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MICROCHIP

USBF129

USB Firmware Memory

Features

Preprogrammed with binary image 129 for automo-
tive usage. See “FlexConnect Firmware for

USB84604” application note for complete feature set.

Targeted for USB 2.0 High-Speed infotainment

applications including:

- Integration with head unit systems

- First, second, and third row USB media hubs

Memory Size:

- 512 KByte (4 Mbit)

Single Voltage Read and Write Operations

- 27-36V

Serial Interface Architecture

- SPI Compatible: Mode 0 and Mode 3

High Speed Clock Frequency

- 30MHz

READ Support

- Fast-Read Dual-Output

- Fast-Read Single /O

Superior Reliability

- Endurance: 100,000 Cycles

- Greater than 20 years Data Retention

Ultra-Low Power Consumption:

- Active Read Current: 5 mA (typical)

- Standby Current: 5 pA (typical)

- Power-down Mode Standby Current: 3 pA (typical)

Flexible Erase Capability

- Uniform 4 KByte sectors

- Uniform 64 KByte overlay blocks

Page Program Mode

- 256 Bytes/Page

Fast Erase and Page-Program:

- Chip-Erase Time: 250 ms (typical)

- Sector-Erase Time: 40 ms (typical)

- Block-Erase Time: 80 ms (typical)

- Page-Program Time: 4 ms/ 256 bytes (typical)

End-of-Write Detection

- Software polling the BUSY bit in Status Register

Hold Pin (HOLD#)

- Suspend a serial sequence without deselecting
the device

Write Protection (WP#)

- Enables/Disables the Lock-Down function of the
status register

» Software Write Protection
- Write protection through Block-Protection bits in
status register
» Temperature Range
- Industrial: -40°C to +85°C
» Packages Available
- 8-lead SOIC (150 mils)
- Other packages available upon request.
» All devices are RoHS compliant
» Automotive Grade 3

Product Description

USBF129, a USB Firmware memory chip, is a compan-
ion to the Microchip Automotive USB Smart Hub
devices: USB84604 and USB84602. It is factory pre-
programmed with version 129 of the binary firmware,
which contains application firmware and default hub
configuration settings. The USBF129 memory function
assures proper functionality, providing for decreased
development time and engineering resource, and over-
all faster time to market. Full custom programming
alternatives are available upon request.

The USB Firmware memory family features a four-wire,
SPI-compatible interface that allows for a low pin-count
package, which occupies less board space and ulti-
mately lowers total system costs. It is manufactured
with proprietary, high-performance CMOS SuperFlash
technology. The split-gate cell design and thick-oxide
tunneling injector attain better reliability and manufac-
turability compared with alternate approaches ideal for
applications requiring high quality and reliability.

USBF129 is offered in 8-lead SOIC. Alternate low pro-
file package is available upon request. See Figure 2-1
for the pin assignments.

© 2016 Microchip Technology Inc.
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USBF129

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com. We welcome your feedback.

Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:

http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000000A is version A of document DS30000000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com

» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.

DS20005512A-page 2 © 2016 Microchip Technology Inc.



USBF129

1.0 FUNCTIONAL BLOCKS
FIGURE 1-1: FUNCTIONAL BLOCK DIAGRAM
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USBF129

2.0 PIN ASSIGNMENTS

FIGURE 2-1: PIN ASSIGNMENTS

CE#|: 1o 8 :IVDD
sossiot| |2 7| _|HoLD#
wr[ |3 6| |scik

vss[ |4 5| |susioo
08-so0ic-P0.0
8-Lead SOIC
TABLE 2-1: PIN DESCRIPTION
Symbol Pin Name Functions
SCK Serial Clock To provide the input/output timing of the serial interface.

Commands, addresses, or input data are latched on the rising edge of the clock
input, while output data is shifted out on the falling edge of the clock input.

Sl Serial Data Input | To transfer commands, addresses, or data serially into the device.
Inputs are latched on the rising edge of the serial clock.
SO Serial Data Output | To transfer data serially out of the device.
Data is shifted out on the falling edge of the serial clock.
SIOy0:1) Serial Data Input/ | To transfer commands, addresses, or data serially into the device, or data out of
Output for Dual I/0O | the device. Inputs are latched on the rising edge of the serial clock. Data is
Mode shifted out on the falling edge of the serial clock. These pins are used in Dual
I/0O mode
CE# Chip Enable The device is enabled by a high to low transition on CE#. CE# must remain low

for the duration of any command sequence. The device is deselected and
placed in Standby mode when CE# is high.

WP# Write Protect The Write Protect (WP#) pin is used to enable/disable BPL bit in the status reg-
ister.

HOLD# Hold To temporarily stop serial communication with USB Firmware memory while
device is selected.

Vop Power Supply To provide power supply voltage: 2.7-3.6V

Vss Ground

DS20005512A-page 4 © 2016 Microchip Technology Inc.
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3.0 MEMORY ORGANIZATION

USBF129 SuperFlash memory arrays are organized in
128 uniform 4 KByte sectors, with 8 64 KByte overlay
erasable blocks.

FIGURE 3-1: MEMORY MAP
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4.0 DEVICE OPERATION The USBF129 supports both Mode 0 (0,0) and Mode 3
(1,1) of SPI bus operations. The difference between the

USBF129 is accessed through the SPI (Serial Periph- two modes, as shown in Figure 4-1, is the state of the

eral Interface) bus compatible protocol. The SPI bus SCK signal when the bus master is in Stand-by mode

consist of four control lines: Chip Enable (CE#) is used and no data is being transferred. The SCK signal is low

to select the device, and data is accessed through the for Mode 0 and SCK signal is high for Mode 3. For both

Serial Data Input (SI), Serial Data Output (SO), and modes, the Serial Data In (Sl) is sampled at the rising

Serial Clock (SCK). edge of the SCK clock signal and the Serial Data Out-
put (SO) is driven after the falling edge of the SCK clock
signal.

