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What's wrong with a P47

Pentiums Microcontrollers
50 million transistors ¢ < 150,000
$200 transistors
Watts @ idle e $0.50 - $5.00
Complicated e 0.01s Watts while
instruction set and active
usage model e “Simple”

programming model



PIC16F8/76A

28-PIn PDIP, SOIC, SSOP
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What Is 1t?

8-bit processor that can be clocked from 50
kHz - 20 MHz

8K Flash program memory and 368 bytes
SRAM

22 1/0 pins (5 of which could be ADCs)
35 Instructions

Hardware USART

2 Comparators



Memory

Fils Fiba Fila Fila
Addrees Address Address Addrasa
Indirect adds ™ | 00h Indirect addr.™ | agn Indiract addr ™ | 100h Indirect addr.™ | 1808
TMED Oih OFTION_REG | 81h THMAD 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR Odh FSA 84n FSR 104h FSA 184h
PORTA 05h TRISA 85h 103h 188h
PORTE 0Bh TRIEE 86 PORTB 106k TRISE 186h
POATC oTh TRISC 87n 107h 1ETh
POETD™ | 0Bh TRISO™ a3 18h 188h
PORTE™ | 0@h TRISE™ | 86n 108h 180h
PCLATH 0ah PCLATH 2an PCLATH 10AR PGLATH 1B&h
INTCON DBh INTGON 88h INTGON 108k INTCON 1BBh
PIR1 0OCh PIE1 8Ch EEDATA 10GH EECON1 18Ch
PIR2 0Dh PIEZ 80h EEADR 1000 EECONZ 1BDh
TMRIL 0Eh PCON &FEh EEDATH 10ER Bacerved™ | 18Eh
TWATH 0Fh &Fh EEADEH | 10Fh Fssanved® | 1&Fh
TICON 10h 90n 110h 180h
TMA2 11h SSPCONZ | 91h 111h 181k
TZCON 12h PRZ g2h 1Eh 182h
SSPEUF 13h S5PADD 93n 113h 183k
EEPCON 1dh SSPSTAT 94h 114h 104k
GCPRIL 15h 85 115h 185k
CCPRTH 16h 96h 116h 186h
CCRICON | 17h o7h Genaral 117h General [ 457k
——— A — Purpose Purpase
SCSTA 18h THSTA o8 Register 118k Register 188h
THREG 16h 5PERG oh 16 Bytes 118h 18 Bytes 188h
RCREG ifh QAR 114h 184h
CGPRE2E iBh =i 11Bh 18Bh
CCPR2H | 1Ch CMCON 9Ch 11Ch 18Ch
GCFZCON | 100 CVRGON oDh 11Dh 1800
ADRESH | 1Eh ADEESL 9ER 11ER 1BEh
ADCOND | 1Fh ADCONT GFh 11Fh 18FR
20h AR 120h 1400
95."’?; Genearal gifnegel
General %s—gﬁosaal E;ES?; nﬂgfﬁcsha
H;EE?:: &0 Bytas BO Bytes 20 Bytas
D6 Bytes EFh 16Fh 1EFh
accasses | TN ACCHESEE 1700 BEERE. il
70h-7Fh 70h-7Fh 70h - 7Fh
TFh F 17Fh 1FFh
Bank 0 Bari 1 Bani 2 Bank 3

 Flash memory is
where your
“program” is stored

« SRAM is general
purpose memory

 Registers can be
memory mapped



Instructions

Processors work

with instructions

— Move, Add, Jump,
etc.

Programs are just a

series of instructions

that the processor

“steps” through

TABLE 15-2: PICi16F87XA INSTRUCTION SET
Megmanie, Deszcription Cycles Lt it S Motes
Operands Msb = Affacted
BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF f.d Add'W and 1 oo 0111 dfff Efff | CDCZ 12

ANDWF f.d AND W with f 1 o0 0101 4fff EfEF z 12
f Clsar f 1 oo o000l 1££f EfEE Z 2
- Claar W 1 00 0001 0X%X XXXX 4
f.d Complement 1 o0 1001 AfEE EEEE Z 1.2
f.d Dacrement f 1 o0 0011 4Afff EEff z 12
f.d Decremsnt f, Skip if 0 12y oo 1011 dEEfE £EFF 1.23
f.d Incremant § 1 o0 1010 dfff EEEE Z 12
f.d Incramaent f, Skinif 0 1(2) o0 1111 dfff Efff 123
f.d Enclusive OR W with 1 o0 0100 Afff EEfE Z 12
f.d Moue 1 oo 1000 Afff EFEF z 12
f Move Wiof 1 o0 0000 1££f EfEE
- Mo Cperation 1 o0 0000 dxxd 0000
f.d Fotate Ladt f through Carry 1 oo 1101 dfEf £fEE c 12
f,d |Rotats Fight f through Carry 1 00 1100 dfEf EFEf [+] 12
f.d Subtract W from f 1 o0 0010 dfEE ££ff | CDCZ 1.2
f.d Swap nibblss in f 1 o0 1110 4fff EEff 12
f.d Exclusive OR W with { 1 oo 0110 dfEff EfEE Z i2

