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3.3. Registradores do PIC12F675

Os registradores (SFR — Special Function
Regiters) sado posicOes da memoria que recebem
nomes especificos e tém funcao bem definida: guardar
a configuracao e o estado de funcionamento atual do
PIC.
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Normalmente, cada bit do registrador tem uma
funcao especifica. Assim, temos um registrador para
definir se as portas sao de entrada ou de saida, ativar e
desativar interrupcoes, apresentar o estado da CPU, e
etc.
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Os principais registradores do PIC12F675 e seus
respectivos enderecos, em hexadecimal, sao:

a) TMRO (01H) — armazena a contagem do timer.
Sempre que este contador chegar a zero e o INTCON
estiver ativado, a interrupcao de timer O sera ativada.
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b) GPIO (O5H) — apresenta o estado dos pinos de

entrada/saida.
REGISTER 3-1: GPIO: GPIO REGISTER (ADDRESS: 05h)
U-0 U-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— — GPIO5 GPIO4 GPIO3 GPIO02 GPIO1 GPIO0
bit 7 bit 0
bit 7-6 Unimplemented: Read as 0’
bit 5-0 GPI10<5:0>: General Purpose /O pin

1 = Port pin is =VIH
0 = Port pin is <VIL
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c) INTCON (OBH) — ativa/desativa o conjunto de todas
as Interrupcoes e cada uma delas de forma
Independente.

REGISTER 2-3: INTCON: INTERRUPT CONTROL REGISTER (ADDRESS: 0Bh OR 8Bh)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
GIE PEIE TOIE INTE GPIE TOIF INTF GPIF
bit 7 bit 0
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REGISTER 2-3:  INTCON: INTERRUPT CONTROL REGISTER (ADDRESS: 0Bh OR 8Bh)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
GIE PEIE TOIE INTE GPIE TOIF INTF GPIF
bit 7 bit 0
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts

bit 6 PEIE: Peripheral Interrupt Enable bit

1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TOIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt
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REGISTER 2-3:  INTCON: INTERRUPT CONTROL REGISTER (ADDRESS: 0Bh OR 8Bh)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
GIE PEIE TOIE INTE GPIE TOIF INTF GPIF
bit 7 bit 0

bit 4

bit 3

bit 2

INTE: GP2/INT External Interrupt Enable bit

1 = Enables the GP2/INT external interrupt
0 = Disables the GP2/INT external interrupt

GPIE: Port Change Interrupt Enable bit(")

1 = Enables the GPIO port change interrupt
0 = Disables the GPIO port change interrupt

TOIF: TMRO Overflow Interrupt Flag bitt?)
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REGISTER 2-3: INTCON: INTERRUPT CONTROL REGISTER (ADDRESS: 0Bh OR 8Bh)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
GIE PEIE TOIE INTE GPIE TOIF INTF GPIF
bit 7 bit 0
bit 1 INTF: GP2/INT External Interrupt Flag bit
1 = The GP2Z/INT external interrupt occurred (must be cleared in software)
0 = The GP2/INT external interrupt did not occur
bit 0 GPIF: Port Change Interrupt Flag bit

1 = When at least one of the GP5:GP0 pins changed state (must be cleared in software)

0 = None of the GP5:GP0 pins have changed state
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d) CMCON (19H) — apresenta o estado das entradas e
da saida do comparador interno.

REGISTER 6-1: CMCON: COMPARATOR CONTROL REGISTER (ADDRESS: 19h)
U-0 R-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— COouT — CINV CIS CM2 CM1 CMO
bit 7 bit 0
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REGISTER 6-1: CMCON: COMPARATOR CONTROL REGISTER (ADDRESS: 19h)
U-0 R-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— COuUT —_— CINV CIS CM2 CM1 CMO
bit 7 bit 0

