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What 1s a Microcontroller?

* A microcontroller 1s a kind of miniature computer fo
und 1n all kinds of gizmos

* Generally speaking, if a device has buttons and a digital
display, chances are it also has a programmable microc
ontroller brain.
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Microprocessor vs. Microcontroller

o . (11 .
A microprocessor is the brain of a computer s
ystem

Generally referred to as the central processing uni
t (CPU), the microprocessor by itself 1s practically
useless

To be useful, one must have means of communic
ating with it using input and output devices

One must also add memory (ROM and RAM) so
that the system can be programmed.



Examples: Car Door

Window control buttons

Window stall sensor

Window motor

Lock control

Open door sensor

Lock actuator
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Microprocessors and Microcontrollers

e A microprocessor is a processor on one silicon
chip.

e Microcontrollers are used in embedded comp
uting.

e A microcontroller is a microprocessor with ad
ded circuitry.
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Microcontroller Packaging and Appear
ance

From left to right: PIC 12F508, PIC 16F84A, PIC 16
C72, Motorola 68HCO5B16, PIC 16F877, Motorola
68000
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Digital Signal Processors

Digital Signal Processors (DSP's) are types of microcontrollers th
at are more specialized for a particular application. DSP represent
around 20% of the total MCU market.

DSP's are particularly well suited to real-time operations in which
a data stream, video, audio, etc. is modified in someway as it is p
assed along to another device or component




Mechatronic system components

ACTUATORS

- solenoids, voice coils

- DC motors

- stepper motors

- Servo motors

- hydraulics, pneumatics

1

MECHANICAL SYSTEM

- system model - dynamic response

SENSORS

- switches - strain gage

2. potentiometer - thermocouple

- photoelectrics - accelerometer
- dagital encoder - MEMs

GRAPHICAL
DISPLAYS ||

- LEDs -LCD
- digital displays - CRT

- D/A, D/D
- amplifiers
- PWM

OUTPUT SIGNAL
CONDITIONING
AND INTERFACING

INPUT SIGNAL
CONDITIONING
> AND INTERFACING

- discrete circuits - filters

- power transistors
- power op amps

- amplifiers -A/D, D/D
DIGITAL CONTROL
ARCHITECTURES
- logic circuits - sequencing and timing
- microcontroller - logic and arithmetic
- SBC - control algorithms
- PLC - communication




Overall schematic diagram of medical mini-
heater

Microprocessor:

PIC16F88
Thermocouple: Omega Thermocouple

5TC type J interface: AD594

@
C |
*
LED
Heater: Etched foil

Kapton insulated

Relay
heater plate Insulation1000°F

Rescor™ 914 Glass
Ceramic




Insulation1000°F
Rescor™ 914 Glass Ceramic

Use Temperature °F (Max.) 1000 Density (gmicc) 26

Compressive Strength (psi) 40,000 Dielectric Strength (volt/ mil) 480

Flexural Strength (psi) 26,000 Resistance (ohm/cm) 10"

Thermal Expansion (x 108 /%) 5.2 Loss Factor (@ 1 Mhz) 0.01

Thermal Conductivity 2.8 Dielectric Constant (@ 1 Mhz) 75
(BTU-in / Hr °F Ft%)

A dense and vacuum tight, Glass Ceramic Composite that is
readily machinable on conventional equipment with standard
cutting tools.

No post machining heat treatments are required.

Rescor 914 Glass Ceramic is inert to oxidizing and reducing
atmospheres and usable to 1000°F maximum.

Offers excellent mechanical and electrical properties and has
dielectric strength of 480 volts/mil.

Rescor 914's low thermal conductivity, high impact and
mechanical strength make it an ideal high temperature
material.




Ready-made insulated thermocouples
and Heater: Etched foil Kapton insulated heater plate

“TT” PFA
insulation

Thermocouple:

Omega STC type J STC-TT-()40<") | 40 | 0.08(0.003) | PFA

Etched foil Kapton insulated heater plate

Size in inches Size inmm  Resistances (Ohms) Effective area (sq in)
XY XY 0.251.00 6.35254 25 0.18



Thermocouple interface: AD594

FEATURES

Pretrimmed for Type J (AD594) or
*Type K (AD595) Thermocouples
*Can Be Used with Type T Thermocouple In CONSTANTAN 45V

