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To Our Valued Customers

We constantly strive to improve the quality of all our products and documentation. We have spent an exceptional
amount of time to ensure that these documents are correct. However, we realize that we may have missed a few
things. If you find any information that is missing or appears in error, please use the reader response form in the
back of this data sheet to inform us. We appreciate your assistance in making this a better document.
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5.2 PORTB and TRISB Reqister

PORTB is an 8-bit wide bi-directional port. The corre-
sponding data direction register is TRISB. Setting a bit
in the TRISB register puts the corresponding output
driver in a hi-impedance input mode. Clearing a bit in
the TRISB register puts the contents of the output latch
on the selected pin(s).

EXAMPLE 5-2: INITIALIZING PORTB

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

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

; RB<5:4> as outputs
; RB<7:6> as inputs

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is
performed by clearing bit RBPU (OPTION<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are also dis-
abled on a Power-on Reset.

FIGURE 5-3: BLOCK DIAGRAM OF

RB3:RBO PINS
VDD
RBPU®) Erweak
— B
Data bus Data Latch
D 0 —<
WR Port 110
CKY pin@®
TRIS Latch
D
Q TTL 7
Input
WRTRIS CK ™ Buffer
9
RD TRIS
ﬁ Q D
RD Port EN K
RBO/INT <II
Schmitt Trigger | RD P
Buffer ort
Note 1: I/O pins have diode protection to VDD and Vss.
2:To enable weak pull-ups, set the appropriate TRIS bit
and clear the RBPU bit (OPTION<7>).

Four of PORTB’s pins, RB7:RB4, have an interrupt on
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e. any RB7:RB4 pin con-
figured as an output is excluded from the interrupt on
change comparison). The input pins (of RB7:RB4) are
compared with the old value latched on the last read of

PORTB. The “mismatch” outputs of RB7:RB4 are
OR’ed together to generate the RB Port Change Inter-
rupt with flag bit RBIF (INTCON<0>).

This interrupt can wake the device from SLEEP. The
user, in the interrupt service routine, can clear the inter-
rupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition, and
allow flag bit RBIF to be cleared.

This interrupt on mismatch feature, together with soft-
ware configurable pull-ups on these four pins allow
easy interface to a keypad and make it possible for
wake-up on key-depression. Refer to the Embedded
Control Handbook, "Implementing Wake-Up on Key
Stroke" (AN552).

The interrupt on change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt on change
feature. Polling of PORTB is not recommended while
using the interrupt on change feature.

FIGURE 5-4: BLOCK DIAGRAM OF

RB7:RB4 PINS
VDD
RBPU® weak
—9 B
Data bus Data Latch
D 0 —<
1/0
WR Port K\ pin®
TRIS Latch
D Q
WRTRIS TTL
CK—L Input 7 K\7
Buffer |sT
q > Buffer
RD TRIS Latch
ﬁ Q D
RD Port EN Q1
Set RBIF
From other E Q D
RB7:RB4 pins RD Port
EN
Q3
RB7:RB6 in serial programming mode
Note 1: I/O pins have diode protection to VDD and Vss.
2:To enable weak pull-ups, set the appropriate TRIS bit
and clear the RBPU bit (OPTION<7>).
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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 NTorL__ 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

0 1997 Microchip Technology Inc. DS30444E - page 45



PIC16C9XX

7.2 Using Timer0O with an External Clock

When an external clock input is used for TimerO, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (Tosc). Also, there is a delay in the actual
incrementing of TimerO after synchronization.

7.2.1 EXTERNAL CLOCK SYNCHRONIZATION

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of TOCKI with the internal phase clocks is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks (Figure 7-5).
Therefore, it is necessary for TOCKI to be high for at
least 2Tosc (and a small RC delay of 20 ns) and low for
at least 2Tosc (and a small RC delay of 20 ns). Refer to
the electrical specification of the desired device.

