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Document Title

Multi-Chip Package MEMORY
256M Bit(16Mx16) Nand Flash/64M Bit(4Mx16) UtRAM/128M Bit(2Mx16x4Banks) MobileSDRAM

Revision History

Revision No. History Draft Date Remark
0.0 Initial issue. July 18, 2002 Preliminary
0.1 <UtRAM> November 26. 2002 Preliminary
Revised

- Changed Icc2u(Max.) from 35mA to 40mA
- Changed lcc2u(Typ.) from 30mA to 35mA
- Changed Iseb(Max.) from 10mA to 20mA

0.11 <UtRAM> January 23. 2003  Preliminary
Errata Correction
-Changed UtRAM Speed from 90/100ns to 85ns
<Mobile SDRAM>
-Addtion of Timing Diagram

0.2 <Mobile SDRAM>
- Errata Correction February 24. 2003  Preliminary
Changed Unit of tARFC / tSRFX from CLK to ns
- Addition of Internal TCSR option
- Removal of External TCSR.

1.0 Finalize May 30. 2003 Final

Note : For more detailed features and specifications including FAQ, please refer to Samsung’s web site.
http://samsungelectronics.com/semiconductors/products/products_index.html

The attached datasheets are prepared and approved by SAMSUNG Electronics. SAMSUNG Electronics CO., LTD. reserve the right
to change the specifications. SAMSUNG Electronics will evaluate and reply to your requests and questions about device. If you have
any questions, please contact the SAMSUNG branch office near you.
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KAAOOBG0O6A

MCP MEMORY

Multi-Chip Package MEMORY

256M Bit (16Mx16) Nand Flash/64M Bit (4Mx16) UtRAM/128M Bit (2Mx16x4Banks) Mobile SDRAM

FEATURES

<Common>
- Power Supply Voltage
- NAND, SDRAM : 1.7~2.0V
- UtRAM : 2.7~3.1V
- Data Output Power : 1.7~2.0V
- Operating Temperature : -25°C ~ 85°C
- Package : 127-ball TBGA Type - 10.5x12mm, 0.8mm pitch
<NAND>

<UtRAM>

- Process Technology : CMOS

- Organization : 4M x 16 bit

- Read Access Time : 85ns

- Three State Outputs

- Compatible with Low Power SRAM

- Deep Power Down : Memory cell data holds invalid
<SDRAM>

- Organization
- Memory Cell Array : (16M + 512K)bit x 16bit
- Data Register : (256 + 8)bit x16bit
- Automatic Program and Erase
- Page Program : (256 + 8)Word
- Block Erase : (8K + 256)Word
- Page Read Operation
- Page Size : (256 + 8)Word
- Random Access : 10ns(Max.)
- Serial Page Access : 50ns(Min.)
- Fast Write Cycle Time
- Program time : 200ns(Typ.)
- Block Erase Time : 2ms(Typ.)
- Command/Address/Data Multiplexed I/O Port
- Hardware Data Protection
- Program/Erase Lockout During Power Transitions tem
- Reliable CMOS Floating-Gate Technology clock.
- Endurance : 100K Program/Erase Cycles
- Data Retention : 10 Years
- Command Register Operation
- Intelligent Copy-Back

« 1.8V power supply.
LVCMOS compatible with multiplexed address.
Four banks operation.
Frequency : 105MHz, 66MHz
MRS cycle with address key programs.
-. CAS latency (1, 2 & 3).
-. Burst length (1, 2, 4, 8 & Full page).
-. Burst type (Sequential & Interleave).
Special option for Mobile application.
-. PASR(Partial Array Self Refresh) with EMRS cycle.
-. Internal TCSR(Temperature Compensated Self Refresh)
-. DS(Driver Strength Control)
All inputs are sampled at the positive going edge of the sys-

Burst read single-bit write operation.
Special Function Support.
-. DPD Mode by External pin
DQM for masking.
Auto refresh.
64ms refresh period (4K cycle).

GENERAL DESCRIPTION

The KAAOOBG606A is a Multi Chip Package Memory which combines 256Mbit Nand Flash Memory, 64Mbit Unit Transistor CMOS
RAM and 128Mbit synchronous high data rate Dynamic RAM.

256Mbit NAND Flash memory is organized as 16M x16 bits and 64Mbit UtRAM is organized as 4M x16 bits and 128Mbit SDRAM is
organized as 2M x16 bits x4 banks.

In 256Mbit NAND Flash, a 264-word page program can be typically achieved within 200us and an 8K-word block erase can be typi-
cally achieved within 2ms. In serial read operation, a byte can be read by 50ns. DQ pins serve as the ports for address and data
input/output as well as command inputs. Even the write-intensive systems can take advantage of FLASH®& extended reliability of
100K program/erase cycles with real time mapping-out algorithm. These algorithms have been implemented in many mass storage
applications.

In 128Mbit SDRAM, Synchronous design allows precise cycle control with the use of system clock, and 1/O transactions are possible
on every clock cycle. 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 KAAOOBG606A 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 127-ball TBGA Type.
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KAAOOBG0O6A MCP MEMORY

PIN CONFIGURATION
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TBGA: Top View (Ball Down)
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KAAOOBG0O6A MCP MEMORY

PIN DESCRIPTION

Pin Name Pin Function Pin Name Pin Function
AO0~A21 Address Input(UtRAM) csd Chip Enable(SDRAM)
AO0d~Al1d Address Input(SDRAM) CKE Clock Enable(SDRAM)
BAO~BA1 Bank Address Input(SDRAM) RAS Row Address Strobe(SDRAM)
DQO0~DQ15 Data Input/Out Put(UtRAM, NAND) CAS Column Address Strobe(SDRAM)
DQOd~DQ15d | Data Input/Out Put(SDRAM) WEd Write Enable(SDRAM)
CEn Chip Enable(NAND) LDQM Low Data Out Put Mask(SDRAM)
RE Read Enable(NAND) UDQM Upper Data Out Put Mask(SDRAM)
WPR Write Protection(NAND) DPD Deep Power Down(SDRAM)
ALE Address Latch Enable(NAND) Veen Power Supply(NAND)
CLE Command Latch Enable(NAND) Vccu Power Supply(UtRAM)
R/Bn Read/Busy OutPut(NAND) Vcce Power Supply(SDRAM)
WE Write Enable(NAND, UtRAM) Vcegn Data Out Power(NAND)
Csu Chip Enable(UtRAM) Vcequ Data Out Power(UtRAM)
ZZu Deep Power Down(UtRAM) Vceq Data Out Power(SDRAM)
UBU Upper Byte (UtRAM) Vss Ground
LBu Low Byte(UtRAM) NC No Connection
OEu Output Enable(UtRAM) DNU Do Not Use
CLK System Clock(SDRAM)

ORDERING INFORMATION

KAA 00 B606A-TGPVIKX
SDRAM Speed
V =15ns
Samsung X = 10ns
MCP Memory(3chips)
Device Type UtRAM Speed
NAND + UtRAM + SDRAM P =85ns
NOR Flash Density, Voltage, NAND Flash Speed
Organization, Bank Size, Boot Block G=50ns
00 = None
Package
NAND Flash Density, Voltage, Organization T =TBGA
B = 256M, 1.8V/1.8V, X16
. L Version
UtRAM Density, Voltage, Organization .
6 = 64M, 3.0V/¥.8V, x1% ° A = 2nd Generation
DRAM Interface, Density, Voltage,
SRAM Density, Voltage, Organization Organization, Option
0 = None 6 = SDR, 128M, 1.8V/1.8V, X16, V

_4- Revision 1.0
ELECTRONICS



KAAOOBG0O6A

MCP MEMORY

FUNCTIONAL BLOCK DIAGRAM
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256Mb(16M x 16) NAND Flash C-die
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MCP MEMORY

Figure 1. NAND Flash(x16) ARRAY ORGANIZATION

/

64K Pageé

e

1 Block =32 Pages
_ = (8K + 256) Word
d

1 Page = 264 Word
1 Block = 264 Word x 32 Pages

= (8K + 256) Word

(=2,048 Blocks) ot 1 Device = 264Words x 32Pages x 2048 Blocks
< = 264 Mbits
AN 16 bit
256Word i '8 Word
- /O0~1/015
1 Page Register -
~_256Word 8 Word
/100 /01 /0 2 /03 110 4 /05 /O 6 /07 | 1/08to 15
1st Cycle Ao A1 A2 A3 Aa As As A7 L* Column Address
2nd Cycle A9 A10 A1l A12 A13 A4 A15 Al L* Row Address
(Page Address)
3rd Cycle A17 Azis A19 A20 A21 A22 A23 A24 L*

NOTE : Column Address : Starting Address of the Register.
* L must be set to "Low".
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KAAOOBG0O6A MCP MEMORY

PRODUCT INTRODUCTION

This device is a 264Mbit(276,824,064 bit) memory organized as 65,536 rows(pages) by 264 columns. Spare eight columns are
located from column address of 256~263. A 264-Word data register is connected to memory cell arrays accommodating data transfer
between the I/O buffers and memory during page read and page program operations. The memory array is made up of 16 cells that
are serially connected to form a NAND structure. Each of the 16 cells resides in a different page. A block consists of the 32 pages
formed by two NAND structures, totaling 8448 NAND structures of 16 cells. The array organization is shown in Figurel. The program
and read operations are executed on a page basis, while the erase operation is executed on a block basis. The memory array con-
sists of 2048 separately erasable 8K-Word blocks. It indicates that the bit by bit erase operation is prohibited on this device.

This device has addresses multiplexed into lower 8 I/O's. This device allows sixteen bit wide data transport into and out of page reg-
isters. This scheme dramatically reduces pin counts while providing high performance and allows systems upgrades to future densi-
ties by maintaining consistency in system board design. Command, address and data are all written through 1/O& by bringing WE to
low while CE is low. Data is latched on the rising edge of WE. Command Latch Enable(CLE) and Address Latch Enable(ALE) are
used to multiplex command and address respectively, via the 1/0 pins. Some commands require one bus cycle. For example, Reset
command, Read command, Status Read command, etc require just one cycle bus. Some other commands like Page Program and
Copy-back Program and Block Erase, require two cycles: one cycle for setup and the other cycle for execution. The 16M-word phys-
ical space requires 24 addresses, thereby requiring three cycles for word-level addressing: column address, low row address and
high row address, in that order. Page Read and Page Program need the same three address cycles following the required command
input. In Block Erase operation, however, only the two row address cycles are used. Device operations are selected by writing spe-
cific commands into the command register. Table 1 defines the specific commands of this device.

The device includes one block sized OTP(One Time Programmable), which can be used to increase system security or to provide
identification capabilities. Detailed information can be obtained by contact with Samsung.

Table 1. COMMAND SETS

Function 1st. Cycle 2nd. Cycle Acceptable Command during Busy

Read 1 00h -

Read 2 50h -

Read ID 90h -

Reset FFh - (0]

Page Program 80h 10h

Copy-Back Program 00h 8Ah

Block Erase 60h DOh

Read Status 70h - (¢]

Caution : Any undefined command inputs are prohibited except for above command set of Table 1.

.8- Revision 1.0
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KAAOOBG0O6A

MCP MEMORY

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Unit
VIN/OUT -0.6 to + 2.45
Voltage on any pin relative to Vss Vcc -0.2to + 2.45 \
Veeq -0.2to +2.45
Temperature Under Bias TBIAS -40 to +125 °C
Storage Temperature TsTG -65 to +150 °C
Short Circuit Current los 5 mA

NOTE :

1. Minimum DC voltage is -0.6V on input/output pins. During transitions, this level may undershoot to -2.0V for periods <30ns.

Maximum DC voltage on input/output pins is Vcc,+0.3V which, during transitions, may overshoot to Vcc+2.0V for periods <20ns.
2. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the conditions
as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

RECOMMENDED OPERATING CONDITIONS(Voltage reference to GND, TA=-25 to 85°C)

Parameter Symbo Min Typ. Max Unit
Supply Voltage Vce 1.65 1.8 1.95 \%
Supply Voltage Vceq 1.65 1.8 1.95 \%
Supply Voltage Vss 0 0 0 \%

DC AND OPERATING CHARACTERISTICS(Recommended operating conditions otherwise noted.)

Parameter Symbol Test Conditions Min Typ Max Unit
Operating Sequential Read lccl :S&zzso?:; CE=ViL - 8 15
Current Program lcc2 - - 8 15 mA
Erase lcc3 - - 8 15
Stand-by Current(TTL) sl E=VIH, WP=0V/Vce - - 1
Stand-by Current(CMOS) IsB2 CE=Vce-0.2, WP=0V/Vce - 10 50
Input Leakage Current ILi VIN=0 to Vce(max) - - +10 m
Output Leakage Current ILo Vout=0 to Vcc(max) - - +10
1/0 pins Vce-0.4 - Vcee+0.3
Input High Voltage VIH
Except 1/0O pins Vce-0.4 - Vce+0.3
Input Low Voltage, All inputs ViL - -0.3 - 0.4 \
Output High Voltage Level VoH loH=-100mMA VceQ-0.1 - -
Output Low Voltage Level VoL loL=100uA - - 0.1
Output Low Current(R/B) IoL(R/B) | VoL=0.1V 3 4 - mA
.9- Revision 1.0
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KAAOOBG0O6A MCP MEMORY

VALID BLOCK
Parameter Symbol Min Typ. Max Unit
Valid Block Number Nvs 2013 - 2048 Blocks
NOTE :

1. This device may include invalid blocks when first shipped. Additional invalid blocks may develop while being used. The number of valid blocks is pre-
sented with both cases of invalid blocks considered. Invalid blocks are defined as blocks that contain one or more bad bits. Do not erase or program
factory-marked bad blocks. Refer to the attached technical notes for a appropriate management of invalid blocks.

. The 1st block, which is placed on 00h block address, is fully guaranteed to be a valid block, does not require Error Correction.

