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Introduction

1 Introduction

This application note describes the configuration of a 3-phase complementary Pulse
Width Modulation (PWM) [1][2]. Typically, these PWM waveforms drive an H-bridge with
high-side and low-side power transistors. To avoid short circuits across this bridge, it is
necessary to have dead time between the complementary waveforms. The phase
currents are measured and evaluated. Therefore the PWM has to trigger 2 synchronized
Analog-to-Digital Converter (ADC) measurements.

This application note has five sections and is primarily written for the TC1796 [3] but can
be easily adapted to other AUDO-NG derivatives such as the TC1766 and TC116x-
Series. The first section explains how to generate a 3-phase complementary PWM with
dead band insertion on the TC1796 using the General Purpose Timer Array (GPTA)
module with no CPU overhead. The critical set-up for 0% and 100% duty cycles will be
explained in detail.

oMl 4 SPRAM: Scratch-Pad RAM
ICACHE: Instruction Cache
56 KB LDRAM LDRAM: Local Data RAM
— DPRAM: Dual-Port RAM
B KB DPRAM BROM:  Boot ROM
PFLASH: Program Flash Memory
Program Local Data Local DFLASH: Data Flash Memory
| Memory Bus (PLMB} Memory Bus SBRAM: Stand-by Data Memory
‘ (DLMB) SRAM: Data Memary
:_: PRAM: PCP Parameter Memaory
CMEM: PCP Code Memary

PLMB:  Program Local Memory Bus
DLMB: Data Local Memory Bus
RPE: Remote Peripheral Bus

64 KB SRAM SPB: System Peripheral Bus

16 . only available in TC1796ED

DMU

KB SBRAM

Remote Peripheral Bus (RPE)

16 KB PRAM
PCP2
' Core

32 KB CMEM

scu | P |

System Peripheral Bus (SPB)

Analog Input Assignment

MultiCAN
{4 nodes)

Figure 1 TC1796 block diagram (modules used in this application node are
marked in red)

The second section shows how to trigger the ADC module by the GPTA using the
External Request Unit (ERU).
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The third section details the configuration of the synchronized dual ADC measurement.
This section also expands the configuration to a third simultaneous ADC measurement
using an interpolation technique.

The fourth section explains how to move the ADC conversion results to the dual ported
data memory (DPRAM) using the Direct Memory Access (DMA) controller.

The fifth section explains the calibration that is required to adjust the PWM to the ADC
arbiter.

Figure 1 shows the TC1796 block diagram. Modules used in this example are marked
red.

The timing diagram in Figure 2 illustrates the PWM including the dead time, the ADC
trigger from the GPTA as well as the ADC channel conversions - sample time marked
black -, the DMA transfers, and the TriCore interrupt service routine.

This application note does not cover any aspects of motor control or control algorithms
required for such techniques as Space Vector PWM. Such a control algorithm for a
16 kHz PWM requires about 5% of the CPU load for the TC1796, i.e. the TC1796 has
enough power and resources to run up to six 3-phase drives.

The configuration is based on Infineon’s DAVE [4]. Example code is provided for the
Tasking TriCore Compiler [5].

S S
PWM « &«
> )
ADC S
Trg. <
) i
ADCO
ADC1
\ 4
TC ISR
«< . . . « .
T T T ) ) T T T T T T I T T T T T T T ) ) T T
0 T/2-5ps T2 T/2+5us T

Figure 2 Timing diagram
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The GPTA provides a set of timer, compare, and capture functionalities that can be
flexibly combined to form signal-measurement and signal-generation units. They are
ideal for tasks typical of engine, gearbox, and electrical motor control applications, but
can also be used to generate simple and complex signal waveforms needed in other
industrial applications.

The TC1796 contains two GPTAs with identical functionality, plus an additional Local
Timer Cell Array (LTCA2).

GPTAO GPTA1

Clock Generation Unit Clock Generation Unit
FPCO DCMo FPCO DCMo
FPC1 | PDLO FPC1 | PDLO
FPC2 DM | pigiaL FPC2 DOM! | pigirac
FPC3 pome | PHE FPC3 pomz| Pt
FPC4 | PDL1 FPC4 | PDL1
FPC5 Do FPC5 Doy

Clock Distribution Unit

Clock Distribution Unit
] ]
2 Signal £} Signal
II 5 Generation Unit n. s Generation Unit
h [ I [ i c LTCA2
! L

GTCO0 LTCO0 GTCO0 EH LTCOO a LTCOO

GTCO1 LTCO1 GTCO1 ] LTCO1 ] LTCO1

GTC02 LTCO2 GTC02 E[I LTC02 EI LTC02

GTC03 LTCO03 GTC03 TTC03 = T7cos
1 1 1 1
Global Local Global ! Local | | Local |
Timer Timer Timer Timer 1 1 Timer
Cell Array Cell Array Cell Array 1 Cell Array ! : Cell Array !

1
GTC30 LTC62 GTC30 LTC62
arcar | || ERES GTCa1 TTCes
yy) a7 U
l/O Line
| 1/0 Line Sharing Unit M 1/0 Line Sharing Unit ]| - Sharing Unit
Int t

I Interrupt Sharing Unit | | Interrupt Sharing Unit | Shgrier:gr;uﬂnil |

MCBos210

Figure 3 Block diagram of the GPTA modules in the TC1796

GPTA Features

Each of the GPTAs provides a set of hardware modules required for high-speed digital
signal processing:

Clock Generation Unit
Filter and Prescaler Cells (FPC) support input noise filtering and prescaler operation.

