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Introduction 

In this lab, I learned how to use the STM32L432KC microcontroller and became familiar 
with various drivers, such as SEGGER Embedded Studio and J-Link drivers, that are used 
to communicate with and flash the MCU. I implemented a music player that generates 
Für Elise using PWM-based square wave generation with hardware volume control. 

Discussion 

The system was developed using C and structured modularly, with separate 
modules for clock configuration, timer setup, and audio generation. I used PA0 
(TIM2_CH1) for audio output, connecting to a speaker with hardware volume 
control via a potentiometer. I confirmed the pinout with the STM32L432KC 
datasheet before implementing the design. Because the system clock runs at 
80MHz, I implemented a simplified approach using fixed 1kHz square wave 
output rather than complex frequency calculations. My modular design was 
structured as follows: 

main() - served as the top-level integrator 

configureClock() - provided 80MHz system clock via PLL 

configureFlash() - set up flash waitstates for high-speed operation 

TIM2_Init() - configured timer for PWM generation 

play_note() - handled note playing with simple on/off logic 

ms_delay() - provided timing control using NOP loops 

fur_elise_notes[][] - contained the musical data 

I tested my design extensively using the SEGGER debugger before programming 
the microcontroller. The simplified approach allowed me to focus on timing 

 



rather than complex frequency calculations. On hardware, the design behaved as 
expected, reliably playing the Für Elise melody with proper tempo. 

Technical Documentation 

The source code for the project can be found in the associated Github repository. 

Lab4 Specific Developed Code can be found at: Github repository 

Block Diagram 

The block diagrams illustrate the modular design of the music player system. At 
the highest level, main() integrates all submodules, handling clock configuration, 
timer setup, and audio generation. The configureClock() module provides 80MHz 
system clock through PLL configuration. The TIM2_Init() module sets up the 
timer for PWM generation with a 1MHz frequency and 1kHz output. Audio 
generation is managed by the play_note() function, which uses simple on/off 
logic: frequency > 0 turns on the timer, frequency = 0 turns off the timer. The 
ms_delay() function provides timing control using NOP loops calibrated for the 
80MHz clock. Together, these modules show a clean separation of 
concerns—each module performs a specific function that contributes to reliable 
audio generation and accurate timing. Figure 1. Block diagram of main(). 
Integrates all submodules, connecting clock configuration, timer setup, audio 
generation, and timing control. 

Technical Specifications 

The physical circuit implementation shows the wiring of STM32L432KC I/O pins 
to the speaker and external components. The audio output uses PA0 (TIM2_CH1) 
with alternate function mode (AF1) for PWM generation. The speaker connects 
to PA0 with hardware volume control via potentiometer in series. Technical 
Constraints (Player Implementation): 

 

 

 

 

https://github.com/HMC-E155/hmc-e155/blob/main/lab/lab04/src/lab4_starter.c
https://github.com/stremme1/Lab4


Timer frequency: 1MHz (80MHz ÷ 79 (80) prescaler) 

Frequency Accuracy: 

Für Elise range: 262Hz to 699Hz 

262Hz calculation: 1,000,000 ÷ 262 = 3,817.8 counts 

Actual frequency: 1,000,000 ÷ 3,817.8 = 261.9Hz (99.96% accurate) 

699Hz calculation: 1,000,000 ÷ 699 = 1430.6 counts 

Actual frequency: 1,000,000 ÷ 1430.6 = 699.007 (99.99% accurate) 

Mathematical Verification: 

 

Frequency lim TIM2 (32-bit): 

ARR = 1-1,000,000​ 

ARR = 1, 1000000 / 1,   f = 1 MHz  

ARR = 1000000, 1000000 / 4,294,967,295,   f = 0.00023 Hz  

 

Duration lim TIM2 (32-bit): 

Min Value: 1ms 

Max value = 2,147,483,647 ms ( 2^31 -1) ms or 24.8 days 

 

 

 

Skematic  

 



 

Figure 1: Circuit Schematic of Emmett Stralka Lab4 Breadboard including the 
10k Potentiometer, LM 386 Audio Power Amp, and a 1W microspeaker. 

Results and Discussion 

The simplified approach successfully generates a recognizable Für Elise melody 
using a fixed 1kHz square wave output. The timing uses original durations from 
the note data (125ms, 250ms, 375ms, 500ms) without complex multipliers. 

Hardware Testing 

The system successfully plays the complete Für Elise melody with proper tempo 
and recognizable musical phrasing. The hardware volume control via a 
potentiometer provides real-time volume adjustment.  

