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All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




RENESANS APPLICATION NOTE

H8/300L SLP Series
Implementation of 1°C (Port) to Three I°C Devices (312Cport)

Introduction

This application note provides an overview of the I°C bus interface. It also demonstrates how to integrate and interface
multiple 1°C devices to the H8/38024 SLP series through software control of its two general 1/0 pins:

e Microchip 24AA16 16-Kbytes 1°C Serial EEPROM (read/write)
o Maxim MAX6626 12-bit Temperature Sensor (read/write)
o MAXG6953EPL 2-wire Interfaced 4-digit 5 x 7 Matrix LED Display Driver (write only)

Target Device

H8/38024
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H8/300L SLP Series
u {E N ESAS Implementation of I1°C (Port) to Three I°C Devices (312Cport)

1. 1°C™ Interface Overview

The I°C bus uses a two-wire interface consisting of a serial dataline (SDA) and a serial clock line (SCL) to exchange
information between devices connected to the bus. Each device on the bus has its own unique address and can operate
as atransmitter or receiver (depending on its particular function). Devices are further categorized as masters or slaves.
A master is defined as adevice that initiates, controls (generates all framing and clock signals), and terminates a
transfer whereas a slave is any device addressed by the master.

It is noted that different 1°C devices will have slightly different protocols. This application note describes an 1°C
interface comprising of a bus master (the H8/38024 SLP MCU) and three slave devices (Microchip 24AA16 16-Kbytes
I2C Serial EEPROM, Maxim MAX6626 12-bit temperature sensor and MAX6953EPL 2-wire interfaced 4-digit 5 x 7
Matrix LED Display Driver). Inthissimpleinterface, the temperature converted from the MAX6626 will be displayed
and can also be stored in the EPROM. Note that the I1°C interface is simulated using software to control two general
1/0 pins (P70—SDA & P80—SCL) of the H8/38024 SLP MCU. The SDA and SCL pins of these devices are directly
connected to P70 and P80 of the MCU respectively. Figure 1 shows the system block diagram.

H8/38024 24AA16 MAX6626 MAX6953
SLP MCU EEPROM Temperature LED Driver
Sensor

I (A | |

SCL (P80)

SDA (P70)

Figure 1 System Block Diagram

The address of each device is summarized in table 1 (This discussion is limited to the I°C 7-bit addressing mode). Each
device has a unique 7-hit 1°C address so that the master knows which device it is communicating with. Typically, the
upper address lines are fixed while the lower address lines are set by hardware. For the case of three lower address
lines (A2, A1, A0), there are up to eight different combinations. Therefore, up to a maximum of eight identical devices
can be interfaced on the same bus. To interface another 1°C device, the SDA and SCL pins must be connected to the
bus with a unique address assigned to it.

Table 1 Device Addresses

Device Address (Hexadecimal)

Microchip 24AA16 EEPROM AO — Block 0
A2 — Block 1
A4 — Block 2
A6 — Block 3
A8 — Block 4
AA — Block 5
AC - Block 6
AE — Block 7

MAX6626 Temperature Sensor 90

MAX6953 LED Driver BO

The features of these three dave devices and the software description together with the hardware design will be covered
in the following sections.
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2. Microchip 24AA16 E’PROM
The diagram below will illustrate the read data when OxOD (RETURN) is send at various baud rates.

WP I|Hv GENERATOR
[0 MEMORY - EEFROM
CONTROLM® CONTROL MxDEC ARRAY
LOGIC LOGIC —®
PAGE LATCHES
1O I
SCL
SDA
Ve [J—m
vss [—» SENSE AMP

R/W CONTROL

Figure 2 Microchip 24AA16 E’PROM Block Diagram

2.1 Bus Protocol

Transferring data on the 1°C busis controlled (and framed) via two unique bus states generated by the bus master.
These bus states are the start and stop bit conditions. When the busisfree, both lines are high.

The start condition is defined the high-to-low level transition on the SDA while the SCL lineis high. The stop
condition is defined as the low-to-high level transition on the SDA while the SCL lineis high. Data must always be
valid (stable) on the SDA line while the SCL ishigh. The SDA lineisonly allowed to change during the low period of
SCL. Onedatabit istransmitted per the SCL clock pulse.

Following the start condition, the first 8 bit (1 byte) sent in a bus message is a 7-hit slave address field along with a data
direction or R/W bit. The data direction bit (the least significant bit) controls whether the master transmits (0 = write) or
receives (1 = read) data from the addressed save.

The acknowledge hit isalow-level signal placed on the SDA line by the receiving device (master or slave) during the
master-transmitted acknowledge clock pulse (the ninth high SCL clock pulse of the byte transmission). If the dlaveis
busy and unable to receive data or the master needs to signal the end of data transfer, a non-acknowledge is sent (the
SDA is high during the ninth high SCL clock pulse time).

Following the start and slave address transmission, data is exchanged between the master and receiver as required.
Upon exchange of the final byte and its acknowledge, the master issues the stop condition to end bus usage.
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(&) (B) (D) (D) (C) (A

SCL \ [_\- f
TN y N /]

. " ol -+ ol e
START ADDRESS OR DATA STOP
CONDITION ACKNOWLEDGE ALLOWED CONDITION

VALID TO CHANGE

Figure 3 Data Transfer Sequence

211 Device Addressing

A control byteisthefirst byte received following the start condition from the master device. For the 24AA16, the first
four bits of the control code are set to 1010 binary for both read and write operations. The next three bits are the block
select bits (B2, B1, B0), used by the master device to select which 256-word block of memory to be accessed. These
bits are in effect the three most significant bits of the word address. It should be noted that the protocol limits the size
of the memory to eight blocks of 256 words; therefore the protocol can support only one 24AA16 per system. Thelast
bit of the control byte defines the operation to be performed. When settingto ‘1’, aread operation is selected. When
setting to ‘0", awrite operation is selected. Following the start condition, the 24AA 16 monitors the SDA bus to check
the device type identifier being transmitted. Upon reception of the 1010 code, the slave device outputs an acknowledge
signal on the SDA line. Depending on the state of the R/W bit, the 24AA 16 will select the read or write operation.

