r%jiﬂ‘jé/ﬁ%ﬁ%% EZ (TCE) FEET B (WEX) FMEA @Mlcnocmp

faifr

fE#: Teodor Lina, Microchip Technology Inc.

AVR® EB BRI WL % T AL HEA I 52, 58 P T M1 20 B 3 S0 [R5 R A R 2 S . E Y5 I 82/
##s (Timer/Counter type E, TCE) Jy 16 A @ 4%/ T 5#8 45, 52l AL sPUAN ik s P (Pulse-Width
Modulation, PWM) 155, It HEA LM AR, BEEY B (WEX) &—Fhm#E5m TCE ThRErIs ey Eah
W fEHCAE A TCE 5 WEX Mg £ il LA R\ A PWM 155,
16 fiz PWM TCE 12 RE B FE SRS 0 R P PATIN 7, 3OS PAT A & DL AR BOCR RN I . TCE B — AN AT s Fi
— A BCEIE R . FEATH B BT i b R B SR AT TR B, S A RE AT S P AR e Bk R AT R B
PO I 5 AT B S AL A5 T DAEAT B DT s ) A% AR i A bk 98 1 il
WEX AJ#455% 16 fif PWM TCE FITZhRE. 1Z4ME T LME S EANE IS S, TEXE(E5 2 B4 RRAEX, A2 pofn e 2 i
A, DAL oS v e . WEX P =5 BRE M 2 T AR T 7E R i 25 N Hh A P S B 2SN LA 1R R, S N AE X T
MR E S A RAERS, ISR AR T IS 5 0 BLE ) 8. A, WEX b n] U b 4614, LU T {5 5 0K
SONF P SCHRPIRAS, X —ThREAEVE B 2 4 ME R N AR % BB . WEX [T ShRE7ERELE NS S8, R AR AT 1
0T HE PR T R AT S0 £
ABAREA B 7R B3 428 TCE At WEX B2 M TAEA, FE S UL e 28 MRe k. 5 B R 40 7 i shae, 5L
s Ft .
AR R DA = A B F 1
« f#FH TCE LT WEX) 4R IE4 PWM 55

4 TCE MR R UARL A A LA VYA B AN o5 28 LA UL T PWM B 5.
« fEH WEX A/\ME 54 s

T B WEX AR & 31 B 5% 15 5| IR AE R — R A

* FEECAEA TCE A WEX AR R\ i SeAs U i) BN S 15 5
¥ TCE Ml N R A AR U AN PWM 55 i e WEX R T4 PWM (55 85 70 B\ AN 5 S8 IX ) BLAM S
F. B PWM ESHAEARAK STH, N T 0%5 100% 6. fER LA Ea b bra, &2 & 7e ik
%25 (Interrupt Service Routine, ISR) Hi#if. & 250 ps filk — RS, LUK AITA i 9K 3 R 18 4RI
B 00 Bl JE i iim R R IR IR 3R AE, A EE Bl .

e AR AR A, BPREEPTAMULR . — AT AVR16EB32 FFAEIARNREY, H— 2 EH

MPLAB®fLHIi B #¢ (MPLAB Code Configurator, MCC) 3T AVR16EB32 JF 4 LS.

WMFmAEA T TR D Ref) AVR16EB32 BT R, 7] Hadi bkl

MPLAB | .
DISCOVER Click to view code examples on MPLAB DISCOVER

e



https://mplab-discover.microchip.com/com.microchip.mcu8.mplabx.project.avr16eb32-getting-started-with-tce-and-wex-mplab-bare-metal
https://microchip.com

WFABARF A TR DR A MCC Melody “E Hiff) AVR16EB32 fRHg7 ], Attt

MPLAB | .
DISCOVER Click to view code examples on MPLAB DISCOVER

-
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BT 0 e oottt e ettt e e et et et et e et e et e et e et et et et et eut et eutenteuteaeeueaueeueaaeaseateatetet et enteatentententeneeneeseeaeaseeaeaseaseaseaseaseasenteteteneeneeneeneeaeenens 1
L TR ettt ettt sttt s s et s sttt st s et s e et et e et s e et A s et et a e s et e nes et st essear s et e s aenaeas 4
20 IR ettt et ettt t e st s et n e st R e et Ao s et et ene s et et een s et e e e s e s et et e s e e at e e s eeateeneneeateeneneeneenaeneeeeeenens 5
B0 R TCE ZEF PWM 55 oottt sttt st sttt st teses e st sa e s e s st st st es e st s st et eneneataseseneatatseeseseasssasesesesasesonenen 7
Bl LI I ettt e et ettt et ettt et et et et e et e e et e eee e eete et e aeteeta e e et et et e e e e eet et e e e eea e e aeteeateeae e et et s aeeeeae et eaneanaeaeeaeas 8
3.2 MCC MEIOAY FZHeutiutrieeireietreee ettt bbbt bbb bbbttt eee 13
B B B ettt ettt ettt st ettt A A et et a s et et e et et et et et et e n et aeataenesneteenenataeaeneeaneeaeneeees 14
A, G WEX D2 vttt ettt e et et s ettt st e et e e teseses et et saeses et st et es e st st aseseseneatateneseatatseeseseasatnsesenensannsene 18
B0 LTIttt ettt ettt et e e e st et et et eu et et et eaea et et eaesent e et eAer e et et etetene et et enene e et eaenent e eeenen et et neeaenenen 18
4.2, MCC MEIOAY FZH . ..vuieeerieeiatirineireieireie sttt sttt css bbb sttt st ese bbbttt bbb b s nanens 19
3. B R ettt et et et et et ettt ettt t et et et et a A aeaen s eneneneneneaeaeaeeeaeaneneneeeneneneaeataeaeararen 22
5. HEECAEH TCE A WEX A PWM AE Sttt ettt ettt sttt sttt sttt sttt an s s e 23
Dl BEHLIE I ettt ettt ettt ettt e et e sttt n et et e s et et A s et et e s e s e et nessetaenessesaenen et aneenenatanan 23
5.2 MCC MEIOAY TZHeurvieevieeiieeiieeieieissisisetstsessssessssesssssssssssssssessssessssssessssessssessssssssssssessssessssessssesssssssssessessssessess 30
DB ettt ettt ettt ettt et et ea ettt et e s st et et e R eat et e aetes ettt ete s e st et et eaene et et et e s ene e et etetenetaneeene 33
B. BBttt ettt ettt e a sttt e et e st e s et et e s et et eae s et et A e s et et ne s et et e s eseeanaenessenaeneeneaes 35
T R T ettt ettt ettt st et n et r et ARt et ae s e eat e At eeat e s et ta e A e s e e et n e s et et aeneseteaeneeneraenennenaene 36
Y el ool gl o = OO OO E OO OO OO OO OO P OO PO OO 37
T e ettt e et e eeteeee et tatea e s e s et et et et ea e et atete s e s et et eaeseat et et eae R e et et es et e s e et et eaesent e et eae s e et et eeeAe s et et et esene et et eaenaatateaeneneteteteneneaen 38
TEAEFEH oottt ettt ettt ettt ettt et s et et st et et et e et e s et st s et s et st et e e eeeeeen 37
MiCrOCHIP A AT BRI I BE vttt ettt 37
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1 MSREsfF

ARFEHNH T ARSCREMAE G . NEIGH T AR RIS R R, FHEW TARKG S 7
KN

o TEEF EBEIEHF B, FOX LSRG AR, TR R R R E 2 R DiRE. [ N E]
AVR EB R % AT RERG ZE LD, R A3 (i m] 51 IR D

o KPR AR 20D 5] BT H TR
o BAAFENAZRNOZAE S BA AT SRAM A1 EEPROM
& 1-1. AVR® EB A5 REY

- Devices described in this data sheet

Flash 4 |:| Devices described in other data sheets

32 KB

14 20 28 32

» Pins
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2. MR

SERT /T BAR R

16 7 TCE k% Ri%, wl AU m R P AT 7, 30 H T A2 AR R % LS AT i 4

TCE SEG i — N EATH E s AU A LU BGEITE AL . HIP ATARIE I B4 CERE8) BRI G
&) BLEBATI S 7 LER R oA eI /RS PTE R AR B CRTIE T D B EVSYS HEAT E I A
TH¥. EVSYS I F] T4 77 ) sl R 5 A

THEER AR — R PERIE D AR 5 2 L HER IR T RO B\ o BEAh, BT T B A i
I B EL B EVSYS A2 R e il o ks

B 2-1. SE I &/ VT B A 1]

Timer/Counter

Base Counter > Prescaler {«— CLK_PER
* System

|Compare Channel 3

|Comgare Channel 2
Compare Channel 1

Compare Channel 0

T E S AR ST AN (PER) E#ATHCEL 70 H T 05E THES 2 75 Uik B A el e o SR 2
Horp =N, WIS Eas I A bl eAh, THEERIE S PO A AT EU L. A R PRI A
I, TH B R B X L LB 8 SRR ™ 2B W 8 B Ak 9 o 39

TS TS A AE A A0 B A a8 LT P X FE 0 16 . ot XM R IR TH B as A7
v SEOFTIN A XA L A7 AR AT SR LA K — & 20 o REAN G XA — NP XA R (BV) £z, HIT Al
XoF IV ) A7 8 7 7 ST

