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SPI (Serial Peripheral Interface) NAND Flash Memory

FEATURE

¢ 1G-bit Serial NAND Flash & Program/Erase/Read Speed
-128M-byte -Page Program time: 400us typi
-2048 bytes page for read and program, spare 64bytes -Block Erase time: 3ms’pica|
-(128K + 4K)bytes per block for erase -Page read time: 12

¢ Standard, Dual, Quad SPI ¢ Low Power Co
-Standard SPI: SCLK, CS#, SI, SO, WP#, HOLD# -40mA maxi
-Dual SPI: SCLK, CS#, SI00, SIO1, WP#, HOLD# -70uA

-Quad SPI: SCLK, CS#, SIO0, SI01, SIO02, SIO3

¢ High Speed Clock Frequency

-108MHz for fast read with 30PF load ’
-Quad I/O Data transfer up to 480Mbits/s
-2112/2048/64/16 wrap read option

& Software/Hardware Write Protection

\ 2

Note: please contact GigaDevice for details
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GENERAL DESCRIPTION

SPI (Serial Peripheral Interface) NAND Flash provides an ultra cost-effective while high density non-volatile memory

storage solution for embedded systems, based on an industry-standard NAND Flash memory core. It is an attractive
alternative to SPI-NOR and standard parallel NAND Flash, with advanced features:

» Total pin count is 8, including VCC and GND

« Density range from 256Mbit to 8Gbit

« Superior write performance and cost per bit over SPI-NOR

« Significant low cost than parallel NAND ‘

This low-pin-count NAND Flash memory follows the industry-standard seri 1] al e, and always
remains the same pinout from one density to another. The command sets resembl on -NOR command sets,
modified to handle NAND specific functions and added new features. GigaD is an easy-to-integrate

NAND Flash memory, with specified designed features to ease host manage
» User-selectable internal ECC. ECC code is generated internally duri program operation. When a page is
read to the cache register, the ECC code is detect and cogect the v necessary. The 64-bytes spare area is
available even when internal ECC enabled. The device outp a and returns an ECC error status.
 Assistant Block Management. With corresponding o) S device can prohibit the Bad Block from being
erased. This option features favor the block e and enhance the performance.

« Internal data move or copy back with in reshed and manage garbage

collection task, without need of shift in and out’o

* Power on Read with internal ECC. T

the status of device operat
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PIN DESCRIPTION
Pin Name 1/0 Description
CS# | Chip Select input, active low
SO/sIo1 I/0 Serial Data Output / Serial Data Input Output 1
WP#/S102 I/0 Write Protect, active low / Serial Data Input Output 2
VSS Ground | Ground
SI/SIO0 I/0 Serial Data Input / Serial Data Input Output O ‘
SCLK I Serial Clock input
HOLD#/SIO3 I/0 Hold input, active low / Serial Data Input Output3
VCC Supply Power Supply
BLOCK DIAGRAM
OLD#  WP#/
SCLK SI/sSIO0 S103 S102
/ /
Serial NAND controk&
Vce
Vss ¢ Cac NAND
ory [* % memory
core
ARRAY O IZATION
Each devi s Each block has Each page has
128M+4M 128K+4K 2K+64 bytes
1024 x 64 64 - pages
1024 - - blocks




C »

Gigabevice SPI(X1/x2/x4) NAND Flash GD5F1GQ4UAYIG

Figurel. Array Organization

//’/ <4 —» 30
I
I 7
Data Register 2048 | 64
2
lpage =(2K
1 block X 64 pages
1024 Blocks
per device 1 block 1 devi 8K + 4K) bytes x 1024 blocks
®
MEMORY MAPPING
Blocks 0 1 EEXEEEEREEXEEX)
RA<15:6>
Pages
RA<5:0>

CA: Column Addr
2111 arevalid.

ress is capable of addressing from 0 to 4095 bytes; however, only bytes 0 through

211 4095 of each page are  “out of bounds,” do not exist in the device, and cannot be
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DEVICE OPERATION
SPI Modes
SPI NAND supports two SPI modes:
* CPOL = 0, CPHA = 0 (Mode 0)
« CPOL = 1, CPHA = 1 (Mode 3)
Input data is latched on the rising edge of SCLK and data shifts out on the falling edge of SCLK forpeth modes. All

timing diagrams shown in this data sheet are mode 0. See figure2 for more details.

Figure2. SPI Modes Sequence Diagram ‘

CPOL CPHA

2 e ML) UL -
11 sax JULY) )l
2

L

:

MSB

OO0— 24—

Sl

SO

W
Note: While CS# is HIGH, keep SCLK at VCC ND (d ined by mode 0 or moQot SCLK until CS# is driven
LOW.

