PIC18C601/801

High-Performance ROM-less Microcontrollers
with External Memory Bus

MICROCHIP

High Performance RISC CPU: Advanced Analog Features:

» C compiler optimized architecture instruction set
 Linear program memory addressing up to 2 Mbytes
 Linear data memory addressing to 4 Kbytes

External Program Memory
Device onehp On-Chip
Maximum Maximum RAM (bytes)
Addressing Single Word
(bytes) Instructions
PIC18C601 256K 128K 1.5K
P1C18C801 2M M 1.5K

* Up to 160 ns instruction cycle:

- DC - 25 MHz clock input
- 4 MHz - 6 MHz clock input with PLL active

« 16-bit wide instructions, 8-bit wide data path
* Priority levels for interrupts
» 8 x 8 Single Cycle Hardware Multiplier

Peripheral Features:

« High current sink/source 25 mA/25 mA
e Up to 47 I/O pins with individual direction control
e Three external interrupt pins
« Timer0 module: 8-bit/16-bit timer/counter with
8-bit programmable prescaler
e Timerl module: 16-bit timer/counter (time-base for
CCP)
e Timer2 module: 8-bit timer/counter with 8-bit
period register
« Timer3 module: 16-bit timer/counter
« Secondary oscillator clock option - Timerl/Timer3
« Two Capture/Compare/PWM (CCP) modules
CCP pins can be configured as:
- Capture input: 16-bit, max. resolution 10 ns
- Compare is 16-bit, max. resolution 160 ns (TcY)
- PWM output: PWM resolution is 1- to 10-bit
Max. PWM freq. @:
8-bit resolution = 99 kHz
10-bit resolution = 24.4 kHz
¢ Master Synchronous Serial Port (MSSP) with two
modes of operation:
- 3-wire SPI™ (Supports all 4 SPI modes)
- 12C™ Master and Slave mode
* Addressable USART module: Supports Interrupt
on Address bit

« 10-bit Analog-to-Digital Converter module (A/D)
with:
- Fast sampling rate
- Conversion available during SLEEP
- DNL=#1LSh, INL=+1LSb
- Upto 12 channels available

« Programmable Low Voltage Detection (LVD)
module

- Supports interrupt on Low Voltage Detection

Special Microcontroller Features:
e Power-on Reset (POR), Power-up Timer (PWRT),
and Oscillator Start-up Timer (OST)

* Watchdog Timer (WDT) with its own on-chip RC
oscillator

« On-chip Boot RAM for boot loader application
» 8-bit or 16-bit external memory interface modes

« Up to two software programmable chip select sig-
nals (CS1 and CS2)

* One programmable chip 1/O select signal (CSIO)
for memory mapped 1/O expansion

» Power saving SLEEP mode
« Different oscillator options, including:

- 4X Phase Lock Loop (of primary oscillator)
- Secondary Oscillator (32 kHz) clock input

CMOS Technology:

« Low power, high speed CMOS technology
 Fully static design

« Wide operating voltage range (2.0V to 5.5V)
 Industrial and Extended temperature ranges
» Low power consumption
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PIC18C601/801

Pin Diagrams

64-Pin TQFP

< -
N nKu < ﬁw % —
O <+ N A I O = g o
EEEO [SIE) a o (8}
zzz9 S S 33830
SO JdDBDIET WO OO ANDIT ™A
M OO0 MmMMmM @y OO Aam OO0 0 0
ryoerexcoeocoe >00 > ox@¥xowowor
O~ O IO < MO AN 4 O OO O~ O W < M
S Y T T T OO MO MMM m
laviiaa— @ & [ 1a/xy/Lod
9av/oqdr—] 3 & [——1M0/X1/90d
sav/sad—] o & [ OETL/OSOTL/I00Y
raviwadr— § & —1sotL/1od
eav/eadC—] B R 1 MooLvvH
zaviead—] 3 - & I NIQATPNV/SS/SvY
Tav/TadC—] 3 % & [—aan
sSAC__1 8 O & —ssA
aapnC—— ® S — oNw/ovY
oav/oad— B O P e R ANLZ A2
sTav/.3dC—— B o N [ -43NeNvievY
YIav/oad—] 3 N [ +4MA/ENV/EVY
£Tav/S3IC——] O Q& [JSsAV
ZTavivadC— & & [—aanv
TTaviean—] 3 S —1SNv/04d
0TAV/ZIH ] MO S [ 19NV/T4Yd
O "1 N M < 1O ©
A N M <t N O~ 0 0O A A9 A A A A -
O 0 W|WI|Hd|T &2 v Oolm|n|d © O N~
lalital [°4 a g v o n - |8
22 m_m@m EZ SBR[ Lw K
=4 c 9o nq S| L L s '
EEGRG%QG RRFW%F
X @ x ¥ x s [n'd nd o [

© 2001 Microchip Technology Inc.

Advance Information

DS39541A-page 2



PIC18C601/801

Pin Diagrams (Cont.’d)

68-Pin PLCC
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PIC18C601/801

Pin Diagrams (Cont. 'd)

80-Pin TQFP
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PIC18C601/801

Pin Diagrams (Cont. 'd)
84-Pin PLCC
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PIC18C601/801

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@mail.microchip.com  or fax the Reader Response Form in the back of this data sheet to (480) 792-4150.
We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com
* Your local Microchip sales office (see last page)
* The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Customer Notification System

Register on our web site at www.microchip.com/cn  to receive the most current information on all of our products.
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NOTES:
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PIC18C601/801

1.0 DEVICE OVERVIEW

This document contains device specific information for
the following two devices:

1. PIC18C601

2. PIC18C801

The PIC18C601 is available in 64-pin TQFP and 68-pin
PLCC packages. The PIC18C801 is available in 80-pin

An overview of features is shown in Table 1-1.

