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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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade

Details

Product Status Active

Core Processor PIC

Core Size 8-Bit

Speed 16MHz

Connectivity UART/USART

Peripherals POR, PWM, WDT

Number of I/O 33

Program Memory Size 16KB (8K x 16)

Program Memory Type OTP

EEPROM Size -

RAM Size 454 x 8

Voltage - Supply (Vcc/Vdd) 4.5V ~ 6V

Data Converters -

Oscillator Type External

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 44-LCC (J-Lead)

Supplier Device Package 44-PLCC (16.59x16.59)

Purchase URL https://www.e-xfl.com/product-detail/microchip-technology/pic17c44-16i-l

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/pic17c44-16i-l-4425350
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


 



 

 1996 Microchip Technology Inc. DS30412C-page 9

 
PIC17C4X

 

3.0 ARCHITECTURAL OVERVIEW

 

The high performance of the PIC17C4X can be attrib-
uted to a number of architectural features commonly
found in RISC microprocessors. To begin with, the
PIC17C4X uses a modified Harvard architecture. This
architecture has the program and data accessed from
separate memories. So the device has a program
memory bus and a data memory bus. This improves
bandwidth over traditional von Neumann architecture,
where program and data are fetched from the same
memory (accesses over the same bus). Separating
program and data memory further allows instructions to
be sized differently than the 8-bit wide data word.
PIC17C4X opcodes are 16-bits wide, enabling single
word instructions. The full 16-bit wide program memory
bus fetches a 16-bit instruction in a single cycle. A two-
stage pipeline overlaps fetch and execution of instruc-
tions. Consequently, all instructions execute in a single
cycle (121 ns @ 33 MHz), except for program branches
and two special instructions that transfer data between
program and data memory.

The PIC17C4X can address up to 64K x 16 of program
memory space. 

The 

 

PIC17C42

 

 and 

 

PIC17C42A

 

 integrate 2K x 16 of
EPROM program memory on-chip, while the

 

PIC17CR42

 

 has 2K x 16 of ROM program memory on-
chip. 

The 

 

PIC17C43

 

 integrates 4K x 16 of EPROM program
memory, while the 

 

PIC17CR43

 

 has 4K x 16 of ROM
program memory.

The 

 

PIC17C44

 

 integrates 8K x 16 EPROM program
memory. 

Program execution can be internal only (microcontrol-
ler or protected microcontroller mode), external only
(microprocessor mode) or both (extended microcon-
troller mode). Extended microcontroller mode does not
allow code protection.

The PIC17CXX can directly or indirectly address its
register files or data memory. All special function regis-
ters, including the Program Counter (PC) and Working
Register (WREG), are mapped in the data memory.
The PIC17CXX has an orthogonal (symmetrical)
instruction set that makes it possible to carry out any
operation on any register using any addressing mode.
This symmetrical nature and lack of ‘special optimal sit-
uations’ make programming with the PIC17CXX simple
yet efficient. In addition, the learning curve is reduced
significantly.

One of the PIC17CXX family architectural enhance-
ments from the PIC16CXX family allows two file regis-
ters to be used in some two operand instructions. This
allows data to be moved directly between two registers
without going through the WREG register. This
increases performance and decreases program mem-
ory usage.

The PIC17CXX devices contain an 8-bit ALU and work-
ing register. The ALU is a general purpose arithmetic
unit. It performs arithmetic and Boolean functions
between data in the working register and any register
file.

The ALU is 8-bits wide and capable of addition, sub-
traction, shift, and logical operations. Unless otherwise
mentioned, arithmetic operations are two's comple-
ment in nature.

The WREG register is an 8-bit working register used for
ALU operations.

All PIC17C4X devices (except the PIC17C42) have an
8 x 8 hardware multiplier. This multiplier generates a
16-bit result in a single cycle.

Depending on the instruction executed, the ALU may
affect the values of the Carry (C), Digit Carry (DC), and
Zero (Z) bits in the STATUS register. The C and DC bits
operate as a borrow and digit borrow out bit, respec-
tively, in subtraction. See the 

 

SUBLW

 

 and 

 

SUBWF

 

instructions for examples.

Although the ALU does not perform signed arithmetic,
the Overflow bit (OV) can be used to implement signed
math. Signed arithmetic is comprised of a magnitude
and a sign bit. The overflow bit indicates if the magni-
tude overflows and causes the sign bit to change state.
Signed math can have greater than 7-bit values (mag-
nitude), if more than one byte is used. The use of the
overflow bit only operates on bit6 (MSb of magnitude)
and bit7 (sign bit) of the value in the ALU. That is, the
overflow bit is not useful if trying to implement signed
math where the magnitude, for example, is 11-bits. If
the signed math values are greater than 7-bits (15-, 24-
or 31-bit), the algorithm must ensure that the low order
bytes ignore the overflow status bit.

Care should be taken when adding and subtracting
signed numbers to ensure that the correct operation is
executed. Example 3-1 shows an item that must be
taken into account when doing signed arithmetic on an
ALU which operates as an unsigned machine.

 

EXAMPLE 3-1: SIGNED MATH

 

Signed math requires the result in REG to
be FEh (-126). This would be accomplished
by subtracting one as opposed to adding
one.

 

Simplified block diagrams are shown in Figure 3-1 and
Figure 3-2. The descriptions of the device pins are
listed in Table 3-1.

 

Hex Value Signed Value 
Math

Unsigned Value 
Math

  FFh
+ 01h
=  ?

