R

MICROCHIP

Regional Training Centers




Clock System

@ Review previously section, SAMD21’s clock system
provides clock sources to the Generic Clock Controller °
The available clock sources are XOSC, XOSC32K, OSC32K,
OSCULP32K, OSC8M,DFLL48M and FDPLL96M -

® The bus clock can be enabled and disabled in the Power
Manager(PM) include CPU Clock(GCLK_MAIN) °

SYSCTRL \
»| GCLKGEN[0]
1

0.4-32MHz X0SC .

32.768kHz XOSC32K ]
8MHz 0SC8M .
32kHz 0SC32K i

32kHz 0SCULP32K \
48MHz DFLL 48M GCLKGEN(8] > Peripherals
96MH:z FDPLL 96M /

© 2019 Microchip Technology Incorporated. All Rights Reserve

Y

PM > CPU

o

2019 Summer Elite Slide 2



Clock System Block Diagram

Generator 1 can be used

GCLK provides nine The Generator 0

das a common source

Generators that can

is always the

for all other generators | \ / Provide a wide range / direct source of the
“except Generator 1. \ / of clock frequencies. / GCLK_MAIN signal.
SYSCTRL v m GCLK_MAIN I%) PM akcu f epy
X0SC | Generstord S
XOSC32K FI xCLK_AHB CLK_APBx
0SC8M = W AHB
D2C32K o | aw-apex |
p AHB-APBx
OSCULP32K o
2 DFLL48M V e o
FDPLL 96M + \w
V“.V Y V".V Y V";( Y
GCLK GCLK GCLK
I\>\<Itiplexe/0 Itiplexer1 © @ @ M*Itiplexey‘m
e Multiplexers provide the
GCLK_PERIPHERAL GCLK_PERIPHERAL GCLK_PERIPHERAL .
| 7 7 7 Clock to the peripheral
. DFLL48M Reference == Peripherall =~ Peripheralm |
/ modules,
Multipl 0is tI as The number of

Peripheral Clocks depends
on how many peripherals
the device has.

DFLL48M close loop
reference source
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Clock Setting Use MH3

@ Open Clock Easy View windows in Tools » Clock Configuration.

- Tools Utilities Window o e Ll T
Oscam
8 MHz Internal . 1 0scam oL {@}
5 Oscillat i >
i Clock Configuration g e
i . FRE.. ~ OSCULFA2K ko
DMA Conf t g
i Dn Igur’a IDn 0sGzk 48,000,000 Hz 48,000,000 Hz
] ﬂ o — e
= g Crystal Oscialitor 1=
Event System Configuration i s
. . CRYSTAL i
. NVIC Configuration
r Fractiona| Digita| Phase Locked Loop FOPLL) [
Pin Configuration o ot wo [HEEAE
FOPLL o5CEM soa
4’“74)
FOPLL & fce
- - DAL GCLK2
o = DSCULFa2K seq SOke :
- Peripherals
o 05K 32,768 HzELES
0t [X0sC.. ~ Calculate )
8 XOSCI . oate Peripheral
Clock s e saw  Clock
Source Digital Fraquency Locked Loop (DALL 48Mhz) Sa
S GOLK_DAL 0SCTDE ~
[[ o e———————
Calib. 4B,DDE:DEIEI Hz
G v X0t Gtk Genermior < ez-g [ PCLK 2
OsEM s N GeLUING
e CLE 4 —
CLE 5 i
- pAL
L = OSCULP32K CLEE e
e CLE7 —> GCLE 1O Confi...
CLK 8
XOSC3K ‘
32 KHe Oxcillators Contraller ek N 11
szkhighAcmm:y osc2K GaK1
Internal Oscillator 4
ke 32,768 Hz
32K Ultra Low Power OSCULP32K
32,768 Hz
[ ] XOSC32K
32K Crystal Oscillator
1t L}
CRYSTAL v
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Clock Setting Use MH3

¢ Default clock setting of new project (DFLL48M open loop).