When a prescaler is used, the external clock input is
divided by the asynchronous ripple-counter type pres-

caler so that the prescaler output is symmetrical. For
the external clock to meet the sampling requirement,
the ripple-counter must be taken into account. There-
fore, it is necessary for TOCKI to have a period of at
least 4Tosc (and a small RC delay of 40 ns) divided by
the prescaler value. The only requirement on TOCKI
high and low time is that they do not violate the mini-
mum pulse width requirement of 10 ns. Refer to param-
eters 40, 41 and 42 in the electrical specification of the
desired device.

7.2.2 TMRO INCREMENT DELAY

Since the prescaler output is synchronized with the
internal clocks, there is a small delay from the time the
external clock edge occurs to the time the Timer0 mod-
ule is actually incremented. Figure 7-5 shows the delay
from the external clock edge to the timer incrementing.

FIGURE 7-5: TIMERO TIMING WITH EXTERNAL CLOCK

External Clock InP%It or
Prescaler output (2

External Clock/Prescaler

Output after sampling ‘

Increment Timer0 (Q4)

Timer0

Q11 Q21 Q31 Q4 | Q1] Q2| Q3! Q4 | Q1l Q2I Q31 Q4 | Q1l Q21 Q3I Q4
Small pulse
_/__ /\ misses sampling
@
®3)
¥
[ ] [ ]
X TO+1 X TO + 2

Note 1: Delay from clock input change to TimerO increment is 3Tosc to 7Tosc. (Duration of Q = Tosc).
Therefore, the error in measuring the interval between two edges on Timer0 input = +4Tosc max.
2: External clock if no prescaler selected, Prescaler output otherwise.
3: The arrows indicate the points in time where sampling occurs.
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12.5 A/D Operation During Sleep

The A/D module can operate during SLEEP mode. This
requires that the A/D clock source be set to RC
(ADCS1:ADCSO = 11). When the RC clock source is
selected, the A/D module waits one instruction cycle
before starting the conversion. This allows the SLEEP
instruction to be executed, which eliminates all digital
switching noise from the conversion. When the conver-
sion is completed the GO/DONE bit will be cleared, and
the result loaded into the ADRES register. If the A/D
interrupt is enabled, the device will wake-up from
SLEERP  If the A/D interrupt is not enabled, the A/D mod-
ule will then be turned off, although the ADON bit will
remain set.

When the A/D clock source is another clock option (not
RC), a SLEEP instruction will cause the present conver-
sion to be aborted and the A/D module to be turned off,
though the ADON bit will remain set.

Turning off the A/D places the A/D module in its lowest
current consumption state.

Note: For the A/D module to operate in SLEEP,
the A/D clock source must be set to RC
(ADCS1:ADCSO0 = 11). To perform an A/D
conversion in SLEEP, ensure the SLEEP
instruction immediately follows the instruc-
tion that sets the GO/DONE bit.

12.6  A/D Accuracy/Error

The absolute accuracy specified for the A/D converter
includes the sum of all contributions for quantization
error, integral error, differential error, full scale error, off-
set error, and monotonicity. It is defined as the maxi-
mum deviation from an actual transition versus an ideal
transition for any code. The absolute error of the A/D
converter is specified at < +1 LSb for VDD = VREF (over
the device’s specified operating range). However, the
accuracy of the A/D converter will degrade as VDD
diverges from VREF.

For a given range of analog inputs, the output digital
code will be the same. This is due to the quantization of
the analog input to a digital code. Quantization error is
typically + 1/2 LSb and is inherent in the analog to dig-
ital conversion process. The only way to reduce quanti-
zation error is to increase the resolution of the A/D
converter.

Offset error measures the first actual transition of a
code versus the first ideal transition of a code. Offset
error shifts the entire transfer function. Offset error can
be calibrated out of a system or introduced into a sys-
tem through the interaction of the total leakage current
and source impedance at the analog input.

Gain error measures the maximum deviation of the last
actual transition and the last ideal transition adjusted for
offset error. This error appears as a change in slope of
the transfer function. The difference in gain error to full

scale error is that full scale does not take offset error
into account. Gain error can be calibrated out in soft-
ware.

