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SUMMARY 

 

PSoC (Programmable System on Chip) is a family of 8 and 32-bit integrated circuits 

made by Cypress Semiconductor. Basically,  PSoC chips contains Flash, RAM, 

CPU, ports, and several configurable analog and digital blocks communicate with 

the CPU as seperate systems. These microcontrollers can be used in any embedded 

application  such as consumer electronic, automotive industry, medical technology 

etc. 

 

In this project, architectures, specifications and advantages of different PSoC device 

families have been researched, and 125 kHz RFID reader system have been 

designed by using readymade RFID reader module and CY8C-001 PSoC 

development kit. External component requirement and cost of system was 

minimized  by using PSoC microcontroller. This RFID reader system is a prototype 

that can be improved with additional features. 

 

This project demonstrates embedded system design process with PSoC 

microcontrollers is easy enough for beginners who have minimum experience and 

proffession enough for advanced designers to develop low cost-high performance 

systems. 
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 ÖZET 

 
PSoC (Programmable System on Chip), Cypress firmasının ürettiği 8-32 bitlik 

mikrodenetleyici ailesidir. Temel olarak PSoC, Flash, RAM, CPU, giriş-çıkış 

portları gibi temel birimleri içermekle beraber, CPU ile birbirlerinden bağımsızmış 

gibi haberleşebilen, konfigure edilebilir analog ve dijital bloklar içermektedir. Bu 

mikrodenetleyiciler, tüketici elektroniği, otomotiv endüstrisi, tıp elektroniği gibi 

gömülü sistem tasarımı gerektiren herhangi bir alanda kullanılabilir. 

 

Bu proje dahilinde, çeşitli PSoC ailelerinin mimarileri, özellikleri ve avantajları 

incelendi ve CY8C-001 PSoC geliştirme kiti ile hazır RFID okuyucu modül 

kullanılarak  125 kHz frekans bandında çalışan RFID okuyucu sistemi tasarlandı. 

Projede PSoC kullanılması ile, harici komponent gereksinimi en aza indirgendi. 

Tasarlarlanan RFID okuyucu sistemi, eklenecek farklı özellikler ile daha da 

geliştirilebilir. 

 

 PSoC mikrodenetleyicileri ile  sistem tasarım işlemi, başlangıç seviyesinde ve 

gömülü sistem tasarımı konusunda çok az tecrübe sahibi olanlar için yeterince kolay 

olmanın yanı sıra, ileri seviyelerdeki tasarımcıların düşük maliyetli-yüksek 

performanslı profesyonel sistemler geliştirebilmesi  için yeterlidir. 
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1.INTRODUCTION 

1.1. WHAT IS PSOC? 

An Embedded system is s special-purpose system designed to perform one or a few 

dedicated functions. They often real-time designed products that operate real-time 

devices. Embedded system design is one of the most diffucult stage of electronic 

engineering. Because, designed devices must be safety , useful and their error rate 

should be very low. But working environment of electronic systems include some 

unsuitable conditions such as weather, temperature, electromagnetic noise, signal 

noise etc. Designers have to know all these factors before starting to design. On the 

other hand, system resources are limited in embedded system applications. Designer 

must use memory and processor power very carefully and keep power comsumption 

at the lowest level. Because the run time of the designed systems is usually too long. 

 

PSoC (Programmable System on Chip) represented a whole new concept in 

embedded system development. In addition all the 8-bit microcontroller, PSoC chips 

include configurable analog and digital peripheral functions on a single chip. Digital 

blocks consist of smaller flexible programmable blocks that are easily configurable. 

Analog blocks are used for development of analog elements such as analog filters, 

comparators, analog-digital converters, instrumentional amplifiers etc.  

 

Embedded system design with Cypress PSoC has a lot of advantages. External 

component requirement is less than other types of microcontrollers that make using 

PSoC in our application  more economic. On the other hand, design process takes 

less time with useful integrated development environmets. According to the 

architecture, there are three type of PSoC family: 
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 PSoC 1   : 8-bit M8C CPU subsystem 

 PSoC 3   : Single cycled 8-bit 8051 CPU subsystem 

 PSoC 5   : 32-bit ARM Cortex M-3 CPU sbsystem 

 

Programmabe System on Chip (PSoC)  has a wide range of area in electronic 

industry. There is a list of using areas listed below: 

 

 Consumer electronics  

 Automotive industry  

 Military technology 

 Medical technology 

 Industrial automation 

 Computer technology 

 Aircraft industry 

 Telecommunication 

 Home automation 

1.2. WHY USE THE CYPRESS PSOC? 

 After the first transistors invention, technology of electronics  has developed very 

fast after the first transistor was created. Computers have been minimized enough to 

carried in a pocket size while once there were as big as a room. Now, it is possible 

to  integrate millions of transistors and big circuits into a single chip. This 

integration has a lot of advantages. For example, creating a complex electronic 

device  become easier  and the cost of  electronics has droped off and still going on 

this way.  

