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ABSTRACT

This thesis represents theories and design of Pl controller based on non — convex
optimization. The system composes of structure, pulley, gears carries, DC motor and interfacing
circuit. The goal of this project designs parameter value of PI controller. for control the system

that establish to come to for experience

The project has been conducted as in the following step. First, studied the theory and a
computer program written in MATLAB for seek parameter value of the controller. Second, the
structure of control system is designed and a computer program written in software C is
composed. Be in line with or not 1s the theory. Lastly, the experiments are conducted. The results

show can be controlled to the set point with negligible error.
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Tagfiteu lvegh

ymax

0

0 < 0.5% (2.30)

ldol : Input magnitude required for disturbance rejection

’ ymax] : Allowed output deviation
2.8 MInNaaddazNan1inaasy
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G(s)=
(s +1)(0.55 +1)(0.2s +1)

Astrom(MIGO)

Parameter Tight Controller &, =1.5796, 7, =1.514

Skogestad

Parameter Tight Controller k, =1.389, 7, =1.25

Parameter Smooth Coniroller &, =1, 7, =1.25
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MICROCHIP

dsPIC30F4011/4012

dsPIC30F4011/4012 Enhanced Flash
16-bit Digital Signal Controller

Note: This data sheet summarizes features of this groups
of dsPIC30F devices and is not intended to be'a’complete
reference source. For more information on.the CPU,
peripherals, register descriptions” and«“general device
functionality, refer to the dsPIC30F Family Reference,
Manual (DS70046). For more.information om.theé\device
instruction set and programming, refer to'the dsPIC30F
Programmer’s Reference Manual (DS7003Q).

High Performance Modified RISC CPU:

.

Modified Harvard architecture

C compiler optimized instruction set architecture
with flexible addressing modes

84 base instructions

24-bit wide instructions; 16-bit wide data path
48 Kbytes en-chip Flash program space
(16K Instruction words)

2 Kbytes of on-chip data RAM

1 Kbytes of non-volatile data EEPROM

Up to 30 MiPs operation:

- DCto 40 MHz external clock input

- 4 MHz-10 MHz oscillator input with
PLL active (4x, 8x, 18x)

30 interrupt sources
- 3 external interrupt sources

- 8 user selectabie priority fevels for each
interrupt source

- 4 processor trap sources
16 x 16-bit werking register array

DSP Engine Features:

.

-

Dual data fetch
Accumulator write back for DSP operations
Modulo and Bit-Reversed Addressing modes

Two, 40-bit wide accumulators with optional
saturation logic

17-bit x 17-bit single cycle hardware fractional/
integer multiplier

All DSP instructions single cycle

+ 16-bit single cycle shift

Peripheral Features:

« High current sink/scurce /O pins: 25 mA/25 mA

Timer module with programmable prescaler:

-~ Five 16-bit imers/counters; optionally pair
16-bit timers into 32-bit timer modules

16-bit Capture input functions

< 16-bit Compare/PWM output fungtions

+ 3-wire SPI™ modules {supports 4 Frame modes)

12C™ module supports Multi-Master/Slave mode
and 7-bit/10-bit addressing

« 2UART modules with FIFO Buffers
« 1 CAN modules, 2.0B compliant

Motor Control PWM Module Features:

+ '6 PWM output channels

- Complementary or independent Quiput
modes

-~ Edge and Center Aligned modes
3 duty cycla generators
+ Dedicated tima base
« Programmable output polarity
»Dead-time control for Complementary mode
« Manual output contro!
« Trigger for A/D conversions

Quadrature Encoder Interface Module
Features:

Phase A, Phase B and Index Pulse input
16-bit up/dewn pasition counter

Count direction status

Position Measurement (x2 and x4) mode
Programmable digital noise filters on inputs
Alternate 16-bit Timer/Counter mode

Interrupt on position counter rollover/underflow

-



dsPIC30F4011/4012

m

Analog Features: Power-on Reset (POR), Power-up Timer (PWRT)
i g . and Oscillator Start-up Timer (OST)
i c\m?-wmgnm Cactusritel {4) with Flexible Watchdog Timer (WDT) with on-chip low
: power RC oscillator for reliable operation
- 500 Ksps conversion rate Fail-Safe clock monitor operation detects clock
- 9 input channels failure and switches to on-chip low power RC
- Conversion available during Sleep and idle oscillator
« Programmable Brown-out Detection and Reset
generation

Programmable code protection

In-Circuit Serial Programming™ (ICSP™)
Selectable Power Management modes

= Sleep, Idle and Alternate Clock modes

Special Microcontroller Features:
* Enhanced Flash program memory:

- 10,000 erase/write cycle (min.) for CMOS Technology:
industrial temperature range, 100K (typical) _
+ Data EEPROM memory: . Lo'w power, high speed.Flash technology
- 100,000 erase/write Gycle (min.) for v Wide o.peratlng voltage range (2.5V to 5.5V)
industrial temperature range, 1M (fypical) + Industrial and Extended temperature ranges
+ Self-reprogrammable under software control * Low power consumption

dsPIC30F Motor Control and Power Conversion Family*

Program Output | Moto
SRAM | EEPROM | Timer | Input A/D 10-bit | Quad

Device Pins | Mem. Bytes/ Comp/Std | Control
Instruct Bytes | Bytes | 16-bit| Cap PWM PWM 500 Ksps.| Enc

dsPIC30F2010 | 28 12K4K 512 1024
GSPIC30F3010.| 28 | 24KiBK...[.1024 | / 1024
csPIC30F4D12| 28 48K/16K | | 2048 1024
GsPIC30F3011 |40/44 | | 24K/BK . | 1024 | 1024 gch gch || Yes | 2
dsPIC30F4011 |40/44 | 48KNM6K | 2048 1024 gch 9ch Fesli 2 L1 BN
&sPIC30F5015 [ 84| 66Ki22K | 2048° () 1024 ’ Bgh | [fBchuylives | 1172 | 1]l
asPICADF6010 | 80 | -444Ki4sK ‘| 8192 || L4098 R S e gch (" 16an. |"ves | 2472 | A [i2

" This table provides a summary of the dsPIC30FB8010 peripheral features. Other available devices in the dsPIC30F
Motor Control and Power Conversion Family ara shown for feature comparison.

UART
SPI™
£o™

CAN

-
'

Bch [““Boh [ Yes | 141
gchllitolch, [wes 1 [1 [0 [i-
6ch | Vech | ves | 11| 1 [l

oo ot o o | w
s S S B B B
O RS RSN W S
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dsPIC30F4011/4012

FIGURE 1-1: dsPIC30F4011 BLOCK DIAGRAM
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5.0 INTERRUPTS

Note: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register ns and general device
functionality, refer to the dsPIC30F Family Reference
Manual (DS70046). For more information on the device
instruction set and programming, refer to the dsP/C30F
Programmer’s Reference Manual (DS70030).

The dsPIC30F4011/4012 has 30 interrupt sources and
4 processor exceptions (traps), which must be
arbitrated based on a priority scheme.

The CPU is responsible for reading the Interrupt
Vector Table (IVT) and transferring the address con-
tained in the interrupt vectorifo the program counter.
The interrupt vector is transferred from the program
data bus into the program counter, via a 24-bit wide
multiplexer on the inputof the program counter.

The interrupt Vector Table (IVT) and Alternate inter=
rupt Vector Table (AIVT) are placed near the beginning
of program memory (0x000004). The YT and AIVT
are shown in Figure 5-1.

The interrupt controller is* responsible for pre-
processing the interrupts and processor exceptions,
prior to their being presented to the processor core.
The peripheral interrupts and traps are enabled,
prioritized and controlled using centralized special
function registers:

IF80<15:05, IFS1<15:0>, IFS2<15:0>
Altinterruptrequest flags are maintained in these
three registers. The flags are set by their respec-
tive peripherals or external signals, and they are
cleared via software;

IEC0<15:0>, IEC1<15:0>, IEC2<15:0>

All Interrupt Enable Control bits are maintained in
these three registers. These control bits are used

to individually enable interrupts from the

peripherals or external signals.

