ZB25LQ16A

1.8V 16M-BIT
SERIAL NOR FLASH WITH
DUAL AND QUAD SPI&QPI

Zbit Semiconductor, Inc. 1



ZB25LQ16A

Contents

FEATURES ...ttt ettt e e e bt e sttt e e at e e e b et e ea bt e e aab e e e be e e eabe e e smbeeeneeeenbeeesnbeeesnneeeneeas 4
GENERAL DESCRIPTION ....eiiiititiitite ittt ettt ettt e seeastteesteaesateeasseeeaseeesnseeassseeanseeesnsesassseesnsseesnseeesssessnses 5
1 ORDERING INFORMATION......oiiitittiittaitiee ettt e ettee ettt e st ee e saeeesbe e e smteeaabeeesabeeesmteeaneeesnneeesneeeenneeas 6
P = 1 @ 101 (G B 11X €] ¥ RS S 7
3 CONNECTION DIAGRADMS ... ..ottt ettt ettt e et e e st e e e ssaeeanteeeanteeeanaeesnneeeanseeeanneeennes 8
4 SIGNAL DESCRIPTIONS ... ..ttt ittt ettt st e stee et e e st e e sat e e s teeesnteeessteeeseeesnteeesnseeanseessaeeanseeennsenans 9
4.1 Serial Data INPUL (D1) / TO0 ......eiiiie i e e s seere e e e e e s e s s e e e e e e e s s e snraneeeeeeeas 9

4.2 Serial Data OUtPUL (DO) / TOL ...ttt ettt e s e e e e bbeeeeeaes 9

4.3 =] A= | [ Yo [ (0 1 U PRPTRS 9

4.4 (O o 1T o IR T= 1T o (O S 9

4.5 WIte ProteCt (WPH) [ TO2......c ettt ettt e e e e e e e e e e e e s e s nnnneeeeeeeeeeennnes 10

4.6 HOLD (HOLDH) /103 ... teee ettt ettt ettt e st e st esnsaaeatae e sntaaensseesnseeeansaeennneeans 10

4.7 RESET (RESETH) /103 ...ttt ettt sttt st e et e e st e e sneeeeaeeesmeeeennneeans 10

5  MEMORY ORGANIZATION ...coiitiieiititeiiee e etee et e etee e s ee et e e et e ssteeesaeeeaateesmteeesnseeaseeesnneeeanseeeaneeeans 11
5.1 FIaSh MEMOIY AITAY ....eeiiiiiiiiie ettt ettt e e e sttt e e e ettt e e st e e s anbeeeeeesteeeesnseeeeennnees 11

5.2 Y=o 1V =0 £ (= £ S 11
L Y=o U 1 V20 =T £ = R 12

5.2.2 Serial Flash Discoverable Parameters (SFDP) AAdress Map ........cccccevveeeeeeiiiieneeiinennn. 12

5.2.3 SFDP Header Field DefinitionS.........c.ouiiieieiiiiiie e 13

5.2.4 JEDEC SFDP Basic SPI Flash Parameter ... 14

6 FUNCTION DESCRIPTION .....cuttiiittiititeeitteesteeesiteesseeessteeassseessseeesssesassseesssesesssesssssessnsesssnsesesseeans 19
6.1 Y o I @] o<1 - o SRR 19
B.1.1 SPIMOUES ...ttt ettt ettt e et e e et e e et e e emte e e enteeanneeeeneeeanaeeennneean 19

6.1.2 DUAI SPIIMOUES ......eiiiiiiiii ettt ettt e e e st e e e e abb e e e e snnbeeeeeannreee s 19

L0 e @ TU = Lo IR o 1Y/ [ To (= SRR S 19

B.1.4 QP FUNCHON .....iiiiiiiiiieiiietieieeeeeeeeeeeeeeeeeeeeeseeeseeesessesssssssssssssssssssssssssssssssssssssssssssssssssnsnnnnnnns 20

B.1.5 HOIA FUNCHION.....itiiiie ettt e e b e e st e e e e e abe e e e e annreee s 20

6.1.6 Software Reset & Hardware RESETH PiN....cuuviiiiiiiiieeiiiiee e 20

6.2 RS P2 L LS =T 0 £ (= SRS 21
B.2.0 BUSY .ottt ettt ettt ettt e et e et ee e e n et e ente e e anteeenteeeneeeaaeeennneean 22

6.2.2 Write ENable LatCh (WEL) .......ooeiiiiei ettt ettt s e e e sneeee s 22

6.2.3 Block Protect Bits (BP2, BPL, BPO) ... 22

6.2.4 Top / Bottom BIOCK ProteCt (TB) .....veeieeeiiiieiiiiiieee e e e esiiiieeeee e e e s esseeeeeee e e e e s snnnnneneeaaeesennnes 22

6.2.5 Sector / BIOCK ProteCt (SEC) ...ccii ittt 23

6.2.6 Complement ProteCt (CIMPY) ........ooiiiiiiiiieiiie ettt 23

6.2.7 The Status Register ProteCt (SRPO)........cccuuiiiiiee et e e e e e e e e e e nanes 23

6.2.8 Erase / Program Suspend Status (SUS) .......uuiiiiiiiiiiiiiiiee e e e ssvneeee e e e e 23

6.2.9 Security Register Lock Bits (LB3, LB2, LBL)......ccccciiiiiiiiiie e 23

6.2.10 QUAd ENADIE (QE) ....uuiiiiiieeei it ettt e e e e e s e e e e e e e e e e e e e e e nnr—araaaaaeeaaann 23

6.2.11 HOLD# or RESET# Pin FUNCON (HRSW) ....cooiiiiiiieeeee et e e 24

6.2.12 Output Driver Strength (DRV1, DRVO) .......cooiiiiiiiiiiiie ittt 24

6.2.13 High Frequency Enable Bit (HFQ).........cccuriiiiiie e e e e e 24

6.3 VL o o1 =T ot o] o ST PP OPPPP 24
6.3.1 WHIite PrOtECt FRATUINES ... .ciiiiuiiiie i ittt ettt e e et e e e st e e e ssee e e e snraeeeennneeee s 24

6.3.2 BIOCK ProteCtion MapPS ......ccouuiiiiiiieiiiee ittt sttt et e b et e e nnneeen 25

6.4 Page PrOgram ...ccoooieeiicceee 26

6.5 Sector Erase, Block Erase and Chip EFASE ........coccuuiveiiiiiie i esiee e ssiee e eseee e seeee e 26

6.6 Polling during a Write, Program or Erase CYCIe ........cooceiiiiiiiiiiiiie e 26

6.7 Active Power, Stand-by Power and Deep Power-Down MOdES ..........cceeeeviiciiiieeeeeeeeinnnns 26

T INSTRUGCTIONS ...ttt ettt ettt et e e st e e st e e e teeesateeeaseeeaseeeamseeeaaeeeanseeeanseeaanseeaseeesnseeeanneeans 28
7.1 Configuration and Status COMMEANTS ......cceeeiiiiiiiiiiiiee e e e e s srrreeeeaee s 31
7.1.1 Read Status Register (05h/35h/15N) ..........uuiiiiiiie e e 31

Zbit Semiconductor, Inc. 2



®

ZB25LQ16A

R VAT 1 L= = g = o] = (0] ) PR 32
7.1.3 Write Enable for Volatile Status Register (50N) .........coooiiiiiiiiiiiieieee e 32
7.1.4 Write DiSable (04h) ........eeiiee et earee s 33
7.1.5 Write Status Register (OLh/3Lh/1LN)......cooiueiiiiiiii e 33

7.2 Program and Erase COMMANTAS.........couiieeiiiiuiiiiirieeeeeeeiiieeeeeeeesssssneeeeeeeesssssssseneeeeesssnnnes 34
7.2.1 Page Program (PP) (02N) ........coo ettt e s e e e e eneeee s 34
7.2.2 Quad Input Page Program (32N) ...t s e e e e e e s ssnneen e e e e e e s enanes 35
7.2.3 Sector Erase (SE) (20N) ..ooveie it e e e e 36
7.2.4 Block Erase (BE) (D8h) and Half Block Erase (52h).........coooiiiiiiiiiieiiiiieie e 37
7.2.5 Chip Erase (CE) (C7h OF B0RN) ......uuiiiieieiiiiiiiiiieee e st e e e e s ssieeee e e e e e e s sssneneeeeeeeesennnes 38
7.2.6 Erase / Program SUSPENd (750).....cciiiiiiiiiiiiiiiie e e e e e e e e 38
7.2.7 Erase / Program ReSUME (TARN) ......ooi ittt 39

7.3 REAA COMMEANUS....ciiiiiiiie ettt ettt e ettt e e e et e e s s abe e e e e asbe e e e s anbeeeesbbeeeeeannbeeeeann 40
S T LT To I D = = (012 ) SR 40
S I o == o I (0] o ) TSR 40
7.3.3 Fast Read Dual OULPUL (BBh) ..ccciieiiiiiiiiiie ettt 41
7.3.4 Fast Read Quad OULPUL (BBN)........ccririiiiiiiiiiiieee et e e e s e e e e e e e ssreeee e e e e e s ennnes 42
7.3.5 Fast Read Dual I/O (BBh).......ccuuiiiiiie ettt e e e e e s s e e e e e e e ennnes 42
7.3.6 Fast Read Quad /O (EBQ) ......cooiiiiiiiiiee et 43
7.3.7 Word Read QUAd 1/O (E7N) ..ciiieeeiieeie ettt e e e ee e e e e e e e ennnnneneeeaeeeennnes 45
7.3.8 Octal Word Read QuUad /O (E3N)...ccuiiiiiiiiiiiiiee et e e e e e e e e 46
7.3.9 Set BUISt WIth WP (77) ..ottt et e e st e e e e snneeee s 47

7.4 RESET COMIMANGS.....ueiiiie ittt ettt e e et e e e s abe e e e s abb e e e e snbeeeeeanneeeeann 48
7.4.1 Software Reset Enable (66N) ..........oovviiiiiiiiiiie e 48
7.4.2 SOftWare RESEL (QTN) .....eeiiiiiiiie ettt e e et e et e e s nra e e e e nnareee s 49

7.5 ID and Security COMMANGS ........uiiiiiiiiiie ittt e et ee s st e e s s sbee e e s sbeeeeesanreeeeennnees 49
7.5.1 Deep Power-down (DP) (BON)........eeiiii ittt e e e e e e e e 49
7.5.2 Release Power-down / Device ID (ABR) ......ccuueiiiiiiiiie e 49
7.5.3 Read Manufacturer / Device ID (90N).......coooiiiiiiiiiie e 50
7.5.4 Read Identification (RDID) (OFN) ....ceiieiiiiiiiiiiee et e e e e s e e e e e e e enanes 51
7.5.5 Read SFDP RegiSter (5ARN) ... . ettt e e e e e e e e e s nnneen e e e e e e e ennnes 52
7.5.6 Erase Security RegIStErs (44N)........oou ittt 52
7.5.7 Program Security ReQIStErS (42N) ...ccceioi ittt e e e e e e e e e ennnes 53
7.5.8 Read Security REQISIErS (48N) ......eeiiiei i e e e e e e e e e e e nanes 53
7.5.9 Read Manufacturer / Device ID Dual I/O (92h) ....cuveviiiiiiiee e 54
7.5.10 Read Manufacturer / Device ID Quad I/O (94h)........c.uvviiiieee e 55
7.5.11 Read Unique ID NUMDBET (ABh).....couii ittt e e e e e e snaee e e e e e e ennnes 55
7.5.12 Set Read Parameters (CON) ......ouuiii oot 55
7.5.13 Burst Read With Wrap (OCh)......cuuiiiiiiieee et 56
7.5.14 Enter QPl MOE (B8h) ..covieiiiiiiiiiiiee ettt ettt e e e e e e e e e e e e e e e aanes 57
7.5.15 EXit QPIMOUE (FFN)...ueiiiiiiiiie ettt e e e e et e e e nrae e e e enneeee s 57

8 ELECTRICAL CHARACTERISTIC ..cociitiiie ettt et e et e e s et e e s snaeeeesnnaeeeennneeees 59
8.1 Power-Up Power-Down Timing and ReqUIFEMENLS ...........ceeiieeiiiiiiiiiieeee e e ccsiiieeee e e e e e 59
8.2 Absolute Maximum RaLINGS........cc.uuiiiiie e e e e e e e e s snrraeeeaaeeeennnes 60
8.3 Recommended Operating RANGES. .....ccouuiiiiiiiiie ettt 60
8.4 DO @4 g F= 1= T (=] [ 10X SO PPPPTPRRN 61
8.5 AC Measurement CONAItIONS .......c.oiiuiiiii e abe e e e 61
8.6 AC Electrical CharaCteriStCS .......uuieiiiiiieeiiiiiee ettt e e e e e e e e e saeee e enneeeeeennnees 62
O PACKAGE MECHANICAL ....eeiieee ettt ettt ettt et e e et e e emte e e saeeeamteeeamteeaneeeanneeesnneeeanneeans 64
9.1 1@ ST L0 o1 RSP TRSR 64
9.2 SOP8 = 208Ml ceeeieiiiie ettt e e et e e e annre e e e e e nraeeeannreeeeanns 65
9.3 TFBGA24 (5%5 BaAll ATTAY) «eveiieiieie et ettt e ettt stte e e s st e e e st e e e s s e e e snteeeeannseeaeennneeeens 66
9.4 TFBGA24 (64 BAll ATTAY) ...eeiieeee ettt ettt ettt e e smee e et eesnneeeneeas 67
9.5 TSSOP8 = L73Mlceiie ittt ettt sttt sab e s bt st e e e nab e e eneeas 68
9.6 DN (2*3*0.55IMIM) ....eiiiiie ittt sttt st e st e e st e e e sbe e e sbeeesabeeennneeans 69
] 1 VST 70

Zbit Semiconductor, Inc. 3



FEATURES

ZB25LQ16A

Power Supply Voltage
- Single 1.65V-2.0V supply

16M bit Serial Flash
- 16 M-bit/2,048K-Byte/8,192 pages
- 256 Bytes per programmable page
- Uniform 4K-Byte Sectors, 32K/64K-Byte
Blocks

New Family of SpiFlash Memories
- Standard SPIl: CLK, CS#, DI, DO, WP#,
HOLD# / RESET#
- Dual SPI: CLK, CS#, DI, DO, WP#, HOLD# /
RESET#
- Quad SPI: CLK, CS#, 100, 101, 102, 103
- QPI: CLK, CS#, 100, 101, 102, 103
- Software & Hardware Reset
- Auto-increment Read capability

Temperature Ranges
- Commercial (-20°C to 85°C)
- Industrial (-40°C to 85°C)

Low power consumption

- 15 pAtypical standby current

- 0.1 pAtypical power down current
Efficient “Continuous Read” and QPI
Mode

- Continuous Read with 8/16/32/64-Byte Wrap

- As few as 8 clocks to address memory

- Quad Peripheral Interface(QPI) reduces

instruction overhead

(s

Flexible Architecture with 4KB sectors
Sector Erase (4K-Bytes)

Block Erase (32K/64K-Bytes)

Page Program up to 256 Bytes

More than 100K erase/program cycles
More than 20-year data retention

Advanced Security Feature

Software and Hardware Write-Protect
Top/Bottom, Complement array protection
-64-Bit Unique ID for each device
Serial Flash Discoverable
FDP) Register

3X256-Bytes Security Registers with OTP

Parameters

locks

Volatile & Non-volatile Status Register Bits

High performance program/erase speed
Page program time: 500us typical

Sector erase time: 30ms typical

Block erase time: 150ms typical

Chip erase time: 6s typical

Package Options

SOP - 150mil/208mil

TFBGA24

TSSOPS8 - 173mil

DFN8 (2*3*0.55mm)

All Pb-free packages are RoHS compliant

Zbit Semiconductor, Inc.
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GENERAL DESCRIPTION

The ZB25LQ16A of non-volatile flash memory device supports the standard Serial Peripheral Interface
(SPI). Traditional SPI single bit serial input and output (Single 1/0 or SIO) is supported as well as optional two
bit (Dual I/O or DIO) and four bit (Quad I/O or QIO) serial protocols. This multiple width interface is called SPI
Multi-I/O or MIO.

The SPI protocols use only 4 to 6 signals:
@ Chip Select (CS#)

@ Serial Clock (CLK)

@ Serial Data

-100 (DI)

-101 (DO)

- 102 (WP#)

- 103 (HOLD# / RESET#)

The ZB25LQ16A support the standard Serial Peripheral Interface (SPI), Dual/Quad I/O SPI as well as
2-clocks instruction cycle Quad Peripheral Interface (QPI): Serial Clock, Chip Select, Serial Data 1/00 (Dl),
/01 (DO), I/02 (WP#), and 1/03 (HOLD# / RESET#). SPI clock frequencies of up to 104MHz are supported
allowing equivalent clock rates of 208MHz (104MHz x 2) for Dual /O and 416MHz (104MHz x 4) for Quad I/O
when using the Fast Read Dual/Quad I/O and QPI instructions. These transfer rates can outperform standard
Asynchronous 8 and 16-bit Parallel Flash memories. The Continuous Read Mode allows for efficient memory
access with as few as 8-clocks of instruction-overhead to read a 24-bit address, allowing true XIP (execute in
place) operation.

A Hold pin, Write Protect pin and programmable write protection, with top or bottom array control, provide
further control flexibility. Additionally, the device supports JEDEC standard manufacturer and device ID and
SFDP Register, a 64-bit Unique Serial Number and three 256-Bytes Security Registers.

The ZB25LQ16A provides an ideal storage solution for systems with limited space, signal connections,
and power. These memories' flexibility and performance is better than ordinary serial flash devices. They are
ideal for code shadowing to RAM, executing code directly (XIP), and storing reprogrammable data.

Zbit Semiconductor, Inc. 5
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1 ORDERING INFORMATION

The ordering part number is formed by a valid combination of the following:

ZB 25 1Q 16 A X X X X

Packing Type
T:Tube
R:Tape & Reel
Y:Tray

Green Code
P: Pb free only green package
G: Pb free and halogen free

Temperature Range
E: Commercial (-20°C to 857C)
I: Industrial (-40°C to 85°C)

Package Type

S:SOP8 208mil

T:SOP8 150mil

O:TSSOP8 173mil

D:DFN8 2*3mm, THK 0.55mm
B:TFBGA24(6*4 Ball Array)
Z:TFBGA24(5*5 Ball Array)

Version
A: A Version

Device Density
16: 16Mbit

Series
LQ:1.8V, 4KB uniform sector, Quad Mode

Product Family
25:SPI Interface Flash

Zbit Semiconductor

Figure 1.1 Ordering Information

Zbit Semiconductor, Inc. 6
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2 BLOCK DIAGRAM
— X-Decoder [ Flash Memory
Address
Buffers and A
Latches ‘ ‘
Y-Decoder
1 \ 4 jE
. 1/0 Buffers and
Control Logic Data Latches
Serial Interface
CS# CLK DI DO WP# HOLD#
Figure 2.1 Block Diagram
Zbit Semiconductor, Inc. 7
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3 CONNECTION DIAGRAMS

cs# [ 4

DO [] 2

wp# [ 3

GND [ 2

8: VCC

HOLD# /

] RESET#

6 [] CLK

5 [

DI

Figure 3.1 SOP8 (150/208mil)/ DIP8 (300mil)

cs# [ 1
Do [ 2
WP# [ 3
GND [ 4

g (]
7 C

5

VCC

HOLD# /
RESET#

CLK

DI

Figure 3.2 DFN8 (5*6 mm)
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4 SIGNAL DESCRIPTIONS

Table 4.1 Pin Descriptions

Symbol Pin Name
CLK Serial Clock Input

DI(100) Serial Data Input(Data input output 0)

DO(I01) Serial Data Output(Data input output 1) ™
CS# Chip Enable

WP#(102)"™ Write Protect (Data input output 2)
HOLD# / RESET#(103) Hold or Reset input(Data input output 3)

VCC Power Supply (1.65-2.0V)
GND Ground

Notes:

(1) 100 and 101 are used for Standard and Dual SPI instructions.

(2) 100—I03 are used for QUAD SPI / QPI instructions.

(3) WP# and HOLD# / RESET# functions are only available for Standard and Dual SPI.

4.1 Serial Data Input (DI) /100

The SPI Serial Data Input (DI) pin is used to transfer data serially into the device. It receives instructions,
address and data to be programmed. Data is latched on the rising edge of the Serial Clock (CLK) input pin.
The DI pin becomes 100 - an input and output during Dual and Quad commands for receiving instructions,
address, and data to be programmed (values latched on rising edge of serial CLK clock signal) as well as
shifting out data (on the falling edge of CLK).

4.2 Serial Data Output (DO) /101

The SPI Serial Data Output (DO) pin is used to transfer data serially out of the device. Data is shifted out
on the falling edge of the Serial Clock (CLK) input pin. DO becomes IO1 - an input and output during Dual and
Quad commands for receiving instructions, addresses, and data to be programmed (values latched on rising
edge of serial CLK clock signal) as well as shifting out data (on the falling edge of CLK).

