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25Q16-TD
Features (QPI)

e Serial Peripheral Interface
- Standard SPI: SCLK, /CS, SI, SO, /WP, /HOLD
- Dual SPI: SCLK, /CS, 100, 101, /WP, /[HOLD
- Quad SPI: SCLK, /CS, 100, 101, 102, 103
- QPI: SCLK, /CS, 100, 101, 102, 103
e Read
- Normal Read (Serial): 104MHz clock rate

- Fast Read (Serial): 108MHz clock rate with 30PF load
- Dual I/O data transfer up to 216Mbits/S

- Quad |/O data transfer up to 432Mbits/S

- QPI data transfer up to 432Mbits/S

- Allows XIP (execute in place) Operation: Continuous Read with 8/16/32/64-byte Wrap
e Program

- Serial-input Page Program up to 256bytes

- Program Suspend and Resume
e Erase

- Block Erase (64/32 KB)

- Sector Erase (4 KB) \

- Chip Erase
- Erase Suspend and Resume

e Program/Erase Speed
- Page Program time: 0.16ms typical

- Sector Erase time: 20ms typical
- Block Erase time: 0.055/0.2s ty;@

- Chip Erase time: 4s typical
e Flexible Architecture
- Sector of 4K-byte
- Block of 32!64K-byt%
e Low Power Consumption
- 9mA maximum active current

- 2.5uA maximum power down current
e Software/Hardware Write Protection

- 3x1024-Byte Security Registers with OTP Locks
- Discoverable Parameters (SFDP) register
- Enable/Disable protection with WP Pin
- Write protect all/portion of memory via software
- Top or Bottom, Sector or Block selection

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

e Temperature Range

- Commercial (-40°C to +85°C)
- Industrial (-40°C to +85°C)
- Industrial (-40°C to +105C)
- Industrial (-40°C to +125°C)
e Cycling Endurance/Data Retention

- Typical 100k Program-Erase cycles on any sector
- Typical 20-year data retention
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1. Description

The 25Q16is 16M-bit Serial Peripheral Interface (SPI) Flash memory and support the
standard Serial Peripheral Interface (SP!), Dual/Quad /O SPI as well as 2-clocks instruction cycle
Quad Peripheral Interface (QPI): Serial Clock, Chip Select, Serial Data 1/00 (DI), I/01 (DO), /02
(/WP), and 1/03 (/HOLD). SPI clock frequencies of up to 108MHz are supported allowing
equivalent clock rates of 216MHz (108MHz x 2) for Dual I/O and 432MHz (108MHzx4) for Quad
I/O when using the Fast Read Dual/Quad and QP! 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. The device uses a single low
voltage power supply, ranging from 2.7 Volt to 3.6 Volt.

Additionally, the device supports JEDEC standard manufacturer and device ID and three
1024bytes Security Registers.

In order to meet environmental requirements, Technology o in SOP8 150mil/208mil,8-
pin TSSOP8 173mil, 8-pad USON 2*3mm(0.50mm), 8-p 2*3mm(0.55mm), 8-pad
WSON 5*6mm, 8-pad WSON 6*8mm, and other special- packages, please contacts

Technology for ordering information.

Figure 1. Logic diagram

—4d  25Q16
WP (]
HOLD =]
VSS
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Figure 2. Pin Configuration SOP8 150mil/208 mil, TSSOP8 173mil

Top View
O

/CS 1 8 vee
SO 2 SOP8 4 /HOLD

150mil/208mil

TSSOPS 173mil
/WP 3 6 SCLK
VSS 4 5 ST

Figure 3. Pin Configuration USON8 2*3mm,WSON8 5*6mm and WSON8 6*8mm

WWW.TDSEMIC.COM Page 5

HEFER









 TDSEMIC

25Q16-TD
3. Block/Sector Addresses
Table 2. Block/Sector Addresses of 25Q16
Memory | Big Block Block Block Sector
Density | (8Mbit) | (64k byte) | (32k byte) | SetOr NO- | gjo(kp) | Address range
Sector 0 4 000000h-000FFFh
Half block 0
Sector 7 4 007000h-007FFFh
Block 0
Sector 8 4 008000h-008FFFh
Half block 1 : 4 :
Sector 15 4 00FO000h-0FFFFh
Big Block
0 : :
Sector 24 4 0F0000h-FOFFFh
Half block )
30 : :
Se 4 OF7000h-F7FFFh
Block 15
48 OF8000h-F8FFFh
Half block :
31 : ’
ector 255 4 OFFO00h-FFFFFh
16 Mbit @ :
Sector 256 4 100000h-100FFFh
block
32 : :
Bch Sector 263 107000h-107FFFh
Sector 264 4 108000h-108FFFh
Half block
39 : : :
Sector 271 4 10F000h-0FFFFh
Big Block
1 -
Sector 496 4 1F0000h-FOFFFh
Half block i
62 : d
Sector 503 1F7000h-F7FFFh
Block 31
Sector 504 1F8000h-F8FFFh
Half block ]
63 : : :
Sector 511 4 1FFO00h-FFFFFh
Notes:
1. Big Block = Uniform Big Block, and the size is 8M bits.
2. Block = Uniform Block, and the size is 64K bytes.
3. Half block = Half Uniform Block, and the size is 32k bytes.
4. Sector = Uniform Sector, and the size is 4K bytes.

WWW.TDSEMIC.COM

Page 8







 TDSEMIC

25Q16-TD

4.5 Switch between SPI and QPI operation

C PowTr Up )

i Device initialization
& & Status Register refresh
o
(1]
=
= i
T 66h+99h 3
Standard/Dual/Quad SPI Operations @
(SPI) =
©
| I >
38h FFh S
(SPI) (Q|PI)
: +99h
QPI Operations (QPI)
WWW.TDSEMIC.COM Page 10 HmEFER









 TDSEMIC

25Q16-TD

5.5 Write Protect Features

1.

7:

Software Protection (Memory array):

- The Block Protect (BP4, BP3, BP2, BP1, BP0) bits define the section of the memory array
that can be read but not change.

Hardware Protection (Status register). /WP going low to protect the writable bits of Status
Register.

Deep Power-Down: In Deep Power-Down Mode, all instructions are ignored except the
Release from deep Power-Down Mode instruction.

Device resets when VCC is below threshold: Upon power-up or at power-down, the
25Q16will maintain a reset condition while VCC is below the threshold value of V Wi
While reset, all operations are disabled, and no instructions are recognized.

Time delay write disable after Power-up: During power-up and after the VCC voltage exceeds
VCC (min), all program and erase related instructions are further disabled for a time delay of
tVSL. This includes the Write Enable, Page Program, Sector Erase, Block Erase, Chip Erase
and the Write Status Register instructions.

Write Enable: The Write Enable instruction is set the Write Enable Latch bit. The WEL bit will
return to reset by following situation:

-Power —up
-Write Disable

-Write Status Register (Whether the SR is protected, W Ilkreturn to reset)
-Page Program (Whether the program area is protecte vill return to reset)

-Sector Erase/Block Erase/Chip Erase (Whether tl\ e area is protected, WEL will
return to reset)

-Software Reset

-Hardware Reset

One Time Program (OTP) write pmtecti@array and Security Registers using Status
5.6 Status Register

Register. E
5.6.1 sStatus Register&
See Table 3 for detail description of the Status Register bits.

Table 3. Status Register

SR3
s23 | s2 | s21 520 s19 s18 s17 s16
HOLD/RST = DRV1 DRVO DC Reserved | Reserved Reserved | Reserved
Default 0o o | o | o X X X X
SR2
s15 s14 s13 s12 s11 $10 s9 S8
sus1 CMP LB3 LB2 LB1 sus2 QE SRP1
Default ! 0 o | 0 0 0 0 0 0
Read Only OTP OTP OTP |Read Only
SR1
s7 s6 s6 s4 s3 s2 s1 S0
SRPO BP4 BP3 BP2 BP1 BPO WEL WIP
Default | 0 0 0 0 0 0 0 0
| | Read Only|Read Only

Notes:

1. The default value is set by Manufacturer during wafer sort, Marked as Default in following

text
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5.6.2.10 HOLD/RST bit

The /HOLD or /RESET Pin Function (HOLD/RST) bit is used to determine whether /HOLD or
IRESET function should be implemented on the hardware pin. When HOLD/RST=0 (factory
default), the pin acts as /HOLD; when HOLD/RST=1, the pin acts as /RESET. However, /HOLD or
/IRESET 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/0O pin.

5.6.2.11 DRV1/DRVO bits

The Output Driver Strength (DRV1&DRVO0) bits are used to determine the output driver strength
for the Read instruction.

