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:
« 1.71Vto 3.63V, -40°C to +125°C, DC to 100 MHz
*+  1.71V to0 3.63V, -40°C to +105°C, DC to 120 MHz
*+ 1.71V 1o 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-zones 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
o 256/192/128 KB SRAM Main Memory
— 128/96/64 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
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Power Supply
+ 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(HC) Memory Card Interfaces (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 /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

IEEE 1588 Time Stamping Unit (TSU) support

IEEE802.3AZ energy efficiency support

Support for 802.1AS and 1588 precision clock synchronization protocol
Wake on LAN support

*  Up to two Controller Area Network CAN (SAM E51 and SAM E54)

Support for CAN2.0 A/B and CAN-FD (ISO 11898-1:2015)

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 3.4MHz

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 using 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)
+  One 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-, 14-, 15-, 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
+  32.768 kHz crystal oscillator (XOSC32K)
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—  Clock failure detection
*  Up to two 8 MHz to 48 MHz crystal oscillator (XOSC)
—  Clock failure detection
e 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 1/O pins

Packages
Table 1. Package Types

Parameter QFN TQFP TFBGA WLCSP
Pin Count 48 64 64 100 128 120 64
I/O Pins (up to) 37 51 51 81 99 90 51
Contact/Lead 0.5 0.5 0.5 0.5 0.4 0.5 0.4
Pitch

Dimension 7x7x0.85 9x9x1 10x10x1 14x14x1 14x14x1 4x4x1 3.593x3.513x0.533

Note: All dimensions are in millimeter (mm) unless specified.
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D2 T B @ V=Y = RSP 771
28.2. FAIUIES. ...ttt e e e e e e e e e e e 771
P24 TR T = 1o o3 [q B T F= o =T o T PP 772
28.4. SigNAl DESCIIPLON. ......eiiiiiiie ettt e e e et e e an 772
28.5. ProdUCt DEPENUENCIES. .......ueieiuiiieiiiie ettt ettt ettt e sb et e it e eesneee s 772
28.6. FUNCHONAI DESCHIPLION. ... ..uuiiiiiiiiiiiiieeeiee e e e e e e e e e eaeaeeeeeesesasannnnnnenenennees 773
28.7. REGISIEI SUMIMAIY....cci ittt e et e st e et e e st e e st e e e asteeesnneeeaneeeeanneeeaneeeanneeean 787
28.8. RegiStEr DESCIIPHION. ... .eii ittt ettt sttt 789
29. OSC32KCTRL — 32KHz Oscillators Controller............cccvevviiiiiiieeee 823
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DA B O 1Y = o 1= PR SUR R 823
DA =Y (0] (X SRR RR 823
p4e IR T = 1o ol [q B I F= o =T o T PP UPPR P 824
29.4. SigNal DESCIIPHON. ...ttt e e ettt e e e e et e e e e e e et e e e e e e e nnnee e e e e e annaeeean 824
29.5. ProduCt DEPENUENCIES. ........eeiiiiieiiiii ittt ettt et e et enr e sneee s 824
29.6. FUNCHONAI DESCIIPTION. ... ettt ettt et sb e sb e e et e e st e e e saneeeanteeenans 826
DA A S (= To 151 (=T RS T [ 4]0 - SR 831
29.8. Register DEeSCHIPLON. ... ... it e e e e e e et e e e e enaee s 831
30. FREQM — FrequenCy Meter.............uuiiiiiiiiiiiie e 843
R0 By B @ =Y 1P PPRN: 843
0.2, FRAIUIES. ...ttt e ettt e e e e et e e e e e abe e e e e e e e ane e e e e e e e annreeeeeeannee 843
30.3. BlOCK DIBGIam........ocoiiiiiiiiieetit ettt et e et e n e s e e e e e e 843
30.4.  SigNal DESCIIPIION. ... ..eeiitiie ettt ettt e s bt e et e e e b e e s e e e e aabeeenae 843
30.5. ProducCt DEPENUENCIES. .....cccciiieiieee ettt e e e e e e e e e e e e e e et e e e e e e e eaaaaaaaeeeeeeaeaaaaaann 843
30.6. FUNCLIONAl DESCIIPLON. .. .ueitieieiiiiiiee e e e e e e e e e e e e e e e e e eesseesasaannnnsnnnrnnens 845
30.7. REGISIEr SUMMIAIY....ciiuiiiiiiiie ittt e e e et e s e e s et e e bn e e e sneeesneee s 848
30.8. RegiSter DESCIIPLON. ....cciiiiiiitiie ittt e e 848
31.EVSYS —Event System.......ooooiiiiiii 858
R I R @ = o SRR 858
B B =T | (0] (- TSR PRRRN 858
R I T = 1o Tod (g 1 =T [ =3 o TSP 859
31.4. Product DEPENAENCIES. ......ccce ettt e e e e e e e e e e et e e s e et e e e e eeeeaaeaaaaaeaeeeeaeaaaaanan 859
31.5. FUNCtioNal DESCHIPLON. .....uuiieiiiieiiiie e e e e e e e e e e e e e e e e e se e e e e e nnenennnrnnees 860
31.6. REGISIEr SUMMIAIY...coi ittt e ettt e e s e e e bt saneeesneee s 868
31.7. RegiSter DESCIIPLON. .....uiiii ettt e e e e e e e et e e e s e abr e e e e eesanreeaeeesnsreeeaeaan 874
32. PORT - 1/O Pin CONtrOllEr.... ..ot 895
B R © = o o TSRS 895
32,2, FRAIUIES.... ettt ettt b e e e bbb nnnes 895
K2 T = 1o Tt QI 1 =T = o O SO PEPP TR 896
32.4. SigNal DESCHIPLON. ... ..ottt e e e et e e e e ettt e e e s e nnee e e e e e e aneneeeaeean 896
32.5. ProducCt DEPENUENCIES. ......coiiiiiiiiiiieiti ettt ettt e et eare e e et e e 896
32.6. FUNCHONAI DESCHIPION. .....ciitiiiiiiii ettt sttt e e s e e e e e et esnes 898
K N =T |51 (=Y ST 0 0= 7SR 905
32.8. Register DESCIIPLION. ......oiiiiiiiiii ettt e e e e et e e e e e e nne e e e e e anneeeeaeean 906
33. SERCOM — Serial Communication Interface.............ccuuvveeiiiiiiiiiiiiiiiiiiieeeeeeeeeeeee, 926
B3 TR B @ =Y 1 OSSPSR 926
3.2, FRAIUIES. ...ttt e et e e et e e e e e et e e e e e e nnnreeeeeeannee 926
33.3. BIOCK DIAGIam........ociiiieiiiie ettt e e e e nae 927
33.4.  SIgNal DESCIIPHION. .....eeieitiie ettt ettt ettt e et e e b s e nare e nae 927
33.5. Product DEPENUENCIES. .....ccoiiiiiieee ettt e e e e e e e e e e e s e ettt e e e e e e e aaaaaaaaeaeeeaeaaanaann 927
33.6. FUNCLONAl DESCIIPLON. .. .ueieiiieieiiieee e e e e e e e e e e e e e e e e e e e eeseseeasaannnnsnnnrnnens 929