Phase Discrimination Logic units (PDL) decode the direction information output by a
rotation tracking system.
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Duty Cycle Measurement Cells (DCM) provide pulse width measurement capabilities.

A digital Phase Locked Loop unit (PLL) generates a programmable number of GPTA
module clock ticks during an input signal’s period.

Signal Generation Unit

Global Timer units (GT) driven by various clock sources are implemented to operate as
a time base for the associated Global Timer Cells (GTC).

GTCs can be programmed to capture the contents of a Global Timer (GT) on an external
or internal event. A GTC may also be used to control an external port pin depending on
the result of an internal compare operation. GTCs can be logically concatenated to
provide a common external port pin with a complex signal waveform.

LTCs operating in Timer, Capture, or Compare Mode may also be logically tied together
to drive a common external port pin with a complex signal waveform. LTCs enabled in
Timer Mode or Capture Mode can be clocked or triggered by various external or internal
events.

0000, 0 0 0 o0

From/To Previous LTCk-1 1l I __ LTcPRE
¥ N Yi Sl EO TI M1l Mol
Sl EO TI MOl M1l
S | Local Timer Cell LTC0O e oM
v | Vv v ¥ YO SO_El_TI_M10 MOO}——» LTC00OUT
I y 1 7 3
H— saTk i Sl EO TI M1l Mol 1 sator
Local Timer Cell LTCO1
| |« LTCO1IN
o N Yo S0 _EI_T0 M10 Moo —|—» LTCo10UT
Logic - LTckouT U v PV
B B To LTCO2
f¢|— LTCkIN : :
From LTC60
T T U y 44y
¢ ‘ Yi Sl EO TI M1l Mol
O_EI TO MOOMiO Local Timer Cell LTC61 o o
To/From Next LTCk+1 MCA0S859 YO SO_El_TO M10 MOO}——» LTC610UT
11 ¥
i Sl EO TI M1l Mol
Local Timer Cell LTC62 e
YO SO_EI_TO M10 MoO LTCe20UT
1 1 3
i EC 11 saTes
Local Timer Cell LTC63 j«—— LTC63IN
LTCe30UT
Woaososo
Figure 4 Architecture of LTCs (left) and interconnections between the LTCs

(right)
Local Timer Cell (LTC) Functionality
* Local Timer Cell (LTC)
* 64 independent units
» Three basic operating modes (Timer, Capture and Compare) for 63 units
» Special compare modes for one unit
* 16-bit data width
*  fgpra Maximum resolution
*  fopra/2 maximum input signal frequency
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21 Configuration

The PWM configuration uses eight LTCs for each phase (Figure 5, Table 1). Four
additional LTCs are required for the reset timer, the period compare cell, a compare cell
to set up the ADC trigger pulse, and a capture cell to measure the actual start of
conversion. For 26 cascated LTCs the GPTA module frequency fgpra Needs to be
reduced to 37.5 MHz (see 24.6.6 in [3]). The reset timer LTC4 uses fgpra at CLOCKO as
input line operating in level-sensitive mode. The reset timer toggles the select line at
every period event, so that the update of a new PWM duty value can be done in a safe
way. The software writes the new compare values to the inactive cells and sets the
coherent update flag. The hardware toggles the logic state at the end of the period to the
new pair of cells. This switching procedure replaces the shadow registers found in other
microcontrollers with a much more generic approach.

Compare Valuej

LTC5
hiGERisE —
CTCo3/Te1l

t¥8(1)§/|-r 10 //

/LTC14
/ e
High Side . dead time o dead time
Low Side |
\
0 toff,L ton,H toff,H ton,L T

Figure 5 Center-aligned PWM

The high- and low-side PWM configurations are built upon the same building blocks,
offering the flexibility of including dead time. Therefore, different on-time and off-time
values required by most switching devices, dynamic adjustment and support for adaptive
dead time compensation can easily be accomplished.

The configuration of the reset timer is shown in Figure 6. The configuration of the period
compare cell LTC5 is shown in Figure 7. The actual compare register value is set in the
user code (File GPTAO.c (Init,3)). A similar configuration is required for LTC6. LTC6
generates the trigger signal for the ADC module on a rising edge. Therefore the output
control mode of LTC6 is configured as 'Reset or copy’. The previous cell LTC5 is
configured to 'Set’ the output. The LTC6 output is connected to GPTAO0_OUT3, which is
one of three dedicated outputs used to trigger the ADC (Figure 10). Additionally, the
trigger-gating register TGADCO must be enabled to connect the ROUTO line.
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Table 1 LTC configuration

LTC Cell Mode SL | Output Control Mode | In/Out

4 Reset Timer Toggle SL on reset P2.9"

5 PWM Period Compare LH |Set

6 ADC Trigger Compare L,H |Reset or copy OuT3

7 ADC Trigger Control | Capture - Hold P4.8

8 ° Compare L Set

9 % Compare L Reset or copy

10 | Eu Compare H Set or copy

L ; - Compare H Reset or copy P3.0

12 § ° Compare L Reset

13 % Compare L Set or copy

14 § Compare H Reset or copy

15 Compare H Set or copy P3.1

L ° Compare L Set

17 % Compare L Reset or copy

18 'Eu Compare H Set or copy

19 E - Compare H Reset or copy P3.8

20 g o Compare  |L Reset

21 2 Compare L Set or copy

22 § Compare H Reset or copy

23 Compare H Set or copy P3.9

24 ° Compare L Set

25 % Compare L Reset or copy

26 _'53 Compare H Set or copy

27 % t Compare H Reset or copy P4.0

i § o Compare L Reset

29 g Compare L Set or copy

& § Compare H Reset or copy

31 Compare H Set or copy P4.1

1) Only for debugging purposes
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( ocal Timer Cell'
™ &t - ?

