MICROCHIP 32-Bit Microcontroller
SAM 1.22G / 1L.22J / LL22N

Introduction

The SAM L22 is a series of Ultra low-power segment LCD microcontrollers using the 32-bit ARM®
Cortex®-MO0+ processor, ranging from 48- to 100-pins with up to 256KB Flash and 32KB of SRAM and to
drive up to 320 LCD segments. The SAM L22 devices operate at a maximum frequency of 32MHz and
reach 2.46 CoreMark®/MHz. With sophisticated power management technologies the SAM L22 devices
run down to 39uA/MHz (CPU running CoreMark) in active mode and down to 490nA in ultra low-power
backup mode with RTC.

Features

*  Processor
— ARM Cortex-M0+ CPU running at up to 32MHz
» Single-cycle hardware multiplier
*  Micro Trace Buffer
*  Memory Protection Unit (MPU)

*  Memories
— 64/128/256KB in-system self-programmable Flash
— 2/4/8KB Flash Read-While-Write section
— 8/16/32KB SRAM Main Memory

e System
— Power-on reset (POR) and programmable brown-out detection (BOD)
Internal and external clock options
External Interrupt Controller (EIC)
* 16 external interrupts that can use any 1/0O-Pin

*  One non-maskable interrupt on one I/O-Pin
Two-pin Serial Wire Debug (SWD)

*  Low Power
— Idle, Standby, Backup, and Off sleep modes
—  SleepWalking peripherals
— Battery backup support
— Two runtime selectable power/performance levels
— Embedded Buck/LDO regulator supporting on-the-fly selection
— Active mode: <50uA/MHz
— Standby with full retention, RTC and LCD = 3.47pA
*  2.1us wake-up time
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— Standby with full retention and RTC: 1.87pA
e 2.1us wake-up time

— Ultra low power Backup mode with RTC: 490nA
*  90us wake-up time

*  Peripherals

— Segment LCD controller
* Upto 8 (4) common and 40 (44) segment terminals to drive 320 (176) segments
+  Static, 2, 1/3, V4 bias
* Internal charge pump able to generate VLCD higher than VDDIO

— 16-channel Direct Memory Access Controller (DMAC)

— 8-channel Event System

—  Up to four 16-bit Timer/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

— One 24-bit Timer/Counters for Control (TCC), with extended functions:
*  Four 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
— Frequency Meter
— 32-bit Real Time Counter (RTC) with clock/calendar function
+  8x32-bit Backup Register
*  Tamper Detection
— Watchdog Timer (WDT)
— CRC-32 generator
— One full-speed (12Mbps) Universal Serial Bus (USB) 2.0 Device
* Eight endpoints
* Crystal less operation
— Up to six Serial Communication Interfaces (SERCOM), each configurable as:
*  USART with full-duplex and single-wire half-duplex configuration

« 1807816
+  I2C up to 3.4MHz"
« SPI

— One AES encryption engine
— One True Random Generator (TRNG)
— One Configurable Custom Logic (CCL)
— One 12-bit, TMSPS Analog-to-Digital Converter (ADC) with up to 20 channels
» Differential and single-ended input
»  Oversampling and decimation in hardware to support 13-, 14-, 15-, or 16-bit resolution
— Two Analog Comparators (AC) with window compare function

T Max 1 high-speed mode and max 3 fast mode 12C
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Peripheral Touch Controller (PTC)
* Up to 256-Channel capacitive touch sensing
— Maximum Mutual-Cap up to 16x16 channels
— Maximum Self-Cap up to 24 channels
*  Wake-up on touch in standby mode

. Oscillators

32.768kHz crystal oscillator (XOSC32K)

0.4-32MHz crystal oscillator (XOSC)

32.768kHz ultra-low-power internal oscillator (OSCULP32K)
16/12/8/4MHz high-accuracy internal oscillator (OSC16M)
48MHz Digital Frequency Locked Loop (DFLL48M)

96MHz Fractional Digital Phased Locked Loop (FDPLL96M)

Up to 82 programmable I/O pins

Up to 52 segment LCD pins can be used as GPIO/GPI
Up to 5 wake-up pins with optional debouncing

Up to 5 tamper input pins

1 tamper output pin

+  Pin and code compatible with SAM D and SAM L Cortex-M0+ Families?
+ Packages

100-pin TQFP, UFBGA
64-pin TQFP, QFN
49-pin WLCSP

48-pin TQFP, QFN

*  Operating Voltage

1.62V - 3.63V

2 except the VLCD

© 2017 Microchip Technology Inc. Datasheet Complete 60001465A-page 3



32-Bit Microcontroller

Table of Contents

1] (0o [ o 1o o APPSR 1
FRAUIES ..o 1
R I L= YT 1] (T o P 14
2. Configuration SUMMAry..........cccoiii 15
3. 0Ordering INfOrmMatioN.........cooiiiiiiiieeeeeeeeeeeeeeeeeee et 18
TRt TR 7 1 1V I 4 USSP 18
320 SAM 22U .. e b et h et 18
BT T S 7 N 1V I 152 S 19
3.4, Device IdentifiCation............ooo e e e as 19
I = (o Ted [ B I =T =T o 4 PP PPPPPP PP 21
B PINOUL.. s 23
SRRt TR 7 N 1V I 0 3 23
ST Y N 1V I 0 S S 25
ST T Y 11 1V I 2 USSP 26
6. Signal Descriptions List .......cccoiiiiiiiiiiiiii s 28
7. 1/O Multiplexing and Considerations...........ccccooioiiiiiiiiii s 31
7.4, MUipleXed SIGNQIS.......cooe ettt ettt e e et e e e e et e e e e e e e nbee e e e e e e nnneeeaaenn 31
7.2, Other FUNCHONS. ...ttt e ettt e e e e et e e e e e sste e e e e e eesbeeeaeesannnseeeaeesanees 33
8. Power Supply and Start-Up Considerations...............cccccooeeiiiii 36
8.1, PoWEr DOMAIN OVEIVIEBW. ......oiiiiiiiiiiii ettt ettt e e e e ettt e e e e e s nteeeeeeeasaeeeaeeasnnreeaeeeaannes 36
8.2.  Power Supply CoNSIAErations. ...........oiiiiiiiiiiii et 36
G T 0111 O o TSP 39
8.4. Power-On Reset and Brown-Out DeteCtOr..........cocuiiiiiiiiiiieeie e 39
8.5.  Performance Level OVEIVIEW..........ocoo it e e e e e e e e e neeeeens 40
9. Product Mapping.....cccooeeiiieee e 42
(O 1Y =T 0 oy o S 43
10.1. EMDEedded MEMOFIES.....cooi ittt ettt e e et e e e s nnaeeeeeeaan 43
10.2. Physical MemOry IMap. ... ..o ittt e et e e e e et e e e e e e aneeee e e e e neneeeas 43
10.3. NVM USEr ROW MaPPING. .. ceiutiieiitieeittie ettt ettt b et e e e b e e e nanes 44
10.4. NVM Software Calibration Area Mapping..........cocueiiiiiiiiiiieiee e 45
10.5. Serial NUMDET ... .ttt et e e e e e e et e e st e e et e e ennteeesneeeennneeenn 45
11. Processor and ArchiteCture. .........coooiiiii e 46
111, COrtEX MO+ PrOCESSON . ...ciiiiieiiiiee ettt e e e ettt e e e e ettt e e e e ettt e e e e e aneseeeeeaanteeeeaesasseeeaeeeanseeeeaeans 46
11.2. Nested Vector Interrupt CONMrOIIE............ooiiiiiiie et e e 48