Standard SPI

ial peripheral interfa @ bus: Serial Clock (SCLK), Chip Select

and dual 10 commands. These commands allow

data to t te'@hthe standard SPI. When using the Dual SPI command

ad
ash supports Qu Pl hen using the x4 and Quad 10 commands. These commands allow
da ansferred to or from the de t imes the rate of the standard SPI. When using the Quad SPI command
the Sl SO pins become bidi I/0Pins: SIO0 and SIO1, and WP# and HOLD# pins become SI02 and SI03.
HOLD Mode

al g low to stop any serial communications with the device, but doesn’t stop the operation of

pogramming, or erasing in progress.

low (if SCLK is not
edge of HOLD# signal with SCLK being low (If SCLK is not being low, HOLD operation will not end until SCLK being low).
The SO is high impedance, both SI and SCLK don'’t care during the HOLD operation, if CS# drives high during

eing low, HOLD operation will not start until SCLK being low). The HOLD condition ends on rising

HOLD operation, it will reset the internal logic of the device. To re-start communication with chip, the HOLD# must be at

high and then CS# must be at low.
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Figure3. Hold Condition

Write Protection

SPI NAND provides Hardware Protection Mode besides the
block lock bits (BP0, BP1, BP2 and INV, CMP) from being overwritte D
block protect bits cannot be altered.

o

. Write Protect (WP#) prevents the
it is set to 1 and WP# is LOW, the
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COMMANDS DESCRIPTION
Tablel. Commands Set
Command Name Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte N
Write Enable 06H
Write Disable 04H
Get Features OFH A7-A0 (D7-D0) Wrap
Set Feature 1FH A7-A0 (D7-D0) dummy®
Page Read (to cache) 13H A23-Al6 A15-A8
Read From Cache 03H/0BH A15-A8" | A7-AO
Read From Cache x 2 3BH A15-A8" | A7-AD Wrap
Read From Cache x 4 6BH A15-A8“ | A7-A0 Wrap
Read From Cache Dual 10 BBH A15-A0% Wrap
Read From Cache Quad 10 EBH A15-A0® Wrap
Read ID® 9FH A7-AO0 Wrap
Program Load 02H Next byte Byte N
Program Load x4 32H Next byte Byte N
Program Execute 10H
Program Load Random Data 84H"? (D7-D0O) Next byte Byte N
Program Load Random Data x4 C4H/34H(1°)‘ (D7-D0)x4 | Next byte Byte N
Program Load Random Data Quad IO | 72H Next byte Byte N
Block Erase(128K) D8H A7-A
Reset® FFH
Notes:

The dummy byte can be inputted or

The x8 clock = dummy<7:0>.

The x8 clock
The x8 clock

o N o g~ W NP
_|
=
[¢°)
%
o
Q
o
o
x
1

g idle, Reset will reset

10. / Those commands are onl

Q\

S rel

D (f1h for current device).

ROGRAM/ERASE operation.

r bits P_FAIL/E_FAIL/ECCS bits.

le ternal Data Move operation.



C »

ciganevice SPI(X1/x2/x4) NAND Flash GD5F1GQ4UAYIG
WRITE OPERATIONS
Write Enable (WREN) (06H)
The Write Enable (WREN) command is for setting the Write Enable Latch (WEL) bit. The Write Enable Latch (WEL) bit
must be set prior to following operations that change the contents of the memory array:

* Page program

* OTP program/OTP protection
* Block erase

The WEL bit can be cleared after a reset command. ‘

Figure4. Write Enable Sequence Diagram

CS#

012 3 456 7

-
SCLK :I_
777

SO

Write Disable (WRDI) (04H)

The Write Disable command is for resetting th rite Enable Latch (W bit. The bit is reset by following
condition:
protection

* Page program
* OTP program/Q

* Block erase

Figure5. Write D& e ence gram

CS#

Command —

04H /L]

High-Z
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FEATURE OPERATIONS

Get Features (OFH) and Set Features (1FH)
The GET FEATURES (OFH) and SET FEATURES (1FH) commands are used to monitor the device status and alter

the device behavior. These commands use a 1-byte feature address to determine which feature is to be read or modified.

Features such as OTP and block locking can be enabled or disabled by setting specific feature bits ( n in the following

table). The status register is mostly read, except WEL, which is a writable bit with the WRITE ENABLE ( command.
When a feature is set, it remains active until the device is power cycled or the feature is wrj

specified in the following table, once the device is set, it remains set, even if a RESET (QH co ed.