[ ata Input ] Output Selection 1

LTC4 Enable Contral Multiplexer Connection

Enable LTC4 cel after initialization [CEN] j |v Connect the input line to LTC4 (LIMEN4)

LTC4 Made Selection (MOD] Input Line Mode [ILk]
® Dot bost (s o mems) 7 Input line iz operating in edge sensitive mode
o - - "
& B wlh s e (= v * |nput line iz operating in level sensitive mode
" Free running times LTC4 Mode Contral
& Timer with reset from adjacent LTC with [” Enable LTE Prescaler [PEM]
e e el [ Input Signal &ctive High (4IL)
LTCA4 Register Coherent Update Enable / One Shot Mode Enable
I Togale the logic state of the Sa autput by an Ei event
LTC4 register walue [x] 0x0000 o : Pty

[” Enable 'One Shat Mode' (05M)

LTC4 Output Control Mode [OCH) Select Dutput Line Control

|Toggle the LTC4 output by an local event only j et slate of select
" Force the selected action after initislization [014) Lo eyt (H)
Figure 6 LTC4 Reset timer configuration

™ &~ ?

i Datalnput ] Output Selection ]

LTCE Enable Contral Multiplexer Connection

Enable LTCS cell after initialization [CEM] j r

LTCA Mode Selection [MOD] Input Line Mode [ILK)
" Capture last timer (= LTC4) <
-
* Compare with last timer (= LTC4)
" Free unning timer LTCE Mode Cartral
~ Timer with reset from acjacent LTC with I¥ Enable law level of 'Select Line input' Si [SOL)

e G 0 AT ¥ Enable high level of 'Select Line input' i (S0H)

LTCE Register Coherent Update Enable / One Shot Mode Enable

-
LTCH register value (<] Ox0000

" Enable 'One Shot Mode' [05M)

LTCE Output Contral Made [OCH] Bypaszs Cantrol

|F|esel the LTCS output by an local event only j
-

[ Force the selected action after initislization (014,

Figure 7 LTC5 Compare cell configuration
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The six PWM output signals are controlled by LTC 8 through 31 (LTC8 - LTC31). The
configuration is given in Table 1. One output signal requires four LTCs. Only two cells
are active at the same time, while the others can be reconfigured. The cells’ action is
forwarded to the last of the four cells and assigned to a port pin.

In a real motor drive application, the update of the duty cycle is the result of the control
algorithm. In this example, a sinusoidal modification of the duty cycle is done slowly to
demonstrate that the implementation is correct. The basic PWM configuration is defined
in the header file MAIN.h (MAIN_Header,3).

// USER CODE BEGIN (MAIN Header,3)

#define LTC FREQ 37500000 // 37.5MHz

#define PWM_FREQ 16000 // 16.0KHz (62.5us)
#define DEADTIME 1E-6 // lus

#define DEADTIME CNTS (int) (LTC_FREQ * DEADTIME))
#define PWM PERIOD CNTS (int) (LTC_FREQ/PWM FREQ/20*20-2)

// USER CODE END

The PWM period is calculated in clock ticks of the reset timer LTC4 as
LTC_FREQ/PWM FREQ. The value is rounded to a multiple of the ADC arbitration cycle
trver t0 avoid a jitter between the trigger signal from LTC6 and the ADC conversion
start. One ADC arbiter cycle lasts 20 module clock ticks. The module clock is set to the
same frequency as LTC4 (the reset timer), so that the arbitration cycle is
trmer = 20 X 1/fapc = 267 ns.

The PWM period value has to take into account the fact that the timer resets to -1 and
that one clock cycle is required from the compare match value to the reset value
(Figure 8). Therefore 2 must be subtracted from the PWM period value. Furthermore,
the compare values for center-aligned PWMs must be even; this condition is fulfilled due
to the rounding. The resulting PWM period is 62.4 ps.

PWM period 1 2 3 4%\N+1 N+2
17

Compare value -1 0 1 2 N -1

Figure 8 Compare value calculation

An array of scaled sinus values is used for the PWM modification. This array duty is
initialized at start-up in GPTAO.c (Init,4).
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// USER CODE BEGIN (Init,4)
for (int i1=0;i<sizeof (duty) /sizeof (unsigned) ;i++)
{
duty[i] = (PWM_PERIOD_CNTS/Z + 1 + DEADTIME_CNTS) *
0.5 * (sinf(i * 2 * pi/SINE STEPS) + 1);
}
// USER CODE END

A circular pointer duty ptr is defined in GPTAO.c (GPTAO_General,7) to access the
elements in the duty array.

// USER CODE BEGIN (GPTAOﬁGeneral,W

#define SINE_STEPS 360

static ___sat unsigned _ near _ circ duty[SINE STEPS];
__sat unsigned _ near __ circ *duty ptr = duty;

// USER CODE END

After the last DMA transaction of ADC results transfered to the DPRAM by the DMA, the
DMA's interrupt service routine calls the PWM update function. The calculation of the
new LTC values has to take into account the fact that the last LTC determines the action
when multiple LTCs in a row that copy the action have the same compare value. At 0%
duty cycle, the Set/Reset sequence on the high side results in an inactive signal and
Reset determines the output. On the low side, the Reset/Set sequence results in an
active signal and Set determines the output. On a period match, the timer resets to -1.
For the low side at 100% duty cycle, the compare value of the LTCs with reset action
must be saturated to -1 (line 12), so that the output is always inactive (Figure 9). For 0%
duty, the high side is saturated to the middle of the period value (lines 8 and 10). The
Tasking C language extension directly supports the saturation arithmetic of the TriCore
instruction set, so that the function PWM_Update() executes quickly, avoiding branches.
The PWM_Update() implementation takes advantage of the address allocation of the
LTCs. The step of two compare cell neighbor addresses is 2 words.