34. SERCOM USART - SERCOM Synchronous and Asynchronous Receiver and
L= 0] 1011 935
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4.1, OVEIVIEW. .ttt ettt e bt e a e e e e et e et bt e e at et e s b et e e e e e e e e e e e s ne e e e nnre e e e 935
34.2. USART FAIUIES. .....ueiiiitiie ittt ettt ettt st e et e e rane e e st e e e nneeennnes 935
R T = 1 (o Tt QI 1 =T = o PP PP 936
34.4. SigNal DESCHIPLON. ... ..ttt e e e et e e e e e ettt e e e e e nner e e e e e e aneneeaaeean 936
34.5. ProducCt DEPENUENCIES. ......coiiiiiiiiiii ettt ettt e st sat e nane et e e 936
34.6. FUNCHONAI DESCIIPION. .....ciitiiiiiiiie ettt sttt e e snb e e ebe e snes 938
34.7. REQISIEr SUMMIAIY...ce i iiiiiiee ettt et e ettt e e et e e s eaeeeeamteeesseeeesnneeeanseeeeanseeeenneeeannneean 955
34.8. Register DESCIIPLION. ......oiiiiiiiii ettt et e e e et e e e e e e e e e e e anneeeeeeean 956
35. SERCOM SPI — SERCOM Serial Peripheral Interface...........cccccvvvvivieiiieiieeieennnenn. 983
35,0, OVEBIVIBW.... ettt ettt b et b e st e s bt et e st et e bt e eae e bt e s e n e e neneeree e 983
35,2, FAIUIES.....eeeee et 983
35.3. BIOCK DIGGram........ociiiiiiiiii ettt e e e e e e 984
35.4. SIgNal DESCIIPHON. ... .eeiiiiiie ittt ettt et e et ne e nabe e nae 984
35.5. ProducCt DEPENUENCIES. .....ccciiiiiei ettt e e e e e e e e e e e s e st e e e e e e e e e e eaaaaaeeeeaeaeaaaaaann 984
35.6. FUNCLONAl DESCIIPLION. .. .uuuiiiiiiiiiiiee e e e e e e e e e e e e e e e e e eese s e e e seannnnsnnnrnnens 986
35.7. REGISIEr SUMMIAIY ..ottt e et e s e e enn e e e snreeesneee s 997
35.8. RegiSter DESCIIPON. ....cciiiiiiiiii ittt 998
36. SERCOM I2C — Inter-Integrated CirCUit............coceeveoeeeeeeeeeees e 1020
30.1. OVEIVIEW. . ittt ekt e e et e e b et e e ee et e et e e e ne e e e sa e e e e b e e e nan e e nreee s 1020
36.2. FRAIUIES. ... ettt 1020
B T = o Ted (g 1 =T [ =1 TP PEPPP 1021
B TGRS o o T= 1IN LYo ] o) (o] o TS 1021
36.5. Product DEPENAENCIES. ...t e e e e e e e e e e e e e e e e e e e eaeaaaan 1021
36.6. FUNCHONAl DESCIIPHION......ciiiiiiiiitiie ettt e e nbaee e 1023
36.7. Register SUMMAry - 12C SIQVE.........cccoiiuiiiiee et e e e e e 1043
36.8. Register DeScription = [2C SIAVE...........ccccvcueeeeeeeeeeeee e en e 1044
36.9. Register SUMmMary - 12C MaSTer.......cooo it e 1064
36.10. Register Description - 12C MASEF.............coovivieeeeeeeeee et ee e en e 1065
37. QSPI - Quad Serial Peripheral Interface...........cccccooiiiiiiiiii e 1087
7.1, OVEBIVIEW. .ttt st e ekt e e et e e n et e e s et e et et e s ne e e e se et e e nr e e e enn e e e nneee s 1087
7.2, FRAIUIES. ...ttt 1087
K G T = 1o Tt D= o [ =0 o RSP 1088
K SIS o g T= 1IN LYo o (o] o TS 1088
37.5. Product DEPENAENCIES. ... .ot e e e e e e e e e e e aaaaaaaaeeaeaeaaaan 1088
37.6. FUNCHONAl DESCIIPHION......ciiiiiiieitiie ettt e e nnne e 1090
37.7. REGISIEr SUMMIAIY...co ittt ettt st e bt e e sttt e s bt e e ebn e e e anbeeesneeeenneeeas 1107
37.8. Register DESCIIPLION. ......eiiiiiiiii et e e e 1108
38. USB — Universal Serial BUS............oouiiiiiiiiiiiee e 1130
1 Tt TR @ Y=Y 1TSS 1130
38.2. FRAIUIES.. ..o e 1130
BT TG T U157 = =] Yo Q=T - o o PSSR 1131
38.4. SigNal DESCIIPHION. .....eeiiiiiie ettt ettt e et et e e 1131
38.5. ProducCt DEPENUENCIES. ......coiiiiiiiiiii ittt ettt et s 1131
38.6. FUNCLIONAl DESCIIPION. ....uutiiiiiieiiiiii e e e e e e e e e e e e e e e e e eeeesasa e nnnsnenennnes 1133
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38.7. REGISIEr SUMMIAIY ...ttt ettt s e e e e et e e snre e e nnnee s 1153
38.8. RegiSter DESCIIPHON. ....coiiiiieiiie e 1157
39. CAN - Control Area NetWOrK............coeiiiiiiiiiiiiiee e 1230
K1 Ty B @ Y=Y V1= TR STORR 1230
3.2, FRAIUIES. ...ttt 1230
G 1S TRC T =1 o o3 [q I 1 =T | = 1 o PSP UTRTRT 1231
BT R SIS 1o g T= 11 LYo o o] o TS 1231
39.5. ProducCt DEPENUENCIES. ......coiiiiiiiiiiie ittt ettt e et e s nnee s 1231
39.6. FUNCHONAl DESCIIPHION. .....ciiiiiiiitiie ettt e e e e nbaeeens 1232
39.7. REGISIEr SUMMAIY...... .ottt et e e e e e e e e e st e e e e e s snreeeeeesansreeas 1254
39.8. Register DESCIIPLION. ......ooiiieii e e e e e e eas 1258
39.9. MESSAGE RAM.....ciiii ittt et e e e e bt n e e e e e 1327
40. SD/MMC Host Controller (SDHC).........uuuuiuriiiiiiiiiiiiiiiieiiieeereeeeeeeeeeeeeeeeeeeeeeeeeeeee. 1337
L0 T O Y= T SR 1337
0.2, FRAIUIES. ... ettt e e ettt e e e e ettt e e e e e et be e e e e e e nneeaeeeaanneeeaeeaannaaneaaaan 1337
40.3. BIOCK DIGQIamS. ....couuieiiiiiieeitite ettt ettt et ab e e st ea e e e 1338
40.4. SigNal DESCIIPON. ...ttt e et e e e e e e e e e e et bae e e e e e s ntr e e e e e e enraneas 1339
v L0 IR T o oo [U To D T=T o T=T o o 1= o o 1= PP 1339
40.6. FUunctional DESCIPLION.........uuuuiiiiiiiiiiieeee e e e e e e e e e e e e e e e e e e e e ennanennees 1340
40.7. ReGISIEr SUMIMAIY....cciiiiiiiiiit ettt ettt e e sab e e e ere e e eans 1341
40.8. Register DESCIIPLON.........uiiiii it e e e e e e e e st e e e s e e e e e e e snraeeaeeananes 1344
41. CCL — Configurable Custom LOGIC...........ccooeeiiiiiiiiiii e, 1416
g B O 1Y = o 1= TR PUUR 1416
4.2, FRATUIES. ... tiieiieie ettt et h ettt e ettt e e nt e e be e e abneenan 1416
R T = 1o Tod QB I= o = o T PP PO PRPR 1417
S Yo | =TI T o] 1T o PSSP 1417
41.5. ProduCt DEPENUENCIES. ........eiiiiiieiiiii ettt e bt e e et 1417
41.6. FUNCHONAI DESCIIPTION. ... ..ttt ettt ettt e et e e nanee e e nneee s 1419
g A S (=T 151 (=T RS T [ 4]0 - SR 1430
41.8. Register DeSCIIPON. ... ... it e ettt e e e e e e e e e e e aneeeeeeeeanees 1430
42. AES — Advanced Encryption Standard.............ccoueieiiiiiiiie 1435
T O V=T T SO S 1435
2.2, FAMUIES. ... .ottt e et et e e e e e et e e e e e e e e e e e e nre e e e e e annnaeeeeeean 1435
42.3. BIOCK DIGQIam....cccuiiiiiiiiiiitie ettt ettt ettt st e et 1436
42.4. SigNal DESCIIPLON. ....cuutiii ittt ettt e e b et 1437
v Y T o (oo [U o @ B T=T o T=T g To 1= o Lo =Y PP 1437
2 ST ¥ g Tox 1 o] b= I D Lo Tor o] o] o USRI 1438
42.7. ReGISIEI SUMIMAIY....cciiiiiiiiiie ittt ettt e e e e et e e enn e e e s re e e enre e e enns 1447
42.8. RegiSter DESCIIPTION. ... .eiiiiiieiitie ettt ettt 1449
43. Public Key Cryptography Controller (PUKCC)............uvvviiviriiiiieiiieeieeeeeeeeeeeeeeeee. 1466
Tt B @ 1Y/ = PSSR 1466
43.2. ProdUCt DEPENUENCIES. .......uiiiiiiieiiiie ettt ettt ettt e s e b nees 1466
43.3. FUNCLIONAl DESCIIPHION. .....ciieiieiee e e e e e e e et e e e e st e e e e e s enbaeaaaean 1467
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44,

45.

46.

47.

48.

