Rev. 1.0, May. 2012

KMS5UOOOKM-B308

MCP Specification

4GB e-MMC
+ 4Gb DDP(64M x32+ 64Mx32) Mobile DDR SDRAM

SAMSUNG ELECTRONICS RESERVES THE RIGHT TO CHANGE PRODUCTS, INFORMATION AND
SPECIFICATIONS WITHOUT NOTICE.

Products and specifications discussed herein are for reference purposes only. All information discussed
herein is provided on an "AS IS" basis, without warranties of any kind.

This document and all information discussed herein remain the sole and exclusive property of Samsung
Electronics. No license of any patent, copyright, mask work, trademark or any other intellectual property
right is granted by one party to the other party under this document, by implication, estoppel or other-
wise.

Samsung products are not intended for use in life support, critical care, medical, safety equipment, or
similar applications where product failure could result in loss of life or personal or physical harm, or any

military or defense application, or any governmental procurement to which special terms or provisions
may apply.

For updates or additional information about Samsung products, contact your nearest Samsung office.

All brand names, trademarks and registered trademarks belong to their respective owners.

(© 2012 Samsung Electronics Co., Ltd. All rights reserved.

SAMSUNG ELECTRONICS 1



KMS5UO00KM-B308

Rev. 1.0

MCP Memory

Revision History

Revision No. History

0.0 Initial issue.
- 4GB e-MMC B-die_ Ver 0.0
- 4Gb DDP Mobile DDR SDRAM D-die_Ver 1.0

1.0 - Final datasheet.

SAMSUNG ELECTRONICS

Draft Date

May. 09, 2012

May. 15, 2012

Remark Editor
Preliminary K.N.Kang
Fianl K.N.Kang



KMS5UO00KM-B308

Rev. 1.0

MCP Memory

1. FEATURES

<Common>
o Operating Temperature : -25°C ~ 85°C
o Package : 153ball FBGA Type - 11.5 x 13 x 1.0mmt, 0.5mm pitch

<e-MMC>
MultiMediaCard System Specification Ver. 4.41 compatible. Detail descrip-
tion is referenced by JEDEC Standard
e SAMSUNG e-MMC supports below special features which are being dis-
cussed in JEDEC
- High Priority Interrupt scheme is supported
- Back ground operation is supported.
o Full backward compatibility with previous MultiMediaCard system ( 1bit
data bus, multi-e-MMC systems)
o Data bus sidth :1bit(Default), 4bit and 8bit
¢ MMC I/F Clock Frequency : 0 ~ 52MHz
MMC I/F Boot Frequency :0 ~52MHz
e Dual Data Rate mode is supported
e Power : Interface power — VDD = VCCQmM(1.70V ~ 1.95V or 2.7V ~
3.6V), Memory power — VDDF = VCCm(2.7V ~ 3.6V)

SAMSUNG ELECTRONICS

<Mobile DDR SDRAM>

- VDD/VDDQ = 1.8V/1.8V

» Double-data-rate architecture; two data transfers per clock cycle.

* Bidirectional data strobe (DQS).

« Four banks operation. -

« Differential clock inputs (CK and CK).

* MRS cycle with address key programs.

- CAS Latency (3)

- Burst Length (2, 4, 8, 16)

- Burst Type (Sequential & Interleave)

* EMRS cycle with address key programs.

- Partial Array Self Refresh (Full, 1/2, 1/4 Array)

- Output Driver Strength Control (Full, 1/2, 1/4, 1/8, 3/4, 3/8, 5/8, 7/8)

* Internal Temperature Compensated Self Refresh.

« All inputs except data & DM are sampled at the positive going edge of the
system clock (CK).

+ Data 1/O transactions on both edges of data strobe, DM for masking.

 Edge aligned data output, center aligned data input.

* No DLL; CK to DQS is not synchronized.

» DM for write masking only.

« Auto refresh duty cycle.

» 7.8us

*Clock Stop capability.

Operating Frequency

DDR400
Speed @CL3" 200MHz
NOTE :
1) CAS Latency
ADDRESS CONFIGURATION
. = Bank Row Column
O ZE e El Address | Address Address
64M x32 CS0 |CKEO|BAO, BA1| AO-A13 AO - A9
64M x32 CS1 |CKE1|BAO, BA1| AO-A13 AO - A9
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2. GENERAL DESCRIPTION

The KMS5U000KM is a Multi Chip Package Memory which combines 4GB e-MMC and 4Gb DDP Mobile DDR synchronous high data rate Dynamic RAM.

The SAMSUNG e-MMC is an embedded MMC solution designed in a BGA package form. e-MMC operation is identical to a MMC card and therefore is a
simple read and write to memory using MMC protocol v4.5 which is a industry standard.

e-MMC consists of NAND flash and a MMC controller. 3V supply voltage is required for the NAND area (VDDF) whereas 1.8V or 3V dual supply voltage
(VDD) is supported for the MMC controller. Maximum MMC interface frequency of 52MHz and maximum bus widths of 8 bit are supported.

There are several advantages of using e-MMC. 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 mangement software or FTL(Flash Transition Layer) of e-MMC manages Wear Leveling, Bad Block Management and ECC. The
FTL supports all features of the Samsung NAND flash and achieves optimal performance.

In 4Gb DDP Mobile DDR SDRAM, Synchronous design make a device controlled precisely with the use of system clock. Range of operating frequencies,
programmable burst length and programmable latencies allow the same device to be useful for a variety of high bandwidth, high performance memory
system applications.

The KMS5UO000KM is 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 153-ball FBGA Type.

SAMSUNG ELECTRONICS 4-
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3. PIN CONFIGURATION

1 2 3 4 5 6 7 8 9 10 11 12 13 14

DAT3m DAT4m DAT5m ' DAT6m  DAT7/m DQ30d DQ28d DQ26d DQ24d DQS3d

Add DQ29d DQ27d DQ25d DM3d

A6d A7d

A11d A8d

A13d A9d

/RASd /WEd

CKE1d /CASd /CS1d

BA1d VSSd A10d

BAOd AO0d A1d

A2d CMDm  CLKm DQ1d DQ3d DQ5d DQ7d DMOd

A3d VSSQm | VSSQd [glelie DQ2d DQ4d DQ6d  DQSO0d
VSSQm

153 FBGA: Top View (Ball Down)
Mobile SDRAM
e-MMC
Power

Ground

NC / DNU

SAMSUNG ELECTRONICS -5-
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4. PIN DESCRIPTION

Pin Name Pin Function(Mobile SDRAM) Pin Name Pin Function(e-MMC)
CKd,/CKd System Differential Clock DATOm ~ DAT7m Data Input/Output
CKEd,CKE1d Clock Enable CLKm Clock
/CS0d,/CS1d Chip Selection CMDm Command
/RASd Row Address Strobe RSTm H/W Reset
/CASd Column Address Strobe VSSm Ground for Flash
/WEd Write Enable VCCQm Power Supply for Controller
AOd ~ A13d Address Input VCCm Power Supply for Flash
BAOd ~ BA1d Bank Select Input VSSQm Ground for Controller
DMO0d / DM3d Data Input/Output Mask VDDIm Should be connected to External Capacitance
DQS0d ~ DQS3d Data Strobe for Internal power stability
DQOd ~ DQ31d Data Input/Output
VDDd / vDDQd Power Supply for Core / 10s Pin Name Pin Function
VSSd / VSSQd Ground for Core / I0s DNU Do Not Use
NC Not Connected

SAMSUNG ELECTRONICS
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5. ORDERING INFORMATION

KM S 5 U000KM-B 308
Samsung 308:
e'MCP e‘MMC = 19ns
Mobile DDR SDRAM = 5ns, 5ns

Device Type
S : e'MMC + SDRAM+ SDRAM

Package
B : FBGA(HF, OSP LF)

e‘MMC Density & VCC & Org.
5: 4GByte, 32G, TLC, 3.3V, 1.8V~3.3V, x8

Generation
LSI M: 1st Generation
U : VHX01_PWD
NOR Flash Density & VCC & Org. DRAM I/F & Density & VCC & Org.
. K : MDDR*2, 2G*2, 1.8V/1.8V, x32
0: NONE
NAND/OneNAND Density & VCC & Org UtRAM/SRAM Density & VCC & Org.

0: NONE 0: NONE

SAMSUNG ELECTRONICS -7-
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6. FUNCTIONAL BLOCK DIAGRAM

VCCm VCCQm VSSQm VDDIm VSSm

T S S

CLKm ——

CcMDMm — | 4GB e-MMC ~«—P  DATOm to DAT7m

RSTm ——

VDDd VvDDQd VSSd VSSQd

R S S|

CKd, /CKd ——
CKEOd, CKE1d —|
/CS0d, /CS1d —>

/RASd ——»
/CASd —» 4Gb DDP
/WEd ——» Mobile DDR SDRAM -¢—p DQOd to DQ31d

AOd ~A13d ——
BAOd ~ BA1d ——»
DMOd ~DM3d ——»
DQSO0d ~ DQS3d ——»

SAMSUNG ELECTRONICS -8- @
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7. PACKAGE DIMENSION

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

Units:millimeters
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4GB eMMC
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1.0 Product Architecture

- e'MMC consists of NAND Flash and Controller. VDD is for Controller power and VDDF is for flash power

VDDF
Y
'_I—
VDD
Y Y Y
Y
~ )
RESET- »| % Core Regulator S Control Signal
o Required for 3.3V VDD o Memory
c o | vDDi Q
Reg 4 Y = Data Bus
0 Core b4
CLK ——» § » Logic <
CMD Block

DAT[7:0] <«

MMC Controller

SAMSUNG ELECTRONICS

Figure 1. e-MMC Block Diagram
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2.0 e.MMC 4.41 features
2.1 Data Write

Host can configure reliability mode to protect existing data per each partition.
This relibility mode has to be set before partitioning is completed.
This reliability setting only impacts the reliability of the main user area and the general purpose partitions.

[Table 1] EXT_CSD value for reliability setting in write operation

. Size .
Name Field (Bytes) Cell Type EXT_CSD-slice Value
Data Reliability Configuration WR_REL_SET 1 R/W [167] Ox1F
Data Reliability Supports WR_REL_PARAM 1 R [166] 0x05

Explanation of each field in the upper table is mentioned below

[Table 2] Definition of EXT_CSD value for reliability setting
Fields Definitions

0x0: All the WR_DATA_REL parameters in the WR_REL_SET registers are read only bits.
0x1: All the WR_DATA_REL parameters in the WR_REL_SET registers are R/W.

HS_CTRL_REL

0x0: The device supports the previous definition of reliable write.

EN_REL_WR 0x1: The device supports the enhanced definition of reliable write

The below table shows each field for WE_REL_SET

[Table 3] Description of each field for WE_REL_SET

Name Field Bit Size Type
Write Data Reliability (user Area) WR_DATA_REL_USR 0 1 2 /S\]; |(-:fs ﬁgjg'lljﬁli_EI;EOLL 1)
Write Data Reliability Partition 1 WR_DATA_REL_1 1 1 E /3\]; zfsﬁgjg'll:ﬁli_EI;EOLL 1)
Write Data Reliability Partition 2 WR_DATA_REL_2 2 1 E /3\]; zfsﬁgjg'll:ﬁli_EI;EOLL 1)
Write Data Reliability Partition 3 WR_DATA_REL_3 3 1 2 /S\]; |(-:fs ﬁgjg'lljﬁi_EI;EOLL 1)
Write Data Reliability Partition 4 WR_DATA_REL_4 4 1 E /3\]; zfsﬁgjg'll:ﬁi_ﬁ;;o& 1)
Reserved - 7:5 - -

SAMSUNG ELECTRONICS -12-
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2.2 Reliable Write
[Table 4] EXT_CSD value for reliable write
Name Field Size (Bytes) Cell Type CSD-slice Value
Data Reliability Supports WR_REL_PARAM R [166] 0x05

Reliable write with EN_REL_WR is Ox1 supports atomicity of sector unit.

The block size defined by SET_BLOCKLEN (CMD16) is ignored and reliable write is executed as only 512 byte length.

reliable write.

[Table 5] EXT_CSD value for reliable write

There is no limit on the size of the

. Size .
Name Field (Bytes) Cell Type CSD-slice Value

Reliable Write Sector Count REL_WR_SEC_C 1 R [222] 0x01
2.3 Secure Trim
Secure Trim operation consists of Secure Trim Step1 and Secure Trim Step2.
In Secure Trim Step 1 the host defines the range of write blocks that it would like to mark for the secure purge.
[Table 6] EXT_CSD value for secure trim

Field Definitions Value

SEC_TRIM_MULT | Secure Trim Step2 Timeout = 300ms x ERASE_TIMEOUT_MULT x SEC_TRIM_MULT 0x11

Area marked by Secure Trim Step1 is shown as EXT_CSD[181](ERASED_MEM_CONT) before Secure Trim Step2 is completed.

When Secure Trim Step2 is issued, if there is no data marked by Secure Trim Step1, Secure Trim Step2 does not work.

2.4 High Priority Interrupt

High Priority Interrupt is to stop ongoing operation and perform read operation with high priority

Command set for High Priority Interrupt operation is the below

[Table 7] Command List for High Priority Interrupt

*To be used only to send a High
Priority Interrupt

CMD Index Type Argument Resp Abbreviation Command Description
[31:16] — RCA*
[15:1] — stuff bits If High Priority Interrupt flag is set the
CMD12 ac [0] — High Priority Interrupt * R1b STOP_TRANSMISSION device shall interrupt its internal operations

in a well defined timing

Interruptible commands by read while write operation are the below.