  -127 
+    1
= -126 (FEh)

  255
+   1
=   0 (00h);
Carry bit = 1

 

This document was created with FrameMaker 4 0 4
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4.1.3 OSCILLATOR START-UP TIMER (OST)

The Oscillator Start-up Timer (OST) provides a 1024
oscillator cycle (1024T

 

OSC

 

) delay after MCLR is
detected high or a wake-up from SLEEP event occurs.

The OST time-out is invoked only for XT and LF oscilla-
tor modes on a Power-on Reset or a Wake-up from
SLEEP.

The OST counts the oscillator pulses on the
OSC1/CLKIN pin. The counter only starts incrementing
after the amplitude of the signal reaches the oscillator
input thresholds. This delay allows the crystal oscillator
or resonator to stabilize before the device exits reset.
The length of time-out is a function of the crystal/reso-
nator frequency. 

4.1.4 TIME-OUT SEQUENCE

On power-up the time-out sequence is as follows: First
the internal POR signal goes high when the POR trip
point is reached. If MCLR is high, then both the OST
and PWRT timers start. In general the PWRT time-out
is longer, except with low frequency crystals/resona-
tors. The total time-out also varies based on oscillator
configuration. Table 4-1 shows the times that are asso-
ciated with the oscillator configuration. Figure 4-2 and
Figure 4-3 display these time-out sequences.

If the device voltage is not within electrical specification
at the end of a time-out, the MCLR/V

 

PP

 

 pin must be
held low until the voltage is within the device specifica-
tion. The use of an external RC delay is sufficient for
many of these applications.

 

TABLE 4-1: TIME-OUT IN VARIOUS 
SITUATIONS   

 

The time-out sequence begins from the first rising edge
of MCLR.

Table 4-3 shows the reset conditions for some special
registers, while Table 4-4 shows the initialization condi-
tions for all the registers. The shaded registers (in
Table 4-4) are for all devices except the PIC17C42. In
the PIC17C42, the PRODH and PRODL registers are
general purpose RAM. 

 

TABLE 4-2: STATUS BITS AND THEIR 
SIGNIFICANCE   

 

In Figure 4-2, Figure 4-3 and Figure 4-4, T

 

PWRT

 

 >
T

 

OST

 

, as would be the case in higher frequency crys-
tals. For lower frequency crystals, (i.e., 32 kHz) T

 

OST

 

would be greater.

 

Oscillator
Configuration

Power-up Wake up 
from

SLEEP

MCLR 
Reset

 

XT, LF Greater of: 
96 ms or

1024T

 

OSC

 

1024T

 

OSC

 

—

EC, RC Greater of: 
96 ms or

1024T

 

OSC

 

— —

 

TO PD Event

 

1 1

 

Power-on Reset, MCLR Reset during normal 
operation, or 

 

CLRWDT

 

 instruction executed

 

1 0

 

MCLR Reset during SLEEP or interrupt wake-up 
from SLEEP

 

0 1

 

WDT Reset during normal operation

 

0 0

 

WDT Reset during SLEEP

 

TABLE 4-3: RESET CONDITION FOR THE PROGRAM COUNTER AND THE CPUSTA REGISTER   

 

Event PCH:PCL CPUSTA OST Active

 

Power-on Reset 0000h

 

--11 11--

 

Yes

MCLR Reset during normal operation 0000h

 

--11 11--

 

No

MCLR Reset during SLEEP 0000h

 

--11 10--

 

Yes 

 

(2)

 

WDT Reset during normal operation 0000h

 

--11 01--

 

No

WDT Reset during SLEEP 

 

(3)

 

0000h

 

--11 00--

 

Yes 

 

(2)

 

Interrupt wake-up from SLEEP GLINTD is set PC + 1

 

--11 10--

 

Yes 

 

(2)

 

GLINTD is clear PC + 1 

 

(1)

 

--10 10--

 

Yes 

 

(2)

 

Legend:

 

u

 

 = unchanged, 

 

x

 

 = unknown, 

 

-

 

 =   unimplemented read as '0'.
Note 1: On wake-up, this instruction is executed. The instruction at the appropriate interrupt vector is fetched and 

then executed.
2: The OST is only active when the Oscillator is configured for XT or LF modes.
3: The Program Counter = 0, that is the device branches to the reset vector. This is different from the 

mid-range devices.
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5.3 Peripheral Interrupt Request Register 
(PIR)

 

This register contains the individual flag bits for the
peripheral interrupts.       

 

Note:

 

These bits will be set by the specified con-
dition, even if the corresponding interrupt
enable bit is cleared (interrupt disabled), or
the GLINTD bit is set (all interrupts dis-
abled). Before enabling an interrupt, the
user may wish to clear the interrupt flag to
ensure that the program does not immedi-
ately branch to the peripheral interrupt ser-
vice routine.

 

FIGURE 5-4: PIR REGISTER (ADDRESS: 16h, BANK 1)   

 

R/W - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0 R - 1 R - 0
RBIF TMR3IF TMR2IF TMR1IF CA2IF CA1IF TXIF RCIF

 

R = Readable bit
W = Writable bit
-n = Value at POR reset

 

bit7 bit0

bit 7:

 

RBIF

 

: PORTB Interrupt on Change Flag bit
1 = One of the PORTB inputs changed (Software must end the mismatch condition)
0 = None of the PORTB inputs have changed

bit 6:

 

TMR3IF

 

: Timer3 Interrupt Flag bit
If Capture1 is enabled (CA1/PR3 = 1)
1 = Timer3 overflowed
0 = Timer3 did not overflow

If Capture1 is disabled (CA1/PR3 = 0)
1 = Timer3 value has rolled over to 0000h from equalling the period register (PR3H:PR3L) value
0 = Timer3 value has not rolled over to 0000h from equalling the period register (PR3H:PR3L) value

bit 5:

 

TMR2IF

 

: Timer2 Interrupt Flag bit
1 = Timer2 value has rolled over to 0000h from equalling the period register (PR2) value
0 = Timer2 value has not rolled over to 0000h from equalling the period register (PR2) value

bit 4:

 

TMR1IF

 

: Timer1 Interrupt Flag bit
If Timer1 is in 8-bit mode (T16 = 0)
1 = Timer1 value has rolled over to 0000h from equalling the period register (PR) value
0 = Timer1 value has not rolled over to 0000h from equalling the period register (PR2) value

If Timer1 is in 16-bit mode (T16 = 1)
1 = TMR1:TMR2 value has rolled over to 0000h from equalling the period register (PR1:PR2) value
0 = TMR1:TMR2 value has not rolled over to 0000h from equalling the period register (PR1:PR2) value

bit 3:

 

CA2IF

 

: Capture2 Interrupt Flag bit
1 = Capture event occurred on RB1/CAP2 pin
0 = Capture event did not occur on RB1/CAP2 pin

bit 2:

 

CA1IF

 

: Capture1 Interrupt Flag bit
1 = Capture event occurred on RB0/CAP1 pin
0 = Capture event did not occur on RB0/CAP1 pin

bit 1:

 

TXIF

 

: USART Transmit Interrupt Flag bit
1 = Transmit buffer is empty
0 = Transmit buffer is full

bit 0:

 

RCIF

 

: USART Receive Interrupt Flag bit
1 = Receive buffer is full
0 = Receive buffer is empty
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7.3 Table Reads

 

The table read allows the program memory to be read.
This allows constant data to be stored in the program
memory space, and retrieved into data memory when
needed. Example 7-2 reads the 16-bit value at pro-
gram memory address TBLPTR. After the dummy byte
has been read from the TABLATH, the TABLATH is
loaded with the 16-bit data from program memory
address TBLPTR + 1. The first read loads the data into
the latch, and can be considered a dummy read
(unknown data loaded into 'f'). INDF0 should be con-
figured for either auto-increment or auto-decrement.

 

EXAMPLE 7-2: TABLE READ

 

  MOVLW   HIGH (TBL_ADDR) ; Load the Table
  MOVWF   TBLPTRH         ;   address
  MOVLW   LOW (TBL_ADDR)  ;
  MOVWF   TBLPTRL         ;
  TABLRD  0,0,DUMMY       ; Dummy read,
                          ;  Updates TABLATCH
  TLRD    1, INDF0        ; Read HI byte
                          ;   of TABLATCH
  TABLRD  0,1,INDF0       ; Read LO byte 
                          ;   of TABLATCH and
                          ;   Update TABLATCH

 

FIGURE 7-7: TABLRD TIMING   

FIGURE 7-8: TABLRD TIMING (CONSECUTIVE TABLRD INSTRUCTIONS)     

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

AD15:AD0

Instruction
fetched

Instruction
executed

ALE

OE

WR

TABLRD INST (PC+1) INST (PC+2)

INST (PC-1) TABLRD cycle1 TABLRD cycle2 INST (PC+1)

Data read cycle

PC PC+1 TBL Data in PC+2

'1'

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

AD15:AD0

Instruction
fetched

Instruction
executed

TABLRD1 TABLRD2 INST (PC+2) INST (PC+3)

INST (PC+2)

ALE

OE

WR

INST (PC-1) TABLRD1 cycle1 TABLRD1 cycle2 TABLRD2 cycle1 TABLRD2 cycle2

Data read cycle Data read cycle

'1'

PC PC+1 PC+2 PC+3TBL1 Data in 1 TBL2 Data in 2
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TABLE 9-5: PORTC FUNCTIONS   

TABLE 9-6: REGISTERS/BITS ASSOCIATED WITH PORTC  

 

   

 

 

 

Name Bit Buffer Type Function

 

RC0/AD0 bit0 TTL Input/Output or system bus address/data pin.

RC1/AD1 bit1 TTL Input/Output or system bus address/data pin.

RC2/AD2 bit2 TTL Input/Output or system bus address/data pin.

RC3/AD3 bit3 TTL Input/Output or system bus address/data pin.

RC4/AD4 bit4 TTL Input/Output or system bus address/data pin.

RC5/AD5 bit5 TTL Input/Output or system bus address/data pin.

RC6/AD6 bit6 TTL Input/Output or system bus address/data pin.

RC7/AD7 bit7 TTL Input/Output or system bus address/data pin.

Legend:  TTL = TTL input.

 

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on 
Power-on 

Reset

Value on all 
other resets 

(Note1)

 

11h, Bank 1 PORTC RC7/
AD7

RC6/
AD6

RC5/
AD5

RC4/
AD4

RC3/
AD3

RC2/
AD2

RC1/
AD1

RC0/
AD0

 

xxxx xxxx uuuu uuuu

 

10h, Bank 1 DDRC Data direction register for PORTC

 

1111 1111 1111 1111

 

Legend:

 

x

 

 = unknown, 

 

u

 

 = unchanged.
Note 1: Other (non power-up) resets include: external reset through MCLR and the Watchdog Timer Reset.
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12.0 TIMER1, TIMER2, TIMER3, 
PWMS AND CAPTURES

 

The PIC17C4X has a wealth of timers and time-based
functions to ease the implementation of control applica-
tions. These time-base functions include two PWM out-
puts and two Capture inputs. 

Timer1 and Timer2 are two 8-bit incrementing timers,
each with a period register (PR1 and PR2 respectively)
and separate overflow interrupt flags. Timer1 and
Timer2 can operate either as timers (increment on
internal Fosc/4 clock) or as counters (increment on fall-
ing edge of external clock on pin RB4/TCLK12). They
are also software configurable to operate as a single
16-bit timer. These timers are also used as the
time-base for the PWM (pulse width modulation) mod-
ule.

