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Warnings!

PIC18-LF4550-STK1 development board is powered by 3.3V DC as Vqq for the

whole board. There are two ways to power up the board.

o External DC power supply of 5V

o USB Type B cable connected to a PC
Linear regulator AMS1117-3.3 has been chosen as the primary voltage source.
Whenever there is an external power supplied via 2.5mm DC power jack J1 of
voltage higher than 5V, Vgys will be cut-off by D2 (1N5817) because of reverse bias.
It is safe to plug in both a USB cable and an external DC power of 5V via J1 at the
same time. However, there are chances that the DC power source stay closes to 5V
which is also the nominal voltage level provided by Vgys. As a result, frequent
switching may happen between Vgys and the external DC power. Therefore it is
recommended to use either an external DC power via J1 OR Vgys from a
Type B USB cable, but not both at the same time.
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Figure 0-1 Power Supply Circuit for PIC18-LF4550-STK1

Although the absolute maximum input voltage of AMS1117-3.3 is 15V, the input

voltage is somehow limited by the voltage rating of the bypass Tantalum Capacitor
C1 (10uF, 16V). Input voltage exceeding 15V from J1 may cause small-scale
explosion! Please limit external voltage input to a value not higher than
7.5V.
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MPLAB ICD2 can work within a range of about 2V to 5.5V on the target PICmicro MCU’s Vgq

Much attention has been paid to the in-circuit programming voltage level for

18LF4550 at V4q=3.3V. Tests have been made for every board to ensure proper
ICD2 debug and program before shipment. ICD2 header (J3) and a reset circuit
comprises of R7, D8, and SW1 have been included in reference to specification
defined by the ICD2 manual (Figure 0-2). Please refer to schematic of
PIC18-LF4550-STK1 for details.
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Figure 0-2 Extract from ICD2 manual (DS51331B-P11)

proven by the ICD2 manual:

8.25 Q: Can MPLAB ICD 2 operate with a target
device running at low voltage?

A: Yes. As long as the target PICmicro MCU supports low-voltage
operation, it can run down to about 2 volts VDD. There are level
converters in the input/output buffers of the MPLAB ICD 2. These
are powered from the VDD of the target device. Also, MPLAB
ICD 2 will sense the operating voltage of the target and correctly
adjust its functionality to deal with this operation, i.e., using the
correct Flash erase algorithms. VDD needs to be selected “From
Target” in the MPLAB ICD 2 “Settings” dialog, and have a power
supply on the target for low-voltage operation.

Figure 0-3 Extract from ICD2 manual (DS51331B-page 109)
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In the original design, a low-voltage Schottky Diode (D10, 1N5817) was included to isolate
Vaq With Vi, for third-party programmers that may strictly require 5V for device
programming. However, it been replaced by a 0 Ohm resistor (1206) as a patch to connect
Vaq With Vi, because Vysg has to be lower than Vqq in all cases due to the unique design of
18Fxx5x. Therefore it would be alright to consider Vga=Vmc in all cases.

C18
L | vdd
poMHz | 1PF | — T
= ¥
]
D10
__(13}5 !INSEI?
|

15pF

o Ymcu
RAS
RA4 :I: .
c6 D10 replaced by a 0 Ohm resistor (1206)
Thus, Vdd=Vmcu
| 0.1uF 2
Figure 0-4 D10 replaced by a 0 Ohm resistor (1206) as a patch

Since the ICD2 connector’s pin 2 has been wired directly to Vi, on 18LF4550 (Figure 0-5),
itis not possible to enable the ICD2 option “Power target circuit from MPLAB ICD2 (5V
Va4)” under the ICD2 settings as it will push V44 to 5V and burning the color LCD
module.
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Figure 0-5 ICD2’s Vdd wired direct to Vmcu
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1. Introduction

Thank you for purchasing PIC18-LF4550-STK1! This development system was created to
offer a low-cost development platform for creating 65k color LCD applications with USB
connection, USB mass storage applications, digital temperature and humidity sensor
applications, and a lot more peripherals. Features in detail:

e The microcontroller is Microchip’s PIC18LF4550 in TQFP 44 lead package.

e AMS1117-3.3 linear regulator provides Vdd at 3.3V for the whole board

e Crystal frequency in 20MHz plus a 32.768kHz clock crystal connected to T10SO and
T10SI pins for software-based RTC applications

e 65k CSTN 1.8” Color LCD (128*RGB*160) soldered directly onboard

¢ National LM2556 charge pump to convert 3.3V to 6.6V for LCD backlight with ON/OFF
control

e USB 2.0 Full speed support; compatible with FDFSUSB Windows application by
Microchip

e Spring-loaded SD card socket in SPI mode. Compatible with USB Mass Storage
Application in AN1003 provided by Microchip

e Sensirion SHT10 digital temperature and humidity sensor

e 5-way navigation joystick connected to RB4-RB7 for interrupt on-change experiments
plus RB2 external interrupt pin connected to the center up/down key

e 10k Trimmer for ADC experiment connected to RAQ

e 4x LED connected to RDO - RD3

e Sipex SP3232 for RS232 communication

e Breakout header in 2.54mm spacing for all 44 microcontroller pins. Good for logic
analyzer or DSO probe

e Microchip ICD2 compatible header for in-circuit serial programming (ICSP)

e Buzzer with amplification circuit

e PCB: FR-4, 1.6 mm, solder-mask, silkscreen component print

e Dimensions: 125 x 100 mm

e Full Schematics available
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2. Hardware

2.1 Requirement
Besides the PIC18-LF4550-STK1, we need few additional hardware that is not included
in our package to get started:

1. A PC running Windows 2000/XP for GUI development

2. Type A - Type B USB cable
5V DC power supply capable of delivering 500mA current (if you don't want to power
from the USB cable)

4. Microchip’s ICD 2 debugger
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2.2 Description on hardware

Illustration below shows the component layout of PIC18-LF4550-STK1.
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11. Joystick
10. Sensor
8. Reset circuit and ICSP header 9. 10k trimmer to RAQ
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Basically there are 14 major regions:

