AW SAM D5x/E5x Family Data
MICROCHIP Sheet

32-bit ARM® Cortex®-M4F MCUs with 1 Msps 12-bit ADC,
QSPI, USB, Ethernet, and PTC

Features

Operating Conditions:
* 1.71V to 3.63V, -40°C to +125°C, DC to 100 MHz
* 1.71V to 3.63V, -40°C to +105°C, DC to 120 MHz
* 1.71V to 3.63V, -40°C to +85°C, DC to 120 MHz

Core: 120 MHz Arm Cortex-M4
+ 403 CoreMark® at 120 MHz
* 4 KB combined instruction cache and data cache
» 8-Zone Memory Protection Unit (MPU)
+  Thumb®-2 instruction set
* Embedded Trace Module (ETM) with instruction trace stream
» Core Sight Embedded Trace Buffer (ETB)
» Trace Port Interface Unit (TPIU)
* Floating Point Unit (FPU)

Memories
* 1 MB/512 KB/256 KB in-system self-programmable Flash with:
— Error Correction Code (ECC)
— Dual bank with Read-While-Write (RWW) support
— EEPROM hardware emulation
* 128 KB, 192 KB, 256 KB SRAM main memory
— 64 KB, 96 KB, 128 KB of Error Correction Code (ECC) RAM option
* Up to 4 KB of Tightly Coupled Memory (TCM)
» Up to 8 KB additional SRAM
— Can be retained in backup mode
» Eight 32-bit backup registers

System
« Power-on Reset (POR) and Brown-out detection (BOD)
* Internal and external clock options
« External Interrupt Controller (EIC)
* 16 external interrupts
* One non-maskable interrupt
* Two-pin Serial Wire Debug (SWD) programming, test, and debugging interface

Power Supply
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» Idle, Standby, Hibernate, Backup, and Off sleep modes

» SleepWalking peripherals

» Battery backup support

* Embedded Buck/LDO regulator supporting on-the-fly selection

High-Performance Peripherals

* 32-channel Direct Memory Access Controller (DMAC)
— Built-in CRC with memory CRC generation/monitor hardware support

* Up to two SD/MMC Host Controller (SDHC)
— Up to 50 MHz operation
— 4-bit or 1-bit interface
— Compatibility with SD and SDHC memory card specification version 3.01
— Compatibility with SDIO specification version 3.0
— Compliant with JDEC specification, MMC memory cards V4.51

* One Quad I/O Serial Peripheral Interface (QSPI)
— eXecute-In-Place (XIP) support
— Dedicated AHB memory zone

* One Ethernet MAC (SAM E53 and SAM E54)
— 10/100 Mbps in MIl and RMII with dedicated DMA
— IEEE® 1588 Precision Time Protocol (PTP) support
— |EEE 1588 Time Stamping Unit (TSU) support
— |EEE802.3AZ energy efficiency support
— Support for 802.1AS and 1588 precision clock synchronization protocol
— Wake on LAN support

* Up to two Controller Area Network (CAN) (that is., SAM E51 and SAM E54)
— Support for CAN 2.0A/CAN 2.0B and CAN-FD (ISO 11898-1:2016)

* One Full-Speed (12 Mbps) Universal Serial Bus (USB) 2.0 interface
— Embedded host and device function
— Eight endpoints
— On-chip transceiver with integrated serial resistor

System Peripherals

» 32-channel Event System

» Up to eight Serial Communication Interfaces (SERCOM), each configurable to operate as either:
— USART with full-duplex and single-wire half-duplex configuration
— ISO7816
— 12C up to 3.4 MHz
— SPI
— LIN master/slave
— RS485
— SPI inter-byte space

* Up to eight 16-bit Timers/Counters (TC) each configurable as:
— 16-bit TC with two compare/capture channels
— 8-bit TC with two compare/capture channels
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— 32-bit TC with two compare/capture channels, by pairing two TCs
* Two 24-bit Timer/Counters for Control (TCC), with extended functions:
— Up to six compare channels with optional complementary output
— Generation of synchronized pulse width modulation (PWM) pattern across port pins

— Deterministic fault protection, fast decay and configurable dead-time between complementary
output

— Dithering that increase resolution with up to 5 bit and reduce quantization error
» Up to Three 16-bit Timer/Counters for Control (TCC) with extended functions:
— Up to three compare channels with optional complementary output
» 32-bit Real Time Counter (RTC) with clock/calendar function
* Up to 4 wake-up pins with tamper detection and debouncing filter
* Watchdog Timer (WDT) with Window mode
* CRC-32 generator
+ One two-channel Inter-IC Sound Interface (12S)
* Position Decoder (PDEC)
» Frequency meter (FREQM)
* Four Configurable Custom Logic (CCL)
* Dual 12-bit, 1 MSPS Analog-to-Digital Converter (ADC) with up to 16 channels each:
— Differential and single-ended input
— Automatic offset and gain error compensation
— Oversampling and decimation in hardware to support 13-bit, 14-bit, 15-bit, or 16-bit resolution
* Dual 12-bit, 1 MSPS output Digital-to-Analog Converter (DAC)
* Two Analog Comparators (AC) with Window Compare function
* One temperature sensor
» Parallel Capture Controller (PCC)
— Up to 14-bit parallel capture mode
» Peripheral Touch Controller (PTC)
— Capacitive Touch buttons, sliders, and wheels
— Wake-up on touch
— Up to 32 self-capacitance and up to 256 mutual-capacitance channels

Cryptography
* One Advanced Encryption System (AES) with 256-bit key length and up to 2 MB/s data rate
— Five confidential modes of operation (ECB, CBC, CFB, OFB, CTR)
— Supports counter with CBC-MAC mode
— Galois Counter Mode (GCM)
* True Random Number Generator (TRNG)

* Public Key Cryptography Controller (PUKCC) and associated Classical Public Key Cryptography
Library (PUKCL)

— RSA, DSA
— Elliptic Curves Cryptography (ECC) ECC GF(2n), ECC GF(p)
* Integrity Check Module (ICM) based on Secure Hash Algorithm (SHA1, SHA224, SHA256), DMA
assisted

Oscillators
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+ 32.768 kHz crystal oscillator (XOSC32K)
— Clock failure detection
* Up to two 8 MHz to 48 MHz crystal oscillator (XOSC)
— Clock failure detection
+ 32.768 kHz ultra low-power internal oscillator (OSCULP32K)
» 48 MHz Digital Frequency Locked Loop (DFLL48M)
* Two 96-200 MHz Fractional Digital Phased Locked Loop (FDPLL200M)

/10
* Up to 99 programmable I/O pins

Qualification
+ AEC-Q100 Grade 1 (-40°C to 125°C)

Packages
Table 1. Package Types

Parameter Package Type
Pin Count 48 64 64 100 128 120 64
I/0 Pins (up to) 37 51 51 81 99 90 51
Contact/Lead 0.5 0.5 0.5 0.5 0.4 0.5 04
Pitch
Dimension 7x7x0.9 9x9x0.9  10x10x1.2 14x14x1.2  14x14x1.2  8x8x1.2 3.59x3.51x0.53

Note: All dimensions are in millimeter (mm) unless specified.
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28.5. ProduCt DEPENUENCIES. ........eiiiiiieiiiii ettt ettt e et e et e e e snee s 764
28.6. FUNCHONAI DESCIIPTON. ... .ttt ettt e st e san e e et e e e 765
28.7. REQISIEr SUMIMAIY.....oii ittt e e et e e e e st e e e e e seatbaeeeeseassaseeaeeasnsaeeeeeaannes 779
28.8. Register DEeSCIIPLON. ... ...u it e et e e s e e e e e eas 781
29. OSC32KCTRL — 32KHz Oscillators Controller.............coooeiiiiiiiiii 811
DA I O V=T T OSSP 811
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20.2. FAIUIES..... ittt ettt 811
PAS G T =1 o o7 QI - To = 10  FO USRS 812
P4 I ST o [q T T D =T 4T o o TSR 812
P42 IR T o o To [8 o B T=T o T=T o o 1= o [or 1= PR 812
29.6. FUNCLONAI DESCHIPLION. ... ettt ettt e et e sbe e sen e e et e e naas 814
29.7. ReEGISIEI SUMIMAIY....coi ittt s et et e ek bt e e eabe e e sbe e e e anbe e e saneeesneee s 819
29.8. Register DEeSCIIPLON. ... ...uiiiiii et e e s e e 819
30. FREQM — FrequenCy Meter...........coo i 831
T Ty B @ Y=Y PRSPPSO 831
0.2, FRAIUIES. ...ttt e et e e et e e e e 831
10 T = o Tt QI 1 =T = o o TP RRR 831
30.4. SigNal DESCIIPHION. ... .eeiiiiiie ittt ettt e e b e e e e re e e aere e e 831
30.5. ProducCt DEPENUENCIES. ......coiiiiiiiiiiieit ettt ettt st e e e abe e e e 831
30.6. FUNCLONAl DESCIIPION. .. .uutiiiiiiiiiiiii ettt e e e e e e e e e e e e e e e e e eesesasasannsnenenrnnees 833
30.7. REQIStEr SUMMIAIY...ceiiiiiieiiiee ettt et e e sttt e e et e e s saeeeeanteeeeseeeeeaneeeanseeeeanneeeenneeeanneeean 836
30.8. RegiSter DESCIIPON. ....cciiiiiiiii ettt 836
31. EVSYS — EVENt SYSeM....eoiiiiiiiiiee e 846
By O O =Y 1RSSR 846
1.2, FRAIUIES. ...ttt ettt e e e e ettt e e e e e nteeeee e e e nnneeeaeaaannraeeaaeaannes 846
G T = 1o Tt DI = o [ =0 o PP UPPUP PP PPSRNY 847
31.4. ProducCt DEPENAENCIES. ......cccueiieiee ettt e et e e e et e e e st e e e s e eba e e e e sessntaeeaeesnnsbeeeaeaan 847
31.5. FUNCLiONAl DESCIIPLON. ... ..uiiiiiiiiiiiiee e e e e e e e e e e e e e e e e e e eeseseeesennnnsnnnrnnees 848
31.6. Register SUMMAIY..........e ettt et e e e et e e e e e et e e e e e e eneeeeas 856
31.7. RegiSter DESCIIPON. ....coiiiiiiiii e e e 862
32. PORT - 1/O Pin CONIIOIIET ... ... ennsnnnes 883
2 R @ = o o TSRS 883
32,2, FRAIUIES... .ttt et 883
K2 T = 1o Tt DI = o [ =y o PP UP TSR 884
12 SIS o g T= 1IN I LYo ] o (o] o TSRS 884
32.5. Product DEPENAENCIES. ...t e e e e e e e e e e e e e e aaaaaaaeeeeaeaaaaaaan 884
32.6. FUNCHONAl DESCIIPHION. .....ciiiiiiiitite e e e 886
32.7. REGISIEr SUMMIAIY...ci ittt b e e as b e e et e e e eae e e e anbe e e esbe e e snneeesnnee s 892
32.8. RegiSter DESCIIPLION. .....ceiiiiiiiiiii ettt e et e e e s e e e et eeeeeean 893
33. SERCOM - Serial Communication Interface...........ccccccooviiiiiiiiiiee e 913
G Tt B @ Y=Y oSO R ST PRROPR 913
3.2, FRAIUIES. ...ttt e e e e e 913
13 G T = o Tt QI 1 =T = o o PRSP 914
33.4. SigNal DESCIIPHION. ... .eeeeiiiie ittt ettt s et e e e e e e s e e nan 914
33.5. ProducCt DEPENUENCIES. ......coiiiiiiiiiiieit ittt ettt et e e st e e e ab e nae 914
33.6. FUNCLONAl DESCIIPION. ....ueieiiiiiieiiiii e e e e e e e e e e e e e e e e e e eesesasasnnnnenenenennees 916

34. SERCOM USART - SERCOM Synchronous and Asynchronous Receiver and
L= 1] 411 922
R R @ = Y o UR PR 922
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34.2. USART FAIUIES.......eeiiitiie ettt ettt ettt e s enne e 922
K7 G T = 1o Tt DI = o [ =y o PSPPSR 923
1730 SIS o o E= 1IN I Lo ] o (o] o T OSSP 923
34.5. Product DEPENAENCIES. ......ccccciee et e e e e e et e e e e e e e e e aaaaaaeeeaeaeaaaaaaan 923
34.6. FUNCHONAl DESCIIPHION. .....ciiiiiiiiiiie ittt e e 925
34.7. REGISIEr SUMMIAIY...cii ittt ettt bt e e s st e e et e e e eaee e e anbe e e snbeeesnneeesnaee s 942
34.8. RegiSter DESCIIPLION. .....ceiii ittt e e e st e e e e et e e e e ean 943
35. SERCOM SPI — SERCOM Serial Peripheral Interface..........ccccccccoiiiiiiiieeeeennnns 969
3.1, OVEBIVIEW. ..ttt b e e ea e e bt e e bt e ettt e s b et e e e e e e e b e e e s he e aabe e e nae 969
35.2. FRAIUIES. ...ttt e e e e e 969
TSI T = o Tt QI =T = o o PR RRP 970
35.4. SigNal DESCIIPHION. .....eeiiiiiieetie ettt e e b e e e e e e nae 970
35.5. ProducCt DEPENUENCIES. ......cooiiiiiiiiiieit ettt et eate e et e 970
35.6. FUNCHONAl DESCIIPION. .....utiiiiiiiiiiiei et e e e e e e e e e e e e e e e e e e e sese s s e nnnenenanennees 972
35.7. REQISIEr SUMMIAIY...ce ittt e st e e st e e e et e e anteeeeseeeeeneeeeanseeeeanseeeenneeeanneeean 983
35.8. RegiSter DESCIIPON. ....cciiiiiiii et 984
36. SERCOM I2C — Inter-Integrated CirCUIt............cc.ceoveveueeeeeeeeeeeeeeeeee e 1005
BTG TRy T @ =Y o 1 SR 1005
36.2. FRAIUIES. ...ttt e ettt e e e ettt e e e e e a e e e e e e e e nnreeeaeeaanneneaaeaane 1005
36.3. BlOCK DIGQram........coiiuiiiiiiiiie ittt ettt e e et n 1006
36.4. SigNal DESCHPLON. ... ..eiiiiiiiee et e e e e e e e e e e e e e e e sanbeeeeeesentreeeaeaan 1006
36.5. Product DEPENAENCIES. ......ccceiiieeee ettt e e e e e e e e s e s e e e e e e e e e aaaaaaaeeeeeeaaaan 1006
36.6. FUNCLiONAl DESCHIPLON. .....uuiiiiiiiiiiiii e e e e e e e e e e e e e e e e e e e e e e e saenenennees 1008
36.7. Register SUMMAry - 12C SIAVE.......cccuuiiiiiiii it 1028
36.8. Register DesCription - 12C SIAVE...........covieeeeeeeeee et 1029
36.9. Register SUMMAry - 12C MaSEI.......c.uiiiiiiie et e e e e snee e e aeeee e 1047
36.10. Register Description - 12C MaSHEr.............c.coveveeeeceeeeeeeeeee e ee e eee e en e 1048
37. QSPI - Quad Serial Peripheral Interface.........cccccccvvviiviii 1066
B0 T @ =Y 1= S 1066
7.2, FRAIUIES. ...ttt e ettt e e e e ettt e e e e e et e e e e e e nnreeeeeeanaeneaeeaaae 1066
37.3. BlOCK DIAQram........ceiiiiiiiiie ettt et n 1067
KA S [ g F= T LT Lo ] o o] o S RPSP 1067
37.5. Product DEPENAENCIES. .....cccieeiiiieeee ettt e e e e e e e e e e e e e e st e e e e e e e e eeaaaeaaaeeeeeeeaaannn 1067
37.6. FUNCLiONAl DESCIIPIION. .....eviiiiiiiiieeie e e e e e e e e e e e e e e e e e e e ee e s e e e nnnenennnes 1069
37.7. REGISIEr SUMMIAIY ...ttt ettt e et s ee e san e e e et e e nnre e e nnneeas 1086
37.8. RegiSter DESCIIPHON. ....coiiiiie ittt bt 1087
38. USB — Universal Serial BUS............ccoiiiiiiiiiiiieee e 1109
KT TRt TR @ Y=Y TP RTUUR TR 1109
38.2. FAIUIES. ... ettt et 1109
38.3. USB BIOCK DI@QIam........ceiiiiiiiiiiiie e ittt e e et e e e sttt e e e et e e e e e e eanea e e e e e s snnbeeaaeesansneeas 1110
BT R SIS 1o o T= 1IN I LYo o 1o} o TSRS 1110
38.5. Product DEPENUENCIES. ......cociiiiiiiiiie ittt 1110
38.6. FUNCHONAl DESCIIPION. .. ..ciiiiiiiitiie ettt ettt e e e e nbneeen 1112
38.7. REGISIEr SUMMAIY........ciiiiie e e e e e e e e e e e et e e e e e s snreeaaeesensreeas 1132
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38.8. Register DESCIIPHON. .....ci i 1136
39. CAN - Control Area NetWOrK..........coovviviiiiiiiiiiiii e, 1204
BT By B @ =Y o 1SS 1204
3.2, FRAIUIES. ...ttt 1204
39.3. BIOCK DIAQram.......eeeieiiiiiiiiee ettt ettt n 1205
BT S o g T Tl B T=TTor ¢ o) {[o ] PO RR 1205
39.5. Product DEPENAENCIES. .....ccccceeiee ettt e e e e e e e e e e e e s e e e e e e e e aaaaaaaaeeeaaeaeaan 1205
39.6. FUNCHONAl DESCIIPHION. .....ciiiiiiiitiee ettt e e e e e nnne e 1206
39.7. REGISIEr SUMMIAIY ...ttt ettt e et s bt e e ebe e e e et e e sbeeeenaeee s 1228
39.8. Register DeSCrIPHION. ....cccii e r e e e e e e e e e e e e e e e e e e e s 1232
39.9. MESSAGE RAM..... .ottt e ettt e e e e e e e e e et e e e e e e e annte e e e e e e ntneeeeeaann 1301
40. SD/MMC Host Controller (SDHCQC). ... ... e 1311
L0 I @ V=T VT SR 1311
O I == U = F PSRRI 1311
0 IR S =1 (o Tod QDI F= o= o 1 - TSP 1312
40.4. SigNal DESCIIPLON. ...ttt ettt ettt e st e b e et 1313
40.5. ProducCt DEPENAENCIES. ......ceiiiiiiiiiiie et e ettt e e et e e e e et e e e e s e tbe e e e e s aeanseeaeeesnsaeeeeeaanes 1313
270 N ST ¥ Tox 1 o] b= I D To Yo o] o] o USRI 1314
40.7. ReQISTEr SUMIMAIY....coi ettt e e e e et e e e e e e ataeeea e e aasaeseaaeeaannseeeaeeaanseeeeaaaann 1315
40.8. RegiSter DESCIIPTION. ... .eiiiiiiieitie ettt sttt 1318
41. CCL — Configurable Custom LOGIC.........cc.uuuiiiiieeiieiiiiieee e 1393
O TR @ Y= Y =PRSS 1393
4.2, FAIUIES. ... tiiiitiee ettt e e e 1393
IR T =1 oo QI - To [ = 10  FO PSP STPR 1394
g S Yo g T T D L= T T o o T ST 1394
T ST oo [U o B T=T o T=T o 1= o Lo 1= PP 1394
41.6. FUNCLONAI DESCIIPLION. ... ..ttt et e s nnee s 1396
41.7. ReGISIEI SUMIMAIY....coiiiiiiiiiii ittt ettt et e e et e e aaee e e sabe e e enreeennns 1407
41.8. Register DESCIPHON. ... ...t e et e e e s rnbe e e e e e aaaee 1407
42. AES — Advanced Encryption Standard............cccoeiiiiiiiiii e 1412
g B O 1Y = o 1= TSRS 1412
2.2, FRALUIES. ...t e e e e e et e e s 1412
A T = 1o Tod g B = o = o T PO PRRR 1413
42.4. SigNal DESCIIPLON. ...ttt et e b e et s 1414
42.5. ProduCt DEPENUENCIES. .......ueiiiiiieiiiit ettt e et e e e e eneeeenees 1414
2y TR ¥ Tox (o] g =1 I D T=T<Tor o] 1 o] o USSP 1415
A - (o 151 (=T RS T [ 4]0 - T S 1424
42.8. RegiSter DESCIIPHION. ... .uiiiitiii ittt 1426
43. Public Key Cryptography Controller (PUKCC)...........ooviiiiiiiiiiiiiiiieeeeeiieeenn 1443
R T O Y= T TR 1443
43.2. ProducCt DEPENUENCIES. ......cceeee it e e e e e e e e e e e e e e e e e e e e e e e e e eaaaeas 1443
43.3. FUNCLONAI DESCIIPLION. ... .ttt e et ee e nne s 1444
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44,

45.

46.

47.

48.

TRNG — True Random Number Generator.............cccceevveeeiiiiiciiiiiiee e 1574
g B @ V7= Y =PTSRS 1574
N =Y Y (0] (O RSRSTRR 1574
2 T = 1o o3 QB IF= o = o T PR OPRRR 1574
444, SigNal DESCIIPON. ... ...ttt e ettt e e e e e et e e e e e aat e e e e e neeeeaaeeanneeeas 1574
44.5. ProduCt DEPENUENCIES. .......uiiiiiiieiiie ettt e et e et e s e e et enees 1574
44.6. FUNCLiONAl DESCIIPHION. .....ciiiiiii ettt e e e e e e e et e e e e e st re e e e e s enraaeaaean 1576
O A S (= o 151 (=T RS T [ 4]0 - S 1578
44.8. Register DeSCIIPON. ... ... ittt e e e et e e e e e e e e e e e e eneaeeaaeaannes 1578
ADC — Analog-to-Digital CoNVerter.............uuiiiiiiiiiieeee e 1585
LT T O V=T T TS 1585
5.2, FRAMUIES. ... .ottt e e e e et e e e e et et e e e e e ee e e e e e e anteee e e e e annaeeaaaean 1585
45.3. BIOCK DIGGIam...cccueiiiiiiiiiitie ettt ettt ettt st e et et 1586
45.4. SigNal DESCIIPLON. ....c.utiii ittt sttt e bt e st e e s et e et nanes 1586
3T T o oo [U To B T=T o T=T o To 1= o o7 =Y PR 1587
45.6. FUunCtional DESCIPLION. ........uuiiiiiiiiiiiiiecee et e e e e e e e e e e e e e e e e e e e e nrnnaes 1588
45.7. RegISIEr SUMIMAIY.....coiiiiiiiiiii ittt e bt e e s e e e e e e 1606
TR T S (= To [151 (=T 0 L= Tod ] o] (o PSP PR 1607
AC — ANalog COMPAratorS........cuuuiiiiiiiiiiiiieieeeeeeeeeee e e e e e e ee e e e eeeeeeeeeeeeeeeeeeaees 1640
AB.1.  OVEIVIEW. ...eieit ittt ettt ettt h et b ettt e bt et eehe e ekt e eae e e bt e shbeeabe e sh b e e ebeesabeenbeeenneeneee 1640
468.2. FRATUIES. ... teeiiti ettt et e e et e e 1640
TG T =1 o Tod (I =T =T o O PP 1641
LG S Yo Ta T T D =T 4T oo TR 1641
46.5. ProduCt DEPENUENCIES. .......ueiiiiiieiiiii ittt e et e e ene e e 1641
46.6. FUNCHONAI DESCIIPTON. ... ..ttt et e et e e e e nnree s 1643
46.7. ReEQISTEr SUMIMAIY....coii ittt e e e st e e e e st e e e e s eesbaeeeaeeasnsseeaeeesnntseeeaeaannes 1653
46.8. Register DeSCIIPON. ... .. . it e e e e e e e e et e e e e e 1653
DAC — Digital-to-Analog CONVEIEr............uuiiiiiiiiiiiieeeeee e 1671
A T O V=T T PR 1671
N == U (= F SRR 1671
A T = 1o o3 g B IF= o = o TP RTUPRRR 1671
47.4. SigNal DESCIIPLON. ...ttt ettt ettt sb e e b e et 1671
47.5. ProducCt DEPENAENCIES. ......ceiiiiiiiiiiee et e ettt e ettt e e e et e e e e s e tbe e e e e s ssaaseeaeeesnsaeeeeesanes 1672
O ST ¥ Tox 1 o] b= I DT T o] o] o U 1674
47.7. ReQISTEr SUMIMAIY....coi it e e et e e e e et e e e e e e naeeeeaeaaanneeeeaeeaanseeeaaaaanns 1684
47.8. RegiSter DESCIIPIION. ... .eiiiiiiie ittt ettt 1684
TC — TiMEIHCOUNLE......coiieeiieeieeeeeeeeeeee e 1710
Tt B @ Y= =SSP 1710
48.2. FAIUIES. ... ittt ettt b e e e e 1710
TS G T =1 oo QI - To [ = 10 o FOS PSSP 1711
S S T o [T T D =T o] o o OSSR 1711
48.5. ProducCt DEPENUENCIES. ......cceee e e e et e e e e e e e e e e e e e s e e e e e r e e e aeeeeeeaaeas 1712
48.6. FUNCLONAI DESCHIPLION. ... ettt ettt e s nnee s 1713
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48.7. RegiSter DESCIIPHION. ... ..ttt 1729
49. TCC — Timer/Counter for Control Applications...........ccccovviiiiiiiiiiiieiiiieeeeeen 1799
LS I O Y=Y T R 1799
4O.2. FAIUIES...... ettt e e e rne e 1799
T LS G T =1 oo QB - To = 10 FO PP PP PSPPI 1800
49.4. SigNal DESCIIPHON. .......eeiiiee et e et e e e e et e e e e et e e e e e et e e e e e e enranes 1800
2O IR T o o To [8 To B T=T o T=T o o 1= o o 1= PR 1801
49.6. FUNCLONAI DESCIIPLION. ...ttt e s e nnnee s 1802
49.7. ReGISIEI SUMIMAIY....cciiiiiiiiiii ittt ettt ettt e e eae e e e e s e e e 1838
49.8. RegiSter DESCIIPLION. ....ciiii i e e e e e e e e e e e e e e e e s s e r e e e aaaaaas 1841
50. PTC - Peripheral Touch Controller.............ccccoiiiuiiiiiiiiiiiiiiiiiiiiviviveseenneeeesannns 1884
ST Ty TR @ Y=Y TR SSR 1884
ST O B =T (0] = RSP 1884
ST O JRC  = o Tt QI =T = o PP 1885
50.4. SigNal DESCHIPLON. ......eiiiiiieei ettt e ettt e e e e et e e e e e e ae e e e e e e nnbeeeaeeansneeeaeaan 1885
50.5. SyStem DEePENAENCIES. ......ccoiuiiiiiiiie ittt 1886
50.6. FUuNnctional DeSCIIPLION..........oiiiiiiiiiie e ee e e e e e e e s e e e e e s setaaeeaeeanes 1887
51.12S - Inter-IC Sound CONtrOllr............vuiiiiiiee e 1888
o P TR @ =Y 1RSSR 1888
L T (8] (= RSP 1888
N IR T = 1o Ted (g I 1 =T [ =3 PP PP 1889
51.4. SigNal DESCHIPLON. .....eeiiiiei et e et e e e e et e e e e e e nanee e e e e e anteeeeaeean 1889
51.5. Product DEPENUENCIES. ... ..cooiiiiiiiiii ittt e et e e 1890
51.6. FUNCHONAl DESCIIPHION......ciiiiiiiiitiie ettt et e st e e s e e e beeeean 1891
51.7. 12S APPliCAtioN EXAMPIES......c.ov oottt 1902
51.8. Register SUMMAIY....... ..ot e e e e e e e e e e e e e e e e nneeas 1905
51.9. RegiSter DESCIIPHON. .....coiiiiiii e 1906
52. PCC - Parallel Capture Controller.............oouuiiiiiiiieeiiieeeeee e 1925
G2 T @ =Y o 1SS 1925
52.2. FRAIUIES... .ottt 1925
52.3. BlOCK DIGQram........ooiiiiiiiiiie ittt ettt ettt n 1925
52.4. SigNal DESCHPLON. ... ..uiiiiiiiiiiee et e e e e e e e e s e e e e e e e sanreeeeeesntrneeeeaan 1925
52.5. Product DEPENAENCIES. ......cccciiiee ettt e e e e e e e e e e e e e e s e e e e e e e e aaaaaaaaeeeeeeaaaan 1926
52.6. FUNCHONAl DESCIIPHION......ciiiiiiiitii ettt e e e e e nnnee e 1927
52.7. REGISIEr SUMMIAIY. ..ottt ettt e et e sb e e eae e e e et e e sbeeeenanee s 1934
52.8. Register DeSCriPHION. ....ccoi i r e e e e e e e e e e e e e e e e e aaaaan 1934
53. PDEC — POSition DECOET..........uuiiiiieeiiiiiiiiiiee et e e 1946
o1 Tt TR @ Y=Y oV T R SSR 1946
o3 T =T (8] = RSP 1946
E 3 G T = o Tt QI =T =3 o SRR PEPPR 1947
53.4. SigNal DESCHIPLON. ...ttt e e e et e e e e et e e e e e e nnte e e e e e eansnneaaeaan 1947
53.5. ProducCt DEPENUENCIES. ... ..coiiiiiiiiiiii ettt e et s 1947
53.6. FUNCHional DeSCIIPLION.........uiiiiiiiiiiie et e e et e e e s e e e e s setreeeaeeanes 1949
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53.7. REGISIEr SUMMIAIY ...ttt e et eb et e et e e snre e e nnneeas 1959
53.8. RegiSter DESCIIPHON. ....cciiiiiiiiie e 1960
54. Electrical Characteristics at 85°C..........coiiiiiiiiee e 1986
Lo R B 1= = T/ .4 1= PSR 1986
54.2. Absolute Maximum RatiNGS. ......ccoiiuuiiiiiiiiiii et 1986
54.3. General Operating Ratings..........coooiiiiiiiiii et e e e e e 1986
Lo [T =Yor (1] o I O T [ =Y o | SR 1987
54.5. SUPPlY CharacteriStiCS. ........cuoiiiiiiiie it 1988
54.6. Maximum ClOCK FrEQUENCIES. .........oiiiiiiiiiiiie i 1989
54.7. POWEr CONSUMPLION.......iiiiiiiiiiiie et ee e e et e e e e e e e e e e et e e e e e e e eabreeeaeeansbeeeaessnsneeas 1990
Lo T A= (L o TR T = SN 1994
54.9. 1/O Pin CharacCteriStiCS. ......oe i ittt e et e e e e e e e e e e anae e e e e e e annneeas 1995
54.10. Analog CharaCteriStiCS. .......c.uiiiiiiiiiiee et 1996
54.11. PTC CharacCteriStiCS. .....ccuuuiiiiiiiiiiee ettt st e et e e et e et e e snneee s 2009
54.12. NVM CharacCteriStiCS. .....coueieiiiiieiiie ettt et e e e s e e e snte e e eeee e enneeesnneeean 20M
54.13. OsCillators CharacCteriStiCS. .........uiiiiiiiiiii e 2012
54.14. TiMiNG CharacteriStiCS. ........uiiuiiiiiiie ettt es 2019
54.15. USB CharaCteriStiCS. .. ....ciueieiitiieeiiiie ettt st e et e e st e e aee e e snte e e eneeeennneas 2033
55. Electrical Characteristics at 105°C...........uuiiiiiiee e 2035
55.1. General Operating Ratings (105°C)......cuuiiiiiiiiiiie et 2035
55.2. Supply CharacteriStiCs (105°C).....uuiiiiiiiiiiiie et e e e e e e e e s eabeeeaeeeaaes 2035
55.3. Power Consumption (105°C)......oeiiiiieiiie ettt ee et e e e e e e e nneeeeeneeas 2035
55.4. Analog CharacteristiCs (105°C)....ccii it e e et e e et e e e e e e nneeas 2039
55.5. NVM CharaCteriStiCS. ......coouuiiiiiiiiiiii ettt nnne s 2049
55.6. Oscillators Characteristics (105°C)......cciiiiuiiiie it e et e e s earaeea e 2050
56. Electrical Characteristics at 125°C..........ciiiiiiiie e 2053
56.1. General Operating Ratings (125°C)......ccuuiiiiiiiiiiii et 2053
56.2. INJECHON CUITENT (125°%C)....uiiiiiiiieiiie ettt e e eneeas 2053
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1.

Table 1-1. SAM E53/E54 Family Features with Ethernet

SAMES53N20

SAMES53N19

SAMES53J20

SAME53J19

SAMES53J18

SAMES54P20

SAMES54P19

SAMES54N20

SAMES54N19

SAM D5x/E5x Family Data Sheet

Configuration Summary

Configuration Summary

)
=
5
S
£
[}
=
£
[
o
<
o

Data Memory (KB)

Packages

Ethernet Controller

SERCOM

TC/Compare
TCC (24-bit/16-bit)

DMA Channels

PCC (data size)

Position Decoder

Frequency Measurement

Event System (Channels)

External Interrupt Lines

ADC (Channels ADC0O/ADC1)

Analog Comparators (Channels)

DAC (Channels)

Temperature Sensor
Public Key Cryptography (PUKCC)

PTC (Mutual/Self-capacitance Channels)

Integrity Check Monitor

1024 = 256
100 TQFP 8 8/2 2 14 81 16/12
512 192
1024 | 256
TQFP,
512 192 64 6 6/2 1 10 51 16/8
VQFN
256 128
128 TQFP Y 2/3 Y Y Y 32 4 Y Y Y 32 16 4 2 256/32 Y Y Y Y
1024 256
120 | TFBGA
99  16/16
128 TQFP
512 192 8 8/2 2 14
120 | TFBGA
1024 = 256
100 TQFP 81 16/12
512 192
Datasheet DS60001507E-page 17
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Configuration Summary

Table 1-2. SAM D51/E51 Family Features without Ethernet

Device

=
o
O
4
w
[z

Data Memory (KB)
Packages

Program Memory (KB)
TC/Compare

Position Decoder
Tamper Pins

TCC (24-bit/16-bit)

DMA Channels

PCC (data size)
Frequency Measurement
Event System (Channels)
External Interrupt Lines

ADC (Channels ADCO/ADC1)
Analog Comparators (Channels)
DAC (Channels)
Temperature Sensor
Public Key Cryptography (PUKCC)

Integrity Check Monitor

PTC (Mutual/Self-capacitance Channels)

128 TQFP
SAMD51P20 | 1024 | 256

120 TFBGA

99 | 16/16

128 TQFP
SAMD51P19 | 512 | 192 8 | 82 2 14 5

120 TFBGA
SAMD51N20 | 1024 | 256

100 TQFP By 81 | 16/12 256182
SAMD51N19 | 512 | 192 X
SAMD51J20 | 1024 | 256 TQFP,

64 VQFN,
SAMD51J19 | 512 | 192 D 6/2 1 10 51 | 168 3

6

SAMD51J18 | 256 | 128 = 64 | TQFP,VQFN 9 |[ & - slwlvlelala a |l & vlolvelels
SAMD51G19 | 512 = 192

48 VQFN 42 21 N 1 10 37 | 16/4 121/22 2
SAMD51G18 | 256 | 128
SAME51N20 | 1024 | 256

100 TQFP 8 | 82 1 14 81 16/12 5
SAME5IN19 | 512 | 192
SAME51J20 | 1024 | 256 2/3 256/32

TQFP,
SAME51J19 | 512 | 192 | 64 Y 6/2 Y 51 168 3
VQFN

SAME51J18 | 256 = 128 6 1 10
SAME51G18 | 256 | 128

48 VQFN 42 | 211 37 | 16/4 121722 2

SAME51G19 512 192

Related Links
6.2.6 SERCOM I2C Configurations
6.2.9 GPIO Clusters
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Ordering Information

Ordering Information

Figure 2-1. Composition of the Ordering Numbers(")

SAM ES4 N 19 A - A U T - EFP

Product Family
SAM = SMART ARM Microcontroller

Product Series

D51 = Cortex-M4F + Advanced Feature Set ©
E51 = Cortex-M4F + Advanced Feature Set + 2x CAN

E53 = Cortex-M4F + Advanced Feature Set + Ethernet

E54 = Cortex-M4F + Advanced Feature Set + Ethernet
+2x CAN

Pin Count

G =48 Pins

J =64 Pins

N =100 Pins

P =120/128 Pins

Flash Memory Density

EFP = Extended Flash Performance(®)
[no EFP] = Standard Flash Performance

Package Carrier

T = Tape and Reel
[no letter T] = Tray

Package Grade

U =-40°C to +85°C Matte Sn Plating

N = -40°C to +105°C Matte Sn Plating®)
F =-40°C to +125°C Matte Sn Plating
Z =-40°C to +125°C Matte Sn Plating
(AEC-Q100 Qualified)(5)

Package Type

20=1MB
19 =512 KB
18 = 256 KB

Note:

A=TQFP
CT = TFBGA
M = VQFN

U =wLcsp @

Device Variant

A = Default Variant

1. Not all combinations are valid. The available device part numbers are listed in Configuration

Summary.

2. Devices in the WLCSP package include a factory programmed Bootloader. Contact your local
Microchip sales office for additional information.

3. WLCSP package type is available only with the package Grade U and N.
4. Package Grade N is available with only package type U.
5. The AEC-Q100 Grade 1 qualified version is only offered in the TQFP and VQFN packages. The

VQFN package will have wettable flanks, and both TQFP and VQFN packages are assembled with
gold bond wires.

EFP is only available for package Grade U.

EFP is an ordering code extension and will not be printed onto the package marking (section 58.1:
Package Marking Information).

E51G devices have only 1 instance of CAN.

© 2019 Microchip Technology Inc.
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Block Diagram

Block Diagram

The actual configuration may vary with device memory and number of pins. Refer to the Configuration
Summary for details.

SAM D5x/E5x Block Diagram

TRACEDATAIST] 1024/5121256KB 256/192/128K8
CORTEX-M4 SRAM
PROCESSOR
NVM
Fmax 120MH;
Bégm" X “ CONTROIIER DMA
o CONTROLLER
SWCLK
ok SERIAL ‘
WIRE
M s M
DEVICE
SERVICE HIGH SPEED
UNIT BUS MATRIX
| s

i
AHB-APB
BRIDGE A

PERIPHERAL =)

ACCESS CONTROLLER

POWER
MANAGER

MAIN CLOCKS

CONTROLLER
RESET

CONTROLLER

OSCILLATORS CONTROLLER AIN[15:0]
VREFA

XIN, e o= ——
VREFB
XoUT L xoscagm| | DFLL4BM Rerc ]
i FDPLL200M
XOUT
‘—%’ XOSC48M - [FDPLL200M

OSC32K CONTROLLER
XIN32

ot yoscazk| [ oscuLpazd [T

4
PORT

1

1

PORT

1

XIY31:0]

VouT1:0]

SCKi )
Al S, n=0.1) e
SUPPLY CONTROLLER SDO

SDI

CLK
DEN1
DEN2

DATA[13:0)

VREF | =y
VREG

GCLK_IO[7..0] GENERIC CLOCK
CONTROLLER

WATCHDOG L
TIMER
TAMPER(4:0] REAL-TIME il
COUNTER
| —EXTINTI5.0] , |EXTERNAL INTERRUPT], |
o T
CONTROLLER
FREQUENCY il
METER

1

Bl

iy

RIS

B3

1.  Some products have different number of SERCOM instances, Timer/Counter instances, PTC
signals and ADC signals.

2. The block diagram is representing SAM E54P. Refer to the Configuration Summary for the
configuration of a given device.
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Block Diagram

Related Links
1. Configuration Summary
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Pinout

4. Pinout

4.1 48-Pin VQFN Package

Figure 4-1. 48-Pin VQFN(") Package

PAOO
PAO1
PAO2
PAO3
GNDANA
VDDANA
PB08
PB09
PAO4
PAQ5
PA06
PAO7

Note:

O©CoO~NOOUOPDWN -

L
o SE
O AN—=O= N
885802000l
BE2foszZoudam
<t
<t

N~
VOO0 NOT-TANMIT W
QOFF—ZFFFFFF
o
EEEE’éwEmEEEE

Ko—= VDDIO
GND
PA25
PA24
PA23
PA22
PA21
PA20
PA19
PA18
PA17
PA16

1. Itis recommended that the exposed pad be connected to ground in the PCB. Refer to the section
58.3 Package Drawings for further information.

© 2019 Microchip Technology Inc.
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Pinout

4.2 64-Pin TQFP and VQFN Package
Figure 4-2. 64-Pin TQFP and VQFN () Package

PAOO
PAO1
PAO2
PAO3
PB04
PB05
GNDANA
VDDANA
PB06
PBO7
PB08
PB09
PAO4
PAO5
PA06
PAO7

Note:

©CoONOOOGBRWN =

PB03
PB02
PBO1
PB00
PB31
PB30
PA31
PA30

PAO8
PA09
PA10
PA11
VDDIOB ==X
GND
PB10
PB11

. ke

Y (&)
5200053y
>>0>Kaoaon
(o)

0

== VDDIO
GND
PA25
PA24
PA23
PA22
PA21
PA20
PB17
PB16
PA19
PA18
PA17
PA16
VDDIO
GND

NOFTOANMT WO
DOODL LI
cooooood

1. Itis recommended that the exposed pad be connected to ground in the PCB. Refer to section 58.3

Package Drawings for further information.
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Pinout

4.3 64-Pin WLCSP Package

1 2 3 4 ) 6 7 8
s e S
C GND @
D
E GNDANA
F GND | GND
G
Top View

== DIGITAL PIN

== ANALOG PIN

== OSCILLATOR / DIGITAL PIN

=== GROUND

== |NPUT SUPPLY

—— REGULATED INPUT/OUPUT SUPPLY

== RESET PIN
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Pinout
4.4 100-Pin TQFP Package
Figure 4-3. 100-Pin TQFP Package
i

S PO N PR R R R R P PP -

ooooooaoo>>0>xraononooonoona>0

® 3553833553V 0RIBIDBRNNN
PA0O 1 PA25
PAO1 p) PA24
PC00 3 PA23
PCO1 4 PA22
PC02 5 PA21
PCO03 6 PA20
PA02 7 PB21
PA03 8 PB20
PB04 9 PB19
PB05 PB18
GNDANA PB17
VDDANA PB16

PB06 VDDIO
PB07 GND
PB08 PC21
PB09 PC20
PAO4 PC19
PA05 PC18
PA06 PC17
PAO7 PC16
PCO05 PA19
PCO06 PA18
PCO7 PA17
GND PA16
VDDIOB =¥k F=— VDDIO

OMNMNOOOO T ANNTULLOMNOVOOODOTTANNMTLLONOOO O
ANANANNOOOOOOOOMOOOMSITIT T T TTTT T O
3325802z anxeo0sEnnrennzes
mmmmgwmmmmmmwgmmmmmmmammw
>
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Pinout

120-ball TFBGA Package
Figure 4-4. 120-ball TFBGA Package

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

GNDIOO

GNDIO7 @ VDDIO6 jeiNslle]3 @

VDDANAO GNDIO5

GNDANAO VDDIO4

GNDIO1 GNDIO4

VDDIOB1 | VDDIOB2 jeiNs]lex3aieiN[s]lok] @

Top View
== DIGITAL PIN == INPUT SUPPLY
== ANALOG PIN = REGULATED INPUT/OUPUT SUPPLY
== OSCILLATOR/ DIGITAL PIN == RESETPIN
== GROUND
© 2019 Microchip Technology Inc. Datasheet
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Pinout
128-Pin TQFP Package
Figure 4-5. 128-Pin TQFP Package
L
X =
onrerssessSzatinanesSogsngLIans
BB OB ERR00Z0LE 000090502 RRRRRA0
OMNOULUTONTOOODOMNOUOLTONTODNDONOUTOANTTOOD W N~
@ CNCSINANREEE e e TE885823838858885
PAO0 — GND
PA01 —W PA25
PCO00 PA24
PCO01 PA23
GND PA22
VDDANA VDDIO
PCO02 GND
PCO03 PA21
PA02 PA20
PAO3 PB21
PB04 PB20
PB05 PB19
PD00O PB18
GNDANA PB17
VDDANA PB16
PDO1 PD21
PB06 PD20
PBO07 VDDIO
PB08 GND
PB09 PC23
PA04 PC22
PAO5 PC21
PA06 PC20
PAO7 PC19
GNDANA PC18
VDDANA PC17
PC04 PC16
PCO05 PA19
PCO06 PA18
PCO07 PA17
GND PA16
VDDIOB = yi == VDDIO

DT OMNODDO T ANMNMTOLOMNOODOT-TANMSTWOLONOOD O~ AN M
DO OONOONOTT T T TTTTTTOLLLOOLLOOLWOLOL © O O O ©
8gorggoramYwooBgOorNOgO-NOYbNmYLO
EéémgwmmmmmmwgEEEmEEGQQEEEEEEEEG
>
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Signal Descriptions List

Signal Descriptions List

The following table gives details on signal names classified by peripheral.

Table 5-1. Signal Descriptions List

Device Service Unit - DSU

SWCLK SW Clock Digital

SWDIO SW Bidirectional Data Digital

RESETN Reset input Digital Low

Trace Port Interface Unit - TPIU

TRACEDATA[3:0] Trace Data Output Digital

TRACECLK Trace Clock Digital

SWO Serial Wire Output Digital

Analog Comparators - AC

CMP[1:0] AC Comparator Outputs Digital

AIN[3:0] AC Analog Inputs Analog

Analog Digital Converter - ADC

AIN[15:0] ADC Analog Inputs Analog

VREFA ADC Voltage External Reference Analog
A

VREFB ADC Voltage External Reference | Analog
B

VREFC ADC Voltage External Reference Analog
C

Peripheral Touch Controller - PTC

XY[31:0] PTC X/Y Input/Output Analog

Digital Analog Converter - DAC

VOUTI[1:0] DAC Voltage output Analog

VREFA DAC Voltage External Reference | Analog

External Interrupt Controller - EIC

EXTINT[15:0] External Interrupts inputs Digital

NMI External Non-Maskable Interrupt  Digital
input

Generic Clock Generator - GCLK

© 2019 Microchip Technology Inc. Datasheet DS60001507E-page 28
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Signal Descriptions List

........... continued

GCLK _10[7:0] Generic Clock (source clock Digital
inputs or generic clock generator
output)

Custom Control Logic - CCL

IN[11:0] Logic Inputs Digital
OUT[3:0] Logic Outputs Digital
Supply Controller - SUPC

VBAT External battery supply Inputs Analog
OUT[1:0] Logic Outputs Digital

Power Manager - PM

RESETN Reset input Digital Low
Oscillators Control - OSCCTRL

XOSCx - XIN Crystal or external clock Input Analog/Digital

XOSCx - XOUT Crystal Output Analog

32KHz Oscillators Control - OSC32KCTRL

XIN32 32KHz Crystal or external clock | Analog/Digital
Input
XOUT32 32KHz Crystal Output Analog

General Purpose 1/0 - PORT

PA31 - PA30, PA27,  Parallel I/O Controller I/O Port A Digital
PA25 - PAOO

PB31 - PBOO Parallel I/O Controller I/O Port B | Digital

PC31 - PC30, PC28 - Parallel /0O Controller /0O Port C  Digital
PC10, PC07 - PC0O0

PD21-PD20, PD12 - | Parallel I/O Controller I/O Port D | Digital
PDO08, PD01 - PD0O0O

Real-Time Counter - RTC

IN[4:0] Tamper / Wake / Active Layer Digital
Protection Input

ouT Active Layer Protection Output Digital
Timer Counter - TCx

WOQ[1:0] Waveform Outputs/Capture Digital
Inputs

Timer Counter - TCCx
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Signal Descriptions List

........... continued
WOQ[7:0] Waveform Outputs/Capture Digital

Inputs

Position Decoder - PDEC

QDI[2:0] PDEC Inputs Digital
Parallel Capture Controller - PCC

DEN1 Sensor Sync1 Digital
DEN2 Sensor Sync2 Digital
CLK Sensor Clock Digital
DATA[13:0] Sensor Data Digital

Serial Communication Interface - SERCOMx

PAD[3:0] SERCOM Inputs/Outputs Pads Digital
Quad Serial Peripheral Interface - QSPI

SCK Serial Clock Digital
CS Chip Select Digital
DATA[3:0] Data Input/Output Digital
Ethernet MAC - GMAC

GTXEN Transmit Enable Digital
GTXCK Transmit Clock or Reference Digital

Clock

GTX[3:0] Transmit Data Digital
GTXER Transmit Coding Error Digital
GRXER Receive Error Digital
GRXCK Receive Clock Digital
GRX[3:0] Receive Data Digital
GRXDV Receive Data Valid Digital
GCOL Collision Detect Digital
GCRS Carrier Sense and Data Valid Digital
GMDIO Management Data Input/Output | Digital
GMDC Management Data Clock Digital

Universal Serial Bus - USB
DP DP for USB Digital
DM DM for USB Digital
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Signal Descriptions List

........... continued

SOF 1kHz USB Start of Frame Digital

Control Area Network - CANXx

X CAN Transmit Digital

RX CAN Receive Digital

Inter-IC Sound Controller - I12S

MCK1, MCKO Master Clock Digital

SCK1, SCKO Serial Clock Digital

FS1, FSO I2S Word Select or TDM Frame  Digital
Sync

SDO Serial Data Output for Transmit  Digital
Serializer

SDI Serial Data Input for Receive Digital
Serializer

SD/MMC Host Controller - SDHCx

CD SD Card / SDIO / e.MMC Card Digital
Detect

CMD SD Card / SDIO / e.MMC Digital
Command/Response Line

WP SD Card Connector Write Protect | Digital
Signal

CK SD Card / SDIO / e.MMC Clock  Digital
Signal

DAT[3:0] SD Card / SDIO / e.MMC Data Digital
Lines
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I/0 Multiplexing and Considerations

6. I/0 Multiplexing and Considerations

6.1 Multiplexed Signals

By default each pin is controlled by the PORT as a general purpose I/O, and alternatively it can be
assigned a different peripheral functions. To enable a peripheral function on a pin, the Peripheral
Multiplexer Enable bit in the Pin Configuration register corresponding to that pin (PINCFGn.PMUXEN, n =
0-31) in the PORT must be written to '1'. The selection of peripheral functions, A to N, is done by writing
to the Peripheral Multiplexing Odd and Even bits in the Peripheral Multiplexing register
(PMUXn.PMUXE/O) of the PORT. The table below describes the peripheral signals multiplexed to the
PORT I/O pins.

Important: Not all signals are available on all devices. Refer to the Configuration Summary for
available peripherals.

