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K5Q6432YCM - T010

Multi-Chip Package MEMORY

64M Bit (8Mx8) Nand Flash Memory / 32M Bit (2Mx16) UtRAM

FEATURES

- Power Supply voltage : 2.7V to 3.3V
- Organization
- Flash : (8M + 256K)bit x 8hbit
- UtRAM : 2M x 16 bit
- Access Time
- Flash :
-UtRAM : 100 ns
- Power Consumption (typical value)

- Flash Read Current : 10 mA(@20MHz)

Program/Erase Current : 10 mA
Standby Current : 10 mA
- UtRAM Operating Current : 18 mA
Standby Current : 120 mA
- Flash Automatic Program and Erase
Page Program : (512 + 16)Byte
Block Erase : (8K + 256)Byte
- Flash Fast Write Cycle Time
Program time : 300us(Typ.)
Block Erase Time : 2ms(Typ.)

Random access : 10us(Max.), Serial read : 50ns(Min.)

- Flash Endurance : 100,000 Program/Erase Cycles Minimum

- Flash Data Retention : 10 years
- Operating Temperature : -25°C ~ 85°C

- Package : 69 - ball TBGA Type -8 x 13mm, 0.8 mm pitch

BALL CONFIGURATION
3

N
~

]

GENERAL DESCRIPTION

The K5Q6432YCM featuring single 3.0V power supply is a Multi
Chip Package Memory which combines 64Mbit Nand Flash and
32Mbit Unit Transistor CMOS RAM.

The 64Mbit Flash memory is organized as 8M x8 bit and the
32Mbit UtRAM is organized as 2M x16 bit. In 64Mb NAND Flash
a 528-byte page program can be typically achieved within 300us
and an 8K-byte block erase can be typically achieved within 2ms.
In serial read operation, a byte can be read by 50ns. The 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 the FLASH®& extended reliability of 100K program/
erase cycles by providing ECC(Error Correcting Code) with real
time mapping-out algorithm. These algorithms have been imple-
mented in many mass storage applications and also the spare 16
bytes of a page combined with the other 512 bytes can be utilized
by system-level ECC. The K5Q6432YCM 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 69-ball TBGA Type.

BALL DESCRIPTION
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69 Ball TBGA , 0.8mm Pitch
Top View (Ball Down)

Ball Name Description
Ao to A20 Address Input Balls (UtRAM)
DQo to DQ7 Data Input/Output Balls (Common)
DQs to DQ1s Data Input/Output Balls (UtRAM)
Vccu Power Supply (UtRAM)
Vccer Power Supply (Flash Memory)
VecQF Oqtpgt Buffer Powgr (Flgsh Memory)
This input may be tied directly to Vccr.
Vss Ground (Common)
uB Upper Byte Enable (UtRAM)
LB Lower Byte Enable (UtRAM)
WP Write Protection (Flash Memory)
CLE Command Latch Enable(Flash Memory)
ALE Address Latch Enable(Flash Memory)
CEF Chip Enable (Flash Memory)
Csu Chip Enable (UtRAM Low Active)
7z Deep Power Down(UtRAM High Active)
WE Write Enable (Common)
OE/RE Output Enable (Common)
R/B Ready/Busy (Flash memory)
N.C No Connection

SAMSUNG ELECTRONICS CO., LTD. reserves the right to change products and specifications without notice.
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Figure 1. FUNCTIONAL BLOCK DIAGRAM
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DQoto DQ15
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Flash ARRAY ORGANIZATION

16K Pages

(=1024 Blocks)

1st half Page Register
(=256 Bytes)

2nd half Page Register
(=256 Bytes)

1 Block =16 Pages
= (8K + 256) Bytes

1 Page = 528 Bytes
1 Block = 528 Bytes x 16 Pages
= (8K + 256) Bytes
1 Device = 528 Bytes x 16Pages x 1024 Blocks

'\ = 66 Mbits
8 bit
S 512Bytes i/ 16 Bytes
DQO~DQ7
Page Register Q Q
512 Bytes 16 Bytes
DQO DQ1 DQ 2 DQ3 | DQ4 DQ5 DQ 6 DQ7

1st Cycle Ao A1 Az A3 Aa As As A7 Column Address
2nd Cycle A9 A1o A11 A12 A13 A14 A1s A1e Row Address
3rd Cycle A17 A18 A19 A20 A21 A22 *L *L (Page Address)

NOTE : Column Address : Starting Address of the Register.
00h Command(Read) : Defines the starting address of the 1st half of the register.

