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1.0 FEATURES

<Common>
e Operating Temperature : -25°C ~ 85°C
e Package : 221Ball FBGA Type - 11.5mm x 13mm x 1.0mmt
0.5mm ball pitch

<e.MMC>
e embedded MultiMediaCard Ver. 5.1 compatible.
o SAMSUNG eMMC supports features of eMMC5.1 which are defined in
JEDEC Standard

- Supported Features : Packed command, Cache, Discard, Sanitize,
Power Off Notification, Data Tag, Partition types, Context ID, Real Time
Clock, Dynamic Device Capacity, Command Queuing, Enhanced Strobe
Mode, Secure Write Protection, HS200, HS400, Field Firmware Update.

- Non-supported Features : Large Sector Size (4KB)
o Full backward compatibility with previous MultiMediaCard system specifi-
cation (1bit data bus, multi-eMMC systems)
o Data bus width : 1bit (Default), 4bit and 8bit
e MMC I/F Clock Frequency : 0 ~ 200MHz

MMC I/F Boot Frequency :0 ~52MHz
e Power : Interface power — VDD(VCCQ) (1.70V ~ 1.95V or 2.7V ~ 3.6V)
, Memory power — VDDF(VCC) (2.7V ~ 3.6V)

<LPDDR3 SDRAM>
» Double-data rate architecture; two data transfers per clock cycle
« Bidirectional data strobes (DQS_t, DQS_c), These are transmitted/
received with data to be used in capturing data at the receiver
« Differential clock inputs (CK_t and CK_c)
« Differential data strobes (DQS_t and DQS_c)
« Commands & addresses entered on both positive and negative CK
edges; data and data mask referenced to both edges of DQS
« 8 internal banks for concurrent operation
» Data mask (DM) for write data
« Burst Length: 8
* Burst Type: Sequential
* Read & Write latency : Refer to Table 45 LPDDR3 AC Timing Table
« Auto Precharge option for each burst access
« Configurable Drive Strength
« All Bank Refresh, Per Bank Refresh and Self Refresh
« Partial Array Self Refresh and Temperature Compensated Self
Refresh
« Write Leveling
» CA Calibration
* HSUL_12 compatible inputs
+ VDD1/VDD2/VDDQ/VDDCA
:1.8V/1.2vI1.2V [ 1.2V
* No DLL : CK to DQS is not synchronized
» Edge aligned data output, center aligned data input
» On Die Termination using ODT pin
» 2/CS, 2CKE

[Table 1] LPDDR3 SDRAM Addressing

Items 8Gb
Number of Banks 8
Bank Addresses BAO-BA2
treri(us) ?) 3.9
32 Row Addresses %) R0-R14
Column Addresses ) 3) C0-C9
NOTE :

1) The least-significant column address CO is not transmitted on the CA bus, and is
implied to be zero.

2) trery values for all bank refresh is Tc = -25~85°C, Tc means Operating Case Tem-
perature

3) Row and Column Address values on the CA bus that are not used are “don’t care.”
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2.0 GENERAL DESCRIPTION

The KMQEG0013M is a Multi Chip Package Memory which combines 16GB e.MMC and 16Gb(8Gb*2) DDP LPDDR3 SDRAM.

SAMSUNG eMMC is an embedded MMC solution designed in a BGA package form. eMMC operation is identical to a MMC device and therefore is a sim-
ple read and write to memory using MMC protocol v5.1 which is a industry standard.

eMMC consists of NAND flash and a MMC controller. 3V supply voltage is required for the NAND area (VDDF or VCC) whereas 1.8V or 3V dual supply
voltage (VDD or VCCQ) is supported for the MMC controller. SAMSUNG eMMC supports HS400 in order to improve sequential bandwidth, especially
sequential read performance.

There are several advantages of using eMMC. It is easy to use as the MMC interface allows easy integration with any microprocessor with MMC host.
Any revision or amendment of NAND is invisible to the host as the embedded MMC controller insulates NAND technology from the host. This leads to
faster product development as well as faster times to market.

The embedded flash management software or FTL(Flash Transition Layer) of eMMC manages Wear Leveling, Bad Block Management and ECC. The
FTL supports all features of the Samsung NAND flash and achieves optimal performance.

LPDDRS 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 information. Each command uses one clock cycle, during which command information is transferred on both
the positive and negative edge of the clock.

These devices also use a double data rate architecture on the DQ pins to achieve high speed operation. The double data rate architecture is essentially
an 8n prefetch 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 LPDDR3 SDRAM effectively consists of a single 8n-bit wide, one clock cycle data transfer at the internal DRAM core and eight corresponding n-bit
wide, one-half-clock-cycle data transfers at the I/O pins.

Read and write accesses to the LPDDR3 SDRAMs 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, which is then 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 the 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.

Prior to normal operation, the LPDDR3 SDRAM must be initialized. The following section provides detailed information covering device initialization,
register definition, command description and device operation.

The KMQE60013M suitable for use in data memory of mobile communication system to reduce not only mount area but also power consumption. This
device is available in 221-ball FBGA Type.
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3.0 PIN CONFIGURATION

221Ball FBGA

DAT6_m CMD_m RCLK m DATO_m

DAT7_m DAT3_m

DATZ_m

DAT4_m

12

13

14

DAT5_m

DAT1_m

VSS_m

VSS_m

VSF

VSS_m

DNU

1 2 3

A DNU VSF VSS_m
B VSF VSS_m
C RST_m
D VSF
E
F
G ZQo_v DNU
H CA9_v
J CA8_v CA7_v
K CA6_v
L CA5_v
.
N CK c v
P CK_t v
R CKE1_v
T CKEO_v CS1_c_v
U CS0_c v
\"/ CA4 v
w CA3_v
Y CA1_v
AA DNU
AB DNU

NOTE :

1) In case ODT function is not used, ODT pin should be considered as NC.

VSS_v

VSS-
CA_v

VSS-
CA_v

Q
25
< ?

VSS_v

VSS_v

VSS_v

VSS_v

VSS_v

VSS_v

VSS-
CA_v

10
2

CA_v

VSS-
CA_v

VSS_v

VSS_v

VSS_v

DQ29 v DQ30_v DQ31_v RUEEeRY

DQ26_v AR DQ27 v DQ28_v

221 FBGA: Top View (Ball Down)

DQS\?—‘— DQ24 v DQ25 v
DQSVS—C— DM3_v DQ15 v EEeR
DQ13_v DQ14_v
DQ12.v DQM_v
vssa_v [ i DQ10av DQY_v
WECR CCS1 | pwit_y DQ8_v
vesav | Sao
DQS\?—C— DMO_v DQ7 v
paso_L DQ5_v DQ6_v
Da3_v bad v
DQ1_v DQ2_v
PAS2.c_ pmz_y eV VSSQ_v
DQS\‘?—‘— DQ23_v DQ22_ v
DQ21 v (el D20 v D19 v [ENE
DQ18 v DQ17.v DQ16 v DNU
LPDDR3 Ground
e.MMC
Power DNU / VSF

ODT will be connected to rank 0. The ODT Input to rank 1 (if 2nd rank is present) will be connected to Ground in the package.
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4.0 PIN DESCRIPTION

Pin Name Pin Function(e.MMC)
DATO_m~DAT7_m Data Input / Output
CLK_m Clock
RCLK_m Data Strobe
CMD_m Command
RST _m Reset
VCC_m Power Supply for Flash
VCCQ_m Power Supply for Controller
VDDI_m External Capacitance for Internal power stability
VSS_m Ground for Controller/Flash
Pin Name Pin Function (LPDDR3)
CK_tv,CK c v System Differential Clock
Clock Enable

CKEO_v, CKE1_v

Chip Selection

CS0_c_v,CS1_c v
CAO_v ~ CA9_v Command / Address Inputs
DMO_v ~DM3_v Input Data Mask

Data Strobe Bi-directional

DQSO_t v~DQS3 t v

DQS0_c_v~DQS3_c_v

Data Strobe Complementary

Data Input / Output

DQO_v ~DQ31_v
VDD1_v Core Power Supply 1
VvDD2_v Core Power Supply 2
VDDCA_v Input Receiver Power Supply
VDDQ_v 1/0 Power Supply
VREF(CA)_v Reference Voltage for CA Input Receiver
VREF(DQ)_v Reference Voltage for DQ Input Receiver
VSS_v Ground
VSSCA_v Ground for CA Input Receivers
VSSQ_v I/0 Ground
ZQ0_v Reference Pin for Output Drive Strength Calibration
ODT; On Die Termination
NOTE :
1) In case ODT function is not used, ODT pin should be considered as NC.
ODT will be connected to rank 0. The ODT Input to rank 1 (if 2nd rank is present) will be connected to Ground in the package.
Pin Name Pin Function
DNU Do Not Use
VSF Vendor Specific Function
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5.0 ORDERING INFORMATION

KM Q

KM : Memory eMCP

Device Type
Q : e'MMC + LPDDR3 + LPDDR3

e-MMC Density & VCC & Org.
E : 16GByte, 128G*1, MLC, 3.3V, 1.8V~3.3V, x8

E

LSI
6 : Vincent

6

NOR Flash Density & VCC & Org.
0 : NONE

0

0

1

|[3%)

M - B 318

318 :
e.MMC = 5ns
LPDDRS3 = 1.07ns, 1.07ns

Package
B : FBGA(OSP)

Generation
M : 1st Generation

DRAM I/F & Density & VCC & Org.
13 : LPDDR3*2, 8G*2, 1.8V,1.2V, x32, 2CS/2CKE

NAND/OneNAND Density & VCC & Org
0 : NONE
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6.0 FUNCTIONAL BLOCK DIAGRAM

VCC_m VCCQ_m VDDI_m VSS_m

S

CLKm ——————>

RCLK. m ————————
- 16GB ~<¢—P DATO_mto DAT7_m
CMD.m ———————> e-MMC

RSTm ——————>

VDD1v ~ VDD2v VDDCA v VDDQ_v

I T

CKtvCKcv — —>

CKEO_v, CKE1 v ————»

cs0cv,CS1Tcyv ——> ¢——Pp DQO0_vtoDQ31_v
CAOV~CAQ vV ——» 16Gb(8Gb*2)
DMO_v~DM3_y ————» DDP LPDDR3
DQSO_t v~DQS3 tv — —P ZQ0 v

DQS0_c v~DQS3 cv —

onT —mm >

[ I B

VSS v VSSCA_v VSSQ_v VREF(CA)_v VREF(DQ)_v
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7.0 PACKAGE DIMENSION

221-Ball Fine pitch Ball Grid Array Package (measured in millimeters)

11.50:0.10

TOP VIEW

\ ] @®
A
~ i
A1 INDEX MARK
|
|
fffff e
| e
|
|
|
‘ A
I

1311 9 7 5 3 1
1412 10 8 6 4 2
_ i v
‘ N
b A 0000000000000 v I
b B 0000000000000
b c 000000000000 )
b D ﬂoooooo 2
E
D F 000000, 0000
b G 000000 0000
b H oooooq 0000 S
b J 000000 0000 5 E
b K 000000 0000 H -
b [ 000000 . 000O_ . __ _ | = S
1P M 000000l " cooe A N
b N 000000 0000 ' é
b P 000000, 0000 H
D R 000000 0000 °
D T 000000, 0000 )
b U 000000 0000 A
b v oooooq 0000
D w 000000 0000
D Y 000000 0000
b AA 0000000 00000
N AB eeooooT oooo%\ r v
[ 0.22:005 -O 50
s ool - <7J L0251 221-2031:005
e —

SIDE VIEW

Units:millimeters

A1 INDEX MARK

D]2020@ A8}

10.50]X 13 =[6.50]

BOTTOM VIEW

Seating Plane

[(™]0.08 MAX]C

NOTE

1.221 x0.31 Dimensions apply to
Pre-reflow diameter is 0.30mm

solder balls post reflow.
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16GB e.MMC

10- SAMSUNG



KMQE60013M-B318

Target Rev. 0.5

MCP Memory

1.0 Product Architecture

- eMMC consists of NAND Flash and Controller. Vpp (Vccq) is for Controller power and Vppg (Vc)is for flash power

Control Signal

Data Bus

VbbF
o v Y v
RESET »| % Core Regulator| §
o Required for 3.3V VDD o
C o X o)
Reg-'T- o y VDDi =
0 Core 2
Data Strobe <€——| = Logic <Z(
CLK = [ Block <
CMD <€
DAT[7:0] <—>

MMC Controller

Memory

Figure 1. eMMC Block Diagram

11 -

SAMSUNG



Target Rev. 0.5
KMQE60013M-B318 MCP Memory

2.0 HS400 mode

eMMC5.0 product supports high speed DDR interface timing mode up to 400MB/s at 200MHz with 1.8V 1/O supply.
HS400 mode supports the following features :

o DDR Data sampling method

o CLK frequency up to 200MHz DDR - up to 400Mbps

- Only 8-bits bus width available

 Signaling levels of 1.8V

» Six selectable Drive Strength (refer to the table below)

[Table 1] I/O driver strength types

. HS200 & HS400 . Approximated driving
Driver Type Support Nominal Impedance capability compared to Type-0 Remark
Default Driver Type.
0 Default 500 x1 Supports up to 200MHz operation.
Optional 33Q x1.5 Supports up to 200MHz Operation.
2 Optional 66Q x0.75 The weakest driver that supports up to 200MHz operation.
. For low noise and low EMI systems.
3 Optional 1000 x0.5 Maximal operating frequency is decided by Host design.
4 Optional 40Q x1.2 Supports up to 200MHz DDR operation
NOTE:

1) Support of Driver Type-0 is default for HS200 & HS400 Device, while supporting Driver types 1~4 are optional for HS200 & HS400 Device.

[Table 2] Device type values (EXT_CSD register : DEVICE_TYPE [196])

Bit Device Type Supportability
7 HS400 Dual Data Rate eMMC @ 200 MHz - 1.2V I/O Not support
6 HS400 Dual Data Rate eMMC @ 200 MHz - 1.8V I/O Support
5 HS200 Single Data Rate eMMC @ 200 MHz - 1.2V 1/O Not support
4 HS200 Single Data Rate eMMC @ 200 MHz - 1.8V 1/O Support
3 High-Speed Dual Data Rate eMMC @ 52MHz - 1.2V |/O Not support
2 High-Speed Dual Data Rate eMMC @ 52MHz - 1.8V or 3V I/O Support
1 High-Speed eMMC @ 52MHz - at rated device voltage(s) Support
0 High-Speed eMMC @ 26MHz - at rated device voltage(s) Support

[Table 3] Extended CSD revisions (EXT_CSD register : EXT_CSD_REV [192])

Value Timing Interface EXT_CSD Register Value
255-8 Reserved -
8 Revision 1.8 (for MMC V5.1) 0x08

(
Revision 1.7 (for MMC V5.0) -
Revision 1.6 (for MMC V4.5, V4.51) -
Revision 1.5 (for MMC V4.41) -
Revision 1.4 (Obsolete) -

(

(

(

(

Revision 1.3 (for MMC V4.3
Revision 1.2 (for MMC V4.2
for MMC V4.1
Revision 1.0 (for MMC V4.0

Revision 1.1

O =| N wW| | O]l OO N

)
)
)
)

[Table 4] High speed timing values (EXT_CSD register : HS_TIMING [185])

Value Timing Interface Supportability
0x0 Selecting backwards compatibility interface timing Support
0x1 High Speed Support
0x2 HS200 Support
0x3 HS400 Support
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3.0 New eMMC5.1 Features

3.1 Overview

New Feature JEDEC Support
Cache Flushing Report Mandatory Yes
Background operation control Mandatory Yes
Command Queuing Optional Yes
Enhanced Strobe Optional Yes
RPMB Throughput improve Optional Yes
Secure Write Protection Optional Yes

3.2 Command Queuing

To facilitate command queuing in eMMC, the device manages an internal task queue that the host can queue during data transfer tasks.

Every task is issued by the host and initially queued as pending. The device works to prepare pending tasks for execution. When a task is ready for exe-
cution, its state changes to “ready for execution”.

The host tracks the state of all queued tasks and may order the execution of any task, marked as “ready for execution”, by sending a command indicating
its task ID. The device executes the data transfer transaction after receiving the execute command(CMD46/CMD47)

3.2.1 CMD Set Description

[Table 5] CMD Set Description and Details

CMD Type Argument Abbreviation Purpose

[31] Reliable Write Request

[30] DAT_DIR - "0" write / "1" read
[29] tag request

[28:25] context ID

[24] forced programming

[23] Priority: “0” simple / “1” high

Define direction of operation (Read or Write) and

CMD44 | ac/R1 Set high priority CMD Queue with task ID

QUEUED_TASK _PARAMS

[20:16] TASK ID
[15:0] number of blocks
CMD45 | ac/R1 |[31:0] Start block address QUEUED_TASK_ADDRESS Indicate data address for Queued CMD
CMD46 | adtc/R1 |[20:16] TASK ID EXECUTE_READ_TASK (Read) Transmit the requested number of data blocks
CMDA47 | adtc/R1 |[20:16] TASK ID EXECUTE_WRITE_TASK (Write) Transmit the requested number of data blocks
[20:16] Task ID Reset a specific task or entire queue.
CMD48 | ac/R1b . CMDQ_TASK _MGMT [20:16] when TM op-code = 2h these bits represent TaskID.

[3:0] TM op-code When TM op-code = 1h these bits are reserved."

3.2.2 New Response : QSR (Queue Status Register)

The 32-bit Queue Status Register (QSR) carries the state of tasks in the queue at a specific point in time. The host has read access to this register
through device response to SEND_STATUS command (CMD13 with bit[15]="1"), R1’s argument will be the 32- bit Queue Status Register (QSR). Every
bit in the QSR represents the task who's ID corresponds to the bit index. If bit QSR][i] = “0”, then the queued task with a Task ID i is not ready for
execution. The task may be queued and pending, or the Task ID is unused. If bit QSR[i] = “1”, then the queued task with Task ID i is ready for execution.

3.2.3 Send Status:CMD13

CMD13 for reading the Queue Status Register (QSR) by the host. If bit[15] in CMD13’s argument is set to 1, then the device shall send an R1 Response
with the QSR instead of the Device Status. * There is still legacy CMD13 with R" response

13- SAMSUNG
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3.2.4 Mechanism of CMD Queue operation

Host issues CMD44 with Task ID number, Sector, Count, Direction, Priority to the device followed by CMD45 and host checks the Queue Status check
with CMD13 [15]bits to 1 . After that host issues CMD46 for Read or CMD47 for write During CMD queue operation, CMD44/CMDA45 is able to be issued
at anytime when the CMD line is not in use

*Read Execution

[eo] ]

omp | 44 [ Rt | 45 Rt | 44 |[Re | 45 | R1 | | 13 asr] L4 ][Rt 45 |[&1 | |15 Jlosr]
*Write Execution

DATA | Data | | Data |
3.2.5 CMD Queue Register description
Configuration and capability structures shall be added to the EXT_CSD register, as described below
[Table 6] CMD Queuing Support (EXT_CSD register : CMDQ_SUPPORT [308])

Bit7 Bit6 Bit5 Bit4 Bit Bit2 Bit1 Bit0

Reserved CMD Queue supportability

This field indicates whether the device supports command queuing or not

0x0: CMD Queue function is not supported
0x1: CMD Queue function is supported
[Table 7] Command Queue Mode Enable(EXT_CSD register : CMDQ_MODE_EN [15])
Bit7 Bit6 Bit5 Bitd Bit i Bit2 L Bit1 Bit0
Reserved -

This field is used by the host enable command queuing

0x0: Queue function is not enabled
0x1: Queue function is enabled

[Table 8] CMD Queuing Depth(EXT_CSD register : CMDQ_DEPTH [307])
Bit7 Bit6 Bit5 Bit4 Bit Bit2 Bit1 Bit0

Reserved N

This field is used to calculate the depth of the queue supported by the device

Bit encoding:

[7:5]: Reserved

[4:0]: N,a parameter used to calculate the Queue Depth of task queue in the device.
Queue Depth = N+1.

3.3 Enhanced Strobe Mode
This product supports Enhanced Strobe in HS400 mode and refer to the details as described in eMMC5.1 JEDEC standard

3.4 RPMB Throughput improve

[Table 9] Related parameter register in EXT_CSD : WR_REL_PARAM [166]
Name Field Bit Type
Enhanced RPMB Reliable Write EN_RPMB_REL_WR 4 R
Bit[4]: EN_RPMB_REL_WR(R)

0x0: RPMB transfer size is either 256B (single 512B frame) or 512B (Two 512B frame).
0 x1: RPMB transfer size is either 256B (single 512B frame), 512B (Two 512B frame), or 8KB(Thirthy two 512B frames).
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3.5 Secure Write Protection

Configuration and capability structures shall be added to the EXT_CSD register and Authenticated Device Configuration Area as described below

[Table 10] Parameter register in EXT_CSD : SECURE_WP_INFO [211]

Bit7 | Bit6 | Bit5 | Bitd Bit Bit2 Bit1 Bit0

Reserved SECURE_WP_EN_STATUS | SECURE_WP_SUPPORT

Bit[7:2]: Reserved
Bit[1]: SECURE_WP_EN_STATUS(R)
0x0: Legacy Write Protection mode.
0x1: Secure Write Protection mode.
Bit[0]: SECURE_WP_SUPPORT(R)
0x0: Secure Write Protection is NOT supported by this device
0x1: Secure Write Protection is supported by this device

[Table 11] Authenticated Device Configuration Area[1] : SECURE_WP_MODE_ENABLE

Bit7 Bit6 Bit5 Bit4 Bit Bit2 Bit1 Bit0

Reserved 0x00

Bit[7:1] : Reserved
Bit[0] : SECURE_WP_EN (R/W/E)
The default value of this field is 0x0.

* 0x0 : Legacy Write Protection mode, i.e., TMP_WRITE_PROTECT[12] ,
PERM_WRITE_PROTECT[13] is updated by CMD27. USER_WP[171], BOOT_WP[173] and
BOOT_WP_STATUS[174] are updated by CMD6.

e 0x1 : Secure Write Protection mode. The access to the write protection related EXT_CSD and
CSD fields depends on the value of SECURE_WP_MASK bit in
SECURE_WP_MODE_CONFIG field.

[Table 12] Authenticated Device Configuration Area[2] : SECURE_WP_MODE_CONFIG

Bit7 Bit6 | Bit5 T Bit4 i Bit Bit2 Bit1 Bit0

Reserved 0x00

Bit[7:1] : Reserved
Bit[0] : SECURE_WP_MASK (R/W/E_P)
The default value of this field is 0x0.

* 0x0: Disabling updating WP related EXT_CSD and CSD fields. CMD27 (Program CSD) will generate generic error for setting
TMP_WRITE_PROTECT[12] , PERM_WRITE_PROTECT[13]. CMD6 for updating USER_WP[171], BOOT_WP[173] and
BOOT_WP_STATUS[174] generates SWITCH_ERROR. If a force erase command is issued, the command will fail (Device stays locked) and
the LOCK_UNLOCK_FAILED error bit will be set in the status register. If CMD28 or CMD29 is issued, then generic error will be occurred.
Power-on Write Protected boot partitions will keep protected mode after power failure, H/W reset assertion and any CMDO reset. The device
keeps the current value of BOOT_WP_STATUS in the EXT_CSD register to be same after power cycle, H/W reset assertion, and any CMDO reset.

¢ 0x1: Enabling updating WP related EXT_CSD and CSD fields. l.e TMP_WRITE_PROTECT[12] , PERM_WRITE_PROTECT[13],
USER_WP[171], BOOT_WP[173] and BOOT_WP_STATUS[174] are accessed using CMD6, CMD8 and CMD27.
If a force erase command is issued and accepted, then ALL THE DEVICE CONTENT WILL BE ERASED including the PWD and PWD_LEN
register content and the locked Device will get unlocked. If a force erase command is issued and power-on protected or a permanently-write-
protected write protect groups exist on the device, the command will fail (Device stays locked) and the LOCK_UNLOCK_FAILED error bit will
be set in the status register. An attempt to force erase on an unlocked Device will fail and LOCK_UNLOCK_FAILED error bit will be set in
the status register. Write Protection is applied to the WPG indicated by CMD28 with the WP type indicated by the bit[2] and bit[0]
of USER_WP[171]. All temporary WP Groups and power-on Write Protected boot partitions become writable/erasable temporarily which
means write protect type is not changed. All power-on and permanent WP Groups in user area will not become writable/erasable
temporarily. Those temporarily writable/erasable area will become write protected when this bit is cleared to 0x0 by the host or when there is
power failure, H/W reset assertion and any CMDO reset. The device keeps the current value of BOOT_WP_STATUS in the EXT_CSD
register to be same after power cycle, H/W reset assertion, and any CMDO reset.

15 SAMSUNG



Target Rev. 0.5
KMQE60013M-B318 MCP Memory

4.0 Technical Notes
4.1 S/W Algorithm

4.1.1 Partition Management

The device initially consists of two Boot Partitions and RPMB Partition and User Data Area.

The User Data Area can be divided into four General Purpose Area Partitions and User Data Area partition. Each of the General Purpose Area partitions
and a section of User Data Area partition can be configured as enhanced partition.

4.1.1.1 Enhanced Partition (Area)

SAMSUNG eMMC adopts Enhanced User Data Area as SLC Mode. Therefore when master adopts some portion as enhanced user data area in User
Data Area, that area occupies double size of original set up size. ( ex> if master set 1MB for enhanced mode, total 3MB user data area is needed to gen-
erate 1MB enhanced area)

Max Enhanced User Data Area size is defined as (MAX_ENH_SIZE_MULT x HC_WP_GRP_SIZE x HC_ERASE_GRP_SIZE x 512kBytes)

4.1.2 Boot operation

Device supports not only boot mode but also alternative boot mode. Device supports high speed timing and dual data rate during boot.
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Figure 2. embedded MultiMediaCard state diagram (boot mode)
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Figure 3. embedded MultiMediaCard state diagram (alternative boot mode)

[Table 13] Boot ack, boot data and initialization Time

Timing Factor Value
(1) Boot ACK Time <50 ms
(2) Boot Data Time <100 ms

(3) Initialization Time" < 3 secs

NOTE:
1) This initialization time includes partition setting, Please refer to INI_TIMEOUT_AP in 6.4 Extended CSD Register.
Normal initialization time (without partition setting) is completed within 1sec
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4.1.3 User Density

Total User Density depends on device type.
For example, 32MB in the SLC Mode requires 64MB in MLC.
This results in decreasing of user density

Boot Partition #1 &#2 RPMB 4 General Purpose Partitions (GPP) Enhanced User Data Area

© o © o

User Density

A
Y

[Table 14] Capacity according to partition

Boot partition 1 Boot partition 2 RPMB
Default. 4,096KB 4,096KB 4,096KB
Max. 4,096KB 4,096KB 4,096KB

[Table 15] Maximum Enhanced Partition Size

Device Max. Enhanced Partition Size

16 GB 7,809,794,048 Byte
[Table 16] User Density Size

Device User Density Size

16 GB 15,634,268,160 Byte

4.1.4 Auto Power Saving Mode

If host does not issue any command during a certain duration (1ms), after previously issued command is completed, the device enters "Power Saving
mode" to reduce power consumption.

At this time, commands arriving at the device while it is in power saving mode will be serviced in normal fashion

[Table 17] Auto Power Saving Mode enter and exit

Mode Enter Condition Escape Condition

When previous operation which came from Host is completed and no com-

Auto Power Saving Mode mand is issued during a certain time.

If Host issues any command

[Table 18] Auto Power Saving Mode and Sleep Mode

Auto Power Saving Mode Sleep Mode
NAND Power ON OFF
Goto Sleep Time <1ms <1ms
4.1.5 Performance
[Table 19] Performance
Density Sequential Read (MB/s) Sequential Write (MB/s)
16 GB 330 50

* Test Condition : Bus width x8, HS400, 512KB data transfer, w/o file system overhead, measured on Samsung’s internal board
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5.0 REGISTER VALUE
5.1 OCR Register

The 32-bit operation conditions register stores the VDD voltage profile of the eMMC. In addition, this register includes a status information bit. This status
bit is set if the eMMC power up procedure has been finished. The OCR register shall be implemented by all eMMCs.

[Table 20] OCR Register

OCR bit VDD voltage window? Register Value
[6:0] Reserved 00 00000b
[7] 1.70-1.95 1b
[14:8] 2.0-2.6 000 0000b
[23:15] 2.7-3.6 11111 1111b
[28:24] Reserved 0 0000b
[30:29] Access Mode 00b (byte mode) 10b (sector mode) -[ *Higher than 2GB only]
[31] eMMC power up status bit (busy)’

NOTE :
1) This bit is set to LOW if the eMMC has not finished the power up routine
2) The voltage for internal flash memory(VDDF) should be 2.7-3.6v regardless of OCR Register value.

5.2 CID Register
[Table 21] CID Register
Name Field Width CID-slice CID Value
Manufacturer ID MID 8 [127:120] 0x15
Reserved 6 [119:114]
Card/BGA CBX 2 [113:112] 01
OEM/Application ID OoID 8 [111:104] -
Product name PNM 48 [103:56] See Product name table
Product revision PRV 8 [55:48] L2
Product serial number PSN 32 [47:16] 3
Manufacturing date MDT 8 [15:8] .4
CRC7 checksum CRC 7 [7:1] 5
not used, always "1’ - 1 [0:0] -
NOTE :

1),4),5) description are same as eMMC JEDEC standard
2) PRV is composed of the revision count of controller and the revision count of F/W patch
3) A 32 bits unsigned binary integer. (Random Number)

5.2.1 Product name table (In CID Register)
[Table 22] Product name table

Part Number Density Product Name in CID Register (PNM)
KMQE60013M-B318 16 GB 0 x 514536334D42
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5.3 CSD Register

The Card-Specific Data register provides information on how to access the eMMC contents. The CSD defines the data format, error correction type, max-
imum data access time, data transfer speed, whether the DSR register can be used etc. The programmable part of the register (entries marked by W or
E, see below) can be changed by CMD27. The type of the entries in the table below is coded as follows:

R: Read only

W: One time programmable and not readable.

R/W: One time programmable and readable.

WI/E: Multiple writable with value kept after power failure, H/W reset assertion and any CMDO reset and not readable.

R/WI/E: Multiple writable with value kept after power failure, H/W reset assertion and any CMDO reset and readable.

R/W/C_P: Writable after value cleared by power failure and HW/ rest assertion (the value not cleared by CMDO reset) and readable.

R/W/E_P: Multiple writable with value reset after power failure, H/W reset assertion and any CMDO reset and readable.

WY/E/_P: Multiple writable with value reset after power failure, H/W reset assertion and any CMDO reset and not readable.

