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Abstract - Serial Peripheral Interface (SPI) is a synchronous serial communication whose data or
signal transmission involves Chip Select (CS) or Slave Select (SS) pins, Serial Clock (SCK), Master
Out Slave In (MOSI), and Master In Slave Out (MISO). In the Arduino Uno, there are four pins
that allow Arduino Uno to perform SPI communication. In this research, SPI communication is
implemented to expand the output of the Arduino Uno by using the features of the MCP23S17 IC
so that the Arduino Uno, which initially has 20 output pins, can expand to 36 output pins.The
results of the research show that the Arduino Uno manages to control 36 output pins. 16 output
pins from the MCP23S17, 16 output pins from the Arduino Uno, and 4 pins are used for the SPI
communication line. The results of this study also show the form of the SPI communication signal
from Arduino Uno in declaring 21 registers on MCP23S17, declaring the MCP23S17 pin register as
output, and implementing the output using LEDs.

Keywords: SPI, Expansion, MCP23S17

l. INTRODUCTION

In the science of telecommunications and data delivery,
there is a type of communication called serial
communication. Komunikasi series consists of a
synchronous series and asynchronous. Synchronous serial
communication consists of several kinds, one of which is the
serial peripheral interface or commonly abbreviated as SPI
[1]. The first thing to note in conducting communication is
the communication line [2].

Serial Peripheral Interface (SPI) is a communication
whose communication line involves Pin Chip Select (CS) or
Slave Select (SS), Serial Clock (SCK), Master Out Slave In
(MOSI), and Master In Slave Out (MISO) [3]. SPI can
communicate with f duplex and full-duplex methods [4]. SPI
communication consists of masters and slaves [5], the
master provides SCK to synchronize.

SCK signal in this SPI that controls when SPI changes
data or read data. PIN CS or SS serves to determine the
slave state in an active or inactive state. If the slave is active,
then this indicates that the master wants to start the data
exchange. The data exchange in question is the master
conducts communication in the form of sending data as a
command for slaves, or reading data as information from
slaves. If the slave is in a non-active state, then the master
will not be able to exchange data. CS pins can also be used
as slave address selection which will exchange data with the
master [6] Pin MOSI and MISO are used as pins sending
register data information from master to slave and slave to
master. One of ic (Integrated Circuit) that utilizes SPI as its
communication line is IC MCP23S17
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IC MCP23S17 is an IC that serves as Input or Output
(1/0) expander. This IC is very helpful Arduino Uno which
only has an output of 20 pins. One IC MCP23S17 has an
output of 16 pins. So, with the limitations of pins on
Arduino Uno, the author will utilize spi communication
from IC MCP23S17 in expanding the pin on Arduino Uno,
so that every one Arduino Uno is at least able to control 36
pin outputs.

1. LITERATURE REVIEW

MCP23S17 is a slave SPI device IC with a function as
parallel 1/0O expansion using SPI as its communication line.
This IC has a 28 pin configuration in table 1.

Table 1. 28 pin configuration MCP23S17

Pin Name Pin Number Pin Type
GPBO 1 1/0
GPB1 2 1/0
GPB2 3 1/0
GPB3 4 1/0
GPB4 5 1/0
GPB5 6 1/0
GPB6 7 1/0
GPB7 8 1/0
VDD 9 Power
VSS 10 Power

CS 11 |
SCK 12 I

Sl 13 1/0

SO 14 0

A0 15 Address Pin
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Pin Name Pin Number Pin Type
Al 16 Address Pin
A2 17 Address Pin
RST 18 I

INTB 19 0
INTA 20 0
GPAO 21 1/0
GPA1 22 1/0
GPA2 23 1/0
GPA3 24 1/0
GPA4 25 1/0
GPA5 26 1/0
GPAG6 27 1/0
GPA7 28 1/0

MCP23S17 consists of several configurations of 8-bit
registers to control input and output. Master can enable 1/0
on MCP23S17 as input or output by writing configuration
bits (IODIRA/B). Then data for each 1/0 withheld or stored
by the 1/0 register. McP23X17 can be configuredi tooperate
in 8 bit or 16 bit mode via IOCON register. THE BANK.

IC MCP23S17 operation begins by lowering the CS or
SS pin, from HIGH to LOW. Then on the master send slave
address containing 4 bits definite and 3 bit slave address
used.

MCP23S17 has 21 configurations and register controls
in table 2. 10 registers are addressed to PORTA and 10
registers are addressed to PORTB. 1 register (IOCON) is
divided between two ports [7].

