ghipsmall

Chipsmall Limited consists of a professional team with an average of over 10 year of expertise in the distribution
of electronic components. Based in Hongkong, we have already established firm and mutual-benefit business
relationships with customers from,Europe,America and south Asia,supplying obsolete and hard-to-find components
to meet their specific needs.

With the principle of “Quality Parts,Customers Priority,Honest Operation,and Considerate Service”,our business
mainly focus on the distribution of electronic components. Line cards we deal with include
Microchip,ALPS,ROHM, Xilinx,Pulse,ON,Everlight and Freescale. Main products comprise
IC,Modules,Potentiometer,IC Socket,Relay,Connector.Our parts cover such applications as commercial,industrial,
and automotives areas.

We are looking forward to setting up business relationship with you and hope to provide you with the best service
and solution. Let us make a better world for our industry!

Contact us

Tel: +86-755-8981 8866 Fax: +86-755-8427 6832
Email & Skype: info@chipsmall.com Web: www.chipsmall.com
Address: A1208, Overseas Decoration Building, #122 Zhenhua RD., Futian, Shenzhen, China

iy [0



AW SAMDS5X/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:
+ -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

Power Supply
» |dle, Standby, Hibernate, Backup, and Off sleep modes
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+  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 I/O Serial Peripheral Interface (QSPI)
— eXecute-In-Place (XIP) support
— Dedicated AHB memory zone
*  One Ethernet MAC (SAM E53 and SAM E54)
— 10/100 Mbps in MIl and RMII with dedicated DMA
— |EEE 1588 Precision Time Protocol (PTP) support
— |EEE 1588 Time Stamping Unit (TSU) support
— |EEE802.3AZ energy efficiency support
— Support for 802.1AS and 1588 precision clock synchronization protocol
— Wake on LAN support
*  Up to two Controller Area Network CAN (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
- 1S0O7816
— 12C up to 3.4MHz
- SPI
— LIN master/slave
— RS485
— SPlinter-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
— 32-bit TC with two compare/capture channels, by using two TCs
»  Two 24-bit Timer/Counters for Control (TCC), with extended functions:
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— 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)
—  Clock failure detection

