Discussion of exam
problems and scores



QUIZ: Configure for using PA4 for output

Output (uns:,gned long data) { &
// write PD3—PDO‘




Text sections

4.2.1 Bit-specific addressing
4.2.2 Switches and LEDs




Software Module Interaction

* Two or more software modules may
access different elements of a shared I/O
port

— Each module must employ friendly
operations when accessing/altering elements
of the port

* Only the elements the software module is
authorized to modify can be modified

« Elements used by other modules must not be
modified



| | [ | [ | | | | | ‘ ‘ [ | I , ,
| |
Remember: initialization “ritua
Address 7 6 5 4 3 2 1 0 Name
400F.E108 GPIOH GPIOG | GPIOF GPIOE GPIOD GPIOC GPIOB GPIOA SYSCTL_RCGCZ_R
4000.73FC DATA DATA DATA DATA DATA DATA DATA DATA GPIO_PORTD_DATA_R
4000.7400 DIR DIR DIR DIR DIR DIR DIR DIR GPIO_PORTD_DIR_R
4000.7420 SEL SEL SEL SEL SEL SEL SEL SEL GPIO_PORTD_AFSEL_R
4000.751C DEN DEN DEN DEN DEN DEN DEN DEN GPIO_PORTD_DEN_R

e Initialization (executed once at beginning)

1
2
3
4
5
I
6

Turn on clock in SYSCTL _
Wait two bus cycles

RCGL2 R

Clock Gating

Set DIR to 1 for output or O for input
Clear AFSEL bits to 0 to select regular I/0
Set DEN bits to 1 to enable data pins

nput/output from pin

Read/write GPIO PORTX DATA R

A through F on our MCU




Selected I/O Port Reqgisters

Address 7 ] 5 4 3 2 1 0 Mame

$400F E108 GPIOF GPIOE GPIOD GPIOC GPIOE GPIOA SYSCTL ROGC2 B
£4000 43FC DATA DATA DATA DATA DATA DATA GPIO PORTA DATA R
£4000 4400 DIE DIE. DIE DIE. DIE DIE. GPFIO PORTA DIE E
4000 4420 SEL SEL SEL SEL SEL SEL GPIO PORTA AFSEL R
£4000 451C DEN DEN DEN DEN DEN DEN GPIO PORTA DEN R
T4000.53FC | DATA DATA DATA DATA DATA DATA DATA DATA GPFIO PORTE DATA R
£4000.5400 | DIR DIE DIE. DIE. DIE. DIE. DIE. DIE. GPFIO POETE DIE R
£4000.5420 | SEL SEL SEL SEL SEL SEL SEL SEL GPIO PORTB AFSEL R

$4000.551C | DEN DEN DEN DEN DEN DEN DEN DEN GPIO POETEB DEN E

$4000.65FC | DATA | DATA | DATA DATA DATA DATA DATA DATA GPIO PORTC DATA E

$4000.6400 | DIR DIR DIR DIE DIE. DIE DIE. DIE. GPIO PORTC DIE E

$4000.6420 | SEL SEL SEL SEL SEL SEL SEL SEL GPIO PORTC AFSEL R

34000.651C | DEN DEN DEN DEN DEN DEN DEN DEN GPIO PORTC DEN R

3000.73FC | DATA | DATA | DATA DATA DATA DATA DATA DATA GPIO_POETD DATA E

$4000.7400 | DIR DIE. DIE. DIE. DIE. DIR DIE DIR GPIO_PORTD DIE E
$4000.7420 | SEL SEL SEL SEL SEL SEL 5EL SEL GPIO PORTD AFSEL E
$4000.751C | DEN DEN DEN DEN DEN DEN DEN DEN GPIO POETD DEN E
§4002 43FC DATA DATA GPIO PORTE DATA R
$4002.4400 DIE. DIE. GPIO PORTE DIE R
$4002.4420 SEL SEL GPIO PORTE AFSEL R
$4002 451C DEN DEN GPIO POETE DEN R

EACH REGISTER IS 32 BITS WIDE (BITS 8-31 not used)

The complete list is in the datasheet of LM4F120 — Table 10-6 on p.632.
Hardcopy was provided in class.



