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GENERAL DESCRIPTIONS

The DS25Q4AA (128M-bit) Serial Flash memory provides a storage solution for systems with
limited space, pins and power. The 25 series offers flexibility and performance well beyond
ordinary Serial Flash devices. They are ideal for code shadowing to RAM, executing code directly
from Dual/Quad SPI (XIP) and storing voice, text and data. The device operates on a single 2.7V
to 3.6V power supply with current consumption as low as 22uA standby current and 1pA for
power-down. All devices are offered in space- saving packages.

The DS25Q4AA array is organized into 65536 programmable pages of 256-bytes each. Up to 256
bytes can be programmed at a time. Pages can be erased in groups of 16 (4KB sector erase),
groups of 128 (32KB block erase), groups of 256 (64KB block erase) or the entire chip (chip erase).
The DS25Q4AA has 4096 erasable sectors and 256 erasable blocks respectively. The small 4KB
sectors allow for greater flexibility in applications that require data and parameter storage. (See
Figure 2.)

The DS25Q4AA support the standard Serial Peripheral Interface (SPI), Dual/Quad 1/0 SPI as well
as 2-clocks instruction cycle Quad Peripheral Interface (QPI) as well as Double Transfer
Rate(DTR) : Serial Clock, Chip Select, Serial Data /00 (DI), I/O1 (DO), /02 (/WP), and I/O3
(/HOLD). SPI clock frequencies of up to 133MHz are supported allowing equivalent clock rates of
266MHz for Dual I/0 and 512MHz for Quad I/O when using the Fast Read Dual/Quad 1/0 and QPI
instructions. These transfer rates can outperform standard Asynchronous 8 and 16-bit Parallel
Flash memories. The Continuous Read Mode allows for efficient memory access with as few as 8-
clocks of instruction-overhead to read a 24-bit address, allowing true XIP (execute in place)
operation.

A Hold pin, Write Protect pin and programmable write protection, with top or bottom array
control, provide further control flexibility. Additionally, the device supports JEDEC standard
manufacturer and device ID and SFDP Register, a 128-bit Unique Serial Number and 3x1024bytes
Security Registers.

FEATURES
New Family of SPI Flash Memories e Low Power Consumption
— DS25Q4AA: 128M-bit /16M-byte — Full voltage range: 2.7-3.6V
— Standard SPI: CLK, /CS, DI, DO, /WP, /Hold — 22pA typical standby current
— Dual SPI: CLK, /CS, 10, 101, /WP, /Hold — 1pA typical deep power down current

— Quad SPI: CLK, /CS, 10o, 101, 102, 103
— QPI: CLK, /CS, 100, 104, 102, 103
— DTR(Double Transfer Rate) Read

e Wide Temperature Range
—-40°C to +85°C operating range
—-40°C to +105°C operating range

e Highest Performance Serial Flash —-40°C to +125°C operating range

— 133MHz Single, Dual/Quad SPI clocks e Flexible Architecture with 4KB sectors
— More than 100,000 erase/program cycles — Uniform Sector of 4K-Byte

— More than 20-year data retention — Uniform Block of 32/64K-Byte

—Burst Read with 8/16/32/64 Byte Wrap « Advanced Security Features

« Efficient “Continuous Read” and QPI Mode — Write protect all/portion of memory via

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

- Quad Periphera| Interface (QP|) reduces — Enable/Disable protection with WP# Pin
instruction overhead — Top/Bottom Block protection

— Allows true XIP (execute in place) operation — 128-Bit Unique ID for each device

— Support Serial Flash Discoverable Parameters
(SFDP) signature

— 3 sets of OTP lockable 1024 byte security
pages

— Volatile & Non-volatile Status Register Bits

e Space Efficient Packaging

— 8-pin SOP 208-mil

— 8-pad WSON 6x5-mm

— 8-pin WLCSP

— Contact Dosilicon for KGD and other options

High performance program/erase speed
— Page program time: 0.5ms typical
— Sector erase time: 45ms typical
— Block Erase time: 0.15s/0.25s typical
— Chip erase time: 50 seconds typical

6 Rev.05 (Apr.30.2024)
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3. PACKAGE TYPES AND PIN CONFIGURATIONS

3.1. Pin Configuration SOP 208-mil

Ics |:65
@& []2
152 []3
vss [ |a

Top View

5

] vec
] BE5Pra03)
] sck
1 8

Figure 1a. 8-pin SOP 208-mil

3.2. Pad Configuration WSON 6x5-mm

Cs# |1

(ﬁ)q} 2 4

Top View

163 [3]

WSS | 4

Figure 1b. 8-pad WSON 6x5-mm

3.3. Pin Configuration Ball WLCSP

Figure 1c. DS25Q4AA Pad Assignments, 16Ball WLCSP(Bottom View)
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3.4. Pin Description SOP 208-mil, WSON 6x5-mm, WLCSP

Table 1. Pin Description for SOP8/WSONS8 Package

DS25Q4AA

PIN NO. PIN NAME 110 FUNCTION
1 ICS | Chip Select Input
2 DO (I01) I/0 Data Output (Data Input Output 1)
3 /WP (102) I/0 Write Protect Input ( Data Input Output 2)@
4 GND Ground
5 DI (100) I/0 Data Input (Data Input Output 0)®
6 CLK | Serial Clock Input
7 /R/ESEL%ga) 110 Hold or Reset Input (Data Input Output 3)?
8 \Y/ele; Power Supply

Notes:

1. 100 and 101 are used for Standard and Dual SPI instructions
2. 100 - 103 are used for Quad SPI instructions, /WP & /HOLD (or /RESET) functions are only available for Standard/Dual SPI.

Table 2. Pin Description for WLCSP Package

Pin No. Pin Name 1/0 Description
A2 /CS | Chip Select Input
B2 SO (101) 1/0 Data Output (Data Input Output 1)
Cc2 /WP (102) 1/0 Write Protect Input (Data Input Output 2)
D2 VSS Ground
D1 SI (100) 1/0 Data Input (Data Input Output 0)
c1 SCLK | Serial Clock Input
B1 /HOLD or 1/0 Hold or Reset Input (Data Input Output 3)
/RESET (103)
Al VCC Power Supply

Note: CS# must be driven high if chip is not selected. Please don’t leave CS# floating any time after

power is on.

Rev.05 (Apr.30.2024)
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4. PIN DESCRIPTIONS
4.1. Chip Select (/CS)

The SPI Chip Select (/CS) pin enables and disables device operation. When /CS is high the device is
deselected and the Serial Data Output (DO, or 100, 101, 102, 103) pins are at high impedance. When
deselected, the devices power consumption will be at standby levels unless an internal erase, program
or write status register cycle is in progress. When /CS is brought low the device will be selected, power
consumption will increase to active levels and instructions can be written to and data read from the
device. After power-up, /CS must transition from high to low before a new instruction will be accepted.

4.2. Serial Data Input, Output and I0s (DI, DO and 100, 101, 102, 103)

The DS25Q4AA supports standard SPI, Dual SPI and Quad SPI operation. Standard SPI instructions
use the unidirectional DI (input) pin to serially write instructions, addresses or data to the device on the
rising edge of the Serial Clock (CLK) input pin. Standard SPI also uses the unidirectional DO (output) to
read data or status from the device on the falling edge of CLK.

Dual and Quad SPI instructions use the bidirectional 10 pins to serially write instructions, addresses or
data to the device on the rising edge of CLK and read data or status from the device on the falling edge
of CLK. Quad SPI instructions require the non-volatile Quad Enable bit (QE) in Status Register-2 to be
set. When QE=1, the /WP pin becomes 102 and /HOLD pin becomes|03.

4.3. Write Protect (/WP)

The Write Protect (/WP) pin can be used to prevent the Status Register from being written. Used in
conjunction with the Status Register’s Block Protect (CMP, SEC, TB, BP2, BP1 and BPO0) bits and
Status Register Protect (SRP) bits, a portion as small as a 4KB sector or the entire memory array can
be hardware protected. The /WP pin is active low. When the QE bit of Status Register-2 is set for Quad
I/O, the /WP pin function is not available since this pin is used for 102. See Figure la-b for the pin
configuration of Quad I/O operation.

4.4, HOLD (/HOLD) or Reset(/RESET)

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

The /RESET pin allows the device to be reset by the controller. For 8-pin packages, when QE=0, the

103 pin can be configured either as a /HOLD pin or as a /RESET pin depending on Status Register
setting. When QE=1, the /HOLD or /RESET function is not available for 8-pin configuration.

4.5. Serial Clock (CLK)

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

9 Rev.05 (Apr.30.2024)
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5. BLOCK DIAGRAM
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Figure 2. DS25Q4AA Serial Flash Memory Block Diagram
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6. FUNCTIONAL DESCRIPTIONS
6.1. SPI/ QPI Operations

( Power On )

Reset (66h+99h) ‘l‘ Reset (66h+99h)

Initialization

!

Standard SPI Enable QPI(38h)
Dual SPI QPI
Quad SPI Disable QPI(FFh) Operations

Operations

[ Device

Figure 3. DS25Q4AA Serial Flash Memory Operation Diagram

6.1.1. Standard SPI Instructions

The DS25Q4AA is accessed through an SPI compatible bus consisting of four signals: Serial Clock
(CLK), Chip Select (/CS), Serial Data Input (DI) and Serial Data Output (DO). Standard SPI instructions
use the DI input pin to serially write instructions, addresses or data to the device on the rising edge of
CLK. The DO output pin is used to read data or status from the device on the falling edge of CLK.

SPI bus operation Mode 0 (0,0) and 3 (1,1) are supported. The primary difference between Mode 0 and
Mode 3 concerns the normal state of the CLK signal when the SPI bus master is in standby and data is
not being transferred to the Serial Flash. For Mode 0, the CLK signal is normally low on the falling and
rising edges of /CS. For Mode 3, the CLK signal is normally high on the falling and rising edges of /CS.

6.1.2. Dual SPI Instructions

The DS25Q4AA supports Dual SPI operation when using instructions such as “Fast Read Dual Output
(3Bh)” and “Fast Read Dual 1/0O (BBh)". These instructions allow data to be transferred to or from the
device at two to three times the rate of ordinary Serial Flash devices. The Dual SPI Read instructions
are ideal for quickly downloading code to RAM upon power-up (code-shadowing) or for executing non-
speed-critical code directly from the SPI bus (XIP). When using Dual SPI instructions, the DI and DO
pins become bidirectional 1/0O pins: 100 and I01.
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6.1.3. Quad SPI Instructions

The DS25Q4AA supports Quad SPI operation when using instructions such as “Fast Read Quad
Output (6Bh)”, “Fast Read Quad I/O (EBh)”, and “Word Read Quad I/0O (E7h)". These instructions allow
data to be transferred to or from the device four to six times the rate of ordinary Serial Flash. The Quad
Read instructions offer a significant improvement in continuous and random access transfer rates
allowing fast code-shadowing to RAM or execution directly from the SPI bus (XIP). When using Quad
SPI instructions the DI and DO pins become bidirectional 100 and 101, and the /WP and /HOLD pins
become 102 and 103 respectively. Quad SPI instructions require the non- volatile Quad Enable bit (QE)
in Status Register-2 to be set.

6.1.4. QPIInstructions

The DS25Q4AA supports Quad Peripheral Interface (QPI) operations only when the device is switched
from Standard/Dual/Quad SPI mode to QPI mode using the “Enter QPI (38h)” instruction. The typical
SPI protocol requires that the byte-long instruction code being shifted into the device only via DI pin in
eight serial clocks. The QPI mode utilizes all four IO pins to input the instruction code, thus only two
serial clocks are required. This can significantly reduce the SPI instruction overhead and improve
system performance in an XIP environment. Standard/Dual/Quad SPI mode and QPI mode are
exclusive. Only one mode can be active at any given time. “Enter QPI (38h)” and “Exit QPI (FFh)”
instructions are used to switch between these two modes. Upon power-up or after a software reset
using “Reset (99h)” instruction, the default state of the device is Standard/Dual/Quad SPI mode. To
enable QPI mode, the non-volatile Quad Enable bit (QE) in Status Register-2 is required to be set.
When using QPI instructions, the DI and DO pins become bidirectional I00 and 101, and the /WP and
/HOLD pins become 102 and 103 respectively. See Figure 3 for the device operation modes.

6.1.5. Single, Dual Quad / QPI DTR Read Instructions

To effectively improve the read operation throughput without increasing the serial clock frequency,
DS25Q4AA introduces multiple DTR (Double Transfer Rate) Read instructions that support Single, Dual
Quad SPI and QPI modes. The byte-long instruction code is still latched into the device on the rising
edge of the serial clock. Once a DTR instruction code is accepted by the device, the address input and
data output will be latched on both rising and falling edges of the serial clock.

6.1.6. Hold Function

For Standard SPI and Dual SPI operations, the /[HOLD signal allows the DS25Q4AA operation to be
paused while it is actively selected (when /CS is low). The /HOLD function may be useful in cases where
the SPI data and clock signals are shared with other devices. For example, consider if the page buffer
was only partially written when a priority interrupt requires use of the SPI bus. In this case the /HOLD
function can save the state of the instruction and the data in the buffer so programming can resume
where it left off once the bus is available again. The /HOLD function is only available for standard SPI
and Dual SPI operation, not during Quad SPI or QPI. The Quad Enable Bit QE in Status Register-2 is
used to determine if the pin is used as /HOLD pin or data I/O pin. When QE=0 (factory default), the pin
is /[HOLD, when QE=1, the pin will become an I/O pin, /HOLD function is no longer available.

To initiate a /HOLD condition, the device must be selected with /CS low, and then driving /HOLD
low/high, /HOLD condition will activate/terminate at the next rising edge of CLK. During a /HOLD
condition, the Serial Data Output (DO) is high impedance, and Serial Data Input (DI) and Serial
Clock (CLK) are ignored. The Chip Select (/CS) signal should be kept active (low) for the full duration
of the /HOLD operation to avoid resetting the internal logic state of the device.
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6.1.7. Software Reset & Hardware /RESET pin

The DS25Q4AA can be reset to the initial power-on state by a software Reset sequence, either in SPI
mode or QPIl mode. This sequence must include two consecutive commands: Enable Reset (66h) &
Reset (99h). If the command sequence is successfully accepted, the device will take approximately
30usS (trsT) to reset. No command will be accepted during the resetperiod.

DS25Q4AA can also be configured to utilize a hardware /RESET pin. The HOLD/RST bit in the Status
Register-3 is the configuration bit for /HOLD pin function or RESET pin function. When HOLD/RST=0
(factory default), the pin acts as a /HOLD pin as described above; when HOLD/RST=1, the pin acts as
a /RESET pin. Drive the /RESET pin low for a minimum period of ~1us (tRESET*) will reset the device
to its initial power-on state. Any on-going Program/Erase operation will be interrupted and data
corruption may happen. While /RESET is low, the device will not accept any command input.(Figure 50)

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

Hardware /RESET pin has the highest priority among all the input signals. Drive /RESET low for a
minimum period of ~1us (tRESET*) will interrupt any on-going external/internal operations, regardless
the status of other SPI signals (/CS, CLK, 10s, /WP and/or /HOLD).

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

The DS25Q4AA provide the following data protection methods:

1, 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 / Software Reset (66H+99H)

-Write Disable (WRDI)

-Write Status Register (WRSR)

-Page Program (PP) / Quad Page Program (QPP) / Program Security Register (PER)
-Sector Erase (SE) / Block Erase (BE) / Chip Erase (CE) / Erase Security Register (ESR)

2, Software Protection Mode: The Block Protect bits (CMP, SEC, TB, BP2, BP1, and BPO0)
define the section of the memory array that can be read but not changed.

3, Hardware Protection Mode: WP# goes low to protect the Block Protect bits (CMP, SEC, TB,
BP2, BP1, and BP0) and the SRP bits (SRP1 and SRPO).

4, Deep Power-Down Mode: In Deep Power-Down Mode, all commands are ignored except the
Release from Deep Power-Down Mode command and Software Reset (66H+99H).

