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1.0 INTRODUCTION

1.1 General Description

Offered in 512Mx8bit, the KOF4GOBUOF is a 4G-bit NAND Flash Memory with spare 128M-bit. The device is offered in 3.3V V. Its NAND cell provides
the most cost-effective solution for the solid state application market. A program operation can be performed in typical 400us on the (2K+64)Byte page
and an erase operation can be performed in typical 4.5ms on a (128K+4K)Byte block. Data in the data register can be read out at 25ns cycle time per
Byte. The I/O pins serve as the ports for address and data input/output as well as command input. The on-chip write controller automates all program and
erase functions including pulse repetition, where required, and internal verification and margining of data. The K9F4G0O8UOF is an optimum solution for
large nonvolatile storage applications such as solid state file storage and other portable applications requiring non-volatility.

1.2 Features

« \oltage Supply e Command/Address/Data Multiplexed 1/0 Port
-Vee 1 3.3V(2.7V ~ 3.6V) ¢ Hardware Data Protection
« Organization - Program/Erase Lockout During Power Transitions
- Memory Cell Array : (512M + 16M) x 8bit e Command Register Operation
- Page Size : (2K + 64)Byte » Unique ID for Copyright Protection
- Data Register : (2K + 64) x 8bit * Package :
- Block Size : (128K+4K) Byte - K9F4GOBUOF-SXYBO : Pb-Free, Halogen-Free Package
* Automatic Program and Erase 48 - Pin TSOP1 (12 x 20/0.5 mm pitch)
- Page Program : (2K + 64)Byte - K9K8GOBUOF-SxYBO : Pb-Free, Halogen-Free Package
- Block Erase : (128K + 4K)Byte 48 - Pin TSOP1 (12 x 20/0.5 mm pitch)

* Page Read Operation
- Random Read : 25us(Max.)
- Serial Access : 25ns(Min.)

- KOWAGO8U1F-SXYBO : Pb-Free, Halogen-Free Package
48 - Pin TSOP1 (12 x 20/0.5 mm pitch)

- Data Transfer Rate : SDR 20Mhz(40Mbps) - KOF4G08UOF-5xYBO0 : Pb-Free, Halogen-Free Package
« Fast Write Cycle Time 63 - FBGA (9 x 11 /0.8 mm pitch)
- Page Program time : 400us(Typ.) - K9KBGOBUOF-5xYB0 : Pb-Free, Halogen-Free Package
- Block Erase Time : 4.5ms(Typ.) 63 - FBGA (9 x 11/ 0.8 mm pitch)
NOTE :
1) C : Commercial
I : Industrial

F : Automotive - Grade3
H : Automotive - Grade2

1.3 Product List

Part Number Density Organization Vce Range PKG Type
K9F4G0O8UOF 4Gb
K9K8GO8UOF 8Gb x8 2.7V ~ 3.6V TSOP1
K9WAGO8U1F 16Gb
K9F4GO08UOF 4Gb

x8 2.7V ~ 3.6V 63 FBGA
K9K8GO8UOF 8Gb
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1.4 Pin Configuration (TSOP1)

K9F4G08UOF-SxBO
K9K8G0O8UOF-SxBO

NC 1 48— N.C
NC 2 47 = N.C
NC — 3 46 = N.C
NC ] 4 45— N.C
NC =5 44 = 1j07
NC 6 43 = 1/06
RBL — 7 42 /= 1/05
RE — 8 . 41 = /04
CEL1 o 48-pin TSOP1 0= NC
N.C 10 39— N.C
NS 31 Standard Type wE e
Vee 12 12mm x 20mm 37 =3 Vvce
Vss [ 13 36 — Vss
NC 14 35— N.C
N.C =15 34 = N.C
CLE 16 33— N.C
ALE 17 32— /03
WE 18 31— /02
WP 19 30 = 101
N.C =20 29 F= /00
NC 21 28 = N.C
NC 22 27 NC
N.C 23 26 = N.C
N.C 24 25 = N.C
1.4.1 Package Dimensions
48-PIN LEAD FREE PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(l)
48 - TSOP1 - 1220AF| Unit :mm/Inch
B3
s
20.00=0.20 <
0.787+0.008 9 S
€ > Slo
\ d
53 _——— ‘ v
£ #1 3 #48 4 |
i =| O = 7y
=} [= = = —_
v =] = &‘g
ﬁﬁf:l: —— <
T — ] ~
2585 = =
S’j ?Og = ——] X
- 8 =] — < ol
el g = = o§co S5
‘ = == :‘g 83
4 = = — —lo
=] —
=] —
Y =] —
= ==
| ——
o5 = — -]
frole == -
o2 =] —
=) #24 = 1 #05 v
1.00=0.05 0.05
0.039:002 | 0.002MN
o 1.20
18.40:010 58394 0.047MAX
0.724+0.004 N $2gs ) <« >
> wl e
N W
- 9
\ ©° 3
0.45~0.75 0.50 )
0.018~0.030 e > 0.020
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1.5 Pin Configuration (TSOP1)

KOWAGO8U1F-SxB0

NC =10 48— N.C
NC = 2 473 N.C
NC 3 46— N.C
NC 4 45— N.C
NC 5 44 33 /07
RB2 T 6 43 /06
RB1L — 7 42 =1 /05
RE ] 8 . 41 = /04
CE1 — 9 48-p|n TSOP1 40 NC
CE2 10 39— N.C
Ne — 1 Standard Type wE NG
Vee 12 12mm X 20mm 37 /43 Vce
Vss [ 13 36— Vss
NC 14 35 N.C
NC =15 34 = N.C
CLE 16 333 N.C
ALE 17 324 /03
WE C— 18 31 102
WP C— 19 30 = 101
N.C 20 29 =3 1/00
NC 21 28 = N.C
NC 22 273 N.C
N.C 23 26 = N.C
NC 24 25— N.C
1.5.1 Package Dimensions
48-PIN LEAD FREE PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(l)
48 - TSOP1 - 12208F| Unit :mm
<
<
=
20.00:0.20 3
> o
r =
o
;3 #1 = =] A l
1 e O —— #48
o = m— - —_
=] — 0
e~ 1 [N
= —] o
= — 1 ~
~ o = —
a9 =] ——
o =] —— <
=1 =] — < S
IS} == — = S
v = ——] [
—— ~
=] — =
=] ——
=] ——
Y =] —
B S = =
== —
o =] ——
s} =] —
1=} S= —
#24 1 #25
1.05+0.03 0.02 MIN
< 2 1.20 MAX
N 18.40:0.10 39 >
7o) < > ¥ o
N [Te)
o 3
\ =}
0.45~0.75 le . (050)
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1.6 Pin Configuration (FBGA)

K9F4G08UOF-5xB0

1 23456789 10
AlO O O O
N.C N.C N.C N.C
B O
c N.C O O N.C N.C
WP ALE Vss /CE /WE R/B
5 O000 0O
NC /RE CLE NC NC NC
c 000000
NC NC NC NC NC NC
. 556608608
NC NC NC NC NC NC
. O 000 O
NC NC NC NC NC NC
. 600000
NC 1/00 NC NC NC Vce
S ol oeNeNoNe
NC /01 NC Vcc /05 1/07
K Vss 1/02 1/03 1/04 1/06 Vss
L O
N.C N.C N.C N.C
M N.C N.C N.C N.C
1.7 Package Dimensions
63-Ball FBGA (measured in millimeters)
X
<
=
9 9.00:0.10 A
e < (0801 9= 7'23060 > #AL INDEX MARK
; Yy <« : > —
« 900:010 > > 080, 040 B8]
| o 10 9 87 65432 1 ¢ i
! A ‘ j A
\‘ ‘ D Al O O ‘ (ONO) '
B OO | o
| aums) 000000 .
| D 000000 3g
| o el 000000 g =
| - R Fle. 000000 | < s
| g G O0000O0 2 g 8
| . H 000000 g ™
| D J OO O;O (ON©) 5
| D K O O @“Q O O 2‘
| D L| OO /S OO0
‘ ‘\ M O O ) / ‘ :\\\ O O % Y
: . 032:0.05 (Datum A)
/ \ (Datum
> <0:90:0.10 63-000.45£0.05 | R
[ TOPVIEW ) | SIDEVIEW ) (BOTTOM VIEW )
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1.8 Pin Descriptions

[Table 1] Pin Descriptions

Pin Name Pin Function

DATA INPUTS/OUTPUTS

1/00 ~ /07 The 1/0O pins are used to input command, address and data, and to output data during read operations. The 1/O pins float to
high-z when the chip is deselected or when the outputs are disabled.