Device block diagrams are provided in Figure 1-1 for
the 64/68-pin configuration, and Figure 1-2 for the 80/
84-pin configuration. The pinouts for both packages
are listed in Table 1-2.

TQFP and 84-pin PLCC packages.

TABLE 1-1: DEVICE FEATURES
Features PIC18C601 PIC18C801
Operating Frequency DC - 25 MHz DC - 25 MHz
Bytes 256K 2M
External -
Program Memory Max. # pf Single Word 128K M
Instructions
Data Memory (Bytes) 1536 1536
Interrupt Sources 15 15
I/O Ports Ports A- G Ports A-H, J
Timers 4 4
Capture/Compare/PWM modules 2 2
MSSP, MSSP,

Serial Communications

Addressable USART

Addressable USART

10-bit Analog-to-Digital Module

8 input channels

12 input channels

RESETS (and Delays)

POR,
RESET Instruction, Stack Full,
Stack Underflow (PWRT, OST)

POR,
RESET Instruction, Stack Full,
Stack Underflow (PWRT, OST)

Programmable Low Voltage Detect Yes Yes
8-bit External Memory Interface Yes Yes
8-bit De-multiplexed External No Yes
Memory Interface

16-bit External Memory Interfaces Yes Yes
On-chip Chip Select Signals Cs1 CS1,CS2
On-chip I/O Chip Select Signal Yes Yes

Instruction Set

75 Instructions

75 Instructions

Packages

64-pin TQFP
68-pin PLCC

80-pin TQFP
84-pin PLCC

© 2001 Microchip Technology Inc.
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PIC18C601/801

FIGURE 1-1: P1C18C601 BLOCK DIAGRAM
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RC7/RX1/DT1

FIGURE 1-2: P1C18C801 BLOCK DIAGRAM
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PIC18C601/801

TABLE 1-2: PINOUT 1/O DESCRIPTIONS

Pin Number
Pin Name PIC18C601 picigcgor | Fin | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
MCLR/VPpP 7 16 9 20

MCLR | ST Master clear (RESET) input. This pin is
an active low RESET to the device.

VpPp P Programming voltage input.

NC — 1,18, — 1,22, — — These pins should be left
35, 52 43, 64 unconnected.
OSC1/CLKI 39 50 49 62

0OsC1 | CMOS/ST Oscillator crystal input or external clock
source input. ST buffer when in RC
mode. Otherwise CMOS.

External clock source input.

CLKI | CMOS Always associated with pin function
OSC1 (see OSC1/CLKI, OSC2/CLKO
pins).

OSC2/CLKO 40 51 50 63

0osc2 (0] — Oscillator crystal output.

Connects to crystal or resonator in
Crystal Oscillator mode.

CLKO (0] — In RC mode, OSC2 pin outputs CLKO,
which has 1/4 the
frequency of OSC1 and denotes the
instruction cycle rate.

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power oD = Open Drain (no P diode to VDD)

DS39541A-page 12 Advance Information © 2001 Microchip Technology Inc.




PIC18C601/801

TABLE 1-2: PINOUT 1/O DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name PIC18C601 picigcgor | m | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTA is a bi-directional I/O port.
RAO/ANO 24 34 30 42
RAO 1/10 TTL Digital I/O.
ANO | Analog Analog input 0.
RA1/AN1 23 33 29 41
RA1 110 TTL Digital I/O.
AN1 | Analog Analog input 1.
RA2/AN2/VREF- 22 32 28 40
RA2 1/10 TTL Digital I/O.
AN2 | Analog Analog input 2.
VREF- | Analog A/D reference voltage (Low) input.
RA3/AN3/VREF+ 21 31 27 39
RA3 110 TTL Digital I/0O.
AN3 | Analog Analog input 3.
VREF+ | Analog A/D reference voltage (High) input.
RA4/TOCKI 28 39 34 47
RA4 1/10 ST/OD Digital I/O — Open drain when
configured as output.
TOCKI | ST TimerO external clock input.
RA5/AN4/SS/LVDIN 27 38 33 46
RA5 1/10 TTL Digital I/O.
AN4 | Analog Analog input 4.
SS | ST SPI slave select input.
LVDIN | Analog Low voltage detect input.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P = Power oD = Open Drain (no P diode to VDD)

© 2001 Microchip Technology Inc. Advance Information DS39541A-page 13



PIC18C601/801

TABLE 1-2: PINOUT 1/O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18C601 piciscgor | i | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTB is a bi-directional 1/0O port. PORTB
can be software programmed for internal
weak pull-ups on all inputs.
RBO/INTO 48 60 58 72
RBO 1/0 TTL Digital I/O.
INTO | ST External interrupt O.
RB1/INT1 a7 59 57 71
RB1 /0 TTL Digital 1/0.
INT1 | ST External interrupt 1.
RB2/INT2 46 58 56 70
RB2 1/0 TTL Digital I/O.
INT2 | ST External interrupt 2.
RB3/CCP2 45 57 55 69
RB3 1/0 TTL Digital I/O.
CCP2 110 ST Capture2 input, Compare2 output,
PWM2 output.
RB4 44 56 54 68 1/0 TTL Digital 1/0O, Interrupt-on-change pin.
RB5 43 55 53 67 110 TTL Digital I/O, Interrupt-on-change pin.
RB6 42 54 52 66 110 TTL Digital I/O, Interrupt-on-change pin.
| ST ICSP programming clock.
RB7 37 48 47 60 1/0 TTL Digital I/O, Interrupt-on-change pin.
110 ST ICSP programming data.

