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PIC16C9XX

Pin Diagrams (Cont.d)
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4.3 PCL and PCLATH

The program counter (PC) is 13-bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The upper bits (PC<12:8>) are not
readable, but are indirectly writable through the
PCLATH register. On any reset, the upper bits of the PC
will be cleared. Figure 4-9 shows the two situations for
the loading of the PC. The upper example in the figure
shows how the PC is loaded on a write to PCL
(PCLATH<4:0> - PCH). The lower example in the fig-
ure shows how the PC is loaded during a CALL or GOTO
instruction (PCLATH<4:3> . PCH).

FIGURE 4-9: LOADING OF PC IN
DIFFERENT SITUATIONS

PCH PCL
12 8 7 0 Instruction with
PC| ‘ | PCL as
Destination
5 ALU result
CEET T 1]
PCLATH
PCH PCL
12 11 10 8 7 0
pC | [ : | coro_caL
PCLATH<4:3> 11
2 Opcode <10:0>
LT [ T
PCLATH

43.1 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When doing a
table read using a computed GOTO method, care
should be exercised if the table location crosses a PCL
memory boundary (each 256 byte block). Refer to the
application note “/mplementing a Table Read” (AN556).

4.3.2 STACK

The PIC16CXXX family has an 8 level deep x 13-bit
wide hardware stack. The stack space is not part of
either program or data space and the stack pointer is
not readable or writable. The PC is PUSHed onto the
stack when a CALL instruction is executed or an inter-
rupt causes a branch. The stack is POPed in the event
of a RETURN, RETLWor a RETFI E instruction execu-
tion. PCLATH is not affected by a PUSH or POP oper-
ation.

The stack operates as a circular buffer. This means that
after the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
S0 on).

Note 1: There are no status bits to indicate stack
overflow or stack underflow conditions.

Note 2: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, RETURN, RETLW and RETFI E
instructions, or the vectoring to an inter-
rupt address.

4.4 Program Memory Paging

PIC16C9XX devices are capable of addressing a con-
tinuous 8K word block of program memory. The CALL
and QOTOinstructions provide only 11 bits of address
to allow branching within any 2K program memory
page. When doing a CALL or GOTO instruction the
upper 2 bits of the address are provided by
PCLATH<4:3>. When doing a CALL or QOTO instruc-
tion, the user must ensure that the page select bits are
programmed so that the desired program memory
page is addressed. If a return from a CALL instruction
(or interrupt) is executed, the entire 13-bit PC is pushed
onto the stack. Therefore, manipulation of the
PCLATH<4:3> bits are not required for the return
instructions (which POPs the address from the stack).

Note: The PIC16C9XX ignores paging bit
PCLATH<4>, which is used to access pro-
gram memory pages 2 and 3. The use of
PCLATH<4> as a general purpose
read/write bit is not recommended since
this may affect upward compatibility with

future products.
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5.0 PORTS

Some pins for these ports are multiplexed with an alter-
nate function for the peripheral features on the device.
In general, when a peripheral is enabled, that pin may
not be used as a general purpose /O pin.

5.1 PORTA and TRISA Reqister

The RA4/TOCKI pin is a Schmitt Trigger input and an
open drain output. All other RA port pins have TTL input
levels and full CMOS output drivers. All RA pins have
data direction bits (TRISA register) which can configure
these pins as output or input.

Setting a bit in the TRISA register puts the correspond-
ing output driver in a hi-impedance mode. Clearing a bit
in the TRISA register puts the contents of the output
latch on the selected pin.

Reading the PORTA register reads the status of the
pins whereas writing to it will write to the port latch. All
write operations are read-modify-write operations.
Therefore, a write to a port implies that the port pins are
read, this value is modified, and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCKI pin.

For the PIC16C924 only, other PORTA pins are multi-
plexed with analog inputs and the analog VREF input.
The operation of each pin is selected by clearing/set-
ting the control bits in the ADCONL1 register (A/D Con-
trol Registerl).

FIGURE 5-1: BLOCK DIAGRAM OF PINS
RA3:RAO0 AND RA5

Note: On a Power-on Reset, these pins are con-

Data
bus
D Q
WR VDD
Port —
ol b ok Q ~D4 5
Data Latch —|Z|
D Q N 1/O pin®
WR
TRI —
RIS CK L0 Vss
Analog
input
TRIS Latch mode
TTL
input
buffer
Q D

EN
RD PORT >

To A/D Converter (PIC16C924 only)

Note 1:1/O pins have protection diodes to VDD and Vss.

figured as analog inputs and read as '0'.