Application Note 12 V1.2, 2011-02
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1 // USER CODE BEGIN (SRNO,1)
2 void PWM Update (unsigned volatile *ltc ptr)
3 {
4 __sat unsigned d;
5 for (unsigned i=0;i<3;i++) // for all phases
6 {
7 d = duty ptr[i*120];
8 *ltc ptr = PWM PERIOD CNTS/2 - (int) (d-DEADTIME CNTS) ;
9 ltc ptr += 2;
10 *ltc ptr = PWM _PERIOD CNTS/2 + (int) (d-DEADTIME CNTS) ;
11 ltc_ptr += 6;
12 *1tc ptr=(int) ((PWM_PERIOD CNTS/2+1)-d)-1;
13 ltc ptr += 2;
14 *ltc ptr = PWM PERIOD CNTS/2 + d;
15 ltc ptr += 6;
16 }
17 1}

// USER CODE END

LTC13/15 > LTC6 = LTCO08/10
= LTC09/11

= LTC12/14
LTC13/15

0% duty

100%duty

LTC12/14 = -1

0 45 90 135 180 225 270 315 360
Angle

Figure 9 LTC compare values
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3 ERU

The External Request Unit (ERU) is part of the System Control Unit (SCU). The GPTA
output lines OUTO, OUT8, OUT16, OUT17, OUT24 and OUT25 can be used as input to
one of four input channels of the ERU (Figure 5-4 in [3]). Three dedicated output lines of
the GPTAO OUT3, OUT11 and OUT28 are connected to edge-detection logic inside the
ERU to obtain a trigger pulse each time a rising edge is detected (Figure 10).

ERU TGADCx.SWOGTSEL SWOGT
>
PDOUTO 0¥ EGT |2
Q.
Output GOUTO ¢ | e, I <
Channel 0 10UT0 o
TOUTO =
TGADCx.EGTSEL o
PDOUT1 0—>
GOUT1 TGADCX.
Output N.C.
Chansel 1 10UT1 T ETR‘SEL
TOUT1 0 »
>
» |ETR
PDOUT2 It >
Output GouT2 N.C. >
Channel 2 10UT2
TOUT2 | ) TGADCX.
SWOTRSEL
0—>]
PDOUT3 . e 2 |swo | Abcx
Output GOuT3 N.C. » TR» (x=0,1)
Channel 3 I10UT3
TOUT3 3
>
POGOT TGADCx.
TTRSEL
SCU_REQO
DMA SCU_REQ1 0—»f
Controller SCU_REQ2 ° >
SCU_REQ3 o I AL
DMA_ |, >
SYSSRC2 b | <
/
DMA_
SYSSRC3 1 TGADCx.
QTRSEL
GPTA_INT1 0—»l
: GPTA_INT2 \ oy <
| GPTA_INT3 » [QTR ]
GPTA GPTA0_OUT3
GPTA0_OUT11 * i 4
| _GPTAQ_OUT28 rising edge detection
CAN " —
ECTT4 CE o
¢ - —
TTCAN ECTT5 L
0123 23 12
IOUT TOUT ROUT MCA05617

Figure 10 Output Connections of External Request Unit
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( Configure Trgger Gating for ADCO

™ &l - ?

Trigger Gating ADCO

x|

Extemal tigger request selection
[ETRSEL)

|The line ETR is connected to ROUTO

Sl trigger request selection
[SWOTRSEL)

Queue trigger request selection
[OTRSEL)

Timer trigger request selection
[TTRSEL)

| The line SW/OTR is constant 0

|The line QTR iz constant 0

|The line TTR is constant 0

External gating selection

[EGTSEL)

|The line EGT is constant 1

S gating zelection
[SWOGTSEL]

| The line: SWOGT is constant 0

Figure 11 Configure Trigger Gating for ADCO

The configuration requires the external request from the GPTAO0_OUT3 to be connected

to ROUTO and to set the external gating to constant 1 (Figure 11).
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4 ADC

The TC1796 has two ADC modules, ADCO and ADC1. The trigger signal from the ERU
can start a synchronized measurement on both modules. In a drive application two
phase currents i, and i, will typically be measured. The third one i,, can be calculated by

0=i,+i,+i, (1

Nevertheless, in high-end drive systems, the third phase or the sum ig,, will be
measured to ensure the integrity of the system. An interpolation technique is used to
measure a third current at the same time with two ADC modules . Channel 2 and channel
0 on ADCO are connected externally to the third input signal. Channel 1 on ADCO and
channel 1 on ADC1 are connected i, respectively i,. These channels are synchronized.
The external trigger signal from the GPTAOQ LTC6 is set as request source to start the
conversion of channel 2 to channel 0 on ADCO. All these channels are configured to start
conversion on receipt of an external request. The channel with the highest number wins
the arbitration (Figure 12). The last channel, channel 0, generates a service request
when the conversion result is available, which triggers a DMA transfer of the result
values to the DPRAM (Chapter 5).