START READ/RITE

T T T T T —
[ | | sagorsss, [ 4]

1 0 1 ] B2 | B1 B0

Operation ng;r:l Block Select RIW
Read 1010 Block Address 1
Write 1010 Block Address ]

Figure 4 Control Byte

2.1.2 Bit Transfer and Data Validity

The number of data bytes, transferred from the transmitter to the receiver between the start and stop conditions, is
determined by the master. Each byte (eight bits) is transferred serialy with the most significant bit first followed by an
acknowledge bit. The state of the data line represents valid data when, after the start condition, the dataline is stable
for the duration of the high period of the clock signal. The data on the line must be changed during the low period of
the clock signal. Thereisone clock pulse per bit of data.
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213 Acknowledge

Each receiving device, when addressed, is obliged to generate acknowledge after the reception of each byte. The
master device must generate an extra clock pulse associated with this acknowledge bit. For the 24AA 16, it does not
generate any acknowledge bitsif aninternal programming cycle isin progress.

2.2 Write Operation

Write operations are initiated when the R/W bit of the slave addressisset to ‘0’. There are two types of write
operations, byte and page writes.

221 Byte Write

Byte operations allow a random EEPROM address to be written. Byte-write operations require the following
transmissions:

e Start condition (Master)

e EEPROM device address with R/W = 0 (master)

e Acknowledge bit (EEPROM)

e Target EEPROM word addressto be written (master)
e Acknowledge bit (EEPROM)

e Databyte to be written (master)

e Acknowledge bit (EEPROM)

e Stop condition (master)

s
BUS ACTMITY T CONTROL WORD 3
MASTER 5 BYTE ADDRESS DATA 0
T A . A A P
| I I I O | I N I |
SDA LINE s P
L1 1 1 1 11 1 1 1 1 | 1
A A A
BUS ACTIVITY c ¢ ¢

Figure 5 Byte Write

222 Page Write

Page write operations allow up to 16 bytes to be written to the EEPROM. During these page writes, the EEPROM
automatically incrementsitsinternal address pointer between bytes.

5 5
BUS ACTIVITY 1 CONTROL WORD T
MASTER =] BYTE ADDRESS (n) DATA () DATA (n + 1) DATA (n+ 15) E
T e N—— . M A
SDA LINE ﬂ |=___|||||||| TTTTTTI1 TTTTTT1 Tﬁﬁ
L1 1 1 111 L1 1 1 111 L1 11111 1
A A A A
BUS ACTIMITY C C C C C
K K K K

Figure 6 Page Write
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2.3 Read Operation

Three types of read operations are supported: Current address, random, and sequential read. Read operations begin just
like write operations, except that the R/W bit is set to 1 for the device address byte.

2.3.1 Current Address Read

In the current address read mode, the datais read from the location of the most recent access. This read transmission
type sequence appears as follows:

e Start condition (master)

e EEPROM device address with R/W = 1 (master)

e Acknowledge bit (EEPROM)

e Databyteto beread (EEPROM bytes sent from the addressed slave’s most recent pointed-to memory |ocation
incremented by 1)

e Non-acknowledge bit (master)

e Stop condition (master)

5

BUS ACTIVITY T CONTROL 5

MASTER A BYTE DATA (n} E
T A L AL . P

SDA LINE I ‘ \ H

BUS ACTIVITY

=OE
O O=

Figure 7 Current Address Read

2.3.2 Random Read

The random read mode is begun with a dummy byte write cycle (the master sends a start condition followed by the
device address and target word address) followed by the current address read mode cycle as described previously.

5 5
BUS ACTIVITY T CONTROL WORD T CONTROL 5
MASTER A BYTE ADDRESS (n) R  BYTE DATA(Y &
T.. e k) e Z T_ > ] P
T rrriri rrTrrrri
&l | B /1 @
SDA LINE T T T I I O O I
A A A N
C C £ 0
K K
BUS ACTIVITY A
C
K

Figure 8 Random Read
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2.3.3 Sequential Read

The sequential read mode isinitiated with arandom read. Instead of the master terminating the read after a single byte
exchange (with non-acknowledge), the master responds with valid acknowledge after each received data byte. The
acknowledge instructs the slave EEPROM to continue the read operation and transmit out the next data byte. The
sequential reads continue until terminated by the master viaissuance of non-acknowledge on the most recent byte read
followed by the stop condition.

BUS ACTIVITY CONTROL %
MASTER BYTE DATA (n) DATA (n+ 1) DATA (n+ 2) DATA (n+X) O
e o P —_—t P
R TTTTTTIT TTTTTTI TTTTTTI TTTTTT1
SDA LINE ‘—I k H
_____ "I I O I I | I T T | W W0 T
A A A A N
BUS ACTIVITY C C C C Q
K K K K
A
c
K

Figure 9 Sequential Read
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3. I°C Temperature Sensor

The MAX 6626 comprises a temperature sensor, programmable over-temperature alarm, and an 1°C-compatible serial
interface. The temperature of the dieis converted into digital values using the internal A/D converter. The converted
result is stored in atemperature register, which is readable at any time through the serial interface. A dedicated alarm
output (OT) isactivated if the conversion result exceeds the value in the programmable high-temperature register. It
also comes with a programmabl e fault queue, which sets the number of faults that must occur, before the alarm
activates. This prevents spurious alarmsin noisy environments. The device functions as a dave and supports
byte/word-read/write commands. The functional block diagram is shown in figure 10.

REFERENCE ALAXLAA
BANDGAP |——— o i
REGISTER | MAXGE25
TEMP SIGNAL
* =
—— N
TEMPERATURE REGISTER | e
ONLY
- - SET-POINT
ADDRESS ot Trt REGISTER —  COMPARATOR
POINTER
REGISTER - o——— 0
TLow REGISTER -
e B oo
- i
CONFIGLRATION REGISTER
Rkt . FAULT
OUELE —{
COUNTER
L GHD
o p— S04
SERIAL BLIS INTERFACE - SCL
ot A0D

Figure 10 Block Diagram of Temperature Sensor

3.1 Addressing

Four separate addresses can be configured with the ADD pin, allowing up to four MAX6626s to be connected on the
same bus. The table summarizes the different address selection. In thisinterface, the ADD pin is connected to GND
and the address is set to 90 (hexadecimal).

Table 2 ADD Connection

ADD Connection I°C-Compatible Address
GND 100 1000
Vs 100 1001
SDA 100 1010
SCL 100 1011
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3.2 Control Registers
Operations are defined with the following registers:

(1) The Pointer register is addressed first to determine the register to be acted on.

Table 3 Pointer Register

D7 D6 D5 D4 D3 D2 D1 DO Register
0 0 0 0 0 0 0 0 Temperature
0 1 Configuration
1 0 Tiow
1 1 ThicH

(2) The Temperature (TEMP) register is a 12-hit read-only resister, which contains the latest temperature data. The
register length is 16 bits with the unused bits masked to 0. The digital temperatureisin °C using two complement
formats with the LSB corresponding to 0.0625°C.