01h Command(Read) : Defines the starting address of the 2nd half of the register.

* Agis set to "Low" or "High" by the 00h or 01h Command.
* L must be set to "Low"
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NAND FLASH PRODUCT INTRODUCTION

The Flash Memory is a 69Mbit(69,206,016 bit) memory organized as 16,384 rows(pages) by 528 columns. Spare sixteen columns
are located from column address of 512 to 527. A 528-byte data register is connected to memory cell arrays accommodating data
transfer between the DQ 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 16
pages formed by one NAND structures, totaling 4,224 NAND structures of 16 cells. The array organization is shown in Figure 2. The
program and read operations are executed on a page basis, while the erase operation is executed on a block basis. The memory
array consists of 1024 separately erasable 8K-byte blocks. It indicates that the bit by bit erase operation is prohibited on the Flash
Memory.

The Flash Memory has addresses multiplexed into 8 DQ®. This scheme dramatically reduces pin counts and allows systems
upgrades to future densities by maintaining consistency in system board design. Command, address and data are all written through
DQ®& 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 DQ pins. All commands require one bus cycle
except for Block Erase command which requires two cycles: one cycle for erase-setup and another for erase-execution after block
address loading. The 8M byte physical space requires 23 addresses, thereby requiring three cycles for byte-level addressing: col-
umn 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 specific commands into the command register. Table 1 defines the specific commands of
the Flash Memory.

Table 1. COMMAND SETS

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

Read 1 00h/01h® -

Read 2 50h -

Read ID 90h -

Reset FFh - O

Page Program 80h 10h

Block Erase 60h DOh

Read Status 70h - O

NOTE : 1. The 00h command defines starting address of the 1st half of registers.
The 01h command defines starting address of the 2nd half of registers.
After data access on the 2nd half of register by the 01h command, the status pointer is
automatically moved to the 1st half register(O0h) on the next cycle.

Revision 0.3
June. 2001
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Table 2. FLASH MEMORY OPERATIONS TABLE

CLE ALE CE WE RE WP Mode

H L L Ly H X Command Input
Read Mode

L H L A H X Address Input(3clock)

H L L A H H Command Input
Write Mode

L H L A H H Address Input(3clock)

L L L A H H Data Input

L L L H Y X Sequential Read & Data Output

L L X H H X During Read(Busy)

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 ViL or ViH.
2. WP should be biased to CMOS high or CMOS low for standby.

Table 3. UURAM OPERATIONS TABLE

cs 7z OE WE LB UB DQ1-8 | DQo-1 Mode Power
H H X X XD XD High-Z | High-Z Deselected Standby
XD L X X XD XD 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 XD High-Z | High-Z Output Disabled Active
L H H H XD 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 X L L H Din High-Z Lower Byte Write Active
L H X L H L High-Z Din Upper Byte Write Active
L H X L L L Din Din Word Write Active

1. X means dont care.(Must be low or high state)

Revision 0.3
June. 2001
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FLASH MEMORY 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 oper-
ation. Two types of operations are available : random read, serial page read .

The random read mode is enabled when the page address is changed. The 528 bytes of data within the selected page are trans-
ferred to the data registers in less than 10ns(tR). During Read Busy, the device can go into pseudo-standy mode by taking CE to ViH,
which frees DQ bus and allows the CPU to access other devices. The CPU can detect the completion of this data transfer(tR) by
analyzing 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 stating from the selected column address up to the
last column address.

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
bytes 512 to 527 may be selectively accessed by writing the Read2 command. Addresses Ao to A3 set the starting address of the
spare area while addresses A4 to A7 are ignored. The Readl command(00h/01h) is needed to move the pointer back to the main
area. Figures 3 and 4 show typical sequence and timings for each read operation.

Figure 3. Readl Operation

CLE |_|
e L II[I]

ALE
— tR
R/B

DQo ~7 Start Add.(3Cycle) C Data Output(Sequential)
Ao ~ A7 & Ao ~ A22
(00h Command) (01h Command)*
1st half array 2nd half array 1st half array 2nd half array

|

v
- [T 1
Data Field Spare Field Data Field Spare Field

* After data access on 2nd half array by 01H command, the start pointer is automatically moved to 1st half array (00h) at next cycle.
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Figure 4. Read2 Operation
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R/B

DQo ~7 @ Start Add.(3Cycle) Data Output(Sequential) )

(A4~ A7: Ao~ A3 & A9 ~ A22 Spare Field
Don't Care)

