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Asicron
ClO RLDRAM® 2

MT49H64M9 - 64 Meg x 9 x 8 Banks

MT49H32M 18 — 32 Meg x 18 x 8 Banks
MT49H16M 36 —16 Meg x 36 x 8 Banks

576Mb: x9, x18, x36 2.5V Vgyp; 1.8V Vpp, HSTL, CIO, RLDRAM 2

Features
]

Features

* 533 MHz DDR operation (1.067 Gb/s/pin data rate)
38.4 Gb/s peak bandwidth (x36 at 533 MHz clock
frequency)

Organization

- 64 Megx9,32Megx 18,and 16 Megx361/0

— 8 banks

Reduced cycle time (15ns at 533 MHz)
Nonmultiplexed addresses (address multiplexing
option available)

SRAM-type interface

Programmable READ latency (RL), row cycle time,
and burst sequence length

Balanced READ and WRITE latencies in order to
optimize data bus utilization

Data mask for WRITE commands

Differential input clocks (CK, CK#)

Differential input data clocks (DKx, DKx#)

On-die DLL generates CKedge-aligned data and
output data clock signals

Data valid signal (QVLD)

32ms refresh (16Krefresh for each bank; 128Krefresh
command must be issued in total each 32ms)
144-ball uBGApackage

HSTLI/O (1.5Vor 1.8Vnominal)

25-60QQ matched impedance outputs

2.5V VEXT’ I.SVVDD, 1.5Vor 1.8V VDDQ I/0
On-die termination (ODT) Rpp

Options! Marking
* Clockcycle timing
- 1.875ns @'RC = 15ns -18
- 2.5ns @'RC = 15ns -25E
- 2.5ns @'RC =20ns -25
- 3.3ns @'RC =20ns -33
¢ Configuration
- 64 Megx9 64M9
- 32 Megx 18 32M18
- 16 Megx 36 16M36
e Operating temperature
— Commercial (0°to +95°C) None
— Industrial (T =-40°C to +495°C; IT
T, =-40°C to +85°C)
» Package
— 144-ball uBGA FM
— 144-ball uBGA (Pb-free) BM
¢ Revision :A/B

Notes: 1. Not all options listed can be combined to

define an offered product. Use the part cata-
log search on www.micron.com for available
offerings.
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Features

Figure 1: 576Mb RLDRAM 2 CIO Part Numbers

Example Part Number: MT49H16M36FM-25 :B

MT49H Configuration |I/O| Package| | Speed |Temp.| Rev. Q
Configuration 110 Revision
64 Meg x 9 64M9 Common| None Rev. A [A
32 Meg x 18 |32M18 Separate| C Rev. B B
16 Meg x 36 | 16M36
Temperature
Package Commercial |None
144-ball uBGA FM Industrial IT
144-ball uBGA (Pb-free) | BM

Speed Grade

-18 | 'CK = 1.875ns
-25E| 'CK = 2.5ns
-25 | '[CK =2.5ns
-33 | 'cK =3.3ns

BGA Part Marking Decoder

Due to space limitations, BGA-packaged components have an abbreviated part marking

that is different from the part number. Micron’s BGA Part Marking Decoder is available
on Micron’s Web site at micron.com.

PDF: 09005aef80fe62fb/Source: 09005aef809f284b Micron Technology, Inc., reservesthe right to change productsor specificationswithout notice.
576Mb_RLDRAM_2 CIO_D1.fm - Rev.J 10/12 EN 2 ©2004 Micron Technology, Inc. All rightsreserved.



A}'/ﬂcron 576Mb: x9, x18, x36 2.5V Vgx; 1.8V Vpp, HSTL, CIO, RLDRAM 2

Table of Contents

Table of Contents

B atUT S . . .o 1
BGAPart Marking Decoder . ... ... e 2
General DesCription . ... ..o e 6
State DIagrami. ... ..o e e 7
Functional Block Diagrams. .. ... ... e e 8
Ball Assignments and DesCriptions. ... ...ttt e e e e e e e e 11
Package DIMENSIONS .. ...ttt ettt e e e e e e e e e 15
Electrical Specifications —pp | 16
Electrical Specifications —AC and DC. . .. ... . 19
Absolute Maximum Ratings. ... ... .. . 19
AC and DC Operating ConditiOns. . ... ..ottt et e ettt e e e e et e e e e 19
Input Slew Rate Derating .. ... ...t e e e e 22
N Ot S . o ottt et e e e 28
Temperature and ThermalImpedance ........ .. .. i e e e e e 29
Revision History — S7TOMD . . ..o 31
CommMaANAS . ..o e e 33
MODE REGISTER SET (M RS) ... e e e e e e e e 34
W RITE . . . 40
RE A D . o e 41
AUTO REFRESH (AREF) . . .. e e e e e e e e e e 42
OPECIAtIONS . oottt ettt et e et e e e e e e e e e e e 43
INITIALIZATION . .o e e e e e e e e e e e e e e e e 43
W RITE . . . 46
RE AD . 51
AUTO REFRESH . . ..o e e e e e e e e 57
On-Die Termination ... ... ... .. e e e et 58
Multiplexed Address MOde . . ... ... e 60
IEEE 1149.1 Serial Boundary Scan (JTAG) . .. ..ot e e e e e e e e e i 69
Disabling the JTAG Feature . ... ... ... e e e e e 69
Test ACCess Port (TAP) . . ..o e e e e e e e e e e 69
TAP Controller. . . ..ot e e e 70
Performing a TAP RESET . ... .o e e e e 72
TAP RE IS TS . o ettt e e ettt e e e e 72
TAP INStruction St . .. ...ttt e e e e e e e 73

PDF: 09005aef80fe62fb/Source: 09005aef809f284b Micron Technology, Inc., reservesthe right to change productsor specificationswithout notice.
576Mb_RLDRAM_CIOTOC.fm - Rev. J 10/12 EN 3 ©2004 Micron Technology, Inc. All rightsreserved.