IPC0<16:0>... IRC11<7:0>

The user assignable priority level associated with
each of these interrupts is held centrally in these
twelve registers.

IPL<3:0> The current CPU priority level is explic~
itly stored in the IPL bits. IPL<3> is present in the
CORCON register, whereas 1PL<2:0>are present

in the status register (SR} in the processorcore.

-

* INTCON1<15:0>, INTCON2<15:0>
Global interrupt control functions are derived from
these two registers. INTCON1 contains the con-
trol and status flags for the processor exceptions.
The INTCONZ2 register controls the external inter-
rupt request signal behavior and the use of the
alternate vector table.

Note: Interrupt Flag bits get set when an inter-
rupt condition occurs, regardless of the
state of its corresponding Enable bit. User
software should ensure the appropriate
Interrupt Flag bits are clear prior to
enabling an interrupt.

All interrupt sources can be user assigned to one of 7
priority levels, 1 through 7, via the IPCx registers.
Each’ interrupt source is associated with an interrupt
vector, as shown in Table 5-1. Levels 7 and 1 repre-
sent_the highest and lowest maskable priorities,
respectively:

Note: mlnlng a priority level of @ toan inter-

d rupt-source is equivalent to dlpaiiipg that
mmm'

If the NSTDIS bit (INTCON1<15>) is set, nesting of

interrupts is prevented. Thus, if an interrupt is currently

being serviced, processing of .a new interrupt is pre-

vented, even if the new interrupt.is of higher priority

than the one currently being serviced.
\Note:  The'IPL bits become raad-only whenaver
"the NSTDIS bithas been set to'1”.

Certain interrupts have speciatized control bits for fea-
tures like edge or level triggered. interrupts, interrupt-
on-change, etc. Control of these features remains
within the 'peripheral module which generates the
interrupt.

The DISI instruction can be used to-disable the
processing of interrupts of priorities 6 and lower for a
certain number of instruetions, during which the DISI bit
{INTCON2<14>) remains set.

When an interrupt is serviced, the PC is loaded with the
address stored in the vector location in Program Mem-
ory that corresponds to the interrupt. There are 63 dif-
ferent vectors within the I\/T:(refer to Figure 5-2). These
vectors are contained-in lecations 0x000004 through
Ox0000FE of program memeory (refer to Figure 5-2).
These locations contain 24-bit addresses, and in order
to preserve robustness, an address error trap will take
place should the PC. attempt to fetch any of these
words during normal execution. This prevents execu-
tion of random data as a result of accidentally decre-
menting a PC into vector space, accidentally mapping
a data space address into vector space, or the PC roll-
ing over to 0x000000 after reaching the end of imple-
mented program memory space. Execution of a GOTC
instruction to this vector space will also generate an
address error trap.
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5.1 Interrupt Priority

The user assignable Interrupt Priority (1P<2:0>) bits for
each individual interrupt source are located inthe LS 3-
bits of each nibble, within the IPCx register(s). Bit 3 of

TABLE 5-1: INTERRUPT VECTOR TABLE
INT Vector
Number | Number RlanEnsepree

Highest Natural Order Priority

each nibble is not used and is read as a ‘0". These bits 0 8 INTO - Extemal Interrupt 0
define the priority level assigned to a particular interrupt 1 9 1C1 - Input Capture 1
by the user. 2 10 |OC1 - Output Compare 1
Note: The user selectable priority levels start at 3 1|71 - Timer 1
0, as the lowest priority, and level 7, as the 4 12 |IC2 - input Capture 2
highest priority. 5 13 OC2 - Output Compare 2
Since more than one interrupt request source may be g Wy 12 - Timer 2
assigned to a specific user specified priority level, a 7 15 [T8- Timer3
means is provided to assign pricrity within a-given lavel. 8 16 |SPi
This method is called “Natural Order Priority”. g 17 U1RX - UART1 Receiver
Natural Order Priorityis determined by the position of 1P 18 __|UTTX - UARTY, Transmitter
an interrupt in'the vector table, and only affects Al 18 | ADC - ADC Convert Done
interrupt operation when muitiple interrupts_with' the 12 20 |NVM - NVM Write Complete
same user-assigned priority. become pending at'the 13 21 Si2C - I“C Slave Interrupt
same time. 14 22 (|Mi2C - 1°C Master Interrupt
Table 5-1 lists the interrdpt numbers and interrupt 15 23 __ |lnputGhange Interrupt
sources for the dsPIC devices and their associated 16 24  |INT1 - Extenalinterrupt 1
vector numbers. 17 25 IC7 -'input Capture 7
Note'1: ‘The natural order priority schema has O “ FOY{TPRY Ingt Spptdh d
as the highest priority and.53 as the 9 2 Fappillaieg Qutglit Compette 3
towest priority. 2 28 |QC4 - Qutput Compare 4
2:"The natural order priofity number/ié tha 9 PR AL
“semass the INT number- Vel "= R ]
7 p 23 31 INT2 - Extemal Interrupt 2
T;\e ability fo;:;mlt us‘er to arssig';:a etv;ry interrupt to x;:e 24 32 |U2RX-UART2 Recaiver
of seven priority levels implies 8 user can assign : :
a very high overall priority level to an interrupt with a ; : zz::r;imn il
low natural order priority. For example, the PLVD (Low -
Voltage Detect) can be given a priority of 7. The INTO ok 35 {01~ Combined JRQ for CAN1
{external interrupt 0} may be assigned to priority level 28 86 | |Reserved
1, thus giving it a.very low effective priority. 29 37 | |Reserved
30 38 Reserved
31 38 Reserved
32 40 Reserved
33 41 Reserved
34 42 Reserved
35 43 Reserved
36 44 Reserved
37 45 Reserved
38 46 Reserved
39 47 PWM - PWM Period Match
40 48 QE! - QE! Interrupt
41 48 Reserved
42 50 Reserved
43 51 FLTA - PWM Fault A
44 52 Reserved
45-53 53-61 |Reserved

Lowest Natural Order Priority
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5.2 Reset Sequence

A Reset is not a true exception, because the interrupt
centroller is not involved in the Reset process. The pro-
cessor initializes its registers in response to a Reset,
which forces the PC to zero. The processor then begins
program execution at location 0x000000. A GOTO
instruction is stored in the first program memory loca-
tion, immediately followed by the address target for the
GOTO instruction. The processor executes the GOTC to
the specified address and then begins operation atthe
specified target (start) address.

5.2.1 RESET SOURCES

There are 6 sources of error which will catise a device
reset.

Watchdog Time-out:

The watchdog has timed out, indicating that the
processor is no longer executing the correct flow
of code.

Uninitialized W Register Trap:

An attempt to use an uninitialized W register as
an address-pointer will cause a Reset.

+ lllegal Instruction Trap:

Attempted execution of any unused opcodes will
result in an'illegal instruction trap. Note that a
fetch of an illegal instruction does hot result in an
illegal instruction trap if that instruction is flushed
prior to execution due to a flow change.
Brown-cut Reset (BOR}):

A momentary dip in the power supply to'the
device has been detected, which may result in
malfunction.

+ Trap Lockout:

Occurrence of multiple Trap conditions simulta-
neously will cause a Reset.

.

5.3 Traps

Traps can be considered as non-maskable interrupts
indicating a software or hardware error, which adhere
to a predefined priority as shown in Figure 5-1. They
are intended tc provide the user a means to correct
erroneous operation during debug and when operating
within the application.

Note:  If the user does not intend to take correc-
tive action in the event of a trap error
condition, these vectors must be loaded

J wnth%g: address of a default handler that
simply, contains the RESET instruction. If,
onthedher?and one of the vectors
containing anhvakl address is called, an

address error h'aws gsnerated

Nota that many of these trap conditions can only be
datected when they occur. Consequently, the question-
able instruction-is_allowed to complete prior to trap
exception processing. If the user chooses to recover
from the errar, the result of the erroneous action that
caused the trap may have to be corrected.

