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Abstract

The temperature data logger is used extensively in industries
such as food processing, manufacturing, printing and
metallurgy where critical process variables (temperature,
pressure, efc.) may adversely affect the results of the process.
In this paper, a temperature data logger using FPGA
technology has been designed. The system has been
implemented on FPGA since FPGA is ¢ programmable
device and the code can be changed depending on the
application without changing the hardware part. The steps
of design using state machine and the implementation of a
temperature data logger using VHDL code has been
discussed in this paper. The system is fully controlled by a
FPGA processor (model XC4010PC84) with the use of
Xilinx Foundation Series 2. 1i software. In the first stage, the
temperature is measured by SHT75 sensor. The data from
the sensor is then processed by the FPGA and the
temperature value until one decimal point will be displayed
on LCD screen.
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Introduction

Almost every event and process in our daily life is
influenced by the temperature. For example 100°C is needed
to boil up drinking water while 0°C is needed to freeze the
water. In the chemical field, it is observed that some
chemical reactions happen faster under certain temperature
condition. In the study of physics, it is found that velocity of
electrons inside a volume increase with temperature. Thus it
comes to an idea of designing a temperature control and
optimization system. This temperature control and optimize
system have been developed and commercialized in market
intensively such as temperature chamber, temperature
monitoring system and so on.

Undeniable, this system could be realized and developed by
using different technologies and software. For past few
decades, microprocessor and microcontroller are the leading
technology in the embedded system design [1][2]. However,
this technology has its limitation in terms of cost, capacity
and size of the device. Recently, FPGA technology has
become popular and prominent in the field of ASIC and
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embedded system design. FPGA is chosen because it
provides a high density ASIC design that allows user to
re-configurable the hardware without changing its physical
structure [3]. It also allow the implementation of system to
do the operation for the millions logic gate. Furthermore, this
design style provides a fast prototyping and also for
cost-effective chip design, especially for low-volume
applications [4].

There are three mains parts in this project, which are
temperature sensor, 2 x16 line LCD display and a Xilinx
FPGA board. Before the SHT75 sensor starts function, a
start sequence and a measurement command will be issued
to it. After that it will continuously sense the temperature
data in 16 bit form until the system is reset. The frequency
clock that used in this project is 259khz. However the value
of frequency will not reduce or increase the speed of the
design significantly because the time for each temperature
measurement is around 55 ms. This measurement time is far
longer than the minimum time needed for LCD to display the
temperature value. Thus it is estimated that this system could
measure the temperature for 17 times in one second.

After each measurement, the 16 bit data will be processed by
the FPGA system. In this system, the arithmetic operation
for binary number is required because the processing of the
temperature data involves multiplication of constant in
floating point. Besides, binary to decimal and decimal to
ASCII code converting are also performed in this stage.

The final stage is LCD display implementation. There are
two topology of implementing the LCD in VHDL code. The
first topology is by using the delay methods where a
sufficient delay is provided for each send or write data to be
latched in the LCD. The second topology is by monitoring
the busy flag which is bit D7 in LCD for each read or write
command. The bit D7 will be in logic 1 if it is busy while it
will be logic 0 when it is in the rest state. The rest state
means that it is ready for new data or command to be read or
wrote. In this project, the first topology is used because it is
easy to implement just by referring to the minimum latch in
time for ach command or data to be performed. The system
has been implemented on FPGA board, using XC4010PC84
device [5].

Design Methodology

The design can be divided into three main parts and each part
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represents a module that describes each sub-system. These
three modules will be interfaced to form a main entity that
represents the whole system. The first module is the design
of sensor interface, the second one is the design of data
processing for sensor and the last module is the design of
LCD interface.

Design of SHT75 Sensor Interface

The SHT75 sensor has 4 pins. Pins 2 and 3 are connected to
the power supply and ground respectively. A high level

schematic of the SHT75 sensor interface is shown in figure 1.

The sensor needs a voltage supply between 2.4Volt and 5.5
Volt. Pin ! is connected to serial clock (SCK), a clock signal
generated by the FPGA to synchronize the communication
between FPGA and the sensor. There is no minimum
frequency of SCK as the interfacing is completely consists of
static logic. Pin 4 is connected to the FPGA through the
serial bi-directional data line. This serial data bus is used to
transfer data in and out of the sensor.

Block Diagram

|pinz

i) ki )
Figure 1: High level schematic shows SHT75 sensor
interface.

.As shown in figure 1, a pull up resistor is connected from the

"data bus to the power supply voltage Vdd. The data changes
after the falling edge of SCK and is valid on the rising edge
of SCK. The data must remain stable while SCK is high. The
data signal must not be driven high by the FPGA. The
external pull-up resistor pulls the value on the data line high
when required. When a value O is written to the sensor, the
FPGA pulls down the value to 0. The value of the pull up
resistor is determined from the DC characteristics of the
SEnsor.