FIGURE 4-1: SPI PROTOCOL
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USBF129

4.0.1 HOLD

In the hold mode, serial sequences underway with the
device are paused without resetting the clocking
sequence. To activate the HOLD# mode, CE# must be
in active low state. The HOLD# mode begins when the
SCK active low state coincides with the falling edge of
the HOLD# signal. The Hold mode ends when the ris-
ing edge of the HOLD# signal coincides with the SCK
active low state. HOLD# must not rise or fall when SCK
logic level is high. See Figure 4-2 for Hold Condition
waveform.

Once the device enters Hold mode, SO will be in high-
impedance state while Sl and SCK can be V|_or V4.

If CE# is driven active high during a Hold condition, the
device returns to standby mode. The device can then
be re-initiated with the command sequences listed in
Table 5-1. As long as HOLD# signal is low, the memory
remains in the Hold condition. To resume communica-
tion with the device, HOLD# must be driven active high,
and CE# must be driven active low. See Figure 4-2 for
Hold timing.

FIGURE 4-2: HOLD CONDITION WAVEFORM
sk _ [ 1T 1| i pn B el
HOLD# | | """
Active Hold I Active
20005397 F05.0
4.1 Write Protection
USBF129 provides software Write protection. The Write 4.1.1 WRITE PROTECT PIN (WP#)

Protect pin (WP#) enables or disables the lock-down
function of the status register. The Block-Protection bits
(BPO, BP1, BP2, TB, and BPL) in the status register
provide Write protection to the memory array and the
status register. See Table 4-3 for the Block-Protection
description.

The Write Protect (WP#) pin enables the lock-down
function of the BPL bit (bit 7) in the status register.
When WP# is driven low, the execution of the Write-
Status-Register (WRSR) instruction is determined by
the value of the BPL bit (see Table 4-1). When WP# is
high, the lock-down function of the BPL bit is disabled.

TABLE 4-1: CONDITIONS TO EXECUTE WRITE-STATUS-REGISTER (WRSR) INSTRUCTION
WP BPL Execute WRSR Instruction
L 1 Not Allowed
L 0 Allowed
H X Allowed

DS20005512A-page 6
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4.2

The software status register provides status on
whether the flash memory array is available for any
Read or Write operation, whether the device is Write
enabled, and the state of the Memory Write protection.

Status Register

During an internal Erase or Program operation, the sta-
tus register may be read only to determine the comple-
tion of an operation in progress. Table 4-2 describes
the function of each bit in the software status register.

TABLE 4-2: SOFTWARE STATUS REGISTER
Default at
Bit |Name Function Power-up | Read/Write

0 |BUSY 1 = Internal Write operation is in progress 0 R
0 = No internal Write operation is in progress

1 |WEL 1 = Device is memory Write enabled 0 R
0 = Device is not memory Write enabled

2 |BPO! Indicate current level of block write protection (See Table 4-3) Oor1 R/W

3 |BP1! Indicate current level of block write protection (See Table 4-3) Oori R/W

4 |BP2! Indicate current level of block write protection (See Table 4-3) Oor1 R/W

5 |TB! 1 =1/8, 1/4, or 1/2 Bottom Memory Blocks are protected (See Table 4-3) Oor1 R/W
0=1/8, 1/4, or 1/2 Top Memory Blocks are protected

6 |RES Reserved for future use 0 N/A

7 | BPL! 1 =BPO0, BP1, BP2, TB, and BPL are read-only bits Oori R/W
0 =BPO0, BP1, BP2, TB, and BPL are read/writable

1. BPO, BP1, BP2, TB, and BPL bits are non-volatile memory bits.

4.2.1 BUSY (BIT 0)

The Busy bit determines whether there is an internal
Erase or Program operation in progress. A ‘1’ for the
Busy bit indicates the device is busy with an operation
in progress. A ‘0’ indicates the device is ready for the
next valid operation.

422 WRITE ENABLE LATCH (WEL-BIT 1)

The Write-Enable-Latch bit indicates the status of the
internal Write-Enable-Latch memory. If the WEL bit is
set to ‘1’, it indicates the device is Write enabled. If the
bit is set to ‘0’ (reset), it indicates the device is not Write
enabled and does not accept any Write (Program/
Erase) commands. The Write-Enable-Latch bit is auto-
matically reset under the following conditions:

» Power-up

» Write-Disable (WRDI) instruction completion

» Page-Program instruction completion

+ Sector-Erase instruction completion

» 64 KByte Block-Erase instruction completion

» Chip-Erase instruction completion
 Write-Status-Register instruction completion

4.2.3 BLOCK-PROTECTION (BPO, BP1,

BP2, AND TB-BITS 2, 3, 4, AND 5)

The Block-Protection (BP0, BP1, BP2, and TB) bits
define the size of the memory area to be software pro-
tected against any memory Write (Program or Erase)
operation, see Table 4-3. The Write-Status-Register
(WRSR) instruction is used to program the BP0, BP1,

BP2, and TB bits as long as WP# is high or the Block-
Protect-Lock (BPL) bit is ‘0’. Chip-Erase can only be
executed if Block-Protection bits are all ‘0’. BP0, BP1,
and BP2 select the protected area and TB allocates the
protected area to the higher-order address area (Top
Blocks) or lower-order address area (Bottom Blocks).

© 2016 Microchip Technology Inc.
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424 BLOCK PROTECTION LOCK-DOWN
(BPL-BIT 7)
When the WP# pin is driven low (V,)), it enables the

Block-Protection-Lock-Down (BPL) bit. When BPL is
set to ‘1’, it prevents any further alteration of the BPO,

BP1, BP2, TB, and BPL bits. When the WP# pin is
driven high (V,y), the BPL bit has no effect and its value

is ‘Don’t Care’.

