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FTM Overview

2.FTM 1§tk

FTMAEE A — AN 16001 E0ES, AEFTMIEE A T4 A B 0. aT DO FTMITT s ik 3 =
FHETREMIRT BhIR: R B, [ SR AT AN B CHOCTEAIIR Bh Ui, 15211 S32K R
S22 F M R e 557D o e TE s EVE S A G — AT s, B R E
FTM_SC217 2% h I PS[2: 0145 It 5 0 #idi K 25128, WIRFTM_SCE A7 28 (I CPWMSH 4 2%
s TIFTMUT s Doss g T B =0z 47 . B, el LU S 0z 17

AT S32KEL 4 PUANFTM . BN FTMABLE A 84N Pl 37 B A0 T AE (1) iE i (CHO/CHL,
CH2/CH3. CH4/CH5MICH6/CH7) . Frf iy al fid B A N3 Ty H Eb s sl v /o oo it
FPWMEER . EVEX FPWMEER K, FTMIEE N Al DLEE B ARER/ANZH SRR T, hsh,
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1. EEERERE
MSnB: | ELSnB:
DECAPEN | MCOMBINE | COMBINE | CPWMS Mode Configuration
MSnA | ELSnA
01 Capture on rising edge only
00 10 Input capture Capture on falling edge only
11 Capture on rising or falling edge
01 Toggle output on match
0 01 10 c(o)rl:;?;:e Clear output on match
11 Set output on match
0 High-true pulses (clear output on
10 .
1X Edge-align match)
X1 PWM Low-true pulses (set output on
match)
0 0 10 High-true pulses (clear output on
1 XX Center-align match)
PWM Low-true pulses (set output on
X1
match)
High-true pulses (set on channel
10 (n) match, and clear on channel
1 0 XX Combine (n+1) match)
PWM Low-true pulses (clear on channel
X1 (n) match, and set on channel
(n+1) match)
High-true pulses (set on channel
10 Modified (n) match, and clear on channel
1 0 0 XX combine (n+1) match)
PWM Low-true pulses (clear on channel
X1 (n) match, and set on channel
(n+1) match)
. . . o X0 See Dual edge One-shot capture mode
X1 Table 2 capture Continuous capture mode
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FTM Operation Modes

R2 . WIABRHPAE R LR EF

ELSnB ELSnA Channel port enable Detected edges
0 0 Disabled No edge
0 1 Enabled Rising edge
1 0 Enabled Falling edge
1 1 Enabled Rising and falling edges

TR T AR AR LIS N, FEMAHMWAFTME SR . HE—2NFTMAH T 72451
PWM{E Z k=6 EHLE IR, 238 = ANFTMBIE TARLE ISR 28T, AIAN90° #4r
L2515 5 AHAIBAHTR E AL B o W SRAT B /RAB AR B L 2%, 3 - AFTMEE B N
BN, B NFTMESLFIPWMAE 5 R E /R AL K ER 2 AT . A XHE Z 145
B, BSRW A E RN AR I BLDCHHLE #il— Kinetis MCUs  (3C#Y AN4376)

3. FTM #4ERE

3.1. HEHFPWM (EPWM) HER

AR FPWMELE N, FTMit%#e MFTM_CNTIN{E 1] it $F/FTM_MOD/E . *4FTM
T2 MMOD/E A HCNTINAERS, AT FTMIEIE 1S 5 B AE L 25 55 o

*4QUADEN = 0, DECAPEN = 0, MCOMBINE = 0, COMBINE = 0, CPWMS = 0fIMSnB =
1}, EFEDIEXRFFPWMAS R, .

WYX FFPWME #HEEMOD — CNTIN + 0x0001 ¥ :E, ke (si525k) B CnV -
CNTIN or MOD — CNTIN — CnV#E, HEARR R F42H]47 ELSNB:ELSnA.

AP AR FFPWM

void Edge_Align_PWM_lInit()
{
/* Enable clock for PORTD */
PCC->PCCn[PCC_PORTD_INDEX] = PCC_PCCn_CGC_MASK;
/* Select and enable clock for FTMO */
PCC->PCCn[PCC_FLEXTMRO_INDEX] = PCC_PCCn_PCS(6) | PCC_PCCn_CGC_MASK;

/* Set PORTD pins for FTMO */

PORTD->PCR[15] = PORT_PCR_MUX(2); // FTMO, Channel0 PORTD-
>PCR[16] = PORT_PCR_MUX(2); // FTMO, Channell PORTD->PCR[0]
PORT_PCR_MUX(2); //  FTMO, Channel2 PORTD->PCR[1]
PORT_PCR_MUX(2); // FTMO, Channel3

/* Enable registers updating from write buffers */ FTM0O->MODE =
FTM_MODE_FTMEN_MASK;
/* Enable sync, combine mode and dead-time for pair channel n=1 and n=2 */ FTM0->COMBINE =
FTM_COMBINE_COMPO_MASK | FTM_COMBINE_DTENO_MASK
| FTM_COMBINE_COMP1_MASK | FTM_COMBINE_DTEN1_MASK;
/* Set Modulo in initialization stage (10kHz PWM frequency @112MHz system clock) */ FTMO->MOD =
FTM_MOD_MOD(11200-1);
/* Set CNTIN in initialization stage */ FTMO->CNTIN
= FTM_CNTIN_INIT(0);
/* Enable high-true pulses of PWM signals */
FTMO->CONTROLS[0].CnSC = FTM_CnSC_MSB_MASK | FTM_CnSC_ELSB_MASK;
FTMO->CONTROLS[1].CnSC = FTM_CnSC_MSB_MASK | FTM_CnSC_ELSB_MASK;
FTMO->CONTROLS[2].CnSC = FTM_CnSC_MSB_MASK | FTM_CnSC_ELSB_MASK;
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FTMO->CONTROLS[3].CnSC = FTM_CnSC_MSB_MASK | FTM_CnSC_ELSB_MASK;

/* Set channel value in initialization stage */

FTMO->CONTROLS|0].CnV=FTM_CnV_VAL(5600); // 50% duty cycle FTMO-

>CONTROLS[1].CnV=FTM_CnV_VAL(5600); // 50% duty cycle FTMO-

>CONTROLS[2].CnV=FTM_CnV_VAL(2800); // 25% duty cycle FTMO-

>CONTROLS[3].CnV=FTM_CnV_VAL(2800); // 25% duty cycle

/* Reset FTM counter */ FTMO-

>CNT =0;

/* Insert deadtime (1us) */

FTMO->DEADTIME = FTM_DEADTIME_DTPS(3) | FTM_DEADTIME_DTVAL(7);

/* Clock selection and enabling PWM generation */

FTMO->SC = FTM_SC_CLKS(1) | FTM_SC_PWMENO_MASK | FTM_SC_PWMEN1_MASK | FTM_SC_PWMEN2_MASK
| FTM_SC_PWMEN3_MASK;

Up counter period |

(@ s5.00v & 500V |‘400 WS Hz 50G575 H @ 3.00v“‘
[ value Mean Min Max Std Dev | L7 98.8000us [ (1M points )

Low signhal amplitude 16 Feb 2016]
Low sighal amplitude (23:22:01

A1 . mfﬁiﬁ??PWM

£ E 1, JRIEESHEIECHL, CH2, CH3AI CH4 2 HIREFTMAELEL IFTM_CHO,
FTM_CH1, FTM_CH2f1 FTM_CH3. %—/NliEx} (FTM_CHO/FTM_CH1) %n*“
AMEEXT (FTM_CH2/FTM_CH3) 7 HAME R TAE, 752 A50%F125%(1) i %%
5 AMEEX (FTM_CH2/FTM_CH3) iR 18450 5% .

3.2. FLOLXFPWM (CPWM) B,

G4 FPWMEL R R, FTMit %28 MFTM_CNTIN A it 2 2IFTM_MOD, 4R 5 M
FTM_MODH Fit##IFTM_CTNIN. A FTMIEIE K15 S EFTMIT #2354 FFTM_MOD1H ¥ /4
5% . 24 QUADEN = 0, DECAPEN = 0, MCOMBINE = 0, COMBINE = OfICPWMS = 1K}, ik
PEFLXTFFPWMAE
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X FEPWMIT 25 R sE A 2 % (CnV = CNTIN). JE iR A4 2 x (MOD - CNTIN).
T2 . dLRFPWM

void Center_Align_PWM_lInit()
{
/* Enable clock for PORTD */
PCC->PCCn[PCC_PORTD_INDEX] = PCC_PCCn_CGC_MASK;
/* Select and enable clock for FTMO */
PCC->PCCn[PCC_FLEXTMRO_INDEX] = PCC_PCCn_PCS(6) | PCC_PCCn_CGC_MASK;

/* Set PORTD pins for FTMO */ PORTD-

>PCR[15] = PORT_PCR_MUX(2); PORTD-

>PCR[16] = PORT_PCR_MUX(2); PORTD-

>PCR[0] = PORT_PCR_MUX(2); PORTD-

>PCR[1] = PORT_PCR_MUX(2);

/* Select up-down counter for Center-Align PWM */ FTM0->SC =

FTM_SC_CPWMS_MASK;

/* Combine mode and dead-time enable for channelO and channell */ FTMO-

>COMBINE = FTM_COMBINE_COMPO_MASK | FTM_COMBINE_DTENO_MASK;