a block Easy View I GCLKO k

XOsC -
Oscillators Controller ‘GOK Generator 0
. oscaMm
8 MHz Internal oscam L &
Oscillator g, *:
DAL Main Clock
OSCULP32! Gk < o~
CPU
oscazk 48,000, 00 Hz ] 48,000,000’ Hz
XIN G xoec X0sC2K DIV1 )
£000.000% el L5
XOUTE— 3 li_
CRYSTAL P GoLkL DFLL Peripheral Clock Configuration x
Fractions| Digita| Phess Locked Loop (FDPLL) [ ] | GCLK Multiplexer | Peripheral Enable Source Peripheral Clock Frequency
Clock AR Sh T sdi Peripheral Cladk Selection SERCOM2_CORE ] GCLEO v - ~
Source GakL SERCOM3_CORE ] GCLKO -
SCLK DPLL] FOPLL oscam L
GCLKO \,«[lj\_:‘ — — £ el SERCOM4_CORE [0 |ccLko -
_— = car SERCOMS_CORE OJ GCLKO v -
0= 0= ST, GeLKL i o o - SYSCTRL_DFLL48 ] GCLED v —
W5 Peripherals
Auto oscEK Lth) Gm 48 MHl
or¢] [xosC.. v Calculate " | -
&3 %0sCIK = Peripheral GCLED v 48,000,000 Hz
s GO = S N ?1001( GCLEO 43,000,000 Hz
Source Digital Frequency Locked Loop (DFLL 48Mhz)| SOE
GCLKD - R M . Gﬁ:@ 48 MHz
|ocLre - v
48,000,000 Hz
x0SC GOLK Generator x [x=2-8) D‘YCLK 2 Close
CLK 3 3
oseam f) GOLK_ING]
e CLE4
: CIK5  ca
[ 1= DAL e [ cokiopd
OSCULP32K G © L’r
— CLE7 —» GCLE 14 Confi...
CLE 8
XOSC3K |
32 KRz Oscillators Controller saLe_inio] 1
u 2K High Amua:v. 08C32K GOLKL CLK—CPU\
7 ternal Oscillator O5CaM ~ i CPU
32K Ultra Low Power Hathie i
2 —
Internal Gscillator Cr291k
F s2iearie OSC32K
Y Y
\ & piels) 1€
gy m ' xosm XOSC32K GCLK
32K Crystal Oscillator 2
& a Multiplexer
SYSCTRL GCLK_PERIPHERAL
CRYSTAL ~
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Clock Setting Use MH3

® For Example : Internal 32k RC -> GCLK Generator 1 -> TC3

Ll block Easy View Gcm §

X0sC. -1
Oscillstors Controller ‘GCLK Generztor 0
. oscam
8 MHz Internal oscam TR gn
Oscllstor gy - =
DAL Main Clock
osCuULFz2| GCLKD i~ .
CPU
ecank 48,000,§00 Hz ] 48,000,000 Hz
XIN B st 0K DIV1 @
8.000.003 o:m & vl I |
CRYSTAL v SEE DFLL Peripheral Clock Configuration e
Fractional Digital Phass Locked Loop (FOPLL) D | GCLK MU|tip|exer | Peripheral Enable Source Peripheral Clock Frequency
- HDSCI2K v GCLK]. & o Perighersl Clock Selection SERCOM2_CORE [} GCLEO  ~ - ~
Source soa SERCOM3_CORE [] GCLKO v -
GCLK_DPLL FDPLL 0O5C8M —
GCLEQ ~ = [] “ -
E — — & 2 SERCOM4_CORE L GCLKD
- = e SERCOMS_CORE ] GCLKO v -
I 0% 0% 1 SYSCTRL_DFLL48 GCLED v =
GCLKL
OSELLR2K A T p Peripherals
2] [Xosc., v e oscE2K 32,768 HzBUS T TC3 GCLK1 32,768 Hz
] xoscaK = gk Peripheral 1c3, Tec2 ] lociEl - 32,768 He
e s S 2 , Clock TC4, 105 =i GOLED | v 45,000,000 Hz
Source Digital Fraquency Locked Loop (DRLL 28Mhz) SO b % a 4'
GOLK_DALL L m =
GULED ~ M . L ;I 0SC32K S G - 48 MHz
woT O  [scko v - %
calib 48,000,000 Hz
Coen xosc Gak Genermtorx 2y [ ICLE 2 Close
oy & CLE 3 SR ‘BCLK Input Output (10)
DFLL 48M Open - - — X
S DAL GeLkx ~ =
i L% CLE 6 ' =t
OSCULP32K
m—— CLET —» GCLE I#0 Cenfi...
CLE 8
XOSC3K ‘
32 Kz Oscillators Contraller GELK_IND] 11
Vi
0SC32K s e sy AS S =555 cpu
gyivternal Ocllator . Vosen ) O Generator 0 e
32K UltraLow Power bl
B3 . 053
768 Hz Generator 1 ¥
-—l - XOSC32K GLLK
chrvsta_lolelami Multiplexer
SYSCTRL GCLK_PERIPHERAL
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Clock Setting Use MH3

