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1 Overview
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This chapter gives an overview of the 200-pin small-outline DDR2 SDRAM modules product family and describes its main

characteristics.

1.1 Features

» 200-Pin PC2-6400, PC2-5300 and PC2-4200 DDR2
SDRAM memory modules.
* 128Mx64 module organization, and 64Mx16 chip

organization

» Standard Double-Data-Rate-Two Synchronous DRAMs
(DDR2 SDRAM) with a single + 1.8 V (£ 0.1 V) power

supply

» 1GB Modules built with 1 Gbit DDR2 SDRAMs in PG-

TFBGA-84-11 chipsize packages

» All speed grades faster than DDR2-400 comply with

DDR2-400 timing specifications.

* Programmable CAS Latencies (3, 4, 5 and 6), Burst

Length (8 & 4).

Auto Refresh (CBR) and Self Refresh

Auto Refresh for temperatures above 85 °C fzzr = 3.9 ps.
Programmable self refresh rate via EMRS2 setting.
Programmable partial array refresh via EMRS2 settings.
DCC enabling via EMRS2 setting.

All inputs and outputs SSTL_1.8 compatible

Off-Chip Driver Impedance Adjustment (OCD) and On-Die
Termination (ODT)

Serial Presence Detect with E2PROM

SO-DIMM Dimensions (nominal): 30 mm high, 67.60 mm
wide

Based on standard reference layouts Raw Cards 'A'
RoHS compliant products®”

TABLE 1
Performance Table
QAG Speed Code -2.5 -3S -3.7 Unit
DRAM Speed Grade DDR2-800E DDR2-667D DDR2-533C
Module Speed Grade PC2-6400E PC2-5300D PC2-4200C
CAS-RCD-RP latencies 6—6-6 5-5-5 4-4-4 ek
Max. Clock Frequency |CL3 Jfexa 200 200 200 MHz
CL4 Jfeka 266 266 266 MHz
CL5 Jexs 333 333 266 MHz
CL6 Jfexe 400 - - MHz
Min. RAS-CAS-Delay ) 15 15 15 ns
Min. Row Precharge Time trp 15 15 15 ns
Min. Row Active Time fras 45 45 45 ns
Min. Row Cycle Time tre 60 60 60 ns

1) 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.

Rev. 1.1, 2007-05
10312006-1253-V1V0



1.2

The Qimonda HYS64T128020EDL-[2.5/3S/3.7]-B module
family are small-outline DIMM modules “SO-DIMMs” with 30
mm height based on DDR2 technology. DIMMs are available
as Non-ECC modules in 128Mx64 (1GB) in organization and

Description
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The memory array is designed with 1 Gbit Double-Data-Rate-
Two (DDR2) Synchronous DRAMs. Decoupling capacitors
are mounted on the PCB board. The DIMMs feature serial
presence detect based on a serial EZPROM device using the

density, intended for mounting into 200-pin connector  2-pin I2C protocol. The first 128 bytes are programmed with
sockets. configuration data and are write protected; the second
128 bytes are available to the customer.
TABLE 2
Ordering Information for RoHS Compliant Products
Product Type" Compliance Code? Description SDRAM Technology
PC2-6400
HYS64T128020EDL-2.5-B ‘ 1GB 2Rx16 PC2-6400S-666—12—A0 ‘2 Ranks, Non-ECC ‘ 1 Gbit (x16)
PC2-5300
HYS64T128020EDL-3S-B ‘ 1GB 2Rx16 PC2-5300S-555—-12-A0 ‘2 Ranks, Non-ECC ‘ 1 Gbit (x16)
PC2-4200
HYS64T128020EDL-3.7-B ‘ 1GB 2Rx16 PC2-4200S—444—12-A0 ‘2 Ranks, Non-ECC ‘ 1 Gbit (x16)

1) For detailed information regarding Product Type of Qimonda please see chapter "Product Type Nomenclature" of this datasheet.

2) The Compliance Code is printed on the module label and describes the speed grade, for example "PC2-6400S-666—12—A0" where 6400S
means Small-Outline DIMM modules with 6.40 GB/sec Module Bandwidth and "666—12" means Column Address Strobe (CAS) latency
=6, Row Column Delay (RCD) latency = 6 and Row Precharge (RP) latency = 6 using the latest JEDEC SPD Revision 1.2 and produced
on the Raw Card "A".

TABLE 3
Address Format
DIMM Module Memory ECC/ # of SDRAMSs | # of row/bank/column Raw
Density Organization Ranks Non-ECC bits Card
1GB 128Mx64 2 Non-ECC 8 13/3/10 A
TABLE 4
Components on Modules
Product Type"? DRAM Components” DRAM Density DRAM Organisation
HYS64T128020EDL HYB18T1G160BF 1 Gbit 64M x 16

1) Green Product
2) For a detailed description of all functionalities of the DRAM components on these modules see the component data sheet.

Rev. 1.1, 2007-05 4
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2.1

Pin Configurations
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Pin Configurations and Block Diagrams

The pin configuration of the Small Outline DDR2 SDRAM DIMM is listed by function in Table 5 (200 pins). The abbreviations
used in columns Pin Type and Buffer Type are explained in Table 6 and Table 7 respectively. The Pin numbering is depicted

in Figure 1
TABLE 5
Pin Configuration of SO-DIMM
Pin No. Name Pin Buffer |Function
Type |Type
Clock Signals
30 CKO | SSTL Clock Signals 2:0, Complement Clock Signals 2:0
164 CK1 I ssTL | The system clock inputs. All address and command lines
3 CKO | SSTL are sampled on the cross point of the rising edge of CK and
the falling edge of CK. A Delay Locked Loop (DLL) circuit is
166 CK1 | SSTL | driven from the clock inputs and output timing for read
operations is synchronized to the input clock.
79 CKEO | SSTL Clock Enable Rank 1:0
80 CKE1 I SSTL Activates the DDR2 SDRAM CK signal when HIGH and
deactivates the CK signal when LOW. By deactivating the
clocks, CKE LOW initiates the Power Down Mode or the
Self Refresh Mode.
Note: 2 Ranks module
NC NC — Not Connected
Note: 1-rank module
Control Signals
110 ) | SSTL Chip Select Rank 1:0
115 S1 I ssTL | Enables the associated DDR2 SDRAM command decoder
when LOW and disables the command decoder when
HIGH. When the command decoder is disabled, new
commands are ignored but previous operations continue.
Rank 0 is selected by SO; Rank 1 is selected by S1. Ranks
are also called "Physical banks".2 Ranks module
NC NC — Not Connected
Note: 1-rank module
108 RAS | SSTL Row Address Strobe
When sampled at the cross point of the rising edge of CK,
and falling edge of CK, RAS, CAS and WE define the
operation to be executed by the SDRAM.
113 CAS | SSTL Column Address Strobe

Rev. 1.1, 2007-05
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Pin No. Name Pin Buffer |Function
Type |Type
109 WE | SSTL  |Write Enable
Address Signals
107 BAO | SSTL Bank Address Bus 2:0
106 BA1 [ SSTL Selects which DDR2 SDRAM internal bank of four or eight
is activated.
85 BA2 | SSTL Bank Address Bus 2
Greater than 512Mb DDR2 SDRAMS
NC NC SSTL Less than 1Gb DDR2 SDRAMS
102 A0 | SSTL Address Bus 12:0
101 A1 I SSTL During a Bank Activate command cycle, defines the row
address when sampled at the cross-point of the rising edge
100 A2 I SSTL of CK and falling edge of CK. During a Read or Write
99 A3 I SSTL | command cycle, defines the column address when sampled
98 A4 | SSTL at the cross point of the rising edge of CK and falling edge
97 A5 | SSTL of CK. In addition to the column address, AP is used to
invoke autoprecharge operation at the end of the burst read
94 AB I SSTL or write cycle. If AP is HIGH, autoprecharge is selected and
92 A7 I SSTL BAO-BAnN defines the bank to be precharged. If AP is LOW,
93 A8 I SSTL autoprecharge is disabled. During a Precharge command
91 A9 | SSTL cycle, AP is used in conjunction with BAO-BAn to control
which bank(s) to precharge. If AP is HIGH, all banks will be
105 A10 | SSTL precharged regardless of the state of BAO-BAn inputs. If AP
AP | SSTL is LOW, then BAO-BAn are used to define which bank to
90 A1 | SSTL | Precharge.
89 A12 | SSTL Address Signal 12
Note: Module based on 256 Mbit or larger dies
116 A13 | SSTL Address Signal 13
Note: 1 Gbit based module
NC NC — Not Connected
Note: Module based on 512 Mbit or smaller dies
Data Signals
5 DQO I/0 SSTL Data Bus 63:0
7 DQ1 I/O SSTL Note: Data Input/Output pins
17 DQ2 I/0 SSTL
19 DQ3 I/0 SSTL
4 DQ4 I/O SSTL
6 DQ5 I/0 SSTL
14 DQ6 I/0 SSTL
16 DQ7 I/0 SSTL
23 DQ8 I/0 SSTL
25 DQ9 I/O SSTL
35 DQ10 I/0 SSTL
37 DQ11 I/O SSTL

Rev. 1.1, 2007-05
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Pin No. Name Pin Buffer |Function
Type |Type
20 DQ12 I/0 SSTL Data Bus 63:0
22 DQ13 I/O SSTL Data Input/Output pins
36 DQ14 I/0 SSTL
38 DQ15 I/0 SSTL
43 DQ16 I/0 SSTL
45 DQ17 I/0 SSTL
55 DQ18 I/0 SSTL
57 DQ19 I/0 SSTL
44 DQ20 I/0 SSTL
46 DQ21 I/0 SSTL
56 DQ22 I/0 SSTL
58 DQ23 I/0 SSTL
61 DQ24 I/0 SSTL
63 DQ25 I/0 SSTL
73 DQ26 I/0 SSTL
75 DQ27 I/0 SSTL
62 DQ28 I/0 SSTL
64 DQ29 I/0 SSTL
74 DQ30 I/0 SSTL
76 DQ31 I/0 SSTL
123 DQ32 I/0 SSTL
125 DQ33 I/0 SSTL
135 DQ34 I/0 SSTL
137 DQ35 I/0 SSTL
124 DQ36 110 SSTL
126 DQ37 I/0 SSTL
134 DQ38 I/0 SSTL
136 DQ39 I/0 SSTL
141 DQ40 I/0 SSTL
143 DQ41 I/0 SSTL
151 DQ42 I/0 SSTL
153 DQ43 I/0 SSTL
140 DQ44 I/0 SSTL
142 DQ45 I/0 SSTL
152 DQ46 110 SSTL
154 DQ47 I/0 SSTL
157 DQ438 I/0 SSTL
159 DQ49 I/0 SSTL
173 DQ50 I/0 SSTL
175 DQ51 I/0 SSTL