Linearity error refers to the uniformity of the code
changes. Linearity errors cannot be calibrated out of
the system. Integral non-linearity error measures the
actual code transition versus the ideal code transition
adjusted by the gain error for each code.

Differential non-linearity measures the maximum actual
code width versus the ideal code width. This measure
is unadjusted.

The maximum pin leakage current is £ 1 pA.

In systems where the device frequency is low, use of
the A/D RC clock is preferred. At moderate to high fre-
quencies, TAD should be derived from the device oscil-
lator. TAD must not violate the minimum and should be
< 8 ps for preferred operation. This is because TAD,
when derived from Tosc, is kept away from on-chip
phase clock transitions. This reduces, to a large extent,
the effects of digital switching noise. This is not possible
with the RC derived clock. The loss of accuracy due to
digital switching noise can be significant if many 1/O
pins are active.

In systems where the device will enter SLEEP mode
after the start of the A/D conversion, the RC clock
source selection is required. In this mode, the digital
noise from the modules in SLEEP are stopped. This
method gives high accuracy.

12.7 Effects of a RESET

A device reset forces all registers to their reset state.
This forces the A/D module to be turned off, and any
conversion is aborted.

The value that is in the ADRES register is not modified
for a Power-on Reset. The ADRES register will contain
unknown data after a Power-on Reset.

DS30444E - page 86
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FIGURE 12-6: FLOWCHART OF A/D OPERATION

ADON =0

No
Acguire
Selected Channel

Start of A/D Yes Finish Conversion
Conversion Delayed [—— — GO =0
1 Instruction Cycle ADIF=1
No l

o Abort Conversion ini i Wake-up\Yes
gagé%l;n GO = Flnlslgc():)ozvoersm From Sleepp? Wait 2 TAD  [—
' ADIF =0 ADIF =1
Finish Conversion SLEEP . Stay in Slee
GO=0 Power-down A/D Wait 2 Tap Power-down A/D
ADIF =1
\
. \ \
Wait 2 TAD

TABLE 12-2: SUMMARY OF A/D REGISTERS

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

0Bh, 8Bh, |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
10Bh, 18Bh
0Ch PIR1 LCDIF | ADIF — — SSPIF CCP1IF | TMR2IF | TMR1IF | 00-- 0000 | 00-- 0000
8Ch PIE1 LCDIE | ADIE — — SSPIE | CCPlIE | TMR2IE | TMR1IE | 00-- 0000 | 00-- 0000
1Eh ADRES A/D Result Register XXXX XXXX uuuu uuuu
1Fh ADCONO | ADCS1 | ADCSO | CHS2 CHS1 CHSO | GO/DONE @ ADON | 0000 0000 | 0000 0000
9Fh ADCON1 — — — — — PCFG2 | PCFG1 | PCFGO | ---- -000 | ---- -000
05h PORTA — = RA5 RA4 RA3 RA2 RAL RAO --0x 0000 | --0Ou 0000
85h TRISA — — | PORTA Data Direction Control Register --11 1111 | --11 1111
Legend: x =unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used for A/D conversion.

Note 1: Bitl of ADCONO is reserved, always maintain this bit clear.
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13.0 LCD MODULE

The LCD module generates the timing control to drive
a static or multiplexed LCD panel, with support for up to
32 segments multiplexed with up to 4 commons. It also
provides control of the LCD pixel data.

The interface to the module consists of 3 control regis-
ters (LCDCON, LCDSE, and LCDPS) used to define
the timing requirements of the LCD panel and up to 16
LCD data registers (LCD0O0-LCD15) that represent the
array of the pixel data. In normal operation, the control
registers are configured to match the LCD panel being
used. Primarily, the initialization information consists of
selecting the number of commons required by the LCD
panel, and then specifying the LCD Frame clock rate to
be used by the panel.

FIGURE 13-1: LCDCON REGISTER (ADDRESS 10Fh)

Once the module is initialized for the LCD panel, the
individual bits of the LCD data registers are cleared/set
to represent a clear/dark pixel respectively.