COMMAND LATCH ENABLE

CLE The CLE input controls the activating path for commands sent to the command register. When active high, commands are
latched into the command register through the 1/O ports on the rising edge of the WE signal.

ADDRESS LATCH ENABLE

ALE The ALE input controls the activating path for address to the internal address registers. Addresses are latched on the rising
edge of WE with ALE high.

- CHIP ENABLE -

CE The CE input is the device selection control. When the device is in the Busy state, CE high is ignored, and the device does not

return to standby mode in program or erase operation.

. READ ENABLE

RE The RE input is the serial data-out control, and when active drives the data onto the I/O bus. Data is valid tREA after the falling
edge of RE which also increments the internal column address counter by one.

WRITE ENABLE _

The WE input controls writes to the I/O port. Commands, address and data are latched on the rising edge of the WE pulse.
WRITE PROTECT

WP The WP pin provides inadvertent program/erase protection during power transitions. The internal high voltage generator is
reset when the WP pin is active low.

READY/BUSY OUTPUT

The R/B output indicates the status of the device operation. When low, it indicates that a program, erase or random read oper-

R/B ation is in process and returns to high state upon completion. It is an open drain output and does not float to high-z condition
when the chip is deselected or when outputs are disabled.
v POWER
cc Ve is the power supply for device.
Vss GROUND
N/C NO CONNECTION

NOTE :
Connect all V¢ and Vgg pins of each device to common power supply outputs.
Do not leave V¢ or Vgg disconnected.

. SAMSUNG
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Vee —»
4,096M + 128M bit
A12 - A2g X-Buffers NAND Flash
>  Latches ARRAY
& Decoders | (2,048 + 64)Byte x 262,144
Ao-All \L(-Burf]fers
> atches Data Register & S/A
& Decoders
T R Y-Gating
Command | ECC Logic |
» Command ¢
Register »J
— 3 I/0 Buffers & Latches | — Vce
A A VSS
CE » Control Logic |— v v 4 f
RE » & High Voltage /00
WE »  Generator » Global Buffers Output g 5 "9
Driver °
A A [ J
107
CLE ALE wp
Figure 1. K9F4GO8UOF Functional Block Diagram
256K Pages
(=4,096 Blocks)
1 Block = 64 Pages
(128K + 4K) Bytes
1 Page = (2K + 64)Bytes
1 Block = (2K + 64)B x 64 Pages
\ & = (128K + 4K) Bytes
3 bit 1 Device = (2K+64)B x 64Pages x 4,096 Blocks
A A = 4,224 Mbits
Page Register | / Page Register [ % 0-lo7
2K Bytes 64 Bytes
Figure 2. K9F4GO08UOF Array Organization
/00 /01 1/10 2 /03 /10 4 /105 110 6 1107
1st Cycle Ao A1 A2 A3 A4 As As A7
Column Address
2nd Cycle As A9 A10 A1 *L *L *L *L
3rd Cycle A12 A13 A14 A1s A6 A17 A1s A19 Row Address :

Page Address : A12 ~ A17
4th Cycle A20 A21 A22 A23 A24 A2s A26 A27 Plane Address - Aig
5th Cycle A2s A29 **A30 *L *L *L *L *L Block Address : A19 ~ A29

NOTE :

Column Address : Starting Address of the Register.

* L must be set to "Low".
* The device ignores any additional input of address cycles than required.

**A30 is used for DDP with a single CE.
**Az0 must be set to "Low" for SDP.

-10 -
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2.0 PRODUCT INTRODUCTION

NAND Flash Memory has addresses multiplexed into 8 1/Os. This scheme dramatically reduces pin counts and allows system upgrades to future densities
by maintaining consistency in system board design. Command, address and data are all written through 1/O's by bringing WE to low while CE is low.
Those are 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 I/O pins. Some commands require one bus cycle. For example, Reset Command, Read Status Command, etc require just one cycle
bus. Some other commands, like page read and block erase and page program, require two cycles: one cycle for setup and the other cycle for execution.
The 528M byte physical space requires 30 addresses, thereby requiring five cycles for addressing : 2 cycles of column address, 3 cycles of row address,
in that order. Page Read and Page Program need the same five address cycles following the required command input. In Block Erase operation, however,
only the three row address cycles are used. Device operations are selected by writing specific commands into the command register. Table 2 defines the
specific commands of the K9F4GO8UOF.

In addition to the enhanced architecture and interface, the device incorporates copy-back program feature from one page to another page without need
for transporting the data to and from the external buffer memory.

[Table 2] Command Sets

Function 1st Cycle 2nd Cycle Acceptable Command during Busy
Read 00h 30h
Read for Copy-Back 00h 35h
Read ID 90h -
Reset FFh - (0]
Page Program 80h 10h
Two-Plane Page Program? 80h---11h 81h---10h
Copy-Back Program 85h 10h
Two-Plane Copy-Back Program? 85h---11h 81h---10h
Block Erase 60h DOh
Two-Plane Block Erase 60h---60h DOh
Random Data Input? 85h -
Random Data Output? 05h EOh
Read Status 70h (0]
ECC Read Status 7Ah
Chip1 Status® Fih 0
Chip2 Status® F2h 0

NOTE :
1) Random Data Input/Output can be executed in a page.
2) Any command between 11h and 81h is prohibited except 70h and FFh.
3) Interleave-operation between two chips is allowed.
It's prohibited to use F1h and F2h commands for other operations except interleave-operation.

Caution :
Any undefined command inputs are prohibited except for above command set of Table 2.
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2.1 Valid Block

[Table 3] The Number of Valid Block per aCE

Parameter Symbol Min Typ. Max Unit
K9F4G0O8UOF 4,016 4,096
K9K8GO8UOF Nvs 8,032 - 8,192 Blocks
KOWAGO8U1F 16,064 16,384

NOTE :

1) The device may include initial 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 erase or program factory-marked bad blocks. Refer to the

attached technical notes for appropriate management of invalid blocks.

2) The number of valid block is on the basis of single plane operations, and this may be decreased with two plane operations.

2.2 Absolute Maximum DC Ratings

[Table 4] Absolute Maximum Ratings

Parameter Symbol Rating Unit
Vee -0.6 to +4.6
Voltage on any pin relative to Vgg N -0.6 to +4.6 \%
Viio -0.6 to Vcc + 0.3 (< 4.6V)
Temperature Under Bias K9xxG08UxXF-SCBO Toins -10 to +125 oc
K9xxG0O8UxF-SxBO0 -40 to +125
Storage Temperature Tste -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 Vc¢+0.3V which, during transitions, may overshoot to Vc+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.

2.3 Recommended Operating Conditions

[Table 5] Recommended Operating Conditions

K9F4G08UOF
Parameter Symbol : Unit
Min Typ. Max
Power Supply Voltage Vee 2.7 3.3 3.6 \%
Ground Supply Voltage Vss 0 0 0 \%

NOTE :

Voltage reference to GND,

K9xXGO8UXF-SCBO0:T5= 0 to 70°C, K9xxGO8UXF-SIB0:T5= -40 to 85°C, K9xxGO8UXF-SFB0:T»=-40 to 85°CY), K9xxGO8UXF-SHBO : Tp=-40to 105°ct)
1) Refer to AEC Q100 spec for detailed information regarding temperature measurement.
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2.4 DC Operating Characteristics

[Table 6] DC & Operating Characteristics

Parameter Symbol Test Conditions Min Typ Max Unit
Page Read tRC=50ns
. lccl —-— R
Access Operation Current ce CE=V|., loyt=0mA 15 30
Program Operation Current lcc2 - - 15 30 mA
Erase Operation Current lce3 - - 15 30
Stand-by Current (TTL) Isgl  |CE=V}y, WP=PRE=0V/Vc ] ] 1
Stand-by Current (CMOS) lsg2  |CE=Vc-0.2, WP=PRE=0V/V(( . 10 70
Input Leakage Current I ViN=0 to Vc(max) - - +10 uA
Output Leakage Current Lo Vout=0 to Vec(max) - - +10
Input High Voltage VivY - 0.8x Ve - Ve +0.3
Input Low Voltage, All inputs V”_l) - -0.3 - 0.2xVce v
Output High Voltage Level VoH K9F4GO08UOF:1g=-400pA 2.4 - -
Output Low Voltage Level VoL K9F4GO08UOF:Ig =2.1mA - - 0.4
Output Low Current (R/B) IOL(R/§) K9F4GO08UOF:V, =0.4V 8 10 - mA
NOTE :
1) V). can undershoot to -0.4V and V), can overshoot to V¢ + 0.4V for durations of 20ns or less.
2) Typical value is measured at Vc=3.3V, Tp=25°C. Not 100% tested.
3) Table 6 applies to only one chip.
. — o — —
2.5 Input / Output Capacitance (T5=25°C, V¢=3.3V, f=1.0Mh2)
[Table 7] Input/ Output Capacitance
Item Symbol Test Condition Min Max Unit
Cio Vi =0V - 8 pF
Input/Output Capacitance
Cio(W)? Vi=ov - 5 PF
_ Cin Vin=0v - 8 pF
Input Capacitance
Cin(w)? ViN=0V - 5 pF
NOTE :
1) Capacitance is periodically sampled and not 100% tested.
2) Co(W)* and C;\(W)* are tested at wafer level.
2.6 AC Test Condition
[Table 8] AC Test Condition
Parameter K9xxGO08UxF
Input Pulse Levels 0V to Ve