¢ For Example : External 32.768K -> Generator 0 -> CPU & TC3

i block Easy View I
o GCLKO
Oscillators Contraller EOIK GaneratorD
. OSCEM
8 MHz Internal oscam ey &
Oscilistor gy »
bAL Main Clock
OSCLLPIZK. GeLko | ‘
CPU
os2k 32,§68 Hz d 32,768 Hz
AN E— XOSC3K " DIV1 ~
8300‘00301”_ o GCLK_INO] 1=
CRYSTAL  ~ cax X0SC32K Peripheral Clock Configuration X
KOSC32K ~ | |
Fractionz| Digita| Phasa Locked Loop (FOPLL) D GCLK Multip|exer Peripheral Enable Source Peripheral Clock Frequency
XOSC32K %
Clock e T — GOLD > Deretiera Clockche ke SERCOM2_CORE O GCLED v - A
Source GELKL SERCOM3_CORE O GCLED v -
GOLK_DPLL! FOPLL oscaM =
GCLED ~ — p— @ i SERCOM4_CORE ] GCLED  ~ -
- cae SERCOMS_CORE OJ GCLEO v~ -
= = = DAL =
= . OSCULFI2K aae GoLke i T SISCELElLE GCLEO v -
Ll eripherals i
) it — r . TC3 GCLKO 32,768 Hz
0[] [x0sc.. v Calculate 2 e ! I : =
&5 ¥0sC3 T Perspheral TC3, TCC2 =] GCLED 32,768 Hz
Clock GoLk IN(Y) - Hh _ Gllly TC4,TC5 “  |GcLEn  ~ 32,768 Hz
Source Digital Frequency Locked Loop [DRLL 48Nhz) s | | |
sctko vl S . Tca G 1 32,768 Hz
> WDT O GCLED - v
Cali 48,000,000 Hz .
o o Xose GOLK Generstor x (e=2-8) D‘TCLK Z Close
e oscam CLE 3 BOK Input Output [10] i
i GOLK_IN[x]
CLES i
: DAL I~
€83 1 CLE6 I [ ok 1ok
OSCULP32K
o CLE7 —» GCLE 140 Confi...
CLE$
XOSC3K ‘
32 Kz Oscilltors Controller GCLk_INe] 15 |
..31K High Accural 0SC2K ek | SENNASN GCLK ? CLK_CPU\ CPU
gynternal Ocils @ DELLE 481V] Generator 0 —>
32K UltraLow Power GECHPDC
32,768 H DSE32K
o8 e OSCES5ZK
Y Y
XIN32 [ ZEEE XOSC32K GCLK

32,768 Hz Multiplexer

I XOSC32K CRYSTAL v SYSCTRL GCLK_PERIPHERAL
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Lab7 System Clock XOSC32K

@ Try to change main clock from default source to external
32.768K.

@ Setting XOSC32K then enable it, first. Then Connect
XOSC32K to Generator 0. Connect TC3, TC4 to Generator O.

®Let’s go '
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T
Lab7 System Clock XOSC32K

Step 1

32 KHz Oscillators Controller |

32 KHz Cscillators Controller

32K High Accuraoy O5C32K
Internal Osdllator
1+
32K Ultra Low Power GSEULPE-‘-';
Internal O=scdllator
32,768 Hz
XIN32 [0— = Check_ \| XOSCTXK
XOSC32K - 21 O :
XOUT2 zl‘: Crystal D_,::Illat:-r' 32,768 Hz
E— /
| 32,768 Hz |

CRYSTAL W
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Lab7 System Clock XOSC32K

XOEC

GCLK Generator 0

Step 2

OECEM

FOPLL

AL

OECULPI2ZK

DEC32K

XOGC3K

GCLK_IN[O]

GCLEL

\ GOLK Generstor 0 B

&

Always be Checked

GCLED

Main Clock

....................................................

