256Mb (x32) — LPDDR2 Synchronous DRAM INSIGNIS

8M x 32 bit LPDDR2 Synchronous DRAM

Overview

The 256Mb Mobile Low-Power DDR2 SDRAM (LPDDR?2) is a high-speed CMOS, dynamic random-access memory
containing 268,435,456 bits. Mobile LPDDR2 is a high-speed SDRAM internally configured as 4-banks of 2,097,152
words by 32 bits memory device. These devices use a double data rate architecture on the command/address (CA)
bus to reduce the number of input pins in the system.

The 10-bit CA bus contains command, address, and Bank/Row Buffer information. Each command uses one clock
cycle, during which command information is transferred on both the positive and negative edge of the clock.

LPDDR2 devices also use double data rate architecture on the DQ pins to achieve high-speed operation. The double
data rate architecture is essentially a 4n pre-fetch architecture with an interface designed to transfer two data bits per
DQ every clock cycle at the 1/O pins. A single read or WRITE access for the LPDDR2 effectively consists of a single
4n-bit-wide, one-clock-cycle data transfer at the internal SDRAM/NVM core and four corresponding n-bit-wide, one-
half-clock-cycle data transfers at the I/O pins.

Read and write accesses to the LPDDR2 are burst oriented; accesses start at a selected location and continue for a
programmed number of locations in a programmed sequence.

Features

o Fast clock rate: 400/533 MHz
o Differential Clock inputs CK/CK#
e JEDEC standard Compliant
o Four-bit prefetch DDR architecture
e Four internal banks, 2M x 32-bit for each bank
o Double data rate architecture for command, address and data Bus
o Bidirectional/differential data strobe per byte of data DQS/DQS#
o Programmable Mode Registers
- READ and WRITE latencies (RL/WL)
- Burst length: 4, 8, or 16
- PASR (Partial Array Self Refresh)
e Auto TCSR (Temperature Compensated Self Refresh)
o Auto Refresh and Self Refresh
e Deep power-down
o 4096 refresh cycles / 32ms
o Power supplies:
-VDD1 = 1.8V (1.7V~1.95V)
-VDD2 = 1.2V (1.14V~1.3V)
- VDDCA /VDDQ = 1.2V (1.14V~1.3V)
¢ Interface: HSUL_12
o Operating temperature range:
- Extended Test (ET): -25~85°C
o Package:
- 134-ball 10 x 11.5 x 1.0mm (max) FBGA
- Pb Free and Halogen Free

DISCLAIMER: All product, product specifications, and data are subject to change without notice to improve reliability, function or design, or otherwise. The
information provided herein is correct to the best of Insignis Technology Corporation’s knowledge. No liability for any errors, facts or opinions is accepted.
Customers must satisfy themselves as to the suitability of this product for their application. No responsibility for any loss as a result of any person placing
reliance on any material contained herein will be accepted.
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256Mb (x32) — LPDDR2 Synchronous DRAM 8Mx32 — NLB33P

How to Order

Function | Density | 10 Pkg Pkg Size Speed & Option INSIGNIS PART
Width | Type Latency NUMBER:
LPDDR2 256Mb | X32 FBGA 10x11.5(x1.0) | 800-5-5-5 Extended Test NLB33PFL-4DET

LPDDR2 | 256Mb | X32 FBGA 10x11.5(x1.0) | 1066-6-6-6 Extended Test NLB33PFL-5EET

Visit: http://insignis-tech.com/how-to-buy
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Figure 1. Ball Assignment (FBGA Top View)
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256Mb (x32) — LPDDR2 Synchronous DRAM 8Mx32 — NLB33P

Figure 2. Block Diagram
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256Mb (x32) — LPDDR2 Synchronous DRAM 8Mx32 — NLB33P

Figure 3. State Diagram
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BST = BURST TERMINATE
RESET = RESET is achieved through
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MRW = MODE REGISTER WRITE
MRR = MODE REGISTER READ Writing Reading
PD = enter power-down with with

= auto precharge auto precharge
PDX = exit power-down
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Note: 1. All banks are precharged in the idle state.
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Ball Descriptions
Table 1. Ball Descriptions

Symbol Type Description

CK, CK# Input |Differential Clock: CK and CK# are differential clock inputs. All CA inputs are
sampled on both rising and falling edges of CK. CS# and CKE inputs are sampled
at the rising edge of CK. AC timings are referenced to clock.

CKE Input |Clock Enable: CKE HIGH activates and CKE LOW deactivates the internal clock
signals, input buffers, and output drivers. Power-saving modes are entered and
exited via CKE transitions. CKE is considered part of the command code. CKE is
sampled at the rising edge of CK.

CS# Input |Chip Select: CS#is considered part of the command code and is sampled at the
rising edge of CK.

CAQ0 - CA9 Input |DDR Command/Address Inputs: Provide the command and address inputs
according to the command truth table.
DQO - DQ31 Input/ |Data input/output: Bidirectional data bus.
Output

DQS0 - DQS3 Input / |Data Strobe: The data strobe is bi-directional (used for read and write data) and
output |differential (DQS and DQS#). It is output with read data and input with write data.
DQS0# — DQS3# DQS is edge-aligned to read data and centered with write data.

DQSO0 and DQSO0# correspond to the data on DQO - DQ?7.

DQS1 and DQS1# correspond to the data on DQ8 - DQ15.

DQS2 and DQS2# correspond to the data on DQ16 — DQ23.

DQS3 and DQS3# correspond to the data on DQ24 — DQ31.

DMO — DM3 Input |Input Data Mask: DM is an input mask signal for write data. Although DM balls
are input-only, the DM loading is designed to match that of DQ and DQS balls.
DMO is the input data mask signal for the data on DQO-7.

DM1 is the input data mask signal for the data on DQ8-15.

DM2 is the input data mask signal for the data on DQ16 — DQ23.

DM3 is the input data mask signal for the data on DQ24 — DQ31.

Vobo Supply [DQ Power Supply: Provide isolated power to DQs for improved noise immunity.
Vsso Supply |DQ Ground: Provide isolated ground to DQs for improved noise immunity.
Vbbca Supply |Command/address power supply: Command/address power supply.
Vssca Supply |Ground for Input Receivers

Vbb1 Supply |Core power: Supply 1.

Vbb2 Supply |Core power: Supply 2.

Vss Supply |Ground

VRrerca, VRerpo | Supply |Reference voltage: Vrerca is reference for command/address input buffers,
Vrerpq is reference for DQ input buffers.

ZQ Reference|Reference Pin for Output Drive Strength Calibration

NC - No Connect: No internal connection.
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Truth Tables

Operation or timing that is not specified is illegal and after such an event, in order to guarantee proper operation, the
device must be powered down and then restarted through the specified initialization sequence before normal
operation can continue.

Table 1. Command Truth Table

Command Pins CA Pins
CKE CS# | CAO | CA1 | CA2 | CA3 | CA4 | CA5 | CAB | CA7 | CAB | CA9 EEK
Command CKoi | CK. ge
L L L L L MAO | MAL1 | MA2 | MA3 | MA4 | MAs | F
MRW H H
X MA6 | MA7 | OPO | OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | OP7 | "+
L L L L H MAO | MA1 | MA2 | MA3 | MA4 | MA5 £
MRR H H
X MA6 | MA7 X X X X X X X X 3
Refresh (All L L L H H X X X X X X £
H H
bank) X X X X X X X X X X X +
Enter H L L L H X X X X X X X £
L
Self Refresh X X X X N X X X X X X X 3
. L L H RS R9 R10 | R11 | R12 | BAO BA1 X £
Activate H H
X RO R1 R2 R3 R4 R5 R6 R7 X X +
. L H L L RFU | RFU | C1 c2 BAO BA1 X £
Write H H
X AP Cc3 C4 C5 C6 Cc7 X X X X 3
L H L H RFU | RFU | C1 c2 BAO BA1l X £
Read H H
X AP Cc3 C4 C5 C6 c7 X X X X +
L H H L H AB X X BAO BA1 X £
Precharge H H
X X X X X X X X X X X +
L H H L L X X X X X X £
BST H H
X X X X X X X X X X X +
H L H H L X X X X X X X £
Enter DPD L
X X X X X X X X X X X X 3
L H H H X X X X X X X £
NOP H H
X X X X X X X X X X X 3
Maintain PD, L H H H X X X X X X X £
SREF, DPD L L
(NOP) X X X X X X X X X X X +
H X X X X X X X X X X £
NOP H H
X X X X X X X X X X X 3
Maintain H X X X X X X X X X X Ea
PD, SREF, L L
DPD (NOP) X X X X X X X X X X X +
Enter H H X X X X X X X X X X £
L
Power Down X X X X X X X X X X X X 3
Exit PD L H X X X X X X X X X X £
’ H
SREF, DPD X X X X X X X X X X X X T
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256Mb (x32) — LPDDR2 Synchronous DRAM 8Mx32 — NLB33P

Notes:

1.

w N

QO OWoO~NO UL

All commands are defined by the current state of CS#, CAO, CA1, CA2, CA3, and CKE at the rising edge of
the clock.

. Bank addresses (BA) determine which bank will be operated upon.
. AP HIGH during a READ or WRITE command indicates that an auto precharge will occur to the bank

associated with the READ or WRITE command.

. “X” indicates a “Don’t Care” state, with a defined logic level, either HIGH (H) or LOW (L).

. Self refresh exit and DPD exit are asynchronous.

. VREF must be between 0 and VDDQ during self refresh and DPD operation.

. CAXxr refers to command/address bit “X” on the rising edge of clock.

. CAXxf refers to command/address bit “X” on the falling edge of clock.

. CS# and CKE are sampled on the rising edge of the clock.

. The least-significant column address CO is not transmitted on the CA bus, and is inferred to be zero.
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Notes 1-5 apply to all parameters and conditions; L = LOW, H = HIGH, X = “Don’t Care”

Table 2. CKE Truth Table

Current State | CKn-1 | CKn CS# | Command n Operation n Next State Note
, L L X X Maintain active power- Active
Active down power-down
ower-down . . .
P L H H NOP Exit active power-down Active 6,7
Maintain active power- Idle
Idle L L X X down power-down
ower-down .
P L H H NOP Exit idle power-down Idle 6,7
L L X X Maintain resetting power- Resetting
Resetting idle down power-down
power-down L H H NOP Exit resetting power-down | ldle or resetting | 6, 7, 8
L Deep
Deep L L X X Maintain deep power-down power-down
power-down L H H NOP Exit deep power-down Power-on 9
L L X X Maintain self refresh Self refresh
Self refresh
L H H NOP Exit self refresh Idle 10, 11
. . Active
Bank active H L H NOP Enter active power-down v
power-down
H L H NOP Enter idle power-down Idle
power-down
. Enter self
All banks idle H L L Enter self refresh Self refresh
refresh
Dee
H L L DPD Enter self refresh b
power-down
Resetting H L H NOP Enter resetting power- Resetting
down power-down
Other states H H Refer to the command truth table

Notes:

O©CoO~NOUIA~,WNPE

. Current state = the state of the device immediately prior to the clock rising edge n.
. All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
. CKEn = the logic state of CKE at clock rising edge n; CKEn-1 was the state of CKE at the previous clock edge.
. CS# = the logic state of CS# at the clock rising edge n.

. Command n = the command registered at clock edge n, and operation n is a result of command n.
. Power-down exit time (tXP) must elapse before any command other than NOP is issued.

. The clock must toggle at least twice prior to the tXP period.
. Upon exiting the resetting power-down state, the device will return to the idle state if tINIT5 has expired.
. The DPD exit procedure must be followed as described in Deep Power-Down.

10.Self refresh exit time (tXSR) must elapse before any command other than NOP isissued.
11.The clock must toggle at least twice prior to the tXSR time.
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Table 3. Current State Bank n - Command to Bank n

Notes 1-5 apply to all parameters and conditions.

Cgtr;?ent Command Operation Next State Note
Any NOP Continue previous operation Current state
ACTIVATE Select and activate row Active
Refresh (all banks) | Begin to refresh Refreshing (all banks)
MRW Load value to mode register MR writing
dle MRR Read value from mode register Idle, MR reading
RESET Begin device auto initialization Resetting 6,7
PRECHARGE Deactivate row(s) in bank or banks Precharging 8,9
READ Select column and start read burst Reading
Row active WRITE Select column and start write burst Writing
MRR Read value from mode register Active MR reading
PRECHARGE Deactivate row(s) in bank or banks Precharging 8
READ Select column and start new read burst | Reading 10, 11
Reading WRITE Select column and start write burst Writing 10, 11,12
BST Read burst terminate Active 13
WRITE Select column and start new write burst | Writing 10, 11
Writing READ Select column and start read burst Reading 10, 11,14
BST Write burst terminate Active 13
Power-on MRW RESET Begin device auto initialization Resetting 6, 8
Resetting MRR Read value from mode register Resetting MR reading
Notes:

1. Values in this table apply when both CKE n-1 and CKEn are HIGH, and after tXSR or tXP has been met, if the
previous state was power-down.

2. All states and sequences not shown are illegal or reserved.
3. Current state definitions:
e Idle: The bank or banks have been precharged, and tRP has been met.

e Active: A row in the bank has been activated, and tRCD has been met. No data bursts or accesses and no
register accesses are in progress.

e Reading: A READ burst has been initiated with auto precharge disabled and has not yet terminated or been
terminated.

o Writing: A WRITE burst has been initiated with auto precharge disabled and has not yet terminated or been
terminated.

4. The states listed below must not be interrupted by a command issued to the same bank. NOP commands or
supported commands to the other bank must be issued on any clock edge occurring during these states.
Supported commands to the other banks are determined by that banks current state.

e Precharge: Starts with registration of a PRECHARGE command and ends when tRP is met. After tRP is met,
the bank is in the idle state.

e Row activate: Starts with registration of an ACTIVATE command and ends when tRCD is met. After tRCD is
met, the bank is in the active state.

e READ with AP enabled: Starts with registration of a READ command with auto precharge enabled and ends
when tRP is met. After tRP is met, the bank is in the idle state.

e WRITE with AP enabled: Starts with registration of a WRITE command with auto precharge enabled and ends
when tRP is met. After tRP is met, the bank is in the idle state.

5. The states listed below must not be interrupted by any executable command. NOP commands must be
applied to each rising clock edge during these states.

o Refresh (all banks): Starts with registration of a REFRESH (all banks) command and ends when tRFCab is
met. After tRFCab is met, the device is in the all banks idle state.
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256Mb (x32) — LPDDR2 Synchronous DRAM 8Mx32 — NLB33P

¢ |dle MR reading: Starts with registration of the MRR command and ends when tMRR is met. After tMRR is
met, the device is in the all banks idle state.
e Resetting MR reading: Starts with registration of the MRR command and ends when tMRR is met. After tMRR
is met, the device is in the all banks idle state.
e Active MR reading: Starts with registration of the MRR command and ends when tMRR is met. After tMRR
is met, the bank is in the active state.
e MR writing: Starts with registration of the MRW command and ends when tMRW is met. After tMRW is met,
the device is in the all banks idle state.
e Precharging all: Starts with registration of a PRECHARGE ALL command and ends when tRP is met. After
tRP is met, the device is in the all banks idle state.
6. Not bank-specific; requires that all banks are idle and no bursts are in progress.
7. Not bank-specific.
8. This command may or may not be bank specific. If all banks are being precharged, they must be in a valid
state for precharging.
9. If a PRECHARGE command is issued to a bank in the idle state, tRP still applies.
10. A command other than NOP should not be issued to the same bank while a burst READ or burst WRITE
with auto precharge is enabled.
11. The new READ or WRITE command could be auto precharge enabled or auto precharge disabled.
12. AWRITE command can be issued after the completion of the READ burst; otherwise, a BST must be
issued to end the READ prior to asserting a WRITE command.
13. Not bank-specific. The BST command affects the most recent READ/WRITE burst started by the most
recent READ/WRITE command, regardless of bank.
14. A READ command can be issued after completion of the WRITE burst; otherwise, a BST must be used to
end the WRITE prior to asserting another READ command.
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Table 4. Current State Bank n - Command to Bank m

Notes 1-6 apply to all parameters and conditions.

Current State | Command .
o Bl 9 BErlk Operation Next State for Bank m Note
Any NOP Continue previous operation Current state of bank m
Idle Any Any command supported to bank m - 7
ACTIVATE Select and activate row in bank m Active 8
Select column and start READ burst ;
READ from bank m Reading 9
Row Select column and start WRITE burst to n
activating, WRITE bank m Writing 9
Active or PRECHARGE | Deactivate row(s) in bank or banks Precharging 10
precharging Idle MR reading or
MRR READ value from mode register . g 11,12,13
active MR reading
BST READ or WRITE burst terminates an Activ 7
ongoing READ/WRITE from/to bank m ctive
Select column and start READ burst ;
Reading READ from bank m Reading 9
(auto Select column and start WRITE burst to .
9,14
precharge WRITE bank m Writing
disabled) ACTIVATE Select and activate row in bank m Active
PRECHARGE | Deactivate row(s) in bank or banks Precharging 10
Select column and start READ burst :
Writing READ from bank m Reading 9,15
(auto Select column and start WRITE burst to .
precharge WRITE bank m Writing 9
disabled) ACTIVATE Select and activate row in bank m Active
PRECHARGE | Deactivate row(s) in bank or banks Precharging 10
Select column and start READ burst :
READ from bank m Reading 9,16
Reading with
auto WRITE S:rl]ekc:ncolumn and start WRITE burst to Writing 914,16
precharge - - -
ACTIVATE Select and activate row in bank m Active
PRECHARGE | Deactivate row(s) in bank or banks Precharging 10
Select column and start READ
READ Reading 9,15,16
" . burst from bank m
Writing with
auto WRITE Sglﬁ(c:ncolumn and start WRITE burst to Writing 9.16
precharge ACTIVATE Select and activate row in bank m Active
PRECHARGE | Deactivate row(s) in bank or banks Precharging 10
Power-on MRW RESET | Begin device auto initialization Resetting 17,18
Resetting MRR Read value from mode register Resetting MR reading
Notes:

1. This table applies when: the previous state was self refresh or power-down; after tXSR or tXP has been met;
and both CKEn -1 and CKEn are HIGH.

2. All states and sequences not shown are illegal or reserved.

3. Current state definitions:

e |dle: The bank has been precharged and tRP has been met.

e Active: Arow in the bank has been activated, tRCD has been met, no data bursts or accesses and no

register accesses are in progress.

e Read: A READ burst has been initiated with auto precharge disabled and the READ has not yet terminated or

been terminated.

o Write: AWRITE burst has been initiated with auto precharge disabled and the WRITE has not yet terminated

or been terminated.

4. Refresh, self refresh, and MRW commands can only be issued when all banks are idle.
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5. A BST command cannot be issued to another bank; it applies only to the bank represented by the current state.