Table 4 Temperature Register

D15 | D14 | D13 | D12 | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2-D0O

MSB | Bit | Bit | Bit | Bt | Bit | Bit | Bit | Bit | Bit | Bit | Bit | LSB | Unused
(Sign) | 11 | 10 9 8 7 6 5 4 3 2 1 0

N R N T R A AT D M N S SN R T BN T N S G S S N T O A

1

L ! ACK Y

. I ;
ACEBY ARG
VEETER FOINTER EYTE

|
STARD ADDRESS BYTE

BY
MASTER

....................................................... it
v o S azKarXanR/Wy 407 X 06 X o5 X4 K3 ¥ 02 A or X od) 06 X 05 {04 X 02 X 02 } DT 400 ) COHD BY
L ! L ] L

REPEAT it

o | ACKEY ' ACKEY ' g, S
ADDRESS = MDST-SEHIFCANT LEAST-SIGNIFCANT ACKBY

IWSTER BTE MRS DATARYTE WIER DAT A EVTE MASTER

Figure 11 Reading of 2-byte Registers (TEMP, Tyicn and Tiow)
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(3) The Configuration register is an 8-bit read/write resister that contains the fault queue depth, temperature alarm
polarity select, interrupt mode select and shutdown control bits. Refer to table 5 for the bit structure.

Table5 Configuration Register

D7 D6 D5 D4 | D3 D2 D1 DO No. of
Fault Queue OT Polarity | Comparator or | Shutdown Faults
Depth Interrupt Mode
t 0 0 0 0 0: Active low | 0: Comparator 0: Normal Operation 1
0 1 1: Active high | 1: Interrupt 1: Shutdown 2
1 0 4
1 1 6

Figures 12 and 13 show the timing diagrams for a read from and write to the configuration register respectively.

L L L U L L U L P L UL UL L L L L

NS TV\o o fTXRYAYANEA o o 0 0 o o wi/fm T 07 B =/ SToP
B e ey /NS - Voo
il e e aINTER Pl I ACRRY : Aok
L s NIAEzS i WSS START ADDRESS . DATA ,
WSTER BT ' BYTE B BYE S BV MATER
M STEH

Figure 12 Read from Configuration Register

1 E] i 3 1 g

R B Gl DT 1 o
W\ o fENAR(E)e/® o o o o v o oifeet b o o {Ba)(63(oi)oi)ie) sTop
L

. o | o : T COND BY

STHRT : : : ALK BY 1K gy MASTER
ADDRESS . POANTER CONFIGLIRATION 4

oL BYTE b EYTE WA G2 e MAKeB25

Figure 13 Write to Configuration Register

(1) The High-Temperature (T cn) register is a 9-bit read/write resister which contains the value that triggers the over-
temperature alarm. The Low-Temperature (T ow) register is a 9-bit read/write resister. It contains the value to
which the temperature must fall before the over-temperature alarm is de-asserted in comparator mode. Refer to
table 6 for the bit structure of these two registers. The timing diagrams for reading from and writing to are shown in
figures 11 and 14 respectively.

Table 6 Tyien and T ow Registers

D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

MSB | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | LSB 0 0 0 0 0 0 0

Notes:1. D15: MSB is the sign bit
2. D6 to DO: will read all zeros and cannot be written
3. LSB=0.5°C
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1 ] 1 El 1
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Figure 14 ThieH and TLow Write

3.3 Temperature Conversion

An on-chip bandgap reference produces a signal proportional to absolute temperature (PTAT), as well asthe
temperature-stable reference voltage necessary for the A/D conversion. The resolution of the digitized PTAT signal is
0.0625°C with the rate of conversion at 133 ms. The temperature register contains the value of the most recently
completed conversion.

3.4 Over-Temperature Alarm

The polarity and modes (interrupt and comparator) of the dedicated over-temperature output pin (OT) are
programmable through the configuration register. The fault queue depth defines the alarm activity.

e The programmable fault queue eliminates spurious alarm activity in noisy environments by setting the number of
consecutive out-of -tol erance temperature readings that must occur before the OT alarmistriggered. The out-of-
tolerance refers to the temperature reading above Ty gy or below T ow.

o Inthe comparator mode, the OT is asserted when the number of consecutive conversions exceeding the value of the
Thich register is equal to the fault queue depth. The OT will be de-asserted when the number of consecutive
conversions below T ow is equal to the fault queue depth. For example, Tyien, TLow, and the fault queue depth are
set to +75°C, +50°C, and 4 respectively. The OT will not assert until four consecutive conversions exceed +75°C.
Similarly, the OT will not be de-asserted until four consecutive conversions are below +50°C. The Comparator
mode allows autonomous clearing of the OT fault without the intervention of master and isideal for driving a
cooling fan.

e Intheinterrupt mode, the OT pin asserts an alarm for the under-temperature fault as well as the over-temperature
fault, depending on certain conditions. If the fault queueis cleared at power-up, the IC looks for a Ty e fault after
which it will then monitor for a T qw fault. After the T, o fault, it will then monitor for the Ty gy fault. This
process will be repeated if the OT is properly de-asserted each time. Once either fault has occurred, it remains
active until de-asserted by aread of any register. The device will then monitor for afault of the opposite type. For
example, The yich, TLow and fault queue depth are set to +75°C, +50°C and 4 respectively. The OT will not assert
until four consecutive conversions exceed +75°C. The OT will then de-assert upon reading the temperature register.
The OT will then assert again after four consecutive conversions below +50°C.

3.5 Shutdown

In the shutdown mode, the temperature register is set to H’ 8000 and the A/D converter is turned off (reducing the
device current to 1 pA). Upon exiting from shutdown, the value of the temperature register is H’ 8000 until the
completion of the first temperature conversion.
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4. 1°C 4-Digit 5 x 7 Matrix LED Display Driver

The MAX6953 isaseridly interfaced display driver that can drive four digits of 5 x 7 cathode-row dot-matrix displays.
It includes an ASCII 104-character font, multiplex scan circuitry, column and row drivers, static RAM to store each
digit aswell asfont data for 24 user-definable characters. The segment current for the LEDs is set by an internal digit-
by-digit digital brightness control. It also features alow-power shutdown mode, segment blinking, and a test mode that
forces all LEDsto be on. Figure 15 shows the functional block diagram for the LED driver.