[Table 23] CSD Register

CSD Value
Name Field Width | Cell Type | CSD-slice
16 GB
CSD structure CSD_STRUCTURE 2 R [127:126] 0x03
System specification version SPEC_VERS 4 R [125:122] 0x04
Reserved - 2 R [121:120] -
Data read access-time 1 TAAC 8 R [119:112] 0x27
Data read access-time 2 in CLK cycles (NSAC*100) NSAC 8 R [111:104] 0x01
Max. bus clock frequency TRAN_SPEED 8 R [103:96] 0x32
Device command classes CCC 12 R [95:84] 0xF5
Max. read data block length READ_BL_LEN 4 R [83:80] 0x09
Partial blocks for read allowed READ_BL_PARTIAL 1 R [79:79] 0x00
Write block misalignment WRITE_BLK_MISALIGN 1 R [78:78] 0x00
Read block misalignment READ_BLK_MISALIGN 1 R [77:77] 0x00
DSR implemented DSR_IMP 1 R [76:76] 0x00
Reserved - 2 R [75:74] -
Device size C_SIZE 12 R [73:62] OxFFF
Max. read current @ VDD min VDD_R_CURR_MIN 3 R [61:59] 0x06
Max. read current @ VDD max VDD_R_CURR_MAX 3 R [68:56] 0x06
Max. write current @ VDD min VDD_W_CURR_MIN 3 R [65:53] 0x06
Max. write current @ VDD max VDD_W_CURR_MAX 3 R [52:50] 0x06
Device size multiplier C_SIZE_MULT 3 R [49:47] 0x07
Erase group size ERASE_GRP_SIZE 5 R [46:42] Ox1F
Erase group size multiplier ERASE_GRP_MULT 5 R [41:37] Ox1F
Write protect group size WP_GRP_SIZE 5 R [36:32] 0xOF
Write protect group enable WP_GRP_ENABLE 1 R [31:31] 0x01
Manufacturer default ECC DEFAULT_ECC 2 R [30:29] 0x00
Write speed factor R2W_FACTOR 3 R [28:26] 0x03
Max. write data block length WRITE_BL_LEN 4 R [25:22] 0x09
Partial blocks for write allowed WRITE_BL_PARTIAL 1 R [21:21] 0x00
Reserved - 4 R [20:17] -
Content protection application CONTENT_PROT_APP 1 R [16:16] 0x00
File format group FILE_FORMAT_GRP 1 R/W [15:15] 0x00
Copy flag (OTP) COPY 1 R/W [14:14] 0x01
Permanent write protection PERM_WRITE_PROTECT 1 R/W [13:13] 0x00
Temporary write protection TMP_WRITE_PROTECT 1 R/WIE [12:12] 0x00
File format FILE_FORMAT 2 R/W [11:10] 0x00
ECC code ECC 2 R/W/E [9:8] 0x00
CRC CRC 7 R/W/E [7:1] -
Not used, always’1’ - 1 — [0:0] -
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5.4 Extended CSD Register

The Extended CSD register defines the eMMC properties and selected modes. It is 512 bytes long.
The most significant 320 bytes are the Properties segment, which defines the eMMC capabilities and cannot be modified by the host. The lower 192 bytes
are the Modes segment, which defines the configuration the eMMC is working in. These modes can be changed by the host by means of the SWITCH

command.

R : Read only

W: One time programmable and not readable.
R/W: One time programmable and readable.

W/E : Multiple writable with value kept after power failure, H/W reset assertion and any CMDO reset and not readable.
R/W/E: Multiple writable with value kept after power failure, H/W reset assertion and any CMDO reset and readable.
R/W/C_P: Writable after value cleared by power failure and HW/ rest assertion (the value not cleared by CMDO reset) and readable.
R/W/E_P: Multiple writable with value reset after power failure, H/W reset assertion and any CMDO reset and readable.
WI/E/_P: Multiple writable with value reset after power failure, H/W reset assertion and any CMDO reset and not readable

[Table 24] Extended CSD Register

Name Field Size Cell 1 csp slice CSD Value
(Bytes) Type 16 GB
Properties Segment
Reserved' 6 - [511:506] -
Extended Security Commands Error EXT_SECURITY_ERR 1 R [505] 0x00
Supported Command Sets S CMD_SET 1 R [504] 0x01
HPI features HPI_FEATURES 1 R [503] 0x01
Background operations support BKOPS_SUPPORT 1 R [502] 0x01
Max packed read commands MAX_PACKED_READS 1 R [501] O0x3F
Max packed write commands MAX_PACKED_WRITES 1 R [500] 0x3F
Data Tag Support DATA_TAG_SUPPORT 1 R [499] 0x01
Tag Unit Size TAG_UNIT_SIZE 1 R [498] 0x02
Tag Resources Size TAG_RES_SIZE 1 R [497] 0x00
Context management capabilities CONTEXT_CAPABILITIES 1 R [496] 0x05
Large Unit size LARGE_UNIT_SIZE_M1 1 R [495] 0x07
Extended partitions attribute support EXT_SUPPORT 1 R [494] 0x03
Supported modes SUPPORTED_MODES 1 R [493] 0x03
FFU features FFU_FEATURES 1 R [492] 0x00
Operation codes timeout OPERATIO'\(;D(?I_ODE—TIME_ 1 R [491] 0x00
FFU Argument FFU_ARG 4 R [490:487] 0xC7810000
Barrier support BARRIER_SUPPORT 1 R [486] 0x00
Reserved' 177 - [485:309] -
CMD Queuing Support CMDQ_SUPPORT 1 R [308] 0x01
CMD Queuing Depth CMDQ_DEPTH 1 R [307] 0xOF
Reserved' 37 - [306:270] -
Device life time estimation type B DEVICE—L.II.';IE—_EME—EST— 1 R [269] 0x01
Device life time estimation type A DEVICE—L.II.';IE—_EME—EST— 1 R [268] 0x01
Pre EOL information PRE_EOL_INFO 1 R [267] 0x01
Optimal read size OPTIMAL_READ_SIZE 1 R [266] 0x00
Optimal write size OPTIMAL_WRITE_SIZE 1 R [265] 0x08
Optimal trim unit size OPTIMAL_TRIM_UNIT_SIZE 1 R [264] 0x01
Device version DEVICE_VERSION 2 R [263:262] 0x00
Firmware version FIRMWARE_VERSION 3 R [261:254] 0x01
Power class for 200MHz, DDR at VCC=3.6V PWR_CL_DDR_200_360 1 R [253] 0x00
Cache size CACHE_SIZE 4 R [252:249] 0x10000
Generic CMDB6 timeout GENERIC_CMD6_TIME 1 R [248] 0x0A
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Power off notification(long) timeout POWER_OFF_LONG_TIME 1 R [247] 0x3C
Background operations status BKOPS_STATUS 1 R [246] 0x00
Number of correctly programmed sectors CORRE%LLSY__[\TSS _SEC- 4 R [245:242] 0x00
1st initialization time after partitioning INI_TIMEOUT_AP 1 R [241]
Cache Flushing Policy CACHE_FLUSH_POLICY 1 R [240] Ox1E
Power class for 52MHz, DDR at 3.6V PWR_CL_DDR_52_360 1 R [239] 0x00
Power class for 52MHz, DDR at 1.95V PWR_CL_DDR_52_195 1 R [238] 0x00
P‘i,“éi;g'fzzizrvz&i'\gg@at PWR_CL_200_360 1 R [237] 0x00
P°‘\’"/§£:'=a15§\f/°rviggg’";\z/ at PWR_CL_200_195 1 R [236] 0x00
Minimum Write Eeﬁormance for 8bit at 52MHz MIN_PERF_DDR W 8 52 1 R [235] 0x00
in DDR mode
Minimum Read Peﬁormance for 8bit at 52MHz MIN_PERF_DDR_R_8_52 1 R (234] 0x00
in DDR mode
Reserved' 1 - [233] -
TRIM Multiplier TRIM_MULT 1 R [232] 0x02
Secure Feature support SEC_FEATURE_SUPPORT 1 R [231] 0x55
Secure Erase Multiplier SEC_ERASE_MULT 1 R [230] 0x1B
Secure TRIM Multiplier SEC_TRIM_MULT 1 R [229] 0x11
Boot information BOOT_INFO 1 R [228] 0x07
Reserved' 1 - [227] -
Boot partition size BOOT_SIZE_MULT 1 R [226] 0x20
Access size ACC_SIZE 1 R [225] 0x07
High-capacity erase unit size HC_ERASE GRP_SIZE 1 R [224] 0x01
High-capacity erase timeout ERASE_TIMEOUT_MULT 1 R [223] 0x01
Reliable write sector count REL_WR_SEC_C 1 R [222] 0x01
High-capacity write protect group size HC_WP_GRP_SIZE 1 R [221] 0x10
Sleep current (VCC) S_C_vcC 1 R [220] 0x07
Sleep current (VCCQ) S_c_vccecaQ 1 R [219] 0x07
PRODUC-
Production state awareness timeout TION_STATE_AWARENESS_- 1 R [218] 0x00
TIMEOUT
Sleep/awake timeout S_A_TIMEOUT 1 R [217] 0x11
Sleep Notification Timeout SLEEP_NOTIFICATION_TIME 1 R [216] 0x07
Sector Count SEC_COUNT 4 R [215:212] 0x1D1F000
Secure Write Protect Information SECURE_WP_INFO 1 R [211] 0x01
Minimum Write Performance for 8bit at MIN_PERF_W_8_52 1 R [210] 0x00
52MHz
Minimum Read Performance for 8bit at MIN_PERF R 8_52 1 R [209] 0x00
52MHz
M'“'mt‘zrghm'ztefopff;:”:g;‘iﬁfg; 8bit at MIN_PERF_W_8_26_4_52 1 R [208] 0X00
Mi”imuzné,\'}ﬁif’ fiffgirt”;fg‘;iﬂfgrzsm at MIN_PERF_R_8_26_4_52 1 R [207] 0x00
Minimum Hiite Periormance MIN_PERF_W_4_26 1 R [206] 0x00
Minimum Reac Perlormance MIN_PERF_R_4_26 1 R [205] 0x00
Reserved' 1 - [204] -
Power class for 26MHz at 3.6V 1 R PWR_CL_26_360 1 R [203] 0x00
Power class for 52MHz at 3.6V 1 R PWR_CL_52_360 1 R [202] 0x00
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Power class for 26MHz at 1.95V 1 R PWR_CL_26_195 1 R [201] 0x00
Power class for 52MHz at 1.95V 1 R PWR_CL_52_195 1 R [200] 0x00
Partition switching timing PARTITION_SWITCH_TIME 1 R [199] 0x02
Out-of-interrupt busy timing OUT_OF_INTERRUPT_TIME 1 R [198] 0x0A
I/O Driver Strength DRIVER_STRENGTH 1 R [197] Ox1F
Device type DEVICE_TYPE 1 R [196] 0x57
Reserved' 1 - [195] -
CSD structure CSD_STRUCTURE 1 R [194] 0x02
Reserved' 1 - [193] -
Extended CSD revision EXT_CSD_REV 1 R [192] 0x08
Modes Segment
Command set CMD_SET 1 R/IW/E_P [191] 0x00
Reserved' 1 - [190] -
Command set revision CMD_SET_REV 1 R [189] 0x00
Reserved' 1 - [188] -
Power class POWER_CLASS 1 R/W/E_P [187] 0x00
Reserved' 1 - [186] -
High-speed interface timing HS_TIMING 1 R/WIE_P [185] 0x00
Strobe Support STROBE_SUPPORT 1 R [184] 0x01
Bus width mode BUS_WIDTH 1 W/E_P [183] 0x00
Reserved' 1 - [182] -
Erased memory content ERASED_MEM_CONT 1 R [181] 0x00
Reserved' 1 = [180] -
Partition configuration PARTITION_CONFIG 1 Exvngjé [179] 0x00
Boot config protection BOOT_CONFIG_PROT 1 RIW & [178] 0x00
R/W/IC_P
Boot bus Conditions BOOT_BUS_CONDITIONS 1 R/WI/E [177] 0x0
Reserved' 1 - [176] -
High-density erase group definition ERASE_GROUP_DEF 1 R/W/E_P [175] 0x00
Boot write protection status registers BOOT_WP_STATUS 1 R [174] 0x00
Boot area write protection register BOOT_WP 1 RIW & [173] 0x00
R/W/C_P
Reserved' 1 - [172] -
R/W,
User area write protection register USER_WP 1 Rgvgl/sv—/P [171] 0x00
E P
Reserved' 1 - [170] -
FW configuration FW_CONFIG 1 R/W [169] 0x00
RPMB Size RPMB_SIZE_MULT 1 R [168] 0x20
Write reliability setting register WR_REL_SET 1 R/W [167] Ox1F
Write reliability parameter register WR_REL_PARAM 1 R [166] 0x14
Start Sanitize operation SANITIZE_START 1 W/E_P [165] 0x00
Manually start background operations BKOPS_START 1 W/E_P [164] 0x00
Enable ba;l;ggc;ir;cli(:perations BKOPS_EN 1 R/\\/,vv/géR/ [163] 0x00
H/W reset function RST_n_FUNCTION 1 R/W [162] 0x00
HPI management HPI_MGMT 1 R/W/E_P [161] 0x00
Partitioning Support PARTITIONING_SUPPORT 1 R [160] 0x07
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Max Enhanced Area Size MAX_ENH_SIZE_MULT 3 R [159:157] 0x3A3

Partitions attribute PARTITIONS_ATTRIBUTE 1 R/W [156] 0x00

T . PARTITION_SETTING_

Partitioning Setting COMPLETED 1 R/W [155] 0x00
General Purpose Partition Size GP_SIZE_MULT 12 R/W [154:143] 0x00
Enhanced User Data Area Size ENH_SIZE_MULT R/W [142:140] 0x00

Enhanced User Data Start Address ENH_START_ADDR R/W [139:136] 0x00
Reserved' 1 - [135] -
Bad Block Management mode SEC_BAD_BLK_MGMNT 1 R/W [134] 0x00
. PRODUC-
Production state awareness TION_STATE_AWARENESS 1 W/E_P [133] 0x00
Package Case Temperature is TCASE_SUPPORT 1 W/E_P [132] 0x00
controlled
Periodic Wake-up PERIODIC_WAKEUP 1 R/W/E [131] 0x00
. PROGRAM_CID_CSD_DDR -
Program CID/CSD in DDR mode support SUPPORT 1 R [130] 0x01
Reserved' 2 - [129:128] -
P <ven-dor )
Vendor Specific Fields VENDOR_SPECIFIC_FIELD 64 spe-cific> [127:64] -
Native sector size NATIVE_SECTOR_SIZE 1 R [63] 0x00
Sector size emulation USE_NATIVE_SECTOR 1 R/W [62] 0x00
Sector size DATA_SECTOR_SIZE 1 R [61] 0x00
1st initialization after d|tsisrt:||ng sector size emula- INI_TIMEOUT EMU 1 R [60] 0x00
Class 6 commands control CLASS 6 CTRL 1 R/WIE_P [59] 0x00
Number of addressed group to be Released DYNCAP_NEEDED 1 R [58] 0x00
Exception events control EXCEPTION_EVENTS_CTRL 2 R/W/E_P [57:56] 0x00
Exception events status EXCEPTION_FE%/ ENTS_STA- 2 R [65:54] 0x00
Extended Partitions Attribute EXT—PARTE:BSEN S_ATTRI- 2 RIW [53:52] 0x00
Context configuration CONTEXT_CONF 15 R/WIE_P [561:37] 0x00
Packed command status PACKED—C_I(?SASMAND—STA_ 1 R [36] 0x00
Packed command failure index PACKED_FAILURE_INDEX 1 R [35] 0x00
Power Off Notification POWER_OFF_NOTIFICATION 1 R/W/E_P [34] 0x00
Control to turn the Cache ON/OFF CACHE_CTRL 1 R/WIE_P [33] 0x00
Flushing of the cache FLUSH_CACHE 1 W/E_P [32] 0x00
Control to turn the Barrier ON/OFF BARRIER_CTRL 1 R [31] 0x00
Mode config MODE_CONFIG 1 R/WIE_P [30] 0x00
Mode operation codes MODE_OPERATION_CODES 1 W/E_P [29] 0x00
Reserved' 2 - [28:27] -
FFU status FFU_STATUS 1 R [26] 0x00
Pre loading data size PRE_LOADING_DATA_SIZE 4 R/WIE_P [25:22] 0x00
Max pre loading data size MAX_PRE_LOADING_DATA_ 4 R [21:18] 0x00
SIZE
Product state awareness enablement PRODUCT_STATE_AWAREN 1 RIWIE & [17] 0x00
ESS_ENABLEMENT R
Secure Removal Type SECURE_REMOVAL_TYPE 1 R/W & R [16] 0x39
Command Queue Mode Enable CMDQ_MODE_EN 1 R/WIE_P [15] 0x00
Reserved' 15 - [14:0] -

NOTE :
1) Reserved bits should be read as “0.”
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6.0 AC PARAMETER

6.1 Timing Parameter
[Table 25] Timing Parameter

Timing Parameter Max. Value Unit
Normal ) 1 s
Initialization Time (tINIT)
After partition setting 2 3 s
Read Timeout 100 ms
Write Timeout 350 ms
Erase Timeout 20 ms
Force Erase Timeout 3 min
Secure Erase Timeout 8 s
Secure Trim step1 Timeout 5 S
Secure Trim step2 Timeout 3 S
Trim Timeout 600 ms
Partition Switching Timeout (after Init) 1 ms
Power Off Notification (Short) Timeout 100 ms
Power Off Notification (Long) Timeout 500 ms

NOTE:

1) Normal Initialization Time without partition setting

2) Initialization Time after partition setting, refer to INI_TIMEOUT_AP in Chapter 5.4 EXT_CSD register

3) Be advised Timeout Values specified in Table above are for testing purposes under Samsung test pattern only and actual timeout situations may vary
4) EXCEPTION_EVENT may occur and the actual timeout values may vary due to user environment

6.2 Previous Bus Timing Parameters for DDRS52 and HS200 mode are defined by JEDEC standard
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6.3 Bus Timing Specification in HS400 mode
6.3.1 HS400 Device Input Timing

tpERIOD

oot 't
YQQ_Q_ N 1SUddr |Hddr !
. /\H :
DAT[7-0] VALID VALID
INPUT WINDOW ‘v, WINDDW

vss - _ _ _ :

Figure 4. HS400 Device Input Timing
NOTE:

1) tisy and ty are measured at V; (max.) and Vy(min).
2) V| denotes V|y(min.) and V| _denotes V, (max.)

[Table 26] HS400 Device input timing

Parameter Symbol J Min L Max Unit
Input CLK
Cycle time data transfer mode tPERIOD 5 ns
Slew rate SR 1.125 Vins
Duty cycle distortion tckpeb 0.0 0.3 ns
Minimum pulse width tckmpw 22 ns

Input DAT (referenced to CLK)

Input set-up time tisuddr 0.4 ns
Input hold time tiHddr 0.4 ns
Slew rate SR 1.125 Vins
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6.3.2 HS400 Device Output Timing

Data Strobe is used to read data (data read and CRC status response read) in HS400 mode.
The device output value of Data Strobe is “High-Z” when the device is not in outputting data (data read, CRC status response).
Data Strobe is toggled only during data read period.

tpERIOD

Data Strobe V e e W A
OUTPUT A

"""" L : © ot
veea i tra
_____ -— -
- /
DAT[7-0] VALID VALID
OUTPUT v WINDOW WINDOW
oL . \
vss - —— — — . b=
Figure 5. HS400 Device Output Timing
NOTE:
Von denotes Vg(min.) and Vg, denotes Vg, (max.).
[Table 27] HS400 Device Output timing
Parameter Symbol Min Max Unit
Data Strobe
Cycle time data transfer mode tPERIOD 5 ns
Slew rate SR 1.125 V/ns
Duty cycle distortion tDSDCD 0.0 0.2 ns
Minimum pulse width tDSMPW 2.0 ns
Read pre-amble tRPRE 0.4 - tPERlOD
Read post-amble tRPST 0.4 - tPERlOD
Output DAT (referenced to Data Strobe)
Output skew tRQ 0.4 ns
Output hold skew tRQH 0.4 ns
Slew rate SR 1.125 V/ns
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6.4 Bus signal levels

As the bus can be supplied with a variable supply voltage, all signal levels are related to the supply voltage.

VA
Vbp
nout Vo [ ¢‘h’i“$r?“|éve|
/ [
ViH
undefined
ViL
_ / |
e 1|/ Yo Jouw,
Vss -
6.4.1 Open-drain mode bus signal level
[Table 28] Open-drain bus signal level
Parameter Symbol Min Max. Unit Conditions
Output HIGH voltage VoH Vpp - 0.2 - \Y, 1)
Output LOW voltage VoL - 0.3 \Y; loL =2 mA
NOTE:
1) Because Voh depends on external resistance value (including outside the package), this value does not apply as device specification.
Host is responsible to choose the external pull-up and open drain resistance value to meet Voh Min value.
6.4.2 Push-pull mode bus signai level eMMC
The device input and output voltages shall be within the following specified ranges for any Vpp of the allowed voltage range
[Table 29] Push-pull signal level—high-voltage eMMC
Parameter Symbol Min Max. Unit Conditions
Output HIGH voltage Vou 0.75*Vcca - \ lon =-100 UA@Vcq min
Output LOW voltage VoL - 0.125"Vcq \ loL = 100 UA@Vcq Min
Input HIGH voltage Viy 0.625*V¢cq Veea 0.3 \Y; -
Input LOW voltage Vi Vgs-0.3 0.25"V¢ea \Y; -
[Table 30] Push-pull signal level—1.70 - 1.95 Vcq voltage Range
Parameter Symbol Min Max. Unit Conditions
Output HIGH voltage Von Veeaq - 045V - \V; lon = -2mA
Output LOW voltage VoL - 0.45V \Y; loL = 2mA
Input HIGH voltage Vin 0.65"Vccq " Veeq * 0.3 Vv -
Input LOW voltage Vi Vgs-0.3 0.35*Vgcq? v -
NOTE:

1) 0.7*V¢cq for MMCA4.3 and older revisions.
2) 0.3*Vgcq for MMC4.3 and older revisions.
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KMQE60013M-B318

7.0 DC PARAMETER

7.1 Active Power Consumption during operation

[Table 31] Active Power Consumption during operation
NAND Type CTRL NAND Unit
128Gb x 1 180 50 mA

Density
16 GB

* Power Measurement conditions: Bus configuration =x8 @HS400
* The measurement for max RMS current is the average RMS current consumption over a period of 100ms.

7.2 Standby Power Consumption in auto power saving mode and standby state.

[Table 32] Standby Power Consumption in auto power saving mode and standby state

CTRL NAND
Density NAND Type Unit
25°C(Typ) 85°C 25°C(Typ) 85°C
16 GB 128Gb x 1 120 400 40 85 uA
NOTE:
Power Measurement conditions: Bus configuration =x8, No CLK
*Typical value is measured at Vcc=3.3V, TA=25°C. Not 100% tested.
7.3 Sleep Power Consumption in Sleep State
[Table 33] Sleep Power Consumption in Sleep State
CTRL
Density NAND Type NAND Unit
25°C(Typ) 85°C
16 GB 128Gb x 1 120 400 oh uA

NOTE:

Power Measurement conditions: Bus configuration =x8, No CLK

1) In auto power saving mode , NAND power can not be turned off .However in sleep mode NAND power can be turned off. If NAND power is alive ,
NAND power is same with that of the Standby state.

7.4 Supply Voltage
[Table 34] Supply voltage
Item Min Max Unit
Vpp (Veca) 1.70 (2.7) 1.95 (3.6) v
Voor (Vee) 2.7 3.6 \Y
Vss -0.5 0.5 \
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7.5 Bus Signal Line Load

The total capacitance C| of each line of the eMMC bus is the sum of the bus master capacitance CgsT, the bus capacitance Cpyg itself and the capaci-
tance Cpgycg of the eMMC connected to this line:

CL = Chost * Cpus * CpEvicE
The sum of the host and bus capacitances should be under 20pF.

[Table 35] Bus Signal Line Load

sParameter Symbol Min Typ. Max Unit Remark
Pull-up resistance for CMD Remp 4.7 100 KOhm | to prevent bus floating
Pull-up resistance for DATO-DAT7 RpaT 10 100 KOhm | to prevent bus floating
Internal pull up resistance DAT1-DAT7 Rint 10 150 KOhm ]E:thrii\éent unconnected lines
Single Device capacitance Cpevice 12 pF
Maximum signal line inductance 16 nH fpp <= 52 MHz
[Table 36] Capacitance and Resistance for HS400 mode
Parameter Symbol Min Typ Max Unit Remark
Bus signal line capacitance CL 13 pF Single Device
Single Device capacitance CpevicE 6 pF
Pull-down resistance for Data Strobe Rpata Strobe 10 100 KOhm
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16Gb(8Gb*2) DDP LPDDR3 SDRAM

30 SAMSUNG



Target Rev. 0.5
KMQE60013M-B318 MCP Memory

1.0 Functional Block Diagram
vDD1 VDD2 VDDCA VDDQ

I I

CS0_n, CKEO { |
oDT | Chip 0: 256Mb x32 I
|
CK_t, CK_c i
DMO~DM3 ——¢ i, DQSO0_t~DQS3 _t
CA0~CA9 DQS0_c~DQS3_c
| |
| Chip 1: 256Mb x32
CS1_n, CKE1 I |
! |}
DQ0~DQ31, ZQ
VRef VRef
(DQ) (CA)
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1.1 LPDDR3 Pad Definition and Description

[Table 1] Pad Definition and Description

Type Description
Clock: CK_t and CK_c are differential clock inputs. All Double Data Rate (DDR) CA inputs are sampled on both positive
CK t CK Inout and negative edge of CK. Single Data Rate (SDR) inputs, CS_n and CKE, are sampled at the positive Clock edge.
- T = P Clock is defined as the differential pair, CK_t and CK_c. The positive Clock edge is defined by the crosspoint of a rising
CK_t and a falling CK_c. The negative Clock edge is defined by the crosspoint of a falling CK_t and a rising CK_c.
Clock Enable: CKE HIGH activates and CKE LOW deactivates internal clock signals and therefore device input buffers
CKEO. CKE1 Inout and output drivers. Power savings modes are entered and exited through CKE transitions.
’ P CKE is considered part of the command code. See Command Truth table for command code descriptions. CKE is sampled
at the positive Clock edge.
Chip Select: CS_n is considered part of the command code. See Command Truth table for command code descriptions.
CS0_n,CS1_n Input . "
CS_n is sampled at the positive Clock edge.
CAO - CA9 Inout DDR Command/Address Inputs: Uni-directional command/address bus inputs.
P CA is considered part of the command code. See Command Truth table for command code descriptions.
DQO - DQ15
(x16) C Ri_dirant
DQO - DQ31 110 Data Inputs/Outputs: Bi-directional data bus
(x32)
DQSO -DQSA t Data Strobes (Bi-directional, Differential): The data strobe is bi-directional (used for read and write data) and differential
DQSO ¢-DAS1 ¢ (DQS_t and DQS_c). It is output with read data and input with write data. DQS is edge-aligned to read data and centered
- - with write data.
(x16)
paso_tbas3 t|
DQSO ¢-DAS3 ¢ For x16, DQSO0_t and DQSO_c correspond to the data on DQO - DQ7; DQS1_t and DQS1_c to the data on DQ8 - DQ15.
zx32) - For x32, DQSO0_t and DQSO_c correspond to the data on DQO - DQ7, DQS1_t and DQS1_c to the data on DQ8 - DQ15,
DQS2_t and DQS2_c to the data on DQ16 - DQ23, DQS3_t and DQS3_c to the data on DQ24 - DQ31.
Input Data Mask: DM is the input mask signal for write data. Input data is masked when DM is sampled HIGH coincident|
with that input data during a Write access. DM is sampled on both edges of DQS. Although DM is for input only, the DM
DMO - DM1 loading shall match the DQ and DQS_t (or DQS_c).
(x16)
DMO - DM3 nput For x16 and x32 devices, DMO is the input data mask signal for the data on DQO-7, DM1 is the input data mask signal for
(x32) the data on DQ8-15.
For x32 device, DM2 is the input data mask signal for the data on DQ16-23 and DM3 is the input data mask signal for the
data on DQ24-31.
oDT Inout On Die Termination: This signal enables and disables termination on the DRAM DQ bus according to the specified mode
P register settings.
Vbp1 Supply |Core Power Supply 1: Core power supply.
Vb2 Supply [Core Power Supply 2: Core power supply.
Vbbea Supply |Input Receiver Power Supply: Power supply for CA0-9, CKE, CS_n, CK_t, and CK_c input buffers.
Vbba Supply [I/O Power Supply: Power supply for Data input/output buffers.
v Suppl Reference Voltage for CA Command and Control Input Receiver: Reference voltage for all CA0-9, CKE, CS_n, CK_t,
REF (CA) PP land CK_c input buffers.
VREF (DQ) Supply |Reference Voltage for DQ Input Receiver: Reference voltage for all data input buffers.
Vss Supply [Ground
Vssca Supply |Ground for Input Receivers
Vssa Supply [I/O Ground: Ground for data input/output buffers
ZQ I/10 Reference Pin for Output Drive Strength Calibration

NOTE :

1) Data includes DQ and DM.

SAMSUNG
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2.0 Simplified LPDDR3 State Diagram

LPDDR3-SDRAM state diagram provides a simplified illustration of allowed state transitions and the related commands to control them. For a complete
definition of the device behavior, the information provided by the state diagram should be integrated with the truth tables and timing specification.

The truth tables provide complementary information to the state diagram, they clarify the device behavior and the applied restrictions when considering
the actual state of all the banks.

For the command definition, see datasheet of [Command Definition & Timing Diagram].

—) AUtoMatic Sequence

—————» Command Sequence

Power
Applied

N

Reset

Y
Resetting

N

Resetting
MR Self

MRR Refreshing

Reading

REF

» Refreshing

PR, PRA

ACT = Activate
PR(A) = Precharge (All)

- Readi
WR(A) = Write (with Autoprecharge) Writing '
RD(A) = Read (with Autoprecharge) Autoprecharge Autoprecharge

MRW = Mode Register Write
MRR = Mode Register Read
Reset = Reset is achieved through MRW command
PD = Enter Power Down

PDX = Exit Power Down

SREF = Enter Self Refresh

SREFX = Exit Self Refresh

REF = Refresh

Precharging

A

Figure 1. LPDDR3: Simplified Bus Interface State Diagram
NOTE :
1)In the Idle state, all banks are precharged.
2) In the case of MRW to enter CA Training mode or Write Leveling Mode, the state machine will not automatically return to the Idle state. In these cases an additional MRW
command is required to exit either operating mode and return to the Idle state. See sections “CA Training” or “Write Leveling”.
3) Terminated bursts are not allowed. For these state transitions, the burst operation must be completed before the transition can occur.
4) Use caution with this diagram. It is intended to provide a floorplan of the possible state transitions and commands to control them, not all details. In particular, situations
involving more than one bank are not captured in full detail.
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2.1 Mode Register Definition

2.1.1 Mode Register Assignment and Definition in LPDDR3 SDRAM

Table shows the mode registers for LPDDR3 SDRAM. Each register is denoted as “R” if it can be read but not written, “W” if it can be written but not read,
and “R/W” if it can be read and written. A Mode Register Read command is used to read a mode register. A Mode Register Write command is used to
write a mode register.

[Table 2] Mode Register Assignment in LPDDR3 SDRAM

DQ Calibration

MR# <I;II£> Function Access
0 00y Device Info. R (o:?tizoalal) DAl
1 01y Device Feature 1 W nWR (for AP) BL
2 02, Device Feature 2 w RL & WL
3 03y 1/0 Config-1 W DS
4 04, Refresh Rate R Refresh Rate
5 05, Basic Config-1 R LPDDR3 Manufacturer ID
6 06y Basic Config-2 R Revision D1
7 07y Basic Config-3 R Revision 1D2
8 08y Basic Config-4 R VO width | Density | Type
9 09y Test Mode W Vendor-Specific Test Mode
10 0Ay 10 Calibration w Calibration Code
1" 0By ODT Feature PD CTL DQ ODT
16 104 PASR_Bank W PASR Bank Mask
17 1y PASR_Seg W PASR Segment Mask
20y DQPSEIGI?;?W See "DQ Calibration" on Operations & Timing Diagram.