Table2. Features Settings

Register | Addr. | 7 6 5 1 0
Protection | AOH BRWD Reserved | BP2 CMP Reserved
Feature BOH - OTP_EN | Reserved Reserved | QE
Status COH | Reserved | Reserved | ECCS1 WEL OoIP

Note: If BRWD is enabled and WP# is LOW, then the block Ig
If QE is enabled, the quad IO operations cal execl

All the reserved bits must be held low whe

Figure6 ea s Sequence Diagram
- _\ 0 3 ‘ 8 9 10 3 14 6 8 19 3/_
SCLK 2 ‘ ﬁ 8 10 11 12 13 1 ﬁ‘ ' 1 2122 ZJ:
S| ' Comm<—1 byte addre 1"
[// oF 66@04@6@5###@##//#
. w A MS Data byte

CTXEXEXIXXIXG——

L 4
rts

B
MSB
The S 2s command su um yte mode after the data byte as well. The features in the feature byte
BO | volatile except OTP_PRT

re7. Set Features Sequence Diagram

CS# /_

3 45 6 7 8 9 1011121314 15 16 1718 19 20 2122 23

scL
SI «— Command 1 byte address Data byte
1FH 765432107654321OZZZ
MSB MSB
SO High-Z
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READ OPERATIONS
Page Read

The PAGE READ (13H) command transfers the data from the NAND Flash array to the cache register. The
command sequence is as follows:

» 13H (PAGE READ to cache)

* OFH (GET FEATURES command to read the status)

* 03H or OBH (Read from cache)/3BH (Read from cache x2)/6BH (Read from cachQ(4 /BE Re
I0)/EBH (Read from cache quad 10)

The PAGE READ command requires a 24-bit address consisting of 8 dummy bi we 16-bit block/page
address. After the block/page addresses are registered, the device starts the tra m in array to the cache
register, and is busy for trp time. During this time, the GET FEATURE (OFH) d

Followed the page read operation, the RANDOM DATA READ (03H/0B
in order to read out the data from cache. The RANDOM DATAREAD

m cache dual

an e issued to monitor the status.
BH/EBH) command must be issued

quires 4 wrap mode configure bits

2112/2048/64/16-byte section, the output will wrap, poundary automatically until CS# is pulled high to

terminate this operation. Refer waveforms to view

Wrap<3> Wrap<2>
0 0

Wrap<1>

1

0
1
1

10



C »

Gigabevice SPI(X1/x2/x4) NAND Flash GD5F1GQ4UAYIG

Page Read to Cache (13H)
Figure8. Page Read to cache Sequence Diagram

CS# _\

012 3 456 7 8 910 28 29 30 31

sew ) _
777 -

est |00\
01 2 3 45 6 7 8,9 10 12 13 14 15
SLK 22 'U’ 'A
€~ tCS —ple— GetFeature . eaddress—>

sl //// OFH HEXIX2XLXO)
so Mgz
CS# 6 17 18 192021 2983 24 B
SCLKIII | . _
S'!muxﬂm/V/ﬁ " ql.':
byte
9(%@)900@.“'].
L 2

Read From Cache (C OBH)
Figurel0. Read F

quence Diagram

8 9 10 11 1213 14

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

LK _ I_I_I_LI_LI_LHW_I_I_I_I_I_;FI_I_LI_I_I_I_I_I_I_I_I_I_F{LI_I:
Dummy Byte —|
ST KX XEXXXXXNY /L1111 TN

v Data Outl v Data Out2
so 7X6X5X4X3X2X1X0
MSB M B

11
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Gigabevice SPI(X1/x2/x4) NAND Flash

Read From Cache x2 (3BH)
Figurell. Read From Cache x2 Sequence Diagram

CS# \
01 2 3 45 6 7 8 9 10111213 14

SCLK
:LWWEW ___ 1N
l«—— Command Wrap<3:0> Alﬁ) ’.
| £

SI/SIOC/// T (XX oY XX+ -
SO/SIO1 High-Z -
CS#t -- —
24 25 26 27 28 29 30 31 32 33 34 35 36 37 %

SCLK _ N | . |

Dummy Byte 'W’ A
SI/SI00 0@969900? < 4( @ PREXAXD)
sorsioL 00 " 600008

Read From Cache x4 (6BH)

The Quad Enable bit (QE) of feature ( must heyset to enable the read cache mmand.
Fi e rom Cache x4 Seque ia
CS#
3 45 6 7 1 14 22 23
SCLK - _| |_| |____
Command <3:0> A11-0
SI00) 6BH 0 X'0X0XL1X1.0 990@ -
O(SIO01) High-
02) igh-Z L
D#(S103 9 Hi .
S# __24 25 2 28 30 31 32 33 34 35 36 37 38 39
SCLK _| |_| _| |_| _| |_| I:
y e —P
SI(SI00) 909900 00000000
DOO OO CDE
02 20000 CaE
Bytel| Byte2| Byte3| Byte4
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Read From Cache Dual 10 (BBH)
The Read from Cache Dual I/O command (BBH) is similar to the Read form Cache x2 command (3BH) but with the

capability to input the 4 Wrap bits, followed by a 12-bit column address for the starting byte address and a dummy byte by
SIO0 and SI01, each bit being latched in during the rising edge of SCLK, then the cache contents are shifted out 2-bit per
clock cycle from SIO0 and SIO1. The first address byte can be at any location. The address incre automatically to

the next higher address after each byte of data shifted out until the boundary wrap bit.