Unimplemented: Read as 0’
COUT: Comparator Output bit

When CINV = 0:
1 = VIN+ > VIN-
0 = VIN+ < VIN-
When CINV = 1:
1 = VIN+ < VIN-
0 = VIN+ > VIN-

Unimplemented: Read as ‘0’
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REGISTER 6-1: CMCON: COMPARATOR CONTROL REGISTER (ADDRESS: 19h)
U-0 R-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— couTt —_ CINV CIS CM2 CM1 CMO
bit 7 bit 0
bit 4 CINV: Comparator Output Inversion bit
1 = Qutput inverted
0 = Output not inverted
bit 3 CIS: Comparator Input Switch bit
When CM2:CMO =1100r101:
1 = VIN- connects to CIN+
0 = VIN- connects to CIN-
bit 2-0 CM2:CMO: Comparator Mode bits

Figure 6-2 shows the Comparator modes and CM2:CMO bit settings
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REGISTER 6-1: CMCON: COMPARATOR CONTROL REGISTER (ADDRESS: 19h)
U-0 R-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— COouT —_— CINV CIS CM2 CM1 CMO
bit 7 bit 0

COMPARATOR I/0 OPERATING MODES

Comparator Reset (POR Default Value - low power)

CM2:CMO = 000

GP1/CIN- A

GPO/CIN+ A

GP2/COUT _D

B Off (Read as *07)
+

Comparator Off (Lowest power)

CM2:CMO = 111

Off (Read as ‘07
+

GP1/CIN- D
GPO/CIN+ D
GP2/COUT _D -

Comparator without Output

CM2:CMQ = 010

GP1/CIN- A

GPO/CIN+ A

GP2/COUT D

couTt
A

Comparator w/o Output and with Internal Reference

CM2:CMO0 =100

GP1/CIN- A

GPO/CIN+ D

couTt
+

GP2/COUT D

L— From CVREF Module
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e) ADCON (1FH) — apresenta o estado do conversor
A/D.

REGISTER 7-1: ADCONO: A/D CONTROL REGISTER (ADDRESS: 1Fh)
R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM VCFG —_ —_ CHS1 CHS0 GO/DONE ADON

bit 7 bit O
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REGISTER 7-1: ADCONO: A/D CONTROL REGISTER (ADDRESS: 1Fh)
R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM VCFG — — CHS1 CHSO0 GO/DONE ADON
bit 7 bit 0
bit 7 ADFM: A/D Result Formed Select bit
1 = Right justified
0 = Left justified
bit 6 VCFG: Voltage Reference bit
1 = VREF pin
0 =VDD

bit 5-4 Unimplemented: Read as ‘0’
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REGISTER 7-1: ADCONO: A/D CONTROL REGISTER (ADDRESS: 1Fh)

R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM VCFG _— —_— CHS1 CHSO0 GO/DONE ADON
bit 7

bit 0

bit 3-2 CHS1:CHSO0: Analog Channel Select bits
00 = Channel 00 (ANO)
01 = Channel 01 (AN1)
10 = Channel 02 (AN2)
11 = Channel 03 (AN3)
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REGISTER 7-1: ADCONO: A/D CONTROL REGISTER (ADDRESS: 1Fh)
R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM VCFG — — CHS1 CHSO GO/DONE ADON
bit 7 bit 0
bit 1 GO/DONE: A/D Conversion Status bit
1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.
This bit is automatically cleared by hardware when the A/D conversion has completed.
0 = A/D conversion completed/not in progress
bit 0 ADON: A/D Conversion Status bit

1 = A/D converter module is operating
0 = A/D converter is shut-off and consumes no operating current
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f) TRISIO (85H) — define se os pinos de entrada/saida
atuardo como entrada ou como saida (individualmente).