Rev. 1.1, 2007-05
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Pin No. Name Pin Buffer |Function
Type |Type

158 DQ52 I/0 SSTL Data Bus 63:0

160 DQ53 I/0 SSTL

174 DQ54 I/0 SSTL

176 DQ55 I/0 SSTL

179 DQ56 I/0 SSTL

181 DQ57 I/0 SSTL

189 DQ58 I/0 SSTL

191 DQ59 I/0 SSTL

180 DQ60 I/0 SSTL

182 DQ61 I/0 SSTL

192 DQ62 110 SSTL

194 DQ63 I/0 SSTL

Data Strobe Signals

13 DQSO0 I/0 SSTL Data Strobe Bus 7:0

11 DQSO I/O SSTL The data strobes, associated with one data byte, sourced
with data transfers. In Write mode, the data strobe is

31 DQst Vo SSTL sourced by the controller and is centered in the data

29 DQs1 |l/O SSTL | window. In Read mode the data strobe is sourced by the

51 DQS2 1/0 SSTL DDR2 SDRAM and is sent at the leading edge of the data

49 DQS2 /0 SSTL window. DQS signals are complements, and timing is
relative to the cross-point of respective DQS and DQS. If the

70 DQs3 o SSTL module is to be operated in single ended strobe mode, all

68 DQS3 I/0 SSTL DQS signals must be tied on the system board to Vg5 and

131 DQS4 |1/O SSTL DDR2 SDRAM mode registers programmed appropriately.

129 DQS4 I/10 SSTL

148 DQS5 I/0 SSTL

146 DQS5 I/0 SSTL

169 DQS6 I/0 SSTL

167 DQS6 I/0 SSTL

188 DQS7 I/0 SSTL

186 DQS7 I/0 SSTL

Data Mask Signals

10 DMO I SSTL Data Mask Bus 7:0

26 DM1 I SSTL The data write masks, associated with one data byte. In
Write mode, DM operates as a byte mask by allowing input

52 DM2 I SSTL data to be written if it is LOW but blocks the write operation

67 DM3 | SSTL  |ifitis HIGH. In Read mode, DM lines have no effect.

130 DM4 I SSTL

147 DM5 I SSTL

170 DM6 | SSTL

185 DM7 | SSTL

EEPROM

Rev. 1.1, 2007-05
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Pin No. Name Pin Buffer |Function
Type |Type
197 SCL | CMOS | Serial Bus Clock
This signal is used to clock data into and out of the SPD
EEPROM and Thermal sensor.
195 SDA I/0 oD Serial Bus Data
This is a bidirectional pin use to transfer data into and out of
the SPD EEPROM and Thermal sensor. A resistor must be
connected from SDA to Vppgpp ON the motherboard to act as
a pull-up.
198 SAOQ | CMOS | Serial Address Select Bus 2:0
200 SA1 I CMOS |Address pins used to select the SPD and Thermal sensor
base address.
50 EVENT |O oD EVENT
The optional EVENT pin is reserved for use to flag critical
module temperature and is used in conjunction with
Thermal Sensor.
NC - - Not Connected
Not connected on modules without temperature sensors.
Power Supplies
1 Vrer Al — I/0 Reference Voltage
Reference voltage for the SSTL-18 inputs.
199 Vobseo |PWR | — EEPROM Power Supply
Power supplies for Serial Presence Detect, Thermal Sensor
and ground for the module.
81,82,87,88,95,96,103,104, Vob PWR |— Power Supply
111,112,117,118 Power supplies for core, 1/0 and ground for the module.
2,3,8,9,12,15,18,21,24,27,28, Vss GND |— Ground Plane
33,34,39,40,41,42,47,48,53, Power supplies for core, 1/0, Serial Presence Detect,
54,59,60,65,66,71,72,77,78, Thermal Sensor and ground for the module.
121,122,127,128,132,133,138,13
9,144,145,149,150,155,156,,
161,162,165,171,172,177,
178,183,184,187,190,193,196
Other pins
114 ODTO | SSTL On-Die Termination Control 1:0
119 ODT1 | SSTL On-Die Termination Control 1
Asserts on-die termination for DQ, DM, DQS, and DQS
signals if enabled via the DDR2 SDRAM mode register.
Note: 2 Rank modules
NC NC — Not Connected
Note: 1 Rank modules
69,83,84,120,163,168 NC NC — Not connected

Pins not connected on Qimonda SO-DIMMs

Rev. 1.1, 2007-05
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TABLE 6
Abbreviations for pin Type

Abbreviation Description

| Standard input-only pin. Digital levels.
O Output. Digital levels.

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

PWR Power

GND Ground

NC Not Connected

allows multiple devices to share as a wire-OR.

TABLE 7
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 pin has 2 operational states, active low and tri-state, and

Rev. 1.1, 2007-05
10312006-1253-V1V0
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FIGURE 1
Pin Configuration SO-DIMM (200 pin)

VRer -
DQO -
Vss -
DQSO0 -
DQ2 -
Vss -
DQ9 -
DQS1 -
Vss -
DQ11 -

Vss -
DQ17 -
DQS2-

Vs -
DQ19 -
DQ24 -

Vss -

NC -
DQ26 -

Vss -

Vop -

NC/BA2 -

A12-

A8 -

A5 -

Al -
A10/AP -
WE -
CAS -

Vop -

Vss -
DQ33 -
DQS4 -

Vss -
DQ35 -
DQ40 -

Vss -

Vss -
DQ43 -
DQ48 -

Vss -

Vss -
DQS6 -
DQ50 -

Vss -
DQ57 -

DM7 -
DQ58 -
Vss -
SCL -

Pin 001
Pin 005
Pin 009
Pin 013
Pin 017
Pin 021
Pin 025
Pin 029
Pin 033
Pin 037

Pin 041
Pin 045
Pin 049
Pin 053
Pin 057
Pin 061
Pin 065
Pin 069
Pin 073
Pin 077
Pin 081
Pin 085
Pin 089
Pin 093
Pin 097
Pin 101
Pin 105
Pin 109
Pin 113
Pin 117
Pin 121
Pin 125
Pin 129
Pin 133
Pin 137
Pin 141
Pin 145
Pin 149
Pin 153
Pin 157
Pin 161
Pin 165
Pin 169
Pin 173
Pin 177
Pin 181
Pin 185
Pin 189
Pin 193
Pin 197

Vss -

Pin 003 —

DQ1 -

Pin 007 —

DQSO0 -

Pin 011 —

Vss -

Pin 015 —

DQ3 -

Pin 019 —

DQ8 -

Pin 023 —

VSS -

Pin 027 —

DQS1 -

Pin 031 —

DQ10-

Pin 035 —

Vss -

Pin 039 —

DQ16 -

Pin 043 —

Vss -

Pin 047 —

DQSs2 -

Pin 051 —

DQ18 -

Pin 055 —

Vss -

Pin 059 —

DQ25 -

Pin 063 —

DMS -

Pin 067 —

Vss -

Pin 071 —

DQ27 -

Pin 075 —

CKEO -

Pin 079 —

NC -

Pin 083 —

VDD -

Pin 087 —

A9 -

Pin 091 —

VDD -

Pin 095 —

A3 -

Pin 099 —

Vb -

Pin 103 —

BAO -

Pin 107 —

Vobp -

Pin 111 —

NC/S1 -

Pin 115 —

NC/ODT1 -

Pin 119 —

DQ32 -

Pin 123 —

Vss -

Pin 127 —

DQS4 -

Pin 131 —

DQ34 -

Pin 135 —

Vss -

Pin 139 —

DQ41 -

Pin 143 —

DMS5 -

Pin 147 —

DQ42 -

Pin 151 —

Vss -

Pin 155 —

DQ49 -

Pin 159 —

NC -

Pin 163 —

DQSE6 -

Pin 167 —

Vss -

Pin 171 —

DQ51 -

Pin 1756 —

DQ56 -

Pin 179 —

Vss -

Pin 183 —

Vss -

Pin 187 —

DQ59 -

Pin 191 —

SDA -

Pin 195 —

VppSPD -

Pin 199 —

mo—n-4zonT U

— Pin 004 - DQ4 Pin 002 Vss
~—— Pin 008 - V. Pin 006 - DS
— o1z VSS Pin 010 - DMO
~ Pinols -pa7 Pin 014 - D6
~—— Pin 020 - DQ12 Pin018 - Ve
~—— Pin 024 - Vs Pin 022 - D13
o8 v Pin 026 - DM
—— Pin 0a2 - CKo Pin 030 - Cko
Pin 034 -
— Pin 036 - DQ14 In 084 - Ves
—] —— Pin040 - Vgs Pin 038 - DQ15
—] : Pin 042 - Vgg
B — E:: 8:;: SQZO Pin 046 - DQ21
é PN 052 DMB Pin 050 - NC/EVENT
Pin 054 - V
K — Pin 056 - DQ22 " °°
A i 080 Vs Pin 058 - DQ23
Pin 062 - DQ28
[ ~—— Pin 064 - DQ29 o oe. VO
D — Pin 068 - DQS3 : =
E oy Pin 070 - DQS3
~ Pinore- DQ3I Pin 074 - DA30
Pin 078 - V
~— Pin 080 - NC/CKET n 078 - Vss
~—— Pin084- NC Pin 082 - Voo
—ioss v Pin 086 - NC/A14
——r A;D Pin 090 - A11
. Pin 094 - A6
—— Pin09%- Voo Pin 098 - A4
——Pin100- A2 Pin 102 - A0
— Pin 104 - VDD .
108 RAs Pin 106 - BA1
e Pin 110 - S0
- - DD .
~— Pin 116 - NC/A13 Pin 114 - ODTO
~— Pin120- NC Pin 118 - Voo
E— Pin 122 - Vss
— E:: 12; SQSG Pin 126 - DQ37
P12 Vo Pin 130 - DM4
— Pin136- DQ39 Pin 134 - DQ38
, Pin 138 - Vss
— E:: ::2 - 3Q44 Pin 142 - DQ45
~ Pin148- DOSS Pin 146 - DAS5
Pin 150 - V
~—— Pin 152 - DQ46 n 150 - Vss
ey Pin 154 - DQ47
~ Pin160- D53 Pin 158 - DQs2
~— Pin 164 - CK1 Pin162- Vss
T ies Pin 166 - CK1
— 172 VSS Pin 170 - DM6
— i 175 D055 Pin 174 - DA54
, Pin 178 - Vss
— Pin 180 - DQ60 )
~Pinisa- Vv Pin 182 - DQ61
— 185 DaST Pin 186 - DQS7
— Pin 192 - DQ62 Pin 190 - Vss
ey Pin 194 - DQ63
— Pin 200 si\s1 Pin 198 - SAO
MPPT0140

Rev. 1.1, 2007-05
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3 Electrical Characteristics

3.1 Absolute Maximum Ratings

Caution is needed not to exceed absolute maximum ratings of the DRAM device listed in Table 8 at any time.

