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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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PIC17C7XX
6.0 INTERRUPTS  

PIC17C7XX devices have 18 sources of interrupt:

• External interrupt from the RA0/INT pin
• Change on RB7:RB0 pins
• TMR0 Overflow
• TMR1 Overflow
• TMR2 Overflow
• TMR3 Overflow
• USART1 Transmit buffer empty
• USART1 Receive buffer full
• USART2 Transmit buffer empty
• USART2 Receive buffer full
• SSP Interrupt
• SSP I2C bus collision interrupt
• A/D conversion complete 
• Capture1
• Capture2 
• Capture3 
• Capture4 
• T0CKI edge occurred

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

• CPUSTA
• INTSTA
• PIE1
• PIR1
• PIE2
• PIR2

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 Section 6.4.

When an interrupt is responded to, the GLINTD bit is
automatically set to disable any further interrupts, 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
all vector to the same 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-
rupts), 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.

When an interrupt condition is met, that individual inter-
rupt flag bit will be set, regardless of the status of its
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 6-1: INTERRUPT LOGIC    
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PIC17C7XX
FIGURE 10-3: RA3 BLOCK DIAGRAM     FIGURE 10-4: RA4 AND RA5 BLOCK 
DIAGRAM      

TABLE 10-1: PORTA FUNCTIONS

TABLE 10-2: REGISTERS/BITS ASSOCIATED WITH PORTA        

Note: I/O pin has protection diodes to VSS.

Data Bus

WR_PORTA
(Q4)

Q D

Q CK

RD_PORTA
(Q2)

QD

EN

Peripheral Data In

SDA Out

SSP Mode

'1'

Note: I/O pins have protection diodes to VDD and VSS.

Data Bus

RD_PORTA
(Q2)

Serial Port Output Signals

Serial Port Input Signal

OE = SPEN,SYNC,TXEN, CREN, SREN for RA4

OE = SPEN (SYNC+SYNC, CSRC) for RA5

Name Bit0 Buffer Type Function

RA0/INT bit0 ST Input or external interrupt input.

RA1/T0CKI bit1 ST Input or clock input to the TMR0 timer/counter and/or an external interrupt 
input.

RA2/SS/SCL bit2 ST Input/output or slave select input for the SPI, or clock input for the I2C bus. 
Output is open drain type.

RA3/SDI/SDA bit3 ST Input/output or data input for the SPI, or data for the I2C bus. 
Output is open drain type.

RA4/RX1/DT1 bit4 ST Input or USART1 Asynchronous Receive input, or 
USART1 Synchronous Data input/output.

RA5/TX1/CK1 bit5 ST Input or USART1 Asynchronous Transmit output, or 
USART1 Synchronous Clock input/output.

RBPU bit7 — Control bit for PORTB weak pull-ups.

Legend: ST = Schmitt Trigger input

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

POR,
BOR

MCLR, WDT

10h, Bank 0 PORTA(1) RBPU —
RA5/

TX1/CK1
RA4/

RX1/DT1
RA3/

SDI/SDA
RA2/

SS/SCL
RA1/T0CKI RA0/INT 0-xx 11xx 0-uu 11uu

05h, Unbanked T0STA INTEDG T0SE T0CS T0PS3 T0PS2 T0PS1 T0PS0 — 0000 000- 0000 000-

13h, Bank 0 RCSTA1 SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x 0000 -00u

15h, Bank 0 TXSTA1 CSRC TX9 TXEN SYNC — — TRMT TX9D 0000 --1x 0000 --1u

Legend: x = unknown, u = unchanged, - = unimplemented, reads as '0'. Shaded cells are not used by PORTA.
Note 1: On any device RESET, these pins are configured as inputs.
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PIC17C7XX
10.5 PORTE and DDRE Register

PORTE is a 4-bit bi-directional port. The corresponding
data direction register is DDRE. A '1' in DDRE config-
ures the corresponding port pin as an input. A '0' in the
DDRE register configures the corresponding port pin
as an output. Reading PORTE reads the status of the
pins, whereas writing to PORTE will write to the port
latch. PORTE is multiplexed with the system bus.
When operating as the system bus, PORTE contains
the control signals for the address/data bus
(AD15:AD0). These control signals are Address Latch
Enable (ALE), Output Enable (OE) and Write (WR).
The control signals OE and WR are active low signals.
The timing for the system bus is shown in the Electrical
Specifications section.        