REGISTER 3-2:  TRISIO: GPIO TRI-STATE REGISTER (ADDRESS: 85h)

uU-0 U-0 R/W-1 R/W-1 R-1 R/W-1 R/W-1 R/W-1

— — TRISIOS TRISIO4 TRISIO3 TRISIOZ TRISIO1 TRISIOO
bit 7 bit 0
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REGISTER 3-2:  TRISIO: GPIO TRI-STATE REGISTER (ADDRESS: 85h)

U-0 U-0 R/W-1 R/W-1 R-1 R/W-1 R/W-1 R/W-1
— — TRISIOS5 TRISIO4 TRISIO3 TRISIOZ2 TRISIO1 TRISIOO
bit 7 bit 0
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 TRISIO<5:0>: General Purpose /O Tri-State Control bit

1 = GPIO pin configured as an input (tri-stated)
0 = GPIO pin configured as an output

Note: TRISIO<3> always reads ‘1.
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g) ANSEL (9FH) — seleciona o estado de cada um dos
pinos de entrada/saida quanto a sua operacao como
pino analdgico ou digital.

REGISTER 7-2:  ANSEL: ANALOG SELECT REGISTER (ADDRESS: 9Fh)

uU-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1 R/W-1 R/W-1

—_ ADCS2 ADCS1 ADCSO0 ANS3 ANS2 ANS1 ANSO

bit 7 bit 0
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3.3. Registradores do PIC12F675

REGISTER 7-2: ANSEL: ANALOG SELECT REGISTER (ADDRESS: 9Fh)
U-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1 R/W-1 R/W-1
— ADCS2 ADCS1 ADCSO0 ANS3 ANS2 ANS1 ANSO
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’
bit 6-4 ADCS<2:0>: A/D Conversion Clock Select bits
000 = Fosc/2
001 = Fosc/8
010 = Fosc/32
%11 = FRC (clock derived from a dedicated internal oscillator = 500 kHz max)
100 = Foscl4
101 = Fosc/16

110 =

Fosc/64
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3.3. Registradores do PIC12F675

REGISTER 7-2:  ANSEL: ANALOG SELECT REGISTER (ADDRESS: 9Fh)
U-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1 R/W-1 R/W-1
— ADCS2 ADCS1 ADCSO0 ANS3 ANS2 ANS1 ANSO
bit 7 bit 0
bit 3-0 ANS3:ANSO: Analog Select bits

(Between analog or digital function on pins AN<3:0>, respectively.)
1 = Analog input; pin is assigned as analog input“}'
0 = Digital I/O; pin is assigned to port or special function
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SPECIAL FUNCTION REGISTERS SUMMARY

SPECIAL FUNCTION REGISTERS SUMMARY (CONTINUED)

Address | Name | BitT ‘ Bit6 ‘ Bit § ‘ Bit4 ‘ Bit3 | Bit2 ‘ Bit 1 | Bito ‘ pon oD | Page Address | Name ‘ Bit 7 ‘ Bite ‘ Bit 5 ‘ Bit4 ‘ Bit3 ‘ Bit 2 ‘ Bit 1 ‘ Bit0 | poRSan | Peoe
Bank 0 Bank 1