TCE wJFic B il EVSYS S-S 5 1) _E TR A/ER PRk T 15, B T Rt B 1 a1+ 4k
W gE SCALEMODE #£15, TCE ZFrRRF AT EN—NNT 05 2 ZH/NUE. ez T
. RS B S

BT BWR

WEX N IEA K (Waveform Generation, WG) U R [ B 28/t H AU S (A4 Dh e, 5 s FE X 11 L
IME T AT RS . IX B Th AR T H AL A H g ) N R AR B

WEX 241 B FLANMST BT 2H ks

A

YYVYY
PORTS

Yy YV VY
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PN
SEXAEA T
e

A BT
W ORI HL T

FP AT DA A A R B 08 58 I 2/ 118088 RO it DAAS R RO C B R2 30w 1 51 . SEXHm A BT AT Bl
Ko S DA R R A EZRE S, BUIHEE S EAE S S . WEX RTINS 22104
PWM i th A5 5 A 0\ A PWM Bt 55 . S el F T2 8 SR AN LA S Iz B, 31X — Dhexs 158
LD L B o BB, QAR Bl o vl DR i 1 51 BSOS B e RZ B T, 9 HURT AR T3 I 48/
TR . iR AT DARCE AN SIS SbseORy 5 0 AT 7S I 8 e AR IRD R WEX i BN
SE SRS . WR AR B0 5 EVSYS A&, PRI mT i ik A fid A i e

B 2-2. WY JRHEK

WEX
» DTI3 SWAP3
> >~ > . ﬂ
<= v H|Z
X = DTI2 SWAP2 g 2
rc [omPnl,] - - - 2 g —<]
O o IE
'S > c +
= » DTI1 SWAP1 o o
> > > + [a W
= £ -
Q- %
] DTIO | SWAPO N |E
4
Event . . Fault
System Blanking Filter Protection
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3.  {¥H TCE &R PWM 55

55 TCB = TCA S5 2 I G AHEL, TCE f— ORI S PWM AL R 2 BEVERDRS R . AP i) AR B HT
SRR FIRIBCE . TCE W RSB YRR AR R PWM AR, ATIAETEE AR AL CERAH AL
PWM) 5 m K TAFAR (& PWM) Z [AIEATRUET . BkAh, TCE IR 1 gemrs, ik
PWM {55 BRI . TCE (55— MR AT DS I iR E Al % R4 PWM 155 (1 S Ee.

TCE F1 TCB 0] F FAE s B A B @ Bk TAESR ) PWM 5. (Hi&, R TCE v TN, X
532 T HIEE T ATIE 7 17 B OUERER PWM ZhaE. XURFR PWM 7E (5 28 Lo R AR A I AN 2 AS Sk kb0 7 o

R, MG LARFREE o« ZRFIEXS T Bl H N B0 EE, Rl LU s 2 > PWM {55 5] i+
] 5| B A TP M e 1Z SR E AR BT SRR . R B AN & S LR PWM {55 7] BAR 1kt
Hgg s,

GEIR T SRR LA B AT A AN B B A A AR S T 22 pp X . FESCBERUN F P, IR AN Rk AT B8 5 2
RS, MR REREE, AL, G X HIAETE R W] CARKH 15 A [F] 5 i 28 E AN R Ll i e A4t
WZMRERD. B2, BRI EEENEANGA SRS AR, AP mEgsgdsm g, DT
BV T S E S AR p A Z A1 X 5

B 3-1. AFZEH (K UURE R 3R AT

| Counter wrap-around|

I
: MAX - - - - ==
I
I
I
I
CNT |
I
I
I
I
I
| BOTTOM --
I
New TOP written to New TOP written to
PER that is higher PER that is lower
than current CNT. than current CNT.

Bl 3-2. fif FHl G2 7 5 5 A

: MAX - - - - -
| 4" __________________ () "update"
|
I " - n
CNT! -+ "write
ey N S N
|
|
|
: BOTTOM--+4---+-—-——-——"—"-"-"A¥r—-————"-"F—-—"""—""""—"——"—-)——-———-
New Period written to New Period written to .
PERB that is higher PERB that is lower va"i‘;hPESR'SB‘jgfj;ed
than current CNT. than current CNT. )

USRI P B SRR A g RGP, E I 45 7T RE COl I BT A BAEL, DRI oRE 4k S0 H0 8 die KAH
R SIS FAC KA, FTRESIUAE— DR, sk, A SRR AN B A LU BOETE, SR
AR BMR[RD ER . N T BIIEFT A IR AT REAAAE R R, G 2 ey 5. e I o BB
I, S X2 DRAF B EL IR Fo A% 1 LU Aoy A7 e B MR A7 43 . P A O RN BE OSB3 e st 2
Ko
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NS RE T AT B E TCE SEf, DA _ER By AR U 2 H s Bl 20%. 40%. 60%F1 80%
11 10 kHz PWM 155 . AW 55 7R 1 L 27 47 % o BB O(E 4 i Eh g LK = R ThRg . H P mlds
PWM {55 4> HE 42T+ 42 =47,

TEARGIH,  H AP 52 H ) RIE LA 0-100% 55 208 0-75%. 0-50%E8 0-150%. 5 75 be5E T+ i JA{E
TiH5. MK EZ% N 100%, BI G2 thisKE . I 100%00 &5 25 FEE A 2 100%, B 3ME
2 PR s S S E O R 0-50%0, WIUEAE I PDAS PWM 155 ) & 25 ELE 20%. 40%. 60%F1
80% 4457 10%. 20%. 30%7F1 40%.

ABIEIZATINEE 10 ms 82—k TCE MILLAGEHF A AR I ABUE - o5 28 LEROVE DR 2 T4 i B AT 18 0%, Rl
RPN/ PG 2 (T e B TCE MR LASEBUT & AT . 55— /N 4R i ARG C & TCE. 5%
NI TS MCC Melody Bt E TCE. ffa— AN/ TR ftgs 3

3.1, P
1. WAZACE CLKCTRL #MEA GE1H ] TCEO (Km0 HER Thit. Tt T UL /A8 E .

& 3-3. MCLKCTRLA 2717 7%

Bit 7 6 5 4 3 2 1 0
Access RW RIW RW RW
Reset 0 0 0 0

Bits 3:0 - CLKSEL[3:0] Clock Select
This bit field controls the source for the Main Clock (CLK_MAIN).

Value Name Description

0x0 OSCHF  Internal high-frequency oscillator

0x1 OSC32K  32.768 kHz internal oscillator

0x2 XOSC32K 32.768 kHz external clock or 32.768 kHz external crystal oscillator, depending on the SEL
bit in XOSC32KCTRLA

0x3 EXTCLK  External clock or external crystal, depending on the SELHF bit in XOSCHFCTRLA

[PE
Other  Reserved Reserved

& 3-4. MCLKCTRLB %} f£ 5%

Bit 7 6 5 4 3 2 1 0
| | o PG e |
Access R/W R/W R/W RW R/W RW
Reset 0 1 0 0 0 1

Bit 5 — PBDIV Prescaler B Division
If this bit is written to ‘1" a clock running at 4x the main clock is available for peripherals that can take use of this.
When prescaler B division is enabled, only prescaler settings matching 2" are available for PDIV.
Value Description

(NONE) = No Division )

Bit 0 — PEN Prescaler Enable
This bit controls whether the Main Clock (CLK_MAIN) prescaler is enabled or not.

Value Description
1 The CLK_MAIN prescaler is enabled and the division ratio is controlled by the Prescaler Division
(PDIV) bit field
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& 3-5. PLLCTRLA Zi 1778

Bit 7 6 5 4 3 2 1 0
CRUWSToRY | souecero | SOURCEOWAONIN  [EACHOR
Access R/W RIW RIW R/W R/IW RW R/W
Reset 0 0 0 0 0 0 0

Bits 4:3 - SOURCEDIV[1:0] Select Source Division for PLL
This bit field divides the source frequency before being used as input to the PLL.

S S

0x0 NONE No division. Nominal source frequency 2.5 to 5.5 MHz
0x1 DIV2 Divide by 2. Nominal source frequency 5 to 11 MHz
0x3 DIvVe Divide by 6. Nominal source frequency 15 to 33 MHz

Bits 1:0 - MULFAC[1:0] Multiplication Factor
This bit field controls the multiplication factor for the Phased-Locked Loop (PLL).

0x0 DISABLE PLL is disabled
0x1 - Reserved
0x2 8X 8x multiplication factor
0x3 ex
2. ARG F 2 TS BE TCE XM ZFAEas, DO BTH A Hh % el AN Ao 1 o AR o B 1 A, B
R\ .