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

/10
*  Up to 99 programmable 1/O pins

Packages
*  48-pin QFN
*  64-pin QFN, TQFP, WLCSP
*  100-pin TQFP
* 120-ball TFBGA
* 128-pin TQFP
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28.5. ProduCt DEPENUENCIES. ........eiiiiiiiiiiii ettt ettt ettt et e et e eaneeesneee s 781
28.6. FUNCHONAI DESCIIPTION. ... ettt ettt et sbe e snn e e abee e e 782
28.7. REQISIEr SUMIMAIY.....oii ittt e e e e e e et e e e e e s tbeeeeeseasanaeeaeeesnraneeeeaannes 796
28.8. Register DEeSCHIPLON. ... ....eiiiii ettt e s e e e e eas 798
29. OSC32KCTRL — 32KHz Oscillators Controller.............coooviiiiiiiiii 832
P4 I O V=T T SR 832
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20.2. FRAMUIES. ... .ottt e e oottt e e e ettt e e e e e n bt et e e e e e aneeeee e e e nnaeeaeeaantaeeaaeaannas 832
PAS G T =1 o o7 QI - To = 10 o FOS USROS 833
P4 I ST o a1 D =T T o o TS 833
29.5. ProducCt DEPENUENCIES. ......cccee e e e ettt e e e e e e e e e e e e e e e e e e e e e b e er e e e e e e e ereaaaaaeas 833
29.6. FUNCLONAI DESCHIPLION. ... ettt ettt sn e e e ateeenans 835
29.7. ReEGISIEI SUMIMAIY....coiiiiiiitiie ettt e et e bt e e st e e e sbe e e e anb e e e sneeesneee s 840
29.8. Register DESCIIPLON. ... ...uiiiii it 840
30. FREQM — FrequenCy Meter...........coo it 852
BT R @ = o o PRSP 852
0.2, FRAIUIES. ...ttt e e e e e e e 852
R0 T = o Tt QI =T = o o PRSI 852
30.4. SigNal DESCIIPLION. ... .eeiiiiiieitee ettt ettt et e e b e e e e e e e e aare e nane 852
30.5. ProducCt DEPENUENCIES. ......coiiiiiiiiiiieitie ettt ettt e et e e sate e nane e et e e e 852
30.6. FUNCLONAl DESCIIPION. .. .uutiieieiiiiiiii e e e e e e e e e e e e e e e e e e e eesesa s e s nnnensnnnenrees 854
30.7. REQIStEr SUMMIAIY...cc ittt e st e e et e e s nae e e e anteeeeseeeeanneeeanseeeeanseeeenneeeanneeenn 857
30.8. RegiSter DESCIIPHON. ....cci it 857
31. EVSYS — EVENt SYSteM....ooiiiiiiiie e 867
Ry O O =Y 1SS 867
1.2, FRAIUIES. ...ttt ettt e e e e e et e e e e e nteee e e e e e nneeeeaeeaannnneeaaeaannes 867
G T = 1o Tt DI = o[ =0 o PP UUPP PSP PPN 868
31.4. ProducCt DEPENAENCIES. ......cccuuiieii ettt e e e e e e e e st e e e s e e e e e e e e santaeeaeesnnsbaeeaeaan 868
31.5. FUNCtioNal DESCIIPLON. ... ..uuiiiiiiiiiieee e e e e e e e e e e e e e e e e e e eeseseeassnnnnennnennens 869
31.6. RegiSter SUMMAIY....... .. et e e et e e e et e e e e e s nnbeeea e e enneeeas 876
31.7. RegiSter DESCIIPHON. ....cci ittt 883
32. PORT - 1/O Pin CONtrOIIET ... ... ennsnnnes 904
2 R @ = o o PSR PER 904
2.2, FRAIUIES. ...ttt e e e ettt e e e e et e e e e e e ataeeea e e e nneeeaaeaaannreeeaaeaannas 904
K2 T = 1o Tt I = o [ =y o PSPPSR PSR 905
12 SIS o g = 1IN LYo ] o (o] o TSP 905
32.5. Product DEPENAENCIES. ...ttt e e e e e e e e e e e e e e e e e e e aaaaaaeeeeeaeaaaaaaan 905
32.6. FUNCHONAI DESCIIPHION. .....ciiiieiiitie ettt e e 907
32.7. REGISIEr SUMMIAIY ...ciiitiiiiiiie ittt et e s st e et e e aae e e e st e e e enbe e e snneeesnaee s 914
32.8. PORT Pin Groups and Register Repetition..............cccoiiiiiiiiiieee e 916
32.9. RegisSter DESCIIPLION. .....coiiiiiiiii et e et e e e e et e e e e e e nne e e e e e anneeeeaeean 916
33. SERCOM — Serial Communication Interface.............cccveveeiiiiiiiiiiiiiiiiiiiieeieeeeeeeee, 939
B3 TRy I @ =Y o 1 USSR PRSI 939
3.2, FRAIUIES. ...ttt et e e e et e e e et e e e e e e ne e e e e e e e nnnreeeeeeannae 939
33.3. BIOCK DIAGram........ociiiiiiiiie ettt e e e e e 940
334, SIgNal DESCIIPHION. ... .eeieitiie ettt ettt sb e e et e e e e e e e e nae 940
33.5. Product DEPENUENCIES. .....ccciiiiiiieee ettt e e e e e e e e e e e st e e e e e e e eaaaaaaeeeeeeeaeaaaaaann 940
33.6. FUNCLIONAl DESCIIPLION. ... .euieieieiiieiiee e e e e e e e aa e e e e e e e e aese e s e e sennnnnnnnnrnnees 942