/* Combine mode and dead-time enable for channel2 and channel3 */ FTMO-

>COMBINE |= FTM_COMBINE_COMP1_MASK | FTM_COMBINE_DTEN1_MASK;

/* Set Modulo (10kHz PWM frequency @112MHz system clock) */ FTM0->MOD

= FTM_MOD_MOD(5600-1);

/* Set CNTIN */

FTMO->CNTIN = FTM_CNTIN_INIT(0);

/* High-true pulses of PWM signals */

FTMO->CONTROLS[0].CnSC = FTM_CnSC_ELSB_MASK;

FTMO->CONTROLS[1].CnSC = FTM_CnSC_ELSB_MASK;

FTMO->CONTROLS[2].CnSC = FTM_CnSC_ELSB_MASK;

FTMO->CONTROLS[3].CnSC = FTM_CnSC_ELSB_MASK;

/* Set Channel Value */

FTMO->CONTROLS[0].CnV=FTM_CnV_VAL(2800); // 50% duty cycle FTMO-

>CONTROLSJ[1].CnV=FTM_CnV_VAL(2800); // 50% duty cycle FTMO-

>CONTROLS[2].CnV=FTM_CnV_VAL(1400); // 25% duty cycle FTMO-

>CONTROLSJ3].CnV=FTM_CnV_VAL(1400); // 25% duty cycle

/* FTM counter reset */ FTMO-

>CNT =0;

/* Insert DeadTime (1us) */

FTMO->DEADTIME = FTM_DEADTIME_DTPS(3) | FTM_DEADTIME_DTVAL(7);

/* Clock selection and enabling PWM generation */

FTMO->SC |= FTM_SC_CLKS(1) | FTM_SC_PWMENO_MASK | FTM_SC_PWMEN1_MASK | FTM_SC_PWMEN2_MASK |
FTM_SC_PWMEN3_MASK;

}
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FTMO_CHO

Uﬁ-do'w'n counter
period -

FTMO_CH2

FTM1_CH3

(@D 5.00V & 500V

||400 s stocszs || o - 3.00v"‘|
value Mean Min Max Std Dey | (W*~98.8000us N

1M points

Low signal amplitude (16 Feb 2016|
Low sighal amplitude 123:34:35

&2 ':F'AL»X‘I??PWM

7 & 2, JRPEEEIEIECHL. CH2. CH3MICHA%: B R FTMELHIFTM_CHO.
FTM_CH1. FTM_CH2MIFTM_CH3. % —/M#i&xf (FTM_CHO/FTM CH1>$W*—
AMEIEXT (FTM_CH2/FTM_CH3) fE B AMER T TAE, 752 A50%F125%1 473 L
5 ANEIEXS (FTM_CH2/FTM_CH3) J7x 1 HO X 5%,

TR
[ _E/1) RO AT T AR L SR PWM, - L R] DU A 1A
EF B, (HRFTMIEIE B A BV EH A8 TAE, ARE

2= K., 20 Section 3.4, “Combine mode” .

3.3, HAMEAMBEX i E A

FTMAE R S4B AME R . a0 5381t FTM_COMBINE %17 25 1 (I COMPA i3 FH HAME R, T
S S A B FTMIEE A . 8 S 5 B AN R, ME A BFTMIE & A #MY
SFFFTMPEANEIE XS, A& 75 %0 H B AME 5 v] DL AED B 1
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¢ Deadtime

FTM_CHO | 7

FTM_CH1

PWM period A
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B3 . 3 X I [ A X FTM_CHO/FTM_CH1F B AMER,

R, AEIX IR 2 N HAME S . FEIXAE N HAE X AR AL, EAE HANE 4.
ZINAEA] LLIE I FTMXCOMBINEM 2 /7 28 H RUDTENAL i it . FE X 2 g A E TS 2R — B
BF1E], ZES B HFTM_DEADTIME & A7 8% 15 B o A0 X B 18] 1 W5 3 20 4%, 1 A AN 1 i A 20T
DTPS[1:0]5E X RSl i s s . S7ZDTVAL[S: 0 F 74 Ak 8 e S5 %5 ELfE .

HAME L FNBE X 36 S T 18555 5 PWMAT X FPWMAR R, anfl JL T AR .

3.4. HEHER

HEWiaset V Emi RIEME, FOYPWMETE (n) fthdilid &S E0EE (n) AAH
MEAECEIE (n+1) AR X R B EON A MO8 TE L A0 HAME R TR,

HARE R VAL B 50 8% . JEXTFRPWM B A 2 PWMK 4 ilREPWMAICPWM . #H#%
PWMIE & TR A0 e e gs AL HI N A, o =42 7R B R SR, AREL
(5 S, 52 R Kinetis KEA128 1) — fH BLDC H AL o A% Jik 28 %2 il & 5 W it (CHY
DRM151) .

*4QUADEN = 0, DECAPEN = 0, MCOMBINE = 0, COMBINE = 1#ICPWMS = O, if$F
RS SV

B A BN AR RS PWM, 1B RS HIAL 5 B VELSNB:ELSNA = 1: 0. AR R
BB oR T T BB PWMAE FTMORE S it & .

B3 . BAHEPWM

void Phase_Shifted_PWM()
{
/* Enable clock for FTM1 */
PCC->PCCn[PCC_FLEXTMR1_INDEX] = PCC_PCCn_PCS(6) | PCC_PCCn_CGC_MASK;
/* Enable clock for PORTB */
PCC->PCCn[PCC_PORTB_INDEX] = PCC_PCCn_CGC_MASK;
/* Enable clock for PORTD */
PCC->PCCn[PCC_PORTD_INDEX] = PCC_PCCn_CGC_MASK;
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PORTB->PCR[2] = PORT_PCR_MUX(2); // Set PTB2 for FTM1 — Channel0 PORTB-
>PCR[3] = PORT_PCR_MUX(2); / Set PTB3 for FTM1 — Channell PORTD->PCR[8] =
PORT_PCR_MUX(6); / Set PTD8 for FTM1 — Channel4 PORTD->PCR[9] =
PORT_PCR_MUX(6); // Set PTd9 for FTM1 —Channel5

/* Enable combine, complementary mode and dead-time for channel pair CHO/CH1 and CH4/CH5 * FTM1->COMBINE =
FTM_COMBINE_COMBINEO_MASK | FTM_COMBINE_COMPO_MASK | FTM_COMBINE_DTENO_MASK
| FTM_COMBINE_COMBINE2_MASK | FTM_COMBINE_COMP2_MASK | FTM_COMBINE_DTEN2_MASK;

FTM1->CONTROLS|[0].CnSC=FTM_CnSC_ELSB_MASK; // Select high-true pulses FTM1-
>CONTROLS[1].CnSC=FTM_CnSC_ELSB_MASK; I Select high-true pulses FTM1-
>CONTROLS[4].CnSC=FTM_CnSC_ELSB_MASK; //  Select high-true pulses FTM1-
>CONTROLS[5].CnSC=FTM_CnSC_ELSB_MASK; // Select high-truepulses
/* Set Modulo (10kHz PWM frequency @112MHz system clock) */ FTM1->MOD =
FTM_MOD_MOD(11200-1); /I Set modulo
FTM1->CONTROLS|[0].CnV=FTM_CnV_VAL(2800); // Set channel Value FTM1-
>CONTROLSJ[1].CnV=FTM_CnV_VAL(8400); 1 Set channel Value FTM1-
>CONTROLS[4].CnV=FTM_CnV_VAL(5600); 1 Set channel Value FTM1-
>CONTROLS[5].CnV=FTM_CnV_VAL(11200); // Set channel Value FTM1->CNT = O0;

/I Counter reset
/* Insert DeadTime (1us) */
FTM1->DEADTIME = FTM_DEADTIME_DTPS(3) | FTM_DEADTIME_DTVAL(7);
FTM1->SC|=FTM_SC_CLKS(1)|[FTM_SC_PWMENO_MASK|FTM_SC_PWMEN1_MASK|FTM_SC_PWMEN4_MASK

|FTM_SC_PWMEN5_MASK; /I Select clock and enable PWM

ARSI B 25 RAT A R B TR -
B S

'FTM1_CHO
50% duty cycle

S - 90 phase shift-
FTM1_CH4

'FTM1_CH5 H : © 50% duty cycle

[2] . R | o - 2.60\/"‘

value Mean Min 0+¥0.00000s  J{1M points J

1 Apr 2016]

[_00:42:33 )

4. Phase-shifted PWM

7F K 4vh, JRUEAETE CH1. CH2. CH3RICH44 HCRFTMIMEELIEIEFTM1_CHO.
FTM1_CH1. FTM_CH4FFTM_CH5. 2—/M@EiEXf (FTM_CHO/FTM_CH1) A% =4
WIiEX (FTM_CH4/FTM_CH5) #i7f B 4MEU T TAE, G2t N50% . 2 — > 18 X
(FTM_CH4/FTM_CH5) 5% —A~@igx (FTM_CHO/FTM_CH1) #H#90° .
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Kl 4 38R T PWMA R RiE 1, KIS50%0H b 2 B a] DLRRHE R o€ 18 SR AT
X5 DX 7 B AR AL o

3.5. BHibmIRELR

FTM e = 5 B T &5 5 0 bk e e A . FTM 5 3 — Mg e
T ANERAE 5 1 TR BRI 7= A= rh T DUE Zn AN B . FTM skt =Ct T BLDCHL
WLEEHI N A, HA g RS TR A7 BB T, M al LS e IR
FE RGBS EE RIS FTM (FTM_CHX) [i8iE. 4R )5, FTM A LIRS IIE RAZ S5 5
(R BRI A B TR A sk rh . ZES R TP TER R B, PWM (B 5 10 5 B LSR8 B R %
JRESIZ AT E B .

