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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
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3.1 Clocking Scheme/Instruction Cycle

 

The clock input (from OSC1) is internally divided by
four to generate four non-overlapping quadrature
clocks, namely Q1, Q2, Q3, and Q4. Internally, the pro-
gram counter (PC) is incremented every Q1, and the
instruction is fetched from the program memory and
latched into the instruction register in Q4. The instruc-
tion is decoded and executed during the following Q1
through Q4. The clocks and instruction execution flow
are shown in Figure 3-3.

 

3.2 Instruction Flow/Pipelining

 

An “Instruction Cycle” consists of four Q cycles (Q1,
Q2, Q3, and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g. 

 

GOTO

 

) then
two cycles are required to complete the instruction
(Example 3-2).

A fetch cycle begins with the program counter incre-
menting in Q1.

In the execution cycle, the fetched instruction is latched
into the “Instruction Register (IR)” in cycle Q1.  This
instruction is then decoded and executed during the
Q2, Q3, and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).

 

FIGURE 3-3: CLOCK/INSTRUCTION CYCLE    

EXAMPLE 3-2: INSTRUCTION PIPELINE FLOW   

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

OSC1

Q1

Q2

Q3

Q4

PC

OSC2/CLKOUT
(RC mode)

PC PC+1 PC+2

Fetch INST (PC)
Execute INST (PC-1) Fetch INST (PC+1)

Execute INST (PC) Fetch INST (PC+2)
Execute INST (PC+1)

Internal
phase
clock

All instructions are single cycle, except for any program branches. These take two cycles since the fetch
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed. 

Tcy0 Tcy1 Tcy2 Tcy3 Tcy4 Tcy5

1. MOVLW 55h Fetch 1 Execute 1

2. MOVWF PORTB Fetch 2 Execute 2

3. CALL SUB_1 Fetch 3 Execute 3

4. BSF   PORTA, BIT3 (Forced NOP) Fetch 4 Flush

5. Instruction @ address SUB_1 Fetch SUB_1 Execute SUB_1
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5.0 INTERRUPTS

 

The PIC17C4X devices have 11 sources of interrupt:

• External interrupt from the RA0/INT pin
• Change on RB7:RB0 pins
• TMR0 Overflow
• TMR1 Overflow
• TMR2 Overflow
• TMR3 Overflow
• USART Transmit buffer empty
• USART Receive buffer full
• Capture1
• Capture2 
• T0CKI edge occurred

There are four registers used in the control and status
of interrupts. These are:

• CPUSTA
• INTSTA
• PIE
• PIR

The CPUSTA register contains the GLINTD bit. This is
the Global Interrupt Disable bit. When this bit is set, all
interrupts are disabled. This bit is part of the controller
core functionality and is described in the Memory Orga-
nization section.

When an interrupt is responded to, the GLINTD bit is
automatically set to disable any further interrupt, the
return address is pushed onto the stack and the PC is
loaded with the interrupt vector address. There are four
interrupt vectors. Each vector address is for a specific
interrupt source (except the peripheral interrupts which
have the same vector address). These sources are:

• External interrupt from the RA0/INT pin
• TMR0 Overflow
• T0CKI edge occurred
• Any peripheral interrupt

When program execution vectors to one of these inter-
rupt vector addresses (except for the peripheral inter-
rupt address), the interrupt flag bit is automatically
cleared. Vectoring to the peripheral interrupt vector
address does not automatically clear the source of the
interrupt. In the peripheral interrupt service routine, the
source(s) of the interrupt can be determined by testing
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid infinite interrupt requests. 

All of the individual interrupt flag bits will be set regard-
less of the status of their corresponding mask bit or the
GLINTD bit.

For external interrupt events, there will be an interrupt
latency. For two cycle instructions, the latency could be
one instruction cycle longer. 

The “return from interrupt” instruction, 

 

RETFIE

 

, can be
used to mark the end of the interrupt service routine.
When this instruction is executed, the stack is
“POPed”, and the GLINTD bit is cleared (to re-enable
interrupts). 