 

Cypress PSoC represented a whole new concept in embedded system design.  PSoC 

devices include analog and digital programmable blocks so designed system do not 

require too many external component. For example, PSoC’s ADC block  has higher 

resolution than a lot of standart microcontrollers ADC (PSoC 3, ADC-192 ksps @ 

12-bit) and it make PSoC ideal solution   for Analog-to-digital converting. 
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 Apart from the standart microcontrollers, PSoC devices support many types 

of following sensor interface. 

o Acceleration 

o Bio-signals 

o Distance 

o Flow 

o Force/pressure/strain/bend 

o Humidity 

o Linear position 

o Orientation/inclination 

o Radio Frequency 

o Rotary position 

o Rotary velocity 

o Switches 

o Temperature 

o Vibration 

o Visible light intensity 

 

 PSoC devices have several types of oscillator options. Designers don’t  need 

to use an external oscillator every time. On the other hand, Analog designs 

need amplifier, filter, converters or special-purpose analog circuitry to read 

the analog signal and do any final operation in the microcontroller unit. But 

PSoC chips consist of a lot of  internal analog and digital block such as 

ADC, DAC, PGA, opams, filters, comparators etc. If there is a need to use 

these components, these can be easily defined and configure in PSoC. This 

situation make the design smaller as it shown in the Figure 1.1. With the help 

of PSoC’s flexible design options, more smaller, more faster systems can be 

developed. 
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                                    FIGURE 1.1.  Before and after PSoC [2] 
 

1.3. OVERVIEW OF MICROCONTROLLER SYSTEMS 

1.3.1. What Are Microprocessors? 

The microprocessor is the integration of a number of useful functions into a single 

IC package. These functions are; to execute a stored set of instructions to carry out 

user defined tasks and access external memory chips  both to read and write data 

from to the memory.  
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A microprocessor has input and output units for data receiving and transmitting. It 

also has RAM and ROM units as it shown in the Figure 1.2. All these units 

electrically connected to the adress, control and data bus. 

 

 
                            FIGURE 1.2. Block diagram of microprocessor system  

1.3.2. What Are Microcontrollers? 

Microcontrollors are special integrated circuits, which has designed to perform 

specific functions. They are a very common component in embedded system 

technologies. Basically, a microcontroller is a device which integrates a number of 

components of microprocessor system on a single chip. There is a 8-bit 

microcontroller block diagram shown in the Figure 1.3. 

 



  

 6 

 
                               FIGURE 1.3.  8-bit  microcontroller block diagram 
 

1.3.2.1 What Is In The Microcontroller? 

 
 Central Processing Unit :   It is the  unit which controls all processes in  the 

microcontroller and the user can’t affect its work. CPU contains several 

subunits. The most importants are; instruction decoder, ALU and 

accumulator. 

 

o Instruction decoder : It is a part of the electronics which recognizes 

program instructions and runs other circuits on the basis of that. The 

abilities of this circuit are expressed in the "instruction set" which is 

different for each microcontroller family [3]. 

 

o Aritmetic Logic Unit (ALU) : It performs all mathematical and logical 

operations  that loads data from input registers, and an external 

control unit  tells ALU what operation to perform on that data then 

ALU stores its result into an  output register. Most of ALU’s can 

perform integer arithmetic operations (addition, substraction, 
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mulitiplcation, division), bitwise logic operations (AND, NOT, OR, 

XOR), bit-shifting operations. 

 

o Accumulator : All results of arithmetical operations which performed 

by ALU are stored in accumulator. Data must go throught out the 

accumulator when moved from one register to another.  

 

 Memory: Most of the modern microcontrollers come with integrated 

memory. Generally, microcontrollers have got two type of memory, program 

memory (ROM) and data memory (RAM).  

 

o ROM (Read Only Memory) : ROM is type of memory that is used to 

permananetly save the program. The size of the program can be depends 

on the size of this memory. ROM can be built in microcontroller or 

added as an external chip. In case adding  ROM as an external chip, the 

microcontrollor is cheaper than which include internal ROM and  the 

program size can be more longer. At the same time, available pins of 

microcontroller are reduced. The internal ROM is usually smaller and 

expensive, but leaves more available pins for another peripheral 

connections. But today, the capacity of internal ROMs are increased and 

they become cheaper. 

 

o EPROM (Electrically Programmable Read Only Memory): This is 

similar to ROM type of memory but user can program it. The contents of 

memory can be erased by ultraviolet radiation for a short period of time. 

Therefore EPROM can be used many times over. 

 

o EEPROM(Electrically Erasable Programmable Read Only Memory) : 

This type of memory can be erased by microcontroller. 
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o RAM (Random  Access  Memory) : This type of memory used for 

temporary storing data and intermediate results created and used during 

the operation of microcontrollers. The content of this memory is cleared 

once power supply is off [3]. 

 

 Input/Output (I/O Ports) : I/O Ports make the connection between 

microcontroller and peripheral devices. Function of these pins can be defined 

by user. For example, RX and TX outputs of PSoC allow serial data 

receiving and transmitting operations in the form of  bit stream via two wire 

interface between PSoC and another device. Typical interfacing example 

block diagram shown in the Figure 1.4. 

