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5 - TIMER AND GPIO

1. Introduction - Peripherals

2. Timer
3. PWM — Pulse Width Modulations
4. GPIO

o

Low-power Drivers (LED, Relay)

6. Power Drivers (DC Motor)
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5.1 - PERIPHERALS

A Microprocessor-based system consists of three types of components:
1. Microprocessor (the core of the MCU) - executes the instructions of a program;
2. Memory - store code and data;

3. Peripherals - perform specific functions particularly related to 1/0O. Peripherals provide the means for the system to

sense, actuate and communicate with the world.

A microprocessor-based system without peripherals would be unable to interact with the rest of the world!
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PERIPHERALS

Classes of peripherals in a microprocessor-based system:

= Digital I/O: input/output of digital signals,

= Analog I/O: input/output of analog signals,

= Timing: pulse generation, pulse measurement, PWM, ...

» Storage: non-volatile memory, file system, ...

» Communications: RS-232, SPI, 12C, CAN, USB, Ethernet, ...
= HMI: touch-screen, keyboard, ...

» Imaging: camera interface, ...

» System management: clock generation, watchdog, power management, ...
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5.2 - TIMERS/COUNTERS

Timers/Counters are essential components of a Microcontroller Unit (MCU). They consists of a digital counter circuit that

counts pulses on their input. Timers count clock pulses and Counters count pulses of a signal present on their input pin.
Timers/Counters are used for:

» Measuring time, particularly time intervals,

= Counting events,

» Keeping track of current date and time (Real-Time Clock - RTC),

= Generating digital waveforms (PWM - Pulse-Width Modulation),

» Generating periodic interrupts to the MCU (Operating System Clock),

» Generating periodic signals to other peripheral, such as the command to start an Analog-to-Digital Conversion,

» Restart the MCU if software is unable to periodically restart a WATCHDOG timer.
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TIMERS

» Timers/Counters vary in their characteristics, such as:
= edge of the input signal used for counting: positive, negative, or both edges;
= count direction: up, down, or both;
= what is being counted: clock pulses (timers) or other input signal (counters);
» periodic timers vs single-shot;

= a number of actions can be taken at the end of the timing period: change state of GPIO pin, generate IRQ, stop the

timer, reload the timer;
= number of bits of the counter circuit: typically 32 bits for ARM MCUs;

= since the frequency of the input signal and number of bits of the counter determine the maximum timing period, a
prescaler may be used to reduce the input frequency.
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TIMING SAMPLE PROBLEM 1

Consider the problem where an LED, connected to a pin on an MCU, must be on during 0.9 second.
The first solution to be presented is a software-based solution:

1. Turn the LED on by activating the MCU pin connected to it;

2. Execute aloop N times, where N is chosen so that the execution of the loop takes 0.9 second;

3. Turn the LED off by deactivating the MCU pin connected to the LED
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SOFTWARE-BASED SOLUTION

void hal entry(void)

{
// pins 0,1,2 are output, reset pin 0 to 0 to turn green led ON

R IOPORT6->PCNTR1 = 0x00060007;

__asm(" ldr r4,=72000000-2") ;

__asm("loop: ")

__asm(" subs r4,r4,#1 ") ;
asm(" bne loop ")

// pins 0,1,2 are output, set pin 0 to 1 to turn green led OFF
R IOPORT6->PCNTR1 = 0x00070007;
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SOFTWARE-BASED SOLUTION

= This is the Timing Diagram for the execution of
the code of the previous slide.

= Due to branch forwarding at the decode stage of
the BNE instruction, each loop takes 3 clock
cycles.

= At 240 MHz (period of 4.16ns),

clock 1 clock 2 clock 3 clock 4 clock 5 clock 6 clock 7
it takes 12.5 ns for each ! [ .

loop; hence, 0.9 second
takes 72,000,000 loops.