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 5-1: INITIALIZING PORTA

BCF STATUS, RPO ; Sel ect BankO
BCF STATUS, RP1

CLRF PORTA ; Initialize PORTA
BSF STATUS, RPO ;
MOVLW  OxCF ; Value used to
; initialize data
; direction
MOWWF  TRI SA ; Set RA<3:0> as inputs

; RA<5:4> as outputs
; RA<7:6> are always
; read as '0'.

FIGURE 5-2: BLOCK DIAGRAM OF
RA4/TOCKI PIN

Data
bus D o)
£ 3
PORT AT
CKY-Q ()
D N 1/O pin
Data Latch
e— D Q Vss
WR
TRIS CIZLG S Schmitt
Trigger %7
input
TRIS Latch buffer
RD TRIS
Q D

1
RD PORT f {>O - _|

__ TMRO clock input

Note 1: I/O pin has protection diodes to Vss only.
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FIGURE 5-7: PORTD<7:5> BLOCK
DIAGRAM

LCD
Segment Data P~

LCD Segment
Output Enable

LCD
Common Data

> X
LCD Common Digital Input/

Output Enable LCD Output pin

LCDSE<n>

\J Schmitt
Trigger
input
buffer

Data Bus rdl 0 b

RD PORT {>O_

RD TRIS

TABLE 5-7: PORTD FUNCTIONS

Name Bit# BTL;f;(Zr Function
RDO/SEGO00 bit0 ST Input/output port pin or Segment Driver00
RD1/SEGO01 bitl ST Input/output port pin or Segment Driver01
RD2/SEG02 bit2 ST Input/output port pin or Segment Driver02
RD3/SEG03 bit3 ST Input/output port pin or Segment Driver03
RD4/SEG04 bit4 ST Input/output port pin or Segment Driver04
RD5/SEG29/COM3 bit5 ST Digital input pin or Segment Driver29 or Common Driver3
RD6/SEG30/COM2 bit6 ST Digital input pin or Segment Driver30 or Common Driver2
RD7/SEG31/COM1 bit7 ST Digital input pin or Segment Driver31 or Common Driverl

Legend: ST = Schmitt Trigger input

TABLE 5-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on
other resets
Reset
08h PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO 0000 0000 | 0000 0000
88h TRISD PORTD Data Direction Control Register 1111 1111|1111 1111
100h |LCDSE | sE29 | sE27 | se20 | se16 | se12 | seo | ses | seo |1111 11111111 1111

Legend: Shaded cells are not used by PORTD.
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5.6 PORTF and TRISF Register FIGURE 5-9: PORTF BLOCK DIAGRAM
PORTF is an digital input only port. Each pin is multi- LCD
plexed with an LCD segment driver. These pins have Segment Data [~
Schmitt Trigger input buffers.
: LCD Segment
Note 1: On a Power-on Reset these pins are con- Output Enable
figured as LCD segment drivers.
Note 2: To configure the pins as a digital port, the LCD
corresponding bits in the LCDSE register Common Data ™ KI
must be cleared. Any bit set in the LCDSE 4
register overrides any bit settings in the LCD Commt?ln Digital Input/
corresponding TRIS register. Output Enable LCD Output pin
EXAMPLE 5-6:  INITIALIZING PORTF LeDsE=e
BCF STATUS, RPO ; Sel ect Bank2 \J Schmitt
BSF STATUS, RP1 ; i1r—1r;Jgugter
BCF LCDSE, SE16 ; Make all PORTF buffer
BCF LCDSE, SE12 ;digital inputs
Data Bus A ||
Q D
EN [—
RD PORT {>O_
VDD
RD TRIS
TABLE 5-11: PORTF FUNCTIONS
Name Bit# Buffer Type Function
RFO/SEG12 bit0 ST Digital input or Segment Driver12
RF1/SEG13 bitl ST Digital input or Segment Driverl3
RF2/SEG14 bit2 ST Digital input or Segment Driver14
RF3/SEG15 bit3 ST Digital input or Segment Driverl5
RF4/SEG16 bit4 ST Digital input or Segment Driver16
RF5/SEG17 bit5 ST Digital input or Segment Driverl7
RF6/SEG18 bit6 ST Digital input or Segment Driver18
RF7/SEG19 bit7 ST Digital input or Segment Driver19
Legend: ST = Schmitt Trigger input
TABLE 5-12: SUMMARY OF REGISTERS ASSOCIATED WITH PORTF
Value on Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on
Reset other resets
107h PORTF RF7 RF6 RF5 RF4 RF3 RF2 RF1 RFO 0000 0000 | 0000 0000
187h TRISF PORTF Data Direction Control Register 1111 1111 | 1111 1111
100h  |LCDSE | SE20 | sE27 | sE20 | se16 | se12 | seo | ses | seo |1111 11111111 1111

Legend: Shaded cells are not used by PORTF.
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7.0 TIMERO MODULE

The TimerO module has the following features:

 8-bit timer/counter

* Readable and writable

« 8-bit software programmable prescaler
« Internal or external clock select

* Interrupt on overflow from FFh to 00h
« Edge select for external clock

Figure 7-1 is a simplified block diagram of the TimerO
module.