4.3 Serial Clock (CLK)

The SPI Serial Clock Input (CLK) pin provides the timing for serial input and output operations. ("See SPI
Mode")

4.4 Chip Select (CS#)

The SPI Chip Select (CS#) pin enables and disables device operation. When CS# is high the device is
deselected and the Serial Data Output pins are at high impedance.

When deselected, the devices power consumption will be at standby levels unless an internal erase,
program or status register cycle is in progress. When CS# is brought low the device will be selected, power
consumption will increase to active levels and instructions can be written to and data read from the device.
After power-up, CS# must transition from high to low before a new instruction will be accepted.

Zbit Semiconductor, Inc. 9
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4.5 Write Protect (WP#) /102

The Write Protect (WP#) pin can be used to prevent the Status Register from being written. Used in
conjunction with the Status Register’s Block Protect (BP0, BP1 and BP2, TB, SEC, CMP) bits and Status
Register Protect (SRPO) bits, a portion or the entire memory array can be hardware protected.

The WP# function is not available when the Quad mode is enabled. The WP# function is replaced by 102
for input and output during Quad mode for receiving addresses and data to be programmed (values are
latched on rising edge of the CLK signal) as well as shifting out data (on the falling edge of CLK).

4.6 HOLD (HOLD#) / 103

The HOLD# pin allows the device to be paused while it is actively selected. When HRSW bit is ‘0’ (factory
default is ‘0’), the HOLD# pin is enabled. When HOLD# is brought low, while CS# is low, the DO pin will be at
high impedance and signals on the DI and CLK pins will be ignored (don’t care). When HOLD# is brought high,
device operation can resume. The HOLD# function can be useful when multiple devices are sharing the same
SPI signals. The HOLD# pin is active low. When the QE bit of Status Register-2 is set for Quad /O, the
HOLD# pin function is not available since this pin is used for 103.

4.7 RESET (RESET#) /103

The RESET# pin allows the device to be reset by the controller. When HRSW bit is ‘1’ (factory default is
‘0’), the RESET# pin is enabled. Drive RESET# low for a minimum period of ~1us (tRESET*) will interrupt any
on-going external/internal operations, regardless the status of other SPI signals (CS#, CLK, DI, DO, WP#
and/or HOLD#). The Hardware Reset function is only available for standard SPI and Dual SPI operation,
when QE=0, the 103 pin can be configured either as a HOLD# pin or as a RESET# pin depending on Status
Register setting, when QE=1, this pin is the Serial Data |10 (I103) for Quad I/O operation.

Zbit Semiconductor, Inc. 10
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Block or Chip Erasable but not Page Erasable.

ZB25LQ16A

MEMORY ORGANIZATION

Flash Memory Array

The memory is organized as:

- 2,097,152Bytes
- 32 blocks of 64K-Byte
- 512 sectors of 4K-Byte

- 8, 192 pages (256 Bytes each)
Each page can be individually programmed (bits are programmed from 1 to 0). The device is Sector,

Table 5.1 Memory Organization(ZB25LQ16A)

Block/ Security

Register/SFDP Sector Address range

Security Register 3 003000H 0030FFH
Security Register 2 002000H 0020FFH
Security Register 1 001000H 0010FFH
Securglz%eg)i“er 0 000000H 0000FFH
511 1FFOOOH 1FFFFFH

Block3r (1 .. | L.
496 1FO000H 1FOFFFH
495 1EFOOOH 1EFFFFH

Block30 | . .. 1 L.
480 1E0000H 1EOFFFH
47 02F000H 02FFFFH

Block2 |} . .. 1 .
32 020000H 020FFFH
31 01FOO0C0H 01FFFFH

Block2 |} . .. 1 L.
16 010000H 010FFFH
15 OOFO00H OOFFFFH

Blocko |} . .. 0 .
0 000000H 000FFFH

Notes:

@

5.2 Security Registers

information separate from the main memory array.

These are condensed tables that use a couple of sectors as references. There are address ranges that are not explicitly listed. All

4-KB sectors have the pattern XXX000h-XXXFFFh.

The ZB25LQ16A provides four 256-Byte Security Registers. Each register can be used to store
information that can be permanently protected by programming One Time Programmable (OTP) lock bits in
Status Register-2.
Register 0 is used by Zbit to store and protect the Serial Flash Discoverable Parameters (SFDP)
information that is also accessed by the Read SFDP command. See Table 5.1.
The three additional Security Registers can be erased, programmed, and protected individually. These
registers may be used by system manufacturers to store and permanently protect security or other important

Zbit Semiconductor, Inc.
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5.2.1 Security Register 0

Serial Flash Discoverable Parameters (SFDP — JEDEC JESD216B):

This document defines the Serial Flash Discoverable Parameters (SFDP) revision B data structure for
ZB25LQ16A family.

The Read SFDP (RSFDP) command (5Ah) reads information from a separate flash memory address
space for device identification, feature, and configuration information, in accord with the JEDEC JESD216B
standard for Serial Flash Discoverable Parameters.

The SFDP data structure consists of a header table that identifies the revision of the JESD216 header
format that is supported and provides a revision number and pointer for each of the SFDP parameter tables
that are provided. The parameter tables follow the SFDP header. However, the parameter tables may be
placed in any physical location and order within the SFDP address space. The tables are not necessarily
adjacent nor in the same order as their header table entries.

The SFDP header points to the following parameter tables:

M Basic Flash
— This is the original SFDP table.

The physical order of the tables in the SFDP address space is: SFDP Header, and Basic Flash. The
SFDP address space is programmed by Zbit and read-only for the host system.

5.2.2 Serial Flash Discoverable Parameters (SFDP) Address Map

The SFDP address space has a header starting at address zero that identifies the SFDP data structure
and provides a pointer to each parameter. One Basic Flash parameter is mandated by the JEDEC JESD216B
standard.

Table 5.2 SFDP Overview Map — Security Register 0

Byte Address Description
0000h Location zero within JEDEC JESD216B SFDP space — start of SFDP header
0010h Undefined space reserved for future SFDP header
0030h Start of SFDP parameter
Remainder of SFDP JEDEC parameter followed by undefined space
006Fh End of SFDP space
0070h to OOFFh Reserved space

Zbit Semiconductor, Inc. 12
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5.2.3 SFDP Header Field Definitions

Table 5.3 SFDP Header

SFDP SFDP
Byte Dword Data Description
Address Name
This is the entry point for Read SFDP (5Ah) command i.e. location zero within
00h 53h SFDP space
SFDP Header ASCII “S”
0lh 1st DWORD 46h ASCII “F”
02h 44h ASCII “D”
03h 50h ASCII “P”
SFDP Minor Revision (06h = JEDEC JESD216 Revision B)
— This revision is backward compatible with all prior minor revisions. Minor
revisions are changes that define previously reserved fields, add fields to the end,
or that clarify definitions of existing fields. Increments of the minor revision value
indicate that previously reserved parameter fields may have been assigned a new
definition or entire Dwords may have been added to the parameter table.
04h 06h Howeyer, the definition of p_reviougly exis;ing fields is unchanged and the_rc_efore
remains backward compatible with earlier SFDP parameter table revisions.
Software can safely ignore increments of the minor revision number, as long as
SFDP Header only those parameters the software was designed to support are used i.e.
2nd DWORD Previously reserved fields and additional Dwords must be masked or ignored. Do
not do a simple compare on the minor revision number, looking only for a match
with the revision number that the software is designed to handle. There is no
problem with using a higher number minor revision.
SFDP Major Revision
05h 01lh — This is the original major revision. This major revision is compatible with all
SFDP reading and parsing software.
06h 00h Number of Parameter Headers (zero based, 00h = 1 parameters
07h FFh Unused
08h 00h Parameter ID LSB (00h = JEDEC SFDP Basic SPI Flash Parameter)
Parameter Minor Revision (00h = JESD216)
—This older revision parameter header is provided for any legacy SFDP reading
09h 06h and parsing soﬂwa(e that requires seeing a minO( r_evision 6 parameter heaqer.
Parameter SFDP software designed to handle later minor revisions should continue reading
Header 01st parameter headers looking for a higher numbered minor revision that contains
DWORD additional parameters for that software revision.
Parameter Major Revision (01h = The original major revision - all SFDP software
0Ah 01h . h - . . .
is compatible with this major revision.
Parameter Table Length (in double words = Dwords = 4-Byte units) 10h = 16
0Bh 10h
Dwords
och 30h Parameter Table Pointer Byte 0 (Dword = 4-Byte aligned) JEDEC Basic SPI Flash
Parameter parameter Byte offset = 30h
0Dh Header 02nd | 00h Parameter Table Pointer Byte 1
OEh DWORD 00h Parameter Table Pointer Byte 2
OFh FFh Parameter ID MSB (FFh = JEDEC defined legacy Parameter ID)

Zbit Semiconductor, Inc.
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5.2.4 JEDEC SFDP Basic SPI Flash Parameter

Table 5.4 Basic SPI Flash Parameter, JEDEC SFDP Rev B (Sheet 1 of 5)

SFDP
Parameter SFDP
Relative Dword Data Description
Byte Name
Address
Start of SFDP JEDEC parameter
Bits 7:5 = unused = 111b
Bit 4:3 = 05h is volatile status register write instruction and status register is
30h E5h L
default non-volatile= 00b
Bit 2 = Program Buffer > 64 Bytes = 1
Bits 1:0 = Uniform 4-KB erase is supported throughout the device = 01b
31h 20h Bits 15:8 = Uniform 4-KB erase instruction = 20h
JEDEC Bit 23 = Unused = 1b
Basic Flash Bit 22 = Supports QOR Read (1-1-4), Yes = 1b
Parameter Bit 21 = Supports QIO Read (1-4-4),Yes =1b
Dword-1 Bit 20 = Supports DIO Read (1-2-2), Yes = 1b
3oh F1h Bit19 = Supports DTR, No=0b
Bit 18:17 = Number of Address Bytes 3 only = 00b
Bit 16 = Supports SIO and DIO Yes = 1b
Binary Field: 1-1-1-1-0-00-1
Nibble Format: 1111_0001
Hex Format: F1
33h FFh Bits 31:24 = Unused = FFh
34h JEDEC FFh Density in bits, zero based,
35h Basic Flash FFh 16 Mb = 00FFFFFFh
36h Parameter FFh 32 Mb = 01FFFFFFh
37h Dword-2 0oh 64 Mb = 03FFFFFFh
Bits 7:5 = number of QIO (1-4-4)Mode cycles = 010b
38h 44h Bits 4:0 = number of Fast Read QIO Dummy cycles = 00100b for default latency
JEDEC code
39h Basic Flash EBh Fast Read QIO (1-4-4)instruction code
Parameter Bits 23:21 = number of Quad Out (1-1-4) Mode cycles = 000b
3Ah Dword-3 08h Bits 20:16 = number of Quad Out Dummy cycles = 01000b for default latency
code
3Bh 6Bh Quad Out (1-1-4)instruction code
ach o0sh B@ts 7:5 = number of Dual Out (1-1-2)Mode cycles = 000b
JEDEC Bits 4:0 = number of Dual Out Dummy cycles = 01000b for default latency code
3Dh Basic Flash 3Bh Dual Out (1-1-2) instruction code
3Eh Parameter 80h Bits 23:21 = number of Dual /O Mode cycles = 100b
Dword-4 Bits 20:16 = number of Dual I/O Dummy cycles = 00000b for default latency code
3Fh BBh Dual I/O instruction code
Bits 7:5 RFU = 111b
Bit 4 = QPI (4-4-4) fast read commands supported = 1b
40h JEDEC FEh Bits 3:1QRFL(J = 11)1b i
Basic Flash Bit 0 = Dual All not supported = Ob
41h Barargester FFh Bits 15:8 = RFU = FFh
42h "I FFh Bits 23:16 = RFU = FFh
43h FFh Bits 31:24 = RFU = FFh
44h FFh Bits 7:0 = RFU = FFh
450 JBED.E"::I . [Fe Bits 15:8 = RFU = FFh
46h ng;ne{a; EFh B!ts 23:21 = number of Dual All Mode cycles = 111b
Dword-6 Bits 20:16 = number of Dual All Dummy cycles = 11111b
47h FFh Dual All instruction code

Zbit Semiconductor, Inc.
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Table 5.4 Basic SPI Flash Parameter, JEDEC SFDP Rev B (Sheet 2 of 5)

SFDP
Parameter SFDP
Relative Dword Data Description
Byte Name
Address
48h FFh Bits 7:0 = RFU = FFh
49h 2EoeC . [ Bits 15:8 = RFU = FFh
4Ah Parameter 44h B?ts 23:21 = number of QPI Mode cycles = 010b
Dword-7 Bits 20:16 = number of QP Dummy cycles = 00100b for default latency code
4Bh EBh QP instruction code
4Ch JEDEC 0Ch Erase Type 1 size 2" Bytes = 4 KB = 0Ch (for Uniform 4 KB)
4Dh Basic Flash 20h Erase Type 1 instruction
4Eh Parameter OFh Erase Type 2 size 2" Bytes = 32 KB = OFh (for Uniform 32 KB)
4Fh Dword-8 52h Erase Type 2 instruction
50h JEDEC 10h Erase Type 3 size 2" Bytes =64 KB = 10h(for Uniform 64 KB)
51h Basic Flash D8h Erase Type 3 instruction
52h Parameter 00h Erase Type 4 size 2" Bytes = not supported = 00h
53h Dword-9 FFh Erase Type 4 instruction = not supported = FFh
JEDEC Bits 31:30 = Erase Type 4 Erase, Typical time units (00b: 1 ms, 01b: 16 ms, 10b:
54h Basic Flash 13h 128 ms, 11b:1 s) = RFU = 11b
Parameter Bits 29:25 = Erase Type 4 Erase, Typical time count = RFU = 11111b (typ erase
Dword-4 time = (count+1) * units) = RFU =11111
55h 4Ah Bits 24:23 = Erase Type 3 Erase, Typical time units (00b: 1 ms, 01b: 16 ms, 10b:
56h B1h 128 ms, 11b:1's) = RFU = 01b
Bits 22:18 = Erase Type 3 Erase, Typical time count = 01100b (typ erase time =
(count +1) *units) = 13*16 ms =200ms
Bits 17:16 = Erase Type 2 Erase, Typical time units (00b: 1 ms, 01b: 16 ms, 10b:
128 ms, 11b:1 s) =16 ms = 01b
Bits 15:11 = Erase Type 2 Erase, Typical time count = 01001b (typ erase time =
(count +1) *units) = 10*16 ms = 150 ms
Bits 10:9 = Erase Type 1 Erase, Typical time units (00b: 1 ms, 01b: 16 ms, 10b:
128 ms, 11b: 1s) = 16ms = 01b
57h FEh Bits 8:4 = Erase Type 1 Erase, Typical time count = 00001b (typ erase time =
(count +1) *units) = 2*16 ms = 40 ms
Bits 3:0 = Count = (Max Erase time / (2 * Typical Erase time))- 1 = 0011b
Multiplier from typical erase time to maximum erase time = 8x multiplier
Max Erase time = 2*(Count +1)*Typ Erase time
Binary Fields: 1111111_0101100_0101001_0100001_0011
Nibble Format: 1111_1110_1011_0001_0100_1010_0001_0011
Hex Format: FE_B1 4A 13

Zbit Semiconductor, Inc.
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Table 5.4 Basic SPI Flash Parameter, JEDEC SFDP Rev B (Sheet 3 of 5)

SFDP
Parameter
Relative
Byte
Address

SFDP
Dword
Name

Data

Description

58h

59h

5Ah

5Bh

JEDEC
Basic Flash
Parameter
Dword-11

80h

66h

14h

Bits 23 = Byte Program Typical time, additional Byte units (Ob:1 ps, 1b:8 us) =1 pys =
Ob

Bits 22:19 = Byte Program Typical time, additional Byte count, (count+1)*units, count
= 0010b,(typ Program time = (count +1) * units) = 3*1 ys =3 ys

Bits 18 = Byte Program Typical time, first Byte units (Ob:1 ps, 1b:8 pys) =8 ys = 1b
Bits 17:14 = Byte Program Typical time, first Byte count, (count+1)*units, count =
0001b, (typ Program time = (count +1) * units) = 2*8 us = 16 ys

Bits 13 = Page Program Typical time units (0b:8 ps, 1b:64 ps) =64 ys = 1b

Bits 12:8 = Page Program Typical time count, (count+1)*units, count = 00110b, (typ
Program time = (count +1) * units) = 764 ys = 450 ps

Bits 7:4 = N = 1000b, Page size= 2N = 256B page

Bits 3:0 = Count = 0000b = (Max Page Program time / (2 * Typ Page Program time))- 1
Multiplier from typical Page Program time to maximum Page Program time = 2x
multiplier

Max Page Program time = 2*(Count +1)*Typ Page Program time

Binary Fields: 0-0010-1-0001-1-00110-1000-0000

Nibble Format: 0001_0100_0110_0110_1000_0000

Hex Format: 14 66 80

Cih

16 Mb = 1100_0001b = C1h

Bit 31 Reserved = 1b

Bits 30:29 = Chip Erase, Typical time units (00b: 16 ms, 01b: 256 ms, 10b: 4 s, 11b: 64
s) = 4s=10b

Bits 28:24 = Chip Erase, Typical time count, (count+1)*units, count = 00001b, (typ
Program time = (count +1) * units) = 2*4s = 8s

5Ch

5Dh

5Eh

5Fh

JEDEC
Basic Flash
Parameter
Dword-12

EDh

63h

16h

33h

Bit 31 = Suspend and Resume supported = Ob

Bits 30:29 = Suspend in-progress erase max latency units (00b: 128ns, 01b: 1us, 10b:
8 ps,11b: 64 ps) = 1 ys= 01b

Bits 28:24 = Suspend in-progress erase max latency count = 10011b, max erase
suspend latency = (count +1) * units = 20*1 ps = 20 ys

Bits 23:20 = Erase resume to suspend interval count = 0001b, interval = (count +1) *
64 ys = 2* 64 ps = 128 ps

Bits 19:18 = Suspend in-progress program max latency units (00b: 128ns, 01b: 1us,
10b: 8 ps,11b: 64 ps) = 1 ys= 01b

Bits 17:13 = Suspend in-progress program max latency count = 10011b, max erase
suspend latency = (count +1) * units = 20*1 ps = 20 ps

Bits 12:9 = Program resume to suspend interval count = 0001b, interval = (count +1) *
64 ys =2 * 64 ps = 128 ps

Bit 8 = RFU =1b

Bits 7:4 = Prohibited operations during erase suspend

= xxx0b: May not initiate a new erase anywhere (erase nesting not permitted)

+ xx1xb: May not initiate a page program in the erase suspended sector size

+ x1xxb: May not initiate a read in the erase suspended sector size

+ 1xxxb: The erase and program restrictions in bits 5:4 are sufficient

=1110b

Bits 3:0 = Prohibited Operations During Program Suspend

= xxx1b: May not initiate a new erase in the program suspended page size

+ xxOxb: May not initiate a new page program anywhere (program nesting not
permitted)

+ x1xxb: May not initiate a read in the program suspended page size

+ 1xxxb: The erase and program restrictions in bits 1:0 are sufficient

=1101b

Binary Fields: 0-01-10011-0001-01-10011-0001-1-1110-1101

Nibble Format: 0011_0011_0001_0110_0110_0011_1110_1101

Hex Format: 33_16 _63_ED
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Table 5.4 Basic SPI Flash Parameter, JEDEC SFDP Rev B (Sheet 4 of 5)

SFDP
Parameter
Relative
Byte
Address

SFDP
Dword
Name

Data

Description

60h

61h

62h

63h

JEDEC
Basic Flash
Parameter
Dword-13

7Ah

75h

7Ah

75h

Bits 31:24 = Erase Suspend Instruction = 75h
Bits 23:16 = Erase Resume Instruction = 7Ah
Bits 15:8 = Program Suspend Instruction = 75h
Bits 7:0 = Program Resume Instruction = 7Ah

64h

65h

66h

67h

JEDEC
Basic Flash
Parameter
Dword-14

F7h

A2h

D5h

5Ch

Bit 31 = Deep Power-Down Supported = 0

Bits 30:23 = Enter Deep Power-Down Instruction = B9h

Bits 22:15 = Exit Deep Power-Down Instruction = ABh

Bits 14:13 = Exit Deep Power-Down to next operation delay units = (00b: 128 ns, 01b:
1 us,

10b: 8 us, 11b: 64 ps) = 1 ys = 01b

Bits 12:8 = Exit Deep Power-Down to next operation delay count = 00010b, Exit Deep
Power-Down to next operation delay = (count+1)*units = 3*1 ys=3 ps

Bits 7:4 = RFU = 1111b

Bit 3:2 = Status Register Polling Device Busy

= 01b: Legacy status polling supported = Use legacy polling by reading the Status
Register with 05h instruction and checking BUSY bit (O=ready; 1=busy).