O register offsets

Table 10-6. GPIO Register Map

Offset Name Type Reset Description

0x000  GPIODATA =N 0x0000.0000 GPIO Data

0x400 GFPIODIR R 0x0000.0000 GPIO Direction
0x404 GPIOIS R 0x0000.0000 GPIO Interrupt Sense

Source: p.631 of LM4F120-Tiva datasheet (linked on webpage,
hardcopy of this table was provided in class)



__DA'I‘A_R

datsa;

Explain!




/O Port Bit-Specific

o I/O POrt blt'SpeCIflC If we wish to access bit Constant

" " 7 0=x0200

addressing Is used to : pimoned

I 5 Ox0080

access port data register : 00080

— Define address offset as ] 0x0020

] 2 O=x0010

4*2b where b is the 1 0x0008

selected bit position 2 Sl

— 256 possible bit Port A = 0x4000.4000
combinations (0-8) 0x4000.4000+0x0008+0x0010+0x0020
= 0x4000.4038

— Add offsets for each bit

selected to base address Provides friendly and atomic access
for the port to port pins

— Example: Port A, bits 1,2,3



Address

0x4000 4000
0x4000 4001
0x4000 4002
0x4000 4003
0x4000 4004
0x4000 4005
0x4000 4006
0x4000 4007
0x4000 4008
0x4000 4009
0x4000 400A
0x4000 400B
0x4000 400C
0x4000 400D
0x4000 400E
0x4000 400F

Contents

0x4000 4
0x4000 4
0x4000 4
0x4000 4

0x4000 41D8
0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4

0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4
0x4000 4

End of bit-specific block



On the prev. memory diagram:

* Fill out all the missing address bits

* Write next to each word what specific bits
correspond to it

e Calculate the address of the block

corresponding to the following bit
combinations:

PA7, 6,and 5
PB3,2,1,0

PCo6,4,2,0

EOL1



Remember: The Stellaris board already has 2 switches and 3 LEDs
connected to MCU pins.
But if we need more ...

12



10kO

% 3.3V high
F 0

released

Switch Configuration

+3.3V

pressed %

V low

Input
Pin

negative — pressed = ‘0’

+3.3V
released | OV low

pressed

positive — pressed = ‘1’




LED Interfacing

I /
10mA

2V

LED current v. voltage

'

Brightness = power = V*| anode (+)

cathode (1)

“big voltage connects to big pin”
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LED Interfacing

R =(3V -1.5)/0.001
= 1.5 kOhm

PEO
LM3S

high

R %llmA

iZ LED

LED current < 8 ma

LM3S

PEO

R = (5.0-2-0.5)/0.01
= 220 Ohm

R

VAN

10mA

!
LED

high

X

7405 =

0.5V

LED current > 8 ma

LED may contain several diodes in series

15



How do we define the constant
PAS5 for bit-specific addressing?
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How do we define the constant
PAS5 for bit-specific addressing?
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Make PA7 output, the set, clear
and toggle (use both methods!)

18



Your turn: Configure
PB7 and PB5 for output ...

... then set set 7 and clear 5 (use both methods!) o



Example 4.1: Generating out-of-phase
sqguare waves on PG1 and PGO

PIO PORTG AF

Modify the code to use port E instead!