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

Software controlled write protection is facilitated using the Write Status Register instruction and
setting the Status Register Protect (SRPO, SRP1) and Block Protect (CMP, SEC, TB, BP[2:0])
bits. These settings allow a portion or the entire memory array to be configured as read only.
Used in conjunction with the Write Protect (/WP) pin, changes to the Status Register can be
enabled or disabled under hardware control. See Status Register section for further information.
Additionally, the Deep Power-down instruction offers an extra level of write protection as all
instructions are ignored except for the Release Power-down and software reset instruction.
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7. STATUS REGISTERS

Three Status and Configuration Registers are provided for DS25Q4AA. The Read Status Register- 1/2/3
instructions can be used to provide status on the availability of the flash memory array, whether the
device is write enabled or disabled, the state of write protection, Quad SPI setting, Security Register lock
status, Erase/Program Suspend status and output driver strength. The Write Status Register instruction
can be used to configure the device write protection features, Quad SPI setting, Security Register OTP
locks, Hold/Reset functions, output driver strength and power- up Address Mode. Write access to the
Status Register is controlled by the state of the non-volatile Status Register Protect bits (SRP0O, SRP1),
the Write Enable instruction, and during Standard/Dual SPI operations, the /WP pin.

7.1. Status Registers

S7 S6 S5 S4 S3 S2 S1 SO

SRPO | SEC B BP2 | BP1 BPO | WEL | BUSY

Status Register Protect 0
(Volatile/Non-Volatile Writable)

Sector Protect Bit
(Volatile/Non-Volatile Writable)

Top/Bottom Protect Bit
(Volatile/Non-Volatile Writable)

Block Protect Bits
(Volatile/Non-Volatile Writable)

Write Enable Latch
(Status-Only)

Erase/Write In Progress
(Status-Only)

Figure 4a. Status Register-1
7.1.1. Erase/Write In Progress (BUSY) — Status Only

BUSY is a read only bit in the status register (S0) that is set to a 1 state when the device is executing a
Page Program, Quad Page Program, Sector Erase, Block Erase, Chip Erase, Write Status Register or
Erase/Program Security Register instruction. During this time the device will ignore further instructions
except for the Read Status Register and Erase/Program Suspend instruction (see tw, tpP, tSE, tBg, and
tceE in AC Characteristics). When the program, erase or write status/security register instruction has
completed, the BUSY bit will be cleared to a 0 state indicating the device is ready for further instructions.

7.1.2. Write Enable Latch (WEL) — Status Only

Write Enable Latch (WEL) is a read only bit in the status register (S1) that is set to 1 after executing a
Write Enable Instruction. The WEL status bit is cleared to 0 when the device is write disabled. A write
disable state occurs upon power-up or after any of the following instructions: Write Disable, Page
Program, Quad Page Program, Sector Erase, Block Erase, Chip Erase, Write Status Register, Erase
Security Register and Program Security Register.

7.1.3. Block Protect Bits (BP2, BP1, BP0) — Volatile/Non-Volatile Writable

The Block Protect Bits (BP2, BP1, BP0) are non-volatile read/write bits in the status register (S4, S3,
and S2) that provide Write Protection control and status. Block Protect bits can be set using the Write
Status Register Instruction (see tw in AC characteristics). All, none or a portion of the memory array can
be protected from Program and Erase instructions (see Status Register Memory Protection table). The
factory default setting for the Block Protection Bits is 0, none of the array protected.

7.1.4. Top/Bottom Block Protect (TB) — Volatile/Non-Volatile Writable

The non-volatile Top/Bottom bit (TB) controls if the Block Protect Bits (BP2, BP1, BPO) protect from the
Top (TB=0) or the Bottom (TB=1) of the array as shown in the Status Register Memory Protection table.
The factory default setting is TB=0. The TB bit can be set with the Write Status Register Instruction
depending on the state of the SRP0, SRP1 and WEL bits.
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7.1.5. Sector/Block Protect Bit (SEC) — Volatile/Non-Volatile Writable

The non-volatile Sector/Block Protect bit (SEC) controls if the Block Protect Bits (BP2, BP1, BPO)
protect either 4KB Sectors (SEC=1) or 64KB Blocks (SEC=0) in the Top (TB=0) or the Bottom (TB=1)
of the array as shown in the Status Register Memory Protection table. The default setting is SEC=0.

7.1.6. Complement Protect (CMP) — Volatile/Non-Volatile Writable

The Complement Protect bit (CMP) is a non-volatile read/write bit in the status register (S14). It is
used in conjunction with SEC, TB, BP2, BP1 and BPO bits to provide more flexibility for the array
protection. Once CMP is set to 1, previous array protection set by SEC, TB, BP2, BP1 and BPO will
be reversed. For instance, when CMP=0, a top 64KB block can be protected while the rest of the
array is not; when CMP=1, the top 64KB block will become unprotected while the rest of the array
become read-only. Please refer to the Status Register Memory Protection table for details. The default

setting is CMP=0.

7.1.7. Status Register Protect (SRP1, SRPO) — Volatile/Non-Volatile Writable

The Status Register Protect bits (SRP1 and SRPO0) are non-volatile read/write bits in the status
register (S8 and S7). The SRP bits control the method of write protection: software protection,
hardware protection, power supply lock-down or one time programmable (OTP) protection.

SRP1 | SRPO | /WP Status Description
Register
Software /WP pin has no control. The Status register can be
0 0 X Protection written to after a Write Enable instruction, WEL=1.
[Factory Default]
0 1 0 Hardware When /WP pin is low the Status Register lockedand
Protected cannot be written to.
Hardware When /WP pin is high the Status register is unlocked
0 1 1 Unbrotected and can be written to after a Write Enable instruction,
P WEL=1.
Power Status Register is protected and cannot be writtento
1 0 X Supply again until the next power-down, power-up cycle.®
Lock-Down
1 1 X One Time Status Register is permanently protected and cannotbe
Notes:

1. When Non-Volatile SRP1, SRPO = (1, 0), a power-down, power-up cycle will change Volatile SRP1, SRPO to (0, 0) state.
2. This feature is available upon special order. Please contact Dosilicon for details.
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S15 814 S13  S12  S11 S10 S9 S8

SUsl | CMP | LB3 | LB2 | LB1 Jsus2 | QE | SRP1

Suspend Status1(Status-Only) —

Complement Protect
(Volatile/Non-Volatile Writable)

Security Register Lock Bits
(Non-Volatile OTP Writable)

Suspend Status2(Status-only)

Quad Enable
(Volatile/Non-Volatile Writable)

Status Register Protect 1
(Volatile/Non-Volatile Writable)

Figure 4b. Status Register-2

7.1.8. Erase/Program Suspend Status (SUS) —SUS1, SUS2 bits- Status Only

The SUS1 and SUS2 bits are read only bits in the status register (S15 and S10) that are set to 1 after
executing an Erase/ Program Suspend (75H) command (The Erase Suspend will set the SUS1 bit to 1,
and the Program Suspend will set the SUS2 bit to 1). The SUS1 and SUS2 bits are cleared to 0 by
Erase/Program Resume (7AH) command, software reset (66H+99H) command, as well as a power-
down, power-up cycle.

7.1.9. Security Register Lock Bits (LB3, LB2, LB1) — Non-Volatile OTP Writable

The Security Register Lock Bits (LB3, LB2, LB1) are non-volatile One Time Program (OTP) bits in
Status Register (S13, S12, S11) that provide the write protect control and status to the Security
Registers. The default state of LB3-1 is 0, Security Registers are unlocked. LB3-1 can be set to 1
individually using the Write Status Register instruction. LB3-1 are One Time Programmable (OTP), once
it's set to 1, the corresponding 1024-Byte Security Register will become read-only permanently. LB[3:1]
cannot be changed from “1” to “0” because of the OTP protection for these bits.

7.1.10. Quad Enable (QE) — Volatile/Non-Volatile Writable

The Quad Enable (QE) bit is a non-volatile read/write bit in the status register (S9) that allows Quad SPI
and QPI operation. When the QE bit is set to a O state, the /WP pin and /HOLD are enabled. When
the QE bit is set to a 1, the Quad 102 and |03 pins are enabled, and /WP and /HOLD functions are
disabled.

QE bit is required to be set to a 1 before issuing an “Enter QPI (38h)” to switch the device from
Standard/Dual/Quad SPI to QPI, otherwise the command will be ignored.

WARNING: If the /WP or /HOLD pins are tied directly to the power supply or ground during
standard SPI or Dual SPI operation, the QE bit should never be settoa 1.
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/HOLD or /RESET Function |

(Volatile/Non-\Volatile Writable)

Output Driver Strength
{Volatile/Non-Volatile Writable)

Reserved

§23 S22 s21

S$20 519 s518 517 Sl1e

Hold| DR DR
JRST| Vi Vo

(R)

(R)

Figure 4c. Status Register-3

7.1.11. Output Driver Strength (DRV1 & DRVO0) — Volatile/Non-Volatile Writable
The Oupput Driver Strength (DRV1 & DRVO) bits are used to determine the output driver strength for the

Read operations.

DRV1 DRVO Driver Strength
0 0 25%
0 1 50%
1 0 75%(default)
1 1 100%

7.1.12. /[HOLD or /RESET Pin Function (HOLD/RST) - Volatile/Non-Volatile Writable

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

7.1.13. Reserved Bits — Non Functional

There are a few reserved Status Register bits that may be read out as a “0” or “1”. It is recommended to
ignore the values of those bits. During a “Write Status Register” instruction, the Reserved Bits can be
written as “0”, but there will not be any effects.
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7.1.14. DS25Q4AA Status Register Memory Protection (CMP =0)
Status Register Content Memory Content

SEC TB BP2 BP1 BPO Blocks Addresses Density Portion
X X 0 0 0 NONE NONE NONE NONE
0 0 0 0 1 252 to 255 FCOOOOH-FFFFFFH 256KB Upper 1/64
0 0 0 1 0 248 to 255 F80000H-FFFFFFH 512KB Upper 1/32
0 0 0 1 1 240 to 255 FOOOOOH-FFFFFFH 1MB Upper 1/16
0 0 1 0 0 224 to 255 EOOOOOH-FFFFFFH 2MB Upper 1/8
0 0 1 0 1 192 to 255 COOOOOH-FFFFFFH 4MB Upper 1/4
0 0 1 0 128 to 255 800000H-FFFFFFH 8VB Upper 1/2
0 1 0 0 1 Oto3 000000H-03FFFFH 256KB Lower 1/64
0 1 0 1 0 Oto7 000000H-07FFFFH 512KB Lower 1/32
0 1 0 1 1 Oto 15 0000O00H-OFFFFFH 1MB Lower 1/16
0 1 1 0 0 Oto31 000000H-1FFFFFH 2MB Lower 1/8
0 1 1 0 1 0to 63 000000H-3FFFFFH 4MB Lower 1/4
0 1 1 1 0 0to 127 000000H-7FFFFFH 8MB Lower 1/2
X X 1 0to 255 000000H-FFFFFFH 16MB ALL
1 0 0 0 1 255 FFFOOOH-FFFFFFH 4KB Top Block
1 0 0 1 0 255 FFEOOOH-FFFFFFH 8KB Top Block
1 0 0 1 1 255 FFCOOOH-FFFFFFH 16KB Top Block
1 0 1 0 X 255 FF8000H-FFFFFFH 32KB Top Block
1 0 1 1 0 255 FF8000H-FFFFFFH 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
Notes:

1. X =don’t care
2. L = Lower; U = Upper

3. If any Erase or Program command specifies a memory region that contains protected data portion, this

command will be ignored
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7.1.15. DS25Q4AA Status Register Memory Protection (CMP = 1)

Status Register Content Memory Content
SEC TB BP2 BP1 BPO Blocks Addresses Density Portion
X X 0 0 0 0to 255 000000H-FFFFFFH ALL ALL
0 0 0 0 1 0to 251 000000H-FBFFFFH 16128KB Lower 63/64
0 0 0 1 0 0to 247 000000H-F7FFFFH 15872KB Lower 31/32
0 0 0 1 1 0to 239 000000H-EFFFFFH 15MB Lower 15/16
0 0 1 0 0 0to 223 000000H-DFFFFFH 14MB Lower 7/8
0 0 1 0 O0to 191 000000H-BFFFFFH 12MB Lower 3/4
0 0 1 1 0 0to 127 000000H-7FFFFFH 8MB Lower 1/2
0 1 0 0 1 4 to 255 040000H-FFFFFFH 16128KB Upper 63/64
0 1 0 1 0 8 to 255 080000H-FFFFFFH 15872KB Upper 31/32
0 1 0 1 1 16 to 255 100000H-FFFFFFH 15MB Upper 15/16
0 1 1 0 0 32to 255 200000H-FFFFFFH 14MB Upper 7/8
0 1 1 0 1 64 to 255 400000H-FFFFFFH 12MB Upper 3/4
0 1 1 0 128 to 255 800000H-FFFFFFH 8MB Upper 1/2
X X 1 1 1 NONE NONE NONE NONE
1 0 0 0 1 0to 255 000000H-FFEFFFH 16380KB L-4095/4096
1 0 0 1 0 0to 255 000000H-FFDFFFH 16376KB L-2047/2048
1 0 0 1 1 0to 255 000000H-FFBFFFH 16368KB L-1023/1024
1 0 1 0 X 0to 255 000000H-FF7FFFH 16352KB L-511/512
1 0 1 1 0 0to 255 000000H-FF7FFFH 16352KB L-511/512
1 1 0 0 1 0to 255 001000H-FFFFFFH 16380KB U-4095/4096
1 1 0 1 0 0to 255 002000H-FFFFFFH 16376KB U-2047/2048
1 1 0 1 0to 255 004000H-FFFFFFH 16368KB U-1023/1024
1 1 1 0 X 0to 255 008000H-FFFFFFH 16352KB U-511/512
1 1 1 1 0 0to 255 008000H-FFFFFFH 16352KB U-511/512
Notes:

1.X =don’t care

2. L = Lower; U = Upper

3.If any Erase or Program command specifies a memory region that contains protected data portion,
this command will be ignored
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8. INSTRUCTIONS

The Standard/Dual/Quad SPI instruction set of the DS25Q4AA consists of 43 basic instructions that
are fully controlled through the SPI bus (see Instruction Set Table1-2). Instructions are initiated with the
falling edge of Chip Select (/CS). The first byte of data clocked into the DI input provides the instruction
code. Data on the DI input is sampled on the rising edge of clock with most significant bit (MSB) first.

The QPI instruction set of the DS25Q4AA consists of 36 basic instructions that are fully controlled
through the SPI bus (see Instruction Set Table). Instructions are initiated with the falling edge of Chip
Select (/CS). The first byte of data clocked through 10[3:0] pins provides the instruction code. Data on
all four 10 pins are sampled on the rising edge of clock with most significant bit (MSB) first. All QPI
instructions, addresses, data and dummy bytes are using all four 10 pins to transfer every byte of data
with every two serial clocks (CLK).

Instructions vary in length from a single byte to several bytes and may be followed by address bytes,
data bytes, dummy bytes (don’t care), and in some cases, a combination. Instructions are completed
with the rising edge of edge /CS. Clock relative timing diagrams for each instruction are included in
Figures in 8.2. All read instructions can be completed after any clocked bit. However, all instructions
that Write, Program or Erase must complete on a byte boundary (/CS driven high after a full 8-bits have
been clocked) otherwise the instruction will be ignored. This feature further protects the device from
inadvertent writes. Additionally, while the memory is being programmed or erased, or when the Status
Register is being written, all instructions except for Read Status Register will be ignored until the
program or erase cycle has completed.

