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Introduction

XTX NOR MCP is an integration of a high performance SPI NOR Flash plus a high-speed QPI pSRAM,
it can be used for storing user data and/or executable code, audio and video file cache.
The package size is only 6x5mm and suitable for wearable device design application.

NOR MCP Block Diagram

:
SPI NOR FLASH |

CS#_FLASH i » CSF# VCCF |« L vCCF
NOR_CLOCK i > ClK i
NOR_I00 « : > 100 |
NOR 101 « » 101 |
NOR 102/WP# i > 102/WP# |

NOR_I03/HOLD# < » 103/HOLDH  VSS . GND

; |
| SPI pSRAM i

CS# pSRAM i > CSR# VCCR ¢ L vCeRr
RAM_CLOCK | » CLK i
RAM_100 | > 100 |
RAM 101 < | » 101 i
RAM_I02 < | 102 i
RAM 103 < i » 103 VSS i
| !

e e, -
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SPI NOR Features

64M -bit Serial Flash

e 8192K-byte

e 256 bytes per programmable page
Support SFDP & Unique ID

Standard, Dual, Quad SPI

*  Standard SPI: SCLK, CS#, SI, SO, WP#, HOLD#
*  Dual SPI: SCLK, CS#, 100, 101, WP#, HOLD#

*  Quad SPI: SCLK, CS#,100, 101,102,103

e  QPI: SCLK, CS#,100, 101,102, 103

Flexible Architecture

e Sector of 4K-byte
e Block of 32/64k-byte

Advanced security Features

e 4*256-Byte Security Registers With OTP Lock

Software/Hardware Write Protection

e Write protect all/portion of memory via software

*  Enable/Disable protection with WP# Pin

e Top or Bottom, Sector or Block selection

Package Options

e See 1.1 Available Ordering OPN

e AllPb-free packages are compliant RoHS, Halo-
gen-Free and REACH.

Temperature Range & Moisture Sensitivity Level

e Industrial Level Temperature. (-40°C to +85°C),
MSL3

Low Power Consumption

*  12mAtypical standby current

e 0.1uA typical power down current

Single Power Supply Voltage: Full voltage range:
e 2.7~3.6V

Minimum 100,000 Program/Erase Cycle

High Speed Clock Frequency

e 108MHz for fast read with 30PF load

e Dual I/0 Data transfer up to 216Mbits/s

e Quad /0O Data transfer up to 344Mbits/s

e  QPI Mode Data transfer up to 288Mbits/s

e Continuous Read With 8/16/32/64-byte Wrap

Program/Erase Speed

e Page Program time: 300us typical

e Sector Erase time: 60ms typical

e BlockErase time: 0.15/0.25s typical
e Chip Erase time: 22s typical

Rev 0.2
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PSRAM Features

Rev 0.2

Single Supply Voltage:
e VDD=2.7t03.6V

Interface: SPI/QPI with SDR mode

Performance: Clock rate up to
e 109MHz (Wrap Mode)PKG*
e 84MHz (Linear Burst Mode)

Organization: 64Mb, 8M x 8bits
Addressable bit range: A[22:0]
Page Size: 1024 bytes

Refresh: Self-managed

7/13/2020

Maximum Standby Current:

*  350pA @ 105°C

e 250pA @ 85°C

e 140pA @ 25°C

50Q Output Drive Strength LVCMOS.

Linear Burst (continuous) or 32 byte wrapped
burst via toggle command.

Linear Burst is supported up to 84MHz and can
cross page boundary as long as tCEM is met.

1K byte or 32 byte wrapped burst via toggle command
as long as tCEM is met.

Software reset.

Page 2



X7 minary Versi
D 3.0V SPI NOR + QPI pSRAM Preliminary Version XT70F64B64A

Ordering information

OPN NOR FLASH pSRAM Package Type Package Carrier
XT70F64B64ALGIGT 64M bit 64M bit LGA16 5*6mm Tape & Reel
XT70F64B64ALGIGA 64M bit 64M bit LGA16 5*6mm Tray

Part number description

XT 70F 64B 64A LGIG

Vendor 4| L Package type
XT: XTX A: Tray
T: Tape & Reel
Product family —— Green Code
70F:3.0V SPI NOR+QPI pSRAM G: Green/Reach
Temperature range
NOR Density E:Extended(-30Cto+85°C)
64:64M I:Industrial(-40°Ct0+85C)
B: Die Version Package Type

LG:LGA16 6*5mm

pSRAM Density
64:64M
A: Die Version
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Pin Assighments

2 2 2 2
|Z |Z |Z |Z
< = = O
g 8 R €
o U U U U
NOR_CS# [ D CJNOR_VCC
NOR_SO(I01) [ O (| NOR_HOLD#(103)
NOR_WP#(102) [ O (] NOR_SCLK
NOR_VSS [ D CJ NOR_SI(100)
2 2 2 2
|Z |Z |Z |Z
— » = <
8 2 3 3
Pin Description
Pin Name 1/0 Description
NOR_CS# Input Chip Select Input
NOR_SO(101) 10 Data Output (DatalnputOutputl)
NOR_WP#(102) 10 Write Protect Input (DatalnputOutput2)
NOR_VSS Ground
NOR_SI(100) 10 Data Input (DatalnputOutputO)
NOR_SCLK Input Serial Clock Input
NOR_HOLD# (103) 10 Hold or Reset Input (DatalnputOutput3)
NOR_VCC Power Supply
RAM_VCC Power Core supply 3.3V
RAM_VSS Ground Core supply ground
RAM_CS# Input Chip select, active low. When CE#=1, chip is in standby state
RAM_SCLK Input Clock Signal
RAM_IO0 10 Serial Input under SPI Mode Function, 10[0] under QPI Mode Function
RAM_IO1 10 Serial Output under SPI Mode Function, IO[1] under QPI Mode Function
RAM_IO2 10 I0[2] under QPI Mode Function
RAM_IO3 10 I0[3] under QPI Mode Function

Rev 0.2
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Package Dimension

[©]oco[8

2X

PIN Al CORNER \

Rev 0.2

1

16 15
\—LASER MARK
PIN 1 1D

SEATING P!

DETAIL A

R

Al

——

//

LANE— f—

Dimensions in Millimeters
Symbol Min Norm Max
A 0.70 0.75 0.80
Al 0.53 BASIC
0.18 0.22 0.26
D 4.90 5.00 5.10
D1 3.81 BASIC
E 5.90 6.00 6.10
El 3.81 BASIC
e 1.27 BASIC
b 0.35 0.40 0.45
L 0.55 0.60 0.65
R 0.20 REF
aaa 0.10
cce 0.20
7/13/2020
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64M bit SPI NOR
1.1. GENERALDESCRIPTION

The XT25F64B (64M-bit) Serial flash supports the standard Serial Peripheral Interface (SPI), and supports

the Dual/Quad SPI: Serial Clock, Chip Select, Serial Data 1/00 (SI), I/01 (SO), 1/02 (WP#), and 1/03 (HOLD#). The

Dual I/0 data is transferred with speed of 216Mbits/s and the Quad 1/0 & Quad output data is transferred with
speed of 344Mbits/s.

1.2. MEMORY ORGANIZATION

Each Device has Each block has Each sector has Each page has Remark
8M 64K/32K 4K 256 bytes
32K 256/128 16 pages
2K 16/8 sectors

128/256 blocks
UNIFORM BLOCK SECTOR ARCHITECTURE
64K Bytes Block Sector Architecture
Block Sector Address range
2047 7FFOOOH TFFFFFH
2r
2032 7FO000H TFOFFFH
2031 7EFOOOH TEFFFFH
26
2016 7EOOOOH TEOFFFH
47 02F000H 02FFFFH
2
32 020000H 020FFFH
31 01FO00H 01FFFFH
r
16 010000H 010FFFH
15 0OFOOOH OOFFFFH
o e e
0 000000H 00OFFFH
Rev 0.2 7/13/2020
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1.3. DEVICE OPERATION

SPI Mode

Standard SPI

The device features a serial peripheral interface on 4 signals bus: Serial Clock (SCLK), Chip Select (CS#), Seri-
al Data Input (SI) and Serial Data Output (SO). Both SPI bus mode 0 and 3 are supported. Input data is latched on
the rising edge of SCLK and data shifts out on the falling edge of SCLK.

Note: “WP#” & “HOLD#” pin require external pull-up.

Dual SPI

The device supports Dual SPI operation when using the “Dual Output Fast Read” and “Dual I/0 Fast Read”
(3BH and BBH) commands. These commands allow data to be transferred to or from the device at two times the
rate of the standard SPIl. When using the Dual SPI command the SI and SO pins become bidirectional I/0 pins:
100 and 101.

Note: “WP#” & “HOLD#” pin require external pull-up.

Quad SPI

The device supports Quad SPI operation when using the “Quad Output Fast Read”,” Quad 1/0 Fast Read”,
“Quad I/0 Word Fast Read” (6BH, EBH, E7H) commands. These commands allow data to be transferred to or
from the device at four times the rate of the standard SPI. When using the Quad SPI command the Sl and SO
pins become bidirectional I/0 pins: 100 and 101, and WP# and HOLD# pins become 102 and 103. Quad SPI com-
mands require the non-volatile Quad Enable bit (QE) in Status Register to be set.

QPI

The device supports Quad Peripheral Interface (QPI) operations only when the device is switched from
Standard/Dual/Quad SPI mode to QPI mode using the “Enable the QPI (38H)” command. The QPI mode utilizes
all four 10 pins to input the command code. Standard/Dual/Quad SPI mode and QPI mode are exclusive. Only
one mode can be active at any given times. “Enable the QPI (38H)” and “Disable the QPI (FFH)” commands are
used to switch between these two modes. Upon power-up and after software reset using “’Reset (99H)” com-
mand, the default state of the device is Standard/Dual/Quad SPI mode. The QPI mode requires the non-volatile
Quad Enable bit (QE) in Status Register to be set.

Hold
The HOLD# signal goes low to stop any serial communications with the device, but doesn’t stop the opera-
tion of write status register, programming, or erasing in progress.

The operation of HOLD, need CS# keep low, and starts on falling edge of the HOLD# signal, with SCLK signal
being low (if SCLK is not being low, HOLD operation will not start until SCLK being low). The HOLD condition ends
on rising edge of HOLD# signal with SCLK being low (If SCLK is not being low, HOLD operation will not end until
SCLK being low).

Both Sl and SCLK don’t care during the HOLD operation, if CS# drives high during HOLD operation, it will re-
set the internal logic of the device. To re-start communication with chip, the HOLD# must be at high and then
CS# must be at low.

Rev 0.2 7/13/2020 Page 9
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Figurel.Hold Condition

HOLD#

1.4. DATA PROTECTION
The 64M provide the following data protection methods:

®  Write Enable (WREN) command: The WREN command is set the Write Enable Latch bit (WEL). The WEL
bit will return to reset by the following situation:
» Power-Up
» Write Disable (WRDI)
» Write Status Register (WRSR)
» Page Program (PP)
» Sector Erase (SE) / Block Erase (BE) / Chip Erase (CE)
m  Software Protection Mode: The Block Protect (BP4, BP3, BP2, BP1, BPO) bits define the section of the
memory array that can be read but not change.

m Hardware Protection Mode: WP# going low to protected the BPO~BP4 bits and SRP bit.

B Deep Power-Down Mode: In Deep Power-Down Mode, all commands are ignored except the Release
from Deep Power-Down Mode command.

Rev 0.2 7/13/2020 Page 10
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Tablel1.0 64M Protected area size (CMP=0)

Status Register Content Memory Content

BP4 | BP3 | BP2 | BP1 | BPO Blocks Addresses Density Portion
X X 0 0 0 NONE NONE NONE NONE
0 0 0 0 1 126 to 127 7E0000H-7FFFFFH 128KB Upper 1/64
0 0 0 1 0 124 to 127 7CO000H-7FFFFFH 256KB Upper 1/32
0 0 0 1 1 120 to 127 780000H-7FFFFFH 512KB Upper 1/16
0 0 1 0 0 112 to 127 700000H-7FFFFFH 1MB Upper 1/8
0 0 1 0 1 96 to 127 600000H-7FFFFFH 2MB Upper 1/4
0 0 1 1 0 64 to 127 400000H-7FFFFFH 4MB Upper 1/2
0 1 0 0 1 Otol 000000H-01FFFFH 128KB Lower 1/64
0 1 0 1 0 0to3 000000H-03FFFFH 256KB Lower 1/32
0 1 0 1 1 Oto7 000000H-07FFFFH 512KB Lower 1/16
0 1 1 0 0 0to 15 000000H-OFFFFFH 1MB Lower 1/8
0 1 1 0 1 0to31 000000H-1FFFFFH 2MB Lower 1/4
0 1 1 1 0 0to 63 000000H-3FFFFFH 4MB Lower 1/2
X X 1 1 1 0to 127 000000H-7FFFFFH 8MB ALL
1 0 0 0 1 127 7FFO00H-7FFFFFH 4KB Top Block
1 0 0 1 0 127 7FEOOOH-7FFFFFH 8KB Top Block
1 0 0 1 1 127 7FCO00H-7FFFFFH 16KB Top Block
1 0 1 0 X 127 7F8000H-7FFFFFH 32KB Top Block
1 0 1 1 0 127 7F8000H-7FFFFFH 32KB Top Block
1 1 0 0 1 0 000000H-000FFFH 4KB Bottom Block
1 1 0 1 0 0 000000H-001FFFH 8KB Bottom Block
1 1 0 1 1 0 000000H-003FFFH 16KB Bottom Block
1 1 1 0 X 0 000000H-007FFFH 32KB Bottom Block
1 1 1 1 0 0 000000H-007FFFH 32KB Bottom Block
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Tablel.1 64M Protected area size (CMP=1)

Status Register Content Memory Content

BP4 | BP3 | BP2 | BP1 | BPO Blocks Addresses Density Portion
X X 0 0 0 ALL 000000H-7FFFFFH ALL ALL
0 0 0 0 1 0to 125 000000H-7DFFFFH 8064KB Lower 63/64
0 0 0 1 0 0to 123 000000H-7BFFFFH 7936KB Lower 31/32
0 0 0 1 1 0to 119 000000H-77FFFFH 7680KB Lower 15/16
0 0 1 0 0 0to 111 000000H-6FFFFFH 7MB Lower 7/8
0 0 1 0 1 0to 95 000000H-5FFFFFH 6MB Lower 3/4
0 0 1 1 0 0to 63 000000H-3FFFFFH 4MB Lower 1/2
0 1 0 0 1 2to 127 020000H-7FFFFFH 8064KB Upper 63/64
0 1 0 1 0 4to 127 040000H-7FFFFFH 7936KB Upper 31/32
0 1 0 1 1 81t0127 080000H-7FFFFFH 7680KB Upper 15/16
0 1 1 0 0 16 to 127 100000H-7FFFFFH 7MB Upper 7/8
0 1 1 0 1 3210 127 200000H-7FFFFFH 6MB Upper 3/4
0 1 1 1 0 64 to 127 400000H-7FFFFFH 4MB Upper 1/2
X X 1 1 1 NONE NONE NONE NONE
1 0 0 0 1 0 to 127 000000H-7FEFFFH 8188KB L-2047/2048
1 0 0 1 0 0to 127 000000H-7FDFFFH 8184KB L-1023/1024
1 0 0 1 1 0to 127 000000H-7FBFFFH 8176KB L-511/512
1 0 1 0 X 0to 127 000000H-7F7FFFH 8160KB L-255/256
1 0 1 1 0 0to 127 000000H-7F7FFFH 8160KB L-255/256
1 1 0 0 1 0to 127 001000H-7FFFFFH 8188KB U-2047/2048
1 1 0 1 0 0to 127 002000H-7FFFFFH 8184KB U-1023/1024
1 1 0 1 1 0to 127 004000H-7FFFFFH 8176KB U-511/512
1 1 1 0 X 0to 127 008000H-7FFFFFH 8160KB U-255/256
1 1 1 1 0 0to 127 008000H-7FFFFFH 8160KB U-255/256
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1.5. STATUS REGISTER

S15 S14 §13 §12 S11 S10 S9 S8
Reserved CMP HOLD/RST WPS LB1 LBO QE SRP1

S7 S6 S5 sS4 S3 S2 S1 SO
SRPO BP4 BP3 BP2 BP1 BPO WEL WIP

The status and control bits of the Status Register are as follows:

WIP bit.