There _are 8 fixed priority levels for traps: Level 8
through Level 15, which implies that the iPL3 is always
set during processing of a trap.

Ifthe user is not currently executing @ trap, and he sets
the IPL<3:0> bils to a value of ‘0111' (Laval 7), then all
interrupts are disabled, but traps-can still be processed.

83N TRAP SOURCES

The following traps are provided with increasing prior-
ity. However, since all traps can be nest&d, priority has
little effect.

Math Error Trap:

The MativError trap executes under the following three
circumstances:

1.\ Should an attempt be made to divide by zero,
the divide operation will be aborted on a cycle
boundary and the trap taken:

2. If enabled, a Math Error trap will be taken when
an arithmetic operation oneither accumulator A
or B causes an overflow from bit 31 and the
Accumulator Guard bits are not utilized.

3. Ifenabled, aMath Error trap will be taken when
an.arithmetic operation on either accumulator A
or B causes a catastrophic overflow from bit 39
and all saturation is disabled.

4. If the shift amount specified in a shift instruction
is greater than the maximum atlowed shift
amount, a trap will occur.
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Address Error Trap:

This trap is initiated when any of the following

circumstances occurs:

1. A misaligned data word access is attempted.

2. A data fetch from our unimplemented data
memory location is atiempted.

3. A data access of an unimplemented program
memory location is attempted.

4. An instruction fetch from vector space is
attempted.

Note: In the MAC class of instructions;»wherein
the data space is.split.into X and Y data
space, unimplemented X space includes
all of Y space, and unimplemented \Y:
space includes all of X space,

5. Execution ofa *BRA #1iteral"instruction ora
'GOTO #literal” instruction,where literal
is an unimplemented program memory address.

8. Executing instructions after modifying the PC to
point to unimplemented program memory
addresses. The PC may be modified by loading
a value into the stack and executing a RETURN
instruction.

Stack Error Trap:

This trap is initiated under the following conditions:

1. The stack pointeris loaded with a valugwhich is
greater than the'(user programmable) limit value
written into the SPLIM register (stack overfiow).

2. The stack pointer isloaded with a value which is
less than0x0800 (simple stack undarilow).
Oscillator Fail Trap:

This trap Is initiated if the external oscillator fails and
operation becomes reliant on.an internal RC /backup.

532 HARD AND SOFT TRAPS

It is possible that multiple traps can become active
within the same cycle (e.g., a misaligned word stack
write to an overflowed address). In such a case, the
fixed priority shown in Figure 5-2 is implemented,
which may require the user to check if other traps are
pending, in order to completely correct the fault.

*Soft’ traps include exceptions of priority level 8 through
level 11, inclusive. The arithmetic error trap (level 11)
falls into this category of traps.

‘Hard' traps-include exceptions of priority level 12
through level 15, inclusive. The address error {level
12), stack error (level 13) and oscillator error (level 14)
traps fall into this category.

Eachhard trap-that occurs must be acknowledged
befere code execution of any type may continue. If a
lower priority hard trap occurs while a higher priority
trap is pending, acknowledged, or is being processed,
a hard/trap conflictwill occur.

The device is automatically Reset in a hard trap conflict
conditicn.. The TRAPR status bit (RCON<15>) is set
when the Reset occurs, so that the condition may be
detectad in softwara,

FIGURE 5-1: TRAP VECTORS

[ Resel-Gozo Instraction "~ 0x000000
0x000002
x000004

ANT

nterrupt 0 Vector 0x000094

Y j B 0x000OFE
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5.4  Interrupt Sequence

Allinterrupt event flags are sampled in the beginning of
each instruction cycle by the IFSx registers. A pending
interrupt request (IRQ) is indicated by the flag bit being
equal to a 't' in an IFSx register. The IRQ will cause an
interrupt to occur if the corresponding bit in the interrupt
enable (IECx) register is set. For the remainder of the
instruction cycle, the priorities of all pending interrupt
requests are evaluated.

If there is a pending IRQ with a priority level greater
than the current processor priority level in.the 1PL bits,
the processor will be interrupted.

The processor then stacks the current program counter
and the low byte of the processor status register (SRL),
as shown in Figure 5-2. The low byte of the status reg-
ister contains the processor priority level at'the-time,
prior to the beginning of the interruptcyele, The proces-
sor then loads the priority level for this-interrupt into the
status register. This action will disable all lower priority
interrupts until the completion of the Interrpt Service
Routine.

FIGURE 5-2¢ INTERRUPT STACK
FRAME
0x0000 15 0
@
@
i
a e
gg PC<15.0> <15 (before CALL)
32 | [R P PC<2z189
%é & <Free Word>  |<¢— W15 (after CALL)
a POP ¢ TeoWlS)
PUSH : [W1S++]

Note 1: The user can always lower the pmmysevsi
byawriting a 1new valug! n{osq Tha!ntormpt
Service Routine must clear the interrupt fiag
brtﬂnﬂ\a IFSx mgzs\ar before lowering the.
promsonnterrupt priority, in order to avoid
rawmva‘ndmpts )

2: The IPL3 bit {COROON<3>) rss!wm clear
when interrupts are being. processed.(it.is
set only during executionof traps:

The RETFIE (Return from Interrupt) instruction. will
unstack the program counter and status registers to
return the processor to its state prior to the interrupt
sequence.

5.5  Alternate Vector Table

In Program Memory, the Interrupt Vector Table (IVT) is
followed by the Alternate Interrupt Vector Table (AIVT),
as shown in Figure 5-1. Access to the Alternate Vector
Table is provided by the ALTIVT bit in the INTCON2
register. if the ALTIVT bitis set, all interrupt and excep-
tion processes will use the alternate vectors instead of
the default vectors. The alternate vectors are organized
in the same manner as the default vectors. The AIVT
supports emulation and debugging efforts by providing
a.means to switch between an application and a sup-
port environment, without requiring the interrupt vec-
tors to be reprogrammed. This feature also enables
switching between applications for evaluation of
different software algorithms at run time.

{fthe AIVT is not required, the program memory allo-
cated to-the AIVT may be used for other purposes.
AIVT is not a protected section end. may be freely
programmed by the user.

5.6  FastContext Saving

A context saving option is ayailable using shadow reg-
isters. Shadow registers are provided for the DC, N,
OV, Z and C bits in SR, and the registers WO through
W3. The shadows are only one level deep. The shadow
registers are accessible using the PUSE. S and 202. 8
instructions only.

When 'the processor vectors {9 an ‘interrupt, the
PUSE. 8 instruction can be used to store the current
value of the aforementioned registers. into their
respective shadow registers.

{f an ISR of a certaln priority. uses the 2USH. S and
202, 8 instructions for fast context saving, then a
higher pricrity ISR should not include the same instruc-
tions. Users must save the key registers in software
during a lower priority interrupt, if the higher priority ISR
uses fast context saving.

5,7 ' Externalinterrupt Requests

The interrupt controller supports five external interrupt
request signals, INTO-INT4. These inputs are edge
sensitive; they raquire a low-to-high or a high-to-low
transition .to " generate an .interrupt request. The
INTCONZ2 register has five bits, INTOEP-INT4EP, that
select the polarity of the edge detection circuitry.