8.1. Device ID and Instruction Set Tables

8.1.1. Manufacturer and Device Identification

DS25Q4AA
Operation Code MID7-MIDO ID15-1D8 ID7-1DO
9FH ES 31 18
90H ES 17
ABH 17
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8.1.2. Instruction Set Table (Standard/Dual/Quad SPI Instructions)
Command Name Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8 Byte 9
Write Enable 06H
Write Disable 04H
Read Status Register-1 O5H (57-S0) (cont.)
Read Status Register-2 35H (S15-S8) (cont.)
Read Status Register-3 15H (523-515) (cont.)
Write Status Register-
01H S7-S0 $15-S8
1&2
Write Status Register-2 31H S$15-S8
Write Status Register-3 11H $23-515
Volatile SR write
50H
Enable
Read Data 03H | A23-Al6 | A15-A8 A7-AO (D7-D0) (cont.)
Fast Read OBH | A23-A16 | A15-A8 | A7-AO d(‘;rz;:)y (D7-DO) (cont.)
dummy
Dual Output Fast Read 3BH A23-Al6 A15-A8 A7-AO (8 clk) (D7-DO)Y (cont.)
Quad Output Fast
P 6BH | A23-A16 | A15-A8 | A7-a0 | QU™ | (p7po)@ | (cont)
Read (8 clk)
M7-Mo
Dual I/O Fast Read BBH |A23-A168)| A15-A8B) | A7-A0®) 0 dummy (b7-DO)® | (cont.)
(4 clk) (4 clk)
M7-MO® dummy
- (5) _A8(5) _A0Q®) _ ()
Quad I/O Fast Read EBH |A23-A16| A15-A8 A7-AO (2.clk) (6 clk) (D7-DO) (cont.)
-MO0(©)
Quad I/O WORD Fast Read| E7H  |A23-A16s)| A15-A8s) | A7-A0s | M7-MO dummy | o)y | (cont.)
(2 clk) (4 clk)
Set Burst with Wrap 77H dummy? | dummy? | dummy? | w7-wo?
Page Program 02H A23-Al6 A15-A8 A7-A0 D7-D0O Next Byte
Quad Input Page Program|  32H A23-A16 | A15-A8 A7-AO D7-D0® | Next Byte
Sector Erase 20H A23-A16 A15-A8 A7-A0
Block Erase (32K) 52H A23-Al6 A15-A8 A7-A0
Block Erase (64K) D8H A23-Al6 A15-A8 A7-A0
Chip Erase C7/60H
Read Manufacturer/ (MID7-
90H 00H 00H 00H (ID7-1D0) (cont.)
Device ID MIDO)
Read
M7-MO® -
Manufacturer/Device ID | 92H 00H 00H 00H dummy (MID7-1 157.160) | (cont)
(4 clk) (4 clk) MIDO)
Dual IO
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Read
_MO0©) -
Manufacturer/Device ID 94H 00H 00H 00H M7-MO dummy (MMIIDDg (ID7-1DO) | (cont.)
Quad 10 (2 clk) (6 clk) )
(MID7-
Read Identification 9FH (ID15-1D8) | (ID7-1DO) (cont.)
MIDO)
(UID7-
Read Unique ID 4BH 00H 00H 00H dummy (cont.)
(8 C|k) U|D0)
Erase Security
44H A23-Al16 A15-A8 A7-A0
Registers(®
Program Security
42H A23-Al6 A15-A8 A7-A0 D7-DO Next Byte
Registers(®
Read Security
484 | A23-A16 | A15-A8 | A7-a0 | GY™Y | p7.pg) (cont.)
Registers(® (8 clk)
Enable Reset 66H
Reset 99H
Program/Erase
75H
Suspend
Program/Erase
& / 7AH
Resume
Deep Power-Down BOH
Release From Deep
ABH
Power-Down
Release From Deep
Power-Down and Read ABH dummy dummy dummy | (ID7-1D0) (cont.)
Device ID
Enable QPI 38H
Read Serial Flash
dummy
Discoverable SAH | A23-A16 | A15-A8 A7-AO (8 k) (D7-DO) (cont.)
Parameter
DTR read ODH A23-A0, 1 dtr input 12 cycles d(usmc':;;/
M7-
DTR Dual 10 read BDH A23-A0, 2 dtr input 6 cycles MO+dummy
(2+6 clks)
M7-
DTR Quad 10 read EDH A23-A0, 4 dtr input 3 cycles MO+dummy
(1+9 clks)
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8.1.3. Instruction Set Table (QPI Instructions)

Command Name Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8
Clock Number (0,1) (2,3) (4,5) (6,7) (8,9) (10,11) | (12,13) (14,15)
Write Enable 06H
Write Disable 04H

Read Status Register-1 O5H (57-S0)
Read Status Register-2 35H (515-S8)
Read Status Register-3 15H (523-515)
Write Status Register-1&2 01H S7-S0 S$15-S8
Write Status Register-2 31H S$15-S8
Write Status Register-3 11H $23-S15
Volatile SR Write Enable 50H
Fast Read OBH A23-A16 | A15-A8 A7-AO dummy | dummy | (D7-DO) (cont.)
Quad I/0 Fast Read EBH A23-Al6 A15-A8 A7-A0 M7-MO dummy (D7-D0) (cont.)
Page Program 02H A23-A16 A15-A8 A7-A0 D7-DO Next Byte
Sector Erase 20H A23-Al16 A15-A8 A7-A0
Block Erase (32K) 52H A23-A16 A15-A8 A7-AO
Block Erase (64K) D8H A23-A16 A15-A8 A7-A0
Chip Erase C7/60H
Set Read Parameters COH P7-PO
Burst Read with Wrap OCH A23-Al6 A15-A8 A7-A0 dummy dummy | (D7-DO) (cont.)
(MID7-
Manufacturer/Device ID 90H 00H 00H O0H (ID7-1D0O) | (cont.)
MIDO)
(MID7-
Read Identification 9FH (ID15-1D8) | (ID7-1D0) (cont.)
MIDO)

Read Unique ID 4BH 00H 00H 00H dé”;::;’ (Sllng)- (cont.)
Er;:;ssticr‘;g)ty 44H | A23-A16 | A15-A8 | A7-AO

Pr°§;ag::t2f§(;”ty 42H A23-A16 | A15-A8 | A7-A0 D7-D0 | Next Byte
REZZI‘:’S:‘S[;}V 48H A23-A16 | A15-A8 | A7-AO dummy | dummy | (D7-DO) | (cont.)
Enable Reset 66H

Reset 99H
Program/Erase Suspend 75H
Program/Erase Resume 7AH

Deep Power-Down B9H
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Release From Deep
ABH
Power-Down
Release From Deep Power-
Down, And Read ABH dummy dummy dummy (ID7-1D0) (cont.)
Device ID
Disable QPI FFH
Read Serial Flash
5AH A23-A16 A15-A8 A7-A0 dummy dummy (D7-D0) (cont.)
Discoverable Parameter
DTR read ODH A23-A0, 4 dtr input 3 cycles dummy dummy
DTR wrap read OEH A23-A0, 4 dtr input 3 cycles dummy dummy
DTR Quad 10 read EDH A23-A0, 4 dtr input 3 cycles dummy dummy

Note:

1. Dual Output data
100 = (D6, D4, D2, DO)
|01 = (D7, D5, D3, D1)
2. Quad Output Data
100 = (D4, DO, ...)

101 = (D5, D1, ...)

102 = (D6, D2, ...)

103 = (D7, D3, ...)

3. Dual Input Address

100 = A22, A20, Al18, A16, Al4, A12, A10, A8 A6, A4, A2, A0
101 = A23, A21, A19, Al17, A15, A13, All, A9 A7, A5, A3, Al

4. Dual Input Mode bit

100 = M6, M4, M2, MO

101 = M7, M5, M3, M1

5. Quad Input Address

100 = A20, A16, Al12, A8, A4, AO
101 = A21, A17, A13, A9, A5, Al
102 = A22, A18, Al4, A10, A6, A2
103 = A23, A19, Al5, All, A7, A3
6. Quad Input Mode bit

100 = M4, MO

101 = M5, M1

102 = M6, M2

103 = M7, M3

7. Dummy bits and Wrap Bits

100 = (X, X, X, X, X, X, W4, X)

101 = (X, X, X, X, X, X, W5, X)

102 = (X, X, X, X, X, X, W6, X)
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103 = (%, X, X, X, X, X, X, X)

8. Quad Output Data

100 = D4, DO, ...

101 =D5, D1, ...

102 =D6, D2, ...

103 =D7,D3, ...

9. Security Registers Address

Security Registerl: A23-A16=00H, A15-A12=1H, A11-A10 = 00b, A9-A0= Byte Address;
Security Register2: A23-A16=00H, A15-A12=2H, A11-A10 = 00b, A9-AO0= Byte Address;
Security Register3: A23-A16=00H, A15-A12=3H, A11-A10 = 00b, A9-AO0= Byte Address;
10. QPI Command, Address, Data input/output format:

CLK#0 1 2 3 4 5 6 7 8 9 10 11

I00= C4, CO0, A20, Al16, A12, A8, A4, A0, D4, DO, D4, DO,

101=C5, C1, A21, Al17, A13, A9, A5, A1, D5, D1, D5, D1

102=C6, C2, A22, Al18, Al4, A10, A6, A2, D6, D2, D6, D2

103=C7, C3, A23, Al19, A15, Al11, A7, A3, D7, D3, D7, D3

11. All dummy that not specific mark how many dummy clocks can be configured(if there is “Continuous
Read Mode” bits M7-0, also considered as dummy clock), please refer 8.2.47.
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8.2. Instruction Descriptions

8.2.1. Write Enable (06h)

DS25Q4AA

The Write Enable instruction (Figure 5) sets the Write Enable Latch (WEL) bit in the Status Register to
a 1. The WEL bit must be set prior to every Page Program, Quad Page Program, Sector Erase, Block
Erase, Chip Erase, Write Status Register and Erase/Program Security Registers instruction. The Write
Enable instruction is entered by driving /CS low, shifting the instruction code “06h” into the Data Input
(DI) pin on the rising edge of CLK, and then driving /CS high.

H
Mode 0
Instruction

X/ /1]
0. _[177/\ AT

Figure 5. Write Enable Instruction for SPI Mode (left) or QPI Mode (right)

8.2.2. Write Enable for Volatile Status Register (50h)

The non-volatile Status Register bits described in section 7.1 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. To write the volatile values into the Status Register bits, the Write Enable for
Volatile Status Register (50h) instruction must be issued prior to a Write Status Register (01h)
instruction. Write Enable for Volatile Status Register instruction (Figure 6) will not set the Write Enable
Latch (WEL) bit, it is only valid for the Write Status Register instruction to change the volatile Status
Register bit values.

1
Ics \ / B I —
CLK B | | I |
Mode 3 0 1 2 3 4 5 6 7 Mode 0 ) .
nstruction

Instruction

High - Z

DO

100

o /117N a

s J/]7I\ Vi

Figure 6. Write Enable for Volatile Status Register Instruction for SPI Mode (left) or QPI Mode (right)
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8.2.3. Write Disable (04h)

The Write Disable instruction (Figure 7) resets the Write Enable Latch (WEL) bit in the Status
Register to a 0. The Write Disable instruction is entered by driving /CS low, shifting the instruction
code “04h” into the DI pin and then driving /CS high. Note that the WEL bit is automatically reset
after Power-up and upon completion of the Write Status Register, Erase/Program Security Registers,
Page Program, Quad Page Program, Sector Erase, Block Erase, Chip Erase and Reset instructions.

Instruction
04h

Figure 7. Write Disable Instruction for SPI Mode (left) or QPI Mode (right)

8.2.4. Read Status Register-1 (05h), Status Register-2 (35h) & Status Register-3 (15h)

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

The Read Status Register instruction may be used at any time, even while a Program, Erase or
Write Status Register cycle is in progress. This allows the BUSY status bit to be checked to determine
when the cycle is complete and if the device can accept another instruction. The Status Register can
be read continuously, as shown in Figure 8. The instruction is completed by driving /CS high.

ics \ .

(€

Mode 3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

U—

Instruction —_— ‘

/1) 5hash/1Sh T T —

‘ <«—— Status Register 1/2/3 Out —— | «—— Status Register 1/2/3 Out ——p

2560568606000 060060

High - Z

MSB MSB

Figure 8a. Read Status Register Instruction (SPI Mode)
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CLK

Mode 0

Instruction 10s Switches from
5h/35h/15h Input to Output

100

101

102

103

SR1/2/3 SR1/2/3
ouT ouT

Figure 8b. Read Status Register Instruction (QPI Mode)

8.2.5. Write Status Register-1 (01h), Status Register-2 (31h) & Status Register-3 (11h)

The Write Status Register instruction allows the Status Registers to be written. The writable Status
Register bits include: SRPO, SEC, TB, BP[2:0] in Status Register-1; CMP, LB[3:1], QE, SRP1 in Status
Register-2; HOLD/RST, DRV in Status Register-3. All other Status Register bit locations are read-only
and will not be affected by the Write Status Register instruction. LB[3:1] are non- volatile OTP bits, once
itis set to 1, it cannot be cleared to 0.

To write non-volatile Status Register bits, a standard Write Enable (06h) instruction must previously
have been executed for the device to accept the Write Status Register instruction (Status Register bit
WEL must equal 1). Once write enabled, the instruction is entered by driving /CS low, sending the
instruction code “01h/31h/11h”, and then writing the status register data byte as illustrated in Figure 9a
& 9b.

To write volatile Status Register bits, a Write Enable for Volatile Status Register (50h) instruction must
have been executed prior to the Write Status Register instruction (Status Register bit WEL remains 0).
Upon power off or the execution of a Software/Hardware Reset, the volatile Status Register bit
values will be lost, and the non-volatile Status Register bit values will be restored.

During non-volatile Status Register write operation (06h combined with 01h/31h/11h), after /CS is driven
high, the self-timed Write Status Register cycle will commence for a time duration of tw (See AC
Characteristics). While the Write Status Register cycle is in progress, the Read Status Register
instruction may still be accessed to check the status of the BUSY bit. The BUSY bit is a 1 during the
Write Status Register cycle and a 0 when the cycle is finished and ready to accept other instructions
again. After the Write Status Register cycle has finished, the Write Enable Latch (WEL) bit in the Status
Register will be cleared to 0.
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During volatile Status Register write operation (50h combined with 01h/31h/11h), after /CS is driven
high, the Status Register bits will be refreshed to the new values within the time period of tsHSL (See
AC Characteristics). BUSY bit will remain 0 during the Status Register bit refresh period.

The Write Status Register instruction can be used in both SPI mode and QPI mode. However, the QE

bit cannot be written to when the device is in the QPI mode, because QE=1 is required for the device to
enter and operate in the QPI mode.

Refer to section 7.1 for Status Register descriptions.

Mode 3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
b

— Instruction > | € Status Register 1/2/3In  —p ‘
Dlzzzzzx 01h/31h/11h X7X6X5X4X3X2X1X0XZZZZZ
MSB
High - Z

DO

Figure 9a. Write Status Register-1/2/3 Instruction (SPI Mode)

Mode 0
L Instruction“‘ SR1/2/3 InJ
I'01h/31h/110

o 111}
o _f///])
o _f/1/])
o 111}

Figure 9b. Write Status Register-1/2/3 Instruction (QPI Mode)
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The DS25Q4AA is also backward compatible to Dosilicon’s previous generations of serial flash memories,
in which the Status Register-1&2 can be written using a single “Write Status Register-1 (01h)” command.
To complete the Write Status Register-1&2 instruction, the /CS pin must be driven high after the sixteenth
bit of data that is clocked in as shown in Figure 9¢c & 9d. If /CS is driven high after the eighth clock, the
Write Status Register-1 (01h) instruction will only program the Status Register-1, the Status Register-2 will
not be affected.

— Instruction —»‘ - Status Register 1 In e ‘ - Status Register 2 In —_ ‘

High-Z

Figure 9c. Write Status Register-1/2 Instruction (SPI Mode)

CLK

100

101

102

103

Figure 9d. Write Status Register-1/2 Instruction (QPI Mode)
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8.2.6. Read Data (03h)

DS25Q4AA

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

The Read Data instruction sequence is shown in Figure 10. If a Read Data instruction is issued while
an Erase, Program or Write cycle is in process (BUSY=1) the instruction is ignored and will not have
any effects on the current cycle. The Read Data instruction allows clock rates from D.C. to a maximum
of fR (see AC Electrical Characteristics).

The Read Data (03h) instruction is only supported in Standard SPI mode.

ICS \

Mode3 O 1 2 3 4 5 6 7 8 9 10 28 29 30 31 32 33 34 35 36 37 38 39
CLK Illlllllllllllllllllll _____ —
Mode 0 .
— Instruction —_— ‘4— 24 Bit AddresS  —p ‘
N—
o JI77IX 03h = 2 X e NI,
' MSB — DataOut ~ ——>|
20060 6660 aN
MSB

Figure 10. Read Data Instruction (SPI Mode only)
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8.2.7. Fast Read (0Bh)

The Fast Read instruction is similar to the Read Data instruction except that it can operate at the
highest possible frequency of FR (see AC Electrical Characteristics). This is accomplished by adding
eight “dummy” clocks after the 24-bit address as shown in Figure 11. The dummy clocks allow the
devices internal circuits additional time for setting up the initial address. During the dummy clocks the
data value on the DO pin is a “don’tcare”.

