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Section 7
Oscillator and Configuration Bits



Microchip 16 Bits Clocks

@ Review previous slide, Microchip 16-Bits MCU available clock
sources are internal Fast RC, Low Power RC, External Crystal and
Oscillator, etc..

USB Module (48MHz)

® The clocks can be divide Graphic Module .
or multiply by PLL. Primary(Pg)s.cillator ;_)\
v On-chip USB PLL block Primary(gfiitlatorx n ! \ Peripherals
to provide a stable Internal FRC i_)
48 MHz clock for the Internal FRC x n [
(FRCPLL) % > CPU

USB module.

Internal FRC / n

(FRCDIV) *Default FRCDIV/2

\ 4

@ Software-controllable Second Oscillator

\ 4

switching between various (505 ,
Internal LPRC
clock sources. (LPRC)
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Oscillator Block Diagram

PIC24FJ256GB110 Family

45 MHz USB Clock
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Configuration Bits

¢ Configuration use to set PIC24 devices several features,
include clock sources, WDT, code protection and Debug
interface, etc..

® You can see detail at section 26 of datasheet.
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REGISTER 25-2: CW2: FLASH CONFIGURATION WORD 2

REGISTER 25-:  CW1: FLASH CONFIGURATION WORD 1

|- e o o o o o o [ ] ] o o o iE =

[eit 22 v 18 [eir2s o 1]

[meo1 _ mroi _mro1  mrod ™ P07 RPo1__ RPoa = e — =

€55 | Puiowz | Puowi | Fuong - Fnosca | Fnosci | Fnosco il = o o

T 5 |+ T mmeen [ eor | awme | [ s [ wes0 |

[ |
POSCMD1 | POSCMDD [rroa RPO-1 u-1 RIPO-1 RIPO-1 RIPO-1 RIPO-1 RPO |

bit 7 50 [ Fwoten | winois = FAPSA | wotPss | wotesz | wotPsi | woreso |
N bit 0|

Legend: Reserved bit

R = Reagaoke on FQ = Frogram-once bit Unimplemented Bit, read as ‘0" e o

-n = Value when devics is unprogrammed 1=t se U = Bitis cleared

e = Readabe b PO=ProgramOnce bt U = Unimplementzd b, r2ad as 0

Value when devics is unprogrammed 1 =Sitis set 0 =8tis sleared

bit23-18  Unimplemented: Read as ‘2
bit 15 IESO: Internal Extemal Switchaver bit
IESO mode (Twe-Speed Starkup) enabled #2315 Unimplemented: Read as 1
IESO mode (Two-Speed Startup) disabled bit 15 Reserved: The valus is unknown; program a5 '0’
bit14-12  PLLDIVZ:PLLDIVO: USB 85 MHz PLL Prascaler Select bits bit 14 ITAGEN: JTAG Port Enable 6l
111 = Osoilater input divided by 12 (43 Mz input) 1= JTAG portis enabled
Oseillator input diviced by 10 (40 MHz input) - 1TAG
S ot dvedy 8 (441 ot 7 TAG pant dsasled
ot dvided by 5 (20 MHz inputy bit 13 GCP: General Segment Program Memary Coda Proteetion bit
tor input divided by 4 (18 MHz input) L = Gode protection is disabled
nput diviced by 3 (12 Mz input) 2 = Gade protecton is enabled for the entre program memory space
Ossillator input divided by 2 (8 MHZ nput) bit 12 GWRF: General Segment Code Flash Write Prosection bit
Ossillator input used diresily (4 MHz input) L = Writes t program memory are aliwed
Bit 11 Reservad: Aways maintsin as 2 3 = Writes to program memory are disabled
bit 108 FNOSC2:FNOSCO: Initial Oscillator Select bits Bt 11 DEBUG: Background Devugger Ensbie bit

101 = Low-Power RG Ossillator (LPRC)
100 = Secandary Oseilator (301

Primary Gscillator with PLL module (XTPLL, HSFLL, ECFLL)
510 = Primary Gscillator (XT. HS. EC)
Fast RC Oscillstor with postscaler and FLL module (FRCPLL)
Fast RC Oscillaior (FRC)
FCKSM1:FCKSMO: Clock Switzhing and Fai-Safe Clock Maniter Canfiguration bits
Clack switching and Fail-Safe Clock Monitor are disabled
Clock switehing s enabled, Faik-Safe Clock Monitor is disadled
ail-Safe Clock Monitor is enabled