Timer mode is selected by clearing bit TOCS
(OPTION<5>). In timer mode, the Timer0 module will
increment every instruction cycle (without prescaler). If
the TMRO register is written, the increment is inhibited
for the following two instruction cycles (Figure 7-2 and
Figure 7-3). The user can work around this by writing
an adjusted value to the TMRO register.

Counter mode is selected by setting bit TOCS
(OPTION<5>). In counter mode Timer0 will increment
either on every rising or falling edge of pin RA4/TOCKI.
The incrementing edge is determined by the TimerO
Source Edge Select bit TOSE (OPTION<4>). Clearing

bit TOSE selects the rising edge. Restrictions on the
external clock input are discussed in detail in
Section 7.2.

The prescaler is mutually exclusively shared between
the Timer0 module and the Watchdog Timer. The pres-
caler assignment is controlled in software by control bit
PSA (OPTION<3>). Clearing bit PSA will assign the
prescaler to the TimerO0 module. The prescaler is not
readable or writable. When the prescaler is assigned to
the Timer0 module, prescale values of 1:2, 1:4, ..,
1:256 are selectable. Section 7.3 details the operation
of the prescaler.

7.1 TimerO Interrupt

The TMRO interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h. This overflow sets bit
TOIF (INTCON<2>). The interrupt can be masked by
clearing bit TOIE (INTCON<5>). Bit TOIF must be
cleared in software by the Timer0 module interrupt ser-
vice routine before re-enabling this interrupt. The TMRO
interrupt cannot awaken the processor from SLEEP
since the timer is shut off during SLEEP. Figure 7-4 dis-
plays the TimerO0 interrupt timing.

FIGURE 7-1: TIMERO BLOCK DIAGRAM
Data bus
Fosc/4 0 PSout 8
Sync with
D— 1 Internal TMRO
RA4/TOCKI Programmable clocks | Lot
pin Prescaler
TOSE (2 cycle delay)
bs
Set interrupt
PS2, PS1, PSO PSA flag bit TOIF
TOCS on overflow

Note 1: TOCS, TOSE, PSA, PS2:PS0 (OPTION<5:0>).
2: The prescaler is shared with Watchdog Timer (refer to Figure 7-6 for detailed block diagram).

FIGURE 7-2: TIMERO TIMING: INTERNAL CLOCK/NO PRESCALE

pe 1Q1] Q2] Q3| Q4; Q1] Q2| @3] 4;01| Q2] Q3| Q4 ;Q1]| Q2| Q3| @4, Q1| Q2| @3] Q4 ;01| Q2| Q3| @4, Q1] Q2| @3] Q4 | Q1] Q2| Q3] Q4 |
Program \ | \ | | ) ) ) )
Counter) { PC-1 X PC X PC+1 X PC+2 X PC+3 X PC+4 X PC+5 X PC+6 )
'Q;‘éﬁc“on ! ' MOVWF TMRO ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' !
TMRO T0 X To+L Y T0+2 X . NT0 70 X N0 Y NTo+L__ X NTO*2__ X
Instruction : : : ? : ? : ? : ? : ? : f :
Executed ' ' ' 5 ' ' ' ' ' '

! Write TMRO | Read TMRO . ReadTMRO | Read TMRO | Read TMRO ' Read TMRO |

executed reads NTO reads NTO reads NTO reads NTO + 1 reads NTO + 2
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8.0 TIMER1 MODULE

Timerl is a 16-bit timer/counter consisting of two 8-bit
registers (TMR1H and TMR1L) which are readable and
writable. The TMR1 Register pair (TMR1H:TMR1L)
increments from 0000h to FFFFh and rolls over to
0000h. The TMR1 Interrupt, if enabled, is generated on
overflow which is latched in interrupt flag bit TMR1IF
(PIR1<0>). This interrupt can be enabled/disabled by
setting/clearing TMRL1 interrupt enable bit TMRI1IE
(PIE1<0>).

Timerl can operate in one of two modes:

* As atimer

e As a counter

The operating mode is determined by the clock select
bit, TMR1CS (T1ICON<1>).

In timer mode, Timerl increments every instruction
cycle. In counter mode, it increments on every rising
edge of the external clock input.