Once the module is configured, the LCDEN
(LCDCON<T7>) bit is used to enable or disable the LCD
module. The LCD panel can also operate during sleep
by clearing the SLPEN (LCDCON<6>) hit.

Figure 13-4 through Figure 13-7 provides waveforms
for Static, 1/2, 1/3, and 1/4 MUX drives.

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

R/W-0 R/W-0

R/W-0 R/W-0

| LcDEN | stPEN | —

| VGEN | cs1 | cso | tmuxt | LMuxo | [R =Readable bit

bit7

bit 7: LCDEN: Module drive enable bit
1 = LCD drive enabled
0 = LCD drive disabled

bit 6: SLPEN: LCD display sleep enable

bit 5:  Unimplemented: Read as '0'
bit 4: VGEN: Voltage Generator Enable

bit 3-2: CS1:CS0: Clock Source Select bits
00 = Fosc/256
01 =T1CKI (Timerl)
1x = Internal RC oscillator

bit 1-0: LMUX1:LMUXO0: Common Selection bits

1 = LCD module will stop operating during SLEEP
0 = LCD module will continue to display during SLEEP

1 = Internal LCD Voltage Generator Enabled, (powered-up)
0 = Internal LCD Voltage Generator powered-down, voltage is expected to be provided externally

bit0 W =Writable bit

U =Unimplemented bit,
Read as ‘0’

-n =Value at POR reset

Specifies the number of commons and the bias method

LMUX1:LMUXO0 MULTIPLEX BIAS Max # of Segments
00 Static (COMO) Static 32
01 1/2  (COMO, 1) 1/3 31
10 1/3  (COMO, 1, 2) 1/3 30
11 1/4  (COMO, 1, 2,3) |1/3 29

0 1997 Microchip Technology Inc.
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14.2.3 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 14-4 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 kQ resistor provides the
negative feedback for stability. The 10 kQ potentiometer
biases the 74AS04 in the linear region. This could be
used for external oscillator designs.

FIGURE 14-4: EXTERNAL PARALLEL
RESONANT CRYSTAL
OSCILLATOR CIRCUIT

+5V
To Other
% Devices
10k I
4.7k 74AS04 PIC16CXXX
"V
74AS04 1 CLKIN
.—| >O—o
ok
XTAL
11
| D I
10k

20pF | 20pF

Figure 14-5 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 kQ resistors provide the negative feed-
back to bias the inverters in their linear region.

FIGURE 14-5: EXTERNAL SERIES
RESONANT CRYSTAL
OSCILLATOR CIRCUIT

14.2.4 RC OSCILLATOR

For timing insensitive applications the “RC” device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the resis-
tor (RExT) and capacitor (CEXT) values, and the operat-
ing temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal pro-
cess parameter variation. Furthermore, the difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
CEXT values. The user also needs to take into account
variation due to tolerance of external R and C compo-
nents used. Figure 14-6 shows how the R/C combina-
tion is connected to the PIC16CXXX. For REXT values
below 2.2 kQ, the oscillator operation may become
unstable, or stop completely. For very high REXT values
(e.g. 1 MQ), the oscillator becomes sensitive to noise,
humidity and leakage. Thus, we recommend to keep
Rext between 3 kQ and 100 kQ.

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 no or
small external capacitance, the oscillation frequency
can vary dramatically due to changes in external
capacitances, such as PCB trace capacitance or pack-
age lead frame capacitance.

See characterization data for desired device for RC fre-
guency variation from part to part due to normal pro-
cess 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 frequency more).

See characterization data for desired device for varia-
tion of oscillator frequency due to VDD for given
REXT/CEXT values as well as frequency variation due to
operating temperature for given R, C, and VDD 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 3-3 for
waveform).