ISET CURRENT =
SOURCE BRIGHTNESS —™ | |— 0070 022
050 41— - ROW
DIVIDER! [ puef -
COUNTER MULTIPLEXER -
NETWORK
F
CHARACTER CHARACTER
GEMERATOR GENERATOR
RAM ROM
I I
BLINK =t BLINK
SPEED |
SELECT |
! CONFIGURATION
REGISTERS
RAM
Fy
F
son |
SERIAL INTERFACE
AL 1 —
i

Figure 15 Block Diagram for the MAX6953

4.1 Serial Addressing

The MAX 6953 operates as a slave that sends and receives data through an 1°C-compatible 2-wire interface. The serial
data (SDA) and clock (SCL) lines are used to achieve bi-directional communication between the master (the H8/38024)
and the dave (the MAX6953). The master initiates all data transfersto and from the MAX 6953, and also generates the
SCL clock for the synchronization of datatransfer.

4.2 Start and Stop Conditions

Both the SCL and SDA remain high when the interface is not busy. The master signal s the beginning of transmission
with the start (S) condition by the high to low transition on the SDA while the SCL ishigh. When the master has
finished communicating with the slave, it issues the stop (P) condition by the low to high transition on the SDA while
the SCL ishigh. Another bus transmission can then begin.
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SDA

I i |
1
I

i

N SR

R [ —
e

Figure 16 Start and Stop Conditions

4.3 Bit Transfer
One data hit is transferred during each clock pulse. The data on the SDA line must remain stable while the SCL is high.

I

DATA LINE STAELE, CHAMGE OF DATA
DATA VALID ALLOWED

Figure 17 Bit Transfer

4.4 Acknowledge

The acknowledge hit is a clocked 9th bit that the recipient uses to handshake receipt of each data byte. Refer to figure
18. Thus, each transferred byte effectively requires 9 bits. The master generates the 9th clock pulse, and the recipient
pulls down the SDA such that the SDA lineis stable low during the high period of the acknowledge clock pulse. When
the master is transmitting to the MAX 6953, the acknowledge bit is generated by the MAX6953. When the MAX6953
is transmitting to the master, the master generates the acknowledge bit because the master is the recipient.

START CONDITION CLOCK PLLSE FORACKNOWLEDGHENT —

avaWRWLE
1 .

SOA

(.
BY RECEIVER bR \J

Figure 18 Acknowledge
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4.5 Slave Address

The MAX6953 has a 7-bit slave address. The 8th bit following the 7-bit dave addressisthe R/W bit. It islow for a
write command and high for aread command. Thefirst 3 bits (A6, A5, & A4) of the MAX6953 dave address are
always 101. The addressinput pins AD1 and ADO determine the slave address bits A3, A2, A1, and AO. Thesetwo
input pins can be connected to GND, V+, SDA or SCL. Table 7 lists al the possible connections for AD1 and ADO
and the correspondingly addresses assigned to the MAX6953. Note that addresses A0 to AE (hexadecimal) have
already been assigned to the EEPROM, the address BO is allocated to the MAX6953.

SDA
m 0 / 1 ){ A3 X A2 X A1 K AD X RV \ ACK f
START MSB LSB

Figure 19 Slave Address

Table 7 MAX6953 Device Map

Pin Device Address
AD1 ADO A6 A5 A4 A3 A2 Al A0
GND GND 1 0 1 0 0 0 0
GND V+ 1 0 1 0 0 0 1
GND SDA 1 0 1 0 0 1 0
GND SCL 1 0 1 0 0 1 1
V+ GND 1 0 1 0 1 0 0
V+ V+ 1 0 1 0 1 0 1
V+ SDA 1 0 1 0 1 1 0
V+ SCL 1 0 1 0 1 1 1
SDA GND 1 0 1 1 0 0 0
SDA V+ 1 0 1 1 0 0 1
SDA SDA 1 0 1 1 0 1 0
SDA SCL 1 0 1 1 0 1 1
SCL GND 1 0 1 1 1 0 0
SCL V+ 1 0 1 1 1 0 1
SCL SDA 1 0 1 1 1 1 0
SCL SCL 1 0 1 1 1 1 1
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4.6 Writing Message Format

A write to the MAX6953 comprises the transmission of the dave address with the R/W set to zero followed by at least
one byte of information. The first byte of information is the command byte, which determines the register to be written
to by the next byte. If the stop condition is detected after the command byte is received, then no further action other
than the storage of the command byte is taken (figure 20).

COMIANG BYTE 15 STORED ON RECEIPT OF STOP CONDITION —we] D15 | 014 | D13 Dz | 0 | Mo | 09 | D&
ACKMOWLEDGE FROM rulﬁ.IEBSS—* [ [ [ 1 [ &
[ [ I I I I 1 [ I I I
5 SLAVE ADDRESS ] & COMMAND BYTE & p
] ] ] ] ] | ] | ] ] ] ] ]
H-TJ ACKNOWLEDGE FROM M azess g

Figure 20 Command Byte Received

All bytes received after the command byte are data bytes. The first data byte goesinto the internal register of the
MAX6953 selected by the command byte (figure 21).

ACKNIWLEDGE FROM MAYESS2 ——— ACKNIWLEDGE FROM MAYERE] ———
HOW CONTROL BYTE AND DATA EYTE MAP INTO : 5 ] : : "
e e —e| D15 | 0t4 | D13 [ D12 | 014 | D10 | Do | OB o7 o6 |5 |04 |3 o2 | o | Do
e e TR
T T T T T 1 I I O B B I O B B
5 SLAVE ADDAESS 0 oA COMMAND BYTE ! DATA BYTE wlw
| 1 1 1 | 1 | 1 1 1 1 | 1 1 1 | 1 | 1 1 1
b d 1 BYTE 4

AUTONCREMENT MEMORY WORD ADDRESS

Figure 21 Command and Single Data Byte Received

If multiple data bytes are transmitted before the stop condition is detected, these bytes are generally stored in the
subsequent MAX6953 internal registers because the command byte address generally auto-increments (refer to table 8
and figure 22).

ACKNOWLEDGE FROM MAXEDS3 ACKNOWLEDEE FROM MAXED53
HOWY COMMANDEYTE AND DATAEYTE MAP INTO . ] 1.1 i
Mo —| 015 | D14 | 013 | 12 | 011 | 010 | 00 | D2 o7 o6 | os | oa|p2|oe|on| oo
ACKIDLEDGE FROM MAYEES — + ? 4 T ? T ? T T f T
I I I I I I I I T ITTTTTTTT [TTTTTTTTTTTTTTI
5 SLAVE ADDRESS a | COMMANDEYTE A DATABYTE ale
| | L1 | | | | I | I | | I | | I |
i
n_.'ﬁ'_+ n BYTES

AUTOINCREMENT MEMORY WORD ADCRESS

Figure 22 n Data Bytes Received
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Table 8 Command Address Auto-increment Rules

COMMAND BYTE

ADDRESS RANGE AUTOINCREMENT BEHAVIOR
0000000 to x0002100 Command byte address autcincrements after byte read or written.
Command byte address remains at x0000101 after byte read or written, but the font
0000101 ) )
addrass pointer autcincremeants.
x0000110 Factory reserved; do not write to this register.
#0011 toxd 111110 Command byte address autcincrements after byte read or written.
2111111 Command byte address remains at x1111111 after byte read or written.