28y Pattern B See "DQ Calibration" on Operations & Timing Diagram.
41 29y CA Training 1 w See "Mode Register Write-CA Training Mode".
42 2Ay CA Training 2 W See "Mode Register Write-CA Training Mode".

See "Mode Register Write-CA Training Mode".

48 304 CA Training 3 w
49:62 314~3Ey (Reserved)
63 3Fy Reset w
64:255 40,~FFy (Reserved)
NOTE :

1) RFU bits shall be set to ‘0’ during Mode Register writes.

2) RFU bits shall be read as ‘0’ during Mode Register reads.

3) All Mode Registers that are specified as RFU or write-only shall return undefined data when read and DQS_t, DQS_c shall be toggled.
4) All Mode Registers that are specified as RFU shall not be written.
5) See vendor device datasheets for details on vendor-specific mode registers.

6) Writes to read-only registers shall have no impact on the functionality of the device.
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MRO_Device Information (MA<7:0> = 00y) :

OP7 OP6 OP5 oP4 | OP3 oP2 | OP1 OP0
(RFU) | WL (Set B) Support | (RFU) RzQl (RFU) DAI
PP (Optional)
. I 0g: DAl complete
DAl (Device Auto-Initialization Status) Read-only OP<0> . S
1g: DAI still in progress
005: RZQ self test not supported
01g: ZQ-pin may connect to VDDCA or float
RZQI (Built in Self Test for RZQ Information) Read-only Op<4:3> |08t ZQ-pin may short to GND N 1-4
11g: ZQ-pin self test completed, no error condition
detected (ZQ-pin may not connect to VDDCA or
float nor short to GND)
WL
0g: DRAM does not support WL (Set B) (Set B)
WL (Set B) Support Read-only OP<6> 1g: DRAM supports WL (SetB) Option
Support

NOTE :

1) RZQl, if supported, will be set upon completion of the MRW ZQ Initialization Calibration command.
2) If ZQ is connected to VDDCA to set default calibration, OP[4:3] shall be set to 01. If ZQ is not connected to VDDCA, either OP[4:3] = 01 or OP[4:3] =10 might indicate a ZQ-
pin assembly error. It is recommended that the assembly error is corrected.
3) In the case of possible assembly error (either OP[4:3]=01 or OP[4:3]=10 per Note 4), the LPDDR3 device will default to factory trim settings for RON, and will ignore ZQ cal-
ibration commands. In either case, the system may not function as intended.
4) In the case of the ZQ self-test returning a value of 11b, this result indicates that the device has detected a resistor connection to the ZQ pin. However, this result cannot be
used to validate the ZQ resistor value or that the ZQ resistor tolerance meets the specified limits (i.e 240-Q +/- 1%).

MR1_Device Feature 1 (MA<7:0> =01y ) :

oP7 | OP6 | OP5

OP4 | oP3

oP2 | OP1 | OPO

nWR (for AP)

(RFU)

BL

BL

Write-only OP<2:0>

011g: BL8 (default)
All others: Reserved

nWR "

Write-only OP<7:5>

1005 : N\WR=6
1105: nWR=8
111g: N\WR=9

000g: NWR=10 (default)
001g: NWR=11

010g: NWR=12

1005: NWR=14

110g: NWR=16

All others: Reserved

If \WRE (MR2 OP<4>) = 0:

If \WRE (MR2 OP<4>) = 1:

NOTE :

1) Programmed value in nWR register is the number of clock cycles which determines when to start internal precharge operation for a write burst with AP enabled. It is deter-

mined by RU(tWR/CK).

[Table 3] Burst Sequence

Burst Cycle Number and Burst Address Sequence

C2 C1 co BL

1 2 3 4 5 6 7 8
Og Og O 0 1 2 3 4 5 6 7
O 1g O 2 3 4 5 6 7 0 1

8
18 Og Og 4 5 6 7 0 1 2 3
18 1g O 6 7 0 1 2 3 4 5
NOTE :

1) CO input is not present on CA bus. It is implied zero.
2) The burst address represents C2 - CO.
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MR2_Device Feature 2 (MA<7:0> = 02):

OP7

OP6 OP5

OP4 OP3 | OP2 | OP1 | OPO

WR Lev

WL

Select (RFU)

nWRE RL & WL

RL & WL

Write-only

OP<3:0>

If OP<6> =0 (WL Set A, default)

01005: RL =6 /WL = 3 (= 400 MHz)

0110g: RL =8 /WL =4 (< 533 MHz)

0111g: RL=9 /WL =5 (< 600 MHz)

1000g: RL = 10 / WL = 6 (< 667 MHz, default)
1001g: RL =11 /WL =6 (< 733 MHz)

1010g: RL = 12/ WL =6 (< 800 MHz)

1100g5: RL = 14 / WL = 8 (< 933 MHz)

1110g: RL =16/ WL = 8 (< 1066MHz)

All others: Reserved

If OP<6> =1 (WL Set B, optionalz))

01005: RL =6/ WL = 3 (< 400 MHz)

0110g: RL =8/ WL =4 (< 533 MHz)

0111g: RL =9/ WL =5 (< 600 MHz)

1000g: RL =10/ WL = 8 (< 667 MHz, default)
1001g: RL=11/WL =9 (< 733 MHz)

1010g: RL =12/ WL =9 (< 800 MHz)

1100g5: RL = 14 / WL = 11 (< 933 MHz)
11105: RL = 16 / WL = 13 (< 1066MHz)

All others: reserved

nWRE

Write-only

OP<4>

0g : Enable nWR programming < 9
1g : Enable nWR programming > 9 (default)

WL Select

Write-only

OP<6>

0g: Select WL Set A (default)
1g: Select WL Set B (optional®)

WR Leveling

Write-only

OP<7>

0Og : Disable (default)

1g : Enable

NOTE :
1) See MRO, OP<7>
2) See MRO0, OP<6>

MR3_1/O Configuration 1 (MA<7:0> = 03Q):
OP7 | OP6 | OP5 | OP4

oP3 \ oP2 \ OP1 \ OPO

(RFU)

DS

DS

Write-only

OP<3:0>

0001p: 34.3-Q typical pull-down/pull-up

0010g: 40-Q typical pull-down/pull-up (default)
0011g: 48-Q typical pull-down/pull-up

01005: Reserved for 60Q typical pull-down/pull-up
0110p: Reserved for 80Q typical pull-down/pull-up
1001g: 34.3Q typical pull-down, 40Q typical pull-up
1010g: 40Q typical pull-down, 48Q typical pull-up
1011g: 34.3Q typical pull-down, 48Q typical pull-up
All others: Reserved
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MR4_Device Temperature (MA<7:0> = 04y)

oP7 OP6 | OP5 | OP4 | oP3 oP2 | OP1 | OPO
TUF (RFU) SDRAM Refresh Rate

000g: SDRAM Low temperature operating limit exceeded
001g: 4 treF), 4 treFIpy, 4% tREFW
010g: 2x trer), 2% tReFipb, 2% tREFW

SDRAM Read-only op<p:0> |OH1B: 1x tRerl, 1 tReripp, 1% tReFw (<=85°C) o
Refresh Rate 100g: 0.5% trer), 0.5% treFiph, 0.5% trepws do not de-rate SDRAM AC timing
101p: 0.25% trer), 0.25% treFipb, 0-25% trerw, do not de-rate SDRAM AC timing
1103 0.25x% tREF|| 0.25x% tREFIpb, 0.25x tREFW, de-rate SDRAM AC tlmlng
111g: SDRAM High temperature operating limit exceeded

Temperature
Update 0g: OP<2:0> value has not changed since last read of MR4.
Read-only OP<T7> . .
Flag 1g: OP<2:0> value has changed since last read of MR4.
(TUF)
NOTE :

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

2) OP7 is reset to ‘0’ at power-up. OP[2:0] bits are undefined after power-up.

) If OP2 equals ‘1’, the device temperature is greater than 85°C.

) OP7 is set to ‘1’ if OP2:0OP0 has changed at any time since the last read of MR4.

) LPDDR3 SDRAM might not operate properly when OP[2:0] = 000g or 1115,

) For specified operating temperature range and maximum operating temperature refer to Table 13 Operating Temperature Range.

7) LPDDRS3 devices shall be de-rated by adding 1.875 ns to the following core timing parameters: tRCD, tRC, tRAS, tRP, and tRRD. tDQSCK shall be de-rated according to the
tDQSCK de-rating in Table 45 LPDDR3 AC Timing Table. Prevailing clock frequency spec and related setup and hold timings shall remain unchanged.

8) See "Temperature Sensor" on [Command Definition & Timing Diagram] for information on the recommended frequency of reading MR4.

3
4
5
6

MRS5_Basic Configuration 1 (MA<7:0> = 05,):

oP7 \ OP6 \ OP5 \ oP4 \ oP3 \ oP2 \ OP1 \ oPO
LLPDDR3 Manufacturer ID

0000 0000 : Reserved
0000 0001 : Samsung
0000 0010g : Do Not Use
0000 0011g : Do Not Use
0000 01005 : Do Not Use
0000 01015 : Do Not Use
0000 0110g : Do Not Use
0000 0111 : Do Not Use
0000 10005 : Do Not Use
0000 1001 : Do Not Use
0000 1010p : Reserved
0000 1011g : Do Not Use
0000 1100g : Do Not Use
0000 1101g : Do Not Use
0000 1110 : Do Not Use
0000 1111g : Do Not Use
1111 1110g : Do Not Use
All others: Reserved

LPDDR3 Manufacturer ID Read-only OP<7:0>

MR6_Basic Configuration 2 (MA<7:0> = 06):
OP7 \ OP6 \ OP5 \ OP4 \ oP3 \ oP2 \ OP1 \ OPO

Revision ID1

Revision D1 Read-only | OP<7:0> | 0000 0110g: G-version

NOTE :
1) MR6 is vendor specific.
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MR7_Basic Configuration 3 (MA<7:0> = 07}):

oP7 | OP6 | OP5 | OP4 | OP3 | OoP2 | OP1 | OP0

Revision ID2

Revision ID2

| Read-only |

OP<7:0> |

0000 0000g: A-version

NOTE :

1) MR7 is vendor specific.

MR8_Basic Configuration 4 (MA<7:0> = 08,) :

OP7 \ OP6 OP5 \ OP4 \ oP3 \ oP2 OP1 OPO

I/0 width Density Type

Type

11g: S8 SDRAM
All others : Reserved

Read-only OP<1:0>

Density

0110g: 4Gb

1110g: 6Gb

0111g: 8Gb

11015: 12Gb

1000g: 16Gb

1001g: 32Gb

All others: Reserved

Read-only OP<5:2>

I/0 width

OOBZ x32
01g: x16
All Others : Reserved

Read-only OP<7:6>

MR9_Test Mode (MA<7:0> = 09):

OP7 \ oPs \ OP5 TOP4 \ oP3 \ OPZT oP1 T OPC

Vendor-specific Test Mode

MR10_Calibration (MA<7:0> = 0A,,):

oP7 | OP6 | OP5 | OP4 | OP3 | OoP2 | OP1 | OP0

Calibration Code

Calibration Code

Write-only

O0xFF: Calibration command after initialization
0xAB: Long calibration

OP<7:0> |0x56: Short calibration

0xC3: ZQ Reset

others: Reserved

NOTE :

1) Host processor shall not write MR10 with "Reserved" values.

2) LPDDRS3 devices shall ignore calibration command when a “Reserved” value is written into MR10.
3) See AC timing table for the calibration latency.

4) If ZQ is connected to Vggca through Rzq, either the ZQ calibration function (see Mode Register Write ZQ Calibration Command") or default calibration (through the ZQgrgset
command) is supported. If ZQ is connected to Vppca, the device operates with default calibration, and ZQ calibration commands are ignored. In both cases, the ZQ connection
shall not change after power is applied to the device.

5) LPDDRS devices that do not support calibration shall ignore the ZQ Calibration command.

6) Optionally, the MRW ZQ Initialization Calibration command will update MRO to indicate RZQ pin connection.

MR11_ODT Control (MA<7:0> = 0By):

oP7 | OP6 | OP5 | OP4 | oP3 oP2 OP1 OPO

RFU PD CTL DQ ODT
00g: Disable (Default)
DQ ODT Write-onl op<ti0»  |J1BRZQM
rie-only ' 10g: RZQ/2
11g: RZQ/1
PD Control Wit | OP<2> 0g: ODT disabled by DRAM during power down (default)
ontro rite-only 1g: ODT enabled by DRAM during power down

-38-

SAMSUNG



Target Rev. 0.5
KMQE60013M-B318 MCP Memory

MR12:15_(Reserved) (MA<7:0> = 0CH-0OF):

MR16_PASR_Bank Mask (MA<7:0> = 010}):
oP7 | OP6 | OP5 | OP4 | oP3 | oP2 | OP1 | OPO

Bank Mask
Bank <7:0> Mask Wite-only OP<7:0> 0g: refresh enable to the bank (=unmasked, default)
1g: refresh blocked (=masked)
OP Bank Mask 8-Bank SDRAM
0 XXXXXXX1 Bank 0
1 XXXXXX1X Bank 1
2 XXXXXIXX Bank 2
3 XXXX1XXX Bank 3
4 XXXAXXXX Bank 4
5 XXIXXXXX Bank 5
6 XAXXXXXX Bank 6
7 TXXXXXXX Bank 7

MR17_PASR_Segment Mask (MA<7:0> = 011):

oP7 \ OP6 \ OP5 \ OP4 \ oP3 \ oP2 \ OP1 \ OPO
Segment Mask

Segment <7:05Mask Wite-only 2. N 0g: refresh enable to_the segment (=unmasked, default)
1g: refresh blocked (=masked)
Segment OP Segment Mask 8Gb
R14:12
0 0 XXXXXXX1 000
1 1 XXXXXX1X 0015
2 2 XXXXXAXX 010
3 3 XXXX1XXX 011
4 4 XXXAXXXX 100g
5 5 XXAXXXXX 101
6 6 XIXXXXXX 110
7 7 TXXXXXXX 111
NOTE :

1) This table indicates the range of row addresses in each masked segment. X is do not care for a particular segment.

MR18-31_(Reserved) (MA<7:0> = 012, - 01F):

MR32_DQ Calibration Pattern A (MA<7:0>=20y):
Reads to MR32 return DQ Calibration Pattern "A". See "DQ Calibration" on Operations & Timing Diagram.

MR33:39_(Do Not Use) (MA<7:0> = 21,-27):

MR40_DQ Calibration Pattern B (MA<7:0>=28,):
Reads to MR40 return DQ Calibration Pattern "B". See "DQ Calibration" on Operations & Timing Diagram.
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MR41_CA Training 1 (MA<7:0> = 29,):
Writes to MR41 enables CA Training. See Mode Register Write - CA Training Mode

MR42_ CA Training 2 (MA<7:0> = 2A,):
Writes to MR42 exits CA Training. See Mode Register Write - CA Training Mode

MR43:47_ (Do Not Use)(MA<7:0> = 2By 2F):

MR48_CA Training_3 (MA<7:0>=30y)
Writes to MR48 enables CA Training. See Mode Register Write - CA Training Mode

MR49:62_(Reserved) (MA<7:0> = 31, - 3EQ) :

MR63_Reset (MA<7:0> = 3Fy): MRW only

oP7 \ OP6 \ OP5 \ OP4 \ oP3 \ oP2 \ OP1 \ OPO

X or 0XFC"

NOTE :
1) For additional information on MRW RESET see "Mode Register Write Command" on [Command Definition & Timing Diagram].

MR64:255 (Reserved) (MA<7:0> = 40,4-FF},) :
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3.0 TRUTH TABLES

Operation or timing that is not specified is illegal, and after such an event, in order to guarantee proper operation, the LPDDR3 device must be powered
down and then restarted through the specified initialization sequence before normal operation can continue.

3.1 Command truth table

[Table 4 Command truth table

SDR Command Pins DDR CA pins (10)
coDRAM CKE CS_n | CAO | CA1| CA2 | CA3 | CA4 | CA5 | CA6 | CA7 | CA8 | CA9 | SK_
omman CK(n-1) CK(n)
L L L L L MAO | MA1 | MA2 | MA3 | MA4 | MA5 R1
MRW H H
X MA6 | MA7 | OPO | OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | OP7 R2
L L L L H MAO | MA1 | MA2 | MA3 | MA4 | MAS5 R1
MRR H H
X MA6 | MA7 X R2
Refresh ) ) L L | L H | L | X R1
(per bank) X X R2
Refresh ) ! L Ll L] [ H]| X R1
(aII bank) X X R2
Enter H L L || H| X R1
Self Refresh L X X R2
Activate y y L L H | R8 | RO | R10 | R11 | R12 | BAO | BA1 | BA2 R1
(bank) X RO | R1| R2Z | R3 R4 R5 R6 R7 | R13 | R14 R2
Write L H L L | RFU | RFU | c1 c2 | Bao | BA1 | BA2 R1
H H
(bank) X APd | c3 | c4 | c5 ce c7 cs co | c10 | c1 R2
Read L H L H | RFU | RFU | c1 c2 | Bao | BA1 | BA2 R1
H H
(bank) X AP¥ | Cc3 | c4 | ©5 c6 c7 c8 co | c1o0 | cn R2
Precharge™ L H | H L H AB X BAO | BA1 | BA2 R1
(per bank, all H H
bank) X X R2
L H | H | H | X R1
NOP H H
X X R2
Maintain L H | H | H | X R1
PD, SREF L L
(NOP)4 X X R2
H X R1
NOP H H
X X R2
Maintain L L X X R1
PD, SREF4 X X R2
Enter H H X R1
Power Down X L X X R2
Exit L y H X R1
PD, SREF X X X R2
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NOTE:

1) All LPDDR3 commands are defined by states of CS_n, CA0, CA1, CA2, CA3, and CKE at the rising edge of the clock.

2) Bank addresses BAO, BA1, BA2 (BA) determine which bank is to be operated upon.

3) 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.

4) “X” means “H or L (but a defined logic level)”, except when the LPDDR3 SDRAM is in PD, SREF in which case CS_n, CK_t/CK_c, and CA can be floated after the required
tCPDED time is satisfied, and until the required exit procedure is initiated as described in the respective entry/exit procedure, See also Self-Refresh Operation and Basic
Power-Down Entry and Exit Timing in LPDDR3 operations & Timing specification.

5) Self refresh exit is asynchronous.

6) VRer must be between 0 and VDDQ during Self Refresh.

) CAxr 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_n and CKE are sampled at the rising edge of clock.

0) The least-significant column address CO is not transmitted on the CA bus, and is implied to be zero.

1) AB "high" during Precharge command indicates that all bank Precharge will occur. In this case, Bank Address is do-not-care.

2

7
8
9
1
1)

12) When CS_n is HIGH, LPDDR3 CA bus can be floated.
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3.2 CKE Truth Table

[Table 5] LPDDR3 : CKE Table 1))

Device Current State?) | CKE, ¥ | CKE,¥ | cs_n® | Command n® Operation®) Device Next State | Notes
Active L L X X Maintain Active Power Down Active Power Down
Power Down L H H NOP Exit Active Power Down Active 7
L L X X Maintain Idle Power Down Idle Power Down
Idle Power Down
L H H NOP Exit Idle Power Down Idle 7
Maintain Resetting
L L X X
Resetting Resetting Power Down Power Down
Power Down Idle or
L H H NOP Exit Resetting Power Down 7,9
Resetting
L L X X Maintain Self Refresh Self Refresh
Self Refresh
L H H NOP Exit Self Refresh Idle 8
Enter
Bank(s) Active H L H NOP Active Power Down
Active Power Down
Enter
H L H NOP Idle Power Down
Idle Power Down
All Banks Idle 10
Enter Enter
H L L Self Refresh
Self-Refresh Self Refresh
Enter
Resetting H L H NOP Resetting Power Down
Resetting Power Down
H H Refer to the Command Truth Table

NOTE :

1) All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.

2) "X’ means ‘Don’t care’.

3) “Current state” is the state of the LPDDR3 device immediately prior to clock edge n.

4) “CKE,” is the logic state of CKE at clock rising edge n; “CKE,,_4” was the state of CKE at the previous clock edge.

5) “CS_n" is the logic state of CS_n at the clock rising edge n;

6) “Command n” is the command registered at clock edge N, and “Operation n” is a result of “Command n”.

7) Power Down exit time (txp) should elapse before a command other than NOP is issued. The clock must toggle at least twice during the typ period.
8) Self-Refresh exit time (tysr) should elapse before a command other than NOP is issued. The clock must toggle at least twice during the tygg time.
9) Upon exiting Resetting Power Down, the device will return to the Idle state if tINIT5 has expired.

10) In the case of ODT disabled, all DQ output shall be Hi-Z. In the case of ODT enabled, all DQ shall be terminated to VDDQ.
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3.3 State Truth Table

The truth tables provide complementary information to the state diagram, they clarify the device behavior and the applied restrictions when considering
the actual state of all banks.

[Table 6] Current State Bank n - Command to Bank n

Current State Command Operation Next State NOTES
Any NOP Continue previous operation Current State
ACTIVATE Select and activate row Active
Refresh (Per Bank) Begin to refresh Refreshing (Per Bank)
Refresh (All Bank) Begin to refresh Refreshing (All Bank)
Idle MRW Write value to Mode Register MR Writing
MRR Read value from Mode Register Idle MR Reading
Reset Begin Device Auto-Initialization Resetting 8
Precharge Deactivate row in bank or banks Precharging 9, 14
Read Select column, and start read burst Reading 11
Row Write Select column, and start write burst Writing 1
Active MRR Read value from Mode Register Active MR Reading
Precharge Deactivate row in bank or banks Precharging 9
Reading Read Select column, and start new read burst Reading 10, 11
Write Select column, and start write burst Writing 10, 11,12
Writing Write Select column, and start new write burst Writing 10, 11
Read Select column, and start read burst Reading 10, 11,13
Power On Reset Begin Device Auto-Initialization Resetting 8
Resetting MRR Read value from Mode Register Resetting MR Reading

NOTE :

1) The table applies when both CKEn-1 and CKEn are HIGH, and after txgg or txp has been met if the previous state was Power Down.

2) All states and sequences not shown are iliegal or reserved.

3) Current State Definitions:

- Idle: The bank or banks have been precharged, and tRP has been met.

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

- Reading: A Read burst has been initiated, with Auto Precharge disabled.

- Writing: A Write burst has been initiated, with Auto Precharge disabled.

4) The following states must not be interrupted by a command issued to the same bank. NOP commands or allowable commands to the other bank should be issued on any
clock edge occurring during these states. Allowable commands to the other banks are determined by its current state and Table 1.1, and according to Table 6.

- Precharging: starts with the registration of a Precharge command and ends when tRP is met. Once tRP is met, the bank will be in the idle state.

- Row Activating: starts with registration of an Activate command and ends when tRCD is met. Once tRCD is met, the bank will be in the ‘Active’ state.

- Read with AP Enabled: starts with the registration of the Read command with Auto Precharge enabled and ends when tRP has been met. Once tRP has been met, the bank
will be in the idle state.

- Write with AP Enabled: starts with registration of a Write command with Auto Precharge enabled and ends when tRP has been met. Once tRP is met, the bank will be in the
idle state.

5) The following states must not be interrupted by any executable command; NOP commands must be applied to each positive clock edge during these states.

- Refreshing (Per Bank): starts with registration of a Refresh (Per Bank) command and ends when tRFCpb is met. Once tRFCpb is met, the bank will be in an ‘idle’ state.

- Refreshing (All Bank): starts with registration of an Refresh (All Bank) command and ends when tRFCab is met. Once tRFCab is met, the device will be in an ‘all banks idle’
state.

- Idle MR Reading: starts with the registration of a MRR command and ends when tMRR has been met. Once tMRR has been met, the bank will be in the Idle state.

- Resetting MR Reading: starts with the registration of a MRR command and ends when tMRR has been met. Once tMRR has been met, the bank will be in the Resetting state.
- Active MR Reading: starts with the registration of a MRR command and ends when tMRR has been met. Once tMRR has been met, the bank will be in the Active state.

- MR Writing: starts with the registration of a MRW command and ends when tMRW has been met. Once tMRW has been met, the bank will be in the Idle state.

- Precharging All: starts with the registration of a Precharge-All command and ends when tRP is met. Once tRP is met, the bank will be in the idle state.

) Bank-specific; requires that the bank is idle and no bursts are in progress.

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

) Not bank-specific reset command is achieved through Mode Register Write command.

) This command may or may not be bank specific. If all banks are being precharged, they must be in a valid state for precharging.

10) A command other than NOP should not be issued to the same bank while a Read or Write burst with Auto Precharge is enabled.

11) The new Read or Write command could be Auto Precharge enabled or Auto Precharge disabled.

12) A Write command may be applied after the completion of the Read burst; burst terminates are not permitted.

13) A Read command may be applied after the completion of the Write burst, burst terminates are not permitted.

14) If a Precharge command is issued to a bank in the Idle state, tRP shall still apply.

6
7
8
9
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[Table 7] Current State Bank n - Command to Bank m

Nex for
Currgr;tn it:te of Cor;;r:‘e:(n:l for Oporation e ; as::t:‘ 0 NOTES
Any NOP Continue previous operation Current State of Bank m
Idle Any Any command allowed to Bank m -
Activate Select and activate row in Bank m Active 6
Read Select column, and start read burst from Bank m Reading 7
Row Aptivating, Write Select column, and start write burst to Bank m Writing 7
Active, or
Precharging Precharge Deactivate row in bank or banks Precharging 8
MRR Read value from Mode Register f(lz:vl\:F:/II;eRa:;ncinz 9,10,12
Read Select column, and start read burst from Bank m Reading 7
Reading Write Select column, and start write burst to Bank m Writing 7,13
(Autop;e;‘r;j;ge dis- Activate Select and activate row in Bank m Active
Precharge Deactivate row in bank or banks Precharging 8
Read Select column, and start read burst from Bank m Reading 7,15
Writing Write Select column, and start write burst to Bank m Writing 7
(Autoprecharge dis- - - - -
abled) Activate Select and activate row in Bank m Active
Precharge Deactivate row in bank or banks Precharging 8
Read Select column, and start read burst from Bank m Reading 714
Reading with Write Select column, and start write burst to Bank m Writing 7,13,14
Autoprecharge Activate Select and activate row in Bank m Active
Precharge Deactivate row in bank or banks Precharging 8
Read Select column, and start read burst from Bank m Reading 7,14,15
Writing with Write Select column, and start write burst to Bank m Writing 7,14
Autoprecharge Activate Select and activate row in Bank m Active
Precharge Deactivate row in bank or banks Precharging 8
Power On Reset Begin Device Auto-Initialization Resetting 11,16
Resetting MRR Read value from Mode Register Resetting MR Reading

NOTE :

1) The table applies when both CKEn-1 and CKEn are HIGH, and after tygr or txp has been met if the previous state was Self Refresh or Power Down.

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

3) Current State Definitions:

- Idle: The bank has been precharged, and tRP has been met.
- Active: A row in the bank has been activated, and tRCD has been met. No data bursts/accesses and no register accesses are in progress.
- Reading: A Read burst has been initiated, with Auto Precharge disabled.

- Writing: A Write burst has been initiated, with Auto Precharge disabled

4) Refresh, Self-Refresh, and Mode Register Write commands may only be issued when all bank are idle.

5) The following states must not be interrupted by any executable command; NOP commands must be applied during each clock cycle while in these states:

- Idle MR Reading: starts with the registration of a MRR command and ends when tyrg has been met. Once tyrr has been met, the bank will be in the Idle state.

- Resetting MR Reading: starts with the registration of a MRR command and ends when tygrg has been met. Once tyrg has been met, the bank will be in the Resetting state.
- Active MR Reading: starts with the registration of a MRR command and ends when tyrg has been met. Once ty;rr has been met, the bank will be in the Active state.

- MR Writing: starts with the registration of a MRW command and ends when ty;gy has been met. Once tygy has been met, the bank will be in the Idle state.

6) trrp Must be met between Activate command to Bank n and a subsequent Activate command to Bank m. Additionally, in the case of multiple banks activated, tray must be
satisfied.

7) Reads or Writes listed in the Command column include Reads and Writes with Auto Precharge enabled and Reads and Writes with Auto Precharge disabled.

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) MRR is allowed during the Row Activating state (Row Activating starts with registration of an Activate command and ends when trcp is met.)

10) MRR is allowed during the Precharging state. (Precharging starts with registration of a Precharge command and ends when tgp is met.)

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

12) The next state for Bank m depends on the current state of Bank m (Idle, Row Activating, Precharging, or Active). The reader shall note that the state may be in transition
when a MRR is issued. Therefore, if Bank m is in the Row Activating state and Precharging, the next state may be Active and Precharge dependent upon tgcp and tgrp respec-
tively.

13) A Write command may be applied after the completion of the Read burst, burst terminates are not permitted.

14) Read with auto precharge enabled or a Write with Auto Precharge enabled may be followed by any valid command to other banks provided that the timing restrictions
described in the Precharge & Auto Precharge clarification table are followed.

15) A Read command may be applied after the completion of the Write burst, burst terminates are not permitted.

16) Reset command is achieved through Mode Register Write command.
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3.4 Data mask truth table

provides the data mask truth table.

[Table 8] DM truth table

Name (Functional) DM DQs Note
Write enable Valid 1
Write inhibit H X 1

NOTE :
1) Used to mask write data, provided coincident with the corresponding data.
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4.0 ABSOLUTE MAXIMUM RATINGS

Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only, and functional operation of the device at these
or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating condi-

tions for extended periods may affect reliability.

[Table 9] Absolute Maximum DC Ratings

Parameter Symbol Min Max Units Notes
\VDD1 supply voltage relative to VSS VDD1 -0.4 23 \% 1
VDD2 supply voltage relative to VSS VDD2 -0.4 1.6 \% 1
VDDCA supply voltage relative to VSSCA VDDCA -0.4 1.6 \% 1,2
VDDQ supply voltage relative to VSSQ VDDQ -0.4 1.6 \% 1,3
Voltage on any ball relative to VSS Vins Vour -0.4 1.6 \Y
Storage Temperature Tste -55 125 °C 4

NOTE :
1) See Power Ramp for relationships between power supplies.

2) VRerca < 0.6 x VDDCA, however, Vrerca may be > VDDCA provided that Vggpca < 300mV.
3) VRerpq < 0.7 x VDDQ; however, Vregppq may be > VDDQ provided that Vgerpg < 300mV.

4) Storage Temperature is the case surface temperature on the center/top side of LPDDR3 device. For the measurement conditions, please refer to JESD51-2 standard.
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5.0 AC & DC OPERATING CONDITIONS

Operation or timing that is not specified is illegal, and after such an event, in order to guarantee proper operation, the LPDDR3 Device must be powered
down and then restarted through the specialized initialization sequence before normal operation can continue.

