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CIO RLDRAM ® 2
M T49H64M 9 – 64 M eg x 9 x 8 Banks

M T49H32M 18 – 32 M eg x 18 x 8 Banks

M T49H16M 36 – 16 M eg x 36 x 8 Banks

Features
• 533 MHz DDR operation  (1.067 Gb/ s/ p in  data rate)

• 38.4 Gb/ s peak ban dwidth  (x36 at 533 MHz clock 

frequency)

• Organ ization

– 64 Meg x 9, 32 Meg x 18, and 16 Meg x 36 I/ O

– 8 banks

• Reduced cycle tim e (15ns at 533 MHz)

• Nonm ultip lexed addresses (address m ultip lexing 

option  available)

• SRAM-type in terface

• Program m able READ latency (RL), row cycle tim e, 

and burst sequence length

• Balanced READ and WRITE latencies in  order to 

optim ize data bus u tilization

• Data m ask for WRITE com m ands

• Differen tial in put clocks (CK, CK#)

• Differen tial in put data clocks (DKx, DKx#)

• On-die DLL generates CK edge-aligned data and 

output data clock signals

• Data valid sign al (QVLD)

• 32m s refresh  (16K refresh  for each  bank; 128K refresh  

com m and m ust be issued in  total each  32m s)

• 144-ball µBGA package

• HSTL I/ O (1.5V or 1.8V nom inal)

• 25–60 m atched im pedance outputs

• 2.5V VEXT, 1.8V VDD, 1.5V or 1.8V VDDQ I/ O

• On-die term ination  (ODT) RTT

Notes: 1. Not all op tions listed can  be com bined to 

define an  offered product. Use the part cata-

log search  on  www.m icron .com  for available 

offerings.

Options1 M arking

• Clock cycle tim ing

– 1.875ns @ tRC = 15ns -18

– 2.5ns @ tRC = 15n s -25E

– 2.5ns @ tRC = 20n s -25

– 3.3ns @ tRC = 20n s -33

• Configuration

– 64 Meg x 9 64M9

– 32 Meg x 18 32M18

– 16 Meg x 36 16M36

• Operating tem perature

– Com m ercial (0° to +95°C) None

– In dustrial (TC = –40°C to +95°C; 

TA = –40°C to +85°C)

IT

• Package

– 144-ball µBGA FM

– 144-ball µBGA (Pb-free) BM

• Revision :A/ :B
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Figure 1:  576M b RLDRAM  2 CIO Part  Numbers

BGA Part  M arking Decoder

Due to space lim itations, BGA-packaged com ponen ts have an  abbreviated part m arking 

that is differen t from  the part num ber. Micron’s BGA Part Marking Decoder is available 

on  Micron’s Web site at m icron .com .

Package

144-ball µBGA

144-ball µBGA (Pb-f ree)

Example Part Number:   MT49H16M36FM-25 :B
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General Descript ion

General Descript ion

The Micron ® reduced latency DRAM (RLDRAM®) 2 is a h igh-speed m em ory device 

designed for h igh  bandwidth  data storage—telecom m unications, networking, and 

cache applications, etc. The chip’s 8-bank architecture is optim ized for sustainable h igh  

speed operation .

The DDR I/ O in terface transfers two data words per clock cycle at the I/ O balls. Output 

data is referenced to the free-runn ing output data clock. 

Com m ands, addresses, and con trol signals are registered at every positive edge of the 

differen tial input clock, while input data is registered at both  positive and negative edges 

of the input data clock(s).

Read and write accesses to the RLDRAM are burst-orien ted. The burst length  (BL) is 

p rogram m able from  2, 4, or 8 by setting the m ode register.

The device is supp lied with  2.5V and 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 in ternally.

The µBGA 144-ball package is used to enable u ltra h igh-speed data transfer rates and a 

sim ple upgrade path  from  early generation  devices.



PDF: 09005aef80fe62fb/Source: 09005aef809f284b Micron Technology, Inc., reserves the right  to change products or specif icat ions without  not ice.
576Mb_RLDRAM_2_CIO_D2.fm - Rev. J 10/12 EN 7 ©2004 Micron Technology, Inc. All rights reserved.

576M b: x9, x18, x36 2.5V VEXT, 1.8V VDD, HSTL, CIO, RLDRAM  2
State Diagram

State Diagram

Figure 2:  Simplif ied State Diagram
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Funct ional Block Diagrams

Figure 3:  64 M eg x 9 Funct ional Block Diagram

Notes: 1. Example for BL = 2; column address will be reduced with an increase in burst  length.

2. 32 = (length of  burst ) x 2^ (number of  column addresses to WRITE FIFO and READ logic).
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Figure 4:  32 M eg x 18 Funct ional Block Diagram

Notes: 1. Example for BL = 2; column address will be reduced with an increase in burst  length.

2. 16 = (length of  burst ) x 2^ (number of  column addresses to WRITE FIFO and READ logic).