To do for next time:
Read and understand the
remaining examples in 4.2.2
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QUIZ: Bit-specific addressing

#define Pl (*((volatile unsigned long *)0x40024004))
void LED Init(void){ volatile unsigned long delay;
SYSCTL RCGC2 R |=
delay = SYSCTL RCGC2 R;
GPIO PORTE DIR R |=
GPIO PORTE AFSEL R &= N
GPIO PORTE DEN R |= [N

-
r

Fill in the missing parts of the ritual”

i 23



QUIZ: Bit-specific addressing

#define PEO (* ((volatile unsigned long *)0x40024004))
void LED Init(void){ volatile unsigned long delay;

SYSCTL RCGC2 R |= 0x00000010;
delay = SYSCTL RCGC2 R;
GPIO_ PORTE | DIR R |= 0x01;
GPIO . PORTE AFSEL R &= ~0x01;
GPIO PORTE DEN R |= 0x01;

//
//
//
//
//

activate clock for Port E
allow time for clock to star
PEO output

PE0 regular port function
enable PEO digital port

24



QUIZ: Bit-specific addressing

#define PEO (* ((volatile unsigned long *) 0x40024004))
void LED Init(void){ volatile unsigned long delay;
SYSCTL RCGC2 R |= 0x00000010; // activate clock for Port E

delay = SYSCTL RCGC2 R; // allow time for clock to star:
GPIO PORTE DIR R |= 0x01; // PEO output

GPIO PORTE . AFSEL R &= ~0x01; // PEO regular port function
GPIO PORTE DEN R |= 0x01; // enable PEO digital port

Write in C a function that toggles the LED
connected to pin PEO

1 -



#define PEO (* ((volatile unsigned long *) 0x40024004))
void LED Init(void){ volatile unsigned long delay;
SYSCTL RCGC2 R |= 0x00000010; // activate clock for Port E

delay = SYSCTL RCGC2 R; // allow time for clock to star:
GPIO PORTE | DIR R |= 0x01; // PEO output

GPIO PORTE . AFSEL R &= ~0x01; // PEO regular port function
GPIO PORTE DEN R |= 0x01; // enable PEO digital port

void LED_Toggle(void){
PEO = PEO”1l; // toggle LED

26



4.3 PLL

 LM4F120 has 16 MHz crystal
» Remember “CV2F” power fmla. for CMOS!

« A CMOQOS circuit operates with V5 = 3.3V.
What is the power savings If Vg Is reduced
to 2.5V?

27



4.3 PLL

 LM4F120 has 16 MHz crystal
» Remember “CV2F” power fmla. for CMOS!

A CMOS circuit operates with f =40 MHz.
What Is the power savings If:

—f1s reduced to 20 MHz?
—fiIs Increased to 80 MHz?

28



PIOSC Specifications

Table 22-15. PIOSC Clock Characteristics

Parameter |Parameter Name Min Nom Max Unit
Feiog® Internal 16-MHz precision oscillator frequency variance - +3% -
{factory calibrated at 25 "C C and 3.3 V) across the
specified voltage and tem perature range
a. This parameter value remains valid if recalibration occurs.
Low-Frequency Internal Oscillator (LFIOSC) Specifications
Table 22-16. Low-Frequency internal Oscillator Characteristics
Parameter Parameter Name Min Nom Max Unit
Flro=c Low-frequency internal oscillator (LF10OSC) 10 33 90 KHz
frequency
Hibernation Clock Source Specifications
Table 22-17. Hibernation Oscillator Input Characteristics
Parameter |Parameter Name Min Nom Max Unit
Fuielrioec  |Hibernation low frequency internal oscillator (HIB 10 33 90 KHz
LFIOSC) frequency
Ci1.Cn External load capacitance on X0SC0. X0SC1 pins® 12 - 24 pF

What is the power savings when LM4F120 hibernates?

Source: Tiva™ TM4C1233H6PM Microcontroller (identical to LM4F120H5QR) DATA SHEET
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m Multiple clock sources for microcontroller system clock

Precision Oscillator {(P1O5C): On-chip resource providing a 16 MHz +1% frequency at room
temperature

+ 16 MHz +3% across temperature

« (Can be recalibrated with 7-bit trim resolution

« Software power down control for low power modes

Main Oscillator (MOSC): A frequency-accurate clock source by one oftwo means: an external
single-ended clock source is connected to the 03C0 input pin, or an external crystal is
connected across the ©03C0 input and ©3C1 output pins.

