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NOTES:

DS30289C-page 22 © 1998-2013 Microchip Technology Inc.



PIC17C7XX

8.2 Table Writes to External Memory

EXAMPLE 8-1: TABLE WRITE

Table writes to external memory are always two-cycle
instructions. The second cycle writes the data to the CLRWDT ; Clear WDT
external memory location. The sequence of events for MOVLW  HIGH (TBL_ADDR) ; Load the Table
an external memory write are the same for an internal MOVWF  TBLPTRH i address
write. MOVLW  LOW (TBL_ADDR) ;
MOVWF  TBLPTRL ;
821 TABLE WRITE CODE MOVLW HIGH (DATA) ; Load HI byte
TLWT 1, WREG ;  in TABLATH
The “i” operand of the TABLWT instruction can specify MOVLW  LOW (DATA) i Load LO byte
that the value in the 16-bit TBLPTR register is automat- TABLWT 0,0,WREG i in TABLATL
ically incremented (for the next write). In Example 8-1, i and write to
the TBLPTR register is not automatically incremented. i program memory
; (Ext. SRAM)
FIGURE 8-5: TABLWT WRITE TIMING (EXTERNAL MEMORY)

.Ql‘QZ‘Q3‘Q4E Ql‘QZ‘Qi%‘

Q4E

Ql‘QZ‘Q3‘Q4EQl‘Q2‘Q3‘Q4

prsaon (X)X o YN )

Instruction + TABLWT  + INST (PC+1) - : :
Fetched : (PC+1) | | INST (PC+2) |
Instruction ! INST (PC-1) | ' ' :
Executed ST (PC-1) ' TABLWT cyclel ' TABLWT cycle2 ' INST (PC+1) '
: : : Data write cycle : :

ALE

The highest pending interrupt is cleared.

Note: If external write and GLINTD = '1' and Enable bit = '1', then when '1l' — Flag bit, do table write.
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TABLE 13-3: SUMMARY OF TIMER1, TIMER2 AND TIMER3 REGISTERS

Valueon |___
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, MCLR, WDT
BOR

16h, Bank 3 TCON1 CA2ED1| CA2EDO | CA1ED1 | CA1EDO T16 TMR3CS | TMR2CS| TMR1CS | 0000 0000 | 0000 0000
17h, Bank 3 TCON2 CA20VF| CAL1OVF | PWM20ON| PWM1ON | CA1/PR3| TMR3ON | TMR2ON| TMRI1ON | 0000 0000 | 0000 0000
16h, Bank 7 TCON3 — CA40OVF | CA3OVF | CA4ED1 | CA4EDO | CA3ED1 | CA3EDO| PWMS3ON | -000 0000 | -000 0000
10h, Bank 2 TMR1 Timerl's Register XXXX XXXX | uuuu uuuu
11h, Bank 2 TMR2 Timer2’s Register XXXX XXXX | uuuu uuuu
16h, Bank 1 PIR1 RBIF TMR3IF | TMR2IF | TMR1IF | CA2IF CAlIF TX1IF RC1IF x000 0010 | u000 0010
17h, Bank 1 PIE1 RBIE TMR3IE | TMR2IE | TMR1IE | CA2IE CALIE TX1IE RC1IE 0000 0000 | 0000 0000
07h, Unbanked |INTSTA PEIF TOCKIF TOIF INTF PEIE TOCKIE TOIE INTE 0000 0000 | 0000 0000
06h, Unbanked |CPUSTA — — STKAV | GLINTD | TO PD POR BOR --11 11qq| --11 gquu
14h, Bank 2 PR1 Timerl Period Register XXXX XXXX | uuuu uuuu
15h, Bank 2 PR2 Timer2 Period Register XXXX XXXX | uuuu uuuu
10h, Bank 3 PW1DCL DC1 DCO — — — — — — XX-=- -=-- uu-- ----
11h, Bank 3 PW2DCL DC1 DCO TM2PW2 — — — — — xx0- ---- | uud- ----
10h, Bank 7 PW3DCL DC1 DCO TM2PW3 — — — — — xx0- ---- | uud- ----
12h, Bank 3 PW1DCH DC9 DC8 DC7 DC6 DC5 DC4 DC3 DC2 XXXX XXXX | uuuu uuuu
13h, Bank 3 PW2DCH DC9 DC8 DC7 DC6 DC5 DC4 DC3 DC2 XXXX XXXX | uuuu uuuu
11h, Bank 7 PW3DCH DC9 DC8 DC7 DC6 DC5 DC4 DC3 DC2 XXXX XXXX | uuuu uuuu
Legend: x =unknown, u = unchanged, - = unimplemented, read as a '0', g = value depends on condition.