 

FIGURE 5-1: INTERRUPT LOGIC   

TMR1IF
TMR1IE

TMR2IF
TMR2IE

TMR3IF
TMR3IE

CA1IF
CA1IE

CA2IF
CA2IE

TXIF
TXIE

RCIF
RCIE

RBIF
RBIE

T0IF
T0IE

INTF
INTE

T0CKIF
T0CKIE

GLINTD

PEIE

Wake-up (If in SLEEP mode)
or terminate long write

Interrupt to CPU

PEIF

 

This document was created with FrameMaker 4 0 4
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6.1.2 EXTERNAL MEMORY INTERFACE

When either microprocessor or extended microcontrol-
ler mode is selected, PORTC, PORTD and PORTE are
configured as the system bus. PORTC and PORTD are
the multiplexed address/data bus and PORTE is for the
control signals. External components are needed to
demultiplex the address and data. This can be done as
shown in Figure 6-4. The waveforms of address and
data are shown in Figure 6-3. For complete timings,
please refer to the electrical specification section.

 

FIGURE 6-3: EXTERNAL PROGRAM 
MEMORY ACCESS 
WAVEFORMS   

 

The system bus requires that there is no bus conflict
(minimal leakage), so the output value (address) will be
capacitively held at the desired value.

As the speed of the processor increases, external
EPROM memory with faster access time must be used.
Table 6-2 lists external memory speed requirements for
a given PIC17C4X device frequency.

Q3Q1 Q2 Q4 Q3Q1 Q2 Q4

AD
<15:0>

ALE

OE

WR
'1'

Read cycle Write cycle

Address out Data in Address out Data out

Q1

 

In extended microcontroller mode, when the device is
executing out of internal memory, the control signals
will continue to be active. That is, they indicate the
action that is occurring in the internal memory. The
external memory access is ignored.

This following selection is for use with Microchip
EPROMs. For interfacing to other manufacturers mem-
ory, please refer to the electrical specifications of the
desired PIC17C4X device, as well as the desired mem-
ory device to ensure compatibility. 

 

TABLE 6-2: EPROM MEMORY ACCESS 
TIME ORDERING SUFFIX    

 

PIC17C4X
Oscillator 
Frequency

Instruction
 Cycle 

Time (T

 

CY

 

)

EPROM Suffix

PIC17C42
PIC17C43
PIC17C44

 

8 MHz 500 ns -25 -25

16 MHz 250 ns -12 -15

20 MHz 200 ns -90 -10

25 MHz 160 ns N.A. -70

33 MHz 121 ns N.A. (1)

Note 1: The access times for this requires the use of 
fast SRAMS.

 

Note:

 

The external memory interface is not sup-
ported for the LC devices.

 

FIGURE 6-4: TYPICAL EXTERNAL PROGRAM MEMORY CONNECTION DIAGRAM   

AD7-AD0

PIC17C4X

AD15-AD8

ALE

I/O(1)

AD15-AD0

373

Memory
(MSB)

Ax-A0

D7-D0

A15-A0

Memory
(LSB)

Ax-A0

D7-D0

373

138(1)

OE

WR

OE OEWR WR

CE CE
(2)(2)

Note 1: Use of I/O pins is only required for paged memory.
2: This signal is unused for ROM and EPROM devices.
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FIGURE 7-3: TLRD INSTRUCTION 
OPERATION   

TABLE POINTER

TABLE LATCH (16-bit)

PROGRAM MEMORY
DATA

MEMORY

TBLPTRH TBLPTRL

TABLATH TABLATL

f

TLRD  1,f TLRD  0,f

1

Note 1: 8-bit value, from TABLAT (16-bit) high or 
low byte,  loaded into register 'f'.

 

FIGURE 7-4: TABLRD INSTRUCTION 
OPERATION   

TABLE POINTER

TABLE LATCH (16-bit)

PROGRAM MEMORY
DATA

MEMORY

TBLPTRH TBLPTRL

TABLATH TABLATL

f

TABLRD  1,i,f TABLRD  0,i,f

1

Prog-Mem
(TBLPTR)

2

Note 1: 8-bit value, from TABLAT (16-bit) high or 
low byte, loaded into register 'f'.

2: 16-bit value at Program Memory (TBLPTR) 
loaded into TABLAT register.

3: If “i” = 1, then TBLPTR = TBLPTR + 1,
If “i” = 0, then TBLPTR is unchanged.