TABLE 4-3: SOFTWARE STATUS REGISTER BLOCK PROTECTION

Status Register Bit
Protection Level TB BP2 BP1 BP0 | Protected Memory Address

0 (Full Memory Array unprotected) X 0 0 0 None

T1 (1/8 Top Memory Block protected) 0 0 0 1 070000H-07FFFFH
T2 (1/4 Top Memory Block protected) 0 0 1 0 060000H-07FFFFH
T3 (1/2 Top Memory Block protected) 0 0 1 1 040000H-07FFFFH
B1 (1/8 Bottom Memory Block protected) 1 0 0 1 000000H-00FFFFH
B2 (1/4 Bottom Memory Block protected) 1 0 1 0 000000H-01FFFFH
B3 (1/2 Bottom Memory Block protected) 1 0 1 1 000000H-03FFFFH
4 (Full Memory Block protected) X 1 X X 000000H-07FFFFH

DS20005512A-page 8
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5.0 INSTRUCTIONS

Instructions are used to read, write (Erase and Pro-
gram), and configure the USBF129 devices. The
instruction bus cycles are 8 bits each for commands
(Op Code), data, and addresses. The Write-Enable
(WREN) instruction must be executed prior to Sector-
Erase, Block-Erase, Page-Program, Write-Status-Reg-
ister, or Chip-Erase instructions. The complete instruc-
tions are provided in Table 5-1. All instructions are
synchronized off a high-to-low transition of CE#. Inputs
will be accepted on the rising edge of SCK starting with

the most significant bit. CE# must be driven low before
an instruction is entered and must be driven high after
the last bit of the instruction has been shifted in (except
for Read, Read-ID, and Read-Status-Register instruc-
tions). Any low-to-high transition on CE#, before receiv-
ing the last bit of an instruction bus cycle, will terminate
the instruction in progress and return the device to
standby mode. Instruction commands (Op Code),
addresses, and data are all input from the most signifi-
cant bit (MSB) first.

TABLE 5-1: DEVICE OPERATION INSTRUCTIONS
Address | Dummy | Data Maximum
Instruction Description Op Code Cycle1 Cycle(s)2 Cycle(s) | Cycle(s) | Frequency
Read Read Memory 0000 0011b (03H) 3 0 110 25 MHz
High-Speed Read | Read Memory at Higher 0000 1011b (OBH) 3 1 1t0 o
Speed
Fast-Read Dual- | Read Memory with Dual Out- | 0011 1011b (3BH) 3 18 110 oo®
Output put
Fast-Read Dual I/O | Read Memory with Dual 1011 1011b (BBH) 3 1 [ 1too®
Address Input and Data Output
4 KByte Sector- Erase 4 KByte of memory array | 0010 0000b (20H) 3 0 0
Erase? 1101 0111b (D7H)
64 KByte Block- Erase 64 KByte block 1101 1000b (D8H) 3 0 0
Erase® of memory array
Chip-Erase Erase Full Memory Array 0110 0000b (60H) 0 0 0
or
1100 0111b (C7H) 30 MHz
Page-Program To program up to 256 Bytes 0000 0010b (02H) 3 0 1 to 256
RDSR® Read-Status-Register 0000 0101b (05H) 0 0 110
WRSR Write-Status-Register 0000 0001b (01H) 0 0 1
WREN Write-Enable 0000 0110b (06H) 0 0 0
WRDI Write-Disable 0000 0100b (04H) 0 0 0
RDID-8 Read-ID 1010 1011b (ABH) 3 0 1100
JEDEC-ID JEDEC ID Read 1001 1111b (9FH) 0 0 410
DPD Deep Power-Down Mode 1011 1001b (B9H) 0 0 0
RDPD8 Release from Deep Power- 1010 1011b (ABH) 0 0 0
Down or Read ID
1. One bus cycle is eight clock periods.
2. Address bits above the most significant bit of each density can be V,_or V.
3. One bus cycle is four clock periods in Dual Operation
4. 4 KByte Sector-Erase addresses: use Ayg-Aqp, remaining addresses are don’t care but must be set either at V_or Vi,
5. 64 KByte Block-Erase addresses: use Ayg-A4g remaining addresses are don’t care but must be set either at V;_or V|,
6. The Read-Status-Register is continuous with ongoing clock cycles until terminated by a low to high transition on CE#.
7. Device ID is read after three dummy address bytes. The Device ID output stream is continuous until terminated by a low-to-

high transition on CE#.

[oe]

. The instructions Release from Deep Power down and Read-ID are similar instructions (ABH). Executing Read-ID requires

the ABH instruction, followed by 24 dummy address bits to retrieve the Device ID. Release from Deep Power-Down only

requires the instruction ABH.

© 2016 Microchip Technology Inc.
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5.1 Read

The Read instruction, 03H, supports up to 25 MHz
Read. The device outputs a data stream starting from
the specified address location. The data stream is con-
tinuous through all addresses until terminated by a low-
to-high transition on CE#. The internal address pointer
automatically increments until the highest memory
address is reached. Once the highest memory address
is reached, the address pointer automatically incre-

ments to the beginning (wrap-around) of the address
space. Once the data from the address location
7FFFFH is read, the next output is from address loca-
tion 000000H. The Read instruction is initiated by exe-
cuting an 8-bit command, 03H, followed by address bits
Aos-Ag. CE# must remain active low for the duration of
the Read cycle. See Figure 5-1 for the Read sequence.

