(E/'? ICron 576Mb: x18, x36 RLDRAM 3
RLDRAM 3

MT44K32M18 - 2 Meg x 18 x 16 Banks
MT44K16M36 - 1 Meg x 36 x 16 Banks

Features Options' Marking
. e Clock cycle and 'RC timing
e 1066 MHz DDR operation (2133 Mb/s/ball data 0.93ns and 'RC (MIN) = 7.5ns -093F
rate) ' (RL3 2133)
e 76.8 Gb/s peak bandwidth (x36 at 1066 MHz clock — 0.93ns and 'RC (MIN) = 8ns -093E
frequepcy? (RL3-2133)
* Organization — 1.07ns and '‘RC (MIN) = 8ns -107E
— 32Megx 18, and 16 Meg x 36 common I/0 (CIO) (RL3-1866)
- 16banks ~ 1.25ns and 'RC (MIN) = 8ns -125F
* 1.2V center-terminated push/pull I/0 (RL3-1600)
L4 2'5VVEXTY 1.35VVDD, IZVVDDQ /0 — 1.25ns and tRC (MIN) =10ns -125E
¢ Reduced cycle time (‘RC (MIN) = 7.5 - 12ns) (RL3-1600)
* SDR addressing ~ 1.25ns and 'RC (MIN) = 12ns -125
* Programmable READ/WRITE latency (RL/WL) and (RL3-1600)
burst length * Configuration
o D:clta mas'k fgr WRITE commands ~ 32Megx 18 32M18
. leferentle}l 1np}1t cloclfs (QK, CK#) ~ 16 Megx 36 16M36
¢ Free-running differential input data clocks (DKx, « Operating temperature
DKx#) and output data clocks (QKx, QKx#) — Commercial (Tc = 0° to +95°C) None
¢ On-die DLL generates CK edge-aligned data and — Industrial (T = ~40°C to +95°C) IT
differential output data clock signals * Package
¢ 64ms refresh (128K refresh per 64ms) — 168-ball BGA (Pb-free) RB
¢ 168-ball BGA package; e Revision :A/:B
¢ 40Q or 60Q matched impedance outputs
e Integrated on-die termination (ODT) Note: 1. Not all options listed can be combined to
« Single or multibank writes define an offered prodyct. Use the part Fat-
« Extended operating range (200-1066 MHz) alog sear.ch on www.micron.com for availa-
e READ training register ble offerings.
e Multiplexed and non-multiplexed addressing capa-
bilities

Mirror function
e Output driver and ODT calibration
JTAG interface (IEEE 1149.1-2001)
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Figure 1: 576Mb RLDRAM® 3 Part Numbers

Example Part Number: MT44K16M36RB-093E:B

([ [/ L[S

MT44K Configuration |Package Speed | Temp | Rev.

v
Revision

Configuration Rev. | :AlB
32 Megx 18 | 32M18

Temperature
16 Megx36 | 16M36 -

Commercial |None

Industrial IT

Package

168-ball BGA (Pb-free) | RB Speed Grade

-093F| '*CK = 0.93ns (7.5ns tRC)
-093E | *CK = 0.93ns (8ns tRC)
-107E| *CK = 1.07ns (8ns RC)
-125F| 'CK = 1.25ns (8ns RC)
-125E| 'CK = 1.25ns (10nstRC)
-125 | tCK = 1.25ns (12ns tRC)

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 www.micron.com.
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General Description

General Description

General Notes

The Micron® RLDRAM® 3 is a high-speed memory device designed for high-bandwidth
data storage—telecommunications, networking, cache applications, and so forth. The
chip’s 16-bank architecture is optimized for sustainable high-speed operation.

The DDR I/0 interface transfers two data bits per clock cycle at the I/0 balls. Output
data is referenced to the READ strobes.

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

Read and write accesses to the RL3 device are burst-oriented. The burst length (BL) is
programmable to 2, 4, or 8 by a setting in the mode register.

The device is supplied with 1.35V for the core and 1.2V for the output drivers. The 2.5V
supply is used for an internal supply.

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

The 168-ball BGA package is used to enable ultra-high-speed data transfer rates.

* The functionality and the timing specifications discussed in this data sheet are for the
DLL enable mode of operation.

* Any functionality not specifically stated is considered undefined, illegal, and not sup-
ported, and can result in unknown operation.

* Nominal conditions are assumed for specifications not defined within the figures
shown in this data sheet.

* Throughout this data sheet, the terms "RLDRAM," "DRAM,” and "RLDRAM 3" are all
used interchangeably and refer to the RLDRAM 3 SDRAM device.

e References to DQ, DK, QK, DM, and QVLD are to be interpreted as each group collec-
tively, unless specifically stated otherwise. This includes true and complement signals
of differential signals.

¢ Non-multiplexed operation is assumed if not specified as multiplexed.

* A x36 device supplies four QK/QK# sets, one per nine DQ. Using only two QK/QK#
sets is allowed, but QK0/QK0# and QK1/QK1# must be used. QK0/QKO0# control
DQ[8:0] and DQ[26:18], and QK1/QK1# control DQ[17:9] and DQ[35:27]. The QK to
DQ timing parameter to be used is 'QKQ02, '‘QKQ13. The unused QK/QK# pins should
be left floating.
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State Diagram

State Diagram

Figure 2: Simplified State Diagram
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Functional Block Diagrams

Figure 3: 32 Meg x 18 Functional Block Diagram
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Functional Block Diagrams

Figure 4: 16 Meg x 36 Functional Block Diagram

'
'
'
'
'
ZQCAL ———p7Q CAL H
,—> '
ZQCL, ZQCs '
'
'
'
ODT control '
; H
CK# —wO0— :
d
' '
CS# —>Q— e, crongtircol E
Rers —»0—— E73 '
' g0 | T '
wet —»—— S VoDQ/2 :
i
| Bank 15 1
H Bank 12 :
Il ° '
MF —»0——| .0 .0 H
1
d ) '
RESET# —H?— —— [ Bank 1 ODT control o
N Bank 0 '
H -
' address aé?ixss Bank 0 H .
' 43 I MUX latch memory :
8192 a !
' and array ZQCAL H
: decoder (8192 x 32 x 4 x 36)2 \
! 36 36 .
H e ™\ ReAD n bQ 5 paulno]
: Sense amplifiers — logic n “35 latch
' '
'
: T :
'
: 1 ¢+———S4pDQi350]
: .
: 1/0 gating 11 :
N Bank 16 DQM mask logic
Al18:0]" FE Add_ress = | . ____] control ODT control H
BA[3:0] ' register | — logic 16 I
4 ]
: 32 o® H
' ° '
H L WRITE '
: FIFO 36 '
H 5 Column draiCers H
' —% decoder ]
' CLK '
' Column- in '
i N address 6 !
B 6! counter/ 1 T H
' latch '
3 :
TCK—’Q_ JTAG '
TMS— ¢ Logic and ODT control :
H Boundary DMI1:0]
TDI—mO0——{Scan Register 2 ? <
' O0—pTDO
1

Notes:

Example for BL = 2; column address will be reduced with an increase in burst length.
2. 4 = (length of burst) x 2A (number of column addresses to WRITE FIFO and READ logic).

@UOJDIW

QKO/QKO#, QK1/QK1#
QK2/QK2#, QK3/QK3#

O«4—DKO/DKO#, DK1/DK1#

qIN9LS

sweabeiq >pojg jeuoijdpung

€ NVHATY 9€X ‘8LX



(p/'? ICron 576Mb: x18, x36 RLDRAM 3

Ball Assignments and Descriptions

Ball Assignments and Descriptions

Table 1: 32 Meg x 18 Ball Assignments - 168-Ball BGA (Top View)

1 2 3 4q 5 6 7 8 9 10 11 12 13
A Vs Voo | NF | Voog | NF | Veer | DQ7 | Voo | DQ8 | Vpp | Vss | RESET#
B Vext Vss NF Vssq NF Vppq | DMO | Vppq | DQ5 | Vssq | DQ6 Vss Vext
c | Voo NF Vooo | NF | Vssg | NF | DKO# | DQ2 | Vsso | DQ3 | Vopg | DQ4 | Voo
D | Al Vssq NF | Vopg | NF | Vsso | DKO | Vssg | QKO | Vppg | DQO | Vssq | A13
E Vss AO Vssa | NF | Vopg | NF | MF | QKO# | Vppg | DQ1 | Vssq | CS# | Ves
F A7 |NFesumo'| Voo | A2 | A1 | WE# | zQ | REF# | A3 | A4 | vpp | AS A9
G | Ve A15 A6 | Vss | BAT | Vss | CK# | Vss | BAO | Vss | A8 | A18 |Vssqru)?
H | A19 Voo A14 | A16 | Vpp | BA3 | CK | BA2 | Vpp | A17 | A12 | Vo | A10
J Vbbq NF Vssq NF | Vbpq | NF Vss | QK1# | Vppq | DQ9 | Vssq | QVLD | Vppq
K NF Vssa NF | Vopg | NF | Vsso | DK1 | Vssg | QKT | Vppg | DQ10 | Vssq | DQIT
L | Voo NF Vooo | NF | Vssg | NF | DK1# | DQ12 | Vssq | DQ13 | Vppg | DQ14 | Voo
M | Vexr Vss NF | Vssg | NF | Voog | DMT | Vopg | DQI5 | Vssg | DQ16 | Vss | Vexr
N Vss TCK Voo | TDO | Vopg | NF | Vger | DQ17 | Vopg | TDI | Vpp | TMS | Vs

Notes: 1. F2is an NF ball for both the X18 & X36 576Mb devices, but is also the Location of CS1 to
support the 1Gb x18 DDP device. This same ball has been designated as the location of
A20 for the future 1Gb monolithic device. F2 is Internally connected so it can mirror the
A5 address signal when MF is asserted HIGH and has parasitic characteristics of an ad-
dress pin.

2. G13is a VSS ball for both X18 & X36 576Mb devices, but has been reserved for future
use (RFU) on the 1Gb monolithic devices and will have parasitic characteristics of an ad-
dress.

3. NF balls for the x18 configuration are internally connected and have parasitic character-
istics of an 1/0. Balls may be connected to Vsgq.