Main Clock

XOBCIZK v

XOSC32K

5

32,768 Hz

| 32,768 Hz |

CPU

n

DIV ~

o
32,768 Hz
| 32,768 Hz |
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Lab7 System Clock XOSC32K

Step 3

Peripheral Clock Selection Peripheral Clock Configuration
L ﬁiphﬁl SRR Peripheral Clock Configuration X
e Peripheral Enable Source Peripheral Clock Frequency
GOLK2 SERCOM2_CORE [] GCLED o~ - 2
GOLKS SERCOM3_CORE [] GCLED w —
GCLK4 i SERCOM4_CORE [] GOLED v -
- — Peripherals SERCOMS_CORE [] GrLED w -
| SYSCTRL_DFLL48 [] GCLEOD -
fitsd Feripheral | SISCIRL FDRL [] oL . _
GLLKT Clock T3 . [  GCLKO 132,768 Hz |
GoLka . % TC3, TCC2 . GCLED o 32,768 Hz I
Click . TC4, TC5 GCLED  ~ 32,768 Hz
' . Tca L | GCLKO 32,768 Hz
UsE L] GULED  ~ =
wDT [] GCLED v - v
Close
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Lab7 System Clock XOSC32K

Step 4

@ Configure GCLK Generator 0 to output clock.

GCLK Input Output (10) GCLK /O Configuration
""""" GOLK Input Output (1D) | GCLK 1/O Configuration x
GCLK_ING] 2
] ".\'I i
GOLKx R = = Generator In/Out In Frequency(Hz) Out Frequency(Hz)
H GOLK 10[x
a _ [ 0 Cut 0 32768
GCLK 1/0 Contt. C 0 || _our 0 32,768 Hz
Click 2 In 0 0
3 In 0 0
4 In 0 0
PAL4 5 i n D
SYSCTRL w 6 la 0 :
’ - ; ;
Y
GCLK
&ultipl:xe% Close

GCLK_PERIPHERAL
Y

ote
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Lab7 System Clock XOSC32K

Step 5

® Please disable BT2(PA14) GPIO pin function firstly and
then reassign PA14 as GCLK_I00 output pin.

(] Pin Table e = |PA14 (GCLK_IOO0)
Fackage: TOFP48 E%EEZEEEZEEﬁmEB;';'E
s LB EEE EE B E R EEEE M E
Module Funetion 1213 14| 15| 6| 17| 18| 19|20 (21|22 |23 |24 25|26 |27 | 28] 29
EIC_NMI (’é\ .
GCLK_100 GCLE_100 R (f"Ck Enable
GCLE_IO1 L‘@l
GCLK_I02
GCLK_IO3
GCLE GCLE_I04
GCLK_IOS
GCLK_IO6
GFIO SRS (.,:_D Click Disable
GPIO GPIO %
125_FS0
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T
Lab7 System Clock XOSC32K

Step 6

® Click 5 Cod: \to Generate Code and save changes to MHC
configure file.

----- 2 Modified Configuration

Current configuration has been modified. Do you want to save 1t before file generation?

2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window

_____
(] Active Components E&g‘;te nge'

X ZTRER 4

x | E G E 2 Generate Project X default iy EF'

1. Configure Generation Settings

=1 Generate Settings fl -
Merge Strategy USER ALL iz penph eral
|| stdio
| * defaultxml
| default.xml |
2 Generating Project.. X I .
Task Type Remaining Total
File Markup 0f
File Cop: 0 /
Libraries [i] /
etiings 0 {
Sonrce Paths fi] \
\
Project generation complate!
Please Wait... | G t
enerate |

3. Click Generats
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Lab7 System Clock XOSC32K

Step 7

e Comment out BT2(PA14) related GPIO code segment.

int main (void)

SYS |Initialize (NULL );

while(1)
/[ TODO 7.01
// if ( BT2_Get() ) LED3_Clear();
// else LED3 _Set();
}
¥

© 2019 Microchip Technology Incorporated. All Rights Reserved. 2019 Summer Elite Slide 15



Flash Access Time and Wait State

® The SAMD21 main flash Random Read time around 40nS.
That means you must adjust Wait State to proper value if
main clock over than 24MHz. The actual value shows in
below, it will depend on system supply voltage.