FIGURE 14-6: RC OSCILLATOR MODE

To Other
330 kQ 330 kQ Devices
74AS04 74AS04 74AS04
CLKIN
0.1 pF
XTAL
I D I PIC16CXXX

VDD

REXT—E
0sC1 | Internal

J_ v clock
CEXTI Lj PIC16CXXX
Vss = =

~-—— OSC2/CLKOUT
Fosc/4
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TABLE 14-4: STATUS BITS AND THEIR SIGNIFICANCE

POR TO PD
0 1 1 Power-on Reset
0 0 X llegal, TO is set on POR
0 X 0 lllegal, PD is set on POR
1 0 1 WDT Reset
1 0 0 WDT Wake-up
1 u u MCLR Reset during normal operation
1 1 0 MCLR Reset during SLEEP or interrupt wake-up from SLEEP

Legend: u = unchanged, x = unknown

TABLE 14-5: RESET CONDITION FOR SPECIAL REGISTERS

Condition Counter Register Regiter
Power-on Reset 000h 0001 1xxx ---- --0-
MCLR Reset during normal operation 000h 000u uuuu ---- --U-
MCLR Reset during SLEEP 000h 0001 Ouuu ---- --U-
WDT Reset 000h 0000 luuu ---- --U-
WDT Wake-up PC+1 uuuO Ouuu ---- --U-
Interrupt wake-up from SLEEP pC +1® uuul Ouuu “eee --u-
Legend: u = unchanged, x = unknown, - = unimplemented bit read as '0'".
Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded
with the interrupt vector (0004h).

TABLE 14-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS

Register Applicable Devices Power-on Reset MCLR Resets Wake-up via

WDT Reset WDT or
Interrupt

W 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
INDF 923 924 N A N A N A
TMRO 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
PCL 923 924 0000h 0000h PC + 1@
STATUS 923 924 0001 1xxXX 000q quuu® uuug quuu®
FSR 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
PORTA 923 924 - = XX XXXX --uu uuuu --uu uuuu
PORTA 923 924 --0x 0000(®) --0u 0000(®) --uu uuuu
PORTB 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
PORTC 923 924 - - XX XXXX --uu uuuu --uu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as '0’, q = value depends on condition

Note 1: One or more bits in INTCON and/or PIR1 will be affected (to cause wake-up).

2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector

(0004h).
3: See Table 14-5 for reset value for specific condition.
4: Bits PIE1<6> and PIR1<6> are reserved on the PIC16C923, always maintain these bits clear.
5: PORTA values when read.
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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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FIGURE 14-14:INTERRUPT LOGIC

TMRI1IF .
TMRL1IE TOIE Wake-up (If in SLEEP mode)
TOIE
TMR2IF INTF :D
TMR2IE INTE Interrupt to CPU
RBIF
RBIE
LCDIF:D PEIE
LCDIE PEIE
GIE
CCP1IF
CCP1IE
SSPIF
SSPIE
ADIF
ADIE

The A/D module interrupt is implemented on the PIC16C924 only.

FIGURE 14-15:INT PIN INTERRUPT TIMING

+ Q1] Q2] @3] Q4: Q1] Q2| Q3] Q4: Q1] Q2| Q3| @4: Q1] Q2| Q3] Q4. Q1] Q2| Q3] Q4.
0scC1 , ' ' '

CLKOUT (3)

INT pin — — Z Z Z

o) \\.: 1@ : : : |
INTF flag A'—/@ . + Interrupt Latency (2) . .
(INTCON<1>) ' ; A : : : :

GIE bit ; : : \ : : :

(INTCON<7>) . ! .

INSTRUCTION :FLOW X X X ' '
PC ¢ PC X PC+1 X PC+1 X 0004h X 0005h
Instruction ( ! ! ! ! !
fetched { : Inst (PC) ¢ Inst(PC+1) ! — ' Inst (0004h) : Inst (0005h) !
g(set(r:ﬂ%taign{ . Inst (PC-1) X Inst (PC) ' DummyCycle ! DummyCycle ! Inst (0004h)