4.7 Reading Message Format

The MAX6953 is read using the MAX 6953’ s internally stored command byte as an address pointer, the same way the
stored command byte is used as an address pointer for awrite. The pointer generally auto-increments after each data
byte isread using the same rules described in table 8. Thus, the read isinitiated by performing the write (figure 20).
The master can now read n consecutive bytes from the MAX6953, with the first data byte being read from the register
addressed by the initialized command byte (figure 22).
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5. Code Listing
The functions are listed in these two C source files:

e [2CcC
— Contains the main function
— Performs initialization of the Serial Communication Interface (SCI) and temperature sensor
— Teststhe EEPROM, temperature sensor, and the LED driver

e RW.c
— Contains the general functions to emulate the SDA and SCL

The flowchart of the main function is shown in figure 23. The following steps are performed:

(1) Initialization of the SCI (2400 bps, 1 stop hit, parity disabled), temperature sensor, and LED driver.

(2) Test EEPROM: Perform byte write, byte read, page write, read from current, and sequential addresses. The test
results are transmitted to the PC viathe SCI.

(3) Read temperature, transmit to PC via the SCI, and then display on digits 1, 2, and 3.
(4) Display ‘0’ to ‘9’ on digit O.
(5) Repeat steps 2 to 4.

[ Main Function ]

v

Initialize the following:

a. SCI
b. Temperature Sensor
c. LED Driver

1. Test EEPROM

2. Get Temperature
3. Test LED Driver

Figure 23 Flowchart of Main Function
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/***********************************************************************l

/* =/
/* FILE :12C.c >/
/* DATE :Fri, Dec 27, 2002 >/
/* DESCRIPTION :Main Program */
/* CPU TYPE :H8/38024F */
/* >/
/* This file is generated by Renesas Project Generator (Ver.2.1). */
/* */

/***********************************************************************l

#include "iodefine.h"
#include "i2c.h"
#include <stdio.h>
#include <machine.h>

//Device Addresses
#define EEPROM_ADDR
#define T_SENSOR_ADDR
#define LED _DRIVER_ADDR

//LED Driver Registers

OxAO0 //B*10100000x
0x90 //B"10010000x
0xBO //B"10110000x

#define DIGIT_O 0x60
#define DIGIT_ 1 0x61
#define DIGIT_ 2 0x62
#define DIGIT_3 0x63
#define DIGIT_O_1 INT_REG 0x01
#define DIGIT_2 3 INT_REG 0x02
/*
main()
a.
b. Initializes temperature sensor
c. Initializes LED driver
d. Repeat the following
1. Test the EEPROM
2. Obtain temperature reading
3. Test the LED Driver
*/

void main(void)

{

init_sci(Q);

init_temp_sensor();

Initializes Serial Communication Interface (SCl) for debugging
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init_led driver(Q);

PutStr(""\r\nBeep Beep Beep');

while(1)

{
test_eeprom();
test_temp_sensor();
test_led _matrix();
wait(b5); //short delay

}
}
/)~
/-k

test_led _matrix() — display O to 9 on Digit O
*/
void test_led matrix(void)
{

char display_char;

for (display_char = "0" ; display _char <= "9" ; display_char++)

{

LEDprint(display_char, DIGIT_0);
wait(10); //short delay

}
}
/)~
/-k

test_eeprom()

a. byte write

b. byte read

C. page write

d. current address read

e. sequential address read
*/

void test_eeprom(void)

{
unsigned char buf[16] = {0x00, 0x11, O0x22, 0x33, 0x44, 0x55, 0x66, 0x77,

0x88, 0x99, OxAA, 0xBB, OxCC, OxDD, OxXEE, OxFF};

unsigned char return_byte;
unsigned char *ptr;

PutStr(""\r\n\nEePROM Testing:"");

//Byte Write
PutStr('"\r\nByte Write');
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if (12cWrite(EEPROM_ADDR, buf, 1, 0x00) != OP_DONE)
PutStr(** -> Fail!™");

else
PutStr(** -> OK™);

//Need to check if write is complete
if (CheckWriteReady() == 1)

{

//Byte Read

PutStr('"\r\nByte Read");

return_byte = l12cRead(EEPROM_ADDR, ptr, 1, 0x00);
}

//Page Write

PutStr('"\r\nPage Write');

if (12cWrite(EEPROM_ADDR, buf, 16, 0x00) != OP_DONE)
PutsStr("" -> Fail!™);

else
PutStr(' -> 0K'™);

//Need to check if write is complete
if (CheckWriteReady() == 1)
{
//Current Address Read
PutStr(""\r\nCurrent Address Read");
return_byte = 12cCurrentRead(EEPROM_ADDR, buf, 0x00);

//Sequential Read
PutStr('"\r\nSequential Read);
return_byte = 12cRead(EEPROM_ADDR, ptr, 16, 0x00);

test_temp_sensor()

. Get temperature reading

. Convert from binary to floating point

. Transmit temperature to PC via SCI
Display temperature on Digits 1, 2 and 3

o0 Tw

*/
void test_temp_sensor(void)

{

unsigned char return_byte;
unsigned char tens, ones, tenths;

unsigned int return_code;
float degree;

//read from temperature sensor
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return_code = l12cRead_T_Sensor(T_SENSOR_ADDR, 0x00);
if (return_code == 0x8000)
PutStr(*'SHUT DOWN!™);
else
PutStr("\r\n\nTemperature : ');
degree = ConvertBinary2Temp(return_code);

//For example, temperature = 37.1 degree

//tens = 3, ones = 7 & tenths = 1
tens = 0;

ones = 0;

tenths = 0;

while (degree >= 10)
{

tens++;

degree -= 10;
}

while (degree >= 1)
{

ones++;

degree -= 1;

}

while (degree >= 0.1)
{

tenths++;

degree -= 0.1;
}

//Transmit to PC via SCI

char_put(tens + 0x30);

char_put(ones + 0x30);

char_put(0Ox2E); //decimal point
char_put(tenths + 0x30);