(ALUMEL) 10mvrC
uts |
P [12] [11] [0] [ Si I si

13

Low Impedance Voltage Output: 10 mV/8C
Built-In Ice Point Compensation

*Wide Power Supply Range: +5Vto 615V \ AD594/

*Low Power: <1 mW typical 1w —

*Thermocouple Failure Alarm } T e lcowe fre

Laser Wafer Trimmed to 18C Calibration Ac IRON l——ﬂ
| 3 P 3 Y 3 I 5 R

curacy Lo I

-Setpoint Mode Operation 1 COMMON

*Self-Contained Celsius Thermometer Oper

ation

*High Impedance Differential Input
*Side-Brazed DIP or Low Cost Cerdip



PIC16F88

18-Pin PDIP, SOIC

RA2/AN2/CVREF/VREF- =+ [| 1 U 18 [ <= RA1/AN1
RA3/AN3/VREF+/C10UT =[] 2 17 [1 == RAO/ANO
RA4/AN4/TOCKI/C20UT <= [ 3 o 16 [] == RA7/OSC1/CLKI

RASMCLRVPP —»[14  ®  15[] == RAG/OSC2/CLKO
Vss —»[5 =  14[]=<—VoD
RBO/INT/CCP1M) «»[] 6 %:’ 13 [] <= RB7/AN6/PGD/T10SI
RB1/SDI/SDA <[] 7 12 [] <+ RB6/AN5/PGC/T10SO/T1CKI
RB2/SDO/RX/DT <[ 8 11 [J <> RB5/SS/TX/CK
RB3/PGM/CCP11) =[] g 10 [] == RB4/SCK/SCL




PIC16F88 pinout description

PDIP/
Pin Name SOIC S§0P Q.FN vow Buffer Description
. Pin# | Pinz | Type Type
Pin#
PORTA is a bidirecticnal /O port.
RAD/AND 17 19 23
RAQ e} TTL Bidirectional /O pin.
ANO I Analeg Analog input channel 0.
RA1/AN1 18 20 24
RA1 o] TTL Bidirectional 1/O pin.
AN1 | Analeg Analog input channel 1.
RA2IAN2/ICVREF/\VRE=- 1 1 26
RA2 o] TTL Bidirectional /O pin.
AN2 I Analcg Analog input channel 2.
CVRzF (0] Comparater VR=F cuiput.
Vres-(4) 1 Analog AJD reference voltage (Low) input.
RA3ANINREF+/C10UT 2 2 27
RA3 o TTL Bidirectional /O pin.
AN3 I Analcg Analog input channel 3.
VrzF+4) | Analog AJD reference voltage (High) input.
C10UT 0] Comparator 1 output.
RA4/AN4/TOCKIC20UT 3 3 28
RAZ e} ST Bidirectional /O pin.
AN4l4) 1 Analog Analog input channel 4.
TOCKI | ST Clock input to the TMRO timer/counter.
C20uUT (o] Comparator 2 output.
RAS/MCLR/N\rr 4 4 1
RAS I ST Input pin.
MCLR | ST Master Clear (Reset). Input/programming voltage
input. This pin is an active-low Reset to the device.
Veo P - Proegramming voliage input.
RAB/OSC2/CLKO 15 17 20
RAB o ST Bidirectional /O pin.
0sC2 0] - Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.
CLKO 0] - In RC mode, this pin cuiputs CLKO signal which has
1/4 the frequency of OSC1 and denotes the
instruction cycle rate.
RATIOSCI/CLKI 16 18 21
RA7 o] ST Bidirectional 1/O pin.
0SsC1 I |sTicMOst®) Oscillator crystal input.
CLKI | - External clock scurce input.
Legend: | Input © = Output /O = Input/Output P = Power

Not used TTL = TTL Input ST = Schmitt Trigger Input



TABLE 1-2:  PIC16F87/88 PINOUT DESCRIPTION (CONTINUED)