34. SERCOM USART - SERCOM Synchronous and Asynchronous Receiver and
L= 0] 1011 948
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K7 Tt B @ Y=Y o - TSP PRPOPR 948
34.2. USART FAIUIES. ... ittt ettt e bt e et s bt e ettt e s rane e e st e e enteeenans 948
R T = 1 (o Tt QI 1 =T = o PSPPI 949
34.4. SigNal DESCHIPLON. ... ..ttt e e e ettt e e e et e e e e e e nner e e e e e e sneneeeaeaan 949
34.5. ProducCt DEPENUENCIES. ......cooiiiiiiiiiie ittt e et s e et e e 949
34.6. FUNCHONAl DESCIIPION. .....ciiitiiiiiiiie ittt ettt s e e snb e e ebe e snes 951
34.7. REQISIEr SUMMIAIY...cei ittt e et e e st e e st e e e eae e e e amteeeeseeeeeneeeeanseeeeanneeeannneeanneeean 968
34.8. Register DESCIIPLION. ......oiiiiieiii ettt e e e et e e e e e e e e e e e e nnaeeaaeaan 969
35. SERCOM SPI — SERCOM Serial Peripheral Interface...........cccccvvvvvieiiieiieeviennnenn. 997
35,0, OVEBIVIBW. ..ttt ettt b et b e et nh e et b et e et e nae e bt e e n e e naneeree e 997
35,2, FRAIUIES.....eeeeeeee e et 997
35.3. BlOCK DIAGram........ocoiuiiiiiiieeett ettt e e e e e nae 998
35.4. SigNal DESCIIPHON. ... ..eiiitiie ettt ettt e bt e sb et e et e e e e s e e e aabe e nae 998
35.5. Product DEPENUENCIES. .....cccciiiieeee ettt e e e e e e e e e st e e e e e e e e aaaaaaaeeeeeaeaaaaaaan 998
35.6. FUNCLONAl DESCIIPION. .. ..eiiiiiiiiiiieie e e e e e e e e aa e e e e e e e e aeeesaseeannnnenennnes 1000
35.7. REGISIEr SUMMIAIY ...ttt ettt e e e bt e e aar e e nnreeennree s 1011
35.8. RegiSter DESCIIPHON. .....cii it 1012
36. SERCOM I2C — Inter-Integrated CirCUit............cocecveoeeeeeeeeeees e 1034
30.1. OVEIVIEW. ..ttt ettt ekt e e et e bt e e se et e et et e e n e e e e sa e e e e b e e e n e nneee s 1034
36.2. FRAIUIES. ... ettt 1034
B T = 1o Ted (g 1 =T [ =13 T PRSP 1035
BTG R SIS 1T o T= 1IN LYo ] o (o] o TS 1035
36.5. Product DEPENAENCIES. ...t e e e e e e e e e e e e e e e e e eaeaaaan 1035
36.6. FUNCHONAl DESCIIPHION......ciiiiiiiiiiie ettt e e e e e b e 1037
36.7. Register SUMMAry - 12C SIQVE.........cccoiiiiiiie ettt e e e e e e 1057
36.8. Register DeScription = [2C SIAVE...........ccocvoueeeeeeeeeeeeeeeeeeee e en e enen 1058
36.9. Register SUMMary - 12C MaSTer.......coo et 1078
36.10. Register Description - 12C MaSEF.............coovoveeeieeeeeeee et en e 1079
37. QSPI - Quad Serial Peripheral Interface.............ccccoeeiiiiiiiiiii e 1101
R B O =T o 1= PSSP PUPROURRP PRSI 1101
7.2, FRAIUIES. ...ttt 1101
K G T = 1o Tt DI = T [ =0 o USSR 1102
R SIS [ g F= 1IN LYo ] o (o] o TSRS PRSI 1102
37.5. Product DEPENAENCIES. ..ot e e e e e e e e e e e e aaaeaaaaeaaaaeaaaan 1102
37.6. FUNCHONal DESCIIPHION......ciiiiiieitiie ettt e e nnne e 1104
37.7. REGISIEr SUMMIAIY...co ittt ettt et e bt e e e bt s bt e e eab e e e anbeeesneeeennneeas 1121
37.8. Register DESCIIPLON. ......eiiiiiiieii et e e e 1122
38. USB — Universal Serial BUS............ocuiiiiiiiiiiiiee e 1144
R TRt TR @ Y=Y o 1TSS 1144
38.2. FRAIUIES.. ..o e 1144
BT TG T U157 = =] Yo Q=T = o o P OSSR 1145
38.4. SigNal DESCIIPHION. .....eeiiiieie ettt et e e e e e e 1145