[Table 8] List of Interruptible Command

Commands Names Notes

CMD24 WRITE SINGLE BLOCK -
CMD25 WRITE MULTIPLE BLOCKS |-

CMD25 RELIABLE WRITE \?vti?hpmri‘gha;:gigelrﬁél:?ugsrpl;ag:t turns that command into a reliable write command
ERASE -
CMD38 TRIM _
SECURE ERASE -
SECURE TRIM -

CMD6 SWITCH BACKGROUND OPERATION ONLY

SAMSUNG ELECTRONICS
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[Table 9] EXT_CSD value for HPI

Name Field Size(Bytes) Cell Type CSD-Slice Value
HPI features HPI_FEATURES 1 R [503] 0x03
Number of correctiy programmed sectors | CORRECTLY_PRG_SECTORS_NUM 4 R [245:242] 0x00
Partition switching timing PARTITION_SWITCH_TIME 1 R [199] 0x01
Out of interrupt busytiming OUT_OF_INTERRUPT_TIME 1 R [198] 0x02
HPI management HPI_MGMT 1 R/WI/E_P [161] 0x00

[Table 10] Definition of EXT_CSD value for HPI

Fields Definitions

Bit 0 means HPI_SUPPORT

Bit 0 = 0x0 : High Priority Interrupt mechanism not supported
Bit 0 = 0x1 : High Priority Interrupt mechanism supported
HPI_FEATURES
Bit 1 means HPI_IMPLEMENTATION

0x0 : HPI mechanism implementation based on CMD13
0x1 : HPI mechanism implementation based on CMD12

This field indicates how many 512B sectors were successfully programmed by the last
WRITE_MULTIPLE_BLOCK command (CMD25).
CORRECTLY_PRG_SECTORS_NUM=EXT_CSD[242]*2"0+EXT_CSD[243]*2"8
+EXT_CSD[244]*2"6 + EXT_CSD[245]*2"24

CORRECTLY_PRG_SECTOR_NUM

This field indicates the maximum timeout for the SWITCH command (CMD6) when switching partitions by
PARTITION_SWITCH_TIME changing PARTITION_ACCESS bits in PARTITION_CONFIG field (EXT_CSD byte [179]).
Time is expressed in units of 10 milliseconds

This field indicates the maximum timeout to close a command interrupted by HPI - time between the end bit of

OUT_OF_INTERRUPT_TIME CMD12 / CMD 13 to the DATO release by the device.

Bit 0 means HPI_EN
HPI_MGMT 0x0 : HPI mechanism not activated by the host
0x1 : HPI mechanism activated by the host

SAMSUNG ELECTRONICS -14-
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2.5 Background Operation

When the host is not being serviced, e:-MMC can do internal operation by using “Background Operation” command. In this operation which takes long
time to complete can be handled later when host ensure enough idle time (In Back ground operation)

Background Operation Sequence is the following

[Table 11] Background Operation Sequence

Function

Command

Description

Background Operation Check

CMD8 Or Card Status Register

If BKOPS_STATUS is not 0 or 6™ bit of card status register is set, there
are something to be performed by background operation

Background operation starts by BKOPS_START is set to any value.

Background Operation Start CMD6 When background operation is completed BKOPS_STATUS is set to 0
and BKOPS_START is set to 0.
Background Operation Stop HPI If the background operation is stopped

BKOPS_START is setto 0

[Table 12] EXT_CSD value for Background Operation

Name

Field Size(Bytes) Cell Type CSD-Slice Value
Background operations Support BKOPS_SUPPORT 1 R [502] 0x01
Background operations status BKOPS_STATUS 1 R [246] 0x00
Manually start background operations BKOPS_START 1 W/E_P [164] 0x00
Enable background operations hand shake BKOP_EN 1 R/W [163] 0x00
[Table 13] Definition of EXT_CSD value for Bakgrourd Operation
Fields Definitions
BKOPS SUPPORT ‘O, means Background operat!on !s not supported
- 1" means Background operation is supported
‘0’ means No background work pending
‘1’ means pending background work existing.
BKOPS_ STATUS ‘2’ means pending background work existing & performance being impacted.
‘3’ means pending background work existing & critical
BKOPS_START Fi?ckground operation start W.h|Ie.BKOPS_START is set to any value.
0’ means Background operation is enabled.
BKOPS_EN ‘0, means host does not support background operation
1" means host use background operation manually
[Table 14] Card Status Register for Background Operation
Bits Identifier Type Det Mode Value Description Clear Cond
If set, device needs to perform background opera-
“0” = Not Urgent tions urgently. Host can check EXT_CSD field
6 URGENT_BKOPS S R “1” = Urgent BKOPS_STATUS for the detailed level A
(in case of BKOPS_STATUS is20r 3)

SAMSUNG ELECTRONICS
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3.0 Technical Notes
3.1 S/W Agorithm

3.1.1 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.

3.1.1.1 Boot Area Partition and RPMB Area Partition

Default size of each Boot Area Partition is 2,048KB and can be changed by Vendor Command as multiple of 512KB.
Default size of RPMB Area Partition is 128 KB and can be changed by Vendor Command as multiple of 128KB.

Boot Partition size & RPMB Partition Size are set by the following command sequence :

[Table 15] Setting sequence of Boot Area Partition size and RPMB Area Partition size

Function Command Description
Partition Size Change Mode CMD62(0XxEFAC62EC) Enter the Partition Size Change Mode
Partition Size Set Mode CMD62(0x00CBAEAT7) Partition Size setting mode
Set Boot Partition Size CMD62(BOOT_SIZE_MULTI) Boot Partition Size value
Set RPMB Partition Size CMD62(RPMB_SIZE_MULTI) Elwge?;:gzzgnsiiszz:(’:é‘;‘:e 4 in this step.
Power Cycle

Boot partition size is calculated as ( 128KB * BOOT_SIZE_MULTI )
BOOT_SIZE_MULTI should be set as multiple of 8.
The size of Boot Area Partition 1 and 2 can not be set independently. It is set as same value.

RPMB partition size is calculated as ( 128KB * RPMB_SIZE_MULTI ).
In RPMB partition, CMD 0, 6, 8, 12, 13, 15, 18, 23, 25 are admitted.

Access Size of RPMB partition is defined as the below:

[Table 16] REL_WR_SEC_C value for write operation on RPMB partition

REL_WR_SEC_C Description
REL_WR_SEC_C =1 Access sizes 256B and 512B supported to RPMB partition
REL_WR_SEC_C > 1 Access sizes up to REL_WR_SEC_C * 512B supported to RPMB partition with 256B granularity

Any undefined set of parameters or sequence of commands results in failure access.

If the failure is in data programming case, the data is not programmed. And if the failure occurs in data read case, the read data is ‘0x00’.

3.1.1.2 Enhanced Partition (Area)

SAMSUNG e-MMC 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 2MB 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)

SAMSUNG ELECTRONICS -16-
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3.1.2 Write protect management

In order to allow the host to protect data against erase or write, the device shall support write protect commands.

3.1.2.1 User Area Write Protection

TMP_WRITE_PROTECT (CSD[12]) and PERM_WRITE_PROTECT(CSD[13]) registers allow the host to apply write protection to whole device including
Boot Partition, RPMB Partition and User Area.

[Table 17] whole device write protect priority

Class Setting

SET : One time programmable
CLR : Not available
SET : Multiple programmable

Permanent write protect

Temporary write protect

CLR : Multiple programmable

USER_WP (EXT_CSDJ[171]) register allows the host to apply write protection to all the partitions in the user area.

[Table 18] User area write protect priority

Class Setting

. SET : One time programmable
Permanent write protect

CLR : Not available

SET : One time programmable on power-on

Power-on write protect

CLR : After power reset

) SET : Multiple programmable
Temporary write protect

CLR : Multiple programmable

The host has the ability to check the write protection status of segments by using the SEND_WRITE_PROT_TYPE command (CMD31). When full card
protection is enabled all the segments will be shown as having permanent protection.

3.1.2.2 Boot Partition Write Protection
BOOT_WP (EXT_CSD [173]) register allows the host to apply write protection to Boot Area Partitions.

[Table 19] Boot area write protect priority

Class Setting

SET : One time programmable
CLR : Not available

SET : One time programmable on power-on

Permanent write protect

Power-on write protect

CLR : After power reset

An attempt to set both the disable and enable bit for a given protection mode (permanent or power-on) in a single switch command will have no impact
and switch error occurs.

Setting both B_PERM_WP_EN and B_PWR_WP_EN will result in the boot area being permanently protected.

SAMSUNG ELECTRONICS -17-
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3.1.3 Boot operation

Device supports not only boot mode but also alternative boot mode.
Device supports high speed timing and dual data rate during boot

CLK

CcMD CMD1H RESP H CMD2}H RESP |

DATIO] =
s|ot0 |E o s

1) A Boot terminated
MiIn 8 cloks + 48 clocks = 56 clocks required from
—» [-— CMD signal high to next MMC command.

)

*(1) Boot ACK Time (2) Boot Data Time (3) CMD1 Time

Figure 2. MultiMediaCard state diagram (boot mode)

CLK

CMD CMDO" CMDO Reset [ cmb1 - RESP |—H CcMD2 |
A

DATIO]

+CRC E | 3)

s | 512bytes

i -€ L
'\CAIISZ_I?S ) Boot terminated
required
after — — l— @)
power is
stable to - >
start boot
command

*(1) Boot ACK Time (2) Boot Data Time (3) CMD1 Time
*CMDO with argument OxFFFFFFFA

Figure 3. MultiMediaCard state diagram (alternative boot mode)

[Table 20] Boot ack, boot data and initialization Time

Timing Factor Value
(1) Boot ACK Time <50 ms
(2) Boot Data Time <60 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 300ms

Minimum function for reading boot data is initialized during boot time and after that full function is initialized during initialization time.

SAMSUNG ELECTRONICS -18-
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3.1.4 User Density

Total User Density depends on device type.
For example, 32MB in the SLC Mode requires 96MB in TLC.
This results in decreasing of user density

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

© o o o

User Density

A
Y

[Table 21] Capacity according to partition

Boot partition 1 Boot partition 2 RPMB
Min. 2,048KB 2,048KB 128KB
Max. 4,096KB 4,096KB 4,096KB

[Table 22] Maximum Enhanced Partition Size

Device Max. Enhanced Partition Size

4GB TBD

[Table 23] User Density Size

Device User Density Size

4 GB 3,909,091,328 Bytes

SAMSUNG ELECTRONICS -19-
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3.1.5 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 24] Auto Power Saving Mode enter and exit

Mode Enter Condition Escape Condition

When previous operation which came from Host is completed and no command is issued dur-

. L If Host issues any command
ing a certain time.

Auto Power Saving Mode

[Table 25] Auto Power Saving Mode and Sleep Mode

Auto Power Saving Mode Sleep Mode
NAND Power ON OFF
GotoSleep Time <1ms <1ms

3.1.6 End of Life Management

The end of device life time is defined when there is no more available reserved block for bad block management in the device. When the deivice reaches
to end of its life time, device shall change its state to permanent write protection state. In this case, write operation is not allowed any more but read oper-
ation are still allowed.

But, reliability of the operation can not be guaranteed after end of life

3.1.7 Performance
[Table 26] Performance

Density Sequential Read (MB/s) Sequential Write (MB/s)

4 GB 60 6

* Test/ Estimation Condition : Bus width x8, 52MHz DDR, 4MB data transfer, w/o file system overhead

SAMSUNG ELECTRONICS -20-
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4.0 REGISTER VALUE
4.1 OCR Register

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

[Table 27] OCR Register

OCR bit VDD voltage window? Register Value
[6:0] Reserved 00 00000b
71 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] e-MMC power up status bit (busy)'
NOTE :

1) This bit is set to LOW if the e-MMC 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.

4.2 CID Register
[Table 28] 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 [65:48] .2
Product serial number PSN 32 [47:16] L3
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 e. MMC 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)

4.2.1 Product name table (In CID Register)

[Table 29] Product name
Part Number Density Product Name in CID Register (PNM)

KMS5U000KM-B308 4GB 0 x53355530304D
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4.3 CSD Register

The Card-Specific Data register provides information on how to access the e‘MMC 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.

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

[Table 30] CSD Register

. . Cell . CSD Value
Name Field Width CSD-slice
Type 4GB
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
Card command classes CcCC 12 R [95:84] O0xF5
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] -
Card 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 [58:56] 0x06
Max. write current @ VDD min VDD_W_CURR_MIN 3 R [55:53] 0x06
Max. write current @ VDD max VDD_W_CURR_MAX 3 R [562:50] 0x06
Card 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] Ox1F
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] 0x02
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/W/E [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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4.4 Extended CSD Register

The Extended CSD register defines the e-MMC properties and selected modes. It is 512 bytes long.

The most significant 320 bytes are the Properties segment, which defines the e-MMC capabilities and cannot be modified by the host. The lower 192
bytes are the Modes segment, which defines the configuration the e:-MMC 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.

WI/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 wtitable with value reset after power failure, H/W reset assertion and any CMDO reset and not readable

[Table 31] Extended CSD Register

Name Field Size cell CSD-slice CSD Value
(Bytes) | Type 4GB
Properties Segment
Reserved' 7 - [511:505] -
Supported Command Sets S CMD_SET 1 R [504] 0x01
HPI features HPI_FEATURES 1 R [503] 0x03
Background operations support BKOPS_SUPPORT 1 R [502] 0x01
Reserved' 255 - [501:247] -
Background operations status BKOPS_STATUS 1 R [246] 0x00
Number of correctly programmed sectors CORRECTLY_PRG_SECTORS_NUM 4 R [245:242] 0x00
| st initialization time after partitioning INL_TIMEOUT_AP 1 R [241] Ox1E
Reserved' 1 - [240] -
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
Reserved' 2 - [237:236] -
Minimum Write Performance for 8 bit at 52MHz in DDR mode MIN_PERF_DDR_W_8_52 1 R [235] 0x00
Minimum Read Performance for 8 bit at 52MHz in DDR mode MIN_PERF_DDR_R 8 52 1 R [234] 0x00
Reserved' 1 - [233] -
TRIM Multiplier TRIM_MULT 1 R [232] 0x02
Secure Feature support SEC_FEATURE_SUPPORT 1 R [231] 0x15
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_MULTI 1 R [226] 0x10
Access size ACC_SIZE 1 R [225] 0x06
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] Ox1E
Sleep current (VDDF) S_C_VDDF 1 R [220] 0x07
Sleep current (VDD) S_C_VvDD 1 R [219] 0x07
Reserved' 1 - [218] -
Sleep/awake timeout ‘ S A _TIMEOUT 1 R [217] 0x11
Reserved' 1 - [216] -
Sector Count ‘ SEC_COUNT 4 R [215:212] | 0x748000
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Reserved' 1 - [211] -
Minimum Write Performance for 8bit @52MHz MIN_PERF_W_8_52 1 R [210] 0x00
Minimum Read Performance for 8bit @52MHz MIN_PERF_R_8 52 1 R [209] 0x00
Minimum Write Performance for 8bit @26MHz /4bit @52MHz MIN_PERF_W_8 26 4 52 1 R [208] 0x00
Minimum Read Performance for 8bit @26MHz /4bit @52MHz MIN_PERF_R_8 26 4 52 1 R [207] 0x00
Minimum Write Performance for 4bit @26MHz MIN_PERF_W_4 26 1 R [206] 0x00
Minimum Read Performance for 4bit @26MHz MIN_PERF_R_4_26 1 R [205] 0x00
Reserved' 1 - [204] -
Power Class for 26MHz @ 3.6V PWR_CL_26_360 1 R [203] 0x00
Power Class for 52MHz @ 3.6V PWR_CL_52_360 1 R [202] 0x00
Power Class for 26MHz @ 1.95V PWR_CL_26_195 1 R [201] 0x00
Power Class for 52MHz @ 1.95V PWR_CL_52_195 1 R [200] 0x00
Partition switching timing PARTITION_SWITCH_TIME 1 R [199] 0x01
Out-of-interrupt busy timing OUT_OF_INTERRUPT_TIME 1 R [198] 0x02
Reserved' 1 - [197] -
Card Type CARD_TYPE 1 R [196] 0x07
Reserved' 1 - [195] -
CSD Structure Version CSD_STRUCTURE 1 R [194] 0x02
Reserved' 1 - [193] -
Extended CSD Revision EXT_CSD_REV 1 R [192] 0x05
Modes Segment
Command Set CMD_SET 1 R/W/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/W/E_P [185] 0x00
Reserved' 1 - [184] -
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 configurationn PARTITION_CONFIG 1 FS(/VV\;E_%D [179] 0x00
Boot config proteetion BOOT_CONFIG_PRPT 1 RIW & [178] 0x00
R/W/C_P
Boot bus width1 BOOT_BUS_WIDTH 1 R/W/E [177] 0x00
Reserved' 1 - [176] -
High-density erase group definition ERASE_GROUP_DEF 1 R/W/E_P [175] 0x00
Reserved' 1 - [174] -
Boot area write proection register BOOT_WP 1 RIW & [173] 0x00
R/W/C_P
Reserved' 1 - [172] -
R/W,
User area write protection register USER_WP 1 R/WIC_P& [171] 0x00
R/W/E_P
Reserved' 1 - [170] -
FW configuration FW_CONFIG 1 R/W [169] 0x00
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RPMB Size RPMB_SIZE_MULT 1 R [168] 0x01

