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How to Implement ICSP™ Using PIC12C5XX OTP MCUs
INTRODUCTION

The technical brief describes how to implement in-cir-
cuit serial programming (ICSP™) using the
PIC12C5XX OTP PICmicro™ MCU. 

ICSP is a simple way to manufacture your board with
an unprogrammed PICmicro and program the device
just before shipping the product. Programming the
PIC12C5XX MCU in-circuit has many advantages for
developing and manufacturing your product.

• Reduces inventory of products with old 
firmware.   With ICSP, the user can manufacture  
product without programming the PICmicro MCU.  
The PICmicro will be programmed just before the 
product is shipped.

• ICSP in production.  New software revisions or 
additional software modules can be programmed 
during production into the PIC12C5XX MCU.

• ICSP in the field.  Even after your product has 
been sold, a service man can update your 
program with new program modules.

• One hardware with different software.  ICSP 
allows the user to have one hardware, whereas 
the PIC12C5XX MCU can be programmed with 
different types of software. 

• Last minute programming.  Last minute pro-
gramming can also facilitate quick turnarounds on 

custom orders for your products.

IN-CIRCUIT SERIAL PROGRAMMING

To implement ICSP into an application, the user needs
to consider three main components of an ICSP system:
Application Circuit, Programmer and Programming
Environment.

Application Circuit

During the initial design phase of the application circuit,
certain considerations have to be taken into account.
Figure 1 shows and typical circuit that addresses the
details to be considered during design. In order to
implement ICSP on your application board you have to
put the following issues into consideration:

1. Isolation of the GP3/MCLR/VPP pin from the rest
of the circuit.

2. Isolation of pins GP1 and GP0 from the rest of
the circuit.

3. Capacitance on each of the VDD, GP3/MCLR/
VPP, GP1, and GP0 pins.

4. Interface to the programmer.
5. Minimum and maximum operating voltage for

VDD.

Author: Thomas Schmidt
Microchip Technology Inc.
FIGURE 1: TYPICAL APPLICATION CIRCUIT
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Isolation of the GP3/MCLR/VPP Pin from the 
Rest of the Circuit

PIC12C5XX devices have two ways of configuring the
MCLR pin:

• MCLR can be connected either to an external RC 
circuit or 

• MCLR is tied internally to VDD

When GP3/MCLR/VPP pin is connected to an external
RC circuit, the pull-up resistor is tied to VDD, and a
capacitor is tied to ground. This circuit can affect the
operation of ICSP depending on the size of the capac-
itor. 

Another point of consideration with the GP3/MCLR/VPP

pin, is that when the PICmicro is programmed, this pin
is driven up to 13V and also to ground. Therefore, the
application circuit must be isolated from the voltage
coming from the programmer. 

When MCLR is tied internally to VDD, the user has only
to consider that up to 13V are present during program-
ming of the GP3/MCLR/VPP pin. This might affect other
components connected to that pin.

For more information about configuring the GP3/
MCLR/VPP internally to VDD, please refer to the
PIC12C5XX data sheet (DS40139).

Isolation of Pins GP1 and GP0 from the Rest 
of the Circuit

Pins GP1 and GP0 are used by the PICmicro for serial
programming. GP1 is the clock line and GP0 is the data
line. 

GP1 is driven by the programmer. GP0 is a bi-direc-
tional pin that is driven by the programmer when pro-
gramming and driven by the PICmicro when verifying.
These pins must be isolated from the rest of the appli-
cation circuit so as not to affect the signals during pro-
gramming. You must take into consideration the output
impedance of the programmer when isolating GP1 and
GP0 from the rest of the circuit. This isolation circuit
must account for GP1 being an input on the PICmicro
and for GP0 being bi-directional pin. 

For example, PRO MATE® II has an output impedance
of 1 kΩ. If the design permits, these pins should not be
used by the application. This is not the case with most
designs. As a designer, you must consider what type of
circuitry is connected to GP1 and GP0 and then make
a decision on how to isolate these pins. 

Total Capacitance on VDD, GP3/MCLR/VPP, 
GP1, and GP0

The total capacitance on the programming pins affects
the rise rates of these signals as they are driven out of
the programmer. Typical circuits use several hundred
microfarads of capacitance on VDD, which helps to
dampen noise and improve electromagnetic interfer-
ence. However, this capacitance requires a fairly strong
driver in the programmer to meet the rise rate timings
for VDD. 

Interface to the Programmer

Most programmers are designed to simply program the
PICmicro itself and don’t have strong enough drivers to
power the application circuit. 

One solution is to use a driver board between the pro-
grammer and the application circuit. The driver board
needs a separate power supply that is capable of driv-
ing the VPP, VDD, GP1, and GP0 pins with the correct
ramp rates and also should provide enough current to
power-up the application circuit. 

The cable length between the programmer and the cir-
cuit is also an important factor for ICSP. If the cable
between the programmer and the circuit is too long, sig-
nal reflections may occur. These reflections can
momentarily cause up to twice the voltage at the end of
the cable, that was sent from the programmer. This volt-
age can cause a latch-up. In this case, a termination
resistor has to be used at the end of the signal line.

Minimum and Maximum Operating Voltage 
for VDD

The PIC12C5XX programming specification states that
the device should be programmed at 5V. Special con-
siderations must be made if your application circuit
operates at 3V only. These considerations may include
totally isolating the PICmicro during programming. The
other point of consideration is that the device must be
verified at minimum and maximum operation voltage of
the circuit in order to ensure proper programming mar-
gin.