—

___>»*<__

subs Fetch Decode Execute Fetch Decode Execute
» Remark: the loop_count must
' Decode and I Decode and
be reduced by 2 to compensate bne Fetch IBranch Forwardin Fetch Branch Foraardin

for GPIO and load instructions.

ey
____________@_@U___>ﬁ<___
___>k<<__

e
SR S

source: Authors
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SOFTWARE-BASED SOLUTION

= Connecting a scope to the LED allows us hljl ik j-.1-.1E:.|:|r!'|s rIII1EIfﬁI{IF:E
Mea Width
solution. : : : : : : : : q00.0ms

to verify the timing of the software-based
CH1
Mone

CH1
Mone

CH1
Mione

CH1
Mane

CHT 2.00% kA 100rns CHT ™ 1.76Y
source: Authors 2=Cct=17 19:25 =10Hz
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SOFTWARE-BASED SOLUTION

Evaluation of the software-based solution:

= 100% of the MCU processing capability was used for counting so that the exact timing of 0.9 seconds was obtained.
= No other activities where executed by the processor during this time.

» If interrupts where allowed, there would have been an error in timing.

» This software-based solution is called busy-wait. It should be avoided as it wastes processor cycles and energy.
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A VERY SIMPLE TIMER

= To avoid the drawbacks of the software-based solution, a small piece of hardware is added to an MCU: a counter.

= This circuit performs the function of counting clock cycles, freeing the processor to perform other tasks.
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A VERY SIMPLE TIMER

Description:

= The counter decrements its value on every
positive edge of the CLK.

= The processor can write an initial count value by GPIO
performing a load followed by a start command. pin

= When the count reaches 0 the Z output is 7 l
activated. CLK )> counter > IRQ

= The Z output may command a change to the load start Stop|«
GPIO pin, generate an Interrupt Request (IRQ), A A

and stop the counter.

source: Authors
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A VERY SIMPLE TIMER

clk 1 - the value 5 is loaded to the counter.

clk 2 - the processor commands the start of the counting.

clk 3 to 7 - count value is decremented on every positive edge of the CLK.

clk 7 - count reaches 0 activating the Z output.

clock 1 clock 2 clock 3 clock 4 clock 5 clock 6 clock 7

.
.

source: Authors

ié
|
|
5
)

‘_._______________u___

© 2020 Renesas Electronics Corporation. All rights reserved. 191 BIG IDEAS FOR EVERY SPACE W zE N ESAS



SOLVING THE TIMING SAMPLE PROBLEM 1 USING THE SIMPLE
TIMER

Solution:
» Load the value 72,000,000 to the timer and start it.
= When the count reaches zero:
» Option 1: timer commands LED pin to turn LED off;
» Option 2: generate an IRQ and its service routine turns the LED off.

= Remark: for option 2, the value loaded to the timer should be lower to compensate for the entry into the interrupt service
routine.
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SOLVING THE TIMING SAMPLE PROBLEM 1 USING THE SIMPLE
TIMER

Evaluation:

= The solution using a timer requires significantly less processing power, just a few cycles to configure the timer and to
perform an action when the timing period finishes.

= Processor is free to perform other tasks OR

processor can be put into a low energy sleep state.

» If interrupts are serviced during the timing period, this will not affect the timing precision.
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TIMER CASE STUDY 1 - SYSTICK

» The SYSTICK is a timer available in all Cortex-M processors.
» |t is a simple 24-bit counter with auto-reload.
= Its main use is to generate periodic interrupts required by most Embedded Operating Systems.

» Since its structure and operation is defined by ARM, its interface is standard, regardless of MCU supplier.
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TIMER CASE STUDY 1 - SYSTICK

LOCO
32.768KHz

ICLK
240 MHz

—>1

RN

SysTick auto-reload has a period
of SYST_RVR + 1 clock cycles.