NVM Wait States Maximum Operating Frequency
162Vto 2.7V 0 14 MHz
1 28
2 42
3 48
2.7V to 3.63V 0 24 CPU_CLK =32.768KHz
VDD =3.3V|_ 48—
plib_nvmctrl.c
void NVMCTRL _Initialize(void)
NVMCTRL_REGS->NVMCTRL_CTRLB =
: - NVMCTRL_CTRLB_READMODE_NO_MISS_PENALTY |
MHC will auto adjust proper NVMCTRL_CTRLB_SLEEPPRM_WAKEONACCESS |
NVM Wait State. » NVMCTRL_CTRLB_RWS(0) |
(In case of 3.3V voltage supply only). ) NVMCTRL_CTRLB_MANW_Msk;
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Lab7 System Clock XOSC32K

Clock Output
CON9B
Arduino UNO Socket
PALl . DORX
PA10 3 [
PAOS 9 1 5,
R TG
_ D4 PA14 (D4)
PA15 12—
D5/PWM
Ll 13 | pepwm
EDBG GPIOII4 |
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Lab7 System Clock XOSC32K

Clock Output

K:1044.202s L 25758
Sihine R CH1 % %2

L 75
P2 75 K

CH1 A%

32 18 KHz

CH1 i 1

3050 us
CH1 IF i 1 PA14 (D4)
42 75%

CH2 4 %

5.56 MHz

a— \@5 e i 0%
S AN
.. o weRo™E oo\
' o pPORD Mo T ga \

C rme

b

S
I
ST eI
o ‘t.v; N
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Lab7 System Clock XOSC32K

Step 8 LED toggle period correct

— TC3 @ 32KHz —— TC4 @ 32KHz
~Counter Mode  Connter tn 16-bit mode ~Counter Mode  Connter in 16-bit mode
~Select Prescaler  Frescaler: GCLE_TC/1024 ~Select Prescaler  Prescaler: GCLE_TCR256
- *EEETImer resolution is 31250000.0 ng**** - ®EEETImer resolution is 7B12500.0 ng****
- Operating Mode  Compare ™ - Operating Mode  Compare ™
Iél--Cl:umpare Ié}--i:cumr:uare
~YWaveform Mode Match Frequency ~Waveform Mode Match Frequency
~Counter Direction UP Count W ~Counter Direction UF Count o
- Period Value 46,875 5 - Period value 0,370 = ]
[**** Tirmer Period is 1464843750.0 Us ****] - HEEE Timer Period is 73242187 .5 g *r+*
{ 1464843750 us = 24 mins | >~ 73242187 us=73sec | -
Period Value eV ~Period Value ; 7

L R*EE Timar Parjod is S4687.5 s ¥HH*

SHEEE Timer Period is 1000000.0 us ****

Correct Period Value to 32 to get 1sec period Correct Period Value to 7 to get 50ms period
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Clock source from DFLL48M

® There are 2 different mode for DFLL48M clock source

< Open Loop : | Project Default Use
Clock turning from fix calibration value by manufacturer.

< Close Loop :
Clock turning from external oscillator or crystal.

Close Loop

SYSCTRL
Open Loop

]
SYSCTRL GCLK Calibration
DFLL 48M Generator x
i SYSCTRL GCLK .
| Calibration | XOSC32K Generatory
Y
\— turning from fix calibration value oLk
by manufacturer Itiplexef 0
turning from external
oscillator or crystal \ GCLK-PE\S'PHERAL

- DFLL48M Reference |
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Lab8 System Clock DFLL48M

Close Loop

Configure DFLL48M(Close loop) as source of main clock(GCLKO).
@ Enable XOSC32K clock source.

@ Enable GCLK Generator 1 and assign XOSC32K as source of it.
@ Enable DFLL48M and assigh GCLK1 as source or it.

@ Select Close Loop calibration of DFLL48M.

® Click Auto Calculate to generate multiplier factor of DFLL48M.
@ Assign DFLL48M as clock source of GCLK Generator 0.

® CPU wait state will auto judge by MHC.