6. The states listed below must not be interrupted by any executable command. NOP commands must be applied
during each clock cycle while in these states:

¢ |dle MRR: Starts with registration of the MRR command and ends when tMRR has been met. After tMRR is
met, the device is in the all banks idle state.

o Reset MRR: Starts with registration of the MRR command and ends when tMRR has been met. After tMRR
is met, the device is in the all banks idle state.

e Active MRR: Starts with registration of the MRR command and ends when tMRR has been met. After
tMRR is met, the bank is in the active state.

e MRW: Starts with registration of the MRW command and ends when tMRW has been met. After tMRW is
met, the device is in the all banks idle state.

7. BST is supported only if a READ or WRITE burst is ongoing.

8. tRRD must be met between the ACTIVATE command to bank n and any subsequent ACTIVATE command to
bank m.

9. READs or WRITEs listed in the command column include READs and WRITEs with or without auto precharge
enabled.

10.A command other than NOP should not be issued to the same bank while a burst READ or burst WRITE with
auto precharge is enabled.

11.MRR is supported in the row-activating state.

12.MRR is supported in the precharging state.

13. The next state for bank m depends on the current state of bank m (idle, row-activating, precharging, or active).

14. AWRITE command can be issued after the completion of the READ burst; otherwise a BST must be issued to
end the READ prior to asserting a WRITE command.

15. A READ command can be issued after the completion of the WRITE burst; otherwise, a BST must be issued to
end the WRITE prior to asserting another READ command.

16. A READ with auto precharge enabled or a WRITE with auto precharge enabled can be followed by any valid
command to other banks provided that the timing restrictions in the PRECHARGE and Auto Precharge
clarification table are met.

17. Not bank-specific; requires that all banks are idle and no bursts are in progress.

18. RESET command is achieved through MODE REGISTER WRITE command.

Table 5. DM Truth Table

Functional Name DM DQ Note
Write enable L Valid 1
Write inhibit H X 1

Notes:
1. Used to mask write data, and is provided simultaneously with the corresponding input data.
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256Mb (x32) — LPDDR2 Synchronous DRAM 8Mx32 — NLB33P

Functional Description

Mobile LPDDR?2 is a high-speed SDRAM internally configured as a 4-bank memory device. LPDDR2 devices use a
double data rate architecture on the command/address (CA) bus to reduce the number of input pins in the system.
The 10-bit CA bus is used to transmit command, address, and bank information. Each command uses one clock
cycle, during which command information is transferred on both the rising and falling edges of the clock.

LPDDR2-S4 devices use a double data rate architecture on the DQ pins to achieve high-speed operation. The double
data rate architecture is essentially a 4n pre-fetch architecture with an interface designed to transfer two data bits per
DQ every clock cycle at the 1/O pins. A single read or WRITE access for the LPDDR2-S4 effectively consists of a
single 4n-bit-wide, one-clock-cycle data transfer at the internal SDRAM core and four corresponding n-bit-wide, one-
half-clock-cycle data transfers at the 1/O pins.

Read and write accesses are burst oriented; accesses start at a selected location and continue for a programmed
number of locations in a programmed sequence.

Accesses begin with the registration of an ACTIVATE command followed by a READ or WRITE command. The
address and BA bits registered coincident with the ACTIVATE command are used to select the row and bank to be
accessed.

The address bits registered coincident with the READ or WRITE command are used to select the bank and the
starting column location for the burst access.

Power-Up and Initialization

The following sequence must be used to power up the device. Unless specified otherwise, this procedure is mandatory.
Power-up and initialization by means other than those specified will result in undefined operation.

1. Voltage Ramp

While applying power (after Ta), CKE must be held LOW (<0.2 xVpoca), and all other inputs must be between Viunand
Vinwax. The device outputs remain at High-Z while CKE is held LOW. On or before the completion of the voltage ramp
(Tb), CKE must be held LOW. DQ, DM, DQS, and DQS# voltage levels must be between VSSQ and VDDQ during
voltage ramp to avoid latch-up. CK, CK#, CS#, and CA input levels must be between VSSCA and VDDCA during
voltage ramp to avoid latch up.

The following conditions apply for voltage ramp:

Ta is the point when any power supply first reaches 300mV.

Noted conditions apply betweenTa and power-down (controlled or uncontrolled).

Tb is the point at which all supply and reference voltages are within their defined operating ranges.
Power ramp duration tINITO (Tb -Ta) must not exceed 20ms.

For supply and reference voltage operating conditions, see the Recommended DC Operating Conditions
table.

e The voltage difference between any of VSS, VSSQ, andVSSCA pins must not exceed 100mV.

Voltage Ramp Completion:

After Ta is reached:

VDD1 must be greater than VDD2 - 200mV

VDD1 and VDD2 must be greater than VDDCA—200mV
e VDD1 and VDD2 must be greater than VDDQ—200mV
e Vrer must always be less than all other supply voltages

Beginning at Th, CKE must remain LOW for at least tINIT1=100ns, after which CKE can be asserted HIGH. The clock
must be stable at least tINIT2 =5 x tCK prior to the first CKE LOW-to-HIGH transition (Tc). CKE, CS#, and CA inputs
must observe setup and hold requirements (tIS, tIH) with respect to the first rising clock edge (and to subsequent
falling and rising edges). If any MRRs are issued, the clock period must be within the range defined for tCKb (18ns to
100ns). MRWs can be issued at normal clock frequencies as long as all AC timings are met. Some AC parameters

NLB33PFLv0.1-256Mb(x32)20180815 14 INSIGNIS



(for example, tDQSCK) could have relaxed timings (such as tDQSCKb) before the system is appropriately configured.
While keeping CKE HIGH, NOP commands must be issued for at least tINIT3=200us (Td).

2. RESET Command

After tINIT3 is satisfied, the MRW RESET command must be issued (Td). An optional PRECHARGE ALL command
can be issued prior to the MRW RESET command. Wait at least tINIT4 while keeping CKE asserted and issuing NOP
commands.

3. MRRs and Device Auto Initialization (DAI) Polling
After tINIT4 is satisfied (Te), only MRR commands and power-down entry/exit commands are supported. After Te,
CKE can go LOW in alignment with power-down entry and exit specifications.

The MRR command can be used to poll the DAI bit, which indicates when device auto initialization is complete;
otherwise, the controller must wait a minimum of tINIT5, or until the DAI bit is set, before proceeding. Because the
memory output buffers are not properly configured by Te, some AC parameters must use relaxed timing specifications
before the system is appropriately configured.

After the DAI bit (MRO, DAI) is set to zero by the memory device (DAI complete), the device is in the idle state (Tf).
DAI status can be determined by issuing the MRR command to MRO. The device sets the DAI bit no later than tINIT5
after the RESET command.

The controller must wait at least tINIT5 or until the DAL bit is set before proceeding.

4. ZQ Calibration

After tINIT5 (Tf), the MRW initialization calibration (ZQ calibration) command can be issued to the memory (MR10).
This command is used to calibrate output impedance over process, voltage, and temperature. In systems where more
than one Mobile LPDDR2 device exists on the same bus, the controller must not overlap MRW ZQ calibration
commands.

The device is ready for normal operation after tZQINIT.

5. Normal Operation

After (Tg), MRW commands must be used to properly configure the memory (output buffer drive strength, latencies,
etc.). Specifically, MR1, MR2, and MR3 must be set to configure the memory for the target frequency and memory

configuration. After the initialization sequence is complete, the device is ready for any valid command. After Tg, the
clock frequency can be changed using the procedure described in Input Clock Frequency Changes and Clock Stop
with CKE HIGH.

Figure 4. Power Ramp and Initialization Sequence

Ta Td
CK# s o, P ‘.; ".; o P
: by i ]
Supplies / N :_
CKE | . \ PD / 5
CA* / J"\_raFSFr > { wmrRr } zac _@
o _/ )

Note: Midlevel on the CA bus indicates valid NOP.
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Table 6. Initialization Timing Parameters

Value )
Parameter - Unit Comment
Min Max
tINITO - 20 ms Maximum voltage ramp time
tINIT1 100 - ns Minimum CKE LOW time after completion of voltage ramp
tINIT2 5 - tCK Minimum stable clock before first CKE HIGH
tINIT3 200 - V& Minimum idle time after first CKE assertion
tINIT4 1 - us Minimum idle time after RESET command
tINITS - 10 V& Maximum duration of device auto initialization
tZQINIT 1 - uS ZQ initial calibration (S4 devices only)
tCKb 18 - Js Clock cycle time during boot

Initialization After RESET (Without Voltage Ramp)

If the RESET command is issued before or after the power-up initialization sequence, the reinitialization procedure
must begin at Td.

Power-Off

While powering off, CKE must be held LOW (<0.2 xVDDCA); all other inputs must be between Vi.min and Vikmax.

The device outputs remain at High-Z while CKE is held LOW. DQ, DM, DQS, and DQS# voltage levels must be
between VSSQ and VDDQ during the power-off sequence to avoid latch-up. CK, CK#, CS#, and CA input levels must
be between VSSCA and VDDCA during the power-off sequence to avoid latch-up.

Tx is the point where any power supply drops below the minimum value specified in the Recommended DC Operating
Conditions table. Tz is the point where all power supplies are below 300mV. After Tz, the device is powered off.

Required Power Supply Conditions Between Tx and Tz:
e VDD1 must be greater than VDD2 - 200mV.
e VDD1 must be greater than VDDCA - 200mV.
¢ VDD1 must be greater than VDDQ - 200mV.
e Vrer must always be less than all other supply voltages.

The voltage difference between VSS, VSSQ, and VSSCA must not exceed 100mV.

For supply and reference voltage operating conditions, see Recommended DC Operating Conditions table.

Uncontrolled Power-Off
When an uncontrolled power-off occurs, the following conditions must be met:
e At Tx, when the power supply drops below the minimum values specified in the Recommended
DC Operating Conditions table, all power supplies must be turned off and all power-supply
current capacity must be at zero, except for any static charge remaining in the system.

e After Tz (the point at which all power supplies first reach 300mV), the device must power off.
The time between Tx and Tz must not exceed tPOFF. During this period, the relative voltage
between power supplies is uncontrolled. VDD1 and VDD2 must decrease with a slope lower
than 0.5V/us between Tx and Tz.

An uncontrolled power-off sequence can occur a maximum of 400 times over the life of the device.

Table 7. Power-Off Timing

Parameter Symbol Min Max Unit

Maximum power-off ramp time tPOFF - 2 Sec
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Mode Register Definition

The MRR command is used to read from a register. The MRW command is used to write to a register. An “R” in the
access column of the mode register assignment table indicates read-only; a “W” indicates write-only; “R/W” indicates
read or write capable or enabled.

Table 8. Mode Register Assignments

MR # MA [7:0] Function Access | or7 | ope | ops | op4 | op3 | op2 | op1 | opo
0 00h Device info R RFU RZzQI DNVI[ DI | DAI
1 01lh Device feature 1 W nWR (for AP) WC| BT BL
2 02h Device feature 2 W RFU RL and WL
3 03h I/0O config-1 W RFU DS
4 04h SDRAM refresh rate R TUF| RFU Refresh rate
5 05h Basic config-1 R LPDDR2 Manufacturer ID
6 06h Basic config-2 R Revision ID1
7 07h Basic config-3 R Revision ID2
8 08h Basic config-4 R I/O width Density Type
9 09h Test mode w Vendor-specific test mode
10 0Ah I/O calibration w Calibration code
11-15 0Bh=0Fh Reserved - RFU
16 10h PASR_Bank W Bank mask
17 11h Do not use w RFU
18-19 12h-13h Reserved - RFU
20-31 14h-1Fh RFU
32 20h Sgtgf‘r:'tga“on R See DQ Calibration
33-39 21h-27h | Do not use
40 28h Egtgﬁlleratlon R See DQ Calibration
41-47 29h-2Fh Do not use
48-62 30h-3Eh Reserved - RFU
63 3Fh RESET w X
64-126 40h—7Eh Reserved - RFU
127 7Fh Do not use
128-190 80h-BEh | Reserved for vendor use RVU
191 BFh Do not use |
192-254 COh—-FEh | Reserved for vendor use RVU
255 FFh Do not use |
Notes:

RFU bits must be set to 0 during MRW.

RFU bits must be read as 0 during MRR.

For READs to a write-only or RFU register, DQS will be toggled and undefined data is returned.
RFU mode registers must not be written.

WRITES to read-only registers must have no impact on the functionality of the device.

agrwONE
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Table 9. MRO Device information

OP7 oP6 |  OP5

OP4

|  oP3

OP2 OP1 OPO

RFU

RZQI (Optional)

DNVI DI DAl

Ob: DAI complete

DAl (Device Auto-Initialization Status) Read-only OPO 1b: DAI still in progress
DI (Device Information) Read-only OP1 Ob: SDRAM
DNVI (Data Not Valid Information) Read-only OP2 Ob: DNV not supported
00b: ZQ self test not supported
01b: ZQ-pin may connect to VDDCA or float
RZzQI (Built in Self Test for RZQ Information) Read-only OP[4:3] 10b: ZQ-pin may short to GND

11b: ZQ-pin self test completed, no error
condition detected (ZQ-pin may not
connect to VDDCA or float nor short to
GND)

Notes:

1. If RZQl is supported, it will be set upon completion of the MRW ZQ initialization calibration.

2. If ZQ is connected to VDDCA to set default calibration, OP[4:3] must be set to 01. If ZQ is not connected to
VDDCA, either OP[4:3]=01 or OP[4:3]=10 could indicate a ZQ-pin assembly error. It is recommended that
the assembly error be corrected.

3. In the case of a possible assembly error (either OP[4:3]=01 or OP[4:3]=10, per Note 4), the device will default
to factory trim settings for RON and will ignore ZQ calibration commands. In either case, the system might not
function as Intended.

4. If a ZQ self test returns a value of 11b, this indicates that the device has detected a resistor connection to the ZQ pin.
Note that this result cannot be used to validate the ZQ resistor value, nor does it indicate that the ZQ resistor tolerance

meets the specified limits (240 ohms +1%).

Table 10. MR1 Device Information

OP7 OP6 OP5

OP4

OP3

OoP2 OP1 OPO

nWR (for AP)

wcC

BT

BL

BL

Write - only

OP[2:0]

010b: BL4 (default)
011b: BL8

100b: BL16

All others: reserved

BT

Write - only

OP3

0b: Sequential (default)
1b: Interleaved

wcC

Write — only

OP4

Ob: Wrap (default)
1b: No wrap

nWR= number of tWR clock cycles

Write — only

OP[7:5]*

001b: nWR = 3 (default)
010b: nWR =4
011b:nWR =5

100b: NWR =6

101b: nWR =7

110b: NnWR =8

All others: reserved

Note:
1. The programmed value in nWR register is the number of clock cycles that determines when to start internal

precharge operation for a write burst with AP enabled. It is determined by RU (twr/tck).
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Table 11. Burst Sequence by Burst Length (BL), Burst Type (BT), and Wrap Control (WC)

gz e b en e e e Burst Cycle Number and Burst Address Sequence
1 2 3 4 5 6 7 8 9 (10 (11 | 12 | 13 | 14 | 15 | 46
X X Ob | Ob 0 1 2 3
4 Any X X 1b | Ob Wrap 2 3 0 1
Any| X | X | X | ob V\'/\: Zp y 31” >2'+ ?
X | Ob [ Ob | Ob 0 1 2 | 3|4 |56 7
X | Ob | 1b | Ob 2 | 3|45 6 710 1
Sed 1o | ob | ob 45|67 |0]1]2]3
X 1b | 1b | Ob 6 7 0 1 2 3 4 5
. X |ob|ob|ob |V o1 |2]3]|4|5]|6]7
X [ Ob | 1b | Ob 2 | 3 0 1 6 7| 4 5
"™ "X 1o | ob | ob 4|s|e|7|o|1]2]3s
X 1b | 1b | Ob 6 7 4 5 2 3 0 1
Any | X X X | Ob V\’/\:Zp illegal (not supported)
Ob | Ob [ Ob | Ob o|1|(2|3|4|5|6|7|8|]9|A|B|C|D|E|F
Ob | Ob [ 1b [ Ob 2|1 3|4 |5|6|7[8]|]9]|A]|B|J]C|D|E]|JF|O0]1
Ob [ 1b | Ob | Ob 4 5 6 7 8 9 A B C D E F 0 1 2 3
Ob [ 1b | 1b | Ob 6 7 8 9 A B C D E F 0 1 2 3 4 5
Sed| 1b [ Ob | Ob | Ob fyyapl 8 | 0 JA|B|C|DJ|E|JF|O|1]2[3|4]5]|6]|7
16 b [ Ob [ 1b | Ob A|lB|C|D|E|[F]|O 112 |3 |4 51| 6 71 8 9
1b [ 1b [ Ob | Ob C|D|E|F|O 1 2 | 3| 45|66 718 9 | A|B
b | 1b | 1b [ Ob E F 0 1 2 3 4 5 6 7 8 9 A B C D
Int | X X X 0b illegal (not supported)
Any | X X X 0b V\’/\:gp illegal (not supported)
Notes:

1. COinputis not present on CA bus. It is implied zero.

2. “W” means Wrap, “NW” means No Wrap, “Any” means Sequential and interleaved.”Seq” means sequential and “Int”

means interleaved.

3. For no-wrap (NW), BL4, the burst must not cross the page boundary or the sub-page boundary. The variable y can
start at any address with CO equal to 0 and must not start at any address shown in the table. Non Wrap

Restrictions are listed below for the respective density and bus width combinations.

Table 12. No — Wrap Restrictions

Bus Width | 256Mb
Cannot cross full page boundary
X32 | FE, FF, 00, 01
Cannot cross sub page boundary
x32 | None

Note: No-wrap BL = 4 data orders shown are prohibited.
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Table 13. MR2 Device Feature 2

OP7 OP6 ops | op4 o3 | op2 |  oP1 OPO

RFU RL and WL

0001b: RL=3 / WL=1 (default)

0010b: RL=4 / WL=2

0011b: RL=5/WL=2

RL and WL Write - only OP [3:0] 0100b: RL=6/ WL=3

0101b: RL=7 /WL=4

0110b: RL=8/WL=4

All others: reserved

Table 14. MR3 I/0O Configuration 1

OP7 OP6 oP5 |  oP4 o3 | op2 |  opr1 OPO

RFU DS
0000b: reserved

0001b: 34.3 ohm typical

0010b: 40 ohm typical

0011b: 48 ohm typical

DS Write - only OP [3:0] 0100b: 60 ohm typical

0101b: reserved

0110b: 80 ohm typical

0111bh: 120 ohm typical

All others: reserved

Table 15. MR4 Device Temperature

OP7 OP6 oP5 | OP4 | oP3 or2 | oP1 OPO

TUF RFU SDRAM Refresh Rate

000b: reserved

001b: 4 x tREFI, 4 x tREFIpb, 4 x tREFW.

010b: 2 X tREFI, 2 x tREFIpb, 2 x tREFW.

SDRAM 011b: 1 x tREFI, 1 x tREFIpb, 1 x tREFW (<= 85°C).