Timer3 is a 16-bit timer/counter consisting of the
TMR3H and TMR3L registers. This timer has four other
associated registers. Two registers are used as a 16-bit
period register or a 16-bit Capture1 register
(PR3H/CA1H:PR3L/CA1L). The other two registers are
strictly the Capture2 registers (CA2H:CA2L). Timer3 is
the time-base for the two 16-bit captures.

TMR3 can be software configured to increment from
the internal system clock or from an external signal on
the RB5/TCLK3 pin.

Figure 12-1 and Figure 12-2 are the control registers
for the operation of Timer1, Timer2, and Timer3, as well
as PWM1, PWM2, Capture1, and Capture2.

 

FIGURE 12-1: TCON1 REGISTER (ADDRESS: 16h, BANK 3)   

 

R/W - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0
CA2ED1 CA2ED0 CA1ED1 CA1ED0 T16 TMR3CS TMR2CS TMR1CS

 

R = Readable bit
W = Writable bit
-n = Value at POR reset

 

bit7 bit0

bit 7-6:

 

CA2ED1:CA2ED0

 

:  Capture2 Mode Select bits
00 = Capture on every falling edge
01 = Capture on every rising edge
10 = Capture on every 4th rising edge
11 = Capture on every 16th rising edge

bit 5-4:

 

CA1ED1:CA1ED0

 

: Capture1 Mode Select bits
00 = Capture on every falling edge
01 = Capture on every rising edge
10 = Capture on every 4th rising edge
11 = Capture on every 16th rising edge

bit 3:

 

T16

 

: Timer1:Timer2 Mode Select bit
1 = Timer1 and Timer2 form a 16-bit timer
0 = Timer1 and Timer2 are two 8-bit timers

bit 2:

 

TMR3CS

 

: Timer3 Clock Source Select bit
1 = TMR3 increments off the falling edge of the RB5/TCLK3 pin
0 = TMR3 increments off the internal clock

bit 1:

 

TMR2CS

 

: Timer2 Clock Source Select bit
1 = TMR2 increments off the falling edge of the RB4/TCLK12 pin
0 = TMR2 increments off the internal clock

bit 0:

 

TMR1CS

 

: Timer1 Clock Source Select bit
1 = TMR1 increments off the falling edge of the RB4/TCLK12 pin
0 = TMR1 increments off the internal clock

 

This document was created with FrameMaker 4 0 4
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12.2.1 ONE CAPTURE AND ONE PERIOD 
REGISTER MODE

In this mode registers PR3H/CA1H and PR3L/CA1L
constitute a 16-bit period register. A block diagram is
shown in Figure 12-7. The timer increments until it
equals the period register and then resets to 0000h.
TMR3 Interrupt Flag bit (TMR3IF) is set at this point.
This interrupt can be disabled by clearing the TMR3
Interrupt Enable bit (TMR3IE). TMR3IF must be
cleared in software.

This mode is selected if control bit CA1/PR3 is clear. In
this mode, the Capture1 register, consisting of high
byte (PR3H/CA1H) and low byte (PR3L/CA1L), is con-
figured as the period control register for TMR3.
Capture1 is disabled in this mode, and the correspond-
ing Interrupt bit CA1IF is never set. TMR3 increments
until it equals the value in the period register and then
resets to 0000h.

Capture2 is active in this mode. The CA2ED1 and
CA2ED0 bits determine the event on which capture will
occur. The possible events are:

• Capture on every falling edge
• Capture on every rising edge
• Capture every 4th rising edge
• Capture every 16th rising edge

When a capture takes place, an interrupt flag is latched
into the CA2IF bit. This interrupt can be enabled by set-
ting the corresponding mask bit CA2IE. The Peripheral
Interrupt Enable bit (PEIE) must be set and the Global
Interrupt Disable bit (GLINTD) must be cleared for the
interrupt to be acknowledged. The CA2IF interrupt flag
bit must be cleared in software.

When the capture prescale select is changed, the pres-
caler is not reset and an event may be generated.
Therefore, the first capture after such a change will be
ambiguous. However, it sets the time-base for the next
capture. The prescaler is reset upon chip reset.

Capture pin RB1/CAP2 is a multiplexed pin. When used
as a port pin, Capture2 is not disabled. However, the
user can simply disable the Capture2 interrupt by clear-
ing CA2IE. If RB1/CAP2 is used as an output pin, the
user can activate a capture by writing to the port pin.
This may be useful during development phase to emu-
late a capture interrupt.

The input on capture pin RB1/CAP2 is synchronized
internally to internal phase clocks. This imposes certain
restrictions on the input waveform (see the Electrical
Specification section for timing).

The Capture2 overflow status flag bit is double buff-
ered. The master bit is set if one captured word is
already residing in the Capture2 register and another
“event” has occurred on the RB1/CA2 pin. The new
event will not transfer the Timer3 value to the capture
register, protecting the previous unread capture value.
When the user reads both the high and the low bytes (in
any order) of the Capture2 register, the master overflow
bit is transferred to the slave overflow bit (CA2OVF) and
then the master bit is reset. The user can then read
TCON2 to determine the value of CA2OVF. 

The recommended sequence to read capture registers
and capture overflow flag bits is shown in
Example 12-1.