5.8  Wake-up from Sleep and Idle

The interrupt controller may be used to wake up the
processor from either Sleep or idle modes, if Sieep or
Idle mode is active when the interrupt is generated.

if an enabled interrupt request of sufficient priority is
received by the interrupt controller, then the standard
interrupt request is presented to the processor. At the
same time, the processor will wake-up from Sleep or
Idle and begin execution of the Interrupt Service
Routine (ISR) needed to process the interrupt request.
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TABLE 5-2:

INTERRUPT CONTROLLER REGISTER MAP

'f::c ADR| Bit15 | Bit 14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 Bit8 | Bit7 | Bit6 | BitS Bit4 Bit3 Bit 2 Bit 1 Bit0 Reset State
INTCONT | 0080 | NSTDIS OVATE | OVBTE | COVTE MATHERR | ADDRERR | STKERR |OSCFAIL 0000 0000 0000 0000
INTCON2 | 0082 | ALTIVT - - INT2EP | INT1EP | INTOEP [0000 0000 0000 0000
IFS0 0084 | CNIF | MI2CIF | SI2CIF | NVMIF | ADIF | UITXIF | UTRXIF.| SPIIE | T3IF | T2IF [OC2IF| IC2IF T1IF OC1IF IC1IF | INTOIF |0000 0000 0000 0000
IFS1 0086 ClF U2TXIF | UZRXIF | INT2IF | T5IF | T4IF OCAIF OC3IF IC8IF IC7IF INT1IF |0000 0000 0000 0000
IFS2 0088 FLTAIF QEIF [ PWMIF |/ <~ - - v— - 0000 0000 0000 0000
IECO 008C| CNIE | MIZCIE | SI2CIE | NVMIE | ADIE | DITXIE | UTRXIE | SPIIE | T3IE T2IE- |OC2E 1C2IE T1E OCHE IC1IE INTOIE |0000 0000 0000 0000
IECT 008E - - C1IE - UZTXIE | U2RXIE | INT2IE | TSIE | T4IE OCAIE OC3IE ICBIE ICTIE INT1IE_| 0000 0000 0000 0000
IEC2 0090 FLTAIE - QENE [ PWMIE ~ - 0000 0000 0000 0000
IPCO 0094 T1IP<2:0> OCHP<2:0> / IC1P<2:0> INTOIP<2.0> 0100 0100 0100 0100
IPC1 0096| - T31P<2,0> T21P<2 0> . OCAP<2:0> -~ IG21P<2:0> 0100 0100 0100 0100
IPC2 0098 ADIP<20> — UTTXIP 20> - UIRXIP<2:0> SPNIP<2:0> 0100 0100 0100 0100
IPC3 D09A CNIP<2:0> - MI2CIP<2:0> - SI2CIP<2:0> - NVMIP<2.0> 0100 0100 0100 0100
IPC4 008C OC3IP<2:0> - IC8IP<2:0> - IC7IP<2:0> - INT1IP=2:0> 0100 0100 0100 0100
IPC5 008E INT2P<2:0> THIP<2:0> - T4lP=2:0> — 0CAIP<2:0> 0100 0100 0100 0100
IPC6 00AD ClIP<2:0> - .- - - - UZTXIP<2:0» . UZRXIP<2:0- 0100 0000 0100 0100
PCT 00A2] - - 3 = = - = 4 Ay i 10 [ —_— — - 0000 0000 0000 0000
PC8 ooad| - i | B ) | v’ A o V4 L i o 0000 0000 0000 0000
PCo 00A6| - PWMIP<2:0> a0 — f 4 = v . = 4 0100 0000 0100 0100
PC10 00A8| - FLTAIP<2:0> - e 3 V4 | \ A - - QEIIP<20> 0100 G000 0000 0100
PG ooma| - = i H % R 38EHED \- i 0000 0000 0000 0000
Legend:  u = uninitialized bit

Note: Refer to dsPIC30F Family Reference Manual (DS70046) for descriptions of register bit fields.
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14.0 QUADRATURE ENCODER
INTERFACE (QEI) MODULE

Note: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the osPIC30F Family Reference
Manual (DS70046).

This section describes the Quadrature Encoder Inter-
face (QE!) module and associated operational modes.
The QE!I module provides the interface to incremental
encoders for obtaining mechanical position-data.

dsPIC30F4011/4012

The operational features of the QE! include:
Three input channels for two phase signals and
index pulse

16-bit up/down position counter

Count direction status

Position Measurement (x2 and x4) mode
Programmable digital noise filters on inputs
Alternate 16-bit Timer/Counter mode
Quadrature Encoder interface interrupts

These operating modes are determined by setting the
appropriate bits QEIM<2:0> (QEICON<10:8>).
Figure 14-1 depicts the Quadrature Encoder Interface
block diagram.

FIGURE 14-1: QUADRATURE ENCODER INTERFACE BLOCK DIAGRAM
TQCKPS«1:0>
Sisep Input TQCS 2
o {q
Synchronize
—\_.| Prescaler
_f et 1,8,84,256 177
QEiM<Z2:0>
. QENF
a Event
T Fiag
o | 16-bit Up/Down Counter, —
{POSCNT}
QEA Programmable o ! 2
Digital Fliter Quadrature | Reset
1 ]
I acaLagic
UPDN_SRC = oG Comparatar
} Zero Detect Equal
> 3
QEIM<2:0> {}
Moce Select
Max Count Register
{MAXCNT)
Programmable | |
e Digital Fitter
INDX | | Programmable | |
Digital Filter
%3
Up/Down |
Note: In dsPIC30F4011/4012, the UPDN pin is not available. Up/Down logic bit can still be polled by software.

47



dsPIC30F4011/4012

14.1  Quadrature Encoder Interface
Logic

Atypical incremental (a.k.a. optical) encoder has three
outputs: Phase A, Phase B, and an index pulse. These
signals are useful and often required in position and
speed control of ACIM and SR motors.

The two channels, Phase A (QEA) and Phase B (QEB),
have a unique relationship. if Phase A leads Phase B,
then the direction (of the motor) is deemed positive or
forward. if Phase A lags Phase B, then the direction {of
the motor) is deemed negative or reverse.

A third channel, termed index pulse, oceurs once per
revolution and is used as a reference to establish an
absolute position. The index pulse coincides with
Phase A and Phase B, both low.

14.2 16-bit Up/Down Position Counter

Mode

The 18-bit Up/Down-Cotinter counts up-or down on
every count pulse, which is generated by the difference
of the Phase A and Phase B input signais. The counter
acts as an integrator, whose countvalue is proportional
to position. The direction of the count is determined by
the UPDN ‘signal, which is  generated by the
Quadrature Encoder Interface Logic.

POSITION COUNTER ERRCR
CHECKING

Position counterror checking in tha QEl is provided for
and indicated by the CNTERR bit (QEICON<15>). The
error checking only applies when'the position counter
is configured for Reset on the Index Pulse modes
(QEIM<2:0> = '110" or '100’). In these modes, the
contents of the POSCNT register is.compared with the
values (OxFFFF or MAXCNT+1, depending on direc-
tion). If these values are detected, an error condition is
generated by setting the CNTERR bit and a QEi count
error interrupt is generated. The QEI count .error
interrupt can be disabled by sefting the CEID bit
(DFLTCON<8>). The position ‘counter confinues to
count encoder edges after an error has been detected.
The POSCNT register continues to count up/down until
a natural rollover/underfiow. No interrupt is generated
for the natural rollover/underfiow event. The CNTERR
bitis a Read/Write bit and reset insoftware by the user.

14.2.41

14.22  POSITION COUNTER RESET

The Position Counter Reset Enable bit, POSRES
{QEI<2>) controls whether the position counter is reset
when the index pulse is detected. This bit is only
applicable when QEIM<2:0> ='100" or ‘110".

Ifthe POSRES bitis set to '1', then the position counter
is reset when the index pulse is detected. If the
POSRES bitis setto '0’, then the position counteris not
reset when the index pulse is detected. The position
counter will continue counting up or down, and will be
reseton.the rollover or underflow condition.

When selecting the INDX signal to reset the position
counter (POSCNT), the user has to specify the states
on QEA and QEB input pins. These states have to be
matched'in order for a reset to occur. These states are
selected by the IMV<1:0> bitin the DFLTCON <10:9>
register.

The IMV<1:0> {index Match Value) bit allows the user
to specify the-state of the QEA and QEB input pins
during an Index pulse when the POSCNT register is to
be reset.

In 4X Quadrature Count Mode:

IMvV1. =Required State of Phase B input signal for
match on index pulse

IMVQ = Regquired State of Phase A input signal for
match on index pulse

In 2X Quadrature Count Mode:

IMV1 = Selects Phase input signal for Index state
match {0 = Phase A, 1 = Phase B)

IMvVe = Required State of the selected Phasa input
signal for match oniindex pulse

Tha interrupt.is still generated on the detection of the
index pulse and not con the position counter overflow/
underflow.