Legend: TTL = TTL compatible input
Schmitt Trigger input with CMOS levels

ST
|
p

Input
Power

CMOS = CMOS compatible input or output

Analog = Analog input
O = Output
oD = Open Drain (no P diode to VDD)
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PIC18C601/801

TABLE 1-2: PINOUT 1/O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18C601 piciecgor | Fin | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTC is a bi-directional I/O port.
RCO/T10SO/T13CKI| 30 41 36 49
RCO 1/0 ST Digital I/O.
T10SO (0] — Timerl oscillator output.
T13CKI | ST Timer1/Timer3 external clock input.
RC1/T10SI 29 40 35 48
RC1 110 ST Digital I/0O.
T10SI | CMOS Timerl oscillator input.
RC2/CCP1 33 44 43 56
RC2 110 ST Digital I/0O.
CCP1 110 ST Capturel input/Comparel
output/PWM1 output.
RC3/SCK/SCL 34 45 44 57
RC3 110 ST Digital I/0O.
SCK 110 ST Synchronous serial clock
input/output for SPI mode.
SCL 110 ST Synchronous serial clock
input/output for 1°C mode.
RC4/SDI/SDA 35 46 45 58
RC4 110 ST Digital I/0O.
SDI | ST SPI data in.
SDA /o ST IC data I/O.
RC5/SDO 36 a7 46 59
RC5 1/0 ST Digital I/O.
SDO (0] — SPI data out.
RC6/TX/CK 31 42 37 50
RC6 110 ST Digital I/0O.
X (0] — USART asynchronous transmit.
CK 110 ST USART synchronous clock.
RC7/RX/DT 32 43 38 51
RC7 110 ST Digital I/0.
RX | ST USART asynchronous receive.
DT 110 ST USART synchronous data.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power oD = Open Drain (no P diode to VDD)
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TABLE 1-2: PINOUT 1/O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18C601 piciscgor | i | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTD is a bi-directional I/O port. These
pins have TTL input buffers when external
memory is enabled.
RDO/ADO 58 3 72 3
RDO 110 ST Digital I/O.
ADO 110 TTL External memory address/data 0.
RD1/AD1 55 67 69 83
RD1 110 ST Digital I/0O.
AD1 110 TTL External memory address/data 1.
RD2/AD2 54 66 68 82
RD2 110 ST Digital I/O.
AD2 110 TTL External memory address/data 2.
RD3/AD3 53 65 67 81
RD3 110 ST Digital I/O.
AD3 110 TTL External memory address/data 3.
RD4/AD4 52 64 66 80
RD4 110 ST Digital I/0O.
AD4 110 TTL External memory address/data 4.
RD5/AD5 51 63 65 79
RD5 110 ST Digital I/0O.
AD5 110 TTL External memory address/data 5.
RD6/AD6 50 62 64 78
RD6 110 ST Digital I/0O.
AD6 110 TTL External memory address/data 6.
RD7/AD7 49 61 63 77
RD7 110 ST Digital I/0.
AD7 110 TTL External memory address/data 7.

Legend: TTL = TTL compatible input
Schmitt Trigger input with CMOS levels

ST
|
P

Input
Power

CMOS = CMOS compatible input or output
Analog = Analog input

o}
oD

Output

Open Drain (no P diode to VDD)
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PIC18C601/801

TABLE 1-2: PINOUT 1/O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18C601 piciscgor | N | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTE is a bi-directional 1/0O port.
REO/AD8 2 11 4 15
REO 110 ST Digital I/0O.
AD8 110 TTL External memory address/data 8.
RE1/AD9 1 10 3 14
RE1 110 ST Digital I/0O.
AD9 110 TTL External memory address/data 9.
RE2/AD10 64 9 78 9
RE2 110 ST Digital I/0O.
AD10 110 TTL External memory address/data 10.
RE3/AD11 63 8 77 8
RE3 110 ST Digital I/0O.
AD11 110 TTL External memory address/data 11.
RE4/AD12 62 7 76 7
RE4 110 ST Digital I/0O.
AD12 1/0 TTL External memory address/data 12.
RE5/AD13 61 6 75 6
RES5 110 ST Digital I/O.
AD13 110 TTL External memory address/data 13.
RE6/AD14 60 5 74 5
RE6 110 ST Digital I/O.
AD14 110 TTL External memory address/data 14.
RE7/AD15 59 4 73 4
RE7 110 ST Digital I/0O.
AD15 110 ST External memory address/data 15.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power oD = Open Drain (no P diode to VDD)
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TABLE 1-2: PINOUT 1/O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18C601 piciscgor | i | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTF is a bi-directional /O port.
RFO/AN5 18 28 24 36
RFO 110 ST Digital I/0O.
AN5 | Analog Analog input 5.
RF1/AN6 17 27 23 35
RF1 110 ST Digital I/0.
AN6 | Analog Analog input 6.
RF2/AN7 16 26 18 30
RF2 110 ST Digital I/0O.
AN7 | Analog Analog input 7.
RF3/CSIO 15 25 17 29
RF3 110 ST Digital I/O.
CSIO 110 ST System bus chip select 1/0.
RF4/A16 14 24 — —
RF4/CS2 — — 16 28
RF4 110 ST Digital I/0O.
Al6 110 TTL External memory address 16.
CS2 (0] TTL Chip select 2.
RF5/CS1 13 23 15 27
RF5 10 ST Digital /0.
CSs1 (0] TTL Chip select 1.
RF6/LB 12 22 14 26
RF6 /0 ST Digital 1/0.
LB o TTL Low byte select signal for external
memory interface.
RF7/UB 1 21 13 25
RF7 10 ST Digital /0.
uB (0] TTL High byte select signal for external
memory interface.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power oD = Open Drain (no P diode to VDD)
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PIC18C601/801