Mode3 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31
------- '
e T UL THLL L
Mode 0 . )
‘4— Instruction —»‘4— 24 Bit Address —»‘
o 777X D)
MSB
High - Z
DO

cme- ).
(€

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

..... N—
— Dummy Byte = ——p ‘

S 6.0 £ &5 © © ©8 O //////// /1A

|¢——  DataOuWl ——>|¢——  DaaOu2 —»|
High - Z

Figure 11a. Fast Read Instruction (SPI Mode)

33 Rev.05 (Apr.30.2024)



posilicon

8.2.8. Fast Read (0Bh) in QPI Mode

DS25Q4AA

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

Reset instruction is 8.

Mode 3 0 1 2 3 4 5 6 7 8 9 10 11 12 13

Mode 0

Instruction,

0Bh

24 Bit Address =~ ——

Dummy*

14 15

—

20)16512X8 )4 X0

'O‘M21 17Y13YoY5 Y1

10z EE!EZ}.

2318 (14 X10f 6 } 2

23 419 £ 15
A23-16

ME7x3
A15-8 AT -0

16 17 18 18

10s Switches from
Input to Output

4Yo)4Xo)4

Data
QOut 1

Figure 11b. Fast Read Instruction (QPI Mode)
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8.2.9. Fast Read Dual Output (3Bh)

DS25Q4AA

The Fast Read Dual Output (3Bh) instruction is similar to the standard Fast Read (0Bh) instruction

except that data is output on two pins;

100 and 101. This allows data to be transferred at twice the rate of

standard SPI devices. The Fast Read Dual Output instruction is ideal for quickly downloading code from
Flash to RAM upon power-up or for applications that cache code-segments to RAM for execution.

Similar to the Fast Read instruction, the Fast Read Dual Output instruction can operate at the highest
possible frequency of FR (see AC Electrical Characteristics). This is accomplished by adding eight
“dummy” clocks after the 24-bit address as shown in Figure 12. The dummy clocks allow the device's
internal circuits additional time for setting up the initial address. The input data during the dummy clocks
is “don’t care”. However, the 100 pin should be high-impedance prior to the falling edge of the first data

out clock.

Instruction

—_— ‘ — 24 Bit Address ——p ‘

28 29 30 31

‘4— Dummy Byte =~ ——

o TITIIX N0 0 0
MSB
High - Z

DO

ICS 0.
ALY

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
CLK

DO

DI Switches from Input to Output

<—Data Out 1 —> | «— Data Out 2—> | «— Data Out 3—> | «—Data Out 4 —»

Figure 12. Fast Read Dual Output Instruction (SPI Mode only)
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8.2.10. Fast Read Quad Output (6Bh)

DS25Q4AA

The Fast Read Quad Output (6Bh) instruction is similar to the Fast Read Dual Output (3Bh) instruction
except that data is output on four pins, 100, 101, 102, and 10s. The Quad Enable (QE) bit in Status
Register-2 must be set to 1 before the device will accept the Fast Read Quad Output Instruction. The
Fast Read Quad Output Instruction allows data to be transferred at four times the rate of standard SPI

devices.

The Fast Read Quad Output instruction can operate at the highest possible frequency of FR (see AC
Electrical Characteristics). This is accomplished by adding eight “dummy” clocks after the 24-bit
address as shown in Figure 13. The dummy clocks allow the device's internal circuits additional time for
setting up the initial address. The input data during the dummy clocks is “don’t care”. However, the 10
pins should be high-impedance prior to the falling edge of the first data out clock.

ICS \

Mode 3 0 1 2 3 4 5 6 7 8 9 10 28 29 30

—
o TTIK oo

31

Instruction D —— ‘ — 24 Bit Address ——— ‘

Xzs)(zzX22)-{s 2 X2 o)

High - Z MSB
101
High - Z
102
High - Z
10s
ICS
)
«
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
CLK
...... R_
¢ Dummy > 100 Switches from
Input to Output R
100 4 0 4 00X 4 4
U—
N—
101 5 1 5 1 5 5
U—
N—
102 6 2 6 2 6 2 X6
U—
N—
105 7 3 7 3 7 3 R7
Data Data Data Data U—
Out1 Out2 Out 3 Out4

Figure 13. Fast Read Quad Output Instruction (SPI Mode only)
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8.2.11. Fast Read Dual I/0 (BBh)

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

8.2.12. Fast Read Dual I/0 with “Continuous Read Mode”

The Fast Read Dual I/O instruction can further reduce instruction overhead through setting the
“Continuous Read Mode” bits (M7-0) after the input Address bits (A23-0), as shown in Figure 14a. The
upper nibble of the (M7-4) controls the length of the next Fast Read Dual I/O instruction through the
inclusion or exclusion of the first byte instruction code. The lower nibble bits of the (M3-0) are don’t care
(“x”). However, the 10 pins should be high-impedance prior to the falling edge of the first data out clock.

If the “Continuous Read Mode” bits M5-4 = (1,0), then the next Fast Read Dual I/O instruction (after /CS
is raised and then lowered) does not require the BBh instruction code, as shown in Figure 14b. This
reduces the instruction sequence by eight clocks and allows the Read address to be immediately
entered after /CS is asserted low. If the “Continuous Read Mode” bhits M5-4 do not equal to (1,0), the
next instruction (after /CS is raised and then lowered) requires the first byte instruction code, thus
returning to normal operation. It is recommended to input FFh on 100 for the next instruction (16
clocks), to ensure M4 = 1 and return the device to normaloperation.

ics \
Mede3 0 1 2 3 4 5 8 7 8 o 10 11 i2 13 14 1§ 18 17 18 12 20 21 2 2
e T L.,
iods 0
= |4— nstruction 24 Bit Address —_—
o JITTN BEh zfnfmfegufayofafe 4 o e4anz)fo)-
High - 2 =
Do el e s sy iy s ay)-
£23-16 A15-8 AT-0 MT7-0

H—

24 25 X 27 28 20 30 31 32 33 34 35 3 I 38 30 40 41 47 43

Figure 14a. Fast Read Dual I/O Instruction (Initial instruction or previous M5-4 = 10, SPI Mode only)
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ICS '\.
Mode 3 0 1 2 3 4 5 G T 8 G 10 11 12 13 14 15 18 117 18 19

20 21 22 23 24 25 26 27 28 29 30 M 32 I3 M4 3K
CLK . —
s Dl Switches from Input to Output
ol ] fi—
i—
fi—
DO =—=meam
li—
#— Diata Out | —p | #— Data Out 2 —p | #— Data Out 33— | #— Data Out 4 —s

Figure 14b. Fast Read Dual I/O Instruction (Previous instruction set M5-4 = 10, SPI Mode only)
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8.2.13. Fast Read Quad I/O (EBh)

DS25Q4AA

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

Instruction.

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

The Fast Read Quad I/O instruction can further reduce instruction overhead through setting the
“Continuous Read Mode” bits (M7-0) after the input Address bits (A23-0), as shown in Figure 15a.
The upper nibble of the (M7-4) controls the length of the next Fast Read Quad I/O instruction
through the inclusion or exclusion of the first byte instruction code. The lower nibble bits of the (M3-0)
are don’t care (“x”). However, the 10 pins should be high-impedance prior to the falling edge of the first

data out clock.

If the “Continuous Read Mode” bits M5-4 = (1,0), then the next Fast Read Quad I/O instruction (after

/CS is raised and then lowered) does not require the EBh instruction code, as shown

in Figure 15b.

This reduces the instruction sequence by eight clocks and allows the Read address to be
immediately entered after /CS is asserted low. If the “Continuous Read Mode” bits M5-4 do not

equal to (1,0), the next instruction (after /CS is raised and then lowered) requires

the first byte

instruction code, thus returning to normal operation. It is recommended to input FFh on 100 for the

next instruction (8 clocks), to ensure M4 = 1 and return the device to normaloperation.

0 1

CLK

Mode O oo urtehes ¢
— 24 Bit AJAress —— — Dummy » :;“T*::I%IL'E;@W
100 ——— 20§16 $ 124 8 ¥ 4 % 0 f 4 ¥ 0 4 X0
0y —— 21 {17 13 4 9 3 5 4 1 F 5 % 1 5 X% 1
10: ——f 22 g f14)10Y 6 ) 23 6 )2 6 ) 2
10: ——— 23419 815 K118 7 4 3 X 7 4 3 7K 3
AZ3-16 AlIS-& AT -0 M7 -0 g'jttal

ot \
Mode2 0O 1 2 3 4 5 8 7 B @ 10 1 12 13 14 15 16 47 18 18 20 M I 23 24 I5
Mode 0
|.q— nstruction — | — 24 Bt AGIMESS  — E Dummy — :ﬁ::to.mm;m
O: f{'.f.-".-'l‘{ EBh EMBEEE D sX¥oY4)o
High - Z
o 2 RO EaE 5145 %145
High - Z
0: =R S D D D 6 X2 6 )28
High - Z
0s g =3 60D 653 650 B D B TXaY7¥a)t
23-18 1 - - Data [+
A23-15 AfS-B AT -0 M7 -0 out1 ot 2
Figure 15a. Fast Read Quad I/O Instruction (Initial instruction or previous M5-4+10, SPI Mode)
ICS \ )

Figure 15b. Fast Read Quad I/O Instruction (Previous instruction set M5-4 = 10, SPI Mode
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8.2.15. Fast Read Quad I/O with “8/16/32/64-Byte Wrap Around” in Standard SPI mode

The Fast Read Quad I/O instruction can also be used to access a specific portion within a page by
issuing a “Set Burst with Wrap” (77h) command prior to 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 or 64-
byte section of a 256-byte page. The output data starts at the initial address specified in the instruction,
once it reaches the ending boundary of the 8/16/32/64-byte section, the output will wrap around to the
beginning boundary automatically until /CS is pulled high to terminate the command.

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

The “Set Burst with Wrap” instruction allows three “Wrap Bits”, W6-4 to be set. The W4 bit is used to
enable or disable the “Wrap Around” operation while W6-5 are used to specify the length of the wrap
around section within a page. Refer to section “Set Burst with Wrap” for detail descriptions.
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8.2.16. Fast Read Quad I/O (EBh) in QPI Mode

The Fast Read Quad I/O instruction is also supported in QPI mode, as shown in Figure 15c. When QPI
mode is enabled, the number of dummy clocks is configured by the “Set Read Parameters (COh)”
instruction to accommodate a wide range of applications with different needs for either maximum Fast
Read frequency or minimum data access latency. Depending on the Read Parameter Bits P[5:4] setting,
the number of dummy clocks can be configured as either 6 or 8. The default humber of dummy
clocks upon power up or after a Reset instruction is 8. In QPI mode, the “Continuous Read Mode” bits
M7-0 are also considered as dummy clocks. In the default setting, the data output will follow the
Continuous Read Mode bitsimmediately.

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

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

ICS \

Mode 0

imstructior_\| . > 10s Switches from
EBh 24 Bit Address Dummy* Input to Output

U=
IOnm_/_\2D16128404O 40404E

-?—
IOzm_\_,QZ‘IBMWSZSZ ‘3262,&3'a
N—
—
10 ZZZZN 23K19k15XK11 K7 X3f 7 )3 TR3XT X3 ?E

Data Data
A23-16 A15-8 AT-0 M7-0
Out 1 Out 2

Figure 15c¢. Fast Read Quad I/O Instruction (Initial instruction or previous M5-4#10, QPI Mode)
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8.2.17. Word Read Quad /O (E7h)

The Word Read Quad 1/0 (E7h) instruction is similar to the Fast Read Quad /O (EBh)
instruction except that the lowest Address bit (AO) must equal 0 and four Dummy clocks are required
prior to the data output. The Quad I/O dramatically reduces instruction overhead allowing faster
random access for code execution (XIP) directly from the Quad SPI. The Quad Enable bit (QE) of
Status Register-2 must be set to enable the Word Read Quad /O Instruction.

8.2.18. Word Read Quad I/O with “Continuous Read Mode”
The Word Read Quad /O instruction can further reduce instruction overhead through setting
the “Continuous Read Mode” bits (M7-0) after the input Address bits (A23-0), as shown in Figure 16a.
The upper nibble of the (M7-4) controls the length of the next Fast Read Quad I/O instruction
through the inclusion or exclusion of the first byte instruction code. The lower nibble bits of the (M3-0)
are don’t care (“x”). However, the 10 pins should be high-impedance prior to the falling edge of the first
data out clock.

If the “Continuous Read Mode” bits M5-4 = (1,0), then the next Fast Read Quad I/O instruction (after
/CS is raised and then lowered) does not require the E7h instruction code, as shown in Figure 16b.
This reduces the instruction sequence by eight clocks and allows the Read address to be
immediately entered after /CS is asserted low. If the “Continuous Read Mode” bits M5-4 do not
equal to (1,0), the next instruction (after /CS is raised and then lowered) requires the first byte
instruction code, thus returning to normal operation. It is recommended to input FFh on 100 for the
next instruction (8 clocks), to ensure M4 = 1 and return the device to normaloperation.

ICS \
—
E'].o.doei.an 0 1 2 3 4 ] B 7 g 9 10 1M1 12 13 14 15 16 17 18 19 20 21 22 23
H
CLK '
—
Mode 0 i -
Instruction —py | G 244 Bit AATESS ey :HU:;\L:“G':IT:J{W
—
10s m E7h wfizfefafofa)o 4o ZXBG?
High - Z p—
5 5
104 21 K17 £ 13 9 5 l 1 1 5 1 (:5:
High-Z —_—
10z g 2818414 X10F 6 K 2 6 2 6 2 .
High-Z P —
10 i fEXnf7X3Y7Xa 7X 3 7*3(_7)
J A23-16 A58 M7-0 Dummy Data Data =
- ) AT-0 . out1 Out 2

Figure 16a. Word Read Quad I/O Instruction (Initial instruction or previous M5-4 = 10, SPI Mode only)

/ICs \

Mode 3 0 1 2 3 4 5 6 7 8 9 10 11

CLK
Mode 0
+——— 24 Bit Address —mp-
1Qp =—— 20 X 16 X 12 8 4 0 4 0
10y =———of 21 X 17 X 13 9 5 1 5 1
102 —— 22 X 18 A 14 X 10 6 2 6 2
103 =—— 23 X 19 A 15 X 11 7 3 7 3
A23 - 16 A15-8 AT -0 M7 -0 Dummy

Figurel6b. Word Read Quad I/O Instruction (Previous instruction set M5-4 = 10, SPI Mode only)
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8.2.19. Word Read Quad I/0 with “8/16/32/64-Byte Wrap Around” in Standard SPl mode

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

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

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

In Standard SPI mode, the Set Burst with Wrap (77h) instruction is used in conjunction with “Fast Read
Quad 1/0” and “Word Read Quad 1/0” and “DTR Read Quad I/O” instructions to access a fixed length
of 8/16/32/64-byte section within a 256-byte page. Certain applications can benefit from this
feature and improve the overall system code execution performance.

Similar to a Quad I/O instruction, the Set Burst with Wrap instruction is initiated by driving the /CS pin
low and then shifting the instruction code “77h” followed by 24 dummy bits and 8 “Wrap Bits”, W7-0.
The instruction sequence is shown in Figure 17. Wrap bit W7 and the lower nibble W3-0 are not used.

W4 =0 W4 =1 (DEFAULT)
W6, 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
10 Yes 32-byte No N/A
11 Yes 64-byte No N/A

Once W6-4 is set by a Set Burst with Wrap instruction, all the following “Fast Read Quad 1/0” and
“Word Read Quad 1/O” instructions will use the W6-4 setting to access the 8/16/32/64-byte section
within any page. To exit the “Wrap Around” function and return to normal read operation, another Set
Burst with Wrap instruction should be issued to set W4 = 1. The default value of W4 upon power on or
after a software/hardware reset is 1.

