only | — 0.25 — 0.25 — 0.25 pF
pins
CIO Input/output capacitance, DQ, 25 3.5 25 35 25 35 pF
DM, DQS, DQS
CDIO Input/output capacitance delta, DQ, — 0.5 — 0.5 — 0.5 pF
DM, DQS, DQS
30
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5.6 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 overshoot 0.5 0.5 0.5 \%
area
Maximum peak amplitude allowed for 0.5 0.5 0.5 \Y,
undershoot area
Maximum overshoot area above Vpp 0.8 0.66 0.5 V-ns
Maximum undershoot area below Vgg 0.8 0.66 0.5 V-ns

FIGURE 5

AC Overshoot / Undershoot Diagram for Address and Control Pins

Maximum Amplitude

Vs (V) Overshoot Area

VDD
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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 overshoot 0.5 0.5 0.5 \%
area
Maximum peak amplitude allowed for 0.5 0.5 0.5 \%
undershoot area
Maximum overshoot area above Vppq 0.23 0.23 0.19 V-ns
Maximum undershoot area below Vg, 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

Vbbo

Vssq
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6 Currents Measurement Conditions

This chapter describes the Current Measurement, Specifications and Conditions.

tex = tekgopy Refresh command every teer = 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.

Parameter Symbol |Note™”
Operating Current - One bank Active - Precharge Ibbo
tex = tekaony Tre = treopy tras = trasmingony 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 lob1
lour=0mA, BL=4, 1= tCK(IDD)! tre = tRC(IDD)l tras = tRAS.MIN(IDD)! trep = tRCD(IDD)l 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 loo2p
All banks idle; CKE is LOW; tey = teyppy:Other control and address inputs are stable; Data bus inputs

are floating

Precharge Standby Current lopan
All banks idle; CS is HIGH; CKE is HIGH; t., = tCK(IDD); Other control and address inputs are switching,

Data bus inputs are switching

Precharge Quiet Standby Current Ibb2g
All banks idle; CS is HIGH; CKE is HIGH; te, = tekaopy; Other control and address inputs are stable,

Data bus inputs are floating.

Active Power-Down Current Iobap()
All banks open; tey = teyppy 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 Iopap)
All banks open; tey = teyppy, 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 lopan
All banks open; tex = tewgopy tras = trasmaxaony tre = tregopy CKE is HIGH, CS is HIGH between valid
commands. Address inputs are switching;-Data Bus inputs are switching;

Operating Current lbpar
Burst Read: All banks open; Continuous burst reads; BL = 4; AL = 0, CL = CLpp); tek = tekppyr Tras =
tras.max.aopy trp = trpaopy CKE is HIGH, CS is HIGH between valid commands. Address inputs are
switching; Data Bus inputs are switching; 15 ,; = 0 mA.

Operating Current I opaw
Burst Write: All banks open; Continuous burst writes; BL = 4; AL = 0, CL = CLpp); Tex = tekgopyr tras =
tras.maxopy tre = treaop); CKE is HIGH, CS is HIGH between valid commands. Address inputs are
switching; Data Bus inputs are switching;

Burst Refresh Current looss
tek = tekgppy: Refresh command every tgrec = trecpp) interval, CKE is HIGH, CSis HIGH between valid
commands, Other control and address inputs are switching, Data bus inputs are switching.

Distributed Refresh Current Iooso
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Parameter Symbol |Note

Self-Refresh Current _ lops
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 lbp7

1. All'banks interleaving reads, lo,r =0 mA; BL = 4, CL = CLpp), AL = teepgpp) -1 *texqopy tek =
tekaopy ke = tregopy trro = trrogopy tFAW = tFAW(IDD), Tred = 1 x tck(IDD); CKE is HIGH, CSis
HIGH between valid commands. Address bus inputs are stable during deselects; Data bus is
switching. J—

1) Vppg =1.8V£0.1V;V,, =1.8V+0.1V.

2) 1p specifications are tested after the device is properly initialized.

3) lpp parameter are specified with ODT disabled.

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

combinations of EMRS bits 10 and 11.