© 2017 Microchip Technology Inc. Datasheet Complete 60001465A-page 4



32-Bit Microcontroller

11.3. MiICro Trace BUFTE ... ..ottt et e e e e e e e e nnaeeeas 49
11.4. High-Speed BUS SYSIEIM.....c.uiiiiiiiiiiiii e 50
12. PAC - Peripheral Access CONtrOIIET............uuuueuueiiiiiiiiiienv e 54
L2 B O 1YY T ST 54
L Y | (U= TSRS 54
L2 T =1 (o o7 [ I 1 =T - o PO PSPPI 54
L7 S o To [8 Tz 1= o 1= o 1= o Tor = PSSR 54
12.5. FUNCHONAl DESCIIPLION. ... ..o e e e e e e e e eaaaaaeeeaeeeaeananann 55
12.6. ReEGISIEIr SUMIMAIY.....oiiiiiiiiiiie ettt e s e e et e s e e e naneee s 59
L B 2 CTe 151 (T B Tt o ) o] o SRR PR 60
13. Peripherals Configuration Summary............ccccccooiiii e, 71
14. DSU - Device Service UNit.........coooiiiiiiiiiiie et e e 74
1 B O 1Y V1= RS PTRR 74
TA.2. FOAIUMES ..ottt ettt oo a et b e ettt e et e e e bt e e nb et e nan e b e enr e naneas 74
{ L T = 1o o QDI F= o =1 o 4 PR RTT 75
L S T To | o b= I LYYty o] 1) T RSP 75
14.5. ProducCt DEPENAENCIES. .....ccuviiiiiiii ittt e et e e e et e e seneee s 75
L T B T o 10 Lo I @ o T=Y -1 (o] o O PSP PP PP 76
L A O o1 o T =1 =TTV OO PP OPPPPPRROt 78
B T e Yoo =T 410 011 o T PRSPPI 78
14.9. Intellectual Property ProteCtion...........cooiii i 79
14.10. Device [dentifiCation...........oouiii i 80
300 I T T o =Y I D= o] o o U 81
14.12. ReQISTEr SUMIMAIY....ooi ittt e e e ettt e e e e sttt e e e e e anee e e e e e aannbeeeaeeaannneeas 87
14.13. RegiSter DESCIIPHION. .....ciiiiiiiii ettt e e e e 89
15. ClOCK SYSIEM.. .. 111
T R O o T I 13 ] o T T o SO 111
15.2. Synchronous and ASynchronous CIOCKS............ccoiiiiiiiiiiiiic e 112
15.3. Register SYNChronization.............coouiii i e 113
15.4. ENabling @ PeriPREral..........cooiiiiiiiii it e et eeeaeaaaeaens 116
15.5. On Demand CIOCK REQUESTES.........cccuuiiiiii ettt 116
15.6. Power Consumption VS. SPEEQ..........eiiiiiiiiiiiieiiie et 117
15.7. ClOCKS @ftEr RESEL. ...ttt 117
16. GCLK - Generic Clock Controller............ouiii i 118
LT B O 1YY TSP 118
LI =Y | (U TSP 118
16.3. BIOCK DIaQram........eeiiieiieiiiiie et e ettt e e et e e e e e st e e e e e e st s e e e e e s esaaeeeeeeananreeaeeeaannns 118
16.4.  SigNal DESCIIPON. ....co ittt e st e e st e e et e e et e e et e e e anneeeeneeeennneean 119
SRR T oo (8 Tt A B 1T o 1T oo (=T o Tor =T SRR 119
16.6. FUNCHONAI DESCIIPLION. ... eeiiiiiii ittt ettt st e et e e 120
16.7. REGISIEr SUMMAIY.....oiiii it e et e et e e e e e e e e e e e st e e e e s sesaaeeeeeeaasaeeaeeasnsaneaesanses 126
16.8. Register DESCIIPHON. ...ttt e e e e et e e e e e nnneee e e e aneee 129
LA Y L I Qe . =1 T [ Yo PP 137

© 2017 Microchip Technology Inc. Datasheet Complete 60001465A-page 5



32-Bit Microcontroller

L T © Y= V1= SRR 137
L =Y | (U= TSP 137
LS T =1 [oTor [ DI - To -1 1 4 OO PPRRN 137
17.4. SigNal DESCIIPON. ...cciiiii ettt e e e e st e e et e e e enee e e smneeeeseeeennneeeanneeean 137
L8 T o To (8 Tt B 1T o 1= T oo [=T o Tor Lo SRR 137
17.6. FUNCHONAI DESCIIPLON. ... eiiiiiiie ittt st e e sane e e st e e e 139
17.7. Register SUMMAry - MCLK . ........oooi it e e e e e e e e saraeee s 144
17.8. Register DESCIIPHON. ...t e e et e e e e et e e e e e nneeeee e e sneee 144
18. FREQM — FrequeNnCy MEter........cooiiiiiiiiiiee e 156
LR T O 1Y = PSP PTPPRI 156
(RS T =T | (U= PO PRI 156
LR TR T =1 (oo [ I F= o - 1 4 SRR 156
18.4. SigNal DESCIIPLON. ...cciiiiiiiii ettt e et e e ns 156
18.5. ProducCt DEPENAENCIES. ......uuiiiiiiiieiiiee ettt ettt st e b e e nnte e senes 156
18.6. FUNCHONAl DESCIIPHION. ...t e e e e e e e e e e e aaaaeeeeeeeeeaaaaannn 158
18.7. REGIStEr SUMMAIY.....ciiiiiiiiiie ettt et e e e e e e bt e e e e s taeeeeeeaannsaeeaeeaannsneeaaeaanne 161
18.8. RegiSter DESCIIPLON. ... .eeiiiiiee ittt 161
19. RSTC — ReSEt CONIOIIEN.....ccoeiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeee e 167
S T O 1Y SR 167
RS I =Y | (U= T RPN 167
RS T =1 (oo Q1= To - o PO O PP P U PPPR 167
19.4. SigNal DESCIIPHION. ...ttt e e e e e e st e e e e et e e e e e e e snnrreeeeeannsreeeas 167
B IR T o To [8 Tz 1= o 1= o 1= o Vo 1= PR 168
19.6. FUNCHONAl DESCIIPLON. ... eiiiiiiii ittt snr e e e s e e e 168
19.7. ReEGISIEIr SUMIMAIY.....coiiiiiiiiiii ettt e bbbt s bt e re e e e e e snes 171
19.8. RegiSter DESCIIPLON. ....oiiiiiiiiiie e e e e e e e e e e e e e e e e st ae e e e e e eaeaaaaaens 171
20. PM — POWEI MANAQET.......ccoeiiiiiii it e ettt e e e e e e et e e e e e e e e e e an e eeas 173
D240 Bt TR @ Y= =SSP 173
DO =Y (0 ] Y PO 173
P40 IR T = 1o o3 [q B T F= o =T o T PP ERR 173
20.4. SigNal DESCIIPHON. ...ttt ettt e e e e ettt e e e e ettt e e e e e entan e e e e e e nnneeeaeeaannneeean 173
20.5. ProdUCt DEPENUENCIES. .......ueeiiiiieiiiie ettt ettt e st e e it seaneeesneee s 174
20.6. FUNCLIONAl DESCIIPHION. .....ciiiiiiiiee ettt e e e e e e et e e e e e e sanr e e e e e e snnsreeeaeean 175
DO S (=T 1153 (=T RS T [ 4]0 - T SRS 184
20.8. Register DEeSCIIPLON. ... ... ittt e e e et e e e e e nn e e e e e e e aneeeeas 184
21. OSCCTRL — Oscillators CoNtroller.............uueuueuiiiiieaeeeenees 189
200 T T O Y= T S 189
20,2, FRAIUIES. ... ettt ettt e e e ettt e e e e e ettt e e e e e aaeeeee e e anteeeeeeaanreneaeeaanne 189
21.3. BIOCK DIGGIAM...ccoitiiiiiiie ittt ettt s e e et e ae e e s e e bt n 190
214, SiGNAl DESCIIPLON. ... ettt ettt et s b e sab e e et e e snee e e nereeean 190
P22 I T o o To [8 o 1= oY= o To 1= o o =Y PR 190
21.6. FUNCioNal DESCIIPLION. .......uuiiiiiiiiiieieieeee e e e e e e e e e e e e e e e e e e e e e e e s enenennnrnnees 191
21.7. ReGISIEI SUMIMAIY....coiiiiiiiiiie ittt ek et e s bt e e s e e nneeesneee s 204
P24 R T S (=T 151 (=T g I L= ] o (o S SPPRUSRI 205