A}'/ﬂcron 576Mb: x9, x18, x36 2.5V Vgx; 1.8V Vpp, HSTL, CIO, RLDRAM 2

List of Figures

List of Figures

Figure 1: 576Mb RLDRAM 2 CIO Part Numbers ... ... ..o e e e 2
Figure 2: Simplified State Diagram ... ... ... i 7
Figure 3: 64 Meg x9 Functional Block Diagram . ......... . . 8
Figure 4: 32 Meg x 18 Functional Block Diagram ....... ... .. . i e 9
Figure 5: 16 Meg x 36 Functional Block Diagram ......... ... . e i 10
Figure 6: 144-Ball UBGA . . .o 15
Figure 7: CloCK I pUt. .o 21
Figure 8: Nominal tAS/tCS/tDS and tAH/tCH/tDH Slew Rate .......... ... .. .. .. . .. 25
Figure 9: Example Temperature Test Point Location ......... ... ... i, 30
Figure 10: Mode Register Definition in Nonmultiplexed Address Mode.......... ... ... i, 35
Figure 11: Read Burst Len gths. .. ... e e e et e e e e e 37
Figure 12:  On-Die Termination-Equivalent Circuit ... ........ ... i i i 39
Figure 13:  WRITECommand. ... ... e e e e e e e e 40
Figure 14:  READ Command. ... ...ttt e e e e e e e e e e e e e e e e e e 41
Figure 15:  AUTO REFRESH Command .. ... ...ttt e e e e e 42
Figure 16: Power-Up/Initialization SEqUENCE. . ... ...ttt e e e e 44
Figure 17: Power-Up/Initialization Flow Chart. . ... ... e 45
Figure 18:  WRITE BUrst. .. ... e e e e e e e e e 46
Figure 19:  Consecutive WRITE-to-WRITE . . . ... . i e 47
Figure 20:  WRITE-to-READ . . ... o e e e e e e e e e 48
Figure 21:  WRITE-to-READ (Separated by TWo NOPS) . .. ..ot e e e 49
Figure 22:  WRITE =DM OpPeration. .. ... ..ottt ettt et e e e e e e e e e e e e e e 50
Figure 23:  Basic READ Burst TIMing . ... ..ottt e e et e e e et e et et 51
Figure 24:  Consecutive READ Bursts (BL =2) .. ... e e e e 52
Figure 25:  Consecutive READ Bursts (BL=4) .. ... . e e e e e 52
Figure 26:  READ-to-WRITE . . .. ... e e e e e e e e e 53
Figure 27: Read Data Valid Window for X9 Device . .. ... o e 54
Figure 28: Read Data Valid Window for x18 Device .. ... ... e e 55
Figure 29: Read Data Valid Window for X306 Device .. ... ..o e e e 56
Figure 30:  AUTO REFRESH Cycle. . ... ..o e e e e e e 57
Figure 31:  READ Burst with ODT .. ... . e e e e 58
Figure 32: READ-NOP-READ with ODT . ... . e e e e 59
Figure 34: Command Description in Multiplexed Address Mode. ....... ... . ... 60
Figure 35: Power-Up/Initialization Sequence in Multiplexed AddressMode .......... ... .. .. .. ooua.. 61
Figure 36:  Mode Register Definition in Multiplexed Address Mode. ........ .. .. .. ... 62
Figure 37:  BURST REFRESH Operation with Multiplexed Addressing................ it . 64
Figure 38:  Consecutive WRITE Bursts with Multiplexed Addressing........... .. .. .. .. ... 65
Figure 39:  WRITE-to-READ with Multiplexed Addressing ........ ..., 66
Figure 40: Consecutive READ Bursts with Multiplexed Addressing .. .......... ... iiininenennenn.. 67
Figure 41: READ-to-WRITE with Multiplexed Addressing ....... ...t 68
Figure 42:  TAP Controller State DIiagram ... ....... .ttt ettt et 71
Figure 43:  TAP Controller Block Diagram. ......... . . ettt 71
Figure 44:  JTAG Operation —Loading Instruction Code and ShiftingOutData............................ 74
Figure 45:  TAP TIMINg. . . .ottt e e e e e e e e e e e e e e e e e 75

PDF: 09005aef80f e62fb/Source: 09005aef 809f284b Micron Technology, Inc., reservesthe right to change products or specificationswithout notice.
576Mb_RLDRAM_CIOLOF.fm - Rev. J 10/12 EN 4 ©2004 Micron Technology, Inc. All rightsreserved.



A}'/ﬂcron 576Mb: x9, x18, x36 2.5V Vgx; 1.8V Vpp, HSTL, CIO, RLDRAM 2

List of Tables

List of Tables

Table 1: 64 Meg x 9 Ball Assignments (Top View) 144-BalluBGA .. ... ... .. ... . . . i it 11
Table 2: 32 Meg x 18 Ball Assignments (Top View) 144-BalluBGA . ....... .. ... .. .. .. .. . ... 12
Table 3: 16 Meg x 36 Ball Assignments (Top View) 144-BalluBGA . ...... .. ... .. . .. 13
Table 4: Ball DeSCriptionS. « .ot ettt ettt e e e e e e e e e 14
Table 5: Ipp Operating Conditions and Maximum Limits—Rev. A. ... ... ... oo oo oo oL 16
Table 6: Ipp Operating Conditions and Maximum Limits—Rev.B....... ... ... . ... ... oo .. 17
Table 7: Absolute Maximum Ratings .. ... ... 19
Table 8: DC Electrical Characteristics and Operating Conditions. ......... ... .. .. .. .. .. ... 19
Table 9: Input ACLogic Levels ... ..o e 20
Table 10: Differential Input Clock Operating Conditions ......... ... .. i 21
Table 11: Address and Command Setup and Hold Derating Values............... ... ... ... .. ... ... ... 23
Table 12: Data Setup and Hold Derating Values . ... ... e 24
Table 13: Capacitance —UBGA. . ... 25
Table 14: AC Electrical Characteristics: -18, -25E, -25,-33 .. .. . e 26
Table 15: Temperature LIMits . ... ..o e 29
Table 16: ThermalImpedance. ... ... . e e 30
Table 17: Description of Commands .. ... 33
Table 18: Command Table . . ... 33
Table 19: Cycle Time and READ/WRITE Latency Configuration Table ......... ... ... .. .. .. .. ... ... 36
Table 20: Address Widths at Different Burst Lengths. . ... ... . . 37
Table 21: On-Die Termination DCParameters ... ... ... .ot 39
Table 22: 576Mb Address Mapping in Multiplexed AddressMode.......... ... .. .. .. i L 63
Table 23: Cycle Time and READ/WRITE Latency Configuration Table in Multiplexed Mode .............. 64
Table 24: TAP Input ACLogic Levels ... ... i e e e e 75
Table 25: TAP AC Electrical CharacteriStiCs ... ..... ..ttt e e e 75
Table 26: TAP DC Electrical Characteristics and Operating Conditions .............. ... ... .. ..., 76
Table 27: Identification Register Definitions .. ... ... .. . 76
Table 28: Scan Register SIzZes ... ..ot 76
Table 29: Instruction Codes ... ...t e e 77
Table 30: Boundary Scan (EXit) Order .. ...t e e 77

PDF: 09005aef80fe62fb/Source: 09005aef809f284b Micron Technology, Inc., reservesthe right to change productsor specificationswithout notice.
576Mb_RLDRAM_CIOLOT.fm - Rev. J 10/12 EN 5 ©2004 Micron Technology, Inc. All rightsreserved.