PORTMUX . TCEROUTEA = 0x0;

& 3-6. TCE PORTMUX 25 f£ 5%

Bit 4 6 5 4 3 2 1 0
I [ [ I
Access RW RW RW RW
Reset 0 0 0 0

Bits 3:0 - TCEO[3:0] TCEO Signals
This bit field controls the pin positions for TCEO signals

Description
WO03 WOo4

0x1 - Reserved

0x2 PORTC PCO PC1 PC2 PC3 - - - -
0x3 PORTD PDO PD1 PD2 PD3 PD4 PD5 PD6 PD7
0x4 = Reserved

0x5 PORTF PFO  PF1 PF2 PF3 PF4 PF5 - -
0x6 - 0x7 |- Reserved

0x8 PORTC2 PA0O  PA1 PCO PC1 PC2 PC3 - -
0x9 PORTA2 PA2 PA3 ' PA4 PAS PAB PA7 - -
Others - Reserved

3. CTRLB #Ff7a+ 0 & LA IE ) BE A LK thog B AL SR sk fEAS R, (EHTEIE 0. 1. 2 A0
3 DARXURER PWM K.

TCEO.CTRLB |= (TCE CMPOEN bm | TCE CMP1EN bm | TCE CMP2EN bm | TCE CMP3EN bm);

TCEO.CTRLB |= TCE_WGMODE DSBOTH_ gc;
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& 3-7. CTRLB Zi {798

Bit 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW R/W RW
Reset 0 0 0 0 0 0 0 0

Bits 2:0 - WGMODE[2:0] Waveform Generation Mode
This bit field selects the Waveform Generation mode and controls the counting sequence of the counter, TOP value,
UPDATE condition, interrupt condition, and the type of waveform generated.
No waveform generation is performed in the Normal mode of operation. For all other modes, the waveform generator
output will only be directed to the port pins if the corresponding CMPnEN bit has been set. The port pin direction must

be set as output.
Value Name Description
0x0 NORMAL Normal operation mode
0x1 FRQ Frequency mode
0x2 - Reserved
0x3 SINGLESLOPE Single-slope PWM mode
0x4 = Reserved
0x5 DSTOP Dual-slope PWM mode with overflow on TOP
0x6
|07 DSBOTTOM Dual-slope PWM mode with overflow on BOTTOM

4. ¥ CTRLECLR & /7431 DIR A7 BN 1, LUK E I 8% 5 B OO0 I Bl 4R EAT ) Rk GE9ED . DIR fif
FIBRIAE N 0.

TCEO.CTRLECLR = TCE DIR bm;

/& 3-8. CTRLECLR 27 {7 7%

Bit 7 6 5 4 3 2 1 0
| | | | [ o | o [NORIN
Access RW RW RW RW
Reset 0 0 0 0

5. (ERELEAR OB o FH R 25 A7 2 AW RS B 25 A7 8%, JRB 4R O % BN 5 == LU e A 0%
ﬁﬁzgw%o W, AT SR T BN T 0 5 2 Z A/ N s, AR LR R A R TR B N4
SHE
BN S N F A A sk LU b T Ar g 2 7, BB R DIEE, RGN bmER. R
HERIIGE, LA PIAFIMNOAIE PWM 3 #3820 6%, S8 = NEIMIALKE PWM B3R
BT E )\ ZINREEARAE N AR A B . o PR IR oA IS K 458 2 00 5y 2 — 8\ 4
2o BN, XFHEN 20 MHz HC B #ER M Bl SN 8 50 ns (T[s] = 1/f[Hz] =
1/20,000,000) . FFJH 4 f5EsrHeRns, AN 12.5 ns. JF)a 8 fim Ry, AN
#4 6.25 ns.

TCEO.CTRLD = TCE HREN 4X gc | TCE SCALE bm | TCE AMPEN bm | TCE SCALEMODE BOTTOM gc;

AN NECPNER ¥ Al O i ON
EQ3.1:
Scaledgyp = CMPjrqc X AMP + OFFSET

s P o 248 TR 8 TR L
EQ3.2:
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SCClledCMp = CMPfT‘aC X AMP

5 P JE B A A S T PRI

EQ3.3:
Scaledcyp = CMPfyqc X AMP + OFFSET

sk P T 4 S A X T (L

EQ3.4

Scaledcyp = CMPfrqc X AMP

A FH T o 3 44 A 2 T A

CMPf, o 1 FDURS RS [F (948, 41 AVR16EB16/20/28/32 AVR® EB Family Data Sheet H1 #
23-6.Effective Compare Value in Scaled Mode Firi

& 3-9. CTRLD Zi {742

Bit 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW
Reset 0 0 0 0 0 0

Bits 5:4 - SCALEMODE[1:0] Scale mode
This bit field defines how OFFSET is generated and used when writing to compare registers when scaling is enabled.

Value Name Description

0x0 CENTER Offset generated so written compare values are scaled from center, 50% duty cycle
0x1l 'BOTTOM | Offset generated so written compare values are scaled from BOTTOM, 0% duty cycle
0x2 TOP Offset generated so written compare values are scaled from TOP, 100% duty cycle
0x3 TOPBOTTOM Written compare values <50% are scaled from TOP and written compare values>50%

are scaled from BOTTOM. 0% values give compare value 0 and 100% values give
compare value equal to TOP.

PER MRS RIS,  EQ3.5 I THE PWM {3 BB
N X feik(Hz)
H =
fps pwm(Hz) 2 X TCEprescater X TCEperiod

N can have the values 1, 4 or8, depending on the resolution feature
If N =1, thehighresolution feature is turned off
If N =4, theresolution isincreased by 4

If N =8, theresolution isincreased by 8

AR, R GETT RN . B, /] EQ3.6 5 H A PER w743 HI{H:

4 X feik(Hz) 4 x 20000000
= = 4000 = 0xFAO
2 X TCEprescaler X fps pwu(Hz) 2 X 1 X 10000

TCEperiod =

TCEO.PER = OxFAO;

i R A Ar 2 1 B . T 7522 20%. 40%. 60%F1 809% (1 75 b, BRIk LU A 2 A7 25 Hh 18 4
A A A AR 2 T A ) 20%. 40%. 60%F1 80%. 4 FH 27 i a7 A7 25 7] LU 37 A7 25 o 5N /NEUE
I, REEESAEBTNENS . T X2 CMP apfras 5N 0 2 PER JElH A KA 5 5 A /MUE R Z
5t AR LI KX S B B O 0. fltn, fEREREARTBR NI DL, O 7 SEBL 20% 25 L i
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PWM, 455 PER S OXFAO (AH24F 10 kHz S5 8 100 ps B J+HIFE 4 fsma#ik, s
AN CMPO H11{H N 0x320. FEAERESE AR AIE O R, SN T S28 20% 5 2= L) PWM, S5 A\ CMPO H
HIME A 0x1999—— @ T Ff 418l PER. AMPLITUDE 1 OFFSET Zi/E2e a1 52 L.

TCE0.CMPO = 0x320;

TCE0.CMP1 = 0x640;

TCEO.CMP2 = 0x960;

TCEO.CMP3 = 0xC80;
8. WK TRES N AMP ZF 1748 K15 B IR -
TCEO.AMP = 0x8000;

9. JEILK T TS N OFFSET 47 4K 1% B I Fe & .

TCEO.OFFSET = 0x00;

10. I 2k CTRLA & 77 & i) CLKSEL s WM E B E N 1. ZR a8t P Aok A — 27 47
s ERENIE 1.

TCEO.CTRLA = TCE_CLKSEL DIV1 gc;

TCEO.CTRLA |= TCE ENABLE bm;

/& 3-10. CTRLA 27 {758

Bit 7 6 5 4 3 2 1 0
[ RUNSTORY | | owselpa | eweE
Access RW RW R/W R/W RW
Reset 0 0 0 0 0

Bits 3:1 - CLKSEL[2:0] Clock Select
These bits select the clock frequency for the timer/counter.

Value Name Description
0x0

[0x1 DIV2 free = foik_per/2
0x2 DIV4 free = fouk perld
0x3 DIV8 frce = fouk_per/@
0x4 DIV16 free = fowk_per/16
0x5 DIV64 free = fowk per/64

» 0x6 DIV256 fTCE = fCLK_PER/256

» 0x7 ‘ DIV1024 free = fok per/1024

1. %5, ) 7 ) B A7 s R A AL BN 1R A 518 0-3 (PAO-3) & Nkt .
PORTA.DIRSET = PINO bm | PIN1 bm | PIN2 bm | PIN3 bm;

12, IS — A5 EE o, DUEAENRE A EUBAE A A A BEAT ]S . Xk, sl 3381k 5
JIFEIBAT I R A A

PORTD.DIRSET = PIN5 bm;

13, ZEH 52 gL, P AR AT I R E A A7 S . iR E A A S h S R )G, A
UK IRE SN LA A AF s o R I R M e A s h NGBS, A2 S0 o5 2 B e s e 4ol
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3.2. MCC Melody SEZ31
/i il MPLAB fUHSfc & %% Melody (Bl MCC Melody, R3Z#F MCC Classic) ARGz H, %Ll
BRAERAE
1. N AVR16EB32 #i&—/> MPLAB X IDE Tl H .
2. MWTEEFITIHF MCC CF K28 MCCHifFME 2 EE, R Ea) .
3. 7 MCC W& LA T ik MCC Melody, 4X)5 %5 Finish (52 .
4. %% Project Resources > System > CLKCTRL (¥ H % i > £4; > CLKCTRL)
- SRR T SRS R4
- WPBRIERE: PLL 4R %%
PLL f550A 1 16 fi54i
PLL #5173 4: DIV4
Tisy 4ii%s B 434t PDIVB: DIV4
5. M Device Resources > Drivers > Timer (#fF535 > RENFEST > @I 45D Hiiin TCE fidk, 285347 L
THE:
- MR RE: BRALAUERE . WIRARAERE, 1B V)G (RS .
- IR RE RGN BRAELL T, SSUELATN 1—— RGN B
- BORAE R TR XU PWM X (DSBOTH)
- iERME BA[s]:  0.0001
- =0 [%]: 20
- H=EL 1 [%]: 40
- =L 2 [%]: 60
- H=LE 3 [%]: 80
- W n: ANEEIEHIH 0. 1. 2. 3 BERES H KIAE
- HTEHE SR PYERRIIE 4 6%
- Y CMP AR (0% 578 D) FFAR 4 ik
- HRENFAFRE: D
- IEEEHIERE: V) (ffRe e 228 o )
- MRME: 1
6. 7t Pin Grid View (5 JIRRALED JE0R i & im 1 A L1 TCE_WOIO-3]15| 2 S 8E it . =4
IR n B RE S AERS, taBiE I . B K N, 15 $ Pin Grid View H— AN
IS a4 1 D RS S VR v, AR5 B0 2 51 0 DA 7 M A0 B s i AR 4k
7. £ Project Resources (IjiH %) &I~ Hd Generate (‘B %4, LAE MCC A 1R
(SR AR AC
8. Ywi main.c XXM, WTHFFR.
FEAL S SO A I LR A2

