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Features

* Pin- and function-compatible with Micron RLDRAM® ||

» 533 MHz DDR operation (1.067Gb/s/pin data rate)

* 38.4 Gb/s peak bandwidth (x36 at 533 MHz clock frequency)

* 16M x 36, 32M x 18, and 64M x 9 organizations available

* 8 banks

* Reduced cycle time (15 ns at 533 MHz)

* Address Multiplexing (Nonmultiplexed address option
available)

* SRAM-type interface

* Programmable Read Latency (RL), row cycle time, and burst
sequence length

» Balanced Read and Write Latencies in order to optimize data
bus utilization

* Data mask for Write commands

« Differential input clocks (CK, CK)

« Differential input data clocks (DKx, DKXx)

*» On-chip DLL generates CK edge-aligned data and output
data clock signals

» Data valid signal (QVLD)

* 32 ms refresh (16K refresh for each bank; 128K refresh
command must be issued in total each 32 ms)

* 144-ball uBGA package

e HSTL I/O (1.5 V or 1.8 VV nominal)

* 250-60Q matched impedance outputs

*25V Vext, 1.8V Vpp, 1.5V or 1.8 V Vppg 1/0

* On-die termination (ODT) Ryt

» Commerical and Industrial Temperature

Commercial (+0° < T < +95°C)
Industrial (-40° < T < +95°C)

64M x 9, 32M x 18, 16M x 36
576Mb CIO Low Latency DRAM (LLDRAM II)

GS4576C09/18/36L

533 MHz—300 MHz
2.5V Veyr

18V Vpp
15V or 1.8V Vppg

Introduction

The GSI Technology 576Mb Low Latency DRAM
(LLDRAM 11) is a high speed memary device designed for
high address rate data processing typically found in networking
and telecommunications appligations. The 8-bank architecture
and low tRC allows access4ates formerly only found in
SRAMs.

The Double Data Rate®(DDR) 1/O interface provides high
bandwidth data transfers, clocking out two beats of data per
clock cycle at thed/© balls. Source-synchronous clocking can
be implemented{on the host device with the provided free-
running data output clock.

Commandsyaddresses, and control signals are single data rate
signals‘elocked in by the True differential input clock
transition, while input data is clocked in on both crossings of
the«input data clock(s).

Read and Write data transfers always in short bursts. The burst
length is programmable to 2, 4 or 8 by setting the Mode
Register.

The device is supplied with 2.5 V Vgxrand 1.8 V Vpp for the
core, and 1.5V or 1.8 V for the HSTL output drivers.

Internally generated row addresses facilitate bank-scheduled
refresh.

The device is delivered in an efficent uBGA 144-ball package.
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64M x 9 Mb Ball Assignments—144-Ball uBGA—Top View

1 2 3 4 5 6 7 8 9 10 1 12
A VRer Vss Vext Vss Vss Vext T™S TCK
B Voo DNU®  DNU®  Vss Vss DRO  DNU®  Vop
c Vrr DNU®  DNU®  Vppg Vopg ¢%°DQ1  DNU® Vit
D A2t DNU®  DNU®  Vss Vs QKO QKO Vss
E A21 DNU®  DNU®  Vpbpg Voo DQ2  pNud  A20
F A5 DNU®  DNU®  Vss Vss DQ3  DNU®  QVLD
G A8 A6 A7 Vo Vop A2 Al A0
H B2 A9 Vss Vss Vss Vss A4 A3
J NF? NF? Voo Voo Voo Voo BO CK
K DK DK Vbp Vbp Vbp Vbp B1 CK
L REF cs Vss Vss Vss Vss Al4 A13
M WE A16 AL7 Voo Voo Al12 A1l A10
N A18  DNU®  DNU®  Vss Vss DQ4  DNU® A9
P Al5  pNU®  DNU®  Voppg Voog  DQ5  DNU® DM
R Vss  DNU®  DNU®  “Vss Vss DQ6  DNU®  Vss
T Vrr DNU®  DNU®_ Vobpg Voog  DQ7  DNU® Vit
U Voo DNU®  DNU®  Vss Vss DQ8  DNU®  Vop
Vv VReF ZQ Vext Vss Vss Vext TDO TDI

Notes:

1. Reserved for future.use. This pin may be connected to ground.

2. No function. Thi$-pih-may have parasitic characteristics of a clock input signal. It may be connected to GND.
3. Do not use. This-pin may have parasitic characteristics of an I/O. It may be connected to GND.