Reload Value Register
SYST_RVR

24

v

ol

CLKSOURCE
SYST_CSR[2]

24-bit down counter load
> SYST CVR Z
enable (clear-on-write)
ENABLE

SYST_CSR[0]

>

COUNTFLAG
SYST_CSR[16]

(clear-on-read)

> SysTick

-8

TICKINT
SYST_CSR[1]

source: Authors
(based on ARM documentation:
DDI0403D ARMv7-M Architecture Reference Manual)

IRQ
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TIMER CASE STUDY 1 - SYSTICK

31 | 17 16115 | | 13210
Reserved Reserved SYST_CSR controls de operation of SysTick. When
T —— CLKSOURCE:I this register is read, COUNTFLAG is cleared.
TICKINT
ENABLE
31 | 24123 | | | SYST_RVR holds de 24-bit reload value. Writing a 0
to this register disables SysTick.
Reserved RELOAD
. ; g ; | ; ; g ol SYST_CVRIs the current count value. By writing any
‘ ' ‘ ‘ ' ‘ ' value to it the register is cleared.
CURRENT
313029 | 24[23 | ? | | | o} SYST_CALIB values are factory defined. TENMS, if
available, holds the reload value corresponding to 10
Reserved TENMS
ms for the reference clock.

LsKew
NOREF
source: DDI0403D ARMv7-M Architecture Reference Manual
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TIMER CASE STUDY 1 - SYSTICK

» Timing diagram for the scenario where SYST_RVR holds the value 2.

= As the reload occurs on the next positive edge of the clock, the SysTick period is of 3 clock cycles.

If enabled, every reload generates a SysTick interrupt request (IRQ).

clock 1 clock 2 clock 3 clock 4 clock 5 clock 6 clock 7

-

B

SYST_CWR

H
)
)

g
.
)

source: Authors
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5.3 - PWM

» Pulse Width Modulation (PWM) is a modulation technique that allows the encoding of analog information in a binary
digital signal.

This is achieved by encoding the information in width of a pulse while maintaining the pulse frequency constant.
= A low pass filter with cut-off frequency way below the PWM frequency restores the analog information.

= PWM has several applications including: control of power electronics including switched power supplies, motor control,

temperature control and light dimmering; audio power-amplifiers; and analog signal generation.

» Often, a low-pass filter is not required as the load itself performs this function.
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PWM The effect of 5 different duty cycles after
passing a low-pass filter:

Pulse Width Modulation

0% Duty Cycle - analogWrite(Q)
Sv |

oV

Ov

25% Duty Cycle - analogWrite(64)

Sv _l I_l -| I—I —| 1.25V

Ov

50% Duty Cycle - analogWrite(127)
Sv ‘ low-pass 25V
75% Duty Cycle - analogWrite(191)

dmimimiminl

100% Duty Cycle - analogWrite(255)
|
S5v | 5V

Ov

source: commons.wikimedia.org (CC)
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PWM

1-5 T T T T T T
= If the duty cycle of a PWM signal is varied on every PWM period, — PDM sine wave
— | i
an analog signal can be produced (after a low-pass filter). andlog STE Wave
1.0r
= The higher the frequency of the PWM signal when compared to
the frequency of the analog signal, the better (less noisy) the 8
-
analog signal will be. et 0.5
Q
5
— 0.0r
©
c
2
wn
-0.5
—-1.0r ‘HE B - HHEEIEL

0 20 40 60 80 100
Discrete time (n)

source: commons.wikimedia.org (CC)
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A PWM TIMER

Operation:
= at start of period set the GPIO pin.
= counts up from 0.

= when counter matches Match Reg
then reset GPIO pin.

= when counter matches Limit Reg
then:
set GPIO pin;
generate IRQ;

reset counter.

= interrupt service routine may

reprogram the match register.

Match Register

Limit Register

GPIO

» match

y

CLK—>

> up counter

start/stop

__Control
limit

pin

set/reset ‘.

—> RQ

A A

reset

source: Authors
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TIMER CASE STUDY 2 - S7G2 GPT

The Renesas S7G2 MCU has 14 timers of the type GPT (General PWM Timer).