Table 2. Value of configuration and register MCP23S17

Register Name Value
IODIRA 11111111
IODIRB 11111111
IPOLA 0000 0000

IPOLB 0000 0000
GPINTENA 0000 0000
GPINTENB 0000 0000
DEFVALA 0000 0000
DEFVALB 0000 0000
INTCONA 0000 0000

INTCONB 0000 0000

IOCON 0000 0000

IOCON 0000 0000

GPPUA 0000 0000

GPPUB 0000 0000

INTFA 0000 0000

INTFB 0000 0000

INTCAPA 0000 0000
INTCAPB 0000 0000
GPIOA 0000 0000
GPIOB 0000 0000
OLATA 0000 0000
OLATB 0000 0000
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Microcontrollers are the most important electronic
devices and control systems in communication [8]. One of
the microcontrollers that are currently famous in the market
is Arduino UNO. Arduino UNO is an open-source platform
for electronic devices [9].

Arduino UNO has a board dimension of 70x53mm.
Arduino UNO can utilize a USB connector as its voltage
source [10]. Board Arduino Uno has atmega IC 328p,
crystals of 16Mhz, and has 20 1/O. Arduino UNO can be
used as a master in SPI communication, because it has PIN
CS, SCK, MQOSI, and MISO. Arduino's physical form can be
seen in figure 1.
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Figure 1. Arduino Uno and Slave Address IC MCP
23517

In checking the I/O pin on the microcontroller, it can be
done by connecting the output pin and LED (Light Emitting
Diode). The output pin is connected with an LED anode,
and ground with LED cathode. When the LED is on, it can
be interpreted that the output pin on the microcontroller
works.

cathode

anode
Figure 2. LED Pin out
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1. METHOD

The design phase of this research begins with literature
studies. The first literature study was to study previous
journals on SPI communication from domestic and foreign
sources. Next, learn about how to apply SPI on IC
MCP23S17 with Arduino Uno from the MCP23S17
datasheet that has been published by Microchip. After the
literature study has been completed, the next step is to
design the system design.
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Figure 3. System Design Diagram Blocks

Figure 3 shows the block diagram of the system design.
In the Arduino uno diagram block has an arrow direction to
MCP23S17, this indicates that Arduino is used as a master,
the master function here is the commander to MCP23S17 or
the recipient of information from MCP23S17 by utilizing
SPI communion. MCP23S17 works as a slave. The slave
will work when the master instructs. When Arduino Uno
orders THE MCP23S17 to activate its output, the LED will
light up as commanded.

V. RESULTS AND DISCUSSIONS

The results and discussion in this study are divided into
several parts, the first part is the form of SPI signal on 21
registers, the second part is the form of SPI signal when
activating GPA, the third part is b for SPI when activating
GPB. The fourth part is the result of the LED flame on all
output pins.

SPI Communication Signal Test Results on 21 registers
When using MCP23S17, the first thing to do is declare the
value of 21 registers, so that MCP23S17 can work as
instructed by Arduino. The form of SPI communication
signal when sending the value of 21 registers can be seen in
figure 4.

In figure 4, there is a display of spi communication
signal form consisting of 3 constituent signals with
oscilloscope settings of Svolt/div and 5us/div. The 3 signals
have different color and shape displays. The signal is
yellow, which is a signal issued by the CS pin.

A blue signal is a signal issued by an SCK pin, and a
pink signal is a signal issued by a MOSI pin. On the SCK
signal, there are 22 HIGH signals. Signal with writing is a
slave address signal, then the signal with the writing 0-22 is
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21 signal carrier SCK accompanying the delivery of the
value of 21 registers on the PIN MOSI.

MMOSI

Figure 4 SPI Communication Signals

As explained in the library study, the MCP23S17 work
operation begins with lowering the CS pin. After the CS pin
becomes LOW, the next step is to send information or
commands from Arduino to MCP23S17. This form of
information signal or command is a value of 21 registers
issued by MOSI pin from Arduino, then along with each
register value sent, SCK pin also sends 16-bit signal as
accompaniment.

Figure 5. Signal Form of IODIRA and IODIRB Register
Values

To see the signal shape of each register, the oscilloscope
display in figure 5 is changed to 2volt/div and 0.5 us/div. In
figure 5, there are 3 forms of signals on the PINK MOSI
pin. The signal with the sa (slave address)text, has a decimal
value of64 or 0100000 in binary. Signal number 0, has a
decimal value of 255 or 11111111 in binary. Signal humber
1, has a decimal value of 255 or 11111111 in binary.

In each information delivery, Arduino's pink MOSI pin
begins by sending a value of 64, decimal value 64 is the
value used to describe the slave address. If you want to send
information to the first MCP23S17, then Arduino sends a
value of 64. If you want to send information to the second
MCP23S17, Arduino sends a value of 66. If you want to
send information to the third MCP23S17, then Arduino
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sends a value of 68. This is the same as written in the study
of the library challenge slave address.

After the first slave address value is sent, the next value
is the value that starts the 21 registers i.e. IODIRA. IODIRA
has a score of 255. Then the next value is dari IODIRB,
IODIRB also has a value of 255, therefore, the pink signal in
figures 5 number 0 and 1 increases after SA.