PDIFY
2S0OF | GFN | 1OwW Buffer
Pin Name :25 Ping | Fing | Type p— Decoription
PORTE I3 2 bidrecticral U0 port. PORTS can te
software programmed for intemal weat pul-cp on al
Inpues.
REOINTICCE1Y € 7 7
REC o TTL Bldireconyl /O pin.
INT 1 sTih Exterral interrugt pin.
cCc™ 1o ST Capture Input, Compare oupet, PIVM cutput.
REVSDISDA 7 3 -
RB1 o TTL Bldireconyl /O pin.
SOl | ST SSiCata
S0A 1o ST I°C Data.
REISDORXNDT g E 9
R82 o TTL Bldireconyl /O pin.
S00 o ST S=1 Data out.
"X 1 USASRT asyrchroncus racelve.,
oT o USASRT synchronous cetect.
razPemccsP S 10 10
RB3 1o TTL Bldireconal /O pin.
=GM 1o ST Low-Voitape ICSP programming enable pin.
CCP1 I sT Capture rput, Compare outdut, PIWVM cutput.
RELSCKESCL 10 " 12
s34 o TTL Eldirecony /O pin. interrupt-cn-chanpe pin.
SCK 1o ST Synchronous seral clock Inputioutet for SPI.
ScL 1 ST Synchronows seral chock inpet for °C.
RESBETHCK 1 12 12
]88 o TTL Eldirecony /O pin. interrupt-cn-chanpe pin.
5 1 L Siava selact for 571 In Slave mede.
TX o USASRT asyrchroncus tramsmi
cx o USASRT synchronous cleck.
RECANSPGCTIOSS | 12 | 13 | 15
TICKI
RES o TTL BEldirecyonal /O pin. inmertupt-cn-chanpe pin.
Anslt 1 Aralog irput channel 5.
PGC o sT® In-Crcuk cebugper and programming cock pin
T10E0 o ST Timer{ csciator cutput.
TiCKI I ST Timer{ exiernal ciock Input.
RETIANSPGDIT10S: 13 14 16
RET o TTL Eldirecyony /O pin. imerrupt-cn-chanpe pin.
ANe'Y 1 Aralog rput channel 5.
#GD | st In-crcuk cebupgper and ICSF programming data pin.
T1CSE! I ST Timer{ csciiator Input
Vss 5 5.5 3,5 P - Ground reference for icgic and 1O pins.
veo 14 15,16 |17,18 P - Positve supply for logic anc 1O pins.
Legend: | = Input QO = Culpnt I'D = InputiOupet P = Power
- = Notused TTL = TTL Input ST = Schmitt Trigger Input
Note 1: This buferis a Schmitt Trigper input when corfigurad as the extermal interrupt.
2:  This bufer is a Schmitt Trigper imput when used In Serfal Frogramming moce.
3:  This bufer s 3 Schmitt Trigger Input wihen configured In RC Osciiater moce and a CMOS irput otheralze.
4: FIC1EFEE devices any
6: Tha CCF1 pin s datermined by CCEMX In Configuration Woed 1 ragister




PICBasic Pro Programming

e PicBasic Pro is a compiler that uses a pseudocode ap
proach to translate user friendly BASIC code into ass
embly language code that is created in a separate *.a

sm file.

e The assembly code is then compiled into hexadecima
| machine code (*.hex file) that the PIC can interpret.

e The hex code file is then downloaded to the PICand r
emains stored semi-permanently in EEPROM even w
hen it is powered off. It will remain in PIC memory un
til it is erased or overwritten using the DEVELOPMEN

T PROGRAMMER.



Blink an LED

Build an LED blinking circuit using a PIC16F88.
‘lab6a.bas

‘Example program from to blink an LED connected to PORTB.O0
‘Configure the internal 8MHz internal oscillator

define osc 8

osccon.4=1 : osccon.b5=1 : osccon.6=1
loop: High PORTB.4 ' Turn on LED connected to PORTB.4
Pause 500 ' Delay for .5 seconds
Low PORTB.4 ' Turn off LED connected to PORTB.4
Pause 500 ' Delay for .5 seconds
Goto loop ' Go back to loop and blink LED forever
End

Modify the program so that the LED can blink twice faster! -> Report item.

18-Pin PDIP, SOIC
| G
RA2/AN2/CVREF/VREF- =[] 1 U e [] <= RA1/ANT
1 KD RA3/AN3/VREF+/C10UT =[] 2 17 [1 == RAO/ANO O 1 u FJ)
RA4/AN4/TOCKI/C20UT == [ 3 o 16 [1 == RA7/0SC1/CLKI —_1 '
5\/ J‘) W 4 il 15 [ == RAB/0SC2/CLKO
\/ss, I: 5 g 14 ] AVinYaY
GD RBO/INT/CCP1M <[ 6 g 13 [] <= RB7/AN6/PGD/T10SI
RB1/SDI/SDA == [ 7 12 [1 == RB6/AN5/PGC/T10SO/T1CKI
RB2/SDO/RX/DT =[] 8 11 [ == RB5/SS/TX/CK
RB3/PGM/CCP1M <=9 10 [ == RB4/SCK/SCL ‘ LE D P

5V









UUNIRULUNCRSUN

—> MAINPWRPLUGTO 11OV
AC

<—— CUTTERPLUG TO OU

TLET
MAINAIR SUPPLYTORE __
GULATOR
AIR LINES FROM VAL
VES TO CYLINDERS
PART NUMBER TITLE DESCRIPTION o1y
1 CONTROL BOX GREY, STEEL 1
2 EMERGENCY STOP PULL TO RESET 1
3 ON/OFF BUTTON MCMASTER-CARR: 8382K232 1
4 START BUTTON MCMASTER-CARR: 8382K211 1
9 STOP BUTTON MCMASTER-CARR: 8382K221 1
6 ON INDICATOR MCMASTER-CARR: 53391143 1
1 START INDICATOR MCMASTER-CARR: 53397142 1
8 LCD COUNTER MCMASTER-CARR: 1731752 1
SEE APPENDIX A FOR SPECIFICATION SHEETS
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Arduino

Arduino is a popular “open source” single board
microcontroller. It is designed to make the process of
using electronics in multidisciplinary projects more
accessible.