Table 5. The Output Driver Strength

DRV1,DRVO Driver Strength
00 100%(default)
01 75%
10 50%
11 25%

o"@
A,
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5.7 Array Memory Protection

5.7.1 Block Protect Table

Table 6. 25Q16 Block Memory Protection (CMP=0)

Status Register Content Memory Content

BP4 | BP3 | BP2 | BP1 | BP0 Blocks Addresses Density Portion
X X 0 0 0 NONE NONE NONE NONE
0 0 0 0 1 31 1FO000H-1FFFFFH | 64KB Upper 1/32
0 0 0 1 0 30 to 31 1EO0000H-1FFFFFH | 128KB Upper 1/16
0 0 0 1 1 28 to 31 1CO000H-1FFFFFH | 256KB Upper 1/8
0 0 1 0 0 24 to 31 180000H-1FFFFFH | 512KB Upper 1/4
0 0 1 0 1 16 to 31 100000H-1FFFFFH 1MB Upper 1/2
0 1 0 0 1 0 000000H-00FFFFH 64KB Lower 1/32
0 1 0 1 0 Oto1 000000H-01FFFFH | 128KB Lower 1/16
0 1 0 1 1 Oto3 256KB Lower 1/8
0 1 1 0 0 Oto7 512KB Lower 1/4
0 1 1 0 1 0to 15 1MB Lower 1/2
X X 1 1 X 0 to 31 2MB ALL
1 0 0 0 1 31 4KB Top Block
1 0 0 1 0 31 8KB Top Block
1 0 0 1 1 31 16KB Top Block
1 0 1 0 X 31 TF8000H-1FFFFFH | 32KB Top Block
1 1 0 0 1 000000H-000FFFH 4KB Bottom Block
1 1 0 1 0 000000H-001FFFH 8KB Bottom Block
1 1 0 1 1 000000H-003FFFH 16KB Bottom Block
1 1 1 0 0 000000H-007FFFH 32KB Bottom Block

WWW.TDSEMIC.COM Page 17 JRE e






 TDSEMIC

25Q16-TD
7. Instructions Description

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

See Table 9, every instruction sequence starts with a one-byte instruction code. Depending on the
instruction, this might be followed by address bytes, or by data bytes, or by both or none. /CS must
be driven high after the last bit of the instruction sequence has been shifted in. For the instruction
of Read, Fast Read, Read Status Register or Release from Deep Power Down, and Read Device
ID, the shifted-in instruction sequence is followed by a data out sequence. /CS can be driven high
after any bit of the data-out sequence is being shifted out.

For the instruction of Page Program, Sector Erase, Block Erase, Chip Erase, Write Status Register,
Write Enable, Write Disable or Deep Power-Down instruction, etc. /CS must be driven high exactly
at a byte boundary, otherwise the instruction is rejected, and is_pot executed. That is /CS must
drive high when the number of clock pulses after /CS being driy is an exact multiple of eight.
For Page Program, if at any time the input byte is not a full b ing will happen and WEL will
not be reset.

WWW.TDSEMIC.COM Page 19 HREFEHR
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Table 9. Instruction Set Table
Instruction Set Table 1 (Standard/Dual/Quad SPI Instructions)™

Instruction Name Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6
Write Enable 06h
Volatile SR Write Enable 50h
Write Disable 04h
Read Status Register-1 05h (87-S0)@
Write Status Register-1¢) 01h (S7-S0)
Read Status Register-2 35h (S15-S8)@
Write Status Register-2 31h (S15-S8)
Read Status Register-3 15h (523-516)@
Write Status Register-3 11h (S23-S16)
Chip Erase C7h/60h
Erase/Program Suspend 75h
Erase/Program Resume 7Ah
Power-down B9h
Release Power-down / ID ABh Dummy (ID7-1D0)
Manufacturer/Device |D 90h Dummy (MF7-MFO0) (ID7-1D0)®
JEDEC ID 9Fh (MF7-MFO)
Enter QPI Mode 38h
Enable Reset 66h

Reset Device 99h
Read Serial Flash
Discoverable 5Ah 15-A8 AT7-AD Dummy (D7-D0) Next bytes
Parameter
Instruction Name Byte 1 Byte 3 Byte 4 Byte 5 Byte 6 ~ Byte 21
Read Unique ID 4Bh Dummy Dummy Dummy (UID127-UID0)
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Instruction Set Table 2 (Standard/Dual/Quad SPI Instructions) (")
Instruction Name Byte1 | Byte2 | Byte3 Byte 4 Byte & Byte 6 Byte 7 Byte 8 Byte 9
Page Program 02h | A23-A16 | A15-A8 | A7-AD D7-DO® Next bytes
Quad Page Program 32h | A23-A16 | A15-A8 | A7-AD D7-DO®GK#) Next bytes
Sector Erase (4KB) 20h | A23-A16 | A15-A8 | A7-AD
Block Erase (32KB) 52h | A23-A16 | A15-A8 | A7-AD
Block Erase (64KB) D8h | A23-A16 | A15-A8 | A7-AD
Read Data 03h | A23-A16 | A15-A8 | A7-AD (D7-D0O) | (D7-D0O) Next bytes
Fast Read 0Bh | A23-A16 | A15-AB | A7-AD Dummy | (D7-DO) Next bytes
Fast Read Dual Output 3Bh | A23-A16 | A15-A8 | A7-AD Dummy | (D7-DO)™ Next bytes
Fast Read Quad Output 6Bh | A23-A16 | A15-A8 | A7-AD Dummy | (D7-DO)® Next bytes
Erase Security Register® | 44h | A23-A16 | A15-A8 | A7-A0
Program Security Register®™| 42h | A23-A16 | A15-A8 | A7-A0 D7-DO® Next bytes
Read Security Registert® 48h | A23-A16 | A15-A8 | A7-AD Dummy | (D7-D0) Next bytes
Fast Read Dual /O BBh |A23-A161|A15-A8® A7-AD® | M7-MO®! | (D7-DO)™
Mftr./Device ID Dual I/O 92h [A23-A161®|A15-A8® A7-AQ® | M7-MO®) FO)™ (D?-Dﬂ)ml
Set Burst with Wrap 77h Dummy | Dummy | Dummy Wa-
Fast Read Quad 1/0t1%) EBh [A23-A16®)| A15-A8() | A7-AQ®) Mo¢ *Dummy |Dummy | (D7-D0)® \ Next byte
Word Read Quad /011012 | E7h  |A23-A16®| A15-AB® | A7T-AD® " Dummy |(D7-D0)® Next bytes
Octal W"If%ﬁ;?ad Quad E3h |A23-A16®| A15-A8® | A7-A WMo | (D7-D0)® Next bytes
Mftr./Device ID Quad I/O 94h |A23-A16®| A15-A8® ! M7-MO® |  Dummy |Dummy I(M F?~MFO)(“’| (ID7-IDO)®

A
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6. Dual SPI address input format:
100 = A22, A20, A18, A16, A14, A12, A10, A8, A6, A4, A2,
101 =A23, A21, A19, A17, A15, A13, A11, A9, A7, A5, A3,
7. Dual SPI data output format:
100 = (D6, D4, D2, DO)
101 = (D7, D5, D3, D1)
8. Quad SPI address input format:
100 = A20, A16, A12, A8, A4, A0, M4, MO
101 =A21, A17,A13, A9, A5 A1, M5, M1
102 = A22, A18, A14, A10, A6, A2, M6, M2
103 = A23, A19, A15, A11, A7, A3, M7, M3
9. Quad SPI data input/output format:
100 = (D4, DO, ....))
I01 = (D5, D1, .....)
|02 = (D6, D2, .....)
I03 = (D7,D3, .....)
10. Fast Read Quad I/O data output format:
100 = (x, x, X, X, D4, DO, D4, D0)

01 = (x, X, X, X, D5, D1, D5, D1)
102 = (x, X, X, X, D6, D2, D6, D2)
I03 = (x, x, X, X, D7, D3, D7, D3) \

11. Word Read Quad I/O data output format:
100 = (x, x, D4, DO, D4, DO, D4, DO0)
101 = (x, x, D5, D1, D5, D1, D5, D1)
102 = (x, x, D6, D2, D6, D2, D6, D2)
103 = (x, x, D7, D3, D7, D3, D7, D3)

0, M6, M4, M2, MO

Al
A1, M7, M5, M3, M1

12. For Word Read Quad 1/O, the lowest a bit must be 0. (A0 = 0)
13. For Octal Word Read Quad 1/O, est four address bits must be 0. (A3, A2, A1, A0 =
0)

14. QPI Command, Address, D
CLK#H0 1 2
100 = C4, CO0, A

utput format:

5 6 7 8§ 9 10 11
W Al2, AS, A4, A0, D4,D0, D4, DO
7. Al3,A9, A5, A1, DS5,DI, D5 DI

101 =C5,C1;
102 = Co, C2, A22, AlS, Al4, Al0, A6,A2, D6,D2, Do6,D2
103 =C7,C3, A23,A19, AlS5, All, A7,A3, D7,D3, D7,D3

15. The number of dummy clocks for QPI Fast Read, QPI Fast Read Quad 1/0 & QPI Burst
Read with Wrap is controlled by read parameter P7 — P4.