00h INDF Addressing this Locafion uses Contents of FSR to Address Data Memory aooa anoa | 20,61 a0h INDFT Addressing this Location uses Contents of FSR o Address Data Memory ao0a aooa | 20,61
01h TMRD Timer0 Module's Register sesen sz | 20 8th OPTION REG | GPPU | INTEDG | ToCS | TOSE | PSA | PS2 | PS1 | PSD 1113 1111 1431
02h PCL Program Counter's (PC) Least Significant Byte aoon asa | 19 82h PCL Program Counter's (PC) Least Significant Byte aoo aooa | 19
03n STATUS Rre? | RPi® o | @ | B | z | be | ¢ [ooor nm=| 14 8 |STATUS me@ [ ge® [ R0 | T0 | PD | z [ oc | ¢ [ooos zm| M
Odh FSR Indirect Data Memory Address Pointer xexx xxxx | 20 84h FSR Indirect Diata Memory Address Paointer s socsexe | 20
05h GPID — [ — [ cros | criod | crioz | cPioz | GPIOT | GPIOD [ - smeex | 2 85h TRISIO — [ — [msios [ TRisios | TRISIOZ [ TRISIOZ [ TRISION | TRISIOO [--11 1111 | 21
0h = Unimplemented = = asn = Unimplemented = =
o7h = Unimpiemented = = &7h = Unimplemented = =
0sh = Unimpiemented = = gan = Unimplemented = =
0gn = Unimplemented = = ggn = Unimplemented - -
&b PCLATH — — — ‘Write Buffer for Upper 5 bits of Program Counter ---0 0000 19 8ah PCLATH — — —_ ‘Write Buffer for Upper 5 bits of Program Counter ==-=0 0000 19
0eh INTCON GIE PEIE TOIE INTE | GPIE | TOF | INTF | GPIF |aooa cova | 18 aan INTCON GIE PEIE TOIE INTE [ GPIE | TOF | INTF | GPIF_|aoco aooo | 15
och PIR1 EEIF ADIE — — [ emr | — | — | ™riF [o0-- a--0 | 17 ach_ |PIE1 EEIE | ADIE — — [ eme | — [ — [ ™RiE [00-- a--0 [ 18
00h = Unimplemented — — &Dh = Unimplemented - -
0Eh TMRIL Hodding Register for the Least Significant Byte of the 16-bit Timer1 P —E aEh PCON — | — [ = [ =1 = ] — [ Pr | BOD [------ x| 18
0Fh TMR1H Hokding Register for the Most Significant Biyte of the 16-bit Timeri i aFh = Unimplemented — =
10h__ |TiCON — [ ™rigE | T1ckpst | TickPso [ T1oscEN | TISYNG | TMRICS | TMR1ON [ -ooo oo | 35 sn  |osccAL cals | cA4 | cad | caz | cAl | cao | — | — [ioc0o0--| 18
11h = Unimplemented = — gih = Unimplemented — —
12h = Unimplemented = = g2h = Unimglemented = =
130 = Unimplemented = = gah = Unimplemented = =
14h = Unimpiemented = = 4h = Unimplemented = =
15h = Unimpiemented = = 95h WPU — [ — [ weus [ weue | — [ weuz [ weui [ wruo [--12 -1aa| a2
16n = Unimplemented = = %6h 10C — [ — T wecs [ oce [ oca [ wocz | et | oce [--00 ooce| 23
17h = Unimplemented = = g7h = Unimglemented = =
18n = Unimplemented = = gah = Unimglemented = =
ten _ |cmcon — Jcour [ — ciwv [ cis | cmz | cmi | cmo | -0-o oooo | 38 sh  |VRCON weN | — [ wer | — [ wra [ wvRe [ WR1 | VRO |e-¢- ooee| 42
1Ah = Unimplemented — — 9sh  |EEDATA Data EEPROM Data Register 0000 aooo | 48
1Bh — Unimplemented — — %8h EEADR —  |Data EEPROM Address Register —poo oooa | 49
1ch = Unimplemented = = och  |EECON1 — [ — ] — | — Jwrerr [ wreN | wR | RD [---- =oca| 50
1Dh = Unimplemented = = o0h  |EEcON2™  |EEPROM ComrolRegister2 50
iEh  |ADRESH™ |Mast Significant & bits of the Left Shified A/ID Result or 2 bits of the Right Shifted Resul T 9Eh  |ADRESL® |Least Significant 2 bits of the Left Shifted AID Resull of 8 bits or the Right Shifted Result T
1Fh ADCONDR ADFM | VCFG = — CHS1 | CHSO |GOMDONE| ADON | ao-- abod | 4581 oFh ANSELP! — [ Abcs2 [ apcst [ ADCSo | ANS3 [ ANS2 | ANS1 | ANSD | -ova 1ii1 | 4681
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SPECIAL FUNCTION REGISTERS SUMMARY

Address Name Bit 7 Bit & Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P"B“E“E‘E“D Page
Bank 0