© 2017 Microchip Technology Inc. Datasheet Complete 60001465A-page 6



32-Bit Microcontroller

22. OSC32KCTRL — 32KHz Oscillators Controller.............ccceveiiiiieiiiiiiee e 231
b B O 1Y = o 1= PO SRR URRR 231
22.2. FRAIUIES. ... ittt bbbt e e nh et 231
PG T = 1o Yo QI =T =T o PSRRI 231
P4 S Yo a1 D =T o) o o TSP 231
22.5. ProduCt DEPENUENCIES. .......eeiiiiiie ittt ettt e ettt e et e e e sneee s 231
22.6. FUNCHONAI DESCIIPTION. ... ..ttt b e et sbee e sane e e abeee e 233
22.7. REQISTEr SUMIMAIY....coii ittt e e e e e e e et e e e e e setbaeeeeseasanseeaeeasnraneeeeaannes 238
22.8. Register DEeSCIIPON. ... ... et e e e e e e e e e eas 238

23. SUPC — SUPPIY CONEFOIIET ... e 248
231, OVBIVIBW. ...ttt ettt ettt et a e bt et b ettt e h et st e e a et se e n e e n e e ae e s 248
23.2. FRAIUIES......eeeeeeee e e 248
PG TR T = 1o ol [q B I F= o = 1o o T PR 249
23.4. SiGNAl DESCIIPLON. .....eeeiiitie ettt ettt e rbb et nnee e e an 249
23.5. Product DEPENAENCIES. ......cceiiieiiiiee ettt e et e et e e e e e e e e et e e e e e e eaaae e e e e e sasaeeeeesannraeeas 249
p2C TS W g Tox 1 o] =L I D 7o Tor o] o] o T PSPINS 251
23.7. ReEQISTEr SUMIMAIY.....oii ittt e ettt e e e e e aee e e e e e s tbeeeaeeaannnseeeaeaanseeeaaeaannes 259
PAC R T S (= Te [151 (=T L= o 1o S PSP U PR OPPRTI 260

24, WDT —Watchdog Timer........coooiiiiiii e, 276
240, OVEIVIBW. ...eiiiiii ettt ettt ettt s et e e bt e e et e s et e ek et e e ar et e s e e e e nn e e e e r et e nneeeenereeean 276
24.2. FRAIUIES...... ittt ettt e nh et 276
D2 T =1 oo QI - To [ = 10  FE SRR OUSR 277
P2 S Yo a1 D =T T o o TSP 277
24.5. ProducCt DEPENUENCIES. ......cccee e e et e e e e e e e e e e e e e e e e s e e e e e a e e e neereaeaaaaaaas 277
24.6. FUNCLONAI DESCHIPLION. ... ettt iiiit ettt sbe e e e aneeenaes 278
24.7. ReEGISIEI SUMIMATIY....coiiiiiiiiiii ittt ettt e et e s bt e e st bt e e eabe e e sbe e e eanbe e e snneeesneee s 284
24.8. Register DEeSCIIPON. ... ..uiiiii et 284

25. RTC — Real-TimMeE COUNLET.......uuiiieieieiiiiiiieeee ettt e e e e eeaeeas 291
251, OVEIVIBW. ...ttt a et e e bt e e sttt oo et e e bt e e a b et e e bt e e e eh b e e e et e e nnee e e e ean 291
25.2. FAIUIMES...... .o e 291
P4 TR T = 1o o3 QBT F= o =T o T PR 292
25.4. SigNal DESCIIPLON. ......eiiiiitie ettt st e e e et nn e as 293
25.5. ProdUCt DEPENUENCIES. ... .ueiiitiieiiiie ettt ettt ettt e ettt et e e it e eaneeesneee s 293
25.6. FUNCHONAI DESCHIPON. ... ..uuiiiiiiiiiiiiiiieiee e r e e e e e e e aaaeaeeeeeesesaaannnnnnsnenennees 295
25.7. Register SUMMary - COUNT32.....uuiiiiiieiiie et ettt et e e s e e e seee e e eneeeeanneeean 306
25.8. Register Description - COUNT32.......couiiiiiiiie ettt e e neree s 308
25.9. Register SUMMaAry - COUNTIB. .....cuuiiiiiiiiiiiie ettt 325
25.10. Register Description - COUNTTB.........oiiiiiiiiiiie ettt e e e e earae e e e e eeaneeeaeas 327
25.11. Register SUMMAry - CLOCK .......o ittt e s e e et e e eeneeeesnneeean 344
25.12. Register Description - CLOCK ........cooiiiiii e 346

26. DMAC — Direct Memory Access Controller............ccoiiiiiiiiiieiiiiiieeceee e 364
26.1. OVEIVIBW. ...ttt ettt h ettt h e h e et e bt e bt e b et s et e eb et e e nae e eb e e n e ne e s 364
26.2. FRAIUIES......eeee ettt e 364
P G T =1 oot QB - To [ = 10 FO OSSPSR OPPRTI 366