Timerl can be turned on and off using the control bit
TMR1ON (T1CON<O0>).

Timerl also has an internal “reset input”. This reset can
be generated by the CCP module (Section 10.0).
Figure 8-1 shows the Timerl control register.

When the Timerl oscillator is enabled (TLOSCEN is
set), the RC1/T10SI and RCO/T10SO/T1CKI pins
become inputs.

FIGURE 8-1: T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)

uU-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0

R/W-0 R/W-0

| — | — |TlCKPSl|T1CKPSO|TlOSCEN| T1SYNC

| TMR1cs | TMRION| [R = Readable bit

bit7

bit 7-6: Unimplemented: Read as '0'

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

1 = Oscillator is enabled
0 = Oscillator is shut off

TMR1CS =1
0 = Synchronize external clock input

TMR1CS =0

bit 1: TMRI1CS: Timerl Clock Source Select bit

0 = Internal clock (Fosc/4)

bit 0: TMR1ON: Timerl On bit
1 = Enables Timerl
0 = Stops Timerl

bit 5-4: TICKPS1:T1CKPSO: Timerl Input Clock Prescale Select bits

bit 3: T1OSCEN: Timerl Oscillator Enable Control bit

Note: The oscillator inverter and feedback resistor are turned off to eliminate power drain
bit 22 T1SYNC: Timerl External Clock Input Synchronization Control bit

1 = Do not synchronize external clock input

This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.

1 = External clock from pin T1CKI (on the rising edge)

bito W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n =Value at POR reset

0 1997 Microchip Technology Inc.

DS30444E - page 51



PIC16C9XX

11.3  SSP I2C Operation

The SSP module in 1°C mode fully implements all slave
functions, except general call support, and provides
interrupts on start and stop bits in hardware to facilitate
firmware implementations of the master functions. The
SSP module implements the standard mode specifica-
tions as well as 7-bit and 10-bit addressing. Two pins
are used for data transfer. These are the RC3/SCK/SCL
pin, which is the clock (SCL), and the RC4/SDI/SDA
pin, which is the data (SDA). The user must configure
these pins as inputs or outputs through the
TRISC<4:3> bits. The SSP module functions are
enabled by setting SSP Enable bit SSPEN (SSP-
CON<5>).

FIGURE 11-18: SSP BLOCK DIAGRAM

(1°C MODE)
< Internal
data bus
Read ﬁ% Write
RC3/SCK/SCL | SSPBUF reg |

I
= shift
clock
|Z; <I<—| SSPSR reg

RC4/ MSb LSb
SDI/ ._|>

SDA A
| Match detect |—> Addr Match

h

| ssPaDDreg |

Start and Set, Reset

Stop bit detect [ S, P bits
(SSPSTAT reg)

The SSP module has five registers for 1°C operation.
These are the:

« SSP Control Register (SSPCON)

« SSP Status Register (SSPSTAT)

» Serial Receive/Transmit Buffer (SSPBUF)

* SSP Shift Register (SSPSR) - Not directly acces-
sible

* SSP Address Register (SSPADD)

The SSPCON register allows control of the 12C opera-
tion. Four mode selection bits (SSPCON<3:0>) allow
one of the following 12C modes to be selected:

« I12C Slave mode (7-bit address)
« I12C Slave mode (10-bit address)
« 12C Slave mode (7-bit address), with start and
stop bit interrupts enabled
« 12C Slave mode (10-bit address), with start and
stop bit interrupts enabled
« I12C Firmware controlled Master Mode, slave is
idle
Selection of any 12C mode, with the SSPEN bit set,
forces the SCL and SDA pins to be open drain, pro-
vided these pins are programmed to inputs by setting
the appropriate TRISC bits.

The SSPSTAT register gives the status of the data
transfer. This information includes detection of a START
or STOP hit, specifies if the received byte was data or
address if the next byte is the completion of 10-bit
address, and if this will be a read or write data transfer.
The SSPSTAT register is read only.

The SSPBUF is the register to which transfer data is
written to or read from. The SSPSR register shifts the
data in or out of the device. In receive operations, the
SSPBUF and SSPSR create a doubled buffered
receiver. This allows reception of the next byte to begin
before reading the last byte of received data. When the
complete byte is received, it is transferred to the
SSPBUF register and flag bit SSPIF is set. If another
complete byte is received before the SSPBUF register
is read, a receiver overflow has occurred and bit
SSPOV (SSPCON<6>) is set and the byte in the
SSPSR is lost.