00h IMDF Addressing this Location uses Contents of FSR to Address Data Memory aoen oooao | 20,61
01h TMRO Timer( Module's Register socsen oo | 29
02h PCL Program Counter's (PC) Least Significant Byte anea aosa | 19
03h STATUS Hpﬂ} Hp-fl,?;l RPO ﬁ E 7 oc C o0l lxxx 14
04h FSR Indirect Data Memory Address Pointer soae e | 20
08h GPIO — | — | crios | crios | crioz | crioz | POt | GRIOO | --mosoe | 24
& PCLATH — — — ‘\Wirite Buffer for Upper § bits of Program Counter ---0 G600 19
08h INTCON GIE PEIE TOIE INTE GPIE TOIF INTF GPIF | aooa acoa | 15
0Ch PIR1 EEIF ADIF — — CMIF — — TMRIIF | ao-- a--a | 17
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e | —— Vss

il | +— GPO/ANO/CIN4/ICSPDAT

R | +— GP1/AN1/CIN-/VREF/ICSPCLK
4 | «—— GP2/AN2/TOCKIINT/COUT

voo —= | o

GPS/T1CKIOSC/CLKIN «— | ERE
GPA/AN3/T1G/OSC2/CLKOUT +—» | RS
GPIMCLRAVPr — |

O PIC12F675 possui seis pinos de I/O.

a) Pino 7 — GPO — entrada ou saida, analogica ou
digital, configurado nos registradores TRISIO e
ANSEL, respectivamente.
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-—\fss

+— GPOYANO/CIN+/ICSPDAT
+—= GP1/ANT/CIN-REFICSPCLK
| «— GP2/AN2/TOCKI/INT/COUT

Voo —= |

GPS/T1CKIFOSC1/CLKIN +—= |
GP4/AN3/T1G/OSC2/CLKOUT +— |
GP3/MCLRAPP —= |

b) Pino 6 — GP1 — entrada ou saida, analdgica ou digital,
configurado nos registradores TRISIO e ANSEL,
respectivamente.
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-—\fss

+— GPOYANO/CIN+/ICSPDAT
+—= GP1/ANT/CIN-REFICSPCLK
| «— GP2/AN2/TOCKI/INT/COUT

Voo —= |

GPS/T1CKIFOSC1/CLKIN +—= |
GP4/AN3/T1G/OSC2/CLKOUT +— |
GP3/MCLRAPP —= |

c) Pino 5 — GP2 — entrada ou saida, analdgica ou digital,
configurado nos registradores TRISIO e ANSEL,
respectivamente.
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-— V55

+— GPO/ANO/CIN4/ICSPDAT
+—= GP1/ANT/CIN-/VREF/ICSPCLK
+— GP2/AN2TOCKIINT/COUT

VoD —=

GPS/T1CKIYOSC1/CLKIN +—
GP4/ANI/T1G/OSC2/CLKOUT +—
GP3/MCLRAYPP —=

d) Pino 4 — GP3 — apenas entrada digital, configurado
no registradore TRISIO.
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-—\fss

+— GPOYANO/CIN+/ICSPDAT
+—= GP1/ANT/CIN-REFICSPCLK
| «— GP2/AN2/TOCKI/INT/COUT

Voo —= |

GPS/T1CKIFOSC1/CLKIN +—= |
GP4/AN3/T1G/OSC2/CLKOUT +— |
GP3/MCLRAPP —= |

e) Pino 3 — GP4 — entrada ou saida, analdgica ou digital,
configurado nos registradores TRISIO e ANSEL,
respectivamente.
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e | —— Vss

il | +— GPO/ANO/CIN4/ICSPDAT

R | +— GP1/AN1/CIN-/VREF/ICSPCLK
4 | «—— GP2/AN2/TOCKIINT/COUT

voo —= | o

GPS/T1CKIOSC/CLKIN «— | ERE
GPA/AN3/T1G/OSC2/CLKOUT +—» | RS
GPIMCLRAVPr — |

f) Pino 2 — GP5 — entrada ou saida, digital, configurado
no registrador TRISIO.