33
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TABLE 9-7: PORTD FUNCTIONS   

TABLE 9-8: REGISTERS/BITS ASSOCIATED WITH PORTD  

 

   

 

 

 

Name Bit Buffer Type Function

 

RD0/AD8 bit0 TTL Input/Output or system bus address/data pin.
RD1/AD9 bit1 TTL Input/Output or system bus address/data pin.
RD2/AD10 bit2 TTL Input/Output or system bus address/data pin.
RD3/AD11 bit3 TTL Input/Output or system bus address/data pin.
RD4/AD12 bit4 TTL Input/Output or system bus address/data pin.
RD5/AD13 bit5 TTL Input/Output or system bus address/data pin.
RD6/AD14 bit6 TTL Input/Output or system bus address/data pin.
RD7/AD15 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)

 

13h, Bank 1 PORTD RD7/
AD15

RD6/
AD14

RD5/
AD13

RD4/
AD12

RD3/
AD11

RD2/
AD10

RD1/
AD9

RD0/
AD8

 

xxxx xxxx uuuu uuuu

 

12h, Bank 1 DDRD Data direction register for PORTD

 

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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12.1 Timer1 and Timer2

 

12.1.1 TIMER1, TIMER2 IN 8-BIT MODE

Both Timer1 and Timer2 will operate in 8-bit mode
when the T16 bit is clear. These two timers can be inde-
pendently configured to increment from the internal
instruction cycle clock or from an external clock source
on the RB4/TCLK12 pin. The timer clock source is con-
figured by the TMRxCS bit (x = 1 for Timer1 or = 2 for
Timer2). When TMRxCS is clear, the clock source is
internal and increments once every instruction cycle
(Fosc/4). When TMRxCS is set, the clock source is the
RB4/TCLK12 pin, and the timer will increment on every
falling edge of the RB4/TCLK12 pin.

The timer increments from 00h until it equals the Period
register (PRx). It then resets to 00h at the next incre-
ment cycle. The timer interrupt flag is set when the timer
is reset. TMR1 and TMR2 have individual interrupt flag
bits. The TMR1 interrupt flag bit is latched into TMR1IF,
and the TMR2 interrupt flag bit is latched into TMR2IF.

Each timer also has a corresponding interrupt enable
bit (TMRxIE). The timer interrupt can be enabled by set-
ting this bit and disabled by clearing this bit. For periph-
eral interrupts to be enabled, the Peripheral Interrupt
Enable bit must be enabled (PEIE is set) and global
interrupts must be enabled (GLINTD is cleared).

The timers can be turned on and off under software
control. When the Timerx On control bit (TMRxON) is
set, the timer increments from the clock source. When
TMRxON is cleared, the timer is turned off and cannot
cause the timer interrupt flag to be set.

12.1.1.1 EXTERNAL CLOCK INPUT FOR TIMER1 
OR TIMER2

When TMRxCS is set, the clock source is the
RB4/TCLK12 pin, and the timer will increment on every
falling edge on the RB4/TCLK12 pin. The TCLK12 input
is synchronized with internal phase clocks. This causes
a delay from the time a falling edge appears on TCLK12
to the time TMR1 or TMR2 is actually incremented. For
the external clock input timing requirements, see the
Electrical Specification section.

 

FIGURE 12-3: TIMER1 AND TIMER2 IN TWO 8-BIT TIMER/COUNTER MODE   

Fosc/4

RB4/TCLK12

TMR1ON
(TCON2<0>)

TMR1CS
(TCON1<0>)

TMR1

PR1

Reset

Equal

Set TMR1IF
(PIR<4>)

0

1

Comparator<8>Comparator x8

Fosc/4
TMR2ON
(TCON2<1>)

TMR2CS
(TCON1<1>)

TMR2

PR2

Reset

Equal

Set TMR2IF
(PIR<5>)

1

0

Comparator<8>Comparator x8
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12.1.2 TIMER1 & TIMER2 IN 16-BIT MODE

To select 16-bit mode, the T16 bit must be set. In this
mode TMR1 and TMR2 are concatenated to form a
16-bit timer (TMR2:TMR1). The 16-bit timer incre-
ments until it matches the 16-bit period register
(PR2:PR1). On the following timer clock, the timer
value is reset to 0h, and the TMR1IF bit is set.