Note 1:INTF flag is sampled here (every Q1).
2: Interrupt latency = 3-4 Tcy where TcCy = instruction cycle time. . .
Latency is the Same whether Inst (PC) is a single cycle or a 2-cycle instruction.
3: CLKOUT is available only in RC oscillator mode.
4: For minimum width of INT pulse, refer to AC specs.
5:INTF can be set anytime during the Q4-Q1 cycles.
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1451 INT INTERRUPT

External interrupt on RBO/INT pin is edge triggered:
either rising if bit INTEDG (OPTION<6>) is set, or fall-
ing, if the INTEDG bit is clear. When a valid edge
appears on the RBO/INT pin, flag bit INTF
(INTCON<1>) is set. This interrupt can be disabled by
clearing enable bit INTE (INTCON<4>). Flag bit INTF
must be cleared in software in the interrupt service rou-
tine before re-enabling this interrupt. The INT interrupt
can wake-up the processor from SLEERP, if bit INTE was
set prior to going into SLEEP. The status of global inter-
rupt enable bit GIE decides whether or not the proces-
sor branches to the interrupt vector following wake-up.
See Section 14.8 for details on SLEEP mode.

1452 TMRO INTERRUPT

An overflow (FFh - 00h) in the TMRO register will set
flag bit TOIF (INTCON<2>). The interrupt can be
enabled/disabled by setting/clearing enable bit TOIE
(INTCON<5>). (Section 7.0)

145.3 PORTB INTCON CHANGE

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit RBIE (INTCON<4>).
(Section 5.2)

14.6 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key reg-
isters during an interrupt i.e., W register and STATUS
register. This will have to be implemented in software.

Example 14-1 stores and restores the STATUS, W, and
PCLATH registers. The register, W_TEMP, must be
defined in each bank and must be defined at the same
offset from the bank base address (i.e., if W_TEMP is
defined at 0x20 in bank 0, it must also be defined at
0xAO0 in bank 1).

The example:

a) Stores the W register.

b) Stores the STATUS register in bank 0.

c) Stores the PCLATH register.

d) Executes the ISR code.

e) Restores the STATUS register (and bank select
bit).

f) Restores the W and PCLATH registers.

EXAMPLE 14-1: SAVING STATUS, W, AND PCLATH REGISTERS IN RAM

MOWNF W TEMP ; Copy Wto TEMP regi ster, could be bank one or zero
SWAPF STATUS, W ; Swap status to be saved into W

CLRF STATUS ;bank 0, regardl ess of current bank, dears |RP, RP1, RPO
MOWNF STATUS TEMP ; Save status to bank zero STATUS TEMP regi ster

MOVF PCLATH, W ;Only required if using pages 1, 2 and/or 3

MOWNF PCLATH TEMP ; Save PCLATH into W

CLRF PCLATH ; Page zero, regardl ess of current page

BCF STATUS, | RP ;Return to Bank O

MOVF FSR W
MOWNF FSR_TEMP

MOV PCLATH TEMP, W ; Restore PCLATH
: Move Winto PCLATH

MOWNF PCLATH

;Copy FSRto W
; Copy FSR fromWto FSR TEMP

SWAPF STATUS TEMP, W ; Snap STATUS TEMP register into W
;(sets bank to original state)

MOAWE  STATUS
SWAPF  WTEMP, F
SWAPF  WTEMP, W

; Swap W TEMP

; Move Winto STATUS register

; Snap WTEMP into W
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ANDLW AND Literal with W

Syntax: [label] ANDLW  k

Operands: 0<ks<255

Operation: (W) .AND. (k) - (W)

Status Affected: Z

Encoding: | 11 | 1001 | kkkk | kkkk

Description: The contents of W register are
AND’ed with the eight bit literal 'k'. The
result is placed in the W register.