Function Parts Jumper
Linear Regulator AMS1117 - 3.3 NIL
2. usB Connect directly to pins USB- and NIL
USB+ of 18LF4550
3. Buzzer Buzzer with MMBT4403 PNP transistor | JP8: Short to enable
Clock crystal (RTC) | 32.768kHz crystal connected to RCO:1 NIL
of 18LF4550
Color display CM60010ACT6 65k color display NIL
USART- RS232 SIPEX SP3232 JP6 & JP7: Short to
enable
7. SD Card SD Card connector with 100k pull-up NIL
resistors for CD, DI, and DO pins of the
SD card in SPI mode
8. | Reset circuit & ICD2 | RESET switch and 6-pin ICD2 socket NIL
header
9. ADC 10k trimmer connected to RAQ JP1: Short to enable
10. Temperature & Sensirion SHT10 digital sensor JP4 & JP3: Short to
humidity sensor enable
11. Joystick 5-way navigation joystick, connected NIL
to RB<4:7> and RB2
12. Debug LED LED1 to LED4, connected to RDO to JP2: Short to enable
RD3
13. LCD Backlight National Semiconductor’s LM2556 NIL
control
14, Microcontroller Microchip’s 18LF4550 NIL
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3. Software

3.1 Requirement

1. Microchip development MPLAB IDE version 7.41 or above. Download it free from
www.microchip.com.

2. C-Compiler for Microchip 18Fxxx series microcontroller. There is a student version of
C18 compiler available for download from Microchip’s web site. All applications
described in this user’s guide have been developed by C18 version 2.40 under
MPLAB IDE version 7.41.
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4, Example 1

Blink LEDs and Buzzer

We are not giving a PICmicro tutorial. There are many good references available from

amazon or Internet for this purpose. Examples listed in this guide have been designed

for demonstration purpose only.

Example 1 (source code available from www.TechToys.com.hk — PIC Boards —

PIC18-LF4550-STK1 — Software). Copy the project to a convenient place in your

development workstation.

1. Plug in 5V DC power or
connect a USB cable for
power.

2. Plug in ICD2
programming cable to J3

3. Make sure jumpers 8 and
jumper 2 shorted for
Buzzer and LEDs enable

4. Open examplel.mcp from
MPLAB. Ctrl+F10 to build
all.

ALy Rights

OUS. com, by

Reseryeg

5. Click Programmer->Select Programmer->MPLAB ICD2 to make sure ICD2

selected as the programmer

6. Click Programmer->Connect to make sure your ICD2 connects with the board.

Note the MPLAB ICD2 messages.

Buid | Version Control | Findin Files MPLABICD 2 |

Target UEVICE I 1o 9000 T0Und, FevISIon = a3
..Beading ICD Froduct 1D

Funning ICD Self Test

..Faszed

tMFLAE ICD 2 Ready

Connecting to MFLAB ICD 2

..Connected

metting Vdd source to target

Target Device PICTEFA550 found, revision = a3
..Beading ICD Product 1D

Funning ICD Self Test
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7. Itis a good time to look at the Vyq level of the board by Programmer — Settings
— Power. It should be around 3.30V. Again, please don’t check the Power
target circuit from MPLAB ICD 2 (5V V44) option.

MPLAB ICD ? Settings 7| x|

Statusl Eu:ummuniu:atiu:-nl Limitations =~ Power | F'ru:ugraml "-.-"ersiu:unsl Warningsl

Target *'dd I 332

T arget ¥pp I 1318 | Update I
MPLAEICD 2vpp | 1318

Walues are updated on connection, requests ta

update, and power zetting changes

[ Puower target circuit from MPLAE [CD 2 (54 Wdd)

8. If everything looks alright, click Program from Programmer—Program. After
finish, remove the ICD2 cable. Hear the low frequency tone from the buzzer and see
LED1-LEDA4 flashes as expect.
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The first thing to watch out is the CPU clock speed. A 20MHz crystal is used for OSC1 &
0OSC2. PIC18F2455/2550/4255/4550 devices include a Phase Locked Loop (PLL) circuit.
This is provided specifically for USB applications with lower speed oscillators and can

also be used as a microcontroller clock source. Since we are not using the USB module
yet, we just skip the PLL part. Let’s look at the source code. It is a simple one.

Listing 4-1 Example 1 (blink LEDs and Buzzer)
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Line (1) specifies the header file to be included for every PICmicro. We don’t need to pay

much attention on which PICmicro model to use because it has been taken care of by the

Configure->Select Device manual of the MPLAB IDE. Inside p18cxxx.h, there are

#elif defined(__18F4550)

#include <p18f4550.h> directives

The correct header file has been included when the program was compiled.

Select Device X|
Diewice: Cevice Family:

FIC18F4550

NS

[

—Microchip Programmer Tool Suppaort

{2y PICSTART Plus ) MPLABICD 2

{7y PROMATE Il
2y MPLAB PM3

@ FICkit1 MPLAB ICD 2 - Ft

—Microchip Language Tool Support

) ASSEMBLER ) COMPILER
¥3.90 ¥2.40

—Microchip Debugoer Tool Suppart

{5 MPLAB SIm {3 MPLABICD 2
MFLAB ICE 2000 MPLAB ICE 4000

DIPCIM1 8RO {IPMF 1 8vwL0
QK I Cancel Help

B C:\mcc18\hivpl8cxex h

121
122
123
124
125
126
127
125
129
130
131
132
133
134
135
136
137

Hinclude <plS£4585. Lo
fielif defined( 15F4680)
#include <pl8f4650.h>
#elif defined( 18FZ510)
#include <pl8f2510.h>
#elif defined( 18F2520)
H#include «<pl8fZ520.h>
Helif defined( 18F4510)
Hinclude <pl3£4510.h>
#21if defined| 18F4520]
Hinclude <plS£4520. Lo
f#elif defined( 158FZ455)
finclude <plS£2455.he
#elif defined( 18FZ550)
#include <pl8f2550.h>
f#elif defined( 18F4455)

#elif defined I:_lEiF‘]:SSDJ
Hinclude <pl3£4550.h>

#include <plBL6310.h>
#elif defined| 18F6390)

Haimmlnda Sw18F820M0 k-
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Line (2) includes the header file for software delay functions provided by C18 compiler;
therefore, we may use functions like Delay100TCYx(200) in main(). A pre-requisite of this is
the correct header path under Project->Build Options->Project.

Build Optionz For Project “examplel_mcp™ |
MPASH &ssembler | RPLINE, Lirker MPLAE C15 |
General | MPASM/C17/C18 Suite

Cutput Directory, $EIMDIR]:

I Browsze. ..

|ntermediates Directary, $[TMPDIRT:

I Browsze. ..

Azzembler Include Path, $AIMDIRT:

I BroweEe..

[nzlude Path, $IMNCDIR]:

IE:'\mcuﬂ Ak Browsze. ..

Library Path, $[LIEDIR]:

II::"um-:c1 ahlib Browse. ..

Linker-Scrpt Path, $[LERDIRT:

Pl

IE:"sm-:c'I Flker Browsze. ..

Help | Suite Defaultz |

k. I Cancel | S

Line (3) enables the HS oscillator

Line (4) sets OSC post-scaler of 4 = CPU clock at 5MHz.