Example 10-5 shows an instruction sequence to initial-
ize PORTE. The Bank Select Register (BSR) must be
selected to Bank 1 for the port to be initialized. The fol-
lowing example uses the MOVLB instruction to load the
BSR register for bank selection.

EXAMPLE 10-5: INITIALIZING PORTE         

FIGURE 10-11: BLOCK DIAGRAM OF RE2:RE0 (IN I/O PORT MODE)        

Note: Three pins of this port are configured as
the system bus when the device’s configu-
ration bits are selected to Microprocessor
or Extended Microcontroller modes. The
other pin is a general purpose I/O or
Capture4 pin. In the two other micro-
controller modes, RE2:RE0 are general
purpose I/O pins.

MOVLB  1         ; Select Bank 1
CLRF   PORTE, F  ; Initialize PORTE data
                 ; latches before setting
                 ; the data direction
                 ; register
MOVLW   0x03     ; Value used to initialize
                 ; data direction
MOVWF   DDRE     ; Set RE<1:0> as inputs
                 ; RE<3:2> as outputs
                 ; RE<7:4> are always
                 ; read as '0'

Note: I/O pins have protection diodes to VDD and VSS.
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PIC17C7XX
13.1.3.1 PWM Periods

The period of the PWM1 output is determined by
Timer1 and its period register (PR1). The period of the
PWM2 and PWM3 outputs can be individually software
configured to use either Timer1 or Timer2 as the time-
base. For PWM2, when TM2PW2 bit (PW2DCL<5>) is
clear, the time base is determined by TMR1 and PR1
and when TM2PW2 is set, the time base is determined
by Timer2 and PR2. For PWM3, when TM2PW3 bit
(PW3DCL<5>) is clear, the time base is determined by
TMR1 and PR1, and when TM2PW3 is set, the time
base is determined by Timer2 and PR2.

Running two different PWM outputs on two different
timers allows different PWM periods. Running all
PWMs from Timer1 allows the best use of resources by
freeing Timer2 to operate as an 8-bit timer. Timer1 and
Timer2 cannot be used as a 16-bit timer if any PWM is
being used.

The PWM periods can be calculated as follows:

period of PWM1 = [(PR1) + 1] x 4TOSC

period of PWM2 = [(PR1) + 1] x 4TOSC   or
[(PR2) + 1] x 4TOSC

period of PWM3 = [(PR1) + 1] x 4TOSC   or
[(PR2) + 1] x 4TOSC

The duty cycle of PWMx is determined by the 10-bit
value DCx<9:0>. The upper 8-bits are from register
PWxDCH and the lower 2-bits are from PWxDCL<7:6>
(PWxDCH:PWxDCL<7:6>). Table 13-4 shows the
maximum PWM frequency (FPWM), given the value in
the period register. 

The number of bits of resolution that the PWM can
achieve depends on the operation frequency of the
device as well as the PWM frequency (FPWM).

Maximum PWM resolution (bits) for a given PWM
frequency:      

where: FPWM = 1 / period of PWM

The PWMx duty cycle is as follows:

PWMx Duty Cycle = (DCx) x TOSC

where DCx represents the 10-bit value from
PWxDCH:PWxDCL.

If DCx = 0, then the duty cycle is zero. If
PRx = PWxDCH, then the PWM output will be low for
one to four Q-clocks (depending on the state of the
PWxDCL<7:6> bits). For a duty cycle to be 100%, the
PWxDCH value must be greater then the PRx value.