TABLE 1-2: PINOUT 1/O DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name PIC18C601 piciscgor | Fn | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTG is a bi-directional 1/0 port.
RGO/ALE 3 12 5 16
RGO 1/0 ST Digital I/O.
ALE o TTL Address Latch Enable.
RG1/OE 4 13 6 17
RG1 110 ST Digital I/0O.
OE (0] TTL Output Enable.
RG2/WRL 5 14 7 18
RG2 110 ST Digital I/0O.
WRL O TTL Write Low control.
RG3/WRH 6 15 8 19
RG3 /0 ST Digital I/O.
WRH (0] TTL Write High control.
RG4/BAO 8 17 10 21
RG4 110 ST Digital I/O.
BAO (0] TTL System bus byte address 0.
PORTH is a bi-directional I/O port.
RHO/A16 — — 79 10
RHO 110 ST Digital I/0O.
A16 (0] TTL External memory address 16.
RH1/A17 — — 80 11
RH1 110 ST Digital I/0.
Al7 (0] — External memory address 17.
RH2/A18 — — 1 12
RH2 110 ST Digital I/0O.
A18 (0] — External memory address 18.
RH3/A19 — — 2 13
RH3 110 ST Digital I/0O.
A19 (0] — External memory address 19.
RH4/ANS — — 19 31
RH4 110 ST Digital I/0O.
ANS8 | Analog Analog input 8.
RH5/AN9 — — 20 32
RH5 110 ST Digital I/0O.
AN9 | Analog Analog input 9.
RH6/AN10 — — 21 33
RH6 110 ST Digital I/O.
AN10 | Analog Analog input 10.
RH7/AN11 — — 22 34
RH7 110 ST Digital I/0.
AN11 | Analog Analog input 11.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power oD = Open Drain (no P diode to VDD)
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TABLE 1-2: PINOUT 1/O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18C601 piciscgor | Fn | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTJ is a bi-directional 1/0 port.
RJO/DO — — 39 52
RJO /0 ST Digital 1/0.
DO 110 TTL System bus data bit 0.
RJ1/D1 — — 40 53
RJ1 110 ST Digital I/0O.
D1 110 TTL System bus data bit 1.
RJ2/D2 — — 41 54
RJ2 110 ST Digital I/0.
D2 110 TTL System bus data bit 2.
RJ3/D3 — — 42 55
RJ3 1/0 ST Digital 1/0.
D3 110 TTL System bus data bit 3.
RJ4/D4 — — 59 73
RJ4 110 ST Digital I/0O.
D4 110 TTL System bus data bit 4.
RJ5/D5 — — 60 74
RJ5 /0 ST Digital 1/0.
D5 110 TTL System bus data bit 5.
RJ6/D6 — — 61 75
RJ6 110 ST Digital I/O.
D6 110 TTL System bus data bit 6.
RJ7/D7 — — 62 76
RJ7 110 ST Digital I/0O.
D7 110 TTL System bus data bit 7.
Vss 9,25, | 19, 36, | 11,31, | 23, 44, P — Ground reference for logic and I/O pins.
41,56 | 53,68 | 51,70 | 65, 84
VDD 10,26, | 2,20, | 12,32, | 2,24, P — Positive supply for logic and 1/O pins.
38,57 | 37,49 | 48,71 | 45,61
Avss 20 30 26 38 P — Ground reference for analog modules.
AvDD 19 29 25 37 P — Positive supply for analog modules.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power oD = Open Drain (no P diode to VDD)
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PIC18C601/801

2.0 OSCILLATOR
CONFIGURATIONS

2.1 Oscillator Types

P1C18C601/801 can be operated in one of four oscilla-
tor modes, programmable by configuration bits
FOSC1:FOSCO in CONFIG1H register:

1. LP Low Power Crystal

2. HS High Speed Crystal/Resonator
3. RC External Resistor/Capacitor

4. EC External Clock

2.2 Crystal Oscillator/Ceramic
Resonators

In LP or HS oscillator modes, a crystal or ceramic res-
onator is connected to the OSC1 and OSC2 pins to
establish oscillation. Figure 2-1 shows the pin connec-
tions. An external clock source may also be connected
to the OSC1 pin, as shown in Figure 2-3 and Figure 2-4.

PI1C18C601/801 oscillator design requires the use of a
parallel cut crystal.

Note:  Use of a series cut crystal may give a fre-
guency out of the crystal manufacturer’s

specifications.

FIGURE 2-1:

CRYSTAL/CERAMIC

RESONATOR OPERATION
(HS OR LP OSC
CONFIGURATION)

0OSC1

c2W

Note 1:

CI XTAL

Rs®

ey

Internal
Logic

SUT

SLEEP

0SsC2

See Table 2-1 and Table 2-2 for recom-
mended values of C1 and C2.

A series resistor (Rs) may be required for AT
strip cut crystals.

RF varies with the crystal chosen.

PIC18C601/801
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TABLE 2-1: CERAMIC RESONATORS
Ranges Tested:
Mode Freq. OSsC1 OS@{\

HS 8.0 MHz 10 - 68 pF Q;J 8 pF
16.0 MHz |10-22 pF pF
20.0 MHz TBD «\uB
25.0 MHz TBD

HS+PLL [4.0 MHZ ‘(&é@&v TBD

These values a B@&\ﬁgn guidance only.
See notes &Nthjg ge

‘Résonators Used:

Recommended values of C1 and C2 are

identical to the ranges tested (Table 2-1).

