Experiment No 1
Introduction to STM32 Micro-Controller, ARM Architecture and its

Programming

Objectives:
Experiment No 1 will give a brief introduction to students about Embedded Systems. Moreover,
architecture and programming of STM32 ARM microcontroller will be discussed in detail.

Tasks in this Lab include:
1. Introduction to processor architectures.
2. Architecture of STM32 ARM microcontroller

3. Programming of STM32 ARM using C Language

Introduction to Embedded Systems

An embedded system is a system that has software embedded into computer-hardware, which
makes a system dedicated for an application (s) or specific part of an application or product or part
of a larger system. Microprocessor and microcontrollers are widely used in embedded system
products. An embedded system is controlled by its own internal microprocessor ormicrocontroller.
A microcontroller differs from microprocessor, as it has a CPU along with fixed amountof RAM,
ROM, 1/O Ports, and a timer all embedded on a single chip. This is not the case with
microprocessor. It has external RAM, ROM, 1/0 Ports which makes these systems much bulkier
and more expensive, of course with providing more options. Figure 1 is representing the contrast
of both microcontroller and microprocessor

Figure 1: Difference between Microprocessor & Microcontroller
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There are five major Microcontrollers which are used in various applications as per their
capabilities and feasibility to perform desired task such as Motorola 68HC08/68HCI11, Intel’s
8051, Atmel’s AVR, Zilog’s Z8 and PIC from Microchip Technology. Most of the activities, in
this Lab-Course will be performed on Keil uVision5 STM32 ARM microcontroller.

Introduction to STM32 ARM Microcontroller

Advanced RISC Machine termed as ARM processor and it is developed by ARM holding. During
1980 Acorn Computers Ltd first developed the Acorn RISC Machine architecture and it used in
computers. During 1990 when the Acorn company was incorporated the ARM termed as Advanced
RISC Machine.

ARM holding owns the patents of ARM Architectures and licenses the companies like Philips
NXP, Atmel, Analog devices, Apple, Broad com, ST Micro Electronics etc... to manufacture chips
with ARM core.

ARM Features
ARM processor family has dozens of features some key features are listed.

o Alarge register file

o A Load/Store Architecture

 Fixed Instruction bit size/Uniform length Instruction field
o Simple addressing mode

« Pipeline execution



« Single cycle Execution
o Hardware Virtualization/ Easy to prototype
« Control over both ALU & Shifter
o Three different Data Sizes & Instruction (32-bit ARM Ins, 16-bit Thumb Ins,

8-bit Jazelle execution)
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Figure 2: ARM Architecture



ARM Architecture Types
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Figure 3: ARM Architecture Types

Difference between Cortex-M0, M0+, M1, M3 and M4

Cortex-MO

The ARM Cortex™-MO processor is the smallest ARM processor available. The exceptionally
small silicon area, low power and minimal code footprint of the processor enables developers to
achieve 32-bit performance at an 8-bit price point.

e Supports 3-stage pipeline, thumb2, hardware-single-cycle (32x32) multiply hardware.
o Supports 1 NMI and 32 physical interrupts.
o Hasonly 56 instructions and has ‘C-friendly’ architecture.

Cortex-M0+
The ARM Cortex™-MO0+ processor is an adaption of Cortex-MO0 but with more improved

performance and reduced energy footprint.

o Supports 2-stage pipeline, thumb2, hardware-single-cycle (32x32) multiply hardware.



Cortex-M1

The ARM Cortex™-M1 processor is the first ARM processor designed specifically for
implementation in FPGA:s.

 Supports 3-stage pipeline, thumb2, big-endian & little-endian configuration.

Cortex-M3
The ARM Cortex™-M3 processor is the industry-leading 32-bit processor for
highlydeterministic real-time applications, specifically developed to enable partners to
develop high- performance low-cost platforms for a broad range of devices including
microcontrollers, automotive body systems, industrial control systems and wireless
networking and sensors.

. The Cortex-M3 NVIC is highly configurable at design time to deliver up to 240 system
interrupts with individual priorities, dynamic re-prioritization and integrated system clock.

. Supports 1 NMI and 240 physical interrupts with 8 to 256 level priorities.

. Supports hardware divide, single cycle-multiply and saturated math support.

