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PIC16F72

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Address| Name | Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\gg”eB?R De;zig'sef’”
Bank 1
8oh® INDF Addressing this location uses contents of FSR to address data memory (not a physical register)| 0000 0000 19
81h OPTION | RBPU | INTEDG | TOCS | TOSE | PSA | PS2 | PS1 PSO  |1111 1111 13
82n@ PCL Program Counter's (PC) Least Significant Byte 0000 0000 18
83h®  |STATUS IRP | RP1 | RPO | TO | PD | z | DC C 0001 1xxx| 12
84h™) FSR Indirect Data Memory Address Pointer XXXK XXXX 19
85h TRISA = | = |PORTA Data Direction Register --11 1111 21
86h TRISB PORTB Data Direction Register 1111 1111 23
87h TRISC PORTC Data Direction Register 1111 1111 25
88h — Unimplemented — —
89h — Unimplemented — —
8Ah(12 |PCLATH — — — Write Buffer for the upper 5 bits of the PC ---0 0000 18
8Bh(Y) INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 0000 000x 14
8Ch PIE1 — ADIE — — SSPIE CCP1IE | TMR2IE TMRIIE |-0-- 0000 15
8Dh — Unimplemented — —
8Eh PCON — | — | — — — | — | POR BOR [---- -- aq| 17
8Fh — Unimplemented — —
90h — Unimplemented — —
91h — Unimplemented — —
92h PR2 Timer2 Period Register 1111 1111 41
93h SSPADD |Synchronous Serial Port (I2C mode) Address Register 0000 0000 43,48
94h SSPSTAT | SMP | CKE | D/A P s RIW UA BF  |0000 0000 44
95h — Unimplemented — —
96h — Unimplemented — —
97h — Unimplemented — —
98h — Unimplemented — —
99h — Unimplemented — —
9Ah — Unimplemented — —
9Bh — Unimplemented — —
9Ch — Unimplemented — —
9Dh — Unimplemented — —
9Eh — Unimplemented — —
9Fh ADCON1 — | — | — — — | PCFG2 | PCFG1 | PCFGO |---- -000 54
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.
Shaded locations are unimplemented, read as ‘0’.
Note 1: These registers can be addressed from any bank.
2: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose
contents are transferred to the upper byte of the program counter.
3: This bit always reads as a ‘1".
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PIC16F72

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Address| Name | Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\gg”eB?R De;z‘g'sef’”
Bank 2
100h® |INDF Addressing this location uses contents of FSR to address data memory (not a physical register)| 0000 0000 19
101h TMRO TimerO Module’s Register XXXKX XXXX 27
102h¢  |PCL Program Counter's (PC) Least Significant Byte 0000 0000 18
103h® |STATUS rp | RP1L | RPO TO PD z DC c 0001 1xxx| 12
104h® |FSR Indirect Data Memory Address Pointer XKXKKX KXKXK 19
105h — Unimplemented — —
106h PORTB PORTB Data Latch when written: PORTB pins when read XXXKX XXXX 23
107h — Unimplemented — —
108h — Unimplemented — —
109h — Unimplemented — —
10Ah(%2) |PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 18
10Bh®) |INTCON GIE PEIE TMROIE INTE RBIE | TMROIF | INTF RBIF 0000 000x 14
10Ch PMDATL |Data Register Low Byte XXXKX XXXX 35
10Dh PMADRL |Address Register Low Byte XXXX XXXX 35
10Eh PMDATH — — Data Register High Byte - -XX XXXX 35
10Fh PMADRH — — — |Address Register High Byte ---X XXXX 35
Bank 3
180h® |INDF Addressing this location uses contents of FSR to address data memory (not a physical register)| 0000 0000 19
18th  |opTIoN | RBPU | INTEDG | Tocs | Tose | pPsa | ps2 | pst | pPso  [1111 1111 13
182h® |PCL Program Counter's (PC) Least Significant Byte 0000 0000 18
183nM |STATUS me | Rt | R0 | To | B | z | bc | c 0001 1xxx| 12
184h® |FSR Indirect Data Memory Address Pointer XXKKX KXKXXK 19
185h — Unimplemented — —
186h TRISB PORTB Data Direction Register 1111 1111 23
187h — Unimplemented — —
188h — Unimplemented — —
189h — Unimplemented — —
18Ah(1.2) [PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ~--0 0000 18
188h(Y |INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 0000 000x 14
18Ch PMCON1 —® — — — — — — RD 1--- --- 0 35
18Dh — Unimplemented — —
18Eh — Reserved, maintain clear 0000 0000 —
18Fh — Reserved, maintain clear 0000 0000 —
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0, r = reserved.
Shaded locations are unimplemented, read as ‘0’.
Note 1: These registers can be addressed from any bank.
2: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose
contents are transferred to the upper byte of the program counter.
3: This bit always reads as a ‘1'.
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PIC16F72