FIGURE 5-1: READ SEQUENCE
CE# \
MODE3 0 123456 78 1516 2324 3132 3940 47 48 5556 6364 70
SCK  MoDE© ! _ _ _ _ _ ﬂ__ﬂﬂ__ﬂ _ :
st Q0000 03 X_app. X_ADD. X ADD.
MSB MSB
HIGH IMPEDANGE N N+1 N+2 N+3 N+4
SO { Dout X Dout X Dout X Dout X Pour y—
MSB

20005397 F06.0

5.2 High-Speed-Read

The High-Speed-Read instruction supporting up to
30 MHz Read is initiated by executing an 8-bit com-
mand, OBH, followed by address bits [Ac3-Ag] and a
dummy byte. CE# must remain active low for the dura-
tion of the High-Speed-Read cycle. See Figure 5-2 for
the High-Speed-Read sequence.

Following a dummy cycle, the High-Speed-Read
instruction outputs the data starting from the specified

through all addresses until terminated by a low-to-high
transition on CE#. The internal address pointer will
automatically increment until the highest memory
address is reached. Once the highest memory address
is reached, the address pointer will automatically incre-
ment to the beginning (wrap-around) of the address
space. Once the data from address location 7FFFFH is
read, the next output will be from address location

address location. The data output stream is continuous 000000H.
FIGURE 5-2: HIGH-SPEED-READ SEQUENCE
CE# \
MODE3 0 1 2 3 4 56 7 8 1516 2324 3132 3040 474 5556 6364 7172 80 _
SCK MODEO! JUL_ JUL JUL T INL THL_JHL_JTHT.
s 000X 0B X_abD. X_Aop. X_ADD. X_ x_ JXOOCOOGROO0N
MSB
N+1 N+2 N+3 N+4
SO HIGH IMPEDANCE {_Dout_X_Poutr X Dour X Dour X Pout }—
MSB
20005397 F07.0
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5.3 Fast-Read Dual Output

The Fast-Read Dual-Output (3BH) instruction outputs
data up to 30 MHz from the SIOy and S1O; pins. To ini-
tiate the instruction, execute an 8-bit command (3BH)
followed by address bits A23-A0 and a dummy byte on
SI/SIOg. Following a dummy cycle, the Fast-Read
Dual-Output instruction outputs the data starting from
the specified address location on the SIO; and SIOg
lines. SIO4 outputs, per clock sequence, odd data bits
D7, D5, D3, and D1; and SIO, outputs even data bits
D6, D4, D2, and DO. CE# must remain active low for the

FIGURE 5-3:

duration of the Fast-Read Dual-Output instruction
cycle. See Figure 5-3 for the Fast-Read Dual-Output
sequence.

The data output stream is continuous through all
addresses until terminated by a low-to-high transition
on CE#. The internal address pointer will automatically
increment until the highest memory address is
reached. Once the highest memory address is
reached, the address pointer automatically increments
to the beginning (wraparound) of the address space.
Once the data from address location 7FFFFH has been
read the next output will be from address location
000000H.

FAST-READ DUAL OUTPUT SEQUENCE

CE# \

24-Bit Address

MoDE3a 0 1 23 456 7 8 1516 2829303132 333435 3637383940 414243 44 4546 47 48 49 50 51 52 53 54 55

Dummy Cycle

ff-

10, Switches from Input to Output

SI0p W 3B

X ADD. X" ADD. X ADD.X

X ,0,0,0,0,000,5,000,5090,11

SI01 HIGH IMPEDANCE

DOUT DOUT DOUT DOUT

7><: X:X: X7X:x:x: ><7x:x:x: ><7><:><:>< xss
MSB MSB MSB MSB
N N+1 N+2 N+3

20005397 F52.0
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5.4 Fast-Read Dual 1/0

The Fast-Read Dual I/O (BBH) instruction reduces the
total number of input clock cycles, which results in
faster data access. The device is first selected by driv-
ing Chip Enable CE# low. Fast-Read Dual I/O is initi-
ated by executing an 8-bit command (BBH) on SI/SIO,
thereafter, the device accepts address bits A23-A0 and
a dummy byte on SI/SIOy and SO/SIO;. It offers the
capability to input address bits A23-A0 at a rate of two
bits per clock. Odd address bits A23 through A1 are
input on SIO4 and even address bits A22 through AQ
are input on SIQy, alternately For example, the most
significant bit is input first followed by A23/22, A21/A20,
and so on. Each bit is latched at the same rising edge
of the Serial Clock (SCK). The input data during the
dummy clocks is “don’t care”. However, the SIO; and
SIO4 pin must be in high-impedance prior to the falling
edge of the first data output clock.

FIGURE 5-4:

Following a dummy cycle, the Fast-Read Dual 1/O
instruction outputs the data starting from the specified
address location on the SIO4 and SIQg lines. SIO¢ out-
puts, per clock sequence, odd data bits D7, D5, D3,
and D1; and SIO, outputs even data bits D6, D4, D2,
and DO per clock edge. CE# must remain active low for
the duration of the Fast-Read Dual I/O instruction
cycle. The data output stream is continuous through all
addresses until terminated by a low-to-high transition
on CE#.

The internal address pointer will automatically incre-
ment until the highest memory address is reached.
Once the highest memory address is reached, the
address pointer automatically increments to the begin-
ning (wraparound) of the address space. Once the data
from address location 7FFFFH is read, the next output
is from address location 000000H. See Figure 5-4 for
the Fast-Read Dual I/O sequence.

FAST-READ DUAL I/0 SEQUENCE

CE# \

SCK

SI01

A23-16 A15-8

0123456 789 101112131415161718 1920212223 242526 27 2829 30 31 32 33 34 35 36 37 38 39

sioo

A7-0

Dummy
Cycle

10, Switches from Input to Output

X

20005397 F53.0
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5.5

The Page-Program instruction programs up to 256
Bytes of data in the memory. The data for the selected
page address must be in the erased state (FFH) before
initiating the Page-Program operation. A Page-Pro-
gram applied to a protected memory area will be
ignored. Prior to the program operation, execute the
WREN instruction.

