
 JIEE Časopis priemyselnej elektrotechniky 

Journal of Industrial Electrical Engineering  

ISSN 2454-0900 

www.jiee.eu 
 

 vol:2 (2018) issue: 2 60 

 

The STM microcontrollers clock 

synchronization using by three Nucleo boards 

1
Patrik JACKO, 

2
Dobroslav KOVÁČ 

1,2
 Department of Theoretical and Industrial Electrical Engineering, FEI TU of Košice, Slovak 

Republic 

1
 patrik.jacko.2@tuke.sk, 

2
 dobroslav.kovac@tuke.sk 

 

Abstract — Many devices operate with two or more microprocessors or microcontrollers, where the 

each chip has a specific function. For example, one microcontrollers scans the input signal using by AD 

converters, the others microcontroller process and shows output data getting from another microchips. 

There must be insureed synchronization between microcontrollers for correctly communication and 

synchronization. This article describes clock synchronization of STM32F4 microcontrollers implemented 

on the Nucleo-64 development board, where one microcontroller operates as master and the other 

microcontrollers operate as slave.   
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I. INTRODUCTION 

The synchronization of two or more microprocessors included in the one device is the primary 

factor for the correctly device function. If there isn’t synchronization, device can wrong work, or there 

can be a lot of errors. Each processor, microprocessor or microcontroller has to clocked by some 

device which generates clock signals. Usually it can be pulsed by a clock signal generators or 

oscillators. Of course, some microcontrollers includes internal oscillators too, therefore if there is 

used an internal oscillator to the processor clocking, it is necessary not connecting the external 

oscillator or pulse generator. In an some device can be “master-slave” structure, where master 

microcontroller clocks other slave devices. In this article we will be describing synchronization of 

three STM32F446RE microcontrollers of the Nucleo-64 development board. 

 

II. THE STM32F4 MICROCONTROLLER AND NUCLEO-64 DEVELOPMENT BOARD 

 

The Nucleo-64 board is a development tool for the educational programming with STM32 

microcontrollers or developing prototypes and own projects. This board includes microcontrollers of 

the STMicroelectronics Company, ST-Link/V2-1 debugger, oscillators, user button and LED diodes.  

 
Fig. 1 Nucleo-64 board 

 

http://www.jiee.eu/


JIEE Časopis priemyselnej elektrotechniky / Journal of Industrial Electrical Engineering 

ISSN 2454-0900 

 

 vol:2 (2018) issue: 2 61 

The Nucleo-64 board offers four high-speed clock possibilities: 

- Clocking from ST-LINK debugger oscillator- In the Fig. 2 is a 8 MHz oscillator shown in the 

upper part of the board (num. 1). This oscillator clocks debugger processor and microcontroller 

STM32F4 too. In this case the frequency of the input clock signal cannot be changed, it is fixed 

at 8 MHz and connected to the OSC_IN (PH0 pin). [1] 

 

 
Fig. 2 Oscillators of Nucleo-64 board 

 

- Microcontroller STM32F446RE can be clocked by HSE (High-speed External oscillator) that is 

marked by num.3. In this case the user can connect his own crystal. In the default state crystal is 

not provided. There is necessary abides minimum and maximum range of frequency: the minimal 

frequency is 4 MHz and maximal frequency is 26 MHz crystal. [1] 

 

- It is possible clocks the microcontroller by an oscillator from an external device. In this case user 

can connect an external clock source to the pin PH0 (num. 4 in the Fig. 2).  

 

 
Fig. 3 Using the crystal oscillator (down) and external clock source (up) [3] 

 

- Using by internal high-speed oscillator, that operates in 16MHz frequency. The microcontrollers 

includes this oscillator in the packet. 

 

So, microcontroller STM32F446RE implemented on the Nucleo-64 board has these possibilities of 

the high-speed clocking system. The Fig. 3 shows the external clock source connecting, where is used 

only one pin (PH0 – num. 4 in the Fig. 2) and crystal oscillator connecting by using crystal and 

capacitors. The crystal is connected to the OSC_IN (PH0 pin) and OSC_OUT (PH1 pin). There is 

possible clocking by a low-speed oscillator (LSE). The Nucleo-64 board has two low-speed oscillators 

– Internal low-speed (LSI) with 32 kHz frequency implemented in the microcontroller and External 

low-speed oscillator (LSE) with 32,678 kHz on the Nucelo-64 board (in the Fig. 2 num.2). [3] 
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Thanks the PLL (Phase Lock Loop) programmer can clocks microcontrollers from 8 MHz up to 180 

MHz. There are five PLL that divides or multiply the input clock signal. The PLL supports 0.95 MHz 

to 2.10MHz input clock frequency. In the Fig. 4 you can see dividing and multiplying of the input 

clock signal. Therefore PLL input signal is limited of 0.95 MHz to 2.10 MHz, the input signal is 

divided into 4 by PLLM. Then the incoming PLL clock signal is 2 MHz. After the multiplying by 

PLLN and dividing by PLLP, a microcontroller is clocked to 180 MHz. [2] 

 
Fig. 4 Microcontroller clocking from external 8 MHz crystal 

 

It is worth noting that microcontroller STM32F446RE operates with various frequencies for groups of 

peripherals. As you can see in the Fig. 4, the peripherals connected to the APB1 bus operates on the 

45 MHz frequency, but its timers operates on the 90 MHz frequency. The peripherals connected to the 

APB2 operates on the 90 MHz frequency and its timers operates on the 180 MHz frequency. 