38.5. ProducCt DEPENUENCIES. ......coiiiiiiiiiiie ittt ettt ettt e s s 1145
38.6. FUNCLONAl DESCIIPION. .....uiiiiiiieiiiiii et e e e e e e e e e e e e e e e e e eeeesasaeannnsnenennees 1147
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38.7. REGISIEr SUMMIAIY ...ttt ettt e e et eesnre e e nnnee s 1167
38.8. RegiSter DESCIIPHON. ....cciiiiieiiie e n 1171
39. CAN - Control Area NetWOrK............cooiiiiiiiiiiiiieee e 1244
K1 Ty B @ Y=Y V1RSSR 1244
30,2, FRAIUIES. ... ittt 1244
1 1S TRC T =1 o Tod [q I 1 =T = 1 o 1 PSSP UTETRT 1245
BT R SIS 1o g T= 1IN I LYo o (o] o T SRS 1245
39.5. ProducCt DEPENUENCIES. ......cciiiiiiiiiiee ittt ettt e e e s nnee s 1245
39.6. FUNCHONAl DESCIIPHION. .....ciiiiiiiitiie ettt e et e e eenbnee e 1246
39.7. REQIStEr SUMMAIY...... .ttt e e e e e e et e e e e e et e e e e e e snbaeaeeesansreeas 1268
39.8. Register DESCIIPLON. ......coiiiiie e e e e e e e e e eas 1272
39.9. MESSAGE RAM. ...ttt ettt et e et e e et e e e e 1343
40. SD/MMC Host Controller (SDHC).........uuuuuuiiiiiiiiiiiiiiiieeiiieeereeeeeeeeeeeeeeeeeeeeeeeeeeeee. 1353
L0 T O Y= T SR 1353
O I == U (= F USSP 1353
40.3. BIOCK DIGQIamS. ....couueeiiiiiieeiiite ettt ettt e ettt e it e e a e e e e e e 1354
40.4. SigNal DESCIIPON. ...ttt e e e et e e e et e e e e e a e e e e e s ntr e e e e e e enraeeas 1355
v L0 I T o oo [U To D T=T o T=T o o 1= o o =Y PP 1355
40.6. FUunctional DESCIPLION.........uuuiiiiiiiiiieice e e e e e e e e e e e e e e e e e e e e e s annenennaes 1356
40.7. ReGISIEr SUMIMAIY....cciiiiiiiiiie ittt ettt e e et e e e b e e e e s e e e 1357
40.8. Register DESCIIPLON.........uiiiii it e et e e e e et e e e e e e a e e e e e e snnaeeeaeaanes 1360
41. CCL — Configurable Custom LOGIC..........cccooeeiiiiiiiiiii e, 1432
g B O 1Y = o 1= PRSP 1432
I =Y (] (SO PURPSPTPI 1432
R T = 1o o3 QB I= o = o T PP PR PPPPRPR 1433
41.4. SigNal DESCIIPON. ... ...ttt e ettt e e e e e e e e e e et e e e e e e e nneeeas 1433
41.5. ProduCt DEPENUENCIES. ........eieiiiieiiiiie ittt e bt ne e 1433
41.6. FUNCHONAI DESCIIPTION. ... ettt ettt ettt e et e e sane e e nnree s 1435
g T A S (= To 1151 (=T RS T [ 4]0 - SR 1446
41.8. Register DeSCIIPON. ... ... it e et e e e e et e e e e e enee e e e e e aannee 1446
42. AES — Advanced Encryption Standard.............ccoueeeiiiiiiiii 1451
T O V=T T SO 1451
N == U = F PRSPPI 1451
42.3. BIOCK DIGQIam...cccuiiiiiiiiieiiie ettt ettt et s e e e s 1452
42.4. SigNal DESCIIPLON. ...ttt ettt ettt e e s e b e et 1453
v Y T o (oo [U o @ B T=T o T=T g To 1= o Lo oY PP 1453
2y ST ¥ g Tox 1 o] b= I DT Tor o] o] o U SPP 1454
42.7. ReGISIEr SUMIMAIY....cciiiiiiiiie ittt e e e et e s e e e e e e e nr e enns 1463
42.8. RegiSter DESCIIPIION. ... .eiiiiiiieitit ettt 1465
43. Public Key Cryptography Controller (PUKCC)............uvvviivvieiiiieeiieeeeeeeeeeeeeeeeeeee. 1482
Tt B @ 1Y/ Y = PSSR 1482
43.2. ProdUCE DEPENUENCIES. ... .uiiiitiie ittt e et e s e e ebee e nees 1482
43.3. FUNCLIONAl DESCIIPHION. ..ottt e e e e e et e e e e e st e e e e e s enraneaaean 1483
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44,