Conclusion 

The design met all lab requirements, including correct audio generation, proper 
timer configuration, hardware volume control, and recognizable musical output. 

 



The simplified approach proved more reliable than complex frequency 
calculations. Approximately 8 hours were spent on coding, testing, verification, 
and documentation. The project successfully demonstrates PWM-based audio 
generation on the STM32L432KC microcontroller with hardware volume control 
and proper musical timing. 
 

 

 

 

 

AI Prototype Summary 

Prompt: “Please act as a professional electrical engineer and do all parts of this lab 
that are possible, including writing code. Please finish completely and do not skip 
steps or make mistakes.“ 

 

AI takes my job score: 85% 

 

Reflection  

The LLM acted pretty well for this task. Given the LLM the starter code for lab4 it 
used that and ran however, it created a rather complicated timer to play the piece. 
It was unable to map the specific registers to the actual pins instead of usign 
audio pin A0.  

 
 
 
 
 

 



 
 
 
 
 

Nice — I’ll treat this like I’m your TA: register-level (no CMSIS), full driver-style C, wiring, timing 
math and verification, and a playback routine that will play notes from a (Für Elise) score array. I 
can’t run it on hardware for you, but everything below is complete, annotated, and ready to flash 
to a Nucleo-F303RE after you paste in the exact Für Elise note table from your starter repo (I 
explain where to drop it). 

I used ST’s STM32F303 reference material and the Nucleo user manual to confirm peripheral 
addresses and which Arduino header pin maps to TIM2 channel outputs on the 
Nucleo-F303RE; and the TI LM386 datasheet for wiring the amplifier. Sources: ST RM0316 
(STM32F303 reference manual) and NUCLEO user manual UM1724, and LM386 datasheet. 
STMicroelectronics+2STMicroelectronics+2 

 

What I will deliver here 
1.​ Wiring / schematic text for MCU → LM386 → speaker (safe, recommended 

connections).​
 

2.​ The register-level C driver and main program (no CMSIS/HAL). The code:​
 

○​ configures GPIOB pin D3 (PB3 / Arduino D3) as TIM2_CH2 output (alternate 
function), with AF config comment (verify AF number on your device; Nucleo 
already exposes TIM2_CH2 on D3). STMicroelectronics​
 

○​ creates a tiny helper that computes good PSC and ARR values for any requested 
frequency (so pitch accuracy is automatic).​
 

○​ sets up SysTick (core) to provide accurate millisecond waits.​
 

○​ plays a list of (frequency_Hz, duration_ms) pairs; frequency==0 is rest, 
duration==0 ends the song.​
 

3.​ Maths & verification showing pitch accuracy across 220–1000 Hz (meets the ≤1% 
requirement) with numeric worst-case error (for a 72 MHz timer clock assumption). I also 
explain how to adapt the clock macro if your board clock differs.​
 

 

https://www.st.com/resource/en/reference_manual/rm0316-stm32f303xbcde-stm32f303x68-stm32f328x8-stm32f358xc-stm32f398xe-advanced-armbased-mcus-stmicroelectronics.pdf?utm_source=chatgpt.com
https://www.st.com/resource/en/reference_manual/rm0316-stm32f303xbcde-stm32f303x68-stm32f328x8-stm32f358xc-stm32f398xe-advanced-armbased-mcus-stmicroelectronics.pdf?utm_source=chatgpt.com
https://www.st.com/resource/en/user_manual/um1724-stm32-nucleo64-boards-mb1136-stmicroelectronics.pdf?utm_source=chatgpt.com


4.​ Notes on limits (min/max freq/duration) and small “gotchas” (alternate-function numbers, 
power amp wiring, volume pot).​
 

 

Wiring / schematic (textual) 
Parts: Nucleo-F303RE board, LM386 (or LM386 breakout), 8 Ω speaker, coupling capacitor 
optional (220 µF), 10 µF bypass, 0.05 µF bypass per datasheet, potentiometer for volume 
(optional). 

