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PIC16C925/926

2.2 Data Memory Organization

The data memory is partitioned into four banks which
contain the General Purpose Registers and the Special
Function Registers. Bits RP1 and RPO are the bank
select bits.

RP1:RPO Bank
(STATUS<6:5>)
11 3 (180h-1FFh)
10 2 (100h-17Fh)
01 1 (80h-FFh)
00 0 (00h-7Fh)

The lower locations of each Bank are reserved for the
Special Function Registers. Above the Special Func-
tion Registers are General Purpose Registers imple-
mented as static RAM. All four banks contain special
function registers. Some “high use” special function
registers are mirrored in other banks for code reduction
and quicker access.

221 GENERAL PURPOSE REGISTER
FILE

The register file can be accessed either directly, or indi-
rectly through the File Select Register FSR
(Section 2.6).

The following General Purpose Registers are not phys-
ically implemented:

e FOh-FFh of Bank 1

e 170h-17Fh of Bank 2

* 1FOh-1FFh of Bank 3

These locations are used for common access across
banks.
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2.3 Special Function Registers

The Special Function Registers (SFRs) are registers
used by the CPU and Peripheral Modules for control-
ling the desired operation of the device. These regis-
ters are implemented as static RAM.

The special function registers can be classified into two
sets, core and peripheral. Those registers associated
with the “core” functions are described in this section.
Those related to the operation of the peripheral
features are described in the section of that peripheral
feature.

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY
. . . . . . ; ) Value on Details on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on page
Reset
Bank 0
00h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 26
01h TMRO Timer0 Module Register XXXK KKKX 41
02h PCL Program Counter (PC) Least Significant Byte 0000 0000 25
03h STATUS RP [ RP1L | RPO TO o | z | bc | c 0001 1xxx 19
04h FSR Indirect Data Memory Address Pointer XXXX XXXX 26
05h PORTA — | — | PORTA Data Latch when written: PORTA pins when read --0x 0000 29
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXK KXKX 31
07h PORTC — | — | PORTC Data Latch when written: PORTC pins when read --XX XXXX 33
08h PORTD PORTD Data Latch when written: PORTD pins when read 0000 0000 34
09h PORTE PORTE pins when read 0000 0000 36
OAh PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 25
0Bh INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 0000 000x 21
0Ch PIR1 LCDIF ADIF — — SSPIF CCP1IF TMR2IF TMR1IF | 00-- 0000 23
0Dh — Unimplemented — —
OEh TMRI1L Holding register for the Least Significant Byte of the 16-bit TMR1 Register XXXK KKKX a7
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX 47
10h T1CON — | — | TicKPs1|T1CKPSO [ TIOSCEN | TISYNC | TMRICS | TMRION [ --00 0000 47
11h TMR2 Timer2 Module Register 0000 0000 51
12h T2CON — | ToutPs3 ] TouTPs2 | TOUTPS1 | TOUTPSO | TMR20N | T2CKPSL | T2CKPSO | -000 0000 52
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX 64,72
14h SSPCON wcoL [ ssPov | SSPEN | CKP [ ssPM3 | SsPM2 | SSPML1 | SSPMO | 0000 0000 60
15h CCPR1L Capture/Compare/PWM Register (LSB) XXXX XXXX 58
16h CCPR1H |Capture/Compare/PWM Register (MSB) XXXX XXXX 58
17h CCP1CON — | — ] ccpix | ccpiy | ccpims | ccPim2 [ cCPiM1 | CCPIMO | --00 oooo| 53
18h — Unimplemented = —
19h — Unimplemented = —
1Ah — Unimplemented = =
1Bh — Unimplemented — —
1Ch — Unimplemented — —
1Dh — Unimplemented — —
1Eh ADRESH | A/D Result Register High XXXX XXXX 80, 81
1Fh ADCONO | ADCS1 | ADCSO CHS2 CHS1 CHSO | GO/DONE — ADON | 0000 0000 75
Legend:  x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as '0".