Write reliability setting register WR_REL_SET 1 R/W [167] Ox1F

Write reliability parameter register WR_REL_PARAM 1 R [166] 0x05
Reserved' 1 - [165] -

Manually start background operations BKOPS_START 1 W/E_P [164] 0x00

Enable background operations handshake BKOPS_EN 1 R/W [163] 0x00

H/W reset function RST_n_FUNCTION 1 R/W [162] 0x00

HPI management HPI_MGMT 1 R/WI/E_P [161] 0x00

Partitoning support RARTITIONING_SUPPORT 1 R [160] 0x03

Max Enhanced Area Size MAX_ENH_SIZE_MULT 3 R [159:157] TBD

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

Paritioning Setting PARTITION_SETTING_COMPLETED 1 R/wW [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 4 R/W [139:136] 0x00
Reserved' 1 - [135] -

Bad Block Management mode SEC_BAD_BLK_MGMT 1 R/W [134] 0x00
Reserved' 134 - [133:0] -

NOTE :
1) Reserved bits should be read as "0."
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5.0 AC PARAMETER

5.1 Time Parameter

[Table 32] Time Parameter

Timing Paramter Max. Value Unit
Normal ) 300 ms
Initialization Time (tINIT)
After partition setting 2 3 s
Read Timeout 100 ms
Write Timeout 350(TBD) ms
Erase Timeout 15 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) 100 us

NOTE:

1) Normal Initialization Time without partition setting

2) Initialization Time after partition setting, refer to INI_TIMEOUT_AP in 6.4 EXT_CSD register

3) If 8KB Size and Address are aligned, Max. Timeout value is 300ms

5.2 Bus Timing Parameter

CLK

Input

“m--min (Vi)

- max (Vi)

Output

Data

-~ == min (Vi)

----max (V)

Data !

-~ == min (Vo)

---- max (Vo)

Data must always be sampled on the rising edge of the clock.

Figure 4. Bus signal levels
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[Table 33] Default (under 26MHz)

Parameter Symbol Min Max Unit ‘ Remark?

Clock CLK(AIl values are referred to min(V|y) and max(V“_)2

Clock frequency Data Transfer Mode3 fPP 04 26 MHz ToIe?aLn:Z: ?ﬂ (F))(l):KHz
Clock frequency Identification Mode fop 04 400 kHz Tolerance: +20KHz
Clock low time twi 10 ns C_ <=30pF
Clock high time twH 10
Clock rise time® trLH 10 ns CL<=30pF
Clock fall time trHL 10 ns C_ <=30pF
Inputs CMD, DAT (referenced to CLK)
Input set-up time tisu 3 ns C_ <=30pF
Input hold time tiH 3 ns CL<=30pF
Outputs CMD, DAT (referenced to CLK)
Output hold time toH 8.3 ns CL <= 30 pF
Output set-up time tosu 11.7 ns CL <= 30 pF

NOTE :

1)The card must always start with the backward-compatible interface timing mode can be switched to high-speed interface timing by the host sending the SWITCH command
(CMD6) with the argument for high-speed interface select.

2) CLK timing is measured at 50% of VDD.

3) For compatibility with cards that suport the v4.2 standard or earlier verison, host should not use>20MHz before switching to high-speed interface timing.

4) Frequency is periodically sampled and is not 100% tested.

5) CLK rise and fall times are measured by min(V|y) and max(V|.).

[Table 34] High-Speed Mode

Parameter | Symbol | Min | Max | Unit Remark

Clock CLK(All values are referred to min(Vy) and max(V”_)1

Clock frequency Data Transfer Mode? fep 03 529 MHz C <=30pF
Clock frequency Identification Mode fop 03 400 kHz CL <= 30 pF
Clock low time twi 6.5 ns C_<=30 pF
Clock High time twH 6.5 ns C, <=30 pF
Clock rise time® trin 3 ns CL<=30pF
Clock fall time trHL 3 ns C_ <=30pF
Inputs CMD, DAT (referenced to CLK)

Input set-up time tisu 3 ns C_<=30pF
Input hold time ti 3 ns C, <=30pF

Outputs CMD, DAT (referenced to CLK)
Output Delay time during Data Transfer Mode topLy 13.7 ns CL <= 30 pF
Output hold time ton 25 C, <=30pF
Signal rise time tRiSE 3 ns C_<=30pF
Signal fall time teaLL 3 ns C_ <=30pF

NOTE :

1) CLK timing is measured at 50% of VDD.

2) A MultiMediaCard shall support the full frequency range from 0-26MHz, or 0-52MHz

3) Frequency is periodically sampled and is not 100% tested.

4) Card can operate as high-speed card interface timing at 26MHz clock frequency.

5) CLK rise and fall times are measured by min(V|y) and max(V,_).6) Inputs CMD, DAT rise and fall times are measured by min(V|4) and max(V,_), and outputs CMD, DAT rise

and fall times are measured by min(Vgy) and max(Vgy).
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5.3 Bus timing for DAT signals during 2x data rate operation

These timings applies to the DAT[7:0] signals only when the device is configured for dual data mode operation. In this dual data mode, the DAT signals
operates synchronously of both the rising and the falling edges of CLK.The CMD signal still operates synchronously of the rising edge of CLK and there
fore it complies with the bus timing specified in chapter 7.2, Therefore there is no timing change for the CMD signal

CLK = - min (V|y)
: - -max (V|.)
|

| : - = - min (Vi)

Input ! DATA DATA X Invalid

. - — - max (V)

|
I

|

|
|tODLYddr(max) ,tODLYddr(max) |
» » " > I
|

|

| |
tODLYddr(mln) tODLqur(mln)
|

i | - -min (Vop)
Output DATLA | DA'IJA N K DAJI'A

! -~ - max (Vo)

|

In DDR mode data on DAT[7 0] Ilnes are sampled on both edges of the clock
(not applicable for CMD line)

Figure 5. Timing diagram: data input/output in dual data rate mode

5.3.1 Dual data rate interface timings
[Table 35] High-speed dual rate interface timing

Parameter ‘ Symbol ‘ Min ‘ Max. ‘ Unit | Remark?
Input CLK'
Clock duty cycle ‘ ‘ 45 ‘ 55 ‘ % | Includes jitter, phase noise
Input DAT (referenced to CLK-DDR mode)
Input set-up time tISUddr 2.5 ns CL <20 pF
Input hold time tIHddr 2.5 ns CL <20 pF
Output DAT (referenced to CLK-DDR mode)

Output delay time during data transfer tODLYddr 15 7 ns CL <20 pF

Signal rise time (all signals)? tRISE 2 ns CL <20 pF

Signal fall time (all signals) tFALL 2 ns CL <20 pF

NOTE :
1) CLK timing is measuted at 50% of VDD
2) Inputs CMD, DAT rise and fall times are measured by min (V) and max(V,_), and outputs CMD,DATrise and fall times measured by min(Vpy) and max(Vg()
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5.4 Bus signal levels

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

\Y
Vbp
. output
input )
high level Von / ¢ high level
/ I
ViH
undefined
Vi
: / |
input VoL output
low level low level
'
5.4.1 Open-drain mode bus signal level
[Table 36] Open-drain bus signal level
Parameter Symbol Min Max. Unit Conditions
Output HIGH voltage VoK Vpp-0.2 Vv loy =-100 uA
Output LOW voltage VoL 0.3 \Y; loL =2 mA

The input levels are identical with the push-pull mode bus signal levels.

5.4.2 Push-pull mode bus signallevel.high-voltage MultiMediaCard

To meet the requirements of the JEDEC standard JESD8C.01, the card input and output voltages shall be within the following specified ranges for any
Vpp of the allowed voltage range:

[Table 37] Push-pull signal level.high-voltage MultiMediaCard

Parameter Symbol Min Max. Unit Conditions
Output HIGH voltage VoH 0.75*Vpp \Y; lon = -100 UA@Vpp Min
Output LOW voltage VoL 0.125"Vpp \Y loL = 100 UA@Vpp Min

Input HIGH voltage Viy 0.625*Vpp Vpp + 0.3 \Y;
Input LOW voltage Vi Vgs-0.3 0.25*Vpp \Y;

5.4.3 Push-pull mode bus signal level.dual-voltage MultiMediaCard

The definition of the I/O signal levels for the Dual voltage MultiMediaCard changes as a function of Vpp.

e 2.7V - 3.6V: Identical to the High Voltage MultiMediaCard (refer to Chapter 5.4.2 on page29 above).

e 1.95V - 2.7V: Undefined. The card is not operating at this voltage range.

¢ 1.70V - 1.95V: Compatible with EIA/JEDEC Standard “EIA/JESD8-7 Normal Range” as defined in the following table.

[Table 38] Push-pull signal level—dual-voltage MultiMediaCard

Parameter Symbol Min Max. Unit Conditions
Output HIGH voltage Vou Vpp - 0.45V Vv lon = -2mMA
Output LOW voltage VoL 0.45V Vv loL = 2mA

Input HIGH voltage ViH 0.65*Vpp " Vpp +0.3 Vv
Input LOW voltage Vi Vss-0.3 0.35*Vpp? v

NOTE:
1) 0.7*Vpp for MMC4.3 and older revisions.
2) 0.3*Vpp for MMC4.3 and older revisions.
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5.4.4 Push-pull mode bus signallevel.e'MMC

The definition of the I/O signal levels for the e-MMC devices changes as a function of VCCAQ.

¢ 2.7V-3.6: Identical to the High Voltage MultiMediaCard (refer to Chapter 5.4.2 on page29).

¢ 1.95- 2.7V: Undefined. The e-MMCdevice is not operating at this voltage range.

¢ 1.65V-1.95V: Identical to the 1.8V range for the Dual Voltage MultiMediaCard (refer to Chapter 5.4.3 on page29).
¢ 1.3V - 1.65V: Undefined. The e:-MMC device is not operating at this voltage range.

¢ 1.1V-1.3V: Compatible with EIA/JJEDEC Standard “JESD8-12A.01 normal range: as defined in the following table.

[Table 39] Push-pull signal level.1.1V-1.3V VCCQ range e-MMC

Parameter Symbol Min Max. Unit Conditions
Output HIGH voltage Vou 0.75V¢cq \Y lon = -2mA
Output LOW voltage VoL 0.25Vccq Y, loL = 2mA
Input HIGH voltage ViH 0.65*V¢eq Veeq + 0.3 \Y
Input LOW voltage ViL Vgs - 0.3 0.35"V¢eaq \
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6.0 DC PARAMETER

6.1 Active Power Consumption during operation

[Table 40] Active Power Consumption during operation

Density NAND Type CTRL NAND Unit
4GB 32Gb TLC x 1 100 50 mA
* Power Measurement conditions: Bus configuration =x8 @52MHz
* The measurement for max RMS current is the average RMS current consumption over a period of 100ms.
6.2 Standby Power Consumptionin auto power saving mode and standby state
[Table 41] 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
4GB 32Gb TLC x 1 100 250 50 (TBD) 85 (TBD) uA
NOTE:
Power Measurement conditions: Bus configuration =x8 @52MHz , No CLK
*Typical value is measured at Vcc=3.3V, TA=25°C. Not 100% tested.
6.3 Sleep Power Consumptionin Sleep State
[Table 42] Sleep Power Consumption in Sleep State
_ CTRL _
Density NAND Type NAND Unit
25°C(Typ) 85°C
4GB 32Gb TLC x 1 100 250 o" uA
NOTE:
Power Measurement conditions: Bus configuration =x8 @52MHz ,
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.
6.4 Supply Voltage
[Table 43] Supply Voltage
Item Min Max Unit
VDD 1.70 (2.7) 1.95 (3.6) \Y
VDDF 2.7 3.6 \Y,
Vss -0.5 0.5 \Y
6.5 Bus Operating Conditions
[Table 44] Bus Operating Conditions
Parameter Min Max Unit
Peak voltage on all lines -0.5 3.6 \%
Input Leakage Current -2 2 pA
Output Leakage Current -2 2 pA
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6.6 Bus Signal Line Load

The total capacitance C of each line of the e-MMC bus is the sum of the bus master capacitance CosT, the bus capacitance Cpys itself and the capac-
itance C,qyi Of the e:-MMC connected to this line:

CL = Chost * Cgus *+ Cpevice
The sum of the host and bus capacitances should be under 20pF.

[Table 45] Bus Signal Line Load

Parameter Symbol Min Typ. Max Unit Remark
Pull-up resistance for CMD Revop 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 ]El‘;gtrii‘;e”t unconnected lines
Single e‘MMC capacitance Cgca 7 12 pF
Maximum signal line inductance 16 nH fpp <= 52 MHz
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A.e-MMC Connection Guide

This Connection guide is an example for customers to adopt e-MMC more easily
¢ This appendix is just guideline for e-MMC connection. This value and schematic can be changed depending on the system environment.

e Coupling capacitor should be connected with VDD and VSS as closely as possible.