Each one is a complex circuit that provides significant flexibility for a variety of applications.
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Memory Interrupt control ARM Cortex-M4 System
I 4 MB code flash I | ICU | | DSP I I FPU | | POR/LVD | Clocks
TIMER CASE STUDY 2 - S7G2 GPT e (e [
Extemal [eamsoeo]
i T e | Do)
Diagram shows the hardware modules of the S7G2 MCU. i | i |
System timer Power control
General PWM Timers (GPT) are identified. o | —
DMA | MPU | | Test and DBG interface | | Rﬁmm | Battery bad(up|
DTC
Timers \I Communication interfaces Human machine interfaces
ez x4 ‘% | asPl | | USBHS | | CTSU |
\ GPTIa xS | I x 3 || SDHI x 2 ||g‘;’g§§1‘5§8 KINT
| SPIx 2 | | CANx2 JPEG Codec
RTC | Ssix2 | | USBFs |
WDT/AWDT
Event link Data processing Analog
ELC | CRC | | SRC | Aﬁzxwzim_l | TSN |
Security | poc | | DAC12 | | ACMPHS x 6 |
source: Renesas S7 Series Microcontrollers User’s Manual scE |
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TIMER CASE STUDY 2 - S7G2 GPT

There are 14 timers, grouped into:

» 4x EH - enhanced high resolution

= 4x E - enhanced

= 6X - conventional

CH13| CH12| CH11] CH10]| CH9 | CH8 | CH7 | CH6 | CH5 | CH4 | CH3 | CH2 | CH1 | CHO

- - Y N

GPT3213 GPT3212 GPT3211 GPT3210 GPT329 GPT328 GPT32E7 GPT32E6 GPT32ES GPT32E4 GPT32EH3 GPT32EH2 GPT32EH1 GPT32EHO
GPT32 GPT32E GPT32EH

- | | | | | — | i | | | g

source: Renesas S7 Series Microcontrollers User’s Manual
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TIMER CASE STUDY 2 - S7G2 GPT

GPT32EHO
Control registers —» Interrupt request signals
GTWP GTICASR GTDTCR
Clock source GTSTR GTICBSR GTDVU
PCLKD GTSTP GTCR GTDVD
PCLKD/4 Cycle setting/ ggg‘; glté)DRDTYC gggg
PCLKD/16 Cycle setting buffer registers GTPSR  GTINTAD  GTSOS
PCLKD/64
PGLKD/256 GTPDBR GTCSR GTST GTSOTR
PCLKD/1024 GTPBR GTUPSR GTBER
GTPR GTDNSR GTITC
— > Counter (GTCNT) €—— | —p Output disable request
emal —— P _
trigger (after noise filtering) Oulput compase U «¢—Output disable signals
GTETRGA
GTETRGB c . I/0 pins
GTETRGC Comparator omparator GTIOCA
GTETRGD 1 Lﬁl
ﬂ ﬂ ./ Input capture _ GTIOCB
GTADTRA GTCCRA
GTADTBRA GTCCRB
GTADTDBRA GTCCRC i
ELC event input
CTADTRS oTeene source: Renesas
GTADTBRB GTCCRE S7 Series
CTADTDERE oreen Microcontrollers
A/D converter start request timing/ Output compare/input capture registers| p A/D converter User’s M |
A/D converter start request timing buffer registers start request sers Manual
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TIMER CASE STUDY 2 - S7G2 GPT

GTWP

GTSTR
GTSTP
GTCLR
GTSSR
GTPSR

GTCSR
GTUPSR
GTDNSR

GTICASR
GTICBSR
GTCR
GTUDDTYC
GTIOR
GTINTAD
GTST
GTBER
GTITC
GTCNT
GTCCRA
GTCCRB
GTCCRC
GTCCRD
GTCCRE
GTCCRF

: General PWM Timer Write-Protection Register

: General PWM Timer Software Start Register

: General PWM Timer Software Stop Register

: General PWM Timer Software Clear Register

: General PWM Timer Start Source Select Register
: General PWM Timer Stop Source Select Register

: General PWM Timer Clear Source Select Register
: General PWM Timer Up Count Source Select Register
: General PWM Timer Down Count Source Select Register

: General PWM Timer Input Capture Source Select Register A

: General PWM Timer Input Capture Source Select Register B

: General PWM Timer Control Register

: General PWM Timer Count Direction and Duty Setting Register
: General PWM Timer IO Control Register