>4 DECAPEN = 0. MCOMBINE = 0. COMBINE = 0. CPWMS = 0. MSnB:MSnA =
0:0 H ELSnB:ELSNnA # 0:0 i, & silyssimi=t,

B A S 1 Bk o 58 P B B, R BEFTMAELER FTM_CHx [ N\GEIE, it 2 )
£ ELSNB:ELSNA &Kk . il A & H AT IE L ES, FTMUE0Es 09 24 s
WAt R CnV ZifEas b It A miE Rl (s CH()IE = 1 o EFIREF W, % Cnv 7
e E R R — N EY, R YEHE S — P W2 S R AE AT X 5. an 2R pr
IR AL ETHE (ELSNB:ELSnA= 0:1) 54 T £ (ELSnB:ELSnA= 1:0) ik, WIZE{HS%
TAEF . WS Pk i SR e PN 1A A% (ELSNB:ELSNA = 1:1), I Z{E 5% T4
S = Bk 58

uble)

MR BB RFTMOFI 4 N SRR, 1248 2 258 i FTMO_ CHOE IE ) i N A5 5 I 8] & 34 .

B4 . B EHRER

void FTMO_Single_Edge_Capture_Mode()
{
/* Enable clock for PORTD */
PCC->PCCn[PCC_PORTD_INDEX] = PCC_PCCn_CGC_MASK;
/* Select and enable clock for FTMO */
PCC->PCCn[PCC_FLEXTMRO_INDEX] = PCC_PCCn_PCS(6) | PCC_PCCn_CGC_MASK;

PORTD->PCRI[15] = PORT_PCR_MUX(2); /I Set PTD15 for FTMO - Channel0
FSL_NVIC->ISER[FTMO_IRQn / 32] |= (1 << (FTMO_IRQn % 32)); // Enable FTMO interrupt

/* Input capture mode sensitive on rising edge to measure period of tested signal */ FTMO->CONTROLS|[0].CnSC
= FTM_CnSC_ELSA_MASK | FTM_CnSC_CHIE_MASK;

/* Reset counter */ FTMO-

>CNT =0;

/* Select clock */

FTMO->SC = FTM_SC_CLKS(1);
}

/* Interrupt routine to determine period of tested signal */
void FTMO_IRQHandler()

FTMO_CHO_period = FTM0->CONTROLSJ[0].CnV - temp; /I Period calculation
temp = FTMO->CONTROLSJ0].CnV; /I Save COV value into the variable FTMO-
>CONTROLS[0].CnSC &=~FTM_CnSC_CHF_MASK; /I clear channel flag
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FTM Operation Modes

1 [40.0us ) 2.50GS/s 054" 4.60 V|
| ) il J

-+ ~0.00000 § 1M points

value Mean Min Max Std Dev

(23 Mar 2016]
106:12:48 )

A5 . FTMO_CHO)\%%

R 5, SRR AETECHOE R A FIFTMO_CHOMEIE RS 5 . BRI BTG, #B
SR, RE TR R A S A, W Example 4f18. 45 R B RAES32% T T
fE=Ad, WmE:

€' Expressions 53 = 8

Expression Type Value

(=)= FTMO_CHO_period uintlf_t 11200
o= Add new expression

&6 . DR IR R KRS 5 A

TEAZ 5 10 B LU %S 7R (FTMO_CHO_period = 11200). T FTMO { &% & N
112 MHz ) R Gehlepaieg, Rk n] PUB 3 IE 5 i) 5 3 AR ()& (FTMO_CHO_period =
100 ps) -
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FTM Operation Modes

3.6. XULMIRE

BOLIE AL AT A FTM 838, AT LA 5 A IEAR B AR kb 98 . A2 A S
N, ETLatad A FTM EER, 128 7 2o .

DECAPEN = 1 BHEBXGHBHFEER . FTM BIXGH IR HAE R 0] DL TAELE — R P4
PR ABGELE PR MS(N)A = 0 Bhk#E— MR, R e DECAP £, N4
I . WTRUCE IR, BAUER CH(N)F A1 CH(n+1)F, 3f H.AZif k% E DECAP
i MS(N)A = 1 BfEFEM PR, EXMET, Wk DECAP fi#hixE, Wi
LR N T RRUCHE, #FRZEERR CH(n)F A1 CH(n+1)F fi.

BN EAIE 5 W IEARIKTE (ot B Ul 2 280 , @il (n) BAEN
Wik BT CELS (n) B: ELS (n) A = 1:.0) AliEiE (n+1) 20 B A3k T R
(ELS(n+1)B:ELS(n+1)A = 0:1). 4t il B MIE 5 12 = AT B, CH(h+1)F &AL,
DECAP f7iE%, oAl (i CH(n+1)IE=1) . FEHWfEF T, #C(h+1)VAIC(n)V
BT P ORAT B AR IR, B A 5 I IEAR K 58, FFIE BRCH(n+1)F 7.

W RN B R AE T B R K R, U T (n) 4 0D B N R IR R B
(ELS(n)B:ELS(n)A = 0:1)Hli@EiE (n) +1) LA E A3k BT (ELS(n+1)B:ELS(n+1)A =
1:0). EHfEMNES I, #IE (n) FUEE (n+1) S F R UK.

WRBIHEIR T FTMO R XU s 2, 2 A T AN NS 5 10 IR ik
o

A5 . SO R

void FTMO_Dual_Edge_Capture_Mode()
{
/* Enable clock for PORTD */
PCC->PCCn[PCC_PORTD_INDEX] = PCC_PCCn_CGC_MASK;
/* Select and enable clock for FTMO */
PCC->PCCn[PCC_FLEXTMRO_INDEX] = PCC_PCCn_PCS(6) | PCC_PCCn_CGC_MASK;

PORTD->PCRI[15] = PORT_PCR_MUX(2); /I Set PTD15 for FTMO - Channel0
PORTD->PCR[0] = PORT_PCR_MUX(2); /I Set PTDO for FTMO - Channel?2
FSL_NVIC->ISER[FTMO_IRQn / 32] |= (1 << (FTMO_IRQn % 32)); /I Enable FTMO interrupt

/* Enable dual-edge capture mode */
FTMO->COMBINE = FTM_COMBINE_DECAPENO_MASK | FTM_COMBINE_DECAPO_MASK
| FTM_COMBINE_DECAPEN1_MASK | FTM_COMBINE_DECAP1_MASK;

[* Select positive polarity pulse width measurement and enable continuous mode for FTMO_CHO/CH2 */ FTMO-
>CONTROLS[0].CnSC = FTM_CnSC_MSA_MASK | FTM_CnSC_ELSA_MASK;

FTMO->CONTROLS[1].CnSC = FTM_CnSC_ELSB_MASK | FTM_CnSC_CHIE_MASK;
FTMO->CONTROLS[2].CnSC = FTM_CnSC_MSA_MASK | FTM_CnSC_ELSA_MASK;
FTMO->CONTROLS[3].CnSC = FTM_CnSC_ELSB_MASK | FTM_CnSC_CHIE_MASK;

/* Reset counter */ FTMO-

>CNT =0;

* Select clock */

FTMO->SC = FTM_SC_CLKS(1);

Features and Operation Modes of FlexTimer Module on S32K, Application Note, Rev. 0, 06/2016

NXP Semiconductors 11/34



FTM Operation Modes

[* Interrupt routine to measure positive polarity pulse width of tested input signals */
void FTMO_IRQHandler()

if(FTMO->CONTROLSJ[1].CnSC & FTM_CnSC_CHF_MASK) /I wait for falling edge of FTMO_CHO signal
{
CHO_edgel = FTMO->CONTROLSJ[0].CnV;
CHO_edge2 = FTMO->CONTROLSJ[1].CnV;
FTMO_CHO_pulse_width = CHO_edge2 - CHO_edge1; // pulse width calculation of FTM0_CHO signal FTMO-
>CONTROLS[1].CnSC &= ~FTM_CnSC_CHF_MASK; /I clear FTMO_CH1 capture flag

}
if(FTMO->CONTROLS[3].CnSC & FTM_CnSC_CHF_MASK) /I wait for falling edge of FTMO_CH?2 signal
{

CH2_edgel = FTMO->CONTROLS[2].CnV;

CH2_edge2 = FTMO->CONTROLSJ[3].CnV;

FTMO_CH2_pulse_width = CH2_edge2 - CH2_edge1; // pulse width calculation of FTMO_CH2 signal