#include "mcc generated files/system/system.h"
#include <util/delay.h>

TN 5E L

/xR A AT A WHE A s H B T 1 */

#define DUTY CYCLE 20 PERCENT (0x1999)
#define DUTY CYCLE 40 PERCENT (0x3333)
#define DUTY CYCLE 60 PERCENT (0x4cce)
#define DUTY CYCLE 80 PERCENT (0x660C)
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#define AMPLITUDE MAX DCY 50 PERCENT ( )
#define AMPLITUDE MAX DCY 75 PERCENT (0x6000)
#define AMPLITUDE MAX DCY 100 PERCENT ( )
#define AMPLITUDE MAX DCY 150 PERCENT ( )

IR

void Amplitude Value Set (uintl6_t value)

{
/* KEWE */
TCEO AmplitudeSet (value);

/* BTG CMPBUF # fFas THIEH, LU L5 TR EH AT */
TCEO_CompareAllChannelsBufferedSet (DUTY CYCLE 20 PERCENT, DUTY CYCLE 40 PERCENT,
DUTY CYCLE 60 PERCENT, DUTY CYCLE 80 PERCENT);

/% BYFE PD5 GBI 17 K AEAE A */
I0_PD5 Toggle():;
}

G e - PR KL

int main (void)
{
SYSTEM Initialize();

while (1)

{
Amplitude Value Set (AMPLITUDE MAX DCY 50 PERCENT);
_delay ms(10);
Amplitude Value Set (AMPLITUDE MAX DCY 75 PERCENT) ;
_delay ms (10);
Amplitude Value Set (AMPLITUDE MAX DCY 100 PERCENT) ;
_delay ms(10);
Amplitude Value Set (AMPLITUDE MAX DCY 150 PERCENT) ;
_delay ms(10);

}
9. HFERPAE M MPLAB X IDE thém Itz 1710 H . BT, 5 10 ms S — Ik LB AR 2 4 e, [
e 0 A N S 2 S EE I YE
3.3. )

TEZEH TR AR — T, DURZR A PWM {55 I HMUL LU S e 43 FH i (A0 i £2 8 1) i
i 2 LU L
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A 3-11. 5 2 L YE 46 02 B #A Y 0-100%

4 Chamels ¢ 15:159ms:900 s 15:160ms:0ps 15:160ms: 100 ps
anne +50ps  +60ps  +70ps  +B0ps  +90ps #10ps  +20ps  +30ps  +#40ps  +50ps  +60ps  +70ps  +B0ps  +90ps +10ps  +20ps  +30ps  +40ps  +50ps  #60ps  +70ps  +80ps  +90p8 +ops -
H
oo PAD
Duty Cycle Range Scaled 0-100%
20 ps
- —>
H
o PAI
- 40 ps Sl
0z PA2
. - 60 ps _» | =< PERIOD = 100 ps (100% Duty Cycle) —
13 PA3
I Duty:80% |,
Freq: 10 kHz
80 us widtr® 50 kHz
L == > L | —
g SH= N
B 3-12. o5 3 LU Y R 47 802 4 3937 0-50%
2 Chamels ¢ 935ms : 600 ps 935ms: 700 ps 935 ms : 800 ps
anne: Ops  +50ps +10ps  +20ps  +30ps  +40ps  +50ps  +60ps  +70ps  +BOps  +S0ps +10ps  +20ps  +30ps  +40ps  +50ps  +60ps  +70ps  +B0ps  +50ps +10ps  +20ps +30ps  +40ps 450
H
oo PAD
Duty Cycle Range Scaled 0-50% 0 s
H
0 PA1
20 ps
. < >
H
0z PA2
30ps < PERIOD =100 ps (100% Duly Cycle) >
[P > |
H - *
0z PA3
Duty: 40%
Freq: 10kHz
el
— 40 ps = wwdlrr.w.ﬁb?kHz_
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A 3-13. |5 2 LU yu 46 72 B HA Y 0-150%

+ Chammels ¢ 15:570ms: 700 ys 15:570 ms: 800 s
A i #30ps M0ps  +50ps  #60ps  #70ps  #B0ps  +90ps HOps  +20ps  +30ps  #40ps  +50ps  +60ps  +70ps  +B80ps  +90ps HOps +20ps +30ps  +40ps  #50ps  #60ps  +70ps  +B0ps  +90ps

oo PAO

Duty Cycle Range Scaled 0-150%

30 ps
L -< >
i PA1
60 ps o | =< PERIOD =100 ps (100%Duty Cycle) >
: —_
02 PA2 —
Freq 10kHz
R
90 ps width™: 11111 kiz
L _" >
o3 PA3

120 ps - 120% Duty Cycle > PERIOD => The CMP3BUF's Duty Cycle is set to 100%
It can be observed that the last PWM signal is blocked in high '1' logic
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MPLAB . .
DISCOVER Click to view code examples on MPLAB DISCOVER

-

WIFTAT 5 Frid D BE £ F MCC Melody A 1) AVRT16EB32 ARRG /R~ 31, W] Hak it i«

MPLAB . .
DISCOVER Click to view code examples on MPLAB DISCOVER

o

@ MICROCHIP

17


https://mplab-discover.microchip.com/com.microchip.mcu8.mplabx.project.avr16eb32-getting-started-with-tce-and-wex-mplab-bare-metal
https://mplab-discover.microchip.com/com.microchip.mcu8.mplabx.project.avr16eb32-getting-started-with-tce-and-wex-mplab-mcc

4. ¥ WEX SZPUEE R A B

BT e IR A P A2 O FEL I AR A i o 5 BB SR A B WX B85 3 1 51 B, A
A A AR AR A . A WEX BB A b 2, K] TCE (et 5180 ™ s 25 fa e 2 A il
Fa, s E RS E B .

SR T — NSV IE ARG . FE R A ZE R R 25 ps BHEE—IREIE CEAMEEE) , JLEN
Bk, 4L 250 ps S AR A, YN EEIARE 5 us ZER . FEZRL 250 ps &R )5, EE Bl
.
VIR R 2 A, A AUERE BB 7 17 2547 28 AR S ALK 51 IS B o4, BRI RS prg . Al
PR T A BI51 0-7 (PAO-7) o Helifi @i mHras el )\ LED M A A5 T4 o
NSNS NTAAUnT ie B WEX A% LSBT 35 0047 . BB — /N @ el il AR HLAC D i B WEX. 28
TN B AE ] MCC Melody FL® WEX. fa— AN/ ftas 5,

4.1. RN
1. 1E CTRLA &7 a8 (i et 204 bk =08 205 TCE AE Ui % «

WEX0.CTRLA = WEX PGM bm;

& 4-1. CTRLA 27 {758

Bit 7 6 5 4 3 2 1 0
[ PGM ] INMX[2:0] DTI3EN DTI2EN DTIEN DTIOEN
Access RwW RwW RW Rw RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

Bit 7 - PGM Pattern Generation Mode
Writing this bit to *1 ' enables the Pattern Generation mode. In Pattern Generation mode, the dead-time buffer
registers are used for storing the pattern so these buffers are not available in this mode.

2. AREAERAECT, BME S LU RS e S . BEME 55 PGMOVR F A7 as H AL A7 AL ——

WEX0.PGMOVR = WEX PGMOVRO bm | WEX PGMOVR1 bm | WEX PGMOVR2 bm | WEX PGMOVR3 bm |
WEX PGMOVR4 bm | WEX PGMOVR5 bm | WEX PGMOVR6 bm | WEX PGMOVR7 bm;

B 4-2. BLUE R US A A7 A

Bit 7 6 5 4 3 2 1 0
Access RW RW RW RW RW R/W RW RW
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4, 5,6, 7- PGMOVR Pattern Generation Override
This register holds override enable PGM mode. If a bitis setto ' 1' the corresponding bit in PGMOUT specifies the
value that will override the output from the SWAP unit.
The available configuration for each bit n in this bit field is shown in the table below:

Value Description
0 The pin n (Pxn) output is not overwritten
1 The pin n (Pxn) output is overwritten with the value in PGMOUT register

3. PGMOUT Zifrasfh e f/ M 5. [HE—RME, BM555 PGMOUT i edt H A A fE——
KN K FRo B, Bz OXAA B, FHE PGMOUT #7284 bit 1. 3. 5 F1 7 W& NIZH w1
(1)

WEXO0.PGMOUT = WEX PGMOUT1 bm | WEX PGMOUT3 bm | WEX PGMOUT5 bm | WEX PGMOUT7 bm;
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B 4-3. A5 A R A A

Bit 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4, 5,6, 7 - PGMOUT Pattern Generation Output
This register holds the Override Value to take effect when Pattern Generation.
The available configuration for each bit n in this bit field is shown in the table below:

Value Description
0 Waveform output value for Pin n (Pxn) is driven low
1 Waveform output value for Pin n (Pxn) is driven high

4. ¥ WEX o B AR i 5, B Pl fi Hl PGMOUT A7 28 B A 5 FPIRES .