When selecting the clock source for the16-bit timer, the
TMR1CS bit controls the entire 16-bit timer and
TMR2CS is a “don’t care.” When TMR1CS is clear, the
timer increments once every instruction cycle (Fosc/4).
When TMR1CS is set, the timer increments on every
falling edge of the RB4/TCLK12 pin. For the 16-bit timer
to increment, both TMR1ON and TMR2ON bits must be
set (Table 12-1).

12.1.2.1 EXTERNAL CLOCK INPUT FOR 
TMR1:TMR2

When TMR1CS is set, the 16-bit TMR2:TMR1 incre-
ments on the falling edge of clock input TCLK12. The
input on the RB4/TCLK12 pin is sampled and synchro-
nized by the internal phase clocks twice every instruc-
tion cycle. This causes a delay from the time a falling
edge appears on RB4/TCLK12 to the time
TMR2:TMR1 is actually incremented. For the external
clock input timing requirements, see the Electrical
Specification section.

 

TABLE 12-1: TURNING ON 16-BIT TIMER   

 

TMR2ON TMR1ON Result

 

1 1

 

16-bit timer 
(TMR2:TMR1) ON

 

0 1

 

Only TMR1 increments

 

x 0

 

16-bit timer OFF

 

FIGURE 12-4: TMR1 AND TMR2 IN 16-BIT TIMER/COUNTER MODE   

TABLE 12-2: SUMMARY OF TIMER1 AND TIMER2 REGISTERS    

 

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

 

10h, Bank 2 TMR1 Timer1 register

 

xxxx xxxx uuuu uuuu

 

11h, Bank 2 TMR2 Timer2 register

 

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--

 

14h, Bank 2 PR1 Timer1 period register

 

xxxx xxxx uuuu uuuu

 

15h, Bank 2 PR2 Timer2 period register

 

xxxx xxxx uuuu uuuu

 

10h, Bank 3 PW1DCL DC1 DC0 — — — — — —

 

xx-- ---- uu-- ----

 

11h, Bank 3 PW2DCL DC1 DC0 TM2PW2 — — — — —

 

xx0- ---- uu0- ----

 

12h, Bank 3 PW1DCH DC9 DC8 DC7 DC6 DC5 DC4 DC3 DC2

 

xxxx xxxx uuuu uuuu

 

13h, Bank 3 PW2DCH DC9 DC8 DC7 DC6 DC5 DC4 DC3 DC2

 

xxxx xxxx uuuu uuuu

 

Legend:

 

x

 

 = unknown, 

 

u

 

 = unchanged, 

 

-

 

 = unimplemented read as a '0', q - value depends on condition,
shaded cells are not used by Timer1 or Timer2.

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

RB4/TCLK12
Fosc/4

TMR1ON
(TCON2<0>)

TMR1CS
(TCON1<0>)

TMR1 x 8

PR1 x 8

Reset

Equal

Set Interrupt TMR1IF
(PIR<4>)

1

0

Comparator<8>Comparator x16

TMR2 x 8

PR2 x 8
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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   

20 pF

+5V

20 pF

10k
4.7k

10k

74AS04

XTAL

10k

74AS04 PIC17CXX
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To Other
Devices

330 kΩ

74AS04 74AS04 PIC17CXX

OSC1

To Other
Devices

XTAL

330 kΩ

74AS04

0.1 µF

 

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   

VDD
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Cext

VSS
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clock
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Fosc/4

PIC17CXX
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15.0 INSTRUCTION SET SUMMARY

 

The PIC17CXX instruction set consists of 58 instruc-
tions. Each instruction is a 16-bit word divided into an
OPCODE and one or more operands. The opcode
specifies the instruction type, while the operand(s) fur-
ther specify the operation of the instruction. The
PIC17CXX instruction set can be grouped into three
types:

• byte-oriented
• bit-oriented
• literal and control operations.

These formats are shown in Figure 15-1.

Table 15-1 shows the field descriptions for the
opcodes. These descriptions are useful for under-
standing the opcodes in Table 15-2 and in each spe-
cific instruction descriptions.

 

byte-oriented instructions

 

, 'f' represents a file regis-
ter designator and 'd' represents a destination designa-
tor. The file register designator specifies which file
register is to be used by the instruction. 