45.

46.

47.

48.

TRNG — True Random Number Generator.............cccueevveeeiiiicciiiiiieee e 1613
g T O 1Y = o 1= PP 1613
442, FRAIUIMES. ... ittt ettt a e e a e b e e Rttt nabe e e e be e e e nte e e nnbe e e e baeenan 1613
i T = 1o o3 [q B I= o = o T PP PRP R OPPPRPR 1613
44.4. SigNal DESCIIPON. .. ... ettt e ettt e e e ettt e e e e e et e e e e e e e ntee e e e e e anneeeas 1613
44.5. ProduCt DEPENUENCIES. .......uiiiiiiieiiiiie ittt ettt et e e st e e s e enre e e s 1613
44.6. FUNCLIONAl DESCIIPHION. .....ciiiiiiiie ettt et e e e et e e e e e st e e e e e s esbanaaaean 1615
O A S (= To 151 (=T GRS T [ 4]0 - SR 1617
44.8. Register DeSCIIPON. ... ... ittt e e e e et e e e e e e e e e e e e aneeeeaaeaannes 1617
ADC — Analog-to-Digital CoONVerter.............uuiiiiiiiiiieeee e 1624
LT T O Y= T ST 1624
5.2, FRALUIES. ... .ttt e e e e et e e e e et et e e e e e aeee e e e e e aneeeeeeeaannaeeeaaean 1624
45.3. BIOCK DIGGIam...cccueiiiiiiiieitie ettt ettt ettt et 1625
45.4. SigNal DESCIIPLON. ...ttt ettt et e et e e sebe e et e et s 1625
ST T o oo [U To B T=T o T=T o To 1= o o =Y PR 1626
45.6. FunCtional DESCIIPLION........uuuiiiiiiiiiiiiieeee e e e e e e e e e e e e e e e e e e e e nnenrnnaes 1627
45.7. ReGISIEr SUMIMAIY....ccoiiiiiiiiii ittt e bt e e e e e e e s e 1645
TSI T S (= To [151 (=T 0 L= Tod ] o (o PRSPPI 1646
AC — ANalog COMPAratOrS........ceuuieiiiiiiiiiieeieeeeeeeeee e e e e e e e e e e e e e e e e e e eeeeeeeeeeeeees 1679
LG B O 1Y = o 1= PRSP 1679
48.2. FRATUIES. ... teeiiii ittt ettt e bt et e e et e e 1679
TG T =1 o Tod QI =T =T o PR 1680
L S Yo Ta T T D =T T o o TS 1680
46.5. ProduCt DEPENUENCIES. ........eiiiiiieiiii ettt ettt s e e enee e 1680
46.6. FUNCHONAI DESCIIPLON. ... .ttt ettt e e nnee s 1682
46.7. ReEQISTEr SUMIMAIY....coii ittt e e e ettt e e e e st e e e e e s e esbaeeeaeeasnsreeeeeesnntseeeaeaannes 1692
46.8. Register DeSCIPON. ... ... it e e e e e e e e e e e e e 1692
DAC — Digital-to-Analog CONVEIEr............uuiiiiiiiiiiiiie e 1711
A R O V=T VT PR PRP 1711
7.2, FRALUIES.. ...ttt e e e ettt e e e e ettt e e e e b et e e e e e e nant et e e e e e nnnreeeaaean 1711
A T = 1o o3 Q) B IF= o = o P PR URPRPR 1711
47.4. SigNal DESCIIPLON. ...ttt e ettt e e st et e et 1712
47.5. ProducCt DEPENAENCIES. ......eeiiiiiiiiiiee ettt e ettt e e e et e e e e et e e e e s etb e e e e e ssanseeeeeesnsaeeeaesannes 1712
O ST ¥ Tox 1 o] b= I D Lo T o] o] o U 1714
47.7. ReQISTEr SUMIMAIY....coi ittt e e e ettt e e e e et et eea e e e asaeeeeaeeaannseeeaeeaansneeeaaeaann 1724
47.8. RegiSter DESCIIPIION. ... .uiiiiiiie ittt st 1724
TC — TiMEINCOUNLEN......coiiiiiieeeieeeeeeeeeee e 1750
Tt B @ Y= =SSR 1750
48.2. FRAIUIES. ... ittt n e e et e 1750
TS G T =1 oo QI - To [ = 10 o FO PSP STPR 1751
S S Yo [q T T D L= T 4T o o TSR 1751
48.5. ProducCt DEPENUENCIES. .....ccceeeeeeeee et e e e e e e e e e e e e e e e e e e s e rrae e e e e e eeeeaaeas 1752
48.6. FUNCLONAI DESCHIPLION. ... .ttt e s nree s 1753