« VDDI Capacitor is min 0.1uF

¢ Impedance on CLK match is needed.

¢ SAMSUNG recommends 27Q for resistance on CLK line. However 0Q ~47Q is also available.

o If host does not have a plan to use H/W reset, it is not needed to put 50KQ pull-up resistance on H/W rest line.

» SMASUNG Recommends to separate VDD and VDDF power.

A.1 x8 support Host connection Guide

DAT7 VSs
H/W RESET 4.7uF 0.2uF

T VDDI
c =

VDD
VDD
e-MMC
R27Q
GLK CND . CLK VDD .
CMD VDDFLC Lc
2.0uF 0.2uF

)ﬁ (1) DATO

AT2 DAT

AT3 DAT2  VDDF

A DAT

A DAT4 =
A

A lc c

Host Controller

VDD
VDD VDD
R
10k
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R27Q
CLK CVD . CLK VDD .
CMD VDDF l c
- 2. 0uF
:)ﬁ (1) DATO o 0 2uF
. AT DAT1
2 AT3 DAT2 VDDF
<) DAT3
= O——1 DAT4 =
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O O——1 DAT6
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4.7uF 0 2uF

2 H/W RESET RSTN

ﬁ VDDI

[}
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4Gb DDP(64M x32+ 64Mx32) Mobile DDR SDRAM
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1.0 FUNCTIONAL BLOCK DIAGRAM

VDD VDDQ

l

|

l

CS0, CKEO

CK, CK, CAS, RAS

WE, DM0~DM3
DQS0~DQS3—*
BAO, BA1
AO~A13

Chip 0 : 64Mb x32

CS1, CKE1
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2.0 FUNCTIONAL DESCRIPTION

POWER
APPLIED

PARTIAL
SELF
REFRESH

IDLE
ALL BANKS

AUTO
REFRESH

P

D

POWER
DOWN
ROW BURST STOP
ACTIVE

WRITE

‘ WRITEA | READA ‘
N
' | READ

WRITEA READA
READA
PRE
READA
PRE PRECHARGE
PREALL
—} Automatic Sequence
—» Command Sequence
Figure 1. State diagram
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3.0 MODE REGISTER DEFINITION
3.1 Mode Register Set (MRS)

The mode register is designed to support the various operating modes of Mobile DDR SDRAM. It includes Cas latency, addressing mode, burst length,
test mode and vendor specific options to make Mobile DDR SDRAM useful for variety of applications. The mode register is written by asserting low on

CS, RAS, CAS and WE (The Mobile DDR SDRAM should be in active mode with CKE already high prior to writing into the mode register). The states of
address pins A0 ~ A13 and BAO, BA1 in the same cycle as CS, RAS, CAS and WE going low are written in the mode register. Two clock cycles are
required to complete the write operation in the mode register. Even if the power-up sequence is finished and some read or write operation is executed
afterward, the mode register contents can be changed with the same command and two clock cycles. This command must be issued only when all banks
are in the idle state. The mode register is divided into various fields depending on functionality. The burst length uses A0 ~ A2, addressing mode uses A3,
Cas latency (read latency from column address) uses A4 ~ A6, A7 ~ A13 is used for test mode. BAO and BA1 must be set to low for proper MRS opera-

tion.

| BA1 | BAO | A13~mt0AP | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | Ao | AddressBus

‘ 0 ‘ 0 ‘ RFU" ‘ 0 ‘ 0 ‘ 0 ‘ CAS Latency ‘ BT ‘ Burst Length ‘ Mode Register

A3 Burst Type

0 Sequential

1 Interleave

P

<€
-
<€

A6 A5 A4 CAS Latency A2 A1 Ao Burst Type
0 0 0 Reserved 0 0 0 Reserved
0 0 1 Reserved 0 0 1 2
0 1 0 Reserved 0 1 0 4
0 1 1 3 0 1 1 8
1 0 0 Reserved 1 0 0 16
1 0 1 Reserved 1 0 1 Reserved
1 1 0 Reserved 1 1 0 Reserved
1 1 1 Reserved 1 1 1 Reserved

Figure 2. Mode Register Set

NOTE :
1) RFU (Reserved for future use) should stay "0" during MRS cycle
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[Table 1] Burst address ordering for burst length

Lil:];Sttl'] S(,fétlzg,:dldrjg)s Sequential Mode Interleave Mode

xxx0 0,1 0,1

2
xxx1 1,0 1,0
xx00 0,1,2,3 0,1,2,3
xx01 1,2,3,0 1,0,3,2

‘ xx10 2,3,0,1 2,3,0,1
xx11 3,0,1,2 3,2,1,0
x000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
x001 1,2,3,4,5,6,7,0 1,0,3,2,5,4,7,6
x010 2,3,4,5,6,7,0,1 2,3,0,1,6,7,4,5
x011 3,4,5,6,7,0,1,2 3,2,1,0,7,6,5,4

° x100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
x101 5,6,7,0,1,2,3,4 5,4,7,6,1,0,3,2
x110 6,7,0,1,2,3,4,5 6,7,4,5,2,3,01
x111 7,0,1,2,3,4,5,6 7,6,54,3,2,1,0
0000 0,1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14,15 0,1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14,15
0001 1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14,15, 0 1,0,3,2,5,4,7,6,9,8,11,10,13,12,15,14
0010 2,3,4,5,6,7,8,9,10, 11,12, 13, 14,15, 0, 1 2,3,0,1,6,7,4,510,11, 8,9, 14,15,12,13
0011 3,4,5,6,7,8,9,10,11,12,13,14,15,0, 1, 2 3,2,1,0,7,6,5,4,11,10, 9, 8, 15,14,13,12
0100 4,5,6,7,8,9,10, 11,12, 13,14,15,0,1,2, 3 4,5,6,7,0,1,2,3,12,13,14,15, 8, 9, 10,11
0101 5,6,78,9,10,11,12,13,14,15,0, 1,2, 3,4 5,4,7,6,1,0,3,213,12,15,14, 9, 8,11,10
0110 6,7,8,9,10,11,12,13,14,15,0,1,2,3,4,5 6,7,4,5,2,3,0,1,14,15,12,13,10,11, 8, 9
0111 7,8,9,10,11,12,13,14,15,0,1,2,3,4,5,6 7,6,5,4,3,2,1,0,15,14,13,12,11,10, 9, 8

0 1000 8,9,10,11,12,13,14,15,0,1,2,3,4,5,6,7 8,9,10,11,12,13,14,15,0,1,2,3,4,5,6, 7
1001 9,10, 11,12, 13, 14,15,0,1,2,3,4,5,6,7, 8 9,8, 11,10,13,12,15,14,1,0,3,2,5,4,7,6
1010 10, 11,12, 13, 14,15,0,1,2,3,4,5,6,7,8,9 10,11, 8,9, 14,15,12,13,2,3,0,1,6,7,4,5
1011 11,12,13,14,15,0,1,2,3,4,5,6,7,8,9, 10 11,10, 9, 8, 15,14,13,12,3,2,1,0,7,6, 5, 4
1100 12,13,14,15,0,1,2,3,4,5,6,7,8,9, 10, 11 12,13,14,15,8,9,10,11,4,5,6,7,0,1,2,3
1101 13,14,15,0,1,2,3,4,5,6,7,8,9, 10, 11,12 13,12,15,14, 9, 8,11,10,5,4,7,6,1,0, 3, 2
1110 14,15,0,1,2,3,4,5,6,7,8,9,10, 11,12, 13 14,15,12,13,10,11, 8,9, 6,7,4,5,2,3,0, 1
1111 15,0,1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14 15,14,13,12,11,10,9,8,7,6,5,4,3,2,1,0
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3.2 Extended Mode Register Set (EMRS)

The extended mode register is designed to support for the desired operating modes of DDR SDRAM. The extended mode register is written by asserting

low on CS, RAS, CAS, WE and high on BA1, low on BAO(The Mobile DDR SDRAM should be in all bank precharge with CKE already high prior to writing
into the extended mode register). The state of address pins A0 ~ A13 in the same cycle as CS, RAS, CAS and WE going low is written in the extended
mode register. Two clock cycles are required to complete the write operation in the extended mode register. Even if the power-up sequence is finished
and some read or write operations is executed afterward, the mode register contents can be changed with the same command and two clock cycles. But
this command must be issued only when all banks are in the idle state. AO - A2 are used for partial array self refresh and A5 - A7 are used for driver
strength control. "High" on BA1 and "Low" on BAO are used for EMRS. All the other address pins except A0,A1,A2,A5,A6,A7, BA1, BAO must be set to

low for proper EMRS operation. Refer to the table for specific codes.

‘ BA1 ‘ BAO‘ A13 ~ A10/AP ‘ A9 ‘ A8 ‘ A7 ‘ A6 ‘ A5 ‘ Ad ‘ A3 ‘ A2 ‘ A1 ‘ A0 ‘Address Bus
ERER RFU" | o] o] DS | RFUD | PASR | Mode Register
DS PASR
A7 | As | As Driver Strength A2 | A1 | Ao Refreshed Area
0 0 0 Full 0 0 0 Full Array
0 0 1 1/2 0 0 1/2 Array
0 1 0 1/4 0 1 0 1/4 Array
0 1 1 1/8 0 1 1 Reserved
1 0 0 3/4 1 0 0 Reserved
1 0 1 3/8 1 0 1 Reserved
1 1 0 5/8 1 1 0 Reserved
1 1 1 7/8 1 1 1 Reserved

Figure 3. Extended Mode Register Set

NOTE :
1) RFU (Reserved for future use) should stay "0" during EMRS cycle
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3.3 Internal Temperature Compensated Self Refresh (TCSR)

1. In order to save power consumption, this Mobile DRAM includes the internal temperature sensor and control units to control the self refresh cycle auto-
matically according to the real device temperature.

2. TCSR ranges for IDD6 shown in the table are only examples.

3. If the EMRS for external TCSR is issued by the controller, this EMRS code for TCSR is ignored.

Self Refresh Current (IDD6) :
Temperature Range Full Array 12 Array 14 Array Unit
85°C 3400 2800 2400
45 °C 800 540 400 uA

NOTE :
1) IDD6 85°C is guaranteed, IDD6 45°C is typical value.

3.4 Partial Array Self Refresh (PASR)

1. In order to save power consumption, Mobile DDR SDRAM includes PASR option.
2. Mobile DDR SDRAM supports three kinds of PASR in self refresh mode; Full array, 1/2 Array, 1/4 Array.

BA1=0
BAO=1
BAl=1 | BA1=1 BAl=1 | BAl=1
BAO=0 | BAO=1 BAO=0 | BAO=1
- Full Array - 1/2 Array - 1/4 Array

- Partial Self Refresh Area

Figure 4. EMRS code and TCSR, PASR
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4.0 ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit
Voltage on any pin relative to VSS Vine VouT -05~27 Vv
Voltage on VDD supply relative to VSS VDD -05~27 \Y
Voltage on VDDQ supply relative to VSS vDDQ -05~27 \%
Storage temperature Tste -55~+150 °C
Power dissipation Pp 1.0 w
Short circuit current los 50 mA
NOTE :
1) Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
2) Functional operation should be restricted to recommend operation condition.
3) Exposure to higher than recommended voltage for extended periods of time could affect device reliability.
Recommended operating conditions (Voltage referenced to VSS=0V, T¢ = -25°C to 85°C)
Parameter Symbol Min Max Unit Note
Supply voltage (for device with a nominal VDD of 1.8V) VDD 1.7 1.95 1
I/0O Supply voltage vDDQ 1.7 1.95 1
Address 0.8 x VDDQ vDDQ + 0.3 \
Input logic high voltage Vin(DC) 2
Data 0.7 x VDDQ vDDQ + 0.3 Y
Address -0.3 0.2 x VDDQ \%
Input logic low voltage V,.(DC) 2
Data -0.3 0.3 x VDDQ \Y
Output logic high voltage Von(DC) 0.9 x VDDQ - \% lon =-0.1mA
Output logic low voltage Voo(DC) - 0.1 x VDDQ \% loL =0.1mA
Input leakage current I -4 4 uA 3
Output leakage current loz -10 10 uA

NOTE :
1) Under all conditions, VDDQ must be less than or equal to VDD.

2) These parameters should be tested at the pin on actual components and may be checked at either the pin or the pad in simulation.

3) Any input OV < VIN <VDDAQ.
Input leakage currents include Hi-Z output leakage for all bi-directional buffers with tri-state outputs.
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6.0 DC CHARACTERISTICS

Recommended operating conditions (Voltage referenced to Vss = 0V, Tc = -25 to 85°C)

Parameter Symbol Test Condition DDR400 | Unit | Note
Operating Current 1DDO tRC=tRCmin; tCK=tCKmin; CKE is HIGH; CS is HIGH between valid commands; 61 mA 1
(One Bank Active) address inputs are SWITCHING; data bus inputs are STABLE

IDD2P all banks idle, CKE is LOW; CSis HIGH, tCK = tCKmin; 20
Precharge Standby Current address and control inputs are SWITCHING; data bus inputs are STABLE ’ A )
. — — m
in power-down mode IDD2ps [a!l banks idle, CKE is LOW; CS is HIGH, CK = LOW, CK = HIGH; 20
address and control inputs are SWITCHING; data bus inputs are STABLE ’
iDD2N |2l banks idle, CKE is HIGH; CS is HIGH, tCK = tCKmin; ;
Precharge Standby Current address and control inputs are SWITCHING; data bus inputs are STABLE A ]
) — — m
in non power-down mode IDD2NS all banks idle, CKE is HIGH; CS is HIGH, CK = LOW, CK = HIGH; 5
address and control inputs are SWITCHING; data bus inputs are STABLE
IDh3p |oe bank active, CKE is LOW: CS is HIGH, tCK = tCKmin; .
Active Standby Current address and control inputs are SWITCHING; data bus inputs are STABLE A ]
. — — m
in power-down mode IDD3PS [°"€ bank active, CKE is LOW; CS is HIGH, CK = LOW, CK = HIGH; 6
address and control inputs are SWITCHING; data bus inputs are STABLE
. IDD3N |one bank active, CKE is HIGH; CS is HIGH, tCK = tCKmin; 13
Active Standby Current address and control inputs are SWITCHING; data bus inputs are STABLE
in non power-down mode — — mA 1
(One Bank Active) IDD3NS |°"€ bank active, CKE is HIGH; CS is HIGH, CK = LOW, CK = HIGH; o
address and control inputs are SWITCHING; data bus inputs are STABLE
IDD4R one bank active; BL=4; CL=3; tCK = tCKmin; continuous read bursts; | oyt =0 mA 86
Operating Current address inputs are SWITCHING; 50% data change each burst transfer A ]
m
(Burst Mode) IDDaw |°ne bank active; BL = 4; tCK = tCKmin; continuous write bursts; 66
address inputs are SWITCHING; 50% data change each burst transfer
tRC > tRFC; tCK = tCKmin; burst refresh; CKE is HIGH;
Refresh Current IDDS address and control inputs are SWITCHING; data bus inputs are STABLE 151 mA | 13
TCSR Range Values
85°C 3400
. . Full Array UuA
CKE is LOW; t CK =t CKmin; 45°C 800
Extended Mode Register set to all O’s; o
Self Refresh Current IDD6 address and control inputs are STABLE; 112 Array 85°C 2800 A 2,7
data bus inputs are STABLE 45°C 540
85°C 2400
1/4 Array UuA
45°C 400

NOTE :
1) These specification values are under IDD2PS condition of the other unselected chip.
2) These specification values are under same condition of the both chips are selected at the same time.