Ee—————— e
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32M x 18 Ball Assignments—144-Ball uBGA—Top View
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1 2 3 4 5 6 7 8 9 10 11 12

A VRer Vss Vext Vss Vss Vexr  TMS TCK
B Vbp DNU*  DQ4 Vss Vss DRO  DNU*  Vop
c Vrr DNU*  DQ5  Vobpg Vopg ¢%°DQ1  DNU* Vit
D A22'  DNU*  DQ6 Vss Vss QKO QKo Vss
E A212  DNU*  DQ7  Vobpg Voo  DQ2  DNU*  A20
F A5 DNU*  DQ8 Vss Vss DQ3  DNU*  QVLD
G A8 A6 A7 Vpp Vop A2 Al A0
H B2 A9 Vss Vss Vss Vss A4 A3
J NFS NF3 Voo Voo Voo Voo BO CK
K DK DK Vbp Vbp Vbp Vbp B1 CK
L REF cs Vss Vss Vss Vss Al4 A13
M WE Al6 A17 Voo Vpp Al12 All A0
N A18 DNU*  DQ14 Vss Vss DQ9  DNU*  Al9
P A15 DNU4  DQI15 Vboo Vbpg DQ10  DNU* DM
R Vss QK1 QK1 Vss Vss DQIL  DNU*  Vss
T Vrr DNU*  DQ16 2 Vbpg Voog  DQ12  DNU* Vit
U Voo DNU* DQI7  Vss Vss  DQ13  DNU*  Vop
Vv VReF ZQ Vext Vss Vss Vext TDO TDI

Notes:

1. Reserved for future.use. This pin may be connected to GND.

2. Reserved for futlre*use. This pin may have parasitic characteristics of an address input signal. It may be connected to GND.

3. No function. This-pin may have parasitic characteristics of a clock input signal. It may be connected to GND.

4. Do not use. This pin may have parasitic characteristics of an I/O. It may be connected to GND.
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16M x 36 Ball Assignments—144-Ball uBGA—Top View

1 2 3 4 5 6 7 8 9 10 11 12
A VRer Vss Vext Vss Vss Vext  TMS TCK
B Vbp DQ8 DQ9 Vss Vss DQ1 DQO Vbp
C Vit DQ1I0  DQI1  Vppg Vbpg (= ~DQ3 DQ2 Vit
D A22!  DQ12  DQ13 Vss Vss QKO QKO Vss
E A21> DQ14  DQI5  Vppg Vppg ~ DQ5 DQ4 A202
F A5 DQ16 DQ17  Vss Vss  DQ7  DQ6  QULD
G A8 A6 A7 Vop Vop A2 Al A0
H B2 A9 Vss Vss Vss Vss A4 A3
J DKO  DKO  Vpp Voo Vop Voo BO CK
K DK1 DK1 Voo Voo Vpp Voo B1 CK
L REF cs Vss Vss Vss Vss Al4 A13
M WE Al6 Al7 Voo Voo Al12 All A0
N Al8 DQ24 DQ25 Vss Vsg DQ35 DQ34 A19
P Al15 DQ22 DQ23 Vbpg Vbpo DQ33 DQ32 DM
R Vss QK1 QK1 Vas Vss DQ31  DQ30 Vss
T Vit DQ20  DQ21 o Wppo Voo  DQ29  DQ28 Vi
U Voo  DQ18  DQ1”  Vss Vss DQ27  DQ26  Vpp
v VRer ZQ Vext Vss Vss Vexr  TDO TDI

Notes:
1. Reserved for future use. This pin may be connected to GND.
2. Reserved for futuré,Use. This pin may have parasitic characteristics of an address pin. It may be connected to GND.

Ee—————— e
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Ball Descriptions
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Symbol Type Description
Address Inputs—A0-A21 define the row and column addresses for Read and Write Operations. During
AD-A21 Input a Mode Register Set (MRS), the address inputs define the register settings. They are sampled at the
rising edge of CK.
BA0-B2 Input Bank Address inputs—Select to which internal bank a command is being applied.
cK TR Inout Input Clock—CK and CK are differential input clocks. Addressesand’commands are latched on the
’ P rising edge of CK. CK is ideally 180° out of phase with CK.
o5 Inout Chip Select—CS enables the command decoder when Lowsand disables it when High. When the
P command decoder is disabled, new commands are ignorédy but internal operations continue.
DO0-DO35 Inout Data Input—The DQ signals form the 36-bit data bus«During Read commands, the data is referenced to
Q0-DQ P both edges of QKx. During Write commands, the data’is sampled at both edges of DK.
Input Data Clock—DK and DK are the diffetential input data clocks. All input data is referenced to both
DK DR nout edges of DK. DK is ideally 180° out of phase with DK. For the x36 device, DQO- DQ17 are referenced to
’ P DKO and DKO and DQ18-DQ35 are referenced to DK1 and DK1. For the x9 and x18 devices, all DQs
are referenced to DK and DK. All DKx.arid DKx pins must always be supplied to the device.
Input Data Mask—The DM signalis'thie input mask signal for Write data. Input data is masked when DM
DM Input is sampled High. DM is samplegd»on both edges of DK (DK1 for the x36 configuration). Tie signal to
ground if not used.