1 = Davics resets info Opars
0 = Device resets into Debug made
bit 10 Reserved: Always maintain as 1
bite-g ICS1:1CS0: Emulator Pin Placement Select bits
Emulator functions ars shared with PGEC 1/PGEDT
Emulatar functions are shared with PGEC2:

bit7 FWDTEN: Watendeg Timer Enadle bit
1 = Watchdag Timer s enaslsd
0 = Watchdog Timer is disabled

oe e e aharaten ot it WINDIS: Windowsd Watchdog Timer Disable bit
32 ECOOLKORCTE funatons 22 CLKO (Fose) 5 Wiiowed Wetandog i st ed: FUDTER st be
0SCOICLKOIRC1S functions 2% port IO (RC15) 9 :
¥ POSCMDI:POSCMDD = 10 070 Unimplemented: Read a5 ‘1
OSCIOFCN nss no effect an 05COIC FWPSA: WOT Prescaler Rata Seiect bt
bits IOL1WAY: 10LOGK One-ay Set Enasis L = Prescaler ratio of 1128

The 10LOCK bit (OSCCON<B>joan be st once, provided the unlock sequence has baen
completed, Onoe set the Perioheral Pin Select redisters cannot be wriften to 2 second tme.
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XC16 Support for

Configuration Bits

® XC16 Compiler define a lot preprocessor directive to config
Configuration Bits.

® E.g.:#pragma config ICS = PGx1
Set debug interface to channel 1.

Watchdog Timer Enable REGISTER 26-1: CW1: FLASH CONFIGURATION WORD 1

FUDTEN = OFF |Watchdog Timer is disabled U1 | u-1 | u-1 ‘ U1 ‘ u-1 ‘ U1 u-1 u-1
FWDTEN = oN |Watchdog Timer is enabled ey PreTS
Comm Channel Select =3 RIPO-1 RIPO-1 RPO-1 RIFO1 U RIFO-1 RIPO1
. . 1 5 5
ICs = PGx3|Emulator functions are shared with PGEC3/PGED3 bHS’ [omacen™] ece [ owre [ BEBUG [ — [ est | ‘CJ“h .
il it
Ics = PGx2 |Emulator functions are shared with PGEC2/PGED2
ICS = PGx1|Emulator functions are shared with PGEC1/PGED1 RIPO-1 RiPC-1 u-1 RIPO-1 RIPO-1 RIPO-1 RiPO-1 RIPO-1
FWDTEN | WINDIS = FWPSA | WDTPS3 | WDTPS2 | WDTPS1 | WDTPSO
. bit 7 Wit 0
Se Emulation Mode s
Legend: = Reserved bit
R = Readable bit PO = Program Once bit U = Unimplemented bit, read as ‘o’
-n = Value when device s unprogrammed I’ = Bitis set ‘0’ = Bitis cleared

Background Debug

bit23-16  Unimplemented: Read as ‘1’

BKBUG = ON |Device resets into Debug mode bit 15 Reserved: The vs\ueisunkno\:::)‘ program as “0°
. . . bit 14 JTAGEN: JTAG Port Enable b

BKBUG = OFF | Device resets into Operational mode 1 ITAG port s snabled

0 = JTAG port is disabled
General Code Segment Write Protect bit 13 GCP: General Segment Program Memory Code Protection bit
1 = Code protection is disabled

GWRP = On |\Writes to program memory are disabled © = Code protection is enabled for the entire program memory space
GURP = OFF |Writes to program memory are allowed bit 12 GWRP: General Segment Code Flash Write Protection bit
1 = Writes to program memory are allowed
0 = Writes o program memory are disabled
General Code Segment Code Protect bit 11 DEBUG: Background Debugger Enahble bit
o 5 1 = Device resets into Operational mod
GCP = ON | Code protection is enabled for the entire program memory space e Dem Sk
GCP = OFF | Code protection is disabled bit 10 Unimplemented: Read as "1’
bit 95 ICS<1:0>: Emulator Pin Placement Select bits
mulator functions are shared with PGEC1/PGED1
JTAG Port Enable mulator functions are shared with PGEC2/PGED2
o mulator functions are shared with PGEC3/PGED3
JTAGEN = OFF [JTAG port is disabled 20 = Reserved: do ot tae
JTAGEN = ON [JTAG port is enabled bit 7 FWDTEN: Watchdog Timer Enable bit

1 = Waichdog Timer is enabled

MicrROCHIP

2019 Winter Elite



XC16 Support for

Configuration Bits

® Those preprocessor directive use to select system clock also.