Shaded cells are not used by Timerl or Timer2.
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13.1.3 USING PULSE WIDTH
MODULATION (PWM) OUTPUTS

WITH TIMER1 AND TIMER2

Three high speed pulse width modulation (PWM) out-
puts are provided. The PWM1 output uses Timerl as
its time base, while PWM2 and PWM3 may indepen-
dently be software configured to use either Timerl or
Timer2 as the time base. The PWM outputs are on the
RB2/PWM1, RB3/PWM2 and RG5/PWM3 pins.

Each PWM output has a maximum resolution of 10-
bits. At 10-bit resolution, the PWM output frequency is
32.2 kHz (@ 32 MHz clock) and at 8-bit resolution the
PWM output frequency is 128.9 kHz. The duty cycle of
the output can vary from 0% to 100%.

Figure 13-3 shows a simplified block diagram of a
PWM module.

The duty cycle registers are double buffered for glitch
free operation. Figure 13-4 shows how a glitch could
occur if the duty cycle registers were not double
buffered.

The user needs to set the PWM1ON bit (TCON2<4>)
to enable the PWM1 output. When the PWM1ON bit is
set, the RB2/PWML1 pin is configured as PWM1 output
and forced as an output, irrespective of the data direc-
tion bit (DDRB<2>). When the PWM1ON bit is clear,
the pin behaves as a port pin and its direction is con-
trolled by its data direction bit (DDRB<2>). Similarly,
the PWM20ON (TCON2<5>) bit controls the configura-
tion of the RB3/PWM2 pin and the PWMS3ON
(TCON3<0>) bit controls the configuration of the RG5/
PWM3 pin.

FIGURE 13-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Duty Cycle Registers §¥ PWxDCL<7:6>
[ PWxDCH | ¢ Wirite
| (Slave) l__»Read
PWMXx
| Comparator I R Q
| TMRx  [(Note1)] 3 1g
PWMxON
Clear Timer,
PWMXx pin and
Latch D.C.
Note 1: 8-bit timer is concatenated with 2-bit internal
Q clock or 2 bits of the prescaler to create
10-bit time base.

FIGURE 13-4: PWM OUTPUT (NOT BUFFERED)
0 10 20 30 40 0 10 20 30 40 0
PWM
Output

T

Timer
Interrupt

T

Write New
PWM Duty Cycle Value

Note: The dotted line shows PWM output if duty cycle registers were not double buffered.
If the new duty cycle is written after the timer has passed that value, then the PWM does
not reset at all during the current cycle, causing a “glitch”.

In this example, PWM period = 50. Old duty cycle is 30. New duty cycle value is 10.

T

Timer Interrupt
New PWM Duty Cycle Value
Transferred to Slave

© 1998-2013 Microchip Technology Inc.
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TABLE 14-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

Value on I
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, MCLR, WDT
BOR

16h, Bank 1 | PIR1 RBIF TMR3IF | TMR2IF | TMR1IF| CA2IF | CA1lIF TX1IF RC1IF x000 0010 u000 0010
17h,Bank 1 | PIE1 RBIE TMRSIE | TMR2IE | TMR1IE| CA2IE | CA1lIE TX1IE RC1IE 0000 0000 0000 0000
13h, Bank 0 | RCSTA1 SPEN RX9 SREN CREN = FERR OERR RX9D 0000 -00x 0000 -00u
15h, Bank 0 | TXSTAl CSRC TX9 TXEN SYNC — = TRMT TX9D 0000 --1x 0000 --1u
16h, Bank 0 | TXREG1 TX7 TX6 TX5 TX4 TX3 TX2 TX1 TXO0 XXXX XXXX uuuu uuuu
17h,Bank 0 | SPBRG1 Baud Rate Generator Register 0000 0000 0000 0000
10h, Bank 4 | PIR2 SSPIF BCLIF ADIF — CA4IF | CASIF TX2IF RC2IF 000- 0010 000- 0010
11h, Bank 4 PIE2 SSPIE BCLIE ADIE — CA4IE | CASIE TX2IE RC2IE 000- 0000 000- 0000
13h, Bank 4 | RCSTA2 SPEN RX9 SREN CREN = FERR OERR RX9D 0000 -00x 0000 -00u
16h, Bank 4 | TXREG2 TX7 TX6 TX5 TX4 TX3 TX2 TX1 TXO0 XXXX XXXX uuuu uuuu
15h, Bank 4 | TXSTA2 CSRC TX9 TXEN SYNC — — TRMT TX9D 0000 --1x 0000 --1u
17h, Bank 4 | SPBRG2 Baud Rate Generator Register 0000 0000 0000 0000
Legend:  x =unknown, u = unchanged, - = unimplemented, read as a '0". Shaded cells are not used for synchronous slave transmission.