The destination designator specifies where the result of
the operation is to be placed. If 'd' = '0', the result is
placed in the WREG register. If 'd' = '1', the result is
placed in the file register specified by the instruction.

 

bit-oriented instructions

 

, 'b' represents a bit field des-
ignator which selects the number of the bit affected by
the operation, while 'f' represents the number of the file
in which the bit is located.

 

literal and control operations

 

, 'k' represents an 8- or
11-bit constant or literal value.  

The instruction set is highly orthogonal and is grouped
into:

• byte-oriented operations
• bit-oriented operations
• literal and control operations

All instructions are executed within one single instruc-
tion cycle, unless:

• a conditional test is true
• the program counter is changed as a result of an 

instruction
• a table read or a table write instruction is exe-

cuted (in this case, the execution takes two 
instruction cycles with the second cycle executed 
as a NOP

 

)

 

One instruction cycle consists of four oscillator periods.
Thus, for an oscillator frequency of 25 MHz, the normal
instruction execution time is 160 ns. If a conditional test
is true or the program counter is changed as a result of
an instruction, the instruction execution time is 320 ns.

 

TABLE 15-1: OPCODE FIELD 
DESCRIPTIONS  

 

Field Description

 

f

 

Register file address (00h to FFh)

 

p

 

Peripheral register file address (00h to 1Fh)

 

i

 

Table pointer control i = '0' (do not change)
i = '1' (increment after instruction execution)

 

t

 

Table byte select t = '0' (perform operation on lower 
byte) 
t = '1' (perform operation on upper byte literal field, 
constant data)

 

WREG

 

Working register (accumulator)

 

b

 

Bit address within an 8-bit file register

 

k

 

Literal field, constant data or label

 

x

 

Don't care location (= '0' or '1') 
The assembler will generate code with x = '0'.  It is 
the recommended form of use for compatibility with 
all Microchip software tools.

 

d

 

Destination select
0 = store result in WREG
1 = store result in file register f
Default is d =  '1'

 

u

 

Unused, encoded as '0'

 

s

 

Destination select
0 = store result in file register f and in the WREG
1 = store result in file register f
Default is s = '1'

 

label

 

Label name

 

C,DC,
Z,OV

 

ALU status bits Carry, Digit Carry, Zero, Overflow

 

GLINTD

 

Global Interrupt Disable bit (CPUSTA<4>)

 

TBLPTR

 

Table Pointer (16-bit)

 

TBLAT

 

Table Latch (16-bit) consists of high byte (TBLATH) 
and low byte (TBLATL)

 

TBLATL

 

Table Latch low byte

 

TBLATH

 

Table Latch high byte

 

TOS

 

Top of Stack

 

PC

 

Program Counter

 

BSR

 

Bank Select Register

 

WDT

 

Watchdog Timer Counter

 

TO

 

Time-out bit

 

PD

 

Power-down bit

 

dest

 

Destination either the WREG register or the speci-
fied register file location

[  ] Options

 

(  )

 

Contents

 

→

 

Assigned to

 

< >

 

Register bit field

 

∈

 

In the set of

 

i

 

talics

 

User defined term (font is courier)
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CPFSLT
Compare f with WREG, 
skip if f < WREG

Syntax: [ label ]   CPFSLT    f

Operands: 0 ≤ f ≤ 255

Operation: (f) – (WREG),
skip if (f) < (WREG) 
(unsigned comparison)

Status Affected: None

Encoding: 0011 0000 ffff ffff

Description: Compares the contents of data memory 
location 'f' to the contents of WREG by 
performing an unsigned subtraction.

If the contents of 'f' < the contents of 
WREG, then the fetched instruction is 
discarded and an NOP is executed 
instead making this a two-cycle instruc-
tion.

Words: 1

Cycles: 1 (2)

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register 'f'

Execute NOP

If skip:
Q1 Q2 Q3 Q4

Forced NOP NOP Execute NOP

Example: HERE    CPFSLT REG
NLESS   :
LESS    :

Before Instruction
PC = Address (HERE)
W = ?