//Display on dot-matrix LED
LEDprint(tens + 0x30, DIGIT_1);
LEDprint(ones + 0x30, DIGIT_2);
LEDprint(tenths + 0x30, DIGIT_3);

init_temp_sensor()

void init_led driver(void)

{

unsigned char return_byte;
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//Configure MAX6953 driver: wake from shutdown mode

SendStartBit();

SendByte((LED_DRIVER_ADDR) & Oxfe);

SendByte(0x04);
SendByte(0x01);
SendStopBit();

//configuration register
//select normal operation as power-on default -> shutdown

//Set the intensity register for digits 0 & 1 to 6/16 duty cycle
//Set the intensity register for digits 2 & 3 to 6/16 duty cycle
//\V\rite 0x66 to both Ox01 and 0x02 reg of MAX6953EPL

SendStartBit();

SendByte((LED _DRIVER_ADDR) & Oxfe); //Send Slave Address byte
SendByte(DIGIT_O_1 INT_REG); //Send COMMAND byte
SendByte(0x66) ; //Send data byte 00-min, FF-max
SendStopBit(); //Send stop bit
SendStartBit();
SendByte((LED DRIVER_ADDR) & Oxfe); //Send Slave Address byte
SendByte(DIGIT_2 3 INT_REG); //Send COMMAND byte
SendByte(0x66) ; //Send data byte 00-min, FF-max
SendStopBit(); //Send stop bit

}

/)~

/*
init_temp_sensor()

*/

void init_temp_sensor(void)

{
unsigned char return_byte;
SendStartBit();
SendByte((T_SENSOR_ADDR) & Oxfe); //Send slave address byte
SendByte(0x01); //Configuration Register of sensor
SendByte(0x00); //Wake up device
SendStopBit(); //Send stop bit
SendStartBit();
SendByte((T_SENSOR_ADDR) & Oxfe); //Send slave address byte
SendByte(0x01); //Configuration Register of sensor
SendStopBit();
SendStartBit();
SendByte((T_SENSOR_ADDR) | Ox01); //Read from Configuration Register
return_byte = GetByte();
SendStopBit();
//THIGH = 80 degrees
//TLOW = O degrees
SendStartBit();
SendByte((T_SENSOR_ADDR) & Oxfe); //Send Slave Address byte
SendByte(0x03); //Set Max Temperature of Sensor
SendByte(0x50) ; //msbByte
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SendByte(0x00) ; //1sbByte
SendStopBit(); //Send stop bit
SendStartBit();
SendByte((T_SENSOR_ADDR) & Oxfe); //Send slave address byte
SendByte(0x02) ; //Set Min Temperature of Sensor
SendByte(0x00) ; //msbByte
SendByte(0x00) ; //1sbByte
SendStopBit(); //Send stop bit
}
/)
/*
This routine is written for MAXIM 12-bit Temperature Sensors.
MAX6626 is a 12-bit i2c compatible sensors.
input:
unsigned char slave_addr - refer to the address preset
unsigned char ptr_reg - refer to the pointer register
0x00 temperature
0x01 configuration
0x02 high-temperature
0x03 low-temperature
return:
unsigned int - current temperature in 16bits
*/

unsigned int 12cRead T Sensor(unsigned char slave_addr, unsigned char ptr_reg)

{
unsigned int theWORD;

unsigned char msbBYTE, IsbBYTE;

if (CheckBusState() !'= TRUE)
return(BUS_BUSY);

SendStartBit();

//Send slave address with write command
if (SendByte((slave_addr) & Oxfe) = LOW) return(NO_RESPONSE) ;

//Send Pointer byte

if (SendByte(ptr_reg) !'= LOW)
return(NO_RESPONSE) ;

SendStopBit(); //Send STOP bit

SendStartBit();

//Send slave address with read command

if (SendByte((slave_addr) | Ox01) = LOW)
return(NO_RESPONSE) ;
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msbBYTE = GetByte();

SendBit(LOW); //Ack it low!
IsbBYTE = GetByte();
SendStopBit(); //Send STOP bit

theWORD
theWORD

(unsigned Int)msbBYTE << 8;
theWORD + IsbBYTE;

return(theWORD) ;

ConvertBinary2Temp() Converts temperature from binary to floating point

float ConvertBinary2Temp(unsigned int temp)

{
float degree;
float scaleMX;
int templ;
scaleMX = 0.0625;
templ = temp & OX7FFF; //throw away signed bit
templ = templ>>4; //get rid of last 4 bits(lIsb)
degree = (float)templ * scaleMX;
return(degree);
}
/)~
/*
LEDprint(): Display on the matrix LED.
*/
void LEDprint(char character, unsigned char digit _position)
{
unsigned char error_code;
error_code = lI2cMatrixLEDdriver(LED_DRIVER_ADDR, digit_position,
character);
}
/)
/*

This routine is used for MAXIM Matrix LED Display Driver.
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MAX6953 is a 2-wire 12C interface driver.

slave_addr is the address preset for MAX6953.
command_byte refer to the command instruction to be given to MAX6953.

data_byte refer to the 8-bit data
*/

unsigned char I2cMatrixLEDdriver(unsigned char slave_addr, unsigned char
command_byte, unsigned char data byte)

{
/-k
Command Address:
StartBit [S] -> Slave Address (7bit + 1 R/W bit) -> ACK (MAX6953) ->
COMMAND Byte -> ACK (MAX6953) -> DATA byte -> ACK (MAX6953) -> StopBit [P]
Refer to MAX6953 data sheet for command and data instruction
*/
//Check if 12C bus is busy
if (CheckBusState() !'= TRUE)
return(BUS_BUSY);
SendStartBit(); //Send start bit
//Send slave address and write command
if (SendByte((slave_addr) & Oxfe) = LOW)
return(NO_RESPONSE) ;
if (SendByte(command_byte) '= LOW) //Send COMMAND byte
return(NO_RESPONSE) ;
if (SendByte(data byte) = LOW) //Send DATA byte
return(NO_RESPONSE) ;
SendStopBit(); //Send stop bit
}
/)~
/*
init_sci() : Sets up the Serial Communication Interface for debugging
*/

void init_sci(void)
{
//SCR3 : |TIE|JRIE|TEJREIMPIE]TEIE|CKE1]CKEO]
//TIE : Transmit interrupt enable
//RIE : Receive interrupt enable
//TE - Transmit enable
//RE : Receive enable
//MPIE : Multiprocessor interrupt enable
//TEIE : Transmit end interrupt enable
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//CKE1 : Clock enable 1
//CKEO : Clock enable O