              
                                             FIGURE 1.4. Typical interfacing example 
 

 Oscillator : Oscillators generate clock pulses for enable harmonic and 

synchronous operation of all circuits within the microcontroller. It usually 

used for frequency stabilization. There are different types of oscillators for 

microconrollers. Their frequencies and capacitor values are listed in the 

Table 1.1. 

 

o RC : Resistor and capacitor 

o XT : Crystal or ceramic resonator 

o US : High-speed crystal or ceramic resonator 

o LP : Low frequency crystal 
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             TABLE 1.1 Oscillator frequencies and capacitor values 
 

Oscillator Frequency (kHZ) Capacitor (pF) 

LP 32 33-68 

LP 200 15-47 

LP 100 47-100 

XT 500 20-68 

XT 1 15-68 

XT 2 15-47 

XT 4 15-33 

HS 8 15-47 

HS 20 15-47 

 

 Timer: Timer module is used for timing operations. It can be internal or 

external. If clock source is internal quartz oscillator, it is possible to measure 

the time between two events ( Time 2-Time 1). If registers used pulses 

coming from external source, timer turned into counter. 

 

 Serial Port : Serial port is used for serial communication with peripheral 

devices which get data as bits from microcontroller and  sends  as bytes to 

the peripheral devices. Serial port can communicate synchronous and 

asynchronous. For synchronous communication, each bit of data needs one 

clock pulse for timing information. But this is not necessary for 

asynchronous data transmitting. 

 

 Watchdog Timer : The watchdog timer is a timer connected with a 

completely seperate RC oscillator within the microcontroller. If watchdog 

timer is enabled, it counts up to the program end, the microcontroller reset 

occurs and program starts from the first instruction. 
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          TABLE 1.2 Differences between micoprocessor and microcontroller 

 
Specifications Microprocessor Microcontroller 

Program and data memory In the same memory block Diffrent memory blocks 

Speed  Low Fast 

Number of instructions Over 100 Less than 100 

Power consumption High Low 

External hardware supply RAM, ROM, ADC, DAC, I/O etc. Needs less external hardware   

Architecture Usually CISC Usually RISC 

Price Expensive Cheap 

Clock cycle More than one clock cycle 

 for one instruction 

One clock cycle for one instruction 

Program  More than one program Commonly one program 

 

 

 

1.4.  BASİC ARCHITECTURES OF MICROCONTROLLER 

1.4.1. CISC-Von Neumann Architecture  

 Program and data memories save in the same memory block .This architecture 

requires much more complex intsruction and length of instructions are longer so 

different  instructions requires different number of clock cycle. Block diagram of 

CISC architecture shown in the Figure 1.5. 

                                           
                             FIGURE 1.5. CISC Architecture block diagram 
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1.4.2.  RISC-Harvard Architecture  

 This architecture requires less instruction than CISC architecture. It is possible that 

one instruction executed one clock cycle so this architecture runs faster than CISC. 

Block diagram of RISC architecture shown in the Figure 1.6. 

 

 

 
                        FIGURE 1.6. RISC Architecture block diagram 

1.6. THE PSOC  ARCHITECTURE 

The Cypress PSoC family of chips has an architecture that includes an 8, 32 bit 

processors and various peripherals that can be connected or left unconnected using 

SRAM-based programming elements. A unique aspect of these chips is that in 

adition to digital peripherals, analog peripherals, are included as well[4]. A PSoC 

consists of four main elements as listed below. 

 

1. The PSoC core is common to all PSoC families. It contains on-chip RAM 

and flash memory, multiple clock sources, a sleep-and-watchdog timer, 

interrupt controller and CPU core. Each PSoC family’s CPU Core is based 

on different following architectures. 

 PSoC 1   : 8-bit M8C CPU  

 PSoC 3   : 8-bit 8051 CPU  

 PSoC 5   : 32-bit ARM Cortex M-3 CPU  

 

2. The digital subsystem contains a number of digital blocks. Each block can be 

configured to perform several digital functions. The subsystem can connect 

with a digital digital signal from any peripheral device to any pin through the 

Digital System Interconnect (DSI) [4]. The Digital subsytem includes 

following configurable-reconfigurable blocks. 
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 8, 16, 24, 32-bit timer/counter/PWM 

 I2C slave/master/multi-master 

 Full-speed USB 

 CAN 2.0b. 

 Logic gates etc. 

 

3. The Analog System contains a number of analog blocks. Each block can be 

configured and reconfigured to perform different analog functions. Analog 

subsystem includes following modules. 

 Comparators 

 Analog mixers 

 Opams 

 Analog muxes 

 Voltage references 

 Trans Impedance Amplifiers (TIA) 

 Analog-to-Digital Converteers (ADC) 

 Digital-to-Analog Converters (DAC) 

 Digital Fitler Block (DFB) 

 Capsense 

 

4. Finally, System Resources provide additional PSoC capability. They include 

multiply-accumulators (MAC), decimators, I2C, a Switch Mode Pump 

(SMP), and a full speed USB, digital clocks etc. 
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1.6.1. The Architecture of  PSoC 1 

 
                       FIGURE 1.7. Top level architecture of  PSoC 1 devices [5] 
 

The PSoC block diagram (Figure 1.7.)  illustrates the top-level architecture of the 

family of PSoC 1 devices. PSoC Core, Digital System, Analog System and the 

System Resources blocks are connected to the system bus. System bus is responsible 

for communication between blocks. 