5) Definitions for 1, , see Table 33.

6) Timing parameter minimum and maximum values for I, current measurements are defined in Chapter 7.

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

Detailed Ipp;

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 ty. 5 Without violating tggp \pp @nd teaw 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 A3RA3 D D A4 RA4 D A5 RA5 D A6 RA6 D A7 RATDD

DDR2-800: AO RAOD A1RA1 D A2 RA2DA3RA3DDD A4 RA4ADA5RA5 D A6 RA6 D A7TRATDDD

DDR2-1066: AORAOD D A1RA1DDA2RA2D DA3RA3DD DD D A4 RA4 D D A5 RA5 D D A6 RA6
DDA7RA7TDDDDD

Timing Patterns for devices with 2KB page size

DDR2-667: AORAODDA1RA1IDDA2RA2DDA3SRA3SDDD A4 RA4ADDASRAS5DDA6 RA6DDA7RA7TDDD
DDR2-800: AORAODDALIRA1IDDA2RA2DDA3RASDDDDA4RAADDASRASDDA6 RA6DDA7TRA7TDDDD
DDR2-1066: AORAODDDDA1RALIDDDDA2RA2DDDDA3RASDDDDA4RAADDDDAS5RA5DD DD A6
RA6DDDDA7RA7TDDDD

Parameter Description

LOW Defined as V y < V|| ac.max

HIGH Defined as V> Vi, ac.min

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

FLOATING Defined as inputs are Vger = Vppg / 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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Symbol -3D -25D/-25E -19F Unit | Note"
DDR2 - 667 DDR2 - 800 DDR2 - 1066
Max. Max. Max.
95:C? [105°C? [125C? 95:c? | 105°C? | 125C? | 95C? posCc? |125¢C?

IDDO 60 65 65 65 70 75 70 75 80 mA | x8
IDDO 75 80 85 80 85 90 85 90 95 mA | x16
IDD1 70 75 80 75 80 85 80 85 920 mA | x8
IDD1 95 100 105 100 105 110 105 110 115 | mA| x16
IDD2P 12 15 18 12 15 18 12 15 18 mA | x8
IDD2P 12 15 18 12 15 18 12 15 18 mA | x16
IDD2N 40 45 50 45 50 55 50 55 60 mA | x8
IDD2N 40 45 50 45 50 55 50 55 60 mA | x16
IDD2Q 40 45 50 45 50 55 50 55 60 mA | x8
IDD2Q 40 45 50 45 50 55 50 55 60 mA | x16
IDD3N 50 55 60 55 60 65 60 65 70 mA | x8
IDD3N 55 60 70 60 70 75 65 75 80 mA | x16
IDD3PF 21 28 30 25 32 35 25 32 40 mA | x8
IDD3PF 26 33 40 32 40 45 32 40 45 mA | x16
IDD3PS 23 29 30 27 33 35 27 33 40 mA | x8
IDD3PS 28 34 40 34 40 45 34 40 45 mA | x16
IDD4R 140 140 150 160 160 170 190 190 200 |mA| x8
IDD4R 190 190 200 220 220 230 260 260 270 |mA | x16
IDDAW | 140 140 150 160 160 170 190 190 200 |mA| x8
IDD4W | 190 190 200 220 220 230 260 260 270 |mA | x16
IDD5B 140 140 145 145 145 150 150 150 155 |mA| x8
IDD5B 145 145 150 150 150 155 155 155 160 |mA | x16
IDD5D 14 17 20 14 17 20 14 17 20 mA | x8
IDD5D 14 17 20 14 17 20 14 17 20 mA | x16
IDD6 14 17 20 14 17 20 14 17 20 mA | x8
IDD6 14 17 20 14 17 20 14 17 20 mA | x16
IDD7 150 155 160 170 175 180 180 180 190 |mA| x8
IDD7 220 230 250 240 250 270 250 250 280 |mA| x16