© 2017 Microchip Technology Inc. Datasheet Complete 60001465A-page 7



32-Bit Microcontroller

26.4. SigNal DESCIIPON. ... ... ettt e e et e e e e e st e e e e e e tan e e e e e e nnnneeaeeannneeeean 366
26.5. ProdUCt DEPENUENCIES. .......ueiiiiiieiiiit ettt ettt ettt et e e sbeee s 366
26.6. FUNCLIONAl DESCIIPHION. .....ciiiiiiiiee et e e e e e e et e e e e e e snnre e e e e e s nnsraeeaeean 367
B A S (= To 1151 (=T RS T [ 4]0 T T SRS 387
26.8. Register DEeSCIIPLON. ... ...u ittt e e e et e e e e et e e e e e aneeeeas 388
26.9. Register SUMMAry - SRAM. ... ..ot e 413
26.10. Register Description - SRAM..........uiiiii et e e e e e e e e e st e e e e e eaaeeeaeeeaes 413
27. EIC — External Interrupt Controller............ueeveeiiiiiiiiiiieieieeeeeeeeeeeeeeeeeee e 420
270, OVEIVIBW. ...ttt ettt ettt e bt e e ettt oo bt e e b et e e a b et e s bt e e e ek b e e e e abe e e nnee e e nareeean 420
D =Y (0 SRR 420
P T = 1o o3 [ B = o =T o T PP UPPR PP 420
27.4. SigNal DESCIIPHON. ...ttt et e e e e ettt e e e e et e e e e e e e nneeee e e e e anneeeeas 421
27.5. ProduCt DEPENUENCIES. .......ueiiiiiieiitii ittt ettt e et e e bt ene e sneee s 421
27.6. FUNCHONAI DESCIIPTION. ... ettt eb e bt e et sbe e e e snneeeanbeeenans 422
D S (=T 151 (=T RS T L 410 - SRS 427
27.8. Register DeSCHIPLON. ... ... ettt e e e e e e e e e e e e e enaeeeas 427
28. NVMCTRL — Non-Volatile Memory Controller..............ccuueeeiiiiiiiiiiiiiiieeece e 437
P4 T T O V=T T SRR 437
28.2. FAMUIES. ... ettt e ettt e e e e ettt e e e et e e e e e e e neee e e e e e anreneeeeaannee 437
28.3. BIOCK DIGGIam...cccuiiiiiieii ittt ettt e et e et e e e n 437
28.4. SiGNAl DESCIIPLON. ......eeiiiitit ettt ettt e ea e et s e an 438
P22 TR T o oo [8 o B 1= o T=T o To 1= o [or oY PRI 438
28.6. FUNCHONAI DESCHPLON. ... ..uuiiiiiiiiiiiii e e e e e e e e e e e e e e e e ee e e e s e s snnnnsnnnrnnees 439
28.7. ReGISIEr SUMIMAIY....cciiiiiiiiiie ittt e et e e e e s et e e asre e e nneeesneee s 446
28.8. RegiStEr DESCIIPIION. ... .eii ittt ettt et n 446
29. PORT - 1/O Pin CONMIOIIEI ...t 456
DA B B @ Y= =SSP 456
20.2. FRAIUIES..... ettt bbbt h et 456
P4S TR T = 1o o1 [ DI T= o = 1o o PP RPP PO 457
P4 I ST o a1 D =T T o o TS 457
29.5. ProducCt DEPENUENCIES. .......ccce e et e e e e e e e e e e e e e e e e e e e e e e e e e e eaaaaaaas 457
29.6. FUNCLONAI DESCIIPTION. ...ttt bb e et sn e sbn e e abeee e 459
29.7. REQISTEr SUMIMAIY.....oiiiiiiiiiiie ettt e e e e e e e e et e e e e e s tbaeeeeseassaseeaeeasnraeeaeeaanes 465
29.8. PORT Pin Groups and Register Repetition...........cccoooeiiiiiieeii e 467
29.9. Register DEeSCIIPLON. ... ...ttt e e et e e e e e e e e e e e e eneeeeas 467
30. EVSYS — EVENt SYSeM.....oiiiiiiiiiiiiiee et 484
R0 Ry O =Y 1SRRI 484
0.2, FRAIUIES. ...ttt ettt e ettt e e e e e ettt e e e e e nte e e e e e e e nneeeeeeeannnneeeeeeaannes 484
30.3. BlOCK DIBGIam........ociuiiiiiiiie ettt e e ea e 484
K10 I SRS [ g F= T LT o ] o o] o PO SR PPN 485
30.5. Product DEPENAENCIES. ......cccoiieieee ettt e e e e e e e e e e e e e e st e e e e e eeeaaaaaaaeeeeeeaeaaanaann 485
30.6. FUNCtioNAl DESCIIPLION. .. ..uiiieiiiiiiiiee e e e e e e e e e e e e e e e e e e ee e e e e s aaneneannrnnees 486
30.7. REGISIEr SUMMIAIY ..ottt e et e bt e e s e e e s bne e e eaneeesneee s 490
30.8. RegiSter DESCIIPON. ....cciitiiiitii ittt e et e e s e e e e b e e e 491

© 2017 Microchip Technology Inc. Datasheet Complete 60001465A-page 8



32-Bit Microcontroller

31. SERCOM - Serial Communication Interface...........ccccccoviiiiiiiiiii e 505
B I R @ = o o U 505
B B =T (] (- TSR OUPRRRN 505
1 R T =1 o o3 [q I 1 =T = 1 o 1SRRI 506
120 I SIS 1 o T T= T LYo o 1o o OSSR 506
31.5. ProducCt DEPENUENCIES. ......coeiiiiiiiiieiti ettt e et sar e sane e e s naes 506
31.6. FUNCHONAI DESCIIPHION. .....ciitiiiiitii ettt et e e e et e 508