4. MF is assumed to be tied LOW for this ball assignment.
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Ball Assignments and Descriptions

Table 2: 16 Meg x 36 Ball Assignments - 168-Ball BGA (Top View)

1 2 3 4 5 6 7 8 9 10 11 12 13
A Vss Voo | DQ26 | Vppg | DQ25 | Vger DQ7 | Vbpg | DQ8 Vpp Vss | RESET#
B Vext Vss DQ24 | Vssq | DQ23 | Vppg | DMO | Vppg | DQ5 | Vssq | DQ6 | Vs Vext
C Vpp DQ22 Vopq | DQ21 | Vssq | DQ20 | DKO# | DQ2 | Vssq DQ3 | Vppg | DQ4 Vpp
D A11 Vssq DQ18 | Vppg | QK2 | Vssq | DKO | Vssq | QKO | Vppg | DQO | Vssq | A13
E Vss A0 Vssq | DQ19 | Vppg | QK2# MF QKO# | Vppq | DQ1 Vssq CS# Vss
F A7 |NFsia)'| Vob A2 Al WE# | ZQ | REF# | A3 A4 Y/ A5 A9
G Vss A15 A6 Vss BA1 Vss CK# Vss BAO Vss A8 A18 | Vss rru)?
H | NF@ai93 Vop A14 | A16 | Vpp | BA3 CK BA2 | Vpp | A17 | A12 | Vpp A10
J Vbbaq QVLD1 Vssq | DQ27 | Vppg | QK3# Vss QK1# | Vppq | DQ9 Vssq | QVLDO| Vppq
K | DQ29 Vssq DQ28 | Vppg | QK3 | Vssq | DK1 | Vssg | QK1 | Vppg | DQ10 | Vssq | DQ11
L Vpp DQ32 Vopq | DQ31 | Vssq | DQ30 | DK1# | DQ12 | Vssq | DQ13 | Vppq | DQ14 Vpp
M Vixt Vss DQ34 | Vssq | DQ33 | Vppg | DM1 | Vppg | DQ15 | Vssq | DQ16 | Vss Vext
N Vss TCK Vpp TDO | Vppq | DQ35 | Vgee | DQ17 | Vppq TDI Vpp TMS Vss
Notes: 1. F2is an NF ball for both the X18 & X36 576Mb devices, but is also the Location of CS1 to

support the 1Gb x18 DDP device. This same ball has been designated as the location of
A20 for the future 1Gb monolithic device. F2 is Internally connected so it can mirror the
A5 address signal when MF is asserted HIGH and has parasitic characteristics of an ad-
dress pin.

2. G13is a VSS ball for both X18 & X36 576Mb devices, but has been reserved for future
use (RFU) on the 1Gb monolithic devices and will have parasitic characteristics of an ad-
dress.

3. NF ball for x36 configuration is internally connected and has parasitic characteristics of
an address (A19 for x18 configuration). Ball may be connected to Vssq.

4. MF is assumed to be tied LOW for this ball assignment.
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Ball Assignments and Descriptions

Table 3: Ball Descriptions

Symbol

Type

Description

A[19:0]

Input

Address inputs: A[19:0] define the row and column addresses for READ and WRITE operations.
During a MODE REGISTER SET, the address inputs define the register settings along with BA[3:0].
They are sampled at the rising edge of CK.

BA[3:0]

Input

Bank address inputs: Select the internal bank to which a command is being applied.

CK/CK#

Input

Input clock: CK and CK# are differential input clocks. Addresses and commands are latched on
the rising edge of 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 operations contin-
ue.

DQI[35:0]

I/0

Data input: The DQ signals form the 36-bit data bus. During READ commands, the data is refer-
enced to both edges of QK. During WRITE commands, the data is sampled at both edges of DK.

DKx, DKx#

Input

Input data clock: DKx and DKx# are differential input data clocks. All input data is referenced
to both edges of DKx. For the x36 device, DQ[8:0] and DQ[26:18] are referenced to DKO and
DKO#, and DQ[17:9] and DQ[35:27] are referenced to DK1 and DK1#. For the x18 device, DQ[8:0]
are referenced to DKO and DKO#, and DQ[17:9] are referenced to DK1 and DK1#. DKx and DKx#
are free-running signals and must always be supplied to the device.

DM[1:0]

Input

Input data mask: DM is the input mask signal for WRITE data. Input data is masked when DM
is sampled HIGH. DMO is used to mask the lower byte for the x18 device and DQ[8:0] and
DQI[26:18] for the x36 device. DM1 is used to mask the upper byte for the x18 device and
DQI[17:9] and DQ[35:27] for the x36 device. Tie DM[1:0] to Vss if not used.

TCK

Input

IEEE 1149.1 clock input: This ball must be tied to Vg if the JTAG function is not used.

TMS, TDI

Input

IEEE 1149.1 test inputs: These balls may be left as no connects if the JTAG function is not used.

WE#, REF#

Input

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

RESET#

Input

Reset: RESET# is an active LOW CMOS input referenced to Vss. RESET# assertion and deassertion
are asynchronous. RESET# is a CMOS input defined with DC HIGH 2 0.8 x Vppg and DC LOW 0.2

X VDDQ-

ZQ

Input

External impedance: This signal is used to tune the device’s output impedance and ODT. RZQ
needs to be 240Q, where RZQ is a resistor from this signal to ground.

QKXx, QKx#

Output

Output data clocks: QK and QK# are opposite-polarity output data clocks. They are free-run-
ning signals and during READ commands are edge-aligned with the DQs. For the x36 device,
QKO, QKO# align with DQ[8:0]; QK1, QK1# align with DQ[17:9]; QK2, QK2# align with DQ[26:18];
QK3, QK3# align with DQ[35:27]. For the x18 device, QKO, QKO0# align with DQ[8:0]; QK1, QK1#
align with DQ[17:9].

QVLDx

Output

Data valid: The QVLD ball indicates that valid output data will be available on the subsequent
rising clock edge. There is a single QVLD ball for the x18 device and two, QVLDO and QVLD1, for
the x36 device. QVLDO aligns with DQ[17:0]; QVLD1 aligns with DQ[35:18].

MF

Input

Mirror function: The mirror function ball is a DC input used to create mirrored ballouts for sim-
ple dual-loaded clamshell mounting. If the ball is tied to Vss, the address and command balls are
in their true layout. If the ball is tied to Vppq, they are in the complement location. MF must be
tied HIGH or LOW and cannot be left floating.

TDO

Output

IEEE 1149.1 test output: JTAG output. This ball may be left as no connect if the JTAG function
is not used.
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Ball Assignments and Descriptions

Table 3: Ball Descriptions (Continued)

Symbol Type |Description

Vbp Supply |[Power supply: 1.35V nominal. See Table 8 (page 26) for range.
Vbbq Supply |DQ power supply: 1.2V nominal. Isolated on the device for improved noise immunity. See Ta-
ble 8 (page 26) for range.

Vext Supply |Power supply: 2.5V nominal. See Table 8 (page 26) for range.

VREF Supply [Input reference voltage: Vppo/2 nominal. Provides a reference voltage for the input buffers.
Vss Supply |Ground.

Vssq Supply |DQ ground: Isolated on the device for improved noise immunity.
NC - No connect: These balls are not connected to the DRAM.
NF - No function: These balls are connected to the DRAM, but provide no functionality.
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Package Dimensions

Figure 5: 168-Ball BGA
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000000000000 q
OCO0OO0OO0OO0OO0OODOOOOOO|K d
OO0OO0OO0O0O0ODHBOOOOOO|L q
T1®00000b000000O0 |u q
®HO0000D00000D|n q
1TYP
1.1 £0.1
12 CTR
0.3 MIN
13.5 +0.1
Notes: 1. All dimensions are in millimeters.
2. Solder ball material: SAC302 (96.8% Sn, 3% Ag, 0.2% Cu).
09005aef84003617 1 7 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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Electrical Characteristics - Ipp Specifications

Table 4: Ipp Operating Conditions and Maximum Limits (Die Rev :A)

Notes 1-6 apply to the entire table

at Vppq/2; Addresses are at Vppq/2

Description Condition Symbol -093E | -107E | -125F | -125E | -125 Units
Standby tCK = idle; All banks idle; No inputs tog- Isg1 (Vpp) x18 125 125 125 125 125
current gling Isg1 (Vpp) x36 125 125 125 125 125 mA
Is1 (VexT) 30 30 30 30 30
Clock active CS# = 1; No commands; Bank address in- Isg> (Vpp) x18 870 815 725 725 725
standby current |cremented and half address/data change lsg2 (Vpp) X36 895 835 740 740 740 mA
once every four clock cycles lsgs (Vex?) 30 30 30 30 30
B2 (VEXT
Operational BL = 2; Sequential bank access; Bank tran- Iop1 (Vpp) x18 1175 | 1100 990 940 915
current: BL2 sitions once every RC; Half address transi- Iop1 (Vbp) X36 1185 | 1110 | 1000 950 925
. o
tlo.ns once every 'RG; Bead followed k.)y o1 Vext) 35 35 35 35 35 mA
write sequence; Continuous data during
WRITE commands
Operational BL = 4; Sequential bank access; Bank tran- Ibp2 (Vpp) x18 1205 | 1130 1020 970 945
current: BL4 sitions once every 'RC; Half address transi- Iopa (Vpp) X36 1215 | 1140 | 1030 980 950
tions once every RC; Read followed by ooy (Vext) 35 35 35 35 35 mA
write sequence; Continuous data during bD2 RYEXT
WRITE commands
Operational BL = 8; Sequential bank access; Bank tran- Ibp3z (Vpp) x18 1300 | 1200 1085 1030 | 1000
current: BL8 sitions once every 'RC; Half address transi- Iopz (Vpp) X36 NA NA N/A NA NA
tions once every RC; Read followed by ooz (Vex?) 35 35 35 35 35 mA
write sequence; Continuous data during DD3 ATEXT
WRITE commands
Burst refresh Sixteen bank cyclic refresh using Bank Ad- Irert (Vpp) x18 1550 | 1400 1230 1230 | 1230
current dress Control AREF protocol; Command lrer1 (Vpp) x36 1570 | 1420 | 1245 | 1245 | 1245
bus remains in refresh for all sixteen mA
I \Y 80 75 70 70 70
banks; DQs are High-Z and at Vppqg/2; Ad- rer1 (Vixr)
dresses are at Vppq/2
Distributed Single bank refresh using Bank Address Irer2 (Vpp) x18 875 820 730 730 730
refresh current Control AREF protocol; Sequential bank lrer2 (Vpp) X36 900 840 745 745 745 mA
access every 0.489us; DQs are High-Z and lners (Vexr) 30 30 30 30 30
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Table 4: Ipp Operating Conditions and Maximum Limits (Die Rev :A) (Continued)

Notes 1-6 apply to the entire table

continuous READ

Description Condition Symbol -093E | -107E | -125F | -125E | -125 Units Notes

Multibank refresh |Quad bank refresh using Multibank AREF Imerera (Vpp) x18 2130 | 2030 1885 1885 | 1645

current: protocol; BL = 4; Cyclic bank access; Sub- Imerera (Vpp) X36 2155 | 2050 1900 1900 | 1660

4 bank refresh ject to tSA.W and tMMD specifications; Iancra (Vexs) 130 115 105 105 105 mA
DQs are High-Z and at Vppq/2; Bank ad-
dresses are at Vppq/2

Operating burst |BL = 2; Cyclic bank access; Half of address Iopaw (Vpp) x18 2110 | 1910 1665 1665 | 1665

write current : bits change every clock cycle; Continuous Iopaw (Vpp) X36 2290 | 2070 | 1805 | 1805 | 1805 mA

BL2 d.ata; Measurement is taken during con- looaw (Vex?) 80 75 70 70 70
tinuous WRITE

Operating burst |BL = 4; Cyclic bank access; Half of address Iopaw (Vpp) x18 1730 | 1590 1395 1395 | 1395

write current : bits change every two clock cycles; Contin- Iopaw (Vpp) X36 1815 | 1665 | 1460 | 1460 | 1460 mA

BL4 uous. data; Measurement is taken during looaw (Vexa) 55 55 50 50 50
continuous WRITE