Cortex-M4

The ARM Cortex-M4 processor with FPU is the latest generation of ARM processors for
embedded systems. It was developed to provide a low-cost platform that meets the needs of
MCU implementation, with a reduced pin count and low-power consumption, while
delivering outstanding computational performance and an advanced response to interrupts. The
ARMCortex- M4 32-bit RISC processor with FPU features exceptional code-efficiency,
delivering the high- performance expected from an ARM core in the memory size usually
associated with 8- and 16- bit devices. The processor supports a set of DSP instructions which
allow efficient signal processing and complex algorithm execution. Its single precision FPU
(floating point unit)speeds up software development by using metalanguage development
tools, while avoiding saturation.

Features of STM32F1 ARM Microcontroller

1. STM32F103 Microcontrollers use the Cortex-M3 core, with a maximum CPU speed of 72
MHz. The portfolio covers from 16 Kbytes to 1 Mbyte of Flash with motor control
peripherals, USB full-speed interface and CAN.

2. 51 fast I/O ports. All 1/0 ports can be mapped to 16 external interrupts, and almost all ports
allow 5V signal input. Each port can be configured by software as output (push-pull or open-
drain), input (with or without pull-up or pull-down) or other peripheral function ports.

3. 212-bitanalog-to-digital converters, 16 external input channels, the conversion rate can reach
1MHz, and the conversion range is 0~36V; With dual sampling and holding function; A
temperature sensor is embedded inside, which can conveniently measure the temperature of
the processor.



4. The flexible 7-channel general-purpose DMA can manage data transfer from memory to
memory, device to memory, and memory to device without any intervention by the CPU. Data
can be moved quickly through DMA, and CPU resources can be used for other operations.
The DMA controller supports the management of the ring buffer, which avoids the interrupt
generated when the controller transfer reaches the end of the buffer. The peripherals it
supports include timers, ADCs, SPI, 12C, and USART.

5. Debug mode: Support standard 20-pin JTAG simulation debugging and serial single-wire
debugging (SWD) function for Cortex-M3 core. Usually the default debugging interface is the
JTAG interface.

6. The STM32F103 series microprocessor contains 7 timers.

7. Containing abundant communication interfaces: three USART asynchronous serial
communication interfaces, two 12C interfaces, two SPI interfaces, one CAN interface and one
USB interface, which provide a guarantee for data communication.
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Figure 4: Microcontroller Pin Configuration



In the STM32 there are four GPIO banks GPIOA — GPIOD. When using the library there are four
considerations: GPIO Mode, GPI1O Output Type GPIO speed — GPIO pull up/pull down resistors

e STM32F1 Timer: stm32f103C8 have 4 timers inside. Table below shows their
description.

Counter | Counter | Prescaler | DMArequest | Capture/compare | Complementary

. resolution type factor generation channels outputs

Up, Any integer
TIM1 16-bit down, between 1 Yes - Yes
up/down | and 65536

TIM2, Up, Any integer
TiM3, 16-bit down, between 1 Yes < No
TIM4 up/down | and 65536

Figure 5: STM32F103 Timers

e ADC: ADC stands for Analog to Digital Converter. Microcontrollers are digital component,
so they only understand discrete/digital signals. Therefore, if you want to read analog voltage
that can be from various sensors, you need an ADC. STM32F103 hastwo 12-bit ADCs that
can work independently. Every ADC have 10 channels.

e Communication Options: STM32f1l has five data transfer modules embedded in it.

» SPI

» USART
> 12C

» USB

» CAN

o External Interrupt: The external interrupt/event controller consists of up to 20 edge detectors
in connectivity line devices, or 19 edge detectors in other devices for generating
event/interrupt requests. Each input line can be independently configured to select the type
(event or interrupt) and the corresponding trigger event (rising or falling or both). Each line
can also masked independently. A pending register maintains the status line of the interrupt

requests.



e DMA controller (DMA): The flexible 7-channel general-purpose DMA is able to manage
memory-to-memory, Peripheral-to-memory and memory-to-peripheral transfers. The DMA
controller supports Circular buffer management avoiding the generation of interrupts when the
controller reaches the end of the buffer. Each channel is connected to dedicated hardware DMA
requests, with support for software trigger on each channel. Configuration is made by software and
transfer sizes between source and destination are independent. The DMA can be used with the
main peripherals: SPI, 12C, USART,general-purpose and advanced-control timers TIMx and
ADC.