In QPI mode, the “Burst Read with Wrap (0OCh)” instruction should be used to perform the Read
operation with “Wrap Around” feature. The Wrap Length set by W5-4 in Standard SPI mode is still valid
in QPI mode and can also be re-configured by “Set Read Parameters (COh)” instruction. Refer to section
“Set Read Parameters” and “Burst Read with Wrap” for details.

— Instruction _—

o TITIK o R O0000E
High - Z

101 X X X X X X Aws5 X X
High - Z

102 X X X X X X Xwé X X
High - Z

10s X X X X X X X X

Don’t Don’t Don’t Wrap

care care care bit

Figure 17. Set Burst with Wrap Instruction (SPI Mode only)
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8.2.21. DTR Read (0Dh)
The DTR Read I/O instruction enables Double Transfer Rate throughput on I/O of Serial Flash in read
mode. The address on 1/O pin is latched on both rising and falling edge of CLK. The 2-bit address can
be latched-in at one clock, and 2-bit data can be read out at one clock, which means one bits at rising
edge of clock, another one bits at falling edge of clock. The first address Byte can be at any location. The
address is automatically increased to the next higher address after each Byte data is shifted out, so the
whole memory can be read out at a single DTR Read 1/O instruction.As shown in Figure18a.

cs \ L
Mode3 O 1 2 3 4 5 6 7 8 9 10 16 17 18 19
e 3 LALILILALALAL L L.
Mode 0 .
|<— Instruction —>|<— 24 Bit Address _p‘
o ZI7TIX 2
MSB
High - Z
DO
ics
----- Y
20 21 22 23 24 25 26 27 28 29 30 31 32 33
CLK — —
@ Dummy Byte —b-‘
n—
I ey B &3 S //HTHTHTHTHTTTITT T e
| ——— Data Out 112 e |
po 52X X OO
MSB

Figure 18a. DTR Read Instruction (SPI Mode)

While Program/Erase/Write Status Register cycle is in progress, DTR Read Quad I/O instruction is
rejected without any impact on the Program/Erase/Write Status Register current cycle.

8.2.22. DTR Read in QPI (0ODh)
The DTR Read instruction is also supported in QPl mode, as shown in Figure18b. It enables Double
Transfer Rate throughput on quad I/O of Serial Flash in read mode.

Mode 0

| g lnsiruction, 123 - 1FA15- 81 AT-D -
0Dh I I |_ DUI"I]I"T'IY —] 10z Switches from

Input to Qutput

|

o 77D/ 0apa0e XN
o T\ KX0000 270,00 €
o Z7711) 60.0010¢ 0.0.6 €

o ZID Men : 0000

TTETTIT T

Data | Data
CQut1 Cut2

Figure1l8b. DTR Read Instruction (QPI Mode)
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8.2.23. DTR Read Dual I/O (BDh) with “Continuous Read Mode”

The DTR Read Dual I/O instruction enables Double Transfer Rate throughput on dual I/O of Serial Flash
in read mode. The address (interleave on 2 I/O pins) is latched on both rising and falling edge of CLK.
The 4-bit address can be latched-in at one clock, and 4-bit data can be read out at one clock, which
means one bits at rising edge of clock, another one bits at falling edge of clock. The first address Byte
can be at any location. The address is automatically increased to the next higher address after each Byte
data is shifted out, so the whole memory can be read out at a single DTR Read I/O instruction.

While Program/Erase/Write Status Register cycle is in progress, DTR Read Quad I/O instruction is
rejected without any impact on the Program/Erase/Write Status Register current cycle.

The DTR Read Quad /O instruction can further reduce instruction overhead through setting the
“Continuous Read Mode” bits (M7-0) after the input Address bits (A23-0), as shown in Figure 18c. The
upper nibble of the (M7-4) controls the length of the next DTR Read Quad I/O instruction through the
inclusion or exclusion of the first byte instruction code. The lower nibble bits of the (M3-0) are don’t care
(“x”). However, the 10 pins should be high-impedance prior to the falling edge of the first data out clock.

If the “Continuous Read Mode” bits M5-4 = (1,0), then the next DTR Read Quad I/O instruction (after /CS
is raised and then lowered) does not require the BDh instruction code, as shown in Figure 18d. This
reduces the instruction sequence by eight clocks and allows the Read address to be immediately
entered after /CS is asserted low. If the “Continuous Read Mode” bits M5-4 do not equal to (1,0), the
next instruction (after /CS is raised and then lowered) requires the first byte instruction code, thus
returning to normal operation. It is recommended to input FFh on 100 for the next instruction (8 clocks),
to ensure M4 = 1 and return the device to normal operation.

ics \
ode 3 0 1 2 3 4 5 L] 7 8 g W 11 12 13 14 15 16 17 18 19 20 21
se-aing
Mode 0 )
|-¢— Instruction — | «—— 24 Bit Address Dummy Byte
Dl {fffﬂ:ﬂ BDh 20 ¥ &4 X 200 -
High - Z
Do 321 75 f 3N -
A23-0 M7 -0

22 23 24 25 26 27 2@ 29 3 M 32 I3 3 3/ 3 I

Figure18c. DTR Read Dual I/O Instruction (Previous instruction set M5-4 # 10, SPI Mode)
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ICS \

Made 0 ]
24 Bit ADdress ————- Durnrmy Byte
Dl 20} 64 X 20 ——
DO 302 TIS K 31 i
AZ3 -0 M7 -0

22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Figure18d. DTR Read Dual I/O Instruction (Previous instruction set M5-4 = 10, SPI Mode)

8.2.24. DTR wrap read (OEh)
The “DTR Burst Read with Wrap (OEh)” instruction provides an alternative way to perform the read
operation with “Wrap Around” in QPI mode. The instruction is similar to the “Fast Read (0Bh)” instruction
in QPI mode, except the addressing of the read operation will “Wrap Around” to the beginning boundary
of the “Wrap Length” once the ending boundary is reached.The “Wrap Length” can be configured by the
“Set Read Parameters (COh)” instruction.

Ve

Ilnsirucﬁon 3 - 16A15-8Y AT-D —] 105 Switches from
oen | Dummy Input to Output

| |
0. Z7777) DOOAOE D10, 0.C, Co
nputa( te—
o 77777 600004 XOROE—
1) o—
o- Z7771) 0OOAOE OREE—
o 77770 OGO D/0,0.0, (N

Data | Data
Qut1  Out2

Mode 0

Figure18e. DTR wrap read (QPI Mode)

8.2.25. DTR Read Quad I/O (EDh)
The DTR Read Quad /O instruction enables Double Transfer Rate throughput on quad I/O of Serial
Flash in read mode. A Quad Enable (QE) bit of Status Register must be set to “1” before sending the
DTR Read Quad /O instruction. The address (interleave on 4 1/O pins) is latched on both rising and
falling edge of CLK. The 8-bit address can be latched-in at one clock, and 8-bit data can be read out at
one clock, which means four bits at rising edge of clock, the other four bits at falling edge of clock. The
first address Byte can be at any location. The address is automatically increased to the next higher
address after each Byte data is shifted out, so the whole memory can be read out at a single DTR Read
Quad /O instruction, the following address/dummy/data out will perform as 8-bit instead of previous 1-bit.

While Program/Erase/Write Status Register cycle is in progress, DTR Read Quad I/O instruction is
rejected without any impact on the Program/Erase/Write Status Register current cycle.
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8.2.26. DTR Read Quad I/0 with “Continuous Read Mode”

The DTR Read Quad /O instruction can further reduce instruction overhead through setting the
“Continuous Read Mode” bits (M7-0) after the input Address bits (A23-0), as shown in Figure 18f. The
upper nibble of the (M7-4) controls the length of the next DTR Read Quad I/O instruction through the
inclusion or exclusion of the first byte instruction code. The lower nibble bits of the (M3-0) are don’t care
(“x”). However, the 10 pins should be high-impedance prior to the falling edge of the first data out clock.

If the “Continuous Read Mode” bits M5-4 = (1,0), then the next DTR Read Quad I/O instruction (after /CS
is raised and then lowered) does not require the EDh instruction code, as shown in Figure 18g. This
reduces the instruction sequence by eight clocks and allows the Read address to be immediately
entered after /CS is asserted low. If the “Continuous Read Mode” bits M5-4 do not equal to (1,0), the
next instruction (after /CS is raised and then lowered) requires the first byte instruction code, thus
returning to normal operation. It is recommended to input FFh on 100 for the next instruction (8 clocks),
to ensure M4 = 1 and return the device to normal operation.

ICs \

Mode 3 o 1 2 3 4 5 6 T &

CLK i
Mode 0 |

9 10 11 12 13 14 15 16 17 18 2

Yl
3-1EAIS-E' AT-0  M7-0 10= Switches from
— 1 | | [l Dummy Input to Qutput

Instruction

FTTETTIrT

THIKTHN T

Data | Data
Outi’ OQut2

Figure18f. DTR Read Quad I/O Instruction (Previous instruction set M5-4 # 10, SPI Mode)

CLK R

| 3.‘|A15-5|A?-D|M?-G| Dummy — :Sau?zitgllﬁ-sf_mm
t .pl.‘l\._
106 MMOM ) RRNS ‘:
10 8.660000.¢ ARNAS
I —
Io: GQOGGM A 7C 0,0 SN
}—
102 Geéooee 3 e &E ?3—
l | I I I Data | Data
Cut1 Qut2

Figure18g. DTR Read Quad I/O Instruction (Previous instruction set M5-4 = 10, SPI Mode)
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8.2.27. DTR Read Quad /O (EDh) in QPI Mode
The DTR Read Quad /O instruction is also supported in QPI mode, as shown in Figure 18h. In QPI
mode, the “Continuous Read Mode” bits M7-0 are also considered as dummy clocks. In the default
setting, the data output will follow the Continuous Read Mode bits immediately.

“Continuous Read Mode” feature is also available in QPl mode for DTR Read Quad 1/O instruction.
Please refer to the description on previous pages.

/ICS \ >

«

Mode 3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Q

Instruction 'a23-16A15-8' A7-0 ' M7-0 10s Switches from
EDh - Dummy > Input to ompﬁt

| | | |
o 7/ 00000000 10,0, 0N
o 7777 aloele 0000 5,0,0,0 G
o T777D) 6166160000 D.6,0.0 G
/) 0'6 6.6 0.6 0.0, ,0)0,0, C

Mode 0

Data Data
Outl Out2

Figure18h. DTR Read Quad I/O Instruction (Previous instruction set M5-4 # 10, QPl Mode)
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8.2.28. Page Program (02h)

The Page Program instruction allows from one byte to 256 bytes (a page) of data to be programmed at
previously erased (FFh) memory locations. A Write Enable instruction must be executed before the
device will accept the Page Program Instruction (Status Register bit WEL= 1). The instruction is initiated
by driving the /CS pin low then shifting the instruction code “02h” followed by a 24-bit address (A23-A0)
and at least one data byte, into the DI pin. The /CS pin must be held low for the entire length of the
instruction while data is being sent to the device. The Page Program instruction sequence is shown in
Figure 19 & 20

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

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

ICS \

Mode 3 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31 32 33 34 35 36 37 38 39

Instruction D — ‘ — 24 Bit Address  ——p ‘4— Data Byte 1 —»‘

it

MSB

ics 2 [

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

2072
2073
2074
2075
2076
2077
2078

----- 2

‘4— Data Byte 2 —P‘ <«——— DataByte 3 B — ‘ ‘4— Data Byte 256 ~ —p

02000068868 0/

MSB

Figure 20. Page Program Instruction (QPI Mode)
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8.2.29. Quad Input Page Program (32h)

The Quad Input Page Program instruction allows up to 256 bytes of data to be programmed at
previously erased (FFh) memory locations using four pins: 100, 101, 102, and 10s. The Quad Input
Page Program can improve performance for PROM Programmer and applications that have slow clock
speeds <5MHz. Systems with faster clock speed will not realize much benefit for the Quad Input
Page Program instruction since the inherent page program time is much greater than the time it take to
clock-in the data.

To use Quad Input Page Program the Quad Enable (QE) bit in Status Register-2 must be set to 1. A
Write Enable instruction must be executed before the device will accept the Quad Input Page Program
instruction (Status Register-1, WEL=1). The instruction is initiated by driving the /CS pin low then
shifting the instruction code “32h” followed by a 24-bit address (A23-A0) and at least one data byte, into
the 10 pins. The /CS pin must be held low for the entire length of the instruction while data is being
sent to the device. All other functions of Quad Input Page Program are identical to standard Page
Program. The Quad Input Page Program instruction sequence is shown in Figure 21.

28 29 30 31
Mode 0 . r— = = =
‘4— Instruction > | < 24 Bit Address —_—
o J77IK )
High - Z MSB
10:
High - Z
102
High - Z
103
ICS Q /
© ~ © (o2} o - N o™
32 33 34 35 36 37 38 39 40 41 B 8 8 83 3 3 3 3
CLK
100
10:
102
103
Byte 253 Byte 254 Byte 255 Byte 256

Figure 21. Quad Input Page Program Instruction (SPI Mode only)
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8.2.30. Sector Erase (20h)

The Sector Erase instruction sets all memory within a specified sector (4K-bytes) to the erased state of
all 1s (FFh). A Write Enable instruction must be executed before the device will accept the Sector Erase
Instruction (Status Register bit WEL must equal 1). The instruction is initiated by driving the /CS pin low
and shifting the instruction code “20h” followed a 24-bit sector address (A23-A0). The Sector Erase
instruction sequence is shown in Figure 22a & 22b.

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

Instruction >

< 24 Bit Address ——88 —» ‘

o T71IN TR € €3 € aa 6o /i

MSB

High - Z
-

Mode 0O

100

101

102

103

Figure 22b. Sector Erase Instruction (QPI Mode)
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8.2.31. 32KB Block Erase (52h)

The Block Erase instruction sets all memory within a specified block (32K-bytes) to the erased state of
all 1s (FFh). A Write Enable instruction must be executed before the device will accept the Block Erase
Instruction (Status Register bit WEL must equal 1). The instruction is initiated by driving the /CS pin low
and shifting the instruction code “52h” followed a 24-bit block address (A23-A0). The Block Erase
instruction sequence is shown in Figure 23a &23b.

The /CS pin must be driven high after the eighth bit of the last byte has been latched. If this is not done
the Block Erase instruction will not be executed. After /CS is driven high, the self-timed Block Erase
instruction will commence for a time duration of tBE1 (See AC Characteristics). While the Block Erase
cycle is in progress, the Read Status Register instruction may still be accessed for checking the status
of the BUSY bit. The BUSY bit is a 1 during the Block Erase cycle and becomes a 0 when the cycle is
finished and the device is ready to accept other instructions again. After the Block Erase cycle has
finished the Write Enable Latch (WEL) bit in the Status Register is cleared to 0. The Block Erase
instruction will not be executed if the addressed page is protected by the Block Protect (CMP, SEC, TB,
BP2, BP1, and BPO) bits.

Mode 3 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31

‘4— Instruction >

o Z771X @ e ) DN

MSB

High-Z

CLK

100

101

102

103

Figure 23b. 32KB Block Erase Instruction (QPI Mode)

53 Rev.05 (Apr.30.2024)



posilicon DS25Q4AA

8.2.32. 64KB Block Erase (D8h)

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

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

Mode 3 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31
CLK |||||||||||||||||||||| ______ ||||||||
Mode 0 ) )
‘4— Instruction > | <« 24 Bit Address —»‘

o TI7IX EE O € € a6 O /i

Mode 0

% f{11])
o JI111)
o J11/]]
/i)

Instruction
D8h

Figure 24b. 64KB Block Erase Instruction (QPI Mode)
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8.2.33. Chip Erase (C7h / 60h)

The Chip Erase instruction sets all memory within the device to the erased state of all 1s (FFh). A Write
Enable instruction must be executed before the device will accept the Chip Erase Instruction (Status
Register bit WEL must equal 1). The instruction is initiated by driving the /CS pin low and shifting the
instruction code “C7h” or “60h”. The Chip Erase instruction sequence is shown in Figure 25.

