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1. Description

The Goldelox is a custom embedded graphics 1 Lowcost OLED, LCD and TFT display graphics user
controller designed to interface with many popular interface solution.

OLED and LCD display panels. Powerful graphics, text, q
image, animation and countless more features are
built right inside the chip. It offers a simple plogplay

Ideal as a standalone embedded graphics
processor or interface to any host controller as a

interface b many 8bit 86Series colour LCD and OLED graphics ceprocessor.

displays. 1 Connect to any colour display that supports an 80
Series 8 bit wide CPU interface. All data and

The chip is designed to work with minimal design control signals are provided.

effort and all of the data and control signals are ¢ gt in high performance virtual processor engine

provided by the chip to interface directly to the . . . .

. . . . : (EVEWith an extensive byteode instruction set
display. Simply choose your display and interfade it - ] ]
the Goldeloxon your application board. This offers optimised for 4DGL, the high level 4D Graphics
enormous advantage to the designer in development Language.
time and cost saving and takes away all of the burden 2 x GPIO ports supports:
of low level design. o Digital /O

A/D converter with 8/10 bit resolution
Complex sound generation
Dedicated RTTTL tune engine

The Goldelox belongs to a family of processors
powered by ahighly optimised soft core virtual
engine, EVE (Extensible Virtual Engine). EVE is a
proprietary, high performance virtual processor with Multi-Switch Joystick

an extensive byteode instruction set optimised to Dalas ¥Wire

execute compiled 4DGL programs. 4DGL (4D Graphics §  10KB of Flash memory for user code storage and
Language) wascifically developed from ground up 510 bytes (255 x 16bit vars) of RAM for user
for the EVE engine core. It is a high level language variables.

which is easy to learn and simple to understand yet ) i ) )

powerful enough to tackle many embedded graphics T 1x 32?” free running system timer with 1msec
applications. resolution.

4 x 16bit user timers with 1msec resolution
The device offers modest but comprehensive I/O 1 Asynchronous hardware Serial port wituto-
features and can interface to SPI, serial, analogue, baud feature (300 t&OOK baud).

digital, buttons, joystick and Dallaswire devices.
Provision is also made for creating complex sound
effects for audible user feedback with an extended

O O O O ©o

==

1 Hardware SPI port interface for mieBD/micre
SDHC memory cards or Serial Flash memory chips
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RTTTL tone generator. for storing of icons, images, animations, etc.
1 Comprehensive set of built in high level 4DGL
All of the display buitn driver libraries implement graphics functions and algthins that can draw
and share the same higlgrvel function interface_. This lines, circles, text, and much more.
allows your GUI application to be portable to different . . L .
. 91 Display full colour images, animations, icons and
display controller types. i )
video clips.
4D Labssoftware development IDE callétiorkshop4 1 8x8 builtin system font and support for unlimited
is FREE and there are licensing requirements. user customisable fonts with fixed or proportional
spacing with the aid of a freely gvided Fort
The Goldelox offers one of the most flexible Tool.
embedded graphics solutions available. 1 Single 3.3 Volt Supply @12mA typical.
1 Available in a tiny 6mm x 6mm 28pin QFN.

GOLDELOBATASHEET 3 oPage www.4dlabs.com.au
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3. Applications

Graphics Functions ||___SystemFonts |
System Services

Internal Functions Timers

SD Card Driver
Serial Flash Driver

1 Industrial (general).
1 Test, measurement and general purpose EVE Core
|
Instrumentation Extensible Virtual Engine como
Buffered Services
1 Elevator Control Systems. I
1 Point of Sale Terminals. T | [
1 HomeAppliances (general). SRAM FLASH
f  Security Systems. Ty Ve G e GPio
User Variables User Code Execution e
1 Access Control Systems.
f  Air-conditioning Control Systems. @ e @s - [k General0or
. Video Ciips raming in “1-Wire devices
T Universal Remote Control. ! ] ‘ememms—" somors
. ~Joystick
1 Automotive (general). Ve sound
1 Electronic Gauges and Meters. Virtual Engine orcomunicate
devices
1 Portable ECG Systems. -
1 Portable Blood Pressure Monitors.
f Auviation (general). - | s wenony P ierace
. ) 4DGL User Variables § 4D LAppJE;llgn
f Gamig and Slot Machines. Groomes | “Toksyies e sy
£ = A~ 8bit CPU interface
T 'YR YdzOK Y2NEBX
GOLDELOBATASHEET 4 oPage www.4dlabs.com.au
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4. Pin Configuration and Summary

NN
o O
—
CO I I~
(o] [all

26 RESET
25 D7
24 D6
23 D5
22 D4

RD D3
WR D2
REF D1

RS Exposed PAD DO

GND Connect to GND Vee
Top View

CLK1 GND

CLK2 RX0

il [l 2]l Ao

il Bl BRml Bl
NN ¥ = 0O O
u|u||.uuQ
GPERREA

GoldeloxProcessor Pin Out
PIN SYMBOL 1/0 DESCRIPTION
Display Read strobe sign&loldeloxasserts this signal LOW when reading data

! RD © from the display. Connect this pin to the Read (RD) signal of the display.