®Let’s go '
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Lab8 System Clock

DFLL4A8BM

Overview

Oscillators Controller PP
u oscam
8 MHz Internal oscam ==
Osciliator I >
DAL Main Clock
{FRE... v~ oscuwszi GOLKO .
> »  cru
0sC32K 47,972,352 §z 47,972,352 Hz
3 X0SC
' : % p DVl v
£.000,000% Crystal Oscialitor 112]
000,000 % GCLK_IN[O]
XOUTR— U
[CRYSTAL v~ SR,
DFLL v
Fractiona| Digita| Phase Locked Loop (FDPLL) D Peripheral Clock Configuration
X0SC32K =
Peripheral Clock Selection
Clork X0 GO K Genemmel Peripheral Enable Source peripheral Clock Frequency
Source =\ =
GCLKO v GOK DALL ORI oscaM SERCOM2_CORE ] GCLED  ~ =
FORLL G CLK 1 S SERCOM3_CORE ] GCLEQ  ~ -
= DAL GCLK3 SERCOM4_CORE : GCLED ~ —
012 ol i SERCOMS_CORE ] GCLEO v -
OSCULP32K SOLKS N SYSCTRL_DFLL48 [] GCLEl  ~ 32,768 Hz
052K 32,768 HzSLKS SYSCTRL_FDPLL ] GCLEQ  ~ -
oot SYSCTRL_FDPLL32K ] GCLEO  ~ -
Xoaz3 - l a] Penpheral TC3, TCC2 z GCLEQ 4 47,972,352 Hz
GCLK_IN[1] T Lt (;lock . Tce, TCS GCLKO v 47,972,352 Hz
soLks Teeo, Tect ] GCLEO  ~ -
XOSC3K v use L) |oCLko - -
DAL woT [] |oCLko - -
47,972,352 Hz
X0SC GOLK Generator x (x=2-8) | CLK 2
e LCIEKES GCLK Input Output (10)
oScEM 205 GOLK_IN[x]
FOPLL CLK 4 i
CLK 5 GOLKx
DAL N
GALK_IO]
CLK6 I ] cak o
OSCULP32K
CLK7 —» i
R GCLK IO Confi...
XOSC3K iCLK & GCLK I/0 Configuration
GCLK_IN[O]
Generator In/Out In Frequency(Hz, Out Frequency(Hz,
LT High Accuracy osck Gakl /( equency(Hz) equency(Hz)
antemal Oscillator OSCeM = 0 Ot 0 47972352
1 Gut 0 32768
2 In 0 0
32K Ultra Low Power OSCULP32K 3 In 0 0
Internal Oscillator i
= b 32,768 Hz hd In o o
5 In 0 0
’\l 3 In 0 0
XOSC32K XIN32 (— XQSC22K S = . .
32K Crystal Oscillator
32,768 Hz
xouT32 [
Close