Line (5) Power-up timer is one of the special features of PICmicro. The Power-up Timer
provides an approximate time interval of 2048 x 32 ys = 65.6ms for V44 stabilization time
without using a specialized reset IC.

Line (6) turns off the watchdog timer; else, we need to “feed” the dog to avoid periodic
reset.
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Line (7) turns off low-voltage programming option, which is not allowed in ICD 2.

Line (8) turns off the Brown-out detect feature which simply means ignoring V44 level for

Reset action. A Reset may or may not occur if V4q falls below VBOR (Brown-out reset voltage).

The chip will remain in Brown-out Reset until Vyq rises above VBOR.

Line (9) turns on the background debugger option.

Line (10) turns off the internal 3.3V regulator since we are not using USB function yet.
Line (11) sets PORTB<4:0> as digital IO on Reset.

Line (12) sets PORTA for all digital operation.

Line (13) sets RC2 as an output for BUZZER. Make
sure the jumper JP8 shorted for BUZZER enable.

Line (14) prepares latch LATD for
RDO - RD3 thus LED1 to LED4 for
outputs low (LEDs off to begin). An
output high to RD<0:3> will turn on
the corresponding LEDs.

Line (15) sets PORTD as an output.
Make sure the LED Enable jumper
JP2 shorted for visual effect.

MMBT4403

Vdd

R0 |

aq
*u

LED

220

T |

5
.
]

LEDZ

20

2 2
& 7
"u “u
" "u
LEDS LED4
4
20 20

Ip2

LED Enahle
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PIC18-LF4550-STK1
User’s Guide

Line (16) defines an infinite while loop necessary for a C program.

Line (17) - (20) defines a for-loop, flashing the LEDs as a simple counter for a counter
value from 0 to 15 (Ob00000000 - 0b00001111), software delay for 100*200 machine cycle,
and finally toggles the RC2 pin.

Software delay of 100*200 machine cycle = 20,000*(0.8us)=16ms. Factor of 0.8us because
we are running the PICmicro at 5SMHz, thus a machine cycle is equal to 4/5MHz (0.8us).
Writing to 18F series port is a little different from 16F series.

The port structure is shown below.
e Writing to an I/0 port or bit should use LAT register
LATCbits.LATC2 = !LATCbits.LATC2; //toggles RC2 pin
e Reading an I/O port or bit uses the PORT register; examples:
if (PORTCbits.RC2==1) then “do something”
if (PORT==0b11110000) ...

Port Latch Block Diagram

«— Read LAT

| /O Pin

Write PORT
or LAT

» CK

Write TRIS

Read PORT

PORT Input
Synchronizer Latch

I/0O pins have ESD protection diodes

TechToys Company
www.TechToys.com.hk
Revision 1.0a All rights reserved 17

Date: 29" Sept 2006



5. Example 2 USART Communication

This example makes use of the hardware USART library built-in C18 compiler. Download the
source code from www.TechToys.com.hk and follow the same procedure as example 1 to
download the program. Don’t forget to short jumpers JP6 and JP7 to enable RS232
function, and connect a straight COM PORT cable from J4 to your PC’s COM PORT.
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Use your favorite RS232 monitoring program to monitor the COM PORT. Adjust the baud rate
to be 4800bps. Here I am using Docklight to show the result. This program can be
downloaded for free from www.Docklight.de. This is a very good RS232 monitoring program

with simple transmit and receive sequence definition.

This example transmits a null terminated string "Communication at 4800 bps: \n” upon
system reset. Then it just listens for any character and echoes it back with a “Hello World
Echo: " string as shown below. The source code is heavily commented so I am not going too

much on it here.

=% Docklight ¥1.2 [Eval]

File Edt Run Tools Help

DEE|r«F2HsEH 4866

L——= Communication part iz open

Send Sequences Communication

Send M ame Sequence ASCHl HEXI Dedmdl BMawl
s | Ta A Communication at 4800 bps:
: 1
B 14-09-06 12:26:15.71 [TX] - &

14-09-06 12:26:15.73 [RFX] - Hello World Echao:ld
14-09-06 12:26:15.94 [TX] - &
14-09-06 12:26:15 .96 [F¥X] - Hello World Echo:lid
14-0%9-06 12:26:16.16 [TX] - &
14-09-06 12:26:16.19 [F¥X] - Hello World Echo:lid
14-09-06 12:26:16 .36 [TX] - &
14-09-06 12:26:16.39 [EX] - Hello World Echo:li
14-09-06 12:26:16 57 [TH] - &
14-09-06 12:26:16.59 [EX] - Hello World Echo:li
14-09-06 12:26:17 34 [TX] - B
14-09-06 12:26:17 .36 [RFX] - Hello World Echao: 1B
14-09-06 12:26:17 49 [TX] - B
14-09-06 12:26:17 .51 [RFX] - Hello World Echao: 1B
14-09-06 12:26:17 .68 [TX] - B
14-09-06 12:26:17 .70 [EX] - Hello World Echo: IE
14-09-06 12:26:17.87 [TX] - B
14-09-06 12:26:17 .90 [F¥X] - Hello World Echo: 1B
14-09-06 12:26:153.05 [TX] - B
14-09-06 12:26:158.08 [EX] - Hello World Echo: 1B

Receive Sequences

Active MName Sequence Answer
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6. Example 3 Interrupt

This example makes use of hardware timer functions built-in C18 compiler to make an
accurate 1ms hardware timer for LED blink rate. The result obtained is not much different
from example 1 except that we are using hardware timer instead of a software delay loop.
Again, download the code from our web site under Software — Example 3.

LED blinks at 0.1sec interval
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7. Example 4 USB Connection

Here comes an important element of PIC18LF4550: USB connection.

PIC18-LF4550-STK1 is compatible with PICDEM FS USB Board of Microchip, in the sense that
it is possible to use the Microchip USB Firmware Framework on our board. Refer to the
internet resource provided by Microchip at
http://www.microchip.com/stellent/idcplg?IldcService=SS_GET_PAGE&nodeld=1406&dDoc
Name=en021940&part=DM163025

The hoard comes pre-loaded with a USE bootloader that demonstrates the Enhanced Flash memory capakbilities ofthe device. The
FPIC18F 4550 can be re-programmed in circuit without an external programmer.
ACD-ROM s alzoincluded in the kit which contains full documentation about the hoard, application notes and software libraries for support of
the HID, CDC and custom classes.
Far maore infarmation on the applications, tools and software libraries please refer to the Cannectivity Desian Center on the Micrachip weh site.
Downloads
Title Date Published Size DL
FICDEM™ F5 LUSH Demanstration Board User's Guide a1 8520045 T:06:48 P 2131 KB '@
< MCHPFSUSE Setup 81812005 ¥:38:50 PM 3471 KB @
LUSH Bootloader Setup EXE 81852005 70648 PM 164 KB i |
HID Setup EXE Br18/2005 7:38:50 PM 351 KB =
ANTO03 5112006 3:16:38 PM 471 KB '@
ANGSD 81852005 7:38:50 PM 258 KB '@
AMGER SMI2006 3:16:38 PM 253 KB '@
THOY5 11412005 11:16:53 AM 188 KB '@
Intedrated Developrment Environmment Toals Brochure 472152006 9:14:43 AM a14 KB '@

The PC-based software, PICDEM FS USB Demo Tool serves as the host application to
communicate with our board. This software consists of the Microchip General Purpose USB
Windows driver, mchpusb.sys, which allows a PC application to communicate directly to the
device’s endpoints.

