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"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
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They are called "embedded" because they are embedded
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Microcontrollers are crucial in modern electronics,
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PIC16C5X

FIGURE 3-1: PIC16C5X SERIES BLOCK DIAGRAM
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NOTES:
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5.0 RESET

PIC16C5X devices may be RESET in one of the follow-
ing ways:

» Power-On Reset (POR)

« MCLR Reset (normal operation)

« MCLR Wake-up Reset (from SLEEP)

* WDT Reset (normal operation)

* WDT Wake-up Reset (from SLEEP)

Table 5-1 shows these RESET conditions for the PCL
and STATUS registers.

Some registers are not affected in any RESET condi-
tion. Their status is unknown on POR and unchanged
in any other RESET. Most other registers are reset to a
“RESET state” on Power-On Reset (POR), MCLR or
WDT Reset. A MCLR or WDT wake-up from SLEEP
also results in a device RESET, and not a continuation
of operation before SLEEP.

The TO and PD bits (STATUS <4:3>) are set or cleared
depending on the different RESET conditions (Table 5-
1). These bits may be used to determine the nature of
the RESET.

Table 5-3 lists a full description of RESET states of all
registers. Figure 5-1 shows a simplified block diagram
of the On-chip Reset circuit.

TABLE 5-1: STATUS BITS AND THEIR SIGNIFICANCE
Condition TO PD
Power-On Reset 1 1
MCLR Reset (normal operation) u u
MCLR Wake-up (from SLEEP) 1 0
WDT Reset (normal operation) 0 1
WDT Wake-up (from SLEEP) 0 0
Legend: u =unchanged, x = unknown, — = unimplemented read as '0'".
TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH RESET
. . . . . . . . Value on Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR MCLR and
WDT Reset
03h | STATUS | PA2 PAL PAO T0 PD z DC (o} 0001 1xxx | 000g quuu
Legend: u =unchanged, x = unknown, g = see Table 5-1 for possible values.
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FIGURE 5-3: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD)
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FIGURE 5-4: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD): FAST VDD RISE
TIME
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FIGURE 5-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD): SLOW VDD RISE
TIME
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When VDD rises slowly, the TDRT time-out expires long before VDD has reached its final value. In
this example, the chip will RESET properly if, and only if, V1 > VDD min
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6.5 Program Counter

As a program instruction is executed, the Program
Counter (PC) will contain the address of the next pro-
gram instruction to be executed. The PC value is
increased by one, every instruction cycle, unless an
instruction changes the PC.

For a GOTO instruction, bits 8:0 of the PC are provided
by the GoTO instruction word. The PC Latch (PCL) is
mapped to PC<7:0> (Figure 6-7, Figure 6-8 and
Figure 6-9).

For the PIC16C56, PIC16CR56, PIC16C57,
PIC16CR57, PIC16C58 and PIC16CR58, a page num-
ber must be supplied as well. Bit5 and bit6 of the STA-
TUS Register provide page information to bit9 and
bit10 of the PC (Figure 6-8 and Figure 6-9).

For a CALL instruction, or any instruction where the
PCL is the destination, bits 7:0 of the PC again are pro-
vided by the instruction word. However, PC<8> does
not come from the instruction word, but is always
cleared (Figure 6-7 and Figure 6-8).

Instructions where the PCL is the destination, or modify
PCL instructions, include MOVWF PCL, ADDWF PCL,
and BSF PCL, 5.

For the PIC16C56, PIC16CR56, PIC16C57,
PIC16CR57, PIC16C58 and PIC16CR58, a page num-
ber again must be supplied. Bit5 and bit6 of the STA-
TUS Register provide page information to bit9 and
bit10 of the PC (Figure 6-8 and Figure 6-9).

FIGURE 6-8: LOADING OF PC
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- PIC16C56/PIC16CR56
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Note: Because PC<8> is cleared in the CALL
instruction, or any modify PCL instruction,
all subroutine calls or computed jumps are
limited to the first 256 locations of any pro-

gram memory page (512 words long).