1st half array 2nd half array

|
v
| i 18-

Data Field Spare Field

PAGE PROGRAM

The device is programmed basically on a page basis, but it does allow multiple partial page programming of a byte or consecutive
bytes up to 528, 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 528 bytes 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. Serial data loading can be started from 2nd half array by moving pointer. 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 bytes 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 state-control automatically executes the algorithms and timings necessary for program and
verify, thereby freeing the CPU 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 CPU can detect the completion of a program cycle by monitoring the
R/B output, or the Status bit(DQ 6) of the Status Register. Only the Read Status command and Reset command are valid while pro-
gramming is in progress. When the Page Program is complete, the Write Status Bit(DQ 0) may be checked(Figure 5). 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 5. Program & Read Status Operation

— < tPROG >
R/B |
DQo ~7 @ Address & Data Input 10h { 70n ) DQo > Pass
Ao~ A7 & As ~ A22 \V/
528 Byte Data Eail
ST Revision 0.3

June. 2001
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BLOCK ERASE

The Erase operation is done on a block(8K Byte) basis. Block address loading is accomplished in two cycles initiated by an Erase
Setup command(60h). Only address A13 to A22 is valid while Ag to A12 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 state-control handles erase and erase-verify.
When the erase operation is completed, the Write Status Bit(DQ 0) may be checked.

Figure 6 details the sequence.

Figure 6. Block Erase Operation

— < tBERS >
R/B

)

DQo ~7 @ Address Input(2Cycle) DOh \ 70h } V > Pass

Block Add. : As ~ A22
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 DQ 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 4 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.

Table4. Read Status Register Definition

DQ # Status Definition
DQo Program / Erase 0" : Successful Program / Erase
"1": Error in Program / Erase

DQ1 "0"
DQ2 "0"

Reserved for Future —
DQs3 Use 0
DQ4 "0"
DQs "0"
DQs Device Operation "0" : Busy "1": Ready
DQ7 Write Protect "0" : Protected "1": Not Protected

8- Revision 0.3
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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 (E6h) respectively. The command regis-
ter remains in Read ID mode until further commands are issued to it. Figure 7 shows the operation sequence.

Figure 7. Read ID Operation

CLE |—|
o S I
we I N

<{CEA—>|

—{AR1—>|

<«—tWHR —>

: pu

REA N
1/00~7 @ 00h ECh \_ E6h }
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 modes, the reset operation will abort these operation. The contents of memory cells being altered are no
longer valid, as the data will be partially programmed or erased. Internal address registers are cleared to "0"s and data registers to
"1"s. 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 5 for device status after reset operation. If the device is already in reset state a new reset command will not be
accepted to by the command register. The R/B pin transitions to low for trsT after the Reset command is written. Reset command is
not necessary for normal operation. Refer to Figure 8 below.

Figure 8. RESET Operation

— < tRST >
R/B
DQo ~7 FFh
Table5. Device Status
After Power-up After Reset
Operation Mode Read 1 Waiting for next command
9. Revision 0.3
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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. An appropriate pull-up resister is required for proper
operation and the value may be calculated by the following equation.

Rp

Vcc(Max.) - Vor(Max.) 2.9v

R/B .
open drain output loL +al 8mA+al

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

L e (Y = = = = = = = -4
Device

DATA PROTECTION

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 2.2V. WP pin provides hardware protection and is recommended to be kept at Vi
during power-up and power-down as shown in Figure 9. The two step command sequence for program/erase provides additional
software protection.

Figure 9. AC Waveforms for Power Transition

>

~2.2v |, \| ~22V

/ N\

High
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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 or 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
guaranteed to be a valid block, therefore you dont need to execute error correction for 1st block.

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 6th byte in the spare area. Samsung makes sure that either the 1st or 2nd page of every invalid
block has non-FFh data at the column address of 517. Since the invalid block information is also erasable in most cases, it is impos-
sible 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(Figure 10). Any
intentional erasure of the original invalid block information is prohibited.

 sm )

Set Block Address =0

Increment Block Address
A A

@ Check "FFh" at the column address 517
of the 1st and 2nd page in the block

Create (or update) No

——
Invalid Block(s) Table Check "FFh" -

No

Last Block ?

Yes

Figure 10. Flow chart to create invalid block table
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NAND Flash Technical Notes

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, so you can execute block replacement on a page basis with a page sized buffer. 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

Status Read after Program --> Block Replacement

Write
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
Figure 11. Flash Program flow chart

C Start >
l

Write 80h

}

Write Address

|

Write Data

}

Write 10h

Program Error

)

Read Status Registe

<
<

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

DQ6=1"7
orRIB=17

}

Write 00h

i

Write Address

l

Wait for tR Time

Verify Data

4 poyan

CProgram 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.