: General PWM Timer Interrupt Output Setting Register

: General PWM Timer Status Register

: General PWM Timer Buffer Enable Register

: General PWM Timer Interrupt and A/D Converter Start Request Skipping Setting Register
: General PWM Timer Counter

: General PWM Timer Compare Capture Register A

: General PWM Timer Compare Capture Register B

: General PWM Timer Compare Capture Register C

: General PWM Timer Compare Capture Register D

: General PWM Timer Compare Capture Register E

: General PWM Timer Compare Capture Register F

GTPR - General PWM Timer Cycle Setting Register
GTPBR : General PWM Timer Cycle Setting Buffer Register
GTPDBR : General PWM Timer Cycle Setting Double-Buffer Register

GTADTRA : General PWM Timer A/D Converter Start Request Timing Register A
GTADTBRA : General PWM Timer A/D Converter Start Request Timing Buffer Register A

GTADTDBRA : General PWM Timer A/D Converter Start Request Timing Double-Buffer
Register A

GTADTRB - General PWM Timer A/D Converter Start Request Timing Register B
GTADTBRB : General PWM Timer A/D Converter Start Request Timing Buffer Register B
GTADTDBRB : General PWM Timer A/D Converter Start Request Timing Double-Buffer

Register B
GTDTCR : General PWM Timer Dead Time Control Register
GTDVU : General PWM Timer Dead Time Value Register U
GTDVD : General PWM Timer Dead Time Value Register D
GTDBU : General PWM Timer Dead Time Buffer Register U
GTDBD : General PWM Timer Dead Time Buffer Register D
GTSOS - General PWM Timer Output Protection Function Status Register
GTSOTR : General PWM Timer Output Protection Function Temporary Release Register
OPSCR : Output Phase Switching Control Register

source: Renesas S7 Series Microcontrollers User’s Manual
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TIMER CASE STUDY 2 - S7G2 GPT

Simplified view of a GPT

PCLKD
PCLKD/4
PCLKD/16
PCLKD/64
PCLKD/256
PCLKD/1024

—)>

Timer Period
GIPR

32-bit counter

GTCNT

8x Compare Regs
GTCCRa.f

2x ADC start request
GTADTRa.b

v

to AD converters

GPT » Events
Control
> [RQ
A
GTIOCA pin
set/reset/toggle ‘.
| 10pin
control GTIOCB pin
set/reset/toggle ‘.

source: Authors
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TIMER CASE STUDY 2 - S7G2 GPT

GPT characteristics and operation:

= The counter (GTCNT) can count up (from 0 to GTPR), count down (from GTPR to 0) or up and down (from 0 to GTPR
and back to 0).

Hence, the period is either GTPR+1 or 2x GTPR;
= Due to a prescaler, the clock source can be selected from PCLKD to PLCKD/1024;

» A GPT can be used to trigger the start of an AD conversion, registers GTADTR are used to determine the timing to
command the start;

= 8 compare registers are available. On match, a number of actions can take place: set, reset, toggle an IO pin, generate
an interrupt request, generate an event, ...
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5.4 - GPIO

General Purpose Input/Output (GPIO) is possibly the simplest form of I/O in a system.

An input pin can be connected to a key, a push-button, or any other digital signal. By reading the pin the program can

detect if it is on high or low level and take appropriate action.
Input pins can generate interrupt requests (IRQ) when a required transition or level is detected.

An output pin can be connected to an LED, to a switch (transistor, relay) or any other device to be controlled by.
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GPIO CASE STUDY - S7G2 I/0 PORTS

The MCU used in the lab experiments (kit SK-S7G2) is the
R7FS7G27H3A01CFC. Its packaging is a 176 pins LQFP (Low-profile Quad
Flat Package).

Of its 176 pins, 126 are available either for I/O or to be used by the integrated

peripherals.

The 1/O pins are grouped into 12 ports
(PO to PB) each with up to 16 pins.