32. SERCOM USART — SERCOM Universal Synchronous and Asynchronous Receiver

and TranSMItter.........oooviiii 514
B2 T @ =Y 1RSSR 514
32.2. USART FEAUIES..... .ttt e ettt e e e e et e e e e e e et e e e e e e anbeeeaeeaansnneeaaeanns 514
32.3. BlOCK DIAQram.......coe ittt ettt ettt e e abeeenan 515
B S 1o o =Tl B T=TTor ¢ o] {[o ] PSPPI 515
32.5. Product DEPENAENCIES. ... ..ottt e e e e e e e e e e e e s e s e e e e e e e aaaaaaaaeeeeeaeaaaaaaan 515
32.6. FUNCLONAl DESCHIPLON. .. .euuiiiiiiiiiiiee e e e e e e e e e e e e e e e e e e ee e e e e e eaneaennnrnrees 517
32.7. REGISIEr SUMMIAIY...cii ittt ettt e e bt eab e e st et e e bne e e eaneeesnaee s 531
YR S T =T 153 (=l B T=TTor ] o) o) o VO PETSURTRPP 532
33. SERCOM SPI — SERCOM Serial Peripheral Interface........cccccccvveeeveevieiiieeneennnnn. 551
B R @ = oV o SRR 551
B B0 =T (1] T3PPSR 551
R G T = 1 o Tod Q01 =T = o O P PEPP PRSP 552
I S o g =Tl D T=T Yo | ] (o] o PSR 552
33.5. Product DEPENUENCIES. ......coiiiiiiiiiiieit ettt e et saee e nane e et e e 552
33.6. FUNCHONAI DESCHIPHION. .....ciitiiiiiiiie ettt ettt e e e e ate e snes 554
33.7. REQISIEr SUMMIAIY...ci ittt et e e et e e e et e e ente e e e see e e eneeeeanseeesanneeeenneeeaneeean 563
33.8. Register DESCIIPLION. ......ooiiieiiii ettt e e e e et e e e e e e e e e e e annneeeaeean 564
34. SERCOM I2C — SERCOM Inter-Integrated CirCuit.............ocoevevereerereeeererererenene. 577
K7y T @ =Y 1= SRS PRSI 577
4.2, FRAIUIES. ...ttt et e e e ettt e e e e bt e e e e e e et e e e e e e annneeeeeeaannee 577
34.3. BlOCK DIBGIam........ocicuiiiiiiie ettt e e bt e et e e nan 578
34.4. SigNal DESCIIPHON. ... .eeiiiiiie ittt ettt ettt e et e e e b e e e e e aabe e e 578
34.5. ProducCt DEPENUENCIES. .....cccioiiiiieeeeee ettt e e e e e e e e e e e e e e st e e e e e e e e e e aaaaaaaeeeeeaeaaaaaann 578
34.6. FUNCLONAl DESCIIPLON. ... ..eiiieiiiiiiieee et e e e e e e e e aaeaeeeeeeeesesasassannnnsnnnennens 580
34.7. Register SUMMArY - 12C SIAVE.......cccuuiiiiie it 598
34.8. Register DESCHPton = [2C SIAVE...........ccooviveuieieeeeeeeeeeeee ettt en 598
34.9. Register SUMMAry - 12C MaSTEI.......ccccoiiiiiiie et e e e e e e e e e eaaes 612
34.10. Register Description = 12C MaSHEr.............c.covveveeeeeeeeeeeeeeeeeteeee et en e aeenanen 613
35. TC — TIMEI COUNTE . ... esenennnnnnnnnne 629
TSI I @ =Y 1= SRRSO 629
35.2. FRAIUIES. ...ttt e e et e e et e e e e e et e e e e e e nnnreeeeeeanaee 629
TSI T = o Tt QI 1 =T =g o O PR RRR 630
35.4. SIgNal DESCIIPHION. ... .eeiiiiiie ittt ettt st et bbb e e e e aae 630
35.5. ProducCt DEPENAENCIES. ... ettt e ettt e et e e et e e e s e e e e e e e e ssnreeeaeesnsbaeeaeaan 631
35.6. FUNCLONAl DESCIIPLON. .. .uuiiiiieiiiiieee e e e e e e e e e e e e e e e e e e e e s e seeassannnnennnnnnees 632

© 2017 Microchip Technology Inc. Datasheet Complete 60001465A-page 9



32-Bit Microcontroller

35.7. Register DESCIIPLION. .....coiiiiiiii ettt e ettt e e e e et e e e e e e nnee e e e e e aneeeeaaeean 647
36. TCC — Timer/Counter for Control Applications.............ccccoeiiii 698
BTG TRy I @ =Y 1SRRI 698
36.2. FRAIUIES. ... ettt et e e e e et e e e e e et et e e e e e e aee e e e e e e annreeeaeeaannas 698
36.3. BlOCK DIAQram........ociuiiiiiiiieeii ettt e bbb nae 699
K TG R SIS [ o F= T LT Lo ] o o] o SO TSRP PPN 699
36.5. Product DEPENUENCIES. ......cccceieieeee ettt e e e e e e e e e e e e et e e e e e e e e e aaaaaaaeeeeeeeaaaaaann 700
36.6. FUNCLONAl DESCIIPLION. ... ..uiiiiiiiiiiiiee e e e e e e e e e e e e e e e e e e seee e s e annensnnnnnnees 701
36.7. ReGISIEr SUMMIAIY ..ottt e sttt s e s e sbne e e naneeesneee s 735
36.8. RegiSter DESCIIPON. ....cciiiiiiiiie ettt st e e naee 737
37. TRNG — True Random Number Generator............cccueeeeeeeiiiiiiiiiiiieee e 773
Kt TR @ Y=Y U P TR PPPTRPRT 773
B A =T (0] (- TSR OPPRRN 773
1A T =1 o o3 [q I 1T | = 1 o 1SRRI 773
B SIS 1o g T= T LYo o 1o o TSP 773
37.5. ProducCt DEPENUENCIES. ......coiiiiiiiiiie ittt ettt e e s snne e sane e e are e naes 773
37.6. FUNCHONAI DESCIIPHION. .....ciiiieiiitie ettt ettt et e e e et 774
37.7. REQISIEr SUMMAIY......ciiiiiii ettt e e e e e e e e e et e e e e e et e e e e e e e s nsreeeeeesnseeeas 777
37.8. Register DESCIIPLION. ......oiiiiiiiii ettt e e e et e e e e e e e e e e e e e eeeeeean 777
38. AES — Advanced Encryption Standard..............ccccoiiiiiiiiiiiiiiii 781
BT JR I @ =Y 1SRRI 781
38.2. FRAIUIES. ...ttt e et e e e et e e e e e e et e e e e e nnnreeeeeeannae 781
TS R T = o Tod QI 1 =T =3 o FO PR SURTRRR 782
38.4.  SigNal DESCIIPHION. ... .eeiiiiiee ittt ettt et ettt e aa e e et e e nae 783
38.5. ProducCt DEPENAENCIES. ......ccuuiriiee ittt e e e e st e e e s e et e e e e s e ssntaeeaeesnsbaeeaeaan 783
38.6. FUNCLONAl DESCIIPION. .. ..utiiiiiiieiieee e e e e e e e e e e e e e e e e eese e e e e seannnnnnnnrnnens 784
38.7. RegiSter SUMMAIY.......... ittt e e e e e e et e e e e e e nnae e e e e e anneeeas 793
38.8. RegiSter DESCIIPON. ....cciiiiiiiii ittt 795
39. USB — Universal Serial BUS............cooiiiiiiiiiiiieee e 809
B R @ V= o o RPN 809
30,2, FAIUIES. ... ettt 809
1S G R U] = =] o Tt =T [ =1 4 o PSPPI 810
BT R SIS g E= 1IN LYo ] o (o] o T OSSP 810
39.5. Product DEPENAENCIES. ...ttt e e e e e e e e e e e e e e e aaaaaaaeaeeeaeaaaaaaan 810
39.6. FUNCHONAl DESCIIPION. .....ciiitiiiiiiii ettt et e e s 812
39.7. REGISIEr SUMMIEIY ...cii ittt ettt e ettt e et et e s eaee e e sab e e e ebne e e anneeesneee s 820
39.8. RegiSter DESCIIPLION. .....eeiiiiiiiiiii et e e e e e st e e e e et eeeeean 822
40. CCL — Configurable Custom LOGIC.........c.uuuiiiiieeeiiiiiiiieee e 851
L0 Bt B @ Y=Y =SSO 851
0.2, FAIUIES. ...ttt e e e et e e e et e e e e nane 851
10 IR T = 1o o3 QBT F= o =1 o T PR 852
40.4. SigNAl DESCIIPLON. ......eeiiiitiie ettt et s e e e e et e snre e e eas 852
40.5. ProdUCt DEPENUENCIES. .......ueiiitiieiitit ettt ettt e ettt e e st e e b e e eaneeesneee s 852
40.6. FUNCHONAI DESCHIPLON. ... ..uuiiiiiiiiiiiiieieiee et e e e e e e aeaeaeeeeeeeesssanennnnsnnneneees 854