1) This version IDD value just for reference
2) 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 tex
Parameter Symbol Min. Max. Min. Max. —
Clock Period @CL=4 tex 3.75 7.5 3.75 8 ns
@CL=5 tek 3 7.5 25 8 ns
@CL=6 tex 25 7.5 — — ns
@cCL=7 tex 1.875 7.5 — — ns
Row Active Time tras 45 70k 45 70k ns
Row Cycle Time tre 58.125 — 57.5 — ns
RAS-CAS-Delay trep 13.125 — 125 — ns
Row Precharge Time trp 13.125 — 12.5 — ns

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 tek
Parameter Symbol | Min. Max. Min. Max. —
Clock Period @CL=4 |t 3.75 8 3.75 8 ns
@CL=5 |t 3 8 3 8 ns
@CL=6 |t 25 8 — — ns
Row Active Time tras 45 70k 45 70k ns
Row Cycle Time tre 60 — 60 — ns
RAS-CAS-Delay treo 15 — 15 — ns
Row Precharge Time trpy 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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7.2 Component AC Timing Parameters
Parameter Symbol | DDR2-1066 DDR2-800 DDR2-667 Unit Note?
-7)
Min. Max. Min. Max. Min. Max.
DQ output access time from tac -350 350 -400 +400 -450 +450 ps 8)
CK/CK
CAS to CAS command delay |t.cp 2 — 2 2 — nCK
Average clock high pulse width|tey aye |0.48 0.52 0.48 0.52 0.48 0.52 tekave | D0
Average clock period texave | 1875 7500 2500 8000 3000 8000 ps 9N10)
CKE minimum pulse width towe 3 — 3 — 3 — nCK |1
(‘high and low pulse width)
Average clock low pulse width |ty Ay |0.48 0.52 0.48 0.52 0.48 0.52 tokavs | M0
Auto-Precharge write recovery |ty WR + torp | — WR + topp | — WR + topp | — nCK [1913
+ precharge time
Minimum time clocksremain |ty 2y [Ug+ — tg+ — ts+ — ns
ON after CKE asynchronously t t t +
CK .AVG CK .AVG CK.AVG
drops LOW 1, +t, t,,
DQ and DM input hold time tousase | 75 — 125 — 175 — ps 14)18)19)
DQ and DM input pulse width | tgpy 0.35 — 0.35 — 0.35 — tek ave
for each input
DQSoutput access time from | tyoscx  [-325 325 -350 +350 -400 +400 ps 9
CK/CK
DQS input high pulse width toosn  [0.35 — 0.35 — 0.35 — tekave
DQS input low pulse width toost 0.35 — 0.35 — 0.35 — tekave
DQS-DQ skew for DQS & tooso | — 175 — 200 — 240 ps 15)
associated DQ signals
DQS latching rising tooss |—0.25 +0.25 -0.25 +0.25 -0.25 +0.25 texave |10
transition to associated
clock edges
DQ and DM input setup time | tps gase | O — 50 — 100 — ps 1N18)19)
DQS falling edge hold time tosy 0.2 — 0.2 — 0.2 — tekavs |10
from CK
DQS falling edge to CK setup |tpss 0.2 — 0.2 — 0.2 — tekave |0
time
Four Activate Window for teaw 35 — 35 — 375 — ns 34)
1KB page size products
Four Activate Window for teaw 45 — 45 — 50 — ns 34)
2KB page size products
CK half pulse width typ Min(teyas |— Min(teyas |— Min(teyas | — ps 20)
S S S
Data-out high-impedance time |t,,, — tewax | — tacmax | — tacmax | PS 821)
from
CK/CK
Address and control input hold |t,, gase | 200 — 250 — 275 — ps 22)24)
time
Control & address input tpw 0.6 — 0.6 — 0.6 — tek ave
pulse width for each input
Address and control input tisease | 125 — 175 — 200 — ps 23)24)
setup time
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Parameter Symbol | DDR2-1066 DDR2-800 DDR2-667 Unit | Note?

_7)
Min. Max. Min. Max. Min. Max.