WEXO0.PGMOUT = ~WEXO0.PGMOUT;

5. UNHRAE RS LW S ] ) i A= B0

_delay us(25);

6. I T 1A A A TP AR SN 1 R 1 A B 0-7 (PAO-7) BB Jvfith . X4 GPIO
P BT TSR HORT DA i

PORTA.DIRSET = PINO bm | PINL bm | PIN2 bm | PIN3 bm |
PIN4 bm | PIN5 bm | PIN6 bm | PIN7 bm;

7. {£ PORTMUX A7 B B LG FEER A3 1 A 51

PORTMUX.TCEROUTEA = 0x0;

B 4-4. WEX PORTMUX 75 17 #%

Description

0x1 = Reserved
| 0x2 PORTC PCO |PC1 PC2 PC3 | = = = =
0x3 PORTD PDO PD1 PD2 PD3 PD4 PD5 PD6 } PD7

8. IR At S e A A7 A BOAR LA B 1 AR WEX [l DMEfERE PORTA SIS .
WEX0.OUTOVEN = WEX OUTOVENO bm | WEX OUTOVEN1 bm | WEX OUTOVEN2 bm | WEX OUTOVEN3 bm |

WEX_OUTOVEN4 bm | WEX OUTOVENS5 bm | WEX OUTOVEN6 bm |
WEX_OUTOVEN7 bm;

4-5. % th 2 5 (AR A7 4

Bit 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

9. ABIREJn— L RAERE TCE B, AR 2@ TCE f£i% 2 WEX PRI Biok 55T € LRI

TCEO.CTRLA = TCE ENABLE bm;

4.2. MCC Melody SZ3

24 Fl MPLAB fCHYBC & %% Melody (I MCC Melody, AR37# MCC Classic) Az H, &1L~
Rk
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B

& AVR16EB32 Hi#dt—/ MPLAB X IDE i H »

MT BT MCC (5243 MCC R IE 258, Enditiat) .

£ MCC N AFE B M T ik MCC Melody, %45 5. Finish.

#2% Device Resources > Drivers > Timer. #in TCE #itk, SRJ5347 0L FECHE

- BEHURE: D)HcE ([RS8 R )

¥ % Device Resources > Drivers (#3535 > WANFEFF) o W1 WEX #6idk, SRJEHEAT L FRCE :

- BINFERE: EE

- THR: TCE (Hrhf5 5 R SEH & 2 T TCE 0

- S WE: AEEIR s [0-718) % A RE S h I BT A HE

- B U e DI (fERRfE 28 Bl )

- ;ﬁﬁiﬁiﬁéf’ﬁz RIESSERRS R TAAE, JEARA R RENTFRES (RBPEGE RS Pk
B

7£ Pin Grid View &35 ik 23 0 A ) WEX_WO[0-715| B2 B4 Akt . 42k s % E 1
RSP RESS, SIS ZBRY . EHE MR, G S Pin Grid View A 55— ) 5.
7t Project Resources %L1+ #.i; Generate %41, UME MCC A= Bl A 48 & I IX S A2 7 FINC & .
i main.c XXM, WRFTR.

PEAL S SO A RN LA R A 2

#include "mcc_generated files/system/system.h"
#include <util/delay.h>

3 [ERTEEN

WSINZEE X

/* HA PGMOUT # {7 #s Itz */

#define COMPLEMENTARY PATTERN (WEX_PGMOUT6 bm | WEX PGMOUT4 bm |
WEX_ PGMOUT2 bm | WEX PGMOUTO bm)

#define STAIRCASEO PATTERN (WEX_PGMOUTO bm

#define STAIRCASE1 PATTERN (WEX_PGMOUT1 bm

#define STAIRCASE2 PATTERN (WEX PGMOUT2 bm

fdefine STAIRC

)
)
- L _bm)
SE3 PATTERN (WEX PGMOUT3 bm)
bm)
)
)
)

#define STAIRCASE4 PATTERN (WEX_PGMOUT4
#define STAIRCASES PATTERN (WEX_PGMOUT5 bm
#define STAIRCASE6 PATTERN (WEX_PGMOUT6_bm
#define STAIRCASE7 PATTERN (WEX_PGMOUT7_bm
#define PATTERN RESET (0x00)

@ MICROCHIP

20


https://onlinedocs.microchip.com/pr/GUID-1F7007B8-9A46-4D03-AEED-650357BA760D-en-US-6/index.html?GUID-D98198EA-93B9-45D2-9D96-C97DBCA55267

ISR

void Complementary Pattern Set (void)

{

}

WEXO_PatternGenerationOutputSet(COMPLEMENTARY_PATTERN);
uint8 t complementary pattern = COMPLEMENTARY PATTERN;
_delay us(25);

/I BHMEEREC *+/
for(uint8 t i = 0; i < 9; i++)

{
/* FFPK complementary pattern BEAKEZM */

complementary pattern = ~complementary pattern;

J* BHFEREN WEX BRI </

WEX0 PatternGenerationOutputSet (complementary pattern);

/xBTS LU EH R +/
_delay us(25);
}

/* A G ETEEIHET 0, BI5514250 ns LUEMIH—1
* GHBECIBRBIG R +/
WEXO0_ PatternGenerationOutputSet (PATTERN RESET) ;

void Stairs_Pattern Set (void)

{

/% BEIMG G IR T e KM ME -T2 HE T
* LU I G */
WEX0_ PatternGenerationOutputSet (STAIRCASE7 PATTERN) ;

/TSI AAER] LU EX 581 +/

_delay us(5);

WEX0_ PatternGenerationOutputSet (STAIRCASE6 PATTERN) ;
_delay us(5);
WEXO0_PatternGenerationOutputSet (STAIRCASES PATTERN) ;
_delay us(5);

WEXO PatternGenerationOutputSet (STAIRCASE4 PATTERN) ;
_delay us(5);

WEX0_ PatternGenerationOutputSet (STAIRCASE3 PATTERN) ;
_delay us(5);
WEX0_PatternGenerationOutputSet (STATRCASE2 PATTERN) ;
_delay us(5);

WEXO PatternGenerationOutputSet (STAIRCASE1 PATTERN) ;
_delay us(5);

/% BFIMG G IR RN 1 K MME T2y 7 HE T
* LU e+
WEX0_ PatternGenerationOutputSet (STAIRCASEO PATTERN) ;

S TSI AAERT L EX 5808 +/

_delay us(5);

WEX0_ PatternGenerationOutputSet (STAIRCASEl PATTERN) ;
_delay us(5);

WEX0_ PatternGenerationOutputSet (STATRCASE2 PATTERN) ;
_delay us(5);

WEXO PatternGenerationOutputSet (STAIRCASE3 PATTERN) ;
_delay us(5);

WEX0_ PatternGenerationOutputSet (STAIRCASE4 PATTERN) ;
_delay us(5);
WEX0_PatternGenerationOutputSet (STAIRCASE5 PATTERN) ;
_delay us(5);

WEX0 PatternGenerationOutputSet (STAIRCASE6 PATTERN) ;
_delay us(5);

WEX0_ PatternGenerationOutputSet (STAIRCASE7 PATTERN) ;
_delay us(5);

/xS E T T 0, 75 250 ps LM

* BRI BB — P ARG */
WEXO0_ PatternGenerationOutputSet (PATTERN RESET) ;
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G e = PR K

int main (void)

{

SYSTEM Initialize();

while (1)

{

}

9. PIFEENT]{d A MPLAB X IDE 4ii% s 1T H .

43. LR

Complementary Pattern Set();
_delay us(250);

Stairs Pattern Set();

_delay us(250);

TR TR A R 2T, DU A R K A

& 4-6. \ILAME DT BB B

< bme

po PAD "
1

0

0

1

0

1

0

2

5 pus

Each of the channels switch from low '0' logic to high '1' logic

or vice versa at every 25 ps, creating one complementary pattern

L=

PA3
il
s PAS Every 5 ps a signal switches from low '0' logic
to high '1" logic, creating the second pattern 1
) -
1 ~r
PAT 250
( HS 31000000
250 ps delay - added in order to see the
switching from one pattern to another Bie

WA 4 TR TS 1 AVR16EB32 BT 5], 7] B bbb

DISCOVER

-

Click to view code examples on MPLAB DISCOVER

WA Ay Bk Thae i 4l MCC Melody A ) AVR16EB32 AR AG 7~ fl, A] #di b kb.