2: Higher capacitance increases the stability
of the oscillator, but also increases the
start-up time.

3: Since each resonator/crystal has its own
characteristics, the user should consult the
resonator/crystal manufacturer for appro-
priate values of external components.

4: Rs may be required in HS mode to avoid

overdriving crystals with low drive level

Note 1:

specification.

e
4R \FMurata Erie CSA4.00MG [+ 0.5%
'RQMHz | Murata Erie CSA8.00MT [+ 0.5%
16.0 MHz | Murata Erie CSA16.00MX |+ 0.5%

All resonators used did not have built-in capacitors.

TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Osc Type Clzr?’/:;z-al Cap.cl:?lange Cap.ggnge
LP 32.0 kHz 33 pF 33 pF
200 kHz 15 pF 15<pg L
HS 4.0 MHz 15 pF <IBlF
8.0 MHz 15-33 pF \‘ 18333 pF
200MHz | 15 \I" 15-33 pF
25.0 MHz (\\ \@b& TBD
HS+PLL | 4.0M N\\\25 pF 15 pF
These re.Jor Hesign guidance only.
Se/n\ IS page.
Crystals Used
Qz)(d k¥e|>z Epson C-001R32.768K-A | +20 PPM
200 kHz STD XTL 200.000kHz +20 PPM
1.0 MHz ECS ECS-10-13-1 +50 PPM
4.0 MHz ECS ECS-40-20-1 +50 PPM
8.0 MHz | EPSON CA-301 8.000M-C | +30 PPM
20.0 MHz | EPSON CA-301 20.000M-C | + 30 PPM

2.3 RC Oscillator

For timing insensitive applications, the "RC" oscillator
mode offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the resis-
tor (RExT) and capacitor (CExT) values and the operat-
ing temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal pro-
cess parameter variation. Furthermore, the difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
CexT values. The user also needs to take into account
variation due to tolerance of external R and C compo-
nents used. Figure 2-2 shows how the RC combination
is connected.

In the RC oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic.

RC OSCILLATOR MODE

sc1 Internal
JT;I Clock

PIC18C601/801

FIGURE 2-2:

<

DD

REXT

CEXT

ll}—H—»—\/\/\/—i

--— OSC2/CLKO
Fosc/4

or 1/10

3 kQ < REXT £ 100 kQ
CEXT > 20pF

Recommended values:

DS39541A-p
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2.4

The EC oscillator mode requires an external clock
source to be connected to the OSC1 pin. The feedback
device between OSC1 and OSC2 is turned off in these
modes to save current. There is no oscillator start-up
time required after a Power-on Reset or after a
recovery from SLEEP mode.

External Clock Input

In the EC oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 2-3 shows the pin connections for the EC
oscillator mode.

EXTERNAL CLOCK INPUT
OPERATION (EC OSC
CONFIGURATION)

«Do—» osc1
ext. system

FIGURE 2-3:

Clock from
PIC18C601/801
Fosc/4-e«—— OSC2

2.5  HS4 (PLL)

A Phase Lock Loop (PLL) circuit is provided as a soft-
ware programmable option for users that want to multi-
ply the frequency of the incoming crystal oscillator
signal by 4. For an input clock frequency of 6 MHz, the
internal clock frequency will be multiplied to 24 MHz.
This is useful for customers who are concerned with
EMI due to high frequency crystals.

The PLL is enabled by configuring HS oscillator mode
and setting the PLLEN bit in the OSCON register. If HS
oscillator mode is not selected, or PLLEN bit in
OSCCON register is clear, the PLL is not enabled and
the system clock will come directly from OSC1. HS
oscillator mode is the default for PIC18C601/801. In all
other modes, the PLLEN bit and the SCS1 bit are
forced to ‘0.

A PLL lock timer is used to ensure that the PLL has
locked before device execution starts. The PLL lock
timer has a time-out, referred to as TPLL.

FIGURE 2-4: PLL BLOCK DIAGRAM
HS Osc
PLL Enable >1D
OsSCcouT
Phase
L Comparator Cveco
I:] Crystal FiN Loop T veo
T Osc Filter
FouTt

OSCIN

SYSCLK

Feedback Divider =

MUX

3 [ 2] 1o
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2.6 Oscillator Switching Feature

PIC18C601/801 devices include a feature that allows
the system clock source to be switched from the main
oscillator to an alternate low frequency clock source.
For PIC18C601/801 devices, this alternate clock
source is the Timerl oscillator. If a low frequency crys-
tal (32 kHz, for example) has been attached to the
Timerl oscillator pins and the Timerl oscillator has
been enabled, the device can switch to a low power
execution mode. Figure 2-5 shows a block diagram of
the system clock sources.

FIGURE 2-5: DEVICE CLOCK SOURCES

26.1 SYSTEM CLOCK SWITCH BIT

The system clock source switching is performed under
software control. The system clock switch bit, SCSO
(OSCCON register), controls the clock switching. When
the SCSO bit is '0’, the system clock source comes from
the main oscillator, selected by the FOSC2:FOSCO con-
figuration bits in CONFIG1H register. When the SCSO bit
is set, the system clock source will come from the Timerl
oscillator. The SCSO0 bitis cleared on all forms of RESET.

The Timerl oscillator must be enabled to
switch the system clock source. The
Timerl oscillator is enabled by setting the
T1OSCEN bit in the Timer1 control register
(TLCON). If the Timerl oscillator is not
enabled, any write to the SCSO0 bit will be
ignored (SCSO bit forced cleared) and the
main oscillator will continue to be the sys-
tem clock source.