14

WE#

CK#

CS#

REF#

CK

8

A0–A20
1

BA0–BA2

ZQ

24

16

I/O gat ing
DQM mask logic

Column
decoder

Bank 0
memory

array
(16,384 x 16 x 16 x 18)2

16,384

Bank
control
logic

Bank 1
Bank 0

Bank 2
Bank 3

Bank 4

Bank 6
Bank 5

Bank 7

14

7
1

3
8

8

Refresh
counter

14

18

Mode register

Control
logic

C
o

m
m

a
n

d
d

e
co

d
e

Row-
address

MUX

Address
register

Column-
address
counter/

latch

7
1

288

READ
logic

WRITE
FIFO
and

drivers

CLK
in

288

288

n

n

18

18

18

4

2

18

DQ
latch

QK/QK#
generator

Drivers

DLL

CK/CK#

RCVRS

In
p

u
t

lo
g

ic

(0 ....17)

VTT

RTT

ODT control

ODT control

VTT

RTT

ODT control

DQ0–DQ17

QK0–QK1/QK0#–QK1#
QVLD

DK/DK#

DM

Output  driversZQ CAL

ZQ CAL

4

3
1

3
1

SENSE AMPLIFIERSSense amplif iers

16,384

18

18

Bank 0
row-

address
latch
and

decoder



P
D

F
: 0

9
0

0
5
a
e

f8
0
fe

6
2

fb
/S

o
u

rce
: 0

9
0
0

5
a
e
f8

0
9
f2

8
4

b
M

icro
n

 T
e
ch

n
o

lo
g

y
, In

c., re
se

rv
e
s th

e
 rig

h
t to

 ch
a
n

g
e

 p
ro

d
u

cts o
r sp

e
cifica

tio
n

s w
ith

o
u

t n
o

tice
.

5
7
6

M
b

_
R

L
D

R
A

M
_
2
_
C

IO
_
D

2
.fm

-
R

e
v
. J 

1
0
/1

2
 E

N
1

0
©

2
0
0
4
 M

icro
n

 T
e
ch

n
o

lo
g

y
, In

c. A
ll rig

h
ts re

se
rv

e
d

.

5
7

6
M

b
: x

9
, x

1
8

, x
3

6
 2

.5
V

 V
E

X
T , 1

.8
V

 V
D

D
, H

S
T
L
, C

IO
, R

L
D

R
A

M
 2

S
ta

te
 D

ia
g

ra
m

Figure 5:  16 M eg x 36 Funct ional Block Diagram

Notes: 1. Example for BL = 2; column address will be reduced with an increase in burst  length.

2. 8 = (length of  burst ) x 2^ (number of  column addresses to WRITE FIFO and READ logic).
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Ball Assignments and Descript ions

Ball Assignments and Descript ions

Notes: 1. Reserved for future use. This signal is not  connected.

2. No funct ion. This signal is internally connected and has parasit ic characterist ics of  a clock 

input  signal. This may opt ionally be connected to GND.

3. Do not  use. This signal is internally connected and has parasit ic characterist ics of  an I/O. This 

may opt ionally be connected to GND. Note that  if  ODT is enabled on Rev. A die, these pins 

will be connected to VTT. The DNU pins are High-Z on Rev. B die when ODT is enabled.

Table 1: 64 M eg x 9 Ball Assignments (Top View ) 144-Ball µBGA

1 2 3 4 5 6 7 8 9 10 11 12

A VREF VSS VEXT VSS VSS VEXT TMS TCK

B VDD DNU3 DNU3 VSSQ VSSQ DQ0 DNU3 VDD

C VTT DNU3 DNU3 VDDQ VDDQ DQ1 DNU3 VTT

D A221 DNU3 DNU3 VSSQ VSSQ QK0# QK0 VSS

E A21 DNU3 DNU3 VDDQ VDDQ DQ2 DNU3 A20

F A5 DNU3 DNU3 VSSQ VSSQ DQ3 DNU3 QVLD

G A8 A6 A7 VDD VDD A2 A1 A0

H B2 A9 VSS VSS VSS VSS A4 A3

J NF2 NF2 VDD VDD VDD VDD B0 CK

K DK DK# VDD VDD VDD VDD B1 CK#

L REF# CS# VSS VSS VSS VSS A14 A13

M WE# A16 A17 VDD VDD A12 A11 A10

N A18 DNU3 DNU3 VSSQ VSSQ DQ4 DNU3 A19

P A15 DNU3 DNU3 VDDQ VDDQ DQ5 DNU3 DM

R VSS DNU3 DNU3 VSSQ VSSQ DQ6 DNU3 VSS

T VTT DNU3 DNU3 VDDQ VDDQ DQ7 DNU3 VTT

U VDD DNU3 DNU3 VSSQ VSSQ DQ8 DNU3 VDD

V VREF ZQ VEXT VSS VSS VEXT TDO TDI
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Ball Assignments and Descript ions

Notes: 1. Reserved for future use. This may opt ionally be connected to GND.

2. Reserved for future use. This signal is internally connected and has parasit ic characterist ics 

of  an address input  signal. This may opt ionally be connected to GND.

3. No funct ion. This signal is internally connected and has parasit ic characterist ics of  a clock 

input  signal. This may opt ionally be connected to GND.

4. Do not  use. This signal is internally connected and has parasit ic characterist ics of  a I/O. This 

may opt ionally be connected to GND. Note that  if  ODT is enabled on Rev. A die, these pins 

will be connected to VTT. The DNU pins are High-Z on Rev. B die when ODT is enabled.