Shaded locations are unimplemented, read as ‘0'.

Note 1: These pixels do not display, but can be used as general purpose RAM.

© 2001-2013 Microchip Technology Inc.

Preliminary

DS39544B-page 15




PIC16C925/926

4.4

common drivers.

TRISD controls the direction of pins RDO through RD4

PORTD and TRISD Registers

PORTD is an 8-bit port with Schmitt Trigger input buff-
ers. The first five pins are configurable as general pur-
pose I/O pins or LCD segment drivers. Pins RD5, RD6
and RD7 can be digital inputs, or LCD segment, or

FIGURE 4-7:

PORTD<7:5> BLOCK
DIAGRAM

LCD
Segment Data

LCD Segment
Output Enable

T

when PORTD is configured as a digital port. LCD
Note 1: On a Power-on Reset, these pins are Common Data ™~ &
configured as LCD segment drivers. LCD Common Ll Digital Input/
2: To configure the pins as a digital port, the Output Enable LCD Output pin
corresponding bits in the LCDSE register
. : LCDSE<n>
must be cleared. Any bit set in the LCDSE
register overrides any bit settings in the
corresponding TRIS register. \ Schmitt
Trigger
Input
EXAMPLE 4-4: INITIALIZING PORTD Buffer
BCF  STATUS,RPO iSelect Bank2 DataBus 9 b
BSF STATUS, RP1 ;
BCF LCDSE, SE29 ;Make RD<7:5> digital
BCF  LCDSE, SEO ;Make RD<4:0> digital EN —
BSF STATUS, RPO ;Select Bankl
BCF  STATUS,RP1 ; RD Port {>%
MOVLW 0xEO ;Make RD<4:0> outputs DD
MOVWF TRISD ;Make RD<7:5> inputs

FIGURE 4-6: PORTD <4:0> BLOCK
DIAGRAM
LCD
Segment Data ™S~
LCD Segment
Output Enable
Bata
us
° 9 X
\,évolft 1/0 pin
CK
Data Latch
e— D Q
WR
TRIS cK
TRIS Latch \ Schmitt
Trigger
q Input
RD j
TRIS Buffer
LCDSEkn> {>c
Q D
EN
RD
Port i {>c

RD TRIS j
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NOTES:
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7.0 TIMER2 MODULE

Timer2 is an 8-bit timer with a prescaler and a
postscaler. It can be used as the PWM time-base for
the PWM mode of the CCP module. It can also be used
as a time-base for the Master mode SPI clock. 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 116 (selected by control bits
T2CKPS1:T2CKPS0 (T2CON<1:0>)).

The Timer2 module has an 8-bit period register, PR2.
TMR2 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
set during RESET.

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>)).

Timer2 can be shut-off by clearing control bit TMR2ON
(T2CON<2>) to minimize power consumption.

Figure 7-1 shows the Timer2 control register.

7.1 Timer2 Prescaler and Postscaler
The prescaler and postscaler counters are cleared
when any of the following occurs:
« awrite to the TMR2 register
» a write to the T2CON register
« any device RESET (Power-on Reset, MCLR

Reset, or Watchdog Timer Reset)

TMR2 will not clear when T2CON is written.

7.2 Output of TMR2

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

FIGURE 7-1: TIMER2 BLOCK DIAGRAM
Sets Flag
Ouisai@ | bit TMR2IF
o T | s 5

Postscaler
EQ 1:16 to 1:1

Note 1: TMR2 register output can be software selected by the
SSP Module as the source clock.

© 2001-2013 Microchip Technology Inc.
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8.3 PWM Mode

In Pulse Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.

Note: Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC 1/O data

latch.

Figure 8-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 8.3.3.

FIGURE 8-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Duty Cycle Registers '/ CCP1CON<5:4>
| CCPRIL |
|CCPR1H (Slave) |
JL
| Comparator i R Q Xl
RC2/CCP1
| TMR2 |(Note 1)|
—S
Comparator TRISC<2>
Clear Timer,
* CCP1 pin and

PR2 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.