TABLE 8

Absolute Maximum Ratings

Symbol Parameter Rating Unit Note
Min. Max.

Voo Voltage on Vpp, pin relative to Vgg -1.0 +2.3 v R

Voba Voltage on Vppq pin relative to Vgg -0.5 +2.3 v h2)

VopL Voltage on Vpp, pin relative to Vgg -0.5 +2.3 v h2)

Vine Vout Voltage on any pin relative to Vgg -0.5 +2.3 Y R

Tsts Storage Temperature -55 +100 °C h2)

1) When Vpp and Vppg and Vpp, are less than 500 mV; Vg may be equal to or less than 300 mV.
2) Storage Temperature is the case surface temperature on the center/top side of the DRAM.

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 9
DRAM Component Operating Temperature Range

Symbol Parameter Rating Unit Note
Min. Max.
Tease Operating Temperature 0 95 °C 1)2)3)4)

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

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

3) Above 85 °C the Auto-Refresh command interval has to be reduced to fger= 3.9 us

4) When operating this product in the 85 °C to 95 °C Tge 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 I by approximately 50%

Rev. 1.1, 2007-05 12
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3.2 DC Operating Conditions

TABLE 10

Operating Conditions

Parameter Symbol Values Unit Note
Min. Max.

Operating temperature (ambient) Torr 0 +65 °C
DRAM Case Temperature Tonse 0 +95 °C 1)2)34)
Storage Temperature Tste -50 +100 °C
Barometric Pressure (operating & storage) PBar +69 +105 kPa 9
Operating Humidity (relative) Hopr 10 90 %
Storage Humidity (without condensation) Hgrg 5 95 %

1) DRAM Component Case Temperature is the surface temperature in the center on the top side of any of the DRAMs.

2) Within the DRAM Component Case Temperature Range all DRAM specifications will be supported
3) Above 85 °C DRAM Case Temperature the Auto-Refresh command interval has to be reduced to fggr = 3.9 pus
4) When operating this product in the 85 °C to 95 °C T5se 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 Ipg by approximately 50%.
5) Up to 3000 m.

TABLE 11
Supply Voltage Levels and DC Operating Conditions
Parameter Symbol Values Unit Note
Min. Typ. Max.
Device Supply Voltage Vob 1.7 1.8 1.9 \Y
Output Supply Voltage Vopa 1.7 1.8 1.9 \% D
Input Reference Voltage Vaer 0.49 x Vppq 0.5 x Vppq 0.51 x Vppq \Y 2
SPD Supply Voltage Vobsep 1.7 — 3.6 \Y
DC Input Logic High Vinooe) Veeg + 01256 | — Vopg *+ 0.3 \Y
DC Input Logic Low Vi oc) -0.30 — Veer —0.125 v
In / Output Leakage Current I -5 — 5 pA %)

1) Under all conditions, Vppq must be less than or equal to Vpp
2) Peak to peak AC noise on Vger may not exceed + 2% Vger (DC). Vrer is also expected to track noise in Vppq.
3) Input voltage for any connector pin under test of 0 V < V) < Vppq + 0.3 V; all other pins at 0 V. Current is per pin

Rev. 1.1, 2007-05 13
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3.3 Timing Characteristics

3.3.1 Speed Grade Definitions

TABLE 12
Speed Grade Definition
Speed Grade —-800E -667D -533C Unit Note
QAG Sort Name -2.5 -38 -3.7
CAS-RCD-RP latencies 6—6-6 5-5-5 4-4-4
Iek
Parameter Symbol Min. Max. Min. Max. Min. Max. —
Clock Period |@CL=3 |t 5 8 5 8 5 8 ns 12)3)4)
@CL=4 |t 3.75 8 3.75 8 3.75 8 ns 12)3)4)
@CL=5 |t 3 8 3 8 3.75 8 ns 12)3)4)
@CL=6 |t 2.5 8 — — — — ns 12)3)4)
Row Active Time Iras 45 70k 45 70k 45 70k ns 112)3)4)5)
Row Cycle Time tre 60 — 60 — 60 — ns 12)3)4)
RAS-CAS-Delay trep 15 — 15 — 15 — ns 12)3)4)
Row Precharge Time trp 15 — 15 — 15 — ns 12)3)4)

1) Timings are guaranteed with CK/CK differential Slew Rate of 2.0 V/ns. For DQS signals timings are guaranteed with a differential Slew
Rate of 2.0 V/ns in differential strobe mode and a Slew Rate of 1 V/ns in single ended mode. Timings are further guaranteed for normal
OCD drive strength (EMRS(1) A1 = 0)

2) The CKICK input reference level (for timing reference to CKI&) 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.

3) Inputs are not recognized as valid until V¢ stabilizes. During the period before Ver stabilizes, CKE = 0.2 x Vppq is recognized as low.

4) The output timing reference voltage level is V7.

5) traswmax s calculated from the maximum amount of time a DDR2 device can operate without a refresh command which is equal to 9 X tzgp.
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3.3.2 Component AC Timing Parameters

TABLE 13

DRAM Component Timing Parameter by Speed Grade - DDR2-800

Parameter Symbol DDR2-800 Unit ;\:;))tesm”)‘%’e)
Min. Max.
DQ output access time from CK / CK tac —-400 +400 ps 9
CAS to CAS command delay tcep 2 — nCK
Average clock high pulse width e AVG 0.48 0.52 fekavs | 1O
Average clock period tek AVG 2500 8000 ps 01)
CKE minimum pulse width ( high and low pulse | fcg 3 — nCK |
width)
Average clock low pulse width teL ave 0.48 0.52 tekave | 1O
Auto-Precharge write recovery + precharge time |#ps, WR + tp — nCK |14
Minimum time clocks remain ON after CKE toELAY tsttck avet | — ns
asynchronously drops LOW ty
DQ and DM input hold time ToH BASE 125 — ps 19)20)15)
DQ and DM input pulse width for each input toipw 0.35 — IcK AVG
DQS output access time from CK / CK fbasck -350 +350 ps 9
DQS input high pulse width thasH 0.35 — Lok AVG
DQS input low pulse width fpasL 0.35 — IcK AVG
DQS-DQ skew for DQS & associated DQ signals | fpqsq — 200 ps 18)
DQS latching rising transition to associated clock | fpqss -0.25 +0.25 tekave |17
edges
DQ and DM input setup time fps BASE 50 — ps 18)19)20)
DQS falling edge hold time from CK Ipsh 0.2 — tekavs |17
DQS falling edge to CK setup time foss 0.2 — texave |7
Four Activate Window for 1KB page size products | feaw 35 — ns 35)
Four Activate Window for 2KB page size products | zzaw 45 — ns %)
CK half pulse width tip Min(toy agss | ps 21
_ fcLags)

Data-out high-impedance time from CK / CK iz — fac.MAX ps 9)22)
Address and control input hold time ti BASE 250 — ps 23)28)
Control & address input pulse width for each input | 75\, 0.6 — Ik AVG
Address and control input setup time tis BASE 175 — ps 24)28)
DQ low impedance time from CK/CK fizpa 2 X tac MmN tac max ps 922)
DQS/DQS low-impedance time from CK / CK tizpas A MIN fac.MAX ps 9)22)
MRS command to ODT update delay fmob 0 12 ns 35)
Mode register set command cycle time tRD 2 — nCK
OCD drive mode output delay torr 0 12 ns 3%)
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Parameter Symbol DDR2-800 Unit sf:;tes”z"")“)s’s)
Min. Max.

DQ/DQS output hold time from DQS tan tup — fons — ps 26)

DQ hold skew factor fams — 300 ps 27)

Average periodic refresh Interval trer) — 7.8 us 28)29)
— 3.9 us 29)30)

Auto-Refresh to Active/Auto-Refresh command | 7gec 127.5 — ns 3

period

Precharge-All (8 banks) command period trp tpt 1%tk | — ns

Read preamble trpRE 0.9 1.1 texave |23

Read postamble IrpsT 0.4 0.6 fekave | 2234

Active to active command period for 1KB page | fzrp 7.5 — ns %)

size products

Active to active command period for 2KB page | frrp 10 — ns %)

size products

Internal Read to Precharge command delay tr1P 7.5 — ns %)

Write preamble tWPRE 0.35 — IcK AVG

Write postamble twpsT 0.4 0.6 1ok AVG

Write recovery time fwr 15 — ns %)

Internal write to read command delay fwTR 7.5 — ns 35)36)

Exit power down to read command txARD 2 — nCK

Exit active power-down mode to read command | #yarps 8 -AL — nCK

(slow exit, lower power)

Exit precharge power-down to any valid typ 2 — nCK

command (other than NOP or Deselect)

Exit self-refresh to a non-read command IysNR trec +10 — ns %)

Exit self-refresh to read command tysrD 200 — nCK

Write command to DQS associated clock edges | WL RL -1 nCK

For details and notes see the relevant Qimonda component data sheet

2) Vppq=1.8V0.1V; Vpp=18V0.1V.

3) 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.

4) 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.

5) 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.

6) Inputs are not recognized as valid until V¢ stabilizes. During the period before Viee stabilizes, CKE = 0.2 x Vppq is recognized as low.

7) The output timing reference voltage level is V1.

8) New units, ‘/ck avg' @and ‘nCK', are introduced in DDR2-667 and DDR2-800. Unit ‘fcx ayc' represents the actual ¢ ayg 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, ‘1" is used for both concepts. Example: #, = 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 fox ave * ferR 2PER(Min)-

9) When the device is operated with input clock jitter, this parameter needs to be derated by the actual fgggg-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 ferg(s-10per)MiN = — 272
ps and ferr(s. 10pER)MAX = T 293 PS, then fpasck minpERATED) = fpasck.min — fERR(E-10PER)MAX = — 400 ps — 293 ps = — 693 ps and
Ipasck MAX(DERATED) = Ipasck.max — ferres-10pEr)Min = 400 ps + 272 ps = + 672 ps. Similarly, #,; pq for DDR2-667 derates t0 #,; pq minperaTED)
=-900 ps — 293 ps = — 1193 ps and {7 pq maxperatep) = 450 ps + 272 ps = + 722 ps. (Caution on the MIN/MAX usage!)
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10) Input clock jitter spec parameter. These parameters are referred to as 'input clock jitter spec parameters' and these parameters apply to
DDR2-667 and DDR2-800 only. The jitter specified is a random jitter meeting a Gaussian distribution.