TCK Input |EEE 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.
S Command Inputs—Sampled at the positive edge of CK, WE and REF define (together with CS) the
WE, REF Input

command te be €xecuted.

VReE Input Input Reférence Voltage—Nominally Vppq/2. Provides a reference voltage for the input buffers.
External Impedance (25-60C2)—This signal is used to tune the device outputs to the system data bus
impédance. DQ output impedance is set to 0.2 * RQ, where RQ is a resistor from this signal to ground.

ZQ 110 €onnecting ZQ to GND invokes the Minimum Impedance mode. Connecting ZQ to Vpp invokes the
Maximum Impedance mode. Refer to the Mode Register Definition diagrams (Mode Register Bit 8 (M8))
to activate or deactivate this function.

Output Data Clocks—QKx and QKx are opposite polarity, output data clocks. They are free running,
and during Reads, are edge-aligned with data output from the LLDRAM II. QKx is ideally 180° out of
QKX, QKx Output  |phase with QKx. For the x36 device, QKO and QKO are aligned with DQ0-DQ17, and QK1 and QK1 are

aligned with DQ18-DQ35. For the x18 device, QK0 and QKO are aligned with DQ0-DQ8, while QK1 and
QK1 are aligned with Q9-Q17. For the x9 device, all DQs are aligned with QKO and QKO.

Rev: 1.04 11/2013
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Ball Descriptions (Continued)

Symbol Type Description
QVLD Output  |Data Valid—The QVLD pin indicates valid output data. QVLD is edge-aligned with QKx and @x.
IEEE 1149.1 Test Output—JTAG output. This ball may be left as no connect if the JTAG function is not
TDO Output
used.
v Suool Power Supply—Nominally, 1.8 V. See the DC Electrical CharacteristicS'and Operating Conditions
oD PRy section for range.
v Suonl DQ Power Supply—Nominally, 1.5 V or 1.8 V. Isolated on the devige for improved noise immunity. See
bbQ PRy the DC Electrical Characteristics and Operating Conditions section for range.
v Suool Power Supply—Nominally, 2.5 V. See the DC Electrical Characteristics and Operating Conditions
EXT PRy section for range.
Vsg Supply  |Ground
Power Supply—Isolated termination supply..;Nominally, Vppo/2. See the DC Electrical Characteristics
VT — . ) .
and Operating Conditions section 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 ¢Onnected to ground.
NF — No Function—These balls cantbe‘connected to ground.
e — — =
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Operations

Initialization
A specific power-up and initialization sequence must be observed. Other sequences may result in undefined operations or
permanent damage to the device.

Power-up:

1. Apply power (Vexr, Voo, Vooao, Vrer V1) - Start clock after the supply voltages are stable. Apply Vpp and Veyr before or
at the same time as VDDQ1. Apply Vppq before or at the same time as Vger and V1. TheChip starts internal initlization
only after both voltages approach their nominal levels. CK/CK must meet Vip(oc) Priorto being applied?. Apply only
NOP commands to start. Ensuring CK/CK meet Vpncy while loading NOP commarids guarantees that the LLDRAM I
will not receive damaging commands during initialization.

2. ldle with continuing NOP commands for 200us (MIN).

3. Issue three or more consecutive MRS commands: two or more dummiesplus one valid MRS. The consecutive MRS
commands will reset internal logic of the LLDRAM II. tMRSC does nét need to be met between these consecutive
commands. Address pins should be held Low during the dummy MRS.commands.

4. tMRSC after the valid MRS, issues an AUTO REFRESH commanid to all 8 banks in any order (along with 1024 NOP
commands) prior to normal operation. As always, tRC must be met between any AUTO REFRESH and any subsequent
valid command to the same bank.

Notes:

1. Itis possible to apply Vppq before V. However, when doing'this, the DQs, DM, and all other pins with an output driver, will
go High instead of tri-stating. These pins will remain High¥ntil Vp, is at the same level as Vppg. Care should be taken to
avoid bus conflicts during this period.

2. IfVip(pc)on CK/CK can not be met prior to being“applied to the LLDRAM I1, placing a large external resistor from CS to Vpp
is a viable option for ensuring the command bus\does not receive unwanted commands during this unspecified state.

e R —
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Power-Up Initialization Sequence

e/ f§ 5 1S f5
w / f§ 5§ f5
oo/ f 5§ | B
e/ f§ 5§ f§
m_/ f§ S IS $)

x| e e

ADDR

BA

DM

DQ

Notes:

Recommend all address pins held Low during ddmmy MRS commands.

A10-A17 must be Low.

DLL must be reset if tCK or Vpp are changed:

CK and CK must be separated at all imes{toyprevent bogus commands from being issued.