Table 6-1. Multiplexed Peripheral Signals

g |3 |2 Pad __-_E---_
z % a A ADCO SERCO TCC, GMAC GCLK CCL
@ S <] PDEC ,
s =
g j
w
<}
=
o
w
<]
=
48 64/C6 100 B2 128 PBO3 EIC/ - ADCO/ - X21/Y2 - SERCO TC6/ - - - -
EXTIN AIN[15] M5/ WO[1]
i3] PAD[1]
1 01/B8 1 A1 1 PAOO EIC/ - 5 - - - - SERCO TC2/
EXTIN M1/ WOI0]
TI0] PAD[0]
2 02/c8 2 B1 2 PAO1  EIC/ - - - - - - SERCO TC2/
EXTIN M1/ WO[1]
T PAD[1]
3 c1 3 PCOO  EIC/ - - ADC1/ -
EXTIN AIN[10]
T[0]
4 c2 4 PCO1 |EIC/ |- - ADC1/ |-
EXTIN AIN[11]
T
5 D1 7 PCO2 EIC/ - - ADC1/ -
EXTIN AIN4]
T[2]
6 E2 8 PCO3 EIC/ - - ADC1/ |-
EXTIN AIN[5]
T[3]
3 03/C7 7 E1 9 PAO2 EIC/ - ADCO/ - - DAC/
EXTIN AIN[O] VOuT[0
Ti2] 1
4 04/D6 '8 F2 10 PAO3 EIC/  ANARE ADCO/ |- - - X0/Y0
EXTIN F/ AIN[1]
T3] | VREFA
05D7 9 F1 1 PBO4 EIC/ - - ADC1/ - - X22/Y2 -
EXTIN AIN[6] 2
T[4]
06/D8 10 G1 12 PBO5 |EIC/ |- - ADC1/ |- - X23/Y2 -
EXTIN AIN[7] 3
il
G2 13 PDOO  EIC/ - - ADC1/ -
EXTIN AIN[14]
T[0]
H1 16 PDO1  EIC/ - - ADC1/ |-
EXTIN AIN[15]
T[]
09E7 13 H2 17 PBO6  EIC/ - - ADC1/ - - X24/Y2 - - - - - - - - - - - ccL/
EXTIN AIN[8] 4 IN[6]
ie]
10/E6 |14 J1 18 PBO7 EIC/ - - ADC1/ |- - X25/Y2 - - - - - - - - - - - ccL/
EXTIN AIN[9] 5 IN[7]
T[7]
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I/0 Multiplexing and Considerations

- BE N ____--_-E-_
% a EIC ANARE |ADCO AC DAC |PTC SERCO SERCO TC TCC, SDHC, PCC |GMAC |GC|
S <} F PDEC CANO AC
s [
4
w
<]
2 )
o
™
<]
=
7 1/F5 15 J2 19 PBO8 EIC/ - ADCO/ ADC1/ - - X1/Y1 SERCO TC4/ - - - - - - ccy
EXTIN AIN[2]  AIN[O] M4/ WOl[0] IN[8]
T(8] PADI0]
8 12/F8 |16 K1 20 PBO9 |EIC/ |- ADCO/ |ADC1/ - - X2¥v2 - SERCO TC4/ - - - - - - - - ccy
EXTIN AIN[3] |AIN[1] M4/ Welg)] ouT[2]
T[9] PAD[1]
9 13F7 17 K2 21 PA04  EIC/  ANARE ADCO/ - AC/ - X3/¥Y3 - SERCO TCO/ - - - - - - - - ccy
EXTIN F/ AIN[4] AIN[O] Mo/ Wel(v) IN[O]
Ti4] VREFB PAD[0]
10 14/F6 |18 L1 22 PAO5 |EIC/ |- ADCO/ - AC/ DAC/ - SERCO TCO/ - - - - - - - - ccy
EXTIN AIN[5] AIN[1] |VOUT[1 Mo/ WO[1] IN[1]
T(5] 1 PAD[1]
1 15/G7 19 L2 23 PAO6  EIC/  ANARE ADCO/ - AC/ - X41¥4 - SERCO TC1/ - - - SDHCO/ - - - - ccy
EXTIN F/ AIN[6] AIN[2] Mo/ Wel(0) sSDCD IN[2]
TI6] VREFC PAD[2]
12 16/G8 |20 M1 24 PAO7 |EIC/ |- ADCO/ - AC/ - X5/Y5 - SERCO TC1/ - - - SDHCO/ - - - - ccy
EXTIN AIN[7] AIN[3] Mo/ Welg)] SDWP ouT(0]
(7] PAD[3]
- N1 27 PCO4 EIC/ - - - - - SERCO - - TCCO/ - - - - - - - -
EXTIN M6/ Wolo]
T(4] PADI0]
21 N2 28 PCO5 |EIC/ |- - - - - SERCO - - - - - - - - - - -
EXTIN M6/
TI5] PAD[1]
22 P1 29 PC0O6 EIC/ - - - - - SERCO - - - - - SDHCO/ - - - - -
EXTIN Mé/ sSDCD
(6] PAD[2]
23 P2 30 PCO7 |EIC/ |- - - - - SERCO - - - - - SDHCO/ - - - - -
EXTIN Mé/ SDWP
T(9] PAD[3]
13 17/H8 26 R1 33 PA08  EIC/NMI - ADCO/ |ADC1/ - - X6/Y6 SERCO SERCO TCO/  TCCO/ TCC1/ QSPl SDHCO/ 128/ - - - ccy
AIN[8] AIN[2] Mo/ M2/ WO[0] 'WO[0] 'WO[4] DATA[0] SDCMD MCKI0] IN[3]
PAD[0] PAD[1]
14 18/G6 |27 P3 34 PAO9 |EIC/ |- ADCO/ |ADC1/ - - X7/Y7 |SERCO |SERCO |TCO/  TCCO/ |TCC1/ QSPl |SDHCO/|12S/ - - - ccy
EXTIN AIN[9] |AIN[3] Mo/ M2/ WO[1] |WO[1] |WO[5] |DATA[1] |SDDAT[ FS[0] IN[4]
(9] PAD[1] |PADI[0] 0]
15 19/H7 28 R2 35 PA10 EIC/ - ADCO/ - - - X8/Y8 SERCO SERCO TC1/  TCCO/ TCC1/ QSPlI SDHCO/ 128/ - - GCLK/ CcCL/
EXTIN AIN[10] Mo/ M2/ WO[0] WO[2] WO[6] |DATA[2] SDDAT[ SCK[0] 10[4]  |IN[5]
T[10] PAD[2] PAD[2] 1]
16 20/G5 |29 P4 36 PA11  |EIC/ |- ADCO/ - - - X9/Y9 |SERCO SERCO TC1/  TCCO/ |TCC1/ |QSPl  SDHCO/ I2S/SD |- - GCLK/ | cCL/
EXTIN AIN[11] Mo/ M2/ WO[1] |WO[3] |WO[7] |DATA[3] SDDAT[ O 10[5] | OUT[]
T[] PAD[3] |PAD[3] 2]
19 23H6 32 R3 39 PB10 EIC/ - - - - - - SERCO TC5/  TCCO/ |TCC1/ QSPIS SDHCO/ I2S/SDI - - GCLK/  cCL/
EXTIN M4/ WO[0] WO[4] WO[0] CK SDDAT[ 10[4] | IN[11]
T[10] PAD[2] 3]
20 24/G4 33 P5 40 PB11  |EIC/ |- - - - - - SERCO TC5/  TCCO/ | TCC1/ |QSPIC SDHCO/ I2S/ |- - GCLK/  cCL/
EXTIN M4/ WO[1] |WO[5] ‘WO[1] |S SDCK  FS[1] 105]  OUT[1]
T[] PAD[3]
25/H5 34 R4 41 PB12 EIC/ - - - - - X26/Y2 SERCO - TC4/  TCC3/ TCCO/ CANY/T SDHCO/ 12S/ - - GCLK/ -
EXTIN 6 M4/ WO[0] 'WO[0] 'WO[0] X SDCD  SCK[1] 10[6]
T012] PAD[0]
26/H4 |35 P6 42 PB13 |EIC/ |- - - - - X27/Y2 |SERCO - TC4/  |TCC3/ |TCCO/ |CAN1/R SDHCO/ 128/ - - GCLK/ -
EXTIN 7 M4/ WO[1] |WO[1] |WO[1] |X SDWP | MCK([1] 10[7]
T[13] PAD[1]
27/G3 36 R5 43 PB14 EIC/ - - - - - X28/Y2 SERCO - TC5/  TCC4/ TCCO/ CANA/T - - PCC/ GMAC/ GCLK/ ccCL/
EXTIN 8 M4/ WO[0] WO[0] WO[2] X DATA[8] GMDC I0[0] IN[9]
T[14] PAD[2]
28/H3 37 P7 44 PB15 |EIC/ |- - - - - X29/Y2 |SERCO - TC5/ |TCC4/ |TCCO/ |CAN1R - - PCC/ |GMAC/ |GCLK/ |CCL/
EXTIN 9 M4/ WO[1] |WO[1] |WO[3] |X DATA[9] |GMDIO |IO[1] |IN[10]
T[15] PAD[3]
- R6 47 PD0O8 EIC/ - - - - - SERCO SERCO - TCCO/ - - - - - - - -
EXTIN M7/ M6/ WO[1]
T3] PAD[0]  PAD[1]
- P8 48 PD0O9 |EIC/ |- - - - - SERCO |SERCO - TCCO/ - a a 5 o - - _
EXTIN M7/ Me/ wop2]
Ti4] PAD[1] |PADI0]
- R7 49 PD10 EIC/ - - - - - SERCO SERCO - TCCco/ - - - - - - - -
EXTIN M7/ Mé/ Woj3]
T[5] PAD[2] PAD[2]
- P9 50 PD11  |EIC/ |- - - - - SERCO |SERCO - TCCo/ - - - - - - - -
EXTIN M7/ Mé/ WO[4]
(6] PAD[3] |PAD[3]
- R8 51 PD12 EIC/ - - - - - - - - TCCO/ - a @ 5 o - - _
EXTIN WOps]
TI7]
40 P10 52 PC10 |EIC/ |- - - - - SERCO |SERCO - TCco/ | TCCl/ - - - - - - -
EXTIN M6/ m7/ WO[0] | WO[4]
T[10] PAD[2] |PAD[2]
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- BE _--_-II-_
% a EIC ANARE ADCO SERCO SERCO Tc ch SDHC, PCC |GMAC |GC|
S <} PDEC CANO AC
s [
4
w
<]
2 )
o
™
<]
=
41 R9 55 PC11 EIC/ - SERCO SERCO TCCO/ | TCCl/ - - - - GMAC/ - -
EXTIN M6/ M7/ WO[1]  WOI5] GMDC
T[] PAD[3] PAD[3]
42 R10 56 PC12 |EIC/ |- - - - - SERCO |SERCO - TCco/ | TCcl/ - - - PCC/ |GMAC/ - -
EXTIN M7/ Mé/ WO[2] | WO[6] DATA[1 |GMDIO
T12] PAD[0] |PAD[1] 0]
43 P11 57 PC13 EIC/ - - - - - SERCO SERCO - TCco/  TCCH/ - - - PCC/ - - -
EXTIN M7/ M6/ WO[3] ' WO[7] DATA[1
T[13] PAD[1] PAD[0] 1]
44 R11 58 PC14 |EIC/ |- - - - - SERCO |SERCO - TCco/ |TCCl/ - - - PCC/ |GMAC/ - -
EXTIN M7/ M6/ WO[4] | WO[0] DATA[1 |GRX[3]
T[14] PAD[2] |PAD[2] 2]
45 P12 59 PC15 EIC/ - - - - - SERCO SERCO - TCco/  TCCl/ - - - PCC/ GMAC/ - -
EXTIN M7/ M6/ WO[5] | WO[1] DATA[1 GRX[2]
T[15] PAD[3] PAD[3] 3]
21 29/F2 |46 R12 60 PA12 |EIC/ |- - - - - SERCO |SERCO |TC2/ | TCCO/ |TCC1/ - SDHCO/ - PCC/ |GMAC/ |AC/ -
EXTIN M2/ M4/ WO[0] |WO[6] |WO[2] sDCD DEN1 | GRX[1] |CMP[0]
T[12] PAD[0] |PAD[1]
22 30/G2 47 P13 61 PA13  EIC/ - - - - - SERCO SERCO TC2/  TCCO/ TCC1/ - SDHCO/ - PCC/  GMAC/ AC/ -
EXTIN M2/ M4/ WO[1] 'WO[7] |WO[3] SbwpP DEN2 GRX[0] CMP[1]
T[13] PAD[1] | PAD[0]
23 31/H1 48 R13 62 PA14 |EIC/ |- - - - - SERCO |SERCO |TC3/ | TCC2/ |TCC1/ - - - PCCICL GMAC/ |GCLK/ |-
EXTIN M2/ M4/ WO[0] |WO[0] |WO[2] K GTXCK 10[0]
T[14] PAD[2] |PAD[2]
24 32/H2 49 R14 63 PA15  EIC/ - - - - - SERCO SERCO TC3/  TCC2/ TCC1/ - - - - GMAC/ |GCLK/ -
EXTIN M2/ M4/ WO[1] 'WO[1] WO[3] GRXER 10[1]
T[15] PAD[3] PAD[3]
25 35/G1 |52 R15 66 PA16 |EIC/ |- - - - - X10/Y1 |SERCO |SERCO TC2/ |TCC1/ |TCCO/ - - - PCC/ GMAC/ |GCLK/ |cCL/
EXTIN 0 M1/ M3/ WO[0] |WO[0] |WO[4] DATA[0] |(GCRS/ I10[2] |IN[0]
T(0] PAD[0] |PAD[1] %exov
26 36/F1 53 P14 67 PA17 EIC/ - - - - - X11/Y11 SERCO SERCO TC2/  TCC1/ TCCO/ - - - PCC/ GMAC/ GCLK/ CCL/
EXTIN M1/ M3/ WO[1] 'WO[1] WOI[5] DATA[1] GTXEN I0[3] IN[1]
T[] PAD[1] | PADI0]
27 37/E1 |54 P15 68 PA18  |EIC/ |- - - - - X12/Y1 |SERCO |SERCO |TC3/ | TCC1/ |TCCO/ - - - PCC/ |GMAC/ |AC/ ccy
EXTIN 2 M1/ M3/ WO[0] |WO[2] |WO[6] DATA[2] GTX[0] |CMP[0] |IN[2]
T2] PAD[2] |PAD[2]
28 38/E2 55 N14 69 PA19  EIC/ - - - - - X13/Y1 SERCO SERCO TC3/  TCC1/ TCCO/ - - - PCC/  GMAC/ AC/ ccy
EXTIN 3 M1/ M3/ WO[1] 'WO[3] |WO[7] DATA[3] GTX[1] CMP[1] OUT[0]
T(3] PAD[3] | PAD[3]
56 N15 70 PC16 |EIC/ |- - - - - SERCO |SERCO - TCCO/ | PDEC/ - - - - GMAC/ - -
EXTIN Mé/ Mo/ WO[0] | QDI[0] GTX[2]
T[0] PAD[0] |PADI[1]
57 M4 71 PC17 EIC/ - - - - - SERCO SERCO - TCCO/ PDEC/ - - - - GMAC/ - -
EXTIN Mé/ Mo/ WO[1]  QDI[1] GTX[3]
] PAD[1] | PAD[0]
58 M15 (72 PC18 |EIC/ |- - - - - SERCO |SERCO |- TCCO/ |PDEC/ |- - - - GMAC/ |- -
EXTIN M6/ Mo/ WO[2] |QDI[2] GRXCK
T12) PAD[2] |PAD[2]
59 L14 73 PC19 EIC/ - - - - - SERCO SERCO - TCCo/ - - - - - GMAC/ - -
EXTIN M6/ Mo/ WOj3] GTXER
T[3] PAD[3] PADI[3]
60 L15 74 PC20 |EIC/ |- - - - - - - - TCcco/ - - SDHC1/ - - GMAC/ - ccy
EXTIN WO[4] sSDCD GRXDV IN[9]
T4
61 K14 75 PC21 EIC/ - - - - - - - - TCCO/ - - SDHC1/ - - GMAC/ - ccy
EXTIN WO[5] SDWP GCOL IN[10]
TI5)
- K15 76 PC22 |EIC/ |- - - - - SERCO |SERCO - TCCco/ - - - - - GMAC/ - -
EXTIN M1/ M3/ wols] GMDC
TI6] PAD[0] |PAD[1]
- J14 77 PC23 EIC/ - - - - - SERCO SERCO - TCco/ - - - - - GMAC/ - -
EXTIN M1/ M3/ WOo[7] GMDIO
(7] PAD[1]  PAD[0]
- J15 80 PD20 |EIC/ |- - - - - SERCO |SERCO |- TCC1 |- - SDHC1/ |- - - - -
EXTIN M1/ M3/ wo[o] sDCD
T[10] PAD[2] |PAD[2]
- H14 81 PD21 EIC/ - - - - - SERCO SERCO - TCc/ - - SDHC1/ - - - - -
EXTIN M1/ M3/ WO1] SDWP
T[] PAD[3] PAD[3]
39/D4 64 H15 82 PB16 |EIC/ |- - - - - SERCO - TC6/ |TCC3/ |TCCO/ - SDHC1/|128/ |- - GCLK/ | cCL/
EXTIN M5/ WO[0] |WO[0] |WO[4] SDCD | SCK(0] 10[2]  |IN[11]
(0] PAD[0]
40/D1 65 G15 83 PB17 EIC/ - - - - - SERCO - TC6/  TCC3/ | TCCO/ - SDHC1/ 128/ - - GCLK/  cCL/
EXTIN M5/ WO[1] 'WO[1] |WO[5] SDWP  MCKI0] I0[3]  OUT[3]
M) PAD[1]
66 G14 84 PB18 |EIC/ |- - - - - SERCO |SERCO - TCC1/ | PDEC/ - SDHC1/ - - - GCLK/ -
EXTIN M5/ M7/ WO[0] | QDI[0] SDDAT[ 10[4]
TI2] PAD[2] |PAD[2] 0]

© 2019 Microchip Technology Inc. Datasheet DS60001507E-page 34



SAM D5x/E5x Family Data Sheet

I/0 Multiplexing and Considerations

- BE _--_-II-_
% a EIC ANARE ADCO SERCO SERCO Tc ch PCC |GMAC |GC|
S <] PDEC AC
s [
4
w
<]
2 )
o
™
<]
=
67 F15 85 PB19 EIC/ - SERCO SERCO TCC1/ PDEC/ - SDHC1/ - - - GCLK/ -
EXTIN M5/ M7/ WO[1]  QDI[1] SDDAT[ 10[5]
T(3] PAD[3] PAD[3] 1]
68 F14 86 PB20 |EIC/ |- - - - - SERCO |SERCO - TCC1/ | PDEC/ - SDHC1/ - - - GCLK/ -
EXTIN M3/ m7/ WO[2] |QDI[2] SDDAT[ 10[6]
T4] PAD[0] |PAD[1] 2]
69 E15 87 PB21 EIC/ - - - - - SERCO SERCO - TCC - - SDHC1/ - - - GCLK/ -
EXTIN M3/ M7/ WO[3] SDDAT[ 10[7]
TI5) PAD[1] PAD[0] 3]
29 41/D2 |70 E14 88 PA20 |EIC/ |- - - - - X14/Y1 |SERCO |SERCO TC7/ |TCC1/ |TCCO/ - SDHC1/ 128/ PCC/ |GMAC/ - -
EXTIN 4 M5/ M3/ WO[0] |WO[4] |WO[0] SDCMD |FS[0] | DATA[4] |GMDC
Ti4] PAD[2] |PAD[2]
30 42iD3 71 D15 89 PA21  EIC/ - - - - - X15/Y1 SERCO SERCO TC7/  TCC1/ TCCO/ - SDHC1/ 128/SD  PCC/  GMAC/ - -
EXTIN 5 M5/ M3/ WO[1] 'WO[5] | WOI1] SDCK O DATA[5] GMDIO
T[5] PAD[3] PADI[3]
31 43/C1 |72 D14 |92 PA22 |EIC/ |- - - - - X16/Y1 |SERCO |SERCO TC4/ | TCC1/ |TCCO/ - CANO/T |128/SDI |PCC/ |- - ccy
EXTIN 6 M3/ M5/ WO[0] |WO[6] |WO[2] X DATA[6] IN[6]
(6] PAD[0] |PAD[1]
32 44/c2 73 c14 93 PA23 EIC/ - - - - - X17/Y1 SERCO SERCO TC4  TCC1/ TCCO/ USB/  CANOR I2s/ PCC/ - - ccy
EXTIN 7 M3/ M5/ WO[1] 'WO[7] WO[3] SOF_1 X FS[1] | DATA[7] IN[7]
TI7] PAD[1] PAD[0] KHZ
33 45/B1 |74 c15 |94 PA24 |EIC/ |- - - - - SERCO |SERCO |TC5/ | TCC2/ |PDEC/ USB/D |CANO/T |- - - - ccy
EXTIN M3/ M5/ WO[0] |WO[2] |QDI[0] M X IN[8]
T[8] PAD[2] |PAD[2]
34 46/A1 75 B15 95 PA25 EIC/ - - - - - SERCO SERCO TC5/ - PDEC/ USB/DP CANOR - - - - ccy
EXTIN M3/ M5/ \Welg)] QDIf1] X ouT[2]
i PAD[3] PAD[3]
37 49/A2 |78 A15 98 PB22 |EIC/ |- - - - - SERCO 'SERCO |TC7/ - PDEC/ USB/ - - - - GCLK/ cCL/
EXTIN M1/ M5/ el (| QDI[2] |SOF_1 10[0]  |IN[O]
T(6] PAD[2] |PAD[2] KHZ
38 50/A3 79 A14 99 PB23 EIC/ - - - - - SERCO SERCO TC7/ - PDEC/ - - - - - GCLK/ cCL/
EXTIN M1/ M5/ WO[1] QDI[o] I0[1]  OUT[0]
TI7] PAD[3] PAD[3]
80 B14 100 PB24 |EIC/ |- - - - - SERCO |SERCO - - PDEC/ - - - - - AC/ -
EXTIN Mo/ M2/ QpIf1] CMP[0]
i8] PAD[0] |PAD[1]
81 B13 101 PB25 EIC/ - - - - - SERCO SERCO - - PDEC/ - - - - - AC/ -
EXTIN Mo/ M2/ QpI[2] CMP[1]
(9] PAD[1] | PADI[0]
- A13 102 PB26 |EIC/ |- - - - - SERCO |SERCO - Tce - - - - - - - -
EXTIN M2/ M4/ WOo[2]
T12] PAD[0] |PAD[1]
- B12 103 PB27 EIC/ - - - - - SERCO SERCO - TCC - - - - - - - -
EXTIN M2/ M4/ WO[3]
T[13] PAD[1] PAD[0]
- A12 104 PB28 |EIC/ |- - - - - SERCO |SERCO - TCcc - - - 2si - - - -
EXTIN M2/ M4/ WO[4] SCK[1]
T[14] PAD[2] |PAD[2]
- B11 105 PB29 EIC/ - - - - - SERCO SERCO - TCC - - - 12s/ - - - -
EXTIN M2/ M4/ WOps] MCK[1]
T[15] PAD[3] PAD[3]
82 A1 108 PC24 |EIC/ |- - - - - SERCO |SERCO - - - CORTE - - - - - -
EXTIN Mo/ M2/ X_CM4/
i8] PAD[2] |PAD[2] TRACE
DATA[3]
83 B10 109 PC25 |EIC/ - - - - - SERCO SERCO - - - CORTE - - - - - -
EXTIN Mo/ M2/ X_CM4/
T(9] PAD[3] |PAD[3] TRACE
DATA[2]
84 A10 110 PC26 |EIC/ |- - - - - - - - - - CORTE - - - - - -
EXTIN X_CM4/
T[10] TRACE
DATA[1]
85 A9 111 PC27 EIC/ - - - - - SERCO - - - - CORTE - - - - CORTE CCL/
EXTIN M1/ X_CM4/ X_M4/S | IN[4]
T[] PAD[0] TRACE wo
CLK
86 B9 112 PC28 |EIC/ |- - - - - SERCO - - - - CORTE - - - - - ccy
EXTIN M1/ X_CM4/ IN[5]
T[12] PAD[1] TRACE
DATA[0]
39 51/B3 87 B8 113 PA27 EIC/ - - - - - X18/Y1 - - - - - - - - - GCLK/ -
EXTIN 8 101]
T[]
40 52/B4 88 A8 114 RESET - - - - - - - - - - - - - - - - - -
N
45 57/C5 93 B7 119 PA30 EIC/ - - - - - X19/¥1 - SERCO TC6/  TCC2/ - CORTE - - - - GCLK/  cCL/
EXTIN 9 M1/ WO[0]  WO[0] X_CM4/ 10[0] IN[3]
T[14] PAD[2] SWCLK
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46 /D5
59/A6

60/B6

61/A7
62/B7
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TQFP 100

94

95

96

97

98

929

B6

A5

B5

A4

B4

A3

B3

Note:

Related Links

120

121

122

123

124

125

126

127

PA31

PB30

PB31

PC30

PC31

PB00

PBO1

PB02

EIC/
EXTIN
T[15]
EIC/
EXTIN
T[14]
EIC/

EXTIN

T[15]
EIC/
EXTIN
T[14]
ElC/
EXTIN
T[15]
EIC/
EXTIN
Tio]
EIC/
EXTIN
Yl
EIC/
EXTIN
Ti2]

ADC1/ -

AIN[12]

ADC1/ |-

AIN[13]

ADCO/ -

AIN[12]

ADCO/ -

AIN[13]

ADCO/ -

AIN[14]

X30/Y3 -
0

X31/Y3 |-

1

X20/Y2 -

0

SERCO TC6/

M1/ |wort]
PAD[3]
SERCO  TCO/
M5/ WOI0]
PADI[1]
SERCO | TCO/
M5/ WO[1]
PADI0]
SERCO TC7/
M5/ WOI0]
PAD[2]
SERCO | TC7/
M5/ |wort]
PAD[3]
SERCO TC6/
M5/ WOI0]

PAD[0]

TCC2/
WO[1]

TCC4/
Wolo]

TCC4/
WO[1]

ANARE | II ) SERCO I
PDEC

TCCO/
Wols]

Tcco/
woi7]

TCC2 -

Wo[2]

SDHC, GMAC GCLK CCL
CANO
CORTE ccy
X CM4/ OUT[1]
SWDIO-

CORTE -
X_CM4/
swo

ccu
IN[1]

ccu
IN[2]

ccu
ouT(o]

All analog pin functions are on the peripheral function B. The peripheral function B must be

selected to disable the digital control of the pin. The AC has analog signals on the peripheral
function B and digital signals on the peripheral function M.
The pins used by the SERCOM in I2C mode are listed in section SERCOM I2C Configurations.

The following High Sink pins have different properties than the regular pins:

PAO8, PA09, PA12, PA13, PA16, PA17, PA22, PA23, PD08, PDO09.

Clusters of multiple GPIO pins are sharing the same supply pin.

When TRACE is used in single-wire debug mode, PC27 assumes the role of SWO. In other debug
modes, PB30 assumes the SWO functionality.

GRXDV is available on PA16 for the 64-pin package only.

6.2.6 SERCOM I2C Configurations
6.2.9 GPIO Clusters

Other Functions

Oscillator Pinout

Important: Not all signals are available on all devices. Refer to the Configuration Summary for
available peripherals.

The oscillators are not mapped to the normal PORT functions and their multiplexing is controlled by
registers in the Oscillators Controller (OSCCTRL) and in the 32K Oscillators Controller (OSC32KCTRL).
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Table 6-2. Oscillator Pinout

XOSCO0 VvVDDIO PA14
XOouT PA15
XOSC1 VDDIO XIN PB22
XOUT PB23
XOSC32K VSWOUT XIN32 PAOO
XOUT32 PAO1

Note: To guarantee the XOSC32K behavior in crystal mode, PCO0 must be static.
Table 6-3. XOSC32K Jitter Minimization

Package Pin Count Steady Signal Recommended

128 PB00, PBO1, PB02, PB03, PCO0, PCO1
100 PBO00, PBO1, PB02, PB03, PC00, PCO1
120 PBO00, PB01, PB02, PB03, PC00, PC01
64 PB00,PB01,PB02,PB03, PA02,PAO03
48 PB02, PB03,PA02,PA03

Serial Wire Debug Interface Pinout

Only the SWCLK pin is mapped to the normal PORT functions. A debugger cold-plugging or hot-plugging
detection will automatically switch the SWDIO port to the SWDIO function.

Table 6-4. Serial Wire Debug Interface Pinout

Sl sy own
SWCLK VDDIO PA30

SWDIO VDDIO PA31

Trace Port Interface Unit Pinout

The Embedded Trace Module (ETM) is leaning on Trace Port Interface Unit (TPIU) to export data out of
the system.

Table 6-5. Trace Port Interface Unit Pinout

TRACE DATA[3] VDDIO PC24
TRACE DATA[2] VDDIO PC25
TRACE DATA[1] VDDIO PC26
TRACE DATA[0] VDDIO PC28
TRACE CLK VDDIO PC27
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........... continued
SWO VDDIO PB30, PC27

Supply Controller Pinout
The outputs of the Supply Controller (SUPC) are not mapped to the normal PORT functions. They are
controlled by registers in the SUPC.

Table 6-6. SUPC Pinout

OouTo PBO1
OouT1 PB02

Note: If the RTC is enabled to use the pins shared with the SUPC, the RTC will have higher priority.

RTC Pinout

The pins used for Tamper Detection by the Real Time Counter (RTC) are not mapped to the regular
PORT functions. These pins and their multiplexing is controlled by register settings of the RTC. If many
pins of the tamper detection feature is not used by the RTC, then the pin could be used for other I1/O
functions, by ensuring the corresponding TAMPCTRL.INACT function is disabled.

Table 6-7. RTC Pinout

RTC Signal /0 Pin

INO PB00
IN1 PB02
IN2 PAO2
IN3 PCO00
IN4 PCO1
ouT PBO1

Important: [If Supply Controller (SUPC) and RTC are configured to drive pin PB1 or pin PB2,
then the RTC has priority.

SERCOM I2C Configurations

The SAM D5x/E5x has up to eight instances of the serial communication interface (SERCOM) peripheral.
All instances support USART, including RS485 and ISO7816, SPI and I2C protocols. The following table
lists the I12C pins location.
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Table 6-8. SERCOM I*C Pinout

Package Pin Count Supply 1/0 pins with I’C Support

128 VDDIOB PAO8, PA09
VDDIO PA12, PA13, PA16, PA17, PA22,
PA23, PD08, PD09
120 VDDIOB PA08, PA09
VDDIO PA12, PA13, PA16, PA17, PA22,
PA23, PD08, PD09
100 VDDIOB PAO8, PA09
VDDIO PA12, PA13, PA16, PA17, PA22,
PA23
64 VDDIOB PAO8, PA09
VDDIO PA12, PA13, PA16, PA17, PA22,
PA23
48 VDDIO PA08, PA09, PA12, PA13, PA16,

PA17, PA22, PA23

6.2.7 TCC Configurations

The SAM D5x/E5x has five instances of the Timer/Counter for Control applications (TCC) peripheral,
TCCJ4:0]. The following table lists the features for each TCC instance.

Table 6-9. TCC Configuration Summary

Channels Waveform Counter Output Dead Time Pattern
(CC_NUM) Output size matrix Insertion generation
(WO_NUM) (DTI)

0 6 8 24-bit Yes Yes Yes Yes Yes Yes

1 4 8 24-bit Yes Yes Yes Yes Yes Yes

2 3 3 16-bit Yes - Yes

3 2 2 16-bit Yes

4 2 2 16-bit Yes

Note: The number of CC registers (CC_NUM) for each TCC corresponds to the number of compare/
capture channels, so that a TCC can have more Waveform Outputs (WO_NUM) than CC registers.

6.2.8 IOSET Configurations
The SAM D5x/E5x has multiple peripheral instances, mapped to different 10 locations. Each peripheral 10
location is called IOSET and for a given peripheral, signals from different IOSET cannot be mixed.

For a given peripheral with two pads PADO and PAD1:
» Valid: PADO and PAD1 in the same IOSETn.
* Invalid: PADO in IOSETx and PAD1 in IOSETy.
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6.2.8.1 SERCOM IOSET Configurations
The following tables lists each IOSET Pins for each SERCOM instance.

Table 6-10. SERCOMO IO SET Configuration

SERCOM Signal IOSET 1 PINs IOSET 2 PINs IOSET 3 PINs IOSET 4 PINs

PADO PAO8 PB24 PAO4 PC17
PAD1 PA09 PB25 PAO5 PC16
PAD2 PA10 PC24 PAO6 PC18
PAD3 PA11 PC25 PAO7 PC19

Table 6-11. SERCOM1 10 SET Configuration

SERCOM Signal IOSET 1 PINs IOSET 2 PINs IOSET 3 PINs IOSET 4 PINs

PADO PA16 PC22 PC27 PAOO
PAD1 PA17 PC23 PC28 PAO1
PAD2 PA18 PD20 PB22 PA30
PAD3 PA19 PD21 PB23 PA31

Table 6-12. SERCOM2 10 SET Configuration

SERCOM Signal IOSET 1 PINs IOSET 2 PINs IOSET 3 PINs IOSET 4 PINs

PADO PA12 PB26 PAO9 PB25
PAD1 PA13 PB27 PAO8 PB24
PAD2 PA14 PB28 PA10 PC24
PAD3 PA15 PB29 PA11 PC25

Table 6-13. SERCOMS3 IO SET Configuration

SERCOM Signal IOSET 1 PINs IOSET 2 PINs IOSET 3 PINs IOSET 4 PINs

PADO PA22 PB20 PA17 PC23
PAD1 PA23 PB21 PA16 PC22
PAD2 PA24 PA20 PA18 PD20
PAD3 PA25 PA21 PA19 PD21

Table 6-14. SERCOM4 IO SET Configuration

SERCOM Signal IOSET 1 PINs IOSET 2 PINs IOSET 3 PINs |IOSET 4 PINs

PADO PB12 PB08 PA13 PB27
PAD1 PB13 PB09 PA12 PB26
PAD2 PB14 PB10 PA14 PB28
PAD3 PB15 PB11 PA15 PB29
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Table 6-15. SERCOMS5 IO SET Configuration

SERCOM IOSET 1 IOSET 2 IOSET 3 IOSET 4 IOSET 5 IOSET 6
Signal PINs PINs PINs PINs PINs PINs

PADO PB16 PA23 PA23 PA23 PB31 PB02
PAD1 PB17 PA22 PA22 PA22 PB30 PBO3
PAD2 PB18 PA20 PA24 PB22 PB00 PB00
PAD3 PB19 PA21 PA25 PB23 PBO1 PBO1

Table 6-16. SERCOMSG6 10 SET Configuration

SERCOM IOSET 1 PINs IOSET 2 PINs |IOSET 3 PINs |IOSET 4 PINs | IOSET 5 PINs
Signal

PADO PC16 PC04 PDO09 PC13 PC13
PAD1 PC17 PCO05 PDO08 PC12 PC12
PAD2 PC18 PCO06 PD10 PC14 PC10
PAD3 PC19 PCO7 PD11 PC15 PC11

Table 6-17. SERCOM?7 10 SET Configuration

SERCOM Signal |IOSET 1 PINs |IOSET 2 PINs | IOSET 3 PINs | IOSET 4 PINs | IOSET 5 PINs

PADO PC12 PDO08 PC12 PB21 PB30
PAD1 PC13 PDO09 PC13 PB20 PB31
PAD2 PC14 PD10 PC10 PB18 PA30
PAD3 PC15 PD11 PC11 PB19 PA31

GMAC IOSET Configurations
The following tables lists each IOSET pins for GMDIO and GMDC signals. All other GMAC signals can be
used with all available IOSET configurations.

Table 6-18. GMAC IO SET Configuration
GMDC PB14 PC11 PC22 PA20
GMDIO PB15 PC12 PC23 PA21

IS Configurations
The following tables lists each IOSET Pins for IS instance.

Table 6-19. I?S 10 SET Configuration

m IOSET 1 PINs IOSET 2 PINs

MCKO PA08 PB17
FSO PA09 PA20
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........... continued
| rssow oseTiN  osererme
SCKO PA10 PB16
SDO PA11 PA21
SDI PB10 PA22
FS1 PB11 PA23
SCK1 PB12 PB28
MCK1 PB13 PB29

6.2.8.4 TC IOSET Configurations
The following tables lists each IOSET Pins for each TC instance.

Table 6-20. TCO IOSET Configuration

TC Signal IOSET 1 PINs IOSET 2 PINs IOSET 3 PINs

PAO4 PAO8 PB30
WO1 PAO5 PAQ9 PB31

Table 6-21. TC1 IOSET Configuration

TC Signal IOSET 1 PINs IOSET 2 PINs

WOO0 PAO6 PA10
WO1 PAO7 PA11

Table 6-22. TC2 IOSET Configuration

TC Signal IOSET 1 PINs IOSET 2 PINs IOSET 3 PINs

PAOO PA12 PA16
WO1 PAO1 PA13 PA17

Table 6-23. TC3 IOSET Configuration

TC Signal IOSET 1 PINs IOSET 2 PINs

WOo0 PA14 PA18
WO1 PA15 PA19

Table 6-24. TC4 IOSET Configuration

TC Signal IOSET 1 PINs IOSET 2 PINs IOSET 3 PINs

PB08 PB12 PA22
WO1 PB09 PB13 PA23

© 2019 Microchip Technology Inc. Datasheet DS60001507E-page 42



6.2.8.5

SAM D5x/E5x Family Data Sheet

I/0 Multiplexing and Considerations

Table 6-25. TC5 IOSET Configuration
PB10 PB14 PA24
WO1 PB11 PB15 PA25

Table 6-26. TC6 IOSET Configuration
PB16 PA30 PB02
WO1 PB03 PB17 PA31

Table 6-27. TC7 IOSET Configuration

TC Signal IOSET 1 PINs IOSET 2 PINs IOSET 3 PINs
PA20 PB22 PB00

WO1 PA21 PB23 PBO1

TCC IOSET Configurations

The following tables lists each IOSET Pins for each TCC instance.
Table 6-28. TCCO IO SET Configuration

TCC Signal| IOSET 1 IOSET2 |IOSET 3 IOSET 4 IOSET 5 PINs | IOSET 6 PINs
PINs PINs PINs PINs

PAO8 PC04 PC10 PC16 PB12 PA20
WO1 PA09 PDO08 PC11 PC17 PB13 PA21
Wo2 PA10 PDO09 PC12 PC18 PB14 PA22
WO3 PA11 PD10 PC13 PC19 PB15 PA23
WO4 PB10 PD11 PC14 PC20 PA16 PB16
W05 PB11 PD12 PC15 PC21 PA17 PB17
WO6 PA12 PC22 PA18 PB30 N/A(M) N/A(MT)
WO7 PA13 PC23 PA19 PB31 N/A(T) N/A(T)

Note: 1. The signal is available, but the edges are not aligned wrt. the other signals as specified.
Table 6-29. TCC1 IO SET Configuration

TCC Signal |IOSET 1 PINs |IOSET 2 PINs IOSET 3 PINs | IOSET 4 PINs |IOSET 5 PINs

PA16 PD20 PB18 PB10 PC14
WO1 PA17 PD21 PB19 PB11 PC15
WO2 PA18 PB20 PB26 PA12 PA14
WO3 PA19 PB21 PB27 PA13 PA15
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........... continued
PA20 PB28 PA08 PC10 N/AM)
WO5 PA21 PB29 PA09 PC11 N/AM)
WO6 PA22 PA10 PC12 N/AM) N/AM
Wo7 PA23 PA11 PC13 N/AM) N/AM)

Note: 1. The signal is available, but the edges are not aligned wrt. the other signals as specified.
Table 6-30. TCC2 IO SET Configuration

TCC Signal IOSET 1 PINs IOSET 2 PINs

WO0 PA14 PA30
WO1 PA15 PA31
Wo2 PA24 PB02

Table 6-31. TCC3 IO SET Configuration
WOO0 PB12 PB16
WO1 PB13 PB17

Table 6-32. TCC4 10 SET Configuration

TCC Signal IOSET 1 PINs IOSET 2 PINs

WOO0 PB14 PB30

WO1 PB15 PB31
6.2.8.6 PDEC IOSET Configurations

The following tables lists each IOSET Pins for PDEC instance.

Table 6-33. PDEC 10 SET Configuration

PDEC Signal IOSET 1 PINs IOSET 2 PINs IOSET 3 PINs IOSET 4 PINs

QDI[0] PC16 PB18 PA24 PB23
QDI[1] PC17 PB19 PA25 PB24
QDI[2] PC18 PB20 PB22 PB25
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6.2.9 GPIO Clusters
Table 6-34. GPIO Clusters (1)

Package Cluster Supply/GND Pins Connected to
the Cluster

128pins VDDIOB PA11, PA10, PA09, PA0O8 VDDIOB pins 32 and 37
GND pins 31 and 38
PB11, PB10
PCO07, PC06, PCO5, PC04

VDDIO PA31, PA30, PA27, PA25, PA24, PA23, PA22, PA21, PA20, PA19, PA18, PA17, PA16, PA15, VDDIO pins 46, 54, 65, 79, 91, 97,
PA14, PA13, PA12 107, 118

GND pins 45, 53, 64, 78, 90, 96,
PB31, PB30, PB29, PB28, PB27, PB26, PB25, PB24, PB23, PB22, PB21, PB20, PB19, PB18, | 105 116
PB17, PB16, PB15, PB14, PB13, PB12,

PC31, PC30, PC28, PC27, PC26, PC25, PC24, PC23, PC22, PC21, PC20, PC19, PC18,
PC17, PC16, PC15, PC14, PC13, PC12, PC11, PC10

PD21, PD20, PD12, PD11, PD10, PD09, PD08
VDDANA PA07, PAOB, PAO5, PA04, PAO3, PAO2 VDDANA pins 6, 15, 26
GNDANA pins 5, 14, 25
PB09, PB08, PB07, PB06, PB05, PB04
PCO03, PC02
PDO1, PDOO
VSWOUT PAO1, PAOO VSWOUT

PB03, PB02, PBO1, PB0OO

PCO01, PC00
120pins VDDIOB PA11, PA10, PA09, PAO8 VDDIOB pins K6, K7 GND pins J6,

PB11, PB10 K8
PCO07, PC06, PCO5, PC04

VDDIO PA31, PA30, PA27, PA25, PA24, PA23, PA22, PA21, PA20, PA19, PA18, PA17, PA16, PA15, VDDIO pins K10,H10,F10,F8,F7
PA14, PA13, PA12 GND pins K8,K9,J10,G10,F9,F6
PB31, PB30, PB29, PB28, PB27, PB26, PB25, PB24, PB23, PB22, PB21, PB20, PB19, PB18,
PB17, PB16, PB15, PB14, PB13, PB12,
PC31, PC30, PC28, PC27, PC26, PC25, PC24, PC23, PC22, PC21, PC20, PC19, PC18,
PC17, PC16, PC15, PC14, PC13, PC12, PC11, PC10
PD21, PD20, PD12, PD11, PD10, PD09, PD08

VDDANA PAQ7, PAOG, PA05, PAO4, PA03, PA02 VDDANA pin M2 GNDANA pin H6
PB09, PB08, PB07, PB06, PB05, PB04
PCO03, PC02
PDO01, PD0O

VSWOUT PAO1, PAOO VSWOUT

PB03, PB02, PBO1, PB0OO

PCO01, PCO0
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cenneennCONtinued
Package Cluster Supply/GND Pins Connected to
the Cluster
100pins VDDIOB PA11, PA10, PA09, PAO8 VDDIOB pins 25 and 30
GND pins 24 and 31
PB11, PB10
PC07, PC06, PC05
VDDIO PA31, PA30, PA27, PA25, PA24, PA23, PA22, PA21, PA20, PA19, PA18, PA17, PA16, PA15, VDDIO pins 39, 51, 63, 77, 92
PA14, PA13, PA12 GND pins 38, 50, 62, 76, 90
PB31, PB30, PB25, PB24, PB23, PB22, PB21, PB20, PB19, PB18, PB17, PB16, PB15, PB14,
PB13, PB12, PB11, PB10
PC28, PC27, PC26, PC25, PC24, PC21, PC20, PC19, PC18, PC17, PC16, PC15, PC14,
PC13, PC12, PC11, PC10
VDDANA PAQ07, PA06, PAO5, PA04, PAO3, PA02 VDDANA pin 12
GNDANA pin 11
PB09, PB08, PB07, PB06, PB05, PB04
PCO03, PC02
VSWOUT PAO1, PAOO VSWOUT
PBO03, PB02, PB01, PBOO
PC01, PC0O0
64 Pins VDDIOB PA11, PA10, PA09, PAO8 VDDIOB pin 21
GND pin 22
PB11, PB10
VDDIO PB12,PB13,PB14,PB15,PB16,PB17,PB30,PB31 VDDIO pins 34,48, 56
GND pins 33,47,54
PA12,PA13,PA16,PA17,PA18,PA19, PA20, PA21,PA22,PA23,PA24,PA25,PA27,PA30,PA31
PA14,PA15,PB22,PB23
VDDANA PA2,PA3,PB4,PB5,PB6,PB7,PB8,PB9,PA4,PA5,PAG,PA7 VDDANA pin 8
GNDANA pin 7
VSWOUT PB0,PB1,PB2,PB3,PA0,PA1 VSWOUT
48 pins VDDIO PA8, PA9,PA10,PA11 VDDIO pins 17, 36, 44
GND pins 18, 35, 42
PB10,PB11,PA12,PA13,PA14,PA15
PA16,PA17,PA18,P19,PA20,PA21,PA22,PA23,PA24,PA25
PB22,PB23
PA27
PA30, PA31
VDDANA PA2,PA3,PB8,PB9,PA4,PA5,PA6,PA7 VDDANA pin 6
GNDANA pin 5
VSWOUT PB2,PB3,PA0,PA1 VSWOUT
Note:

1. The RESETN pin in all packages are connected to the VDDIO cluster.
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71 Power Domain Overview
Figure 7-1. Power Domain Block Diagram

VDDANA
GNDANA
VDDIO
PA[31:30]
PA[27:12]
PD[12:8]
PB[31:10]
PC[31:10]
PD[21:20]
VDDANA
BAT (PB[3])
VDDIOB

PA[11:8]
PB[11:10]
PC[7:4]
PA[7:2]
PC[1:0]
PB[2:0]
PA[1:0]

PB[9:4]
PC[3:2]
PD[1:0]

Digital Logic RTC, PM,
CPU, Peripherals SUPC, RSTC

=
BACKUP

FDPLL200M SAM

The SAM D5x/E5x power domains are not independent of each other:

< VDDCORE, VDDIO and VDDIOB share GND, whereas VDDANA refers to GNDANA.

* VDDANA and VDDIO must share the main supply, VDD.

+ VDDCORE pin is just an output for monitoring the internal voltage regulator. This is not an input for
an external supply.

« VSWOUT, VSW and VDDBU are internal power domains.

* The VSW pin is for inductor connection to run the Main Voltage Regulator in switching mode.

7.2 Power Supply Considerations

7.21 Power Supplies
The SAM D5x/E5x has the following power supply pins:

* VDDIO — Powers I/O lines, XOSCn and the internal regulator for VYDDCORE. Voltage is 1.71V to

3.63V.

» VDDIOB - Powers I/O B lines. Voltage is 1.71V to 3.63V.

* VDDANA - Powers /O lines, the Automatic Power Switch, ADC0/1, AC, DAC and PTC. Voltage is
1.71V to 3.63V.

» VBAT - Powers the Automatic Power Switch. Voltage is 1.71V to 3.63V
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» VDDCORE - Serves as the internal voltage regulator output in linear mode, depending on the
powering configuration. It powers the VSW core power domain and the VDDBU backup domain,
memories, peripherals, DFLL48M, FDPLL200M, and RAMs. Voltage is 1.2V typical.

* The Automatic Power Switch is a configurable switch that selects between VDD and VBAT as supply
for the internal output VSWOUT, see the figure in 7.1 Power Domain Overview.

The same voltage must be applied to both VDDIO and VDDANA. This common voltage is referred to as
VDD in the data sheet.

VDDIOB voltage level must be equal or lower than VDDIO.

The ground pins, GND, are common to VDDCORE, and VDDIO. The ground pin for VDDANA is
GNDANA.

For decoupling recommendations for the different power supplies, refer to the schematic checklist.

Related Links

59. Schematic Checklist

6.2.9 GPIO Clusters

7.2.3 Typical Powering Schematic

Voltage Regulator
The SAM D5x/E5x internal Main Voltage Regulator has three different modes:

» Linear mode: This is the default mode when CPU and peripherals are running. It does not require an
external inductor.

» Switching mode. This is the most power efficient mode when the CPU and peripherals are running.
This mode can be selected by software on the fly.

» Shutdown mode. When the chip is in backup mode, the internal regulator is off, the VSW core power
domain is OFF. The VDDBU backup domain is powered by the backup regulator (LPVREG).

Note that the Voltage Regulator modes are controlled by the Power Manager.
Typical Powering Schematic

The SAM D5x/E5x uses a single supply from 1.71V to 3.63V.

The following figure shows the recommended power supply connection.
Figure 7-2. Power Supply Connection for Linear Mode Only

VBAT (PB03)

Main Supply
(1.71V — 3.63V)
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Figure 7-3. Power Supply Connection for Switching/Linear Mode

VBAT (PB03)

Main Supply
(1.71V — 3.63V)

Figure 7-4. Power Supply Connection for Battery Backup

VBAT (PBO03)

Main Supply
(1.71V — 3.63V)

Power-Up Sequence

Supply Order
VVDDIO and VDDANA must have the same supply sequence, and must be connected together.

Note that VDDIO supplies the XOSCn, so VDDIO must be present before the applicaion uses the XOSC
feature. This is also applicable to all digital features present on pins supplied by VDDIO. VDDIOB must
be present before the application uses features present on pins supplied by VDDIOB.

Minimum Rise Rate
One integrated power-on reset (POR) circuits monitoring VDDANA requires a minimum rise rate.

Maximum Rise Rate
The rise rate of the power supplies must not exceed the values described in Electrical Characteristics.

Power-Up

This section summarizes the power-up sequence of the SAM D5x/E5x. The behavior after power-up is
controlled by the Power Manager.

Related Links
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18. PM — Power Manager

Starting of Internal Regulator

After power-up, the device is set to its initial state and kept in Reset, until the power has stabilized
throughout the device.

The internal regulator provides VDDCORE. Once the external voltage VDDIO/VDDANA and VDDCORE
reach a stable value, the internal Reset is released.

Related Links
18. PM — Power Manager

Starting of Clocks

Once the power has stabilized and the internal Reset is released, the device will use a 48MHz clock by
default. The clock source for this clock signal is DFLL48M, which is enabled after a reset by default. This
is also the default time base for Generic Clock Generator 0. In turn, Generator 0 provides the main clock
GCLK_MAIN which is used by the Main Clock module (MCLK).

Some synchronous system clocks are active after Start-Up, allowing software execution. Refer to the
“Clock Mask Registers” section in the MCLK-Main Clock documentation for the list of clocks that are
running by default. Synchronous system clocks that are running receive the 48MHz clock from Generic
Clock Generator 0. Other generic clocks are disabled.

Related Links
18. PM — Power Manager

110 Pins

After power-up, the 1/O pins are tri-stated except PA30, which is pull-up enabled and configured as input
in order to serve as part of the debug interface.

Fetching of Initial Instructions

After Reset has been released, the CPU starts fetching PC and SP values from the Reset address,
0x00000000. This points to the first executable address in the internal Flash memory. The code read from
the internal Flash can be used to configure the clock system and clock sources. See the related
peripheral documentation for details. Refer to the ARM Architecture Reference Manual for more
information on CPU startup (http://www.arm.com).

Power-On Reset and Brown-Out Detector

The SAM D5x/E5x embeds three features to monitor, warn and/or reset the device:
* POR: Power-on Reset on the main supply VDD (VDDANA/VSWOUT).
« BOD33: Brown-out detector on VSWOUT/VBAT

» Brown-out detector internal to the voltage regulator for VDDCORE. BOD12 is calibrated in production
and its calibration parameters are stored in the NVM User Row. This data should not be changed if
the User Row is written to in order to assure correct behavior.

Power-On Reset on VSWOUT

VSWOUT is monitored by POR. Monitoring is always activated, including startup and all sleep modes. If
VSWOUT goes below the threshold voltage, the entire chip is reset.
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7.4.2 Power-On Reset on the main supply VDD (VDDANA/VDDIO)

The Main supply VDD (VDDANA/VDDIO) is monitored by POR. Monitoring is always activated, including
startup and all sleep modes. If VDD goes below the threshold voltage, all I/Os supplied by VDDIO are
reset.

743 Brown-Out Detector on VSWOUT/VBAT
BOD33 monitors VSWOUT or VBAT depending on configuration.

Related Links
19. SUPC — Supply Controller

74.4 Brown-Out Detector on VDDCORE
Once the device has started up, BOD12 monitors the internal VDDCORE.

Related Links
19. SUPC — Supply Controller
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8. Product Memory Mapping Overview
Figure 8-1. Product Mapping

Global Memory Space

0x00000000

0x20000000
SRAM
0x20040000
Undefined
0x40000000
0x48000000
Reserved
0xE0000000
System
OXFFFFFFFF
System
0xE0000000
Reserved
0xE000E000
SCS
0xE000F000
Reserved
OXE00FF000

0XE0100000
OXFFFFFFFF

Code
""" 0x00000000 |
[Flash size]
Reserved
0x03000000
CMCC
0x04000000
0x05000000
Reserved
Ox1FFFFFFF
SRAM
0x20000000
System RAM

AHB-APB

AHB-APB Bridge B

0x41000000
0x41002000
0x41004000
0x41006000
0x41008000
0x4100A000

0x4100C000

Reserved

0x4100E000

0x40000000

0x41000000

0x42000000

0x43000000

0x44000000

Bridge A

AHB-APB Bridge A

0x40000000
PAC
0x40000400
PM
0x40000800
MCLK
0x40000C00
RSTC
0x40001000 AHB-APB Bridge C
OSCCTRL 0x42000000
0x40001400
OSC32KCTRL 0x42000400
0x40001800
SUPC 0x42000800
0x40001C00
GCLK 0x42000C00
0x40002000
WDT 0x42001000
0x40002400
RTC 0x42001400
0x40002800
EIC 0x42001800
0x40002C00
FREQM 0x42001C00
0x40003000
SERCOMO 0x42002000
0x40003400
SERCOM1 0x42002400
0x40003800
TCO 0x42002800
0x40003C00
TC1 0x42002C00
0x40004000
Reserved 0x42003000
Ox40FFFFFF
0x42003400
0x42003800
AHB-APB Bridge D 0x42003C00
0x43000000 Ox42FFFFFF

0x43000400

0x43000800

0x45000000
0x41010000 0x43000C00
Reserved SDHCO
0x41012000 0x43001000
0x46000000
0x43001400
0x41014000 SDHCA
0x43001800
0x41016000 0x47000000
0x41018000 Backup RAM 0x43001C00
0x4101A000 Ox47FFFFFF 0x43002000
0x4101C000 0x43002400
0x4101E000 0x43002800
Reserved
0x41020000 0x43002C00
0x41022000 0x43003000 Reserved
Reserved Ox43FFFFFF
Ox41FFFFFF
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Related Links
9. Memories
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Memories

Embedded Memories
* Internal high-speed Flash with Read-While-Write (RWW) capability on a section of the array
* Internal high-speed RAM, single-cycle access at full speed
 Internal backup RAM, single-cycle access at full speed

Physical Memory Map

The high-speed bus is implemented as a bus matrix. All high-speed bus addresses are fixed, and they
are never remapped in any way, even during boot. The 32-bit physical address space is mapped as
follows:

Table 9-1. Physical Memory Map

Size in KB (unless otherwise stated)

SAMD51x20 SAMD51x19

Start Address | SAME51x20 SAMES51x19 gzm::::::
SAMES53x20 SAME53x19 SAME53x18
SAMES54x20 SAME54x19
Embedded Flash 0x00000000 1024 512 256
Embedded SRAM 0x20000000 256 192 128
Peripheral Bridge A 0x40000000
Peripheral Bridge B 0x41000000
16384 Bytes
Peripheral Bridge C 0x42000000
Peripheral Bridge D 0x43000000
Backup SRAM 0x47000000 8
NVM User Page 0x00804000 512 Bytes
Note:

1. X =G, J, NorP. Refer to Ordering Information for available device part numbers.

Flash Memory Parameters
A single page contains 512 Bytes, which is applicable to all the device part numbers listed in the
Configuration Summary.

Number of pages available in a device part number will vary depending on available maximum Flash
memory size.

Equation 9-1. Calculating Flash Memory

FlashSize(Bytes)
PageSize(Bytes)

NumberofPages =
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SRAM Memory Configuration

Retention

Depending on the application and power budget needs, part of the system memory can be retained in
Standby or Hibernate sleep modes. The amount of the SRAM retained in this mode is software
selectable, by writing the RAMCFG bits in the Power Manager Standby Configuration register and
Hibernate Configuration register respectively (STDBYCFG.RAMCFG and HIBCFG.RAMCFG).

By default, the entire system memory section is retained, but no retention or bottom 32KB memory
retention options are also available.

Figure 9-1. Retention Options

Full SRAM Size
Full Memory No Memory
Retention Retention
32 KB
32 KB
Retention
0x20000000 0 KB

RAM Error Correction

For safety applications, the SAM D5x/E5x family embeds error correction codes (ECC) to detect and
correct single bit errors, or to enable dual error detection for the system memory. The ECC is software
selectable through the RAM ECCDIS bit in the NVM User Row. For additional information, refer to Table
9-2.

When enabled, the top half system memory will be reserved to store the ECC, and will not be available
for the application.
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Figure 9-2. Memory with RAM Error Correction
SAMES4x20 SAMES54x19

256KB

192KB

128KB

96KB

32KB

0x20000000 OKB

Note: If the ECC is used, full SRAM retention must be enabled.

CoreSight ETB Connection
When enabled, the bottom 32 KB system memory space is reserved for CoreSight ETB debug usage.
The figure below shows an example where both ECC and CoreSight ETB are enabled.
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Figure 9-3. Memory with ECC and CoreSight ETB
SAMES54x20 SAMES54x19

256KB

192KB

128KB

96KB

32KB

CoreSight ETB CoreSight ETB
0x20000000 0KB

NVM User Page Mapping
The NVM User Page can be read at address 0x00804000. The size of the NVM User Page is 512 Bytes.

The first eight 32-bit words (32 Bytes) of the Non Volatile Memory (NVM) User Page contain calibration
data that are automatically read at device power on. The remaining 480 Bytes can be used for storing
custom parameters.

To write the NVM User Page, refer to the NVMCTRL (Non-Volatile Memory Controller) documentation.

When writing to the user pages, the new values do not get loaded by the other peripheral on the device
until a device reset occurs.

Note: Before erasing the NVM User Page, ensure that the first 32 Bytes are read to a buffer and later
written back to the same area unless a configuration change is intended.

Table 9-2. NVM User Page Mapping - Dedicated Entries

Bit Pos. Related Peripheral Default
Register Values

BOD33 Disable BOD33 Disable at power-on. SUPC.BOD33

8:1 BOD33 Level BOD33 threshold level at power- SUPC.BOD33 0x1C
on.

10:9 BOD33 Action BOD33 Action at power-on. SUPC.BOD33 0x1

14:11 BOD33 Hysteresis BOD33 Hysteresis configuration SUPC.BOD33 0x2
at power-on.
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........... continued

Bit Pos. Related Peripheral Default
Reglster Values

25:15 BOD12 Calibration Factory settings - do not change.(!

Parameters

29:26 NVM BOOT NVM Bootloader Size NVMCTRL OxF

31:30 Reserved Factory settings - do not change. -

35:32  SEESBLK Number of NVM Blocks NVMCTRL 0x0
composing a SmartEEPROM
sector

38:36 A SEEPSZ SmartEEPROM Page Size NVMCTRL 0x0

39 RAM ECCDIS RAM ECC Disable RAMECC 0x1

47:40 Reserved Factory settings - do not change. -

48 WDT Enable WDT Enable at power-on. WDT.CTRLA 0x0

49 WDT Always-On | WDT Always-On at power-on. WDT.CTRLA 0x0

53:50 WDT Period WDT Period at power-on. WDT.CONFIG 0xB

57:54 | WDT Window WDT Window mode time-out at | WDT.CONFIG 0xB
power-on.

61:58  WDT EWOFFSET WDT Early Warning Interrupt WDT.EWCTRL 0xB
Time Offset at power-on.

62 WDT WEN WDT Timer Window Mode WDT.CTRLA 0x0
Enable at power-on.

63 Reserved Factory settings - do not change.

95:64 | NVM LOCKS NVM Region Lock Bits. NVMCTRL OxFFFF FFFF

127:96  (fourth word) User page

159:128 Reserved Factory settings - do not change.

Other - User pages

A\ CAUTION

1. BOD12 is calibrated in production, and the calibration parameters must not be changed to
ensure the correct device behavior.

Related Links

25. NVMCTRL — Nonvolatile Memory Controller
19. SUPC - Supply Controller

19.8.5 BOD33

20. WDT — Watchdog Timer

20.8.1 CTRLA
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20.8.2 CONFIG
20.8.3 EWCTRL
45.6.3.1 Device Temperature Measurement

NVM Software Calibration Area Mapping

The NVM Software Calibration Area contains calibration data that are determined and written during
production test. These calibration values should be read by the application software and written back to
the corresponding register.

The NVM Software Calibration Area can be read at address 0x00800080.