A}'/ﬂcron 576Mb: x9, x18, x36 2.5V Vgx; 1.8V Vpp, HSTL, CIO, RLDRAM 2

General Description
]

General Description

The Micron® reduced latency DRAM (RLDRAM®) 2 is a high-speed memory device
designed for high bandwidth data storage—telecommunications, networking, and
cache applications, etc. The chip’s 8-bank architecture is optimized for sustainable high
speed operation.

The DDRI/O interface transfers two data words per clock cycle at the I/ O balls. Output
data is referenced to the free-running output data clock.

Commands, addresses, and control signals are registered at every positive edge of the
differential input clock, while input data is registered at both positive and negative edges
ofthe input data clock(s).

Read and write accesses to the RLDRAM are burst-oriented. The burst length (BL) is
programmable from 2, 4, or 8 by setting the mode register.

The device is supplied with 2.5Vand 1.8V for the core and 1.5V or 1.8V for the output
drivers.

Bank-scheduled refresh is supported with the row address generated internally.

The uBGA 144-ball package is used to enable ultra high-speed data transfer rates and a
simple upgrade path from early generation devices.
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State Diagram
Figure 2: Simplified State Diagram

State Diagram
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Functional Block Diagrams

Figure 3: 64 Meg x 9 Functional Block Diagram
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Figure 4: 32 Meg x 18 Functional Block Diagram
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Figure 5: 16 Meg x 36 Functional Block Diagram
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Ball Assignments and Descriptions
]

Ball Assighments and Descriptions

Table 1: 64 Meg x 9 Ball Assignments (Top View) 144-Ball uBGA

1 2 3 4 5 6 7 8 9 10 11 12
A Veer Vs Vext Vs Vs Vext | TMS | TCK
B Vpp | DNU® | DNU® | Vg Vequ | DQO | DNU® | Vpp
[ V| DNU® | DNU® | Vppq Vppg | DQ1 | DNU® | Vqr
D A22" | DNU® | DNU® | Vg Ve | QKO# | QKO Vs
E A21 DNU® | DNU® | Vppq Vppg | D@2 | DNUS | A20
F A5 DNU3 | DNU® | Vg Vega | DQ3 | DNU® | QvLD
G A8 A6 A7 Vop Vop A2 Al A0
H B2 A9 Vs Vs Vs Vs A4 A3
J NF? NF? Vop Voo Voo Vop BO CK
K DK DK# Vop Voo Voo Vob B1 CK#
L REF# | Ct Vs Vs Vs Vs Al4 A13
M WE# | A16 A17 Vop Vop A12 Al A10
N A18 | DNU® | DNU® | Vgq Vequ | DQ4 | DNU® | A19
P A15 | DNU® | DNU® | Vppq Vppg | DQ5 | DNU® | DM
R Vg | DNU® | DNU® | v Vau | DQ6 | DNUS | Vg
T Vit | DNU® | DNU® | Vppqg Vppg | DQ7 | DNU3 Vit
U Vpp | DNU® | DNU® | Vgq Veu | DQ8 | DNU® | Vpp
v Veer ZQ VexT Vs Vs Vext | TDO I

Notes: 1. Reserved for future use. Thissignal isnot connected.
2. No function. Thissignal isinternally connected and hasparasitic characteristics of a clock
input signal. Thismay optionally be connected to GND.
3. Do not use. Thissignal isinternally connected and hasparasitic characteristicsof an I/O. This
may optionally be connected to GND. Note that if ODT isenabled on Rev. A die, these pins
will be connected to V1. The DNU pinsare High-Z on Rev. Bdie when ODT isenabled.
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Ball Assignments and Descriptions
]

Table 2: 32 Meg x 18 Ball Assighments (Top View) 144-Ball uBGA

1 2 3 4 5 6 7 8 9 10 11 12
A Veer Vs | Vet Vs Vs Vext | TMS | TCK
B Vpp | DNU* | DQ4 | Vgq Veu | DQO | DNU* | Vpp
c Vi | DNU* | DQ5 | Vppg Vppg | DQ1 | DNU* | Vqr
D A22" | DNU* | DQ6 | Veq Ve | QKO# | QKO Vs
E A21%2 | DNU* | DQ7 | Vppq Vpopg | DQ2 | DNU* | A20
F A5 | DNU* | DQ8 | Vgq Vexy | DQ3 | DNU* | QuLD
G A8 A6 A7 Voo Voo A2 Al A0
H B2 A9 Vs Vs Vs Ve A4 A3
J NF NF Vop Voo Voo Vop BO CK
K DK DK# Voo Vpb Voo Voo BT CK#
L REF# | Cst Vs Vs Vs Vs Al4 A13
M WE# | Al6 A17 Voo Voo A12 A1 A10
N A18 | DNU* | DQ14 | Vgq Ve | DQ9 | DNU* [ A19
P A15 | DNU* | DQ15 | Vppq Vppq | DQ10 | DNU* | DM
R Vs QK1 | QKi# | Ve Ve | DQ11 | DNU* | Vg
T Vi | DNU* | DQ16 | Vppg Vpopg | DQ12 | DNU* | Vit
1] Vpp | DNU* | DQ17 | Vg Vaxna | DQ13 | DNU* | Vpp
v Veer ZQ VexT Vs Vs Vext | TDO I

Notes: 1. Reserved for future use. Thismay optionally be connected to GND.

2. Reserved for future use. Thissignal isinternally connected and has parasitic characteristics
of an addressinput signal. This may optionally be connected to GND.

3. No function. Thissignal isinternally connected and hasparasitic characteristics of a clock
input signal. Thismay optionally be connected to GND.

4. Do not use. Thissignal isinternally connected and has parasitic characteristics of a I/O. This
may optionally be connected to GND. Note that if ODT isenabled on Rev. A die, these pins
will be connected to V1. The DNU pinsare High-Z on Rev. Bdie when ODT isenabled.
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Ball Assignments and Descriptions
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Table 3: 16 Meg x 36 Ball Assignments (Top View) 144-Ball uBGA

1 2 3 4 5 6 7 8 9 10 11 12
A Veer Vs Vext Vs Vs Vext | TMS | TCK
B Voo DQ8 | DQ9 | Vg Veu | DQi DQO Voo
c Vit | DQ10 | DQI1 | Vppq Vopg | DQ3 | DQ2 Vot
D A22" | DQ12 | DQ13 | Vgq Veu | QKO# | QKO Vs
E A21%2 | DQ14 | DQ15 | Vppq Vpopq | DQ5 DQ4 | A20?
F A5 DQ16 | DQ17 | Vg Vegu | DQ7 | DQ6 | QVLD
G A8 A6 A7 Vop Vop A2 A1 AO
H B2 A9 Vs Vs Vs Vs A4 A3
J DKO | DKO# | Vpp Voo Voo Voo BO CK
K DKi | DKi# | Vpp Vob Vop Vob B1 CK#
L REF# | CS# Vs Vs Vs Vs Al4 A13
M WE# | Al6 A17 Vop Vop A12 A1 A10
N A18 | DQ24 | DQ25 | Ven Veu | DQ35 | DQ34 | A19
P A15 | DQ22 | DQ23 | Vppq Vppg | DQ33 | DQ32 | DM
R Vss QK1 | QKi# | Ve Vau | DQ31 | DQ30 | Vg
T Vi | DQ20 | DQ21 | Vppq Vpopqg | DQ29 | DQ28 | Vir
u Vpp | DQ18 | DQ19 | Vgn Vau | DQ27 | DQ26 | Vpp
v Veer ZQ Vext Vs Vs Vext | TDO DI

Notes: 1. Reserved for future use. Thismay optionally be connected to GND.
2. Reserved for future use. Thissignal isinternally connected and has parasitic characteristics
of an addressinput signal. This may optionally be connected to GND.