5.1 Recommended DC Operating Conditions

[Table 10] Recommended DC Operating Conditions

LPDDR3
DRAM Unit
Min Typ Max
VDD1 Core Power1 1.70 1.80 1.95 \
VvDD2 Core Power2 1.14 1.20 1.3 \%
VDDCA Input Buffer Power 1.14 1.20 1.3 \%
vDDQ I/0 Buffer Power 1.14 1.20 1.3 \Y
NOTE :
1) VDD1 uses significantly less current than VDD2.
2) The voltage range is for DC voltage only. DC is defined as the voltage supplied at the DRAM and is inclusive of all noise up to 1MHz at the DRAM package ball.
5.2 Input Leakage Current
[Table 11] Input Leakage Current
Symbol Min Max Unit | Notes
Input Leakage current I -4 4 uA 1,2
VRef SUPPlY leakage current IVREF -2 2 uA 3,4
NOTE :
1) For CA, CKE, CS_n, CK_t, CK_c. Any input OV<VIN<VDDCA (All other pins not under test = 0V)
2) Although DM is for input only, the DM leakage shall match the DQ and DQS_t/DQS_c output leakage specification.
3) The minimum limit requirement is for testing purposes. The leakage current on Vgesca @and Viemq pins should be minimal.
4) Vrerpaq = Vbpa/2 or Vrerca = Vpopca/2. (All other pins not under test = 0V)
5.3 Operating Temperature Range
[Table 12] Operating Temperature Range
Symbol Min Max Unit
Standard ToPER -25 85 °C

NOTE :

1) Operating Temperature is the case surface temperature on the center top side of the LPDDR3 device. For the measurement conditions, please refer to JESD51-2 standard.
2) Either the device case temperature rating or the temperature sensor (See "Temperature Sensor" on [Command Definition & Timing Diagram]) may be used to set an appro-
priate refresh rate, determine the need for AC timing de-rating and/or monitor the operating temperature. When using the temperature sensor, the actual device case tempera-
ture may be higher than the Topgr rating that applies for the Standard or Extended Temperature Ranges. For example, Tcase may be above 85°C when the temperature
sensor indicates a temperature of less than 85°C.
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6.0 ACAND DC INPUT MEASUREMENT LEVELS
6.1 AC and DC Logic Input Levels for Single-Ended Signals

6.1.1 AC and DC Input Levels for Single-Ended CA and CS_n Signals
[Table 13] Single-Ended AC and DC Input Levels for CA and CS_n inputs

1866
Symbol Parameter Notes
Min Max
ViHca(AC) AC input logic high Vger + 0.135 Note 2 \ 1,2
ViLca(AC) AC input logic low Note 2 Vgrer-0.135 \ 1,2
ViHca(DC) DC input logic high Vger + 0.100 VDDCA \Y 1
V,_.ca(DC) DC input logic low VSSCA Vger - 0.100 \ 1
VRefca(DC) Reference Voltage for CA and CS_n inputs 0.49 x VDDCA 0.51 x VDDCA \% 3,4
NOTE :
1) For CA and CS_n input only pins. Vret = VRefca(DC).
2) See Overshoot and Undershoot Specifications.
3) The ac peak noise on Vgefca May not allow Vigeica to deviate from Vgesca(DC) by more than +/-1% VDDCA (for reference: approx. +/- 12 mV).
4) For reference: approx. VDDCA/2 +/- 12 mV.
6.2 AC and DC Input Levels for CKE
[Table 14] Single-Ended AC and DC Input Levels for CKE
Symbol Parameter Min Max Unit Notes
ViHCKE CKE Input High Level 0.65 x VDDCA Note 1 \ 1
V\LcKE CKE Input Low Level Note 1 0.35 x VDDCA \% 1
NOTE :
1) See Overshoot and Undershoot Specifications.
6.2.1 AC and DC Input Levels for Single-Ended Data Signals
[Table 15] Single-Ended AC and DC Input Levels for DQ and DM
1866
Symbol Parameter Notes
Min Max
VlHDQ(AC) AC input |OgiC hlgh VREF +0.135 Note 2 \Y 1, 2, 5
VlLDQ(AC) AC input |OgiC low Note 2 VREF -0.135 \Y 1, 2, 5
V|HDQ(DC) DC input |OgiC hlgh VREF +0.100 vDDQ \Y 1
VlLDQ(DC) DC input |OgiC low VSSQ VREF -0.100 \% 1
V
RefDQ(DC) Reference Voltage for DQ, DM inputs 0.49 x VDDQ 0.51 x VDDQ v 3,4
(DQ ODT disabled)
VRefbQ(DC) .
Reference Voltage for DQ, DM inputs V /2 -0.01 x VDDQ |V, /2+0.01 xVDDQ | V 3,5,6
(DQ ODT enabled) 9 P ODTR ODTR

NOTE :

1) For DQ input only pins. Vref = Vrempa(pey)-

2) See Overshoot and Undershoot Specifications.

3) The ac peak noise on Vgempg May not allow Vgemq to deviate from Vgema(DC) by more than +/-1% VDDQ (for reference: approx. +/ - 12 mV).

4) For reference : approx. Vppg/2 +/- 12mV.

5) For reference : approx. VopTr/2 +/- 12mV.

6) The nominal mode register programmed value for RODT and the nominal controller output impedance RON are used for the calculation of Voptgr. For testing purposes a
controller RON value of 50Q is used.

, _ 2Ron+R1T_
VobprR = ——— % 'bDpo
Ron+ RTT
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6.3 Vref Tolerances

The dc-tolerance limits and ac-noise limits for the reference voltages Vgesca and Vgerpq are illustrated in Figure 2. It shows a valid reference voltage
VRei(t) as a function of time. (Vres stands for Vgesca and Vieipq likewise). VDD stands for VDDCA for Vggsca @and VDDQ for Vieipg. VRef(DC) is the linear
average of Vgef(t) over a very long period of time (e.g. 1 sec) and is specified as a fraction of the linear average of VDDQ or VDDCA also over a very long
period of time (e.g 1 sec). This average has to meet the min/max requirements in Table 6.1.1. Furthermore Vge¢(t) may temporarily deviate from Vrg(DC)
by no more than +/- 1% VDD. Vref(t) cannot track noise on VDDQ or VDDCA if this would send Vref outside these specifications.

A voltage
VDD
A
AN
Viet(t
VRef @C-noise o o . Ref(!) -
4
VRef(DC) =& = ngl- £ W . . 77N VRef(DC)max
- o -y - T - - - T - - VRef(DC)nom
VRef(DC)min
A
VVSS
time>

Figure 2. lllustration of Vg{(DC) tolerance and Vg ac-noise limits

The voltage levels for setup and hold time measurements Vyacy. ViHpc) ViLac) and Vi pc) are dependent on Viyer.

“VRet “ shall be understood as Vrefpc), as defined in Figure 2.

This clarifies that dc-variations of Vg affect the absolute voltage a signal has to reach to achieve a valid high or low level and therefore the time to which
setup and hold is measured. System timing and voltage budgets need to account for Vgefpc) deviations from the optimum position within the data-eye of
the input signals.

This also clarifies that the LPDDR3 setup/hold specification and derating values need to include time and voltage associated with Vg ac-noise. Timing
and voltage effects due to ac-noise on Vges up to the specified limit (+/-1% of VDD) are included in LPDDR3 timings and their associated deratings.
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6.4 Input Signal

Minimum V|_and V, Levels
ViH(AC)

V|, and V}, Levels With Ringback

N

Viy(DC)

ViLbY)

ViL(AC)

\J

Figure 3. LPDDR3 Input Signal

NOTE :
1) Numbers reflect nominal values.

2) For CA0-9, CK_t, CK_c, and CS_n, VDD stands for VDDCA. For DQ, DM, DQS_t, and DQS_c, VDD stands for VDDQ.
3) For CA0-9, CK_t, CK_c, and CS_n, VSS stands for VSSCA. For DQ, DM, DQS_t, and DQS_c, VSS stands for VSSQ

-51-

VDD +0.35V

VDD

ViH(AC)

ViH(DC)

Vpgei + AC noise
Vget + DC error

Vget - DC error
VRef - AC noise

Vi(bC)

ViL(AC)

Vss

VSS - 0.35V
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6.5 AC and DC Logic Input Levels for Differential Signals
6.5.1 Differential signal definition

differential
voltage

A tbvac

Viupiee(ACMIN - — — /=

o Vpee(DCMIN - L —

CK_t-CK_c
00 /| — — — _ _ _ _ _ _ _ _ _\ DQS_t-DQS c _ _ _ _ _ _ _
Vipirp(DC)MAX L LA -
S
Viorr(ACMAX L L N\
A half cycle

tbvac

P time

Figure 4. Definition of differential ac-swing and “time above ac-level” tpyac
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6.5.2 Differential swing requirements for clock (CK_t - CK_c) and strobe (DQS _t-DQS c)
[Table 16] Differential AC and DC Input Levels

Value
Symbol Parameter = e Notes
V|Hdiff(DC) Differential input high 2 x (V|H(dc) - Vref) Note 3 V 1
V\Ldiff (DC) Differential input low Note 3 2 % (V) gc) - Vref) \% 1
VHdiff (AC) Differential input high ac 2 % (Viy(ac) - Vref) Note 3 \Y;
V\Ldiff (AC) Differential input low ac Note 3 2 % (Vi (ac) - Vref) \Y 2
NOTE :

1)Used to define a differential signal slew-rate. For CK_t - CK_c use V| (dc) of CA and Vrerca;
for DQS_t - DQS_c, use Vip/V| pc) of DQs and Vrerpq; if @ reduced de-high or dc-low level is used for a signal group, then the reduced level applies also here.

2)For CK_t - CK_c use Vip/V| (ac) of CA and Vrerca; for DQS_t - DQS_c, use Vi/V ac) of DQs and Vgemq; if @ 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_t, CK_c, DQS_t, and DQS_c need to be within the respective limits (Viypcy max, Vi pc) min) for single-
ended signals as well as the limitations for overshoot and undershoot. Refer to Figure 10 Overshoot and Undershoot Definition.
4) For CK_t and CK_c, Vref = Vetcapc). For DQS_t and DQS_c, Vref = Vrema(pe):

[Table 17] Allowed time before ringback tDVAC for DQS_t/DQS_c

Slew Rate [V/ns]

tDVAC [ps] @ |lelLdiff(AC)| =270mV 1866Mbps

min max
>8.0 40 -
8.0 40 -
7.0 39 -
6.0 36 -
5.0 33 -
4.0 29 -
3.0 21 -
<3.0 21 -

[Table 18] Allowed time before ringback tDVAC for CK_t/CK_c

Slew Rate [V/ns]

tDVAC [ps] @ IlelLdiff(AC)I =270mV 1866Mbps

min max
>8.0 40 -
8.0 40 -
7.0 39 -
6.0 36 -
5.0 33 -
4.0 29 -
3.0 21 -
<3.0 21 -
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6.5.3 Single-ended requirements for differential signals

Each individual component of a differential signal (CK_t, DQS_t, CK_c, or DQS_c) has also to comply with certain requirements for single-ended signals.
CK_t and CK_c shall meet Vgg(AC)min / Vgg (AC)max in every half-cycle.

DQS_t, DQS_c shall meet Vgey(AC)min / Vgg (AC)max in every half-cycle preceeding and following a valid transition.

Note that the applicable ac-levels for CA and DQ’s are different per speed-bin.

VvVDDCAorVDDQ - — — — — — — — — —

VSEH(AC)min

VSSCAorvssQ - — — — — — — — — 4 — — — — |2 L time

Figure 5. Single-ended requirement for differential signals.

Note that while CA and DQ signal requirements are with respect to Vref, the single-ended components of differential signals have a requirement with
respect to VDDQ/2 for DQS_t, DQS_c and VDDCA/2 for CK_t, CK_c; this is nominally the same. The transition of single-ended signals through the ac-
levels is used to measure setup time. For single-ended components of differential signals the requirement to reach Vgg (AC)max, Vgey(AC)min has no

bearing on timing, but adds a restriction on the common mode characteristics of these signals.
The single ended requirements for CK_t, CK_c, DQS_t and DQS_c are found in Table 6.1.1 and Tabie 6.2.1, respectively.

[Table 19] Single-ended levels for CK_t, DQS_t, CK_c, DQS_c

Value
Symbol Parameter Unit Notes
Min Max
VseH Single-ended high-level for strobes (vDDQ/2)+0.150 Note 3 \Y 1,2
(AC150) Single-ended high-level for CK_t, CK_c (VDDCA/2)+0.150 Note 3 Y 1,2
VgeL Single-ended low-level for strobes Note 3 (vDDQ/2)-0.150 \Y 1,2
(AC150) Single-ended low-level for CK_t, CK_c Note 3 (VDDCA/2)-0.150 v 1,2
VseH Single-ended high-level for strobes (vDDQ/2)+0.135 Note 3 \ 1,2
(AC135) Single-ended high-level for CK_t, CK_c (VDDCA/2)+0.135 Note 3 \ 1,2
VgL Single-ended low-level for strobes Note 3 (vDDQ/2)-0.135 \Y 1,2
(AC135) Single-ended low-level for CK_t, CK_c Note 3 (VDDCA/2)-0.135 \ 1,2
NOTE :

1) For CK_t, CK_c use Vggp/VseL(ac) Of CA; for strobes (DQSO_t, DQSO_c, DQS1_t, DQS1_c, DQS2_t, DQS2_c, DQS3_t, DQS3_c) use V|/V) ac) of DQs.
2) VinacyViac) for DQs is based on Vrema; VseHacyVseL(ac) for CA is based on Vgerca; if @ 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_t, CK_c, DQSO0_t, DQS0_c, DQS1_t, DQS1_c, DQS2_t, DQS2_c, DQS3_t, DQS3_c need to be within
the respective limits (V|ypcy max, V) pcymin) for single-ended signals as well as the limitations for overshoot and undershoot. Refer to Table ,
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6.6 Differential Input Cross Point Voltage

To guarantee tight setup and hold times as well as output skew parameters with respect to clock and strobe, each cross point voltage of differential input
signals (CK_t, CK_c and DQS_t, DQS_c) must meet the requirements in Table . The differential input cross point voltage V|x is measured from the actual

cross point of true and complement signals to the mid-level between of VDD and VSS.

Vbpea Or Vppa

CK_t, DQS_t

Vssca Or Vssaq

Figure 6. Vix Definition

[Table 20] Cross point voltage for differential input signals (CK, DQS)

r— — -CK ¢c,DQS c

Value
Symbol Parameter Unit Notes
Min Max
Vixca Differential Input Cross Point Voltage relative to Vppca/2 for CK_t, CK_c -120 120 mV 1,2
Vixpa Differential Input Cross Point Voltage relative to Vppg/2 for DQS_t, DQS_c -120 120 mV 1,2
NOTE :

1)The typical value of Vixac) is expected to be about 0.5 x VDD of the transmitting device, and Vixac) is expected to track variations in VDD. V|xac) indicates the voltage at

which differential input signals must cross.

2) For CK_t and CK_C, Vref = VRefCA(DC)- For DQS_t and DQS_C, Vref = VRefDQ(DC)-
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6.7 Slew Rate Definitions for Single-Ended Input Signals

See CA and CS_n Setup, Hold and Derating for single-ended slew rate definitions for address and command signals.

See Data Setup, Hold and Slew Rate Derating for single-ended slew rate definitions for data signals.

6.8 Slew Rate Definitions for Differential Input Signals

Input slew rate for differential signals (CK_t, CK_c and DQS_t, DQS_c) are defined and measured as shown in Table and Figure 7.

[Table 21] Differential Input Slew Rate Definition

Measured

Description
from to

Defined by

Differential input slew rate for rising edge Vi A
(CK_t- CK_c and DQS_t - DQS_c). ILdiffmax IHdiffmin

[ViHdiffmin - ViLdiffmax] / DeltaTRdiff

Differential input slew rate for falling edge
(CK_t-CK_cand DQS_t - DQS_c).

VHdiffmin V\Ldiffmax [ViHdiffmin - ViLdiffmax] / DeltaTFdiff

NOTE :
1) The differential signal (i.e. CK_t - CK_c and DQS_t - DQS_c) must be linear between these thresholds.

Delta TRdiff

Differential Input Voltage (i.e.DQS_t - DQS_c, CK_t-CK_c)

Delta TFdiff

””” VIHdiffmin

—————————————————————————————— ViLdiffmax

Figure 7. Differential Input Slew Rate Definition for DQS_t, DQS_c and CK_t, CK_c
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7.0 ACAND DC OUTPUT MEASUREMENT LEVELS

7.1 Single Ended AC and DC Output Levels

Table shows the output levels used for measurements of single ended signals.

[Table 22] Single-ended AC and DC Output Levels

Symbol Parameter Value Unit Notes
VoH(pe) DC output high measurement level (for IV curve linearity) 0.9 x Vppq Vv 1
V
ODTot;_i(sDaCt;Ied DC output low measurement level (for IV curve linearity) 0.1 x Vppq \Y 2
V Vv x[0.1+0.9 x
ODTOGI:_;E;CE))Ied DC output low measurement level (for IV curve linearity) (RZ?\‘Q/ (RETT +Rop))] \% 3
Voniac)  |AC output high measurement level (for output slew rate) VRefdq *+ 0.12
VoLac) IAC output low measurement level (for output slew rate) VRefpg - 0.12
| Output Leakage current (DQ, DM, DQS_t, DQS _c¢) Min -5 UA
0z (DQ, DQS_t, DQS_c are disabled; 0V < Vot < Vppq Max 5 OA
Min -15 %
MMpypp  |Delta RON between pull-up and pull-down for DQ/DM
Max 15 %
NOTE :
1) lon = -0.TmA.
2) IOL =0.1mA.
3) The min value is derived when using RTT, min and RON,max (+/- 30% uncalibrated, +/-15% calibrated).
7.2 Differential AC and DC Output Levels
Table shows the output levels used for measurements of differential signals (DQS_t, DQS_c).
[Table 23] Differential AC and DC Output Levels
Symbol Parameter Value Unit Notes
VoHdiff (ac)  [AC differential output high measurement level (for output SR) +0.20 x Vppq \ 1
Voudiff(ac) |AC differential output low measurement level (for output SR) -0.20 x Vppq \ 2
NOTE :
1) IOH =-0.TmA.
2) IOL =0.1mA.
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7.3 Single Ended Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between Vg (ac) and Vopac) for
single ended signals as shown in Table and Figure 8.

[Table 24] Single-ended Output Slew Rate Definition

Measured
Description Defined by
from to
Single-ended output slew rate for rising edge VoLac) VoH(Ac) [Von(ac) - VoL(ac)l / DeltaTRse
Single-ended output slew rate for falling edge VoH(ac) VoLac) [Vonac) - VoL(ac)l / DeltaTFse

NOTE :
1) Output slew rate is verified by design and characterization, and may not be subject to production test.

f Delta TRsei

VoH(ac)

VRef

Single Ended Output Voltage(i.e DQ)

Vor(ac)

Figure 8. Single Ended Output Slew Rate Definition

[Table 25] Output Slew Rate (single-ended)

Value
Parameter Symbol Units
Min") Max?
Single-ended Output Slew Rate (Rpoy = 40Q +/- 30%) SRQse 1.5 4.0 Vins
Output slew-rate matching Ratio (Pull-up to Pull-down) 0.7 1.4
Description:
SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)
se: Single-ended Signals

NOTE :

1) Measured with output reference load.

2) 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, it represents
the maximum difference between pull-up and pull-down drivers due to process variation.

3) The output slew rate for falling and rising edges is defined and measured between Vo[ (ac) and Vopac)-

4) Slew rates are measured under average SSO conditions, with 50% of DQ signals per data byte switching.
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7.4 Differential Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between VOLdIff(AC) and
VOHUJiff(AC) for differential signals as shown in Table and Figure 9.

[Table 26] Differential Output Slew Rate Definition

Measured
Description Defined by
from to
Differential output slew rate for rising edge VoLdiff (AC) VOHdiff (AC) [VoHdiff (ac) - VoLdiff (ac)] / DeltaTRdiff
Differential OUtpUt slew rate for falllng edge VOHdiff (AC) VOLdiff (AC) [VOHdiff (AC) - VOLdiff (AC)] / DeltaTFdiff

NOTE :
1) Output slew rate is verified by design and characterization, and may not be subject to production test.

Delta TRdiff

VoHdiff(AC)

Differential Output Voltage (i.e DQS-DQS)

VoLdiff(AC)

Figure 9. Differential Output Slew Rate Definition

[Table 27] Differential Output Slew Rate

Value
Parameter Symbol Units
Min Max
Differential Output Slew Rate (Rgy = 40Q +/- 30%) SRQdiff 3.0 8.0 Vins
Description:
SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)

diff: Differential Signals

NOTE :
1) Measured with output reference load.
2) The output slew rate for falling and rising edges is defined and measured between Vg (ac) and Vopac)-

3) Slew rates are measured under average SSO conditions, with 50% of DQ signals per data byte switching.
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7.5 Overshoot and Undershoot Specifications

[Table 28] AC Overshoot/Undershoot Specification

Parameter 1866 Units
Maxmym peak amplitude allowed for overshoot area. Max 035 v
(See Figure 10)
Maxmym peak amplitude allowed for undershoot area. Max 035 v
(See Figure 10)
Maximum area above VDD.

M A V-

(See Figure 10) ax 0.10 ns
Maximum area below VSS.
(See Figure 10) Max 0.10 Vins

VDD
Volts Vss

V)

Figure 10. Overshoot and Undershoot Definition

NOTE :

1) VDD stands for VDDCA for CA[9:0], CK_t, CK_c, CS_n, and CKE. VDD stands for VDDQ for DQ, DM, ODT, DQS_t, and DQS_c.
2) VSS stands for VSSCA for CA[9:0], CK_t, CK_c, CS_n, and CKE. VSS stands for VSSQ for DQ, DM, ODT, DQS_t, and DQS_c.

3) Absolute maximum requirements apply.

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

Maximum Amplitude

Maximum Amplitude

Time (ns)

5) Maximum area values are referenced from maximum operating VDD and VSS values.
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8.0 OUTPUT BUFFER CHARACTERISTICS
8.1 HSUL_12 Driver Output Timing Reference Load

These ‘Timing Reference Loads’ are not intended as a precise representation of any particular system environment or a depiction of the actual load pre-
sented by a production tester. System designers should use IBIS or other simulation tools to correlate the timing reference load to a system environment.
Manufacturers correlate to their production test conditions, generally one or more coaxial transmission lines terminated at the tester electronics.

VRef
LPDDR3
SDRAM

Output

———0.5x VDDQ

R|°ad =50Q

l VTT =0.5x VDDQ

Cload = 5pF

Figure 11. HSUL_12 Driver Output Reference Load for Timing and Slew Rate

NOTE :

1) All output timing parameter values (like tposck, tbasas taHs, tHz: tReRe €tc.) are reported with respect to this reference load. This reference load is also used to report slew

rate.
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9.0 RONPU AND RONPD RESISTOR DEFINITION

(VDDQ — Vout)

RONPU =
ABS(lout)
NOTE :
1)This is under the condition that Ronpp is turned off.
Vout
RONPD = ———
ABS(lout)
NOTE :
1) This is under the condition that Ronpy is turned off.
Chip in Drive Mode
Output Driver
r— — — v
o
DDQ
A [
o |l Roneu !
other | |
circuitry 0
like || |7 Tout ba
RCV, R
e |l ONPD | Vout
| gl | v
—0
L BN _7h ssQ

Figure 12. Output Driver: Definition of Voltages and Currents
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9.1 RONPU and RONPD Characteristics with ZQ Calibration

Output driver impedance Rpy is defined by the value of the external reference resistor Rzq. Nominal Rzq is 240Q

[Table 29] Output Driver DC Electrical Characteristics with ZQ Calibration

RONnom Resistor Vout Min Nom Max Unit Notes
RoN3zaPD 0.5 x Vppq 0.85 1.00 1.15 Rzal7 1,2,3,4,6
34.3Q
RON34PU 0.5 x VDDQ 0.85 1.00 1.15 RZQ/7 1,2,314,6
Ronaopp 0.5 x Vppq 0.85 1.00 1.15 Rzq/6 1,2,3,4,6
40.0Q
Ronaopu 0.5 x Vppq 0.85 1.00 1.15 Rzq/6 1,2,3,4,6
Ronaspp 0.5 * Vppq 0.85 1.00 1.15 Rza/5 1,2,3,4,6
48.0Q
Ronaspu 0.5 x Vppq 0.85 1.00 1.15 Rza/5 1,2,3,4,6
Mismatch between
MM - + 0
pull-up and pull-down PUPD 15.00 15.00 % 12,3456
NOTE :
1) Across entire operating temperature range, after calibration.
2) RZQ = 2400Q.

3) The tolerance limits are specified after calibration with fixed voltage and temperature. For behavior of the tolerance limits if temperature or voltage changes after calibration,

see following section on voltage and temperature sensitivity.
4) Pull-down and pull-up output driver impedances are recommended to be calibrated at 0.5 x Vppq.

5) Measurement definition for mismatch between pull-up and pull-down,
MMPUPD: Measure RONPU and RONPD, both at 0.5 x VDDQ:
RONPU — RONPD y

MMPUPD =
RONNOM

For example, with MMPUPD(max) = 15% and RONPD = 0.85, RONPU must be less than 1.0
6) Output driver strength measured without ODT.

100

9.2 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 30] Output Driver Sensitivity Definition

Resistor Vout Min Max Unit Notes
Ronpp
85 - (dARONAT x |AT|) - (dRONdV % |AV|) 115 + (dRONAT % |AT]) + (dRONdV x |AV])
Ronpu 0.5 x VDDQ % 1,2
Rrr 85 - (dRTTdT x |AT|) - (dRTTdV % |AV]) 115 + (dRTTAT % |AT|) + (dRTTdV % |AV])
NOTE :
1) AT = T-T (@ calibration), AV = V - V (@ calibration)
2) dRONdT, dRONdV, dRTTdV, and dRTTdT are not subject to production test but are verified by design and characterization.
[Table 31] 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 % I mV
dRdT Ryt Temperature Sensitivity 0.00 0.75 %/ C
dRrdV Rt Voltage Sensitivity 0.00 0.20 % | mV

-63 -

SAMSUNG




Target Rev. 0.5
KMQE60013M-B318 MCP Memory

9.3 RONPU and RONPD Characteristics without ZQ Calibration

Output driver impedance Rpy is defined by design and characterization as default setting.

[Table 32] Output Driver DC Electrical Characteristics without ZQ Calibration

RONynom Resistor Vout Min Nom Max Unit Notes
RoN34PD 0.5 x VDDQ 24 34.3 446 Q 1
430 RoNz4pU 0.5 x VDDQ 24 34.3 446 Q 1
Ron4oPD 0.5 x VDDQ 28 40 52 Q 1
4000 RoNaoPU 0.5 x VDDQ 28 40 52 Q 1
RoN4sPD 0.5 x VDDQ 33.6 48 62.4 Q 1
4800 Ronaspu 0.5 x VDDQ 33.6 48 62.4 Q 1
Roneorp 0.5 x VDDQ 42 60 78 Q 1
00.00 RoONGOPU 0.5 x VDDQ 42 60 78 Q 1
Rongord 0.5 x VDDQ 56 80 104 Q 1
so.00 RoONgoPU 0.5 x VDDQ 56 80 104 Q 1

NOTE:
1) Across entire operating temperature range, without calibration.
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9.4 RZQ I-V Curve

[Table 33] RZQI-V Curve

RON = 24012 (Rzq)
Pull-Down Pull-Up
Current [mA] / Rgy [Ohms] Current [mA] / Roy [Ohms]
Voltage[V]
default value after ZQReset with Calibration default value after ZQReset with Calibration

Min Max Min Max Min Max Min Max

[mA] [mA] [mA] [mA] [mA] [mA] [mA] [mA]
0.00 0.00 0.00 n/a n/a 0.00 0.00 n/a n/a
0.05 0.17 0.35 n/a n/a -0.17 -0.35 n/a n/a
0.10 0.34 0.70 n/a n/a -0.34 -0.70 n/a n/a
0.15 0.50 1.03 n/a n/a -0.50 -1.03 n/a n/a
0.20 0.67 1.39 n/a n/a -0.67 -1.39 n/a n/a
0.25 0.83 1.73 n/a n/a -0.83 -1.73 n/a n/a
0.30 0.97 2.05 n/a n/a -0.97 -2.05 n/a n/a
0.35 1.13 2.39 n/a n/a -1.13 -2.39 n/a n/a
0.40 1.26 2.7 n/a n/a -1.26 -2.71 n/a n/a
0.45 1.39 3.01 n/a n/a -1.39 -3.01 n/a n/a
0.50 1.51 3.32 n/a n/a -1.51 -3.32 n/a n/a
0.55 1.63 3.63 n/a n/a -1.63 -3.63 n/a n/a
0.60 1.73 3.93 217 2.94 -1.73 -3.93 -2.17 -2.94
0.65 1.82 4.21 n/a n/a -1.82 -4.21 n/a n/a
0.70 1.90 4.49 n/a n/a -1.90 -4.49 n/a n/a
0.75 1.97 4.74 n/a n/a -1.97 -4.74 n/a n/a
0.80 2.03 4.99 n/a n/a -2.03 -4.99 n/a n/a
0.85 2.07 5.21 n/a n/a -2.07 -5.21 n/a n/a
0.90 2.1 5.41 n/a n/a 2.1 -5.41 n/a n/a
0.95 213 5.59 n/a n/a -2.13 -5.59 n/a n/a
1.00 217 5.72 n/a n/a -2.17 -5.72 n/a n/a
1.05 2.19 5.84 n/a n/a -2.19 -5.84 n/a n/a
1.10 2.21 5.95 n/a n/a -2.21 -5.95 n/a n/a
1.15 2.23 6.03 n/a n/a -2.23 -6.03 n/a n/a
1.20 2.25 6.11 n/a n/a -2.25 -6.11 n/a n/a

-65-

SAMSUNG



KMQE60013M-B318

Target Rev. 0.5

MCP Memory

8.00

6.00

4.00

2.00

mA 0.00

s PD) ZQ Reset Min
w=ill==PD ZOQReset Max

sl PU ZA Reset Min

wipee PU ZOReset Max

0 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20

-2.00 +
-6.00 iy
-8.00
Voltage (V)
Figure 13. I-V Curve after ZQ Reset

8.00

* PO ZOCal Min

PDZaCal

.00 | ®PDZ0cal Max

4 PUZOCal Min

% PUZOCal Max
4.00

L

2.00 =
mA 0.00
.00 0.10 020 030 0.40 0.50 0.60 0.70 0.80 0.90 1.00 110 120
-2.00 ]

e
40—
-6.00 ——————— — —_ -
-8.00 -

Voltage (V)

Figure 14. I-V Curve after Calibration
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9.5 ODT Levels and I-V Characteristics

On-Die Termination effective resistance, RTT, is defined by mode register MR11[1:0]. ODT is applied to the DQ, DM, and DQS_t/DQS_c pins. A functional
representation of the on-die termination is shown in the figure below. RTT is defined by the following formula:
RTTPU = (vDDQ - VOut) / | IOut |

oDT
L ——— Vbpa
‘ L/PU |
to other ‘ ‘
circuitry ‘ Rereu ‘ Vbpa - Vout
lout
| ES 3 5
L # Vour
l Vss

[Table 34] ODT DC Electrical Characteristics, assuming RZQ = 240 ohm after proper ZQ calibration

lout
Ryt (ohm) Vour (V) .
Min (mA) Max (mA)
RzQ/1 0.6 217 -2.94
RZQ/2 0.6 -4.34 -5.88
RZQ/4 0.6 -8.68 -11.76
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10.0 INPUT/OUTPUT CAPACITANCE

[Table 35] Input/output capacitance

NOTE :
1) This parameter applies to both die and package.