Table 2: 32 M eg x 18 Ball Assignments (Top View ) 144-Ball µBGA

1 2 3 4 5 6 7 8 9 10 11 12

A VREF VSS VEXT VSS VSS VEXT TMS TCK

B VDD DNU4 DQ4 VSSQ VSSQ DQ0 DNU4 VDD

C VTT DNU4 DQ5 VDDQ VDDQ DQ1 DNU4 VTT

D A221 DNU4 DQ6 VSSQ VSSQ QK0# QK0 VSS

E A212 DNU4 DQ7 VDDQ VDDQ DQ2 DNU4 A20

F A5 DNU4 DQ8 VSSQ VSSQ DQ3 DNU4 QVLD

G A8 A6 A7 VDD VDD A2 A1 A0

H B2 A9 VSS VSS VSS VSS A4 A3

J NF3 NF3 VDD VDD VDD VDD B0 CK

K DK DK# VDD VDD VDD VDD B1 CK#

L REF# CS# VSS VSS VSS VSS A14 A13

M WE# A16 A17 VDD VDD A12 A11 A10

N A18 DNU4 DQ14 VSSQ VSSQ DQ9 DNU4 A19

P A15 DNU4 DQ15 VDDQ VDDQ DQ10 DNU4 DM

R VSS QK1 QK1# VSSQ VSSQ DQ11 DNU4 VSS

T VTT DNU4 DQ16 VDDQ VDDQ DQ12 DNU4 VTT

U VDD DNU4 DQ17 VSSQ VSSQ DQ13 DNU4 VDD

V VREF ZQ VEXT VSS VSS VEXT TDO TDI
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Ball Assignments and Descript ions

Notes: 1. Reserved for future use. This may opt ionally be connected to GND.

2. Reserved for future use. This signal is internally connected and has parasit ic characterist ics 

of  an address input  signal. This may opt ionally be connected to GND.

Table 3: 16 M eg x 36 Ball Assignments (Top View ) 144-Ball µBGA

1 2 3 4 5 6 7 8 9 10 11 12

A VREF VSS VEXT VSS VSS VEXT TMS TCK

B VDD DQ8 DQ9 VSSQ VSSQ DQ1 DQ0 VDD

C VTT DQ10 DQ11 VDDQ VDDQ DQ3 DQ2 VTT

D A221 DQ12 DQ13 VSSQ VSSQ QK0# QK0 VSS

E A212 DQ14 DQ15 VDDQ VDDQ DQ5 DQ4 A202

F A5 DQ16 DQ17 VSSQ VSSQ DQ7 DQ6 QVLD

G A8 A6 A7 VDD VDD A2 A1 A0

H B2 A9 VSS VSS VSS VSS A4 A3

J DK0 DK0# VDD VDD VDD VDD B0 CK

K DK1 DK1# VDD VDD VDD VDD B1 CK#

L REF# CS# VSS VSS VSS VSS A14 A13

M WE# A16 A17 VDD VDD A12 A11 A10

N A18 DQ24 DQ25 VSSQ VSSQ DQ35 DQ34 A19

P A15 DQ22 DQ23 VDDQ VDDQ DQ33 DQ32 DM

R VSS QK1 QK1# VSSQ VSSQ DQ31 DQ30 VSS

T VTT DQ20 DQ21 VDDQ VDDQ DQ29 DQ28 VTT

U VDD DQ18 DQ19 VSSQ VSSQ DQ27 DQ26 VDD

V VREF ZQ VEXT VSS VSS VEXT TDO TDI
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Ball Assignments and Descript ions

Table 4: Ball Descript ions

Symbol Type Descript ion

A0–A21 Input Address inputs: A0–A21 def ine the row and column addresses for READ and WRITE operat ions. 

During a MODE REGISTER SET, the address inputs def ine the register set t ings. They are sampled 

at  the rising edge of  CK.

BA0–BA2 Input Bank address inputs: Select  to which internal bank a command is being applied.

CK, CK# Input Input  clock: CK and CK# are dif ferent ial input  clocks. Addresses and commands are latched on 

the rising edge of  CK. CK# is ideally 180 degrees out  of  phase with CK.

CS# Input Chip select: CS# enables the command decoder when LOW and disables it  when HIGH. When 

the command decoder is disabled, new commands are ignored, but  internal operat ions cont inue.

DK, DK# Input Input data clock: DK and DK# are the dif ferent ial input  data clocks. All input  data is referenced 

to both edges of  DK. DK# is ideally 180 degrees out  of  phase with DK. For the x36 device, DQ0–

DQ17 are referenced to DK0 and DK0# 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  always be 

supplied to the device.

DM Input Input  data mask: The DM signal is the input  mask signal for WRITE data. Input  data is masked 

when DM is sampled HIGH. DM is sampled on both edges of  DK (DK1 for the x36 conf igurat ion). 

Tie signal to ground if  not  used.

TCK Input IEEE 1149.1 clock input: This ball must  be t ied to VSS if  the JTAG funct ion is not  used.

TMS, TDI Input IEEE 1149.1 test  inputs: These balls may be lef t  as no connects if  the JTAG funct ion is not  used.

WE#, REF# Input Command inputs: Sampled at  the posit ive edge of  CK, WE# and REF# def ine (together with 

CS#) the command to be executed.