PDF: 09005aef80fe62fb/Source: 09005aef809f284b Micron Technology, Inc., reservesthe right to change productsor specificationswithout notice.
576Mb_RLDRAM_2_CIO_D2.fm - Rev.J 10/12 EN 1 3 ©2004 Micron Technology, Inc. All rightsreserved.



Aicron

576Mb: x9, x18, x36 2.5V Vgxp, 1.8V Vpp, HSTL, CIO, RLDRAM 2
Ball Assignments and Descriptions

Table 4: Ball Descriptions
Symbol Type Description
A0-A21 Input Addressinputs: AO-A21 define the row and column addressesfor READ and WRITE operations.
During a MODE REGISTER SET, the addressinputsdefine the register settings. They are sampled
at the rising edge of CK.
BAO-BA2 Input Bank address inputs: Select to which internal bank a command isbeing applied.
CK, CK# Input  |Input clock: CK and CK# are differential input clocks. Addresses and commands are latched on
the rising edge of CK. CK# isideally 180 degreesout of phase with CK.
CS# Input | Chip select: CS# enablesthe command decoder when LOW and disablesit when HIGH. When
the command decoder isdisabled, new commandsare ignored, but internal operationscontinue.
DK, DK# Input Input data clock: DK and DK# are the differential input data clocks. All input data isreferenced
to both edgesof DK. DK# isideally 180 degrees out of phase with DK. For the x36 device, DQ0O-
DQ17 are referenced to DKO and DKO# and DQ18-DQ35 are referenced to DK1 and DK1#. For the
x9 and x18 devices, all DQs are referenced to DK and DK#. All DKx and DKx# pins must alwaysbe
supplied to the device.
DM Input |Input data mask: The DM signal isthe input mask signal for WRITE data. Input data is masked
when DM issampled HIGH. DM is sampled on both edges of DK (DK1 for the x36 configuration).
Tie signal to ground if not used.
TCK Input | IEEE 1149.1 clock input: Thisball must be tied to Vgif the JTAG function isnot used.
TMS, TDI Input IEEE 1149.1 test inputs: These ballsmay be left asno connectsif the JTAG function isnot used.

WE#, REF# Input Command inputs: Sampled at the positive edge of CK, WE# and REF# define (together with
CS#) the command to be executed.

DQO0-DQ35 I/0 Data input: The DQ signalsform the 36-bit data bus. During READ commands, the data is
referenced to both edgesof QKx. During WRITEcommands, the dataissampled at both edgesof
DK.

QKx, QKx# Output |Output data clocks: QKx and QKx# are opposite polarity, output data clocks. They are free-
running, and during READs, are edge-aligned with data output from the RLDRAM. QKx# is
ideally 180 degreesout of phase with QKx. For the x36 device, QKO and QKO# are aligned with
DQO0-DQ17, and QK1 and QK1# are aligned with DQ18-DQ35. For the x18 device, QKO and QKO#
are aligned with DQO-DQ8, while QK1 and QK1# are aligned with Q9-Q17. For the x9 device, all
DQsare aligned with QKO and QKO#.

QVLD Output |Data valid: The QVLD pin indicatesvalid output data. QVLD isedge-aligned with QKx and QKx#.
TDO Output |IEEE 1149.1 test output: JTAG output. Thisball may be left asno connect if the JTAG function
isnot used.
2Q Reference | External impedance (25-60Q): Thissignal isused to tune the device outputsto the system data
busimpedance. DQ output impedance isset to 0.2 x RQ, where RQisa resistor from thissignal to
ground. Connecting ZQ to GND invokesthe minimum impedance mode. Connecting ZQ to Vpp
invokesthe maximum impedance mode. Refer to Figure 10 on page 33 to activate thisfunction.
Vbp Supply |Power supply: Nominally, 1.8V. See Table 8 on page 19 for range.
Vbbq Supply |DQ power supply: Nominally, 1.5V or 1.8V. Isolated on the device for improved noise immunity.
See Table 8 on page 19 for range.
Vext Supply |Power supply: Nominally, 2.5V. See Table 8 on page 19 for range.
VRer Supply |Input reference voltage: Nominally Vppg/2. Provides a reference voltage for the input buffers.
Vs Supply | Ground.
Vs Supply |DQ ground: Isolated on the device for improved noise immunity.
Vi1 Supply |Power supply: Isolated termination supply. Nominally, Vppg/2. See Table 8 on page 19 for
range.
A22 - Reserved for future use: Thissignal isnot connected and may be connected to ground.
DNU - Do not use: These ballsmay be connected to ground. Note that if ODT isenabled on Rev. A die,
these pinswill be connected to V1. The DNU pinsare High-Zon Rev. Bdie when ODT isenabled.
NF - No function: These ballscan be connected to ground.
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ﬁcron 576Mb: x9, x18, x36 2.5V Vgx; 1.8V Vpp, HSTL, CIO, RLDRAM 2

Package Dimensions
]

Package Dimensions
Figure 6: 144-Ball uBGA

1

—=— 10.6 CTR ——— =

10° TYP—/\<_+

Seating = OO TO OO
plane
o.12[A] 0.73 +0.1
144X @0.51
Solder ball material:
Eutectic (62% S,
36% Pb, 2% Ag) or
SAC305 (96.5% &, 0.49 +0.05
3% Ag, 0.5% Cu). T
Dimensions apply to 121110 9 4321 Ball A1 ID _»— BallA1ID
solder ballspost-reflow ¥D T Y, T y 4
on@039MD T [ 9000 1 0000 A | | o
ball pads. 0000 | O0O0O |B
0000 | O00O0O |C
0000 | O0OO0OO0 |D
ocooo| |, |oocoo |E
0000 | O0O0O0 |F
0000 : 0000 |G
0000 | O0O0O |H
0000 | Q000 |J
17CTR - -—-—-—-- R s e 18.5 0.1 18.1 CTR
0000 | Q000 [K
0000 | Q000 |L
0000 : 0000 |M
O00O0 | OO0O0O [N
O00O0 : Q000 |P
O00O0 | O0O0O0 |R
+ Q000 | O00O T
W_G} OO0 : O0O0O0 U
——F—_$ooo I 00®® |V Y |
0.8 TYP —==— — | | |—=— 1.2 MAX
—=—— 8.8 CTR——==—| —| |—=— 0.34 MIN
—~——— 11 0.1 ————
Notes: 1. All dimensionsare in millimeters.
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Electrical Specifications —Ipp