Programming STM32F1 ARM:

You can write any Programming algorithm for STM32F1 using assembly or C. Here
in Microprocessor and Computer Architecture Lab, we will prefer to program in C
language because of following reasons

o it is easier and less time consuming to write a program in C

o C is easier to modify and update

. We can use code available in function libraries

o C code is portable to other microcontrollers with little modification.

IDEs for Programming of Discovery Board

Multiple IDEs can be used for programming the STM32F103. Some include:

1. Keil uVision5

2. Atollic

3. STM32 Cube MX
4. LabVIEW



Here we will use Keil software.

KEIL

2 Tools by ARM

Figure 6: KEIL Software

Installing Keil uVision5

Keil u Vision5 can be downloaded from the following site:
https://mwww.keil.com/

Before you install your driver 1 LED (PWR LED) will turn on red
stable After you install st-link_v2_usbdriver, update your driver.
Device Manager - Other devices > STM32 STLink

Right click and Update Driver Software... and choose Search automatically for updated
driver software

After updating, driver will be shown in Universal Serial Bus controllers or Universal Serial
Bus devices as a STMicroelectronics STLink dongle

Now the COM LED won’t be blink and will be stable red as PWR LED.

For next, install Keil uVision5 which you downloaded before. Now you probably need a device
pack. Get the latest version from link below (for now Keil. STM32F1xx_DFP.2.3.0.Pack).Keil -
> STMuicroelectronics STM32F4 Series Device Support, Drivers and Examples -> Download

http://www.keil.com/dd2/pack/#/eula-container



https://www.keil.com/
http://www.keil.com/dd2/pack/%23/eula-container

After downloading, open Keil uVision5 and install your pack as shown below: Click on Pack

Installer.
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Figure 7: Keil uVision5 main window

Refresh your Packs (File -> Refresh) (To Refresh you must be online). Then Import the
pack you downloaded already (File -=> Import...). After you imported the pack you can
see your pack asa STM32F103C8T6.

@ Pack Installer - Ch\Users\dell\AppData'LocalhArmt Packs — O >
File Packs Window Help
Pl | Device: STMicroelectronics - STM32F103C8
4] Devices r Boards ] | [« Packs r Examples I b
Search: - X Pack Action Descriptic
Device /| Summary =-Device Specific 2 Packs S5TM32 =~
& %2 STBIueNRG-1 Series 1 Device = . E-Keil:STM32ZF1xx_DFP & Up to date | STMicr
4}3 STBlueMRG-2 Series 1 Device Keil:STMIZMNUCLED_B... Install STMicr
#-t5 STM3IZFD Series 111 De.. El--Generic 48 Packs
Eﬁg STM32F1 Series 95 Dew... +-Alibaba: AlIOSThings Install ALOS ™
@2 STM32F100 19 Dew... [H--Arm-Packs:PKCS11 Install OASIS
Qg STM22F101 29 Dew... J [#--Arm-Packs: Unity Install Unit Te
4{3 STM22F102 8 Devi. [+ -ARM:AMP Install Softwa
El‘ﬁ 103 25 Do - ARM:CRSIS & Uptodate CMSIS
L8 STM22F103C4 ARM C - ARM: CMSIS-Driver 1 Update CMSEIS
i 1 STM22F103CE ARM C. [H--ARM:CMSIS-Driver_Va... Install CMSIS
« - ARM:CMSIS-FreeRTOS ﬁ Install Bundle
- ARMECRMSIS-RTOS Vali. | % Install Chlﬁil
4 | I 3
Check for updates ~
Update available for ARM: CMSIS-Diriver (installed: 2.6.0, available: 2.6.1)
Update available for Keil:: ARM_Compiler (installed: 1.6.2, available: 1.6.3)
Update available for Keil:: MDEK-Middleware (installed: 7.10.0, available: 7.12.0] A
< >
Ready | [ornumne

Figure 8: Pack Installer window



LED Blink Program for STM32F1 Discovery Board:

The first step for creating a new project is to go to ‘Project’ and select ‘New uVision Project’.