 

EXAMPLE 12-1: SEQUENCE TO READ 
CAPTURE REGISTERS

 

MOVLB 3              ;Select Bank 3
MOVPF CA2L,LO_BYTE   ;Read Capture2 low 
                     ;byte, store in LO_BYTE
MOVPF CA2H,HI_BYTE   ;Read Capture2 high
                     ;byte, store in HI_BYTE
MOVPF TCON2,STAT_VAL ;Read TCON2 into file
                     ;STAT_VAL

 

FIGURE 12-7: TIMER3 WITH ONE CAPTURE AND ONE PERIOD REGISTER BLOCK DIAGRAM   

PR3H/CA1H

TMR3H

Comparator<8>
Fosc/4

TMR3ON

Reset
Equal0

1

Comparator x16

RB5/TCLK3

Set TMR3IF
TMR3CS PR3L/CA1L

TMR3L

CA2H CA2L

RB1/CAP2

Edge select
prescaler select

2
Set CA2IF

Capture1 Enable

CA2ED1: CA2ED0
(TCON1<7:6>)

(TCON2<2>)

(TCON1<2>)

(PIR<3>)

(PIR<6>)
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12.2.2 DUAL CAPTURE REGISTER MODE

This mode is selected by setting CA1/PR3. A block dia-
gram is shown in Figure 12-8. In this mode, TMR3 runs
without a period register and increments from 0000h to
FFFFh and rolls over to 0000h. The TMR3 interrupt
Flag (TMR3IF) is set on this roll over. The TMR3IF bit
must be cleared in software.

Registers PR3H/CA1H and PR3L/CA1L make a 16-bit
capture register (Capture1). It captures events on pin
RB0/CAP1. Capture mode is configured by the
CA1ED1 and CA1ED0 bits. Capture1 Interrupt Flag bit
(CA1IF) is set on the capture event. The corresponding
interrupt mask bit is CA1IE. The Capture1 Overflow
Status bit is CA1OVF. 

The Capture2 overflow status flag bit is double buff-
ered. The master bit is set if one captured word is
already residing in the Capture2 register and another
“event” has occurred on the RB1/CA2 pin. The new
event will not transfer the TMR3 value to the capture
register which protects the previous unread capture
value. When the user reads both the high and the low
bytes (in any order) of the Capture2 register, the master
overflow bit is transferred to the slave overflow bit
(CA2OVF) and then the master bit is reset. The user
can then read TCON2 to determine the value of
CA2OVF. 

The operation of the Capture1 feature is identical to
Capture2 (as described in Section 12.2.1).

FIGURE 12-8: TIMER3 WITH TWO CAPTURE REGISTERS BLOCK DIAGRAM        

TABLE 12-5: REGISTERS ASSOCIATED WITH CAPTURE    

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on 
Power-on 

Reset

Value on all 
other resets 

(Note1)

16h, Bank 3 TCON1 CA2ED1 CA2ED0 CA1ED1 CA1ED0 T16 TMR3CS TMR2CS TMR1CS 0000 0000 0000 0000

17h, Bank 3 TCON2 CA2OVF CA1OVF PWM2ON PWM1ON CA1/PR3 TMR3ON TMR2ON TMR1ON 0000 0000 0000 0000

12h, Bank 2 TMR3L TMR3 register; low byte xxxx xxxx uuuu uuuu

13h, Bank 2 TMR3H TMR3 register; high byte xxxx xxxx uuuu uuuu

16h, Bank 1 PIR RBIF TMR3IF TMR2IF TMR1IF CA2IF CA1IF TXIF RCIF 0000 0010 0000 0010

17h, Bank 1 PIE RBIE TMR3IE TMR2IE TMR1IE CA2IE CA1IE TXIE RCIE 0000 0000 0000 0000

07h, Unbanked INTSTA PEIF T0CKIF T0IF INTF PEIE T0CKIE T0IE INTE 0000 0000 0000 0000

06h, Unbanked CPUSTA — — STKAV GLINTD TO PD — — --11 11-- --11 qq--

16h, Bank 2 PR3L/CA1L Timer3 period register, low byte/capture1 register, low byte xxxx xxxx uuuu uuuu

17h, Bank 2 PR3H/CA1H Timer3 period register, high byte/capture1 register, high byte xxxx xxxx uuuu uuuu

14h, Bank 3 CA2L Capture2 low byte xxxx xxxx uuuu uuuu

15h, Bank 3 CA2H Capture2 high byte xxxx xxxx uuuu uuuu

Legend: x = unknown, u = unchanged, - = unimplemented read as '0', q - value depends on condition,
shaded cells are not used by Capture.

Note 1: Other (non power-up) resets include: external reset through MCLR and WDT Timer Reset.

2

RB0/CAP1

Edge Select
Prescaler Select

PR3H/CA1H PR3L/CA1L

TMR3H TMR3L

RB5/TCLK3

0

1

Fosc/4

RB1/CAP2

Edge Select
Prescaler Select

2
CA2ED1, CA2ED0
(TCON1<7:6>)

CA2H CA2L
Set CA2IF
(PIR<3>)

Set TMR3IF
(PIR<6>)

Set CA1IF
(PIR<2>)

Capture Enable

Capture Enable
TMR3ON
(TCON2<2>)TMR3CS

(TCON1<2>)

CA1ED1, CA1ED0
(TCON1<5:4>)
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FIGURE 13-3: USART TRANSMIT      

FIGURE 13-4: USART RECEIVE     
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13.4 USART Synchronous Slave Mode

The synchronous slave mode differs from the master
mode in the fact that the shift clock is supplied exter-
nally at the RA5/TX/CK pin (instead of being supplied
internally in the master mode). This allows the device
to transfer or receive data in the SLEEP mode. The
slave mode is entered by clearing the
CSRC (TXSTA<7>) bit.