TRNG — True Random Number Generator.............cccceevveeeiiiiiciiiiiiee e 1597
g B @ V7= Y =PTSRS 1597
N =Y Y (0] (O RSRSTRR 1597
2 T = 1o o3 QB IF= o = o T PR OPRRR 1597
444, SigNal DESCIIPON. ... ...ttt e ettt e e e e e et e e e e e aat e e e e e neeeeaaeeanneeeas 1597
44.5. ProduCt DEPENUENCIES. .......uiiiiiiieiiie ettt e et e et e s e e et enees 1597
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 1599
O A S (= o 151 (=T RS T [ 4]0 - S 1601
44.8. Register DeSCIIPON. ... ... ittt e e e et e e e e e e e e e e e e eneaeeaaeaannes 1601
ADC — Analog-to-Digital CoNVerter.............uuiiiiiiiiiieeee e 1608
LT T O V=T T TS 1608
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 1608
45.3. BIOCK DIGGIam...cccueiiiiiiiiiitie ettt ettt ettt st e et et 1609
45.4. SigNal DESCIIPLON. ....c.utiii ittt sttt e bt e st e e s et e et nanes 1609
3T T o oo [U To B T=T o T=T o To 1= o o7 =Y PR 1610
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 1611
45.7. RegISIEr SUMIMAIY.....coiiiiiiiiiii ittt e bt e e s e e e e e e 1629
TR T S (= To [151 (=T 0 L= Tod ] o] (o PSP PR 1630
AC — ANalog COMPAratorS........cuuuiiiiiiiiiiiiieieeeeeeeeeee e e e e e e ee e e e eeeeeeeeeeeeeeeeeeaees 1663
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 1663
468.2. FRATUIES. ... teeiiti ettt et e e et e e 1663
TG T =1 o Tod (I =T =T o O PP 1664
LG S Yo Ta T T D =T 4T oo TR 1664
46.5. ProduCt DEPENUENCIES. .......ueiiiiiieiiiii ittt e et e e ene e e 1664
46.6. FUNCHONAI DESCIIPTON. ... ..ttt et e et e e e e nnree s 1666
46.7. ReEQISTEr SUMIMAIY....coii ittt e e e st e e e e st e e e e s eesbaeeeaeeasnsseeaeeesnntseeeaeaannes 1676
46.8. Register DeSCIIPON. ... .. . it e e e e e e e e et e e e e e 1676
DAC — Digital-to-Analog CONVEIEr............uuiiiiiiiiiiiieeeeee e 1695
A T O V=T T PR 1695
N == U (= F SRR 1695
A T = 1o o3 g B IF= o = o TP RTUPRRR 1695
47.4. SigNal DESCIIPLON. ...ttt ettt ettt sb e e b e et 1695
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 1696
O ST ¥ Tox 1 o] b= I DT T o] o] o U 1698
47.7. ReQISTEr SUMIMAIY....coi it e e et e e e e et e e e e e e naeeeeaeaaanneeeeaeeaanseeeaaaaanns 1708
47.8. RegiSter DESCIIPIION. ... .eiiiiiiie ittt ettt 1708
TC — TiMEIHCOUNLE......coiieeiieeieeeeeeeeeeee e 1734
Tt B @ Y= =SSP 1734
48.2. FAIUIES. ... ittt ettt b e e e e 1734
TS G T =1 oo QI - To [ = 10 o FOS PSSP 1735
S ST o [T T D =T 4T o o TSR 1735
48.5. ProducCt DEPENUENCIES. .....ccceee e et e e e e e e e e e e e e e e e e e s e eeaeereeeeeaaeas 1736
48.6. FUNCLONAI DESCHIPLION. ... ettt e e nree s 1737
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48.7. RegiSter DESCIIPHION. ... ..ttt 1753
49. TCC — Timer/Counter for Control Applications...........ccccovviiiiiiiiiiiieiiiieeeeeen 1823
LS I O Y=Y T R 1823
9.2, FRALUMES. ... ettt ettt e e oottt e e e e ettt e e e e et aeeea e e e nneeeeeeaanneeeaeeaannaaneaaann 1823
T LS G T =1 oo QB - To = 10 FO PP PP PSPPI 1824
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 1824
2O IR T o o To [8 To B T=T o T=T o o 1= o o 1= PR 1825
49.6. FUNCLONAI DESCIIPLION. ...ttt e s e nnnee s 1826
49.7. ReGISIEI SUMIMAIY....cciiiiiiiiiii ittt ettt ettt e e eae e e e e s e e e 1862
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 1865
50. PTC - Peripheral Touch Controller.............ccccoiiiuiiiiiiiiiiiiiiiiiiiiviviveseenneeeesannns 1910
ST Ty TR @ Y=Y TR SSR 1910
ST O B =T (0] = RSP 1910
ST O JRC  = o Tt QI =T = o PP 1911
50.4. Signal DESCHIPLON. ...ttt e e ettt e e e e et e e e e e e nnbeeeaaeaannnneaaeas 1911
50.5. SyStem DePENAENCIES. ......ccoiuiiiiiiiii ittt 1912
50.6. FUunctional DeSCIIPLION..........eiiiiiiiiiie et e e e et e e e s e e e e e e eetraeeaesanes 1913
51.12S - Inter-IC Sound CONtrollEr............vuiiiiiieeeeeceee e 1914
o P TR @ Y=Y 1= USRS 1914
L T (0] (= RSP 1914
N IR T = 1o Tt (g I 1 =T [ =3 PP PEPP R 1915
51.4. SigNal DESCHIPLON. .....eeiiiie ettt e e e e et e e e e e e aete e e e e e aneeeeeaeean 1915
51.5. ProducCt DEPENUENCIES. ......cooiiiiiiiiii ittt e et 1916
51.6. FUNCHONAI DESCIIPION......ciiiiiiieitiie ettt et e s e nebeeeenbeeeean 1917
51.7. 12S APPliCAtioN EXAMPIES. .....c.oe oot 1928
51.8. Register SUMMAIY....... ..ottt e e e et e e e e e e e e e e anneeas 1931
51.9. RegiSter DESCIIPHON. .....coiiiii e 1932
52. PCC - Parallel Capture Controller.............ooouuiiiiiiiiiiiiiieeeeee e 1954
G2 T @ =Y o 1 SRS 1954
B52.2. FRAIUIES. ...ttt e e ettt e e e ettt e e e e e haet e e e e e e nnree e e e e aannaneaeeaane 1954
52.3. BlOCK DIGQram........eoiiiiiiiiiie ittt ettt ettt nae s 1954
52.4. SigNal DESCHPLON. ... ..iiiiiiiieiee et e e e e e e e e e s e e e e e e e e sanbeeeeeesntrneeaeaan 1954
52.5. Product DEPENAENCIES. ......ccceiieee ettt e e e e e e e e e e e e e e e e e e aaaaaaaaeaeeeeeaaaan 1955
52.6. FUNCHONAl DESCIIPHION......ciiiiiiiitii ettt e e e e rne e 1956
52.7. REGISIEr SUMMIAIY ...ttt ettt et e s bt e e ebb e e e et e e nneeeenaeee s 1963
52.8. Register DeSCrIPHION. ....ccc i e e e e e e e e e e e e e e e e e e e aa s 1963
53. PDEC — POSition DECOET..........uuiiiiieeeiiiiiiiiiiee et e e 1975
B30, OVEIVIEW. ..tttk e et e s bttt e e et e bt e e a et e e ea et e e bttt n 1975
o3 T =T (0] = RSP 1975
E3C G T = o Tt [ I 1 =T = o PP 1976
53.4. SigNal DESCHIPLON. ...ttt e e ettt e e e e et e e e e e e nnte e e e e e ennneeaaean 1976
53.5. Product DEPENUENCIES. ......cciiiiiiiiiiiie ittt e et e e s 1976
53.6. FUNCHional DeSCIIPLION.........uiiiiiiciiii et e e e e e e e e e e e e s setreeeaeeanes 1978
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53.7. REGISIEr SUMMIAIY ...ttt e et eb et e et e e snre e e nnneeas 1988
53.8. RegiSter DESCIIPHON. ....cciiiiiiiiie e 1989
54. Electrical Characteristics at 85°C..........coiiiiiiiiee e 2016
Lo R B 1= = T/ .4 1= PSR 2016
54.2. Absolute Maximum RatiNGS. ......ccoiiuuiiiiiiiiiii et 2016
54.3. General Operating Ratings..........coooiiiiiiiiii et e e e e e 2016
Lo [T =Yor (1] o I O T [ =Y o | SR 2017
54.5. SUPPlY CharacteriStiCS. ........cuoiiiiiiiie it 2018
54.6. Maximum ClOCK FrEQUENCIES. .........oiiiiiiiiiiiie i 2019
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 2020
Lo T A= (L o TR T = SN 2024
54.9. 1/O Pin CharacteriStiCS. ........uuiiiiiiiiiii ittt 2025
54.10. Analog CharaCteriStiCS. .......c.uiiiiiiiiiiee et 2026
54.11. NVM CharacteriStiCS. ... ..coouueeiiiiieiiiiee ettt e e s e e e et e e sneeeenneeeas 2042
54.12. OsCillators CharaCteriStiCS. .........eveiiuiieiiiie et e e 2043
54.13. TiMiNG CharacteriStiCS. .........ciuriiiiiie it 2049
54.14. USB CharaCteriStiCs........oiuuiiiiiieiiiiii ettt 2063
55. Electrical Characteristics at 105°C...........uuiiiiiiiie e 2065
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Configuration Summary