CRYSTAL

v
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Lab8 System Clock DFLL48M

Setup Steps Overview

Oscillators Controller GOLK Generator O
= oscam
8 MHz Internal oscam EORLE G ctKo
o s CLK_CPU
DAL Main Clock
FRE.. v oscuu’sz! P -
o » CPU
0sC32K 47,972,352 §z 47,972,352 Hz
X0SC
XIN B ; R X0sC3K DIV1 T
8,000,000/% Crystal Oscialitor, T 1]
XOUTE— Lo
[CRYSTAL v i
Fracton Digial Phase Locked Loop (FOPLL) [ ] Peripheral Clock Configuration X
S X0SC32K e S ipheral Clock Selection
g XOsC GOLK Generator 1 Peripheral Enable Source Peripheral Clock Frequency
ource =N\
GCLKD SOk DAL Lirdo > M SERCOM2_CORE ] GCLEO  ~ — ~
E i G CLK 1 Gak2 SERCOM3_CORE [] GCLEO — ~ -
X0sC sca SERCOM4_CORE ] GCLEO — ~ -
k] 04 DAL SERCOMS_CORE ] GCLED v -
GOLKL GOLKS =
OSCULP32K N SYSCTRL_DFLL48 [v] GCLK1 = 32,768 Hz
Auto p— 32,768 HzGOLKS SYSCTRL_FDPLL O GCLED v -
015 |X0sC... Calculate s _— SYSCTRL_FDPLLIZK O GCLED  ~ -
o XOSCK 1 Peripheral 3,703 ™ GCLEOD v 7,972,350
GCLK_IN(1] x) K (':'lock . T4, TCs GCLED v~ 47,072,352 Hz
soLks Teeo, Tect ] GCLEO  ~ -
XOSCHK ~ s B -
DAL woT ] GCLKO v - v
47,972,352 Hz Close
GRS GCLK Input Output (10}
GScEM 6% GOLK_IN[]
FDPLL CLK 4 i
Auto
5 . ok CLK 5 GaLke
C .c CLK 6 ? [ cax iofq
OSCULP32K
CLK7 —» GCLK IO Confi...
s CLK 8 [ GCLK Output
32K Osc XOSC3K | GCLK /O Configura X
GELK_INO] 1%
Generator In/Qut
.:szx High Accuracy, osc2K GCLK1 / GCLKO : Out [|
antemal Oscillator’ = 0 Out .
1 Cut
: 1 GQCLK1:Out
32K Ultra Low Power OSCULP32K 3 In * u
Internal Oscillator 32" T 4 In 0 0
s In 0 0
2 In 0 0
XOSC32K [ 2 ' - — ° °
e Cr =<1 Oscill
32,768 H:
XOUT32 B——%) /7 2,768 Hz
Close
CRYSTAL ~
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Lab8 System Clock DFLL48M

Step 1

32 KHz Oscillators Controller

oscszc [
XOSC32K |

32 KHz Os=cillators Controller

32K High Accuracy,

OSC32K

Internal Oscillator

Lt

OSCULP22K

32K Ultra Low Power
Internal Oscillator

>
32,768 Hz

XOSC32K

CRYSTAL

:

1< ]

>
32,768 Hz

32,768 Hz
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Lab8 System Clock DFLL48M

Step 2

GCLK Generator 1

XOSC GCLK Generator 1 \/

=N\

FOPLL | &

DAL

F ! GOk -
OSCULF3ZK ; :
DEC32K 32,768 Hz
®OSC3K 32.768 Hz

GCLK_IMN[1] /( L=

HLRLEE

XOSC32K @:
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Lab8 System Clock DFLL48M

Step 3

Digital Frequency Locked Loop (DFLL 48Mhz)

Clock

A Source I GOLK_DAL Digital Frequency Locked Loop (DFLL 48Mhz) \/
GCLK1 v & B : -
GCLKI Caiib | 47,072,352 Ha
: Closed v : 47,972,352 Hz
DFLL48M C'°se |
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Lab8 System Clock DFLL48M

Step 4

GCLK Generator 0
s GCLK Generator 0 l
e n Main Clock
FOPLL 203 ain
DAL CLK_CPU
OSCULP22K GCLKO

: P
0sSC32K 47,972,352 Hz 47,972,352 H; S
e 47,972,352 Hz
GCLK_IN[O] ,
=1 @
DRLL v
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GCLK_IN[x]
-

Lab8 System Clock DFLL48M

GCLK Input Output (10)

GLLE Input Cutput [10)
1

GOk

“J

[

GCLK /O Confi, 1

LT, (<] ek iofx]

Step 5

GCLK 1/0 Configuration

| Click

GCLK I/O Configuration

X

Generator In/Out In Frequency(Hz) 47972352
|0 - oot Out @ 47972352
[ 1 Ot 32768
1 o ow &
i © 32768
3 In 0 i
4 In 0 o
5 In 0 o
& In 0 o
7 In 0 o
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Lab8 System Clock DFLL48M

Wrong Click Sequence in MHC Clock Easy View

plib_clock.c plib_clock.c

void CLOCK _Initialize (void) void CLOCK _Initialize (void)

{
/* Function to Initialize the Oscillators */ /* Function to Initialize the Oscillators */
SYSCTRL _Initialize();

SYSCTRL_Initialize():

GCLK1 Initialize()

>—<_’-——> DFLL Initialize();
DFLL Initialize(); ——— GCLK1 Initialize();

GCLKO Initialize(); GCLKO Initialize();

Correct Sequence Wrong Sequence
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Lab8 System Clock DFLL48M

Step 6

® Please disable BT3(PA15) GPIO pin function firstly and
then reassign PA15 as GCLK_101 output pin.