The NVM Software Calibration Area can not be written.
Table 9-3. NVM Software Calibration Area Mapping

Bit Position Description Default
Value

4:2

7:5

10:8

15:11
18:16

21:19

24:22

35:25
36:32

41:37

44:42

AC BIAS

ADCO BIASCOMP

ADCO BIASREFBUF

ADCO BIASR2R

Reserved

ADC1 BIASCOMP

ADC1 BIASREFBUF

ADC1 BIASR2R

Reserved

USB TRANSN

USB TRANSP

USB TRIM

AC Comparator 0/1 Bias Scaling. To be written to
the AC CALIB register.

Bias comparator scaling. To be written to the ADCO
CALIB register.

Bias reference buffer scaling. To be written to the
ADCO CALIB register.

Bias rail-to-rail amplifier scaling. To be written to the
ADCO CALIB register.

Bias comparator scaling. To be written to the ADC1
CALIB register.

Bias reference buffer scaling. To be written to the
ADC1 CALIB register.

Bias rail-to-rail amplifier scaling. To be written to the
ADC1 CALIB register.

USB TRANSN calibration value. To be written to the
USB PADCAL register.

USB TRANSP calibration value. To be written to the
USB PADCAL register.

USB TRIM calibration value. To be written to the
USB PADCAL register.

Ox7

Ox7

Ox7

Ox7

Ox7

0x7

0x09

0x19

0x6

The NVM Software Calibration Area for temperature calibration parameters can not be written.

The NVM Software Calibration Area for temperature calibration parameters can be read at address

0x00800100.
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Table 9-4. NVM Software Calibration Area Mapping - Temperature Calibration Parameters

7.0
11:8
19:12
23:20
39:24
51:40
63:52
75:63
87:76
127:88

TLI

TLD

THI

THD
Reserved
VPL

VPH

VCL
VCH

Reserved

Integer part of calibration temperature TL
Decimal part of calibration temperature TL
Integer part of calibration temperature TH
Decimal part of calibration temperature TH
Reserved for future use.

Temperature calibration parameters.

Reserved for future use.

Note: Engineering Sample devices have no valid temperature calibration parameters.

Serial Number
Each device has a unique 128-bit serial number which is a concatenation of four 32-bit words contained

at the following addresses:

Word 0: 0x008061FC
Word 1: 0x00806010
Word 2: 0x00806014
Word 3: 0x00806018

The uniqueness of the serial number is guaranteed only when using all 128 bits.
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Processor and Architecture

Cortex M4 Processor

The ARM®Cortex -M4 processor is a high performance 32-bit processor designed for the microcontroller
market. It offers the following significant benefits to developers:

» OQutstanding processing performance combined with fast interrupt handling
» Enhanced system debug with extensive breakpoint and trace capabilities

» Efficient processor core, system and memories

» Ultra low-power consumption with integrated sleep modes

» Platform security robustness, with integrated memory protection unit (MPU).

The implemented ARM Cortex-M4 is revision rOp1
For additional information, refer to http://www.arm.com

The Cortex-M4 processor is built on a high-performance processor core with a 3-stage pipeline Harvard
architecture, making it ideal for demanding embedded applications. The processor delivers exceptional
power efficiency through an efficient instruction set and extensively optimized design, providing high-end
processing hardware including IEEE 754-compliant single-precision floating-point computation, a range of
single-cycle and SIMD multiplication and multiply-with-accumulate capabilities, saturating arithmetic and
dedicated hardware division.

To facilitate the design of cost-sensitive devices, the Cortex-M4 processor implements tightly-coupled
system components that reduce processor area while significantly improving interrupt handling and
system debug capabilities. The Cortex-M4 processor implements a version of the Thumb instruction set
based on Thumb®-2 technology, ensuring high code density and reduced program memory requirements.
The Cortex-M4 instruction set provides the exceptional performance expected of a modern 32-bit
architecture, with the high code density of 8-bit and 16-bit microcontrollers.

The Cortex-M4 processor closely integrates a configurable NVIC, to deliver industry-leading interrupt
performance. The NVIC includes a Non-Maskable interrupt (NMI), and provides up to 8 interrupt priority
levels. The tight integration of the processor core and NVIC provides fast execution of Interrupt Service
Routines (ISRs), dramatically reducing the interrupt latency. This is achieved through the hardware
stacking of registers, and the ability to suspend load-multiple and store-multiple operations. Interrupt
handlers do not require wrapping in assembler code, removing any code overhead from the ISRs. A tail-
chain optimization also significantly reduces the overhead when switching from one ISR to another.

To optimize low-power designs, the NVIC integrates with the sleep modes, that include a deep sleep
function that enables the entire device to be rapidly powered down while still retaining program state.

System Level Interface

The Cortex-M4 processor provides multiple interfaces using AMBA technology to provide high-speed,
low-latency memory accesses. It supports unaligned data accesses and implements atomic bit
manipulation that enables faster peripheral controls, system spinlocks and thread-safe Boolean data
handling.

The Cortex-M4 processor has a memory protection unit (MPU) that provides fine grain memory control,
enabling applications to utilize multiple privilege levels, separating and protecting code, data and stack on
a task-by-task basis. Such requirements are becoming critical in many embedded applications such as
automotive.
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Integrated Configurable Debug

The Cortex-M4 processor implements a complete hardware debug solution. This provides high system
visibility of the processor and memory through a 2-pin Serial Wire Debug (SWD) port that is ideal for
microcontrollers and other small package devices.

For system trace the processor integrates an Instrumentation Trace Macrocell (ITM) alongside data
watchpoints and a profiling unit. The Embedded Trace Macrocell (ETM) delivers unrivaled instruction
trace capture in an area far smaller than traditional trace units, enabling many low cost MCUs to
implement full instruction trace for the first time.

To enable simple and cost-effective profiling of the system events these generate, a stream of software-
generated messages, data trace, and profiling information is exported over three different ways:

» Output off chip using the TPIU, through a single pin, called Serial Wire Viewer (SWV). Limited to ITM
system trace

*  Output off chip using the TPIU, through a 4-bit pin interface. Bandwidth is limited
* Internally stored in RAM, using the CoreSight ETB. Bandwidth is then optimal but capacity is limited

The Flash Patch and Breakpoint Unit (FPB) provides up to 8 hardware breakpoint comparators that
debuggers can use. The comparators in the FPB also provide remap functions of up to 8 words in the
program code in the CODE memory region. This enables applications stored on a non-erasable, ROM-
based microcontroller to be patched if a small programmable memory, for example flash, is available in
the device. During initialization, the application in ROM detects, from the programmable memory, whether
a patch is required. If a patch is required, the application programs the FPB to remap a number of
addresses. When those addresses are accessed, the accesses are redirected to a remap table specified
in the FPB configuration, which means the program in the non-modifiable ROM can be patched.

Cortex-M4 Processor Features and Configuration
+  Thumb® instruction set combines high code density with 32-bit performance
* |EEE 754-compliant single-precision Floating Point Unit (FPU)
* Integrated sleep modes for low power consumption
» Fast code execution permits slower processor clock or increases Sleep mode time
» Hardware division and fast digital-signal-processing orientated multiply accumulate
» Saturating arithmetic for signal processing
» Deterministic, high-performance interrupt handling for time-critical applications
* Memory Protection Unit (MPU) for safety-critical applications

» Extensive debug and trace capabilities: Serial Wire Debug and Serial Wire Trace reduce the number
of pins required for debugging, tracing, and code profiling.

m Cortex-M4 Options SAM D5x/E5x Configuration

Interrupts 1to 240 138

Number of priority | 3to 8 3 = eight levels of priority
bits

Data endianness Little-endian or big-endian Little-endian

SysTick Timer 0x80000000

calibration value

MPU Present or Not present Present
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........... continued
m Cortex-M4 Options SAM D5x/E5x Configuration
Debug support level 0 = No debug. No DAP, breakpoints, 3 = Full debug plus DWT data

watchpoints, Flash patch, or halting debug. matching.

1 = Minimum debug. Two breakpoints, one
watchpoint, no Flash patch.

2 = Full debug minus DWT data matching.
3 = Full debug plus DWT data matching.

Trace support level |0 = No trace. No ETM, ITM or DWT triggers and 2 = Full trace. ITM, TPIU, ETM,
counters. and DWT triggers and

1 = Standard trace. ITM and DWT triggers and co:tn.ters tare preste nt. HTM
counters, but no ETM. port1s ot presen

2 = Full trace. Standard trace plus ETM.
3 = Full trace plus HTM port.

JTAG Present or Not present Not present
Bit Banding Present or Not present Not present
FPU Present or Not present Present

10.1.4 Cortex-M4 Core Peripherals

Nested The Nested Vector Interrupt Controller (NVIC) is an embedded interrupt controller
Vectored that supports low latency interrupt processing.

Interrupt

Controller

System Control The System Control Block (SCB) is the programmers model interface to the

Block processor. It provides system implementation information and system control,
including configuration, control, and reporting of system exceptions. Refer to the
Cortex-M4 Technical Reference Manual for details (http://www.arm.com).

System Timer  The system timer, SysTick, is a 24-bit count-down timer. Use this as a Real-Time
Operating System (RTOS) tick timer or as a simple counter. The SysTick timer runs
on the processor clock and it does not decrement when the processor is halted for
debugging. Refer to the Cortex-M4 Technical Reference Manual for details (http://
www.arm.com).

Memory The Memory Protection Unit (MPU) improves system reliability by defining the

Protection Unit memory attributes for different memory regions. It provides up to eight different
regions, and an optional predefined background region. Refer to the Cortex-M4
Technical Reference Manual for details (http://www.arm.com).

Floating-Point  The Floating Point Unit (FPU) provides IEEE 754-compliant operations on single-
Unit precision, 32-bit, floating-point values. Refer to the Cortex-M4 Technical Reference
Manual for details (http://www.arm.com).

10.1.5 Cortex-M4 Address Map
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OxEOOOE008-0xEOOOEOOF System control block
0xEO00E010-0xEOOOEOQ1F System timer
OxEOOOE100-0xEOOOE4EF Nested Vectored Interrupt Controller
O0xEOOOEDO00-0XEOOOED3F System control block
0xEOOOED90-0xEOOOED93 MPU Type Register
O0xEOOOED90-0xEOOOEDBS Memory Protection Unit
O0xEOOOEF00-0xEOOOEF03 Nested Vectored Interrupt Controller
OxEOOOEF30-0xEOO0EF44 Floating Point Unit

Related Links
8. Product Memory Mapping Overview

Nested Vector Interrupt Controller

Overview

The Nested Vectored Interrupt Controller (NVIC) in the SAM D5x/E5x family devices supports 138
interrupts with eight different priority levels. For more details, refer to the Cortex-M4 Technical Reference
Manual (http://www.arm.com).

Interrupt Line Mapping

Each of the interrupt lines is connected to one peripheral instance, as shown in the table below. Each
peripheral can have many interrupt flags, located in the peripheral’s Interrupt Flag Status and Clear
(INTFLAG) register.

An interrupt flag is set when the interrupt condition occurs. Each interrupt in the peripheral can be
individually enabled by writing a '1' to the corresponding bit in the peripheral’s Interrupt Enable Set
(INTENSET) register, and disabled by writing '1' to the corresponding bit in the peripheral’s Interrupt
Enable Clear (INTENCLR) register.

An interrupt request is generated from the peripheral when the interrupt flag is set and the corresponding
interrupt is enabled.

Depending on their criticality, the interrupt requests for one peripheral are either ORed together on
system level, generating one interrupt or directly connected to an NVIC interrupt lines. This is described
in the table below.

An interrupt request will set the corresponding interrupt pending bit in the NVIC interrupt pending
registers (SETPEND/CLRPEND bits in ISPR/ICPR).

For the NVIC to activate the interrupt, it must be enabled in the NVIC interrupt enable register (SETENA/
CLRENA bits in ISER/ICER). The NVIC interrupt priority registers IPRO-IPR7 provide a priority field for
each interrupt.

oaws e e

EIC NMI - External Interrupt Control NMI NMI
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S S [

PM - Power Manager SLEEPRDY 0
MCLK - Main Clock CKRDY 1
OSCCTRL - Oscillators Control XOSCFAIL 0 2
XOSCRDY 0
XOSCFAIL 1 3
XOSCRDY 1
DFLLLOCKC 4
DFLLLOCKF
DFLLOOB
DFLLRCS
DFLLRDY
DPLLLCKF 0 5
DPLLLCKR 0
DPLLLDRTO 0
DPLLLTO 0
DPLLLCKF 1 6
DPLLLCKR 1
DPLLLDRTO 1
DPLLLTO 1
OSC32KCTRL - 32 kHz Oscillators Control XOSC32KFAIL 7
XOSC32KRDY
SUPC - Supply Controller BOD33RDY 8
B33SRDY
VCORERDY
VREGRDY
BOD33DET 9
WDT - Watchdog Timer EW 10
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........... continued
L " S
RTC - Real-Time Counter CMPAO 11
CMP A 1
CMP A2
CMP A 3
OVF A
PER A O
PER A 1
PER A 2
PER A 3
PER A 4
PER A5
PER A 6
PERA7
TAMPER A
EIC - External Interrupt Controller EXTINT O 12
EXTINT 1 13
EXTINT 2 14
EXTINT 3 15
EXTINT 4 16
EXTINT 5 17
EXTINT 6 18
EXTINT 7 19
EXTINT 8 20
EXTINT 9 21
EXTINT 10 22
EXTINT 11 23
EXTINT 12 24
EXTINT 13 25
EXTINT 14 26
EXTINT 15 27
FREQM - Frequency Meter DONE 28
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........... continued

S S [

NVMCTRL - Non-Volatile Memory Controller(") 0 29

-_—

30

© 0 N O o b~ W0 DN

10

DMAC - Direct Memory Access Controller SUSP 0 31
TCMPL 0
TERR O
SUSP 1 32
TCMPL 1
TERR 1
SUSP 2 33
TCMPL 2
TERR 2
SUSP 3 34
TCMPL 3
TERR 3
SUSP 4..31 35
TCMPL 4..31
TERR 4..31
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........... continued
L S (T
EVSYS - Event System Interface EVD 0 36
OVR 0
EVD 1 37
OVR 1
EVD 2 38
OVR 2
EVD 3 39
OVR 3
EVD 4..11 40
OVR 4..11
PAC - Peripheral Access Controller ERR 41
RAM ECC 0 45
1
SERCOMO - Serial Communication Interface 0(*) 0 46
1 47
2 48
3 49
4
5
7
SERCOM!1 - Serial Communication Interface 1(1) 0 50
1 51
2 52
3 53
4
5
7
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L " S 7S

SERCOM?2 - Serial Communication Interface 2(1) 0 54
1 55
2 56
3 57
4
5
7

SERCOMS3 - Serial Communication Interface 3(1) 0 58
1 59
2 60
3 61
4
5
7

SERCOM4 - Serial Communication Interface 4(1) 0 62
1 63
2 64
3 65
4
5
7

SERCOMS5 - Serial Communication Interface 5(1) 0 66
1 67
2 68
3 69
4
5
7
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S S [

SERCOMSG - Serial Communication Interface 6(1) 0 70
1 71
2 72
3 73
4
5
7

SERCOM?7 - Serial Communication Interface 7(1) 0 74
1 75
2 76
3 77
4
5
7

CANO - Control Area Network 0 LINE O 78
LINE 1

CAN1 - Control Area Network 1 LINE O 79
LINE 1
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........... continued

N " S [

USB - Universal Serial Bus

GMAC - Ethernet MAC

EORSM DNRSM 80
EORST RST

LPM DCONN
LPMSUSP DDISC
MSOF

RAMACER

RXSTP TXSTP 0..7
STALLO STALL 0..7
STALL10..7
SUSPEND

TRFAILO TRFAIL 0..7
TRFAIL1 PERR 0..7

UPRSM

WAKEUP

SOF HSOF 81
TRCPTO0 0..7 82
TRCPT10..7 83
GMAC 84
WOL
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S S [

TCCO - Timer Counter Control 0 CNT A 85
DFS A
ERR A
FAULTA A
FAULTB A
FAULTO A
FAULT1 A
OVF
TRG
UFS A
MC 0 86
MC 1 87
MC 2 88
MC 3 89
MC 4 90
MC 5 91
TCCH1 - Timer Counter Control 1 CNT A 92
DFS A
ERR A
FAULTA A
FAULTB A
FAULTO A
FAULT1 A
OVF
TRG
UFS A
MC 0 93
MC 1 94
MC 2 95
MC 3 96
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oawe e e

TCC2 - Timer Counter Control 2

TCC3 - Timer Counter Control 3

CNT A
DFS A
ERRA
FAULTA A
FAULTB A
FAULTO A
FAULT1 A
OVF

TRG

UFS A
MC 0

MC 1

MC 2
CNT A
DFS A
ERRA
FAULTA A
FAULTB A
FAULTO A
FAULT1 A
OVF

TRG

UFS A
MC 0

MC 1

97

98
99
100
101

102
103

© 2019 Microchip Technology Inc.

Datasheet

DS60001507E-page 73



SAM D5x/E5x Family Data Sheet

Processor and Architecture

........... continued

S S [T

TCC4 - Timer Counter Control 4 CNT A 104
DFS A
ERR A
FAULTA A
FAULTB A
FAULTO A
FAULT1 A
OVF
TRG
UFS A
MC 0 105
MC 1 106
TCO - Basic Timer Counter 0 ERR A 107
MC 0
MC 1
OVF
TC1 - Basic Timer Counter 1 ERR A 108
MC 0
MC 1
OVF
TC2 - Basic Timer Counter 2 ERR A 109
MC 0
MC 1
OVF
TC3 - Basic Timer Counter 3 ERR A 110
MC 0
MC 1
OVF
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TC4 - Basic Timer Counter 4 ERR A 111
MC 0
MC 1
OVF
TC5 - Basic Timer Counter 5 ERR A 112
MC 0
MC 1
OVF
TC6 - Basic Timer Counter 6 ERR A 113
MC 0
MC 1
OVF
TC7 - Basic Timer Counter 7 ERR A 114
MC 0
MC 1
OVF
PDEC - Position Decoder DIR A 115
ERR A
OVF
VLC A
MC O 116
MC 1 117
ADCO - Analog Digital Converter 0 OVERRUN 118
WINMON
RESRDY 119
ADC1 - Analog Digital Converter 1 OVERRUN 120
WINMON
RESRDY 121
AC - Analog Comparators COMP 0 122
COMP 1
WIN 0
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L S (T
DAC - Digital-to-Analog Converter OVERRUN A 0 123
OVERRUN A 1
UNDERRUN A 0
UNDERRUN A 1
EMPTY 0 124
EMPTY 1 125
RESRDY 0 126
RESRDY 1 127
I2S - Inter-IC Sound Interface RXOR 0 128
RXOR 1
RXRDY 0
RXRDY 1
TXRDY 0
TXRDY 1
TXUR O
TXUR 1
PCC - Parallel Capture Controller PCC 129
AES - Advanced Encryption Standard ENCCMP 130
GFMCMP
TRNG - True Random Generator ISO 131
ICM - Integrity Check Monitor ICM 132
PUKCC - Public-Key Cryptography Controller PUKCC 133
QSPI - Quad SPI interface QSPI 134
SDHCO - SD/MMC Host Controller O SDHCO 135
TIMER
SDHC1 - SD/MMC Host Controller 1 SDHCA1 136
TIMER

Note:

1. The integer number specified in the source refers to the respective bit position in the INTFLAG
register of respective peripheral.

Note: Lines not listed here are reserved.
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10.3 High-Speed Bus System

10.3.1  Features
High-Speed Bus Matrix has the following features:

* Symmetric crossbar bus switch implementation
« Allows concurrent accesses from different masters to different slaves

+ 32-bit data bus
» Operation at a one-to-one clock frequency with the bus masters

FlexRAM Memory has the following features:

* Unified System Memory area
» Allows concurrent accesses from different masters
« Offers privileged accesses from specific masters

10.3.2 Configuration
Figure 10-1. Master-Slave Relations High-Speed Bus Matrix

AEENEEEEEEEEEEE

DMAC DTWR

DMAC DTRD

Table 10-1. High Speed Bus Matrix Masters

High-Speed Bus Matrix Masters ‘ Master ID

CM4S - Cortex M4 Processor 0

CMCC - Cortex-M Cache Controller 1

DMAC - Direct Memory Access Controller / Data 4
Write Access

DMAC - Direct Memory Access Controller / Data 5
Read Access
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ih Spond Bus MatixMasors_—__Wastrd
ICM - Integrity Check Monitor 6

DSU - Device Service Unit 7

Table 10-2. High-Speed Bus Matrix Slaves

High-Speed Bus Matrix Slaves Slave ID

Internal Flash Memory 0,1
Smart EEPROM 2
SRAM Port 0 - CM4 Access 3
SRAM Port 1 - DSU Access 4
SRAM Port 2 - DMAC Data-Write Access 5
SRAM Port 3 - DMAC Data-Read and ICM Access 6
AHB-APB Bridge A 7
AHB-APB Bridge B 8
AHB-APB Bridge C 9
AHB-APB Bridge D 10
PUKCC 11
SDHCO 12
SDHCH1 13
QSPI 14
BACKUP RAM Memory 15

10.3.3 SRAM Quality of Service
To ensure that masters with latency requirements get sufficient priority when accessing RAM, priority
levels can be assigned to the masters for different types of access.

The Quality of Service (QoS) level is independently selected for each master accessing the RAM. For any
access to the RAM, the RAM also receives the QoS level. The QoS levels and their corresponding bit
values for the QoS level configuration is shown in the table below.

Table 10-3. Quality of Service

oo e oo

0x0 DISABLE Background (no sensitive
operation)

0x1 LOW Sensitive Bandwidth

0x2 MEDIUM Sensitive Latency

0x3 HIGH Critical Latency

© 2019 Microchip Technology Inc. Datasheet DS60001507E-page 78



SAM D5x/E5x Family Data Sheet

Processor and Architecture

If a master is configured with QoS level DISABLE (0x0) or LOW (0x1) there will be a minimum latency of
one cycle for the RAM access.

The priority order for concurrent accesses are decided by two factors. First, the QoS level for the master
and second, a static priority given by the port ID. The lowest port ID has the highest static priority. See the
tables below for details.

The CPU QoS level can be written/read, using 32-bit access only, at address 0x4100C11C, bits [1:0]. Its
reset value is 0x3.

The ICM QoS level can be written/read, using 32-bit access only, at address 0x4100C128, bits [1:0]. Its
reset value is 0x1.

Refer to different master QOS control registers for configuring QoS for the other masters (DSU, DMAC,
CAN, USB).

Table 10-4. SRAM Port Connections QoS

SRAM Port Port ID Connection Type default QoS
Connection

CM4 - Cortex M4 Bus Matrix Ox41OOC11C

Processor bits[1:0]()

DSU - Device 1 Bus Matrix IP-CFG.LQOS 0x2
Service Unit

DMAC - Direct 2 (WR), 3 (RD) Bus Matrix IP- 0x2
Memory Access PRICTRL0.QOSn
Controller - Data

Access

ICM - Integrity 3 Bus Matrix 0x4100C128, 0x1
Check Monitor bits[1:0]()

DMAC - Direct 4,5 Direct IP- 0x2
Memory Access PRICTRLO0.QOSn
Controller - Fetch

Access

DMAC - Direct 6,7 Direct IP- 0x2
Memory Access PRICTRL0.QOSn

Controller - Write-
Back Access

SDHCO - SD/MMC 8 Direct STATIC-1 0x1
Host Controller

SDHC1 - SD/MMC 9 Direct STATIC-1 0x1
Host Controller

CANO - Control 10 Direct IP-MRCFG.QOS 0x1
Area Network

CAN1 - Control 1 Direct IP-MRCFG.QOS 0x1

Area Network
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SRAM Port Port ID Connection Type default QoS
Connection

GMAC - Ethernet
MAC

USB - Universal 13
Serial Bus -
Configuration

Access

Direct

Direct

USB - Universal 13 Direct
Serial Bus - Data
Access

Note: 1. Using 32-bit access only.

STATIC-2

1P- 0x3
QOSCTRL.CQOS

IP- 0x3

QOSCTRL.DQOS
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CMCC - Cortex M Cache Controller

Overview

The Cortex M Cache Controller provides an L1 cache to the Cortex M CPU. The CMCC sits transparently
between the CPU and the cache leading to improved performance.

The CMCC interfaces with the CPU through the AHB, and is connected to the APB bus interface for its
configuration.

Features

Physically addressed and physically tagged

L1 data and instruction cache set to 4 KB

L1 cache line size set to 16 Bytes

L1 cache integrates 32-bit bus master interface

Unified 4-Way set associative cache architecture

Lock-Down feature, which allows cached to be locked per way
Write through cache operations, read allocate

Configurable as data and instruction Tightly Coupled Memory (TCM)
Round Robin victim selection policy

Event Monitoring, with one programmable 32-bit counter

Cache Interface includes cache maintenance operations registers
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1.3 Block Diagram
Figure 11-1. CMCC Block Diagram

APB
interface

Figure 11-2. CMCC Organization

Line ‘n’
A
r N\
Line 0 |:> 4 4 4 4
Line 1 Bytes | Bytes | Bytes | Bytes
Line 2
Line 3

Base Address + 0x00000000 Line 4
WAY 0 |::> ine

Base Address + 0x00000400

WAY 1

Base Address + 000000800 Line 63
WAY 2

Base Address + 0x00000C00
WAY 3
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Signal Description
Not applicable.

Product Dependencies
Not applicable.

/0 Lines
Not applicable.

Power Management
The CMCC will continue to function as long as the CPU is not sleeping and CMCC is enabled.

Clocks
Not applicable.

DMA
Not applicable.

Interrupts
Not applicable.

Events
Not applicable.

Debug Operation
When the CPU is halted in debug mode, the CMCC is halted. Any read access by the debugger in
cached zones are not cached.

Register Access Protection
Not applicable.

Analog Connections
Not applicable.

Functional Description
Principle of Operation

Initialization and Normal Operation

On reset, the cache controller data entries are all invalidated, and the cache is disabled. The cache is
transparent to processor operations. The cache controller is activated through the use of its configuration
registers. The configuration interface is memory mapped in the APB bus.

Use the following sequence to enable the cache controller:

« Verify that the CMCC is disabled, reading the value of the SR.CSTS.

» Enable the CMCC by writing '1' in CTRL.CEN. The MODULE is disabled by writing a '0' in
CTRL.CEN.
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Change Cache Size

It is possible to change the cache size by writing to the Cache Size Configured By Software bits in the
Cache Configuration register (CFG.CSIZESW).

Use the following sequence to change the cache size:
» Disable the CMCC controller by writing a zero to the Cache Controller Enable bit in the Cache

Control register (CTRL.CEN=0).

* Check the Cache Controller Status bit in the Cache Status register to verify that the CMCC is
successfully disabled (SR.CSTS=0).

* Change CFG.CSIZESW to its new value.
* Enable the CMCC by writing CTRL.CEN=1.

Data Cache Disable
The Instructions alone can be cached by disabling the Data cache, as described in the following steps:

Disable the cache controller by writing a ‘0’ to CTRL.CEN.

Check SR.CSTS to verify whether the CMCC is successfully disabled.
Write CFG.DCDIS = 1.

Enable the CMCC by writing CTRL.CEN = 1.

A owobd=

Instruction Cache Disable
The Data alone can be cached by disabling the Instruction cache, as described in the following steps:

Disable the cache controller by writing CTRL.CEN = 0.

Check SR.CSTS to verify that the CMCC is successfully disabled.
Write CFG.ICDIS = 1.

Enable the CMCC by writing CTRL.CEN = 1.

P oobd=

Cache Load and Lock

It is possible to lock a specific way for code optimization by writing the Lock Way register
(LCKWAY.LCKWAY). The locked way will not be updated by the CMCC as part of cache operations.

The load and lock mechanism can be implemented to use cache memory in a deterministic way. Follow
these steps to load and lock a way:

1. Disable cache controller by clearing the CTRL.CEN bit.

2. Invalidate the desired WAY line by line. This will reset the round robin algorithm of the invalidated
line, that will become eligible for the next load operation.

3. Disable the Instruction cache, but keep the Data cache enabled.

4. Enable the cache by setting the CTRL.CEN bit.

5. Place the respective piece of code and/or data to the corresponding WAY due to simple LOAD
operations. Loading the piece of code and/or data will force the cache to refill the previous
invalidated line in the right way. No need to load all the bytes of the line, only the first byte. The
cache will automatically refill the complete line.

6. Lock the specific WAY by setting LCKWAY.LCKWAY[3:0].

7. Re-enable the instruction cache. The locked WAY is now loaded and ready to operate. The
remaining WAYS can be used as I-cache or D-cache as required.

© 2019 Microchip Technology Inc. Datasheet DS60001507E-page 84



11.6.7

11.6.8
11.6.8.1

11.6.8.2

SAM D5x/E5x Family Data Sheet
CMCC - Cortex M Cache Controller

Tightly Coupled Memory

Users can use a part of the cache as Tightly Coupled Memory (TCM). The cache size is determined by
the Cache Size Configuration by Software bits in the Cache Configuration register (CFG.CSIZESW). The
relation between cache and TCM is as given below:

TCM size = maximum Cache size - configured Cache size.

The TCM start address can be obtained from the product memory mapping. The cache memory starts
first from the address followed by the TCM memory. Size of the Way is fixed and the number of ways
varies according to the available size for the cache memory. For additional information, refer to the
section Product Memory Mapping.

Table 11-1. TCM Sizes

Configured Cache TCM Size

4 KB 4 KB 0 KB
4 KB 1 KB 3 KB
4 KB 2 KB 2 KB
4 KB 0 KB 4 KB

The TCM is also accessible in its maximum size when the CMCC is disabled. The TCM does not need to
be locked in order to operate.

Note: Writing into the cache DATA RAM region through the CPU can overwrite the valid cache lines.
This can result in data corruption when the cache controller is accessing the data for cache transactions.
Access the DATA RAM region only after configuring it as TCM.

Cache Maintenance

Cache Invalidate by Line Operation

When an invalidate by line command is issued, the CMCC resets the valid bit information of the decoded
cache line. As the line is no longer valid, the replacement counter points to that line.

» Disable the cache controller by writing a zero to the Cache Controller Enable bit in the Cache Control
register (CTRL.CEN).

* Check SR.CSTS to verify that the CMCC is successfully disabled.

» Perform an invalidate by line by writing the set {index,way?} in the Cache Maintenance 1 register
(MAINT1.INDEX, MAINT1.WAY).

* Enable the CMCC by writing a '"1' to CTRL.CEN.

Cache Invalidate All Operation
Use the following sequence to invalidate all cache entries.

» Disable the cache controller by writing a zero to the Cache Enable bit in the Cache Control register
(CTRL.CEN).

* Check SR.CSTS to verify that the CMCC is successfully disabled.

» Perform a full invalidate operation by writing a '1' to the Cache Controller Invalidate All bit in the
Cache Maintenance 0 register (MAINTO.INVALL).

« Enable the CMCC by writing a '"1' to CTRL.CEN.
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Cache Performance Monitoring
The Cortex M cache controller includes a programmable monitor/32-bit counter. The monitor can be
configured to count the number of clock cycles, the number of data hit or the number of instruction hit.

It is important to know that the Cortex-M4 processor prefetches instructions ahead of execution. It
performs only 32-bit read access on the Instruction Bus, which means:

* One arm instruction is fetched per bus access
» Two thumb instructions are fetched per bus access

As a consequence, two thumb instructions (e.g., NOP) need one bus access, which results in the HIT
counter incrementing by 1.

Use the following sequence to activate the counter:

» Configure the monitor counter by writing the MCFG.MODE.
— CYCLE_COUNT is used to increment the counter along with the program counter, to count the
number of cycles.
— IHIT_COUNT is the instruction Hit counter, which increments the counter when there is a hit for
the instruction in the cache.
— DHIT_COUNT is the data Hit counter which increments the counter when there is a hit for the
data in the cache.
» Enable the counter by writing a '1' to the Cache Controller Monitor Enable bit in the Cache Monitor
Enable register (MEN.MENABLE).
» If required, reset the counter by writing a '1' to the Cache Controller Software Reset bit in the Cache
Monitor Control register (MCTRL.SWRST).

» Check the value of the monitor counter by reading the MSR.EVENT_CNT bit field.

DEBUG Mode

In Debug mode, TAG and METADATA RAM blocks content is read/written through the AHB bus interface
if the CMCC is disabled. When the CMCC is enabled, the TAG and METADATA RAM blocks are non
readable.

Debug access has the same R/W properties as the CPU access for the DATA RAM block.
The TAG, METADATA and DATA RAM blocks' R/W properties are summarized in RAM Properties.
Use the following sequence to perform read access with the Debugger to the three RAM blocks:

» Disable the cache controller by writing a zero to the Cache Controller Enable bit in the Cache Control
register (CTRL.CEN).
* Check the Cache Controller Status bit in the Cache Status register (SR.CSTS) to verify that the
CMCC is successfully disabled.
» Perform a read or write access through Debugger:
— @ CMCC_AHB_ADDR for DATA RAM,
— @ CMCC_AHB_ADDR_TAG for TAG RAM,
- @ CMCC_AHB_ADDR_MTDATA for METADATA RAM.

» If a write access has been performed in the TAG, METADATA, or DATA RAM in the cache section, an
invalid operation must be performed before re-enabling the CMCC.

Related Links
11.8 RAM Properties
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1.8 RAM Properties

The following table shows the different access properties of the three RAM blocks, according the different
modes described in the previous chapters.

Table 11-2. Access to RAM

Access Condition DATA RAM TAG RAM METADATARAM

CPU access when CMCC R/W no R/W - hardfault  no R/W - hardfault
DISABLED
CPU access when CMCC CACHE section configured: R/ no R/W - hardfault no R/W - hardfault
ENABLED w
TCM section configured: R/W
Debugger access when R/W R/W R/W
CMCC DISABLED
Debugger access when CACHE section configured: R/ no R/W no R/W
CMCC ENABLED w

TCM section configured: R/W

Note:
1. A write operation in this zone can corrupt the coherency of the cache. An invalidate operation may
be needed.
Related Links
11.7 DEBUG Mode
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Register Summary

0x00

0x04

0x08

0x0C

0x10

0x14

Ox1F

0x20

0x24

0x28

0x2C

0x30

TYPE

CFG

CTRL

SR

LCKWAY

Reserved

MAINTO

MAINT1

MCFG

MEN

MCTRL

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24

LCKDOWN WAYNUM[1:0]

CLSIZE[2:0]

CSIZESW[2:0]

INDEX[3:0]

WAY([3:0]

LRUP RANDP GCLK

CSIZE[2:0]

DCDIS ICDIS

CEN

CSTS

LCKWAY([3:0]

INVALL

INDEX[7:4]

MODE[1:0]

MENABLE

SWRST
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........... continued

o= e e
7:0

EVENT_CNT[7:0]

15:8 EVENT_CNT[15:8]
0x34 MSR

23:16 EVENT_CNT[23:16]

31:24 EVENT_CNT[31:24]

11.10 Register Description
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11.10.1 Cache Type

Name: TYPE
Offset: 0x00
Reset: 0x000012D2
Property: R
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1 10 9 8
CLSIZE[2:0] CSIZE[2:0]
Access R R R R R R
Reset 0 1 0 0 1 0
Bit 7 6 5 4 3 2 1 0
LCKDOWN WAYNUMI[1:0] RRP LRUP RANDP GCLK AP
Access R R R R R R R R
Reset 1 1 0 1 0 0 1 0
Bits 13:11 — CLSIZE[2:0] Cache Line Size
This field configures the Cache Line Size.
Value Name Description
0x2 CLSIZE_16B Cache Line Size is 16 bytes
0%x3-0x7 - Reserved
Bits 10:8 — CSIZE[2:0] Cache Size
This bit field configures the cache size.
Value Name Description
0x0 CSIZE_1KB Cache Size is 1 KB
Ox1 CSIZE_2KB Cache Size is 2 KB
0x2 CSIZE_4KB Cache Size is 4 KB
0x3-0x7 - Reserved

Bit 7 — LCKDOWN Lock Down Supported

Writing a '0' to this bit disables the Lock Down feature.
Writing a '1' to this bit enables the Lock Down feature.

Value Description

0 Lock Down feature is not supported.

1 Lock Down feature is supported.
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Bits 6:5 — WAYNUM[1:0] Number of Way
This bit field configures the mapping of the cache.

Value Name Description

0x0 DMAPPED Direct Mapped Cache
0x1 ARCH2WAY 2-WAY set associative
0x2 ARCH4WAY 4-WAY set associative
0x3 ARCH8WAY 8-WAY set associative

Bit 4 — RRP Round Robin Policy Supported
Writing a '0' to this bit disables Round Robin Policy.
Writing a '1' to this bit enables Round Robin Policy.
0 Round Robin Policy is disabled.
1 Round Robin Policy is enabled.

Bit 3 - LRUP Least Recently Used Policy Supported
Writing a '0' to this bit disables the Least Recently Used Policy Supported.
Writing a '1' to this bit enables the Least Recently Used Policy Supported.

Bit 2 — RANDP Random Selection Policy Supported
Writing a '0' to this bit disables the Random Selection Policy Supported.
Writing a '1' to this bit enables the Random Selection Policy Supported.

Bit 1 — GCLK Dynamic Clock Gating
Writing a '0' to this bit disables the Dynamic Clock Gating feature.
Writing a '1' to this bit enables the Dynamic Clock Gating feature.

Value Description
0 Dynamic Clock Gating is disabled.
1 Dynamic Clock Gating is enabled.

Bit 0 — AP Access Port Access Allowed
Writing a '0' to this bit disables the Access Port Access Allowed.
Writing a '1' to this bit enables the Access Port Access Allowed.
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11.10.2 Cache Configuration

Name: CFG
Offset: 0x04
Reset: 0x00000020
Property: R/W

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
CSIZESW[2:0] DCDIS ICDIS
Access R/W R/W R/W R/W R/W
Reset 0 1 0 0 0

Bits 6:4 — CSIZESW[2:0] Cache Size Configured by Software
This field configures the cache size.

Value Name Description

0x0 CONF_CSIZE_1KB The Cache Size is configured to 1KB
0x1 CONF_CSIZE_2KB The Cache Size is configured to 2KB
0x2 CONF_CSIZE_4KB The Cache Size is configured to 4KB
0x3 CONF_CSIZE_8KB The Cache Size is configured to 8KB
0x4 CONF_CSIZE_16KB The Cache Size is configured to 16KB
0x5 CONF_CSIZE_32KB The Cache Size is configured to 32KB
0x6 CONF_CSIZE_64KB The Cache Size is configured to 64KB
0x7 Reserved

Bit 2 - DCDIS Data Cache Disable
Writing a '0' to this bit enables data caching.
Writing a '1' to this bit disables data caching.

Value Description

0 Data caching is enabled.
1 Data caching is disabled.

Bit 1 — ICDIS Instruction Cache Disable
Writing a '0' to this bit enables instruction caching.
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Writing a '1' to this bit disables instruction caching.

Value Description

0 Instruction caching is enabled.
1 Instruction caching is disabled.
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11.10.3 Cache Control

Name: CTRL
Offset: 0x08
Reset: 0x00000000

Property: Write-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
CEN
Access w
Reset 0

Bit 0 — CEN Cache Controller Enable
Writing a '0' to this bit disables the CMCC.
Writing a '1' to this bit enables the CMCC.
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11.10.4 Cache Status

Name: SR
Offset: 0x0C

Reset: 0x00000000
Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset

Bit 23 22 21 20 19 18 17 16
Access
Reset

Bit 15 14 13 12 11 10 9 8
Access
Reset

Bit 7 6 5 4 3 2 1 0

CSTS
Access R
Reset 0
Bit 0 — CSTS Cache Controller Status
Writing to this bit has no effect.
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11.10.5 Cache Lock per Way

Name: LCKWAY
Offset:
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
LCKWAY[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bits 3:0 — LCKWAY[3:0] Lockdown Way Register

This field selects which way is locked.
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11.10.6 Cache Maintenance 0

Name: MAINTO
Offset: 0x20
Reset: 0x00000000

Property: Write-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
INVALL
Access w
Reset 0

Bit 0 — INVALL Cache Controller Invalidate All
Writing a '0' to this bit has no effect.
Writing a '1' to this bit invalidates all cache entries.
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11.10.7 Cache Maintenance 1

Name: MAINT1
Offset: 0x24
Reset: 0x00000000

Property: Write-only

Bit 31 30 29 28 27 26 25 24
WAY[3:0]
Access W w w
Reset 0 0 0 0
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
INDEX][7:4]
Access w w W w
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
INDEX][3:0]
Access W W w
Reset 0 0 0 0

Bits 31:28 — WAY[3:0] Invalidate Way

Value Name Description

0x0 WAYO0 Way 0 is selection for index invalidation
0x1 WAY 1 Way 1 is selection for index invalidation
0x2 WAY2 Way 2 is selection for index invalidation
0x3 WAY 3 Way 3 is selection for index invalidation
0x4-0xF Reserved

Bits 11:4 — INDEX][7:0] Invalidate Index
This field selects the index value for invalidation
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11.10.8 Cache Monitor Configuration

Name: MCFG
Offset: 0x28
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
MODE[1:0]
Access R/W R/W
Reset 0 0

Bits 1:0 — MODE[1:0] Cache Controller Monitor Counter Mode
This field selects the type of data monitored.

Value Name Description

0x0 CYCLE_COUNT Cycle counter

0x1 IHIT_COUNT Instruction hit counter
0x2 DHIT_COUNT Data hit counter

0x3 Reserved
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11.10.9 Cache Monitor Enable

Name: MEN
Offset: 0x2C
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
MENABLE
Access R/W
Reset 0

Bit 0 — MENABLE Cache Controller Monitor Enable
Writing a '0' to this bit disables the monitor counter.
Writing a '1' to this bit enables the monitor counter.
The Monitor counter is disabled.

The Monitor counter is enabled.

0
1
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11.10.10 Cache Monitor Control

Name: MCTRL
Offset: 0x30
Reset: 0x00000000

Property: Write-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
SWRST
Access w
Reset 0

Bit 0 - SWRST Cache Controller Software Reset
Writing a '0' to this bit has no effect.
Writing a '1' to this bit resets the event counter register.
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11.10.11 Cache Monitor Status

Name: MSR
Offset: 0x34
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
EVENT_CNT[31:24]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
EVENT_CNT[23:16]
Access R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
EVENT_CNT[15:8]
Access R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
EVENT_CNTI[7:0]
Access R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — EVENT_CNT[31:0] Monitor Event Counter
This field indicates the Monitor Event Counter value.
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DSU - Device Service Unit

Overview

The Device Service Unit (DSU) provides a means of detecting debugger probes. It enables the ARM
Debug Access Port (DAP) to have control over multiplexed debug pads and CPU Reset. The DSU also
provides system-level services to debug adapters in an ARM debug system. It implements a CoreSight
Debug ROM that provides device identification as well as identification of other debug components within
the system. Hence, it complies with the ARM Peripheral Identification specification. The DSU also
provides system services to applications that need memory testing, as required for IEC60730 Class B
compliance, for example. The DSU can be accessed simultaneously by a debugger and the CPU, as it is
connected on the High-Speed Bus Matrix. For security reasons, some of the DSU features will be limited
or unavailable when the device is protected by the NVMCTRL security bit.

Related Links
25. NVMCTRL - Nonvolatile Memory Controller

Features
* CPU Reset Extension
» Debugger Probe Detection (Cold- and Hot-Plugging)
* Chip-Erase Command and Status
» 32-Bit Cyclic Redundancy Check (CRC32) of any Memory Accessible Through the Bus Matrix
+ ARM® CoreSightm Compliant Device Identification
» Two Debug Communications Channels with DMA Connection
» Debug Access Port Security Filter
* Onboard Memory Built-in Self-test (MBIST)

© 2019 Microchip Technology Inc. Datasheet DS60001507E-page 103



12.3

124

12.5

12.5.1

12.5.2

SAM D5x/E5x Family Data Sheet

DSU - Device Service Unit

Block Diagram
Figure 12-1. DSU Block Diagram

DSU
. debugger_present
RESET DEBUGGER PROBE DMA request
SWCLK - INTERFACE cpu_reset_extension
l v

DAP

—" DAP SECURITY FILTER ¢j>ﬂ DMA NVMCTRL

CORESIGHT ROM @ @

M S S
CRC-32
SWDIO HIGH-SPEED
CECl ¢#> M BUS MATRIX
CHIP ERASE

Signal Description
The DSU uses three signals to function.

RESET Digital Input External Reset
SWCLK Digital Input SW clock
SWDIO Digital I/O SW bidirectional data pin

Related Links
6. 1/0 Multiplexing and Considerations

Product Dependencies
In order to use this peripheral, other parts of the system must be configured correctly, as described below.

/0 Lines

The SWCLK pin is by default assigned to the DSU module to allow debugger probe detection and to
stretch the CPU Reset phase. For more information, refer to 12.6.3 Debugger Probe Detection. The Hot-
Plugging feature depends on the PORT configuration. If the SWCLK pin function is changed in the port or
if the PORT_MUX is disabled, the Hot-Plugging feature is disabled until a power reset or an external
Reset is performed.

Power Management
The DSU will continue to operate in Idle mode.
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Related Links
18. PM — Power Manager

Clocks

The DSU bus clocks (CLK_DSU_APB and CLK_DSU_AHB) can be enabled and disabled by the Main
Clock Controller.

Related Links

18. PM — Power Manager

15. MCLK - Main Clock

15.6.2.6 Peripheral Clock Masking

DMA

The DMA request lines are connected to the DMA Controller (DMAC). In order to use DMA requests with
this peripheral the DMAC must be configured first. Refer to DMAC — Direct Memory Access Controller for
details.

Related Links

22. DMAC - Direct Memory Access Controller

Interrupts
Not applicable.

Events
Not applicable.

Register Access Protection
Registers with write access can be optionally write-protected by the Peripheral Access Controller (PAC),
except for the following:

* Debug Communication Channel 0 register (DCCO)

» Debug Communication Channel 1 register (DCC1)

Note: Optional write protection is indicated by the "PAC Write Protection" property in the register
description.

Write protection does not apply for accesses through an external debugger.

Related Links
27. PAC - Peripheral Access Controller

Analog Connections
Not applicable.

Debug Operation

Principle of Operation

The DSU provides basic services to allow on-chip debug using the ARM Debug Access Port and the
ARM processor debug resources:

¢ CPU Reset extension
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» Debugger probe detection

For more details on the ARM debug components, refer to the ARM Debug Interface v5 Architecture
Specification.

CPU Reset Extension

“CPU Reset extension” refers to the extension of the Reset phase of the CPU core after the external
Reset is released. This ensures that the CPU is not executing code at start-up while a debugger is
connects to the system. The debugger is detected on a RESET release event when SWCLK is low. At
start-up, SWCLK is internally pulled up to avoid false detection of a debugger if the SWCLK pin is left
unconnected. When the CPU is held in the Reset extension phase, the CPU Reset Extension bit of the
Status A register (STATUSA.CRSTEXT) is set. To release the CPU, write a '1' to STATUSA.CRSTEXT.
STATUSA.CRSTEXT will then be set to '0". Writing a '0' to STATUSA.CRSTEXT has no effect. For
security reasons, it is not possible to release the CPU Reset extension when the device is protected by
the NVMCTRL security bit. Trying to do so sets the Protection Error bit (PERR) of the Status A register
(STATUSA.PERR).

Figure 12-2. Typical CPU Reset Extension Set and Clear Timing Diagram
SWCLK [ S s R

RESET

DSU CRSTEXT

Clear &
CPU reset

extension 4U

N

CPU_STATE reset X running

Related Links
25. NVMCTRL — Nonvolatile Memory Controller

Debugger Probe Detection

Cold Plugging
Cold-Plugging is the detection of a debugger when the system is in Reset. Cold-Plugging is detected
when the CPU Reset extension is requested, as described above.

Hot Plugging

Hot-Plugging is the detection of a debugger probe when the system is not in Reset. Hot-Plugging is not
possible under Reset because the detector is reset when POR or RESET are asserted. Hot-Plugging is
active when a SWCLK falling edge is detected. The SWCLK pad is multiplexed with other functions and
the user must ensure that its default function is assigned to the debug system. If the SWCLK function is
changed, the Hot-Plugging feature is disabled until a power reset or external Reset occurs. Availability of
the Hot-Plugging feature can be read from the Hot-Plugging Enable bit of the Status B register
(STATUSB.HPE).
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Figure 12-3. Hot-Plugging Detection Timing Diagram

SWCLK [ R S R
RESET

CPU_STATE reset X running

Hot-Plugging []

The presence of a debugger probe is detected when either Hot-Plugging or Cold-Plugging is detected.
Once detected, the Debugger Present bit of the Status B register (STATUSB.DBGPRES) is set. For
security reasons, Hot-Plugging is not available when the device is protected by the NVMCTRL security
bit.

This detection requires that pads are correctly powered. Thus, at cold start-up, this detection cannot be
done until POR is released. If the device is protected, Cold-Plugging is the only way to detect a debugger
probe, and so the external Reset timing must be longer than the POR timing. If external Reset is
deasserted before POR release, the user must retry the procedure above until it gets connected to the
device.

Related Links
25. NVMCTRL — Nonvolatile Memory Controller

Chip Erase

Chip erase consists of removing all sensitive information stored in the chip and clearing the NVMCTRL
security bit. Therefore, all volatile memories and the Flash memory (including the EEPROM emulation
area) will be erased. The Flash auxiliary rows, including the user row, will not be erased.

When the device is protected, the debugger must first reset the device in order to be detected. This
ensures that internal registers are reset after the Protected state is removed. The chip erase operation is
triggered by writing a '1' to the chip erase bit in the Control register (CTRL.CE). This command will be
discarded if the DSU is protected by the Peripheral Access Controller (PAC). Once issued, the module
clears volatile memories prior to erasing the Flash array. To ensure that the chip erase operation is
completed, check the Done bit of the Status A register (STATUSA.DONE).

The chip erase operation depends on clocks and power management features that can be altered by the
CPU. For that reason, it is recommended to issue a chip erase after a Cold-Plugging procedure to ensure
that the device is in a known and Safe state.

The recommended sequence is as follows:
1. Issue the Cold-Plugging procedure (refer to 12.6.3.1 Cold Plugging). The device then:
1.1. Detects the debugger probe.
1.2. Holds the CPU in Reset.
2. Issue the chip erase command by writing a '1' to CTRL.CE. The device then:
2.1. Clears the system volatile memories.

2.2. Erases the whole Flash array (including the EEPROM emulation area, not including
auxiliary rows).
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2.3. Erases the lock row, removing the NVMCTRL security bit protection.
3. Check for completion by polling STATUSA.DONE (read as '1' when completed).
4. Reset the device to let the NVMCTRL update the fuses.

Programming

Programming the Flash or RAM memories is only possible when the device is not protected by the
NVMCTRL security bit. The programming procedure is as follows:

1. At power-up, RESET is driven low by a debugger. The on-chip regulator holds the system in a POR
state until the input supply is above the POR threshold (refer to Power-on Reset (POR)
characteristics). The system continues to be held in this Static state until the internally regulated
supplies have reached a safe Operating state.

2. The PM starts, clocks are switched to the slow clock (Core Clock, System Clock, Flash Clock and
any Bus Clocks that do not have clock gate control). Internal Resets are maintained due to the
external Reset.

3. The debugger maintains a low level on SWCLK. RESET is released, resulting in a debugger Cold-
Plugging procedure.

4. The debugger generates a clock signal on the SWCLK pin, the Debug Access Port (DAP) receives
a clock.

5. The CPU remains in Reset due to the Cold-Plugging procedure; meanwhile, the rest of the system
is released.

6. A chip erase is issued to ensure that the Flash is fully erased prior to programming.

Programming is available through the AHB-AP.

8. After the operation is completed, the chip can be restarted either by asserting RESET or toggling
power. Make sure that the SWCLK pin is high when releasing RESET to prevent extending the
CPU Reset.

Related Links
25. NVMCTRL — Nonvolatile Memory Controller

N

Intellectual Property Protection

Intellectual property protection consists of restricting access to internal memories from external tools
when the device is protected, and this is accomplished by setting the NVMCTRL security bit. This
Protected state can be removed by issuing a chip erase (refer to 12.7 Chip Erase). When the device is
protected, read/write accesses using the AHB-AP are limited to the DSU address range and DSU
commands are restricted. When issuing a chip erase, sensitive information is erased from volatile
memory and Flash.

The DSU implements a security filter that monitors the AHB transactions inside the DAP. If the device is
protected, then AHB-AP read/write accesses outside the DSU external address range are discarded,
causing an error response that sets the ARM AHB-AP sticky error bits (refer to the ARM Debug Interface
v5 Architecture Specification on http://www.arm.com).

The DSU is intended to be accessed either:
* Internally from the CPU, without any limitation, even when the device is protected
» Externally from a debug adapter, with some restrictions when the device is protected
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For security reasons, DSU features have limitations when used from a debug adapter. To differentiate
external accesses from internal ones, the first 0x100 bytes of the DSU register map has been mirrored at
offset 0x100:

* The first 0x100 bytes form the internal address range

» The next 0x100 bytes form the external address range

When the device is protected, the DAP can only issue MEM-AP accesses in the DSU range
0x0100-0x2000.

The DSU Operating registers are located in the 0x0000-0x00FF area and remapped in 0x0100-0x01FF to
differentiate accesses coming from a debugger and the CPU. If the device is protected and an access is
issued in the region 0x0100-0x01FF, it is subject to security restrictions. For more information, refer to
Table 12-1.

Figure 12-4. APB Memory Mapping

0x0000
DSU operating Internal address range
registers (cannot be accessed from debug tools when the device is
protected by the NVMCTRL security bit)
0x00FF
0x0100
Mirrored
DSU operating
registers
0x01FF
Empty External address range
(can be accessed from debug tools with some restrictions)
0x1000
DSU CoreSight
ROM
Ox1FFF

Some features not activated by APB transactions are not available when the device is protected:

Table 12-1. Feature Availability Under Protection

_ Availability When the Device is Protected

CPU Reset Extension Yes
Clear CPU Reset Extension No
Debugger Cold-Plugging Yes
Debugger Hot-Plugging No

Related Links
25. NVMCTRL — Nonvolatile Memory Controller
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12.10 Device Identification

Device identification relies on the ARM CoreSight component identification scheme, which allows the chip
to be identified as a SAM device implementing a DSU. The DSU contains identification registers to
differentiate the device.

12.10.1 CoreSight Identification
A system-level ARM® CoreSight™ ROM table is present in the device to identify the vendor and the chip
identification method. Its address is provided in the MEM-AP BASE register inside the ARM Debug
Access Port. The CoreSight ROM implements a 64-bit conceptual ID composed as follows from the PIDO
to PID7 CoreSight ROM Table registers:

Figure 12-5. Conceptual 64-bit Peripheral ID

Conceptual 64-bit Perpheral ID
A

r
PIDT register PID6 register PIDS5 register PID4 register PID3 register PID2 register PID1 register PIDO register
7 07 07 07 07 07 07 07 0
[ololefle[ofolelelelelelololojofoioefofofofelef | [ [ {1 {1 [T{{[T{{[T{Id ITTTTT[TITTITTI]]]
63 56 55 48 47 40 3 3635 323 28 27 2423 201918 1211 0
N : ' | \ A )
Reserved, RAZ 4KB RevAnd Revision JEP 106 Part numbear
count D code
JEP 108 Customer

Continuation Code modified JER106 tde I used

Table 12-2. Conceptual 64-Bit Peripheral ID Bit Descriptions

Fod s Dasepion———————oaton

JEP-106 CC code 4 Continuation code: 0x0 PID4
JEP-106 ID code 7 Device ID: Ox1F PID1+PID2
4KB count 4 Indicates that the CoreSight component is a ROM: 0x0 PID4
RevAnd 4 Not used; read as 0 PID3
CUSMOD 4 Not used; read as 0 PID3
PARTNUM 12  Contains 0xCDO to indicate that DSU is present PID0+PID1
REVISION 4 DSU revision (starts at 0x0 and increments by 1 at both major PID2

and minor revisions). Identifies DSU identification method
variants. If 0x0, this indicates that device identification can be
completed by reading the Device Identification register (DID)

For more information, refer to the ARM Debug Interface Version 5 Architecture Specification.