Bits 1:0 = RFU = 11b

Binary Fields: 0-10111001-10101011-01-00010-1111-01-11
Nibble Format: 0101_1100_1101_0101_1010_0010_1111_0111
Hex Format: 5C_D5 A2 _F7

68h

69h

6Ah

6Bh

JEDEC
Basic Flash
Parameter
Dword-15

19h

F6h

DDh

FFh

Bits 31:24 = RFU = FFh

Bit 23 = Hold and WP Disable = set QE(bit 1 of SR2) high = 1b

Bits 22:20 = Quad Enable Requirements

=101b: QE is bit 1 of the status register 2. Status register 1 is read using Read Status
instruction 05h. Status register 2 is read using instruction 35h. QE is set via Write
Status instruction 01h with two data Bytes where bit 1 of the second Byte is one. It is
cleared via Write Status with two data Bytes where bit 1 of the second Byte is zero.
Bits 19:16 0-4-4 Mode Entry Method

= xxx1b: Mode Bits[7:0] = A5h Note: QE must be set prior to using this mode

+ x1xxb: Mode Bits[7:0] = Axh

+ Ixxxb: RFU

=1101b

Bits 15:10 0-4-4 Mode Exit Method

= xx_xxx1b: Mode Bits[7:0] = 00h will terminate this mode at the end of the current
read operation

+ xx_1xxxb: Input Fh (mode bit reset) on DQO-DQ3 for 8 clocks. This will terminate the
mode prior to the next read operation.

+11_x1xx: RFU

=111101b

Bit 9 = 0-4-4 mode supported = 1

Bits 8:4 = 4-4-4 mode enable sequences = 0_0001b: set QE per QER description
above, then issue instruction 38h

Bits 3:0 = 4-4-4 mode disable sequences

= xxx1b: issue FFh instruction

+ Ixxxb: issue the Soft Reset 66/99 sequence

=1001b

Binary Fields: 11111111-1-101-1101-111101-1-00001-1001

Nibble Format: 1111_1111-1101-1101-1111_0110_0001-1001

Hex Format: FF_ DD_F6 19
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Table 5.4 Basic SPI Flash Parameter, JEDEC SFDP Rev B (Sheet 5 of 5)

SFDP
Parameter
Relative
Byte
Address

SFDP
Dword
Name

Data

Description

6Ch

6Dh

6Eh

6Fh

JEDEC
Basic Flash
Parameter
Dword-16

E8h

30h

COh

80h

Bits 31:24 = Enter 4-Byte Addressing

= xxxx_xxx1b:issue instruction B7 (preceding write enable not required

+ xx1x_xxxxb: Supports dedicated 4-Byte address instruction set. Consult vendor data
sheet

for the instruction set definition or look for 4-Byte Address Parameter Table.

+ 1xxx_xxxxb: Reserved

=10000000b not supported

Bits 23:14 = Exit 4-Byte Addressing

= XX_XxXxx_xxx1b:issue instruction E9h to exit 4-Byte address mode (Write enable
instruction

06h is not required)

+ XX_Xx1x_xxxxb: Hardware reset

+ xX_x1xx_xxxxb: Software reset (see bits 13:8 in this DWORD)

+ xX_1xxx_xxxxb: Power cycle

+ x1_xxxx_xxxxb: Reserved

+ 1x_xxxx_xxxxb: Reserved

=11_0000_0000b not supported

Bits 13:8 = Soft Reset and Rescue Sequence Support

= x1_xxxxb: issue reset enable instruction 66h, then issue reset instruction 99h. The
reset enable, reset sequence may be issued on 1,2, or 4 wires depending on the
device operating mode

+ 1x_xxxxb: exit 0-4-4 mode is required prior to other reset sequences above if the
device may be operating in this mode.

=11_0000b

Bit7=RFU=1

Bits 6:0 = Volatile or Non-Volatile Register and Write Enable Instruction for Status
Register 1

= xxx_1xxxb: Non-Volatile/Volatile status register 1 powers-up to last written value in
the nonvolatile status register, use instruction 06h to enable write to non-volatile status
register. Volatile status register may be activated after power-up to override the
non-volatile status register, use instruction 50h to enable write and activate the volatile
status register.

+ x1x_xxxxb: Reserved

+ 1xx_xxxxb: Reserved

=1101000b

Binary Fields: 10000000-1100000000-110000-1-1101000

Nibble Format: 1000_0000_1100_0000_0011_0000_1110_1000

Hex Format: 80 CO 30 E8

Zbit Semiconductor, Inc.
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6 FUNCTION DESCRIPTION
6.1 SPI Operations
6.1.1 SPI Modes

The ZB25LQ16A can be driven by an embedded microcontroller (bus master) in either of the two
following clocking modes.

@ Mode 0 with Clock Polarity (CPOL) = 0 and, Clock Phase (CPHA) =0
¢ Mode 3 with CPOL =1 and, CPHA=1

For these two modes, input data is always latched in on the rising edge of the CLK signal and the output
data is always available on the falling edge of the CLK clock signal.

The difference between the two modes is the clock polarity when the bus master is in standby mode and
not transferring any data.

€ CLK will stay at logic low state with CPOL =0, CPHA=0

@ CLK will stay at logic high state with CPOL =1, CPHA=1

F\ (
/e e\

CPOL=0_CPHA=0_CLK

CPOL=1_CPHA=1_CLK

/N I/

/S /]
/S

DI

| wss ]

I3

DO

{5 [ wse |
Figure 6.1 SPI Modes

Timing diagrams throughout the rest of the document are generally shown as both mode 0 and 3 by
showing CLK as both high and low at the fall of CS#. In some cases a timing diagram may show only mode 0
with CLK low at the fall of CS#. In such case, mode 3 timing simply means clock is high at the fall of CS# so
no CLK rising edge set up or hold time to the falling edge of CS# is needed for mode 3.

CLK cycles are measured (counted) from one falling edge of CLK to the next falling edge of CLK. In
mode 0 the beginning of the first CLK cycle in a command is measured from the falling edge of CS# to the first
falling edge of CLK because CLK is already low at the beginning of a command.

6.1.2 Dual SPI Modes

The ZB25LQ16A supports Dual SPI Operation when using the Fast Read Dual Output (3Bh) and Fast
Dual I/O (BBh) instruction. These features allow data to be transferred from the device at twice the rate
possible with the standard SPI. These instructions are ideal for quickly downloading code to RAM upon
Power-up (code-shadowing) or for executing non-speed-critical code directly from the SPI bus (XIP). When
using Dual SPI commands, the DI and DO pins become bidirectional 1/O pins: 100 and 101.

6.1.3 Quad SPI Modes
The ZB25LQ16A supports Quad SPI operation when using the Fast Read Quad Output (6Bh), Fast Read

Quad /0 (EBh) instruction, Word Read Quad I/O(E7h), and Octal Word Read Quad I/O(E3h). These
instructions allow data to be transferred to or from the device four times the rate of ordinary Serial Flash. The
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Quad Read instructions offer a significant improvement in continuous and random access transfer rates
allowing fast code-shadowing to RAM or execution directly from the SPI bus (XIP). When using Quad SPI
instructions, the DI and DO pins become bidirectional IO0 and 101, and the WP# and HOLD# / RESET# pins
become 102 and 103 respectively. Quad SPI instructions require the non-volatile Quad Enable bit (QE) in
Status Register-2 to be set.

6.1.4 QPI Function

The ZB25LQ16A supports Quad Peripheral Interface (QPI) operations when the device is switched from
Standard/Dual/Quad SPI mode to QPI mode using the “Enter QPI (38h)” instruction. The typical SPI protocol
requires that the Byte-long instruction code being shifted into the device only via DI pin in eight serial clocks.
The QPI mode utilizes all four 10 pins to input the instruction code, thus only two serial clocks are required.
This can significantly reduce the SPI instruction overhead and improve system performance in an XIP
environment. Standard/Dual/Quad SPI mode and QPI mode are exclusive. Only one mode can be active at
any given time. “Enter QPI (38h)” and “Exit QPI (FFh)” instructions are used to switch between these two
modes. Upon power-up or after a software reset using “Reset (99h)” instruction, the default state of the device
is Standard/Dual/Quad SPI mode. To enable QPI mode, the non-volatile Quad Enable bit (QE) in Status
Register-2 is required to be set. When using QPI instructions, the DI and DO pins become bidirectional 100
and 101, and the WP# and HOLD# / RESET# pins become 102 and 103 respectively.

6.1.5 Hold Function

For Standard SPI and Dual SPI operations, the HOLD# / RESET# (103) signal allows the device interface
operation to be paused while it is actively selected (when CS# is low). The Hold function may be useful in
cases where the SPI data and clock signals are shared with other devices. For example, if the page buffer is
only partially written when a priority interrupt requires use of the SPI bus, the Hold function can save the state
of the interface and the data in the buffer so programming command can resume where it left off once the bus
is available again. The Hold function is only available for standard SPI and Dual SPI operation, not during
Quad SPI.

To initiate a Hold condition, the device must be selected with CS# low. A Hold condition will activate on
the falling edge of the HOLD# signal if the CLK signal is already low. If the CLK is not already low the Hold
condition will activate after the next falling edge of CLK. The Hold condition will terminate on the rising edge of
the HOLD# signal if the CLK signal is already low. If the CLK is not already low the Hold condition will
terminate after the next falling edge of CLK. During a Hold condition, the Serial Data Output, (DO) or 100 and
101, are high impedance and Serial Data Input, (DI) or IO0 and 101, and Serial Clock (CLK) are ignored. The
Chip Select (CS#) signal should be kept active (low) for the full duration of the Hold operation to avoid
resetting the internal logic state of the device.

6.1.6 Software Reset & Hardware RESET# pin

The ZB25LQ16A can be reset to the initial power-on state by a software Reset sequence, either in SPI
mode or QPI mode. This sequence must include two consecutive commands: Enable Reset (66h) & Reset
(99h). If the command sequence is successfully accepted, the device will take approximately 10us (trst) tO
reset. No command will be accepted during the reset period.

ZB25LQ16A can also be configured to utilize a hardware RESET# pin. The HRSW bit in the Status
Register-3 is the configuration bit for HOLD# pin function or RESET# pin function. When HRSW=0 (factory
default), the pin acts as a HOLD# pin as described above; when HRSW =1, the pin acts as a RESET# pin.
Drive the RESET# pin low for a minimum period of ~1us (treser*) Will reset the device to its initial power-on
state. Any on-going Program/Erase operation will be interrupted and data corruption may happen. While
RESET# is low, the device will not accept any command input.

If QE bit is set to 1, the HOLD# or RESET# function will be disabled, the pin will become one of the four
data 1/O pins.

Hardware RESET# pin has the highest priority among all the input signals. Drive RESET# low for a
minimum period of ~1us (treser*) Will interrupt any on-going external/internal operations, regardless the status
of other SPI signals (CS#, CLK, DI, DO, WP# and/or HOLD#).
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Note:

(1) While a faster RESET# pulse (as short as a few hundred nanoseconds) will often reset the device, a 1us minimum is recommended
to ensure reliable operation.

6.2 Status Register

The Read and Write Status Registers commands can be used to provide status and control of the flash
memory device.

Status Register-1 (SR1) and Status Register-2 (SR2) can be used to provide status on the availability of
the flash memory array, whether the device is write enabled or disabled, the state of write protection, Quad
SPI setting, Security Register lock status, and Erase / Program Suspend status.

SR1 and SR2 contain non-volatile bits in locations SR1[7:2] and SR2[6:1] that control sector protection,
OTP Register Protection, Status Register Protection, and Quad mode. Bits located in SR2[7], SR1[1], and
SR1[0] are read only volatile bits for suspend, write enable, and busy status. These are updated by the
memory control logic. The SR1[1] write enable bit is set only by the Write Enable (06h) command and cleared
by the memory control logic when an embedded operation is completed.

Write access to the non-volatile Status Register bits is controlled by the state of the non-volatile Status
Register Protect bits SR1[7] (SRPO), the Write Enable command (06h) preceding a Write Status Registers
command, and while Quad mode is not enabled, the WP# pin.

A volatile version of bits SR2[6], SR2[1], and SR1[7:2] that control sector protection and Quad Mode is
used to control the behavior of these features after power up. During power up or software reset, these
volatile bits are loaded from the non-volatile version of the Status Register bits. The Write Enable for Volatile
Status Register (50h) command can be used to write these volatile bits when the command is followed by a
Write Status Registers (01h) command. This gives more flexibility to change the system configuration and
memory protection schemes quickly without waiting for the typical non-volatile bit write cycles or affecting the
endurance of the Status Register non-volatile bits.

Status Register-3 (SR3) is used to configure and provide status on the variable HOLD# or RESET#
function, Output Driver Strength, High Frequency Enable Bit.

Table 6.1 Status Register-1 (SR1)

Bits Field Function Type Default State Description
0 = WP# input has no effect on Status Register
7 SRPO Status Register 0 Protectior_l _
Protect 0 1 = WP# input can protect the Status Register or
OTP Lock Down.
6 SEC Sector / Block Non-volatile 0 0 = BP2-BPO protect 64-KB blocks
Protect and Volatile 1 = BP2-BPO protect 4-KB sectors
5 e Top / Bottom versions 0 0 = BP2-BPO protect from the Top down
protect 1 = BP2-BPO protect from the Bottom up
4 BP2 0
3 BP1 Block Protect Bits 0 000b = No protection
2 BPO 0
0 = Not Write Enabled, no embedded operation
1 WEL Write Enable Volatile, Read 0 can start _
Latch only 1 = Write Enabled, embedded operation can
start
Embedded Volatile, Read 0 = Not Busy, no embedded operation in
0 BUSY Operation Status only 0 progress
1 = Busy, embedded operation in progress
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Table 6.2 Status Register-2 (SR2)

Bits Field Function Type Default State Description
Volatile, Read 0 = Erase / Program not suspended
/ SUS Suspend Status Only 0 1 = Erase / Program suspended
Non-volatile _ .
6 CMP Complement and Volatile 0 0 = Normal Protection Map _
Protect . 1 = Complementary Protection Map
versions
5 LB3 Security Redister 0 OTP Lock Bits 3:1 for Security Registers 3:1
4 LB2 Logk Bitgs OTP 0 0 = Security Register not protected
3 LB1 0 1 = Security Register protected
2 Reserved 0
0 = Quad Mode Not Enabled, the WP# pin and
Non-volatile HOLD# | RESET# are enabled
1 QE Quad Enable and Volatile 0 1 = Quad Mode Enabled, the 102 and 103 pins
versions are enabled, and WP# and HOLD# /| RESET#
functions are disabled
0 Reserved 0
Note:

(1) Reserved bit should be considered don't care for read.

Table 6.3 Status Register-3 (SR3)

Bits Field Function Type Default State Description
HOLD# or When HRSW=0, the pin acts as HOLD#; when
7 HRSW RESET# 0 HRSW=1, the pin acts as RESET# HRSW
function Non-volatile functions are only available when QE=0.
6 DRV1 . - 0 The DRV1 & DRVO bits are used to determine
Output Driver and volatile -
5 DRVO Strength Versions 0 the output driver strength for the Read
operations.
4 HFQ High Frequency 0 0 :H!gh Frequency Mode Disabled
Enable Bit 1 =High Frequency Mode Enabled
3 0 N/A
i Reserved Reserved N/A 8 wﬁ
0 0 N/A

6.2.1 BUSY

BUSY is a read only bit in the status register (SR1[0]) which is set to a “1” state when the device is
executing a Page Program, Sector Erase, Block Erase, Chip Erase or Write Status Register instruction.
During this time the device will ignore further instructions except for the Read Status Register instruction (see
tw, tep, tse, tae, and tee in AC Characteristics). When the program, erase or write status register instruction has
completed, the BUSY bit will be cleared to a “0” state indicating the device is ready for further instructions.

6.2.2 Write Enable Latch (WEL)

Write Enable Latch (WEL) is a read only bit in the status register (SR1[1]) which is set to a 1 after
executing a Write Enable Instruction. The WEL status bit is cleared to a 0 when the device is written disabled.
A write disable state occurs upon power-up or after any of the following instructions: Write Disable, Page
Program, Sector Erase, Block Erase, Chip Erase and Write Status Register.

6.2.3 Block Protect Bits (BP2, BP1, BPO)

The Block Protect Bits (BP2, BP1, BP0) are non-volatile read / write bits in the Status Register (SR1[4:2]) that
provide Write Protection control and status. Block Protect bits can be set using the Write Status Registers
Command (see ty in Section 8.6). All, none or a portion of the memory array can be protected from Program
and Erase commands (see Section 6.4.2, Block Protection Maps). The factory default setting for the Block
Protection Bits is 0 (none of the array is protected.)

6.2.4 Top / Bottom Block Protect (TB)
The non-volatile Top / Bottom bit (TB SR1[5]) controls whether the Block Protect Bits (BP2, BP1, BPO)

protect from the Top (TB=0) or the Bottom (TB=1) of the array as shown in Section 6.4.2, Block Protection
Maps. The factory default setting is TB=0. The TB bit can be set with the Write Status Registers Command
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depending on the state of the SRPO, and WEL bits.

6.2.5 Sector / Block Protect (SEC)

The non-volatile Sector / Block Protect bit (SEC SR1[6]) controls if the Block Protect Bits (BP2, BP1, BPO)
protect either 4-KB Sectors (SEC=1) or 64-KB Blocks (SEC=0) of the array as shown in Section 6.4.2, Block
Protection Maps. The default setting is SEC=0.

6.2.6 Complement Protect (CMP)

The Complement Protect bit (CMP SR2[6]) is a non-volatile read / write bit in the Status Register (SR2[6]).
It is used in conjunction with SEC, TB, BP2, BP1 and BPO bits to provide more flexibility for the array
protection. Once CMP is set to 1, previous array protection set by SEC, TB, BP2, BP1 and BPO will be
reversed. For instance, when CMP=0, a top 4-KB sector can be protected while the rest of the array is not;
when CMP=1, the top 4-KB sector will become unprotected while the rest of the array become read-only.
Refer to Section 6.4.2, Block Protection Maps for details. The default setting is CMP=0.

6.2.7 The Status Register Protect (SRPO0)

The Status Register Protect bits (SRPO) are non-volatile read / write bits in the Status Register (SR1[7]).
The SRP bits control the method of write protection: software protection, hardware protection.
Table 6.4 Status Register Protect
SRPO WP# Status Register Description
WP# pin has no control. SR1 and SR2 can be written to after a Write Enable
command, WEL=1. [Factory Default]
1 0 Hardware Protected When WP# pin is low the SR1 and SR2 are locked and cannot be written.

When WP# pin is high SR1 and SR2 are unlocked and can be written to after
a Write Enable command, WEL=1.

0 X Software Protection

1 1 Hardware Unprotected

Notes:

(1) Busy, WEL, and SUS (SR1[1:0] and SR2[7]) are volatile read only status bits that are never affected by the Write Status Registers
command.

(2) The non-volatile version of HRSW, DRV1, DRVO0, HFQ, CMP, QE, SRPO, SEC, TB, and BP2-BPO0 (SR3[7:4], SR2[6,1] and
SR1[6:2]) bits and the OTP LB3-LB1 bits are not writable when protected by the SRP bits and WP# as shown in the table. The
non-volatile version of these Status Register bits is selected for writing when the Write Enable (06h) command precedes the Write
Status Registers (01h/31h/11h) command.

(3) The volatile version of HRSW, DRV1, DRVO, HFQ, CMP, QE, SRP0, SEC, TB, and BP2-BP0 (SR3[7:4], SR2[6,1] and SR1[6:2])
bits are not writable when protected by the SRP bits and WP# as shown in the table. The volatile version of these Status Register
bits is selected for writing when the Write Enable for volatile Status Register (50h) command precedes the Write Status Registers
(01h/31h/11h) command. There is no volatile version of the LB3-LB1 bits and these bits are not affected by a volatile Write Status
Registers command.

6.2.8 Erase / Program Suspend Status (SUS)

The Suspend Status bit is a read only bit in the status register (SR2[7]) that is set to 1 after executing an
Erase / Program Suspend (75h) command. The SUS status bit is cleared to O by Erase / Program Resume
(7Ah) command as well as a power-down, power-up cycle.

6.2.9 Security Register Lock Bits (LB3, LB2, LB1)

The Security Register Lock Bits (LB3, LB2, LB1) are non-volatile One Time Program (OTP) bits in Status
Register (SR2[5:3]) that provide the write protect control and status to the Security Registers. The default
state of LB[3:1] is 0, Security Registers 1 to 3 are unlocked. LB[3:1] can be set to 1 individually using the Write
Status Registers command. LB[3:1] are One Time Programmable (OTP), once it’s set to 1, the corresponding
256-Byte Security Register will become read-only permanently.

6.2.10 Quad Enable (QE)
The Quad Enable (QE) bit is a non-volatile read / write bit in the Status Register (SR2[1]) that allows

Quad SPI operation. When the QE bit is set to a 0 state (factory default), the WP# pin and HOLD# / RESET#
are enabled. When the QE bit is set to a 1, the Quad 102 and 103 pins are enabled, and WP# and HOLD# /
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RESET# functions are disabled.
Note:

(1) If the WP# or HOLD# / RESET# pins are tied directly to the power supply or ground during standard SPI or Dual SPI operation, the
QE bit should never be setto a 1.