Os pinos 1 e 8 sao utilizados para alimentacao positiva e
terra, respectivamente.
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Os temporizadores tém ampla aplicacéao, pois permitem
a marcacdo precisa de intervalos de tempo. O
PIC12F675 possui dois temporizadores: um de 8 bits
(timer 0) e um de 16 bits (timer 1).
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O timer O conta de 0 a 255 (8 hits) e o timer 1 conta de 0
a 65535 (16 bits). Sempre que o timer atingir sua
contagem maxima e nds adicionarmos mais uma
unidade, ele retornard a zero;, gquando iSsSO acontece,
falamos que houve um estouro ou transbordamento do

timer.
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Neste momento, a interrupcao associada ao timer €

acionada, caso a mesma esteja habilitada.
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Como cada incremento do timer gasta, exatamente, um
ciclo de maquina, é possivel inicializar o timer com o
valor adequado a fim de produzir a contagem de tempo

gue se deseja.
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Por exemplo, se desejarmos contar 100 ps, podemos
Inicializar o timer O com 156 (256 - 100) para um ciclo de
maquina de 1 pys. Quando o timer O atingir 255 e tentar
passar para 256, ele retornara a zero e tera se passado

exatamente 100 incrementos de 1 ys, totalizando 100 ps.
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O modulo comparador
consiste em um circuito
de comparador analdgico
que pode ter suas

entradas e sua saida Y™ -1

acessadas pelos pinos
do PIC.

VIN+

VIN-

|+
Output

VINt —

Output . . . .
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E controlado pelo
registrador CMCON que
permite desligar ou ligar
0S pinos do comparador
aos pinos externos do
PIC (5,6 e 7).

VIN+

VIN-

|+
Output

VIN- - =

VINt —

o Il W W
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A saida do comparador Vin+

>Output
que o valor da entrada

vai ao nivel alto sempre VN
nao inversora for maior

gque o valor da entrada Y™ -~ -
Inversora.

VINt —

o Il W W
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Através do registrador Vin+

>Output
0 nivel de tensao de

VRCON podemos ajustar VN
referéncia a ser aplicada

a entrada inversora do V™ ---
comparador.

VINt —

o Il W W
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O conversor analdgico-
digital (A/D) efetua a
conversao de um sinal
analogico para a sua_ S

representacao digital de
10 bits.
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O PIC12F675 possui
guatro entradas
analogicas (GP0O a GP3)
gque sao multiplexadas_ %o«

GPVANINREF

para um circuito de o

GP4/AN]

amostragem e retencao
conforme figura ao lado.
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3 - Hardware do Microcontrolador
3.7. Conversor A/D do PIC12F675

A saida do circuito de Yo

amostragem e retencdo é s :
igado a entrada do
conversor A/D de 10 bits. _ cromw ﬁ

GPVAN1INVReEF
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3 - Hardware do Microcontrolador
3.7. Conversor A/D do PIC12F675

O conversor A/D gera um
resultado binario atraves
de um processo de
aproximagao sucessiva e o~

armazena o resultado em o«
um registrador de 10 bits.
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3 - Hardware do Microcontrolador
3.7. Conversor A/D do PIC12F675

A tensao de referéncia
utiizada pelo conversor
pode ser selecionada por
software, entre a tensao _ v

GPVANINREF

de alimentacdo ou a

GP4/AN]

tensao aplicada ao pino
“Vref”.
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Atividade Assincrona

1. Quantos conversores A/D existem no PIC12F6757
2. Quais pinos do PIC12F675 podem ser utilizados como entrada de conversao A/D?

3. Qual é o registrador utilizado para definir se um pino é de entrada ou de saida no
PIC12F6757

4. Qual é o registrador utilizado para ativar/desativar as interrupcdes no PIC12F6757
5. Quantos e quais os temporizadores do PIC12F675?
6. O que acontece quando a contagem de um timer atinge o seu limite?

7. Qual deve ser o valor inicial de um timer de 16 bits para contar o intervalo de tempo
de 1 ms com ciclo de maquina de 1 us?
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