DQ0–DQ35 I/O Data input: The DQ signals form the 36-bit  data bus. During READ commands, the data is 

referenced to both edges of  QKx. During WRITE commands, the data is sampled at  both edges of  

DK.

QKx, QKx# Output Output data clocks: QKx and QKx# are opposite polarity, output  data clocks. They are f ree-

running, and during READs, are edge-aligned with data output  f rom the RLDRAM. QKx# is 

ideally 180 degrees out  of  phase with QKx. For the x36 device, QK0 and QK0# are aligned with 

DQ0–DQ17, and QK1 and QK1# are aligned with DQ18–DQ35. For the x18 device, QK0 and QK0# 

are aligned with DQ0–DQ8, while QK1 and QK1# are aligned with Q9–Q17. For the x9 device, all 

DQs are aligned with QK0 and QK0#.

QVLD Output Data valid: The QVLD pin indicates valid output  data. QVLD is edge-aligned with QKx and QKx#.

TDO Output IEEE 1149.1 test  output: JTAG output . This ball may be lef t  as no connect  if  the JTAG funct ion 

is not  used.

ZQ Reference External impedance (25–60): This signal is used to tune the device outputs to the system data 

bus impedance. DQ output  impedance is set  to 0.2 × RQ, where RQ is a resistor f rom this signal to 

ground. Connect ing ZQ to GND invokes the minimum impedance mode. Connect ing ZQ to VDD 

invokes the maximum impedance mode. Refer to Figure 10 on page 33 to act ivate this funct ion.

VDD Supply Pow er supply: Nominally, 1.8V. See Table 8 on page 19 for range.

VDDQ Supply DQ pow er 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 Pow er supply: Nominally, 2.5V. See Table 8 on page 19 for range.

VREF Supply Input reference voltage: Nominally VDDQ/2. Provides a reference voltage for the input  buffers.

VSS Supply Ground.

VSSQ Supply DQ ground: Isolated on the device for improved noise immunity.

VTT Supply Pow er supply: Isolated terminat ion supply. Nominally, VDDQ/2. See Table 8 on page 19 for 

range.

A22 – Reserved for future use: This signal is not  connected and may be connected to ground.

DNU – Do not  use: These balls may be connected to ground. Note that  if  ODT is enabled on Rev. A die, 

these pins will be connected to VTT. The DNU pins are High-Z on Rev. B die when ODT is enabled.

NF – No funct ion: These balls can be connected to ground.
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Package Dimensions

Package Dimensions

Figure 6:  144-Ball µBGA

Notes: 1. All dimensions are in millimeters.
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1 TYP
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144X Ø0.51
Solder ball material:
Eutect ic (62% Sn,
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Electrical Specif icat ions – IDD

Table 5: IDD Operat ing Condit ions and M aximum Limits – Rev. A

Descript ion Condit ion Symbol -18 -25E -25 -33 Units

Standby current tCK = idle; All banks idle; No inputs toggling ISB1 (VDD) x9/x18 55 53 48 48 mA

ISB1 (VDD) x36 55 53 48 48

ISB1 (VEXT) 5 5 5 5

Act ive standby 

current

CS# = 1; No commands; Bank address 

incremented and half  address/data change 

once every four clock cycles

ISB2 (VDD) x9/x18 365 293 288 233 mA

ISB2 (VDD) x36 365 293 288 233

ISB2 (VEXT) 5 5 5 5

Operat ional 

current

BL = 2; Sequent ial bank access; Bank t ransit ions 

once every tRC; Half  address t ransit ions once 

every tRC; Read followed by write sequence; 

Cont inuous data during WRITE commands

IDD1 (VDD) x9/x18 465 380 348 305 mA

IDD1 (VDD) x36 485 400 374 343

IDD1 (VEXT) 15 15 15 13

Operat ional 

current

BL = 4; Sequent ial bank access; Bank t ransit ions 

once every tRC; Half  address t ransit ions once 

every tRC; Read followed by write sequence; 

Cont inuous data during WRITE commands

IDD2 (VDD) x9/x18 475 400 362 319 mA

IDD2 (VDD) x36 510 425 418 389

IDD2 (VEXT) 15 15 15 13

Operat ional 

current

BL = 8; Sequent ial bank access; Bank t ransit ions 

once every tRC; Half  address t ransit ions once 

every tRC; Read followed by write sequence; 

Cont inuous data during WRITE commands

IDD3 (VDD) x9/x18 505 430 408 368 mA

IDD3 (VDD) x36 625 540 460 425

IDD3 (VEXT) 20 20 20 18

Burst  ref resh 

current

Eight  bank cyclic ref resh; Cont inuous address/

data; Command bus remains in ref resh for all 

eight  banks

IREF1 (VDD) x9/x18 995 790 785 615 mA

IREF1 (VDD) x36 995 915 785 615

IREF1 (VEXT) 80 80 80 70

Dist ributed 

ref resh current

Single bank ref resh; Sequent ial bank access; 

Half  address t ransit ions once every tRC; 

Cont inuous data

IREF2 (VDD) x9/x18 425 330 325 267 mA

IREF2 (VDD) x36 425 390 326 281

IREF2 (VEXT) 20 20 20 18

Operat ing burst  

write current  

example

BL = 2; Cyclic bank access; Half  of  address bits 

change every clock cycle; Cont inuous data; 