TABLE 14-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Address Name Bit7 | Bite6 | Bit5 | Bit4 | Bit3 | Bit2 Bit 1 Bit 0 Ve;vlléeR?n MCLR, WDT
BOR

16h, Bankl PIR1 RBIF TMRS3IF | TMR2IF | TMR1IF| CA2IF | CALlIF TX1IF RC1IF x000 0010 u000 0010
17h, Bankl PIE1 RBIE TMRSBIE| TMR2IE| TMR1IE| CA2IE | CAlIE TX1IE RC1IE 0000 0000 0000 0000
13h, Bank0 RCSTA1l SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x 0000 -00u
14h, BankO RCREG1 RX7 RX6 RX5 RX4 RX3 RX2 RX1 RX0 KXXX XXXX uuuu uuuu
15h, Bank 0 | TXSTAl CSRC TX9 TXEN SYNC — — TRMT TX9D 0000 --1x 0000 --1u
17h,Bank 0 | SPBRG1 Baud Rate Generator Register 0000 0000 0000 0000
10h, Bank 4 | PIR2 SSPIF BCLIF ADIF — CA4IF | CASIF TX2IF RC2IF 000- 0010 000- 0010
11h, Bank 4 PIE2 SSPIE BCLIE ADIE — CA4IE | CASIE TX2IE RC2IE 000- 0000 000- 0000
13h, Bank 4 | RCSTA2 SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x 0000 -00u
14h, Bank 4 RCREG2 RX7 RX6 RX5 RX4 RX3 RX2 RX1 RX0 KXXX XXXX uuuu uuuu
15h, Bank 4 | TXSTA2 CSRC TX9 TXEN SYNC — — TRMT TX9D 0000 --1x 0000 --1u
17h, Bank 4 | SPBRG2 Baud Rate Generator Register 0000 0000 0000 0000
Legend:  x =unknown, u = unchanged, - = unimplemented, read as a '0". Shaded cells are not used for synchronous slave reception.
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15.1.7 SLEEP OPERATION shifted into the SPI transmit/receive shift register.
When all 8-bits have been received, the MSSP inter-

In Master mode, all module clocks are halted, and the rupt flag bit will be set and if enabled, will wake the

transmission/reception will remain in that state until the device from SLEEP
device wakes from SLEEP. After the device returns to '
normal mode, the module will continue to transmit/ 15.1.8 EFEECTS OF A RESET

receive data.
A RESET disables the MSSP module and terminates

In Slave mode, the SPI transmit/receive shift register the current transfer.

operates asynchronously to the device. This allows the
device to be placed in SLEEP mode and data to be

TABLE 15-1: REGISTERS ASSOCIATED WITH SPI OPERATION

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | POR,BOR | MCLR, WDT

07h, Unbanked | INTSTA PEIF | TOCKIF| TOIF INTF PEIE | TOCKIE | TOIE INTE | 0000 0000 | 0000 0000

10h, Bank 4 PIR2 SSPIF | BCLIF | ADIF — CA4IF | CA3IF | TX2IF | RC2IF |000- 0010 000- 0010
11h, Bank 4 PIE2 SSPIE | BCLIE | ADIE — CA4IE | CA3IE | TX2IE | RC2IE | 000- 0000| 000- 0000
14h, Bank 6 SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu

11h, Bank 6 SSPCON1 | WCOL | SSPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000 0000 | 0000 0000

13h, Bank 6 SSPSTAT | SMP | CKE D/A P S RIW UA BF | 0000 0000| 0000 0000

Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the SSP in SPI mode.
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15.2 MSSP I12C Operation

The MSSP module in 1°C mode fully implements all
master and slave functions (including general call sup-
port) and provides interrupts on START and STOP bits
in hardware to determine a free bus (multi-master func-
tion). The MSSP module implements the standard
mode specifications as well as 7-bit and 10-bit
addressing.