First, download the MCHPFSUSB Setup file from the internet link above. Unzip to
MCHPFSUSB_Setup.EXE. Double click to install. Accept the default installation directory at

C:\MCHPFSUSB.
£

MCHPFSUSE
_Setup EXE
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After installation, there will be a C:\MCHPFSUSB directory,
under which there are fw folder containing all firmware and the
folder Pc containing the MCHPUSB Driver and Windows
application.

EI @ MCHFPFSLUSE
-] Documents

EH:' fira

{:I Boot
w1 Cde
l:l Demo
{:I Demol2
=1 Hid
=1 Pc

{:I kMpuzbapi

{21 Todl:

{0 _factom_hew

-1 MCHPUSE Driver

Launch MPLAB, browse to C:\MCHPFUSB\fw\Boot\MCHPUSB.mcp and click open.

Open Project

Laoak in: I 5 Boot

-l & & ef E-

2]

_autput
autofiles
ayztem

File name: |h-1I:HF'LISB.mcp

Open I

Filez af type: IMF'L.E-.B IDE Project Files [ mcp]

j Cancel |

i
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Under Project—Build Options—Project to bring up the Build Options manual. Append
C:\mcc18\h to the default Include Path as below. Please note that there is no space allowed
between the semi-colon. Ctrl+F10 to build All

Build Options For Project “MCHPUSB_mcp™

CAMCHPFSUSE SfrB ooth_output
CAMCHPFSUSE SfrB ooth_output

CAMCHPFSUSEMwiBoaot Chmec18% )

o hmce] 34k

C:hencc 1 Sk

[ teb | SuteDetaus
PCTI C
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Make sure jumper JP5 is open. Don’t short the EXT V44 to Vysp, jumper yet. Download
the resultant hex code via ICD2. After download, remove the ICD2 cable. While leaving the
USB cable connected to the board, pull the joystick to the right and hold, and press
reset. Pulling the joystick to the right has the same effect as a single key press connected to
RB4. Holding RB4 low when reset key pressed brings PIC18LF4550 to Bootloader

i GND

: G : ]
=, i 0 tﬂ: OOIOIOOIOIOIOIOIOI0 0101010000010 0I0I00

= l“h

000000000000
O0C
00000000 D000

000000000

Most likely the PC will be asking for a Windows driver now. Browse to
C:\MCHPFSUSB\PC\MCHPUSB Driver\Release. At the "Driver Installation” dialog,
confirm that the wizard has located the file mchpusb.inf. Click Next and Finish finally. By
that time, your system will have the following device under the Device Manager. This shows
successful installation of the Microchip USB driver and successful code download to the board
for Bootloader program.

=- Hﬁ M etwork, adapters
: ----- ... E8 SURECOM EP-320-R 10010/ PCI Adap
E| C@ Other devices
------ c@ FIC13F 4550 Family Device
- M PCMOIA adapters
- Ports (COM & LPT)
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To confirm the operation, first make sure LED1 and LED2 are flashing. Launch the Demo Tool

application by clicking the "PDFSUSB.exe"” icon.

“= Back - = - | ‘@ Search L) Folders ®| M08 X | Ei=
Addresz | CAMCHPFSUSENPC Pdfzush

L “ 8 @ =

cod2B60.dl mpuzbapidl [EEIESEEEREEE FICECOT . I

Pdfcuch

Under Bootload Mode, click on PICDEM FS USB 0 (Boot) tab.

M PICDEM[TM] FS USB Demo Tool - YWersion 1.00 HE=] e
Bootload kMode | Dema Mode |

—Select FICDEM FS USE Board

|

(= Load HEX File Geve ToHEL FiE @ MICROCHIP
.:ii; Eroaranmeyice % Execute
g3 Fead Device ) Erase Device PICDEM FS UISE Bootioad Mode Entry———

— : Hold down push button 52 then rezet the
{1 At T peratian board by pressing push buttan 51,

Load HEX File and browse to C:\MCHPFSUSB\fw\_factory_hex\picdemfsusb.hex and click
Open.

Laak. in: I 5] _factony_hex

| 4

picdemfzuzb. hey
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Click on Program Device. Now, we are programming the PIC18LF4550 by using a

Bootloader program via the USB connection! Notice the MESSAGE section for Programming
Completed. Press RESET on the development board again. This time, no pulling on the
joystick required as we want to run the code we just downloaded instead of the Bootloader
program.

M PICDEM[TM] F5 USB Demo Tool - Yerzion 1.00

Bootload Mode | Demo Mode I

—Select FICDEM FS USE Board

|PICDEM FS USB 0 (Boof) =]

(= Load HEX File I Save To HEX File @ MICRC
ﬁ Program Device % Ezecute

an 3 7

p Bead Device #4 Erase Device PICDEM FS USE Bootoad f

. : Hold down push buttan 53
T At T eratiar board by pressing puzh bu

Clear Screen
MESSAGE - Programming CONFIG DATA Completed
MESSAGE - Programming CONFIG DATA...
MESSAGE - Programming FLASH Completed
MESSAGE -

Erasing and Programmin Message Window

Addr. @8 61 82 683 a4 65 A6 A7 68 A9 O BB BC 6D BE OF

PROGRAM HMEHMORY :
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PIC18-LF4550-STK1

User’s Guide

Click on Demo Mode tab. Browse to PICDEM FS USB 0 (Demo) on the drop-down manual.

Press Connect. Make sure
jumper JP1 shorted for 10k
trimmer connected to RAO.