 

1.6.1.1. CPU Core  
 
There is an 8-bit Harward architecture processor at the center of PSoC 1 devices. 

This can clock out 4 million instructions per second (MIPS). This flash memory is 
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in-circuit programmable and its upper limit is 64 KB. PSoC Core block diagram is 

illustrated in the Figure 1.8. 

 

 
                          FIGURE 1.8. PSoC Core block diagram [5] 
 

1.6.1.2. General-Purpose IO (GPIO)  
 
The GPIO makes connection between PSoC device and outside world. It contains 

input buffers, output drivers, register bit storage, and configuration logic. GPIO 

block diagram is illustrated in the Figure 1.9. The function of GPIO blocks can be 

configured as three types. 

1. Global IO (digital PSoC block input-output) : The GPIO ports are used to     

interconnect signals to and from the digital PSoC blocks, as global inputs 

or outputs. 

2. Analog IO (analog PSoC block input-output) : Analog signals can pass 

into the PSoC device pins through the block’s AOUT pin.This features a 

resistive path (~300 ohms) directly through the GPIO block For analog 

modes, the GPIO block is typically configured into a High Impedance 

Analog drive mode (High-Z). 
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3. Digital IO (digital input-output controlled by software) : Basically,the 

M8C can send and get information from the outside world by Digital IO. 

These pins are controlled by software. Designer can configure these pins 

for any digital operation easily.  

                    

 
                                 FIGURE 1.9. GPIO block diagram [5] 
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1.6.1.3. Digital Blocks  
 
Digital blocks can be configured as digital hardware for different operations. Top-

level architecture of digital block is shown in the Figure 1.10. These blocks are 

divided into two groups. 

 

1. The basic digital blocks are groups of logic that is able to perform a lot of  

functions. These blocks can be configured for different functions such as 

timers, counters, PWM generators, random number generators, or cyclic 

redundancy check calculators. Designers can control the function and 

configuration of blocks via a set of registers that are specific to each 

invidual digital block [4]. 

 

2. Digital communication blocks can operate as a SPI master or slave, UART 

transmit or receive, I2C master or slave. Moreover, they can perform all 

functions of basic digital blocks [4].  

 

 
                          FIGURE 1.10. Top-level architecture of digital block [2] 
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1.6.1.4.  Analog Blocks  
 
On-chip analog PSoC blocks can be configured to perform  any of several analog 

fuctions. PSoC’s analog blocks can be configured as following analog functions. 

 

 Delta-Sigma Analog-to-Digital Converters 

 Successive Approximation Analog-to-Digital Converters 

 Incremental Analog-to-Digital Converters 

 Digital-to-Analog Converters 

 Programmable Gain Amplifiers 

 Analog Comparators 

 Zero-Crossing Dedectors 

 Low-Pass Fitler 

 Capsense 

 Band-Pass Fitler 

 Notch Fitler 

 Amplitude Modulators-Demodulators 

 Sin-Wave Generators 

 Sin-Wave Dedectors 

 Temparature Sensor 

 DTMF Generator 

 FSK Modulator 

 Embedded Modem 

 Sideband Dedection 

 Sideband Stripping 

 Audio Output Drive 

 Sample and Hold 

 

The Analog Blocks are organized into coloumns as Figure 1.11. Each coloumn 

contains two Switched Capacitor block (SC) and one Continuous Block. There are 

three types of outputs from each Analog Blocks. 
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1. The Analog Output Bus (ABUS)  is shared by all of the analog blocks in              

a coloumn. Only one block in a coloumn can be actively driving this bus at 

one time. Designer can control this bus with registers. 

 

2. The Comparator Output Bus  (CBUS) is a digital bus resource that is shared 

by all of the analog bus in a coloumn. Only one block in a coloumn can be 

actively drived this bus at one time. User can control this bus with registers. 

 

3. The Local Outpus (OUT, GOUT, and LOUT) are routed to neighbour 

blocks. The various input mux connections use the output bus from one 

block as their input.   

                    
                                            FIGURE 1.11. PSoC  Analog Blocks [2] 
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1.6.1.5. System Resources  
 
System resources  provide additional capability PSoC device. There are two types of 

internal oscillator options. These options are; 24 MHz main oscillator  and low 

speed oscillator. Also PSoC has external oscillator option. It is possible to  configure 

the PSoC device to use 32.768 kHz external crystal oscillator.  

 

In addition, PSoC 1 device consists MAC unit, Decimator block to perform either 

single or double integration of the discrete-time, discrete-amplitude signal applied to 

the data input pin of the block [5], I2C communications block, Full-speed USB, IO 

Analog Multiplexer, Internal voltage referance, Different types of system reset 

options such as power on reset, external reset, watchdog reset, internal reset and 

Switch Mode Pump for generate typical operating supply voltages off a single 

battery cell. 