A PWM output (Figure 8-4) has a time-base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 8-4: PWM OUTPUT

8.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2 reg-
ister. The PWM period can be calculated using the fol-
lowing formula:
PWM period =[ (PR2) + 1 ] * 4 « TOSC »
(TMR?2 prescale value)

PWM frequency is defined as 1 / [PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared
* The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)
* The PWM duty cycle is latched from CCPRL1L into
CCPR1H

Note:  The Timer2 postscaler (Section 7.0) is not
used in the determination of the PWM fre-
quency. The postscaler could be used to
have a servo update rate at a different fre-

quency than the PWM output.

Period

B e W e B

P

Duty Cycle !
TMR2 = Duty Cycle

TMR2 = PR2

TMR2 = PR2

8.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRLL register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available; the CCPR1L contains
the eight MSbhs and CCP1CON<5:4> contains the two
LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle = (CCPRIL:CCP1CON<5:4>)
Tosc » (TMR2 prescale value)

CCPRI1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read only register.

The CCPRI1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

When the CCPR1H and 2-bit latch match TMR2, con-
catenated with an internal 2-bit Q clock, or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:

Fosc)
. Og(FPWM .
PWM Resolution (max) = Wblts

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be

cleared.
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TABLE 8-3: REGISTERS ASSOCIATED WITH TIMER1, CAPTURE AND COMPARE
Value on Value on
Address Name Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on all other
Reset RESETS
0Bh, 8Bh, INTCON GIE PEIE | TMROIE INTE RBIE TMROIF 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 CCP1IE | TMR2IE | TMR1IE [00-- 0000|00-- 0000
87h TRISC — — | PORTC Data Direction Control Register --11 1111|--11 1111
OEh TMRI1L Holding register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|[uuuu uuuu
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX|[Uuuuu uuuu
10h T1CON — | — [T1ckps1|T1cKPSO| TLOSCEN| TISYNC | TMRICS | TMRION | --00 0000/ --uu uuuu
15h CCPR1L |Capture/Compare/PWM1 (LSB) XXXX XXXX|uuuu uuuu
16h CCPR1H |Capture/Compare/PWM1 (MSB) XXXX XXXX|uuuu uuuu
17h ccpicon| — | — | cepax | cepiy | copims [ccpimz|ccpimi| ccPiMo|--00 0000 --00 oooo
Legend: x =unknown, u = unchanged, - = unimplemented locations read as '0’. Shaded cells are not used in these modes.
TABLE 8-4: REGISTERS ASSOCIATED WITH PWM AND TIMER2
Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on all other
Reset RESETS
OBh, 8Bh, INTCON GIE PEIE TMROIE INTE RBIE TMROIF 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 | CCP1lIE | TMR2IE | TMR1IE | 00-- 0000| 00-- 0000
87h TRISC — — PORTC Data Direction Control Register --11 1111|--11 1111
11h TMR2 Timer2 Module Register 0000 0000|0000 0000
92h PR2 Timer2 Module Period Register 1111 11111111 1111
12h T2CON — | TOUTPS3 | TOUTPS2| TOUTPS1 | TOUTPS0 | TMR20N | T2CKPS1| T2CKPS0[ -000 0000] -000 0000
15h CCPR1L |Capture/Compare/PWM1 (LSB) XXXX XXXX [uuuu uuuu
16h CCPR1H |Capture/Compare/PWM1 (MSB) XXXX XXXX [uuuu uuuu
17h CCPICON| — | — [ cCPIX | CCP1Y [CCPIM3 |CCPIM2|CCPIMI | CCPIMO | --00 0000 |--00 0000
Legend: x =unknown, u = unchanged, - = unimplemented locations read as '0’. Shaded cells are not used in this mode.
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FIGURE 9-5:

SPI MODE TIMING (SLAVE MODE WITH CKE = 1)

SS

SDO

(not optional)

SCK (CKP = 0)

SCK (CKP = 1)

—

—

bitz X bits X

bits { bita X bz K b2 X bix X bio

soise =0 —— > < <

bit7 bit0
SSPIF ,7
TABLE 9-1: REGISTERS ASSOCIATED WITH SPI OPERATION
Value on | Value on all
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Power-on other
Reset RESETS
08h, 8B, INTCON GIE PEIE | TMROIE | INTE RBIE | TMROIF | INTF RBIF | 0000 000 0000 000
10Bh, 18Bh x v
0Ch PIR1 LCDIF | ADIF — — SSPIF | CCP1IF | TMR2IF | TMR1IF [ 00-- 0000 | 00-- 0000
8Ch PIE1 LCDIE | ADIE — — SSPIE | CCP1IE | TMR2IE | TMR1IE | 00-- 0000 | 00-- 0000
13h SSPBUF |Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | Uuuu uuuu
14h SSPCON |WCOL [ SSPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000 0000 | 0000 0000
85h TRISA — — PORTA Data Direction Control Register --11 1111 --11 1111
87h TRISC — — PORTC Data Direction Control Register --11 1111 --11 1111
94h sspsTaT [ smp [ cke | DA | P | s | RW | 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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9.3  SSP I%C Operation

The SSP module in 12C mode fully implements all slave
functions, except general call support, and provides
interrupts on START and STOP bits in hardware to
facilitate firmware implementations of the master func-
tions. The SSP module implements the standard mode
specifications as well as 7-bit and 10-bit addressing.
Two pins are used for data transfer. These are the
RC3/SCK/SCL pin, which is the clock (SCL), and the
RC4/SDI/SDA pin, which is the data (SDA). The user
must configure these pins as inputs or outputs through
the TRISC<4:3> bits. The SSP module functions are
enabled by setting SSP enable bit, SSPEN
(SSPCON<5>).
FIGURE 9-16: SSP BLOCK DIAGRAM
(1°C MODE)

Internal
Data Bus

X <I<_r SSPSR reg
RC4/ MSb Lsb A—‘
SDI/ ._|>

SDA

SSPADD reg

START and Set, Reset

STOP bit Detect [ S, P bits
(SSPSTAT req)

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

» SSP Control Register (SSPCON)

» SSP Status Register (SSPSTAT)

» Serial Receive/Transmit Buffer (SSPBUF)

» SSP Shift Register (SSPSR) - Not directly
accessible

* SSP Address Register (SSPADD)

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

« 12C Slave mode (7-bit address)
« 12C Slave mode (10-bit address)

« 12C Slave mode (7-bit address), with START and
STOP bit interrupts enabled

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

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

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

The SSPADD register holds the slave address. In
10-bit mode, the user needs to write the high byte of the
address (1111 0 A9 As 0). Following the high byte
address match, the low byte of the address needs to be
loaded (A7:A0).

© 2001-2013 Microchip Technology Inc.
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FIGURE 11-4: WAVEFORMS IN ONE-THIRD DUTY CYCLE DRIVE (B TYPE)

Liquid Crystal Display : 313V
and Terminal Connection PIN J ! J 213V

COMO

% o B En

COMO I
PIN :
com2 ,

PIN
SEGO

— 13V
03V
— 33V
213V
13V
0/3 Vv

3/3V
213V
1/3V

03V

3/3V
213V
1/3V
0/3V

] 3/3V

SEGO SEG1 SEG2
PIN 213V

SEG1 1/3V

0/3V

3/3V
213V
1/3V
03V

COMO - SEG1
Selected Waveform

E— -1/3V
-2/13V
-3/3V

13V
0/3V

COMO - SEGO
Non-selected Waveform : ! -3V

1 frame
t
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11.1.2 MULTIPLEX TIMING GENERATION TABLE 11-2: APPROXIMATE FRAME