12.10.2 Chip Identification Method
The DSU DID register identifies the device by implementing the following information:

* Processor identification

* Product family identification
* Product series identification
» Device select
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Functional Description

Principle of Operation

The DSU provides memory services, such as CRC32 or MBIST that require almost the same interface.
Hence, the Address, Length and Data registers (ADDR, LENGTH, DATA) are shared. These shared
registers must be configured first; then a command can be issued by writing the Control register. When a
command is ongoing, other commands are discarded until the current operation is completed. Hence, the
user must wait for the STATUSA.DONE bit to be set prior to issuing another one.

Basic Operation

Initialization

The module is enabled by enabling its clocks. For more details, refer to 12.5.3 Clocks. The DSU registers
can be PAC write-protected.

Related Links

27. PAC - Peripheral Access Controller

12.11.2.2 Operation From a Debug Adapter

Debug adapters should access the DSU registers in the external address range 0x100 — 0x2000. If the
device is protected by the NVMCTRL security bit, accessing the first 0x100 bytes causes the system to
return an error. Refer to 12.9 Intellectual Property Protection.

Related Links
25. NVMCTRL — Nonvolatile Memory Controller

12.11.2.3 Operation From the CPU

12.11.3

There are no restrictions when accessing DSU registers from the CPU. However, the user should access
DSU registers in the internal address range (0x0 — 0x100) to avoid external security restrictions. Refer to
12.9 Intellectual Property Protection.

32-bit Cyclic Redundancy Check CRC32
The DSU unit provides support for calculating a cyclic redundancy check (CRC32) value for a memory
area (including Flash and AHB RAM).
When the CRC32 command is issued from:
» The internal range, the CRC32 can be operated at any memory location
« The external range, the CRC32 operation is restricted; DATA, ADDR, and LENGTH values are forced
(see below)

Table 12-3. AMOD Bit Descriptions when Operating CRC32

AMODI[1:0] m External range restrictions

ARRAY CRC32 is restricted to the full Flash array area (EEPROM emulation area not
included) DATA forced to OXFFFFFFFF before calculation (no seed)

1 EEPROM CRC32 of the whole EEPROM emulation area DATA forced to OxFFFFFFFF
before calculation (no seed)

2-3 Reserved
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The algorithm employed is the industry standard CRC32 algorithm using the generator polynomial
0xEDB88320 (reversed representation).

Starting CRC32 Calculation
CRC32 calculation for a memory range is started after writing the start address into the Address register

(ADDR) and the size of the memory range into the Length register (LENGTH). Both must be word-
aligned.

The initial value used for the CRC32 calculation must be written to the Data register (DATA). This value
will usually be OxFFFFFFFF, but can be, for example, the result of a previous CRC32 calculation if
generating a common CRC32 of separate memory blocks.

Once completed, the calculated CRC32 value can be read out of the Data register. The read value must
be complemented to match standard CRC32 implementations or kept noninverted if used as starting
point for subsequent CRC32 calculations.

The actual test is started by writing a '1' in the 32-bit Cyclic Redundancy Check bit of the Control register
(CTRL.CRC). A running CRC32 operation can be canceled by resetting the module (writing '1' to
CTRL.SWRST).

Related Links
25. NVMCTRL — Nonvolatile Memory Controller

12.11.3.2 Interpreting the Results

12.11.4

12.11.5

The user should monitor the Status A register. When the operation is completed, STATUSA.DONE is set.
Then the Bus Error bit of the Status A register (STATUSA.BERR) must be read to ensure that no bus
error occurred.

Debug Communication Channels

The Debug Communication Channels (DCCO and DCC1) consist of a pair of registers with associated
handshake logic, accessible by both CPU and debugger even if the device is protected by the NVMCTRL
security bit. The registers can be used to exchange data between the CPU and the debugger, during run
time as well as in Debug mode. This enables the user to build a custom debug protocol using only these
registers.

The DCCO and DCC1 registers are accessible when the Protected state is active. When the device is
protected, however, it is not possible to connect a debugger while the CPU is running
(STATUSA.CRSTEXT is not writable and the CPU is held under Reset).

Two Debug Communication Channel status bits in the Status B registers (STATUS.DCCDXx) indicate
whether a new value has been written in DCCO or DCC1. These bits, DCCOD and DCC1D, are located in
the STATUSB registers. They are automatically set on write and cleared on read.

Note: The DCCO and DCC1 registers are shared with the on-board memory testing logic (MBIST).
Accordingly, DCCO and DCC1 must not be used while performing MBIST operations.

Related Links

25. NVMCTRL — Nonvolatile Memory Controller

Debug Communication Channels DMA connection

The DCCO and DCC1 registers can be used as a source or a destination of a DMA channel. The DSU
generates one DMA request per Debug Communication Channels. The level of this DMA request is
selectable writing the CFG.DCCDMALEVELX bit. Writing a 0 to this bit will configure the DMA request to

© 2019 Microchip Technology Inc. Datasheet DS60001507E-page 112



12.11.6

SAM D5x/E5x Family Data Sheet

DSU - Device Service Unit

trig on DCCx register empty. Writing a 1 to this bit will configure the DMA request to trig on DCCx register
full.

Testing of On-Board Memories MBIST

The DSU implements a feature for automatic testing of memory, also known as MBIST (memory built-in
self test). This is primarily intended for production test of on-board memories. MBIST cannot be operated
from the external address range when the device is protected by the NVMCTRL security bit. If an MBIST
command is issued when the device is protected, a protection error is reported in the Protection Error bit
in the Status A register (STATUSA.PERR).

1. Algorithm
The algorithm used for testing is a type of March algorithm called "March LR". This algorithm is able
to detect a wide range of memory defects, while still keeping a linear run time. The algorithm is:

1.1. Write entire memory to '0', in any order.

1.2. Bit by bit read '0', write '1', in descending order.

1.3. Bit by bit read '1', write '0', read '0’, write '1", in ascending order.
1.4. Bit by bit read '1', write '0', in ascending order.

1.5. Bit by bit read '0', write '1', read '1', write '0', in ascending order.
1.6. Read '0' from entire memory, in ascending order.

The specific implementation used as a run time which depends on the CPU clock frequency and
the number of bytes tested in the RAM. The detected faults are:

Address decoder faults

Stuck-at faults

Transition faults

Coupling faults

Linked Coupling faults

2. Starting MBIST

To test a memory, you need to write the start address of the memory to the ADDR.ADDR bit field,
and the size of the memory into the Length register.

For best test coverage, an entire physical memory block should be tested at once. It is possible to
test only a subset of a memory, but the test coverage will then be somewhat lower.

The actual test is started by writing a '1' to CTRL.MBIST. A running MBIST operation can be
canceled by writing a '1' to CTRL.SWRST.
3. Interpreting the Results

The tester should monitor the STATUSA register. When the operation is completed,
STATUSA.DONE is set. There are two different modes:

— ADDR.AMOD=0: exit-on-error (default)
In this mode, the algorithm terminates either when a fault is detected or on successful
completion. In both cases, STATUSA.DONE is set. If an error was detected, STATUSA.FAIL
will be set. User then can read the DATA and ADDR registers to locate the fault.

— ADDR.AMOD=1: pause-on-error
In this mode, the MBIST algorithm is paused when an error is detected. In such a situation,
only STATUSA.FAIL is asserted. The state machine waits for user to clear STATUSA.FAIL by
writing a '1' in STATUSA.FAIL to resume. Prior to resuming, user can read the DATA and
ADDR registers to locate the fault.

© 2019 Microchip Technology Inc. Datasheet DS60001507E-page 113



SAM D5x/E5x Family Data Sheet

DSU - Device Service Unit

4. Locating Faults
If the test stops with STATUSA.FAIL set, one or more bits failed the test. The test stops at the first
detected error. The position of the failing bit can be found by reading the following registers:
— ADDR: Address of the word containing the failing bit
— DATA: contains data to identify which bit failed, and during which phase of the test it failed. The
DATA register will in this case contains the following bit groups:

Figure 12-6. DATA bits Description When MBIST Operation Returns an Error

Bit 31 30 29 28 27 26 25 24

| | | | | | | | |
Bit 23 22 21 20 19 18 17 16

| | | | | | | | |
Bit 15 14 13 12 1 10 9 8

| | | | | | phase |
Bit 7 6 5 4 3 2 1 0

| | | | bit_index |

» bit_index: contains the bit number of the failing bit

» phase: indicates which phase of the test failed and the cause of the error, as listed in the following
table.

Table 12-4. MBIST Operation Phases
P et
0 Write all bits to zero. This phase cannot fail.
1 Read '0', write '1', increment address
Read '1', write '0'
Read '0', write '1', decrement address
Read '1', write '0', decrement address
Read '0', write '1'

Read '1', write '0', decrement address

N o g A ODN

Read all zeros. bit_index is not used

Table 12-5. AMOD Bit Descriptions for MBIST

0x0 Exit on Error
0x1 Pause on Error
0x2, 0x3 Reserved
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Related Links
25. NVMCTRL - Nonvolatile Memory Controller
8. Product Memory Mapping Overview

System Services Availability when Accessed Externally and Device is Protected
External access: Access performed in the DSU address offset 0x200-0x1FFF range.
Internal access: Access performed in the DSU address offset 0x000-0x100 range.

Table 12-6. Available Features when Operated From The External Address Range and Device is
Protected

Availability From The External Address Range
and Device is Protected

Chip erase command and status Yes

CRC32 Yes, only full array or full EEPROM

CoreSight Compliant Device identification Yes

Debug communication channels Yes

Testing of onboard memories (MBIST) No

STATUSA.CRSTEXT clearing No (STATUSA.PERR is set when attempting to do
S0)
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12.12 Register Summary

IS I N N N A A I I N BN
7:0 CE CRC

0x00
0x01
0x02
0x03

0x04

0x08

0x0C

0x10

0x14

0x18

0x1C

0x20

OxEF

0xFO

0xF4

CTRL
STATUSA
STATUSB

Reserved

ADDR

LENGTH

DATA

DCCO

DCC1

DID

CFG

Reserved

DCFGO

DCFG1

7:0
7:0

7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24

7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24

MBIST SWRST
PERR FAIL BERR CRSTEXT DONE
CELCK HPE DCCD1 DCCDO | DBGPRES PROT
ADDR[5:0] AMOD[1:0]
ADDR[13:6]
ADDR[21:14]
ADDR[29:22]
LENGTHI[5:0]

LENGTH[13:6]

LENGTH[21:14]
LENGTH[29:22]
DATA[7:0]
DATA[15:8]
DATA[23:16]
DATA[31:24]
DATA[7:0]
DATA[15:8]
DATA[23:16]
DATA[31:24]
DATA[7:0]
DATA[15:8]
DATA[23:16]
DATA[31:24]
DEVSEL[7:0]
DIE[3:0] REVISION[3:0]
FAMILY/[0:0] SERIES[5:0]
PROCESSOR][3:0] FAMILY[4:1]
ETBRAMEN | DCCDMALEVEL[1:0] LQOS[1:0]

DCFG[7:0]
DCFG[15:8]
DCFG[23:16]
DCFG[31:24]
DCFG[7:0]
DCFG[15:8]
DCFG[23:16]
DCFG[31:24]
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........... continued

onee |t e | || | | | | | |

O0xF8

OxOFFF

0x1000

0x1004

0x1008

0x100C

0x1FCB

0x1FCC

0x1FDO

O0x1FD4

0x1FD8

0x1FDC

O0x1FEO

Reserved

ENTRYO

ENTRY1

END

Reserved

MEMTYPE

PID4

PID5

PID6

PID7

PIDO

7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24

7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24

ADDOFF([3:0]

ADDOFF([3:0]

FKBCI[3:0]

ADDOFF[11:4]
ADDOFF[19:12]

ADDOFF[11:4]
ADDOFF[19:12]
ENDI7:0]
ENDI[15:8]
END[23:16]
END[31:24]

PARTNBL[7:0]

FMT EPRES
FMT EPRES
SMEMP
JEPCCI[3:0]
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........... continued

o= e e
7:0

Ox1FE4

Ox1FE8

Ox1FEC

O0x1FFO

Ox1FF4

O0x1FF8

Ox1FFC

12.13

JEPIDCL[3:0] PARTNBH[3:0]
15:8
23:16

PID1

31:24

7:0 REVISIONI[3:0] JEPU JEPIDCH[2:0]
15:8
23:16

PID2

31:24

7:0 REVAND[3:0] CUSMOD[3:0]
15:8
23:16

PID3

31:24

7:0 PREAMBLEBO[7:0]
15:8
23:16

CIDO

31:24

7:0 CCLASSI[3:0] PREAMBLE[3:0]
15:8
23:16

CID1

31:24

7:0 PREAMBLEB2[7:0]
15:8
23:16

CID2

31:24

7:0 PREAMBLEB3[7:0]
15:8
23:16

CID3

31:24

Register Description

Registers can be 8, 16, or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the
8-bit quarters and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be
accessed directly.

Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Optional PAC
write protection is denoted by the "PAC Write-Protection" property in each individual register description.
For details, refer to 12.5.7 Register Access Protection.
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12.13.1 Control

Name: CTRL
Offset: 0x0000
Reset: 0x00

Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0

CE MBIST CRC SWRST
Access w w w w
Reset 0 0 0 0

Bit 4 — CE Chip-Erase
Writing a '0' to this bit has no effect.
Writing a '1' to this bit starts the Chip-Erase operation.

Bit 3 — MBIST Memory Built-In Self-Test
Writing a '0' to this bit has no effect.
Writing a '1' to this bit starts the memory BIST algorithm.

Bit 2 — CRC 32-bit Cyclic Redundancy Check
Writing a '0' to this bit has no effect.
Writing a '1' to this bit starts the cyclic redundancy check algorithm.

Bit 0 —- SWRST Software Reset
Writing a '0' to this bit has no effect.
Writing a '1' to this bit resets the module.
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12.13.2 Status A

Name: STATUSA
Offset: 0x0001
Reset: 0x00

Property: PAC Write Protection

Bit 7 6 5 4 3 2 1 0
PERR FAIL BERR CRSTEXT DONE
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bit 4 - PERR Protection Error

Writing a '0' to this bit has no effect.

Writing a '1'" to this bit clears the Protection Error bit.

This bit is set when a command that is not allowed in Protected state is issued.

Bit 3 — FAIL Failure

Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Failure bit.

This bit is set when a DSU operation failure is detected.

Bit 2 - BERR Bus Error

Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Bus Error bit.
This bit is set when a bus error is detected.

Bit 1 —- CRSTEXT CPU Reset Phase Extension

Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the CPU Reset Phase Extension bit.

This bit is set when a debug adapter Cold-Plugging is detected, which extends the CPU Reset phase.

Bit 0 — DONE Done

Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Done bit.

This bit is set when a DSU operation is completed.
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12.13.3 Status B

Name: STATUSB
Offset: 0x0002
Reset: 0x0x
Property: PAC Write-Protection
Bit 7 6 5 4 3 2 1 0
CELCK HPE DCCD1 DCCDO DBGPRES PROT
Access R R R R R R
Reset 0 0 0 0 X X

Bit 5 — CELCK Chip Erase Locked

Writing a '0' to this bit has no effect.

Writing a '1' to this bit has no effect.

This bit is set when Chip Erase is locked.

This bit is cleared when Chip Erase is unlocked.

Bit 4 - HPE Hot-Plugging Enable

Writing a '0' to this bit has no effect.

Writing a '1' to this bit has no effect.

This bit is set when Hot-Plugging is enabled.

This bit is cleared when Hot-Plugging is disabled. This is the case when the SWCLK function is changed.
Only a power-reset or a external reset can set it again.

Bits 2, 3 - DCCD Debug Communication Channel x Dirty

Writing a '0' to this bit has no effect.
Writing a '1' to this bit has no effect.
This bit is set when DCC is written.
This bit is cleared when DCC is read.

Bit 1 —- DBGPRES Debugger Present
Writing a '0' to this bit has no effect.
Writing a '1' to this bit has no effect.

This bit is set when a debugger probe is detected.

This bit is never cleared.

Bit 0 — PROT Protected
Writing a '0' to this bit has no effect.
Writing a '1' to this bit has no effect.

This bit is set at power-up when the device is protected.

This bit is never cleared.
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12.13.4 Address

Name: ADDR
Offset: 0x0004
Reset: 0x00000000

Property: PAC Write Protection

Bit 31 30 29 28 27 26 25 24
ADDR[29:22]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
ADDR[21:14]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
ADDR[13:6]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADDR(5:0] AMODI[1:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 31:2 — ADDR[29:0] Address
Initial word start address needed for memory operations.

Bits 1:0 — AMODI[1:0] Access Mode

The functionality of these bits is dependent on the operation mode.

Bit description when operating CRC32: refer to 12.11.3 32-bit Cyclic Redundancy Check CRC32

Bit description when testing onboard memories (MBIST): refer to 12.11.6 Testing of On-Board Memories
MBIST
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12.13.5 Length

Name: LENGTH
Offset: 0x0008
Reset: 0x00000000

Property: PAC Write Protection

Bit 31 30 29 28 27 26 25 24
LENGTH[29:22]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
LENGTH[21:14]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
LENGTH[13:6]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
LENGTH[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 31:2 — LENGTH[29:0] Length
Length in words needed for memory operations.

© 2019 Microchip Technology Inc. Datasheet DS60001507E-page 123



SAM D5x/E5x Family Data Sheet

DSU - Device Service Unit

12.13.6 Data
Name: DATA
Offset: 0x000C
Reset: 0x00000000

Property: PAC Write Protection

Bit 31 30 29 28 27 26 25 24
DATA[31:24]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
DATA[23:16]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
DATA[15:8]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DATA[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — DATA[31:0] Data
Memory operation initial value or result value.
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12.13.7 Debug Communication Channel x

Name: DCC
Offset: 0x10 + n*0x04 [n=0..1]
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
DATA[31:24]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
DATA[23:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
DATA[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DATA[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — DATA[31:0] Data
Data register.
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12.13.8 Device ldentification
Name: DID
Offset: 0x0018
Property: PAC Write Protection

The information in this register is related to the Ordering Information.

Bit 31 30 29 28 27 26 25 24
PROCESSOR]3:0] | FAMILY[4:1]
Access R R R R R R R R
Reset p p p p f f f f
Bit 23 22 21 20 19 18 17 16
| FAMILY[0:0] | SERIES[5:0]
Access R R R R R R R
Reset f s s s s S s
Bit 15 14 13 12 11 10 9 8
DIE[3:0] REVISION[3:0]
Access R R R R R R R R
Reset d d d d r r r r
Bit 7 6 5 4 3 2 1 0
DEVSEL[7:0]
Access R R R R R R R R
Reset X X X X X X X X

Bits 31:28 — PROCESSOR[3:0] Processor
The value of this field defines the processor used on the device.

Bits 27:23 — FAMILY[4:0] Product Family
The value of this field corresponds to the product family part of the ordering code.

Bits 21:16 — SERIES[5:0] Product Series
The value of this field corresponds to the product series part of the ordering code.

Bits 15:12 — DIE[3:0] Die Number
Identifies the die family.

Bits 11:8 — REVISION[3:0] Revision Number

Identifies the die revision number. Refer the product family silicon errata and data sheet clarification
document for further information.

Note: The device variant (last letter of the ordering number) is independent of the die revision
(DSU.DID.REVISION): The device variant denotes functional differences, whereas the die revision marks
evolution of the die.

Bits 7:0 — DEVSEL[7:0] Device Selection
This bit field identifies a device within a product family and product series.
Related Links
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2. Ordering Information
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12.13.9 Configuration

Name: CFG

Offset: 0x1C

Reset: 0x00000002
Property: PAC Write-Protection

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
ETBRAMEN DCCDMALEVEL[1:0] LQOS[1:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 1 0

Bit 4 - ETBRAMEN Trace Control
ETB Ram Enable Writing a one to this bit will reserve the first 32KB of the RAM for the Trace ETB ram
buffer. Refer to Memories / SRAM Memory Configuration section for details.

Bits 3:2 - DCCDMALEVEL[1:0] DMA Trigger Level

Value Description

0x0 DMA Trigger rises when DCC is empty.
0x1 DMA Trigger rises when DCC is full.
022 = Reserved

0x3

Bits 1:0 — LQOS[1:0] Latency Quality Of Service
These bits define the priority access during the memory access. Refer to SRAM Quality of Service.
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12.13.10 Device Configuration

Name: DCFG
Offset: 0xFO + n*0x04 [n=0..1]
Reset: 0x00000000

Property: PAC Write-Protection

Bit 31 30 29 28 27 26 25 24
DCFG[31:24]
Access
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
DCFG[23:16]
Access
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
DCFG[15:8]
Access
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DCFG[7:0]
Access
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — DCFG[31:0] Device Configuration
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12.13.11 CoreSight ROM Table Entry x

Name: ENTRY
Offset: 0x1000 + n*0x04 [n=0..1]
Reset: Oxxxxxx00x

Property: PAC Write-Protection

Bit 31 30 29 28 27 26 25 24
ADDOFF[19:12]
Access R R R R R R R R
Reset X X X X X X X X
Bit 23 22 21 20 19 18 17 16
ADDOFF[11:4]
Access R R R R R R R R
Reset X X X X X X X X
Bit 15 14 13 12 11 10 9 8
ADDOFF[3:0]
Access R R R R
Reset X X X X
Bit 7 6 5 4 3 2 1 0
FMT EPRES
Access R R
Reset 1 X

Bits 31:12 — ADDOFF[19:0] Address Offset
The base address of the component, relative to the base address of this ROM table.

Bit 1 - FMT Format
Always reads as '1', indicating a 32-bit ROM table.

Bit 0 — EPRES Entry Present

This bit indicates whether an entry is present at this location in the ROM table.

This bit is set at power-up if the device is not protected indicating that the entry is not present.
This bit is cleared at power-up if the device is not protected indicating that the entry is present.
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12.13.12 CoreSight ROM Table End

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Name:
Offset: 0x1008
Reset: 0x00000000
Property:
31 30 29 28 27 26 25 24
END[31:24]
R R R R R R
0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
ENDI[23:16]
R R R R R R R
0 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8
END[15:8]
R R R R R R R
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
ENDI[7:0]
R R R R R
0 0 0 0 0 0 0 0

Bits 31:0 — END[31:0] End Marker

Indicates the end of the CoreSight ROM table entries.
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12.13.13 CoreSight ROM Table Memory Type

Name: MEMTYPE
Offset: 0x1FCC
Reset: 0x0000000x
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
SMEMP
Access R
Reset X

Bit 0 — SMEMP System Memory Present

This bit indicates whether system memory is present on the bus that connects to the ROM table.
This bit is set at power-up if the device is not protected, indicating that the system memory is accessible

from a debug adapter.

This bit is cleared at power-up if the device is protected, indicating that the system memory is not
accessible from a debug adapter.
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12.13.14 Peripheral Identification 4

Name: PID4
Offset: 0x1FDO
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
FKBC[3:0] JEPCCJ3:0]
Access R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 7:4 — FKBC[3:0] 4KB Count
These bits will always return zero when read, indicating that this debug component occupies one 4KB

block.

Bits 3:0 — JEPCC[3:0] JEP-106 Continuation Code
These bits will always return zero when read.
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12.13.15 Peripheral Identification 7

Name: PID7
Offset: 0x1FDC
Reset: 0x00000000

Property: Read-Only

Bit 31 30 29 28 27 26 25 24

Access
Reset

Bit 23 22 21 20 19 18 17 16

Access
Reset

Bit 15 14 13 12 1" 10 9 8

Access
Reset

Bit 7 6 5 4 3 2 1 0

Access
Reset
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12.13.16 Peripheral Identification 6

Name: PID6
Offset: 0x1FD8
Reset: 0x00000000

Property: Read-Only

Bit 31 30 29 28 27 26 25 24

Access
Reset

Bit 23 22 21 20 19 18 17 16

Access
Reset

Bit 15 14 13 12 1" 10 9 8

Access
Reset

Bit 7 6 5 4 3 2 1 0

Access
Reset
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12.13.17 Peripheral Identification 5

Name: PID5
Offset: 0x1FD4
Reset: 0x00000000

Property: Read-Only

Bit 31 30 29 28 27 26 25 24

Access
Reset

Bit 23 22 21 20 19 18 17 16

Access
Reset

Bit 15 14 13 12 1" 10 9 8

Access
Reset

Bit 7 6 5 4 3 2 1 0

Access
Reset
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12.13.18 Peripheral Identification 0

Name: PIDO
Offset: O0x1FEO
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
PARTNBL][7:0]
Access R
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - PARTNBL[7:0] Part Number Low

These bits will always return 0xD0 when read, indicating that this device implements a DSU module
instance.
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12.13.19 Peripheral Identification 1

Name: PID1
Offset: Ox1FE4
Reset: 0x000000FC
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
JEPIDCL[3:0] PARTNBHI3:0]
Access R R R R R R
Reset 1 1 1 1 1 1 0 0

Bits 7:4 — JEPIDCL[3:0] Low Part of the JEP-106 Identity Code

These bits will always return 0xF when read (JEP-106 identity code is Ox1F).

Bits 3:0 — PARTNBH[3:0] Part Number High
These bits will always return 0xC when read, indicating that this device implements a DSU module

instance.
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12.13.20 Peripheral Identification 2

Name: PID2
Offset: Ox1FES8
Reset: 0x00000009
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
REVISION[3:0] JEPU JEPIDCH[2:0]
Access R R R R R R R R
Reset 0 0 0 0 1 0 0 1

Bits 7:4 — REVISION[3:0] Revision Number
Revision of the peripheral. Starts at 0x0 and increments by one at both major and minor revisions.

Bit 3 — JEPU JEP-106 Identity Code is Used
This bit will always return one when read, indicating that JEP-106 code is used.

Bits 2:0 — JEPIDCH[2:0] JEP-106 Identity Code High
These bits will always return 0x1 when read, (JEP-106 identity code is Ox1F).
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12.13.21 Peripheral Identification 3

Name: PID3
Offset: Ox1FEC
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
REVANDI3:0] CUSMOD][3:0]
Access R R R R
Reset 0 0 0 0 0 0 0 0
Bits 7:4 — REVANDI[3:0] Revision Number
These bits will always return 0x0 when read.
Bits 3:0 —- CUSMODI[3:0] ARM CUSMOD
These bits will always return 0x0 when read.
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12.13.22 Component Identification 0

Name: CIDO
Offset: 0x1FFO
Reset: 0x0000000D
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
PREAMBLEBO[7:0]
Access R R R R R R R R
Reset 0 0 0 0 1 1 0 1

Bits 7:0 - PREAMBLEBO[7:0] Preamble Byte 0
These bits will always return 0x0000000D when read.
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12.13.23 Component Identification 1

Name:
Offset: 0x1FF4
Reset: 0x00000010
Property:
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
CCLASSJ[3:0] PREAMBLE[3:0]
Access R R R R R R R
Reset 0 0 0 1 0 0 0 0

Bits 7:4 — CCLASS[3:0] Component Class

These bits will always return 0x1 when read indicating that this ARM CoreSight component is ROM table
(refer to the ARM Debug Interface v5 Architecture Specification at http://www.arm.com).

Bits 3:0 —- PREAMBLE[3:0] Preamble

These bits will always return 0x00 when read.
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12.13.24 Component Identification 2

Name: CID2
Offset: 0x1FF8
Reset: 0x00000005
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
PREAMBLEB2[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 1 0 1

Bits 7:0 - PREAMBLEB2[7:0] Preamble Byte 2
These bits will always return 0x00000005 when read.
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12.13.25 Component Identification 3

Name: CID3
Offset: O0x1FFC
Reset: 0x000000B1
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
PREAMBLEB3[7:0]
Access R R R R R R R R
Reset 1 0 1 1 0 0 0 1

Bits 7:0 - PREAMBLEB3[7:0] Preamble Byte 3
These bits will always return 0x000000B1 when read.
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13. Clock System

This chapter summarizes the clock distribution and terminology in the SAM D5x/E5x device. It does not
explain every detail of its configuration. For in-depth documentation, see the respective peripherals
descriptions and the Generic Clock documentation.

Related Links
14. GCLK - Generic Clock Controller
15. MCLK — Main Clock

13.1  Clock Distribution
Figure 13-1. Clock Distribution
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The SAM D5x/E5x clock system consists of:

» Clock sources, i.e. oscillators controlled by OSCCTRL and OSC32KCTRL

— A clock source provides a time base that is used by other components, such as Generic Clock
Generators. Example clock sources are the external crystal oscillator (XOSC) and the Digital
Frequency Locked Loop (DFLL48M).

» Generic Clock Controller (GCLK), which generates, controls and distributes the asynchronous clock
consisting of:
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— Generic Clock Generators: These are programmable prescalers that can use any of the system
clock sources as a time base. The Generic Clock Generator 0 generates the clock signal
GCLK_MAIN, which is used by the Power Manager and the Main Clock (MCLK) module, which
in turn generates synchronous clocks.

— Generic Clocks: These are clock signals generated by Generic Clock Generators and output by
the Peripheral Channels, and serve as clocks for the peripherals of the system. Multiple
instances of a peripheral will typically have a separate Generic Clock for each instance. Generic
Clock 0 serves as the clock source for the DFLL48M clock input (when multiplying another clock
source).

* Main Clock Controller (MCLK)

— The MCLK generates and controls the synchronous clocks on the system. This includes the
CPU, bus clocks (APB, AHB) as well as the synchronous (to the CPU) user interfaces of the

peripherals. It contains clock masks that can turn on/off the user interface of a peripheral as well

as prescalers for the CPU and bus clocks.

The next figure shows an example where SERCOMO is clocked by the DFLL48M in open
loop mode. The DFLL48M is enabled, the Generic Clock Generator 1 uses the DFLL48M
as its clock source and feeds into Peripheral Channel 7. The Generic Clock 7, also called
GCLK_SERCOMO_CORE, is connected to SERCOMO0. The SERCOMO interface,
clocked by CLK_SERCOMO_APB, has been unmasked in the APBC Mask register in the
MCLK.

Figure 13-2. Example of SERCOM Clock

MCLK

Syncronous Clock
Controller

CLK_SERCOMO_APB

OSCCTRL SCER

: Generic Clock Peripheral GCLK_SERCOMO_CORE
IDIALLASIY Generator 1 ™ Channel 7 = = > SERCOM 0

To customize the clock distribution, refer to these registers and bit fields:

.

The source oscillator for a generic clock generator n is selected by writing to the
Source bit field in the Generator Control n register (GCLK.GENCTRLN.SRC).

A Peripheral Channel m can be configured to use a specific Generic Clock
Generator by writing to the Generic Clock Generator bit field in the respective
Peripheral Channel m register (GCLK.PCHCTRLmM.GEN)

The Peripheral Channel number, m, is fixed for a given peripheral. See the Mapping
table in the description of GCLK.PCHCTRLm.

The AHB clocks are enabled and disabled by writing to the respective bit in the AHB
Mask register (MCLK.AHBMASK).

The APB clocks are enabled and disabled by writing to the respective bit in the APB
x Mask registers (MCLK.APBxMASK).

Related Links
13.7 Clocks after Reset
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Synchronous and Asynchronous Clocks

As the CPU and the peripherals can be in different clock domains, i.e. they are clocked from different
clock sources and/or with different clock speeds, some peripheral accesses by the CPU need to be
synchronized. In this case the peripheral includes a Synchronization Busy (SYNCBUSY) register that can
be used to check if a sync operation is in progress.

For a general description, see 13.3 Register Synchronization. Some peripherals have specific properties
described in their individual sub-chapter “Synchronization”.

In the datasheet, references to Synchronous Clocks are referring to the CPU and bus clocks (MCLK),
while asynchronous clocks are generated by the Generic Clock Controller (GCLK).

Related Links
14.6.6 Synchronization

Register Synchronization

Overview

All peripherals are composed of one digital bus interface connected to the APB or AHB bus and running
from a corresponding clock in the Main Clock domain, and one peripheral core running from the
peripheral Generic Clock (GCLK).

Communication between these clock domains must be synchronized. This mechanism is implemented in
hardware, so the synchronization process takes place even if the peripheral generic clock is running from
the same clock source and on the same frequency as the bus interface.

All registers in the bus interface are accessible without synchronization.

All registers in the peripheral core are synchronized when written. Some registers in the peripheral core
are synchronized when read.

Each individual register description will have the properties "Read-Synchronized" and/or "Write-
Synchronized" if a register is synchronized.

As shown in the figure below, each register that requires synchronization has its individual synchronizer
and its individual synchronization status bit in the Synchronization Busy register (SYNCBUSY).

Note: For registers requiring both read- and write-synchronization, the corresponding bit in SYNCBUSY
is shared.
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Figure 13-3. Register Synchronization Overview
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General Write Synchronization

Write-Synchronization is triggered by writing to a register in the peripheral clock domain (GCLK). The
respective bit in the Synchronization Busy register (SYNCBUSY) will be set when the write-
synchronization starts and cleared when the write-synchronization is complete. Refer also to 13.3.7
Synchronization Delay.

When write-synchronization is ongoing for a register, any subsequent write attempts to this register will be
discarded, and an error will be reported though the Peripheral Access Controller (PAC).

Example:

REGA, REGB are 8-bit core registers. REGC is a 16-bit core register.

g T g

0x00 REGA
0x01 REGB
0x02 REGC
0x03

Synchronization is per register, so multiple registers can be synchronized in parallel. Consequently, after
REGA (8-bit access) was written, REGB (8-bit access) can be written immediately without error.
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REGC (16-bit access) can be written without affecting REGA or REGB. If REGC is written to in two
consecutive 8-bit accesses without waiting for synchronization, the second write attempt will be discarded
and an error is generated through the PAC.

A 32-bit access to offset 0x00 will write all three registers. Note that REGA, REGB and REGC can be
updated at different times because of independent write synchronization.

General Read Synchronization

Read-synchronized registers are synchronized each time the register value is updated but the
corresponding SYNCBUSY bits are not set. Reading a read-synchronized register does not start a new
synchronization, it returns the last synchronized value.

Note: The corresponding bits in SYNCBUSY will automatically be set when the device wakes up from
sleep because read-synchronized registers need to be synchronized. Therefore reading a read-
synchronized register before its corresponding SYNCBUSY bit is cleared will return the last synchronized
value before sleep mode.

However, if a register is also write-synchronized, any write access while the SYNCBUSY bit is set will be
executed successfully. If concurrent read and write access is detected, the read is discarded and a new
synchronization will start.

Completion of Synchronization

In order to check if synchronization is complete, the user can either poll the relevant bits in SYNCBUSY
or use the Synchronisation Ready interrupt (if available). The Synchronization Ready interrupt flag will be
set when all ongoing synchronizations are complete, i.e. when all bits in SYNCBUSY are '0'.

Write Synchronization for CTRLA.ENABLE

Setting the Enable bit in a module's Control A register (CTRLA.ENABLE) will trigger write-synchronization
and set SYNCBUSY.ENABLE.

CTRLA.ENABLE will read its new value immediately after being written.
SYNCBUSY.ENABLE will be cleared by hardware when the operation is complete.

The Synchronization Ready interrupt (if available) cannot be used to enable write-synchronization.

Write-Synchronization for Software Reset Bit

Setting the Software Reset bit in CTRLA (CTRLA.SWRST=1) will trigger write-synchronization and set
SYNCBUSY.SWRST. When writing a ‘1’ to the CTRLA.SWRST bit it will immediately read as ‘1’.

CTRL.SWRST and SYNCBUSY.SWRST will be cleared by hardware when the peripheral has been reset.
Writing a '0' to the CTRL.SWRST bit has no effect.
The Ready interrupt (if available) cannot be used for Software Reset write-synchronization.

Note: Not all peripherals have the SWRST bit in the respective CTRLA register.

Synchronization Delay

The synchronization will delay write and read accesses by a certain amount. This delay D is within the
range of:

5XPGCLK + 2xPAPB <D< GXPGCLK + SXPAPB

Where PgcLk is the period of the generic clock and Papg is the period of the peripheral bus clock. A
normal peripheral bus register access duration is 2xPapg.
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13.4 Enabling a Peripheral

In order to enable a peripheral that is clocked by a Generic Clock, the following parts of the system needs
to be configured:

* A running Clock Source

* A clock from the Generic Clock Generator must be configured to use one of the running Clock
Sources, and the Generator must be enabled.

» The Peripheral Channel that provides the Generic Clock signal to the peripheral must be configured
to use a running Generic Clock Generator, and the Generic Clock must be enabled.

* The user interface of the peripheral needs to be unmasked in the PM. If this is not done the
peripheral registers will read all 0’s and any writing attempts to the peripheral will be discarded.

13.5 On Demand Clock Requests
Figure 13-4. Clock Request Routing

Clock request Generic Clock Clock request Generic Clock Clock request

< S — . — Peripheral
R G Generator Periph. Channel Sl

All clock sources in the system can be run in an on-demand mode: the clock source is in a stopped state
unless a peripheral is requesting the clock source. Clock requests propagate from the peripheral, via the
GCLK, to the clock source. If one or more peripheral is using a clock source, the clock source will be

started/kept running. As soon as the clock source is no longer needed and no peripheral has an active
request, the clock source will be stopped until requested again.

The clock request can reach the clock source only if the peripheral, the generic clock and the clock from
the Generic Clock Generator in-between are enabled. The time taken from a clock request being
asserted to the clock source being ready is dependent on the clock source startup time, clock source
frequency as well as the divider used in the Generic Clock Generator. The total startup time Tg, from a
clock request until the clock is available for the peripheral is between:

Tstart_max = Clock source startup time + 2 x clock source periods + 2 x divided clock source periods
Tstart_min = Clock source startup time + 1 x clock source period + 1 x divided clock source period
The time between the last active clock request stopped and the clock is shut down, Tq, is between:
Tstop_min = 1 * divided clock source period + 1 x clock source period

Tstop_max = 2 * divided clock source periods + 2 x clock source periods

The On-Demand function can be disabled individually for each clock source by clearing the ONDEMAND
bit located in each clock source controller. Consequently, the clock will always run whatever the clock
request status is. This has the effect of removing the clock source startup time at the cost of power
consumption.

The clock request mechanism can be configured to work in standby mode by setting the RUNSDTBY bits
of the modules, see Figure 13-4.
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Power Consumption vs. Speed
When targeting for either a low-power or a fast acting system, some considerations have to be taken into
account due to the nature of the asynchronous clocking of the peripherals:

If clocking a peripheral with a very low clock, the active power consumption of the peripheral will be lower.
At the same time the synchronization to the synchronous (CPU) clock domain is dependent on the
peripheral clock speed, and will take longer with a slower peripheral clock. This will cause worse
response times and longer synchronization delays.

Clocks after Reset
On any Reset the synchronous clocks start to their initial state:

» DFLL48M is enabled and configured to run at 48MHz
* Generic Generator 0 uses DFLL48M as source and generates GCLK_MAIN
+ CPU and BUS clocks are undivided

On a Power-on Reset, the 32KHz clock sources are reset and the GCLK module starts to its initial state:

» All Generic Clock Generators are disabled except
— Generator 0 is using DFLL48M at 48MHz as source and generates GCLK_MAIN
» All Peripheral Channels in GCLK are disabled.

On a User Reset the GCLK module starts to its initial state, except for:
* Generic Clocks that are write-locked, i.e., the according WRTLOCK is set to 1 prior to Reset

Related Links
16. RSTC — Reset Controller
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GCLK - Generic Clock Controller

Overview

Depending on the application, peripherals may require specific clock frequencies to operate correctly. The
Generic Clock controller (GCLK) features 12 Generic Clock Generators [11:0] that can provide a wide
range of clock frequencies.

Generators can be set to use different external and internal oscillators as source. The clock of each
Generator can be divided. The outputs from the Generators are used as sources for the Peripheral
Channels, which provide the Generic Clock (GCLK_PERIPH) to the peripheral modules, as shown in
Figure 14-2. The number of Peripheral Clocks depends on how many peripherals the device has.
Note: The Generator 0 is always the direct source of the GCLK_MAIN signal.

Features
* Provides a device-defined, configurable number of Peripheral Channel clocks
»  Wide frequency range:
— Various clock sources
— Embedded dividers

Block Diagram

The generation of Peripheral Clock signals (GCLK_PERIPH) and the Main Clock (GCLK_MAIN) can be
seen in Device Clocking Diagram.

Figure 14-1. Device Clocking Diagram
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The GCLK block diagram is shown below:

Figure 14-2. Generic Clock Controller Block Diagram
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Signal Description
Table 14-1. GCLK Signal Description

GCLK _10][7:0] Digital 1/0 Clock source for Generators
when input

Generic Clock signal when output

Note: One signal can be mapped on several pins.

Related Links
6. 1/0 Multiplexing and Considerations

Product Dependencies
In order to use this peripheral, other parts of the system must be configured correctly, as described below.

1/O Lines
Using the GCLK 1/O lines requires the 1/O pins to be configured.

Related Links
32. PORT - I/O Pin Controller

Power Management

The GCLK can operate in sleep modes, if required. Refer to the Sleep mode description in the Power
Manager (PM) section.

Related Links

18. PM — Power Manager
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Clocks
The GCLK bus clock (CLK_GCLK_APB) can be enabled and disabled in the Main Clock Controller.

Related Links
15.6.2.6 Peripheral Clock Masking
29. OSC32KCTRL — 32KHz Oscillators Controller

DMA
Not applicable.

Interrupts
Not applicable.

Events
Not applicable.

Debug Operation

When the CPU is halted in debug mode the GCLK continues normal operation. If the GCLK is configured
in a way that requires it to be periodically serviced by the CPU through interrupts or similar, improper
operation or data loss may result during debugging.

Register Access Protection

All registers with write access can be optionally write-protected by the Peripheral Access Controller
(PAC).

Note: Optional write protection is indicated by the "PAC Write Protection" property in the register
description.

Write protection does not apply for accesses through an external debugger.

Related Links
27. PAC - Peripheral Access Controller

Analog Connections
Not applicable.

Functional Description

Principle of Operation

The GCLK module is comprised of twelve Generic Clock Generators (Generators) sourcing up to 64
Peripheral Channels and the Main Clock signal CLK_MAIN.

A clock source selected as input to a Generator can either be used directly, or it can be prescaled in the
Generator. A generator output is used by one or more Peripheral Channels to provide a peripheral
generic clock signal (GCLK_PERIPH) to the peripherals.

Basic Operation

Initialization
Before a Generator is enabled, the corresponding clock source should be enabled. The Peripheral clock
must be configured as outlined by the following steps:
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1. The Generator must be enabled (GENCTRLNn.GENEN=1) and the division factor must be set
(GENTRLN.DIVSEL and GENCTRLnN.DIV) by performing a single 32-bit write to the Generator
Control register (GENCTRLn).

2. The Generic Clock for a peripheral must be configured by writing to the respective Peripheral
Channel Control register (PCHCTRLm). The Generator used as the source for the Peripheral Clock
must be written to the GEN bit field in the Peripheral Channel Control register (PCHCTRLmM.GEN).

Note: Each Generator n is configured by one dedicated register GENCTRLn.
Note: Each Peripheral Channel m is configured by one dedicated register PCHCTRLm.

Enabling, Disabling, and Resetting
The GCLK module has no enable/disable bit to enable or disable the whole module.

The GCLK is reset by setting the Software Reset bit in the Control A register (CTRLA.SWRST) to 1. All
registers in the GCLK will be reset to their initial state, except for Peripheral Channels and associated
Generators that have their Write Lock bit set to 1 (PCHCTRLmM.WRTLOCK). For further details, refer to
14.6.3.4 Configuration Lock.

Generic Clock Generator

Each Generator (GCLK_GEN) can be set to run from one of eight different clock sources except
GCLK_GEN([1], which can be set to run from one of seven sources. GCLK_GEN][1] is the only Generator
that can be selected as source to others Generators.

Each generator GCLK_GEN][x] can be connected to one specific pin GCLK_IO[x]. A pin GCLK _I0[x] can
be set either to act as source to GCLK_GEN][x] or to output the clock signal generated by GCLK_GENIXx].

The selected source can be divided. Each Generator can be enabled or disabled independently.

Each GCLK_GEN clock signal can then be used as clock source for Peripheral Channels. Each
Generator output is allocated to one or several Peripherals.

GCLK_GEN][O0] is used as GCLK_MAIN for the synchronous clock controller inside the Main Clock
Controller. Refer to the Main Clock Controller description for details on the synchronous clock generation.

Figure 14-3. Generic Clock Generator
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Related Links
15. MCLK - Main Clock

Enabling a Generator
A Generator is enabled by writing a '1' to the Generator Enable bit in the Generator Control register
(GENCTRLN.GENEN=1).
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Disabling a Generator

A Generator is disabled by writing a '0' to GENCTRLn.GENEN. When GENCTRLn.GENEN=0, the
GCLK_GENI[n] clock is disabled and gated.

Selecting a Clock Source for the Generator

Each Generator can individually select a clock source by setting the Source Select bit group in the
Generator Control register (GENCTRLN.SRC).

Changing from one clock source, for example A, to another clock source, B, can be done on the fly: If
clock source B is not ready, the Generator will continue using clock source A. As soon as source B is
ready, the Generator will switch to it. During the switching operation, the Generator maintains clock
requests to both clock sources A and B, and will release source A as soon as the switch is done. The
according bit in SYNCBUSY register (SYNCBUSY.GENCTRLN) will remain '1' until the switch operation is
completed.

The available clock sources are device dependent (usually the oscillators, RC oscillators, DPLL). Only
Generator 1 can be used as a common source for all other generators.

Changing the Clock Frequency

The selected source for a Generator can be divided by writing a division value in the Division Factor bit
field of the Generator Control register (GENCTRLn.DIV). How the actual division factor is calculated is
depending on the Divide Selection bit (GENCTRLn.DIVSEL).

If GENCTRLN.DIVSEL=0 and GENCTRLn.DIV is either 0 or 1, the output clock will be undivided.
Note: The number of available DIV bits may vary from Generator to Generator.

Duty Cycle
When dividing a clock with an odd division factor, the duty-cycle will not be 50/50. Setting the Improve
Duty Cycle bit of the Generator Control register (GENCTRLnN.IDC) will result in a 50/50 duty cycle.

External Clock
The output clock (GCLK_GEN) of each Generator can be sent to I/0 pins (GCLK_IO).

If the Output Enable bit in the Generator Control register is set (GENCTRLN.OE = 1) and the generator is
enabled (GENCTRLn.GENEN=1), the Generator requests its clock source and the GCLK_GEN clock is
output to an I/O pin.

Note: The I/O pin (GCLK/IO[n]) must first be configured as output by writing the corresponding PORT
registers.

If GENCTRLN.OE is 0, the according 1/O pin is set to an Output Off Value, which is selected by
GENCTRLN.OOV: If GENCTRLN.OOQV is '0', the output clock will be low. If this bit is '1', the output clock
will be high.

In Standby mode, if the clock is output (GENCTRLN.OE=1), the clock on the I/O pin is frozen to the OOV
value if the Run In Standby bit of the Generic Control register (GENCTRLN.RUNSTDBY) is zero. If
GENCTRLN.RUNSTDBY is '1', the GCLKGEN clock is kept running and output to the 1/O pin.

Related Links

18.6.3.5 Power Domain Controller
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14.6.3 Peripheral Clock
Figure 14-4. Peripheral Clock
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14.6.3.1 Enabling a Peripheral Clock
Before a Peripheral Clock is enabled, one of the Generators must be enabled (GENCTRLNn.GENEN) and
selected as source for the Peripheral Channel by setting the Generator Selection bits in the Peripheral
Channel Control register (PCHCTRL.GEN). Any available Generator can be selected as clock source for
each Peripheral Channel.

When a Generator has been selected, the peripheral clock is enabled by setting the Channel Enable bit in
the Peripheral Channel Control register, PCHCTRLmM.CHEN = 1. The PCHCTRLmM.CHEN bit must be
synchronized to the generic clock domain. PCHCTRLm.CHEN will continue to read as its previous state
until the synchronization is complete.

14.6.3.2 Disabling a Peripheral Clock
A Peripheral Clock is disabled by writing PCHCTRLmM.CHEN=0. The PCHCTRLmM.CHEN bit must be
synchronized to the Generic Clock domain. PCHCTRLmM.CHEN will stay in its previous state until the
synchronization is complete. The Peripheral Clock is gated when disabled.

Related Links
14.8.4 PCHCTRLmM

14.6.3.3 Selecting the Clock Source for a Peripheral
When changing a peripheral clock source by writing to PCHCTRLmM.GEN, the peripheral clock must be
disabled before re-enabling it with the new clock source setting. This prevents glitches during the
transition:

1. Disable the Peripheral Channel by writing PCHCTRLmM.CHEN=0

2. Assert that PCHCTRLmM.CHEN reads '0'

3. Change the source of the Peripheral Channel by writing PCHCTRLmM.GEN
4. Re-enable the Peripheral Channel by writing PCHCTRLmM.CHEN=1

Related Links
14.8.4 PCHCTRLmM

14.6.3.4 Configuration Lock
The peripheral clock configuration can be locked for further write accesses by setting the Write Lock bit in
the Peripheral Channel Control register PCHCTRLmM.WRTLOCK=1). All writing to the PCHCTRLm
register will be ignored. It can only be unlocked by a Power Reset.

The Generator source of a locked Peripheral Channel will be locked, too: The corresponding GENCTRLnN
register is locked, and can be unlocked only by a Power Reset.
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There is one exception concerning the Generator 0. As it is used as GCLK_MAIN, it cannot be locked. It
is reset by any Reset and will start up in a known configuration. The software reset (CTRLA.SWRST) can
not unlock the registers.

In case of an external Reset, the Generator source will be disabled. Even if the WRTLOCK bit is written to
'1" the peripheral channels are disabled (PCHCTRLmM.CHEN set to '0') until the Generator source is
enabled again. Then, the PCHCTRLm.CHEN are set to '1' again.

Related Links

14.8.1 CTRLA

Additional Features

Peripheral Clock Enable after Reset

The Generic Clock Controller must be able to provide a generic clock to some specific peripherals after a
Reset. That means that the configuration of the Generators and Peripheral Channels after Reset is
device-dependent.

Refer to GENCTRLN.SRC for details on GENCTRLn reset.
Refer to PCHCTRLmM.SRC for details on PCHCTRLmM reset.

Sleep Mode Operation

SleepWalking
The GCLK module supports the SleepWalking feature.

If the system is in a sleep mode where the Generic Clocks are stopped, a peripheral that needs its clock
in order to execute a process must request it from the Generic Clock Controller.

The Generic Clock Controller receives this request, determines which Generic Clock Generator is
involved and which clock source needs to be awakened. It then wakes up the respective clock source,
enables the Generator and Peripheral Channel stages successively, and delivers the clock to the
peripheral.

The RUNSTDBY bit in the Generator Control register controls clock output to pin during standby sleep
mode. If the bit is cleared, the Generator output is not available on pin. When set, the GCLK can
continuously output the generator output to GCLK_IO. Refer to 14.6.2.9 External Clock for details.
Related Links

18. PM — Power Manager

Minimize Power Consumption in Standby
The following table identifies when a Clock Generator is off in Standby Mode, minimizing the power
consumption:

Table 14-2. Clock Generator n Activity in Standby Mode

Request for Clock n present GENCTRLNn.RUNSTDBY GENCTRLN.OE Clock Generator n
yes - -

active

no 1 1 active
no 1 0 OFF
no 0 1 OFF
no 0 0 OFF
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14.6.5.3 Entering Standby Mode

14.6.6

There may occur a delay when the device is put into Standby, until the power is turned off. This delay is
caused by running Clock Generators: if the Run in Standby bit in the Generator Control register
(GENCTRLN.RUNSTDBY) is '0', GCLK must verify that the clock is turned of properly. The duration of this
verification is frequency-dependent.

Related Links
18. PM — Power Manager

Synchronization

Due to asynchronicity between the main clock domain and the peripheral clock domains, some registers
need to be synchronized when written or read.

An exception is the Channel Enable bit in the Peripheral Channel Control registers (PCHCTRLmM.CHEN).
When changing this bit, the bit value must be read-back to ensure the synchronization is complete and to
assert glitch free internal operation. Note that changing the bit value under ongoing synchronization will
not generate an error.

The following registers are synchronized when written:

* Generic Clock Generator Control register (GENCTRLn)
» Control A register (CTRLA)

Required write synchronization is denoted by the "Write-Synchronized" property in the register
description.

Related Links

14.8.1 CTRLA

14.8.4 PCHCTRLm
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Register Summary

CTRLA

Reserved

SYNCBUSY

Reserved

GENCTRLO

GENCTRL11

Reserved

PCHCTRLO

PCHCTRL47

7:0
15:8
23:16
31:24

7:0
15:8
23:16
31:24

7:0
15:8
23:16
31:24

7:0
15:8
23:16
31:24

7:0
15:8
23:16
31:24

7:0

SWRST

GENCTRL[5:0] SWRST
GENCTRL[11:6]

SRC[4:0]
RUNSTDBY | DIVSEL OE ooV IDC GENEN
DIV[7:0]
DIV[15:8]
SRC[4:0]
RUNSTDBY | DIVSEL OE ooV IDC GENEN
DIV[7:0]
DIV[15:8]
WRTLOCK CHEN GEN([3:0]
WRTLOCK CHEN GEN[3:0]

Register Description

Registers can be 8, 16, or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the
8-bit quarters and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be
accessed directly.

Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Optional PAC
write protection is denoted by the "PAC Write-Protection" property in each individual register description.
For details, refer to 14.5.8 Register Access Protection.
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Some registers are synchronized when read and/or written. Synchronization is denoted by the "Write-
Synchronized" or the "Read-Synchronized" property in each individual register description. For details,
refer to 14.6.6 Synchronization.
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14.8.1 Control A

Name: CTRLA
Offset: 0x00
Reset: 0x00

Property: PAC Write-Protection, Write-Synchronized

Bit 7 6 5 4 3 2 1 0
SWRST
Access R/W
Reset 0

Bit 0 — SWRST Software Reset
Writing a zero to this bit has no effect.
Setting this bit to 1 will reset all registers in the GCLK to their initial state after a Power Reset, except for
generic clocks and associated Generators that have their WRTLOCK bit in PCHCTRLm set to 1.
Refer to GENCTRL Reset Value for details on GENCTRL register reset.
Refer to PCHCTRL Reset Value for details on PCHCTRL register reset.
Due to synchronization, there is a waiting period between setting CTRLA.SWRST and a completed
Reset. CTRLA.SWRST and SYNCBUSY.SWRST will both be cleared when the reset is complete.
0 There is no Reset operation ongoing.
1 A Reset operation is ongoing.
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14.8.2 Synchronization Busy

Name: SYNCBUSY
Offset: 0x04
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
GENCTRL[11:6]
Access R R R R
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
GENCTRLI[5:0] SWRST
Access R R R R R R
Reset 0 0 0 0 0 0 0

Bits 13:2 — GENCTRL[11:0] Generator Control n Synchronization Busy
This bit is cleared when the synchronization of the Generator Control n register (GENCTRLnN) between

clock domains is complete, or when clock switching operation is complete.

This bit is set when the synchronization of the Generator Control n register (GENCTRLnN) between clock

domains is started.

Bit 0 — SWRST Software Reset Synchronization Busy
This bit is cleared when the synchronization of the CTRLA.SWRST register bit between clock domains is

complete.

This bit is set when the synchronization of the CTRLA.SWRST register bit between clock domains is

started.
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14.8.3 Generator Control
Name: GENCTRLN
Offset: 0x20 + n*0x04 [n=0..11]
Reset: 0x00000106
Property: PAC Write-Protection, Write-Synchronized
GENCTRLn controls the settings of Generic Generator n (n=[11:0]). The reset value is 0x00000106 for
Generator n=0, else 0x00000000
Bit 31 30 29 28 27 26 25 24
| DIV[15:8]
Access R/W R/W R/IW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
DIV[7:0]
Access R/W R/W R/IW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
RUNSTDBY DIVSEL OE ooV IDC GENEN
Access
Reset 0 0 0 0 0 1
Bit 7 6 5 4 3 2 1 0
SRC[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bits 31:16 — DIV[15:0] Division Factor

These bits represent a division value for the corresponding Generator. The actual division factor is
dependent on the state of DIVSEL. The number of relevant DIV bits for each Generator can be seen in
this table. Written bits outside of the specified range will be ignored.

