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INTRODUCTION

As embedded systems become smaller, a growing
need exists to minimize 1/O pin usage for communica-
tion between devices. Microchip has addressed this
need by developing the UNI/O® bus, a low-cost, easy-
to-implement solution requiring only a single I/O pin for
bidirectional communication.

UNI/O bus-compatible serial EEPROMs can be used to
enhance any application facing restrictions on avail-
able 1/0. Such restrictions can potentially stem from
connectors, board space or from the microcontroller
itself.

The 11XXX family is the newest addition to Microchip
Technology’s broad serial EEPROM product line, and
is compatible with the newly developed UNI/O bus.

FIGURE 1:

The main features of 11XXX serial EEPROMs are:

» Single I/O pin used for communication
 EEPROM densities from 1 Kbits to 16 Kbits
» Extremely small packages

* Bus speed from 10 kHz up to 100 kHz

» Voltage range from 1.8V to 5.5V

* Low-power operation

» Temperature range from -40°C to +125°C

« Over 1,000,000 erase/write cycles

This application note is part of a series that provide
source code to help the user implement the protocol
with minimal effort.

Figure 1 describes the hardware schematic for the in-
terface between the Microchip 11XXX series of UNI/O
bus-compatible serial EEPROMs and NXP’s
P89LPC952 8051-based MCU. The schematic shows
the connections necessary between the MCU and the
serial EEPROM as tested. The software was written
assuming these connections. The single 1/0 connec-
tion between the MCU and the serial EEPROM in-
cludes a recommended pull-up resistor. A decoupling
capacitor across Vcc and Vss is also recommended.

CIRCUIT FOR P89LPC952 MCU AND 11XXX SERIAL EEPROM
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Note 1: A decoupling capacitor (typically 0.1 uF) should be used to filter noise on Vcc.
2: A pull-up resistor (typically 10 kQ2) on SCIO is recommended to ensure bus idle during power-up.

P89LPC952
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FIRMWARE DESCRIPTION

The purpose of the firmware is to show how to generate
specific UNI/O bus transactions using a generic 1/0O pin
on the microcontroller. The focus is to provide the
designer with a strong understanding of communi-
cation with the 11XXX series serial EEPROMSs, thus
allowing for more complex programs to be written in the
future.

The firmware was written in the assembler language for
the NXP P89LPC952 using the Keil™ pVision?:® IDE
and was developed on the Keil MCB950 evaluation
board. The code can easily be modified to use any
available I/O line.

The firmware consists of two files: the main file and the
inc file. The main file is organized into the following
sections:

« Initialization

* Write Enable

* Byte Write

* Write-in-Process Polling

* Byte Read

* Page Write

The code was tested using the 11XX160 serial
EEPROM. The EEPROM features 2K x 8 (16 Kbit) of
memory and 16-byte pages. Oscilloscope screen shots
are shown in this application note. All timings are based
on the internal RC oscillator of the MCU (7.373 MHz).

If a faster clock is used, the code must be modified to
generate the correct delays.

DS01184B-page 2
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INITIALIZATION

Before initiating communication with the serial
EEPROM, the MCU must generate a low-to-high edge
on the SCIO to release the serial EEPROM from
Power-on Reset (POR). Because bus idle is high, the
MCU must create a high-low-high pulse on the SCIO.
Once the serial EEPROM has been released from
POR, a standby pulse with a minimum timing of TsTBY
is performed to place the serial EEPROM into Standby
mode, as shown in Figure 2.

FIGURE 2: STANDBY PULSE

Note that once a command has successfully executed
— indicated by the reception of a Slave Acknow-
ledgment (SAK) following the No Master
Acknowledgment (NoMAK) —the serial EEPROM
enters Standby mode immediately and a standby pulse
is not necessary. In this case, only the start header
setup time (Tss) must be observed before the MCU
may initiate another command to the same serial
EEPROM.
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WRITE ENABLE

Before a write operation to the array or the STATUS
register can occur, the Write Enable Latch (WEL) bit
must be set. This is done by issuing a Write Enable
(WREN) command.

The WEL bit can be cleared by issuing a Write Disable
(WRDI) command. It is also cleared upon termination
of a write cycle to either the array or the STATUS reg-
ister, and upon POR.

The Write Enable operation consists of the following
components: the start header, which is followed by the
device address and the command byte.

FIGURE 3:

Start Header and Device Address

To issue a WREN command, the MCU transmits the
start header. This consists of a low pulse (THDR)
followed by ‘01010101, and a Master Acknowledge
(MAK) followed by a NoSAK. Next, the MCU transmits
the device address (‘10100000’) and another MAK.
The serial EEPROM then responds with a SAK if the
start header and device address were received
correctly. Figure 3 shows the details of the start header
and the device address.

START HEADER AND DEVICE ADDRESS
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Write Enable (WREN) Command Byte

Once the SAK is received following the device address,
the MCU sends the WREN command (‘10010110’ or
0x96) and performs a final Acknowledge sequence.
During this last sequence, the MCU sends a NOMAK to
signal the end of the operation. Once again, the serial
EEPROM responds with a SAK, indicating it received
the byte successfully.

Figure 4 shows an example of the WREN command.

FIGURE 4: WRITE ENABLE COMMAND
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BYTE WRITE

The byte write operation consists of the following
components: the Write command followed by the word
address and data byte. Note that the start header and
device address are not illustrated in this section but are
still required to initiate the operation.

The acknowledge scheme is included as part of the
provided functions but will be shown as part of the
commands. Please consult the device data sheet for
more information.