FTMO->CONTROLS[3].CnSC &= ~FTM_CnSC_CHF_MASK; // clear FTMO_CH3 capture flag

5.00 V

( value Mean Min Max Std Dev |

2.50G5/5 1) E.r 4.60 V |
‘ |1I\I 1M points | | ‘

( "
] I.I*VO 00000 s

(23 Mar 2016]
106:29:27

&7 . FTMO_CHOFIFTMO_CH2#Af5 &

K 7875 7L FTMO_CHO A1 FTMO_CH2 i A\ FTMO B AMNEES . &
TR IEAR P Bk B8 B2 17.8 ps 1 50 ps. w5 AR 45 R B /R7ES32i1% tF TAE= H:
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()= Variables ®g Breakpoints &% Expressions 3 l':lh' Peripherals 5% Signals . EmbSys Registers |
EE| % X %It T
Expression Type Value
()= FTMO_CHD_pulse_width uintlé_t 2000
()= FTMO_CH2_pulse_width uintlé_t 5600

or Add new expression

&8 . DA AR IR BIRASS S B IEAR A ik vvh 58 B2

K87~ T LA R B 7 B IR A5 5 1 ik vk %5 2 ( FTMO_CHO_pulse_width=2000,
FTMO_CH2_pulse_width=5600) . LPL112MHz & E A FTMORR B K] B Bhs, a1 DL 4 0
5 0 Ik AR M Bk b %8 R B % N B A & ( FTMO_CHO_pulse_width=17.8ps ,
FTMO_CH2_pulse_width =50 ps) »

3.7. IEXTfRISRLR

FT VIR [ TF 22 AR S 5 P T AR o0 1 080 50 5 ) 8 A R (3 5, 080 35 D 88 2 K
S5 8 T FLER o P P R . R S R R T R . LED & Ok
25 G R A P R, IR G AR I E . 1024 KK 4 D S it A5 2t F B R

o position counter values

Phase A

Index one revolution ,_|

B9 . g s

A=At S5 A A B #{E 5 H—RFAHFE 90 FEERIMKP Rk (PR s FHARTE IR
") o BEAMET FRNRIT R EEE. iEshiEilih, kb5
P—EtE . RS, ot Bkt B R 5 SCRME AT BB, Gn Sl 21
Z5, U B B AT A B R A M

METHIS32K WAL % FTM #dk: FTMO. FTM1. FTM2 #1 FTM3. ERFTE FTM #(
AT DABE BN AE R PWM {5 SokiEHIHEIHL, (HRAE FTML f1 FTM2 BiEen] DAFE IEAS il 2%
BT TR R T B N EAHT AMM B MESHEHII#.
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QUADEN = 1 W& IEA g sz, 1B gmbd g ik 20 ml DA F P A AR 1H 3k
A7 A i = DL S A FHAIB AHZm g . 24 QUADMODE =1 Iif, 11501 [a) g i A =X g
Ae. MEILIRACT, B M ANFE R THEO 1A, A M E SO EGE R .

AR B WAL AN A A B M ES, iEfAE A A B AH g
(QUADMODE = 0). fEIET, A M B MG SHaamtH 807 mAHEos 2. R B AHE
S E T AMES, N FTM i EEs S aER MBI NG S 8N EFH R 6. ik B
MEZLT A MES, N FTM THEES SR 3 MG 5 RS BT T B G,
J£H FTM_QDCTRL #7734 ] QUADIR f2F87-1HE07 7

HEACRD 7RG 7~ T A AR B AE 20D T4 X 11 1F A2 RS 2245 X (1 Th g »

rBl6 . IEXRAER AR

void FTM2_Quadrature_Decoder_Mode()
{
/* Enable clock for PORTD */
PCC->PCCn[PCC_PORTD_INDEX] = PCC_PCCn_CGC_MASK;
/* Select and enable clock for FTMO */
PCC->PCCn[PCC_FLEXTMR2_INDEX] = PCC_PCCn_PCS(6) | PCC_PCCn_CGC_MASK;

PORTD->PCR[10] = PORT_PCR_MUX(3); // Set PTD10 for FTM2 - Phase B input PORTD->PCR[11] =
PORT_PCR_MUX(3); // Set PTD11 for FTM2 - Phase A input PORTD->PCR[0] = PORT_PCR_MUX(1):
PTD->PDDR=1<<0;

FSL_NVIC->ISER[FTM2_IRQn / 32] |= (1 << (FTM2_IRQn % 32)); /I Enable interrupt

/* Encoder simulation with totally 10 rising/falling edges */ FTM2->MOD =
FTM_MOD_MOD(10);

FTM2->CNTIN = FTM_CNTIN_INIT(0);

FTM2->QDCTRL= FTM_QDCTRL_QUADEN_MASK;

FTM2->CNT =0;

/* Select clock */

FTM2->SC = FTM_SC_CLKS(1) | FTM_SC_TOIE_MASK;
}

/* Timer overflow interrupt routine indicating one mechanical revolution */
void FTM2_IRQHandler()

PTD->PTOR|=1<<0;
FTM2->SC &= ~FTM_SC_TOF_MASK;
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Phase A signal

Phase B signal

FTM2_MOD = 10 : FTM2_MOD = 10

«— le—
FTM Timer overflow i FTM Timer overflow
TOF and TOFDIR bits are set:i TOF and TOFDIR bits are set

|jf| ‘

value Mean Min Max Std Dey | WI*70.000005 )
Low resolution : X
Low sighal amplitude (25 Mar 2016]

L& Froquency | @iskiic Lowsignalamplitude 100:10:33 )

B10 . IEXX RS AR

80, Up.s o Tasasrs W 00 7 460V
HH\I points H |

K 10, /RE#sIETE CHL Al CH2 B RH A2 FTM2 B 2wl 2315 5 A AHAT B AH.
TN R E IE CH3AR R B IR FTM i 2314 | MODULO & 7 28 IO A8 B 7= A8 I FTM2 1 B s i H
il (RN BIAFIAIBARAS S 010 ETH R AU o 24 FTM2 Eif#sii i}, TOF fif
1 TOFDIR #¢ &z, KN BMESHET AEES (WE 1007 .

4. FTM $#E

4.1. Bl AR DR

5 AN AT 425 1 D RE s ] FTM 3838 A% H A TR s 3/ 7 ZOIRAS 1%5%3;‘1_?%%&% fﬁﬁ
WH, X FTM Dhfgr] OB AT IS A iR v s . IAHTIE %H% FTM & XS 15 5

B ThRE R T BLDC HALEHINH . =4 BLDC HHLEH HAL %S4 MOSFET /N
NGB (AR EAARED) B =AY 202t . BLDC HHLH S A R 6 it
[YE . (EXPRIEGIROR S, WA, 2B =AW, DRk, DA 2000 PR AH R0 AR 48 S I R
ANTHEZEAE . FTM B 57 i Re PR o] DU X AN N 2 7 o SEHR S X FE ) e . B4
FTM JBIE{EFTM_OUTMASK ZFffas A — M M EIAL. % OUTMASK & 174 AT A 5
1B E B RS b X
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METMI 8425 (ZEFTM_SYNC[SYNCHOM]=0F} 7£ FTM%i N B 8 i B4 BT
By 7E 3R E BRE A [R) 25 B3 FTM_SYNCONF #4728 il SWOM 7.8, HWOM Ar i} fi%,
FTM i % 2 T IEE B N FTM_OUTMASK 27 7#% )5 2B B8 (2 I Section 4.3,
“Updating FTM registers”) . 34 FTM_CHx @4 5iicint, 45 FTM_POL Zifrashfiife
(AL e 42 i i HH 22 R DR = 11K

R ThRE I 1 B 5% FR FTM_SWOCTRL %77 28 1) CHXOC 7k FTM i@
TH 1 A e SCE . @R CHXOC fAiEZ, FTM EmH i PWM B LA 5K
. WHRCHXOC 4 B AL, M E’J FTM J#IE %0 H 232 . FTM SWOCTRL AT
#H I CHXOCV AL 54 FTM JBIE 24 . 24 CHXOCV = 1 i, FTM_CHx @& 1%
o1, BN 0.

SARTIREE T B AL HI R . B AL H BRfb, —MEiEx (FTM_CHO/
CHY) 34332, 53— WiBIE (FTM_CH2/CH3) HEHF 5 — A3, B ANEiE s #
FETAMRICT LA RSN ESRX M ZRTh R BRI T R R H], X EWE FTM_CHO Al
FTM_CH3 ARG M FEMI FF. N 7 RIEIXFERI 21T, FTM_CH1 A1 FTM_CH3 (1 T.1F
fERA.  FTM_INVCTRL % 478 110 INVIEN it i AT REEE 1R AT 5 A
XA S HTFTM_INVCTRL 2747285 1 5 BT FTM_OUTMASK & 7 #8548 1 77 2CAH [ .

Section 4.3.3, “Updating FTM registers by software trigger” iR T 5k T it

4.2. HEFEH]ThEE

FTM b (Rl 2 il £F FE LR A B i R s A BB, RO E 4R O 1 8 SC B I 2
PO RSB WS RS L, JHEE. &5, BURETHR. EIXRE
DUR, E%Tuu‘i%m%’%ﬁ%%%%?i — BAE FTM b 5] B0\ s G0 21
W5, WA as (3 LT PWM IS . U B0 (E 5 5 AT DA AR v W DA e e e
k.

Fifg ETM i (ﬁ&[ﬁaﬁF‘Hﬁ FTM i%&z%&i“ﬁ%@%%thﬁ I TE LA AT A
SR HLEMHER B ES . MHIEE SR, FTM 838 5% E 825 F - R R
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FTM A ZAM@iE. 28010, FTM ARl IR E b5 S kSR e liE . WG
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PWM i& i& i % ok 2 A W FF 7 . FAULTM[1:0]=11 i& & 1) B 3h i & 5 B A
FAULTM[1:0]=0:181:00F (1) F- B S B . AR — NPWME B 12 2 RS E PWMAE
5, (EIEEEH SRS R, TR, EAEFEEREA T IKE PWM 55,
VB FTM_MODE Zif£ 88 1 FAULTF £z, SRJE4E ~—1 PWM JE #ffifE PWM.

