Without a doubt, the PIC16F and
PIC18F microcontrollers from Microchip rule
the 8-bit microcontroller market. Due to its
immense popularity, PIC users can find lots of
resources in the Internet, from articles, books,
to schematic of do-it-yourself (DIY) PIC
programmer hardwares.

These DIY PIC programmers loved by
hobbyists and students are typically of the
serial port and parallel port-based designs. Its
advantages are simplicity, ease of assembly,
and low cost. Also, several Windows-based
programmer applications that are freely
downloadable from the Internet (i.e. WINPIC,
ICPROG, etc.) support these hardware.

However, DIY programmers are
severely limited in functionalities. Throughout
the PIC application development cycle, the
user will have to download the test code to the
microcontroller many times. This process
involves frequent removal/insertion of
microcontroller chips between the target
application board and the DIY programmer.
This typical "remove-insert-program-and-pray"
part of the code development cycle is simply
inefficient.

Wouldn't it be nice if instead of a DIY
hardware, we can use a specialized hardware
that can program the PIC microcontroller
while it is in the target board to eliminate the
frequent removal/insertion of the chip? And
wouldn’t it be nicer still if somehow this

elCD2

PIC Microcontroller
Programmer/Debugger

specialized hardware can also communicate
with the microcontroller while the program is
actually running inside the microcontroller
(a.k.a. "debugging")? We all knew that serious
PIC users would love to look at the actual
content of internal registers and program
variables to check whether the code actually
worked as intended. The good news is, here
at E-gizmo, we have this special hardware

just for you, the e/CD2 PIC Programmer
and Debugger.
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The ultra low-cost eICD2 is a serial
port-based ICSP programmer/debugger. The
"IC" in the ICSP (in-circuit serial programmer)
means that you can program/debug the
microcontroller while the chip is mounted on
its application board.

As an ICSP-equipped programmer, the
elCD2 can program the microcontroller just
like any programmer hardware would. But
more importantly it can debug the target
microcontroller. While in debugger mode, the
elCD2 can access the internal registers of the
PIC and variables of your program as it runs
inside the microcontroller. The contents of
these internal registers and variables can then
be viewed, and even modified by you, via the
MPLAB application. The elCD2’s debugging
capability is a must, if you ever hope of
completing your PIC code bug-free.

Y 5-pin wires
. female-terminated

elCD2 users readily acknowledge that
it is the minimal PIC hardware development
tool that one should have. If you ever hope of
enhancing your PIC application development
skill from that of a typical hobbyist to a full-
pledge professional developer, you need the
elCD2.
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General Specification

Controller: PIC16F877A
Connection: RS232
Power supply: 9-12V

PC Development software: MPLAB

Hardware Description

The elCD2 requires a 9-12V input
supply voltage from a DC adapter. The
onboard power supply circuit provides a +5V
output to power up the rest of the board. The
ICSP connector is 5-pin. Users will need a 5-
pin female-header terminated wires to
connect the elCD2 to the target board. The
elCDz2 itself is microcontroller-based. It has a
40-pin PIC16F877A. The elCD2 board
communicates with the MPLAB application via
serial port and with the target PIC board via
the ICSP connectors. The microcontroller is
pre-loaded with a bootloader + operating
system program that does this communication
task.

The board circuitry also includes a
TPS61040-based low-power boost converter
to generate the +13V signal needed to
program the target PIC.

In all, the elCD2 needs the following
extras:

(@) 9 or 12V output DC adapter

(b) RS232 serial data cable

(c) 5-wire ICSP connector

Though the board itself only consumes
a small-amount of power, the regulator can
run quite hot especially when you power the
target board via the elCD2.
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Connecting the elCD2 to Target
microcontroller

The typical 5-pin ICSP connection
between target PIC and elCD2 is shown
below.
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Using this connection, the target board
derives is power from the elCD2. For most
applications, it is recommended to disconnect
any other external circuits on the target PIC’s
PGD (data) and PGC (clock) pin to prevent
loading the pins and distorting the signals.
Moreover, no capacitor of any value should be
connected across the MCLR/VPP pin.

If you opt not to use the 5-wire female-
terminated cable, you may modify the elCD2
board by soldering a 5-pin female connector
(shown below) on the vacant ICSP slot on the
PCB and use ordinary solid wires instead.
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Some users might prefer using female
header (above) for connection to
microcontroller circuits assembled on
breadboard.

If the target board has its own +5V
supply, the recommended ICSP connection is
shown below.