Input Rise and Fall Times

5ns

Input and Output Timing Levels

Output Load

1 TTL GATE and C =50pF

MOTE :

K9xxGO8UxF-SCBO:Ta= 0 to 70°C, K9xxG0O8UXF-SIB0:Ta= -40 to 85°C, K9xxGO8UXF-SFB0:T5=-40 to 85°CY), K9xxGO8UxF-SHBO:T=-40 to 105°CY),

K9xxGO8UXF : Vcc=2.7V~3.6V unless otherwise noted.
1) Refer to AEC_Q100 spec for detailed information regarding temperature measurement.

-13 -
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2.7 Read / Program / Erase Characteristics

[Table 9] NAND Read / Program / Erase Characteristics

Parameter Symbol Min Typ Max Unit
Data Transfer from Cell to Register trR - - 25 us
Program Time tPROG - 400 900 us
Dummy Busy Time for Two-Plane Page Program toBsy - 0.5 1 us
Number of Partial Program Cycles Nop - - 4 cycles
Block Erase Time tBERS - 4.5 16 ms
NOTE :
1) Typical value is measured at Vcc=3.3V, Tpy=25°C. Not 100% tested.
2) Typical program time is defined as the time within which more than 50% of the whole pages are programmed at 3.3V Vcc and 25°C temperature.
2.8 ACTiming Parameters Table
[Table 10] AC Timing Characteristics
Parameter Symbol Min Max Unit

CLE Setup Time ters? 12 - ns
CLE Hold Time tCLH 5 - ns
CE Setup Time tesD 20 - ns
CE Hold Time tcH 5 - ns
WE Pulse Width twp 12 - ns
ALE Setup Time tars? 12 - ns
ALE Hold Time tALH 5 - ns
Data Setup Time tos?) 12 - ns
Data Hold Time toH 5 - ns
Write Cycle Time twe 25 - ns
WE High Hold Time twH 10 - ns
Address to Data Loading Time tapL? 70 - ns
ALE to RE Delay tAR 10 - ns
CLE to RE Delay tcLR 10 - ns
Ready to RE Low tRR 20 - ns
RE Pulse Width trRP 12 - ns
WE High to Busy tws - 100 ns
Read Cycle Time tRC 25 - ns
RE Access Time tREA - 20 ns
CE Access Time tcea - 25 ns
RE High to Output Hi-Z tRHZ - 100 ns
CE High to Output Hi-Z tcHz - 30 ns
CE High to ALE, CLE or WE Don't Care tcsb 0 - ns
RE High to Output Hold tRHOH 15 - ns
RE Low to Output Hold tRLOH 5 - ns
Data Hold Time after CE Disable tcoH 15 - ns
RE High Hold Time tREH 10 - ns
Output Hi-Z to RE Low tiR 0 - ns
RE High to WE Low tRHW 100 - ns
WE High to RE Low tWHR 60 - ns
Device Resetting Time (Read/Program/Erase) tRST - 5/10/500% us

NOTE :

1) The transition of the corresponding control pins must occur only once while WE is held low.
2) tADL is the time from the WE rising edge of final address cycle to the WE rising edge of first data cycle.
3) If reset command(FFh) is written at Ready state, the device goes into Busy for maximum 5ps.
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3.0 NAND FLASH TECHNICAL NOTES
3.1 Initial Invalid Block(s)

Initial invalid blocks are defined as blocks that contain one or more initial invalid bits whose reliability is not guaranteed by Samsung. The information
regarding the initial invalid block(s) is called the initial invalid block information. Devices with initial invalid block(s) have the same quality level as devices
with all valid blocks and have the same AC and DC characteristics. An initial invalid block(s) does not affect the performance 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 initial invalid block(s) via
address mapping. The 1st block, which is placed on 00h block address, is guaranteed to be a valid block up to 1K program/erase cycles with 1bit/528Byte
ECC.

3.2 Identifying Initial Invalid Block(s)

All device locations are erased(FFh) except locations where the initial invalid block(s) information is written prior to shipping. The initial invalid block(s)
status is defined by the 1st byte in the spare area. Samsung makes sure that either the 1st or 2nd page of every initial invalid block has non-FFh data at
the column address of 2048. Since the initial 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 initial invalid block(s) based on the original initial invalid block information and cre-
ate the initial invalid block table via the following suggested flow chart(Figure 3). Any intentional erasure of the original initial invalid block information is
prohibited.

Start )

|

Set Block Address =0

Increment Block Address
A

Check "FFh" at the column address 2048
of the 1st and 2nd page in the block

Create (or update) No “Check "EEh"

Initial
Invalid Block(s) Table

Yes

»!

No Last Block?

Yes

" End

Figure 3. Flow Chart to Create Initial Invalid Block Table
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3.3 Error in Write or Read Operation

Within its life time, 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 Read Status failure 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. In case of Read, ECC must be employed. To improve the efficiency of memory space, it is recommended that the read or verifica-
tion 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.

[Table 11] Failure Cases

Failure Mode Detection and Countermeasure sequence
Wit Erase Failure Read Status after Erase --> Block Replacement
rite
Program Failure Read Status after Program --> Block Replacement
Read Single bit Failure Verify ECC -> ECC Correction
ECC : Error Correcting Code

Start

|

Write 80h

A 4

Write Address

l

Write Data

A 4

Write 10h

!

Read Status Register

<

~yoe=1? —_ No

~_OorRB=1?
@ l Yes
//"77 N 0
[ Program Error «——_ 1/00=07

l Yes

N
. 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.

Figure 4. Program Flow Chart
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Erase Flow Chart Read Flow Chart
N - ~
; Start ) Start Y,
v v
Write 60h ‘ Write 00h
v \
‘ Write Block Address Write Address
Write DOh ‘ Write 30h
v {
Read Status Register ‘ Read Data
l< !
v .
T T~ ECC Generation
_— 1oe=1? —~_ No
- OorRB=1?
~_No _
@ lYeS | Reclaim the Error < = Verify ECC
——————_ No ~
[ Erase Error ;n— ~ 100=0? Yes
" ) ) i} ’ ! N
iYes ‘\‘Page Read Completeq )

Erase Completed y.

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

Block Replacement

Block A
1st
0
(n-1)th @
nth —| an error occurs.
(page) Buffer memory of the controller.
Block B / |
1st
0
(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 data in the 1st ~ (n-1)th page to the same location of another free block. (Block 'B’)
* Step3
Then, copy the nth page data of the Block 'A’ in the buffer memory to the nth page of the Block 'B'.
* Step4

Do not erase or program to Block 'A’ by creating an 'invalid block’ table or other appropriate scheme.
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3.4 Addressing for Program Operation

Within a block, the pages must be programmed consecutively from the LSB(least significant bit) page of the block to MSB(most significant bit) pages of
the block. Random page address programming is prohibited. In this case, the definition of LSB page is the LSB among the pages to be programmed.
Therefore, LSB doesn't need to be page 0.

Page 63 (64) Page 63 (64)
Page 31 (32 Page 31 (@)
Page 2 ©)] Page 2 (3)
Page 1 (2 Page 1 (32)
Page 0 (1) Page 0 (2

P

Data register Data register

Ex.) Random page program (Prohibition

From the LSB page to MSB page

DATA IN: Data (1) —» Data (64) DATA IN: Data (1) » Data (64)
[Table 12] Address Information
- DQ DATA ADDRESS
evice
DQx Data In/Out Col. Add1 Col. Add2 Row Add1 Row Add2 Row Add3
K9F4GO08UOF DQO~DQ7 2,112 Byte AO~A7 A8~All Al2~A19 A20~A27 A28~A29

-18 -
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3.5 System Interface Using CE Don’t-Care.

For an easier system interface, CE may be inactive during the data-loading or serial access as shown below. The internal 2,112byte data registers are
utilized as separate buffers for this operation and the system design gets more flexible. In addition, for voice or audio applications which use slow cycle
time in the order of pu-seconds, de-activating CE during the data-loading and serial access would provide significant savings in power consumption.