The Write In Progress (WIP) bit indicates whether the memory is busy in program/erase/write status regis-
ter progress. When WIP bit sets to 1, means the device is busy in program/erase/write status register progress,

when WIP bit sets 0, means the device is not in program/erase/write status register progress.

WEL bit.

The Write Enable Latch (WEL) bit indicates the status of the internal Write Enable Latch. When set to 1 the
internal Write Enable Latch is set, when set to O the internal Write Enable Latch is reset and no Write Status Reg-

ister, Program or Erase command is accepted.

BP4,BP3, BP2, BP1, BPO bits.
The Block Protect (BP4, BP3, BP2, BP1, BPO0) bits are non-volatile. They define the size of the area to be
software protected against Program and Erase commands. These bits are written with the Write Status Register

(WRSR) command. When the Block Protect (BP4, BP3, BP2, BP1, BPO) bits are set to 1, the relevant memory

area (as defined in Tablel) becomes protected against Page Program (PP), Sector Erase (SE) and Block Erase (BE)
commands. The Block Protect (BP4, BP3, BP2, BP1, BPO) bits can be written provided that the Hardware Protect-
ed mode has not been set. The Chip Erase (CE) command is executed if the Block Protect (BP2, BP1, BPO) bits are

0 and CMP=0 or the Block Protect (BP2, BP1, BPO) bits are 1 and CMP=1.
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SRP1, SRPO bits.

The Status Register Protect (SRP) bit is non-volatile Read/Write bits in the status register. The SRP bit con-
trols the method of write protection: software protection, hardware protection, power supply lock-down or one
time programmable protection.

SRP1 | SRPO | WP# Status Register Description
The Status Register can be written to after a Write Enable
0 0 X Software Protected command, WEL=1.(Default)
0 1 0 Hardware Protected WP#=0, the Status R-eglster locked and can not be written
until the next power-up.
WP#=1, the Status Register is unlocked and can be written to
0 ! ! Hardware Unprotected after a Write Enable command, WEL=1.
Power Supply Lock- Status Register is protected and cannot be written to again
1 0 X Down(1)(2) until the next Power-Down, Power-Up cycle.
i Status Register is permanently protected and cannot be writ-
1 1 X One-Time Program(2) ten to.
NOTE:

1. When SRP1, SRP0= (1, 0), a Power-Down, Power-Up cycle will change SRP1, SRPO to (0, 0) state.
2. This feature is available on special order. Please contact XTX for details.

QE bit.

The Quad Enable (QE) bit is a non-volatile Read/Write bit in the Status Register that allows Quad operation.
When the QE bit is set to 0 (Default) the WP# pin and HOLD# pin are enable. When the QE pinis set to 1, the
Quad 102 and 103 pins are enabled. (The QE bit should never be set to 1 during standard SPI or Dual SPI opera-
tion if the WP# or HOLD# pins are tied directly to the power supply or ground).

LB bit.

The LB bit is a non-volatile One Time Program (OTP) bit in Status Register (S10) that provide the write pro-
tect control and status to the Security Registers. The default state of LB is 0, the security registers are unlocked.
LB can be set to 1 using the Write Register instruction. LB is One Time Programmable, once it’s set to 1, the Se-
curity Registers will become read-only permanently.

CMP bit.

The CMP bit is a non-volatile Read/Write bit in the Status Register (S14). It is used in conjunction with the
BP4-BPO bits to provide more flexibility for the array protection. Please see the Status registers Memory Protec-
tion table for details. The default setting is CMP=0.

Rev 0.2 7/13/2020 Page 14



)Sﬁ 3.0V SPI NOR + QPI pSRAM Preliminary Version XT70F64B64A
1.6. COMMANDS DESCRIPTION

All commands, addresses and data are shifted in and out of the device, beginning with the most significant
bit on the first rising edge of SCLK after CS# is driven low. Then, the one-byte command code must be shifted in
to the device, most significant bit first on SI, each bit being latched on the rising edges of SCLK.

See Table2, every command sequence starts with a one-byte command code. Depending on the command,
this might be followed by address bytes, or by data bytes, or by both or none. CS# must be driven high after the
last bit of the command sequence has been shifted in. For the command of Read, Fast Read, Read Status Regis-
ter or Release from Deep Power-Down, and Read Device ID, the shifted-in command sequence is followed by a
data-out sequence. CS# can be driven high after any bit of the data-out sequence is being shifted out.

For the command of Page Program, Sector Erase, Block Erase, Chip Erase, Write Status Register, Write Ena-
ble, Write Disable or Deep Power-Down command, CS# must be driven high exactly at a byte boundary, other-
wise the command is rejected, and is not executed. That is CS# must be driven high when the number of clock
pulses after CS# being driven low is an exact multiple of eight. For Page Program, if at any time the input byte is
not a full byte, nothing will happen and WEL will not be reset.

Table2. Commands

Command Name Bytel Byte2 Byte3 Byte4d Byte5 Byte6 n-Bytes
Write Enable 06H
Write Enable for Volatile
Status Register 50H
Write Disable 04H
Read Status Register 05H (S7-S0) (continuous)
Read Status Register-1 35H (515-S8) (continuous)
Write Status Register 01H (S§7-S0) (515-S8) (continuous)
Read Data 03H A23-A16 A15-A8 A7-A0 (D7-D0O) | (Next byte) |(continuous)
Fast Read 0BH A23-A16 A15-A8 A7-A0 dummy (D7-D0O) |(continuous)
Dual Output Fast Read 3BH A23-A16 A15-A8 A7-A0 dummy | (D7-D0)(1) |(continuous)
A7-AO
Dual I/0 Fast Read BBH A23-A8(2) | M7-M0(2) | (D7-D0)(1) (continuous)
Quad Output Fast Read 6BH A23-A16 A15-A8 A7-A0 dummy | (D7-D0)(3) |(continuous)
A23-A0
Quad 1/0 Fast Read EBH M7-M0O(4) | Dummy(5) | (D7-D0)(3) (continuous)
Quad 1/0 Word Fast A23-A0
Read E7H M7-MO(4) | Dummy(6) | (D7-DO0)(3) (continuous)
Continuous Read Reset FFH
Page Program 02H A23-A16 A15-A8 A7-A0 (D7-D0) | (Next byte)
Quad Page Program 32H A23-A16 A15-A8 A7-AO (D7-D0)(3)
Sector Erase 20H A23-A16 Al15-A8 A7-AO
Block Erase(32KB) 52H A23-A16 A15-A8 A7-AO
Block Erase(64KB) D8H A23-A16 A15-A8 A7-AO
Chip Erase C7/60H
Enable QPI 38H
Set Burst with Wrap T77H dummy dummy dummy W6-W4
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Deep Power-Down B9H
Release From Deep ABH dummy dummy dummy |(DID7-DIDO) (continuous)
Release From Deep
ABH
Power-Down
; (MID7- .
Manufacturer/Device 1D 90H A23-A16 A15-A8 A7-A0 MIDO) (DID7-DIDO) |(continuous)
Manufacturer/Device 1D AT7-A0, (M7-M0) .
92H A23-A8 t
by Dual /0 M[7:0] | (ID7-IDO) (continuous)
Manufacturer/Device 1D 94H A23-A0, qumm (M7-M0)
by Quad 1/0 M[7:0] Y| (ID7-ID0)
Read Serial Flash 5AH | A23-A16 | A15-A8 | A7-A0 | dummy | (D7-D0) |(continuous)
Discoverable Parameters
Read Unique ID 5AH 00H 01H 94H dummy (D7-D0O) |(continuous)
o (MID7- (JDID15-) | (JDID7-JDI )
Read Identification 9FH MIDO) (continuous)
DID8) DO0)
Erase Security Register(8) 44H A23-A16 A15-A8 A7-A0
Program Security
Register(8) 42H A23-A16 A15-A8 A7-A0 (D7-D0) | (Next byte)
Read Security Register(8) 48H A23-A16 A15-A8 A7-A0 dummy (D7-DO0)
Enable Reset 66H
Reset 99H
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Table2a. Commands (QPI)

Command Name Bytel Byte2 Byte3 Byte4d Byte5 Byte6

Clock Number D (2,3 (45 (6,7 (8,9 (10,11
Write Enable 06H
Write Enable for Volatile Status
Register S0H
Write Disable 04H
Read Status Register 05H (S§7-S0)
Read Status Register-1 35H (515-S8)
Write Status Register 01H (S§7-S0) (515-S8)
Page Program 02H A23-A16 A15-A8 A7-A0 (D7-DO0) (Next byte)
Sector Erase 20H A23-A16 A15-A8 A7-AO0
Block Erase(32KB) 52H A23-A16 A15-A8 A7-A0
Block Erase(64KB) D8H A23-A16 A15-A8 A7-A0
Chip Erase C7/60H
Deep Power-Down B9H
Set Read Parameters COH P7-PO
Fast Read OBH A23-A16 A15-A8 A7-A0 dummy (D7-D0)
Burst Read with Wrap OCH A23-A16 A15-A8 A7-A0 dummy (D7-D0)
Quad 1/0 Fast Read EBH A23-A0 dummy(5) | (D7-D0)(3)
giﬁfiﬁﬁ?ﬁ?&iﬁ’!ﬁ& o | e dummy | dummy | dummy*N | (ID7-IDO)
Manufacturer/Device ID(11) 90H dummyx2 00H dummy*N | MID7~MIDO (ID7-1D0)
nead serial Flash Discoverable BAH | A23-AL6 | AL5-A8 AT-AO dummy (D7-D0)
Read Unique ID 5AH 00H 01H 94H dummy (D7-D0)
Disable QPI FFH
Enable Reset 66H
Reset 99H

NOTE:

1. Dual Output data

100 = (D6, D4, D2, DO)
|01 = (D7, D5, D3, D1)
2. Dual Input Address
100 = A22, A20, A18, A16, Al4, A12, Al10, A8,A6, A4, A2, A0, M6, M4, M2, MO
101 =A23, A21, A19, A17, Al15, A13, Al1, A9,A7, A5, A3, A1, M7, M5, M3, M1
3. Quad Output Data

100 = (D4, DO, .....)
101 = (D5, D1, .....)
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\d—m/
X2
102 = (D6, D2, .....)
103=(D7,D3, ....)
4. Quad Input Address

100 = A20, A16, A12, A8, A4, AO, M4, MO

101=A21, A17, A13, A9, A5, A1, M5, M1

102 = A22, A18, Al4, A10, A6, A2, M6, M2

103 =A23, A19, Al15, Al11, A7, A3, M7, M3
5. Quad I/0 Fast Read Data

100 = (x, X, X, X, D4, DO,...)
101 =(x, X, X, X, D5, D1,...)
102 = (x, X, X, X, D6, D2,...)
103 =(x, X, X, X, D7, D3,...)
6. Quad 1/0 Word Fast Read Data
100 = (x, x, D4, DO,...)
101=(x, x, D5, D1,...)
102 =(x, x, D6, D2,...)
103=(x, x,D7,D3,..)
7. Quad I/0 Word Fast Read Data: the lowest address bit must be 0.
8. Security Registers Address:
Security Registerl: A23-A16=00H, A15-A8=01H, A7-AO= Byte Address;
Security Register2: A23-A16=00H, A15-A8=02H, A7-AO= Byte Address;
Security Register3: A23-A16=00H, A15-A8=03H, A7-AO= Byte Address.

9. QPI Command, Address, Data input/output format:
CLké 01 2 3 45 67 89 1011
|00 = C4, CO, A20, A16, A12, A8, A4, A0, D4,D0, D4,DO0
101=C5,C1, A21, A17, A13,A9, A5,Al, D5,D1, D5,D1
102 =C6, C2, A22, A18, Al4, A10, A6, A2, D6, D2, D6, D2
103=C7,C3, A23,A19, A15, Al1, A7,A3, D7,D3, D7,D3
10. QPI mode: Release from Deep Power-Down, And Read Device ID (ABH)
N dummy cycles should be inserted before ID read cycle, refer to COH command
11. QPI mode: Manufacturer/Device 1D (90H)
N dummy cycles should be inserted before ID read cycle, refer to COH command

Table of ID Definitions:
Operation Code MID7-MIDO ID15-1D8 ID7-1D0
OFH 0B 40 17
90H 0B 16
ABH 16

Rev 0.2

7/13/2020

Page 18



5 - :
D 3.0V SPI NOR + QPI pSRAM Preliminary Version XT70F64B64A

1.6.1 Write Enable (WREN) (06H)

The Write Enable (WREN) command is for setting the Write Enable Latch (WEL) bit. The Write Enable Latch
(WEL) bit must be set prior to every Page Program (PP), Sector Erase (SE), Block Erase (BE), Chip Erase (CE) and
Write Status Register (WRSR) command. The Write Enable (WREN) command sequence: CS# goes low - send-
ing the Write Enable command —>CS# goes high.