The duty cycle registers for both PWM outputs are dou-
ble buffered. When the user writes to these registers,
they are stored in master latches. When TMR1 (or
TMR2) overflows and a new PWM period begins, the
master latch values are transferred to the slave latches
and the PWMx pin is forced high.      

The user should also avoid any "read-modify-write"
operations on the duty cycle registers, such as:
ADDWF PW1DCH. This may cause duty cycle outputs
that are unpredictable. 

TABLE 13-4: PWM FREQUENCY vs. 
RESOLUTION AT 33 MHz      

13.1.3.2 PWM INTERRUPTS

The PWM modules make use of the TMR1 and/or
TMR2 interrupts. A timer interrupt is generated when
TMR1 or TMR2 equals its period register and on the
following increment is cleared to zero. This interrupt
also marks the beginning of a PWM cycle. The user
can write new duty cycle values before the timer
rollover. The TMR1 interrupt is latched into the TMR1IF
bit and the TMR2 interrupt is latched into the TMR2IF
bit. These flags must be cleared in software.

log ( FPWM

log (2)

FOSC )
bits=

Note: For PW1DCH, PW1DCL, PW2DCH,
PW2DCL, PW3DCH and PW3DCL regis-
ters, a write operation writes to the "master
latches", while a read operation reads the
"slave latches". As a result, the user may
not read back what was just written to the
duty cycle registers (until transferred to
slave latch).

PWM 
Frequency

Frequency (kHz)

32.2 64.5 90.66 128.9 515.6

PRx Value 0xFF 0x7F 0x5A 0x3F 0x0F

High 
Resolution

10-bit 9-bit 8.5-bit 8-bit 6-bit

Standard 
Resolution

8-bit 7-bit 6.5-bit 6-bit 4-bit
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PIC17C7XX
FIGURE 13-8: TIMER1, TIMER2 AND TIMER3 OPERATION (IN TIMER MODE)      
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TMR1
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Read TMR1
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Read TMR1
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TCON2, 0
Stop TMR1
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Start TMR1

MOVLB 3 NOP NOP NOP NOP NOP

04h 05h 03h 04h 05h 06h 07h 08h 00h
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PIC17C7XX
FIGURE 14-4: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK)        

TABLE 14-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION       

Transmit Shift Reg.

Write to TXREG

BRG output
(shift clock)

TX

TXIF bit

TRMT bit

Word 1 Word 2

Word 1 Word 2

START Bit STOP Bit START Bit

Transmit Shift Reg.

Word 1 Word 2
Bit 0 Bit 1 Bit 7/8 Bit 0

Note: This timing diagram shows two consecutive transmissions.

        (TX/CK pin)

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

POR,
BOR

MCLR, WDT

16h, Bank 1 PIR1 RBIF TMR3IF TMR2IF TMR1IF CA2IF CA1IF TX1IF RC1IF x000 0010 u000 0010

17h, Bank 1 PIE1 RBIE TMR3IE TMR2IE TMR1IE CA2IE CA1IE TX1IE RC1IE 0000 0000 0000 0000

13h, Bank 0 RCSTA1 SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x 0000 -00u

16h, Bank 0 TXREG1 Serial Port Transmit Register (USART1) xxxx xxxx uuuu uuuu

15h, Bank 0 TXSTA1 CSRC TX9 TXEN SYNC — — TRMT TX9D 0000 --1x 0000 --1u

17h, Bank 0 SPBRG1 Baud Rate Generator Register (USART1) 0000 0000 0000 0000

10h, Bank 4 PIR2 SSPIF BCLIF ADIF — CA4IF CA3IF TX2IF RC2IF 000- 0010 000- 0010

11h, Bank 4 PIE2 SSPIE BCLIE ADIE — CA4IE CA3IE TX2IE RC2IE 000- 0000 000- 0000

13h, Bank 4 RCSTA2 SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x 0000 -00u