CLE J)) b)!

N
(( [(4 _ «
CE don't-care

e L [ILIT il ﬂ o] [ L] ]

'

w WMW—LWW

ALE U ! U D R N

[(¢

Data Input Data Input @

/ tcs »e1CH,, \ / —«—tCEA —> \
CE 1 I CE ' /
tREA

. h twp > RE i\ | /
\_ AN /

Figure 5. Program Operation with CE dopA-care

CLE N ’—\ )

[(§ (8
{ CE don't-care

= L[] 000000 E

R_E zz ‘\\\I—‘/I—‘,l U ULI u U u LI
we OO

) )]
R/B “ R h

N

—_— (¢

WE

1/0Ox @ Address(5Cycle) @ Data Output(serial access) }

Figure 6. Read Operation with CE don’t-care
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4.0 FUNCTION DESCRIPTION

4.1 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 Vc is below about 2V(3.3V device). WP pin provides hardware protection and is recommended to be kept at V,,_during power-up and power-
down. A recovery time of minimum 100us is required before internal circuit gets ready for any command sequences as shown in Figure 7. The two step
command sequence for program/erase provides additional software protection.

NOTE :

)

(¢

Don't care

Ready/Busy

5 ms max

Operation

[ |
| LOOps |

yo

Invalid

1) During the initialization, the device consumes a maximum current of 30mA (ICC1).
2) Once Vcc drops under 2.5V, Vcc is recommended that it should be driven down to 0.5V and stay low under 0.5V for at least 1ms before Vcc power up.

4.2 Mode Selection

[Table 13] Mode Selection

/i ]

|
Ik
]

Don't care

Figure 7. AC Waveforms for Power Transition

CLE ALE CE WE RE WP Mode
H L L | 4 H X Command Input
L H L A H X Read Mode Address Input(5cycles)
H L L A H H Command Input
L H L E H H Write Mode Address Inqut)(ScycIes)
L L L A H H Data Input
L L L H v o X Data Output
X X X X H X During Read(Busy)
X X X X X H During Program(Busy)
X X X X X H During Erase(Busy)
X X1 X X X L Write Protect
X X H X X OV/VCCZ) Stand-by
NOTE :
1) X can be V, _or V.

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

-20 -
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4.3 General Timing

4.3.1 Command Latch Cycle

le tCLS S tCLH
CLE
P tCS | tCH
CE
tWP
WE )t
tALS tALH
ALE
le_ DS  DH ]
1/0x >K Command >K
4.3.2 Address Latch Cycle
tCLS
CLE
tCS
. — 4 twc R twe L twe L twe
CE 4 g 4
tWP_ | tWP_ | | twP L twP | twP
WE
/| twH twH N /| wwH N /| twH N
tALS ALK tALS  ALH ) tALS  tALH tALS  tALKH |, tALS TALH |
we f y ) g J

1/0x

tDS Y
.Col. Addl

tDS P
.COI. Add2

tDS g)_li
%ow. Add}

tDS HD_Ii
©

w. Add%

tDS_[tDH
%OW. Add;
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4.3.3 Input Data Latch Cycle

tCLH
N

CLE
({4
tCH
CE j(
J))
C
. twe
ALE
))]
>« ({4
tALS tWH
twp | WP | twp
L > "
WE
|, tDS _|tDH| DS JIDH] | DS |1DH)
[{§
1/0x DIN 0 DIN 1 DIN final

4.3.4 Serial Access Cycle after Read (CLE=L, ﬁ:H, ALE=L)

tRC X cHEZ
CE
))
(€ 1COH
(REA [ tREH _[REA EA {RHZ
E I

tRH) tRHQOH

tRR
R/B J

NOTE :

1) Transition is measured at +200mV from steady state voltage with load.

This parameter is sampled and not 100% tested.
2) tRHOH starts to be valid when frequency is lower than 20Mhz.
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4.3.5 Serial Access Cycle after Read (EDO Type, CLE=L, WE=H, ALE=L)

L tCHZ
CE
N
< > «
tRC
tRP | tREH
- N
—_— «
RE o N
_ REA tREA | . tRHZ .
. tCEA _tRLOH N ) tRHOH -
18
1/0x Dout X Dout B
{t
tRR
N
— 148
R/B
NOTE :
1) Transition is measured at +200mV from steady state voltage with load.
This parameter is sampled and not 100% tested.
2) tRLOH is valid when frequency is higher than 20Mhz.
tRHOH starts to be valid when frequency is lower than 20Mhz.
4.4 Read Status Cycle
e tCLS tCLH tCLR N
CLE
L tCS iC P tCEA N _ tCHZ
CE
tWP _tCOH |
WE L
tRHZ
tWHR IRHOH_
RE
_ tDS  _|iDH| . tIR tREA
1/Ox 70h Status Output —
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4.5 ECC Read Status Cycle

e tCLS CLH |, tCLR .
CLE
L tCS | tCH tCEA N
CE )(
. _tWP tWHR N
WE
RE
tDS tDH | tIR_|tREA REA REA REA
I/ 7ARY Status \ Status \ Status \ Status
o Output / Output / Output / Output
Sector1? Sector2 Sector3 Sector4

R/B /

NOTE :

1) ECC Read Status output should include all 4 sector information.
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4.6 Read Operation

2l
-
=

twe tWB
= /U
A
ALE E / \
(RIRR tRC tRHZ
RE \/ ﬁ / J
)
1/0x X 00h ><:owAdd CowAdd%owAdd%owAdd%owAdd% 30h /DoutN Dout N+ h Dout M
| Busy,|
R/B \
4.7 Read Operation (Intercepted by CE)
1esp

ya IaVal

&\ a)

JCHZ,

tRC

\

R, R m \J

1/0x X 00h ><Co| Add1><CoI Add2><?owAdd Row Add RowAdd3>< 30h /
LColumn Address- ——— Row Address ———!
L

Busy

<Dout N>—éout N+>—<Dout N+p———

R/B

-25-
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4.8 Random Data Output In a Page Operation

ae 0\ a¥a! s\ ]
c\ A\

tWB tRHW tWHR

ALE 4 \ /) / \

tR_{RR. 1RC tREA

RE ﬂj
1/0x >< 00h ><C0| Add1><ColAddz%owAdd%owAdd%owAddX 30h > <Dout N>—éout N+>—< 05h ><CO| Add1><CoI Add2>< EOh Dout M>—éout M+>—

LColumn Address- L—— Row Address —— LColumn Address- T
L L

R/B

[ E

4.9 Page Program Operation

ae 7\ A

tWC twC tADL tWC tWB tWHR
— —
e [\

J)
14

1/0x% X 80h ><:><Col Add1><C0| Addz%owAdd%owAdd%ow Add%—< Din N >< >< Din M >—< 10h > 70h @
J)

Serial Data up to mByte Program Read Status
Input Command Serial Input Command | Busy. | Command

R/B
\_RJ ;
1/00=0 Successful Program
1/00=1 Error in Program

NOTE :
tADL is the time from the WE rising edge of final address cycle to the WE rising edge of first data cycle.
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4.10 Two-Plane Page Program Operation

CLE f\ [\
E \ /—\
twC tWC tWB tDBSY
VR VAVAVA VAVAVARERWAY
ALE / \
RE
1/0x X 80h ><:><ColAddl ColAdd2><?owAde><?owAdd%owAdd%—< DinN X DinM >—< 11h >
Serial Data lupto 112Byte Program Command
Input Command Data Serial Input (Dummy)
R/B -
tDBSY :typ. 500ns | 1
max. 1ps
|
ce 1/ \ AV AWA
T
I
|
|
! tWB tWHR
|
| tPRO
|
ALE / \
I
|
— |
RE /
|
I
I
1/0x 4:—< 81h ><:><ColAddl Col Add2><?owAdd]><?owAdd%owAdd%—< DinN X X Din M >—< 10h 70h @
I Serial Data Program Confllm Read Status X
I'Input Command Command (Trye) Command '
RB | '

Ex.) Two-Plane Page Program

tDBSY

\_HJ .
1/00=0 Successful Program
1/00=1 Error in Program

tPROG

R/B

-1

1/100~7 80h Address & Data Input

Address & Data Input

10h 70h

Col Add1,2 & Row Add 1,2,3
2,112 Byte Data

NOTE :
Any command between 11h and 81h is prohibited except 70h and FFh.
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4.11 Program Operation with Random Data Input Operation

CLEf\ /_\ i
= A

twC twC tADL twC

ALE / \ /

RE
D 0 |
1/0x 80h ><:><Col Add1><CoI AddZ%owAdd%owAdd%ow Add?>—< Din N >< >< Din M >< 85h ><:><Col Add1><CoI Add2>—:—
)
Serial Data Seria(flnput Random Data !
Input Command Input Command !
R/B !
ST\

ALE

2 \
vox { oms Y8 Y ome h—{ aon ) on 1o
))

| up to mByte Program Read Status
| Serial Input Command Command
T
|

\—RJ ;
1/00=0 Successful Program

1/00=1 Error in Program

NOTE :
1) tADL is the time from the WE rising edge of final address cycle to the WE rising edge of first data cycle.
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4.12 Copy-Back Program Operation

ce 7\ ava)
=\ a)

tWC WB
AV VAVAVAVAVAY &

ALE / \

tR tRC

N
1¢

1/0x X 00h ><:><Col Add1><CoI Add2><?ow Add%ow Add%ow Add%< 35h < Data 1 >< >< Data N
N
1¢

Busy.