() Pin Table o—— —. (= PA15 (GCLK_IO1)
Facksee: [[AR8 © JEEEEHEEAEBEEEEIEBEEE
(i =V R () [ W o= v [ R B B Do (e O O o O B B
Module Function 1213 14| 15| 16|17 18| 19|20 21|22 23|24 | 25|26 |27 |28 | 20
EIC_NMI
GCLE_IC0 (2 . .
GCLK_lO1 GCLE_I01 \ | (I:|ICk Enable
GCLE_I02 L
GCLE_I03
GCLE GCLE_104
GCLE_IOS
GCLE_IC6
GFIO S T ,:D Click Disable
GPIO GPIO %
125_FS0
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=TS

- Counter Mode

- Select Prescaler
- HERRTImer racolution is 21345 .6284153 nS¥***
~Operating Mode  Compare ™

Lab8 System Clock DFLL48M

Step 7 LED toggle period correct

TC3 @ 48MHz

Counter mn 16-bit mode
Frescaler: GCLE TC/024 -

E}--Cumpare

-~ ayeform Mode Match Frequency

UUFP Count e
465,875 =

- #EER Timer Period is 1000576.33197 yg ****
2413

- Counter Direction

- Period Walue

-~ Compare Yalue

TC4 @ 48MHz

ETC4

~Counter Mode

- Select Prescaler

Counter mn 16-bit mode
Prescaler: GCLE TCR256

- HEEET I mer ragolution 1s 5336.40710383 nS¥***
-Operating Mode  Compare

- Compare
~\Wayeform Mode
[ —Counter Direction

Match Frequency

[P Count R
0,375 %

-~ ¥EEE Timar Period s S0028.8165984 s *¥***
245

- Period Yalue

-~ Compare Value

— [} — =1

= Ll = =l

Correct Period Value to 46875
to get 1sec period

Correct Period Value to 9375
to get 50ms period
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Lab8 System Clock DFLL48M

Step 8

® Click 5 Cod: \to Generate Code and save changes to MHC
configure file.

----- 2 Modified Configuration

Current configuration has been modified. Do you want to save 1t before file generation?

2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window

_____
(] Active Components E&g‘;te nge'

X ZTRER 4

x | E G E 2 Generate Project X default iy EF'

1. Configure Generation Settings

=1 Generate Settings fl -
Merge Strategy USER ALL iz penph eral
|| stdio
| * defaultxml
| default.xml |
2 Generating Project.. X I .
Task Type Remaining Total
File Markup 0f
File Cop: 0 /
Libraries [i] /
etiings 0 {
Sonrce Paths fi] \
\
Project generation complate!
Please Wait... | G t
enerate |

3. Click Generats
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Flash Access Time and Wait State

® MHC will auto adjust proper NVM Wait State, also.

plib_nvmctrl.c
void NVMCTRL _ Initialize(void)

{

NVMCTRL_REGS->NVMCTRL_CTRLB =
NVMCTRL_CTRLB_READMODE_NO_MISS_PENALTY |
NVMCTRL_CTRLB_SLEEPPRM_WAKEONACCESS |
NVMCTRL_CTRLB_RWS(1) |
NVMCTRL_CTRLB_MANW._MsKk;

NVM Wait States Maximum Operating Frequency

162V t0 2.7V 14 MHz
28
42

0
1
2
3 48
0
1

2.7V to 3.63V 24

48 | CPU_CLK =48MHz ||

VDD = 3.3V
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Lab8 System Clock DFLL48M

Clock Output
CON9B
Arduino UNO Socket
PALl . DORX
PA10 3 [
PAOS 9 1 5,
PAQ9 10
PA14 11 gi/ PWM
PA15 12 WM
L0 13 ™ DeprwMm
EDBG GPIOII4 |

%4

.........

PA15 (D5)

PA14 (D4)
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Lab8 System Clock DFLL48M

Clock Output

R =RE -7
R il 5 &
CH1 $is%
CH1 #8 HH

2100 ns

~L14 T G

CH2 4 352
32.84 KH

\ 2l oo By
A B 5‘?‘-"3“?”

0y Y Vs

\ e
s
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