After Instruction
If REG < WREG;
PC  = Address (LESS)
If REG ≥ WREG;
PC = Address (NLESS)

         

DAW Decimal Adjust WREG Register

Syntax: [label]   DAW    f,s

Operands: 0 ≤ f ≤ 255
s ∈  [0,1]

Operation: If [WREG<3:0> >9] .OR. [DC = 1] then
WREG<3:0> + 6 → f<3:0>, s<3:0>;

else 
WREG<3:0> → f<3:0>, s<3:0>;

If [WREG<7:4> >9] .OR. [C = 1] then
WREG<7:4> + 6 → f<7:4>, s<7:4>

else 
WREG<7:4> → f<7:4>, s<7:4>

Status Affected: C

Encoding: 0010 111s ffff ffff

Description: DAW adjusts the eight bit value in 
WREG resulting from the earlier addi-
tion of two variables (each in packed 
BCD format) and produces a correct 
packed BCD result.
s = 0: Result is placed in Data 

memory location 'f' and
 WREG.

s = 1: Result is placed in Data 
memory location 'f'.

Words: 1

Cycles: 1 

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register 'f'

Execute Write
register 'f' 
and other 
specified 
register

Example1: DAW   REG1, 0

Before Instruction
WREG = 0xA5
REG1 = ??
C = 0
DC = 0

After Instruction
WREG = 0x05
REG1 = 0x05
C = 1
DC = 0

Example 2:

Before Instruction
WREG = 0xCE
REG1 = ??
C = 0
DC = 0

After Instruction
WREG = 0x24
REG1 = 0x24
C = 1
DC = 0
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INCF Increment f

Syntax: [ label ]    INCF   f,d

Operands: 0 ≤ f ≤ 255
d ∈  [0,1]

Operation: (f) + 1 → (dest)

Status Affected: OV, C, DC, Z

Encoding: 0001 010d ffff ffff

Description: The contents of register 'f' are incre-
mented. 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: INCF CNT, 1

Before Instruction
CNT = 0xFF
Z = 0
C = ?

After Instruction
CNT = 0x00
Z = 1
C = 1

          
INCFSZ Increment f, skip if 0

Syntax: [ label ]    INCFSZ   f,d

Operands: 0 ≤ f ≤ 255
d ∈  [0,1]

Operation: (f) + 1 → (dest)
skip if result = 0

Status Affected: None

Encoding: 0001 111d ffff ffff

Description: The contents of register 'f' are incre-
mented. If 'd' is 0 the result is placed in 
WREG. If 'd' is 1 the result is placed 
back in register 'f'.

If the result is 0, the next instruction, 
which is already fetched, is discarded, 
and an NOP is executed instead making 
it a two-cycle instruction.

Words: 1

Cycles: 1(2)

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register 'f'

Execute Write to 
destination

If skip:
Q1 Q2 Q3 Q4

Forced NOP NOP Execute NOP

Example: HERE    INCFSZ   CNT, 1
NZERO   : 
ZERO    : 

Before Instruction
PC = Address (HERE)

After Instruction
CNT = CNT + 1
If CNT = 0;

PC = Address(ZERO)
If CNT ≠ 0;

PC = Address(NZERO)
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Applicable Devices

 

42 R42 42A 43 R43 44

 

FIGURE 18-5: TRANSCONDUCTANCE (gm) OF LF OSCILLATOR vs. V

 

DD

 

 

FIGURE 18-6: TRANSCONDUCTANCE (gm) OF XT OSCILLATOR vs. V
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FIGURE 19-1: PARAMETER MEASUREMENT INFORMATION

All timings are measure between high and low measurement points as indicated in the figures below.

          

0.9 VDD
0.1 VDD

Rise Time Fall Time

VOH = 0.7VDD
VDD/2

VOL = 0.3VDD

Data out valid

Data out invalid Output
hi-impedance

Output
driven

0.25V

0.25V

0.25V
0.25V

OUTPUT LEVEL CONDITIONS

PORTC, D and E pins

All other input pins

VIH = 2.4V

VIL = 0.4V

Data in valid

Data in invalid

VIH = 0.9VDD

VIL = 0.1VDD

Data in valid

Data in invalid

INPUT LEVEL CONDITIONS

LOAD CONDITIONS

Load Condition 1

Pin
CL

VSS

50 pF  ≤ CL 
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FIGURE 19-5: TIMER0 CLOCK TIMINGS   