16. The wrap around length for QPI Burst Read with Wrap is controlled by read parameter P3
- PO.
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Table 10. Instructions that need to send the Write Enable/Write Enable for Volatile Status
Register instruction
Instruction Write
Write Status Register 01h/31h/11h 06H/50H
Erase Security Registers 44h 06H
Program Security Registers 42h 06H
Page Program 02h 06H
Quad Page Program 32h 06H
Sector Erase 20h 06H
32KB Block Erase 52h 0O6H
64KB Block Erase D8h 06H
Chip Erase 60h/C7h 06H

WWW.TDSEMIC.COM
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7.1 Configuration and Status Instructions
7.1.1 Write Enable (06H)

See Figure 5-Figure 6, the Write Enable instruction is for setting the Write Enable Latch bit. The

Write Enable Latch bit must be set prior to every Write Status Register, Program, Erase. The Write
Enable instruction sequence: /CS goes low sending the Write Enable instruction, /CS goes high.

Please note that the Write Enable instruction sent when the Write Enable for Volatile Status
Register instruction is valid is not accepted. Therefore, when need to send the Write Enable
instruction, but do not know if the Write Enable for Volatile Status Register instruction is valid,
please send the Write Disable instruction first.

Figure 5. Write Enable Sequence Diagram (SPI Mode)

/CS

SO .
Figure 6. Write Enable Sequence Dia %de}

g@)
/CcS ’

de 3 0 1 Mode3

&( Mode 0 ‘ ‘ Mode 0
" Insiruetion
- 06H —|
S 7 AN - ox ow
(100) A A N YAy,
SO f / \\\ /,,- N /,/ /,,.- /
(101) £+~ 7/ \ Y Ne -
we /N 7 N\ 27
(102) L £/ rd N S S
JHOLD -_/-’_[(7.'_/?\\\ // /-7,——/7
(103) L L L\ f P
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7.1.2 Write Enable for Volatile Status Register (50H)

See Figure 7-Figure 8, the non-volatile Status Register bits can also be written to as volatile bits
(HOLD/RST, DRV1, DRVO, CMP, QE, SRP1, SRPO, BP4, BP3, BP2, BP1, BPO0). 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. Write Enable for Volatile Status Register instruction will not set the Write Enable
Latch bit, it is only valid for the Write Status Registers instruction to change the volatile Status
Register bit values (After the software/hardware reset or re-powered, the volatile Status Register
bit values will be restored to the default value or the value input by the Write Enable instruction).

Please note that the Write Enable for Volatile Status Register instruction sent when the Write
Enable instruction is valid is not accepted. Therefore, when need to send the Write Enable for
Volatile Status Register instruction, please first determine whether the Write Enable instruction is
not valid.

Figure 7. Write Enable for Volatile Status Register (SPI Mode)

cS —

a

Instruction

Figure 8. Write Enable for Volatile St ister (QPI Mode)

fode 3 . 0 1 Mode 3
Mode 0 . Mode 0

' .4I nstruction
I 50H
st/ >
SO
(I01) 44
/wp
(102) ~
/HOLD
(103) ~
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See Figure 9-Figure 10, the Write Disable instruction is for resetting the Write Enable Latch bit or
invalidate the Write Enable for Volatile Status Register instruction. The Write Disable instruction
sequence: /CS goes low -> sending the Write Disable instruction -> /CS goes high. The WEL bit is
reset by following condition: Power-up and upon completion of the Write Status Register, Page
Program, Sector Erase, Block Erase and Chip Erase, Program/Erase Security Registers and

Reset instructions.

Figure 9. Write Disable Sequence Diagram (SPI Mode)

iC§ ——
o0 1 2 3 4 5 6 7
SCLK ! U UTJ L u J U
Instruction R
o x/,x »’H/ 04H X ' / L*LZ
High 7 '
SO B

Figure 10. Write Disable Sequence Diagram (QPI Mode)

/ICS P >
_Mode3 Moded .
SCLK Mode 0 Mode 0
’ cli:\n_*i
04H
— ; 77
I , A AT
(100) L L L
S0 . T /,/
(1 e N Lot
P /,/ y -\\ 7
") ! M, s ’ 4
JHOLD 7 ; /,f\\\ z ;/,,
(103) AR A N s p A
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7.1.4 Read Status Register (05H or 35H or 15H)

See Figure 11-Figure 12, the Read Status Register instruction is for reading the Status Register.
The Status Register may be read at any time, even while a Program, Erase or Write Status
Register cycle is in progress. When one of these cycles is in progress, it is recommended to check
the Write in Progress (WIP) bit before sending a new instruction to the device. It is also possible to
read the Status Register continuously. For instruction code “05H”, the SO will output Status
Register bits S7~S0. The instruction code “35H", the SO will output Status Register bits S15~S8,

The instruction code “15H”, the SO will output Status Register bits S23~16.

Figure 11. Read Status Register Sequence Diagram (SPI Mode)

iCS
_____ ] 9 10 11 12 13 14 15
SCLK :M Hﬂf Tﬂm ﬂ U UL
Instruction —)
- .r,r,'.a;;;; T 717 77 7 ._.'..,""’
S1 f f; f}( 05H or 35H or I5H )&; ff/; ;'f .a’,.",.f )I,'#x ,HI ,’;,.f | g S / f"'lz(,f / I
Register 0/1/2
High Z 3
50 . W‘ Al

(101)
/WP
(102)

mom7777—\
(103)

SR-1/2/3 | SR-1/2/3 |
out out
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Figure 14. Write Status Register Sequence Diagram-01H 2byte (QPI Mode)
/CS N\ /—
_ Mode _3__ 0 1 2 3 4 5 _Mode 3 _
SCLK  Mode 0 Mode 0

le—om—s skt | sk2 |
00 [/ D CaXoX XX/

. /7N XXX XL,

w [/ N e X2 X e X2 XL/
103 [/ /N COX3XIXXLLLS

Figure 15. Write Status Register Sequence Diagram-01/31/11H 1byte (SPI Mode)

/5 —\ _ - . B /—

Mode_3

I"'I— Instruction —I-I -
ST 4 O11/31H/111H

50

OTH/3THAIH

I Instruction | SR1/2/3in :

X0
|

o LT\ XX
(1O1) |
|
(102) |
|

M TITT N\ KOXCXKITIT
(103) |
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7.1.6 Enter QPI Mode (38H)

The 25Q16 support both Standard/Dual/Quad Serial Peripheral Interface (SPI) and Quad
Peripheral Interface (QPI). However, SPI mode and QPI mode cannot be used at the same time.
“Enter QPI (38h)” instruction is the only way to switch the device from SPI mode to QPI mode.

Upon power-up, the default state of the device upon is Standard/Dual/Quad SPI mode. This
provides full backward compatibility with earlier generations of Technology serial flash
memories. See Instruction Set Table 9 for all supported SPI instructions. 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.

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

Figure 17. Enter QPI Mode (SPI Mode)

/CS j

st ////)

SO

7.1.7 Exit QPI Mode (FFH)

In order to exit the QPI mode and 1. e Standard/Dual/Quad SPI mode, an “Exit QPI (FFh)”
instruction must be issued.

When the device is switcheﬁQ | mode to SPI mode, the existing Write Enable Latch (WEL)
and Program/Erase Suspend stattis, and the Wrap Length setting will remain unchanged.

Figure 18. Exit QP! Mode (QPI Mode)

/CS y
Mode 3 0 1 Mode 3
SCLK  Mode0 Mode 0

Instruction
= FrH
SI
(100) -
SO
(101) -
WP
(102)
/HOLD
(103)
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7.2 Read Instructions
7.2.1 Read Data (03H)

See Figure 21, the Read Data Bytes (READ) instruction is followed by a 3-byte address (A23-A0),
each bit being latched-in during the rising edge of SCLK. Then the memory content, at that
address, is shifted out on SO, each bit being shifted out, at a Max frequency fR, during the falling
edge of SCLK. The 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 whole memory can be read with a single Read Data Bytes
(READ) instruction. Any Read Data Bytes (READ) instruction, while an Erase, Program or Write
cycle is in progress, is rejected without having any effects on the cycle that is in progress.

Figure 21. Read Data Bytes Sequence Diagram (SP! Mode only)

/CS . i
3334 35 36 37 38 39

_____ 6 7 9 ”R 29 30 31 ! o
see T UL UL O ULUUUT
— Inslruullun —N— 24 Bit Addn.ss »
SI , , , 031 \21\22 2| ————————— 352 \ . " / / _f “} / / f
MSB - Data Bytel High 7

SO High @ L1X6X5 W43 X2 X1 X 0>
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See Figure 24, the Dual Output Fast Read instruction is followed by 3-byte address (A23-A0) and
a dummy byte, each bit being latched in during the rising edge of SCLK, then the memory contents
are shifted out 2-bit per clock cycle from Sl and SO. The first byte addressed can be at any
location. The address is automatically incremented to the next higher address after each byte of

data is shifted out.