Parameter Symbol Value Units Notes
Min 2.6 pF 1,2
Input capacitance, CK_tand CK_c CCK
Max 4.5 pF 1,2
Min 0.0 pF 1,2,3
Input capacitance delta, CK_t and CK_c CDCK
Max 0.3 pF 1,2,3
. . . Min 2.6 pF 1,2,4
Cin, all other input-only pins except CS_n and CKE Ci1
Max 4.4 pF 1,2,4
Min 2.8 pF 1,2,4
Cin, CS0_n/CS1_n and CKEO / CKE1 Cl2
Max 4.4 pF 1,2,4
Cdelta, all other input-only pins CcDI Min -0.5 pF 12,5
except CS_n and CKE Max 0.5 pF 1,2,5
Min -0.5 pF 1,2,5,10
Cdelta, CS0_n/ CS1_n and CKEO / CKE1 CDI2
Max 0.5 pF 1,2,5,10
Min 2.5 pF 1,2,6,7
Input/output capacitance, DQ, DM, DQS_t, DQS_c Clo
Max 5.3 pF 1,2,6,7
Min 0.0 pF 1,2,7,8
Input/output capacitance delta, DQS_t, DQS_c CDDQS
Max 0.4 pF 1,2,7,8
Min -0.5 pF 1,2,7,9
Input/output capacitance delta, DQ, DM CDIO
Max 0.5 pF 1,2,7,9
Min 1.0 pF 1,2
Input/output capacitance ZQ Pin czQ
Max 7.2 pF 1,2
(Toper: Vona = 1.14~1.3V; Vppoa = 1.14~1.3V; Vppg = 1.7-1.95V, Vpp, = 1.14-1.3V)

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

3) Absolute value of Cek - Cek ¢

4) Cl applies to CS_n, CKE, CA0-CA9, ODT.
5) Cp=Cy-0.5x(Cck - Cek )

6) DM loading matches DQ and DQS.

7) MR3 1/0O configuration DS OP3-OP0 = 0001g (34.3 Q typical)

8) Absolute value of Cpgs t and Cpgs ¢
9) CDlO = C|o -0.5x (CDQS_l + CDQS_C) in byte-lane.
10) Cpj2 = Cj2- 0.25 x (Cck ¢ + Cek c)
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11.0 IDD SPECIFICATION PARAMETERS AND TEST CONDITIONS

11.1 IDD Measurement Conditions

The following definitions are used within the IDD measurement tables unless stated otherwise:
LOW: V |y £V, (DC) MAX

HIGH: V|y = V|x(DC) MIN

STABLE: Inputs are stable at a HIGH or LOW level

SWITCHING: See Table and Table .
[Table 36] Definition of Switching for CA Input Signals

Switching for CA
CK_t CK_t CK_t CK_t CK_t CK_t CK_t CK_t
(RISING) / (FALLING) / (RISING) / (FALLING) / (RISING) / (FALLING) / (RISING) / (FALLING) /
CK_c CK_c CK_c CK_c CK_c CK_c CK_c CK_c
(FALLING) (RISING) (FALLING) (RISING) (FALLING) (RISING) (FALLING) (RISING)
Cycle N N+1 N+2 N+3
CS_n HIGH HIGH HIGH HIGH
CAO0 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CA1 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA2 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CA3 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA4 HIGH LOW LOwW LOW LOW HIGH HIGH HIGH
CA5 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA6 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CA7 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA8 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CA9 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
NOTE :
1) CS_n must always be driven HIGH.
2) 50% of CA bus is changing between HIGH and LOW once per clock for the CA bus.
3) The above pattern (N, N+1, N+2, N+3...) is used continuously during IDD measurement for IDD vaiues that require switching on the CA bus.
[Table 37] Definition of Switching for IDD4R
Clock CKE CS_n Clock Cycle Number Command CAJ[0:2] CA[3:9] AllDQ
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 LLL LLLLLLL L
Rising H H N+2 NOP LLL LLLLLLL H
Falling H H N+2 NOP LLL LLLLLLL H
Rising H H N+3 NOP LLL LLLLLLL H
Falling H H N+3 NOP HLH HLHLLHL L
Rising H L N+4 Read_Rising HLH HLHLLHL H
Falling H L N+4 Read_Falling LHH HHHHHHH H
Rising H H N+5 NOP HHH HHHHHHH H
Falling H H N+5 NOP HHH HHHHHHH L
Rising H H N+6 NOP HHH HHHHHHH L
Falling H H N+6 NOP HHH HHHHHHH L
Rising H H N+7 NOP HHH HHHHHHH H
Falling H H N+7 NOP HLH LHLHLHL L
NOTE :

1) Data strobe (DQS) is changing between HIGH and LOW every clock cycle.
2) The above pattern (N, N+1...) is used continuously during IDD measurement for IDD4R.
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[Table 38] Definition of Switching for IDD4W

Clock CKE CS_n Clock Cycle Number Command CA[0:2] CA[3:9] AllDQ
Rising H L N Write_Rising HLL 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 LLL LLLLLLL L
Rising H H N+2 NOP LLL LLLLLLL H
Falling H H N+2 NOP LLL LLLLLLL H
Rising H H N+3 NOP LLL LLLLLLL H
Falling H H N+3 NOP HLL HLHLLHL L
Rising H L N+4 Write_Rising HLL HLHLLHL H
Falling H L N+4 Write_Falling LHH HHHHHHH H
Rising H H N+5 NOP HHH HHHHHHH H
Falling H H N+5 NOP HHH HHHHHHH L
Rising H H N+6 NOP HHH HHHHHHH L
Falling H H N+6 NOP HHH HHHHHHH L
Rising H H N+7 NOP HHH HHHHHHH H
Falling H H N+7 NOP HLL LHLHLHL L
NOTE :

1) Data strobe (DQS) is changing between HIGH and LOW every clock cycle.
2) Data masking (DM) must always be driven LOW.

3) The above pattern (N, N+1...) is used continuously during IDD measurement for IDD4W.

11.2 IDD Specifications

IDD values are for the entire operating voltage range, and all of them are for the entire standard range, with the exception of IDD6ET which is for the

entire extended temperature range.

[Table 39] LPDDR3 IDD Specification Parameters and Operating Conditions

Parameter/Condition Symbol Power Supply Notes
Operating one bank active-precharge current: Ibpo1 Vpp1
tck = tekmins tRe = tRemin: | v
CKE is HIGH; DD02 DD2
CS_n is HIGH between valid commands;
CA bus inputs are switching; | ) Vbpcas 3
Data bus inputs are stable DDO,in Vbba
ODT disabled
Idle power-down standby current: Ipp2pP1 Vb1
tek = tekming I v
CKE is LOW: DD2P2 DD2
CS_nis HIGH;
All banks are idle; v
CA bus inputs are switching; IpD2Pin \?DCA' 3
Data bus inputs are stable bba
ODT disabled
Idle power-down standby current with clock stop: IbD2ps1 Vb1
CK_t =LOW, CK_c =HIGH;
CKE is LOW: Ibb2ps2 Vbp2
CS_nis HIGH;
All banks are idle; ;
CA bus inputs are stable; IpD2Ps,in \?DCA’ 3
Data bus inputs are stable DDQ
ODT disabled
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[Table 39] LPDDR3 IDD Specification Parameters and Operating Conditions

Parameter/Condition Symbol Power Supply Notes
Idle non power-down standby current: IDD2N1 Vpp1
tek = tokming | v
CKE is HIGH; DD2N2 DbD2
CS_nis HIGH;
All banks are idle; Vv
CA bus inputs are switching; IDD2Nin \?DCA’ 3
Data bus inputs are stable DDQ
ODT disabled
Idle non power-down standby current with clock stopped: IbD2NS1 Vpp1
CK_t=LOW; CK_c=HIGH,; I v
CKE is HIGH,; DD2NS2 DD2
CS_nis HIGH;
All banks are idle; v
CA bus inputs are stable; IDD2NS,in VDDCA' 3
Data bus inputs are stable DDQ
ODT disabled
lActive power-down standby current: IppD3p1 Vpp1
tck = tokmins | v
CKE is LOW:; DD3P2 DD2
CS_nis HIGH;
One bank is active; Vv
CA bus inputs are switching; IDD3Pin \?DCA‘ 3
Data bus inputs are stable DDQ
ODT disabled
[Active power-down standby current with clock stop: IpD3Ps1 Vpp1
CK_t=LOW, CK_c=HIGH; I v
CKE is LOW; DD3PS2 DD2
CS_nis HIGH;
One bank is active; v
CA bus inputs are stable; IbD3PS,in VDDCA‘ 4
Data bus inputs are stable DDQ
ODT disabled
Active non-power-down standby current: IpD3N1 Vpp1
tck = tokmins : v
CKE is HIGH; DD3N2 DbD2
CS_nis HIGH;
One bank is active; Vv
CA bus inputs are switching; IDD3N,in \?DCA’ 4
Data bus inputs are stable DDQ
ODT disabled
Active non-power-down standby current with clock stopped: IbD3NS1 Vpp1
CK_t=LOW, CK_c=HIGH; I v
CKE is HIGH,; DD3NS2 DD2
CS_nis HIGH;
One bank is active; v
CA bus inputs are stable; IDD3NS,in DDCA- 4
Data bus inputs are stable Vbba
ODT disabled
Operating burst READ current: IDD4R1 VD1
tck = tokmins | v
CS_n is HIGH between valid commands; DD4R2 bb2
One bank is active; IpD4R in Vbpea
BL = 8; RL = RL(MIN);
CA bus inputs are switching;
50% data change each burst transfer Ibpara Vbba 5
ODT disabled
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[Table 39] LPDDR3 IDD Specification Parameters and Operating Conditions

Parameter/Condition Symbol Power Supply Notes

Operating burst WRITE current: IbDawi Vbp1
tck = tokmins | v
CS_n is HIGH between valid commands; DD4w2 pb2
One bank is active;
BL = 8; WL = WL(min); vV
CA bus inputs are switching; IDD4Win \EJDCAr 4
50% data change each burst transfer bba
ODT disabled
All-bank REFRESH Burst current: Ibps1 Vpp1
tck = tokmins | v
CKE is HIGH between valid commands; pD52 pD2
trc = tRrcabmin:
Burst refresh; Vboca
CA bus inputs are switching; Ipps,in y 4
Data bus inputs are stable; bbQ
ODT disabled
All-bank REFRESH Average current: IpD5AB1 Vpp1
tck = tekmins | v
CKE is HIGH between valid commands; DD5AB2 pb2
trc = trRerFn;
CA bus inputs are switching; I ) Vbpcas 4
Data bus inputs are stable; DDSAB,in Vbba
ODT disabled
Per-bank REFRESH Average current: IbDsPB1 Vpp1
tck = tokmins | v
CKE is HIGH between valid commands; bbspB2 bb2
trc = trRer/8;
CA bus inputs are switching; I ) Vbpeas 4
Data bus inputs are stable; DIELPRYn \Y

; DDQ
ODT disabled
Self refresh current (-25°C to +85°C): Ippe1 Vbp1 6,7,8,10
CK_t=LOW, CK_c=HIGH;
CKE is LOW: Ibpe2 Vbb2 6,7,8,10
CA bus inputs are stable;
Data bus inputs are stable; Vpbeas
Maximum 1x Self-Refresh Rate; 'o0s,in Vpba 46.7.8,10
ODT disabled
NOTE :

1) Published IDD values are the maximum of the distribution of the arithmetic mean.
2) ODT disabled: MR11[2:0] = 000g.

IDD current specifications are tested after the device is properly initialized.
Measured currents are the summation of Vppq and Vppca.

Guaranteed by design with output load = 5pF and RON = 40 ohm.

3
4
5

6) The 1x Self Refresh Rate is the rate at which the LPDDR3 device is refreshed internally during Self-Refresh, before going into the elevated Temperature range.

7) This is the general definition that applies to full-array Self Refresh.

8) Supplier datasheets may contain additional Self Refresh IDD values for temperature subranges within the Standard or elevated Temperature Ranges.

9) For all IDD measurements, V|HCKE =0.8 x VDDCA' VlLCKE =0.2 x VDDCA'
10) IDD6 85°C is guaranteed, IDD6 25°C is typical of the distribution of the arithmetic mean.
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11.3IDD Spec Table
[Table 40] IDD Specification for 16Gb DDP LPDDR3
Power 512M x32 .
Symbol Units
Supply 1866Mbps
IDDO04 VDD1 8 mA
IDDO IDDO, VDD2 355 mA
VDDCA,
IDD2P, VDD1 2 mA
\DD2P IDD2P, VDD2 5 mA
VDDCA,
IDD2P)y vDDQ 0.4 mA
IDD2PS; VDD1 2 mA
IDD2PS IDD2PS, VDD2 5 mA
VDDCA,
IDD2PSy vDDQ 0.4 mA
IDD2N4 VDD1 2.2 mA
IDD2N IDD2N, VDD2 6.5 mA
VDDCA
IDD2Ny vDDQ 10.2 mA
IDD2NS; VDD1 2.2 mA
IDD2NS IDD2NS, VDD2 5.5 mA
VDDCA
IDD2NS |y vDDQ 10.2 mA
IDD3P; VDDA 3 mA
\DD3P IDD3P, VDD2 9.5 mA
VDDCA
IDD3Py vDDQ 0.4 mA
IDD3PS; VDD1 3 mA
IDD3PS IDD3PS, VDD2 9.5 mA
VDDCA
IDD3PS|y vDDQ 0.4 mA
IDD3N4 VDD1 3 mA
IDD3N IDD3N, VDD2 10.5 mA
VDDCA
IDD3N)y vDDQ 10.2 mA
IDD3NS, VDD1 3 mA
IDD3NS IDD3NS, VDD2 9.5 mA
VDDCA
IDD3NS |y vDDQ 10.2 mA
IDD4R4 VDD1 7.3 mA
IDD4R, VDD2 192.5 mA
IDD4R
IDD4R |y VDDCA 12.6 mA
IDD4Rq vDDQ 255.1 mA
IDD4W, VDD1 3.2 mA
IDDAW IDD4W, VDD2 112.5 mA
VDDCA,
IDD4W vDDQ 55.2 mA

-73-

SAMSUNG




Target Rev. 0.5

KMQE60013M-B318 MCP Memory
[Table 40] IDD Specification for 16Gb DDP LPDDR3
Power 512M x32
Symbol Units
Supply 1866Mbps
IDD5,4 VDD1 41.4 mA
IDD5 IDD5, VDD2 152.5 mA
VDDCA,
IDD5)y vDDQ 10.2 mA
IDD5AB; VDD1 41 mA
IDD5AB IDD5AB, VDD2 14.5 mA
VDDCA,
IDD5PB; VDD1 4.1 mA
IDD5PB IDD5PB; VDD2 14.5 mA
VDDCA,
IDD5PB,y vDDQ 10.2 mA
25°C 0.86
IDD64 VDD1 mA
85°C 9
25°C 1.76
IDD6 IDD6, VDD2 mA
85°C 29.2
25°C 0.04
IDD6 VDDCA, mA
85°C vDDQ 0.4
OTE:
1) See Table , for notes.
[Table 41] IDD6 Partial Array Self-Refresh Current
16Gb DDP
Parameter Unit
25°C 85°C
VDD1 0.86 9
Full Array VvDD2 1.76 29.2 mA
VDDCA , vVDDQ 0.04 04
VDD1 0.7 5.8
1/2 Array VDD2 1.3 18.8 mA
Self-Refresh Current VDDA 0.62 4.2
1/4 Array VDD2 1.1 13.6 mA
VDDCA , vVDDQ 0.04 04
VDD1 0.58 3.4
1/8 Array VDD2 0.9 11 mA
VDDCA , vVDDQ 0.04 04

NOTE :
1) PASR(Partial Array Self-Refresh) function will be supported upon request. Please contact Samsung for more information.
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12.0 ELECTRICAL CHARACTERISTICS AND AC TIMING
12.1 Clock Specification

The jitter specified is a random jitter meeting a Gaussian distribution. Input clocks violating the min/max values may result in malfunction of the LPDDR3
device.

12.1.1 Definition for tCK(avg) and nCK

tCK(avg) is calculated as the average clock period across any consecutive 200 cycle window, where each clock period is calculated from rising edge to
rising edge.

N
tCK(avg) = Z tCK;|/N
=1
where N = 200

Unit tCK(avg) represents the actual clock average tCK(avg) of the input clock under operation. Unit ‘nCK’ represents one clock cycle of the input clock,

counting the actual clock edges.
tCK(avg) may change by up to +/-1% within a 100 clock cycle window, provided that all jitter and timing specs are met.

12.1.2 Definition for tCK(abs)

tck(abs) is defined as the absolute clock period, as measured from one rising edge to the next consecutive rising edge.
tck(abs) is not subject to production test.

12.1.3 Definition for tCH(avg) and tCL(avg)

tcH(avg) is defined as the average high pulse width, as calculated across any consecutive 200 high pulses.

N
tCH(avg) = Z tCH ;|/(N x 1CK(avg))
j=1
where N = 200

tcL(avg) is defined as the average low pulse width, as calculated across any consecutive 200 low pulses.

N
tCL(avg) = Z tCL |/ (N x tCK(avg))

ji=1
where N = 200

12.1.4 Definition for tJIT(per)

tyr(per) is the single period jitter defined as the largest deviation of any signal tCK from tCK(avg).
ty7(per) = Min/max of {tCK; - tCK(avg) where i = 1 to 200}.

ty7(per),act is the actual clock jitter for a given system.

tyr(per).aiowed IS the specified allowed clock period jitter.

t,r(per) is not subject to production test.
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12.1.5 Definition for tJIT(cc)

tJIT(cc) is defined as the absolute difference in clock period between two consecutive clock cycles.
ty7(cc) = Max of [{tCK(i +1) - tCK(i)}|.

ty7(cc) defines the cycle to cycle jitter.

ty7(cc) is not subject to production test.

12.1.6 Definition for tERR(nper)

nper) is defined as the cumulative error across n multiple consecutive cycles from tCK(avg).

(nper)

terr(nper),4ct is the actual clock jitter over n cycles for a given system.

terr(NPEr),al0wed 1S the specified allowed clock period jitter over n cycles.
(nper)

terr(nper) is not subject to production test.
itn-1
tERR(nper) = Z tCKj —nxtCK(avg)
j=i

terr(nper),min can be calculated by the formula shown below:

tERR(nper), min = (1 +0.68LN(n)) x tJIT (per), min
terr(nper),max can be calculated by the formula shown below

tERR(nper), max = (1 +0.68LN(n)) x tJIT(per), max

Using these equations, tegr(nper) tables can be generated for each tr(per),act value.

12.1.7 Definition for duty cycle jitter tJIT(duty)

t;7(duty) is defined with absolute and average specification of tCH / tCL.

tJIT(duty), min = MIN((¢tCH (abs), min—tCH (avg), min), (tCL(abs), min —tCL(avg), min)) x tCK(avg)

tJIT(duty), max = MAX((¢tCH (abs), max —tCH (avg), max), (tCL(abs), max —tCL(avg), max)) x tCK(avg)

12.1.8 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 42] Definition for tCK(abs), tCH(abs), and tCL(abs)

Parameter Symbol Min Unit
Absolute Clock Period tek(abs) tCK(avg),min + tJIT(per),min ps
Absolute Clock HIGH Pulse Width tcH(abs) tCH(avg),min + tJIT(duty),min / tCK(avg)min tck(avg)
Absolute Clock LOW Pulse Width tcL(abs) tCL(avg),min + tJIT(duty),min / tCK(avg)min tek(avg)

NOTE :
1) tCK(avg),min is expressed is ps for this table.
2) tJIT(duty),min is a negative value.
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12.2 Period Clock Jitter

LPDDRS devices can tolerate some clock period jitter without core timing parameter de-rating. This section describes device timing requirements in the
presence of clock period jitter (tJIT(per)) in excess of the values found in Table 45 and how to determine cycle time de-rating and clock cycle de-rating.

12.2.1 Clock period jitter effects on core timing parameters

(trcp: tRP tRTP twr: twrA: twTr: tRe: tRAS: tRRD: trAW)
Core timing parameters extend across multiple clock cycles. Period clock jitter will impact these parameters when measured in numbers of clock cycles.
When the device is operated with clock jitter within the specification limits, the LPDDR3 device is characterized and verified to support tnPARAM =

RU{traram / tckavg)h
When the device is operated with clock jitter outside specification limits, the number of clocks or tcy(avg) may need to be increased based on the values
for each core timing parameter.

12.2.1.1 Cycle time de-rating for core timing parameters

For a given number of clocks (tnPARAM), for each core timing parameter, average clock period (tckavg)) and actual cumulative period error
(terr(tnPARAM),aCt) in excess of the allowed cumulative period error (terr(tnparam).-@llowed), the equation below calculates the amount of cycle time de-
rating (in ns) required if the equation results in a positive value for a core timing parameter.

tPARAM + tERR(tnPARAM), act — tERR(tnPARAM), allowed
mPARAM

CycleTimeDerating = MAX{( —ICK(an)),O}

A cycle time derating analysis should be conducted for each core timing parameter. The amount of cycle time derating required is the maximum of the
cycle time de-ratings determined for each individual core timing parameter.

12.2.1.2 Clock Cycle de-rating for core timing parameters

For a given number of clocks (tnPARAM) for each core timing parameter, clock cycle de-rating should be specified with amount of period jitter (tJIT(per)).

For a given number of clocks (tnPARAM), for each core timing parameter, average clock period (tCK(avg)) and actual cumulative period error
(tERR(tnPARAM),act) in excess of the allowed cumulative period error (fERR(tnPARAM),allowed), the equation below calculates the clock cycle derating
(in clocks) required if the equation results in a positive value for a core timing parameter.

tPARAM + tERR(tnPARAM ), act —tERR(tnPARAM), allowed
tCK(avg)

ClockCycleDerating = RU{ }— tnPARAM

A clock cycle de-rating analysis should be conducted for each core timing parameter.

12.2.2 Clock jitter effects on Command/Address timing parameters

(tisca: ticas tiscs: tiies: tiscke: tiHcke: tisb: tiHb: tisckeb: tiHekeb)

These parameters are measured from a command/address signal (CKE, CS_n, CAO - CA9) transition edge to its respective clock signal (CK_t/CK_c)
crossing. The spec values are not affected by the amount of clock jitter applied (i.e. tJIT(per)), as the setup and hold are relative to the clock signal cross-
ing that latches the command/address. Regardless of clock jitter values, these values shall be met.
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12.2.3 Clock jitter effects on Read timing parameters

12.2.3.1 tRPRE

When the device is operated with input clock jitter, tRPRE needs to be de-rated by the actual period jitter (tJIT(per),act,max) of the input clock in excess
of the allowed period jitter (tJIT(per),allowed,max). Output de-ratings are relative to the input clock.

tJIT (per), act,max — tJIT(per),allowed,max)
tCK(avg)

tRPRE(min, derated) = 0.9 —(

For example,
if the measured jitter into a LPDDR3-1600 device has tCK(avg) = 1250 ps, tJIT(per),act,min = -92 ps and tJIT(per),act,max= + 134 ps, then
tRPRE,min,derated = 0.9 - (tJIT(per),act,max - tJIT(per),allowed,max)/tCK(avg) = 0.9 - (134 - 100)/1250= 0.8728 tCK(avg)

12.2.3.2 tLZ(DQ), tHZ(DQ), tDQSCK, tLZ(DQS), tHZ(DQS)

These parameters are measured from a specific clock edge to a data signal (DMn, DQm.: n=0,1,2,3. m=0 —31) transition and will be met with respect to
that clock edge. Therefore, they are not affected by the amount of clock jitter applied (i.e. tJIT(per).

12.2.3.3 tQSH, tQSL

These parameters are affected by duty cycle jitter which is represented by tCH(abs)min and tCL(abs)min.
These parameters determine absolute Data-Valid window(DVW) at the LPDDRS3 device pin.

Absolute min DVW @LPDDR3 device pin =

min { ( tQSH(abs)min — tDQSQmax), (tQSL(abs)min — tDQSQmax) }

This minimum DVW shall be met at the target frequency regardless of clock jitter.

12.2.3.4 tRPST

tRPST is affected by duty cycle jitter which is represented by tCL(abs). Therefore tRPST(abs)min can be specified by tCL(abs)min.
tRPST(abs)min = tCL(abs)min — 0.05 = tQSL(abs)min

12.2.4 Clock jitter effects on Write timing parameters

12.2.4.1 tDS, tDH

These parameters are measured from a data signal (DMn, DQm.: n=0,1,2,3. m=0 —31) transition edge to its respective data strobe signal (DQSn, DQSn :
n=0,1,2,3) crossing. The spec values are not affected by the amount of clock jitter applied (i.e. tJIT(per), as the setup and hold are relative to the data
strobe signal crossing that latches the data. Regardless of clock jitter values, these values shall be met.

12.2.4.2 tDSS, tDSH

These parameters are measured from a data strobe signal (DQSx_t, DQSx_c) crossing to its respective clock signal (CK_t/CK_c) crossing. The spec val-
ues are not affected by the amount of clock jitter applied (i.e. tJIT(per)), as the setup and hold of the data strobes are relative to the corresponding clock
signal crossing. Regardless of clock jitter values, these values shall be met.
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12.2.4.3 tDQSS

This parameter is measured from a data strobe signal (DQSx_t, DQSx_c) crossing to the subsequent clock signal (CK_t/CK_c) crossing. When the
device is operated with input clock jitter, this parameter needs to be de-rated by the actual period jitter tJIT(per),act of the input clock in excess of the
allowed period jitter tJIT(per),allowed.

tJIT (per), act,min—tJIT (per),allowed min

tDQSS(min, derated) = 0.75 —
tCK(avg)

tDOSS(max, derated) = 1.25— tJIT (per), act,max —tJIT (per),allowed ,max
tCK(avg)

For example,

if the measured jitter into a LPDDR3-1600 device has tCK(avg)= 1250 ps, tJIT(per),act,min = -93 ps and tJIT(per),act,max= + 134 ps, then
tDQSS,(min,derated) = 0.75 - (tJIT(per),act,min - tJIT(per),allowed,min)/tCK(avg) = 0.75 - (-93 + 100)/1250 = 0.7444 tCK(avg)

and

tDQSS,(max,derated) = 1.25 - (tJIT(per),act,max - tJIT(per),allowed,max)/tCK(avg) = 1.25 - (134 - 100)/1250 = 1.2228 tCK(avg)

12.3 LPDDR3 Refresh Requirements by Device Density

[Table 43] LPDDR3 Refresh Requirement Parameters (per density)

Parameter Symbol 8Gb Unit
Number of Banks 8
Refresh Window t
Tcase < 85°C REFW 32 ms
Refresh Window t
1/2-Rate Refresh REFW 16 ms
Refresh Window t
1/4-Rate Refresh REFW 8 ms
Required number of
REFRESH commands (min) R 8,192 -
average time REFab tREFI 3.9 us
between REFRESH commands REFpb tREFIpb 0.4875 us
Refresh Cycle time tRFCab 210 ns
Per Bank Refresh Cycle time tRFCpb 90 ns

NOTE :
1) Please refer to LPDDR3 SDRAM Addressing.

[Table 44] LPDDR3 Read and Write Latencies

Parameter Value Unit
1866
Max. Clock frequency 933 MHz
Max. Data Rate 1866 MT/s
Average Clock Period 1.07 ns
Read Latency 14 tCK(avg)
Write Latency (SetA) 8 tCK(avg)
Write Latency (Set B)" 11 tCK(avg)

NOTE:

1) Write Latency (Set B) support is an optional feature. Refer to MRO OP<6>.
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12.4 ACTiming

Notes 1), 2), 3) and 4) apply to all parameters.
[Table 45] LPDDR3 AC Timing Table

Min/ Data Rate
Parameter Symbol Unit
Max 1866
Maximum clock frequency fek - 933 MHz
Clock Timing
_ MIN 1.07
Average Clock Period tCK(an) AX 00 ns
. MIN 0.45
Average HIGH pulse width tCH(an) A 055 tCK(avg)
. MIN 0.45
Average LOW pulse width tcL(avg) AX 058 tek(avg)
Absolute clock period tck(abs) MIN tck(avg) MIN + tjr(per) MIN ns
. MIN 0.43
Absolute clock HIGH pulse width tcH(abs) VAX o5 tek(avg)
. MIN 0.43
Absolute clock LOW pulse width tcL(abs) VIAX 057 tekavg)
Clock period jitter (with supported jitter) LiT(per), MIN €0 ps
allowed MAX 60
Msfmmum CIoS:k Jitter between two consecutive clock cycles tiT(ce) MAX 120 os
(with allowed jitter) allowed
min((tcy(abs),min - toy(avg),min),
MIN b . N x
N . . tiT(duty): (tcL(@bs),min - toy (avg),min)) x tck(avg)
Duty cycle jitter (with supported jitter) Y ps
allowed " max((tcy(abs),max - tep(avg),max),
(tcL(abs),max - tgy (avg),max)) X tck(avg)
MIN -88
Cumulative error across 2 cycles 'ERR(2per) ps
allowed MAX 88
MIN -105
Cumulative error across 3 cycles {ERR(3per) ps
allowed MAX 105
MIN -117
Cumulative error across 4 cycles {ERR(4per) ps
allowed MAX 117
MIN -126
Cumulative error across 5 cycles {ERR(5per), ps
allowed MAX 126
MIN -133
Cumulative error across 6 cycles {ERR(6per), ps
allowed MAX 133
MIN -139
Cumulative error across 7 cycles {ERR(7pen) ps
allowed MAX 139
MIN -145
Cumulative error across 8 cycles {ERR(8per), ps
allowed MAX 145
MIN -150
Cumulative error across 9 cycles {ERR @pen) ps
allowed MAX 150
MIN -154
Cumulative error across 10 cycles {ERR(10per), ps
allowed MAX 154
MIN -158
Cumulative error across 11 cycles tERR(11per), ps
allowed MAX 158
MIN -161
Cumulative error across 12 cycles {ERR(12pen) ps
allowed MAX 161
MIN tERR(nper),allowed MIN = (1 + 0.68In(n)) X tj7(per),
c lati 13. 14 19. 20 | tERR(nper) allowed MIN
umulative error across n = 13, 14 . . . 19, 20 cycles g ps
allowed MAX tERR(nper),allowed MAX = (1 + 0.68In(n)) %
tyiT(per), allowed MAX
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Parameter Symbol l\'sll;r;: Da:as:eate Unit
ZQ Calibration Parameters
Initialization calibration time tzaiNiT MIN 1 us
Long calibration time tzacL MIN 360 ns
Short calibration time tzacs MIN 20 ns
Calibration RESET Time tzQRESET MIN Max (50ns, 3tck) ns
READ Parameters®)
DQS output access time from CK_t/CK_c tbasck MIN 2500 ps
MAX 5500
DQSCK delta short ¥ tbasckos MAX 190 ps
DQSCK delta medium © tbasckom MAX 435 ps
DQSCK delta long 7 tbasckoL MAX 525 ps
DQS - DQ skew tbasa MAX 115 ps
DQS Output High Pulse Width tasH MIN tcp(abs) - 0.05 tck(avg)
DQS Output Low Pulse Width tasL MIN tc (abs) - 0.05 tck(avg)
DQ / DQS output hold time from DQS ton MIN min(tash, tast) ps
Read preamble®- 1) tRPRE MIN 0.9 tck(avg)
Read postamble®) 12) trpsT MIN 0.3 tek(avg)
DQS low-Z from clock®) tLz(pas) MIN toasckmin - 300 ps
DQ low-Z from clock® tizpaq) MIN thasck (viN) - 300 ps
DQS high-Z from clock®) tizoas) MAX thasck (vax) - 100 ps
DQ high-Z from clock® thz(pq) MAX tbasck,max) * (1.4 * toasa,(max)) ps
WRITE Parameters®)
DQ and DM input hold time (Vref based) toH MIN 130 ps
DQ and DM input setup time (Vref based) tps MIN 130 ps
DQ and DM input pulse width toipw MIN 0.35 tek(avg)
Write command to 1st DQS latching transition tbass Min 075 tekavg)
MAX 1.25
DQS input high-level width tbasH MIN 0.4 tck(avg)
DQS input low-level width tbast MIN 0.4 tck(avg)
DQS falling edge to CK setup time tbss MIN 0.2 tek(avg)
DQS falling edge hold time from CK tbsH MIN 0.2 tck(avg)
Write postamble twpsT MIN 0.4 tck(avg)
Write preamble twpPRE MIN 0.8 tck(avg)
CKE Input Parameters
CKE minimum pulse width (HIGH and LOW pulse width) tcke MIN max(7.5ns, 3tCK) ns
CKE input setup time tiscke > MIN 0.25 tek(avg)
CKE input hold time tiexe' MIN 0.25 tok(avg)
Command path disable delay tcppeED MIN 2 tek(avg)
Command Address Input Parameters?
Address and control input setup time tisca™ MIN 130 ps
Address and control input hold time tinca™® MIN 130 ps
CS_n input setup time tiscs™ MIN 230 ps
CS_n input hold time tincs™ MIN 230 ps
Address and control input pulse width tipwea MIN 0.35 tek(avg)
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Parameter Symbol L) Data Rate Unit

Max 1866

CS_n input pulse width tipwes MIN 0.7 tek(avg)

Boot Parameters (10 MHz - 55 MHz)16)’17)’ i)

Clock Cycle Time tckb MAX 100 ns
MIN 18

CKE Input Setup Time tisckeb MIN 25 ns

CKE Input Hold Time tiHcKED MIN 25 ns

Address and Control Input Setup Time tisb MIN 1150 ps

Address and Control Input Hold Time tiHb MIN 1150 ps

DQS Output Data Access Time from CK_t/CK_c tbasckb MIN 20 ns
MAX 10.0

Data Strobe Edge to Output Data Edge tbasab MAX 1.2 ns

Mode Register Parameters

MODE REGISTER WRITE command period tMRW MIN 10 tekavg)

MODE REGISTER READ command period tMRR MIN 4 tek(avg)

Mode register set command delay tvrRD MIN Max(14ns, 10tCK) ns

Core Parameters'®

READ latency RL MIN 14 tck(avg)

WRITE latency (setA) WL MIN 8 tek(avg)

WRITE latency (set B) WL MIN 11 tck(avg)

ACTIVATE-to-ACTIVATE command period tre MIN tt::;:tt:::bb(mthh :grlg;i ;:)rfeccr;aar%ee)) ns

CKE ik, e il g SE1) R i ) .