OouT3
ROUTO
v
ADCO Channel 2 Channel 1 Channel 0
ADCA1 Channel 1
[v
DMA Channel 2 | Channel 3

Figure 12 ADC timing

In this example, the ADC module clock is set to fapc = 75 MHz (tppc = 13.3 ns). The
basic clock fzc must not exceed 40 MHz. Therefore the conversion time control (CTC)
value is set to 1, resulting in a basic frequency fzc = 37.5 MHz (t3c = 26.7 ns). The
sample time control register CHCONN.STC is set to 0, so that the sample time is
t5 = 8 X tgc = 213 ns. All channels are setup to 12-bit resolution. The conversion time is
calculated as 75 = tg+ 56 X fgg + 2 X topc = tg + 57 X tgc = 1.73 ps. The time from one
channel start to the next channel start of conversion must be a multiple of the arbitration
cycle and larger than the conversion time, i.e. 7*trygr = 1.87 ps.
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In a typical application, LTC6 which controls the GPTAO_OUT3 signal, has to be
adjusted so that the midpoint of the sample time of the synchronized ADC channels 1
are at the midpoint of the PWM period (Figure 2).
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The configurations are shown in Figure 13 and Figure 14.

ADC
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Figure 13

ADCO Channel 0 and Channel 2 configuration
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Figure 14

ADCO Channel 1 and ADC 1 Channel 1 configuration
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5 DMA

Two DMA channels are required to transfer the ADC results to the DPRAM. There is one
DMA channel for the three results of ADCO channel 2 to channel 0, and a second for the
single result of ADC1 channel 1. Service request line 4 (SR4) of ADCO connects the
ADC request to DMA channel 2. The following line in file ADCO.c (Init,3) sets up the
interrupt node pointer of ADCO channel 0.

// USER CODE BEGIN (Init,3)
ADCO_CHCONO |= 4<<24; // Set interrupt node pointer to SR4
// USER CODE END

DMA channel 2 transfers the result of ADCO channel 2 to channel 0 to the DPRAM. At
the end of this transaction, it triggers DMA channel 3 to transfer the ADC1 channel 1
result.

The DMA channel 2 configuration (Figure 15) uses one transfer of four half-words to
move the lower 16 bits of the registers ADCO_CHSTAT[2:0] to the DPRAM. The fourth
move is required by the DMA controller but does not contain useful data in this example.
The source address starts at ADCO_CHSTATO and is incremented through a 16 byte
circular buffer (Figure 16). The destination address is the beginning of the DPRAM on
the remote peripheral bus (RPB), and the address is incremented through an 8 byte
circular buffer. DMA channel 3 is triggered by the end of the channel 2 transfer and
transfers only one half-word result from ADC1 channel 1 to the DPRAM. The software
defines an array in DMA.c (DMA_General,7) at the beginning of the DPRAM to ease
access to the results.

// USER CODE BEGIN (DMA General,7)
unsigned short adc results[5] __at(0xD000E000);// adc_results[3] unused
// USER CODE END

After the completion of the DMA channel 3 transaction, an interrupt is generated to start
the control algorithm. Due to the DMA transfer, there is no stall of the CPU core, which
would happen if the CPU fetched the results from the peripherals. The control algorithm
has a single cycle access to the results. i, is calculated as the average of the ADCO
channel 0 and channel 2 results.

iw = (adc_results[0] + adc_results[2])/2;
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( Configure DMA Channel 02 L2
™ 17
Address Cantrol ] Interrupt Cantrol ]
Channel Usage Hardware/Software Contralled Mode
v Use channel 02 Iv Enable hardware transfer (ECHO2)
Channel Operation Mode [CHMODE] Peripheral Request Select [PRSEL]
Continuous Mods O peration ~| [INT_D4 (4D C0) |
Feset Request Contral (RROAT) Channel D ata ‘width [CHDW)
Feset DMA Reguest Only After Transaction j |15 Bits [Half-word) j
Transfer Reload Value Mumber OF Moves Per Transaction [BLEM)
bt transfer count value [TREL] |0 |‘1 Moves j
Charnnel Priority [CHPRIO], — DA Priority [DMAPRIO] Pattern Select [PATSEL]
|an Priority j |an Priarity j |Disahled j
Figure 15 Channel 2 control configuration
( Configure DMA Channel 02 v.9|
[ - ?
Channel Contral ;_.AddeSS Control § Interupt Cortrol ]
Shadow Contral [SHCT)
~ Shadow register & Shadow register ~ Shadow register
uzed for Source not uzed uzed for Destination
Source Start Address [SADR) Destination Start Address [DADR)
0«FO01 00630 0F01 04000
Circular Buffer Length Source [CELS] Circular Buffer Length Destination [CELD)
|1EBytEs j ‘8 Bytes j
Source Modification Factor [SMF) Destination Modification Factor [DkF)
|Data Wwidth = 2 -l | Data Width * 1 ~|
Increment Control of Source Address [IMCS) Increment Control of Destination Address (IMCD)
| Increment j ‘ Increment j
Figure 16  Channel 2 address configuration
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6 Calibration

Calibrartion is needed to adjust the ADC trigger from LTC6 to the start-of conversion of
ADCO channel 1. During the calibration, additional port pins are required (Table 2).

« The reset timer cell LTCS is configured to toggle output port pin 2.14.

*+ GPTAO_OUTS3, the ADC trigger signal from LTC6, in connected to port pin 2.11.

* The start of conversion of ADCO channel 1 can be detected by setting the EMUX0
value to 1, which results in a signal at port pin 7.2. The output is routed to port pin
4.8, the input line of capture cell LTC7.