Operating burst |BL = 8; Cyclic bank access; Half of address Iopsw (Vpp) x18 1475 | 1335 1190 1190 | 1190

write current :BL8 | bits change every four clock cycles; Contin-{ | -0 (V) x36 NA NA NA NA NA mA
uous. data; Measurement is taken during looaw (Vext) 45 20 20 20 20
continuous WRITE

Multibank write |BL = 4; Cyclic bank access using Dual Bank Ioewr (Vpp) x18 2305 | 2170 1885 1885 | 1885

current: WRITE; Half of address bits change every Ioewr (Vpp) X36 2400 | 2250 | 1960 | 1960 | 1960

Dual bank write |two cIock. cycles; Con'.cinuous c.iata; Meas- Ioswr (Vexr) 80 75 70 70 70 mA
urement is taken during continuous
WRITE

Multibank write |BL = 4; Cyclic bank access using Quad Bank lqewr (Vpp) x18 2965 | 2890 2525 2525 | 2525

current: WRITE; Half of address bits change every lgswr (Vpp) X36 3195 | 3000 | 2615 | 2615 | 2615

Quad bank write |two clock. cycles; Con'Finuous siata; Meas- loswr (Vext) 130 115 100 100 100 mA
urement is taken during continuous
WRITE; Subject to 'SAW specification

Operating burst |BL = 2; Cyclic bank access; Half of address Ibp2r (Vpp) x18 2250 | 2045 1785 1785 | 1785

read current bits change every cI(?ck cycle; Co_ntinuous Iopar (Vbp) X36 2395 | 2180 | 1895 | 1895 | 1895 mA

example 3i?élljileF{aEs:Bement is taken during con- ook (Vext) 80 75 70 70 70

Operating burst |BL = 4; Cyclic bank access; Half of address Ibpar (Vpp) x18 1740 | 1595 1400 1400 | 1400

read current bits change every two cIoFk cycles; Co.ntin— Iopar (Vbp) X36 1835 | 1685 1475 1475 | 1475 mA

example uous data; Measurement is taken during Iooar (Vext) 55 55 50 50 50
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Table 4: Ipp Operating Conditions and Maximum Limits (Die Rev :A) (Continued)

Notes 1-6 apply to the entire table

continuous READ

Description Condition Symbol -093E | -107E | -125F | -125E | -125 Units Notes
Operating burst |BL = 8; Cyclic bank access; Half of address Ippgr (Vpp) X18 1450 | 1315 1175 1175 | 1175

read current bits change every four clock cycles; Contin- Iopsr (Vbp) X36 NA NA NA NA NA mA

example uous data; Measurement is taken during Iooer (Vex?) a5 20 20 20 20
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Notes:

w

576Mb: x18, x36 RLDRAM 3
Electrical Characteristics - Ipp Specifications

Ipp specifications are tested after the device is properly initialized. 0°C < T¢ < +95°C;
+1.28V < Vpp < +1.42V,+1.14V < Vppg < +1.26V,+2.38V < Vexr < +2.63V,Vigr = Vppg/2.

Ipp measurements use *CK (MIN), tRC (MIN), and minimum data latency (RL and WL).
Input slew rate is 1V/ns for single ended signals and 2V/ns for differential signals.
Definitions for Ipp conditions:

LOW is defined as V|y < Vi yac)max-
HIGH is defined as V|y 2 Viyacmin-

Continuous data is defined as half the DQ signals changing between HIGH and LOW
every half clock cycle (twice per clock).

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

Sequential bank access is defined as the bank address incrementing by one every 'RC.
Cyclic bank access is defined as the bank address incrementing 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.

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

sitions more than once per clock cycle.
Ipp parameters are specified with ODT disabled.

09005aef84003617
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Electrical Characteristics - Ipp Specifications

Table 5: Ipp Operating Conditions and Maximum Limits (Die Rev :B)

Notes 1-6 apply to the entire table

Description Condition Symbol -093F | -093E | -107E Units
Standby tCK = idle; All banks idle; No inputs toggling Isg1 (Vpp) x18 225 225 225
current Isg1 (Vpp) X36 225 225 225 mA
lSB1 (VEXT) 55 55 55
Clock active standby CS# = 1; No commands; Bank address incremented lsg2 (Vpp) x18 605 605 570
current and half address/data change once every four clock lsg> (Vpp) X36 625 625 585 mA
cycles Isg2 (Vexr) 55 | 55 | 55
Operational BL = 2; Sequential bank access; Bank transitions once Ipp1 (Vpp) x18 1105 1040 975
current: BL2 every 'RC; Half address transitions once every 'RC; Ioo1 (Vpop) X36 1115 1050 985 mA
Read followed by write sequence; Continuous data
: Ipp1 (Vext) 60 60 60
during WRITE commands
Operational BL = 4; Sequential bank access; Bank transitions once Ipp2 (Vpp) x18 1200 1130 1060
current: BL4 every 'RC; Half address transitions once every 'RC; Iopa (Vpp) X36 1210 1140 1070 mA
Read followed by write sequence; Continuous data
i Ipp2 (VexT) 60 60 60
during WRITE commands
Operational BL = 8; Sequential bank access; Bank transitions once Ipp3 (Vpp) x18 1160 1095 1015
current: BL8 every 'RC; Half address transitions once every 'RC; Iopz (Vpp) X36 NA NA NA mA
Read followed by write sequence; Continuous data
; Ippz (Vexr) 60 60 60
during WRITE commands
Burst refresh Sixteen bank cyclic refresh using Bank Address Con- Irert (Vpp) x18 1135 1135 1025
current trol AREF protocol; Command bus remains in refresh lrer1 (Vpp) x36 1150 1150 1040
for all sixteen banks; DQs are High-Z and at Vppq/2; mA
' d DDQ/%: Iner1 (Vexr) 15 | 115 | 110
Addresses are at Vppq/2
Distributed Single bank refresh using Bank Address Control AREF Irer2 (Vpp) x18 580 580 540
refresh current protocol; Sequential bank access every 0.489us; DQs Irer2 (Vpp) X36 595 595 555 mA
are High-Z and at Vppq/2; Addresses are at Vppg/2 Iners (Vext) 55 55 55
Multibank refresh cur- |Quad bank refresh using Multibank AREF protocol; Imerera (Vpp) x18 1490 1490 1420
rent: BL = 4; Cyclic bank access; Subject to tSAW and tMMD Imerera (Vbp) X36 1510 1510 1435 mA
4 bank refresh specifications; DQs are High-Z and at Vppq/2; Bank
Imerersa (Vext) 185 185 165
addresses are at Vppq/2
Operating burst write |BL = 2; Cyclic bank access; Half of address bits change Iopaw (Vpp) x18 1655 1655 1500
current : BL2 every clock cycle; Continuous data; Measurement is Iopaw (Vpp) X36 1810 1810 1635 mA
taken during continuous WRITE Iooaw (Vext) 80 80 75
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Table 5: Ipp Operating Conditions and Maximum Limits (Die Rev :B ) (Continued)

Notes 1-6 apply to the entire table

Description Condition Symbol -093F | -093E | -107E Units
Operating burst write |BL = 4; Cyclic bank access; Half of address bits change Ippaw (Vpp) x18 1515 1515 1395
current : BL4 every two clock cycles; Continuous data; Measure- Iopaw (Vpp) X36 1595 1595 1465 mA
ment is taken during continuous WRITE Iooaw (Vext) 75 75 70
Operating burst write |BL = 8; Cyclic bank access; Half of address bits change Ippsw (Vpp) x18 1140 1140 1040
current :BL8 every four clock cycles; Continuous data; Measure- lopsw (Vop) X36 NA NA NA mA
ment is taken during continuous WRITE Iooaw (Vex?) 70 70 65
Multibank write cur- BL = 4; Cyclic bank access using Dual Bank WRITE; Ioewr (Vpp) x18 2005 2005 1890
rent: Half of address bits change every two clock cycles; Ioswr (Vbp) X36 2090 2090 1960 mA
Dual bank write Continuous data; Measurement is taken during con-
: IoBwr (VexT) 115 115 110
tinuous WRITE
Multibank write cur- BL = 4; Cyclic bank access using Quad Bank WRITE; lgewr (Vpp) x18 2620 2620 2565
rent: Half of address bits change every two clock cycles; loswr (Vpp) X36 2840 2840 2665 mA
Quad bank write Continuous data; Measurement is taken during con- |
. ) o BwWR (VEXT) 200 200 175
tinuous WRITE; Subject to 'SAW specification
Operating burst read BL = 2; Cyclic bank access; Half of address bits change Iop2r (Vpp) x18 1715 1715 1560
current every clock cycle; Continuous data; Measurement is Iopar (Vbp) X36 1835 1835 1670 mA
example taken during continuous READ ook (Vext) 80 80 75
Operating burst read BL = 4; Cyclic bank access; Half of address bits change Ibpar (Vpp) x18 1510 1510 1380
current every two clock cycles; Continuous data; Measure- Iopar (Vpp) X36 1595 1595 1465 mA
example ment is taken during continuous READ looar (Vext) 75 75 70
Operating burst read  |BL = 8; Cyclic bank access; Half of address bits change Ibpgr (Vbp) x18 1135 1135 1040
current every four clock cycles; Continuous data; Measure- Iopsr (Vbp) X36 NA NA NA mA
example ment is taken during continuous READ loosr (Vex) 70 70 65
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576Mb: x18, x36 RLDRAM 3
Electrical Characteristics - Ipp Specifications

Ipp specifications are tested after the device is properly initialized. 0°C < T¢ < +95°C;
+1.28V < Vpp < +1.42V, +1.14V < Vppq < +1.26V, +2.38V < Vexr < +2.63V, Vrer = Vppo/2.

Ipp mesurements use *CK (MIN), tRC (MIN), and minimum data latency (RL and WL).
Input slew rate is 1 V/ns for single ended signals and 2 V/ns for differential signals.
Definitions for Ipp conditions:

LOW is defined as V|y < Vi yac)max-
HIGH is defined as V|y 2 Viyacmin-

Continuous data is defined as half the DQ signals changing between HIGH and LOW
every half clock cycle (twice per clock).

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

Sequential bank access is defined as the bank address incrementing by one every 'RC.
Cyclic bank access is defined as the bank address incrementing 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.

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

sitions more than once per clock cycle.
Ipp parameters are specified with ODT disabled.

09005aef84003617
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576Mb: x18, x36 RLDRAM 3
Electrical Specifications - Absolute Ratings and 1/0 Capaci-
tance

Electrical Specifications - Absolute Ratings and I/0 Capacitance

Absolute Maximum Ratings

Stresses greater than those listed may cause permanent damage to the device. This is a
stress rating only, and functional operation of the device at these or any other condi-
tions outside those indicated in the operational sections of this specification is not im-
plied. Exposure to absolute maximum rating conditions for extended periods may ad-
versely affect reliability.

