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Objective 

This example demonstrates how to trim the PSoC 4 internal main oscillator (IMO) to improve its accuracy. 

 

  

Overview 

The PSoC 4 IMO accuracy specification in the device datasheets is ±2%. This may be unacceptable, for example in 
communication channels such as UART. This code example demonstrates adjusting the frequency of the IMO to make it more 
accurate. A PSoC 4 trim register is adjusted to change the IMO frequency; see the PSoC 4 Registers Technical Reference 
Manual (TRM) for details. 

The IMO is the highest-accuracy clock source in PSoC 4. Therefore, to trim the IMO, a higher accuracy external clock source 
is required. In this example, a reference clock is provided from a source external to the PSoC 4, as Figure 1 shows. 

A separate PSoC Creator project provides a clock based on the PSoC 3 or PSoC 5LP external crystal oscillator (MHzECO). 
A crystal typically has an accuracy on the order of 100 parts per million (ppm), which is much better than that of the 
PSoC 4 IMO. 

Figure 1. Using an External Crystal-Based Reference Clock to Trim the PSoC 4 IMO 

 

Note This code example is designed for the PSoC 4200 device and associated CY8CKIT-042 kit. It is easily portable to other 
PSoC 4 devices and kits. See Porting to Other PSoC 4 Devices and Kits for details. 

Requirements 

Tool: PSoC Creator 3.2. 

Programming Language: C - GCC 4.8.4 or MDK for the PSoC 4 trim project 
DP8051 Keil 9.51 for the PSoC 3 reference clock project 
GCC 4.8.4 or MDK for the PSoC 5LP reference clock project 

Associated Parts: All PSoC 4200 parts. See Porting to Other PSoC 4 Devices and Kits. 

Related Hardware: Target PSoC 4 kit: CY8CKIT-042 
Crystal-based reference clock kits: CY8CKIT-030, CY8CKIT-050 
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Design 

The PSoC 4 IMO trim design uses only a Timer Component (TCPWM-based), as Figure 2 shows. The Timer’s clock input can 
be connected to any high-frequency clock that is derived from the IMO. The other Timer inputs – reload and capture – are 
connected to the reference clock. 

Figure 2. PSoC 4 IMO Trim Design Schematic 

  

Figure 3 shows the related timing diagram. Note that counting takes place only during half of the reference clock. 

Figure 3. Timing Diagram Template 
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On reload, the counter in the Timer Component is initialized with 0. The counter counts up (see Figure 5). On capture, the 
counter current value is copied to a capture register. 

On a timer capture event, an interrupt is generated. Firmware reads the captured value and compares it to an expected target 
value. The code then changes the IMO trim control register, CYREG_CLK_IMO_TRIM1, accordingly. The firmware also detects 

when no more trimming is needed, and ends the trim operation. 

Test pins and a UART are included to facilitate performance monitoring, as Figure 2 shows. Note that the IMO output cannot 
be monitored directly. Instead, HFCLK, which is derived from the IMO, is monitored on IMO_Pin. 

 

 

http://www.cypress.com/


 
 

Improving the Accuracy of the PSoC® 4 Internal Main Oscillator 
 

 www.cypress.com Document No. 001-97601 Rev. *B 3 

Reference Clock 

A second project is included to generate a reference clock to 
test the trim project (see Figure 1). The reference clock 
frequency can be adjusted; this simulates the target IMO clock 
drifting from the ideal value. 

The CY8CKIT-030 and CY8CKIT-050 kits include a 24-MHz 
crystal, which is used as the basis for the accurate reference 
clock. The crystal is connected to PSoC 3 or PSoC 5LP pins 
P15[1:0], which are dedicated to the MHzECO block. For more 
information, see a device datasheet. 

The reference clock is generated using a PWM Component, as 
Figure 4 shows. The PWM period, or reference clock frequency, 
is chosen such that the target timer value is half of a 16-bit timer 
max value, or 65,536 / 2 = 32,768. That is, if the target IMO 
frequency is at precisely the desired value, the timer capture 
value (Figure 2) is 32,768. 

The kit LCD displays the PWM period and reference clock 
frequency. You can use kit buttons to adjust the reference clock 
frequency. The PWM duty cycle is always 50%. 