 

1.6.2. Architecture of PSoC 3 and  PSoC 5   

The PSoC 3 device has  8-bit 8051 processor and this feature makes it better 

solution for a lot of standart application in electronic industry. PSoC 3 devices  also 

include analog and digital programmable drop-in peripherals, digital logic library, 

and communication peripherals.  

 

The PSoC 5 devices have  32-bit ARM Cortex M3 CPU, running up to 80 MHz at 

1.25 DMIPS/MHz. These devices can run the latest audio algorithms and  complex 

motor control algorithms that  requires fast signal processing. Moreover, PSoC 5 

devices are ideal for basic video processing and high-performance sensor 

applications. Top level architecture block diagram of PSoC 3 and PSoC 5 devices 

are shown in Figure 1.12 and Figure 1.13. 
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                        FIGURE 1.12.  Top level architecture for PSoC 3 devices [6] 
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                        FIGURE 1.13 Top level architecture for PSoC 5 devices [6] 

 
1.6.2.1. CPU System  

 
 The PSoC 3 8051 CPU subsystem is built around a single cycle pipelined 8-bit 

8051 processor, running up to 67 MHz and runs ten times faster than a standart 8051 

processor. Interrupt controller of PSoC 3/5 supports 32 interrupt signals. The 

interrupt signals come from one of three sources (UDB blocks, DMA channels, 

Fixed function blocks) PHUB is responsible for data transfer priority arbitration. 

DMA controller is responsible for data transfer between peripherals and CPU. PSoC 

3/5 CPU System block diagram is shown in the Figure 1.14. 
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                             FIGURE 1.14. PSoC 3/5 CPU System block diagram 
 

The features of the 8051 processor are  [6] ; 

 

 Pipelined RISC architecture that executes ten times faster than industry standart 

8051 

 Most instructions executed in one or two cycle 

 256 bytes of internal data RAM 

 Dual DPTR extension to standat 8051 architecture 

 100% binary compatible with the industry standart 8051 instruction set 

 24-bit external data space thet enables direct interrupt vectoring 

 New Special Function Registers (SFRs) enable to fast Access to PSoC 3 I/O 

ports and control of the CPU clock frequency  

 

The PSoC 5 ARM Cortex-M3 core is a high performance low power 32-bit CPU. It 

has an efficient Harvard 3-stage pipeline core and supports the 16/32 bit Thumb-2 

instruction set [5]. Cortex-M3 processor has the following features [6] 

 

 Three stage pipelined with enhanced deterministic strategy operating at 1.25 

DMIPS/MHz. This helps to increase execution speed or reduce power   

 Cortex-M3 processor of PSoC 5 devices support Serial Wire Debug (SWD), 

Serial Wire JTAG Debug Port (SWJ-DP). 
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 Improved code density of Cortex-M3 processors provide efficient use of less 

memory. 

1.6.2.2. Memory 
 
PSoC 3/5 memory block consists of Flash, EEPROM (Electrically Erasable 

Programmable Read Only Memory), SRAM (Static Random Access Memory) and 

EMIF (External Memory Interface) as it shown in the Figure 1.15. 

 

 
                                 FIGURE 1.15. Memory block diagram 
 

 Flash memory is used for data storage. Flash Memories are range from 16 KB 

to 64 KB for PSoC 3 devices, 32 KB to 256 KB for PSoC 5 devices. 

 PSoC 3/5 devices memory system consists SRAM range from (2 KB to 8 KB 

for PSoC 3 and 16 KB to 64 KB for PSoC 5 devices.) 

 EEPROM memory, storages user datas. It can be read either the CPU or DMA 

controller. PSoC 3/5s on-chip EEPROM memory is 512 KB. 

 PSoC 3/5 architecture  provides an External Interface (EMIF) for connecting 

to external memory  and peripheral devices. 
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1.6.2.3. Digital System  
 
The digital system (Figure 1.16.) contains functional UDBs (Universal Digital 

Blocks) such as UART, I2C slave/master/multi master,SPI, LIN, PRS, CRC, 16-bit 

PWM/timer/counter blocks,Full Speed USB, CAN 2.0b, AND, OR etc. The 

subsystem connects a digital signal from any peripheral to any pin through the 

Digital System Interconnect (DSI).  

 

 
                     FIGURE 1.16. Digital System Block Diagram [6] 
 

 16-bit timer blocks in PSoC 3/5 devices are configurable  to act as timer, 

counter, or PWM blocks. 

 PSoC 3/5 devices include I2C to interface the device with I2C communication 

bus.  

 The CAN (Controller Area Network) supports up to 1 Mbps baud rates. The 

CAN protocol originally designed for automotive applications. Because this 

protocol is more reliable, faster and low coster.  

 The PSoC 3/5 USB acts as a USB device and it supports only 12 Mbps 

communication speed. 

1.6.2.4. Analog System  
 
The configurable analog subsystem includes analog muxes, comparators, analog 

mixers, analog-to-digital converters, digital-to-analog converters, voltage referances, 
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and digital fitler blocks as it shown in the Figure 1.17. All GPIO pins can route 

analog signals into and out of the PSoC 3/5  devices on internal analog bus. 