5 WR o Displ_ay Write strobe signa]?oldeloxassgrts this signal LOW when writing data tg
the display. Connect this pin to the Write (WR) signal of the display.

3 REE p Internal voltage regulator filter capacitor. Connect a 4.TuEOuUF capacitor from

this pin to Ground.

Display RegisteBelect.

LOW: Display index or status register is selected.

4 RS O | HIGH: Display GRAM or register data is selected.

Connect this pin to the Register Select (RS or A0 or C/D or similar naming
convention) signal of the display.

5 GND P Ground.

6 CLK1 I System Clock input 1 of a 12MHz crystal.

7 CLK2 O | System Clock input 2 of a 12MHz crystal.

8 SDCS o SPI device Chip _Select. Connect this pin to the Chip Enable (_CE or CS) signal
external SPI device (SD/SDHC memory card, Serial Flash chip, etc.).

9 cs o Display Chip Seledtoldeloxasserts this signal LOW when accessing the display,
Connect this pin to the Chip Select (CS) signal of the display.

10 RES o Display RESEGoldeloxinitialises the display by strobing this pin LOW. Connect

pin to the Reset (RES) signaltuf display.

| = Input, O = Output, P = Power, A = Analogue

GOLDELOBATASHEET 5oPage www.4dlabs.com.au
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Goldeloxt NP OS342NJ t Ay hdzi 602y A,

PIN SYMBOL 1/O DESCRIPTION

SPI Serial Clock output. Connect this pin to the SPI Serial Clock (SCK) sign
11 SCK o external de_vice. Nominally reserved for SD/SDHC memory card or serial
memory chip.
SeeSectionl3.3 for detailed timing diagram.
SPI Serial Data Input. Connect this pin to the SPI Serial Data Ous{@RDdf the
external device. Nominally reserved for SD/SDHC memory card or serial
o) 12 SDl ! memory chip.
()] SeeSection13.3 for detailed timing diagram.
Q SPI Serial Data Output. Connect this pinhte SPI Serial Data In (SDI) signal of
i - 13 SDO o external device. Nominally reserved for SD/SDHC memory card or serial
(75 memory chip.
(o] SeeSection13.3 for detailed timing diagram.
o) 14 0 o Asynchronous Ser?al Traqsmit pin-. Output dgta is at.TTI._ vloltage levels. Conne
(q0] pin to external device Serial Receive (Rx) signal. This pin is tolerant up to 5.0V
D 15 RXO0 | Asynchronous Serial Receive pin. Connect this pin to external devietBansmit
(Tx) signal. This pin is tolerant up to 5.0V levels.
| 16 | GND | P | Ground.
- 17 VCC P Positive supply with respect to GND pin.
O 18 DO I/O | Display Data Bus bit 0.
N 19 D1 I/O | Display Data Bus bit 1.
W) 20 D2 I/O | Display Data Bus bit 2.
m 21 D3 I/O | Display Data Bus bit 3.
Q 22 D4 I/O | Display Data Bus bit 4.
O 23 D5 I/O | Display Data Bus bit 5.
[l 24 D6 I/O | Display Data Bus bit 6.
(a 25 D7 I/O | Display Data Bus bit 7.
26 RESET I Master Reset signal. Connect a 4.7K resistor from this pin to VCC.
72 27 101 I/O/A | General purpose 101 pin. S8ection 5.4or more detail.
.L_) 28 102 I/O | General purpose 102 pin. SBection 5.40r more detail.
i - PAD GND P Exposed metal padinder the package, must connect to GND.
% | = Input, O Output, P = Power, A = Analogue
.
O
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o
O
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5. Hardware Interface Pins

TheGoldeloxprovides both a hardware and software
interface. This section describes in detail the hardware
interface.

5.1. Display Interface

TheGoldeloxsupports LCD and OLED displays with an
80-Series 8 bit wide CPU data interface. The
connectivity to the disjay is easy and straight
forward. The chip generates all of the necessary timing
to drive the display.

