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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"
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TABLE 1-1:

DSPIC30F6010 I/0O PIN DESCRIPTIONS (CONTINUED)

Pin Name
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Type

Buffer
Type

Description
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* Receive Error Interrupts

A receive error interrupt will be indicated by the ERRIF
bit. This bit shows that an error condition occurred. The
source of the error can be determined by checking the
bits in the CAN Interrupt Status Register CiINTF.

« Invalid message received

« If any type of error occurred during reception of
the last message, an error will be indicated by the
IVRIF bit.

* Receiver overrun

* The RXnOVR bit indicates that an overrun condi-
tion occurred.

« Receiver warning

* The RXWAR bit indicates that the Receive Error
Counter (RERRCNT<7:0>) has reached the
Warning limit of 96.

« Receiver error passive

* The RXEP bit indicates that the Receive Error
Counter has exceeded the Error Passive limit of
127 and the module has gone into Error Passive
state.

19.5 Message Transmission

19.5.1 TRANSMIT BUFFERS

The CAN module has three transmit buffers. Each of
the three buffers occupies 14 bytes of data. Eight of the
bytes are the maximum 8 bytes of the transmitted mes-
sage. Five bytes hold the standard and extended
identifiers and other message arbitration information.

19.5.2 TRANSMIT MESSAGE PRIORITY

Transmit priority is a prioritization within each node of the
pending transmittable messages. There are 4 levels of
transmit priority. If TXPRI<1:0> (CiTXnCON<1:0>, where
n =0, 1 or 2 represents a particular transmit buffer) for a
particular message buffer is set to ‘11’, that buffer has the
highest priority. If TXPRI<1:0> for a particular message
buffer is set to ‘10’ or ‘01’, that buffer has an intermediate
priority. If TXPRI<1:0> for a particular message buffer is
‘00, that buffer has the lowest priority.

19.5.3 TRANSMISSION SEQUENCE

To initiate transmission of the message, the TXREQ bit
(CiITXNnCON<3>) must be set. The CAN bus module
resolves any timing conflicts between setting of the
TXREQ bit and the Start of Frame (SOF), ensuring
that if the priority was changed, it is resolved correctly
before the SOF occurs. When TXREQ is set, the
TXABT (CiTXnCON<6>), TXLARB (CiTXnCON<5>)
and TXERR (CiTXnCON<4>) flag bits are
automatically cleared.

Setting TXREQ bit simply flags a message buffer as
enqueued for transmission. When the module detects
an available bus, it begins transmitting the message
which has been determined to have the highest priority.

If the transmission completes successfully on the first
attempt, the TXREQ bit is cleared automatically and an
interrupt is generated if TXIE was set.

If the message transmission fails, one of the error
condition flags will be set and the TXREQ bit will
remain set indicating that the message is still pending
for transmission. If the message encountered an error
condition during the transmission attempt, the TXERR
bit will be set and the error condition may cause an
interrupt. If the message loses arbitration during the
transmission attempt, the TXLARB bit is set. No
interrupt is generated to signal the loss of arbitration.

1954 ABORTING MESSAGE
TRANSMISSION

The system can also abort a message by clearing the
TXREQ bit associated with each message buffer. Set-
ting the ABAT bit (CiCTRL<12>) will request an abort of
all pending messages. If the message has not yet
started transmission, or if the message started but is
interrupted by loss of arbitration or an error, the abort
will be processed. The abort is indicated when the
module sets the TXABT bit, and the TXnlIF flag is not
automatically set.

19.5.5 TRANSMISSION ERRORS

The CAN module will detect the following transmission
errors:

» Acknowledge Error
e Form Error
e Bit Error

These transmission errors will not necessarily generate
an interrupt but are indicated by the transmission error
counter. However, each of these errors will cause the
transmission error counter to be incremented by one.
Once the value of the error counter exceeds the value
of 96, the ERRIF (CiINTF<5>) and the TXWAR bit
(CiINTF<10>) are set. Once the value of the error
counter exceeds the value of 96, an interrupt is gener-
ated and the TXWAR bit in the error flag register is set.
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20.4 Programming the Start of
Conversion Trigger

The conversion trigger will terminate acquisition and
start the requested conversions.

The SSRC<2:0> bits select the source of the
conversion trigger.

The SSRC bits provide for up to 5 alternate sources of
conversion trigger.