Table 6: Absolute Maximum Ratings

Symbol |Parameter Min Max Units
Vpp Vpp supply voltage relative to Vsg -0.4 1.975 Vv
Vbba Voltage on Vppq supply relative to Vs -0.4 1.66 \Y,
VineVour | Voltage on any ball relative to Vsg -0.4 1.66 Y,
VexT Voltage on Vext supply relative to Vsg -0.4 2.8 \Y,
Input/Output Capacitance
Table 7: Input/Output Capacitance
Notes 1 and 2 apply to entire table
RL3-2133 RL3-1866 RL3-1600
Capacitance Parameters Symbol Min Max Min Max Min Max | Units | Notes
CK/CK# Ccx 1.3 2.1 1.3 2.1 1.3 2.2 pF
AC: CK to CK# Cbek 0 0.15 0 0.15 0 0.15 pF
Single-ended I/0: DQ, DM Co 1.9 2.9 1.9 3.0 2.0 3.1 pF 3
Input strobe: DK/DK# Co 1.9 2.9 1.9 3.0 2.0 3.1 pF
Output strobe: QK/QK#, QVLD Co 1.9 2.9 1.9 3.0 2.0 3.1 pF
AC: DK to DK# Copk 0 0.15 0 0.15 0 0.15 pF
AC: QK to QK# Coak 0 0.15 0 0.15 0 0.15 pF
AC: DQ to QK or DQ to DK Coio -0.5 0.3 -0.5 0.3 -0.5 0.3 pF 4
Inputs (CMD, ADDR) G 1.25 2.25 1.25 2.25 1.25 2.25 pF 5
AC: CMD_ADDR to CK Col cvmp_apprR | —0.5 0.3 -0.5 0.3 -0.4 0.4 pF 6
JTAG balls Citac 1.5 45 1.5 4.5 1.5 4.5 pF 7
RESET#, MF balls G - 3.0 - 3.0 - 3.0 pF

Notes:

Nouh,wnN

+1.28V < Vpp < +1.42V, +1.14V < Vppq < 1.26V, +2.38V < Veyr < +2.63V, Vigr = Vss, £= 100
MHz, Tc = 25°C, Vourtpce) = 0.5 x Vppa, Vour (peak-to-peak) = 0.1V.

Capacitance is not tested on ZQ ball.

DM input is grouped with the I/O balls, because they are matched in loading.

Cpio = Cioq) - 0.5 x (Cio [QK] + Co [QK#]).

Includes CS#, REF#, WE#, A[19:0], and BA[3:0].

Cpi_cmp_appr = € (CMD_ADDR) - 0.5 x (Cck [CK] + Cei [CK#]).

JTAG balls are tested at 50 MHz.

09005aef84003617
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AC and DC Operating Conditions

Table 8: DC Electrical Characteristics and Operating Conditions

576Mb: x18, x36 RLDRAM 3
AC and DC Operating Conditions

Note 1 applies to the entire table; Unless otherwise noted: 0°C < T¢ < +95°C; +1.28V < Vpp < +1.42V

Description Symbol Min Max Units Notes
Supply voltage VEexT 2.38 2.63 Y,

Supply voltage Vpp 1.28 1.42 Y,

Isolated output buffer supply Vbbq 1.14 1.26 Y,

Reference voltage VRer 0.49 x Vppq | 0.51 x Vppq Vv 2,3
Input HIGH (logic 1) voltage VDo) Vger + 0.10 Vbpq \Y

Input LOW (logic 0) voltage ViLoo Vss Vger - 0.10 Y,

Input leakage current: Any input OV < V| < Vpp, Vger ball I -2 2 MA

0V < V)y = 1.1V (All other balls not under test = 0V)

Reference voltage current (All other balls not under test = IREF -5 5 HA

ov)

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

2. The nominal value of Vggp is expected to be 0.5 x Vppq of the transmitting device. Vgg is

expected to track variations in Vppgq.

3. Peak-to-peak noise (non-common mode) on Vgegr may not exceed +2% of the DC value.
DC values are determined to be less than 20 MHz. Peak-to-peak AC noise on Vg should
not exceed +2% of Vgerpc)- Thus, from Vppg/2, Vger is allowed +2% Vppq/2 for DC error
and an additional #2% Vppq/2 for AC noise. The measurement is to be taken at the

nearest Vrgr bypass capacitor.

Table 9: Input AC Logic Levels

Notes 1-3 apply to entire table; Unless otherwise noted: 0°C < Tc < +95°C; +1.28V < Vpp < +1.42V

Description Symbol Min Max Units
Input HIGH (logic 1) voltage ViH(AC150) Vger + 0.15 - Vv
Input HIGH (logic 1) voltage ViH(ac120) Vger + 0.12 - \Y,
Input LOW (logic 0) voltage ViLaci20) - Vger - 0.12 Vv
Input LOW (logic 0) voltage ViLac1s0) - VRger - 0.15 Y

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

2. The receiver will effectively 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. Single-ended input slew rate = 1 V/ns; maximum input voltage swing under test is

900mV (peak-to-peak).
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576Mb: x18, x36 RLDRAM 3
AC and DC Operating Conditions

Figure 6: Single-Ended Input Signal
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576Mb: x18, x36 RLDRAM 3
AC and DC Operating Conditions

AC Overshoot/Undershoot Specifications

Table 10: Control and Address Balls

Parameter RL3-2133 RL3-1866 RL3-1600
Maximum peak amplitude allowed for overshoot area 0.4v 0.4v 0.4v
Maximum peak amplitude allowed for undershoot area 0.4V 0.4v 0.4V
Maximum overshoot area above Vppq 0.25 Vns 0.28 Vns 0.33 Vns
Maximum undershoot area below Vss/Vssq 0.25 Vns 0.28 Vns 0.33 Vns
Table 11: Clock, Data, Strobe, and Mask Balls

Parameter RL3-2133 RL3-1866 RL3-1600
Maximum peak amplitude allowed for overshoot area 0.4V 0.4V 0.4V
Maximum peak amplitude allowed for undershoot area 0.4v 0.4v 0.4v
Maximum overshoot area above Vppq 0.10 Vns 0.11 Vns 0.13 Vns
Maximum undershoot area below Vss/Vssq 0.10 Vns 0.11 Vns 0.13 Vns

Figure 7: Overshoot
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Figure 8: Undershoot
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576Mb: x18, x36 RLDRAM 3
AC and DC Operating Conditions

Table 12: Differential Input Operating Conditions (CK, CK# and DKx, DKx#)
Notes 1 and 2 apply to entire table

Parameter/Condition Symbol Min Max Units | Notes
Differential input voltage logic HIGH - slew VIH,diff_slew +200 n/a mV 3
Differential input voltage logic LOW - slew VL diff_slew n/a -200 mV 3
Differential input voltage logic HIGH Vindifiao) | 2 X (Vinao) - Vrer) Vbbq mV 4
Differential input voltage logic LOW VL. diff(AQ) Vssq 2 x (Viao - VrRee) | mV 5
Differential input crossing voltage relative to Vpp/2 Vix VRer(po) - 150 VRerpo) + 150 mV 6
Single-ended HIGH level VsgH Vo Vbbaq mV 4
Single-ended LOW level VseL Vssq ViLag mV 5
Notes: 1. CK/CK# and DKx/DKx# are referenced to Vppq and Vssq.
2. Differential input slew rate = 2 V/ns.
3. Defines slew rate reference points, relative to input crossing voltages.
4. Maximum limit is relative to single-ended signals; overshoot specifications are applica-
ble.
5. Minimum limit is relative to single-ended signals; undershoot specifications are applica-
ble.
6.

The typical value of Vix is expected to be about 0.5 x Vppq of the transmitting device

and V|x is expected to track variations in Vppq. Vix indicates the voltage at which differ-
ential input signals must cross.

Figure 9: V| for Differential Signals
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Figure 10: Single-Ended Requirements for Differential Signals

Figure 11: Definition of Differential AC Swing and '‘DVAC
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Table 13: Allowed Time Before Ringback (DVAC) for CK, CK#, DKx, and DKx#

Slew Rate (V/ns) MIN DVAC (ps) at |Viu/V diff(ac)|
>4.0 175
4.0 170
3.0 167
2.0 163
1.9 162
1.6 161
1.4 159
1.2 155
1.0 150
<1.0 150

Slew Rate Definitions for Single-Ended Input Signals

Setup (IS and 'DS) nominal slew rate for a rising signal is defined as the slew rate be-
tween the last crossing of Vggp and the first crossing of Vipacymin- Setup (IS and 'DS)
nominal slew rate for a falling signal is defined as the slew rate between the last crossing
of Vygr and the first crossing of Vi, (acymax-

Hold ('IH and '‘DH) nominal slew rate for a rising signal is defined as the slew rate be-
tween the last crossing of Vi (pcymax and the first crossing of Vggg. Hold (IH and '‘DH)
nominal slew rate for a falling signal is defined as the slew rate between the last crossing
of Viyipcymin and the first crossing of Vygr (see Figure 12 (page 32)).

Table 14: Single-Ended Input Slew Rate Definition

Input Slew Rates
(Linear Signals) Measured
Input Edge From To Calculation
Setup Rising VRer ViH(ACQmin [ViH@amin - Vrer/ATRS
Falling VRer ViLaQmax [VReF - ViLaomax/ATFS
Hold Rising ViLDOmax VRer [VRer - ViLpomax/ATRH
Falling ViH(DOmin VRer [ViH©min - Vrer/ATFH
090052e84003617 31 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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AC and DC Operating Conditions

Figure 12: Nominal Slew Rate Definition for Single-Ended Input Signals
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Slew Rate Definitions for Differential Input Signals

Table 15: Differential Input Slew Rate Definition

Input slew rate for differential signals (CK, CK# and DKx, DKx#) are defined and meas-
ured as shown in the following two tables. The nominal slew rate for a rising signal is
defined as the slew rate between Vi giff max and Vi giff min- The nominal slew rate for a
falling signal is defined as the slew rate between Vi giff min and Vi, giff max-

Differential Input
Slew Rates

(Linear Signals) Measured

Input Edge From To Calculation
CK and DK | Rising VL, diff_slew,max V4, diff_slew,min [ViH,diff_slew,min = VIL,diff_slew,max)/ATRgiff
reference | fling V|4, diff_slew, min VL, diff_slew,max [V, diff_slew,min = VIL,diff_slew,max]/ATFgiff

Figure 13: Nominal Differential Input Slew Rate Definition for CK, CK#, DKx, and DKx#

VIH,diff_sIew,min

Differential input voltage (CK, CK#; DKx, DKx#)

VIL,diff_sIew,max
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ODT Characteristics

Figure 14: ODT Levels a

ODT effective resistance, Ry, is defined by MR1[4:2]. ODT is applied to the DQ, DM,
and DKx, DKx# balls. The individual pull-up and pull-down resistors (Rtrpy and Rrrpp)
are defined as follows:

Rrrpu=Vppo - Vour) ! [loyrl, under the condition that Ryrpp is turned off
Rrrpp = Vour ! [Ioyrl, under the condition that Ryrpy is turned off
nd I-V Characteristics

Chip in termination mode

OoDT
T : oVppq
| lIPU |
|
: I lout =1pp - Ipu
To ! Rrrpu |
other : |
circuitry |~ L DQ
suchas || : I
| ouT
RCV, .. | 1| [Rerpp | v
: | out
| lpp :
|
. | o Vssq
Table 16: ODT DC Electrical Characteristics
Parameter/Condition Symbol Min | Nom | Max | Units Notes
Ryt effective impedance from V) (ac) to Vinac) R EFe See Table 17 (page 35). 1,2
Deviation of Vj; with respect to Vppq/2 AVm -5 | - | +5 | % 3

Notes:

ODT Resistors

1. Tolerance limits are applicable after proper ZQ calibration has been performed at a sta-
ble temperature and voltage. Refer to ODT Sensitivity (page 36) if either the tempera-
ture or voltage changes after calibration.