M Examplest\Blinky'Lab_Testing.uvprojx - pVision
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Figure 9: Creating New Project

After naming the project and saving it in a directory, the next step is to select the ‘Target’ device.

Select Device for Target 'Target 1'...

Device I

Vendor:
Device:

Toolset:
Search:

ISoftware Packs

STMicroelectronics
STM32F103C8
ARM

l

= % STM32F1 Series

@8 STM32F100
B STM32F101
w45 STM32F102
2% STM32F103

@ STM32F103C4
STM32F103C6

STM32F103CB

4 £

Description:

_A_]‘ STMicroelectronics’ STM32F1 series of mainstream MCUs covers the

| |needs of a large variety of applications in the industrial, medical and
consumer markets. High performance with firstclass peripherals and

| /low-power, low-voltage operation is paired with a high level of

integration at accessible prices with a simple architecture and easy+o-

use tools.

Typical applications include motor drives and application control,

medical and handheld equipment, industrial applications, PLCs,

inverters, printers, and scanners, alamm systems, video intercom, HVAC

and home audio equipment.

STM32F103C8 - LCD parallel interface, 8080/6800 modes

- 5 Violerant 1/0s
- Timer with quadrature (incremental) encoder input

v

~

OK I Cancel Help

Figure 10: Selecting Device for Target
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Then go to STM32F1 series choose STM32F103 and then STM32F103C8

Options for Target 'Target 1'

Device | Target | Output | Listing | User | C/C+ | Asm | Linker | Debug | Uities |

ISoﬁware Packs
Vendor: STMicroelectronics
Device: STM32F103C8

~ Soft Pack
Pack: IKeiI.STM32F1>o:_DFP.2.3.0

URL:  hittp://www keil com/pack/

Toolset: ARM
Search: I
I =¥ STMicroelectronics 7_?_| STMicroelectronics” STM32F 1 series of mainstream MCUs covers the
%% STM32F1 Seri | |needs of a large variety of applicatione in the industrial, medical and
= Siag consumer markets. High performance with first-class peripherals and
@ i3 STM32F100 I !ow-power. Iow-voltage opgraiion ‘is pair_ed with a high level of
@ ’3 STM32F101 ;ﬁ:grea:m:l accessible prices with a simple architecture and easy-
@ STM32F102 Typig:al applications indudg motor 51rives gnd applic;tion control,
> medical and handheld equipment, industrial applications, PLCs,
2% STM32F103 inverters, printers, and scanners, alamm systems, video intercom,
£ STM32F103C4 HVAC and home audio equipment.
€ STM32F103C6 - LCD parallel interface, 8080/6300 modes
I2E102CE - 5 V4olerant 1/0s
ﬁ = IVBEh 0 ) | | - Timer with quadrature {incremental) encoder input
| <] | »| ~| | -95bit unique ID

o

Cancel Defaults

Figure 11: Selecting Device for Target

Next step ‘check’ the following boxes in Run-Time Environment setting and clicks on Resolve.

Help I

k4 Manage Run-Time Environment X
Software Component Sel. Variant Version  Description

% CORE v 5.4.0 CMSIS-CORE for Cortex-M S(:l

¥ DSP I_ Source 1.8.0 CMSIS-DSP Library for Cortex-

@ NMLib I_ 1.3.0 CISIS-MNN Meural Metwork Lit
€ RTOS (API) 1.0.0 CMSIS-RTOS AP for Cortex-M
€ RTOS2 (API) 213 CMSIS-RTOS AP for Cortex-M

’ CMBSIS Driver Unified Device Drivers compliz

& Compiler ARM Compiler 1.6.0 Compiler Extensions for ARM

= ’ Device Startup, System Setup |
¥ DMA I_ 1.2 DMA driver used by RTE Driver

¥ GPIO I_ 13 GPIO driver used by RTE Driver

v |7 1.00 System Startup for STMicroele
& StdPeriph Drivers -

ik T o
Validation Qutput Description
Resolve | |Select Packs | | Details | | OK I Cancel H;Ipl

Figure 12: Managing Run-Time environment
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Next step is to add a C file to the Target’s Source Group 1.