Figurel3. Read From Cache Dual IO Sequence Diagram

CS# _\
SCLK :I_

sI(si100) 777

SO(SI01)

CS#

SISI00) _(5\aX2X0

Byte2

e x4 command but with the capability to
address and a dummy byte by SIO0, SIO1,

can be at any location. The address is automatically

shifted out until the boundary wrap bit. The Quad Enable

16 17 18 19 20 21 22 23

UYL

HOLD#(SIO3),

EEER

XD
WP#(SI02) EXEXEXR)
X3

Wrap<3:0>, A11-A8 pummy | Bytel| Byte2
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Read ID (9FH)
The READ ID command is used to identify the NAND Flash device.
» With address 00H~01H, the READ ID command outputs the Manufacturer ID and the device ID. See Table 4 for
details.

Figurel5. Read ID Sequence Diagram

CS# \
012 3 456 7 8 910111213 15

SCLK :I_

o l«—— Command Address 00/0
///y’ 9FH 7X6X5X4X3 1
o) High-Z
cs# --
16 17 18 19 20 21 22 23424 25 26 2 30 31

SCLK . J_U_I:
sl . LI T

Manufact evice ID —p
SO --(7X6X5X4X3 6 X5X4X3X2X1X0
MSB MS

le4. READ ID Table

Address
O00OH C8h ure ID (GigaDevice)
01H Fih ‘ e ID (SPI NAND 1Ghit)

14
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PROGRAM OPERATIONS
Page Program
The PAGE PROGRAM operation sequence programs 1 byte to 2112 bytes of data within a page. The page program

sequence is as follows:
* 02H (PROGRAM LOAD)/32H (PROGRAM LOAD x4)
* 06H (WRITE ENABLE)
* 10H (PROGRAM EXECUTE)
* OFH (GET FEATURE command to read the status) ‘
Firstly, a PROGRAM LOAD (02H/32H) command is issued. PROGRAM LOAD

ist: n code, followed
by 4 dummy bits and a 12-bit column address, then the data bytes to be programm es are loaded into a
cache register that is 2112 bytes long. If more than 2112 bytes are loaded, then ytes are ignored by the
cache register. The command sequence ends when CS# goes from LOW to . Fi shows the PROGRAM LOAD

operation. Secondly, prior to performing the PROGRAM EXECUTE opesati ITE ENABLE (06H) command must

Program Load (PL) (02H) N4
Figurel6. Pr
CsS# \
012345 60% 8 90011 1213 14 2223 O\
SCLK EEN
1 L ‘k‘ — ‘ —
QMme & Dummy<3:0>, A 1-
SI
TN
8 X2KIX)— -
Cs#
S|
Program P (32H)
The P x4 co nd (32H) is similar to the Program Load command (02H) but with the capability to input

r pins: SI00, SIO1, SIO2, and SIO3. The command sequence is shown below. The Quad Enable bit

(QE) of feature (BO[O}) must be set to enable the program load x4 command.

15
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Figurel?. Program Load x4 Sequence Diagram

CS#
A\
01 2 3 456 7 8 910 20 21 22 23 24 25 26 27 28 29 30 31

s ] R

'«—— Command Dummy<3:0>, A11-AG— Bytel | Byte2
S50 777 I O SR OO000 00 0'C -

SO(SI01)

1 1 1+ -

WP#(SI02) 6 5 X6 X2

HOLD#(SI03)

CS#

SCLK

SI(SI00)

SO(SI01)

WP#(SI02) _

HOLD#(SIO3)

nd is busy for tPROG time. This operation is shown in Figure18. During
to monitor the status of the operation (refer to Status Register). When the
nextiseries of data can be loaded with the PROGRAM LOAD command.

n completes successfu

16
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Figurel8. Program Execute Sequence Diagram

CS# _\

012 3 456 7 8 910 28 29 30 31
SCLK
S l«—— Command 24-bit address
/// 10H YeHeHeH- —

CS# _? y_\
SCLK 2 2

€ tCS —»¢— getfeature

s V777

01 2 3 456 7 8 910

SO High-Z
Cs#
SCLK
Si
. Status reg
SO K7XeX5X4)