© 2017 Microchip Technology Inc. Datasheet Complete 60001465A-page 10



32-Bit Microcontroller

40.7. ReEQISTEr SUMIMAIY.....oii ittt e e e ettt e e e e e e aateeea e e s e tbeeeaaeaannnseeeaaaanseneaaaaannns 864
40.8. RegiSter DESCIIPIION. ... .eii ittt ettt st e e e et n 864
41. ADC — Analog-to-Digital Converter...........ccccoooii 868
I R O Y= T PP PP SR PRI 868
4.2, FRAIUIES.....teieeee ettt ettt n e 868
g IR T =1 o o7 QI - To = 10  FO SRRSO 869
g I ST o a1 D =T T o o TSR 869
T o To [W o B T=T o T=T o 1= o o L= PP 869
41.6. FUNCLONAI DESCIIPLION. ... ettt ettt sn e san e e aneeenaes 871
g A S (= To [15] (=T RS T [ 4]0 F- Y TSP 881
41.8. Register DESCIIPION. ... ...uiiiiii et e e 882
42. AC — Analog ComParators........cccuuueiiiiiee e e e e e e e e s e e e e e e e ennnees 900
g T O 1Y = o 1= PRSI 900
42.2. FAIUIMES..... .o e 900
A T = 1o o3 (g B I F= o =T o T PP EPR 901
42.4. SigNal DESCIIPLON. ...ttt sn e e et nn e an 901
42.5. ProduCt DEPENUENCIES. .......ueiiiiiieiiiei ettt ettt ettt e e bt eaneeesneee s 901
42.6. FUNCHONAI DESCHIPLION. ... ..uiiiiiiiiiiiiiii et e e e e e e e aaaeeeeeeeeseeasannnnnnnsnnnrnnees 903
N S = (= Yo 151 (=T RS T [ 4T - T O S 912
42.8. RegiSter DESCIIPHION. ... .eii ittt ettt 912
43. SLCD - Segment Liquid Crystal Display Controller.............cccccoviiiiiiiiiieiiniee 924
431, OVEIVIEW. ...ttt et h et a e bttt b e bt h et et e ehe e e bt e nae e e b e n e e n e s 924
43.2. FRAIUIES......eeieeeie et e et 924
T G T =1 oot QI - To [ = 10 T OSSPSR OPPRTI 925
43.4. SigNal DESCIIPHON. ...ttt e e e e e e e e st e e e e e st a e e e e e e e aara e e e e e e nnraeeas 925
27 %G T8 T o o To [8 Tor 1= o T=T o o 1= o Tor =Y PR 925
43.6. FUuNCioNal DESCHPLION.........uuiiiiiiiiieiceeeee e e e e e e e e e e e e e e e e e e e e e e nenanrnaees 927
43.7. ReGISIEI SUMIMEAIY....cooitiiiiiiei ittt ettt eb e st e e aab e e enee e s neee s 952
43.8. Register DESCHIPLON........ueiiiiiiiiei it e e e e e e e e e e s e e e e e e e enraees 955
44. PTC - Peripheral Touch Controller............cccccc 994
g B O 1Y = o 1= PRSP 994
N =Y (] (X SRR 994
i T = 1o o3 [ I F= o = o T PP UPPRP 995
444, SigNal DESCIIPHON. ...ttt ettt e et e e e e ettt e e e e en b e et e e e e e nnneeee e e e anneeeeas 996
44.5. ProduCt DEPENUENCIES. .......eeiiiiiiiiiiie ettt ettt ettt e et e et esneee s 996
44.6. FUNCHONAI DESCIIPTON. ... eiiiittiieitiee ettt sttt e sbe e e et e e snee e e saneeeanbeeenans 997
45. Electrical CharaCteriStiCs...........ocuuiiiiiiiiie e 999
451, DISCIAIMET . ...ttt ettt e et e s bt e e e e e e e e e e ne e e e n e e neee s 999
45.2. Absolute Maximum RatiNGS ........cooiiiiiiiiiiiiie et 999
45.3. General Operating RatiNgS .......cccuvviiiiiiiiiie ettt e e e e e e e e s ra e e e e e e enes 999
45.4. Supply CharacteriStiCS .......cueeiiiieeiie e e e 1000
45.5. Maximum CIOCK FreQUENCIES ........cuiiiiiieiiiie ettt 1001
45.6. POWET CONSUMPTION ....eiiiiiiiiiitiee ettt ettt ettt e et e e et e sne e e s e e ebe e e e nees 1002
45.7. WaKE-UD TiMlNG....eiiiiiiiiiiiiiiiie ettt et et e e e e eeeeeeeseeasaasa s atabebeseseeeeeeeeeaaaeaaaaaeeesesssanaaannsnsnennnns 1006

© 2017 Microchip Technology Inc. Datasheet Complete 60001465A-page 11



32-Bit Microcontroller

45.8. 1O Pin CharacCtlriStiCS. .......covviiiiieie ettt e e e ettt e e e e e e e e e e e eea e e e eeaaeaaes 1007
45.9. INJECHON CUITENL......eii ittt ettt e a e e ettt st e e s e e e et e e e nees 1008
45.10. ANAlOG CharacteriStiCs. .......cuuviiieiiiiiiiiee et e e e e e e et e e e s e ae e e e e e enraeeeas 1009
T R N AV Y P= =Tt (=T [T 1019
45.12. OSCillators CharaCteriStiCS. ... .. ciieieeeieeeeieiee et e e e e e e e e e e e et e e e e e eeeeeeesees 1020
45.13. USB CharacteriStiCS........ccciiiiiiiiiiiie ettt e e et e e e e e e e e e e e e e eeaeas 1026
T S 0 B @4 g =T = 1o (Y 15 (o RN 1027
I T o (= g F= T ST T= ] fl T o 1SR 1030
46. Typical CharaCteriStiCS. .......uuiiiiiiiiii e 1031
46.1. Power Consumption over Temperature in Sleep Modes..........ccceevvciiiiiiiieiiiiiee e 1031
47. Packaging INformation...............uuuuiiiiiiiiiiiiiiiiiiiiieeseeseeeveeeveeeeeeeseeesseseesseeeeeeeeeeeeees 1033
47.1. Thermal CoNSIAEIAtIONS. .........iiiie et e et e e e e e e e e e e e eeeataaeeeeeeaeeeenaans 1033
47.2. Package DIraWingsS. .......coe ittt ittt ettt ettt e e et e et e e s e e e b e e e 1034
A TS Yo [0 L= oo T o o] 1LY PP OPPPRPRN 1042
48. Schematic CheCKIIST...........ooveieeie e 1043
T g T [ 01 o Yo [ T3 o] o RS 1043
8.2, POWET SUPPIY.eeiiiiiiiiiiiie ettt e et e et e e e e et e e e e e s ateeeeeesaatbeeeeesaaabraeeeeeaannraeeeeeaantranaaaaan 1043
48.3. External Analog Reference ConneCtioNS..........cccooiiiiiiiiiiiiiie e 1046
48.4. EXxternal RESEt CirCUIL..........ovuuiueiiii ettt e e e e e e e e e e e et e e e e eaaeeees 1048
48.5. Unused or UnNconneCted PiNS............oooiiiiiiiiiee ettt eeee e 1049
48.6. Clocks and Crystal OSCIllators. ..........coiiuiiiiiei e e e e e e e e sare e e e e e 1049
48.7. Programming and Debug POIS..........cooi e 1051
R T U IS = 0 [ | (=Y o = (o TSR 1055
N T X O] B LSRR 1056
48.10. SERCOM I2C PiNS...eeeeeeeeeeeeeeeeee et e et et ettt e e e e e e e oot et e et et et et eee et eeeseeeeneseeseeeesesaeas 1057
N T I s IO 4 =T = T =Y 1 4o 1057
48.12. ReferenCe SChEMALIC. ......coi it e e e e e anes 1057
F S T = r= TR 1058
49.1. DI€ REBVISION A.....eoeeeecee ettt ettt e e e e e e e e e e e et eeeeeeeeeeeeeataaaaeeeeaeeeeessssans 1058
49.2. DI REBVISION Bh...... oottt e e e e e e e e et e e e e e e e e e e e eeataaaeaeeeaeeeeeesanraas 1066
B0. CONVENTIONS. ....ueiieeet ettt e e e et e e e et e e e et e e e e et e e e eearanaeeees 1073
50.1. NUmMeErical NOTAtION.........ooooiiiiie ettt e e e e e e e e e e e e e e eaeaaes 1073
50.2. MeMOrY SiZ€ AN TYPE.....uueieeiiiieiiie e eee et e e e et e e et e e s eee e e saeeeesnteeesneeeesneeeeanseeesneeeeaneeens 1073
50.3. FrequenCy and TiME.......cooiiiiiiiie ettt e e e et e e b e e 1073
50.4. ReQIStErs @nd BilS..........eiiiiiiiiiiieii e 1074
51. Acronyms and Abbreviations..........cccooovriiiiciii 1075
52. Datasheet Revision HiStory........couuuiiii e 1078
52,1, REV.A = 03/20707 ettt e e e et e e e e et — e e e e e e b e e e e e e aaraeaaas 1078
52.2. REV.E = O7/201B....ccc ettt e e e e et e e e e et e e e e e e aaae e e e e e earaeeeas 1080
52.3. REV.D = 05/201B......eueueieuriiiieieeeeeeee e e e e e e e e e e e et et et e ettt a e eeeeeeeeaeaaaaaaeeaeaeaeseaaeaaannnerraree 1080
LY S Y R 0 1 0 L I TR 1083
B52.5. REV.B = 11/2015....eeeeeeee et e et e e e e et e e e e e ettt e e e e e e eatraeaaeeaates 1085