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

Instruction
C7h or 60h

}47 Instruction 4{

Figure 25. Chip Erase Instruction for SPI Mode (left) or QPI Mode (right)
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8.2.34. Erase / Program Suspend (75h)

The Erase/Program Suspend instruction “75h”, allows the system to interrupt a Sector or Block Erase
operation or a Page Program operation and then read from or program/erase data to, any other sectors
or blocks. The Erase/Program Suspend instruction sequence is shown in Figure 26a & 26b.

The Write Status Register instruction (01h, 31h, 11h) and Erase instructions (20h, 52h, D8h, C7h, 60h,
44h) are not allowed during Erase Suspend. Erase Suspend is valid only during the Sector or
Block erase operation. If written during the Chip Erase operation, the Erase Suspend instruction is
ignored. The Write Status Register instructions (01h, 31h, 11h), Erase instructions (20h, 52h, D8h,
C7h, 60h, 44h) and Program instructions (02h, 32h, 42h) are not allowed during Program Suspend.
Program Suspend is valid only during the Page Program or Quad Page Program operation.

The Erase/Program Suspend instruction “75h” will be accepted by the device only if the both SUS1 and
SUS2 bits in the Status Register equal to 0 and the BUSY bit equals to 1 while a Sector or Block
Erase or a Page Program operation is on-going. If at least one of SUS1/SUS2 bit equals to 1 or the
BUSY bit equals to 0, the Suspend instruction will be ignored by the device. A maximum of time
of “tsus” (See AC Characteristics) is required to suspend the erase or program operation. The BUSY
bit in the Status Register will be cleared from 1 to 0 within “tsus” and the SUS bit in the Status Register
will be set from 0 to 1 immediately after Erase/Program Suspend. For a previously resumed
Erase/Program operation, it is also required that the Suspend instruction “75h” is not issued earlier than
a minimum of time of “tsus” following the preceding Resume instruction “7Ah”.

Unexpected power off during the Erase/Program suspend state will reset the device and release the
suspend state. SUS bit in the Status Register will also reset to 0. The data within the page, sector or
block that was being suspended may become corrupted. It is recommended for the user to implement
system design techniques against the accidental power interruption and preserve data integrity during
erase/program suspend state.

Mode 0 ‘4— Instruction _>‘
o J[T1IX 75h T

_—
Accept Read or Program
Instruction

Figure 26a. Erase/Program Suspend Instruction (SPI Mode)
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[T

—_—
Accept Read or Program Instruction

Figure 26b. Erase/Program Suspend Instruction (QPI Mode)
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8.2.35. Erase / Program Resume (7Ah)

The Erase/Program Resume instruction “7Ah” must be written to resume the Sector or Block Erase
operation or the Page Program operation after an Erase/Program Suspend. The Resume instruction
“7Ah” will be accepted by the device only if the SUS bit in the Status Register equals to 1 and the BUSY
bit equals to 0. After issued the SUS bit will be cleared from 1 to 0 immediately, the BUSY bit will be set
from O to 1 within 200ns and the Sector or Block will complete the erase operation or the page will
complete the program operation. If the SUS bit equals to O or the BUSY bit equals to 1, the Resume
instruction “7Ah” will be ignored by the device. The Erase/Program Resume instruction sequence is
shown in Figure 27a & 27b.

DS25Q4AA

Resume instruction is ignored if the previous Erase/Program Suspend operation was interrupted by
unexpected power off. It is also required that a subsequent Erase/Program Suspend instruction not to
be issued within a minimum of time of “tsus” following a previous Resume instruction.

‘4— Instruction

—

7Ah

X

>
>

Resume previously Suspended
Program or Erase

Figure 27a. Erase/Program Resume Instruction (SPI Mode)

Mode O

Instruction
7Ah

[T
[T

>

Resume previously Suspended
Program or Erase

Figure 27b. Erase/Program Resume Instruction (QPI Mode)
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8.2.36. Deep Power-down (B9h)

Although the standby current during normal operation is relatively low, standby current can be further
reduced with the Deep Power-down instruction. The lower power consumption makes the Deep Power-
down instruction especially useful for battery powered applications (See ICC1l and ICC2 in AC
Characteristics). The instruction is initiated by driving the /CS pin low and shifting the instruction code
“B9h” as shown in Figure 28a & 28b.

The /CS pin must be driven high after the eighth bit has been latched. If this is not done the Deep
Power-down instruction will not be executed. After /CS is driven high, the power-down state will
entered within the time duration of tbp (See AC Characteristics). While in the power-down state only
the Release Power- down / Device ID (ABh) instruction, which restores the device to normal operation,
and software reset(66H+99H) will be recognized. All other instructions are ignored. This includes the
Read Status Register instruction, which is always available during normal operation. Ignoring all but
one instruction makes the Deep Power Down state a useful condition for securing maximum write
protection. The device always powers-up in the normal operation with the standby current of ICC1.

CLK

Mode 0

Instruction [ ‘

/1) Bsh T

> >
> >

Stand-by Current Power-down Current

Figure 28a. Deep Power-down Instruction (SPI Mode)

Mode 0

Instruction
BSh

o T T
o T I

>
>

Stand-by Current Power-down Current

Figure 28b. Deep Power-down Instruction (QPI Mode)
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8.2.37. Release Power-down / Device ID (ABh)

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

To release the device from the power-down state, the instruction is issued by driving the /CS pin low,
shifting the instruction code “ABh” and driving /CS high as shown in Figure 29a & 29b. Release from
power-down will take the time duration of tRES1 (See AC Characteristics) before the device will resume
normal operation and other instructions 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 instruction is initiated by
driving the /CS pin low and shifting the instruction code “ABh” followed by 3-dummy bytes. The Device
ID bits are then shifted out on the falling edge of CLK with most significant bit (MSB) first. The Device ID
value for the DS25Q4AA is listed in Manufacturer and Device ldentification table. The Device ID can
be read continuously. The instruction is completed by driving /CS high.

When used to release the device from the power-down state and obtain the Device ID, the instruction is
the same as previously described, and shown in Figure 29¢ & 29d, 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 operation and other instructions will be accepted. If the Release from Power-
down / Device ID instruction is issued while an Erase, Program or Write cycle is in process (when BUSY
equals 1) the instruction is ignored and will not have any effects on the current cycle.

CLK

Mode 0

|
Instruction _— ‘

o 711X ABN T

> >

Power-down Current Stand-by Current

Figure 29a. Release Power-down Instruction (SPI Mode)
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CLK

<4———— tRES1 —m

Mode 0 ‘

Instruction
ABh

o [/ N iy

101 !!!!!,

LT

- J7T7I\ AT ;e

Power-down Current Stand-by Current

Figure 29b. Release Power-down Instruction (QPI Mode)

—

l\_/l_osj_e_:_’,-. 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31 32 33 34 35 36 37 38 39
Mode 0 ‘4— Instruction _y‘ — 3 Dummy Bytes — l€—tRES2=—>
o JI7TIX 2~ XTI
) msB — Device ID — ‘"
= 200060000 -

MSB

Power-down Current

Stand-by
Current

Figure 29c. Release Power-down / Device ID Instruction (SPI Mode)

s T\ -

MO0 | nstcton, | 3Dummy Bytes —
oo JIIIIN ] XXX XX XX XX XX X2 X o XITTTTTTTTTTTTTTT
SN/ XXX XXX XX i
o- J1TTI\ A X XX XX X x X x X x X s X 2 \HHTTTTTT
o Y R XXX KX XX X X7 X3 XL

>

Power-down Current

Stand-by Current

>

Figure 29d. Release Power-down / Device ID Instruction (QPI Mode)
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8.2.38. Read Manufacturer / Device ID (90h)

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

The Read Manufacturer/Device ID instruction is very similar to the Release from Power-down / Device
ID instruction. The instruction is initiated by driving the /CS pin low and shifting the instruction code
“90h” followed by a 24-bit address (A23-A0) of 000000h. After which, the Manufacturer ID for Dosilicon
(E5h) and the Device ID are shifted out on the falling edge of CLK with most significant bit (MSB) first as
shown in Figure 30a & 30b. The Device ID values for the DS25Q4AA are listed in Manufacturer and
Device Identification table. The instruction is completed by driving /CS high.

Mode O X
‘ Instruction ‘ 24 Bit Address —_— ‘
o 7771X 6 EVSRED €3 €9 T
MSB
High - Z

Mode 0

Instruction 10s Switches from
90h Input to Output

ID ID

Figure 30b. Read Manufacturer / Device ID Instruction (QPI Mode)
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8.2.39. Read Manufacturer / Device ID Dual 1/0 (92h)

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

The Read Manufacturer / Device ID Dual I/O instruction is similar to the Fast Read Dual I/O instruction.
The instruction is initiated by driving the /CS pin low and shifting the instruction code “92h” followed by a
24-bit address (A23-A0) of 000000h, but with the capability to input the Address bits two bits per clock.
After which, the Manufacturer ID for Dosilicon (E5h) and the Device ID are shifted out 2 bits per clock on
the falling edge of CLK with most significant bits (MSB) first as shown in Figure 31. The Device ID values
for the DS25Q4AA are listed in Manufacturer and Device ldentification table. The Manufacturer and
Device IDs can be read continuously, alternating from one to the other. The instruction is completed by
driving /CS high.

e \

Mie3 0 1 2 3 4 5 6 7 B 8 W M 12 13 W 15 16 17 165 19 W H @ ;@ M ¥ K T
LK

Mode 0 -

| Instrucion ——— | #——— 24 Bit Adoress —_— Dummy
DI m azh 1 8800808080080 08L
High -
Do e<) €20 613 Erd £ 3 K10 BB &8 -5 3 B R £ 3 3 &
AZ3-16 A15-B AT-D M7-0

IC3

4 - | S - T S - T IO < I T | O .

Figure 31. Read Manufacturer / Device ID Dual I/O Instruction (SPI Mode only)
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8.2.40. Read Manufacturer / Device ID Quad I/O (94h)

DS25Q4AA

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

at 4x speed.

The Read Manufacturer / Device ID Quad /O instruction is similar to the Fast Read Quad I/O
instruction. The instruction is initiated by driving the /CS pin low and shifting the instruction code “94h”
followed by a four clock dummy cycles and then a 24-bit address (A23-A0) of 000000h, but with the
capability to input the Address bits four bits per clock. After which, the Manufacturer ID for Dosilicon
(E5h) and the Device ID are shifted out four bits per clock on the falling edge of CLK with most
significant bit (MSB) first as shown in Figure 32. The Device ID values for the DS25Q4AA are listed in
Manufacturer and Device Identification table. The Manufacturer and Device IDs can be read
continuously, alternating from one to the other. The instruction is completed by driving /CS high.

—
o JITTIN o4h Y E
High - Z
I 2y e
High - Z
I 22)(12 § 14 ) 10
High - Z
10s 9 23 (1o {15 ) 11

A23-18| A15-8
cs !

22 23 24 28 248 X o2/ oW
CLK

Oz Switches from
nput bo Ouiput

4!
I o 1] I

4 0
5% 1
B Y 2
7Y 3
AT —D

Figure 32. Read Manufacturer / Device ID Quad I/O Instruction (SPI Mode only)
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8.2.41. Read Unique ID Number (4Bh)

The Read Unique ID Number instruction accesses a factory-set read-only 128-bit number that is unique
to each DS25Q4AA device. The ID number can be used in conjunction with user software methods to
help prevent copying or cloning of a system. The Read Unique ID instruction is initiated by driving the
/CS pin low and shifting the instruction code “4Bh” followed by 24 bits of ‘0’ and one dummy byte. After
which, the 128-bit ID is shifted out on the falling edge of CLK as shown in Figure 33a & 33b.

CS# \
0123 4567 8 910 28 29 30 31

I __JuUyL..

Command 24-bit address
Sl (000000H) >
/77 4B Ye3ee)- — <KX - -

SO High-Z

Cs# --

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

SCLK _ I'LI_lEI_LI_LBﬂYTJ'LI_Ifal_IJ'LﬂJ_IﬂIIJ—LI';II
ummy Byte ——»
St KoXeXsXaX3XX XXV LLL L1 T 1T

;r Data Out1 }r Data Out2
s0 0100106000, 0:0 0

Figure 33a. Read Unique ID Number Instruction(SPI mode)
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Figure 33b. Read Unique ID Number Instruction(QPI mode)
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8.2.42. Read JEDEC ID (9Fh)

For compatibility reasons, the DS25Q4AA provides several instructions to electronically determine the
identity of the device. The Read JEDEC ID instruction is compatible with the JEDEC standard for SPI
compatible serial memories that was adopted in 2003. The instruction is initiated by driving the /CS pin
low and shifting the instruction code “9Fh”. The JEDEC assigned Manufacturer ID byte for Dosilicon
(E5h) and two Device ID bytes, Memory Type (ID15-ID8) and Capacity (ID7-1D0) are then shifted out on
the falling edge of CLK with most significant bit (MSB) first as shown in Figure 34a & 34b. For memory
type and capacity values refer to Manufacturer and Device Identification table.

Mode O ‘ Instruction —"
o TN orh LT~
DO High - Z ( Manufacturer 1D ) """"

/ICS

CLK

DI eeeees LN T T T
DO -==----- ( Memory Type ID7 - 0 X Capacity Type ID7 - 0 )—

Figure 34a. Read JEDEC ID Instruction (SPI Mode)

/ICS

CLK

10s Switches from
/- Input to Output

oo ///1/)
o [1/1])
- _f//1])
o> _f/11])

ID ID ID

Figure 34b. Read JEDEC ID Instruction (QPI Mode)
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8.2.43. Read SFDP Register (5Ah)

The DS25Q4AA features a 256-Byte Serial Flash Discoverable Parameter (SFDP) register that
contains information about device configurations, available instructions and other features. The SFDP
parameters are stored in one or more Parameter Identification (PID) tables. Currently only one PID
table is specified, but more may be added in the future. The Read SFDP Register instruction is
compatible with the SFDP standard initially established in 2010 for PC and other applications, as well as
the JEDEC standard JESD216 that is published in 2011.

The Read SFDP instruction is initiated by driving the /CS pin low and shifting the instruction code “5Ah”
followed by a 24-bit address (A23-A0)® into the DI pin. Eight “dummy” clocks are also required before
the SFDP register contents are shifted out on the falling edge of the 40" CLK with most significant
bit (MSB) first as shown in Figure 35a, 36b. For SFDP register values and descriptions, please
refer to the Dosilicon Application Note for SFDP Definition Table.

Note 1: A23-A8 = 0; A7-A0 are used to define the starting byte address for the 256-Byte SFDP Register.

ICS \
Mode 3 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31
------- '
e UL THLL
Mode 0 .
— Instruction —_— ‘ — 24 Bit AddresS = ——p ‘
o 711X D)
MSB
High - Z
pop —ooaprrrririn—in o ————m—m—m s — o
ICS
- ).
]
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
CLK

..... N—
‘4— Dummy Byte =~ —p ‘

o1 - XXX N X T o~

‘4— Data Out 1 —»‘ — Data Out 2 —_— ‘

High - Z

Figure 35a. Read SFDP Register Instruction Sequence Diagram

m-Command +!< Address | dummy* I|<— Byte l—r! Byte 2

o0 - X sw A oo Kpano

Figure 35b. Read SFDP Register Instruction Sequence Diagram (QPI Mode)
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8.2.44. Erase Security Registers (44h)

The DS25Q4AA offers 3x1024-byte Security Registers which can be erased and programmed
individually. These registers may be used by the system manufacturers to store security and other
important information separately from the main memoryarray.

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

ADDRESS A23-16 A15-12 Al11-A10 A9-0
Security Register #1 00h 0001b 00b Don’t Care
Security Register #2 00h 0010b 0 0b Don’t Care
Security Register #3 00h 0011b 00b Don’t Care

The Erase Security Register instruction sequence is shown in Figure 36a, 36b. The /CS pin must be
driven high after the eighth bit of the last byte has been latched. If this is not done the instruction will
not be executed. After /CS is driven high, the self-timed Erase Security Register operation will
commence for a time duration of tse (See AC Characteristics). While the Erase Security Register
cycle is in progress, the Read Status Register instruction may still be accessed for checking the status
of the BUSY bit. The BUSY bit is a 1 during the erase cycle and becomes a 0 when the cycle is
finished and the device is ready to accept other instructions again. After the Erase Security Register
cycle has finished the Write Enable Latch (WEL) bit in the Status Register is cleared to 0. The Security
Register Lock Bits (LB3-1) in the Status Register-2 can be used to OTP protect the security registers.
Once a lock bit is set to 1, the corresponding security register will be permanently locked, Erase
Security Register instruction to that register will be ignored (Refer to section 7.1.8 for detail
descriptions).