Refer to Application Note AN578, “Use of the SSP
Module in the | °C Multi-Master Environment.”

A “glitch” filter is on the SCL and SDA pins when the pin
is an input. This filter operates in both the 100 kHz and
400 kHz modes. In the 100 kHz mode, when these pins
are an output, there is a slew rate control of the pin that
is independent of device frequency.

FIGURE 15-10: I°C SLAVE MODE BLOCK
DIAGRAM
<: Internal
Data Bus
Read —@% Write
scL ‘ SSPBUF reg ‘

St A |
Clock

X <I<—{ SSPSR reg

SDA ’_|> MSb Lsb
7

‘ Match Detect |—> Addr Match

i

| ssPapDreg |

START and Set, Reset
STOP bit Detect [ =S, P bits
(SSPSTAT reg)

I2C MASTER MODE
BLOCK DIAGRAM

FIGURE 15-11:

<; Internal
Data Bus
Read Write
SSPA?/D<6:0>
7

‘ Baud Rate Generator ‘

scL ‘ SSPBUF reg ‘

X ll%hiﬂk ZE
ocC
N/
X <]-—{ SSPSR reg
SDA '—|> MSb Lsb
7

‘ Match Detect |—> Addr Match

s

| ssPaDDrey |

START and STOP bif Set/Clear S bit
Detect/Generate [ Glear/Set P, bit

(SSPSTAT reg)

and Set SSPIF

Two pins are used for data transfer. These are the SCL
pin, which is the clock and the SDA pin, which is the
data. The SDA and SCL pins are automatically config-
ured when the 1°C mode is enabled. The SSP module
functions are enabled by setting SSP Enable bit
SSPEN (SSPCON1<5>).

The MSSP module has six registers for I°C operation.
These are the:

* SSP Control Registerl (SSPCONL1)

* SSP Control Register2 (SSPCON2)

» SSP Status Register (SSPSTAT)

 Serial Receive/Transmit Buffer (SSPBUF)

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

* SSP Address Register (SSPADD)

The SSPCON1 register allows control of the 12C oper-
ation. Four mode selection bits (SSPCON1<3:0>) allow
one of the following 12C modes to be selected:

« 12C Slave mode (7-bit address)

« 12C Slave mode (10-bit address)

« 12C Master mode, clock = OSC/4 (SSPADD +1)
Before selecting any 12C mode, the SCL and SDA pins
must be programmed to inputs by setting the appropri-
ate DDR bits. Selecting an 12C mode, by setting the

SSPEN bit, enables the SCL and SDA pins to be used
as the clock and data lines in 12C mode.

© 1998-2013 Microchip Technology Inc.
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15.2.5 MASTER MODE

Master mode of operation is supported by interrupt
generation on the detection of the START and STOP
conditions. The STOP (P) and START (S) bits are
cleared from a RESET, or when the MSSP module is
disabled. Control of the 12C bus may be taken when the
P bit is set, or the bus is idle, with both the S and P bits
clear.

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

The following events will cause SSP Interrupt Flag bit,

SSPIF, to be set (SSP Interrupt if enabled):
* START condition

e STOP condition

« Data transfer byte transmitted/received

» Acknowledge transmit

* Repeated Start

FIGURE 15-17: SSP BLOCK DIAGRAM (I2C MASTER MODE)
< Internal SSPM3:SSPMO
Data Bus SSPADD<6:0>
Read Write ‘
‘ SSPBUF ‘ Baud
Rate
Generator
SDA ~ Shift
SDA In Clock °
. 7 L
X >~ -— SSPSR g
L ~] Msb LSh 1|5
o 8 2
Qo
= 5 L S|z
& START bit, STOP bit, ﬂ = 3|12
e Acknowledge 5 Sle
= 2|0
8 Generate X 25
scL & kel ME
D> ° -
= o
| 1
[ ™~
al — START bit Detect,
- STOP bit Detect
SCL In Write Collision Detect — Set/Reset, S, P, WCOL (SSPSTAT)
Clock Arbitration Set SSPIF, BCLIF
Bus Collision | State Counter for Reset ACKSTAT, PEN (SSPCONZ2)
end of XMIT/RCV