7L MRS R, A3 T A FTM B DL R s #) ZhaE . FTMO B & oA Ooxt
3% PWMHER, FTM1 I TFARBEEE S, %6 5@ k=5 | FTMO_FLTO M A5
FTMO i#iE i) % H o

A7 . H LR S P WM R B 48
/* FTMO configured to generate Center-Align PWM with fault control */
void CPWM_and_Fault_Control()
{

/* Enable clock for PORTA */

PCC->PCCn[PCC_PORTA_INDEX] = PCC_PCCn_CGC_MASK;

/* Enable clock for PORTD */

PCC->PCCn[PCC_PORTD_INDEX] = PCC_PCCn_CGC_MASK;

/* Select and enable clock for FTMO */

PCC->PCCn[PCC_FLEXTMRO_INDEX] = PCC_PCCn_PCS(6) | PCC_PCCn_CGC_MASK;

PORTD->PCR[15] = PORT_PCR_MUX(2); // Set PTD15 for FTMO - Channel0 PORTD->PCR[16] =
PORT_PCR_MUX(2); // Set PTD16 for FTMO - Channell PORTD->PCR[0] = PORT_PCR_MUX(2);
/I Set PTDO for FTMO - Channel2 PORTD->PCR[1] = PORT_PCR_MUX(2); // Set PTDO for FTMO -
Channel3

PORTA->PCR[14] = PORT_PCR_MUX(2); // Set PTD14 as a fault pin

/* Enable registers updating from write buffers */ FTM0O->MODE =

FTM_MODE_FTMEN_MASK;

/* Enable combine, complementary mode and dead-time for pair channel n=1 and n=2 */ FTMO-

>COMBINE=FTM_COMBINE_COMBINEO_MASK|FTM_COMBINE_COMPO_MASK|FTM_COMBINE_DTENO_MASK
|FTM_COMBINE_FAULTENO_MASK|FTM_COMBINE_COMBINE1_MASK|FTM_COMBINE_COMP1_MASK
|FTM_COMBINE_DTEN1_MASK|FTM_COMBINE_FAULTEN1_MASK;

* Set Modulo (10kHz PWM frequency @112MHz system clock) */ FTMO->MOD

= FTM_MOD_MOD(11200-1);

I* Set CNTIN */

FTMO->CNTIN = FTM_CNTIN_INIT(0);

[* High-true pulses of PWM signals */

FTMO->CONTROLS[0].CnSC = FTM_CnSC_ELSB_MASK;

FTMO->CONTROLS[1].CnSC = FTM_CnSC_ELSB_MASK;

FTMO->CONTROLS[2].CnSC = FTM_CnSC_ELSB_MASK;

FTMO->CONTROLS[3].CnSC = FTM_CnSC_ELSB_MASK;

* Set Channel Value */

FTMO->CONTROLS|[0].CnV=FTM_CnV_VAL(1120);

FTMO->CONTROLS[1].CnV=FTM_CnV_VAL(11200-1120);

FTMO->CONTROLS[2].CnV=FTM_CnV_VAL(2800);

FTMO->CONTROLS[3].CnV=FTM_CnV_VAL(11200-2800);

/* FTM counter reset */ FTMO-

>CNT =0;

/* Insert DeadTime (1us) */

FTMO->DEADTIME = FTM_DEADTIME_DTPS(3) | FTM_DEADTIME_DTVAL(7);

[* Set PTA14 pin as a fault input FTMO_FLTO * FTMO-

>FLTCTRL = FTM_FLTCTRL_FAULTOEN_MASK;

* Enable fault control for all channels and select automatic fault clearing mode */ FTM0->MODE |=

FTM_MODE_FAULTM(3);

/* Safe value is set as a low after fault input is detected */ FTMO->POL =

(~FTM_POL_POL0O_MASK) & (~FTM_POL_POL1_MASK);

/* A 1 at the fault input indicates the fault */ FTMO->FLTPOL &=

~FTM_FLTPOL_FLTOPOL_MASK;

/* Select clock and enable PWM */

FTMO->SC = FTM_SC_CLKS(1) | FTM_SC_PWMENO_MASK | FTM_SC_PWMEN1_MASK | FTM_SC_PWMEN2_MASK

|FTM_SC_PWMEN3_MASK;

}

/* FTML1 is configured to generate fault signals for FTMO module */
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void Fault_Signals_Generator()
{
/* Enable clock for FTM1 */
PCC->PCCn[PCC_FLEXTMR1_INDEX] = PCC_PCCn_PCS(6) | PCC_PCCn_CGC_MASK;
/* Enable clock for PORTB */
PCC->PCCn[PCC_PORTB_INDEX] = PCC_PCCn_CGC_MASK;

PORTB->PCR[2] = PORT_PCR_MUX(2); /I Set PTB2 for FTM1 — Channel0

FTM1->SC = FTM_SC_CPWMS_MASK; /I Select up-down counter for Center-Align PWM FTM1-
>CONTROLS[0].CnSC = FTM_CnSC_ELSB_MASK; /I Select high-true pulses

/* Set Modulo (2240Hz PWM frequency @112MHz system clock) */ FTM1->MOD =

FTM_MOD_MOD(50000-1); /I Set modulo

FTM1->CONTROLS[0].CnV = FTM_CnV_VAL(25000); /I Set channel Value

FTM1->CNT = 0; /I Counter reset

FTM1->SC |= FTM_SC_CLKS(1)[FTM_SC_PWMENO_MASK;  // Select clock and enable PWM

Wy ey E’J HAR T B s

Ac‘tlve fault control |lUp countér period Active fault control

Active fault contro| lUp coun iod Active fault control

External fault: signal
(@D 5.00v 5.00 V ‘ ‘SOOI\IS/S | ‘ r 290 V|
Value Mean Min Max ~200. 000us JL1M points J

Low signal amplitude (11 Mar 2016]
Low signal amplitude ) 122:37:59

B11 . X5 PWM A e 2 1

EE] 11, JRPEASEIE CH1. CH2 1 CH3 2 #ift#E FTMO HBiduiliE FTMO_CHO.
FTMO _CH1 A1 FTMO_CH2. FTMO CHO 1 FTMO_CH1 I1’E¥£Eﬁ%b$néﬁ/a\ffﬁﬁ 5
FTMO_CH2 1 FTMO_CH3 #[d]. B CH4 B/R/MBHEE S (i FTML 724 , HA%
N FTMO B+ 45r 2 —. 247E FTMO_FLTO #fsia N\ 51 | A 2] EF-EE,  BrE FTMO
1 T A R ) 2 4 <1EE> B, B 11 10E7R, SERAGES N 0K, B FTMO #iE
HAE N — AN A B
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4.3. EHFTMEFFoS

TE LS s o RN, i E A Ek B RS2 E PWM 525 Lh i, PWM
AL LUEEE FTM_CnV A1 FTM_CNTIN 2777 28 i B S e k] . g i ik
FEE K PWM K. ZFEWhE FTM_MOD 2717 8% 4 a1 .

FTM_CnV. FTM_CNTIN 1 FTM_MOD & X 2z 27 /7 8%, X RRE X XA a1 E
AR EMNPESFZREMNNEANZMXH . FTM B FNE 78 G liE (n) E
(FTM_CnV) . i+ % & ¥/ 45 5 (FTM_CNTIN) . # % (FTM_MOD) . = Ji M & 17 %%
(FTM_HCR). %ith#6% (OUTMASK). # {4 = (SWOCTRL ) FSAH % il 75 17 %
(INVCTRL). 2R/ v LAARHE 2 5 10 50 8 7 2 B A TR G2 i (B BE B 2 v 25 A7 a « S32K #844
Y SIS T A AT A A R A B A R A B R RS . B R PWM [, BR
HHEER M. NRAS T AN arras M EHTTE:

3. EHNBEHFTMA 728

Update technique Double-buffered FTM registers Note

Initialization stage

CLKS[1:0] = 0:0 CnV, CNTIN, MOD, HCR The registers are loaded immediately.

The CNTIN register is loaded immediately and
the CnV, MOD, and HCR registers at the end of
CnV, CNTIN, MOD, HCR the FTM counter period.

The CnV register is loaded immediately in the
output compare mode.

The registers are updated by the software

TPM compatibility
CLKS[1:0] # 0:0, FTMEN =0

CnV, CNTIN, MOD, HCR trigger-enabling SWSYNC bit.
(SWWRBUF = 1) If SWRSTCNT = 1, the software trigger resets
Software synchronization the FTM counter reset.
CLKS[1:0] # 0:0, FTMEN=1, SWOCTRL
SYNCMODE =1 (SWOC =1, SWSOC =1)
OUTMASK The registers are updated by the software

(SYNCHOM =1, SWOM = 1) trigger-enabling SWSYNC bit.