© 2017 Microchip Technology Inc. Datasheet Complete 60001465A-page 12



32-Bit Microcontroller

52.8. REV A = 08/2015. ..ot es ettt 1087
The MiIcrochip WED Site........eeeiiiiiiiieeeeeeeeeeeeeeeeeeeeeeee et 1088
Customer Change Notification ServiCe.............uueeiiiiiiiiiiiii e 1088
OS] (0] 41T g U] o] o To o PP 1088
Product Identification Syste€m..........oooviiiiiiiiiiiiieeeeee e 1089
Microchip Devices Code Protection Feature...........ccccooiiiiiiiis 1089
=Y 0 = I I [ (o 1090
TrAadEMATKS. ... e 1090
Quality Management System Certified by DNV.........oooiiiiiiiiiiee e 1091
Worldwide Sales and SEIVICE........cociiiiiiiiiiiiiie e e e 1092

© 2017 Microchip Technology Inc. Datasheet Complete 60001465A-page 13



32-Bit Microcontroller

Description

The SAM L22 is a series of Ultra low-power segment LCD microcontrollers using the 32-bit

ARM® Cortex®-M0+ processor, ranging from 48- to 100-pins with up to 256KB Flash and 32KB of SRAM
and can drive up to 320 LCD segments. The SAM L22 devices operate at a maximum frequency of
32MHz and reach 2.46 Coremark/MHz. They are designed for simple and intuitive migration with identical
peripheral modules, hex compatible code, identical linear address map and pin compatible migration
paths between all devices in the product series. All devices include intelligent and flexible peripherals, an
Event System for inter-peripheral signaling, and support for capacitive touch button, slider and wheel user
interfaces.

The SAM L22 devices provide the following features: Segment LCD (SLCD) controller with up to 48
selectable SLCD pins from max. 52 pins to drive up to 320 segments, all SLCD Pins can be used also as
GPIOs (100-pin package: 8 of the SLCD pins can be used only as GP input), in-system programmable
Flash, sixteen-channel direct memory access (DMA) controller, 8 channel Event System, programmable
interrupt controller, up to 82 programmable 1/O pins, 32-bit real-time clock and calendar, up to four 16-bit
Timer/Counters (TC) and one 24-bit Timer/Counters for Control (TCC), where each TC can be configured
to perform frequency and waveform generation, accurate program execution timing or input capture with
time and frequency measurement of digital signals. The TCs can operate in 8- or 16-bit mode, selected
TCs can be cascaded to form a 32-bit TC, and the TCC has extended functions optimized for motor,
lighting and other control applications. The series provide one full-speed USB 2.0 device interface; up to
six Serial Communication Modules (SERCOM) that each can be configured to act as an USART, UART,
SPI, 12C up to 3.4MHz, SMBus, PMBus, and ISO7816 smart card interface; up to twenty channel 1Msps
12-bit ADC with optional oversampling and decimation supporting up to 16-bit resolution, two analog
comparators with window mode, Peripheral Touch Controller supporting up to 256 buttons, sliders,
wheels and proximity sensing; programmable Watchdog Timer, brown-out detector and power-on reset
and two-pin Serial Wire Debug (SWD) program and debug interface.

All devices have accurate and low-power external and internal oscillators. All oscillators can be used as a
source for the system clock. Different clock domains can be independently configured to run at different
frequencies, enabling power saving by running each peripheral at its optimal clock frequency, and thus
maintaining a high CPU frequency while reducing power consumption.

The SAM L22 devices have four software-selectable sleep modes, idle, standby, backup and off. In idle
mode the CPU is stopped while all other functions can be kept running. In standby all clocks and
functions are stopped expect those selected to continue running. In this mode all RAMs and logic
contents are retained. The device supports SleepWalking. This feature allows the peripheral to wake up
from sleep based on predefined conditions, and thus allows some internal operation like DMA transfer
and/or the CPU to wake up only when needed, e.g. when a threshold is crossed or a result is ready. The
Event System supports synchronous and asynchronous events, allowing peripherals to receive, react to
and send events even in standby mode.

The SAM L22 devices have two software-selectable performance level (PLO and PL2) allowing the user
to scale the lowest core voltage level that will support the operating frequency.

The Flash program memory can be reprogrammed in-system through the SWD interface. The same
interface can be used for nonintrusive on-chip debugging of application code. A boot loader running in the
device can use any communication interface to download and upgrade the application program in the
Flash memory.