//CKE1 = CKEO = O
//asynchronous mode, internal clock source, SCK32 functions as 1/0 port
P_SCI3.SCR3.BYTE &= 0x00; //clear TE & RE

//SMR : |COM|CHR|PE|PM|STOP|MP|CKSl|CKSO| : Jojojojojojojojoj

//COM : Communication Mode : : asynchronous mode

//CHR : Character Length : character length = 8 bits

//PE : Parity Enable : parity bit addition and checking disabled
//PM - Parity Mode : even parity (no effect since no parity)

- 000000

//STOP: Stop Bit Length : 1 stop bit
//MP - Multiprocessor Mode : : multiprocessor comm function disabled
//|CKS1|CKSO] : Clock Select: O|0| : clock source for baud rate gen = clk

P_SCI3.SMR.BYTE = 0x00;

//For clk = 10MHz, bit rate = 2400 bps, n = 0, N = 64
P_SCI3.BRR = 64;

//minimum of 1-bit delay = 417ns
nopQ);
nopQ);
nopQ;

//SPCR : |---]---1SPC32]-—-]SCINV3|SCINV2|---]1---]1 : l1]11]1]0]O]O]O]O]
//SPC32 = 1 : P42 functions as TXD32 output pin

//need to set TE bit in SCR3 after setting this bit to 1

//SCINV3 = 0 : TXD32 output data is not inverted

//SCINV2= 0 : RXD32 input data is not inverted

//Bits 7 and 6 are reserved and always read as 1

//Bits 4, 1 and 0 are reserved and only 0 can be written to these bits
P_SCI3.SPCR.BYTE = OxEO;

P_SCI3.SCR3.BYTE |= 0x30; //Set TE & RE

/*
char_put() : Transmits a character to the PC for debugging purposes.
*/

void char_put(char OutputChar) //Serial Port
{

//SSR : | TDRE|RDRF]OER|FER]PER|TEND|MPBR|MPBT]

//TDRE : transmit data register empty

//RDRF : receive data register full

//0ER : overrun error

//FER : framing error

//PER : parity error

//TEND : transmit end

//MPBR : Multiprocessor bit receive

//MPBT : Multiprocessor bit transfer
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while ((P_SCI3.SSR.BIT.TDRE) == 0);

P _SCI3.TDR = OQOutputChar;
}

/*

//Wait for TDRE =1

PutStr() : Transmits a string of characters to the PC for debugging

purposes.
*/

void PutStr(char *str)

while (*str = 0)
{

}
}

char_put(*str++);

/*

wait(): Generates a software delay.

*/

void wait(unsigned int time)

{

unsigned int i, J;

for (i =0 ; 1 < time ; i++)
{
for ( =0 ; jJ <3500 ; j++)
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/***********************************************************************/

/* */
/* FILE RW.c */
/* DATE :Fri, Dec 27, 2002 */
/* DESCRIPTION :Function Program */
/* CPU TYPE :H8/38024F */
/* */
/* This file is generated by Renesas Project Generator (Ver.2.1). */
/* */

/***********************************************************************/

#include "i2c.h"
#include "iodefine.h"

/*

SclinQ

Defines the SCL as an input pin and checks the port status (low or high).
*/

unsigned char Sclin(void)

{

SCL_10_REG &= SCL_I10_RESET BIT; //Set to Input

if (SCL_DATA REG & SCL_DATA SET BIT) //Check pin status

{

return(HIGH);

}

else

{

return(LOW) ;

}
}
/)~
/*

Sdaln(Q

Defines the SDA as an input pin and checks the port status (low or high).
*/

unsigned char Sdaln(void)

{
SDA_I10_REG &= SDA_I0_RESET_BIT; //Set to Input
it (SDA_DATA REG & SDA_DATA_SET BIT)
{
return(HIGH); //Check pin status
}
else
{
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return(LOW) ;
}
}
/)~
/*
Sclout()
Defines the SCL pin as an output pin and sets it to the level
determined by the parameter.
*/
void SclOut(unsigned char status)
{
if (status == LOW)
{
SCL_DATA REG = 0; //Drive Port LOW
}
else
{
SCL_DATA REG = 1; //Drive Port High
}
SCL_10_REG |= SCL_I10_SET BIT; //Set to output
}
/)~
/*
Sdaout()
Defines the SDA as an output pin and sets it to the level determined by the
parameter.
*/
void SdaOut(unsigned char status)
{
if (status == LOW)
{
SDA DATA REG = O0; //Drive Port LOW
}
else
{
SDA DATA REG = 1; //Drive Port High
}
SDA 10_REG |= SDA_I10_SET BIT; //Set to output
}
/)
/*
Delay()

Provide an internal minimum delay time to bridge the undefined
region of a falling edge of SCL to avoid unintended generation
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of unwanted signal.
*/

void Delay(void)
{

unsigned char i = 0;

while (i < 20)

void Delay2x(void)
{
Delay();
Delay();

//Al1l codes below here are independent with hardware, such as microprocessor,
//1/0 port, or etc.

/*
CheckBusState()
Determine whether the 12C bus is free (both SCL and SDA = HIGH) or in busy
state.
*/

unsigned char CheckBusState(void)

{
if ((SclIn() == HIGH) && (Sdaln() == HIGH))

{
3
else

{
}

return(TRUE) ;

return(FALSE) ;

}

/*
SendStartBit(): Issues a START condition
*/

void SendStartBit(void)

{

Delay();
SdaOut(LOW);

Delay2x();
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Delay2x();
Delay2x();
Delay2x();
Sclout(LOwW);

Delay(Q);

/*
SendBit(): Send out data in bit format
*/

void SendBit(unsigned char data byte)

{
Sclout(LOwW);

Delay(Q);

if (data_byte '= 0)
{

}

else

{
SdaOut(LOW);
}

Delay();

SclOut(HIGH);

SdaOut(HIGH);

while (SclIn() !'= HIGH) {} //wait for slow device to release clock

Delay2x();

GetBit(): Receive data input in bit format

unsigned char GetBit(void)
{

unsigned char temp;

Sclout(LOwW);

temp = Sdaln();

Delay2x();

SclOut(HIGH);

while (SclIn() !'= HIGH) {} //wait for slow device to release clock

Delay();
temp = Sdaln();
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Delay(Q);
return(temp);

}

GetAck():

Getting ACK is similar to GetBit, but this is critical operation since
master must pull SDA high before it finds out whether there is a ACK
(SDA i1s low) or not.