576Mb: x9, x18, x36 2.5V Vgyp; 1.8V Vpp, HSTL, CIO, RLDRAM 2

Electrical Specifications —Ipp
]

Table 5: Ipp Operating Conditions and Maximum Limits — Rev. A
Description Condition Symbol -18 | -25E | 25 | -33 |Units
Sandby current |!CK = idle; All banksidle; No inputstoggling It (Vpp) x9/x18 55 53 48 48 mA
lsg1 (VexT) 5 5 5 5
Active standby | CS# = 1; No commands; Bank address lsgo (Vpp) X9/x18 | 365 | 293 | 288 | 233 | mA
current incremented and half address/data change lsg> (Vpp) Xx36 365 | 293 | 288 | 233
once every four clock cycles lsgo (Vex7) 5 5 5 5
Operational BL = 2; Sequential bank access; Bank transitions | Ippy (Vpp) X9/x18 | 465 | 380 | 348 | 305 | mA
current once every 'RC; Half addresstransitionsonce Ipp1 (Vpp) x36 485 | 400 | 374 | 343
every 'RC; Read followed by write sequence; | Vexr) 15 15 15 13
Continuousdata during WRITE commands pD1 TEXT
Operational BL = 4; Sequential bank access; Bank transitions | Ipps (Vpp) x9/x18 | 475 | 400 | 362 | 319 | mA
current once every 'RC; Half address transitions once Ipp2 (Vpp) x36 510 | 425 | 418 | 389
tpe- ; .
every 'RC; Read followed by write sequence; | v 15 15 15 13
Continuousdata during WRITE commands ooz (Vexr)
Operational BL = 8; Sequential bank access; Bank transitions | Ippz (Vpp) x9/x18 | 505 | 430 | 408 | 368 | mA
current once every 'RC; Half addresstransitionsonce Ipps (Vpp) x36 625 | 540 | 460 | 425
every 'RC; Read followed by write sequence; | Vex7) 20 20 20 18
Continuousdata during WRITE commands DD3 1TEXT
Burst refresh Eight bank cyclic refresh; Continuousaddress | lggry (Vpp) X9/x18 | 995 | 790 | 785 | 615 | mA
current data; Command busremainsin refresh for all lrer1 (Vpp) x36 995 | 915 | 785 | 615
eight banks Irert (Vext) 80 | 80 | 80 | 70
Distributed Sngle bank refresh; Sequential bank access; lrere (Vpp) X9/x18 | 425 | 330 | 325 | 267 | mA
refresh current Half addresstransitionsonce every 'RC; lrere (Vpp) X36 425 | 390 | 326 | 281
Continuousdata lREFZ (VEXT) 20 20 20 18
Operating burst | BL = 2; Cyclic bank access; Half of address bits Ippow (Vpp) 1335 | 980 | 970 | 819 | mA
write current change every clock cycle; Continuousdata; x9/x18
example Measurement istaken during continuous Ippzw (Vpp) Xx36 | 1545 | 1,105 |1,100| 914
WRITE Ippew (Vex) | 50 | 50 | 50 | 40
Operating burst | BL = 4; Cyclic bank access; Half of addressbits Iopaw (Vpp) 985 | 785 | 779 | 609 | mA
write current change every two clock cycles; Continuous X9/x18
example data; Measurement istaken during continuous | Iy, (Vpp) x36 | 1185 | 887 | 882 | 790
WRITE Ippaw (Vex) | 30 | 30 | 30 | 25
Operating burst | BL = 8; Cyclic bank access; Half of address bits Ippsw (Vpp) 770 | 675 | 668 | 525 | mA
write current change every four clock cycles; Continuous x9/x18
example data; Measurement istaken during continuous | |ypew (Vpp) Xx36 | 1095 | 755 | 750 | 580
WRITE Iopsw (Vex7) 30 | 30 | 30 | 25
Operating burst | BL = 2; Cyclic bank access; Half of addressbits | Ippor (Vpp) X9/x18 | 1225 | 940 | 935 | 735 | mA
read current change every clock cycle; Continuousdata; Ipper (Vpp) X36 | 1270 | 995 | 990 | 795
example Measurement istaken during continuous READ Iobzr (Vex?) 50 50 50 40
Operating burst | BL = 4; Cyclic bank access; Half of addressbits | Ippsar (Vpp) X9/x18 | 860 | 685 | 680 | 525 | mA
read current change every two clock cycles; Continuous Iopar (Vpp) x36 920 | 735 | 730 | 660
example data; Measurement istaken during continuous | v 30 30 30 25
READ pp4R (Vext)
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Aicron

576Mb: x9, x18, x36 2.5V Vgyp; 1.8V Vpp, HSTL, CIO, RLDRAM 2

Electrical Specifications —Ipp
]