T
Q
0
>
n
+
RB6-PGC o PGC|
RB7/PGD o PGD]
VSS o GND]
VoD o NC +3u
MCLR/VPP o vppl
PIC R1 elCD2 ICDP
microcontroller e connector

If this is your preferred setup and you
are using the 5-wire female-terminated cable,
for convenience simply remove the jumper on
JP1 to disconnect the elCD2’s +5v supply
from the target PIC’s Vpp.
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Using elCD2 as Programmer

First, create your project in MPLAB.
After successfully building the project, connect
the elCD2 to a vacant serial port on your PC.
The COM’s FIFO buffer should also be
disabled in Windows. To do this, open Device
Manager and double-clock on Communication
Port (COMx). On the Properties window that
appear, select the Port Settings tab and click
Advanced.... Deselect the Use FIFO buffers
checkbox and click OK (below). You only
need to do this once the first time you use the
elCD2.

Advanced Settings for COM1

[[iUse FIFO buffers (requires 16550 compatible LART

Select lower settings to corect connection problems.

Select higher zettings for faster performance.

At this time, connect the elCD2 to the
target PIC board and connect the +9V supply
to power up the elCD2 (and the target board).
The target PIC should also be powered, either
from the elCD2 or via its own supply.

Next, in the MPLAB menu bar, select
Programmer > Select Programmer > MPLAB
ICD2. Click Programmer > Settings. In the
MPLAB ICD 2 Settings window, click on the
Communication tab and select the COM
number corresponding to serial port where the
elCD2 is connected. Also, select the desired
Baud Rate. Click OK.

MPLAB ICD 2 Settings

_ SiZaEL:ISi Cammurnication leltatlnns i:'.c;wer_j. Prq
Ciom Paort Baud Fate

covT BT




Now, to start the communication
between MPLAB and the elCD2, select
Programmer > Connect. If prompted to |
download a new operating system, as shown Auto-connect not enabled - Mot connecting (Try enabling
below. click Yes. Connecting to MPLAB 1CD 2
’ ..Connected
setfting Ydd source to target
Target Dewvice FICTEFE?7A found, revdsion = Rew Ox8
..Reading ICD Product D
Funning IC0 Self Test

ICDMW amD031: MPLAE ICD 2 contains the i t ti tem for th oo
arn : contains the incomect operating system for the
selected device. Would you lke to download the corect operating system? MPLAB ICD 2 Re adl.')"'

MPLAB ICD 2 Warning

[] Don't display this waming again

After OS downloading is done, you are

| es J [ Mo ]
now ready to download the newly compiled
and/or assembled program to the target PIC
microcontroller. To do this, select Programmer
> Program.
Downloading of the O.S. for the target

PIC will take a few moments. If the Output Funning ICD Self Test

window below is not visible, select View > . Passed

Output. bPLAB ICD 2 Ready

Frogramming Target..
.alidating configuration fields

..Erasing Par
..Frogramming Program temaory (0x0 - 0=7FF)
! : A Wariting...

Build | “ersion Contral | Find in Files | MPLAB ICD 2
L - ..Frogram bMemory

Auto-connect not enabled - Mot connecting (Try en Jwerity Succeeded

Connecting to MFLAB ICD 2 Frogramming Configuration Bits

...Caonnected .. Config Memary

ICDY'arn0031: MPLAB ICD 2 contains the incorrect “eritying configuration mermaory...

metting Ydd source to target .Merfy Succeeded

..Reading ICD Froduct ID ..Programming succeeded

Funning ICD Self Test 20-Apr-2004, Ok:07:25

..Passzed

MPLAB ICD 2 Feady MPLAE ICD 2 Readly

Connecting to MFPLAB ICD 2

...Connected

ICDYarn0031: MPLAB ICD 2 contains the incorrect

ICDWYarn0030: MPLAB |CD2 is about to download 3 After programming, select Programmer
Downloading Operating System > Release from Reset to run the program. To

stop the program, select Programmer > Hold
in Reset.
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Using elCD2 as Debugger

To start a simple debugging session,
open/create a PIC project in MPLAB. If you
are using Assembly language, make sure you
include the linker file required for debugging.
The filename typically ends with /' (i.e. use
16f877ai.lkr instead of 16f877a.lkr)

Power up the elCD2 and the target
microcontroller. After successfully building the
MPLAB project, select Debugger > Select
Tool > MPLAB ICD 2 to enable elCD2 as
debugger. If the elICD2 was previously
used as programmer, a message window
shown below will prompt you to unload first
the elCD2 as programmer.

MPLAB ICD 2 Warning

ICDWam0036: MPLAB IDE Mo longer allows MPLAE ICD 2 to be lnaded as
a programmer and a debugger simultaneously. Do wou wizh to unload
MPLAB ICD 2 &z programmer before loading as a debugger, or do pou wizh to
cancel?

[] Dan't display this warming again

Lok |

I Cancel ]

A similar window will also appear if you
are trying to select elCD2 as programmer
while debugger mode is currently enable.