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

Device

Data Memory (KB)
Packages
SERCOM
TC/Compare
/O Pins
Tamper Pins

o
=
=
]
=
o
=
=
i
=)
o
o

Ethernet Controller
TCC (24-bit/16-bit)
DMA Channels
PCC (data size)

Position Decoder
Frequency Measurement
Event System (Channels)

External Interrupt Lines
ADC (Channels ADC0/ADC1)
Analog Comparators (Channels)
DAC (Channels)
PTC (Mutual/Self-capacitance Channels)
Temperature Sensor
Public Key Cryptography (PUKCC)
Integrity Check Monitor

SAMES53N20 | 1024 | 256

100 | TQFP 8 | 812 2 14 81 | 16/12 5
SAMES3N19 | 512 | 192
SAME53J20 | 1024 | 256 N
TQFP,
SAME53J19 | 512 192 64 6 | 612 1 10 51 | 16/8 3
QFN
SAME53J18 | 256 | 128
128 TQFP | Y 23| Y |[Y|Y 32 4 Y Y Y Y 32 16 4 2 |25632 Y | Y Y |Y|Y
SAME54P20 | 1024 | 256
120 | TFBGA
99 | 16/16
128 TQFP
SAME54P19 = 512 | 192 Y 8 882 2 14 5
120 | TFBGA
SAME54N20 = 1024 | 256
100  TQFP 81 | 16/12

SAMES54N19 | 512 | 192
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Table 1-2. SAM D51/E51 Family Features without Ethernet

Device

Data Memory (KB)
Packages
SERCOM

TC/Compare
Tamper Pins

o
<
=
S
£
[}
=
£
g
<)
o
2
o

Position Decoder

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 | 812 2 14 5

120 | TFBGA
SAMD51N20 | 1024 | 256

100 TQFP a0y 81 | 16/12 256132
SAMD51N19 | 512 | 192 n
SAMD51J20 | 1024 | 256 TQFP,

64 QFN,
SAMD51J19 | 512 | 192 6/2 1 10 51 | 16/8 3

WLesP Y | Y 32 4 Y | Y Y 32|16 4 2 Y[y [y |[Y]|Y

SAMD51J18 | 256 | 128 | 64 | TQFP, QFN @
SAMD51G19 = 512 = 192

48 QFN 42 211 N 1 10 37 16/4 121/22 2
SAMD51G18 | 256 | 128
SAME51N20 | 1024 = 256

100 TQFP 8 812 1 14 81 16/12 5
SAME5IN19 | 512 | 192
SAME51J20 | 1024 = 256 Y 23 Y 256/32

TQFP,

SAME51J19 | 512 | 192 | 64 N 6 62 1 10 51 16/8 3

SAMES51J18 256 | 128

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 E54 N 19 A -

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

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(4)
F =-40°C to +125°C Matte Sn Plating

Package Type

A=TQFP
CT = TFBGA

M = QFN

U = wLCSP (23)

Device Variant

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

Note:

A = Default Variant

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

Summary.

local Microchip sales office for more information.

Devices in the WLCSP package include a factory programmed Bootloader. Please contact your

WLCSP package type is available only with the package Grade U and N.
Package Grade N is available with only package type U.

© 2018 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

xoutsz 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

L

Bl

RIS

BIS

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

VSw

GND
VDDCORE
RESETN
PA27

PB23
PB22

-9 R
mm n
PREES
<
<

PAOO 1 <M= VDDIO
PAO1 2 GND
PA02 3 PA25
PA03 4 PA24
GND 5 PA23
VDDANA 6 PA22
PB08 7 PA21
PB09 8 PA20
PA0O4 9 PA19
PAO5 PA18
PA06 PA17
PAO7 PA16
~
882092232
&&&&gw&'%&&&

Note:

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

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

g2
O_ Ol wma
MN\-S\-O‘—Q— N~
SooommnaD3I0ANNNN
MAOMOmonm ANZAWL mm
n.n.n.n.n.n.&&>>(.’)>ccgn.n.
(o]
[Ye]

PAOO 1 == VDDIO
PAO1 2 GND
PAO2 3 PA25
PAO3 4 PA24
PB04 5 PA23
PB05 6 PA22
GND 7 PA21
VDDANA 8 PA20
PBO06 9 PB17
PBO7 PB16
PB08 PA19
PB09 PA18
PAO4 PA17
PAO5 PA16
PA06 VDDIO
PAO7 GND

N
EEPM RS TR S 30 L
mmmmgwmmmmmmmmmm

>

Note:
1. Itis recommended that the exposed pad be connected to ground in the PCB.
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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 PR N PR R R R R P PP -

ooooooaoo>>0>xraoonoonooonooona>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
PA07 PC16
PCO05 PA19
PC06 PA18
PCO7 PA17
GND PA16
VDDIOB =¥k F=— VDDIO

OMNMNOOOO T ANNTULLOMNOVOOODOTTANNMTLLONOOO O
ANANANNOOOOOOOOMOOOMSITIT T T TTTT T O
3325802z anxeo0sEsnrennzes
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
© 2018 Microchip Technology Inc. Datasheet
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Pinout
128-Pin TQFP Package
Figure 4-5. 128-Pin TQFP Package
L
X =
onrerssessSzatinanesSogsngnIans
BB OB ERR00Z0LE00009050PRRRRDA0
OMNOULUTONTOOODOMNOUOLTONTODNDONOUTOANTTOOD W N~
@ CNCSINANREEE e e TE885823838858885
PAO0 — GND
PA01 —W PA25
PCO00 PA24
PCO01 PA23
GND PA22
VDDANA VDDIO
PC02 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-NOYbNmYLY
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
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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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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