Figure2. Write Enable Sequence Diagram

_\ /7
012345867
SCLK

[€— Command —

s\ /1111111 o6t /1111111

High-Z

CS#

SO

Figure 2a. Write Enable Sequence Diagram (QPI)

CS#

SCLK

SI(100)

S0(I01) 0

WP#(102)

HOLD#(103)

1.6.2 Write Enable for Volatile Status Register (50H)

The non-volatile Status Register bits can also be written to as volatile bits. 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. The Write Enable for
Volatile Status Register command must be issued prior to a Write Status Register command and any other com-
mands can't be inserted between them. Otherwise, Write Enable for Volatile Status Register will be cleared. The
Write Enable for Volatile Status Register command will not set the Write Enable Latch bit, it is only valid for the
Write Status Register command to change the volatile Status Register bit values.
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Figure3. Write Enable for Volatile Status Register Sequence Diagram

CS# \ /

012345867

'€— Command —P

s\ /1111111 504 /11111111

High-Z

SO

Figure3a. Write Enable for Volatile Status Register Sequence Diagram (QPI)

CS#

SCLK ‘ ‘

swoo, 777N < \__o MUY

S0(101) 0 0
WP#(102) 1 0
HOLD#(103) 0 0

1.6.3 Write Disable (WRDI) (04H)

The Write Disable command is for resetting the Write Enable Latch (WEL) bit. The Write Disable command
sequence: CS# goes low —>sending the Write Disable command - CS# goes high. The WEL bit is reset by follow-

ing condition: Power-up and upon completion of the Write Status Register, Page Program, Sector Erase, Block
Erase and Chip Erase commands.

Figure 4. Write Disable Sequence Diagram

CS# \ /

012345867

e AR A I

€— Command —

S 041 I111111]

High-Z
o) 9
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Figure 4a. Write Disable Sequence Diagram (QPI)

CS#

s T

<— 04H —>
SI(100) 0 0

S0(101) 0 o
WP#(102) 0 1
HOLD#(103) 0 0

1.6.4 Read Status Register (RDSR) (05H or 35H)

The Read Status Register (RDSR) command is for reading the Status Register. The Status Register can be
read at any time, even while a Program, Erase or Write Status Register cycle is in progress. When one of these
cyclesis in progress, it is recommended to check the Write In Progress (WIP) bit before sending a new command
to the device. It is also possible to read the Status Register continuously. For command code “05H”, the SO will
output Status Register bits S7~S0. The command code “35H”, the SO will output Status Register bits S15~S8.

Figure 5. Read Status Register Sequence Diagram

CS# \

SCLK

012345678 91011

Command

wsworssw Y /71TTTTTTTTTTTTTTT

S7~S0 or S15~S8 out

S|

High-Z
o) 9
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Figure5a. Read Status Register Sequence Diagram (QPI)

CS#

0 1 2 3 4 5

SCLK |
:4— 05H —
|
SI(100) 0o /14 X o x4 X o X
S0(101) 0 0 @@ 5 X1 i i
WP#(102) 0o /1 X6 X2 X6 X2 H
HOLD#(103) o o L7 X3 )@@H —
S7~S0 S7~S0
cs# I
|
0 1 2 3 4 5
SCLK | ||
:4— 35H —
|
sI(100) 11 @@ 4 X0 } }
SO(101) 1\ 0 @@ 5 X1 } }
WP#(102) 0 /1Xs6 X2 Xs X2 H
HOLD#(103) o o L X Xa X ¥—AF——
$15~S8 $15~S8

1.6.5 Write Status Register (WRSR) (01H)

The Write Status Register (WRSR) command allows new values to be written to the Status Register. Before
it can be accepted, a Write Enable (WREN) command must previously have been executed. After the Write Ena-
ble (WREN) command has been decoded and executed, the device sets the Write Enable Latch (WEL).

The Write Status Register (WRSR) command has no effect on S15, S13, S12, S11, S1 and SO of the Status
Register. CS# must be driven high after the eighth or sixteen 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 eighth bit of the data byte,
the CMP and QE bit will be cleared to 0. As soon as CS# is driven high, the self-timed Write Status Register cycle
(whose duration is tW) is initiated. While the Write Status Register cycle is in progress, the Status Register can
still be read to check the value of the Write In Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the
self-timed Write Status Register cycle, and is 0 when it is completed. When the cycle is completed, the Write
Enable Latch (WEL) is reset.

The Write Status Register (WRSR) command allows the user to change the values of the Block Protect (BP4,
BP3, BP2, BP1, BPO) bits, to define the size of the area that is to be treated as read-only, as defined in Tablel.
The Write Status Register (WRSR) command also allows the user to set or reset the Status Register Protect (SRP)
bit in accordance with the Write Protect (WP#) signal. The Status Register Protect (SRP) bit and Write Protect
(WP#) signal allow the device to be put in the Hardware Protected Mode. The Write Status Register (WRSR)
command is not executed once the Hardware Protected Mode is entered.

Rev 0.2 7/13/2020 Page 22



5 - :
D 3.0V SPI NOR + QPI pSRAM Preliminary Version XT70F64B64A

Figure 6. Write Status Register Sequence Diagram

cs# \ /o
sck |

0123456 7 8 9101112131415

'€«— Command

s\///111]] o

Status Register in

MSB MSB
High-Z
SO
Figure 6a. Write Status Register Sequence Diagram (QPI)
Cs#
0 1 2 3 4 5
SCLK |
:4— 01H —)
|
SI(100) 0 1 X 4 X0 X12 8
SO(101) o o0 @@ 13X 9
WP#(102) Ry € ¢
HOLD#(103) 0o 0 X7 X3 X5 Xu
S7~S0 §15~S8

1.6.6 Read Data Bytes (READ) (03H)

The Read Data Bytes (READ) command is followed by a 3-byte address (A23-A0), each bit being latched-in
during the rising edge of SCLK. Then the memory content, at that address, is shifted out on SO, each bit being
shifted out, at a Max frequency fR, during the falling edge of SCLK. The first byte addressed can be at any loca-
tion. The address is automatically incremented to the next address after each byte of data is shifted out. The
whole memory can, therefore, be read with a single Read Data Bytes (READ) command. Any Read Data Bytes
(READ) command, while an Erase, Program or Write cycle is in progress, is rejected without having any effects
on the cycle that is in progress.

Figure 7. Read Data Bytes Sequence Diagram

CS# \
01234567 891011 24 2526 27 28 29 30 31 32 33 34 3536 37 38 39 40

s HITUUUUUPUUUL - - WUV U U U UUL L

€— Command —»€—— 24-bitaddress(A23:A0) ——»

s\///111]] o fedkeaedledks- - — XXSXXSXXXRY L2211 11111 YT

MSB v Data Outl Data Out2

SO ali 30000000606
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1.6.7 Read Data Bytes At Higher Speed (Fast Read) (0BH)

The Read Data Bytes at Higher Speed (Fast Read) command is for fast reading data out. It is followed by a 3-
byte address (A23-A0) and a dummy byte, each bit being latched-in during the rising edge of SCLK. Then the
memory content, at that address, is shifted out on SO, each bit being shifted out, at a Max frequency fC, during
the falling edge of SCLK. The first byte addressed can be at any location. The address is automatically increment-
ed to the next address after each byte of data is shifted out.

Figure 8. Read Data Bytes at Higher Speed Sequence Diagram

CS# \
SCLK

012345678 91011 24 2526 27 28 29 30 31

'€«— Command

s\/111111], 08k

High-Z

SO - =
CS# — —

32 3334 3536 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

JUTUUUUU ULV U

I i i

v Data Outl v Data Out2 Data Out3
SO — — 7654321070
MSB MSB -

Fast Read (OBH) in QPI mode
The Fast Read command is also supported in QP mode. In QPI mode, the number of dummy clocks is con-

figured by the “Set Read Parameters (COH)” command to accommodate a wide range application with different
needs for either maximum Fast Read frequency or minimum data access latency. Depending on the Read Pa-
rameter Bits P[5:4] setting, the number of dummy clocks can be configured as either 4/6/8. When the dummy
cycle is configured to 4, addr [0] input must be 0
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Figure 8a. Read Data Bytes at Higher Speed Sequence Diagram (QPI)

CS# | ]

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

i ]

I
1€ 0BH —
|

SI(100) —\1/7\ 4 XoX4aXoXasXo
SO(l01) —\1/7\ 5 1 5 1 5 1

5 5 5 o

wpri0g) ———\ 0 ° Ao X2 e X2 xe X2

HOLD#(103) —\1/7\ 7X3 X7 X3 X7 X3 7 X3 K7 X3 X7 X3 { }

A23-16 A15-8 A7-0 dummy* Bytel Byte2 Byte3

<

*Set Read Parameters Command (COH) can set the number of dummy cycles

1.6.8 Dual Output Fast Read (3BH)

The Dual Output Fast Read command is followed by 3-byte address (A23-A0) and a dummy byte, each bit
being latched in during the rising edge of SCLK, then the memory contents are shifted out 2-bit per clock cycle
from Sl and SO. The command sequence is shown in Figure 9. The first byte addressed can be at any location.
The address is automatically incremented to the next address after each byte of data is shifted out.

Figure 9. Dual Output Fast Read Sequence Diagram

CS# \
SCLK

0123 45¢6 7891011 24 2526 27 28 29 30 31

€— Command 24-bit address(A23:A0)
st /1111111 334 R 0.0000900 Bk
MSB
e High-Z _
CS# — —

32 3334 3536 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

s [UUUUTUL] JUUpuiupuui

Dummy Byte  —

DataOutl | DataOut2 [ DataOut3| DataOut4

MSB MSB MSB MSB
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1.6.9 Quad Output Fast Read (6BH)

The Quad Output Fast Read command is followed by 3-byte address (A23-A0) and a dummy byte, each bit
being latched in during the rising edge of SCLK, then the memory contents are shifted out 4-bit per clock cycle
from 103,102, 101 and 100. The command sequence is shown in Figure 10. The first byte addressed can be at
any location. The address is automatically incremented to the next address after each byte of data is shifted out.

Figure 10. Quad Output Fast Read Sequence Diagram

CS# \
SCLK

0123 45¢6 78 91011 24 2526 27 28 29 30 31

'€— Command 24-bit address(A23:A0)
siwoo) //////// 6H eaeaenkades — — {7XeXs) --
MSB
50(101) Hfg“'z __
WP#(102) High-Z __
HOLD#(I03) High 2 - -
CSH# — —

w
ol
>
41}
o

32 3334 3536 37 38 39 40 41 42 43 44 45 46 47 48 4950 51 52 5

SCLK

ﬁ

Dummy Byte —

i
51(100) — DO 00 ¢
so(lo1) ~ ~ D0 90 €
WPH#(102) — — 2/6X2) (6X2Y(s
HOLD#(103) — — 26008 (X
Bytel| Byte? Bytes

1.6.10 Dual I/0O Fast Read (BBH)

The Dual 1/0 Fast Read command is similar to the Dual Output Fast Read command but with the capability
to input the 3-byte address (A23-0) and a “Continuous Read Mode” byte 2-bit per clock by Sl and SO, each bit
being latched in during the rising edge of SCLK, then the memory contents are shifted out 2-bit per clock cycle
from Sl and SO. The command sequence is shown in Figure 11. The first byte addressed can be at any location.
The address is automatically incremented to the next address after each byte of data is shifted out.

Dual I/O Fast Read with “Continuous Read Mode”
The Dual 1/0 Fast Read command can further reduce command overhead through setting the “Continuous
Read Mode” bits (M7- 0) after the input 3-byte address (A23-A0). If the “Continuous Read Mode” bits (M5- 4)
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=(1, 0), then the next Dual I/0 Fast Read command (after CS# is raised and then lowered) does not require the
BBH command code. The command sequence is shown in figure 11a. If the “Continuous Read Mode” bits (M5- 4)
do not equal (1, 0), the next command requires the first BBH command code, thus returning to normal opera-
tion. A “Continuous Read Mode” Reset command can be used to reset (M5- 4) before issuing normal command.

Figure 11. Dual I/O Fast Read Sequence Diagram (M5-

CS# \
SCLK

012 3 456 78 91011121314 1516 1718 1920 2122 23

'«— Command

siwooy //////// BBH
50(101) 200600

A23-16 A15-8 A7-0 M7-0

909,006,000 0000 Sl

1K

CS# — —

2324 2526 27 28 29 30 31 32 33 34 3536 37 38 39 40 41 42 43 44 45 46 47

stk __ ] Ui

sI(100) — ——BX4X2Xo
s0(101) — —{1XY)

Bytel

;

Byted Byte5 Byte6

Figure 11a. Dual I/O Fast Read Sequence Diagram (M5-4= (1, 0))

CS# \
012345678 9101112131415

sk UUUPUUT] JUUUL -

(o)
S
S
S

R .00, 000000000000 8
1000 000060000000 S8

A23-16 A15-8 A7-0 M7-0

S
S
S
(=)

CS# — —

1516 17 18 1920 21 22 23 24 2526 27 28 29 30 31

sek __ ] U] JUUUI

si100) — —(BXaX2)0 6
50(01) ~ —{TXsXXDOEENY 2906

Bytel Byte2 Byte3 Byte4

~
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1.6.11 Quad I/0O Fast Read (EBH)

The Quad 1/0 Fast Read command is similar to the Dual 1/0 Fast Read command but with the capability to
input the 3-byte address (A23-0) and a “Continuous Read Mode” byte and 4-dummy clock 4-bit per clock by 100,
101, 103, 104, each bit being latched in during the rising edge of SCLK, then the memory contents are shifted
out 4-bit per clock cycle from 100, 101, 102, 103. The command sequence is shown in Figure 12. The first byte
addressed can be at any location. The address is automatically incremented to the next address after each byte
of data is shifted out. The Quad Enable bit (QE) of Status Register (S9) must be set to enable for the Quad I/0
Fast read command.

Quad 1/0 Fast Read with “Continuous Read Mode”
The Quad I/0 Fast Read command can further reduce command overhead through setting the “Continuous

Read Mode” bits (M7-0) after the input 3-byte address (A23-A0). If the “Continuous Read Mode” bits (M5- 4) =(1,
0), then the next Quad I/0 Fast Read command (after CS# is raised and then lowered) does not require the EBH
command code. The command sequence is shown in Figure 12a. If the “Continuous Read Mode” (M5- 4) do not
equal (1, 0), the next command requires the first EBH command code, thus returning to normal operation. A
“Continuous Read Mode” Reset command can be used to reset (M5- 4) before issuing normal command.

Figure 12. Quad I/O Fast Read Sequence Diagram (M5-

CS# \
SCLK

01 23 456 7 8 9101112 1314 1516 1718 1920 2122 23

[ €— Command

si00) 77777777 e 20,000
SO(101) 5Y(1 3006 €
WP#(102) (62) 5X(2X6 X2 6
HOLD#(103) (7(3) ‘7' D06 E

A23-16 [A15-8] A7-0 | M7-0  Dummy |Bytel|Byte2

Figure 12a. Quad I/O Fast Read Sequence Diagram (M5-4= (1, 0))

CS# \

0123 456 7 8 9101112131415

TUPUUU]

SCLK

=

RN

1]
SI(100) (4X0)
$0(101) ————(5X1Y5X1)
wp#(102) ———(6X2X6X2)

o
N
N
=]
=
[l
N
o

HOLD#(103) ————(7)X(3Y7)3) 7Y3 7X3 7
A23-16|A15-8| A7-0 | M7-0] Dummy |Bytel
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Quad I/0 Fast Read with ““8/16/32/64-Byte Wrap Around” in Standard SPI mode

The Quad I/0 Fast Read command can be used to access a specific portion within a page by issuing “Set
Burst with Wrap” (77H) commands prior to EBH. The “Set Burst with Wrap” (77H) 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 either an 8/16/32/64-byte section of a 256-byte page. 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 the beginning boundary automatically until CS# is pulled high to ter-
minate 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” command allows three “Wrap Bits” W6-W4 to be set. The W4 bit is used to enable or
disable the “Wrap Around” operation while W6-WS5 is used to specify the length of the wrap around section
within a page.