For example, a battery driven system may operate from
three 1.5V cells giving an operating voltage range of
2.7V to 4.5V. The programmer must program the device
at 5V and must verify the program memory contents at
both 2.7V and 4.5V to ensure that proper programming
margins have been achieved. 
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THE PROGRAMMER

PIC12C5XX MCUs only use serial programming and,
therefore, all programmers supporting these devices
will support the ICSP.  One issue with the programmer
is the drive capability. As discussed before, it must be
able to provide the specified rise rates on the ICSP sig-
nals and also provide enough current to power the
application circuit. It is recommended that you buffer
the programming signals. 

Another point of consideration for the programmer is
what VDD levels are used to verify the memory contents
of the PICmicro. For instance, the PRO MATE II verifies
program memory at the minimum and maximum VDD

levels for the specified device and is therefore consid-
ered a production quality programmer. On the other
hand, the PICSTART® Plus only verifies at 5V and is for
prototyping use only. The PIC12C5XX programming
specifications state that the program memory contents
should be verified at both the minimum and maximum
VDD levels that the application circuit will be operating.
This implies that the application circuit must be able to
handle the varying VDD voltages.

There are also several third-party programmers that
are available. You should select a programmer based
on the features it has and how it fits into your program-
ming environment. The Microchip Development Sys-
tems Ordering Guide (DS30177) provides detailed
information on all our development tools. The Microchip
Third Party Guide (DS00104) provides information on
all of our third party development tool developers.
Please consult these two references when selecting a
programmer. Many options exist including serial or par-
allel PC host connection, stand-alone operation, and
single or gang programmers. 

PROGRAMMING ENVIRONMENT

The programming environment will affect the type of
programmer used, the programmer cable length, and
the application circuit interface. Some programmers
are well suited for a manual assembly line while others
are desirable for an automated assembly line. A gang
programmer should be chosen for programming multi-
ple MCUs at one time. The physical distance between
the programmer and the application circuit affects the
load capacitance on each of the programming signals.
This will directly affect the drive strength needed to pro-
vide the correct signal rise rates and current. Finally,
the application circuit interface to the programmer
depends on the size constraints of the application cir-
cuit itself and the assembly line. A simple header can
be used to interface the application circuit to the pro-
grammer. This might be more desirable for a manual
assembly line where a technician plugs the
programmer cable into the board. 
 1997 Microchip Technology Inc. Preliminary DS91017B-page 3
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A different method is the uses spring loaded test pins
(often referred as pogo-pins). The application circuit
has pads on the board for each of the programming sig-
nals. Then there is a movable fixture that has pogo pins
in the same configuration as the pads on the board.
The application circuit is moved into position and the
fixture is moved such that the spring loaded test pins
come into contact with the board. This method might be
more suitable for an automated assembly line.

After taking into consideration the issues with the
application circuit, the programmer, and the program-
ming environment, anyone can build a high quality,
reliable manufacturing line based on ICSP. 

OTHER BENEFITS

ICSP provides several other benefits such as calibra-
tion and serialization. If program memory permits, it
would be cheaper and more reliable to store calibration
constants in program memory instead of using an
external serial EEPROM. 

Field Programming of PICmicro OTP MCUs

An OTP device is not normally capable of being repro-
grammed, but the PICmicro architecture gives you this
flexibility provided the size of your firmware is less than
half that of the desired device. 

This method involves using jump tables for the reset
and interrupt vectors. Example 1 shows the location  of
a main routine and the reset vector for the first time a
device with 0.5K-words of program memory is pro-
grammed. Example 2 shows the location of a second
main routine and its reset vector for the second time the
same device is programmed. You will notice that the
GOTO Main that was previously at location 0x0002 is
replaced with an NOP. An NOP is a program memory
location with all the bits programmed as 0s. When the
reset vector is executed, it will execute an NOP and
then a GOTO Main1 instruction to the new code. 

EXAMPLE 1: LOCATION OF THE FIRST MAIN ROUTINE AND ITS INTERRUPT VECTOR

MOVLW XX

MOVWF OSCAL

PROGRAM MEMORY

0X000

0X1FF

GOTO MAIN10X001

MAIN10X040

0X080

CALIBRATION VALUE

RESET VECTOR

MAIN1 ROUTINE

UNPROGRAMMED

UNPROGRAMMED

LEGEND: XX = CALIBRATION VALUE
DS91017B-page 4 Preliminary  1997 Microchip Technology Inc.
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EXAMPLE 2: LOCATION OF THE SECOND MAIN ROUTINE AND IT INTERRUPT VECTOR 
(AFTER SECOND PROGRAMMING)

MOVLW XX

MOVWF OSCAL

PROGRAM MEMORY

0X000

0X1FF

NOP0X001

MAIN10X040

0X080

CALIBRATION VALUE

RESET VECTOR

MAIN1 ROUTINE

GOTO MAIN2

MAIN2

MAIN2 ROUTINE

0X10E

0X136

UNPROGRAMMED

UNPROGRAMMED

0X002

LEGEND: XX = CALIBRATION VALUE
 1997 Microchip Technology Inc. Preliminary DS91017B-page 5
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Since the program memory of the PIC12C5XX devices
is organized in 256 x 12 word pages, placement of such
information as look-up tables and CALL instructions
must be taken into account. For further information,
please refer to application note AN581, Implementing
Long Calls and application note AN556, Implementing
a Table Read.

CONCLUSION

Microchip Technology Inc. is committed to supporting
your ICSP needs by providing you with our many years
of experience and expertise in developing in-circuit sys-
tem programming solutions. Anyone can create a reli-
able in-circuit system programming station by coupling
our background with some forethought to the circuit
design and programmer selection issues previously
mentioned. Your local Microchip representative is avail-
able to answer any questions you have about the
requirements for ICSP.
DS91017B-page 6 Preliminary  1997 Microchip Technology Inc.
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APPENDIX A: SAMPLE DRIVER BOARD SCHEMATIC
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