Bootioad Mode  D'emo Made l

@\ PICDEM(TM) FS USE Demo Tool - Version 1.00 =] S

Select PICDEM FS USE Board I

Temperature Display

rDataMode [
(& Beal Time R .
SHCRA —Potentiometer Display————
T emperature; I Registance: I Ohm
(= Hatal oagiig
Loguie Mata | :

[EapHEst |

rToggle LEDs

[ E{EE

Clgar Screen |

MESSAGE - Programming
HMESSAGE - Programming
MESSAGE - Programming
MESSAGE - Erasing and

Addr. @0 81 82 83 o4

PROGRAM MEMORY:

AAAAAA F3 FF AR FA 12
Ready

CONFIG DATA Completed i!
CONFIG DATH...

FLASH Completed

Programming FLASH...

05 086 07 08 09 OA OB OC OD BE OF

AA FF FF A4 FF A4 FA 12 AR FF FF :_i
! Copyright [C) Microchip Technology Inc., 2004

Now, click on the Toggle LED keys for LED D3 and LED D4 to see if you can control LED D3
& D4. Tune the trimmer a bit to see if the Potentiometer Display changes. The temperature

is fake because we don’t have the same temperature sensor as the original PICDEM FS demo

board from Microchip. Instead, we have a even more expensive digital sensor SHT10 for both

temperature and

humidity. Driver will

be available soon.

—Temperature Dizplay

Bootload Mode  Demo Mode l

Select FICDEM F§ USE Board | PICDEM FS USE 0 (Demo) = |

A\ PICDEM[TM] F5 USB Demo Tool - Version 1.00 =] E3

Dizconnect !

~Data Mode
i+ Real Time

Temperature:; I— gee.2°c

i~ Data Logging

Soaume ats |

~Toggle LED:—————
[ZILED D3 [=ILED D4

—Potentiometer Display———
Resistance: |5 gy Ohm

Clear Screen I
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Try those demonstration programs under cdc & hid folders by using the same download
procedure via Bootloader mode. The HID example is a circle mouse example, and the cdc
example emulates a COM PORT via USB port.

Itis a good time to look at the hardware. Applications provided by PICDEM FS USB have been
designed for 18F4550 powered at 5.0V. Is it possible to run under a nominal voltage of
3.3V as we do? There are on-chip features for USB operation including

e USB transceiver
e USB voltage regulator
e USB pull-up resistors

What they exactly mean is that, there is a regulator built-in the chip that provides 3.3V for
theinternal USB transceiver, and this transceiver allows a direct connection to the USB cable.
Below please find an extract of the 18Fxx5x data sheet for reference.

17.0 UNIVERSAL SERIAL BUS
(USB)

This section describes the defails of the USB
peripheral. Because of the very specific nature of the
module, knowledge of USB is expected. Some
high-lewvel USE information is provided in
Section 17.10 “Overview of USB” only for application
design reference. Designers are encouraged to refer to
the official specification published by the USE Imple-
menters Forum (USB-IF) for the latest information.
USB Specification Revision 2.0 is the most current
specification at the time of publication of this document.

17.1  Overview of the USB Peripheral

The PIC18FX455/X550 device family contains a full

speed and low-speed compatible USB Serial Interface
Engine (SIE) that allows fast communications between
any USB host and the PIC® microcontroller. The SIE

can be interfaced directly to the USB, utilizing the
internal transceiver, or it can be connected through an
external transceiver. An internal 3.3V regulator is also
available to power the internal transceiver in 5V
applications.

Some special hardware features have been included to
improve performance. Dual port memory in the
device’'s data memory space (USB RAM) has been
supplied to share direct memory access between the
microcontroller core and the SIE. Buffer descriptors are
also provided, allowing users to freely program end-
point memory usage within the USB RAM space. A
Streaming Parallel Port has been provided to support
the uninterrupted transfer of large volumes of data,
such as isochronous data, to external memory buffers.

Figure 17-1 presents a general overview of the USE
peripheral and its features.
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Take a look at the USB peripheral block diagram. Configuration bit VREGEN takes control on
the 3.3V regulator built-in the chip. This internal regulator is enabled by default. If we are
using the internal regulator in Vdd=3.3V environment, Vysg would not be able to reach 3.3V.
With JP5 open, measure the voltage at Vusb gives us a value of 3.28V (not bad), but this
value varies from chip to chip. Experiment shows that, even though we are running at
Vaa=3.3V, Vuysp voltage is always higher than 3.0V. Connection with USB module remains
successful.

If you want to stick to the specification closely, disable the internal regulator and short
jumper JP5. This action will path external V44 to Vysg instead of using the internal 3.3V
regulator.

Remark: Remember to disable the internal 3.3V regulator before putting a jumper at JP5.

[T i%jr20
- &
[Foiz]r13

j_-";‘;._':;‘.}JPG:Buzzer ENABLE
}J?S:EXT Udd to Uusb

“ Buzze

W i L

Ui UL QQE'E

ri8[7T78) < rcs usBD+

[ a BN &
St Seurf e
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Other important configuration bits are FSEN, UPUEN, and UTRDIS:

e The FSEN bit (UCFG<2>) controls the transceiver speed; setting the bit enables full
speed operation

e The on-chip USB pull-up resistors are controlled by the UPEN bit (UCFG<4>)

e The UTRDIS bit (UCFG<3>) controls the transceiver, it is enabled by default so the
USB module is enabled by default.

FIGURE 17-1: USE PERIPHERAL AND OFTIONS
PIC18FX4A55/X550 Family
__________________ -
1 Ty H
3.3V Regulator ) = . External :[',J'mrl
VREGEN——{EN - | _ Sueely™
Optional
ﬂ:)ﬂ-— 1 External
)= T =
i
Internal Pull-u 1 1 (Pl g i
UTRDIS peed) Speed)
Transceiver § I b A - === —}a USB B
USE Clock from the s 4 I s -
Oscillator Module = * ]:%
oE [ D-
= ]
External
Lipe™ EF:T Transceiver
USE COMO s ol vl | === P USB Bus
st Vg [ gl
Confuraton 1o rove Fp ST e<Sep
usse 1-= violit ] o !
[ R B Y Tt i L o
SIE 1_@ vpolth
(b= SPPTSPRD
1 Kbyte & cKisep
CSSPP
& oesep
1
__________________ 4
MNote 1: This signal s only avaiable if the internal transceiver s disabled (UTRDIS = 1).
2: The internal pull-up resistors should be disabled (UPUEN = o) if external pull-up resistors are used.
3: Do not enable the internal regulator when using an external 3.3V supply.