Quad I/0 Fast Read (EBH) in QPI mode

The Quad 1/0 Fast Read command is also supported in QPI mode. See Figure12b. In QPI mode, the number of
dummy clocks is configured by the “Set Read Parameters (COH)” command to accommodate a wide range appli-
cation with different needs for either maximum Fast Read frequency or minimum data access latency. Depend-
ing on the Read Parameter Bits P[5:4] setting, the number of dummy clocks can be configured as either 4/6/8.
When the dummy cycle is configured to 4, addr[0] input must be 0. In QPI mode, the “Continuous Read Mode”
bits M7-MO are also considered as dummy clocks. “Continuous Read Mode” feature is also available in QP!
mode for Quad I/0 Fast Read command. “Wrap Around” feature is not available in QPI mode for Quad 1/0 Fast
Read command. To perform a read operation with fixed data length wrap around in QPI mode, a dedicated
“Burst Read with Wrap” (OCH) command must be used.

Figure1l2b. Quad I/O Fast Read Sequence Diagram (M5-4= (1, 0) QPI)

cs ‘ |

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

1] |

WP#(102) ————— 1 \ 0

HOLD#(103) - /iy

VAN |
I

Byte3

arameters Command (COH) can set the number of dummy cycles
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1.6.12 Quad I/O Word Fast Read (E7H)

The Quad I/0 Word Fast Read command is similar to the Quad I/0 Fast Read command except that the lo-
west address bit (A0) must equal 0 and only 2-dummy clock. The command sequence is shown in followed
Figure 13. The first byte addressed can be at any location. The address is automatically incremented to the next
higher address after each byte of data is shifted out. The Quad Enable bit (QE) of Status Register (S9) must be
set to enable for the Quad 1/0 Word Fast read command.

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

The Quad 1/0 Word Fast Read command can further reduce command overhead through setting the “Con-
tinuous Read Mode” bits (M7-0) after the input 3-byte address (A23-A0). If the “Continuous Read Mode” bits
(M5-4) =(1, 0), then the next Quad I/O Word Fast Read command (after CS# is raised and then lowered) does
not require the E7H command code. The command sequence is shown in followed Figure 13a. If the “Continu-
ous Read Mode” bits (M5- 4) do not equal (1, 0), the next command requires the first E7TH command code, thus
returning to normal operation. A “Continuous Read Mode” Reset command can be used to reset (M7-0) before
issuing normal command.

Figure 13. Quad I/0 Word Fast Read Sequence Diagram (M5- 0))

CS# \
SCLK

0123456 7 8 91011121314 1516 1718 1920 2122 23

'€— Command

siwoo) //////// E7H

SO(101) 5X1
WP#(102) 6 X2
HOLD#(103) 7X3

A23-16 | A15-8| A7-0

M7-0[Dummy Byte2|Byte3
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Figurel3a. Quad I/O Word Fast Read Sequence Diagram (M5-4= (1, 0))

CS# \
01234586 78 9101112131415

SCLK

Wp#(102) —(6X2)
HOLD#(103) ————(7)3)

A23-16

Quad I/0 Word Fast Read with “8/16/32/64-Byte Wrap Around” in Standard SPI mode

The Quad 1/0 Word Fast Read command can be used to access a specific portion within a page by issuing
“Set Burst with Wrap” (77H) commands prior to E7H. The “Set Burst with Wrap” (77H) command can either en-
able 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 8/16/32/64-byte section of a 256-byte page. 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 the beginning boundary automatically until CS# is pulled high to ter-
minate 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 multi-
ple read commands. The “Set Burst with Wrap” command allows three “Wrap Bits” W6-W4 to be set. The W4
bit is used to enable or disable the “Wrap Around” operation while W6-W5 is used to specify the length of the
wrap around section within a page.

7Y(3 73@@

M7-0|pummy| Bytel| Bytel|Byte2

1.6.13 Set Burst with Wrap (77H)

The Set Burst with Wrap command is used in conjunction with “Quad I/0O Fast Read (EBH)”, “Quad 1/0 Word
Fast Read (E7H)” and “Quad Read under DTR (EDH)” commands to access a fixed length of 8/16/32/64-byte sec-
tion within a 256-byte page in standard SPI mode. The Set Burst with Wrap command sequence: CS# goes low
—>Send Set Burst with Wrap command - Send 24 dummy bits > Send 8 bits “Wrap bits”—>CS# goes high

wW4=0 W4=1(default)
We6,W5
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
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If the W6-W4 bits are set by the Set Burst with Wrap command, all the following “Quad 1/0 Fast Read (EBH)”
and “Quad I/0 Word Fast Read (E7H)” and “Quad Read under DTR (EDH)” command will use the W6-W4 setting
to access the 8/16/32/64-byte section within any page. To exit the “Wrap Around” function and return to nor-
mal read operation, another Set Burst with Wrap command should be issued to set W4=1.

In QPI mode, the “Burst Read with Wrap (OCH)” command should be used to perform the Read Operation
with “Wrap Around” feature. The Wrap Length set by W5-W6 in Standard SPI mode is still valid in QP mode and
can also be re-configured by “Set Read Parameters (COH) command.

Figure 14. Set Burst with Wrap Sequence Diagram

st \ /-

0123 456 7 8 91011121314 1516

[€— Command —

siioo) /////1/1 0

So(l01)

WP#(102)

HOLD#(103)

1.6.14 Page Program (PP) (02H)

The Page Program (PP) command is for programming the memory. A Write Enable (WREN) command must
previously have been executed to set the Write Enable Latch (WEL) bit before sending the Page Program com-
mand.

The Page Program (PP) command is entered by driving CS# Low, followed by the command code, three ad-
dress bytes and at least one data byte on SI. If the 8 least significant address bits (A7-A0) are not all zero, all
transmitted data that goes beyond the end of the current page are programmed from the start address of the
same page (from the address whose 8 least significant bits (A7-AQ0) are all zero). CS# must be driven low for the
entire duration of the sequence. The Page Program command sequence: CS# goes low —>sending Page Program
command —>3-byte address on SI >at least 1 byte data on SI > CS# goes high. The command sequence is
shown in Figurel5. If more than 256 bytes are sent to the device, previously latched data are discarded and the
last 256 data bytes are guaranteed to be programmed correctly within the same page. If less than 256 data
bytes are sent to device, they are correctly programmed at the requested addresses without having any effects
on the other bytes of the same page. CS# must be driven high after the eighth bit of the last data byte has been
latched in; otherwise the Page Program (PP) command is not executed.

As soon as CS# is driven high, the self-timed Page Program cycle (whose duration is tPP) is initiated. While
the Page Program cycle is in progress, the Status Register may be read to check the value of the Write In Pro-
gress (WIP) bit. The Write In Progress (WIP) bit is 1 during the self-timed Page Program cycle, and is 0 when it is
completed. At some unspecified time before the cycle is completed, the Write Enable Latch (WEL) bit is reset.
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A Page Program (PP) command applied to a page which is protected by the Block Protect (BP4, BP3, BP2,
BP1, BPO) is not executed.

Figure 15. Page Program Sequence Diagram

CS# \
SCLK

012345%6 789101 24 2526 27 28 29 30 31 32 3334 3536 37 38 39

'€— Command

s [N o
CS# — /_

N
~
40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 <

24-bit address(A23:A0)

2073
2074
2075
2076
2077
2078
2079

SCLK
Sl - 20009890 00009990

Figurel5a. Page Program Sequence Diagram (QPI)

CS#

0]

|
[ 02H —>|
|

5|(|00)4u

so(io1) —LO/T\

WPH#(102) ——————\ 0 0

HOLDH(03) —————\ 0 0

Byte4

1.6.15 Quad Page Program (QPP) (32H)

The Quad Page Program command is for programming the memory using four pins: 100, 101, 102, and 103.
To use Quad Page Program the Quad enable in status register Bit9 must be set (QE=1). A Write Enable (WREN)
command must previously have been executed to set the Write Enable Latch (WEL) bit before sending the Page
Program command. The Quad Page Program command is entered by driving CS# Low, followed by the command
code (32H), three address bytes and at least one data byte on 10 pins.

The command sequence is shown in Figure 16. If more than 256 bytes are sent to the device, previously
latched data are discarded and the last 256 data bytes are guaranteed to be programmed correctly within the
same page. If less than 256 data bytes are sent to device, they are correctly programmed at the requested ad-
dresses without having any effects on the other bytes of the same page. CS# must be driven high after the
eighth bit of the last data byte has been latched in; otherwise the Quad Page Program command is not executed.
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As soon as CS# is driven high, the self-timed Quad Page Program cycle (whose duration is tPP) is initiated.
While the Quad Page Program cycle is in progress, the Status Register may be read to check the value of the
Write In Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the self-timed Quad Page Program cycle,
and is 0 when it is completed. At some unspecified time before the cycle is completed, the Write Enable Latch
(WEL) bit is reset.

A Quad Page Program command applied to a page which is protected by the Block Protect (BP4, BP3, BP2,
BP1, BPO) will not be executed.

Figure 16. Quad Page Program Sequence Diagram

CS# \

0123456789111 24 2526 27 28 29 30 31 32 33 34 3536 37 38 39

s [UUUTUUIUPUUUL - _TUiuu U

[€— Command —P€—— 24-bitaddress(A23:A0) ———p

s [11111]] I <00 Dbt 0.0.000000 0.0 00 00

MSB

1]
00
SO(101) DO 000000
(6X2)
)

WP#(102) 6X2X6X2X6X2

HOLD#(103) TX3Y7X3X7X3X7 X3 —

Bytel | Byte2 | Byte3 | Byte4

CS# —

© ~
8 3

SCLK |
SI(100) — (4X0)
50(01) ~ (5X
WP#(102) — (6)(2)
HOLD#(103) — (73)

Byte5 | Byte6 | Byte7 | Byte8 | Byte9 | BytelO | Bytell | Bytel2 | Bytel3 | Bytel4 | Bytel5 | Bytel6 Byte253| Byte254|Byte255|Byte256

1.6.16 Sector Erase (SE) (20H)

The Sector Erase (SE) command is for erasing the all data of the chosen sector. A Write Enable (WREN)
command must previously have been executed to set the Write Enable Latch (WEL) bit. The Sector Erase (SE)
command is entered by driving CS# low, followed by the command code, and 3-address byte on SI. Any address
inside the sector is a valid address for the Sector Erase (SE) command. CS# must be driven low for the entire du-
ration of the sequence.

The Sector Erase command sequence: CS# goes low - sending Sector Erase command —> 3-byte address
on SI - CS# goes high. The command sequence is shown in Figure 17. CS# must be driven high after the eighth
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bit of the last address byte has been latched in; otherwise the Sector Erase (SE) command is not executed. As
soon as CS# is driven high, the self-timed Sector Erase cycle (whose duration is tSE) is initiated. While the Sector
Erase cycle is in progress, the Status Register may be read to check the value of the Write In Progress (WIP) bit.
The Write In Progress (WIP) bit is 1 during the self-timed Sector Erase cycle, and is 0 when it is completed. At
some unspecified time before the cycle is completed, the Write Enable Latch (WEL) bit is reset. A Sector Erase
(SE) command applied to a sector which is protected by the Block Protect (BP4, BP3, BP2, BP1, BPO) bit (see Ta-
ble1.0&1.1) will not be executed.

Note: Power disruption during erase operation will cause incomplete erase, thus recommend to perform a
re-erase once power resume.

Figure 17. Sector Erase Sequence Diagram

CS# _\ /

0123 45¢6 7 8 91011 24 2526 27 28 29 30 31
SCLK

24-bit address(A23:A0) ——»

R 2,.0.0.00.000 Wi

'€— Command

s\//1111/] 204

MSB

Figurel7a. Sector Erase Sequence Diagram (QPI)
cs#

SCLK |
Iﬂ— 20H —»|
|
SI(100) o o0,4Xo0 )@@ X o
so(or) N\ XD XKD
WP#(102) Ry OO O OE

A23~A16 A15~A8 AT~A0

1.6.17 32KB Block Erase (BE) (52H)

The 32KB Block Erase (BE) command is for erasing the all data of the chosen block. A Write Enable (WREN)
command must previously have been executed to set the Write Enable Latch (WEL) bit. The 32KB Block Erase
(BE) command is entered by driving CS# low, followed by the command code, and three address bytes on SI. Any
address inside the block is a valid address for the 32KB Block Erase (BE) command. CS# must be driven low for
the entire duration of the sequence.

The 32KB Block Erase command sequence: CS# goes low = sending 32KB Block Erase command - 3-byte
address on SI > CS# goes high. The command sequence is shown in Figure18. CS# must be driven high after the
eighth bit of the last address byte has been latched in; otherwise the 32KB Block Erase (BE) command is not exe-
cuted. As soon as CS# is driven high, the self-timed Block Erase cycle (whose duration is tBE) is initiated. While
the Block Erase cycle is in progress, the Status Register may be read to check the value of the Write In Progress
(WIP) bit. The Write In Progress (WIP) bit is 1 during the self-timed Block Erase cycle, and is 0 when it is com-
pleted. At some unspecified time before the cycle is completed, the Write Enable Latch (WEL) bit is reset. A
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32KB Block Erase (BE) command applied to a block which is protected by the Block Protect (BP4, BP3, BP2, BP1,
BPO) bits (see Table1.0 & 1.1) will not be executed.

Note: Power disruption during erase operation will cause incomplete erase, thus recommend to perform a
re-erase once power resume.

Figure 18. 32KB Block Erase Sequence Diagram

s\ /

01 2345617389101 24 2526 27 28 29 30 31
SCLK

24-bit address(A23:A0) ——»

R 0.0,0.090.6.0 Wi

'€— Command

s\//11111] 521

MSB

Figure 18a. 32KB Block Erase Sequence Diagram (QPI)

CS#

SCLK |
:‘—52H—>
|
s1(100) NV €D O, €D O O O
so(i01) 0/ TN XX XX
WP#(102) 1o K8 X2 X6 X2 X6 X2
HOLD#(103) 0o 0 X7 X3 X7 X3 X1 X3
A23~A16 A15~A8 A7~A0

1.6.18 64KB Block Erase (BE) (D8H)

The 64KB Block Erase (BE) command is for erasing the all data of the chosen block. A Write Enable (WREN)
command must previously have been executed to set the Write Enable Latch (WEL) bit. The 64KB Block Erase
(BE) command is entered by driving CS# low, followed by the command code, and three address bytes on SI. Any
address inside the block is a valid address for the 64KB Block Erase (BE) command. CS# must be driven low for
the entire duration of the sequence.