The SAM L22 devices are supported with a full suite of program and system development tools, including
C compilers, macro assemblers, program debugger/simulators, programmers and evaluation kits.
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2. Configuration Summary
_ SAM L22N SAM L22J SAM L22G
Rl b e 48 (QFN and TQFP)
49 (WLCSP)
General Purpose I/O- 82 50 36
pins (GPIOs)(")
Flash 256/128/64KB 256/128/64KB 256/128/64KB
Flash RWW section 8/4/2KB 8/4/2KB 8/4/2KB
System SRAM 32/16/8KB 32/16/8KB 32/16/8KB
Segment LCD (SLCD) 48 selectable from 52 31 23
Pins(1)
Timer Counter (TC) 4 4 4
instances
Waveform output 2 2 2
channels per TC
instance
Timer Counter for 1 1 1
Control (TCC) instances
Waveform output 4 4 4
channels per TCC
DMA channels 16 16 16
USB interface 1 1 1
AES engine 1 1 1
Configurable Custom 4 4 4
Logic (CCL) (LUTs)
True Random Generator | 1 1 1
(TRNG)
Serial Communication 6 42 42
Interface (SERCOM)
instances
Analog-to-Digital 20 16 10
Converter (ADC)
channels
Two Analog 4 4 2
Comparators (AC) with
number of external input
channels
Tamper Input Pins 5 3 2

Datasheet Complete 60001465A-page 15
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_ SAM L22N SAM L22J SAM L22G

Wake-up Pins with
debouncing

Real-Time Counter
(RTC)

RTC alarms

RTC compare values

External Interrupt lines

Peripheral Touch
Controller (PTC)
channels (X- x Y-lines)
for mutual capacitance®)

Peripheral Touch
Controller (PTC)
channels for self
capacitance (Y-lines
only)®)

Maximum CPU
frequency

Packages

Oscillators

Event System channels
SW Debug Interface
Watchdog Timer (WDT)

Note:

Yes Yes Yes

1 1 1

One 32-bit value or One 32-bit value or One 32-bit value or

two 16-bit values two 16-bit values two 16-bit values

16 16 16

256 (16x16) 182 (13x14) 132 (11x12)

24 19 15

32MHz 32MHz 32MHz

TQFP QFN QFN

UFBGA TQFP TQFP
WLCSP

32.768kHz crystal oscillator (XOSC32K)

0.4-32MHz crystal oscillator (XOSC)

32KHz ultra-low-power internal oscillator (OSCULP32K)
16/12/8/4MHz high-accuracy internal oscillator (OSC16M)
48MHz Digital Frequency Locked Loop (DFLL48M)

96MHz Fractional Digital Phased Locked Loop (FDPLL96M)

8 8 8
Yes Yes Yes
Yes Yes Yes

1. L22J, L22G: All SLCD Pins can be configured also as GPIOs. L22N: 44 SLCD Pins can be
configured as GPIOs, 8 SLCD Pins can be used as GP input.

2. SAM L22N: SERCOM[5:0]. L22G, L22J: SERCOMI[3:0].

3.  The number of X- and Y-lines depends on the configuration of the device, as some /O lines can be
configured as either X-lines or Y-lines.

© 2017 Microchip Technology Inc.
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4. The number of Y-lines depends on the configuration of the device, as some 1/O lines can be
configured as either X-lines or Y-lines. The number given here is the maximum number of Y-lines
that can be obtained.
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Ordering Information

SAML 22 G 16 A

Product Family
SAML = Low Power GP Microcontroller

Product Series

22 = Cortex MO + CPU, Advanced Feature Set

+DMA + USB + SLCD

Pin Count

G =48 Pins
J =64 Pins
N =100 Pins

Flash Memory Density

18 = 256KB
17 = 128KB
16 = 64KB

Device Variant

A = Default Variant

Package Carrier

T = Tape and Reel

Package Grade

U =40 - 85.C Matte Sn Plating

Package Type

A=TQFP
M= QFN
U=WLCSP
CF = UFBGA

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

evolution of the die.

SAM L22N

Table 3-1. SAM L22N Ordering Codes

Ordering Code FLASH (bytes) | SRAM (bytes) Carrier Type

ATSAML22N16A-AUT
ATSAML22N16A-CFUT
ATSAML22N17A-AUT
ATSAML22N17A-CFUT
ATSAML22N18A-AUT
ATSAML22N18A-CFUT

SAM L22J

Table 3-2. SAM L22J Ordering Codes

128K

256K

16K

32K

TQFP100 Tape & Reel
UFBGA100
TQFP100 Tape & Reel
UFBGA100
TQFP100 Tape & Reel
UFBGA100

Ordering Code FLASH (bytes) | SRAM (bytes) Carrier Type

ATSAML22J16A-AUT
ATSAML22J16A-MUT

TQFP64
QFN64

Tape & Reel
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Ordering Code FLASH (bytes) | SRAM (bytes) Carrier Type

ATSAML22J17A-AUT
ATSAML22J17A-MUT
ATSAML22J18A-AUT
ATSAML22J18A-MUT

SAM L22G

Table 3-3. SAM L22G Ordering Codes

128K 16K TQFP64 Tape & Reel
QFN64

256K 32K TQFP64 Tape & Reel
QFNG64

Ordering Code FLASH (bytes) | SRAM (bytes) Carrier Type

ATSAML22G16A-AUT
ATSAML22G16A-MUT
ATSAML22G17A-AUT
ATSAML22G17A-MUT
ATSAML22G17A-UUT
ATSAML22G18A-AUT
ATSAML22G18A-MUT
ATSAML22G18A-UUT

Device Identification

TQFP48 Tape & Reel
QFN48

128K 16K TQFP48 Tape & Reel

QFN48
WLCSP49

256K 32K TQFP48 Tape & Reel

QFN48
WLCSP49

The DSU - Device Service Unit peripheral provides the Device Selection bits in the Device Identification
register (DID.DEVSEL) in order to identify the device by software. The SAM L22 variants have a reset
value of DID=0x10820xxx, with the last digits identifying the variant:

Table 3-4. SAM L22 Device Identification Values

0x0

0x1

0x2
0x3-0x4
0x5

0x6

0x7
0x8-0x9
OxA
0xB

L22N18
L22N17
L22N16
Reserved
L22J18
L22J17
L22J16
Reserved
L22G18
L22G17

© 2017 Microchip Technology Inc.
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0xC L22G16
0xD-0xFF Reserved

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

Related Links
DSU - Device Service Unit
DID
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4. Block Diagram
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1. Some device configurations have different number of SERCOM instances, Timer/Counter
instances, PTC signals and ADC signals. The number of PTC X and Y signals is configurable.

Related Links
Peripherals Configuration Summary
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5. Pinout

5.1 SAM L22G

Figure 5-1. 48-Pin QFN, TQFP

PAO [

PAl [
PA2 I8
PA3 [

GND

VDDANA [T

PBS [ ]

PB9
PA4
PAS
PA6
PA7

Il Ground

- Digital Pin
|:| Power Supply |:| Analog Pin

53]

5E:&g
_-8%8%33%8 8 o . o
2822823283284
[ - - S A - - -

» o c o 4 -

<+ < <+ < <+

SAM L22

a4
o o
< <
o

PAl0 [N

VDDIO []
GND

[ Reset
- Oscillators

|:| Battery Backup
e

© 2017 Microchip Technology Inc.

Datasheet Complete

60001465A-page 23



32-Bit Microcontroller

Figure 5-2. 49-Pin WLCSP
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SAM L22J
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5.3 SAM L22N
Figure 5-3. TQFP100
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Figure 5-4. BGA100
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