11) These parameters are specified per their average values, however it is understood that the relationship 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 ).

12) toke.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 fig + 2 X i + t-

13) DAL = WR + RU{tzp(ns) / tck(ns)}, where RU stands for round up. WR refers to the tWR parameter stored in the MRS. For #gp, if the result
of the division is not already an integer, round up to the next highest integer. /- refers to the application clock period. Example: For
DDR2-533 at ¢ = 3.75 ns with #,g programmed to 4 clocks. fpa =4 + (15 ns / 3.75 ns) clocks = 4 + (4) clocks = 8 clocks.

14) toainck = WR[NCK] + £rp.nck = WR + RU{tzp [PS] / ek avalPs] }. where WR is the value programmed in the EMR.

15) Input waveform timing ¢, with differential data strobe enabled MR[bit10] = 0, is referenced from the differential data strobe crosspoint to
the input signal crossing at the V), pc level for a falling signal and from the differential data strobe crosspoint to the input signal crossing
at the V|_p level for a rising signal applied to the device under test. DQS, DQS signals must be monotonic between V| ¢ uax and
Viiocmn- See Figure 3.

16) fpasq: 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.

17) These parameters are measured from a data strobe signal ((L/U/R)DQS / D_QS) crossing to its respective clock signal (CK / &) crossing.
The spec values are not affected by the amount of clock jitter applied (i.e. ¢ per, £yi1.ccr €tC.), as these are relative to the clock signal
crossing. That is, these parameters should be met whether clock jitter is present or not.

18) Input waveform timing #,g with differential data strobe enabled MR[bit10] = 0, is referenced from the input signal crossing at the V), 5c 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 V;popax @nd Vinpcymim: See
Figure 3.

19) If £pg Or fpy is violated, data corruption may occur and the data must be re-written with valid data before a valid READ can be executed.

20) 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.

21) tp is the minimum of the absolute half period of the actual input clock. #,p is an input parameter but not an input specification parameter.
Itis used in conjunction with tq, to derive the DRAM output timing 7. The value to be used for ¢y, calculation is determined by the
following equation; 7o = MIN (fcy ags: fcLass)> Where, fcy ags is the minimum of the actual instantaneous clock high time; ¢ ags is the
minimum of the actual instantaneous clock low time.

22) t,,; and 1, 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 (¢,), or begins driving (¢, ;) .

23) Input waveform timing is referenced from the input signal crossing at the ¥ ¢ level for a rising signal and V), p¢ for a falling signal applied
to the device under test. See Figure 4.

24) Input waveform timing is referenced from the input signal crossing at the ¥, 5c level for a rising signal and ¥, 5 for a falling signal applied
to the device under test. See Figure 4.

25) These parameters are measured from a command/address signal (CKE, CS, RAS, CAS, WE, ODT, BAO, A0, A1, 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. ¢ per, Lyt co
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.

26) ton = typ — tons, Where: ¢p is the minimum of the absolute half period of the actual input clock; and ¢q5 is the specification value under
the max column. {The less half-pulse width distortion present, the larger the ty, value is; and the larger the valid data eye will be.}
Examples: 1) If the system provides ¢, of 1315 ps into a DDR2-667 SDRAM, the DRAM provides 7 of 975 ps minimum. 2) If the system
provides #,p of 1420 ps into a DDR2-667 SDRAM, the DRAM provides /g of 1080 ps minimum.

27) tqus accounts for: 1) The pulse duration distortion of on-chip clock circuits, which represents how well the actual 7,5 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.

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

29) 0 °C< Toage £ 85°C

30) 85 °C < Tage <95 °C

31) A maximum of eight Auto-Refresh commands can be posted to any given DDR2 SDRAM device.

32) trpst €Nd point and #zpre begin point are not referenced to a specific voltage level but specify when the device output is no longer driving
(trpsT), OF begins driving (fgpre)- Figure 2 shows a method to calculate these points when the device is no longer driving (tzps7), OF begins
driving (fgpre) by measuring the signal at two different voltages. The actual voltage measurement points are not critical as long as the
calculation is consistent.
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33) When the device is operated with input clock jitter, this parameter needs to be derated by the actual ¢, peg 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 pgrvin = — 72 PS
and Zyr permax = + 93 s, then frpre MinpErATED) = fRPREMIN T LuiT.PERMIN = 0-9 X ok ave — 72 PS = + 2178 ps and frpre Max(ERATED) = fRPRE.MAX
+ tyrpermax = 1.1 X ok ave + 93 ps = + 2843 ps. (Caution on the MIN/MAX usage!).

34) When the device is operated with input clock jitter, this parameter needs to be derated by the actual ¢ oy 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 puty.min = — 72 PS
and £7 pyty.max = + 93 Ps, then frpst minperaTED) = fRPSTMIN *+ LT oUTY.MIN = 04 X foK v = 72 PS = + 928 ps and frpst wax(DERATED) = [RPST MAX
+ 11 puty.max = 0.6 X fok avg T 93 ps = + 1592 ps. (Caution on the MIN/MAX usage!).

35) For these parameters, the DDR2 SDRAM device is characterized and verified to support #,ppram = RU{tparam / fck ava) Which is in clock
cycles, assuming all input clock jitter specifications are satisfied. For example, the device will support ¢, rp = RU{fgp / fck aveh 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
tre = RU{trp / tck ava) = 5, i.€. 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.

36) tyrr is at lease two clocks (2 x k) independent of operation frequency.

TABLE 14
DRAM Component Timing Parameter by Speed Grade - DDR2-667
Parameter Symbol DDR2-667 Unit ;\l:tes”z’e"“me)
Min. Max. "
DQ output access time from CK / CK tac —450 +450 ps 9
CAS to CAS command delay tcep 2 — nCK
Average clock high pulse width tenave 0.48 0.52 tekave | 1O
Average clock period tok AVG 3000 8000 ps
CKE minimum pulse width ( high and low pulse | fcye 3 — nCK |
width)
Average clock low pulse width oL AVG 0.48 0.52 fekavs | 1O
Auto-Precharge write recovery + precharge time |y, WR + £ p — nCK |14
Minimum time clocks remain ON after CKE toELAY tsttckavet | — ns
asynchronously drops LOW ty
DQ and DM input hold time foHBASE 175 — ps 19)20)19)
DQ and DM input pulse width for each input toipw 0.35 — IcK AVG
DQS output access time from CK / CK Ipasck —400 +400 ps 9
DQS input high pulse width thasH 0.35 — IcK AVG
DQS input low pulse width thast 0.35 — IeK AVG
DQS-DQ skew for DQS & associated DQ signals | fpagq — 240 ps 16)
DQS latching rising transition to associated clock | fpqss -0.25 +0.25 tekavs |7
edges
DQ and DM input setup time Ios BASE 100 — ps 18)19)20)
DQS falling edge hold time from CK tos 0.2 — texavs | M7
DQS falling edge to CK setup time Ipss 0.2 — tekave |17
Four Activate Window for 1KB page size products | fray 375 — ns %)
Four Activate Window for 2KB page size products | fay 50 — ns %)
CK half pulse width tp Min(feyass: | ps 2)
_ fcLags)
Data-out high-impedance time from CK / CK thz — fac.MAX ps 922)
Address and control input hold time fiBASE 275 — ps 25)23)
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Parameter Symbol DDR2-667 Unit sfgtes”z"")“)s’s)
Min. Max.

Control & address input pulse width for each input | #p\y 0.6 — fok AVG

Address and control input setup time fis BASE 200 — ps 24)28)

DQ low impedance time from CK/CK fi7p0 2 X tac MIN fac.MAX ps 9)22)

DQS/DQS low-impedance time from CK/CK | #7pas A MIN tac.max ps 922)

MRS command to ODT update delay fvon 0 12 ns %)

Mode register set command cycle time MRD 2 — nCK

OCD drive mode output delay torr 0 12 ns %)

DQ/DQS output hold time from DQS tan tup — tons — ps 26)

DQ hold skew factor fams — 340 ps )

Average periodic refresh Interval trer) — 7.8 us 28)29)
— 3.9 us 29)30)

Auto-Refresh to Active/Auto-Refresh command | 7gec 127.5 — ns 3

period

Precharge-All (8 banks) command period trp tpt 1%tk | — ns

Read preamble trPRE 0.9 1.1 fekave |23

Read postamble trpsT 0.4 0.6 tekave | 2234

Active to active command period for 1KB page | fzrp 7.5 — ns %)

size products

Active to active command period for 2KB page | fzprp 10 — ns %)

size products

Internal Read to Precharge command delay tr1P 7.5 — ns %)

Write preamble tWPRE 0.35 — IcK AVG

Write postamble twesT 0.4 0.6 IcK AVG

Write recovery time fwr 15 — ns 35)

Internal write to read command delay fwTR 7.5 — ns 35)36)

Exit power down to read command 1ARD 2 — nCK

Exit active power-down mode to read command | fxarps 7-AL — nCK

(slow exit, lower power)

Exit precharge power-down to any valid typ 2 — nCK

command (other than NOP or Deselect)

Exit self-refresh to a non-read command IxsNR trec +10 — ns %)

Exit self-refresh to read command tysrD 200 — nCK

Write command to DQS associated clock edges | WL RL—1 nCK

1) For details and notes see the relevant Qimonda component data sheet

2) Vopa=18V+01V; Vop=18V£0.1V.

3) 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.

4) 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.
5) The CK/CKinput 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.

6) Inputs are not recognized as valid until V¢ stabilizes. During the period before Viee stabilizes, CKE = 0.2 x Vppq is recognized as low.

7) The output timing reference voltage level is V1.
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8) New units, ‘/ck avg' @and ‘nCK', are introduced in DDR2-667 and DDR2-800. Unit ‘fcx ayc' represents the actual #. ayg 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: ¢y, = 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 fox ave + feRR 2PER(Min)-

9) When the device is operated with input clock jitter, this parameter needs to be derated by the actual fgggg-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 ferg(s-10per)MiN = — 272
ps and fegp(s. 10pER)MAX = T 293 PS, then fpasck minpERATED) = fpasck.min — fERR(E-10PER)MAX = — 400 ps — 293 ps = — 693 ps and
IpascK MAX(DERATED) = fpasck Max — ferrgs-1oper).min = 400 ps + 272 ps = + 672 ps. Similarly, £, ; pq for DDR2-667 derates t0 £, ; pq minperaTeD)
=-900 ps — 293 ps = — 1193 ps and {7 pq maxperatep) = 450 ps + 272 ps = + 722 ps. (Caution on the MIN/MAX usage!)

10) Input clock jitter spec parameter. These parameters are referred to as 'input clock jitter spec parameters' and these parameters apply to
DDR2-667 and DDR2-800 only. The jitter specified is a random jitter meeting a Gaussian distribution.