4D LABS
GOLDELOX

CS RS RD WR Operation |

0 0 0 1 | Read Display Status Register
0 0 1 0 | Write Display Index Register
0 1 0 1 | Read Display GRAM Data

0 1 1 0 | Write Register or GRAM Data
1 X | X X | No Operation

Display Operation Table

DO-D7 pins (Display Data Bus):

The Display Data Bus (IDT) is an 8 bit bidirectional
port and all data writes and reads occur over this bus.
Other control signals such as RW, RD &f8, RS
synchronise the data transfer to and from the display.

CS pin (Display Chip Select):

The access to the display is only possible when the
Display Chip Select (CS) is asserted LOW. Connect this
pin to the Chip Select (CS) signal ofdisplay.

RS pin (Display Register Select):
The RS signal determines whether a register command
or data is sent to the display.

LOW:Display index or status register is selected.
HIGH:Display GRAM or register data is selected.

Connect this pin to the Ryister Select (RS) signal of
the display. Different displays utilise various naming

conventions such aRS, A0, C/D or similde sure to
check with your display manufacturer for the correct
name and function.

RES pin (Display Reset):

Display RESETGoldelox initialises the display by
strobing this pin LOW. Connect this pin to the Reset
(RES) signal of the display. This signal can also be used
to control the bacKight of the LCD oas the DC/DC
converter enable.

Refer to the eference design irBection 12in this
document for an example.

WR pin (Display Write):

This is the display write strobe signal. TGeldelox
asserts this signal LOW when writing data to the
display in conjunction with the display data bus {DO
D7). Connect this pin to the Write (WR) signal of the
display.

RS >< ><
cs
k WL SK tWH N|
w N/ \
% [ad Y
00..07 L SCWRITEDATA SN N\
< tDS N

Write Low Pulse tWL | 170 - - y a
Write High Pulse tWH | 85 - - y a
Write Bus Cycle Totg tWT | 255 - - Yy a
Write Data Setup tbsS | 85 - - y a

GOLDELOBATASHEET
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RD pin (Display Read):

This is the display read strobe signal. Theldelox
asserts this signal LOW when reading data from the
display in conjunction with the display data bus {DO
D7). Connect this pin to the Read (RD) signal of the
display.

DO..D7 X _READ|DATA

tDH

Item Sym Min ‘ Typ Max ‘ Unit

wSIR [2¢ Gw|lony m ™| ya
wSIR I A3K|dwlony) m m | ya
wSI R . dza Gwicny) m m | ya
wSIR 5F0F | G511 mp) ™ m|ya

5.2. SPI Interfac& Master Mode

Goldelox supports micreSD/micreSDHC memory
cards as well as Serial Flash memory chips via its
hardware SPI interface. These storage devices are
used for all multimedia file storage such as images,
animations and movie clips. The memory card can also
be used as gneral purpose storage for data logging
applications. Support is available for mie3® with up

to 2GB capacity and for high capacity HC memory
cards starting from 4GB and above. Theldeloxalso
supports any other general purpose SPI serial @evic

SDI
3Do

4D LABS

GOLDELOX

SCK
SDCS

uSD/uSDHC
Memory Card

SDI
3SDO
SCK
3SDCS

Serial Flash
Memory Chip

SCK pin (SPI Serial Clock):
The SPI Serial Clock output (SCK). This pin connects to
the Serial Clock (SCK) signal of the external SRkdevi

SDCS pin (SPI Chip Select):
SPI device Chip Select (SDCS). Connect this pin to the
Chip Enable (CE or CS) signal of the external SPI device.
Also refer toSection 13.3 SPI Timing Diagram

| Note: SPI Master Only |

5.3. Seial Port¢ UART

TheGoldeloxhas a dedicated hardware UART that can
communicate with external serial devices. This is
referred to as the COMO module. The primary features
are:

1 FultDuplex 8 bit data transmission and reception
through the TX and RX pins.

Data format: 8 bits, No Payit 1 Stop bit.

Auto Baud feature.

Baud rates from 300 baud up 690K baud.

Single byte transmits and receives or a fully
buffered service. The buffered service feature
runs in the background capturing and buffering
serial data without the user applicatichaving to
constantly poll the serial port. This frees up the
application to service other tasks.

=A =4 =4 =

The Serial port is also the primary interface for
downloading user application code (compiled 4DGL
byte-code) into theGoldeloxflash program memaor.
Once the download is complete the serial port is
available for user application.

Note: Low level PmmC chip programming and
updates also take place via the serial port.

Refer toSection 7. In Circuit SeriBRrogrammingfor
further details.

TX pin (Serial Transmit):

Asynchronous Serial port Transmit pin, TX. Connect
this pin to external serial device Serial Receive (Rx)
signal.