2.2.25 PIR1 Register

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

REGISTER 2-5: PIR1: PERIPHERAL INTERRUPT FLAG REGISTER 1 (ADDRESS 0Ch)

u-0 R/W-0 u-0 u-0 RW-0 RMW-0 RMW-0 R/MW-0
— ADIF — _ SSPIF | CCP1IF | TMR2IF | TMRLIF
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’
bit 6 ADIF: A/D Converter Interrupt Flag bit

1 = An A/D conversion completed
0 = The A/D conversion is not complete

bit 5-4 Unimplemented: Read as ‘0’
bit 3 SSPIF: Synchronous Serial Port (SSP) Interrupt Flag bit

1 = The SSP interrupt condition has occurred, and must be cleared in software before returning
from the Interrupt Service Routine.
The conditions that will set this bit are a transmission/reception has taken place.

0 = No SSP interrupt condition has occurred

bit 2 CCP1IF: CCP1 Interrupt Flag bit

Capture mode:
1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMRL1 register capture occurred
Compare mode:
1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMRL1 register compare match occurred
PWM mode:
Unused in this mode
bit 1 TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred
bit 0 TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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PIC16F72

6.0 TIMER2 MODULE

The Timer2 module timer has the following features:

« 8-bit timer (TMR2 register)

« 8-bit period register (PR2)

* Readable and writable (both registers)

« Software programmable prescaler (1:1, 1:4, 1:16)

« Software programmable postscaler (1:1 to 1:16)

« Interrupt on TMR2 match of PR2

* SSP module optional use of TMR2 output to
generate clock shift

Timer2 has a control register, shown in Register 6-1.
Timer2 can be shut-off by clearing control bit TMR20N
(T2CON<2>) to minimize power consumption.

Figure 6-1 is a simplified block diagram of the Timer2
module.

Additional information on timer modules is available in
the PIC™ Mid-Range MCU Reference Manual,
(DS33023).

6.1 Timer2 Operation

Timer2 can be used as the PWM time-base for PWM
mode of the CCP module.

The TMR2 register is readable and writable, and is
cleared on any device RESET.

The input clock (Fosc/4) has a prescale option of 1:1,
1:4 or 1:16, selected by control bits
T2CKPS1:T2CKPSO0 (T2CON<1:0>).

The match output of TMR2 goes through a 4-bit
postscaler (which gives a 1:1 to 1:16 scaling inclusive)
to generate a TMR2 interrupt (latched in flag bit
TMR2IF, (PIR1<1>)).

6.2 Timer2 Prescaler and Postscaler

The prescaler and postscaler counters are cleared
when any of the following occurs:
« A write to the TMR2 register
« A write to the T2CON register
« Any device RESET (Power-on Reset, MCLR ,
WDT Reset, or Brown-out Reset)

TMRZ2 is not cleared when T2CON is written.

6.3 Timer2 Interrupt

The Timer2 module has an 8-bit period register, PR2.
Timer2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is
a readable and writable register. The PR2 register is
initialized to FFh upon RESET.

6.4 Output of TMR2

The output of TMR2 (before the postscaler) is fed to the
Synchronous Serial Port module, which optionally uses
it to generate a shift clock.

FIGURE 6-1: TIMER2 BLOCK DIAGRAM

Sets Flag
bit TMR2IF | Oz, 1)

RESET Prescaler

11, 1.4, 1:16] OSP4

\/

Postscaler
11 to 1:16| EQ

Note 1: TMR2 register output can be software
selected by the SSP module as a baud clock.