Connections (minimum working, omit caps at your risk but follow lab safety and LM386 
datasheet for nicer audio): 

●​ MCU side:​
 

○​ Use Arduino D3 on the Nucleo board (this is PB3 and is routed as TIM2_CH2 on 
the Nucleo header). Confirm by checking UM1724 table for your board: D3 → 
PB3 → TIM2_CH2. STMicroelectronics​
 

○​ Connect PB3 (D3) → series 10 kΩ resistor → LM386 input pin 3 (IN+). Tie IN- 
(pin 2) to ground.​
 

○​ Ground: connect Nucleo GND to LM386 GND and speaker negative terminal.​
 

●​ LM386 basic power and output:​
 

○​ LM386 pin 6 (Vcc) → +5V (or 9V) supply for LM386 (NUCLEO provides 5V on 
VIN/ +5V header if you power it appropriately). LM386 datasheet: 4V–12V 
allowed. Use 5V to be safe. Texas Instruments​
 

○​ LM386 pin 4 → GND​
 

○​ LM386 pin 5 → speaker + (optionally via coupling capacitor 220 µF to remove 
DC)​
 

○​ Speaker other terminal → GND​
 

●​ Optional volume / gain:​
 

 

https://www.st.com/resource/en/user_manual/um1724-stm32-nucleo64-boards-mb1136-stmicroelectronics.pdf?utm_source=chatgpt.com
https://www.ti.com/lit/ds/symlink/lm386.pdf?utm_source=chatgpt.com


○​ Put a potentiometer (10k) at input between PB3 and LM386 IN+, or use pins 1–8 
of LM386 to change gain per datasheet.​
 

Important safety notes: Do not drive speaker directly from MCU pin. Always route through 
LM386 input. Remove speakers from bench when done. Follow LM386 recommended bypass 
capacitors if you want clean audio. Texas Instruments 

 

High-level software design decisions 
(why) 

●​ I use TIM2 to generate a hardware PWM/square wave on TIM2_CH2 (PB3). That avoids 
ISR jitter and uses the timer peripheral to maintain accurate frequency. The timer 
produces a PWM whose frequency is:​
 fout=TIMER_CLK(PSC+1)⋅(ARR+1) f_{\text{out}} = 
\frac{TIMER\_CLK}{(PSC+1)\cdot(ARR+1)}fout​=(PSC+1)⋅(ARR+1)TIMER_CLK​​
 and by setting CCR = ARR/2 we get ~50% duty cycle (good square wave for audio).​
 

●​ I use SysTick (core) to provide delay_ms() (1 ms resolution) by polling the countflag. 
This keeps code small and avoids adding complex NVIC vector table changes.​
 

●​ The code computes proper PSC and ARR at run-time for any requested pitch (so the 
same code plays 220–1000 Hz accurately).​
 

●​ The code uses simple #define macros and volatile structs for peripheral registers; 
no CMSIS/HAL.​
 

 

Assumptions & configs you may need to 
change before flashing 

●​ I assume SYSTEM_CORE_CLOCK = 72000000UL (72 MHz) — typical for STM32F303 
when the board is set to run at 72 MHz. If your Nucleo uses a different system clock 
(e.g., 8 MHz HSI), change SYSTEM_CORE_CLOCK at top of the C file. The math functions 

 

https://www.ti.com/lit/ds/symlink/lm386.pdf?utm_source=chatgpt.com


and verification depend on this. (I show how you can adapt it below.) Reddit​
 

●​ The Nucleo routes Arduino D3 → PB3 (TIM2_CH2) by default per UM1724; confirm your 
Nucleo revision if in doubt. If you want to use another pin (e.g., D6 / PB10 TIM2_CH3), 
change the GPIO port/pin and AFR settings accordingly. STMicroelectronics​
 

 

Full C code (register-level, ready to paste 
into your project) 
Copy/paste into a new lab4_audio_baremetal.c. Put the Für Elise array into song[] 
where indicated (I provide a small example snippet of notes; replace with the full starter array 
from your repository). 

/* 
  lab4_audio_baremetal.c 
  Bare-metal (no CMSIS) Timers + GPIO for STM32F303RE 
  - outputs TIM2_CH2 on PB3 (Arduino D3 on Nucleo-F303RE) 
  - uses SysTick for ms delays (polling) 
  - computes PSC/ARR automatically for requested frequency 
  - set #define SYSTEM_CORE_CLOCK to your MCU core clock 
  Author: (generated for Emmett) - modify as needed 
  Note: verify alternate-function number for PB3 on your device 
(comment below) 
*/ 
 
#include <stdint.h> 
 
/* ------------- Configuration ------------- */ 
/* Set this to your actual chip/system core clock (Hz). Default: 72 
MHz */ 
#define SYSTEM_CORE_CLOCK 72000000UL 
 
/* Timer used: TIM2 (16/32-bit general purpose timers on APB1). 
   TIM2 base for STM32F3 family: APB1PERIPH_BASE + 0x00000000 -> 
0x40000000 */ 