DQ low impedance time from tzog |2 % tacwin | tacmax 2 X tacmin | tac.max 2 X tac min | tac.max ps 82

CK/CK

DQS/DQS low-impedance tizpos |tacmin tac max tacmin tac max tac.min tac max ps 921

time from CK/ CK

MRS command to ODT update|tyoy |0 12 0 12 0 12 ns )

delay

Mode register set turD 2 — 2 — 2 — nCK

command cycle time

OCD drive mode output delay |tq; 0 12 0 12 0 12 ns 34)

DQ/DQS output hold time from |ty tup — tons |— tup — tons |— tup — tons | — ps )

DQS

DQ hold skew factor tons — 250 — 300 — 340 ps 26)

Average periodic refresh toer — 7.8 — 7.8 — 7.8 us 27)28)

Interval _ 39 — 39 — 39 us 27)29)

Auto-Refresh to Active/Auto- | tgec 105 — 105 — 105 — ns 30)

Refresh command period

Read preamble tepre | 0.9 1.1 0.9 1.1 0.9 1.1 te ave | 2D%2

Read postamble tepst | 0.4 0.6 0.4 0.6 0.4 0.6 toavs | SV%9

Active to active command trro 7.5 — 7.5 — 7.5 — ns 34)

period for 1KB page size

products

Active to active command terD 10 — 10 — 10 — ns 34)

period for 2KB page size

products

Internal Read to Precharge trre 7.5 — 7.5 — 7.5 — ns )

command delay

Write preamble twpre [0.35 — 0.35 — 0.35 — tekave

Write postamble twpst |04 0.6 0.4 0.6 0.4 0.6 tex ave |20

Write recovery time twr 15 — 15 — 15 — ns )

Internal write to read twrr 7.5 — 7.5 — 7.5 — ns 3438)

command delav

Exit active power down tuaro |3 — 2 — 2 — nck |37

to read command

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

read command (slow exit,

lower power)

Exit precharge power-down typ 3 — 2 — 2 — nCK

to any command

Exit self-refresh to a tusnr | trec 10 |— tgee +10 | — tgee +10 | — ns 4

non-read command

Exit self-refresh to read txsrD 200 — 200 — 200 — nCK

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

associated clock edges

1) Vppg=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.

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 Vp,, is recognized as low.

6) The output timing reference voltage level is V.

7) New units, ‘tex avs' and ‘nCK', are introduced in DDR2-667, DDR2-800 and DDR2-1066. Unit ‘t.y 1" represents the actual te o 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, ‘t. ' is used for both concepts. Example: t,, = 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 Lo ave * terr.2perqving:

8) When the device is operated with input clock jitter, this parameter needs to be derated by the actual tzrgs.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 tegp s 10pery min = — 272
ps and tERR(G- 10pER)MAx = + 293 ps, then tDQSCK.MIN(DERATED) = tDQSCK.MIN - tERR(6-10PER)‘MAX =—400 ps — 293 ps = - 693 ps and
tDQSCK.MAX(DERATED) = tDQSCK,MAx - tERR(6-10PER).MIN =400 ps + 272 ps =+ 672 ps. Similarly, tLZ,DQ for DDR2-667 derates to tLZ.DQ.MIN(DERATED) =
- 900 ps — 293 ps = — 1193 ps and 1, ; o maxperaten) = 450 PS + 272 ps = + 722 ps. (Caution on the MIN/MAX usage!)

9) Input clock jitter 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) t..e min 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 tg + 2 x t, + 1.

12) DAL = WR + RU{tzp(ns) / t.«(ns)}, where RU stands for round up. WR refers to the tWR parameter stored in the MRS. For t, if the result
of the division is not already an integer, round up to the next highest integer. t., refers to the application clock period.

13) toanck = WR [NCK] + trp.nck = WR + RU{trp [pS] / tek avelPs] 3, where WR is the value programmed in the EMR.

14) Input waveform timing t;,, with differential data strobe enabled MR[bit10] = 0O, is referenced from the differential data strobe crosspoint to
the input signal crossing at the V,,, ;. level for a falling signal and from the differential data strobe crosspoint to the input signal crossing
atthe V| ¢ level for a rising signal applied to the device under test. DQS, DQS signals must be monotonic between V| ¢ yax and
Viioeun: S€e Figures.