Refresh rate Read - only OP [2:0] 100b: reserved
101b: 0.25 x tREFI, 0.25 x tREFIpb, 0.25 x tREFW, do not de-rate
SDRAM AC timing.

110b: 0.25 x tREFI, 0.25 x tREFIpb, 0.25 x tREFW, de-rate SDRAM
AC timing.

111b: SDRAM High temperature operating limit exceeded.

Temperature Update Flag Ob: OP [2:0] value has not changed since last read of MR4.

TUE Read - only OP7
( ) 1b: OP [2:0] value has changed since last read of MR4.
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Notes:

1. A Mode Register Read from MR4 will reset OP7 to ‘0.

2. OP7 isreset to ‘0’ at power-up.

3. If OP2 equals ‘1,” the device temperature is greater than 85C

4. OP7 is set to’1’ if OP[2:0] has changed at any time since the last read of MR4.

5. The device might not operate properly when OP[2:0] = 000b or 111b.

6. For specified operating temperature range and maximum operating temperature, refer to the Operating
Temperature Range table.

7. LPDDR?2 devices must be de-rated by adding 1.875ns to the following core timing parameters; tRCD, tRC, tRAS,
tRP, and tRRD. The tDQSCK parameter must be de-rated according to the tDQSCK de-rating value in the AC
timing table. Prevailing clock frequency specifications and related setup and hold timings shall remain unchanged.

8. The recommended frequency for reading MR4 is provided in the Temperature Sensor section.

Table 16. MR5 LPDDR2 Manufacturer ID

OP7 |  ops | ops | opa | op3 | oP2 | op1 OPO
LPDDR2 Manufacturer ID
Manufacturer 1D | Read-only | ©OP[7:0] | 00000100b: Insignis

Table 17. MR8 Basic Configuration 4

OP7 OP6 o5 | opa | oP3 | opP2 OP1 OPO
I/0 width Density Type
Type Read — only OP [1:0] 00b: S4 SDRAM
Density Read — only OP [5:2] 0010b: 256Mb
I/O width Read - only OP [7:6] 00b: x32

Table 18. MR10 ZQ Calibration

OP7 OP6 ors | opa | oP3 | opP2 OP1 OPO

Calibration Code

Calibration Code Write - only 1111 1111b: Calibration command after initialization.

1010 1011b: Long calibration

0101 0110b: Short calibration

1100 0011b: ZQ Reset

All others: reserved

Notes:

1. Host processor must not write MR10 with reserved values.

2. The device ignores calibration commands when a reserved value is written into MR10.

3. See AC timing table for the calibration latency.

4. If ZQ is connected to VSSCA through RZQ, either the ZQ calibration function (see the MRW ZQ Calibration
Commands section) or default calibration (through the ZQRESET command) is supported.
If ZQ is connected to VDDCA, the device operates with default calibration and ZQ calibration commands are
ignored. In both cases, the ZQ connection must not change after power is supplied to the device.

Table 19. MR16 Bank Mask
oP7 OP6 ] OP5 ] OP4 oP3 \ oP2 ] OP1 | OPO
RFU Bank Mask

Ob: refresh enable to the bank (default)
1b: refresh blocked (masked)

Bank Mask Write-only OP[3:0]
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OP Bank Mask 4-Bank
0 XXXXXXX1 Bank 0
1 XXXXXX1X Bank 1
2 XXXXXLIXX Bank 2
3 XXXXIXXX Bank 3

ACTIVATE Command

The ACTIVATE command is issued by holding CS# LOW, CAO0 LOW, and CA1 HIGH at the rising edge of the clock.
The bank addresses BAO - BA1 are used to select the desired bank. Row addresses are used to determine which row
to activate in the selected bank. The ACTIVATE command must be applied before any READ or WRITE operation can
be executed. The device can accept a READ or WRITE command at tRCD after the ACTIVATE command is issued.
After a bank has been activated, it must be precharged before another ACTIVATE command can be applied to the
same bank. The bank active and precharge times are defined as tRAS and tRP, respectively.

The minimum time interval between successive ACTIVATE commands to the same bank is determined by the RAS
cycle time of the device (tRC). The minimum time interval between ACTIVATE commands to different banks is tRRD.

Read and Write Access Modes

After a bank is activated, a READ or WRITE command can be issued with CS# LOW, CAO HIGH, and CA1 LOW at
the rising edge of the clock. CA2 must also be defined at this time to determine whether the access cycle is a READ
operation (CA2 HIGH) or a WRITE operation (CA2 LOW). A single READ or WRITE command initiates a burst READ
or burst WRITE operation on successive clock cycles. A new burst access must not interrupt the previous 4-bit burst
operation when BL = 4. When BL = 8 or BL = 16, READs can be interrupted by READs and WRITEs can be
interrupted by WRITES, provided that the interrupt occurs on a 4-bit boundary and that tCCD is met.

Burst READ Command

The burst READ command is initiated with CS# LOW, CAO HIGH, CA1 LOW, and CA2 HIGH at the rising edge of the
clock. The command address bus inputs, CASr—CA6r and CA1f—-CA9f, determine the starting column address for the
burst. The read latency (RL) is defined from the rising edge of the clock on which the READ command is issued to the
rising edge of the clock from which the tDQSCK delay is measured. The first valid data is available RL x tCK +
tDQSCK + tDQSQ after the rising edge of the clock when the READ command is issued.

The data strobe output is driven LOW tRPRE before the first valid rising strobe edge.

The first bit of the burst is synchronized with the first rising edge of the data strobe. Each subsequent data-out
appears on each DQ pin, edge-aligned with the data strobe. The RL is programmed in the mode registers.

Pin input timings for the data strobe are measured relative to the crosspoint of DQS and its complement, DQS#.

Burst WRITE Command

The burst WRITE command is initiated with CS# LOW, CAO0 HIGH, CA1 LOW, and CA2 LOW at the rising edge of the
clock. The command address bus inputs, CA5r —CA6r and CAL1f —CA9f, determine the starting column address for the
burst. Write latency (WL) is defined from the rising edge of the clock on which the WRITE command is issued to the
rising edge of the clock from which the tDQSS delay is measured. The first valid data must be driven WL x tCK +
tDQSS from the rising edge of the clock from which the WRITE command is issued. The data strobe signal (DQS)
must be driven LOW tWPRE prior to data input. The burst cycle data bits must be applied to the DQ pins tDS prior to
the associated edge of the DQS and held valid until tDH after that edge. Burst data is sampled on successive edges of
the DQS until the 4-, 8-, or 16-bit burst length is completed. After a burst WRITE operation, tWR must be satisfied
before a PRECHARGE command to the same bank can be issued.

Pin input timings are measured relative to the crosspoint of DQS and its complement, DQS#.

NLB33PFLv0.1-256Mb(x32)20180815 22



256Mb (x32) — LPDDR2 Synchronous DRAM 8Mx32 — NLB33P

Figure 5. Data input (write) timing
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BURST TERMINATE Command

The BURST TERMINATE (BST) command is initiated with CS# LOW, CAO0 HIGH, CA1 HIGH, CA2 LOW, and CA3
LOW at the rising edge of the clock. A BST command can only be issued to terminate an active READ or WRITE
burst. Therefore, a BST command can only be issued up to and including BL/2 - 1 clock cycles after a READ or
WRITE command.

The effective burst length of a READ or WRITE command truncated by a BST command is as follows:

e Effective burst length = 2 x (number of clock cycles from the READ or WRITE command to the BST
command).

e |Ifa READ or WRITE burst is truncated with a BST command, the effective burst length of the truncated burst
should be used for BL when calculating the minimum READ-to-WRITE or WRITE-to-READ delay.

e The BST command only affects the most recent READ or WRITE command.
The BST command truncates an ongoing READ burst RL x tCK + tDQSCK + tDQSQ after the rising edge of
the clock where the BST command is issued.
The BST command truncates an ongoing WRITE burst WL X tCK + tDQSS after the rising edge of the clock
where the BST command is issued.

e The 4-bit prefetch architecture enables BST command assertion on even clock cycles following a WRITE or
READ command. The effective burst length of a READ or WRITE command truncated by a BST command is
thus an integer multiple of four.

PRECHARGE Command
The PRECHARGE command is used to precharge or close a bank that has been activated.

The PRECHARGE command is initiated with CS# LOW, CAO0 HIGH, CA1 HIGH, CA2 LOW, and CA3 HIGH at the
rising edge of the clock. The PRECHARGE command can be used to precharge each bank independently or all banks
simultaneously. For 4-bank devices, the AB flag and bank address bits BAO and BA1 are used to determine which
bank(s) to precharge.

The precharged bank(s) will be available for subsequent row access tRPab after an all bank PRECHARGE command
is issued, or tRPpb after a single-bank PRECHARGE command is issued.

For 4-bank devices, tRPab is equal to tRPpb. ACTIVATE to PRECHARGE timing is shown in ACTIVATE Command.
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Table 20. Bank Selection for PRECHARGE by Address Bits

BA1l BAO Precharged Bank(s
AB(CA4n) (CAS8r) (CATT) 2 Bank Device( )
0 0 0 Bank 0 only
0 0 1 Bank 1 only
0 1 0 Bank 2 only
0 1 1 Bank 3 only
1 X X All Banks

READ Burst Followed by PRECHARGE

For the earliest possible precharge, the PRECHARGE command can be issued BL/2 clock cycles after a READ
command. A new bank ACTIVATE command can be issued to the same bank after the row precharge time (tRP) has
elapsed.

A PRECHARGE command cannot be issued until after tRAS is satisfied.

The minimum READ-to-PRECHARGE time (tRTP) must also satisfy a minimum analog time from the rising clock edge
that initiates the last 4-bit prefetch of a READ command. tRTP begins BL/2 - 2 clock cycles after the READ command.

If the burst is truncated by a BST command, the effective BL value is used to calculate when tRTP begins.

WRITE Burst Followed by PRECHARGE

For WRITE cycles, a WRITE recovery time (tWR) must be provided before a PRECHARGE command can be issued.
tWR delay is referenced from the completion of the burst WRITE. The PRECHARGE command must not be issued
prior to the tWR delay. For WRITE-to-PRECHARGE timings see the PRECHARGE and Auto Precharge Clarification
table. These devices write data to the array in prefetch quadruples (prefetch = 4). An internal WRITE operation can
only begin after a prefetch group has been completely latched. The minimum WRITE-to-PRECHARGE time for
commands to the same bank is WL + BL/2 + 1 + RU (tWR/tCK) clock cycles. For an untruncated burst, BL is the value
set in the mode register. For a truncated burst, BL is the effective burst length.

Auto Precharge

Before a new row can be opened in an active bank, the active bank must be precharged using either the
PRECHARGE command or the auto precharge function. When a READ or WRITE command is issued to the device,
the auto precharge bit (AP) can be set to enable the active bank to automatically begin precharge at the earliest
possible moment during the burst READ or WRITE cycle.

If AP is LOW when the READ or WRITE command is issued, then normal READ or WRITE burst operation is
executed and the bank remains active at the completion of the burst.

If AP is HIGH when the READ or WRITE command is issued, the auto precharge function is engaged. This feature
enables the PRECHARGE operation to be partially or completely hidden during burst READ cycles (dependent upon
READ or WRITE latency), thus improving system performance for random data access.

READ Burst with Auto Precharge
If AP (CAOf) is HIGH when a READ command is issued, the READ with auto precharge function is engaged.

These devices start an auto precharge on the rising edge of the clock BL/2 or BL/2 - 2 + RU (tRTP/CK) clock cycles
later than the READ with auto precharge command, whichever is greater. For auto precharge calculations see the
PRECHARGE and Auto Precharge Clarification table. Following an auto precharge operation, an ACTIVATE
command can be issued to the same bank if the following two conditions are satisfied simultaneously:

e The RAS precharge time (tRP) has been satisfied from the clock at which the auto precharge begins.

e The RAS cycle time (tRC) from the previous bank activation has been satisfied.
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WRITE Burst with Auto Precharge
If AP (CAOf) is HIGH when a WRITE command is issued, the WRITE with auto precharge function is engaged.

The device starts an auto precharge at the clock rising edge tWR cycles after the completion of the burst WRITE.

Following a WRITE with auto precharge, an ACTIVATE command can be issued to the same bank if the following two
conditions are met:
e The RAS precharge time (tRP) has been satisfied from the clock at which the auto precharge begins.
e The RAS cycle time (tRC) from the previous bank activation has been satisfied.

Table 21. Precharge and Auto Precharge Clarification

From Command To Command Minimum Delay Between Commands Unit | Notes

READ Precharge to same bank as read BL/2 + MAX(2, RU(tRTP/tCK)) - 2 tCK 1
Precharge all BL/2 + MAX(2, RU(tRTP/CK)) - 2 tCK 1
BST Precharge to same bank as read 1 tCK 1
Precharge all 1 tCK 1

Precharge to same bank as read w/AP | BL/2 + MAX(2, RU(tRTP/CK)) - 2 tCK 1,2
Precharge all BL/2 + MAX(2, RU(tRTP/CK)) - 2 tCK 1
Activate to same bank as read w/AP BL/2 + MAX(2, RU(tRTP/tCK)) - 2 + RU(tRPpb/tCK) tCK 1
READ w/AP Write or WRITE w/AP (same bank) lllegal tCK 3
Write or WRITE wW/AP (different bank) | RL + BL/2 + RU(tDQSCKmax/tCK) - WL + 1 tCK 3
Read or read w/AP (same bank) lllegal tCK 3
Write or WRITE w/AP (different bank) | BL/2 tCK 3
WRITE Precharge to same bank as write WL + BL/2 + RUWR/tCK) + 1 tCK 1
Precharge all WL + BL/2 + RU(tWR/ACK) + 1 tCK 1
BST Precharge to same bank as write WL + RUWR/ACK) + 1 tCK 1
Precharge all WL + RUGWR/CK) + 1 tCK 1

fv;i‘;,harge to same bank as WRITE | \y, , | /5 + RUGWRILCK) + 1 tcK | 1,2
Precharge all WL + BL/2 + RU(WR/ICK) + 1 tCK 1
Activate to same bank as write w/AP WL + BL/2 + RU(WR/ACK) + 1 + RU(tRPpb/tCK) tCK 1
WRITE W/AP  ["Write or WRITE w/ap (same bank) Mlegal tCK 3
Write or WRITE w/ap (different bank) BL/2 tCK 3
Read or read w/ap (same bank) lllegal tCK 3
Read or read w/ap (different bank) WL + BL/2 + RUCWTR/CK) + 1 tCK 3
Precharge to same bank as precharge | 1 tCK 1
Precharge Precharge all 1 tCK 1
Prech I Precharge 1 tCK 1
recharge a Precharge all 1 tCK 1

Notes:

1. For a given bank, the PRECHARGE period should be counted from the latest PRECHARGE command, either a
one-bank RECHARGE or PRECHARGE ALL issued to that bank.
The PRECHARGE period is satisfied after tRP, depending on the latest PRECHARGE command issued to that

bank.

wn

Any command issued during the specified minimum delay time is illegal.
After READ with auto precharge, seamless READ operations to different banks are supported. After WRITE with

auto precharge, seamless WRITE operations to different banks are supported. READ with auto precharge and
WRITE with auto precharge must not be interrupted or truncated.
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REFRESH Command
The REFRESH command is initiated with CS# LOW, CA0 LOW, CA1 LOW, CA2 HIGH and CA3 HIGH at the rising
edge of the clock.

A REFRESH command (REF) issues a REFRESH command to all banks. All banks must be idle when REF is issued
(for instance, by issuing a PRECHARGE ALL command prior to issuing REFRESH command). The REF command
must not be issued to the device until the following conditions have been met:

e tRFC has been satisfied following the prior REF command.

e tRP has been satisfied following the prior PRECHARGE commands.

After REFRESH cycle has completed, all banks will be idle. After issuing REF:
¢ tRFC latency must be satisfied before issuing an ACTIVATE command
e tRFC latency must be satisfied before issuing a REF command.

Table 22. REFRESH Command Scheduling Separation Requirements

Symbol [ Minimum Delay From To Note

REF

tRFC REF

ACTIVATE command to any bank

In the most straightforward implementations, a REFRESH command should be scheduled every tREFI. In this case,
self refresh can be entered at any time. Users may choose to deviate from this regular refresh pattern, for instance, to
enable a period in which no refresh is required. As an example, using a 256Mb LPDDR2 device, the user can choose
to issue a refresh burst of 4096 REFRESH commands at the maximum supported rate (limited by tREFBW), followed
by an extended period without issuing any REFRESH commands, until the refresh window is complete. The maximum
supported time without REFRESH commands is calculated as follows:

tREFW - (R/8) x tREFBW =tREFW - R x 4 x tRFCab.

For example, a 256Mb device at TC < 85°C can be operated without a refresh for up to 32ms - 4096 x 4 x 90ns =
30ms. Both the regular and the burst/pause patterns can satisfy refresh requirements if they are repeated in every
32ms window. It is critical to satisfy the refresh requirement in every rolling refresh window during refresh pattern
transitions.

If this transition occurs immediately after the burst refresh phase, all rolling tREFW intervals will meet the minimum
required number of REFRESH commands. The regular refresh pattern starts after the completion of the pause phase
of the burst/pause refresh pattern. For several rolling tREFW intervals, the minimum number of REFRESH commands
is not satisfied.

Understanding this pattern transition is extremely important, even when only one pattern is employed. In self refresh
mode, a regular distributed refresh pattern must be assumed.

REFRESH Requirements

1. Minimum Number of REFRESH Commands
Mobile LPDDR2 requires a minimum number, R, of REFRESH (REFab) commands within any rolling refresh
window (tREFW =32 ms @ MR4[2:0] = 011 or TC < 85°C). For tREFW and tREFI refresh multipliers at different
MR4 settings, see the MR4 Device Temperature table.

2. Burst REFRESH Limitation
To limit current consumption, a maximum of eight REFab commands can be issued in any rolling tREFBW
(tREFBW =4 x 8 x tRFC).

3. REFRESH Requirements and Self Refresh
If any time within a refresh window is spent in self refresh mode, the number of required REFRESH commands in
that window is reduced to the following:

REFI tREFW,

Where RU represents the round-up function.
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SELF REFRESH Operation

The SELF REFRESH command can be used to retain data in the array, even if the rest of the system is powered
down. When in the self refresh mode, the device retains data without external clocking. The device has a built-in timer
to accommodate SELF REFRESH operation. The SELF REFRESH command is executed by taking CKE LOW, CS#
LOW, CAO LOW, CA1 LOW, and CA2 HIGH at the rising edge of the clock.

CKE must be HIGH during the clock cycle preceding a SELF REFRESH command. A NOP command must be driven
in the clock cycle following the SELF REFRESH command. After the power-down command is registered, CKE must
be held LOW to keep the device in self refresh mode.

Mobile LPDDR2 devices can operate in self refresh mode in both the standard and extended temperature ranges.
These devices also manage self refresh power consumption when the operating temperature changes, resulting in the
lowest possible power consumption across the operating temperature range.