MSB

Internal Data Mo

The INTERNAL MOVE gommand sequence?r ra r replaces data in a page with existing data. The
INTERNAL DATA MOVE ¢ sequence is as foIIOW:\
A)

READ to cache)
4H/ 34H(PROGRAM LO OM DAT
ABLE) L

. >RAM EXECUTE
(GET FEATURE command a status)
Prigr'to performing an inte m peration, the target page content must be read out into the cache register

g a PAGE READ and. The PROGRAM LOAD RANDOM DATA (84H/C4H/72H) command can be
issued, if user wants to te b ta in the page. New data is loaded in the 12-bit column address. If the random
data is not seq PROGRAM LOAD RANDOM DATA (84H/C4H/72H) command must be issued with the
ta is loaded, the WRITE ENABLE command must be issued, then a PROGRAM

mand can be issued to start the programming operation.

EXECUTE (10

Program Load Random Data (84H)

This command consists of an 8-bit Op code, followed by 4 dummy bits, and a 12-bit column address. New data is
loaded in the column address provided with the 12 bits. If the random data is not sequential, then another PROGRAM
LOAD RANDOM DATA (84H) command must be issued with a new column address, see figure 20 for details. This

17
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command is only available during internal data move sequence.

Figure20. Program Load Random Data Sequence Diagram

cs#t T\
0 123 4056 7 8 9 10111213 14 22 23

a—
l«—— Command Dummy<3:0>, A11-A0

777 84 (XXX — - -

Sl

The Program Load Random Data x4 commal ilar to the Program Load Random Data command

Program Load Random Data x4 (C4H/ ‘
4 S
pi

(84H) but with the capability to input the data bytes by nsi SI100, SIO1, SI02, and SIO3. The command sequence is

shown below. The Quad Enable bit (QE) of o] ust be set to enableforithe program load random data x4

command. See figure 21 for details. Those are only available du€ing internal data move sequence.
Figure2 ogra ad Random Data x4 Seguence Diagram
y 3
CS# ‘

01 6 7 8 9 10 0 21122 28 24 25 26 27 28 29 30 31
ScLk Iw ol _ MU -

‘ —<Command Dimmy<3:0%, A11-A0 —»| Bytel | Byte2
I 77 6 S 0100 010 00 00 008
: XD -

L 4

K 00000000 S
LD#(SI03) \ X3 @@@@@@_ -

i

N
B2
B3
N
=
S

WP#(SI02) _

HOLD#(SIO3),

%8%8
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Program Load Random Data Quad 10 (72H)
The Program Load Random Data Quad IO command (72H) is similar to the Program Load Random Data x4

command (C4H) but with the capability to input the 4 dummy bits, and a 12-bit column address by four pins: SIOO0, SIO1,
S102, and SI03. The command sequence is shown below. The Quad Enable bit (QE) of feature (BO[0]) must be set to
enable for the program load random data x4 command. See figure 22 for details. This command is available during

internal data move sequence.

Figure22. Program Load Random Data Quad 10 Sequence’a ra
CS# \
01234056 7 8 910 1112 13 14 15 1809 2

SCLK
Dummy<3:0 B
«—— Command —3{  a11.a0 |Bytel 2
SI(SI00) /// 72H NNV 4 4 4X0) —
SO(SI01) 5X1X5 1 IXS5X - —
WP#(SI02) 6 6 6 X2YeX 26X 2)- —
HOLD#(SI03) Y3W7TX3Y7X3Y7 -

CS#

SCLK

SI(SI00)

SO(SI01)

19
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ERASE OPERATIONS
Block Erase (D8H)

Figure23. Block Erase Sequence Diagram

CSs# _\
SCLK :I
l«—— Command

S| /// D8H

cst [ LU\
SLK 22

€— tCS —p

! ////

SO

01 2 3 456 7 8 910 28 29 30 31

01 2 3 456 7 ) 11 12 13 14 15

CS#

per page (2048 + 64 bytes). Each ploc 32°Kbytes. The BLOCK ERASE command (D8H) operates
e. The command sequenc BLO RASE operation is as follows:
BALE commano

ERASE comm
(GET FEATURES comman read the status register)
Prigr'to performing the BL S eration, a WRITE ENABLE (06H) command must be issued. As with any

d that changes the me ontents, the WRITE ENABLE command must be executed in order to set the WEL
bit. If the WRITE ENAB

command must b

omm i t issued, then the rest of the erase sequence is ignored. A WRITE ENABLE

a BLOCK ERASE (D8H) command. This command requires a 24-bit address consisting of
8 dummy b row address. After the row address is registered, the control logic automatically controls
ify operations. The device is busy for ters time during the BLOCK ERASE operation. The GET

mmand can be used to monitor the status of the operation.

timing and era
FEATURES (OFH

When a block erase operation is in progress, user can issue normal read from cache commands
(03H/0BH/3BH/6BH/BBH/EBH) to read the data in the cache.