2. Measurement definition for R Apply Viyac) to ball under test and measure current
I[Vinaol: then apply Vi (ac) to ball under test and measure current [V ac)l:

Vivao - Vivao

||[VIH(AC)] - l[VIL(AC)]l
3. Measure voltage (V) at the tested ball with no load:

Ryt =

2 x VM i

AVM =[ 1])(100

VDDQ

The on-die termination resistance is selected by MR1[4:2]. The following table provides
an overview of the ODT DC electrical characteristics. The values provided are not speci-
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fication requirements; however, they can be used as design guidelines to indicate what
Ryt is targeted to provide:

* Ry 120Q is made up of Rrr120pp240) and Rrrizopu240)-
* Ryr 60Q is made up of Rrreoppi20) and Rrreopuizo)-
L4 RTT 40Q is made up of RTT40(PD80) and RTT40(PU80)-

Table 17: Ry Effective Impedances

Ryt Resistor Vour Min Nom Max Units
120Q R1T120(PD240) 0.2 X Vppq 0.6 1.0 1.1 RZQ/1
0.5 x Vppq 0.9 1.0 1.1 RZQ/1
0.8 x Vppq 0.9 1.0 1.4 RZQ/1
RTT120(PU240) 0.2 x Vppq 0.9 1.0 1.4 RZQ/1
0.5 x Vppq 0.9 1.0 1.1 RZQ/1
0.8 x Vppq 0.6 1.0 1.1 RZQ/1
1200 ViLag to 0.9 1.0 1.6 RZQ/2
ViHao)
60Q RrT60(PD120) 0.2 x Vppq 0.6 1.0 1.1 RZQ/2
0.5 x Vppq 0.9 1.0 1.1 RZQ/2
0.8 x Vppq 0.9 1.0 1.4 RZQ/2
RrT60(PU120) 0.2 X Vppq 0.9 1.0 1.4 RZQ/2
0.5 x Vppq 0.9 1.0 1.1 RZQ/2
0.8 x Vppq 0.6 1.0 1.1 RZQ/2
60Q ViL(a) to 0.9 1.0 1.6 RZQ/4
Vinac)
40Q RrTa0(PD80) 0.2 X Vppq 0.6 1.0 1.1 RZQ/3
0.5 x Vppq 0.9 1.0 1.1 RZQ/3
0.8 x Vppq 0.9 1.0 1.4 RZQ/3
Rrr40(PUs0) 0.2 x Vppq 0.9 1.0 1.4 RZQ/3
0.5 x Vppq 0.9 1.0 1.1 RZQ/3
0.8 x Vppq 0.6 1.0 1.1 RZQ/3
40Q ViL(a) to 0.9 1.0 1.6 RZQ/6
Vinacg)
09005aef84003617 35 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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ODT Sensitivity

If either temperature or voltage changes after I/0 calibration, then the tolerance limits
listed in Table 16 (page 34) and Table 17 (page 35) can be expected to widen according
to Table 18 (page 36) and Table 19 (page 36).

Table 18: ODT Sensitivity Definition

Symbol Min Max Units
RTT 0.9 - dRTTdT X |DT| - dRTTdV X |DV| 1.6 + dR'rrdT X |DT| + dR'rrdV X | RZQ/(2,4,6)
DV|

Note: 1. DT =T-T(@ calibration), DV = Vppq - Vpp(@ calibration) or Vpp - Vpp(@ calibration).

Table 19: ODT Temperature and Voltage Sensitivity

Change Min Max Units
dRdT 0 1.5 %/°C
dRyrdV 0 0.15 %/mV

Output Driver Impedance

The output driver impedance is selected by MR1[1:0] during initialization. The selected
value is able to maintain the tight tolerances specified if proper ZQ calibration is per-
formed.

Output specifications refer to the default output driver unless specifically stated other-
wise. A functional representation of the output buffer is shown below. The output driver
impedance Roy is defined by the value of the external reference resistor RZQ as follows:

* Ron,x = RZQ/y (with RZQ = 240Q +1%; x = 40Q or 60Q with y = 6 or 4, respectively)

The individual pull-up and pull-down resistors (Ronpu) and Ronpp)) are defined as fol-
lows:

o RON(PU) = (VDDQ - VOUT) /|IOUT|' When RON(PD) is turned Off
b RON(PD) = (VOUT)/|IOUT|) when RON(PU) is turned off

09005aef84003617 36 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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Output Driver Impedance
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Table 20: Driver Pull-Up and Pull-Down Impedance Calculations

Ron Min Nom Max Units
RZQ/6 = (240Q £1%)/6 39.6 40 40.4 Q
RZQ/4 = (240Q +1%)/4 59.4 60 60.6 Q

Driver Vour Min Nom Max Units
40Q pull-down 0.2 x Vppq 24 40 44 Q
0.5 x Vppq 36 40 44 Q
0.8 x Vppq 36 40 56 Q
40Q pull-up 0.2 x Vppq 36 40 56 Q
0.5 x Vppg 36 40 44 Q
0.8 x Vppq 24 40 44 Q
60Q pull-down 0.2 x Vppq 36 60 66 Q
0.5 x Vppq 54 60 66 Q
0.8 x Vppq 54 60 84 Q
60Q pull-up 0.2 x Vppq 54 60 84 Q
0.5 x Vppq 54 60 66 Q
0.8 x Vppq 36 60 66 Q

Output Driver Sensitivity

If either the temperature or the voltage changes after ZQ calibration, then the tolerance
limits listed in Table 20 (page 37) can be expected to widen according to Table 21
(page 38) and Table 22 (page 38).
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Table 21: Output Driver Sensitivity Definition

Symbol Min Max Units
Ronep) @ 0.2 x Vppq 0.6 - dRoNdTH x DT - dRondVH x DV | 1.1 + dRondTH x DT + dRonydVH x DV | RZQ/(6, 4)
Ronep) @ 0.5 x Vppq 0.9 - dRondTM x DT - dRondVM x DV | 1.1 + dRondTM x DT + dRondVM x DV RZQ/(6, 4)
Ronp) @ 0.8 x Vppq 0.9 - dRoNdTL x DT - dRondVL x DV 1.4 + dRondTL x DT + dRondVL x D RZQ/(6, 4)
Ronepu) @ 0.2 x Vppq 0.9 - dRondTH x DT - dRondVH x DV | 1.4 + dRondTH x DT + dRondVH x DV | RZQ/(6, 4)
Ronepuy @ 0.5 x Vppq 0.9 - dRoNdTM x DT - dRondVM x DV | 1.1 + dRondTM x DT + dRondVM x DV| RZQ/(6, 4)
Roneru) @ 0.8 x Vppq 0.6 - dRondTL x DT - dRondVL x DV | 1.1 + dRondTL x DT + dRondVL x DV | RZQ/(6, 4)

Note: 1.

Table 22: Output Driver Voltage and Temperature Sensitivity

DT =T - T(@ calibration), DV = Vppq - Vpp(@ calibration) or Vpp - Vpp(@ calibration).

Change Min Max Unit
dRondTM 0 1.5 %/°C
dRondVM 0 0.15 %/mV
dRondTL 0 1.5 %/°C
dRondVL 0 0.15 %/mV
dRondTH 0 1.5 %/°C
dRondVH 0 0.15 %/mV
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Output Characteristics and Operating Conditions

Table 23: Single-Ended Output Driver Characteristics

Note 1 and 2 apply to entire table

Parameter/Condition Symbol Min Max Units Notes
Output leakage current; DQ are disabled; Any output ball loz -5 5 HA
0V < Vouyr £ Vppg; ODT is disabled; All other balls not under
test = OV
Output slew rate: Single-ended; For rising and falling edges, SRQse 2.5 6 Vins 4,5
measures between Vg (ac) = Vrer - 0.1 x Vppg and Vouacg) =
VREF +0.1x VDDQ
Single-ended DC high-level output voltage VoH(po) 0.8 x Vppq \% 6
Single-ended DC mid-point level output voltage Vom(po) 0.5 x Vppq \Y 6
Single-ended DC low-level output voltage VoL(po) 0.2 x Vppq \ 6
Single-ended AC high-level output voltage Vouao) Vi1 + 0.1 x Vppq \Y 7,89
Single-ended AC low-level output voltage VoL(ao) Vrr-0.1 x Vppq \ 7,89
Impedance delta between pull-up and pull-down for DQ MMpypp -10 10 % 3
and QVLD
Test load for AC timing and output slew rates Output to Vi1 (Vppg/2) via 25Q resistor 9
Notes: 1. All voltages are referenced to Vss.
2. RZQ is 240Q (£1%) and is applicable after proper ZQ calibration has been performed at
a stable temperature and voltage.
3. Measurement definition for mismatch between pull-up and pull-down (MMpypp). Meas-
ure both Ronpy) and Roneep) at 0.5 x Vppq:
Rong, - Ron
MMpypp = ————2 x 100
Ronyom
4. The 6 V/ns maximum is applicable for a single DQ signal when it is switching either from
HIGH to LOW or LOW to HIGH while the remaining DQ signals in the same byte lane are
either all static or switching the opposite direction. For all other DQ signal switching
combinations, the maximum limit of 6 V/ns is reduced to 5 V/ns.
5. See Table 25 (page 43) for output slew rate.
6. See the Driver Pull-Up and Pull-Down Impedance Calculations table for IV curve linearity.
Do not use AC test load.
7. VTT = VDDQ/2
8. See Figure 16 (page 41) for an example of a single-ended output signal.
9. See Figure 18 (page 42) for the test load configuration.
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Table 24: Differential Output Driver Characteristics

Notes 1 and 2 apply to entire table

Output Characteristics and Operating Conditions

Parameter/Condition Symbol Min Max Units Notes
Output leakage current; DQ are disabled; Any output loz -5 5 pA

ball OV < Voyr < Vppg; ODT is disabled; All other balls not

under test = 0V

Output slew rate: Differential; For rising and falling SRQuiff 5 12 V/ns 5
edges, measures between Vg, giffac) = -0.2 x Vppq and

Von,diff(ag) = +0.2 x Vppg

Output differential cross-point voltage Vox(ac) VRer - 150 | Vggr + 150 mV 6
Differential high-level output voltage VoH,diff(Ac) +0.2 x Vppq Vv 6
Differential low-level output voltage VoL, diff(aQ) -0.2 x Vppq Vv 6
Delta resistance between pull-up and pull-down for MMpypp -10 10 % 3
QK/QK#

Test load for AC timing and output slew rates Output to V1 (Vppg/2) via 25Q resistor 4

Notes: 1.

All voltages are referenced to Vsgs.

2. RZQis 240Q (+1%) and is applicable after proper ZQ calibration has been performed at
a stable temperature and voltage.