* Apulse is generated in the DMA interrupt service routine to measure the time of the
control algorithm start at port pin 2.8.

Table 2 Logic analyzer setup
Signal Pin
GPTALTCO04 2.9Y
Phase U high 3.0
Phase U low 3.1
Phase V high 3.8
Phase V low 3.9
Phase W high 4.0
Phase W low 41
GPTA LTCO6 2.11
ADC CH1 7.2 connect to 4.8
TCISR 2.8%

1) The output of LTC5 is toggled on every timer reset resulting in a
PWAM trigger frequency of 8 kHz

2) Only used during calibration.

The logic analyzer displays the three complementary phase waveforms (Figure 17).
Signal GPTA LTCO06 is reset at -1 and set at PWM_PERIOD/2. Signal ADC CH1 shows
the start of the ADCO channel 1 conversion to the start of the channel 0 conversion. The
interval (Figure 17 Interval B->C) is measured to 1.87 us as suggested in Chapter 4.
The conversion time of channel 2 and channel 0 was added manually to Figure 17. The
interrupt service routine on the TriCore TC ISR is issued by the end of the DMA
transaction. It contains code to set the port pin P2.8 on entering the routine, and to reset
the port on exit. The DMA transfer plus entering the interrupt service routine takes
1.12 ps (Figure 17 Interval D->E).
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The interval from the LTCS6 trigger to the start of ADC channel 1 is 2.12 ps (Figure 17
Interval A->B). Adding half of the sample time gives 2.22 ps, which is about 9 arbitration
cycles. A first estimation of the pre-trigger value to LTCG6.

Signal IT—3|Dus . -2|Dus . -1|Dusl , T+3,1A.2uf? . +1 ?us . +2?us . +3?u
GPTA LTCO4
- PWM EXE 18h ] 16h o 16 ] 18h e
Phase U high |"|
Phase U low LJ
Phase V high |
Phasze ¥ low | I—
Phase W high | |_
Phase W low __—| |—_
GPTALTCOG | |
ADC CH1 1]
TC ISR —|
Interval A->B: 2.12us Interval B->C: 1.87us Interval D->E: 1.12us D1 Freq: 16.030Hz

Figure 17 Logic analyzer display before calibration

In a first calibration step, the LTC6 pre-trigger value defined in MAIN.h is set to
#define ADC_PRETRIGGER CNTS (short) (9%20)

LTCS is initialized in GPTAO.c as

GPTA0 LTCXR06 = PWM PERIOD CNTS/2 - ADC PRETRIGGER CNTS;

Figure 18 displays the result of this calibration step. The ADCO channel 1 conversion
starts 280 ns before the PWM period center.

Signal -300ns -200ns -100ns T+31.2us +100ns +200ns +300r
B s e A s s e ]
GPTA LTCO4
+PwM 18h
GPTA LTCO6
ADC CH1
TC ISR

Interval A->B: -280ns

Figure 18 Logic analyzer display after first calibration step

The sample time of channel 1 is 75 = 213 ns. To adjust the midpoint of the sample time
period to the PWM trigger, the initial value of the reset timer LTC4 can be used. This
approach results in:
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// USER CODE BEGIN (Init,3)

GPTAO0 LTCXR05 = 14;

GPTAO0 LTCXR06 = PWM PERIOD CNTS;

GPTAO LTCXR07 = PWM PERIOD CNTS/2 - ADC_PRETRIGGER CNTS;
// USER CODE END

Figure 19 shows the results of the second calibration step. The ADC channel 1 starts
105 ns before the midpoint of the PWM period and is therefore perfectly adjusted to the
midpoint of the sample time period.

-300ns -200ns -100ns T+31.2us +100ns +200ns +300r
. - R B R

Sl L

GPTA LTCO4

+PafM 15h

GFTA LTCOG

ADC CH1

TCISR

Interval A->B: -105ns

Figure 19 Logic analyzer display after second calibration step

In a highly dynamic system, it is also necessary to adjust the ADC trigger at run-time.
The following material describes a run-time calibration. Instead of adjusting the trigger
time at start-time, the actual value is captured using LTC7. The captured value is
compared and adjusted in an interrupt routine issued by the capture event. The second
step of the calibration described above is replaced by reducing the PWM period by one
cycle until the set point equals the LTC7 value. Figure 20 shows the flow diagram of the
interrupt routine. It starts with a reset of the service request bit and then stores the global
set point variable and the capture value of LTC7 to local variables sp and Itc7. If a modulo
20 operation to the variable sp and variable ltc7 value does not have the same result,
then the PWM period is reduced by one cycle and the routine is exited. Otherwise the
PWM period will be readjusted to the original value and the difference of sp and Itc7 will
be checked. If sp and Itc7 are equal, than the routine disables the service request node
and exits. Otherwise the ADC trigger in LTCS6 is corrected with the difference of sp and
Itc7 and the routine is exited.