20
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RESET OPERATIONS
Reset (FFH)

Figure24. Reset Sequence Diagram

CS#
_\ /_
01 2 3 456 7
TN
S| [€—— Command —»| ‘
/// FFH
High-Z
SO

The RESET (FFH) command stops all operations. For example, in case
reset command can make the device enter the wait state.

During a cache program or cache read, a reset can also

21



C »

Gigabevice SPI(X1/x2/x4) NAND Flash GD5F1GQ4UAYIG

ADVANCED FEATURES
OTP Region

The serial device offers a protected, One-Time Programmable NAND Flash memory area. 4 full pages (2112 bytes
per page) are available on the device. Customers can use the OTP area any way they want, like programming serial
numbers, or other data, for permanent storage. When delivered from factory, feature bit OTP_PRT i

To access the OTP feature, the user must set feature bits OTP_EN/OTP_PRT by SET FEATURES mand. When
the OTP is ready for access, pages 00h—03H can be programmed in sequential order by PROG D ) and
PROGRAM EXECUTE (10H) commands ( when not yet protected), and read out by PA& READ ( and and
output data by READ from CACHE(03H/0BH/3BH/6BH/BBH/EBH).

Table5. OTP States

OTP_PRT OTP_EN
X 0 Normal operation
0 1 Access OTP region, read and
1 1 1. When the device P_PRT is 0, user can set feature bit

OTP_PRT and issue PROGRAM EXECUTE (10H) to

OoTP

Note: The OTP space cannot be erased and afterg medtagain, please use this function

carefully.
Access to OTP data
* Issue the SET FEATURES c¢

vhen OTP_PRT is 0) o R mand
re completed, the OT] R be set and users can get this feature out with OFH
m d
rotection
The block lock featuré pro s th ility to protect the entire device, or ranges of blocks, from the PROGRAM and

r er-up, device is in the “locked” state, i.e., feature bits BP0, BP1and BP2 are set to 1, INV,
to 0. nlock all the blocks, or a range of blocks, the SET FEATURES command must be issued
otection feature bits. When BRWD is set and WP# is LOW, none of the writable protection feature
bits can be set. A when a PROGRAM/ERASE command is issued to a locked block, status bit OIP remains 0. When an
ERASE command is‘issued to a locked block, the erase failure, 04H, is returned. When a PROGRAM command is issued

to a locked block, program failure, 08h, is returned.
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Table6. Block Lock Register Block Protect Bits

CMP INV BP2 BP1 BPO Protect Row Address Protect Rows

X X 0 0 0 None None—all unlocked
0 0 0 0 1 FCOOh~FFFFH Upper 1/64 locked
0 0 0 1 0 F800h~FFFFH
0 0 0 1 1 FOOOh~FFFFH
0 0 1 0 0 EO00h~FFFFH
0 0 1 0 1 CO000h~FFFFH
0 0 1 1 0 8000h~FFFFH
X X 1 1 1 0000h~FFFFH
0 1 0 0 1 0000h~03FEH Lower 1/64 locked
0 1 0 1 0 0000h~Q7FF Lower 1/32 locked
0 1 0 1 1 Lower 1/16 locked
0 1 1 0 0 Lower 1/8 locked
0 1 1 0 1 Lower 1/4 locked
0 1 1 1 0 Lower 1/2 locked
1 0 0 0 1 Lower 63/64 locked
1 0 0 1 0 DO0Oh~F7FFH ower 31/32 locked
1 0 0 1 0000h~EFFFH er 15/16 locked
1 0 1 0 0000h~DFFF r 7/8 locked
1 0 1 0000h~BE L 3/4 locked
1 0 BlockO
1 1 1 Upper 63/64 locked
1 1 0 ’ Upper 31/32 locked
1 1 1 Upper 15/16 locked
1 1 0 0 2000 ~FFFFH Upper 7/8 locked

1 1 0 1 4000h~FFFFH Upper 3/4 locked

a 1 1 1 ‘ 0000h~003FH BlockO
When W.P# 4§ not LOW, user iss s commands to alter the protection states as want.
e FEATURES register

els the feature bit addre;

Status Register

de

regis

has an

the'feature bits combination as the table

-bit status register that software can read during the device operation for operation
an be read by issuing the GET FEATURES (OFH) command, followed by the feature
ATURE OPERATION).
Table7. Status Register Bit Descriptions

Bit

Name

Description

P_FAIL

Program
Fail

This bit indicates that a program failure has occurred (P_FAIL set to 1). It will also be
set if the user attempts to program an invalid address or a protected region, including
the OTP area. This bit is cleared during the PROGRAM EXECUTE command
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sequence or a RESET command (P_FAIL = 0).