15) thoso: 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 /&) crossing.
The spec values are not affected by the amount of clock jitter applied (i.e. t;1per. tyrcer €tC.), 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 t,¢ with differential data strobe enabled MR[bit10] = 0, is referenced from the input signal crossing at the V,, ,c level
to the differential data strobe crosspoint for a rising signal, and from the input signal crossing at the V|, . level to the differential data strobe
crosspoint for a falling signal applied to the device under test. DQS, DQS signals must be monotonic between Vioomax @nd Vigpoun: See
Figure 8.

18) If tyg or ty, 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) t,,» is the minimum of the absolute half period of the actual input clock. t,,, is an input parameter but not an input specification parameter. It
is used in conjunction with ty,s to derive the DRAM output timing t,,. The value to be used for t,, calculation is determined by the
following equation; t,, = MIN (g ass, toiass), Where, o, ags is the minimum of the actual instantaneous clock high time; t; g5 is the
minimum of the actual instantaneous clock low time.

21) t,,, and t , 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 (t,,), or begins driving (t,5) .

22) input waveform timing is referenced from the input signal crossing at the Vo level for a rising signal and V, o 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 V, »c level for a rising signal and V|, 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. ty1 pers Lyt cos
etc.), as 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) 1o = typ — Lons, where: 15 is the minimum of the absolute half period of the actual input clock; and 1,5 is the specification value under
the max column. {The less half-pulse width distortion present, the larger the tQH value is; and the larger the valid data eye will be.}
Examples: 1) If the system provides t,,, of 1315 ps into a DDR2-667 SDRAM, the DRAM provides tQH of 975 ps minimum. 2) If the system
provides t,, of 1420 ps into a DDR2-667 SDRAM, the DRAM provides tQH of 1080 ps minimum.

26) '[QHS accounts for: 1) The pulse duration distortion of on-chip clock circuits, which represents how well the actual t,,, 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 us when operating the DDR2 DRAM in a temperature range between 105 <C
and 125 <C.
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28) - 40 °C< Tgpqe <105 <T.
29) 105 T < Tepee <125 T,

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 tzcp,.

31) tzpsr €nd point and trpre begin point are not referenced to a specific voltage level but specify when the device output is no longer driving
(tzpst), OF begins driving (tzpre). Figure 7 shows a method to calculate these points when the device is no longer driving (tzps7), OF begins
driving (tzpre) 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 t;; .5 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 t;; per vin = — 72 PS

and ;7 per max = + 93 ps, then tRPRE.MIN(DERATED) =treremin + Uirperwin = 0.9 X tex ave — 72 ps =+ 2178 ps and tRPRE.MAX(DERATED) = trpreMax +

Uit permax = 1.1 X T ave + 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 t,; o7y 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 {1 pury min =— 72 PS

and ty7 pury.max = + 93 ps, then tepsr vinoeraten) = trestvin + tiroury.min = 0-4 Xt ave — 72 ps =+ 928 ps and trpsr maxoeraten) = trpstmax +

Ui butymax = 0.6 X to avg + 93 ps = + 1592 ps. (Caution on the MIN/MAX usage!).

34) For these parameters, the DDR2 SDRAM device is characterized and verified to support t,param = RU{toaram / tek aveh Which is in clock
cycles, assuming all input clock jitter specifications are satisfied. For example, the device will support t q, = RU{tss / to ave}, Which is in
clock cycles, if all input clock jitter specifications are met. This means: For DDR2-667 5-5-5, of which t, = 15 ns, the device will support
t.re = RU{tzp / tek avet = 5, i.e. as long as the input clock jitter specifications are met, Precharge command at Tm and Active command at

Tm + 5is valid even if (Tm + 5 - Tm) is less than 15 ns due to input clock jitter.
35) t,1r is at lease two clocks (2 x t.,) 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.
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tHZ

tHZ tRPST
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tRPST end point

-_— == —VOH - xmvVv
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VOL + 2x mV/

- T = VoL + xmVv

T2

end point= 2xT1-T2

VTT + 2x mvy— — — —

VTT + xmyvy — — —

VTT - xmV/

VTT - 2x mv — —F — —

n=

tRPRE begin point

T

ILZ. IRPRE

N

T2
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i
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V
CMD DDQ
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7.3

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

Jitter Definition and Clock Jitter Specification

provides an overview of the terminology.