SELF REFRESH exit to next valid command delay txsr MIN Max (trecap + 1008, 2tck) ns

Exit power down to next valid command delay txp MIN Max(7.5ns, 3tck) ns

CAS-to-CAS delay tcep MIN 4 tek(avg)

Internal READ to PRECHARGE command delay trTP MIN Max(7.5ns, 4tck) ns

RAS-to-CAS delay treD(typ) MIN Max (18ns, 3tck) ns

Row precharge Time (single bank) tRPpb (typ) MIN Max (18ns, 3tck) ns

Row Precharge Time (all banks) tRPab (typ) MIN Max(21ns, 3tck) ns
MIN Max(42ns, 3tck) ns

Row active time tras Min (9 x tge) x Refresh rate Multiplier,
MAX us

70.2) 20)

WRITE recovery time twr MIN Max(15ns, 4tck) ns

Internal WRITE-to READ command delay twTr MIN Max(7.5ns, 4tck) ns

Active bank A to Active bank B tRrRD MIN Max(10ns, 2tck) ns

Four bank ACTIVATE Window traw MIN Max(50ns, 8tck) ns

ODT Parameters

Asynchronous Ryt turn-on delay from ODT input tobTon MIN 175 ns
MAX 35

Asynchronous Ryt turn-off delay from ODT input topToff MIN 175 ns
MAX 3.5

Automatic Ryt turn-on delay after READ data taoDTon MAX toasck * 1.4 X tpasq,max * tck(avg,min) ps

Automatic Ryt turn-off delay after READ data taoDToff MIN tbasck min - 300 ps

R+t disable delay from power down, self refresh tobTd MAX 12 ns

R+t enable delay from power down and self refresh exit topnTe MAX 12 ns

CA Training Parameters
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Parameter Symbol l\'sll;r;: Da:as:eate Unit

First CA calibration Command after CA calibration mode is pro- teAMRD MIN 20 teK(avg)
grammed

First CA calibration Command after CKE is LOW tcaAENT MIN 10 tek(avg)
CA calibration Exit Command after CKE is HIGH tcaEXT MIN 10 tck(avg)
CKE LOW after CA calibration mode is programmed tcACKEL MIN 10 tekavg)
CKE HIGH after the last CA calibration results are driven. tcACKEH MIN 10 tckavg)
gD;tr?"cTJ]l:ddelay after CA training calibration command is pro- tADR MAX 20 ns
MRW CA exit command to DQ tri-state tmMrz MIN 3 ns
CA calibration command to CA calibration command delay tcaco MIN RU(tApr*2 X tck) tek(avg)

Write Leveling Parameters
DQS_t/DQS_c delay after write leveling mode is programmed twLDQSEN MIN 25 ns
First DQS_t/DQS_c edge after write leveling mode is programmed twLMRD MIN 40 ns
Write leveling output delay twLo MAX 20 ns
Write leveling hold time twiH MIN 150 ps
Write leveling setup time twis MIN 150 ps
Temperature De-Rating18)

DQS output access time from CK_t/CK_c (derated) tbasck MAX 5620 ps
RAS-to-CAS delay (derated) treD MIN trep + 1.875 ns
ACTIVATE-to- ACTIVATE command period (derated) tre MIN trag (derated) + tgp (derated) ns
Row active time (derated) tras MIN trag + 1.875 ns
Row precharge time (derated) trp MIN trp + 1.875 ns
Active bank A to active bank B (derated) tRRD MIN trrp + 1.875 ns
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NOTE :

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 2 V/ns for single ended signals.

3) Measured with 4 V/ns differential CK_t/CK_c slew rate and nominal VIX.

4) READ, WRITE, and Input setup and hold values are referenced to Vrgp.

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

6) thasckom is the absolute value of the difference between any two tpqsck measurements (in a byte lane) within a 1.6us rolling window. tpqsckpwm is not tested and is guaran-
teed by design. Temperature drift in the system is < 10°C/s. Values do not include clock jitter.

7) tbasckol is the absolute value of the difference between any two tpqgck measurements (in a byte lane) within a 32ms rolling window. tpqsckpy is not tested and is guaran-
teed by design. Temperature drift in the system is < 10°C/s. Values do not include clock jitter.

8) For LOW-to-HIGH and HIGH-to-LOW transitions, the timing reference is at the point when the signal crosses the transition threshold (V7). 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)). Operating and Timing Figure 10. LPDDRS3: tDQSCKDM timing shows
a method to calculate the point when device is no longer driving tHZ(DQS) and tHZ(DQ), or begins driving tLZ(DQS), 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.

9) Output Transition Timing

/ VOH Yy Xi y oy
vTT+2mev—z 2xX OH-AM
Vir+Ymv t zpasy tLzpaq) ) Vo - 2x X mV
ctual s M t  t
VTT 2 2 v HZ(DQS) ‘HZ(DQ) VTT
% A 4

Vr-Ymv xY /- VoL +2x X mV

VTT- 2xY mV ¥ VOL +XmV
T T2 — Vou 172

Start driving point =2 xT1 -T2 End driving point=2xT1 -T2

10)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_t-DQS_c.

11) Measured from the point when DQS_t/DQS_c begins driving the signal to the point when DQS_t/DQS_c begins driving the first rising strobe edge.

12) Measured from the last falling strobe edge of DQS_t/DQS_c to the point when DQS_t/DQS_c finishes driving the signal.

13) CKE input setup time is measured from CKE reaching a HIGH/LOW voltage level to CK_t/CK_c crossing.

14) CKE input hold time is measured from CK_t/CK_c crossing to CKE reaching a HIGH/LOW voltage level.

15) Input set-up/hold time for signal (CA[9:0], CS_n).

16) To ensure device operation before the device is configured, a number of AC boot-timing parameters are defined in this table. Boot parameter symbols have the letter b
appended (for example, tCK during boot is tCKb).

17) The LPDDR3 device will set some mode register default values upon receiving a RESET (MRW) command as specified in “Mode Register Definition”.

18) The output skew parameters are measured with default output impedance settings using the reference load.

19) The minimum tCK column applies only when tCK is greater than 6ns.

20) Refresh rate multiplier is specified by MR4, OP[2:0].
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12.5 CA and CS_n Setup, Hold and Derating

For all input signals (CA and CS_n) the total t|g (setup time) and ty (hold time) required is calculated by adding the data sheet t|g(base) and ty(base)
value (see Table ) to the At;g and Aty derating value (see Table ) respectively.

Example: t,g (total setup time) = tig(base) + Atjg

Setup (tjs) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrer(pc) and the first crossing of V| acymin. Setup
(ts) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of Vrer(pc) and the first crossing of VILacymax. If the
actual signal is always earlier than the nominal slew rate line between shaded ‘Vrer(pc) to ac region’, use nominal slew rate for derating value (see
Figure 15). If the actual signal is later than the nominal slew rate line anywhere between shaded Vgep(pc) to ac region’, the slew rate of a tangent line to
the actual signal from the ac level to dc level is used for derating value (see Figure 17).

Hold () nominal slew rate for a rising signal is defined as the slew rate between the last crossing of V|| (pcymax and the first crossing of Vrer(pc). Hold
(ty) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of Vi pcymin and the first crossing of Vrer(pc). If the actual
signal is always later than the nominal slew rate line between shaded ‘dc to Vrer(pc) region’, use nominal slew rate for derating value (see Figure 16). If
the actual signal is earlier than the nominal slew rate line anywhere between shaded ‘dc to Vrep(pc) region’, the slew rate of a tangent line to the actual
signal from the dc level to Vrer(pc) level is used for derating value (see Figure 18).

For a valid transition the input signal has to remain above/below V| (ac) for some time tyac (see Table ).

Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have reached V y;_ac) at the time of the rising clock
transition) a valid input signal is still required to complete the transition and reach V) (ac)-

For slew rates in between the values listed in Table , the derating values may obtained by linear interpolation.

These values are typically not subject to production test. They are verified by design and characterization.

[Table 46] CA Setup and Hold Base-Values

Data Rate
unit [ps] OReR reference
t|SCA (base) 62.5 VIH/L(ac) = VREF(dC)+/_1 35mV
tiHCA (base) 80 ViHiL(de) = VREF(deyt/-100mV

NOTE :
1) ac/dc referenced for 2V/ns CA slew rate and 4V/ns differential CK_t-CK_c slew rate.

[Table 47] CS_n Setup and Hold Base-Values

Data Rate
unit [ps] — reference
tiscs (base) 162.5 VIH/L(ac) = VREF(dC)+/'1 35mV
t|HCS (base) 180 VIH/L(dc) = VREF(dC)+/_1 00mV

NOTE :
1) ac/dc referenced for 2V/ns CS_n slew rate and 4V/ns differential CK_t-CK_c slew rate.
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[Table 48] Derating values t;g/t; - ac/dc based AC150

AtISCA! AtlHCA! At|scs, Atmcs derating in [ps] AC/DC based
AC150 Threshold -> V|H(Ac)=VREF(Dc)+150mV, VIL(AC)=VREF(DC)'1 50mV
DC100 Threshold -> V|H(DC)=VREF(DC)+1 oomyV, V|L(DC)=VREF(DC)-1 oomV

CK_t, CK_c Differential Slew Rate
8.0 V/ns 7.0 Vins 6.0 V/ns 5.0 Vins 4.0 Vins 3.0 V/ns

AtIS AtIH AtIS AtIH AtIS AtIH AtIS AtIH AtIS AtIH AtIS AtIH

4.0 38 25 38 25 38 25 38 25 38 25 - -

CA,CS_n
Slew 3.0 - - 25 17 25 17 25 17 25 17 38 29
rate 2.0 - - - - 0 0 0 0 0 0 13 13
Vins
1.5 - - - - - - -25 -7 -25 A7 -12 -4
NOTE :

1) Cell contents shaded in red are defined as ‘not supported’.

[Table 49] Required time tyac above Vi ac) {below V) ac)} for valid transition for CA

Slew Rate [Vins] _ tVAC [ps] @ 135mV 1866Mbps
min max

>4.0 40 -

4.0 40 -

35 39 -

3.0 36 -

25 33 -

2.0 29 -

15 21 -

<15 21 -
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Vssca

Setup Slew Rate _ VRef(DC) - ViL(ag)max
Falling Signal

| Wp—

4

/ slew rate

ATF

tIS tIH

nominal

ATF

nominal
slew rate

ATR

Setup Slew Rate _ ViH (ac)Min - VRrefiDC)
Rising Signal ~

ATR

Figure 15. lllustration of nominal slew rate and tysc for setup time t;g for CA and CS_n with respect to clock.
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nominal
slew rate

nominal
slew rate ——

ATR ATF

Hold Slew Rate _ VRef(oc) - ViLO)M3X  Hold Slew Rate _ ViH (0c)Min - VRef(pc)
Rising Signal ATR Falling Signal ~ ATF

Figure 16. lllustration of nominal slew rate for hold time t for CA and CS_n with respect to clock
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CK c

VlL(DC) max

VlL(AC) max

nominal

Vssca

| S—_—

line

tIS tIH
+“—r | —>

nominal
line

tangent
line

tangent Iine[V||_|(,o\c)min - VRef(DC)]

Setup Slew Rate_

Rising Signal

ATF

—

ATR

Setup Slew Rate _ tangent line[Vgesipc) - ViL(acymax]

Falling Signal

ATF

Figure 17. lllustration of tangent line for setup time t;g for CA and CS_n with respect to clock
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CKec ====-=-+1 - -
\
\
CK t ~ = -
s | tiH
“—>|—>
Vooch T T T T T -
ViHacymin - — — — —|— — — — — — - - ominal
line

ViHpcymin = — — — — = — — = — — e

dc to VRet

region tangent
VRefbe) - ————fF—-—————HKp- & — — — — — — ]

tangent

dc o Vief et —T

region
Vicpgymax = — =y —|= — — — — |- -~ =~~~
ViLaoymax - — — = 8 - — — =~ [-—————— = — ]
VsscA - — — — — — — — — — — - = — - — -

—P| (- — -—
ATR ATF
Hold Slew Rate_ tangentline [ Vrefpc) - ViLpcymax ]
Rising Signal ~ ATR

Hold Slew Rate _ tangentline [V ypcymin - Vsefpc) |
Falling Signal ~ ATE

Figure 18. lllustration of tangent line for hold time ty for CA and CS_n with respect to clock
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12.6 Data Setup, Hold and Slew Rate Derating

For all input signals (DQ, DM) the total tDS (setup time) and tDH (hold time) required is calculated by adding the data sheet tDS (base) and tDH(base)
value (see Table ) to the AtDS and AtDH (see Table ) derating value respectively. Example: tDS (total setup time) = tDS(base) + AtDS.

Setup (tDS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrer(pc) and the first crossing of Viyacymin.
Setup (tDS) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of Vrer(pc) and the first crossing of Vj (acymax (see
Figure 19). If the actual signal is always earlier than the nominal slew rate line between shaded ‘VREF(DC) to ac region’, use nominal slew rate for derating
value. If the actual signal is later than the nominal slew rate line anywhere between shaded ‘Vrerpc) to ac region’, the slew rate of a tangent line to the
actual signal from the ac level to dc level is used for derating value (see Figure 21).

Hold (tDH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of V) pcymax and the first crossing of Vrep(pc). Hold
(tDH) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of V| pcymin and the first crossing of Vrer(pc) (see
Figure 20). If the actual signal is always later than the nominal slew rate line between shaded ‘dc level to Vgep(pc) region’, use nominal slew rate for
derating value. If the actual signal is earlier than the nominal slew rate line anywhere between shaded ‘dc to Vrer(pc) region’, the slew rate of a tangent
line to the actual signal from the dc level to Vrefpc) level is used for derating value (see Figure 22).

For a valid transition the input signal has to remain above/below V| (ac) for some time tyac (see Table 17).

Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have reached V y;_ac) at the time of the rising clock
transition) a valid input signal is still required to complete the transition and reach V) (ac)-

For slew rates in between the values listed in the tables the derating values may obtained by linear interpolation.
These values are typically not subject to production test. They are verified by design and characterization

[Table 50] Data Setup and Hold Base-Values

Data Rate
[ps] reference
1866
tDs(base) 62.5 ViHiL(ac) = VREF(de)t/-135mV
tDH(base) 80 VIH/L(dC) = VREF(dC)+/'1 oomv

NOTE :
1) ac/dc referenced for 2V/ns DQ, DM slew rate and 4V/ns differential DQS_t-DQS_c slew rate and nominal V.
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[Table 51] Derating values LPDDRS3 tpg/tpy - ac/dc based AC150

AtDS, AtDH derating in [ps] AC/DC based
AC150 Threshold -> V|H(Ac)=VREF(DC)+150mV, VIL(AC)=VREF(DC)'1 50mV
DC100 Threshold -> V|H(DC)=VREF(DC)+1 OOmV, V|L(DC)=VREF(DC)-1 00mVv

DQS_t, DQS_c Differential Slew Rate
8.0 V/ns 7.0 Vins 6.0 V/ns 5.0 Vins 4.0 Vins 3.0 V/ns
AtIS AtIH AtIS AtIH AtIS AtIH AtIS AtIH AtIS AtIH AtIS AtIH
4.0 38 25 38 25 38 25 38 25 38 25 - -
DQ, DM

Slew 3.0 - - 25 17 25 17 25 17 25 17 38 29
rate 2.0 - - - - 0 0 0 0 0 0 13 13

Vins
1.5 - - = - - - 25 17 25 A7 12 -4

NOTE :

1) Cell contents shaded in red are defined as ‘not supported’.

[Table 52] Required time tyac above Viyac) {below V (ac)} for valid transition for DQ, DM

Slew Rate [V/ns] : tVAC [ps] @ 135mV 1866Mbps
min max
>4.0 40 -
4.0 40 -
3.5 39 -
3.0 36 -
25 33 -
2.0 29 -
1.5 21 -
<1.5 21 -
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DQS ¢ -=-=-=-- - -
\
\
DQS _t | U -
tDS tDH
—> | —>
Vbp @ T | T T T~ -
tVAC
ViHacymin - — — — — + — — — — — + — — — A — N\ — - s
VRes t0 ac
region
Vihwogymin _ | _ [ _/L/%_ __ _ _ -
nominal
slew rate
VRef(DC) R — — - — — — — — b _— — & — — — — — — -
nominal
/slew rate
ViLpcy max - — AN\ NIRRT ITINIT
VRef tO ac
region
VlL(AC) max - — 4 - - — — = g— — -
tvac
Vssa - — = _———_)-—_——_—_—-— - ——-
—> «— —> «—
ATF ATR

Setup Slew Rate _ VRef(Dc) - ViLiac)maX  Setup Slew Rate _ ViHpac)Min - Vrefipc)
Falling Signal ATF Rising Signal ATR

Figure 19. lllustration of nominal slew rate and tysc for setup time tpg for DQ with respect to strobe
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Hold Slew Rate _ VRef(pc) - ViL(pc)max
Rising Signal ~

nominal
slew rate ——

ATR

ATR

Falling Signal

nominal
slew rate

Hold Slew Rate _ ViHDCc)MIN - VRef(DC)

ATF

Figure 20. lllustration of nominal slew rate for hold time tpy for DQ with respect to strobe
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Figure 21. lllustration of tangent line for setup time tpg for DQ with respect to strobe
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LPDDR3 SDRAM Command Definitions and Timing Diagrams
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1.0 POWER-UP, INITIALIZATION, AND POWER-OFF

1.1 Voltage Ramp and Device Initialization

The following sequence must be used to power up the device. Unless specified otherwise, this procedure is mandatory.

+ Voltage Ramp : While applying power (after Ta), CKE must be held LOW (< 0.2 x Vppca) and all other inputs must be between V, in @and Viymax-

The device outputs remain at High-Z while CKE is held LOW.
Following the completion of the voltage ramp (Tb), CKE must be maintained LOW. DQ, DM, DQS_t and DQS_c voltage levels must be between VSSQ
and VDDQ during voltage ramp to avoid latchup. CK_t, CK_c, CS_n and CA input levels must be between Vggca and Vppca during voltage ramp to

avoid latch-up. Voltage ramp power supply requirements are provided in Voltage Ramp Conditions table.

[Table 1] Voltage Ramp Conditions

After... Applicable Conditions
Ta is reached VDD1 must be greater than VDD2-200mV
VDD1 and VDD2 must be greater than VDDCA-200mV
VDD1 and VDD2 must be greater than VDDQ-200mV
VRef must always be less than all other supply voltages

NOTE :

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

2) Noted conditions apply between Ta and power-off (controlled or uncontrolled).

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

5) The voltage difference between any of VSS, VSSQ, and VSSCA pins must not exceed 100mV.

Beginning at Tb, CKE must remain LOW for at least 14, after which CKE can be asserted HIGH. The Clock must be stable at least t)\ 12 prior to the first
CKE LOW-to-HIGH transition(Tc). CKE, CS_n and CA inputs must observe setup and hold requirements(t;s, t;4) with respect to the first rising clock edge
(as well as to subsequent falling and rising edges).

If any MRR commands are issued, the clock period must be within the range defined for tCKb. MRW commands can be issued at normal clock frequen-
cies as long as all AC Timings are met. Some AC parameters (for example, tpqsck) could have relaxed timings (such as tpggckp) before the system is
appropriately configured. While keeping CKE HIGH, NOP commands must be issued for at least ty 3 (Td). The ODT input signal may be in undefined
state until tg before CKE is registered HIGH. When CKE is registered HIGH, the ODT input signal shall be statically held at either LOW or HIGH. The
ODT input signal remains static until the power up initialization sequence is finished, including the expiration of tzqnT-

*RESET command : After ty 73 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 ty 14 while keeping CKE asserted and issuing NOP commands. Only NOP commands are allowed
dUring time t|N|T4‘

*MRRs and Device Auto Initialization (DAI) polling: After ty 14 is satisfied (Te), only MRR commands and power-down entry/exit commands are sup-
ported. After Te, CKE can go LOW in alignment with power-down entry and exit specifications. MRR commands are only valid at this time if the CA bus
does not need to be trained. CA Training may only begin after time Tf. User may issue MRR command to poll the DAI bit which will indicate if device
auto initialization is complete; once DA bit indicates completion, SDRAM is in idle state. Device will also be in idle state after tINIT5(max) has expired
(whether or not DAI bit has been read by MRR command).As the memory output buffers are not properly configured by Te, some AC parameters must
have relaxed timings 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). DAl status can be determined by
issuing the MRR command to MRO. The device sets the DAI bit no later than tjy 15 after the RESET command. The controller must wait at least
tins(max) or until the DAI bit is set before proceeding.
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+ZQ Calibration: If CA Training is not required, the MRW initialization calibration (ZQ_CAL) command can be issued to the memory (MR10) after time
Tf. If CA Training is required, the CA Training may begin at time Tf. See "Mode Register Write - CA Training Mode" for the CA Training command. No
other CA commands (other than RESET or NOP) may be issued prior to the completion of CA Training. At the completion of CA Training (Tf'), the
MRW initialization calibration(ZQ_CAL) 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 LPDDR3 device exists on the same bus, the controller must not overlap MRW
ZQ_CAL commands. The device is ready for normal operation after tzqnT-

*Normal Operation: After tzq;nT (Tg), MRW commands must be used to properly configure the memory (for example the 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 proce-

dure described in the LPDDR3 specification.
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~———
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=

Figure 1: Voltage Ramp and Initialization Sequence

NOTE :

1) High-Z on the CA bus indicates NOP.

2) For t)\ 7 values, see Table 5.

3) After RESET command (time Te), RTT is disabled until ODT function is enabled by MRW to MR11 following Tg.
4) CA Training is optional.

[Table 2] Initialization Timing Parameters

Symbol min Value max Unit Comment
tinTo - 20 ms Maximum voltage-ramp time
tNITY 100 - ns Minimum CKE LOW time after completion of voltage ramp
tinim2 5 - tek Minimum stable clock before first CKE HIGH
tiNIT3 200 - us Minimum Idle time after first CKE assertion
tiNITa 1 - us Minimum Idle time after RESET command
t|N|-|-51) - 10 us Maximum duration of device auto initialization
tzainir 1 - ps ZQ initial calibration
tcko 18 100 ns Clock cycle time during boot

NOTE :
1) If DAI bit is not read via MRR, SDRAM will be in idle state after tINIT5(max) has expired.

1.1.1 Initialization After RESET (without voltage ramp):

If the RESET command is issued before or after the power-up initialization sequence, the re-initialization procedure must begin at Td.
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1.2 Power-off Sequence

The following procedure is required to power off the device.
While powering off, CKE must be held LOW (< 0.2 x VDDCA); all other inputs must be between V| i, and V|ymax. The device outputs remain at High-Z
while CKE is held LOW.

DQ, DM, DQS _t, and DQS_c voltage levels must be between VSSQ and VDDQ during the power-off sequence to avoid latch-up. CK_t, CK_c, CS_n 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.
Tz is the point where all power supplies are below 300mV. After Tz, the device is powered off.
[Table 3] Power Supply conditions

Between... Applicable Conditions

Txand Tz Vpp¢ must be greater than Vpp,-200mV

Txand Tz Vpp4 must be greater than Vppca-200mV
Txand Tz Vpp¢ must be greater than Vppq-200mV
Txand Tz VRer must always be less than all other supply voltages

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

1.2.1 Uncontrolled Power-Off Sequence

When an uncontrolled power-off occurs, the following conditions must be met:

At Tx, when the power supply drops below the minimum values specified, 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.

After Tz(the point at which all power supplies first reach 300mV), the device must power off. During this period, the relative voltage between power sup-

plies is uncontrolled. VDD1 and VDD2 must decrease with a slope lower than 0.5 V/us between Tx and Tz.
An uncontrolled power-off sequence can occur a maximum of 400 times over the life of the device.

[Table 4] Timing Parameters Power-Off

Value
Symbol Unit Comment
Min Max

tporE - 2 ] Maximum Power-Off ramp time
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2.0 ACTIVATE COMMAND

The ACTIVATE command is issued by holding CS_n LOW, CAO0 LOW, and CA1 HIGH at the rising edge of the clock. The bank addresses BAO to BA2 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 tgcp 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 tgag 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 (tg¢). The minimum time interval between ACTIVATE commands to different banks is tgrrp.

CK_t —_ _ll: L - _X u\. — J\&_/
CAO-9 Bank A Bank B 2 Bank A BankA
RowAddr Ron At Row Addrf\ Row Adf/\ Col Addr CoIAddr RowAddr Row Add

T T T T T T T \
! tRCD f | . 3 Reag';i Begins | X | X | : | :
| : | | : | : | : | : | : | ;
| TtRRD | | : | : k— F—tre|| — I 5 :
[ ! L | ! | ! | ! | ' | ! | '

/
[CMD] < Activate >< Nop >< Activate >< Read > """"" <Precharge>< Nop Nop >< Activate >
\
| : | L s - : | : | : | : Lo
I . | . | . | . | . | l :
trC

Figure 2: ACTIVATE command

NOTE :
1) A PRECHARGE-all command uses trpyp, timing, while a single-bank PRECHARGE command uses trppy, timing.
In this figure, tgp is used to denote either an all-bank PRECHARGE or a single-bank PRECHARGE.

2.1 8-Bank Device Operation

Certain restrictions on operation of the 8-bank LPDDR3 devices must be observed. There are two rules: One rule restricts the number of sequential
ACTIVATE commands that can be issued; the other provides more time for RAS precharge for a PRECHARGE ALL command. The rules are as follows:

« The 8-Bank Device Sequential Bank Activation Restriction : No more than 4 banks may be activated (or refreshed, in the case of REFpb) in a
rolling tFAW window. The number of clocks in a tFAW period is dependent upon the clock frequency, which may vary. If the clock frequency is not
changed over this period, converting to clocks is done by dividing tFAW[ns] by tCK[ns], and rounding up to the next integer value. As an example of the
rolling window, if RU(tpaw / tck) is 10 clocks, and an ACTIVATE command is issued in clock n, no more than three further ACTIVATE commands can
be issued at or between clock n+1 and n+9. REFpb also counts as bank activation for purposes of tgayy. If the clock frequency is changed during the
tFAW period, the rolling tFAW window may be calculated in clock cycles by adding up the time spent in each clock period. The tFAW requirement is
met when the previous n clock cycles exceeds the tgpyy time.

* The 8-Bank Device Precharge All Allowance : trp for a PRECHARGE ALL command must equal tgpap,, which is greater than trppp.

Tm+1 Tx Tx+1 Tz Tz+1 Tz+2

) | W— | N\

Ty Ty+1 Ty+2

=) (H\ ) -

Figure 3: tpaw Timing
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3.0 LPDDR3 COMMAND INPUT SIGNAL TIMING DEFINITION
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=
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Figure 4: Command Input Setup and Hold Timing

NOTE :
1) Setup and hold conditions also apply to the CKE pin. See section related to power down for timing diagrams related to the CKE pin.
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3.1 LPDDR3 CKE Input Setup and Hold Timing

VIHckE 1
ViLcke /

- HIGH or LOW (but a defined logic level)

Figure 5: Command Input Setup and Hold Timing

NOTE :
1) After CKE is registered LOW, CKE signal level shall be maintained below V| _ckg for tCKE specification (LOW pulse width).
2) After CKE is registered HIGH, CKE signal level shall be maintained above V| ckg for tCKE specification (HIGH pulse width).
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4.0 READ AND WRITE ACCESS MODES

After a bank has been activated, a read or write cycle can be executed. This is accomplished by setting CS_n 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).

The LPDDR3 SDRAM provides a fast column access operation. A single Read or Write Command will initiate a burst read or write operation on
successive clock cycles. Burst interrupts are not allowed.
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5.0 BURST READ OPERATION

The Burst READ command is initiated with CS_n LOW, CAO0 HIGH, CA1 LOW and CA2 HIGH at the rising edge of the clock. The command address bus
inputs CA5r-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 tpqgck delay is measured. The first valid data is available RL * tck
+tpasck * tbasq after the rising edge of the clock when the READ Command is issued. The data strobe output is driven LOW trprg 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 timings for the data strobe are measured relative to the
crosspoint of DQS_t and its complement, DQS_c.

ton | teL RL + BL/2
CK_C?\[—E }/’7 ) T T T T r — — s T/’ff‘\ T T A E/’ff‘\t - -
CKt /7L77J - - - fofJ% %LffJ% miLffJ %Lffi %LffJ
tbasck thz(pas)
|- — - L
B tLzpas)  Rere trpsT
bas ¢ @ D SN S e e |
oas LTI D D S G G 7
tQH tQH
- - [—
tbasamax tbasamax
—_— > |e— —_— | |e—
DQ Dour Dout Dout Dour Dout Dour Dour DOUT>8>@
t zpq) . B thz(oQ) N

@ Transitioning data

Figure 6: READ Output Timing

NOTE :
1) tbasck can span multiple clock periods.
2) An effective burst length of 8 is shown.