The SSPADD register holds the slave address. In 10-bit
mode, the user needs to write the high byte of the
address (1111 0 A9 A8 0). Following the high byte
address match, the low byte of the address needs to be
loaded (A7:A0).
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12.41 FASTER CONVERSION - LOWER
RESOLUTION TRADE-OFF

Not all applications require a result with 8-bits of reso-
lution, but may instead require a faster conversion time.
The A/D module allows users to make the trade-off of
conversion speed to resolution. Regardless of the res-
olution required, the acquisition time is the same. To
speed up the conversion, the clock source of the A/D
module may be switched so that the TAD time violates
the minimum specified time (see the applicable electri-
cal specification). Once the TAD time violates the mini-
mum specified time, all the following A/D result bits are
not valid (see A/D Conversion Timing in the Electrical
Specifications section.) The clock sources may only be
switched between the three oscillator versions (cannot
be switched from/to RC). The equation to determine
the time before the oscillator can be switched is as fol-
lows:

Conversion time = 2TAD + N« TAD + (8 - N)(2Tosc)
Where: N = number of bits of resolution required.

EXAMPLE 12-3: 4-BIT vs. 8-BIT CONVERSION TIMES

Since the TAD is based from the device oscillator, the
user must use some method (a timer, software loop,
etc.) to determine when the A/D oscillator may be
changed. Example 12-3 shows a comparison of time
required for a conversion with 4-bits of resolution, ver-
sus the 8-bit resolution conversion. The example is for
devices operating at 8 MHz (The A/D clock is pro-
grammed for 32Tosc), and assumes that immediately
after 6TAD, the A/D clock is programmed for 2Tosc.

The 2Tosc violates the minimum TAD time, therefore
the last 4-bits will not be converted to correct values.

Resolution
Frea- (MHz) 4-bit 8-bit
TAD 1.6 pys 1.6 ys
Tosc 12.5ns 125 ns
2TAD + N « TAD + (8 - N)(2TosC) 8 10.6 ps 16 us

0 1997 Microchip Technology Inc.

DS30444E - page 85



PIC16C9XX

13.1 LCDTiming

The LCD module has 3 possible clock source inputs
and supports static, 1/2, 1/3, and 1/4 multiplexing.

13.1.1 TIMING CLOCK SOURCE SELECTION

The clock sources for the LCD timing generation are:

¢ Internal RC oscillator
* Timerl oscillator
» System clock divided by 256

The first timing source is an internal RC oscillator which
runs at a nominal frequency of 14 kHz. This oscillator
provides a lower speed clock which may be used to
continue running the LCD while the processor is in
sleep. The RC oscillator will power-down when it is not
selected or when the LCD module is disabled.

FIGURE 13-8: LCD CLOCK GENERATION

The second source is the Timerl external oscillator.
This oscillator provides a lower speed clock which may
be used to continue running the LCD while the proces-
sor is in sleep. It is assumed that the frequency pro-
vided on this oscillator will be 32 kHz. To use the
Timerl oscillator as a LCD module clock source, it is
only necessary to set the TLOSCEN (T1CON<3>) bhit.

The third source is the system clock divided by 256.
This divider ratio is chosen to provide about 32 kHz
output when the external oscillator is 8 MHz. The
divider is not programmable. Instead the LCDPS regis-
ter is used to set the LCD frame clock rate.

All of the clock sources are selected with bits CS1:CS0
(LCDCON<3:2>). Refer to Figure 13-1 for details of the
register programming.

Fosc

TMR1 32 kHz
crystal oscillator

12

Static

Internal RC oscillator 1/3 ar
Nominal Frc = 14 kHz 1/4
T T | LCDPS<3:0> | LMUX1:LMUXO
CS1:CS0 LMUX1:LMUX0 %
internal
data bus

CcoM1
COM2

——— COM3

o
=
O
O

+32 '+1,2,3,4
Ring Counter

4-bit Programmable
Prescaler
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13.5 Voltage Generation

There are two methods for LCD voltage generation,
internal charge pump, or external resistor ladder.

1351 CHARGE PUMP

The LCD charge pump is shown in Figure 13-13. The
1.0V - 2.3V regulator will establish a stable base volt-
age from the varying battery voltage. This regulator is
adjustable through the range by connecting a variable
external resistor from VLCDADJ to ground. The poten-
tiometer provides contrast adjustment for the LCD. This
base voltage is connected to Vicpl on the charge
pump. The charge pump boosts Vicpl into Vicp2 =

2*Viepl and Viep3 = 3 * Vicpl. When the charge pump
is not operating, Vlcd3 will be internally tied to Vob. See
the Electrical Specifications section for charge pump
capacitor and potentiometer values.