Table 14-3. Division Factor Bits

Generic Clock Generator Division Factor Bits Maximum Division Factor

Generator 0 8 division factor bits - DIV[7:0] 512
Generator 1 16 division factor bits - DIV[15:0] 131072
Generator 2 - 11 8 division factor bits - DIV[7:0] 512

Bit 13 — RUNSTDBY Run in Standby
This bit is used to keep the Generator running in Standby as long as it is configured to output to a
dedicated GCLK_IO pin. If GENCTRLnN.OE is zero, this bit has no effect and the generator will only be
running if a peripheral requires the clock.
Value Description
0 The Generator is stopped in Standby and the GCLK_IO pin state (one or zero) will be
dependent on the setting in GENCTRL.OOV.
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Value Description
1 The Generator is kept running and output to its dedicated GCLK_|O pin during Standby
mode.

Bit 12 — DIVSEL Divide Selection

This bit determines how the division factor of the clock source of the Generator will be calculated from
DIV. If the clock source should not be divided, DIVSEL must be 0 and the GENCTRLN.DIV value must be
either 0 or 1.

0 The Generator clock frequency equals the clock source frequency divided by
GENCTRLN.DIV.
1 The Generator clock frequency equals the clock source frequency divided by 2A(N+1), where

N is the Division Factor Bits for the selected generator (refer to GENCTRLn.DIV).

Bit 11 — OE Output Enable
This bit is used to output the Generator clock output to the corresponding pin (GCLK_lO), as long as
GCLK 10 is not defined as the Generator source in the GENCTRLN.SRC bit field.

Value Description
0 No Generator clock signal on pin GCLK_IO.
1 The Generator clock signal is output on the corresponding GCLK_IO, unless GCLK_|O is

selected as a generator source in the GENCTRLN.SRC bit field.

Bit 10 — OOV Output Off Value

This bit is used to control the clock output value on pin (GCLK_10) when the Generator is turned off or the
OE bit is zero, as long as GCLK_|0O is not defined as the Generator source in the GENCTRLN.SRC bit
field.

Value Description
0 The GCLK_IO will be LOW when generator is turned off or when the OE bit is zero.
1 The GCLK_IO will be HIGH when generator is turned off or when the OE bit is zero.

Bit 9 — IDC Improve Duty Cycle
This bit is used to improve the duty cycle of the Generator output to 50/50 for odd division factors.

Value Description
0 Generator output clock duty cycle is not balanced to 50/50 for odd division factors.
1 Generator output clock duty cycle is 50/50.

Bit 8 - GENEN Generator Enable
This bit is used to enable and disable the Generator.

Value Description
0 Generator is disabled.
1 Generator is enabled.

Bits 4:0 — SRC[4:0] Generator Clock Source Selection
These bits select the Generator clock source, as shown in this table.

Table 14-4. Generator Clock Source Selection

0x00 XOSCO0 XOSC 0 oscillator output
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........... continued

Ve hame  loeseipien
0x01 XOSC1 XOSC 1 oscillator output

0x02 GCLK_IN Generator input pad (GCLK_10)
0x03 GCLK_GEN1 Generic clock generator 1 output
0x04 OSCULP32K OSCULP32K oscillator output
0x05 XOSC32K XOSC32K oscillator output

0x06 DFLL DFLL oscillator output

0x07 DPLLO DPLLO output

0x08 DPLL1 DPLL1 output

0x09-0x1F Reserved Reserved for future use

A Power Reset will reset all GENCTRLn registers. the Reset values of the GENCTRLn registers are
shown in table below.

Table 14-5. GENCTRLnNn Reset Value after a Power Reset

GCLK Generator Reset Value after a Power Reset

0 0x00000106
others 0x00000000

A User Reset will reset the associated GENCTRL register unless the Generator is the source of a locked
Peripheral Channel (PCHCTRLmM.WRTLOCK=1). The reset values of the GENCTRL register are as
shown in the table below.

Table 14-6. GENCTRLnN Reset Value after a User Reset

GCLK Generator | Reset Value after a User Reset

0 0x00000106

others No change if the generator is used by a Peripheral Channel m with
PCHCTRLM.WRTLOCK=1
else 0x00000000

Related Links
14.8.4 PCHCTRLmM
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14.8.4

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Peripheral Channel Control

Name: PCHCTRLmM
Offset: 0x80 + m*0x04 [m=0..47]
Reset: 0x00000000

Property: PAC Write-Protection

PCHTRLm controls the settings of Peripheral Channel number m (m=[47:0]).

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 1" 10 9 8
7 6 5 4 3 2 1 0
WRTLOCK CHEN GEN[3:0]
R/wW R/wW R/W R/W R/W R/W
0 0 0 0 0 0

Bit 7 — WRTLOCK Write Lock

After this bit is set to '1", further writes to the PCHCTRLm register will be discarded. The control register of
the corresponding Generator n (GENCTRLnN), as assigned in PCHCTRLm.GEN, will also be locked. It can
only be unlocked by a Power Reset.

Note that Generator 0 cannot be locked.

Value Description

0 The Peripheral Channel register and the associated Generator register are not locked
1 The Peripheral Channel register and the associated Generator register are locked

Bit 6 — CHEN Channel Enable
This bit is used to enable and disable a Peripheral Channel.

Value Description

0 The Peripheral Channel is disabled
1 The Peripheral Channel is enabled

Bits 3:0 — GEN[3:0] Generator Selection
This bit field selects the Generator to be used as the source of a peripheral clock, as shown in the table
below:
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Table 14-7. Generator Selection

0x0 Generic Clock Generator 0
0x1 Generic Clock Generator 1
0x2 Generic Clock Generator 2
0x3 Generic Clock Generator 3
0x4 Generic Clock Generator 4
0x5 Generic Clock Generator 5
0x6 Generic Clock Generator 6
0x7 Generic Clock Generator 7
0x8 Generic Clock Generator 8
0x9 Generic Clock Generator 9
OxA Generic Clock Generator 10
0xB Generic Clock Generator 11

Table 14-8. Reset Value after a User Reset or a Power Reset

m PCHCTRLM.GEN PCHCTRLm.CHEN PCHCTRLmM.WRTLOCK

Power Reset 0x0

User Reset  If WRTLOCK =0 If WRTLOCK =0 No change
: 0x0 : 0x0

If WRTLOCK = 1: no change | If WRTLOCK = 1: no change

A Power Reset will reset all the PCHCTRLm registers.

A User Reset will reset a PCHCTRL if WRTLOCK=0, or else, the content of that PCHCTRL remains
unchanged.

The PCHCTRL register Reset values are shown in the table below, PCHCTRLmM Mapping.

Table 14-9. PCHCTRLm Mapping

S

0 GCLK_OSCCTRL_DFLL48 DFLL48 input clock source

1 GCLK_OSCCTRL_FDPLLO Reference clock for FDPLLO

2 GCLK_OSCCTRL_FDPLLA1 Reference clock for FDPLL1

3 GCLK_OSCCTRL_FDPLLO_32K FDPLLO 32KHz clock for internal lock timer
GCLK_OSCCTRL_FDPLL1_32K FDPLL1 32KHz clock for internal lock timer
GCLK_SDHCO_SLOW SDHCO Slow
GCLK_SDHC1_SLOW SDHC1 Slow
GCLK_SERCOM]I0..7]_SLOW SERCOM][0..7] Slow

4 GCLK_EIC EIC
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........... continued

N

5 GCLK_FREQM_MSR
6 GCLK_FREQM_REF

7 GCLK_SERCOMO_CORE
8 GCLK_SERCOM1_CORE
9

FREQM Measure
FREQM Reference
SERCOMO Core
SERCOM1 Core

GCLK_TCO0, GCLK_TCH1 TCO, TC1
10 GCLK_USB UsB
22:11 GCLK_EVSYSJ0..11] EVSYS[0..11]
23 GCLK_SERCOM2_CORE SERCOM2 Core
24 GCLK_SERCOM3_CORE SERCOMS3 Core
25 GCLK_TCCO0, GCLK_TCCH1 TCCO, TCC1
26 GCLK_TC2, GCLK_TC3 TC2, TC3
27 GCLK_CANO CANO
28 GCLK_CAN1 CAN1
29 GCLK_TCC2, GCLK_TCC3 TCC2, TCC3
30 GCLK_TC4, GCLK_TC5 TC4, TC5
31 GCLK_PDEC PDEC
32 GCLK_AC AC
33 GCLK_CCL CCL
34 GCLK_SERCOM4_CORE SERCOM4 Core
35 GCLK_SERCOM5_CORE SERCOMS5 Core
36 GCLK_SERCOM6_CORE SERCOM®6 Core
37 GCLK_SERCOM7_CORE SERCOM?7 Core
38 GCLK_TCC4 TCC4
39 GCLK_TC6, GCLK_TC7 TC6, TC7
40 GCLK_ADCO ADCO
41 GCLK_ADC1 ADCA1
42 GCLK_DAC DAC
44:43 GCLK_I2S 12S
45 GCLK_SDHCO SDHCO0
46 GCLK_SDHC1 SDHC1
47 GCLK_CM4_TRACE CM4 Trace
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15. MCLK - Main Clock

151 Overview
The Main Clock (MCLK) controls the synchronous clock generation of the device.
Using a clock provided by the Generic Clock Module (GCLK_MAIN), the Main Clock Controller provides
synchronous system clocks to the CPU and the modules connected to the AHBx and the APBx bus. The
synchronous system clocks are divided into a number of clock domains. Each clock domain can run at
different frequencies, enabling the user to save power by running peripherals at a relatively low clock
frequency, while maintaining high CPU performance or vice versa. In addition, the clock can be masked
for individual modules, enabling the user to minimize power consumption.

15.2 Features
* Generates CPU, AHB, and APB system clocks
— Clock source and division factor from GCLK
— Clock prescaler with 1x to 128x division
» Safe run-time clock switching from GCLK
* Module-level clock gating through maskable peripheral clocks

15.3 Block Diagram
Figure 15-1. MCLK Block Diagram

CLK_APBx

CLK_AHBx

GCLK_MAIN MAIN
CLOCK CONTROLLER

CLK_CPU

15.4 Signal Description
Not applicable.

15.5 Product Dependencies
In order to use this peripheral, other parts of the system must be configured correctly, as described below.

15.5.1 1/O Lines
Not applicable.
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Power Management
The MCLK will operate in all sleep modes if a synchronous clock is required in these modes.

Related Links
18. PM — Power Manager

Clocks

The MCLK bus clock (CLK_MCLK_APB) can be enabled and disabled in the Main Clock module, and the
default state of CLK_MCLK_APB can be found in the Peripheral Clock Masking section. If this clock is
disabled, it can only be re-enabled by a reset.

The Generic Clock GCLK_MAIN is required to generate the Main Clocks. GCLK_MAIN is configured in
the Generic Clock Controller, and can be re-configured by the user if needed.

Related Links
14. GCLK - Generic Clock Controller

Main Clock
The main clock CLK_MAIN is the common source for the synchronous clocks. This is fed into the
common 8-bit prescaler that is used to generate synchronous clocks to the CPU, AHBx, and APBx
modules.
CPU Clock
The CPU clock (CLK_CPU) is routed to the CPU. Halting the CPU clock inhibits the CPU from executing
instructions.
APBx and AHBx Clock
The APBx clocks (CLK_APBXx) and the AHBXx clocks (CLK_AHBX) are the root clock source used by
modules requiring a clock on the APBx and the AHBx bus. These clocks are always synchronous to the
CPU clock, and can run even when the CPU clock is turned off in sleep mode. A clock gater is inserted
after the common APB clock to gate any APBx clock of a module on APBx bus, as well as the AHBx
clock.
Clock Domains
The device has these synchronous clock domains:

» High-Speed synchronous clock domain (HS Clock Domain). Frequency is fys.

* CPU synchronous clock domain (CPU Clock Domain). Frequency is fcpy.

See also the related links for the clock domain partitioning.

DMA
Not applicable.

Interrupts

The interrupt request line is connected to the Interrupt Controller. Using the MCLK interrupt requires the
Interrupt Controller to be configured first.

Events
Not applicable.
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Debug Operation

When the CPU is halted in debug mode, the MCLK continues normal operation. In sleep mode, the
clocks generated from the MCLK are kept running to allow the debugger accessing any module. As a
consequence, power measurements are incorrect in debug mode.

Register Access Protection
All registers with write access can be write-protected optionally by the Peripheral Access Controller
(PAC), except for the following registers:

 Interrupt Flag register (INTFLAG)

Optional write protection by the Peripheral Access Controller (PAC) is denoted by the "PAC Write
Protection" property in each individual register description.

PAC write protection does not apply to accesses through an external debugger.

Related Links
27. PAC - Peripheral Access Controller

Analog Connections
Not applicable.

Functional Description

Principle of Operation

The CLK_MAIN clock signal from the GCLK module is the source for the main clock, which in turn is the
common root for the synchronous clocks for the CPU, APBx, and AHBx modules. The CLK_MAIN is
divided by an 8-bit prescaler. Each of the derived clocks can run from any divided or undivided main
clock, ensuring synchronous clock sources for each clock domain. The clock domain (CPU) can be
changed on the fly to respond to variable load in the application. The clocks for each module in a clock
domain can be masked individually to avoid power consumption in inactive modules. Depending on the
sleep mode, some clock domains can be turned off.

Basic Operation

Initialization

After a Reset, the default clock source of the CLK_MAIN clock (GCLK_MAIN) is started and calibrated
before the CPU starts running. The GCLK_MAIN clock is selected as the main clock without any
prescaler division.

By default, only the necessary clocks are enabled.

Enabling, Disabling, and Resetting
The MCLK module is always enabled and cannot be reset.

Selecting the Main Clock Source

Refer to the Generic Clock Controller description for details on how to configure the clock source of the
GCLK_MAIN clock.

Related Links

14. GCLK - Generic Clock Controller
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15.6.2.4 Selecting the Synchronous Clock Division Ratio
The main clock GCLK_MAIN feeds an 8-bit prescaler, which can be used to generate the synchronous
clocks. By default, the synchronous clocks run on the undivided main clock. The user can select a
prescaler division for the CPU clock domain by writing the Division (DIV) bits in the CPU Clock Division
register CPUDIV, resulting in a CPU clock domain frequency determined by this equation:

f main

feru = CpupIv

Frequencies must never exceed the specified maximum frequency for each clock domain given in the
electrical characteristics specifications.

If the application attempts to write forbidden values in CPUDIV register, register is written but these bad
values are not used and a violation is reported to the PAC module.

Division bits (DIV) can be written without halting or disabling peripheral modules. Writing DIV bits allows a
new clock setting to be written to all synchronous clocks belonging to the corresponding clock domain at
the same time.

Figure 15-2. Synchronous Clock Selection and Prescaler

Sleep mode
Sleep Controller Lt E L PP '
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o Clock | CLK_APB_HS Clock clk_apb_ip1
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Note: A FAST clock for QSPI (CLK_QSPI2X_AHB) is derived from high-speed synchronous fys.

Related Links
27. PAC - Peripheral Access Controller

15.6.2.5 Clock Ready Flag
There is a slight delay between writing to CPUDIV until the new clock settings become effective.

During this interval, the Clock Ready flag in the Interrupt Flag Status and Clear register
(INTFLAG.CKRDY) will return zero when read. If CKRDY in the INTENSET register is set to '1", the Clock
Ready interrupt will be triggered when the new clock setting is effective. The clock settings (CLKCFG)
must not be re-written while INTFLAG. CKRDY reads '0'. The system may become unstable or hang, and
a violation is reported to the PAC module.
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Related Links

27. PAC - Peripheral Access Controller

15.6.2.6 Peripheral Clock Masking

It is possible to disable/enable the AHB or APB clock for a peripheral by writing the corresponding bit in
the Clock Mask registers (APBxMASK) to '0'/'1". The default state of the peripheral clocks is shown here.

Table 15-1. Peripheral Clock Default State

CPU Clock Domain

Peripheral Clock Default State

CLK_AC_APB Disabled
CLK_ADCO_APB Enabled
CLK_ADC1_APB Enabled
CLK_AES_APB Disabled
CLK_BRIDGE_A_AHB Enabled
CLK_BRIDGE_B_AHB Enabled
CLK_BRIDGE_C_AHB Enabled
CLK_BRIDGE_D_AHB Enabled
CLK_CANO_AHB Enabled
CLK_CAN1_AHB Enabled
CLK_CMCC_AHB Enabled
CLK_DMAC_AHB Enabled
CLK_DSU_AHB Enabled
CLK_EIC_APB Enabled
CLK_EVSYS_APB Disabled
CLK_FREQM_APB Disabled
CLK_GCLK_APB Enabled
CLK_GMAC_AHB Enabled
CLK_GMAC_APB Disabled
CLK_ICM_AHB Enabled
CLK_I2S_AHB Disabled
CLK_MCLK_APB Enabled
CLK_NVMCTRL_AHB Enabled
CLK_NVMCTRL_APB Enabled
CLK_OSCCTRL_APB Enabled
CLK_PAC_AHB Enabled
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........... continued

CPU Clock Domain

Peripheral Clock Default State

CLK_PAC_APB Enabled
CLK_PDEC_APB Disabled
CLK_PORT_APB Enabled
CLK_PTC_APB Enabled
CLK_PUKCC_AHB Enabled
CLK_QSPI_AHB Enabled
CLK_QSPI2X_AHB Enabled
CLK_SDHCO_AHB Enabled
CLK_SDHC1_AHB Enabled
CLK_SERCOMO_APB Disabled
CLK_SERCOM1_APB Disabled
CLK_SERCOM2_APB Disabled
CLK_SERCOM3_APB Disabled
CLK_SERCOM4_APB Disabled
CLK_SERCOM5_APB Disabled
CLK_SERCOM6_APB Disabled
CLK_SERCOM7_APB Disabled
CLK_TCO_APB Disabled
CLK_TC1_APB Disabled
CLK_TC2_APB Disabled
CLK_TC3_APB Disabled
CLK_TC4_APB Disabled
CLK_TC5_APB Disabled
CLK_TC6_APB Disabled
CLK_TC7_APB Disabled
CLK_TCCO_APB Disabled
CLK_TCC1_APB Disabled
CLK_TCC2_APB Disabled
CLK_TCC3_APB Disabled
CLK_TCC4_APB Disabled
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........... continued
CPU Clock Domain

Peripheral Clock Default State
CLK_USB_AHB Enabled
CLK_USB_APB Disabled
CLK_WDT_APB Enabled
CLK_DAC_APB Disabled
CLK_DSU_APB Enabled
CLK_CCL_APB Disabled
CLK_QSPI_APB Enabled
CLK_ICM_APB Disabled
CLK_TRNG_APB Disabled

Backup Clock Domain

Peripheral Clock Default State
CLK_OSC32KCTRL_APB Enabled
CLK_PM_APB Enabled
CLK_SUPC_APB Enabled
CLK_RSTC_APB Enabled
CLK_RTC_APB Enabled

When the APB clock is not provided to a module, its registers cannot be read or written. The module can
be re-enabled later by writing the corresponding mask bit to "1".

A module may be connected to several clock domains (for instance, AHB and APB), in which case it will
have several mask bits.

Note that clocks should only be switched off if it is certain that the module will not be used: Switching off
the clock for the NVM Controller (NVMCTRL) will cause a problem if the CPU needs to read from the
Flash Memory. Switching off the clock to the MCLK module (which contains the mask registers) or the
corresponding APBXx bridge, will make it impossible to write the mask registers again. In this case, they
can only be re-enabled by a system reset.

DMA Operation
Not applicable.

Interrupts
The peripheral has the following interrupt sources:

+ Clock Ready (CKRDY): indicates that CPU clocks are ready. This interrupt is a synchronous wake-up
source.

Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status
and Clear (INTFLAG) register is set when the interrupt condition occurs. Each interrupt can be enabled
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individually by writing a '1' to the corresponding enabling bit in the Interrupt Enable Set (INTENSET)
register, and disabled by writing a '1" to the corresponding clearing bit in the Interrupt Enable Clear
(INTENCLR) register.

An interrupt request is generated when the interrupt flag is set and the corresponding interrupt is enabled.
The interrupt request remains active until the interrupt flag is cleared, the interrupt is disabled or the
peripheral is reset. An interrupt flag is cleared by writing a '1' to the corresponding bit in the INTFLAG
register. Each peripheral can have one interrupt request line per interrupt source or one common interrupt
request line for all the interrupt sources.If the peripheral has one common interrupt request line for all the
interrupt sources, the user must read the INTFLAG register to determine which interrupt condition is
present.

Related Links
18. PM — Power Manager
10.2.1 Overview

Events
Not applicable.

Sleep Mode Operation
In IDLE sleep mode, the MCLK is still running on the selected main clock.

In STANDBY sleep mode, the MCLK is frozen if no synchronous clock is required.
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Register Summary

CTRLA
INTENCLR
INTENSET
INTFLAG
HSDIV
CPUDIV

Reserved

AHBMASK

APBAMASK

APBBMASK

APBCMASK

APBDMASK

7:0
7:0
7:0
7:0
7:0

7:0
15:8

23:16

31:24

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

Reserved NVMCTRL
SDHCnO GMAC
NVMCTRL_C NVMCTRL_S
ACHE MEEPROM
GCLK SUPC
TCn1 TCnO

EVSYS
TCn3
PDEC TCn5
CCL
ADCNO TC7

Register Description

Registers can be 8, 16, or 32 bits wide. Atomic 8-, 16-, and 32-bit accesses are supported. In addition,
the 8-bit quarters and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be
accessed directly.

DIV[7:0]
DIV[7:0]
Reserved DSU HPBN3
QSPI PAC Reserved
QSPI_2X PUKCC ICM
OSC32KCTR
OSCCTRL RSTC
SERCOM1 | SERCOMO FREQM
PORT
TCn2 TCCn1 TCCnO
TCn4 TCCn3 TCCn2
QSPI ICM
TC6 TCC4 SERCOM7
PCC

HPBn2
USB

CANN1

MCLK

EIC

NVMCTRL
SERCOM3

GMAC
TRNG

SERCOM6
128

HPBn1
DMAC

CANNO

PM

RTC

DSU
SERCOM2

AES

SERCOMS
DAC

CKRDY
CKRDY
CKRDY

HPBNnO
CMCC

SDHCn1

PAC

WDT

USB

RAMECC

AC

SERCOM4
ADCn1

Some registers can be write-protected optionally by the Peripheral Access Controller (PAC). This is
denoted by the property "PAC Write-Protection" in each individual register description. Refer to the
15.5.8 Register Access Protection for details.
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15.8.1 Control A

Name: CTRLA
Offset: 0x00
Reset: 0x00

Property: PAC Write-Protection
All bits in this register are reserved.
Bit 7 6 5 4 3 2 1 0

Access

Reset
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Interrupt Enable Clear

Name: INTENCLR
Offset: 0x01
Reset: 0x00

Property: PAC Write-Protection

This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Set (INTENSET) register.

7 6 5 4 3 2 1 0
| | | | | CKRDY
RIW

Bit 0 — CKRDY Clock Ready Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will clear the Clock Ready Interrupt Enable bit and the corresponding interrupt

request.
Value Description
0 The Clock Ready interrupt is enabled and will generate an interrupt request when the Clock
Ready Interrupt Flag is set.
1 The Clock Ready interrupt is disabled.
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15.8.3 Interrupt Enable Set

Name: INTENSET
Offset: 0x02
Reset: 0x00

Property: PAC Write-Protection

This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Clear (INTENCLR) register.

Bit 7 6 5 4 3 2 1 0
| | | | | CKRDY
Access R/W
Reset 0

Bit 0 — CKRDY Clock Ready Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will set the Clock Ready Interrupt Enable bit and enable the Clock Ready interrupt.

Value Description

0 The Clock Ready interrupt is disabled.
1 The Clock Ready interrupt is enabled.
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15.8.4 Interrupt Flag Status and Clear

Name: INTFLAG

Offset: 0x03

Reset: 0x01

Property: -—

Bit 7 6 5 4 3 2 1 0
CKRDY
Access R/W

Reset 1

Bit 0 — CKRDY Clock Ready
This flag is cleared by writing a '1' to the flag.
This flag is set when the synchronous CPU, APBx, and AHBXx clocks have frequencies as indicated in the

CLKCEFG registers and will generate an interrupt if INTENCLR/SET.CKRDY is "1'.
Writing a '0' to this bit has no effect.
Writing a '1' to this bit clears the Clock Ready interrupt flag.
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15.8.5 High-Speed Clock Division

Name: HSDIV
Offset: 0x04
Reset: 0x01
Bit 7 6 5 4 3 2 1 0
DIV[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 1

Bits 7:0 — DIV[7:0] HS Clock Division Factor
These bits define the division ratio of the main clock prescaler related to the HS clock domain (HSDIV).

Value Name Description
0x01 DIV1 Divide by 1
others - Reserved
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15.8.6 CPU Clock Division

Name: CPUDIV
Offset: 0x05
Reset: 0x01

Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
DIV[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 1

Bits 7:0 — DIV[7:0] CPU Clock Division Factor

These bits define the division ratio of the main clock prescaler related to the CPU clock domain
(CPUDIV).

To ensure correct operation, frequencies must be selected so that fyg = fepy (i.e. CPUDIV = HSDIV).
Frequencies must never exceed the specified maximum frequency for each clock domain.

Value Name Description
0x01 DIV1 Divide by 1
0x02 DIV2 Divide by 2
0x04 DIV4 Divide by 4
0x08 DIV8 Divide by 8
0x10 DIV16 Divide by 16
0x20 DIV32 Divide by 32
0x40 DIV64 Divide by 64
0x80 DIV128 Divide by 128
others |- Reserved
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15.8.7

Bit

Access
Reset

Bit

Access

Reset

Bit

Access
Reset

Bit

Access
Reset

AHB Mask
Name AHBMASK
Offset 0x10
Reset: OxO0FFFFFF
Property: PAC Write-Protection
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
NVMCTRL_CA|NVMCTRL_SM| QSPI_2X PUKCC ICM CANN1 CANNO SDHCn1
CHE EEPROM
R/IW RIW R/W RIW R/W R/W R/IW R/W
1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8
SDHCnO GMAC QSPI PAC Reserved UsB DMAC CMCC
R/W RIW R/W R/W R R/W R/W R/W
1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
Reserved NVMCTRL Reserved DSU HPBN3 HPBN2 HPBn1 HPBNO
R R/W R R/W R/W R/W R/W R/W

1

1

1

1

Bit 23 - NVMCTRL_CACHE NVMCTRL_CACHE AHB Clock Enable

Value Description
0 The AHB clock for the NVMCTRL_CACHE is stopped.
1 The AHB clock for the NVMCTRL_CACHE is enabled.

Bit 22 - NVMCTRL_SMEEPROM NVMCTRL_SMEEPROM AHB Clock Enable

Value Description
0 The AHB clock for the NVMCTRL_SMEEPROM is stopped.
1 The AHB clock for the NVMCTRL_SMEEPROM is enabled.

Bit 21 — QSPI_2X QSPI_2X AHB Clock Enable

Value Description
0 The AHB clock for the QSPI_2X is stopped.
1 The AHB clock for the QSPI_2X is enabled.

Bit 20 - PUKCC PUKCC AHB Clock Enable

Value Description
0 The AHB clock for the PUKCC is stopped.
1 The AHB clock for the PUKCC is enabled.

Bit 19 — ICM ICM AHB Clock Enable
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Value Description
0 The AHB clock for the ICM is stopped.
1 The AHB clock for the ICM is enabled.

Bits 17, 18 — CANn CANn AHB Clock Enable

Value Description
0 The AHB clock for the CANn is stopped.
1 The AHB clock for the CANn is enabled.

Bits 15, 16 — SDHCn SDHCn AHB Clock Enable

Value Description
0 The AHB clock for the SDHCn is stopped.
1 The AHB clock for the SDHCn is enabled.

Bit 14 - GMAC GMAC AHB Clock Enable

Value Description
0 The AHB clock for the GMAC is stopped.
1 The AHB clock for the GMAC is enabled.

Bit 13 — QSPI QSPI AHB Clock Enable

Value Description
0 The AHB clock for the QSPI is stopped.
1 The AHB clock for the QSPI is enabled.

Bit 12 — PAC PAC AHB Clock Enable

Value Description
0 The AHB clock for the PAC is stopped.
1 The AHB clock for the PAC is enabled.

Bits 11,7,5 — Reserved Reserved bits
Reserved bits are unused and reserved for future use. For compatibility with future devices, always write
reserved bits to their reset value. If no reset value is given, write 0.

Bit 10 - USB USB AHB Clock Enable

Value Description
0 The AHB clock for the USB is stopped.
1 The AHB clock for the USB is enabled.

Bit 9 —- DMAC DMAC AHB Clock Enable

Value Description
0 The AHB clock for the DMAC is stopped.
1 The AHB clock for the DMAC is enabled.

Bit 8 - CMCC CMCC AHB Clock Enable

Value Description
0 The AHB clock for the CMCC is stopped.
1 The AHB clock for the CMCC is enabled.

Bit 6 - NVMCTRL NVMCTRL AHB Clock Enable
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Value Description
0 The AHB clock for the NVMCTRL is stopped.

1 The AHB clock for the NVMCTRL is enabled.

Bit 4 — DSU DSU AHB Clock Enable
0 The AHB clock for the DSU is stopped.
1 The AHB clock for the DSU is enabled.

Bits 0, 1, 2, 3 - HPBn HPBn AHB Clock Enable

Value Description
0 The AHB clock for the HPBn is stopped.

1 The AHB clock for the APBn is enabled.
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15.8.8 APBA Mask

Name: APBAMASK

Offset: 0x14

Reset: 0x000007FF
Property: PAC Write-Protection

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
TCn1 TCnO SERCOM1 SERCOMO FREQM EIC RTC WDT
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 1 1 1
Bit 7 6 5 4 3 2 1 0
GCLK SUPC OSC32KCTRL| OSCCTRL RSTC MCLK PM PAC
Access R/W R/W R/W R/W R/W R/W R/W R/W

Reset 1 1 1 1 1 1 1 1

Bits 14,15 - TCn TCn APBA Clock Enable

Value Description
0 The APBA clock for the TCn is stopped.
1 The APBA clock for the TCn is enabled.

Bits 12, 13 — SERCOM SERCOMn APBA Clock Enable

Value Description
0 The APBA clock for the SERCOMn is stopped.
1 The APBA clock for the SERCOMn is enabled.

Bit 11 - FREQM FREQM APBA Clock Enable

Value Description
0 The APBA clock for the FREQM is stopped.
1 The APBA clock for the FREQM is enabled.

Bit 10 — EIC EIC APBA Clock Enable

Value Description
0 The APBA clock for the EIC is stopped.
1 The APBA clock for the EIC is enabled.

Bit 9 — RTC RTC APBA Clock Enable
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Value Description
0 The APBA clock for the RTC is stopped.
1 The APBA clock for the RTC is enabled.

Bit 8 - WDT WDT APBA Clock Enable

Value Description
0 The APBA clock for the WDT is stopped.
1 The APBA clock for the WDT is enabled.

Bit 7 — GCLK GCLK APBA Clock Enable

Value Description
0 The APBA clock for the GCLK is stopped.
1 The APBA clock for the GCLK is enabled.

Bit 6 — SUPC SUPC APBA Clock Enable

Value Description
0 The APBA clock for the SUPC is stopped.
1 The APBA clock for the SUPC is enabled.

Bit 5 - OSC32KCTRL OSC32KCTRL APBA Clock Enable

Value Description
0 The APBA clock for the OSC32KCTRL is stopped.
1 The APBA clock for the OSC32KCTRL is enabled.

Bit 4 - OSCCTRL OSCCTRL APBA Clock Enable

Value Description
0 The APBA clock for the OSCCTRL is stopped.
1 The APBA clock for the OSCCTRL is enabled.

Bit 3 - RSTC RSTC APBA Clock Enable

Value Description
0 The APBA clock for the RSTC is stopped.
1 The APBA clock for the RSTC is enabled.

Bit 2 - MCLK MCLK APBA Clock Enable

Value Description
0 The APBA clock for the MCLK is stopped.
1 The APBA clock for the MCLK is enabled.

Bit 1 — PM PM APBA Clock Enable

Value Description
0 The APBA clock for the PM is stopped.
1 The APBA clock for the PM is enabled.

Bit 0 — PAC PAC APBA Clock Enable

Value Description
0 The APBA clock for the PAC is stopped.
1 The APBA clock for the PAC is enabled.
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15.8.9

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

APBB Mask

Name APBBMASK

Offset 0x18

Reset: 0x00018056
Property: PAC Write-Protection

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
RAMECC
RW
1
15 14 13 12 1 10 9 8
TCn3 TCn2 TCCn1 TCCnO SERCOM3 SERCOM2
R/W R/W R/wW R/wW RW R/W
0 0 0 0 0 0
7 6 5 4 3 2 1 0
EVSYS PORT NVMCTRL DSU USB
R/W R/W R/W R/W R/W

0 1

Bit 16 - RAMECC RAMECC APBB Clock Enable

Value Description
0 The APBB clock for the RAMECC is stopped.
1 The APBB clock for the RAMECC is enabled.

Bits 13,14 — TCn TCn APBB Clock Enable

Value Description
0 The APBB clock for the TCn is stopped.
1 The APBB clock for the TCn is enabled.

Bits 11,12 - TCCn TCCn APBB Clock Enable
Value Description
0 The APBB clock for the TCCn is stopped.
1 The APBB clock for the TCCn is enabled.

Bits 9, 10 - SERCOM SERCOMn APBB Clock Enable
Value Description

0 The APBB clock for the SERCOMn is stopped.
1 The APBB clock for the SERCOMn is enabled.

Bit 7 - EVSYS EVSYS APBB Clock Enable
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Value Description
0 The APBB clock for the EVSYS is stopped.
1 The APBB clock for the EVSYS is enabled.

Bit 4 —- PORT PORT APBB Clock Enable

Value Description
0 The APBB clock for the PORT is stopped.
1 The APBB clock for the PORT is enabled.

Bit 2—- NVMCTRL NVMCTRL APBB Clock Enable

Value Description
0 The APBB clock for the NVMCTRL is stopped.
1 The APBB clock for the NVMCTRL is enabled.

Bit 1 — DSU DSU APBB Clock Enable

Value Description
0 The APBB clock for the DSU is stopped.
1 The APBB clock for the DSU is enabled.

Bit 0 — USB USB APBB Clock Enable

Value Description
0 The APBB clock for the USB is stopped.
1 The APBB clock for the USB is enabled.
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15.8.10 APBC Mask

Name: APBCMASK

Offset: 0x1C

Reset: 0x00002000
Property: PAC Write-Protection

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
CCL QSPI ICM TRNG AES AC
Access R/W R/W R/W R/W R/W R/W
Reset 0 1 0 0 0 0
Bit 7 6 5 4 3 2 1 0
PDEC TCn5 TCn4 TCCn3 TCCn2 GMAC
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 1 0 0 1

Bit 14 — CCL CCL APBC Mask Clock Enable

Value Description
0 The APBC clock for the CCL is stopped.
1 The APBC clock for the CCL is enabled.

Bit 13 — QSPI QSPI APBC Mask Clock Enable

Value Description
0 The APBC clock for the QSPI is stopped.
1 The APBC clock for the QSPI is enabled.

Bit 11 — ICM ICM APBC Mask Clock Enable

Value Description
0 The APBC clock for the ICM is stopped.
1 The APBC clock for the ICM is enabled.

Bit 10 - TRNG TRNG APBC Mask Clock Enable

Value Description
0 The APBC clock for the TRNG is stopped.
1 The APBC clock for the TRNG is enabled.

Bit 9 — AES AES APBC Mask Clock Enable
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Value Description
0 The APBC clock for the AES is stopped.
1 The APBC clock for the AES is enabled.

Bit 8 - AC AC APBC Mask Clock Enable

Value Description
0 The APBC clock for the AC is stopped.
1 The APBC clock for the AC is enabled.

Bit 7 — PDEC PDEC APBC Mask Clock Enable

Value Description
0 The APBC clock for the PDEC is stopped.
1 The APBC clock for the PDEC is enabled.

Bits 5,6 — TCn TCn APBC Mask Clock Enable

Value Description
0 The APBC clock for the TCn is stopped.
1 The APBC clock for the TCn is enabled.

Bits 3,4 — TCCn TCCn APBC Mask Clock Enable

Value Description
0 The APBC clock for the TCCn is stopped.
1 The APBC clock for the TCCn is enabled.

Bit 2 - GMAC GMAC APBC Mask Clock Enable

Value Description
0 The APBC clock for the GMAC is stopped.
1 The APBC clock for the GMAC is enabled.
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15.8.11

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

APBD Mask
Name APBDMASK
Offset 0x20
Reset: 0x00000000
Property: PAC Write-Protection
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8
PCC 128 DAC ADCn1
R/W R/W R R/W
0 0 0 0
7 6 5 4 3 2 1 0
ADCnO TC7 TC6 TCC4 SERCOM? SERCOMS6 SERCOM5 SERCOM4
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Bit 11 — PCC PCC APBD Mask Clock Enable

Value Description
0 The APBD clock for the PCC is stopped.
1 The APBD clock for the PCC is enabled.

Bit 10 — 12S 12S APBD Mask Clock Enable

Value Description
0 The APBD clock for the 12S is stopped.
1 The APBD clock for the I2S is enabled.

Bit 9 — DAC DAC APBD Mask Clock Enable

Value Description
0 The APBD clock for the DAC is stopped.
1 The APBD clock for the DAC is enabled.

Bits 7, 8 — ADCn ADCn APBD Mask Clock Enable
Value Description

0 The APBD clock for the ADCn is stopped.
1 The APBD clock for the ADCn is enabled.

Bits 5, 6 — TC TCn APBD Mask Clock Enable
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Value Description
0 The APBD clock for the TCn is stopped.

1 The APBD clock for the TCn is enabled.

Bit 4 — TCC4 TCC4 APBD Mask Clock Enable
Value Description

0 The APBD clock for the TCC4 is stopped.
1 The APBD clock for the TCC4 is enabled.

Bits 0, 1, 2, 3 — SERCOM SERCOMn APBD Mask Clock Enable

Value Description
0 The APBD clock for the SERCOMn is stopped.
1 The APBD clock for the SERCOMn is enabled.
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16. RSTC - Reset Controller

16.1 Overview

The Reset Controller (RSTC) manages the reset of the microcontroller. It issues a microcontroller reset,
sets the device to its initial state and allows the reset source to be identified by software.

16.2 Features
* Reset the microcontroller and set it to an initial state according to the reset source
* Reset cause register for reading the reset source from the application code
* Multiple reset sources
— Power supply reset sources: POR, BOD12, BOD33
— User reset sources: External reset (RESET), Watchdog reset, and System Reset Request
— Backup exit sources: Real-Time Counter (RTC) and Battery Backup Power Switch (BBPS)

16.3 Block Diagram
Figure 16-1. Reset System

RESET SOURCES RESET CONTROLLER

RESET

BACKUP EXIT

16.4  Signal Description

RESET Digital input External reset

One signal can be mapped on several pins.
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16.5.6
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16.5.8

16.5.9

16.6
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Related Links
6. 1/0 Multiplexing and Considerations

Product Dependencies
In order to use this peripheral, other parts of the system must be configured correctly, as described below.

/O Lines
Not applicable.

Power Management
The Reset Controller module is always on.

Clocks
The RSTC bus clock (CLK_RSTC_APB) can be enabled and disabled in the Main Clock Controller.

Related Links
15. MCLK - Main Clock
15.6.2.6 Peripheral Clock Masking

DMA
Not applicable.

Interrupts
Not applicable.

Events
Not applicable.

Debug Operation
When the CPU is halted in debug mode, the RSTC continues normal operation.

Register Access Protection

All registers with write access can be optionally write-protected by the Peripheral Access Controller
(PAC).

Note: Optional write protection is indicated by the "PAC Write Protection" property in the register
description.

Write protection does not apply for accesses through an external debugger.

Analog Connections
Not applicable.

Functional Description

Principle of Operation
The Reset Controller collects the various Reset sources and generates Reset for the device.

© 2019 Microchip Technology Inc. Datasheet DS60001507E-page 197



16.6.2

16.6.2.1

16.6.2.2

16.6.2.3

SAM D5x/E5x Family Data Sheet
RSTC - Reset Controller

Basic Operation

Initialization

After a power-on Reset, the RSTC is enabled and the Reset Cause (RCAUSE) register indicates the
POR source.

Enabling, Disabling, and Resetting

The RSTC module is always enabled.

Reset Causes and Effects

The latest Reset cause is available in RCAUSE register, and can be read during the application boot
sequence in order to determine proper action.

These are the groups of Reset sources:

» Power supply Reset: Resets caused by an electrical issue. It covers POR and BODs Resets

* User Reset: Resets caused by the application. It covers external Resets, system Reset requests and
watchdog Resets

» Backup reset: Resets caused by a Backup Mode exit condition
The following table lists the parts of the device that are reset, depending on the Reset type.
Table 16-1. Effects of the Different Reset Causes

POR, BOD33, BOD12 | External Reset | WDT Reset, System Reset
Request, NVM Reset

RTC, OSC32KCTRL, RSTC 'Y N N
GCLK with WRTLOCK Y N N
Debug logic Y Y N
Others Y Y Y

The external Reset is generated when pulling the RESET pin low.

The POR, BOD12, and BOD33 Reset sources are generated by their corresponding module in the
Supply Controller Interface (SUPC).

The WDT Reset is generated by the Watchdog Timer.

The System Reset Request is a Reset generated by the CPU when asserting the SYSRESETREQ bit
located in the Reset Control register of the CPU (for details refer to the ARM® Cortex” Technical
Reference Manual on http://www.arm.com).

The NVM Reset is a Reset generated by the NVMCTRL when for example a BKSWRST command is
performed (for details refer to NVMCTRL chapter).

From Backup Mode, the chip can be waken-up upon these conditions:

» Battery Backup Power Switch (BBPS): generated by the SUPC controller when the 3.3V VDDIO is
restored.

* Real-Time Counter interrupt. For details refer to the applicable INTFLAG in the RTC for details.

If one of these conditions is triggered in Backup Mode, the RCAUSE.BACKUP bit is set and the Backup
Exit Register (BKUPEXIT) is updated.
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Note: Refer to the Timing Characteristics section of the Electrical Characteristics chapter.

Related Links

20. WDT — Watchdog Timer

19. SUPC - Supply Controller
19.6.3 Battery Backup Power Switch

Additional Features
Not applicable.

DMA Operation
Not applicable.

Interrupts
Not applicable.

Events
Not applicable.

Sleep Mode Operation

The RSTC module is active in all sleep modes.
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16.7 Register Summary

0x00 RCAUSE BACKUP SYST BOD33 BOD12
0x01 Reserved
0x02 BKUPEXIT 7:0 HIB BBPS RTC

16.8 Register Description
Registers can be 8, 16, or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the
8-bit quarters and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be
accessed directly.
Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Optional PAC
write protection is denoted by the "PAC Write-Protection" property in each individual register description.
For details, refer to 16.5.8 Register Access Protection.

© 2019 Microchip Technology Inc. Datasheet DS60001507E-page 200



16.8.1

Access
Reset

SAM D5x/E5x Family Data Sheet
RSTC - Reset Controller

Reset Cause

Name: RCAUSE
Offset: 0x00
Property: -

When a Reset occurs, the bit corresponding to the Reset source is set to '1' and all other bits are written
to'0".

7 6 5 4 3 2 1 0

| BACKUP SYST WDT EXT NVM BOD33 BOD12 POR
R R R R R R R R
X X X X X X X X

Bit 7 — BACKUP Backup Reset
This bit is set if either a Backup or Hibernate Reset has occurred. Refer to BKUPEXIT register to identify
the source of the Backup Reset.

Bit 6 — SYST System Reset Request
This bit is set if a System Reset Request has occurred. Refer to the Cortex processor documentation for
more details.

Bit 5 - WDT Watchdog Reset
This bit is set if a Watchdog Timer Reset has occurred.

Bit 4 — EXT External Reset
This bit is set if an external Reset has occurred.

Bit 3 — NVM NVM Reset
This bit is set if an NVM Reset has occurred.

Bit 2 - BOD33 Brown Out 33 Detector Reset
This bit is set if a BOD33 Reset has occurred.

Bit 1 — BOD12 Brown Out 12 Detector Reset
This bit is set if a BOD12 Reset has occurred.

Bit 0 —- POR Power On Reset
This bit is set if a POR has occurred.
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Backup Exit Source

Name: BKUPEXIT
Offset: 0x02
Property: -

When either a Hibernate ora Backup Reset occurs, the bit corresponding to the exit condition is set to '1',
the other bits are written to '0'.

In some specific cases, the RTC and BBPS bits can be set together, e.g. when the device leaves the
battery Backup Mode caused by a BBPS condition, and a RTC event was generated during the Battery
Backup Mode period.

7 6 5 4 3 2 1 0
HIB BBPS RTC

R R R

X X X

Bit 7 — HIB Hibernate
This bit is set if an Hibernate reset occurs. This bit is zero if a backup reset occurs.

Bit 2 — BBPS Battery Backup Power Switch
This bit is set if the Battery Backup Power Switch of the Supply Controller changes back from battery
mode to main power mode.

Bit 1 — RTC Real Timer Counter Interrupt
This bit is set if an RTC interrupt flag is set in Backup Mode.
Related Links

19. SUPC — Supply Controller
21. RTC - Real-Time Counter
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17. RAMECC - RAM Error Correction Code (ECC)

171 Overview

Single bit error correction and dual bit error detection is available for RAM.

17.2 Features
» Single bit correction and dual bit detection.
* Error Interrupt.

17.3 Block Diagram
Figure 17-1. RAMECC Block Diagram

Write data ECC
calculation

32
4x5

\ Y
HADDR

ERRADRR RAM Block

32 4x5

ECC logic

ECCERR and

ECCDIS ECCDUAL status

HRDATA

17.4  Signal Description
Not applicable.

17.5 Product Dependencies

In order to use this peripheral, other parts of the system must be configured correctly, as described below.

17.5.1 1/O Lines
Not applicable.
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Power Management

The RAMECC will continue to operate in any sleep mode where the selected source clock is running. The
RAMECC's interrupts can be used to wake up the device from sleep modes. Refer to the Power Manager
chapter for details on the different sleep modes.

Related Links

18. PM — Power Manager

Clocks

The RAMECC bus clock is provided by the Main Clock Controller (MCLK) through the AHB-APB B bridge.
The clock is enabled and disabled by writing RAMECC bit the in the APB B Mask register
(MCLK.APBBMASK.RAMECC). See the register description for the default state of the RAMECC bus
clock.

Related Links

15.6.2.6 Peripheral Clock Masking

DMA
Not applicable.

Interrupts

The interrupt request line is connected to the interrupt controller. Using the RAMECC interrupt(s) requires
the interrupt controller to be configured first.

Related Links

10.2 Nested Vector Interrupt Controller

Events
Not applicable.

Related Links
31. EVSYS — Event System

Debug Operation

When the CPU is halted in debug mode the RAMECC will correct and log ECC errors based on the table
below.

Table 17-1. ECC Debug Operation

DBGCTRL.ECCELOG DBGCTRL.ECCDIS

0 0 ECC errors from debugger reads
are corrected but not logged in
INTFLAG.

1 0 ECC errors from debugger reads
are corrected and logged in
INTFLAG.

X 1 ECC errors from debugger reads
are not corrected or logged in
INTFLAG.
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If the RAMECC is configured in a way that requires it to be periodically serviced by the CPU through
interrupts or similar, improper operation or data loss may result during debugging.

Register Access Protection
All registers with write-access are optionally write-protected by the peripheral access controller (PAC),
except the following registers:

* Interrupt Flag Status and Clear (INTFLAG) register
» Status (STATUS) register.

Write-protection is denoted by the Write-Protected property in the register description.

Write-protection does not apply to accesses through an external debugger. Refer to the Peripheral
Access Controller chapter for details.

Analog Connections
Not applicable.

Functional Description

Principle of Operation
Error Correcting Code (ECC) is implemented to detect and correct errors that may arise in the RAM
arrays. The ECC logic is capable of double error detection and single error correction per 8-bit byte.

Upon single bit error detection, the Single Bit Error interrupt flag is raised (INTFLAG.SINGLEE). If a dual
error is detected, the Dual Error interrupt flag (INTFLAG.DUALE) is raised. When the first error is
detected, the ERRADDR register is frozen with the failing address and remains frozen until
INTFLAG.DUALE and INTFLAG.SINGLEE are cleared. If a dual bit error occurs while
INTFLAG.SINGLEE is set, the ERRADDR register is updated with the dual bit error information and
INTFLAG.DUALE is also set.

The INTFLAG.SINGLEE and INTFLAG.DUALE bits are both cleared on ERRADDR read.

The block diagram shows the ECC interface. When ECC is disabled (CTRLA.ECCDIS=1), the ECC field
in RAM is left unchanged on writes. On reads, ECC errors are not corrected or flagged.

Related Links

17.3 Block Diagram

Interrupts
The RAMECC has the following interrupt sources:

« Dual Bit Error (DUALE): Indicates that a dual bit error has been detected.
» Single Bit Error (SINGLEE): Indicates that a single bit error has been detected.

Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status
and Clear (INTFLAG) register is set when the interrupt condition occurs.

Each interrupt can be individually enabled by writing a '1' to the corresponding bit in the Interrupt Enable
Set (INTENSET) register, and disabled by writing a '1' to the corresponding bit in the Interrupt Enable
Clear (INTENCLR) register.
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An interrupt request is generated when the interrupt flag is set and the corresponding interrupt is enabled.
The interrupt request remains active until the ERRADDR register is read, the interrupt is disabled, or the
RAMECC is reset.

All interrupt requests from the peripheral are ORed together on system level to generate one combined
interrupt request to the NVIC. The user must read the INTFLAG register to determine which interrupt
condition is present.

Note: Interrupts must be globally enabled for interrupt requests to be generated.

Related Links
10.2 Nested Vector Interrupt Controller
17.8.3 INTFLAG
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17.7 Register Summary

0x00 INTENCLR DUALE SINGLEE
0x01 INTENSET 7:0 DUALE SINGLEE
0x02 INTFLAG 7:0 DUALE SINGLEE
0x03 STATUS 7:0 ECCDIS
7:0 ERRADDR[7:0]
15:8 ERRADDR[15:8]
0x04 ERRADDR 3:16 ERRADDR[16
:116]
31:24
0x08
Reserved
Ox0E
0xOF DBGCTRL 7:0 ECCELOG ECCDIS

17.8 Register Description

Registers can be 8, 16, or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the
8-bit quarters and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be
accessed directly.

Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Optional PAC
write protection is denoted by the "PAC Write-Protection" property in each individual register description.
For details, refer to 17.5.8 Register Access Protection.
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Interrupt Enable Clear

Name: INTENCLR
Offset: 0x00
Reset: 0x00

Property: PAC Write-Protection

This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Set (INTENSET) register.

7 6 5 4 3 2 1 0
| | | | | DUALE SINGLEE
RIW RIW
0 0

Bit 1 — DUALE Dual Bit Error Interrupt Enable Clear

Writing a '0' to this bit has no effect.

Writing a '1' to this bit will clear the Dual Bit Error Interrupt Enable bit, which disables the Dual Bit Error
interrupt.

Value Description

0 The Dual Bit Error interrupt is disabled.
1 The Dual Bit Error interrupt is enabled.

Bit 0 — SINGLEE Single Bit Error Interrupt Enable Clear

Writing a '0' to this bit has no effect.

Writing a '1' to this bit will clear the Single Bit Error Interrupt Enable bit, which disables the Single Bit Error
interrupt.

Value Description

0 The Single Bit Error interrupt is disabled.
1 The Single Bit Error interrupt is enabled.
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Interrupt Enable Set

Name: INTENSET
Offset: 0x01
Reset: 0x00

Property: Write-Protected

This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Clear (INTENCLR) register.

7 6 5 4 3 2 1 0
| | | | | DUALE SINGLEE
RIW RIW
0 0

Bit 1 — DUALE Dual Bit Error Interrupt Enable Set

Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the Dual Bit Error Interrupt Enable bit, which enables the Dual Bit Error
interrupt.

Value Description

0 The Dual Bit Error interrupt is disabled.
1 The Dual Bit Error interrupt is enabled.

Bit 0 — SINGLEE Single Bit Error Interrupt Enable Set

Writing a '0' to this bit has no effect.

Writing a '1' to this bit will clear the Single Bit Error Interrupt Enable bit, which disables the Single Bit Error
interrupt.

Value Description

0 The Single Bit Error interrupt is disabled.
1 The Single Bit Error interrupt is enabled.
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Interrupt Flag Status and Clear

Name: INTFLAG
Offset: 0x02
Reset: 0x00
7 6 5 4 3 2 1 0
DUALE SINGLEE
R/W R/W
0 0

Bit 1 — DUALE Dual Bit ECC Error Interrupt

This flag is set on the occurrence of a dual bit ECC error.

Writing a '0' to this bit has no effect.

Reading the ECCADDR register will clear the Dual Bit Error interrupt flag.
0 No dual bit errors have been received since the last clear.
1 At least one dual bit error has occurred since the last clear.

Bit 0 — SINGLEE Single Bit ECC Error Interrupt

This flag is set on the occurrence of a single bit ECC error.

Writing a '0' to this bit has no effect.

Reading the ECCADDR register will clear the Single Bit Error interrupt flag.
0 No errors have been received since the last clear.
1 At least one single bit error has occurred since the last clear.
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17.8.4 Status

Name: STATUS
Offset: 0x03
Reset: 0x00

Property: Read Only, Write-Protected

Bit 7 6 5 4 3 2 1 0
ECCDIS

Access R

Reset 0

Bit 0 — ECCDIS ECC Disable
This bit is fuse updated at startup. When enabled, the calculated ECC is written to RAM along with data.
ECC correction and detection is enabled for reads.

0 ECC detection and correction is enabled.

1 ECC detection and correction is disabled.
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17.8.5 Error Address

Name: ERRADDR
Offset: 0x04
Reset: 0x00000000
Property: R
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
ERRADDR][16:1
6]
Access
Reset 0
Bit 15 14 13 12 11 10 9 8
ERRADDR][15:8]
Access
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ERRADDR[7:0]
Access
Reset 0 0 0 0 0 0 0 0

Bits 16:0 —- ERRADDR[16:0] ECC Error Address

The RAM address offset from RAM start that caused an ECC error. If a single bit error is followed by a
dual bit error, this register will be updated with the address of the dual bit error, otherwise it stalls on the
first error occurrence. This register will read as zero unless INTFLAG.SINGLEE and/or INTFLAG.DUALE

are 1.
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17.8.6

Bit

Access
Reset

Debug Control

Name: DBGCTRL
Offset: OxOF
Reset: 0x00

Property: PAC Write-Protection

7 6 5 4 3 2 1 0
ECCELOG ECCDIS
R/wW R/wW
0 0

Bit 1 — ECCELOG ECC Error Log
When DBGCTRL.ECCDIS=0, This bit controls whether ECC errors are logged in the INTFLAG register.
When DBGCTRL.ECCDIS=1, this bit has no meaning.

0 ECC errors for debugger reads are not logged.

1 ECC errors for debugger reads are logged if DBGCTRL.ECCDIS=0.

Bit 0 —- ECCDIS ECC Disable
By default, ECC errors during debugger reads are corrected and logged based on DBGCTRL.ECCELOG.

Setting this bit will disable ECC correction and logging.

Value Description

0 ECC errors are are corrected for debugger reads and logged based on
DBGCTRL.ECCELOG.
1 ECC errors are masked for debugger reads.
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PM - Power Manager
Related Links
39.6.9 Sleep Mode Operation

Overview
The Power Manager (PM) controls the sleep modes and the power domain gating of the device.

Various sleep modes are provided in order to fit power consumption requirements. This enables the PM
to stop unused modules in order to save power. In active mode, the CPU is executing application code.
When the device enters a sleep mode, program execution is stopped and some modules and clock
domains are automatically switched off by the PM according to the sleep mode. The application code
decides which sleep mode to enter and when. Interrupts from enabled peripherals and all enabled reset
sources can restore the device from a sleep mode to active mode.

The user manually controls which power domains will be turned on and off in standby, hibernate and
backup sleep mode.

In backup and hibernate mode, the PM allows retaining the state of the I/O lines, preventing I/O lines from
toggling during wake-up.