16h, Bank 4 TXREG2 Serial Port Transmit Register (USART2) xxxx xxxx uuuu uuuu

15h, Bank 4 TXSTA2 CSRC TX9 TXEN SYNC — — TRMT TX9D 0000 --1x 0000 --1u

17h, Bank 4 SPBRG2 Baud Rate Generator Register (USART2) 0000 0000 0000 0000

Legend: x = unknown, u = unchanged, - = unimplemented, read as a '0'. Shaded cells are not used for asynchronous transmission.
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PIC17C7XX
TABLE 14-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION         

TABLE 14-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION       

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

POR,
BOR

MCLR, WDT

16h, Bank 1 PIR1 RBIF TMR3IF TMR2IF TMR1IF CA2IF CA1IF TX1IF RC1IF x000 0010 u000 0010

17h, Bank 1 PIE1 RBIE TMR3IE TMR2IE TMR1IE CA2IE CA1IE TX1IE RC1IE 0000 0000 0000 0000

13h, Bank 0 RCSTA1 SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x 0000 -00u

15h, Bank 0 TXSTA1 CSRC TX9 TXEN SYNC — — TRMT TX9D 0000 --1x 0000 --1u

16h, Bank 0 TXREG1 TX7 TX6 TX5 TX4 TX3 TX2 TX1 TX0 xxxx xxxx uuuu uuuu

17h, Bank 0 SPBRG1 Baud Rate Generator Register 0000 0000 0000 0000

10h, Bank 4 PIR2 SSPIF BCLIF ADIF — CA4IF CA3IF TX2IF RC2IF 000- 0010 000- 0010

11h, Bank 4 PIE2 SSPIE BCLIE ADIE — CA4IE CA3IE TX2IE RC2IE 000- 0000 000- 0000

13h, Bank 4 RCSTA2 SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x 0000 -00u

16h, Bank 4 TXREG2 TX7 TX6 TX5 TX4 TX3 TX2 TX1 TX0 xxxx xxxx uuuu uuuu

15h, Bank 4 TXSTA2 CSRC TX9 TXEN SYNC — — TRMT TX9D 0000 --1x 0000 --1u

17h, Bank 4 SPBRG2 Baud Rate Generator Register 0000 0000 0000 0000

Legend: x = unknown, u = unchanged, - = unimplemented, read as a '0'. Shaded cells are not used for synchronous slave transmission.

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

POR,
BOR

MCLR, WDT

16h, Bank1 PIR1 RBIF TMR3IF TMR2IF TMR1IF CA2IF CA1IF TX1IF RC1IF x000 0010 u000 0010

17h, Bank1 PIE1 RBIE TMR3IE TMR2IE TMR1IE CA2IE CA1IE TX1IE RC1IE 0000 0000 0000 0000

13h, Bank0 RCSTA1 SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x 0000 -00u

14h, Bank0 RCREG1 RX7 RX6 RX5 RX4 RX3 RX2 RX1 RX0 xxxx xxxx uuuu uuuu

15h, Bank 0 TXSTA1 CSRC TX9 TXEN SYNC — — TRMT TX9D 0000 --1x 0000 --1u

17h, Bank 0 SPBRG1 Baud Rate Generator Register 0000 0000 0000 0000

10h, Bank 4 PIR2 SSPIF BCLIF ADIF — CA4IF CA3IF TX2IF RC2IF 000- 0010 000- 0010

11h, Bank 4 PIE2 SSPIE BCLIE ADIE — CA4IE CA3IE TX2IE RC2IE 000- 0000 000- 0000

13h, Bank 4 RCSTA2 SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x 0000 -00u

14h, Bank 4 RCREG2 RX7 RX6 RX5 RX4 RX3 RX2 RX1 RX0 xxxx xxxx uuuu uuuu

15h, Bank 4 TXSTA2 CSRC TX9 TXEN SYNC — — TRMT TX9D 0000 --1x 0000 --1u

17h, Bank 4 SPBRG2 Baud Rate Generator Register 0000 0000 0000 0000

Legend: x = unknown, u = unchanged, - = unimplemented, read as a '0'. Shaded cells are not used for synchronous slave reception.
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PIC17C7XX
REGISTER 15-3: SSPCON2: SYNC SERIAL PORT CONTROL REGISTER2 (ADDRESS 12h, BANK 6)                