Mode 0 ‘ Instruction 24 Bit Address —»‘
" T EEE--CE0EN
MSB
High - Z
o """~

cs#
SCLK

¢ Command -Pgd— Address
I0[3:0] - aan Xaddr. X AddrX Addr.X AddrX Addr.X Addr. )

Figure 36b. Erase Security Registers Instruction (QPI Mode)
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8.2.45. Program Security Registers (42h)

The Program Security Register instruction is similar to the Page Program
one byte to 1024 bytes of security register data to be programmed at

DS25Q4AA

instruction. It allows from
previously erased (FFh)

memory locations. A Write Enable instruction must be executed before the device will accept
the Program Security Register Instruction (Status Register bit WEL= 1). The instruction is initiated by

driving the /CS pin low then shifting the instruction code “42h” followed by

a 24-bit address (A23-A0)

and at least one data byte, into the DI pin. The /CS pin must be held low for the entire length of the

instruction while data is being sent to the device.

ADDRESS A23-16 A15-12 Al11-A10 A9-0
Security Register #1 00h 0001b 00b Byte Address
Security Register #2 00h 0010b 0 0b Byte Address
Security Register #3 00h 0011b 00b Byte Address

The Program Security Register instruction sequence is shown in Figure

37a, 37b. The Security

Register Lock Bits (LB3-1) in the Status Register-2 can be used to OTP protect the security registers.
Once a lock bit is set to 1, the corresponding security register will be permanently locked, Program
Security Register instruction to that register will be ignored (See Section “Security Register Lock

Bits(LB3, B2, LB1) for detail descriptions).

Mode 3 o 1 2 3 4 5 6 7 8 9 10 28 29 30 31 32 33 34

Instruction —»‘4— 24 Bit Address —»‘4—

—
MSB

35 36 37 38 39

Data Byte 1 —»‘

.- )
g g
40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 2L R

‘4— Data Byte 2 —>‘<— Data Byte 3 >

MSB MSB

2068006806 680600008006 0 IG.IIIIE’III

Figure 37a. Program Security Registers Instruction (SPI Mode)

cs#
SCLK

<€ Command -P'i'i—Address Byte 1—>i Byte 2
10[3:0] - 420 X Addr.X AddrX Addr. X Addr. X Addr.X Addr X Datain X Data in

Figure 37b. Program Security Registers Instruction (QPI Mode)
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8.2.46. Read Security Registers (48h)

The Read Security Register instruction is similar to the Fast Read instruction and allows one or
more data bytes to be sequentially read from one of the 3 security registers. The instruction is
initiated by driving the /CS pin low and then shifting the instruction code “48h” followed by a 24-bit
address (A23-A0) and eight “dummy” clocks into the DI pin. The code and address bits are latched
on the rising edge of the CLK pin. After the address is received, the data byte of the addressed
memory location will be shifted out on the DO pin at the falling edge of CLK with most
significant bit (MSB) first. The byte address is automatically incremented to the next byte address
after each byte of data is shifted out. Once the byte address reaches the last byte of the register
(byte address 3FFh), it will reset to address 000h, the first byte of the register, and continue to
increment. The instruction is completed by driving /CS high. The Read Security Register instruction
sequence is shown in Figure 38a, 38b. If a Read Security Register instruction is issued while an
Erase, Program or Write cycle is in process (BUSY=1) the instruction is ignored and will not
have any effects on the current cycle. The Read Security Register instruction allows clock rates
from D.C. to a maximum of FR (see AC Electrical Characteristics).

ADDRESS A23-16 A15-12 A11-A10 A9-0
Security Register #1 00h 0001 00b Byte Address
Security Register #2 00h 0010 00b Byte Address
Security Register #3 00h 0011 00b Byte Address

/ICS \
Mode3 O 1 2 3 4 5 6 7 8 9 10 28 29 30 31
TS I I O I 6 6
Mode 0 )
‘4— Instruction — ‘ - 24 Bit AdAress e ‘
o Z777IX €€ € S €3 0 €3 (0 =
MSB
High - Z

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

CLK _____ .
D — Dummy Byte  em——————p ‘

DI -oee (s X5 X 4) I/ D ST ::

High - 7 | —— Data Out 1 —_—— Data Out 2 —— —

Figure 38a. Read Security Registers Instruction (SPI Mode)

oF T\

SCLK

Commiand | Address | dummy* | Bytel | Byte2

Figure 38b. Read Security Registers Instruction (QPI Mode)
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8.2.47. Set Read Parameters (C0Oh)

In QPI mode, to accommodate a wide range of applications with different needs for either maximum read
frequency or minimum data access latency, “Set Read Parameters (COh)” instruction can be used to
configure the number of dummy clocks for “Fast Read (0Bh)”, “Fast Read Quad 1/O (EBh)”, “Burst Read
with Wrap (0Ch)”, “Read Security Registers (48h)”, “Read SFDP Register (5Ah)” and ODh/OEh/EDh
instructions, and to configure the number of bytes of “Wrap Length” for the “Burst Read with Wrap (0Ch)”
and “DTR wrap read(OEh)” instruction.

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, please refer to the
Instruction Table for details. The “Wrap Length” is set by W5-4 bit in the “Set Burst with Wrap (77h)”
instruction. This setting will remain unchanged when the device is switched from Standard SPI mode to
QPI mode.

The default “Wrap Length” after a power up or a Reset instruction is 8 bytes, the default number of
dummy clocks is 8 for OBh/EBh/OCh/48h/5Ah and 10 for ODh/OEh/EDh CMD. The number of dummy
clocks is only programmable for “Fast Read (0Bh)”, “Fast Read Quad I/O (EBh)”, “Burst Read with
Wrap (0Ch)”, “Read Security Registers (48h)”, “Read SFDP Register (5Ah)” and ODh/OEh/EDh”
instructions in the QPI mode. Whenever the device is switched from SPI mode to QPI mode, the number
of dummy clocks should be set again.

MAXIMUM READ DUMMY MAXIMUM

DUMMY FREQ CLOCKS | READ FREQ WRAP

P5 - P4 CLOCKS (OBh/EBh/OCh/48 (ODh/OEh/EDh) P1-PO LENGTH
h/5Ah)

0 0 6 100MHz 8 90MHz 0 0 8-byte
0 1 6 100MHz 8 90MHz 0 1 16-byte
1 0 8 133MHz 8 90MHz 10 32-byte
1 1 8 133MHz 10 100MHz 1 1 64-byte

Instruction P Readt
coh arameters

0 J/11])
/i)
o J/11])
s/

Figure 39. Set Read Parameters Instruction (QPI Mode only)
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8.2.48. Burst Read with Wrap (0Ch)

The “Burst Read with Wrap (0Ch)” instruction provides an alternative way to perform the read operation
with “Wrap Around” in QPI mode. The instruction is similar to the “Fast Read (OBh)” instruction in QPI
mode, except the addressing of the read operation will “Wrap Around” to the beginning boundary of the
“Wrap Length” once the ending boundary isreached.

The “Wrap Length” and the number of dummy clocks can be configured by the “Set Read Parameters
(COh)” instruction.

ICS \

Mde3 0 1 2 3 4 65 6 7 8 9 10 11 12 13 14 15 16 17 18 19

CLK

Mode 0

Instruction ] 10e Switches from
| —— 24 Bit Address =~ ——
0Ch Dummy Input to Output

H—
100 WM 0Yi6YzYs)2Yo DO
H—
101 /NN) Y17 Y13y o Y5 Y1 s OO X0 G,
{—
IOzm_/_\2218141062 sY2YsY2VYe
H—
|O3m_/_\23191511?3 e,

Data Data
A23-16 A15-8 AT-0 Out 1 Out 2

Figure 40. Burst Read with Wrap Instruction (QPI Mode only)
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8.2.49. Enter QPI Mode (38h)

The DS25Q4AA support both Standard/Dual/Quad Serial Peripheral Interface (SPI) and Quad Peripheral
Interface (QPI). However, SPI mode and QPIl mode cannot be used at the same time. “Enter QPI (38h)”
instruction is the only way to switch the device from SPI mode to QPI mode.

Upon power-up, the default state of the device upon is Standard/Dual/Quad SPI mode. This provides full
backward compatibility with earlier generations of Dosilicon serial flash memories. See Instruction Set
Table for all supported SPI commands. In order to switch the device to QPI mode, the Quad Enable
(QE) bit in Status Register-2 must be set to 1 first, and an “Enter QPI (38h)” instruction must be issued. If
the Quad Enable (QE) bit is 0, the “Enter QPI (38h)” instruction will be ignored and the device will remain
in SPI mode.

See Instruction Set Table for all the commands supported in QPImode.

When the device is switched from SPI mode to QPI mode, the existing Write Enable and Program/Erase
Suspend status, and the Wrap Length setting will remain unchanged.

Mode 0 ]
}4— Instruction 4{

DI M 38h szz

High - Z

Figure 41. Enter QPI Instruction (SPI Mode only)
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8.2.50. Exit QPI Mode (FFh)

In order to exit the QPI mode and return to the Standard/Dual/Quad SPI mode, an “Exit QPI (FFh)”
instruction must be issued.

When the device is switched from QPIl mode to SPI mode, the existing Write Enable Latch (WEL) and
Program/Erase Suspend status, and the Wrap Length setting will remain unchanged.

H
Mode 0 .
Instruction
" Frh

100

Figure 42. Exit QPI Instruction (QPI Mode only)
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8.2.51. Enable Reset (66h) and Reset Device (99h)

Because of the small package and the limitation on the number of pins, the DS25Q4AA provide a
software Reset instruction instead of a dedicated RESET pin. Once the Reset instruction is accepted,
any on-going internal operations will be terminated and the device will return to its default power-on
state and lose all the current volatile settings, such as Volatile Status Register bits, Write Enable Latch
(WEL) status, Program/Erase Suspend status, Read parameter setting (P7-P0), Continuous Read Mode
bit setting (M7-M0) and Wrap Bit setting (W6-W4).

“Enable Reset (66h)” and “Reset (99h)” instructions can be issued in either SPI mode or QPI mode. To
avoid accidental reset, both instructions must be issued in sequence. Any other commands other than
“Reset (99h)” after the “Enable Reset (66h)” command will disable the “Reset Enable” state. A new
sequence of “Enable Reset (66h)” and “Reset (99h)” is needed to reset the device. Once the Reset
command is accepted by the device, the device will take approximately tRST=30us to reset. During this
period, no command will be accepted.

Data corruption may happen if there is an on-going or suspended 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 Status Register before issuing the Reset command sequence.

s\ [\ [/

Mode 3 0 1 2 3 4 5 6 7 Mode 3 8 9 10 11 12 13 14 15

‘4— Instruction D — ‘

— Instruction D — ‘
DI ZZZZZX 66h XZZZZZX 99h XZZZZZ

High - Z

Figure 43a. Enable Reset and Reset Instruction Sequence (SPI Mode)

Mode O .
Instruction

h

Figure 43b. Enable Reset and Reset Instruction Sequence (QPI Mode)
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9. ELECTRICAL CHARACTERISTICS
9.1. Absolute Maximum Ratings
Parameter Value Unit
Ambient Operating Temperature (Ta) -40 to 85/105/125 C
Storage Temperature -65 to 150 C
Transient Input/Output Voltage (note: overshoot) -2.0to VCC+2.0 Vv
Applied Input/Output Voltage -0.6 to VCC+0.4 Vv
VCC -0.6t0 4.2 \

Figure 44. Input Test Waveform and Measurement Level

Maximum Negative Overshoot Waveform Maximum Positive Overshoot Waveform

20ns 20ns
«—r (>

20ns
Vss —— — RN

A

Vcee + 2.0V

Vss-2.0V

20ns Vee

P>
20ns 20ns

9.2. 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).

9.3. Capacitance Measurement Conditions

Symbol Parameter Min. Typ. Max. Unit Conditions
CIN Input Capacitance 6 pF VIN=0V
couTt Output Capacitance 8 pF VOUT=0V

C Load Capacitance 30 pF

Input Rise And Fall time | | 5 ns

Input Pause Voltage 0.1VCCto 0.8VCC

Input Timing Reference Voltage 0.2VCCto 0.7VCC

Output Timing Reference Voltage 0.5vCC Vv

Figure 45. Absolute Maximum Ratings Diagram
Input timing reference level Output timing reference level
0.8vCC

0.7vCC
0.1VCC j& 0.2VCC

AC Measurement Level

0.5vCC

Note: Input pulse rise and fall time are<5ns
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9.4. Power-Up Timing and Requirements

Figure 46. Power-On Timing Sequence Diagram

A vce
VCC(MaX.) | o
Chip Selection is not allowerm
Access
Allowed
vce(ming | X Yy
>
Vwi e e N s
Vewo(max.) _| ___ e S
Time_k
Power-Up Timing and Write Inhibit Threshold
Symbol | Parameter Min. Max. Unit
tvsL VCC (min.) to device operation 200 us
VWI Write Inhibit Voltage 1.5 2.5 Vv
VPWD | VCC voltage needed to below VPWD for ensuring initialization will occur 0.4 Vv
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9.5. DC Electrical Characteristics
(Ta=-40°C~85°C, VCC=2.7~3.6V)

Symbol Parameter Test Condition Min. Typ. Max. Unit.
lu Input Leakage Current +2 HA
llo Output Leakage Current +2 LA

CS#=VCC,
lcca Standby Current 22 50 HA
VIN=VCC or VSS
CS#=VCC,
lcc2 Deep Power-Down Current 1 8 HA
VIN=VCC or VSS
CLK=0.1VCC / 0.9vCC
at 133MHz, 10.8 12 mA
Q=0pen(x4 1/0)
CLK=0.1VCC / 0.9vCC
lecs Operating Current (Read) Q=Open(x4 |/0)
CLK=0.1vCC / 0.9vCC
at 8OMHZ, 4.2 5 mA
Q=0pen(x1 1/0)
CLK=0.1vCC / 0.9vCC
at 100MHz, DTR 10.2 12 mA
Q=0pen(x4 1/0)
lcca Operating Current (PP) CS#=VCC 15 25 mA
lces Operating Current (WRSR) CS#=VvCC 15 25 mA
lcce Operating Current (SE) CS#=VCC 15 25 mA
lecr Operating Current (BE) CS#=VCC 15 25 mA
lccs Operating Current (CE) CS#=VvCC 15 25 mA
Vi Input Low Voltage -0.5 0.3vCC Vv
ViH Input High Voltage 0.7vCC VCC+0.4 Vv
VoL Output Low Voltage loL= 100pA 0.2 Vv
VoH Output High Voltage lon=-100pA VCC-0.2 Vv
Note:

1. Typical value at Ta=25C, VCC =3.3V.

2. Value guaranteed by design and/or characterization, not 100% tested in production

78

Rev.05 (Apr.30.2024)



ags
posilicon DS25Q4AA
(T=-40"C~105C, VCC=2.7~3.6V)
Symbol Parameter Test Condition Min. Typ. Max Unit.
lu Input Leakage Current +2 HA
Ilo Output Leakage Current +2 LA
CS#=VCC,
lcca Standby Current 22 80 HA
VIN=VCC or VSS
CS#=VCC,
lcca Deep Power-Down Current 1 20 HA
VIN=VCC or VSS
CLK=0.1VCC / 0.9vCC
at 133MHz, 10.8 12 mA
Q=0pen(x4 1/0)
CLK=0.1VCC / 0.9vCC
at 80MHz, 6.6 8 mA
lccs Operating Current (Read) Q-Open(x4 |/0)
CLK=0.1VCC /0.9vCC
at 80MHz, 4.2 5 mA
Q=0pen(x11/0)
CLK=0.1VCC / 0.9vCC
at 100MHz, DTR 10.2 12 mA
Q=0pen(x4 1/0)
lcca Operating Current (PP) CS#=VCC 15 30 mA
lces Operating Current (WRSR) CS#=VvCC 15 30 mA
lcce Operating Current (SE) CS#=VCC 15 30 mA
lecr Operating Current (BE) CS#=VCC 15 30 mA
lccs Operating Current (CE) CS#=VCC 15 30 mA
Vi Input Low Voltage -0.5 0.3vCC \%
Vi Input High Voltage 0.7vCC VCC+0.4 Y,
VoL Output Low Voltage lo.=100pA 0.2 Vv
VoH Output High Voltage lon=-100pA VCC-0.2 Vv
Note:

1. Typical value at T=25°C, VCC =3.3V.

2. Value guaranteed by design and/or characterization, not 100% tested in production.
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(T=-40C~125C, VCC=2.7~3.6V)

Symbol Parameter Test Condition Min. Typ. Max. Unit.
lu Input Leakage Current 12 pA
llo Output Leakage Current 12 HA

CS#=VCC,
lcaa Standby Current 22 120 pA
VIN=VCC or VSS
CS#=VCC,
Icc2 Deep Power-Down Current 1 25 pA

VIN=VCC or VSS
CLK=0.1VCC / 0.9vCC

at 133MHz, 10.8 12 mA
Q=0pen(x4 1/0)

CLK=0.1vCC/0.9vCC
at 80MHz, 6.6 8 mA

Icc3 Q=0pen(x4 1/0)

Operating Current (Read)

CLK=0.1VCC / 0.9vCC

at 80MHz, 4.2 5 mA

Q=0pen(x1 1/0)

CLK=0.1VCC / 0.9vCC

at 100MHz, DTR 10.2 12 mA

Q=0pen(x4 1/0)
lcca Operating Current (PP) CS#=VvCC 15 30 mA
lces Operating Current (WRSR) CS#=VvCC 15 30 mA
lcce Operating Current (SE) CS#=VvCC 15 30 mA
lecr Operating Current (BE) CS#=VCC 15 30 mA
lccs Operating Current (CE) CS#=VCC 15 30 mA
Vi Input Low Voltage -0.5 0.3vCC \%
Vi Input High Voltage 0.7vCC VCC+0.4 Y,
Vou Output Low Voltage lo.=100pA 0.2 Vv
VoH Output High Voltage lon=-100pA VCC-0.2 Vv

Note:
1. Typical value at T=25°C, VCC =3.3V.