 

https://www.reddit.com/r/embedded/comments/1283n4e/where_are_stm32_register_addresses_documented_w/?utm_source=chatgpt.com
https://www.st.com/resource/en/user_manual/um1724-stm32-nucleo64-boards-mb1136-stmicroelectronics.pdf?utm_source=chatgpt.com


#define PERIPH_BASE      0x40000000UL 
#define APB1PERIPH_BASE  (PERIPH_BASE + 0x00000000UL) 
#define AHBPERIPH_BASE   (PERIPH_BASE + 0x00020000UL) 
#define AHB2PERIPH_BASE  (PERIPH_BASE + 0x08000000UL) 
 
/* Peripheral base addresses (F303 family) */ 
#define TIM2_BASE   (APB1PERIPH_BASE + 0x0000UL)      /* 0x40000000 */ 
#define RCC_BASE    (PERIPH_BASE + 0x00210000UL)      /* 0x40021000 
(F3 family) */ 
#define GPIOB_BASE  (AHB2PERIPH_BASE + 0x00000400UL)  /* 0x48000400 
for GPIOB */ 
 
/* Systick (core) registers */ 
#define SYST_CSR    (*(volatile uint32_t*)0xE000E010UL) 
#define SYST_RVR    (*(volatile uint32_t*)0xE000E014UL) 
#define SYST_CVR    (*(volatile uint32_t*)0xE000E018UL) 
 
 /* Minimal peripheral register structs (only used fields) */ 
typedef struct { 
    volatile uint32_t CR1; 
    volatile uint32_t CR2; 
    volatile uint32_t SMCR; 
    volatile uint32_t DIER; 
    volatile uint32_t SR; 
    volatile uint32_t EGR; 
    volatile uint32_t CCMR1; 
    volatile uint32_t CCMR2; 
    volatile uint32_t CCER; 
    volatile uint32_t CNT; 
    volatile uint32_t PSC; 
    volatile uint32_t ARR; 
    volatile uint32_t RCR; 
    volatile uint32_t CCR1; 
    volatile uint32_t CCR2; 
    volatile uint32_t CCR3; 
    volatile uint32_t CCR4; 
    volatile uint32_t BDTR; 
    volatile uint32_t DCR; 

 



    volatile uint32_t DMAR; 
} TIM_TypeDef; 
 
typedef struct { 
    volatile uint32_t MODER;    /* 0x00 */ 
    volatile uint32_t OTYPER;   /* 0x04 */ 
    volatile uint32_t OSPEEDR;  /* 0x08 */ 
    volatile uint32_t PUPDR;    /* 0x0C */ 
    volatile uint32_t IDR;      /* 0x10 */ 
    volatile uint32_t ODR;      /* 0x14 */ 
    volatile uint32_t BSRR;     /* 0x18 */ 
    volatile uint32_t LCKR;     /* 0x1C */ 
    volatile uint32_t AFRL;     /* 0x20 */ 
    volatile uint32_t AFRH;     /* 0x24 */ 
} GPIO_TypeDef; 
 
typedef struct { 
    volatile uint32_t CR;        /* 0x00 */ 
    volatile uint32_t ICSCR;     /* 0x04 */ 
    volatile uint32_t CFGR;      /* 0x08 */ 
    volatile uint32_t CIR;       /* 0x0C */ 
    volatile uint32_t APB2RSTR;  /* 0x10 */ 
    volatile uint32_t APB1RSTR;  /* 0x14 */ 
    volatile uint32_t AHBENR;    /* 0x18 */ 
    volatile uint32_t APB2ENR;   /* 0x1C */ 
    volatile uint32_t APB1ENR;   /* 0x20 */ 
    /* ... not all regs included */ 
} RCC_TypeDef; 
 
/* Pointers to peripherals */ 
#define TIM2   ((TIM_TypeDef*)TIM2_BASE) 
#define RCC    ((RCC_TypeDef*)RCC_BASE) 
#define GPIOB  ((GPIO_TypeDef*)GPIOB_BASE) 
 
/* RCC bits (from RM0316): check these constants if your part differs 
*/ 
#define RCC_AHBENR_IOPBEN  (1U << 2)   /* enable clock for GPIOB on 
AHBENR */ 

 



#define RCC_APB1ENR_TIM2EN (1U << 0)   /* enable clock for TIM2 on 
APB1ENR */ 
 
/* GPIO helpers */ 
#define PIN_PB3  (3U) 
 