The 64KB Block Erase command sequence: CS# goes low = sending 64KB Block Erase command - 3-byte
address on SI > CS# goes high. The command sequence is shown in Figure 19. CS# must be driven high after the
eighth bit of the last address byte has been latched in; otherwise the 64KB Block Erase (BE) command is not exe-
cuted. As soon as CS# is driven high, the self-timed Block Erase cycle (whose duration is tBE) is initiated. While
the Block Erase cycle is in progress, the Status Register may be read to check the value of the Write In Progress
(WIP) bit. The Write In Progress (WIP) bit is 1 during the self-timed Block Erase cycle, and is 0 when itis com-
pleted. At some unspecified time before the cycle is completed, the Write Enable Latch (WEL) bit is reset. A
64KB Block Erase (BE) command applied to a block which is protected by the Block Protect (BP4, BP3, BP2, BP1,
BPO) bits (see Tablel.0 & 1.1) will not be executed.

Note: Power disruption during erase operation will cause incomplete erase, thus recommend to perform a
re-erase once power resume.
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Figure 19. 64KB Block Erase Sequence Diagram

s\ /

0123456789101 24 2526 27 28 29 30 31
SCLK

24-bit address(A23:A0) ———»

e 0.0.000.900 Wi

'€«— Command

s\ /111111 Dt

MSB

Figurel9a. 64KB Block Erase Sequence Diagram (QPI)

CS#

SCLK |
:<—D8H—>
|
SI(100) N OO O &.C
S0(101) o o s X1 >@® 5 1
WP#(102) 1N K6 X2 X6 X2 X6 X2
A23~A16 A15~-A8 A7~A0

1.6.19 Chip Erase (CE) (60/C7H)

The Chip Erase (CE) command is for erasing the all data of the chip. A Write Enable (WREN) command must
previously have been executed to set the Write Enable Latch (WEL) bit .The Chip Erase (CE) command is entered
by driving CS# Low, followed by the command code on Serial Data Input (SI). CS# must be driven Low for the en-
tire duration of the sequence.

The Chip Erase command sequence: CS# goes low->sending Chip Erase command—->CS# goes high. The
command sequence is shown in Figure23. CS# must be driven high after the eighth bit of the command code has
been latched in, otherwise the Chip Erase command is not executed. As soon as CS# is driven high, the self-
timed Chip Erase cycle (whose duration is tce) is initiated. While the Chip Erase cycle is in progress, the Status
Register may be read to check the value of the Write In Progress (WIP) bit. The Write In Progress (WIP) bitis 1
during the self-timed Chip Erase cycle, and is 0 when it is completed. At some unspecified time before the cycle
is completed, the Write Enable Latch (WEL) bit is reset. The Chip Erase (CE) command is executed if the Block
Protect (BP2, BP1, BPO) bits are 0 and CMP=0 or the Block Protect (BP2,BP1,and BP0)bits are 1 and CMP=1. The
Chip Erase (CE) command is ignored if one or more sectors are protected.

Note: Power disruption during erase operation will cause incomplete erase, thus recommend to perform a
re-erase once power resume.
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CS#

SCLK

SI(100)

S0(101)

WP#(102)

HOLD#(103)

CS#

SCLK

SI(100)

S0(101)

WP#(102)

SCLK

Figure 20. Chip Erase Sequence Diagram

CS# \

—

1

012345867

<€— Command

IRREJ AR AR | —

—»|

s\ 1111111,

60H or C7H

/11111

Figure20a. Chip Erase Sequence Diagram (QPI)

<—— C7H —>
0 1
0 1
1 1
1 0
0 1

HOLD#(103)

<« 60H —>
0 0
1 0
1 0
0 0

7/13/2020
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1.6.20 Deep Power-Down (DP) (B9H)

Executing the Deep Power-Down (DP) command is the only way to put the device in the lowest consump-
tion mode (the Deep Power-Down Mode). It can also be used as an extra software protection mechanism, while
the device is not in active use, since in this mode, the device ignores all Write, Program and Erase commands.
Driving CS# high deselects the device, and puts the device in the Standby Mode (if there is no internal cycle cur-
rently in progress). But this mode is not the Deep Power-Down Mode. The Deep Power-Down Mode can only be
entered by executing the Deep Power-Down (DP) command. Once the device has entered the Deep Power-
Down Mode, all commands are ignored except the Release from Deep Power-Down and Read Device ID (RDI)
command. This releases the device from this mode. The Release from Deep Power-Down and Read Device ID
(RDI) command also allows the Device ID of the device to be output on SO.

The Deep Power-Down Mode automatically stops at Power-Down, and the device always Power-Up in the
Standby Mode. The Deep Power-Down (DP) command is entered by driving CS# low, followed by the command
code on SI. CS# must be driven low for the entire duration of the sequence.

The Deep Power-Down command sequence: CS# goes low->sending Deep Power-Down command—>CS#
goes high. The command sequence is shown in Figure 21. CS# must be driven high after the eighth bit of the
command code has been latched in; otherwise the Deep Power-Down (DP) command is not executed. As soon
as CS#t is driven high, it requires a delay of tDP before the supply current is reduced to ICC2 and the Deep Power-
Down Mode is entered. Any Deep Power-Down (DP) command, while an Erase, Program or Write cycle is in pro-
gress, is rejected without having any effects on the cycle that is in progress.

Figure 21. Deep Power-Down Sequence Diagram

CS# \
01234567
SCLK

€— Command —{ Stang-by mode | Deep Power-down mode

s\ /11111, BoH LT

[€— tor —

Figure 21a. Deep Power-Down Sequence Diagram (QPI)

CS# <«— tPD —>

soi ] T

[ BOH —>
SI(100) 1 1 g
SO(I01) 1 0
WP#(102) 0 0
HOLD#(03) ) . //
Standby Mode Deep Power Down Mode
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1.6.21 Release from Deep Power-Down and Read Device ID (RDI) (ABH)

The Release from Power-Down and Read/Device ID command is a multi-purpose command. It can be used
to release the device from the Power-Down state or obtain the devices electronic identification (ID) number.

To release the device from the Power-Down state, the command is issued by driving the CS# pin low, shift-
ing the instruction code “ABH” and driving CS# high as shown in Figure22. Release from Power-Down will take
the time duration of tRES1 (See AC Characteristics) before the device will resume normal operation and other
command are accepted. The CS# pin must remain high during the tRES1 time duration.

When used only to obtain the Device ID while not in the Power-Down state, the command is initiated by
driving the CS# pin low and shifting the instruction code “ABH” followed by 3-dummy byte. The Device ID bits
are then shifted out on the falling edge of SCLK with most significant bit (MSB) first as shown in Figure22b. The
Device ID value is listed in Manufacturer and Device Identification table. The Device ID can be read continuously.
The command is completed by driving CS# high.

When used to release the device from the Power-Down state and obtain the Device ID, the command is the
same as previously described, and shown in Figure 22b, except that after CS# is driven high it must remain high
for a time duration of tRES2 (See AC Characteristics). After this time duration the device will resume normal op-
eration and other command will be accepted. If the Release from Power-Down/Device ID command is issued
while an Erase, Program or Write cycle is in process (when WIP equal 1) the command is ignored and will not
effects on the current cycle.

Figure 22. Release Power-Down Sequence Diagram

CS \
01234567

'€— Command —

s\ /1111111 AgH LT

Deep Power-down mode ' Stand-by mode

[€— trRES1—>

Figure 22a. Release Power-Down Sequence Diagram (QPI)

CS# ‘
}4— tREST  —p
0 1

SCLK ‘
€ ABH —>
SI(100) 0 1
SO(I01) 1 1
WP#(102) 0 0
HOLD#(103) 1 1

Deep Power Down Mode Standby Mode
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Figure 22b. Release Power-Down/Read Device ID Sequence Diagram

s\ /

012345678 91011 24 2526 27 28 29 30 31 32 33 34 3536 37 38 39 40
SCLK

-

€— Command 3 Dummy Bytes [€— tRES2 —

s\ /1111111 ABH edkeaXetkedud- — = XXXsXXXXXW /2L 11111 TN TTTTT IV TT

MSB Device ID

A
SO High-Z [;6543210
MSB

» »

» »
Stand-by Mode

Figure 22c. Release Power-Down/Read Device ID Sequence Diagram (QPI)

T
I I
I I
€— RES2 —»
I
i

CS#

$1(100) —\i/T\

S0(I01) - /)

WP#(l02) ————————\ 0 0

7 3

HOLD#(103) - /iy

Deep Power Down Mode

|
|
|
T
|
1
|
|
|
|
|
|
1
|
|
|
|
|
|
|
[l
|
|
|
|
|
|
T
|
|
|
|
|
|
|
} Standby Mode
)

dummy* Device ID

1.6.22 Read Manufacture ID/ Device ID (REMS) (90H)

The Read Manufacturer/Device ID command is an alternative to the Release from Power-Down / Device ID
command that provides both the JEDEC assigned Manufacturer ID and the specific Device ID.

The command is initiated by driving the CS# pin low and shifting the command 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 SCLK with most significant bit (MSB) first is shown in Figure 23. If the 24-bit address is initially set
to 000001H, the Device ID will be read first. In QPI mode the dummy cycles can be configured by COH command.
When the dummy cycle is configured to 4, addr [0] input must be 0.
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Figure 23. Read Manufacture ID/ Device ID Sequence Diagram

Cs \ L

0123456 78 91011 24 2526 27 28 29 30 31

SCLK

s [/11111], 901
50 High-Z
CS#

32 3334 3536 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

%w_WﬂﬂﬂﬂﬂﬂﬂﬂHﬂﬂﬂﬂﬂﬂfﬁﬂﬂﬂﬂﬂﬂfi::::

U= YL T

< Manufacturer ID _>‘_ Device ID —>§— Manufacturer ID  —]

S N0,00.00080 000600980 00000000 il

MSB MSB MSB

Figure 23a. Read Manufacture ID/ Device ID Sequence Diagram (QPI)

CS#

9 10 1

so(o) ———————\° o

WP#(102) —\u

HOLD#(103) —/T\i/
ul
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1.6.23 Read Manufacture ID/ Device ID Dual 1/0 (92H)

The Read Manufacturer/Device ID Dual I/0 command is an alternative to the Release from Power-Down /
Device ID command that provides both the JEDEC assigned Manufacturer ID and the specific Device ID by dual
I/0.

The command is initiated by driving the CS# pin low and shifting the command code “92H” 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 SCLK with most significant bit (MSB) first as shown in Figure 24 If the 24-bit address is initially set
to 000001H, the Device ID will be read first.

Figure 24. Read Manufacture ID/ Device ID Dual /O Sequence Diagram

CS \
SCLK

0123 456 78 91011121314 1516 1718 1920 2122 23

[€— Command

siwo0) J7777ITIN

CS— -
23 24 2526 27 28 29 30 31 32 33 34 3536 37 38 39 40 41 42 43 44 45 46 47

sa__ JHUUUPUUUPUUUPUUUPUUUPUUUIE

1000 - — e
R 000 0000 00000000 00000008

MFR ID Device ID MFR ID Device ID MFR ID Device ID
(Repeat) (Repeat) (Repeat) (Repeat)

1.6.24 Read Manufacture ID/ Device ID Quad 1/0 (94H)

The Read Manufacturer/Device ID Quad I/0 command is an alternative to the Release from Power-Down /
Device ID command that provides both the JEDEC assigned Manufacturer ID and the specific Device ID by quad
1/0.

The command is initiated by driving the CS# pin low and shifting the command code “94H” 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 SCLK with most significant bit (MSB) first is shown in Figure 25. If the 24-bit address is initially set
to 000001H, the Device ID will be read first.
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Figure 25. Read Manufacture ID/ Device ID Quad 1I/O Sequence Diagram

s T\ S

0123456 7 8 91011121314 1516 1718 1920 2122 23 24 2526 27 28 29 30 31

€— Command

s1000) 777777770

M-I =
2 5 o o

SO(101) 5X1
WP#(102) 6X2
HOLD#(103) 7X3

A23-16|A15-8| A7-0 | M7-0  Dummy | MID

1.6.25 Read Identification (RDID) (9FH)

The Read Identification (RDID) command allows the 8-bit manufacturer identification to be read, followed
by two bytes of device identification. The device identification indicates the memory type in the first byte, and
the memaory capacity of the device in the second byte. Any Read Identification (RDID) command while an Erase
or Program cycle is in progress, is not decoded, and has no effect on the cycle that is in progress. The Read Iden-
tification (RDID) command should not be issued while the device is in Deep Power-Down Mode.

The device is first selected by driving CS# to low. Then, the 8-bit command code for the command is shifted
in. This is followed by the 24-bit device identification, stored in the memory, being shifted out on Serial Data
Output, each bit being shifted out during the falling edge of Serial Clock. The command sequence is shown in
Figure26. The Read Identification (RDID) command is terminated by driving CS# to high at any time during data
output. When CS# is driven high, the device is put in the Standby Mode. Once in the Standby Mode, the device
waits to be selected, so that it can receive, decode and execute commands.

Figure 26. Read Identification ID Sequence Diagram
CS# \ /

0123 456 7 8 9101112 13141516 1718 1920 2122 2324 2526 27 28 29 30 31

e L A

[ €— Command —

s\//1111]] oFH S T

M T R
< Manufacturer ID —pl€— EMOrY YPE ) ¢ Capacity N
Oo—

JDID15-JDID8 JDID7-JDIDQ

SO High-2 7X(6)X5X4 X3X2 X1 X0X 7X6)X5X4 X3X2X1 X0

MSB

~
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1.6.26 Erase Security Registers (44H)

The device provides four 256-byte Security Registers which only erased all at once but able to program
individually. These registers may be used by the system manufacturers to store security and other important
information separately from the main memory array.

The Erase Security Registers command is similar to Sector/Block Erase command. A Write Enable (WREN)
command must previously have been executed to set the Write Enable Latch (WEL) bit.

The Erase Security Registers command sequence: CS# goes low—> sending Erase Security Registers Com-
mand->CS# goes high. The command sequence is shown in Figure 29. CS# must be driven high after the eighth
bit of the command code has been latched in, otherwise the Erase Security Registers command is not executed.
As soon as CS# is driven high, the self-timed Erase Security Registers cycle (whose duration is tSE) is initiated.
While the Erase Security Registers cycle is in progress, the Status Register may be read to check the value of the
Write In Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the self-timed Erase Security Registers
cycle, and is 0 when it is completed. At some unspecified time before the cycle is completed, the Write Enable
Latch (WEL) bit is reset. The Security Registers Lock Bit (LB) in the Status Register can be used to OTP protect the
security registers. Once the LB bit is set to 1, the Security Registers will be permanently locked; the Erase Securi-
ty Registers command will be ignored.