After the device has entered self refresh mode, all external signals other than CKE are “Don’t Care.” For proper self
refresh operation, power supply pins (VDD1, VDD2, VDDQ, and VDDCA) must be at valid levels. VDDQ can be
turned off during self refresh. If VDDQ is turned off, VREFDQ must also be turned off. Prior to exiting self refresh, both
VDDQ and VREFDQ must be within their respective minimum/maximum operating ranges. VREFDQ can be at any
level between 0 and VDDQ); VREFCA can be at any level between 0 and VDDCA during self refresh.

Before exiting self refresh, VREFDQ and VREFCA must be within specified limits. After entering self refresh mode, the
device initiates at least one all-bank REFRESH command internally during tCKESR. The clock is internally disabled
during SELF REFRESH operation to save power. The device must remain in self refresh mode for at least tCKESR.
The user can change the external clock frequency or halt the external clock one clock after self refresh entry is
registered; however, the clock must be restarted and stable before the device can exit SELF REFRESH operation.

Exiting self refresh requires a series of commands. First, the clock must be stable prior to CKE returning HIGH. After
the self refresh exit is registered, a minimum delay, at least equal to the self refresh exit interval (tXSR), must be
satisfied before a valid command can be issued to the device. This provides completion time for any internal refresh in
progress. For proper operation, CKE must remain HIGH throughout tXSR, except during self refresh re-entry. NOP
commands must be registered on each rising clock edge during tXSR.

Using self refresh mode introduces the possibility that an internally timed refresh event could be missed when CKE is
driven HIGH for exit from self refresh mode. Upon exiting self refresh, at least one REFRESH command (one all-bank
command) must be issued before issuing a subsequent SELF REFRESH command.

Partial-Array Self Refresh — Bank Masking

Each bank can be configured independently whether or not a SELF REFRESH operation will occur in that bank. One
mode register of 4 bits (accessible via the MRW command) is assigned to program the bank-masking status of each
bank up to 4 banks.

For bank masking bit assignments, see the Mode Register 16 (MR16) table.
The mask bit to the bank enables or disables a refresh operation of the entire memory space within the bank.

If a bank is masked via MRW, a REFRESH operation to the entire bank is blocked and bank data retention is not
guaranteed in self refresh mode. To enable a REFRESH operation to a bank, the corresponding bank mask bit must
be programmed as “unmasked.” When a bank mask bit is unmasked, the array space being refreshed within that bank
is determined by the programmed status of the segment mask bits.

MODE REGISTER READ

The MODE REGISTER READ (MRR) command is used to read configuration and status data from SDRAM mode
registers. The MRR command is initiated with CS# LOW, CA0 LOW, CA1 LOW, CA2 LOW, and CA3 HIGH at the
rising edge of the clock. The mode register is selected by CA1f-CAOf and CA9r—-CA4r.The mode register contents are
available on the first data beat of DQ[7:0] after RL x tCK + tDQSCK + tDQSQ and following the rising edge of the
clock where MRR is issued. Subsequent data beats contain valid but undefined content, except in the case of the DQ
calibration function, where subsequent data beats contain valid content as described in the Data Calibration Pattern
Description table. All DQS are toggled for the duration of the mode register READ burst. The MRR command has a
burst length of four. MRR operation (consisting of the MRR command and the corresponding data traffic) must not be
interrupted. The MRR command period (tMRR) is two clock cycles.
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Temperature Sensor
Mobile LPDDR2 devices feature a temperature sensor whose status can be read from MR4.

This sensor can be used to determine an appropriate refresh rate, determine whether AC timing derating is required in
the extended temperature range, and/or monitor the operating temperature. Either the temperature sensor or the
device operating temperature can be used to determine whether operating temperature requirements are being met
(see the Operating Temperature Range table).

Temperature sensor data can be read from MR4 using the mode register read protocol. Upon exiting self-refresh or
power-down, the device temperature status bits will be no older than tTSI.

When using the temperature sensor, the actual device case temperature may be higher than the operating
temperature specification that applies for the standard or extended temperature ranges.

For example, TCASE could be above 85°C when MR4[2:0] equals 011b. To ensure proper operation using the
temperature sensor, applications must accommodate the parameters in the temperature sensor definitions table.

Table 23. Temperature Sensor Definitions and Operating Conditions

Parameter Description Symbol Min/Max Value Unit
System Maximum temperature gradient experienced by the memory : System .
Temperature Gradient| device at the temperature of interest over a range of 2°C TempGradientf  MAX dependent Cis
MR4 READ interval | Time period between MR4 READSs from the System ReadInterval MAX desgjrt]%rgm ms
Tempe.rature Maximum delay between internal updates of MR4 tTSI MAX 32 ms
Sensor interval
System Maximum response time from an MR4 READ to the System
response delay system response SysRespDelay] - MAX dependent ms
Device Margin above maximum temperature to support controller TempMargin MAX 2 c
temperature margin | response pvarg

Mobile LPDDR2 devices accommodate the temperature margin between the point at which the device temperature
enters the extended temperature range and the point at which the controller reconfigures the system accordingly. To
determine the required MR4 polling frequency, the system must use the maximum TempGradient and the maximum
response time of the system according to the following equation:

TempGradient x (ReadInterval + tTSI + SysRespDelay) < 2°C
For example, if TempGradient is 10°C/s and the SysRespDelay is 1ms: 10°C/s x (ReadInterval + 32ms +1ms) < 2°C

In this case, ReadInterval must not exceed 167ms.

DQ Calibration

Mobile LPDDR2 devices feature a DQ calibration function that outputs one of two predefined system timing calibration
patterns. A Mode Register Read to MR32 (Pattern “A”) or MR40 (Pattern “B”) will return the specified pattern on
DQI0], DQI8], DQJ[16], and DQ[24] for x32 devices. For x32 devices, DQ[7:1], DQ[15:9], DQ[23:17], and DQ[31:25]
may optionally drive the same information as DQ[0] or may drive Ob during the MRR burst. For LPDDR2 devices,
MRR DQ Calibration commands may only occur in the idle state.

Table 24. Data Calibration Pattern Description

Pattern MR# Bit Time O | Bit Time 1 | Bit Time 2 | Bit Time 3 Description

Pattern A MR32 1 0 1 0 Reads to MR32 return DQ calibration pattern A

Pattern B MR40 0 0 1 1 Reads to MR40 return DQ calibration pattern B
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MODE REGISTER WRITE Command
The MODE REGISTERWRITE (MRW) command is used to write configuration data to the mode registers.

The MRW command is initiated with CS# LOW, CAO0 LOW, CA1 LOW, CA2 LOW, and CA3 LOW at the rising edge of
the clock. The mode register is selected by CA1f—-CAOf, CA9r—CA4r.The data to be written to the mode register is
contained in CA9f—CA2f. The MRW command period is defined by tMRW. MRW:s to read-only registers have no
impact on the functionality of the device. MRW can only be issued when all banks are in the idle precharge state. One
method of ensuring that the banks are in this state is to issue a PRECHARGE ALL command.

Table 25. Truth Table for MRR and MRW

Current State Command Intermediate State Next State
MRR Reading mode register, all banks idle All banks idle
All banks idle MRW Writing mode register, all banks idle All banks idle
MRW (RESET) Resetting, device auto initialization All banks idle
MRR Reading mode register, bank(s) idle Bank(s) active
Bank(s) active MRW Not allowed Not allowed
MRW (RESET) Not allowed Not allowed

MRW RESET Command
The MRW RESET command brings the device to the device auto initialization (resetting) state in the power-on
initialization sequence (see RESET Command).

The MRW RESET command can be issued from the idle state. This command resets all mode registers to their
default values. Only the NOP command is supported during tINIT4.

After MRW RESET, boot timings must be observed until the device initialization sequence is complete and the device
is in the idle state. Array data is undefined after the MRW RESET command has completed. For MRW RESET timing,
see the Power Ramp and Initialization Sequence figure.

MRW ZQ Calibration Commands

The MRW command is used to initiate a ZQ calibration. The ZQ Calibration command is used to calibrate the
LPDDR2 ouput drivers (RON) over process, temperature, and voltage. LPDDR2-S4 devices support ZQ calibration.
There are four ZQ calibration commands and related timings: tZQINIT, tZQRESET, tZQCL, and tZQCS. tZQINIT
corresponds to the initialization calibration; tZQRESET is used for resetting ZQ to the default output impedance;
tZQCL is used for long calibration(s); and tZQCS is used for short calibration(s). See the Mode Register 10 (MR10)
Calibration table for ZQ calibration command code definitions.

After initialization, the ZQ calibration long (ZQCL) can be used to recalibrate the system to an output impedance
accuracy of +15%. A ZQ calibration short (ZQCS) can be used periodically to compensate for temperature and voltage
drift in the system.

The Initialization ZQ Calibration (ZQINIT) shall be performed for LPDDR2-S4 devices. This Initialization Calibration
achieves a RON accuracy of £15%. After initialization, the ZQ Long Calibration may be used to re-calibrate the system
to a RON accuracy of +15%. A ZQ Short Calibration may be used periodically to compensate for temperature and
voltage drift in the system.

The ZQReset Command resets the RON calibration to a default accuracy of +30% across process, voltage, and
temperature. This command is used to ensure RON accuracy to £30% when ZQCS and ZQCL are not used.

One ZQCS command can effectively correct a minimum of 1.5% (ZQCorrection) of RON impedance error within
tZQCS for all speed bins assuming the maximum sensitivities specified in the ‘Output Driver Voltage and Temperature
Sensitivity’. The appropriate interval between ZQCS commands can be determined from these tables and other
application-specific parameters.

One method for calculating the interval between ZQCS commands, given the temperature (Tdriftrate) and voltage

(Vdriftrate) drift rates that the LPDDR?2 is subject to in the application, is illustrated. The interval could be defined by
the following formula:
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ZQcorrection
(Tsensx Tdriftrate) + (Vsensx\Vdriftrate)

Where TSens = MAX (dRONdT) and VSens = MAX (dRONdV) define temperature and voltage sensitivities.

For example, if TSens = 0.75%/°C, VSens = 0.20%/mV, Tdriftrate = 1°C/sec, and Vdriftrate = 15 mV/sec, then the
interval between ZQCS commands is calculated as:

15 i}
(075 1)+ (020 15) 048

For LPDDR2-S4 devices, a ZQ Calibration command may only be issued when the device is in Idle state with all
banks precharged.

No other activities can be performed on the LPDDR2 data bus during the calibration period (tZQINIT, tZQCL, tZQCS).
The quiet time on the LPDDR2 data bus helps to accurately calibrate RON. There is no required quiet time after the
ZQ Reset command. If multiple devices share a single ZQ Resistor, only one device may be calibrating at any given
time. After calibration is achieved, the LPDDR2 device shall disable the ZQ ball’s current consumption path to reduce
power.

In systems that share the ZQ resistor between devices, the controller must not allow overlap of tZQINIT, tZQCS, or
tZQCL between the devices. ZQ Reset overlap is allowed. If the ZQ resistor is absent from the system, ZQ shall be
connected permanently to VDDCA. In this case, the LPDDR2 device shall ignore ZQ calibration commands and the
device will use the default calibration settings (See the Output Driver DC Electrical Characteristics without ZQ
Calibration table).

ZQ External Resistor Value, Tolerance, and Capacitive Loading

To use the ZQ calibration function, a 240 ohm (1% tolerance) external resistor must be connected between the ZQ
pin and ground. A single resistor can be used for each device or one resistor can be shared between multiple devices
if the ZQ calibration timings for each device do not overlap. The total capacitive loading on the ZQ pin must be limited
(see the Capacitance table).

Power-Down

Power-down is entered synchronously when CKE is registered LOW and CS# is HIGH at the rising edge of clock. A
NOP command must be driven in the clock cycle following power-down entry. CKE must not go LOW while MRR,
MRW, READ, or WRITE operations are in progress. CKE can go LOW while any other operations such as ACTIVATE,
PRECHARGE, auto precharge, or REFRESH are in progress, but the power-down IDD specification will not be
applied until such operations are complete.

If power-down occurs when all banks are idle, this mode is referred to as idle powerdown; if power-down occurs when
there is a row active in any bank, this mode is referred to as active power-down.

Entering power-down deactivates the input and output buffers, excluding CK, CK#, and CKE. In power-down mode,
CKE must be held LOW; all other input signals are “Don’t Care.” CKE LOW must be maintained until tCKE is satisfied.
VREFCA must be maintained at a valid level during power-down.

VDDQ can be turned off during power-down. If VDDQ is turned off, VREFDQ must also be turned off. Prior to exiting
power-down, both VDDQ and VREFDQ must be within their respective minimum/maximum operating ranges.

No refresh operations are performed in power-down mode. The maximum duration in power-down mode is only
limited by the refresh requirements outlined in REFRESH Command.

The power-down state is exited when CKE is registered HIGH. The controller must drive CS# HIGH in conjunction
with CKE HIGH when exiting the power-down state. CKE HIGH must be maintained until tCKE is satisfied. A valid,
executable command can be applied with power-down exit latency tXP after CKE goes HIGH. Power-down exit
latency is defined in the AC Timing section.

NLB33PFLv0.1-256Mb(x32)20180815 30



Deep Power-Down

Deep power-down (DPD) is entered when CKE is registered LOW with CS# LOW, CAO HIGH, CA1 HIGH, and CA2
LOW at the rising edge of the clock. The NOP command must be driven in the clock cycle following power-down entry.
CKE must not go LOW while MRR or MRW operations are in progress. CKE can go LOW while other operations such
as ACTIVATE, auto precharge, PRECHARGE, or REFRESH are in progress, however, deep power-down IDD
specifications will not be applied until those operations complete. The contents of the array will be lost upon entering
DPD mode.

In DPD mode, all input buffers except CKE, all output buffers, and the power supply to internal circuitry are disabled
within the device. VREFDQ can be at any level between 0 and VDDQ, and VREFCA can be at any level between 0
and VDDCA during DPD. All power supplies (including VREF) must be within the specified limits prior to exiting DPD.

To exit DPD, CKE must be HIGH, tISCKE must be complete, and the clock must be stable. To resume operation, the
device must be fully reinitialized using the power-up initialization sequence.

Input Clock Frequency Changes and Stop Events

Input Clock Frequency Changes and Clock Stop with CKE LOW
During CKE LOW, Mobile LPDDR2 devices support input clock frequency changes and clock stop under the following
conditions:
e Refresh requirements are met
Only REFab commands can be in process
Any ACTIVATE or PRECHARGE commands have completed prior to changing the frequency
Related timing conditions, tRCD and tRP, have been met prior to changing the frequency
The initial clock frequency must be maintained for a minimum of two clock cycles after CKE goes LOW
The clock satisfies tCH(abs) and tCL(abs) for a minimum of two clock cycles prior to CKE going HIGH

For input clock frequency changes, tCK(MIN) and tCK(MAX) must be met for each clock cycle.

After the input clock frequency is changed and CKE is held HIGH, additional MRW commands may be required to set
the WR, RL, etc. These settings may require adjustment to meet minimum timing requirements at the target clock
frequency.

For clock stop, CK is held LOW and CK# is held HIGH.

Input Clock Frequency Changes and Clock Stop with CKE HIGH
During CKE HIGH, LPDDR2 devices support input clock frequency changes and clock stop under the following
conditions:

o REFRESH requirements are met.

e Any ACTIVATE, READ, WRITE, PRECHARGE, MRW, or MRR commands must have completed, including

any associated data bursts, prior to changing the frequency.

¢ Related timing conditions, tRCD, tWR, tWRA, tRP, tMRW, and tMRR, etc., are met

e CS# must be held HIGH

e Only REFab commands can be in process

The device is ready for normal operation after the clock satisfies tCH(abs) and tCL(abs) for a minimum of 2 x tCK +
tXP. For input clock frequency changes, tCK(MIN) and tCK(MAX) must be met for each clock cycle.

After the input clock frequency is changed, additional MRW commands may be required to set the WR, RL, etc. These
settings may require adjustment to meet minimum timing requirements at the target clock frequency.

For clock stop, CK is held LOW and CK# is held HIGH.
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NO OPERATION Command

The NO OPERATION (NOP) command prevents the device from registering any unwanted commands issued
between operations. A NOP command can only be issued at clock cycle N when the CKE level is constant for clock
cycle N-1 and clock cycle N. The NOP command has two possible encodings: CS# HIGH at the clock rising edge N;
and CS# LOW with CAO, CA1, CA2 HIGH at the clock rising edge N.

The NOP command will not terminate a previous operation that is still in process, such as a READ burst or WRITE

burst cycle.
Table 26. Absolute Maximum Rating
Symbol Parameter Values Unit | Note
Vin, Vour Voltage on any I/O relative to Vss -0.4~1.6 \Y
Vop1 Vop1 supply voltage relative to Vss -0.4~2.3 Vv
Vbp2 Vop2 supply voltage relative to Vss -0.4~1.6 Y
Vbbca Vppca supply voltage relative to Vssca -0.4~1.6 Vv 2,4
Voo Vppg supply voltage relative to Vssq -0.4~1.6 \% 2,3
Tste Storage Temperature -55~125 °C 5
Notes:
1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the

abkwd

device. This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect reliability.

See “Power-Ramp” in section “Power-Up and Initialization” for relationships between power supplies.

VREFCA 0.6 = VDDCA; however, VREFCA may be = VDDCA provided that VREFCA = 300mV.

VREFDQ 0.6 = VDDQ; however, VREFDQ may be = VDDQ provided that VREFDQ = 300mV.

Storage Temperature is the case surface temperature on the center/top side of the LPDDR2 device. For the
measurement conditions, please refer to JESD51-2 standard.

Table 27. Operating Temperature Condition

Symbol Parameter Values Unit | Note

Torer Operating Temperature Range -25~85 °C

Notes:

1.
2.
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Operating temperature is the case surface temperature at the center of the top side of the device.

Either the device operating temperature or the temperature sensor can be used to set an appropriate refresh rate,
determine the need for AC timing derating, and/or monitor the operating temperature. When using the temperature
sensor, the actual device case temperature may be higher than the TCASE rating that applies for the operating
temperature range. For example, TCASE could be above 85°C when the temperature sensor indicates a
temperature of less than 85°C.



Table 28. Recommended Operating Conditions
Symbol Parameter Min. Typ. Max. Unit | Note

Vop1 (DC) Core power 1 1.7 1.8 1.95 Vv 1
Vop2 (DC) Core power 2 1.14 1.2 1.3 Vv
Vopoca (DC) Input buffer power 1.14 1.2 1.3 Vv
Vbpo (DC) I/O buffer power 1.14 1.2 1.3 Vv

IL Input leakage current -2 - pA 2

IVREF Vrer supply leakage current -1 - 1 pA 3

Notes:

1. VDD1 uses significantly less power than VDD2.
2. The minimum limit requirement is for testing purposes. The leakage current on VREFCA and VREFDQ pins

should be minimal.
3. Although DM is for input only, the DM leakage shall match the DQ and DQS/DQS# output leakage specification.