When SSRC<2:0> = 000, the conversion trigger is
under software control. Clearing the SAMP bit will
cause the conversion trigger.

When SSRC<2:0> =111 (Auto-Start mode), the con-
version trigger is under ADC clock control. The SAMC
bits select the number of ADC clocks between the start
of acquisition and the start of conversion. This provides
the fastest conversion rates on multiple channels.
SAMC must always be at least 1 clock cycle.

Other trigger sources can come from timer modules,
Motor Control PWM module, or external interrupts.

Note:  To operate the ADC at the maximum spec-
ified conversion speed, the Auto Convert
Trigger option should be selected (SSRC
= 111) and the Auto Sample Time bits
should be set to 1 Tab (SAMC = 00001).
This configuration will give a total conver-
sion period (sample + convert) of 13 TAD.

The use of any other conversion trigger
will result in additional TAD cycles to
synchronize the external event to the
ADC.

20.5 Aborting a Conversion

Clearing the ADON bit during a conversion will abort
the current conversion and stop the sampling sequenc-
ing. The ADCBUF will not be updated with the partially
completed A/D conversion sample. That is, the
ADCBUF will continue to contain the value of the last
completed conversion (or the last value written to the
ADCBUF register).

If the clearing of the ADON bit coincides with an auto
start, the clearing has a higher priority.

After the A/D conversion is aborted, a 2 TAD wait is
required before the next sampling may be started by
setting the SAMP bit.

If sequential sampling is specified, the A/D will continue
at the next sample pulse which corresponds with the
next channel converted. If simultaneous sampling is
specified, the ADC will continue with the next
multi-channel group conversion sequence.

20.6  Selecting the A/D Conversion
Clock

The A/D conversion requires 12 TAD. The source of the
A/D conversion clock is software selected using a six
bit counter. There are 64 possible options for TAD.

EQUATION 20-1: A/D CONVERSION CLOCK

TAD = Tey * (0.5* (ADCS<5:0> + 1))

ADCS<5:0> =2 222 _ ¢
TCcy

The internal RC oscillator is selected by setting the
ADRC bit.

For correct A/D conversions, the A/D conversion clock
(TAaD) must be selected to ensure a minimum TAD time
of 83.33 nsec (for VDD = 5V). Refer to the Section 24.0
"Electrical Characteristics" for minimum TAD under
other operating conditions.

Example 20-1 shows a sample calculation for the
ADCS<5:0> bits, assuming a device operating speed
of 30 MIPS.

EXAMPLE 20-1: A/D CONVERSION CLOCK
CALCULATION

TAD = 154 nsec
Tcy =33 nsec (30 MIPS)

ADCS<5:0>=2 222 _ ¢
TCcy

154 nsec
=2 — 7 _1
33 nsec

=833

Therefore,
Set ADCS<5:0>=9

Actual TAD = T% (ADCS<5:0> + 1)

33 nsec ©@+1)