Note:

SLEEP

PIC18C601/801

Toscl4

TsCLK

-z

 Timer 1 Oscillator

XN

_TTlP

T10SO @ —y * : |,>

: —T10SCEN
! ' Enable

T10SI @7 . Oscillator

Note: 1/O pins have diode protection to VDD and Vss.

Clock
Source

Clock Source option
for other modules
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REGISTER 2-1:

bit 7-4
bit 3

bit 2

bit 1

OSCCON REGISTER

u-0 uU-0 u-0 U-0 R/W-0

R/W-0

R/W-0 R/W-0

— — — — LOCK

PLLEN

SCS1 SCSO0

bit 7

Unimplemented: Read as '0’

LOCK: Phase Lock Loop Lock Status bit
1 = Phase Lock Loop output is stable as system clock

bit 0

0 = Phase Lock Loop output is not stable and cannot be used as system clock

PLLEN: Phase Lock Loop Enable bit

1 = Enable Phase Lock Loop output as system clock
0 = Disable Phase Lock Loop

SCS1: System Clock Switch bit 1

When PLLEN and LOCK bit are set:

1 = Use PLL output

0 = Use primary oscillator/clock input pin
When PLLEN bit or LOCK bit is cleared:

Bit is forced clear

bit 0 SCSO0: System Clock Switch bit 0

When T10SCEN bit is set:

1 = Switch to Timer1 oscillator/clock pin
0 = Use primary oscillator/clock input pin

When T10SCEN is cleared:
Bit is forced clear

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

W = Writable bit
1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown

26.2 OSCILLATOR TRANSITIONS

PIC18C601/801 devices contain circuitry to prevent
"glitches" when switching between oscillator sources.
Essentially, the circuitry waits for eight rising edges of
the clock source that the processor is switching to.
This ensures that the new clock source is stable and
that its pulse width will not be less than the shortest
pulse width of the two clock sources.

A timing diagram indicating the transition from the main
oscillator to the Timer1 oscillator is shown in Figure 2-6.
The Timerl oscillator is assumed to be running all the
time. After the SCSO bit is set, the processor is frozen
at the next occurring Q1 cycle. After eight synchroniza-
tion cycles are counted from the Timer1 oscillator, oper-
ation resumes. No additional delays are required after
the synchronization cycles.

The sequence of events that takes place when switch-
ing from the Timerl oscillator to the main oscillator will
depend on the mode of the main oscillator. In addition
to eight clock cycles of the main oscillator, additional
delays may take place.

If the main oscillator is configured for an external crys-
tal (HS, LP), the transition will take place after an oscil-
lator start-up time (TosT) has occurred. A timing
diagram indicating the transition from the Timerl oscil-
lator to the main oscillator for HS and LP modes is
shown in Figure 2-7.

© 2001 Microchip Technology Inc.
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FIGURE 2-6: TIMING DIAGRAM FOR TRANSITION FROM OSC1 TO TIMER1 OSCILLATOR
QilQzl Q34 a1 Ql, Q2,Q , 4 , Q1 , @ @' B Q4 @ Q
' ' ' , ' T1lP ' ' ' ' ' ' ' |
T10S!I , A ' ' y
osc1 _/—\_)'_\_/_\_/—\J—\ ' ' ' ' ' : : :
I'Ifo_;cl ' : : ' ' ' ' [ : : :
etom [\ /N N/ N/ N W N WA
e ( BLE R
SCSo ; : : : : : : : : :
(OSCCON<0>) \ . . . . . . . . .
Program PC )I( PC + 2 : ; : )I( : PC+4 ) ) O
Counter \ | \

Note: Delay on internal system clock is eight oscillator cycles for synchronization.

FIGURE 2-7: TIMING DIAGRAM FOR TRANSITION BETWEEN TIMER1 AND OSC1 (HS, LP)
e < B o YR B oS e Q1,Q2,Q3,Q4, Q1, Q2, Q3,
s/ \f \ /[ [\ ANV eV
os<:1:________;_________;;;aagazgzggﬁzgﬁggﬁgg/"“\_/‘“\_7‘\_4Z‘\L_/‘\_gfi\_47?L_/5\_/zr\_/?9Ld/é\_Jf7\_/”5\_y‘“x_y‘\_;/‘\_y”'\_z‘\_;/‘\_;
: ' E Tost : f .— Tscs Lo
OSCZ!——————%——————jEE&EEQYYYYYQES\Jr\_f}:{:y_f‘xJ*\_fﬂLJ—\_f\_J—\_f*LJ—\_f“LJ‘K_f*LJ%\_f%LJ%\_fK_f*
emalsysen Tosc’ - AYaVaVabatat
S ' : ' '
(OSCCON<0>) ' — .\ '
Program Counter I P(I: X PC+2 — X IIZ’C + I4
Note: TosT = 1024Tosc (drawing not to scale).
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If the main oscillator is configured for HS4 (PLL) mode
with SCS1 bit set to ‘1’, an oscillator start-up time
(TosT), plus an additional PLL time-out (TpLL) will
occur. The PLL time-out is typically 2 ms and allows the
PLL to lock to the main oscillator frequency. A timing
diagram indicating the transition from the Timerl oscil-
lator to the main oscillator for HS4 mode is shown in
Figure 2-8.

If the main oscillator is configured for HS4 (PLL) mode,
with SCS1 hit set to ‘0, only oscillator start-up time
(TosT) will occur. Since SCS1 bit is set to ‘0, PLL out-

put is not used, so the system oscillator will come from
OSC1 directly and additional delay of TpLL is not
required. A timing diagram indicating the transition from
the Timerl oscillator to the main oscillator for HS4
mode is shown in Figure 2-9.