Figure 24. Dual Output Fast Read Sequence Diagram (SPI Mode only)

Instruction }{4 24-Bit Address

— ——
s /// 3BH X3ty <3 XX T X0 >

SO High_7. .
/CS
35 36 37 38 39 40 42 L 45 46 47

WKTTFFFHHTHHF AT N —
s l(-— Dummy Clocks ————p /ﬁ" High_7
SO High 7 Y High 7

A
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7.2.4 Quad Output Fast Read (6BH)

See Figure 25, the Quad Output Fast Read instruction is followed by 3-byte address (A23-A0) and
a dummy byte, each bit being latched in during the rising edge of SCLK, then the memory contents
are shifted out 4-bit per clock cycle from 103, 102, 101 and 100. The first byte addressed can be at
any location. The address is automatically incremented to the next higher address after each byte

of data is shifted out. The Quad Enable bit (QE) of Status Register must be set to enable.

Figure 25. Quad Output Fast Read Sequence Diagram (SPI Mode only)

Cs
SCLK

ST
100)

SO
(101)

/WP
(102)

MOLD
(103)
/cs

SCLK
SI
(100)
SO
(101

WP
(102)

/HOLD
(103)

Mode3 0 | 2 3 4 5 6 7 8 9 10 28 29 30 31

QENRRERE NN R — [ LU

Instruction = 24-Bit Address ———P|

/ -m-.

/A 6BH } 21\( 22 21 °l ; ? \/\2\/I A0
High 7 NSB

High_7

High_7.

32 33 34 35 36 37 38
LU L L L

Dummy Clocks

N % ~ \/0 }('.4\){‘\'\’)
'x \/ N

High_7

ODEDEDET

_ HghZz

/

\.

f 3>< p\if?/1%?>\1

M’SB MSB IMSB

,\_ &6\/2 /6 /2 xﬁ\(z

|
|
|
1
1
i
vh 7 |
|
|
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7.2.5 Dual /O Fast Read (BBH)

See Figure 26, the Dual I/O Fast Read instruction is similar to the Dual Output Fast Read
instruction but with the capability to input the 3-byte address (A23-0) and a “Continuous Read
Mode” byte 2-bit per clock by Sl and SO, each bit being latched in during the rising edge of SCLK,
then the memory contents are shifted out 2-bit per clock cycle from S| and SO. The first byte
addressed can be at any location. The address is automatically incremented to the next higher
address after each byte of data is shifted out.

Dual I/0O Fast Read with “continuous Read Mode”

The Dual I/O Fast Read instruction can further reduce instruction overhead through setting the
“continuous Read Mode” bits (M7-4) after the inputs 3-byte address A23-A0).If the “continuous
Read Mode” bits(M5-4)=(1,0),then the next Dual I/O fast Read instruction (after CS/ is raised and
then lowered) does not require the BBH instruction code. The instruction sequence is shown in the
following Figure 26. If the “continuous Read Mode” bits (M5-4) does not equal (1,0), the next
instruction requires the first BBH instruction code, thus returning to normal operation. A
“continuous Read Mode” Reset instruction can be used to reset (M5-4) before issuing normal
instruction.

Figure 26. Dual I/O Fast Read Sequence Diagram (Initj a:tton or previous (M5-4) #
(1,0) , SPI Mode only)

5&11{”_} UJLI |_| LI UU ]_] 8 ‘@H_f" wuls 16 j_ﬁ_u 20 21 szfl

— Instruction

100) ;7\ bR X6 X4 X2 X0 r><4>< >(0 f><4><><>

SO Iigh 7 s
(101) 07 /\_/\/<><_/\_XE><E><_> !
& A23-16 Als-8

CS

21 24 25 26 27 28 “? \[| 31 32 33 34 35 36 37 38 39

e R FEPNRRRERERE J—L‘I LI

4 N /N High_7.

Byte 2 Byte 3 Byte 4
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Figure 27. Dual I/O Fast Read Sequence Diagram (Previous instruction set (M5-4) =(1,0) ,
SPI Mode only)
ICS_\012%456?8910 2 1314 15
SCLK | | | | | | | |
SI
@00) —<EXEXIXOKEXEXDXOK XX 2K 0K X8 X2 X 0>
OO0 GO0 OO0 VOO0
A23-16 A15-8 A7-0 M7-0
/CS /o
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
SCLK R T
SI

(100) —Bx(3<2X0
iy BT

Bytel

WWW.TDSEMIC.COM Page 38 EFER









TDSEMIC

25Q16-TD

Figure 30. Quad I/O Fast Read Sequence Diagram (QPIl Mode Mode; Initial instruction or
previous (M5-4+(1,0)))

CS LN I
mxﬁhﬁylLLjUJupUUJTUITﬁ _____

EBH " | A23-16 | Al5-8 AT 0 M70* 59}_1{. ouni])maomz nmmmmmmmg ______

SVIANVER <O OO 0000, 1AyQX”@>M o

(1I00)

SO 7/ T ow Py,
aon /// \21 ”[ /‘5/ 0,00 &P X ‘)"\5 /1>‘“\<’ *\52\‘ ________

; A A L
s /LS \\ X 22%1_/« 14>< 10X % 2 X E><—\< /xj (>>( 2\{<6 X2, ,+\6 / 2

Y «a%w«xn«fuy%zx?\w/ KA
'MSB MSI! M‘-,H MSB NS h g, T

* = “Set Read Parameters” Instruction (COH) can set

the number of dummy clocks

Figure 31. Quad I/O Fast Read Sequence Diagram (QPI ode; Initial instruction or
previous (M5-4=(1,0)))

/HOLD ¥
(103) —Q\”

M7-0 Dummy
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Quad /0O Word Fast Read with “8/16/32/64-Byte Wrap Around” in standard SPl mode

The Quad I/O Fast Read instruction can also be used to access a specific portion within a page by
issuing a “Set Burst with Wrap” (77H) instruction prior to E7H. The “Set Burst with Wrap” (77H)
instruction can either enable or disable the “Wrap Around” feature for the following E7H
instructions. 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 instruction.

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 instructions.

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.

o"”@
A
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7.2.8 Set Burst with Wrap (77H)

See Figure 34, The Set Burst with Wrap instruction is used in conjunction with “EBH”, “E7H”
instructions to access a fixed length of 8/16/32/64-byte section within a 256-byte page, in standard

SPI mode.

The Set Burst with Wrap instruction sequence:/CS goes low ->Send Set Burst with Wrap

instruction ->Send24 Dummy bits ->Send 8 bits” Wrap bits”->/CS goes high.

If W6-4 is set by a Set Burst with Wrap instruction, all the following “EBH”, “E7H” 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 is 1.

W4=0 W4 =1 (DEFAULT)
W6 , W5
Wrap Around Wrap Length Wrap Around Wrap Length
0 0 Yes 8-byte N/A
0 1 Yes 16-byte N/A
1 0 Yes 32-byte N/A
1 1 Yes 64-byte N/A
Figure 34. Set Burst with Wrap Sequence Diag
ff(_‘s N F W S
Mf}@? 301 4 78 15 _Mode 3
sx s, | 1 [ 1/ 1] _'_LLT |JLLLIM
S r . _H ‘I High_Z
(100) L ifif }{ /%X\«X o }x X/\X /g X )\W /- /\i -
o1 — < K XX /hyxy\/x\/%/\w‘ o
WP B High_7
(JI\(k)é) '_ \XXX X e X ) 4 X)\ \}Q\u’b X
; High Z i
0% i /x)(\j(xWx x»f > /H‘-“”
bytel ' byte2 byte3 ! 1“ ted
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7.2.9 Set Read Parameters (COH)

In QPI mode, to accommodate a wide range of applications with different needs for either
maximum read frequency or minimum data access latency, “Set Read Parameters (COh)
instruction can be used to configure the number of dummy clocks for “OBH”, “EBH”, “OCH”, “48H”
and “5AH” instructions, as shown in Table 11, and to configure the number of bytes of “Wrap
Length” for the “OCH” instruction.