E_FAIL Erase Fail This bit indicates that an erase failure has occurred (E_FAIL set . It will also be

set if the user attempts to erase a locked region. This bit is cleared (E_* =0) at the
start of the BLOCK ERASE command sequence or the RES @.
WEL Write This bit indicates the current status of the write enaﬁ latc ust be set

Enable (WEL = 1), prior to issuing a PROGRAM EXECU K 5E command. It
Latch is set by issuing the WRITE ENABLE command. an be disabled (WEL =
0), by issuing the WRITE DISABLE comman

olIP Operation This bit is set (OIP = 1 ) when a PRO M EX TE, PAGE READ, BLOCK
In Progress | ERASE, or RESET command is exe i

ing the device is busy. When the bit

ECCS1,ECCSO | ECC Status | ECCS provides ECC status
00b = No bit errorsavere d ing the previous read algorithm.

01b = bit error d

10b = bit error

ted and corrected, error bit number = 1~7.

when shipped from the factory, and a minimum

ied. An invalid block is one that contains at least one
m required ECC. Additional bad blocks may develop with
Il below Nvg during the endurance life of the product.
tain bad blocks, they can be used reliably in systems that provide
ithms, which ensure data integrity. Internal circuitry isolates each block

k does not affect the operation of the rest of the NAND Flash array.

to the first spare area location in each bad block. This method is compliant with

quirements. See the following table for the bad-block mark.

enabling system software to map around these areas. Factory testing is performed under worst-case conditions. Because
invalid blocks may be marginal, it may not be possible to recover the bad-block marking if the block is erased.

To simplify the system requirement and guard the data integration, GigaDevice SPI NAND provides assistant
Management options as below.

Table8. Bad Block Mark information
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Description Requirement
Minimum number of valid blocks (Nvs) 1004
Total available blocks per die 1024

First spare area location Byte 2048

Bad-block mark 00h(use no
Internal ECC
The serial device offers data corruption protection by offering optional internal . R PROGRAMs with

internal ECC can be enabled or disabled by setting feature bit ECC_EN. ECC i ble er device power up, so the
default READ and PROGRAM commands operate with internal ECC in the “active” st To enable/disable ECC, perform
the following command sequence:
« Issue the SET FEATURES command (1FH).
« Set the feature bit ECC_EN as you want:
1. Toenable ECC, Set ECC_ENto 1.
2. To disable ECC, Clear ECC_EN to 0. @
During a PROGRAM operation, the device calculat: n e on the 2k page in the cache register, before the

page is written to the NAND Flash array.
During a READ operation, the page d

calculated and compared with the ECC co

the cache register. Only corrected datagi

Table9. ECC ti d Spare Area

Min Byte Address Prot d | Area Description
OOOh‘ s Main 0 User data 0
2 Yes Main 1 User data 1
400h Yes Main 2 User data 2
Yes Main 3 User data 3
No Spare 0 User meta data | (800H is reserved
for bad block mark)
80B 804H Yes Spare 0 User meta data Il
80CH -- Spare 0 ECC parity data
813 810h No Spare 1 User meta data |
81Bh 814H Yes Spare 1 User meta data Il
81FH 81Ch -- Spare 1 ECC parity data
823H 820h No Spare 2 User meta data |
82Bh 824H Yes Spare 2 User meta data Il
82FH 82Ch -- Spare 2 ECC parity data
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833H 830h No Spare 3 User meta data |
83Bh 834H Yes Spare 3 User meta data Il
83FH 83Ch -- Spare 3 ECC parity data

Tablel0. ECC Status

Bit 1 Bit 0 Description
0 0 No errors P
0 1 Bit error detected and corrected, error bit number =
1 0 Bit errors greater than 8 bits detected and not correc
1 1 Bit error detected and corrected, error bit number =