Words: 1

Cycles: 1

Q Cycle Activity:

Example

Ql Q2 Q3 Q4

Decode Read Process | Write to
literal "k" data w
ANDLW  Ox5F
Before Instruction
W = O0xA3
After Instruction
W = 0x03

ANDWF AND W with f
Syntax: [label] ANDWF fd
Operands: 0<f<127
d 00,1]
Operation: (W) .AND. (f) - (destination)
Status Affected: Z
Encoding: | 00 | 0101 | dfff | fFEEf
Description: AND the W register with register 'f". If 'd'
is 0 the result is stored in the W regis-
ter. If 'd' is 1 the result is stored back in
register 'f'.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Write to
register data destination
'
Example ANDW  FSR, 1
Before Instruction
W = 0x17
FSR = 0xC2
After Instruction
W = 0ox17
FSR=  0x02
BCF Bit Clear f
Syntax: [labell BCF f,b
Operands: 0<f<127
0<bs<?7
Operation: 0 - (f<b>)
Status Affected:  None
Encoding: | 01 | 00bb | bf f f | fiff |
Description: Bit 'b' in register 'f' is cleared.
Words: 1
Cycles: 1

Q Cycle Activity:

Example

Ql Q2 Q3 Q4

Decode Read Process Write
register data register 'f'
g

BCF FLAG REG 7

Before Instruction
FLAG_REG = 0xC7

After Instruction
FLAG_REG = 0x47
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16.0 DEVELOPMENT SUPPORT

16.1 Development Tools

The PICmicro microcontrollers are supported with a
full range of hardware and software development tools:

* PICMASTER/PICMASTER CE Real-Time
In-Circuit Emulator

* |CEPIC Low-Cost PIC16C5X and PIC16CXXX
In-Circuit Emulator

« PRO MATE" Il Universal Programmer

 PICSTART" Plus Entry-Level Prototype
Programmer

* PICDEM-1 Low-Cost Demonstration Board

* PICDEM-2 Low-Cost Demonstration Board

« PICDEM-3 Low-Cost Demonstration Board

¢ MPASM Assembler

« MPLABO SIM Software Simulator

¢ MPLAB-C (C Compiler)

* Fuzzy Logic Development System
(fuzzyTECHP-MP)

16.2 PICMASTER: High Performance
Universal In-Circuit Emulator with
MPLAB IDE

The PICMASTER Universal In-Circuit Emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for all
microcontrollers in the PIC12CXXX, PIC14C000,
PIC16C5X, PIC16CXXX and PIC17CXX families.
PICMASTER is supplied with the MPLABO Integrated
Development Environment (IDE), which allows editing,
“make” and download, and source debugging from a
single environment.

Interchangeable target probes allow the system to be
easily reconfigured for emulation of different proces-
sors. The universal architecture of the PICMASTER
allows expansion to support all new Microchip micro-
controllers.

The PICMASTER Emulator System has been designed
as a real-time emulation system with advanced fea-
tures that are generally found on more expensive devel-
opment tools. The PC compatible 386 (and higher)
machine platform and Microsoft Windows" 3.x environ-
ment were chosen to best make these features avail-
able to you, the end user.

A CE compliant version of PICMASTER is available for
European Union (EU) countries.

16.3 ICEPIC: Low-Cost PIC16CXXX
In-Circuit Emulator

ICEPIC is a low-cost in-circuit emulator solution for the
Microchip PIC16C5X and PIC16CXXX families of 8-bit
OTP microcontrollers.

ICEPIC is designed to operate on PC-compatible
machines ranging from 286-ATH through PentiumO
based machines under Windows 3.x environment.
ICEPIC features real time, non-intrusive emulation.

16.4 PRO MATE II: Universal Programmer

The PRO MATE Il Universal Programmer is a full-fea-
tured programmer capable of operating in stand-alone
mode as well as PC-hosted mode.

The PRO MATE Il has programmable VDD and VpPP
supplies which allows it to verify programmed memory
at VDD min and VDD max for maximum reliability. It has
an LCD display for displaying error messages, keys to
enter commands and a modular detachable socket
assembly to support various package types. In stand-
alone mode the PRO MATE Il can read, verify or pro-
gram PIC12CXXX, PIC14CO000, PIC16C5X,
PIC16CXXX and PIC17CXX devices. It can also set
configuration and code-protect bits in this mode.

