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ABSTRACT-  

         This paper presents a new design scheme that explore the programmable processor, PSoC 

for temperature measurement and monitoring thus introducing use of a new technology of 

―PSOC Based Temperature sensor and indication using on chip 12 bit ADC". In this project use 

of cypress PSoC1(28-pin CY8C29466 from Cypress)  for the application of temperature 

indicator using on chip 12 bit ADC with the help of on chip  PGA using LCD of  CY3210 

Cypress evaluation Board for indication of measured temperature. This gives the advantage of 

not only using on chip ADC instead of using off chip ADC but also facilitating the development 

of an application using programmable facility  offered by PSoC. The signal conditioning circuit 

for temperature monitoring consists of Thermistor, Op-amp & variable pot which is mounted on 

an external PCB. The results convey that the on-chip ADC is linear and has good resolution of 

1mv corresponding to a temperature resolution of 0.001
0
C. It has been demonstrated that PSoC 

based processors are highly flexible and programmable for real time system implementation and 

application in a very short time. 

Keywords-PSoC,CY8C29466,Thermistor 

______________________________________________________________________________ 

 

I. INTRODUCTION 

    The purpose of this paper is to demonstrate the use of  28-pin CY8C29466 from Cypress 

Company that provides a graphic-based integrated development environment (IDE) PSoC 

Designer 5.3 for its PSoC1 products. By operating at a higher level of abstraction and not 

requiring firmware development, a system-level project enables new designs to be created, 

simulated and programmed to the targeted PSoC device in hours or days instead of in weeks or 

months. A chip-level project provides the user with a catalog of peripheral functions (called "user 

modules") that they can select, place and route to pins using flexible analog and digital PSoC 

block technology and then develop the firmware for a custom mixed-signal design. For a system-

level project, PSoC Designer automatically generates the chip-level design information and all 

firmware, but also allows the user to add user modules and additional functions programmed in 

C language or assembly language. Looking at these pros this paper is designed for temperature 

measurement and monitoring based on potentiometer method. We have selected Cypress PsoC1 
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Cy8C29466 as its core component to measure a 0 to 5V input using ADCINCVR(what is this) 

and display it on an LCD. A 0 to 5V input voltage applied to pin P0[1] is measured using an 

ADCINCVR configured with 12 bit resolution. The ADC value is converted into a floating point 

value that represents the input voltage and then is displayed on the LCD. 

    The whole design is flexible and simple, has very few peripheral devices and a high reliability. 

And meanwhile, we realized equal precision measurement of signals by potentiometer 

measurement method. Mostly if not all of the microcontroller designs that involve analog signal 

processing require an ADC to convert an analog signal into a digital value that can be processed 

by the CPU. PSoC 1 has a vast selection of ADCs that can be used depending on the application, 

for e.g. ADCINC for 6-bit to 14-bit resolution, ADCINCVR for 7-bit to 13-bit resolution, 2’s 

complement, DELSIG for 6-bit resolution with 32X oversampling to 14-bit resolution with 256X 

oversampling  etc. to name a few. Most of the users from beginners to experts face some or other 

problem while using an ADC like ADC not completing the conversion, ADC result always zero, 

ADC result incorrect etc. Below are Five Golden Rules that will help us to tame the PSoC 1 ™ 

ADC. These are the global interrupts, analog power parameter sets, clock source selects, clock 

phase operation and waiting for the result inside the Interrupt Service Routine(ISR). We choose 

one of them, for instance analog power parameter sets to tame the PSoC.  

 

II. SYSTEM BLOCK DIAGRAM 

   This paper offers design of temperature measurement using new programmable processor, 

which was realized on base of an easy way of measurement. The temperature measurement is 

simulated first using inbuilt PGA, it is part of analog subsystem and on chip ADC of  PSoC 

(programmable system on chip) and LCD display. The block diagram of design is shown as 

Figure 1. 

  

 

 

 

 

Figure 1. Block Diagram of Design 

       PSoC is not just a single processor which  is available in a variety of footprints ranging from 

an 8-pin DIP to larger 48-pin packages. In this article, We focus on the 28-pin CY8C29466 from 

Cypress (http://www.cypress.com/), a PSoC Designer IDE tool that provides point-and-click 

design capability. The PSoC Designer IDE, which is freely downloadable, includes 

preconfigured, peripheral functions and tools for configuring the PSoC. An In-Circuit Emulator 

(ICE) is also available. Officially called a "Configurable Mixed-Signal Array with On-board 

Controller," the PSoC CY8C2xx family of PSoCs replace multiple MCU-based system 
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components with a single configurable device. The same basic architecture applies to the entire 

family. Other family members may have a different number of blocks, but the concepts remain 

the same. Other than the configurable blocks, the CY8C29466 has all the modern features that 

one expect such as 8051 instruction set, internal 48-MHz clock (the processor runs at 24 MHz), 

and hardware multiply/accumulate unit. There is even a switch mode pump that lets the 

processor run off low-battery voltages (the pump boosts the voltage to an acceptable level). 