Table 5: Ipp Operating Conditions and Maximum Limits — Rev. A
Description Condition Symbol -18 | -25E | -25 | -33 |Units
Operating burst | BL = 8; Cyclic bank access; Half of addressbits | Ippgr (Vpp) X9/x18 | 655 | 575 | 570 | 450 | mA
read current change every four clock cycles; Continuous Iopsr (Vpp) x36 855 | 665 | 660 | 505
example data; Measurement istaken during continuous | v 30 30 30 25
READ ppsR (VexT)
Table 6: Ipp Operating Conditions and Maximum Limits — Rev. B
Description Condition Symbol -18 | -25E | 25 | -33 |Units
Sandby current |!CK = idle; All banksidle; No inputstoggling Isg1 (Vpp) x9/x18 55 55 55 55 mA
It (Vpp) X36 55 55 55 55
lss1 (VexT) 5 5 5 5
Active standby | CS# = 1; No commands; Bank address lsgo (Vpp) X9/x18 | 2560 | 215 | 215 | 190 | mA
current incremented and half address/data change lsgo (Vpp) x36 250 | 215 | 215 | 190
once every four clock cycles gz (VexD) 5 5 5 5
Operational BL = 2; Sequential bank access; Bank transitions | Ippy (Vpp) x9/x18 | 310 | 285 | 260 | 225 | mA
current once every 'RC; Half addresstransitionsonce Iop1 (Vpp) x36 320 | 295 | 270 | 230
every 'RC: Read followed by write sequence; | Vexr) 10 10 10 10
Continuousdata during WRITE commands DD1 LTEXT
Operational BL = 4; Sequential bank access; Bank transitions | Ipps (Vpp) x9/x18 | 315 | 290 | 260 | 220 | mA
current once every 'RC; Half address transitions once Ippz (Vpp) x36 330 | 305 | 275 | 230
every 'RC; Read followed by write sequence; Ion2 (Vex7) 10 10 10 10
Continuousdata during WRITE commands 2
Operational BL = 8; Sequential bank access; Bank transitions | Ippz (Vpp) x9/x18 | 330 | 305 | 275 | 230 | mA
current once every 'RC; Half addresstransitionsonce Iops (Vpp) x36 390 | 365 | 320 | 265
every 'RC: Read followed by write sequence; | Vexr) 15 15 15 15
Continuousdata during WRITE commands DD3 1 TEXT
Burst refresh Eight bank cyclicrefresh; Continuousaddress/ | Iggrs (Vpp) X9/x18 | 660 | 540 | 530 | 430 | mA
current data; Command busremainsin refresh for all lrer1 (Vpp) x36 670 | 545 | 535 | 435
eight banks Irert (Vex?) 45 | 30 [ 30 | 25
Distributed Sngle bank refresh; Sequential bank access; Irere (Vpp) X9/x18 | 295 | 265 | 250 | 215 | mA
refresh current Half addresstransitionsonce every 'RC; lrere (Vpp) X36 295 | 265 | 250 | 215
Continuousdata lREFZ (VEXT) 10 10 10 10
Operating burst | BL = 2; Cyclic bank access; Half of addressbits Ippow (Vpp) 830 | 655 | 655 | 530 | mA
write current change every clock cycle; Continuousdata; x9/x18
example Measurement istaken during continuous Ippew (Vpp) X36 | 885 | 700 | 700 | 565
WRITE lppew (Vex) | 40 | 35 | 35 | 30
Operating burst | BL = 4; Cyclic bank access; Half of addressbits Iopaw (Vpp) 580 | 465 | 465 | 385 | mA
write current change every two clock cycles; Continuous X9/X18
example data; Measurement istaken during continuous | 15, (Vpp) x36 | 635 | 510 | 510 | 420
WRITE Iopaw (Vex7) 25 | 20 | 20 | 20
Operating burst | BL = 8; Cyclic bank access; Half of address bits Ippsw (Vpp) 445 | 370 | 370 | 305 | mA
write current change every four clock cycles; Continuous x9/x18
example data; Measurement istaken during continuous | |ppew (Vpp) X36 | 560 | 455 | 455 | 375
WRITE Iopsw (Vext) 25 | 20 | 20 | 20
Operating burst | BL = 2; Cyclic bank access; Half of addressbits | Ippor (Vpp) X9/x18 | 805 | 640 | 640 | 515 | mA
read current change every clock cycle; Continuousdata; Iopzr (Vpp) X36 850 | 675 | 675 | 540
example Measurement istaken during continuous READ Ioozr (Vex?) 40 35 35 30
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Aicron

576Mb: x9, x18, x36 2.5V Vgyp; 1.8V Vpp, HSTL, CIO, RLDRAM 2

Electrical Specifications —Ipp
]

Table 6: Ipp Operating Conditions and Maximum Limits — Rev. B
Description Condition Symbol -18 | -25E | -25 | -33 |Units

Operating burst | BL = 4; Cyclic bank access; Half of addressbits | Ippsar (Vpp) X9/x18 | 545 | 440 | 440 | 365 | mA
read current change every two clock cycles; Continuous Iopar (Vpp) X36 590 | 475 | 475 | 390
example data; Measurement istaken during continuous | v 25 20 20 20

READ pp4R (VexT)
Operating burst | BL = 8; Cyclic bank access; Half of addressbits | Ippgr (Vpp) X9/x18 | 410 | 335 | 335 | 280 | mA
read current change every four clock cycles; Continuous Iopsr (Vpp) X36 525 | 425 | 425 | 350
example data; Measurement istaken during continuous | v 25 20 20 20

READ posR (Vext)

Notes: 1. Ipp specificationsare tested after the device isproperly initialized. +0°C < T < +95°C; +1.7V

<Vpp £ +1.9V, +2.38V < Vg1 < +2.63V, +1.4V < VDDQ <Vpp, VRer = VDDQ/2'
2. 'cK ='DK = MIN, 'RC = MIN.
3. Input slew rate is specified in Table 9 on page 20.
4. Definitionsfor Ipp conditions:

4a.
4b.
4c.
4d.
4e.

4f.

4q.
4h.

LOW isdefined as V|N < V|L(AC) MAX.

HIGH isdefined asV|N > V|H(AC) MIN.

Sable isdefined asinputsremaining at a HIGH or LOW level.

Hoating isdefined asinputsat Vggr = Vppa/2.

Continuousdata isdefined ashalf the DQ signals changing between HIGH and LOW
every half clock cycle (twice per clock).

Continuous addressisdefined as half the address signals changing between HIGH and
LOW every clock cycle (once per clock).

Sequential bank accessisdefined asthe bank addressincrementing by one every 'RC.
Cyclicbank accessisdefined asthe bank addressincrementing by one for each com-
mand access. For BL = 2 thisis every clock, for BL = 4 thisis every other clock, and for
BL = 8 thisisevery fourth clock.

5. CS#isHIGH unlessa READ, WRITE, AREF, or MRScommand isregistered. CS# never transi-
tionsmore than once per clock cycle.

6. Ipp parametersare specified with ODT disabled.

7. Testsfor ACtiming, Ipp, and electrical AC and DC characteristics may be conducted at nomi-
nal reference/supply voltage levels, but the related specificationsand device operationsare
tested for the full voltage range specified.

8. Ipp testsmay use a V| -to-V | swing of up to 1.5V in the test environment, but input timing
isstill referenced to Vger (or to the crossing point for CK/CK#), and parameter specifications
are tested for the specified ACinput levelsunder normal use conditions. The minimum slew
rate for the input signalsused to test the device is2 V/nsin the range between V) ) and

ViHag):
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Aicron

576Mb: x9, x18, x36 2.5V Vgx; 1.8V Vpp, HSTL, CIO, RLDRAM 2
Electrical Specifications— ACand DC

Electrical Specifications - AC and DC

Absolute Maximum Ratings

Stresses greater than those listed in Table 7 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 outside 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 7: Absolute Maximum Ratings

Parameter Min Max Units
I/O voltage -0.3 Vppq + 0.3 \Y
Voltage on Vgt supply relative to Vg -0.3 +2.8 \
Voltage on Vpp supply relative to Vg -0.3 +2.1 \"
Voltage on Vppq supply relative to Vgg -0.3 +2.1 \Y
AC and DC Operating Conditions
Table 8: DC Electrical Characteristics and Operating Conditions

Note 1 appliesto the entire table; Unlessotherwise noted: +0°C < Tg < +95°C; +1.7V < Vpp < +1.9V

Description Conditions Symbol Min Max Units Notes
Supply voltage - Vexr 2.38 2.63 \Y