3) IDD5 is measured in the below test condition.

Density 128Mb 256Mb 512Mb 1Gb 2Gb Unit

trRrc 80 80 110 140 140 ns

4) The IDD values need to be measured after devices are properly initialized following all sequences including MRS and EMRS in "Power Up Sequence" section in the specifi-
cation.
5) Input slew rate is 1V/ns.
6) Definitions for IDD: LOW is defined as V IN < 0.1 * VDDQ;

HIGH is defined as ViN > 0.9 * VDDQ;

STABLE is defined as inputs stable at a HIGH or LOW level;

SWITCHING is defined as: - address and command: inputs changing between HIGH and LOW once per two clock cycles;

- data bus inputs: DQ changing between HIGH and LOW once per clock cycle; DM and DQS are STABLE.

7) IDD6 85°C is guaranteed, IDD6 45°C is typical value.
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7.0 AC OPERATING CONDITIONS & TIMMING SPECIFICATION

Parameter/Condition Symbol Min Max Unit Note
Input High (Logic 1) Voltage, all inputs Vi (AC) 0.8 x VDDQ vDDQ +0.3 \Y 1
Input Low (Logic 0) Voltage, all inputs VL (AC) -0.3 0.2 x VDDQ \% 1
Input Crossing Point Voltage, CK and CK inputs Vix (AC) 0.4 x VDDQ 0.6 x VDDQ \Y 2

NOTE :
1) These parameters should be tested at the pin on actual components and may be checked at either the pin or the pad in simulation.
2) The value of V|y is expected to equal 0.5*VDDQ of the transmitting device and must track variations in the DC level of the same.
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8.0 AC TIMMING PARAMETERS & SPECIFICATIONS

Parameter Symbol - DDR400 Unit Note
Min Max
Clock cycle time | CL=3 tck 5 ns 1,2
Row cycle time trRc 55 ns
Row active time trAs 40 70,000 ns
RAS to CAS delay trcD 15 ns
Row precharge time trp 15 ns
Row active to Row active delay tRRD 10 ns
Write recovery time twr 12 ns
Last data in to Active delay thaL - - 3
Last data in to Read command tcoLr 2 tCK
Col. address to Col. address delay tceo 1 tCK
Clock high level width toH 0.45 0.55 tCK
Clock low level width toL 0.45 0.55 tCK
fI?OQmO(l:JIt(;:);JE:_c}l(ata access time CL=3 tac 2 5 ns 4
fl?anf (C:)Il(,lt/p(l:l_:_thata access time CL=3 thascK 2 5 ns
Data strobe edge to output data edge tbasa 0.4 ns
Read Preamble CL=3 tRPRE 0.9 1.1 tCK
Read Postamble trRpsT 0.4 0.6 tCK
CK to valid DQS-in tbass 0.75 1.25 tCK
DQS-in setup time twPRES 0 ns 5
DQS-in hold time twPREH 0.25 tCK
DQS-in high level width tbasH 04 0.6 tCK
DQS-in low level width tbasL 0.4 0.6 tCK
DQS falling edge to CK setup time tpss 0.2 tCK
DQS falling edge hold time from CK tbsH 0.2 tCK
DQS-in cycle time tbsc 0.9 1.1 tCK
Address and Control fast slew rate s 0.9 ns 7
Input setup time slow slew rate 1.1 8
Address an.d Control fast slew rate 4 0.9 ns 7
Input hold time slow slew rate 1.1 8
Address & Control input pulse width tipw 2.2
DQ & DM setup time to DQS fast slew rate tps 048 ns 67
slow slew rate 0.58 6,8
DQ & DM hold time to DQS fast slew rate to 048 ns o
slow slew rate 0.58 6,8
DQ & DM input pulse width toipw 1.2 ns
DQ & DQS low-impedence time from CK / CK tz 1.0 ns
DQ & DQS high-impedence time from CK / CK tyz 5 ns
DQS write postamble time twpsT 0.4 0.6 tCK

SAMSUNG ELECTRONICS -44-



Rev. 1.0

KMS5U000KM-B308 MCP Memory

Parameter Symbol - DDRA400 Unit Note
Min Max
DQS write preamble time twpre 0.25 tCK
Refresh interval time tRer 64 ms
Mode register set cycle time tMRD 2 tCK
Power down exit time tppEX 2 tCK
CKE min. pulse width (high and low pulse width) teke 2 tCK
Auto refresh cycle time trRFC 120 ns 9
Exit self refresh to active command txsr 120 ns
Data hold from DQS to earliest DQ edge tqn typmin - tous ns
Data hold skew factor taHs 0.5 ns
Clock half period typ toLmin or teymin ns
Clock half period typ teLmin or toymin ns

NOTE :
1) tck (max) value is measured at 100ns.

2) The only time that the clock Frequency is allowed to be changed is during clock stop, power-down, self-refresh modes.

3) In case of below 33MHz (tck=30ns) condition, SEC could support tpa, (=2*tCK).
toaL =(twr/tck) + (tre/tck)

4) tac (min) value is measured at the high VDD (1.95V) and cold temperature (-25°C).
tac (max) value is measured at the low VDD (1.7V) and hot temperature (85°C).
tac is measured in the device with half driver strength and under the AC output load condition (Fig.6 in next Page).

5) The specific requirement is that DQS be valid (High or Low) on or before this CK edge. The case shown (DQS going from High_Z to logic Low) applies when no
writes were previously in progress on the bus. If a previous write was in progress, DQS could be High at this time, depending on tpqgs.

6) 1/0 Delta Rise/Fall Rate(1/slew-rate) Derating

Data Rise/Fall Rate AtDS AtDH
(nsV) (ps) (ps)
0 0 0
+0.25 +50 +50
0.5 +100 +100

This derating table is used to increase tpg/tpy in the case where the DQ and DQS slew rates differ. The Delta Rise/Fall Rate is calculated as 1/SlewRate1-1/SlewRate2. For
example, if slew rate 1 = 1.0V/ns and slew rate 2 =0.8V/ns, then the Delta Rise/Fall Rate =-0.25ns/V.

7) Input slew rate 1.0 V/ ns.
8) Input slew rate 0.5V/ns and < 1.0V/ns.

9) Maximum burst refresh cycle : 8
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9.0 ACOPERATING TEST CONDITIONS (vbo-=1.7vto1.95v,TC = -25°C to 85°C)

Parameter Value Unit
AC input levels (Vih/Vil) 0.8 xVDDQ/ 0.2 x VDDQ \%
Input timing measurement reference level 0.5 x VDDQ \
Input signal minimum slew rate 1.0 V/ns
Output timing measurement reference level 0.5 xvDDQ \%
Output load condition See Figure 6
1.8V
13.9KQ
-VOH (DC) = 0.9 x VDDQ, IOH =-0.1mA
Output © L 4
-VOL (DC) =0.1 x VDDQ, IOL =0.1mA
10.6KQ —— 20pF
b
77
Figure 5. DC Output Load Circuit
Vtt=0.5 x VDDQ
50Q
Output Z0=50Q Test load values need to be proportional to the driver strength
which is set by the controller.
——» - Test load for Full Driver Strength Buffer (20pF)
- Test load for Half Driver Strength Buffer (10pF)
74 /4

Figure 6. AC Output Load Circuit 2

NOTE :

1) The circuit shown above represents the timing reference load used in defining the relevant timing parameters of the part. It is not intended to be either a precise representa-
tion of the typical system environment nor a depiction of the actual load presented by a production tester. System designers will use IBIS or other simulation tools to correlate
the timing reference load to system environment. Manufacturers will correlate to their production test conditions (generally a coaxial transmission line terminated at the tester
electronics). For the half driver strength with a nominal 10pF load parameters tpc and tq are expected to be in the same range. However, these parameters are not subject to

production test but are estimated by design / characterization. Use of IBIS or other simulation tools for system design validation is suggested.

2) Based on nominal impedance at 0.5 x VDDQ.
The impedence for Half(1/2) Driver Strength is designed 550hm. And for other Driver Strength, it is designed proportionally.
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10.0 INPUT/OUTPUT CAPACITANCE (vop=1.8,vbDg=1.8V,TC = 25°C, f=100MHz)

Parameter Symbol Min Max Unit
ADDs(A0~A13, BAO~BA1), RAS, CAS, WE CIN1 25 55 pF
€S0, CS1 CIN2 15 3.0 pF
CKEOQ, CKE1 CIN3 15 3.0 pF
CK, CK CIN4 25 6.5 pF
DMs CIN5 3.5 8.5 pF
DQs, DQS couT 35 8.5 pF
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11.0 AC OVERSHOOT/UNDERSHOOT SPECIFICATION FOR ADDRESS & CONTROL PINS

Parameter Specification
Maximum peak Amplitude allowed for overshoot area 0.9v
Maximum peak Amplitude allowed for undershoot area 0.9v
Maximum overshoot area above VDD 3V-ns
Maximum undershoot area below VSS 3V-ns

Maximum Amplitude

Overshoot Area

VDD

Volts
V)
VSS

o

Undershoot Area
Maximum Amplitude

Time (ns)

Figure 7. AC Overshoot and Undershoot Definition for Address and Control Pins

12.0 AC OVERSHOOT/UNDERSHOOT SPECIFICATION FOR CK, DQ, DQS AND DM PINS

Parameter Specification
Maximum peak Amplitude allowed for overshoot area 0.9v
Maximum peak Amplitude allowed for undershoot area 0.9V
Maximum overshoot area above VDDQ 3V-ns
Maximum undershoot area below VSSQ 3V-ns

Maximum Amplitude

I Overshoot Area

vVDDQ

Volts
VSSQ

o

Undershoot Area
Maximum Amplitude

Time (ns)

Figure 8. AC Overshoot and Undershoot Definition for CK, DQ, DQS and DM Pins
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13.0 COMMAND TRUTH TABLE

Command CKEn-1 | CKEn | CS | RAS | CAS | WE | BAOl | ALO/AP 119?’::(1)’ Note
Register Mode Register Set H X L L L L OP CODE 1,2
Auto Refresh 3
H L L L H X
Entry L 3
Refresh
Self L H H H 3
Refresh Exit L H X
H X X X 3
Bank Active & Row Addr. H X L L H H \% Row Address
Auto Precharge Disable L Column 4
o Rea;i\déic(j H X L H L H \Y, Address
olumn Address | Ayto Precharge Enable H (AO~A9) 4
. Auto Precharge Disable L Column 4
Col W”ti dgé H X L H L L v Address
olumn Address | Ayto Precharge Enable H (AO~A9) 4,6
Burst Stop H X L H H L X 7
Bank Selection \% L
Precharge H X L L H L X
All Banks X H 5
H X X X
Entry H L
Active Power Down L H H H X
Exit L H X X X X
H X X X
Entry H L
L H H H
Precharge Power Down X
H X X X
Exit L H
L H H H
DM H X X 8
H X X X 9
No operation (NOP) : Not defined H X X
L H 9

(V=Valid, X=Don’t Care, H=Logic High, L=Logic Low)

NOTE :
1) OP Code : Operand Code. A0 ~ A13 & BAO ~ BA1 : Program keys. (@EMRS/MRS)
2) EMRS / MRS can be issued only at all banks precharge state.

A new command can be issued 2 clock cycles after EMRS or MRS.
3) Auto refresh functions are same as the CBR refresh of DRAM.

The automatical precharge without row precharge command is meant by "Auto".

Auto/self refresh can be issued only at all banks precharge state.
4) BAO ~ BA1 : Bank select addresses.
5) If A10/AP is "High" at row precharge, BAO and BA1 are ignored and all banks are selected.
6) During burst write with auto precharge, new read/write command can not be issued.

Another bank read/write command can be issued after the end of burst.