Features
* Power management control
— Sleep modes: Idle, Hibernate, Standby, Backup, and Off
— SleepWalking available in standby mode.
— 1/O lines retention in Backup mode

Block Diagram
Figure 18-1. PM Block Diagram

POWER MANAGER

POWER LEVEL SWITCHES
POWER DOMAIN FOR POWER DOMAINS
CONTROLLER ‘
STDBYCFG —
SLEEP MODE
MAIN CLOCK CONTGILLER SUPPLY
CONTROLLER 1 — [ >| CONTROLLER
SLEEPCFG

Signal Description
Not applicable.

Product Dependencies
In order to use this peripheral, other parts of the system must be configured correctly, as described below.
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/0 Lines
Not applicable.

Clocks

The PM bus clock (CLK_PM_APB) can be enabled and disabled in the Main Clock module. If this clock is
disabled, it can only be re-enabled by a system reset.

DMA
Not applicable.

Interrupts

The interrupt request line is connected to the interrupt controller. Using the PM interrupt requires the
interrupt controller to be configured first.

Events
Not applicable.

Debug Operation

When the CPU is halted in debug mode, the PM continues normal operation. If standby sleep mode is
requested by the system while in debug mode, the power domains are not turned off. As a consequence,
power measurements while in debug mode are not relevant.

If Hibernate or Backup sleep mode is requested by the system while in debug mode, the core domains
are kept on, and the debug modules are kept running to allow the debugger to access internal registers.
When exiting the hibernate or backup mode upon a reset condition, the core domains are reset except
the debug logic, allowing users to keep using their current debug session.

If OFF sleep mode is requested while in debug mode, the core domains are reset.
Hot plugging in standby mode is supported.

Hot plugging in Hibernate or backup mode or OFF mode is not supported as the DSU module is not
powered.

Cold plugging in Hibernate or backup or OFF mode is supported if the external reset duration is superior
to the corresponding sleep mode wakeup time (See Electrical characteristic chapter).

Backup wakeup time is less than 200us in typical case. This value can be higher if voltage scaling in
SUPC is enabled. Refers to SUPC for details.

Register Access Protection
Registers with write access can be write-protected optionally by the Peripheral Access Controller (PAC).

PAC write protection is not available for the following registers:
* Interrupt Flag register (INTFLAG). Refer to 18.8.5 INTFLAG for details

Optional PAC write protection is denoted by the "PAC Write-Protection" property in each individual
register description.

Write-protection does not apply to accesses through an external debugger.

Analog Connections
Not applicable.
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Functional Description

Terminology

The following is a list of terms used to describe the Power Managemement features of this
microcontroller.

Power Domains

Leaving aside the supply domains, such as VDDANA and VDDIO, the device is split into these power
domains: PDCORESW, PDBACKUP, PDSYSRAM and PDBKUPRAM.

PDCORESW, PDSYSRAM and PDBKUPRAM are "switchable power domains". In Standby, Hibernate or
Backup mode, these power domains can be turned OFF to save leakage consumption according to user
configuration.

« PDCORESW: contains the CPU and all the peripherals, except those located in the backup power
domain.
* PDBACKUP: contains the backup peripherals: OSC32KCTRL, SUPC, RSTC, RTC and the PM itself.

* PDSYSRAM: contains the system RAM. It can be partially or fully turned OFF in Standby or
Hibernate mode according to user configuration.

+ PDBKUPRAM: contains the backup RAM. It can be partially or fully turned OFF in Backup mode.

Sleep Modes

The device can be set in a sleep mode. In sleep mode, the CPU is stopped and the peripherals are either
active or idle, according to the sleep mode depth:

» Idle sleep mode: The CPU is stopped. Synchronous clocks are stopped except when requested. The
logic is retained.

» Standby sleep mode: The CPU is stopped as well as the peripherals. The logic is retained, and
power domain gating can be used to fully or partially turn off the PDSYSRAM power domain.

* Hibernate sleep mode: PDCORESW power domain is turned OFF. The backup power domain is kept
powered to allow few features to run (RTC, 32KHz clock sources, and wake-up from external pins).
The PDSYSRAM power domain can be retained according to software configuration.

» Backup sleep mode: Only the backup domain is kept powered to allow few features to run (RTC,
32KHz clock sources, and wake-up from external pins). The PDBKUPRAM power domain can be
retained according to software configuration.

» Off sleep mode: The entire device is powered off.

Principle of Operation

In active mode, all clock domains and power domains are active, allowing software execution and
peripheral operation. The PM Sleep Mode Controller allows to save power by choosing between different
sleep modes depending on application requirements, see 18.6.3.3 Sleep Mode Controller.

The PM Power Domain Controller allows to reduce the power consumption in standby mode even further.

Basic Operation

Initialization
After a Power-on Reset (POR), the PM is enabled, the device is in Active mode.

Enabling, Disabling and Resetting
The PM is always enabled and can not be reset.
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18.6.3.3 Sleep Mode Controller
A Sleep mode is entered by executing the Wait For Interrupt instruction (WFI). The Sleep Mode bits in the
Sleep Configuration register (18.8.2 SLEEPCFG.SLEEPMODE) select the level of the sleep mode.

Note: A small latency happens between the store instruction and actual writing of the SLEEPCFG.
18.8.2 SLEEPCFG register due to bridges. Software must ensure that the 18.8.2 SLEEPCFG register
reads the desired value before issuing a WFI instruction.

Note: After power-up, the MAINVREG low power mode takes some time to stabilize. Once stabilized,
the INTFLAG.SLEEPRDY bit is set. Before entering Standby, Hibernate or Backup mode, software must
ensure that the INTFLAG.SLEEPRDY bit is set.

Table 18-1. Sleep Mode Entry and Exit Table

m Mode Entry Wake-Up Sources

IDLE SLEEPCFG.SLEEPMODE = IDLE Synchronous (@) (APB, AHB), asynchronous
(1)

STANDBY  SLEEPCFG.SLEEPMODE = STANDBY  Synchronous (), asynchronous ()
HIBERNATE SLEEPCFG.SLEEPMODE = HIBERNATE Hibernate reset detected by the RSTC
BACKUP  SLEEPCFG.SLEEPMODE = BACKUP  Backup reset detected by the RSTC
OFF SLEEPCFG.SLEEPMODE = OFF External Reset

Note:
1. Asynchronous: interrupt generated on generic clock, external clock, or external event.
2. Synchronous: interrupt generated on synchronous (APB or AHB) clock.
3. Synchronous interrupt only for peripherals configured to run in standby.

Note: The type of wake-up sources (synchronous or asynchronous) is given in each module interrupt
section.

The sleep modes (idle, standby, hibernate, backup, and off) and their effect on the clocks activity, the
regulator and the NVM state are described in the table and the sections below. Refer to 18.6.3.5 Power
Domain Controller for the power domain gating effect.

Table 18-2. Sleep Mode Overview

CPU | AHBx and | GCLK clocks Regulator
APBx clock
ONDEMAND =0 ONDEMAND =1

Active Run(") Run if requested | MAINVREG active

IDLE Run Stop Stop(z) Run(1) Run Run if requested  MAINVREG active

STANDBY Stop Stop Stop(z) Stop(z) Run if requested or Run if requested | MAINVREG in low Ultra Low

RUNSTDBY=1 power mode power

HIBERNATE ' Stop Stop Stop Stop Stop Stop MAINVREG in low Ultra Low
power mode power+

BACKUP Stop Stop ' Stop Stop Stop Stop Backup regulator OFF
(LPVREG)

OFF Stop Stop = Stop OFF OFF OFF OFF OFF
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Note:
1. Running if requested by peripheral during SleepWalking
2. Running during SleepWalking

18.6.3.3.1 IDLE Mode
IDLE mode allows power optimization with the fastest wake-up time.

The CPU is stopped, and peripherals are still working. As in Active mode, the AHBx and APBx clocks for
peripheral are still provided if requested. As the main clock source is still running, wake-up time is very
fast.

» Entering Idle mode: The Idle mode is entered by executing the WFI instruction. Additionally, if the
SLEEPONEXIT bit in the Cortex System Control register (SCR) is set, the Idle mode will be entered
when the CPU exits the lowest priority ISR (Interrupt Service Routine, refer to the ARM Cortex
documentation for details). This mechanism can be useful for applications that only require the
processor to run when an interrupt occurs. Before entering the Idle mode, the user must select the
Idle Sleep mode in the Sleep Configuration register (SLEEPCFG.SLEEPMODE=IDLE).

« Exiting Idle mode: The processor wakes the system up when it detects any non-masked interrupt
with sufficient priority to cause exception entry. The system goes back to the Active mode. The CPU
and affected modules are restarted.

GCLK clocks, regulators and RAM are not affected by the Idle Sleep mode and operate in normal mode.

18.6.3.3.2 STANDBY Mode
The STANDBY mode is the lowest power configuration while keeping the state of the logic and the

content of the RAM.

In this mode, all clocks are stopped except those configured to be running sleepwalking tasks. The clocks
can also be active on request or at all times, depending on their on-demand and run-in-standby settings.
Either synchronous (CLK_APBx or CLK_AHBX) or generic (GCLK_x) clocks or both can be involved in
sleepwalking tasks. This is the case when for example the SERCOM RUNSTDBY bit is written to '1".

» Entering STANDBY mode: This mode is entered by executing the WFI instruction after writing the
Sleep Mode bit in the Sleep Configuration register (18.8.2 SLEEPCFG.SLEEPMODE=STANDBY).
The SLEEPONEXIT feature is also available as in IDLE mode.

+ Exiting STANDBY mode: Any peripheral able to generate an asynchronous interrupt can wake up the
system. For example, a peripheral running on a GCLK clock can trigger an interrupt. When the
enabled asynchronous wake-up event occurs and the system is woken up, the device will either
execute the interrupt service routine or continue the normal program execution according to the
Priority Mask Register (PRIMASK) configuration of the CPU.

Refer to the section about the Power Domain Controller for the RAM state.

The regulator operates in low-power mode by default and switches automatically to the normal mode in
case of a sleepwalking task requiring more power. It returns automatically to low power mode when the
sleepwalking task is completed.

Related Links
18.6.3.5 Power Domain Controller

18.6.3.3.3 Hibernate and Backup Mode
Hibernate and Backup mode allow achieving the lowest power consumption aside from OFF. The device
is entirely powered off except for the backup domain. All peripherals in backup domain are allowed to run,
for example, the RTC can be clocked by a 32.768 kHz oscillator. All PM registers are retained except
INTENCLR, INTENSET, INTFLAG, and SLEEPCFG registers.
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» Entering Hibernate or Backup mode: This mode is entered by executing the WFI instruction after
selecting the Hibernate or Backup mode by writing the Sleep Mode bits in the Sleep Configuration
register (18.8.2 SLEEPCFG.SLEEPMODE=HIBERNATE or =BACKUP).

« Exiting Hibernate or Backup mode: is triggered when a Hibernate or Backup Reset is detected by the
Reset Controller (RSTC).

Note: In Hibernate mode, the MAINVREG (in low-power mode) regulator is used to allow powering
the PDRAM power domain which can be fully retained according to software configuration.

Note: In Backup mode, the backup regulator (LPVREG) is used, unless VREG.RUNBKUP = 1.
When VREG.RUNBKUP is set, the Main regulator is used in backup mode. The PDBKUPRAM
power domain can be fully retained according to software configuration.

Refer to the 18.6.3.5 Power Domain Controller for the RAM state.

18.6.3.3.4 OFF Mode

18.6.3.4

18.6.3.5

In Off mode, the device is entirely powered-off.

» Entering Off mode: This mode is entered by selecting the Off mode in the Sleep Configuration
register by writing the Sleep Mode bits (SLEEPCFG.SLEEPMODE=0FF), and subsequent execution
of the WFI instruction.

» Exiting Off mode: This mode is left by pulling the RESET pin low, or when a power Reset is done.

1/0 Lines Retention in HIBERNATE or BACKUP Mode

When entering HIBERNATE or BACKUP mode, the PORT is powered off but the pin configuration is
retained. When the device exits the HIBERNATE or BACKUP mode, the I/O line configuration can either
be released or stretched, based on the 1/0 Retention bit in the Control A register (CTRLA.IORET).

» If IORET=0 when exiting HIBERNATE or BACKUP mode, the I/O lines configuration is released and
driven by the reset value of the PORT.

» If the IORET=1 when exiting HIBERNATE or BACKUP mode, the configuration of the I/O lines is
retained until the IORET bit is written to 0. It allows the 1/O lines to be retained until the application
has programmed the PORT.

Power Domain Controller
The Power Domain Controller provides several ways of how power domains are handled while the device
is in standby, hibernate or backup mode:

» Standby mode:
When entering standby mode, the PDSYSRAM power domain can be either fully or partially retained
or be fully off according to STDBYCFG.RAMCFG bits. When running sleepwalking task, PDSYSRAM
power domain is active whatever the STDBYCFG.RAMCFG bits are.

* Hibernate mode:
When entering hibernate mode, the PDCORESW power domain is off. As in standby mode, the
PDSYSRAM power domain can be selectively turned ON or OFF by using the HIBCFG.RAMCFG
bits. PDBKUPRAM power domain can be either fully or partially retained or be fully off according to
HIBCFG.BRAMCEFG bits. If partial option is selected, only the lowest 4KBytes section is retained

* Backup mode:
When entering backup mode, the PDCORESW and PDSYSRAM power domains are off.
PDBACKUP is still active. As in hibernate mode, PDBKUPRAM power domain can be either fully or
partially retained or be fully off according to BKUPCFG.BRAMCFG bits.

* OFF mode:
When entering OFF mode, all the power domains are off.

The table below illustrates the PDRAM state:
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Table 18-3. Sleep Mode versus PDSYSRAM Power Domain State Overview

Power Domain State

Sleep Mode STDBYCFG HIBCFG PDCORESW PDBACKUP PDSYSRAM
.RAMCFG |MCFG

Active
Idle

Standby with
sleepwalking

Standby - case 1
Standby - case 2
Standby - case 3

Hibernate - case
1

Hibernate - case
2

Hibernate - case
3

Backup
Off

N/A
N/A

RET
PARTIAL
OFF

N/A

N/A

N/A

N/A
N/A

N/A
N/A

N/A
N/A
N/A
RET

PARTIAL

OFF

N/A
N/A

active
active

active

active
active
active

off

off

off

off
off

The table below illustrates the PDBKUPRAM state:

Table 18-4. Sleep Mode versus PDBKUPRAM Power Domain State Overview

active
active

active

active
active
active

active

active

active

active

off

active
active

active

retained
32K retained
off

retained

32K retained

off

off
off

Sleep Mode HIBCFG.BR | BKUPCFG. |PDCORESW PDBACKUP PDBKUPRAM
AMCFG BRAMCFG

Active active active active
Idle N/A N/A active active active
Standby N/A N/A active active retained
Hibernate - case RET N/A off active retained
1
Hibernate - case A PARTIAL N/A off active 4KB retained
2
Hibernate - case OFF N/A off active off
3
Backup N/A RET off active retained
Backup N/A PARTIAL off active 4KB retained
Backup N/A OFF off active off
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........... continued

1 [rowrcomansme
AMCFG BRAMCFG

Off N/A N/A off off off

18.6.3.6 Regulators, RAMs, and NVM State in Sleep Mode
By default, in standby sleep mode and backup sleep mode, the RAMs, NVM, and regulators are
automatically set in low-power mode in order to reduce power consumption:

* The RAM is in low-power mode if the device is in standby mode.
* Non-Volatile Memory - the NVM is automatically set in low power mode in these conditions:

— When the device is in standby sleep mode and the NVM is not accessed. This behavior can be
changed by software by configuring the SLEEPPRM bit group of the CTRLB register in the
NVMCTRL peripheral.

— When the device is in idle sleep mode and the NVM is not accessed. This behavior can be
changed by software by configuring the SLEEPPRM bit group of the CTRLB register in the
NVMCTRL peripheral.

» Regulators: by default, in standby sleep mode, the PM analyzes the device activity to use either the
main or the low-power voltage regulator to supply the VDDCORE.

GCLK clocks, regulators and RAM are not affected in idle sleep mode and will operate as normal.

Table 18-5. Regulators, RAMs, and NVM state in Sleep Mode

Sleep Mode SRAM Mode NVM Regulators

VDDCORE vVDDBU
ey

Active normal normal on on on
Idle auto() on on on on
Standby - case 1  normal auto() auto(@ on on
Standby - case 2  low power low power auto(@ on on
Standby - case 3  low power low power auto(@ on on
Standby - case 4 low power low power off on on
Backup off off off off on
OFF off off off off off
Note:

1. auto: by default, NVM is in low-power mode if not accessed.
2. auto: by default, the main voltage regulator is on if GCLK, APBXx, or AHBx clock is running during
SleepWalking.
Related Links
18.6.3.5 Power Domain Controller
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Advanced Features

SleepWalking

SleepWalking is the capability for a device to temporarily wake up clocks for a peripheral to perform a
task without waking up the CPU from STANDBY sleep mode. At the end of the sleepwalking task, the
device can either be woken p by an interrupt (from a peripheral involved in SleepWalking) or enter again
into STANDBY sleep mode. In this device, SleepWalking is supported only on GCLK clocks by using the
on-demand clock principle of the clock sources.

In standby, when SleepWalking is ongoing:

» All the power domains are turned ON including PDRAM power domain.

» The MAINVREG regulator used to execute the sleepwalking task is the selected regulator used in
active mode (LDO or Buck converter). Low power mode of the MAINVREG is not activated during

sleepwalking.
These are illustrated in the figure below.

Figure 18-2. Operating Conditions and SleepWalking
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18.6.4.2 Wake-Up Time

As shown in the figure below, total wake-up time depends on:

» Latency due to Power Domain Gating:
Usually, wake-up time is measured with the assumption that the power domains are already in active
state. When using Power Domain Gating, changing a power domain from OFF to active state will
take a certain time, refer to Electrical Characteristics. If all power domains were already in active
state in standby sleep mode, this latency is zero.

» Latency due to Regulator effect:
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As example, if the device is in standby sleep mode using the main voltage regulator (MAINVREG) in
low power mode, the voltage level is lower than the one used in active mode. When the device
wakes up, it takes a certain amount of time for the main regulator to transition to the voltage level
corresponding to active mode, causing additional wake-up time.

+ Latency due to the CPU clock source wake-up time.
* Latency due to the NVM memory access.

Note: NVM and MAINVREG latencies can be reduced by setting the Fast Wake-Up bits in the
Standby Configuration register (STDBYCFG.FASTWKUP).

Figure 18-3. Total Wake-up Time from Standby Sleep Mode

1: latency due to power domain gating

2: latency due to regulator wakeup time

3: latency due to clock source wakeup time IRQ from module
4: latency due to flash memory code access

PDRAM [ active [ OFF active |
VDDCORE 1 ! -
Main regulatork Main regulator Main regulator
Normal mode Low Power mode 2 Normal mode
3, :
CLK_CPU [ ON | OFE oN ]
T 3
WFl instruction interrupt handler
CPU state [runJ standby sleep mode | run_ |

Related Links
18.6.1.1 Power Domains

DMA Operation
Not applicable.

Interrupts
The peripheral has the following interrupt sources:

» Sleep Mode Entry Ready (SLEEPRDY): indicates that the device is ready to enter standby, hibernate
or backup sleep mode.
This interrupt is a synchronous wake-up source.

Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status
and Clear (INTFLAG) register is set when the interrupt condition occurs. Each interrupt can be
individually enabled by writing a '1' to the corresponding bit in the Interrupt Enable Set (INTENSET)
register, and disabled by writing a '1' to the corresponding bit in the Interrupt Enable Clear (INTENCLR)
register.

An interrupt request is generated when the interrupt flag is set and the corresponding interrupt is enabled.
The interrupt request remains active until the interrupt flag is cleared, the interrupt is disabled or the
peripheral is reset.

An interrupt flag is cleared by writing a '1' to the corresponding bit in the INTFLAG register. Each
peripheral can have one interrupt request line per interrupt source or one common interrupt request line
for all the interrupt sources. If the peripheral has one common interrupt request line for all the interrupt
sources, the user must read the INTFLAG register to determine which interrupt condition is present.
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18.6.7 Events
Not applicable.

18.6.8 Sleep Mode Operation
The Power Manager is always active.
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Register Summary

CTRLA
SLEEPCFG

Reserved

INTENCLR
INTENSET
INTFLAG
Reserved
STDBYCFG
HIBCFG
BKUPCFG
Reserved

PWSAKDLY

7:0

7:0
7:0
7:0

7:0

7:0

7:0

7:0

FASTWKUP[1:0]

IGNACK

Register Description

Registers can be 8, 16, or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the
8-bit quarters and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be
accessed directly.

IORET
SLEEPMODE[2:0]

SLEEPRDY
SLEEPRDY
SLEEPRDY

RAMCFGI[1:0]
BRAMCFGI[1:0] RAMCFGI[1:0]

BRAMCFG[1:0]

DLYVAL(6:0]

Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Optional PAC
write protection is denoted by the "PAC Write-Protection" property in each individual register description.
For details, refer to Register Access Protection section.

Related Links

18.5.7 Register Access Protection
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18.8.1 Control A

Name: CTRLA
Offset: 0x00
Reset: 0x00

Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
IORET
Access R/W
Reset 0

Bit 2 — IORET 1/O Retention

Note: This bit is not reset by a hibernate or backup reset. When the IORET feature is used, the
debugger access to the chip will not be allowed until the IORET bit is cleared after waking up from
hibernate or backup sleep. When the IORET is set in active mode, the PORT can still be controlled by
peripherals and the PORT registers. It is only when the device wakes up from hibernate or backup sleep
mode that the IORET= 1 will prevent the PORT from being controlled by the peripherals or PORT
registers. POR and BOD33 resets can clear the IORET bit.

Value Description

0 After waking up from Hibernate or Backup mode, I/O lines are not held.
1 After waking up from Hibernate or Backup mode, I/O lines are held until IORET is written to
0.
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18.8.2 Sleep Configuration

Name: SLEEPCFG

Offset: 0x01

Reset: 0x02

Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
SLEEPMODE[2:0]
Access R/W R/W R/W
Reset 0 0 0

Bits 2:0 — SLEEPMODE[2:0] Sleep Mode

Note: A small latency happens between the store instruction and actual writing of the SLEEPCFG
register due to bridges. Software has to make sure the SLEEPCFG register reads the wanted value
before issuing WFI instruction.

N S

0x0 Reserved -

0x1 Reserved -

0x2 IDLE CPU, AHBx, and APBx clocks are OFF

0x3 Reserved Reserved

0x4 STANDBY All Clocks are OFF

0x5 HIBERNATE Backup domain is ON as well as some PDRAMs
0x6 BACKUP Only Backup domain is powered ON

0x7 OFF All power domains are powered OFF
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Interrupt Enable Clear

Name: INTENCLR
Offset: 0x04
Reset: 0x00

Property: PAC Write-Protection

This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Set (INTENSET) register.

7 6 5 4 3 2 1 0

| | | | | SLEEPRDY
w
0

Bit 0 — SLEEPRDY Sleep Mode Entry Ready Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will clear the Sleep Mode Entry Ready Interrupt Enable bit and the corresponding
interrupt request.
0 The Sleep Mode Entry Ready interrupt is disabled.
1 The Sleep Mode Entry Ready interrupt is enabled and will generate an interrupt request
when the Sleep Mode Entry Ready Interrupt Flag is set.
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Interrupt Enable Set

Name: INTENSET
Offset: 0x05
Reset: 0x00

Property: PAC Write-Protection

This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Clear (INTENCLR) register.

7 6 5 4 3 2 1 0
| | | | | SLEEPRDY
RIW
0

Bit 0 — SLEEPRDY Sleep Mode Entry Ready Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will set the Sleep Mode Entry Ready Interrupt Enable bit and enable the Sleep
Mode Entry Ready interrupt.
0 The Sleep Mode Entry Ready interrupt is disabled.
1 The Sleep Mode Entry Ready interrupt is enabled.
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18.8.5 Interrupt Flag Status and Clear

Name: INTFLAG
Offset: 0x06
Reset: 0x00
Property: -—
Bit 7 6 5 4 3 2 1 0
SLEEPRDY
Access R/W
Reset 0

Bit 0 — SLEEPRDY Sleep Mode Entry Ready

This flag is set when the main very low power mode is ready and will generate an interrupt if INTENCLR/
SET.SLEEPRDY is '1". See this Note for details.

Writing a '1' to this bit has no effect.

Writing a '1' to this bit clears the Performance Ready interrupt flag.
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18.8.6 Hibernate Configuration

Name: HIBCFG
Offset: 0x09
Reset: 0x00

Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
BRAMCFG[1:0] | RAMCFGI[1:0] |
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bits 3:2 - BRAMCFG[1:0] Backup RAM Configuration

Value Name Description

0x0 RET In hibernate mode, all the backup RAM is retained.

0x1 PARTIAL | In hibernate mode, only the first 4Kbytes of the backup RAM is retained.
0x2 OFF In hibernate mode, all the backup RAM is turned OFF.

0x3 Reserved Reserved.

Bits 1:0 - RAMCFG[1:0] RAM Configuration

Value Name Description

0x0 RET In hibernate mode, all the system RAM is retained.

0x1 PARTIAL | In hibernate mode, only the first 32Kbytes of the system RAM is retained.
0x2 OFF In hibernate mode, all the system RAM is turned OFF.

0x3 Reserved Reserved.
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18.8.7 Standby Configuration

Name: STDBYCFG
Offset: 0x08
Reset: 0x00

Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
FASTWKUP[1:0] | RAMCFG[1:0] |
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bits 5:4 - FASTWKUP[1:0] Fast Wakeup

Value Name Description

0x0 NO Fast Wakeup is disabled.

0x1 NVM Fast Wakeup is enabled on NVM.

0x2 MAINVREG | Fast Wakeup is enabled on the main voltage regulator (MAINVREG).
0x3 BOTH Fast Wakeup is enabled on both NVM and MAINVREG..
Bits 1:0 - RAMCFG[1:0] RAM Configuration

Value Name Description

0x0 RET In standby mode, all the system RAM is retained.

0x1 PARTIAL  In standby mode, only the first 32Kbytes of the system RAM is retained.
0x2 OFF In standby mode, all the system RAM is turned OFF.

0x3 Reserved Reserved.
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18.8.8

Bit

Access
Reset

Backup Configuration

Name: BKUPCFG
Offset: Ox0A
Reset: 0x00

Property: PAC Write-Protection

7 6 5 4 3 2 1 0
BRAMCFG[1:0] |
RIW RIW
0 0

Bits 1:0 —- BRAMCFG[1:0] Backup RAM Configuration

Value Name Description

0x0 RET In backup mode, all the backup RAM is retained.

0x1 PARTIAL  In backup mode, only the first 4Kbytes of the backup RAM is retained.
0x2 OFF In backup mode, all the backup RAM is turned OFF.

0x3 Reserved Reserved.
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Global Status

Name: PWSAKDLY

Offset: 0xC [ID-00000a2f]

Reset: 0x00

Property: -—
7 6 5 4 3 2 1 0

IGNACK DLYVAL[6:0]

R R R R R R R R
0 0 0 0 0 0 0 0

Bit 7 — IGNACK Ignore Acknowledge signal

0 Power Switch acknowledge signal is taken into account when entering/exiting retention
mode. According to the DLYVAL field, a supplementary delay is also added (from 0 to 127
digital ring oscillator period).

1 Power Switch acknowledge signal is ignored when entering/exiting retention mode, and is
replaced by a overflow counter signal clocked on internal digital ring oscillator. The overflow
counter is programmable by using the DLYVAL field.

Bits 6:0 — DLYVAL[6:0] Delay value
Value of the counter overflow. See the IGNACK bit description to get more details.

© 2019 Microchip Technology Inc. Datasheet DS60001507E-page 234



SAM D5x/E5x Family Data Sheet
SUPC - Supply Controller

19. SUPC - Supply Controller

19.1 Overview

The Supply Controller (SUPC) manages the voltage reference, power supply and supply monitoring of
the device. It is also able to control two output pins.

The SUPC controls the voltage regulators for the core (VDDCORE) and backup (VDDBU) domains. It
sets the voltage regulators according to the sleep modes, or the user configuration. In active mode, the
voltage regulators can be selected on the fly between LDO (low-dropout) type regulator or Buck
converter.

The SUPC supports connection of a battery backup to the VBAT power pin. It includes functionality that
enables automatic power switching between main power and battery backup power. This ensures power
to the backup domain when the main battery or power source is unavailable.

The SUPC embeds two Brown-Out Detectors. BOD33 monitors the voltage applied to the device (VDD or
VBAT) and BOD12 monitors the internal voltage to the core (VDDCORE). The BOD33 can monitor the
supply voltage continuously (continuous mode) or periodically (sampling mode), in normal or low power
mode.

The SUPC generates also a selectable reference voltage and a voltage dependent on the temperature
which can be used by analog modules like the ADC.

19.2 Features
* Voltage Regulator System

— Main voltage regulator: LDO or Buck Converter in Active, Standby or Hibernate mode
(MAINVREG)

— Low-Power voltage regulator in Backup mode (LPVREG)
— Controlled VDDCORE voltage slope when changing VDDCORE
» Battery Backup Power Switch
— Automatic switching from main power to battery backup power
+ Automatic entry to backup mode when switched to battery backup power
— Automatic switching from battery backup power to main power
» Automatic exit from backup mode when switched back to main power
» Stay in backup mode when switched back to main power
* \oltage Reference System
— Reference voltage for ADC and DAC
— Temperature sensor
» 3.3V Brown-Out Detector (BOD33)
— Programmable threshold
— Threshold value loaded from NVM User Row at startup
— Triggers resets, interrupts, or Battery Backup Power Switch. Action loaded from NVM User Row
— Operating modes:
» Continuous mode
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» Low power and sampled mode for low power applications with programmable sample

frequency

* 1.2V Brown-Out Detector (BOD12)
* Output pins

19.3

Block Diagram

— Pin toggling on RTC event

Figure 19-1. SUPC Block Diagram

VDD VBAT

X X
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— Hysteresis value from Flash User Calibration
— Monitor VDD or VBAT
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sleep mode N

19.4

VREF

Signal Description

»<

> Core

domain

|, temperature sensor

I reference voltage

OUT[1:0]

One signal can be mapped on several pins.

Related Links
6. 1/0 Multiplexing and Considerations

19.5

Digital Output

Product Dependencies

SUPC Outputs

In order to use this peripheral, other parts of the system must be configured correctly, as described below.
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I1/0 Lines

I/O lines are configured by SUPC when the SUPC output (signal OUT) is enabled. The I/O lines need no
user configuration.

Power Management

The SUPC can operate in all sleep modes except backup sleep mode. BOD33 and Battery backup Power
Switch can operate in backup mode.

Related Links

18. PM — Power Manager

Clocks

The SUPC bus clock (CLK_SUPC_APB) can be enabled and disabled in the Main Clock module.

A 32KHz clock, asynchronous to the user interface clock (CLK_SUPC_APB), is required to run BOD33
and in sampled mode. Due to this asynchronicity, writing to certain registers will require synchronization
between the clock domains. Refer to 19.6.7 Synchronization for further details.

Related Links

29. OSC32KCTRL — 32KHz Oscillators Controller

15.6.2.6 Peripheral Clock Masking

DMA
Not applicable.

Interrupts

The interrupt request lines are connected to the interrupt controller. Using the SUPC interrupts requires
the interrupt controller to be configured first.

Related Links
10.2 Nested Vector Interrupt Controller

Events
Not applicable.

Debug Operation

When the CPU is halted in debug mode, the SUPC continues normal operation. If the SUPC is configured
in a way that requires it to be periodically serviced by the CPU through interrupts or similar, improper
operation or data loss may result during debugging.

If a cold plug-in is detected by the system, BOD33 and BOD12 will use the factory calibration setting
instead of the user calibration. In hot plug-in, the BODs resets keep running.
Register Access Protection
Registers with write access can be write-protected optionally by the Peripheral Access Controller (PAC).
Note: Not all registers with write access can be write-protected.
PAC write protection is not available for the following registers:

* Interrupt Flag Status and Clear register (INTFLAG)

Optional PAC write protection is denoted by the "PAC Write-Protection" property in each individual
register description.
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Related Links
27. PAC - Peripheral Access Controller

Analog Connections
Not applicable.

Functional Description

Voltage Regulator System Operation

Enabling, Disabling, and Resetting
The LDO main voltage regulator is enabled after a power-reset. The main voltage regulator output supply
level is automatically defined by the sleep mode selected in the Power Manager module.

Initialization
After a power-reset, the LDO voltage regulator supplying VDDCORE is enabled.

Selecting a Voltage Regulator
In Active mode, the type of the main voltage regulator supplying VDDCORE can be switched on the fly.
The two alternatives are a LDO regulator and a Buck converter.

The main voltage regulator switching sequences are as follows:

» The user changes the value of the Voltage Regulator Selection bit in the Voltage Regulator System
Control register (VREG.SEL)

» The start of the switching sequence is indicated by clearing the Voltage Regulator Ready bit in the
STATUS register (STATUS.VREGRDY=0)

* Once the switching sequence is completed, STATUS.VREGRDY will read '1'

The Voltage Regulator Ready (VREGRDY) interrupt can also be used to detect a zero-to-one transition of
the STATUS.VREGRDY bit.

Voltage Scaling Control

The VDDCORE supply will change under certain circumstances:
* When a Sleep mode (Standby, Hibernate, Backup) is entered or exited
* When a sleepwalking task is requested in Standby Sleep mode

To prevent high peak current on the main power supply and to have a smooth transition of VDDCORE,
the Voltage Scaling Period field in VREG (VREG.VSPER) can be controlled: VDDCORE is changed by a
typical 5 mV of the selected voltage scaling period (2VSPER) * T until the target voltage is reached.

The smooth transition of VDDCORE is enabled/disabled by setting/clearing the Voltage Scaling Enable
bit in VREG (VREG.VSEN).

The following waveform shows an example of exiting the Standby Sleep mode.

© 2019 Microchip Technology Inc. Datasheet DS60001507E-page 238



19.6.1.5

19.6.2

19.6.2.1

19.6.2.2

19.6.2.3

SAM D5x/E5x Family Data Sheet
SUPC - Supply Controller

VDDCORE

f
e -—_—

WVCORERDY status is set

FYVIPER

time
The STATUS.VCORERDY bit is set to '1" as soon as the VDDCORE voltage has reached the target
voltage. During voltage transition, STATUS.VCORERDY will read '0". The Voltage Ready interrupt
(VCORERDY) can be used to detect a 0-to-1 transition of STATUS.VCORERDY, see also 19.5.5
Interrupts.

When entering the Standby, Hibernate, or Backup Sleep mode, and when no sleepwalking task is
requested, the VDDCORE Voltage scaling control is not used.

Sleep Mode Operation
In Standby and Hibernate mode, the main voltage regulator (MAINVREG) operates in low power mode.

In backup mode, the low-power voltage regulator (LPVREG) is used to supply VDDCORE.

Voltage Reference System Operation

The reference voltages are generated by a functional block DETREF inside of the SUPC. DETREF is
providing a fixed-voltage source, BANDGAP=1.1V, and a variable voltage, VREF.

Initialization
The voltage reference output and the temperature sensor are disabled after any Reset.

Enabling, Disabling, and Resetting
The voltage reference output is enabled/disabled by setting/clearing the Voltage Reference Output
Enable bit in the Voltage Reference register (VREF.VREFOE).

The temperature sensor is enabled/disabled by setting/clearing the Temperature Sensor Enable bit in the
Voltage Reference register (VREF. TSEN).

Note: When VREF.ONDEMAND=0, it is not recommended to enable both voltage reference output and
temperature sensor at the same time - only the voltage reference output will be present at both ADC
inputs.

Selecting a Voltage Reference
The Voltage Reference Selection bit field in the VREF register (VREF.SEL) selects the voltage of VREF
to be applied to analog modules, e.g. the ADC.
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Sleep Mode Operation

The Voltage Reference output and the Temperature Sensor output behavior during sleep mode can be
configured using the Run in Standby bit and the On Demand bit in the Voltage Reference register
(VREF.RUNSTDBY, VREF.ONDEMAND), see the following table:

Table 19-1. VREF Sleep Mode Operation

VREF.ONDEMAND | VREF.RUNSTDBY | Voltage Reference Sleep behavior

- = Disable

0 0 Always run in all sleep modes except standby sleep mode

0 1 Always run in all sleep modes including standby sleep mode

1 0 Only run if requested by the ADC, in all sleep modes except
standby sleep mode

1 1 Only run if requested by the ADC, in all sleep modes including

standby sleep mode

Battery Backup Power Switch

Initialization

The Battery Backup Power Switch (BBPS) is disabled at power-up, and the backup domain is supplied by
main power.

Automatic Battery Backup Power Switch

The supply of the backup domain can be switched automatically to VBAT supply pin by the Battery
Backup Power Switch when the BOD33 detects that the VDD supply is below the VDD threshold level
(BOD33.LEVEL). It is switched back to VDD supply pin when the BOD33 detects that VDD is above the
VDD threshold level (BOD33.LEVEL).

To enable this feature, the following configuration is required: BOD33.ACTION=BKUP.

Sleep Mode Operation
The Battery Backup Power Switch is not stopped in any sleep mode.

19.6.3.3.1 Entering Battery Backup Mode

Entering backup mode can be triggered by either:

»  Wait-for-interrupt (WFI) instruction.

» BOD33 detection: When the BOD33 detects loss of Main Power, the Backup Domain will be powered
by battery and the device will enter the backup mode. For this trigger, the following register
configuration is required: BOD33.ACTION=BKUP.

Related Links
18. PM — Power Manager

19.6.3.3.2 Leaving Battery Backup Mode

Leaving backup mode is triggered by the RSTC when a Backup Mode Exit condition occurs. See RSTC
module for details.

« BOD33 exit condition: When the BOD33 detects Main Power is restored and
BOD33.ACTION=BKUP:

— When BBPS.WAKEEN=1, the device will leave backup mode and wake up.
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— When BBPS.WAKEEN=0, the backup domain will be powered by Main Power, but the device will
stay in backup mode.

» For other exit condition (RTC): The device is kept in battery-powered backup mode until Main Power
is restored to supply the device. Then, the backup domain will be powered by Main Power.

Output Pins

The SUPC can drive two outputs. By writing a '1' to the corresponding Output Enable bit in the Backup
Output Control register (BKOUT.EN), the OUTx pin is driven by the SUPC.

The OUT pin can be set by writing a '1' to the corresponding Set Output bit in the Backup Output Control
register (BKOUT.SETXx).

The OUT pin can be cleared by writing a '1' to the corresponding CLR bit (BKOUT.CLRXx).

If a RTC Toggle Enable bit is written to '1' (BKOUT.RTCTGLXx), the corresponding OUTx pin will toggle
when an RTC event occurs.

Brown-Out Detectors

Initialization
Before a Brown-Out Detector (BOD33) is enabled, it must be configured, as outlined by the following:
+ Set the BOD threshold level (BOD33.LEVEL)
» Set the configuration in Active, Standby, Hibernate, and Backup modes (BOD33.ACTION,
BOD33.STDBYCFG, BOD33.BKUP, BOD33.RUNHIB, and BOD33.RUNBKUP)
» Set the prescaling value if the BOD will run in sampling mode (BOD33.PSEL)
» Set the action and hysteresis (BOD33.ACTION and BOD33.HYST)

The BOD33 register is Enable-Protected, meaning that they can only be written when the BOD is
disabled (BOD33.ENABLE=0 and STATUS.B33SRDY=0). As long as the Enable bit is '1', any writes to
Enable-Protected registers will be discarded, and an APB error will be generated. The Enable bits are not
Enable-Protected.

Enabling, Disabling, and Resetting
After power or user reset, the BOD33 and BOD12 register values are loaded from the NVM User Page.

The BOD33 is enabled by writing a '1' to the Enable bit in the BOD control register (BOD33.ENABLE).
The BOD33 is disabled by writing a '0' to the BOD33.ENABLE.

Related Links
18. PM — Power Manager
9.4 NVM User Page Mapping

3.3V Brown-Out Detector (BOD33)

The 3.3V Brown-Out Detector (BOD33) is able to monitor either the VDD or the VBAT supply and
compares the voltage with the brown-out threshold levels.

In all mode except battery backup mode, the BOD33 compares the VDD voltage with the brown-out
threshold level. This level is set in the BOD33 Level field in the BOD33 register (BOD33.LEVEL). When
VDD crosses below the brown-out threshold level, the BOD33 can generate either an interrupt,or a
Reset, or an Automatic Battery Backup Power Switch, depending on the BOD33 Action bit field
(BOD33.ACTION).

In battery backup mode, the BOD33 monitors both the VBAT and VDD supplies alternatively. When VBAT
crosses below the backup brown-out threshold level (BOD33.VBATLEVEL), the BOD33 generates a
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Power Supply Reset. When VDD crosses above the brown-out threshold level (BOD33.LEVEL), the
device will leave battery backup mode and will wakeup from backup mode if the BBPS.WAKEEN bit is
set.

The BOD33 detection status can be read from the BOD33 Detection bit in the Status register
(STATUS.BOD33DET).

At start-up or at Power-On Reset (POR), the BOD33 register values are loaded from the NVM User Row.

Related Links
9.4 NVM User Page Mapping

19.6.5.3.1 BOD33 Sampling Mode
The Sampling Mode is a low-power mode where the BOD33 is being repeatedly enabled on a sampling
clock’s ticks. The BOD33 will monitor the supply voltage (VDD or VBAT) for a short period of time and
then go to a low-power disabled state until the next sampling clock tick.

Sampling mode is enabled in Backup or Hibernate mode by writing to the BOD33 bits (BOD33.BKUPCFG
=1 or BOD33.HIBCFG = 1). The frequency of the clock ticks (Fciksampling) i controlled by the Prescaler
Select bit groups in the BOD33 register (BOD33.PSEL).

v _ Feliprescaler
clksampling = 2(PSEL+1)

The prescaler signal (Fgikprescaler) is @ 32 kHz clock, output by the 32 kHz Ultra Low-Power Oscillator
OSCULP32K.

Note: If (BOD33.PSEL) is 0, sampling mode is disabled.

As the sampling clock is different from the APB clock domain, synchronization among the clocks is
necessary. See 19.6.7 Synchronization for additional information.

Related Links
9.4 NVM User Page Mapping

19.6.5.3.2 BOD33 Low Power Mode
BOD33 Low Power mode is automatically enabled in Backup or Hibernate sleep mode.

BOD33 Low Power mode can be enabled in Standby sleep mode by writting to '1' the
BOD33.STDBYCFG bit.

Related Links
9.4 NVM User Page Mapping

19.6.5.3.3 BOD33 Hysteresis
A hysteresis on the trigger threshold of a BOD will reduce the sensitivity to ripples on the monitored
voltage: instead of switching RESET at each crossing of Vgop, the thresholds for switching RESET on
and off are separated (Vgop- and Vgop+, respectively).

Figure 19-2. BOD Hysteresis Principle
Hysteresis OFF:
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Enabling the BOD33 hysteresis by writing the Hysteresis bit field in the BOD33 register (BOD33.HYST) to
a non-null value will add hysteresis to the BOD33 threshold level.

The hysteresis functionality can be used in Sampling Mode.

Related Links
9.4 NVM User Page Mapping

19.6.5.3.4 Standby Sleep Mode

The BOD33 can be used in standby mode if the BOD is enabled and the Run in Standby bit is written to
'1' (BOD33.RUNSTDBY).

It is set in Low Power mode if the BOD33.STDBYCFG bit is written to '1".

Related Links
9.4 NVM User Page Mapping

19.6.5.3.5 Backup and Hibernate sleep Modes

19.6.5.4

19.6.6

To enable the BOD33 in Backup or Hibernate sleep mode, the Run in Backup or Hibernate sleep mode
bits in the BOD33 register (BOD33.RUNBKUP, BOD33.RUNHIB) must be written to '1'. The BOD33 is
automatically set in BOD33 Ultra Low-Power mode. Additionnaly, the BOD33 will operate in Sampling
mode if the BOD33.PSEL bit is non-null. In this state, the voltage monitored by BOD33 is always the
supply of the backup domain, i.e. VDD or VBAT.

Related Links
9.4 NVM User Page Mapping

1.2V Brown-Out Detector (BOD12)

The BOD12 is calibrated in production and its calibration configuration is stored in the NVM User Row.
This configuration must not be changed to assure the correct behavior of the BOD12. The BOD12
generates a reset when 1.2V crosses below the preset brown-out level. The BOD12 is always disabled in
Standby, Hibernate, and Backup Sleep modes.

Related Links
9.4 NVM User Page Mapping

Interrupts

The SUPC has the following interrupt sources, which are either synchronous or asynchronous wake-up
sources:

» VDDCORE Voltage Ready (VCORERDY), asynchronous
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» Voltage Regulator Ready (VREGRDY) asynchronous

+ BOD33 Ready (BOD33RDY), synchronous

» BOD33 Detection (BOD33DET), asynchronous

+ BOD33 Synchronization Ready (B33SRDY), synchronous

Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status
and Clear register (INTFLAG) is set when the interrupt condition occurs.

Each interrupt can be individually enabled by writing a '1' to the corresponding bit in the Interrupt Enable
Set register (INTENSET), and disabled by writing a '1' to the corresponding bit in the Interrupt Enable
Clear register (INTENCLR).

An interrupt request is generated when the interrupt flag is set and the corresponding interrupt is enabled.
The interrupt request remains active until either the interrupt flag is cleared, the interrupt is disabled, or
the SUPC is reset. See the INTFLAG register for details on how to clear interrupt flags. The user must
read the INTFLAG register to determine which interrupt condition is present.

Note: Interrupts must be globally enabled for interrupt requests to be generated.

Synchronization

The prescaler counters that are used to trigger brown-out detections operate asynchronously from the
peripheral bus. As a consequence, the BOD33 Enable bit (BOD33.ENABLE) need synchronization when
written.

The Write-Synchronization of the Enable bit is triggered by writing a '1' to the Enable bit of the BOD33
Control register. The Synchronization Ready bit (STATUS.B33SRDY) in the STATUS register will be
cleared when the Write-Synchronization starts, and set again when the Write-Synchronization is
complete. Writing to the same register while the Write-Synchronization is ongoing (STATUS.B33SRDY is
'0") will generate a PAC error without stalling the APB bus.
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19.7 Register Summary

B33SRDY | BOD33DET | BOD33RDY
15:8 VCORERDY VREGRDY
23:16
31:24
7:0 B33SRDY | BOD33DET | BOD33RDY
15:8 VCORERDY VREGRDY
23:16
31:24
7:0 B33SRDY | BOD33DET | BOD33RDY
15:8 VCORERDY VREGRDY
23:16
31:24
7:0 B33SRDY | BOD33DET | BOD33RDY
15:8 VCORERDY VREGRDY
23:16
31:24
7:0 RUNBKUP | RUNHIB | RUNSTDBY | STDBYCFG ACTION[1:0] ENABLE
15:8 PSEL[2:0] HYST[3:0]
23:16 LEVEL[7:0]
31:24 VBATLEVEL[7:0]

0x00 INTENCLR

0x04 INTENSET

0x08 INTFLAG

0x0C STATUS

0x10 BOD33

0x14
Reserved
0x17
7:0 RUNBKUP SEL ENABLE
15:8
23:16 VSEN
31:24 VSPER[2:0]
7:0 ONDEMAND | RUNSTDBY TSSEL VREFOE TSEN
15:8
23:16 SEL[3:0]
31:24
7:0 WAKEEN CONF
15:8
23:16
31:24
7:0 EN1 ENO
15:8 CLR1 CLRO
23:16 SET1 SETO
31:24 RTCTGL1 RTCTGLO
7:0 BKIN1 BKINO
15:8
23:16
31:24

0x18 VREG

0x1C VREF

0x20 BBPS

0x24 BKOUT

0x28 BKIN
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19.8 Register Description
Registers can be 8, 16, or 32 bits wide. Atomic 8-, 16-, and 32-bit accesses are supported. In addition,
the 8-bit quarters and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be
accessed directly.

Some registers are optionally write-protected by the Peripheral Access Controller (PAC). PAC Write-
protection is denoted by the "PAC Write-Protection" property in each individual register description. Refer
to 19.5.8 Register Access Protection for details.

Some registers require synchronization when read and/or written. Synchronization is denoted by the
"Write-Synchronized" or the "Read-Synchronized" property in each individual register description. Refer
to 19.6.7 Synchronization for details.

© 2019 Microchip Technology Inc. Datasheet DS60001507E-page 246



SAM D5x/E5x Family Data Sheet
SUPC - Supply Controller

19.8.1 Interrupt Enable Clear
Name: INTENCLR
Offset: 0x00
Reset: 0x00000000
Property: PAC Write-Protection
This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Set register (INTENSET).
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
VCORERDY VREGRDY
Access R/W R/W
Reset 0 0
Bit 7 6 5 4 3 2 1 0
B33SRDY BOD33DET | BOD33RDY
Access R/W R/W R/W
Reset 0 0 0

Bit 10 — VCORERDY VDDCORE Voltage Ready Interrupt Enable

Writing a '0' to this bit has no effect.
Writing a '1' to this bit will clear the VDDCORE Ready Interrupt Enable bit, which disables the VDDCORE

Ready interrupt.

Value Description
0 The VDDCORE Ready interrupt is disabled.
1 The VDDCORE Ready interrupt is enabled and an interrupt request will be generated when

the VCORERDY Interrupt Flag is set.

Bit 8 - VREGRDY Voltage Regulator Ready Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will clear the Voltage Regulator Ready Interrupt Enable bit, which disables the

Voltage Regulator Ready interrupt.

Value Description

0 The Voltage Regulator Ready interrupt is disabled.
1 The Voltage Regulator Ready interrupt is enabled and an interrupt request will be generated
when the Voltage Regulator Ready Interrupt Flag is set.

Bit 2 - B33SRDY BOD33 Synchronization Ready Interrupt Enable
Writing a '0' to this bit has no effect.
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Writing a '1' to this bit will clear the BOD33 Synchronization Ready Interrupt Enable bit, which disables
the BOD33 Synchronization Ready interrupt.
0 The BOD33 Synchronization Ready interrupt is disabled.
1 The BOD33 Synchronization Ready interrupt is enabled, and an interrupt request will be
generated when the BOD33 Synchronization Ready Interrupt flag is set.

Bit 1 — BOD33DET BOD33 Detection Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will clear the BOD33 Detection Interrupt Enable bit, which disables the BOD33
Detection interrupt.
0 The BOD33 Detection interrupt is disabled.
1 The BOD33 Detection interrupt is enabled, and an interrupt request will be generated when
the BOD33 Detection Interrupt flag is set.

Bit 0 — BOD33RDY BOD33 Ready Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will clear the BOD33 Ready Interrupt Enable bit, which disables the BOD33 Ready
interrupt.
0 The BOD33 Ready interrupt is disabled.
1 The BOD33 Ready interrupt is enabled, and an interrupt request will be generated when the
BOD33 Ready Interrupt flag is set.
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19.8.2

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Interrupt Enable Set

Name: INTENSET
Offset: 0x04
Reset: 0x00000000

Property: PAC Write-Protection

This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Clear register (INTENCLR).

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 1" 10 9 8
VCORERDY VREGRDY
RwW R/wW
0 0
7 6 5 4 3 2 1 0
B33SRDY BOD33DET BOD33RDY
RW R/wW R/wW
0 0 0

Bit 10 — VCORERDY VDDCORE Voltage Ready Interrupt Enable

Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the VDDCORE Ready Interrupt Enable bit, which enables the VDDCORE
Ready interrupt.

Value Description
0 The VDDCORE Ready interrupt is disabled.
1 The VDDCORE Ready interrupt is enabled and an interrupt request will be generated when

the VCORERDY Interrupt Flag is set.

Bit 8 - VREGRDY Voltage Regulator Ready Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will set the Voltage Regulator Ready Interrupt Enable bit, which enables the Voltage
Regulator Ready interrupt.
0 The Voltage Regulator Ready interrupt is disabled.
1 The Voltage Regulator Ready interrupt is enabled and an interrupt request will be generated
when the Voltage Regulator Ready Interrupt Flag is set.

Bit 2 - B33SRDY BOD33 Synchronization Ready Interrupt Enable
Writing a '0' to this bit has no effect.
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Writing a '1' to this bit will set the BOD33 Synchronization Ready Interrupt Enable bit, which enables the
BOD33 Synchronization Ready interrupt.
0 The BOD33 Synchronization Ready interrupt is disabled.
1 The BOD33 Synchronization Ready interrupt is enabled, and an interrupt request will be
generated when the BOD33 Synchronization Ready Interrupt flag is set.

Bit 1 — BOD33DET BOD33 Detection Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will set the BOD33 Detection Interrupt Enable bit, which enables the BOD33
Detection interrupt.
0 The BOD33 Detection interrupt is disabled.
1 The BOD33 Detection interrupt is enabled, and an interrupt request will be generated when
the BOD33 Detection Interrupt flag is set.

Bit 0 — BOD33RDY BOD33 Ready Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will set the BOD33 Ready Interrupt Enable bit, which enables the BOD33 Ready
interrupt.
0 The BOD33 Ready interrupt is disabled.
1 The BOD33 Ready interrupt is enabled, and an interrupt request will be generated when the
BOD33 Ready Interrupt flag is set.
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19.8.3 Interrupt Flag Status and Clear
Name: INTFLAG
Offset: 0x08
Reset: 0x0000010X
Property: -
In the reset value: X= determined from NVM User Row (0xX=0bx00y)
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1 10 9 8
VCORERDY VREGRDY
Access R/W R/W
Reset 0 0
Bit 7 6 5 4 3 2 1 0
B33SRDY BOD33DET | BOD33RDY
Access R/W R/W R/W
Reset 0 0 y

Bit 10 — VCORERDY VDDCORE Voltage Ready

This flag is cleared by writing a '1 to it.

This flag is set on a zero-to-one transition of the VDDCORE Ready bit in the Status register
(STATUS.VCORERDY) and will generate an interrupt request if INTENSET.VCORERDY=1.
Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the VCORERDY interrupt flag.

Bit 8 - VREGRDY Voltage Regulator Ready

This flag is cleared by writing a '1' to it.

This flag is set on a zero-to-one transition of the Voltage Regulator Ready bit in the Status register
(STATUS.VREGRDY) and will generate an interrupt request if INTENSET.VREGRDY=1.

Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the VREGRDY interrupt flag.

Bit 2 - B33SRDY BOD33 Synchronization Ready

This flag is cleared by writing a '1' to it.

This flag is set on a zero-to-one transition of the BOD33 Synchronization Ready bit in the Status register
(STATUS.B33SRDY) and will generate an interrupt request if INTENSET.B33SRDY=1.

Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the BOD33 Synchronization Ready interrupt flag.
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Bit 1 —- BOD33DET BOD33 Detection

This flag is cleared by writing a '1' to it.

This flag is set on a zero-to-one transition of the BOD33 Detection bit in the Status register
(STATUS.BOD33DET) and will generate an interrupt request if INTENSET.BOD33DET=1.
Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the BOD33 Detection interrupt flag.

Bit 0 - BOD33RDY BOD33 Ready

This flag is cleared by writing a '1' to it.

This flag is set on a zero-to-one transition of the BOD33 Ready bit in the Status register
(STATUS.BOD33RDY) and will generate an interrupt request if INTENSET.BOD33RDY=1.
Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the BOD33 Ready interrupt flag.

The BOD33 can be enabled.

Related Links

9.4 NVM User Page Mapping
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19.8.4 Status
Name: STATUS
Offset: 0x0C
Reset: Determined from NVM User Row
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
VCORERDY VREGRDY
Access R R
Reset 1 1
Bit 7 6 5 4 3 2 1 0
B33SRDY BOD33DET BOD33RDY
Access R R R
Reset 1 0 y

Bit 10 - VCORERDY VDDCORE Voltage Ready

Value Description

0 the VDDCORE voltage is not as expected.
1 the VDDCORE voltage is the target voltage.

Bit 8 - VREGRDY Voltage Regulator Ready

Value Description

0 The selected voltage regulator in VREG.SEL is not ready.
1 The voltage regulator selected in VREG.SEL is ready and the core domain is supplied by
this voltage regulator.