To execute a Page-Program operation, the host drives
CE# low, then sends the Page-Program command
cycle (02H), three address cycles, followed by the data
to be programmed, and then drives CE# high. The pro-
grammed data must be between 1 to 256 Bytes and in
whole byte increments; sending less than a full byte will
cause the partial byte to be ignored. Poll the BUSY bit
in the Status register, or wait Tpp, for the completion of

Page-Program

the internal, self-timed, Page-Program operation. See
Figure 5-5 for the Page-Program sequence and Figure
6-8 for the Page-Program flow chart.

When executing Page-Program, the memory range for
the USBF129 is divided into 256-Byte page boundar-
ies. The device handles the shifting of more than 256
Bytes of data by maintaining the last 256 Bytes as the
correct data to be programmed. If the target address for
the Page-Program instruction is not the beginning of
the page boundary (A[7:0] are not all zero), and the
number of bytes of data input exceeds or overlaps the
end of the address of the page boundary, the excess
data inputs wrap around and will be programmed at the
start of that target page.

FIGURE 5-5: PAGE-PROGRAM SEQUENCE
CE# \ S
_I\{IQI?_E_3__ 0123456 78 1516 23 24 31 32 39
SCK wmoDEO ! _ _ _ I_II___II_
I I I I I
Sl XXXXXXX 02 X ADD. X ADD. X ADD. XData ByteO)S
MSB LSB MSB LSB MSB LSB
S0 HIGH IMPEDANCE S
CE#(cont’) S SS /_
NRXRRERRR
40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 8 888 &8 &88& &
SCK(cont') S SS
I [ I
Sl(cont) S( Data Byte 1 X Data Byte 2 )—SS( Data Byte 255 XXXX:
MSB LSB MSB LSB MSB LSB
SOteort) S HIGH IMPEDANCE
20005397 F60.1
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5.6 Sector-Erase

The Sector-Erase instruction clears all bits in the
selected 4 KByte sector to FFH. A Sector-Erase
instruction applied to a protected memory area will be
ignored. Prior to any Write operation, the Write-Enable
(WREN) instruction must be executed. CE# must
remain active low for the duration of any command
sequence. The Sector-Erase instruction is initiated by
executing an 8-bit command, 20H or D7H, followed by
address bits [A23'A0]. Address bits [AMS'A1 2]

FIGURE 5-6: SECTOR-ERASE SEQUENCE

(Ams = Most Significant address) are used to deter-
mine the sector address (SAy), remaining address bits
can be V|_or V|4 CE# must be driven high before the
instruction is executed. Poll the BUSY bit in the Soft-
ware Status register, or wait Tgg, for the completion of
the internal self-timed Sector-Erase cycle. See Figure
5-6 for the Sector-Erase sequence and Figure 6-9 for
the flow chart.

CE# \

r

SCK  wmopE© !

MODE 3 012345¢6 1738 1516 23 24 31 _

B ) B
NN

|
st XXX

20 or D7

MSB

X_app. X_App. X ApD. XXXX
MSB

SO HIGH IMPEDANCE

20005397 F13.0

5.7 64-KByte Block-Erase

The 64-KByte Block-Erase instruction clears all bits in
the selected 64 KByte block to FFH. Applying this
instruction to a protected memory area results in the
instruction being ignored. Prior to any Write operation, the
Write-Enable (WREN) instruction must be executed. CE#
must remain active low for the duration of any com-
mand sequence.

Initiate the 64-Byte Block-Erase instruction by execut-
ing an 8-bit command, D8H, followed by address bits

FIGURE 5-7:

[Ao3-Ag]. Address bits [Apys-Ate] (Aus = Most Signifi-
cant Address) determine the block address (BAy),
remaining address bits can be V|_or V|4 CE# must be
driven high before executing the instruction. Poll the Busy bit
in the software status register or wait Tgg for the com-
pletion of the internal self-timed Block-Erase cycle. See
Figure 5-7 for the 64-KByte Block-Erase sequences
and Figure 6-9 for the flow chart.

64-KBYTE BLOCK-ERASE SEQUENCE

CE# \

r

SCK  moDE© !

MODES 0 1 23 456 7 8 1516 2324 31

MSB

X ADDR X ADDR X ADDR XXX
MSB

SO HIGH IMPEDANCE

DS20005512A-page 14
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5.8 Chip-Erase

The Chip-Erase instruction clears all bits in the device or C7H. CE# must be driven high before the instruction is
to FFH. A Chip-Erase instruction is ignored if any of the executed. Poll the BUSY bit in the Software Status reg-
memory area is protected. Prior to any Write operation, ister, or wait Tgcg, for the completion of the internal
the Write-Enable (WREN) instruction must be executed. self-timed Chip-Erase cycle. See Figure 5-8 for the
CE# must remain active low for the duration of the Chip-Erase sequence and Figure 6-10 for the flow
Chip-Erase instruction sequence. Initiate the Chip- chart.