AC and DC Logic Input Measurement Levels for Single-Ended Signals

Table 29. Single-Ended AC and DC Input Levels for CA and CS# Inputs

Symbol Parameter Min. Max. Unit | Note
Vinca (AC) AC input logic HIGH for CA/CS# Vrer + 0.22 - V 1,2
Vica (AC) AC input logic LOW for CA/CS# - Vrer - 0.22 Vv 1,2
Vinea (DC) DC input logic HIGH for CA/CS# Vrer + 0.13 Vbbca \Y 1
Vica (DC) DC input logic LOW for CA/CS# Vssca VRger - 0.13 \Y 1

VRerca (DC) Reference voltage for CA/CS# inputs 0.49 * Vppca 0.51 * Vbbca \% 3,4
Notes:

1. For CA and CS# input-only pins. Vrer = VREFCA(DC).

2. See the Overshoot and Undershoot Specifications figure.

3. The AC peak noise on VREFCA may not allow VREFCA to deviate from VREFCA (DC) by more than +1%

VDDCA.

4. For reference, approximately Vopca/2 £12mV.

Table 30. Single-Ended AC and DC Input Levels for CKE

Symbol Parameter Min. Max. Unit | Note
VIHcKE CKE Input High Level 0.8 * Vbbea - V 1
ViLcke CKE Input Low Level - 0.2 * Vbbca \Y 1
Note: See the Overshoot and Undershoot Specifications figure.
Table 31. Single-Ended AC and DC Input Levels for DQ and DM
Symbol Parameter Min. Max. Unit | Note
VipQ(AC) AC input logic high for DQ/DM Vrer + 0.22 - Vv 1,2
Vipg(AC) AC input logic low for DQ/DM - Vrer - 0.22 Y 1,2
Vinpbe(DC) DC input logic high for DQ/DM Vrer + 0.13 VbpQ Y 1
ViLoe(DC) DC input logic low for DQ/DM Vssq Vrer - 0.13 Vv 1
VRerpo(DC) Reference Voltage for DQ/DM inputs 0.49 * Vbpo 0.51 * Vbbo \% 3,4
Notes:

1. For DQ input-only pins. Vrer = VRerDQ(DC).

2. See the Overshoot and Undershoot Specifications figure.

3. The AC peak noise on VREFCA may not allow VREFCA to deviate from VREFCA(DC) by more than £1% VDDQ.
4. For reference, approximately. Vopo/2 £12mV.
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AC and DC Logic Input Measurement Levels for Single-Ended Signals

Table 32. Differential AC and DC Input Levels

LPDDR2-1066 to LPDDR2-667 )
Symbol Parameter . Unit | Note
Min Max
Vi, diff(DC) Differential input HIGH 2 x (ViH(DC) - VRer) - \% 1
VL, diff(DC) Differential input LOW - 2 X (Vrer - ViL(DC)) \% 1
Vn,diff(AC) Differential input HIGH AC 2 X (VIH(AC) - VRrEeF) - \Yj 2
VL, diff(AC) Differential input LOW AC - 2 x (Vrer - VIL(AC)) \Yj 2
Notes:

1. Used to define a differential signal slew-rate. For CK - CK# use VIH/VIL(DC) of CA and VREFCA,; for DQS - DQS#,
use VIH/VIL(DC) of DQs and VREFDQ; if a reduced dc-high or dc-low level is used for a signal group, then the
reduced level applies also here.

2. For CK - CK# use VIH/VIL(AC) of CA and VREFCA; for DQS - DQS#, use VIH/VIL(AC) of DQs and VREFDQ; if a
reduced ac-high or ac-low level is used for a signal group, then the reduced level applies also here.

3. These values are not defined, however the single-ended signals CK, CK#, DQS, and DQS# need to be within the
respective limits (VIH(DC)max, VIL(DC)min) for single-ended signals as well as the limitations for overshoot and
undershoot. Refer to “Overshoot and Undershoot Specifications”.

4. For CK and CK#, VREF = VREFCA(DC); For DQS and DQS# VREF = VREFDQ(DC).

Single-Ended Requirements for Differential Signals
Each individual component of a differential signal (CK, CK#, DQS, and DQS#) must also comply with certain
requirements for single-ended signals.

CK and CK# must meet VSEH(AC)min/VSEL(AC)max in every half cycle.
DQS, DQS# must meet VSEH(AC)min/VSEL(AC)max in every half cycle preceding and following a valid transition.

The applicable AC levels for CA and DQ differ by speed bin.

Table 33. Single-Ended Levels for CK, CK#, DQS, DQS#

LPDDR2-1066 to LPDDR2-667 i
Symbol Parameter _ Unit | Note
Min Max

;Irnogblg—sended HIGH level for (Vona/2) + 0.22 ] ) )
Vser(AC) - ™ gingle-ended HIGH level f

ok o evettor (Vopeal2) + 0.22 ] v | 12

?tlrnogt:g—sended LOW level for ) (Vosal2) - 0.22 v >
Ves(AC) Single-ended LOW level f

CIQQC?IZ#” © everor - (Voocal2) - 0.22 \Y; 1,2

Notes:

1. For CK and CK#, use VSEH/VSEL(AC) of CA, for strobes (DQS[3:0] and DQS#[3:0]), use VIH/VIL(AC) of DQ.

2.VIH(AC) and VIL(AC) for DQ are based on VREFDQ; VSEH(AC) and VSEL(AC) for CA are based on VREFCA. If a
reduced AC HIGH or AC LOW is used for a signal group, the reduced level applies.

3. These values are not defined, however the single-ended signals CK, CK#, DQSJ[3:0] and DQS#[3:0] need to be
within the respective limits (VIH(DC)max, VIL(DC)min) for single-ended signals as well as the limitations for
overshoot and undershoot. Refer to “Overshoot and Undershoot Specifications.”
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Differential Input Crosspoint Voltage
The differential input crosspoint voltage (VIX) is measured from the actual crosspoint of the true signal and it'’s a
complement to the midlevel between VDD and VSS.

Table 34. Crosspoint Voltage for Differential Input Signals (CK, CK#, DQS, DQS#)

LPDDR2-1066 to LPDDR2-667 )
Symbol Parameter : Unit | Note
Min Max
Differential input crosspoint voltage relative to
Vixea(AC) 1y w2 for Clg and CK?# k -120 120 mv | 1.2
Differential input crosspoint voltage relative to
Vixoo(AC) | o ot Dst o Dg " 9 -120 120 mv | 1,2
Notes:

1. The typical value of Vix(ac) is expected to be about 0.5 x VbD of the transmitting device, and it is expected to
track variations in Vbb. Vix(AC) indicates the voltage at which differential input signals must cross.

2. For CK and CK#, VREF = VREFCA(DC). For DQS and DQS#, VREF = VREFDQ(DC).

Input Slew Rate

Table 35. Differential Input Slew Rate Definition

. o Measured Defined b
escription From To efined by
Differential input slew rate for rising edge . e [Vin,diff,min - Vi, diff,max] /
(CK/CK# and DQS/DQSH) Vi, diff,max Vi, diff,min ATRdiff
Differential input slew rate for falling edge e : [Vin,diff,min - Vi, diff, max] /
(CK/CK# and DQS/DQSH) Viw,diff,min Vi, diff,max ATFdiff
Output Characteristics and Operating Conditions
Table 36. Single-Ended AC and DC Output Levels
Symbol Parameter Value Unit Note
VoH(AC) |AC output HIGH measurement level (for output slew rate) Vrer + 0.12 V
VoL(AC) |AC output LOW measurement level (for output slew rate) Vrer - 0.12 V
Vor(DC) |DC output HIGH measurement level (for I-V curve linearity) 0.9 x Vbpo V' |loH=-0.1mA
Vou(DC) |DC output LOW measurement level (for I-V curve linearity) 0.1 x Vopq V | loL =0.1mA
| Output leakage current (DQ, DM, DQS, DQS#); Min -5 uA
0z DQ, DQS, DQS# are disabled; 0V = Vour = Vooq | Max 5 UA
MMpupd | Pelta output impedance between pull-up and Min -15 %
bup pulldown for DQ/DM Max 15 %
Table 37. Differential AC and DC Output Levels
Symbol Parameter Value Unit Note
Vonrdiff(AC) | AC differential output HIGH measurement level (for output SR) 0.2 X Vobbo V |loH=-0.1mA
Voudiff(AC) | AC differential output LOW measurement level (for output SR) -0.2 x Vbpo V | loL =0.1mA
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Single-Ended Output Slew Rate

Table 38. Single-Ended Output Slew Rate Definition
o Measured )
Description Defined by
From To
Single-ended output slew rate for rising edge VoL(Ac) VoH(AC) [VoH(Ac) — VoL(ac)] / ATRsE
Single-ended output slew rate for falling edge VOH(AC) VoL(ac) [VoH(ac) — VoL(ac)] / ATFSE

Table 39. Single-Ended Output Slew Rate

Value )
Parameter Symbol - Unit
Min Max
Single-ended output slew rate (output impedance=40Q+30%) SROQse 1.5 3.5 V/ins
Single-ended output slew rate (output impedance=60Q+30%) SRQse 1.0 2.5 V/ns
Output slew-rate-matching ratio (pull-up to pull-down 0.7 14 -

Notes:

1. Definitions: SR = slew rate; Q = query output (similar to DQ, which stands for data-in, query-output); SE = single-
ended signals.

2. Measured with output reference load.

3. The ratio of pull-up to pull-down slew rate is specified for the same temperature and voltage over the entire
temperature and voltage range. For a given output, the ratio represents the maximum difference between pull-up
and pull-down drivers due to process variation.

4. The output slew rate for falling and rising edges is defined and measured between VOL(AC) and VOH(AC).

5. Slew rates are measured under typical simultaneous switching output (SSO) conditions, with one-half of DQ
signals per data byte driving HIGH and one-half of DQ signals per data byte driving LOW.

Differential Output Slew Rate

Table 40. Differential Output Slew Rate Definition

Measured
Description Defined by
From To
Differential output slew rate for rising edge VoL diff(AC) VoH,diff(AC) [VoH, diff(AC) — VoL, diff(AC)] / ATRuiff
Differential output slew rate for falling edge VOH,diff(AC) VoL diff(AC) [VoH, diff(AC) — VoL, diff(AC)] / ATFdiff

Table 41. Differential Output Slew Rate

Value .
Parameter Symbol - Unit
Min Max
Differential output slew rate (output impedance=40Q+30%) SRQdiff 3.0 7.0 V/ns
Differential output slew rate (output impedance=60Q+30%) SRQiff 2.0 5.0 V/Ins

Notes:

1. Definitions: SR = slew rate; Q = query output (similar to DQ, which stands for data-in, query-output); SE = single-
ended signals.

2. Measured with output reference load.

3. The output slew rate for falling and rising edges is defined and measured between VoL(ac) and VOH(AC).

4. Slew rates are measured under typical simultaneous switching output (SSO) conditions, with one-half of DQ signals
per data byte driving HIGH and one-half of DQ signals per data byte driving LOW.
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Overshoot/Undershoot Specification

Table 42. AC Overshoot/Undershoot Specification
Applies for CA[9:0], CS#, CKE, CK, CK#, DQ, DQS, DQS#, DM

Parameter 1066 800 Unit
Maximum peak amplitude provided for overshoot area 0.35 0.35 \
Maximum peak amplitude provided for undershoot area 0.35 0.35 \%
Maximum area above Vbb 0.15 0.20 V/ns
Maximum area below Vss 0.15 0.20 Vins

Notes:

1. For CAO0-9, CK, CK#, CS#, and CKE, VDD stands for VDDCA. For DQ, DM, DQS, and DQS#, VDD stands for
VDDQ.

2. For CAO0-9, CK, CK#, CS#, and CKE, VSS stands for VSSCA. For DQ, DM, DQS, and DQS#, VSS stands for
VSSQ.

3. Maximum peak amplitude values are referenced from actual VDD and VSS values.

4. Maximum area values are referenced from maximum operating VDD and VSS values.

Table 43. Capacitance
VDD1 = 1.8V, VDDCA /vDDQ /VDD2 = 1.2V, TOPER =-25~85 °C
Notes 1-2 apply to all parameters and conditions.

Symbol Parameter Min. Max. Unit | Note
Cck Input Capacitance (CK, CK#) 1.0 2.0 pF
Cbck Input capacitance delta (CK, CK#) 0 0.2 pF 3
Ci Input capacitance (all other inputonly pins) 1.0 2.0 pF 4
Coi Input capacitance delta (all other inputonly pins) -0.40 0.40 pF 5
Cio Input/output capacitance (DQ, DM, DQS, DQS#) 1.25 25 pF | 6~7
Cobas Input/output capacitance delta (DQS, DQS#) 0 0.25 pF | 7~-8
Coio Input/output capacitance delta (DQ, DM) -0.5 0.5 pF | 7,9
Czq Input/output capacitance ZQ Pin 0 25 pF 10
Notes:

1. This parameter applies to die devices only (does not include package capacitance).

2. This parameter is not subject to production testing. It is verified by design and characterization. The capacitance is
measured according to JEP147 (procedure for measuring input capacitance using a vector network analyzer), with
VDD1, VDD2, VDDQ, VSS, VSSCA, and VSSQ applied; all other pins are left floating.

Absolute value of CCK - CCK#.

Cl applies to CS#, CKE, and CA[9:0].

CDI =Cl - 0.5 x (CCK + CCK#).

DM loading matches DQ and DQS.

MR3 I/O configuration drive strength OP[3:0] = 0001b (34.3 ohm typical).

Absolute value of CDQS and CDQS#.

CDIO = CIO - 0.5 x (CDQS + CDQS#) in byte-lane.

10 Maximum external load capacitance on ZQ pin: 5pF.

©CoOoNOGO AW
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Electrical Specifications — IDD Specifications and Conditions
The following definitions and conditions are used in the IDD measurement tables unless stated otherwise:
e LOW: VIN = VIL(DC)max

HIGH: VIN = VIH(DC)min
STABLE: Inputs are stable at a HIGH or LOW level
SWITCHING: See the following three tables.

Table 44. Switching for CA Input Signals

CK/CK#

Rising/
Falling

Falling/
Rising

Rising/
Falling

Falling/
Rising

Rising/
Falling

Falling/
Rising

Rising/
Falling

Falling/
Rising

Cycle

N

N+1

N+2

N+3

CS#

HIGH

HIGH

HIGH

HIGH

CAO

CA1l

CA2

CA3

CA4

CA5

CAG6

CA7

CA8

CA9

I I|T|T|T|IT|T|T|XT|XIT

I|r|T|r|IT|r|T|rr|xTir

I r|Tjr|T|r|Tjr|xT|r-

| 1 I Y I i i Y I N

I i e e e e A L

r|IT|r|ZT|rr|IT|r|ZT|r|xT

r|T|r| ||| || |I

I TIT|T|IT|T|IT|IT|XT|xT

Notes:

1. CS# must always be driven HIGH.
2. For each clock cycle, 50% of the CA bus is changing between HIGH and LOW.

3. The noted pattern (N, N+1, N+2, N+3...) is used continuously during IDD measurement for IDD values that require

switching on the CA bus.

Table 45. Switching for IDD4R

Clock CKE CS# Cycle Command CA[2:0] CA[9:3] All DQ
Rising H L N Read_Rising HLH LHLHLHL L
Falling H L N Read_Falling LLL LLLLLLL L
Rising H H N+1 NOP LLL LLLLLLL H
Falling H H N+1 NOP HLH LHLLHLH L
Rising H L N+2 Read_Rising HLH LHLLHLH H
Falling H L N+2 Read_Falling LLL HHHHHHH H
Rising H H N+3 NOP LLL HHHHHHH H
Falling H H N+3 NOP HLH LHLHLHL L
Notes:

1. Data strobe (DQS) is changing between HIGH and LOW with every clock cycle.
2. The noted pattern (N, N+1...) is used continuously during IDD measurement for IDD4R.
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256Mb (x32) — LPDDR2 Synchronous DRAM 8Mx32 — NLB33P

Table 46. Switching for IDD4AW

Clock CKE CS# Cycle Command CA[2:0] CA[9:3] All DQ
Rising H L N Write_Rising LLH LHLHLHL L
Falling H L N Write_Falling LLL LLLLLLL L
Rising H H N+1 NOP LLL LLLLLLL H
Falling H H N+1 NOP HLH LHLLHLH L
Rising H L N+2 Write_Rising LLH LHLLHLH H
Falling H L N+2 Write_Falling LLL HHHHHHH H
Rising H H N+3 NOP LLL HHHHHHH H
Falling H H N+3 NOP HLH LHLHLHL L
Notes:

1. Data strobe (DQS) is changing between HIGH and LOW with every clock cycle.
2. Data masking (DM) must always be driven LOW.
3. The noted pattern (N, N+1...) is used continuously during IDD measurement for IDD4W.
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Table 47. D.C. Characteristics
VvDD1 = 1.8V, VDDCA /VDDQ /VDD2 = 1.2V, TOPER = -25~85 °C

Power -18/18R ‘ -25/25R | -3/3R
Parameter & Test Condition Symbol Unit | Note
Supply Max.