6.2.11 HOLD# or RESET# Pin Function (HRSW)

The HRSW bit is used to determine whether HOLD# or RESET# function should be implemented on the
hardware pin for 8-pin packages. When HRSW=0, the pin acts as #HOLD; when HRSW=1, the pin acts as
RESET#. However, HOLD# or RESET# functions are only available when QE=0. If QE is set to 1, the HOLD#
and RESET# functions are disabled, the pin acts as a dedicated data I/O pin.

6.2.12 Output Driver Strength (DRV1, DRVO0)

The DRV1 & DRVO bits are used to determine the output driver strength for the Read operations.

1, DRVO Driver Strength
0,0 50%

0,1 25%
1,0
1,1

75%
100%

6.2.13 High Frequency Enable Bit (HFQ)

The HFQ bit is used to determine whether the device is in Quad High Frequency Mode. When HFQ bit
sets to 1, it means the device is in Quad High Frequency Mode, when HFQ bit sets O(default), it means the
device is not in Quad High Frequency Mode. After the HFQ is set, the device will maintain a slightly higher
standby current (ICC8) than standard SPI operation.

6.3 Write Protection

Applications that use non-volatile memory must take into consideration the possibility of noise and other
adverse system conditions that may compromise data integrity. To address this concern the ZB25LQ16A
provides the following data protection mechanisms:

6.3.1 Write Protect Features

@ Device resets when VCC is below threshold
& Time delay write disable after Power-Up
@ Write enable / disable commands and automatic write disable after erase or program

4 Command length protection

- All commands that Write, Program or Erase must complete on a Byte boundary (CS# driven high after
a full 8 bits have been clocked) otherwise the command will be ignored.

@ Software and Hardware write protection using Status Register control
- WP# input protection

- Lock Down write protection until next power-up or Software Reset
- One-Time Program (OTP) write protection

@ Write Protection using the Deep Power-Down command

Upon power-up or at power-down, the ZB25LQ16A will maintain a reset condition while VCC is below the
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threshold value of VWI, (see Figure 8.1). While reset, all operations are disabled and no commands are
recognized. During power-up and after the VCC voltage exceeds VWI, all program and erase related
commands are further disabled for a time delay of tPUW. This includes the Write Enable, Page Program,
Sector Erase, Block Erase, Chip Erase and the Write Status Registers commands. Note that the chip select
pin (CS#) must track the VCC supply level at power-up until the VCC-min level and tVSL time delay is
reached. If needed a pull-up resistor on CS# can be used to accomplish this.

After power-up the device is automatically placed in a write-disabled state with the Status Register Write
Enable Latch (WEL) set to a 0. A Write Enable command must be issued before a Page Program, Sector
Erase, Block Erase, Chip Erase or Write Status Registers command will be accepted. After completing a
program, erase or write command the Write Enable Latch (WEL) is automatically cleared to a write-disabled
state of 0.

Software controlled main flash array write protection is facilitated using the Write Status Registers
command to write the Status Register (SR1,SR2) and Block Protect (SEC, TB, BP2, BP1 and BPO0) bits.

The BP method allows a portion as small as 4-KB sector or the entire memory array to be configured as
read only. Used in conjunction with the Write Protect (WP#) pin, changes to the Status Register can be
enabled or disabled under hardware control. See the Table 6.4 for further information.

Additionally, the Deep Power-Down (DPD) command offers an alternative means of data protection as all
commands are ignored during the DPD state, except for the Release from Deep-Power-Down (RES ABh)
command. Thus, preventing any program or erase during the DPD state.

6.3.2 Block Protection Maps

Table 6.5 ZB25LQ16A Block Protection (CMP = 0)

Status Register ZB25LQ16A(16 Mbit) Block Protection (CMP=0) )
SEC B BP2 BP1 BPO Protected Block(s) Protected Addresses Proteqted Protepted
Density Portion
X X 0 0 0 None None None None
0 0 0 0 1 31 1F0000h — 1FFFFFh 64 KB Upper 1/32
0 0 0 1 0 30 and 31 1E0000h — 1FFFFFh 128 KB Upper 1/16
0 0 0 1 1 28 thru 31 1C0000h — 1FFFFFh 256 KB Upper 1/8
0 0 1 0 0 24 thru 31 180000h — 1FFFFFh 512 KB Upper 1/4
0 0 1 0 1 16 thru 31 100000h — 1FFFFFh 1 MB Upper 1/2
0 1 0 0 1 0 000000h — O0FFFFh 64 KB Lower 1/32
0 1 0 1 0 Oand 1 000000h — 01FFFFh 128 KB Lower 1/16
0 1 0 1 1 0 thru 3 000000h — 03FFFFh 256 KB Lower 1/8
0 1 1 0 0 0 thru 7 000000h — 07FFFFh 512 KB Lower 1/4
0 1 1 0 1 0 thru 15 000000h — OFFFFFh 1 MB Lower 1/2
X X 1 1 X 0 thru 31 000000h — 1FFFFFh 2 MB All
1 0 0 0 1 31 1FF000h — 1FFFFFh 4 KB Upper 1/512
1 0 0 1 0 31 1FEO0Oh — 1FFFFFh 8 KB Upper 1/256
1 0 0 1 1 31 1FC000h — 1FFFFFh 16 KB Upper 1/128
1 0 1 0 X 31 1F8000h — 1FFFFFh 32 KB Upper 1/64
1 1 0 0 1 0 000000h — 000FFFh 4 KB Lower 1/512
1 1 0 1 0 0 000000h — 001FFFh 8 KB Lower 1/256
1 1 0 1 1 0 000000h — 003FFFh 16 KB Lower 1/128
1 1 1 0 X 0 000000h — 007FFFh 32 KB Lower 1/64
Notes:

(1) X=don'tcare.

(2) If any Erase or Program command specifies a memory region that contains protected data portion, this command will be ignored.

Zbit Semiconductor, Inc. 25



Z ZB25LQ16A

Table 6.6 ZB25LQ16A Block Protection (CMP = 1)

Status Register ZB25LQ16A(16 Mbit) Block Protection (CMP=1) )
SEC B BP2 BP1 BPO Protected Block(s) Protected Addresses Protec_ted Prote_cted
Density Portion
X X 0 0 0 0 thru 31 000000h — 1IFFFFFh 2 MB Al
0 0 0 0 1 0 thru 30 000000h — 1EFFFFh 1984 KB Lower 31/32
0 0 0 1 0 0 thru 29 000000h — 1DFFFFh 1920 KB Lower 15/16
0 0 0 1 1 0 thru 27 000000h — 1BFFFFh 1792 KB Lower 7/8
0 0 1 0 0 0 thru 23 000000h — 17FFFFh 1536 KB Lower 3/4
0 0 1 0 1 0 thru 15 000000h — OFFFFFh 1 MB Lower 1/2
0 1 0 0 1 1 thru 31 010000h — 1FFFFFh 1984 KB Upper 31/32
0 1 0 1 0 2 thru 31 020000h — 1FFFFFh 1920 KB Upper 15/16
0 1 0 1 1 4 thru 31 040000h — 1FFFFFh 1792 KB Upper 7/8
0 1 1 0 0 8 thru 31 080000h — 1FFFFFh 1536 KB Upper 3/4
0 1 1 0 1 16 thru 31 100000h — 1FFFFFh 1 MB Upper 1/2
X X 1 1 X None None None None
1 0 0 0 1 0 thru 31 000000h — 1FEFFFh 2044 KB 5&2‘/"?;2
Lower
1 0 0 1 0 0 thru 31 000000h — 1FDFFFh 2040 KB o5e/o86
Lower
1 0 0 1 1 0 thru 31 000000h — 1FBFFFh 2032 KB 1271198
1 0 1 0 X 0 thru 31 000000h — 1F7FFFh 2016 KB Lower 63/64
1 1 0 0 1 0 thru 31 001000h — 1FFFFFh 2044 KB ng/%elrz
1 1 0 1 0 0 thru 31 002000h — 1FFFFFh 2040 KB Upper
255/256
1 1 0 1 1 0 thru 31 004000h — 1FFFFFh 2032 KB Upper
127/128
1 1 1 0 X 0 thru 31 008000h — 1FFFFFh 2016 KB Upper 63/64

Notes:
(1) X=don'tcare.

(2) If any Erase or Program command specifies a memory region that contains protected data portion, this command will be ignored.
6.4 Page Program

To program one data Byte, two instructions are required: Write Enable (WREN), which is one Byte, and a
Page Program (PP) sequence, which consists of four Bytes plus data. This is followed by the internal Program
cycle (of duration tpp). To spread this overhead, the Page Program (PP) instruction allows up to 256 Bytes to
be programmed at a time (changing bits from 1 to 0), provided that they lie in consecutive addresses on the
same page of memory.

6.5 Sector Erase, Block Erase and Chip Erase

The Page Program (PP) instruction allows bits to be reset from 1 to 0. Before this can be applied, the
Bytes of memory need to be erased to all 1s (FFh). This can be achieved a sector at a time, using the Sector
Erase (SE) instruction, a block at a time using the Block Erase (BE) instruction or throughout the entire
memory, using the Chip Erase (CE) instruction. This starts an internal Erase cycle (of duration tsg tge or tcg).
The Erase instruction must be preceded by a Write Enable (WREN) instruction.

6.6 Polling during a Write, Program or Erase Cycle

A further improvement in the time to Write Status Register (WRSR), Program (PP) or Erase (SE, BE or
CE) can be achieved by not waiting for the worst case delay (tw, tep, tse, tse OF tcg). The Write In Progress
(BUSY) bit is provided in the Status Register so that the application program can monitor its value, polling it to
establish when the previous Write cycle, Program cycle or Erase cycle is complete.

6.7 Active Power, Stand-by Power and Deep Power-Down Modes

When Chip Select (CS#) is Low, the device is enabled, and in the Active Power mode. When Chip Select
(CS#) is High, the device is disabled, but could remain in the Active Power mode until all internal cycles have
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completed (Program, Erase, Write Status Register). The device then goes into the Standby Power mode. The
device consumption drops to ICC1.

The Deep Power-down mode is entered when the specific instruction (the Enter Deep Power-down Mode
(DP) instruction) is executed. The device consumption drops further to ICC2. The device remains in this mode
until another specific instruction (the Release from Deep Power-down Mode and Read Device ID (RDI)
instruction) is executed.

All other instructions are ignored while the device is in the Deep Power-down mode. This can be used as
an extra software protection mechanism, when the device is not in active use, to protect the device from
inadvertent Program or Erase instructions.
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7 INSTRUCTIONS

The instruction set of the ZB25LQ16A consists of forty basic instructions that are fully controlled through
the SPI bus. Instructions are initiated with the falling edge of Chip Select (CS#). The first Byte of data clocked
into the DI input provides the instruction code. Data on the DI input is sampled on the rising edge of clock with
most significant bit (MSB) first.

The QPI instruction set of the ZB25LQ16A consists of 27 basic instructions that are fully controlled
through the SPI bus (see Instruction Set Table 7.5). Instructions are initiated with the falling edge of Chip
Select (CS#). The first Byte of data clocked through 10[3:0] pins provides the instruction code. Data on all four
IO pins are sampled on the rising edge of clock with most significant bit (MSB) first. All QPI instructions,
addresses, data and dummy Bytes are using all four 10 pins to transfer every Byte of data with every two
serial clocks (CLK).

Instructions vary in length from a single Byte to several Bytes and may be followed by address Bytes,
data Bytes, dummy Bytes (don’t care), and in some cases, a combination. Instructions are completed with the
rising edge of edge CS#. Clock relative timing diagrams for each instruction are included in figures 7.1
through 7.43. All read instructions can be completed after any clocked bit. However, all instructions that Write,
Program or Erase must complete on a Byte boundary (CS# driven high after a full 8-bits have been clocked)
otherwise the instruction will be ignored. This feature further protects the device from inadvertent writes.
Additionally, while the memory is being programmed or erased, or when the Status Register is being written,
all instructions except for Read Status Register and Erase/Program Suspend will be ignored until the program
or erase cycle completes.

Table 7.1 Command Set (Configuration, Status, Erase, Program Instructions @ sp Mode)

BYTE 1

Command Name : BYTE 2 BYTE 3 BYTE 4 BYTE 5 BYTE 6
(Instruction)
Read Status Register-1 05h SR1[7:0]®
Read Status Register-2 35h SR2[7:0]®
Read Status Register-3 15h SR3[7:0]®
Write Enable 06h
Write Ene_lble for Volatile 50h
Status Register
Write Disable 04h
Write Status Registers-1 01h SR1[7:0]™ SR2[7:0] SR3[7:0]
Write Status Registers-2 31h SR2[7:0]
Write Status Registers-3 11h SR3[7:0]
Set Burst with Wrap 77h xxh xxh xxh w[7:0]”
Page Program 02h A23—A16 Al5—A8 A7—AO0 D7—D0
Quad Page Program 32h A23—A16 A15—A8 A7—A0 D7—D0"
Sector Erase (4 KB) 20h A23—A16 A15—A8 A7—A0
Block Erase (32 KB) 52h A23—A16 A15—A8 A7—A0
Block Erase (64 KB) D8h A23—A16 A15—A8 A7—AO0
Chip Erase C7h/60h
Erase/Program Suspend 75h
Erase/Program Resume 7Ah
Enter QP Mode 38h
Enable Reset 66h
Reset Device 99h

Notes:

(1) Data Bytes are shifted with Most Significant Bit first. Byte fields with data in parenthesis “()” indicate data being read from the
device on the DO pin.

(2) Status Register contents will repeat continuously until CS# terminates the command.
(3) Set Burst with Wrap Input format.

100 =X, X, X, X, X, X, W4, X]

101 =X, X, X, X, X, X, W5, X]

102 =X, X, X, X, X, X, W6 X]

103 =X, X, X, X, X, X, X,X

(4) Quad Page Program Input Data:
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100 =(D4,D0,...)
|01 = (D5,D1,...)
102 = (D6,D2,...)
103 =(D7,D3,...)

(5) The 01h command could continuously write up to three Bytes to registers SR1, SR2, SR3.

Table 7.2 Command Set (Read Instructions W spj Mode)

Command Name BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE 5 BYTE 6
(Instruction)
Read Data 03h A23—AL6 Al5—AS8 A7T—AO (D7—DO,...)
Fast Read 0Bh A23—Al6 Al5—AB A7—AO dummy (D7—DO0....)
gﬁ;iead Dual 3Bh A23—A16 A15—A8 A7T—AO dummy (D7—DO,...)"
gﬁ:}iead Quad 6Bh A23—A16 A15—A8 A7T—AO dummy (D7—DO,...)®
Fast Read Dual I/O BBh A23—A8" A7—AOM7—MO® | (D7—Do0,...)"
Fast Read Quad EBh A23—A0,M7—MO® | (xx,x,x,D7—D0,...) | (D7—D0,...)®
/0
QUAD /O W(SRD E7H A23—A0,M7—MO0“ | (x,x,D7—DO,... D7—DO,...)®
FAST READ
Octal Word Read E3h A23—A0,M7—M0® | (D7—DoO,...)° D7—DO,...)
Quad I/0
Notes:

(1) Dual Output data
100 = (D6, D4, D2, D0)
101 = (D7, D5, D3, D1)
(2) Dual Input Address
100 = A22, A20, Al18, Al16, Al4, A12, A10, A8 A6, A4, A2, A0, M6, M4, M2, MO
101 = A23, A21, A19, Al7, Al15, A13, Al11, A9 A7, A5, A3, A1, M7, M5, M3, M1
(3) Quad Output Data
100 = (D4, DO, .....)
101 = (D5, D1, .....)
102 = (D6, D2, .....)
103 = (D7, D3, .....)
(4) Quad Input Address
100 = A20, A16, A12, A8, A4, A0, M4, MO
101 = A21, A17, Al13, A9, A5, Al, M5, M1
102 = A22, A18, Al4, A10, A6, A2, M6, M2
103 = A23, A19, Al5, Al1, A7, A3, M7, M3

(5) ForWord Read Quad I/O, the lowest address bit must be 0. (A0 = 0),and for Octal Word Read Quad I/O, the lowest four address
bits must be 0. (A3, A2, A1, A0 =0)
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Table 7.3 Command Set (Read ID, OTP Instructions ), SPI Mode)
Command BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTES BYTE 6
Name (Instruction)
Deep
Power-down Boh
Release Power
down / Device ABh dummy dummy dummy Device IDW
1D
Manufacturer/ 90h dumm dumm 00h Manufacturer Device ID
Device ID® Y Y
Manufacturer/
Device ID by 92h A23—A8 A7—AO,M[7:0] (MF[7:01,ID[7:0])
Dual 1/0
Manufacturer/
Device ID by 94h A23—AOM[7:0] | XXXX,(MF[7:0L,ID[7:0)) | (MF[7:0LID[7:0]...
Quad 1/O
JEDEC ID 9Fh Manufacturer Memory Type Capacity
Eeaq SFDP 5Ah 00h 00h A7—AO dummy (D7—DO,...)
egister
Eeaq Security 48h A23—A16 AL5—A8 A7—AO dummy (D7—DO,....)
egisters
FE{aS.e Security 44h A23—A16 A15—A8 AT—AO
egisters
Program
Security 42h A23—Al16 A15—A8 A7T—AQ0 D7—D0,...
Registers®
IRDead Unique 4Bh dummy dummy dummy dummy (ID63-1D0)
Notes:

(1) The Device ID will repeat continuously until CS# terminates the command.

(2) See Section 6.4.1, Legacy Device Identification Commands on page 51 for Device ID information. The 90h instruction is followed
by an address. Address = 0 selects Manufacturer ID as the first returned data as shown in the table. Address = 1 selects Device ID
as the first returned data followed by Manufacturer ID.

(3) Security Register Address:
Security Register 0: A23-16 = 00h; A15-8 = 00h; A7-0 = Byte address
Security Register 1: A23-16 = 00h; A15-8 = 10h; A7-0 = Byte address
Security Register 2: A23-16 = 00h; A15-8 = 20h; A7-0 = Byte address

Security Register 3: A23-16 = 00h; A15-8 = 30h; A7-0 = Byte address

Table 7.4 Manufacturer and Device Identification(ZB25LQ16A)

OP Code Datal Data2 Data3
ABh Device ID = 14h - -
90h/92h/94h Manufacturer ID = 5E Device ID = 14h -
9Fh Manufacturer ID = 5E Memory Type =50h Capacity = 15h

Notes:

(1) Please contact sales for more information
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Table 7.5 Command Set (QP!I Instructions , QPI Mode

Command Name BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE 5 BYTE 6
(Instruction)
Clock Number (0, 1) (2, 3) (4, 5) (6,7) (8, 9) (10, 11)
Write Enable 06h
Write Enable for Volatile Status
Register 50h
Write Disable 04h
Read Status Register-1 05h (S7-so)™
Write Status Register-1 01h (S7-S0)¥ (S15-S8) (S23-S16)
Read Status Register-2 35h (S15-s8)™
Write Status Register-2 31h (S15-S8)
Read Status Register-3 15h (S23-s16)™
Write Status Register-3 11h (S23-S16)
Chip Erase C7h/60h
Erase / Program Suspend 75h
Erase / Program Resume 7Ah
Deep Power-down B9h
Set Read Parameters COh P7-PO
Release Power down / ID ABh Dummy Dummy Dummy (ID7-1DO)™
Manufacturer/Device ID 90h Dummy Dummy 00h (MF7-MFO0) (ID7-1D0)
JEDEC ID 9Fh (MF7-MFO0) (ID15-1D8) (ID7-1D0)
Exit QPI Mode FFh
Enable Reset 66h
Reset Device 99h
Page Program 02h A23-A16 A15-A8 A7-A0 D7-DO% D7-DO%
Sector Erase (4KB) 20h A23-A16 A15-A8 A7-A0
Block Erase (32KB) 52h A23-A16 A15-A8 A7-A0
Block Erase (64KB) D8h A23-A16 A15-A8 AT7-A0
Fast Read 0Bh A23-A16 A15-A8 A7-A0 Dummy®™ D7-DO
Burst Read with Wrap®™ 0Ch A23-A16 A15-A8 A7-A0 Dummy" D7-D0
Fast Read Quad 1/0 EBh A23-A16 A15-A8 A7-A0 M7-Mo® D7-DO
Notes:

(1) The Status Register contents and Device ID will repeat continuously until CS# terminates the instruction.

(2) Atleast one Byte of data input is required for Page Program, Quad Page Program and Program Security Registers, up to 256 Bytes
of data input. If more than 256 Bytes of data are sent to the device, the addressing will wrap to the beginning of the page and
overwrite previously sent data.

(3) Write Status Register-1 (01h) can also be used to program Status Register-1&2&3, see section 7.1.5.
(4) Quad SPI data input/output format:

100 = (D4, DO, .....)