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN

bit 7 bit 0

bit 7 GCEN: General Call Enable bit (in I2C Slave mode only)
1 = Enable interrupt when a general call address (0000h) is received in the SSPSR
0 = General call address disabled

bit 6 ACKSTAT: Acknowledge Status bit (in I2C Master mode only)

In Master Transmit mode:
1 = Acknowledge was not received from slave
0 = Acknowledge was received from slave

bit 5 ACKDT: Acknowledge Data bit (in I2C Master mode only)

In Master Receive mode:
Value that will be transmitted when the user initiates an Acknowledge sequence at the end of a
receive.
1 = Not Acknowledge
0 = Acknowledge

bit 4 ACKEN: Acknowledge Sequence Enable bit (in I2C Master mode only)

In Master Receive mode:
1 = Initiate Acknowledge sequence on SDA and SCL pins and transmit AKDT data bit. 

Automatically cleared by hardware.
0 = Acknowledge sequence idle

Note: If the I2C module is not in the IDLE mode, this bit may not be set (no spooling) and
the SSPBUF may not be written (or writes to the SSPBUF are disabled).

bit 3 RCEN: Receive Enable bit (in I2C Master mode only)
1 = Enables Receive mode for I2C
0 = Receive idle

Note: If the I2C module is not in the IDLE mode, this bit may not be set (no spooling) and
the SSPBUF may not be written (or writes to the SSPBUF are disabled).

bit 2 PEN: STOP Condition Enable bit (in I2C Master mode only)

SCK Release Control:
1 = Initiate STOP condition on SDA and SCL pins. Automatically cleared by hardware.
0 = STOP condition idle

Note: If the I2C module is not in the IDLE mode, this bit may not be set (no spooling) and
the SSPBUF may not be written (or writes to the SSPBUF are disabled).

bit 1 RSEN: Repeated Start Condition Enabled bit (in I2C Master mode only)
1 = Initiate Repeated Start condition on SDA and SCL pins. Automatically cleared by hardware.
0 = Repeated Start condition idle

Note: If the I2C module is not in the IDLE mode, this bit may not be set (no spooling) and
the SSPBUF may not be written (or writes to the SSPBUF are disabled).

bit 0 SEN: START Condition Enabled bit (In I2C Master mode only)
1 = Initiate START condition on SDA and SCL pins. Automatically cleared by hardware.
0 = START condition idle.

Note: If the I2C module is not in the IDLE mode, this bit may not be set (no spooling) and
the SSPBUF may not be written (or writes to the SSPBUF are disabled).

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR Reset ’1’ = Bit is set ’0’ = Bit is cleared x = Bit is unknown
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PIC17C7XX
When the application software is expecting to receive
valid data, the SSPBUF should be read before the next
byte of data to transfer is written to the SSPBUF. Buffer
full bit, BF (SSPSTAT<0>), indicates when SSPBUF
has been loaded with the received data (transmission
is complete). When the SSPBUF is read, bit BF is
cleared. This data may be irrelevant if the SPI is only a
transmitter. Generally the MSSP interrupt is used to
determine when the transmission/reception has com-
pleted. The SSPBUF must be read and/or written. If the
interrupt method is not going to be used, then software
polling can be done to ensure that a write collision does
not occur. Example 15-1 shows the loading of the
SSPBUF (SSPSR) for data transmission. 

EXAMPLE 15-1: LOADING THE SSPBUF 
(SSPSR) REGISTER    

The SSPSR is not directly readable, or writable and
can only be accessed by addressing the SSPBUF reg-
ister. Additionally, the MSSP status register (SSPSTAT)
indicates the various status conditions. 