 

 
                            FIGURE 1.17.  Analog  system block diagram [6] 
 

PSoC 3/5 devices analog systems include following modules. 

 Four analog comparator modules features are flexible input selection,  optional 10 

mV input hysteresis, sleep wake-up etc. 

 Four analog operational amplifier modules feature are 25mA current drive 

capability, 3 MHz gain bandwith for 200 pF load, ofset trimmed to less than 

0.5 V, low noise, Rail-to-rail to within 50 mV of Vss for 1 mA and 25 mA 

load, slew rate 3 V/us for 200 pF load [4]. 

 12 to 20 bit Delta-Sigma ADC and SAR ADC,  DAC blocks. 

 On-chip Temparature Sensor is used for measure the internal die temperature. 

 Switched Capacitor/Continuous Time blocks include PGA (Programmable 

Gain Amplifier) ,TIA (Trans Impedance Amplifier), Track and Hold 

Amplifier, Mixer, Delta-Sigma Modulator. 

 PSoC 3/5 analog system includes capacitive sensor called CapSense. The 

principle of CapSense technology is the measurement of capacitance between 

sensor and its environment. Touch screens, touch pads, sliders, buttons, wheels 

are common examples of capacitive sensing interfaces. 
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1.6.2.5. System Resources  
 
PSoC 3/5 devices have internal main oscillator range from 3 to 67 MHz. They also 

have 1 kHz, 33 kHz, and 100 kHz internal low speed oscillator. It is possible to use 

an external crystal oscillator range from 4 to 33 MHz and 32.768 MHz crystal 

oscilator for Real Time Clock (RTC). GPIO pins of PSoC 3/5  supports LCD drive, 

CapSense, JTAG interface. These pins also have analog input and output capability. 

 
                        TABLE 1.3 Comparation  of three PSoC families 

 

FEATURE PSoC 1 PSoC 3 PSoC 5 

Reference Voltage 

Accuracy 

Industrial +/- 1.53 % Industrial +/- 0.1% Industrial +/-0.1% 

ADCs 1-Delta-Sigma (6 to 13 

bit) 

1-Delta-Sigma (12 to 

20 bit) 

1-Delta-Sigma (12-20 

bit),2 SAR ADC (12-

bit) 

Sample Rate Up to 31 KSPS (6-bit) 192 KSPS (12-bit) 192 KSPS-DelSig., 1 

MSPS SAR ADC 

DACs Up to 2 (6-bit to 8-bit) Up to 4 (8-bit) Up to 4(8-bit to 12-bit) 

PGA x 1 to x 48 x 1 to 50 x x 1 to 50 x 

LCD Control Contol + Drive (736 

segments) 

Contol + Drive (736 

segments) 

Capsense Up to 44 Buttons and 

8 Sliders 

Up to 64 Buttons and 

12 Sliders 

Up to 64 Buttons and 

12 Sliders 

Operating Range 1.7 V  to 5.25 V 0.5 V to 5.5 V with 4 

power modes 

0.5 V to 5.5 V with 4 

power modes 

Connectivity 

Resources 

FS USB 2.0, IIC, SPI, 

UART 

CAN, LIN, FS 

USB2.0, I2C, SPI, 

UART, I2S 

CAN, LIN, FS 

USB2.0, I2C, SPI, 

UART, I2S 

CPU M8C 8051 (1CPI) ARM Cortex M3 

CPU Performence 4 MIPS 33 MIPS 100 MIPS 

Flash 4 KB to 32 KB 16 KB to 64 KB 64 KB to 256 KB 

SRAM 256 KB to 2KB 1 KB to 8 KB 8 KB to 64 KB 

Debugging & 

Simulation 

ICE, ISSP ISSP, SWD, JTAG ISSP, SWD, JTAG 

Max GPIO  Up to 64 Up to 64 + 8 SIO Up to 64 + 8 SIO 
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1.7. PSoC Creator 

PSoC Creator is a software IDE for PSoC 3 and PSoC 5 family devices. PSoC 

Creators library  provides a lot of pre-configured analog and digital peripherals that 

can be easily dropped into the schematic design canvas and combined into powerful 

systems. Each peripheral component is carefully parameterized. Developers can 

configure the components easily with no wasted time and resources. Each 

component has set of APIs that allows the designer to control the hardware easily 

and  there are a lot of example code in datasheet section. PSoC Creator also comes 

with free compilers. The KEIL CA51 compiler for PSoC 3 and the GNU GCC-

ARM compiler for PSoC 5 with no code size limitations. Basically, a PSoC 3 design 

can be divided into three section as it shown in the following screenshots. 

 

 
                                            FIGURE 1.18.   Design canvas 
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                                         FIGURE 1. 19. Port-pin connections 
 

 
                                           FIGURE 1. 20. Software view 
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2. LOW FREQUENCY RFID SYSTEM DESIGN WITH PSOC 3 

2.1 INTRODUCTION 

Radio Frequency IDentification (RFID) is a technology that uses  radio frequency 

transmission for identifying  objects, people or animals automatically. 