3. Measurement definition for mismatch between pull-up and pull-down (MMpypp). Meas-
ure both RON(PU) and RON(PD) at 0.5 x VDDQ:

MMpypp =

RonPU - RonPD y

RonNOM

100

4. See Figure 18 (page 42) for the test load configuration.

v

See Table 26 (page 44) for the output slew rate.

6. See Figure 17 (page 42) for an example of a differential output signal.
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Figure 16: DQ Output Signal
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Figure 17: Differential Output Signal
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Reference Output Load

The following figure represents the effective reference load of 25Q used in defining the
relevant device AC timing parameters as well as the output slew rate measurements. It is
not intended to be a precise representation of a particular system environment or a de-
piction of the actual load presented by a production tester. System designers should use
IBIS or other simulation tools to correlate the timing reference load to a system envi-
ronment.

Figure 18: Reference Output Load for AC Timing and Output Slew Rate

VDDQIZ
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R+ =25Q
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QKx# L
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Slew Rate Definitions for Single-Ended Output Signals

The single-ended output driver is summarized in the following table. With the reference
load for timing measurements, the output slew rate for falling and rising edges is de-
fined and measured between Vg sc) and Vo ac) for single-ended signals.

Table 25: Single-Ended Output Slew Rate Definition

Single-Ended Output Slew Rates (Linear Signals) Measured
Output Edge From To Calculation
DQ and QVLD Rising Vor(ao VoHaQ Vonao - Vorag
ATRge
Falllng VOH(AC) VOL(AC) Voro ~VoLao
ATFge

Figure 19: Nominal Slew Rate Definition for Single-Ended Output Signals

VoHno

Vorao
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Slew Rate Definitions for Differential Output Signals

The differential output driver is summarized in the following table. With the reference
load for timing measurements, the output slew rate for falling and rising edges is de-
fined and measured between Vg sc) and Vg for differential signals.

576Mb: x18, x36 RLDRAM 3

Slew Rate Definitions for Differential Output Signals

Table 26: Differential Output Slew Rate Definition

Differential Output Slew Rates (Linear Sig-

nals) Measured
Output Edge From To Calculation
QKx, QKxi# Rising VoL diff(AC) VoH,diff(a0) Voniftacmex  VoLifta0
ATRyig
Falling VoH,diff(AC) VoL, diff(ac) Von,diff(ac) - Voudiftac)
' ' ATF e
Figure 20: Nominal Differential Output Slew Rate Definition for QKx, QKx#
VoH,diff(AC)
0
VoL, diff(ac)
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Speed Bin Tables

Table 27: RL3 2133/1866 Speed Bins

The MIN 'CK value for a given RL/WL parameter must be used to determine the 'RC mode register setting.

-093F -093E -107E
Parameter Symbol Min Max Min Max Min Max Units
Clock Timing
RL=5;WL=6 tCK (avg) 3 4.3 3 4.3 3.5 4.3 ns
RL=6;WL=7 tCK (avg) 2.5 3.5 25 35 3 35 ns
RL=7;WL=38 tCK (avg) 2.5 3 2.5 3 2.5 3 ns
RL=8;WL=9 tCK (avg) 1.875 2.5 1.875 2.5 2 2.5 ns
RL=9;WL=10 tCK (avg) 1.875 2 1.875 2 1.875 2 ns
RL=10; WL =11 tCK (avg) 1.5 2 1.5 2 1.875 2 ns
RL=11;WL=12 tCK (avg) 1.5 1.875 1.5 1.875 1.5 1.875 ns
RL=12; WL =13 tCK (avg) 1.25 1.875 1.25 1.5 1.5 1.66 ns
RL=13;WL=14 tCK (avg) 1.25 1.5 1.25 1.5 1.25 1.5 ns
RL=14; WL =15 tCK (avg) 1.07 1.5 1.07 1.5 1.25 1.33 ns
RL=15; WL =16 tCK (avg) 1.0 1.25 1.0 1.25 1.07 1.33 ns
RL=16; WL=17 tCK (avg) 0.9375 1.25 0.9375 1.25 Reserved ns
Row Cycle Timing

Row cycle time RC 7.5 - 8.0 - | 8 | - ns
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Table 28: RL3 1600 Speed Bins

The MIN 'CK value for a given RL/WL parameter must be used to determine the 'RC mode register setting.

-125F 125E -125
Parameter Symbol Min Max Min Max Min Max Units

Clock Timing
RL=5;WL=6 tCK (avg) Reserved 4 4.3 4 5 ns
RL=6;WL=7 tCK (avg) Reserved 3 43 3.5 43 ns
RL=7;WL=8 tCK (avg) Reserved 2.5 3 3 3.5 ns
RL=8;WL=9 tCK (avg) Reserved 2 3 2.5 3 ns
RL=9;WL=10 tCK (avg) Reserved 1.875 2 2.33 2.66 ns
RL=10;WL=11 tCK (avg) Reserved 1.875 2 2 2.33 ns
RL=11;WL=12 tCK (avg) Reserved 1.5 2 1.875 2.33 ns
RL=12; WL=13 tCK (avg) 1.33 1.66 1.5 1.875 1.875 2 ns
RL=13;WL=14 tCK (avg) 1.25 1.5 1.25 1.5 1.5 1.875 ns
RL=14; WL=15 tCK (avg) Reserved 1.25 1.33 1.4 1.66 ns
RL=15; WL =16 tCK (avg) Reserved Reserved 1.33 1.66 ns
RL=16;WL=17 tCK (avg) Reserved Reserved 1.25 1.33 ns

Row Cycle Timing
Row cycle time | tRC | 8 - 10 - 12 - ns
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Table 29: AC Electrical Characteristics

Notes 1-7 apply to entire table

576Mb: x18, x36 RLDRAM 3
AC Electrical Characteristics

RL3-2133 RL3-1866 RL3-1600
Parameter Symbol Min Max Min Max Min Max Units | Notes
Clock Timing
Clock period average:
DLL disable mode t{CK(DLL_DIS) 8 488 8 488 8 488 ns 8
Clock period average: tCK(avg) See 'CK values in the RL3 Speed Bins table. ns 9,10
DLL enable mode
High pulse width average tCH(avg) 0.47 0.53 0.47 0.53 0.47 0.53 CK 11
Low pulse width average tCL(avg) 0.47 0.53 0.47 0.53 0.47 0.53 CK 1
Clock DLL locked YIT(per) -50 50 -60 60 -70 70 ps 12
?eriod DLL locking YIT(per),Ick -40 40 -50 50 -60 60 ps 12
jitter
Clock absolute period tCK(abs) MIN = t*CK(avg),min + UIT(per),min; MAX = ps
tCK(avg),max + YIT(per),max
Clock absolute high pulse width tCH(abs) 0.43 - 0.43 - 0.43 - CK(avg) | 13
Clock absolute low pulse width tCL(abs) 0.43 - 0.43 - 0.43 - tCK(avg) 14
Cycle-to- DLL locked YIT(cc) 100 120 140 ps 15
Eycle DLL locking YIT(cc), Ick 80 100 120 ps 15
jitter
Cumulative 2 cycles tERR(2per) -74 74 -88 88 -103 103 ps 16
€rror across 3 cycles tERR(3per) -87 87 -105 105 -122 122 ps 16
4 cycles tERR(4per) -97 97 -117 17 -136 136 ps 16
5 cycles tERR(5per) -105 105 -126 126 -147 147 ps 16
6 cycles tERR(6per) =111 111 -133 133 -155 155 ps 16
7 cycles tERR(7per) -116 116 -139 139 -163 163 ps 16
8 cycles tERR(8per) -121 121 -145 145 -169 169 ps 16
9 cycles tERR(9per) | -125 125 -150 150 -175 175 ps 16
10 cycles tERR(10per) | -128 128 -154 154 -180 180 ps 16
11 cycles tERR(11per) | -132 132 -158 158 -184 184 ps 16
12 cycles tERR(12per) | -134 134 -161 161 -188 188 ps 16
n=13,14..49,50| 'ERR(nper) tERR(nper),min = [1 + 0.68LN(n)] x UIT(per),min ps 16
cycles tERR(nper),max = [1 + 0.68LN(n)] x YIT(per),max
DQ Input Timing
Data setup Base tDS(AC150) -30 - -15 - 10 - ps 17,18
time to DK, (specification)
DK# VRer 120 - 135 - 160 - ps 18, 19
@ 1V/ns
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Table 29: AC Electrical Characteristics (Continued)

Notes 1-7 apply to entire table

RL3-2133 RL3-1866 RL3-1600

Parameter Symbol Min Max Min Max Min Max Units | Notes
Data setup Base DS(AC120) 60 - 75 - 100 - ps 17, 18
time to DK, (specification)
DK# VRrer 120 - 135 - 160 - ps 18, 19

@ 2 V/ns
Data hold Base tDH(DC100) 5 - 20 - 45 - ps 17, 18
time from (specification)
DK, DKi# VRer 105 - 120 - 145 - ps

@ 1 V/ns
Data hold Base tDH(DC100) 55 - 70 - 95 - ps 17, 18
time from (specification)
DK, DKi# VRer 105 - 120 - 145 - ps

@ 2 V/ns
Minimum data pulse width DIPW 280 - 320 - 360 - ps 20

DQ Output Timing

QK, QK# edge to output data tQKQ, - 75 - 85 - 100 ps
edge within byte group
QK, QK# edge to any output da- tQKQO2, - 125 - 135 - 150 ps 22
ta edge within specific data tQKQ13
word grouping (only for x36)
DQ output hold time from QK, tQH 0.38 - 0.38 - 0.38 - tCK(avg) | 23
QK#

DQ Low-Z time from CK, CK# tLz -360 180 -390 195 -450 225 ps 24, 26
DQ High-Z time from CK, CK# tHz - 180 - 195 - 225 ps 24, 26
Input and Output Strobe Timing
DK (rising), DK# (falling) edge to/ tCKDK -0.27 0.27 -0.27 0.27 -0.27 0.27 CK 29, 34

from CK (rising), CK# (falling)
edge
DK, DK# differential input HIGH IDKH 0.45 0.55 0.45 0.55 0.45 0.55 CK
width
DK, DK# differential input LOW DKL 0.45 0.55 0.45 0.55 0.45 0.55 CcK
width
QK (rising), QK# (falling) edge to tCKQK -135 135 -140 140 -160 160 ps 26
CK (rising), CK# (falling) edge 5o | w59 |-sostck| 5% o | 5%
tCK tcK tcK tCK tcK
QK (rising), QK# (falling) edge to tCKQK 1 10 1 10 1 10 ns 27
CK (rising), CK# (falling) edge DLL_DIS
with DLL disabled
QK, QK# differential output tQKH 0.4 - 0.4 - 0.4 - CK 23
HIGH time
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Table 29: AC Electrical Characteristics (Continued)