Erase instruction by executing an 8-bit command, 60H

FIGURE 5-8: CHIP-ERASE SEQUENCE

cer T\ s

MODE3 0 12 3456 7
SCK mopEo© !

si Q00000 60 or C7 X000

MSB
SO HIGH IMPEDANCE

20005397 F16.0
5.9 Read-Status-Register (RDSR)
The Read-Status-Register (RDSR) instruction, 05H, properly received by the device. CE# must be driven
allows reading of the status register. The status register low before the RDSR instruction is entered and remain
may be read at any time even during a Write (Program/ low until the status data is read. Read-Status-Register
Erase) operation. When a Write operation is in prog- is continuous with ongoing clock cycles until it is termi-
ress, the Busy bit may be checked before sending any nated by a low-to-high transition of the CE#. See Figure
new commands to assure that the new commands are 5-9 for the RDSR instruction sequence.
FIGURE 5-9: READ-STATUS-REGISTER (RDSR) SEQUENCE

CE#  \ /
MODE3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

SCK  wope 0 | NENENENENENE NN

si- Q0000 05

MSB
HIGH IMPEDANCE

SO

MSB Status
Register Out

20005397 F17.0
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5.10 Write-Enable (WREN)

The Write-Enable (WREN) instruction, 06H, sets the
Write-Enable-Latch bit in the Status Register to ‘1’
allowing Write operations to occur. The WREN instruc-
tion must be executed prior to any Write (Program/
Erase) operation. The WREN instruction may also be

bit in the Status Register will be cleared upon the rising
edge CE# of the WRSR instruction. CE# must be
driven low before entering the WREN instruction, and
CE# must be driven high before executing the WREN
instruction. See Figure 5-10 for the WREN instruction

used to allow execution of the Write-Status-Register sequence.
(WRSR) instruction; however, the Write-Enable-Latch
FIGURE 5-10: WRITE ENABLE (WREN) SEQUENCE
CE# \ /
MODE3 0 1 23456 7 ___
SCK mopEo !
s N6 X
MSB
SO HIGH IMPEDANCE
20005397 F18.0
5.11 Write-Disable (WRDI)

The Write-Disable (WRDI) instruction, 04H, resets the
Write-Enable-Latch bit to ‘0’, thus preventing any new
Write operations. CE# must be driven low before enter-

FIGURE 5-11:

ing the WRDI instruction, and CE# must be driven high
before executing the WRDI instruction. See Figure 5-11
for the WRDI instruction sequence.

WRITE DISABLE (WRDI) SEQUENCE

CE# \

r

MODE 3
SCK' mopEo !

SO

o1 TR

01234567

MSB

HIGH IMPEDANCE

04

XXX

20005397 F19.0
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5.12 Write-Status-Register (WRSR)

The Write-Status-Register instruction writes new val-
ues to the BP0, BP1, BP2, TB, and BPL bits of the sta-
tus register. CE# must be driven low before the
command sequence of the WRSR instruction is
entered and driven high before the WRSR instruction is
executed. Poll the BUSY bit in the Software Status reg-
ister, or wait Tyrsp, for the completion of the internal,
self-timed Write-Status-Register cycle. See Figure 5-12
for WREN and WRSR instruction sequences and Fig-
ure 6-11 for the WRSR flow chart.

Executing the Write-Status-Register instruction will be
ignored when WP# is low and BPL bitis setto ‘1’. When
the WP# is low, the BPL bit can only be set from ‘0’ to

‘1’ to lock-down the status register, but cannot be reset
from ‘1’ to ‘0’. When WP# is high, the lock-down func-
tion of the BPL bit is disabled and the BPL, BP0, BP1,
BP2, and TB bits in the status register can all be
changed. As long as BPL bit is set to ‘0’ or WP# pin is
driven high (V) prior to the low-to-high transition of the
CE# pin at the end of the WRSR instruction, the bits in
the status register can all be altered by the WRSR
instruction. In this case, a single WRSR instruction can
set the BPL bit to ‘1’ to lock down the status register as
well as altering the BP0, BP1, BP2, and TB bits at the
same time. See Table 4-1 for a summary description of
WP# and BPL functions.

FIGURE 5-12: WRITE-ENABLE (WREN) AND WRITE-STATUS-REGISTER (WRSR) SEQUENCE
CE# \ / \ /
MopEZ 01234567 MopE3 O 123456 7 809101112131415
SCK MODE 0 MODEOE
| | | " smtus |
REGISTER IN
st Q00000 06 of (7X6X5X4X3X2X1X0)

MSB
SO

XXX

HIGH IMPEDANCE

B MSB

20005397 F20.0
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5.13 Power-Down

The Deep Power-Down (DPD) instruction puts the
device in the lowest power consumption mode — the
Deep Power-Down mode. This instruction is ignored if
the device is busy with an internal write operation.
While the device is in DPD mode, all instructions are
ignored except for the Release Deep Power-Down
instruction or Read ID.

To initiate deep power-down, input the Deep Power-
Down instruction (B9H) while driving CE# low. CE#
must be driven high before executing the DPD instruc-
tion. After driving CE# high, the device requires a delay

FIGURE 5-13:

DEEP POWER-DOWN SEQUENCE

of Tppp before the standby current lgg is reduced to the
deep power-down current Ippp. See Figure 5-13 for the
DPD instruction sequence.

Exit the power-down state using the Release from
Deep Power-Down or Read ID instruction. CE# must
be driven low before sending the Release from Deep
Power-Down command cycle (ABH), and then driving
CE# high. The device will return to Standby mode and
be ready for the next instruction after Tggr. See Figure
5-14. for the Release from Deep Power-Down
sequence.

CE# \

MODE 3

SCK  mopE© !

0123456 7 _

s QOO0

B9

JUA

MSB

SO HIGH IMPEDANCE

20005397 F46.1

FIGURE 5-14:

RELEASE FROM DEEP POWER-DOWN SEQUENCE

CE# \

TsBR

MODE 3

SCK  wmopE© !

01234567 _

o1 TR

AB

ROXK

MSB

SO HIGH IMPEDANCE

20005397 F47.1
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5.14 Read-ID

The Read-ID instruction identifies the device as Following the Read-ID instruction, and 24 address
USBF129. See Table 5-2. dummy bits, the device ID continues to output with con-
tinuous clock input until terminated by a low-to-high

The device ID information is read by executing an 8-bit o
transition on CE#.

command, ABH, followed by 24 dummy address bits.