© 1998-2013 Microchip Technology Inc.
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15.2.10 1°C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
(SSPCON2<1>) is programmed high and the 1°C mod-
ule is in the idle state. When the RSEN bit is set, the
SCL pin is asserted low. When the SCL pin is sampled
low, the baud rate generator is loaded with the contents
of SSPADD<6:0> and begins counting. The SDA pin is
released (brought high) for one baud rate generator
count (TBRG). When the baud rate generator times out,
if SDA is sampled high, the SCL pin will be de-asserted
(brought high). When SCL is sampled high the baud
rate generator is reloaded with the contents of
SSPADD<6:0> and begins counting. SDA and SCL
must be sampled high for one TBRG. This action is then
followed by assertion of the SDA pin (SDA is low) for
one TBRG while SCL is high. Following this, the RSEN
bit in the SSPCON2 register will be automatically
cleared and the baud rate generator is not reloaded,
leaving the SDA pin held low. As soon as a START con-
dition is detected on the SDA and SCL pins, the S bit
(SSPSTAT<3>) will be set. The SSPIF bit will not be set
until the baud rate generator has timed out.

Immediately following the SSPIF bit getting set, the
user may write the SSPBUF with the 7-bit address in 7-
bit mode, or the default first address in 10-bit mode.
After the first eight bits are transmitted and an ACK is
received, the user may then transmit an additional eight
bits of address (10-bit mode), or eight bits of data (7-bit
mode).

15.2.10.1 WCOL status flag

If the user writes the SSPBUF when a Repeated Start
sequence is in progress, then WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).

Note: Because queueing of events is not
allowed, writing of the lower 5 bits of
SSPCON2 is disabled until the Repeated

Start condition is complete.

Note 1: If the RSEN is programmed while any
other event is in progress, it will not take
effect.

2: A bus collision during the Repeated Start
condition occurs if:

e SDA is sampled low when SCL goes
from low to high.

e SCL goes low before SDA is
asserted low. This may indicate that
another master is attempting to
transmit a data “1”.

FIGURE 15-22:

REPEAT START CONDITION WAVEFORM

Write to SSPCON2

occurs here. :gff 11 At completion of START bit,

SDA =1, iy hardware clear RSEN bit

SCL (no change) l and set SSPIF

-
I<—TBRG->|<—TBRG—|>I<—TB|RG -
| 1st Bit x
SDA | N
Falling edge of ninth clock | | Write to SSPBUF occurs here
End of Xmit

SCL —

Set S (SSPSTAT<3>)

| l«TBRG
L 4
Sr = Repeated Start
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FIGURE 15-23:

REPEATED START CONDITION FLOW CHART (PAGE 1)

B O

Idle Mode,
SSPEN =1,
SSPCON1<3:0> = 1000

v

RSEN =1

'

Force SCL=0

4

No

SCL =07?

Yes

Y

Release SDA,
Load BRG with
SSPADD<6:0>

Bus Collision,
Set BCLIF,
Release SDA,
Clear RSEN

¢ >

BRG
Rollover?

Release SCL

4
SCL=1?

Yes

Y

No
4— < SDA=1?