Measurement  is taken during cont inuous 

WRITE

IDD2W (VDD) 

x9/x18

1335 980 970 819 mA

IDD2W (VDD) x36 1545 1,105 1,100 914

IDD2W (VEXT) 50 50 50 40

Operat ing burst  

write current  

example

BL = 4; Cyclic bank access; Half  of  address bits 

change every two clock cycles; Cont inuous 

data; Measurement  is taken during cont inuous 

WRITE

IDD4W (VDD) 

X9/X18

985 785 779 609 mA

IDD4W (VDD) x36 1185 887 882 790

IDD4W (VEXT) 30 30 30 25

Operat ing burst  

write current  

example

BL = 8; Cyclic bank access; Half  of  address bits 

change every four clock cycles; Cont inuous 

data; Measurement  is taken during cont inuous 

WRITE

IDD8W (VDD) 

x9/x18

770 675 668 525 mA

IDD8W (VDD) x36 1095 755 750 580

IDD8W (VEXT) 30 30 30 25

Operat ing burst  

read current  

example

BL = 2; Cyclic bank access; Half  of  address bits 

change every clock cycle; Cont inuous data; 

Measurement  is taken during cont inuous READ

IDD2R (VDD) x9/x18 1225 940 935 735 mA

IDD2R (VDD) x36 1270 995 990 795

IDD2R (VEXT) 50 50 50 40

Operat ing burst  

read current  

example

BL = 4; Cyclic bank access; Half  of  address bits 

change every two clock cycles; Cont inuous 

data; Measurement  is taken during cont inuous 

READ

IDD4R (VDD) x9/x18 860 685 680 525 mA

IDD4R (VDD) x36 920 735 730 660

IDD4R (VEXT) 30 30 30 25
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Operat ing burst  

read current  

example

BL = 8; Cyclic bank access; Half  of  address bits 

change every four clock cycles; Cont inuous 

data; Measurement  is taken during cont inuous 

READ

IDD8R (VDD) x9/x18 655 575 570 450 mA

IDD8R (VDD) x36 855 665 660 505

IDD8R (VEXT) 30 30 30 25

Table 6: IDD Operat ing Condit ions and M aximum Limits – Rev. B

Descript ion Condit ion Symbol -18 -25E -25 -33 Units

Standby current tCK = idle; All banks idle; No inputs toggling ISB1 (VDD) x9/x18 55 55 55 55 mA

ISB1 (VDD) x36 55 55 55 55

ISB1 (VEXT) 5 5 5 5

Act ive standby 

current

CS# = 1; No commands; Bank address 

incremented and half  address/data change 

once every four clock cycles

ISB2 (VDD) x9/x18 250 215 215 190 mA

ISB2 (VDD) x36 250 215 215 190

ISB2 (VEXT) 5 5 5 5

Operat ional 

current

BL = 2; Sequent ial bank access; Bank t ransit ions 

once every tRC; Half  address t ransit ions once 

every tRC; Read followed by write sequence; 

Cont inuous data during WRITE commands

IDD1 (VDD) x9/x18 310 285 260 225 mA

IDD1 (VDD) x36 320 295 270 230

IDD1 (VEXT) 10 10 10 10

Operat ional 

current

BL = 4; Sequent ial bank access; Bank t ransit ions 

once every tRC; Half  address t ransit ions once 

every tRC; Read followed by write sequence; 

Cont inuous data during WRITE commands

IDD2 (VDD) x9/x18 315 290 260 220 mA

IDD2 (VDD) x36 330 305 275 230

IDD2 (VEXT) 10 10 10 10

Operat ional 

current

BL = 8; Sequent ial bank access; Bank t ransit ions 

once every tRC; Half  address t ransit ions once 

every tRC; Read followed by write sequence; 

Cont inuous data during WRITE commands

IDD3 (VDD) x9/x18 330 305 275 230 mA

IDD3 (VDD) x36 390 365 320 265

IDD3 (VEXT) 15 15 15 15

Burst  ref resh 

current

Eight  bank cyclic ref resh; Cont inuous address/

data; Command bus remains in ref resh for all 

eight  banks

IREF1 (VDD) x9/x18 660 540 530 430 mA

IREF1 (VDD) x36 670 545 535 435

IREF1 (VEXT) 45 30 30 25

Dist ributed 

ref resh current

Single bank ref resh; Sequent ial bank access; 

Half  address t ransit ions once every tRC; 

Cont inuous data

IREF2 (VDD) x9/x18 295 265 250 215 mA

IREF2 (VDD) x36 295 265 250 215

IREF2 (VEXT) 10 10 10 10

Operat ing burst  

write current  

example

BL = 2; Cyclic bank access; Half  of  address bits 

change every clock cycle; Cont inuous data; 

Measurement  is taken during cont inuous 

WRITE

IDD2W (VDD) 

x9/x18

830 655 655 530 mA

IDD2W (VDD) x36 885 700 700 565

IDD2W (VEXT) 40 35 35 30

Operat ing burst  

write current  

example

BL = 4; Cyclic bank access; Half  of  address bits 

change every two clock cycles; Cont inuous 

data; Measurement  is taken during cont inuous 

WRITE

IDD4W (VDD) 