Macros in both projects’ firmware make it easy to adapt the 
design to different values of: 

▪ ClockPWM in the reference clock design (Figure 4) 

▪ TimerClock in the target design (Figure 2) 

See Software Setup below. 

Figure 4. Design for Reference Clock 

 

Design Considerations 

▪ The trim design can be adapted to work in any system that provides an accurate clock that can be connected to a spare 
PSoC 4 pin. The reference clock can be connected to any PSoC 4 pin – the PSoC 4 dedicated external clock pin is not 
necessarily needed and is not used in this design. 

▪ The firmware in the trim design can be adapted to be encapsulated in a function, to be called as needed by the larger 
system. 

▪ The trim design includes a Tx-only UART (see Figure 2) which can be used to monitor trimming progress. The UART 
clock is derived from the IMO. Note that if the IMO is trimmed too far from the ideal value, UART data may become 
corrupted due to bit rate mismatch. 

▪ It is possible to trim the IMO such that the device operates above its maximum rated frequency. This should be avoided. 

Hardware Setup 

▪ Connect the two kits to a PC, using the USB cables.  

▪ Make a wire connection between the reference clock kit’s output pin and the target kit’s input pin (see Figure 1). Make 
sure that the voltage levels – i.e., 5 V and 3.3 V – are the same in both kits. 

▪ You can use the UART in the target design (see Figure 2) through the kit’s USB connection. To set up the kit to do this, 
see the kit’s User Guide. 

Software Setup 

▪ Change the values of the macros FTGTTMRCLK, FPWMCLK, FTMRCLK, and FREF, in both designs, as needed. The 
comments in the source code describe these macros and their usage. 
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Components 

Table 1 lists the PSoC Creator Components used in this 
example, as well as the hardware resources used by each. 

Table 1. List of PSoC Creator Components 

Component Hardware Resources 

Timer 1 TCPWM 

TimerClock 1 clock divider 

Pin_RefClk 1 pin 
 

Parameter Settings 

The TimerClock frequency is set to the value shown in Figure 2. Figure 5 shows the changed settings for the Timer 
Component. 

Figure 5. Trim Timer Configuration 
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Operation 

1. Set up the system as described in Hardware Setup. 

2. Build the reference clock project, and program it into a CY8CKIT-030 or CY8CKIT-050 kit. 

a. Using an oscilloscope or frequency counter, confirm that the output clock frequency is the expected value, e.g., 
183.105 Hz. 

b. Confirm that the kit LCD displays the correct PWM period value, and twice the output frequency. For example: 

Per.: 16383 

366.211 Hz 

3. Build the trim project, and program it into a CY8CKIT-042 kit. 

4. Make a wire connection between the two kits – from the reference clock kit’s output pin to the target kit’s input pin. 

a. Using an oscilloscope or frequency counter on the PSoC 4 kit, confirm that the reference clock frequency, available 
on the RefClk_Pin test pin (see Figure 2) is the expected value, e.g., 183.105 Hz. 

b. (optional) Monitor the value of the target HFCLK, available on the IMO_Pin test pin (see Figure 2). 

5. Bring up a UART terminal program such as HyperTerminal. Make a connection to the COMx port produced by the USB 
connection to the CY8CKIT-042 kit. Set the baud rate and other parameters to the appropriate values. 

6. Reset the CY8CKIT-042 kit by pressing the SW1 button on the kit board. Confirm that something similar to the following is 
displayed on the terminal program: 

Starting IMO trim operation 

Target = 32767 

Trim value = 0x6b, capture value = 32811 

Trim value = 0x6a, capture value = 32737 

Done, trim = 0x6a 

 

Repeating this step may show small variances in the capture values – this is acceptable.  