Table 11. Instructions that configurable dummy number

Mode Instruction
Fast Read 0Bh
Fast Read Quad I/O EBh
QPI Burst Read with Wrap 0Ch
Read Security Registers 48h
Read Serial Flash Discoverable Parameter 5Ah

In Standard SPI mode, the “Set Read Parameters (COh)” instruction is not accepted. The dummy
clocks for various Fast Read instructions in Standard/Dual/Qua | mode are fixed, please refer
to the Instruction Table 9 for details. The “Wrap Length” is seffby W5-4 bit in the “Set Burst with
Wrap (77h)” instruction. This setting will remain unchang the device is switched from
Standard SPI mode to QPI mode. K

The default “Wrap Length” after a power up or a Reset instri€tion is 8 bytes, the default number of

dummy clocks is 4. The number of dummy clocks i
“48H" and “5AH” instructions in the QPI mode.
QPI mode, the number of dummy clocks sho

“48H" and “5AH” instructions.

rogrammable for “OBH”, “EBH”, “OCH”,
r the device is switched from SPI mode to
t again, prior to any ““0BH”, “EBH”, “OCH”,

P5-P4 ook RECllJ(TﬂI-Rle}:QD P1-PO | | ENGTH
0o o 70/80R 0 0| 8byte
0o 1 100/108R 0 1| 16byte
1 0 8 108/120R 1 0| 32byte
11 10 108/120R 1 1| 64byte

WWW.TDSEMIC.COM

Page 45



 TDSEMIC

25Q16-TD
Figure 35. Burst Read with Wrap (QPI Mode only)
Ve G
_Mode 3 0 1 2 3 Mode 3

UK _wodeo | [ [ [ ][ ][] teteo

nstruction  Read

coy | Paramt ersé

WET A I B e . |y e o
SO — 7 7 7\
oy L L LN

/NP — 77 7 7\
(102) L /2 / 7 \

/HOLD ~ / /7 /7 \ ’_> P3N ~
(103) ARV AN \_/\PT \P‘g_,
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7.2.10 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 (0Bh)”
instruction in QPl mode, except the addressing of the read operation will “Wrap Around” to the
beginning boundary of the “Wrap Length” once the ending boundary is reached.

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

Figure 36. Burst Read with Wrap (QPI Mode only)

/€S
Mode 10 11 12 13 14
&uguuLuUJuuUUHUUJu il
astrction,  p23 16 M58 | ATO | Dummy* ;Egui";g“g;;ﬁ:‘
S ool \{ NTX 0 N/ 0 N ( 4 ,/ OX \\/ 4
(100) —£—4 \ ,<’1 T e \_, L/_..

S0 T\ Rl TN N NSNS /
/WP '/ ~.\_.\. '_ - ) \/{ 6 \ \/( 6 \Q_ \ :.\ h X z \& f) (

(102)
i 7 )&/_\ ><
MSB MbB Mblj
Bytel | Byte2 | Byte3

Mo /SN S NTX3X T X 3 X T X 3y
o NIXEXTXEXTY

MSB MSB  NSD g
*" Set Read Paraments” instruction(COh)can @
set the mmber of dummy clocks. 2
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7.3 ID and Security Instructions
7.3.1 Read Manufacture ID/ Device ID (90H)

See Figure 37-Figure 38, 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 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. If the 24-bit address is initially set to 000001H,
the Device ID will be read first.

Figure 37. Read Manufacture ID/ Device ID Sequence Diagram (SPI Mode)

s N
_______ ‘()12345678‘)10 28 29 30 3l
SCLE. _____LJ_LJ_LJ—LJ_LJ*LJ_LJT_JT_[T_TI_FI 1 |
|4— Instruction 24-Bj du.sa —)|

777X o S PoDD

High Z

32 33 34 35 36 37 38| 39 420 43 44 45 46 47

[/ / Pl /

Device ID

—

Instructi | 10s switch from
- ;t';i(: > A3 lb Al>-8 i AT-0 - Inpu! to Uul[:ill

ey Ll F 000000 0000'[[

i 606000 GQO'II

(XX EXZZZ
/HOLD ll’ : . . - 4 o'll

(103)

o 090900

1
1
[l
[
1
l

1
]

MFR 1D Device ID

7.3.2 Dual /0 Read Manufacture ID/ Device ID (92H)

See Figure 39, the Dual I/O 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 by Dual I/0.
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The instruction is initiated by driving the /CS pin low and shifting the instruction code “92H”
followed by a 24bit address (A23-A0) of 000000H. If the 24-bit address is initially set to 000001H,

the Device ID will be read first.
Figure 39. Dual I/0O Read Manufacture ID/ Device ID Sequence Diagram (SPI Mode)

s T\

SCLK
SI

f—— Instruction ——Jp
100 o 6090606006606090
@on - ? 600060006600600

. 23 24 25 26 27 28 29 30 31 32 ;’{2 40 41 42 43 44 45 46 47

105 switch from

Input! to OQutput
51

i I
|
(100) kA XX
s
SO : .
o) Mmandigewch m A S
IMSB IMSB [ {tepeat) ! INSB l

MFR. 1D " Device ID Device [D{repeat)

s /

A
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7.3.3 Quad /O Read Manufacture ID/ Device ID (94H)

See Figure 40, the Quad I/0 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 by quad I/O. The Quad Enable bit (QE) of Status
Register must be set to enable.

The instruction is initiated by driving the /CS pin low and shifting the instruction code “94H"
followed by a 24-bit address (A23-A0) of 000000H and 6 dummy clocks. If the 24-bit address is
initially set to 000001H, the Device ID will be read first.

Figure 40. Quad I/O Read Manufacture ID/ Device ID Sequence Diagram (SPI Mode)

ics
_____ 0 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
see [ TUTULTLMLTLULT HENRERERNANR RN RAR RN
e Instruction »
aooy [/ 9411 Haoax o axowax oy O O
) High 7 EEre) vl e b A
(f;%i, L5 ALAS AL RS AT AS X Ere0 €59

b3

{1033)

; High 7 N W N NS
{I\?)g] (62 A 6X206X2X6 JO 62 X6 X
High 7 VooVl s e Fa Vs

HOLD e / 3 ; 753 \ Ep e

dummy MFR ID Deviee 1D

o
= [~
s

cs :
23 24 25 26 27 28 29 30 31

sl LU L L ‘
ll?Jlll} AL i % ﬂ ' {1 @
WP [ B XZHAEX2EE K DY |

(102)

Horp [ TA3AT X34 ) I —
(103)  IMFRID| DID R 1D DI D
{repeat)  (re 1) (repeat)
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7.3.5 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 25Q16device. The ID number can be used in conjunction with user software
methods to help prevent copying or cloning of a system. The Read Unique ID instruction is
initiated by driving the /CS pin low and shifting the instruction code “4Bh” followed by four bytes of
dummy clocks in SPl mode.

Figure 43. Read Unique ID Sequence Diagram (SPI Mode only)

/C8 AN
_ 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
SCLE Mode 0
|-¢— Instruction + Dummy Byte 1 —h-]-d— hmmy Byte 2 —l-{
W ALLL X 4Bl b
50 High Z
/05 g
.23 24 25 26 27T 28 29 30 A1 32 33 3 35 36 37T 38 39 A0 Al 164 165 166 167  Made 3
SCLE Made 0
|-1— Dummy Byte 3 —l-l“— Dumemy Byte 4 —_—
st T TS
ELEEE. ({0 - EXXD
MsH , . :
] 128-bit Unigue
Serial Number |
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7.3.6 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 (DPD) instruction especially useful for battery powered applications (see ICC1
and ICC2). The instruction is initiated by driving the /CS pin low and shifting the instruction code
“B9h” as shown in Figure 44-Figure 45

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 tDP. While in the power-down state only the Release from Deep
Power-down/Device ID instruction, software reset sequence or hardware reset sequence, which
restores the device to normal operation, will be recognized. All other Instructions are ignored. This
includes the Read Status Register instruction, which is always available during normal operation.
Ignoring all but one instruction also makes the Power Down state a useful condition for securing
maximum write protection. The device always powers-up in the normal operation with the standby
current of ICC1.

Figure 44. Deep Power-Down Sequence Diagram (SPI Mode,

l&—— Instruction
SU /1K B9H @ YT TT

and-by mode | Power-down mode
r

Figure 45. Deep Power-Down Se iagram (QPI Mode)

iy |
by ZEL T L/ /77717777777

D TITT NS TTTTTTT T TTTIL
o [ TT77777 777777777

o LLL S NLLLS LIRSS T

Stand-by mode Power down mode

[

\
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Figure 48. Release Power-Down/Read Device ID Sequence Diagram (SPI Mode)

/CS /

________ z_* 304 31 92 BT A% 85V 6., 37 38 MOl e
seue L ALTLFLALSLPLAL L EpNpigigipipigiph
H— Instruction 4)“—'%Dummy Bv —)n '|| o o 4—tRI:'q?—b _____
SI ///.-;/:/_ ./..\ ABH 23 22 L E,"< l:":;ﬁ ::‘i F"/_J :_//_.- .’j,-":, //'_.; /-rf__r /"_,-f_f".'_f"f_-""'_,' ;'J,:;. ::',/ ! ,. ', .' ', f; , / r:
Hish Z MST - Device 11D -

50 -l {1X6 X5 XA XBHTKTK O

e tl . :

Deep Power-down mode

Stand-by mode

Figure 49. Release Power-Down/Read Device ID Sequence Diagram (QPI Mode)

‘ %
/CS \, / «— tRES2 —m

_Mede3 0 1 2 8 4 5 6 7 8 O | W3
\| Mode 0

SCLK Made 0

| _10s switch from

Ipstructi
= -4—— 3 Dummy Byte —p»! | Input to Output

(100)

LL LN 000@0000 [
(5) LLL LSS

S0
(|(]|)M

L LS LA

(’;gg): : : =

/1IOLD

[ LS

(103)

.
-

. |Stand-by current
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Figure 59. Page Program Sequence Diagram (QPI Mode)

/cs N
\\

Made 3

81 R e

JHOLD ———7

& L B B A 5 0 & B 9 a8 4l
Ak _weee o [ 1L LU LT LT LI

|11n1|r-l'.m|.1

oy L0 N

o Mode 3.
Mode 0

12 |1:1 T 516

5 T

y o/ LTI T e L p— e e
000000000000

A23-16 | AI5-8 | a7-0 | Bvtel | Byte 2 | Byte 3

(51 1% 5 X 1
— — SN

0000000000000

0 00 0060000
m [, So— L —— S — | S W S m LT

R (WSB! WEE
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(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 67.