15.1.2 ENABLING SPI I/O

To enable the serial port, MSSP Enable bit, SSPEN
(SSPCON1<5>), must be set. To reset or reconfigure
SPI mode, clear bit SSPEN, re-initialize the SSPCON
registers and then set bit SSPEN. This configures the
SDI, SDO, SCK and SS pins as serial port pins. For the
pins to behave as the serial port function, some must
have their data direction bits (in the DDR register)
appropriately programmed. That is:

• SDI is automatically controlled by the SPI module 

• SDO must have DDRB<7> cleared

• SCK (Master mode) must have DDRB<6> cleared

• SCK (Slave mode) must have DDRB<6> set 

• SS must have PORTA<2> set    

Any serial port function that is not desired may be over-
ridden by programming the corresponding data direc-
tion (DDR) register to the opposite value. 

15.1.3 TYPICAL CONNECTION

Figure 15-5 shows a typical connection between two
microcontrollers. The master controller (Processor 1)
initiates the data transfer by sending the SCK signal.
Data is shifted out of both shift registers on their pro-
grammed clock edge and latched on the opposite edge
of the clock. Both processors should be programmed to
same Clock Polarity (CKP), then both controllers would
send and receive data at the same time. Whether the
data is meaningful (or dummy data) depends on the
application software. This leads to three scenarios for
data transmission:

• Master sends data—Slave sends dummy data

• Master sends data—Slave sends data

• Master sends dummy data—Slave sends data

FIGURE 15-5: SPI MASTER/SLAVE CONNECTION    

     MOVLB 6              ; Bank 6
LOOP BTFSS SSPSTAT, BF    ; Has data been
                          ;   received
                          ;   (transmit
                          ;   complete)?
     GOTO  LOOP           ; No 
     MOVPF SSPBUF, RXDATA ; Save in user RAM
     MOVFP TXDATA, SSPBUF ; New data to xmit

Serial Input Buffer
(SSPBUF)

Shift Register
(SSPSR)

MSb LSb

SDO

SDI

PROCESSOR 1

SCK

SPI Master SSPM3:SSPM0 = 00xxb

Serial Input Buffer
(SSPBUF)

Shift Register
(SSPSR)

LSbMSb

SDI

SDO

PROCESSOR 2

SCK

SPI Slave SSPM3:SSPM0 = 010xb

Serial Clock
DS30289C-page 138  1998-2013 Microchip Technology Inc.



PIC17C7XX
15.2.5 MASTER MODE

Master mode of operation is supported by interrupt
generation on the detection of the START and STOP
conditions. The STOP (P) and START (S) bits are
cleared from a RESET, or when the MSSP module is
disabled. Control of the I2C bus may be taken when the
P bit is set, or the bus is idle, with both the S and P bits
clear.

In Master mode, the SCL and SDA lines are manipu-
lated by the MSSP hardware. 

The following events will cause SSP Interrupt Flag bit,
SSPIF, to be set (SSP Interrupt if enabled):

• START condition

• STOP condition

• Data transfer byte transmitted/received

• Acknowledge transmit

• Repeated Start

FIGURE 15-17: SSP BLOCK DIAGRAM (I2C MASTER MODE)         
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15.2.11 I2C MASTER MODE 
TRANSMISSION

Transmission of a data byte, a 7-bit address, or either
half of a 10-bit address, is accomplished by simply writ-
ing a value to SSPBUF register. This action will set the
buffer full flag (BF) and allow the baud rate generator to
begin counting and start the next transmission. Each bit
of address/data will be shifted out onto the SDA pin
after the falling edge of SCL is asserted (see data hold
time spec). SCL is held low for one baud rate generator
roll over count (TBRG). Data should be valid before SCL
is released high (see Data setup time spec). When the
SCL pin is released high, it is held that way for TBRG,
the data on the SDA pin must remain stable for that
duration and some hold time after the next falling edge
of SCL. After the eighth bit is shifted out (the falling
edge of the eighth clock), the BF flag is cleared and the
master releases SDA, allowing the slave device being
addressed to respond with an ACK bit during the ninth
bit time, if an address match occurs or if data was
received properly. The status of ACK is read into the
ACKDT on the falling edge of the ninth clock. If the
master receives an acknowledge, the acknowledge
status bit (AKSTAT) is cleared. If not, the bit is set. After
the ninth clock, the SSPIF is set and the master clock
(baud rate generator) is suspended until the next data
byte is loaded into the SSPBUF, leaving SCL low and
SDA unchanged (Figure 15-26).