7. Press one of the buttons on the reference clock kit. Confirm that the period and frequency change on the LCD display. 
Repeat step 6 and confirm that different data is displayed on the terminal program: 

Starting IMO trim operation 

Target = 32767 

Trim value = 0x6b, capture value = 32488 

Trim value = 0x6c, capture value = 32586 

Trim value = 0x6d, capture value = 32657 

Trim value = 0x6e, capture value = 32737 

Trim value = 0x6f, capture value = 32813 

Trim value = 0x6e, capture value = 32739 

Done, trim = 0x6e 

 

8. Note that adjusting the reference clock too far from the norm causes UART data corruption: 

Trim value = 0x58, capture value = 34958 

Trim value = 0x57, capture value = 34888 

Ôòéí öáìõå = 0ø56, ãapture value = 34810 

Trií valuå = 0x55, caðôure öalue = 34730 

Tòií váluå =`0ø54, ãapôuòå öalõe = 34646 

Tòií váluå =`0ø54, ãapôuòå öalõe = 34646 

Ôòéí öáìõå`} 0øu2,`ãápôõòe`öálõå = stty6 
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Porting to Other PSoC 4 Devices and Kits 

This code example is designed for the PSoC 4200 device and associated CY8CKIT-042 kit (see Figure 2). The design is 
easily portable to other PSoC 4 devices and kits. However, some minor design changes must be made, typically in the Test 
Subsystem, due to differences in the devices and kits. Table 2 shows the specific changes that need to be made. 

Table 2. Project Changes for Other PSoC 4 Devices and Kits 

Device / Kit and Description Project Changes 

PSoC 4200 / CY8CKIT-049-42xx 

PSoC 4100 / CY8CKIT-049-41xx 

• Reset pin is not available on kit board. 

• The PSoC 4100 / 4200 devices in these kits 
have a factory-installed bootloader. Install 
applications using this bootloader, as 
opposed to programming through JTAG / 
SWD. See the kit guide for details. 

• Add a pin to read the kit button. Change the code to do a software reset when the 
button is pressed. 

• Add a Bootloadable Component. Link it to the bootloader .hex file that is provided with 
the kit. See the Bootloadable Component datasheet and kit guide for details. 

 

PSoC 4000 / CY8CKIT-040 

• Signal and clock routing to pins is not 
available. 

• Hardware UART is not available. 

• P3.0 is shared with SWD on a device pin. 
This pin is hard-wired on the kit board to the 
USB-UART Bridge Rx input. 

• Delete the test pins from the Test Subsystem. The Test Subsystem now has only a 
UART. 

• Replace the UART Component with a SW_Tx_UART Component. See the kit guide for 
UART setup instructions. 

 

• In the DWR window, System tab, change the Debug Select setting from SWD to GPIO. 
This enables P3.0 to be used as a GPIO. 

PSoC 4200M / CY8CKIT-044 

PSoC 4100M 

• Watch crystal oscillator (WCO) is included, 
as well as IMO trim to WCO. 

• This code example may not be needed if your design includes a watch crystal. 
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Related Documents 

Table 3 lists all relevant application notes, code examples, knowledge base articles, device datasheets, and Component 
datasheets. 

Table 3. Related Documents 

Application Notes 

AN80248 PSoC 3, PSoC 5LP Improving the Accuracy 
of Internal Oscillators 

Two Components developed for this purpose greatly simplify the process 
of calibrating the ILO and IMO with respect to a reference time base. 

Code Examples 

CE95329 Compensation of ILO Trimming with PSoC 4 Demonstrates the compensation operation of the ILO Trim Component for 
PSoC 4 

CE95328 1 kHz ILO Trimming with PSoC 3/5LP Demonstrates 1-kHz ILO trimming for PSoC 3 and PSoC 5LP 

PSoC Creator Component Datasheets 

PSoC 4 TCPWM PSoC 4 counter, timer, PWM (TCPWM) 

Clock Creates local clocks, and allows connection to system and design-wide clocks 

Pins Controls interface with physical I/O port pins 

Device Documentation 

PSoC 3 Datasheets PSoC 3 Technical Reference Manuals 

PSoC 4 Datasheets PSoC 4 Technical Reference Manuals 

PSoC 5LP Datasheets PSoC 5LP Technical Reference Manuals 

Development Kit (DVK) Documentation 

PSoC 3 and PSoC 5LP Kits 

PSoC 4 Kits 
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Cypress maintains a worldwide network of offices, solution centers, manufacturer’s representatives, and distributors. To find 
the office closest to you, visit us at Cypress Locations. 
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