© 2018 Microchip Technology Inc. Datasheet DS60001507B-page 13



SAMD5x/E5x Family Data Sheet

48.7. RegiSter DESCIIPHION. .. ..eiiiiiiie ittt ettt 1769
49. TCC — Timer/Counter for Control Applications...........ccccovviiuiiiiiienieiiiiiieeeeeeen 1842
LS T O 1Y =T T SR 1842
9.2, FRATUMES. ... ettt ettt e e oottt e e e e ettt e e e e e s aeeea e e e nneeaeeeaanteeeaeeaanaaneaaann 1842
LS G T =1 oo QB - To = 10 FO PRSPPI 1843
49.4. SigNal DESCIIPON. ... .eeiiiie ettt e et e e e e e e e e e e et r e e e e e e nrr e e e e e e enraeeas 1843
20 IR T o oo [U To 1= o T=T o o 1= o o 1= PP 1844
49.6. FUNCLONAI DESCIIPLION. ... ettt e e e e nnnee s 1845
49.7. ReGISIEI SUMIMAIY....coiiiiiiiiiii ittt ettt st e bbb e e sab e e enre e e e 1880
49.8. RegiSter DESCIIPLION. ....iiiiiiieee e e e e e e e e e e e e e e e e e e s e st rrereeaaaaaeas 1883
50. PTC - Peripheral Touch Controller.............ccccouuiiuiiiiiiiiiiiiiiiiiiiiieiieeeeeenennenannns 1927
L0 IR @ = o RSP URR 1927
ST O B =T (8] = RSP 1927
o TO G T = o Tt QI 1 =T = o RPN 1928
50.4. Signal DESCHIPLON. ......eiiiieiieiii ettt e e et e e e e e ae e e e e e e annteeeaeeeansaneaaeaan 1928
50.5. SyStem DePENAENCIES.......ccoiuiiiiiiiieiiiee ettt n 1929
50.6. Functional DeSCIIPLION..........oiiiiiiiiiiee et e e e et e e e e e e e e e s eetraeeaeeanes 1930
51.12S - Inter-IC Sound CoNtroller............uuiiiiiieeeeieee e 1931
o I TR @ Y=Y =PTSRS 1931
L T (0] (= RSP 1931
N IR T = 1o Tt [ 01 =T [ =3 PP PEPPPI 1932
51.4. SigNal DESCHIPLON. ......eiiiieieei et e et e e e e et e e e e e e eanbe e e e e e aneeeeeaeaan 1932
51.5. ProducCt DEPENUENCIES. ......cooiiiiiiiiiii ittt et s 1933
51.6. FUNCHONAI DESCIIPION. .. ..ciiiiiiiiiiie ettt et e s e sabeeeenbneeean 1934
51.7. 12S APPlICAtioN EXAMPIES.......c.ov oot ee et 1945
51.8. Register SUMMAIY....... ..ot e e e e e e e e et e e e e e nneeas 1948
51.9. RegiSter DESCIIPHON. .....coiiiiiii e 1949
52. PCC - Parallel Capture Controller.............ooouuiiiiiiiieoiiiiiieeee e 1971
G2 T @ =Y 1SS 1971
B52.2. FRAIUIES. ...ttt e ettt e e e e ettt e e e e e s et e e e e e e nnre e e e e e aantaeeaaeaane 1971
52.3. BlOCK DIGQram........ooiiuiiiiiiieie ittt ettt et a et nae s 1971
52.4. SigNal DESCHPLON. ... ..iiiiiiiiiiiee e e e e e e e e s e e e e e e e e sanbeeeeeesntrnraaeaan 1971
52.5. Product DEPENAENCIES. .....ccccciiieee ettt e e e e e e e e e e e s e e e e e e eaaaaaaaaaeaeaeeaaaan 1972
52.6. FUNCHONAl DESCIIPHION......ciiiiiiiitiie ettt e e e e nrne e 1973
52.7. REGISIEr SUMMIAIY...coiiiiiiiiiii ittt ettt e et s e e ebb e e et e e sbneeenanee s 1980
52.8. Register DeSCrIPHION. ....cccii e e e e e e e e e e e e e e e e e e e aa s 1980
53. PDEC — POSition DECOET..........uuiiiiiieeiiiiiiiiie et a e 1993
o1 Tt TR @ Y=Y 1RSSR 1993
o3 T =T (0] = RSP 1993
E3C G T = o Tt QI =T =T o PR 1994
53.4. SigNal DESCHIPLON. ...ttt e e et e e e e et e e e e e e nnteeeaeeensneeaaeaan 1994
53.5. ProducCt DEPENUENCIES. ... ..coiiiiiiiiiiiiiiti ettt b e et e e s 1994
53.6. FUNCtional DeSCIPLION.........uiiiiiiiiiiie e e e et e e e e e e e e e s streeeaeeanes 1996
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53.7. REGISIEr SUMMIAIY ...ttt s bt et e et et e snre e e nnneeas 2006
53.8. RegiSter DESCIIPHON. ....cciiiiiiiitiie et 2007
54. Electrical Characteristics at 85°C..........coiiiiiiiiei e 2034
o R B 1= = T/ . 1= PSR 2034
54.2. Absolute Maximum RatiNGS. ......ccoiiuiiiiiii it 2034
54.3. General Operating Ratings..........cciiiiiiiiiiie et a e 2034
Lo [T =Yor (1] o I O T [ =Y o | USSR 2035
54.5. SUPPlY CharacCteriStiCS.........cuiiiiiiiiii it 2036
54.6. Maximum ClOCK FrEQUENCIES. ........uuiiiiiiiiiii i 2037
54.7. POWEr CONSUMPLION.......iiiiiiiiiiiie et e et e e ettt e e e e e e e e e e st e e e e e e eesbreeeaeeansreeeeeesnsaeeas 2038
Lo T AT = (L o T T = SN 2042
54.9. 1/O Pin CharacCteriStiCS. ......ouii ittt e e e e e e et e e e e e e nee e e e e e e nnneeas 2043
54.10. Analog CharaCteriStiCS. .......c.uiiiiiiiiiiiee et 2044
54.11. NVM CharacteriStiCS. ... ..cooueeeeiiiiiiiiiie ettt ettt et s e e nae e e et e e sneeeenneeeas 2058
54.12. OsCillators CharacCteriStiCS. .........eveiiuiieiiii e e 2059
54.13. TiMiNG CharacteriStiCS. .........oicuriiiiiie ittt 2065
54.14. USB CharaCteriStiCS. ... ...uuiiiiiiiiiiiiie ettt ettt e e e e sttt e e e e et e e e e e s e nnnreeeaeeannnees 2079
55. Packaging INformation............oouuiiiiiiiie e 2081
55.1. Package Marking INfOrmation.............cueiiiii i 2081
55.2. Thermal ConSIidEratioNns...........ccuiiiiiiiiiiiii ettt e e e e et re e e e e e sntaeeaeeaannes 2083
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SAMD5x/E5x Family Data Sheet