INVCTRL

(INVC = 1, SWINVC = 1)
CnV, CNTIN, MOD, HCR
(HWWRBUF = 1)

The registers are updated when TRIGn = 1 and

Hardware synchronization S_WOCTRL _ the hardware trigger is detected at the trigger
. . _ (SWOC =1, HWSOC = 1) . )
CLKS[1:0] # 0:0, FTMEN=1, OUTMASK (n) input signal.
SYNCMODE =1 (SYNCHOM = 1, HWOM = 1) If HWTRIGMODE _ 1, the hardware trigger
clears the TRIGn bit.
INVCTRL

(INVC = 1, HWINVC = 1)

In the up-counting mode, the synchronization
points are when the FTM counter changes from
CnV, CNTIN, MOD, HCR MOD to CNTIN, enable CNTMIN, or CNTMAX
bit.

For the up/down-counting mode, see Table 4.

Half and full cycle reload
strategy
CLKSJ[1:0] # 0:0, FTMEN=1,
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R4 WA T HEEATHEFNRILZ

FTM_SYNC bits Reload opportunities selected

CNTMIN = 0 and CNTMAX = 0 When th_e _c_ounter turns from up to down
(compatibility mode).

CNTMIN = 1 and CNTMAX =0 | When the counter turns from down to up.
CNTMIN = 0 and CNTMAX =1 | When the counter turns from up to down.

When the counter turns from down to up and
when the counter turns from up to down.

Table 3 =45 | A XU i 45 as S W5k SEHARBC B0 R AL LT B 70 PR

wo

CNTMIN = 1 and CNTMAX =1

4.3.1. BB BREFFTMEF /725

VAL B, 24 FTM Mg 28 ) (CLKS[1:0] = 0:0) B, FTM HERAETA
FTM_CnV. FTM_CNTIN #1 FTM_MOD ZFf7#% )5 LRI ¥, fEVIRWP IR J5, FTM
Bt ¥ E CLKS[1:0] # 0:0 H{#ifE FTM_SC 2 fE st i) PWMENN £7RIT 464 i PWM

(2l Example 1 8¢ Example 2) .

4.3.2. FFEAME F R E I R

BEAE FTM 1H 888247 5 2 PWM (5245 Ehak PWM B[] 3T, ] DUSE FH 2 & A0 42
PHEH MRS . IR R W X AN AT FTM afras, BB Tl w E
FTM_PWMLOAD % {7 # H ) LDOK ik ¥ 1 E i m#pl <. MK & BN S0,
FTM_SC ZfE#s i RE figt BA7, Wik RIE = 1, WA EENL Sl £ kifeRr T,
FTM & A74% 7] D[R] 2428 A0 58 8T o

0 G e TR T A S T 5 PWM, 21 AN 4 A E AR ML 2> 1] DLARAE UL R 45
PREE B FTM 271724

1. WIIELFTMOP A= i35 % 55 PWM I {E fEFTM_MODE %17 28 ' (I FTMENAZFIFTM_SC%F
F 2R IIRIEAN

2. fHREFTM_PWMLODE % 47 #5 F IIHCSELAZ, ¥ FTM_HCRZF 17 2% i H 1A 5 A MOD/2
KW EE, HCSEL = 0% /~4 A HE .

3. fEH W, FEFTMZF A7 2 E DLSE B 22 b X E IR B BRFTM_SC & 77 4% H 11
RFA7 .

M) FAR) R O R DA B O 6 S PWIMIE, DA 25 BN ] 1R -

1. HIEEALFTMO, P4 OX5FPWM, fHiEFTM_MODE & 77 28 #1 I FTMEN/
FFTM_SCE 1728 H HIRIELT

2. ENFEAMHEHNSHREFTM_SYNCH 74 HICNTMINAICNTMAXAL, 4 JE HHE
HAFHEECNTMIN = CNTMAX = 0,

3. fEHWTH, FEFTMZF A7 28 4E DLSE B 42 o X A (B B BRFTM_SC & 1745 H 11
RFA

Features and Operation Modes of FlexTimer Module on S32K, Application Note, Rev. 0, 06/2016
NXP Semiconductors 20/34




4
FTM Features

PATN AR Z1 28 Tl X 55 PWM AS 0T Ji 1 H ke 3 ) FTMO &1 70 R 4a 10 R 5 DA o
Wik 55 k4, A IBIERE COV Al C2V IR S b E AT B

R e N B S

void Center_Align_PWM_lInit()
{

/* Enable half cycle reload */
FTMO->SYNC = FTM_SYNC_CNTMAX_MASK | FTM_SYNC_CNTMIN_MASK;
/* Select clock, enable reload opportunity interrupt and enable PWM generation */
FTMO->SC |= FTM_SC_CLKS(1) | FTM_SC_PWMENO_MASK | FTM_SC_PWMEN1_MASK | FTM_SC_PWMEN2_MASK |
| FTM_SC_PWMEN3_MASK | FTM_SC_RIE_MASK;
}

/* Half cycle reload opportunity interrupt routine */
void FTMO_IRQHandler()

if(flag)
FTM0->CONTROLS[0].CnV=FTM_CnV_VAL(5600);

FTMO->CONTROLS[2].CnV=FTM_CnV_VAL(2800);
}

else
FTMO->CONTROLS[0].CnV=FTM_CnV_VAL(2800);
FTMO->CONTROLS[2].CnV=FTM_CnV_VAL(5600);
}
flag = !flag;
PTD->PTOR |= 1<<3; /I Toggle PTD3 to show reload opportunities FTMO-
>PWMLOAD |= FTM_PWMLOAD_LDOK_MASK; /I Set LDOK bit
FTMO->SC &= ~FTM_SC_RF_MASK,; /I Clear Timer Flag

TEIER 7 AT o0 7 PWMBLE T FFTMZF A7 25 0 1 e 10100 4 ) 30 25 4050
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PIE‘VLI ; ; m
Write to : Write to
Cov=2800 . _ C_0V=500

100% duty 50% duty 100% duty

erteto
cav=5600y

(@ s5.00v 5.00V | ‘2 506575 | |
value Mean Min Max std Dev -,w 1M points

Low signal amplitude
Low sighal amplitude

Write to Write to
0V=280_0 CoV=5600

100% duty 50% duty 1.00% duty

e | S0% ] 100% | 50% |
Writeto|  ° WritetO' | Quty ;
C2V=5600 | cycle

up-down | up-down
counter |, . .madl counter .

reload opportunity . reload opportunity .
(@D 5.00V & 500V .Ops T(7.256575 || & -5 420 V|
r Value Mean Min Max Std Dey | \+¥—25.6000us J{IMpoints JI

Low signal amplitude [ 1 mar 2016]
Low signal amplitude 121:08:03
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void CPWM_SoftSync_lInit()
{

I* Select clock, enable reload opportunity interrupt */ FTMO->SC |=

FTM_SC_CLKS(1) | FTM_SC_RIE_MASK;

/* Enable reload opportunity interrupt when FTM counter reach CNTMAX value */ FTMO->SYNC |=
FTM_SYNC_SYNCHOM_MASK | FTM_SYNC_CNTMAX_MASK;

/* Allow each fourth reload opportunity interrupt */ FTMO->CONF =

FTM_CONF_LDFQ(3);

/* Enable software synchronization */
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FTMO->SYNCONF = FTM_SYNCONF_SYNCMODE_MASK | FTM_SYNCONF_SWWRBUF_MASK |
FTM_SYNCONF_SWOM_MASK FTM_SYNCONF_SWRSTCNT_MASK;
/* Enable PWM generation */

FTMO->SC |= FTM_SC_PWMENO_MASK | FTM_SC_PWMEN1_MASK | FTM_SC_PWMEN2_MASK | FTM_SC_PWMEN3_MASK;

}

/* Interrupt routine for updating FTM registers - Software synchronization */
void FTMO_IRQHandler()
{

if(flag)
{

/* Enable FTMO_CHO/FTMO_CH1 mask */
FTMO->OUTMASK = FTM_OUTMASK_CHOOM_MASK |
FTM_OUTMASK_CH1OM_MASK; FTMO-
>CONTROLS[0].CnV=FTM_CnV_VAL(1120);
FTMO->CONTROLS|[2].CnV=FTM_CnV_VAL(1120);
if(flagMask)

/* Set FTMO_CHO/FTMO_CH1 output polarity to high */ FTM0->POL
= FTM_POL_POLO_MASK | FTM_POL_POL1_MASK;

else

/* Set FTMO_CHO/FTMO_CH?1 output polarity to low */
FTMO->POL &= (~FTM_POL_POLO_MASK) & (~FTM_POL_POL1_MASK);
}

flagMask = !flagMask;
}

else

{

/* Set FTMO_CHO/FTMO_CH1 output polarity to low */
FTMO->POL &= (~FTM_POL_POL0O_MASK) & (~FTM_POL_POL1_MASK);
/* Disable FTMO_CHO/FTMO_CH1 mask */
FTMO->OUTMASK &= (~FTM_OUTMASK_CHOOM_MASK) &
(~FTM_OUTMASK_CH10OM_MASK); FTM0->CONTROLSJ[0].CnV=FTM_CnV_VAL(2800);
FTMO->CONTROLSJ[2].CnV=FTM_CnV_VAL(2800);

flag = !flag;

PTD->PTOR |= 1<<3; /I Toggle PTD3 to show reload opportunities FTMO-
>SYNC |= FTM_SYNC_SWSYNC_MASK; /I Software sync

FTMO->SC &= ~FTM_SC_RF_MASK; /I Clear Reload Flag bit

Features and Operation Modes of FlexTimer Module on S32K, Application Note, Rev. 0, 06/2016

NXP Semiconductors

24134



FTM Features

Write CHOO %0, -
y CHI0=0 -

50% duty cycle | active masking
- P

50% du:ty cycle | counter period counter period | 20% duty cycle

software trigger . software trigger
(@D 5.00v 5.00 V ) |200us | "'soor\fls_/s | | 5120 v"|
value Mean Min Max Std Dey | \*¥0.00000s J11M points }1

Low sighal amplitude 8 Apr 2016
Low sighal amplitude 3 105:01:40

E14 . FLIFFPWM EKJW&FH*/F
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FTM_CH1 FIFTM_CH2. FTM_CHOMIFTM_CH1 T{EfE HAMER, SHFTM_CH2A
FTM_CH3#[H. i#i& CH4 H T Bt A PWM FHA & 4 — IR 8l k. 388 Xt
FTM_CHO/FTM_CH1 1 FTM_CH2/FTM_CH3 ] 52 b M 50% 4% Ky 20% (RZITRR)
BAREURT 8 COVAIC2V T 7o Bl ko BbAh, 28— HAMEE X
FTM_CHO/FTM_CH1 &R T 4 11E -
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AGELTE, ROY FTM 54788 o] DLEASSAT IR BE I S 2k, JF H— BORAERIf R, &
MIRME ML= W @ IR 2] LR B CPU f1#.