Next, select Debugger > Connect to
connect to elCD2. Then, select Debugger >
Program to download the program. Click
Debugger > Run to run the program. To halt
the program execution, select Debugger >
Halt. The microcontroller will halt the program
and MPLAB window will display what
instruction, pointed to by the green arrow, is
being executed next when program execution
was halted.
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. DANL oL L FURTL =
54 bef PORTZ, LED in
55

56 loop

57 bsf PORTC, LED Ptu
55 = call one_gec delay

59

&0 bef BORTZ, LED it
[=h call one_sec_delay

62

63 goto loop

64

65 one_ =zec_delay:

a5 call Tela _ 20

When program execution halts, you
can now start single-stepping the program
(select Debugger > Step Into or press F7 key).
Single-stepping means the microcontroller will
execute only one instruction and halt again.
This is used to check the program flow line by
line, instruction by instruction. Simply press
F7 to single-step and wait until elCD2 finished
communicating with the target microcontroller
(and updating MPLAB) before pressing F7
again.

You may examine the actual content of
the target PIC’s special function registers
(SFRs) and data RAM (variable locations)
while single-stepping. To view the special
function registers, select View > Special
Function Registers.

oot FORTC ®xDD
oos FORTD Q=F0O
oog9 PORTE Q=00
ooA PCLATH Q=00
O0E INTCON Q=07
ooC FIR1 Q=00
ooD FIRZ Q=00
OOoOE THR1 TEFE
OoE THR1L OxFE
ooF THER1H Q=76
oi0 T1CON Q=00
o011 THERZ Q=00
01z T2 CON Q00
013 S3PBUF OxFF
014 SEPCON Q=00 V




To view the content of data RAM,
select View > File Registers. You may switch
between Hex view and Symbolic view.

EBX

3ymbol Name s

™ File Registers

hddress Hex | Decimal
o19 Ox00 u] TXREG
o014 Ox00 u] RCREG
O1B OxFF 255 CCPRZ
o1c Ox14 20 CCPRZH
o1iD Ox00 u] CCP2CON
01E Ox00 u] ADRESH
a1rF Ox00 a ADCOND
ozo OxFA 250
oz1 OxC?y 199
- 1
az3 Ox00 a
0z 4 Oxoo u]
azs Ox0z2 2
0za Ox00 u]
az7 Ox10 16
ozg Ox02 2
azao Ox00 u]
0z 4 Ox00 u] w7
Hew Syrbalic

You can also modify the 8-bit content
of the SFRs. For example, you may change
the PORTC register and write a 1 or 0 to turn
on/off an LED at PCO pin. Simply double-click
on the register value under the HEX column in
and enter a new desired value. Wait for elCD2
and MPLAB to finish updating and writing the
new value to the microcontroller.

M Special Function Regis... E]E”z

Hex L

You may also modify the content of the
variables locations (data RAM) to influence
the flow of the program execution.

There are many more debugging
features for MPLAB and elCD2. You might
want to use breakpoint. You can redo the
previous exercise above, but this time, add a
breakpoint on your code, preferably before the
main loop. When you run the microcontroller,
it will execute the lines of codes before and
beside the breakpoint and then halt.

45 counth edqu Usz sDATA
46

47

48 ORG 0=00

49 main

50 O BANKSEL TRISC ;sele
51 bef TRISC, LED ;RCO
5iE

53 (E| EANESEL EBORTC ;sele
54 bcf FORTC, LED ;init
55

56 loop

B bsf PORTC, LED ;turn
58 = call one_sec_delay

59

&l bef PORTC, LED ;turn
&1 call o dela

In addition, you can use the Run To
Cursor command in the context menu or use
the Step Over function to exit from very long
loops (i.e. delay functions, etc).

s T B0 @ ‘ CHECRS ]

> T @}®|
- I 7
B
Build || Yersion Control | Findin Files | MPLAB ICD 2
ErrEmEr
ICD0116: MPLAE 1CD 2 is busy

Set Breakpoint
Breakpoints 4

Run To Cursor
Set PC at Cursor

Center Debug Location

GoTo...

= MPLAB IDE Editor

Address © 3FR Name
003 STATUS Ox14
004 FSR 0x50
0os FORTA 0x10
006 FORTE 0x37
007 PORTC OxFE
008 PORTD OxFF
0os PORTE 0x00
004 PCLATH 0x00
00 INTCON 0x07
ooc FIR1 0x00
0oD FIRZ 0x00
OOE THR1 7EFE
OOE THR1L OxFE
OOF THR1H 0x76
010 T1CON 0x00 A

mait. asm
g9 =3 movwE countl |
90 dl moviw 0xC7
91 movwi counta Delete
9z mov 1w Ox01
93 movwi counthb
94 Delay 0 e ' end
95 decfsz counta, Bookrmarks 4 .
ag goto S+z Code Folding 4
97 decfsz counthb, Text Mode L
28 goto Delay 0O Help
90 decfsz countl, Properties..
100 goto a1
101 return jreturn
10z
1D3 and send of ass=d

Refer to MPLAB Help for more
information on debugging PIC projects.
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