New row active of the associated bank can be issued at tgp after the end of burst.
7) Burst stop command is valid at every burst length.
8) DM sampled at the rising and falling edges of the DQS and Data-in are masked at the both edges (Write DM latency is 0).
9) This combination is not defined for any function, which means "No Operation(NOP)" in Mobile DDR SDRAM.
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14.0 FUNCTIONAL TRUTH TABLE

Current State CS RAS CAS WE Address Command Action
L H H L X Burst Stop ILLEGAL 2)
L H L X BA, CA, A10 READ/WRITE ILLEGAL 2
PRECHARGE L L H H BA, RA Active Bank Active, Latch RA
STANDBY L L H L BA, A10 PRE/PREA ILLEGAL %)
L L L H X Refresh AUTO-Refresh %)
L L Op-Code, Mode-Add MRS Mode Register Set ®
L H H L X Burst Stop NOP
L H L H BA, CA, A10 READ/READA Begin Read, Latch CA,
Determine Auto-Precharge
L H L L BA, CA, A10 WRITE/WRITEA Begin Write, Latch CA,
ACTIVE Determine Auto-Precharge
STANDBY .
L L H H BA, RA Active Bank Active/ILLEGAL 2
L L H L BA, A10 PRE/PREA Precharge/Precharge All
L L L H X Refresh ILLEGAL
L L L L Op-Code, Mode-Add MRS ILLEGAL
L H H L X Burst Stop Terminate Burst
Terminate Burst, Latch CA,
L H L H BA, CA, A10 READ/READA Begin New Read, Determine
Auto-Precharge 3)
L H L L BA, CA, A10 WRITE/WRITEA ILLEGAL
READ
L L H H BA, RA Active Bank Active/ILLEGAL 2)
L L H L BA, A10 PRE/PREA Terminate Burst, Precharge ')
L L L H X Refresh ILLEGAL
L L L L Op-Code, Mode-Add MRS ILLEGAL
L H H L X Burst Stop ILLEGAL
Terminate Burst With DM=High, Latch
L H L H BA, CA, A10 READ/READA CA, Begin Read, Determine Auto-Pre-
charge 3)
Terminate Burst, Latch CA,
L H L L BA, CA, A10 WRITE/WRITEA Begin new Write, Determine Auto-Pre-
WRITE charge 3
L L H H BA, RA Active Bank Active/ILLEGAL 2
Terminate Burst With DM=High,
L L H L BA, A10 PRE/PREA 10
Precharge )
L L L H X Refresh ILLEGAL
L L L L Op-Code, Mode-Add MRS ILLEGAL
L H H L X Burst Stop ILLEGAL
L H L H BA, CA, A10 READ/READA NOTE®6
READ with
AUTO L H L L BA, CA, A10 WRITE/WRITEA ILLEGAL
PRECHARGE® L L H H BA, RA Active NOTE®6
(READA) L L H L BA, A10 PRE/PREA NOTES
L L L H X Refresh ILLEGAL
L L L L Op-Code, Mode-Add MRS ILLEGAL
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Current State & RAS CAS ﬁ Address Command Action
L H H L X Burst Stop ILLEGAL
L H L H BA, CA, A10 READ/READA NOTE?
WRITE with AUTO | L H L L BA, CA, A10 WRITE/WRITEA NOTE7
7)
RECHARGE L L H H BA, RA Active NOTE7
(WRITEA)
L L H L BA, A10 PRE/PREA NOTE?
L L L H X Refresh ILLEGAL
L L L L Op-Code, Mode-Add MRS ILLEGAL
L H H L X Burst Stop ILLEGAL 2
H L X BA, CA, A10 READ/WRITE ILLEGAL 2
PRECHARGING L H H BA, RA Active ILLEGAL 2
(DURING trp) .
L L H L BA, A10 PRE/PREA NOP 4)(Idle after tgp)
L L L H X Refresh ILLEGAL
L L L L Op-Code, Mode-Add MRS ILLEGAL
L H H L X Burst Stop ILLEGAL 2
ROW L H L X BA, CA, A10 READ/WRITE ILLEGAL 2
ACTIVATING . 2)
(FROM ROW L L H H BA, RA Active ILLEGAL
ACTIVE TO L L H L BA, A10 PRE/PREA ILLEGAL 2
t
Reo) L L L H X Refresh ILLEGAL
L L L L Op-Code, Mode-Add MRS ILLEGAL
L H H L X Burst Stop ILLEGAL 2
L H L H BA, CA, A10 READ ILLEGAL 2
WRITE L H L L BA, CA, A10 WRITE WRITE
RECOVERING _
(DURING tyg L L H H BA, RA Active ILLEGAL 2
OR tcpLr) L L H L BA, A10 PRE/PREA ILLEGAL 2
L L L H X Refresh ILLEGAL
L L L L Op-Code, Mode-Add MRS ILLEGAL
L H H L X Burst Stop ILLEGAL
L H L X BA, CA, A10 READ/WRITE ILLEGAL
RE- L L H H BA, RA Active ILLEGAL
FRESHING
L L H L BA, A10 PRE/PREA ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code, Mode-Add MRS ILLEGAL
L H H L X Burst Stop ILLEGAL
L H L X BA, CA, A10 READ/WRITE ILLEGAL
MODE
REGISTER L L H H BA, RA Active ILLEGAL
SETTING L L H L BA, A10 PRE/PREA ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code, Mode-Add MRS ILLEGAL
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CKE CKE
n-1

&l

Current State

X
n

5|

>
o
a

Action

Exit Self-Refresh

Exit Self-Refresh

SELF-

ILLEGAL

REFRESHING 8

ILLEGAL

ILLEGAL

NOP (Maintain Self-Refresh)

POWER

Exit Power Down (ldle after tppgx)

DOWN

NOP (Maintain Power Down)

Refer to Function Truth Table

Enter Self-Refresh

Enter Power Down

ALL BANKS

Enter Power Down

IDLE 9

ILLEGAL

ILLEGAL

ILLEGAL

X|r|lr|r|rr ||| || |ZT|T|ZT|T|XT|>
X|r|r|r|r|T|r|X|X|X|X|r|r|r|r|XI

r|IT|ZT|(ZT|T|T|T|T|r | |- |- |||

X|F|I|ZT|IT[(X|r|(X|X|X|X|r|ZT|T|XT|X >

0
><><I—II><I—><><><><><I—II><5)|

XX |X|[F|IZT[X|IT[X|X|X|X|X[|X|r|T|X

XXX |IX XXX |X[X|X[X[X[X|X|X]|X

Refer to Current State = Power Down

NOTE :

1) All entries assume that CKE was High during the preceding clock cycle and the current clock cycle.

(H=High Level, L=Low level, X=Don't Care)

2) ILLEGAL to bank in specified state; function may be legal in the bank indicated by BA, depending on the state of that bank.
(ILLEGAL = Device operation and/or data integrity are not guaranteed.)

3) Must satisfy bus contention, bus turn around and write recovery requirements.
4) NOP to bank precharging or in idle sate. May precharge bank indicated by BA.

5) ILLEGAL if any bank is not idle.

6) Refer to "Read with Auto Precharge Timing Diagram" for detailed information.
7) Refer to "Write with Auto Precharge Timing Diagram" for detailed information.

8) CKE Low to High transition will re-enable CK, CK and other inputs asynchronously.
A minimum setup time must be satisfied before issuing any command other than EXIT.
9) Power-Down, Self-Refresh can be entered only from All Bank Idle state.
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Mobile DDR SDRAM Device Operation & Timing Diagram

SAMSUNG ELECTRONICS -53- @



Rev. 1.0

KMS5U000KM-B308 MCP Memory

Device Operations
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1. PRECHARGE

The precharge command is used to precharge or close a bank that has been activated. The precharge command is issued when CS, RAS and WE are
low and CAS is high at the rising edge of the clock. The precharge command can be used to precharge each bank respectively or all banks simultane-
ously. The bank select addresses(BAO, BA1) are used to define which bank is precharged when the command is initiated. For write cycle, tWR(min.) must
be satisfied until the precharge command can be issued. After tRP from the precharge, an active command to the same bank can be initiated.

[Table 1] Bank selection for precharge by Bank address bits

A10/AP BA1 BAO Precharge
0 0 0 Bank A Only
0 0 1 Bank B Only
0 1 0 Bank C Only
0 1 1 Bank D Only
1 X X All Banks

2.NO OPERATION(NOP) & DEVICE DESELECT

The device should be deselected by deactivating the cs signal. In this mode, Mobile DDR SDRAM should ignore all the control inputs. The Mobile DDR
SDRAM is put in NOP mode when CS is activated and RAS, CAS and WE are deactivated. Both Device Deselect and NOP command can not affect oper-
ation already in progress. So even if the device is deselected or NOP command is issued under operation, the operation will be completed.

SAMSUNG ELECTRONICS -55-



Rev. 1.0

KMS5U000KM-B308 MCP Memory

3. ROW ACTIVE

The Bank Activation command is issued by holding CAS and WE high with CS and RAS low at the rising edge of the clock (CK). The Mobile DDR SDRAM
has four independent banks, so two Bank Select addresses(BAO, BA1) are required. The Bank Activation command must be applied before any Read or
Write operation is executed. The delay from the Bank Activation command to the first read or write command must meet or exceed the minimum of RAS
to CAS delay time, tRCD(min). Once a bank has been activated, it must be precharged before another Bank Activation command can be applied to the
same bank. The minimum time interval between interleaved Bank Activation commands (Bank A to Bank B and vice versa) is the Bank to Bank delay
time, tRRD(min).

Any system or application incorporating random access memory products should be properly designed, tested and qualifided to ensure proper use or
access of such memory products. Disproportionate, excessive and/or repeated access to a particular address or addresses may result in reduction of
product life.

0 1 2 3 4 5

CK - .

< Bank A >_< >_< >_< Bank A >_< >_< > ___/ BankB >_< Bank A %
Address \ Row Addr. Col. Addr Row Addr. Row. Addr,
|

| RASCA édelay(tRCD) ! RAS-RAS delay time(tRRD)
Bank A nte A Bank B Bank A
Command< Actlvate >—< NOP >_< NOP >—< with Auto NOP >—< NOP > 4< Actlvate H NOP >_< Act|vate
Precharge
ROW Cycle Time(tRC)

|:| : Don't care

Figure 1. Bank Activation Command Cycle timing <tRCD=3CLK, tRRD=2CLK>

4. READ BANK

This command is used after the row activate command to initiate the burst read of data. The read command is initiated by activating RAS, CS, CAS, and
WE at the same clock sampling (rising) edge as described in the command truth table. The length of the burst and the CAS latency time will be deter-
mined by the values programmed during the MRS cycle.

5. WRITE BANK

This command is used after the row activate command to initiate the burst write of data. The write command is initiated by activating RAS, CS, CAS, and
WE at the same clock sampling(rising) edge as described in the command truth table. The length of the burst will be determined by the values pro-
grammed during the MRS cycle.
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6. BURST READ OPERATION

Burst Read operation in Mobile DDR SDRAM is in the same manner as the Mobile SDR SDRAM such that the Burst read command is issued by asserting
CS and CAS low while holding RAS and WE high at the rising edge of the clock(CK) after tRCD from the bank activation. The address inputs determine
the starting address for the Burst. The Mode Register sets type of burst (Sequential or interleave) and burst length(2, 4, 8, 16). The first output data is
available with a CAS Latency from the READ command, and the consecutive data are presented on the falling and rising edge of Data Strobe (DQS)
adopted by Mobile DDR SDRAM until the burst length is completed.

Command< READA>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—<

| | | |

| | | | | | | |

I I I tDQSCK [ I [ I [ \

| | | > | | tRPST | | | |
pQs——Hi-Z ; | tRPRE o | | e ; ‘ ‘
| | t | | | | | |

I I Preamble I I Postamble I \ |

| | | tAC | | | | | |

| | [ > | | | | | |
DQs——Hi-Z : DoutO><Dout 1><D0ut2><Dout3 : : : :
| | | | |

| | | | |

Figure 2. Burst read operation timing
NOTE :
1) Burst Length=4, CAS Latency= 3.
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7. BURST WRITE OPERATION

The Burst Write command is issued by having CS, CAS, and WE low while holding RAS high at the rising edge of the clock (CK). The address inputs
determine the starting column address. There is no write latency relative to DQS required for burst write cycle. The first data of a burst write cycle must be
applied on the DQ pins tDS (Data-in setup time) prior to data strobe edge enabled after tDQSS from the rising edge of the clock (CK) that the write com-
mand is issued. The remaining data inputs must be supplied on each subsequent falling and rising edge of Data Strobe until the burst length is completed.
When the burst has been finished, any additional data supplied to the DQ pins will be ignored.

| | | | | |
Command< NOP >—< WRITEA }{ NOP >—< WR'TEB>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—
| |

|
tWR |

le—ple

<DQS Iz e
|

| . |

| tWPRES [tWPREH | |

! — —{Din OXDin 1><Din 2 ) Din 3><Din 0>< Din 1><Din 2><Din 3/
PEENIIN | |

tDs toH

tDQSS(max) : : tDQsSs(max) : :

DQS : Hi-Z :‘ le—rle : " : : :
< : : tWPREStWPRI‘EH : : :
DQs —Hi-Z | X Din 0 ) Din 1§ Din 2><Din 3><Din 0><Din 1><Din 2><Din 3 '
l | l ‘ | |
| | | |

tDQSS(min) : :LDQSS(min) ‘ <

|

I
I
I |
I |
I |
I |
| }
I |
I | I |
I | I |
I | I tWR R
! | I g
I | f t
I I I |
I |
I |
I |
I |
I |
I |

I I
I I I
Figure 3. Burst write operation timing
NOTE :
1) Burst Length=4.
2) The specific requirement is that DQS be valid (High or Low) on or before this CK edge.
The case shown (DQS going from High_Z to logic Low) applies when no writes were previously in progress on the bus.
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8. READ INTERRUPTED BY A READ

A Burst Read can be interrupted by new Read command of any bank before completion of the burst. When the previous burst is interrupted, the new
address with the full burst length override the remaining address. The data from the first Read command continues to appear on the outputs until the CAS
latency from the interrupting Read command is satisfied. At this point, the data from the interrupting Read command appears. Read to Read interval is
minimum 1 Clock.

| (min) |

I I I | I I
Command READ >—< READ >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >7
[ [ [ [ [

& \
CK I

Hi-Z

| | |
| Xpasck /| | |
| | |
| | |

| | |
| | |
| | |
| | |
tRPST| | | I
| | |
| | |

|
| |
DQS : :
< I | <« S
| | ‘ ! ‘
DQs ——Hi-Z . Prﬂmbwo@WDout B<><Dout B1><Dout Bz><Dout B3
| | | T T T
Figure 4. Read interrupted by a read timing

NOTE :
1) Burst Length=4, CAS Latency=3

9. READ INTERRUPTED BY A WRITE & BURST STOP

To interrupt a burst read with a write command, Burst Stop command must be asserted to avoid data contention on the I/O bus by placing the DQs (Output
drivers) in a high impedance state.

4 5 6 7 8
K o -- - Y Y
CK . S . S . ) N {. 7‘(___, {L__, X‘L_“ X‘M__,
I I I | I | I | [
Command < READ >—< Burst Stop>—< NOP >—< NOP >—< NOP >—< WRITE < NOP >—< NOP >—< NOP >;
| tbasck I | toess | I
<> <«

Hi-Z

" tRPRE \ .
| —

e
I tRPST
|

| |
I I
DQS — T
< I I i
I I | tAC [
DQs : Hi-Z : : Dout 0 } Dout 1

|
tWPRES
/Din0><Din1><Din2><Din3\ !

e ‘
! twPRE | !
I
I e : ! twesT|!
! \
l

[ Srr——|
tWPRE

Figure 5. Read interrupted by a write and burst stop timing
NOTE :
1) Burst Length=4, CAS Latency=3 .

The following functionality establishes how a Write command may interrupt a burst Read.

1. For Write commands interrupting a burst Read, a Burst Terminate command is required to stop the burst read and tri-state the DQ bus prior to valid
input write data. Burst stop command must be applied at least 2 clock cycles for CL=2 and at least 3 clock cycles for CL=3 before the Write command.