The sequence of the eight AUTO REFRESH commands (with respect to the 1024 NOP commands) does not matter. As is required for any operation,
tRC must be met between an AUTO REFRESH command and a subsequent VALID command to the same bank.

o wh e

e — — e ——
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Power-Up Initialization Flow Chart
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The sequence of the eight AUTO REFRESH commands (with respect to the 1024 NOP commands) does not matter. As is required for any
operation, tRC must be met between an AUTO REFRESH command and a subsequent VALID command to the same bank.
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DLL Reset

Mode Register Bit 7 (M7) selects DLL Reset as is shown in the Mode Register Definition tables. The default setting for M7 is Low,
whereby the DLL is disabled. Once M7 is set High, 1024 cycles (5us at 200 MHz) are needed before a Read command can be
issued. The delay allows the internal clock to be synchronized with the external clock. Failing to wait for synchronization to occur
may result in a violation of the tCKQK parameter. A reset of the DLL is necessary if tCK or Vp is changed after the DLL has
already been enabled. To reset the DLL, set M7 is Low. After waiting tMRSC, an MRS command should be issued to set M7 High.
1024 clock cycles must pass before loading the next Read command.

Driver Impedance Mapping

The LLDRAM Il is equipped with programmable impedance output buffers. Setting Mode RegisterBit 8 (M8) High during the
MRS command activates the feature. Programmable impedance output buffers allow the user to“match the driver impedance to the
PCB trace impedance. To adjust the impedance, an external resistor (RQ) is connected between the ZQ ball and V. The value of
the resistor must be five times the desired impedance (e.g., a 3002 resistor produces an outputimpedance of 60C2). RQ values of
1250-300Q are supported, allowing an output impedance range of 25-60Q (+/- 15 %).

The drive impedance of uncompensated output transistors can change over time due tox¢hanges in supply voltage and die
temperature. When drive impedance control is enabled in the MRS, the value of RQuis periodically sampled and any needed
impedance update is made automatically. Updates do not affect normal device operation or signal timing.

When Bit M8 is set Low during the MRS command, the output compensationsgircuits are still active but reference an internal
resistance reference. The internal reference is imprecise and subject to temiperature and voltage variations so output buffers are set
to a nominal output impedance of 50Q2, but are subject to a £30 percent variance over the Commercial temperature range of the
device.

e R —
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On-Die Termination (ODT)
Mode Register Bit 9 (M9) set to 1 during an MRS command enables ODT. With ODT on, the DQs and DM are terminated to V1
with a resistance, R+t. Command, address, QVLD, and clock signals are not terminated. The diagram below shows the equivalent

circuit of a DQ receiver with ODT. When a tri-stated DQ begins to drive, the ODT function is briefly switched off. When a DQ
stops driving at the end of a data transfer, ODT is switched back on. Two-state DM pin never deactivates ODT.

On-Die Termination DC Parameters

Description Symbol Min Max Units Notes
Termination Voltage Vi1 0.95* VRer 1.05* Vger v 1,2
On-Die Termination Rt 125 185 (©) 3

Notes:
1. Allvoltages referenced to Vgg (GND).

2. Vqris expected to be set equal to Vggr and must track variations in the DC level of Vg
3. The Ry value is measured at 95°C Te.

On-Die Termination-Equivalent Cifeuit

Vit
k sw
Ryt
Receiver
DQ .
VRer
e — — =
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Read NOP Read On-Die Termination Burst Length 2, Configuration 1

‘TO ‘Tl ‘TZ ‘TS ‘TA ‘TS ‘Te ‘T7 ‘TS

OK = = = o ey oo o4 e e s e e b m e e b o s a4 e b e o s e b e e s e s a e e e e e s

K).().().().().().().().().(]

8 (e X)) (D ED
oDT ODT ON X ODT OFF X ODT ON X ODT OFF X ODT ON

Read-Write On-Die Termination Burst Length 2, Configuration 1

oDT | ODT ON X ODT OFF X ODTON

Rev: 1.04 11/2013 12/62 © 2011, GSI Technology
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Read Burst On-die Termination Burst Length 2, Configuration 1

DQ «QOa xs Qob x{ Qla X{le X{QZaX{QZb »

oDT ODT ON X ODT OFF X ODT ON
e ———— e —
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Commands

Valid control commands are listed below. Any input commands not shown are illegal or reserved. All inputs must meet specified
setup and hold times around the true crossing of CK.