     In addition, both types of blocks (analog and digital subsystem blocks) may rely on software 

to perform some functions. A particular wide counter, for example, may put the lower 8 bits in a 

digital block and have that block interrupt on overflow. An interrupt handler in your program 

would simulate the upper bits of the counter. This saves using multiple digital blocks (which is 

another possibility). The Cypress Designer IDE adds the appropriate code to handle these cases, 

so the process is mostly transparent (except, of course, for the time it steals from your main 

program). 

    In fact, the Designer adds an entire Application Programming Interface(API) for each 

component so that you don't deal directly with the PSoC's registers. The API (callable from C or 

assembly) lets write code like, ADC GetSamples (0), get continuous samples. 

 

III. BRIEF INTRODUCTION ABOUT CY8C29466 

1.PSoC1 System Internal Structure Diagram  

     Cypress PSoC1 CY8C29466 as the core component of the system. PSoC1 is comprised of 

four main areas: PSoC Core, Digital System, Analog System, and System Resources. 

Configurable global buses  allow all the device resources to be combined into a complete custom 

system. The automotive PSoC CY8C29x66 family can have up to three I/O ports that connect to 

the global digital and analog interconnects, providing access to 16 digital blocks and 12 analog 

blocks. Therefore it is an embedded system which is very suitable for hybrid analog-digital 

signal processing. In addition, The PSoC device incorporates flexible internal clock generators, 

including a 24 MHz IMO (internal main oscillator) accurate to ±5% over temperature and 

voltage. A low power 32 kHz ILO (internal low speed oscillator) is provided for the Sleep Timer 

and WDT. If crystal accuracy is desired, the ECO (32.768 kHz external crystal oscillator) is 

available for use as a Real Time Clock (RTC) and can optionally generate a crystal-accurate 24 

MHz system clock using a PLL. The clocks, together with programmable clock dividers (as a 

System Resource), provide the flexibility to integrate almost any timing requirement into the 

PSoC device. It can meet design requirements of most embedded applications and the internal 

structure of PSoC1 is shown as Figure 2. CY8C29466 is a chip which has the richest internal 

resources in PSoC1 series chips, it has 16 digital units which can be configured as 8-32 bit timer, 

counter and PWM, etc, and connected to all GPIO pins; it has 12 analog units which can be 

configured as 14-bit ADC, 8-bit DAC, PGA, LPF and CMPLP, etc, one 32KB Flash program 

memory which can erase 50000 times, one 2KB SRAM data memory which can simulate Flash 

as E2PROM to use In System Serial Programming (lSSP) and one flexible protection mode.  The 

clock frequency range of M8C processor is between 93.7KHz and 24MHz, its maximum 
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operation speed can reach 4MIPS, its working voltage is between 3V and 5.25V and it has 

characteristics of high speed and low power consumption. 

            

Figure 2. PSoC1 System Internal Structure Diagram 

2.  Pinout  And Description 

 

Figure 3.Pinout Diagram of CY8C29466 
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Table 1. Pinout Description 

                    

 

IV. SYSTEM HARDWARE DESIGN SCHEME 

1. Design of Module CIRCUITS in CY8C29466 Chip 

          Cypress Company provides a graphic-based integrated development environment (IDE) 

PSoC Designer 5.3 for its PSoC1 products. This powerful, easy-to-use IDE comes with an 

extensive user module catalog, pre-configured, pre-characterized embedded peripheral functions, 

and extensive user assistance in the form of "help" dialog boxes, pull-down menus and other 

graphical user interface aids. User modules take the configurable PSoC devices and create useful 

functions as diverse as counters, timers and PWMs, analog converters, both ADCs and DACs, 

communications links like UARTs, SPI and I2C, as well as comparators, programmable gain 

blocks, filters and even boot loaders. Each user module includes the hardware configuration data, 

startup code, an interrupt service routine when applicable and a set of APIs. These APIs, 

application programming interface software functions, provide instant control of all aspects of 

the user module. This innovative approach helps the designer get to a fully functional custom 

device without weeks or months of tiresome datasheet scouring, tedious low-level coding and 

repetitive debugging. Our design selection is based on Chip level Designs. Our project needs the 

use of Digital Module and an analog module.  These hardware configuration design in for these 

two modules in PSoC chip is shown as in Figure 4 and Figure 5. 
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1.1 Digital Blocks: 

    There are two types of digital blocks—basic and communications. There are four of each on 

the CY8C29466. Each block has a separate interrupt system and they can be used as timers or 

counters. Naturally, the communication blocks are the only ones that support UARTs, SPI 

communications, and similar functions. DBA2 and DBA6 have special features designed to help 

certain types of A/D converters and DBA3 can broadcast its output to all other digital blocks 

(handy for a system clock divider). 

 

1.2 Analog Blocks: 

   The analog blocks (12 organized as four columns of three blocks each) work using op amps 

and switched-capacitor technology. By controlling the capacitor switching, a number of analog 

functions are possible, including analog/digital converters, digital/analog converters, analog 

comparators, amplifiers, bandpass and lowpass filters, and DTMF output.  There are three 

different kinds of analog blocks: continuous time (CT, the blocks with op amps) and two 

switched capacitor (SC) blocks. The two different types are known as SC-A and SC-B. 