N

AC TEST CONDITION
(Vee=1.65V~1.95V , TA=-25 to 85°C unless otherwise noted)

Parameter Value
Input Pulse Levels 0V to VcecQ
Input Rise and Fall Times 5ns
Input and Output Timing Levels VeeQ/2
Output Load (VccQ:1.8V +/-10%) 1 TTL GATE and CL=30pF

CAPACITANCE(TA=25°C, Vcc=1.8V, f=1.0MHz)

Item Symbol Test Condition Min Max Unit
Input/Output Capacitance Cio ViL=0V - 10 pF
Input Capacitance CiN VIN=0V - 10 pF
NOTE : Capacitance is periodically sampled and not 100% tested.
MODE SELECTION
CLE ALE CE WE RE wp Mode
H L L LA H X Read Mode Command Input
L H L Yy H X Address Input(3clock)
H L L LA H H ) Command Input
Write Mode
L H L L4 H H Address Input(3clock)
L L L LA H H Data Input
L L L H AN X Data Output
X X X X X H During Program(Busy)
X X X X X H During Erase(Busy)
X X X X X L Write Protect
X X H X X 0V/Vcc® | Stand-by
NOTE :
1. X can be Vi or ViH.
2. WP should be biased to CMOS high or CMOS low for standby.
Program/Erase Characteristics
Parameter Symbol Min Typ Max Unit
Program Time tPROG - 200 500 ns
Number of Partial Program Cycles Main Array Nop - - 2 cycles
in the Same Page Spare Array - - 3 cycles
Block Erase Time tBERS - 2 3 ms
-10- Revision 1.0
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KAAOOBG0O6A MCP MEMORY

AC Timing Characteristics for Command / Address / Data Input

Parameter Symbol Min Max Unit
CLE Set-up Time tcLs 0 - ns
CLE Hold Time tCLH 10 - ns
CE Setup Time tcs 0 .- ns
CE Hold Time tcH 10 - ns
WE Pulse Width twp 25® - ns
ALE Setup Time taLs 0 - ns
ALE Hold Time tALH 10 - ns
Data Setup Time tbs 20 - ns
Data Hold Time tDH 10 - ns
Write Cycle Time twc 45 - ns
WE High Hold Time twH 15 - ns

NOTE :
1. If tcs is set less than 10ns, twp must be minimum 35ns, otherwise, twp may be minimum 25ns.

AC Characteristics for Operation

Parameter Symbol Min Max Unit
Data Transfer from Cell to Register tR - 10 s
ALE to RE Delay tAR 10 - ns
CLE to RE Delay tcLrR 10 - ns
Ready to RE Low tRR 20 - ns
RE Pulse Width tRP 25 - ns
WE High to Busy twB - 100 ns
Read Cycle Time tRC 50 - ns
CE Access Time tCEA - 45 ns
RE Access Time tREA - 30 ns
RE High to Output Hi-Z tRHZ - 30 ns
CE High to Output Hi-Z tcHz - 20 ns
RE or CE High to Output hold toH 15 - ns
RE High Hold Time tREH 15 - ns
Output Hi-Z to RE Low tiR 0 - ns
WE High to RE Low tWHR 60 - ns
Device Resetting Time(Read/Program/Erase) tRST - 5/10/500@ s

NOTE :
1. If reset command(FFh) is written at Ready state, the device goes into Busy for maximum 5us.

S11- Revision 1.0
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NAND Flash Technical Notes
Invalid Block(s)

Invalid blocks are defined as blocks that contain one or more invalid bits whose reliability is not guaranteed by Samsung. The infor-
mation regarding the invalid block(s) is so called as the invalid block information. Devices with invalid block(s) have the same quality
level as devices with all valid blocks and have the same AC and DC characteristics. An invalid block(s) does not affect the perfor-
mance of valid block(s) because it is isolated from the bit line and the common source line by a select transistor. The system design
must be able to mask out the invalid block(s) via address mapping. The 1st block, which is placed on 00h block address, is fully guar-
anteed to be a valid block, does not require Error Correction.

Identifying Invalid Block(s)

All device locations are erased(FFh) except locations where the invalid block(s) information is written prior to shipping. The invalid
block(s) status is defined by the 1st word in the spare area. Samsung makes sure that either the 1st or 2nd page of every invalid
block has non-FFFFh data at the column address of 256 and 261. Since the invalid block information is also erasable in most cases,
it is impossible to recover the information once it has been erased. Therefore, the system must be able to recognize the invalid
block(s) based on the original invalid block information and create the invalid block table via the following suggested flow chart(Fig-
ure 2). Any intentional erasure of the original invalid block information is prohibited.

‘ Start )

Set Block Address =0

Increment Block Address

A A

Check "FFh" at the column address 256
N v and 261 of the 1st and 2nd page in the block
o]

Create (or update) " "o
Invalid Block(s) Table | Check "FFh” -

Yes

No

Last Block ?

Yes
7N
| End |
N4

Figure 2. Flow chart to create invalid block table.

S12- Revision 1.0
ELECTRONICS



KAAOOBG0O6A

MCP MEMORY

NAND Flash Technical Notes(Continued)

Error in write or read operation

Over its life time, the additional invalid blocks may develop with NAND Flash memory. Refer to the qualification report for the actual
data.The following possible failure modes should be considered to implement a highly reliable system. In the case of status read fail-
ure after erase or program, block replacement should be done. Because program status fail during a page program does not affect
the data of the other pages in the same block, block replacement can be executed with a page-sized buffer by finding an erased
empty block and reprogramming the current target data and copying the rest of the replaced block. To improve the efficiency of
memory space, it is recommended that the read or verification failure due to single bit error be reclaimed by ECC without any block
replacement. The said additional block failure rate does not include those reclaimed blocks.

Failure Mode

Detection and Countermeasure sequence

Erase Failure Status Read after Erase --> Block Replacement
Write Status Read after Program --> Block Replacement
Program Failure Read back ( Verify after Program) --> Block Replacement
or ECC Correction
Read Single Bit Failure Verify ECC -> ECC Correction
ECC : Error Correcting Code --> Hamming Code etc.

Example) 1bit correction & 2bit detection

Program Flow Chart

Start

}

Write 80h

}

Write Address

)

Write Data

)

Write 10h

!

Read Status Register

®

yd - N\ NO
Program Error «—
N e

<

If ECC is used, this verification
operation is not needed.

A,
/o6e=17?

orRIB=17
lYes

I00=0"7

Yes

No

]

Write 00h

l

Write Address

l

Wait for tR Time

: ®

. No N\
Verify Data —{ Program Error )

|_ Program Completed |

@ . If program operation results in an error, map out
the block including the page in error and copy the
target data to another block.

Enic
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NAND Flash Technical Notes(Continued)

Erase Flow Chart

‘ Start

v

Write 60h

v

Write Block Address

]

Write DOh

v

Read Status Register

<
v

/o6=17?
orRIB=17?

@ l Yes

Ve - N, NO
Erase Error «— /I00=07?
N S

lYes

| Erase Completed

@ : If erase operation results in an error, map out
the failing block and replace it with another block.

Block Replacement

N

Read Flow Chart

. Start )
v
Write 00h
'

Write Address

!

Read Data
v

ECC Generation

l

Verify ECC

/ .— N\ NO
[ Reclaim the Error «—
AN /

lYes

Ve N

_Page Read Completed

Block A
1st
!
(n-1)th @
nth —| an error occurs. \
(page) “ \ Buffer memory of the controller.
Block B \
1st
] v @
(n-1)th /
nth — [«
(page)

* Stepl

When an error happens in the nth page of the Block 'A’ during erase or program operation.

* Step2

Copy the nth page data of the Block 'A’ in the buffer memory to the nth page of another free block. (Block 'B’)

* Step3

Then, copy the data in the 1st ~ (n-1)th page to the same location of the Block 'B’.

* Step4

Do not further erase Block 'A’ by creating an 'invalid Block’ table or other appropriate scheme.

Enic
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Pointer Operation

Samsung NAND Flash has two address pointer commands as a substitute for the most significant column address. '00h’ command
sets the pointer to 'A’ area(0~255word), and '50h’ command sets the pointer to 'B’ area(256~263word). With these commands, the
starting column address can be set to any of a whole page(0~263word). '00h’ or '50h’ is sustained until another address pointer com-
mand is inputted. To program data starting from 'A’ or 'B’ area, '00h’ or '50h’ command must be inputted before '80h’ command is
written. A complete read operation prior to '80h’ command is not necessary.

Table 2. Destination of the pointer

Command Pointer position Area
00h 0 ~ 255 word main array(A)
50h 256 ~ 263 word spare array(B)

(1) Command input sequence for programming 'A’ area

| Address / Data input

00h ( sonh ) .4 ( 10n )

'A’B’ area can be programmed.
It depends on how many data are inputted.

(2) Command input sequence for programming 'B’ area

| Address / Data input

‘50h ( son ) .4 ( 10n )

Only 'B’ area can be programmed.

"A" area "B" area
(00h plane) (50h plane)
256 Word 8 Word
[ v ]

Pointer select
command
(00h, 50h)

‘ Internal
Page Register

«—>|_pointer_|

Figure 3. Block Diagram of Pointer Operation

The address pointer is set to 'A’ area(0~255), and sustained

\4

Address / Data input

'00h’ command can be omitted.

The address pointer is set to ‘B’ area(256~263), and sustained

i»Og)h’: { 8on ) { 10n )

Address / Data input

'50h’ command can be omitted.

i»5g)h: { 8on ) { 10n )

Enic
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System Interface Using E don’t-care.

For an easier system interface, CE may be inactive during the data-loading or sequential data-reading as shown below. The internal
264word page registers are utilized as seperate buffers for this operation and the system design gets more flexible. In addition, for
voice or audio applications which use slow cycle time on the order of u-seconds, de-activating CE during the data-loading and read-
ing would provide significant savings in power consumption.

Figure 4. Program Operation with E don’t-care.

ce | | L

& L O00CHAAONC I 000

[a)

N ; la)
WE

v ’
. ’
N .

ALE [ ] | /
1/0x Data Input )—( Data Input

tes tcH

> ———\«—{CEA ——>

_ tREA >
. twp > RE /
1/00~15 /'

out

Figure 5. Read Operation with CE don’t-care.

CLE ' —
® 7L 000 OGA0NA0A00CT
= pizinipiyipininininimenty

R/B |‘:‘R:’|
o (@)
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KAAOOBGOGA MCP MEMORY
Command Latch Cycle
CLE /K *
tCLS > «—t{CLH—>
_ tcs»> <—tCH™|
= N /
—_— \‘—IWP >
WE 1
tALS > <«—tALH
ALE \{ *
tDS—>¢—tDH—>
1/0x Command
Address Latch Cycle
\~ tcLs—»
CLE \
_ \ tcs > twc > twe——>
CE \
- «—twP—> «—tWP—»————— l«—twP—> /
WE ) ) ] 1
4]<—IWH~>\—]<—1:WH—>\—
tALH  tALS tALH  tALS
{ALS> 4—»\ r—» <—>‘ r—» <«—1ALH
ALE U
tos »eO8t tos s tos»2H
1/10x AO~A7 A9~A16 L >{Al7~A24
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KAAOOBGOGA MCP MEMORY
Input Data Latch Cycle
«—tCLH
CLE *
— «tCH—>
CE /F
tALS »e—tWC——>
ALE *
WE \
IDH
1/0Ox DIN n
[a)
Sequential Out Cycle after Read(CLE=L, WE=H, ALE=L)
CE «—tRC———>
tcHz*
tREH>
tREA tREA tREA tOH
— " tre i
RE <
N . I |
tRHZ* tRHZ*
“toH
tRR—
R/B
NOTE :

1. Transition is measured +200mV from steady state voltage with load.
2. This parameter is sampled and not 100% tested.

Enic
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KAAOOBG0O6A MCP MEMORY

Status Read Cycle

«——{CIR—»
/ !
tcLs» <« >
tcLH
tcs
CE \( \ /
/ \ /
tcH
«—tWpP—>
WE \ / ,
/ tCEA > tCHZ ~
toH
« tWHR >
=E \ /
| I
‘ tDH tREA tRHZ
[;— DS—» FIIR > > toH
I/Ox [\ 70h /I Status Output|)

READ1 OPERATION(READ ONE PAGE)

CLE _/_\

cEn\ [\ [\

twC—>
|
e MI\_F\J &

twB
©p
‘ tAR
ALE \ /
tRHZ
R tRC W’
RE
N Address
l tRR »
1/0x >< 00h XAO ~ A7 XAg ~ A6 XAU ~ A24 Dout N>—é0ut N+>—éout N+%—<Dout N+%—<:::>—@
Column Page(Row)
Address Address
R/Bn Busy

S19- Revision 1.0
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KAAOOBGOGA MCP MEMORY
READ1 OPERATION (INTERCEPTED BY CE)
CLE / \
&\ [\
A AW AWAW
twB «—>
[ tCHz
b Tor
ALE /
——tR—> tRC
RE ‘JW\J
RE N Address
i IRR
1/0Ox x 00h XCoI. Add XROWAdleROW Add2 ——< DoutN)-éout N+J>—éout N+2>—<Dout N+
Column Page(Row)
Address Address
R/E \gBusy;{

READ2 OPERATION (READ ONE PAGE)

1/0Ox

R/B

M Address

/ Dout Dout
\ 256+M 56+M-+ out 264

Ao~A:2 are Valid Address & A3~A7 are "L"

/ Selected —»
Row

Start
address M

Enic
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KAAOOBG0O6A

MCP MEMORY

PAGE PROGRAM OPERATION

CLE

1/10x

R/B

CLE

-\

[

twC—>

twC—>

_

twc

dpC

tWB><«-tPROG>|

N Address

|
x 80h x x Col. AddXRowAdleRowAddZ m.@*@ 10h

(i

o

{\70h) 1/0g
Sequential Data Column P R 1 upto 264 Data Program Read Status
Input Command Address i%z(regv) Serial Input Command Command
\ / ‘
1/00=0 Successful Program
1/00=1 Error in Program
COPY-BACK PROGRAM OPERATION
_twB twa

1/0x

R/B

/N

«—tPROG»>

[\

0oh

Col. Add ARow Addl A Row Add2

\

column “paoeRow)

Address

Address

\ /

Program Column 5 amow)
CommandAddress Page(Row)

:

Address

[a)

Busy

\/
70h @

Read Status T

Command

Busy

/ ‘

1/00=0 Successful Program
1/00=1 Error in Program

Enic
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KAAOOBG0O6A MCP MEMORY

BLOCK ERASE OPERATION(ERASE ONE BLOCK)

cLE / N\ [\ [N/ O\

—
—
—

we \_/
<—tWB——>«—tBERS—>
ALE 4/—\ / \
RE \ / \_/
>< - 5 \ / \ / \
1/0Ox G(ih A9-A16 X AL7~A24 Dih ) { 7?h_/ \_I/O‘i/
Page(Row)
Address
R/B X Busy /
Auto Block Erase 1/00=0 Successful Erase
Setup Command Erase Command Read Status  1/00=1 Error in Erase
Command
MANUFACTURE & DEVICE ID READ OPERATION
CLE S\
CE \
WE \_/ \_/
ALE /
tAR
RE \_/
tREA <
1/0x ) { )
90h 00h ECh ) { xx45h )
Read ID Command Address. 1cycle Maker Code Device Code
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KAAOOBG0O6A MCP MEMORY

DEVICE OPERATION
PAGE READ

Upon initial device power up, the device defaults to Read1l mode. This operation is also initiated by writing 00h to the command reg-
ister along with three address cycles. Once the command is latched, it does not need to be written for the following page read opera-
tion. Two types of operations are available : random read, serial page read.