. . 1
Operating one bank active-precharge current: DDO, Vo1 16 16 16 mA
tRC=tRC(min); tck=tck(min); CKE is HIGH; CS# is IDDO Vo2 1
HIGH between valid commands; CA bus inputs : 26 21 16 mA
are SWITCHING,; data bus inputs are STABLE IDDO, Vooca, Vooo 75 75 75 mA | 14
Idle power-down standby current: DD2P, Veor 0.4 0.4 0.4 mA !
All banks idle, CKE is LOW; CS# is HIGH, IDD2P, Vob2 1 1 1 mA 1
tck=tckmin); CA bus inputs are SWITCHING; data
bus inputs are STABLE IDD2Pw | Vooca, Vobo 0.3 0.3 0.3 mA | 14
Idle power-down standby current with clock IDD2PS; Vbp1 0.4 0.4 0.4 mA 1
stop:

All banks idle, CKE is LOW; CS# is HIGH, CK = IDD2PS; Voo2 1 1 1 mA | 1
LOW, CK# = HIGH; CA bus inputs are STABLE;
data bus inputs are STABLE IDD2PSw | Vooca, Vooe | 0.3 0.3 0.3 mA | 14
Idle non power-down standby current: DD2N, Veor 0.6 0.6 06 mA | 1
All banks idle, CKE is HIGH; CS# is HIGH
’ ) ' ' IDD2N Vop2 15 15 15 mA | 1
tck=tckmin); CA bus inputs are SWITCHING; data ’
bus inputs are STABLE IDD2Nw | Vbpea, Vbbo 7.5 7.5 7.5 mA | 1,4
Idle non power-down standby current with IDD2NS, Vo1 0.6 0.6 0.6 mA 1
clock stop:
All banks idle, CKE is HIGH; CS# is HIGH, CK = IDD2NS, Vop2 10 8 8 mA | 1
LOW, CK# = HIGH; CA bus inputs are STABLE;
data bus inputs are STABLE IDD2NSiw | Vpoca, Voo 75 75 75 mA | 1,4
1
Active power-down standby current: DD3Py Vo1 ! ! 1 mA
One bank active, CK_E is LOW; CS# is HIGH, IDD3P, VD2 8 8 8 mA 1
tck=tckmin); CA bus inputs are SWITCHING; data
bus inputs are STABLE IDD3P,, Vooca, Vooo 03 03 0.3 mA 14
Active power-down standby current with clock IDD3PS; Vo1 1 1 1 mA 1
stop:
One bank active, CKE is LOW; CS# is HIGH, CK IDD3PS; Vb2 8 8 8 mA 1
= LOW, CK# = HIGH;CA bus inputs are STABLE;
data bus inputs are STABLE IDD3PSw | Vbbca, Voog 0.3 0.3 0.3 mA | 14
. IDD3N V 1. 1. 1. A 1
Active non power-down standby current: g ppt 5 5 5 m
One bank active, CKE is HIGH; CS# is HIGH
iy ! ’ IDD3N Vbb2 2 2 2 A 1
tek=tck(min); CA bus inputs are SWITCHING; data ’ 0 0 0 m
bus inputs are STABLE IDD3Nyy Vooea, Vooo 75 75 75 mA | 14
Active non power-down standby current with IDD3NS; Vbb1 15 15 1.5 mA 1
clock stop:
One bank active, CKE is HIGH; CS# is HIGH, CK IDD3NS; Vbp2 15 15 15 mA 1
= LOW, CK# = HIGH; CA bus inputs are STABLE;
data bus inputs are STABLE IDD3NSw | Vboca, Voog 75 75 75 mA | 1,4
Operating burst read current: IDD4R; Vb1 2 2 2 mA 1
tek=tck(min); CS# is HIGH between valid
commands; One bank active; BL = 4; RL = IDD4R, Vbp2 155 140 125 mA 1
RL(min); CA bus inputs are SWITCHING; 50%
data change each burst transfer IDD4RN Vobca 6.5 6.5 6.5 mA 1
Operating burst write current: IDD4W, Vop1 2 2 2 mA 1
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commands; One bank active; BL = 4; WL = ’ m

WL(min); CA bus inputs are SWITCHING; 50%

data change each burst transfer IDD4Win | Vooca, Vooe 30 30 30 mA | 14

All Bank Refresh Burst current: IDD5; Vb1 38 34 30 mA 1

tck=tck(min); CKE is HIGH between valid

commands; tRC = tRFC(min); burst refresh; CA bus IDD5; Vob2 38 34 30 mA 1

inputs are SWITCHING; data bus inputs are

STABLE IDD5\n Vbbea, Vbbo 75 75 75 mA | 1,4
IDD5AB; Vbb1 2 2 2 mA 1

All Bank Refresh Average current:

tCK:tCK(min); CKE is HIGH between valid IDD5AB, VD2 16 16 16 mA 1
commands; trRc = tRFC(min); CA bus inputs are
SWITCHING,; data bus inputs are STABLE IDD5ABN | Vooca, Voo 75 75 75 mA 14
IDD6; Vop1 0.6 0.6 06 | ma | L3
Self refresh current: 7
CK = LOW, CK# = HIGH; CKE is LOW, CA bus 1,3
' ' ' IDD6 V| 2
inputs are STABLE; data bus inputs are STABLE, : poz 1.5 1.5 1.5 mA 7
Maximum 1x Self-Refresh Rate IDD6yy Vooca, Vopo 0.3 0.3 03 mA i?;
IDD8, Vbb1 30 30 30 uA 1

Deep Power Down Mode Current:
CK=LOW, CK# =HIGH; CKE is LOW; CA bus IDD8; Vob2 30 30 30 UuA 1
inputs are STABLE; Data bus inputs are STABLE

IDD8y Vbbea, Vobg 100 100 100 UA | 14
Notes:
1. IDD values are the maximum of the distribution of the arithmetic mean.
2. IDD current specifications are tested after the device is properly initialized.
3. The 1x self refresh rate is the rate at which the device is refreshed internally during self refresh, before going
into the extended temperature range.
4. Measured currents are the sum of Vobg and Vooca.
5. Guaranteed by design with output reference load and RON = 40 ohm.
6. The IDD6 currents are measured using bank-masking only.
45°C 85°C :
Parameter PASR Power Supply Unit
Max. Max.
Vbp1 600 700
Full array Vbp2 1500 2000 uA
Vbbca, VDb 300 300
Vbp1 550 600
Partial Array Self Refresh Current 1/2 array Vo2 1300 1500 uA
Vbbca, VbbQ 300 300
Vbb1 530 550
1/4 array VbD2 1200 1300 UA
Vbbca, VbbQ 300 300

7
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Table 48. Electrical AC Characteristics

VDD1 = 1.8V, VDDCA /VDDQ /VDD2 = 1.2V, TOPER = -25~85 °C

tCK -18 -25 -3 .
Symbol Parameter = = = = Unit
Min. | Min. | Max. Min. Max. Min. Max.
Clock Timing
tck(avg) Average clock period 1.875| 100 2.5 100 3 100 | ns
tcH(avg) Average HIGH pulse width 0.45 | 055 | 0.45 | 055 | 0.45 | 0.55 | te«
tcL(avg) Average LOW pulse width 0.45 | 055 | 045 | 055 | 0.45 | 0.55 | te
tckbs) | Absolute clock period Min: tcK avgymin + LarT(per),min ps
Max: -
[CH@bs), | Apsolute clock HIGH pulse width 043 | 057 | 043 | 057 | 0.43 | 057 | t
allowed
tCLabs), | Apsolute clock LOW pulse width 0.43 | 057 | 0.43 | 057 | 043 | 057 | te
allowed
BIT®en: | Clock Period Jitter (with allowed jitter) .90 | 90 | -100 | 100 | -110 | 110 | ps
allowed
taIT(co), Ma>|<|mum_tﬁlo|<|:k Jltée_rt?etween two consecutive clock ) 180 ) 200 ) 220 | ps
allowed | cycles (with allowed jitter)
Min: min((tCH(abs),min - tCH(avr_;)),min),
teLabs),min - teL(avg),min)) * tek
biT(duty), Duty cycle Jitter (with allowed jitter) (teLabs).min (@vg)min) @) ps
allowed Max: max((tCH(abs),max - tCH(avg),max),
(tCL(abs),max - tCL(ewg),max)) * tCK(avg)

tERR(2per), Cumulative error across 2 cycles -132 | 132 | -147 | 147 | -162 | 162 | ps
allowed

(ERR(3pen), Cumulative error across 3 cycles -157 | 157 | -175 | 175 | -192 | 192 | ps
allowed

(ERR(4pen), Cumulative error across 4 cycles -175 | 175 | -194 | 194 | -214 | 214 | ps
allowed

(ERR(5pen), Cumulative error across 5 cycles -188 | 188 | -209 | 209 | -230 | 230 | ps
allowed

(ERR(6pen), Cumulative error across 6 cycles -200 | 200 | -222 | 222 | -244 | 244 | ps
allowed

(ERR(7pen), Cumulative error across 7 cycles -209 | 209 | -232 | 232 | -256 | 256 | ps
allowed

(ERR(8pen), Cumulative error across 8 cycles -217 | 217 | -241 | 241 | -266 | 266 | ps
allowed

tERR(9pen), Cumulative error across 9 cycles -224 | 224 | 249 | 249 | -274 | 274 | ps
allowed

tERR(10pen) Cumulative error across 10 cycles -231 | 231 | -257 | 257 | -282 | 282 | ps
allowed

tERR(11pen), Cumulative error across 11 cycles -237 | 237 | -263 | 263 | -289 | 289 | ps
allowed

tERIT(lzp:)’ Cumulative error across 12 cycles -242 | 242 | -269 | 269 | -296 | 296 | ps
allowe
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Min: teErr(nper), allowed, min= (1 + 0.68In(n))
ERR@MPEN, | mulative error across n = 13,14 ... 49, 50 cycles * Lm(per) allowed, min ps

allowed Max: tErr(nper), allowed, max= (1 + 0.68In(n))

* tar(per),allowed, max
ZQ Calibration Parameters
tzoiniT Initialization Calibration Time 1 - 1 - 1 us
tzocL Long Calibration Time 6 360 - 360 360 ns
tzocs Short Calibration Time 6 90 - 90 90 ns
tzoreser | Calibration Reset Time 3 50 - 50 50 ns
Read Parameters
toosck | DQS output access time from CK/CK# 25 5.5 25 5.5 25 55 | ns
tposckps®| DQSCK Delta Short - 0.33 - 0.45 0.54 | ns
1PASCKOM; | 1y S oK Detta Medium - |oes| - | 09 105 | ™
toosckpL®| DQSCK Delta Long - o092 - 1.2 14 | ™
tboso | DQS - DQ skew - 0.2 - 0.24 028 | S
tons | Datahold skew factor - |023| - |o028 0.34 | "®
tosH DQS Output High Pulse Width Min: tCH(abs) - 0.05 fex
tosL DQS Output Low Pulse Width Min: tCL(abs) - 0.05 tex
tonp Data Half Period Min: min(tQSH, tQSL) fex
ton DQ / DQS output hold time from DQS Min: tQHP - tQHS ps
trpre’ | Read preamble 0.9 - 0.9 0.9 tex
trpsT® | Read postamble Min: tCL(abs) - 0.05 tex
tizipgs) | DQS low-Z from clock Min: tDQSCK(MIN) - 300 ps
tizog) | DQ low-Z from clock Min: tDQSCK(MIN) - (1.4 * tQHS(MAX)) ps
thzpgs) | DQS high-Z from clock Max: tDQSCK(MAX) - 100 ps
thzpg) | DQ high-Z from clock Max: tDQSCK(MAX) + (1.4 * tDQSQ(MAX)) | ps
Write Parameters

{oH DQ and DM input hold time (Vref based) 0.21 - 0.27 0.35 ns
tbs DQ and DM input setup time (Vref based) 0.21 - 0.27 0.35 ns
toipw DQ and DM input pulse width 0.35 - 0.35 0.35 tek
tboss Write command to 1st DQS latching transition 0.75 | 1.25 | 0.75 | 1.25 | 0.75 | 1.25 | te
tbosH DQS input high-level width 0.4 - 0.4 0.4 tex
tposL DQS input low-level width 0.4 - 0.4 0.4 tex
tpss DQS falling edge to CK setup time 0.2 - 0.2 0.2 tex
tbsH DQS falling edge hold time from CK 0.2 - 0.2 0.2 tex
twpsT Write postamble 0.4 - 0.4 0.4 tok
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twprE Write preamble 0.35 - 0.35 - 0.35 - tex
CKE Input Parameters
tcke CKE min. pulse width (high and low pulse width) 3 3 - 3 - 3 - tex
tiscke® | CKE input setup time 0.25 - 0.25 - 0.25 - tex
tincke®® | CKE input hold time 0.25 - 0.25 - 0.25 - tex
Command Address Input Parameters
ts> 1 | Address and control input setup time (Vrer based) 0.22 - 0.29 - 0.37 - ns
tS 1 Address and control input hold time (Vrer based) 0.22 - 0.29 - 0.37 - ns
tipw Address and control input pulse width 0.4 - 0.4 - 0.4 - tox
Mode Register Parameters
tMRW MODE REGISTER Write command period 5 5 - 5 - 5 - tex
tMRR Mode Register Read command period 2 2 - 2 - 2 - tox
LPDDR2 SDRAM Core Parameters
RL Read Latency 3 8 - 6 - 5 - tex
WL Write Latency 1 4 - 3 - 2 - tex
trcl” | ACTIVE to ACTIVE command period ,\'}’!i,?ftf:j: tf;z“(f,"vviitt,? ;é';iir;'f(?feccﬁ%?) ns
S s U I R R e e S
txsr Self refresh exit to next valid command delay 2 Min: trrc + 10 ns
txp Exit power down to next valid command delay 2 7.5 - 7.5 - 7.5 - ns
tcep CAS to CAS delay 2 2 - 2 - 2 - tex
trTp Internal Read to Precharge command delay 2 7.5 - 7.5 - 7.5 - ns
trep RAS to CAS Delay 3 18 - 18 - 18 - | ns
trRPpb Row Precharge Time (single bank) 3 18 - 18 - 18 - ns
tRPab Row Precharge Time (4-bank) 3 18 - 18 - 18 - ns
trRAs Row Active Time 3 42 70K 42 70K 42 70K | ns
twr Write Recovery Time 3 15 - 15 - 15 - ns
twTr Internal Write to Read Command Delay 2 7.5 - 7.5 - 7.5 - ns
tRRD Active bank A to Active bank B 2 10 - 10 - 10 - ns
traw Four Bank Activate Window 8 50 - 50 - 50 - ns
[15)=1) Minimum Deep Power Down Time 500 - 500 - 500 - us
tREFI Average time between REFRESH commands 7.8 - 7.8 - 7.8 - us
trRrc Refresh Cycle time 90 - 90 - 90 - ns
trergw | BuUrst REFRESH window = 4 x 8 x tRFC 2.88 - 2.88 - 2.88 - us
Boot Parameters (10 MHz - 55 MHz)

tckp Clock Cycle Time 18 100 18 100 18 100 | ns
tisckep | CKE Input Setup Time 25 - 25 - 25 - ns
tincken | CKE Input Hold Time 25 - 25 - 25 - ns

NLB33PFLv0.1-256Mb(x32)20180815 44




tisb Address & Control Input Setup Time 1.15 - 1.15 - 1.15 - ns

tiHb Address & Control Input Hold Time 1.15 - 1.15 - 1.15 - ns
togsckn | DQS Output Data Access Time from CK/CK# 2 10 2 10 2 10 ns
tbosob Data Strobe Edge to Ouput Data Edge tDQSQb - 1.2 - 1.2 - 12 | ns
toHsb Data Hold Skew Factor - 1.2 - 1.2 - 12 | ns
Temperature De-Rating*®
tbosck | tDQsck derating - 5.62 - 6 - 6 ns
trep Min: trep + 1.875 ns
tre Min: trc + 1.875 ns
tras Core Timings Temperature De-Rating Min: tras + 1.875 ns
trp Min: trp + 1.875 ns
trRrRD Min: trrp + 1.875 ns
Notes:

1. Frequency values are for reference only. Clock cycle time (tCK) is used to determine device capabilities.

2. All AC timings assume an input slew rate of 1 V/ns.

3. READ, WRITE, and input setup and hold values are referenced to VREF.

4. tDQSCKDS is the absolute value of the difference between any two tDQSCK measurements (in a byte lane) within
a contiguous sequence of bursts in a 160ns rolling window. tDQSCKDS is not tested and is guaranteed by design.
Temperature drift in the system is <10 °C/s. Values do not include clock jitter.

5. tDQSCKDM is the absolute value of the difference between any two tDQSCK measurements (in a byte lane)
within a 1.6us rolling window. tDQSCKDM is not tested and is guaranteed by design. Temperature drift in the
system is <10 °C/s. Values do not include clock jitter.

6. tDQSCKDL is the absolute value of the difference between any two tDQSCK measurements (in a byte lane) within

a 32ms rolling window. tDQSCKDL is not tested and is guaranteed by design. Temperature drift in the system is
<10 °C/s. Values do not include clock jitter.
For LOW-to-HIGH and HIGH-to-LOW transitions, the timing reference is at the point when the signal crosses the
transition threshold (VTT). tHZ and tLZ transitions occur in the same access time (with respect to clock) as valid
data transitions. These parameters are not referenced to a specific voltage level but to the time when the device
output is no longer driving (for tRPST, tHZ(DQS) and tHZ(DQ)), or begins driving (for tRPRE, tLZ(DQS), tLZ(DQ)).
The figure below shows a method to calculate the point when the device is no longer driving tHZ(DQS) and
tHZ(DQ) or begins driving tLZ(DQS) and tLZ(DQ) by measuring the signal at two different voltages. The actual
voltage measurement points are not critical as long as the calculation is consistent. The parameters tLZ(DQS),
tLZ(DQ), tHZ(DQS), and tHZ(DQ) are defined as single-ended. The timing parameters tRPRE and tRPST are
determined from the differential signal DQS/DQS#.

Figure 6. Output Transition Timing

VOH
2x X
VTT+2x Y mV XX X VOH - X mV
VTIT+YmV / VOH - 2x X mV
/o tizpas), tizioa) . t /
VTT Hz(pas), tz(pa) VTT
Actual waveform Y 2xY
VTIT-YmV VOL +2x X mV
VTIT-2xYmV — VOL + X mV
T1 T2 VoL T1T2

7. Measured from the point when DQS/DQS# begins driving the signal, to the point when DQS/DQS# begins driving
the first rising strobe edge.
8. Measured from the last falling strobe edge of DQS/DQS# to the point when DQS/DQS# finishes driving the signal.
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10.
11.
12.
13.
14.
15.
16.
17.

18.

CKE input setup time is measured from CKE reaching a HIGH/LOW voltage level to CK/CK# crossing.

CKE input hold time is measured from CK/CK# crossing to CKE reaching a HIGH/LOW voltage level.

Input setup/hold time for signal (CA[9:0], CS#).

To ensure device operation before the device is configured, a number of AC boot timing parameters are defined
in this table. The letter b is appended to the boot parameter symbols (for example, tCK during boot is tCKb).
Mobile LPDDR2 devices set some mode register default values upon receiving a RESET (MRW) command, as
specified in Mode Register Definition.

The output skew parameters are measured with default output impedance settings using the reference load.
The minimum tCK column applies only when tCK is greater than 6ns.

Timing derating applies for operation at 85°C to 105°C when the requirement to derate is indicated by mode
register 4 op-code (see the MR4 Device Temperature (MA[7:0] = 04h) table).

DRAM devices should be evenly addressed when being accessed. Disproportionate accesses to a particular row
address may result in reduction of the product lifetime.

Clock Specification

The jitter specified is a random jitter meeting a Gaussian distribution. Input clocks violating the min/max values
may result in device malfunction.