FIGURE 6-7: LOADING OF PC
BRANCH INSTRUCTIONS
- PIC16C54, PIC16CR54,

PIC16C55
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FIGURE 6-9: LOADING OF PC
BRANCH INSTRUCTIONS
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9.0 SPECIAL FEATURES OF THE
CPU

What sets a microcontroller apart from other proces-
sors are special circuits that deal with the needs of real-
time applications. The PIC16C5X family of microcon-
trollers have a host of such features intended to maxi-
mize system reliability, minimize cost through
elimination of external components, provide power sav-
ing operating modes and offer code protection. These
features are:

» Oscillator Selection (Section 4.0)

* RESET (Section 5.0)

« Power-On Reset (Section 5.1)

» Device Reset Timer (Section 5.2)

» Watchdog Timer (WDT) (Section 9.2)
« SLEEP (Section 9.3)

» Code protection (Section 9.4)

« ID locations (Section 9.5)

The PIC16C5X Family has a Watchdog Timer which
can be shut off only through configuration bit WDTE. It
runs off of its own RC oscillator for added reliability.
There is an 18 ms delay provided by the Device Reset
Timer (DRT), intended to keep the chip in RESET until
the crystal oscillator is stable. With this timer on-chip,
most applications need no external RESET circuitry.

The SLEEP mode is designed to offer a very low cur-
rent Power-down mode. The user can wake up from
SLEEP through external RESET or through a Watch-
dog Timer time-out. Several oscillator options are also
made available to allow the part to fit the application.
The RC oscillator option saves system cost while the
LP crystal option saves power. A set of configuration
bits are used to select various options.

© 1997-2013 Microchip Technology Inc. Prelimi nary
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MOVWEF Move W to f OPTION Load OPTION Register
Syntax: [label] MOVWF f Syntax: [label] OPTION
Operands: 0<f<31 Operands: None
Operation: W) - (f) Operation: (W) —» OPTION
Status Affected: None Status Affected: None
Encoding: foo00 oorf [rrfr | Encoding: | 0000 | 0000 | 0010 |
. - Description: The content of the W register is
Description: Moye destla from the W register to loaded into the OPTION register.
register 'f'.
Words: 1
Words: 1
vl 1 Cycles: 1
ycles: Example OPTI ON
Example: MOWE - TEMP_REG Before Instruction
Before Instruction wW =  0x07
TEMP_REG = OxFF After Instruction
W = Ox4F OPTION = 0x07
After Instruction
TEMP_REG = Ox4F
W = OxaF RETLW Return with Literal in W
Syntax: [label] RETLW k
NOP No Operation Operands: 0<k<255
Syntax: [label] NOP Operation: k— (W);
TOS —» PC
Operands: None

. . Status Affected: None
Operation: No operation )

Encoding: | 1000 |kkkk |kkkk |
Status Affected: None o - - -

. Description: The W register is loaded with the
Encoding: | 0000 | 0000 | 0000 | eight bit literal 'k'. The program
Description: No operation. counter is loaded from the top of
Words: 1 .the stack (the r.eturn agdress). This

is a two-cycle instruction.
Cycles: 1
Words: 1
Example: NOP
Cycles: 2
Example: CALL TABLE ; Wcontains
;tabl e of fset
;val ue.
. :Wnow has table
. ;val ue.
TABLE .
ADDW PC ;W= offset
RETLW k1 ;Begin table
RETLW k2 ;
RETLWkn ; End of table
Before Instruction
w = 0x07
After Instruction
w = value of k8
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FIGURE 12-4: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING -
P1C16C54/55/56/57
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Note 1: Please referto Figure 12-1 for load conditions.