If the main oscillator is configured in the RC or EC
modes, there is no oscillator start-up time-out. Opera-
tion will resume after eight cycles of the main oscillator
have been counted. A timing diagram indicating the
transition from the Timer1 oscillator to the main oscilla-
tor for RC and EC modes is shown in Figure 2-10.

FIGURE 2-8: TIMING FOR TRANSITION BETWEEN TIMER1 AND OSC1 (HS4 WITH SCS1=1)

CCRC : T QL1 Q2/Q3;04101;Q2/Q3; Q4

0SC1 | ; / \. -/ \ / | S A W S
B o o

ose2 S S e WY o o ARY s S
! ! ‘Tosc' Tscs ! ! ! ! ! ! !

PLL ?r"%‘j; : : N N N A A W AN N N N W N N N N W W
Internal Syf:tle(,\)r::wk . . : . ! . . . . . .

(osccor\icosf)) \ —
Program Counter PC X PC +2 X PC+4
Note: TosT = 1024Tosc (drawing not to scale).

FIGURE 2-9: TIMING FOR TRANSITION BETWEEN TIMER1 AND OSC1 (HS4 WITH SCS = 0)
Q4 Loqt | ; ; Trie QL Q2 Q3 Q4 Q. Q2
T108I /—\I_/—\_/_\_/—\_/—\_/—\_/—\_/_\_/—\I_/_I\_/:_\_/—\_:/—\I_
osc1 ! ' (S e VY o WY WY oy N oy Y s Y S oy U e Yy Yy Y, N oy S
! , , , , Josc | . , , , , ,
: <+ TosT ——» X T X , . X . ,
0sez ; ' SN e VO e Y WY s VY e VY e VY WYy Y, Y s W s Yy Y WY
R — N
g&?{?ht : : :MM! mmnmmuwmmmmmmmnmwmrummmw
Setom 7\ Sl S s I s D D o W o O
Clock ! ' ! | I ' ' | |
! ! ToLy ! ! ! ! ! ! ! !
SCS0 ! ! ! ' ' ' ' ' |
(OSCCON<0>)
Fggg:ﬁg: PC X PC+2 X PC+4

Note: TosT = 1024Tosc (drawing not to scale).
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FIGURE 2-10: TIMING FOR TRANSITION BETWEEN TIMER1 AND OSC1 (RC, EC)
I Qs l Q4 | @ Tr1p . Qilezlqalesl 1l Q2lQslq4l
T105|E \ \_/—\_/ Tosc. / \_/
osct | : : T2\ 3\ /3 [5\_/6\/7\ [B\. '
osca ! I I N \ / \ /
Intemal System / / : : /_\_/—L/_\_/—LJ—\_/—\_/—\J_\_J—\_/_\_/—\_/_\_
Clock , , , . , ,
SCSO * - \ : . .
(OSCCON<05) ! ! . , . .
' ' ' Tscs | f
Program Counter | . PC X PC +2 . X _Pc+a

Note: RC oscillator mode assumed.

2.6.3 SCSO0, SCS1 PRIORITY

If both SCSO and SCS1 are set to ‘1’ simultaneously,
the SCSO bit has priority over the SCS1 bit. This means
that the low power option will take precedence over the
PLL option. If both bits are cleared simultaneously, the
system clock will come from OSC1, after a TOST time-
out. If only the SCSO bit is cleared, the system clock will
come from the PLL output, following TosT and TpLL
time.

TABLE 2-3: SCSO0, SCS1 PRIORITY
SCS1 | SCSO Clock Source
0 0 Ext Oscillator OSC1
0 1 Timerl Oscillator
1 0 HS + PLL
1 1 Timerl Oscillator

2.7 Effects of SLEEP Mode on the
On-Chip Oscillator

When the device executes a SLEEP instruction, the
on-chip clocks and oscillator are turned off and the
device is held at the beginning of an instruction cycle
(Q1 state). With the oscillator off, the OSC1 and OSC2
signals will stop oscillating. Since all the transistor
switching currents have been removed, SLEEP mode
achieves the lowest current consumption of the device
(only leakage currents). Enabling any on-chip feature
that will operate during SLEEP, will increase the cur-

rent consumed during SLEEP. The user can wake from
SLEEP through external RESET, Watchdog Timer
Reset, or through an interrupt.

2.8 Power-up Delays

Power-up delays are controlled by two timers, so that
no external RESET circuitry is required for most appli-
cations. The delays ensure that the device is kept in
RESET until the device power supply and clock are sta-
ble. For additional information on RESET operation,
see Section 3.0 RESET.

The first timer is the Power-up Timer (PWRT), which
optionally provides a fixed delay of TPWRT (parameter
#33) on power-up only. The second timer is the Oscil-
lator Start-up Timer (OST), intended to keep the chip in
RESET until the crystal oscillator is stable.

PIC18C601/801 devices provide a configuration bit,
PWRTEN in CONFIG2L register, to enable or disable
the Power-up Timer. By default, the Power-up Timer is
enabled.

With the PLL enabled (HS4 oscillator mode), the time-out
sequence following a Power-on Reset is different from
other oscillator modes. The time-out sequence is as fol-
lows: the PWRT time-out is invoked after a POR time
delay has expired, then, the Oscillator Start-up Timer
(OST) is invoked. However, this is still not a sufficient
amount of time to allow the PLL to lock at high frequen-
cies. The PWRT timer is used to provide an additional
time-out, called TPLL (parameter #7), to allow the PLL
ample time to lock to the incoming clock frequency.