2. ltis illegal for a Write command to interrupt a Read with autoprecharge command.
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10. READ INTERRUPTED BY A PRECHARGE

A Burst Read operation can be interrupted by precharge of the same bank. The minimum 1 clock is required for the read to precharge intervals. The
latency from a precharge command to invalid output is equivalent to the CAS latency.

I Interrupted by prechar‘ge

— 3 4 5 6 7 8
oK S N U SR N A T A N O 8
cK - . o N . N o - -
"CK | | | | | | \
Command < READ >—<Precharge>—< NOP NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >7
I I I | | | I | |
I ) I I tbasck | I | I [ [
DQS ——HI-Z — <_A—>"J( ! . : : : :
| | RPR | | ‘ | | |
I I . tAC | I I | [
DQs : Hi-z : : Dout O><Dout 1><Dout 2><Dout 3><Dout 4><Dout 5><Dout 6><Dout 7) : :
| | | | |

Figure 6. Read interrupted by a precharge timing
NOTE :
1) Burst Length=8, CAS Latency=3 .

When a burst Read command is issued to a Mobile DDR SDRAM, a Precharge command may be issued to the same bank before the Read burst is
completed. The following functionality determines when a Precharge command may be given during a Read burst and when a new Bank Activate
command may be issued to the same bank.

1. For the earliest possible Precharge command without interrupting a burst Read, the Precharge command may be given on the rising clock edge which
is CL clock cycles before the end of the Read burst where CL is the CAS Latency. A new Bank Activate command may be issued to the same bank after
tRP (Row Precharge time).

2. When a Precharge command interrupts a burst Read operation, the Precharge command given on a rising clock edge terminates the burst with the last
valid data word presented on DQ pins at CL-1(CL=CAS Latency) clock cycles after the command has been issued. Once the last data word has been
output, the output buffers are tri-stated. A new Bank Activate command may be issued to the same bank after tRP.

3. For a Read with Autoprecharge command, a new Bank Activate command may be issued to the same bank after tRP from rising clock that comes
CL(CL=CAS Latency) clock cycles before the end of the Read burst. During Read with autoprecharge, the initiation of the internal precharge occurs at the
same time as the earliest possible external Precharge command would initiate a precharge operation without interrupting the Read burst as described in
1 above.

4. For all cases above, tRP is an analog delay that needs to be converted into clock cycles. The number of clock cycles between a Precharge command
and a new Bank Activate command to the same bank equals tRP/tCK (where tCK is the clock cycle time) with the result rounded up to the nearest integer
number of clock cycles. (Note that rounding to X.5 is not possible since the Precharge and Bank Activate commands can only be given on a rising clock
edge).In all cases, a Precharge operation cannot be initiated unless tRAS(min) [minimum Bank Activate to Precharge time] has been satisfied. This
includes Read with autoprecharge commands where tRAS(min) must still be satisfied such that a Read with autoprecharge command has the same
timing as a Read command followed by the earliest possible Precharge command which does not interrupt the burst.
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11. WRITE INTERRUPTED BY A WRITE

A Burst Write can be interrupted by a new Write command before completion of the burst, where the interval between the successive Write commands
must be at least one clock cycle(tCCD(min)). When the previous burst is interrupted, the remaining addresses are overridden by the new address and
data will be written into the device until the programmed burst length is satisfied.

o " tccomin) | ‘ ‘
Command< NOP WRITEA>—< WRITEb>—< NOP >—< NOP >—< NOP NOP >—< NOP >—< NOP >—
| | | |
| ) | \ | |
<DQS ——Hi-Z — A \ \
| |
| |

[
|
Hi-Z . Din An><Din A1><Din Ba><Din B«><Din Bz><Din Bs

Figure 7. Write interrupted by a write timing

| | | |
| | | |
/! T I T
| | | |
| | | |
| | | |

NOTE :
1) Burst Length=4.
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12. WRITE INTERRUPTED BY A PRECHARGE & DM

A burst write operation can be interrupted by a precharge of the same bank before completion of the burst. Random column access is allowed. A write
recovery time(t\WR) is required from the last data to precharge command. When precharge command is asserted, any residual data from the burst write
cycle must be masked by DM.

I I I I I I
Command< NOP WRITE A < NOP >—< NOP >—< NOP >—< NOP >—<PrechargeA>—< WRITE B>‘ NOP
I I ' I | tWR I |
tDQSS(max) | | <ﬁQSS(max) | |« : » tpass(max),
pgs —+—Hi-Z —}¢tWPREH51 I | I I
I : : } .
I I [ I
I
I
I

:

—
|

I

|

—— |l«twpReH
| I
I | I _,%F I
I . | tWPRE |
7 Hi-Z 7 Dinao>< Dina1 >< Dina2>< Dinas>< Dina4>< Dinas>< Dinae>< Dina7/ ]
| |

tWPRES ) )
Dinbo A\ Dinb1

DQs

DM [

[
I tbQss(min

tDQSS(min)

|
|
|
|
|
:tDQSS(min) < tWR

DS __, Hi-z —'T:i'd—b | | | |
| | | | | | |
| WPRES tWPREH | ! | ! |
DQs L Hjz ' DinaoX Dinat >< DinazX Dina3>< Dina4>< Dina5>< Dina6>< Dina7 '
| | |
| | | |

| \

| |

\ |

i3

! |
tvyPREs tWPREH,

|

|

|

Dinbo Dinb2

\

Figure 8. Write interrupted by a precharge and DM timing

| |
| |
\ DM ! !
| |

NOTE :
1) Burst Length=8.

Precharge timing for Write operations in Mobile DDR SDRAM requires enough time to allow 'write recovery’ which is the time required by a Mobile DDR
SDRAM core to properly store a full ’0’ or "1’ level before a Precharge operation. For Mobile DDR SDRAM, a timing parameter, tWR, is used to indicate
the required amount of time between the last valid write operation and a Precharge command to the same bank.

The precharge timing for writes is a complex definition since the write data is sampled by the data strobe and the address is sampled by the input clock.
Inside the Mobile DDR SDRAM, the data path is eventually synchronized with the address path by switching clock domains from the data strobe clock
domain to the input clock domain. This makes the definition of when a precharge operation can be initiated after a write very complex since the write
recovery parameter must make reference to only the clock domain that affects internal write operation, i.e., the input clock domain.

tWR starts on the rising clock edge after the last possible DQS edge that strobed in the last valid data and ends on the rising clock edge that strobes in the

precharge command.

1. For the earliest possible Precharge command following a burst Write without interrupting the burst, the minimum time for write recovery is defined by
tWR.

2. When a precharge command interrupts a Write burst operation, the data mask pin, DM, is used to mask input data during the time between the last
valid write data and the rising clock edge on which the Precharge command is given. During this time, the DQS input is still required to strobe in the
state of DM. The minimum time for write recovery is defined by tWR.

3. For a Write with autoprecharge command, a new Bank Activate command may be issued to the same bank after tWR+tRP where tWR+tRP starts on
the falling DQS edge that strobed in the last valid data and ends on the rising clock edge that strobes in the Bank Activate command. During write
with autoprecharge, the initiation of the internal precharge occurs at the same time as the earliest possible external Precharge command without
interrupting the Write burst as described in 1 above.

4. In all cases, a Precharge operation cannot be initiated unless tRAS(min) [minimum Bank Activate to Precharge time] has been satisfied. This includes
Write with autoprecharge commands where tRAS(min) must still be satisfied such that a Write with autoprecharge command has the same timing as
a Write command followed by the earliest possible Precharge command which does not interrupt the burst.
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13. WRITE INTERRUPTED BY AREAD & DM

A burst write can be interrupted by a read command of any bank. The DQ’s must be in the high impedance state at least one clock cycle before the inter-
rupting read data appear on the outputs to avoid data contention. When the read command is registered, any residual data from the burst write cycle must
be masked by DM. The delay from the last data to read command (tCDLR) is required to avoid the data contention Mobile DDR SDRAM inside. Data that
are presented on the DQ pins before the read command is initiated will actually be written to the memory. Read command interrupting write can not be
issued at the next clock edge of that of write command.

CK
CK

IS
I | I I I I I I I | I I
I
Command< NOP >—< WRITE >r< NOP >—< NOP >—< NOP >—< READ >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP
I I I I I I I I

‘ |
tDQSS(max) : : ‘DQSS(maX? : : tCDLR : ‘
w L T ST T
|
|

; , , , , , , , '
| Iv- - - - v - - o= - v - - v - o - - - - |

HWPRES

I
I
I
I
I T
I 1y ¢ | I I I I | I
I I I I
o iz w oou){ou) oo oo
I I I
DM \
T I f | T T T T
. | | tDQSS(min) | | | | |
tDQSS(min) | > | |
DQS —+ Hi-Z | m | | I
I _\—07 I I I I I I I I
e | | | | | ‘ | ‘
o0s ——+i2———{on)(om {on2)(on (o 8 on)(Ba8 om0 ou}onud e {onud
I I | I I | I I
) I I I I I | I
! | | \
DM | | |
I I I

Figure 9. Write interrupted by a Read and DM timing
NOTE :
1) Burst Length=8, CAS Latency=3 .

The following function established how a Read command may interrupt a Write burst and which input data is not written into the memory.

1. For Read commands interrupting a burst Write, the minimum Write to Read command delay is 2 clock cycles. The case where the Write to Read delay
is 1 clock cycle is disallowed.

2. For Read commands interrupting a burst Write, the DM pin must be used to mask the input data words which immediately precede the interrupting
Read operation and the input data word which immediately follows the interrupting Read operation

3. For all cases of a Read interrupting a Write, the DQ and DQS buses must be released by the driving chip (i.e., the memory controller) in time to allow
the buses to turn around before the Mobile DDR SDRAM drives them during a read operation.

4. If input Write data is masked by the Read command, the DQS input is ignored by the Mobile DDR SDRAM.

5. Refer to Burst write operation.
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14. BURST STOP

The burst stop command is initiated by having RAS and CAS high with CS and WE low at the rising edge of the clock(CK). The burst stop command has
the fewest restrictions making it the easiest method to use when terminating a burst read operation before it has been completed. When the burst stop
command is issued during a burst read cycle, the pair of data and DQS(Data Strobe) go to a high impedance state after a delay which is equal to the CAS
latency set in the mode register. However, the burst stop command is not supported during a burst write operation.

& - - -

o Ao A A SR S U SN e D G O
I I I [ I [ I [ [

Command < READ A >—<Burst Stop>_< NOP >—< NOP >—< NOP >—< NOP >—< NOP >_< NOP >—< NOP >7
I [ [ I [ [
I [ [

|
| |
| |
| |
DQSs ' Hi-Z '
| |
| |
| . |
DQs I Hi-Z I
| |
NOTE :

1) Burst Length=4, CAS Latency= 3.

A

|
I
I
I
I
|
|
T Dout O><Dout 1
| [

|
| I

| | | |

| The burst read ends after a delay equa‘ to the CAS latency.
| | Il

| I I I I
| I I I I
| I I I I
T T T T T
| I | I I

Figure 10. Burst stop timing

The Burst Stop command is a mandatory feature for Mobile DDR SDRAM. The following functionality is required:
1. The Burst Stop command may only be issued on the rising edge of the input clock, CK.

2. Burst Stop is only a valid command during Read bursts.

3. Burst Stop during a Write burst is undefined and shall not be used.

4. Burst Stop applies to all burst lengths.

5. Burst Stop is an undefined command during Read with autoprecharge and shall not be used.
6. When terminating a burst Read command, the BST command must be issued Lggt (“BST Latency”) clock cycles before the clock

edge at which the output buffers are tristated, where Lggt equals the CAS latency for read operations.
7. When the burst terminates, the DQ and DQS pins are tristated.

The Burst Stop command is not byte controllable and applies to all bits in the DQ data word and the(all) DQS pin(s).
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15. DM MASKING

The Mobile DDR SDRAM has a data mask function that can be used in conjunction with data write cycle, not read cycle. When the data mask is acti-
vated(DM high) during write operation, Mobile DDR SDRAM does not accept the corresponding data.(DM to data-mask latency is zero). DM must be
issued at the rising or falling edge of data strobe.

0 1 2 3 4 5 6 7 8

Command < WRITE >>< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—<

|
B tbass ‘; ‘ , ‘

DQS 1K i [ |/ |

typRES | twPREH

T T
DQs 4‘—<D|n 0 XDin 1 D|n 2><D|n 3><D|n 4><D|n 5><D|n 6><D|n7 \

-

Hi-Z

masked by DM=H

Figure 11. DM masking timing
NOTE :
1) Burst Length=8.
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16. READ WITH AUTO PRECHARGE

If A10/AP is high when read command is issued, the read with auto-precharge function is performed. If a read with auto-precharge command is issued,
the Mobile DDR SDRAM automatically enters the precharge operation BL/2 clock later from a read with auto-precharge command when tRAS(min) is sat-
isfied. If not, the start point of precharge operation will be delayed until tRAS(min) is satisfied. Once the precharge operation has started, the bank cannot
be reactivated and the new command can not be asserted until the precharge time(tRP) has been satisfied.

CK
CK

P _. . .
| I | I I I I
BANK A READ A
Command <ACTIVE NOP >‘< NOP >—< NOP HutoPrpchare NOP >—< NOP >—< NOP >—< N
I I I

I I
I I
I I
DQS —Hi-Z—!
I I
(T
DQs : i :
I I
I I
I I

| | I
oP >< NOP >—< NO!
| I I

tRP |

|
P >—< NOP
|
Bank can be reactivated at
completion of tRP2)
| Il

| | ¢ | »!
| | |
| | | | |
| | | |
| | | | |
| |
T T
|
|
|
|
'

|
1 Dout Dout:

Autﬁl)-Precharg:e starts

tRAS(min)

| |
" > I I
| |
. .

Figure 12. Read with auto precharge timing
NOTE : _
1) Burst Length=4, CAS Latency= 3.
2) The row active command of the precharge bank can be issued after tRP from this point.

Asserted For same Bank For Different Bank
command 5 6 7 5 6 7
READ READ +No AP READ+No AP llegal Legal Legal Legal
READ+AP READ + AP READ + AP lllegal Legal Legal Legal
Active lllegal lllegal lllegal Legal Legal Legal
Precharge Legal Legal lllegal Legal Legal Legal
NOTE :

1) AP = Auto Precharge.
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17. WRITE WITH AUTO PRECHARGE

If A10/AP is high when write command is issued, the write with auto-precharge function is performed. Any new command to the same bank should not be
issued until the internal precharge is completed. The internal precharge begins after keeping tWR(min).

r—_ A Lo
| | | | |
RTEA { Nop H{ Nop | Nop [ nop

uto Precharge
| |

vor { nor H H wor H wop H{ wor o wor |

i

| |
BANK A

Command <ACTIVE NOP

|
< DQS
DQs

NOTE :
1) Burst Length=4.