TABLE 12-3: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER - PIC16C54/55/56/57

Standard Operating Conditions (unless otherwise specified)

Operating Temperature 0°C < TA < +70°C for commercial
—40°C < TA < +85°C for industrial
—40°C < TA < +125°C for extended

AC Characteristics

Param
No. Symbol Characteristic Min | Typt | Max | Units Conditions
30 TmcL MCLR Pulse Width (low) 100* | — — ns |VbD=5.0V
31 Twdt Watchdog Timer Time-out Period 9.0 | 18* 30* ms |VDD =5.0V (Comm)
(No Prescaler)
32 TDRT Device Reset Timer Period 9.0 | 18* 30* ms |VDD = 5.0V (Comm)
34 Tioz 1/0 Hi-impedance from MCLR Low | — — 100* ns

* These parameters are characterized but not tested.

t Data in the Typical (“Typ”) column is at 5.0V, 25°C unless otherwise stated. These parameters are for design
guidance only and are not tested.
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13.1 DC Characteristics: PIC16CR54A-04, 10, 20, PIC16LCR54A-04 (Commercial)
PIC16CR54A-04l, 10I, 20I, PIC16LCR54A-04I1 (Industrial)

PIC16LCR54A-04 Standard Operating Conditions (unless otherwise specified)
PIC16LCR54A-04l Operating Temperature 0°C < Ta £ +70°C for commercial
(CommerciaL |ndustria|) —40°C < TA < +85°C for industrial

PIC16CR54A-04, 10, 20 Standard Operating Conditions (unless otherwise specified)

PIC16CR54A-04l, 10, 20l Operating Temperature 0°C < TA £ +70°C for commercial

(CommerciaL |ndustria|) —40°C < TA < +85°C for industrial
PaNrgm Symbol Characteristic/Device Min | Typt | Max | Units Conditions
IPD Power-down Current®

D006 PIC16LCR54A-Commercial | — 1.0 6.0 pA | VDD = 2.5V, WDT disabled
— 2.0 8.0* pA | VDD = 4.0V, WDT disabled
— 3.0 15 HA VDD = 6.0V, WDT disabled
— 5.0 25 HA VDD = 6.0V, WDT enabled

DO06A PIC16CR54A-Commercial | — 1.0 6.0 pA | VDD = 2.5V, WDT disabled
— 2.0 8.0* HA VDD = 4.0V, WDT disabled
— 3.0 15 HA VDD = 6.0V, WDT disabled
— 5.0 25 HA VDD = 6.0V, WDT enabled

D007 PIC16LCR54A-Industrial | — 1.0 8.0 HA VDD = 2.5V, WDT disabled
— 2.0 10* HA VDD = 4.0V, WDT disabled
— 3.0 20* HA VDD = 4.0V, WDT enabled
— 3.0 18 pA | VDD = 6.0V, WDT disabled
— 5.0 45 pA | VDD = 6.0V, WDT enabled

DOO7A PIC16CR54A-Industrial | — 1.0 8.0 pA | VDD = 2.5V, WDT disabled
— 2.0 10* pA | VDD = 4.0V, WDT disabled
— 3.0 20* pA | VDD = 4.0V, WDT enabled
— 3.0 18 pA | VDD = 6.0V, WDT disabled
— 5.0 45 HA VDD = 6.0V, WDT enabled

Legend: Rows with standard voltage device data only are shaded for improved readability.

* These parameters are characterized but not tested.

T Datain“Typ” columnis at 5V, 25°C, unless otherwise stated. These parameters are for design guidance only,
and are not tested.

Note 1. This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.

The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus

loading, oscillator type, bus rate, internal code execution pattern and temperature also have an impact on

the current consumption.

a) The test conditions for all IDD measurements in active Operation mode are: OSC1 = external square

wave, from rail-to-rail; all /O pins tristated, pulled to Vss, TOCKI = Vbb, MCLR = VDD; WDT enabled/

disabled as specified.

b) For standby current measurements, the conditions are the same, except that the device is in SLEEP
mode. The power-down current in SLEEP mode does not depend on the oscillator type.

3: Does not include current through REXT. The current through the resistor can be estimated by the formula:

IR = VDD/2REXT (mA) with REXT in kQ.

© 1997-2013 Microchip Technology Inc.
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FIGURE 13-5: TIMERO CLOCK TIMINGS - PIC16CR54A

40 - 41

42

Note: Please refer to Figure 13.1 for load conditions.