The random read mode is enabled when the page address is changed. The 264 words of data within the selected page are trans-
ferred to the data registers in less than 10ns(tr). The system controller can detect the completion of this data transfer(tR) by analyz-
ing the output of R/B pin. Once the data in a page is loaded into the registers, they may be read out in 50ns cycle time by sequentially
pulsing RE. High to low transitions of the RE clock output the data starting from the selected column address up to the last column
address[column 255/ 263 depending on the state of GND input pin].

The way the Readl and Read2 commands work is like a pointer set to either the main area or the spare area. The spare area of 256
~263 words may be selectively accessed by writing the Read2 command with GND input pin low. Addresses Ao~A2 set the starting
address of the spare area while addresses A3~A7 must be low. The Readl command is needed to move the pointer back to the main
area. Figures6,7 show typical sequence and timings for each read operation.

Figure 6. Readl1 Operation

ae | ]
ce L[]
I ininl
RIB T

1/10x

Start Add.(3Cycle) Data Output(Sequential) )

Ao~ A7 & Ag ~ A24

(00h Command)

Main array

1 ,
7! |

< > i

Data Field Spare Field

_23- Revision 1.0
May 2003
ELECTRONICS



KAAOOBG0O6A MCP MEMORY

Figure 7. Read2 Operation

CLE |

ce LA 1

s Inininl

R/B |:tR:|

I/0Ox 50h Start Add.(3Cycle) Data Output(Sequential) )

Spare Field

Ao~ A2 & Ag ~ A2a

Az ~ A7 are "L"
Main array
| TH] -
[ |
|
Data Field Spare Field
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KAAOOBG0O6A MCP MEMORY

PAGE PROGRAM

The device is programmed basically on a page basis, but it does allow multiple partial page programing of a word or consecutive
words up to 264, in a single page program cycle. The number of consecutive partial page programming operation within the same
page without an intervening erase operation should not exceed 2 for main array and 3 for spare array. The addressing may be done
in any random order in a block. A page program cycle consists of a serial data loading period in which up to 256 words of data may be
loaded into the page register, followed by a non-volatile programming period where the loaded data is programmed into the appropri-
ate cell. About the pointer operation, please refer to the attached technical notes.

The serial data loading period begins by inputting the Serial Data Input command(80h), followed by the three cycle address input and
then serial data loading. The words other than those to be programmed do not need to be loaded.The Page Program confirm com-
mand(10h) initiates the programming process. Writing 10h alone without previously entering the serial data will not initiate the pro-
gramming process. The internal write controller automatically executes the algorithms and timings necessary for program and verify,
thereby freeing the system controller for other tasks. Once the program process starts, the Read Status Register command may be
entered, with RE and CE low, to read the status register. The system controller can detect the completion of a program cycle by mon-
itoring the R/B output, or the Status bit(I/O 6) of the Status Register. Only the Read Status command and Reset command are valid
while programming is in progress. When the Page Program is complete, the Write Status Bit(I/O 0) may be checked(Figure 8). The
internal write verify detects only errors for "1"s that are not successfully programmed to "0"s. The command register remains in Read
Status command mode until another valid command is written to the command register.

Figure 8. Program Operation

—_ < tPROG
R/B |

1/0Ox @ Address & Data Input 10h { 70n } % Pass

Fail

COPY-BACK PROGRAM

The copy-back program is configured to quickly and efficiently rewrite data stored in one page within the array to another page within
the same array without utilizing an external memory. Since the time-consuming sequently-reading and its re-loading cycles are
removed, the system performance is improved. The benefit is especially obvious when a portion of a block is updated and the rest of
the block also need to be copied to the newly assigned free block. The operation for performing a copy-back is a sequential execution
of page-read without burst-reading cycle and copying-program with the address of destination page. A normal read operation with
"00h" command with the address of the source page moves the whole 264words data into the internal buffer. As soon as the Flash
returns to Ready state, copy-back programming command "8Ah" may be given with three address cycles of target page followed. The
data stored in the internal buffer is then programmed directly into the memory cells of the destination page. Once the Copy-Back Pro-
gram is finished, any additional partial page programming into the copied pages is prohibited before erase. Since the memory array is
internally partitioned into two different planes, copy-back program is allowed only within the same memory plane. Thus, Al4, the
plane address, of source and destination page address must be the same.

Figure 9. Copy-Back Program Operation

R/B

I/Ox Add.(3Cycles) Pass

Source Address Destination Address
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KAAOOBG0O6A MCP MEMORY

BLOCK ERASE

The Erase operation is done on a block basis. Block address loading is accomplished in two cycles initiated by an Erase Setup com-
mand(60h). Only address A14 to A24 is valid while A9 to A13 is ignored. The Erase Confirm command(DOh) following the block
address loading initiates the internal erasing process. This two-step sequence of setup followed by execution command ensures that
memory contents are not accidentally erased due to external noise conditions.

At the rising edge of WE after the erase confirm command input, the internal write controller handles erase and erase-verify. When
the erase operation is completed, the Write Status Bit(I1/O 0) may be checked. Figure 10 details the sequence.

Figure 10. Block Erase Operation

—_ tBERS >
R/B | |

1/0x @ Address Input(2Cycle) DOh \_ 70h | \Vloo/ Pass

Block Add. : Ag ~ A24
Fail

READ STATUS

The device contains a Status Register which may be read to find out whether program or erase operation is completed, and whether
the program or erase operation is completed successfully. After writing 70h command to the command register, a read cycle outputs
the content of the Status Register to the I/O pins on the falling edge of CE or RE, whichever occurs last. This two line control allows
the system to poll the progress of each device in multiple memory connections even when R/B pins are common-wired. RE or CE
does not need to be toggled for updated status. Refer to table 3 for specific Status Register definitions. The command register
remains in Status Read mode until further commands are issued to it. Therefore, if the status register is read during a random read
cycle, a read command(00h or 50h) should be given before sequential page read cycle.

Table3. Read Status Register Definition

110 # Status Definition
/00 Program / Erase 0" : Successful Program / Erase
"1": Error in Program / Erase
/01 "0"
1/10 2 "0"
Reserved for Future -
1/0 3 Use 0
/10 4 "0"
1105 "0"
/10 6 Device Operation "0" : Busy "1": Ready
1107 Write Protect "0" : Protected "1": Not Protected
1/0 8~15 Not use Don't care
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KAAOOBG0O6A MCP MEMORY

READ ID

The device contains a product identification mode, initiated by writing 90h to the command register, followed by an address input of
00h. Two read cycles sequentially output the manufacture code(ECh), and the device code respectively. The command register
remains in Read ID mode until further commands are issued to it. Figure 11 shows the operation sequence.

Figure 11. Read ID Operation

. _l—‘ «tCEA —>
I T e B
e I

«—tAR —>

RE ] |
— tWHR {REA |
1/Ox —< 90h )—C 00h ) ECh xx45h

Address. 1cycle Maker code Device code

RESET

The device offers a reset feature, executed by writing FFh to the command register. When the device is in Busy state during random
read, program or erase mode, the reset operation will abort these operations. The contents of memory cells being altered are no
longer valid, as the data will be partially programmed or erased. The command register is cleared to wait for the next command, and
the Status Register is cleared to value COh when WP is high. Refer to table 3 for device status after reset operation. If the device is
already in reset state a new reset command will not be accepted by the command register. The R/B pin transitions to low for tRST
after the Reset command is written. Refer to Figure 12 below.

Figure 12. RESET Operation

—_ {RST >
R/B
1/0Ox FFh
Table4. Device Status
After Power-up After Reset
Operation Mode Read 1 Waiting for next command
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READY/BUSY

The device has a R/B output that provides a hardware method of indicating the completion of a page program, erase and random
read completion. The R/B pin is normally high but transitions to low after program or erase command is written to the command reg-
ister or random read is started after address loading. It returns to high when the internal controller has finished the operation. The pin
is an open-drain driver thereby allowing two or more R/B outputs to be Or-tied. Because pull-up resistor value is related to tr(R/B) and
current drain during busy(ibusy) , an appropriate value can be obtained with the following reference chart. Its value can be deter-
mined by the following guidance.

Rp ibusy

Ready Vccgn

R/Bn

open drain output Vceqn-0.4V

0.4V Busy //
: 7/

tf . Lotr
; "7 bevice.
Figure 13. Rp vstr ,tf & Rp vs ibusy

@ Vee=1.8V, Ta=25°C, C_ = 30pF

lbusy
- 300n+ —+3m _
py <
= >
= 4]
200n-— 2
100n 1
Rp value guidance
) Vceq(Max.) - VoL(Max.) 1.9v
Rp(min, 1.8V part) = =
loL + SIL 3mA + Sl

where ILis the sum of the input currents of all devices tied to the R/B pin.

Rp(max) is determined by maximum permissible limit of tr
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KAAOOBG0O6A MCP MEMORY

Data Protection & Power up sequence

The device is designed to offer protection from any involuntary program/erase during power-transitions. An internal voltage detector
disables all functions whenever Vcc is below about 1.3V. WP pin provides hardware protection and is recommended to be kept at ViL
during power-up and power-down and recovery time of minimum 10ns is required before internal circuit gets ready for any command
sequences as shown in Figure 14. The two step command sequence for program/erase provides additional software protection.

Figure 14. AC Waveforms for Power Transition

>p

~ 1.5V : ~ 15V
| [
Vcc | |
[ , |
High
| A |
N
| [
WP | I
| [
I R |
R la) |
WE «—>]
| 10ms A |
N 1

_29- Revision 1.0
May 2003
ELECTRONICS



KAAOOBG0O6A MCP MEMORY

64Mb(4M x 16) UtRAM M-die
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KAAOOBG0O6A

MCP MEMORY

POWER UP SEQUENCE
1. Apply power.

2. Maintain stable power(Vpop min.=2.7V, VbbQ min.=1.7V) for a minimum 200ns with gzhigh.

3. Issue read operation at least twice.

FUNCTIONAL DESCRIPTION

cs 7z OE WE LB UB 1/01-~8 1/09-~16 Mode Power
H H Xv Xb Xv XD High-Z | High-Z Deselected Standby
X L X X Xb X High-Z | High-Z Deselected Deep Power Down
L H X X H H High-Z | High-Z Deselected Standby
L H H H L X High-Z | High-Z Output Disabled Active
L H H H X L High-Z | High-Z Output Disabled Active
L H L H L H Dout High-Z Lower Byte Read Active
L H L H H L High-Z Dout Upper Byte Read Active
L H L H L L Dout Dout Word Read Active
L H XD L L H Din High-Z Lower Byte Write Active
L H XD L H L High-Z Din Upper Byte Write Active
L H Xb L L L Din Din Word Write Active
1. X means don¢ care.(Must be low or high state)
ABSOLUTE MAXIMUM RATINGSY
Iltem Symbol Ratings Unit
Voltage on any pin relative to Vss VIN, Vout -0.2 to Vbp+0.3V \%
Voltage on VoD supply relative to Vss VoD -0.2t0 3.6V \%
Voltage on VbbQ supply relative to Vss VDDQ -0.2to 2.5V \%
Power Dissipation Po 1.0 w
Storage temperature TsTG -65 to 150 °C
Operating Temperature TA -40 to 85 °C

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. Functional operation should be
restricted to be used under recommended operating condition. Exposure to absolute maximum rating conditions longer than 1 second may affect reli-

ability.