SDI pin (SPI Serial Data In):
The SPI Serial Data Input (SDI). It connects to the Serial
Data Out (SDO) pin of external SPI device.
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SDO pin (SPI Serial Data Out):

The SPI Serial Data Output (SDO). This pin connects to
the Serial Data In (SDI) signal of the external SPI
device.

RX pin (Serial Receive):
Asynchronous Serial port Receive pin, RX. Connect this
pin to external serial device Serial Transmit (Tx) signal.

GOLDELOBATASHEET 8 oPage www.4dlabs.com.au
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5.4. General Purpose 1/O Interface

There are 2 GPIO pins availab®,l and 102 Each
GPIO has a multitude of high level functions associated
with it and these can be selected within 4DGL user
application code.

Refer to the separate document titledsoldelox
Internal Functions Manudbr a complete set of built
in 4DGL library functions.

101, 102 pins (General Purpose Input Output):
General purpose 101, 102 pirkhe table below lists
the available GPIO functions and features.

Dt Lh CdzyOiAz2ya I yR|
C!b/¢Lhb  Lhm Lhnu
S5AIAGEE Ly Lz \% \%
5A3AGEE  hdzd Lidzi v
1 k5 [/ 2Yy@SNISNI yk| V T
5 t f@FAGNSBM & dzLJLJ2 NI Y \Y
{2dzy R DSYSNIGAZ2Yy| V
W2 e xpWDAAGARYA TGl V T

Input/Output:

Both 101 and 102 pins can be programmed to be
Inputs or Outputs. Diagram below shows a LED
connected to 101 (programmed as an output) and a
button connected to 102 (programmed as an input).

+3.3V

10K

from 101 470 Ohms to 102

e

LED ¥ ™ BUTTON

[2]
=z
o
2
o

Analogue to Digital Converter:

The 101 pin can be programmed as an A/D input.
Option is available to select 8 bit or 10 bit resolution.
Diagram below is a circuit of a Light Depend
Resistor (LDR) connected to 101 to measure and
recordchanges in ambient light.

3.3V

Q@I

LDR

to 101
10K

Dallas 1Wire:

The Dallas Wire protocol is a form of serial
communications designed to operate over a single
data line plus ground reference. Multiple-Wire
devices can be attached to the same shared data line
to network maly devices. One wire device support is
available on both the 101 and the 102 pins.

The diagram below depicts a typical-Wire
temperature sensor interface.

— 101 or 102

GOLDELOBATASHEET
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Joystick- Multi Switch:

Multiple buttons or a multiswitch Joystick can be
connected to the IO1 pin. Up to 5 buttons or a 5
position multiswitch joystick connects to a junction of
a resistor ladder network that forms a voltage divider.
The A/D converter of the IO1 pin internally reads the
analogue value and decodes it accordingiThis
feature is supported by dedicated 4DGL library
functions. The following diagrams indicate how to
connect up to 5 individual buttons or a muttivitch
joystick to the 101 pin.

+3.3V

to IO1

NI,

R1 R2 R3 R4 R5
22K 10K 4K7 2K2 1K2

+3.3V

R6
& toIO1
—t>
1 14
/'v
2 oS
3/ 6
Z| MultiSwitch = @a
gl 2 o w
[ w Q = 4
=2 pur | Q o o
R1 [|R2 |R3 R4 ||R5
22K | J1OK | 4K7 2K2 | |1k2

Unused buttons do not need resistors to be connected
to the circut. The table below lists the buttons and
corresponding resistor values.

b2d 2F .dzidz2y t wSaradaz2n
M {2wm HHY
H {2H MnY
o] {20 noTy
n {2n HOHY
p {2p MOHY

Sound Output:

TheGoldeloxis capable of generating complex sounds
and RTTTL tunes from its 101 and 102 pins. A simple
speaker circuit as shown below can itdized.

DIODE

SPEAKER

from I01 or I02 100 Ohm 8 or 16 Ohm

- ” — NPN

Gk 2200 Ohm NPN

5.5. System Pins

VCC pin (Device Supply Voltage):

Device supply voltage pin. This pin must be connected
to a reguéited supply voltage in the range of 3.0 Volts
to 3.6 Volts DC. Nominal operating voltage is 3.3 Volts.

GND, PAD pins (Device Ground):

Device ground pins. These pins must be connected to
ground.

RESET pin (Device Master Reset):

Device Master Reset pin. Aactive low pulse of
greater than 2 micreseconds will reset the device.
Connect a resistor (1K through to 10K, nominal 4.7K)
from this pin to VCC. Only use open collector type
circuits to reset the device if an external reset is
required. This pin is nodriven low by any internal
conditions.