© 2007 Microchip Technology Inc.
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8.1 Capture Mode

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMR1 register when an event occurs
on pin RC2/CCP1. An event is defined as:

e Every falling edge

e Every rising edge

e Every 4th rising edge

« Every 16th rising edge

An event is selected by control bits CCP1M3:CCP1MO0
(CCP1CON<3:0>). When a capture is made, the inter-
rupt request flag bit CCP1IF (PIR1<2>) is set. It must
be cleared in software. If another capture occurs before
the value in register CCPR1 is read, the old captured
value is overwritten by the new captured value.

8.1.1 CCP PIN CONFIGURATION

In Capture mode, the RC2/CCP1 pin should be
configured as an input by setting the TRISC<2> hit.

Note: If the RC2/CCPL1 is configured as an out-
put, a write to the port can cause a capture

condition.
FIGURE 8-1: CAPTURE MODE
OPERATION BLOCK
DIAGRAM
Set Flag bit CCP1IF
Prescaler (PIR1<2>)
X}— +1,4, 16
RC2/CCP1 | ccPriH | ccPRriL |
pin
and | Capture
edge detect Enable
J( } | TMRIH | TMRIL |
CCP1CON<3:0>
Q’'s

8.1.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchro-
nized Counter mode for the CCP module to use the
capture feature. In Asynchronous Counter mode, the
capture operation may not work.

8.1.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCP1IE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit CCP1IF, following any such
change in Operating mode.

8.1.4 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1MO0. Whenever the CCP module is
turned off, or the CCP module is not in Capture mode,
the prescaler counter is cleared. This means that any
RESET will clear the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore, the first capture may be from
a non-zero prescaler. Example 8-1 shows the recom-
mended method for switching between capture pres-
calers. This example also clears the prescaler counter
and will not generate the “false” interrupt.

EXAMPLE 8-1: CHANGING BETWEEN
CAPTURE PRESCALERS

Turn CCP module off
Load the W reg with
the new prescaler
mode value and CCP ON
Load CCP1CON with
this wvalue

CLRF  CCP1CON
MOVLW NEW_CAPT PS

MOVWF CCP1CON

7
7
7
7
7
7
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PIC16F72

REGISTER 9-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h)

R/W-0 R/W-0 R/W-0 R/W-0 RW-0 RMW-0 RMW-0 R/MW-0

WCOL | ssPov | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO

bit 7 bit 0
bit 7 WCOL: Write Collision Detect bit

1 = The SSPBUF register is written while it is still transmitting the previous word (must be
cleared in software)
0 = No collision

bit 6 SSPOV: Receive Overflow Indicator bit

In SPI mode:

1 = A new byte is received while the SSPBUF register is still holding the previous data. In case
of overflow, the data in SSPSR is lost. Overflow can only occur in Slave mode. The user
must read the SSPBUF, even if only transmitting data, to avoid setting overflow. In Master
mode, the overflow bit is not set since each new reception (and transmission) is initiated
by writing to the SSPBUF register.

0 = No overflow

In I2C mode:

1 = A byte is received while the SSPBUF register is still holding the previous byte. SSPOV
is a "don’t care" in Transmit mode. SSPOV must be cleared in software in either mode.

0 = No overflow

bit 5 SSPEN: Synchronous Serial Port Enable bit

In SPI mode:
1 = Enables serial port and configures SCK, SDO, and SDI as serial port pins
0 = Disables serial port and configures these pins as I/0 port pins

In 1°C mode:
1 = Enables the serial port and configures the SDA and SCL pins as serial port pins
0 = Disables serial port and configures these pins as 1/0O port pins

In both modes, when enabled, these pins must be properly configured as input or output.

bit 4 CKP: Clock Polarity Select bit

In SPI mode:
1 = IDLE state for clock is a high level (Microwire® default)
0 = IDLE state for clock is a low level (Microwire alternate)

In I2C mode:

SCK release control

1 = Enable clock

0 = Holds clock low (clock stretch - used to ensure data setup time)

bit 3-0 SSPM<3:0>: Synchronous Serial Port Mode Select bits

0000 = SPI Master mode, clock = Fosc/4

0001 = SPI Master mode, clock = Fosc/16

0010 = SPI Master mode, clock = Fosc/64

0011 = SPI Master mode, clock = TMR2 output/2

0100 = SPI Slave mode, clock = SCK pin. SS pin control enabled.