« External crystal used with or without on-chip PLL: select supported frequencies from 4
MHz to 25 MHz.

« External oscillator: from DC to maximum device speed

Low Frequency Internal Oscillator {(LFIOSC): On-chip resource used during power-saving
modes

Hibernate RTC oscillator clock that can be configured to be the 32.768-kHz external oscillator
source from.the Hibernation (HIB) module or the HIB Low Frequency clock source (HIB
LFIOSC), whichiis located within the Hibernation Module.

Real Time Clock (see next slide)

Source: Tiva™ TM4C1233H6PM Microcontroller (identical to LM4F120H5QR) DATA SHEET, p.52



7.3.2

Source: Tiva™ TM4C1233H6PM Microcontroller (identical to LM4F120H5QR) DATA SHEET

FYI

Hibernation Clock Source

In systems where the Hibernation module is used, the module must be clocked by an external source

that is independent from the main system clock, even ifthe RTC feature is not used. An external

oscillatoﬁ or crystal is used for this purpose. To use a crystal, a 32.768-kHz crystal is connected to
the X0sC0 and X021 pins. Alternatively, a 32.768-kHz oscillator can be connected to the Xo3Co
pin, leaving ¥0sC1 unconnected. Care must be taken that the voltage amplitude of the 32.768-kHz

[nput
YVoltage

Regulator
or Switch

— I ouT

Tiva™ Microcontroller

XOSCo

=
_I_L XOSC1
C

T T 2
G D3
i Rear
WARE VBAT A ‘I
Qpen drain l —LC =3V
external wake é GMD | BAT I Battery
up circuit 4{ Rpy J=— = =
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FYI: Our board comes with both crystals:
MOSC (Y2) and hibernation module (Y1)

R28 H20
RESET 1<
RESET
— e -_—
1] o o ] 4 | TARGETRST
| c13
— 0
OMIT
—_— U1-B
L B RESET  WARE=-
— jg} 0sC1 mE
0SCo a7
© 2 VBAT =L
&zgo 2 xosco )
22 anox VDDA 2—
Y2 ol ok X0OsC1 1
16MHz 8y 8 N
0 Y doo Voo
. VDD =2
GND
C31 C32 27 1 oD
10pF 10pF ”:“ -% GND VDDC %
GND vDDC =22~
32 768Khz
V1 LMAF120

32
Source: Stellaris® LM4F120 LaunchPad Evaluation Board User Manual



MOSC P L L

External OSCSRC
crystal
L i
= I\galn 00 BYPASS
T—]
Mux \I\ USESYSDIV
o1 [ >1 \I\
12 MHz | Ref Phase-Lock-Loop BUS
Internal /4 _y Clk [ bpase/  1YP_, Mux 0
Osc - Freq Down Charge 0 Mux > (a.k.a.
> Detector > Pllngp/ / “COre”)
200 MHz n 1 clock
/m_|< 1l |
PIOSC 11l SYSDIV

XTAL

Internal oscillator requires minimal power but is imprecise
External crystal provides stable bus clock

LM4F120 is equipped with a 16 MHz crystal, and the bus clock is typically set at 50 MHz
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FYI

External
16 MHz

MOSCOIS =
M ain OSC

D* Hibernation
E_ (32 768 kHz1)

External
16 MHz

Figure 5-5. Main Clock Tree

HTALE

USBPARDON®

USE PLL

USE Clock

(460 MHZ)

[OsCOIS®

Frecision

1

HTALS

PWRDOMN b

PLL

L (400 MHZ)

-

Intemal OSC
(16 MHZ)

Div400®

b -2 1
J

Intemal OSC
(30 kHz)