Supply voltage - Vbp 1.7 1.9 \ 2
Isolated output buffer supply - Vbba 1.4 Vop \ 2,3
Reference voltage - VRer 0.49 x Vppq | 0.51 x Vppq \Y 4,5,6
Termination voltage - V7 0.95 x Vger | 1.05 x VRger Vv 7,8
Input high (logic 1) voltage - ViH Vpger + 0.1 Vppq + 0.3 Vv 2
Input low (logic 0) voltage - Vi Ve - 0.3 VRer- 0.1 \" 2
OUtpUt hlgh current VOH = VDDQ/2 IOH (VDDQ/Z)/ (VDDQ/Z)/ A 9,10, 11

(1.15 x RQ/5) | (0.85 x RQ/5)
OUtpUt low current VOL= VDDQ/2 |o|_ (VDDQ/Z)/ (VDDQ/Z)/ A 9, 10, 11
(1.15 x RQ/5) | (0.85 x RQ/5)

Clock input leakage current 0V <V|N<Vpp Ic -5 5 HA

Input leakage current 0V<V|N<Vpp I -5 5 HA

Output leakage current 0V <ViN<Vppq Lo -5 5 HA

Reference voltage current - lrer -5 5 pHA

Notes: 1.

All voltagesreferenced to Vg5 (GND).

Overshoot: Viyac) < Vpp + 0.7V for t <'CK/2. Undershoot: Vi ac) = -0.5V for t <'CK/2. Dur-
ing normal operation, Vppq must not exceed Vpp. Control input signalsmay not have pulse
widthslessthan 'CK/2 or operate at frequencies exceeding 'CK (MAX).

Vpbpq can be set to a nominal 1.5V £ 0.1V or 1.8V + 0.1V supply.

Typically the value of Vgepisexpected to be 0.5 x Vppq of the transmitting device. Vgeris
expected to track variationsin Vppq.

Peak-to-peak AC noise on Vger must not exceed +2% Vgerp)-

VReerisexpected to equal Vppg/2 of the transmitting device and to track variationsin the DC
level of the same. Peak-to-peak noise (non-common mode) on Vg may not exceed +2% of
the DCvalue. Thus, from Vppo/2, Vrerisallowed 2% Vppq/2 for DCerror and an additional
2% Vppg/2 for ACnoise. Thismeasurement isto be taken at the nearest Vggrbypasscapac-
itor.
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/7 ® 576Mb: x9, x18, x36 2.5V Vgx; 1.8V Vpp, HSTL, CIO, RLDRAM 2
(‘6’ Icron Electrical Specifications— ACand DC

7. Vqrisexpected to be set equal to Vggr and must track variationsin the DClevel of Vgger

8. On-die termination may be selected using mode register bit 9 (see the Mode Register Defi-
nition in Nonmultiplexed Address Mode figure). A resistance Ry from each data input sig-
nal to the nearest V{1 can be enabled.
Rt = 125-185Q at 95°C T,

9. lpy and I, are defined as absolute valuesand are measured at Vppg/2. oy flowsfrom the
device, lg_ flowsinto the device.

10. If MRSbit A8is0, use RQ = 250Q in the equation in lieu of presence of an external imped-
ance matched resistor.

11. For Vg and Vgy, refer to the RLDRAM 2 HSPICE or IBISdriver models.

Table 9: Input AC Logic Levels
Notes 1-3 apply to entire table; Unless otherwise noted: +0°C < T < +95°C; +1.7V < Vpp < +1.9V

Description Symbol Min Max Units
Input high (logic 1) voltage ViH VRes + 0.2 - \Y
Input low (logic 0) voltage ViL - Vger- 0.2 \Y

Notes: 1. All voltagesreferenced to Vg5 (GND).

2. The ACand DCinput level specifications are asdefined in the HSTL standard (that is, the
receiver will effectively switch asa result of the signal crossing the ACinput level, and will
remain in that state aslong asthe signal doesnot ring back above [below] the DCinput
LOW [HIGH] level).

3. The minimum slew rate for the input signalsused to test the device is2 V/nsin the range
between VIL(AC) and VIH(AC)' Seeillustration below:

Vbba
— — Vinag MIN
Vawing
_ _ _ - }TV”_[AC) MAX
GND
Rise time: Fall time:
2 V/ns 2 V/ns
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/7 ® 576Mb: x9, x18, x36 2.5V Vgx; 1.8V Vpp, HSTL, CIO, RLDRAM 2
(‘6’ Icron Electrical Specifications— ACand DC

Table 10: Differential Input Clock Operating Conditions
Notes 14 apply to the entire table; Unlessotherwise noted: +0°C < Tg< +95°C; +1.7V < Vpp < +1.9V

Parameter/Condition Symbol Min Max Units | Notes
Clock input voltage level: CK and CK# VinDo) 0.3 Vppq + 0.3 \Y

Clock input differential voltage: CK and CK# Vipig) 0.2 Vppq + 0.6 \Y 5
Clock input differential voltage: CK and CK# Vipag 0.4 Vppq + 0.6 \Y 5
Clock input crossing point voltage: CK and CK# Vixag) Vppa/2-0.15 | Vppg/2 +0.15 \ 6

Notes: 1. DKxand DKx# have the same requirements as CK and CK#.
2. All voltagesreferenced to Vg5 (GND).
3. The CK/CK# input reference level (for timing referenced to CK/CK#) isthe point at which CK
and CK# cross. The input reference level for signalsother than CK/CK# is Vggr.
4. CKand CK#input slew rate must be >2 V/ns (>4 V/nsif measured differentially).

5. V|pisthe magnitude of the difference between the input level on CK and the input level on
CK#.

6. The value of V|y isexpected to equal Vppg/2 of the transmitting device and must track vari-
ationsin the DClevel of the same.

Figure 7:  Clock Input

VIN(DC) M A X e e e i e e e e e e e S - Maximum clock level

CK#

Vppg/2 +0.15 -

Vppa/2

Vppg/2A - 0.15

CK
ViNDg MIN = = === e e e e o e e e e s s s s s s s s s s s s s s s s — Minimum clock level
Notes: 1. CKand CK# must crosswithin thisregion.
2. CKand CK# must meet at least Vippc) MIN when static and centered around Vppg/2.
3. Minimum peak-to-peak swing.
4. ltisaviolation to tristate CK and CK# after the part isinitialized.
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A}'/ﬂcron 576Mb: x9, x18, x36 2.5V Vgx; 1.8V Vpp, HSTL, CIO, RLDRAM 2

Electrical Specifications— ACand DC

Input Slew Rate Derating

Table 11 on page 23 and Table 12 on page 24 define the address, command, and data
setup and hold derating values. These values are added to the default 'AS/'CS/'DS and
'AH/'CH/'DH specifications when the slew rate of any of these input signals is less than
the 2 V/ns the nominal setup and hold specifications are based upon.