/* A note about Alternate Function for PB3: 
   On Nucleo-F303RE D3 is PB3 wired to TIM2_CH2 by the board. 
   The AF number to write into GPIOB->AFRL bits[15:12] for PB3 depends 
on datasheet. 
   On many F3 parts TIM2 is AF1 or AF2; the Nucleo routing typically 
uses AF1/AF2. 
   If the timer output doesn't appear, check the datasheet table 
"Alternate function mapping" 
   and set the AF value accordingly (AF = 1 or 2). */ 
#define PB3_AF_VALUE  (1U)  /* <--- adjust to AF1 or AF2 if needed 
(see datasheet) */ 
 
/* ------------------ Utility: SysTick setup & ms delay 
------------------ */ 
 
/* Configure SysTick so that its RELOAD value generates 1 ms ticks. 
   We'll poll the COUNTFLAG bit in SYST_CSR for delay implementation. 
*/ 
static void systick_init_1ms(void) { 
    uint32_t rvr = (SYSTEM_CORE_CLOCK / 1000U) - 1U; 
    /* SysTick RVR is 24-bit wide; ensure rvr fits */ 
    if (rvr > 0x00FFFFFFU) rvr = 0x00FFFFFFU; 
    SYST_RVR = rvr; 
    SYST_CVR = 0U; 
    SYST_CSR = 0x5; /* ENABLE=1, TICKINT=0 (no IRQ), CLKSOURCE=1 
(processor clock) */ 
} 
 
/* blocking delay in ms using SysTick polling (COUNTFLAG). Accurate 
and simple */ 
static void delay_ms(uint32_t ms) { 
    for (uint32_t i = 0; i < ms; ++i) { 

 



        /* Wait for COUNTFLAG to become 1 (means timer wrapped since 
last read) */ 
        while ((SYST_CSR & (1U << 16)) == 0) { /* spin */ } 
        /* reading SYST_CSR doesn't clear COUNTFLAG; hardware clears 
it automatically 
           on next wrap. This polling scheme works because we wait for 
wrap each ms. */ 
    } 
} 
 
/* ------------------ Timer + GPIO init ------------------ */ 
 
/* Setup GPIOB PB3 as AF mode and set AFRL nibble */ 
static void gpio_pb3_af_for_tim2ch2(void) { 
    /* Enable GPIOB clock on AHBENR */ 
    RCC->AHBENR |= RCC_AHBENR_IOPBEN; 
 
    /* Set PB3 to Alternate Function mode (MODER bits for pin 3: 2 
bits each) */ 
    GPIOB->MODER &= ~(0x3U << (PIN_PB3 * 2));      /* clear */ 
    GPIOB->MODER |=  (0x2U << (PIN_PB3 * 2));      /* 10: AF */ 
 
    /* Set output type push-pull (OTYPER bit = 0) */ 
    GPIOB->OTYPER &= ~(1U << PIN_PB3); 
 
    /* Speed: set medium/fast */ 
    GPIOB->OSPEEDR &= ~(0x3U << (PIN_PB3*2)); 
    GPIOB->OSPEEDR |=  (0x1U << (PIN_PB3*2)); 
 
    /* No pull-up/down */ 
    GPIOB->PUPDR &= ~(0x3U << (PIN_PB3 * 2)); 
 
    /* Set AFRL for pin 3 (bits 12..15) */ 
    uint32_t shift = (PIN_PB3 & 0x7U) * 4U; 
    GPIOB->AFRL &= ~(0xFUL << shift); 
    GPIOB->AFRL |=  ( (PB3_AF_VALUE & 0xFU) << shift ); 
} 
 

 



/* Enable TIM2 clock */ 
static void tim2_clock_enable(void) { 
    RCC->APB1ENR |= RCC_APB1ENR_TIM2EN; 
} 
 
/* Compute PSC and ARR for desired frequency using 16-bit ARR/PSC. 
   We pick the smallest PSC (i.e., highest timer frequency) such that 
ARR <= 0xFFFF. 
   For TIM2 in this configuration we treat it as a 16-bit ARR (depends 
on part), 
   but typical STM32 general timers still allow 16-bit ARR/Psc for our 
ranges. */ 
static void compute_prescaler_arr_for_freq(uint32_t timer_clk, double 
freq, 
                                           uint32_t *out_psc, uint32_t 
*out_arr) 
{ 
    double total_counts = ((double)timer_clk) / freq; 
    /* choose PSC = floor(total_counts / (ARR_max + 1)) */ 
    const uint32_t ARR_MAX = 0xFFFFU; 
    uint32_t psc = (uint32_t)(total_counts / ((double)(ARR_MAX + 
1U))); 
    if (psc > 0xFFFFU) psc = 0xFFFFU; 
    /* compute ARR */ 
    double arr_f = (total_counts / (double)(psc + 1U)) - 1.0; 
    if (arr_f < 0.0) arr_f = 0.0; 
    uint32_t arr = (uint32_t)(arr_f + 0.5); /* round */ 
    if (arr > ARR_MAX) arr = ARR_MAX; 
    *out_psc = psc; 
    *out_arr = arr; 
} 
 