CLK1, CLK2 pins (Device Oscillator Inputs):

CLK1 and CLK2 are the device oscillator pins. Connect
a 12MHz AT strip cut crystal with 22pF capacitors from
each pin to GND as shown in the diagram below.

to CLK1

|D| _ to CLK2
1 |

12.00Mhz

22pF

Lt
I
——
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6. 4DGL¢ Software Language

TheGoldeloxgraphics processor belongs to a family of
processors powered by a highly optimised soft core
virtual engine, EVE (Extensible Virtual Engine).

EVE is a proprietary, high performance virtual
machine with anextensive bytecode instruction set
optimised to execute compiled 4DGL programs. 4DGL
(4D Graphics Language) was specifically developed
from ground up for the EVE engine core. It is a high
level language which is easy to learn and simple to
understand yet powerful enough to tackle many
embedded graphics applications.

4DGL is a graphics oriented language allowing rapid
application development, and the syntax structure
was designed using elements of popular languages
such as C, Basic, Pascal and others.

Programmers familiar with these languages will feel
right at home with 4DGL. It includes many familiar

instructions such as IF..ELSE..ENDIF, WHILE..WEND,
REPEAT..UNTIL, GOSUB..ENDSUB, GOTO, PRINT as
well as some specialised instructions SERIN, SEROUT,

GFX_INE, GFX_CIRCLE and many more.

For detailed information pertaining to the 4DGL
language, please refer to the following documents:

n5D[ tNRINF YYSNDA
Goldelox Internal Functions Manual

To assist with the development of 4DGL applications,
the Workshop4IDE combines a fdllbatured editor, a
compiler, a linker and downloader into a single PC
based application. It's all you need to code, test and
run your applications.

7. In Circuit Serial Programming

The Goldeloxprocessor can be rprogrammed with
the latest PmmC configuration for updates and future
proofing. The chigevel configuration is available as a
PmmC (Personalignodule-micro-Code) file and the
programming must be performed over the serial
interface. Tle chipresident internal 4DGL functions
are part of theGoldeloxPmmC configuration file so
please check regularly for the latest updates and
enhancements.

A PmmC file can only be programmed into the device
via its serial port and an access toisthmust be
provided for on the target application board. This is
referred to as In Circuit Serial Programming (ICSP).
Diagram below provides a typical implementation for
the ICSP interface.

RESET

hpd RX-EXT
to RX . —  TXEXT
GOLDELOX 220 Ohms to

External Serial Devices

ICSP Header
uUSB-MB5 or uUSB-CES
USB-Serial Interface

ICSP Interface

w S T S NB Jhe BmmClHilg idzirdgrammed into the devicenviite

aid of Workshop4 the 4D Lats IDE software (See

Section 1). To provide a link between the PC and the
ICSP interface, a specific 4D Programming Cable is
required and is available from 4D Systems.

Using a nortD programming interface could damage
your display, andoid your Warranty.

Note: TheGoldeloxchip b shipped blank and it must
be programmed with the PmmC configuration file
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11628

www.4dlabscom.au


http://www.4dsystems.com.au/product/4D_Workshop_4_IDE/downloads
http://www.4dsystems.com.au/product/4D_Workshop_4_IDE/downloads

44D LN\BS

SEMICONDUCTORS GOLDELOGRAPHICS PROCESSOR

8. Memory Organization

The figure below illustrates how th@oldeloxinternal
memory is organised.

FLASH MEMORY DATA MEMORY
ORGANISATION ORGANISATION
System Stack
User RAM
User Code Flash 510 bytes
10K bytes (255 vars)

EVE Virtual Processor

System Reserved

PmmC and User Code Loader
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9. System Registers Memory Map

The following tables outline in detail tf@oldeloxsystem registers and flags.