The timing generation circuitry will generate one to four LFJEIIENQGUEIII\\I/ICI:ET?SLIN H322) 768 kH
common clocks based on the display mode selected. @ 32. z
The mode is specified by bits LMUXL:LMUXO OR Fosc @ 8 MHz
(LCDCONK<1:0>). Table 11-1 shows the formulas for

calculating the frame frequency. LP3:LPO Static 12 13 4
2 85 85 114 85
TABLE 11-1: FRAME FREQUENCY 3 64 64 85 64
FORMULAS 4 51 51 68 51
Multiplex Frame Frequency = 5 43 43 57 43
Static Clock source/(128 * (LP3:LPO + 1)) 6 37 37 49 37
12 Clock source/(128 * (LP3:LPO + 1)) 7 32 32 43 32
1/3 Clock source/(96 * (LP3:LPO + 1)) _
T | Gooksouco R UFSPOTY) | TABLEILE  APPROXIMATE FRAME
USING INTERNAL RC OSC
@ 14 kHz
LP3:LPO Static 1/2 1/3 1/4
0 109 109 146 109
1 55 55 73 55
2 36 36 49 36
3 27 27 36 27
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1141 SEGMENT ENABLES

The LCDSE register is used to select the pin function

EXAMPLE 11-1:

STATIC MUX WITH 32
SEGMENTS

for groups of pins. The selection allows each group of
pins to operate as either LCD drivers or digital only
pins. To configure the pins as a digital port, the corre-
sponding bits in the LCDSE register must be cleared.

If the pin is a digital I/O the corresponding TRIS bit con-
trols the data direction. Any bit set in the LCDSE regis-

BCF
BSF
BCF
BCF

STATUS
STATUS
LCDCON
LCDCON

MOVLW OxXFF
MOVWF LCDSE

,RPO ;Select Bank 2
,RP1

,LMUX1 ;Select Static MUX
, LMUXO0 ;

;Make PortD,E,F,G
;LCD pins
jconfigure rest of LCD

ter overrides any bit settings in the corresponding TRIS
register.

Note 1: On a Power-on Reset, these pins are

EXAMPLE 11-2:

ONE-THIRD DUTY CYCLE
WITH 13 SEGMENTS

configured as LCD drivers. BCF  STATUS,RPO ;Select Bank 2
BSF  STATUS,RP1
2: The LMUX1:LMUXO takes precedence BSF LCDCON, LMUX1 ;Select 1/3 MUX
over the LCDSE bit settings for pins RD7, BCF  LCDCON,LMUXO ;
RD6 and RD5. MOVLW 0x87 ;Make PORTD<7:0> &
MOVWF LCDSE ; PORTE<6:0> LCD pins
;configure rest of LCD
REGISTER 11-4: LCDSE REGISTER (ADDRESS 10Dh)
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
SE20 | sSE27 | SE20 | SE16 | SE12 SE9 | SES5 SEO
bit 7 bit 0
bit 7 SEZ29: Pin Function Select RD7/COM1/SEG31 - RD5/COM3/SEG29
1 = Pins have LCD drive function
0 = Pins have digital Input function
bit 6 SEZ27: Pin Function Select RG7/SEG28 and RE7/SEG27
1 = Pins have LCD drive function
0 = Pins have LCD drive function
bit 5 SEZ20: Pin Function Select RG6/SEG26 - RGO/SEG20
1 = Pins have LCD drive function
0 = Pins have digital Input function
bit 4 SE16: Pin Function Select RF7/SEG19 - RF4/SEG16
1 = Pins have LCD drive function
0 = Pins have digital Input function
bit 3 SE12: Pin Function Select RF3/SEG15 - RFO/SEG12
1 = Pins have LCD drive function
0 = Pins have digital Input function
bit 2 SE9: Pin Function Select RE6/SEG11 - RE4/SEG09
1 = Pins have LCD drive function
0 = Pins have digital Input function
bit 1 SE5: Pin Function Select RE3/SEGO08 - REO/SEG05
1 = Pins have LCD drive function
0 = Pins have digital Input function
bit 0 SEO: Pin Function Select RD4/SEG04 - RDO/SEG00