X9/X18

580 465 465 385 mA

IDD4W (VDD) x36 635 510 510 420

IDD4W (VEXT) 25 20 20 20

Operat ing burst  

write current  

example

BL = 8; Cyclic bank access; Half  of  address bits 

change every four clock cycles; Cont inuous 

data; Measurement  is taken during cont inuous 

WRITE

IDD8W (VDD) 

x9/x18

445 370 370 305 mA

IDD8W (VDD) x36 560 455 455 375

IDD8W (VEXT) 25 20 20 20

Operat ing burst  

read current  

example

BL = 2; Cyclic bank access; Half  of  address bits 

change every clock cycle; Cont inuous data; 

Measurement  is taken during cont inuous READ

IDD2R (VDD) x9/x18 805 640 640 515 mA

IDD2R (VDD) x36 850 675 675 540

IDD2R (VEXT) 40 35 35 30

Table 5: IDD Operat ing Condit ions and M aximum Limits – Rev. A

Descript ion Condit ion Symbol -18 -25E -25 -33 Units
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Notes: 1. IDD specif icat ions are tested af ter the device is properly init ialized. +0°C  TC  +95°C; +1.7V 

 VDD  +1.9V, +2.38V  VEXT  +2.63V, +1.4V  VDDQ  VDD, VREF = VDDQ/2.

2. tCK = tDK = MIN, tRC = MIN.

3. Input  slew rate is specif ied in Table 9 on page 20.

4. Def init ions for IDD condit ions:

4a. LOW is def ined as VIN  VIL(AC) MAX.

4b. HIGH is def ined as VIN  VIH(AC) MIN.

4c. Stable is def ined as inputs remaining at  a HIGH or LOW level.

4d. Float ing is def ined as inputs at  VREF = VDDQ/2.

4e. Cont inuous data is def ined as half  the DQ signals changing between HIGH and LOW 

every half  clock cycle (twice per clock).

4f . Cont inuous address is def ined as half  the address signals changing between HIGH and 

LOW every clock cycle (once per clock).

4g. Sequent ial bank access is def ined as the bank address increment ing by one every tRC.

4h. Cyclic bank access is def ined as the bank address increment ing by one for each com-

mand access. For BL = 2 this is every clock, for BL = 4 this is every other clock, and for 

BL = 8 this is every fourth clock.

5. CS# is HIGH unless a READ, WRITE, AREF, or MRS command is registered. CS# never t ransi-

t ions more than once per clock cycle.

6. IDD parameters are specif ied with ODT disabled.

7. Tests for AC t iming, IDD, and elect rical AC and DC characterist ics may be conducted at  nomi-

nal reference/supply voltage levels, but  the related specif icat ions and device operat ions are 

tested for the full voltage range specif ied. 

8. IDD tests may use a VIL-to-VIH swing of  up to 1.5V in the test  environment , but  input  t iming 

is st ill referenced to VREF (or to the crossing point  for CK/CK#), and parameter specif icat ions 

are tested for the specif ied AC input  levels under normal use condit ions. The minimum slew 

rate for the input  signals used to test  the device is 2 V/ns in the range between VIL(AC) and 

VIH(AC).

Operat ing burst  

read current  

example

BL = 4; Cyclic bank access; Half  of  address bits 

change every two clock cycles; Cont inuous 

data; Measurement  is taken during cont inuous 

READ

IDD4R (VDD) x9/x18 545 440 440 365 mA

IDD4R (VDD) x36 590 475 475 390

IDD4R (VEXT) 25 20 20 20

Operat ing burst  

read current  

example

BL = 8; Cyclic bank access; Half  of  address bits 

change every four clock cycles; Cont inuous 

data; Measurement  is taken during cont inuous 

READ

IDD8R (VDD) x9/x18 410 335 335 280 mA

IDD8R (VDD) x36 525 425 425 350

IDD8R (VEXT) 25 20 20 20

Table 6: IDD Operat ing Condit ions and M aximum Limits – Rev. B

Descript ion Condit ion Symbol -18 -25E -25 -33 Units
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Electrical Specif icat ions – AC and DC

Absolute M aximum Rat ings

Stresses greater than  those listed in  Table 7 m ay cause perm anen t dam age to the device. 

This is a stress rating on ly, and functional operation  of the device at these or any other 

conditions outside those indicated in  the operational sections of th is specification  is not 

im plied. Exposure to absolute m axim um  rating conditions for exten ded periods m ay 

affect reliability.

AC and DC Operat ing Condit ions

Notes: 1. All voltages referenced to VSS (GND).

2. Overshoot : VIH(AC)  VDD + 0.7V for t   tCK/2. Undershoot : VIL(AC)  –0.5V for t   tCK/2. Dur-

ing normal operat ion, VDDQ must  not  exceed VDD. Cont rol input  signals may not  have pulse 

widths less than tCK/2 or operate at  f requencies exceeding tCK (MAX).

3. VDDQ can be set  to a nominal 1.5V ± 0.1V or 1.8V ± 0.1V supply.

4. Typically the value of  VREF is expected to be 0.5 x VDDQ of  the t ransmit t ing device. VREF is 

expected to t rack variat ions in VDDQ.