Symbol Parameter Description Units
tek ave Average clock period |tk avs is calculated as the average clock period within any consecutive |ps
200-cycle window:
a1
ICK.AVG — —° Z | { @& K,
N 1
iz
N =200
U7 pER Clock-period jitter tyr.per is defined as the largest deviation of any single tex from teg ave: | PS
ty7per = Min/Max of {texi — tek ave} Where i =1 to 200
ty7 per defines the single-period jitter when the DLL is already locked.
ty7 per IS NOt guaranteed through final production testing.
t,(PER, LCK) | Clock-period jitter t,7(PER,LCK) uses the same definition as t,; ,eg, during the DLL-locking | ps
during DLL-locking period only.
period t,1(PER,LCK) is not guaranteed through final production testing.
tyrce Cycle-to-cycle clock |ty is defined as the absolute difference in clock period between two | ps
period jitter consecutive clock cycles:
tyir.cc = Max of ABS{tcyia — texit
ty7.cc defines the cycle - to - cycle jitter when the DLL is already locked.
ty7.cc is not guaranteed through final production testing.
t;7(CC, LCK) Cycle-to-cycle clock |t;(CC,LCK) uses the same definition as t; ¢ during the DLL-locking  |ps
period jitter during period only.
DLL-locking period |t,(CC,LCK) is not guaranteed through final production testing.
teRR 2PER Cumulative error terr2per 1S defined as the cumulative error across 2 consecutive cycles | ps
across 2 cycles from tey ave:
itn-—1
tERdeer = z tCK [—n ><tC:l((avg)
1
iz
n = 2 for tegx(2per)
where i =1 to 200
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Symbol Parameter Description Units
terR.NPER Cumulative error terr 2per 1S defined as the cumulative error across n consecutive cycles | ps
across n cycles from toy ave:
itn-a
tER R nper — tICK, —n tCK avg

i =i
where, i=1 t({200 a@d Z X ( )
N = 3 for tegp sper
N =4 for tegg aper
n =5 for terrsper
6 <n <10 for terr 6.10rER
11 =n =50 for tegp 11 50peR

tehave Average high-pulse | tcy, avc IS defined as the average high-pulse width, as calculated across |tck avg
width any consecutive 200 high pulses:

N

a1

(o)) | 2

=1

tc H( avg) = tCH

b

N = 200
teLave Average low-pulse teLavg IS defined as the average low-pulse width, as calculated across any | tcy ave
width consecutive 200 low pulses:
(avg) = - >
tC L - - tC L
(v X ecn(avg)) :
N = 200
tirouty Duty-cycle jitter tyiroury = Min/Max of {tyr.ch » Lir.cl), where: ps

tyr.cn IS the largest deviation of any single tey from tey ave
ty7.cL is the largest deviation of any single to, from te ave
tyr.cn = {teni - tenave Xtekave}l Where i=1 to 200
tire = {tew - terave Xtokave}l 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.

Symbol |Parameter Min. Max. Unit
ek aBs Clock period tek aveving + L pERMIN) tek aveax) T LT PER(Max) ps
ten.as Clock high-pulse width ten.aveming X tek aveving + tarputyving | ten.avemaxy X Tek avevaxy + ps

Lir.ouTY(Max)

toLass Clock low-pulse width teLaveming X tekaveing * taroutvouiny | feLaveman X tekavemay ps

L oUTY(Max)

Example: for DDR2-667, tcy ags.min = (0.48 x 3000ps) — 125 ps = 1315 ps = 0.438 x 3000 ps.
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Table 40 shows clock-jitter specifications.
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Symbol Parameter DDR2 -667 |DDR2-800 |DDR-1066 Unit
Min. [Max. [Min. |Max. |Min. Max.