101 = (D5, D1, .....)

102 = (D6, D2, .....)

103 = (D7, D3, .....)

(5) The number of dummy clocks for QPI Fast Read, QPI Fast Read Quad I/O & QPI Burst Read with Wrap is controlled by read
parameter P7 — P4.

(6) The wrap around length for QPI Burst Read with Wrap is controlled by read parameter P3 — PO.
7.1 Configuration and Status Commands
7.1.1 Read Status Register (05h/35h/15h)

The Read Status Register commands allow the 8-bit Status Registers to be read. The command is
entered by driving CS# low and shifting the instruction code “05h” for Status Register-1, “35h” for Status
Register-2, “15h” for Status Register-3 into the DI pin on the rising edge of CLK. The Status Register bits are
then shifted out on the DO pin at the falling edge of CLK with most significant bit (MSB) first as shown in
Figure 7.1. The Status Register bits are shown in Section 6.2, Status Registers.

The Read Status Register-1 (05h) command may be used at any time, even during a Program, Erase, or
Write Status Registers cycle. This allows the BUSY status bit to be checked to determine when the operation
is complete and if the device can accept another command.
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cs# | [

Mode3 O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1516 17 18 19 20 21 22 23 Mode 3

q
CLK Mode 0 Mode 0
DI 05h/35h/15h
DO S7-S0 out S7-S0 out
Instruction Status Updated Status
< > >« >

Figure 7.1a Read Status Register Instruction(SPI Mode)

cst ] (

Mode3 O 1 2 3 4 5

CLK  woceo, {
100 4| o|sa|so[s4[so[sa ||
101 5 | 1 S5|Sl 85|Sl S5 \\
102 6 | 2 S6|52 S6|82 S6 \\
103 7| 3 [s7]sals7[ss|s7 (|
Instruction:SR-1/2/3 SR-1/2/3
05h/35h/15h out | out

Figure 7.1b Read Status Register Instruction(QPI Mode)
7.1.2 Write Enable (06h)

The Write Enable instruction (Figure 7.2) sets the Write Enable Latch (WEL) bit in the Status Register to a
1. The WEL bit must be set prior to every Page Program, Sector Erase, Block Erase, Chip Erase and Write
Status Register instruction. The Write Enable instruction is entered by driving CS# low, shifting the instruction
code “06h” into the Data Input (DI) pin on the rising edge of CLK, and then driving CS# high.

CS#
Mode3 O 1 Mode3
==3 — Mode 3
CS# CLK  modeo Mode 0
Mode3 0 1 2 3 4 5 6 7 Mode3 4|0
==3 et
CLK Mode 0 Mode 0 IOO
101
DI P (6] 5 | 1
Do 102 62
Instruction o
< » 103 7 | 3
Instructiol
<>
06h

Figure 7.2 Write Enable Instruction (SPI or QPI Mode)
7.1.3 Write Enable for Volatile Status Register (50h)

The non-volatile Status Register bits described in section 6.2 can also be written to as volatile bits. This
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gives more flexibility to change the system configuration and memory protection schemes quickly without
waiting for the typical non-volatile bit write cycles or affecting the endurance of the Status Register non-volatile
bits. To write the volatile values into the Status Register bits, the Write Enable for Volatile Status Register (50h)
instruction must be issued prior to a Write Status Register (01h/31h/11h) instruction. Write Enable for Volatile
Status Register instruction (Figure 7.3) will not set the Write Enable Latch (WEL)bit, it is only valid for the
Write Status Register instruction to change the volatile Status Register bit values.

Cs#

Mode3 O 1 Mode3

-~
CS# CLK  modeo Mode 0
Mode3 0 1 2 3 4 5 6 7 Mode3 7 | 5
==3 20T
CLK  modeo Mode 0 160
101
DI son (6] 5 | 1
Do 102 6|2
Instruction o
< > 103 7|3
Instructior
<>
50h

Figure 7.3 Write Enable for Volatile Status Register Instruction (SPI or QPI Mode)
7.1.4 Write Disable (04h)

The Write Disable instruction (Figure 7.4) resets the Write Enable Latch (WEL) bit in the Status Register
to a 0. The Write Disable instruction is entered by driving CS# low, shifting the instruction code “04h” into the
DI pin and then driving CS# high. Note that the WEL bit is automatically reset after Power-up and upon
completion of the Write Status Register, Page Program, Sector Erase, Block Erase and Chip Erase
instructions.

CS#

Mode3 0 1  Mode3

3
CS# CLK  Modeo, Mode 0
Mode3 O 1 2 3 4 5 6 7 Mode3 | o
o - | 4

CLK Mode 0 Mode 0 00
o B l01 5[1
bo 102 6]2
P Instruction o
< > 103 7 | 3
Instructiol
<>
04h

Figure 7.4 Write Disable Instruction(SPI or QPI Mode)
7.1.5 Write Status Register (01h/31h/11h)

The Write Status Registers command allows the Status Registers to be written. Only non-volatile Status
Register bits SRP0, SEC, TB, BP2, BP1, BP0 (SR1[7:2]) CMP, LB3, LB2, LB1, QE, (SR2[6:1]), and HRSW,
DRV[1:0], HFQ (SR3[7:4]) can be written. All other Status Register bit locations are read-only and will not be
affected by the Write Status Registers command. LB[3:1] are non-volatile OTP bits; once each is set to 1, it
cannot be cleared to 0. The Status Register bits are shown in Section 6.2, Status Registers. Any reserved bits
should only be written to their default value.

To write non-volatile Status Register bits, a standard Write Enable (06h) command must previously have
been executed for the device to accept the Write Status Registers Command (Status Register bit WEL must
equal 1). Once write enabled, the command is entered by driving CS# low, sending the instruction code “01h”,
and then writing the Status Register data Bytes as illustrated in Figure 7.5.
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To write volatile Status Register bits, a Write Enable for Volatile Status Register (50h) command must
have been executed prior to the Write Status Registers command (Status Register bit WEL remains 0).
However, LB3, LB2, LB1 cannot be changed because of the OTP protection for these bits. Upon power-off,
the volatile Status Register bit values will be lost, and the non-volatile Status Register bit values will be
restored when power on again.

CS# must be driven high after the 8th, 16th or 24th bit of the data Byte has been latched in. If not, the
Write Status Register(WRSR) command is not executed. If CS# is driven high after 8th bit of the data Byte,
the CMP and QE bits will be changed.

During non-volatile Status Register write operation (06h combined with 01h/31h/11h), after CS# is driven
high, the self-timed Write Status Register cycle will commence for a time duration of ty (See AC
Characteristics). While the Write Status Register cycle is in progress, the Read Status Register instruction
may still be accessed to check the status of the BUSY bit. The BUSY bit is a 1 during the Write Status
Register cycle and a 0 when the cycle is finished and ready to accept other instructions again. After the Write
Status Register cycle has finished, the Write Enable Latch (WEL) bit in the Status Register will be cleared to 0.

During volatile Status Register write operation (50h combined with 01h/31h/11h), after CS# is driven high,
the Status Register bits will be refreshed to the new values within the time period of tsus» (See AC
Characteristics). BUSY bit will remain O during the Status Register bit refresh period.

CS#
Mode3 O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Mode3
=<3 A il
CLK Mode 0 Mode 0
DI 01h/31h/11h S7-S0in
DO
Instruction Input Status Register

Figure 7.5a Write Status Register Instruction(SPI Mode)

CS#

Mode3 O 1 2 3 Mode3

CLK  woeo [ oo

100 4| o|s4so
101 5|1 [ss]s1
102 6| 2 [s6|s2
103 7 | 3 s7|53
Instruction:SR-1/2/3
01h/31h/1%h in

Figure 7.5b Write Status Register Instruction(QPI Mode)
7.2 Program and Erase Commands
7.2.1 Page Program (PP) (02h)

The Page Program instruction allows up to 256 Bytes of data to be programmed at previously erased to
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all 1s (FFh) memory locations. A Write Enable instruction must be executed before the device will accept the
Page Program Instruction (Status Register bit WEL must equal 1). The instruction is initiated by driving the
CS# pin low then shifting the instruction code “02h” followed by a 24-bit address (A23-A0) and at least one
data Byte, into the DI pin. The CS# pin must be held low for the entire length of the instruction while data is
being sent to the device. The Page Program instruction sequence is shown in Figure 7.6.

If an entire 256 Byte page is to be programmed, the last address Byte (the 8 least significant address bits)
should be set to 0. If the last address Byte is not zero, and the number of clocks exceeds the remaining page
length, the addressing will wrap to the beginning of the page. In some cases, less than 256 Bytes (a partial
page) can be programmed without having any effect on other Bytes within the same page. One condition to
perform a partial page program is that the number of clocks cannot exceed the remaining page length. If more
than 256 Bytes are sent to the device the addressing will wrap to the beginning of the page and overwrite
previously sent data.

As with the write and erase instructions, the CS# pin must be driven high after the eighth bit of the last
Byte has been latched. If this is not done the Page Program instruction will not be executed. After CS# is
driven high, the self-timed Page Program instruction will commence for a time duration of tpp (See AC
Characteristics). While the Page Program cycle is in progress, the Read Status Register instruction may still
be accessed for checking the status of the BUSY bit. The BUSY bit is a 1 during the Page Program cycle and
becomes a 0 when the cycle is finished and the device is ready to accept other instructions again. After the
Page Program cycle has finished the Write Enable Latch (WEL) bit in the Status Register is cleared to 0. The
Page Program instruction will not be executed if the addressed page is protected by the Block Protect (TB,
SEC, BP2, BP1, and BPO0) bits (see Status Register Memory Protection table).

cs# (§ (
Mod_e3_| 01 2 3 4 5 6 7 8 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
CLK' wmode o
DI o2h (( 24it 8-bit 8-bit { (
(( (
DO )y \—
Instruction o Address i Input Data 1 ol Input Data 2 o %

Figure 7.6a Page Program Instruction (SPI Mode)

—— X —
Mote3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 512513514515516517518519 _Mode3
2
CLKMOd—eo Mode 0
100 4l of2o]16]12] s[afo4afofa]ofalofalol4][ofafo]a]o]a]0
101 s[1]2t|17|13] of5 [1]s[afs [a]s]a]s][a6]a]s]a]5]a]5]1
102 6] 2|22|18/14]10[6 [2]6]2]6[2]6]2]6]206][2]6[2]6]2]6]2
103 7]323[10ofss{ua][7 ]3| 7|a|7|a| 7|a|7]|3\Fa]l7]a]7]a]7]s
Ifstrucioh  Address i p1 i p2 i D3 i D4 | p2s3iposaiposs i pose

Figure 7.6b Page Program Instruction(QPI Mode)
7.2.2 Quad Input Page Program (32h)
The Quad Input Page Program instruction allows up to 256 Byte of data to be programmed at previously

erased (FFh) memory locations using four pins: 100, 101, 102 and 103. The Quad Input Page Program can
improved performance for PROM Programmer and applications that have slow clock speeds<5MHz. Systems
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with faster clock speed will not realize much benefit for the Quad Input Page Program instruction since the
inherent page program time is much greater than the time it take to clock-in the data.

To use Quad Page Program the Quad Enable in Status Register-2 must be set (QE=1). A Write Enable
instruction must be executed before the device will accept the Quad Page Program instruction (Status
Register-1, WEL=1). The instruction is initiated by driving the CS# pin low then shifting the instruction code
"32h" followed by a 24-bit address (A23-0) and at least one data Byte, into the 10 pins. The CS# pin must be
held low for entire length of the instruction while data is being sent to the device. All other functions of Quad
Page Program are identical to standard Page Program. The Quad Page Program instructions sequence is
shown in Figure 7.7.

cs# | {§ {

MdeS 9 1 p 3 4 5 6 7 8 2627 28 29 30 31 32 33 34 35 36 37 38 39 536537538 539540541542 543 Mode 3
CLK Modeo, Mot 0
100 32h ({ 24-bit alofafolalofa]ol4fofafoafo]a]o
101 {§ slafsals]a]s][al6]a]s]a]s]1]5]s
102 (\(\ 6|2 6|2 6|2 6|2 \6|2 e|2 6|2 6|2
103 {§ MBI EBEBEBR N IBEBEBEE

P Instruction Address Li D1 i D2 i D3 i D4 i D253:D254 D255 : D256
< > « e e S

Figure 7.7 Quad Page Program Instruction
7.2.3 Sector Erase (SE) (20h)

The Sector Erase instruction sets all memory within a specified sector (4K-Bytes) to the erased state of
all 1s (FFh). A Write Enable instruction must be executed before the device will accept the Sector Erase
Instruction (Status Register bit WEL must equal 1). The instruction is initiated by driving the CS# pin low and
shifting the instruction code “20h” followed a 24-bit sector address (A23-A0). The Sector Erase instruction
sequence is shown in Figure 7.8.

The CS# pin must be driven high after the eighth bit of the last Byte has been latched. If this is not done
the Sector Erase instruction will not be executed. After CS# is driven high, the self-timed Sector Erase
instruction will commence for a time duration of tse (See AC Characteristics). While the Sector Erase cycle is
in progress, the Read Status Register instruction may still be accessed for checking the status of the BUSY bit.
The BUSY bit is a 1 during the Sector Erase cycle and becomes a 0 when the cycle is finished and the device
is ready to accept other instructions again. After the Sector Erase cycle has finished the Write Enable Latch
(WEL) bit in the Status Register is cleared to 0. The Sector Erase instruction will not be executed if the
addressed page is protected by the Block Protect (TB, SEC, BP2, BP1, and BPO0) bits (see Status Register
Memory Protection table).

cs# |

{§

=

Mode 3

0O 1 2 3 4 5 6 7 8

26 27 28 29 30 31 Mode3

CLK Mode 0 Mode 0
DI 20h \{ 24-bit
DO {6
Instruction Address

<

»
Ll

>

Figure 7.8a Sector Erase Instruction(SPI Mode)
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cs# |
Mode3 O 1 2 3 4 5 6 7 Mode3

CLK' Mmodeo, Mode 0
100 4| 0]20]16[12] 8][4 |0
101 5| 1(21]17[13] 9]5 |1
102 6| 2[22] 18] 14]10]6 | 2
103 7| 3]23[10|15]11] 7 |3

Instructioh Address

:ZOh;< '

Figure 7.8b Sector Erase Instruction(QPI Mode)
7.2.4 Block Erase (BE) (D8h) and Half Block Erase (52h)

The Block Erase instruction sets all memory within a specified block (64K-Bytes) or half block (32K-
Bytes) to the erased state of all 1s (FFh). A Write Enable instruction must be executed before the device will
accept the Block Erase Instruction (Status Register bit WEL must equal 1). The instruction is initiated by
driving the CS# pin low and shifting the instruction code “D8h” or “52h” followed a 24-bit block address
(A23-A0). The Block Erase instruction sequence is shown in Figure 7.9.

The CS# pin must be driven high after the eighth bit of the last Byte has been latched. If this is not done
the Block Erase instruction will not be executed. After CS# is driven high, the self-timed Block Erase
instruction will commence for a time duration of tze (See AC Characteristics). While the Block Erase cycle is in
progress, the Read Status Register instruction may still be accessed for checking the status of the BUSY bit.
The BUSY bit is a 1 during the Block Erase cycle and becomes a 0 when the cycle is finished and the device
is ready to accept other instructions again. After the Block Erase cycle has finished the Write Enable Latch
(WEL) bit in the Status Register is cleared to 0. The Block Erase instruction will not be executed if the
addressed page is protected by the Block Protect (TB, SEC, BP2, BP1, and BPO0) bits (see Status Register
Memory Protection table).

cst ((
Mcd_eil 0O 1 2 3 4 5 6 7 8 26 27 28 29 30 31 Mode3
CLK Mode 0 Mode 0
DI D8h/52h ({ 24-bit
DO {§
Instruction i Address R
. L)

Figure 7.9a Block Erase Instruction(SPI Mode)
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cs# | e

Mode3 0 1 2 3 4 5 6 7 Modes

CLK woceo] | wodeo
100 4] 0]20]16][12] 8] 4]0
101 5] 1]21]17]13] 0[5 |2
102 6 2[22]18[14]10[6 | 2
103 7] 3]23[10[15[11] 7[5
Instruction Address -
DB 4

Figure 7.9b Block Erase Instruction(QPI Mode)

7.2.5 Chip Erase (CE) (C7h or 60h)

The Chip Erase instruction sets all memory within the device to the erased state of all 1s (FFh). A Write
Enable instruction must be executed before the device will accept the Chip Erase Instruction (Status Register
bit WEL must equal 1). The instruction is initiated by driving the CS# pin low and shifting the instruction code
“C7h” or “60h”. The Chip Erase instruction sequence is shown in Figure 7.10.

The CS# pin must be driven high after the eighth bit has been latched. If this is not done the Chip Erase
instruction will not be executed. After CS# is driven high, the self-timed Chip Erase instruction will commence
for a time duration of tcg (See AC Characteristics). While the Chip Erase cycle is in progress, the Read Status
Register instruction may still be accessed to check the status of the BUSY bit. The BUSY bit is a 1 during the
Chip Erase cycle and becomes a 0 when finished and the device is ready to accept other instructions again.
After the Chip Erase cycle has finished the Write Enable Latch (WEL) bit in the Status Register is cleared to O.
The Chip Erase instruction will not be executed if any page is protected by the Block Protect (SEC, TB, BP2,
BP1, and BPO) bits (see Status Register Memory Protection table).

CS#
Mode3 0 1 Mode3
=-=3 — Made 3
CS# CLK' modeo Mode 0
Mode3 0 1 2 3 4 5 6 7 Mode3 4|0
-~ - |
CLK Mode 0 Mode 0 00
101
DI C7h/60h 5 | L
Do 102 62
P Instruction R
< > 103 7 | 3
Instruction
<>
C7h/60

Figure 7.10 Chip Erase Instruction(SPI or QPI Mode)

7.2.6 Erase / Program Suspend (75h)

The Erase / Program Suspend command allows the system to interrupt a Sector or Block Erase operation,
then read from or program data to any other sector. The Erase / Program Suspend command also allows the
system to interrupt a Page Program operation and then read from any other page or erase any other sector or
block. The Erase / Program Suspend command sequence is shown in Figure 7.11.

The Write Status Registers command (01h), and Erase commands (20h, 52h, D8h, C7h, 60h, 44h) are
not allowed during Erase Suspend. Erase Suspend is valid only during the Sector or Block erase operation. If
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written during the Chip Erase operation, the Erase Suspend command is ignored. The Write Status Registers
command (01h), and Program commands (02h, 32h, 42h) are not allowed during Program Suspend. Program
Suspend is valid during the Page Program or Quad Page Program operation.

The Erase / Program Suspend command 75h will be accepted by the device only if the SUS bit in the
Status Register equals to 0 and the BUSY bit equals to 1 while a Sector or Block Erase or a Page Program
operation is on-going. If the SUS bit equals to 1 or the BUSY bit equals to 0, the Suspend command will be
ignored by the device. Program or Erase command for the sector that is being suspended will be ignored.

A maximum of time of tsys (Section 8.5, AC Electrical Characteristics) is required to suspend the erase or
program operation. The BUSY bit in the Status Register will be cleared from 1 to 0 within tsys and the SUS bit
in the Status Register will be set from 0 to 1 immediately after Erase/Program Suspend. For a previously
resumed Erase/Program operation, it is also required that the Suspend command 75h is not issued earlier
than a minimum of time of tsys following the preceding Resume command 7Ah.

Unexpected power off during the Erase / Program suspend state will reset the device and release the
suspend state. SUS bit in the Status Register will also reset to 0. The data within the page, sector or block that
was being suspended may become corrupted. It is recommended for the user to implement system design
techniques to prevent accidental power interruption, provide non-volatile tracking of in process program or
erase commands, and preserve data integrity by evaluAting the non-volatile program or erase tracking
information during each system power up in order to identify and repair (re-erase and re-program) any
improperly terminated program or erase operations.

< tsus >

cs# | 1§ 1 IS M

Mode 3 _Mode3
CLK o) iy [§0]]
DI 75H —(\(\—7|6|5|5|4|3|2|1|0 \(\—7|6|5|5|4|3|2|1|0—
DO —{§ 7[6]s]s]4]3]2][1]oH§

Suspend Instruction R Read Status Instruction %) Status P Instr.During Suspend
L Repeat Status Read Until Suspend R

Figure 7.11a Erase / Program Suspend Instruction(SPI Mode)

CS#
Mode 3 0 1 Mode 3
. | e
CLK Mode 0 Mode 0
100 4]0
101 5] 1
102 62
103 7(3
Iritructim Accept Instruction
750 ) >

Figure 7.11b Erase / Program Suspend Instruction(QPI Mode)
7.2.7 Erase / Program Resume (7Ah)
The Erase / Program Resume command “7Ah” must be written to resume the Sector or Block Erase

operation or the Page Program operation after an Erase / Program Suspend. The Resume command “7Ah”
will be accepted by the device only if the SUS bit in the Status Register equals to 1 and the BUSY bit equals to
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0. After the Resume command is issued the SUS bit will be cleared from 1 to 0 immediately, the BUSY bit will
be set from 0 to 1 within 200 ns and the Sector or Block will complete the erase operation or the page will
complete the program operation. If the SUS bit equals to 0 or the BUSY bit equals to 1, the Resume command
“TAh” will be ignored by the device. The Erase / Program Resume command sequence is shown in Figure
7.12. It is required that a subsequent Erase / Program Suspend command not to be issued within a minimum
of time of “tgys” following a Resume command.