3 |g |[wBoA|g |Pad II-_-_-_
S Py A Py WD EIC ADCU ADC1 |AC SERCO SERCO Tc ch SDHC, GMAC |GCLK, |ccL
S <] <] PDEC CANO AC
H (= (=
g b
™
(<]
o
w
G
=
48 64/C6 100 B2 PBO3 |EIC/ |- ADCO/ - X21/Y2 5 SERCO|TC6/ |- 5
EXTIN AIN[15] M5/ |WO[1]
T3] PAD[1]
1 01/B8 1 At 1 PAOO EIC/ - 5 5 5 = = SERCO TC2/
EXTIN M1 WO[0]
(0] PAD[0]
2 02/c8 |2 B1 |2 PAOT |EIC/ |- > > > > 2 SERCO | TC2/
EXTIN M1/ |wopt]
M) PAD[1]
3 SIE PCO0 EIC/ - 5 ADC1/ -
EXTIN AIN[10]
T[0]
4 c2 |4 PCO1 |EIC/ |- 2 ADC1/ |-
EXTIN AIN[11]
T[1]
5 b1 7 PcO2 |EIC/ - > ADC1/ -
EXTIN AIN[4]
T[2]
6 B2 |8 PCO3 |EIC/ |- 5 ADC1/ -
EXTIN AIN[5]
T3]
3 03C7 |7 E1 |9 PAO2 EIC/ - ADCO/ - 5 DAC/
EXTIN AIN[O] VouT|
T[2] 0]
4 04/D6 |8 F2 10 PAO3 |EIC/ |ANARE ADCO/ - 2 2 XOPY0 -
EXTIN |F/ AIN[1]
T3] | VREFA
05D7 |9 F1 1 PBO4 EIC/ - 5 ADC1/ - 5 X22¥2 -
EXTIN AIN[6] 2
T[4]
06/D8 |10 Gl |12 PBO5 |EIC/ |- 2 ADC1/ |- 2 X23/¥2 |-
EXTIN AIN[7] 3
T[5]
G2 13 PDOO EIC/ - > ADC1/ -
EXTIN AIN[14]
T[0]
H1 16 PDO1 |EIC/ |- 5 ADC1/ -
EXTIN AIN[15]
T[]
09/E7 13 H2 17 PBO6 EIC/ - 5 ADC1/ - = X241¥2 - = = = = = = = = = = ccu/
EXTIN AIN[g] 4 IN[B]
T[6]
1006 [14 U1 18 PBO7 |EIC/ |- 2 ADC1/ |- B X25/Y2 - . B B . . . . . B B cou
EXTIN AIN[9] 5 IN[7]
(7]
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3 g w e 000000 ___ﬂ_-_
% a EIC ANARE ADCO [ADC1 |AC SERCO SERCO TCC, , |SDHC, GMAC GCLK CCL
S I} PDEC CANO
s -
4
w
(<]
o
™
<]
=
7 1/F5 15 J2 19 PB08  EIC/ ADCO/ |ADC1/ - X1/Y1 SERCO TC4/ - ccLu/
EXTIN AIN[2] |AIN[O] M4/ WOI[0] IN[8]
T8l PADI0]
8 12/F8 |16 K1 20 PBO9 EIC/ |- ADCO/ |ADC1/ - - X2¥2 - SERCO|TC4/ - - - - - - - - ccu/
EXTIN AIN[3] |AIN[1] M4/ WO[1] ouT[2]
T[9] PAD[1]
9 13/F7 17 K2 21 PA04 EIC/  ANARE ADCO/ - ACI - X3¥3 - SERCO TCO/ - - - - - - - - ccL/
EXTIN F/ AIN[4] AIN[O] MO/ WO[0] IN[0]
T4]  VREFB PAD[0]
10 14/F6 |18 L1 22 PAO5 EIC/ - ADCO/ |- AC/  |DAC/ - SERCO TCO/ |- - - - - - - - ccu
EXTIN AIN[5] AIN[1] |VOUT[ Mo/ |WO[1] IN[1]
TI5] 1] PAD[1]
1 15/G7 19 L2 23 PAO6 EIC/  ANARE ADCO/ - ACI - X4IY4 - SERCO TC1/ - - - SDHCO - - - - ccL/
EXTIN F/ AIN[6] AIN[2] MO/ WO[0] /SDCD IN[2]
Tl6]  VREFC PAD[2]
12 16/G8 |20 M1 24 PAO7 EIC/ |- ADCO/ - ACI - X5/Y5 |- SERCO TC1/ |- - - SDHCO |- - - - ccu/
EXTIN AIN[7] AIN[3] MO/ \WO[1] /SDWP ouT(0]
T PAD[3]
- N1 27 PCO4 EIC/ - - - - - SERCO - - TCCO/ - - - - - - - -
EXTIN M6/ WO[0]
(4] PADI0]
21 N2 28 PCO5 (EIC/ |- - - - - SERCO |- = - - = o o - - R -
EXTIN M6/
T[5] PAD[1]
22 P1 29 PC06 EIC/ - - - - - SERCO - - - - - SDHCO - - - - -
EXTIN M6/ /SDCD
Tie] PAD[2]
23 P2 30 PCO7 EIC/ - - - - - SERCO |- - - - - SDHCO |- - - - -
EXTIN Mé/ /SDWP
TI9] PAD[3]
13 17/H8 26 R1 33 PA08  EIC/NM - ADCO/ ADC1/ - - X6/Y6 SERCO SERCO TCO/  TCCO/ TCC1/ QSPI/ SDHCO 128/ - - - ccL/
1 AIN[8] AIN[2] MO/ M2/ |\WO[0] WO[0] WOI[4] DATA[O / MCKIO] IN[3]
PAD[0] | PAD[1] 1 SDCM
D
14 18/G6 |27 P3 34 PA09 EIC/ |- ADCO/ |ADC1/ - - X7/Y7 |SERCO SERCO TCO/  TCCO/ TCC1/ |QSPI/ |SDHCO 128/ |- - - ccu/
EXTIN AIN[9] |AIN[3] MO/ M2/ |WO[1] |WO[1] |WOI[5] |DATA[1 / FS[0] IN[4]
9] PAD[1] |PAD[0] 1 SDDA
T[0]
15 19/H7 28 R2 35 PA10 EIC/ - ADCO/ - - - X8/Y8 |SERCO SERCO TC1/ | TCCO/ TCC1/ QSPI/ |SDHCO 128/ - - GCLK/ CCL/
EXTIN AIN[10] MO/ M2/  |WO[0] WO[2] WO[6] DATA[2 / SCK[0] 10[4] IN[5]
T0] PAD[2] PAD[2] 1 SDDA
]
16 20/G5 |29 P4 36 PA11 EIC/ |- ADCO/ |- - - X9/Y9 |SERCO SERCO TC1/ | TCCO/ TCC1/ |QSPI/ |SDHCO I12S/SD |- - GCLK/ |ccl/
EXTIN AIN[11] MO/ M2/ \WO[1] WO[3] WO[7] DATA[3 / o 105] |OUT[1]
] PAD[3] | PAD[3] 1 SDDA
Ti2)
19 23/H6 32 R3 39 PB10 EIC/ - - - - - - SERCO TC5/  TCCO/ TCC1/ QSPlS SDHCO 12S/SDI - - GCLK/ CCL/
EXTIN M4/ WO[0] (WO[4] WOI[0] CK / 10[4] IN[11]
0] PAD[2] SDDA
T3]
20 24/G4 |33 P5 40 PB11 |EIC/ |- - - - - - SERCO|TC5/  TCCO/ 'TCC1/ |QSPIC SDHCO 128/ |- - GCLK/ |ccl/
EXTIN M4/ |WO[1] |WO[5] |wWO[1] |S /SDCK |FS[1] 10[5] |OUT[]
T PAD[3]
25/H5 |34 R4 41 PB12 EIC/ - - - - - X26/Y2 SERCO - TC4/  TCC3/ TCCO/ CAN1/T SDHCO 128/ - - GCLK/ -
EXTIN 6 M4/ WO[0] WO[0] 'WO[0] X /SDCD | SCK([1] 10[6]
T2 PAD[0]
26/H4 |35 P6 42 PB13 |EIC/ |- - - - - X27/Y2 |SERCO - TC4/ | TCC3/ TCCO/ |CAN1/ SDHCO 128/ |- - GCLK/ |-
EXTIN 7 M4/ WO[1] |WO[1] |(WO[1] |RX /SDWP | MCK[1] 10[7]
T3] PAD[1]
27/G3 |36 R5 43 PB14 EIC/ - - - - - X28/Y2 SERCO - TC5/  TCC4/ TCCO/ CAN1/T - - PCC/  GMAC/ GCLK/ CCL/
EXTIN 8 M4/ WO[0] WO[0] WO[2] X DATA[8 GMDC |I0[0] IN[9]
T4] PAD[2] 1
28/H3 |37 P7 44 PB15 |EIC/ - - - - - X29/Y2 |SERCO - TC5/ |TCC4/ |TCCO/ |CAN1/ - - PCC/ | GMAC/ |GCLK/ |CCL/
EXTIN 9 M4/ WO[1] |WO[1] |WO[3] |RX DATA[9 | GMDIO |10[1]  |IN[10]
5] PAD[3] 1
- R6 47 PD08 EIC/ - - - - - SERCO SERCO - TCCO/ - - - o o - - B
EXTIN M7/ M6/ (WWelg)]
i3] PAD[0] | PAD[1]
- P8 48 PD09 EIC/ |- - - - - SERCO SERCO |- TCCO/ |- - - - - - - -
EXTIN M7/ M6/ Welp)|
T4] PAD[1] |PAD[0]
- R7 49 PD10 EIC/ - - - - - SERCO SERCO - TCCO/ - - - - - - - -
EXTIN M7/ M6/ WO[3]
() PAD[2] PAD[2]
- P9 50 PD11  EIC/ |- - - - - SERCO SERCO |- TCCO/ |- - - - - - - -
EXTIN M7/ M6/ WO[4]
T[6] PAD[3] |PAD[3]
- R8 51 PD12 EIC/ - - - - - - - - TCCO/ - - - - - - - -
EXTIN WO[s]
T[7]
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3 g w e 000000 __ﬂ_-_
% a EIC ANARE ADCO [ADC1 |AC SERCO SERCO TCC, , |SDHC, GMAC GCLK CCL
S I} PDEC CANO
s -
4
w
(<]
o
™
<]
=
40 P10 |52 PC10 EIC/ SERCO SERCO - TCCO/ |TCCH/ |-
EXTIN M6/ M7/ WO[0] |WO[4]
T[10] PAD[2] |PAD[2]
41 R9 55 PC11 EIC/ - - - - - SERCO SERCO - TCCO/ | TCC1/ - - - - GMAC/ - -
EXTIN M6/ M7/ WO[1] |WO[5] GMDC
] PAD[3] PAD[3]
42 R10 56 PC12 |EIC/ |- - - - - SERCO SERCO |- TCCO/ |TCC1/ |- - - PCC/ | GMAC/ |- -
EXTIN M7/ M6/ WO[2] |WO[6] DATA[1 |GMDIO
TM2] PAD[0] | PAD[1] 0]
43 P11 57 PC13 EIC/ - - - - - SERCO SERCO - TCCO/ | TCC1/ - - - PCC/ |- - -
EXTIN M7/ M6/ WO[3] |WO[7] DATA[1
T[13] PAD[1] PADI0] 1]
44 R11 |58 PC14 |EIC/ |- - - - - SERCO SERCO |- TCCO/ |TCC1/ |- - - PCC/ | GMAC/ |- -
EXTIN M7/ M6/ WO[4] |WO[0] DATA[1 | GRX(3]
4] PAD[2] |PAD[2] 2]
45 P12 59 PC15 EIC/ |- - - - - SERCO SERCO - TCCO/ | TCC1/ - - - PCC/  GMAC/ - -
EXTIN M7/ M6/ WO[5] ' WO[1] DATA[1 GRX[2]
5] 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]
T2 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] /SDWP DEN2  GRX[0] CMP[1]
T3] PAD[1] ' PAD[0]
23 31/H1 |48 R13 62 PA14 EIC/ |- - - - - SERCO SERCO|TC3/ | TCC2/ |TCC1/ - - - PCC/C |GMAC/ |GCLK/ -
EXTIN M2/ M4/ |WO[0] (WO[0] (WO[2] LK 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 [I0[2]  |IN[0]
TIo] PAD[0] | PAD[1] 1
26 36/F1 53 P14 67 PA17 EIC/ - - - - - X11/Y1 SERCO SERCO TC2/  TCC1/ TCCO/ - - - PCC/  GMAC/ GCLK/ CCL/
EXTIN 1 M1/ M3/ |WO[1] WO[1] WO[5] DATA[1 GTXEN I0[3] IN[1]
T PAD[1] ' PAD[0] 1
27 37/E1 |54 P15 68 PA18 EIC/ - - - - - X12/Y1 |SERCO SERCO TC3/  TCC1/ TCCO/ |- - - PCC/ |GMAC/ |AC/  |CCL/
EXTIN 2 M1/ M3/ WO[0] WO[2] WOI6] DATA[2 |GTX[0] |CMP[0] |IN[2]
TI2) PAD[2] |PAD[2] 1
28 38/E2 55 N14 69 PA19 EIC/ - - - - - X13/Y1 SERCO SERCO TC3/  TCC1/ TCCO/ - - - PCC/ GMAC/ AC/  CCL/
EXTIN 3 M1/ M3/  |WO[1] WO[3] WO[7] DATA[3 GTX[1] CMP[1] lOUT[0]
T[3] PAD[3] PADI[3] 1
56 N15 |70 PC16 |EIC/ |- - - - - SERCO SERCO |- TCCO/ |PDEC/ - - - - GMAC/ |- -
EXTIN M6/ Mo/ WO[0] |QDI[0] GTX[2]
T[0] PAD[0] |PAD[1]
57 M14 71 PC17 EIC/ - - - - - SERCO SERCO - TCCO/ |PDEC/ - - - - GMAC/ - -
EXTIN M6/ Mo/ WO[1] QDI[1] GTX[3]
T PAD[1] PADI0]
58 M15 (72 PC18 |EIC/ |- - - - - SERCO SERCO |- TCCO/ |PDEC/ - - - - GMAC/ |- -
EXTIN M6/ Mo/ WO[2] |QDI[2] GRXCK
T[2] PAD[2] PAD[2]
59 L1473 PC19 EIC/ - - - - - SERCO SERCO - TCCO/ - - - - - GMAC/ - -
EXTIN M6/ Mo/ WO[3] GTXER
T3] PAD[3] 'PAD[3]
60 L15 |74 PC20 (EIC/ - - - - - - - - TCCO/ |- - SDHC1 |- - GMAC/ |- ccu
EXTIN WO[4] /SDCD GRXDV IN[9]
T4
61 K14 75 PC21 EIC/ - - - - - - - - TCCO/ - - SDHC1 - - GMAC/ - ccL/
EXTIN WO[s] /SDWP GCOL IN[10]
TI5]
- K15 |76 PC22 (EIC/ |- - - - - SERCO SERCO |- TCCO/ |- - - - - GMAC/ |- -
EXTIN M1/ M3/ Wel(5) GMDC
T[6] PAD[0] |PAD[1]
- J14 77 PC23 EIC/ - - - - - SERCO SERCO - TCCO/ - - - - - GMAC/ - -
EXTIN M1/ M3/ wor7] GMDIO
TI7) PAD[1] PADI0]
- J15 |80 PD20 EIC/ |- - - - - SERCO SERCO |- TCCH/ |- - SDHC1 - - - - -
EXTIN M1/ M3/ Wel(v) /SDCD
T[10] PAD[2] PAD[2]
- H14 81 PD21 EIC/ - - - - - SERCO SERCO - TCCH/ |- - SDHC1 - - - - -
EXTIN M1/ M3/ WO[1] /SDWP
M) 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] 10121 | IN[11]
TI0] PADI0]
40/D1 65 G15 83 PB17 EIC/ - - - - - SERCO - TC6/  TCC3/ TCCO/ - SDHC1 128/ - - GCLK/ CCL/
EXTIN M5/ WO[1] WO[1] 'WOI5] /SDWP  MCK[0] 10[3]  OUT[3]
T PAD[1]
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3 g N ____-__-