In the example code provided with this application note, the interrupt routine is
implemented as a channel routine on the Peripheral Control Processor (PCP).
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Reset LTC7 service request bit

Store global setpoint variable to local variable sp

Store LTC7 capture value to local variable Itc7

sp%20 == Itc7%20

LTC5 = PWM_PERIOD_CNTS

GPTAO0_SRC23 LTC7 =0 LTC5 = PWM_PERIOD_CNTS-1

LTC6 = LTC6 + (sp - Itc7)

5

N

Figure 20 PCP channel program flow diagram

The implementation assumes the PCP is configured for channel-resume mode. Two
PCP channel registers, R5 and R6, are initialized with constants. The PCP set point
variable PCP_sp is defined as a global variable in the PCP PRAM. It is accessible as an
external variable in the TriCore modules through the declaration:

extern unsigned 1c s PCP_sp;

The example program moves the set point stepwise in the main loop to demonstrate the
functionality. Bit GPTAO_SRC23_SRE is used as a binary semaphore to signal the
TriCore that the set point was reached. The PCP channel program disables the Service
Request Node (SRN) when the set point is adjusted. The SRN is enabled again when a
new set point is requested.
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// USER CODE BEGIN (Main,9)
for (;;)
{
for ( lc s PCP sp = PWM PERIOD CNTS/4;
_lc s PCP_sp < PWM PERIOD CNTS*3/4;
~lc s PCP _sp += 41) // Change set point
{
GPTAO_SRC23 SRE = 1; // Use GPTAO SRC23 SRE as semaphore
while (GPTAO SRC23 SRE); // GPTAO SRC23 SRE disabled by PCPChannel 1
delay ms (5000); // wait 5 sec

}
}
// USER CODE END

The PCP code uses a full context of 8 registers. R7 holds the data pointer DPTR. R6 and
R5 are used for constants, so that there are 5 registers free for local variables. No PRAM
variable is used except the global set point variable. The program starts with a reset of
the service request bit (lines 35-37). It then loads the set point variable to a register and
copies the register once. The modulo operation is done in lines 44-48. Taking into
account that the set point is a 16-bit variable, the modulo 20 operation can be reduced
to only two dstep instructions instead of four, therefor reducing the execution time. The
LTC7 value is loaded into the register in line 52. The loaded value is also copied. Lines
57-61 calculate the modulo 20 of LTC7. If the results of both modulo operations are not
equal (lines 64-65), the PWM period will be reduced (lines 68-70); otherwise the PWM
period will be set to the original value (lines 74-75). If the set point equals the LTC7 value,
the channel program exits after disabling the service request node (lines 82-85).
Otherwise the difference will be added to the ADC trigger at LTCG6 (lines 89-94).
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7

7

PCP PRAM Context Save Area followed by DATA

o Sk ok ok ok Sk ok Sk ok ok ok ok ok ok Sk ok ok ok ok ok ok Sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok b ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok
7

.sdecl".pcpdata",DATA, INIT ,; declare code section
.sect ".pcpdata" ; activate section

.define PWM PERIOD CNTS '4678'

.space 1*8 ; reserved space for full context areas

chl context:

.word Q@init r7(chl_start,setpoint,0x40);R7

.word 20; ; R6 flag that PWM is modified
.word GPTAO LTCXR05 ; R5 GPTAO LTCXR05 address
.word 0x0 ; R4

.word 0x0 ; R3

.word 0x0 ; R2

.word 0x0 ; RI1

.word 0x0 ; RO

.global PCP_sp

PCP_sp: .type object

.size PCP_sp,1

o Sk ok ok ok Sk ok Sk ok ok ok ok ok ok ok ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok b ok ok ok ok ok ok ok ok ok ok ok ok o ok ok ok ok b ok
7

7

PCP CMEM Resume Mode

o Sk ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok
7

.sdecl" .pcptext",CODE, INIT ; declare code section

.sect ".pcptext" ; activate section
chl exit:

exit ec=0,st=0,int=0,ep=1,cc_uc; no interrupt,start @ next PC
chl start:

; GPTA0 SRSC2 LTCO7 = 1

7

7

1dl.iu roO, @HI(GPTAO_SRSCZ)
1dl.il r0, @LO(GPTAO SRSC2)
set.f [r0]1,7

= r4 = sp
1d.pi rl, [PCP_sp]
mov rd,rl,cc_uc
r3 = r1%20
rr rl,8
rr rl,8

dinit rl,r6
dstep rl,r6
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48 dstep rl,r6
49 mov r3,r0,cc_uc
50
51 ; rl = r2 = GPTAO LTCXRO7
52 1d.if [r5]1,16
53 mov r2,r0,cc_uc
54 mov rl,r0,cc_uc
55
56 ; <r0> = ri1%20
57 rr rl,8
58 rr rl,8
59 dinit rl,r6
60 dstep rl,r6
61 dstep rl,r6
62
63 , if (r0 == r3) goto L 1
64 comp r0,r3, cc_uc
65 jg L 1,cc z
66
67 ; GPTAQ LTCXR05 = PWM PERIOD CNTS-1; return;
68 1d1.i1 roO, PWM PERIOD CNTS-1
69 st.f r0, [r5]
70 jl chl exit
71
72 L _1:
73 ; GPTAO LTCXR05 = PWM_ PERIOD CNTS
74 1d1.il1 roO, PWM PERIOD CNTS
75 st.f r0, [r5]
76
77 ; r4d -= r2; if (!rl) return;
78 sub r4,r2,cc_uc
79 jg L 2,cc_nz
80
81 ; GPTAO SRC23 SRE = 0; return
82 1dl.iu r0, @HI(GPTAO_SRC23)
83 1dl.il r0, @LO(GPTAO SRC23)
84 clr.f [r0],12
85 jl chl exit
86
87 L_2:
88 , 1f (<r0>=(GPTAO LTCXR06 + r4))
89 1d.if [r5],8
90 add r0,r4,cc_uc
91
92 ; GPTAOiLTCXR06 = r0
93 st.if [r5],8
94 jl chl exit
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7 Implementation