CS#
Modes O 1 Mode3
CS# CLK  Mode 0 Mode 0
Mode3 O 1 2 3 4 5 6 7 Mode3 7 | p
- =" 100
CLK Mode 0 Mode 0
101
DI 7Ah | 5[4
Do 102 6]2
P Instruction R
< > 103 7]3
Instructi
<>
7Ah

Figure 7.12 Erase/Program Resume Instruction(SPI or QPI Mode)
7.3 Read Commands
7.3.1 Read Data (03h)

The Read Data instruction allows one more data Bytes to be sequentially read from the memory. The
instruction is initiated by driving the CS# pin low and then shifting the instruction code “03h” followed by a
24-bit address (A23-A0) into the DI pin. The code and address bits are latched on the rising edge of the CLK
pin. After the address is received, the data Byte of the addressed memory location will be shifted out on the
DO pin at the falling edge of CLK with most significant bit (MSB) first. The address is automatically
incremented to the next higher address after each Byte of data is shifted out allowing for a continuous stream
of data. This means that the entire memory can be accessed with a single instruction as long as the clock
continues. The instruction is completed by driving CS# high.

The Read Data instruction sequence is shown in Figure 7.13. If a Read Data instruction is issued while
an Erase, Program or Write cycle is in process (BUSY=1) the instruction is ignored and will not have any
effects on the current cycle. The Read Data instruction allows clock rates from D.C. to a maximum of f; (see
AC Electrical Characteristics).

cs# |

Mo O 1 2 3 4 5 6 7 8

{4 [

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 Mode3

CLK Mode 0 Mode 0
DI 03h \{ 24-bit
DO {§ 8-bit 8-bit
Instruction o Address Output Data 1 P Output Data 2

Figure 7.13 Read Data Instruction
7.3.2 Fast Read (0Bh)

The Fast Read instruction is similar to the Read Data instruction except that it can operate at the highest
possible frequency of Fr (see AC Electrical Characteristics). This is accomplished by adding eight “dummy”
clocks after the 24-bit address as shown in Figure 7.14. The dummy clocks allow the devices internal circuits
additional time for setting up the initial address. During the dummy clocks the data value on the DI pin is a
“don’t care”.
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cs# (€
r\@difi_l 01 2 3 4 5 6 7 8 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 Mode3
CLK Mode 0 Mode 0
DIO 0Bh ({24
DO {§ 8-bit
Instruction Address Dummy Cycles* Output Data 1
< »ig < < >
< P> > P> >

Figure 7.14a Fast Read Instruction (SPI Mode)
Fast Read (0Bh) in QPI Mode

The Fast Read instruction is also supported in QPI mode. When QPI mode is enabled, the number of
dummy clocks is configured by the “Set Read Parameters (COh)” instruction to accommodate a wide range of
applications with different needs for either maximum Fast Read frequency or minimum data access latency.
Depending on the Read Parameter Bits P[5:4] setting, the number of dummy clocks can be configured as
either 4, 4, 6 or 8. The default number of dummy clocks upon power up or after a Reset instruction is 4.

csh | (§
Mod_e&‘_l012 6 7 8 9 10 11 12 13 14 15 16 17
100 alofeo{(alo T T a]o]4]o]4]o
o1 [ s [l (s T [l [< s [2]s s
102 sl2fz2]{ (e[ [ e]2]6]2]6]>
103 [\ (7[s T 73] 7]z]7]s
Instruction  Address i Dummy* : D1 { D2 i D3 _
<> g > g <>
0Bh
* “Set Read Parameters” instruction (COh)
can set number of dummy clocks

Figure 7.14b Fast Read Instruction (QPI Mode)
7.3.3 Fast Read Dual Output (3Bh)

The Fast Read Dual Output (3Bh) instruction is similar to the standard Fast Read (0Bh) instruction except
that data is output on two pins, DO and DI, instead of just DO. This allows data to be transferred from the
ZB25LQ16A at twice the rate of standard SPI devices. The Fast Read Dual Output instruction is ideal for
quickly downloading code from Flash to RAM upon power-up or for applications that cache code-segments to
RAM for execution.

Similar to the Fast Read instruction, the Fast Read Dual Output instruction can operate at the highest
possible frequency of Fr (see AC Electrical Characteristics). This is accomplished by adding eight “dummy”
clocks after the 24-bit address as shown in Figure 7.15. The dummy clocks allow the device's internal circuits
additional time for setting up the initial address. The input data during the dummy clocks is “don’t care”.
However, the DI pin should be high-impedance prior to the falling edge of the first data out clock.
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cs# ({
Moes 0 1 2 3 4 5 6 7 8 2627282930313 33 3435 36 37 3839 40 41 42 43 44 43 46 47_Mote:
CLK  Mode o Mode 0
DIO 38h \{ 24-bit 6laf2]of6]a]2]0
Do {6 7]s]afs]7[s]3]s
Instruction Address Dummy Cycles* Data 1 Data 2
< >t > >t > >

Figure 7.15 Fast Read Dual Output Instruction Sequence Diagram
7.3.4 Fast Read Quad Output (6Bh)

The Fast Read Quad Output (6Bh) instruction is similar to the Fast Dual Output (3Bh) instruction except
that data is output on four pins, 100, 101, 102 and 103. A Quad enable of status Register-2 must be executed
before the device will accept the Fast Read Quad Output Instruction (Status Register bit QE must equal 1).
The Fast Read Quad Output Instruction allows data to be transferred from ZB25LQ16A at four times the rate
of standard SPI devices.

The Fast Read Quad Output instruction can operate at the highest possible frequency of Fi (see AC
Electrical Characteristics). This is accomplished by adding "dummy" clocks after the 24-bit address as shown
in Figure 7.16. The input data during the dummy clocks is "don't care". However, the 10 pins should be
high-impedance prior to the falling edge of the first data out clock.

cst# (€
M"”_“_I 01 2 3 45 6 7 8 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 Mode3
CLK  Modeo Mode 0
100 6Bh \{ 24-bit alofafolafofa]o
101 (\(\ 5|1 5|1 5|1 5|1
102 (\(\ 6l2]6]2]6][2]6]2
103 ( 7[s]7 ]3] 7[s]7]s
< Instruction e Address e Dummy Cycles* e D1;:D2 ‘:DS <D4;

Figure 7.16 Fast Read Quad Output Instruction
7.3.5 Fast Read Dual I/O (BBh)

The Fast Read Dual 1/0 (BBh) instruction allows for improved random access while maintaining two 10
pins, 100 and 101. It is similar to the Fast Read Dual Output (3Bh) instruction but with the capability to input
the Address bits (A23-0) two bits per dock. This reduced instruction overhead may allow for code execution
(XIP) directly from the Dual SPI in some applications.

Fast Read Dual I/O with "Continuous Read Mode"

The Fast Read Dual I/O instruction can further reduce instruction overhead through setting the
"Continuous Read Mode" bits (M7-0) after the input Address bits (A23-0), as shown in Figure 7.17. The upper
nibble of the (M7-4) controls the length of the next Fast Read Dual I/O instruction through the inclusion or
exclusion of the first Byte instruction code. The lower nibble bits of the (M3-0) are don't care ("X"). However,
the 10 pins should be high-impedance prior to the falling edge of the first data out clock. It is recommended to
input FFFFh on 100 for the next instruction (16 clocks), to ensure M4 = 1 and return the device to normal
operation.

Software reset command (66h+99h) does not reset Continuous Read Mode.
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cst ] X
Mde3 O 1 2 3 4 5 6 7 8 18 19 20 21 22 23 24 25 26 27 28 29 30 31
CLK  wageo]
100 BBh 2[\{2|ole|4a]2]0]|6]a]2]0]6]a]2]0
101 23[\{s|1]7]s]3]1]7]s]s]1]7]5]3]1
Instruction % Address iy Mode o Data 1 iy Data 2
Y L) L) L) L) >

Figure 7.17 Fast Read Dual I/O Instruction (Initial command or previous M5-4#10)
Note:

(1) Least significant 4 bits of Mode are don’t care and it is optional for the host to drive these bits. The host may turn off drive during
these cycles to increase bus turnaround time between Mode bits from host and returning data from the memory

cs 1

ck UUUUUUISULUYUUUYUUULLUUL
o0 —6[4]2]o0 22[\{2]ofe|a]2]o]6|a|2]o]6]|a]2]0
o1 —7[s[3]1 23[\(3]al7|s|s]a]7]|s5]|s]a]7]5]3]1
DataN g g Address . Mode o Data 1 P Data 2
) » > L

Figure 7.18 Fast Read Dual I/O Instruction (Initial command or previous M5-4=10)
7.3.6 Fast Read Quad I/O (EBh)

The Fast Read Quad I/0 (EBh) command is similar to the Fast Read Dual I/O (BBh) command except
that address and data bits are input and output through four pins 100, 101, 102 and 103 and Dummy clock are
required prior to the data output. The Quad I/O dramatically reduces instruction overhead allowing faster
random access for code execution (XIP) directly from the Quad SPI. The Quad Enable bit (QE) of Status
Register-2 must be set to enable the Fast Read Quad I1/O Command.

Fast Read Quad I/0 with “Continuous Read Mode”

The Fast Read Quad I/O command can further reduce instruction overhead through setting the
“Continuous Read Mode” bits (M7-0) after the input Address bits (A23-0), as shown in Figure 7.19, Fast Read
Quad I/O Command Sequence (Initial command or previous M5-4#10). The upper nibble of the (M7-4)
controls the length of the next Fast Read Quad 1/0 command through the inclusion or exclusion of the first
Byte instruction code. The lower nibble bits of the (M3-0) are don’t care (“X”). However, the 1O pins should be
high-impedance prior to the falling edge of the first data out clock.

If the “Continuous Read Mode” bits M5-4 = (1,0), then the next Fast Read Quad I/O command (after CS#
is raised and then lowered) does not require the EBh instruction code, as shown in Figure 7.20, Fast Read
Quad I/0 Command Sequence (Previous command set M5-4 = 10). This reduces the command sequence by
eight clocks and allows the Read address to be immediately entered after CS# is asserted low. If the
“Continuous Read Mode” bits M5-4 do not equal to (1, 0), the next command (after CS# is raised and then
lowered) requires the first Byte instruction code, thus returning to normal operation. It is recommended to
input FFh on 100 for the next instruction (8 clocks), to ensure M4=1 and return the device to normal operation.
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Software reset command (66h+99h) does not reset Continuous Read Mode.

cs# | (4

e s [T UL UL
ol Gl <8 Tolelole[o]eTe
01 alanss afs [alslalsla
02 Binnn AADBADB0E
03 Ri{ann Tl el s

Figure 7.19a Fast Read Quad I/O Instruction(Initial command or previous M5-4 #10)

cs# (€

c UUUUUUIEUUTTTUUUrruuIu L

o0 —4]o]4]o 2_—o|1\4|0 4]0 alofafol4]o]4]o

o1 —{sTi[s[i—{a[| GTi =B AnNENENEN

o2 — (e[ [s [zt G2 B IABRDANE

103 —{7[s[7]s = (7= 78 7[af7[a]7[s]7]s
:DN-].: " DN: < Address > :Modg < Dummy* > Dl: b, D2 >ie D3 >ie D4=

Figure 7.20 Fast Read Quad I/O Instruction(Previous command set M5-4 = 10)

Fast Read Quad I/0O with “8/16/32/64-Byte Wrap Around”

The Fast Read Quad I/0 command can also be used to access a specific portion within a page by issuing
a “Set Burst with Wrap” command prior to EBh. The “Set Burst with Wrap” command can either enable or
disable the “Wrap Around” feature for the following EBh commands. When “Wrap Around” is enabled, the data
being accessed can be limited to 8/16/32/64-Byte section of data. The output data starts at the initial address
specified in the command, once it reaches the ending boundary of the 8/16/32/64-Byte section, the output will
wrap around to the beginning boundary automatically until CS# is pulled high to terminate the command.

The Burst with Wrap feature allows applications that use cache to quickly fetch a critical address and
then fill the cache afterwards within a fixed length (8/16/32/64-Bytes) of data without issuing multiple read
commands.

The “Set Burst with Wrap” command allows three “Wrap Bits”, W6-4 to be set. The W4 bit is used to
enable or disable the “Wrap Around” operation while W6-5 is used to specify the length of the wrap around
section within a page. See Section 7.3.9, Set Burst with Wrap (77h).

Fast Read Quad I/0O (EBh) in QPI Mode

The Fast Read Quad /O instruction is also supported in QPI mode, as shown in Figure 7.19b When QPI
mode is enabled, the number of dummy clocks is configured by the “Set Read Parameters (COh)” instruction
to accommodate a wide range of applications with different needs for either maximum Fast Read frequency or
minimum data access latency. Depending on the Read Parameter Bits P[5:4] setting, the number of dummy
clocks can be configured as either 4, 4, 6 or 8. The default number of dummy clocks upon power up or after a
Reset instruction is 4. In QPIl mode, the “Continuous Read Mode” bits M7-0 are also considered as dummy
clocks. In the default setting, the data output will follow the Continuous Read Mode bits immediately.

“Continuous Read Mode” feature is also available in QPI mode for Fast Read Quad I/O instruction.
Please refer to the description on previous pages.

“Wrap Around” feature is not available in QPI mode for Fast Read Quad 1/O instruction. To perform a read
operation with fixed data length wrap around in QPl mode, a dedicated “Burst Read with Wrap” (0Ch)
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instruction must be used. Please refer to 7.5.13 for details.

cs# | (
Moes 0 1 2 6 7 8 9101112 13 14 15 16 17
100 4] o]20]{ {4 o a]of4a]o}4[o]4]o]4]0
101 s|afaa]{(s[sisfals]als[1]s]1]5]1
102 6[2]22[{{e]2]6]2]6]2]6c]2]6][2]6]>
103 7] 3]s\ (7 [sia]s]zlal7 [s]7]3]7]s
Instructioh  Address i M7-0* Dummy* D1 { D2 i D3
TEmh OO

* “Set Read Parameters” instruction (COh)
can set number of dummy clocks

Figure 7.19b Fast Read Quad I/O Instruction(Initial command or previous M5-4 #10,QPI Mode)
7.3.7 Word Read Quad I/O (E7h)

The Word Read Quad I/O (E7h) instruction is similar to the Fast Quad I/O (EBh) instruction except that
the lowest Address bit (AO) must equal to 0 and only two Dummy clocks are required prior to the data output.
The Quad I/O dramatically reduces instruction overhead allowing faster random access for code execution
(XIP) directly from the Quad SPI. The Quad Enable bit (QE) of Status Register-2 must be set to enable the
Word Read Quad I/O instruction.

Word Read Quad I/0 with "Continuous Read Mode"

The Word Read Quad 1/O instruction can further reduce instruction overhead through setting the
"Continuous Read Mode" bits (M7-0) after the input Address bits (A23-0), as shown in Figure 7.21. The upper
nibble of the (M7-4) controls the length of the next Fast Read Quad I/O instruction through the inclusion or
exclusion of the first Byte instruction code. The lower nibble bits of the (M3-0) are don't care ("X"). However,
the 10 pins should be high-impedance prior to the falling edge of the first data out clock.

If the "Continuous Read Mode" bits M5-4 = (1,0), then the next Fast Read Quad I/O instruction (after CS#
is raised and then lowered) does not require the E7h instruction code, as shown in Figure 7.22. This reduces
the instruction sequence by eight clocks and allows the read address to be immediately entered after CS# is
asserted low. The "Continuous Read Mode Reset” instruction is also able to reset M7-0 before issuing normal
instructions.

Software reset command (66h+99h) does not reset Continuous Read Mode.

- 0
Mode 3

cuk wesea [ LTS UUT U U UL
100 E7h 20[{(4]oi4]0 4lola]ol4a]o]a]o
101 2[{(s]1i5]A slifs[a]s]1]s]1
102 2_—ZB\G|2 62 6l2]6]2]6]2]6]2
103 2[{ (7] 7]B 7]s]7]3]7]s]7]3
Instruction i Address _:Mode Dummy* D1 : D2 : D3 : D4
»> e <« >

Figure 7.21 Word Read Quad /O Instruction(Initial command or previous M5-4 #10)
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= e I
e UL U LU LU LU
100 afof4fo 0] (4o 4]0 alofafo]4]of4]o
101 s[a]s]s 21[{(s]s s [& s[afs[1]s][s]s]s
102 s2]e]2 22[((6]2 o ]2 sl2]e[2]6]2]6]2
103 7]s]7]s 2[{ (7] 7B 7[a]7[s]7][a]7]s
:DN»1':DN= < Address :‘Modeb):ummy“ Dlr‘ D2=‘ DS:: D4'

Figure 7.22 Word Read Quad /O Instruction(Initial command or previous M5-4 =10)
Word Read Quad /O with “8/16/32/64-Byte Wrap Around” in Standard SPI mode

The Word Read Quad I/O instruction can also be used to access a specific portion within a page by
issuing a “Set Burst with Wrap” (77h) command prior to E7h. The “Set Burst with Wrap” (77h) command can
either enable or disable the “Wrap Around” feature for the following E7h commands. When “Wrap Around” is
enabled, the data being accessed can be limited to either an 8, 16, 32 or 64-Byte section of a 256-Byte page.
The output data starts at the initial address specified in the instruction, once it reaches the ending boundary of
the 8/16/32/64-Byte section, the output will wrap around to the beginning boundary automatically until CS# is
pulled high to terminate the command.

The Burst with Wrap feature allows applications that use cache to quickly fetch a critical address and
then fill the cache afterwards within a fixed length (8/16/32/64-Byte) of data without issuing multiple read
commands.

The “Set Burst with Wrap” instruction allows three “Wrap Bits”, W6-4 to be set. The W4 bit is used to
enable or disable the “Wrap Around” operation while W6-5 are used to specify the length of the wrap around
section within a page. See 7.3.9 for detail descriptions.

7.3.8 Octal Word Read Quad 1/O (E3h)

The Octal Word Read Quad I/O (E3h) instruction is similar to the Fast Read Quad I/O (EBh) instruction
except that the lower four Address bits (A0, Al, A2, A3) must equal 0. As a result, the dummy clocks are not
required, which further reduces the instruction overhead allowing even faster random access for code
execution (XIP). The Quad Enable bit (QE) of Status Register-2 must be set to enable the Octal Word Read
Quad I/O Instruction.

Octal Word Read Quad I/O with “Continuous Read Mode”

The Octal Word Read Quad 1/O instruction can further reduce instruction overhead through setting the
“Continuous Read Mode” bits (M7-0) after the input Address bits (A23-0), as shown in Figure 7.23. The upper
nibble of the (M7-4) controls the length of the next Octal Word Read Quad 1/O instruction through the inclusion
or exclusion of the first Byte instruction code. The lower nibble bits of the (M3-0) are don’t care (“x”). However,
the 10 pins should be high-impedance prior to the falling edge of the first data out clock.

If the “Continuous Read Mode” bits M5-4 = (1,0), then the next Fast Read Quad I/O instruction (after CS# is
raised and then lowered) does not require the E3h instruction code, as shown in Figure 7.24. This reduces the
instruction sequence by eight clocks and allows the Read address to be immediately entered after CS# is
asserted low. If the “Continuous Read Mode” bits M5-4 do not equal to (1,0), the next instruction (after CS# is
raised and then lowered) requires the first Byte instruction code, thus returning to normal operation. It is
recommended to input FFh on 100 for the next instruction (8 clocks), to ensure M4= 1 and return the device to
normal operation.

Software reset command (66h+99h) does not reset Continuous Read Mode.

Zbit Semiconductor, Inc. 46



0

ZB25LQ16A

cs# | (
e e [TV U UV LU U U
100 E3n 20]\\foi4a0f e[ofalo[4fof4]0
o1 Al Gl EEL LD
102 22[( (6216 2] 6]2]6]2]6][2]6]>2
03 A G TR R

’ Instruction y Addiess iMode| D1 D2 | D3 i D4

Figure 7.23 Octal Word Read Quad /O Instruction(Initial command or previous M5-4 #10)

cs# (€
ck | I L i}
100 alofa]o 20[{ (4]0 a0f 4Jof4]oa]o]a]o0
101 s[1]s]1 21[{ (s [ais @] s[afs]a]s]s]s]n
102 6]2]6]2 22[((e]2i6]2]c[2]6[2]c][2]6]2
103 7]s]7]3 [\ (7 [si7 8] 7[s]7[s]7]=]7]s
DN-1i DN  Address | Mode! D1 ! D2 i D3 | D4
— > < >—>«—> < >

Figure 7.24 Octal Word Read Quad /O Instruction(Initial command or previous M5-4 =10)

7.3.9 Set Burst with Wrap (77h)

The Set Burst with Wrap (77h) command is used in conjunction with “Fast Read Quad I/O” commands to
access a fixed length and alignment of 8/16/32/64-Bytes of data. Certain applications can benefit from this
feature and improve the overall system code execution performance. This command loads the W4,W5,W6
bits. Similar to a Quad I/O command, the Set Burst with Wrap command is initiated by driving the CS# pin low
and then shifting the instruction code “77h” followed by 24-dummy bits and 8 “Wrap Bits”, W7-0. The
command sequence is shown in Figure 7.25, Set Burst with Wrap Command Sequence. Wrap bit W7 and the
lower nibble W3-0 are not used.