DISCOVER

-

Click to view code examples on MPLAB DISCOVER
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5.  BEEH TCE 1 WEX &\ PWM &5
TCE n] LAYE AT YA IEE A ok i B2 DhRER PWM 155, HPEEARNE S EANYIE .
WEX 7] e B ¥ TCE 34t VU L BOEIE Y R 2 % )\ RERS A i PWM {5 5 11 181E
N 2SR T anfel 3 B TCE A1 WEX 261, DA 7 242 i\ N AT AR 5 22 LE i) 20 kHz B4 PWM 13
S——iESEE AL A TCE f1 WEX A% PWM {55353 . T8 138X, RIS 5 o BB HAN & 8
B, ZINEEN T HEAIEHDR IR R EE, HoTa S0 A AR E R B EEER. WRFASEEEN
I A EL R VT o b R 3R AT S . AEARGIh, B E A T SRR ThAE . A R RS, B A
WS HEAE, I ATAE SRR, &1 ms BE—K. ik, B WEX BB 47 s 064
W, - EVSYS BB A At F A
N AN B U R E TCE AT WEX A% DLSEELT 5 AT N 55— /N2 an ey 4 AR ALACAS it &
TCE F1 WEX. 25 /N H il ) MCC Melody Bt & TCE il WEX. )i — /iR fta 5,

51. FENLLH
1. WBRAMZLAIEL 20 MHZ FIMIAIEAT . BN Bl 208 3.33 MHz, B S as ERUCR N 0. 12406
71 5 58 L T A A N s ) e i

_ PROTECTED WRITE (CLKCTRL.MCLKCTRLB, CLKCTRL.MCLKCTRLB & ~CLKCTRL PEN bm) ;

& 5-1. CLKCTRL [] MCLKCTRLB Z¥ 17 %%

Bit 7 6 5 4 3 2 1 0
| | [ PBONV ] PDIV[3:0] -
Access R RIW RIW RIW RIW RW
Reset 0 1 0 0 0 1

Bit 0 — PEN Prescaler Enable
This bit controls whether the Main Clock (CLK_MAIN) prescaler is enabled or not.

Value Description
1 The CLK_MAIN prescaler is enabled and the division ratio is controlled by the Prescaler Division
(PDIV) bit field

2. AR 2 BT B E TCE R WEX X B[R aF 77 8%, DR B i b 8 AN [R)o 1 o AS9] mide ¢ 11
A, BIER ISR H

PORTMUX .TCEROUTEA = 0x0;
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& 5-2. TCE 1 WEX ] PORTMUX % i

Bit 7 6 5 4 3 2 1 0
| | | |
Access RW RW RW RW
Reset 0 0 0 0

Bits 3:0 - TCEO[3:0] TCEO Signals
This bit field controls the pin positions for TCEO signals

Value Name Description

W03 WO4 WO5 WO6 WOo7

0x1 - Reserved

0x2 PORTC PCO PC1 PC2 PC3 - - - -
0x3 PORTD PDO PD1 PD2 PD3 PD4 PD5 @ PD6 @ PD7
0x4 |- Reserved

0x5 PORTF PFO  PF1 PF2 PF3  PF4  PF5 E =
0x6 - 0x7 |- Reserved

0x8 PORTC2 PAO0  PA1 PCO PC1 PC2 PE3 - -
0x9 | PORTA2 | PA2 PA3 PA4 . PA5 @ PA6 | PAT | - | -
Others - Reserved

TCE 1) CTRLB #4728 L e il ()4 e Ar DA S v sg P A e s A 3. AEAeh, {3 38 E 0.
1. 2 F1 3 DA R R PWM AR

TCEO.CTRLB |= (TCE CMPOEN bm | TCE CMP1EN bm | TCE CMP2EN bm | TCE CMP3EN bm);

TCEO.CTRLB |= TCE_ WGMODE SINGLESLOPE gc;

& 5-3. TCE [{J CTRLB % {788

Bit 7 6 5 4 3 2 1 0
[ CWPSEN  CWPEEN _ OWPIEN  CWPOEN | ALPD | wowodkzol |
Access RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

Bits 2:0 - WGMODE[2:0] Waveform Generation Mode
This bit field selects the Waveform Generation mode and controls the counting sequence of the counter, TOP value,
UPDATE condition, interrupt condition, and the type of waveform generated.
No waveform generation is performed in the Normal mode of operation. For all other modes, the waveform generator
output will only be directed to the port pins if the corresponding CMPnEN bit has been set. The port pin direction must

be set as output.
Value Name Description
0x0 NORMAL Normal operation mode
0x1 FRQ Frequency mode
0x2 - Reserved
0x3 SINGLESLOPE Single-slopePWMmode
0x4 c Reserved
0x5 DSTOP \ Dual-slope PWM mode with overflow on TOP
0x6 ' DSBOTH Dual-slope PWM mode with overflow on TOP and BOTTOM
0x7 DSBOTTOM \ Dual-slope PWM mode with overflow on BOTTOM

¥ TCE ) CTRLECLR &F 410 DIR AR E N 1, LUK e 83 B NG B 5 T 7 R i G
V) o DIR SZHIERINEN 0.

TCEO.CTRLECLR = TCE DIR bm;
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& 5-4. TCE i) CTRLECLR & 1% 2%

Bt 7 6 5 4 3 2 1 0
| | | CMD[1.0] [ o BRT
Access RW RW RW RW
Reset 0 0 0 0

5. PERJy TCE iz fas g2 X, EQ5.1 FI T & PWM {55 (5.
feLk(Hz)
TCEprescaler X (TCEperiod + 1)

fss pwm(Hz) =

RBEAG T HARE T -

feLk(Hz) 20000000
= = 1000 = 0x3E8
TCEprescaler X fSS PWM(HZ) 1 x 20000

TCEperioa =

/* PER #7868 B - 1, 1000 - 1=999, HAEEXWTF 50 us H */
TCEO.PER = 0x3E7;

6. HHZMINRET B L A AR LB E b, nr LU B A7 a8 R (E BB O VBEAL 5 = b, 640 20%.
40%. 60%AF1 80%. {HIEEATHS, KA —IXFWIETH CMP wffas (EHEZZMX) B &5 i
fH. B, FATEXEEREEN 0.

TCE0.CMPO = 0x00;

TCEO.CMP1 = 0x00;

TCEO.CMP2 = 0x00;

TCE0.CMP3 = 0x00;

7. REER G, BRRHEA A SIE ST EESE VLR #R g0 A b 5 A EEAY Ve FEIAE 0-100% 2
i), 7£ ISR #IH], HEASHCEGEIEH R XML, LB 0 dIE /Y ISR FEFr -
ISR(TCEO0 CMPO vect)

{
/* JEEPB RS
TCEQ.INTFLAGS = TCE CMPO bm;

static uintl6_t duty cycle = 0;

/PR T ERT */
duty cycle += 5;
if (duty cycle >= MAX DUTY CYCLE)
duty cycle = 0;
TCEO.CMPOBUF = duty cycle;
}

8. N TCE (AR LB A7 4% SOV LA UL BT H 7 o

TCEQ.INTCTRL = (TCE CMPO bm | TCE CMP1 bm | TCE CMP2 bm | TCE CMP3 bm);
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& 5-5. TCE [¥J INTCTRL 251728

Bit 7 6 5 4 3 2 1 0
OVF
Access RW RW RIW RW RW
Reset 0 0 0 0 0

Bits 4, 5, 6, 7 — CMPn Compare Channel n Interrupt Enable
Writing the CMPn bit to ‘1’ enables the interrupt from Compare Channel n.

Bit 0 — OVF Timer Overflow/Underflow Interrupt Enable
Writing the OVF bit to ‘1’ enables the overflow/underflow interrupt.

9. H TCE MMM E B E N 0,

TCEQ.CNT = 0x00;

10, 3 B CTRLA % 478 h 1y CLKSEL s W SHME R BN 1. BRahil s, i B aus F — %7
SRR G 1.
TCEO.CTRLA = TCE_CLKSEL_DIVl_gC,‘
RE T TCE 5 — 3 &l Al %

TCEO.CTRLA |= TCE ENABLE bm;

& 5-6. TCE [1] CTRLA & 1728

Bit 7 6 5 4 3 2 1 0
[ RONSTORY | | _ oxsmpo | ewsiE
Access RW RW RW RW RW
Reset 0 0 0 0 0

Bits 3:1 - CLKSEL[2:0] Clock Select
These bits select the clock frequency for the timer/counter.
Description

0x0 fTCE=fCLK PER(nO prescaling)
0x1 DIV2 frce = foik_per/2
0x2 DIV4 free = fowk Per/d
03 DIV8 froe = fouk_per/8
0x4 DIV16 free = fowk_per/16
[0x5 DIV64 free = fouk per/64
0x6 DIV256 frce = fouk per/256
’ 0x7 DIV1024 ‘ fTCE = fCLK PER/ 1024

11, ¥ WEX %0 % b HE R v BV LR, R BAMS SERESEIX Il N . TE X Bt B G, WEX %
T TCE A PUA PWM 15 5 R A\ HAME 5 .

WEX0.CTRLA = WEX INMX DIRECT gc | WEX DTIOEN bm | WEX DTI1EN bm |
WEX DTI2EN bm | WEX DTI3EN bm;
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& 5-7. WEX [J CTRLA & 17 %%

Bit T 6 5 4 3 2 1 0
Access RW RW RW RW RW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7 - PGM Pattern Generation Mode
Writing this bit to "1 ' enables the Pattern Generation mode. In Pattern Generation mode, the dead-time buffer
registers are used for storing the pattern so these buffers are not available in this mode.

Bits 6:4 — INMX[2:0] Input Matrix
This bit field defines the matrix routing of the timer/counters Waveform Generation outputs to the WEX internal
module. Refer to table Table 24-1 for more information.
Value Name Description

0x1 - Reserved

0x2 CWCMA | Common Waveform Channel Mode A. Waveform output (WO) on a single Pulse-Width
Modulation (PWM) channel.