After the write to the SSPBUF, each bit of address will
be shifted out on the falling edge of SCL until all seven
address bits and the R/W bit are completed. On the fall-
ing edge of the eighth clock, the master will de-assert
the SDA pin, allowing the slave to respond with an
acknowledge. On the falling edge of the ninth clock, the
master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bit is
loaded into the ACKSTAT status bit (SSPCON2<6>).
Following the falling edge of the ninth clock transmis-
sion of the address, the SSPIF is set, the BF flag is
cleared and the baud rate generator is turned off until
another write to the SSPBUF takes place, holding SCL
low and allowing SDA to float.

15.2.11.1 BF Status Flag

In Transmit mode, the BF bit (SSPSTAT<0>) is set
when the CPU writes to SSPBUF and is cleared when
all 8 bits are shifted out.

15.2.11.2 WCOL Status Flag

If the user writes the SSPBUF when a transmit is
already in progress (i.e., SSPSR is still shifting out a
data byte), then WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur). 

WCOL must be cleared in software.

15.2.11.3 AKSTAT Status Flag

In Transmit mode, the AKSTAT bit (SSPCON2<6>) is
cleared when the slave has sent an acknowledge (ACK
= 0) and is set when the slave does not acknowledge
(ACK = 1). A slave sends an acknowledge when it has
recognized its address (including a general call), or
when the slave has properly received its data.
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FIGURE 15-32: STOP CONDITION FLOW CHART      
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Figure 16-2 shows the conversion sequence and the
terms that are used. Acquisition time is the time that the
A/D module’s holding capacitor is connected to the
external voltage level. Then, there is the conversion
time of 12 TAD, which is started when the GO bit is set.
The sum of these two times is the sampling time. There
is a minimum acquisition time to ensure that the holding
capacitor is charged to a level that will give the desired
accuracy for the A/D conversion.

FIGURE 16-2: A/D CONVERSION SEQUENCE       

Acquisition Time A/D Conversion Time

A/D Sample Time

When A/D holding capacitor starts to charge. 
After A/D conversion, or when new A/D channel is selected.

When A/D conversion is started
(setting the GO bit).

A/D conversion complete, result is loaded in ADRES register.
Holding capacitor begins acquiring voltage level on selected
channel, ADIF bit is set.
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ADDWFC ADD WREG and Carry bit to f

Syntax: [ label ] ADDWFC     f,d

Operands: 0  f  255
d [0,1]

Operation: (WREG) + (f) + C  (dest)

Status Affected: OV, C, DC, Z

Encoding: 0001 000d ffff ffff

Description: Add WREG, the Carry Flag and data 
memory location 'f'. If 'd' is 0, the result is 
placed in WREG. If 'd' is 1, the result is 
placed in data memory location 'f'.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register 'f'

Process 
Data

Write to 
destination

Example: ADDWFC REG 0

Before Instruction
Carry bit = 1
REG = 0x02
WREG = 0x4D

After Instruction
Carry bit = 0
REG = 0x02
WREG = 0x50

ANDLW And Literal with WREG

Syntax: [ label ]  ANDLW     k

Operands: 0  k  255

Operation: (WREG) .AND. (k)  (WREG)

Status Affected: Z

Encoding: 1011 0101 kkkk kkkk

Description: The contents of WREG are AND’ed with 
the 8-bit literal 'k'. The result is placed in 
WREG.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read literal 
'k'