Notes 1-7 apply to entire table

power supplies stable

RL3-2133 RL3-1866 RL3-1600
Parameter Symbol Min Max Min Max Min Max Units | Notes
QK, QK# differential output QKL 0.4 - 0.4 - 0.4 - CK 23
LOW time
QK (falling), QK# (rising) edge to | 'QKVLD - 125 - 135 - 150 ps 25
QVLD edge
Command and Address Timing
CTRL, CMD, Base YS(AC150) 85 - 120 - 170 - ps 28, 30
ADDR, setup (specification)
to CK,CK# Vier 235 - 270 - 320 - ps | 19,30
@ 1V/ns
CTRL, CMD, Base YS(AC120) 115 - 150 - 200 - ps 28, 30
ADDR, setup (specification)
to CK,CK# VRer 235 - 270 - 320 - ps 19, 30
@ 1V/ns
CTRL, CMD, Base YH(DC100) 65 - 100 - 120 - ps 28, 30
ADDR, hold (specification)
from CK,CK# VRer 165 - 200 - 220 - ps | 19,30
@ 1V/ns
Minimum CTRL, CMD, ADDR HPW 470 - 535 - 560 - ps 20
pulse width
Row cycle time tRC See minimum RC values in the RL3 Speed Bins table. ns 21
Refresh rate ‘REF 64 - 64 - 64 - ms
Sixteen-bank access window ISAW 8 - 8 - 8 - ns
Multibank access delay tMMD 2 - 2 - 2 - CcK 33
WRITE-to-READ to same address YWTR WL + - WL + - WL + - CK 32
BL/2 BL/2 BL/2
Mode register set cycle time to tMRSC 12 - 12 - 12 - CcK
any command
READ training register minimum tRTRS 2 - 2 - 2 - CK
READ time
READ training register burst end tRTRE 1 - 1 - 1 - CK
to mode register set for training
register exit
Calibration Timing
POWER-UP and RE- tZQinit 512 - 512 - 512 - CcK
SET operation
Normal operation tZQoper 256 - 256 - 256 - CK
ZQCS: Short calibration time tZQcs 64 - 64 - 64 - CK
Initialization and Reset Timing
H . t
Begin power-supply ramp to Vbper _ 200 B 200 B 200 ms
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Table 29: AC Electrical Characteristics (Continued)

Notes 1-7 apply to entire table

Z

RL3-2133 RL3-1866 RL3-1600
Parameter Symbol Min Max Min Max Min Max Units | Notes
RESET# LOW to power supplies tRPS _ 200 B 200 B 200 ms
stable
RESET# LOW to I/0O and Rt High- 40z _ 20 _ 20 _ 20 ns 31

Notes: 1.

10.

11.

12.

13.

14.

Parameters are applicable with 0°C < Tc < +95°C; +1.28V < Vpp < +1.42V, +2.38V < Viyg <
+2.63V, +1.14V < Vppq < 1.26V.

All voltages are referenced to Vsgs.

The unit *CK(avg) represents the actual tCK(avg) of the input clock under operation. The
unit CK represents one clock cycle of the input clock, counting the actual clock edges.
AC timing and Ipp tests may use a V| -to-V |y swing of up to 900mV in the test environ-
ment, but input timing is still referenced to Vggr (except US, tIH, DS, and 'DH use the
AC/DC trip points and CK,CK# and DKx, DKx# use their crossing points). The minimum
slew rate for the input signals used to test the device is 1 V/ns for single-ended inputs
and 2 V/ns for differential inputs in the range between V (ac) and Vya0)-

All timings that use time-based values (ns, ps, ms) should use *CK(avg) to determine the
correct number of clocks. In the case of noninteger results, all minimum limits should be
rounded up to the nearest whole integer, and all maximum limits should be rounded
down to the nearest whole integer.

The term “strobe” refers to the DK and DK# or QK and QK# differential crossing point
when DK and QK, respectively, is the rising edge. Clock, or CK, refers to the CK and CK#
differential crossing point when CK is the rising edge.

The output load defined in Figure 18 (page 42) is used for all AC timing and slew rates.
The actual test load may be different. The output signal voltage reference point is
Vpbpo/2 for single-ended signals and the crossing point for differential signals.

When operating in DLL disable mode, Micron does not warrant compliance with normal
mode timings or functionality.

. The clock’s *CK(avg) is the average clock over any 200 consecutive clocks and

tCK(avg), min is the smallest clock rate allowed, with the exception of a deviation due to
clock jitter. Input clock jitter is allowed provided it does not exceed values specified and
must be of a random Gaussian distribution in nature.

Spread spectrum is not included in the jitter specification values. However, the input
clock can accommodate spread spectrum at a sweep rate in the range of 20-60 kHz with
an additional 1% of *CK(avg) as a long-term jitter component; however, the spread spec-
trum may not use a clock rate below CK(avg),min.

The clock’s 'CH(avg) and *CL(avg) are the average half-clock period over any 200 consec-
utive clocks and is the smallest clock half-period allowed, with the exception of a devia-
tion due to clock jitter. Input clock jitter is allowed provided it does not exceed values
specified and must be of a random Gaussian distribution in nature.

The period jitter, UIT(per), is the maximum deviation in the clock period from the aver-
age or nominal clock. It is allowed in either the positive or negative direction.

tCH(abs) is the absolute instantaneous clock high pulse width as measured from one ris-
ing edge to the following falling edge.

tCL(abs) is the absolute instantaneous clock low pulse width as measured from one fall-
ing edge to the following rising edge.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.
28.

29.

30.

31.

32.

33.

576Mb: x18, x36 RLDRAM 3
AC Electrical Characteristics

The cycle-to-cycle jitter, YIT(cc), is the amount the clock period can deviate from one cy-
cle to the next. It is important to keep cycle-to-cycle jitter at a minimum during the DLL
locking time.

The cumulative jitter error, tERR(nper), where n is the number of clocks between 2 and
50, is the amount of clock time allowed to accumulate consecutively away from the
average clock over n number of clock cycles.

DS(base) and 'DH(base) values are for a single-ended 1 V/ns DQ slew rate and 2 V/ns dif-
ferential DK, DK# slew rate.

These parameters are measured from a data signal (DM, DQO, DQ1, and so forth) transi-
tion edge to its respective data strobe signal (DK, DK#) crossing.

The setup and hold times are listed converting the base specification values (to which
derating tables apply) to Vgegr when the slew rate is 1 V/ns. These values, with a slew rate
of 1 V/ns, are for reference only.

Pulse width of an input signal is defined as the width between the first crossing of
VRerbo) and the consecutive crossing of Vgerpe).

Mode Register 0 (MRO0), bits [3:0] selects the number of clock cycles required to satisfy
the minimum 'RC value. The value programmed into these bits must match one of the
allowed combinations shown in the tRC_MRS table.

tQKQO02 defines the skew between QKO and DQ[26:18] and between QK2 and DQI8:0].
tQKQ13 defines the skew between QK1 and DQ[35:27] and between QK3 and DQ[17:9].
When the device is operated with input clock jitter, this parameter needs to be derated
by the actual UIT(per) (the larger of UIT(per),min or UIT(per),max of the input clock; out-
put deratings are relative to the SDRAM input clock).

Single-ended signal parameter.

For x36 device this specification references the skew between the falling edge of QK0
and QK1 to QVLDO and the falling edge of QK2 and QK3 to QVLD1.

The DRAM output timing is aligned to the nominal or average clock. The following out-
put parameters must be derated by the actual jitter error when input clock jitter is
present, even when within specification. This results in each parameter becoming larger.
The following parameters are required to be derated by subtracting *fERR(10per),max:
tCKQK (MIN), and t'LZ (MIN). The following parameters are required to be derated by
subtracting *ERR(10per),min: tCKQK (MAX), tHZ (MAX), and 'LZ (MAX).

The 'DQSCKAII_dis parameter begins RL - 1 cycles after the READ command.

YIS(base) and tIH(base) values are for a single-ended 1 V/ns control/command/address
slew rate and 2 V/ns CK, CK# differential slew rate.

These parameters are measured from the input data strobe signal (DK/DK#) crossing to
its respective clock signal crossing (CK/CK#). The specification values are not affected by
the amount of clock jitter applied as they are relative to the clock signal crossing. These
parameters should be met whether or not clock jitter is present.

These parameters are measured from a command/address signal transition edge to its
respective clock (CK, CK#) signal crossing. The specification values are not affected by
the amount of clock jitter applied as the setup and hold times are relative to the clock
signal crossing that latches the command/address. These parameters should be met
whether or not clock jitter is present.

RESET# should be LOW as soon as power starts to ramp to ensure the outputs are in
High-Z. Until RESET# is LOW, the outputs are at risk of driving and could result in exces-
sive current, depending on bus activity.

If 'WTR is violated, the data just written will not be read out when a READ command is
issued to the same address. Whatever data was previously written to the address will be
output with the READ command.

This specification is defined as any bank command (READ, WRITE, AREF) to a multi-bank
command or a multi-bank command to any bank command. This specification only ap-
plies to quad bank WRITE, 3-bank AREF and 4-bank AREF commands. Dual bank WRITE,
2-bank AREF, and all single bank access commands are not bound by this specification.
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34. If the alignment of CK to DK exceeds the data sheet *CKDK specification for the purpo-
ses of system calibration or timing adjustments, it is possible to put the device into an
undefined state, which will cause write failures. The device will remain in this state until
either an MRO command or a RESET# is issued.
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Temperature and Thermal Impedance Characteristics

It is imperative that the device’s temperature specifications be maintained in order to
ensure that the junction temperature is in the proper operating range to meet data
sheet specifications. An important way to maintain the proper junction temperature is
to use the device’s thermal impedances correctly. Thermal impedances are listed for the
available packages.

Incorrectly using thermal impedances can produce significant errors. Read Micron
technical note TN-00-08, “Thermal Applications” prior to using thermal impedances
listed below.

The device’s safe junction temperature range can be maintained when the T specifica-
tion is not exceeded. In applications where the device’s ambient temperature is too
high, use of forced air and/or heat sinks may be required in order to meet the case tem-
perature specifications.

Table 30: Temperature Limits

Parameter Symbol Min Max Units Notes
Storage temperature Tstq -55 150 °C 1
Reliability junction temperature |Commercial T)ReL) - 110 °C 2
Industrial - 110 °C 2
Operating junction temperature |Commercial T)op) 0 100 °C 3
Industrial -40 100 °C 3
Operating case temperature Commercial Tc 0 95 °C 4,5
Industrial -40 95 °C 4,5

Notes: 1.

MAX storage case temperature; Tstg is measured in the center of the package (see Fig-
ure 21 (page 54)). This case temperature limit is allowed to be exceeded briefly during
package reflow, as noted in Micron technical note TN-00-15.

2. Temperatures greater than 110°C may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at or above this is not implied.
Exposure to absolute maximum rating conditions for extended periods may adversely
affect the reliability of the part.

3. Junction temperature depends upon package type, cycle time, loading, ambient temper-
ature, and airflow.

4. MAX operating case temperature; Tc is measured in the center of the package (see Fig-

ure 21 (page 54)).

5. Device functionality is not guaranteed if the device exceeds maximum T¢ during opera-

tion.