0x3 CWCMB Common Waveform Channel Mode B. WO on two PWM channels.

Bits 0, 1,2, 3- DTIEN Dead-Time Insertion CMPn Enable

Value Name Description
DISABLED Dead-time not inserted

12, fEIBEIX A7 8 BB A RSB XA . SEIX AAMBEIN S i ok, i 0 2 sG] 1 ey i SREBE IX

WEXO0.DTLS = 0x03;

WEXO0.DTHS = 0x05;

A 5-8. WEX [NILIX Z7f7a%: IHESEX . EHFEEIX I R HE X

DTLS 70 DTLS[7:0]
DTHS 7.0 DTHS[7:0]
DTBOTH 7.0 DTBOTH[7:0]

AR AT LB RIEIX, TR Ja — N FF g AR, A I SEIX AR s S A
FEIX B A7 4 LA AR XS FRBELX

TR A K
EQ5.2

clock_tick(ns) = X TCEprescaler X 10°

1
feik(Hz)

K BT OIS, Bl
fClk(HZ) = 20 MHz

TCEprescaler =4
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desired_dead_time(ns) = 500

1

— 9 _
= 50000000 % 4x10" =250

clock_tick (ns)

register_value = dead_time(ns) = clock_tick(ns) = 500 + 250 = 2
13. 7£ FAULTCTRL &7 £7-45% 15 B #ba 55 1 2 AR AT b 5 X A

/xR BB B B R —— R B 5 B ES BT (RIFIRGE */
/% BEMBEC PR S B DT LS A5 S */
WEXO0.FAULTCTRL = WEX FDMODE LATCHED gc;

/xR I E R, ST T S BRI 0 */
WEXO0.FAULTCTRL |= WEX FDACT LOW gc;

& 5-9. WEX ] FAULTCTRL 271758

Bit 7 6 5 4 3 2 1 0
| FDDBD | |
Access RW RAW RIW RW
Reset 0 0 0 0

Bit 7 - FDDBD Fault Detection on Debug Break Detection
Value Name Description

0x0 FAULT OCD Break request is treated as a fault if fault protection is enabled
)-8 IGNORE  OCD Break request will not trigger a fault

Bit 2 - FDMODE Fault Detection Restart Mode
Value Name Description

Cycle-by-cycle mode. Waveform output will remain in fault state until fault condition is no
longer active.

Bits 1:0 - FDACT[1:0] Fault Detection Action
Value Name Description

NONE None. Fault Protection Disabled

- Reserved
0x3 CUSTOM Drive all pins to setting defined by FAULTDRV and FAULTVAL

0x2

14. 1§ ] EVCTRLA /78848 fit WEX A4 A.

WEXO0.EVCTRLA = WEX FAULTEI bm;

& 5-10. WEX [1] EVCTRLA 271728

Bt 7 6 5 4 3 2 1 0
| | | | FILTER[2.] BLANK [ FAULTEL
Access RW RW RIW RW RIW
Reset 0 0 0 0 0
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15.

Bit 0 - FAULTEI Fault Event Input Enable
This bit enables event input A as trigger for fault condition.
Note: Fault event inputs are not taken into account before Timer/Counting driving a waveform is enabled

FE WEX ] ISR 1) fo v b v iy ClRRseterll ) I i ik s &5

WEXO0.INTCTRL = WEX FAULTDET bm;

/* WEX B¢/ ISR */
ISR (WEXO FDFEVA vect)
{
J* JEEAR S IR R </
WEX0.INTFLAGS = WEX FDFEVA bm | WEX FAULTDET bm;

& 5-11. WEX [ INTCTRL F1 INTFLAGS Z17#%

Bit 7 6 5 4 3 2 1 0
| | | l | FAULTDET |
Access RW
Reset 0

Bit 0 — FAULTDET Fault Detection Interrupt Enable
Writing this bitto ‘1’ enables fault detection interrupt.

Bit 7 6 5 4 3 2 1 0

| | | [Forecc [ rore [EoReAN [ieAukoen
Access RW RW RW RW
Reset 0 0 0 0

Bit 4 - FDFEVC Fault Detection Flag Event Input C
This bit is set on a fault detection on Event input C. The bit it cleared by writinga ‘1’ to its bit location.

Bit 3 - FDFEVB Fault Detection Flag Event Input B
This bit is set on a fault detection on Event input B. The bit it cleared by writing a * 1" to its bit location.

Bit 2 - FDFEVA Fault Detection Flag Event Input A
This bit is set on a fault detection on Event input A. The bit it cleared by writing a *1” to its bit location.

Bit 0 - FAULTDET Fault Detection Interrupt Flag
This bit is set on a positive edge of fault detection. The bit it cleared by writinga *1” to its bit location.
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16. LEFH{F RS (EVSYS) At LIEIEIE 0 LA F. H5 WEX BCE viliE O IS FAEas i o Al

FHER AT S A i e . 24 LB, F5 OGP EVSY'S IR e i A 25 8 T8 A FH 4 iy 2T B UROIR S

/* FFWEXO SF B 0 HIFFL LI RO TS FF L */
EVSYS.USERWEXA = EVSYS USER CHANNELO gc;

/* CIBERITASE, T GH R LB ras LT B . A S LI */
EVSYS.SWEVENTA = EVSYS SWEVENTA CHO gc;

/xRN S TR */
WEX0.CTRLC = WEX CMD FAULTCLR gc;

17. 1§ OUTOVEN Z772efdi it WEX [ i LLAE R\ PWM (S 5.

/* (EFE WEX HIFH */
WEX0.OUTOVEN = WEX_ OUTOVENO bm | WEX OUTOVEN1 bm | WEX OUTOVEN2 bm | WEX OUTOVEN3 bm |
WEX_OUTOVEN4 bm | WEX _OUTOVENS bm | WEX OUTOVEN6 bm | WEX OUTOVEN7 bm;

& 5-12. WEX ] OUTOVEN % 2%

Bit 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

18. SR, [ 1Ry 1) A7 e R A AL SN 1 8 1 A 510 0-7 (PAO-7) & ufanth

PORTA.DIRSET = PINO bm | PIN1 bm | PIN2 bm | PIN3 bm |
PIN4 bm | PIN5 bm | PIN6 bm | PIN7 bm;

19. AL E e KR, Fe V4R ik

/* THERTH */

seil();

5.2. MCC Melody SZ3)
EAfF MPLAB ARHSECE 2% (B MCC Melody, A3CFF MCC Classic) AERGZIUH , 154 M DL T D BREEAE

1.

2.
3.
4

w

N AVR16EB32 #7#—/~ MPLAB X IDE T H .

M BT MCC (5 55%% MCCHRfHIIE 258, Faditbad) .

£ MCC &4 HL g8 17 S i& £ MCC Melody, #RJ5 ¥ Finish.

#: % Project Resources > System > Interrupt Manager (IiH %38 > 24: > kg #EE) . UHaFT
W 7o VR

¥: % Project Resources > System > CLKCTRL . 2% 153 4 #% 1 G424 .

M Device Resources > Drivers > Timer H1 ¥ TCE #idk, #RE1HE4T A T ACE

- fliReE S 4% ATREER A RE . WIRRAERE, HVIHARE (EREE AR () .
- IR AREE . RGR R (BUINEOLR, BUERLN 1—— RGN

- BORAE RN BREE PWM R

- 15K E #As]: 0.00005

- PEHH N AEEBESIH 0L 1. 2. 3 MRS AOHE

- R4 ISR U ARE ([ R85 278 B )

RVFELEL O il Uidedl (fliRE S & piE ()

- RVFHLER 1 il Ui (SRR S 28 i (1)
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https://onlinedocs.microchip.com/pr/GUID-1F7007B8-9A46-4D03-AEED-650357BA760D-en-US-6/index.html?GUID-D98198EA-93B9-45D2-9D96-C97DBCA55267

- FOVFELEL 2 ik DDA (ffERE S 28 RO )
- RVFLLER 3 il Uil (SRR S 238 sl (1)
7. M\ Device Resources > Drivers (#4505 > IRBNFEF) Fidin WEX ik, SRJ5#47 0L NECE -
- HINFERE: B
- BHE: TCE Gt a5 I %% B TCE $hoE)
- M5 WE: AR [0-71 0 4 H A RE A iR BT AE
- FEIXHHENIEIE O ffige: VIt (ffifefE 228 i )
- FEIXAEAIEIE 1 fERe: Ut (iR S 228 BiE )
- FEIXHHENIEIE 2 ffiRe: VIt (ffRe)E 2728 i )
SEX AN IEIE 3 AERE: VIt (fERe e A28 i ()
R FHESEX (us) : 0.150
TR EVESEX (us) : 0.250
RN A U] (e fE 278 s €D
- WAL RE: U)dRdRAE CfERE S SR RE )
R R b eV DI (R S 2 AR RO ()
- R B A B
- BRI R AR
8. M\ Device Resources > Drivers ¥l EVSYS ik, X547 LL FRCE
- J#IE: CHANNELO
- JIF: WEXA (Jh CHANNELS GEi&) w0kt CHANNELO #iJE, &l JfiEshttr = USERS
CHHPD IR ) WEXA FTE)
9. 7 Pin Grid View £ FH i A 1 A 1) WEX_WO[0-715] 2 T4 e N . 242 S B4 n (1
figesr HERS, MaBiE s . EHESumH, E 5 Pin Grid View H1 55— H 1) 51
10. 7£ Project Resources L7 £ 11 ¥ Generate #4, ULE MCC £ A 45 & RS AR A &
M. i main.c XM, WFFTR.
FEAL B SO RS I LT 25