o o EIC ANARE ADCO |ADC1 |AC SERCO SERCO TCc, ] GMAC |GCLK,
S <] PDEC , AC
2 = !

z

(<]

&

[<}

-

66 |G14 (84  PB18 |EIC/ SERCO SERCO - TCC1/ |PDEC/ |- SDHC1 GCLK/ -
EXTIN M/ M7/ wo[o] QD[] / 104]

Ti2) PAD[2] |PAD[2] SDDA
T[0]

67 |F15 85  PBl9 EICI - E E E E SERCO SERCO - TCC1/ | PDEC/ - SDHCA - E E GCLK/ -
EXTIN M5/ M7/ WOol1] | QDIf1] / 10[5]
i3] PAD[3] PAD[3] SDDA

T[]

68 |F14 86  |PB20 |EIC/ - - - - - SERCO| SERCO - TCC1/ | PDEC/ - SDHCA |- - - GCLK/ |-
EXTIN M3 M7 Wo[2] |QDif2] / 10[6]

Ti4] PAD[0] | PAD[1] SDDA
T2

69 E15 87  PB21 EICI - - - - - SERCO SERCO - ToC - - SDHCA - - - GOLK/ -
EXTIN M3 M7/ WO[3] / 1017]

Tis] PAD[1] PAD[0] SDDA
T3]

20 |41D2 |70 |E14 |88  PA20 |EIC/ |- - - - - X14/Y1 |SERCO | SERCO | TC7/ | TCCH/ | TCCO/ |- SDHC1 125/ |PCG/ |GMAC/ |- E
EXTIN 4 M5/ M3 WO[0] WO[4] \WO[o] / FS[0] | DATAI4 GMDC
Ti4] PAD[2] |PAD[2] sDcMm ]

D

30 4203 71 D15 89 PA2 EIC/ - E E E E X15/Y1 |SERCO SERCO TC7/  TCC1/ TCCO/ - SDHC1 125/SD [PCC/ | GMAC/ - E
EXTIN 5 M5/ M3 WO[] WO[5] WO[] /SDCK O DATA[5 GMDIO
Tis) PAD[3] PAD[3] ]

31 |43c1 |72 D14 |92 PA22 EIC/ - - - - - X16/Y1 |SERCO SERCO|TC4/ | TCC1/ | TCCO/ - CANO/T | 125/SDI [PCC/ - - ceu
EXTIN 6 M3 M5/ |WO[0] WOl§] |WO[2] X DATA(S IN[6]
Tis] PAD[0] |PAD[1] ]

32  a4c2 73 c14 |93  PA23 EIC/ - E E E E X17/Y1 |SERCO SERCO TG4/ | TCC1/ TCCO/ USB/ CANO/ 125/  PCC/ - E ceu
EXTIN 7 M3 M5/  WO[1] WO[7] WO[3] SOF 1 RX  [FS[1] DATA[7 IN[7]
7] PAD[1] PAD[0] KHZ ]

33 |455B1 |74 |C15 |94  PA24 EIC/ - - - - - SERCO|SERCO|TC5/ | TCC2/ |PDEC/ |USB/D | CANOIT - - - - ceu
EXTIN M3 M5 WO[o] \WO[2] |QDI[o] |M X IN8]
i8] PAD[2] |PAD[2]

34 46/A1 75 B15 95  PA25 EIC/ - - - - - SERCO SERCO TC5/ - PDEC/ USB/D CANO/ - - - - ceu
EXTIN M3 M5/ WO[] apift] P RX ouT2]
Ti9] PAD[3] PAD[3]

37 |a9A2 78 A15 |98  |PB22 |EIC/ |- - - E E SERCO SERCO | TC7/ - PDEC/ |USB/ - E E E GCLK/ |CCL/
EXTIN MU M5 Wo[o] QDi[2] |SOF_1 10[0] | IN[O]
Ti6] PAD[2] |PAD[2] KHZ

38  50A3 79 A4 99  PB23 EIC/ - E E E E SERCO SERCO TC7/ - PDEC/ - E E E E GCLK/ | cCL/
EXTIN M1 M5/ WO[] QDI[o] O[] OUTI0]
7 PAD[3] PAD[3]

80  |B14 100 |PB24 |EIC/ - - - - - SERCO| SERCO - - PDEC/ |- - - - - ACl -
EXTIN MO/ M2 Qi) CMP[0]
i8] PAD[0] |PAD[1]