=165 nsec
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TABLE 23-2: INSTRUCTION SET OVERVIEW
Ilanis;(rB Gﬁz?nrgali% Assembly Syntax Description WT) ?(;s cisglfe Stit#chggs
46 MOV MOV £,Wn Move f to Wn 1 1 None
MOV f Move fto f 1 1 N,Z
MOV £,WREG Move f to WREG 1 1 N,Z
MOV #1it16,Wn Move 16-bit literal to Wn 1 1 None
MOV.b #1it8,Wn Move 8-bit literal to Wn 1 1 None
MOV Wn,f Move Wn to f 1 1 None
MOV Wso,Wdo Move Ws to Wd 1 1 None
Mov WREG, Move WREG to f 1 1 N,Z
MOV.D Wns,Wd Move Double from W(ns):W(ns+1) to Wd 1 2 None
MOV.D Ws,Wnd Move Double from Ws to W(nd+1):W(nd) 1 2 None
47 MOVSAC MOVSAC Acc,Wx,Wxd, Wy ,Wyd , AWB Prefetch and store accumulator 1 1 None
48 MPY MPY Multiply Wm by Wn to Accumulator 1 1 OA,OB,0AB,
Wm*Wn,Acc,Wx,Wxd, Wy, Wyd SA,SB,SAB
MPY Square Wm to Accumulator 1 1 OA,0B,0AB,
Wm*Wm,Acc,Wx,Wxd, Wy, Wyd SA,SB,SAB
49 MPY _N MPY _N Wm*Wn,Acc,Wx,Wxd, Wy ,Wyd | -(Multiply Wm by Wn) to Accumulator 1 1 None
50 MSC MSC Wm*Wm, Acc,Wx ,Wxd ,Wy,Wyd, | Multiply and Subtract from Accumulator 1 1 OA,0B,0AB,
AWB SA,SB,SAB
51 MUL MUL.SS Wb ,Ws,Wnd {Wnd+1, Wnd} = signed(Wb) * signed(Ws) 1 1 None
MUL.SU Wb ,Ws,Wnd {Wnd+1, Wnd} = signed(Wb) * unsigned(Ws) 1 1 None
MUL.US Wb ,Ws,Wnd {Wnd+1, Wnd} = unsigned(Wb) * signed(Ws) 1 1 None
MUL.UU Wb ,Ws,Wnd {Wnd+1, Wnd} = unsigned(Wb) * 1 1 None
unsigned(Ws)
MUL . SU Wb, #1it5,Wnd {Wnd+1, Wnd} = signed(Wb) * unsigned(lit5) 1 1 None
MUL .UU Wb, #1it5,Wnd {Wnd+1, Wnd} = unsigned(Wb) * 1 1 None
unsigned(lit5)
MUL f W3:W2 = f * WREG 1 1 None
52 NEG NEG Acc Negate Accumulator 1 1 OA,0B,0AB,
SA,SB,SAB
NEG f f=f+1 1 1 C,DC,N,0v,Z
NEG f,WREG WREG =f+1 1 1 C,DC,N,0v,Z
NEG Ws,Wwd Wd =Ws + 1 1 1 C,DC,N,0v,Z
53 NOP NOP No Operation 1 1 None
NOPR No Operation 1 1 None
54 POP POP f Pop f from top-of-stack (TOS) 1 1 None
POP Wdo Pop from top-of-stack (TOS) to Wdo 1 1 None
POP.D Wnd Pop from top-of-stack (TOS) to 1 2 None
W(nd):W(nd+1)
POP.S Pop Shadow Registers 1 1 All
55 PUSH PUSH f Push f to top-of-stack (TOS) 1 1 None
PUSH Wso Push Wso to top-of-stack (TOS) 1 1 None
PUSH.D Wns Push W(ns):W(ns+1) to top-of-stack (TOS) 1 2 None
PUSH.S Push Shadow Registers 1 1 None
56 PWRSAV PWRSAV #litl Go into Sleep or Idle mode 1 1 WDTO,Sleep
57 RCALL RCALL Expr Relative Call 1 2 None
RCALL wn Computed Call 1 2 None
58 REPEAT REPEAT #litld Repeat Next Instruction lit14+1 times 1 1 None
REPEAT wn Repeat Next Instruction (Wn)+1 times 1 1 None
59 RESET RESET Software device Reset 1 1 None
60 RETFIE RETFIE Return from interrupt 1 3(2) [None
61 RETLW RETLW #1it10,Wn Return with literal in Wn 1 3(2) [None
62 RETURN RETURN Return from Subroutine 1 3(2) [None
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FIGURE 24-27: 10-BIT HIGH-SPEED ADC CONVERSION TIMING CHARACTERISTICS

(CHPS = 01, SIMSAM = 0, ASAM = 1, SSRC = 111, SAMC = 00001)
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TABLE 24-41: 10-BIT HIGH-SPEED ADC CONVERSION TIMING REQUIREMENTS

Standard Operating Conditions: 2.7V to 5.5V
unless otherwise stated
AC CHARACTERISTICS S@m a ) <TA<BbH
8 °C<TA<EDE
Pilrg\m Symbol Characteristic Min. Typ(l) Max. Units Conditions
Clock Parameters
BT |nm Y5) 8 8 8 Table 20-2)
Bt B BaRBE 0 o a 8
Conversion Rate
Bt "] 8mh 2T B
B F fe 0 Ms Table 20-2(
BT B B 1T B & Table 20-2(2)
Timing Parameters
Bt |8 ast| T B 8
§
Bt B b BT B 3T B 8
Bl B
Bt IS apo B[T B 3]
B (B 1)
Bt B [i70] 31 Q us
BOo BO
Note 1: BpeHbbdENEN
2: Bpgbod
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