ELECTRONICS
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NAND Flash Technical Notes
Figure 12. Flash Erase Flow Chart

Figure 13. Flash Read Flow Chart

( Start > C Start )

v v
Write 60h Write 00h
v |

Write Block Address Write Address
Write DOh Read Data
v I

Read Status Register

ECC Generation

DQ6=17

orRIB=17? Reclaim the Error

@age Read Complete@

Erase Error

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

Figure 14. Flash Block Replacement

Buffer error occurs
memory
Page a
[~ N When the error happens with page "a" of Block "A", try
Block A to write the data into another Block "B" from an exter-
nal buffer. Then, prevent further system access to
Block "A" (by creating a "invalid block" table or other
b appropriate scheme.)

Block B
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NAND Flash Technical Notes

Pointer Operation of NAND Flash

Samsung NAND Flash has three address pointer commands as a substitute for the two most significant column addresses. 00h’
command sets the pointer to A'area(0~255byte), 01h’command sets the pointer to B’area(256~511byte), and 50h’command sets

the pointer to C’ area(512~527byte). With these commands, the starting column address can be set to any of a whole

page(0~527byte). 00h’or 50h’is sustained until another address pointer command is inputted. 01h’command, however, is effec -
tive only for one operation. After any operation of Read, Program, Erase, Reset, Power_Up is executed once with 01h’command,

the address pointer returns to A'area by itself. To program data starting from A’or C’area, 00h’or 50h’command must be

input-

ted before 80h’command is written. A complete read operation prior to 80h’command is not necessary. To program data starting
from B’area, 01h’command must be inputted right before 80h’command is written.

Table 6. Destination of the pointer

Command Pointer position Area
00h 0 ~ 255 byte 1st half array(A)
01lh 256 ~ 511 byte 2nd half array(B)
50h 512 ~ 527 byte spare array(C)

(1) Command input sequence for programming A’area

| Address / Data input

,

‘OOh { 8oh } J { 10h }

AB,C’area can be programmed.
It depends on how many data are inputted.

N

(2) Command input sequence for programming B’area

"A" area "B" area "C" area
(00h plane) (01h plane) | (50h plane)
256 Byte 256 Byte 16 Byte
o [ v [ e |

Pointer select\T

commnad <«—> Pointer

(00h, 01h, 50h)
Figure 15. Block Diagram of Point

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

Internal
Page Register

er Operation

Address / Data input

\4

;0(7)h/: { 8oh ) J { 10h }

00h’command can be omitted.

The address pointer is set to B'area(256~512), and will be reset to

| Address / Data input

A’area after every program operation is executed.

,

0lh \ 80h ) \ 10h )

B, C’area can be programmed.
It depends on how many data are inputted.

(3) Command input sequence for programming C’area

. The address pointer is set to C'area(512~527), and sustained
(;

| Address / Data input

,

50h { 8oh } { 10h }

Only C’area can be programmed.

N

Address / Data input

\4

“on —— (GG

01h’command must be rewritten before
every program operation

Address / Data input

\4

o G —(on)

50h’command can be omitted.

ELECTRONICS
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NAND Flash Tec_hnical Notes

System Interface Using CE dont-care.

For an easier system interface, CE may be inactive during data-loading or sequential data-reading as shown below. The internal
528byte 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 saving in power consumption.

Figure 16. Program Operation with CE dont-care.

CLE
CE dont-care

& L O00CHAAO0C 1000

1/00~7 Start Add.(3Cycle) Data Input )—C Data Input

(Min. 10ns) (Max. 45ns)
tcs

« > tcH <«—1tCEA —»f

o e /

J— tREA >
e L LN < E— RE
WE /'

1/00~7

out
Figure 17. Read Operation with CE dont-care. /
CLE

CE dont-care

e 1L [000] If'ﬂﬂ‘\:ﬂﬂﬂﬂﬂﬂﬂl—l

RE . ,'l |_| |_|
ALE

R/IB l:tR:’I
WE

1/00~7 ( Data Output(sequential) )
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Unit
VIN, VouT -0.2 to (Vccf,Vecu)+ 0.3 \%
Voltage on any pin relative to Vss Vcct, Veeu -0.2to0 3.6V \Y
VeeQf -0.2to 3.6V oc
Temperature Under Bias TBIAS -25to0 + 85
Storage Temperature TsTG -65 to + 150 °C

NOTE :

1. Minimum DC voltage is -0.2V on input/output pins. During transitions, this level may undershoot to -2.0V for periods <30ns.