Bit 2 - B33SRDY BOD33 Synchronization Ready

Value Description

0 BOD33 synchronization is ongoing.
1 BOD33 synchronization is complete.

Bit 1 - BOD33DET BOD33 Detection

Value Description

0 No BOD33 detection.
1 BOD33 has detected that the I/O power supply is going below the BOD33 reference value.
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Bit 0 - BOD33RDY BOD33 Ready
The BOD33 can be enabled at start-up from NVM User Row.

Value Description

0 BOD33 is not ready.
1 BOD33 is ready.

Related Links
9.4 NVM User Page Mapping
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19.8.5 3.3V Brown-Out Detector (BOD33) Control
Name: BOD33
Offset: 0x10
Reset: Determined from NVM User Row
Property: Write-Synchronized, PAC Write-Protection
Bit 31 30 29 28 27 26 25 24
VBATLEVEL[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
LEVEL[7:0]
Access R/W R/W R/W R/W R/IW R/W R/W R/W
Reset 0 0 X X X X X X
Bit 15 14 13 12 1 10 9 8
PSEL[2:0] HYSTI[3:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 X X X X
Bit 7 6 5 4 3 2 1 0
RUNBKUP RUNHIB RUNSTDBY | STDBYCFG ACTIONI[1:0] ENABLE
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 y y z

Bits 31:24 — VBATLEVEL[7:0] BOD33 Threshold Level on VBAT

This field sets the triggering voltage threshold for the BOD33 when the BOD33 monitors VBAT in battery
backup sleep mode.

This field is not synchronized.

Bits 23:16 — LEVEL[7:0] BOD33 Threshold Level on VDD

This field sets the triggering voltage threshold for the BOD33 when the BOD33 monitors VDD. If an
hysteresis value is programmed (BOD33.HYST), this field corresponds to the lower threshold (Vggp.).
These bits are loaded from NVM User Row at start-up.

This field is not synchronized.

The VBOD- input voltage can be calculated as follows: VBOD- = 1.5 + LEVEL[7:0) x Level_Step

And the upper threshold (VBOD+) is then: VBOD+ = VBOD- + N x HYST_STEP, With N=0 to 15
according to HYST[3:0] value and HYST_STEP = Level_Step, (refer to Bits 11:8 — HYST[3:0]: BOD33
Hysteresis voltage value on VDD).

At the upper side of Level[7:0] values depending on the Hysteresis value chosen with HYST[3:0], the
VBOD+ level reaches an overflow, e.g., for HYST[3:0] = 0d2 the hysteresis is 2 x Level_Step = 12 mV up
to position 253 and position 254 to 255 above must not be used.

Bits 14:12 — PSEL[2:0] Prescaler Select
Selects the prescaler divide-by output for the BOD33 sampling mode available in hibernate, backup or
battery backup mode. The input clock comes from the OSCULP32K 32KHz output.
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Value Name Description

0x0 NODIV Not divided: Sampling mode is OFF.
0x1 DIV4 Divide clock by 4

0x2 DIV8 Divide clock by 8

0x3 DIV16 Divide clock by 16

0x4 DIV32 Divide clock by 32

0x5 DIvVe4 Divide clock by 64

0x6 DIV128 Divide clock by 128

0x7 DIV256 Divide clock by 256

Bits 11:8 — HYST[3:0] BOD33 Hysteresis Voltage Value on Vpp

This field sets the hysteresis voltage value related to "BOD33 Threshold Level on VDD" field when the
BOD33 monitors VDD.

These bits are loaded from NVM User Row at start-up.

This field is not synchronized.

Value Description
0 No hysteresis.
N Hysteresis value is set to N*HYST_STEP.

See the Electrical Characteristics section for the HYST_STEP voltage level.

Bit 7 — RUNBKUP BOD33 Configuration in Backup Sleep Mode
This field is not synchronized.

Value Description
0 In backup sleep mode, the BOD33 is disabled.
1 In backup sleep mode, the BOD33 is enabled and configured in sampling mode.

Bit 6 — RUNHIB BOD33 Configuration in Hibernate Sleep Mode
This field is not synchronized.

Value Description
0 In hibernate sleep mode, the BOD33 is disabled.
1 In hibernate sleep mode, the BOD33 is enabled and configured in sampling mode.

Bit 5 - RUNSTDBY Run in Standby
This bit is not synchronized.

Value Description
0 In standby sleep mode, the BOD33 is disabled.
1 In standby sleep mode, the BOD33 is enabled.

Bit 4 - STDBYCFG BOD33 Configuration in Standby Sleep Mode

If the RUNSTDBY bit is set to '1', the STDBYCFG bit sets the BOD33 configuration in standby sleep
mode.
This field is not synchronized.

Value Description

0 In standby sleep mode, the BOD33 is enabled and configured in normal mode.

1 In standby sleep mode, the BOD33 is enabled and configured in low power mode.

Bits 3:2 — ACTION[1:0] BOD33 Action
These bits are used to select the BOD33 action when the supply voltage crosses below the BOD33
threshold.
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These bits are loaded from NVM User Row at start-up.
This field is not synchronized.

e | Name oesrpion

0x0 NONE  No action

0x1 RESET The BOD33 generates a reset

0x2 INT The BOD33 generates an interrupt

0x3 BKUP-  The BOD33 puts the device in battery backup sleep mode.

Bit 1 — ENABLE Enable

This bit is loaded from NVM User Row at start-up.

This bit is not enable-protected.

0 BOD33 is disabled.
1 BOD33 is enabled.

Related Links
9.4 NVM User Page Mapping
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19.8.6 Voltage Regulator System (VREG) Control
Name: VREG
Offset: 0x18
Reset: 0x00000002
Property: PAC Write-Protection
Bit 31 30 29 28 27 26 25 24
VSPER[2:0]
Access R/W R/W R/W
Reset 0 0 0
Bit 23 22 21 20 19 18 17 16
VSEN
Access R/W
Reset 0
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
RUNBKUP SEL ENABLE
Access R/W R/W R/W
Reset 0 0 1

Bits 26:24 — VSPER[2:0] Voltage Scaling Period
This bitfield defines the time between the voltage steps when the VDDCORE voltage scaling is enabled.
The time is (2YSPER) * T, where T is an internal period (typ 250 ns).

Bit 16 — VSEN Voltage Scaling Enable

Value Description

0 The voltage scaling is disabled.
1 The voltage scaling is enabled.

Bit 7 — RUNBKUP Run in Backup
This bit controls how the main voltage regulator behaves in backup sleep mode.

Value Description
0 The main voltage regulator is halted during backup sleep mode.
1 The main voltage regulator is not stopped during backup sleep mode.

Bit 2 — SEL Voltage Regulator Selection
This bit is loaded from NVM User Row at start-up. Refer to NVM User Row Mapping section for more
details.

0 The main voltage regulator is a LDO voltage regulator.

1 The main voltage regulator is a buck converter.
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Bit 1 —- ENABLE Must be set to 1.
Related Links

9.4 NVM User Page Mapping
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19.8.7 Voltage References System (VREF) Control

Name: VREF
Offset: 0x1C
Reset: 0x00000000

Property: PAC Write-Protection

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
SEL[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
ONDEMAND | RUNSTDBY TSSEL VREFOE TSEN
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bits 19:16 — SEL[3:0] Voltage Reference Selection
These bits select the Voltage Reference for the ADC/DAC.

Value Name Description

0x0 1V0 1.0V voltage reference typical value
0x1 1V1 1.1V voltage reference typical value
0x2 1Vv2 1.2V voltage reference typical value
0x3 1Vv25 1.25V voltage reference typical value
0x4 2\V0 2.0V voltage reference typical value
0x5 2V2 2.2V voltage reference typical value
0x6 2V4 2.4V voltage reference typical value
0x7 2V5 2.5V voltage reference typical value
Others Reserved

Bit 7 — ONDEMAND On Demand Control
The On Demand operation mode allows to enable or disable the voltage reference depending on
peripheral requests.

Value Description

0 The voltage reference is always on, if enabled.
1 The voltage reference is enabled when a peripheral is requesting it. The voltage reference is
disabled if no peripheral is requesting it.
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Bit 6 —- RUNSTDBY Run In Standby
The bit controls how the voltage reference behaves during standby sleep mode.

Value Description
0 The voltage reference is halted during standby sleep mode.
1 The voltage reference is not stopped in standby sleep mode. If VREF.ONDEMAND=1, the

voltage reference will be running when a peripheral is requesting it. If VREF.ONDEMAND=0,
the voltage reference will always be running in standby sleep mode.

Bit 3 — TSSEL Temperature Sensor Channel Selection

Value Description
0 The Temperature Sensor PTAT channel is selected.
1 The Temperature Sensor CTAT channel is selected.

Bit 2 - VREFOE Voltage Reference Output Enable

Value Description
0 The Voltage Reference output (INTREF) is not available as an ADC input channel.
1 The Voltage Reference output (INTREF) is routed to an ADC input channel.

Bit 1 — TSEN Temperature Sensor Enable

Value Description
0 Temperature Sensor is disabled.
1 Temperature Sensor is enabled and routed to an ADC input channel.
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19.8.8 Battery Backup Power Switch (BBPS) Control

Name: BBPS

Offset: 0x20

Reset: 0x00000000
Property: PAC Write-Protection

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
WAKEEN CONF
Access R/W R/W
Reset 0 0

Bit 2 - WAKEEN Wake Enable

Value Description

0 The device is not woken up when switched from battery backup power to Main Power.
1 The device is woken up when switched from battery backup power to Main Power.

Bit 0 — CONF Battery Backup Power Switch Configuration

Value Name Description

0x0 BOD33 | The power switch is handled by the BOD33 according to the BOD33.ACTION bit
field.

0x1 FORCED In backup sleep mode, the backup domain is always supplied by Battery Backup
Power.
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19.8.9 Backup Output (BKOUT) Control
Name: BKOUT
Offset: 0x24
Reset: 0x00000000
Property: PAC Write-Protection
Bit 31 30 29 28 27 26 25 24
RTCTGL1 RTCTGLO
Access R/W R/W
Reset 0 0
Bit 23 22 21 20 19 18 17 16
SET1 SETO
Access W W
Reset 0 0
Bit 15 14 13 12 11 10 9 8
CLR1 CLRO
Access w W
Reset 0 0
Bit 7 6 5 4 3 2 1 0
EN1 ENO
Access R/W R/W
Reset 0 0

Bits 24, 25 — RTCTGL RTC Toggle Output
0 The output will not toggle on RTC event.
1 The output will toggle on RTC event.

Bits 16, 17 — SET Set Output

Writing a '0' to a bit has no effect.

Writing a '1' to a bit will set the corresponding output.
Reading this bit returns '0'.

Bits 8, 9 — CLR Clear Output

Writing a '0' to a bit has no effect.

Writing a '1' to a bit will clear the corresponding output.
Reading this bit returns '0'.

Bits 0, 1 — EN Enable Output

Value Description

0 The output is not enabled.
1 The output is enabled and driven by the SUPC.
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19.8.10 Backup Input (BKIN) Value

Name: BKIN
Offset: 0x28
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
BKIN1 BKINO
Access R R
Reset 0 0

Bits 0, 1 — BKIN Backup Input Value

These bits are cleared when the corresponding backup I/O pin detects a logical low level on the input pin
or when the backup 1/O is not enabled.

These bits are set when the corresponding backup I/O pin detects a logical high level on the input pin
when the backup /O is enabled.

Value Name Description

BKIN[O] OUT[0] |If BKOUT.EN[0]=1, BKIN[O] will give the input value of the OUTI[O0] pin

BKIN[1] OUT[1] @ If BKOUT.EN[1]=1, BKIN[1] will give the input value of the OUT[1] pin
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WDT - Watchdog Timer

Overview

The Watchdog Timer (WDT) is a system function for monitoring correct program operation. It makes it
possible to recover from error situations such as runaway or deadlocked code. The WDT is configured to
a predefined time-out period, and is constantly running when enabled. If the WDT is not cleared within the
time-out period, it will issue a system reset. An early-warning interrupt is available to indicate an
upcoming watchdog time-out condition.

The window mode makes it possible to define a time slot (or window) inside the total time-out period
during which the WDT must be cleared. If the WDT is cleared outside this window, either too early or too
late, a system reset will be issued. Compared to the normal mode, this can also catch situations where a
code error causes the WDT to be cleared frequently.

When enabled, the WDT will run in active mode and any sleep modes, except Hibernate, Backup and
OFF sleep mode. It is asynchronous and runs from a CPU-independent clock source. The WDT wiill
continue operation and issue a system reset or interrupt even if the main clocks fail.

Features
* Issues a system reset if the Watchdog Timer is not cleared before its time-out period
» Early Warning interrupt generation
* Asynchronous operation from dedicated oscillator
» Two types of operation
— Normal
— Window mode
» Selectable time-out periods
— From 8 cycles to 16,384 cycles in Normal mode
— From 16 cycles to 32,768 cycles in Window mode
* Always-On capability
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Block Diagram
Figure 20-1. WDT Block Diagram

0xA5

CLK_WDT_OSC
OSC32KCTRL > COUNT

PER/WINDOWS/EWOFFSET

I—» Early Warning Interrupt

Reset

Signal Description
Not applicable.

Product Dependencies

In order to use this peripheral, other parts of the system must be configured correctly, as described below.

/0 Lines
Not applicable.

Power Management

The WDT can continue to operate in any sleep modes where the selected source clock is running. The
WDT interrupts can be used to wake up the device from sleep modes. The events can trigger other
operations in the system without exiting sleep modes.

Related Links

18. PM — Power Manager

Clocks

The WDT bus clock (CLK_WDT_APB) can be enabled and disabled (masked) in the Main Clock module
(MCLK).

A 1.024 kHz oscillator clock (CLK_WDT_OSC) is required to clock the WDT internal counter.

The CLK_WDT_OSC CLOCK is sourced from the clock of the internal Ultra Low-Power Oscillator
(OSCULP32K). Due to ultra low-power design, the oscillator is not accurate, hence the exact time-out
period may vary from device-to-device. This variation must be considered when designing software that
uses the WDT to ensure that the time-out periods used are valid for all devices.
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The counter clock CLK_WDT_OSC is asynchronous to the bus clock (CLK_WDT_APB). Due to this
asynchronicity, writing to certain registers will require synchronization between the clock domains. Refer
to 20.6.7 Synchronization for further details.

Related Links

15.6.2.6 Peripheral Clock Masking

29. OSC32KCTRL — 32KHz Oscillators Controller

DMA
Not applicable.

Interrupts

The interrupt request line is connected to the interrupt controller. Using the WDT interrupt(s) requires the
interrupt controller to be configured first.

Related Links
10.2 Nested Vector Interrupt Controller

Events
Not applicable.

Debug Operation
When the CPU is halted in debug mode the WDT will halt normal operation.

Register Access Protection
All registers with write access can be write-protected optionally by the Peripheral Access Controller
(PAC), except for the following registers:

* Interrupt Flag Status and Clear (INTFLAG) register

Optional write protection by the Peripheral Access Controller (PAC) is denoted by the "PAC Write
Protection" property in each individual register description.

PAC write protection does not apply to accesses through an external debugger.

Analog Connections
Not applicable.

Functional Description

Principle of Operation

The Watchdog Timer (WDT) is a system for monitoring correct program operation, making it possible to
recover from error situations such as runaway code, by issuing a Reset. When enabled, the WDT is a
constantly running timer that is configured to a predefined time-out period. Before the end of the time-out
period, the WDT should be set back, or else, a system Reset is issued.

The WDT has two modes of operation, Normal mode and Window mode. Both modes offer the option of
Early Warning interrupt generation. The description for each of the basic modes is given below. The
settings in the Control A register (CTRLA) and the Interrupt Enable register (handled by INTENCLR/
INTENSET) determine the mode of operation:
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Table 20-1. WDT Operating Modes

CTRLA.ENABLE |CTRLAWEN | Interrupt Enable _
0 X

X Stopped
1 0 0 Normal mode
1 0 1 Normal mode with Early Warning interrupt
1 1 0 Window mode
1 1 1 Window mode with Early Warning interrupt

Basic Operation

Initialization

The following bits are enable-protected, meaning that they can only be written when the WDT is disabled
(CTRLA.ENABLE=0):

» Control A register (CTRLA), except the Enable bit (CTRLA.ENABLE)
» Configuration register (CONFIG)
» Early Warning Interrupt Control register (EWCTRL)

Enable-protected bits in the CTRLA register can be written at the same time as CTRLA.ENABLE is
written to '1', but not at the same time as CTRLA.ENABLE is written to '0'.

The WDT can be configured only while the WDT is disabled. The WDT is configured by defining the
required Time-Out Period bits in the Configuration register (CONFIG.PER). If Window mode operation is
desired, the Window Enable bit in the Control A register must be set (CTRLA.WEN=1) and the Window
Period bits in the Configuration register (CONFIG.WINDOW) must be defined.

Enable-protection is denoted by the "Enable-Protected" property in the register description.

Configurable Reset Values
After a Power-on Reset, some registers will be loaded with initial values from the NVM User Row.

This includes the following bits and bit groups:

» Enable bit in the Control A register, CTRLA.ENABLE

« Always-On bit in the Control A register, CTRLA.ALWAYSON

» Watchdog Timer Windows Mode Enable bit in the Control A register, CTRLA.WEN

* Watchdog Timer Windows Mode Time-Out Period bits in the Configuration register,
CONFIG.WINDOW

» Time-Out Period bits in the Configuration register, CONFIG.PER

» Early Warning Interrupt Time Offset bits in the Early Warning Interrupt Control register,
EWCTRL.EWOFFSET

Enabling, Disabling, and Resetting
The WDT is enabled by writing a '1' to the Enable bit in the Control A register (CTRLA.ENABLE). The
WDT is disabled by writing a '0' to CTRLA.ENABLE.

The WDT can be disabled only if the Always-On bit in the Control A register (CTRLA.ALWAYSON) is '0'.

Normal Mode
In Normal mode operation, the length of a time-out period is configured in CONFIG.PER. The WDT is
enabled by writing a "1' to the Enable bit in the Control A register (CTRLA.ENABLE). Once enabled, the
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WDT will issue a system reset if a time-out occurs. This can be prevented by clearing the WDT at any
time during the time-out period.

The WDT is cleared and a new WDT time-out period is started by writing 0xA5 to the Clear register
(CLEAR). Writing any other value than 0xA5 to CLEAR will issue an immediate system reset.

There are 12 possible WDT time-out (TOwpt) periods, selectable from 8ms to 16s.

By default, the early warning interrupt is disabled. If it is desired, the Early Warning Interrupt Enable bit in
the Interrupt Enable register INTENSET.EW) must be written to '1". The Early Warning Interrupt is
disabled again by writing a '1' to the Early Warning Interrupt bit in the Interrupt Enable Clear register
(INTENCLR.EW).

If the Early Warning Interrupt is enabled, an interrupt is generated prior to a WDT time-out condition. In
Normal mode, the Early Warning Offset bits in the Early Warning Interrupt Control register,
EWCTRL.EWOFFSET, define the time when the early warning interrupt occurs. The Normal mode
operation is illustrated in the figure Normal-Mode Operation.

Figure 20-2. Normal-Mode Operation

WDT Count
Timely WDT Clear
PER[3:0] =1 e
-~ WDT Timeout
/ « System Reset
EWOFFSET[3:0] = 0 4 %
" Early Warning Interrupt
—t Attt tmsl
5 10 15 20 25 30 35
TOwor

Window Mode

In Window mode operation, the WDT uses two different time specifications: the WDT can only be cleared
by writing 0xA5 to the CLEAR register after the closed window time-out period (TOwptw), during the
subsequent Normal time-out period (TOwpr). If the WDT is cleared before the time window opens (before
TOwpTtw is over), the WDT will issue a system reset.

Both parameters TOwpTw and TOwpt are periods in a range from 8ms to 16s, so the total duration of the
WDT time-out period is the sum of the two parameters.

The closed window period is defined by the Window Period bits in the Configuration register
(CONFIG.WINDOW), and the open window period is defined by the Period bits in the Configuration
register (CONFIG.PER).

By default, the Early Warning interrupt is disabled. If it is desired, the Early Warning Interrupt Enable bit in
the Interrupt Enable register (INTENSET.EW) must be written to '1". The Early Warning Interrupt is
disabled again by writing a '1' to the Early Warning Interrupt bit in the Interrupt Enable Clear
(INTENCLR.EW) register.

If the Early Warning interrupt is enabled in Window mode, the interrupt is generated at the start of the
open window period, i.e. after TOyptw. The Window mode operation is illustrated in figure Window-Mode
Operation.
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Figure 20-3. Window-Mode Operation
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DMA Operation
Not applicable.

Interrupts
The WDT has the following interrupt source:

» Early Warning (EW): Indicates that the counter is approaching the time-out condition.
— This interrupt is an asynchronous wake-up source.

Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status
and Clear (INTFLAG) register is set when the interrupt condition occurs.

Each interrupt can be individually enabled by writing a '1' to the corresponding bit in the Interrupt Enable
Set (INTENSET) register, and disabled by writing a '1' to the corresponding bit in the Interrupt Enable
Clear (INTENCLR) register.

An interrupt request is generated when the interrupt flag is set and the corresponding interrupt is enabled.
The interrupt request remains active until the interrupt flag is cleared, the interrupt is disabled, or the
WDT is reset. See the 20.8.6 INTFLAG register description for details on how to clear interrupt flags. All
interrupt requests from the peripheral are ORed together on system level to generate one combined
interrupt request to the NVIC. The user must read the INTFLAG register to determine which interrupt
condition is present.

Note: Interrupts must be globally enabled for interrupt requests to be generated.

Related Links
10.2 Nested Vector Interrupt Controller
18. PM — Power Manager

Events
Not applicable.

Sleep Mode Operation

The WDT will continue to operate in any sleep mode where the source clock is active except backup
mode. The WDT interrupts can be used to wake up the device from a sleep mode. An interrupt request
will be generated after the wake-up if the Interrupt Controller is configured accordingly. Otherwise the
CPU will wake up directly, without triggering an interrupt. In this case, the CPU will continue executing
from the instruction following the entry into sleep.

Related Links
20.8.1 CTRLA
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Synchronization
Due to asynchronicity between the main clock domain and the peripheral clock domains, some registers
need to be synchronized when written or read.

The following registers are synchronized when written:

» Enable bit in Control A register (CTRLA.ENABLE)

* Window Enable bit in Control A register (CTRLA.WEN)

* Always-On bit in control Control A (CTRLA.ALWAYSON)
» Watchdog Clear register (CLEAR)

Required write synchronization is denoted by the "Write-Synchronized" property in the register
description.

Required read synchronization is denoted by the "Read-Synchronized" property in the register
description.

Additional Features

Always-On Mode

The Always-On mode is enabled by setting the Always-On bit in the Control A register
(CTRLA.ALWAYSON=1). When the Always-On mode is enabled, the WDT runs continuously, regardless
of the state of CTRLA.ENABLE. Once written, the Always-On bit can only be cleared by a power-on
reset. The Configuration (CONFIG) and Early Warning Control (EWCTRL) registers are read-only
registers while the CTRLA.ALWAYSON bit is set. Thus, the time period configuration bits (CONFIG.PER,
CONFIG.WINDOW, EWCTRL.EWOFFSET) of the WDT cannot be changed.

Enabling or disabling Window mode operation by writing the Window Enable bit (CTRLA.WEN) is allowed
while in Always-On mode, but note that CONFIG.PER cannot be changed.

The Interrupt Clear and Interrupt Set registers are accessible in the Always-On mode. The Early Warning
interrupt can still be enabled or disabled while in the Always-On mode, but note that
EWCTRL.EWOFFSET cannot be changed.

Table WDT Operating Modes With Always-On shows the operation of the WDT for
CTRLA.ALWAYSON=1.

Table 20-2. WDT Operating Modes With Always-On

0 0 Always-on and normal mode
0 1 Always-on and normal mode with Early Warning interrupt
1 0 Always-on and window mode
1 1 Always-on and window mode with Early Warning interrupt

Early Warning
The Early Warning interrupt notifies that the WDT is approaching its time-out condition. The Early
Warning interrupt behaves differently in Normal mode and in Window mode.

In Normal mode, the Early Warning interrupt generation is defined by the Early Warning Offset in the
Early Warning Control register (EWCTRL.EWOFFSET). The Early Warning Offset bits define the number
of CLK_WDT_OSC clocks before the interrupt is generated, relative to the start of the watchdog time-out
period.
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The user must take caution when programming the Early Warning Offset bits. If these bits define an Early
Warning interrupt generation time greater than the watchdog time-out period, the watchdog time-out
system reset is generated prior to the Early Warning interrupt. Consequently, the Early Warning interrupt
will never be generated.

In window mode, the Early Warning interrupt is generated at the start of the open window period. In a
typical application where the system is in sleep mode, the Early Warning interrupt can be used to wake
up and clear the Watchdog Timer, after which the system can perform other tasks or return to sleep
mode.

If the WDT is operating in Normal mode with CONFIG.PER = 0x2 and
EWCTRL.EWOFFSET = 0x1, the Early Warning interrupt is generated 16
CLK_WDT_OSC clock cycles after the start of the time-out period. The time-out system
reset is generated 32 CLK_WDT_OSC clock cycles after the start of the watchdog time-
out period.
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Register Summary
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0x00
0x01
0x02
0x03
0x04
0x05
0x06
0x07

0x08

0x0C

20.8

CTRLA ALWAYSON ENABLE
CONFIG 7:0 WINDOWI3:0] PER[3:0]
EWCTRL 7:0 EWOFFSETI[3:0]
Reserved
INTENCLR 7:0 EW
INTENSET 7:0 EW
INTFLAG 7:0 EW
Reserved
7:0 CLEAR ALWAYSON WEN ENABLE
15:8
SYNCBUSY
23:16
31:24
CLEAR 7:0 CLEAR][7:0]

Register Description

Registers can be 8, 16, or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the
8-bit quarters and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be
accessed directly.

Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Optional PAC
write protection is denoted by the "PAC Write-Protection" property in each individual register description.
For details, refer to 20.5.8 Register Access Protection.

Some registers are synchronized when read and/or written. Synchronization is denoted by the "Write-
Synchronized" or the "Read-Synchronized" property in each individual register description. For details,
refer to 20.6.7 Synchronization.

Some registers are enable-protected, meaning they can only be written when the peripheral is disabled.
Enable-protection is denoted by the "Enable-Protected" property in each individual register description.
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20.8.1 Control A
Name: CTRLA
Offset: 0x00
Reset: x initially determined from NVM User Row after reset
Property: PAC Write-Protection, Write-Synchronized
Bit 7 6 5 4 3 2 1 0
ALWAYSON WEN ENABLE
Access R/W R/W R/W
Reset X X X

Bit 7 — ALWAYSON Always-On

This bit allows the WDT to run continuously. After being set, this bit cannot be written to '0', and the WDT
will remain enabled until a power-on Reset is received. When this bit is '1', the Control A register
(CTRLA), the Configuration register (CONFIG) and the Early Warning Control register (EWCTRL) will be
read-only, and any writes to these registers are not allowed.

Writing a '0' to this bit has no effect.

This bit is not Enable-Protected.

This bit is loaded from NVM User Row at start-up.

Value Description
0 The WDT is enabled and disabled through the ENABLE bit.
1 The WDT is enabled and can only be disabled by a power-on reset (POR).

Bit 2 - WEN Watchdog Timer Window Mode Enable
This bit enables Window mode. It can only be written if the peripheral is disabled unless
CTRLA.ALWAYSON=1. The initial value of this bit is loaded from Flash Calibration.
This bit is loaded from NVM User Row at startup.

0 Window mode is disabled (normal operation).

1 Window mode is enabled.

Bit 1 — ENABLE Enable
This bit enables or disables the WDT. It can only be written if CTRLA.ALWAYSON=0.

Due to synchronization, there is delay between writing CTRLA.ENABLE until the peripheral is enabled/
disabled. The value written to CTRLA.ENABLE will read back immediately, and the Enable bit in the
Synchronization Busy register (SYNCBUSY.ENABLE) will be set. SYNCBUSY.ENABLE will be cleared
when the operation is complete.
This bit is not Enable-Protected.
This bit is loaded from NVM User Row at startup.

0 The WDT is disabled.

1 The WDT is enabled.
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20.8.2 Configuration

Name: CONFIG

Offset: 0x01

Reset: x initially determined from NVM User Row after reset
Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
WINDOWI3:0] PERJ[3:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

Bits 7:4 — WINDOW][3:0] Window Mode Time-Out Period

In Window mode, these bits determine the watchdog closed window period as a number of cycles of the
1.024kHz CLK_WDT_OSC clock.

These bits are loaded from NVM User Row at start-up.

Value Name Description

0x0 CYC8 8 clock cycles
0x1 CYC16 16 clock cycles
0x2 CYC32 32 clock cycles
0x3 CYC64 64 clock cycles
0x4 CYC128 128 clock cycles
0x5 CYC256 256 clock cycles
0x6 CYC512 512 clock cycles
0x7 CYC1024 1024 clock cycles
0x8 CYC2048 2048 clock cycles
0x9 CYC4096 4096 clock cycles
OxA CYC8192 8192 clock cycles
0xB CYC16384 16384 clock cycles
0xC-0xF Reserved Reserved

Bits 3:0 — PER[3:0] Time-Out Period

These bits determine the watchdog time-out period as a number of 1.024kHz CLK_WDTOSC clock
cycles. In Window mode operation, these bits define the open window period.

These bits are loaded from NVM User Row at startup.

Value Name Description

0x0 CYC8 8 clock cycles
0x1 CYC16 16 clock cycles
0x2 CYC32 32 clock cycles
0x3 CYC64 64 clock cycles
0x4 CYC128 128 clock cycles
0x5 CYC256 256 clock cycles
0x6 CYC512 512 clock cycles
0x7 CYC1024 1024 clock cycles
0x8 CYC2048 2048 clock cycles
0x9 CYC4096 4096 clock cycles
OxA CYC8192 8192 clock cycles
0xB CYC16384 16384 clock cycles
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Value Name Description
0xC - - Reserved
OxF
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20.8.3 Early Warning Control

Name: EWCTRL
Offset: 0x02
Reset: x initially determined from NVM User Row after reset

Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
EWOFFSET[3:0]
Access R/W R/W R/W R/W
Reset X X X X

Bits 3:0 - EWOFFSET[3:0] Early Warning Interrupt Time Offset
These bits determine the number of GCLK_WDT clock cycles between the start of the watchdog time-out
period and the generation of the Early Warning interrupt. These bits are loaded from NVM User Row at

start-up.
Value Name Description
0x0 CYC8 8 clock cycles
0x1 CYC16 16 clock cycles
0x2 CYC32 32 clock cycles
0x3 CYC64 64 clock cycles
0x4 CYC128 128 clock cycles
0x5 CYC256 256 clock cycles
0x6 CYC512 512 clock cycles
0x7 CYC1024 1024 clock cycles
0x8 CYC2048 2048 clock cycles
0x9 CYC4096 4096 clock cycles
OxA CYC8192 8192 clock cycles
0xB - Reserved Reserved
OxF
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20.8.4

Bit

Access
Reset

Interrupt Enable Clear

Name: INTENCLR
Offset: 0x04
Reset: 0x00

Property: PAC Write-Protection

This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Set (INTENSET) register.

7 6 5 4 3 2 1 0
| | | | | EW
RIW

Bit 0 — EW Early Warning Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit clears the Early Warning Interrupt Enable bit, which disables the Early Warning
interrupt.
0 The Early Warning interrupt is disabled.
1 The Early Warning interrupt is enabled.
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Interrupt Enable Set

Name: INTENSET
Offset: 0x05
Reset: 0x00

Property: PAC Write-Protection

This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Clear (INTENCLR) register.

7 6 5 4 3 2 1 0
| | | | | EW
RIW

Bit 0 — EW Early Warning Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit sets the Early Warning Interrupt Enable bit, which enables the Early Warning
interrupt.
0 The Early Warning interrupt is disabled.
1 The Early Warning interrupt is enabled.
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20.8.6 Interrupt Flag Status and Clear

Name: INTFLAG
Offset: 0x06
Reset: 0x00

Property: N/A

Bit 7 6 5 4 3 2 1 0

EW

Access R/W
Reset 0

Bit 0 — EW Early Warning

This flag is cleared by writing a '1' to it.

This flag is set when an Early Warning interrupt occurs, as defined by the EWOFFSET bit group in
EWCTRL.

Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Early Warning interrupt flag.
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20.8.7 Synchronization Busy
Name: SYNCBUSY
Offset: 0x08
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
CLEAR ALWAYSON WEN ENABLE
Access R R R R
Reset 0 0 0 0

Bit 4 — CLEAR Clear Synchronization Busy

Value Description
0 Write synchronization of the CLEAR register is complete.
1 Write synchronization of the CLEAR register is ongoing.

Bit 3 — ALWAYSON Always-On Synchronization Busy

Value Description

0 Write synchronization of the CTRLA.ALWAYSON bit is complete.
1 Write synchronization of the CTRLA.ALWAYSON bit is ongoing.

Bit 2 - WEN Window Enable Synchronization Busy

Value Description
0 Write synchronization of the CTRLA.WEN bit is complete.
1 Write synchronization of the CTRLA.WEN bit is ongoing.

Bit 1 — ENABLE Enable Synchronization Busy

Value Description
0 Write synchronization of the CTRLA.ENABLE bit is complete.
1 Write synchronization of the CTRLA.ENABLE bit is ongoing.
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20.8.8 Clear
Name: CLEAR
Offset: 0x0C
Reset: 0x00

Property: Write-Synchronized

Bit 7 6 5 4 3 2 1 0
CLEAR([7:0]

Access w w w w w w w W

Reset 0 0 0 0 0 0 0 0

Bits 7:0 — CLEAR[7:0] Watchdog Clear

In Normal mode, writing OxA5 to this register during the watchdog time-out period will clear the Watchdog
Timer and the watchdog time-out period is restarted.

In Window mode, any writing attempt to this register before the time-out period started (i.e., during
TOwpTtw) Will issue an immediate system Reset. Writing 0xA5 during the time-out period TO,pt will clear
the Watchdog Timer and the complete time-out sequence (first TOwpTw then TOwpT) is restarted.

In both modes, writing any other value than 0xA5 will issue an immediate system Reset.
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RTC - Real-Time Counter

Overview

The Real-Time Counter (RTC) is a 32-bit counter with a 10-bit programmable prescaler that typically runs
continuously to keep track of time. The RTC can wake up the device from sleep modes using the alarm/
compare wake up, periodic wake up, or overflow wake up mechanisms, or from the wake inputs.

The RTC can generate periodic peripheral events from outputs of the prescaler, as well as alarm/compare
interrupts and peripheral events, which can trigger at any counter value. Additionally, the timer can trigger
an overflow interrupt and peripheral event, and can be reset on the occurrence of an alarm/compare
match. This allows periodic interrupts and peripheral events at very long and accurate intervals.

The 10-bit programmable prescaler can scale down the clock source. By this, a wide range of resolutions
and time-out periods can be configured. With a 32.768kHz clock source, the minimum counter tick
interval is 30.5us, and time-out periods can range up to 36 hours. For a counter tick interval of 1s, the
maximum time-out period is more than 136 years.

Features

» 32-bit counter with 10-bit prescaler

* Multiple clock sources

* 32-bit or 16-bit counter mode

» Two 32-bit or four 16-bit compare values

» Clock/Calendar mode
— Time in seconds, minutes, and hours (12/24)
— Date in day of month, month, and year
— Leap year correction

» Digital prescaler correction/tuning for increased accuracy

* Overflow, alarm/compare match and prescaler interrupts and events
— Optional clear on alarm/compare match

» 8 backup registers with retention capability

* Tamper Detection
— Timestamp on event or up to 5 inputs with debouncing
— Active layer protection
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21.3 Block Diagram

Figure 21-1. RTC Block Diagram (Mode 0 — 32-Bit Counter)
0x00000000

<«—— MATCHCLR

-«

-
R e —
CLK_RTC_OSC CLK_RTC_CNT
OSC32KCTRL  OVE
Periodic Events E = > CMPn
Figure 21-2. RTC Block Diagram (Mode 1 — 16-Bit Counter)
0x0000
I —
CLK_RTC_OSC CLK_RTC_CNT
OSC32KCTRL
= > OVF
Periodic Events
= ——>CMPn

e

Figure 21-3. RTC Block Diagram (Mode 2 — Clock/Calendar)
0x00000000

<«—— MATCHCLR

-«

«|

CLK_RTC_CNT

Periodic Events -:

CLK_RTC_OSC
OVF

OSC32KCTRL

= »ALARMnN

Related Links

21.6.2.3 32-Bit Counter (Mode 0)
21.6.2.4 16-Bit Counter (Mode 1)
21.6.2.5 Clock/Calendar (Mode 2)
21.6.8.5 Tamper Detection
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Signal Description
Table 21-1. Signal Description

N S

INn [n=0..4] Tamper Detection Input Digital input
ouT Tamper Detection Output Digital output

One signal can be mapped to one of several pins.

Related Links
6. 1/0 Multiplexing and Considerations

Product Dependencies
In order to use this peripheral, other parts of the system must be configured correctly, as described below.

I/O Lines
For more information on 1/O configurations, refer to the "RTC Pinout" section.

Related Links: I/0 Multiplexing and Considerations

Power Management

The RTC will continue to operate in any sleep mode where the selected source clock is running. The RTC
interrupts can be used to wake up the device from sleep modes. Events connected to the event system
can trigger other operations in the system without exiting sleep modes. Refer to the Power Manager for
details on the different sleep modes.

The RTC will be reset only at power-on (POR) or by setting the Software Reset bit in the Control A
register (CTRLA.SWRST=1).

Related Links
18. PM — Power Manager

Clocks
The RTC bus clock (CLK_RTC_APB) can be enabled and disabled in the Main Clock module MCLK, and
the default state of CLK_RTC_APB can be found in Peripheral Clock Masking section.

A 32KHz or 1KHz oscillator clock (CLK_RTC_OSC) is required to clock the RTC. This clock must be
configured and enabled in the 32KHz oscillator controller (OSC32KCTRL) before using the RTC.

This oscillator clock is asynchronous to the bus clock (CLK_RTC_APB). Due to this asynchronicity,
writing to certain registers will require synchronization between the clock domains. Refer to 21.6.7
Synchronization for further details.

Related Links

29. OSC32KCTRL — 32KHz Oscillators Controller
15.6.2.6 Peripheral Clock Masking

DMA

The DMA request lines (or line if only one request) are connected to the DMA Controller (DMAC). Using
the RTC DMA requests requires the DMA Controller to be configured first.
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Related Links
22. DMAC - Direct Memory Access Controller

Interrupts

The interrupt request line is connected to the Interrupt Controller. Using the RTC interrupt requires the
Interrupt Controller to be configured first.

Related Links

10.2 Nested Vector Interrupt Controller

Events
The events are connected to the Event System.

Related Links
31. EVSYS — Event System

Debug Operation

When the CPU is halted in debug mode the RTC will halt normal operation. The RTC can be forced to
continue operation during debugging. Refer to 21.8.7 DBGCTRL for details.

Register Access Protection
All registers with write-access are optionally write-protected by the peripheral access controller (PAC),
except the following registers:

 Interrupt Flag Status and Clear (INTFLAG) register

Write-protection is denoted by the "PAC Write-Protection" property in the register description.

Write-protection does not apply to accesses through an external debugger. Refer to the PAC - Peripheral
Access Controller for details.

Related Links
27. PAC - Peripheral Access Controller

Analog Connections

A 32.768kHz crystal can be connected to the XIN32 and XOUT32 pins, along with any required load
capacitors. See the Electrical Characteristics Chapters for details on recommended crystal characteristics
and load capacitors.

Functional Description

Principle of Operation

The RTC keeps track of time in the system and enables periodic events, as well as interrupts and events
at a specified time. The RTC consists of a 10-bit prescaler that feeds a 32-bit counter. The actual format
of the 32-bit counter depends on the RTC operating mode.

The RTC can function in one of these modes:
* Mode 0 - COUNT32: RTC serves as 32-bit counter
* Mode 1 - COUNT16: RTC serves as 16-bit counter
* Mode 2 - CLOCK: RTC serves as clock/calendar with alarm functionality
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Basic Operation

Initialization
The following bits are enable-protected, meaning that they can only be written when the RTC is disabled
(CTRLA.ENABLE=0):

» Operating Mode bits in the Control A register (CTRLA.MODE)

* Prescaler bits in the Control A register (CTRLA.PRESCALER)

» Clear on Match bit in the Control A register (CTRLA.MATCHCLR)

» Clock Representation bit in the Control A register (CTRLA.CLKREP)

The following registers are enable-protected:

» Control B register (CTRLB)
» Event Control register (EVCTRL)
» Tamper Control register (TAMPCTRL)

Enable-protected bits and registers can be changed only when the RTC is disabled (CTRLA.ENABLE=0).
If the RTC is enabled (CTRLA.ENABLE=1), these operations are necessary: first write
CTRLA.ENABLE=0 and check whether the write synchronization has finished, then change the desired
bit field value. Enable-protected bits in CTRLA register can be written at the same time as
CTRLA.ENABLE is written to '1', but not at the same time as CTRLA.ENABLE is written to '0'.

Enable-protection is denoted by the "Enable-Protected" property in the register description.
The RTC prescaler divides the source clock for the RTC counter.

Note: In Clock/Calendar mode, the prescaler must be configured to provide a 1Hz clock to the counter
for correct operation.

The frequency of the RTC clock (CLK_RTC_CNT) is given by the following formula:

; _ fok rrC 0sc
CLK_RTC.CNT = ~ BRESCALER

The frequency of the oscillator clock, CLK_RTC_OSC, is given by fci k rtc_osc: @and fcik_rrc_cnt is the
frequency of the internal prescaled RTC clock, CLK_RTC_CNT.

Enabling, Disabling, and Resetting
The RTC is enabled by setting the Enable bit in the Control A register (CTRLA.ENABLE=1). The RTC is
disabled by writing CTRLA.ENABLE=0.

The RTC is reset by setting the Software Reset bit in the Control A register (CTRLA.SWRST=1). All
registers in the RTC, except DEBUG, will be reset to their initial state, and the RTC will be disabled. The
RTC must be disabled before resetting it.

32-Bit Counter (Mode 0)

When the RTC Operating Mode bits in the Control A register (CTRLA.MODE) are written to 0x0, the
counter operates in 32-bit Counter mode. The block diagram of this mode is shown in Figure 21-1. When
the RTC is enabled, the counter will increment on every 0-to-1 transition of CLK_RTC_CNT. The counter
will increment until it reaches the top value of OXFFFFFFFF, and then wrap to 0x00000000. This sets the
Overflow Interrupt flag in the Interrupt Flag Status and Clear register (INTFLAG.OVF).

The RTC counter value can be read from or written to the Counter Value register (COUNT) in 32-bit
format.
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The counter value is continuously compared with the 32-bit Compare registers (COMPn, n=0-1). When a
compare match occurs, the Compare n Interrupt flag in the Interrupt Flag Status and Clear register
(INTFLAG.CMPn) is set on the next 0-to-1 transition of CLK_RTC_CNT.

If the Clear on Match bit in the Control A register (CTRLA.MATCHCLR) is '1', the counter is cleared on
the next counter cycle when a compare match with COMPn occurs. This allows the RTC to generate
periodic interrupts or events with longer periods than the prescaler events. Note that when
CTRLA.MATCHCLR is '1", INTFLAG.CMPn and INTFLAG.OVF will both be set simultaneously on a
compare match with COMPn.

16-Bit Counter (Mode 1)

When the RTC Operating Mode bits in the Control A register (CTRLA.MODE) are written to 0x1, the
counter operates in 16-bit Counter mode as shown in Figure 21-2. When the RTC is enabled, the counter
will increment on every 0-to-1 transition of CLK_RTC_CNT. In 16-bit Counter mode, the 16-bit Period
register (PER) holds the maximum value of the counter. The counter will increment until it reaches the
PER value, and then wrap to 0x0000. This sets the Overflow Interrupt flag in the Interrupt Flag Status and
Clear register (INTFLAG.OVF).

The RTC counter value can be read from or written to the Counter Value register (COUNT) in 16-bit
format.

The counter value is continuously compared with the 16-bit Compare registers (COMPn, n=0..). When a
compare match occurs, the Compare n Interrupt flag in the Interrupt Flag Status and Clear register
(INTFLAG.CMPn, n=0..) is set on the next 0-to-1 transition of CLK_RTC_CNT.

Clock/Calendar (Mode 2)

When the RTC Operating Mode bits in the Control A register (CTRLA.MODE) are written to 0x2, the
counter operates in Clock/Calendar mode, as shown in Figure 21-3. When the RTC is enabled, the
counter will increment on every 0-to-1 transition of CLK_RTC_CNT. The selected clock source and RTC
prescaler must be configured to provide a 1Hz clock to the counter for correct operation in this mode.

The time and date can be read from or written to the Clock Value register (CLOCK) in a 32-bit time/date
format. Time is represented as:

* Seconds
¢ Minutes
¢ Hours

Hours can be represented in either 12- or 24-hour format, selected by the Clock Representation bit in the
Control A register (CTRLA.CLKREP). This bit can be changed only while the RTC is disabled.

The date is represented in this form;

» Day as the numeric day of the month (starting at 1)
* Month as the numeric month of the year (1 = January, 2 = February, etc.)
* Year as a value from 0x00 to Ox3F. This value must be added to a user-defined reference year. The

reference year must be a leap year (2016, 2020 etc). Example: the year value 0x2D, added to a
reference year 2016, represents the year 2061.

The RTC will increment until it reaches the top value of 23:59:59 December 31 of year value 0x3F, and
then wrap to 00:00:00 January 1 of year value 0x00. This will set the Overflow Interrupt flag in the
Interrupt Flag Status and Clear registers (INTFLAG.OVF).

The clock value is continuously compared with the 32-bit Alarm registers (ALARMn, n=0-1). When an
alarm match occurs, the Alarm n Interrupt flag in the Interrupt Flag Status and Clear registers
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(INTFLAG.ALARMnN, n=0..1) is set on the next 0-to-1 transition of CLK_RTC_CNT. E.g. For a 1Hz clock
counter, it means the Alarm 0 Interrupt flag is set with a delay of 1s after the occurrence of alarm match.

A valid alarm match depends on the setting of the Alarm Mask Selection bits in the Alarm n Mask register
(MASKn.SEL). These bits determine which time/date fields of the clock and alarm values are valid for
comparison and which are ignored.

If the Clear on Match bit in the Control A register (CTRLA.MATCHCLR) is set, the counter is cleared on
the next counter cycle when an alarm match with ALARMn occurs. This allows the RTC to generate
periodic interrupts or events with longer periods than it would be possible with the prescaler events only
(see 21.6.8.1 Periodic Intervals).

Note: When CTRLA.MATCHCLR is 1, INTFLAG.ALARMO and INTFLAG.OVF will both be set
simultaneously on an alarm match with ALARMn.

DMA Operation
The RTC generates the following DMA request:

» Tamper (TAMPER): The request is set on capture of the timestamp. The request is cleared when the
Timestamp register is read.

If the CPU accesses the registers which are source for DMA request set/clear condition, the DMA request
can be lost or the DMA transfer can be corrupted, if enabled.

Interrupts
The RTC has the following interrupt sources:

» Overflow (OVF): Indicates that the counter has reached its top value and wrapped to zero.

» Tamper (TAMPER): Indicates detection of valid signal on a tamper input pin or tamper event input.
» Compare (CMPn): Indicates a match between the counter value and the compare register.

+ Alarm (ALARMN): Indicates a match between the clock value and the alarm register.

» Period n (PERN): The corresponding bit in the prescaler has toggled. Refer to 21.6.8.1 Periodic
Intervals for details.

Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status
and Clear (INTFLAG) register is set when the interrupt condition occurs. Each interrupt can be
individually enabled by setting the corresponding bit in the Interrupt Enable Set register (INTENSET=1),
and disabled by setting the corresponding bit in the Interrupt Enable Clear register (INTENCLR=1).

An interrupt request is generated when the interrupt flag is raised and the corresponding interrupt is
enabled. The interrupt request remains active until either the interrupt flag is cleared, the interrupt is
disabled or the RTC is reset. See the description of the INTFLAG registers for details on how to clear
interrupt flags.

All interrupt requests from the peripheral are ORed together on system level to generate one combined
interrupt request to the NVIC. Refer to the Nested Vector Interrupt Controller for details. The user must
read the INTFLAG register to determine which interrupt condition is present.

Note: Interrupts must be globally enabled for interrupt requests to be generated. Refer to the Nested
Vector Interrupt Controller for details.

Related Links
10.2 Nested Vector Interrupt Controller
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Events
The RTC can generate the following output events:

* Overflow (OVF): Generated when the counter has reached its top value and wrapped to zero.

» Tamper (TAMPER): Generated on detection of valid signal on a tamper input pin or tamper event
input.

» Compare (CMPn): Indicates a match between the counter value and the compare register.

» Alarm (ALARM): Indicates a match between the clock value and the alarm register.

» Period n (PERN): The corresponding bit in the prescaler has toggled. Refer to 21.6.8.1 Periodic
Intervals for details.

» Periodic Daily (PERD): Generated when the COUNT/CLOCK has incremented at a fixed period of
time.

Setting the Event Output bit in the Event Control Register (EVCTRL.xxxEO=1) enables the corresponding
output event. Writing a zero to this bit disables the corresponding output event. Refer to the EVSYS -
Event System for details on configuring the event system.

The RTC can take the following actions on an input event:
* Tamper (TAMPEVT): Capture the RTC counter to the timestamp register. See Tamper Detection.

Writing a one to an Event Input bit into the Event Control register (EVCTRL.xxxEI) enables the
corresponding action on input event. Writing a zero to this bit disables the corresponding action on input
event.

Related Links
31. EVSYS — Event System

Sleep Mode Operation

The RTC will continue to operate in any sleep mode where the source clock is active. The RTC interrupts
can be used to wake up the device from a sleep mode. RTC events can trigger other operations in the
system without exiting the sleep mode.

An interrupt request will be generated after the wake-up if the Interrupt Controller is configured
accordingly. Otherwise the CPU will wake up directly, without triggering any interrupt. In this case, the
CPU will continue executing right from the first instruction that followed the entry into sleep.

The periodic events can also wake up the CPU through the interrupt function of the Event System. In this
case, the event must be enabled and connected to an event channel with its interrupt enabled. See Event
System for more information.

Synchronization

Due to asynchronicity between the main clock domain and the peripheral clock domains, some registers
need to be synchronized when written or read.

The following bits are synchronized when written:

» Software Reset bit in Control A register, CTRLA.SWRST

» Enable bit in Control A register, CTRLA.ENABLE

» Count Read Synchronization bit in Control A register (CTRLA.COUNTSYNC)
» Clock Read Synchronization bit in Control A register (CTRLA.COUNTSYNC)

The following registers are synchronized when written:
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» Counter Value register, COUNT

* Clock Value register, CLOCK

» Counter Period register, PER

» Compare n Value registers, COMPn

* Alarm n Value registers, ALARMn

» Frequency Correction register, FREQCORR
* Alarm n Mask register, MASKn

» The General Purpose n registers (GPn)

The following registers are synchronized when read:

» The Counter Value register, COUNT, if the Counter Read Sync Enable bit in CTRLA
(CTRLA.COUNTSYNC) is '1'

* The Clock Value register, CLOCK, if the Clock Read Sync Enable bit in CTRLA
(CTRLA.CLOCKSYNC) is "1

* The Timestamp Value register (TIMESTAMP)

Required write synchronization is denoted by the "Write-Synchronized" property in the register
description.

Required read synchronization is denoted by the "Read-Synchronized" property in the register
description.

Related Links
13.3 Register Synchronization

Additional Features

Periodic Intervals

The RTC prescaler can generate interrupts and events at periodic intervals, allowing flexible system tick
creation. Any of the upper eight bits of the prescaler (bits 2 to 9) can be the source of an interrupt/event.
When one of the eight Periodic Event Output bits in the Event Control register (EVCTRL.PEREO[n=0..7])
is '1', an event is generated on the 0-to-1 transition of the related bit in the prescaler, resulting in a
periodic event frequency of:

_ fcLk RTC OSC
fPERIODIC(N) = s

fcLk_RTC_osc is the frequency of the internal prescaler clock CLK_RTC_OSC, and n is the position of the
EVCTRL.PEREON bit. For example, PERO will generate an event every eight CLK_RTC_OSC cycles,
PER1 every 16 cycles, etc. This is shown in the figure below.

Periodic events are independent of the prescaler setting used by the RTC counter, except if
CTRLA.PRESCALER is zero. Then, no periodic events will be generated.

Figure 21-4. Example Periodic Events

c_rre_osc[J[JIIUILILILILLLLLLLITINDUULLLLubuguuuuuuuuuuiuuuuuuuuguuuuuuy]
PERO [ [ [ [ [ [ [ [
PER1 ﬂ ﬂ ﬂ ﬂ
PER2 ﬂ ﬂ

PER3 ﬂ
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Frequency Correction
The RTC Frequency Correction module employs periodic counter corrections to compensate for a too-
slow or too-fast oscillator. Frequency correction requires that CTRLA.PRESCALER is greater than 1.

The digital correction circuit adds or subtracts cycles from the RTC prescaler to adjust the frequency in
approximately 1ppm steps. Digital correction is achieved by adding or skipping a single count in the
prescaler once every 8192 CLK_RTC_OSC cycles. The Value bit group in the Frequency Correction
register (FREQCORR.VALUE) determines the number of times the adjustment is applied over 128 of
these periods. The resulting correction is as follows:

FREQCORR.VALUE

6
8192 - 128 10"ppm

Correction in ppm =

This results in a resolution of 0.95367ppm.

The Sign bit in the Frequency Correction register (FREQCORR.SIGN) determines the direction of the
correction. A positive value will add counts and increase the period (reducing the frequency), and a
negative value will reduce counts per period (speeding up the frequency).

Digital correction also affects the generation of the periodic events from the prescaler. When the
correction is applied at the end of the correction cycle period, the interval between the previous periodic
event and the next occurrence may also be shortened or lengthened depending on the correction value.

Backup Registers
The RTC includes eight Backup registers (BKUPN). These registers maintain their content in Backup
sleep mode. They can be used to store user-defined values.

If more user-defined data must be stored than the eight Backup registers can hold, the General Purpose
registers (GPn) can be used.

Related Links
18. PM — Power Manager

General Purpose Registers

The RTC includes four General Purpose registers (GPn). These registers are reset only when the RTC is
reset or when tamper detection occurs while CTRLA.GPTRST=1, and remain powered while the RTC is
powered. They can be used to store user-defined values while other parts of the system are powered off.

The general purpose registers 2*n and 2*n+1 are enabled by writing a '1' to the General Purpose Enable
bit n in the Control B register (CTRLB.GPnEN).

The GP registers share internal resources with the COMPARE/ALARM features. Each COMPARE/
ALARM register have a separate read buffer and write buffer. When the general purpose feature is
enabled the even GP uses the read buffer while the odd GP uses the write buffer.

When the COMPARE/ALARM register is written, the write buffer hold temporarily the COMPARE/ALARM
value until the synchronisation is complete (bit SYNCBUSY.COMPnN going to 0). After the write is
completed the write buffer can be used as a odd general purpose register whithout affecting the
COMPARE/ALARM function.

If the COMPARE/ALARM function is not used, the read buffer can be used as an even general purpose
register. In this case writing the even GP will temporarirely use the write buffer until the synchronisation is
complete (bit SYNCBUSY.GPn going to 0). Thus an even GP must be written before writing the odd GP.
Changing or writing an even GP needs to temporarily save the value of the odd GP.

Before using an even GP, the associated COMPARE/ALARM feature must be disabled by writing a '1' to
the General Purpose Enable bit in the Control B register (CTRLB.GPnEN). To re-enable the compare/

© 2019 Microchip Technology Inc. Datasheet DS60001507E-page 292



21.6.8.5

SAM D5x/E5x Family Data Sheet
RTC - Real-Time Counter

alarm, CTRLB.GPnEN must be written to zero and the associated COMPn/ALARMnN must be written with
the correct value.

An example procedure to write the general purpose registers GP0 and GP1 is:

1. Wait for any ongoing write to COMPO to complete (SYNCBUSY.COMPO = 0). If the RTC is
operating in Mode 1, wait for any ongoing write to COMP1 to complete as well
(SYNCBUSY.COMP1 = 0).