TABLE 2-4: OSC1 AND OSC2 PIN STATES IN SLEEP MODE

OSC Mode OSC1 Pin OSC2 Pin

RC Floating, external resistor should pull high At logic low

EC Floating At logic low

LP and HS | Feedback inverter disabled, at quiescent voltage level | Feedback inverter disabled, at quiescent voltage level

Note:

See Table 3-1 in Section 3.0 RESET, for time-outs due to SLEEP and MCLR Reset.
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3.0 RESET Most registers are not affected by a WDT wake-up,

since this is viewed as the resumption of normal oper-
PI1C18C601/801 devices differentiate between various ation. Status bits from the RCON register, RI, TO, PD
kinds of RESET: and POR, are set or cleared differently in different
a) Power-on Reset (POR) RESET situations, as indicated in Table 3-2. These bits

are used in software to determine the nature of the
RESET. See Table 3-3 for a full description of the
RESET states of all registers.

b) MCLR Reset during normal operation
¢) MCLR Reset during SLEEP

d) Watchdog Timer (WDT) Reset during normal o ) . oo
A simplified block diagram of the on-chip RESET circuit

operation ! =d bl
€) RESET Instruction is shown in Figure 3-1.
f)  Stack Full Reset P1C18C601/801 has a MCLR noise filter in the MCLR
g) Stack Underflow Reset Reset path. The filter will detect and ignore small
pulses.

Most registers are unaffected by a RESET. Their status
is unknown on POR and unchanged by all other
RESETS. The other registers are forced to a “RESET”
state on Power-on Reset, MCLR, WDT Reset, MCLR
Reset during SLEEP, and by the RESET instruction.

A WDT Reset does not drive MCLR pin low.

FIGURE 3-1: SIMPLIFIED BLOCK DIAGRAM OF THE ON-CHIP RESET CIRCUIT
RESET
Instruction
Stack Stack Full/Underflow Reset
Pointer
External Reset
p— >
MCLR SLEEP
Time
Module | Time-out
Reset
2 i VDD Rise
Detect
VDD Power-on Reset
S
© TosmewRT T T T T i
| OST

|
%—D—b 10-bit Ripple Counter | R Q Chip_Reset
oscil A

L .

| PWRT

| R%n(‘)cgié’(l) 4‘> 10-bit Ripple Counter }7

|
|
|
|
L - - - - - — — 4

Enable PWRT

Enable 0ST®

Note 1: This is a separate oscillator from the RC oscillator of the CLKI pin.
2: See Table 3-1 for time-out situations.
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3.1 Power-on Reset (POR)

A Power-on Reset pulse is generated on-chip when a
VDD rise is detected. To take advantage of the POR cir-
cuitry, connect the MCLR pin directly (or through a
resistor) to VDD. This will eliminate external RC compo-
nents usually needed to create a Power-on Reset
delay. A minimum rise rate for VDD is specified (param-
eter D0O04). For a slow rise time, see Figure 3-2.

When the device starts normal operation (exits the
RESET condition), device operating parameters (volt-
age, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in RESET until the operating con-
ditions are met. Power-on Reset may be used to meet
the voltage start-up condition.

FIGURE 3-2: EXTERNAL POWER-ON
RESET CIRCUIT (FOR

SLOW VDD POWER-UP)
VDD
D R

R1
MCLR
C P1C18C601/801

1

Note 1: External Power-on Reset circuit is required only
if the VDD power-up slope is too slow. The diode
D helps discharge the capacitor quickly when
VDD powers down.

2: R <40 kQ is recommended to make sure that
the voltage drop across R does not violate the
device’s electrical specification.

3: R1=100Q to 1 kQ will limit any current flowing
into MCLR from external capacitor C, in the
event of MCLR/VPP pin breakdown due to
Electrostatic Discharge (ESD), or Electrical
Overstress (EOS).

3.2 Power-up Timer (PWRT)

The Power-up Timer provides a fixed nominal time-out
(parameter #33), only on power-up from the POR. The
Power-up Timer operates on an internal RC oscillator.
The chip is kept in RESET as long as the PWRT is
active. The PWRT time delay allows VDD to rise to an
acceptable level. PIC18C601/801 devices are avail-
able with PWRT enabled or disabled.

The power-up time delay will vary from chip to chip, due
to VDD, temperature and process variation. See DC
parameter #33 for details.

3.3 Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over (parameter #32). This ensures that
the crystal oscillator or resonator has started and
stabilized.

The OST time-out is invoked only for LP, HS and HS4
modes and only on Power-on Reset or wake-up from
SLEEP.

34 PLL Lock Time-out

With the PLL enabled, the time-out sequence following
a Power-on Reset is different from other oscillator
modes. A portion of the Power-up Timer is used to pro-
vide a fixed time-out that is sufficient for the PLL to lock
to the main oscillator frequency. This PLL lock time-out
(TpLL) is typically 1 ms and follows the oscillator start-
up time-out (OST).

3.5 Time-out Sequence

On power-up, the time-out sequence is as follows:
First, PWRT time-out is invoked after the POR time
delay has expired; then, OST is activated. The total
time-out will vary based on oscillator configuration and
the status of the PWRT. For example, in RC mode with
the PWRT disabled, there will be no time-out at all.
Figure 3-3, Figure 3-4, Figure 3-5, Figure 3-6 and
Figure 3-7 depict time-out sequences on power-up.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire.
Bringing MCLR high will begin execution immediately
(Figure 3-5). This is useful for testing purposes or to
synchronize more than one PIC18C601/801 device
operating in parallel.

Table 3-2 shows the RESET conditions for some
Special Function Registers, while Table 3