Maximum DC voltage on input/output pins is Vccq+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 70°C)

Parameter Symbol Min Typ. Max Unit
Supply Voltage Vcct, Vecu 2.7 3.0 3.3 \%
Supply Voltage Veeqf 2.7 3.0 3.3 \%
Supply Voltage Vss 0 0 0 \Y

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

Parameter Symbol Test Conditions Min Max Unit
Vccet,Vecu=VcciMax., VeccuMax.
Input Leakage Current ILi - +10 mA
Vcceqf=VceqofMax.,ViN=VccqQf or GND
Vccet,Vecu=VcciMax., VccuMax.
Output Leakage Current Lo - +10 mA
Vcceof=VccqoMax.,ViN=VccqQf or GND
Input Low Voltage Level, All inputs ViL -0.4 0.4
Input High Voltage Level VIH VceQf-0.4 | VeeQf+0.4
Output Low Voltage Level Vccf=Vceef Min, Vecu=Vccu Min
VoL - 0.4 \%
loL=0.1mA
) Vecf=Veef Min, Vecu=Vccu Min.
Output High Voltage Level VoH loH = -0.1mA VceQf-0.3 -

ELECTRONICS
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DC AND OPERATING CHARACTERISTICS(Continued)

Parameter Symbol Test Conditions Typ Max Unit
Active Sequential Read tRC=50ns,CEf=ViL, lout=0mA
Currnt leclf Vccef=VcctMax,Vecf=VccofMax 10 20 mA
Flash Active Program Current Icc2f Vcct=VccetMax,Veef=VccofMax 10 20 mA
Active Erase Current lcc3f Vcct=VcetMax,Vecgf=VccoMax 10 20 mA
Stand_by Current Ise2f | CEf=VceQf, WP=0V/Vccot 10 50 m
Cycle time=1ms, 100% duty, lo=0mA,
lcclu | CSu£0.2V, 2 5 mA
0perating Current Z73Vcceu-0.2V, VINEOD.2V or VIN3 Vccu-0.2V
Cycle time=Min, 100% duty, 1l0=0mA, CSu=Vi,
UtRAM lcc2u ZZ=VH , VIN=VIL or VIH 18 25 mA
CSu3 Veeu-0.2V, ZZ3 Veeu-0.2V,
Stand_by Current(CMOS) IsB2u Other inputs =0~Vccu 120 150 mA
Deep Power Down IsBD ZZ£0.2V, Other input =0~Vccu 5 20 mA
Standby Mode State Machines(UtRAM)
;_Zs_z\\//u_, UB or/and LB=ViL Standby
CS=VH B / Mode
Initial State . CS=VH
: > =2 —
Power On —> { (\ait 200ms) ZZ=ViH ZZ=ViL
Read Operation(8 times) _
ZZ=VL
Deep Power
— — Down Mode
CS=VIH, ZZ=VH
Standby Mode Characteristic(UtRAM)
Power Mode Memory Cell Data Standby Current(mA) Wait Time(ns)
Standby Valid 250 0
Deep Power Down Invaild 20 200
CAPACITANCE (Ta=25°C, Vcc = 3.0V, f = 1.0MHz)
Item Symbol Test Condition Min Max Unit
Input/Output Capacitance CbQ ViL=0V - 20 pF
Input Capacitance CiN VIN=0V - 18 pF
Note : Capacitance is periodically sampled and not 100% tested.
VALID BLOCK OF FLASH MEMORY (FLASH)
Parameter Symbol Min Typ. Max Unit
Valid Block Number Nvs 1014 1020 1024 Blocks

NOTE :

1. The Flash memory may include invalid blocks when first shipped. Additional invalid blocks may develop while being used. The number of valid
blocks is presented with both cases of invalid blocks considered. Invalid blocks are defined as blocks that contain one or more bad bits. Do not try to

access these invalid blocks for program and erase. Refer to the attached technical notes for a appropriate management of invalid blocks.

N

. The 1st block, which is placed on 00h block address, is guaranteed to be a valid block.