—
R/B \—l ZJ
/ A\

CLE j\ /_\ /—\

_ tADL _ WB tWHR
NV VaVAVAVAYAS AVAVAY R vAla
|
| tPROG
|
ALE 1 / \
|
|
—
RE /)
l
|
: i \ /
1/0x —'—(I 85h ><:><CO| Add1><CoI Add2>éowAde>éowAdd%<?owAdd%< Datal>< ><DataN>< 10h / \ 70h +
b))
I Copy-Back Data ¢ Read Status
I Input Command | Busy,| Command

RB ! I
] T
L 1/00=0 Successful Program

1/00=1 Error in Program
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4.13 Two-Plane Copy-Back Program Operation(1/2)

ce 1\ ava)
=\ a)

|

|

T

|

|

|

|

|

tWC WB !
AV VAVAVAVAVAY & |
|

|

|

|

|

|

|

|

ALE / \

tR tRC

1/0Ox . Col Addl><COI Add2>éow Add%ow Add%ow Add%< 35h

N

16
Data 1 >< >< Data N >—‘*
)

R/B \—R—/
e |\ WA

& )\ /)

I
I

T

I

I

I

I

| I
! twcC W I
| I
I

I

I

I

I

I

I

I

ALE / \

R tRC

RE

_Busy:.

|

|

2 |

1/0x 4‘—< 00h ><:><Col Add1><CoI Add2><?ow Add%ow Add%ow Add%< 35h < Data 1 >< >< Data N |
N

|

|

|

R/B

v
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4.14 Two-Plane Copy-Back Program Operation(2/2)

W:MWC K/\/\/\/\/FA\DLWW:

|

| Copy-Back Data

| Input Command Busy
|

|

l

| 2 \ |

1/Ox ﬁ—< 85h ><:><Col Add1><CoI Add2>%&ow Add%owAdd%owAdd% Datal>< N ><DataN>< 11h / T
U |

|

1

|

RB |
=

: tPROG
I

Y
m

|
1/0x 4:—< 81h ><:><Col Addl><CoI Addz%owAdd%owAdd%owAdd?x Datal X )(DataN>< 10h > < 70h

| Copy-Back Data Read Status
I Input Command Busy | Command

RB | !
B R
3 1/00=0 Successful Program

1/00=1 Error in Program

NOTE :
1) tADL is the time from the WE rising edge of final address cycle to the WE rising edge of first data cycle.

ey SAMSUNG



SAMSUNG CONFIDENTIAL
Rev. 1.2
K9F4G08UOF

KOK8GOSUOF  KOWAGOBU1F FLASH MEMORY

4.15 Copy-Back Program Operation with Random Data Input Operation

/ \ |
T
|
|
A\ A\ |
|
twC WB |
=17 L WARRWA
|
|
ALE / \ /—'7
tR _tRC_ _ :
= VAVAWAW |
|
|
D 0 :
1/0Ox 00h ><:><Col Addl><CoI Add2>€zow Add%owAdd%owAdd:X 35h <Datal>< ><DataN>—< 85h ><:><Col Add|1>
J))
[{§

Copy-Back Data L Column
Busy Input Command Address

R/B /A
A AWA

CLE

\

: {PROG
T
ALE /I
|
|

RE

|
|
|
|
|
|
1/0x <Clbl Add1><CoI Add2><?ow Add%ow Add%ow Add%< 85h Col Add1><CoI Add2>< Datal X 10h 70h @
|
|
|

Read Status Command
Busy, '

R/B \—l IJ :

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

NOTE :

1) tADL is the time from the WE rising edge of final address cycle to the WE rising edge of first data cycle.
2) Copy-Back Program operation is allowed only within the same memory plane.
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4.16 Block Erase Operation

ce /0 \ A L WA

twC tWB tBERS tWHR

[
90 b

1/Ox X 60h %{ow Addj><?ow Add%ow Add§< DOh > 70h 1100
' Erase Read Status
' Command Busy N Command '
R/B
\ A\
Block Erase 1/00=0 Successful Erase
Setup Command 1/00=1 Error in Erase
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4.17 Two-Plane Block Erase Operation

RE
|
1/0x X 60h %owAdd%owAdd%owAdd%CX 60h %owAdd%owAdd%owAdd% DOh
|
Block Erase Block Erase Erase |
Setup Command1 Setup Command2 confirm Command !
|
|
|
ce |/ \ /N /
|
|
|
CE |, / \ /
|
ItWB_ tBERS tWHR
WE | \ *
|
|
|
|
ALE |
T
|
|
-— | /
RE |
|
|
|
|
| Read Status X
| _ Busy Command
— —t\[
R/B I

v
1/00=0 Successful Erase
1/00=1 Error in Erase

Ex.) Address Restriction for Two-Plane Block Erase Operation

tBERS

e T

Row Add 1,2,3 Row Add 1,2,3
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4.18 Read ID Operation

&\

tAR

ALE / \{—>
= YavawaWalas

tREA

1/Ox { oon { ooh ) ECh >—< Device >—<3rd cyc.>—<4th cye. >—<5th cye. >—
Real ID Command Address 1cycle Maker Code Device Code
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5.0 DEVICE OPERATION
5.1 Page Read Operation

Page read is initiated by writing 00h-30h to the command register along with five address cycles. After initial power up, 00h command is latched. There-
fore only five address cycles and 30h command initiates that operation after initial power up. The 2,112 bytes of data within the selected page are trans-
ferred to the data registers in less than 25us(tr). The system controller 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 data registers, they may be read out in 25ns cycle time by sequentially pulsing RE. The repetitive high to
low transitions of the RE clock make the device output the data starting from the selected column address up to the last column address.

The device may output random data in a page instead of the consecutive sequential data by writing random data output command. The column address
of next data, which is going to be out, may be changed to the address which follows random data output command. Random data output can be operated
multiple times regardless of how many times it is done in a page.

CLE 2 ’—‘
& 1M A000

J))
({4
ALE \
— 'l
R/B I‘:tR:’]
)]
_— [(§
A B e

1/10x @ Address(5Cycle) @ Data Output(Serial Access) >

Col. Add.1,2 & Row Add.1,2,3

=l )
[ |

| -

Data Field Spare Field

Figure 8. Page Read Sequence
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R/B ttRj

RE L Uy Uy
Address Address

i0x —(am) © D G G D G

Col. Add.1,2 & Row Add.1,2,3 Col. Add.1,2
Data Field Spare Field Data Field Spare Field
| Ll e el
I (N I =
— [

'l ” | | [ 'l |

Figure 9. Page Read with Random Data Output Sequence

5.2 Page Program Operation

The device is programmed basically on a page basis, and each page shall be programmed only once before being erased.

The addressing should be done in sequential order in a block. A page program cycle consist of a serial data loading period in which up to 2,112bytes of
data may be loaded into the data register, followed by a non-volatile programming period where the loaded data is programmed into the appropriate cell.
The serial data loading period begins by inputting the Serial Data Input command(80h), followed by the five cycle address inputs and then serial data
loading. The words other than those to be programmed do not need to be loaded. The device supports random data input in a page. The column address
for the next data, which will be entered, may be changed to the address which follows random data input command(85h). Random data input may be
operated multiple times regardless of how many times it is done in a page. The Page Program confirm command(10h) initiates the programming process.
Writing 10h alone without previously entering the serial data will not initiate the programming process. The internal write state controller automatically exe-
cutes 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 to read the status register. The system controller can detect the completion of a program cycle by
monitoring the R/B output, or the Status bit(l/O 6) of the Status Register. Only the Read Status command and Reset command are valid while program-
ming is in progress. When the Page Program is complete, the Write Status bit(I/O 0) may be checked(Figure 10). 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.