2. Value guaranteed by design and/or characterization, not 100% tested in production.
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9.6. AC Electrical Characteristics
(T=-40°C~85C, VCC=2.7~3.6V, C.=30pf)
Symbol Parameter Min. Typ. Max. Unit.
Serial Clock Frequency For: all commands except
Fc 133 MHz
Read (03H), on 3.0-3.6V power supply
Serial Clock Frequency For: all commands except
Fea 104 MHz
Read (03H), on 2.7-3.0V power supply
Serial Clock Frequency For: all commands except
fa 104 MHz
Read (03H)
Serial Clock Frequency for DTR Read (DTR read:
1
fez ODH,BDH,EDH) 00 MHz
fr Serial Clock Frequency For: Read (03H) 80 MHz
) ) ) 45%
e Serial Clock High Time ns
(1/Fc)
. . 45%
tew Serial Clock Low Time ns
(1/Fc)
teten Serial Clock Rise Time (Slew Rate) 0.2 V/ns
teHeL Serial Clock Fall Time (Slew Rate) 0.2 V/ns
tsieH CS# Active Setup Time 5 ns
teHsH CS# Active Hold Time 5 ns
tsHeH CS# Not Active Setup Time 5 ns
tehst CS# Not Active Hold Time 5 ns
tshsL CS# High Time (Read/Write) 20 ns
tsHaz Output Disable Time 6 ns
telax Output Hold Time 1.2 ns
toven Data In Setup Time 2 ns
tcHox Data In Hold Time 2 ns
thicH HOLD# Low Setup Time (Relative To Clock) 5 ns
tHHCH HOLD# High Setup Time (Relative To Clock) 5 ns
teHHH HOLD# Low Hold Time (Relative To Clock) 5 ns
tenHL HOLD# High Hold Time (Relative To Clock) 5 ns
thiaz HOLD# Low To High-Z Output 6 ns
tHHax HOLD# High To Low-Z Output 6 ns
teav Clock Low To Output Valid 7 ns
twhsL Write Protect Setup Time Before CS# Low 20 ns
tsHwL Write Protect Hold Time After CS# High 100 ns
tor CS# High To Deep Power-Down Mode 3 us
CS# High To Standby Mode Without Electronic
tres1 us
Signature Read 20
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CS# High To Standby Mode With Electronic Signature
tres2 20 us
Read
tsus CSt# High To Next Command After Suspend 20 us
trs Latency Between Resume And Next Suspend 100 us
CS# High To Next Command After Reset (Except
trsT 30 us
From Erase)
CS# High To Next Command After Reset (From
trsT_E 12 ms
Erase)

tw Write Status Register Cycle Time 10 30 ms
tep1 Byte Program Time (First Byte) 40 70 us
tep Page Programming Time 0.5 2.4 ms

tse Sector Erase Time 45 300 ms
tee1 Block Erase Time (32K Bytes) 0.15 1.2 s
tee2 Block Erase Time (64K Bytes) 0.25 1.6 s

tce Chip Erase Time 50 100 s

Note:

1. Typical value at T=25C.

2. Value guaranteed by design and/or characterization, not 100% tested in production.
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(T=-40°C~105C, VCC=2.7~3.6V, C.=30pf)

Symbol Parameter Min. Typ. Max. Unit.
Serial Clock Frequency For: all commands except
Fc1 133 MHz
Read (03H), on 3.0-3.6V power supply
Serial Clock Frequency For: all commands except
Fc2 104 MHz
Read (03H), on 2.7-3.0V power supply
Serial Clock Frequency For: all commands except
fa 104 MHz
Read (03H)
Serial Clock Frequency for DTR Read (DTR read:
fca ODH,BDH,EDH) 100 MHz
fr Serial Clock Frequency For: Read (03H) 80 MHz
45%
ten Serial Clock High Time ns
(1/Fc)
) ] 45%
tew Serial Clock Low Time ns
(1/Fc)
teten Serial Clock Rise Time (Slew Rate) 0.2 V/ns
teHeL Serial Clock Fall Time (Slew Rate) 0.2 V/ns
tsicH CS# Active Setup Time 5 ns
teHsH CS# Active Hold Time 5 ns
tsHeH CS# Not Active Setup Time 5 ns
tenst CS# Not Active Hold Time 5 ns
tsHsL CS# High Time (Read/Write) 20 ns
tsHaz Output Disable Time 6 ns
telax Output Hold Time 1.2 ns
toven Data In Setup Time 2 ns
teHox Data In Hold Time 2 ns
thicH HOLD# Low Setup Time (Relative To Clock) 5 ns
tHHCH HOLD# High Setup Time (Relative To Clock) 5 ns
teHHH HOLD# Low Hold Time (Relative To Clock) 5 ns
tenHL HOLD# High Hold Time (Relative To Clock) 5 ns
tHiaz HOLD# Low To High-Z Output 6 ns
tHHaX HOLD# High To Low-Z Output 6 ns
tclav Clock Low To Output Valid 7 ns
twhsL Write Protect Setup Time Before CS# Low 20 ns
tsHwL Write Protect Hold Time After CS# High 100 ns
top CS# High To Deep Power-Down Mode 3 us
CS# High To Standby Mode Without Electronic
tres1 20 us
Signature Read
CS# High To Standby Mode With Electronic Signature
tres2 20 us
Read
tsus CS# High To Next Command After Suspend 20 us
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trs Latency Between Resume And Next Suspend 100 us
CS# High To Next Command After Reset (Except
trsT 30 us
From Erase)
CS# High To Next Command After Reset (From
trsT_E 12 ms
Erase)
tw Write Status Register Cycle Time 10 30 ms
tep1 Byte Program Time (First Byte) 40 140 us
tep Page Programming Time 0.5 4 ms
tse Sector Erase Time 45 500 ms
teE1 Block Erase Time (32K Bytes) 0.15 1.6 s
tee2 Block Erase Time (64K Bytes) 0.25 3.0 S
tee Chip Erase Time 50 200 s
Note:

3. Typical value at TA=25C.

4. Value guaranteed by design and/or characterization, not 100% tested in production.
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(T=-40°C~125C, VCC=2.7~3.6V, C.=30pf)

Symbol Parameter Min. Typ. Max. Unit.
Serial Clock Frequency For: all commands except
Fc1 133 MHz
Read (03H), on 3.0-3.6V power supply
Serial Clock Frequency For: all commands except
Fc2 104 MHz
Read (03H), on 2.7-3.0V power supply
Serial Clock Frequency For: all commands except
fa 104 MHz
Read (03H)
Serial Clock Frequency for DTR Read (DTR read:
fc2 ODH,BDH,EDH) 100 MHz
fr Serial Clock Frequency For: Read (03H) 80 MHz
45%
ten Serial Clock High Time ns
(1/Fc)
. . 45%
tew Serial Clock Low Time ns
(1/Fc)
teen Serial Clock Rise Time (Slew Rate) 0.2 V/ns
teHeL Serial Clock Fall Time (Slew Rate) 0.2 V/ns
tsicH CS# Active Setup Time 5 ns
teHsH CS# Active Hold Time 5 ns
tsHcH CS# Not Active Setup Time 5 ns
teHst CS# Not Active Hold Time 5 ns
tshsL CS# High Time (Read/Write) 20 ns
tsHaz Output Disable Time 6 ns
telax Output Hold Time 1.2 ns
tovcH Data In Setup Time 2 ns
teHox Data In Hold Time 2 ns
thHicH HOLD# Low Setup Time (Relative To Clock) 5 ns
tHHCH HOLD# High Setup Time (Relative To Clock) 5 ns
teHHH HOLD# Low Hold Time (Relative To Clock) 5 ns
teHHL HOLD# High Hold Time (Relative To Clock) 5 ns
tHlaz HOLD# Low To High-Z Output 6 ns
thHax HOLD# High To Low-Z Output 6 ns
tclav Clock Low To Output Valid 7 ns
twhsL Write Protect Setup Time Before CS# Low 20 ns
tsHwL Write Protect Hold Time After CS# High 100 ns
toe CS# High To Deep Power-Down Mode 3 Us
CS# High To Standby Mode Without Electronic
tRes1 20 us
Signature Read
CS# High To Standby Mode With Electronic Signature
tres2 20 us
Read
tsus CS# High To Next Command After Suspend 20 us
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trs Latency Between Resume And Next Suspend 100 us
CS# High To Next Command After Reset (Except
trsT 30 us
From Erase)
CS# High To Next Command After Reset (From
trsT_E 12 ms
Erase)
tw Write Status Register Cycle Time 10 30 ms
tep1 Byte Program Time (First Byte) 40 140 Us
tep Page Programming Time 0.5 4 ms
tse Sector Erase Time 45 800 ms
taE1 Block Erase Time (32K Bytes) 0.15 1.6 s
tae2 Block Erase Time (64K Bytes) 0.25 3.0 s
tee Chip Erase Time 50 200 s
Note:

1. Typical value at T =

2. Value guaranteed by design and/or characterization, not 100% tested in production.

25C.
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4— tSHSL
Cs# ——}\
B
SCLK WA
tDWVCH -
tCHDX
sl MSB XWX DO XN/ 777777
Figure 47. Input Timing
cs# S f
«—p+tCLH +‘ «— 1SHQZ
SCLELGV -/ SN S N
t <« tCLQV «—>—tCLL
1cLa e tCLOX
o — AT )
Least significant address bit (LIB)in ~ ~
Figure 48. Output Timing
CS#
scLK tC HHL_T/:,
tHLOZ _|
s0 X
HOLD#
51 do not care during HOLD operation.
Figure 49. Hold Timing
I I
T I
Cs# : tRB U
-
I
I ' :
I : I
I I
RESET# \ L/ :
I I
| |
" wmrn T Rad
Figure 50. Reset Timing
Symbol Parameter Min. Typ. Max. Unit.
trirH(treser) | Reset Pulse Width 1 us
tRHsL Reset Hold time before next Operation 40 ns
Reset Recovery Time (From Read or Program) 30 ps
tre Reset Recovery Time (From Erase) 12 ms
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10. PACKAGE SPECIFICATIONS
10.1. 8-Pin SOP 208-mil
SEATING PLANE
Tk
LT / \ T
i A2 A
L 74 4
P
E1E B=Fh == 4
L
. / \
U0l A 4
! Ak
- D - L p— L—¢
MILLIMETERS INCHES
SYMBOL MIN NOM MAX MIN NOM MAX
A 1.75 1.95 2.16 0.069 0.077 0.085
Al 0.05 0.15 0.25 0.002 0.006 0.010
A2 1.70 1.80 1.91 0.067 0.071 0.075
B 0.35 0.42 0.48 0.014 0.017 0.019
C 0.19 0.20 0.25 0.007 0.008 0.010
5.18 5.28 5.38 0.204 0.208 0.212
E 7.70 7.90 8.10 0.303 0.311 0.319
El 5.18 5.28 5.38 0.204 0.208 0.212
e 1.27 BSC 0.050 BSC
L 0.50 0.65 0.80 0.020 0.026 0.031
0] 0’ - 8’ 0’ - 8°
Seating Plane - - 0.10 - - 0.004

Notes:

1. Controlling dimensions: inches, unless otherwise specified.

2. BSC = Basic lead spacing between centers.

3. Dimensions D and E1 do not include mold flash protrusions and should be measured from the bottom of the package.
4. Formed leads shall be planar with respect to one another within 0.004 inches at the seating plane.
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10.2. 8-contact 6x5 WSON

b E1 -
L4 v K
1 L s L U |u| Y
' ' ' i
D METAL FAD AREA® D1
- L)
™ -~ -
: v ' 1 0
SEATING PLANE
A A2 Al
v v
. Ty
P i
A3
MILLIMETERS INCHES
SYMBOL MIN NOM MAX MIN NOM MAX
A 0.70 0.75 0.80 0.0276 0.0295 0.0315
Al 0.00 0.02 0.05 0.0000 0.0008 0.0019
A2 0.55 0.0126
A3 0.19 0.20 0.25 0.0075 0.0080 0.0098
b 0.36 0.40 0.48 0.0138 0.0157 0.0190
D(3) 5.90 6.00 6.10 0.2320 0.2360 0.2400
D1 3.30 3.40 3.50 0.1299 0.1338 0.1377
E 4,90 5.00 5.10 0.1930 0.1970 0.2010
E1(3) 4.25 4.30 4.35 0.1673 0.1692 0.1712
e(2) 1.27 BSC 0.0500 BSC
K 0.20 0.0080
L 0.50 0.60 0.75 0.0197 0.0236 0.0295
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10.3. 8-pin WLCSP

Note:
Please contact Dosilicon for full dimension information
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11. ORDERING INFORMATION

DS 25 XXW){WE-XX_XEEX

Packing Type

Dosilicon F: Tape and Reel

Memory Blank: Tray (Default)

Package Type
1: 8 Pin 208mil 80IC
2: 16 Pin 300mil SOIC

Product Family

25: 5PI NOR
3: 8 Pin 300mil PDIP
o 4: B Contact 6x5 WSON
Organization 5: 8 Pin 150mil S0IC

0 3.3V, Quad 5P1 x1/%2 /x4
M: 1.8V, Quad SPI x1,/x2/x4

6: 8 Contact Bxb W30MN

7: & Pin VSOP
W: 1.8v--3.3V, Quad 5P| x1/x2/x4 & 24hall TFRGA
9: 9 Contact 6x5 WSON
Device Depth R: 8 Contact 4x4 USON 0.45t 0.4ld

Bd: 54Mb P: WLCSP
44; 128Mb W: Wafer
48: 256Mb

Core [ 10 Voltage

4C:5120b
40 1¢h A 3.0V /[ 3.0V
B: 1.8V 1.8V
C: Wide Range
Temperature
Generation I: Industrial(-40°C ~85°C)
A: st J: Industrial Plus(-40°C ~105°C)
B: 2nd K: Industrial Plus+(-40°C ~125°C)
- grd Al:(Automotive/AEC-Q100 Gradel) : -40°C~125°C
M: MES Speed
50: 50MHz
85 B5MHz
1A: 104MHz
13: 133MHz
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