Yes

\i

Load BRG with
SSPADD<6:0>

(Clock Arbitration)
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FIGURE 15-32: STOP CONDITION FLOW CHART
Idle Mode,
SSPEN =1, -
SSPCON1<3:0> = 1000
PEN=1 - Start BRG
Force SDA=0
SCL Doesn’t Change
BRG
- Rollover?
Y
No
SDA =07? Release SDA,
Start BRG
Yes <
Y
Start BRG
A BRG
"‘ Rollover?
BRG No
Rollover?
Bus Collision Detected,
Set BCLIF, >
Clear PEN
De-assert SCL,
SCL=1
"‘ SDA going from
0to 1whileSCL=1
(Clock Arbitration) Set SSPIF,
10 No STOP Condition done,
SCL =1* PEN cleared
Yes
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15.3 Connection Considerations for

1C Bus

For standard mode IC bus devices, the values of

resistors Ry, Rg in Figure 15-42 depends on the follow-

ing parameters:

» Supply voltage

» Bus capacitance

« Number of connected devices (input current +
leakage current)

The supply voltage limits the minimum value of resistor
Ry due to the specified minimum sink current of 3 mA
at VoL max = 0.4V for the specified output stages. For

FIGURE 15-42:

example, with a supply voltage of VbD =5V +10% and
VoL max = 0.4V at 3 mA, R, min = (5.5-0.4)/0.003 =
1.7 kQ. VDD as a function of Ry, is shown in Figure 15-
42. The desired noise margin of 0.1 VDD for the low
level, limits the maximum value of Rq. Series resistors
are optional and used to improve ESD susceptibility.

The bus capacitance is the total capacitance of wire,
connections and pins. This capacitance limits the max-
imum value of R, due to the specified rise time
(Figure 15-42).

The SMP bit is the slew rate control enabled bit. This bit
is in the SSPSTAT register and controls the slew rate of
the I/O pins when in I2C mode (master or slave).

SAMPLE DEVICE CONFIGURATION FOR I°C BUS

VDD + 10%

DEVICE

SDA

SCL

also connected.

Note: I2C devices with input levels related to VDD must have one common supply line to which the pull-up resistor is

% JT»cb-lo-mom:

© 1998-2013 Microchip Technology Inc.
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16.3

The ADCONZ1, and DDR registers control the operation
of the A/D port pins. The port pins that are desired as
analog inputs must have their corresponding DDR bits
set (input). If the DDR 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
CHS2:CHSO bits and the DDR bits.

Note 1: When reading the port register, any pin
configured as an analog input channel will
read as cleared (a low level). Pins config-
ured as digital inputs, will convert an ana-
log input. Analog levels on a digitally
configured input will not affect the conver-
sion accuracy.

2: Analog levels on any pin that is defined as
a digital input (including the AN15:ANO
pins), may cause the input buffer to con-
sume current that is out of the devices

specification.

EXAMPLE 16-2: A/D CONVERSION

16.4 A/D Conversions

Example 16-2 shows how to perform an A/D conver-
sion. The PORTF and lower four PORTG pins are con-
figured as analog inputs. The analog references
(VREF+ and VREF-) are the device AVDD and AVss. The
A/D interrupt is enabled, and the A/D conversion clock
is FRc. The conversion is performed on the RG3/ANO
pin (channel 0).

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 A/D result register
pair will NOT be updated with the partially completed A/
D conversion sample. That is, the ADRESH:ADRESL
registers will continue to contain the value of the last
completed conversion (or the last value written to the
ADRESH:ADRESL registers). After the A/D conversion
is aborted, a 2TAD wait is required before the next
acquisition is started. After this 2TAD wait, acquisition
on the selected channel is automatically started.

In Figure 16-4, after the GO bit is set, the first time seg-
ment has a minimum of Tcy and a maximum of TAD.

MOVLB 5 ; Bank 5
CLRF ADCON1, F ;

MOVLW 0x01 ; A/D is on,
MOVWF ADCONO ;

MOVLB 4 ; Bank 4
BCF PIR2, ADIF ;

BSF PIE2, ADIE ;

BSF INTSTA, PEIE ;

BCF CPUSTA, GLINTD ;

;  Then the conversion may be started.

Configure A/D inputs, All analog,
Channel 0 is selected

TAD = Fosc/8, left just.

Clear A/D interrupt flag bit
Enable A/D interrupts
Enable peripheral interrupts
Enable all interrupts

;  Ensure that the required sampling time for the selected input channel has elapsed.

MOVLB 5 ; Bank 5
BSF ADCONO, GO ; Start A/D Conversion
: ; The ADIF bit will be set and the GO/DONE bit
H is cleared upon completion of the A/D Conversion
FIGURE 16-4: A/D CONVERSION Tap CYCLES

Tcy to TAD: TaD1  TADZ2 TAD3 K TAD4 TAD5 TAD6 TAD7 TAD8 : TAD9 :TAD10=TAD11'
T b9 b8 b7 b6 b5 b4 b3 b2 bl bO

Conversion starts.