BIT-ORIENTED FILE REGISTER OPERATIONS

BCF f.b Bit Claar f 1 01 o0okb bEEf EfEE 12

BSF f.b Bit Set i 1 o1 oikb bEff Eff£ iz2

BTFSC b Bit Test i, Skip if Claar 12 01l 1okk bEEE EfEE 3

BTFSS f.b Bit Tast f, Skip if Sat 1i2) 01 11kb bEEf EffE 3

LITERAL AND CONTROL OPERATIONS

ADDLW k Add Literal and W 1 11 111x kkkk kkkk| CDCZ

ANDLW k AND Literal with W 1 11 1001 kkkk kkkk Z

GALL k Call Subroutine 2 10 0kkk kkkk kkkk

CLAWDT Claar Watchdog Timar 1 00 0dgo 011a 6100 | TO.PD

GOTO k Go to Address 2 10 1kkk kkkk kkkk

FORLW k Inclusive OR Literal with W 1 11 1000 kkkk kkkk Z

MOVLW 3 Move Literal to W 1 11 00xx kkkk kkkk

RETFIE - Basturn from Intarrupt 2 00 00a0 9000 1001

RETLW k HAeturn with Litaral in W 2 11  0lxx kkkk kkkk
= Beturn from Subroutine 2 00 0000 0000 1000
= Go into Standby mode 1 00 Qo000 0110 001l | TO.PD
k Subtract W from Litaral 1 11 110x kkkk kkkk| CDCZ
k Exclusive OR Litaral with W 1 11 1010 kkkk kkkk Z




Adding two numbers

Numbers are defined in
locations in memory

Move NUMBER1 to the
W regqisters (working
register)

Add NUMBER2 to W

and store the result
back in W

Move the value in W to
the NUMBER3's
memory location




Counting down v1.0

W <-10
COUNT <-W
Do some stuff

If the Z bit is set in
STATUS (the last
operation == 0), then
skip the next line

If the GOTO is not
skipped, then jump
back to the do_loop




Counting down v2.0

e There are optimizations
for common operations

« DECFSZ decrements
the value in COUNT,
stores it into COUNT,
and if COUNT == 0 (if
the Z bit is set), it skips
the next instruction




Labels

« Labels allow you to
mark a place in the
code to GOTO or CALL

e GOTO jumps to a label

 CALL saves the current
position, then jumps to
a label

— Allows for a RETURN to
the current position



Simple Output

» Setup PORTC pin 0 " 1
(RCO) to be an i
output

 Turn PORTC pin O
on

 Turn PORTC pin 0
off




Simple Input

e Setup PORTB pin 0
(RBO) to be an input
« If RBOis “low” (reads

Jedr LM

......

L R S th
e e g P [ [ T e Tt T e
en o b=a |om e O Rl I [ e

0), then skip TR e

— this is the button press
e If RBO Is “high”, then do
next instruction

— Keeps us looping until
the button press




Using the USART

USART RX on RC7, TX on RC6

— Make sure that RC7 is an input, and RC6 is an
output in your code

Load baud rate into SPBRG

Receiver enable with CREN bit iIn RCSTA,
transmitter enable with TXEN bit in TXSTA

Put value you want to transmit into TXREG
Loop on PIR1 bit RCIF to wait for bytes
See sample code!



Assembler iIs fast! But...

Large programs are hard to manage

Allocating memory locations in your
head Is a pain

Remembering the nuances of all the
Instructions can get annoying

“Porting” your code to a different
processor is almost impossible



Higher level languages

 C, Basic, Java, Lisp
o All “abstract” out the processor and let you

focus on code

— The compiler handles the conversion from the
high level language to the assembly instructions

e There Is a penalty, however...