® E.g.: #pragma config FNOSC = FRC

Select clock source is internal Fast RC (8MHz).

Qscillator Select

FNOSC = FRC  |Fast RC Oscillator (FRC) )

FMNOSC = FRCPLL

FNOSC = PRI Primary oscillator (XT, HS, EC)

FNOSC = PRIPLL

FMOSC = S0SC | Secondary oscillator (SOSC)

FMOSC = LPRC  |Low-Power RC oscillator (LPRC)

FNOSC = FRCDIV|Fast RC oscillator with Postscaler (FRCDIV)

Fast RC oscillator with Postscaler and PLL module (FRCPLL)

Primary oscillator (XT, HS. EC) with PLL module (XTPLL.HSPLL, ECPLL)

MicrROCHIP
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REGISTER 26-2: CW2: FLASH CONFIGURATION WORD 2

U-1 U-1 U-1 U-1 U-1 U-1 U-1
hit 23 bit 16
RIPO-1 RPO-1 RIPO-1 RIPO-1 RIPO-1 RIPO-1 RIPO-1 RIPO-1
IESO PLLDIV2 PLLDIVA PLLDIVD PLLOEMHE | FMNOSC2 FNOSC1 FHNOSCO
bit 15 bit §
RIPO-1 RPCA R/IPO-1 RPOA1 U-1 RIPO-1 R/PO-1 RIPO-1
FCKSM1 FCKSMO OSCIOFCN FOLTWAY — 12C1SEL POSCMD1 POSCMDO
bit 7 bit D
Legend:
R = Readable bit PO = Program Once bit U = Unimplemented bit, read as ‘0"

-n = Value when device 8 unprogrammed 1" = Bitis set ‘0" = Bit is cleared

bit 23-18 Unimplemented: Read as ‘1’
bit 15 IESO: Internal External Switchover bit
1 =1ESO mode (Two-Speed Start-up) is enabled
0 = 1ESO mode (Two-Speed Start-up) is disabled
PLLDIV<2:0=; USB 96 MHz PLL Prescaler Select bits
111 = Oscillator input divided by 12 (48 MHz input)
= Oscillator input divided by & (32 MHz input)
01 = Oscillator input divided by 6 (24 MHz input)
00 = Oscillator input divided by S (20 MHz input)
= Oscillator input divided by 4 (16 MHz input)

= Oscillator input divided by 3 (12 MHz input)
= Oscillator input divided by 2 (8 MHz input)
= Oscillator input used directly (4 MHz input)
bit 11 PLL9EMHZ: USB 96 MHz PLL Start-up Enable bit

1 =96 MHz PLL is enabled automatically on start-up

0 =96 MHz PLL is enabled by user in software (controlled with the PLLEN bit in CLKDIV=5=)
bit 10-8 FNOSC<2:0>: Initial Oscillator Select bits

111 = Fast RC Oscillator with Postscaler (FRCDIV)

1 Reserved

01 = Low-Power RC Oscillator (LPRC)
00 = Secondary Oscillator (SOSC)
= Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)

bit 14-12
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Clock Source (FRC, FRCDIV, LPRC)

® Internal FRC is 8MHz, Internal Low Power RC is 31KHz.

@ Set FNOSC to FRC, FRCDIV or LPRC to select internal RC for clock
source.

® Hpragma config FNOSC = FRC
#pragma config FNOSC = FRCDIV RN
#pragma config FNOSC = LPRC Peripherals

>

¢ Default clock source is Internal ERC
FRCDIV = ( FRC(8MHz) / RCDIV ) (FRO)
*RCDIV default is 2
*RCDIV is CLKDIV<10:8> Internal FRC / n

bit 10-8 FNOSC2:FNOSCO: Initial Oscillator Select bits (FRCDIV) (*Default FRCDIV/2)

Fast RC Oscillator with Postscaler (FRCDIV)
110 = Reserved

\ 4

CPU

\ 4

\ 4

101 = Low-Power RC Oscillator (LPRC)

100 = Secondary Oscillator (SOSC)

011 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)

010 = Primary Oscillator (XT, HS, EC)

Fast RC Oscillator with postscaler and PLL module (FRCPLL) Internal LPRC
000 3 Fast RC Oscillator (FRC) (LPRC)

\ 4
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Clock Source (SOSC)

@ Set FNOSC to SOSC to select secondary oscillator clock for clock

source.