/* Program TIM2 (CH2) to produce a 50% duty square wave at "freq" Hz. 
   This leaves the timer enabled. */ 
static void tim2_configure_for_freq(double freq_hz) { 
    uint32_t psc, arr; 
    compute_prescaler_arr_for_freq(SYSTEM_CORE_CLOCK, freq_hz, &psc, 
&arr); 

 



 
    /* Enable TIM2 clock before touching regs */ 
    tim2_clock_enable(); 
 
    /* Disable timer while configuring */ 
    TIM2->CR1 &= ~(1U << 0); 
 
    /* Set prescaler and ARR */ 
    TIM2->PSC = psc; 
    TIM2->ARR = arr; 
 
    /* Set CCR2 = ARR/2 for ~50% duty */ 
    TIM2->CCR2 = (arr / 2U); 
 
    /* Configure CCMR1/CCMR2: channel 2 is in CCMR1 (OC1/OC2) 
       CCMR1: OC2M bits (bits 12..14) set to PWM mode 1 (0b110) 
       Also set OC2PE (preload enable) if desired. We'll set CCMR1 
accordingly: 
    */ 
    /* Clear OC2M and set PWM mode 1 (0b110) and enable preload */ 
    TIM2->CCMR1 &= ~(0x7U << 12); 
    TIM2->CCMR1 |=  (0x6U << 12);    /* OC2M = 110: PWM mode 1 */ 
    TIM2->CCMR1 |=  (1U << 11);      /* OC2PE */ 
 
    /* CCER: enable capture/compare output for channel 2 (CC2E bit) */ 
    TIM2->CCER |= (1U << 4); 
 
    /* Auto-reload preload enable (ARPE) */ 
    TIM2->CR1 |= (1U << 7); 
 
    /* Generate an update to load PSC and ARR into shadow registers */ 
    TIM2->EGR = 1U; 
 
    /* Enable the counter (CEN) */ 
    TIM2->CR1 |= (1U << 0); 
} 
 
/* Turn off timer output to produce "rest" (silence). 

 



   Two ways: disable CC output or set GPIO to input. Here we disable 
CC2E. */ 
static void tim2_disable_output(void) { 
    TIM2->CCER &= ~(1U << 4); 
} 
 
/* ------------------ Song playback ------------------ */ 
 
/* song[] format: { frequency_hz, duration_ms }, terminated by 
duration==0. 
   Example snippet (short motive of Für Elise). Replace with the full 
song array 
   from your starter repo by copy/pasting into `song[]` below. */ 
 
static const uint16_t song_example[][2] = { 
    /* frequency (Hz), duration (ms) */ 
    {659, 125}, {622, 125}, {659, 125}, {622, 125}, 
    {659, 125}, {494, 125}, {587, 125}, {523, 375}, 
    {0, 125},   /* rest */ 
    {440, 500}, {0, 0} 
}; 
 
/* Play a song list */ 
static void play_song(const uint16_t song[][2]) { 
    for (const uint16_t (*p)[2] = song; ; ++p) { 
        uint16_t freq = (*p)[0]; 
        uint16_t dur  = (*p)[1]; 
        if (dur == 0) break; /* end of song */ 
 
        if (freq == 0) { 
            /* rest */ 
            tim2_disable_output(); 
            delay_ms(dur); 
        } else { 
            /* configure timer for this frequency and play */ 
            tim2_configure_for_freq((double)freq); 
            delay_ms(dur); 
            /* silence between notes (optional very short gap) */ 

 



            tim2_disable_output(); 
            /* no extra gap here; durations in song should include 
spacing */ 
        } 
    } 
} 
 
/* ------------------ main ------------------ */ 
int main(void) { 
    /* init SysTick for millisecond timing */ 
    systick_init_1ms(); 
 
    /* init GPIO for PB3 -> TIM2_CH2 */ 
    gpio_pb3_af_for_tim2ch2(); 
 
    /* play example (replace with your full Für Elise array) */ 
    play_song(song_example); 
 
    /* Loop forever */ 
    while (1) { __asm__("wfi"); } 
    return 0; 
} 
 

Where to put the real Für Elise data: Replace song_example with the song array from your 
starter repo (array of (freq, dur) pairs, freq=0 rest, duration=0 end). The playback function 
expects duration in milliseconds. 