11) These parameters are specified per their average values, however it is understood that the relationship 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 ).

12) teke.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 fig + 2 X t5¢ + t-

13) DAL = WR + RU{tzp(ns) / tck(ns)}, where RU stands for round up. WR refers to the tWR parameter stored in the MRS. For #gp, if the result
of the division is not already an integer, round up to the next highest integer. 7 refers to the application clock period. Example: For
DDR2-533 at 1 = 3.75 ns with g programmed to 4 clocks. fp =4 + (15 ns / 3.75 ns) clocks = 4 + (4) clocks = 8 clocks.

14) toainck = WRNCK] + £ rp ek = WR + RU{trp [PS] / ek avalPs] }. where WR is the value programmed in the EMR.

15) Input waveform timing 7, with differential data strobe enabled MR[bit10] = 0, is referenced from the differential data strobe crosspoint to
the input signal crossing at the V', o level for a falling signal and from the differential data strobe crosspoint to the input signal crossing
at the V|_p level for a rising signal applied to the device under test. DQS, DQS signals must be monotonic between V| uax and
Vinocmn- See Figure 3.

16) fpsq: 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.

17) 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. ¢t per. Lyit.cc» €tC.), as these are relative to the clock signal
crossing. That is, these parameters should be met whether clock jitter is present or not.

18) Input waveform timing ¢, with differential data strobe enabled MR[bit10] = 0, is referenced from the input signal crossing at the V), ¢ level
to the differential data strobe crosspoint for a rising signal, and 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 V;pcymax and Vippcymin- See
Figure 3.

19) If tp5 or fpy is violated, data corruption may occur and the data must be re-written with valid data before a valid READ can be executed.

20) 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.

21) tp is the minimum of the absolute half period of the actual input clock. #,p is an input parameter but not an input specification parameter.
It is used in conjunction with tq,5 to derive the DRAM output timing #o. The value to be used for ¢y, calculation is determined by the
following equation; f,p = MIN (fcy agss fciass), Where, foy ags is the minimum of the actual instantaneous clock high time; 7 ags is the
minimum of the actual instantaneous clock low time.

22) t47 and ¢, 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 (¢,,;), or begins driving (¢,7) .

23) Input waveform timing is referenced from the input signal crossing at the ¥ ¢ level for a rising signal and V), p¢ for a falling signal applied
to the device under test. See Figure 4.

24) Input waveform timing is referenced from the input signal crossing at the V), 5¢ level for a rising signal and V|, for a falling signal applied
to the device under test. See Figure 4.

25) These parameters are measured from a command/address signal (CKE, CS, RAS, CAS, WE, ODT, BAO, A0, A1, 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. ;1 per, Ly7.ccr
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.

26) tqy = typ — s, Where: #p is the minimum of the absolute half period of the actual input clock; and ¢y is the specification value under
the max column. {The less half-pulse width distortion present, the larger the ¢y, value is; and the larger the valid data eye will be.}
Examples: 1) If the system provides #» of 1315 ps into a DDR2-667 SDRAM, the DRAM provides ¢, of 975 ps minimum. 2) If the system
provides #,» of 1420 ps into a DDR2-667 SDRAM, the DRAM provides fq,, of 1080 ps minimum.

27) tqus accounts for: 1) The pulse duration distortion of on-chip clock circuits, which represents how well the actual 7,5 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.
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28) The Auto-Refresh command interval has be reduced to 3.9 ys when operating the DDR2 DRAM in a temperature range between 85 °C
and 95 °C.

29) 0 °C< Tpse <85 °C

30) 85 °C < Topge <95 °C

31) A maximum of eight Auto-Refresh commands can be posted to any given DDR2 SDRAM device.

32) trpst €Nd point and fzpre begin point are not referenced to a specific voltage level but specify when the device output is no longer driving
(trpsT), OF begins driving (fgpre)- Figure 2 shows a method to calculate these points when the device is no longer driving (fzps7), OF begins
driving (fgpre) by measuring the signal at two different voltages. The actual voltage measurement points are not critical as long as the
calculation is consistent.

33) When the device is operated with input clock jitter, this parameter needs to be derated by the actual ¢,; peg 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 pgrmin = — 72 PS
and £7 per max = + 93 ps, then feere minperaTED) = fRPREMIN T LT PER MIN = 0-9 X foi Ay — 72 PS = + 2178 ps and frpre max(DERATED) = /RPRE MAX
+tyrpermax = 1.1 X fok ave + 93 ps = + 2843 ps. (Caution on the MIN/MAX usage!).

34) When the device is operated with input clock jitter, this parameter needs to be derated by the actual ¢;;; o1y 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 ¢ pyrymin =— 72 PS
and £y puty.max = + 93 ps, then frpst minperateD) = TRpsTvin + Lumputy.min = 0-4 X o ave — 72 pS = + 928 ps and frpst max(DERATED) = fRPST.MAX
+ 1 puty.max = 0.6 X fok avg + 93 ps = + 1592 ps. (Caution on the MIN/MAX usage!).

35) For these parameters, the DDR2 SDRAM device is characterized and verified to support #,param = RU{fparam / fck ave)s Which is in clock
cycles, assuming all input clock jitter specifications are satisfied. For example, the device will support #,gp = RU{tzp / 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
tre = RU{trp / tck ava) = 5, i.€. 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.

36) tyrr is at lease two clocks (2 x k) independent of operation frequency.

FIGURE 2

Method for calculating transitions and endpoint

IS — = VOH-xmV VIT+2xmV = — Z
/ — —VOH-2xmV VIT+xmV — —
tHZ/ tLZ
tRPST end point - -tRPRE begin point
\\ — = VOL+2xmV VIT-xmV = —
‘7 — = VOL+xmV VIT-2xmV = —
T1 T2 T T2
tHZ,tRPST end point = 2*T1-T2 tLZ,tRPRE begin point = 2*T1-T2

FIGURE 3

Differential input waveform timing - 7,5 and 7

————————————— Vbba
****** — — Vip(ag) min

______ — = Viy(d) Min
—————————— — - VREF(do)
————————————— ViL(de) max
——————— - ViL(ac) max

—————————————————— VSS
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FIGURE 4

Differential input waveform timing - ;5 and 7,

Vbba

- VIH(ac) min
— — = Viy(de) Min
VREF(do)

= ViL(de) Max
- ViL(ac) Max
VQQ

TABLE 15
DRAM Component Timing Parameter by Speed Grade - DDR2-533
Parameter Symbol DDR2-533 Unit |Notes"?34
5)6)7)
Min. Max.
DQ output access time from CK / CK tac -500 +500 ps
CAS A to CAS B command period tcep 2 — ek
CK, CK high-level width fon 0.45 0.55 fex
CKE minimum high and low pulse width Icke 3 — tek
CK, CK low-level width foL 0.45 0.55 fex
Auto-Precharge write recovery + precharge | pa, WR + frp — tex 8)18)
time
Minimum time clocks remain ON after CKE ToELAY tis+ tok * tiy — ns 9
asynchronously drops LOW
DQ and DM input hold time (differential data | 7, (base) 225 — ps 10)
strobe)
DQ and DM input hold time (single ended data | 7p,,4(base) -25 — ps "
strobe)
DQ and DM input pulse width (each input) toipw 0.35 — ek
DQS output access time from CK / CK thasck —450 +450 ps
DQsS input low (high) pulse width (write cycle) | fpqs, 1 0.35 — tek
DQS-DQ skew (for DQS & associated DQ thasa — 300 ps ™
signals)
Write command to 1st DQS latching transition | #pass -0.25 +0.25 ek
DQ and DM input setup time (differential data | fpg(base) 100 — ps "
strobe)
DQ and DM input setup time (single ended data | fpg(base) -25 — ps ")
strobe)
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Parameter Symbol DDR2-533 Unit :fg;)es”zm“)
Min. Max.

DQS falling edge hold time from CK (write osH 0.2 — fok

cycle)

DQS falling edge to CK setup time (write cycle) | #5gg 0.2 — ek

Four Activate Window period teaw 37.5 — ns

Four Activate Window period teaw 50 — ns 13)

Clock half period tp MIN. (f, tcp) 12)

Data-out high-impedance time from CK/ CK |7, — Iac MAX ps 13)

Address and control input hold time t(base) 375 — ps "

Address and control input pulse width tpw 0.6 — Tek

(each input)

Address and control input setup time t,s(base) 250 — ps ")

DQ low-impedance time from CK / CK !iz00) 2 X tac N Iac MAX ps 4

DQS low-impedance from CK / CK fizpas) ACMIN IAC MAX ps “)

MRS command to ODT update delay top 0 12 ns

Mode register set command cycle time tMRD 2 — tek

OCD drive mode output delay lorr 0 12 ns

Data output hold time from DQS toH tip —TqHs —

Data hold skew factor taHs — 400 ps

Average periodic refresh Interval - — 7.8 us 14)18)

Average periodic refresh Interval trerI — 3.9 us 16)18)

Auto-Refresh to Active/Auto-Refresh frec 127.5 — ns m

command period

Precharge-All (8 banks) command period trp tep + 1 Xtk — ns

Read preamble IRPRE 0.9 1.1 tex 4

Read postamble frpsT 0.40 0.60 fex )

Active bank A to Active bank B command terD 7.5 — ns 108)

period

Active bank A to Active bank B command frRD 10 — ns 16)22)

period

Internal Read to Precharge command delay | zp 7.5 — ns

Write preamble tWPRE 0.25 — ek

Write postamble twpsT 0.40 0.60 tek 19

Write recovery time for write without Auto- WR 15 — ns

Precharge

Internal Write to Read command delay fwTR 7.5 — ns 20)

Exit power down to any valid command tARD — tex 2

(other than NOP or Deselect)

Exit active power-down mode to Read IXARDS 6-AL — tex 2

command (slow exit, lower power)

Exit precharge power-down to any valid typ 2 — ek

command (other than NOP or Deselect)
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Parameter Symbol DDR2-533 Unit :fg;)es”zm‘”
Min. Max.

Exit Self-Refresh to non-Read command fYSNR trrc +10 — ns

Exit Self-Refresh to Read command tysrRD 200 — ek

Write recovery time for write with Auto- WR twrltex tex 2)

Precharge

1) For details and notes see the relevant Qimonda component data sheet

2) Vopg=18V+01V;V,p=18V+0.1V.

3) 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.

4) 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.

5) The CK/CK input reference level (for timing reference to CKI&) 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.

6) Inputs are not recognized as valid until V¢ stabilizes. During the period before Vg stabilizes, CKE = 0.2 x Vppq is recognized as low.

7) The output timing reference voltage level is V1.

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

9) The clock frequency is allowed to change during self-refresh mode or precharge power-down mode.