13.5.2 EXTERNAL R-LADDER

The LCD module can also use an external resistor lad-
der (R-Ladder) to generate the LCD voltages.
Figure 13-13 shows external connections for static and
1/3 bias. The VGEN (LCDCON<4>) bit must be cleared
to use an external R-Ladder.

FIGURE 13-13:CHARGE PUMP AND RESISTOR LADDER

VbD

10 pA
nominal

Charge Pump

— LCDEN
—— SLPEN

L (| — — — — — —_— = —_— =
Y VLCDADJ J‘VLCD:‘; ‘} Vicp2

1 —— T
Vicpl C1l yC2

L L L
100k* 0.47 pF* 0.47 pF* 0.47 pF* Connections for
130Kk* {9 il} il} 0 . internal charge
ATHFE oump, VGEN = 1
l Connections for
l AVAVA l AVAVA ° external R-ladder,
10k* 10k* 10k* 5k* L Bas
VDD VGEN =0
l l l l Connections for
—AN\N\—s8 o external R-ladder,
T 10k* Static Bias,
VDD 5k* VGEN =0

* These values are provided for design guidance only and should be
optimized to the application by the designer.
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14.4 Power-on Reset (POR), Power-up
Timer (PWRT) and Oscillator Start-up

Timer (OST)
14.4.1 POWER-ON RESET (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected (in the range of 1.5V - 2.1V). To
take advantage of the POR, just tie the MCLR pin
directly (or through a resistor) to VDD. This will elimi-
nate external RC components usually needed to create
a Power-on Reset. A maximum rise time for VDD is
specified. See Electrical Specifications for details.

When the device starts normal operation (exits the
reset condition), device operating parameters (voltage,
frequency, temperature, ...) must be met to ensure
operation. If these conditions are not met, the device
must be held in reset until the operating conditions are
met.

For additional information, refer to Application Note
ANG607, “Power-up Trouble Shooting.”

14.4.2 POWER-UP TIMER (PWRT)

The Power-up Timer provides a fixed 72 ms nominal
time-out on power-up only, from the POR. The
Power-up Timer operates on an internal RC oscillator.
The chip is kept in reset as long as the PWRT is active.
The PWRT's time delay allows VDD to rise to an accept-
able level. A configuration bit is provided to enable/dis-
able the PWRT.

The power-up time delay will vary from chip to chip due
to VDD, temperature, and process variation. See DC
parameters for details.

TABLE 14-3: TIME-OUT IN VARIOUS SITUATIONS

14.4.3 OSCILLATOR START-UP TIMER (OST)

The Oscillator Start-up Timer (OST) provides 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over. This ensures that the crystal oscil-
lator or resonator has started and stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset or wake-up from
SLEEP.

14.4.4 TIME-OUT SEQUENCE

On power-up the time-out sequence is as follows: First
PWRT time-out is invoked after the POR time delay has
expired. Then OST is activated. The total time-out will
vary based on oscillator configuration and the status of
the PWRT. For example, in RC mode with the PWRT
disabled, there will be no time-out at all. Figure 14-8,
Figure 14-9, and Figure 14-10 depict time-out
sequences on power-up.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire. Then
bringing MCLR high will begin execution immediately
(Figure 14-9). This is useful for testing purposes or to
synchronize more than one PIC16CXXX device operat-
ing in parallel.

Table 14-5 shows the reset conditions for some special
function registers, while Table 14-6 shows the reset
conditions for all the registers.

14.45 POWER CONTROL/STATUS REGISTER
(PCON)

Bitl is Power-on Reset Status bit POR. It is cleared on
a Power-on Reset and unaffected otherwise. The user
must set this bit following a Power-on Reset.

Oscillator Configuration Power-up Wake-up from SLEEP
PWRTE=1 PWRTE =0
XT, HS, LP 1024Tosc 72 ms + 1024Tosc 1024 Tosc
RC — 72 ms —
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14,5 Interrupts
The PIC16C9XX family has up to 9 sources of interrupt:

Applicable
Interrupt Sources Devices

External interrupt RBO/INT 923 | 924
TMRO overflow interrupt 923 | 924
PORTB change interrupts 923 | 924
(pins RB7:RB4)
A/D Interrupt 923 | 924
TMR1 overflow interrupt 923 | 924
TMR2 matches period interrupt 923 | 924
CCP1 interrupt 923 | 924
Synchronous serial port interrupt 923 | 924
LCD Module interrupt 923 | 924

The interrupt control register INTCON) records individ-
ual interrupt requests in flag bits. It also has individual
and global interrupt enable bits.