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. While the Chip Erase cycle is in progress, the
Read Status Register instruction may still be accessed to check the status of the WIP bit.

The WIP 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 is executed only
if all Block Protect (BP2, BP1, and BPO) bits are 0.The Chip Erase instruction is ignored if one or
more sectors are protected.

Figure 67. Chip Erase Sequence Diagram (SPI Mode)

/CS

o Mode 3 0 1 2 3 4 5 6 7 Mode3d
SCLK Mode O | ‘ ‘ —‘ | ! Mode 0

- Instruel in:|\ >
S At X 60H or S

SO Ei :
Figure 68. Chip Erase Sequence Diagra%() ode)

/CS . //,
4 Mode 3 . .0 _ 1 Mode 3
SC Mode 0 | ‘ ‘ ‘ Mode 0
I 1|_|.ui ruct [.t_m
BOH/CTH
ST A o N~ 777
; // / o g / N o ot id
(100) < : WLl
SO /T /N /, N\, 7 / s
(101) 7 / Ll S S
/W £ LSS W A A
(102) VA T A S /
/oD 7 777 N\ /77
(Tos) ol £ S \\ A A x/
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Instruction Name Ins‘t:rct:ccl:;ion SURond Type
Program Suspend| Erase Suspend
Dual IO Read Mftr./Device ID 92h * *
Quad IO Read Mftr./Device ID 94h & =
Read JEDEC ID 9Fh 5 :
Read Unique ID Number 4Bh * *
Release Powen-down/Device ID ABh * *
Read Securty Registers 48h & “
Read SFDP 5Ah * *
Page Program 02h *
Quad Page Program 32h *
Program/Erase Resume 7Ah % =

Table 15. Acceptable Instructions During Suspend (tPSL/tESL not required)

Instruction Name Instruction SuspEieiRe
code |p uspend| Erase Suspend
Read Status Register-1 05H * *
Read Status Register-2 35H 2 =
Read Status Register-3 ol *
Enable Reset * *
Reset Device 9 * *
tPSL: Program Suspend Latency; tE: se Suspend Latency.
Figure 69. Program/Erase Susp ruction Sequence (SPI Mode)
/€8 _\

ncl SR
Mode 3 o 1 2 3 4 5 6 7. [ Sl s

j— — Instruction —D-{
st /L X 5l RLLLLLLL AL L LT

50 High Z

P

>
Accept instructions
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Figure 70. Program/Erase Suspend Instruction Sequence (QPI Mode)

Mode 3 : 0 1 | Mode 3

SCLK  Mode o | | | Mode 0

'4nm.r‘11ntinn>|
751

SI 2 AT
(100) =
(I01) £ =2
/NP 7
(102) ——~—
JHOLD / / /
(103) -

. >
Accept instructions
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7.4.8 Program/Erase Resume (7AH)

The Program/Erase Resume instruction “7Ah” must be written to resume the Sector or Block
Erase operation or the Page Program operation after an Program/Erase 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 WIP bit equals to 0.

After the Resume instruction is issued the SUS bit will be cleared from 1 to 0 immediately, the WIP
bit will be set from 0 to 1 within 200 ns and the Sector or Block will complete the erase operation or
the page will complete the program operation. If the SUS bit equals to 0 or the WIP bit equals to 1,
the Resume instruction “7Ah” will be ignored by the device. The Program/Erase Resume
instruction sequence is shown in Figure 71.

Figure 71. Program/Erase Resume Instruction Sequence (SPI Mode)

/CS

SCLK  Mode 0

________ i
|
|
|

){7 Instruction
ST ////>< N
S0

High

7

A
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8. Electrical Characteristics
8.1 Absolute Maximum Ratings
Parameter Symbol Conditions Range Unit.
Supply Voltage VCC —05t04 Y
Voltage Applied to Any Pin VIO Relative to Ground —-05t04 Vv
. . <20nS Transient
Transient Voltage on any Pin VIOT Relative to Ground —2.0V to VCC+2.0V| V
Storage Temperature TSTG —65 to +150 °C
Lead Temperature TLEAD See Note (2) Vv
Notes:
1.JEDEC Std JESD22-A114 (C1=100pF, R1=1500 ohms, RZ@ms)
8.2 Operating Ranges \
Spec
Parameter Symbol : ns Unit.
Min Max
Supply Voltage vCce @ 27 | 36 v
O Commercial -40 +85
Industrial -40 +85
Temperature TA °C
Operating Industrial -40 | +105
Industrial -40 | +125
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8.3 Latch Up Characteristics
Parameter Min Max
Input Voltage Respect To VSS On I/O Pins -1.0V VCC+1.0V
VCC Current -100mA 100mA
84 Power-up Timing
Symbol Parameter Min | Max | Unit.
tVSL VCC(min) To /CS Low 1 ms
Vwi Write Inhibit Threshold Voltage Vwi 1.9 23 v
Figure 72. Power-up Timing and Voltage Levels
Vee(max)
-
vee(win) | | " 4RSS
Device is fully o
accessible
Time
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8.5 DC Electrical Characteristics
(T=-40C~85C, VCC=2.7~3.6V)
Symbol Parameter Test Condition Min. Typ. Max. Unit
Input Leakage +
- Current — i
Qutput
ILO Leakage +2 pA
Current
Standby /CS=VCC,
ICC Current VIN=VCC or VSS 12 L BA
Deep
/CS=VCC,
ICC2 Power-Down VIN=VCC or VSS 0.3 0.8 MA
Current
SCLK=0.1VCC/
0.9VCC, at
. 120MHz,Q=Open(*1,*,2*4 . J Ll
Operating
ICC3 Current: o)
(Read)' SCLK=0.1VCC/
0.9VCC, at \ 6 8 A
80MHz,Q=0Open(*1,* 2*4
I/O)
Operating
ICC4 Current(Page /CS=VC 7 mA
Program)
Operating
ICC5 Current(WRS /C 8 mA
R)
Operating
ICC6 Current(Secto =VCC 9 mA
r Erase)
Operating
ICC7 Current(Block /CS=VCC 9 mA
Erase)
Operating
ICC8 Current (Chip /CS=VCC 9 mA
Erase)
Input Low
VIL Voltage -0.5 VCCx 0.2 Vv
Input High
VIH Voltage 0.8vCC VCC+0.4 Vv
voL | OutputLow IOL =100pA 0.2 Vv
Voltage
Qutput High =
VOH Voltage IOH =-100pA VCC-0.4 Vv
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(T=-40"C~105°C, VCC=2.7~3.6V)
Symbol Parameter Test Condition Min. Typ. Max. Unit
Input Leakage
H Current 4 BA
OQutput
ILO Leakage +2 HA
Current
Standby /CS=VCC,
Icci Current VIN=VCC or VSS 13 1 HA
Deep
ICS=VCC,
ICC2 Power-Down VIN=VCC or VSS 0.3 1.8 MA
Current
SCLK=0.1VCC/
0.9VCC, at
, 120MHz,Q=0pen(*1,*,2*4 7 2 IS
Operating
ICC3 Current: L2
i SCLK=0.1VCC/
(Read)
0.9VCC, at 6 8 A
80MHz,Q=0Open(*1,*,2*4
I/O)
Operating
ICC4 Current(Page /CS=VCC 7 mA
Program)
Operating
ICC5 Current(WRS /CS=VCGC 8 mA
R)
Operating Q
ICC6 Current(Secto C 9 mA
r Erase)
Operating
ICC7 Current(Block /ICS=VCC 9 mA
Erase)
Operating
ICC8 Current (Chip /ICS=VCC 9 mA
Erase)
Input Low
VIL Voltage -0.5 VCC x 0.2 \"
VIH '”\5‘”‘ High 0.8VCC VCC+04 | V
oltage
Output Low _
VoL Voltage IOL =100pA 0.2 \
Qutput High _
VOH Voltage IOH =-100pA VCC-0.4 Vv
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(T=-40"C~125°C, VCC=2.7~3.6V)
Symbol Parameter Test Condition Min. Typ. Max. Unit
Input Leakage
! Current =2 A
Output
ILO Leakage £ HA
Current
Standby /CS=VCC,
= Current VIN=VCC or VSS = £ His
Deep
ICS=VCC,
ICC2 Power-Down VIN=VCC or VSS 0.3 25 MA
Current
SCLK=0.1VCC/
0.9VCC, at
: 120MHz,Q=0Open(*1,*,2%4 J 9 ma
Operating
ICC3 Current: U
' SCLK=0.1VCC/
(Read)
0.9VCC, at 6 8 ik
80MHz,Q=0Open(*1,*,2*4
1/O)
Operating
ICC4 Current(Page /CS=VCC 7 mA
Program)
Operating
ICC5 Current(WRS /ICS=VCGC 8 mA
R) ?
Operating
ICC6 Current(Secto C 9 mA
r Erase)
Operating
ICC7 Current(Block /CS=VCC 9 mA
Erase)
Operating
ICC8 Current (Chip /CS=VCC 9 mA
Erase)
Input Low
VIL Voltage -0.5 VCC x 0.2 Vv
VIH Input High 0.8VCC VCC+04 | vV
Voltage
Qutput Low _
VOL Voltage IOL =100pA 0.2 \"
QOutput High _
VOH Voltage IOH =-100pA VCC-0.4 Vv
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8.6 AC Measurement Conditions
Symbol Parameter Min | Tpy. | Max Unit. Conditions