-17 -
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Input / Output Reference Waveform

Test Point

4>< VeeQf
2

VeeQf
VeeQf Input & Output
2 ><
ov

Test Configuration

Device

<
o
o
O

/\/\/%/\/—+
a

O Out

Under Test

CL

.|}—H—¢»

A
N

=AM —4—

Test Configuration CL (pF) R1(Ohm) R2(Ohm)
2.7V - 3.3V Standard Test 50 25K 25K
Note : Cuincludes jig capacitance.
18- Revision 0.3
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Flash Program/Erase Characteristics(vcc=2.7~3.3V, Ta=-25 to 85°C)

Parameter Symbol Min Typ Max Unit
Program Time tPROG - 300 600 s
Number of Partial Program Cycles Main Array Nop - - cycles
in the Same Page Spare Array - - cycles
Block Erase Time tBERS - 2 4 ms

Flash AC Timing Characteristics for Command / Address / Data Input(vcc=2.7~3.3v, Ta=-25 to 85°C)

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 50 - ns
WE High Hold Time twH 15 - ns

Flash AC Characteristics for Operation(vce=2.7~3.3V, Ta=-25 to 85°C)
Parameter Symbol Min Max Unit

Data Transfer from Cell to Register tR - 10 s
ALE to RE Delay( ID read ) tARL 20 - ns
ALE to RE Delay(Read cycle) tAR2 50 - ns
CE Access Time tCEA - 45 ns
Ready to RE Low tRR 20 - ns
RE Pulse Width tRP 30 - ns
WE High to Busy twa - 100 ns
Read Cycle Time tRC 50 - ns
RE Access Time tREA - 35 ns
RE High to Output Hi-Z tRHZ 15 30 ns
CE High to Output Hi-Z tcHz - 20 ns
RE High Hold Time tREH 15 - ns
Output Hi-Z to RE Low tirR 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

ELECTRONICS
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* Flash Command Latch Cycle

CLE /E
tcLs»>

_ tcs—>

= N

<*’[CLH*iﬁ

FtCH—}/

_ ———tWp—>
WE \ /
tALS> ——tALH—>
ALE \F /
tDS—>—tDH
DQo~7 Command

* Flash Address Latch Cycle

«—tCLS—>
CLE \

_ —\<—tcs*>
CE

«———tWC——>¢——tWC—>

_ «—tWP —» ——————\ [«—tWP—y—— etwpﬁ»/
WE : : ] 1
\—L—tWH*»\—L—t\NH*»\—
tALH  tALS tALH  tALS
{ALS> <—>‘ r—» <—>‘ r—» <«—tALH
Y]
tDH {DH tDH
{DS»<—> tDS> {DS»<—>
DQo~7 Ao~A7 A9~A1s L >{A17~A22
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* Flash Input Data Latch Cycle

CLE

ALE

DQo~7

<7'[CLH*}V

F'[CH*%V

—\{tALsﬁN—t\NCH

tDH
<>

DIN 511

* Flash Sequential Out Cycle after Read(CLE=L, WE=H, ALE=L)

DQo~7

R/B

tRR—>

Dout

e tRC——>

N
)

tREH> %

tREA tREA tREA tcHz
\<—> <>
tRHZ*
tRHZ*

Dout

~_—

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

ELECTRONICS

-21 -

Revision 0.3
June. 2001



K5Q6432YCM - T010

* Flash Status Read Cycle

\<—t(:|_s*>
CLE /E \
tCLS>
tcLH
tcs
o [\ /
tcH
_ \etWP» /
WE
\ / «————1{CEA —> N
tcHzr
«————tWHR——>
RE \
(S
tDH tREA
VtDS»H \J<—t|R > > RAZ*
DQo~7 \ 70h A Status Output

FLASH READ1 OPERATION(READ ONE PAGE)

CLE J—\

twc qtgHz
we ‘HﬂI\J
twB
<>
‘ tAR2
ALE \ / w
tRHZ
R tRC—>|
RE
tRR_»
DQO~7 >€Oh or 019< Ao ~ A7 ><A9 ~ A1e %17 ~ A23 Dout N>—é0ut N+>—é0ut N+%—<D0ut N+%—<i>—<l)ou§>—
Column Page(Row) '
Address Address
R/B Busy
S0 Revision 0.3
June. 2001
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FLASH READ2 OPERATION(READ ONE PAGE)

CLE / \
E\
v o/ /U

WE R

«twB

{AR2 —>,
ALE / wjgggi I

[tRR—>
— \ [a)
RE W
[ Dout Dout
DQo ~7 X Ao ~ A7XA9 ~ A1 NA17 ~ A22 \ 511+M 11+M+7 A Dout 52

vl

N

R/B \‘ 7/ Selected —»