5. Peak-to-peak AC noise on VREF must  not  exceed ±2% VREF(DC).

6. VREF is expected to equal VDDQ/2 of  the t ransmit t ing device and to t rack variat ions in the DC 

level of  the same. Peak-to-peak noise (non-common mode) on VREF may not  exceed ±2% of  

the DC value. Thus, f rom VDDQ/2, VREF is allowed ±2% VDDQ/2 for DC error and an addit ional 

±2% VDDQ/2 for AC noise. This measurement  is to be taken at  the nearest  VREF bypass capac-

itor.

Table 7: Absolute M aximum Rat ings

Parameter M in M ax Units

I/O voltage –0.3 VDDQ + 0.3 V

Voltage on VEXT supply relat ive to VSS –0.3 +2.8 V

Voltage on VDD supply relat ive to VSS –0.3 +2.1 V

Voltage on VDDQ supply relat ive to VSS –0.3 +2.1 V

Table 8: DC Electrical Characterist ics and Operat ing Condit ions
Note 1 applies to the ent ire table; Unless otherwise noted: +0°C  TC  +95°C; +1.7V  VDD  +1.9V

Descript ion Condit ions Symbol M in M ax Units Notes

Supply voltage – VEXT 2.38 2.63 V

Supply voltage – VDD 1.7 1.9 V  2

Isolated output  buffer supply – VDDQ 1.4 VDD V  2, 3

Reference voltage – VREF 0.49 × VDDQ 0.51 × VDDQ V 4, 5, 6

Terminat ion voltage – VTT 0.95 × VREF 1.05 × VREF V 7, 8

Input  high (logic 1) voltage – VIH VREF + 0.1 VDDQ + 0.3 V  2

Input  low (logic 0) voltage – VIL VSSQ - 0.3 VREF - 0.1 V  2

Output  high current VOH = VDDQ/2 IOH (VDDQ/2)/

(1.15 × RQ/5)

(VDDQ/2)/

(0.85 × RQ/5)

A 9, 10, 11

Output  low current VOL = VDDQ/2 IOL (VDDQ/2)/

(1.15 × RQ/5)

(VDDQ/2)/

(0.85 × RQ/5)

A 9, 10, 11

Clock input  leakage current 0V  VIN  VDD ILC –5 5 µA

Input  leakage current 0V  VIN  VDD ILI –5 5 µA

Output  leakage current 0V  VIN  VDDQ ILO –5 5 µA

Reference voltage current – IREF –5 5 µA
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7. VTT is expected to be set  equal to VREF and must  t rack variat ions in the DC level of  VREF.

8. On-die terminat ion may be selected using mode register bit  9 (see the Mode Register Def i-

nit ion in Nonmult iplexed Address Mode f igure). A resistance RTT f rom each data input  sig-

nal to the nearest  VTT can be enabled. 

RTT = 125–185 at  95°C TC.

9. IOH and IOL are def ined as absolute values and are measured at  VDDQ/2. IOH f lows f rom the 

device, IOL f lows into the device.

10. If  MRS bit  A8 is 0, use RQ = 250 in the equat ion in lieu of  presence of  an external imped-

ance matched resistor.

11. For VOL and VOH, refer to the RLDRAM 2 HSPICE or IBIS driver models.

Notes: 1. All voltages referenced to VSS (GND).

2. The AC and DC input  level specif icat ions are as def ined in the HSTL standard (that  is, the 

receiver will effect ively switch as a result  of  the signal crossing the AC input  level, and will 

remain in that  state as long as the signal does not  ring back above [below] the DC input  

LOW [HIGH] level).

3. The minimum slew rate for the input  signals used to test  the device is 2 V/ns in the range 

between VIL(AC) and VIH(AC). See illust rat ion below:

Table 9: Input  AC Logic Levels
Notes 1–3 apply to ent ire table; Unless otherwise noted: +0°C  TC  +95°C; +1.7V  VDD  +1.9V

Descript ion Symbol M in M ax Units

Input  high (logic 1) voltage VIH VREF + 0.2 – V

Input  low (logic 0) voltage VIL – VREF - 0.2 V

VIH(AC) MIN 

VIL(AC) MAX

Rise t ime:
   2 V/ns

Fall t ime:
2 V/ns

VDDQ

GND

VSWING
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Electrical Specif icat ions – AC and DC

Notes: 1. DKx and DKx# have the same requirements as CK and CK#.

2. All voltages referenced to VSS (GND).

3. The CK/CK# input  reference level (for t iming referenced to CK/CK#) is the point  at  which CK 

and CK# cross. The input  reference level for signals other than CK/CK# is VREF.

4. CK and CK# input  slew rate must  be 2 V/ns (4 V/ns if  measured dif ferent ially).

5. VID is the magnitude of  the dif ference between the input  level on CK and the input  level on 

CK#.

6. The value of  VIX is expected to equal VDDQ/2 of  the t ransmit t ing device and must  t rack vari-

at ions in the DC level of  the same.

Figure 7:  Clock Input

Notes: 1. CK and CK# must  cross within this region.