CL Load Capacitance 30 pF
TR, TF Input Rise And Fall time 5 ns

VIN Input Pause Voltage 0.2VCC to 0.8VCC

IN Input Timing Reference Voltage 0.5vCC
Output Timing Reference
ouT Voltage 0.5vCC

Figure 73. AC Measurement I/O Waveform

Input Timing

Reference Levels
Input Levels

0.8VCC

0.2VCC

0.5VCC ——XK—

2 0.5VCC )Q
\O -

Output Timing

Reference Levels

e

8.7 AC Electrical Characteristics

4

(T=-40"C~857T, VCC=2.7~3.6V)

©

Symbol Para Min. Typ. | Max. | Unit.
S N e
R %o(%IBrfBeq. for Read Data instruction (03H) and read DC. 104 | MHz

tCLH Serial Clock High Time 4 ns

tCLL Serial Clock Low Time 4 ns
tCLCH | Serial Clock Rise Time (Slew Rate) 0.1 Vins
tCHCL | Serial Clock Fall Time (Slew Rate) 0.1M Vins
tSLCH | /CS Active Setup Time 5 ns
tCHSH | /CS Active Hold Time 5 ns
tSHCH | /CS Not Active Setup Time 5 ns
tCHSL | /CS Not Active Hold Time 5 ns
tSHSL | /CS High Time (read/write) 20 ns
tSHQZ | Output Disable Time 6 ns
tCLQX | Output Hold Time 3 ns
tDVCH Data In Setup Time 3 ns
tCHDX | Data In Hold Time 2 ns
tHLCH | /Hold Low Setup Time (relative to Clock) 5 ns
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tHHCH | /Hold High Setup Time (relative to Clock) 5 ns
tCHHL | /Hold High Hold Time (relative to Clock) 5 ns
tCHHH | /Hold Low Hold Time (relative to Clock) 5 ns
tHLQZ | /Hold Low To High-Z Output 6 ns
tHHQX | /Hold Low To Low-Z Output 6 ns
tCLQV | Clock Low To Output Valid 5 7 ns
tWHSL | Write Protect Setup Time Before /CS Low 20 ns
tSHWL | Write Protect Hold Time After /CS High 100 ns
tDP /CS High To Deep Power-Down Mode 0.3 Us
{RES1 fscigsnalt-:;gr;: ngd Standby Mode Without Electronic 20 us
{RES? jfgesa :igh To Standby Mode With Electronic Signature 20 us
tPS Latency between Program and next Suspend 0.3 us
tES Latency between Erase and next Suspend 3 Hs
{PRS Iéitse;;:d between Program Resume and 03 us
tERS Latency between Erase Resume and ne 0.3 us
tRST /CS High To Next Instruction After Re 1 ms

5, 30@ | ms
30 50 | ps
r First Byte) @ 25 12 us
0.16 24 ms

20 300 ms

tw Write Status Register Cycle Time
tBP1 Byte Program Time (First Byt
tBP2 Additional Byte Program Ti
tPP Page Programming Ti
tSE Sector Erase Tim

{BE | Block Erase Time (32 Bytes/64K Bytes) 0555 | 1612
tCE Chip Erase Time 4 20

Notes:
1. Tested with clock frequency lower than 50 MHz.
2. For multiple bytes after first byte within a page, tBPn = tBP1 + tBP2 * N, where N is the
number of bytes programmed.
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tBP1 Byte Program Time (First Byte) () 30 50 uS
tBP2 Additional Byte Program Time (After First Byte) ) 2.5 12 uS
tPP Page Programming Time 0.16 2.4 ms

tSE Sector Erase Time 20 300 ms

tBE | Block Erase Time(32K Bytes/64K Bytes) o A

tCE Chip Erase Time 4 20 S

Notes:
1. Tested with clock frequency lower than 50 MHz.
2. For multiple bytes after first byte within a page, tBPn = tBP1 + tBP2 * N, where N is the

number of bytes programmed.
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tBP1 Byte Program Time (First Byte) @) 30 50 uS
tBP2 Additional Byte Program Time (After First Byte) (?) 25 12 hS
tPP Page Programming Time 0.16 24 ms
tSE Sector Erase Time 20 300 ms
tBE | Block Erase Time(32K Bytes/64K Bytes) 0955 | 1612
1CE Chip Erase Time 4 20

Notes:
1. Tested with clock frequency lower than 50 MHz.
2. For multiple bytes after first byte within a page, tBPn = tBP1 + tBP2 * N, where N is the
number of bytes programmed.
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Figure 74. Serial input Timing

tSHSL

/CS NN

tCHSL =

- -’-
tSLCH
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Figure 75. Output Timing
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Figure 76. Hold Timing
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tHHOX
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Figure 77. /WP Timing
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9. Package Information

9.1 Package 8-Pin SOP8 150mil

8 5 | 0,
I 7
El EE
e i
v &ONTU--

7 . K I
N b Al
Dimensions
Symbol A A1 A2 b c *D E *E1 e L L1 )
Unit
Min . 005 | 1.30 | 037 | 010 | 480 | 580 | 3.80 0.40 0
mm [ Nom [ - . 1.40 5 5 490 | 600 | 390 | 127 - 105 [ 5
Max | 1.75 | 025 | 155 | 049 | 025 | 5.00 | 6.20 | 4.00 1.00 8
Note:

1. *D This size does not include burrs.
2. *E1 This size does not include burrs.
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9.2 Package 8-Pin SOP8 208mil
8 5 0
IR 2
| J
TN I AT
|
|
|
|
|
|
El :E
|
|
QO |
|
A Y %)
) 2 A
N2 \;:j-_zv
1 4 N
\ C
P D
<___§
© &
Dimension
Symbol A A1 A2 b c *D E *Eq e L L1
Unit
Min " 005 | 170 | 038 | 019 | 5.00 | 770 | 5.16 | 1.27 | 0.50
mm|Nom| - |o015 | 180 | - - - | 790 | - |127] 065 ;éll
Max | 215 | 025 | 190 | 050 | 025 | 533 | 8.10 | 538 | 1.27 | 0.80

Note:
1. *D This size does not include burrs.
2. *E1 This size does not include burrs.
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9.3 Package 8-Pin TSSOP8 173mil
4|-_ n S———
[~ . [
A3
'] A2 2%
QA W] L AT
™) £t "
. T -
L] :
el 7l
BASE METAL | ]

e e ——— —

. = !
O WITH PLATING
El E
\n'il(’)N B-B
- &
Il |

Dimensions
Rymbel A |l a1t | a2 a3 | b | bt | c|et]| D E | E1 | e L | ow 8
Unit
Min | - | 005 | 090|039 | 020|019 013|012/ 29 |62 | 430 0.45 0
mm | Nom | - - | 100|044 | - |o022| - |o013| 300 640|440 065| - | 100
Max | 120 | 015 | 1.05 | 0.49 | 028 | 0.25 | 0.17 | 0.14 | 3.10 | 6.60 | 4.50 075 8

Note:
1. The exposed metal pad area on the bottom of the package is floating.
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9.4 Package 8-Pad USONS8 2*3mm(0.50mm)