Q50

|
__J

DsCsRchd

—
e
|~

BEvPASSsPe

Csf
EYPASS e
USESYSDIYad —  UART Baud Clock
} Systermn Clock
+ SYS0OIVE ‘ oot
PWRDOMN

=31 Baud Clock

—

st
} ADC Clock

Source: Tiva™ TM4C1233H6PM Microcontroller (identical to LM4F120H5QR) DATA SHEET



Table 5-4. Possible System Clock Frequencies Using the SYSDIV Field

SYSDIV Divisor |Frequency({BYPASS=0) Frequency (BYPASS=1) TivaWare Parameter®
0x0 1 reserved Clock source frequency/1 SYSCTL_SYSDIV_1
0x1 {2 reserved Clock source frequency/2 SYSCTL_SYSDIV_2
0x2 {3 66.67 MHz Clock source frequency/3 SYSCTL_SYSDIV_3
0x3 4 50 MHz Clock source frequency/4 SYSCTL_SYSDIV_4
0x4 5 40 MHz Clock source frequency/5 SYSCTL_SYSDIV_5
0x5 {6 33.33 MHz Clock source frequency/6 SYSCTL_SYSDIV_6
0x6 f7 28.57 MHz Clock source frequency/7 SYSCTL_SYSDIV_7
0x7 8 25 MHz Clock source frequency/8 SYSCTL_SYSDIV_8
0x8 f9 22.22 MHz Clock source frequency/9 SYSCTL_SYSDIV_9
0x9 10 20 MHz Clock source frequency/10 SYSCTL_SYSDIV_10
OxA 11 18.18 MHz Clock source frequency/11 SYSCTL_SYSDIV_11
0xB 12 16.67 MHz Clock source frequency/12 SYSCTL_SYSDIV_12
OxC M3 15.38 MHz Clock source frequency/13 SYSCTL_SYSDIV_13
0xD 14 14.29 MHz Clock source frequency/14 SYSCTL_SYSDIV_14
OxE 15 13.33 MHz Clock source frequency/15 SYSCTL_SYSDIV_15
OxF 16 12.5 MHz (default) Clock source frequency/16 SYSCTL_SYSDIV_16

a. This parameter is used in functions such as SysCtlClockSet() in the Tiva\Ware Peripheral Driver Library.

Source: Tiva™ TM4C1233H6PM Microcontroller (identical to LM4F120H5QR) DATA SHEET

35



The =12DIV2 field in the RCC2 register is 2 bits wider than the sYsDIV field in the RCC register
so that additional larger divisors up to /64 are possible, allowing a lower system clock frequency for
improved Deep Sleep power consumption. Vwhen using the PLL, the VCO frequency of 400 MHz is
predivided by 2 before the divisor is applied. The divisor is equivalent to the SYSDIV2 encoding
plus 1. Table 5-5 shows how the SY2DI V2 encoding affects the system clock frequency, depending
oh whether the PLL is used (BYP2522=0) or another clock source is used (BYPzs22=1). For a list
of possible clock sources, see Table 5-3 on page 211.

Table 5-5. Examples of Possible System Clock Frequencies Using the SYSDIV2 Field

SYSDIV2 Divisor |Frequency Frequency (BEYPASS2=1) TivalWare Parameter®
(BYPASS2=0)
0x00 1 reserved Clock source frequency/1 SYSCTL_SYSDIV_1
0x01 2 reserved Clock source frequency/2 SYSCTL_SYSDIV_2
0x02 13 66.67 MHz Clock source frequency/3 SYSCTL_SYSDIV_3
0x03 4 50 MHz Clock source frequency/4 SYSCTL_SYSDIV_4
0x04 5 40 MHz Clock source frequency/5 SYSCTL_SYSDIV_5
0x09 10 20 MHz Clock source frequencyf10 SYSCTL_SYSDIV_10
0x3F {64 3.125 MHz Clock source frequency/fe4 SYSCTL_SYSDIV_64

a. This parameter is used in functions such as SysCtlClockSet() in the Tiva\Ware Peripheral Driver Library.