A

—_ tPROG g
R/B |

"o

1/10x @ Address & Data Input 10h 1100 Pass
Col. Add.1,2 & Row Add.1,2,3 Y

9

Data .
Fail

Figure 10. Page Program Sequence

—_ tPROG—>
R/B
1/0Ox Address & Data Input Address & Data Input Pass

Col. Add.1,2 & Row Add1,2,3 Col. Add.1,2 nqn
Data Data

Figure 11. Program Operation with Random Data Input Sequence
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5.3 Copy-Back Program Operation

Copy-Back program with Read for Copy-Back is configured to quickly and efficiently rewrite data stored in one page without data re-loading when the bit
error is not in data stored. Since the time-consuming re-loading cycles are removed, the system performance is improved. The benefit is especially obvi-
ous when a portion of a block is updated and the rest of the block also needs to be copied to the newly assigned free block. Copy-Back operation is a
sequential execution of Read for Copy-Back and of copy-back program with the destination page address. A read operation with "35h" command and the
address of the source page moves the whole 2,112-byte data into the internal data buffer. A bit error is checked by sequential reading the data output. In
the case where there is no bit error, the data do not need to be reloaded. Therefore Copy-Back program operation is initiated by issuing Page-Copy Data-
Input command (85h) with destination page address. Actual programming operation begins after Program Confirm command (10h) is issued. Once the
program process starts, the Read Status Register command (70h) may be entered to read the status register. The system controller can detect the com-
pletion of a program cycle by monitoring the R/B output, or the Status bit(I/O 6) of the Status Register. When the Copy-Back Program is complete, the
Write Status bit(I/O 0) may be checked(Figure 12 & Figure 10). The command register remains in Read Status command mode until another valid com-
mand is written to the command register.

During copy-back program, data modification is possible using random data input command (85h) as shown in Figure 10.

R/E ﬁ tPROG

I/Ox

Col. Add.1,2 & Row Add.1,2,3 Col. Add.1,2 & Row Add.1,2,3
Source Address Destination Address

Figure 12. Copy-Back Program Sequence

— < fR > »
R/B h
)
1/Ox @ @ Data Output @ Add.(5Cycles) @ @ Add.(2Cycles) @ @ @

Col. Add.1,2 & Row Add.1,2,3 Col. Add.1,2 & Row Add.1,2,3 Col. Add.1,2

Source Address Destination Address - = - — — — -
There is no limitation for the number of repetition.

Figure 13. Copy-Back Program with Random Data Input Sequence
NOTE :
1) Copy-Back Program operation is allowed only within the same memory plane.

5.4 Block Erase Operation

The Erase operation is done on a block basis. Block address loading is accomplished in three cycles initiated by an Erase Setup command(60h). Only
address A1s to A2g is valid while A12 to A17 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(I/O 0) may be checked. Figure 14 details the sequence.

— {BERS
R/B |
g
I/Ox @ Address Input(3Cycle) DOh { 70h } 1100 » Pass
Row Add 1,2,3 Y

Fail

Figure 14. Block Erase Sequence
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5.5 Unaligned Two-Plane Operation

Two-Plane Read/Program operation is supported in unaligned block addresses, as long as page addresses are same in all planes.

Plane 0 Plane 1
(2048 Block) (2048 Block)
Block 0 Block 1

Block 2
Block 3

Block 4093
Block 4092

Block 4094 Block 4095

Figure 15. Example of Unaligned Two-Plane Operation

5.6 Two-Plane Page Program Operation

Two-Plane Page Program is an extension of Page Program, for a single plane with 2112 byte page registers. Since the device is equipped with two mem-
ory planes, activating the two sets of 2112 byte page registers enables a simultaneous programming of two pages.

After writing the first set of data up to 2112 byte into the selected page register, Dummy Page Program command (11h) instead of actual Page Program
command (10h) is inputted to finish data-loading of the first plane. Since no programming process is involved, R/B remains in Busy state for a short period of
time(tDBSY). Read Status command (70h) may be issued to find out when the device returns to Ready state by polling the Ready/Busy status bit(1/O 6). Then
the next set of data for the other plane is inputted after the 81h command and address sequences. After inputting data for the last plane, actual True Page
Program(10h) instead of dummy Page Program command (11h) must be followed to start the programming process. The operation of R/B and Read Sta-
tus is the same as that of Page Program. Althougth two planes are programmed simultaneously, pass/fail is not available for each page when the program
operation completes. Status bit of /0 0 is set to "1" when any of the pages fails.

Restriction in addressing with Two-Plane Page Program is shown is Figure 13.

= toBsy tPrROG
/00 ~ 7 @ Address & Data Input @ Address & Data Input ) 10h 70h
NOTE?

Ao ~ A11 : Valid I‘—’I Ao ~ A1z : Valid

A12 ~ A17: Valid A12 ~ A17: Valid
A1s . Fixed "Low’ A1s : Fixed "High’
A19 ~ A29: Valid A19 ~ A29: Valid

NOTE :
1) It is noticeable that same row address except for A18 is applied to the two blocks.
2) Any command between 11h and 81h is prohibited except 70h and FFh.

80h 11h 81h 10h
Data T — T =
Input [ e | [ Ll |
Plane 0 Plane 1
(2048 Block) (2048 Block)
Block 0 Block 1
Block 2 Block 3
Block 4092 Block 4093
Block 4094 Block 4095

Figure 16. Two-Plane Page Program Sequence

30 SAMSUNG



SAMSUNG CONFIDENTIAL

Rev. 1.2
K9F4G08UOF

KOK8GOSUOF  KOWAGOBU1F FLASH MEMORY

5.7 Two-Plane Copy-Back Program Operation

Two-Plane Copy-Back Program is an extension of Copy-Back Program, for a single plane with 2112 byte page registers. Since the device is equipped
with two memory planes, activating the two sets of 2112 byte page registers enables a simultaneous programming of two pages.

— <R ~tR :
R/B '
D ) :
\\ C
1/0Ox @ Add.(5Cycles) @ Data Output @ Add.(5Cycles) @ Data Output :
b b)
Col. Add.1,2 & Row Add.1,2,3 { Col. Add.1,2 & Row Add.1,2,3 :

Source Address On Plane0 Source Address On Planel

RIB

. [tDBSYj <—tPROG ]
O T O CD e CLD S €

NOTE?
Col. Add.1,2 & Row Add.1,2,3 € 4 Col. Add.1,2 & Row Add.1,2,3

Destination Address Destination Address
Ao ~ A11 : Fixed 'Low’ Ao ~ A11 : Fixed 'Low’
Az ~ A17: Valid A12 ~ A17: Valid
218~A : '\:/'le?g Low A :Fixed High'
19 = Az9: Vall A19 ~ A29: Valid
Plane0 Planel
Target page Target page (1) : Read for Copy Back On Plane0
(2) : Read for Copy Back On Planel
® ® @ © (3) : Two-Plane Copy-Back Program
IA PN |1 PN
Data Field Spare Field Data Field Spare Field

Figure 17. Two-Plane Copy-Back Program Sequence
NOTE :

1) Copy-Back Program operation is allowed only within the same memory plane.
2) Any command between 11h and 81h is prohibited except 70h and FFh.
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— L

R/B

I/Ox @ Add.(5Cycles) @ Data Output Add. (SCycles) Data c:@i
cm Add.1,2 & Row Add.1,2,3 .

Col. Add.1,2 & Row Add.1,2,3
Source Address On Plane0 Source Address On Planel 1

: tDBSY :
— T > T
R/B : :

1/Ox . @ Add.(5Cycles) @ @ Add.(2Cycles) @ 11h
2)
Col. Add.1,2 & Row Add.1,2,3 Col. Add.1,2 —NOTE .

Destination Address
Ao ~ A11 : Valid
A12 ~ A17: Valid
Ais : Fixed "Low’
A19 ~ A29: Valid

i tPROG

L]

RIB :

Col. Add.1,2 & Row Add.1,2,3 Col. Add.1,2

T
Destination Address

Ao ~ A11 : Valid
A12 ~ A17: Valid
Ais : Fixed "High’
A19 ~ A29: Valid

Figure 18. Two-Plane Copy-Back Program Operation with Random Data Input Sequence

NOTE :
1) Copy-Back Program operation is allowed only within the same memory plane.
2) Any command between 11h and 81h is prohibited except 70h and FFh.