tekave Average clock period nominal w/o jitter 3000 |8000 |2500 8000 1875 |[7500 |ps

Lyt per Clock-period jitter -125 |125 |-100 |100 |-90 90 ps
Uirpercky | Clock-period jitter during DLL locking period -100 [100 |-80 |80 -80 80 ps
tyrce Cycle-to-cycle clock-period jitter —250 [250 |-200 [200 |-180 180 ps
trcercky | Cycle-to-cycle clock-period jitter during DLL-locking —200 [200 |-160 [160 |-160 |160 ps
terR 2PER Cumulative error across 2 cycles -175 |175 |-150 |150 |-132 132 ps
terR 3PER Cumulative error across 3 cycles -225 |225 |-175 |175 |-157 |157 ps
terR 4PER Cumulative error across 4 cycles -250 (250 |[-200 {200 |-175 175 ps
terrsPER Cumulative error across 5 cycles -250 [250 |-200 [200 |-188 188 ps
terree-10peR) | CUMUIative error across n cycles with n =6 .. 10, -350 [350 |-300 [300 |-250 |250 ps
terR(11-50PER) .Cu-muAIative error across n cycles with n = 11 .. 50, —450 (450 |-450 |450 |-425 |425 ps

ton ave Average high-pulse width 048 |052 048 |0.52 |0.48 |052 |togave
te ave Average low-pulse width 0.48 |0.52 |0.48 |0.52 |0.48 |0.52 |ty avc
tyrouTy Duty-cycle jitter -125 |125 |-100 |100 |-75 75 ps
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7.4

ODT AC Electrical Characteristics

This chapter describes the ODT AC electrical characteristics.

Data Sheet
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Symbol | Parameter / Condition DDR-667, DDR-800 DDR-1066 Unit| Note
Min. Max. Min. Max.

taonD ODT turn-on delay 2 2 2 2 Nex |V

taon ODT turn-on tac min tacmax + 0.7 Ns tac vin tacmax ¥ 2.575 |ns | D2

taoneo | ODT turn-on (Power-Down Modes)| tacuin + 2 NS |2 tex + tacmax + 1 |tacun + 2 NS |3t + tacuax |NS | P
ns +1ns

taorp ODT turn-off delay 2.5 2.5 2.5 2.5 Nex |V

taor ODT turn-off tacmin tacmax + 0.6 s tac i tcwax +0-6ns|ns | P9

taorro | ODT turn-off (Power-Down Modes)| tacyin + 2 NS |25 tek + tacmax | tacun + 2 NS | 2.5 tee + tacuax| s [V
+1ns +1ns

tanpn ODT to Power Down Mode Entry |3 — 4 — Nex |2

Latency
taxen ODT Power Down Exit Latency 8 — 11 — Nex |2

1) New units, “to ave” a@nd “ng”, are introduced in DDR2-667, DDR2-800 and DDR2-1066. Unit “to o~ represents the actual to, o, Of the
input clock under operation. Unit “n¢,” represents one clock cycle of the input clock, counting the actual clock edges. Note that in DDR2-
400 and DDR2-533, “t” is used for both concepts. Example: t, = 2 [n.] means; if Power Down exit is registered at T,,, an Active

command may be registered at T, + 2, even if (T +2-T.) is 2 X tey ave + terr.2pERMIn)-