0101 = SPI Slave mode, clock = SCK pin. SS pin control disabled. SS can be used as I/O pin.
0110 = I2C Slave mode, 7-bit address

0111 = I2C Slave mode, 10-bit address

1011 = I12C firmware controlled Master mode (Slave IDLE)

1110 = I2C Slave mode, 7-bit address with START and STOP bit interrupts enabled
1111 = I2C Slave mode, 10-hit address with START and STOP bit interrupts enabled

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

© 2007 Microchip Technology Inc. DS39597C-page 45
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FIGURE 9-6: 12C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)
. Receiving Address  R/W = 0 Receiving Data ACK Receiving Data ACK .+ -
SDA . /A7 XAEXASXA4XA3XA2)XAT) @@.@@@@@ /D7XD6XD5XD4XD3XD2XD1XD0) N\
L ' [
scL 's! | /o VLP,
| I | | ! T
X I
SSPIF (PIR1<3>) I <—Cleared insoftware || | Bus Master
! T | terminates
I I | transfer
BF (SSPSTAT<0>) '—|<—SSPBUF register is read | |
I
I
SSPOV (SSPCON<6>) T
Bit SSPOV is set because the SSPBUF register is still full. 4
ACK is not sent.

FIGURE 9-7: I2C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)

- Receiving Address RIW = 1 Transmitting Data ACK - -

SCL

S(h:II_ held Iov\v
_ . while CPU
sampled responds to SSPIF

SSPIF (PIR1<3>) Cleared in software

BF (SSPSTAT<0>) : { '

}From SSP Interrupt
SSPBUF is written in software [ Service Routlne

CKP (SSPCON<4>)

1— Set bit after writing to SSPBUF
(the SSPBUF must be written to
before the CKP bit can be set)
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FIGURE 10-1: A/D BLOCK DIAGRAM
CHS2:CHSO
! 100
' l_o RA5/AN4
VAIN ' '
(Input Voltage) : 011 . b—% RA3/AN3/VREE
: 010 .
A/ID ' —% RA2/AN2
Converter ' '
! 001 .
' —% RA1/AN1
: 000 .
VDD . \07—% RAO/ANO
PTTTTY |oooor T
VREF . 010 or
o . 100
(Reference : O
Voltage) c.. ... ootror
H [ 011l or
101
PCFG2:PCFGO
FIGURE 10-2: ANALOG INPUT MODEL
VDD .
Sampling
U VI=06V , Switeh
. Rs ' ANX Ric<1k ' SS Rss
e WY
! e N CHOLD
' ! PIN L. —L = DAC capacitance
1_ ! 5pF vr=06 V()6 R T =512pF
= ¢ ¢ Vss
Legend: CpIN = input capacitance
VT = threshold voltage g¥
I leakage = leakage current at the pin due to VDD 4V
various junctions 3v
Ric = interconnect resistance 2V
SS = sampling switch
CHoLD = sample/hold capacitance (from DAC)
567891011
Sampling Switch
(k@)

© 2007 Microchip Technology Inc.
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10.1

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHoLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 10-2. The
source impedance (Rs) and the internal sampling
switch (Rss) impedance directly affect the time
required to charge the capacitor CHoLD. The sampling
switch (Rss) impedance varies over the device voltage
(VpD). The source impedance affects the offset voltage
at the analog input (due to pin leakage current).

A/D Acquisition Requirements

The maximum recommended impedance for ana-
log sources is 10 kQ. After the analog input channel is
selected (changed), this acquisition must be done
before the conversion can be started.

To calculate the minimum acquisition time, TACQ, see
the PIC™ Mid-Range MCU Reference Manual,
(DS33023). In general, however, given a max of 10 kQ
and at a temperature of 100°C, TAcQ will be no more
than 16 ps.

10.2 Selecting the A/D Conversion

Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires 9.0 TAD per 8-bit conversion.
The source of the A/D conversion clock is software
selectable. The four possible options for TAD are:

» 2Tosc

e 8 Tosc

e 32 Tosc

« Internal RC oscillator (2 - 6 us)
For correct A/D conversions, the A/D conversion clock
(TaD) must be selected to ensure a minimum TAD time

as small as possible, but no less than 1.6 us and not
greater than 6.4 ps.