POWER ON TIMING

A
Veelmax) | _ _ _ _ _ _ _ _ _ _ __ & _ | _ " » o ____
vee(mi) 4 _ _ _ _ _ _ _ _ ___~“_b—m" _ _ _ _ _ ___|
Read command
is allowed
Vvw _° "V N
‘ Time ,,
-_— .
Power-On Timin&i d Weite Inhibit Fhreshold for 3.3V
Symbe Parameter, Min Max Unit
S VCC(min) To CS# Low 1 ms
Time Delay From,VCC, 0 Wiite Instruction 5 ms
| Write Inhibit Voltage 25 \Y,
3 TE MAXIMUM RAEINGS
Parameter ' Value Unit
Ambient Operating ﬂ@ -40to 85 C
Storage & -55t0 125 C
App c@ put Voltage -0.5t04.0 \%
v CcC -0.5t04.0 \Y
Maximum Negai Overshoot Waveform Maximum Positive Overshoot Waveform
40V—— —— —
20ns
20ns
05V — —— ——
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CAPACITANCE MEASUREMENT CONDITIONS
Symbol Parameter Min Typ Max Unit Conditions
CIN Input Capacitance 6 pF VIN=0V
CcouTt Output Capacitance 8 pF VOUT=0V
CL Load Capacitance 30 pF
Input Rise And Fall time | | 5 ns
Input Pulse Voltage 0.2VCC to 0.8VCC V
Input Timing Reference Voltage 0.3VCC to 0.7VvCC “ \%
Output Timing Reference Voltage 0.5vCC
Figure25. Input Test Waveform And Measure el
Input timing reference level ing reference level
0.8vCC 07VCE
>< AC Measureme
0.2VCC 0.3vCC —
Note: Inpu

DC CHARACTERISTIC
(T=-40"C~85C, VCC=2.7~3.6V)

Symbol Parameter st Condition Typ Max. Unit.
I Input Leakage Curre +2 MA
lo Output L +2 A
lcca Standb CS#=VCC, 70 HA

Vin=VCC oﬁSS

40 mA
erating Current (Re

at 80MHz, 30 mA

Q=0Open(*1,*2,*4 1/0)
ViL -0.5 0.2vCccC \
ViH 0.7vCcC VCC+0.4 \Y
VoL loL =1.6mA 0.4 \%
VoH lon =-100pA VCC-0.2 \%

27




C »

Gigabevice SPI(X1/x2/x4) NAND Flash GD5F1GQ4UAYIG

AC CHARACTERISTICS
(T=-40'C~85°C, VCC=2.7~3.6V, C.=30pf)

Symbol Parameter Min. Typ. Max. Unit.
Fc Serial Clock Frequency For: all command DC. 108 MHz
ten Serial Clock High Time 45 ns
teL Serial Clock Low Time 45 ns

teLeH Serial Clock Rise Time (Slew Rate) 0.2 Vins

teneL Serial Clock Fall Time (Slew Rate) 0.2 ‘ V/ins
tsLcH CS# Active Setup Time 5 ns
tcHsH CS# Active Hold Time 5 ns
tsHeH CS# Not Active Setup Time 5 ns
teHsL CS# Not Active Hold Time 5 ns
tsusi/tcs | CS# High Time ns
tsHoz Output Disable Time 20 ns
tcLox Output Hold Time ns
tovcH Data In Setup Time ns
tcHDx Data In Hold Time ns
tHLcH ns
tHHCH ns
terHL ns
teHHH ns
tHLoz 15 ns
tHHox 15 ns
tcLov 8 ns
twHsL 0 ns
ns

Typ. Max. Unit.
set(FFh) 500 us
120 us

0.4 0.7 ms
3 5 ms
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Figure26. Serial Input Timing

[«— tSHSL

CS#

tCHSL ©LtSLCH

DV aWala
SCLK _
{DVCH »| |€
tCHDX tCLCH
S MSB )@}C T LSB

<« tSHQZ

/S

CS#

SCLK
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ORDERING INFORMATION

GD XX XX XX X X X X X

<

L Green Code

G: Pb Free & n e
Green Pécka

Temp re'Range
C: ial(0°C to +70°C)
dustrial(-40°C to +85C)

kage Type
SON (8*6mm)

Generatio

(2.70~3.60V)
1.8V(1.65~1.95V)

Interface
Q4: Qua SPI x1/x2/x4

Density
1G: 1Gb
2G: 2Gb
4G: 4Gb
8G: 8Gb

Product Family
5F: SPI NAND Flash
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PACKAGE INFORMATION
Figure29. WSONS8 (8*6mm)

Top View

Le«<«—D1

o

Bottom Viw

asie g Tl

Dimensions

E El e y L
5.95 4.15 0.00 0.40
6.00 4.30 1.27 0.50
6.05 4.40 0.05 0.60
0.234 | 0.163 0.00 0.016
0.236 | 0.169 | 0.05 0.020
0.238 | 0.173 0.002 | 0.024
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REVISION HISTORY
Version No Description Date
1.0 Initial Release Feb 20, 2013

Page26 Table12-1. tPUW and VWI Parameter description

1.1 Page28 change the tc n/teiL to ten/ter 14,2013
Page29 Figure27. Output Timing SO delete tQLQH and tQHQL

1.2 Correct Table 10

1.3 Update Ordering Information
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