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 t,,,,, Which is interpreted differently per speed bin. For DDR2-667/800 t,qp 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 t,oep, which is interpreted differently per speed bin. For DDR2-667/800, if tcy g = 3 NS is assumed,
taorp 1S 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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This chapter contains the package dimension figures.
Notes
1. Drawing according to ISO 8015
2. Dimensions in mm
3. General tolerances +/- 0.17
BOTTOM VIEW
—PHAI HOEX
o |—
o0 i li 7
I &0} A
= OO} B
[eRSESY: G
000} ]
[eReNeY: B
m £ »
Qo &
QOO "
OO Fl
000 K
&0 L
/
THE WIHDOW-SDE
EHCAPSULANT
X s
m“émm .
DIMENSION REFERENCES  Units mm
REF. MIN, NOM, Ma X,
& -— 110 1.20
Al 0.25 0.35 0.40
_TOPVEW = EEnEL A 0,30 0,53 0,36
D) b 0.40 0.45 0.50
E D 3,90 10,00 10,10
/—mmm: A E 7.90 8.00 8.10
6 01 8.00 BSC
El 6,40 BSC
ek 0.80 BsC
el 0.80 BSC
QLo -— -— 0.15
t blako -— —= 0.20
xJ L‘ coc ——= - 0.10
cleld -— -— 0.15
gee ——= - n.os
t - 0,17 0.20
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FIGURE 11

Package Outline PG-TFBGA-84

PIN A1 INDEX EI PIN A1 INDEX
:. 1.2 3 7 8 9 El 9 8 7 3 2 1
AlO I ' ®0O0 oooYa
B [eReN o) QOO0 |
c 000 000 |c
D 000 000 |o
£ = @920 000 [E
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[ oQQ Q00 |c
H i : ) a ©-6-6 S-6-6—H
J | | [eReNe] QOO |4
K | | loXoNe (eNe] K
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M 000 00 _|u
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[E] E e I.nmu._a
. E1 SE
]0.10_(4X)
DETAIL A ) 7ToToTe]
[ = _ ) ——— T _ I |
_ ¢ )
= 2 ING P A ERE
SIDE_VIEW DETAIL A
DIMENSION DIMENSION
(mm) (inch)
SYM.
MIN. | NOM. | MAX. | MIN. | NOM.| MAx.
A — | — 120 | — | — |o0.047
- SOLDER BALL Al | 0.30 | 0.35 | 0.40 | 0.012| 0.014] 0.016
(:J (@) CS A2 | — | — [oss | — | — [o0.033
oo —®b(B4x PLACES) A3 | 0.10 |0.15 |0.20 | 0.004| 0.006| 0.008
p A ﬁ C D |12.40/12.50 | 12.60 | 0.488| 0.492| 0.496
H D1 11.20 BSC 0.441 BSC
f DETAIL B E |7.90 |800 |810 | 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
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9 Product Nomenclature

For reference the UnilC SDRAM component nomenclature is enclosed in this chapter.

TABLE 42
Examples for Nomenclature Fields
Example for Field Number
1 2 3 4 5 6 7 8 9 10 11
DDR2 SDRAM SCB 18 T 512 80 0 A F ~ 25D |

TABLE 43
DDR2 Memory Components
Field | Description Values |Coding
1 UnilC Component Prefix SCE UnilC ECC Memory components
SCB UnilC Commercial Memory components
2 Interface Voltage [V] 18 SSTL_18,+1.8V (x0.1V)
15 SSTL_15,+15V (x0.1V)
3 DRAM Technology T DDR2
Component Density [Mbit] 32 32 Mbit
64 64 Mbit
128 128 Mbit
256 256 Mbit
512 512 Mbit
1G 1 Gbhit
2G 2 Ghit
4G 4 Gbit
5 Number of I/Os 40 x4
80 x 8
16 x 16
6 Product Variant 0.9 -
7 Die Revision A First
B Second
C Third
8 Package, C FBGA, lead-containing
Lead-Free Status F FBGA, lead-free
9 Power - Standard power product
L Low power product
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Field | Description Values |Coding
10 Speed Grade -19E DDR2-1066 6—-6—6
-19F DDR2-1066 7—7—7
-25D DDR2-800 5-5-5
—25E DDR2-800 6-6-6
-3D DDR2-667 5-5-5
11 Temperature range Blank Commercial temperature range: 0 °C to 95 °C
I Industrial temperature range: -40 °C to 95 °C
A2 I/Automotive temperature range, A2: -40 °C to 105 °C
A3 IAutomotive temperature range, A3: -40 °C to 95 °C
X High-Rel temperature range: -55 °C to 125 °C
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