13.4.1 USART SYNCHRONOUS SLAVE 
TRANSMIT

The operation of the sync master and slave modes are
identical except in the case of the SLEEP mode.

If two words are written to TXREG and then the SLEEP
instruction executes, the following will occur. The first
word will immediately transfer to the TSR and will trans-
mit as the shift clock is supplied. The second word will
remain in TXREG. TXIF will not be set. When the first
word has been shifted out of TSR, TXREG will transfer
the second word to the TSR and the TXIF flag will now
be set. If TXIE is enabled, the interrupt will wake the
chip from SLEEP and if the global interrupt is enabled,
then the program will branch to interrupt vector
(0020h).

Steps to follow when setting up a Synchronous Slave
Transmission:

1. Enable the synchronous slave serial port by set-
ting the SYNC and SPEN bits and clearing the
CSRC bit.

2. Clear the CREN bit.
3. If interrupts are desired, then set the TXIE bit.
4. If 9-bit transmission is desired, then set the TX9

bit.
5. Start transmission by loading data to TXREG.
6. If 9-bit transmission is selected, the ninth bit

should be loaded in TX9D.
7. Enable the transmission by setting TXEN.

Writing the transmit data to the TXREG, then enabling
the transmit (setting TXEN) allows transmission to start
sooner then doing these two events in the reverse
order.     

Note: To terminate a transmission, either clear
the SPEN bit, or the TXEN bit. This will
reset the transmit logic, so that it will be in
the proper state when transmit is
re-enabled.

13.4.2 USART SYNCHRONOUS SLAVE 
RECEPTION

Operation of the synchronous master and slave modes
are identical except in the case of the SLEEP mode.
Also, SREN is a don't care in slave mode.

If receive is enabled (CREN) prior to the SLEEP instruc-
tion, then a word may be received during SLEEP. On
completely receiving the word, the RSR will transfer the
data to RCREG (setting RCIF) and if the RCIE bit is set,
the interrupt generated will wake the chip from SLEEP.
If the global interrupt is enabled, the program will
branch to the interrupt vector (0020h).

Steps to follow when setting up a Synchronous Slave
Reception:

1. Enable the synchronous master serial port by
setting the SYNC and SPEN bits and clearing
the CSRC bit.

2. If interrupts are desired, then set the RCIE bit.
3. If 9-bit reception is desired, then set the RX9 bit.
4. To enable reception, set the CREN bit.
5. The RCIF bit will be set when reception is com-

plete and an interrupt will be generated if the
RCIE bit was set.

6. Read RCSTA to get the ninth bit (if enabled) and
determine if any error occurred during reception.

7. Read the 8-bit received data by reading
RCREG.

8. If any error occurred, clear the error by clearing
the CREN bit.

Note: To abort reception, either clear the SPEN
bit, the SREN bit (when in single receive
mode), or the CREN bit (when in continu-
ous receive mode). This will reset the
receive logic, so that it will be in the proper
state when receive is re-enabled.
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14.2.4 EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT

Either a prepackaged oscillator can be used or a simple
oscillator circuit with TTL gates can be built. Prepack-
aged oscillators provide a wide operating range and
better stability. A well-designed crystal oscillator will
provide good performance with TTL gates. Two types of
crystal oscillator circuits can be used: one with series
resonance, or one with parallel resonance.

Figure 14-5 shows implementation of a parallel reso-
nant oscillator circuit. The circuit is designed to use the
fundamental frequency of the crystal. The 74AS04
inverter performs the 180-degree phase shift that a par-
allel oscillator requires. The 4.7 k

 

Ω

 

 resistor provides the
negative feedback for stability. The 10 k

 

Ω

 

 potentiometer
biases the 74AS04 in the linear region. This could be
used for external oscillator designs.

 

FIGURE 14-5: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT   

 

Figure 14-6 shows a series resonant oscillator circuit.
This circuit is also designed to use the fundamental fre-
quency of the crystal. The inverter performs a
180-degree phase shift in a series resonant oscillator
circuit. The 330 k

 

Ω

 

 resistors provide the negative feed-
back to bias the inverters in their linear region.

 

FIGURE 14-6: EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT   
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14.2.5 RC OSCILLATOR

For timing insensitive applications, the RC device
option offers additional cost savings. RC oscillator fre-
quency is a function of the supply voltage, the resistor
(Rext) and capacitor (Cext) values, and the operating
temperature. In addition to this, oscillator frequency will
vary from unit to unit due to normal process parameter
variation. Furthermore, the difference in lead frame
capacitance between package types will also affect
oscillation frequency, especially for low Cext values.
The user also needs to take into account variation due
to tolerance of external R and C components used.
Figure 14-6 shows how the R/C combination is con-
nected to the PIC17CXX. For Rext values below 2.2 k

 

Ω

 

,
the oscillator operation may become unstable, or stop
completely. For very high Rext values (e.g. 1 M

 

Ω

 

), the
oscillator becomes sensitive to noise, humidity and
leakage. Thus, we recommend to keep Rext between 3
k

 

Ω

 

 and 100 k

 

Ω

 

. 

Although the oscillator will operate with no external
capacitor (Cext = 0 pF), we recommend using values
above 20 pF for noise and stability reasons. With little
or no external capacitance, oscillation frequency can
vary dramatically due to changes in external capaci-
tances, such as PCB trace capacitance or package
lead frame capacitance.

See Section 18.0 for RC frequency variation from part
to part due to normal process variation.  The variation
is larger for larger R (since leakage current variation will
affect RC frequency more for large R) and for smaller C
(since variation of input capacitance will affect RC fre-
quency more).