STANDBY MODE STATE MACHINES

g—Vm UB or/and LB=ViL

Standby
Cs=vm ZZ=ViH / Mode
Initial State CS=VIH
—> . —> —
Power On (Wait 20017s) ZZ=V'H ZZ=VIL

Read Operation Twice

§=V|H, EZVIH

STANDBY MODE CHARACTERISTIC

Deep Power
Down Mode

Power Mode Memory Cell Data Standby Current(mA) Wait Time(ns)
Standby Valid 100 0
Deep Power Down Invaild 20 200

Enic
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KAAOOBG0O6A

MCP MEMORY

PRODUCT LIST

Industrial Temperature Products(-40~85°C)

Part Name

Function

K1S641635M-EI85

TBGA, 85ns, VbD=2.9V, VDDQ=1.85V

RECOMMENDED DC OPERATING CONDITIONSY

Item Symbol Min Typ Max Unit
Power Supply voltage VbD 2.7 2.9 3.1 \%
1/0 Power Supply voltage \VVDDQ 1.7 1.85 2.0 \%
Ground Vss 0 0 0 \%
Input high voltage ViH 15 - VbDQ+0.3? \'
Input low voltage VIL -0.3%) - 0.4 \
1. TA=-40 to 85°C, otherwise specified.
2. Overshoot: Vbbe+1.0V in case of pulse width £20ns.
3. Undershoot: -1.0V in case of pulse width £20ns.
4. Overshoot and undershoot are sampled, not 100% tested.
CAPACITANCEY(f=1MHz, Ta=25°C)
Item Symbol Test Condition Min Max Unit
Input capacitance CIN VIN=0V - 8 pF
Input/Output capacitance Cio Vio=0V - 10 pF
1. Capacitance is sampled, not 100% tested.
DC AND OPERATING CHARACTERISTICS
Item Symbol Test Conditions Min | Typ? | Max | Unit
Input leakage current ILi VIN=Vss to VDD -1 - 1 mA
Output leakage current ILo CS=ViH, EZVIH, OE=VH or ﬁ:Vu_, Vio=Vss to VbbQ -1 - 1 mA
lcc1 | Cycle time=1ns, 100% duty, ll0=0mA, CSE0.2V, R 4 7 mA
Average operating current Z7Z3\VbDQ-0.2V, VINED.2V or VIN3 VDDQ-O_.ZV .
lcc2 \S.{Sf/in;?:/mm llo=0mA, 100% duty, CS=VIL, ZZ=VIH, _ 35 40 mA
Output low voltage VoL |loL=2.1mA - - 0.2 Vv
Output high voltage VoH | loH=-1.0mA 15 - - Vv
Standby Current(CMOS) Ise1 | CS? VbDQ-0.2V, 773 VbDQ-0.2V, Other inputs=Vss to VbbQ - 80 100 mA
Deep Power Down IsBD ﬁEO.ZV, Other inputs=Vss to VDbbQ - 5 20 mA

1. Typical values are tested at Vop=2.9V, TA=25°C and not guaranteed.
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KAAOOBG0O6A MCP MEMORY

AC OPERATING CONDITIONS

TEST CONDITIONS(Test Load and Test Input/Output Reference)
Input pulse level: 0.2 to VbbQ-0.2V

Input rising and falling time: 5ns

Input and output reference voltage: Vbbg/2

Output load: CL=50pF

AC CHARACTERISTICS(vbp=2.7~3.1V, VbbQ=1.7~2.0V, TA=-40 to 85°C)

Speed Bins
Parameter List Symbol 85nsl) Units
Min Max
Read Cycle Time tRC 85 - ns
Address Access Time taA - 85 ns
Chip Select to Output tco - 85 ns
Output Enable to Valid Output toE - 40 ns
UB, LB Access Time tBA - 85 ns
Read C_hipielect to Low-Z Output tLz 10 - ns
UB, LB Enable to Low-Z Output tBLz 10 - ns
Output Enable to Low-Z Output toLz 5 - ns
Chip Disable to High-Z Output tHz 0 25 ns
ﬁ, LB Disable to High-Z Output tBHZ 0 25 ns
Output Disable to High-Z Output toHz 0 25 ns
Output Hold from Address Change toH 5 - ns
Write Cycle Time twc 85 - ns
Chip Select to End of Write tcw 70 - ns
Address Set-up Time tAs 0 - ns
Address Valid to End of Write taw 70 - ns
UB, LB Valid to End of Write tBW 70 - ns
Write Write Pulse Width twp 60 - ns
Write Recovery Time twr - ns
Write to Output High-Z twHz 25 ns
Data to Write Time Overlap tow 35 - ns
Data Hold from Write Time tDH 0 - ns
End Write to Output Low-Z tow 5 - ns

1. The limitation in continuous write operation is up to 50 times. If you want to write continuously over 50 times, please refer to the technical note.
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MCP MEMORY

TIMING DIAGRAMS

TIMING WAVEFORM OF READ CYCLE(1)(Address Controlled, CS=OE=ViL, ZZ=WE=Vi1, UB or/and LB=ViL)

tRC >
Address >< >k
A A
l«—toH
Data Out Previous Data Valid ;{ Data Valid

TIMING WAVEFORM OF READ CYCLE(2)(zz=WE=vw)

< tRC1 >
Address < ><
———tAA————————>] toH
tRC2 < 'i
— < tco >
Cs x(
< tHz >
—_ I D L — /
UB, LB N 7
< tBHZ >
— N B ——
OE N J
L*tOLZ [
tBLZ < toHz >
) —tLz—>
Data out High-Z Q >< Data Valid —

(READ CYCLE)

1. tHz and toHz are defined as the time at which the outputs achieve the open circuit conditions and are not referenced to output voltage

levels.

2. At any given temperature and voltage condition, tHz(Max.) is less than tLz(Min.) both for a given device and from device to device

interconnection.

3. The minimum read cycle(tRC) is determined by longer one of tRC1 and trRC2.
4. toE(max) is met only when OE becomes enabled after tAA(max).
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MCP MEMORY

TIMING WAVEFORM OF WRITE CYCLE(1)(WE Controlled, ZZ=Vi)

< twe >
Address >< ><
tew(2 faR4
= \( e y
taw >
UB, LB X; tew "/
twr(1) >
WE XR 7Z
s «——tDW——><«—tDH—>
Data in High-Z Data Valid >1| High-Z
e twHz—> F—tow—»
Data out Data Undefined

TIMING WAVEFORM OF WRITE CYCLE(2)(CS Controlled, ZZ=Vin)

twc >

Address >< ><
cs NE £
s tcw(2 >
AS(3) tAw( ) » IWR(4)
—_— < tBW >
UB, LB X 74
< tWP(1) >
WE X /
tDW ——>l<«—tDH —>|
Datain >£ Data Valid >‘<
Data out High-Z High-Z
.35 Revision 1.0
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TIMING WAVEFORM OF WRITE CYCLE(3)(UB, LB Controlled, ZZ=Vix)

< twc
Address >< ><
tWR(4)
f———tcw() >
CSs X\ 7Z
taw >
_— < tBW >
UB, LB * Ji4
<tAS(3)»
«tWwP(l) ————>
WE N Jia
tDW —><«—1DH —»>|
Datain }E Data Valid >L<
Data out High-Z High-Z

(WRITE CYCLE)

1. A write occurs during the overlap(twe) of low CS and low W_£ A write begins when cs goes low and WE goes low with asserting uB
or LB for single byte operation or simultaneously asserting UB and LB for double byte operation. A write ends at the earliest transition
when CS goes high and WE goes high. The twp is measured from the beginning of write to the end of write.

2. tcw is measured from the CS going low to the end of write.

3. tas is measured from the address valid to the beginning of write. _

4. twr is measured from the end of write to the address change. twr is applied in case a write ends with CS or WE going high.

TIMING WAVEFORM OF DEEP POWER DOWN MODE

Read Operation Twice or Stay High during 300ns

< 200ms «>
_ | | 3 .
7z N oeme / ‘
} | |
) Suspend [ < Wake up‘
Normal Operation D D o I
MODE \‘A—" / /

<<

\ ! !

\ Deep Power Down Modé
1 \

[ !

cs / / \

[
Il
[
[
| '
" Normal Operation
[
[
[
[
[
[

(DEEP POWER DOWN MODE)

1. When you toggle 7z pin low, the device gets into the Deep Power Down mode after 0.5nms suspend period.
2. To return to normal operation, the device needs Wake Up period.
3. Wake Up sequence is just the same as Power Up sequence shown in next page.
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TIMING WAVEFORM OF POWER UP(1)
Read Operation Twice

« 200ms e >

VDD(Min)_ _ v . \

VDD /‘ 1 1
VDDQMimy —! N :
VDDQ |

LU

(POWER UP(1))

1. After Vop reaches Vop(Min.) following power application, wait 200ns with CS high and then toggle CS low and commit Read Operation
at least twice. Then you get into the normal operation.

2. Read operation should be executed by toggling CS pin low.

3. The read operation must satisfy the spec. described on page 6 (Read cycle (1), (2)).

4. ZZ pin should be kept high during whole power up sequence.

TIMING WAVEFORM OF POWER UP(2)(No Dummy Cycle)

< 200ns >« 3008 >

VDD(Min)- —. v ] v I

VDD / v | v |
v 1 v 1

v ‘ v ‘

VDDQ(Mim —'
VDDQ /

(POWER UP(2))

1. After Vop reaches Vop(Min.) following power application, wait 200nms and wait another 300ns with cs high if you don’t want to commit
dummy read cycle. After total 500ns wait, toggle CS low, then you get into the normal mode.
2. ZZ pin should be kept high during whole power up sequence.
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TECHNICAL NOTE

UtRAM USAGE AND TIMING

INTRODUCTION

UtRAM is based on single-transistor DRAM cells. As with any
other DRAM, the data in these cells must be periodically
refreshed to prevent data loss. What makes the UtRAM unique
is that it offers a true SRAM style interface that hides all refresh
operations from the memory controller.

START WITH A DRAM TECHNOLOGY

The key point of UtRAM is its high speed and low power. This
high speed comes from the use of many small blocks such as
32Kbits each to create UtRAM arrays. The small blocks have
short word lines thus with little capacitance eliminating a major
factor of operating current dissipation in conventional DRAM
blocks.

Each independent macro-cell on a UtRAM device consists of a
number of these blocks. Each chip has one or more macro.
The address decoding logic is also fast. UtRAM performs a
complete read operation in every tRC, but UtRAM needs power
up sequence like DRAM.

Power Up Sequence and Diagram

1. Apply power. .

2. Maintain stable power for a minium 200ns with CS=high.
3. Issue read operation at least 2 times.

— §=V|L, UB or/and LB=ViL
CS=VH ZZ=V/H

Initial State
Power On ——» ) E— i
(Wait 200n) Active

Read Operation(2 times)

DESIGN ACHIEVES SRAM SPECIFIC

OPERATIONS
The UtRAM was designed to work just like an SRAM - without
any waits or other overhead for precharging or refreshing its
internal DRAM cells. SAMSUNG Electronics(SAMSUNG) hides
these operations inside with advanced design technology -
those are not to be seen from outside. Precharging takes place
during every access, overlapped between the end of the cycle
and the decoding portion of the next cycle.

Hiding refresh is more difficult. Every row in every block must
be refreshed at least once during the refresh interval to prevent
data loss. SAMSUNG provides an internal refresh controller for
devices. When all accesses within refresh interval are directed
to one macro-cell, as can happen in signal processing applica-
tions, a more sophisticated approach is required to hide
refresh. The pseudo SRAM is sometimes used on these appli-
cations, which requires a memory controller that can hold off
accesses when a refresh operation is needed. SAMSUNG's
unique qualitative advantage over these parts(in addition to
quantitative improvements in access speed and power con-
sumption) is that the UtRAM never need to hold off accesses,
and indeed it has no hold off signal. The circuitry that gives
SAMSUNG this advantage is fairly simple but has not previ-
ously been disclosed.

AVOID TIMING

Following figures show you an abnormal timing which is not
supported on UtRAM and its solution.

If your system has a timing which sustains invalid states over
4nrs at read mode like Figure 1, there are some guide lines for
proper operation of UtRAM.

When your system has multiple invalid address signals shorter
than tRC on the timing shown in Figure 1, UtRAM needs a nor-
mal read timing(tRC) during that cycle(Figure 2) or needs to

Figure 1. toggle CS once to 'high’ for about 'tRC’(Figure 3).
_ le Over 48 N

cs /‘/

WE

Less than tRC

X X X

Address:>< ><

Figure 2.

Over 4n8

X

Put on read operation every 4ns

) .

_38- Revision 1.0

May 2003



KAAOOBG0O6A

MCP MEMORY

Figure 3.

toggle CSto high every 4ns

Over 4ns g N

A

By
O

Address

and make it stay high at least for tRC every 4ns or toggle cs

Write operation has similar restriction to Read operation. If your
once to high for about tRC.

system has a timing which sustains invalid states over 4ns at
write mode and has continuous write signals with length of Min.
tWC over 4ns like Figure 4, you must toggle WE once to high

Figure 4.
Over 4ns N|
CS /
twP
we N\ h VANV
Address >< >< >< >< ><:
twC
Figure 5. toggle WE to high and make it stay high at least for tRC every 4ns
Over 48 N
Cs - /
twp N R
€ » ’ \\

Address
twcC N tRC
Figure 6. toggle CSto high every 4ns
L Over 4ns ,"’ \\ N
cs

Address >< >< >< ><

twcC
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128Mb(8M x 16) Mobile SDRAM D-die
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit
Voltage on any pin relative to Vss VIN, Vout -1.0~2.6 \%
Voltage on VbD supply relative to Vss VbD, VDDQ -1.0~2.6 \%
Storage temperature TsTG -55 ~ +150 °C
Power dissipation Pbp 1.0 W
Short circuit current los 50 mA
NOTES:
Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.
DC OPERATING CONDITIONS
Recommended operating conditions (Voltage referenced to Vss = 0V, Ta =-25°C ~ 85°C)
Parameter Symbol Min Typ Max Unit Note
VDD 1.65 1.8 1.95 \%
Supply voltage
VDDQ 1.65 1.8 1.95 \%
Input logic high voltage VIH 0.8 x VDbDQ 1.8 VopQ + 0.3 Vv 1
Input logic low voltage ViL -0.3 0 0.3 Vv 2
Output logic high voltage VoH VbDQ - 0.2 - - Vv IoH = -2mA
Output logic low voltage VoL - - 0.2 Vv loL =2mA
Input leakage current [N -10 - 10 uA 3
NOTES :
1. VIH (max) = 2.2V AC.The overshoot voltage duration is £ 3ns.
2. VIL (min) = -1.0V AC. The undershoot voltage duration is £ 3ns.
3. Any input OV £ VIN £ VDDQ.
Input leakage currents include Hi-Z output leakage for all bi-directional buffers with tri-state outputs.
4. Dout is disabled, OV £ VOUT £ VDDQ.
CAPACITANCE (vop = 1.8V, Ta = 23°C, f = 1MHz, VREF =0.9V + 50 mV)
Pin Symbol Min Max Unit Note
Clock CcLk 2.0 4.0 pF
RAS, CAS, WE, CS, CKE, DQM CiN 2.0 4.0 pF
Address CADD 2.0 4.0 pF
DQo ~ DQ1s Cout 3.5 6.0 pF
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DC CHARACTERISTICS