Figure 6. Signal form of IPOLA, IPOLB, and GPINTENA
register value

The next registers are IPOLA, IPOLB, and GPINTENA.
These three registers have a value of 0, so when the SCK pin
sends its companion signal, the MOSI pin emits a LOW
signal.

Figure 7. Signal form of GPINTENB, DEVALA, and
DEVALB register values

The next registers are GPINTENB, DEVALA, and
DEVALB. These three registers also have a value of 0, so
that when the SCK pin sends its companion signal, the
MOSI pin emits a LOW signal
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Figure 8. Signal form of INTCONA and INTCONB register
values
The next registers are INTCONA and INTCONB. Both
registers also have a value of 0, so when the SCK pin sends
its companion signal, the MOSI pin emits a LOW signal.

Figure 9 Signal form of IOCON register value

The 10th and 11th registers are IOCON. IOCON has a
value of 24, so when the SCK pin sends its accompaniment
signal, the MOSI pin not only emits a LOW signal. For
registers 12 through 22, have a value of 0, so the shape is
equal to figure 6, figure 7, and figure 8.

SPI Signal Test Results when activating GPA

Pinouts on MCP23S17 can be enabled as input or output
pins. Inactivating the output on the MCP23S17, 2 delivery
steps must be done by Arduino UNO. The first step is to
send a register to declare the pin used in figurel0. Figure 10
shows the shape of the signal that serves as a declaration of
GPAQO as an output. SA has a decimal value of 64 because
Arduino sends the command to the first MCP23S17. Signal
1 has a decimal value of 0, and the 2nd signal has a decimal
value of 254.
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Figure 10. GPAQ Declaration Signal Form as Output

After sending the command in accordance with figure
10, the second step is Arduino uno send another command
to determine the HIGH or LOW condition on the GPAOQ
output in the first MCP23S17.

Figure 11. High GPAO Condition Signal Form

Sinyal of MISO pin in figure 11 has SA with the decimal
value of 64 because Arduino sends a command to the first
MCP23S17. Signal 1 has a decimal value of 20, and signal 2
has a decimal value of 1. After Arduino sends both
commands such as figures 10 and 11, the output on the

GPAO

Figure 12. HIGH Condition GPAO Output

If you want to change the condition of GPAO to LOW,
then the command in figure 11 is changed to as in figure 13,
and the result can be seen in figure 14.

Figure 13. Low GPAOQ Condition Signal Shape

GPAO

Figure 14. GPAO Output Low Condition

SPI Signal Test Results when activating GPB

How to activate GPB pin almost same as GPA, Arduino
UNO must send 2 commands first. However, there is a
difference in decimal values in GPB. If the MOSI signal
declaration numbered 1 in GPA is 0, then the MOSI signal
declaration with the 1st name in GPB is 1 and the 2nd signal
has a decimal value of 254 as shown in figure 15.

Figure 15. GPBO Declaration Signal Form as Output
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After Arduino sends GPBO declaration command like
figure 15. The second step is to send the register value to
determine the condition HIGH or LOW. MISO pin with SA
writing has a decimal value of 64. The signal with the
number 1 is decimal to 21. The signal with the number 2 has
a decimal value 1 as in figure 16.

Figure 16. High GPBO Condition Signal Form

GPBO

Figure 17. GPBO Output High Condition

Figure 17 shows GPBO in HIGH condition after Arduino
UNO sends 2 commands such as figure 15 and 16. If you
want to change the condition of GPBO to LOW, then the
command in figure 16 is changed to as in figure 18, and the
result can be seen in figure 19.

Figure 18. Low GPBO Condition Signal Shape
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GPBO

Figure 19. GPBO Output Low Condition

LED Test Results on Output Pins

DUINOZ

Figure 20. Display Of High Output Pin Conditions

Figure 20 is a simulation of 16 pins of MCP23S17 output
and 16 pins of Arduino Uno output in HIGH condition,4
pins of Arduino Uno used as SPI communication line. The
top LED line is 8 GPA pins and the bottom LED line is 8
GPB. Pins A2, A1, and AOQ are connected to the ground to
describe the bit value of 000 in the first MCP23S17 so that
the first slave address has a decimal value of 64.

V. CONCLUSION

From the research that has been done, it can be concluded
that SPI communication on MCP23S17 as a slave and
Arduino Uno as master successfully implemented for output
pin expansion on Arduino Uno, by sending value to2l
register, then sending value to describe GPA pin or GPB as
output, and sending value to determine output in HIGH or
LOW condition. After the delivery of the value is
successfully done, then Arduino Uno has successfully
performed control over 36 output pins. 16 output pins from
MCP23S17, 16 output pins from Arduino Uno, and 4 pins
used for SPI communication lines.
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