Process 
Data

Write to 
WREG

Example: ANDLW 0x5F

Before Instruction
WREG = 0xA3

After Instruction
WREG = 0x03
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MOVFP Move f to p

Syntax: [label]    MOVFP   f,p

Operands: 0  f  255
0  p  31

Operation: (f)  (p)

Status Affected: None

Encoding: 011p pppp ffff ffff

Description: Move data from data memory location 'f' 
to data memory location 'p'.  Location 'f' 
can be anywhere in the 256 byte data 
space (00h to FFh), while 'p' can be 00h 
to 1Fh.

Either ’p' or 'f' can be WREG (a useful, 
special situation).

MOVFP is particularly useful for transfer-
ring a data memory location to a periph-
eral register (such as the transmit buffer 
or an I/O port). Both 'f' and 'p' can be 
indirectly addressed.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register 'f'

Process 
Data

Write
register 'p'

Example: MOVFP   REG1, REG2

Before Instruction
REG1 = 0x33,
REG2 = 0x11

After Instruction
REG1 = 0x33,
REG2 = 0x33

MOVLB Move Literal to low nibble in BSR

Syntax: [ label ]    MOVLB   k

Operands: 0  k  15

Operation: k  (BSR<3:0>)

Status Affected: None

Encoding: 1011 1000 uuuu kkkk

Description: The four-bit literal 'k' is loaded in the 
Bank Select Register (BSR). Only the 
low 4-bits of the Bank Select Register 
are affected. The upper half of the BSR 
is unchanged. The assembler will 
encode the “u” fields as '0'.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
literal 'k'

Process 
Data

Write literal 
'k' to 

BSR<3:0>

Example: MOVLB   5

Before Instruction
BSR register = 0x22

After Instruction
BSR register = 0x25 (Bank 5)
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FIGURE 20-1: PIC17C7XX-33 VOLTAGE-FREQUENCY GRAPH           

FIGURE 20-2: PIC17C7XX-16 VOLTAGE-FREQUENCY GRAPH   
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China - Shenzhen
Tel: 86-755-8864-2200 
Fax: 86-755-8203-1760

China - Wuhan
Tel: 86-27-5980-5300
Fax: 86-27-5980-5118

China - Xian
Tel: 86-29-8833-7252
Fax: 86-29-8833-7256

China - Xiamen
Tel: 86-592-2388138 
Fax: 86-592-2388130

China - Zhuhai
Tel: 86-756-3210040 
Fax: 86-756-3210049

ASIA/PACIFIC
India - Bangalore
Tel: 91-80-3090-4444 
Fax: 91-80-3090-4123

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Osaka
Tel: 81-6-6152-7160 
Fax: 81-6-6152-9310

Japan - Tokyo
Tel: 81-3-6880- 3770 
Fax: 81-3-6880-3771

Korea - Daegu
Tel: 82-53-744-4301
Fax: 82-53-744-4302

Korea - Seoul
Tel: 82-2-554-7200
Fax: 82-2-558-5932 or 
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068

Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069

Singapore
Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-5778-366
Fax: 886-3-5770-955

Taiwan - Kaohsiung
Tel: 886-7-213-7828
Fax: 886-7-330-9305

Taiwan - Taipei
Tel: 886-2-2508-8600 
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE
Austria - Wels
Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828 
Fax: 45-4485-2829

France - Paris
Tel: 33-1-69-53-63-20 
Fax: 33-1-69-30-90-79

Germany - Munich
Tel: 49-89-627-144-0 
Fax: 49-89-627-144-44

Italy - Milan 
Tel: 39-0331-742611 
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399 
Fax: 31-416-690340

Spain - Madrid
Tel: 34-91-708-08-90
Fax: 34-91-708-08-91

UK - Wokingham
Tel: 44-118-921-5869
Fax: 44-118-921-5820

Worldwide Sales and Service

11/29/12

http://support.microchip.com
http://www.microchip.com