See Section 18.0 for variation of oscillator frequency
due to V

 

DD

 

 for given Rext/Cext values as well as fre-
quency variation due to operating temperature for given
R, C, and V

 

DD

 

 values.  

The oscillator frequency, divided by 4, is available on
the OSC2/CLKOUT pin, and can be used for test pur-
poses or to synchronize other logic (see Figure 3-2 for
waveform).

 

FIGURE 14-7: RC OSCILLATOR MODE   
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IORWF Inclusive OR WREG with f

Syntax: [ label ]    IORWF    f,d

Operands: 0 ≤ f ≤ 255
d ∈  [0,1]

Operation: (WREG) .OR. (f) → (dest)

Status Affected: Z

Encoding: 0000 100d ffff ffff

Description: Inclusive OR WREG with register 'f'. If 
'd' is 0 the result is placed in WREG. If 
'd' is 1 the result is placed back in regis-
ter 'f'.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register 'f'

Execute Write to 
destination

Example: IORWF  RESULT, 0

Before Instruction
RESULT = 0x13
WREG = 0x91

After Instruction
RESULT = 0x13
WREG = 0x93

         

LCALL Long Call

Syntax: [ label ]    LCALL    k

Operands: 0 ≤ k ≤ 255

Operation: PC + 1 → TOS;
k → PCL, (PCLATH) → PCH

Status Affected: None

Encoding: 1011 0111 kkkk kkkk

Description: LCALL allows an unconditional subrou-
tine call to anywhere within the 64k pro-
gram memory space. 

First, the return address (PC + 1) is 
pushed onto the stack.  A 16-bit desti-
nation address is then loaded into the 
program counter.  The lower 8-bits of 
the destination address is embedded in 
the instruction.  The upper 8-bits of PC 
is loaded from PC high holding latch, 
PCLATH.

Words: 1

Cycles: 2

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
literal 'k'

Execute Write
register PCL

Forced NOP NOP Execute NOP

Example: MOVLW  HIGH(SUBROUTINE)
MOVPF  WREG, PCLATH
LCALL  LOW(SUBROUTINE)

Before Instruction
SUBROUTINE = 16-bit Address
PC = ?

After Instruction
PC = Address (SUBROUTINE)
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RLNCF Rotate Left f (no carry)

Syntax: [ label ] RLNCF    f,d

Operands: 0 ≤ f ≤ 255
d ∈  [0,1]

Operation: f<n> → d<n+1>;
f<7> → d<0>

Status Affected: None

Encoding: 0010 001d ffff ffff

Description: The contents of register 'f' are rotated 
one bit to the left. If 'd' is 0 the result is 
placed in WREG. If 'd' is 1 the result is 
stored back in register 'f'.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register 'f'

Execute Write to 
destination

Example: RLNCF REG, 1

Before Instruction
C = 0
REG = 1110 1011

After Instruction
C =
REG = 1101 0111

register f

            

RRCF Rotate Right f through Carry

Syntax: [ label ]    RRCF   f,d

Operands: 0 ≤ f ≤ 255
d ∈  [0,1]

Operation: f<n> → d<n-1>;
f<0> → C;
C → d<7>

Status Affected: C

Encoding: 0001 100d ffff ffff

Description: The contents of register 'f' are rotated 
one bit to the right through the Carry 
Flag. If 'd' is 0 the result is placed in 
WREG. If 'd' is 1 the result is placed 
back in register 'f'.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register 'f'

Execute Write to 
destination

Example: RRCF REG1,0

Before Instruction
REG1 = 1110 0110
C = 0

After Instruction
REG1 = 1110 0110
WREG = 0111 0011
C = 0

C register f
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Applicable Devices

 

42 R42 42A 43 R43 44

 

17.1 DC CHARACTERISTICS: PIC17C42-16 (Commercial, Industrial)
PIC17C42-25 (Commercial, Industrial)   

 

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)

 

Operating temperature
-40˚C

 

≤

 

 T

 

A

 

 

 

≤

 

 +85˚C for industrial and 
0˚C 

 

≤

 

 T

 

A

 

 

 

≤

 

 +70˚C for commercial

 

Parameter
No. Sym Characteristic Min Typ† Max Units Conditions

 

D001 V

 

DD

 

Supply Voltage 4.5 – 5.5 V
D002 V

 

DR

 

RAM Data Retention
Voltage (Note 1)

1.5 * – – V Device in SLEEP mode

D003 V

 

POR

 

V

 

DD

 

 start voltage to
ensure internal
Power-on Reset signal

– V

 

SS

 

– V See section on Power-on Reset for 
details

D004 S

 

VDD

 

V

 

DD

 

 rise rate to 
ensure internal
Power-on Reset signal

0.060* – – mV/ms See section on Power-on Reset for 
details

D010
D011
D012
D013
D014

I

 

DD

 

Supply Current 
(Note 2)

–
–
–
–
–

3
6
11
19
95

6
12 *
24 *
38
150

mA
mA
mA
mA

 

µ

 

A

F

 

OSC

 

 = 4 MHz (Note 4)
F

 

OSC

 

 = 8 MHz
F

 

OSC

 

 = 16 MHz
F

 

OSC

 

 = 25 MHz
F

 

OSC

 

 = 32 kHz 
WDT enabled (EC osc configuration)

D020
D021

I

 

PD

 

Power-down Current 
(Note 3)

–
–

10
< 1

40
5

 

µ

 

A

 

µ

 

A
V

 

DD

 

 = 5.5V, WDT enabled
V

 

DD

 

 = 5.5V, WDT disabled
* These parameters are characterized but not tested.
† Data in "Typ" column is at 5V, 25˚C unless otherwise stated.  These parameters are for design guidance 

only and are not tested.
Note 1: This is the limit to which V

 