1 =Pins have LCD drive function
0 = Pins have digital Input function

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
"1’ = Bit is set

'0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

X = Bit is unknown
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11.5 Voltage Generation

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

1151 CHARGE PUMP

The LCD charge pump is shown in Figure 11-9. The
1.0V - 2.3V regulator will establish a stable base volt-
age from the varying battery voltage. This regulator is
adjustable through the range by connecting a variable
external resistor from VLCDADJ to ground. The poten-
tiometer provides contrast adjustment for the LCD. This
base voltage is connected to VLcD1 on the charge

pump. The charge pump boosts VLcD1 into VLcD2 =
2*VLcbpl and Vieb3 = 3 * Viebl. When the charge
pump is not operating, Vilcd3 will be internally tied to
VDD. See the Electrical Specifications section for
charge pump capacitor and potentiometer values.

11.5.2 EXTERNAL R-LADDER

The LCD module can also use an external resistor lad-
der (R-Ladder) to generate the LCD voltages.
Figure 11-9 shows external connections for static and
1/3 bias. The VGEN (LCDCON<4>) bit must be cleared
to use an external R-Ladder.

FIGURE 11-9: CHARGE PUMP AND RESISTOR LADDER
CPCLK Control
VGEN Logic
3 2 C
VDD

l 10 pA I

Regulator

L.

lo/C+ VGEN

L
T VGEN
!

VLcD3

VLcDp2
VLebl
VLcpO

' Yvy

J

To
LCD
Drivers

VLCDADJ VLeD3

'
*
100 k2 é 0.47 uF*

Il
v

130 kQ*

VLcD2

Viebpl Cl| C2

0.47 pF*

iom =

n

0.47 pF*

10 kQ*
VLcD3

| l

10 kO* 10 kQ*

2

T

VLecbp3

ANV :
10 kQ*

| )f@
5 kQ*

Connections for
internal charge
pump, VGEN =1

Connections for
external R-ladder,
1/3 Bias,

VGEN =0

Connections for
external R-ladder,
Static Bias,
VGEN =0

* These values are provided for design guidance only and should be optimized to the application by the designer.
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13.1 Instruction Descriptions

ADDLW Add Literal and W ADDWEF Add W and f

Syntax: [label ] ADDLW k Syntax: [label ] ADDWF  f[,d]

Operands: 0<k<255 Operands: 0<f<127

Operation: (W) + k = (W) _ d e [0.1] o

Status Affected:  C, DC, Z Operation: (W) + (f) - (destination)

Encoding: ‘ 11 ‘ 111x ‘ kkkk ‘ kkkk ‘ Status.Affected. C.DbC.z

Description: The contents of the W register are Encoding: ‘ o0 ‘ ot ‘ afre | FEEr |
added to the eight-bit literal 'k' and Description: Add the contents of the W register
the result is placed in the W with register 'f'. If 'd" is 0, the result is
register. stored in the W register. If 'd" is 1, the

Words: 1 result is stored back in register 'f'.

Cycles: 1 Words: 1

QCycle Activity: Q1 Q2 Q3 Q4 Cycles: i

Q Cycle Activity: Q1 Q2 Q3 Q4

Decode | Read | Process | Write to
literal 'k'| data W Decode | Read [Process| Write to
register 'f'| data |destination