81 B13 101 PB25 EIC/ - - - - - SERCO SERCO - E PDEC/ - E E E E ACl -
EXTIN MO/ M2 QDI CMP[1]
Ti9] PAD[1] PAD[O]

- A13 102 |PB26 |EIC/ |- - - - - SERCO SERCO - TCc |- - - - - - - -
EXTIN M2 M4 WO[2]

2] PAD[0] |PAD[1]

- B12 103 PB27 EIC/ - - - - - SERCO SERCO - ToC - - - - - - - -
EXTIN M2 M4 WO[3]

T3] PAD[1] PAD[0]

- A2 |104 |PB28 |EIC/ - - - - - SERCO| SERCO - TCC |- E E 12s |- E E E
EXTIN M2 M4 Wo4] SCK[1]

TI14] PAD[2] |PAD[2]

E B11 105 PB29 EIC/ - E E E E SERCO SERCO - TCc - E E 2s/ - E E E
EXTIN M2 M4 WO[s] MCK[1]

T015] PAD[3] PAD[3]

82 |AM 108 |PC24 |EICI - - - - - SERCO SERCO - - - CORTE |- - - - - -
EXTIN MOl M2 X_CM4
i8] PAD[2] |PAD[2] /

TRACE
DATA[3
1

83 B0 109 | PC25 EICI - - - - - SERCO SERCO - - - CORTE - - - - - -
EXTIN MOl M2 X_CM4
Ti9] PAD[3] PAD[3] /

TRACE
DATA[2
1

84 A0 110 |PC26 |EIC/ - - - - - - - - - - CORTE |- - - - - -
EXTIN X_CM4
TI10] /

TRACE
DATA[1

1
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.....continued
3 g Pad _-__-
% a Rams ANARE ADCIJ ADC1 |AC SERCO SERCO TC ch SDHC, GMAC GCLK CCL
S I} PDEC CANO
s -
g ]
w
g
o
™
(<]
=
85 A9 11 PC27 EIC/ - SERCO - CORTE - CORTE CCL/
EXTIN M1/ X_CM4 X_M4/S IN[4]
TN PAD[0] / wo
TRACE
CLK
86 B9 112 PC28 |EIC/ - - - - - SERCO - - - - CORTE |- - - - - ccu
EXTIN M1/ X_CM4 IN[5]
T2 PAD[1] /
TRACE
DATA[0
]
39 51/B3 87 B8 113 PA27 EIC/ - - - - - X18/Y1 - - - - - - - - - GCLK/ -
EXTIN 8 10[1]
T
40 52/B4 |88 A8 114 RESET |-
N
45 57/C5 93 B7 119 PA30 EIC/ - - - - - X19/Y1 SERCO SERCO TC6/  TCC2/ - CORTE - - - - GCLK/ cCl/
EXTIN 9 M7/ M1/ WO[0] |WOI0] X_CM4 10[0] IN[3]
T[14] PAD[2] PAD[2] /
SWCLK
46 58/D5 |94 B6 120 PA31 |EIC/ - - - - - SERCO |SERCO TC6/  TCC2/ |- CORTE |- - - - - ccu
EXTIN M7/ M1/ WO[1] WO[1] X_CM4 OUT[1]
T[15] PADI[3] |PAD[3] /
SWDIO
59/A6 95 A5 121 PB30 EIC/ - - - - - SERCO SERCO TCO/  TCC4/ TCCO/ CORTE -
EXTIN M7/ M5/ WO[0] WO[0] WO[6] X_CMé
T4 PAD[0] PAD[1] /SWO
60/B6 96 B5 122 PB31 |EIC/ - - - - - SERCO SERCO TCO/  TCC4 |TCCO/
EXTIN M7/ M5/ \WO[1] 'WO[] |WO[7]
TI15] PAD[1] |PAD[0]
A4 123 PC30 EIC/ - - ADC1/ - - -
EXTIN AIN[12]
T4
B4 124 PC31 [EIC/ - - ADC1/ -
EXTIN AIN[13]
TI5]
61/A7 97 A3 125 PBOO EIC/ - ADCO/ - - - X30/Y3 - SERCO TC7/ - - - - - - - - ccu
EXTIN AIN[12] 0 M5/ WO[0] IN[1]
[0} PAD[2]
62/B7 98 B3 126  PBO1 |EIC/ - ADCO/ - - - X31/¥3 - SERCO|TC7/ - - - - - - - - ccu
EXTIN AIN[13] 1 M5/ |WO[1] IN[2]
T PADI3]
47 63/A8 99 A2 127 PBO2 EIC/ - ADCO/ - - - X20/Y2 - SERCO TC6/  TCC2/ - - - - - - - ccu
EXTIN AIN[14] 0 M5/ WO[0] WO[2] ouTI0]
TI2l PADI0]
Note:

1. All analog pin functions are on peripheral function B. Peripheral function B must be selected to
disable the digital control of the pin.
The AC has analog signals on peripheral function B, and digital signals on peripheral function M.

2. The pins used by the SERCOM in 12C mode are listed in section SERCOM |2C Configurations.

3. These pins are High Sink pins and have different properties than regular pins:
PAO08, PA09, PA12, PA13, PA16, PA17, PA22, PA23, PD08, PD09.

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

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

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

Related Links
6.2.6 SERCOM I2C Configurations
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6.2.9 GPIO Clusters

Other Functions

Oscillator Pinout

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).

Table 6-2. Oscillator Pinout

XOSCO0 VDDIO PA14
XOUuT PA15
XOSCH1 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 PBO00, PB01, PB02, PB03, PC00, PC01
100 PB00, PB0O1, PB02, PB03, PC00, PCO1
120 PBO00, PB0O1, PB02, PB03, PC00, PCO1
64 PB00,PB01,PB02,PB03, PA02,PA03
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.
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Table 6-5. Trace Port Interface Unit Pinout

TRACE DATA[3] VDDIO PC24
TRACE DATA[2] VDDIO PC25
TRACE DATA[1] VDDIO PC26
TRACE DATAJ[O] VDDIO PC28
TRACE CLK VDDIO PC27
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 one or
more pins of the tamper detection feature is not used by the RTC then the pin could be used for other 10
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 both Supply Controller (SUPC) and RTC are configured to drive pin PB1 or PB2,
the RTC has priority.
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6.2.6 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 1ISO7816, SPI and I2C protocols. The following table
lists the I12C pins location.

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 VDDIO PA12, PA13, PA16, PA17, PA22,
PA23
48 VDDIO 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

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

0 6 8 24-bit Yes Yes Yes Yes
1 4 8 24-bit Yes Yes Yes Yes Yes Yes
2 3 3 16-bit Yes - Yes - - -
& 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.
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* Invalid: PADO in IOSETx and PAD1 in IOSETy.

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 PAO9 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 PB2'
PAD2 PA14 PB28 PA10 PC24
PAD3 PA15 PB29 PA11 PC25

Table 6-13. SERCOMS3 10 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 10 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
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........... continued
PAD2 PB14 PB10 PA14 PB28
PAD3 PB15 PB11 PA15 PB29

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 PB03
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 IOSET 4 PINs IOSET 5 PINs
Signal PINs

PADO PC16 PCO04 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 PD08 PC12 PB21 PB30
PAD1 PC13 PDO09 PC13 PB20 PB31
PAD2 PC14 PD10 PC10 PB18 PA30
PAD3 PC15 PD11 PC11 PB19 PA31

6.2.8.2 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

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

GMDC PB14 PC11 PC22 PA20
GMDIO PB15 PC12 PC23 PA21

6.2.8.3 I?S Configurations
The following tables lists each IOSET Pins for I?S instance.
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Table 6-19. I?S 10 SET Configuration

m IOSET 1 PINs IOSET 2 PINs

MCKO PAO8 PB17
FSO PAQ9 PA20
SCKO PA10 PB16
SDO PA11 PA21
SDI PB10 PA22
FS1 PB11 PA23
SCK1 PB12 PB28
MCKA1 PB13 PB29

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

Table 6-20. TCO IO SET Configuration

TC Signal IOSET 1 PINs IOSET 2 PINs IOSET 3 PINs

PAO4 PAO8 PB30
WO1 PAO5 PAQ9 PB31

Table 6-21. TC1 10 SET Configuration

TC Signal IOSET 1 PINs IOSET 2 PINs

WO0 PAO6 PA10
WO1 PAO7 PA11

Table 6-22. TC2 10 SET Configuration

TC Signal IOSET 1 PINs IOSET 2 PINs IOSET 3 PINs

PAOO PA12 PA16
WO1 PAO1 PA13 PA17

Table 6-23. TC3 10 SET Configuration

TC Signal IOSET 1 PINs IOSET 2 PINs

WOo0 PA14 PA18
WO1 PA15 PA19

Table 6-24. TC4 10 SET Configuration

TC Signal IOSET 1 PINs IOSET 2 PINs IOSET 3 PINs

PB08 PB12 PA22
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TC Signal IOSET 1 PINs IOSET 2 PINs IOSET 3 PINs