— Size of code
— Execution speed



C vs. Assembler

Assembler C

MOVLW d'10’ count = 10;
MOVWF COUNT while( count-- > 0 ) {
flash: port ¢ =1,

BSF PORTC, 0O port ¢ = 0;

BCF PORTC,O0

DECFSZ COUNT, F }

GOTO flash



Raffl vs. CCS compiled

Raffi-written ASM CCS generated ASM
MOVLW d'10’ MOVLW d’'10’
MOVWE COUNT MOVWF COUNT
flash: flash:
MOVF COUNT, W
BSF PORTC, 0 DECF COUNT, F
BCE PORTC, 0 YORLW d'0
DECFSZ COUNT, F BTFSC STATUS, Z
GOTO flash GOTO flash_done
MOVLW d'1’
MOVWF PORTC
CLRF PORTC
GOTO flash

flash_done:



Getting the job done



Software

« MPLAB IDE : Microchip’s integrated
development environment

 PICC : CCS C compiler for PICs
— Integrates into MPLAB

e gpasm : open source assembler



Hardware

« PICSTART Plus or
equivalent programmer

* Project ideas

— Program a “bootloader”
Into the software and
then load code over the
serial port

— Build a PIC programmer
(you can easily do it with
another PIC and some
simple circuitry)




Attaching your board
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 Pin 1 goesto 15V when
programming, pins 28
and 27 bidirectionally
talk to programmer

e Attach a header and
connect that to the
programmer

* Also connect power
(5V) and ground



Compiling your code (MPLAB)

_ MPLAR IDE - I::I'lllﬂ_nFFII'I.IREL'I-BE.PJT

File | Project Edit Debug PICSTART Plus Options Tools  Windy

% mety Projeck... -ﬁ- |-E-
open Project.., Ckrl+-F2
Cloze Project

Save Project

Edit Fraject, .. Chrl+F3
Malke Project

Build &l CtrHF10
Build Maode Al-HFLD

Install Language Tool...

1 ciiraffiyrs485,pit
2 c:hraffilbest it woT 0
3 ciiraffiymeasure. pik h -
4 c:{docume1raffikideskioplipcaplipcap. pit
5 ciiraffiywEr_old.pit

PIN SRX EQU i
PIN_STX EQU i}



Getting ready to program
(MPLAB)

" MPLAB IDE - C:\RAFFI'\RS485.P1T
File Project Edit Debug | PICSTART Plus Options  Tools  Window  Help

Enable Programmer ] ‘m E

Froarami Meriiy, .

a C ReadDeyce..,
i Bilairite ek Al
5535 485 tutoria  Elankcheckop
35 © <raffildme Dispiay Error Log
=53 2711783
173 Ergse Progrant Memeey
EraselConfiguration Biks
LIST
| HesetProgrammer

finclude pl16F876.1ncC

__config _HS_OSC & WDT OFF & _



Burn baby, burn (MPLAB)

_igi x|
Dscillator __YJ DB_'\'iCE-SDE_I;_:iﬁC-aﬁUﬂS'
Watchdog Timer | gff hd ‘ Device | PIC16F876 :j| Configuration Bits I
Power Up Timer | gp, ll ID’s and Checksum Program Statistics
Code Protect | O ~||| | pevicen | zFzFrFIF | Pass  0000DD
Brown Dut Detect | - Checksum FODE | Fail 000000
Low ¥Yoltage Program | Dizabled hd| Yoltages Total 000000
Data EE Protect | oy ﬂ VDD Min |5 op - Reset
Flazh Program Write | Ehabled = ¥DD Nom | 500 j
Background Debug | Djzabled _*J VDD Max |5 00 1
VEE 1300 =]
U 3o Yoitane Proam
‘OPEN_OFF & _CP_OFF & _LUP_OFF SOTE File IiﬂﬂﬁﬁTFquBamglhed
Blank Head Program Yerify
Eraze Flash Device Close

& LUP OFI ||



MSP430F1232

DW or PW PACKAGE

(TOP VIEW)
TEST CI]1 © 28 .11 P1 7/TA2/TDO/TDI
Ve £ 2 27 |1 Pt 6/TA1/TD
P2 5/Rposc L2 26 [ 11 P1 5/TADITMS
Vgg 14 25 [T P1.4/SMCLK/TCK
XOUT L5 24 T P1.3mA2
__ XINCIs 23 T P1.2/TA1
RST/NMI CT]7 22 T P1.1/TAD
P2 O/ACLK/AD 1] 8 21 .11 P1.0/TACLK/ADC10CLK
P2 1/INCLK/AT [T ]9 20 [T P2 AITA2IAAN ger N orer s

P2.2imAD/A2 1T
P3.0/STEO/AS [T
P3.1/5IMO0 [T
P3.2/SOMI0 [T
P3.3/UCLKO 1

19
18
17
16
15

T P2 3TA1/AIN Rer NV arer-
T 1P3.7/A7

T 1 P3.6/A6

T 1P3.5/URXDO

T P3.4/UTXDO

MSP430x12x2



What Is 1t?

16-bit processor that can be clocked from 30
kHz - 8 MHz

8K Flash program memory and 256 bytes
RAM

22 1/0O pins (8 of which could be ADCs)
Hardware USART



Why would you want to use It?

e This is where we’re going
 GCC as the compiler/toolchain
 JTAG programming/debugging port

e 350 UA max current draw (PIC on avg.
draws 6 mA)

e Easy to bridge into much more powerful
micros