TABLE 13-4: TIMERO CLOCK REQUIREMENTS - PIC16CR54A

Standard Operating Conditions (unless otherwise specified)

Operating Temperature 0°C < TA < +70°C for commercial
—40°C < TAa < +85°C for industrial
—40°C < TA < +125°C for extended

AC Characteristics

Pilrc?m Symbol Characteristic Min Typt | Max | Units Conditions
40 TtOH |TOCKI High Pulse Width
- No Prescaler 0.5Tcy +20* | — — ns
- With Prescaler 10* — — ns
41 TtOL |TOCKI Low Pulse Width
- No Prescaler 0.5Tcy +20* | — — ns
- With Prescaler 10* — — ns
42 TtOP |TOCKI Period 20 or Tcy + 40*%| — — ns |[Whichever is greater.
N N = Prescale Value
1,2, 4,..., 256)

* These parameters are characterized but not tested.

1t Datain the Typical (“Typ”) column is at 5.0V, 25°C unless otherwise stated. These parameters are for design
guidance only and are not tested.
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FIGURE 14-4: TYPICAL RC OSC
FREQUENCY vs. VDD,
CEXT =300 PF

FIGURE 14-5:

TYPICAL IPD vs. VDD,
WATCHDOG DISABLED

Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
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FIGURE 14-19: PORTA, B AND C |oH vs.

VOH, VDD =3V

FIGURE 14-20: PORTA, B AND C |oH vs.

VOH, VDD =5V

Typical: statistical mean @ 25°C

Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
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FIGURE 16-7: VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS - VDD
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
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FIGURE 16-8: VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT, HS, AND LP
MODES) vs. VDD
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
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TYPICAL Ipbp vs. FREQUENCY (WDT DISABLED, RC MODE @ 100 pF, 25°C)

FIGURE 18-12:
TYPICAL Ipb vs FREQ(RC MODE @ 100 pF/25C) Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
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FIGURE 18-13: TYPICAL IpD vs. FREQUENCY (WDT DISABLED, RC MODE @ 300 pPF, 25°C)
TYPICAL IpD vs FREQ (RC MODE @ 300 pF/25C) Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
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19.2 DC Characteristics: PIC16C54C/C55A/C56A/C57C/C58B-40 (Commercial)(l)

DC CHARACTERISTICS Standard Operating Conditions (unless otherwise specified)
Operating Temperature  0°C < TA < +70°C for commercial

Pilrsm Symbol Characteristic Min Typt Max Units Conditions
D030 ViL Input Low Voltage

I/O Ports Vss — 0.8 V |45V <VDD <5.5V

MCLR (Schmitt Trigger) Vss — |0.15VbD| V

TOCKI (Schmitt Trigger) Vss — |0.15VbD| V

0OSsC1 Vss — | 0.2VDD V  [HS, 20 MHz < Fosc <40 MHz
D040 VIH Input High Voltage

I/O ports 2.0 — VDD V |45V <VDD<5.5V

MCLR (Schmitt Trigger) 0.85 VbD — VDD \%

TOCKI (Schmitt Trigger) 0.85 VbD — VDD \Y,

0OSsC1 0.8 Vbp — VDD V  [HS, 20 MHz < Fosc <40 MHz
D050 VHYS |Hysteresis of Schmitt 0.15 VbD* — — \%

Trigger inputs
D060 L |Input Leakage Current?3) For VDD < 5.5V:

I/O ports -1.0 0.5 +1.0 pA  |Vss < VPIN< VDD,

pin at hi-impedance

MCLR -5.0 — +5.0 pA  |VPIN = Vss +0.25V

MCLR — 0.5 +3.0 pA  |VPIN = VDD

TOCKI -3.0 0.5 +3.0 pA  |Vss < VPIN < VDD

OSC1 -3.0 0.5 — pA  |Vss < VPIN < VDD, HS
D080 VoL |Output Low Voltage

I/O ports — — 0.6 V |loL=8.7 mA, VDD = 4.5V
D090 VoH |Output High Voltage®

I/O ports VoD - 0.7 — — V |loH =-5.4 mA, VDD = 4.5V

*  These parameters are characterized but not tested.

1t Data in the Typical (“Typ”) column is based on characterization results at 25°C. This data is for design guidance
only and is not tested.