Description of Commands

Command Description Notes
The NOP command is used to perform a no operation to the LLDRAM I, which essentially.deselects the
DSEL/NOP chip. Use the NOP command to prevent unwanted commands from being registered dufing idle or wait 1
states. Operations already in progress are not affected. Output values depend on command history.
The Mode Register is set via the address inputs AO-A17. See the Mode Register Definition diagrams for
MRS further information. The MRS command can only be issued when all banks are jdieJand no bursts are in —
progress.
READ The Read command is used to initiate a burst read access to a bank. The value on the BAO-BA2 inputs ?
selects the bank, and the address provided on inputs AO-An selects thesdata location within the bank.
The Write command is used to initiate a burst write access to a bank..Fhe value on the BAO-BA2 inputs
selects the bank, and the address provided on inputs AO-An selects.the data location within the bank.
WRITE Input data appearing on the DQ is written to the memory array-subject to the DM input logic level 9
appearing coincident with the data. If the DM signal is registerethLow, the corresponding data will be
written to memory. If the DM signal is registered High, the corrésponding data inputs will be ignored (that
is, this part of the data word will not be written).
The AREF command is used during normal operation,6fthe LLDRAM Il to refresh the memory content
of a bank. The command is non-persistent, so it mustsbe issued each time a refresh is required. The
AREF value on the BAO-BA2 inputs selects the bank. Fherefresh address is generated by an internal refresh —
controller, effectively making each address bit a*“Don't Care” during the AREF command.
See the Auto Refresh section for more detailss
Notes:
1. When the chip is deselected, internal NOP commands<@re generated and no commands are accepted.
2. For the value of “n", see Address Widths at DifferentBurst Lengths table.
Command Table
= | w | == 2
Operation Command CS WE REF AO0-An BAO-BA2 =
=
Device Deselect/No Operation DSEL/NOP H X X X X 1
MRS MRS L L L CODE X 1,3
Read READ L H H A BA 1,2
Write WRITE L L H A BA 1,2
Auto Refresh AREF L H L X BA 1
Notes:
1. X=Don't Care; H= Lkogic High; L = Logic Low; A = Valid Address; BA = Valid Bank Address.
2. For the value of*f", 'see Address Widths at Different Burst Lengths table.
3. Only A0-A17 are used for the MRS command.
e R —
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State Diagram

Initialization
Sequence

omatic Sequence >
ommand Sequence i
Q?
&
N
S
L e |
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Mode Register Set

Mode Register Set controls the operating modes of the memory, including configuration, burst length, test mode, and 1/0 options.
During an MRS command, the address inputs AO-A17 are sampled and stored in the Mode Register. Except during initialization to
force internal reset, after a valid MRS command, tMRSC must be met before any command except NOP can be issued to the
LLDRAM I1. All banks must be idle and no bursts may be in progress when an MRS command is loaded.

Note: Changing the burst length configuration may scramble previously written data. A burst length change must be assumed to
invalidate all stored data.

Mode Register Set

................

CODE

e e —
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Mode Register Definition in Nonmultiplexed Address Mode

Al7 .. A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 Address Bus

EEREERREREN

17-10 9 / / /6 /5 /4 / /2 /1 /0 é Mode Register (Mx)

| Reserved' |ODT| M |DLL [NA? [AM | | Config
On Die | 2 | M1 | MO | Configuration
M9 L
Termination 3
0|00 1° (default)
0 Off (default)
0| 0|1 13
1 On
0 1 0 2
* \J 0 1 1 3
M8 Drive Impedance
M7 DLL Reset 1 0 0 23
0 | Internal 50Q2° (default) .
0 | DLL reset” (default) 1011
1 External (ZQ) 5
1 DLL enabled
1 1 0 Reserved
‘ 1 1 1 Reserved
M5 Address MUX B Y
£ Ma | M3 Burst
0 Nonmulitplexed (default) Length
1 Multiplexed 0 0 2 (default)
0 1 4
1 0 8
1 1 Reserved
Notes:
1. A10-Al7 must be set to zero; A18-An = “Don't Care”.
2. A6 not used in MRS,
3. BL=8is not available.
4, DLL RESET turnsthe DLL off.
5. +/-30% over rated temperature range.
e — — =
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Configuration Tables

The relationship between cycle time and read/write latency is selected by the user. The configuration table below lists valid
configurations available via Mode Register bits M0, M1, and M2 and the clock frequencies supported for each setting. Write
Latency is equal to the Read Latency plus one in each configuration to reduce bus conflicts.

Cycle Time and Read/Write Latency Configuration Table

Configuration
Parameter Units
12 2 3 42, 3 5
tRC 4 6 8 3 5 tCK
tRL 6 8 3 5 tCK
tWL 7 9 4 6 tCK
Valid Frequency Range 266-175 400-175 533-175 200175 333-175 MHz

Notes:

1. tRC <20 ns in any configuration is only available with -18 and —24 speed grades.
2. BL=8isnotavailable.

3. The minimum tRC is typically 3 cycles, except in the case of a Write followed by a Read to the same bank. In this instance the minimum
tRC is 4 cycles.