5.8 Two-Plane Block Erase Operation

Basic concept of Two-Plane Block Erase operation is identical to that of Two-Plane Page Program. Up to two blocks, one from each plane can be simul-
taneously erased. Standard Block Erase command sequences (Block Erase Setup command(60h) followed by three address cycles) may be repeated up
to twice for erasing up to two blocks. Only one block should be selected from each plane. The Erase Confirm command(DOh) initiates the actual erasing
process. The completion is detected by monitoring R/B pin or Ready/Busy status bit (/O 6).

R /E tBERS

1/0Ox Address (3 Cycle)

A12 ~ A17: Fixed 'Low’
Ais :Fixed "Low’
A19 ~ A29: Valid

Address (3 Cycle) @ Pass
A12 ~ A17: Fixed 'Low’ nn

Ais : Fixed "High’ ol

A19 ~ A29: valid

Figure 19. Two-Plane Block Erase Sequence

a1 SAMSUNG



SAMSUNG CONFIDENTIAL
Rev. 1.2

FLASH MEMORY

K9F4GO8UOF

K9K8GO8UOF K9WAGO8U1F

5.9 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 1/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 connec-
tions even when R/B pins are common-wired. RE or CE does not need to be toggled for updated status. Refer to Table 14 for specific Status Register defini-
tions and Table 15 for specific F1h/F2h Status Register definitions. The command register remains in Read Status mode until further commands are issued to
it. Therefore, if the status register is read during a random read cycle, the read command(00h) should be given before starting read cycles.

[Table 14] Status Register Definition for 70h Command

1/0 Page Program Block Erase Read Definition
/100 Pass/Fail Pass/Fail Not use Pass : "0" Fail : "1"
/01 Not use Not use Not use Don't -cared
110 2 Not use Not use Not use Don't -cared
Chip Read Status

Normal or uncorrectable / )
/03 Not use Not use . Normal or uncorrectable : 0

Recommended to rewrite .

Recommended to rewrite : 1

/0 4 Not Use Not Use Not Use Don't -cared
/05 Not Use Not Use Not Use Don't -cared
/0 6 Ready/Busy Ready/Busy Ready/Busy Busy : "0" Ready : "1"
1107 Write Protect Write Protect Write Protect Protected : "0" Not Protected : "1"

NOTE :
1) I/Os defined 'Not use’ are recommended to be masked out when Read Status is being executed.

[Table 15] Status Register Definition for F1h and F2h Command

1/0 No. Page Program Block Erase Read Definition
/100 Chip Pass/Fail Chip Pass/Fail Not use Pass : "0" Fail : "1"
/01 Plane0 Pass/Fail Plane0 Pass/Fail Not Use Pass : "0" Fail : "1"
110 2 Planel Pass/Fail Planel Pass/Fail Not use Pass : "0" Fail : "1"
Chip Read Status
Normal or uncorrectable / .
/103 Not use Not use . Normal or uncorrectable : 0
Recommended to rewrite .
Recommended to rewrite : 1
110 4 Not Use Not Use Not Use Don't -cared
/105 Not Use Not Use Not Use Don't -cared
/10 6 Ready/Busy Ready/Busy Ready/Busy Busy : "0" Ready : "1"
1107 Write Protect Write Protect Write Protect Protected : "0" Not Protected : "1"

NOTE :
1) I/Os defined ‘Not use’ are recommended to be masked out when Read Status is being executed.
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5.10 ECC Read Status

Using the ECC Read Status function, the Error Correction Status can be identified.
ECC is performed on the NAND Flash main and spare areas.
The ECC Read Status function also shows the number of errors in a sector as identified from a ECC check in during a read operation.

7 | 6 5 4 3 2 1 1/00
Sector Information ECC Status

[Table 16] ECC Status

1/03 to 1/00 ECC Status
0000 No Error
0001 1bit error (Correctable)
0010 2bit error (Correctable)
0011 3bit error (Correctable)
0100 4bit error (Correctable)
Others Reserved

[Table 17] Sector Information

1/07 to 1/04 Sector Information
0000 1st Sector (Main and Spare area)
0001 2nd Sector (Main and Spare area)
0010 3rd Sector (Main and Spare area)
0011 4th Sector (Main and Spare area)
Others Reserved

5.11 ECC Sector Information

ECC is generated by internal ECC.
During Read operation, the device automatically executes ECC. After read operation is executed, read status command can be issued to identify the read
status the read status remains unmodified until other valid commands are executed.

[Table 18] 2KByte Page Assignment

1'st Main 2'nd Main 3'rd Main 4’'th Main 1'st Spare 2'nd Spare 3'rd Spare 4'th Spare
512B 512B 512B 512B 16B 16B 16B 16B

[Table 19] Definition of 528Byte Sector

Column Address (Byte)
Sector —— -
Main Field Spare Field
1'st Sector 0~511 2,048 ~ 2,063
2'nd Sector 512 ~ 1,023 2,064 ~ 2,079
3'rd Sector 1,024 ~ 1,535 2,080 ~ 2,095
4'th Sector 1,536 ~ 2,047 2,096 ~ 2,111

NOTE :

1) The internal ECC manages all data of Main area and Spare area.

2) A sector is the minimum unit for program operation and the number of program per page must not exceed 4.
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5.12 Partial Page Program Information

Each Sector can be programmed individually as defined Figure 17.

1st programming ‘ Data Patternl ‘ Alls |
2nd programming ‘ Alls ‘ Data Pattern2 Alls |
4th programming ‘ Allls ‘Data Pattern4|

Result ‘ Data Patternl | Data Pattern2 |  --e- ‘Data Pattern4|

Figure 20. Partial Page Program Guide

NOTE :
1) A sector in the minimum unit for program operation and the number of program per page must not exceed 4.

5.13Read ID
5.13.1 00h Address ID Definition

The device contains a product identification mode, initiated by writing 90h to the command register, followed by an address input of 00h. Five read cycles
sequentially output the manufacturer code(ECh), and the device code and 3rd, 4th, 5th cycle ID respectively. The command register remains in Read 1D
mode until further commands are issued to it. Figure 21 shows the operation sequence.

CLE < tCLR >
«—{CEA
e L1 |
WE
ALE

«—tAR —>

«——tWHR—>]
R o L ) ]
t
REA Sevi
1/OX 90h 00h ECh 3rd Cych cyc—( st c@i
Address. 1cycle Maker code  Device code

Figure 21. Read ID sequence
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5.13.1.1 00h Address ID Cycle

[Table 20] 00h Address ID cycle

Device Device Code (2nd Cycle) 3rd Cycle 4th Cycle 5th Cycle
K9F4GO8UOF DCh 10h 56h
K9K8G0O8UOF 95h

D3h 51h 5Ah
KOWAGO8U1F
NOTE :
1) When reading the 6th cycle of Read ID, may acquire the "ECh" vlalue.
[Table 21] 00h Address ID Definition Table
Description
1stByte Maker Code
2nd Byte Device Code
3rd Byte Internal Chip Number, Cell Type, Number of Simultaneously Programmed Pages, Etc
4t Byte Page Size, Block Size, Redundant Area Size, Organization, Serial Access Minimum
5t Byte Plane Number, Plane Size
[Table 22] 3rd ID Data
Description 1107 1/06 /05 1/04 1103 1/02 /01 1/00
1 0 0
. 2 0 1
Internal Chip Number 4 1 0
8 1 1
2 Level Cell 0 0
4 Level Cell 0 1
Cell Type 8 Level Cell 1 0
16 Level Cell 1 1
Number of ; 8 2
Simultaneously
Programmed Pages 4 ! 0
9 9 8 11
Interleave Program Not Support 0
Between multiple chips Support 1
Not Support 0
Cache Program Support 1
[Table 23] 4th ID Data
Description 1107 1/06 /05 1/04 1/03 1102 /01 1/00
1KB 0 0
Page Size 2KB 0 1
(w/o redundant area ) 4KB 1 0
8KB 1 1
64KB 0 0
Block Size 128KB 0 1
(w/o redundant area ) 256KB 1 0
512KB 1 1
Redundant Area Size 8 0
(byte/512byte) 16 1
L X8 0
Organization 16 1
50ns/30ns 0 0
) . 25ns 1 0
Serial Access Minimum Reserved 0 1
Reserved 1 1

- 45 -
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[Table 24] 5th ID Data

Description 1107 1/06 1/05 1/04 /03 1/02 /01 1/100

1 0 0

2 0 1
Plane Number 4 1 0

8 1 1

64Mb 0 0 0

128Mb 0 0 1

256Mb 0 1 0
Plane Size 512Mb 0 1 1
(w/o redundant Area) 1Gb 1 0 0

2Gb 1 0 1

4Gb 1 1 0

8Gh 1 1 1

21nm 0 1

lynm 1 0
Process Reserved 0 0

Reserved 1 1
Reserved 0 0 0
5.14 Reset Operation

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.
If the device is already in reset state a new reset command will be accepted by the command register. The R/B pin changes to low for tRST after the
Reset command is written. Refer to Figure 22 below.