@ Secondary oscillator maximum frequency is 40KHz.

® H#pragma config FNOSC = SOSC

bit 10-8 FNOSC2:FNOSCO: Initial Oscillator Select bits

111 = Fast RC Oscillator with Postscaler (FRCDIV)

110 = Reserved

101 = Low-Power RC Oscillator (LPRC)

100 # Secondary Oscillator (SOSC)

011 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)
010 = Pnmary Oscillator (XT, HS, EC)

001 = Fast RC Oscillator with postscaler and PLL module (FRCPLL)
000 = Fast RC Oscillator (FRC)

Second Oscillator
(SOsC)

\ 4

N

Peripherals

\ 4

>
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Clock Source (PRI)

@ Set FNOSC to PRI to select primary oscillator clock for clock
source.

® Primary oscillator maximum frequency is 25MHz.
® H#pragma config FNOSC = PRI

Primary Oscillator

N

(PRI) R
Peripherals
(
bit 10-8 FNOSC2:FNOSCO: Initial Oscillator Select bits CPU
111 = Fast RC Oscillator with Postscaler (FRCDIV) ~
110 = Reserved
101 = Low-Power RC Oscillator (LPRC) \

100 = Secondary Oscillator (SOSC)

111 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)
Primary Oscillator (XT, HS EC)

001 = Fast RC Oscillator with postscaler and PLL module (FRCPLL)

000 = Fast RC Oscillator (FRC)

MicrROCHIP
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Clock Source (PRIPLL, FRCPLL)

® The system clock for all PIC24F devices includes a frequency
multiplier branch built around a Phase Lock Loop (PLL). This
branch allows the user to obtain a higher clock speed.

@ Set FNOSC to PRIPLL or FRCPLL to get maximum frequency for
clock source. RN

® #pragma config FNOSC = PRIPLL Primary Oscillator x n Peripherals
(PRIPLL) >
#pragma config FNOSC = FRCPLL

\ 4

Internal FRC x n
(FRCPLL)

CPU

\ 4
\ 4

bit 10-8 FNOSC2:FNOSCO: Initial Oscillator Select bits

111 = Fast RC Oscillator with Postscaler (FRCDIV) \_
110 = Reserved

101 = Low-Power RC Oscillator (LPRC)

100 = Secondary Oscillator (SOSC)

011 z Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)
010 = Pnmary Oscillator (XT, HS, EC)

Fast RC Oscillator with postscaler and PLL module (FRCPLL)
000 = Fast RC Oscillator (FRC)

MicrROCHIP
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Phase Locked Loop

@ PLL is a fixed 4x multiplier, which can be used

with XT and EC Primary Oscillators and FRC.

(PRIPLL)

Primary Oscillator

\ 4

Internal RC

(FRCPLL)

A

\ 4

To USB Module R

D)

PLLDIV<2:0>

PLLDIV
000b: = 1, 001b: = 2,
010b: = 3, 011b: =+ 4,
100b: = 5, 101b: = 6,
110b: = 10, 111b: = 12
(111b Default)

>

PIC24

CPDIV<1:0>

N
CPDIV

00b:+1,01b:+2
10b: - 4,11b: = 8
(01b Default)
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MCC’s
Configuration Bits Setting

@ Configuration Bits setting generate by MCC automatically.