Address A23-A16 A15-A10 A9-A0
Security Registers 00000000 000000 Don’t Care

Figure 29. Erase Security Registers command Sequence Diagram

CS# —\ /

0123456789101 24 2526 27 28 29 30 31
SCLK

24-bit address(A23:A0) ——

R 0.0.9.09008.0 Wi

'€«— Command

s\ /1111111 i

MSB

1.6.27 Program Security Registers (42H)

The Program Security Registers command is similar to the Page Program command. It allows from 1 to 256
bytes Security Registers data to be programmed. A Write Enable (WREN) command must previously have been
executed to set the Write Enable Latch (WEL) bit before sending the Program Security Registers command. The
Program Security Registers command is entered by driving CS# Low, followed by the command code (42H),
three address bytes and at least one data byte on Sl. As soon as CS# is driven high, the self-timed Program Secu-
rity Registers cycle (whose duration is tPP) is initiated. While the Program Security Registers cycle is in progress,
the Status Register may be read to check the value of the Write In Progress (WIP) bit. The Write In Progress (WIP)
bit is 1 during the self-timed Program Security Registers cycle, and is 0 when it is completed. At some unspeci-
fied time before the cycle is completed, the Write Enable Latch (WEL) bit is reset.

If the Security Registers Lock Bit (LB) is set to 1, the Security Registers will be permanently locked. Program
Security Registers command will be ignored.
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Address A23-A16 Al15-A8 A7-AO
Security Registers 0 00H 00H Byte Address
Security Registers 1 00H 01H Byte Address
Security Registers 2 00H 02H Byte Address
Security Registers 3 00H 03H Byte Address

Figure 30. Program Security Registers command Sequence Diagram

CS# \
SCLK

01234567 891011 24 2526 27 28 29 30 31 32 33 34 3536 37 38 39

'€— Command

s\ /1111111 a2

CS# —
NS OO N~©0 o
NN~ NN N
40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 QLRI R R
SCLK

Data Byte2 Data Byte3 €—  DataByted

1.6.28 Read Security Registers (48H)

The Read Security Registers command is similar to Fast Read command. The command is followed by a 3-
byte address (A23-A0) and a dummy byte, each bit being latched-in during the rising edge of SCLK. Then the
memory content, at that address, is shifted out on SO, each bit being shifted out, at a Max frequency fC, during
the falling edge of SCLK. The first byte addressed can be at any location. The address is automatically increment-
ed to the next address after each byte of data is shifted out. Once the A9-AQ address reaches the last byte of the
register (Byte 3FFH), it will reset to 000H, the command is completed by driving CS# high.

Address A23-A16 A15-A10 A9-A0
Security Registers 00000000 000000 Address
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Figure 31. Read Security Registers command Sequence Diagram

0123 456 7 8 91011 24 2526 2728 29 30 31

'€— Command 24-bit address(A23:A0)

st //1111]] 431 ST Tt 00.000000 E

High-Z
SO 9 - -

CS# — —

32 33 34 3536 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

LI T

v Data Outl v Data Out2 Data Out3
SO — — 7X6X5 X4 X3 X2 X1 X0X7X6X5 X4 X3 X2 X1 X0
MSB MSB

1.6.29 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 (OBH)”, “Fast Read Quad I/0 (EBH)” & “Burst Read with Wrap (OCH)”
instructions, and to configure the number of bytes of “Wrap Length” for the “Burst Read with Wrap (OCH)” in-
struction. In Standard SPI mode, the “Set Read Parameters (COh)” instruction is not accepted.

The dummy clocks for various Fast Read instructions in Standard/Dual/Quad SPI mode are fixed and will
remain unchanged when the device is switched from Standard SPI mode to QPI mode and requires to be set
again, prior to any 0Bh, EBh or OCh instructions. When the device is switched from QPI mode to SPI mode, the
number of dummy clocks goes back to default.

The default “Wrap Length” after a power up or a Reset instruction is 8 bytes, the default number of dummy
clocks is 8. The “Wrap Length” is set by W6-4 bit in the “Set Burst with Wrap (77h)” instruction in Standard SPI
mode and by P1-P0 in the “Set Read Parameters (COH)” in the QPI mode. The Wrap Length set by P1-P0 in QPI
mode is still valid in SPI mode and can also be re-configured by “Set Burst with Wrap (77h)”.

P5-P4 Dummy Clocks  |Maximum Read Freq. P1-PO Wrap Length
00 4 48MHz 00 8-byte
01 4 48MHz 01 16-byte
10 6 48MHz 10 32-byte
11 8 48MHz 11 64-byte
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Figure32. Set Read Parameters command Sequence Diagram

CS#
0 1 2 3
SCLK |
[€— COH —»|
|
SI(100) 0 0 P4 X PO
SO(101) 0 0 ps X P1
WP#(102) 1 0 P6 X P2
HOLD#(103) 1N\ 0 KP7 X3
Read

Parameter

1.6.30 Burst Read with Wrap (OCH)

The “Burst Read with Wrap (OCH)” command provides an alternative way to perform the read operation
with “Wrap Around” in QPI mode. This command is similar to the “Fast Read (0BH)” command in QPI mode, ex-
cept the addressing of the read operation will “Wrap Around” to the beginning boundary of the “Wrap Around”
once the ending boundary is reached. The “Wrap Length” and the number of dummy clocks can be configured
by the “Set Read Parameters (COH)” command.

Figure 33. Burst Read with Wrap command Sequence Diagram

CS#

0 1
SCLK

|
(€ ocH —»|

2 3 4 5 6 7 8 9 10 1 12 13 14 15

SO(I01) —\:

WPH(102) ———————— 0 / 1
HOLD#(103) —\1/7\

A7-0 dummy*

*Set Read Parameters Command (COH) can set the number of dummy cycles

1.6.31 Enable QPI (38H)

The device support both Standard/Dual/Quad SPI and QPI mode. The “Enable QPI (38H)” command can
switch the device from SPI mode to QPI mode. See the command Table 2a for all support QPI commands. In or-
der to switch the device to QPI mode, the Quad Enable (QE) bit in Status Register-1 must be set to 1 first, and
“Enable QPI (38H)” command must be issued. If the QE bit is 0, the “Enable QPI (38H)” command will be ignored
and the device will remain in SPI mode. When the device is switched from SPI mode to QPI mode, the existing
Write Enable Latch and the Wrap Length setting will remain unchanged.
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Figure 34. Enable QP mode command Sequence Diagram

012345867
SCLK

€— Command —

s\ [//1111/, 38 1111111

High-Z

CS

SO

1.6.32 Continuous Read Mode Reset (CRMR) (FFH)/ Disable QPI (FFH)

The Dual/Quad 1/0 Fast Read operations, “Continuous Read Mode” bits (M7-0) are implemented to
further reduce command overhead. By setting the (M7-0) to AXH, the next Dual/Quad 1/0 Fast Read
operations do not require the BBH/EBH/E7H command code.
Because the device has no hardware reset pin, so if Continuous Read Mode bits are set to “AXH”,
the device will not recognize any standard SPI commands. So Continuous Read Mode Reset command
will release the Continuous Read Mode from the “AXH” state and allow standard SPI command to be recognized.

The command sequence is show in Figure35.

Figure 35. Continuous Read Mode Reset Sequence Diagram

Mode Bit Reset for Quad/
Dual I/0
CS#

0123 45©67

se [T
S0y [///1/T/IX e XITITTTT]
so01) /////[1/IX___vontere  X////T///]

wei(102) [///]1/]X__ vontewe  X[/]1]/1//
HoLD#(103) //////] /X ponteae  X////[//]]

Disable QPI (FFH)
To exit the QPI mode and return to Standard/Dual/Quad SPI mode, the “Disable QPI (FFH)” command must

be issued. When the device is switched from QPI mode to SPI mode, the existing Write Enable Latch and the
Wrap Length setting will remain unchanged. When the device is in QPI mode, the first FFH command will exit
continuous read mode and the second FFH command will exit QPI mode.
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Figure 35a. Disable QPl mode command Sequence Diagram

CS#

soix B

<“«— FFH —>
SI(100) 1 1
S0(101) 1 1
WP#(102) 1 1
HOLD#(103) 1 1

1.6.33 Enable Reset (66H) and Reset (99H)

If the Reset command is accepted, any on-going internal operation 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 status (WEL), Read Parameter setting (P7-P0) and Wrap Bit Setting (W6-W4).

The “Reset (99H)” command sequence as follow: CS# goes low = Sending Enable Reset command - CS#
goes high = CS# goes low = Sending Reset command - CS# goes high. Once the Reset command is accepted
by the device, the device will take approximately tRST_R to reset. During this period, no command will be
accepted. Data corruption may happen if there is an on-going internal Erase or Program operation when Reset
command sequence is accepted by the device. It is recommended to check the BUSY bit and the SUS bit in Sta-
tus Register before issuing the Reset command sequence.

Figure 36. Enable Reset and Reset command Sequence Diagram

CS# \ / \ /
012345867 01234567

s N

€— Command —» High-Z €— Command —)

s\ /1111111 66 /11111, oo /11111111
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Figure 36a. Enable Reset and Reset command Sequence Diagram (QPI)

Cs# / \ /
0 1 0 1
SCLK | |
<« 66H —> «— 9H —>

s1000) 77777777\ ° T N/

souon) ///1////T "+ /AT AN /i

wei(02)_///////1] SN/ AN ST

Howoi(108) /7/77777\ ° AR/ s NI

1.6.34 Read Serial Flash Discoverable Parameter (5AH)

The Serial Flash Discoverable Parameter (SFDP) standard provides a consistent method of describing the
functional and feature capabilities of serial flash devices in a standard set of internal parameter tables. These
parameter tables can be interrogated by host system software to enable adjustments needed to accommodate
divergent features from multiple vendors. The concept is similar to the one found in the Introduction of JEDEC
Standard, JESD68 on CFI. SFDP is a standard of JEDEC Standard No.216.

Figure 37. Read Serial Flash Discoverable Parameter command Sequence Diagram

CS# \
012345678 91011 24 2526 2728 29 30 31
SCLK

«€— Command 24-bit address(A23:A0)
s\ /1111111 A @@@ 00000000 &
50 High-Z _
CS# — —

32 3334 3536 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

SCLK TJWMLFLFLFLIQHILFLFMJ:
Sl - T
S0 - — EISBG 5 a4a 3u2 1X0 380 - _“
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Figure 37a. Read Serial Flash Discoverable Parameter command Sequence Diagram (QPI)

CS#

||
I
0 1

o T UL

|
(€ 5AH —>
I

$1(100) —/T\i/
s0(101) —\i/T\
WPH(102) —/T\i/

HOLD#(103) —\i/T\
A23-16 A15-8 A7-0 dummy* Bytel Byte2 Byte3

1.6.35 Read Unique ID (5AH)

The Read Unique ID command accesses a factory-set read-only 128bit number that is unique to each device.
The Unique ID can be used in conjunction with user software methods to help prevent copying or cloning of a
system.

The Read Unique ID command sequence: CS# goes low = sending Read Unique ID command -00H -01H
—->94H - Dummy byte = 128bit Unique ID Out - CS# goes high.

10 11 12 13 14 15

i I

=
=
335 3 9

S

g

o
N

o

-~

5006 5
5580 &
Hcllc

The command sequence is show below.

Figure 38. Read Unique ID (RUID) Sequence (Command 5AH)

CS# \
SCLK

0123456 78 91011 24 2526 27 28 29 30 31

ST =
. High- _
CS# — — S A v m R m i e e i /_
o AL 1y
- I~ T
SO — — 353162 Xi ks 1221 Zflzbi%““‘_q“__es_emfr —
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Figure 38a. Read Serial Flash Discoverable Parameter command Sequence Diagram (QPI)
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Table 3. Signature and Parameter Identification Data Values

Add(H) DW Add
Description Comment (Byte) (Bit) Data Data
OOH 07:00 53H 53H
01H 15:08 46H 46H
SFDP Signature Fixed:50444653H 02H 2316 44t 44t
03H 31:24 50H 50H
SFDP Minor Revision Number Start from 00H 04H 07:00 00H 00H
SFDP Major Revision Number Start from 01H 05H 15:08 01H 01H
Number of Parameters Headers Start from 00H 06H 23:16 01H 01H
Contains OxFFH and can never be
Unused chanaed 07H 31:24 FFH FFH
00H: It indicates a JEDEC specified
ID number (JEDEC) header 08H 07:00 00H 00H
Parameter Table Minor Revision
Number Start from OxOOH 09H 15:08 00H 00H
Parameter Table Major Revision
Number Start from Ox01H OAH 23:16 01H 01H
Parameter Table Length How many DWORDs in the
(in double word) Parameter table OBH 31:24 09H 09H
OCH 07:00 30H 30H
First address of JEDEC Flash ODH 15:08 00H 00H
Parameter Table Pointer (PTP) Parameter table OEH 23:16 00H 00H
Contains OxFFH and can never be
Unused changed OFH 31:24 FFH FFH
ID Number(XTX Manufacturer ID) Itis indicates XTX manufacturer ID 10H 07:00 0BH 0BH
Parameter Table Minor Revision
Number Start from Ox00H 11H 15:08 00H 00H
Parameter Table Major Revision
Number Start from OxO1H 12H 23:16 01H 01H
Parameter Table Length How many DWORDs in the
(in double word) Parameter table 13H 3124 03H 03H
First address of XTX Flash 14H 07:00 60H 60H
Parameter Table Pointer (PTP) Parameter table 15H 15:08 00H 00H
16H 23:16 0OH 0OH
Contains OxFFH and can never be
Unused changed 17H 31:24 FFH FFH
VOW‘.
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Table 4. Parameter Table (0): JEDEC Flash Parameter Tables