Demonstration programs provided by PICDEM FS USB has configured the UCFG register for
full-speed USB 2.0 interface with internal pull-up on D+ signal line. Please refer to the source
code for details.
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PIC18-LF4550-STK1
User’s Guide

8. Example 5 USB Mass Storage

In contrast to the original hardware described in the Microchip’s Application Note AN1003 on
USB Mass Storage Device (MSD), a PIC18LF4550 has been employed for our development
board. There are three major reasons of this change:

SD cards operate in the voltage range of 2.7 to 3.6V

2. The color LCD CM60010ACT6 operates in the voltage range of 3.0 to 3.3V
Other active components such as the digital temperature and humidity sensor
(SHT10) operate well in the range of 2.4-5.5V supply voltage

On the original PICDEM FS USB board, a 18F4550 PICmicro is used which requires 5V as the
V44 voltage. Signal level translators MC74VHCT125A are used on PICtail Board for SD to
convert 5V to 3.3V and vice versa. It is because a SD Card interfaces with the microcontroller
in SPI mode which requires only 4 pins (CS, DO, DI, and SCLK), using a signal level translator
seems a natural decision as PIC18LF4450 is a little bit more expensive (and more difficult to
source as well) comparing with PIC18F4550. The difficulty with PIC18-LF4550-STK1 is that,
besides the SD Card, there is the color LCD module which also requires Vg4 to be less than
3.3V. Since the LCD allows microcontroller interface in parallel mode (for memory-mapped
operation or discrete I0 operation), there are 8 pins for data bus plus 6 pins for control signal,
altogether 14 pins! That seems too many for a signal level translator, unless we are willing to
pay more for two extra translators and build a more complex PCB board. Finally it comes to
a final decision of using PIC18LF4550 and we use the same SPI port to interface the SD Card.
On next page please find an extract of schematic for your reference. This schematic is
directly compatible with PICtail Board SD thus we may just use the same MSD firmware as
described in AN1003. Interested parties may refer to the web site

http://www.microchip.com/stellent/idcplg?IdcService=SS GET PAGE&nodeld=18248appnote=en024394 for

details.
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C22 Ji- —T‘C 14 1 3
10haE |~ 0. 1aF 100k

15
100
) o 5D CARD CON
= [EEs . é o COCSDATS —
EC7 CMINDI
E
1 Wasl
—|—_ Vad | : Vad
E3 [ EEl SCLE
J Wasd
i Fl4 [ EED ; DATODO
4% = DATL/RES
41 DATEES
10k 10k pi1s
[ FE4 1 CARD INSERT (CI) o
11 B
[ ; WP =i
10 11 | o
10k | [0k

De-coupling capacitors of 0.1uF ceramic and 10uF Tantalum have been placed close to vVdd
of the SD Card socket. Resistors of 100k Ohm pull-up to the signal lines CS(chip select), DI
(MISO), and DO(MQOSI). Card insert (CI) pin wired to RB4 with 10k pull-up. This pin goes low
when a SD card inserted to the socket, and WP is the write-protected pin. WP pin wired to
RA4, and it goes low when Write-Protect is unlocked (that means RA4 low when the SD card
is writable).
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Test the MSD Firmware

Download the AN1003 Source code, unzip to ..\MCHPMSD, then execute MCHPMSD.exe and
accept the default directory C:\MCHPMSD. Now you would have a new directory with all
project workspace and source code for MSD under your fingertips.

EX C:A\MCHPMS5DA\MSD

File Edit ‘“iew Favoites Tools Help |

w2 Back » = - |@5&arch L4 Folders @|E e x tﬁl|'

Address [T CAMCHPMSDWMSD ~| @Bo
Faolders X j ] l %‘
m-C1 MCHPFSUSE ] ! |
=1 MCHPMSD _output autofiles spstem 1564550 ks in_cfg.h
=
{:I _output s HEE E,
{:I autofiles | o NN
ED system rait. o MassStorag.. MassStorag... uzbd.i
D sdcard
-] ush

Launch MPLAB and open MassStorage.mcp, and click Rebuild All (don't forget to

append ;c:\mccl18\h as the Include Path under Build Options). Upon successful project
build, use ICD2 to download the resultant hex code to 18LF4550 micro. Don’t short JP5 for
this project because the internal transceiver 3.3V regulator has been enabled by default.

Upon removal of the ICD2 cable, you will notice your system is looking for a USB Mass
Storage Driver from Windows system.

Removal hard-disk icon can be seen at the lower right bar next to the system clock.

7~ N\
@?ﬁlﬂ@?}ﬂw
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New Disk drives Microchip

B Device Manager

Mass Storage USB Device

Action Wiew |J = | .
found under the Device E|'" :"":'_IF :-TuTII:IH'
Manager. Computer
=& Disk diives
. . =) Clbiete et O

Most importantly, there is a ----- {3 Microchp Masz Storage SE Device >
new drive in the system (Drive el (8 [T st

. w48 DVD/CD-ROM drives
F: in my system). --% Floppy disk controllers

[#-i=3 Floppy dizk drives

--ﬁ Human Interface Devices
--% IDE ATALATAP contrallers
fﬁ Kevboards

% Mice and other pointing devices
-- MicrochipT ools

@ M onitors

--Hﬁ Metwork adapters

- PCMCIS adapters

- ¥ Ports (COM & LPT)

CZE- Sound, video and game contrallers
ElG Storage volurnes

. Generic volume

-- Spstem devices

=8 ‘-' Iniverzal Seral Bus controllers

82 |ntel BE2371AE/ER P to USE Universal Host Controller

= USE 2.0 Root Hub

Removable

Dizk [F:)

:] Compact Dizd
[E:]

. finting o uppor
-8 USE Root Hub
= LI5E Foot Hub
= LI5SE Foot Hub
-2 WA 1USE Enhanced Host Contraller
= I, JSE Uriversal Host Contraller
= I, JSE Uriversal Host Contraller

Tests have been performed with a 64MB SanDisk on 4 PCs running Windows XP SP2, and one
PC running Windows 2000 SP4 (my flagship workstation). All show successful operation.
However, please limit the amount of files on the SD card. A newly formatted card on the
development board itself shows a stable result instead of having the card formatted

somewhere else.
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Here shows a screen shoot of my workstation (Windows 2000 SP4). The Microchip USB Mass
Storage Device has been assigned a letter F:. The card has been formatted as FAT16. Files on
the card are jpeg files, txt file, MS WORD file, and bmp files. Operations like file open,
pre-view(under Windows XP), close, and delete all work alright.

Fle Edit View Favortes Toole  Help |

G Back - = - E]| QiSeach LhFoders (B U5 W X | B

Address [=) F 7| @B
— = ~ T = — -
W H ®m |
= . -
[ F10003598.... readmetst Test_MSW... Wolverne o, _W_koen'nE_n_-_'_u..- WOMEen_origi...