Definitions:
tCK(avg):

tCK(avg) is calculated as the average clock period across any consecutive 200 cycle window.
| N |

tCK (an ) = | Z tnk, |'IN where N=200

j=1

tCH(avg) and tCL(avg):

tCH(avg) is defined as the average HIGH pulse width, as calculated across any consecutive 200 HIGH pulses.
[ I
ten(ava) =] 2 ten |/(N xtex(avg )) where N=200
L=t
tCL(avg) is defined as the average LOW pulse width, as calculated across any consecutive 200 LOW pulses

[ I

tm (an): | Ztm ]/(Nx tm((an )) where N=200

j=1

tJIT(per):

tJIT(per) is the single period jitter defined as the largest deviation of any single tCK from tCK(avg).

o tJIT(per) = Min/max of {tCKi- tCK(avg) where i=1 to 200}
o tJIT(per), act is the actual clock jitter for a given system.
e tJIT(per), allowed is the specified allowed clock period jitter.
e tJIT(per), is not subject to production test.
tJIT(cc):
o tJIT(cc) is defined as the absolute difference in clock period between two consecutive clock cycles.
e tJIT(cc) = Max of [{tCKi +1 - tCKi}.
o tJIT(cc)
e tJIT(cc) is not subject to production test.
tJIT (duty):

tJIT (duty) is defined with absolute and average specification of tCH / tCL.

tERR(2per), tERR (3per), tERR (4per), tERR (5per), tERR (6-10per) and tERR (11-50per):

tERR is defined as the cumulative error across multiple consecutive cycles from tCK(avg).
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n=2 for {.qs(2p€r)
n=3 for t...(3per)
i=N-1 _ n=4 for t...(4per)
nper) = ~(Nxt. (av here 1 ERR
tERR( per) {;tcx} ( tex! g)) where - for tERR(Sper)
6<n<10 for {_..(6-10per)
11<n <50 for tERR(H—SOper)

Definition for tCK(abs), tCH(abs) and tCL(abs)

These parameters are specified per their average values; however, it is understood that the following relationship
between the average timing and the absolute instantaneous timing holds at all times.

Table 49. Definition for tCK(abs), tCH(abs) and tCL(abs)

Parameter Symbol Min. Unit
Absolute clock period tck (abs) tek(avg),min + tyr(per),min ps
Absolute clock HIGH pulse width tcH (abs) ter(avg),min + tr(duty),min / tex(avg)min ps
Absolute clock LOW pulse width tcL (abs) te(avg),min + tar(duty),min / tck(avg)min ps

Notes:
1. tCK(avg),min is expressed is ps for this table.
2. tJIT(duty),min is a negative value.

19. Clock CA and CS# Setup, Hold, and Derating

For all input signals (CA and CS#), the total required setup time (tIS) and hold time (tIH) is calculated by adding
the data sheet tIS (base) and tIH (base) values to the AtlS and AtlH derating values, respectively.
Example: tIS (total setup time) = tIS(base) + AtIS. (See the series of tables following this section.)

Table 50. CA and CS# Setup and Hold Base Values

. LPDDR2

CRiB(Es] 1066 | 933 | 800 667 533 | 466 Rifzees

tis (base) 0 30 70 150 | 240 | 300 | ViVi(AC) = Vrer(DC) £220mV
tir (base) 90 120 | 160 240 | 330 | 390 | ViVi(DC) = Vrer(DC) £130mV
Unit [ps] 200 500 Reference

tis (base) 300 440 600 850 ViVIL(AC) = Vrer(DC) £300mV
tn (base) 400 540 700 950 Vi/ViL(DC) = Vrer(DC) $200mV

Notes: AC/DC referenced for 1 V/ns CA and CS# slew rate, and 2 V/ns differential CK/CK# slew rate.

Table 51. Derating Values for AC/DC-Based tIS/tIH (AC220)

CK, CK# Differential Slew Rate

4.0 Vins 3.0 Vins 2.0 Vins 1.8 VIns 1.6 VIns 1.4 VIns 1.2 VIns 1.0 V/Ins
AtIS | AtiH | AtIS | AtiH | AtlS | AtiH | AuS | AtIH| AtS | AtIH | AtS | AtIH | AtS | AtiH | AtIS | AtiH
2.0 | 110 65 110 65 110 65 - - - - - - -

15| 74 43 73 43 73 43 89 59 - - - - -
CA, |10 0 0 0 0 0 0 16 16 32 32 - - -

cs# [09] - - | 3| 5| 3| 5| 13| 11| 29 | 27 | 45 | 43 | - - - -

slew [08] - - - - | 8|13 8 | 3 | 24| 19| 40| 35 | 56 | 55 | - -

rate | 0.7 | - - - - - - 2 | 6 | 18 | 10 | 34 | 26 | 50 | 46 | 66 | 78

Vins [06 | - - - - - - - - |10 3| 26| 13| 42| 33| 58| 65
05| - - - - - - - - - - 4 | 4| 20| 16 | 36 | 48
04| - - - - - - -

S - - - [ 7 2] 17 34
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Table 52. Derating Values for AC/DC-Based tIS/tIH (AC300)

CK, CK# Differential Slew Rate
4.0 Vins 3.0 V/ns 2.0 Vins 1.8 Vins 1.6 Vins 1.4 Vins 1.2 Vins 1.0 Vins
AtIS AtIH AtIS AtIH AtIS AtIH AtIS /\tIH AtIS AtIH AtIS AtIH AtIS AtIH AtIS /AtIH

2.0 | 150 | 100 | 150 | 100 | 150 | 100 - - - - - - - - - -

1.5 | 100 67 100 67 100 67 116 83 - - - - - -

CA, 1.0 0 0 0 0 0 0 16 16 32 32 - - - -
CS# [ 09| - - 4 | 8 -4 8| 12| 8 | 28| 24| 44| 40 - - - -
slew | 0.8 - - - - -12 -20 4 -4 20 12 36 28 52 48 - -
rate | 0.7 - - - - - - -3 -18 13 -2 29 14 45 34 61 66
Vins | 0.6 - - - - - - - - 2 -21 18 -5 34 15 50 47
0.5 - - - - - - - - - - -12 | -32 4 -12 20 20

0.4 - - - - - - - - - - - - -35 -40 -11 -8

20. Data Setup, Hold, and Slew Rate Derating

For all input signals (DQ, DM) calculate the total required setup time (tDS) and hold time (tDH) by adding the

data sheet tDS(base) and tDH(base) values to the AtDS and AtDH derating values, respectively.
Example: tDS = tDS(base) + AtDS.

Table 53. Derating Values for AC/DC-Based tIS/tIH (AC300)

. LPDDR2
Unit [ps] 1066 | 900 800 667 533 466 Reference
tos (base) -10 15 50 130 210 230 Vin/ViIL(AC) = Vrer(DC) £220mV
ton (base) 80 105 140 220 300 320 Vin/ViL(DC) = Vrer(DC) £130mV
Unit [ps] 200 500 Reference
tos (base) 180 300 450 700 Vin/ViL(AC) = Vrer(DC) £300mV
ton (base) 280 400 550 800 Vin/ViL(DC) = Vrer(DC) £200mV

Notes: AC/DC referenced for 1 V/ns DQ, DM slew rate, and 2 V/ns differential DQS/DQS# slew rate.

Table 54. Derating Values for AC/DC-Based tIS/tIH (AC300)

DQS, DQS# Differential Slew Rate
4.0 VIns 3.0 VIns 2.0 Vins 1.8 ViIns 1.6 Vins 1.4 VIns 1.2 Vins 1.0 Vins
AtDS | AtDH | AtDS | AIDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH
20 | 110 | 65 | 110 | 65 | 110 | 65 - - - - - - - - -
15 | 74 43 73 43 73 43 89 59 - - - - - - -
DQ, 1.0 0 0 0 0 0 0 16 16 32 32 - - - - -
DM 0.9 - - -3 -5 -3 -5 13 11 29 27 45 43 - - -
slew | 0.8 - - - - -8 -13 8 3 24 19 40 35 56 55 - -
rate | 0.7 - - - - - - 2 -6 18 10 34 26 50 46 66 78
Vins
0.6 - - - - - - - - 10 -3 26 13 42 33 58 65
0.5 - - - - - - - - - - 4 -4 20 16 36 48
0.4 - - - - - - - - - - - - -7 2 17 34
Table 55. Derating Values for AC/DC-Based tIS/tIH (AC300)
CK, CK# Differential Slew Rate
4.0 Vins 3.0 Vins 2.0 Vins 1.8 VIns 1.6 VIns 1.4 VIns 1.2 VIns 1.0 VIns
AtDS | AtDH | AtDS | AtDH | AtDS | AIDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH
2.0 | 150 | 100 | 150 | 100 | 150 | 100 - - - - - - - -
15| 100 | 67 | 100 | 67 | 100 | 67 | 116 | 83 - - - - - -
DQ, 1.0 0 0 0 0 0 0 16 16 32 32 - - - -
DM 0.9 - - -4 -8 -4 -8 12 8 28 24 44 40 - - -
slew | 0.8 - - - - -12 | -20 4 -4 20 12 36 28 52 48 - -
rate | 0.7 - - - - - - -3 -18 13 -2 29 14 45 34 61 66
Vins
0.6 - - - - - - - - 2 -21 | 18 5 34 15 50 47
0.5 - - - - - - - - - - -12 | -32 4 -12 20 20
0.4 - - - - - - - - - - - - -35 | 40 | -11 -8
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21. HSUL_12 Driver Output Timing Reference Load
The below figure represents the timing reference load used in defining the relevant timing parameters of the part.
It is not intended to be either a precise representation of the typical system environment or a depiction of the
actual load presented by a production tester.

Figure 7. HSUL_12 Driver Output Reference Load for Timing and Slew Rate

VREF 6)— 0.5x VDDQ

LPDDR2
SDRAM
RTT=50Q

Output <>_$_,\AN7 VTT= 0.5 x VDDQ
! Cload = 5pF

22. RONpu and RONpp Resistor Definition
(VDDQ -Vout)
Ronpy = DDA -Vout

ABS (lout)

NOTE: This is under the condition that ROMeD is turmed off
{(Vout)

RONPD = 258 (lout)

NOTE: This is under the condition that RON#u is turmed off

Figure 8. Output Driver: Definition of Voltages and Currents
Chip in Drive Mode

Output Driver
| |
i T i {) VvDDQ
| RONeu |
To other | |
circuitry like D
RCV, ... | | O ba
| | lour
| RONeo | Vour
I
!_ — j: — JI O VssQ

23. Output Driver Temperature and Voltage Sensitivity
If temperature and/or voltage change after calibration, the tolerance limits widen according to the Tables shown

below.
Table 56. Output Driver Sensitivity Definition
Resistor Vout Min Max Unit | Note
RON
ROsz 0.5X Voo | 85-(dRONT , |AT|) - (dRONdV 4 |JAV|) | 115 + (dRONAT 4 |AT| ) + (dRONdAV , |AV])| % ab

Notes:
1. AT=T-T (@ calibration), AV =V -V (@ calibration)
2. dRONdT and dRONGdV are not subject to production test but are verified by design and characterization.
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Table 57. Output Driver Temperature and Voltage Sensitivity

Symbol Parameter Min Max Unit
dRONdT RON Temperature Sensitivity 0.00 0.75 %/°C
dRONdV RON Voltage Sensitivity 0.00 0.20 %/mV

24. RONpu and RONpp Characteristics without ZQ Calibration
Output driver impedance RON is defined by design and characterization as default setting.

Table 58. Output Driver DC Electrical Characteristics without ZQ Calibration

RonNnom Resistor Vout Min Typ Max Unit
Ronsz4PD 0.5 x Vbbpo 24 34.3 44.6 Q
34.3Q
Ronsapu 0.5 x VbbQ 24 34.3 44.6 Q
RoNaopD 0.5 x Vbbo 28 40 52 Q
40.0Q
Rona4opu 0.5 x VbDQ 28 40 52 Q
Ron4spp 0.5 x VbbQ 33.6 48 62.4 Q
48.0Q
Ronagpu 0.5 x Vbbpo 33.6 48 62.4 Q
Roneopp 0.5 x Vbbg 42 60 78 Q
60.0Q
Roneopu 0.5 x VbbQ 42 60 78 Q
RonsorD 0.5 x Vbbpo 56 80 104 Q
80.0Q
Ronsopu 0.5 x Vbbg 56 80 104 Q
Ron120pD 0.5 x VbpQ 84 120 156 Q
120.0Q
(optional) Ron120pu 0.5 x VbbQ 84 120 156 Q
Note:

1. Applies across entire operating temperature range without calibration.
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Timing Waveforms

Figure 9. Command Input Setup and Hold Timing

CK# -
CK

CS#

CA0~9
COMMAND —( : NOP X C::ommand X : NOP: X ;3ommand )

|:| High or LOW (but a defined logic level)

NOTES:
Setup and hold conditions also apply to the CKE pin. See section
related to power down for timing diagrams related to the CKE pin.

Figure 10. CKE Input Setup and Hold Timing

T0 T Tx Tx+1

CK# ...... ._T R . - .
CK Seendd el AR e

: P ibes :
CKE Jﬂ?\[ = 51/_“"7 z

td

|:| High or LOW (but a defined logic level)

NOTES:

1. After CKE is registered LOW, CKE signal level shall be maintained
below VILCKE for tCKE specification (LOW pulse width).

2. After CKE is registered HIGH, CKE signal level shall be maintained
above VIHCKE for tCKE specification (HIGH pulse width).

Figure 11. Data output (read) timing (tDQSCKmax)

CK#
CK

DQs#
DQs

DQ

NOTES:

1. tDQSCK may span multiple clock periods.
2. An effective Burst Length of 4 is shown.
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Figure 12. Data output (read) timing (tDQSCKmin)
RL-1 RL RL+BL/2

CK#
CK
DQS#
bas
ba L} .
lLZ(no);_.é 36’:50.-.1“ —_— i §
: Tk . “ThzoQ)
NOTES:
1. An effective Burst Length of 4 is shown.
Figure 13. Burst read (RL =5, BL =4, tDQSCK > tCK)
T0 T1 T2 T3 T4 T5 T6 T7 T8
CK# sensee “é pemen _‘g ramse . Y s . povee . ypasse . o ..E Ci . pmas ..é
CK S " ’ - 1 Nasoid' Kowuad’ Nosved | S (| - Nososs Poneed’

s EBEOOOOOOOOOOOO0O0O00
COMMAND—( ERead X:NOP X NOP X NOP )Lnop X NOP“X »fop X NOP Xvnop )

DQs#

DQs = L
DQ

CK# .

CK .

CA0~9 X o

Das# :
Das 3 RL=1

Da
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Figure 15. tDQSCKDL timing
(Tma2Tmed  Tmed  Tme5 Tmed Tme? Tn

B * L i |

NOTE:
1. ©DQICKDLmMax it defined a¢ the maximum of AR HEDQICKA - 10C for any {0 my pair within any 32mc rolling window.

Figure 16. tDQSCKDM timing

A ] T e T8 D T Imms

...... e XN B

Tn Trlltl-‘l Tnl+2 Tn+3 T|;a-4 Tn+5

.....

......

s b ¥

NOTER:
1. tDG BCHDMmMaX ic defined 3¢ the maximum of AB JIDQ ICKA - DT ICKm) for any {I0G BCKN,IDG BTHM} pair wethin any 1.8 roliing window.

Figure 17. tDQSCKDS timing

Tn Tn+s1l  Tne2  Tnsd Tn+4  Tn+5 Tn+B Tn+7 Tn+d Tm Tm+1 T2 Tm+d Tm+4 TS T Trw7 Tl
N} - - o] o Pt Y Pt P yum— Py o] 2o e o] P o] M
LN FNF NSNS

| | ! | | | i ? i ! | | | |
CMMD—(MXWXWXWXWXWXWXW EJMX;»!XWX}WXWXWXW Xim X wee )

Tagiat | {
o T O000C
Das i 1 ! 1

[SESY Y v W |

NOTER:
1. DG BCKD Emax Ic Jefined ac the maximum of AB HIDQ 3CHA - tOQ ICHm) for any (DG BCKN, DG BCKM} palr for readc wenin a conceoutive
burct within any 1800 rofling window.

Figure 18. Burst read followed by burst write (RL =3, WL =1, BL =4)

CA0~9 —<;*;;X$)<E_XXEX XEX XEXXEX X:‘...).(X XFX>

COMMAND —(Raad )(:NOF X

pas# ,
Das ‘ RL-3

WL=1

DQ
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Figure 19. Seamless burst read (RL = 3, BL =4, tCCD = 2)

T0 T1 T2 T3 T4 T5 T6 T7 T8
CK
CA0~9

4 A

ng A — \> ........ /_\/_\

COMMAND-( :Read X :NOP X:Read X;NOP X:NOP X:NOP X:NOP X;NOP inop )

-

DQ

Figure 20. Read burst interrupt example (RL = 3, BL =8, tCCD = 2)

T0 T T2 T3 T4 T5 T6 T7 T8
CK# - cee !
CK -

COMMAND —(IRead XINOP X : . - : 1 ;

L

DQS# ;
Das —fuos

DQ

NOTES:

1. For LPDDR2-54 devices, read burst interrupt function is only allowed on burst of 8 and burst of 16.

2. For LPDDR2-54 devices, read burst interrupt may only occur on even clock cycles after the previous read
commands, provided that tCCD is met.

3. Reads can only be interrupted by other reads or the BST command.

4. Read burst interruption is allowed to any bank inside DRAM.

5. Read burst with Auto-Precharge is not allowed to be interrupted.

6. The effective burst length of the first read equals two times the number of clock cycles between the first read and
the interrupting read.
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Figure 21. Burst write (WL =1, BL = 4)
T_O T1 T2 T3 T4 Tx Tx+1 Ty Ty+1

CK#
CK

CAO~9 s mX X X X X X X )C:X"“*X X XD@meX X
COMMAND —( Wite X NOP X X NOP X NOP:XPreehnrgeX NOP:X Activth:NDP )

!ss

Case 1: With tocssinu |
DQs# ;
Das ‘

DQ

ssssWesssssssfesssssssssfesssssssnnnas

Case 2: with toossimn
DQs# :
DQs

DQ

o T T2 T3 T4 T5 T6 T7 T8

cars MXXquxx::;:mDDDQC
COMMAND—( “Wiite X “NoP X NOP X NOP X “Nop X nop X “Read X NOP X NOP

E‘, RL3§

twir!

T S S

NOTES:

1. The minimum number of clock cycles from the burst write command to the burst read command for any bank is
[WL + 1 + BL/2 + RU( tWTR/tCK)].

2. tWTR starts at the rising edge of the clock after the last valid input datum.

3. If a write burst is truncated with a Burst Terminate (BST) command, the effective burst length of the truncated write
burst should be used as BL to calculate the minimum write to read delay.
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Figure 23. Seamless burst write (WL =1, BL =4, tCCD = 2)

CA0~9

COMMAND—( wme X NOP X “Wiite X NOP X NOP X NOP X NOP X NOP X NOP )

E‘ teco=2! N
DQS# : ;
DQS ,‘ WL=1 ,
00 :
NOTES:
1. The seamless burst write operation is supported by enabling a write command every other clock for BL = 4 operation,
every four clocks for BL = 8 operation, or every eight clocks for BL=16 operation. This operation is allowed regardless
of same or different banks as long as the banks are activated.
Figure 24. Write burst interrupt timing (WL =1, BL =8, tCCD = 2)
T0 T T2 T3 T4 T5 T6 T7 T8
CK# - . e : eeeoal :
CK

ADDRESS Uwo( » c2%: x x X x X x X x ><‘X1<‘>
COMMAND —( “Wiite X NOP )mee X NOP KNOP K.NOP )Lnop X NOP )Lnop )

e

""A"
oW

DQS#
DQS ‘ WL=1 IE
DQ

NOTES:

1. For LPDDR2-S4 devices, write burst interrupt function is only allowed on burst of 8 and burst of 16.

2. For LPDDR2-54 devices, write burst interrupt may only occur on even clock cycles after the previous write
commands, provided that tCCD(min) is met.