Single-Board Computers

« A computer on a single board. Programmable for 1/O
control and the ability to use high level peripherals.

T1 TMS320 chip,
Realsys-DSP33-PLUSE
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Raspberry Pi

The Raspberry Pi is a credit-card s
ized computer that plugs into you
r TV and a keyboard.

It is a capable little computer whi
ch can be used in electronics proj
ects, and for many of the things t
hat your desktop PC does, like spr
eadsheets, word-processing and g
ames

It also plays high-definition video.
Mostly it runs a stripped down lin
ux distribution

— You write code similar to how you wo
uld write for Linux

— Comes with easy to use python scrip
ting language for programming
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» Pressure sensors
Boom-up chamber
Boom-low chamber

» Boom stroke sensor

)



» Solenoid actuation control
led by DSP




Personal Computers

« PCs with dedicated I/O and data
acquisition cards and specialized software
may be used as controllers.

Demo Application 2

Topn Pt it b ¢ &

r B




Sensor

NI board controller

DAQ Device Computer
Signal Analog-to-Digital Driver Application

Conditioning Converter Software Software



Example robot finger demonstration



Programming languages for microc
ontrollers

e Processors are programmed wi

th a machine language hex file

It isn’t convenient for humans t
o read this

e That’s why higher level languag

es are created

— C, C++, Basic, Assembly (lower lev
el), Pascal, Fortran, etc

— Makes it simpler for humansto g
enerate instructions for the proce
ssors to follow

:10007000DACFEOFFE1ICFDOFFE2CFDAFFFDOEDBCF2B
:1000800001F0800EQ1140BEOFCOEDBCFOOFOFDOE4 2
:10009000DBCF@1F0006(011EGOAEQ12206DOFCAE2ZD
:1000A000DBCFOOFOFDAEDBCFO1FOQACOF3FFO1CA9D
:1000BOGAF4FFES52ES5CFDAFFE7CFDOFF1200D9CF41
:1000CO0OEGFFDACFEGFFELICFDOFFEZCFDAFFELS07A
:1000DOVOFAQFE9GEFFOEE22OEAGEDBOGO3OEEBSBAS
:1000E000000AQ8ECOPOEEESCOPAEEESBOOOEEESS1S
:1000FO000REEES81SE2FAQEDBCFO@FOFBOEDBCF60@
:1001000001FOFCOEDBCFO2FOFDAEDBCFO3FOROAEAZ
:10011000006(C011E0122021E0222031E03220CDACB
:10012000FAGEDBCFOOFOFBOEDBCFA1FOF COEDBCFDS
:1001300002FOFDOEDBCFA3F000CO2EFOO1CA2FFO67
:1001400002C030F003CA31FOESS52ESCFDAFFEZCFOF
:10015000D9FF1200D9CFEGFFDACFEGFFELCFDOFF12



Compilers and programming enviro

nments
e You write code in a development environment
— picBasic Pro
— MPLAB X

— gcg, etc
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Libraries
W
v
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Loading code from /Users/charlessimpkins/Documents/radiant delphin press ma

@I

config_bits_test
[ 2 Header Files
Important Files
Linker Files
Source Files
Libraries
Loadahles
D_RTOS

Header Files
Important Files
Linker Files
Source Files

Em_lrm_lrﬁm = ﬁfmm_lrm_lrﬁ

>
[ 2
>
[ 2
>
=
>
>
>
>
>

o
2
;

config_hits_test - Dashboard o8

RE-E-Q @ &l e

=

*f

1 f®
2 *
3 *
4 %
5 %
6 *f
7
8 T #include <stdio.h>
9 #include <stdlib.h>
10
11 T f®
B

File: newmain.c
Author: charlessimpkins

Created on MHovember 5, 2014, 11:15 PM

int main(int argc, char*+ _qx;&y,!l {

s config_bits_test
¥ ¢ Device

@GP PICL6F627A

& Checksum: Ox1DFF
v Y Compiler Toolchain

W XC8 (v1.10) [/Applicatio
v [ Memory

v [ RAM 224 (0XEQ) bytes
| 0%

Flash 1024 (0x400) worda

—

v

w Loading completed

Qutput - mote..o

- e - e e e e e e e e o e e e o = 4




Programming the chip

e The code is then compiled and downloaded in
to the processor

e This is done either through a “programmer,” o
r using a bootloader

— Bootloaders work for certain types of processors t
hat are capable of ‘self-programming’

— Small pieces of code that instruct the processor to
shift the rest of the program into memory
e Arduinos typically use this method



Debugging

e Allows you to step through code and look at v
ariables, execution paths, and data

e Extremely useful and necessary for complex c
ode