2. CK and CK# must  meet  at  least  VID(DC) MIN when stat ic and centered around VDDQ/2.

3. Minimum peak-to-peak swing.

4. It  is a violat ion to t ristate CK and CK# af ter the part  is init ialized.

Table 10: Different ial Input  Clock Operat ing Condit ions
Notes 1–4 apply to the ent ire table; Unless otherwise noted: +0°C  TC  +95°C; +1.7V  VDD  +1.9V

Parameter/Condit ion Symbol M in M ax Units Notes

Clock input  voltage level: CK and CK# VIN(DC) –0.3 VDDQ + 0.3 V

Clock input  dif ferent ial voltage: CK and CK# VID(DC) 0.2 VDDQ + 0.6 V 5

Clock input  dif ferent ial voltage: CK and CK# VID(AC) 0.4 VDDQ + 0.6 V 5

Clock input  crossing point  voltage: CK and CK# VIX(AC) VDDQ/2 - 0.15 VDDQ/2 + 0.15 V 6

CK

CK#

VIN(DC) MAX

1

Maximum clock level

Minimum clock levelVIN(DC) MIN

VDDQ/2

VDDQ/2 + 0.15

VDDQ/2A - 0.15 X

X

VID(AC)
3

VID(DC)
2

VIX(AC) MAX

VIX(AC) MIN
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Input Slew  Rate Derat ing

Table 11 on  page 23 and Table 12 on  page 24 define the address, com m and, an d data 

setup  and hold derating values. These values are added to the default tAS/ tCS/ tDS and 
tAH/ tCH/ tDH specifications when  the slew rate of any of these input signals is less than  

the 2 V/ n s the nom inal setup  and hold specifications are based upon .

To determ ine the setup  and hold tim e needed for a given  slew rate, add the tAS/ tCS 

default specification  to the “tAS/ tCS VREF to CK/ CK# Crossing” and the tAH/ tCH default 

specification  to the “tAH/ tCH CK/ CK# Crossing to VREF” derated values on  Table 11. The 

derated data setup  an d hold values can  be determ ined in  a like m anner using the “tDS 

VREF to CK/ CK# Crossing” and “tDH to CK/ CK# Crossing to VREF” values on  Table 12. 

The derating values on  Table 11 and Table 12 apply to all speed grades.

The setup  tim es on  Table 11 and Table 12 represen t a rising signal. In  th is case, the tim e 

from  which  the rising signal crosses VIH(AC) MIN to the CK/ CK# cross poin t is static an d 

m ust be m ain tained across all slew rates. The derated setup  tim ing represen ts the poin t 

at which  the rising signal crosses VREF(DC) to the CK/ CK# cross poin t. This derated value 

is calcu lated by determ in ing the tim e needed to m ain tain  the given  slew rate and the 

delta between  VIH(AC) MIN and the CK/ CK# cross poin t. The setup  values in  Table 11 and 

Table 12 are also valid for falling signals (with  respect to VIL[AC] MAX and the CK/ CK# 

cross poin t).

The hold tim es in  Table 11 and Table 12 represen t falling signals. In  th is case, the tim e 

from  the CK/ CK# cross poin t to when  the signal crosses VIH(DC) MIN is static and m ust 

be m ain tained across all slew rates. The derated hold tim ing represen ts the delta 

between  the CK/ CK# cross poin t to when  the falling signal crosses VREF(DC). This derated 

value is calcu lated by determ in ing the tim e needed to m ain tain  the given  slew rate and 

the delta between  the CK/ CK# cross poin t and VIH(DC). The hold values in  Table 11 and 

Table 12 are also valid  for rising signals (with  respect to VIL[DC] MAX and the CK and 

CK# cross poin t).

Note: The above descrip tions also pertain  to data setup  and hold derating when  CK/ CK# are 

rep laced with  DK/ DK#.
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Table 11: Address and Command Setup and Hold Derat ing Values

Command/
Address Slew  

Rate (V/ns)

tAS/tCS VREF to 
CK/CK# Crossing

tAS/tCS VIH(AC) 
M IN to CK/CK# 

Crossing

tAH/tCH CK/CK# 
Crossing to VREF

tAH/tCH CK/CK# 
Crossing to 
VIH(DC) M IN Units

CK, CK# Dif ferent ial Slew 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# Dif ferent ial Slew 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# Dif ferent ial Slew 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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Table 12: Data Setup and Hold Derat ing Values

Data Slew  Rate 
(V/ns)

tDS VREF to 
CK/CK# Crossing

tDS VIH(AC) M IN to 
CK/CK# Crossing

tDH CK/CK# 
Crossing to VREF

tDH CK/CK# 
Crossing to 
VIH(DC) M IN Units

DK, DK# Dif ferent ial Slew 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# Dif ferent ial Slew 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# Dif ferent ial Slew 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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Figure 8:  Nominal tAS/tCS/tDS and tAH/tCH/tDH Slew  Rate

Notes: 1. Capacitance is not  tested on ZQ pin.

2. JTAG pins are tested at  50 MHz.

Table 13: Capacitance – µBGA
Notes 1–2 apply to ent ire table

Descript ion Symbol Condit ions M in M ax Units

Address/control input  capacitance CI TA = 25°C; f  = 100 MHz 

VDD = VDDQ = 1.8V

1.0 2.0 pF

Input /output  capacitance (DQ, DM, and QK/QK#) CO 3.0 4.5 pF

Clock capacitance (CK/CK#, and DK/DK#) CCK 1.5 2.5 pF

JTAG pins CJTAG 1.5 4.5 pF
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