Hi-Z

Hi-Z

Figure 13. Write with auto precharge timing

|

M
| | | |
| |
| |
| | | |
| |
| |

2) The row active command of the precharge bank can be issued after tRP from this point.

I Bank canlbe reactivdted at

I completioh of tgp?)

|
|
|
|
|
|
|
twrR
I

tRP

e E— P

Internal precharge start

|
|
|
|
|
|
I
|
|
>
|
'

Asserted For same Bank For Different Bank
command 5 6 7 8 9 10 5 6 7 8 9
WRITE WRITE* WRITE+ lllegal lllegal lllegal llegal Legal Legal Legal Legal Legal
No APY) No AP ega egal ega ega ega ega ega egal ega
WRITE+ WRITE+ WRITE+
AP AP AP lllegal lllegal lllegal lllegal Legal Legal Legal Legal Legal
READ+ READ+ READ+
READ lllegal NO AP+DM?2) NO AP+DM NO AP lllegal lllegal lllegal lllegal lllegal Legal Legal
READ + READ + READ +
READ+AP lllegal AP+DM AP+DM AP lllegal lllegal lllegal lllegal lllegal Legal Legal
Active lllegal lllegal lllegal lllegal lllegal lllegal Legal Legal Legal Legal Legal
Precharge lllegal lllegal lllegal lllegal lllegal lllegal Legal Legal Legal Legal Legal
NOTE :

1) AP = Auto Precharge.
2) DM : Refer to "27. Write Interrupted by Precharge & DM "
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18. AUTO REFRESH & SELF REFRESH
18.1. Auto Refresh

An auto refresh command is issued by having CS, RAS and CAS held low with CKE and WE high at the rising edge of the clock(CK). All banks must be
precharged and idle for tRP(min) before the auto refresh command is applied. Once this cycle has been started, no control of the external address pins
are required because of the internal address counter. When the refresh cycle has completed, all banks will be in the idle state. A delay between the auto
refresh command and the next activate command or subsequent auto refresh command must be greater than or equal to the tRFC(min).

Command <PRE> \NOP/ \NOP/ F&efre )

| | | |

| | | | | | |

T T T T | T T T

le | tRP | e | tRFG(min) . ) | |

| I I | I | | | \ |

| I I | | | | | \ |

| | | | | . | | | |

ba —, | | | | High-2 | | \ |
| | | | | ) | | | |
DQs— i i I I High-Z | i | I

Figure 14. Auto refresh timing

NOTE :
1) tRP=3CLK
2) Device must be in the all banks idle state prior to entering Auto refresh mode.

18.2. Self Refresh

A Self Refresh command is defined by having CS, RAS, CAS and CKE held low with WE high at the rising edge of the clock. Once the self Refresh com-
mand is initiated, CKE must be held low to keep the device in Self Refresh mode. After 1 clock cycle from the self refresh command, all of the external
control signals including system clock(CK, CK) can be disabled except CKE. The clock is internally disabled during Self Refresh operation to reduce
power. Before returning CKE high to exit the Self Refresh mode, apply stable clock input signal with Deselect or NOP command asserted.

«

o (')|
~ X
L

e «
Command Refre

¥
tRFC

tXSR(miny——>

»
«

»
«

]

Figure 15. Self refresh timing

NOTE :
1) Device must be in the all banks idle state prior to entering Self Refresh mode.

2) The minimum time that the device must remain in Self Refresh mode is tRFC.
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19. POWER DOWN

The device enters power down mode when CKE Low, and it exits when CKE High. Once the power down mode is initiated, all of the receiver circuits
except CK and CKE are gated off to reduce power consumption. All banks should be in idle state prior to entering the precharge power down mode and
CKE should be set in high for at least tPDEX prior to Row active command. Refresh operations cannot be performed during power down mode, therefore
the device cannot remain in power down mode longer than the refresh period(tREF) of the device.

Figure 16. Power down entry and exit timing

NOTE :
1) Device must be in the all banks idle state prior to entering Power Down mode.
2) The minimum power down duration is specified by tCKE.
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20. CLOCK STOP

Stopping a clock during idle periods is an effective method of reducing power consumption.

The LPDDR SDRAM supports clock stop under the following conditions :

- the last command (ACTIVE, READ, WRITE, PRECHARGE, AUTO REFRESH or MODE REGISTER SET) has executed to completion, including any
data-out during read bursts; the number of clock pulses per access command depends on the device’s AC timing parameters and the clock frequency;

- the related timing conditions (tRCD, tWR, tRP, tRFC, tMRD) has been met;

- CKE is held High

When all conditions have been met, the device is either in "idle state"or "row active state" and clock stop mode may be entered with CK held Low and CK
held Hight.

Clock stop mode is exited by restarting the clock. At least one NOP command has to be issued before the next access command any be applied. Addi-
tional clock pulses might be required depending on the system characteristics.

Figure shows clock stop mode entry and exit.

- Initially the device is in clock stop mode

- The clock is restarted with the rising edge of TO and a NOP on the command inputs

- With T1 a valid access command is latched; this command is followed by NOP commands in order to allow for clock stop as soon as this access com-
mand is completed.

- Tn is the last clock pulse required by the access command latched with T1

- The clock can be stopped after Tn.

CK

CKE

<— Timing Condition —>

2 : : | >
o s or)
: — T N l
[ | \ ! \ 0 I
(4 l
L0807, /
. — } U
| | | I | | |
T T T T T

okt
|
|
|
I
|
|

DQ,DQS - High-Z
Clock Exit alid D ~ PontCare
Stopped Clock Command Enter
Stop clock
Mode Stop

Mode
Figure 17. Clock Stop Mode Entry and Exit
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Timing Diagram
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1. POWER UP SEQUENCE FOR MOBILE DDR SDRAM

CKE

2V V¥V VYV
= B S, S

t s
poor EXOEOEK
! !

VR :\: B
BAO ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
— L AT
_ . ——
¢ t ‘

wore 7T\ f‘ / (X XX )

‘ ‘ (- ‘ — | ‘ | ‘ ‘ ‘ ‘ ‘ |
DaQs Hi-Z—— p—Hi-Z——— —HZ—
o | | ) | | | ) | | | | | | | | |
tRP . IrFC. . tRee
f O | Ol B A
Precharge Auto Auto Normal Row Active
(All Bank) Refresh Refresh MRS (A-Bank)
Extended
MRS

:I : Don’t care

Figure 18. Power Up Sequence for Mobile DDR SDRAM

NOTE :
1) Apply power and attempt to maintain CKE at a high state and all other inputs may be undefined.
- Apply VDD before or at the same time as VDDQ.
2) Maintain stable power, stable clock and NOP input condition for a minimum of 200us.
3) Issue precharge commands for all banks of the devices.
4) Issue 2 or more auto-refresh commands.
5) Issue a mode register set command to initialize the mode register.
6) Issue a extended mode register set command for the desired operating modes after normal MRS.

The Mode Register and Extended Mode Register do not have default values.

If they are not programmed during the initialization sequence, it may lead to unspecified operation.
All banks have to be in idle state prior to adjusting MRS and EMRS set.
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2. BASIC TIMING

tCH tcL tCH tcL
AEg A

< tcK tcK

0 1 2 3 4 5 6 7 8 9 10 M 12 13 14 15

CK
CK

R

= U o
w . ] i
= JTU \
L w— \
o DD | L

TR T T E R ﬁ {RPRE €' ! tRPST
DQs ——Hi-————— - Hi-Z
I <o .
, tbQsck | |

Mz L WWYWA L i
DQs — e . A%A‘A%A‘ %A‘A%A‘ —Hi-2
I A SR

- . [
oo (3 @ @

|:| : Don'’t care

Figure 19. Basic Timing (Setup, Hold and Access Time @BL=4, CL=3)
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3. MULTI BANKINTERLEAVING READ

CK
CK

e B BT

= B A

N A AV YV

- W

e e

A10/AP ‘ ‘ ‘ \/ \/

1, DICIRCTIREe

DQs — Hi-Z

- ———egegese:

DM

e
COMMAND}

|:| : Don’t care

Figure 20. Multi Bank Interleaving READ (@BL=4, CL=3)
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4. MULTI BANK INTERLEAVING WRITE

0 1 2 3 4 5 6 7 8 9 10 N 12 13 14 15

CK
CK

CKE

BAO,BA1

A10/AP

ADDR
(AO~An)

DQS

DQs

DM

COMMAND

:l : Don't care

Figure 21. Multi Bank Interleaving WRITE (@BL=4)
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5. READ WITH AUTO PRECHARGE

10

CK | | | | | | |
CKE : : : :H|G|':| : : :
5 T /S
RAS [\ \ /
RS \ / / o\
WE B 7
BAO,BA1 ‘ ‘
A10/AP ‘ ’ 3 < ‘ ‘ 'E‘ ‘
BooAn)
‘ ‘ ‘ EAut:o preichar:ge st:art ‘ |
T e
Notel
(Dc?_ia) I-nz J N/ S S\
(Cizs) iz~ —(@a0)}@ai){aa2)aas)aad)aasaat(aar)—
DM ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
commo (&) (=

NOTE :

Figure 22. Read with Auto Precharge (@BL=8)

1) The row active command of the precharge bank can be issued after tRP from this point.
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6. WRITE WITH AUTO PRECHARGE

CK
CK

CKE - - - . HIGH

RAS /\

o T/

BAO,BA1 ‘

A10/AP ‘ y_\<

s

‘NoTEY

' Auto precharge start'

: L twr i/
DQS
DQs
DM

COMMAND 3 3

Figure 23. Write with Auto Precharge (@BL=8)

NOTE :
1) The row active command of the precharge bank can be issued after tRP from this point
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. WRITE FOLLOWED BY PRECHARGE

CK
CK

oKE | | | | | | | | HIGH

= N N
= S e—

BAO,BA1 BAa BAaX |

A10/AP ‘ \/ e \/
oo BB

DQS

e U R o ¢
COMMAND = (WRITE) ;;

|:| : Don'’t care

Figure 24. Write followed by Precharge (@BL=4)
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8. WRITE INTERRUPTED BY PRECHARGE & DM

CK
cK

CKE . HIGH-

w T \ 7T
o T LA/
L— \AA L
e T\ 4 \AAr
b

pas  —HZ @@@@@@@@ T ) ) e ) ) 0
oM \f f f /o \ \
o « MR oo

COMMAND ‘(CHF;\RREGQ (WRITE) <WRITE>‘

|:| : Don'’t care

Figure 25. Write Interrupted by Precharge & DM (@BL=8)
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9. WRITE INTERRUPTED BY A READ

CK
CK

oKE | | | | | | | |  HIGH.

= - A
= R —.

BAO,BA1 BAa

v A 2L

ADDR
(AO~An)

DQS —Hi-z

0es  —HZ————{pa0)bar)pazaiPaipas)———————(oeofranaanan avoHoodioon

Masked by DM |

~ BN/

"tCDLR |
—

comwe R (@)

\:’ : Don’t care

Figure 26. Write Interrupted by a Read (@BL=8, CL=3)

SAMSUNG ELECTRONICS -80- @



Rev. 1.0

KMS5U000KM-B308 MCP Memory

10. READ INTERRUPTED BY PRECHARGE

CK
CK

oKE | | | HIGH

= a \ £
= S —

G A \ /

BAO,BA1 BAa BAa

A10/AP ‘ \ / ‘ \ /
oAy ‘ XeaX ‘ _ .
L T T, doves

: : : e SRR
DQs ‘ Hi-Z ‘ ‘ QaOQaS ‘

DM

| | | I PRE
COMMAND w w READ ! !

|:| : Don’t care

Figure 27. Read Interrupted by Precharge (@BL=8, CL=3)
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11. READ INTERRUPTED BY A WRITE & BURST STOP

CK
CK

CKE

v WA 7

CAS

N\ 7Y \ /

7 QA / \ /

BAO,BA1

‘ BAa ‘ ‘

A10/AP

ADDR
(AO~An)

DQS

Hi-Z

DQs

iz —{aa0{aai———(aooavKavzKoosy o aueKaveKoor)—

DM

COMMAND

\ \ %
=& @

|:| : Don’t care

Figure 28. Read Interrupted by a Write & Burst Stop (@BL=8, CL=3)
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12. READ INTERRUPTED BY AREAD

CK
CK

KE | | | | | | | | L HIGH.

= =
- A
. =
vorr R | R J
.
DMIIIIIIIIIIIIIIIIIIIIII

comme(550) (50)

|:| : Don'’t care

Figure 29. Read Interrupted by a Read (@BL=8, CL=3)
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13. DM FUNCTION

CK
CK

oKE | | | | | | | | " HicH.

ol A
= A

BAO,BA1 BAa

A10/AP ‘ \ /
o B
DQs
Das @@@@@@@ ————Hiz-
o \/\f/ffff\‘
COMMAND}

Hi-Z-

:| : Don’t care

Figure 30. DM Function (@BL=8) only for write
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14 DEEP POWER DOWN MODE ENTRY & EXIT CYCLE

I S S T L S L T T S U NI
ok  LAL AN AL AN AR . VA AR AR G R A AL AR AR
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' ' . : ' ' ' . . ) ' ' ' . : S ' . : :
R_AS:_\:/. /\ . . .9 . . . . . - . \/—
S e e e

w I/ W C . _ 0 v /€
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: Don’t care

Figure 31. Deep Power Down Mode Entry & Exit Cycle

NOTE :
DEFINITION OF DEEP POWER DOWN MODE FOR Mobile DDR SDRAM :

Deep Power Down Mode is an operating mode to achieve maximum power reduction by cutting the power of the whole memory of the devices. Once the device enters in Deep
Power Down Mode, data will not be retained. Full initialization is required when the device exits from Deep Power Down Mode.

TO ENTER DEEP POWER DOWN MODE - _

1) The deep power down mode is entered by having CS and WE held low with RAS and CAS high at the rising edge of the clock while CKE is low.
2) Clock must be stable before exiting deep power down mode.

3) Device must be in the all banks idle state prior to entering Deep Power Down mode.

TO EXIT DEEP POWER DOWN MODE

) The deep power down mode is exited by asserting CKE high.

) In case of 2 /CS, 2 CKE device with 2/CS & 2CKE, 200us wait time is required even if only 1 device exits from Deep Power Down.

) Upon exiting deep power down, an all bank precharge command must be issued followed by two auto refresh commands and a load mode register
sequence.

4
5
6
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