‘Ta+2 ‘Ta+3‘ ‘Ta+4‘ ‘Ta+5‘

Bank A
CA0-CA9 Col Addr/\Col Addr/
| ! | ! |

[CMD] < READ >< Nop Noj

@ Transitioning data

Figure 7: Burst read: RL =12, BL = 8, tpqsck > tck
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TO0 | T T2 T12 n | Tn+1, Tn+2, Tn+3, Tn+4,

Tn Tn+1  Tn+2 Tn+3 Tn+4 Tn+5 Tn+6 Tn+7 Tn+8 Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tm+6 Tm+7 Tm+8 Tm+¢
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toasckoL = | tbasckn - tbasckm |
Figure 9: tpqsckpL timing
NOTE :

1) toasckbLmax is defined as the maximum of ABS(tpqsckn - toasckm) for any {tpasckn: tbasckm} pair within any 32ms rolling window.
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toasckom = | toasckn - tbasckm |
Figure 10: LPDDR3: tpqsckpm timing

NOTE :
1) tbasckpMmax is defined as the maximum of ABS(tpqsckn - tbasckm) for any {tpasckn.tbasckm} pair within any 1.6us rolling window.
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Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tm+6 Tm+7 Tm+8

Tn  Tn+1 Tn+2 Tn+3 Tn+4 Tn+5 Tn+6 Tn+7 Tn+8 /

IENERRRERERERENEED

[Cmd]< Read >< Nop >< Nop >< Nop >< Nop >< Nop >< Nop >< Nop

| : | : | : | : | : | \ ‘DqSCKn
DAScc | o | . | .| | T
Das_t 1 : | : | RL: 5] : | : J : | .
DQs T T
| ' | ' | ' | ' | 1 | 1 |
I v 1+ 1 01 v 1 1€ 160ns maximum ——

toasckos = | tbasckn - tbasckm |
Figure 11: tpqosckps timing

NOTE :
1) tbasckpsmax 1S defined as the maximum of ABS(tpqasckn - tbasckm) for any {tbasckn: tbasckm} pair for reads within a consecutive burst within any 160ns rolling window.

T‘a ‘ Ta‘+1 _ Tat+2 Ta+3 . Ta+t4 Ta+b Ta+6

V
wwm@lll
| !

@ Transitioning data

Figure 12: Burst Read Followed By Burst WRITE

The minimum time from the burst read command to the burst WRITE command is defined by the Read Latency (RL) and the Burst Length (BL). Minimum
READ-to-WRITE latency is RL + RU(tpqsckmaxy/tck) + BL/2 + 1 - WL clock cycles.
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Figure 13: Seamless Burst Read:

The seamless burst READ operation is supported by enabling a READ command at every fourth clock cycle for BL = 8 operation.
This operation is supported as long as the banks are activated, whether the accesses read the same or different banks.
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6.0 BURST WRITE OPERATION

The Burst WRITE command is initiated with CS_n LOW, CA0 HIGH, CA1 LOW, and CA2 LOW at the rising edge of the clock. The command address bus
inputs, CA5r-CA6r and CA1f-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 thqgg delay is measured. The first valid data must be driven WL * tok

+ tpqss from the rising edge of the clock from which the WRITE command is issued. The data strobe signal (DQS) must be driven for time typrg prior to
data input. The burst cycle data bits must be applied to the DQ pins tpg prior to the associated edge of the DQS and held valid until tp after that edge.
Burst data is sampled on successive edges of the DQS until the 8-bit burst length is completed. After a burst WRITE operation, tyygr 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_t and its
complement, DQS_c.

DM

[Cmd] <WRITE>< NOP NOP

Case 1: witH tDQSé (ma& tpassmak

D\N DlN
;‘ h ’

Figure 15: LPDDR3: Burst write
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6.1 tWPRE Calculation

The method for calculating typre is shown in the following figure:

CK_tu
CK_cii-- -
i
fopre DEEINS
Tl
DQS t-DQS ¢ i \ ,,,,,,,, oV - — —

T2

wene ©T1 ds

Resulting differential signal

1 ,o f 1 n f‘ Y f,
relevant for .. spcui ication

Figure 16: Method for Calculating tyypre Transitions and Endpoints

6.2 tWPST Calculation

The method for calculating typgt is shown in the follwing figure:

/ - lwest

i e VA

DOQS_t-DQSc—-—--——H-—-—-——
Tl
typst begins

Resulting differential
signal relvant for fypgp
specification

T2
fwpst ends

'
|
|
|
|
|
|
I

Figure 17: Method for Calculating typst Transitions and Endpoints
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TO Tx Tx+1

Ty Ty+1 Ty+2 Ty+3 Ty+4
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CA[O 9] <gi:‘;<’jv(|1r A><Co| Addr A X >< >< >< ><: :X >< >< >< X ><(B:i?»§gldr B><Co| Addr B>< X ><
[CMD]< WRITE >< NOP NOP NOP NOP >< READ ><

_ wisx o

DQS ¢ m— -

DQS_t

1 1 tMTR 1

U

% 0 y

// @A AN T
‘ | ‘
Figure 18: LPDDR3: Burst Write Followed By Burst Read
NOTE :

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( ty1r/tck)]-
2) tyr starts at the rising edge of the clock after the last valid input datum.

[CMD] <WRITE> NOP NOP NOP <WRITE> NOP NOP NOP <WRITE> NOP NOP
\ \ \ \ \ \ \ T \ \ \

}e'—’i tCCD 4 4.—'%‘

DQS t \L J‘ \L J‘ \L J‘ \L J‘ \L J‘ \L J‘ \L J‘

Figure 19: LPDDR3: Seamless burst write: WL = 4, tccp = 4

NOTE :
1) The seamless burst write operation is supported by enabling a write command every four clocks for BL = 8 operation. This operation is allowed for any activated bank.
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7.0 WRITE DATA MASK

On LPDDR3 devices, one write data mask (DM) pin for each data byte (DQ) is supported, consistent with the implementation on Mobile DDR SDRAMs.
Each DM can mask its respective DQ for any given cycle of the burst. Data mask timings match data bit timing, but are inputs only. Internal data-mask
loading is identical to data-bit loading to ensure matched system timing.

For data mask timing.

[CMD]

Case 1: min toass WL

DQS ¢
DQS_t

DQ

DM

Case 2: max toass

DQS_c
DQS_t

DQ

DM

NOTE :

DS e~ — — —
DQS_t

o NN\

DM NN

Vii(de)
«><—
tos | ton

NN\

toassmax

NS VS VYN 77777

Figure 20: Data Mask Timing

1) For the data mask function, BL = 8 is shown; the second data bit is masked.
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8.0 PRECHARGE OPERATION

The PRECHARGE command is used to precharge or close a bank that has been activated. The PRECHARGE command is initiated with CS_n 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. The AB flag and the bank address bits BAO, BA1, and BA2 are used to determine which bank(s) to precharge.
The precharge bank(s) will be available for subsequent row access trpyp, after an all-bank PRECHARGE command is issued, or trppy, after a single-bank
PRECHARGE command is issued.

To ensure that LPDDR3 devices can meet the instantaneous current demand required to operate, the row precharge time for an all-bank PRECHARGE
(trPab) Will be longer than the row PRECHARGE time for a single-bank PRECHARGE (trppp). ACTIVATE to PRECHARGE timing is shown in Figure 24
Burst read followed by Precharge.

[Table 5] Bank Selection for PRECHARGE by Address Bits

AB (CA4r) BA2 (CA9r) BA1 (CA8r) BAO (CAT7r) Precharged Bank(s)

0 0 0 0 Bank 0 only
0 0 0 1 Bank 1 only
0 0 1 0 Bank 2 only
0 0 1 1 Bank 3 only
0 1 0 0 Bank 4 only
0 1 0 1 Bank 5 only
0 1 1 0 Bank 6 only
0 1 1 1 Bank 7 only
1 Don'’t care Don'’t care Don’t care All banks
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8.1 Burst Read operation 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 (tgrp) has elapsed. A PRECHARGE command cannot be issued until after

trag is satisfied. The minimum READ-to-PRECHARGE time must also satisfy a minimum analog time from the rising clock edge that initiates the last 8-bit

prefetch of a READ command. tRPT begins BL/2-4 clock cycles after the READ command. For LPDDR3 READ-to-PRECHARGE timings see Table 5
Precharge & Auto Precharge clarification.

Tx+1 Tx+2 Tx+3 Tx+4 Tx+5
CK_c \\f -

5000 G e

CK_t

|
CA[0-9] <°:a::°‘m'a><°°'kdﬂr=>< r 'XMMX X X >< X,EZ"K.,”I,XRM,X X ><:

CMD < READ >< NOP NOP PRECHARGE>’< NOP NOP >< ACTIVATE }< NOP NOP
T X T X \ T X T X T X T X T X T X T
f . trTP . \ : . . . : trp : . | X | X |
DQS ¢ [ ' ' [ ' — T f*rﬂ/ r*rﬂ/ rorn [
DQS_t | X X ! X X L,l,J X L,l,J X L,l,J X L,l,J X
I : : I : I : I : I : I : I
' ' ' / N V Y
DQ I T T I T OUTA5 Dou'rA6
| : : | :
I X X | I
I ! ! I !

Z . |
X §§ Trar';sitioningl data

Figure 21: LPDDR3: Burst READ Followed by PRECHARGE
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8.2 Burst WRITE Followed by PRECHARGE

For WRITE cycles, a WRITE recovery time (tWR) must be provided before a PRECHARGE command can be issued. This delay is referenced from the
last valid burst input data to the completion of the burst WRITE. A PRECHARGE command must not be issued prior to the tWR delay. For LPDDR3
WRITE-to-PRECHARGE timings see Table 2, “LPDDR3: PRECHARGE and Auto Precharge Clarification,”.

LPDDR3 devices write data to the array in prefetch multiples(prefetch = 8). An internal WRITE operation can only begin after a prefetch group has been
completely latched, so tWR starts at prefetch boundaries. The minimum WRITE-to-PRECHARGE time for commands to the same bank is WL + BL/2 + 1
+ RU(twr/tck) clock cycles.

TO
CK_t -
fe—wL—1| >
Bankn
CAJ[0-9] Col Addr Col Addr row Addr Row addr
| | 1 ' 1 | | ' 1
CMD < WRITE > }<PRECHARGE> NC >< ACTIVATE > NOP
T T T T T T T T
' pletion pf burst WRITE |

tDIQSSmax ﬁ
\

Case 1|: tDQSSma

DQS_c
DQS_t

DQ

DQS ¢
DQS_t

Figure 22: LPDDR3: Burst WRITE Followed by PRECHARGE
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8.3 Auto PRECHARGE operation

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 a WRITE command is issued to the device, the AP bit (CAOf) 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.

8.4 Burst READ with Auto-PRECHARGE

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

LPDDRS devices start an auto-precharge operation on the rising edge of the clock BL/2 or BL/2 - 2 + RU(tgp/tck) clock cycles later than the READ with
auto precharge command, whichever is greater. For LPDDR3 auto-precharge calculations see Table 5 Precharge & Auto Precharge clarification.
Following an auto-precharge operation, an ACTIVATE command can be issued to the same bank if the following two conditions are satisfied
simultaneously:

a) The RAS precharge time (tgrp) has been satisfied from the clock at which the auto-precharge begins.

b) The RAS cycle time (trc) from the previous bank activation has been satisfied.

Bank M BankM
CA[0- 9]< CoIAddrA >< c°|mm>< >< >< >< >< >< rwAddr >< Row addr
I I

CMD< READ >< NOP >C NOP >< NOP >< NOP NOP >< NOP <ACTIVATE > NOP

k— wrp _tRppb J.—%l . I

DQS_c
DQsS_t

DQ

— —

Figure 23: Burst READ with Auto-Precharge
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8.5 Burst WRITE 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 on the
rising edge tyyr 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:
The RAS precharge time (tgrp) has been satisfied from the clock at which the auto-precharge begins.

The RAS cycle time (trc) from the previous bank activation has been satisfied.

TO Tx Tx+1 Tx+5 Ty Ty+1 Tz+1
CK ¢ — o= r==n =~ r==n - = r==n == r—-n
[wi—— | — l I l I l [KHWR-|| —><——— >=tRPpb —|| —> '
CA[0-9] <C°|Ad:f><ColAdd|\ >< :><R§::n::dr ><Rowaddr
CMD < IWRITEI | NOP | >< | NOP NOP | | NOP 3< ACTIVATE > I\IOP
I I i

S/

@ Transitioning data

Figure 24: Burst WRITE with Auto Precharge
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[Table 6] PRECHARGE & Auto Precharge Clarification

From Minimum Delay Between n
Command 1) TR “From Command" to “To Command" e Notes
READ PRECHARGE (to same Bank as READ) BL/2 + max(4, RU(trTpltck)) - 4 clks 1
PRECHARGE ALL BL/2 + max(4, RU(trrp/tck)) - 4 clks 1
PRECHARGE (to same Bank as READ w/ AP) BL/2 + max(4, RU(trp/tck)) - 4 clks 1,2
PRECHARGE ALL BL/2 + max(4, RU(tgrp/tck)) - 4 clks 1
ACTIVATE (to same Bank as READ w/ AP) BL/2 + max(4, tEPL;bﬁTP’tCK)) 4 clks 1
READ w/ AP WRITE or WRITE w/ AP (same bank) lllegal clks 3
RL + BL/2
i Ik
WRITE or WRITE w/ AP (different bank) + RU(tposckmax/tck) - WL + 1 clks 3
READ or READ w/ AP (same bank) lllegal clks 3
READ or READ w/ AP (different bank) BL/2 clks 3
WRITE PRECHARGE (to same Bank as WRITE) WL + BL/2 + RU(twr/tck) + 1 clks 1
Precharge All WL + BL/2 + RU(tygr/tck) + 1 clks 1
Precharge (to same Bank as Write w/ AP) WL + BL/2 + RU(twr/tck) + clks 1
PRECHARGE ALL WL + BL/2 + RU(tyr/tck) + 1 clks 1
WL + BL/2 + RU(twr/tcr)

ACTIVATE (to same Bank as WRITE w/ AP) 1+ RU(tRPpb/\{\éK) clks 1
WRITE w/ AP WRITE or WRITE w/ AP (same bank) llegal clks 3
WRITE or WRITE w/ AP (different bank) BL/2 clks 3
READ or READ w/ AP (same bank) lllegal clks 3
READ or READ w/ AP (different bank) WL + BL/2 + RU(twrr/tck) + clks 3
1 clks 1

PRECHARGE PRECHARGE (to same Bank as PRECHARGE)
PRECHARGE ALL 1 clks 1
1 clks 1

PRECHARGE All PRECHARE

PRECHARGE ALL 1 clks 1

NOTE :

1) For a given bank, the PRECHARGE period should be counted from the latest PRECHARGE command, either one bank PRECHARGE or PRECHARGE ALL, issued to that
bank. The PRECHARGE period is satisfied after tgp depending on the latest PRECHARGE command issued to that bank.
2) Any command issued during the minimum delay time as specified in Table 6 is illegal.
3) After READ with AP, seamless READ operations to different banks are supported. After WRITE with AP, seamless WRITE operations to different banks are supported. READ
and Write operations may not be truncated or interrupted.
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9.0 REFRESH COMMAND

The Refresh command is initiated with CS_n LOW, CA0 LOW, CA1 LOW, and CA2 HIGH at the rising edge of the clock. Per-bank REFRESH is initiated
with CA3 LOW at the rising edge of the clock. All-bank REFRESH is initiated with CA3 HIGH at the rising edge of the clock.

A per-bank REFRESH command (REFpb) performs a per-bank REFRESH operation to the bank scheduled by the bank counter in the memory device.
The bank sequence for per-bank REFRESH is fixed to be a sequential round-robin: 0-1-2-3-4-5-6-7-0-1-.... The bank count is synchronized between the
controller and the SDRAM by resetting the bank count to zero. Synchronization can occur upon issuing a RESET command or at every exit from self
refresh. Bank addressing for the per-bank REFRESH count is the same as established for the single-bank PRECHARGE command. A bank must be idle
before it can be refreshed. The controller must track the bank being refreshed by the per-bank REFRESH command.

The REFpb command must not be issued to the device until the following conditions are met (see Table 7)
a) trrcap has been satisfied after the prior REFab command

b) trrcpb has been satisfied after the prior REFpb command
c) trp has been satisfied after the prior PRECHARGE command to that bank

d) trrp has been satisfied after the prior ACTIVATE command (if applicable, for example after activating a row in a different bank than the one affected by
the REFpb command).

The target bank is inaccessable during per-bank REFRESH cycle time (trrcpp), however, other banks within the device are accessable and can be

addressed during the cycle. During the REFpb operation, any of the banks other than the one being refreshed can be maintained in an active state or
accessed by a READ or a WRITE command. When the per-bank REFRESH cycle has completed, the affected bank will be in the Idle state.

After issuing REFpb, these conditions must be met (see Table 7)
a) trrcpp Must be satisfied before issuing a REFab command

b) trrcpp Must be satisfied before issuing an ACTIVATE command to the same bank
c) trrp Must be satisfied before issuing an ACTIVATE command to a different bank

d) trrcpp Must be satisfied before issuing another REFpb command

An All Bank REFRESH command(REFab) issues a REFRESH command to all banks. All banks must be idle when REFab is issued (for instance, by
issuing a PRECHARGE-all command prior to issuing an all-bank REFRESH command). REFab also synchronizes the bank count between the controller
and the SDRAM to zero.

The REFab command must not be issued to the device until the following conditions have been met (see Table 7)
a) trrcap has been satisfied following the prior REFab command

b) trrcpb has been satisfied following the prior REFpb command
c) tgrp has been satisfied following the prior PRECHARGE commands

When an all-bank refresh cycle has completed, all banks will be idle.
After issuing REFab:
a) trrcap latency must be satisfied before issuing an ACTIVATE command

b) trrcab latency must be satisfied before issuing a REFab or REFpb command.
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[Table 7] REFRESH Command Scheduling Separation Requirements

Symbol Minimum Delay From To Notes
REFab

tRFCab REFab ACTIVATE command to any bank
REFpb
REFab

tRFCpb REFpb ACTIVATE command to same bank as REFpb
REFpb
REFpb ACTIVATE command to a different bank than REFpb
tRrRD REFpb 1
ACTIVATE ACTIVATE command to different bank than the prior ACTIVATE command

NOTE :
1) A bank must be in the Idle state before it is refreshed, so following an ACTIVATE command REFab is prohibited; REFpb is supported only if it affects a bank that is in the idle
state.

In general, an all bank refresh command needs to be issued to the LPDDR3 SDRAM regularly every tREFI x Refresh Rate Multiplier interval.

To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the absolute refresh interval is provided for postponing and
pulling-in refresh command. A maximum of 8 Refresh commands can be postponed during operation of the LPDDR3 SDRAM, meaning that at no point in
time more than a total of 8 Refresh commands are allowed to be postponed. In case that 8 Refresh commands are postponed in a row, the resulting
maximum interval between the surrounding Refresh commands is limited to 9 x tREF| x Refresh Rate Multiplier (see Figure 1). A maximum of 8 additional
Refresh commands can be issued in advance (“pulled in”) , with each one reducing the number of regular Refresh commands required later by one. Note
that pulling in more than 8, depending on Refresh mode, Refresh commands in advance does not further reduce the number of regular Refresh com-
mands required later, so

that the resulting maximum interval between two surrounding Refresh commands is limited to 9 x tREFI x Refresh Rate Multiplier . At any given time, a
maximum of 16 REF commands can be issued within 2 x tREFI x Refresh Rate Multiplier.

And for per bank refresh, a maximum 8 x 8 per bank refresh commands can be postponed or pulled in for scheduling
efficiency. At any given time, a maximum of 2 x 8 x 8 per bank refresh commands can be issued within 2 x tREFI x Refresh Rate Multiplier.

tRFC(min)

trer(max.9 x trer * Refresh Rate Multiplier)

DRAM must be idle DRAM must be idle

% Time Break Don’t Care

Figure 25: Refresh Command Timing

NOTE :
1) Only NOP commands allowed after Refresh command registered untill trrc(min) expires.
2) Time interval between two Refresh commands may be extended to a maximum of 9 x tREF| x Refresh Rate Multiplier..

trer) X Refresh Rate Multiplier

9 x trgp ¥ Refresh Rate Multiplier | | | | | | | | | | | |
w

8 REF-Commands postponed

Figure 26: Postponing Refresh Commands
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trer) X Refresh Rate Multiplier

| | | | | |M | | | | | | | | | 9 x tgery X Refresh Rate Multiplier | |

I
T

Lo

8 REF-Commands pulled-in

Figure 27: Pulling-in Refresh Commands
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9.1 Refresh Requirements

(1) Minimum number of Refresh commands:
LPDDRS requires a minimum number, R, of Refresh (REFab) commands within any rolling refresh window (tgrgpwy = 32 ms @ MR4[2:0] = 011 or Tcase <

85 °C). For tgrerw and tgrep refresh multipliers at different MR4 settings, refer to the MR4 definition.
When using per-bank REFRESH, a REFab command can be replaced by a full cycle of eight REFpb commands.

(3) REFRESH Requirements and SELF REFRESH:

Self refresh mode may be entered with a maximum of eight refresh commands being postponed. After exiting selfrefresh mode with one or more refresh
commands postponed, additional refresh commands may be postponed to the extent that the total number of postponed refresh commands (before and
after the self refresh) will never exceed eight. During self-refresh mode, the number of postponed or pulled-in REF commands does not change.”

“The use of self refresh mode introduces the possibility that an internally timed refresh event can be missed when CKE is raised for exit from self refresh
mode. Upon exit from self refresh, the LPDDR3 SDRAM requires a minimum of one extra refresh command before it is put back into self refresh mode.”

Tx+1 Ty Ty+1

-\}'/* \3<- A Ul U
= " U

TO T T2 T3 T4 T
!

X
CK t \ \;\r | \;\r A ir A ir -\/;/’ —\f\r —r
CK_c /x/\_ ] (" (W (U I\_ ] I\_ o

e T O

[CMD] ~<Precharge>-< Nop >’< Nop ><REFab >'<7N(j>-< _—>'< ANY >< >
- I -

X 1 T : I . .

| ! I I ! S N ! \

| - | - | 1 ; | 3 . | .

| : | : | : | : | | : | :

Figure 28: All Bank Refresh Operation
TO Ty+1 Tz Tz+1
CK t \}'/—\;\/— —\/7 i _\/——\;\F A o ﬁ/—\i\r a 0
CK ¢ I\_ o L (U I\_ I\_ o I\_ o
CA0-9 " | Bark
| RowA [\ RowA

[Cmd] ~<Precharge
T .

-
o

Bank 1 Activlate corpmandlto Bank 1

Figure 29: Per Bank Refresh Operation

NOTE :
1) In the beginning of this example, the REFpb bank is pointing to Bank 0.
2) Operations to banks other than the bank being refreshed are supported during the trrcpb Period.
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10.0 SELF REFRESH OPERATION

The Self Refresh command can be used to retain data in the LPDDR3 SDRAM, even if the rest of the system is powered down. When in the Self Refresh
mode, the SDRAM retains data without external clocking. The device has a built-in timer to accommodate Self Refresh operation. The Self Refresh
Command is defined by having CKE LOW, CS_n LOW, CA0 LOW, CA1 LOW, and CA2 HIGH at the rising edge of the clock. CKE must be HIGH during
the previous clock cycle. CKE must not go LOW while MRR, MRW, READ, or WRITE operations are in progress. To ensure that there is enough time to
account for internal delay on the CKE signal path, two NOP commands are required after CKE is driven LOW, this timing period is defined as tCPDED.
CKE LOW will result in deactivation of input receivers after tCPDED has expired. Once the command is registered, CKE must be held LOW to keep the
device in Self Refresh mode.

LPDDR3 SDRAM devices can operate in Self Refresh in both the standard or elevated Temperature Ranges. LPDDR3 devices will also manage Self
Refresh power consumption when the operating temperature changes, lower at low temperatures and higher at high temperatures.

Once the SDRAM has entered Self Refresh mode, all of the external signals except CKE, are “don’t care”. For proper self refresh operation, power supply
pins (VDD1, VDD2, and VDDCA) must be at valid levels. VDDQ may be turned off during Self-Refresh. Prior to exiting Self-Refresh, VDDQ must be within
specified limits. VrefDQ and VrefCA may be at any level within minimum and maximum levels (see Absolute Maximum DC Ratings). However prior to
exiting Self-Refresh, VrefDQ and VrefCA must be within specified limits (see Recommanded DC Operating Conditions). The SDRAM initiates a minimum
of one all-bank refresh command internally within tckegr period once it enters Self Refresh mode. The clock is internally disabled during Self Refresh
Operation to save power. The minimum time that the SDRAM must remain in Self Refresh mode is tckesr min- The user may change the external clock
frequency or halt the external clock tcppgp after Self Refresh entry is registered; however, the clock must be restarted and stable before the device can
exit Self Refresh operation.

The procedure for exiting Self Refresh requires a sequence of commands. First, the clock shall be stable and within specified limits for a minimum of 2
tCK prior to the positive clock-edge that registers CKE HIGH. Once Self Refresh Exit is registered, a delay of at least tysg must be satisfied before a valid

command can be issued to the device to allow for any internal refresh in progress. CKE must remain HIGH for the entire Self Refresh exit period tygg for
proper operation. NOP commands must be registered on each positive clock edge during the Self Refresh exit interval tygr. For the description of ODT
operation and specifications during self-refresh entry and exit, see section On-Die Termination.

The use of Self Refresh mode introduces the possibility that an internally timed refresh event can be missed when CKE is raised for exit from Self Refresh
mode. Upon exit from Self Refresh, it is required that at least one Refresh command (8 per-bank or 1 all-bank) is issued before entry into a subsequent
Self Refresh.

CK_t oA
[ I
g
cke L
| | | | |
1 eferoED
| | ! |
| |

|

T T T
Input clock frequency may be changed tIH‘CKE‘f%‘ F—‘

T —

[ R

HCKE | | |

| Lo “ or stopped during Self-Refresh “ |
L

[ PR
‘ liscke |
cS_n yRN ‘
| | | | | | | | | | | f f f f f f f f f

v (v o e ) e WO - = } =} =

< re————————»

toKESR(min) txsR(min)
Enter Self-Refresh Exit Self-Refresh

Figure 30: LPDDR3: Self-Refresh Operation

NOTE :

1) Input clock frequency may be changed or can be stopped or floated during self-refresh, provided that upon exiting self-refresh, the clock is stable and within specified limits
for a minimum of 2 clocks of stable clock are provided and the clock frequency is between the minimum and maximum frequency for the speed grade in use.

2) Device must be in the “All banks idle” state prior to entering Self Refresh mode.

3) tysr begins at the rising edge of the clock after CKE is driven HIGH.

4) A valid command may be issued only after tygg is satisfied. NOPs shall be issued during txgg.
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10.1 Partial Array Self-Refresh(PASR)
10.1.1 PASR Bank Masking

The LPDDR3 SDRAM has 8 banks (additional banks may be required for higher densities). Each bank of an LPDDR3 SDRAM can be independently
configured whether a self refresh operation is taking place. One mode register unit of 8 bits, accessible via MRW command, is assigned to program the
bank masking status of each bank up to 8 banks. For bank masking bit assignments see Mode Register 16.

The mask bit to the bank controls a refresh operation of entire memory within the bank. If a bank is masked via MRW, a refresh operation to the entire
bank is blocked and data retention by a bank is not guaranteed in self refresh mode. To enable a refresh operation to a bank, a coupled mask bit has to
be programmed, “unmasked”. When a bank mask bit is unmasked, a refresh to a bank is determined by the programmed status of segment mask bits,
which is decribed in the following chapter.

10.2 PASR Segment Masking

A segment masking scheme may be used in lieu of or in combination with the bank masking scheme in LPDDR3 SDRAM. LPDDR3 devices utilize 8
segments per bank. For segment masking bit assignments, see Mode Register 17.

For those refresh-enabled banks, a refresh operation to the address range which is represented by a segment is blocked when the mask bit to this seg-
ment is programmed, “masked”. Programming of segment mask bits is similar to the one of bank mask bits. 8 segments are used as listed in Mode Reg-
ister 17. One mode register unit is used for the programming of segment mask bits up to 8 bits. One more mode register unit may be reserved for future
use. Programming of bits in the reserved registers has no effect on the device operation.

[Table 8] Example of Bank and Segment Masking use in LPDDR3 devices

Seg;',;leé‘;‘?“;'as" Bank 0 | Bank 1|Bank 2| Bank 3| Bank 4 |Bank 5|Bank 6|Bank 7
Bm‘;’:‘gfk 0 1 0 0 0 0 0 1
Segment 0 0 M M
Segment 1 0 M M
Segment 2 1 M M M M M M M M
Segment 3 0 M M
Segment 4 0 M M
Segment 5 0 M M
Segment 6 0 M M
Segment 7 1 M M M M M M M M

NOTE :
1) This table illustrates an example of an 8-bank LPDDR3 device, when a refresh operation to bank 1 and bank 7, as well as segment 2 and segment 7 are masked.
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11.0 MODE REGISTER READ(MRR) COMMAND

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_n LOW, CAO0 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 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 DQ Calibration specification. All DQS are oggled for the duration of the Mode Register READ burst.
The MRR command has a burst length of eight. MRR operation (consisting of the MRR command and the corresponding data traffic) must not be
interrupted.

|_ MRR ™S C
DQS_t | : | : | : | . |L _h | |L _h |L _h |L _I |L J: |L _I |L _h |
[ [ [ . . : . W N I
DQ , ' , , ' , ' , , ) : | ‘ ‘ ‘ ‘
o711 T | [ |:
o I [
DQ 1 ! 1 1 ' Il ' Il Il !
[8-max] | ' | ' I ' I : I : T :
') CMDnotallowed | '+ I
Figure 31: Mode Register Read timing example: RL = 8
NOTE :

1) MRRs to DQ calibration registers MR32 and MR40 are described in DQ calibration section.

2) Only the NOP command is supported during tMRR.

3) Mode register data is valid only on DQ[7:0] on the first beat. Subsequent beats contain valid but undefined data. DQ[MAX:8] contain valid but undefined data for the duration
of the MRR burst.

4) Minimum Mode Register Read to write latency is RL + RU(tDQSCKmax/tCK) + 8/2 + 1 - WL clock cycles.

5) Minimum Mode Register Read to Mode Register Write latency is RL + RU(tDQSCKmax/tCK) + 8/2 + 1clock cycles.

6) In this example, RL = 8 for illustration purposes only.
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Figure 32: Read to MRR timing

NOTE :
1) Only the NOP command is supported during tMRR.
2) The minimum number of clock cycles from the burst READ command to the MRR command is BL/2.

After a prior READ command, the MRR command must not be issued earlier than BL/2 clock cycles, or WL + 1 + BL/2 + RU(tyr/tck) clock cycles after
a prior WRITE command, as READ bursts and WRITE bursts must not be truncated by MRR.

TO T Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9 Tx+10
‘ 4 b | . . ‘ ‘ ‘ | ‘ | ‘

CA[0-9 BN
[0-9] ol Addr A\Col Addr A

e ket Rty |

I I I I I 1 1 |
[cMD] (WRITE X Valid >< MRR

\ \
| |
\ \
| |

[ | I \ CMD not allowed

Figure 33: Burst Write Followed by MRR

NOTE :
1) The minimum number of clock cycles from the burst WRITE command to the MRR command is [WL + 1 + BL/2 + RU(twtr/tck)]-
2) Only the NOP command is supported during tMRR.
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11.1 MRR Following Idle Power-Down State

Following the idle power-down state, an additional time, tMRRI, is required prior to issuing the mode register read (MRR) command. This additional time
(equivalent to tRCD) is required in order to be able to maximize power-down current savings by allowing more power-up time for the MRR data path after
exit from standby, idle power-down mode.

tMRRI

. . | L

EXIT PD NOP ALID "V MRR NOP " VALID
[CMD] \ (Except MRR)! A((Except MRR) (
T T T

Figure 34: MRR Following Power-Down Idle State
NOTE :

1) Any valid command from the idle state except MRR
2) tumri = tRep
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11.2 Temperature Sensor

LPDDRS 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 de-rating is required in the elevated temperature range, and/or monitor the operating temperature. Either the temperature
sensor or the device TOPER (See Operating Temperature Range) may be used to determine whether operating temperature requirements are being met.