Rev: 1.04 11/2013 18/62 © 2011, GSI Technology
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Burst Length

Read and Write data transfers occur in bursts of 2, 4, or 8 beats. Burst Length is programmed by the user via Mode Register Bit 3
(M3) and Bit 4 (M4). The Read Burst Length diagrams illustrate the different burst lengths with respect to a Read Command.
Changes in the burst length affect the width of the address bus.

Note: Changing the burst length configuration may scramble previously written data. A burst length change must be assumed to
invalidate all stored data.

Read Burst Lengths

Commandl

QKx1
le .

Command2

QKx2

sz -

QULD2

o2 §S o0 K2t MK 22 @K 2 @K 2 MK o @K @ ) o)

Address Widths at Different Burst Lengths

Configuration
Burst Length
x9 x 18 x36

2 A0-A21 A0-A20 A0-A19

4 A0-A20 A0-A19 A0-A18

A0-A19 A0-A18 A0-A17
e — — =
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Write

Write data transfers are launched with a Write command, as shown below. A valid address must be provided during the Write
command.

During Write data transfers, each beat of incoming data is registered on crossings of DK and DK until the burst transfer is
complete. Write Latency (WL) that is always one cycle longer than the programmed Read Latency (RL), so the first valid data
registered at the first True crossing of the DK clocks WL cycles after the Write command.

A Write burst may be followed by a Read command (assuming tRC is met). At least one NOP command®is required between Write
and Read commands to avoid data bus contention. The Write-to-Read timing diagrams illustrate the<siming requirements for a
Write followed by a Read. Setup and hold times for incoming DQ relative to the DK edges are specified as tDS and tDH. Input
data may be masked a High on an associated DM pin. The setup and hold times for the DM signal are tDS and tDH.W

Write Command
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Write Burst Length 2, Configuration 1

CMD

ADDR

BA

DQ ( DOa X DOb X Dila X D1b X D2a X D2b X D3a X D3b )

Write Burst Length 4, Configuration 1

DQ ( DOa X DOb X DOc X Dod X Dla X Dib X Dic X D1d ‘

e — — e ——
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Write-Read Burst Length 2, Configuration 1

DQ ( DOa. X DOb Qla X( Q1b X{ QZaX{ Q2b »—

QLD // \\

e e —
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Write-Read Burst Length 4, Configuration 1

4)[\_11\_)‘\_)'\_)‘\_)‘\_)‘\_)‘\_)‘\_)‘
3 €3 5 C3 & 3 5 (©

), &8

X O S T Y

DQ ( DOa XDOb X DOc X Dod leX{ Qlc X( Qid X{ Q2a

. /
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Read
Read data transfers are launched with a Read command, as shown below. Read Addresses must provided with the Read command.

Each beat of a Read data transfer is edge-aligned with the QKx signals. After a programmable Read Latency, data is available at the
outputs. One half clock cycle prior to valid data on the read bus, the data valid signal (QVLD) is driven High. QVLD is also edge-
aligned with the QKXx signals. The QK clocks are free-running.

The skew between QK and the crossing point of CK is specified as tCKQK. tQKQO is the skew between QKO and the last valid data
edge generated at the DQ signals associated with QKO (tQKQO is referenced to DQ0-DQ17 for the X36 configuration and DQ0-DQ8
for the x18 configuration). tQKQ1 is the skew between QK1 and the last valid data edge generated-at the DQ signals associated with
QK1 (tQKQ1 is referenced to DQ18-DQ35 for the x36 and DQ9-DQ17 for the x18 configuration). tQKQx is derived at each QKx
clock edge and is not cumulative over time. tQKQ is defined as the skew between either QK differential pair and any output data edge.

At the end of a burst transfer, assuming no other commands have been initiated, output data’(DQ) will go High-Z. The QVLD signal
transitions Low on the beat of a Read burst. Note that if CK/CK violates the Vip(pc) specification while a Read burst is occurring,
QVLD remains High until a dummy Read command is issued. Back-to-back Read commands are possible, producing a continuous
flow of output data.

The data valid window specification is referenced to QK transitions and is defined as: tQHP — (tQKQ [MAX] + [tQKQ [MIN]]). See the
Read Data Valid Window section for illustration.

Any Read transfer may be followed by a subsequent Write command. The Read-to-Write timing diagram illustrates the timing
requirements for a Read followed by a Write. Some systems having longline lengths or severe skews may need additional NOP cycles
inserted between Read and Write commands to prevent data bus contention.

Read,Command
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Read Burst Length 2, Configuration 1

QULD /]
DQ «QOa M Qob M Qla X{leX{QZaX{Q%X{QSaX{QSbX{QOaXﬂ

Read Burst Length=4, Configuration 1

l().( ).( ).( ).( &8 & ).( ).(RD).