Holding capacitor is disconnected from analog input (typically 100 ns).

Set GO bit

v

Next Q4: ADRES is loaded,
GO bit is cleared,
ADIF bit is set,
holding capacitor is connected to analog input.
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BTFSS Bit Test, skip if Set
Syntax: [label ] BTFSS fb
Operands: 0<f<127
0<b<7
Operation: skip if (f<b>) = 1

Status Affected:  None

Encoding: ‘ 1001 | 0bbb ‘ fEEE | fEEE ‘
Description: If bit 'b' in register 'f' is 1, then the next
instruction is skipped.
If bit 'b' is 1, then the next instruction
fetched during the current instruction exe-
cution is discarded and a NOP is executed
instead, making this a two-cycle
instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process No
register 'f Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
Example: HERE BTFSS  FLAG,1
FALSE
TRUE

Before Instruction

PC = address (HERE)
After Instruction
If FLAG<1> = 0;
PC = address (FALSE)
If FLAG<1> = 1;
PC = address (TRUE)

BTG Bit Toggle f

Syntax: [label] BTG f,b

Operands: 0<f<255
0<b<7

Operation: (f<b>) — (f<b>)

Status Affected:  None

Encoding: ‘ 0011 | 1bbb ‘ ffEf | ffEf ‘

Description: Bit 'b" in data memory location 'f' is
inverted.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read Process Write

register 'f' Data register 'f'

Example: BTG PORTC, 4

Before Instruction:

PORTC

= 011l 0101 [0x75]

After Instruction:

PORTC

= 0110 0101 [0x65]
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INCF Increment f INCFSZ Increment f, skip if O

Syntax: [label] INCF fd Syntax: [label] INCFSz fd

Operands: 0<f<255 Operands: 0<f<255
d e [0,1] de[0,1]

Operation: (f) + 1 — (dest) Operation: (f) + 1 — (dest)

Status Affected: OV, C, DC, Z skip if result = 0

Encoding: ‘ 0001 | 010d ‘ FEEE | FEEE ‘ Status Affected:  None

Description: The contents of register 'f' are incre- Encoding: ‘ 0001 | 1114 ‘ FEEE | fE£f ‘
mented. If 'd" is O, the result is placed in Description: The contents of register 'f' are incre-
WREG. If 'd" is 1, the result is placed mented. If 'd'is 0, the result is placed in
back in register 'f. WREG. If 'd' is 1, the result is placed

Words: 1 back in register 'f'.

. If the result is 0, the next instruction,
Cycles: 1 which is already fetched is discarded
Q Cycle Activity: and a NOP is executed instead, making

Q1 Q2 Q3 Q4 it a two-cycle instruction.
Decode Read Process Write to Words: 1
register 'f' Data destination Cycles: 1(2)
Q Cycle Activity:
Example: INCF CNT, 1 Q1 Q2 Q3 Q4
Before Instruction Decode Read - Process Wr.ite tp
CNT = OxFE register 'f Data destination
z = 0 If skip:
C = ?
1 2 3 4
After Instruction Q Q Q Q
CNT =  0x00 No No No. No.
7 = 1 operation operation operation operation
C = 1
Example: HERE INCFSZ  CNT, 1
NZERO
ZERO

Before Instruction

PC

=  Address (HERE)

After Instruction

CNT
If CNT

PC

If CNT

PC

W nn

CNT +1

0;

Address (ZERO)
0;

Address (NZERO)
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FIGURE 20-21: USART ASYNCHRONOUS MODE START BIT DETECT

START bit

RX )
(RX/DT pin) o
> — 121A

x16 CLK 1
02, Q4 CLK : [

120A—» &—
—» 4 123A

TABLE 20-16: USART ASYNCHRONOUS MODE START BIT DETECT REQUIREMENTS

Pilroam Sym Characteristic Min Typ Max U2|t Conditions
120A | TdtL2ckH | Time to ensure that the RX pin is sampled low — — Tcy ns
121A | TdtRF Data rise time and fall time Receive — — | (Note1)| ns
Transmit — — 40 ns
123A | TckH2bckL | Time from RX pin sampled low to first rising edge — — Tcy ns
of x16 clock

Note 1: Schmitt trigger will determine logic level.