FIGURE 5:

Sending the Write Command and Word
Address

After the EEPROM device has acknowledged the start
header and device address, the MCU sends the Write
command, followed by the word address. The Write
command is ‘01101100’ or Ox6C. The word address
for the 11XX160 is a 16-bit value, so two bytes must be
transmitted for the entire word address, with the Most
Significant Byte sent first. After the command byte and
the word address bytes have been sent, the MCU
generates a MAK; the serial EEPROM responds with a
SAK if there are no errors.

Figure 5 shows the command byte, the high address
byte and the corresponding MAK/SAK. The low
address byte is shown in Figure 6.

WRITE COMMAND AND WORD ADDRESS
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Data Byte and Command Termination

Once the word address has been transmitted and the
last SAK received, the MCU sends the data byte.

After sending the data byte, the MCU terminates the
command by generating a NoMAK in place of the MAK,
and the serial EEPROM again responds with a SAK.
This also initiates the internal write cycle (Twc).

Figure 6 shows the transmission of the low address
byte and the data byte, as well as the NOMAK and SAK.

FIGURE 6: DATA BYTE AND STOP BIT
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WRITE-IN-PROCESS POLLING

After an array or STATUS register write instruction is
executed, the MCU must observe a write cycle time
(Twc). Write cycle time is a maximum, so the actual
time required is typically less. Therefore, to transfer
data as efficiently as possible, using the Write-In-
Process (WIP) polling feature is highly recommended.
Because the STATUS register can be read during a
write cycle, the WIP bit can be continuously monitored
to determine the completion of the write cycle.

FIGURE 7:

Write-In-Process Polling Routine

The process of WIP polling consists of the MCU
sending a start header and device address after
observing the Tss period. The MCU follows this by
sending the Read Status Register (RDSR) command
(foo000101’ or 0x05) and MAK. After sending the
subsequent SAK, the serial EEPROM transmits the
STATUS register. At this point, the STATUS register
can be requested again by sending a MAK. The WEL
and WIP values sent are updated dynamically, so the
MCU can continuous check the STATUS register.
Sending a NoOMAK terminates the command.

Figure 7 shows an example of WIP polling to check if a
Write operation has finished. In this example, the WIP
bit is set (‘1’), indicating that the write cycle has not yet
completed.

WIP POLLING ROUTINE (SHOWING WRITE-IN-PROCESS)
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WIP Polling Complete

Figure 8 shows the final read of the STATUS register
after the Page Write operation, in which the WIP bit is
clear (‘0’). This indicates that the write cycle is
complete and the serial EEPROM is ready to continue.

FIGURE 8: WIP POLLING FINISHED (SHOWING WRITE CYCLE COMPLETE)
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BYTE READ

The byte read operation can be used to read data from
the serial EEPROM. The start header and device
address must first be sent as in a byte write operation;
they have been omitted from this section. The MCU
transmits the command byte followed by the word
address bytes to the serial EEPROM. The MCU
generates a MAK after each byte, and this is followed
by a SAK if there are no errors.

FIGURE 9:

Command and Word Address for Read

Figure 9 shows an example of the Read command
‘00000011’ or 0x03, followed by the high address byte.
The low address byte has been omitted from this
example.

BYTE READ (COMMAND BYTE AND WORD ADDRESS)
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Reading Data Bytes Back

After the Read command and word address have been
sent and acknowledged, the serial EEPROM starts to
send the data from the array starting at the address
specified.

To read a single byte, the MCU generates a NoMAK
after the byte is read. To continuously read the array,
the MCU generates a MAK after each data byte. The
serial EEPROM responds with a SAK if there are no
errors.

Figure 10 shows the MCU reading two bytes of data.
The MCU sends a NoMAK after the second byte to
indicate that no more data is requested and to
terminate the command.

FIGURE 10: BYTE READ (DATA BYTES AND COMMAND TERMINATION)
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PAGE WRITE

Page write operations provide a technique for
increasing throughput when writing large blocks of
data. The serial EEPROM features a 16-byte page. By
using the page write feature, up to 1 full page of data
can be written consecutively, with the start header,
device address, command and word address bytes
being transmitted only once. It is important to point out,
however, that page write operations are limited to
writing bytes within a single physical page, regardless
of the number of bytes actually being written. Physical
page boundaries start at addresses that are integer
multiples of the page size, and end at addresses that
are [integer multiples of the page size] minus 1.
Attempts to write across a page boundary result in the
data being wrapped back to the beginning of the
current page, thus overwriting any data previously
stored there.

FIGURE 11:

The page write operation is very similar to the byte write
operation. However, instead of generating a NoMAK
after the first data byte has been transmitted, the MCU
continues to send more data bytes, up to 1 page total.
The serial EEPROM automatically increments the
internal Address Pointer with receipt of each byte. As
with the byte write operation, the internal write cycle
(Twc)is initiated by the NoMAK generated by the MCU.

Sending Multiple Bytes Successively

Figure 11 shows two consecutive data bytes during a
page write operation. Notice that a MAK is sent after
the first byte of data and a NoMAK is sent after the last
byte of data.

PAGE WRITE (TWO CONSECUTIVE DATA BYTES)
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CONCLUSION

This application note offers designers a set of firmware
routines to access UNI/O serial EEPROMSs using a
generic I/O pin on the MCU. The code demonstrates
byte and page operations. All routines were written in
assembler for an 8051-based MCU.

The code was developed on the Keil MCB950 evalu-
ation board using the schematic shown in Figure 1. It
was tested using the NXP P89LPC952 MCU and
debugged using the Keil yVision3 IDE.

© 2008 Microchip Technology Inc.
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NOTES:
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
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QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
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the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.
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