*/

unsigned char GetAck(void)

{ unsigned char temp;
Sclout(LOwW);

Delay(Q);
SdaOut(HIGH);

temp = Sdaln();

Delay();
SclOut(HIGH);

while (SclIn() !'= HIGH) {} //wait for slow device to release clock

Delay();
temp = Sdaln();

Delay(Q);
return(temp);

SendByte(): Send out a byte starting with most significant bit (MSB) first.

unsigned char SendByte(unsigned char data_ byte)
{

unsigned char i;
unsigned char mask;

mask = 0x80; //send out MSB first

for (i =0 ; i <8 ; i++)
{
SendBit(data_byte & mask);

mask >>= 1;

}

return(GetAck(Q);
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/*

GetByte(): Get a byte of data starting with most significant bit (MSB)
*/

unsigned char GetByte(void)

{
unsigned char templ, temp2;
unsigned char i,mask;
mask = 0x80;
temp2 = 0;
for (i = 0; 1 <8 ; i++)
{
templ = GetBit() * mask;
temp2 += templ;
mask >>= 1;
}
return(temp2);
}
[
/*

SendStopBit(): Send a STOP condition to terminate the operation
*/

void SendStopBit(void)

{
Sclout(LOwW);

Delay();
SdaOut(LOwW);

Delay();
SclOut(HIGH);
Delay2x();
SdaOut(HIGH);

/*
12cWrite()

a. Byte Write

. Start Bit

. Control Byte
Ack

. Word Address
. Ack

Data

. Ack

. Stop Bit

O~NO U WNPRP
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*/

b. Page Write

. Start Bit

. Control Byte
. Ack

. Word Address
Ack

Data(n)

. Ack

Data(n + 1)
. Ack

O©CoO~NOUDShWNER

10. Data(n + 15)
11. Ack
12. Stop Bit

unsigned char I12cWrite(unsigned char slave_addr, unsigned char *buf ptr,
unsigned char length, unsigned char word_addr)

{

unsigned int i;

if (CheckBusState() !'= TRUE)
{
PutStr(** -> BUS_BUSYI!');
return(BUS_BUSY);

}
SendStartBit();

//Send address and write command
if (SendByte((slave_addr) & Oxfe) = LOW)
{
PutStr(** -> NO_RESPONSE-1');
return(NO_RESPONSE) ;

}

//Send word address
if (SendByte(word_addr) !'= LOW)
{
PutStr(** -> NO_RESPONSE-2'");
return(NO_RESPONSE) ;

}

for (i =0 ; i1 < length ; i++)
{
//Write data
if (SendByte(*buf ptr++) = LOW)
{
PutStr(** -> ERR_RESPONSE™);
return(ERR_RESPONSE) ;

+
}

SendStopBit();

RES06B0004-0100/Rev.1.00 September 2004

Page 34 of 41



H8/300L SLP Series
u {E N ESAS Implementation of I1°C (Port) to Three I°C Devices (312Cport)

return(OP_DONE) ;

}

unsigned char I2cRead(unsigned char slave _addr, unsigned char *buf ptr,
unsigned char length, unsigned char word_addr)
{
unsigned char i =0, j = 0;
unsigned char ref _data[16] = {Ox00, 0x11, 0x22, 0x33, 0x44, 0x55, 0x66,
Ox77, 0x88, 0x99, OxAA, 0OxBB, OxCC, OxDD,
OXEE, OxFF};
unsigned char DataBuffer[256];
unsigned char error = 0;

if (CheckBusState() !'= TRUE)

{
PutStr(** -> BUS_BUSY™);

return(BUS_BUSY);
}

SendStartBit();

//Send dummy address and write command
if (SendByte((slave_addr) & Oxfe) = LOW)

{
PutStr(" -> NO_RESPONSE-11");

return(NO_RESPONSE) ;
}

//Send high word address
if (SendByte(word_addr) !'= LOW)
{

PutStr(** -> NO_RESPONSE-21");
return(NO_RESPONSE) ;

}

SdaOut(HIGH); //Pull-up SDA line
SendBit(HIGH);
SendStartBit();

//Send address and read command
if (SendByte((slave_addr) | Ox01) = LOW)

{
PutStr(** -> NO_RESPONSE-3!");
return(NO_RESPONSE) ;
}
for (i =0 ; 1 < length - 1 ; i++)
{

DataBuffer[i] = GetByte(); //read data
SendBit(LOW); //ack it low
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}

//Get last data byte and ack high
DataBuffer[length - 1] = GetByte();
SendBit(HIGH);

SendStopBit();
for (i =0 ; i1 < length ; i++)
{
if (DataBuffer[i] '= ref _dataJword addr + i])
{
error++;
}
}
if (error)
{
PutStr(*" -> Incorrect Data!™);
}
else
{
PutStr(' -> 0K'™);
}
return(OP_DONE);
}
/)~

unsigned char I12cCurrentRead(unsigned char slave addr,
unsigned char *buf _ptr,
unsigned char word_addr)

unsigned char ref _data[16] = {Ox00, 0x11, 0x22, 0x33, 0x44, 0x55, 0x66,
Ox77, 0x88, 0x99, OxAA, 0OxBB, OxCC, 0OxDD,

OXEE, OxFF};
SendStartBit();

//Send address and read command
if (SendByte((slave_addr) | Ox01) = LOW)

PUtStr(** -> NO_RESPONSE!");
return(NO_RESPONSE) ;

}

*buf_ptr = GetByte(); //get data and ack high

SendBit(HIGH);
SendStopBit();

if (*buf_ptr = ref _data[word_addr])
{

PutStr(*" -> Incorrect Data!™);
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}
else

{
}

return(OP_DONE) ;

PUtSEr (" -> OK™);

Since Microchip devices such as 24AA16 will not acknowledge during
the internal write cycle, this can be used to determined when this
cycle is complete so that the master can proceed with next operation.

Acknowledge Polling

Send write command

Send stop condition to initiate write cycle
Send start bit

Send control byte with r/w.n =0

IT device acknowledge, goto f. Else go to c
Ready for next operation

=0 Q0O TQ

Note that (c) to (e) - internal write cycle
*/

char CheckWriteReady(void)
{

unsigned int i =0;

while (i < 4)

{
SendStartBit();

if (SendByte((0xa0) | 0x00) == LOW)
{

SendStopBit();

return (1);
}

SendStopBit();

i++;

}

return (0);
}
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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. product best suited to the customer's application; they do not convey any license
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or
a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corp. without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Renesas Technology Corp. or
an authorized Renesas Technology Corp. product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising
from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

4. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final decision on the applicability of the information and products. Renesas
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

6. The prior written approval of Renesas Technology Corp. is hecessary to reprint or reproduce in
whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license from the Japanese government and cannot be imported into a country
other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

8. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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