W6 W5 W4=0 WA4=1(DEFAULT)
' Wrap Around Wrap Length Wrap Around Wrap Length
0,0 Yes 8-Byte No N/A
0,1 Yes 16-Byte No N/A
1,0 Yes 32-Byte No N/A
1,1 Yes 64-Byte No N/A

Once W6-4 is set by a Set Burst with Wrap command, all the following “Fast Read Quad 1/0” commands
will use the W6-4 setting to access the 8/16/32/64-Byte section of data. Note, Status Register-2 QE bit
(SR2[1]) must be setto 1 in order to use the Fast Read Quad I/O and Set Burst with Wrap commands. To exit
the “Wrap Around” function and return to normal read operation, another Set Burst with Wrap command
should be issued to set W4 = 1. The default value of W4 upon power on is 1.

In QPI mode, the “Burst Read with Wrap (0Ch)” instruction should be used to perform the Read operation
with “Wrap Around” feature. The Wrap Length set by W6-5 in Standard SPI mode is still valid in QPI mode and
can also be re-configured by “Set Read Parameters (COh)” instruction. Refer to 7.5.12 and 7.5.13 for details.
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cs# | ,—
M3 O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Mode3
CLK @I Mode 0
100 — 77h x| x [ x [ x| x [ x Jwa] x ——
101 x | x [x [ x | x | x {ws| x ——

102 x| x [ x [ x | x| x [we| x
103 x| x [x [ x [ x ] x| x]x——

Instruction i, Don’ tCare i Wrap

) ) )

Figure 7.25 Set Burst with Wrap Instruction
7.4 Reset Commands

Software controlled Reset commands restore the device to its initial power up state, by reloading volatile
registers from non-volatile default values. If a software reset is initiated during a Erase, Program or Writing
Register operation the data in that Sector, Page or Register is not stable, the operation that was interrupted
needs to be initiated again. Once the Reset instruction is accepted, any on-going internal operations will be
terminated and the device will return to its default power-on state and lose all the current volatile settings,
such as Volatile Status Register bits, Write Enable Latch (WEL) status, Program/Erase Suspend status, Read
parameter setting (P7-P0), Continuous Read Mode bit setting (M7-MO0) and Wrap Bit setting (W6-W4).

When the device is in Deep Power-Down mode, the software reset command is ignored and has no effect.
To reset the device send the Release Power down command (ABh) and after time duration of tres; the device
will resume normal operation and the software reset command will be accepted.

When the device is in Continuous Read Mode, the software reset command is ignored and has no effect.
The device only returns to normal operation when setting Continuous Read Mode bits M5-4#10.

A software reset is initiated by the Software Reset Enable command (66h) followed by Software Reset
command (99h) and then executed when CS# is brought high after tgcy time at the end of the Software Reset
instruction and requires trst time before executing the next Instruction after the Software Reset. See Figure
8.7, Software Reset Input Timing. Note that CS# must be brought high after tgcy time, or the Software Reset
will not be executed.

CS#
Yoges @ L woges
CcS# CLK  mode o, Mode 0
Mode3 O 1 2 3 4 5 6 7 Mode3 4|0
i) _ Mode 3
CLK  Modeo Mode 0 100
101
DI 66/99h 0 5|1
Do 102 62
Instruction R
< > 103 7]s
Instructior
<>
66h/99

Figure 7.26 Software Reset Instruction(SPI and QPI Mode)
7.4.1 Software Reset Enable (66h)
The Reset Enable (66h) command is required immediately before a software reset command (99h) such

that a software reset is a sequence of the two commands. Any command other than Reset (99h) following the
Reset Enable (66h) command, will clear the reset enable condition and prevent a later Reset (99h) command
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from being recognized.

7.4.2 Software Reset (99h)

The Reset (99h) command immediately following a Reset Enable (66h) command, initiates the software
reset process. Any command other than Reset (99h) following the Reset Enable (66h) command, will clear
the reset enable condition and prevent a later Reset (99h) command from being recognized.

7.5 ID and Security Commands
7.5.1 Deep Power-down (DP) (B9h)

Although the standby current during normal operation is relatively low, standby current can be further
reduced with the Power-down instruction. The lower power consumption makes the Power- down instruction
especially useful for battery powered applications (See ICC1 and ICC2 in AC Characteristics). The instruction
is initiated by driving the CS# pin low and shifting the instruction code “B9h” as shown in Figure 7.27.

The CS# pin must be driven high after the eighth bit has been latched. If this is not done, the Power-
down instruction will not be executed. After CS# is driven high, the power-down state will enter within the time
duration of tpp (See AC Characteristics). While in the power-down state only the Release from Power-down /
Device ID instruction, which restores the device to normal operation, will be recognized. All other instructions
are ignored. This includes the Read Status Register instruction, which is always available during normal
operation. Ignoring all but one instruction makes the Power Down state a useful condition for securing
maximum write protection. The device always powers-up in the normal operation with the standby current of
ICCL1.

CS#

Mode3 O 1 Mode3

3
CS# CLK' Modeo Mode 0
Mode3 O 1 2 3 4 5 6 7 Mode3 n | o
-~1 T T |
CLK Mode O Mode 0O OO
101
DI BYh 5 | !
DO 102 6 | 2
Instruction R
< > 103 7]s
Instructior
<>
B9h

Figure 7.27 Deep Power-down Instruction(SPI and QPI Mode)
7.5.2 Release Power-down / Device ID (ABh)

The Release from Power-down / Device ID instruction is a multi-purpose instruction. It can be used to
release the device from the power-down state, obtain the devices electronic identification (ID) number or both.

To release the device from the power-down state, the instruction is issued by driving the CS# pin low,
shifting the instruction code “ABh” and driving CS# high as shown in Figure 7.28. After the time duration of
tres: (See AC Characteristics) the device will resume normal operation and other instructions will be accepted.
The CS# pin must remain high during the tges; time duration.

When used only to obtain the Device ID during the non-power-down state, the instruction is initiated by
driving the CS# pin low and shifting the instruction code “ABh” followed by 3-dummy Bytes. The Device ID bits
will then be shifted out on the falling edge of CLK with most significant bit (MSB) first as shown in Figure 7.29.
The Device ID value for the ZB25LQ16A is listed in Manufacturer and Device Identification table. The Device
ID can be read continuously. The instruction is completed by driving CS# high.

When used to release the device from the power-down state and obtain the Device ID, the instruction is
the same as previously described, and shown in Figure 7.29, except that after CS# is driven high it must

Zbit Semiconductor, Inc. 49



ZB25LQ16A

remain high for a time duration of tges, (See AC Characteristics). After this time duration the device will
resume normal operation and other instructions will be accepted. If the Release from Power-down / Device ID
instruction is issued within Erase, Program or Write cycle (when BUSY equals 1), the instruction is ignored
and will not have any effects on the current cycle.

CS#
Mode3 O 1  Mode3
==3 — Mode 3
CS# CLK  Modeo Mode 0
Mode3 O 1 2 3 4 5 6 7 Mode3 00 2 | o
L - =" |
CLK Mode 0 Mode 0O
101
DI ABh 5 | 1
Do 102 6]2
P Instruction R
< > 103 7 | 3
Instructior
- ABh

Figure 7.28 Release Power-down Instruction(SPI and QPI Mode)

CSt# (§
Mode3 O 1 2 3 4 5 6 7 8 26 27 28 29 30 31 32 33 34 35 36 37 38 39 Mode3
CLK  modeo Mode 0
DI ABh V{240
bo 5 7lelsfa]s]2]1]o
Instruction Dummy Device ID
< > < »:< >

Figure 7.29a Release Power-down / Device ID(SPI Mode)

cs# |
Moe3 0 1 2 3 4 5 6 7 8 9 10 11 wode3
CLK' wmode o Mode 0
100 4] o]20[16][12] 8][4 o [4]0}4]0
101 s[121]17[1s[ o[5 [1]5][1]s ]2
102 6] 2[22]18[14]10[6 [2 ] 6]2]6 [ 2
103 7[323f1e]ss[u] 73] 7[3]7 [s
Iiti:;:::g; Dummy '£E|D'QEID'

Figure 7.29b Release Power-down / Device ID(QPI Mode)

7.5.3 Read Manufacturer / Device ID (90h)

The Read Manufacturer/Device ID instruction is an alternative to the Release from Power-down/Device
ID instruction that provides both the JEDEC assigned manufacturer ID and the specific device ID.

The Read Manufacturer/Device ID instruction is very similar to the Release from Power-down / Device 1D
instruction. The instruction is initiated by driving the CS# pin low and shifting the instruction code “90h”
followed by a 24-bit address (A23-A0) of 000000h. After which, the Manufacturer ID and the Device ID are
shifted out on the falling edge of CLK with most significant bit (MSB) first as shown in Figure 7.30. If the 24-bit
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address is initially set to 000001h the Device ID will be read first and then followed by the Manufacturer ID.
The Manufacturer and Device IDs can be read continuously, alternating from one to the other. The command

is completed by driving CS# high.

cs¢ | ( —

Moieil 01 2 3 4 5 6 7 8 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 Mode3

CLK M Mode 0
DI 90h S
Do {§ 7[els|afa[2]1]o]7[6[s[4]a]2][1]0
P Instruction i Address i Manufacturer ID P Device ID
< > < > >

Figure 7.30a Read Manufacturer/Device ID(SPI Mode)

cs# |
Mote3 0 1 2 3 4 5 6 7 8 9 10 11 wodes
CLK p\&eo—l Mode 0
100 4] o]20]16][12] 8][4 [0 4]0]4]0
101 s[1]21]17]1s] o]5 [1]s5[1]5 [
102 6| 2[22] 18] 14]10[6 [2]6]2]6]2
103 7[3[2s]aof1s[u] 7|3 ] 737 [
Instructioh Address _MFID i DEID
oon SO

Figure 7.30b Read Manufacturer/Device ID(QPI Mode)

7.5.4 Read Ildentification (RDID) (9Fh)

For compatibility reasons, the ZB25LQ16A provides several instructions to electronically determine the
identity of the device. The Read JEDEC ID instruction is compatible with the JEDEC standard for SPI
compatible serial memories that was adopted in 2003.

The instruction is initiated by driving the CS# pin low and shifting the instruction code “9Fh”. The JEDEC
assigned Manufacturer ID Byte and two Device ID Bytes, Memory Type (ID15-ID8) and Capacity (ID7-ID0Q)
are then shifted out on the falling edge of CLK with most significant bit (MSB) first as shown in Figure 7.31.
For memory type and capacity values, refer to Manufacturer and Device Identification table.

cs# |
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 Mode3
CLK  mode Mode o
DIO 9Fh
DO 7|6|5|4|3|2|l|0 7|6|5|4|3|2|1|O 7|6|5|4|3|2|1|0‘—
- Instruction i Manufacturer ID P Memory Type ID i Capacity ID
< P Pig >« >

Figure 7.31a Read JEDEC ID(SPI Mode)
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Figure 7.31b Read JEDEC ID(QPI Mode)

7.5.5 Read SFDP Register (5Ah)

The Read SFDP command is initiated by driving the CS# pin low and shifting the instruction code “5Ah”
followed by a 24-bit address (A23-A0) into the DI pin. Eight “dummy” clocks are also required before the
SFDP register contents are shifted out on the falling edge of the 40th CLK with most significant bit (MSB) first
as shown in Figure 7.32.

Note:
(1) A23-A8 =0; A7-A0 are used to define the starting Byte address for the 256-Byte SFDP Register.
cs# | {§ f§
vy Mode 3
ek g [ TS U IS U U U U U U U U U U U T T e
DI 5Ah R} 24-bit Y
(( ((
Do } Y VY 7 6]s]af3[2]1]o0
P Instruction o Address R Dummy Cycles > Data 1 o

Figure 7.32 Read SFDP Register Instruction
7.5.6 Erase Security Registers (44h)

The ZB25LQ16A offers three 256-Byte Security Registers which can be erased and programmed
individually. These registers may be used by system manufacturers to store security and other important
information separately from the main memory array.

The Erase Security Register command is similar to the Sector Erase command. A Write Enable
command must be executed before the device will accept the Erase Security Register Command (Status
Register bit WEL must equal to 1). The command is initiated by driving the CS# pin low and shifting the
instruction code “44h” followed by a 24-bit address (A23-A0) to erase one of the security registers.

Address A23-16 A15-8 A7-0
Security Register-1 00h 10h xxh
Security Register-2 00h 20h xxh
Security Register-3 00h 30h xxh

Note:

(1) Addresses outside the ranges in the table have undefined results.

The Erase Security Register command sequence is shown in Figure 7.33. The CS# pin must be driven
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high after the eighth bit of the last Byte has been latched. If this is not done the command will not be executed.
After CS# is driven high, the self-timed Erase Security Register operation will commence for a time duration of
tse (see Section 8.5, AC Electrical Characteristics). While the Erase Security Register cycle is in progress, the
Read Status Register command may still be accessed for checking the status of the BUSY bit. The BUSY bit
is a 1 during the erase cycle and becomes a 0 when the cycle is finished and the device is ready to accept
other commands again. After the Erase Security Register cycle has finished the Write Enable Latch (WEL) bit
in the Status Register is cleared to 0. The Security Register Lock Bits (LB[3:1]) in the Status Register-2 can be
used to OTP protect the security registers. Once a lock bit is set to 1, the corresponding security register will
be permanently locked, and an Erase Security Register command to that register will be ignored.

cst ((
Mogegl 0 1 2 3 4 5 6 7 8 26 27 28 29 30 31 Mode3
CLK Mode 0 Mode 0
DI 44h ({ 24-bit —
DO {§
Instruction i Address R
) L)

Figure 7.33 Erase Security Registers Instruction
7.5.7 Program Security Registers (42h)

The Program Security Register command is similar to the Page Program command. It allows from one
Byte to 256 Bytes of security register data to be programmed at previously erased (FFh) memory locations. A
Write Enable command must be executed before the device will accept the Program Security Register
Command (Status Register bit WEL= 1). The command is initiated by driving the CS# pin low then shifting the
instruction code “42h” followed by a 24-bit address (A23-A0) and at least one data Byte, into the DI pin. The
CS# pin must be held low for the entire length of the command while data is being sent to the device.

Address A23-16 A15-8 A7-0
Security Register-1 00h 10h Byte Address
Security Register-2 00h 20h Byte Address
Security Register-3 00h 30h Byte Address

Note:

(1) Addresses outside the ranges in the table have undefined results.

The Program Security Register command sequence is shown in Figure 7.34. The Security Register Lock
Bits (LB3:1) in the Status Register-2 can be used to OTP protect the security registers. Once a lock bit is set to
1, the corresponding security register will be permanently locked, and a Program Security Register command
to that register will be ignored.

cs# | £ fL

Mod_eil 01 2 3 4 5 6 7 8 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
CLK Mode 0

DI 42n S 7e]s [4]s]2]1]o 7]6]s [ s]2]x]o]{(

(-

DO

—
—

Instruction Address Input Data 1 Input Data 2
< < i

< < LY

Y

Figure 7.34 Program Security Registers Instruction
7.5.8 Read Security Registers (48h)

The Read Security Register command is similar to the Fast Read command and allows one or more data
Bytes to be sequentially read from one of the three security registers. The command is initiated by driving the
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CS# pin low and then shifting the instruction code “48h” followed by a 24-bit address (A23-A0) and eight
“‘dummy” clocks into the DI pin. The code and address bits are latched on the rising edge of the CLK pin. After
the address is received, and following the eight dummy cycles, the data Byte of the addressed memory
location will be shifted out on the DO pin at the falling edge of CLK with most significant bit (MSB) first.
Locations with address bhits A23-A16 not equal to zero, have undefined data. The Byte address is
automatically incremented to the next Byte address after each Byte of data is shifted out. Once the Byte
address reaches the last Byte of the register (FFh), it will reset to the first Byte of the register (00h) and
continue to increase. The command is completed by driving CS# high. The Read Security Register command
sequence is shown in Figure 7.35. If a Read Security Register command is issued while an Erase, Program,
or Write cycle is in process (BUSY=1), the command is ignored and will not have any effects on the current
cycle. The Read Security Register command allows clock rates from DC to a maximum of Fr (see Section 8.5,
AC Electrical Characteristics).

Address A23-16 A15-8 A7-0
Security Register-1 00h 10h Byte Address
Security Register-2 00h 20h Byte Address
Security Register-3 00h 30h Byte Address

Note:

(1) Addresses outside the ranges in the table have undefined results.

cs# | £ £ [

Mode 3 Mode 3

CLK o) 186 1S [ oo

DI 48h \{ 24-bit (§ :

Do 5 {5 v o[s[4]a[2]1]o
Instruction i Address R Dummy Cycles iy Data 1 =

Figure 7.35 Read Security Registers Instruction
7.5.9 Read Manufacturer / Device ID Dual /O (92h)

The Read Manufacturer / Device ID Dual I/O instruction is an alternative to the Read Manufacturer /
Device ID instruction that provides both the JEDEC assigned manufacturer ID and the specific device ID at 2x
speed.

The Read Manufacturer / Device ID Dual I/O instruction is similar to the Fast Read Dual I/O instruction.
The instruction is initiated by driving the CS# pin low and shifting the instruction code “92h” followed by a
24-bit address (A23-A0) of 000000h, but with the capability to input the Address bits two bits per clock. After
which, the Manufacturer ID and the Device ID are shifted out 2 bits per clock on the falling edge of CLK with
most significant bits (MSB) first as shown in Figure 7.36. The Device ID values for the ZB25LQ16A are listed
in Manufacturer and Device ldentification table. The Manufacturer and Device IDs can be read continuously,
alternating from one to the other. The instruction is completed by driving CS# high.

csr | (

CLK  yogen 10 [
100 92h 22[\(6]a|2]o|6|a]2]0f6][a]2]0]6]a]2]0
101 23[( (7 [s]s]a]7[s[s]a] 7[s[s]1]7]5]3]1

P Instruction _Address . Mode , __MFID . DEID

) Y « <« <

Figure 7.36 Read Manufacturer/Device ID Dual I/O Instruction
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Note:

(1) The "Continuous Read Mode" bits M7-0 must be set to Fxh to be compatible with Fast Read Dual I/O instruction.

7.5.10 Read Manufacturer / Device ID Quad 1/O (94h)

The Read Manufacturer / Device ID Quad I/O instruction is an alternative to Read Manufacturer / Device
ID instruction that provides both the JEDEC assigned manufacturer ID and the specific device ID at 4 x
speeds.

The Read Manufacturer / Device ID Quad /O instruction is similar to the Fast Read Quad I/O instruction.
The instruction is initiated by driving the CS# pin low and shifting the instruction code "94h" followed by a
24-bit address(A23-A0) of 000000h, 8-bit Continuous Read Mode Bits and then four clock dummy cycles, with
the capability to input the Address bits four bits per clock. After that, the Manufacturer ID and the Device ID
are shifted out four bits per clock on the falling edge of CLK with most significant bit (MSB) first as shown in
Figure 7.37. The Device ID values for ZB25LQ16A are listed in Manufacturer and Device Identification table.
The Manufacturer and Device IDs can be read continuously, alternating from one to the other. The instruction
is completed by driving CS# high.

cs# | (4
Ok weaa [ LTS ST UL LT
100 2§ («]o <] +To[aTola]o]«]0
o1 AN G <8 shals [ [s[a]s]s
102 BlEBn o[ze]2[e[2]e]
103 =[{ (7] 7]8 7[al7[s]7[s]7]3

> Instruction iy Address o Mode}IaummgIZ:)umm‘y‘MFID> DEID} MFIQ DEID‘

Figure 7.37 Read Manufacturer/Device ID Quad I/O Instruction
Note:

(1) The "Continuous Read Mode" bits M7-0 must be set to Fxh to be compatible with Fast Read Quad I/O instruction.