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

Version
Parameter Symbol Test Condition Unit | Note
-IL -15
. Burst length = 1
Operating Curr_ent lcc1 trRC 3 trc(min) 35 30 mA 1
(One Bank Active)
lo=0mA
Precharge Standby Current in Icc2P  |CKE £ ViL(max), tcc = 10ns 0.3 A
power-down mode Icc2PS | CKE & CLK £ ViL(max), tec = ¥ 03
CKE 3 ViH(min), css VIH(min), tcc = 10ns
lce2N - put signal hanged one time during 20 55
Precharge Standby Current nput signals are changed one time during 20ns -
in non power-down mode CKE 3 ViH(min), CLK £ ViL(max), tcc = ¥
lccaNS . 1
Input signals are stable
Active Standby Current Icc3aP  |CKE £ ViL(max), tcc = 10ns 15 A
in power-down mode IccaPS | CKE & CLK £ ViL(max), tec = ¥ 1
3 i CQ 3 ; -
_ lccaN CKE _V|H(m|n), CS 3 ViH(min), _tcc lQns 12 mA
Active Standby Current Input signals are changed one time during 20ns
in non power-down mode
(One Bank Active) lccaNS CKE 2 ViH(min), CLK £ ViL(max), tcc = ¥ 6 mA
Input signals are stable
lo=0mA
Operating Current Page burst
lcca 50 40 mA 1
(Burst Mode) 4Banks Activated
tcep = 2CLKs
Refresh Current lcc5  |tRc 3 trRc(min) 85 75 mA 2
Internal TCSR Range | Max 40°C | Max 85°C °C
4 Banks 160 300
Self Refresh Current lcc6 |CKE £0.2V 3
2 Banks 140 200 uA
1 Bank 130 150

NOTES:

1. Measured with outputs open.

2. Refresh period is 64ms.

3. Internal TCSR Support .

4. Unless otherwise noted, input swing level is CMOS(VIH /VIL=VDDQ/VSSQ).
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AC OPERATING TEST CONDITIONS(vop = 1.8V + 0.15V, Ta=-25 to 85°C)

Parameter Value Unit
AC input levels (Vih/Vil) 0.9 x VbpQ /0.2 Vv
Input timing measurement reference level 0.5 x VbDQ Vv
Input rise and fall time tr/tf = 1/1 ns
Output timing measurement reference level 0.5 x VDDQ Vv
Output load condition See Figure 2
O VDDQ

13.9KW
O Vit=0.5 x VDDQ

VOH (DC) = VbpQ -0.2V, IOH = -0.1mA
Output O—— @¢—® - - - - - - >
VOL (DC) = 0.2V, IOL = 0.1mA

. ~ sow
10.6KW - - 30F r

>

! output —— 20=50W

/e

30pF
Figure 1. DC Output Load Circuit

/4

Figure 2. AC Output Load Circuit
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OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Version
Parameter Symbol Unit Note
-IL -15

Row active to row active delay tRRD(MIN) 19 30 ns 1
RAS to CAS delay trcD(Min) 28.5 30 ns 1
Row precharge time trRP(mMin) 28.5 30 ns 1

o trRAS(MIn) 60 60 ns 1
Row active time

tRAS(max) 100 us

Row cycle time trc(min) 88.5 90 ns 1
Last data in to row precharge trRDL(MIN) 2 CLK 2,3
Last data in to Active delay tpAL(min) tRDL + tRP - 3
Last data in to new col. address delay tcoL(min) 1 CLK 2
Last data in to burst stop tebL(min) 1 CLK 2
Auto refresh cycle time tARFC(mMin) 105 ns
Exit self refresh to write command tsrRFX(min) 120 ns
Col. address to col. address delay tcep(min) 1 CLK 4
Number of valid output data CAS latency=3 2
Number of valid output data CAS latency=2 1 e °

NOTES:

1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time

and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.

3. Minimum tRDL=2CLK and tDAL(= tRDL + tRP) is required to complete both of last data write command(tRDL) and precharge command(tRP).

4. All parts allow every cycle column address change.

5. In case of row precharge interrupt, auto precharge and read burst stop.
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AC CHARACTERISTICS(AC operating conditions unless otherwise noted)

-1L -15
Parameter Symbol Unit Note
Min Max Min Max
CAS latency=3 9.5 15
CLK cycle time tcc 1000 1000 ns 1
CAS latency=2 15 15
CAS latency=3 7 9
CLK to valid output delay tsac ns 1,2
CAS latency=2 8 9
CAS latency=3 2.5 2.5
Output data hold time toH ns 2
CAS latency=2 2.5 2.5
CLK high pulse width tcH 35 3.5 ns 3
CLK low pulse width tcL 3.5 35 ns 3
Input setup time tss 3.0 4.0 ns 3
Input hold time tsH 15 2.0 ns 3
CLK to output in Low-Z tsLz 1 1 ns 2
CAS latency=3 7 9
CLK to output in Hi-Z tsHz ns
CAS latency=2 8 9

NOTES :

1. Parameters depend on programmed CAS latency.

2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.

3. Assumed input rise and fall time (tr & tf) = 1ns.

If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.
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SIMPLIFIED TRUTH TABLE

COMMAND CKEn-1| CKEn | CS | RAS | CAS | WE | DQM |BAO,1| A10/AP AE;A}JAO Note
Register Mode Register Set H L L L L X OP CODE 1,2
Auto Refresh 3
H L L L H X X
Entry 3
Refresh Self
3
Refresh Exit L H X X
H X 3
Bank Active & Row Addr. H X H X Vv Row Address
Read & Auto Precharge Disable L Column 4
Column Address H X L H L H X \% Address
Auto Precharge Enable H (A0-A8) 4,5
Write & Auto Precharge Disable Column 4
Column Address H X L H L L X \4 Address
Auto Precharge Enable H (AO-A8) 4,5
Burst Stop H X L H H L X X 6
Bank Selection \%
Precharge H X L L H L X X
All Banks X H
H X X X
Entry H L X
Clo_ck Suspend or L v v v X
Active Power Down
Exit L H X X X X X
H X X X
Entry H L X
Precharge Power Down L H H H X
Mode H X X X
Exit L H X
L \% \% Y,
DQM H X \% X 7
H X X X
No Operation Command H X X X
H H H

NOTES :
1. OP Code : Operand Code

A0 ~ A1l & BAO ~ BAL : Program keys. (@MRS)
2. MRS can be issued only at all banks precharge state.

A new command can be issued after 2 CLK cycles of MRS.

3. Auto refresh functions are the same as 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. During burst read or 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 tRP after the end of burst.
Burst stop command is valid at every burst length.
DQM sampled at the positive going edge of CLK masks the data-in at that same CLK in write operation (Write DQM latency is 0), but in read operation,

No

it makes the data-out Hi-Z state after 2 CLK cycles. (Read DQM latency is 2).

(V=Valid, X=Dont Care, H=Logic High, L=Logic Low)

Enic
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A. MODE REGISTER FIELD TABLE TO PROGRAM MODES
Register Programmed with Normal MRS
Address BAO ~ BAL™ AllA"PAlo’ A% | A8 | A7 | A6 | A5 | A4 | A3 | A2 | ALl | AO
Function 0" Settin’\%écg Normal RFU W.B.L| Test Mode CAS Latency BT Burst Length
Normal MRS Mode
Test Mode CAS Latency Burst Type Burst Length
A8 | A7 Type A6 | A5 | A4 Latency | A3 Type A2 | A1 | AO BT=0 BT=1
0 0 | Mode Register Set | 0 0 0 Reserved 0 Sequential 0 0 0 1 1
0 1 Reserved 0 0 1 Reserved 1 Interleave 0 0 1 2 2
1 0 Reserved 0 1 0 Reserved Mode Select 0 1 0 4 4
1 1 Reserved 0 1 1 3 BA1| BAO Mode 0 1 1 8 8
Write Burst Length 1 0 0 Reserved 1 0 0 | Reserved | Reserved
A9 Length 1 0 1 | Reserved Setting | 1 0 1 | Reserved | Reserved
0 0 for Nor-
0 Burst 1 1 0 Reserved mal MRS| 1 1 0 | Reserved | Reserved
1 Single Bit 1 1 1 Reserved 1 1 1 Full Page | Reserved
Full Page Length : 512(x16)
Register Programmed with Extended MRS
Address BAl ‘ BAO | All ~ Al1O0/AP ‘ A9 ‘ A8 ‘ A7 A6 ‘ A5 A4 ‘ A3 A2 ‘ Al ‘ A0
Function Mode Select RFU DS RFU PASR
EMRS for PASR(Partial Array Self Ref.) & DS(Driver Strength)
Mode Select Driver Strength PASR ™3
BA1 | BAO Mode A6 A5 Driver Strength A2 | A1 | AO # of Banks
0 0 Normal MRS 0 0 Full 0 0 0 4 Banks
0 1 Reserved 0 1 1/2 0 0 1 2 Banks
1 0 EMRS for Mobile SDRAM 1 0 Reserved 0 1 0 1 Bank
1 1 Reserved 1 1 Reserved 0 1 1 Reserved
Reserved Address 1 0 0 Reserved
Al11~A10/AP A9 A8 A7 A4 A3 1 0 1 Reserved
1 1 0 Reserved
0 0 0 0 0 0
1 1 1 Reserved
NOTES:

1.RFU(Reserved for future use) should stay "0" during MRS cycle.
2.1f A9 is high during MRS cycle, "Burst Read Single Bit Write" function will be enabled.
3.Mobile SDRAM supports PASR of all banks, 1/2 of all banks and 1/4 of all banks.

Enic
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Partial Array Self Refresh

1. In order to save power consumption, Mobile SDRAM has PASR option.

2. Mobile SDRAM supports 3 kinds of PASR in self refresh mode : 4 Banks, 2 Banks and 1 Bank.

BA1=0 BA1=0

BAO=0 BAO=1

BAl1l=1 BAl=1

BAO=0 BAO=1
- 4 Banks

BA1=0 BA1=0

BAO=0 BAO=1

BAl=1 BAl1l=1

BAO=0 BAO=1
- 2 Banks

Internal Temperature Compensated Self Refresh

1. In order to save power consumption, Mobile DRAM has Internal TCSR option.
2. Mobile DRAM supports 2 kinds of TCSR range by Internal Temperature sensor.

BA1=0 BA1=0
BAO0=0 BAO=1
BA1=1 BA1=1
BAO=0 BAO=1
-1Bank

Self Refresh Current (Icc6)

Temperature Range Unit
4 Banks 2 Banks 1 Bank
Max 40°C 160 140 130
UuA
Max 85°C 300 200 150

B. Deep Power Down Mode by External Pin

The DPD pin controls DPD(Power Off) mode. When you toggle DPD pin low, the device gets into the Deep Power Down mode. And
the DPD pin should be kept high during normal operation. .
After DPD(Power Off) mode, all operation are in non-active and all data are volatilized. And all pins except for DPD pin are in Hi-Z
during DPD mode. After DPD mode exit, power up sequence should be asserted again and 200us waiting time is required before pre-
charging all banks command. After precharging all banks, CBR auto refresh command, mode register set command and extended

mode register set command should be asserted.

Enic
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C. POWER UP SEQUENCE for Mobile SDRAM
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 to define DS or PASR operating type of the device after normal MRS.

EMRS cycle is not mandatory and the EMRS command needs to be issued only when DS or TCSR is used.

The default state without EMRS command issued is the full driver strength, all 4 banks refreshed.

The device is now ready for the operation selected by EMRS.

For operating with DS or PASR, set DS or PASR mode in EMRS setting stage.

In order to adjust another mode in the state of DS or PASR mode, additional EMRS set is required but power up sequence is not
needed again at this time. In that case, all banks have to be in idle state prior to adjusting EMRS set.

D. BURST SEQUENCE
1. BURST LENGTH =4

Initial Address
Sequential Interleave
Al A0
0 0 0 1 2 3 0 1 2 3
0 1 1 2 3 0 1 0 3 2
1 0 2 3 0 1 2 3 0 1
1 1 3 0 1 2 3 2 1 0
2. BURST LENGTH =8
Initial Address
Sequential Interleave
A2 Al A0
0 0 0 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
0 0 1 1 2 3 4 5 6 7 0 1 0 3 2 5 4 7 6
0 1 0 2 3 4 5 6 7 0 1 2 3 0 1 6 7 4 5
0 1 1 3 4 5 6 7 0 1 2 3 2 1 0 7 6 5 4
1 0 0 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3
1 0 1 5 6 7 0 1 2 3 4 5 4 7 6 1 0 3 2
1 1 0 6 7 0 1 2 3 4 5 6 7 4 5 2 3 0 1
1 1 1 7 0 1 2 3 4 5 6 7 6 5 4 3 2 1 0
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E. DEVICE OPERATIONS
ADDRESSES of 128Mb
BANK ADDRESSES (BAO ~ BA1)

This SDRAM is organized as four independent banks of
2,097,152 words x 16 bits memory arrays. The BAO ~ BA1 inputs
are latched at the time of assertion of RAS and CAS to select the
bank to be used for the operation. The bank addresses BAO ~
BALl are latched at bank active, read, write, mode register set
and precharge operations.

ADDRESS INPUTS (A0 ~ A11)

The 21 address bits are required to decode the 2,097,152 word
locations are multiplexed into 12 address input pins (A0 ~ A11).
The 12 bit row addresses are latched along with RAS and BAO ~
BA1 during bank activate command The 9 bit column addresses
are latched along with CAS WE and BAO ~ BA1 during read or
write command.