The entire communication between the sensor and the FPGA
is done using DATA and SCK line. In order to read data
fr~m the sensor, firstly, the transmission start command is
given to the sensor by the FPGA processor. To initiate a
transmission, the FPGA will send a logic 0 while SCK is
high as shown in figure 2.
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Figure 2: Transmission Start sequence of SHT75 sensor

SCK

After issuing the transmission start sequence the FPGA will
send a command to measure temperature. The command that
should be sent to the data line is “00000011”. The data
changes at the falling edge of the clock and is valid at the
rising edge of the clock. After 8 SCK pulses, the FPGA
should not drive the data line. At the ninth SCK pulses, the
sensor will lower down the data line to zero. If the sensor
does not bring the data line to zero, there is an error in the
transmission and the transmission need to restart again by
sending the command for measurement.

After sending the command for measurement to the sensor,
the FPGA need to wait until the measurement is complete.
The time needed for measurement depends on the type of
measurement used. The SHT75 sensor supports 12 bit and
14 bit measurement. 14 bit measurement is used for more
accurate measurements. In this design, 14 bit measurement is
used and the time taken for wait state is approximately 210
ms. The SCK signal sent by the FPGA must be at logic low
in wait state and the DATA line must be high in the wait
state which means that the DATA line should not be driven
in wait state. The sensor will end the wait state by pulling
down the DATA signal to zero after 210 ms.

In measure state, the FPGA need to send the serial clock
signal SCK to the sensor for two bytes of data measurement.
The DATA line is pulled low by the FPGA, indicating to the
sensor that one byte of data has been received. All the values
received on the serial DATA line are MSB first.

Design of Data Processing Module

The purpose of this module is to convert the temperature
data obtained from SHT7S sensor in binary form to the
decimal form which is then interface with the LCD module.
In this module, the input data is in 16 bit binary form. Some
of arithmetic operations in floating point such as addition,
subtraction and multiplications involve in data processing
module.

Addition/Subtraction

In addition or subtraction, the exponents of the two numbers
need to be compared. The significant of the number with the
lesser exponent is shifted to the right until both the
exponents are equal. A one bit right shift of the significant
adds the value +1 to the exponent. Once both exponents are
equal, the significant are added. The results of the
addition/subtraction are normalized by incrementing or
decrementing the exponent field of the result. The
normalized form of a floating point number can be
represented as 1.xxxxxX Z2yyy, where x represents the
significant field and y represents the exponent field.
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Multiplication

In multiplication, the two biased exponents are added and
the two significant are multiplied. These are generally done
using binary adder and binary multiplier. Finally the product
is normalized if needed, by shifting the exponent either right
or left.

Design of LCD Module

Each time the temperature value has completely displayed
on LCD screen, it will be cleared entirely and another new
value of temperature will be displayed. Since the time used
for clear screen is very fast, it is unable to see the clear
process. In LCD module, there are signals which are called
START (1 bit input signal) and STOP (1 bit output signal).
These two signals are connected to RECEIVE (1 bit input
signal) and SEND (1 bit out put signal) of data processing
module as shown in figure 3. The SEND signal is connected
to START signal of LCD module and the STOP signal is

connected to RECEIVE signal of the data processing module.

If the temperature data have been processed and ready for
send, then SEND signal is logic ‘1°. If START signal is logic
‘1’, then STOP signal is logic ‘0’. STOP signal is triggered to
1 after temperature value has been completely displayed.
The data processing module will continue processing new
temperature data if RECEIVE =’1’.

send > start
receive « slop
Data 1Ch
Processmg Module
Module

Figure 3: Interfacing between Data Processing Module and
LCD Module.

Design Implementation

There are three modules to implement the whole system. The
modules are HT_sensor, Arithmetic and LCD. Vhdl code is
used to describe and implement the module based on the
theory and methodology that has been discussed.

HT_Sesor Module

Block diagram of HT_Sensor Module is shown in figure 4.
The tri state buffer is used for bidirectional communication
between FPGA and the sensor. The output data will only
send out data when the enable pin for the tri state buffer is in
high condition. The state diagram for the design
implementation is shown in figure 5.
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Figure 4: Block diagram of HT_Sensor Module

As shown in the state diagram in figure 5, state machine
concept is used to implement the sub system. There are 10
states, which are boot, idle, startl, start2, start3, start4, start5,
start6, write, waiting, wait and result.

boot R =1

y

£_ir=t Cr=0

State 8

v@@/e

State:3

Figure 5: State Diagram For HT_Sensor Module

i
§

The initial state for the system is boot state. The sensor needs
11 ms to reach its “sleep” state after power up. No’
commands should be sent before that time. Thus VHDL
code is written to create a 12 ms delay for the purpose. After
the boot state, is the idle state, where command code for
temperature measurement is loaded to P signal
Transmission Start sequence comes after idle state. The
transmission start consists of 6 states from start1 to start6. To
send data to the sensor through data_out, the enable signal is
set to logic high.

After the transmission start is the write state, which is
required to send the measurement command to the sensor
which has been priory stored in the signal P. The next state is
the wait state, which is used to wait for the complete
measurement from the sensor. After SHT75 has complete
the measurement, it will pull down the data line and enters
idle mode. At this time, enable should be puiled down
because data are now being received. The system will stay in
the wait state if the signal from data_in is in high, else it will
enter the next state which is the read state.