Table 10-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

10.3

The ADCONL1, and TRISA registers control the opera-
tion of the A/D port pins. The port pins that are desired
as analog inputs must have their corresponding TRIS
bits set (input). If the TRIS bit is cleared (output), the
digital output level (VoH or VoL) will be converted.

Configuring Analog Port Pins

The A/D operation is independent of the state of the
CHS<2:0> bits and the TRIS bits.

Note 1: When reading the port register, all pins
configured as analog input channels will
read as cleared (a low level). Pins config-
ured as digital inputs, will convert an
analog input. Analog levels on a digitally
configured input will not affect the
conversion accuracy.

2: Analog levels on any pin that is defined as
a digital input (including the AN4:ANO
pins), may cause the input buffer to
consume current out of the device
specification.

10.4 A/D Conversions

The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

Note:

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The ADRES register will
NOT be updated with the partially completed A/D con-
version sample. That is, the ADRES register will con-
tinue to contain the value of the last completed
conversion (or the last value written to the ADRES reg-
ister). After the A/D conversion is aborted, a 2 TAD wait
is required before the next acquisition is started. After
this 2 TAD wait, an acquisition is automatically started
on the selected channel. The GO/DONE bit can then
be set to start the conversion.

TABLE 10-1: Tabpvs. MAXIMUM DEVICE OPERATING FREQUENCIES (STANDARD DEVICES (C))
AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS<1:0> Max.
2 Tosc 00 1.25 MHz
8 Tosc 01 5 MHz
32 Tosc 10 20 MHz
rRc® 2 11 (Note 1)

Note 1: The RC source has a typical TAD time of 4 us, but can vary between 2-6 ps.
2. When the device frequencies are greater than 1 MHz, the RC A/D conversion clock source is only

recommended for SLEEP operation.
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11.11.1  INT INTERRUPT

External interrupt on the 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
Routine before re-enabling this interrupt. The INT inter-
rupt can wake-up the processor from SLEEP, if bit INTE
was set prior to going into SLEEP. The status of global
interrupt enable bit GIE decides whether or not the
processor branches to the interrupt vector following
wake-up. See Section 11.14 for details on SLEEP
mode.

11.11.2 TMRO INTERRUPT

An overflow (FFh — 00h) in the TMRO register will set
flag bit TMROIF (INTCON<2>). The interrupt can be
enabled/disabled by setting/clearing enable bit
TMROIE (INTCON<5>) (see Section 4.0).

EXAMPLE 11-1:

11.11.3 PORTB INTCON CHANGE

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<O0>). The interrupt can be enabled/disabled
by setting/clearing enable bit RBIE (INTCON<4>) (see
Section 3.2).

11.12 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, STATUS registers).
This will have to be implemented in software, as shown
in Example 11-1.

For the PIC16F72 device, the register W_TEMP must
be defined in both banks 0 and 1 and must be defined
at the same offset from the bank base address (i.e., if
W_TEMP is defined at 20h in bank 0, it must also be
defined at AOh in bank 1). The register STATUS_TEMP
is only defined in bank O.

SAVING STATUS, W AND PCLATH REGISTERS IN RAM

MOVWF W_TEMP

SWAPF STATUS_TEMP,W

MOVWF STATUS
SWAPF W_TEMP, F
SWAPF W_TEMP, W

;Swap W_TEMP

;Copy W to TEMP register

SWAPF STATUS, W ;Swap status to be saved into W

CLRF STATUS ;bank 0, regardless of current bank, Clears IRP,RP1,RPO
MOVWF  STATUS_TEMP ;Save status to bank zero STATUS_ TEMP register

: (ISR) ;Insert user code here

;Swap STATUS_TEMP register into W
; (sets bank to original state)
;Move W into STATUS register

;Swap W_TEMP into W

© 2007 Microchip Technology Inc.
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13.8 MPLAB ICD In-Circuit Debugger

Microchip's In-Circuit Debugger, MPLAB ICD, is a pow-
erful, low cost, run-time development tool. This tool is
based on the FLASH PIC MCUs and can be used to
develop for this and other PIC microcontrollers. The
MPLAB ICD utilizes the in-circuit debugging capability
built into the FLASH devices. This feature, along with
Microchip's In-Circuit Serial Programming™ protocol,
offers cost-effective in-circuit FLASH debugging from
the graphical user interface of the MPLAB Integrated
Development Environment. This enables a designer to
develop and debug source code by watching variables,
single-stepping and setting break points. Running at
full speed enables testing hardware in real-time.