Communication takes place between reader and a transponder. Energy is transferred 

from the reader to the transponder through the electro magnetic field generated by 

reader antenna. The magnetic field induces a voltage in the transponder’s resonant 

circuit which supplies power to the transponder. If this voltage high enough, the 

transponder transmits data to the reader. There are four frequency bands according 

to the international standarts. Low frequency operates at 125 KHz, high frequency at 

13.56 MHz, ultra high frequency at 860 to 960 MHz, and microwave at 2.4 GHz.  

 

In this Project, we will use  a 125 KHz antenna, 125 KHz Sonmicro RFiD reader 

module, EM4100 RFiD tags and  CY8C001 PSoC 3 Development Kit (CY8C3866 

AXI-040ES2 PSoC chip). System block diagram is illustrated in the Figure 2.1. 

When the user places the tag in reading range of antenna, the reader  processes  the 

tag ID and sends it to the microcontroller. If the tag is valid, the tag ID is displayed  

on the LCD module and the output will be logic 1. The outputs can be connect to the 

relay, led, buzzer etc. 

 
                            FIGURE 2.1 RFİD Reader system block diagram 
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2.2 SYSTEM DESCRIPTION 

If the tag is in the reading range, 8 byte tag ID number is send from RFiD reader to 

P0[5] of PSoC which is defined as RX pin of UART into PSoC chip. This internal 

UART saves the ID number  in the RXBUFFER array. CPU reads the valid IDs 

from internal EEPROM which has already written to the EEPROM and compares 

the ID numbers. If they are the same, ID number is shown on the LCD and outputs 

LEDs are on. If the IDs doesn’t same, the error message shown on the LCD. Internal 

PSoC components block diagram and user interface state diagram are shown below. 

 

 
                            FIGURE 2.2 Internal PSoC components block diagram 
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                         FIGURE 2.3. User interface state diagram 

2.3 PROJECT SPECIFICATIONS 

 RFiD Operating Frequency : 125 KHz 

 RFiD Communication Protocol : ISO 18000 

 RFiD Communication Standart : RS-232 

 Maximum Read Range : 12cm 

 Bytes stored per read : 8 Bytes 

 Power Source: 9V DC Adapter 

 Temperature Range : 0° to +85° C 

 

2.4 HARDWARE DESCRIPTION 

2.4.1 Microcontroller 

The LF RFiD system was builded around Cypress CY8C3866 AXI-040ES2  TQFP  

PSoC 3 chip. This 100 pin chip has 64 KB of flash, 8 KB of RAM. CY8C001 

Development Kit was used in this project. The advantage of using this development 

kit is most of the components that I need already built onto it such as programmable 

ports, LEDs, LCD, reset buton, switches, voltage regulator, breadboard etc. 
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2.4.2. RFID Module 

SM125-M1 Sonmicro RFiD reader module (Figure 2.4.) was used to perform 

amplifiying, digitizing, demodulating, decoding and filtering operations. Data is sent 

from RFiD module to the PSoC over UART TX pin. The buzzer connected to the 

P0[5] of the RFiD module and is used to succesful tag read. A green LED connected 

to the TAGF P2[6] of the RFiD module and is used to signal a tag within read range. 

A red LED connected to the SREAD P0[0]  of the RFiD module and is used to 

signal if RF field is on. The TX pin of the RFiD module is connected to the P0[5] of 

the PSoC and RX pin of the RFiD module is pulled up to VCC by 4.7K resistor for 

blocking the signal noise. The RFiD module has ST232 integrated circuit for 

communicate with a computer over RS232. T1OUT  and R1OUT  pins of module 

connected to the DB9 female connector and is used to communicate with 

computer’s hyperterminal screen. The RFiD module powered by +5 volts and the 

antenna in connected to  ADRV and IND2 pins of RFiD module. 

 

                        
                               FIGURE 2.4 SM125-M1 module pinout view [7] 

2.4.3 Antenna 

The antenna is an OEM part of Sonmicro. It is designed for 125 KHz RFiD 

applications. Specifications of antenna are listed below. 
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 Value : 860uH % 10 

 Internal Resistance : 12ohm %10 

 Dimensions : 65x35mm rectangular shape 

 Thichkness : 0.3 mm 

 

2.4.4. RFID Tags 

EM 4100 passive RFiD tags are used in this sytem. The tags are powered  by 

antenna  through magnetic field and the RFiD module read the tags. The maximum 

read range between antenna and tag is 12cm. 

 

2.4.4 LCD 

Lumex 2x16 character LCD is used in this project. Its model number is LCM-

SO1602DSR/A and it is connected to the P2[6] of PSoC chip. It can be addapted to 

the CY8C001 Development Kit easily.It is used to show the messages to the user for 

example, “Read your card” , “Invalid card”, “ID : x________x” etc. 
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2.5. SCHEMATIC DESIGN WITH PSOC CREATOR SOFTWARE IDE 

 
                                              FIGURE 2.5. Schematic design 
 

2.5.1. Component Parameters 

Below screen shots show the parameter settings for the components. 