10) For timing definition, refer to the Component data sheet.

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

12) MIN (ts,, tcyy) refers to the smaller of the actual clock low time and the actual clock high time as provided to the device (i.e. this value can
be greater than the minimum specification limits for 75, and fc).

13) The t,, trpst @Nnd 1, 7, trpre Parameters are referenced to a specific voltage level, which specify when the device output is no longer driving
(tnz, trpst), OF begins driving (7 frpre)- t4z @nd £ 7 transitions occur in the same access time windows as valid data transitions. These
parameters are verified by design and characterization, but not subject to production test.

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

15) 0 °C< Topage <85 °C

16) 85 °C < Tage <95 °C

17) A maximum of eight Auto-Refresh commands can be posted to any given DDR2 SDRAM device.

18) The tzrp timing parameter depends on the page size of the DRAM organization. See Table 2 “Ordering Information for RoHS
Compliant Products” on Page 4.

19) The maximum limit for the #,,p57 parameter is not a device limit. The device operates with a greater value for this parameter, but system
performance (bus turnaround) degrades accordingly.

20) Minimum #1 is two clocks when operating the DDR2-SDRAM at frequencies < 200 MHz.

21) User can choose two different active power-down modes for additional power saving via MRS address bit A12. In “standard active power-
down mode” (MR, A12 = “0”) a fast power-down exit timing f,,rp can be used. In “low active power-down mode” (MR, A12 ="1") a slow
power-down exit timing xarps has to be satisfied.

22) WR must be programmed to fulfill the minimum requirement for the #,5 timing parameter, where WR[cycles] = #yr(ns)/tck(ns) rounded
up to the next integer value. 15, = WR + (fgp/tck)- For each of the terms, if not already an integer, round to the next highest integer. #cx
refers to the application clock period. WR refers to the WR parameter stored in the MRS.
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3.3.3 ODT AC Electrical Characteristics

This chapter describes the ODT AC electrical characteristics.

TABLE 16
ODT AC Characteristics and Operating Conditions for DDR2-667 & DDR2-800

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

AOND ODT turn-on delay 2 2 ek R
froN ODT turn-on IacMIN Iacmax + 0.7 ns ns R
AONPD ODT turn-on (Power-Down Modes) Iaemin F2NS |2 okt tacmax + 1 NS ns R
tnoFD ODT turn-off delay 25 25 ok R
AoF ODT turn-off A MIN tacmax + 0.6 ns ns &
AOFPD ODT turn-off (Power-Down Modes) Iaemin 208 |25tk +tacuax 1 NS | ns R
ANPD ODT to Power Down Mode Entry Latency 3 — Tk R
axPD ODT Power Down Exit Latency 8 — ok R

1)

New units, “tcx avg” @nd “ngy”, are introduced in DDR2-667 and DDR2-800. Unit “/c« avg” represents the actual #cx avg Of the input clock
under operation. Unit “n¢y” represents one clock cycle of the input clock, counting the actual clock edges. Note that in DDR2-400 and
DDR2-533, “#c«” is used for both concepts. Example: typ = 2 [nc«] means; if Power Down exit is registered at 7;,, an Active command may
be registered at T, + 2, even if (T, + 2 - T},)) is 2 X fck ave + [eRR 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 #,o\p, Which is interpreted differently per speed bin. For DDR2-667/800, t5onp 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 #,oep, which is interpreted differently per speed bin. For DDR2-667/800, if /¢ avg) = 3 NS is assumed, fpoep 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.

ODT AC Characteristics and Operating Conditions for DDR2-533
Symbol |Parameter/ Condition Values Unit Note
Min. Max.

1AOND ODT turn-on delay 2 2 toex

taoN ODT turn-on IACMIN tacmax ¥ 108 ns R
1AONPD ODT turn-on (Power-Down Modes) emnt2ns |2tk tacmax 108 ns

tr0FD ODT turn-off delay 25 2.5 ek

AoF ODT turn-off IACMIN tacmax + 0.6 ns ns 2
tAOFPD ODT turn-off (Power-Down Modes) emnt2ns  [251%ck i tacuax T 1 NS [ Ns

IANPD ODT to Power Down Mode Entry Latency 3 — ok

taxpPD ODT Power Down Exit Latency 8 — fok

1) ODT turn on time min. is when the device leaves high impedance and ODT resistance begins to turn on. ODT turn on time max is when
the ODT resistance is fully on. Both are measured from #,oyp, Which is interpreted differently per speed bin. For DDR2-400/533, t5onp IS
10 ns (= 2 x 5 ns) after the clock edge that registered a first ODT HIGH if ¢« = 5 ns.
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2) ODT turn off time min. is when the device starts to turn off ODT resistance. ODT turn off time max is when the bus is in high impedance.
Both are measured from t,orp. Both are measured from #,rp, Which is interpreted differently per speed bin. For DDR2-400/533, #5oep is
12.5 ns (= 2.5 x 5 ns) after the clock edge that registered a first ODT HIGH if 75« = 5 ns.

3.4 Ipp Specifications and Conditions

List of tables defining I Specifications and Conditions.

+ Table 18 “Ipp Measurement Conditions” on Page 26
+ Table 19 “Definitions for Ip5” on Page 27

TABLE 18
Ipp Measurement Conditions
Parameter Symbol | Note"?
3)4)5)
Operating Current 0 Iopo

One bank Active - Precharge; o, = fex s fre = fremie fras = frasmin: CKE is HIGH, CS is HIGH between
valid commands. Address and control inputs are SWITCHING, Databus inputs are SWITCHING.

Operating Current 1 Iy
One bank Active - Read - Precharge; Ior = 0 mA, BL = 4, ok =tk miny Tre = Tremine Tras = IRAsMING
trep = treomins AL =0, CL = CLy,\; CKE is HIGH, CS is HIGH between valid commands. Address and
control inputs are SWITCHING, Databus inputs are SWITCHING.

Precharge Standby Current Ippon
All banks idle; CS is HIGH; CKE is HIGH; tc = ok min; Other control and address inputs are SWITCHING,
Databus inputs are SWITCHING.

6)

Precharge Power-Down Current Iopop
Other control and address inputs are STABLE, Data bus inputs are FLOATING.
Precharge Quiet Standby Current Ippoq

All banks idle; CS is HIGH; CKE is HIGH; ok = ok mins Other control and address inputs are STABLE,
Data bus inputs are FLOATING.

Active Standby Current Ippan
Burst Read: All banks open; Continuous burst reads; BL = 4; AL = 0, CL = CLyy; fok = ok ming

fras = trasmax fre = fremini CKE is HIGH, CS is HIGH between valid commands. Address inputs are
SWITCHING; Data Bus inputs are SWITCHING; /5,1 = 0 mA.

Active Power-Down Current Topap(o)
All banks open; o = fck min: CKE is LOW; Other control and address inputs are STABLE, Data bus inputs
are FLOATING. MRS A12 bit is set to LOW (Fast Power-down Exit);

Active Power-Down Current Topap(y
All banks open; tex = fck min: CKE is LOW; Other control and address inputs are STABLE, Data bus inputs
are FLOATING. MRS A12 bit is set to HIGH (Slow Power-down Exit);

Operating Current - Burst Read Ippar
All banks open; Continuous burst reads; BL = 4; AL = 0, CL = CLyn; fck = fokming TrRas = TRASMAXS

trp = trpmin; CKE is HIGH, CS is HIGH between valid commands; Address inputs are SWITCHING; Data
bus inputs are SWITCHING; 5,1 = OmA.

Operating Current - Burst Write Iopaw
All banks open; Continuous burst writes; BL = 4; AL = 0, CL = CLyy; fek = fekming

fras = trasmax. fre = trp.maxi CKE is HIGH, CS is HIGH between valid commands. Address inputs are
SWITCHING; Data Bus inputs are SWITCHING;

6)
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Parameter

Symbol | Note"?
3)4)5)

Burst Refresh Current o Iopss
fek = tok min-» Refresh command every fpec = frrc v interval, CKE is HIGH, CS is HIGH between valid

commands, Other control and address inputs are SWITCHING, Data bus inputs are SWITCHING.

Distributed Refresh Current . Iopsp
ok = ok mins Refresh command every frec = trep interval, CKE is LOW and CS is HIGH between valid

commands, Other control and address inputs are SWITCHING, Data bus inputs are SWITCHING.

Self-Refresh Current . I
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. Iy current values are guaranteed up to Tage of 85 °C max.

All Bank Interleave Read Current Iopy
All banks are being interleaved at minimum #z¢ without violating zzzp Using a burst length of 4. Control
and address bus inputs are STABLE during DESELECTS. [, = 0 mA.

6)

1) Vopa=18V£01V; Vpp=18V+0.1V

A WN

Mode

Ip specifications are tested after the device is properly initialized and /5 parameter are specified with ODT disabled.

)
) Definitions for I, see Table 19
) For two rank modules: All active current measurements in the same I, current mode. The other rank is in Ipp,p Precharge Power-Down

5) For details and notes see the relevant Qimonda component data sheet
6) Ipp1, Ippar @nd Ippy current measurements are defined with the outputs disabled (I, = 0 mA). To achieve this on module level the output
buffers can be disabled using an EMRS(1) (Extended Mode Register Command) by setting A12 bit to HIGH.

TABLE 19

Definitions for I,

Parameter Description

LOW VN < ViLacymax: HIGH is defined as Viy 2 Vg min

STABLE Inputs are stable at a HIGH or LOW level

FLOATING Inputs are Vger = Vppq /2

SWITCHING | Inputs are changing between HIGH and LOW every other clock (once per 2 cycles) for address and control
signals, and inputs changing between HIGH and LOW every other data transfer (once per cycle) for DQ
signals not including mask or strobes
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D O

Slow: MRS(12)=1

TABLE 20
I, Specification for HYS64T128020EDL-[2.5/3S/3.7]-B

Product Type | HYS64T128020EDL-2.5-B |HYS64T128020EDL-3S-B |HYS64T128020EDL-3.7-B |Units |Note"
Organization |1 GB 1GB 1GB

x64 x64 x64

2 Ranks 2 Ranks 2 Ranks

-2.5 -38 -3.7
Iono 648 588 548 mA |2
Iy 688 628 568 mA 2
Topon 560 520 440 mA %
Iopop 96 96 96 mA |3
Inpog 520 480 400 mA 3)
Iopan 720 560 480 mA |3
Iopap o (fast) 384 360 304 mA 34)
Topsp 1 (siow) 120 120 120 mA 3)%)
Iopar 1008 868 748 mA |2
Iopaw 1008 868 748 mA 2)
Ippss 948 888 848 mA |2
Inpsp 104 104 104 mA 3)6)
Iops 64 64 64 mA |39
Iopy 1408 1248 1168 mA 2
1) Calculated values from component data. ODT disabled. Ippy Ippsr @nd Ipp;, are defined with the outputs disabled.
2) The other rank is in Ipp,p Precharge Power-Down Current mode
3) Both ranks are in the same I current mode
4) Fast: MRS(12)=0

)
)

Ippsp and Ippg values are for 0°C < T, < 85°C
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4 SPD Codes

This chapter lists all hexadecimal byte values stored in the EEPROM of the products described in this data sheet. SPD stands
for serial presence detect. All values with XX in the table are module specific bytes which are defined during production.