ChlUsershdelhDesktop'Lab_project.uvprojx - pVision
File Edit Wieww Project Flash Cebug Peripherals Tools SWCS Window

M @] % Ca@dm| 9 | = =|™®-mR| ==
@mlﬁlévlgglnarget1 ﬁlﬁ%’?ﬁ

L

=-%2 Project: Lab_project
== Target 1

Ll 1

gfé Crptions for Group "Sowrce Group 1°...

R DE""icl Add Mew ltem to Group "Source Group 1°...

Add Existing Files to Group "Sowurce Group 1°...

FRemove Group "Source Group 1° and its Files

Rebuild all target files
Build Target F7

Manage Project ltems...

Show Include File Dependencies

Figure 13: Adding C File

Choose “C File (.c)’, name the file and Add it.

Add New Item to Group 'Source Group 1' X

Create a new C source file and add it to the project.

=

%

C++ File (.cpp)

83 image File ()

‘@ User Code Template

Type: I CFile (.c)

Naties | Lab_01_Activity_01

Location: | C:\Keil_v5\ARM\Examples\Blinky

=
I |

Figure 14: Adding C File
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Now set-up the configuration for your board. Click on Options for Target...
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Figure 15: Project window
From Target tab set Xtal (MHz) up to 8.0
In Debug tab use ST-Link Debugger

Options for Target 'Target 1' *

Device I Target I Outputl Listingl User I C..-’CHI Asm I Linker Debug |Uti|'rties I

Settings |

¥ Run to main()

" Use Simulator o Use:

[ Limit Speed to Real-Time

with restrictions

Settings |

¥ Run to main()

5T-Link Debugger

¥ Load Application at Startup ¥ Load Application at Startup
Initialization File: Intialization File:

| EE

Restore Debug Session Settings Restore Debug Session Settings

¥ Breakpoints ¥ Toolbox ¥ Breakpoints ¥ Toolbox

¥ Watch Windows & Perfformance Analyzer ¥ Watch Windows

¥ Memory Display ¥ System Viewer ¥ Memory Display ¥ System Viewer
CPU DLL: Parameter: Driver DLL: Parameter:
ISﬁRMCMS.DLL |-REMAP ISﬁHMCME‘..DLL |
Dialog DLL: Parameter: Dialog DLL: Parameter:
IDCM.DLL I-pCM3 ITCI'u'I.DLL I-pCI'u'I?.

[~ Wam if outdated Executable is loaded

[~ Wam if outdated Executable is loaded

Manage Component Viewer Description Files ... |

o |

Cancel

| Defauts | Help

Figure 16: Target Debugger




In Utilities tab uncheck Use Debug Driver and choose ST-Link Debugger

KA Opticns for Target "Target 1'

Device I Target I Output I Listing I User I C;"EHI Asm

| Linker | Debug Ufiities |

—Configure Flash Menu Command
% Usge Target Driver for Flash Programming
— Use Debug Driver —

[¥ Use Debug Driver
Settings ¥ Update Target before Debugging

Imit. File: I

" Use Extemal Tool for Flash Programming

Command:l

=

Argumerrts:l

[T Bun Independent

— Configure Image File Processing (FCARM):

Output File:

Add Output File to Group:

Image Files Root Folder: I

[~ Generate Listing

QK I Cancel

Figure 17: Target Debugger

|  Defauts | Help

In Configure Flash Menu Command open settings and make sure that in Flash Download tab
for Programming Algorithm you’ve added STM32F1xx Flash.

Cortex-M Target Driver Setup

Debugl Trace Fash Download | Pack I

 Download Function

RAM for Algorithm
Lofn ¢ ErsseFul Chip [ Program
_‘i % Frase Sectos | Verfy Start: ICI':ZDDDDDDD Size: |(000010:
" Donct Erase |V Reset and Run
P ing Algorithm
Description | Device Size | Device Type | Address Range |
STM32F10x Med-density Flash 128k On-chip Flash 03000000H - DB01FFFFH
Start: I Size:
Add I Remaove |

QK I Cancel Lpply

Figure 18: Targeting Device
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and in Debug tab for Debug Adapter unit ST-Link/V2 is already chosen (when your
board is connected to your PC) and the Port is SW.