To determine the setup and hold time needed for a given slew rate, add the 'AS/'CS
default specification to the “'AS/'CS Vggp to CK/ CK# Crossing” and the 'AH/'CH default
specification to the “‘AH/'CH CK/CK# Crossing to Vygr” derated values on Table 11. The
derated data setup and hold values can be determined in a like manner using the “'DS
Vrer to CK/ CK# Crossing” and “‘DH to CK/ CK# Crossing to Vggg” values on Table 12.
The derating values on Table 11 and Table 12 apply to all speed grades.

The setup times on Table 11 and Table 12 represent a rising signal. In this case, the time
from which the rising signal crosses Vigac) MIN to the CK/ CK# cross point is static and
must be maintained across all slew rates. The derated setup timing represents the point
at which the rising signal crosses Vrgppc) to the CK/ CK# cross point. This derated value
is calculated by determining the time needed to maintain the given slew rate and the
delta between Vyyac) MIN and the CK/ CK# cross point. The setup values in Table 11 and
Table 12 are also valid for falling signals (with respect to Vi jac) MAXand the CK/ CK#
cross point).

The hold times in Table 11 and Table 12 represent falling signals. In this case, the time
from the CK/CK# cross point to when the signal crosses Viypcy MIN is static and must
be maintained across all slew rates. The derated hold timing represents the delta
between the CK/ CK# cross point to when the falling signal crosses Vgggpc). This derated
value is calculated by determining the time needed to maintain the given slew rate and
the delta between the CK/ CK# cross point and Vigpc). The hold values in Table 11 and
Table 12 are also valid for rising signals (with respect to Vj [DC] MAXand the CKand
CK# cross point).

Note: The above descriptions also pertain to data setup and hold derating when CK/CK# are
replaced with DK/ DK#.
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Aicron

576Mb: x9, x18, x36 2.5V Vgyp; 1.8V Vpp, HSTL, CIO, RLDRAM 2

Electrical Specifications— ACand DC

Table 11: Address and Command Setup and Hold Derating Values
Command/ 'AS/'Cs v, 'AH/'CH CK/CK#
Address Slew | 'ASICSVperto | MINto CKICKE | 'AH/ACH CKICK# Crossing to
Rate (V/ns) CK/CK# Crossing Crossing Crossing to Vger Vinocy MIN Units
CK, CK# Differential Sew Rate: 2.0 V/ns
2.0 0 -100 0 -50 ps
1.9 5 -100 3 =50 ps
1.8 11 -100 6 -50 ps
1.7 18 -100 9 -50 ps
1.6 25 -100 13 -50 ps
1.5 33 -100 17 -50 ps
1.4 43 -100 22 =50 ps
1.3 54 -100 27 -50 ps
1.2 67 -100 34 -50 ps
1.1 82 -100 41 -50 ps
1.0 100 -100 50 -50 ps
CK, CK# Differential Sew Rate: 1.5 V/ns
2.0 30 =70 30 —20 ps
1.9 35 =70 33 —20 ps
1.8 41 —70 36 —20 ps
1.7 48 -70 39 —20 ps
1.6 55 —70 43 —20 ps
1.5 63 -70 47 —20 ps
1.4 73 —70 52 —20 ps
1.3 84 =70 57 —20 ps
1.2 97 —70 64 —20 ps
1.1 112 -70 71 —20 ps
1.0 130 —70 80 —20 ps
CK, CK# Differential Sew Rate: 1.0 V/ns
2.0 60 —40 60 10 ps
1.9 65 —40 63 10 ps
1.8 71 —40 66 10 ps
1.7 78 —40 69 10 ps
1.6 85 —40 73 10 ps
1.5 93 —40 77 10 ps
1.4 103 —40 82 10 ps
1.3 114 —40 87 10 ps
1.2 127 —40 94 10 ps
1.1 142 —40 101 10 ps
1.0 160 —40 110 10 ps
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é‘yjlcron 576Mb: x9, x18, x36 2.5V Vgx; 1.8V Vpp, HSTL, CIO, RLDRAM 2

Electrical Specifications— ACand DC

Table 12: Data Setup and Hold Derating Values

'DH CK/CK#
Data Slew Rate 'DS Vper to 'DS V|yac) MIN to 'DH CK/CK# Crossing to
(V/ns) CK/CK# Crossing CK/CK& 8)rossing Crossing to Vger V,H(Dc) MIN Units

DK, DK# Differential Sew Rate: 2.0 V/ns
2.0 0 -100 0 -50 ps
1.9 5 -100 3 =50 ps
1.8 11 -100 6 -50 ps
1.7 18 -100 9 -50 ps
1.6 25 -100 13 -50 ps
1.5 33 -100 17 -50 ps
1.4 43 -100 22 -50 ps
1.3 54 -100 27 =50 ps
1.2 67 -100 34 -50 ps
1.1 82 -100 41 -50 ps
1.0 100 -100 50 -50 ps

DK, DK# Differential Sew Rate: 1.5 V/ns
2.0 30 =70 30 -20 ps
1.9 35 =70 33 —20 ps
1.8 41 =70 36 —20 ps
1.7 48 -70 39 —20 ps
1.6 55 -70 43 —20 ps
1.5 63 =70 47 —20 ps
1.4 73 -70 52 20 ps
1.3 84 =70 57 —20 ps
1.2 97 =70 64 —20 ps
1.1 112 =70 71 —20 ps
1.0 130 -70 80 —20 ps

DK, DK# Differential Sew Rate: 1.0 V/ns
2.0 60 —40 60 10 ps
1.9 65 —40 63 10 ps
1.8 71 —40 66 10 ps
1.7 78 —40 69 10 ps
1.6 85 —40 73 10 ps
1.5 93 —40 77 10 ps
1.4 103 —40 82 10 ps
1.3 114 —40 87 10 ps
1.2 127 —40 94 10 ps
1.1 142 —40 101 10 ps
1.0 160 —40 110 10 ps
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/7 ® 576Mb: x9, x18, x36 2.5V Vgx; 1.8V Vpp, HSTL, CIO, RLDRAM 2
C.E' Icron Electrical Specifications— ACand DC

Figure 8: Nominal 'AS!'CS/'DS and 'AH!CH/'DH Slew Rate
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Table 13: Capacitance — uBGA
Notes 1-2 apply to entire table

Description Symbol Conditions Min Max Units
Address/control input capacitance G Ta = 25°C; f =100 MHz 1.0 2.0 pF
Input/output capacitance (DQ, DM, and QK/QK#) Co Vpbp = Vppg = 1.8V 3.0 45 pF
Clock capacitance (CK/CK#, and DK/DK#) Cek 1.5 25 pF

Notes: 1. Capacitance isnot tested on ZQ pin.
2. JTAG pinsare tested at 50 MHz.
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