List of SPD Code Tables

+ Table 21 “PC2-6400-666" on Page 29
+ Table 22 “PC2-5300-555" on Page 33
+ Table 23 “PC2-4200-444" on Page 37

TABLE 21
PC2-6400—666

Product Type HYS64T128020EDL-2.5-B
Organization 1 GByte

x64

2 Ranks (x16)
Label Code PC2-6400S-666
JEDEC SPD Revision Rev. 1.2
Byte# |Description HEX
0 Programmed SPD Bytes in EEPROM 80
1 Total number of Bytes in EEPROM 08
2 Memory Type (DDR2) 08
3 Number of Row Addresses 0D
4 Number of Column Addresses 0A
5 DIMM Rank and Stacking Information 61
6 Data Width 40
7 Not used 00
8 Interface Voltage Level 05
9 tok @ CLyax (Byte 18) [ns] 25
10 tac SDRAM @ CLyax (Byte 18) [ns] 40
11 Error Correction Support (non-ECC, ECC) 00
12 Refresh Rate and Type 82
13 Primary SDRAM Width 10
14 Error Checking SDRAM Width 00
15 Not used 00
16 Burst Length Supported 0oC
17 Number of Banks on SDRAM Device 08
18 Supported CAS Latencies 70
19 DIMM Mechanical Characteristics 01
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Product Type

HYS64T128020EDL-2.5-B

Organization

1 GByte

x64

2 Ranks (x16)

Label Code PC2-6400S-666
JEDEC SPD Revision Rev. 1.2
Byte# |Description HEX
20 DIMM Type Information 04
21 DIMM Attributes 00
22 Component Attributes 07
23 tck @ Clyax -1 (Byte 18) [ns] 30
24 Iac SDRAM @ CLyjay -1 [Ns] 45
25 tck @ Clyax -2 (Byte 18) [ns] 3D
26 t5c SDRAM @ CLyux -2 [NS] 50
27 tremin [NS] 3C
28 trro.min [NS] 28
29 Treomin [NS] 3C
30 Tras.min [NS] 2D
31 Module Density per Rank 80
32 Iasmin @nd Zes vy [NS] 17
33 tarmin @nd Zey v [NS] 25
34 fos.min [NS] 05
35 fonmin [NS] 12
36 fwrmin [NS] 3C
37 twrrmin [NS] 1E
38 frrp.min [NS] 1E
39 Analysis Characteristics 00
40 trc and tzc Extension 06
41 fremin [NS] 3C
42 trrc.min [NS] 7F
43 fekmax [NS] 80
44 !pasamax [Ns] 14
45 tans.max [NS] 1E
46 PLL Relock Time 00
47 Teasemax Delta / AT ,z4 Delta 5F
48 Psi(T-A) DRAM 58
49 AT, (DTO) 53
50 AT, (DT2N, UDIMM) or AT, (DT2Q, RDIMM) 3B
51 AT,p (DT2P) 27
52 ATs (DT3N) 2A
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Product Type

HYS64T128020EDL-2.5-B

Organization

1 GByte

x64

2 Ranks (x16)

Label Code PC2-6400S-666
JEDEC SPD Revision Rev. 1.2
Byte# |Description HEX
53 AT5p ¢t (DT3P fast) 43
54 AT3p gow (DT3P slow) 1E
55 AT g (DT4R) / ATz Sign (DT4R4W) 54
56 ATsz (DT5B) 22
57 AT, (DT7) 42
58 Psi(ca) PLL 00
59 Psi(ca) REG 00
60 ATp, (DTPLL) 00
61 ATrec (DTREG) / Toggle Rate 00
62 SPD Revision 12
63 Checksum of Bytes 0-62 22
64 Manufacturer's JEDEC ID Code (1) 7F
65 Manufacturer's JEDEC ID Code (2) 7F
66 Manufacturer's JEDEC ID Code (3) 7F
67 Manufacturer’'s JEDEC ID Code (4) 7F
68 Manufacturer's JEDEC ID Code (5) 7F
69 Manufacturer's JEDEC ID Code (6) 51
70 Manufacturer's JEDEC ID Code (7) 00
71 Manufacturer's JEDEC ID Code (8) 00
72 Module Manufacturer Location XX
73 Product Type, Char 1 36
74 Product Type, Char 2 34
75 Product Type, Char 3 54
76 Product Type, Char 4 31
77 Product Type, Char 5 32
78 Product Type, Char 6 38
79 Product Type, Char 7 30
80 Product Type, Char 8 32
81 Product Type, Char 9 30
82 Product Type, Char 10 45
83 Product Type, Char 11 44
84 Product Type, Char 12 4C
85 Product Type, Char 13 32
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Product Type

HYS64T128020EDL-2.5-B

Organization

1 GByte

x64

2 Ranks (x16)

Label Code PC2-6400S-666
JEDEC SPD Revision Rev. 1.2
Byte# |Description HEX

86 Product Type, Char 14 2E

87 Product Type, Char 15 35

88 Product Type, Char 16 42

89 Product Type, Char 17 20

90 Product Type, Char 18 20

91 Module Revision Code 0x

92 Test Program Revision Code XX

93 Module Manufacturing Date Year XX

94 Module Manufacturing Date Week XX

95 -98 | Module Serial Number XX

99 - 127 | Not used 00

128 - Blank for customer use FF

255
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TABLE 22
PC2-5300-555

Product Type

HYS64T128020EDL-3S-B

Organization

1 GByte

x64

2 Ranks (x16)

Label Code PC2-5300S-444
JEDEC SPD Revision Rev. 1.2
Byte# |Description HEX
0 Programmed SPD Bytes in EEPROM 80
1 Total number of Bytes in EEPROM 08
2 Memory Type (DDR2) 08
3 Number of Row Addresses 0D
4 Number of Column Addresses 0A
5 DIMM Rank and Stacking Information 61
6 Data Width 40
7 Not used 00
8 Interface Voltage Level 05
9 tck @ CLyax (Byte 18) [ns] 30
10 tac SDRAM @ CLyax (Byte 18) [ns] 45
11 Error Correction Support (non-ECC, ECC) 00
12 Refresh Rate and Type 82
13 Primary SDRAM Width 10
14 Error Checking SDRAM Width 00
15 Not used 00
16 Burst Length Supported ocC
17 Number of Banks on SDRAM Device 08
18 Supported CAS Latencies 38
19 DIMM Mechanical Characteristics 01
20 DIMM Type Information 04
21 DIMM Attributes 00
22 Component Attributes 07
23 tck @ Clyax -1 (Byte 18) [ns] 30
24 tac SDRAM @ CLyax -1 [ns] 45
25 tck @ Clyax -2 (Byte 18) [ns] 50
26 tac SDRAM @ CLyax -2 [ns] 60
27 trp.min [NS] 30
28 frro.min [NS] 28
29 trepmin [NS] 30
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Product Type

HYS64T128020EDL-3S-B

Organization

1 GByte

x64

2 Ranks (x16)

Label Code PC2-5300S-444
JEDEC SPD Revision Rev. 1.2
Byte# |Description HEX
30 Trasmin [NS] 2D
31 Module Density per Rank 80
32 Iasmin @nd Zes vy [NS] 20
33 tarmin @nd Zep v [nS] 27
34 fos.min [NS] 10
35 formin [NS] 17
36 fwrmin [NS] 3C
37 twrrmin [NS] 1E
38 trrpmin [NS] 1E
39 Analysis Characteristics 00
40 trc and tzc Extension 06
41 fre.min [NS] 39
42 trrc.min [NS] 7F
43 fekmax [NS] 80
44 !pasamax [Ns] 18
45 tans.max [Ns] 22
46 PLL Relock Time 00
47 Tense vax Delta / AT gy Delta 5D
48 Psi(T-A) DRAM 58
49 AT, (DTO) 47
50 AT,y (DT2N, UDIMM) or AT, (DT2Q, RDIMM) 32
51 AT, (DT2P) 27
52 AT4y (DT3N) 24
53 ATyp o (DT3P fast) 39
54 ATsp o (DT3P slow) 1E
55 AT, (DT4R) / AT may Sign (DTARAW) 48
56 ATy, (DT5B) 21
57 AT, (DT7) 37
58 Psi(ca) PLL 00
59 Psi(ca) REG 00
60 AT, (DTPLL) 00
61 ATreq (DTREG) / Toggle Rate 00
62 SPD Revision 12
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Product Type

HYS64T128020EDL-3S-B

Organization

1 GByte

x64

2 Ranks (x16)

Label Code PC2-5300S-444
JEDEC SPD Revision Rev. 1.2
Byte# |Description HEX
63 Checksum of Bytes 0-62 E6
64 Manufacturer's JEDEC ID Code (1) 7F
65 Manufacturer’'s JEDEC ID Code (2) 7F
66 Manufacturer's JEDEC ID Code (3) 7F
67 Manufacturer's JEDEC ID Code (4) 7F
68 Manufacturer's JEDEC ID Code (5) 7F
69 Manufacturer's JEDEC ID Code (6) 51
70 Manufacturer’'s JEDEC ID Code (7) 00
71 Manufacturer's JEDEC ID Code (8) 00
72 Module Manufacturer Location XX
73 Product Type, Char 1 36
74 Product Type, Char 2 34
75 Product Type, Char 3 54
76 Product Type, Char 4 31
77 Product Type, Char 5 32
78 Product Type, Char 6 38
79 Product Type, Char 7 30
80 Product Type, Char 8 32
81 Product Type, Char 9 30
82 Product Type, Char 10 45
83 Product Type, Char 11 44
84 Product Type, Char 12 4C
85 Product Type, Char 13 33
86 Product Type, Char 14 53
87 Product Type, Char 15 42
88 Product Type, Char 16 20
89 Product Type, Char 17 20
90 Product Type, Char 18 20
91 Module Revision Code 0x
92 Test Program Revision Code XX
93 Module Manufacturing Date Year XX
94 Module Manufacturing Date Week XX
95 - 98 | Module Serial Number XX
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Product Type HYS64T128020EDL-3S-B
Organization 1 GByte
x64