Cortex-M Target Driver Setup x
Debug ITrace | Flash Download | Pack |
—~ Debug Adapter — SW Device
Un: |1k IDCODE [ Devics Name [ Move

[~ Shareable 5T-Link

Serial Mumber:

I 48FF70064234534916260987

Version: HW: |V2 FW: I\FZ.JS&S?

¥ Check version on start

SWDIO

& Automatic Detection
¢ Manual Configuration

4dd | | Delete | [ Update |

~ Target Com
Pcrl.ISW Vl
r~Clock
Req:l 10 MHz Selected:l 0 MHz

x1BAD1477  ARM CoreSight SW-DP (ARM Care

Device Mame: I

I CODE I

IR len I AP: ID

¥ Cache Memary

¥ Reset after Connect

—Debug
—Connect & Reset Options Cache Options Download Options
Connect: [ Nomal x| Reset:[mtodetect v ’]7 Cache Cuda—‘ ’]‘ Verify Code Download
™ Download to Flash

™ Stop after Reset

Cancel Lpply

o |

Figure 19: Selecting Debug Adapter

Now open main.c from Example/User Folder in the Project toolbar in the left side. Build your
project by pressing F7 or the icon. And Load it to your board by pressing F8 or the icon
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Figure 20: Build and Load
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while you are loading your project the LD1 LED on your board will blink red and green
repeatedly. It shows that the project is loading to your board.

G G 3.3R B11B10B1 BO A7 A6 AS A4 A3 A2 A1 AOCISCI4CI3VE

Q0000000000000 000OOME
] g

Figure 21: STM32F103C8 hoard blinks LEDs while loading program

If all the processes gone correctly you will see these messages in Build Output
window in the bottom.

Build Qutput

Programming Done.

Verify CK.

Flash Load finished at 18:32:48

Figure 22: Build Output

By pressing the Reset button on your board, you can see the Green LED turning on and off.
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Lab Task (Psychomotor)
Example Code:

Now build the following C code and load it into your STM32 Microcontroller.

(= I I, R - S WY S )

18 [
11

13
14

RN GPT0 InitTypeDef GPIO_InitStructure;
17
18 main( )
19 -8
28
21 RCC_APB2PeriphClockCmd{RCC_APB2Periph_GPIOC, ENABLE);
22
23
24 GPIO InitStructure.

25 GPIO_InitStructure. : . :
2B GPIO_InitStructure.GPIO | = | - Out_PP;
27 GPIO_Init(GPIOC, &GPIO_InitStructure);

28
29
38 [
31
32 GPID ResetBits(GPIOC,GPI0 Pin 13);
33 delay :

34
35 GPIO ¢ 3its (GPIOC,GPI0 Pin_13});
36 delay

Figure 23: Example Code



Lab Task (Cognitive)
Question 1:

A student uses the Keil uVision IDE to create a C program that blinks an LED on an STM32F4 board.

a) Apply your knowledge of ARM architecture to state the processor core used in the STM32F4

microcontroller, its data-bus width, and two features that distinguish it from a Cortex-MO0 core.

[3 Marks]

b) Arrange the following steps in the correct order for building and running the program: Build the
target, Select the STM32F4 device, Create a new project, Add the C source file, Download to the
board and start the debug session. [3 Marks]

¢) The project builds with O errors and 0 warnings, but the LED does not blink. Determine two settings

or program items you would inspect in Keil to locate the problem. [4 Marks]
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Lab Exercise and Summary

Summary should cover Introduction, Procedure, Data Analysis and Evaluation.
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Student’s Signature:

Date:
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LABORATORY SKILLS ASSESSMENT (Cognitive)

Obtained Marks /10
Instructor's Signature: Date:
LABORATORY SKILLS ASSESSMENT (Psychomotor)
Psychomotor Activity 1: Experimental Setup
S. | Criteria Performance | Description Marks
No

1 | KeiluVision | Level4 Correctly prepares the required Keil uVision software 4
Software setup for the experiment independently and according
Setup (4) to the laboratory requirements.

Level 3 Correctly prepares the required Keil uVision software 3
setup with minor errors or assistance.