Example: ADDLW  0x15
. Example ADDWF  FSR, 0
Before Instruction: .
W = 0x10 Before Instruction:
. w = 0x17
After Instruction: FSR =  0OxC2
W = 0x25 .
After Instruction:
w = 0xD9
FSR = 0OxC2
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GOTO Unconditional Branch INCF Increment f
Syntax: [label] GOTO k Syntax: [label] INCF f[,d]
Operands: 0 <k <2047 Operands: 0<f<127
Operation: k - PC<10:0> de[01]
PCLATH<4:3> —» PC<12:11> Operation: (f) + 1 — (destination)
Status Affected:  None Status Affected: Z
Encoding: ‘ 10 | 1kkk | kkkk | kkkk ‘ Encoding: ‘ 00 ‘ 1010 ‘ dfff | fEfE |
Description: GOTO is an unconditional branch. The Description: The contents of register 'f' are incre-
eleven-bit immediate value is loaded mented. If'd" is O, the result is placed
into PC bits <10:0>. The upper bits of in the W register. If 'd" is 1, the result
PC are loaded from PCLATH<4:3>. is placed back in register 'f'.
GOTO is a two-cycle instruction. Words: 1
Words: 1 Cycles: 1
les: 2 .
Cycles Q Cycle Activity: Q1 Q2 Q3 Q4
Q Cycle Activity: Q1 Q2 Q3 Q4 Road
Decode | Read | Process | Write to Decode | register Process | Write to
t tinati
1st Cycle literal 'k | data PC ' data |destination
ond Cval No No No No
natycile Operation| Operation| Operation| Operation
Example INCF CNT, 1
Before Instruction:
Example GOTO THERE CNT =  OxFF
After Instruction: Z = 0
PC = Address THERE After Instruction:
CNT = 0x00
z = 1
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15.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings T

Ambient temMpPEerature UNAEr DIBS.........ccoiiiiiiiiieeee e e -55°C to +125°C
i) =T =R (=T 00 01T = LU PO PPPPP PP -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, MCLR, and RA4) ....-0.3V to (VDD + 0.3V)
Voltage 0N VDD With TESPECE 10 WSS ...eeiiiiiiiiiiieiiiie ettt ettt ettt esbte e sbbe e e et e e e steeeesnneean 0V to +7.5V
Voltage 0N MCLR With FESPECE 10 VSS........vuvereeeeeereeeeeseeeeeeeeseseeees s seeseeneenesessessesesnessnseneenesneeneesnesneenens 0V to +13.25V
Voltage 0N RAZ With TESPECT 10 VSS.....iiiiiiiiiiiie ittt ettt ettt e e st e s enee e e snneeeanbeeeeas 0V to +8.5V
Voltage on VLCD2, VLCD3 With FESPECE 10 VSS.....ueiiiiiiiiiiiiiiee ettt ettt e e ne e e 0V to +10V
Total POWer diSSIPALION (NOTE L) ...eeiiiuieiiiiiieiiiiieiteee et et ettt e et e st e e sa b e e sste e e s st e e sabe e e anbbeesneeeesnbeeeebeeesnneeeennneas 10w
MaxXimum CUTENE OUL OF WSS PN ....eeiiiiiiiiiiei ettt ettt e s st e s e e e e re e e s ane e e e nrneeensneeenas 300 mA
MaxXimum CUTENE INEO VDD PN ..e.uveieiiiieiiteeiiitie e ettt e s rtte et e e e ate e e s sbeeeestbeeebteeesabeeeaabbeesambeessnbeeeabeeesabeeeesbeeeensneeanes 250 mA
Input clamp current, K (VI < O OF VI3 VDD)..o.ooiiiiieiiieeeiceeeteeete ettt et sa e tesa et sseseese s sessesessesaesessesassessesassesessesens +20 mA
Output clamp current, 10K (VO < 0 OF VO 3 VDD) ...cucuiieiiiiiiieietieteieieiesiet ettt sese et et tese st sese s s esesese s esesesessssesens +20 mA
Maximum output current sunk by any I/O pin .................