2 Ranks (x16)

Label Code PC2-5300S-444
JEDEC SPD Revision Rev. 1.2

Byte# |Description HEX

99 - 127 | Not used 00

128 - Blank for customer use FF

255
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TABLE 23
PC2-4200-444

Product Type

HYS64T128020EDL-3.7-B

Organization

1 GByte

x64

2 Ranks (x16)

Label Code PC2-4200S-444
JEDEC SPD Revision Rev. 1.2
Byte# |Description HEX
0 Programmed SPD Bytes in EEPROM 80
1 Total number of Bytes in EEPROM 08
2 Memory Type (DDR2) 08
3 Number of Row Addresses 0D
4 Number of Column Addresses 0A
5 DIMM Rank and Stacking Information 61
6 Data Width 40
7 Not used 00
8 Interface Voltage Level 05
9 tck @ CLyax (Byte 18) [ns] 3D
10 tac SDRAM @ CLyax (Byte 18) [ns] 50
11 Error Correction Support (non-ECC, ECC) 00
12 Refresh Rate and Type 82
13 Primary SDRAM Width 10
14 Error Checking SDRAM Width 00
15 Not used 00
16 Burst Length Supported ocC
17 Number of Banks on SDRAM Device 08
18 Supported CAS Latencies 38
19 DIMM Mechanical Characteristics 00
20 DIMM Type Information 04
21 DIMM Attributes 00
22 Component Attributes 07
23 tck @ Clyax -1 (Byte 18) [ns] 3D
24 tac SDRAM @ CLyax -1 [ns] 50
25 tck @ Clyax -2 (Byte 18) [ns] 50
26 tac SDRAM @ CLyax -2 [ns] 60
27 trp.min [NS] 3C
28 frro.min [NS] 28
29 trepmin [NS] 3C
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Product Type

HYS64T128020EDL-3.7-B

Organization

1 GByte

x64

2 Ranks (x16)

Label Code PC2-4200S-444
JEDEC SPD Revision Rev. 1.2
Byte# |Description HEX
30 Trasmin [NS] 2D
31 Module Density per Rank 80
32 Iasmin @nd Zes vy [NS] 25
33 tarmin @nd Zep v [nS] 37
34 fos.min [NS] 10
35 formin [NS] 22
36 fwrmin [NS] 3C
37 twrrmin [NS] 1E
38 trrpmin [NS] 1E
39 Analysis Characteristics 00
40 trc and tzc Extension 06
41 fre.min [NS] 3C
42 trrc.min [NS] 7F
43 fekmax [NS] 80
44 !pasamax [Ns] 1E
45 tans.max [Ns] 28
46 PLL Relock Time 00
47 Tense vax Delta / AT gy Delta 59
48 Psi(T-A) DRAM 60
49 AT, (DTO) 3F
50 AT,y (DT2N, UDIMM) or AT, (DT2Q, RDIMM) 2A
51 AT, (DT2P) 2B
52 AT4y (DT3N) 20
53 ATyp o (DT3P fast) 35
54 ATsp o (DT3P slow) 21
55 AT, (DT4R) / AT may Sign (DTARAW) 40
56 ATy, (DT5B) 22
57 AT, (DT7) 31
58 Psi(ca) PLL 00
59 Psi(ca) REG 00
60 AT, (DTPLL) 00
61 ATreq (DTREG) / Toggle Rate 00
62 SPD Revision 12
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Product Type

HYS64T128020EDL-3.7-B

Organization

1 GByte

x64

2 Ranks (x16)

Label Code PC2-4200S-444
JEDEC SPD Revision Rev. 1.2
Byte# |Description HEX
63 Checksum of Bytes 0-62 42
64 Manufacturer's JEDEC ID Code (1) 7F
65 Manufacturer’'s JEDEC ID Code (2) 7F
66 Manufacturer's JEDEC ID Code (3) 7F
67 Manufacturer's JEDEC ID Code (4) 7F
68 Manufacturer's JEDEC ID Code (5) 7F
69 Manufacturer's JEDEC ID Code (6) 51
70 Manufacturer’'s JEDEC ID Code (7) 00
71 Manufacturer's JEDEC ID Code (8) 00
72 Module Manufacturer Location XX
73 Product Type, Char 1 36
74 Product Type, Char 2 34
75 Product Type, Char 3 54
76 Product Type, Char 4 31
77 Product Type, Char 5 32
78 Product Type, Char 6 38
79 Product Type, Char 7 30
80 Product Type, Char 8 32
81 Product Type, Char 9 30
82 Product Type, Char 10 45
83 Product Type, Char 11 44
84 Product Type, Char 12 4C
85 Product Type, Char 13 33
86 Product Type, Char 14 2E
87 Product Type, Char 15 37
88 Product Type, Char 16 42
89 Product Type, Char 17 20
90 Product Type, Char 18 20
91 Module Revision Code 3x
92 Test Program Revision Code XX
93 Module Manufacturing Date Year XX
94 Module Manufacturing Date Week XX
95 - 98 | Module Serial Number XX
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Product Type HYS64T128020EDL-3.7-B
Organization 1 GByte
x64

2 Ranks (x16)

Label Code PC2-4200S-444
JEDEC SPD Revision Rev. 1.2

Byte# |Description HEX

99 - 127 | Not used 00

128 - Blank for customer use FF

255
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5 Package Outlines

Package Outline Raw Card A LG-DIM-200-31
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¢ Drawing according to ISO 8015
¢ General tolerances 0.15
¢ Dix ensions in + + GLD09649

Notes

1. Thermal Sensor (Optional)
2. SPD or Combidevice (if used then no Thermal Sensor needed)
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6 Product Type Nomenclature

Qimonda’s nomenclature uses simple coding combined with  field number. The detailed field description together with
some proprietary coding. Table 24 provides examples for  possible values and coding explanation is listed for modules
module and component product type number as well as the  in Table 25 and for components in Table 26.

TABLE 24
Nomenclature Fields and Examples
Example for Field Number
1 2 3 4 5 6 7 8 9 10 11
Micro-DIMM HYS 64 T 64/128 |0 2 0 K M -5 -A
DDR2 DRAM HYB 18 T 512/1G |16 0 A C -5
TABLE 25
DDR2 DIMM Nomenclature
Field Description Values Coding
Qimonda Module Prefix HYS Constant
2 Module Data Width [bit] 64 Non-ECC
72 ECC
3 DRAM Technology T DDR2
4 Memory Density per /O [Mbit]; 32 256 MByte
Module Density" 64 512 MByte
128 1 GByte
256 2 GByte
512 4 GByte
5 Raw Card Generation 0.9 Look up table
6 Number of Module Ranks 0,2, 4 1,2,4
7 Product Variations 0.9 Look up table
8 Package, Lead-Free Status A.Z Look up table
9 Module Type D SO-DIMM
M Micro-DIMM
R Registered
U Unbuffered
F Fully Buffered
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Field Description Values Coding

10 Speed Grade —19F PC2-8500 6-6-6
-1.9 PC2-8500 7-7-7
—25F PC2-6400 5-5-5
-2.5 PC2-6400 6-6-6
-3 PC2-5300 4—4-4
-3S PC2-5300 5-5-5
-3.7 PC2-4200 4—4-4
-5 PC2-3200 3-3-3

11 Die Revision -A First
-B Second

1) Multiplying “Memory Density per 1/0” with “Module Data Width”

and dividing by 8 for Non-ECC and 9 for ECC modules gives the overall
module memory density in MBytes as listed in column “Coding”.

TABLE 26
DDR2 DRAM Nomenclature
Field Description Values Coding
1 Qimonda Component Prefix HYB Constant
2 Interface Voltage [V] 18 SSTL 18
3 DRAM Technology T DDR2
4 Component Density [Mbit] 256 256 Mbit
512 512 Mbit
1G 1 Gbit
2G 2 Gbit
5+6 Number of I/Os 40 x4
80 x8
16 x16
7 Product Variations 0.9 Look up table
8 Die Revision A First
B Second
9 Package, Lead-Free Status C FBGA, lead-containing
F FBGA, lead-free
10 Speed Grade -19F PC2-8500 6-6-6
-1.9 PC2-8500 7-7-7
—25F PC2-6400 5-5-5
-2.5 PC2-6400 6-6-6
-3 PC2-5300 4-4—4
-3S PC2-5300 5-5-5
-3.7 PC2-4200 4-4-4
-5 PC2-3200 3-3-3
Rev. 1.1, 2007-05 43

10312006-1253-V1V0



Internet Data Sheet

HYS64T128020EDL—[2.5/3S/3.7]-B
Small Outlined DDR2 SDRAM Modules

Contents

1 OV IV W . . o o 3
1.1 Features . . . 3
1.2 DS CIIPtON .« . oo e 4
2 Pin Configurations and Block Diagrams . . .. ... ... . ... . 5
2.1 Pin Configurations . . ... ... . 5
3 Electrical Characteristics. . .. . ... ... .. . 12
3.1 Absolute Maximum Ratings . . . .. .. .. 12
3.2 DC Operating Conditions . . . . .. ... e 13
3.3 Timing CharacteristiCs . . . . . ... 14
3.3.1 Speed Grade Definitions . . . ... .. e 14
3.3.2 Component AC Timing Parameters . . ... ... .. ... 15
3.3.3 ODT AC Electrical CharacteristiCs . . .. ... .. e 25
34 Ipp Specifications and Conditions. .. .. ... ... .. . 26
4 SPD COdeS . ...t 29
5 Package Outlines . ... ... .. . 41
6 Product Type Nomenclature . . ... ... ... 42
Rev. 1.1, 2007-05 44

10312006-1253-V1V0



Internet Data Sheet

q;monda

Edition 2007-05

Published by Qimonda AG
Gustav-Heinemann-Ring 212
D-81739 Miinchen, Germany
© Qimonda AG 2007.

All Rights Reserved.

Legal Disclaimer

The information given in this Internet Data Sheet shall in no event be regarded as a guarantee of conditions or characteristics
(“Beschaffenheitsgarantie”). With respect to any examples or hints given herein, any typical values stated herein and/or any
information regarding the application of the device, Qimonda hereby disclaims any and all warranties and liabilities of any kind,
including without limitation warranties of non-infringement of intellectual property rights of any third party.

Information
For further information on technology, delivery terms and conditions and prices please contact your nearest Qimonda Office.

Warnings

Due to technical requirements components may contain dangerous substances. For information on the types in question please
contact your nearest Qimonda Office.

Qimonda Components may only be used in life-support devices or systems with the express written approval of Qimonda, if a
failure of such components can reasonably be expected to cause the failure of that life-support device or system, or to affect
the safety or effectiveness of that device or system. Life support devices or systems are intended to be implanted in the human
body, or to support and/or maintain and sustain and/or protect human life. If they fail, it is reasonable to assume that the health
of the user or other persons may be endangered.
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