Add(H) DW Add
Description Comment (Byte) (Bit) Data Data
00: Reserved; 01: 4KB erase;
Block/Sector Erase Size 10: Reserved:
01:00 01b
11: not support 4KB erase
Write Granularity 0: 1Byte, 1: 64Byte or larger 02 1b
Write Enable Instruction Re- 0: Nonvolatile status
quested for Writing to Volatile bit 1: Volatile statusbit 03 ob
Status Registers (BP status register bit)
0: Use 50H Opcode,
1: Use 06H Opcode,
Write Enable Opcode Select for Note:If target flash status register is
Writing to Volatile Status Regis- 30H 04 Ob ESH
tors Nonvolatile, then bits 3 and 4
must be set to 00b.
Contains 111b and can never be
Unused changed 07:05 111b
4KB Erase Opcode 31H 15:08 20H 20H
(1-1-2) Fast Read 0=Not support, 1=Support 16 1b
Address Bytes Number used in 00: 3Byte only, 01: 3 or 4Byte,
addressing flash array 10: 4Byte only, 11: Reserved 18:17 00b
Double Transfer Rate (DTR)
clocking 0=Not support, 1=Support 19 0b
(1-2-2) Fast Read 0=Not support, 1=Support 20 1b
(1-4-4) Fast Read 0=Not support, 1=Support 32H 21 1b F1H
(1-1-4) Fast Read 0=Not support, 1=Support 22 1b
Unused 23 1b
Unused 33H 31:24 FFH FFH
Flash Memory Density 37H:34H 31:00 007FFFFFH
(1-4-4) Fast Read Number of 0 0000b: Wait states (Dummy
Wait states Clocks) not support 04:00 001000
(1-4-4) Fast Read Number of 38H 44
Mode Bits 000b:Mode Bits not support 07:05 010b
(1-4-4) Fast Read Opcode 39H 15:08 EBH EBH
(1-1-4) Fast Read Number of 0 0000b: Wait states (Dummy
Wait states Clocks) not support 20:16 010000
3AH 08H
(1-1-4) Fast Read Number of
Mode Bits 000b:Mode Bits not support 23:21 000b
(1-1-4) Fast Read Opcode 3BH 31:24 6BH 6BH
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Add(H) DW Add
Description Comment (Byte) (Bit) Data Data
(1-1-2) Fast Read Number of 0 0000b: Wait states (Dum-
Wait states my Clocks) not support 04:00 | 01000b
(1-1-2) Fast Read Number 3CH 08H
of Mode Bits 000b: Mode Bits not support 07:05 000b
(1-1-2) Fast Read Opcode 3DH 15:08 3BH 3BH
(1-2-2) Fast Read Number of Wait
20:16 00010b
states
(1-2-2) Fast Read Number of Mode 3EH 42H
Bits 23:21 010b
(1-2-2) Fast Read Opcode 3FH 31:24 BBH BBH
(2-2-2) Fast Read 0=not support 1=support 00 Ob
Unused 03:01 111b
(4-4-4) Fast Read 0=not support 1=support 40H 04 1b EEH
Unused 07:05 111b
Unused 43H:41H 31:08 OxFFH OxFFH
Unused 45H:44H 15:00 OxFFH OxFFH
(2-2-2) Fast Read Number of Wait | 0 0000b: Wait states (Dummy
states Clocks) not support 20:16 00000b
46H 00H
(2-2-2) Fast Read Number of Mode
Bits 000b: Mode Bits not support 23:21 000b
(2-2-2) Fast Read Opcode 47H 31:24 FFH FFH
Unused 49H:48H 15:00 OXFFH OXFFH
(4-4-4) Fast Read Number of Wait | 0 0000b: Wait states (Dummy
states Clocks) not support 20:16 00000b
4AH 00H
(4-4-4) Fast Read Number of Mode
Bits 000b: Mode Bits not support 23:21 000b
(4-4-4) Fast Read Opcode 4BH 31:24 FFH FFH
Sector/block size=2"N bytes
Sector Type 1 Size 0x00b: this sector tvpe don’t exist acH 07:00 ocH ocH
Sector Type 1 erase Opcode 4DH 15:08 20H 20H
Sector/block size=2"N bytes
Sector Type 2 Size 0x00b: this sector tvpe don’t exist 4EH 2316 oFH oFH
Sector Type 2 erase Opcode 4FH 31:24 52H 52H
Sector/block size=2"N bytes
Sector Type 3 Size 0x00b: this sector type don’t exist SOH 07:00 10H 10H
Sector Type 3 erase Opcode 51H 15:08 D8H D8H
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Sector/block size=2"N bytes
Sector Type 4 Size 0x00b: this sector type don’t exist S2H 23:16 00H 00H

Sector Type 4 erase Opcode 53H 31:24 FFH FFH

Table 5. Parameter Table (1): XTX Flash Parameter Tables

Add(H) DW Add
Description Comment (Byte) (Bit) Data Data

2000H=2.000V

2700H=2.700V
61H:60H 15:00 3600H 3600H

Vcce Supply Maximum Voltage 3600H=3.600V
1650H=1.650V
2250H=2.250V
Vee Supply Minimum Voltage 2300H=2.300V 63H:62H 31:16 2700H | 2700H
2700H=2.700V
HW Reset# pin 0=not support 1=support 00 Ob
HW Hold# pin 0=not support 1=support 01 1b
Deep Power Down Mode 0=not support 1=support 02 1b
SW Reset 0=not support 1=support 03 1b
Should be issue Reset
SW Reset Opcode Enable(66H) before Reset cmd 104 9oH
Program Suspend/Resume 0=not support 1=support 12 Ob
Erase Suspend/Resume 0=not support 1=support 65H:64H 13 0b 7994H
Unused 14 1b
Wrap-Around Read mode 0=not support 1=support 15 1b
Wrap-Around Read mode Opcode 66H 23:16 FFH FFH

08H:support 8B wrap-around
read 16H:8B&16B

Wrap-Around Read data length 39H-8B&16B&32B 67H 31:24 64H 64H
64H:8B&16B&32B&64B

Individual block lock 0=not support 1=support 00 Ob

Individual block lock bit

(Volatile/Nonvolatile) 0=Volatile 1=Nonvolatile 01 Ob

Individual block lock Opcode 09:02 FFH

Individual block lock Volatile

protect bit default protect status O=protect 1=unprotect 10 o

Secured OTP 0=not support 1=support 1 Ob

Read Lock 0=not support 1=support 12 Ob E3FCH

Permanent Lock 0=not support 1=support 6BH:68H 13 1b

Unused 15:14 11b

Unused 31:16 FFFFH | FFFFH
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1.7. ELECTRICALCHARACTERISTICS
1.7.1 Power-on Timing

Preliminarv Version XT70F64B64A

Vee(max)

Program,Erase and Write command are ignored
Chip Selection is not allowed N

Vee(min)

Read command Device is fully
is allowed accessible

Time

o
A

Table3. Power-Up Timing and Write Inhibit Threshold

Note: At power-down, need to ensure VCC drop to 0.5V before the next power-on in order for the device to
have a proper power-on reset.

Symbol Parameter Min Max Unit
tyst VCC(min) To CS# Low 10 us
thuw Time Delay Before Write Instruction 1 - ms
Vi Write Inhibit Voltage 15 2.5 \Y

1.7.2 Initial Delivery State

The device is delivered with the memory array erased: all bits are set to 1(each byte contains FFH).The
Status Register contains 00H (all Status Register bits are 0).

1.7.3 Data Retention and Endurance

Parameter Typical Unit
Pattern Data Retention Time 20 Years
Erase/Program Endurance 100K Cycles

1.7.4 Latch up Characteristics

Parameter Min Max
Input Voltage Respect To VSS On I/0 Pins -1.0v VCC+1.0V
VCC Current -100mA 100mA
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1.7.5 Absolute MaximumRatings

Parameter Value Unit
Ambient Operating Temperature -401t0 85 C
Storage Temperature -65 to 150 C
Output Short Circuit Current 200 mA
Applied Input/Output Voltage -0.5t04.0 Vv
vce -0.5t04.0 v

1.7.6 Capacitance Measurement Condition

Symbol Parameter Min Typ Max Unit Conditions
CIN Input Capacitance 6 pF VIN=0V
CouTt Output Capacitance 8 pF VOUT=0V
CL Load Capacitance 30 pF
Input Rise And Fall time 5 ns
Input Pulse Voltage 0.1VCC to 0.8VCC v
Input Timing Reference Voltage 0.2vCC to 0.7VCC
Output Timing Reference Voltage 0.5vCC

Figure36. Input Test Waveform and Measurement Level

Maximum Negative Overshoot Waveform

205 20ms
VSS-2.0V ——
20ns
Maximum Positive Overshoot Waveform
20ns
VCC+2.0V ) r&
20ns 20ns
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1.7.7 DC Characteristics

(T=-40"C~85°C,VCC=2.70~3.60V)

Symbol Parameter Test Condition Min. | Typ Max. Unit
ILI Input Leakage Current ® +2 HA
ILO Output Leakage Current® +2 HA

CS#=VCC
ICC1 Standby Current VIN=VCC or VSS 12 40 HA
CS#=VCC
IcC2 Deep Power-Down Current | v/iN=VCC or VSS 0.1 4 HA
CLK=0.1VCC/0.9VCC at
108MHz, Q=Open(*1,*2,*4 15 20 mA
1/0)
CLK=0.1VCC/0.9VCC at
Icc3 Operating Current(Read) 80MHz, Q=Open(*1,%2,%4 3 18 mA
1/0)
CLK=0.1VCC/0.9VCC at
50MHZ,Q=Open(*1,*2,*4) ! 10 mA
Icca Operating Current(PP) CS#=VCC 30 mA
Iccs Operating Current(WRSR) CS#=VCC 30 mA
Icce Operating Current(SE) CS#=VCC 30 mA
Icc7 Operating Current(BE) CS#=VCC 30 mA
VIL Input Low Voltage -0.5 0.2vCC Vv
VIH Input High Voltage 0.7vCC VCC+0.4 v
VoL Output Low Voltage IOL=1.6mA 0.4 \%
VOH Output High Voltage |OH=-100uA VCC-0.2 Vv
Notes:

1. Tested on sample basis and specified through design and characterization data, T= 25° C.

2. Pattern 00 or FF. Typical values given for T=25°C. Value guaranteed by design and/or characterization, not
100% tested in production.
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1.7.8 AC Characteristics (T=-40°C~85°C,vVCC=2.70~3.60V, C.=30pF)

Symbol| Parameter Min. | Typ. | Max. | Unit
fC ?géigl) Clock Frequency For: Fast Read (0BH), Dual Output(3BH), Dual 1/0 108 MHz
fC1 Serial Clock Frequency For: Quad I/O(EBH), Quad Output(6BH) 86 MHz
fC2 Serial Clock Frequency For QPI (OBH, EBH) 72 MHz
R Serial Clock Frequency For: Read Data(03H), Read Identification ID(9FH), 79 MHz
Read Manufacture ID (90H)

tCLH Serial Clock High Time 45% PC ns
tCLL Serial Clock Low Time 45% PC ns
tCLCH | Serial Clock Rise Time(Slew Rate) 0.2 V/ns
tCHCL | Serial Clock Fall Time(Slew Rate) 0.2 V/ns
tSLCH | CS# Active Setup Time 5 ns
tCHSH | CS# Active Hold Time 5 ns
tSHCH | CS# Not Active Setup Time 5 ns
tCHSL | CS# Not Active Hold Time 5 ns
tSHSL | CS# High Time (read/write) 20 ns
tSHQZ | Output Disable Time 9 ns
tCLQX | Output Hold Time 1 ns
tDVCH | Data In Setup Time 2 ns
tCHDX | Data In Hold Time 2 ns
tHLCH | Hold# Low Setup Time(relative to Clock) 5 ns
tHHCH | Hold# High Setup Time(relative to Clock) 5 ns
tCHHL | Hold# High Hold Time(relative to Clock) 5 ns
tCHHH | Hold# Low Hold Time(relative to Clock) 5 ns
tCLQV | Clock Low To Output Valid 7.5 ns
tWHSL | Write Protect Setup Time Before CS# Low 20 ns
tSHWL | Write Protect Hold Time After CS# High 100 ns
tDP CS# High To Deep Power-Down Mode 0.1 HS
tRES1 | CS# High To Standby Mode Without Electronic Signature Read 20 kS
tRES2 | CS# High To Standby Mode With Electronic Signature Read 20 kS
tRST_R | CS# High To Next Command After Reset (from read) 20 kS
tRST_P | CS# High To Next Command After Reset (from program) 20 kS
tRST_E | CS# High To Next Command After Reset (from erase) 12 ms
tw Write Status Register Cycle Time 60 5000 | ms
tPP Page Programming Time 0.3 | 0.7 ms
tSE Sector Erase Time 60 5000 | ms
tBE; Block Erase Time(32K Bytes) 0.15| 1.2s S
tBE; Block Erase Time(64K Bytes) 0.25 | 1.6s S
tCE Chip Erase Time 22 60 S
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Note:
1. Clock high or Clock low must be more than or equal to 45%Pc. Pc=1/fC(MAX)
Maximum Serial Clock Frequencies are measured results picked at the falling edge.

3. Typical values given for TA=25°C. Value guaranteed by design and/or characterization, are not 100% tested in
production.

n

Figure 39. Serial Input Timing
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Figure 41. Hold Timing
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QPI_PSRAM
GENERAL DESCRIPTION

This Pseudo-SRAM device features a high speed, low pin count interface. It has 4 SDR I/0 pins and operates
in SPI (serial peripheral interface) or QPI (quad peripheral interface) mode with frequencies up to 109MHz. The
data input (A/DQ) to the memory relies on clock (CLK) to latch all instructions, addresses and data. It is most
suitable for low-power and low cost portable applications. It incorporates a seamless self-managed refresh
mechanism. Hence it does not require the support of DRAM refresh from system host. The self-refresh feature
is a special design to maximize performance of memory read operation.

Signal Table
All signals are listed in Table 2.
Table 2: Signals Table

Symbol | Type SPI Mode Function \ QPI Mode Function Comments
VDD Power Core supply 3.3V
VSS | Ground Core supply ground
CE# Input | Chip select, active low. When CE#=1, chip is in standby state
CLK Input Clock Signal
S1/S10[0] 10 Serial Input 10[0]
so/slo[1]| 10 Serial Output 10[1]
S10[2] 10 -- 10[2]
SI0[3] 10 -- 10[3]

Power-Up Initialization

SPI/QPI products include an on-chip voltage sensor used to start the self-initialization process. When VDD
reaches a stable level at or above minimum VDD, the device will require 150us and user-issued RESET Operation
(see section 12) to complete its self-initialization process. From the beginning of power ramp to the end of the
150ps period, CLK should remain LOW, CE# should remain HIGH (track VDD within 200mV) and SI/SO/SIO [3:0]
should remain LOW.

After the 150ps period the device is ready for normal operation.

VDDmin

T

| Device

k-

A

- Eal
Device Initialization Reset Device ready for normal operation

CE#

Figure 1. Power-Up Initialization Timing
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Interface Description
2.1.1. Address Space
SPI/QPI PSRAM device is byte - addressable. 64M device is addressed with A[22:0].

2.1.2. Page Size

Page size is 1K (CA[9:0]). Default burst setting is Linear Bursting that crosses page boundary in a continuous
manner. Note however that burst operations which can cross page boundary have a lower max input clock fre-
guency of 84MHz. Optionally the device can also be set to wrap 32 (CA[4:0]) via the Wrap Boundary Toggle
command and is not allowed to cross page boundary in this configuration.