2. Write CTRLB.GPOEN = 1 if GPO is needed.
3.  Write GPO if needed.

4. Wait for any ongoing write to GPO to complete (SYNCBUSY.GPO = 0). Note that GP1 will also show
as busy when GPO is busy.

5. Write GP1 if needed.
The following table provides the correspondence of General Purpose Registers and the COMPARE/
ALARM read or write buffer in all RTC modes.
Table 21-2. General Purpose Registers Versus Compare/Alarm Registers: nin 0, 2, 4, 6...

COMPN/2 write (COMPn , COMPn | ALARMN/2 write GPn+1

buffer +1) write buffer buffer
GPn+1 COMPN/2 read (COMPn , COMPn ALARMN/2 read -
buffer +1) read buffer buffer

Tamper Detection
The RTC provides four tamper channels that can be used for tamper detection.

The action of each tamper channel is configured using the Input n Action bits in the Tamper Control
register (TAMPCTRL.INNACT):

» Off: Detection for tamper channel n is disabled.

* Wake: A transition on INn input (tamper channel n) matching TAMPCTRL.TAMPLVLn will be
detected and the tamper interrupt flag (INTFLAG.TAMPER) will be set. The RTC value will not be
captured in the TIMESTAMP register.

» Capture: A transition on INn input (tamper channel n) matching TAMPCTRL.TAMPLVLn will be
detected and the tamper interrupt flag (INTFLAG.TAMPER) will be set. The RTC value will be
captured in the TIMESTAMP register.

» Active Layer Protection: A mismatch of an internal RTC signal routed between INn and OUTn pins
will be detected and the tamper interrupt flag (INTFLAG.TAMPER) will be set. The RTC value will be
captured in the TIMESTAMP register.

In order to determine which tamper source caused a tamper event, the Tamper ID register (TAMPID)
provides the detection status of each tamper channel. These bits remain active until cleared by software.

A single interrupt request (TAMPER) is available for all tamper channels.

The RTC also supports an input event (TAMPEVT) for generating a tamper condition within the Event
System. The tamper input event is enabled by the Tamper Input Event Enable bit in the Event Control
register (EVCTRL.TAMPEVEI).

Up to four polarity external inputs (INn) can be used for tamper detection. The polarity for each input is
selected with the Tamper Level bits in the Tamper Control register (TAMPCTRL.TAMPLVLnN).
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Separate debouncers are embedded for each external input. The debouncer for each input is enabled/
disabled with the Debounce Enable bits in the Tamper Control register (TAMPCTRL.DEBNCn). The
debouncer configuration is fixed for all inputs as set by the Control B register (CTRLB). The debouncing
period duration is configurable using the Debounce Frequency field in the Control B register
(CTRLB.DEBF). The period is set for all debouncers (i.e., the duration cannot be adjusted separately for
each debouncer).

When TAMPCTRL.DEBNCn = 0, INn is detected asynchronously. See Figure 21-5 for an example.

When TAMPCTRL.DEBNCn = 1, the detection time depends on whether the debouncer operates
synchronously or asynchronously, and whether majority detection is enabled or not. Refer to the table
below for more details. Synchronous versus asynchronous stability debouncing is configured by the
Debounce Asynchronous Enable bit in the Control B register (CTRLB.DEBASYNC):

» Synchronous (CTRLB.DEBASYNC = 0): INn is synchronized in two CLK_RTC periods and then must
remain stable for four CLK_RTC_DEB periods before a valid detection occurs. See Figure 21-6 for
an example.

* Asynchronous (CTRLB.DEBASYNC = 1): The first edge on INn is detected. Further detection is
blanked until INn remains stable for four CLK_RTC_DEB periods. See Figure 21-7 for an example.

Maijority debouncing is configured by the Debounce Majority Enable bit in the Control B register
(CTRLB.DEBMAUJ). INn must be valid for two out of three CLK_RTC_DEB periods. See Figure 21-8 for an
example.

Table 21-3. Debouncer Configuration

TAMPCTRL. |CTRLB. CTRLB. Description
DEBNCn DEBMAJ DEBASYNC

Detect edge on INn with no debouncing. Every edge
detected is immediately triggered.

1 0 0 Detect edge on INn with synchronous stability
debouncing. Edge detected is only triggered when INn
is stable for 4 consecutive CLK_RTC_DEB periods.

1 0 1 Detect edge on INn with asynchronous stability
debouncing. First detected edge is triggered
immediately. All subsequent detected edges are
ignored until INn is stable for 4 consecutive
CLK_RTC_DEB periods.

1 1 X Detect edge on INn with majority debouncing. Pin INn
is sampled for 3 consecutive CLK_RTC_ DEB periods.
Signal level is determined by majority-rule (LLL, LLH,
LHL, HLL ='0" and LHH, HLH, HHL, HHH ='1").
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Figure 21-5. Edge Detection with Debouncer Disabled
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Figure 21-6. Edge Detection with Synchronous Stability Debouncing
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Figure 21-7. Edge Detection with Asynchronous Stability Debouncing
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Figure 21-8. Edge Detection with Majority Debouncing
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Related Links

21.3 Block Diagram

21.6.8.5.1 Timestamp

21.6.8.5.2 Active Layer Protection

21.6.8.5.1 Timestamp
As part of tamper detection the RTC can capture the counter value (COUNT/CLOCK) into the
TIMESTAMP register. Three CLK_RTC periods are required to detect the tampering condition and
capture the value. The TIMESTAMP value can be read once the Tamper flag in the Interrupt Flag register
(INTFLAG.TAMPER) is set. If the DMA Enable bit in the Control B register (CTRLB.DMAEN) is ‘1’, a DMA
request will be triggered by the timestamp. In order to determine which tamper source caused a capture,
the Tamper ID register (TAMPID) provides the detection status of each tamper channel and the tamper
input event. A DMA transfer can then read both TIMESTAMP and TAMPID in succession.

A new timestamp value cannot be captured until the Tamper flag is cleared, either by reading the
timestamp or by writing a ‘1’ to INTFLAG.TAMPER. If several tamper conditions occur in a short window
before the flag is cleared, only the first timestamp may be logged. However, the detection of each tamper
will still be recorded in TAMPID.

The Tamper Input Event (TAMPEVT) will always perform a timestamp capture. To capture on the external
inputs (INn), the corresponding Input Action field in the Tamper Control register (TAMPCTRL.INNACT)
must be written to ‘1’. If an input is set for wake functionality it does not capture the timestamp; however
the Tamper flag and TAMPID will still be updated.

Related Links
21.6.8.5 Tamper Detection

21.6.8.5.2 Active Layer Protection
The RTC provides a mean of detecting broken traces on the PCB , also known as Active layer Protection.
In this mode, a generated internal RTC signal can be directly routed over critical components on the
board using RTC OUT output pin to one RTC INn input pin. A tamper condition is detected if there is a
mismatch on the generated RTC signal.

The Active Layer Protection mode and the generation of the RTC signal is enabled by setting the
RTCOUT bit in the Control B register (CTRLB.RTCOUT).

Enabling active layer protection requires the following steps:

» Enable the RTC prescaler output by writing a one to the RTC Out bit in the Control B register
(CTRLB.RTCOUT). The I/O pins must also be configured to correctly route the signal to the external
pins.

» Select the frequency of the output signal by configuring the RTC Active Layer Frequency field in the
Control B register (CTRLB.ACTF).

CLK_RTC

* Enable the tamper input n (INn) in active layer mode by writing 3 to the corresponding Input Action
field in the Tamper Control register (TAMPCTRL.INNACT). When active layer protection is enabled
and INn and OUTn pin are used, the value of INn is sampled on the falling edge of CLK_RTC and
compared to the expected value of OUTn. Therefore up to one half of a CLK_RTC period is available
for propagation delay through the trace.

» Enable Acitive Layer Protection by setting CTRLB.RTCOUT bit.
Related Links
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21.6.8.5 Tamper Detection
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21.7 Register Summary - Mode 0 - 32-Bit Counter

MATCHCLR MODE[1:0] ENABLE SWRST
0x00 CTRLA
15:8 |COUNTSYNC GPTRST BKTRST PRESCALERJ[3:0]
7:0 DMAEN RTCOUT | DEBASYNC DEBMAJ GP2EN GPOEN
0x02 CTRLB
15:8 ACTF[2:0] DEBF[2:0]
7:0 PEREO7 PEREO6 PEREO5 PEREO4 PEREO3 PEREO2 PEREO1 PEREOO
15:8 OVFEO TAMPEREO CMPEO1 CMPEOO
0x04 EVCTRL
23:16 TAMPEVEI
31:24
7:0 PER7 PER6 PER5 PER4 PER3 PER2 PER1 PERO
0x08 INTENCLR
15:8 OVF TAMPER CMP1 CMPO
7:0 PER7 PER6 PER5 PER4 PER3 PER2 PER1 PERO
0x0A INTENSET
15:8 OVF TAMPER CMP1 CMPO
7:0 PER7 PER6 PER5 PER4 PER3 PER2 PER1 PERO
0x0C INTFLAG
15:8 OVF TAMPER CMP1 CMPO
0x0E DBGCTRL 7:0 DBGRUN
OxOF Reserved
7:0 COMP1 COMPO COUNT FREQCORR | ENABLE SWRST
15:8 |COUNTSYNC
0x10 SYNCBUSY
23:16 GP3 GP2 GP1 GPO
31:24
0x14 FREQCORR 7:0 SIGN VALUE[6:0]
0x15
Reserved
0x17
7:0 COUNT[7:0]
15:8 COUNT[15:8]
0x18 COUNT
23:16 COUNT[23:16]
31:24 COUNT[31:24]
0x1C
Reserved
0x1F
7:0 COMPI[7:0]
15:8 COMP[15:8]
0x20 COMPO
23:16 COMP[23:16]
31:24 COMP[31:24]
7:0 COMPI[7:0]
15:8 COMP[15:8]
0x24 COMP1
23:16 COMP[23:16]
31:24 COMP[31:24]
0x28
Reserved
O0x3F
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........... continued
7:0

GP[7:0]
15:8 GP[15:8]
0x40 GPO
23:16 GP[23:16]
31:24 GP[31:24]
7:0 GP[7:0]
15:8 GP[15:8]
0x44 GP1
23:16 GP[23:16]
31:24 GP[31:24]
7:0 GP[7:0]
15:8 GP[15:8]
0x48 GP2
23:16 GP[23:16]
31:24 GP[31:24]
7:0 GP[7:0]
15:8 GP[15:8]
0x4C GP3
23:16 GP[23:16]
31:24 GP[31:24]
0x50
Reserved
0x5F
7:0 IN3ACT[1:0] IN2ACT[1:0] INTACT[1:0] INOACT[1:0]
15:8 INAACT[1:0]
0x60 TAMPCTRL
23:16 TAMLVL4 TAMLVL3 TAMLVL2 TAMLVL1 TAMLVLO
31:24 DEBNC4 DEBNC3 DEBNC2 DEBNCH1 DEBNCO
7:0 COUNT[7:0]
15:8 COUNT[15:8]
0x64 TIMESTAMP
23:16 COUNT[23:16]
31:24 COUNT[31:24]
7:0 TAMPID4 TAMPID3 TAMPID2 TAMPID1 TAMPIDO
15:8
0x68 TAMPID
23:16
31:24 TAMPEVT
0x6C
Reserved
Ox7F
7:0 BKUP[7:0]
15:8 BKUP[15:8]
0x80 BKUPO
23:16 BKUP[23:16]
31:24 BKUP[31:24]
7:0 BKUP[7:0]
15:8 BKUP[15:8]
0x84 BKUP1
23:16 BKUP[23:16]
31:24 BKUP[31:24]
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........... continued

o= e e
7:0

0x88

0x8C

0x90

0x94

0x98

0x9C

21.8

BKUP[7:0]
15:8 BKUP[15:8]
BKUP2
23:16 BKUP[23:16]
31:24 BKUP[31:24]
7:0 BKUP[7:0]
15:8 BKUP[15:8]
BKUP3
23:16 BKUP[23:16]
31:24 BKUP[31:24]
7:0 BKUP[7:0]
15:8 BKUP[15:8]
BKUP4
23:16 BKUP[23:16]
31:24 BKUP[31:24]
7:0 BKUP[7:0]
15:8 BKUP[15:8]
BKUP5
23:16 BKUP[23:16]
31:24 BKUP[31:24]
7:0 BKUP[7:0]
15:8 BKUP[15:8]
BKUP6
23:16 BKUP[23:16]
31:24 BKUP[31:24]
7:0 BKUP[7:0]
15:8 BKUP[15:8]
BKUP7
23:16 BKUP[23:16]
31:24 BKUP[31:24]

Register Description - Mode 0 - 32-Bit Counter
This Register Description section is valid if the RTC is in COUNT32 mode (CTRLA.MODE=0).
Registers can be 8, 16, or 32 bits wide. Atomic 8-, 16-, and 32-bit accesses are supported. In addition,

the 8-bit quarters and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be
accessed directly.

Some registers require synchronization when read and/or written. Synchronization is denoted by the
"Read-Synchronized" and/or "Write-Synchronized" property in each individual register description.

Optional write protection by the Peripheral Access Controller (PAC) is denoted by the "PAC Write
Protection" property in each individual register description.

Some registers are enable-protected, meaning they can only be written when the module is disabled.
Enable protection is denoted by the "Enable-Protected" property in each individual register description.
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21.8.1 Control A in COUNT32 mode (CTRLA.MODE=0)
Name: CTRLA
Offset: 0x00
Reset: 0x0000
Property: PAC Write-Protection, Enable-Protected, Write-Synchronized
Bit 15 14 13 12 1 10 9 8
COUNTSYNC | GPTRST BKTRST PRESCALER[3:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
MATCHCLR MODE[1:0] ENABLE SWRST
Access R/W R/wW RwW R/W R/wW
Reset 0 0 0 0 0

Bit 15 — COUNTSYNC COUNT Read Synchronization Enable
The COUNT register requires synchronization when reading. Disabling the synchronization will prevent
reading valid values from the COUNT register.
This bit is not enable-protected.
0 COUNT read synchronization is disabled
1 COUNT read synchronization is enabled

Bit 14 —- GPTRST GP Registers Reset On Tamper Enable

Only GP registers enabled by the CTRLB.GPnEN bits are affected. This bit can be written only when the
peripheral is disabled.

This bit is not synchronized.

Bit 13 — BKTRST BKUP Registers Reset On Tamper Enable
All BKUPn registers are affected. This bit can be written only when the peripheral is disabled.
This bit is not synchronized.

0 BKUPN registers will not reset when a tamper condition occurs.

1 BKUPN registers will reset when a tamper condition occurs.

Bits 11:8 - PRESCALER[3:0] Prescaler

These bits define the prescaling factor for the RTC clock source (GCLK_RTC) to generate the counter
clock (CLK_RTC_CNT). Periodic events and interrupts are not available when the prescaler is off. These
bits are not synchronized.

Value Name Description

0x0 OFF CLK_RTC_CNT = GCLK_RTC/1
0x1 DIV1 CLK_RTC_CNT = GCLK_RTC/1
0x2 DIvV2 CLK_RTC_CNT = GCLK_RTC/2
0x3 DIv4 CLK_RTC_CNT = GCLK_RTC/4
Ox4 DIV8 CLK_RTC_CNT = GCLK_RTC/8
0x5 DIV16 CLK_RTC_CNT = GCLK_RTC/16
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Value Name Description

0x6 DIV32 CLK_RTC_CNT = GCLK_RTC/32
0x7 DIV64 CLK_RTC_CNT = GCLK_RTC/64
0x8 DIV128 CLK_RTC_CNT = GCLK_RTC/128
0x9 DIV256 CLK_RTC_CNT = GCLK_RTC/256
OxA DIV512 CLK_RTC_CNT = GCLK_RTC/512
0xB DIV1024 CLK_RTC_CNT = GCLK_RTC/1024
0xC-0xF | - Reserved

Bit 7 — MATCHCLR Clear on Match
This bit defines if the counter is cleared or not on a match.
This bit is not synchronized.

Value Description
0 The counter is not cleared on a Compare/Alarm 0 match
1 The counter is cleared on a Compare/Alarm 0 match

Bits 3:2 — MODE[1:0] Operating Mode
This bit group defines the operating mode of the RTC.
This bit is not synchronized.

Value Name Description

0x0 COUNT32 Mode 0: 32-bit counter
0x1 COUNT16 Mode 1: 16-bit counter
0x2 CLOCK Mode 2: Clock/calendar
0x3 - Reserved

Bit 1 - ENABLE Enable

Due to synchronization there is a delay between writing CTRLA.ENABLE and until the peripheral is
enabled/disabled. The value written to CTRLA.ENABLE will read back immediately and the Enable bit in
the Synchronization Busy register (SYNCBUSY.ENABLE) will be set. SYNCBUSY.ENABLE will be
cleared when the operation is complete.

Value Description
0 The peripheral is disabled
1 The peripheral is enabled

Bit 0 —- SWRST Software Reset
Writing a '0' to this bit has no effect.
Writing a '1' to this bit resets all registers in the RTC (except DBGCTRL) to their initial state, and the RTC
will be disabled.
Writing a '1' to CTRLA.SWRST will always take precedence, meaning that all other writes in the same
write-operation will be discarded.

Due to synchronization there is a delay between writing CTRLA.SWRST and until the reset is complete.
CTRLA.SWRST will be cleared when the reset is complete.

Value Description

0 There is not reset operation ongoing

1 The reset operation is ongoing
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21.8.2 Control B in COUNT32 mode (CTRLA.MODE=0)
Name: CTRLB
Offset: 0x02
Reset: 0x0000
Property: PAC Write-Protection, Enable-Protected
Bit 15 14 13 12 11 10 9 8
ACTF[2:0] DEBF[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DMAEN RTCOUT DEBASYNC DEBMAJ GP2EN GPOEN
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 14:12 — ACTF[2:0] Active Layer Frequency

These bits define the prescaling factor for the RTC clock output (OUT) used during active layer protection

in terms of the CLK_RTC.

Value Name Description

0x0 DIv2 CLK_RTC_OUT = CLK_RTC /2
0x1 DIV4 CLK_RTC _OUT = CLK _RTC /4
0x2 DIV8 CLK_RTC_OUT = CLK_RTC /8
0x3 DIV16 CLK_RTC_OUT = CLK_RTC / 16
0x4 DIV32 CLK_RTC_OUT = CLK_RTC / 32
0x5 DIve4 CLK_RTC_OUT = CLK_RTC / 64
0x6 DIV128 CLK_RTC_OUT =CLK_RTC /128
0x7 DIV256 CLK_RTC_OUT = CLK_RTC / 256

Bits 10:8 — DEBF[2:0] Debounce Frequency

These bits define the prescaling factor for the input debouncers in terms of the CLK_RTC.

Value Name Description

0x0 DIV2 CLK _RTC DEB =CLK_RTC/2
0x1 DIV4 CLK_RTC_DEB = CLK_RTC /4
0x2 DIV8 CLK_RTC_DEB =CLK_RTC/8
0x3 DIV16 CLK_RTC_DEB = CLK_RTC /16
0x4 DIV32 CLK_RTC _DEB = CLK_RTC/ 32
0x5 DIV64 CLK_RTC_DEB = CLK_RTC / 64
0x6 DIV128 CLK_RTC_DEB = CLK_RTC /128
0x7 DIV256 CLK_RTC_DEB = CLK_RTC / 256

Bit 7 — DMAEN DMA Enable

The RTC can trigger a DMA request when the timestamp is ready in the TIMESTAMP register.

Value Description

0 Tamper DMA request is disabled. Reading TIMESTAMP has no effect on
INTFLAG.TAMPER.
1 Tamper DMA request is enabled. Reading TIMESTAMP will clear INTFLAG.TAMPER.
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Bit 6 - RTCOUT RTC Output Enable

Value Description
0 The RTC active layer output is disabled.
1 The RTC active layer output is enabled.

Bit 5 —- DEBASYNC Debouncer Asynchronous Enable

Value Description
0 The tamper input debouncers operate synchronously.
1 The tamper input debouncers operate asynchronously.

Bit 4 — DEBMAJ Debouncer Majority Enable

Value Description
0 The tamper input debouncers match three equal values.
1 The tamper input debouncers match majority two of three values.

Bit 1 — GP2EN General Purpose 2 Enable

Value Description
0 COMP1 compare function enabled. GP2/GP3 disabled.
1 COMP1 compare function disabled. GP2/GP3 enabled.

Bit 0 — GPOEN General Purpose 0 Enable

Value Description
0 COMPO compare function enabled. GPO/GP1 disabled.
1 COMPO compare function disabled. GPO/GP1 enabled.
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21.8.3

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Event Control in COUNT32 mode (CTRLA.MODE=0)

Name EVCTRL
Offset 0x04
Reset: 0x00000000
Property: PAC Write-Protection, Enable-Protected
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
TAMPEVEI
RW
0
15 14 13 12 11 10 9 8
OVFEO TAMPEREO CMPEO1 CMPEQO
RIW RW RIW RW
0 0 0 0
7 6 5 4 3 2 1 0
PEREO7 PEREO6 PEREO5 PEREO4 PEREO3 PEREO2 PEREO1 PEREOO
RIW RW RIW RW RIW RW RIW RW
0 0 0 0 0 0 0 0

Bit 16 — TAMPEVEI Tamper Event Input Enable

Value Description
0 Tamper event input is disabled and incoming events will be ignored.
1 Tamper event input is enabled and incoming events will capture the COUNT value.

Bit 15 - OVFEO Overflow Event Output Enable
Value Description
0 Overflow event is disabled and will not be generated.
1 Overflow event is enabled and will be generated for every overflow.

Bit 14 - TAMPEREO Tamper Event Output Enable
Value Description
0 Tamper event output is disabled and will not be generated.
1 Tamper event output is enabled and will be generated for every tamper input.

Bits 8, 9 — CMPEONn Compare n Event Output Enable [n = 1..0]

Value Description
0 Compare n event is disabled and will not be generated.
1 Compare n event is enabled and will be generated for every compare match.

Bits 0, 1, 2, 3, 4, 5, 6, 7 — PEREON Periodic Interval n Event Output Enable [n = 7..0]
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Value Description

0 Periodic Interval n event is disabled and will not be generated.
1 Periodic Interval n event is enabled and will be generated.
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Interrupt Enable Clear in COUNT32 mode (CTRLA.MODE=0)

Name: INTENCLR

Offset: 0x08

Reset: 0x0000

Property: PAC Write-Protection

This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Set (INTENSET) register.

15 14 13 12 11 10 9 8
| OVF | TAMPER | | |  CMmP1 CMPO
RIW RIW RIW RIW
0 0 0 0
7 6 5 4 3 2 1 0
PER7 PER6 PER5 PER4 PER3 PER2 PER1 PERO
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0

Bit 15 — OVF Overflow Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will clear the Overflow Interrupt Enable bit, which disables the Overflow interrupt.

Value Description
0 The Overflow interrupt is disabled.
1 The Overflow interrupt is enabled.

Bit 14 — TAMPER Tamper Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this but will clear the Tamper Interrupt Enable bit, which disables the Tamper interrupt.

Value Description
0 The Tamper interrupt is disabled.
1 The Tamper interrupt is enabled.

Bits 8, 9 — CMPn Compare n Interrupt Enable [n = 1..0]

Writing a '0' to this bit has no effect.

Writing a '1' to this bit will clear the Compare n Interrupt Enable bit, which disables the Compare n
interrupt.

Value Description
0 The Compare n interrupt is disabled
1 The Compare n interrupt is enabled.

Bits 0, 1, 2, 3, 4, 5, 6, 7 — PERn Periodic Interval n Interrupt Enable [n = 7..0]

Writing a '0' to this bit has no effect.

Writing a '1' to this bit will clear the Periodic Interval n Interrupt Enable bit, which disables the Periodic
Interval n interrupt.

Value Description
0 Periodic Interval n interrupt is disabled.
1 Periodic Interval n interrupt is enabled.
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Interrupt Enable Set in COUNT32 mode (CTRLA.MODE=0)

Name: INTENSET

Offset: 0x0A

Reset: 0x0000

Property: PAC Write-Protection

This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Clear (INTENCLR) register.

15 14 13 12 11 10 9 8
| OVF | TAMPER | | |  CMmP1 CMPO
RIW RIW RIW RIW
0 0 0 0
7 6 5 4 3 2 1 0
PER7 PER6 PER5 PER4 PER3 PER2 PER1 PERO
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0

Bit 15 — OVF Overflow Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will set the Overflow Interrupt Enable bit, which enables the Overflow interrupt.

Value Description
0 The Overflow interrupt is disabled.
1 The Overflow interrupt is enabled.

Bit 14 — TAMPER Tamper Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will set the Tamper Interrupt Enable bit, which enables the Tamper interrupt.

Value Description
0 The Tamper interrupt is disabled.
1 The Tamper interrupt is enabled.

Bits 8, 9 — CMPn Compare n Interrupt Enable [n = 1..0]

Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the Compare n Interrupt Enable bit, which and enables the Compare n
interrupt.

Value Description
0 The Compare n interrupt is disabled.
1 The Compare n interrupt is enabled.

Bits 0, 1, 2, 3, 4, 5, 6, 7 — PERn Periodic Interval n Interrupt Enable [n = 7..0]

Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the Periodic Interval n Interrupt Enable bit, which enables the Periodic
Interval n interrupt.

Value Description
0 Periodic Interval n interrupt is disabled.
1 Periodic Interval n interrupt is enabled.
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Interrupt Flag Status and Clear in COUNT32 mode (CTRLA.MODE=0)

Name: INTFLAG
Offset: 0x0C
Reset: 0x0000
Property: -
15 14 13 12 1 10 9 8
OVF TAMPER CMP1 CMPO
R/W R/W RIW R/W
0 0 0 0
7 6 5 4 3 2 1 0
PER7 PER6 PER5 PER4 PER3 PER2 PER1 PERO
R/W R/W R/W R/W RIW R/W RIW R/W
0 0 0 0 0 0 0 0

Bit 15 — OVF Overflow

This flag is cleared by writing a '1' to the flag.

This flag is set on the next CLK_RTC_CNT cycle after an overflow condition occurs, and an interrupt
request will be generated if INTENCLR/SET.OVF is '1".

Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Overflow interrupt flag.

Bit 14 —- TAMPER Tamper event

This flag is set after a damper condition occurs, and an interrupt request will be generated if
INTENCLR.TAMPER/INTENSET.TAMPER is '1'. Writing a '0' to this bit has no effect. Writing a '1' to this
bit clears the Tamper interrupt flag.

Bits 8,9 — CMPn Compare n[n = 1..0]

This flag is cleared by writing a '1' to the flag.

This flag is set on the next CLK_RTC_CNT cycle after a match with the compare condition, and an
interrupt request will be generated if INTENCLR/SET.COMPn is one.

Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Compare n interrupt flag.

Bits 0, 1, 2, 3, 4, 5, 6, 7 — PERn Periodic Interval n [n = 7..0]

This flag is cleared by writing a '1' to the flag.

This flag is set on the 0-to-1 transition of prescaler bit [n+2], and an interrupt request will be generated if
INTENCLR/SET.PERnN is one.

Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Periodic Interval n interrupt flag.
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21.8.7 Debug Control

Name: DBGCTRL
Offset: Ox0E
Reset: 0x00

Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
DBGRUN
Access R/W
Reset 0

Bit 0 - DBGRUN Debug Run
This bit is not reset by a software reset.
This bit controls the functionality when the CPU is halted by an external debugger.

Value Description

0 The RTC is halted when the CPU is halted by an external debugger.
1 The RTC continues normal operation when the CPU is halted by an external debugger.
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21.8.8 Synchronization Busy in COUNT32 mode (CTRLA.MODE=0)
Name: SYNCBUSY
Offset: 0x10
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
GP3 GP2 GP1 GPO
Access R R R R
Reset 0 0 0 0
Bit 15 14 13 12 11 10 9 8
COUNTSYNC
Access R
Reset 0
Bit 7 6 5 4 3 2 1 0
COMP1 COMPO COUNT FREQCORR ENABLE SWRST
Access R R R R R R
Reset 0 0 0 0 0 0

Bits 16, 17, 18, 19 — GPn General Purpose n Synchronization Busy Status

Value Description
0 Write synchronization for GPn register is complete.
1 Write synchronization for GPn register is ongoing.

Bit 15— COUNTSYNC Count Read Sync Enable Synchronization Busy Status

Value Description
0 Write synchronization for CTRLA.COUNTSYNC bit is complete.
1 Write synchronization for CTRLA.COUNTSYNC bit is ongoing.

Bits 5, 6 — COMPn Compare n Synchronization Busy Status [n = 1..0]

Value Description
0 Write synchronization for COMPXx register is complete.
1 Write synchronization for COMPXx register is ongoing.

Bit 3 — COUNT Count Value Synchronization Busy Status

Value Description
0 Read/write synchronization for COUNT register is complete.
1 Read/write synchronization for COUNT register is ongoing.

Bit 2 - FREQCORR Frequency Correction Synchronization Busy Status
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Value Description

0 Write synchronization for FREQCORR register is complete.
1 Write synchronization for FREQCORR register is ongoing.

Bit 1 — ENABLE Enable Synchronization Busy Status
Value Description
0 Write synchronization for CTRLA.ENABLE bit is complete.
1 Write synchronization for CTRLA.ENABLE bit is ongoing.

Bit 0 — SWRST Software Reset Synchronization Busy Status

Value Description
0 Write synchronization for CTRLA.SWRST bit is complete.
1 Write synchronization for CTRLA.SWRST bit is ongoing.
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21.8.9 Frequency Correction

Name: FREQCORR
Offset: 0x14
Reset: 0x00

Property: PAC Write-Protection, Write-Synchronized

Bit 7 6 5 4 3 2 1 0
SIGN VALUE[6:0]
Access R/wW R/wW R/wW R/wW R/wW RwW R/wW R/wW
Reset 0 0 0 0 0 0 0 0

Bit 7 — SIGN Correction Sign

Value Description

0 The correction value is positive, i.e., frequency will be decreased.
1 The correction value is negative, i.e., frequency will be increased.

Bits 6:0 — VALUE[6:0] Correction Value
These bits define the amount of correction applied to the RTC prescaler.

Value Description

0 Correction is disabled and the RTC frequency is unchanged.
1 - 127 The RTC frequency is adjusted according to the value.
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21.8.10 Counter Value in COUNT32 mode (CTRLA.MODE=0)

Name: COUNT

Offset: 0x18

Reset: 0x00000000

Property: PAC Write-Protection, Write-Synchronized, Read-Synchronized

Bit 31 30 29 28 27 26 25 24
COUNT[31:24]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
COUNT[23:16]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
COUNT[15:8]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
COUNTI[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — COUNT[31:0] Counter Value
These bits define the value of the 32-bit RTC counter in mode 0.
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21.8.11 Compare n Value in COUNT32 mode (CTRLA.MODE=0)

Name: COMP

Offset: 0x20 + n*0x04 [n=0..1]

Reset: 0x00000000

Property: PAC Write-Protection, Write-Synchronized

Bit 31 30 29 28 27 26 25 24
COMPI[31:24]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
COMPJ[23:16]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
COMPI[15:8]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
COMP[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — COMP[31:0] Compare Value

The 32-bit value of COMPnN is continuously compared with the 32-bit COUNT value. When a match
occurs, the Compare n interrupt flag in the Interrupt Flag Status and Clear register (INTFLAG.CMPn) is
set on the next counter cycle, and the counter value is cleared if CTRLA.MATCHCLR is one.
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21.8.12 General Purpose n

Name: GPn
Offset: 0x40 + n*0x04 [n=0..3]
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
GP[31:24]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
GP[23:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
GP[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
GP[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — GP[31:0] General Purpose
These bits are for user-defined general purpose use, see 21.6.8.4

General Purpose Registers.
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21.8.13 Tamper Control

Name: TAMPCTRL

Offset: 0x60

Reset: 0x00000000

Property: PAC Write-Protection, Enable-Protected

Bit 31 30 29 28 27 26 25 24
DEBNC4 DEBNC3 DEBNC2 DEBNCH1 DEBNCO
Access
Reset 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
TAMLVL4 TAMLVL3 TAMLVL2 TAMLVLA TAMLVLO
Access
Reset 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
IN4AACT[1:0]
Access
Reset 0 0
Bit 7 6 5 4 3 2 1 0
IN3ACT[1:0] IN2ACT[1:0] INTACT[1:0] INOACTI[1:0]
Access
Reset 0 0 0 0 0 0 0 0

Bits 24, 25, 26, 27, 28 - DEBNC Debounce Enable of Tamper Input INn
Note: Debounce feature does not apply to the Active Layer Protection mode (TAMPCTRL.INACT =

ACTL).

Value Description

0 Debouncing is disabled for Tamper input INn
1 Debouncing is enabled for Tamper input INn

Bits 16, 17, 18, 19, 20 —- TAMLVL Tamper Level Select of Tamper Input INn
Note: Tamper Level feature does not apply to the Active Layer Protection mode (TAMPCTRL.INACT =

ACTL).

Value Description

0 A falling edge condition will be detected on Tamper input INn.
1 A rising edge condition will be detected on Tamper input INn.

Bits 0:1, 2:3, 4:5, 6:7, 8:9 — INACT Tamper Channel n Action
These bits determine the action taken by Tamper Channel n.

Value Name Description

0x0 OFF Off (Disabled)

0x1 WAKE Wake and set Tamper flag

0x2 CAPTURE | Capture timestamp and set Tamper flag
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Value Name Description
0x3 ACTL Compare RTC signal routed between INn and OUT pins . When a mismatch
occurs, capture timestamp and set Tamper flag
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21.8.14 Timestamp

Name: TIMESTAMP
Offset: 0x64
Reset: 0x0

Property: Read-Only

Bit 31 30 29 28 27 26 25 24
COUNT[31:24]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
COUNT[23:16]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
COUNT[15:8]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
COUNTI[7:0]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — COUNT[31:0] Count Timestamp Value
The 32-bit value of COUNT is captured by the TIMESTAMP when a tamper condition occurs
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21.8.15 TamperID

Name: TAMPID
Offset: 0x68
Reset: 0x00000000

Bit 31 30 29 28 27 26 25 24
TAMPEVT
Access R/W
Reset 0
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 " 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
TAMPID4 TAMPID3 TAMPID2 TAMPID1 TAMPIDO
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bit 31 - TAMPEVT Tamper Event Detected
Writing a '0' to this bit has no effect. Writing a '1' to this bit clears the tamper detection bit.

Value

0
1

Description
A tamper input event has not been detected
A tamper input event has been detected

Bits 0, 1, 2, 3, 4 — TAMPID Tamper on Channel n Detected
Writing a '0' to this bit has no effect. Writing a '1' to this bit clears the tamper detection bit.

Value Description

0
1

A tamper condition has not been detected on Channel n
A tamper condition has been detected on Channel n
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21.8.16 Backupn

Name: BKUP
Offset: 0x80 + n*0x04 [n=0..7]
Reset: 0x00000000

Property: PAC Write-Protection

Bit 31 30 29 28 27 26 25 24
BKUP[31:24]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
BKUP[23:16]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
BKUP[15:8]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
BKUP[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — BKUP[31:0] Backup
These bits are user-defined for general purpose use in the Backup domain.
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219 Register Summary - Mode 1 - 16-Bit Counter

=1 N ) R R R R R e e
7:0

MODE[1:0] ENABLE SWRST
0x00 CTRLA
15:8 COUNTSYNC| GPTRST BKTRST PRESCALERJ[3:0]
7:0 DMAEN RTCOUT | DEBASYNC DEBMAJ GP2EN GPOEN
0x02 CTRLB
15:8 ACTF[2:0] DEBF[2:0]
7:0 PEREO7 PEREO6 PEREO5 PEREO4 PEREO3 PEREO2 PEREO1 PEREOO
15:8 OVFEO TAMPEREO CMPEO3 CMPEO2 CMPEO1 CMPEOO
0x04 EVCTRL
23:16 TAMPEVEI
31:24
7:0 PER7 PER6 PER5 PER4 PER3 PER2 PER1 PERO
0x08 INTENCLR
15:8 OVF TAMPER CMP3 CMP2 CMP1 CMPO
7:0 PER7 PER6 PER5 PER4 PER3 PER2 PER1 PERO
0x0A INTENSET
15:8 OVF TAMPER CMP3 CMP2 CMP1 CMPO
7:0 PER7 PER6 PER5 PER4 PER3 PER2 PER1 PERO
0x0C INTFLAG
15:8 OVF TAMPER CMP3 CMP2 CMP1 CMPO
0x0E DBGCTRL 7:0 DBGRUN
OxOF Reserved
7:0 COMP2 COMP1 COMPO PER COUNT FREQCORR | ENABLE SWRST
15:8 COUNTSYNC COMP3
0x10 SYNCBUSY
23:16 GP3 GP2 GP1 GPO
31:24
0x14 FREQCORR 7:0 SIGN VALUE[6:0]
0x15
Reserved
0x17
7:0 COUNT[7:0]
0x18 COUNT
15:8 COUNT[15:8]
0x1A
Reserved
0x1B
7:0 PER[7:0]
0x1C PER
15:8 PER[15:8]
Ox1E
Reserved
Ox1F
7:0 COMPI[7:0]
0x20 COMPO
15:8 COMP[15:8]
7:0 COMPI[7:0]
0x22 COMP1
15:8 COMPI[15:8]
7:0 COMPI[7:0]
0x24 COMP2
15:8 COMP[15:8]
7:0 COMPI[7:0]
0x26 COMP3
15:8 COMPI[15:8]
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........... continued

0x28
Reserved
0x3F
7:0 GP[7:0]
15:8 GP[15:8]
0x40 GPO
23:16 GP[23:16]
31:24 GP[31:24]
7:0 GP[7:0]
15:8 GP[15:8]
0x44 GP1
23:16 GP[23:16]
31:24 GP[31:24]
7:0 GP[7:0]
15:8 GP[15:8]
0x48 GP2
23:16 GP[23:16]
31:24 GP[31:24]
7:0 GP[7:0]
15:8 GP[15:8]
0x4C GP3
23:16 GP[23:16]
31:24 GP[31:24]
0x50
Reserved
Ox5F
7:0 IN3ACTI[1:0] IN2ACT[1:0] INTACT[1:0] INOACTI[1:0]
15:8 INAACT[1:0]
0x60 TAMPCTRL
23:16 TAMLVL4 TAMLVL3 TAMLVL2 TAMLVL1 TAMLVLO
31:24 DEBNC4 DEBNC3 DEBNC2 DEBNC1 DEBNCO
7:0 COUNT[7:0]
15:8 COUNT[15:8]
0x64 TIMESTAMP
23:16
31:24
7:0 TAMPID4 TAMPID3 TAMPID2 TAMPID1 TAMPIDO
15:8
0x68 TAMPID
23:16
31:24 TAMPEVT
0x6C
Reserved
Ox7F
7:0 BKUP[7:0]
15:8 BKUP[15:8]
0x80 BKUPO
23:16 BKUP[23:16]
31:24 BKUP[31:24]
7:0 BKUP[7:0]
15:8 BKUP[15:8]
0x84 BKUP1
23:16 BKUP[23:16]
31:24 BKUP[31:24]
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........... continued

o= e e
7:0

0x88

0x8C

0x90

0x94

0x98

0x9C

BKUP2

BKUP3

BKUP4

BKUP5

BKUP6

BKUP7

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

BKUPJ[7:0]
BKUP[15:8]
BKUP[23:16]
BKUP[31:24]
BKUPJ[7:0]
BKUP[15:8]
BKUP[23:16]
BKUP[31:24]
BKUPJ[7:0]
BKUP[15:8]
BKUP[23:16]
BKUP[31:24]
BKUPJ[7:0]
BKUP[15:8]
BKUP[23:16]
BKUP[31:24]
BKUPJ[7:0]
BKUP[15:8]
BKUP[23:16]
BKUP[31:24]
BKUPJ[7:0]
BKUP[15:8]
BKUP[23:16]
BKUP[31:24]

21.10 Register Description - Mode 1 - 16-Bit Counter
This Register Description section is valid if the RTC is in COUNT16 mode (CTRLA.MODE=1).

Registers can be 8, 16, or 32 bits wide. Atomic 8-, 16-, and 32-bit accesses are supported. In addition,
the 8-bit quarters and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be
accessed directly.

Some registers require synchronization when read and/or written. Synchronization is denoted by the
"Read-Synchronized" and/or "Write-Synchronized" property in each individual register description.

Optional write protection by the Peripheral Access Controller (PAC) is denoted by the "PAC Write
Protection" property in each individual register description.

Some registers are enable-protected, meaning they can only be written when the module is disabled.
Enable protection is denoted by the "Enable-Protected" property in each individual register description.
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21.10.1 Control A in COUNT16 mode (CTRLA.MODE=1)

Name: CTRLA

Offset: 0x00

Reset: 0x0000

Property: PAC Write-Protection, Enable-Protected, Write-Synchronized

Bit 15 14 13 12 11 10 9 8
COUNTSYNC GPTRST BKTRST PRESCALER[3:0]

Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0

MODE[1:0] ENABLE SWRST

Access R/W R/W R/W R/W

Reset 0 0 0 0

Bit 15 — COUNTSYNC COUNT Read Synchronization Enable
The COUNT register requires synchronization when reading. Disabling the synchronization will prevent
reading valid values from the COUNT register.
This bit is not enable-protected.

Value Description

0 COUNT read synchronization is disabled

1 COUNT read synchronization is enabled

Bit 14 —- GPTRST GP Registers Reset On Tamper Enable

Only GP registers enabled by the CTRLB.GPnEN bits are affected. This bit can be written only when the
peripheral is disabled.

This bit is not synchronized.

Value Description
0 GPn registers will not reset when a tamper condition occurs.
1 GPn registers will reset when a tamper condition occurs.

Bit 13 - BKTRST BKUP Registers Reset On Tamper Enable
All BKUPnN registers are affected. This bit can be written only when the peripheral is disabled.
This bit is not synchronized.

Value Description
0 BKUPN registers will not reset when a tamper condition occurs.
1 BKUPN registers will reset when a tamper condition occurs.

Bits 11:8 — PRESCALER][3:0] Prescaler

These bits define the prescaling factor for the RTC clock source (GCLK_RTC) to generate the counter
clock (CLK_RTC_CNT). Periodic events and interrupts are not available when the prescaler is off. These
bits are not synchronized.

Value Name Description

0x0 OFF CLK_RTC_CNT = GCLK_RTC/1
0x1 DIV1 CLK_RTC_CNT = GCLK_RTC/1
0x2 DIV2 CLK_RTC_CNT = GCLK_RTC/2
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Value Name Description

0x3 DIV4 CLK_RTC_CNT = GCLK_RTC/4
0x4 DIV8 CLK_RTC_CNT = GCLK_RTC/8
0x5 DIV16 CLK_RTC_CNT = GCLK_RTC/16
0x6 DIV32 CLK_RTC_CNT = GCLK_RTC/32
0x7 DIV64 CLK_RTC_CNT = GCLK_RTC/64
0x8 DIV128 CLK_RTC_CNT = GCLK_RTC/128
0x9 DIV256 CLK_RTC_CNT = GCLK_RTC/256
OxA DIV512 CLK_RTC_CNT = GCLK_RTC/512
0xB DIV1024 CLK_RTC_CNT = GCLK_RTC/1024
0xC-0xF | - Reserved

Bits 3:2 — MODE[1:0] Operating Mode
This field defines the operating mode of the RTC. This bit is not synchronized.

Value Name Description

0x0 COUNT32 Mode 0: 32-bit counter
0x1 COUNT16 Mode 1: 16-bit counter
0x2 CLOCK Mode 2: Clock/calendar
0x3 - Reserved

Bit 1 - ENABLE Enable

Due to synchronization there is delay from writing CTRLA.ENABLE until the peripheral is enabled/
disabled. The value written to CTRLA.ENABLE will read back immediately and the Enable bit in the
Synchronization Busy register (SYNCBUSY.ENABLE) will be set. SYNCBUSY.ENABLE will be cleared
when the operation is complete.

Value Description

0 The peripheral is disabled

1 The peripheral is enabled

Bit 0 - SWRST Software Reset

Writing a '0' to this bit has no effect.

Writing a '1' to this bit resets all registers in the RTC (except DBGCTRL) to their initial state, and the RTC
will be disabled.

Writing a '1' to CTRLA.SWRST will always take precedence, meaning that all other writes in the same
write-operation will be discarded.

Due to synchronization there is a delay from writing CTRLA.SWRST until the reset is complete.
CTRLA.SWRST will be cleared when the reset is complete.

Value Description
0 There is not reset operation ongoing
1 The reset operation is ongoing
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21.10.2 Control B in COUNT16 mode (CTRLA.MODE=1)

Name: CTRLB
Offset: 0x02
Reset: 0x0000
Property: PAC Write-Protection, Enable-Protected
Bit 15 14 13 12 11 10 9 8
ACTF[2:0] DEBF[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DMAEN RTCOUT DEBASYNC DEBMAJ GP2EN GPOEN
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 14:12 — ACTF[2:0] Active Layer Frequency

These bits define the prescaling factor for the RTC clock output (OUT) used during active layer protection

in terms of the CLK_RTC.

Value Name Description

0x0 DIv2 CLK_RTC_OUT = CLK_RTC /2
0x1 DIV4 CLK_RTC _OUT = CLK _RTC /4
0x2 DIV8 CLK_RTC_OUT = CLK_RTC /8
0x3 DIV16 CLK_RTC_OUT = CLK_RTC / 16
0x4 DIV32 CLK_RTC_OUT = CLK_RTC / 32
0x5 DIve4 CLK_RTC_OUT = CLK_RTC / 64
0x6 DIV128 CLK_RTC_OUT =CLK_RTC /128
0x7 DIV256 CLK_RTC_OUT = CLK_RTC / 256

Bits 10:8 — DEBF[2:0] Debounce Frequency

These bits define the prescaling factor for the input debouncers in terms of the CLK_RTC.

Value Name Description

0x0 DIV2 CLK _RTC DEB =CLK_RTC/2
0x1 DIV4 CLK_RTC_DEB = CLK_RTC /4
0x2 DIV8 CLK_RTC_DEB =CLK_RTC/8
0x3 DIV16 CLK_RTC_DEB = CLK_RTC /16
0x4 DIV32 CLK_RTC _DEB = CLK_RTC/ 32
0x5 DIV64 CLK_RTC_DEB = CLK_RTC / 64
0x6 DIV128 CLK_RTC_DEB = CLK_RTC /128
0x7 DIV256 CLK_RTC_DEB = CLK_RTC / 256

Bit 7 — DMAEN DMA Enable

The RTC can trigger a DMA request when the timestamp is ready in the TIMESTAMP register.

Value Description

0 Tamper DMA request is disabled. Reading TIMESTAMP has no effect on
INTFLAG.TAMPER.
1 Tamper DMA request is enabled. Reading TIMESTAMP will clear INTFLAG.TAMPER.
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Bit 6 - RTCOUT RTC Output Enable

Value Description
0 The RTC active layer output is disabled.
1 The RTC active layer output is enabled.

Bit 5 —- DEBASYNC Debouncer Asynchronous Enable

Value Description
0 The tamper input debouncers operate synchronously.
1 The tamper input debouncers operate asynchronously.

Bit 4 — DEBMAJ Debouncer Majority Enable

Value Description
0 The tamper input debouncers match three equal values.
1 The tamper input debouncers match majority two of three values.

Bit 1 — GP2EN General Purpose 2 Enable

Value Description
0 COMP1 compare function enabled. GP2/GP3 disabled.
1 COMP1 compare function disabled. GP2/GP3 enabled.

Bit 0 — GPOEN General Purpose 0 Enable

Value Description
0 COMPO compare function enabled. GPO/GP1 disabled.
1 COMPO compare function disabled. GPO/GP1 enabled.

© 2019 Microchip Technology Inc. Datasheet DS60001507E-page 329



SAM D5x/E5x Family Data Sheet
RTC - Real-Time Counter

21.10.3

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Event Control in COUNT16 mode (CTRLA.MODE=1)

Name EVCTRL
Offset 0x04
Reset: 0x00000000
Property: PAC Write-Protection, Enable-Protected
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
TAMPEVEI
R/W
0
15 14 13 12 1" 10 9 8
OVFEO TAMPEREO CMPEQ3 CMPEOQ2 CMPEO1 CMPEOQO
R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0
7 6 5 4 3 2 1 0
PEREO7 PEREO6 PEREO5 PEREO4 PEREO3 PEREO2 PEREO1 PEREOO
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Bit 16 — TAMPEVEI Tamper Event Input Enable

Value Description
0 Tamper event input is disabled, and incoming events will be ignored
1 Tamper event input is enabled, and incoming events will capture the COUNT value

Bit 15 - OVFEO Overflow Event Output Enable
Value Description
0 Overflow event is disabled and will not be generated.
1 Overflow event is enabled and will be generated for every overflow.

Bit 14 - TAMPEREO Tamper Event Output Enable
Value Description
0 Tamper event output is disabled, and will not be generated.
1 Tamper event output is enabled, and will be generated for every tamper input.

Bits 8, 9, 10, 11 — CMPEON Compare n Event Output Enable [n = 3..0]

Value Description
0 Compare n event is disabled and will not be generated.
1 Compare n event is enabled and will be generated for every compare match.

Bits 0, 1, 2, 3, 4, 5, 6, 7 — PEREON Periodic Interval n Event Output Enable [n = 7..0]
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Value Description

0 Periodic Interval n event is disabled and will not be generated.
1 Periodic Interval n event is enabled and will be generated.
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Interrupt Enable Clear in COUNT16 mode (CTRLA.MODE=1)

Name: INTENCLR

Offset: 0x08

Reset: 0x0000

Property: PAC Write-Protection

This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Set (INTENSET) register.

15 14 13 12 11 10 9 8
| OVF | TAMPER | omps | cmP2 | CMP1 CMPO
RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0
7 6 5 4 3 2 1 0
PER7 PER6 PER5 PER4 PER3 PER2 PER1 PERO
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0

Bit 15 — OVF Overflow Interrupt Enable
Writing a '0' to this bit has no effect. Writing a '1' to this bit will clear the Overflow Interrupt Enable bit,
which disables the Overflow interrupt.

Value Description
0 The Overflow interrupt is disabled.
1 The Overflow interrupt is enabled.

Bit 14 — TAMPER Tamper Interrupt Enable
Writing a '0' to this bit has no effect. Writing a '1' to this bit will clear the Tamper Interrupt Enable bit, which
disables the Tamper interrupt.

Value Description
0 The Tamper interrupt is disabled.
1 The Tamper interrupt is enabled.

Bits 8, 9, 10, 11 —- CMPn Compare n Interrupt Enable [n = 3..0]
Writing a '0' to this bit has no effect. Writing a '1' to this bit will clear the Compare n Interrupt Enable bit,
which disables the Compare n interrupt.

Value Description
0 The Compare n interrupt is disabled.
1 The Compare n interrupt is enabled.

Bits 0, 1, 2, 3, 4, 5, 6, 7 — PERn Periodic Interval n Interrupt Enable [n = 7..0]
Writing a '0' to this bit has no effect. Writing a '1' to this bit will clear the Periodic Interval n Interrupt
Enable bit, which disables the Periodic Interval n interrupt.

Value Description
0 Periodic Interval n interrupt is disabled.
1 Periodic Interval n interrupt is enabled.
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Interrupt Enable Set in COUNT16 mode (CTRLA.MODE=1)

Name: INTENSET

Offset: 0x0A

Reset: 0x0000

Property: PAC Write-Protection

This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Clear (INTENCLR) register.

15 14 13 12 11 10 9 8
| OVF | TAMPER | omps | cmP2 | CMP1 CMPO
RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0
7 6 5 4 3 2 1 0
PER7 PER6 PER5 PER4 PER3 PER2 PER1 PERO
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0

Bit 15 — OVF Overflow Interrupt Enable
Writing a '0' to this bit has no effect. Writing a '1' to this bit will set the Overflow Interrupt Enable bit, which
enables the Overflow interrupt.

Value Description
0 The Overflow interrupt is disabled.
1 The Overflow interrupt is enabled.

Bit 14 — TAMPER Tamper Interrupt Enable
Writing a '0' to this bit has no effect. Writing a '1' to this bit will set the Tamper Interrupt Enable bit, which
enables the Tamper interrupt.

Value Description
0 The Tamper interrupt is disabled.
1 The Tamper interrupt is enabled.

Bits 8, 9, 10, 11 —- CMPn Compare n Interrupt Enable [n = 3..0]
Writing a '0' to this bit has no effect. Writing a '1' to this bit will set the Compare n Interrupt Enable bit,
which and enables the Compare n interrupt.

Value Description
0 The Compare n interrupt is disabled.
1 The Compare n interrupt is enabled.

Bits 0, 1, 2, 3, 4, 5, 6, 7 — PERn Periodic Interval n Interrupt Enable [n = 7..0]
Writing a '0' to this bit has no effect. Writing a '1' to this bit will set the Periodic Interval n Interrupt Enable
bit, which enables the Periodic Interval n interrupt.

Value Description
0 Periodic Interval n interrupt is disabled.
1 Periodic Interval n interrupt is enabled.
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21.10.6 Interrupt Flag Status and Clear in COUNT16 mode (CTRLA.MODE=1)

Name: INTFLAG
Offset: 0x0C
Reset: 0x0000
Property: -
Bit 15 14 13 12 1 10 9 8
OVF TAMPER CMP3 CMP2 CMP1 CMPO
Access R/W R/W R/W R/W R/IW R/W
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
PER7 PER6 PER5 PER4 PER3 PER2 PER1 PERO
Access R/W R/W R/W R/W R/W R/W RIW R/W
Reset 0 0 0 0 0 0 0 0

Bit 15 — OVF Overflow

This flag is cleared by writing a '1' to the flag.

This flag is set on the next CLK_RTC_CNT cycle after an overflow condition occurs, and an interrupt
request will be generated if INTENCLR/SET.OVF is '1".

Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Overflow interrupt flag.

Bit 14 - TAMPER Tamper

This flag is set after a tamper condition occurs, and an interrupt request will be generated if
INTENCLR.TAMPER/ INTENSET.TAMPER is one.

Writing a '0' to this bit has no effect.

Writing a one to this bit clears the Tamper interrupt flag.

Bits 8,9, 10, 11 — CMPn Compare n [n = 3..0]

This flag is cleared by writing a '1' to the flag.

This flag is set on the next CLK_RTC_CNT cycle after a match with the compare condition, and an
interrupt request will be generated if INTENCLR/SET.COMPn is one.

Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Compare n interrupt flag.

Bits 0, 1, 2, 3, 4, 5, 6, 7 — PERn Periodic Interval n [n = 7..0]

This flag is cleared by writing a '1' to the flag.

This flag is set on the 0-to-1 transition of prescaler bit [n+2], and an interrupt request will be generated if
INTENCLR/SET.PERX is one.

Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Periodic Interval n interrupt flag.
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21.10.7 Debug Control

Name: DBGCTRL
Offset: Ox0E
Reset: 0x00

Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
DBGRUN
Access R/W
Reset 0

Bit 0 - DBGRUN Debug Run
This bit is not reset by a software reset.
This bit controls the functionality when the CPU is halted by an external debugger.

Value Description

0 The RTC is halted when the CPU is halted by an external debugger.
1 The RTC continues normal operation when the CPU is halted by an external debugger.
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21.10.8 Synchronization Busy in COUNT16 mode (CTRLA.MODE=1)

Name: SYNCBUSY
Offset: 0x10
Reset: 0x00000000

Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
GP3 GP2 GP1 GPO
Access R R R R
Reset 0 0 0 0
Bit 15 14 13 12 11 10 9 8
COUNTSYNC COMP3
Access R R
Reset 0 0
Bit 7 6 5 4 3 2 1 0
COMP2 COMP1 COMPO PER COUNT FREQCORR ENABLE SWRST
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 16, 17, 18, 19 — GPn General Purpose n Synchronization Busy Status

Value Description
0 Write synchronization for GPn register is complete.
1 Write synchronization for GPn register is ongoing.

Bit 15— COUNTSYNC Count Read Sync Enable Synchronization Busy Status

Value Description
0 Write synchronization for CTRLA.COUNTSYNC bit is complete.
1 Write synchronization for CTRLA.COUNTSYNC bit is ongoing.

Bits 5, 6, 7, 8