Table 31: Thermal Impedance

6 JA (°C/W) 0 JA (°C/W) 0 JA (°C/W)
Package | Substrate | Airflow = Om/s Airflow = 1m/s Airflow = 2m/s 0 JB (°C/W) 0 JC (°C/w)
Low 39.3 28.8 25.2 N/A
.. 2.0
. conductivity
Die Rev A High 22.0 17.2 15.9 10.3
{[¢] . . . : ) N/A
conductivity
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Table 31: Thermal Impedance (Continued)

Temperature and Thermal Impedance Characteristics

conductivity

6 JA (°C/w) 0 JA (°C/\) 0 JA (°C/w)
Package | Substrate | Airflow = 0Om/s Airflow = 1m/s Airflow = 2m/s 0 JB (°C/W) 0 JC (°C/w)
Low - 38.7 28.7 255 N/A 21
. conductivity
Die Rev B Hiah A
'9 21.8 17.2 16.0 6.4

Figure 21: Example Temperature Test Point Location

Note:

should be viewed as a typical number.

O Test point

[] { 13.5mm
6.75mm
6.75mm
13.5mm

1. Thermal impedance data is based on a number of samples from multiple lots, and
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Command and Address Setup, Hold, and Derating

The total 'S (setup time) and TH (hold time) required is calculated by adding the data
sheet IS (base) and TH (base) values (see Table 32 (page 55); values come from

(page 0 )) to the AUS and A'TH derating values (see Table 33 (page 56)), respectively.
Example: S (total setup time) = IS (base) + A'IS. For a valid transition, the input signal
must remain above/below Vigac)/Viac) for some time 'VAC (see Table 35 (page 57)).

Although the total setup time for slow slew rates might be negative (for example, a valid
input signal will not have reached Viygac)/Virac) at the time of the rising clock transi-
tion), a valid input signal is still required to complete the transition and to reach Vigc)/
Virac)- For slew rates which fall between the values listed in Table 33 (page 56) and
Table 35 (page 57) for Valid Transition, the derating values may be obtained by linear
interpolation.

Setup (IS) nominal slew rate for a rising signal is defined as the slew rate between the
last crossing of Vggg(pc) and the first crossing of Vi acymin- Setup (‘IS) nominal slew rate
for a falling signal is defined as the slew rate between the last crossing of Vyggppc) and
the first crossing of Vi, acymax- If the actual signal is always earlier than the nominal slew
rate line between the shaded Vygppc)-to-AC region, use the nominal slew rate for derat-
ing value (see Figure 22 (page 58)). If the actual signal is later than the nominal slew
rate line anywhere between the shaded Vygppc)-to-AC region, the slew rate of a tangent
line to the actual signal from the AC level to the DC level is used for derating value (see
Figure 24 (page 60)).

Hold (‘IH) nominal slew rate for a rising signal is defined as the slew rate between the
last crossing of Vi (pcymax and the first crossing of Vgggpc). Hold (‘IH) nominal slew rate
for a falling signal is defined as the slew rate between the last crossing of Vi pcymin and
the first crossing of Vypppcy. If the actual signal is always later than the nominal slew
rate line between the shaded DC-to-Vggppc) region, use the nominal slew rate for derat-
ing value (see Figure 23 (page 59)). If the actual signal is earlier than the nominal slew
rate line anywhere between the shaded DC-to-Vggrpc) region, the slew rate of a tangent
line to the actual signal from the DC level to the Vggrpc) level is used for derating value
(see Figure 25 (page 61)).

Table 32: Command and Address Setup and Hold Values Referenced at 1 V/ns - AC/DC-Based

Symbol RL3-2133 RL3-1866 RL3-1600 Units Reference
tIS(base),AC150 85 120 170 ps Vinao/ViLao
tIS(base),AC120 115 150 200 ps Vinao/ViLao
t|H(base),DC100 65 100 120 ps Vitoo/NiLoo)
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Table 33: Derating Values for tIS/tIH - AC150/DC100-Based

AtIS, AtIH Dera‘ting (ps) - AC/DC-Based AC 150 Threshold: le(AC) = VREF(DC) + 150mV, VIL(AC) = VREF(DC) - 150mV
CMD/ADDR CK, CK# Differential Slew Rate
Slew Rate 4.0 Vins 3.0 V/ns 2.0 V/ns 1.8 V/ins 1.6 V/ns 1.4 V/ins 1.2 V/ns 1.0 V/ns
(V/ns) AUS | AYIH | AtIS | AUH | AtIS | AYIH | AYUS | AtIH | AUS | AtIH | AYIS | AUH | AtIS | AYH | AtIS | AtIH

2.0 75 50 75 50 75 50 83 58 91 66 99 74 | 107 | 84 | 115 | 100
1.5 50 34 50 34 50 34 58 42 66 50 74 58 82 68 90 84
1.0 0 0 0 0 0 0 8 8 16 16 24 24 32 34 40 50
0.9 0 -4 0 -4 0 -4 8 16 12 24 20 32 30 40 46
0.8 0 -10 0 -10 0 -10 8 -2 16 6 24 14 32 24 40 40
0.7 0 -16 0 -16 0 -16 8 -8 16 0 24 8 32 18 40 34
0.6 -1 -26 | -1 -26 | -1 -26 7 -18 | 15 | =10 | 23 -2 31 8 39 24
0.5 -10 | -40 | =10 | -40 | =10 | <40 | -2 | -32 6 =24 | 14 | -16 | 22 -6 30 10
0.4 -25 | 60 | -25 | -60 | -25 | =60 | =17 | 52 | -9 | 44 | -1 -36 7 -26 | 15 | =10
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Table 34: Derating Values for tIS/tIH - AC120/DC100-Based

AtIS, AtIH Dera‘ting (ps) - AC/DC-Based AC 120 Threshold: le(AC) = VREF(DC) + 120mV, VIL(AC) = VREF(DC) -120mV
CMD/ADDR CK, CK# Differential Slew Rate
Slew Rate 4.0 Vins 3.0 V/ns 2.0 V/ns 1.8 V/ins 1.6 V/ns 1.4 V/ins 1.2 V/ns 1.0 V/ns
(V/ns) AUS | AYIH | AtIS | AUH | AtIS | AYIH | AYUS | AtIH | AUS | AtIH | AYIS | AUH | AtIS | AYH | AtIS | AtIH

2.0 60 50 60 50 60 50 68 58 76 66 84 74 92 84 | 100 | 100
1.5 40 34 40 34 40 34 48 42 56 50 64 58 72 68 80 84
1.0 0 0 0 0 0 0 8 8 16 16 24 24 32 34 40 50
0.9 0 -4 0 -4 0 -4 8 16 12 24 20 32 30 40 46
0.8 0 -10 0 -10 0 -10 8 -2 16 6 24 14 32 24 40 40
0.7 0 -16 0 -16 0 -16 8 -8 16 0 24 8 32 18 40 34
0.6 -1 -26 -1 -26 -1 -26 7 -18 | 15 | =10 | 23 -2 31 8 39 24
0.5 -10 | <40 | -10 | <40 | -10 | -40 -2 -32 6 =24 | 14 | -16 | 22 -6 30 10
0.4 -25 | 60 | -25 | 60 | -25 | -60 | -17 | -52 9 | 44 -1 -36 7 -26 | 15 | =10

Table 35: Minimum Required Time *VAC Above Vy(ac) (or Below V| (5c)) for Valid Transition

Slew Rate (V/ns) tVAC (ps)
>2.0 175
2.0 170
1.5 167
1.0 163
0.9 162
0.8 161
0.7 159
0.6 155
0.5 150
<0.5 150
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Figure 22: Nominal Slew Rate and tVAC for IS (Command and Address - Clock)

cK
CK#
DK#
DK
Voo ~ T
ViHagmin I I T g, A N T T T
Vgee to AC
region
ViHoomin  —taR R e e it
Nominal
slew rate
VRerpg - - --——-|----------+\O------+--—-—-—-——————
Nominal
slew rate
VIL(DC)max NN A R R T TR R R i R R R
Vrer to AC
region
VIL(AC)max I S O . A e
Vs L
ATF ATR
Setup slew rate VRerd0) ~ ViL(aQmax Setup slew rate ViHaomin ~ VReEF(DO)
falling signal = ATE rising signal = ATR

Note: 1. Both the clock and the data strobe are drawn on different time scales.
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Figure 23: Nominal Slew Rate for tIH (Command and Address - Clock)
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Note: 1. Both the clock and the data strobe are drawn on different time scales.
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Figure 24: Tangent Line for YIS (Command and Address - Clock)
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Note: 1. Both the clock and the data strobe are drawn on different time scales.
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Figure 25: Tangent Line for tlH (Command and Address - Clock)
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Note: 1. Both the clock and the data strobe are drawn on different time scales.
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Data Setup, Hold, and Derating

The total 'DS (setup time) and '‘DH (hold time) required is calculated by adding the data
sheet DS (base) and 'DH (base) values (see the table below; values come from

(page 0 )) to the A'DS and A'DH derating values (see Table 37 (page 63)), respective-
ly. Example: 'DS (total setup time) = ‘DS (base) + A'DS. For a valid transition, the input
signal has to remain above/below Vigac)/ Vi ac) for some time 'VAC (see Table 39

(page 64)).

Although the total setup time for slow slew rates might be negative (for example, a valid
input signal will not have reached Vigac)/Viriac)) at the time of the rising clock transi-
tion), a valid input signal is still required to complete the transition and to reach Vyy/
Virac)- For slew rates which fall between the values listed in Table 37 (page 63) and
Table 39 (page 64), the derating values may obtained by linear interpolation.

Setup ('DS) nominal slew rate for a rising signal is defined as the slew rate between the
last crossing of Vggg(pc) and the first crossing of Viyyacymin- Setup (‘DS) nominal slew
rate for a falling signal is defined as the slew rate between the last crossing of Vrgrpc)
and the first crossing of Vi, (acymax- If the actual signal is always earlier than the nominal
slew rate line between the shaded Vggppc)-to-AC region, use the nominal slew rate for
derating value (see Figure 26 (page 65)). If the actual signal is later than the nominal
slew rate line anywhere between the shaded Vyggpc)-to-AC region, the slew rate of a
tangent line to the actual signal from the AC level to the DC level is used for derating
value (see Figure 28 (page 67)).

Hold (‘DH) nominal slew rate for a rising signal is defined as the slew rate between the
last crossing of Vi (pcymax and the first crossing of Vgggpc). Hold (‘DH) nominal slew
rate for a falling signal is defined as the slew rate between the last crossing of Vipcymin
and the first crossing of Vygppc). If the actual signal is always later than the nominal
slew rate line between the shaded DC-to-Vggrpc) region, use the nominal slew rate for
derating value (see Figure 27 (page 66)). If the actual signal is earlier than the nominal
slew rate line anywhere between the shaded DC-to-Vyggpc, region, the slew rate of a
tangent line to the actual signal from the DC-to-Vygppc) region is used for derating val-
ue (see Figure 29 (page 68)).

Table 36: Data Setup and Hold Values at 1 V/ns (DKx, DKx# at 2V/ns) - AC/DC-Based

Symbol RL3-2133 RL3-1866 RL3-1600 Units Reference
tDS(base),AC150 at 1V/ns -30 -15 10 ps Vinao/ViLac
tDS(base),AC120 at 2v/ns 60 75 100 ps Vinao/ViLao
!DH(base),DC100 at 1v/ns 5 20 45 ps Vinoo/ViLpo)
tDH(base),DC100 at 2v/ns 55 70 95 ps Vihoo/ViLpo)
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