TABLE 5-2: PRODUCT IDENTIFICATION

Address Data
USBF129 ID XXXXXXH 6EH

FIGURE 5-15: READ-ID SEQUENCE

cer .\ V.

_MODE3 0 123456 7 8 15 16 23 24 3132 39 40 47 48 55 56 63 ...
sex _wooeo [{[TUTUUTTUL SNT_JWL - WL - T

| R
si QO000NX AB X xx X xx X xx
MSB

MSB

HIGH
SO HIGH IMPEDANCE <Device IDXDevice IDXDevice IDXDevice ID>MANCE
MSB
20005397 F22.1
Note: The Device ID output stream is continuous until terminated by a low-to-high transition on CE#.
5.15 JEDEC Read-ID
The JEDEC Read-ID instruction identifies the device ID ory in the second byte, the memory capacity of the
information of USBF129. The device information can device in the third byte, and a reserved code in the
be read by executing the 8-bit command, 9FH. Follow- fourth byte. The 4-Byte code outputs repeatedly with
ing the JEDEC Read-ID instruction, 32-bit device ID continuous clock input until a low-to-high transition on
information is output from the device. The Device ID CE#. See Figure 5-16 for the instruction sequence. The
information is assigned by the manufacturer and con- JEDEC Read ID instruction is terminated by a low to
tains the Device ID 1 in the first byte, the type of mem- high transition on CE# at any time during data output.

FIGURE 5-16: JEDEC READ-ID SEQUENCE
CE# \ /

MODE3 0 1 2 3 4 5 6 7 8 91011121314151617 18 192021222324 252627 2829 30 31 32 33 34 35 36 37 38 39

SCK  MODE 0

st TO0RO0 o

HIGH IMPEDANCE

{ 62 X 06 X 13 X 00 ) —

MSB MSB

SO

20005397 F23.2

TABLE 5-3:  JEDEC READ-ID DATA-OUT

Device ID
Device ID 1 Reserved Code
Product (Byte 1) Memory Type (Byte 2) | Memory Capacity (Byte 3) (Byte 4)
USBF129 62H 06H 13H 00H

© 2016 Microchip Technology Inc. DS20005512A-page 19
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6.0 ELECTRICAL SPECIFICATIONS

Absolute Maximum Stress Ratings (Applied conditions greater than those listed under “Absolute Maxi-
mum Stress Ratings” may cause permanent damage to the device. This is a stress rating only and func-
tional operation of the device at these conditions or conditions greater than those defined in the operational
sections of this data sheet is not implied. Exposure to absolute maximum stress rating conditions may
affect device reliability.)

Temperature Under Bias. . .. ... ... e -55°C to +125°C
Storage Temperature . . ... e -55°C to +150°C
D. C. Voltage on Any Pinto Ground Potential . . .. ............ ... ... ......... -0.5V to Vpp+0.5V
Transient Voltage (<20 ns) on Any Pin to Ground Potential . .................... -2.0V to Vpp+2.0V
Package Power Dissipation Capability (TA =25°C) . ...t e 1.0W
Surface Mount Solder Reflow Temperature . .......... ... ... . ... ... . ... 260°C for 10 seconds
Output Short Circuit Current! .. . ... . . 50 mA

1. Output shorted for no more than one second. No more than one output shorted at a time.

TABLE 6-1: OPERATING RANGE TABLE 6-2: AC CONDITIONS OF TEST
Range Ambient Temp Voo Input Rise/Fall Time Output Load
Industrial -40°C to +85°C | 2.7 - 3.6V 5ns C_=30pF
Automotive Grade 3 | -40°C to +85°C | 2.7 - 3.6V

DS20005512A-page 20 © 2016 Microchip Technology Inc.
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6.1 Power-Up Specifications

All functionalities and DC specifications are specified
for a Vpp ramp rate of greater than 1V per 100 ms (0V
to 3.3V in less than 330 ms). See Table 6-3 and Figure
6-2 for more information.

TABLE 6-3: RECOMMENDED SYSTEM POWER-UP TIMINGS

Symbol Parameter Minimum Units
TPU-READ' Vpp Min to Read Operation 100 Hs
TeU-WRITE Vpp Min to Write Operation 100 Hs

1. This parameter is measured only for initial qualification and after a design or process change that could affect this parameter.

FIGURE 6-1: POWER-UP TIMING DIAGRAM
Vbb
A
VDD MaX fmmm e e e e e e e
Chip selection is not allowed.
Commands may not be accepted or properly
interpreted by the device.
VDD Mn b T T -

TPU-READ

!« TPU-WRITE

Device fully accessible

» Time

20005397 F27.0

© 2016 Microchip Technology Inc.

DS20005512A-page 21



USBF129

6.2 Hardware Data Protection

USBF129 provides a power-up reset function. To Figure 6-2 and Table 6-4. Microchip does not guaran-
ensure that the power reset circuit will operate cor- tee the data in the event of an instantaneous power fail-
rectly, the device must meet the conditions shown in ure that occurs during a Write operation.
FIGURE 6-2: POWER-DOWN TIMING DIAGRAM
VbD
A
VDD MaX b e o
VDD Min e
TrD VBoT
«
oV

20005397 F48.0

TABLE 6-4: RECOMMENDED SYSTEM POWER-DOWN TIMINGS

Symbol Parameter Min Max Units
Tep Power-down time 10 ms
Veor Power-down voltage 0.2 \

6.3 Software Data Protection

USBF129 prevents unintentional operations by not rec-
ognizing commands under the following conditions:

« After inputting a Write command, if the rising CE#
edge timing is not in a bus cycle (8 CLK units of
SCK)

» When the Page-Program data is not in 1-byte
increments

« If the Write Status Register instruction is input for
two bus cycles or more.