3. Writes can only be interrupted by other writes or the BST command.

4. Write burst interruption is allowed to any bank inside DRAM.

5. Write burst with Auto-Precharge is not allowed to be interrupted.

6. The effective burst length of the first write equals two times the number of clock cycles between the first write and
the interrupting write.
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Figure 25. Burst Write truncated by BST (WL =1, BL = 16)
TO T1 T2 T3 T4 T5 T6 T7 T8

CK# -
CK

COMMAND —( Write X NOP X NOP X NOP X‘BST X NOP X:NOP )LNOP X NOP )
%wu 1“5 DBSTnotslowed

DQsS#
DQS ‘ WL=1
DQ
NOTES:
1. The BST command truncates an ongoing write burst WL * tCK + tDQSS after the rising edge of the clock where the
Burst Terminate command is issued.
2. For LPDDR2-54 devices, BST can only be issued an even number of clock cycles after the Write command.
3. Additional BST commands are not allowed after T4 and may not be issued until after the next Read or Write
command.
Figure 26. Burst Read truncated by BST (RL=3, BL = 16)
ok TO T1 T2 T3 T4 T5 T6 T7 T8

ADDRESS—<~~-~x,,.,\xxxxxxxxxj_xxxxxxx>

COMMAND —(ReadeDF )Lnop Xw)LiasT )Luop KNOPX )LNOP)
DSSTnoislmd : E : “L&~»Tuma1;,, 5

DQS#

NOTES:

1. The BST command truncates an ongoing read burst RL * tCK + tDQSCK + tDQSQ after the rising edge of the clock
where the Burst Terminate command is issued.

2. For LPDDR2-54 devices, BST can only be issued an even number of clock cycles after the Read command.

3. Additional BST commands are not allowed after T4 and may not be issued until after the next Read or Write
command.
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Figure 27. Write Data Mask
Data Mask Timing

DQS# ==\~
pos K K
oo [N &

DM

nl

Data Mask Function, WL=2, BL=4 shown, second DQ masked

CK L L L L L L
COMMAND

s

Case 1: min 'OOSS R OsSmin

DQSH "
bas M
0 o

Case 2: max lnoss toossmax
DQS# 'ﬂ
DQS
DQ

DM

8Mx32 — NLB33P

twr

twrr

Figure 28. Burst read followed by precharge (RL = 3, BL = 8, RUtRTP(min)/tCK) = 2)

T0 T 12 T3 T4 15

T6 17 T8
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Figure 29. Burst read followed by precharge (RL = 3, BL = 4, RURTP(min)/tCK) = 3)

T0 T1 T2 T3 T4 T5 T6 T7 T8
CK# " Sht SR : poenl DAY Rahi
CK

CA0~9

COMMAND —( Read X NOP X NOP XPrechargeX;NOF XZNOP XActnrn‘teXNOP Xucp )

-

. t"’” >
DQS# ' : :
DQS
DQ
CK#
CK /. . £ . - . /. . d » . NS
CA-9 —(:;-XmX X X X X X X X::)...(:X X»«-X X
COMMAND —( Write x NOP )LNOP X NOPlPﬂmhan NOP:X Activate X NOP )

i

DQs#

2=tay
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Figure 31. Burst read with auto-precharge (RL = 3, BL = 4, RU(tRTP(min)/tCK) = 2)
TO T1 T2 T3 T4 T5 T6 T7 T8

CK#
CK

cro-s i{)@xxxxxxxxﬁmxxxxm
COMMAND —< :Read X B::P X b NOP K: NOP X : NOP X :Ac.ti\rate X : NOP K: NOP X: NOP )

3
L

s LEEOOOOOOC >c><:>c><:><:><r>m<—><—>
COMMAND—(me NOPX XNOPXNOPXNOP ;NOE:)(EMXENOP)

o

DQS#

CK# -
CK -

s (@O x X ><—><—><—>f —><—><—><—v—><—><—><—><—>
COMMAND —(PtechstgeXiN X X ReFan X NOP X REFsb )(NOP X ANY X P

T ;f, >‘1arcw >'iarcw
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Figure 34. Mode Register Read timing (RL = 3, tMRR = 2)

DQS# !
DQs AL
DQ[0-7]
DQ [8-max] : ;
5 D CMD not allowed|
NOTES:
1. Mode Register Read has a burst length of four.
2. Mode Register Read operation shall not be interrupted.
3. Mode Register data is valid only on DQ[0-7] on the first beat. Subsequent beats contain valid, but undefined data.
DQ[8-max] contain valid, but undefined data for the duration of the MRR burst.
4. The Mode Register Command period is tMRR. No command (other than Nop) is allowed during this period.
5. Mode Register Reads to DQ Calibration registers MR32 and MR40 are described in the section on DQ Calibration.
6. Minimum Mode Register Read to write latency is RL + RU(tDQSCKmax/tCK) + 4/2 + 1 - WL clock cycles.
7. Minimum Mode Register Read to Mode Register Write latency is RL + RU{tDQSCKmax/tCK) + 4/2 + 1
clock cycles.
Figure 35. Self- Refresh Operation
2 ton imey .
CK# " B REEEDS
CK v ' e
: : : T : : :
+ e : 5 Input clock requency may be changed ¥ I' R
CKE "'r\ : : of stopped during Sef-Refresh : : / / :
tocas * < -.l ¢- 11
co# A/ / i\
COMMAND( Vaid XEmsaX NOP )( X Ext SR X NOP x my X val
o [T kA [ H
T
Eogar Sayt-Mgbash Ext Sab-Mutrsh
NOTES:
tnat xitin
e o s gy e o o o o o e oo e

2. Device must be In the “All banks Idle™ state prior to entering Self Refreshmods.
3. X SR begins at the rising edge of the clock after CKE Is driven HIGH.
4. A valld command may be Issued only after tX SR Is satiefied. NOPs shall be Iseued duringtXSR.
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Figure 36. Read to MRR timing (RL = 3, tMRR = 2)
10 m 12 T i ™ e 7 T8

CK# -
CK -
CA0~9
COMMAND —(Iamm)(. )(Iua: X. )(. )(. )(. X. )L )
DQS#
DQs AL
DQ[0-7] § 5
DQ [8-max]
: D CMD not sliowed
NOTES:
1. The minimum number of clocks from the burst read command to the Mode Register Read command is BL/2.
2. The Mode Register Read Command period is tMRR. No command (other than Nop) is allowed during this period.
Figure 37. Burst Write Followed by MRR (RL =3, WL =1, BL =4)
TO T1 T2 T3 T4 T5 T6 T7 T8
CK# - . P g L H e, e, '-.'.E ."”"..:
CK -

cowmo (e ) XX X O

W=t e RL=3
DQS# ' g
DQS : :
: : tore re tueen-z N
DQ : ; ;
D CMD not sllowed
NOTES:
1. The minimum number of clock cycles from the burst write command to the Mode Register Read command is [WL + 1
+ BL/2 + RU( tWTRICK)].

2. The Mode Register Read Command period is tMRR. No command (other than Nop) is allowed during this period.
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Figure 38. MR32 and MR40 DQ Calibration timing (RL = 3, tMRR = 2)

T0 T T2 T3 T4 15 6 T7 T8
CK# :

CK

o %mx, X““““X S — —— —

DQs# :
DQS 3‘: RL=3
DQ [0] '
DQ [7:1]
DQ [8]
DQ [15:9]
DQ [16]
DQ [23:17]
DQ [24]
DQ [31:25]
Optionslly driven the
NOTES: CMD not allowed @
1. Mode Register Read has a burst length of four. D . seme 25 DA0orto 00
2. Mode Register Read operation shall not be interrupted.
3. Mode Register Reads to MR32 and MR40 drive valid data on DQ[0] during the entire burst. For x32 devices, DQ[8],
DQ[16], and DQ[24] shall drive the same information as DQ[0] during the burst.
4. For x32 devices, DQ[7:1], DQ[15:9], DQ[23:17], and DQ[31:25] may optionally drive the same information as DQ[0] or
they may drive Ob during the burst.
5. The Mode Register Command period is tMRR. No command (other than Nop) is allowed during this period
Figure 39. Mode Register Write timing (RL = 3, tMRW = 5)
T0 T1 T2 Tx Tx+1  Tx+2 Ty Ty+1 Ty+2
CK# - o . . . . 7 '.---,5 . . . , ) , . -
CK -
CAO~9 X X X X A

COMMAND —{ o X

mx -

"
al

NOTES:
1. The Mode Register Write Command period is tMRW. No command (other than Nop) is allowed during this period.
2. Attime Ty, the device is in the idle state.
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Figure 40. ZQ Calibration Initialization timing
T0 T T2 T3 T4 T5 Tx Tx+1 Tx+2

CAD~9 %ﬁrXXXXXXXXXXX:XXXXXX)
COMMAND—{ MRW)( )(: X )L )L :)L”“"X )L )

>

X

[ Y——
NOTES:

1. The ZQ Calibration Initialization period is tZQINIT. No command (other than Nop) is allowed during this period.
2. CKE must be continuously registered HIGH during the calibration period.
3. All devices connected to the DQ bus should be high impedance during the calibration process.

Figure 41. ZQ Calibration short timing
T0 T1 T2 T3 T4 T5 Tx Tx+1 Tx+2

CK#
CK

ADDRESS MX NG

COMMAND < R )(

NOTES:
1. The ZQ Calibration Short period is tZQCS. No command (other than Nop) is allowed during this period.

2. CKE must be continuously registered HIGH during the calibration period.
3. All devices connected to the DQ bus should be high impedance during the calibration process.

Figure 42. ZQ Calibration Long timing
T0 T T2 T3 T4 T5 Tx Tx+1 Tx+2

CK# - .t : ....-E . )
CK

ADDRESS s:zxxxxxxxxxm
COMMAND{WX: O x; :xmx —

C) CMD not allowed
NOTES:

1. The ZQ Calibration Long period is tZQCL. No command (other than Nop) is allowed during this period.
2. CKE must be continuously registered HIGH during the calibration period.
3. All devices connected to the DQ bus should be high impedance during the calibration process.
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Figure 43. ZQ Calibration Reset timing

T0 T1 T2 T3 T4 T5 Tx Tx+1 Tx+2
CK# - e :
CK -
ADDRESS X X X X X
COMMAND X X X )
2} CMD not allowed
NOTES:
1. The ZQ Calibration Reset period is tZQRESET. No command (other than Nop) is allowed during this period.
2. CKE must be continuously registered HIGH during the calibration period.
3. All devices connected to the DQ bus should be high impedance during the calibration process.
Figure 44. Basic power down entry and exit timing diagram
CK ( - : (AR,
: : T : : : i
nd s oo s L o -
CKE R 5 ? : A |
: -1 o : . : '4 t .
cse A A |
coumm( Valid XEnerDX NOP X X Ext PD X NcP:X v.ua:X Vald )
e : - — - > :
Enter Power-Doan mode Exit Power-Doan mode
NOTES:
1. Inptnclockhquencymaybedungedoru‘empmdocksbppedd\m pmr-down.provndedﬂutuponexmwpmdown the clock is stable and
within specified limits for a minimum of 2 clock cycles prior to power-down exit and the clock frequency is between the minimum and maximum frequency
for the particular speed grade.
Figure 45. Example of CKE intensive environment
CK#
CK

oe |\ /e L\ / b

Figure 46. REF to REF tlmlng with CKE intensive environment
CK

CKE

COMMAND { REF > REF
ng_ﬂ

{ 1

NOTE: The pattern shown above can repeat over a long period of time. With this pattern, DRAM guarantees all AC and DC timing & voltage
specifications and DLL operation with temperature and voltage drift
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Figure 47. Read to power-down entry
TO T T2 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9

-

Peeean Paeaar Preaar T Treeer du

Réad operaton sq'u win a read qmm and ,
CKE:shoud be kept HIGH untl the end of Durst operption

NOTES:
1. CKE may be registered LOW RL + RU(tDQ SCK(MAX)/tCK) + BL/Z + 1 clock cycles after the clock on
which the Read command is registered.

Figure 48. Read with autoprecharge to power-down entry
TIO T:l T2 '[x Tx:'-1 Tx:r2 TXf-?. Txﬂ Txf5 Tx+6 Tx-_r'!

- -

Tx+8

-,

------ H . ' I I ] ™ t operation
" BLZ wEh e = 7505 & : CI?E should be “.m HIGH unti t'a.e end of burs o.oe avo

tas men satishied

RL
Da -
Das#
DQs
T0 m™ T2 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9

CK# .l savagy YT P—— PET T FIEET T . [ wee,t T FETT e
CK Yo - Vewee Uenee 3 Teeea Veenar d Ve ene Veaeer . Teaa . :

3 . Start internal precharge

5 ' : : : scmme | ‘
COMMAND ',—(E : : , 7 BRE )

: p {BL=8 BLZ wm b = TS0 &

: . . teps Min satisfied |
CKE ! H 3 "

N . . RL N
(n]n]
Das#
DQas

NOTES:
1. CKE may be registered LOW RL + RU(tDQSCK(MAX)tCK)+ BL/Z + 1 clock cycles after the clock on which the Read command is registered.
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Figure 49. Write to power-down entry
Tm+1 Tm+2 Tm+3 Tx Tx_4-1

TxT2 Tx+3 Tx+4 Tx+5 Tx+6

b Q Q 5 tw; llscx:é

* *

1_'0 T_1 Tm Tml+1 Tm_+2 Tmf-3 Tm-_v-4 Tm_-n-s T_x Tx_+1 Txf-z Txf-3 Tx_+4

- —— —— ——— ——

oo b X© X0 X0 X0 XD X0 XD )— Lok

NOTES:
1. CKE may be registered LOW WL + 1 + BU2 + RUtWRHCK) clock cycles after the clock on which the Write command is registered.

Figure 50. Write with autoprecharge to power-down entry

TO T_1 Tm Tr_n+1 Tm+2 Tm+3 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6

’

’

l—‘

T0 T_1 Trp Tm_+1 Tm+2 Tm+3 Tm+4 Tm+5 Tx Tx+1 Tx+2 Tx+3 Tx+4

-_————

iBL=8 !

oo — 30000000 — L

‘wni

-

~=\

DQs

NOTES:
1. CKE may be registered LOW RL + RU{tDQSCK(MAX)ItCK)+ BL/2 + 1 clock cycles after the clock on which the Read command is registered.
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Figure 51. Refresh command to power-down entry
0 T T2 T3 T4 T5 T6 T7 8 9 TIO T

—\

étnr.nttl Ly ';
H SCaE

NOTES:
1. CKE may go LOW tIHCKE after the clock on which the Activate command is registered.

Figure 52. Activate command to power-down entry

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
CKE el el el peand

cK Foaes e e N N P P s P

CKE : : H
E‘ML‘NE —

H tiscxe

......

FELE) »

NOTES:
1. CKE may go LOW tIHCKE after the clock on which the Activate command is registered.

Figure 53. Preactive Precharge-all command to power-down entry
'!'0 T T2 T3 T4 Tﬁ TB T? T8 79 TjD T

CK# . g

CK i..“..‘ E'-....' E'-....' E' sawe E' S E' auas E' e 5' .. u® 3',“_.' E',“..' E' ..... .
COMMAND - PRE
CKE

NOTES:
1. CKE may go LOW tIHCKE after the clock on which the Preactive/Precharge/Precharge-All command is registered.

Figure 54. Mode Register Read to power-down entry

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

O T1 T2 % T4 Tx+2 Tx+3 Tx+4 Tx+5 Tx+8 T TxB Tx+0

PRy e guang ) Prregl o pasagl PETE e

Mode Register Read operation sfarts with a MRAR command and
CKE should be kept HIGH unfil the end of burst operation. !

Doss#

NOTE®L:
1. CKE may be regictered LOW RL = RUIDQ ICHIMAX)ICK) + 42 = 1 clcok oyolec after the olook on whioh the Mode tor Read s
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Figure 55. MRW command to power-down entry

T0 T1 T2 T3 T4 5 T6 T7 T8 T9 T10 T11
CK# B prenl . : Frrel : : :
CK Teent 5' ..... : ..... : . E‘... : . . . ..... . Ve Ceeant
COMMAND MRW : : : . . .
: : CKE can go to LOW tyry after a Mode Register Write command
CKE H H H H H H
: - tiscxe !
Figure 56. Deep power down entry and exit timing diagram
Te
L T :
CK . E‘---u' :. . i
Input clock frequency may be changed i i ] ;E i
o the input clock stopped during Deep | 3
CKE Fawer-Down : y
cs AR
commano (v Y o X v T

T T

Laww Jeep Arave-dean rade Gl Dy Srever Doeed 1 oae
MNOTES:
1. Initialization sequence may start at any time after Tc.
2. tINIT3, and Tc refer to timings In the LPDDR2 Initialization sequence. For more detall, see “Power-up, Initialization, and Power-Ofr .
3. Input clock frequency may be changed or the input clock stopped during deep power-down, provided that upon exiting deep power-down, the clock Is
stable and within specified limits for 2 minimum of 2 clock cycles prior to deep power-down exit and the clock frequency Is between the minimum and
maximum frequency for the particular speed grade.
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Figure 57. 134-Ball FBGA Package 10 x 11.5 x 1.0mm(max) OlE)tHine Drawing Information

D
PIN A1 INDEX
i 1987654321
14 : N
Xe) 0o A
O o Voooo|o 00O B
000000 00O c
ooooo|o 000 D
000000 000 E
ooooolo 000 F
ooocoolo ooco G
olo ooo H o
0|0 OCO K
ooooo|o 0oo L
000000 00O M
OOOOOIO (e @) N
ooocoolo ooo ¥ |p
ooooo|o coco R
oocoolc ooco T
60 | oo Y
e |
Top View Bottom View
.’\. I / /
I — — ! < (

A2

/[

/
llAll
Side View

|
CC

DETAIL : "A"

Svmbol Dimension in inch Dimension in mm

ymbo Min Nom Max Min Nom Max
A -- -- 0.040 -- -- 1.02
Al 0.010 0.012 0.014 0.25 0.30 0.35
A2 0.023 -- 0.026 0.585 -- 0.67
D 0.390 0.394 0.398 9.90 10.00 10.10
E 0.449 0.453 0.457 11.40 11.50 11.60
D1 -- 0.230 -- -- 5.85 --
E1l -- 0.409 -- -- 10.40 --
e -- 0.026 -- -- 0.65 --
b 0.012 0.014 0.016 0.30 0.35 0.40

DISCLAIMER: All product, product specifications, and data are subject to change without notice to improve reliability, function or design, or otherwise. The
information provided herein is correct to the best of Insignis Technology Corporation’s knowledge. No liability for any errors, facts or opinions is accepted.
Customers must satisfy themselves as to the suitability of this product for their application. No responsibility for any loss as a result of any person placing

reliance on any material contained herein will be accepted.
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