PG FTM_SYNC A7 2 R BERT TRIGN £z, B PLIEFE FTM AREL ) =AM AE i R 15
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1. HIEEALFTMOA 0 - PWMIE R BEFTM_MODE 2717 28 1[I FTMEN
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void CPWM_HardSync_lInit()

{
/* Enable clock for PORTA */
PCC->PCCn[PCC_PORTA_INDEX] = PCC_PCCn_CGC_MASK;
/* Set PTD14 as fault pin of FTMO */ PORTA-
>PCR[14] = PORT_PCR_MUX(2);

/* Select and enable clock */ FTMO-

>SC |= FTM_SC_CLKS(1);

/* Enable hardware synchronization */

FTMO->SYNCONF = FTM_SYNCONF_SYNCMODE_MASK | FTM_SYNCONF_HWWRBUF_MASK;

/* Enable FTM counter reset after hardware trigger */

FTMO->SYNCONF |= FTM_SYNCONF_HWRSTCNT_MASK | FTM_SYNCONF_HWTRIGMODE_MASK;

/* Select FTMO_FLTO pin as a hardware trigger input */ FTMO->SYNC =

FTM_SYNC_TRIG2_MASK;

/* Enable PWM generation */

FTMO->SC |= FTM_SC_PWMENO_MASK | FTM_SC_PWMEN1_MASK | FTM_SC_PWMEN2_MASK | FTM_SC_PWMEN3_MASK;
}

/* Set FTM1 as a hardware trigger source for FTMO through FTMO_FLTO input PTB2 and PTA14
have to be interconnected to each other */
void FTM1_Init()
{
/* Enable clock for FTM1 */
PCC->PCCn[PCC_FLEXTMR1_INDEX] = PCC_PCCn_PCS(6) | PCC_PCCn_CGC_MASK;
/* Enable clock for PORTB */
PCC->PCCn[PCC_PORTB_INDEX] = PCC_PCCn_CGC_MASK;

PORTB->PCR[2] = PORT_PCR_MUX(2); /I PTB2 is used for FTM1-ChannelO
FTM1->SC=FTM_SC_CPWMS_MASK; /I Select up-down counter for Center-Align PWM FTM1-
>CONTROLS[0].CnSC=FTM_CnSC_ELSB_MASK; /I Select high-true pulses

FTM1->MOD = FTM_MOD_MOD(15000-1); /I Set modulo
FTM1->CONTROLS|0].CnV=FTM_CnV_VAL(7500); /I Set channel Value

FTM1->CNT = 0; /I Counter reset

/* Select clock, enable reload opportunity interrupt and PWM generation */ FTM1-
>SC|=FTM_SC_CLKS(1)|[FTM_SC_RIE_MASK|FTM_SC_PWMENO_MASK;

/* Reload opportunity interrupt occurs when FTM counter reach CNTMAX value */ FTM1->SYNC |=
FTM_SYNC_CNTMAX_MASK;

}

/* FTM1 interrupt routine to change values of FTMO registers */
void FTM1_IRQHandler()

if(flag)
{

FTMO->CONTROLS[0].CnV=FTM_CnV_VAL(1000);
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FTMO->CONTROLS[2].CnV=FTM_CnV_VAL(4000);

}

else

FTMO->CONTROLS[0].CnV=FTM_CnV_VAL(4000);
FTMO->CONTROLS[2].CnV=FTM_CnV_VAL(1000);

}

flag = !flag;

FTM1->SC &= ~FTM_SC_RF_MASK;
1

FTM Features

/I Clear Reload Flag bit
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70% duty cycle

| up-down
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void CPWM_and_Global_Time_Base()

{
/* Enable clock for PORTD */
PCC->PCCn[PCC_PORTD_INDEX] = PCC_PCCn_CGC_MASK;

/* Select and enable clock for FTMO */
PCC->PCCn[PCC_FLEXTMRO_INDEX] = PCC_PCCn_PCS(6) | PCC_PCCn_CGC_MASK;
/* Select and enable clock for FTM2 */
PCC->PCCn[PCC_FLEXTMR2_INDEX] = PCC_PCCn_PCS(6) | PCC_PCCn_CGC_MASK;

PORTD->PCR[15] = PORT_PCR_MUX(2); // Set PTD15 for FTMO - Channel0 PORTD->PCR[16] =
PORT_PCR_MUX(2); // Set PTD16 for FTMO - Channell PORTD->PCR[0] = PORT_PCR_MUX(4);
/I Set PTDO for FTM2 - Channel0 PORTD->PCR[1] = PORT_PCR_MUX(4); // Set PTD1 for FTM2 -
Channell

/* Select up-down counter for Center-Align PWM */ FTMO->SC =
FTM_SC_CPWMS_MASK;

FTM2->SC = FTM_SC_CPWMS_MASK;

/* Enable registers updating from write buffers */ FTMO->MODE =
FTM_MODE_FTMEN_MASK;

FTM2->MODE = FTM_MODE_FTMEN_MASK;

/* Enable complementary mode for channels pair n=1 */ FTMO-
>COMBINE = FTM_COMBINE_COMPO_MASK;
FTM2->COMBINE = FTM_COMBINE_COMPO_MASK;

* Set Modulo (10kHz PWM frequency @112MHz system clock) */ FTMO->MOD
= FTM_MOD_MOD(5600-1);

FTM2->MOD = FTM_MOD_MOD(5600-1);

/* Set CNTIN */

FTMO->CNTIN = FTM_CNTIN_INIT(0);

FTM2->CNTIN = FTM_CNTIN_INIT(0);

/* High-true pulses of PWM signals */
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FTMO->CONTROLS|0].CnSC
FTMO->CONTROLS[1].CnSC FTM_CnSC_ELSB_MASK,;
FTM2->CONTROLS|0].CnSC FTM_CnSC_ELSB_MASK;
FTM2->CONTROLS[1].CnSC = FTM_CnSC_ELSB_MASK;
[* Set Channel Value — 1% duty cycle */ FTMO-
>CONTROLS[0].CnV=FTM_CnV_VAL(56); FTM2-
>CONTROLS[0].CnV=FTM_CnV_VAL(56);

/* FTM counter reset * FTMO-

>CNT =0;

FTM2->CNT =0;

FTM_CnSC_ELSB_MASK;

/* Enable global time base to control FTMO and FTM2 */ FTMO->CONF =
FTM_CONF_GTBEEN_MASK;
FTM2->CONF = FTM_CONF_GTBEEN_MASK;

/* Select clock */
FTMO->SC |= FTM_SC_CLKS(1);
FTM2->SC |= FTM_SC_CLKS(2);

[* Synchronization signal for FTMO and FTM2 */ FTMO-
>CONF |= FTM_CONF_GTBEOUT_MASK;

/* Enable PWM generation */

FTMO->SC |= FTM_SC_PWMENO_MASK |
FTM_SC_PWMEN1_MASK; FTM2->SC |=
FTM_SC_PWMENO_MASK | FTM_SC_PWMEN1_MASK;

RBE GTB FIEUE GTB [ FTMO F1 FTM2 [0 5% PWM 1R %5 & s :

. 1% duty-cycle of

i FTMO

Up-down counters of FTMO and
FTM2 are not synchronized by GTB

1% duty-cycle
- of FTM2
¢ —»

5.00V ‘ (2.50G3/s | ‘ i 4.20v“|

value Mean Min Max Std Dey | W#¥0.00000s JiiMpoints J| |
No & ref crossing
Low signal amplitude
No period found

E16 . REIEGTB K OXFFPWM

|"'1s|\ r 2016]
lo5:13:28 |
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1% duty-cycle of

- FTMO
>

Up-dowﬁ counter§ of FTM0 and
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e —
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/* FTMO Initialization */
void FTMO_lInit()
{
/* Enable clock for PORTD */
PCC->PCCn[PCC_PORTD_INDEX] = PCC_PCCn_CGC_MASK;
/* Select and enable clock for FTMO */
PCC->PCCn[PCC_FLEXTMRO_INDEX] = PCC_PCCn_PCS(6) | PCC_PCCn_CGC_MASK;