¥4 Systemn Module - Editor ] x B3 mec.c - Editor - [} pod
System Module % EnQE) e x (O
System Module e e Soure | History | B-8 -| LR o : ®
46| [ // Conf n bits: selected in the GUI Al
3 Easy Setup | & Registers 47
¥ Clock - 48 4 \
3000000 El Hz - (3.0 MHz - 32 MHz) Clock Source 49 #pragma config WPFP = WPFP511
50 #pragma config WPDIS = WPDIS
51 #pragma config WPCFG = WPCFGDIS
X 52 #pragma config WPEND = WPENDMEM
¥ [V] PLLEnable e 53
[o ® 54
4 MHz Prescaler 55 #pragma config POSCMOD = NONE
. i 56 #pragma config DISUVREG = OFF
32 MH CPU Di ~
- e 57 | #pragma config IOLIWAY = ON
58 #pragma config OSCIOFNC = OFF
32 MHz Fosc 59 #pragma config FCKSM = CSDCMD
16 MHz Fosc/2 A0 #pragma config FNOSC = FRCDIV
48 MHz USB Clock 61 #pragma config PLL_96MHZ = ON
52 #pragma config PLLDIV = DIV12
Clock Output Pin Configuration | OSCO functions as port I/O (RC15) | - ‘ gj #pragma config IESO = ON
D Use Secondary Oscillator (31-33) kHz 65
66 t#pragma config WDTPS = PS32768
Enable Clock Switching N 67 | #pragma config FWPSA = PR128
(L] enable Fail-Safe Monitor ) 68 #pragma config WINDIS = OFF
< — > 69 #pragma config FWDTEN = OFF
Clock Settings 70 #pragma config ICS = PGx1 B
71 #pragma config BKBUG = OFF
Mode | Standard Watchdog Timer enabled,(Windowed-mode is disabled) | > ‘ ) #ipragma config GWRP = OFF
Timer Prescaler | Prescaler ratio of 1:128 | - | 73 #pragma config GCP = OFF
) 74 #pragma config JTAGEN = OFF
Timer Postscaler 75 . J
N Time-out Period = 135.300s 76| M #include "mec h ©
< ¥
v ‘ T ] » © OSCILLATOR Inifilize x
< > 80:19 Jms]
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Lab6 System Clock PRIPLL




Lab6 System Clock PRIPLL

® Try to change system clock from internal Fast RC to
Primary Oscillator and enable PLL.

¢ Try to provide maximum frequency (32MHz) to MCU.

®Let’s go!

MicrROCHIP
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Lab6 System Clock PRIPLL

Result

e [.” 2 o 1
Gt _ : = o .
i 1‘! § % ! B - ,E@om«n ﬁ BAQ 0SS 5CC RET
-

R 2 ‘{“.E ‘sm F i
' i o - I e ﬁ““[¥ !3 2 AYAISD TS W

——
WO g

30
&

oL NI @0

! !!!!
ailii |
.

h} D'ﬂ sm ™. ;i
I O)
wc’ ! g U soC W Peal w
W0 rosf BCK @St
b} 5 y
%LIMIY- S u
Pl < mp o Zon
APPO41 i, oo S
@

B,16,32 Bits 64-Pins Univer
Denpherals Evaluation Board
Lot —- R ST

2 p2 3 o5 ns e ~~—“‘

- »lEb:ToggLe same.a's L’é \
 But Clock source change to
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Lab6 System Clock PRIPL
MCC'’s Setting

B3 System Module - Editor - O X L

B3 TMR1 - Editor - [m] X
Swstem Module® MRL > [EE
System Module MR )&

5 Easy Setup | & Registers

2% Easy Setup | = Registers
Y P g

¥ Hardware Settings &
¥ Clock Enable TMR D Enable Gate
Timer Clock Timer Period
8000000 El Hz ‘ Primary Oscillator | - ‘ (3.0 MHz - 32 MHz) Clock S@|| | ciock source - Period Count Ox0 < Ox7AI2 < OxFFFF
Input Frequ.. i Timer Period 16us < 500 ms < 1.04856s
Prescaler - Calculated Period 500 ms
[_] syncronize Clo
M Relnable D Enable Timer Interrupt |
4 MHz Prescaler ML [P — - lu X
Callbac| Tmy x| [OnolE
32 MHz CPU Divisor — ™ )
45 Easy Setup | E Registers
¥ Hardware Settings
2Ll I Enable TMR D Enable Gate
16 MHz Fosc/2 Timer Clock Bit Mode 32Bit ®) 16Bit
48 MHz USB Clock clocksoure [roscz | z] || MimerPeted
Input Frequ 1o bdll Period Count 0x0 = OxF424 = OxFFFF
prescaler - Timer Period 16us< s = 1048565
Clock OQutput Pin Cenfiguration | OSCO functions as port I/O (RC15) | v ‘ Colculated Period is
l:‘ Use Secondary Oscillator (31-33)kHz [ nabie Timer ntermupt
¥ Software Settings
|| Enable Clock Switching Callback Function Rate: | 0x1 XTimer Period = | 1
D Enable Fail-Sate Monitor

— ¥
N
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