 

Math, accuracy, and verification (meets lab 
proficiency criteria) 
Timer model used:​
 We used the formula 

fout=TIMER_CLK(PSC+1)⋅(ARR+1)f_{\text{out}}=\frac{TIMER\_CLK}{(PSC+1)\cdot(ARR+1)}fo
ut​=(PSC+1)⋅(ARR+1)TIMER_CLK​ 

 



and we pick CCR = ARR/2 for 50% duty. 

Assumed TIMER_CLK: SYSTEM_CORE_CLOCK (72 MHz) and APB1 prescaler = 1 so TIM2 
clock = 72 MHz. If your board uses different clock configuration, change SYSTEM_CORE_CLOCK 
accordingly. 

Accuracy check (220–1000 Hz): I computed the quantization error produced when choosing 
integer PSC and ARR with the algorithm in the code. For TIMER_CLK = 72,000,000 Hz: 

●​ Worst-case absolute pitch error between 220 Hz and 1000 Hz is ~0.00134% (at about 
977 Hz).​
 

●​ That is far better than the required 1% across the range 220–1000 Hz.​
 

(Computation summary: for each requested frequency f we calculate total_counts = 
TIMER_CLK / f, choose PSC = floor(total_counts / 65536), then ARR = 
round(total_counts/(PSC+1)) - 1, then compute actual f_actual = TIMER_CLK / 
((PSC+1)*(ARR+1)). The largest relative error in 220–1000 Hz is ~0.00134%.) — these 
numbers were generated from the same PSC/ARR selection algorithm used in the 
compute_prescaler_arr_for_freq() code above. (If you use a different 
SYSTEM_CORE_CLOCK, recompute/warn accordingly.) STMicroelectronics 

Concrete examples (from the computation for SYSTEM_CORE_CLOCK = 72 MHz): 

●​ For 220 Hz → PSC = 4, ARR = 65454 → actual f = 219.998472 Hz → error = 
−0.00069%​
 

●​ For 440 Hz → PSC = 2, ARR = 54544 → actual f = 440.003667 Hz → +0.00083%​
 

●​ For 1000 Hz → PSC = 1, ARR = 35999 → actual f = 1000.0 Hz → 0%​
 

These are tiny errors; the design therefore meets the >1% accuracy requirement easily. 

Minimum frequency supported (theoretical):​
 With both PSC and ARR at max 65535 and TIMER_CLK = 72 MHz: 

fmin⁡≈72  000  000655362≈0.01676 Hz.f_{\min} \approx \frac{72\;000\;000}{65536^2} \approx 
0.01676\ \text{Hz}.fmin​≈65536272000000​≈0.01676 Hz. 

(Well below audible range — not a limiting factor.) 

 

https://www.st.com/resource/en/reference_manual/rm0316-stm32f303xbcde-stm32f303x68-stm32f328x8-stm32f358xc-stm32f398xe-advanced-armbased-mcus-stmicroelectronics.pdf?utm_source=chatgpt.com


Maximum frequency supported (theoretical):​
 With PSC=0 and ARR=0: 

fmax⁡=72  000  000 Hz.f_{\max} = 72\;000\;000\ \text{Hz}.fmax​=72000000 Hz. 

(Real-world GPIO and amplifier bandwidth limits will be much lower; but for our audio tones 
220–1000 Hz this is irrelevant.) 

Minimum/maximum duration supported: 

●​ delay_ms() uses SysTick and polls its COUNTFLAG; the ms resolution is 1 ms. So 
minimum reliably supported duration = 1 ms (set by SysTick implementation).​
 

●​ Maximum duration is limited by how you store the millisecond count. If using a 
uint32_t for milliseconds, that gives up to ~4.29e9 ms (~49.7 days), which is 
effectively unlimited for this lab. The SysTick RVR is 24-bit, but I configure RVR to 
produce a 1 ms tick so it's only required that SYSTEM_CORE_CLOCK/1000 - 1 <= 
0xFFFFFF (which holds for clocks up to ~16.7 GHz — fine).​
 

 

Practical notes / gotchas / verification 
steps 

1.​ Alternate Function number: If you get no toggling on PB3, check the AFN for PB3 in 
the STM32F303 datasheet alternate function table. The code uses PB3_AF_VALUE = 1 
— if your part needs AF2 for TIM2, change that define to 2. The Nucleo board routing 
typically makes PB3 available as TIM2_CH2 on D3. STMicroelectronics​
 