2.1.3. Drive Strength
The device powers up in 50Q.
2.1.4. Power-on Status

The device powers up in SPI Mode. It is required to have CE# high before beginning any operations.

2.1.5. Command/Address Latching Truth Table

The device recognizes the following commands specified by the various input methods.

SPI Mode QPI Mode
Command Code |Cmd]|Addr | Wait Cycle | DIO|Max Freq. | Cmd|Addr | Wait Cycle [ DIO| Max Freq,.
Read 'h03 | S S 0 S 33 N/A
Fast Read 'hoB | S S 8 S 1109/84* | Q 4 Q 66
Fast Read Quad 'hEB| S | Q 6 Q | 109/84* | Q 6 Q | 109/84*
Write 'h02 | S S 0 S | 109/84* | Q 0 Q | 109/84*
Quad Write 'h38 | S Q 0 Q | 109/84* same as 'h02
Enter Quad Mode 'h35 | S - - - 109 N/A
Exit Quad Mode 'hF5 N/A Q - - 109
Reset Enable 'h66 | S - - - 109 Q - - 109
Reset 'h99 | S - - - 109 Q - - 109
Wrap Boundary Toggle| 'hCO | S - - - 109 Q - - 109
Read ID 'hoF | S S 0 S 109 N/A
Remark: S = Serial 10, Q =Quad 10
Note *:Max 109Mhz(PKG VDD= 3.3V+-10%) in Wrap Mode and Max 84Mhz(PKG VDD= 3.3V+-10%) in Linear
Burst Mode
If Max frequency 133Mhz(PKG VDD= 3.0V+-10%) requested, please contact XTX sales and FAE.
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2.1.6. Command Termination

All Reads & Writes must be completed by raising CE# high immediately afterwards in order to terminate
the active command and set the device into standby. Not doing so will block internal refresh operations and

cause memory failure.
' Write Teminated
CLK T /-

Data In -

Don't Care

Figure 2: Write Command Termination
For a memory controller to correctly latch the last piece of data prior to read termination, it is recom-
mended to provide a longer CE# hold time (tCHD > tACLK+tCLK) for a sufficient data window.

Read Teminated

CLK £ -

CE# ‘ \-—‘ CHD——»-|/¥ v / /

SO/SIOf] }@(

tACLK ‘ — (7 f—

High-Z——

Don't Care @ Undefined

Figure 3: Read Command Termination
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Wrap Boundary Toggle Operation

The Wrap Boundary Toggle Operation switches the device’s wrapped boundary between Linear Burst which
crosses the 1K page boundary (CA[9:0]) and wrap 32 (CA[4:0]) bytes. Default setting is Linear Burst.

Linear Burst allows the device to burst through page boundary. Page boundary crossing is invisible to the
memory controller and Linear Burst is limited to a lower max CLK frequency of 84MHz.
[.} 1 2 3 4 5 6 7
ex _ JUUUUUULL

|
|
I
CE# |
|
|

S|ZL§ 110 0 0 0 0o of/f
! .

S0 m&z High-Z

~+—— Wrap Boundary Toggle ('hC0) ——=

Don't Care m Undefined

Figure 4: SP1 Wrap Boundary Toggle 'hCO

0 1

CLK

|
|
CE# | /

\ )
|
(I
siop0] ///f ¢ o A
= Cmd =
WE Toggle('hC0)

Don't Care

Figure 5: QPl Wrap Boundary Toggle ‘hCO
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SPI Mode Operations

The device powers up into SPI mode by default but can also be switched into QPI mode.

2.1.7. SPIRead Operations

For all reads, data will be available tACLK after the falling edge of CLK.

SPI Reads can be done in three ways:

1. *h03: Serial CMD, Serial 10, slow frequency, with linear or burst wrap of 32 byte configurability.
2. ‘hOB: Serial CMD, Serial IO, fast frequency, with burst wrap of 32 byte.

3. ‘hEB: Serial CMD, Quad 10, fast frequency, with burst wrap of 32 byte.

29 30 31 32 33 34 3B 3B/ 3T 38 39 40 41 42 43

oL HFHFHTHTHHFTFHHHTHTFHFHFHT(

N o

e ill'..'||||||'.|'||i||.|'$||| Q!IIIII.' |||| ||_1\||| aphnhnhLny
= E E \if] E :.l..._w X

. @M’ﬁ&“—“ﬁ@ = “ x’ff/’fff‘?fffﬁ’fﬁz’x"ff;’fff?fﬁ}" LI L,
> f ) 5 N BOBBOEN00

Dorit Care B undeted

Figure 7: 5Pl Fast Read 'hOB (max freq 133 MHz)
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Figure 8: 5Pl Fast Quad Read ‘hEB (max freq 133 MHz)
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2.1.8. SPI Write Operations

SPI write command can be input as ‘h02 or ‘h38.

29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

« QUL U U U T
i S i

NIRRT a6 G 30000800000
o T80 N —

I\
[——— Wiite Command (‘h02) ————{-=———24bit Address Data In 1 Dataln2

)
Don't Care B Undefined

_'\

[

l

1

CE# \ |
. t

|
|

Figure 9: SPI Write ‘h02
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| ] | | i |
| | | | | |
| ) T i I f 1 i \
SISIO0 oft 1 1l0 o ofofwf sfsfoLsfofafofafoYs)o)
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0600 i | f \ f \
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| | | | | ' | | Y
8103 @@ Hign-Z 23:19:1'15:(11}TE,31-?}(,3+?)(3:”“-H,H'
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Figure 10: SPI Quad Write ‘h38
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2.1.9. SPI Quad Mode Enable Operation

This command switches the device into quad 10 mode.

I=+— Enter Quad Mode Cmd ('h35) ——={

Don't Care m Undefined

Figure 11: Quad Mode Enable ‘h35 (available only in SPI mode)
2.1.10. SPI Read ID Operation

This command is similar to Fast Read, but without the wait cycles and the device outputs EID value instead
of data.

2 3 4 5 6 7 8 9 10 11 12 13 #

I_II_I—I—I—I—IHI_II_II—I—I—I_II_II_I)W

CLK

| bl
Mo o/7 7T 1////////////////////,-.g////////////// e
%Lﬁ ik ! e acaanaanaonoao iR
Resd D (hoF) it Aoz VE 1D (R0 KGD (48D) . /
/ T U U LU U L U U U LU LU U UL
'..\ B %
S
00107 EDp4q) b ]
EID[7:45]
ferso) pomicae [ tndeines

Figure 12: SPI Read ID ‘h9F (available only in SPI mode)

Table 3: Known Good Die (KGD)

KGD[7:0] Known Good Die
‘b0101_0101 FAIL
‘b0101_1101 PASS

*Note: Default is FAIL die, and only mark PASS after all tests passed.
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QPI Mode Operations

2.1.11. QPI Read Operation

For all reads, data will be available tACLK after the falling edge of CLK.
QPI Reads can be done in one of two ways:

1. *hOB: Quad CMD, Quad IO, slow frequency

2. ‘hEB: Quad CMD, Quad 10, fast frequency

GLK_;UL{UJUJL;LILULMJUJL
I I I |g tACLK
CEf  \ | : | 'F.
l l l \
sio0] ///f 0 :EE:E:E{?E:E — |\‘ 30 ?4@
Cmdi- —24b|lAddress—--—WaitCyde54—‘ = Dout1 #===Dout? =

Fast Read (h0B)

Don't Care @ Undefined

Figure 13: QPI Fast Read ‘h0B (max freq 66 MHz)

U

Mmﬂmﬁfm

| 1 I
_ | | |
ces | : : ! I."
T T T [
I I I |
T T B —
SI0[3:0) E | B foa0fias)ii2] 18] 74 | 30 High-Z \"H:{s:_n——?:ﬂf 30}
[, TS S— (W —
Cmd ===——— 24bit Address bl Wait Cycles - = Diogt] == Dout2 =

Fast Quad Read ('hEB)

Don't Care m Undefined

Figure 14: QPI Fast Quad Read ‘hEB (max freq 133 MHz)
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2.1.12. QPI Write Operation(s)

QPI'write command can be input as ‘h02 or ‘*h38.

CE#
SIO[3:0] A 3 | 8 jeanolionsftsizf 118) 74 | 30474 | 30474 ,1:{3:[] ]
Cmd 24bit Address Dout1 Dout2»

QPI Write (h02 or 38)

Don't Care

Figure 15: QPI Write ‘h02 or ‘h38
2.1.13. QPI Quad Mode Exit operation
This command will switch the device back into serial 10 mode.

0 1

CLK

|
|
o f
\ {
Voo /

e

CE#

|
——y r
siop0] 7//4 F Y 5 ¥/,
= Cmd =
QuadMode Exit (hF5)

Don't Care

Figure 16: Quad Mode Exit ‘hF5 (only available in QPI mode)
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Reset Operation
The Reset operation is used as a system (software) reset that puts the device in SPI standby mode which is also

the default mode after power - up. This operation consists of two commands: Reset - Enable (RSTEN) and Re-
set (RST).

0

_EUJUJLULLUJUJUULL

—, : —
CE# \ ! [

/ |
! J !

s /A nllJ [ 1o of 1t 1\ o/ ; o of1 1o of1 Y/
50 mﬁé High-Z i

[<—— Reset Enable Cmd ('h66) - Reset Cmd (h99) ————==
Don't Care Undefined

Figure 17: SPI Reset
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f Y\
{ Y
i

CE2 |\

4

| |

| |

l L

: :

I L
siox0) /e )6 1//9] 2]
-r{)md- *Cmd-
RSTEN (h66)  RST (hgg)

Don't Care

Figure 18: QPI Reset

Reset command has to immediately follow the Reset-Enable command in order for the reset operation to take
effect. Any command other than the Reset command after the Reset-Enable command will cause the device to
exit Reset-Enable state and abandon reset operation.
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Input/ Output Timing
. lcsp W}S \ L i-q‘CHD‘" '+
o Lk sy 1/////, SN 1/
S /////j( . EB'" M S /7 QLI (/I

S0 m :1 High-Z
Don't Care m Undefined

Figure 19: Input Timing
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Figure 20: Output Timing

ERS

Rev 0.2 7/13/2020 Page 74



X5 iminary vers|
[ | 3.0V SPI NOR + QPI pSRAM Preliminarv Version XT70F64B64A

Electrical Specifications
2.1.14. Absolute Maximum Ratings

Table4: Absolute Maximum Ratings

Parameter Symbol Rating Unit Notes
Voltage to any ball except VDD relative to VSS VT -0.4to VDD+0.4 V
Voltage on VDD supply relative to VSS VDD -0.4to +4.0 V 2
Storage Temperature TSTG -55 to +150 °C 1

Notes 1: Storage temperature refers to the case surface temperature on the center/top side of the PSRAM.
Notes 2: During voltage transitions, all pins may overshoot to -0.5V or VCC+0.5V for period up to 20ns.
Caution:

Exposing the device to stress above those listed in Absolute Maximum Ratings could cause permanent
damage. The device is not meant to be operated under conditions outside the limits described in the oper-

ational section of this specification. Exposure to Absolute Maximum Rating conditions for extended peri-
ods may affect device reliability.

2.1.15. Pin Capacitance

Table 5: Package Pin Capacitance

Parameter Symbol Min Max Unit Notes
Input Pin Capacitance CIN 6 pF VIN=0V
Output Pin Capacitance CouT 8 pF VOUT=0V

Notel: spec’d at 25°C.

Table 6: Load Capacitance

Parameter Symbol Min Max Unit Notes
Load Capacitance CL 20 pF
Notel: System CL for the use of package

2.1.16. Operating Conditions

Table 8: Operating Characteristics

Parameter Min Max Unit Notes
Operating Temperature (extended) -40 105 °C 1
Operating Temperature (standard) -40(-25) 85 °C

Notel: spec’d temp range of -40 to 105°C is only characterized; test condition will be -32 to 105°C.
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2.1.17. DC Characteristics

Table 9: DC Characteristics

Symbol Parameter Min Max Unit Notes
VDD Supply Voltage 2.7 3.6 V
VIH Input high voltage VDD-0.4 VDD+0.3 \Y
VIL Input low voltage -0.3 0.4 V
VOH Output high voltage (IOH=-0.2mA) 0.8 VDD \Y
VOL Output low voltage (I0L=+0.2mA) 0.2VvDD V
ILI Input leakage current 1 pA
ILO Output leakage current 1 pA
ICC Read/Write 7 mA 1,2
ISBEXT |Standby current (extended temp) 350 pA 3
ISBSTD  |Standby current (standard temp) 250 pA 3
ISBSTDroom |Standby current (standard room temp) 140 pA 34

Note: 1. Output load current notincluded.
2. Typical Icc 5.5mA at 109Mhz

3. Standby current is measured when CLK is in DC low state.
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2.1.18. AC Characteristics

Table 10: READ/WRITE Timing

Symbol Parameter Min | Max Unit Notes
CLK period - SPI Read (‘h03) 30.3 33MHz
CLK period - QPI Read (‘hOB) 15.1 66Mhz
CLK period - all other operations 11.9 84MHz*1,
CLK period - all other operations PKG 3V 7.5 109MHz*1,2,3
tCLK  |CLK period - all other operations PKG 3.3V 9.17 109MHz*2,3
tCH/tCL [Clock high/low width 0.45 | 0.55 |tCLK(min)
tKHKL  CLK rise or fall time 1.5 ns 3
tCPH  CE# HIGH between subsequent burst 18 ns
operations
tCEM  |CE# low pulse width 4 S Extended grade
8 Standard grade
tCSP  |CE# setup time to CLK rising edge 2.5 ns
tCHD CE# hold time from CLK rising edge SIP 2.5 ns 1
CE# hold time from CLK rising edge PKG 3.0 ns 2
tSP [Setup time to active CLK edge 2 ns
tHD  Hold time from active CLK edge 2 ns
tHZ  Chip disable to DQ output high-Z 5.5 ns
tACLK |CLK to output delay 2 5.5 ns
tKOH |Data hold time from clock falling edge 15 ns
Time between end of RST CMD to next val-
tRST  [idCMD 50 ns
Note

1: Only non-Wrapped type bursts allow page boundary crossing. Frequency limits are therefore
109MHz max without crossing page boundary, and
84MHz max when burst commands cross page boundary

2: System max CL 20pF for the use of package. Frequency limits are therefore 109MHz (PKG
VDD=3.3V+-10%) max without crossing page boundary, and 84MHz max when burst commands
cross page boundary

3: For operating frequencies >84MHz, it is highly recommended to utilize CLK falling edge to sam-
ple read data or align sampling clock via data pattern tuning (refer to JEDEC JESD84-B50 for an
example).

4: Measured from 20% to 80% of VDD
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REVISION HISTORY

Revision Description Date
0.1 Preliminary release May 30,2020
0.2 Revised Max frequency from 133Mhz to 109Mhz Jul 13, 2020
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