In the read state, the 14 bit temperature data are stored into a
temporary register. After the the MSB data has been read, a
low signal is sent by FPGA as an acknowledgement.. This
required the enable output to be high and data line is pulled
down through data_out. After that enable signal output is
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pulled down again so that the LSB data could be read
through data_in. After reading process is completed, the
enable signal output is pulled high again. ’
Result state is the state where the temporary signals are
loaded into the output bus to interface with the arithmetic
module . After the result state, the system will go to the idle
state again and this loop will be continued until the system is
reset.

Arithmetic Module
Block diagram of Arithmetic module is shown in figure 5.

Uz
Vhdl code
COOLER
HEATER |-
SEND}

MEBT[3.0) pumamsmssndlp FAS T [3:00)
LSBT(3:0] ol | SRT{3:0)]
T-““ 50"—-— TH15.0] DSBTI30)] prenly DSBT[3Q]

ARITHMETIC
Figure 5: Block diagram of Arithmetic Module
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{ RECEIVE

State machine concept is also used to implement the
arithmetic module [6]. There are 6 states in this design which
consist of idle, startl, start2, start3, start4 and startS. The
state machine of arithmetic module is shown in figure 6.

Figure 6: State diagram of Arithmetic Module

The initial state after reset is idle state. In this state, counter
is used for each specific process. Count =1, temperature data
from sensor is stored in TTT bus, For count from 2 to 4,
these temperature data are process through the arithmetic
operation. After processed, the data are stored in YY signal
while the first decimal point is stored in 4 bit L bus. After the
idle state, it comes to the startl state. The binary data is
converted to decimal number prior to the ACSII code
conversion. After that it comes to start2 which MSB of the
temperature data is determined. In state 3, the first decimal
point will be determined. In start4 state, the physical
temperature value in decimal form is loaded into the output
bus and interfaced with the LCD module. After the physical
temperature value is being sent, it will enter into start5 state.
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In this state, RECEIVE =1 if the LCD module has
completely displayed the current temperature data, else it
will always stay in the startS state. When RECEIVE=1, the
system will go back to the idle state during the next clock
cycle.

LCD Module

Block diagram of LCD module is shown in figure 7.
Sequential and concurrent signal approach is used to
implement the sub-system. The state diagram is shown in
figure 8.

Vi code
Gh—  s—Dh
B lm—Din
p——isug L0 8—F
A SHpt——Prere
M3 NS
[Pt ST T s
DSETTRY) DS
L0

Figure 7: Block diagram of LCD Module

I

Rst =1

“TEMP~

Figure 8: State diagram of LCD Module

The initial state is the boot state. The LCD needs 30ms to
reach its sleep state after power up. No commands should be
sent before that time. Thus, VHDL code is written to create a
30ms delay for the boot time. After the boot state, this
sub-system starts sending the command code and data code
to the LCD. The commands are used to initialize, turn on, set
direction cursor flow and also set the first DDRAM address
as 80H in the LCD. After that, the data code “TEMP:” is sent
to the LCD.

After display the character “TEMP:”, the system starts
display the physical temperature which are 3 decimal
number. The fist is the most significant bit of the temperature
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value, the second is the least significant bit of the
temperature while the last number is the first decimal point
of the temperature value. After display the physical
temperature value, the system set the DDRAM address to
86H so that the next data code will be displayed in the LCD
starts from address of 86H. In the meantime, when count1=2,
STOP=0, means that the Arithmetic Module is allowed to
process new temperature data after the system has
completely display the current temperature data. Hardware
implementation for the system is shown in figure 9.

Figure 9: Hardware implementation of the temperature
sensor

Analysis Of The System

Based on timing analysis of the system, it is found that the
time needed for Transmission start sequence + Temperature
Measurement sequence + SHT75 acknowledgement is
0.108ms. Time needed for temperature measurement by
SHT75 is 55ms and time needed for reading data + FPGA
processor acknowledgement + connection reset sequence is
0.24ms. Thus the time needed for each temperature data
measurement is 55.348ms. The time needed for the
temperature data to be processed is S6ps and the time needed
for LCD to display the data is 2.64ms. Thus the total time
needed to measure, process and display the temperature
value is 58.014ms. From the information above, it is
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estimated that this system could measure, process and
display the temperature around 17 times in one second.

The whole system requires 86% of configuration logic block
(CLB) which is 346 out of 400 CLBs. According to the
timing report, the highest frequency that can be achieved is
38.759MHz while the maximum net delay is 13.773ns. Thus
the design is not violet the timing specification since the
clock frequency used in the design is 250 KHz.

Conclusion

In this paper, it has been discussed the implementation of
FPGA as a temperature data logger using SHT75
temperature sensor. State machine design methodology is
used in the design of the system because a sequence of
command code for the sensor SHT75 and LCD initialization
is sent one after another. The system requires 346CLBs to be
implemented on XC4010PC84 Xilinx device with the
highest frequency that can be achieved is 38.759MHz.
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