 

                
                           FIGURE 2.6. Parameter settings for LCD 
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                               FIGURE 2.7. Parameter settings for UART 
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                           FIGURE 2.8. Parameter settings for rfid_tx pin 
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                          FIGURE 2.9. Parameter settings for cikis and led  pins 
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                           FIGURE 2.10. Parameter settings for EEPROM 

 

2.5.2. Port-Pin Connections 

 
                              FIGURE 2.11. Port connections of components 
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2.6. SOFTWARE DEVELOPMENT 

The system was developed by using C programming language. Flow chart of 

system is illustrated below. 

 

                            FIGURE 2.12. Flow chart of RFiD system 
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3.  CONCLUSION AND RECOMMENDATIONS 

If the tag ID reading operation is succesfully completed, ID number of tag is 

transmitted from TX pin of RFID module to RX pin of PSoC microcontroller and 

saved in RXBUFFER array .CPU reads the valid IDs from internal EEPROM which 

has already written to the EEPROM and compares the ID numbers. If they are the 

same, ID number is shown on the LCD and outputs LEDs are on. If they don’t 

match each other,  error message appears on the LCD. In Figure 3.1 and 3.2 pictures 

of the system with valid and invalid tags are shown.  

 

 
                                             FIGURE 3.1. Valid tag  
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                                         FIGURE 3.2.  Invalid tag  
 

Without any additional features, this system can be used as general purpose-rfid-

switch circuit. Any relay driving circuit can be connected to the output. This system 

can be developed with more additional following features;  

 External EEPROM can be added  for define more valid ID number. 

 Software of the system can be modificated for different applications. For 

example, one cards ID can be saved in the EEPROM to start and stop 

reading operation. 

 3x4 keypad can be added to use a password after succesfull tag reading 

operation. This keypad can be designed by using CapSense method. In this 

way, cost of keypad can be  reduced and the system will be operate more 

safety. There are some similar products. For example, PKG-2007GTR 

proximity reader, supports capsense keypad and LCD. This products features 

are listed below. 

o Can connect directly to PC 

o Support 1200 card users, 10.000 transactions 

o Support time, time sets, time zones 

o Support one Wiegand 26 reader input 
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o Support alarm/output functions 

o Can be programmed from the keypad 

o Software supports 32 doors. 

              
    FIGURE 3.3. PKG-2007GTR Proxmity reader with capsense keypad [8] 

 

 There are similar products available for Access control, door lock, information 

terminate etc. For example, BTr50 Proximity Card Reader has following 

specifications: 

o 2x16 LCD Display 

o Support 125 kHz or 13.56 MHz frequency , 6-12 cm reading range 

o RS-232 or TCP/IP communication 

o 9Vdc-500 mA 

 

 
                                FIGURE 3.4. BTr50 Proximity Card Reader[9] 
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APPENDIX 

Source Code: 
 
#include <device.h> // libraries 

#include <string.h> //  

#include <stdio.h>  // 

#include<stdlib.h>  // 

 

 

extern unsigned char U2_RXBUFFER[10];                                   

                                      

void main() 

{ 

 const char *buf; //pointer for card ID number 

      reg8 * eeProm;   //pointer for data in EEPROM 

 uint8 index; 

 char readBack[10]; 

 char i; 

 cystatus status; 

  

      LCD_Start();        // Start LCD 

 U2_Start();         // UART (U2) Start 

 CYGlobalIntEnable;   

     

   

eeProm = (reg8 *) CYDEV_EE_BASE; //store the base pointer of EEPROM 

in pointer variable eeProm 

 

CySetTemp();// Acquire die temperature before using the write 

functions. 

  

      

status = EEPROM_StartWrite("24007D8C2D", 0); //Write the data to 

row 0 of EEPROM using the polling method. This is an non blocking 

method to write to EEPROM. It does not block the CPU 

     

  do 

  { 

   status = EEPROM_QueryWrite();//read the status 

  } while(status == CYRET_STARTED);  

 

if(status == CYRET_SUCCESS)  //check until write 

operation is over 

{ 

  LCD_Position(0,0); 

            LCD_PrintString("KARTI OKUTUNUZ"); 

       } 

    

       

    while(1) 

    { 

 

 buf=U2_RXBUFFER; // show the address of U2_RXBUFFER with 

pointer 
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 sprintf("%10s %buf",U2_RXBUFFER,buf //print first 10 string 

of buf (card id number) 

   

  for(index = 0; index < 9; index++)  

      { 

readBack[index] = eeProm[index];// Read the data from 

EEPROM and store in array ‘readBack’.The data length of 

write data was 8 bytes so 8 bytes are 

read back from the EEPROM starting from the base location 

which is stored in variable EEPROM. 

      } 

 

 

 i=strcmp(buf , eeProm); // Compare two string. If their     values 

are equal, I will be ‘0’ 

       

 if(i==0) 

   { 

     led_Write(1); // Toggle led  

     cikis_Write(0) 

     LCD_Position(1,0); 

          LCD_PrintString(buf); // Show the card identification 

number on the LCD      

        } 

else 

   { 

           cikis_Write(1); // Toggle cikis 

           led_Write(0); 

           LCD_Position(1,0); 

           LCD_PrintString("/TANIMSIZ/");  

   

    }         

      

      } 

 } 
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