Note 1: Device operation between 20 MHz to 40 MHz requires the following: VDD between 4.5V to 5.5V, OSC1 pin
externally driven, OSC2 pin not connected and HS oscillator mode and commercial temperatures. For opera-
tion between DC and 20 MHz, See Section 17.3.

2: The leakage current on the MCLR/VPP pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input volt-
age.

3: Negative current is defined as coming out of the pin.
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FIGURE 19-5: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING - PIC16C5X-40
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Note 1: Please refer to Figure 19-2 for load conditions.

TABLE 19-3: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER - PIC16C5X-40

Standard Operating Conditions (unless otherwise specified)
AC Characteristics Operating Temperature  0°C < TA < +70°C (commercial)

Operating Voltage VDD range is described in Section 19.1.

Param
No. Symbol Characteristic Min | Typt | Max | Units Conditions
30 TmcL |MCLR Pulse Width (low) 1000* | — — ns |Vbb=5.0V
31 Twdt |Watchdog Timer Time-out Period 9.0* | 18* 30* ms |VDD = 5.0V (Comm)
(No Prescaler)
32 TDRT |Device Reset Timer Period 9.0 | 18* 30* ms |VDD = 5.0V (Comm)
34 Tioz |[l/O Hi-impedance from MCLR Low | 100* | 300* | 1000* | ns

*

These parameters are characterized but not tested.

T Data in the Typical (“Typ”) column is at 5V, 25°C unless otherwise stated. These parameters are for design
guidance only and are not tested.

DS30453E-page 162 Preliminary © 1997-2013 Microchip Technology Inc.
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28-Lead Plastic Dual In-line (P) — 600 mil (PDIP)

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

D

Gl =
7] =

Ll =

Gl =

Gl =

Gl [

Gl [ D
7] =

Ll =

Gl =

Gl =

Gl &

7] 2
ne] N O}l‘ of-—

T
3

: <= L
eB B8 P
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 28 28
Pitch p .100 2.54
Top to Seating Plane A .160 175 .190 4.06 4.45 4.83
Molded Package Thickness A2 .140 .150 .160 3.56 3.81 4.06
Base to Seating Plane Al .015 0.38
Shoulder to Shoulder Width E .595 .600 .625 15.11 15.24 15.88
Molded Package Width El .505 .545 .560 12.83 13.84 14.22
Overall Length D 1.395 1.430 1.465 35.43 36.32 37.21
Tip to Seating Plane L .120 .130 .135 3.05 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width Bl .030 .050 .070 0.76 1.27 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing § eB .620 .650 .680 15.75 16.51 17.27
Mold Draft Angle Top [¢] 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MO-011

Drawing No. C04-079
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18-Lead Ceramic Dual In-line with Window (JW) — 300 mil (CERDIP)

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

[eett—— £ ] ——

lﬁﬁﬂ
|

R T R
O

w2 o]
|
1]
= 2
n | 1
N
—— \\/]  |—-——
feat——— | ——— +
A L= | A2
c L
L— eB ——] Al B1 }
B p
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 18 18
Pitch p .100 2.54
Top to Seating Plane A .170 .183 .195 4.32 4.64 4.95
Ceramic Package Height A2 .155 .160 .165 3.94 4.06 4.19
Standoff Al .015 .023 .030 0.38 0.57 0.76
Shoulder to Shoulder Width E .300 .313 .325 7.62 7.94 8.26
Ceramic Pkg. Width E1l .285 .290 .295 7.24 7.37 7.49
Overall Length D .880 .900 .920 22.35 22.86 23.37
Tip to Seating Plane L 125 .138 .150 3.18 3.49 3.81
Lead Thickness c .008 .010 .012 0.20 0.25 0.30
Upper Lead Width B1 .050 .055 .060 1.27 1.40 1.52
Lower Lead Width B .016 .019 .021 0.41 0.47 0.53
Overall Row Spacing 8 eB .345 .385 425 8.76 9.78 10.80
Window Width w1 .130 .140 .150 3.30 3.56 3.81
Window Length w2 .190 .200 .210 4.83 5.08 5.33

* Controlling Parameter

§ Significant Characteristic
JEDEC Equivalent: MO-036
Drawing No. C04-010
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