Removable Disk {F:}

) T File Edit Wiew Favo
Wolverine_original JPG r = : .
JPG File -y @ 4w ‘3 F:\women_original JPG r,:d,g-l..)ff
e : — = - File Edit View Favortes Toolke  Help
Modified: 9/14/2006 2:43 PM Bddiess ||a F:\Wolverinnﬂ ﬁ_ﬁn . : il . | .
Size: 132 KB | ik - = - Q[P G| Qoeach i

Attributes: [mormal]

Address [€] F\women_original PG =l @6a

-
Which iPod are you?

est_MSWIORD_doc - Microzoft Word

le Edit Miew |nsert Format Tools Table Window Help

FHRI PR 70/ % BBI9-0 _
%---|---1---|---2---|---3---| [

File Edit Fomat Help

[Readme, txt, operation dene in PIC18-LF4550-STK1L. ﬂ

Test WS WORD on Windows XP Pro 3P2 2002

_ My Computer

162 Sept 2006

By John Leung

Itis not the end of the story. What we want to do is to use the color LCD for browsing pictures
on the SD Card and create a simple, handy picture viewer. That will be the topic of future
application notes.
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9. Example 6 Color LCD Operation

In the past, only monochrome LCD was included in our development boards, for example, on
AT89S52-gLCD-STK1 (www.TechToys.com.hk—>8051 Boards) a 128x64 matrix blue text on

white screen graphical LCD built-in the board.

On PIC18-LF4550-STK1, because of a higher
pin-count, and more Flash/Ram space of the
PICmicro, it is possible to include a color b
display like the 65k color LCD module
described in this section. Picture on the right
side shows an actual screen-shoot of the color
display. System font of an 8-dot height has
also been included and displayed. Specification |¢ | Bl WOLVERINE __ X-Hen
of the color display is available from our web
site at
http://www.techtoys.com.hk/Components/CM -FIF‘I[m] E wmiE
60010ACT6/CM60010ACT6.htm. The module | U4 Dscziu
shown on the web site includes a break-out

board for 2.00mm pins making it easier for prototyping; whereas the LCD module on the

development board has been soldered directly onboard. It is not easy to take it out for other
projects. If you want more LCD modules, please consider buying a bare module (part number
CM60010ACT6), or CMB60010ACT6_BO for a handy module with 2.00mm pins and backlight

control circuit.

Here come the hardware details of the color display.
CM60010ACT®6 is a CSTN color display of 128*3*160 c _
matrix. We put the matrix size like that because there

are RGB dots for red, green, and blue color. Dots are

=
c
3

physically separated. Individual blue, green, and red

=5

dots can be seen under a magnifying glass. Turning all A - EHH B

blue dots on will turn the screen blue. Similarly, turning
all B, G, and R dots ON will show a white screen. The et '

principle is similar to water color. ] IFd
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Features of LCD are summarized as follows:

e Controller:

¢ Display mode:

e Operating voltage:

o Interface input data:
e Driving method:

e Viewing direction:

e Operating temperature:

e Storage temperature:
e LCD module size:

¢ Viewing area:

e Effective display area:
e Number of dots:

e Dot size:

e Dot pitch:

Samsung S6B33BC(COG)
CSTN/Negative/Transmissive
10V(LCD); 3.0v(vDD)

8-bit parallel

1/162 Duty, 1/5 Bias

6:00 O’clock

-20°C ~ 70°C

-30°C ~ 80°C

33.54(w) x 45(h) x 1.65Max(t)
30.54Min(w) x 36.04Min(h)
27.252(w) x 34.068(h)

384 (128*3) x 160 dots
0.201(BGR)(w) x 0.201(h)
0.213(w) x 0.213(h)

For embedded engineers, the most important information is the schematic describing the

LCD interface to the microcontroller, and secondly the command for initialization, contrast

setting, and display data read/write, etc. Let’s look at the hardware first. The schematic is

illustrated on next page.
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Fl2
10k

Backlizht at oorvent ~1 5l

If you have experience with Toshiba T6963C-based monochrome LCD, you will be surprised

that, the color display has exactly the same pin out as a monochrome display except the Font

Select (FS) pin and V, negative voltage pin. A table of pin functions is given here.

No. Symbol Function

1 LED-K Backlight — (ground in our circuit)
2 LED-A Backlight +

3 VSS Ground

4 VDD +3.0V logic supply voltage
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5 NC No connection
6 NC No connection
7 /CS Chip select, low active
8 /RST Hardware reset, low active
9 RS -or- AO Register select input pin
H: display data L: control data
10 /WRB Write enable, low active
11 /RDB Read enable, low active
12-19 D7-DO 8080 8-bit parallel data I/0O
20 VSS Ground

On contrary to a T6963C-based LCD, there is no V, or CX pin for -3.5V LCD contrast voltage.
The LCD voltage (Vee) is generated internally with registers controlling the voltage level thus
making digital contrast control possible. No Font Select pin because there is no internal
character set in the LCD controller S6B33BC, therefore no font to select!

Instead of an inductor-based DC/DC generator, a simple voltage doubler from National
Semiconductor LM2556 has been employed for converting 3.3V to 6.6V for the LED backlight.
A current limiting resistor of 7.5Q limits the current to ~15mA. There is a SD pin on LM2556
for ON/OFF control thus saving us an extra MOSFET for backlight switching. Cost of LM2556
is much cheaper than a DC/DC converter! It only costs US$0.25 in my place. Using it with
just two capacitors and an 1N5817 diode saves a lot, really.

Next, we need to discuss how the Samsung LCD controller S6B33BC is controlled. Its data
sheet can be found under the same web page as stated in the beginning of this chapter.
Samsung’s home page can be found at

http://samsung.com/products/semiconductor/DisplayDriverIC/MobileDDI/ColorSTN/S6B33
BC/S6B33BC.htm.
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Major features of the LCD controller is summarized here:

On-chip display RAM of 132*162*19-bit
Operates a maximum 132*RGB*162 dots LCD panels. We are using 128*RGB*160
out of it.

Gray scale :

Color Depth Red Green Blue
65,536 32 64 32
4,096 16 16 16

256 8 8 4

8-bit / 16-bit parallel bi-directional interface with 8080-series microprocessor

% pin SPI for write only operation (not for us, because we are using 8-bit mode)
On-chip electronic contrast control in 256 steps, that means we can control the
contrast via software

Operating voltage range from 3.0V to 3.3V. Pin 4 of the LCD module CM60010ACT®6 is
wired directly to VDD3 of S6B33BC. There are Voltage Converter, Voltage Regulator,
and Voltage Follower on-chip thus the necessary LCD operating voltages are all
generated inside the chip
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Control matters

Data is written to or read from the LCD via the eight data lines DO to D7 (RDO to RD7). Three
control lines D/I (A0Q), /CS, /RD, and /WR signals are used to control the LCD module. The
timing characteristics for the setting of the data and control lines are documented in the data
sheet.