M Address Ao~ As :valid Address Row
A4 ~ A7 :Dont care

>
512 16

¢Start
address M

FLASH PAGE PROGRAM OPERATION

A

CLE _/_\ /
N\

twc twe —» twe >

dpC

\/

tWB—><«tPROG>|

ALE / \
= a
DQ() ~7 :>< 80h><:>< Ao ~ A7\ Ag ~ Al%l? ~ A2> @.@*@ 10h 70h ‘@

Sequential Data Column 1 up to 528 Byte Data Program Read Status T

Page(Row)
Address

RIB \ /

Input Command Address Sequential Input Command Command

| |
DQo=0 Successful Program
DQo=1 Error in Program

Revision 0.3
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FLASH BLOCK ERASE OPERATION(ERASE ONE BLOCK)

CLE /_\ / \ / \/ \
CA

<«twcC

E]

—
—
—

«—tWB——><«—{BERS—>|
ALE 4/—\ / \
RE \ / \__/
\ [ \ [ \
DOo~7 60h Ao ~ A6 AA17 ~ A22 DOh \ 70h DQO
Q X A X \—/X A / A_/ \_A_/
Page(Row)
Address
R/B \ Busy /
Auto Block Erase DQ0=0 Successful Erase
Setup Command Erase Command Read Status  DQO0=1 Error in Erase
Command
FLASH MANUFACTURE & DEVICE ID READ OPERATION
ce  _/ \
CE \
we \_/ \_/
ALE / \
RE E}J \_/
tREA
DQo ~ 7 90h { ooh ) { ECh E6h
Read ID Command Address 1st Cycle Maker Code Device Code
_24.- Revision 0.3
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UtRAM AC CHARACTERISTICS(vce=2.7~3.3V, Ta=-25 to 85°C)

Speed Bins
Parameter List Symbol 100nsY 100ns2 Units
Min Max Min Max
Read Cycle Time tRC 100 - 100 - ns
Address Access Time taa - 100 - 100 ns
Chip Select to Output tco - 100 - 100 ns
Output Enable to Valid Output toE - 50 - 50 ns
UB, LB Access Time tBA - 100 - 100 ns
Read C_hipielect to Low-Z Output tLz 10 - 10 - ns
UB, LB Enable to Low-Z Output tBLz 10 - 10 - ns
Output Enable to Low-Z Output toLz 5 - 5 - ns
Chip Disable to High-Z Output tHz 0 25 0 25 ns
UB, LB Disable to High-Z Output tBHz 0 25 0 25 ns
Output Disable to High-Z Output toHz 0 25 0 25 ns
Output Hold from Address Change toH 5 - 5 - ns
Write Cycle Time twe 100 - 110 - ns
Chip Select to End of Write tew 80 - 100 - ns
Address Set-up Time tas 0 - 0 - ns
Address Valid to End of Write taw 80 - 100 - ns
UB, LB Valid to End of Write tew 80 - 100 - ns
Write Write Pulse Width twp 70 - 100 - ns
Write Recovery Time twr - 0 - ns
Write to Output High-Z twHz 30 0 30 ns
Data to Write Time Overlap tow 40 - 40 - ns
Data Hold from Write Time tDH 0 - 0 - ns
End Write to Output Low-Z tow 5 - - ns

1. The characteristics which is restricted for continuous wirte operation over 20 times, please refer to technical note.
2. The characteristics for continuous wirte operation.

ELECTRONICS
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UtRAM TIMING DIAGRAMS

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

Address

Data Out

X X

< tAA >
«—tOH
;ﬁ Data Valid

Previous Data Valid

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

Address

Data out

(READ CYC

tRC1
A toH
< N
. tRC2 —N—ﬂ
¢ tco——> /
N /
tHZ ﬂ
S(itBA—> [
N /
< tBHZ——»]
X<7tOE—>
£
‘ «toLz> \
«tBLZ »L ——tOHZ—— >
—tiz—>
High-z X >< Data Valid —
LE)

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

interconne

ction.