PS 11 PB 2
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GPIO CASE STU DY _ S7G2 |/0 PO RTS source: Renesas S7 Series Microcontrollers User’s Manual

Table 20.2 /O port functions

I/O pl ns can be Conflg u red In Several WayS Port Port name Input pull-up OP:;':Jtain Dris‘:i:cahﬁ:;ity 5-V tolerant
Port 0 P000 to POO7 -
= inputs may have an internal pull-up; P08 to POT1, PO14,PO15 | ¥ %
Port 1 P100 to P115 v v Low, middle, high
. Port 2 P200 v -
. OUtPUtS may be Open_d rain, P202 to P204, P207 v v Low, middle, high
P205, P206 v v Low, middle, high v
= output current capacity may be selectable: P201, P212 7 7 Low
P213 v v High
2, 4, 16/20 mA; Port 3 P300 to P315 v v Low, middle, high
Port 4 P400, P401 v v Middle v
= some inputs are 5V tolerant. Pa02 1o Paos . . o mege .
P405 to P406 v v Low, middle, high
P407 v v Low, middle, high v
Remarks: P408 to P415 v v Low, middle, high v
Port 5 P500 to P510, P513 to P515 v v Low, middle, high
= total current provided by the MCU is restricted POt o2 . . Midde .
Port 6 P600 to P615 v v Low, middle, high
to 80 mA, Port 7 P700 to P707 v v Low, middle, high
P708 to P713 v v Low, middle, high v
. . L . . Port 8 P800 to P813 v v Low, middle, high
= configuration capabilities vary from pin to pin, oo 500 G PaT v v Cow, middie_hioh
. Port A PAOQO to PA15 v v Low, middle, high
see table on the rlght Port B PB00, PB02 to PB0O7 v v Low, middle, high
PBO1 v v Low, middle, high v

rem: not all pins listed above are available on the part number R7TFS7G27H3A01CFC
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GPIO CASE STUDY - S7G2 I/0 PORTS =

Simplified block diagram
of an 1/O pin CE GPIO
Peripheral — Sutout pin
> (]

amp.
/0O > P

o
oo i(

PVMR /
5 e Read Control
escription / -
Reg |Description ) input
PODR Port output data PIDR amp.
PDR Port direction
PIDR Port input data Peripheral <
PMR Port mode: 1/O vs periph. Events €«—————
Interrupt «—— source: Authors
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GPIO CASE STU DY - S7G2 IIO PO RTS source: Renesas S7 Series Microcontrollers User’s Manual

N: ;l PCR
Block diagram for an 1/O pin Peripheral o
‘—.I DSCR, NCODR }7
Peripheral output I m
o= 3
Rog_loesrton | Reg_locscption
Pull-up control PODR Port output data 3
PDR Port direction PSEL  Peripheral sel. ac ——§
DSCR  Drive capabil. PIDR Port input data : X
ELC % > Edge detect —< ‘—T"
NCODR open-drain ctr ISEL interrupt enable E
EOSR evt output set ASEL  analog select Perpneral inout '
EORR event output PMR Port mode: « %j
reset I/O vs periph. Read control - — s~
-+ > ISEL —
POSR port output set EIDR  eventinput data le e
PORR port output EOF/  event on falling/ ko et
reset EOR rising edge
Figure 20.1 Connection diagram for /O port registers
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5.5 - LOW-POWER DRIVERS

When a device connected to an output pin has
low input current requirements (low typically
means below 1 mA) then it can be directly
connected to the I/O pin.

Example: the Renesas Development Kit for S7G2

has an audio amplifier and a speaker connector.
This audio amplifier is controlled
by an output pin:

» P902 is an I/O pin of the S7G2 microcontroller
that controls if
the amplifier is enabled or not.