6.4 Decoupling Capacitor

A 0.1uF ceramic capacitor must be provided for each
device and connected between Vpp and Vgg to ensure
that the device will operate correctly.

DS20005512A-page 22
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6.5 DC Characteristics

TABLE 6-5: DC OPERATING CHARACTERISTICS
Limits
Symbol |Parameter Min Typ' Max Units | Test Conditions
IbDR Read Current 6 mA | CE#=0.1 Vpp/0.9 Vpp@25 MHz,
SO=open; Single I/O
IbpR2 Read Current 10 mA | CE#=0.1 Vpp/0.9Vpp@30 MHz,
SO=open
IbDR3 Read Current 12 mA | CE#=0.1 Vpp/0.9Vpp@30 MHz,
SO=open; Dual I/0;
lopw Program and Erase Current 15 mA |CE#=Vpp
lSB Standby Current 50 HA CE#:VDD, V|N=VDD or VSS
IopD Deep Power-Down 10 pA | CE#=Vpp, ViN=VDpp OF Vssg
I Input Leakage Current 2 pA | ViN=GND to Vpp, Vpp=Vpp Max
lLO OUtpUt Leakage Current 2 |JA VOUT=GND to VDD! VDD=VDD Max
Vi Input Low Voltage -0.3 0.3 V | Vpp=Vpp Min
VlH Input ngh Voltage 0.7 VDD VDD+0.3 \ VDD=VDD Max
VoL Output Low Voltage 0.2 V  |lg =100 pA, Vpp=Vpp Min
Vou Output High Voltage Vpp-0.2 V| loy=-100 pA, Vpp=Vpp Min

1. Value characterized, not fully tested in production.

TABLE 6-6: CAPACITANCE (T, = 25°C, F=1 MHz, OTHER PINS OPEN)
Parameter Description Test Condition Maximum
Cout’ Output Pin Capacitance Vout = 0V 12 pF
CciN' Input Capacitance Vin =0V 6 pF

1. This parameter is measured only for initial qualification and after a design or process change that could affect this parameter.

TABLE 6-7: RELIABILITY CHARACTERISTICS
Symbol Parameter Minimum Specification Units | Test Method
New ] Endurance 100,000 Cycles | JEDEC Standard A117
END Status Register Write Cycle 100,000 Cycles | JEDEC Standard A117
Tor! Data Retention 20 Years |JEDEC Standard A103
! Latch Up 100 + Ipp mA |JEDEC Standard 78

1. This parameter is measured only for initial qualification and after a design or process change that could affect this parameter.

© 2016 Microchip Technology Inc.
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6.6 AC Characteristics

TABLE 6-8: AC OPERATING CHARACTERISTICS

Limits - 25 MHz Limits - 30 MHz
Symbol Parameter - - Units
Min Max Min Max

Fcik' | Serial Clock Frequency 25 30 MHz
Tsckn | Serial Clock High Time 18 15.5 ns
TsckL | Serial Clock Low Time 18 15.5 ns
Tsckr | Serial Clock Rise Time 5 5 ns
Tscke | Serial Clock Fall Time 5 5 ns
Tces® | CE# Active Setup Time 8 8 ns
Tcen® | CE# Active Hold Time 8 8 ns
Tous® | CE# Not Active Setup Time 8 8 ns
Toun® | CE# Not Active Hold Time 8 8 ns
TcPH CE# High Time 25 25 ns
Tchz CE# High to High-Z Output 8 8 ns
ToLz SCK Low to Low-Z Output 0 0 ns
Tps Data In Setup Time 2 2 ns
ToH Data In Hold Time 5 5 ns
This HOLD# Low Setup Time 5 5 ns
ThHus HOLD# High Setup Time 5 5 ns
THLH HOLD# Low Hold Time 5 5 ns
THHH HOLD# High Hold Time 5 5 ns
Thz HOLD# Low to High-Z Output 9 9 ns
Tz HOLD# High to Low-Z Output 9 9 ns
Ton Output Hold from SCK Change 1 1 ns
Ty Output Valid from SCK 11 11 ns
Twps | WP# Setup Time 20 20 ns
Twpy | WP# Hold Time 20 20 ns
Twrsr | Status Register Write Time 10 15 ms
Tppp | CE# High to Deep Power-Down 3 3 us
Tear g;i%bP;\'/\vA%rdeDown (CE# High) to 3 3 us
Tse Sector-Erase 40 150 40 150 ms
Tge Block-Erase 80 250 80 250 ms
Tce Chip-Erase 0.25 2 0.25 2 s
Tep Page-Program (256 Byte) 4 5 4 5 ms

1. Maximum clock frequency for Read instruction, 03H, is 25 MHz
2. Relative to SCK

DS20005512A-page 24 © 2016 Microchip Technology Inc.
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FIGURE 6-3: SERIAL OUTPUT TIMING DIAGRAM
CE#
TCHH —~
SCK
Sl
SO
20005397 F24.0
FIGURE 6-4: SERIAL INPUT TIMING DIAGRAM
CE# SS
— ~— TsckL
TSCKH— —
sCK /LSS
TCLZ — -~ M —| | TCHZ
S0 k@ MSB J( SS X X LsB >‘7
Ty
St XXX KX § 8 XX XK
20005397 F25.0
FIGURE 6-5: HOLD TIMING DIAGRAM
o T\ (s
CTHHH, THLS ThiH, , THHS
SCK j—\_/—L_ — L -
THLH
Thz | — Ty
s0 X —9 —4( X
sl X X §§ X X X
HOLD# SS

20005397 F26.1
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