3. The minimum read cycle(tRC) is determined later one of the tRC1 and tRC2.

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

Address

Data in

Data out

< twc
twR(4)
{ tcw(2) «—>
N Vil
< taw >
< tBW »
\ ]
\ /
< twpP(1) »
\ /
le \ /|
tAs@) <«——tbw *PFtDH*J
High-z Data Valid ) High-Z
[———twWHZ—>| F—tow—»

Data Undefined

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

Address

Datain

Data out

A,

/
J S— /
tow(2 >—>
tAS(3) tAW( ) »| WR(4)
XE tBW :/

o tWP())——————»

N

/

tDW ——»«—tDH —>|
>£ Data Valid >k

High-Z

High-Z

ELECTRONICS
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TIMING WAVEFORM OF WRITE CYCLE(3)(UB, LB Controlled, ZZ=Vix)

twc
Address >< ><
tWR(4)

tcw(2)
= \ /

taw >
- - tBW >
UB, LB 31\ Y

tAS(3)>
twP(1)
WE \\ 71
tDW ——><—tDH —>

Data in >E Data Valid *
Data out High-Z High-Z

(WRITE CYCLE)

1. A write occurs during the overlap(twe) of low CS and low WE. 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 twe 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. o

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

TIMING WAVEFORM OF DEEP POWER DOWN MODE

Read Operation Twice or Stay High during 300rs

Normal Operation Normal Operation

MODE
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TIMING WAVEFORM OF POWER UP(1)

200mrs

Read Operation Twice

))
L\

»'
»

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

20018

Y
A

3001rs

_v

))
L\

L\

ELECTRONICS
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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 to the UtRAM is its high speed and low power. This
speed comes from the use of many small blocks, often just
32Kbits each, to create UtRAM arrays. The small blocks have
short word lines with little capacitance, eliminating a major
source of operating current 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 perform a
complete read operation in every tRC, but UURAM needs power
up sequence like a 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.

_ CS=ViL, UB or/and LB=ViL
CS=VH ZZ=VIH

Initial State
Power On — . —> i
W (Wait 200nE) Active

Read Operation(2 times)

Figure 1.

Over 4us

DESIGN ACHIEVES SRAM SPECIFIC
OPERATIONS

The UtRAM design works just like an SRAM, with no wait
states or other overhead for precharging or refreshing its inter-
nal DRAM cells. SAMSUNG Electronics(SAMSUNG) hides
these operations with advanced design. Precharging takes
place during every access, overlapped with 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 a internal refresh controller for
devices. When all accesses during a refresh interval are
directed to one macro-cell, as can happen in signal processing
applications, a more sophisticated approach is required to hide
refresh. The pseudo SRAM, sometimes used on these applica-
tions, which is required a memory controller that can hold off
accesses when a refresh operation is needed. SAMSUNG
unique qualitative advantage over these parts(in addition to
quantitative improvements in access speed and power con-
sumption) is that the UtRAM never needs 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 are show you a abonormal timing which is
not supported on UtRAM and their solution.

At read operation, if your system have a timing which sustain
invalid states over 4us at read mode like Figure 1. There are
some guide line for proper operation of UtRAM.

When your system have multiple invalid address signal shorter
than tRC on the timing which showed in Figure 1, UtRAM need
a normal read timing during that cycle(Figure 2) or toggle the
CS to high'about tRC(Figure 3).

y

Less than tRC
vy o

Address:>< X

X

X X X X

Figure 2.

Over 4us

Put on read operation every 4us

)

Address
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Figure 3. toggle CSto high every 4us
Over 4us RN
. 1RC
cs : Jﬁ + ;
Address

Write operation have similar restricted operation with Read. If
your system have a timing which sustain invalid states over 4us
at write mode and system have continuous write signal with Min.
tWC over 4us like Figure 4.

Figure 4.

Over 4us

_You must put read timing on the cycle(Figure 5) or toggle the
CS to high about tRC(Figure 6).

twP

e TN\

Address X X

>
twcC

Figure 5.

Over 4us

e U

Address X X

M

twC

Figure 6.

Over 4us

toggle CSto high every 4us

>|
>

N\ \ /‘ﬁtwp)(_\

Address X X

>
twC
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PACKAGE DIMENSION

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

8.00:0.10

'y

v

A

#AL /

Bottom View

8.00:0.10

< >—(A]
0.80 x9=7.20
N 0.80 ]
M10987“'E432L B]
A ‘ A
® o ®
P 000000 O
OXOXO) O‘O OXOXO)
. OO0 O‘O OO0 8] ]
& Eff OOOO0 , O0O0® 557 ¢
5 Fl 0000 | coo®—{*§ s
s/s| 00000000 S| 9
®| H ojojolollojolele
J 000000
/ﬁg 00 ]
_ v | v
360
69-/£0.45:0.05
[Pl £0.20@[A[B]
0.45¢0.05>
000000001 - =K

13.00=0.10
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