TABLE 19-5: TIMER0 CLOCK REQUIREMENTS   

FIGURE 19-6: TIMER1, TIMER2, AND TIMER3 CLOCK TIMINGS       

TABLE 19-6: TIMER1, TIMER2, AND TIMER3 CLOCK REQUIREMENTS   

Parameter 
No. Sym Characteristic Min Typ† Max Units Conditions

40 Tt0H T0CKI High Pulse Width No Prescaler 0.5TCY + 20 § — — ns

With Prescaler 10* — — ns

41 Tt0L T0CKI Low Pulse Width No Prescaler 0.5TCY + 20 § — — ns

With Prescaler 10* — — ns

42 Tt0P T0CKI Period Greater of:
20 ns or Tcy + 40 §

             N

— — ns N = prescale value 
(1, 2, 4, ..., 256)

* 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

45 Tt123H TCLK12 and TCLK3 high time 0.5TCY + 20 § — — ns

46 Tt123L TCLK12 and TCLK3 low time 0.5TCY + 20 § — — ns

47 Tt123P TCLK12 and TCLK3 input period TCY + 40 §
N

— — ns N = prescale value 
(1, 2, 4, 8)

48 TckE2tmrI Delay from selected External Clock Edge to 
Timer increment

2TOSC § 6Tosc §

* 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.

RA1/T0CKI

40 41

42

TCLK12

45 46

or
TCLK3

TMRx

48

48
47
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FIGURE 20-11: TYPICAL I

 

PD

 

 vs. V
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FIGURE 20-12: MAXIMUM I
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Applicable Devices 42 R42 42A 43 R43 44

FIGURE 20-17: IOL vs. VOL, VDD = 5V   

FIGURE 20-18: VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS (TTL) VS. VDD   
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21.6 Package Marking Information        

44-Lead TQFP

XXXXXXXXXX

AABBCDE

XXXXXXXXXX

XXXXXXXXXX

44-Lead PLCC

XXXXXXXXXX

AABBCDE

XXXXXXXXXX
XXXXXXXXXX

XXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXX

AABBCDE

40-Lead PDIP/CERDIP

XXXXXXXXXXXXXXXXXX

XXXXXXXXXXX
XXXXXXXXXXX

AABBCDE

40 Lead CERDIP Windowed

XXXXXXXXXXX

Example

-25/TQ

9450CAT

PIC17C44

L247

Example

PIC17C42

9445CCN

-16I/L
L013

L006

9441CCA

Example

PIC17C43-25I/P

PIC17C44

9444CCT

Example

L184
/JW

Legend: MM...M Microchip part number information
XX...X Customer specific information*
AA Year code (last 2 digits of calendar year)
BB Week code (week of January 1 is week ‘01’)
C Facility code of the plant at which wafer is manufactured

C = Chandler, Arizona, U.S.A., 
S = Tempe, Arizona, U.S.A.

D Mask revision number
E Assembly code of the plant or country of origin in which

part was assembled
Note: In the event the full Microchip part number cannot be marked on one line,

it will be carried over to the next line thus limiting the number of available
characters for customer specific information.

* Standard OTP marking consists of Microchip part number, year code, week
code, facility code, mask rev#, and assembly code.  For  OTP marking beyond
this, certain price adders apply.  Please check with your Microchip Sales
Office.  For QTP devices, any special marking adders are included in QTP
price.

44-Lead MQFP

XXXXXXXXXX

AABBCDE

XXXXXXXXXX

XXXXXXXXXX

Example

-25/PT

9450CAT

PIC17C44

L247
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E.2 PIC16C5X Family of Devices
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ON-LINE SUPPORT

 

Microchip provides two methods of on-line support.
These are the Microchip BBS and the Microchip World
Wide Web (WWW) site.

Use Microchip's Bulletin Board Service (BBS) to get
current information and help about Microchip products.
Microchip provides the BBS communication channel for
you to use in extending your technical staff with micro-
controller and memory experts.

To provide you with the most responsive service possible,
the Microchip systems team monitors the BBS, posts
the latest component data and software tool updates,
provides technical help and embedded systems
insights, and discusses how Microchip products pro-
vide project solutions. 