QULD /]
DQ « Qoa ﬂ Qb X{ Qoc X{ Qud M Qla X{ Q1b X{ Qlc ﬂ Qud ﬂ Qoa
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CMD

ADDR

BA

DQ

QULD

4 \

QULD
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Auto Refresh

The Auto Refresh (AREF) command launches a REFRESH cycle on one row in the bank addressed. Refresh row addresses are
generated by an internal refresh counter, so address inputs are Don’t Care, but a bank addresses (BA 2:0) must be provided during
the AREF command. A refresh may be contining in one bank while other commands, including other AREF commands, are

launched in other banks. The delay between the AREF command and a READ, WRITE or AREF command to the same bank must
be at least tRC.

The entire memory must be refreshed every 32 ms (tREF). This means that this 576Mb device require$y128K refresh cycles at an
average periodic interval of 0.24pus MAX (actual periodic refresh interval is 32 ms/16K rows/8 = 0,244pus). To improve efficiency,
eight AREF commands (one for each bank) can be launched at periodic intervals of 1.95us (32ms/6K rows = 1.95us). The Auto
Refresh Cycle diagram illustrates an example of a refresh sequence.

Auto Refresh (AREF) Command

Auto Refresh Cycle

CMD AREF AREF NOP AREF

Bank BAO BA3 BA4
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Address Multiplexing

LLDRAM II defaults to “broadside” addressing at power up, meaning, it registers all address inputs on a single clock transition.
However, for most configurations of the device, considerable efficiency can be gained by operating in Address Multiplexed mode,
cutting the address pin count on the host device in half. In Multiplexed Address mode, the address is loaded in two consecutive
clock transitions. Broadside Addressing only improves Continuous Burst mode data transfer efficiency of Burst Length 2 (BL = 2)
configuration.

In Address Multiplex mode, bank addresses are loaded on the same clock transition as Command and'the first half of the address,
Ax. The 576Mb Address Mapping in Multiplexed Address Mode table and Cycle Time and Read/Write Latency Configuration in
Mulitplexed Mode table show the addresses needed for both the first and second clock transitions (Ax and Ay, respectively). The
AREF command does not require an address on the second clock transition, as only the Bank Address are loaded for refresh
commands. Therefore, AREF commands may be issued on consecutive clocks, even when in\Address Multiplex mode.

Setting Mode Register Bit 5 (M5) to 1 in the Mode Register activates the Multiplexed Address mode. Once this bit is set
subsequent MRS, READ, and WRITE operate as described in the Multiplexed Address,Mode diagram.
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Power-Up Multiplexed Address Mode
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MRS Command In Multiplexed Mode

The Mode Register Set command stores the data for controlling the RAM into the Mode Register. The register allows the user to
modify Read and Write pipeline length, burst length, test mode, and 1/O options. The Multiplexed MRS command requires two
cycles to complete The Ax address is sampled on the true crossing of clock with the MRS Command. The Ay address and a
required NOP command are captured on the next next crossing of clock. After issuing a valid MRS command, tMRSC must be met
before any READ, WRITE, MRS, or AREF command can be issued to the LLDRAM II. This statement-does not apply to the
consecutive MRS commands needed for internal logic reset during the initialization routine. The MRS,emmand can only be
issued when all banks are idle and no bursts are in progress.

Note: The data written by the prior burst length is not guaranteed to be accurate when the burstdength of the device is changed.

MRS Command in Multiplexed Mode

‘MRS

Notes:

1. Recommended that all address pins held Low dufing dummy MRS commands.

2. A10-A18 must be Low.

3. Setaddress A5 High. This enbles the partdo“enter Multiplexed Address mode when in Non-Multiplexed mode operation. Multiplexed
Address mode can also be entered at some later time by issuing an MRS command with A5 High. Once address Bit A5 is set High, tMRSC
must be satisfied before the two-cycle multiplexed mode MRS command is issued.

4. Address A5 must be set High. This«and the following step set the desired mode register once the LLDRAM Il is in Multiplexed Address
mode.

5. Any command or address.

6. The above sequence must be, followed in order to power up the LLDRAM Il in the Multiplexed Address mode.

7. DLL must be reset if tCK,0rVpp are changed.

8. CKand CK must separated at all times to prevent bogus commands from being issued.

9. The sequence of theheight AUTO REFRESH commands (with respect to the 1024 NOP commands) does not matter. As is required for any
operation, tRC niust be met between an AUTO REFRESH command and a subsequent VALID command to the same bank.

e — — =
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Mode Register Definition in Multiplexed Address Mode