14.23° _COUNT DIRECTION STATUS

As mentioned in the previous section, the QEI logic
generates an UPDN signal, based upon the relation-
ship beiween Phase A and Phase B. Inaddition to the
oufput pin, the state of this internal UPDN signal is
suppliedto a SFR bit UPDN (QEICON<11>) as a read
only bit.

inputs in the ADPCFG register.

Note:  QEl pins are multiplexed with analog inputs?User must insure that all QEI associated pins are set as digital
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______*_______Ww____._______.—_

14.3 Position Measurement Mode

There are two Measurement modes which are sup-
ported and are termed x2 and x4. These modes are
selected by the QEIM<2:0> mode select bits located in
SFR QEICON<10:8>,

When control bits QEIM<2:0> = 1006 or 101, the x2
Measurement mode is selected and the QE! logic only
looks at the Phase A input for the position counter
increment rate. Every rising and falling edge of the
Phase A signal causes the position counter to be incre-
mented or decremented. The Phase B signal is still
utilized for the determination of the counter direction,
justas in the x4 mode.

Within the x2 Measurement mode, there are two
variations of how the positioncounter is reset:

1. Position counter reset by detection of index
pulse, QEIM<2:0> = 100.

2. Position counter reset by match with MAXGNT.
QEIM<2:0>=101.

When control bits QEIM<2:0>'= 110 or 113, the x4

Measurement mode Is selected and the QE| logic looks

at both edges of the Phase A and Phase B input sig-

nals. Every edge of both signals causas the position

counter to increment or decrement.

Within the x4 Measurement mode, there are two
variations of how the position counter is reset:

1. Position counter reset by detection of index
pulse, QEIM<2:0>= 110,

2. Position counter reset by match with MAXCNT,
QEIM<2:0> = 111.

The x4 Measurement mode provides for finer rasolu-

tion data (more position counts) for determining mofor
position.

14.4 Programmabie Digital Noise
Filters

The digital noise filter section is responsibls. for reject-
ing noise on the incoming capture or quadrature sig-
nals. Schmitt Trigger inputs and a three-clock cycle
delay filter combine to reject low level noise and farge,
short duration noise spikes that typically ocour.innoise
prone applications, such as a motor system.

The filter ensures that the filtered output signal is not
permitted to change until a stable value has been
registered for three consecutive clock eycles.

For the QEA, QEB and INDX pins, the clock divide fre-
quency for the digital filter is programmed by bits
QECK<2:0> (DFLTCON<6:4>) and are derived from
the base instruction cycle Tcy.

To enable the filter output for channels QEA, QEB and
INDX, the QEOUT bit must be ‘1. The filter network for
all channels is disabled on POR and BOR.

14.5 Alternate 16-bit Timer/Counter

When the QEI module is not configured for the QEI
mode QEIM<2:0> = 001, the module can be configured
as a simple 16-bit timer/counter. The setup and control
of the auxiliary timer is accomplished through the
QEICON SFR register. This timer functions identically
to Timer1. The QEA pinis used as the timer clock input.

When configured as a timer, the POSCNT register
serves as the Timer Count Register and the MAXCNT
register serves as the Period Register. When a timer/
period register match occur, the QE! interrupt flag will
be asserted.

The only exception between the general purpose tim-
ers and this timer is the added feature of external Up/
Down input select. When. the'UPDN pin is asserted
high the timer will incrementup. When the UPDN pin
is‘asserted low; the timer will be decremented.

“Note:  Changing the operational.made (i.e., from
xj to Timer or vice versa); will not affect

Timer/Position Count Register con-

The UPDN Control/Status bit {QEICON<115>) can be
Used to selsct the count direction state of the Timer
register. When UPDN = 1, the timer will count up. When
UPDN = o, the timer will count down.

In addition,  control bit-UPDN_SRC (QEICON<0>)
determines whetherthe timer count direction state is
based on the logic siate, written into the UPDN Control/
Status bit (QEICON<113), or the QEB pin state. When
UPDN_SRC = 1, the timer count direction Is controlled
from the QEB pin. Likewise, when UPDN_SRC =0, the
timer count direction is controlled by the UPDN bit.

" Note: . This Timer does not support the External
/| Asyrichronious Counter mode of oparation.

< If using an‘exte nal.clock sogiree, the clock

will automatically be synchronized t& the

internal instrction cydle.

14.6 = QEIModule Operation During CPU
Sleep Mode

QE| OPERATION DURING CPU
SLEEP MODE

The QE! module will be halted during the CPU Sleep
mode .

14.6.2

14.6.1

TIMER OPERATION DURING CPU
SLEEP MODE

During CPU Sleep mode, the timer will not operate,
because the internal clocks are disabled.
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14.7 QEI Module Operation During CPU
Idle Mode

Since the QE! module can function as a quadrature
encoder interface, or as a 16-bit timer, the following
section describes operation of the module in both
modes.
14.7.1 QE! OPERATION DURING CPU IDLE
MODE

When the CPU is placed in the Idie mode, ither QE!
module will operate if the QEISIDL bit (QEICON<13>)
= 0. This bit defaults to a logic ‘0’ uponexecuting POR
and BOR. For halting the QEl module during the CRU
Idle mode, QEISIDL should be set to ‘1",

TIMER OPERATION DURING CPU
IDLE MODE

When the CPU is placed in the {die mode and the QE}
module is cenfigured in_the 18-bit Timer mede, the
16-bit timer/ will operate if | the™ QEISIDL = bit
{QEICON<18>) = 0. This bitdefatiits to a logic'0’.upon
executing POR and BOR. For halting the timer medule
during the CPU idle mode; QEISIDL should be. set
fo'1'.

if the QEISIDL bit is cleared, the timer will function
normally, as if the. CRU Idle 'mode had not been
entered.

14.7.2

14.8 Quadrature Encoder Interface
Interrupts

The quadrature encoder interface has the ability to
generate an interrupt on occurrence of the following
events:

Interrupt on 16-bit up/down position counter
rollover/underflow

Detection of qualified index pulse, or if CNTERR
bitis set

« Timer period match event (overflow/underflow)

« Gate accumulation event

The QE! Interrupt Flag bit, QEIIF, is asserted upon
occurrence of any of the.above events. The QEIIF bit
must be cleared in software. QEIIF is located in the
|FS2 Status-register.

Enabling an interrupt is accomplished via the respec-

tive: Enable bit, QEIE. The QEHE bit is iocated in the
IEC2 Control register.
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TABLE 14-1:

QEI REGISTER MAP

NrR|adac| Bitts | Bit14 | Bit13 | Bi1z | 11 | sitio-|'Be | Bits | w7 |'mite | Br5 | B4 | sks | skz | Bt | Bno Reset State
QEICON | 0122 | CNTERR QEISIDL| INDX_| UPDN | QEIMZ | QEIMIT | QEIMO [SWPAB TQGATE [TOCKPS1 | TOCKPSO0 | POSRES | TOCS |UPDN_SRC | 0000 0000 0000 0000
DFLTCON | 0124 > = | mvt | mvo | cen |aeour|aeckz| aecki | aecko 0000 0000 0000 0000
POSCNT | 0126 Pasition Counler<15:0> 0000 0000 0000 0000
MAXCNT | 0128 [ Count<15 0> 1141 11311 1111 111
ADPCFG | a2A8 I e [ [perca]pererpores| peres | percs | PCrGa | PCFG2 [PCFGI| PCFGO |0000 0000 0000 0000
Legend:  u = uninifialized bit

Note: Refer to dsPIC30F Family Reference Manual (DS70046) for descriptions of register bit fields.
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15.0 MOTOR CONTROL PWM
MODULE

Note: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the osPIC30F Family Reference

Manual (DS700486).