Table 91: System (BYTE Size) Registers Memory Map
ADDRESS SIZE *NOTES

DEC| HEX

o .M MHY|nEy|RAALI & KIFINRglI NB Le9{ ., {¢9a 04y
Q .M MHM NEYy|RAALI I &8 KI NRgI NB C¢9{ ., {¢9a 0y
Q +-H MO N n|§y RAALI @ KI NRSI NB C¢9{ ., {¢9a 0V
c ., H MO M nI;y I?)\éLJfI-e KI-NJ?éI-N‘I?‘ ,¢e9{,{¢t9a oV
[7,) {,.,{uvw- ga! MO H nI;y I?AéLJfl-é KImNJ?éI-N‘I?‘ ,¢e9{,{¢t9a oV
(0] {,.{w, va! - MO O nI§y I?)\éLJf e KmWNRglINB |.,¢9{,{¢9a 0oy
e 2wL¢eOyYDw! ajmMmon|nEy|RAALIX I & Dw!a gNARU. , ¢9{,{¢9a oV
(¢o] w9! 5¢yDw! ay/mop|nEYy|RA&ALI & Dw!a NBIFHF.,¢9{, {¢9a 0y
D La! D9yp2L5¢|moc nl?yle-RQQHSKI-YAYI-ﬁAE.,¢9{,{¢9a OV
La! DOgI 9LD|moT|[nEy|[ft2FRSR AYF3ISklFyAY., ¢9{,{¢9a 0y
| La! DOW59[ ! |[mMoy|nEy|¥TN}FYS RStl& O0AF ., 6 ¢9 ! {9w
— La! D9gah59 MOCbJ'II?y )\\A(I-EISIEI-VAYI-(])\QV ., ¢9{,{¢t9a oy
(o) /[ Lty[9Ce¢y/mnn|lnEy f,S'-Fi']vOf)\LJLJ)\YEI LI2A. ., ¢9 ! {9w
N /[ Ltweht gt mnmnEy/G2L) Ot ALIAY3I LRAY., ¢9} {9w
7, /[ Lt ywLDI ¢/mnH|nEY[NAIKE OfALIAY3I L¥.,6 ¢9} {9w
Q /[Ltw.he¢ehimnolnEy|o2Gidz2yY OfALIAYI L., ¢9; {9w
Q /[ Lt w[9C¢ |mnninEdtSFdE Of ALIMYI LRA., ¢9} {9w
(@) /I T Lt g¢ht Mop[nEd 2L OfALIAYI LIRAY., 6 ¢9} {9w
P /TLt gwL DI ¢|mnc|nEd NAIKI Of ALIMAYI LJ., K ¢9 ! {9w
(a ¥ /Lt y.hecech|mnT|nEdo2diG2Y Of ALIWMAY3I L., ¢9 ! {9w
Chbe¢we , t9 |mny|nEdn ' FAESRET m I LIN. ¢9{, {¢9a 0V
) Chbecuya! - Mnd NEd|ydzYoSNJ 2F OKFNE A..¢9{.{¢9a o0V
L_’ Chbe¢yhCC{ 9| mpn|nEd|! {/LL 2FF&aSi oda&ad. 6 ¢9{,{¢9a 0V
N - Chb¢y2L5¢I|Mmpm nquMF“eﬁK 2F FT2yia O6LIN. ., ¢9{. {¢9a 0OV
0. Chb¢yl 9LDI|mpH ngqusxaKu 2F F2yiG ol. ., ¢9{,{¢9a 0Oy
o ¢t9-¢yYy-a!D |[mMpo nl§¢>g§Eu GARGK YF3AyAdl.,  ¢9! {9w
[ ¢9-¢yYy, a! D |[mpn nE¢>u§Eu KS)\EJFSU YIEVI3A/}.$¢9:{9w
LD ¢9- ¢ya! wDL|mpp|nEdGGSEG LEFOS K2E RSN. , ¢9/{, {¢9a oV
¢C9- ¢Y59[ !, |mMpc|nEp GSEG RSimpp®asSOJ., ¢9 ! {9w
> ¢C9-¢yP- D! t|mMpT|nEd - LAESEt 3IFLI o6Sisd.,¢9!{9w
O ¢9-¢y, yD! t | mpy|nEd, I:JI)VESf ELNN oéﬁ:éfs’.,ctg:{gw
DC- ¢- al - MPp G NEd 6 A RIKIZENBSY (G 2NASY|., ¢9/{,{¢9a 0V
— DC- ¢, a! - Mcn|nE! KSAIKG 2F OdNNBy (., ¢9/{,{¢9a 0V
L DC- ¢{/ w99b|mcmnE!|/ dZNNByi aoOmBSy Yg., 6 ¢9{, {¢9a 0y
e NB & SN SR mETEQE?TNSéSNMSR ¢9l{.{¢t9a o
O Fbheo{y
{.,{¢t9a NBIAAGSNE IINB YIAYlGlFIAySR o6& Ay
O {.{¢9a (20 ¢KSe aK2diR 2yie SOSNI 0S8 NBFRO®
5h bh¢ 2wlL¢9 (G2 (KSAS NBIAAGSNAOD
Ll ow P {ow NEIA&GSNE | NB I\JSIIIQKIZNJ\(]S OWK2 U0 N
! GAKS AYRAGARdAzZ f FdzyOllA2yad FT2NJ Ay F2NY¥I
¢KSaS NBIA&GSNAISISHFIR? DBEEAK DT 54 & A ( K