LPDDRS devices shall monitor device temperature and update MR4 according to tTSI. Upon exiting self-refresh or power-down, the device temperature
status bits shall be no older than tTSI.

When using the temperature sensor, the actual device case temperature may be higher than the TOPER specification (See Operating Temperature
Range) that applies for the Standard or elevated Temperature Ranges. For example, TCASE may be above 85°C when MR4[2:0] equals 011B. LPDDR3
devices shall allow for 2°C temperature margin between the point at which the device updates the MR4 value and the point at which the controller re-
configures the system accordingly. In the case of tight thermal coupling of the memory device to external hot spots, the maximum device temperature
might be higher than what is indicated by MR4.

To assure proper operation using the temperature sensor, applications should consider the following factors:

- TempGradient is the maximum temperature gradient experienced by the memory device at the temperature of interest over a range of 2°C.
- Readinterval is the time period between MR4 reads from the system.

- TempSensorinterval (tTSl) is maximum delay between internal updates of MR4.

- SysRespDelay is the maximum time between a read of MR4 and the response by the system.

In order to determine the required frequency of polling MR4, the system shall use the maximum TempGradient and the maximum response time of the
system using the following equation:

TempGradient x (Readlnterval + tTSI + SysRespDelay) <2C

[Table 9] Temperature Sensor

Parameter Symbol Max/Min Value Unit

System Temperature Gradient TempGradient Max System Dependent °Cls
MR4 Read Interval ReadInterval Max System Dependent ms
Temperature Sensor Interval trsi Max 32 ms
System Response Delay SysRespDelay Max System Dependent ms
Device Temperature Margin TempMargin Max 2 °C

For example, if TempGradient is 10°C/s and the SysRespDelay is 1 ms:

10¢ x (ReadlInterval +32ms + 1ms) <2C
s

In this case, ReadlInterval shall be no greater than 167 ms.
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Trip Level | —& ~— | T T 7] _— - —_- - — - — - — = — — 1 -
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MR4 = 0x03 MR4 = 0x86 MR4 = 0x86 MR4 = 0x86 MR4 = 0x86 MR4 = 0x06 » Time
7Y >
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Update

p Readinterval [« SysRespDelay >
Host <

»

MR4 Read MRR MR4 = 0x03 MRR MR4 = 0x86

Figure 35: Temp Sensor Timing
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11.3 DQ Calibration

LPDDRS 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 DQ[0] and DQI8] for x16 devices, and DQ[0], DQ[8], DQ[16], and DQ[24] for x32
devices. For X16 devices, DQ[7:1] and DQ[15:9] may optionally drive the same information as DQ[0] or may drive Ob during the MRR burst. 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.

[Table 10] Data Calibration Pattern Description

Parameter Bit Time 0 | Bit Time 1 Bit Time2 | BitTime3 | BitTime4 | BitTime5 | BitTime6 | BitTime7
Pattern "A" (MR32) 1 0 1 0 1 0 1 0
Pattern "B" (MR40) 0 0 1 1 0 0 1 1

‘L,.u ‘L7J\ ‘L,.u ‘L,.u ‘L7J\ ‘L,.u ‘L,.u ‘L,J ‘L,.u ‘L,.u ‘L7J\ ‘L,.ﬂ ‘L7J\ ‘Lf.u | Ep—

X

DQ[7:1]

DQ[15:9]

DQ[16]

DQ[23:17]

DQ[24]

DQI[31:25]

S
\
\
l
\
|
|
|
T
\
I
\
\
\
\
|
\
\
\

(—) CMD not allowed Driven the same as DQ0/8/16/24 |

T . T T . T . T . T T . T

Figure 36: DQ Calibration timing
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12.0 MODE REGISTER WRITE (MRW) COMMAND

The Mode Register Write (MRW) command is used to write configuration data to mode registers. The MRW command is initiated with CS_n LOW, CAO
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 tyry. Mode Register WRITEs to read-only registers

have no impact on the functionality of the device.

Tx+1 Tx+2
| . | . |

Ty

Ty+1

Ty+2

-\/7 r e

CK ¢ a

CK_t

ﬂﬂ

IRee

L ]X

—

CA[0-9] <MRAddr><MRData>< .
>< >< MRW

[cMD] { MRW ><

' |
. L tMRw | |
' I I |

|

| tmrD |

() CMD not allowed | I

Figure 37: Mode Register Write Timing

NOTE :
1) At time Ty, the device is in the idle state.
2) Only the NOP command is supported during tyrw-

12.1 Mode Register Write

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.

12.2 MRW Reset

The MRW RESET command brings the device to the device auto-Initialization (resetting) state in the power-on initialization sequence. The MRW RESET
command can be issued from the idle state. This command resets all mode registers to their default values. 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.

If the initialization is to be performed at-speed (greater than the recommended boot clock frequency), then CA Training may be necessary to ensure setup
and hold timings. Since the MRW RESET command is required prior to CA Training it may be difficult to meet setup and hold requirements. User may
however choose the OP code 0xFCh. This encoding ensures that no transitions are required on the CA bus between rising and falling clock edge. Prior to
CA Training, it is recommended to hold the CA bus stable for one cycle prior to, and one cycle after, the issuance of the MRW RESET command to ensure

setup and hold timings on the CA bus.

[Table 11] Truth Table for Mode Register Read (MRR) and Mode Register Write (MRW)

Current State Command Intermediate State Next State
Mode Register Reading
MRR All Banks Idle
(All Banks Idle)
Mode Register Writing
All Banks Idle MRW All Banks Idle
(All Banks Idle)
Resetting
MRW (RESET) All Banks Idle
(Device Auto-Init)
Mode Register Reading
MRR Bank(s) Active
(Bank(s) Active)
Bank(s) Active
MRW Not Allowed Not Allowed
MRW (RESET) Not Allowed Not Allowed
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(Optional

( : |
: : |
h’ tinirs |

|
L |

Figure 38: Mode Register Write Timing for MRW RESET

NOTE :

- CMD not allowed
‘_‘_@ Optional

1) Optional MRW RESET command and optional CS_n assertion are allowed, When optional MRW RESET command is used, tINIT4 starts at Td".
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12.3 Mode Register Write ZQ Calibration Command

The MRW command is used to initiate the ZQ Calibration command. This command is used to calibrate the ouput driver impedance and on-die
termination across process, temperature, and voltage. LPDDR3 devices support ZQ Calibration.

There are four ZQ Calibration commands and related timings, tZQINIT, tZQRESET, tZQCL, and tZQCS. tZQINIT is for initialization calibration, ZQRESET
is for resetting ZQ to the default output impedance; tZQCL is for long calibration(s); and tZQCS is for short calibration(s).

The Initialization ZQ Calibration (ZQINIT) must be performed for LPDDR3. ZQINIT provides an output impedance accuracy of +/-15%. 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 ZQ Reset Command (ZQRESET) resets the output impedance
calibration to a default accuracy of +/-30% across process, voltage, and temperature. This command is used to ensure output impedance accuracy to +/-
30% when ZQCS and ZQCL commands are not used.

One ZQCS command can effectively correct at least 1.5% (ZQCorrection) of output impedance errors within tZQCS for all speed bins, assuming the
maximum sensitivities specified are met. The appropriate interval between ZQCS commands can be determined from using these tables and system-
specific parameters.

LPDDRS devices are subject to temperature drift rate (Tdriftrate) and voltage drift rate (Vdriftrate) in various applications. To accommodate drift rates and
calculate the necessary interval between ZQCS commands, apply the following formula:

ZQCorrection
(TSens x ITdriftate) + (VSens x Vdrifirate)

where TSens = max (dRONdT) and VSens = max (dRONdV) define temperature and voltage sensitivities.

= CalibrationInterval

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 com-
mands is calculated as:

L5
0.75x 1) + (0.20 x 15)

= ().4s

A ZQ Calibration command can only be issued when the device is in the Idle state with all banks precharged. ODT shall be disabled via the mode register
or the ODT pin prior to issuing a ZQ calibration command. No other activities can be performed on the data bus and the data bus shall be un-terminated
during calibration periods (tzqiniT tzacL OF tzacs)- The quiet time on the data bus helps to accurately calibrate output impedance. 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 complete, the ZQ ball circuitry is disabled to reduce power consumption.

In systems sharing a ZQ resistor between devices, the controller must prevent tzqniT tzqcs, and tzqc overlap between the devices. ZQ Reset overlap is
acceptable.
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Figure 39: ZQ Initialization timing

NOTE :

1) Only the NOP command is supported during ZQ calibration.

2) CKE must be continuously registered HIGH during the calibration period.

3) All devices connected to the DQ bus should be high-Z during the calibration process.

TO

Tx+1 Tx+2

CK_ ¢

[ )

L)

CK_t |

I"Xirl.

L
CAI0-9] < VR Adr >< MR Daa X

i : ;
Mol { wrw ) K
TR |

I I I L I T I
! () CMD not allowed !
Figure 40: ZQ Calibration Short timing

NOTE :

1) Only the NOP command is supported during ZQ calibration.

2) CKE must be registered HIGH continuously during the calibration period.

3) All devices connected to the DQ bus should be high-Z during the calibration process.

Tx+1 Tx+2

CK_c
CK_t

)

e

CA[0-9] < VR Ad >< MR [:Iata X ><

| | ! | ! | ! | ! |
oMol wRw )

I ; I ; I ; l ' I

1 ] 1 Ll 1 [ 1
) ' I ' I ' I ' I
! (U) CMD not allowed | ! |
Figure 41: ZQ Calibration Long timing

NOTE :

1) Only the NOP command is supported during ZQ calibration.

2) CKE must be registered HIGH continuously during the calibration period.

3) All devices connected to the DQ bus should be high-Z during the calibration process.
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|
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Figure 42: ZQ Calibration Reset timing

NOTE :

1) Only the NOP command is supported during ZQ calibration.

2) CKE must be registered HIGH continuously during the calibration period.

3) All devices connected to the DQ bus should be high-Z during the calibration process.

12.3.1 ZQ External Resistor Value, Tolerance, and Capacitive Loading

To use the ZQ Calibration function, an RZQ +/- 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 "Input/output capacitance" on specific datasheet)

12.4 Mode Register Write - CA Training Mode

Because CA inputs operate as double data rate, it may be difficult for memory controller to satisfy CA input setup/hold timings at higher frequency. A CA
Training mechanism is provided.

12.4.1 CA Training Sequence

a) CA Training mode entry: Mode Register Write to MR41

b) CA Training session: Calibrate CAO, CA1, CA2, CA3, CA5, CAB, CA7 and CAS8 (see Figure 12)
c) CA to DQ mapping change: Mode Register Write to MR48

d) Additional CA Training session: Calibrate remaining CA pins (CA4 and CA9) (see Figure 16)
e) CA Training mode exit: Mode Register Write to MR42
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Figure 43: CA Training Timing chart

NOTE :

1) Unused DQ must be valid HIGH or LOW during data output period. Unused DQ may transition at the same time as the active DQ. DQS must remain static and not transition.
2) CA to DQ mapping change via MR 48 omitted here for clarity of the timing diagram. Both MR41 and MR48 training sequences must be completed before exiting the training
mode (MR42). To enable a CA to DQ mapping change, CKE must be driven HIGH prior to issuance of the MRW 48 command.

3) Because data out control is asynchronous and will be an analog delay from when all the CA data is available, tADR and tMRZ are defined from CK_t falling edge.
4) It is recommended to hold the CA bus stable for one cycle prior to and one cycle after the issuance of the MRW CA training entry/exit command to ensure setup and hold tim-
ings on the CA bus.

5) Clock phase may be adjusted in CA training mode while CS_n is high and CKE is low resulting in an irregular clock with shorter/longer periods and pulse widths.
6) Optional MRW 41, 48, 42 command and CA calibration command are allowed. To complement these optional commands, optional CS_n assertions are also allowed. All tim-
ing must comprehend these optional CS_n assertions:

a) tapr starts at the falling clock edge after the last registered CS_n assertion.

b) tcaco, tcackeLs tcamrp start with the rising clock edge of the last CS_n assertion.

c) tcaenT tcaext need to be met by the first CS_n assertion.

d) tyrz will be met after the falling clock edge following the first CS_n assertion with exit (MRW#42) command.

The LPDDR3 SDRAM may not properly recognize a Mode Register Write command at normal operation frequency before CA Training is finished. Special
encodings are provided for CA Training mode enable/disable. MR41 and MR42 encodings are selected so that rising edge and falling edge values are the
same. The LPDDR3 SDRAM will recognize MR41 and MR42 at normal operation frequency even before CA timing adjustment is finished.

Calibration data will be output through DQ pins. CA to DQ mapping is described in Table 16.

After timing calibration with MR41 is finished, users will issue MRW to MR48 and calibrate remaining CA pins (CA4 and CA9) using (DQ0/DQ1and DQ8/
DQ9) as calibration data output pins (see Table 14).

CA Training timing values are specified in the AC Timing Table.

[ Table 12 ] CA Training mode enable (MR41(29H, 0010 1001B), OP=A4H(1010 0100B))

CAO0 CA1 CA2 CA3 CA4 CAS5 CA6 CA7 CA8 CA9
Rising Edge L L L L H L L H L H
Falling Edge L L L L H L L H L H
[ Table 13 ] CA Training mode disable (MR42(2AH, 0010 1010B), OP=A8H(1010 1000B))

CAO0 CA1 CA2 CA3 CA4 CAS5 CA6 CA7 CA8 CA9
Rising Edge L L L L L H L H L H
Falling Edge L L L L L H L H L H
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[ Table 14 ] CA to DQ mapping (CA Training mode enabled with MR41)
CA0 CA1 CA2 CA3 CA5 CA6 CA7 CA8 Clock edge
DQO DQ2 DQ4 DQ6 DQ8 DQ10 DQ12 DQ14 CK_t rising edge
DQ1 DQ3 DQ5 DQ7 DQ9 DQ11 DQ13 DQ15 CK_t falling edge
[ Table 15] CA Training mode enable (MR48 (30H, 0011 0000B), OP=COH(1100 0000B))
CA0 CA1 CA2 CA3 CA5 CA6 CA7 CAS8 CA9
Rising Edge L L L L L L L H H
Falling Edge L L L L L L L H H

[ Table 16 ] CA to DQ mapping (CA Training mode is enabled with MR48)

CA4 CA9 Clock edge

DQoO DQ8 CK_t rising edge

DQ1 DQ9 CK_t falling edge
NOTE :

1) Other DQs must have valid output (either HIGH or LOW).
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12.5 Mode Register Write - WR Leveling Mode

In order to provide for improved signal integrity performance, the LPDDR3 SDRAM provides a write leveling feature to compensate for timing skew, affect-
ing timing parameters such as tpqss, tpss, and tpgy.

The memory controller uses the write leveling feature to receive feedback from the SDRAM allowing it to adjust the clock to data strobe signal relationship
for each DQS_t/DQS_c signal pair. The memory controller performing the leveling must have adjustable delay setting on DQS_t/DQS_c signal pair to
align the rising edge of DQS signals with that of the clock signal at the DRAM pin. The DRAM asynchronously feeds back CLK, sampled with the rising
edge of DQS signals. The controller repeatedly delays DQS signals until a transition from 0 to 1 is detected. The DQS signals Delay established through
this exercise ensures the tpqgg specification can be met.

All DQS signals may have to be leveled independently. During Write Leveling operations each DQS signal latches the clock with a rising strobe edge and
drives the result on all DQ[n] of its respective byte.

The LPDDR3 SDRAM enters into Write leveling mode when mode register MR2[7] is set HIGH. When entering write leveling mode, the state of the DQ
pins is undefined. During write leveling mode, only NOP commands are allowed, or MRW command to exit write leveling operation. Upon completion of
the write leveling operation, the DRAM exits from write leveling mode when MR2[7] is reset LOW.

The controller will drive DQS_t low and DQS_c high after a delay of tWLDQSEN. After time tWLMRD, the controller provides DQS Signal input which is
used by the DRAM to sample the clock signal driven from the controller. The delay time tWLMRD(max) is controller dependent. The DRAM samples the
clock input with the rising edge of DQS and provides asynchronous feedback on all the DQ bits after time tWLO. The controller samples this information
and either increment or decrement the DQS_t and/or DQS_c delay settings and launches the next DQS_t/DQS_c pulse. The sample time and trigger time
is controller dependent. Once the following DQS_t/DQS_c transition is sampled, the controller locks the strobe delay settings, and write leveling is
achieved for the device. Figure47 describes the timing for the write leveling operation.

twes twin twis twin

CA[0-9]

[CMD]

DQS_c
DQS_t

twimrD tbasH tbasL twio

Figure 44: Write Leveling Timing
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13.0 On-Die Termination

ODT (On-Die Termination) is a feature of the LPDDR3 SDRAM that allows the DRAM to turn on/off termination resistance for each DQ, DQS_t, DQS_c
and DM via the ODT control pin. The ODT feature is designed to improve signal integrity of the memory channel by allowing the DRAM controller to inde-
pendently turn on/off termination resistance for any or all DRAM devices. Unlike other command inputs, the ODT pin directly controls ODT operation and
is not sampled by the clock.

The ODT feature is turned off and not supported in Self-Refresh and Deep Power Down modes. ODT operation can optionally be enabled during CKE
Power Down via a mode register. Note that if ODT is enabled during Power Down mode VDDQ may not be turned off during Power Down. The DRAM will
also disable termination during read operations.

A simple functional representation of the DRAM ODT feature is shown in Figure 45.

TOEI' - — — 1
\ |
To other ‘ vDDQ ‘
circuitry RTT ‘
like ‘ AN A
RCV, ... | |switch |
‘ ‘ DQ, DQS, DM
- - - _ |

Figure 45: Functional Representation of ODT

The switch is enabled by the internal ODT control logic, which uses the external ODT pin and other mode register control information. The value of RTT is
determined by the settings of Mode Register bits. The ODT pin will be ignored if the Mode Register MR11 is programmed to disable ODT, in self-refresh,
in deep power down, in CKE power down (mode register option) and during read operations.

13.1 ODT Mode Register

The ODT Mode is enabled if MR11 OP<1:0> are non zero. In this case, the value of RTT is determined by the settings of those bits. The ODT Mode is dis-

abled if MR11 OP<1:0> are zero.
MR11 OP<2> determines whether ODT, if enabled through MR11 OP<1:0>, will operate during CKE power down.

13.2 Asynchronous ODT

The ODT feature is controlled asynchronously based on the status of the ODT pin, except ODT is off when:.

- ODT is disabled through MR11 OP<1:0>

- DRAM is performing a read operation (RD or MRR)

- DRAM is in CKE Power Down and MR11 OP<2> is zero

- DRAM is in Self-Refresh or Deep Power Down modes.

- DRAM is in CA Training Mode.

In asynchronous ODT mode, the following timing parameters apply when ODT operation is controlled by the ODT pin: tODTon,min,max, tOD-
Toff,min,max.

Minimum RTT turn-on time (tODTon,min) is the point in time when the device termination circuit leaves high impedance state and ODT resistance begins
to turn on. Maximum RTT turn on time (tODTon,max) is the point in time when the ODT resistance is fully on. tODTon,min and tODTon,max are measured
from ODT pin high.

Minimum RTT turn-off time (tODToff,min) is the point in time when the device termination circuit starts to turn off the ODT resistance. Maximum ODT turn
off time (tODToff,max) is the point in time when the on-die termination has reached high impedance. tODToff,min and tODToff,max are measured from
ODT pin low.

13.3 ODT During Read Operations (RD or MRR)

During read operations, LPDDR3 SDRAM will disable termination and disable ODT control through the ODT pin. After read operations are completed,
ODT control is resumed through the ODT pin (if ODT Mode is enabled).
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13.4 ODT During Power Down

When MR11 OP<2> is zero, termination control through the ODT pin will be disabled when the DRAM enters CKE power down. After a power down com-
mand is registered, termination will be disabled within a time window specified by tODTd,min,max. After a power down exit command is registered, termi-
nation will be enabled within a time window specified by tODTe,min,max.

Minimum RTT disable time (tODTd,min) is the point in time when the device termination circuit will no longer be controlled by the ODT pin. Maximum ODT
disable time (tODTd,max) is the point in time when the on-die termination will be in high impedance.

Minimum RTT enable time (tODTe,min) is the point in time when the device termination circuit will no longer be in high impedance. The ODT pin shall con-
trol the device termination circuit after maximum ODT enable time (tODTe,max) is satisfied.

When MR11 OP<2> is enabled and MR11 OP<1:0> are non zero, ODT operation is supported during CKE power down with ODT control through the
ODT pin.

13.5 ODT During Self Refresh

LPDDR3 SDRAM disables the ODT function during self refresh. After a self refresh command is registered, termination will be disabled within a time win-
dow specified by tODTd,min,max. After a self refresh exit command is registered, termination will be enabled within a time window specified by
tODTe,min,max.

13.6 ODT During Deep Power Down

LPDDR3 SDRAM disables the ODT function during deep power down. After a deep power down command is registered, termination will be disabled
within a time window specified by tODTd,min,max.

13.7 ODT During CA Training and Write Leveling

During CA Training Mode, LPDDR3 SDRAM will disable on-die termination and ignore the state of the ODT control pin. For ODT operation during Write
Leveling mode, refer to the DRAM Termination Function In Write Leveling Mode Table for termination activation and deactivation for DQ and DQS_t/
DQS_c.

[ Table 17 ] DRAM Termination Function In Write Leveling Mode

ODT Pin DQS_t/DQS_c termination DQ termination
de-asserted OFF OFF
asserted ON OFF

If ODT is enabled, the ODT pin must be high, in Write Leveling mode.

[ Table 18 ] ODT States Truth Table

Write Read/DQ Cai ZQ Cal CA Training Write Level
DQ Termination Enabled Disabled Disabled Disabled Disabled
DQS Termination Enabled Disabled Disabled Disabled Enabled

NOTE :
1) ODT is enabled with MR11[1:0]=01b, 10b, or 11b and ODT pin HIGH. ODT is disabled with MR11[1:0]=00b or ODT pin LOW.
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Figure 46: Asynchronous ODT Timing Example for RL = 12
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Figure 47: Automatic ODT Timing During READ Operation Example for RL =m
NOTE :

1) The automatic RTT turn-off delay, taopTofs, is referenced from the rising edge of “RL-2” clock at Tm-2.
2) The automatic RTT turn-on delay, taoopTon, is referenced from the rising edge of “RL+ BL/2” clock at Tm+4.
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Figure 48: ODT Timing During Power Down, Self Refresh, Deep Power Down Entry/Exit Example

NOTE :
1) Upon exit of Deep Power Down mode, a complete power-up initialization sequence is required.
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14.0 POWER-DOWN

Power-down is entered synchronously when CKE is registered LOW and CS_n is HIGH at the rising edge of clock. 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 row activation, PRECHARGE, auto precharge,
or REFRESH are in progress, but the power-down IDD specification will not be applied until such operations are complete. Power-down entry and exit are
shown in Figures 51 Read to power-down entry.

Entering power-down deactivates the input and output buffers, excluding CKE. To ensure that there is enough time to account for internal delay on the
CKE signal path, two NOP commands are required after CKE is driven LOW; this timing period is defined as tcppgp. CKE LOW will result in deactivation

of input receivers after tcppgp has expired. In power-down mode, CKE must be held LOW; all other input signals are “Don’t Care.” CKE LOW must be
maintained until tCKE,min is satisfied. VRgrca must be maintained at a valid level during power down.

VDDAQ can be turned off during power down. If VDDQ is turned off, Vreppq must also be turned off. Prior to exiting power down, both Vppq and Vrerpq
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 the Refresh command section.

The power-down state is exited when CKE is registered HIGH. The controller must drive CS_n HIGH in conjunction with CKE HIGH when exiting the
power-down state. CKE HIGH must be maintained until tckg,min 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 parameter table.

If power-down occurs when all banks are idle, this mode is referred to as idle power-down; if power-down occurs when there is a row active in any bank,
this mode is referred to as active power-down. For the description of ODT operation and specifications during power-down entry and exit, see section On-
Die Termination.
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! “ “\ I Lo g | S_
[ I [ [
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Figure 49: Basic power-down entry and exit timing

NOTE :

1) Input clock frequency can be changed or the input clock can be stopped or floated during power-down, provided that upon exiting power-down, 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 specified frequency for the speed
grade in use.
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Figure 50: CKE-Intensive Environment

CK_c
CK_t

CKE

[CMD]

Figure 51: REFRESH-to-REFRESH Timing in CKE-Intensive Environments

NOTE :
1) The pattern shown can repeat over an extended period of time. With this pattern, all AC and DC timing and voltage specifications with temperature and voltage drift are
ensured.
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afafaxaexeraraxe)

Figure 52: READ to Power-Down Entry
NOTE :
1) CKE must be held HIGH until the end of the burst operation.

2) CKE can be registered LOW at RL + RU(tpasckmaxy/tck) + BL/2 + 1 clock cycles after the clock on which the READ command is registered.

TO T1 T2 TX Tx+1  Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9 Tx+10

Figure 53: READ with Auto Precharge to Power-Down Entry

NOTE :

1) CKE must be held HIGH until the end of the burst operation.

2) CKE can be registered LOW at RL + RU(tpqsck/tck)* BL/2 + 1 clock cycles after the clock on which the READ command is registered.
3) BL/2 with tRTP = 7.5ns and tRAS (MIN) is satisfied.

4) Start internal PRECHARGE.

Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5

CK c
CK_t
[CMD]

CKE B2 > B
0 0 mamum o)
DQS_c R : : : : : :
pas.t | . . X_\ /_\ /_\ /_\_/ 5 5 5 5 5 5 5
Flgure 54: WRITE to Power-Down Entry

NOTE:

1) CKE can be registered LOW at WL + 1 + BL/2 + RU(tyr/tck) clock cycles after the clock on which the WRITE command is registered.
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TO T1 Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6
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Figure 55: LPDDR3: WRITE with Auto Precharge to Power-Down Entry
NOTE :

1) CKE can be registered LOW at WL + 1 + BL/2 + RU(tyr/tck) + 1 clock cycles after the WRITE command is registered.
2) Start internal PRECHARGE.

TO T1 T2 T3 T4 T5 TQ T? T§ TQ T10 T1.1 .
[CMD] . REF  )— : : : : : : : : : :
CKE tlHCKEE«—» tSorE
' <

Figure 56: REFRESH Command to Power-Down Entry

NOTE :
1) CKE can go LOW tycke after the clock on which the REFRESH command is registered.

TO T1 T2 .
owo) (e

CKE .

Figure 57: ACTIVATE Command to Power-Down Entry

NOTE:
1) CKE can go LOW at tjcke after the clock on which the ACTIVATE command is registered.
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TO T1 T2 T3 T4 T5 TQ T7 TS T9 T1 0 T1. 1 .
cMD] | — | | | | | | | | | |

Figure 58: PRECHARGE Command to Power-Down Entry

NOTE :
1) CKE can go LOW tIHCKE after the clock on which the PRECHARGE command is registered.

TO T1 T2 Tx Tx+1  Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9
CK_tL..,'\ oo\ - I A N A N A N
[CMD] ——( WRR ) : : : : : : :

. . . . . . . . tiseke

CKE : AL : : : : : : : : : :

' ' ' ' ' ' ' | ' ' ' '
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Figure 59: MRR to Power-Down Entry

NOTE :
1) CKE can be registered LOW RL + RU(tpgsck/tck)* BL/2 + 1 clock cycles after the clock on which the MRR command is registered.

2) CKE should be held high until the end of the burst operation.

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
CK_
CK_t
cMD] | . | | | | | | | | | |
: :1 E tmrRw . ;E ' ' ' ' ' ' ' '
CKE : : o\ . . . . . . . .
| | | ot | : : : : | | :

Figure 60: MRW to Power-Down Entry

NOTE :
1) CKE can be registered LOW tyryy after the clock on which the MRW command is registered.
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15.0 INPUT CLOCK STOP AND FREQUENCY CHANGE

LPDDR3 SDRAMSs support input clock frequency change during CKE LOW under the following conditions:

tCK(abs)min is met for each clock cycle;

Refresh Requirements apply during clock frequency change;

During clock frequency change, only REFab or REFpb commands may be executing;

Any Activate or Precharge commands have executed to completion prior to changing the frequency;
The related timing conditions (trcp, trp) have been met prior to changing the frequency;

The initial clock frequency shall be maintained for a minimum of 2 clock cycles after CKE goes LOW,;
The clock satisfies tcH(abs) and tey abs) for @ minimum of 2 clock cycles prior to CKE going HIGH.

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
need to be adjusted to meet minimum timing requirements at the target clock frequency.

LPDDRS devices support clock stop during CKE LOW under the following conditions:

CK_tis held LOW and CK_c is held or both are floated HIGH during clock stop;

Refresh Requirements apply during clock stop;

During clock stop, only REFab or REFpb commands may be executing;

Any Activate or Precharge commands have executed to completion prior to stopping the clock;

The related timing conditions (trcp., trp) have been met prior to stopping the clock;

The initial clock frequency shall be maintained for a minimum of 2 clock cycles after CKE goes LOW;
The clock satisfies tcH(abs) @and tey (abs) for @ minimum of 2 clock cycles prior to CKE going HIGH.

LPDDRS devices support input clock frequency change during CKE HIGH under the following conditions:

tCK(abs)min is met for each clock cycle;

Refresh Requirements apply during clock frequency change;

Any Activate, Read, Write, Precharge, Mode Register Write, or Mode Register Read commands must have executed to completion, including any
associated data bursts prior to changing the frequency;

The related timing conditions (trcp, twr, twras tRp tMrRwW: tMRR, €tC.) have been met prior to changing the frequency;

CS_n shall be held HIGH during clock frequency change;

During clock frequency change, only REFab or REFpb commands may be executing;

The LPDDR3 SDRAM is ready for normal operation after the clock satisfies tcpaps) and toy aps) for @ minimum of 2*tCK + tXP.

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

LPDDRS devices support clock stop during CKE HIGH under the following conditions:

CK_tis held LOW and CK_c is held HIGH during clock stop;

CS_n shall be held HIGH during clock clock stop;

Refresh Requirements apply during clock stop;

During clock stop, only REFab or REFpb commands may be executing;

Any Activate, Read, Write, Precharge, Mode Register Write, or Mode Register Read commands must have executed to completion, including any
associated data bursts prior to stopping the clock;

The related timing conditions (trcp. twr, twras tRp tMrRW: tMRR, €tc.) have been met prior to stopping the clock;

The LPDDR3 SDRAM is ready for normal operation after the clock is restarted and satisfies tcrans) @nd tey (aps) for @ minimum of 2*tCK + tXP.
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16.0 NO OPERATION COMMAND

The purpose of the No Operation command (NOP) is to prevent the LPDDR3 device from registering any unwanted command between operations. Only
when the CKE level is constant for clock cycle N-1 and clock cycle N, a NOP command may be issued at clock cycle N. A NOP command has two

possible encodings:

1. CS_n HIGH at the clock rising edge N.

2.CS_n LOW and CA0, CA1, CA2 HIGH at the clock rising edge N.

The No Operation command will not terminate a previous operation that is still executing, such as a burst read or write cycle.
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