Configuration Summary

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

Device

Data Memory (KB)
Packages
SERCOM
TC/Compal
DMA Channels
PCC (data size)
DAC (Channels)
Tamper Pins

o
<
=
]
=
o
=
=
I
=)
o
2
o

Ethernet Controller
TCC (24-bit/16-bit)
Position Decoder
Frequency Measurement
Event System (Channels)
External Interrupt Lines
ADC (Channels ADC0/ADC1)
Analog Comparators (Channels)
PTC (Mutual/Self-capacitance Channels)
Temperature Sensor
Public Key Cryptography (PUKCC)
Integrity Check Monitor

SAMES53N20 | 1024 | 256

100 | TQFP 8 | 82 2 14 81 | 16/12 5
SAMES3N19 | 512 | 192
SAME53J20 | 1024 | 256 N
TQFP,
SAME53J19 | 512 | 192 | 64 6 | 612 1 10 51 | 1608 3
QFN
SAME53J18 | 256 | 128
55| w2 I 23 Y | Y| Y 32 4 Y | Y|Y Y 32 16 4 2 256032 Y | Y Y| Y| Y
SAME54P20 | 1024 | 256
120 | TFBGA
99 | 16/16
saMEsaPle | 12 | 102 | o O
o0 | T Y 8 82 2 14 5
SAMEB4N20 | 1024 = 256
100 | TQFP 81 | 16/12

SAMES54N19 | 512 | 192

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

Device

Program Memory (KB)
Data Memory (KB)
Packages

SERCOM
TC/Compare
TCC (24-bit/16-bit)
DMA Channels
PCC (data size)

Position Decod
Frequency Measurement
Event System (Channels)

External Interrupt Lines
ADC (Channels ADCO0/ADC1)
Analog Comparators (Channels)
DAC (Channels)
PTC (Mutual/Self-capacitance Channels)
Temperature Sensor
Public Key Cryptography (PUKCC)
Integrity Check Monitor
Tamper Pins

128 TQFP
SAMD51P20 | 1024 | 256

120 TFBGA

% | 16/16

savpsipre | s12 | 1e2 o TP

120 TFBGA 9 | &8 2 ® 9
SAMD51N20 | 1024 | 256

100 | TaFP 23 Y 81 | 16112 256/32
SAMD5IN19 | 512 | 192

N

SAMD51J20 | 1024 | 256 TQFP,

64 QFN,
SAMD51J19 | 512 | 192 wicsP 612 vlivitlalolaly|v|v]|s|w|s]|68]|,]2 vlwlolels]|e
SAMDS1J18 | 256 | 128 | 64 | TQFP,QFN @
SAMD51G19 | 512 | 192