#include "mcc generated files/system/system.h"
#include <util/delay.h>

3 Bz

NI
#define TCE_PERIOD (0x3E8)
#define MAX DUTY CYCLE (0x3DE)
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I ISR [71 3 R £ -

/* 1 ISR FE/FHIRHRIEIER . */
void UserCallback CMPO (void)

{
static uintl6 _t duty cycle = 0;

/xR AR */
duty cycle += 5;
if (duty_cycle >= MAX DUTY_ CYCLE)
duty cycle = 0;
TCEO_PWM BufferedDutyCycleOSet (duty cycle);
}

/* 7E ISR F/7 NI EI R */
void UserCallback_ CMP1 (void)

{
static uintl6 t duty cycle = 0;

/xR R+
duty cycle += 15;
if (duty cycle >= MAX DUTY CYCLE)
duty cycle = 0;
TCEO_PWM BufferedDutyCyclelSet (duty cycle);
}

/* 7E ISR F/F R EI R */
void UserCallback CMP2 (void)

{
static uintl6_t duty cycle = 0;

/xR AR *
duty cycle += 25;
if (duty cycle >= MAX DUTY CYCLE)
duty cycle = 0;
TCEO_PWM BufferedDutyCycle2Set (duty cycle);
}

/* £ ISR FE/FHRBHIEI R */
void UserCallback CMP3 (void)

{
static uintl6 t duty cycle = 0;

/xR L ERT */
duty cycle += 35;
if (duty cycle >= MAX DUTY CYCLE)
duty cycle = 0;
TCEO PWM BufferedDutyCycle3Set (duty cycle);

ISR

void Create Fault (void)

{
I+ CIERFAEE, T B LB s LA T B . S
* B SRR FIE </
EVSYS SoftwareEventASet (EVSYS SWEVENTA CHO gc);
}

void Clear Fault (void)

{
/* EHE A i SR AIEFE L +/
WEX0_ SoftwareCommand (WEX CMD FAULTCLR gc);
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G i T PR K

int main (void)
{
SYSTEM Initialize();

TCEO_ CompareOCallbackRegister (UserCallback CMPO) ;
TCEO ComparelCallbackRegister (UserCallback CMP1) ;
TCEO_Compare2CallbackRegister (UserCallback CMP2) ;
TCEO_Compare3CallbackRegister (UserCallback CMP3) ;

while (1)

{
Create Fault();
_delay us(250);
Clear Fault();
_delay us(250);

}

}

12. BAERT AT (] MPLAB X IDE 4w IHia 47201 H o« 1217 W], & 10 ms S8 — X ELAL A A7 2 I 4 TEUE
AR R 5 2 B R L

53. 4:H&

TR TR AR SR g, DU\ AN PWM 55, A 0% 112 100% 1) & 2
Bt R R ST R RDIR S LA SEIX AR o

5-13. )\ EA AL AL PWM (55 SO AI AR L RIS B b JE VR 2 IR AR

& Channels S T™ sozms w0.3ms s +06ms 0.7 ms s08ms +09ms o 1ms w02ms
oo PAD : All PWM signals are drive to low '0'
logic during the fault conditions
- > /
. j 250 ps
X"~ 35% Duty Cycle / H /
q ~ 95% Duty Cycle
\ ~ 54% Duty Cycle %

-

N

|

~ 5% Duty Cycle

\~ 74% Duty Cycle T
\ ~ 95% Duty Cycle F

P o =

S| | S e S

o

I | el 5

===
I
[ oy
g [y
e [
e e
[ e

=
i
5
|
il
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B 5-14. = H B IRHIBEX

» pp—
8 Channels < L L 1 ssops B 2 wous = ops B LS

oo PAO

“*** " Timing Markers

> ® PO > Alps
> ® P1 > A2ps

02 PA2

o: PA3

os PAS

o6 PAG6

PO marker pair represents the low-side dead- ..~ "
time. All the PWM signals are synchronized on 5 OG0 2
the low-side part of dead-time.
P1, P2, P3 and P4 represent the high-side dead-  measurements

L time. The PWMsignals are not synchronized on
the high-side part of dead-time.

Notes

B 5-15. FHFEFEIX FIVEL S S

oo PAO

o1 PA1

AT 150 ns Nratling 1 30
Neising O Tenin N/A

Tmax N/A Tmean N/A

Taa N/A

Low-side dead-time - The PWM signal from TCE's CMPO and
it's complementary signal generated using WEX are not
overlapping, due to the added 150 ns dead time

EEEn o

A 5y Frid D RE ) AVR16EB32 LA R, A f i ph At

DISCOVER

-

Click to view code examples on MPLAB DISCOVER

W AL 73 P D se A8/ MCC Melody A2 i) AVR16EB32 AUzl wT Hiadiitbib:

DISCOVER

-

Click to view code examples on MPLAB DISCOVER
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https://mplab-discover.microchip.com/com.microchip.mcu8.mplabx.project.avr16eb32-getting-started-with-tce-and-wex-mplab-bare-metal
https://mplab-discover.microchip.com/com.microchip.mcu8.mplabx.project.avr16eb32-getting-started-with-tce-and-wex-mplab-mcc

6. ZEHH
#3% TCE TRBIRIME S (51, 05 b P

1. AVR16EB32 7= ji T Hi
2. AVR16EB32 Curiosity Nano 344 T F 4.

3. AVR16EB16/20/28/32 AVR® EB Family Data Sheet.
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https://www.microchip.com/en-us/product/AVR16EB32
https://www.microchip.com/en-us/development-tool/EV73J36A
https://ww1.microchip.com/downloads/aemDocuments/documents/MCU08/ProductDocuments/DataSheets/AVR16EB14_20_28_32-Prelim-DataSheet-DS40002522.pdf

7. AR

Stk
B 20248 H BEH T MULFAC[1:01 3 A28 R M B
A 2023 4E 11 H SCREBIAG IR A
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Microchip 15 &
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“Microchip” FIAFRFIBARA G “M” Bbs R AL FR . BOARAS: R84 Microchip Technology Incorporated 53¢
B FI R BT A mIESE B AN/ B A E KB X i M B AR B R AR ( “Microchip Biks” ) « A 2% Microchip FitxI1E
B, Wi https://www.microchip.com/en-us/about/legal-information/microchip-trademarks.

ISBN: 979-8-3371-2321-9

P2l

SEAEA SRS 1) o STRRCAA g 1T H . 15 20 AR SCRS L B S SCER A, RO H R AT 9K Microchip
7= i v BE A S L E0 A B {5 R . Microchip Technology Inc. J Ho/r AR FIAHC AT . &% FE 50T AHE
B8 ARERM LA X 13 3C R AT BBAFAE AT Z 85 A K HBAE AT 534F . 137 Microchip Technology Inc. 5% 3 5

R SCAS

AR A B H AR 4B BAUE FH T Microchip 774, BFGBCTE WH DLACKS Microchip 7= il B B I 1 B
o DLHARAT AT 77 2048 A I 845 B AR it S 2%k e A HE R 16 20 B P A BN IS LB R,

KrTRe e KR BAEATHRP TS EAETE . fFRASMISIR, R MR Microchip & 7

HA4b, 37 https://www.microchip.com/en-us/support/design-help/client-support-services.

Microchip “#%J5FF” $#2LIXE(EE . Microchip XX 2e(E BAMEAEATHI /R B R e sk, e s
A P BB R, ARG AR TR AR I 8 1 AR s P 1 3 1k B s LR, B X A

GG o R B R R .

FEAEATIE DL, 6T PRI 645 B A X 2845 BT 7= AR AT AT TR 42 1K . RRIRI . AR S0 PR R BRI Bt oy

PP FH BT SRAFES,  Microchip MEANAIEAEMI514F, HI{E Microchip CLg% 15 &NAT g & A= 40 35 Bl
FAE AT AT, . FEVEARE RV EORTE I N, 6T PRI A5 S B x5 5L = AR [ BT & 85, Miicrochip
FEAEATAE LN P ARHE (0 4350 5 AR AN H 5 3R 49X 2545 B i) Microchip BLEESCATRIEA (Anfr) o

1R Microchip a1 A aw i35 A / BB 22N, — DRt SE 07 B fe SKO7 A REAE H 51 R AR

—IIE. B, JRIAEEY N, S4E IR Microchip 4 T ARFHIEERTT. BRAERANE, fE
Microchip ZHRF=RURYT R, Af5E ok DL Ath 77 S LB AR AT 4 AT IE

Microchip #4-AS R ThEe

TE A LLUR A 5% Microchip 7= i A R 47 D e ) 22

* Microchip 17 i #1355 Microchip 345 F it o BT i B AR LT .

* Microchip #if5: fEIEH I H HAF G TAEMIEM AL T,  Microchip 2517 mAEH %4,

« Microchip V£ & R LRI AR PEEAT AT B SR Microchip 7= S ARG R4 THRE AT A, X Fh
ITNTRES R (B THERBLEZ)  (Digital Millennium Copyright Act)

* Microchip BT H A FAK T R T0VE R UE FARID () 22 4Pk o AR ORY I A B R G BATARIE ™ /2
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