The example is based on a configuration done with DAVE and some additional lines of
code added manually. The following is a list of the DAVE dialogs in which changes have
been made to set up the example:

* File > Project Settings > General

* File > Project Settings > System Clock

» File > Project Settings > Interrupt System

» File > Project Settings > PCP System

« GPTA_CLOCK > Module Clock

*« GPTA_CLOCK > Timer Clock Control

*  GPTAO > Input Pins > IN32 > GPTAOQ_IN32

* GPTAO > Local Timer > LTC4 > LTC4

* GPTAO > Local Timer > LTC4 > Data Input

* GPTAO > Local Timer > LTC4 > Output Selection
* GPTAO > Local Timer > LTC5 > LTC5

* GPTAO > Local Timer > LTC6 > LTC6

* GPTAO > Local Timer > LTC6 > Output Selection
* GPTAO > Local Timer > LTC7 > LTC7

* GPTAO > Local Timer > LTC7 > Data Input

*« GPTAO > Local Timer >LTC8 > LTC8

*« GPTAO > Local Timer > LTC9 > LTC9

* GPTAO > Local Timer > LTC10 > LTC10

* GPTAO > Local Timer > LTC11 > LTC11

* GPTAO > Local Timer > LTC11 > Output Selection
* GPTAO > Local Timer > LTC12 > LTC12

* GPTAO > Local Timer > LTC13 > LTC13

* GPTAO > Local Timer > LTC14 > LTC14

* GPTAO > Local Timer > LTC15 > LTC15

* GPTAO > Local Timer > LTC15 > Output Selection
* GPTAO > Local Timer > LTC16 > LTC16

* GPTAO > Local Timer > LTC17 > LTC17

* GPTAO > Local Timer > LTC18 > LTC18

* GPTAO > Local Timer > LTC19 > LTC19

* GPTAO > Local Timer > LTC19 > Output Selection
* GPTAO > Local Timer > LTC20 > LTC20

* GPTAO > Local Timer > LTC21 > LTC21

* GPTAO > Local Timer > LTC22 > LTC22

* GPTAO > Local Timer > LTC23 > LTC23

* GPTAO > Local Timer > LTC23 > Output Selection
* GPTAO > Local Timer > LTC24 > LTC24

* GPTAO > Local Timer > LTC25 > LTC25

* GPTAO > Local Timer > LTC26 > LTC26
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* GPTAO > Local Timer > LTC27 > LTC27

* GPTAO > Local Timer > LTC27 > Output Selection

* GPTAO > Local Timer > LTC28 > LTC28

* GPTAO > Local Timer > LTC29 > LTC29

* GPTAO > Local Timer > LTC30 > LTC30

* GPTAO > Local Timer > LTC31 > LTC31

* GPTAO > Local Timer > LTC31 > Output Selection

* GPTAO > Local Timer > LTC31 > LTC31

* GPTAO > Local Timer > LTC31 > LTC31

* GPTAO > Output Pins > OUT3 >GPTAO0_OUT3

*  GPTAO > Output Pins > OUT6 >GPTAO0_OUT6

*  GPTAO > Output Pins > OUT8 >GPTAO0_OUTS8

*  GPTAO > Output Pins > OUT9 >GPTAO0_OUT9

*  GPTAO > Output Pins > OUT16 >GPTA0_OUT16

*  GPTAO > Output Pins > OUT17 >GPTA0_OUT17

*  GPTAO > Output Pins > OUT24 >GPTA0_OUT24

*  GPTAO > Output Pins > OUT25 >GPTA0_OUT25

*  GPTAO > Functions

*+ GPTAO > SRN > Service Request Node 22-23 (LTCO0-7) >SRN
* GPTAO > SRN > Service Request Node 22-23 (LTCO-7) >Interrupts
* SCU > Watchdog

» SCU > ERU > Trigger Gating ADCO > Trigger Gating ADCO
e SCU > Functions

* ADC Clock > Module Clock

* ADCO > General > ADOEMUX0;ADOEMUX0;ADOEMUX0 > ADOEMUX0
* ADCO > Channels > Configure Channel 2 > General Settings
* ADCO > Channels > Configure Channel 1 > General Settings
* ADCO > Channels > Configure Channel 0 > General Settings
« ADCO > Channels > Configure Channel 0 > Limit Check & Interrupt Generation
» ADCO >SRN

* ADCO > Functions

* ADC1 > Channels > Configure Channel 1 > General Settings
« ADC1 > Functions

 DMA > Block 0 > DMA Channel 02 > Channel Control

« DMA > Block 0 > DMA Channel 02 > Address Control

* DMA > Block 0 > DMA Channel 03 > Channel Control

*  DMA > Block 0 > DMA Channel 03 > Address Control

»  DMA > Block 0 > DMA Channel 03 > Interrupt Control

« DMA > Memory 0

« DMA >SRN

*«  DMA > Interrupts

« DMA > Functions
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The following is a list contains of sections in which source code was added to the code
generated by DAVE:

* MAIN.h (MAIN_Header,3)

*  MAIN.c (MAIN_General,6)

*  MAIN.c (Main,9)

» ADCO.c (Init,3)

+ DMA.c (DMA_General,6)

+ DMA.c (DMA_General,7)

+ DMA.c (SRNO,1)

+ DMA.c (SRNO,2)

* DMA.c (SRNO0,603)

*« GPTAO.c (GPTAO_General,2)
« GPTAO.c (GPTAO_General,6)
* GPTAO.c (GPTAO_General,7)
*  GPTAO.c (Init,3)

* GPTAO.c (Init,4)

* gpta.pcp
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