Note: Individual interrupt flag bits are set regard-
less of the status of their corresponding

mask bit or the GIE bit.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all un-masked interrupts or disables (if
cleared) all interrupts. When bit GIE is enabled, and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be dis-
abled through their corresponding enable bits in various
registers. Individual interrupt bits are set regardless of
the status of the GIE bit. The GIE bit is cleared on reset.

The “return from interrupt” instruction, RETFI E, exits
the interrupt routine as well as sets the GIE bit, which
re-enables interrupts.

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRO overflow interrupt flags are contained in
the INTCON register.

The peripheral interrupt flags are contained in the spe-
cial function register PIR1. The corresponding interrupt
enable bits are contained in special function register
PIE1, and the peripheral interrupt enable bit is con-
tained in special function register INTCON.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupts, the return
address is pushed onto the stack and the PC is loaded
with 0004h. Once in the interrupt service routine the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

For external interrupt events, such as the RBO/INT pin
or RB Port change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs
(Figure 14-15). The latency is the same for one or two
cycle instructions. Individual interrupt flag bits are set
regardless of the status of their corresponding mask bit
or the GIE bit.
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INCF Increment f
Syntax: [ label]l INCF fd
Operands: 0<f<127
d 0][0,1]
Operation: (f) +1 - (destination)
Status Affected: Z
Encoding: | 00 | 1010 | df ff | fiff |
Description: The contents of register 'f' are incre-
mented. If 'd" is O the result is placed in
the W register. 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 Process | Write to
register data destination
"
Example INCF ONT, 3
Before Instruction
CNT = OxFF
4 = 0
After Instruction
CNT = 0x00
z = 1

INCFSZ Increment f, Skip if O
Syntax: [ label]l INCFSz fd
Operands: 0<f<127
d 0][0,1]
Operation: (f) + 1 — (destination),
skip if result =0
Status Affected:  None
Encoding: | 00 | 1111 | df f f | fiff
Description: The contents of register 'f' are incre-
mented. If 'd" is O the result is placed in
the W register. If 'd' is 1 the result is
placed back in register 'f'.
If the result is 1, the next instruction is
executed. If the resultis 0, a NOP is
executed instead making it a 2Tcy
instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f' data destination
If Skip:  (2nd Cycle)
Q1 Q2 Q3 Q4
No- No- No- No-
Operation | Operation | Operation | Operation
HERE | NCFSz CNT, 1
Example GOTO LOOP
CONTI NUE

Before Instruction
PC =
After Instruction

CNT =
if CNT= 0,
PC =
if CNT2 0,
PC =

address HERE

CNT +1

address CONTI NUE

address HERE +1

DS30444E - page 128
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DEVELOPMENT TOOLS FROM MICROCHIP
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FIGURE 17-6: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

! |
RA4/TOCKI 71L 5&
I |

: -« 40 - - 41 - |
| - 42 ‘l
| L |
RCO/T10SO/T1CKI |
| I | | I |
:4—45 —>! & 46 » 1 |
| | |
I 47 > 48 >
TMRO or
TMRL X1
|
Refer to Figure 17-2 for load conditions.
TABLE 17-7: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
Param Sym Characteristic Min Typt | Max | Units |Conditions
No.
40* TtOH TOCKI High Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — | — | ns |parameter42
41* TtOL TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — — ns |parameter 42
42* TtOP TOCKI Period No Prescaler Tcy + 40 — — ns
With Prescaler |Greater of: — — ns |N = prescale value
20 or Tcy + 40 (2, 4, ..., 256)
N
45% TtlH T1CKI High Time |Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous, |PIC16C923/924 15 — — ns |parameter 47
Prescaler = PIC16LC923/924 25 — — ns
2,4,8
Asynchronous |PIC16C923/924 30 — — ns
PIC16LC923/924 50 — — ns
46* TtlL T1CKI Low Time  [Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns [Must also meet
Synchronous, [PIC16C923/924 15 — — ns |parameter 47
Prescaler = PIC16LC923/924 25 — — ns
2,4,8
Asynchronous |PIC16C923/924 30 — — ns
PIC16LC923/924 50 — — ns
47* Tt1lP T1CKI input period [Synchronous |PIC16C923/924 |Greater of: — — ns |N = prescale value
30 orR TcY + 40 1,2,4,8)
N
PIC16LC923/924 |Greater of: N = prescale value
50 orR Tcy + 40 1,2,4,8)
N
Asynchronous |PIC16C923/924 60 —_ —_ ns
PIC16LC923/924 100 — — ns
Ftl Timerl oscillator input frequency range DC — | 200 | kHz
(oscillator enabled by setting bit TLOSCEN)
48 TCKEZtmr1|Delay from external clock edge to timer increment 2Tosc — |[7Tosc| —

* These parameters are characterized but not tested.