CLOCK (CLK)

The clock input is used as the reference for all SDRAM opera-
tions. All operations are synchronized to the positive going edge
of the clock. The clock transitions must be monotonic between
ViL and VIH. During operation with CKE high all inputs are
assumed to be in a valid state (low or high) for the duration of set-
up and hold time around positive edge of the clock in order to
function well Q perform and ICC specifications.

CLOCK ENABLE (CKE)
The clock enable(CKE) gates the clock onto SDRAM. If CKE

goes low synchronously with clock (set-up and hold time are the
same as other inputs), the internal clock is suspended from the
next clock cycle and the state of output and burst address is fro-
zen as long as the CKE remains low. All other inputs are ignored
from the next clock cycle after CKE goes low. When all banks are
in the idle state and CKE goes low synchronously with clock, the
SDRAM enters the power down mode from the next clock cycle.
The SDRAM remains in the power down mode ignoring the other
inputs as long as CKE remains low. The power down exit is syn-
chronous as the internal clock is suspended. When CKE goes
high at least "1CLK + tSS" before the high going edge of the
clock, then the SDRAM becomes active from the same clock
edge accepting all the input commands.

NOP and DEVICE DESELECT

When RAS CAS and WE are high, the SDRAM performs no
operation (NOP). NOP does not initiate any new operation, but is
needed to complete operations which require more than single
clock cycle like bank activate, burst read, auto refresh, etc. The
device deselect is also a NOP and is entered by asserting CS cs
high. cs high disables the command decoder so that RAS, CAS,
WE and all the address inputs are ignored.

DQM OPERATION

The DQM is used to mask input and output operations. It works
similar to OE during read operation and inhibits writing during
write operation. The read latency is two cycles from DQM and
zero cycle for write, which means DQM masking occurs two
cycles later in read cycle and occurs in the same cycle during
write cycle. DQM operation is synchronous with the clock. The
DQM signal is important during burst interruptions of write with
read or precharge in the SDRAM. Due to asynchronous nature of
the internal write, the DQM operation is critical to avoid unwanted
or incomplete writes when the complete burst write is not
required. Please refer to DQM timing diagram also.

MODE REGISTER SET (MRS)

The mode register stores the data for controlling the various
operating modes of SDRAM. It programs the CAS latency, burst
type, burst length, test mode and various vendor specific options
to make SDRAM useful for variety of different applications. The
default value of the mode register is not defined, therefore the
mode register must be written after power up to operate the
SDRAM. The mode register is written by asserting low on CS
RAS CAS and WE (The SDRAM should be in active mode with
CKE already high prior to writing the mode register). The state of
address pins A0 ~ An and BAO ~ BAL1 in the same cycle as E,
%, CAS and WE going low is the data written in the mode reg-
ister. Two clock cycles is required to complete the write in the
mode register. The mode register contents can be changed
using the same command and clock cycle requirements during
operation as long as all banks are in the idle state. The mode
register is divided into various fields depending on the fields of
functions. The burst length field uses A0 ~ A2, burst type uses
A3, CAS latency (read latency from column address) use A4 ~
A6, vendor specific options or test mode use A7 ~ A8, A10/AP ~
An and BAO ~ BAL. The write burst length is programmed using
A9. A7 ~ A8, A10/AP ~ An and BAO ~ BA1 must be set to low for
normal SDRAM operation. Refer to the table for specific codes
for various burst length, burst type and CAS latencies.
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E. DEVICE OPERATIONS (continued)
EXTENDED MODE REGISTER SET (EMRS)

The extended mode register stores the data for selecting driver
strength, partial self refresh or temperature compensated self
refresh. EMRS cycle is not mandatory and the EMRS command
needs to be issued only when DS or PASR is used. The default
state without EMRS command issued is the full driver strength,
and all 4 banks refreshed. The extended mode register is writ-
ten by asserting low on &, %, %, WE and high on BA1 ,low
on BAO(The 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 ~ All in the same cycle as &,
%, 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. The mode register con-
tents can be changed using the same command and clock cycle
requirements during operation as long as all banks are in the idle
state. AO - A2 are used for partial self refresh , A5 - A6 are used
for Driver strength, "Low" on BA1 and "High" on BAO are used
for EMRS. All the other address pins except A0 ~ A2, A5 ~ A6,
BA1, BAO must be set to low for proper EMRS operation. Refer to
the table for specific codes.

BANK ACTIVATE.

The bank activate command is used to select a random row in an
idle bank. By asserting low on RAS and CS with desired row and
bank address, a row access is initiated. The read or write opera-
tion can occur after a time delay of trco(min) from the time of
bank activation. trcD is an internal timing parameter of SDRAM,
therefore it is dependent on operating clock frequency. The mini-
mum number of clock cycles required between bank activate and
read or write command should be calculated by dividing
trcp(min) with cycle time of the clock and then rounding off the
result to the next higher integer.

The SDRAM has four internal banks in the same chip and shares
part of the internal circuitry to reduce chip area, therefore it
restricts the activation of four banks simultaneously. Also the
noise generated during sensing of each bank of SDRAM is high,
requiring some time for power supplies to recover before another
bank can be sensed reliably. tRrRo(min) specifies the minimum
time required between activating different bank. The number of
clock cycles required between different bank activation must be
calculated similar to trcD specification. The minimum time
required for the bank to be active to initiate sensing and restoring
the complete row of dynamic cells is determined by tras(min).
Every SDRAM bank activate command must satisfy tras(min)
specification before a precharge command to that active bank
can be asserted. The maximum time any bank can be in the
active state is determined by trRas(max). The number of cycles for
both tras(min) and trRas(max) can be calculated similar to trRcD
specification.

BURST READ

The burst read command is used to access burst of data on con-
secutive clock cycles from an active row in an active bank. The
burst read command is issued by asserting low on CS and CAS
with WE being high on the positive edge of the clock. The bank
must be active for at least trco(min) before the burst read com-
mand is issued. The first output appears in CAS latency number
of clock cycles after the issue of burst read command. The burst
length, burst sequence and latency from the burst read command
is determined by the mode register which is already pro-
grammed. The burst read can be initiated on any column address
of the active row. The address wraps around if the initial address
does not start from a boundary such that number of outputs from
each /O are equal to the burst length programmed in the mode
register. The output goes into high-impedance at the end of the
burst, unless a new burst read was initiated to keep the data out-
put gapless. The burst read can be terminated by issuing another
burst read or burst write in the same bank or the other active
bank or a precharge command to the same bank. The burst stop
command is valid at every page burst length.
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E. DEVICE OPERATIONS (continued)
BURST WRITE

The burst write command is similar to burst read command and
is used to write data into the SDRAM on consecutive clock
cycles in adjacent addresses depending on burst length and
burst sequence. By asserting low on CS, CAS and WE with valid
column address, a write burst is initiated. The data inputs are
provided for the initial address in the same clock cycle as the
burst write command. The input buffer is deselected at the end of
the burst length, even though the internal writing can be com-
pleted yet. The writing can be completed by issuing a burst read
and DQM for blocking data inputs or burst write in the same or
another active bank. The burst stop command is valid at every
burst length. The write burst can also be terminated by using
DQM for blocking data and procreating the bank troL after the
last data input to be written into the active row. See DQM
OPERATION also.

ALL BANKS PRECHARGE

All banks can be precharged at the same time by using Pre-
charge all command. Asserting low on CS, RAS, and WE with
high on A10/AP after all banks have satisfied trRas(min) require-
ment, performs precharge on all banks. At the end of trp after
performing precharge to all the banks, all banks are in idle state.

PRECHARGE

The precharge operation is performed on an active bank by
asserting low on CS, RAS, WE and A10/AP with valid BAO ~ BA1
of the bank to be precharged. The precharge command can be
asserted anytime after trRas(min) is satisfied from the bank active
command in the desired bank. trp is defined as the minimum
number of clock cycles required to complete row precharge is
calculated by dividing trRp with clock cycle time and rounding up
to the next higher integer. Care should be taken to make sure
that burst write is completed or DQM is used to inhibit writing
before precharge command is asserted. The maximum time any
bank can be active is specified by trRas(max). Therefore, each
bank activate command. At the end of precharge, the bank
enters the idle state and is ready to be activated again. Entry to
Power down, Auto refresh, Self refresh and Mode register set
etc. is possible only when all banks are in idle state.

AUTO PRECHARGE

The precharge operation can also be performed by using auto
precharge. The SDRAM internally generates the timing to satisfy
trAas(min) and "trP" for the programmed burst length and CAS
latency. The auto precharge command is issued at the same
time as burst read or burst write by asserting high on A10/AP. If
burst read or burst write by asserting high on A10/AP, the bank is
left active until a new command is asserted. Once auto pre-
charge command is given, no new commands are possible to
that particular bank until the bank achieves idle state.

AUTO REFRESH

The storage cells of 64Mb, 128Mb and 256Mb SDRAM need to
be refreshed every 64ms to maintain data. An auto refresh cycle
accomplishes refresh of a single row of storage cells. The inter-
nal counter increments automatically on every auto refresh cycle
to refresh all the rows. An auto refresh command is issued by
asserting low on CS, RAS and CAS with high on CKE and WE.
The auto refresh command can only be asserted with all banks
being in idle state and the device is not in power down mode
(CKE is high in the previous cycle). The time required to com-
plete the auto refresh operation is specified by trc(min). The min-
imum number of clock cycles required can be calculated by
driving trc with clock cycle time and them rounding up to the next
higher integer. The auto refresh command must be followed by
NOP's until the auto refresh operation is completed. All banks will
be in the idle state at the end of auto refresh operation. The auto
refresh is the preferred refresh mode when the SDRAM is being
used for normal data transactions. The 64Mb and 128Mb
SDRAM'’s auto refresh cycle can be performed once in 15.6us or
a burst of 4096 auto refresh cycles once in 64ms. The 256Mb
and 512Mb SDRAM'’s auto refresh cycle can be performed once
in 7.8us or a burst of 8192 auto refresh cycles once in 64ms.

SELF REFRESH

The self refresh is another refresh mode available in the
SDRAM. The self refresh is the preferred refresh mode for data
retention and low power operation of SDRAM. In self refresh
mode, the SDRAM disables the internal clock and all the input
buffers except CKE. The refresh addressing and timing are inter-
nally generated to reduce power consumption.

The self refresh mode is entered from all banks idle state by
asserting low on E, %, CAS and CKE with high on WE. Once
the self refresh mode is entered, only CKE state being low mat-
ters, all the other inputs including the clock are ignored in order
to remain in the self refresh mode.

The self refresh is exited by restarting the external clock and then
asserting high on CKE. This must be followed by NOP's for a
minimum time of tSRFC before the SDRAM reaches idle state to
begin normal operation. In case that the system uses burst auto
refresh during normal operation, it is recommended to use burst
8192 auto refresh cycles for 256Mb and 512Mb, and burst 4096
auto refresh cycles for 128Mb and 64Mb immediately before
entering self refresh mode and after exiting in self refresh mode.
On the other hand, if the system uses the distributed auto
refresh, the system only has to keep the refresh duty cycle.

Enic
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E. BASIC FEATURE AND FUNCTION DESCRIPTIONS
1. CLOCK Suspend

1) Clock Suspended During Write 2) Clock Suspended During Read (BL=4)
e [ LT L LD LT L ekl UYL UL
oo (W) () o ) (O
CEL .| Masked by CKE [ vaskeabyioke
CLK : CLK . e :
DQ(CL2) (Do X D1 X X D2 ‘ DQECLY) - {( QN Qe fQ)
SRR C) 0 £ ) R T R ——

O

o
b

H
£

N
g

w

Not Written Suspended Dout

2. DQM Operation

1) Write Mask (BL=4) 2) Read Mask (BL=4)

DQM . l I

pQ(ct2) (Do Y Di Y X(Ds )+ pQ(eL2) Qo) A (Qe ) Qe)
R 3\ ) S R R T R R Bt 20y 7 1) -

DQM to Data-in Mask =0 DQM to Data-out Mask = 2

3) DQM with Clock Suspended (Full Page Read)
CLK ] |
() i (D D

e T L T LT

SO B N T ) < S S S
poECL?) H.f'z e )0 H'Z %
T e T = = 0 s S D CD

*NOTE :

1. CKE to CLK disable/enable = 1CLK.

2. DQM makes data out Hi-Z after 2CLKs which should masked by CKE " L"
3. DQM masks both data-in and data-out.
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3. CAS Interrupt (1)

1) Read interrupted by Read (BL=4) "
cwp N
app (A XB)

oLy iy (@
! tcep 2 ! 1 ‘. ‘. . f
2) Write interrupted by Write (BL=2) 3) Write interrupted by Read (BL=2)

CLK : CLK mm

oM o cwp | (WRYRD) ©
| [ a—] | | \ | | | |
, | tCCD 2 | | | | :
ADD o .

1 1 ‘
1 1 | tCcCD 2
1 ADD |

8)
o ool DQ(CL3) DAo)———— !

:

*NOTE:

1. By "Interrupt", It is meant to stop burst read/write by external command before the end of burst.
By "CAS Interrupt", to stop burst read/write by CAS access ; read and write.

2. tcep : CAS to CAS delay. (=1CLK)

3. tcoL : Last data in to new column address delay. (=1CLK)
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4. CAS Interrupt (Il) : Read Interrupted by Write & DQM

=2, BL=4

(a) CL

CLK
i) CMD
DQM

o

{(Qo ) Hiz

=3, BL=4

(b) CL

*NOTE:

1. To prevent bus contention, there should be at least one gap between data in and data out.
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5. Write Interrupted by Precharge & DQM

1) tRDL = 2CLK

CLK i

DQM; f f [—t
S D D

‘Masked by D'QM

*NOTE:

1. To prevent bus contention, DQM should be issued which makes at least one gap between data in and data out.

2. To inhibit invalid write, DQM should be issued.

3. This precharge command and burst write command should be of the same bank, otherwise it is not precharge interrupt but only another bank pre-
charge of four banks operation.