Level 2 Partially prepares the required Keil uVision software 2
setup and requires considerable assistance.

Level 1 Shows limited ability to prepare the required Keil 1
uVision software setup and requires substantial
assistance.

2 | STM32 Level 4 Correctly prepares the required STM32 project and 4
Project & source-file setup for the experiment independently and
Source-File according to the laboratory requirements.

Setup (4) Level 3 Correctly prepares the required STM32 project and | 3
source-file setup with minor errors or assistance.

Level 2 Partially prepares the required STM32 project and 2
source-file setup and requires considerable assistance.

Level 1 Shows limited ability to prepare the required STM32 1
project and source-file setup and requires substantial
assistance.

3 | Target & Level 2 Correctly sets the required target, clock and debugger 2
Debug settings for the experiment.

Configuration [ eve| 1 Sets the basic target, clock and debugger settings with 1
(2) minor errors or assistance.
Total Obtained /10
If a student is absent:
Criteria Description Marks
Absent Student is absent from the laboratory activity. 0

Instructor's Signature:

Date:
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Psychomotor Activity 2: Implementation + Results

S. | Criteria Performance | Description Marks
No

1 | STM32C Level 4 Correctly implements the assigned STM32 C program 4
Program & independently while following appropriate laboratory
Safe Working practices.

Practice (4) Level 3 Implements the assigned STM32 C program with minor | 3
errors or assistance and generally follows proper
laboratory practices.

Level 2 Partially implements the assigned STM32 C program 2
and requires considerable assistance or repeated
guidance.

Level 1 Implementation of the assigned STM32 C program is 1
largely incomplete, requires substantial assistance, or
shows poor adherence to proper laboratory and safety
practices.

2 | Build & Level 2 Correctly performs the required build and download and 2
Download (2) verifies the expected operation.

Level 1 Performs the basic build and download with minor errors 1
or assistance.

3 | Board Level 4 Obtains correct board operation and output analysis and 4
Operation & appropriately verifies and interprets the required
Output experimental results.

Analysis (4) Level 3 Obtains mostly correct board operation and output | 3
analysis with minor errors in verification or
interpretation.

Level 2 Obtains partially correct board operation and output 2
analysis with noticeable errors or omissions.

Level 1 Board operation and output analysis is largely incorrect 1
or incomplete and requires substantial assistance.

Total Obtained /10
If a student is absent:

Criteria Description Marks

Absent Student is absent from the laboratory activity. 0

Instructor's Signature:

Date:
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LABORATORY SKILLS ASSESSMENT (Affective)
Affective Activity: Lab Report + Viva Voce

S. | Criteria Performance | Description Marks

No

1 | Lab Report Level 4 Report is complete, well-organized, properly 4
Completeness presented, and demonstrates responsible completion of
& the assigned laboratory work.

Organization | Level 3 Report is complete with minor omissions or 3
4) organizational issues and demonstrates satisfactory
responsibility for the assigned work.

Level 2 Report is partially complete with several omissions and 2
demonstrates limited responsibility for the assigned
work.

Level 1 Report has major omissions or poor organization and 1
demonstrates minimal responsibility for the assigned
work.

2 | Keil Level 2 The Keil exploration, output and conclusion are 2
Exploration, correctly presented and discussed, demonstrating
Output & ownership of the assigned work.

Conclusion (2) | Level 1 The Keil exploration, output and conclusion are 1
presented with minor errors or omissions.

3 | VivaVoce (4) | Level 4 Clearly explains the assigned experiment, Keil tools, 4
program  explanation, working, and results,
demonstrating individual responsibility, participation,
and effective communication.

Level 3 Explains most of the assigned experiment and results 3
correctly, with minor difficulty, and demonstrates good
individual participation.

Level 2 Explains basic aspects of the assigned experiment with 2
some prompting and demonstrates basic participation.

Level 1 Demonstrates limited understanding or involvement 1
and requires substantial prompting to explain the
assigned work.

Total Obtained /110
The student has not submitted the report and has not appeared in the Viva Voce.
Criteria Description Marks

Lab Report and Results | Student has not submitted the report and results file. 0

Not Submitted
Absent in Viva Voce Student is absent from the viva voce. 0

Instructor’s Signature:

Date:
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