13.9 PRO MATE Il Universal Device
Programmer

The PRO MATE Il universal device programmer is a
full-featured programmer, capable of operating in
stand-alone mode, as well as PC-hosted mode. The
PRO MATE Il device programmer is CE compliant.

The PRO MATE Il device programmer has program-
mable VbD and VPP supplies, which allow it to verify
programmed memory at VDD min and VDD max for max-
imum reliability. It has an LCD display for instructions
and 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
device programmer can read, verify, or program PIC
devices. It can also set code protection in this mode.

13.10 PICSTART Plus Entry Level
Development Programmer

The PICSTART Plus development programmer is an
easy-to-use, low cost, prototype programmer. It con-
nects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient.

The PICSTART Plus development programmer sup-
ports all PIC devices with up to 40 pins. Larger pin
count devices, such as the PIC16C92X and
PIC17C76X, may be supported with an adapter socket.
The PICSTART Plus development programmer is CE
compliant.

13.11 PICDEM 1 Low Cost PIC
Demonstration Board

The PICDEM 1 demonstration board is a simple board
which demonstrates the capabilities of several of
Microchip’s microcontrollers. The microcontrollers sup-
ported are: PIC16C5X (PIC16C54 to PIC16C58A),
PIC16C61, PIC16C62X, PIC16C71, PIC16C8X,
PIC17C42, PIC17C43 and PIC17C44. All necessary
hardware and software is included to run basic demo
programs. The user can program the sample microcon-
trollers provided with the PICDEM 1 demonstration
board on a PRO MATE Il device programmer, or a
PICSTART Plus development programmer, and easily
test firmware. The user can also connect the
PICDEM 1 demonstration board to the MPLAB ICE in-
circuit emulator and download the firmware to the emu-
lator for testing. A prototype area is available for the
user to build some additional hardware and connect it
to the microcontroller socket(s). Some of the features
include an RS-232 interface, a potentiometer for simu-
lated analog input, push button switches and eight
LEDs connected to PORTB.

13.12 PICDEM 2 Low Cost PIC16CXX
Demonstration Board

The PICDEM 2 demonstration board is a simple dem-
onstration board that supports the PIC16C62,
PIC16C64, PIC16C65, PIC16C73 and PIC16C74
microcontrollers. All the necessary hardware and soft-
ware is included to run the basic demonstration pro-
grams. The wuser can program the sample
microcontrollers provided with the PICDEM 2 demon-
stration board on a PRO MATE Il device programmer,
or a PICSTART Plus development programmer, and
easily test firmware. The MPLAB ICE in-circuit emula-
tor may also be used with the PICDEM 2 demonstration
board to test firmware. A prototype area has been pro-
vided to the user for adding additional hardware and
connecting it to the microcontroller socket(s). Some of
the features include a RS-232 interface, push button
switches, a potentiometer for simulated analog input, a
serial EEPROM to demonstrate usage of the I°C™ bus
and separate headers for connection to an LCD
module and a keypad.