PB09 PB13 PA23

Table 6-25. TC5 10 SET Configuration
PB10 PB14 PA24
WO1 PB11 PB15 PA25

Table 6-26. TC6 10 SET Configuration
PB16 PA30 PB02
WO1 PB03 PB17 PA31

Table 6-27. TC7 10 SET Configuration

TC Signal IOSET 1 PINs IOSET 2 PINs IOSET 3 PINs

PA20 PB22 PBO00
WO1 PA21 PB23 PBO1
6.2.8.5 TCC IOSET Configurations

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

TCC Signal| I0SET1 IOSET 2 |[IOSET 3 IOSET 4 IOSET 5 PINs | IOSET 6 PINs
PINs PINs PINs PINs

PAO8 PCO04 PC10 PC16 PB12 PA20
WO1 PAO9 PDO08 PC11 PC17 PB13 PA21
Wo2 PA10 PDO09 PC12 PC18 PB14 PA22
W03 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(T) N/A()
WO7 PA13 PC23 PA19 PB31 N/A(M) 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
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PA17 PD21 PB19 PB11 PC15
W02 PA18 PB20 PB26 PA12 PA14
WO3 PA19 PB21 PB27 PA13 PA15
WO4 PA20 PB28 PAO8 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

WOo0 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
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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GPIO Clusters

Table 6-34. GPIO Clusters (1)

Package Cluster Supply/GND Pins Connected to
the Cluster

128pins

120pins

VDDIOB

VDDIO

VDDANA

VSWOUT

VDDIOB

VDDIO

VDDANA

VSWOUT

PA11, PA10, PAQ9, PA0O8
PB11, PB10
PCO07, PC06, PC05, PC04

PA31, PA30, PA27, PA25, PA24, PA23, PA22, PA21, PA20, PA19, PA18, PA17, PA16,

PA15, PA14, PA13, PA12

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
PD21, PD20, PD12, PD11, PD10, PD09, PD08
PAQ7, PA0G, PA05, PA04, PA03, PA02

PB09, PB08, PB07, PB06, PB05, PB04

PCO03, PC02

PDO1, PD0O

PA0O1, PAOO

PB03, PB02, PBO1, PB0O

PCO01, PC00

PA11, PA10, PA0O9, PAO8

PB11, PB10

PCO07, PC06, PC05, PC04

PA31, PA30, PA27, PA25, PA24, PA23, PA22, PA21, PA20, PA19, PA18, PA17, PA16,

PA15, PA14, PA13, PA12

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,

, PC10

PC17, PC16, PC15, PC14, PC13, PC12, PC11, PC10

PD21, PD20, PD12, PD11, PD10, PD09, PD08
PAQ7, PAOG, PAO5, PAO4, PAO3, PA02

PB09, PB08, PB07, PB06, PB05, PB04

PCO03, PC02

PDO1, PD0O

PA0O1, PAOO

PB03, PB02, PBO1, PB0O

PCO01, PC00

VDDIOB pins 32 and 37
GND pins 31 and 38

VDDIO pins 46, 54, 65, 79, 91,
97,107, 118

GND pins 45, 53, 64, 78, 90, 96,
106, 116

VDDANA pins 6, 15, 26
GNDANA pins 5, 14, 25

VSWOUT

VDDIOB pins K6, K7 GND pins

J6, K8

VDDIO pins K10,H10,F10,F8,F7
GND pins K8,K9,J10,G10,F9,F6

VDDANA pin M2 GNDANA pin H6

VSWOUT
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...continued

Package Cluster Supply/GND Pins Connected to
the Cluster

100pins

64 Pins

48 pins

VDDIOB

VDDIO

VDDANA

VSWOUT

VDDIOB

VDDIO

VDDANA

VSWOUT
VDDIO

VDDANA

VSWOUT

Note:

1. RESETN pin in all packages connected to VDDIO cluster.

PA11, PA10, PA09, PAO8
PB11, PB10

PCO07, PC06, PC05

PA31, PA30, PA27, PA25, PA24, PA23, PA22, PA21, PA20, PA19, PA18, PA17, PA16,

PA15, PA14, PA13, PA12

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

PAQ7, PAOG, PAO5, PAO4, PAO3, PAO2

PB09, PB08, PB07, PB06, PB05, PB04

PC03, PC02

PAO1, PAOO

PB03, PB02, PBO1, PB0O

PCO01, PC00

PA11, PA10, PA09, PAO8

PB11, PB10
PB12,PB13,PB14,PB15,PB16,PB17,PB30,PB31

PA12,PA13,PA16,PA17,PA18,PA19, PA20,
PA21,PA22,PA23,PA24,PA25,PA27,PA30,PA31

PA14,PA15,PB22,PB23

PA2,PA3,PB4,PB5,PB6,PB7,PB8,PB9,PA4,PA5,PAG,PA7

PB0,PB1,PB2,PB3,PA0,PA1

PA8, PA9,PA10,PA11

PB10,PB11,PA12,PA13,PA14,PA15
PA16,PA17,PA18,P19,PA20,PA21,PA22,PA23,PA24,PA25
PB22,PB23

PA27

PA30, PA31

PA2,PA3,PB8,PB9,PA4,PA5,PAG,PA7

PB2,PB3,PA0,PA1

VDDIOB pins 25 and 30
GND pins 24 and 31

VDDIO pins 39, 51, 63, 77, 92
GND pins 38, 50, 62, 76, 90

VDDANA pin 12
GNDANA pin 11

VSWOUT

VDDIOB pin 21
GND pin 22

VDDIO pins 34,48, 56
GND pins 33,47,54

VDDANA pin 8
GNDANA pin 7

VSWOUT

VDDIOB pin 21
GND pin 22

VDDIO pins 17, 36, 44
GND pins 18, 35, 42

VDDANA pin 6
GNDANA pin 5

VSWOUT
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7. Power Supply and Start-Up Considerations

71 Power Domain Overview
Figure 7-1. Power Domain Block Diagram

PA[7:2]
PB[9:4]
PC[3:2]
PD[1:0]

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]
PC[1:0]
PB[2:0]
PA[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 several different power supply pins:

VDDIO powers I/O lines, XOSCn and the internal regulator for VDDCORE. Voltage is 1.71V to
3.63V.

VDDIOB powers I/0-B lines. Voltage is 1.71V to 3.63V.

VDDANA powers 1I/O lines, the Automatic Power Switch, ADCO0/1, 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 as well as the VDDBU backup
domain, memories, peripherals, DFLL48M and 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

58. 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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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

© 2018 Microchip Technology Inc. Datasheet DS60001507C-page 58



9.5

SAM D5x/E5x Family Data Sheet

Memories

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:

*  Outstanding 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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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 OSC32KRDY 7
XOSC32KFAIL
XOSC32KRDY
SUPC - Supply Controller BOD33RDY 8
B33SRDY
VCORERDY
VREGRDY
BOD33DET 9
WDT - Watchdog Timer EW 10
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L S
RTC - Real-Time Counter CMPAO 11
CMP A 1
CMP A 2
CMP A 3
OVF A
PERAO
PER A 1
PER A 2
PER A 3
PER A 4
PER A5
PER A 6
PERA 7
TAMPER A
EIC - External Interrupt Controller EXTINT 0 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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S S [T

NVMCTRL - Non-Volatile Memory Controller(1) 0 29

-_—

30

© 0 N O o b W0 DN

10

DMAC - Direct Memory Access Controller SUSP 0 31
TCMPL 0
TERR 0
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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L " S
EVSYS - Event System Interface EVDO 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 (7

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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e " S (T

SERCOMS6 - Serial Communication Interface 6(") 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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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
TRCPTO00..7 82
TRCPT1 0..7 83
GMAC 84
WOL
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S S [T

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
TCC1 - 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 T 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 O

MC 1

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

TRG

UFS A
MC 0

MC 1

97

98
99
100
101

102
103
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S S [

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 - Quadrature Decodeur DIR A 115
ERR A
OVF
VLC A
MC 0 116
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 0O 122
COMP 1
WIN 0
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DAC - Digital-to-Analog Converter OVERRUNAO 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
TXURO
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
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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 Data alone can be cached by disabling the Instruction Cache, as described in the following steps:

Disable the cache controller by writing a zero to CTRL.CEN.
Check SR.CSTS to verify that the CMCC is successfully disabled.
Write CFG.DCDIS = 1.

Enable the CMCC by writing CTRL.CEN = 1.

P owobd=

Instruction 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 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.

Pobd=

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. The
following sequence must be followed 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. You do not have 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 an "I" cache or "D" cache as required.
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Tightly Coupled Memory (TCM)

It is possible to use a part of the cache as 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:

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 more information, refer to 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 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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11.6.9 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).

* Ifrequired, 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.

11.7 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 Cach<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>