The web site, like the BBS, is used by Microchip as a
means to make files and information easily available to
customers. To view the site, the user must have access
to the Internet and a web browser, such as Netscape or
Microsoft Explorer. Files are also available for FTP
download from our FTP site.

 

Connecting to the Microchip Internet Web Site      

 

The Microchip web site is available by using your
favorite Internet browser to attach to: 

 

www.microchip.com

 

The file transfer site is available by using an FTP ser-
vice to connect to: 

 

ftp.mchip.com/biz/mchip

 

The web site and file transfer site provide a variety of
services. Users may download files for the latest
Development Tools, Data Sheets, Application Notes,
User's Guides, Articles and Sample Programs. A vari-
ety of Microchip specific business information is also
available, including listings of Microchip sales offices,
distributors and factory representatives. Other data
available for consideration is:

• Latest Microchip Press Releases
• Technical Support Section with Frequently Asked 

Questions 
• Design Tips
• Device Errata
• Job Postings
• Microchip Consultant Program Member Listing
• Links to other useful web sites related to 

Microchip Products

 

Connecting to the Microchip BBS

 

Connect worldwide to the Microchip BBS using either
the Internet or the CompuServe

 



 

 communications net-
work.

 

Internet:

 

You can telnet or ftp to the Microchip BBS at the
address: 

 

mchipbbs.microchip.com

 

CompuServe Communications Network:

 

When using the BBS via the Compuserve Network,
in most cases, a local call is your only expense.
The Microchip BBS connection does not use CompuServe
membership services, therefore you do not need
CompuServe membership to join Microchip's BBS.
There is no charge for connecting to the Microchip BBS.

The procedure to connect will vary slightly from country
to country. Please check with your local CompuServe
agent for details if you have a problem. CompuServe
service allow multiple users various baud rates
depending on the local point of access.

The following connect procedure applies in most loca-
tions.

1. Set your modem to 8-bit, No parity, and One stop
(8N1). This is not the normal CompuServe setting
which is 7E1.

2. Dial your local CompuServe access number.
3. Depress the <Enter> key and a garbage string will

appear because CompuServe is expecting a 7E1
setting.

4. Type +, depress the <Enter> key and “Host Name:”
will appear.

5. Type MCHIPBBS, depress the <Enter> key and you
will be connected to the Microchip BBS.

In the United States, to find the CompuServe phone
number closest to you, set your modem to 7E1 and dial
(800) 848-4480 for 300-2400 baud or (800) 331-7166
for 9600-14400 baud connection. After the system
responds with “Host Name:”, type NETWORK, depress
the <Enter> key and follow CompuServe's directions.

For voice information (or calling from overseas), you
may call (614) 723-1550 for your local CompuServe
number.

Microchip regularly uses the Microchip BBS to distribute
technical information, application notes, source code,
errata sheets, bug reports, and interim patches for
Microchip systems software products. For each SIG, a
moderator monitors, scans, and approves or disap-
proves files submitted to the SIG. No executable files
are accepted from the user community in general to
limit the spread of computer viruses.

 

Systems Information and Upgrade Hot Line 

 

The Systems Information and Upgrade Line provides
system users a listing of the latest versions of all of
Microchip's development systems software products.
Plus, this line provides information on how customers
can receive any currently available upgrade kits.The
Hot Line Numbers are: 

1-800-755-2345 for U.S. and most of Canada, and 

1-602-786-7302 for the rest of the world.

 

Trademarks: The Microchip name, logo, PIC, PICSTART, 
PICMASTER and PRO MATE are registered trademarks of 
Microchip Technology Incorporated in the U.S.A. and other 
countries. FlexROM, MPLAB and fuzzyLAB, are trade-
marks and SQTP is a service mark of Microchip in the 
U.S.A. 

fuzzyTECH is a registered trademark of Inform Software 
Corporation. IBM, IBM PC-AT are registered trademarks of 
International Business Machines Corp. Pentium is a trade-
mark of Intel Corporation. Windows is a trademark and 
MS-DOS, Microsoft Windows are registered trademarks 
of Microsoft Corporation. CompuServe is a registered 
trademark of CompuServe Incorporated.

All other trademarks mentioned herein are the property of 
their respective companies.
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