 

III. NUCLEO-64 BOARDS SYNCHRONIZATION 

The STM32F446RE microcontroller supports two clock-out capability named the MCO – 

microcontroller clock output: 

- MCO1 – the programmer can output four different clock sources onto the MCO1 pin (PA8)  

o HIS clock 

o LSE clock 

o HSE clock 

o PLL clock 

 

- MCO2 – the programmer can output four different clock sources onto the MCO1 pin (PC9) 

o HSE clock 

o PLL clock 

o System clock (SYSCLK) 

o PLLI2S clock 

 

It is necessary to set the registers for clock output. We will be working with MCO1, where we will 

watch the HSE oscillator clock in the output. In the Fig. 5 is shown source code for MCO 

configuration applied to the PA8 pin.  

 

 
Fig. 5 MCO1 configuration 

 

Such as was mentioned in the introduction, we will be synchronizing three STM32F446RE 

microcontrollers implemented to the Nucleo-64 development board. In the first part we show three 

clock cycles of STM32F446RE microcontroller’s where not synchronization is. The each 
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microcontroller is clocked by own crystal. The Fig. 6 shows three 8 MHz signals of three 

microcontrollers. 

 
Fig. 6 Clock frequency of three Nucleo-64 board 

 

In the Fig. 6 we can see oscilloscope measurement of three Nucleo-64 board’s clock output. In this 

case, each Nucleo-64 board has own 8 MHz oscillator. The oscilloscope offers pressure measurement 

of the oscillator frequency. The first Nucleo-64 board was connected to the channel 1, where 

frequency is 7.99989 MHz. The second Nucleo-64 board was connected to the channel 2. In this case 

is frequency 7.99985 MHz and the last Nucleo-64 board connected to the channel 3 has frequency 

7.99992 MHz. We can see also that output signals are not synchronized because Nucleo-64 board’s 

frequency is different.  

 

Since the Nucleo-64 board’s frequency different, it is impossible works if the applications require 

exact synchronization of the microcontrollers.  

Therefore, we use three Nucleo-64 board where one board will be present as a master device, which 

will be clocked source of the other two boards that will be present as slave devices.  

 

 

 

 

 

 

 

 

 

 

 
Fig. 7 Block scheme of Nucleo-64 boards 

 

 If we have Nucleo boards connected according Fig. 8, it is possible synchronize clocks of the 

Nucleo-64 boards, where Slave 1 and Slave 2 will be clock such as Master Nucleo-64. In the slave 

case, it is necessary enable bypass for external clock source. In the master case this step is not 

necessary, but there is requested the HSE enabling.  

 

 
Fig. 8 Slave devices clock configuration  

 

In the first command there is sets enabling HSE (high-speed external clock) and bypass for 

connecting external source. The condition while in the second line uses for waiting as far as will be 

HSE ready. In these lines we configure the CR register (clock-control register). The third line sets 

HSE as system clock by a switch and the last command waits until HSE will be set to the system 

clock. There are also a lot of configurations too, but the primary commands for clock source are 

shown in the figure.  

Master device 

STM32F446RE 

(Nucleo-64) 

Slave device 1 

STM32F446RE 

(Nucleo-64) 

Slave device 2 

STM32F446RE 

(Nucleo-64) 

Clock connection 
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If we use the Nucleo-64 board as a slave device, where the other device, or other source is the clock 

source for the Nucleo-64 board, it is necessary solders the resistor from SB50 to the SB55 on the 

bottom of board. This configuration is very important. [1] 

 

After the configuration there is possible measurement output clock signal from the all Nucleo -64 

boards.  

 

 
Fig. 9 Synchronized clock output from the three Nucleo-64 boars  

 

In the Fig. 9 are shown output clock signals of three Nucleo-64 boards. You can see that each clock 

signals (oscilloscope) channel has 7.99994 MHz and all three signals are precise synchronized. 
 

IV. CONCLUSION 

The processor, microprocessor or microcontroller synchronization is a very important part of each 

device where two or more chips operate together. In this article we were described STM32F446RE 

synchronization. The results are shown in the figure where we can see that synchronization is 

correctly. If synchronization is set between microcontrollers, we can make a lot of applications with 

them, for example: fast synchronization input signal by AD converters of two or mode STM32 

microcontrollers.  
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