Maximum output current sourced by any /O pin
Maximum current sunk by all Ports combined

Maximum current sourced by all Ports combined
Note 1: Power dissipation is calculated as follows: Pbis = VDD x {IDD - ¥ loH} + > {(VDD - VOH) x IoH} + > (Vol x loL)

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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15.3 Timing Parameter Symbology

The timing parameter symbols have been created fol-
lowing one of the following formats:

1. TppS2ppS 3. Tcc:sT (IZC specifications only)
2. TppS 4. Ts (I°C specifications only)
T

F Frequency T Time
Lowercase letters (pp) and their meanings:
pp

cc CCP1 osc OSC1

ck CLKOUT rd RD

cs cs w RD or WR

di SDI sc SCK

do SDO ss SSs

dt Data in t0 TOCKI

io 1/O port t1 T1CKI

mc MCLR wr WR
Uppercase letters and their meanings:
S

F Fall P Period

H High R Rise

I Invalid (Hi-impedance) \% Valid

L Low z Hi-impedance
1’c only

AA output access High High

BUF Bus free Low Low
Tcc:sT (12C specifications only)
CcC

HD Hold SuU Setup
ST

DAT DATA input hold STO STOP condition

STA START condition
FIGURE 15-4: LOAD CONDITIONS

Load condition 1 Load condition 2
\VbD/2
RL

Pin — Ct Pin
1 N

CL

Vss Vss
RL = 4640Q
CL = 50 pF for all pins except OSC2 unless otherwise noted.

15 pF for OSC2 output
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FIGURE 15-14: I2C BUS START/STOP BITS TIMING

SCL

START STOP
Condition Condition

Note: Refer to Figure 15-4 for load conditions.

TABLE 15-9:  1°C BUS START/STOP BITS REQUIREMENTS

Parameter

No. Symbol Characteristic Min | Typ | Max U(n(ujs\ Conditions

90 Tsu:sTA  |START condition |100 kHz mode |4700 B \Qi\ nly)\ﬁ\alevant for Repeated
Setup time — 0\ “ W l/\> TART condition

91 THD:STA  |START condition |100 \;ﬁ %0%\@ ns |After this period the first clock
Hold time A0 \ pulse is generated

92 Tsu:sTO ﬂﬁﬁ;ﬁg@% 00 kijy mode [4700[ — | — | ns

/?? e A
tier |[100 kHz mode [4000| — | — | ns

93 THD:STd\\/ﬁT c

{Hold ¥itne
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16.0 DC AND AC
CHARACTERISTICS GRAPHS
AND TABLES

Graphs and Tables are not available at this time.
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PIC16C925/926 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. - _|>g XX XXX
Device Temperature  Package Pattern
Range
Device PIC16C92XD), PIC16C92XT);
VDD range 4.0V to 5.5V
PICc16LC92X™M), PIC16LC92XT?);
VDD range 2.5V to 5.5V
Temperature | = -40°Cto +85°C (Industrial)
Range S = -40°Cto +85°C (Industrial, tape/reel)
- = 0°Cto +70°C (Commercial)
T = 0°Cto +70°C (Commercial,
tape/reel)
Package CL = Windowed CERQUAD®)
PT = TQFP (Thin Quad Flatpack)
L = PLCC
Pattern QTP, SQTP, Code or Special Requirements
(blank otherwise)

Examples:

a) PIC16C926/P 301 = Commercial
Temp., normal VDD limits, QTP
pattern #301

b) PIC16LC925/PT = Commercial
Temp., TQFP package, extended
VDD limits

c) PIC16C925-1/CL = Industrial Temp.,
windowed CERQUAD package,
normal VDD limits

Note 1:

2:

C = Standard Voltage range
LC = Wide Voltage Range
T = intape and reel -

PLCC and TQFP
packages only.

CL Devices are UV erasable and
can be programmed to any
device configuration. CL
devices meet the electrical
requirement of each oscillator
type (including LC devices).

Sales and Support

Data Sheets

1. Your local Microchip sales office
2. The Microchip Worldwide Site (www.microchip.com)

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:
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