6. Precharge

1) Normal Write
BL=4 & tRDL=2CLK

cw [T LI LT LT L L L) L
oo () | @R
pQeLa) +——{Qo (1 { Q2 }(Qa )+

DQ(CL3)

- {0
S
-a
=
-a
]
-H
@
N

7. Auto Precharge
1) Normal Write (BL=4) 2) Normal Read (BL=4)

CLK CLK |

wo L@ Lo e @
R D 0 L e e L IR o
L L Reimokh L DQ(CL3) ——————{ Qo :
e oo e T
: : : : . : ] : : Auto Precharge Starts
: I I I I I Auto IPn—:‘charé;e Slartls@tRDL=2CLK 3
*NOTE:

1. SAMSUNG can support tRDL=1CLK and tRDL=2CLK for all memory devices. SAMSUNG recommends tRDL=2 CLK.
2. Number of valid output data after row precharge : 1, 2 for CAS Latency = 2, 3 respectively.
3. The row active command of the precharge bank can be issued after tRP from this point.
The new read/write command of other activated bank can be issued from this point.
At burst read/write with auto precharge, CAS interrupt of the same bank is illegal
4. tDAL defined Last data in to Active delay. SAMSUNG can support tDAL=tRDL+ tRP .
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8. Burst Stop & Interrupted by Precharge

1) Normal Write
BL=4 & tRDL=2CLK

2) Write Burst Stop (BL=8) 3) Read Interrupted by Precharge (BL=4)

CMD CMD
R e e D) —————{(Qo ) Qu )=

DQ  ~—{bo ) 1 X2 }(os X ) DQECLY)

"tBDL "2

4) Read Burst Stop (BL=4)
cex [ L L L) UL L

o ) &9
e

9. MRS

1) Mode Register Set

*NOTE:
1. SAMSUNG can support tRDL=1CLK and tRDL=2CLK for all memory devices. SAMSUNG recommends tRDL=2 CLK.
2.tBDL : 1 CLK ; Last data in to burst stop delay.
Read or write burst stop command is valid at every burst length.
3. Number of valid output data after row precharge or burst stop : 1, 2 for CAS latency= 2, 3 respectively.
4. PRE : All banks precharge is necessary.
MRS can be issued only at all banks precharge state.
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10. Clock Suspend Exit & Power Down Exit

1) Clock Suspend (=Active Power Down) Exit 2) Power Down (=Precharge Power Down) Exit
CLK | CLK !
CKE 1 1 L tss 1 CKE ‘ LSS m | 1
1 1 1 1 1 1 Internal ;2| 1 1 1 1 1
| | | | | CLK | | | |
CMD (RD) CMD {NorKacT)

*1

Internal
CLK

11. Auto Refresh & Self Refresh

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(CLK). All banks must be precharged and idle for trRe(min) before the auto refresh command is applied. No control of the external
address pins is required once this cycle has started 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 tarRFc(min).

I I I

\ /Auto

“AL \ N

Command |PRE, Refresh N
N efres

» <

CKE = High —

—
CMD;
——
|
|
| |

I I
f f
I I
I I I
| |
| trRP
[

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 command 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(CLK) can be disabled except CKE. The clock is internally
disabled during Self Refresh operation to reduce power. To exit the Self Refresh mode, supply stable clock input before returning
CKE high, assert deselect or NOP command and then assert CKE high. In case that the system uses burst auto refresh during normal
opreation, it is recommended to use burst 4096 auto refresh cycle immediately before entering self refresh mode and after exiting in
self refresh mode. On the other hand, if the system uses the distributed auto refresh, the system only has to keep the refresh duty
cycle.

— 0 — o o o
CLK IR 4 1 4 L4
I 4’\‘ —— L " stable Clock B — j\ 41 B —
I . I I I D —_ I I —— I
Command — el 1 | I ; | NOP| ; - [acT) ‘
| T | | | [ « ! Ny [
| | | | | | | SREX(min) = 120ns | |
CKE ! \ \ \ \ \ ! ! T ! !
I | | | U | | I I I I I
' tss ‘ ‘ ' ' tss ‘ ' ' '
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12. About Burst Type Control

Sequential Counting

At MRS A3 ="0". See the BURST SEQUENCE TABLE. (BL=4, 8)
BL=1, 2, 4, 8 and full page.

Basic
MODE —nqu -
Interleave Countin At MRS A3 ="1". See the BURST SEQUENCE TABLE. (BL=4, 8)
9 BL=4, 8. At BL=1, 2 Interleave Counting = Sequential Counting.
Every cycle Read/Write Command with random column address can realize Random
Random Random column Access Column Access
MODE tcco =1 CLK :

That is similar to Extended Data Out (EDO) Operation of conventional DRAM.

13. About Burst Length Control

At MRS A2,1,0 = "000".

CAS Interrupt

L At auto precharge, trRAs should not be violated.
5 At MRS A2,1,0 = "001".
At auto precharge, trRAs should not be violated.
Basic e
MODE 4 At MRS A2,1,0 = "010".
8 At MRS A2,1,0 = "011".
At MRS A2,1,0 = "111".
Full Page Wrap around mode(infinite burst length) should be stopped by burst stop.
RAS interrupt or CAS interrupt.
Special At MRS A9 ="1".
MpODE BRSW Read burst =1, 2, 4, 8, full page write Burst =1.
At auto precharge of write, trRas should not be violated.
Random Burst Sto teoL= 1, Valid DQ after burst stop is 1, 2 for CAS latency 2, 3 respectively
MODE P Using burst stop command, any burst length control is possible.
Before the end of burst, Row precharge command of the same bank stops read/write
RAS Interrupt burst with Row precharge.
(Interrupted by Precharge) | troL= 2 with DQM, valid DQ after burst stop is 1, 2 for CAS latency 2, 3 respectively.
Interrupt During read/write burst with auto precharge, RAS interrupt can not be issued.
MODE

Before the end of burst, new read/write stops read/write burst and starts new
read/write burst.
During read/write burst with auto precharge, CAS interrupt can not be issued.
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FUNCTION TRUTH TABLE (TABLE 1)
C;tr;e:t cs RAS | CAS | WE BA Address Action Note
H X X X X X NOP
L H H H X X NOP
L H H L X X ILLEGAL
IDLE L H L X BA CA, A10/AP |ILLEGAL
L L H H BA RA Row (& Bank) Active ; Latch RA
L L H L BA A10/AP  |[NOP 4
L L L H X X Auto Refresh or Self Refresh
L L L L OP code OP code |Mode Register Access
H X X X X X NOP
L H H H X X NOP
L H H L X X ILLEGAL 2
Row L H L H BA CA, A10/AP |Begin Read ; latch CA ; determine AP
Active L H L L BA CA, A10/AP |Begin Read ; latch CA ; determine AP
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP Precharge
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Row Active)
L H H H X X NOP (Continue Burst to End --> Row Active)
L H H L X X Term burst --> Row active
Read L H L H BA CA, A10/AP | Term burst, New Read, Determine AP
L H L L BA CA, A10/AP |Term burst, New Write, Determine AP
L L H H BA RA ILLEGAL
L L H L BA A10/AP Term burst, Precharge timing for Reads
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Row Active)
L H H H X X NOP (Continue Burst to End --> Row Active)
L H H L X X Term burst --> Row active
Write L H L H BA CA, A10/AP | Term burst, New read, Determine AP 3
L H L L BA CA, A10/AP |Term burst, New Write, Determine AP 3
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP | Term burst, precharge timing for Writes 3
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Precharge)
) L H H H X X NOP (Continue Burst to End --> Precharge)
ReZﬂt‘(';"th L H H L X X ILLEGAL
Precharge L H L X BA CA, A10/AP |ILLEGAL
L L H X BA RA, RAw0 |ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Precharge)
) ) L H H H X X NOP (Continue Burst to End --> Precharge)
W"Atlejt‘g"th L H H L X X ILLEGAL
Precharge L H L X BA CA, A10/AP |ILLEGAL
L L H X BA RA, RAw0 |ILLEGAL 2
L L L X X X ILLEGAL
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FUNCTION TRUTH TABLE (TABLE 1)

Current Cs RAS CAS WE BA Address Action Note

H X X X X NOP --> Idle after trP
L H H H X NOP --> Idle after trP

Precharging L H H L X ILLEGAL 2
L H L X BA CA ILLEGAL 2
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP NOP --> Idle after trp 4
L L L X X ILLEGAL
H X X X X NOP --> Row Active after tRcb
L H H H X NOP --> Row Active after tRcb

ACE\?;’tVing L H H L X ILLEGAL 2
L H L X BA CA ILLEGAL 2
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP --> Idle after trc
L H H X X X NOP --> Idle after trc

Refreshing L H L X X X ILLEGAL
L L H X X X ILLEGAL
L L L X X X ILLEGAL
H X X X X X NOP --> Idle after 2 clocks

Mode L H H H X X NOP --> Idle after 2 clocks

Aiigf;ﬁ:g L H H L X X ILLEGAL
L H L X X X ILLEGAL
L L X X X X ILLEGAL

Abbreviations : RA = Row Address BA = Bank Address
NOP = No Operation Command CA = Column Address AP = Auto Precharge
*NOTE:

1. All entries assume the CKE was active (High) during the precharge clock and the current clock cycle.

2. lllegal to bank in specified state ; Function may be legal in the bank indicated by BA, depending on the
state of that bank.

3. Must satisfy bus contention, bus turn around, and/or write recovery requirements.

4. NOP to bank precharging or in idle state. May precharge bank indicated by BA (and A10/AP).

5. lllegal if any bank is not idle.

ELECTRONICE
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FUNCTION TRUTH TABLE (TABLE 2)

C;tr;f;t gKlE) CEE cs RAS CAS WE | Address Action Note
H X X X X X X Exit Self Refresh --> Idle after tsrrx(ABI)
L H H X X X X Exit Self Refresh --> Idle after tsrrx (ABI)
Self L H L H H H X Exit Self Refresh --> Idle after tsrrx (ABI)
Refresh L H L H H L X ILLEGAL
L H L H L X X ILLEGAL
L H L L X X X ILLEGAL
L L X X X X X NOP (Maintain Self Refresh)
H X X X X X X INVALID
Al L H H X X X X Exit Power Down --> ABI
Banks L H L H H H X Exit Power Down --> ABI
Precharge L H L H H L X ILLEGAL
FI;?)"\:’VT L H L H L X X |ILLEGAL
L H L L X X X ILLEGAL
L L X X X X X NOP (Maintain Low Power Mode)
H H X X X X X Refer to Table 1
H L H X X X X Enter Power Down
H L L H H H X Enter Power Down
5 ;:'ks H L L H H L X |ILLEGAL 8
Idle H L L H L X X ILLEGAL
H L L L H H RA Row (& Bank) Active
H L L L L H X Enter Self Refresh 8
H L L L L L OP Code |Mode Register Access
L L X X X X X NOP
Any State H H X X X X X Refer to Operations in Table 1
other than H L X X X X X Begin Clock Suspend next cycle 9
Listed L H X X X X X Exit Clock Suspend next cycle 9
above L L X X X X X Maintain Clock Suspend

Abbreviations : ABI = All Banks Idle, RA = Row Address

*NOTE:
6. CKE low to high transition is asynchronous.
7. CKE low to high transition is asynchronous if restarts internal clock.
A minimum setup time 1CLK + tss must be satisfied before any command other than exit.
8. Power down and self refresh can be entered only from the all banks idle state.
9. Must be a legal command.
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Power Up Sequence

Single Bit Read - Write - Read Cycle(Same Page) @CAS Latency=3, Burst Length=1
Read & Write Cycle at Same Bank @Burst Length=4, tRDL=2CLK

Page Read & Write Cycle at Same Bank @Burst Length=4, tRDL=2CLK

Page Read Cycle at Different Bank @Burst Length=4

Page Write Cycle at Different Bank @Burst Length=4, tRDL=2CLK

Read & Write Cycle at Different Bank @Burst Length=4

Read & Write Cycle With Auto Precharge | @Burst Length=4

Read & Write Cycle With Auto Precharge Il @Burst Length=4

Clock Suspension & DQM Operation Cycle @CAS Letency=2, Burst Length=4

Read Interrupted by Precharge Command & Read Burst Stop Cycle @ Full Page Burst
Write Interrupted by Precharge Command & Write Burst Stop Cycle @ Full Page Burst, tRDL=2CLK
Burst Read Single bit Write Cycle @Burst Length =2

Active/precharge Power Dower Down Mode @CAS Latency=2 Burst Length=4

Self Refresh Entry & Exit Cycle & Exit Cycle

Mode Register Set Cycle and Auto Refresh Cycle

Extended Mode Register Set Cycle
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Power Up Sequence for Mobile SDRAM

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

(@]
-
o
O
~
A
<< <<
/
A
<< <<

CKE
& —\_/ —\ . o\ Y
| | | | | | | VI | | Ly
N i i V i ¥
Ras N\ / NS . NS
I I I I I I I I v I I I I v
| | | | | : | | " | | : | "
s _/0\ NS . N,
I I I I I I I I v I I I I v
I I I I I I I I I I I I
! ! ! ! ! ! ! ! g ! ! ! ! 3
ADDR
M M
T T T T T T [ Vo [ T TV
| | | | | | | Ly | | y
BAO
\ \
\4 v
| | | | | | | | y | | | | y
BA1l
M M
I I I I I I I I v I I I I v
| | | | | | | g | | _y
Al0AP /! \ . .
T | T T T T T TV T T TV
DQ ——————Hi- Z—————Hi-Z——
o | : | | | | | | Y | | | | "
we I/ /N, i\,
I I I I I I I I v I I I I v
| | | | | | | VI | | Ly
pou | Highlevelis necessary, | | | . |
S . R . s S
| f | | | ’f | | | | ’AF | | ?
Precharge Auto Auto Normal Extended Row Active
(All Bank) Refresh Refresh MRS MRS (A-Bank)

:l : Don’t care

*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 to define DS or PASR operating type of the device after normal MRS.