25Q16-TD

D b
|
| I
' ligiign -
0
| D2
|
i = iy ) HI— SM—F F =5 et
‘ h
| | o T
|:| !
' HERHERN
| 1
|
1 2 '
Nd
TOP VIEW BOTTOM VIEW
! |
= = | —_
|
SIDE VIEW
Dimensions
Symbol | o | A4 | B c D | D2 e Nd E E2 L L1| n
Unit
Min 0.45 0 0.20 | 0.10 | 1.90 | 1.55 290 | 0.15 | 0.30 | 0.05 0.05
mm | Nom | 050 | 0.02 | 025|015 200|160 | 0.50BSC | 1.50BSC | 3.00 | 0.20 | 0.35 | 0.10 0.15
Max | 055 | 0.05| 030|020 | 2.10 | 1.65 3.10 | 0.25 | 040 | 0.15 0.25
Note:
1. The exposed metal pad area on the bottom of the package is floating.
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9.5 Package 8-Pad USONS8 2*3mm(0.55mm)
» D - b
3 5 |
| 1= I
ligiign -
0
L 2
1
= = P b EH_ o J [ N m e —
‘ h
F PELLL
/
i
[ [
| HEEEn
1 2 '
Nd
EXPOSED o~ -
TOP VIEW PAD ZON BOTTOM VIEW

- 50

SIDE VIEW
Dimensions
Symbol | o | a1 c | o | p2 e Nd E 2| L| 1| n
Unit
Min | 050 | 0 | 020010/ 1.90] 150 290 | 010 | 0.30 | 0.05 | 0.05

mm | Nom | 0.55 | 0.02 | 0.25 | 0.15 | 2.00 | 1.60 | 0.50BSC | 1.50BSC | 3.00 | 0.20 | 0.35 | 0.10 0.15

Max | 0.60 | 0.05 | 0.30 | 0.20 | 2.10 | 1.70 3.10 | 0.30 | 0.40 | 0.15 0.25

Note:
1. The exposed metal pad area on the bottom of the package is floating.
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9.6 Package 8-Pad WSON 5*6mm
. Nd
{10 010 U
| p2
1]
i
e e e e s — 1) - | _if.._ _____.______..L.__ EAETERLE [
i h
'/%7 0 .! i o
| Yl Wafl. )
’ A _l_r_,J__ 2 ‘ b
TOP VIEW BOTTOM VIEW
!
| ! -
== [ = L
' | E
SIDE VIFW @
Dimensions
Symbol
A Al b c D Nd e E D2 E2 | i h
Unit
Min | 0.70 0 0.35 0.18 | 4.90 5901390]330]055]0.30
mm | Nom | 0.75 [ 0.02 | 0.40 | 0.25REF | 0.203 | 5.00 | 3.81BSC | 1.27BSC | 6.00 [ 4.00 | 3.40 | 0.60 | 0.35
Max | 0.80 | 0.05 | 0.45 0.25 | 5.10 6.10 1 4.10 | 3.50 | 0.65 | 0.40
Note:
1. The exposed metal pad area on the bottom of the package is floating.
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9.7 Package 8-Pad WSON 6*8mm

|
|
Jlr___
|
|

25Q16-TD

L G B0 (1
TOP VIEW BOTTOM VIEW
|
]
SIDE VIEW .
Dimensions
Symibol Alall o bl ¢ e E|pD2|E2| L | n
Unit
Min |070| 0 |0.35 90 790 | 420 | 330 | 0.45 | 0.30
mm | Nom | 0.75 | 0.02 | 0.40 | 0.25RE 6.00 | 3.81BSC | 1.27BSC | 8.00 | 4.30 | 3.40 | 0.50 | 0.35
Max | 0.80 | 0.05 | 0.45 25 | 6.10 8.10 | 4.40 | 3.50 | 0.55 | 0.40
Note: &
1. The exposed metal pad area on the bottom of the package is floating.
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10.Order Information

25Q16

——— = gaa i

Packing Type

T:Tube

R:Tape&Reel

Green Code

G:Pb Free & Halogen Free Green Package

P:PbFree & Halogen Free Green Package + Power Meter Application
E:Pb Free & Halogen Free Green Package +Special Application
Temperature Range

C:Commercial(-40°C to +85°C)

I:Industrial(-40°C to +85'C)

J:Industrial(-40 'C to +105°C)

A:lndustrial(-40°C to +125°C)

Package Type
T:SOP8 150mil
$:50P8 20 8mil
O:TSSOP8 173 mil
M:USON8 2*3mm(0.50
U:USONB8 2*3mm( 0.
WWSONB 5*6mm
E:WSONS 6*8

Voltage
S:2.7V-

ensity

256: 256Mbit
128: 128Mbit
32 32Mbit

16: 16 Mbit
80: BMbit

Product Family
25Q:SPI Interface Flash
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10.1 Valid part Numbers and Top Side Marking

25Q16-TD

The following table provides the valid part numbers for 25Q16QPI Flash Memory. Pls
contact Technology for specific availability by density and package type.

For consumer and industry application:

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

2*3mm(0.55mm)

Package Type Density Product Number Top Side Marking
S - i D
sopg 208mil | 16M-bit Eriieal
T 16M-bit 25Q16T-TD
SOP8 150mil
O 16M-bit 25Q160-TD
TSSOP8 173mil
M \
USON8 16M-bit 25Q16M-T,
2*3mm(0.50mm)
U
USONS8 16M-bit 2 D

w
WSONS8 5*6mm

E
WSONS8 6*8mm

ZSQ‘I 6W-TD

25Q16E-TD
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(T=-40C~1057C, VCC=2.7~3.6V)
Package Type Density Product Number Top Side Marking
S B 25Q16-TD
SOPg 208mil | '6M-bit Q
T . .
SOPS8 150mil 16M-bit 25Q16T-TD
Q 16M-bit 25Q160-TD
TSSOP8 173mil
M
USONS 16M-bit 25Q16M-TD
2*3mm(0.50mm)
u
USONS8 16M-bit 25Q16U-TD
2*3mm(0.55mm)
W . \
B 25Q16W-
WSONS8 5*6mm | 16M-bit Q
E 16M-bit 2 -TD
WSONBS 6*8mm E
(T=-40C~125°C, VCC=2.7~3.6
Package Type Product Number Top Side Marking
S 25Q16-TD
SOP8 208mil
T .
- 25Q16T-TD
SOP8 150mil | 'oM-bit q
2 16M-bit 25Q160-TD
TSSOP8 173mil
M
USONS8 16M-bit 25Q16M-TD
2*3mm(0.50mm)
u
USON8 16M-bit 25Q16U-TD
2*3mm(0.55mm)
w 16M-bit 25Q16W-TD
WSONS8 5*6mm
E .
- 25Q16E-TD
WSONS 6*8mm | 16M-bit S
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10.2 Minimum Packing Quantity (MPQ)
Package Packing Qty for 1 Vacuum bag/ MPQ
Type Type Tube or Reel Inner Box
100Tubes/Bag
Tube 95ea/Tube 1Bag/InnerBox 9,500
SOP8 Tape&Reel
208mil : 1Reel/Bag
(13inch, 2000ea/Reel 4,000
16mm) 2Bags/InnerBox
100Tubes/Bag
Tube 100ea/Tube 1Bag/InnerBox 10,000
SOPa Tape&Reel
150mil : 1Reel/Bag
(1123|nch, 4000ea/Reel 1Bags/InnerBox 4,000
mm)
Tube 100ea/Tube :éOT”bes’ Bag 12,000
ag/InnerBox
TSSOP8
173mil o
ee
Tape&Reel | 5000ea/Reel 1Bag/l 5,000
USONS8 I/Bag
2*3mm Tape&Reel | 3000ea/Reel InnerBox 30,000
WSONS8 | Tape&Reel i% 1Reel/Bag
56mm | (13inch) | 50002 1Bag/InnerBox 500
WSONS8 | Tape&Reel 1Reel/Bag
6*8mm | (13inch) el | 1Bag/InnerBox 5,000
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11.Document Change History
ORIGINATOR
REVISION CHANGE DESCRIPTION CLAUSE
DATE
10 Initiate; / Zuohuan Yu
' Base on 25Q64 v1.0;_ 2021-11-23
20 Modify the number of dummy that can be / Zuohuan Yu
' configured by the COh instruction 2022-04-17
i Zuohuan Yu
21 Update Commercial Temperature Range / 2023-02-10
o e Zuohuan Yu
2.2 Update the logo and abbreviation / 5023-04-04
Update frequency of 03h/90h/0Bh/3Bh/BBh
/6Bh/EBh; Ziiakiiah ¥
23 Update some DC characteristics; / 2833':'38_28
Add package and part number informati
SOP8-208mil/DFN 6*5/DFN6*8 ‘_
Zuohuan Yu
24 Add the note of the DFN package / 2023-07-20
; : Zuohuan Yu
2.5 Update package mformataor@ / 2023-10-26
Zuohuan Yu
2.6 Update AC/DC / 2023-11-11
Zuohuan Yu
27 Update packa / 2024-2-23
2.8 R Xinyue Huang
EH T de / 2024-5-24
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