PORTD->PCR[15] = PORT_PCR_MUX(2); / Set PTD15 for FTMO —Channel0 PORTD-
>PCR[16] = PORT_PCR_MUX(2); // Set PTD16 for FTMO —Channell PORTD->PCR][0]
PORT_PCR_MUX(2); // Set PTDO for FTMO — Channel2 PORTD->PCR[1]
PORT_PCR_MUX(2); // Set PTD1 for FTMO - Channel3 PORTD->PCR[2]
PORT_PCR_MUX(1); // Set PTD2 as aPTD2

PORTD->PCR[3] = PORT PCR MUX(1); // Set PTD3 as aPTD3

PTD->PDDR = (1<<2) | (1<<3); /I Set PTD2 and PTD3 as an output

/* Select up-down counter for Center-Align PWM * FTMO->SC =

FTM_SC_CPWMS_MASK;

/* Enable combine, complementary mode and dead-time for channels pair CHO/CH1 and CH2/CH3 */ FTMO->COMBINE =
FTM_COMBINE_SYNCENO_MASK | FTM_COMBINE_COMPO_MASK | FTM_COMBINE_DTENO_MASK; FTMO-
>COMBINE |= FTM_COMBINE_SYNCEN1_MASK | FTM_COMBINE_COMP1_MASK | FTM_COMBINE_DTEN1_MASK;
/* Set Modulo (10kHz PWM frequency @112MHz system clock) */ FTM0->MOD

= FTM_MOD_MOD(5600-1);

I* Set CNTIN */

FTMO->CNTIN = FTM_CNTIN_INIT(0);

[* High-true pulses of PWM signals */

FTMO->CONTROLS[0].CnSC = FTM_CnSC_ELSB_MASK;

FTMO->CONTROLS[1].CnSC = FTM_CnSC_ELSB_MASK;

FTMO->CONTROLS[2].CnSC = FTM_CnSC_ELSB_MASK;

FTMO->CONTROLS[3].CnSC = FTM_CnSC_ELSB_MASK;
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/* Set Channel Value */

FTMO->CONTROLS[0].CnV=FTM_CnV_VAL(2800); // 50% duty cycle FTMO-
>CONTROLS[1].CnV=FTM_CnV_VAL(2800); // 50% duty cycle FTMO-
>CONTROLS[2].CnV=FTM_CnV_VAL(2800); // 50% duty cycle FTMO-
>CONTROLS[3].CnV=FTM_CnV_VAL(2800); // 50% duty cycle

/* FTM counter reset */ FTMO-

>CNT =0;

/* Insert DeadTime (1us) */

FTMO->DEADTIME = FTM_DEADTIME_DTPS(3) | FTM_DEADTIME_DTVAL(7);

/* Enable trigger generation when FTM counter = CNTIN */ FTMO-
>EXTTRIG = FTM_EXTTRIG_INITTRIGEN_MASK;
/* Enable clock and PWM */

FTMO->SC |= FTM_SC_CLKS(1) | FTM_SC_PWMENO_MASK | FTM_SC_PWMENZ1_MASK |

FTM_SC_PWMEN2_MASK| FTM_SC_PWMEN3_MASK;

}
/* PDBO Initialization */
void PDBO_lInit()

PCC->PCCn[PCC_PDBO0_INDEX] = PCC_PCCn_CGC_MASK;
FSL_NVIC->ISER[PDBO_IRQn / 32] |= (1 << (PDBO_IRQn % 32));
=11200;

PDBO0->CHI[0].C1 = PDB_C1_TOS(1) | PDB_C1_EN(1);
>CH[0].DLY[0] = 5600;

PDBO->IDLY =0;

/I Enable clock for PDB0O

/I Enable interrupt PDB0->MOD

/I Set Modulo

/I Select and enable Channel0 PDBO-
/I Set delay

/I Set interrupt delay

PDBO0->SC |= PDB_SC_PRESCALER(0) | PDB_SC_MULT(0); /I Select clock prescaler and mult factor

/* Select trigger input source and enable interrupt */ PDB0->SC |=
PDB_SC_TRGSEL(0) | PDB_SC_PDBIE_MASK;

/* Enable PDB and update PDB registers */

PDBO0->SC |= PDB_SC_PDBEN_MASK | PDB_SC_LDOK_MASK;

}
/* TRGMUX Initialization */
void TRGMUX_Init()

PCC->PCCn[PCC_TRGMUX_INDEX] = PCC_PCCn_CGC_MASK;
/* Set FTM as a trigger source for PDBO */

/I Enable clock for TRGMUX module

TRGMUX->TRGMUXNn[TRGMUX_PDBO_INDEX] = TRGMUX_TRGMUXn_SELO(0x16);

}
void ADCO_Init()

{
PCC->PCCn[PCC_ADCO_INDEX] = 0;

/I Disable clock for ADCO PCC-

>PCCn[PCC_ADCO_INDEX] = PCC_PCCn_PCS(6) | PCC_PCCn_CGC_MASK; / Enable clock for ADCO FSL_NVIC-

>ISER[ADCO_IRQn/32] |= (1 << (ADCO_IRQn % 32));

/* Set divide ratio to 1 and select 8-bit conversion */

/I Enable interrupt

ADCO->CFG1 = ADC_CFG1_ADIV(0) | ADC_CFG1_MODE(0) | ADC_CFG1_ADICLK(0);

/* Select hardware trigger */ ADC0O->SC2
= ADC_SC2_ADTRG_MASK;

/* Select channel 12 as an input and enable conversion complete interrupt */ ADC0->SC1[0] =

ADC_SC1_AIEN_MASK | ADC_SC1_ADCH(12);

}
/* ADCO interrupt routine */
void ADCO_IRQHandler()

PTD->PTOR |= 1<<3; /I Toggle PTD2 to show completed ADC conversions

ADCO_RA = ADCO->R[0]; /I Read ADC result register

}
/* PDBO interrupt routine */
void PDBO_IRQHandler()

PTD->PTOR |= 1<<2; /I Toggle PTD2 to show FTMO trigger signal PDB0->SC

&=~PDB_SC_PDBIF_MASK, I Clear PDB interrupt flag

Features and Operation Modes of FlexTimer Module on S32K, Application Note, Rev. 0, 06/2016

NXP Semiconductors

32/34



Revision History

A7 B IS AT 85 R A0 T B FTR -
§

FTMO_CHO

period PDB delay ADC conversion delay

FTM trlgger generated when
FTM counter = CNTIN ‘

ADC Conversion
- complete (COCO=1)
N

£ B L N . _ : - ‘2.5065/5: H ‘..:f. 2..60.\,7_.‘

value Mean Min Max std Dev m 1M points

[ 4 Apr 2016]
|20:13:56 |

E18 . ADCEEFTM%HDB&iMEEﬁ

7R 18 1, s AvIEIE CH1 A1 CH2 73 7|AK3E FTMO J#i& FTMO_CHO 1 FTMO_CH1.
MiEX FTMO_CHO/FTMO_CH1 TAEETAME, SiliExF FTMO_CH2/FTMO_CH3 A,
TR AR CH3 Al CH4 7~ T FTMO. PDBO il ADCO FEdh 2 [A] [ Hi% . J#id CH3 Fon
R FTMO 1HE23i5 %) CNTIN ZFA723{ERT PDBO Wi f2 7 rhikPTD2 5l IENFE, FHik
ADCO #3585 (COCO = 1) I, #i& CH4 &5 ADCO dillfefFdiil PTD3 5] &l .
FTMO fi %155t PDBO #EE4EIR, LIE ADCO H# Rk AETE PWM {55 HIH O

5.8

FERRIAEE T BWIUG R AT LLRXT SO B i) B
R5.BITHE

Revision number Date Substantive changes
0 06/2016 Initial release.

Features and Operation Modes of FlexTimer Module on S32K, Application Note, Rev. 0, 06/2016
NXP Semiconductors 33/34




How to Reach Us:

Home Page:
nxp.com

Web Support:
nxp.com/support

Information in this document is provided solely to enable system and software
implementers to use NXP products. There are no express or implied copyright licenses
granted hereunder to design or fabricate any integrated circuits based on the
information in this document. NXP reserves the right to make changes without further
notice to any products herein.

NXP makes no warranty, representation, or guarantee regarding the suitability of its
products for any particular purpose, nor does NXP assume any liability arising out ofthe
application or use of any product or circuit, and specifically disclaims any and all
liability, including without limitation consequential or incidental damages. “Typical”
parameters that may be provided in NXP data sheets and/or specifications can and do
vary in different applications, and actual performance may vary over time. All operating
parameters, including “typicals,” must be validated for each customer application by
customer’s technical experts. NXP does not convey any license under its patent rights
nor the rights of others. NXP sells products pursuant to standard terms and conditions
of sale, which can be found at the following address:
nxp.com/SalesTermsandConditions.

NXP, the NXP logo, NXP SECURE CONNECTIONS FOR A SMARTER WORLD,
Kinetis, Vybrid, Freescale, and the Freescale logo are trademarks of NXP B.V. All other
product or service names are the property of their respective owners.

© 2016 NXP B.V.

Document Number: AN5303
Rev. 0
06/2016

Preliminary Information, Subject to Change without Notice


http://www.freescale.com/
http://www.freescale.com/support
http://www.freescale.com/SalesTermsandConditions
http://www.freescale.com/SalesTermsandConditions