This medule simplifies the task of generating multiple,
synchronized Pulse Width Modulated (PWM) outputs.
In particular, the following power and motion_control
applications are supported by the PWM module:

» Three Phase AC Induction Motor

« Switched Reluctance (SR) Motor

» Brushless DC (BLDC) Motor

* Uninterruptible Power Supply (UPS)

The PWM module has the following features:

» 6 PWM /O pins'with 3 duty cycle generators

+ Up to 16-bit resolution

+ ‘On-the-Fly' PWM frequency changes

« Edge and Center Aligned Output modes

+ Single Pulse Generation mode

« Interrupt support for asymmetrical updates in
Center Aligned mode

» Output override control for Electrically
Commutative Motor (ECM) operation

» ‘Special Event comparator for scheduling other
peripheral events

« FAULT pins to optionally drive each of the PWM
outputpins to a defined state

This module-contains 3 duty cycle generators, num-
bered 1through 3.The module has 6 PWM output pins,
numbered PWM1H/PWM 1L through PWM3H/PWM3L.
The six /O pins are grouped inte high/low numbered
pairs, dencted by the suffix H or L, respectively. For
complementary.loads, the low PWM pins are always
the complement of the corresponding high IO pin.

Tha PWM module allows several modes of operation
which are beneficial . for specific power control
applications.
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FIGURE 15-1:

dsPIC30F4011/4012

PWM MODULE BLOCK DIAGRAM

PWM Enable and Mode SFRs

Dead-Time Control SFRs

FLTACON FAULT Pin Control SFRs
2 PWM Manual
OVDOON Control SFR
PWM Generator #3

16-bit Data Bus

L™ T T TP ¥
| PTMR | > PwWh ticzmra\or
| |
f !
Comparator
| | | PWM Generator
| | #1
PTPER
| |
| |
! |
PTPER Buffer l
|
I

PWM time base

Note:

[Cragnel’s Desa-Timel—> —Lx] PWMEH
erator 2
Override Logic — —-@ PWMaL
Chamnel2 DescTime | . —=x] PzH
Generalor and
PWW2L
Cverrice Logie{[— ¥ . - —{x
Biock
¥ Gen:ralnr l!‘;gm 1
Overrice Logic ¥ —'E PWMIL
BJ FLTA

Special Event

Details of PWM Generator #1 and #2 not shown for clarity.
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15.1 PWM Time Base

The PWM time base is provided by a 15-bit timer with
a prescaler and postscaler. The time base is accessible
via the PTMR SFR. PTMR<15> is a Read Only Status
bit, PTDIR, that indicates the present count direction of
the PWM time base. If PTDIR is cleared, PTMR is
counting upwards. If PTDIR is set, PTMR is counting
downwards. The PWM time base is configured via the
PTCON SFR. The time base is enabled/disabled by
setting/clearing the PTEN bit in the PTCON SFR.
PTMR is not cleared when the PTEN bit is cleared in
software.

The PTPER SFR sets the counting pericd for PTMR.
The user must write a 15-bit value to PTPER<14:0>.
When the value in PTMR<14:0> matches the valua in
PTPER<14:0>, the time base will either reset fo 0;.0r
reverse the countdirection on tha next occurring siock
cycle. The action taken depends on the operating
mode of the time base.

Note: If the period-register'is set to.0x0000; ihe
‘ timer will stop counting; ‘and the’ me?’mpt

‘and the special evlenﬁ trigger will ‘ot be
generated, even qmwspec' 'uven?vakfe

isalso Ox(ma.The mzﬂa, ' "notfup‘QntJ
g&dy‘ at

, disable

e module.in crder to updawme peg!od

ragistev*

The PWM time base ¢can be configured for four different
modes of operation:

+ Free Running mode
+ Single Shot mode
+ Continuous Up/Down Count'mode

» Continuous Up/Down Count'mede with interrupts
for double updates

These four modes are selected by the PTMOD<1:0>
bits inthe PTCON SFR. The Up/Down Counting modes
support center aligned PWM generation. The Single
Shot mode allows the PWM module to support puise
control of certain Electronically Commutative Mctors
{ECMs).

The interrupt signals generated by the PWM time base
depend on the mode selection bits (PTMOD<1:0>) and
the postscaler bits (PTOPS<3:0>}in the PTCON SFR.

15.1.1 FREE RUNNING MODE

in the Free Running mode, the PWM time base counts
upwards until the value in the Time Base Period regis-
ter (PTPER) is matched. The PTMR register is reset on
the following input clock edge and the time base will
continue to count upwards as long as the PTEN bit
remains set.

When the PWM time base is in the Free Running mode
{(PTMOD<1:0> = 00), an interrupt event is generated
each time a match with the PTPER register occurs and
the PTMR register is reset to zero. The postscaler
selection bits may be used in this mode of the timer to
reduce the frequency of the interrupt events.

15.4.2° _ SINGLE SHOT MODE

inthe Single ShotCounting mode, the PWM time base
begins. counting upwards when the PTEN bit is set.
When the value in the PTMR register matches the
PTPER register, the PTMR register will be reset on the
following_ input clock edge and the PTEN bit will be
cleared by the hardware to halt the time base.

‘When the PWM time base is in the Single Shot mode
(PTMOD<1:0> = 01}, an interrupt event is generated
when -a maich with the PTPER register occurs, the
PTMR register is reset to zero on the following input
clock edge, and the PTEN bit is cleared. The postiscaler
selection bits have no effectin this mode of the timer.

CONTINUOUS UP/DOWN
COUNTING MODES

In the Continuous Up/Down Counting modes, the PWM
time base counts upwards until the valuein the PTPER
register is matched. The timer will begin counting
downwards on the following input clock edge. The
PTDIR bitin the PTCON SFR is read only and indicates
the counting direction The PTDIR bit'is set when the
timer counts downwards.

in'the Up/Down Counting mode {PTMOD<1:0> = 10),
an interrupt-event is generated each time the value of
the PTMR register becomes zero and the PWM time
base begins to count upwards. The postscaler selec-
tion bitsmay be used in this mode of the timer to reduce
the frequency of the interrupt events.

15138
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15.1.4  DOUBLE UPDATE MODE

In the Double Update mode (PTMOD<1:0> = 11), an
interrupt event is generated each time the PTMR regis-
teris equal to zero, as well as each time a period match
occurs. The postscaler selection bits have no effect in
this mode of the timer.

The Double Update mode provides two additional func-
tions to the user. First, the control loop bandwidth is
doubled because the PWM duty cycles can be
updated, twice per period. Second, asymmetrical cen-
ter-aligned PWM waveforms can be generated, which
are useful for minimizing output waveformvdistortion. in
certain motor control applications.

Note:  Programming a’ V?l;ﬁ‘of 0x0001 .jn the
period register cotlld generate a“continu-
ous interrupt.puise, and-hence,~must be
avoided. . 2

15.1.5 PWM TIME BASE PRESCALER

The input clogk to PTMR (F0OSc/4), has prascaler
options of 1:1, 1:4, 1:16, or 1:64, selected by control
bits PTCKPS<1:0> in the PTCON SFR. The prescaler
counter is cleared when any of the following occurs:

+ awrite to the PTMR register

« awrite to the PTCON register

+ any device Reset

The PTMR register is not cleared when PTCON is
written.

156.1.6 PWM TIME BASE POSTSCALER

The match output of PTMR can' optionally be post-
scaled through a 4-bit postscaler (which gives a 1.1 to
1:16 scaling)-

The postscaler counter is cleared when any of the
following occurs:

« awrite to the PTMR register

« awrite tothe PTCON register

+ any device Reset

The PTMR register is not cleared when PTCON is written.

15.2 PWM Period

PTPER is a 15-bit registerand is used te.setthe count-
ing period for the PWM time base. PTPER Is a double
buffered register. The PTPER buffer contents are
loaded into the PTPER register at the following instants:

+ Free Running and Single Shot modes: When the
PTMR register is reset to zero after a match with
the PTPER register.

+ Up/Down Counting modes: When the PTMR
register is zero.

The value held in the PTPER buffer is automatically

loaded into the PTPER register when the PWM time

base is disabled (PTEN = 0).