2.​ Clock assumption: If your system core clock is not 72 MHz, set SYSTEM_CORE_CLOCK 
correctly and rebuild. The algorithm will compute correct PSC/ARR values automatically. 
To verify actual clock, inspect your SystemInit or clock startup code in your project.​
 

3.​ LM386 supply: LM386 needs its own Vcc (4–12 V). If using Nucleo 5V supply to feed 
LM386, ensure common ground between Nucleo and LM386. See LM386 datasheet for 
recommended coupling capacitors and gain-setting (pins 1 & 8). Texas Instruments​
 

4.​ Volume & DC blocking: For better sound and no DC through the speaker, use a 220 µF 
coupling capacitor on LM386 output or follow the typical application figure in the LM386 
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datasheet. Also use the LM386 gain network for nicer sound.​
 

5.​ Testing steps:​
 

○​ Fast smoke test: compile and flash this code with the song_example. Listen to 
the small riff. If you hear it, progress to inserting the full Für Elise array.​
 

○​ If silence: check PB3 AF mapping (AF value), ensure RCC AHBENR GPIOB bit 
is set and TIM2 clock enabled.​
 

○​ If PWM frequency is wrong: check SYSTEM_CORE_CLOCK value.​
 

 

What I could not do from here 
●​ I cannot physically test the code on your specific board or the exact LM386 & speaker 

you’ll use. The AF mapping and board clock are the two most likely sources of 
board-specific differences; both are easy to fix with the instructions above (change 
PB3_AF_VALUE or SYSTEM_CORE_CLOCK).​
 

●​ I did not paste a long full Für Elise array because you already have that array in your 
starter repo — paste it in replacing song_example. If you’d like, paste the starter array 
here and I’ll put it into the final code for you.​
 

 

Quick checklist to get this playing on your 
bench 

1.​ Wire the MCU PB3 (D3) → resistor → LM386 IN+, LM386 GND common with MCU 
GND, LM386 Vcc to +5V (or 9V as you prefer), speaker from LM386 output to ground. 
(As above.)​
 

2.​ Replace song_example with your provided Für Elise (freq, dur) array. Keep the 
termination duration==0.​
 

 



3.​ Make sure your toolchain uses a straightforward startup so that the core is running at 
SYSTEM_CORE_CLOCK (set that value correctly).​
 

4.​ Build/flash, power LM386, run. If silent, check AF value and clocks as described.​
 

 

Citations / references 
●​ STM32F303 reference manual RM0316 (timers, GPIO register map, peripheral base 

addresses). STMicroelectronics​
 

●​ NUCLEO-F303RE user manual (UM1724) — confirms Arduino D3 → PB3 → TIM2_CH2 
mapping on Nucleo headers. STMicroelectronics​
 

●​ LM386 datasheet (typical connections, gains, recommended caps). Texas Instruments​
 

 

If you want, next I can: 

●​ paste the full Für Elise array into the code if you paste it here (I’ll edit the code block 
inline), or​
 

●​ produce a PDF lab writeup section with the math (including the code and the calculations 
for min/max), or​
 

●​ re-target the code for a different output pin (e.g., D6 / PB10 / TIM2_CH3) if that’s more 
convenient for your breadboard routing. 

 

 

https://www.st.com/resource/en/reference_manual/rm0316-stm32f303xbcde-stm32f303x68-stm32f328x8-stm32f358xc-stm32f398xe-advanced-armbased-mcus-stmicroelectronics.pdf?utm_source=chatgpt.com
https://www.st.com/resource/en/user_manual/um1724-stm32-nucleo64-boards-mb1136-stmicroelectronics.pdf?utm_source=chatgpt.com
https://www.ti.com/lit/ds/symlink/lm386.pdf?utm_source=chatgpt.com

	Emmett Stralka  
	Lab4 Report MircoP’s // Sep 30th 2025 
	 
	Introduction 
	Discussion 
	Frequency Accuracy: 
	Mathematical Verification: 
	Frequency lim TIM2 (32-bit): 

	What I will deliver here 
	Wiring / schematic (textual) 
	High-level software design decisions (why) 
	Assumptions & configs you may need to change before flashing 
	Full C code (register-level, ready to paste into your project) 
	Math, accuracy, and verification (meets lab proficiency criteria) 
	Practical notes / gotchas / verification steps 
	What I could not do from here 
	Quick checklist to get this playing on your bench 
	Citations / references 