R/IB

)

< tRST: >

1/10x

[Table 25] Device Status

€

Figure 22. Reset Sequence

After Power-up After Reset

Operation mode Mode

00h Command is latched Waiting for next command
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5.15 Interleave Operation

KOWAGO8U1F is composed of two KOK8GO08UOFs. And K9K8GO8UOF also is composed of two K9F4GO8UOFs. K9K8GO8UOF provides interleaving
operation between two K9F4G08UOFs.

This interleaving page program improves the system throughput almost twice compared to non-interleaving page program.

At first, the host issues page program command to one of the K9F4G08UOF chips, say K9F4G08UOF(chip #1). Due to this K9KBGO8UOF goes into busy
state. During this time, K9F4G0O8UOF(chip #2) is in ready state. So it can execute the page program command issued by the host.

After the execution of page program by K9F4G08UOF(chip #1), it can execute another page program regardless of the K9F4G08UOF(chip #2). Before
that the host needs to check the status of K9F4GO8UOF(chip #1) by issuing F1h command. Only when the status of K9F4G08UOF(chip #1) becomes
ready status, host can issue another page program command. If the K9F4GO8UOF(chip #1) is in busy state, the host has to wait for the
K9F4G08UOF(chip #1) to get into ready state.

Similarly, K9F4G08UOFchip(chip #2) can execute another page program after the completion of the previous program. The host can monitor the status of
K9F4G08UOF(chip #2) by issuing F2h command. When the K9F4G08UOF(chip #2) shows ready state, host can issue another page program command to
K9F4G08UOF(chip #2).

This interleaving algorithm improves the system throughput almost twice. The host can issue page program command to each chip individually. This
reduces the time lag for the completion of operation.

NOTE :
During interleave operations, 70h command is prohibited.
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5.15.1 Interleave Page Program

\dd & Dats (Agd & pata 100 ) (Command)
1/0OX 80h Add&Data 10h 80h Add&Data/ 10hj { Command }

_
As0 : Low As0 : High F1h or F2h  another page program on Chip #1
R/B (#1) busy of Chip #1 | .
internal only < 7 N > !
. # .
_ RiB(#2) : ] . busy of Chip #2 :
internal only . ] . |
: . s : .
R/B . . \ .
. N .
. I « l .
' A ' B ' C D

State A : Chip #1 is executing a page program operation and chip #2 is in ready state. So the host can issue a page program command to chip #2.

State B : Both chip #1 and chip #2 are executing page program operation.

State C : Page program on chip #1 is terminated, but page program on chip #2 is still operating. And the system should issue F1h command to detect the
status of chip #1. If chip #1 is ready, status I/0O6 is "1" and the system can issue another page program command to chip #1.

State D : Chip #1 and Chip #2 are ready.

According to the above process, the system can operate page program on chip #1 and chip #2 alternately.

. Status Command / Data
Status Operation

Fih F2h
A Chip 1 : Busy, Chip 2 : Ready 8xh Cxh
B Chip 1 : Busy, Chip 2 : Busy 8xh 8xh
C Chip 1 : Ready, Chip 2 : Busy Cxh 8xh
D Chip 1 : Ready, Chip 2 : Ready Cxh Cxh

5.15.2 Interleave Block Erase

S Y
1/0X 60h L Add P, DOh 60h Add | DOh Command
_ _ _ _ —_—
A30 : Low A30 : High F1lh or F2h  another Block Erase on Chip #1
RIB (#1) B busy of Chip #1 . N \
internal only - ; m i !
RIB (#2) : ’ |_busy of Chip #2 R E—
internal only ' l b)) ' |
' h U g \
R/B ; ;
)
f « f
A B C D

State A : Chip #1 is executing a block erase operation, and chip #2 is in ready state. So the host can issue a block erase command to chip #2.

State B : Both chip #1 and chip #2 are executing block erase operation.

State C : Block erase on chip #1 is terminated, but block erase on chip #2 is still operating. And the system should issue F1h command to detect the sta-
tus of chip #1. If chip #1 is ready, status I/O6 is "1" and the system can issue another block erase command to chip #1.

State D : Chip #1 and Chip #2 are ready.

According to the above process, the system can operate block erase on chip #1 and chip #2 alternately.

. Status Command / Data
Status Operation
F1lh F2h
A Chip 1 : Busy, Chip 2 : Ready 8xh Cxh
B Chip 1 : Busy, Chip 2 : Busy 8xh 8xh
C Chip 1 : Ready, Chip 2 : Busy Cxh 8xh
D Chip 1 : Ready, Chip 2 : Ready Cxh Cxh
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5.15.3 Interleave Two-Plane Page Program

A30 : Low A30 : Low A30 : High Aso : High : :

- ! ! |
RIB (#1) tDBSY . tPROG of chip #1 ! h—

internal only R ' R :

N . tPROG '

RIB (#2) : {t tDBSY of Chip#2 1"
internal only | 2
. ' "l
R/B » : )

I
'
[{§ . [{¢

vl
"1
. B

1/0x —(: Command I

: F1h or F2h*
|

R/B (#1)
internal only 1
1

1

RIB (#2) tPROG of Chip #2
internal only :

v

R/B
c |

State A : Chip #1 is executing a page program operation, and chip #2 is in ready state. So the host can issue a page program command to chip #2.
State B : Both chip #1 and chip #2 are executing page program operation.

State C : Page program on chip #1 is completed and chip #1 is ready for the next operation. Chip #2 is still executing page program operation.
State D : Both chip #1 and chip #2 are ready.

NOTE :
F1h command is required to check the status of chip #1 to issue the next page program command to chip #1.
F2h command is required to check the status of chip #2 to issue the next page program command to chip #2.

According to the above process, the system can operate two-plane page program on chip #1 and chip #2 alternately.
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5.15.4 Interleave Two-Plane Block Erase

R OED DD O

A30 : Low A30 : Low A3o0 : High A30 : High :

RIB (#1) tBERS of chip #1

internal onl N
y s

)
[{§

RIB (#2) tBERS of chip #2

internal only

R/B

)]
[{§

|
T
|
|
I
|
|
|
|
|
1
1
I
|
I
|
T
A B

1/0x : Command I

: F1h or F2h*

— Il

R/B (#1) ,
internal only 1|
1

1

RIB (#2) tBERS of chip #2
internal only :

R/B

c ' D

State A : Chip #1 is executing a block erase operation, and chip #2 is in ready state. So the host can issue a block erase command to chip #2.
State B : Both chip #1 and chip #2 are executing block erase operation.

State C : Block erase on chip #1 is completed and chip #1 is ready for the next operation. Chip #2 is still executing block erase operation.
State D : Both chip #1 and chip #2 are ready.

NOTE :
F1h command is required to check the status of chip #1 to issue the next block erase command to chip #1.
F2h command is required to check the status of chip #2 to issue the next block erase command to chip #2.

As the above process, the system can operate two-plane block erase on chip #1 and chip #2 alternatively.

50 SAMSUNG



SAMSUNG CONFIDENTIAL
Rev. 1.2
K9F4G08UOF

KOK8GOSUOF  KOWAGOBU1F FLASH MEMORY

5.16 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 RB
pin is normally high but transitions to low after program or erase command is written to the command register 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 fol-
lowing reference chart(Figure 23). Its value can be determined by the following guidance.

Rp ibusy
Vcc
PO —— - === - = -
I I 3.3V device - VoL : 0.4V, VoH : 2.4V
! ! Ready Vcc
| N4 — {
I I R/B
I open drain output A ‘ VOH
I I ' '
[ ! . Cc I I : '
| ! ' . VOL ' :
I I : ! T .
: : - M e
[ | Cot cotr
I I
i GND I
Device
Figure 23. Rp vs tr, tf & Rp vs ibusy
@Vce=27V, Ta=25°C, C, = 30pF @ Vee=3.3V, Ta=25°C, C, = 50pF
2.3
200n]_ L 2m 200n_ —L2m
@ - = —
= L s <
= 7 = 0
3 =}
2 2
100n]_ 4 Im 100nl_ 4+ 1m
36 tf 3.6 3.6 3.6
tf 2.3 2. o} o 0 0
- . . 7 | | | !
1K 2K 3K 4K 1K 2K 3K 4K
Rp(ohm) Rp(ohm)
Rp value guidance
) Vcc(Max.) - VoL(Max.) 3.2V
Rp(min, 3.3V part) = =
loL+ ZIL 8mA + XL

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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