The PWM period can be determined using
Equation 15-1:

EQUATION 15-1: PWM PERIOD
Tcy ® (PTPER + 1)

TPWM = —————————

(PTMR Prescale Value)

If the PWM time base is configured for one of the Up/
Down Count modes, the PWM period will be twice the
value provided by Equation 15-1.

The maximum resolution (in bits) for a given device
oscillator and PWM frequency can be determined using
Equation 15-2:

EQUATION 15-2: PWM RESOLUTION

log (2 * TPwM /TCY)
log (2)

Resolution =

15.3  Edge Aligned PWM

Edge aligned PWM signals are produced by the module
when the PWM time base is in the Free Running or Sin-
gle Shot mede. For edge aligned PWM outputs, the out-
put has a period specified by the value in PTPER and a
duty cycle specified by the appropriate duty cycle regis-
ter (see Figure 15-2). The PWM output is driven active
at the beginning of the pericd (PTMR = ¢) and is driven
inactive when. the value in the duty cycle register
matches PTMR.

if the value in a particular duty.cycle register is zero,
then the output on the corresponding PWM pin will be
inactive for the entire PYWWM period. In addition, the out-
puton the PWM pin will be active for the entire PWM
period if the value in the duty cycle register is greater
than the value held in the PTPER register,

FIGURE 15-2: EDGE ALIGNED PWM
New Duty Cycle Latched
F'TF‘ER-I—--—————-.—-—¢ ————————— ‘

Duty Cycle
: .

Period
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15.4 Center Aligned PWM

Center aligned PWM signals are produced by the mod-
ule when the PWM time base is configured in an Up/
Down Counting mode (see Figure 15-3).

The PWM compare output is driven to the active state
when the value of the duty cycle register matches the
value of PTMR and the PWM time base is counting
downwards (PTDIR = 1). The PWM compare output is
driven to the inactive state when the PWM time base is
counting upwards (PTDIR = 0) and the value in the
PTMR register matches the duty cycle value.

if the value in a particular duty eycle register is zero,
then the output on the corresponding PWM pin will be
inactive for the entire PWM period. In addition, the out-
put on the PWM pin will be active for the entire PWM
period if the value in the duty cycle register is-equal.to
the value held in the PTPER register.

FIGURE 15-3: CENTER ALIGNED PWM

Period/2

15.5 = PWM Duty Cycle Comparison
Units

There are three 16-bit specialfunction registers{PDC1,
PDC2 and PDC3)usedto specify duty cycle values for
the PWM module.

The value in each duty cycle register deiermines the
amount of time that the PWM output is in the active
state. The duty cycle registers are 168-bits wide. The LS
bit of a duty cycle register determines..whether the
PWM edge occurs in the beginning. Thus, the PWM
resolution is effectively doubled.

dsPIC30F4011/4012

15.5.1 DUTY CYCLE REGISTER BUFFERS

The three PWM duty cycle registers are double buff-
ered to allow glitchless updates of the PWM outputs.
For each duty cycle, there is a duty cycle register that
is accessible by the user and a second duty cycle reg-
ister that holds the actual compare value used in the
present PWM pericd.

For edge aligned PWM output, a new duty cycle value
will be updated whenever a match with the PTPER reg-
ister occurs and PTMR is reset. The contents of the
duty cycle buffers are automatically loaded into the
duty cycle registers when the PWM time base is dis-
abled (PTEN"= 0) and the UDIS bit is cleared in
PWMCON2.

When the PWM time base s in the Up/Down Counting
mode, new duty cycle values are updated when the
value of the PTMR register is zero and the PWM time
base begins to count upwards. The contents of the duty
cycle buffers are auiomatically loaded into the duty
cycle registers when the PWM time base is disabled
(PTEN =0).

When the PWM time base is in the Up/Down Counting
mode with double updates, new duty cycle values are
updated when the value of the PTMR register is zero,
and when the value of the PTMR register matches the
value in the PTPER register. The contents of the duty
cycle buffers are automatically loaded into the duty
cycle registers when the PWM time base is disabled
(PTEN = 0).

15.6 Complementary PWM Operation

in the Complementary mode.of operation, each pair of
PWM outputs is cbtained by a complementary PWM
signal, A’ dead-time may be optionally inserted during
device switching, when both outputs are inactive for a
short period (Refef to Section 15.7).

In Complementary. mede, the duty cycle comparison
units dre assigned to the PWM-outputs as follows:

+\ PDC1 register controls PWM1TH/PWMIL outputs

+ PDC2 register controls PWM2H/PWM2L outputs

+ PDC3register controls PWMSH/PWM3L outputs
The Complementary mode'is selected for each PWM
1O pin pair by clearing the appropriate PMODx bitin the
PWMCON1 SFR. The PWM I/O pins are set to
Complementary mode by default upen a device Reset.
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15.7 Dead-Time Generators

Dead-time generation may be provided when any of
the PWM /O pin pairs are operating in the Comple-
mentary Output mode. The PWM outputs use Push-
Pull drive circuits. Due to the inability of the power out-
put devices to switch instantaneously, some amount of
time must be provided between the turn off event of one
PWM output in a complementary pair and the turn on
event of the other transistor.

The PWM module allows two different dead-times o be
programmed. These two dead-times may be used-in
one of two methods described below to.increase user
flexibility:

« The PWM output signals can be optimized for dif
ferent turn off times in the high side.and low side
transistors in a complementary pair of transistors.
The first dead-time is inserted between the tumn

off event of the lower transistor of the complemen-
tary pair and the turn on event of the Upper tran-
sistor. The second dead-time is inserted between
the turn off'event of the uppertransistor and the

turn on event of the lower transistor.

The two dead-times can be assigned to individual
PWM 1O pin pairs. This Operating mode allows

the PWM module to drive different transistor/load
combinations with each complementary PWM /O
pin pair.

15.7.1  DEAD-TIME GENERATORS

Each complementary output pair for the PWM module
has a 6-bit down counter that is used to produce the
dead-time insertion. As shown in Figure 15-4, each
dead-time unit has a rising and falling edge detector
connected to the duty cycle comparison output.

16.72  DEAD-TIME RANGES

The amount of dead-time provided by the dead-time
unit is selected by specifying the input clock prescaler
value anda 6-bit unsigned value.

Four input clock prescaler selections have been pro-
vided to allow a suitable range of dead-time, based on
the device operating frequency. The dead-time clock
prescaler values are selected using the DTAPS<1:0>
control bits-in"the DTCON1 SFR. One of four clock
prescaler options (Tcv, 2Tcy, 4Tcy or 8Tcy) may be
selected.

After the prescaler value is selected, the dead-time is

adjusted. by loading 6-bit unsigned values into the

DTCON1 SFR.

Thedead-time unit prescaleris cleared on the following

events:

+ On aload of the down timer due to'aduty cycle
comparison edge event.

« Ona write to the DTCON1 register.

+» On any device Reset:

‘Note:  The user should not modify the DTCON 1
value while the PWM-module s operating
(RTEN,/= '1). Unexpected..results may
QCCur.
FIGURE 15-4. DEAD-TIME TIMING DIAGRAM
Duty Cycle Generator
PWMxH
PWMxL
~— -
f s
Dead Time A (Active) Dead Time A {inactive)

=)
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15.11 PWM OQutput and Polarity Control

There are three device configuration bits associated
with the PWM module that provide PWM output pin
control:

« HPOL configuration bit
+ LPOL configuration bit
= PWMPIN configuration bit

These three bits in the FPORBOR configuration regis-
ter (see Section 21) work in conjunction with the three
PWM Enable bits (PWMEN<3:1>) located in ‘the
PWMCON1 SFR. The configuration bits and«PWM
Enable bits ensure that the PWM pins are in the correct
states after a device Reset occurs. The PWMPIN con-
figuration fuse allows the PWM module outputs-to be
optionally enabled on a device Reset..lf PWMPIN =0,
the PWM outputs will be driven-to their inactive states
at Reset. If PWMPIN = 1 (default), the PWM outputs
will be tri-stated. The HPOL bit specifies the polarity for
the PWMxH outputs, whereas the-LPOL bit specifies
the polarity for the PWMXL outputs.