GOLDELOBATASHEET 13BtR8 www.4dlabscom.au




44D LN\BS

SEMICONDUCTORS GOLDELOGRAPHICS PROCESSOR

Table 92: System (WORD size) Registers Memory Map
ADDRESS USAGE SIZE *NOTES

HEX

{.{yh+9wC[h2| yo|nEp/mcoAl 2O0SNFft26 |2hw] {9w
{.,{w/ h[h!w y n%pxyﬁéNyl-t B NRF 6|2 hwhy {.{¢t9a
{,.{wwoc+!] yp|nEp N\Ig‘,ﬂcjzlil‘y @I-fwdzé 2F|2hwj {.{¢9a
DC- ¢y. !/ YUY/ h] yc| nEplaONBESY o0 O] INRdZ 2 h wH P { 9w
I DC- ¢yh. WO/ ¢/ | yT nI:?pEIIl:lJ\-\I:JKAOéAQGZSO@ 2 hwh {9w
Q DC- ¢¢9-¢y/h[| yy| nEp|GSEG F2NBINBdzyR|2 hw§ {9w
@ DC- ¢y¢9-¢y.D/| yd| nEp/GiSEG 0+ Ol INBdzyR| 2 hw§ '{9w
P DC- yhi ¢[ Lb9y| pn| nEp/OANDE SKNBEOGI y3It |2 hwh {9w
DC- [ Lboyt! ¢{ dm| nEp|t AYS RNI ¢ (SaasS|2hwh '{9w
8 LaDyt L-9[ ¢/ h| dpu| nEp|/O2dzyd 2F LIAESEt &|2 hwj {,.{¢t9a
LaDWCw! a9 @/ h| o | nEp|O2dzyi 2F TN YSa|2hwh {,{¢9a
"&; a95L! gl 9! 5 dn n[;pYéF“zAl- ASO0G2N) KS|2 hwj {,{¢t9a
D {.{yhj¢{ew9!| dp| nEp hdeLquﬁ z“;ﬁl}uél-\f K| 2 hwf§ {,{¢t9a
DC- ¢y[9C¢ dc | nEc/AYF3IS £ STd NBIf|2hwhj {.{¢t9a
| Dc-qJ¢ht BT n|§c AYF3S (2L) NBI ¢ 2 hwh§ {,{¢t9a
DC- ywLDI ¢ oy | nEc|/AYl3AS NARIKG NBF|2hwhj {,{¢t9a
b~ DC- y.h¢cha O] NEc/AYI IS o20@RWGE NB|2hwd { . {¢9a
O DC- ¢y M Mnsjq nEc/AYlF3S tSTd Ot ALI2hwh§ {,{¢9a
& DC- ¢, ™ MaN nEc/AYlF3S G2L) Of ALIL]2 hwh§ {,{¢t9a
Q DC- ¢ H M N F n|§c AYL3S NJ\E’IF,(['] Of A|2hw§ {,{¢9a
Q DC- gy, H M N C nEc)EYI-EI§ (?2(](12\( Of |2 hwf {,{¢9a
O DC- - yhwbD M T nEc deNJ\L@Y(} - 2ZNA3IA|2 hwh :{9W
el DC- ¢y, yhwbD annl“Ec OdzNJ}l\Byu N %NJ\E,IA 2 h w§ {9 w
o w! b5hay[ h Mng nEc|NY yR2Y 3ISYSNIG2[2hws {.{¢9a
w! b5hauyl L MAnT NnEcC|N YR2Y 3ISYSN)IU2|2hwhj {.{¢9a
(7)) a95L! ! 55wy | mny nEc/]YSRAI ©6&G4S F RRNJ2 hwj {.{¢t9a
(&) a95L! g! 55wyl | mnd nEc|YSRAF 068GS F RRNJ{2 hwj {.{¢9a
E {9/ ¢hwy! 55wy| mms nEc[YSRAL aSO0{2NJ FR|2hwE {.{¢t9a
{9/ ¢hwy! 55wy| mmN nEc|]YSRAI aSOG2NJ I R|2 hwhj {,{¢9a
Q. {,{¢t9awc¢cLa9w mmMmH nET/MYad®aidSY GAYSN]2hwj P{9w
(O { . {¢9aWtLaow MmMd NET|MYA50 &ABAGSY GA|2hwe T {ow
e ¢Lag9wn MM NET|MY&SO dzaSNJ GAYS|2hwh§ {ow
(D ¢tLa9wm MM "ET/MY&SO dzaSNJ GAYS|2hwh§ {ow
> ¢La9 wH M M G HET MY&l?() dzé?NJ GAYS|2 hwj {ow
O ¢La9wo MMT nET MYé}?(:)deéSIEIJ G)SYSZhWE P{9w
i Lb/ £! ] MMy NnET II_'J:;‘EE)S/(%KLJN‘BAYOKLthWE P { 9w
Ll ¢9at ya95L! P! | mmd nET|GSYLI2NI NBE YSRAL|2hwh§ {.{¢t9a
D ¢9at ga95L! Y! | MH J n§T G§SYLR2N} NBE YSRALI|2hw§ {. . {¢t9a
I DC- ¢ge¢w! b{t!w| MmuHN nET|LYI3S QNJ yaLll NB|2 hwhj P{ow
@) DC- ¢{twLbDag MHI-I'IETI[igKoggUScérra:EU;\\LthE {.{¢9a
Q) [26 0@GS I ta&ad
DC- ¢p¢9at{¢hw) mudnET|I A3K 06808 I' GAR|2hw] {,{¢t9a
2 OBINIR S
NBEaSNWSR MHI nET|NBASNIBSR 2 hwj {,{¢9a
NBEaSNWSR MHEg NET|NBASNIBSR 2 hwj {,{¢9a
{,{WwWC[!D{wm MHJ NET|a84GSY O2y (NPt 2 hwj C[! D{
{,{WC[!D{H MHT NET|a8aGSY O2y (NPt 2 hwj C[! D{
Piwg{t MHY nEy|! a88FAYSR aidlO1[2hwq§ ! {9w{¢!
'{wga9a MHG NEy/Hpp dzASNJ @I NALl 6|2 hwhi a9ahw,
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ADDRESS