16.5 PICSTART Plus Entry Level
Development System

The PICSTART programmer is an easy-to-use, low-
cost prototype programmer. It connects to the PC via
one of the COM (RS-232) ports. MPLAB Integrated
Development Environment software makes using the
programmer simple and efficient. PICSTART Plus is not
recommended for production programming.

PICSTART Plus supports all PIC12CXXX, PIC14C000,
PIC16C5X, PIC16CXXX and PIC17CXX devices with
up to 40 pins. Larger pin count devices such as the
PIC16C923 and PIC16C924 may be supported with an
adapter socket.
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17.5 Timing Diagrams and Specifications
FIGURE 17-3: EXTERNAL CLOCK TIMING
Q4

Q1 Q2 Q1 !

osci _ : : L : |
1 I TET e
- 2 >
CLKOUT
TABLE 17-4: EXTERNAL CLOCK TIMING REQUIREMENTS
Parameter Sym | Characteristic Min Typt Max Units | Conditions
No.
Fosc | External CLKIN Frequency DC — 4 MHz | XT and RC osc mode
(Note 1) DC — 8 MHz |HS osc mode
DC — 200 kHz | LP osc mode
Oscillator Frequency DC — 4 MHz | RC osc mode
(Note 1) 0.1 — 4 MHz | XT osc mode
4 — 8 MHz | HS osc mode
5 — 200 kHz |LP osc mode
1 Tosc | External CLKIN Period 250 — — ns | XT and RC osc mode
(Note 1) 125 — — ns |HS osc mode
5 — — us | LP osc mode
Oscillator Period 250 — — ns | RC osc mode
(Note 1) 250 — 10,000 ns | XT osc mode
125 — 250 ns | HS osc mode
5 — — us | LP osc mode
2 Tcy |Instruction Cycle Time (Note 1) 500 — DC ns |Tcy =4/Fosc
3 TosL, | External Clock in (OSC1) High or 50 — — ns | XT oscillator
TosH |LowTime 25 — — ps | LP oscillator
10 — — ns | HS oscillator
4 TosR, | External Clock in (OSC1) Rise or — — 25 ns | XT oscillator
TosF | Fall Time — — 50 ns | LP oscillator
— — 15 ns | HS oscillator
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.

Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time-base period. All specified values are based on
characterization data for that particular oscillator type under standard operating conditions with the device executing code.
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con-
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1/CLKIN pin.

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices.
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FIGURE 17-10:SPI SLAVE MODE TIMING (CKE = 0)

SY
7

75,76 7

SDI

Refer to Figure 17-2 for load conditions.

FIGURE 17-11:SPI SLAVE MODE TIMING (CKE = 1)

Refer to Figure 17-2 for load conditions.
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19.2 64-Lead Plastic Dual In-line (750 mil)

N

ArArAr A rg 0

|11 E i —»Qrc

l il eA bl
[ I— A - eB >

Pin No. 1——
Indicator Area

- D >

—» Sle— S1— |-

Base LI |
\

Plane™\ ]

Seating —— A

Plane L i
B1 el | ALA2 A

B -
- D1 >
Package Group: Plastic Dual In-Line (PLA)
Millimeters Inches
Symbol Min Max Notes Min Max Notes
a 0° 15° 0° 15°
A - 5.08 - 0.200
Al 0.51 - 0.020 -
A2 3.38 4.27 0.133 0.168
B 0.38 0.56 0.015 0.022
Bl .076 1.27 Typical 0.030 0.050 Typical
C 0.20 0.30 Typical 0.008 0.012 Typical
D 57.40 57.91 2.260 2.280
D1 55.12 55.12 Reference 2.170 2.170 Reference
E 19.05 19.69 0.750 0.775
El 16.76 17.27 0.660 0.680
el 1.73 1.83 Typical 0.068 0.072 Typical
eA 19.05 19.05 Reference 0.750 0.750 Reference
eB 19.05 21.08 0.750 0.830
L 3.05 3.43 0.120 0.135
N 64 64 64 64
S 1.19 - 0.047 -
S1 0.686 - 0.027 -
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