36
Source: Tiva™ TM4C1233H6PM Microcontroller (identical to LM4F120H5QR) DATA SHEET



Your turn'!

Using the 16 MHz CLK as the source, how
should we set the multiplier to obtain;

« A50 MHz cloc
A reduction in

K?

power by 75%7?

EOL2
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QUIZ: Bit-specific addressing

38



Designing a complete Hw-Sw system:

What is there to design?

Y

SSR = Solid-State Relay

e max. ICE =150 mA
e« VCE=0.3V

PN2222 specs:

39



Designing a complete Hw-Sw system:

SSR = Solid-State Relay

PN2222 specs:
« max. ICE =150 mA
- VCE=0.3V

40



Designing a complete Hw-Sw system:




QUIZ: Bit-specific addressing

#define Pl (*((volatile unsigned long *)0x40024004))
void LED Init(void){ volatile unsigned long delay;
SYSCTL RCGC2 R |=
delay = SYSCTL RCGC2 R;
GPIO PORTE DIR R |=
GPIO PORTE AFSEL R &= N
GPIO PORTE DEN R |= [N

-
r

Fill in the missing parts of the ritual”

i »



#define PEO (* ((volatile unsigned long *) 0x40024004))
void LED Init(void){ volatile unsigned long delay;
SYSCTL RCGC2 R |= 0x00000010; // activate clock for Port E

delay = SYSCTL RCGC2 R; // allow time for clock to star
GPIO PORTE | DIR R |= 0x01; // PEO output

GPIO PORTE AFSEL R &= ~0x01; // PEO regular port function
GPIO PORTE DEN R |= 0x01; // enable PEO digital port

void LED Toggle (void) {
PEO = PEO0”1l; // toggle LED

Write C functions that turn the SSR on and off,
using toggle as template!
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4.4 SysTick Timer

Timer/Counter operation

o 24-bit counter decrements at bus clock
frequency

— With 50 MHz bus clock, decrements occur every 20
ns

 Countingisfromn->20
— For a count of m, (m-1) is loaded into the counter

44



Initialization
Clear ENABLE to stop counter
Specify the RELOAD value

Clear the counter via NVIC_ST CURRENT_R

Set CLK-SRC=1 and specify interrupt action via INTEN in
NVIC_ST CTRL R

SysTick Timer

Address 31-24 | 23-17 16 15-3 2 1 0 Name

$EO00E010 | 0 0 |[COUNT| 0 |CLK SRC | INTEN | ENABLE | NVIC ST CTRL R
$EO000E014 0 24-bit RELOAD value NVIC ST RELOAD R
$EO000E018 0 24-bit CURRENT value of SysTick counter NVIC ST CURRENT_R
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Address 31-24 | 23-17 16 15-3 2 1 0 Name

$EO000E010 0 0 COUNT 0 CLK_SRC | INTEN | ENABLE | NVIC ST CTRL R
$EO000E014 0 24-bit RELOAD value NVIC ST RELOAD R
$E000E018 0 24-bit CURRENT value of SysTick counter NVIC ST CURRENT R

46




Why do we
need this?
A: To account
for possible
counter rollover!

Address 31-24 | 23-17 16 15-3 2 1 0 Name

$EO000E010 0 0 COUNT 0 CLK_SRC | INTEN | ENABLE | NVIC ST CTRL R
$EO000E014 0 24-bit RELOAD value NVIC ST RELOAD R
$EO000E018 0 24-bit CURRENT value of SysTick counter NVIC ST CURRENT R

a7



SKIP 4.5 OLED

READ 4.6 Debugging
monitor using LED
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4.6 Debugging monitor
using LED

How many bus cycles does this code take to execute?
49



4.7 Performance Debugging

Using SysTick to time a segment of code

50



Homework for Ch.4

* End of chapter 6, 7, 10, 12, 13, 17
* Due Thu, Nov.7
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