AUDIO AMPLIFIER Note: Not compatil
+5V
4RA3IDS
2K
u7
NCP2809
79 AAMP EN ) [ 7
P02 _AUDIO EN 1[5 o2 - of SN VP '
ET P01 DAT 31 3RA351Cs L 5 6 01f
014 DAV eele i bacoun [ oo % ? —o sl 2 NEINO
LuF 31 gyr ouri}E | 21
77313-801-06LF [ 7] fason - 3 A
2R 1 ] IR REFI|2e—f G !
decn X N e I
pac ourm | 1oF VM OUTR
et I - o3 1 c44
21 RA3SIA —L_c43 -
100% 1urT = 1uF Io tuF

source: Renesas Development Kit S7G2 (DK-S7G2) User’s Manual
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LOW-POWER DRIVERS

In the case of a small LED, which typically requires current around 2 to 5 mA

to light up, a limited number can still be connected directly to output pins.

The S7G2 MCU has the same source and sink capability, meaning that an
output pin configured for middle drive capacity can source 4mA when its

output is high and can sink 4mA when its output is low.

This symmetry is not a rule, many digital logic ICs are capable to sink much
higher currents than to source them. Hence, quite often, devices such as

LEDs are turned on by an output pin sinking current, i.e. with a logic level 0.

VCC (3.3V)

LED1 l)
\\

R1
470R

P6.0

P6.0 = 0 (0V) LED is ON
P6.0 = 1 (3.3V) LED is OFF

source: Authors
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5.6 - POWER DRIVERS

Loads that require higher currents than in the previous examples are

controlled by output pins connected to interface circuits, such as:
= Transistor (bipolar, MOS, or BICMQOS),

= Relay,

= H-Bridge,

= Other power electronics circuits.

Such interface circuits also allow the use of much higher voltages on the
load.
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POWER DRIVERS

Example 1 - Power LED

Consider a Power LED requiring
a forward current of 500mA with a
forward voltage of 3.2V + 0.15V
(varies with ambient temperature

and component sample).

source: wikimedia.org (CC)
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POWER DRIVERS

Example 1 - Power LED

A low-cost solution consists of a transistor,
acting as a power switch, and a series

resistance, to limit the forward current.

When P6.0 is at logic level 1, Q1 is on and LED is on.
When P6.0 is at logic level 0, Q1 and LED are off.

Drawbacks:
R1 dissipates 1W when LED is on.

LED current, and brightness, vary with LED forward voltage.

Advantages:

Load can operate from a power source with different voltage.
(in this example, MCU VDD is 3.3V and LED is powered from 5V)

P6.0

source: wikimedia.org (CC)

R1
3R6
2.5W

Q1

R2
10K

G

— source: Authors
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POWER DRIVERS

Example 2 - Relay

If galvanic isolation between the MCU and the load
is required, a solution is the use of a relay.

When P6.0 is at logic level 1, the transistor is ON,
current flows through the relay coil and the contact
closes, turning the electric motor ON.

When P6.0 is at 0, the motor is off.

Since the relay coil is an inductive load to the
transistor, the diode is required to avoid voltage
spikes when the transistor switches off.

5V
Relay

AC Mains
\ 110V

@
Qi GE;_ Electric Motor
P6.0 -

R2
10K

Q1: n-channel MOS FET

source: Authors
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POWER DRIVERS

Example 3 - H-Bridge

An H-Bridge consists of four switches (in this case
four n-mos). The load is a DC motor. When Q1 and
Q4 are ON, the motor is energized. When Q2 and
Q3 are ON the polarity is reversed.

Q1 and Q2 should never be ON at the same time as
this would short circuit the power supply. For the
same reason, Q3 and Q4 should never be ON at

the same time.

Typically, the four switches are driven by PWM
signals to control the current and the speed of the

motor.

Ql

A Dl

AD2

Q3

D3 & —

4

D4K —»

Q4
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POWER DRIVERS

Example 4 -
Power LED driver using a switching power

supply.
GPIO can turn LED on or OFF.
Alternatively, PWM can dimmer the LED.

When compared to Example 1, this circuit
does not waste energy on a current limiting

resistor, hence, it is energy efficient.

GPIO

Vin

°%0]

or

o ( IN%' —C1 LED1
\\

LED driver |
controller ‘L

R1

source: Authors
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