DD

 

 can be lowered in SLEEP mode without losing RAM data.
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin 

loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an 
impact on the current consumption.
The test conditions for all I

 

DD

 

 measurements in active operation mode are: 
OSC1 = external square wave, from rail to rail; all I/O pins tristated, pulled to V

 

DD

 

 or V

 

SS

 

, T0CKI = V

 

DD

 

, 
MCLR = V

 

DD

 

; WDT enabled/disabled as specified. 
Current consumed from the oscillator and I/O’s driving external capacitive or resistive loads need to be con-
sidered.
For the RC oscillator, the current through the external pull-up resistor (R) can be estimated as: V

 

DD

 

 / (2 

 

•

 

 R). 
For capacitive loads, The current can be estimated (for an individual I/O pin) as (C

 

L

 

 

 

•

 

 V

 

DD

 

) 

 

•

 

 f
C

 

L

 

 = Total capacitive load on the I/O pin; f = average frequency on the I/O pin switches. 
The capacitive currents are most significant when the device is configured for external execution (includes 
extended microcontroller mode).

3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is 
measured with the part in SLEEP mode, all I/O pins in hi-impedance state and tied to V

 

DD

 

 or V

 

SS

 

. 
4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti-

mated by the formula I

 

R

 

 = V

 

DD

 

/2Rext (mA) with Rext in kOhm.
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FIGURE 17-7: CAPTURE TIMINGS     

TABLE 17-7: CAPTURE REQUIREMENTS       

FIGURE 17-8: PWM TIMINGS    

TABLE 17-8: PWM REQUIREMENTS    

Parameter 
No. Sym Characteristic Min Typ† Max Units Conditions

50 TccL Capture1 and Capture2 input low time 10 * — — ns

51 TccH Capture1 and Capture2 input high time 10 * — — ns

52 TccP Capture1 and Capture2 input period 2 TCY §
N

— — ns N = prescale value 
(4 or 16)

* These parameters are characterized but not tested.
† Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 

tested.
§ This specification ensured by design.

Parameter 
No. Sym Characteristic Min Typ† Max Units Conditions

53 TccR PWM1 and PWM2 output rise time — 10 * 35 *§ ns

54 TccF PWM1 and PWM2 output fall time — 10 * 35 *§ ns

* These parameters are characterized but not tested.
† Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 

tested.
§ This specification ensured by design.

CAP1
and CAP2

(Capture Mode)

50 51

52

PWM1
and PWM2

(PWM Mode)
53 54
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18.0 PIC17C42 DC AND AC CHARACTERISTICS

 

The graphs and tables provided in this section are for design guidance and are not tested or guaranteed. In some graphs
or tables the data presented are outside specified operating range (e.g. outside specified V

 

DD

 

 range). This is for infor-
mation only and devices are ensured to operate properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units from different lots over a period of
time.  "Typical" represents the mean of the distribution while "max" or "min" represents (mean + 3

 

σ

 

) and (mean - 3

 

σ

 

)
respectively where 

 

σ

 

 is standard deviation.

 

TABLE 18-1: PIN CAPACITANCE PER PACKAGE TYPE   

FIGURE 18-1: TYPICAL RC OSCILLATOR FREQUENCY vs. TEMPERATURE   

 

Pin Name
Typical Capacitance (pF)

40-pin DIP 44-pin PLCC 44-pin MQFP 44-pin TQFP

 

All pins, except MCLR, 
V

 

DD

 

, and V

 

SS

 

10 10 10 10

MCLR pin 20 20 20 20

FOSC

FOSC (25°C)

1.10

1.08

1.06

1.04

1.02

1.00

0.98

0.96

0.94

0.92

0.90

0 10 20 25 30 40 50 60 70

T(°C)

Frequency normalized to +25°C

VDD = 5.5V

VDD = 3.5V

Rext ≥ 10 kΩ
Cext = 100 pF

 

This document was created with FrameMaker 4 0 4
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FIGURE 18-4: TYPICAL RC OSCILLATOR FREQUENCY vs. V

 

DD

 

   

TABLE 18-2: RC OSCILLATOR FREQUENCIES   

 

Cext Rext
Average

Fosc @ 5V, 25

 

°

 

C

 

22 pF 10k 3.33 MHz

 

±

 

 12%
100k 353 kHz

 

±

 

 13%
100 pF 3.3k 3.54 MHz

 

±

 

 10%
5.1k 2.43 MHz

 

±

 

 14%
10k 1.30 MHz

 

±

 

 17%
100k 129 kHz

 

±

 

 10%
300 pF 3.3k 1.54 MHz

 

±

 

 14%
5.1k 980 kHz

 

±

 

 12%
10k 564 kHz

 

±

 

 16%
160k 35 kHz

 

±

 

 18%

2.0
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1.6

1.4

1.2

1.0

0.8

0.6

0.4

4.0 4.5 5.0 5.5 6.0 6.5

F
O

S
C

 (
M

H
z)

VDD (Volts)

R = 10k

Cext = 300 pF, T = 25°C

R = 160k

R = 3.3k

R = 5.1k

0.2

0.0
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FIGURE 18-15: IOH vs. VOH, VDD = 5V   

FIGURE 18-16: IOL vs. VOL, VDD = 3V    
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edge, require using the PICmicro microcontroller in a manner outside the operating specifications contained in the data sheet. 
The person doing so may be engaged in theft of intellectual property.

• Microchip is willing to work with the customer who is concerned about the integrity of their code.
• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not 

mean that we are guaranteeing the product as “unbreakable”.
• Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of 

our product.

If you have any further questions about this matter, please contact the local sales office nearest to you.