Dil >< ><

fC31 s

(C52) smsomossmmy \ .«/

tewisor),  trwisowg

||||||||||||||||||||||||||||||||||||||||||||||||||||||

I ]

tPwHaOR),  tPwHaDw)
RD, '"WR 0.9% oo '-'\q- 0AVoo / “,

tossen toHao

£ X X

taccan ~topan

DBO to DB7 =
(Read) D>

** tpwiLeofw) and tewLeoir) is specified in the overlapped period when CS1B is low (CS2 is high)
and 'WRIRD) is low.

Critical data such as tasso, trwLsow) iS not available at the time of writing this guide. This may
not cause too much problem for us because PICmicro uses a discrete I/O manner for control.
The execution time for each command takes one MIP (0.25us) for a 16MHz CPU clock. This
is equivalent to 250ns, and this should be enough for data set-up time, pulse width high/low
for write/read, etc.

Note: I have tried running the mcu PIC18LF4550 at Vdd=3.3V, PLL clock frequency at 48MHz.
The LCD display still worked even though the specification of the PICmicro restricts the CPU
clock at 16MHz at 3.3V. At 48MHz, the display ran very fast, indeed.
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First-of-all, we need to learn how to write command/data to the module. There is a MPU
Interface Protocol in the data sheet as below.
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If we translate the diagram to C-programming syntax, we may use the followings. HereI am

using a PIC18 series, C18 compiler version 2.40.
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Similarly, command writing may be constructed as follow:

Basically, these two functions cDispWrDat() and cDispWrCmd() compose all examples

included in our package. There is no status read and data read in the current version.

The current version of out driver in C18 is version 1.0a. It can be downloaded under our web
site at http://www.techtoys.com.hk/Components/CM60010ACT6/CM60010ACT6.htm.

The header file s6b33bc.h is listed in the next page.
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Line (1) - (1c) type definition for convenience

Line (2) creates a macro to pack RGB data into a 16-bit value. We have a hidden implication
that our demo is based on 65,536 color mode. There are three display modes as 65,536
colors, 4,096 colors, and 256 colors, and it is controlled via the command
ADDRESSING_MODE_SET (0x30) defined under s6b33bc.c. Details of this command is found
on page 38 of the S6B33BC data sheet. The relationship between SEG outputs and RGB Color
extracted here:

SEGAI SEGBI SEGCi
SWP =0 BLUE Color bit
D15~D11 D10~D5 D4~D0 Assigned bit
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Line (3) - (3c) defines a font structure same as that used in another monochrome
KS0108-based graphical LCD. There is a detailed description on this under the link
http://www.techtoys.com.hk/8051/AT89S52-gLCD-STK1/AT89S52-gLCD-STK1.htm so I
am not repeating here. However, I must say a font width of only 8 pixels may not be enough
for a display of pixel size 0.213*0.213mm. Bigger font size work-under-progress.

Line (4) - (4l) defines the connection between PICmicro and LCD display. Modification
required if you use different hardware.

Line (5) - (5a) defines the maximum display dot size.
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Line (6) is the initialization function for S6B33BC chip. This function should be called before
any other functions. Refer to s6b33bc.c for details of this function. I hereby describe a few of
the key parameters which need modification if you are going to use the display in different
settings and orientation. An extract of cDispInit(void):

Line (6_2) is a software delay function included in C18 package. Delayl0OKTCYx(8) delays
for 20ms required by the Power On Sequence (page 67 on S6B33BC). Change this function
to any delay function you like, as long as it is a 20ms delay.

Line (6_3) - (6_4) worth a longer story here. These two lines configure the display
direction. Driver Output Mode Set (10h) is an important instruction. It determines the
scanning direction of pixel writing. The SDIR flag of Driver Output Mode Set instruction
selects the direction of segment display. The direction of common scanning is selected by
CDIR bit.
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An extract from S6B33BC data sheet, page 30 is shown below.

RS o | WRB RDB DB7 DB6 DB5 DB4 DB3 DB2 | DB1 DBO
0 0 1 0 0 0 1 0 0 0 0
0 0 DLN 0 SDIR | SWP CDR

/

CDIR=1 to scan from COM=161 to 2 for 160 dots

SDIR=1 to scan from SEG=131 to 4, i.e. for 128 dots

A value of 0x25 in Driver Output Mode sets SDIR=1 & CDR=1. The impact is that we have a
start scanning point at the top left hand corner of the display when we are viewing it in the
frontal up direction matching the PCB layout.

Y-address counter
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cDispWrCmd(DRIVER_OUTPUT_MODE_SET);

cDispWrCmd(0x20); //write a command of 0x20 instead of 0x25
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Line (6_5) sets the contrast in the normal mode. A value of 0x60 sets V1 to be 2.753V, good
for us at Vdd=3.3V. This may be changed for a different viewing angle or different vVdd.

Information on page 36 of the data sheet.

Line (6_6) — (6_7) set the color mode; in this case, we are doing it for 65,536 color.

Line (6_8) performs a repeat pixel write to all 128*64 dots of the whole screen at pure
white color.

Line (6_9) turns the display ON. Nothing can be seen until this line. It is an interesting
experiment to see what happen if we are swapping the sequence of line 6_8 and line 6_9.

Now we go back to S6B33BC.h:

Line (7) switches the display ON/OFF. The flag to use is ENABLE/DISABLE. RAM content
preserved by this function.
Line (8) clears the display by a single color. It can be

white - RGB(31,63,31)

Red - RGB(31,0,0)
Green - RGB(0,63,0)
Blue - RGB(0,0,31)

OR any color combination in a 16-bit value

NETE &= Colae LoD b 0

" (0,0)

[

Example: cDispCIr(RGB(0,50,0));

L

" LT

Line (9) sets a single pixel at a position x, y with a 16-bit color | . mm

value. Definition of the coordinates system is shown on the I } ' T

right. : . (127,159)
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Line (10) displays a picture in form of an array defined in the rom space.

Line (11) displays a string from the rom space with variable spacing between each
character.

Line (12) sets the contrast of the display.

Please refer to the source code for further details as it is heavily commented. Bear in mind
that there are a lot of features of the LCD display not included in the current version such as
display scrolling, read mode, color palette function, and color mode switching.
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It is a good time to look at the actual demonstration program. Please refer to the full source
code in Demo 1: Color Graphical LCD driver (Samsung S6B33BC) in C18 verl.0a under our

web site at
http://www.techtoys.com.hk/PIC boards/PIC18-4455-STK1/pic18-4550-stkl.htm.
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