EMRS cycle is not mandatory and the EMRS command needs to be issued only when DS, PASR or TCSR s used.

The default state without EMRS command issued is the full driver strength, all 4 banks refreshed.

The device is now ready for the operation selected by EMRS.

For operating with DS or PASR, set DS or PASR mode in EMRS setting stage.

In order to adjust another mode in the state of DS or PASR mode, additional EMRS set is required but power up sequence is not needed again
at this time. In that case, all banks have to be in idle state prior to adjusting EMRS set.
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Single Bit Read-Write-Read Cycle(Same Page) @CAS Latency=3, Burst Length=1

tcH
—

CLOCK

T {RP

A A
v

2l
[77]
g
o

~J] |-
e D

AN
R A - [\ /X

I I I I
*Note 3 ' ' ' ' *Note 3 ' __*Note *Note 4 '
)

O C G Y A— A

w
>
<)
w
>
=
vs)
[
vs)
wn
-*
I ® o _ AR I
a‘
x
_ L o o I R
wn
z
® |2
wm |

<> > —<tSS
tslz  toH ' gg'tsy | '

L S S S —y A SR
\ / o ) —
S 'T'TI' ]

(o)
\
7

ju

Row Active Read Write Read Row Active

Precharge

[ ]:Don'tcare

*NOTE: .
1. All input except CKE & DQM can be don't care when CS is high at the CLK high going edge.
2. Bank active & read/write are controlled by BAO,BA1.
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Read & Write Cycle at Same Bank @Burst Length=4, tRDL=2CLK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

CLOCK

17 18 19

CKE-

S\

|

=T

A K |

| ‘ | l\—Jl | | | ‘
S a— At
Ny

=

\

=\

\

AlO/AP ‘

toH

CL=2 Qa0 X Qal X Qa2 X Qa3
b ! D "tRCD ' N .l tsac ! : tSHZ *Ndte 4
| | | | | | | \ OH | | |
CL=3

Qa0 X Qal X Qa2 X Qa3

| tsac | ! {SHZ *Note 4
| Cooe s ¢

?

aERER

tRDL

tRDL

/A Y S W
o N\ \

N [T L

‘T ‘. ‘. T ‘. ‘. ‘. ‘. T ‘. ‘. T ‘. T

Row Active Read Precharge Row Active Write
(A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank)
*NOTE:

1. Minimum row cycle times is required to complete internal DRAM operation.

2. Row precharge can interrupt burst on any cycle. [CAS Latency - 1] number of valid output data
is available after Row precharge. Last valid output will be Hi-Z(tSHz) after the clcok.

3. Ouput will be Hi-Z after the end of burst. (1, 2, 4, 8 & Full page bit burst)

!

Precharge
(A-Bank)

|:| : Don't care
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KAAOOBG0O6A MCP MEMORY

Page Read & Write Cycle at Same Bank @Burst Length=4, tRDL=2CLK

| /‘ ‘/;\‘ /;\
D G Y 9 3 e X EC
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f f A A T e A
SRS S ' () ) () S 0 2 €0 0 ()

L P ™ Y B B

\ \ ‘ ‘ ‘ \ \ \ \ \ \ \ \ \ \ \ . *Noted | ‘ g
e ——————{ow0){eur)(@wo) Qv )}——(e0 )(oer Yoo Y our YT }——

R T T A S T T S S N
we [N/ N\ \ NSNS T

o | | er s

Row Active Read Read Write Write Precharge Row Active
(A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank)
[ ]:Dontcare
*NOTE:

1. To write data before burst read ends, DQM should be asserted three cycle prior to write
command to avoid bus contention.

2. Row precharge will interrupt writing. Last data input, tRDL before Row precharge, will be written.

3. DQM should mask invalid input data on precharge command cycle when asserting precharge
before end of burst. Input data after Row precharge cycle will be masked internally.

4. tDAL ,last data in to active delay, is 2CLK + tRP.

.67 - Revision 1.0
May 2003
ELECTRONICS



18 19

17

16

MCP MEMORY

15
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Precharge
(B-Bank)

Row Active

Precharge
(A-Bank)

Precharge
(D-Bank)

Precharge
(C-Bank)

Read
(D-Bank)

Read
(C-Bank)

(D-Bank)

Read
(B-Bank)

Row Active
(C-Bank)

Read
(A-Bank)

Row Active
(B-Bank)

Row Active
(A-Bank)

May 2003
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[ ]:Dontcare
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2. To interrupt a burst read by row precharge, both the read and the precharge banks must be the same.

1. CS can be don't cared when RAS, CAS and WE are high at the clock high going dege.

*NOTE:

Page Read Cycle at Different Bank @Burst Length

KAAOOBG0O6A
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KAAOOBG0O6A MCP MEMORY

Page Write Cycle at Different Bank @Burst Length=4, tRDL=2CLK

o0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

CLOCK

AT Nt m L/
S U i e g Wi Wy w g e WY
mJ\;/M/‘ \‘/—U_\‘ QN 7
Salm /—\/u u\
WD [T\L /\//\//\‘
jmr——wmm/ /\

; ; § ]

tCDL l tRDL

ST T A L

Note 1

wIT— e

Row Active Write Write Row Active Write Precharge
(A-Bank) (A-Bank) (B-Bank) (D-Bank) (D-Bank) (All Banks)
Row Active Row Active Write
(B-Bank) (C-Bank) (C-Bank)
[ ]:Dontcare
*NOTE:

1. To interrupt burst write by Row precharge, DQM should be asserted to mask invalid input data.
2. To interrupt burst write by Row precharge, both the write and the precharge banks must be the same.
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KAAOOBG0O6A MCP MEMORY

Read & Write Cycle at Different Bank @Burst Length=4

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

CLOCK

OKE A+t ———————————HIGH

e g v U

IS
~
-
IS
|~
IS

Bm /—\ /ﬁ—\

“D N T SN

AlO/AP R)\a | RDb / | | | | \ Réc | | / ‘

w7 /7 7 /[ N/ \_7 \|

DQM \ 1 1 1 1 1 o/ \ 1 1 1 1
Row Active Read Precharge Write

Read
(A-Bank) (A-Bank) (A-Bank) (D-Bank) (B-Bank)

Row Active Row Active
(D-Bank) (B-Bank)

|:| : Don't care

*NOTE:
1. tcDL should be met to complete write.
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Read & Write Cycle with Auto Precharge | @Burst Length=4

-
™S
~~

ADDR: .- Rl?b . ‘ | RAC CAc
/ /\ \ 7\
/ T\ [T 7
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AlO/AP RBb

w@@@@mi

\\ AN —
W\ S —
TR L T U T T

Row Active Read with  Read without Auto Precharge Row Active Write with

) G G/ W N A AR ‘
R A N S S S QAaODBbs 3 3 o)
cL=s- 3 —

(A-Bank) Auto Pre  Precharge(B-Bank) (B-Bank) (A-Bank) Auto Precharge
charge Auto Precharge (A-Bank)
(A-Bank) Start Point
Row Active (A-Bank) *Notel

(B-Bank)

:| : Don't care

*NOTE:
1. When Read(Write) command with auto precharge is issued at A-Bank after A and B Bank activation.
- if Read(Write) command without auto precharge is issued at B-Bank before A-Bank auto precharge starts, A-Bank
auto precharge will start at B-Bank read command input point .
- any command can not be issued at A-Bank during tRP after A-Bank auto precharge starts.
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Read & Write Cycle with Auto Precharge Il @Burst Length=4

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
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. T . . . T l< . *Notel, T . . >T . . T . . . . .

Row Active Read with Auto Precharge Read with Auto Precharge
(A-Bank) Auto Precharge Start Point Auto Precharge Start Point
(A-Bank) (A-Bank) (B-Bank) (B-Bank)
Row Active

(B-Bank)

[ |:Dontcare

*NOTE:
1. Any command to A-bank is not allowed in this period.
tRP is determined from at auto precharge start point
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Clock Suspension & DQM Operation Cycle @CAS Latency=2, Burst Length=4

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

CLOCK
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ADDR |
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IS

AlO/AP /

DQ -

A ) — ) w—
I T T A A O N

Row Active Read Clock Read Read DQM Write
Suspension DQM

Write Clock
Suspension

|:| : Don't care

*NOTE:
1. DQM is needed to prevent bus contention.
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KAAOOBG0O6A MCP MEMORY

Read Interrupted by Precharge Command & Read Burst Stop Cycle @Full Page Burst

Row Active Read Burst Stop Read Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank)
[ |:Dontcare
*NOTE:

1. At full page mode, burst is finished by burst stop or precharge.

2. About the valid DQs after burst stop, it is same as the case of RAS interrupt.
Both cases are illustrated above timing diagram. See the label 1, 2 on them.
But at burst write, Burst stop and RAS interrupt should be compared carefully.
Refer the timing diagram of "Full page write burst stop cycle".

3. Burst stop is valid at every burst length.
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KAAOOBG0O6A MCP MEMORY

Write Interrupted by Precharge Command & Write Burst Stop Cycle @ Full Page Burst,
tRDL=2CLK

Row Active Write Burst Stop Write Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank)
[ ]:Dontcare
*NOTE:

1. At full page mode, burst is finished by burst stop or precharge.

2. Data-in at the cycle of interrupted by precharge can not be written into the corresponding
memory cell. It is defined by AC parameter of tRDL.

DQM at write interrupted by precharge command is needed to prevent invalid write.

DQM should mask invalid input data on precharge command cycle when asserting precharge
before end of burst. Input data after Row precharge cycle will be masked internally.

Burst stop is valid at every burst length.

w

Revision 1.0
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Burst Read Single bit Write Cycle @Burst Length=2

D G CD G C ---

w\ TN /\ \1//
o U S O \//

\ | /

N . | ES . | |
CL—2: : : : {\DAa0) : : QADbOXQAbL : : : \DBc0) : : QCdO :
CL=3- {DAa0) {bBco

{QAbOXQAbl}

./

s e e

Row Active Row Active Row Active Read Precharge
(A-Bank) (B-Bank) (C-Bank) (C-Bank) (C-Bank)
Write Read with Write with
(A-Bank) Auto Precharge Auto Precharge
(A-Bank) (B-Bank)

|:| : Don't care

*NOTE:

1. BRSW modes is enabled by setting A9 "High" at MRS (Mode Register Set).
At the BRSW Mode, the burst length at write is fixed to "1" regardless of programmed burst length.

2. When BRSW write command with auto precharge is executed, keep it in mind that tRAS should not be violated.
Auto precharge is executed at the burst-end cycle, so in the case of BRSW write command,
the next cycle starts the precharge.

- 76 - Revision 1.0
May 2003
ELECTRONICS



KAAOOBG0O6A MCP MEMORY

Active/Precharge Power Down Mode @CAS Latency=2, Burst Length=4

o N/ NN
_1 1 1 1 31 1 1 1 1 g1 1 1 1 1 1 1 1 1
: \ '/ 7\ /
cAs " /0 \ o N/ /\

| | | | | | | | | | | | | | | | | | | | |
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BA N \  / " \  / \  /
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| | | oy | | | | | v | | | | | | | | | |
AtoP .\ / \ |/
%

R N S S S N S AV N S N A B I - B
J— \4 \4
Y ) G U U

1 1 1 1 31 1 1 1 1 1 v1 1 1 1 1 1 1 1
DQM\ I I I Vw I I I I I 8\ \\: : :/\ I T T T T

Preclarge Rowletive ReTad Preclarge

Power-down

Entry
Precharge Active Active
Power-down Power-down Power-down

Exit Entry Exit

|:| : Don't care

*NOTE:

1. All banks should be in idle state prior to entering precharge power down mode.
2. CKE should be set high at least 1CLK + tSs prior to Row active command.

3. Can not violate minimum refresh specification. (64ms)
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KAAOOBG0O6A MCP MEMORY

Self Refresh Entry & EXxit Cycle
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WE /0 \ . ]\
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A\ \4

DQM v v
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Self Refresh Entry Self Refresh Exit Auto Refresh
[ ]:Don'tcare
*NOTE:

TO ENTER SELF REFRESH MODE
1. &, RAS & CAS with CKE should be low at the same clcok cycle.
2. After 1 clock cycle, all the inputs including the system clock can be don't care except for CKE.
3. The device remains in self refresh mode as long as CKE stays "Low".
cf.) Once the device enters self refresh mode, minimum tRAS is required before exit from self refresh.

TO EXIT SELF REFRESH MODE

4. System clock restart and be stable before returning CKE high.

5. CS starts from high.

6. Minimum tSRFX is required after CKE going high to complete self refresh exit.

7. 4K cycle(64Mb ,128Mb) or 8K cycle(256Mb, 512Mb) of burst auto refresh is required before self refresh entry and
after self refresh exit if the system uses burst refresh.
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Auto Refresh Cycle

CLOCK

Mode Register Set Cycle

KAAOOBG0O6A
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[ ]:Dontcare

Auto Refresh

-79-

1. CS, RAS, CAS, BAO, BA1 & WE activation at the same clock cycle with address key will set internal mode register.

2. Minimum 2 clock cycles should be met before new RAS activation.

MRS  New Command
3. Please refer to Mode Register Set table.

* All banks precharge should be completed before Mode Register Set cycle and auto refresh cycle.

MODE REGISTER SET CYCLE

*NOTE:

DQM




KAAOOBG0O6A MCP MEMORY

Extended Mode Register Set Cycle

BAl‘ ‘/:

DQ - 1

Al
L

DQM

EMRS New Command

|:| : Don't care

*NOTE:

EXTENDED MODE REGISTER SET CYCLE

1. CS, RAS, CAS, BAO, BA1 & WE activation at the same clock cycle with address key will set internal mode register.
2. Minimum 2 clock cycles should be met before new RAS activation.

3. Please refer to Mode Register Set table.
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PACKAGE DIMENSION

127-Ball Tape Ball Grid Array Package (measured in millimeters) |

Bottom View
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