FIGURE 20-22: USART ASYNCHRONOUS RECEIVE SAMPLING WAVEFORM

START bit X /" BitO

RX :
(RX/DT pin) . X '
""""""" T T oo Tt o T Tt = Baud CLK for all but START bit

1 2 3 4 !5 6 7 8 9 10 11 12 13 14 15
u<—125A—>T rlZGA—»-

Samples

Baud CLK ' ! , |
x16 CLK ﬂ . 1 I
' 16 1 2 3

TABLE 20-17: USART ASYNCHRONOUS RECEIVE SAMPLING REQUIREMENTS

Pzroam Sym Characteristic Min Typ Max Ursut Conditions
125A TdtL2ckH | Setup time of RX pin to first data sampled Tcy — — ns
126A TdtL2ckH Hold time of RX pin from last data sam- Tey — — ns

pled

© 1998-2013 Microchip Technology Inc.
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FIGURE 20-23: A/D CONVERSION TIMING

BSF ADCONO, GO 1Tc

— | | @
(Toscl2) 131
Q4 L .

. 130 e

<

AID CLK <132,

A/D DATA : §><9 ><8><7><'-'><"'><2><1><0><;
ADRES OLD_DATA }( NEW_DATA
ADIF |
GO 4 1 DONE
| |

SAMPLE SAMPLING STOPPED

Note 1: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the
SLEEP instruction to be executed.

TABLE 20-19: A/D CONVERSION REQUIREMENTS

Pﬁt\:gm' Sym Characteristic Min Typt Max | Units Conditions

130 TaD | AJD clock period PIC17CXXX 1.6 — — us | Tosc based, VREF > 3.0V
PIC17LCXXX 3.0 — — pus | Tosc based, VREF full range
PIC17CXXX 2.0 4.0 6.0 us | A/D RC mode
PIC17LCXXX 3.0 6.0 9.0 us | A/D RC mode

131 TcNv | Conversion time 11 — 12 Tad

(not including acquisition time) (Note 1)
132 TACQ | Acquisition time (Note 2) 20 — us
10 — — ps | The minimum time is the

amplifier settling time. This
may be used if the “new”
input voltage has not
changed by more than 1LSb
(i.e., 5mV @ 5.12V) from
the last sampled voltage (as
stated on CHOLD).

134 TGO | Q4 to ADCLK start — Tosc/2 — — | Ifthe A/D clock source is
selected as RC, a time of
Tcy is added before the A/D
clock starts. This allows the
SLEEP instruction to be
executed.

t Datain “Typ” column is at 5V, 25°C unless otherwise stated.
Note 1: ADRES register may be read on the following Tcy cycle.
2: See Section 16.1 for minimum conditions when input voltage has changed more than 1 LSb.
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NOTES:
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64-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

Note:

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

E
[t————— 1 ———————

#leads=n1

A RTRTRTRIRTATAA A

i

2
1

O

U

A
QNI R

CH x 45°

/i A
ot
Al—
|— (F)
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 64 64
Pitch p .020 0.50
Pins per Side ni 16 16
Overall Height A .039 .043 .047 1.00 1.10 1.20
Molded Package Thickness A2 .037 .039 .041 0.95 1.00 1.05
Standoff § Al .002 .006 .010 0.05 0.15 0.25
Foot Length L .018 .024 .030 0.45 0.60 0.75
Footprint (Reference) (F) .039 1.00
Foot Angle ¢ 0 3.5 7 0 3.5 7
Overall Width E 463 472 .482 11.75 12.00 12.25
Overall Length D 463 472 .482 11.75 12.00 12.25
Molded Package Width E1 .390 .394 .398 9.90 10.00 10.10
Molded Package Length D1 .390 .394 .398 9.90 10.00 10.10
Lead Thickness [ .005 .007 .009 0.13 0.18 0.23
Lead Width B .007 .009 .011 0.17 0.22 0.27
Pin 1 Corner Chamfer CH .025 .035 .045 0.64 0.89 1.14
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed

.010” (0.254mm) per side.
JEDEC Equivalent: MS-026
Drawing No. C04-085
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