© 2007 Microchip Technology Inc.
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TABLE 14-9: A/D CONVERTER CHARACTERISTICS: PIC16F72 (INDUSTRIAL)
PIC16LF72 (INDUSTRIAL)
P;a\lrc?m Sym Characteristic Min Typt Max Units Conditions
AO01 |NR Resolution PIC16F72 — — 8 bits bit |VREF = VDD =5.12V,
Vss < VAN < VREF
PIC16LF72 — — 8 bits bit |VREF = VDD = 2.2V
AO02 |EaBs |Total Absolute Error — — <#1 LSb |VREF =VDD =5.12V,
Vss < VAIN < VREF
A03 |EIL Integral Linearity Error — — <+1 LSb |VREF = VDD =5.12V,
Vss < VAIN < VREF
AO4 |EDL Differential Linearity Error — — <#1 LSb |VREF = VDD =5.12V,
Vss < VAIN < VREF
AO05 |EFs Full Scale Error — — <#1 LSb |VREF =VDD =5.12V,
Vss < VAIN < VREF
A06 |EoFr |Offset Error — — <#1 LSb |VREF =VDD =5.12V,
Vss < VAN < VREF
Al10 |— Monotonicity (Note 3) — guaranteed — — |Vss < VAIN < VREF
A20 |VRer |Reference Voltage 25 — VDD+0.3 V |-40°C to +85°C
2.2 — VDD+0.3 V |0°Cto +85°C
A25 |VaIN  |Analog Input Voltage Vss-0.3 — VREF+0.3| V
A30 |ZAIN Recommended Impedance of — — 10.0 kQ
Analog Voltage Source
A40 (laD A/D Conversion |PIC16F72 — 180 — LA |Average current
Current (VDD) PIC16LE72 _ 20 _ LA F:onsumption when A/D
is on (Note 1).
A50 |IREF  |VREF input current (Note 2) N/A — +5 LA | During VAIN acquisition.
— — 500 WA |During A/D Conversion
cycle.

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

Note 1:

spec includes any such leakage from the A/D module.
2: VREF current is from the RA3 pin or the VDD pin, whichever is selected as a reference input.
3: The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.

When A/D is off, it will not consume any current other than minor leakage current. The power-down current
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FIGURE 15-17: TYPICAL, MINIMUM AND MAXIMUM VoL vs. loL (Vbb =5V, -40°C TO +125°C)
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FIGURE 15-18: TYPICAL, MINIMUM AND MAXIMUM VoL vs. loL (Vbb = 3V, -40°C TO +125°C)
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FIGURE 15-19: MINIMUM AND MAXIMUM VIN vs. VDD, (TTL INPUT, -40°C TO +125°C)
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28-Lead Skinny Plastic Dual In-Line (SP) — 300 mil Body [SPDIP]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging

N
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NOTE 1
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4
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d
d
2

Notes:

[
g JL
—~=—Db e eB
Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e .100 BSC
Top to Seating Plane A - - .200
Molded Package Thickness A2 .120 135 .150
Base to Seating Plane Al .015 - -
Shoulder to Shoulder Width E .290 .310 .335
Molded Package Width E1l .240 .285 .295
Overall Length 1.345 1.365 1.400
Tip to Seating Plane L 110 .130 .150
Lead Thickness c .008 .010 .015
Upper Lead Width bl .040 .050 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-070B
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]
with 0.55 mm Contact Length

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

D EXPOSED
\ PAD
—
| }
N +/7 T | Jb

A E2 -
0 -

S5 § '
/////v VR 1 K
70K ¢
\ N

NOTE 1 | |
TOP VIEW BOTTOM VIEW

A3 A1
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff Al 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 6.00 BSC
Exposed Pad Width E2 3.65 3.70 4.20
Overall Length D 6.00 BSC
Exposed Pad Length D2 3.65 3.70 4.20
Contact Width b 0.23 0.30 0.35
Contact Length L 0.50 0.55 0.70
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-105B
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

e Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

e General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com, click on Customer Change
Notification and follow the registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

¢ Local Sales Office

» Field Application Engineer (FAE)

» Technical Support

« Development Systems Information Line

Customers should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the web site
at: http://support.microchip.com

© 2005 Microchip Technology Inc.
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X IXX XXX

X

Device Temperature Package Pattern
Range

Device PIC16F72: Standard VDD range
PIC16F72T: (Tape and Reel)
PIC16LF72: Extended VDD range

0°Cto +70°C
-40°Cto +85°C

Temperature Range -

Package SO = SoIC
SS = SSOP
ML = QFN
P = PDIP
Pattern QTP, SQTP, ROM Code (factory specified) or

Special Requirements. Blank for OTP and
Windowed devices.

Examples:

a) PIC16F72-041/SO = Industrial Temp.,
SOIC package, normal VDD limits

b)  PIC16LF72-201/SS = Industrial Temp.,
SSOP package, extended VDD limits

c) PIC16F72-201/ML = Industrial Temp.,
QFN package, normal VDD limits

* JW Devices are UV erasable and can be programmed to any device configuration. JW Devices meet the electrical requirement of

each oscillator type.

© 2007 Microchip Technology Inc.
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