  

     

 

Figure 4. Configuration Diagram of Digital           Figure 5. Configuration Diagram of Analog  

                 Modules in CY8C29466                                          Modules in CY8C29466 

 

2. User Module List and Placement 

   The following Table 2. lists user modules used in this project and the hardware resources 

occupied by each user module.  
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Table 2. Modules used in the Project 

 
   When measuring uni-polar signals referenced to VSS, the reference for the PGA should be set 

to VSS. When measuring bipolar signals around AGND, the Reference should be set to AGND. 

           As the Clock to the ADC is set to VC1, the column clock for Analog Column 0 should be 

set to VC1. When the input to the ADC comes from another SC Block, the clock phase should be 

set to Swapped. This is because the output of the SC block is valid during Phase-2 and is zero 

during Phase-1. If the ADC clock is set to Norm, the ADC will sample the output of the SC block 

during Phase-1 and will always read Zero. If the input to the ADC comes from a continuous 

signal source like CT block, Analog Bus or a direct port pin, the Clock Phase may be set to 

―Norm‖ or ―Swapped‖ The Calculation Time is the number of data clocks the ADC holds the 

result after conversion. The CPU has to read the result within this duration. The minimum value 

for Calculation Time is calculated from the data clock, CPU clock and the number of CPU clocks 

required to read the result inside the ADC’s ISR. If your application has other interrupts running, 

there is a chance that the CPU is busy in other ISRs when the ADC has completed the 

conversion. In this case, add the worst case CPU clocks that may be consumed by other ISRs in 

the calculation of Calculation Time parameter. This will ensure that the ADC result is not 

corrupted by the next conversion in case the CPU cannot read the ADC result at the end of 

conversion. Refer the User module data sheet for the formula to calculate calc time. 

 

2.1 External Temperature Measurement Circuit: 

  The hardware circuit of Temperature Measurement and Monitoring system is shown as 

Figure. 6. 

 
Figure. 6. Hardware Circuit Diagram of Temperature Measurement and Monitoring System 
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      The input comes from external device which made  up of a  thermistor and  an op-amp741 , 

which provides an amplified signal of 0 to VCC, and it is connected to P0[1]. The LCD is 

connected to Port 2. 
 

3. Design of System Peripheral Circuit 

   For the purpose of the anolog signal detection, we used the variable resistor as the 

potentiometer. We can change the resistance of the variable resistor simultaneously and display 

the measuring angle on the LCD screen through the processing of the A/V controlled circuit, the 

A/D converter, single chip processor, and the LCD driver when the swing arms are open or close 

to make the angular deviations. The present electronic protractor is claimed on those measuring 

devices through the above process. The display part is a character type liquid crystal display and 

we use the single I/O port of main control chip CY8C29466 as the interface of industry standard 

HD44780ALCD controller. 

 

V. SYSTEM SOFTWARE DESIGN 

    According to the principle of synchronous measurement and user module configuration in 

PSoC chip, this paper gives the design scheme of system main program and the workflow 

diagram of main program is shown as Figure 7. 

 

Figure 7. Workflow diagram 

   In the main program design of CY8C29466 chip, after the system is powered up, its internal 

start-up file boots. Asm initializes system programs, including C language global variable. After 

start-up is finished, the system operates normally. First, declared character array as index value 
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of display; start LCD, PGA and ADCINC12; set ADCINC12 to continuous mode; when it is 

detected that the transfer in the ADCINC12 is completed, transform into the measured angle, and 

then displayed on the LCD. 

 

VI. EXPERIMENTAL RESULT  

    For getting the graph of temperature vs decimal,  we have considered output of op-amp741 in 

which we have obtained the results in terms of amplified voltage, this amplified voltage is given 

to on chip PGA,ADCINC12  and displayed on LCD. The displayed value is in HEX(shown in 

Table 3) and this value is converted into decimal by using MATLAB. The experimental graph is 

shown in below figure 8. 

Table 3. Temperature Measurement 

Temperature (0c)       Vin(volt)      V out(volt)    Hex Value 

      22   0.39   2.52     07C8 

      29(normal)   0.40   2.55    07D7 

      40   0.43   2.72    084B 

      45    0.45   2.82    08A8 

      50   0.48   3.10    09DA 

      55   0.53   3.32    0A7D 

      60   0.56   3.64    0ACB 

      65   0.62   4.01    0CAB 

      70   0.65   4.23    0CFD 

      73   0.70   4.49    0DBC 

 

Figure 8. Temperature Vs Result (Decimal) Graph 
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VII. CONCLUSION 

           This paper introduces a design scheme of temperature measurement and monitoring 

system which can measure temperature and displays on digital screen. We selected  PSoCl 

CY8C29466 as its core component, which embodies the flexibility and simplicity of the unique 

programmable system on chip design, greatly simplifies the workflow of the design and shortens 

the development cycle of the system. In addition, it has advantages of low cost, expandability 

and high reliability, etc. Further it can be extended for controlling some process but also can be 

explored for measurement monitoring and control of any physical parameter monitoring with the 

inclusion of smart sensors within a very small time period.  
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