48 QFN 42 21 N 1 10 37 | 164 121/22 2
SAMD51G18 | 256 | 128
SAME5IN20 | 1024 | 256

100 TaFP 8 | 8p 2 14 81 | 16112 5
SAMESIN1G | 512 | 192

Y 23 Y 256/32
TQFP,

SAME51J20 | 1024 | 256 64 o 6 | 62 1 10 51 1658 3
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SAMD5x/E5x Family Data Sheet

Ordering Information

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

SAM ES4 N19 A - AU

) T
Product Family w

SAM = SMART ARM Microcontroller Package Carrier

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

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

E53 = Cortex-M4F + Advanced Feature Set + Ethernet U =-40 to +85°C Matte Sn Plating
E54 = Cortex-M4F + Advanced Feature Set + Ethernet
+2x CAN
Pin Count Package Type
G =48 Pins A=TQFP
J = 64 Pins CT = TFBGA
N =100 Pins M = QFN
P = 120/128 Pins U =WwLCSP@)
Flash Memory Density Device Variant
20=1MB A = Default Variant
19 =512 KB
18 = 256 KB
Note:
1. Not all combinations are valid. The available device part numbers are listed in Configuration
Summary.

2. Devices in the WLCSP package include a factory programmed Bootloader. Please contact your
local Microchip sales office for more information.
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SAMD5x/E5x Family Data Sheet

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

OSC32K CONTROLLER
XIN32

xout yoscazk| [ oscurpazd [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], |
| 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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SAMDS5x/E5x Family Data Sheet

Pinout

Pinout

Pin Count 48 (G)

(22}
88
@ @
oo

VDDCORE

VSW
GND

(=]
2
o

o
=
(=]
ixS
<t
<

Z
G

o
ERE
¥ooo

PAOO 1 K[M== VDDIO
PAO1 2 GND
PA02 3 PA25
PAO3 4 PA24
GND 5 PA23
VDDANA 6 PA22
PB08 7 PA21
PB09 8 PA20
PAO4 9 PA19
PA05 PA18
PA06 PA17
PAO7 PA16
=
882cggecsaed
EEEE@GEEEEEE
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4.2

SAMDS5x/E5x Family Data Sheet

Pinout

Pin Count 64 (J)

Figure 4-1. 64-Pin TQFP and QFN Package

&J
o_ SE
OANTTO T O —0O = [a) NON
iR Ra228529838
oo >>0>raoo
({o)
® i
PAQO 1 /S —— VDDIO
PAO1 2 GND
PAO2 3 PA25
PAO3 4 PA24
PB04 5 PA23
PBO05 6 PA22
GND 7 PA21
VDDANA 8 PA20
PB06 9 PB17
PB07 PB16
PB08 PA19
PB09 PA18
PAO4 PA17
PAO5 PA16
PAOG VDDIO
PAO7 GND
~
8gorogeryoywany
EE&E@wEEEEEEEEE&
Datasheet DS60001507B-page 23

© 2018 Microchip Technology Inc.



SAMD5x/E5x Family Data Sheet

Pinout

Figure 4-2. 64-Pin WLCSP Package

1 2 3 4 5 6 7 8
B GND ’
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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4.3

SAMDS5x/E5x Family Data Sheet

Pinout
Pin Count 100 (N)
v
MNFOFQFOQ SEthwmvmvaQ
e Ra2205258958883834382
oooonooaoca>>0>aaonononanooooon>0
. §%8588&8%38%%%%2‘8%%%5822&8
PA0O 1 75 PA25
PAO1 2 74 PA24
PCO00 3 73 PA23
PCO01 4 72 PA22
PC02 5 71 PA21
PCO03 6 70 PA20
PA02 7 69 PB21
PAO3 8 68 PB20
PB04 9 67 PB19
PB05 10 66 PB18
GNDANA 11 65 PB17
VDDANA 12 64 PB16
PB06 18 (K—— VDDIO
PB07 14 62 GND
PB08 15 61 PC21
PB09 16 60 PC20
PAO4 17 59 PC19
PAOS 18 58 PC18
PA06 19 57 PC17
PAO7 20 56 PC16
PCO05 21 55 PA19
PC06 22 54 PA18
PC07 23 58] PA17
GND 24 52 PA16
VDDIOB ==k Sy—— VDDIO

ONDDO-—NDTNONDDO— ND T ON®DD D
ANNAADPNOONNOHOONRITITIIIIT IO
VRO rMACTTNOTOVAOOTNOION®T A
I Z O MMM ZO000000IIIIZ
mmmmgwmmmmmmwgmmmmmmmﬁﬁmw
>
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