AX Al8..A10 A9 | A8 A5 | AMd [ A3 A0
Ay Al8..A10 A9 | A8 A4 | A3

ARRERERRRE

18-10 /3 / /6 /5 /4 / /2 /1 /0 ModeRegister(MX)

| Reserved! |ODT| IM |DLL [NA®|AM | BL | config
On Die W M1 | MO | Configuration
M9 L
Termination 5
0] 010 14 (default)
0 Off (default)
0] 0|1 12
1 On
0|1 0 2
+ | 0|1 1 3
M8 Drive Impedance
M7 DLL Reset 11010 2
0 | Internal 50Q° (default) 1
0 | DLL reset” (default) 11011 .
1 External (ZQ)
1 DLL enabled
1 1 0 Reserved
# 1 1 1 Reserved
M5 Address MUX < Y
£ | Ma | M3 Burst
0 Nonmulitplexed (defautt) Length
1 Multiplexed 0 0 2 (default)
0 1 4
1 0 8
1 1 Reserved
Notes:
1. A10-A18 must be setto zero.
2. BL=8is not available:
3. +/-30% over rated-temperature range.
4. DLL RESET turns the DLL off.
5. Ay8not used in MRS.
6. BAO-BA2 are “Don’t Care”.
7. Addresses A0, A3, A4, A5, A8, and A9 must be set as shown in order to activate the Mode Register in the Multiplexed Address mode.
e =
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576Mb Address Mapping in Multiplexed Address Mode

) Burst Address
Data Width Ball

Length A0 | A3 | A4 A5 A8 A9 | AL0 | Al13 | Al4 | AL7 | Al8
AX A0 A3 | A4 A5 A8 A9 | A10 | Al13 | Al4 | Al7 | A8
2 Ay X Al | A2 X A6 A7 | Al9 | AWY | A12 | Al6 | Al5
AXx A0 A3 | Ad A5 A8 A9 | AL0 [NAL3 | Al4 | Al7 | A8
x30 ) Ay X Al | A2 X AB A7 X All | Al2 | Al16 | Al5

8 Ax A0 A3 | Ad A5 A8 A9 |“Al0 | AL3 | Al4 | AL7 X
Ay X Al | A2 X A6 A7 X All | Al2 | Al6 | Al5
AX A0 A3 | Ad A5 A8 A9T A10 | A13 | Al4 | AL7 | Al8
2 Ay A20 | Al | A2 X A6 A7 | A19 | All | Al2 | Al6 | Al5
AX A0 A3 | Ad A5 A8 A9 | A10 | A13 | Al4 | Al7 | Al8
X18 4 Ay X Al | A2 X A A7 | Al9 | All | Al2 | Al6 | Al5
Ax A0 A3 | Ad A5 A8 A9 | Al0 | A13 | Al4 | AL7 | A8
8 Ay X Al | A2 X AB A7 X All | Al2 | Al6 | Al5
AXx A0 A3 | Ad A5 A8 A9 | Al0 | A13 | Al4 | Al7 | A18
2 Ay A20 | Al | A2 ™A1 | A6 A7 | Al19 | A1l | Al2 | Al6 | Al5
AX A0 A3 | A4 A5 A8 A9 | A10 | AL3 | Al4 | Al7 | A18
X9 ) Ay A20 | Al | A2 X A6 A7 | Al9 | ALl | Al2 | Al6 | Al5
8 Ax A0 AN AL A5 A8 A9 | A10 | A13 | Al4 | Al7 | A18
Ay X A A2 X A6 A7 | Al9 | All | Al2 | Al6 | Al5

Notes:
X=Don't Care.

Configuration in Mulitplexed Mode

In Multiplexed Address mode, the Read and Wirite latencies are increased by one clock cycle. However, the LLDRAM I cycle time
remains the same as when in Nonmultiplexed-Address mode.

Cycle Time and Read/Write Lateney Configuration in Mulitplexed Mode

Configuration
Parameter Units
12 2 3 42, 3 5
tRC 4 6 8 5 tCK
tRL 7 9 4 6 tCK
tWL 6 8 10 7 tCK
Valid Frequency Range 266-175 400-175 533-175 200-175 333-175 MHz

Notes:

1. tRC <20 nsin any configuration is only available with —24 and —18 speed grades.

2. Minimum operating frequency for —18 is 370 MHz.

3. The minimum tRC is typically 3 cycles, except in the case of a Write followed by a Read to the same bank. In this instance the minimum
tRC is 4 cycles.
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Write Command in Multiplexed Mode

Address Multiplexed Write data transfers are launched with a Write command, as shown below. A valid address must be provided
during the Write command. The Ax address must be loaded on the same true clock crossing used to load the Write command and
the Bank address. The Ay address and a NOP command must be provided at the next clock crossing.

During Write data transfers, each beat of incoming data is registered on crossings of DK and DK until the burst transfer is
complete. Write Latency (WL) is always one cycle longer than the programmed Read Latency (RL).

A Write burst may be followed by a Read command (assuming tRC is met). At least one NOP command®is required between Write
and Read commands to avoi