7.5.11 Read Unique ID Number (4Bh)

The Read Unique ID Number instruction accesses a factory-set read-only 64-bit number which is unique
to each ZB25LQ16A device. The ID number can be used in conjunction with user software methods to help
prevent copying or cloning of a system. The Read Unique ID instruction is initiated by driving the CS# pin low
and shifting the instruction code "4Bh" followed by four Bytes dummy clocks. After that, the 64-bit ID is shifted
out on the falling edge of CLK as shown in Figure 7.38.

cs# | § (
Moﬁe 3 MOEEE
CLK Mode;I S \ ; ; Mode 0
DI 4Bh (§ 24-bit 8-bit \ {
DO {§ n27jizefizshad Gl 210
> Instruction P Address N Dummy Cycles i 128 bit Unique Serial Number

Figure 7.38 Read unique ID Number Instruction

7.5.12 Set Read Parameters (COh)

In QPI mode, to accommodate a wide range of applications with different needs for either maximum read
frequency or minimum data access latency, “Set Read Parameters (COh)” instruction can be used to configure
the number of dummy clocks for “Fast Read (0Bh)”, “Fast Read Quad I/O (EBh)” & “Burst Read with Wrap
(OCh)” instructions, and to configure the number of Bytes of “Wrap Length” for the “Burst Read with Wrap
(OCh)” instruction.
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In Standard SPI mode, the “Set Read Parameters (COh)” instruction is not accepted. The “Wrap Length”
is set by W6-5 bit in the “Set Burst with Wrap (77h)” instruction. This setting will remain unchanged when the
device is switched between Standard SPI mode and QPI mode.

The default “Wrap Length” after a power up or a Reset instruction is 8 Bytes, the default number of
dummy clocks is 2. The number of dummy clocks is only programmable for “Fast Read (0Bh)”, “Fast Read
Quad /0 (EBh)” & “Burst Read with Wrap (0Ch)” instructions in the QPI mode. Whenever the device is
switched from SPI mode to QPI mode, the number of dummy clocks should be set again, prior to any 0Bh,

EBh or OCh instructions.

MAXIMUM READ
P5-P4 DUMMY CLOCKS MAXIMUM READ FREQ. FREQ.(A[1:0]=0,0)
00 2 50MHz 50MHz
01 4 70MHz 104MHz
10 6 104MHz 104MHz
11 8 104MHz 104MHz
P1-P0 WRAP LENGTH
00 8-Byte
01 16-Byte
10 32-Byte
11 64-Byte
CS#
Mode3 O 1 2 3 _Mode3
CLK Mode 0O Mode 0
100 4] olpalro
101 5|1 [ps|P1
102 6| 2|ps|P2
103 7| 3|p7|ps
Instruction Read: Parameter
< >
COh

Figure 7.39 Set Read Parameters Instruction (QPI Mode only)

7.5.13 Burst Read with Wrap (0Ch)

The “Burst Read with Wrap (0Ch)” instruction provides an alternative way to perform the read operation
with “Wrap Around” in QPIl mode. The instruction is similar to the “Fast Read (0Bh)” instruction in QPI mode,
except the addressing of the read operation will “Wrap Around” to the beginning boundary of the “Wrap
Length” once the ending boundary is reached. The “Wrap Length” and the number of dummy clocks can be
configured by the “Set Read Parameters(COh)” instruction.
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cs# ] ({
Mode 3

ek o) [ LTSI U UL
100 alof20]{(a]ofa]of4]ofafo]4a]o]4]0
101 slafaa|{(s]1i8]a]s][a]s]a]s]a]s]1
102 62]22]((6]2]6]2]6][2]6]2]6]2]6]2
103 7]3s[\ (7 [sla]8] 7[a]l7[s]|7]s]7]s

Iritructigl Address  bummy? D1 i D2 i D3 i D4

‘OCh" g T T o T g

* “Set Read Parameters” instruction (COh)
can set number of dummy clocks

Figure 7.40 Burst Read with Wrap Instruction (QPI Mode only)
7.5.14 Enter QPI Mode (38h)

The ZB25LQ16A support both Standard/Dual/Quad Serial Peripheral Interface (SPI) and Quad
Peripheral Interface (QPI). However, SPI mode and QPI mode cannot be used at the same time. “Enter QPI
(38h)” instruction is the only way to switch the device from SPI mode to QPI mode.

Upon power-up, the default state of the device upon is Standard/Dual/Quad SPI mode. This provides full
backward compatibility with earlier generations of Zbit serial flash memories. See Instruction Set Table 7.1-7.4
for all supported SPI commands. In order to switch the device to QPI mode, the Quad Enable (QE) bit in
Status Register-2 must be set to 1 first, and an “Enter QPI (38h)” instruction must be issued. If the Quad
Enable (QE) bit is 0, the “Enter QPI (38h)” instruction will be ignored and the device will remain in SPI mode.
See Instruction Set Table 7.5 for all the commands supported in QPI mode. When the device is switched from
SPI mode to QPI mode, the existing Write Enable and Program/Erase Suspend status, and the Wrap Length
setting will remain unchanged.

CS#

Mode3 O 1 2 3 4 5 6 7 Mode3

- =9 =
CLK Mode 0 Mode 0

DI 38h
DO
Instruction
<

Figure 7.41 Enter QPI Instruction (SPI Mode only)
7.5.15 Exit QPI Mode (FFh)

In order to exit the QPI mode and return to the Standard/Dual/Quad SPI mode, an “Exit QPI (FFh)”
instruction must be issued. When the device is switched from QPI mode to SPI mode, the existing Write
Enable Latch (WEL) and Program/Erase Suspend status, and the Wrap Length setting will remain
unchanged.
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CS# l
Mode3 O 1 Modes
CLK  woveoy | | [ oseo
100 4] 0]
o1
02
103
Ibstructic:n
LFFR
Figure 7.42 Exit QPI Instruction (QPI Mode only)
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8 ELECTRICAL CHARACTERISTIC
8.1 Power-Up Power-Down Timing and Requirements
VCCA
Power-up Timing
VeCmax) & | ——mmm e e e -
P Program Erase and Write Instruction are Igored .
VCC(min)@—f - —— - ——m e b=
>
tvs.  Read Instructions allowed Device is fully
accessible
Reset
‘Statti
Vi —F—-HK e
truw
>
Timing

Figure 8.1 Power-up Timing

vce
A
vce

(Max)

VCC
(Min) ~
VCC
(Cut offy

VCC
(Low) —

tep

Figure 8.2 Power-Down and Voltage Drop

Table 8.1 Power-up and Power-down Timing

PARAMETER SYMBOL TYPE UNIT
MIN MAX
VCC(cut off where re-initialization is needed) VCC(cut off) 1.0 - Vv
VCC(low voltage for initialization to occur) VVCC(low) 0.7 - V
VCC (min) to CS# Low tys 10 - us
Time Delay Before Write Instruction touw' 1 10 ms
VCC (low) time trp 10 - us
Write Inhibit Threshold Voltage Vi 1 1.4 Vv
Notes:
(1) The parameters are characterized only.
(2) VCC (max.)is 2.0V and VCC (min.) is 1.65V.
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.2 Absolute Maximum Ratings

Stresses above the values mentioned as following may cause permanent damage to the device. These
values are for a stress rating only and do not imply that the device should be operated at conditions up to or
above these values.

Table 8.2% Absolute Maximum Rating

PARAMETERSY SYMBOL CONDITIONS RANGE UNIT
Supply Voltage VCC -0.6 to +2.5 V
Voltage applied on any pin Vio Relative to Ground -0.6 to VCC+0.4 V

) . <20ns Transient

Transient Voltage on any Pin Vior Relative to Ground -2.0to VCC+2.0 \Y
Storage Temperature Tste -65 to +150 C
Lead Temperature Tieao See Note® C
Electrostatic Discharge Voltage Vesp Human Body Model™ -2000 to +2000 Y]

Notes:
(1) Specification for ZB25LQ16A is preliminary. See preliminary designation at the end of this document.

(2) This device has been designed and tested for the specified operation ranges. Proper operation outside these levels is not
guaranteed. Exposure to absolute maximum ratings may affect device reliability. Exposure beyond absolute maximum ratings may
cause permanent damage.

(3) Compatible to JEDEC Standard J-STD-20C for small body Sn-Pb or Pb-free (Green) assembly and the European directive on
restrictions on hazardous substances (RoHS) 2002/95/EU.

(4) JEDEC Std. JESD22-A114A (C1=100 pF, R1=1500 ohms, R2=500 ohms).

8.3 Recommended Operating Ranges

Table 8.3 Recommended Operating Ranges

SPEC
PARAMETER SYMBOL CONDITIONS VN YN UNIT
Supply Voltage vcee!? Fr=104MHz, fr=50MHz 1.65 2.0 v
Amblegt Temperature, Ta Industrial -40 85 C
perating

Notes:

(1) Recommended Operating Ranges define those limits between which the functionality of the device is guaranteed.
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8.4 DC Characteristics

Table 8.4 DC Characteristics

SYMBOL PARAMETER CONDITIONS SPEC UNIT
MIN TYP MAX
CIN®Y Input Capacitance VIN = oVv? 6 pF
cout? Output Capacitance VOUT = 0v® 8 pF
ILI Input Leakage +2 A
ILO 1/O Leakage +2 A
CS# =VCC, VIN=
ICC1 Standby Current GND or VCC 15 25 pA
CS# = VCC, VIN=
ICC2 Power-down Current GND or VCC 0.1 1 uA
Current Read Data / _
ICC3 Dual/Quad OutPut CI\‘/T:(_: (I)Dlo\icoc /eg'g 4 6 mA
Read 10MHz® =P
Current Read Data / _
IcCC3 Dual/Quad Output CI\‘/T:(_: %1O\£COC /eg'g 5 8 mA
Read 50MHz® =P
Current Read Data / _
ICC3 Dual/Quad Output CI\‘/T:(_: %Jé\icoc /eg'g 7 12 mA
Read 104MHz® =P
ICC4 Current Page Program CS# =VCC 20 25 mA
IcC5 Current Write Status CS# = VCC 4 8 mA
Register
Current Sector/Block _
ICC6 Erase CS#=VCC 20 25 mA
ICC7 Current Chip Erase CS#=VCC 20 25 mA
High Performance CS# =VCC, VIN=
ICC8 Current GND or VCC 18 30 WA
VIL Input Low Voltage -0.5 VCCx0.2 V
VIH Input High Voltage VCCx0.8 V
VOL Output Low Voltage IOL =100 pA 0.2 \
VOH Output High Voltage IOH = —100 pA VCC—0.2 V
Notes:
(1) Tested on sample basis and specified through design and characterization data. TA=25° C, VCC=1.8V.
(2) Checker Board Pattern.
8.5 AC Measurement Conditions
Table 8.5 AC Measurement Conditions
Symbol PARAMETER Min. Max. Unit
CL Load Capacitance 30 pF
TR, TF Input Rise and Fall Times 5 ns
VIN Input Pulse Voltages 0.1VCC to 0.9VCC V
VtIN Input Timing Reference Voltages 0.2VCC to 0.8VCC V
VtON Output Timing Reference Voltages 0.5VCC1to 0.5VCC vV
Input and Output Timing
Iné’Ut Levels Reference Levels
0.8vCC 0.7vCC
0.5vVCC
0.2vCC
0.1vCC

Figure 8.3 AC Measurement I/O Waveform
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8.6 AC Electrical Characteristics

Table 8.6 AC Electrical Characteristics

SYMBOL ALT Parameter SPEC UNIT
MIN TYP MAX
Clock frequency for all instructions, except Read Data (03h

Fr fe 1.65V-2.(?V VC>C/: with High Frequency M(F)Jde (o3 D.C. 104 MHz

fr Clock freq. Read Data instruction (03h) D.C. 50 MHz
teum, tou Clock High, Low Time for all instructions except Read Data (03h) 4 ns
ttCCRRLLL'?l’) Clock High, Low Time for Read Data (03h) instruction 8 ns

teren™ Clock Rise Time peak to peak 0.1 V/ns

tenc, " Clock Fall Time peak to peak 0.1 Vins
tsicH tcss CS# Active Setup Time relative to CLK 5 ns
torsL CS# Not Active Hold Time relative to CLK 5 ns
toven tosu Data In Setup Time 2 ns
tcHDX ton Data In Hold Time 5 ns
tcHsH CS# Active Hold Time relative to CLK 5 ns
tsHcH CS# Not Active Setup Time relative to CLK 5 ns
tshsL1 tcsH CS# Deselect Time for Array Read—Array Read 100 ns
tnsi fosn CS#_ Desele_ct Ti_me for Erase/Program—Read SR Volatile Status 50 ns

Register Write Time
tspoz” tois Output Disable Time 7 ns
teLov ty Clock Low to Output Valid 1.65V- 2.0V 7 ns
tcLox tho Output Hold Time 0 ns
thicH HOLD# Active Setup Time relative to CLK 5 ns
teHHH HOLD# Active Hold Time relative to CLK 5 ns
tHHcH HOLD# Not Active Setup Time relative to CLK 5 ns
teHHL HOLD# Not Active Hold Time relative to CLK 5 ns
thox 1, HOLD# to Output Low-Z 7 ns
thioz t HOLD# to Output High-Z 12 ns
[ Write Protect Setup Time Before CS# Low 20 ns
torwl" Write Protect Hold Time After CS# High 100 ns
top"” CS# High to Power-down Mode 3 us
tresy ) CS# High to Standby Mode with Electronic Signature Read 20 us
tresz CS# High to Standby Mode without Electronic Signature Read 20 us
tsus" CS# High to next Command after Suspend 20 us
tw Write Status Register Time 4 20 ms
tpp Page Program Time 0.5 3 ms
tse Sector Erase Time (4KB) 30 400 ms
taE1 Block Erase Time (32KB) 120 1500 ms
tee2 Block Erase Time (64KB) 150 2000 ms
tce Chip Erase Time 6 20 s
tren” End of Reset Instruction to CS# High 40 ns
trsT" CS# High to next Instruction after Reset 20 us
Notes:

(1) Clock high + Clock low must be less than or equal to 1/fc.
(2) Value guaranteed by design and/or characterization, not 100% tested in production.

(3) Only applicable as a constraint for a Write Status Register instruction when SRPO = 1.
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CS#
; telqv . torov
tCLQiJ ICL%A — o : —> € tshez
DO/Dl ——— ><>< g g >< LSBOUT

Figure 8.4 Serial Output Timing
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CS#

tenst ‘ >

> tsicH

CLK
teHox ‘
toven 4—»
(High Impedance) ((
DO y)
Figure 8.5 Input Timing
CS#

thicn g g

tornL o i
o {S X
< thoz - M
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Figure 8.6 Hold Timing
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Figure 8.7 Software Reset Input Timing
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9 PACKAGE MECHANICAL

9.1 SOPS8 - 150mil

il “ / o
s ©
/b LTJLAl

El E

a / A
T | T c

-« D———»

MILIMETERS INCHES
SYMBOL
MIN TYP | MAX MIN | TYP MAX
A - - 1.75 - - 0.069
Al 0.05 0.15 0.25 0.002 | 0.006 | 0.010

A2 1.25 1.40 1.55 [ 0.049 | 0.055 | 0.061
b 0.31 0.41 | 051 | 0.012 | 0.016 | 0.020
C 0.15 0.20 | 0.25 | 0.006 | 0.008 | 0.010
D 4.80 490 | 5.00 | 0.189 | 0.193 | 0.197
E 5.80 6.00 6.20 | 0.228 | 0.236 | 0.244
El 3.80 3.90 | 4.00 | 0.150 | 0.154 | 0.157
€ - 1.27BSC - - 0.05BSC -

L 0.40 - 0.80 | 0.016 - 0.031
0 0° - 8° - - -

Notes:
(1) Both the package length and width do not include the mold flash.
(2) Seating plane: Max. 0.1mm.
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9.2 SOP8 - 208mil

SEATING PLANE

1000 T [ ——

Viminimly e

El E b —» & |->e<-| AL

I‘

- [ \
IR R s AN
PRPSIN Sl 1 r

MILIMETERS INCHES
SYMBOL
MIN TYP | MAX MIN TYP MAX
A - - 2.15 - = 0.085

Al 0.05 0.15 0.25 0.002 | 0.006 | 0.010
A2 1.70 1.80 1.91 0.067 | 0.071 | 0.075

b 0.31 0.41 | 051 | 0.012 | 0.016 | 0.020
C 0.15 0.20 | 0.25 | 0.006 | 0.008 | 0.010
D 5.13 523 | 5.33 | 0.202 | 0.206 | 0.210
E 7.70 7.90 | 8.10 | 0.303 | 0.311 | 0.319
El 5.18 528 | 5.38 | 0.204 | 0.208 | 0.212
e - 1.27BSC| - - 0.05BSC -

L 0.50 0.65 | 0.80 | 0.020 | 0.03 | 0.031
6 0° . 8° 0° - 8°

Notes:
(1) Both the package length and width do not include the mold flash.
(2) Seating plane: Max. 0.1mm.
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9.3 TFBGA24 (5*5 Ball Array)

1 2 C"> 4 5 5 4 Cf» 2 1
| A |
O ! ! ﬂ
A } i ONONG A
l v ‘
B | b/ O OO OO |B
C~~~~~~~i ffffffffffff + D lefff@f@f@ff@f@ffwc
D : TP O OO0 |b
1 e 1
E | vV e @ E
i Y
| v |
E  E1 g
A A
A VVAZ
Y T T T
r AL
Dimensions
Symbol
Unit A Al A2 b E El D D1 e
Min - 025 | 075 | 035 | 5.90 7.9
mm | Nom - 030 | 080 | 040 | 6.00 | 400 | 80 | 400 | 1.00
Max | 1.20 | 035 | 0.85 | 045 | 6.10 8.10

Note:
(1) Both the package length and width do not include the mold flash.
(2) Seating plane: Max. 0.1mm.
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9.4 TFBGA24 (6*4 Ball Array)

1 2 3 4 4 3 2 1
O | i | <
A | TP 00 O | A
B | b, O O 'O O | B
C i 5 D O 0100 C
D | 1| O OO0 O D
E | - | E
i | et SQ 2 i
@ e
i v i
] . - F -
E = L
A
Ai 1 5
J J J J
LAl
Dimensions
symbol A AL A2 b  E E1 D D1 e
Min . 0.25 | 0.75 | 0.35 | 5.90 7.9
mm | Nom - 0.30 0.80 0.40 6.00 3.00 8.0 5.00 1.00
Max 1.20 0.35 0.85 0.45 6.10 8.10

Note:

(1) Both the package length and width do not include the mold flash.
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V= ZB25LQ16A

9.5 TSSOPS8 - 173mil

MILLIMETER
«——D—» SYMBOL
. MIN | NOM | MAX
== 3 /32 5 ( \ A - ~ | 120
b A 0.25 Al 0.05 - 0.15
OO0 Wy T 4T
T A2 1.00 | 1.05
AL t. o® E 0.90
L A3 039 | 044 | 0.49
L1 b 020 | _ | o028
b bl 019 | 022 | 025

L] = et

_— 1 C D 2.90 | 3.00 | 3.10
BASE METAL l
& E1 430 | 4.40 | 450
WITH PLATING E 620 | 6.40 | 6.60
El E e 0.65BSC
L 0.45 | _ | 0.75

O L 1.00REF
o| - | ¢

T

LIS
e <«—b

Note:
(1) Both the package length and width do not include the mold flash.

(2) Seating plane: Max. 0.1mm.
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9.6 DFNS8 (2*3*0.55mm)

D - l e b
- - N - - «
A
HIE g
D2
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W
Pinl 3 4 1
[
v
Nd
4
| <
3 I s S T O S S S B P
f =1
<
Dimensions:
Symbol
{mit A AL b |  c¢c |  D|D2| e Nd| E | E2| L | L1
Min 0.50 0 018 | 010 | 1.90 |1.50 | (o | 459 290010 | 030 0.05
Nom mm 055 | 0.02 | 025 | 015 | 2.00 |1.60 | o-r | oo | 300 020 | 0.35]0.10
Max 0.60 | 0.05 | 0.30 | 0.20 | 2.10 | 1.70 3.10/ 0.30 | 0.40] 0.15
Note:
1.Both the package length and width do not include the mold flash.
2.The exposed metal pad area on the bottom of the package is floating.
3.Coplanarity <0.08mm.Package edge tolerance<0.10mm.
4.The lead shape may be of little difference according to different package factories. These lead
shapes are compatible with each other.
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ZB25LQ16A
REVISION LIST
Version No. Description Date
A Initial Release 2018/09/05
B Change Instruction 2018/11/12
C Change Package 2018/11/28
D Change T_ab_le 8.4 DC Characteristics , Table 8.6 AC Electrical 2019/01/21
Characteristics
E Change Table 7.4 Manufacturer and Device Identification 2019/01/21
F Change Table 8.4 DC Characteristics , Table 8.6 AC Characteristics 2019/04/01
G Change Status Register-2 2019/07/10
H Change Table 8.6 AC Electrical Characteristics 2019/07/30
I Adopting new version naming rule 2019/07/31
J Change power supply range 2019/10/08
K Change Table 8.1, Table 8.4, features and ordering information 2020/03/17
L Change Package SOP8 DOP parameter 2020/04/03
M Change Table 8.4 DC Characteristics and updated package 2020/04/27
N Change Table 8.6 AC Characteristic and Figure 8.4 2021/03/04
0 Change description of reset function 2021/10/28
P Change Table 8.6 AC Characteristic 2021/11/12
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