15.11.1. OUTPUT PIN CONTROL

The PEN<3:1>H and ,PEN<3:1>L control bits in the
PWMCON1 SFR enable each high PWM output pin
and each low PWM output pin, respectively. if a partic-
ular PWM output pin not enabled, it is treated as a
general purpose I/O pin.

15.12 PWM FAULT Pin

There is one FAULT pin (FLTA) associated with the
PWM module. When asserted, these pins can option-
ally drive each of the PWM 1/O pinsto a defined state.

15.12.1 | FAULT PIN‘-ENABLE BITS

The FLTACON SFR has 3 control bits\that determine
whether a particular. pair of PWM /O pins is fo be
controlled by 'the ‘FAULT input pin. To enable a
specific PWM /O pin_pair for FAULT. overrides, the
corresponding bit shouid be set in the FLTACON
register.

if all enable bits are cleared in the FLTACON register,
then the corresponding FAULT input pin:has no effect
on the PWM module and the pin may be used as a
general purpose interrupt or /Opin.

Note: The FAULT pin logic can operate indepen=
dent of the PWM logic. If all the enablebits:
in the FLTACON register are cleared, then
the FAULT pin could be used as a general
purpose interrupt pin. The FAULT pin has
an interrupt vector, interrupt Flag bit and
Interrupt Priority bits associated with it.

15.12.2 FAULT STATES

The FLTACON special function register has 6 bits that
determine the state of each PWM I/O pin when it is
overridden by a FAULT input. When these bits are
cleared, the PWM I/O pin is driven to the inactive state.
If the bit is set, the PWM /O pin will be driven to the
active state. The active and inactive states are refer-
enced to the polarity defined for each PWM VO pin
{HPOL and LPOL polarity control bits).

A special case exists when a PWM module /O pair is
in the Complementary mode and both pins are pro-
grammed tc be active on a FAULT condition. The
PWMxH pin always has priority in the Complementary
mode, so that both O pins cannot be driven active
simultaneously.

15.12.3 ~FAULT INPUT MODES
The FAULT input pin has two modes of operation:

» Latched Mode: When the FAULT pinis driven
low, the, PWM outputs will go.to the states defined
in the FLTACON register. The PWM outputs will
remainin this-state until the.FAULT pin is driven
high and the corresponding interrupt.flag has
been cleared in software. When both of these
actions have occurred, the PVWM outputs will
return to normat cperation atthe beginning of the
next PWM cycle or half-cycie boundary. If the
interrupt flag is cleared before the FAULT condi-
tion ends, the PWM module will wait until the
FAULT pin is no longer asserted, to restore the
outputs.

Cycle-by-Cycle Mode: When the FAULT input
pin is driven low, the PWM outputs remain in the
defined FAULT states for as long as the FAULT
pinis held low. After the FAULT pin is driven high,
the PWM outputs return to normal operation atthe
beginning of the following PWM cycle or
haif-cycle boundary.

Tha Operating’ mode for the FAULT input pin is
selected using the FLTAM control bit in the FLTACON
Special Function Register.

The FAULT pin can be controlfed manually in software.
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15.13 PWM Update Lockout

For a complex PWM application, the user may need to
write up to three duty cycle registers and the time base
period register, PTPER, at a given time. In some appli-
cations, itis important that all buffer registers be written
before the new duty cycle and period values are loaded
for use by the moduile.

The PWM update lockout feature is enabled by setting
the UDIS control bit in the PWMCON2 SFR. The UDIS
bit affects all duty cycle buffer registers and the PWM
time base pericd buffer, PTPER. No«duty cycle
changes or period value changes will haveeffect while
ubDIS = 1.

15.14 PWM Special Event Trigger

The PWM module has a special-event trigger that
allows A/D conversions to be synchronized to the PWM
time base. The A/D sampling and conversion time may
be programmed to occur at.any point within the PWM
period. The special event trigger allows the user to min-
imize the delay between the time when A/D conversion
results are acquired and the time When the duty.cycle
value is updated.

The PWM special event trigger has a SFR named
SEVTCMP, and five control bits to control its operation.
The PTMR value-for which a special event trigger
should occur. is loaded into the SEVTCMP. register.
When the PWM time base is in an Up/Down Counting
mode, an additional control bitis required to specify the
counting phase for the special event trigger. The count
phase is selected using the SEVTDIR control bit in the
SEVTCMP SFR. If the SEVTDIR bitis cleared, the sps-
cial event trigger will occur on the upward counting
cycle of the PWM time base. i the SEVTDIR bit is set,
the spacial event trigger will ocour on-the downward
count cycie of the PWM time base.| The SEVTDIR
control bithas no effect unless the PWM time base is
configured for.an Up/Down Counting mode,

15.14.1 SPECIAL EVENT TRIGGER

POSTSCALER

The PWM special event trigger has a postscaler that
allows a 1:1 to 1:16 postscale ratio. The postscaler is
configured by writing the SEVOPS<3:0> control bits in
the PWMCON2 SFR.

The special event output postscaler is cleared on the
following events:

= Any write to the SEVTCMP register

= Any device Reset

15.15 PWM Operation During CPU Sleep
Mode

The FAULT A input pin hasthe ability to wake the CPU
from Sleep mode. The PWM. module generates an
interrupt ifthe FAULT pin is driven low while in Sleep.

15.16. PWM Operation During CPU Idle
Mode

The PTCON SFR contains a PTSIDL control bit. This
bit-determines._if the PWM module will continue to
operate or stop when the device enters Idle mode. if
PTSIDL = ¢, the module will continue to operate. If
PTSIDL = 1, the module will stop operation as long as
the CPU remains in Idle mode.
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TABLE 15-1:

6-OUTPUT PWM REGISTER MAP

| SFR Name |Addr. | Bit15 [Bit14 | Bit13 | Bit12 | Biet1 | Bit1o | Bito Bit8 | Bit7 | Bit6 | BitS | Bit4 | Bit3 | Bit2 | Bit1 | Bito0 Reset State
PTCON _ |o1co| PTEN | — [pPrsibL| — & = = Z PTOPS<3.0~ PTCKPS<1:0> PTMOD<1.0> | 000D 0000 000D DOOO
PTMR 01C2 | PTDIR PWM Timer Count Value CO00 DOOD 0000 V00O
PTPER 01C4 — PWM Time Base Period Register 0000 0000 DOOO 000D
SEVICMP | 01C6 | SEVTDIR PAWM Special Event Compare Register 0000 0000 D000 0000
PWMCON1 |otca | — i 2 & +  |prmona]ermonz [emont [| L ] penaus| penen [ pentt | e ] penst | penaL | pentL | o000 oooo 1111 1111
PWMCON2 [01cA| — F V. SEVOPS<3.0> | L/ < et - i — | osync | uois | cooo 0ooo pooo oooo
DTCON1 _[o1cc| = = A7 7 = i = DTAPS<1:0> Dead-Time A Value 0000 0000 DOOO DOOO
FLTACON |o1Do| — | Faovan | FaovaL | Faovem | FaovaL | Faovi | FaoviL [Floam] & p ] - | FAENS | FAEN2 | FAEN1 | 0000 0000 0000 0000
OVDCON o104 | — | Povoah | PovDaL | PovD2t | PovD2L | POVDIN [ POVDIL | | — | s | POUTH | POUTAL | POUT2H | POUT2L | POUT1H | POUTIL| 1111 1111 0000 0000
PDC1 0106 FAYM Duty Cycho #1 Rogister 0000 DOOD HOBO OO
PDC2 0108 PWM Duty Cycke #2 Register 0000 0000 0000 0000
PDC3 01DA P‘NMDU(Y Cycbla Rogiswr 000D 00OD DOOO 0000
Logond:  u = uninifialized bit

Note: Refer to dsPIC30F Family Reference Manual (DS70046) for descriptions of register bit fields.
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