T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.
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FIGURE 18-14:TYPICAL IpD vs. FREQUENCY (RC MODE @ 20 pF, 25°C)
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Typical 2.7 mA @ 4 MHz, 5.5V beyond recommended range

FIGURE 18-15:MAXIMUM Ipb vs. FREQUENCY (RC MODE @ 20 pF, -40°C TO +85°C)

3500
6.0V
3000
v |55V
2500 5.0V
; g
[a)
[a)
~ 2000 //////// sl
s eVd L |ssv
2P
1500 g - 2.5V
1000 // et =
500 //%é/
0
0.0 1.00 2.00 3.00 4.00 5.00
. Frequency (MHz) Shaded area is
Maximum 5.0 mA @ 4 MHz, 5.5V beyond recommended range
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TABLE 18-1: RC OSCILLATOR
FREQUENCIES

FIGURE 18-20: TRANSCONDUCTANCE(gm)
OF HS OSCILLATOR vs. VDD

Average
Cext Rext

Fosc @ 5V, 25°C
22 pF 5k 4.12 MHz +1.4%
10k 2.35 MHz +1.4%
100k 268 kHz +1.1%
100 pF 3.3k 1.80 MHz +1.0%
5k 1.27 MHz +1.0%
10k 688 kHz +1.2%
100k 77.2 kHz +1.0%
300 pF 3.3k 707 kHz +1.4%
5k 501 kHz +1.2%
10k 269 kHz +1.6%
100k 28.3 kHz +1.1%

4.0 T T
Max -40°C
35 /
3.0
/

s 2° == Typ 25°C
£ 20 | — |
- 1
> 15 Min 85°C |

10 / | —

05 —

S—=

0390 35 40 45 50 55 60 65 70

Shaded area is VoD (VOLTS)
beyond recommended range

The percentage variation indicated here is part to
part variation due to normal process distribution. The
variation indicated is +3 standard deviation from
average value for VDD = 5V.

FIGURE 18-21: TRANSCONDUCTANCE(gm)
OF LP OSCILLATOR vs. VDD

110 ‘ ‘ ‘
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50
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90 25 30 35 40 45 50 55 6.0 65 7.0
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/

FIGURE 18-22: TRANSCONDUCTANCE(gm)
OF XT OSCILLATOR vs. VDD
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APPENDIX A:

The following are the list of modifications over the

PIC16C5X microcontroller family:

1.

©

10.

11.

12.

13.
14.
15.

16.

17.

Instruction word length is increased to 14-bits.
This allows larger page sizes both in program
memory (4K now as opposed to 512 before) and
register file (192 bytes now versus 32 bytes
before).

A PC high latch register (PCLATH) is added to
handle program memory paging. Bits PA2, PAL,
PAO are removed from STATUS register.

Data memory paging is redefined slightly. STA-
TUS register is modified.

Four new instructions have been added:
RETURN, RETFI E, ADDLWand SUBLW

Two instructions TRIS and OPTION are being
phased out although they are kept for compati-
bility with PIC16C5X.

OPTION and TRIS registers are made address-
able.

Interrupt capability is added. Interrupt vector is
at 0004h.

Stack size is increased to 8 deep.

Reset vector is changed to 0000h.

Reset of all registers is revisited. Five different
reset (and wake-up) types are recognized. Reg-
isters are reset differently.

Wake up from SLEEP through interrupt is
added.

Two separate timers, Oscillator Start-up Timer
(OST) and Power-up Timer (PWRT) are
included for more reliable power-up. These tim-
ers are invoked selectively to avoid unnecessary
delays on power-up and wake-up.

PORTB has weak pull-ups and interrupt on
change feature.

TOCKI pin is also a port pin (RA4) now.

FSR is made a full eight bit register.

“In-circuit programming” is made possible. The
user can program PIC16CXX devices using only
five pins: Vbp, Vss, MCLR/VpPpP, RB6 (clock) and
RB7 (data in/out).

PCON status register is added with a Power-on
Reset status bit (POR).

Code protection scheme is enhanced such that
portions of the program memory can be pro-
tected, while the remainder is unprotected.

APPENDIX B: COMPATIBILITY

To convert code written for PIC16C5X to PIC16CXX,

the user should take the following steps:

1. Remove any program memory page select oper-
ations (PA2, PA1, PAO bits) for CALL, GOTQ

2. Revisit any computed jump operations (write to
PC or add to PC, etc.) to make sure page bits are
set properly under the new scheme.

3. Eliminate any data memory page switching.
Redefine data variables to reallocate them.

4. Verify all writes to STATUS, OPTION, and FSR
registers since these have changed.

5. Change reset vector to 0000h.
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