REGISTEI DEC HEX

Table 93: FLAQRegisters Bit Map

NAME

*NOTES VALUE

{,.{WC[|MHC|NET F RSy20Sa I dziz NBas$s
AG n o Jw{¢w9la[h/! &SR AYGSNYylFftteé& {. {¢{ nEnnj
AG M Yt 9b{L®%9 |[h62SOGx n I &2f {.{¢{ nEnnj
AG H Jyhtt/Le, |[¢SEGENIny LI NBy G| { . {¢{ nEnnj
.AG o |Yyh! ¢[ Lb9562EKkOANDES 2dzif { . {¢{ nEnnj
.AG nm Y. h[5 F GSEGET n T y2N{.,{¢!{ nEnny
.AG p |wLel [ L/ F ¢SEGZ n I y2N{,{¢!{ nEnniy
AG ¢ |YyLbx9w{9 |[F C¢SEBRNNI {IZ wm {.{¢{ nEnni
AG T |w!b59w[LblF ¢SEGT n T y2N{.{¢{ nEnny
AG y |w/[LttLbDnan I OfALIIAY3I 21 {.{¢{ nEnmJ
AG b |py{¢twah59 |[! ASR AYGSNYylFffte& {. {¢{ nEnH/J
.AG wmnlw{9wah59 |! AIRGSNYIffe {,{¢!{ nEnnjJ
A0 mm/we-¢ah59 | AaSR AYUGSNyrtta {, 6 {¢!{ nEnyJ
. A0 wmu|wa95L! ah5/ ! aSR AYUGSNyrtta {, 6 {¢!{ nEmn]/
.AG wmo|lwt! ¢e¢9Owb9|! ASR AYUSNYyLFttd {, {¢!{ nEHNJ
.AG wmnlw/ h[h!wy |[5AALILFE Y2RSS j{,{¢!{ nEnnj
. Al wmplwa95L! Chbln ' AYGSNYylrt ¥4 {, 6 {¢!{ nEynj

{,{uwC[|[muT[nET

5 2NJ C[!{Il RSH N

A0 N waQSL!wLb%SGSOGSI[?KI{-OG)\(ZE{’{¢ nEnnj
AG m |wa9s5L! e . jn T {55 m ' C[!/{.{¢{ nEnni
AG v |pa95L! gw9lm ' a95 LLUNPNBNBRA| { . { ¢{ nEnnJ
AG o |wa95L! g2zwm I a95L! gNAGY {.{¢{ nEnnj
.AG n |yh2ytLb n I Lhms m I LE{,{¢{ nEnny
AG p |wtewywe  t9!' ASR AYGSNYyIFfte& {. {¢{ nEnnt
AG ¢ |pet9at m 'A4SR AYGSNYyLtfteg{, {¢!{ nEnni
D AG T |we9at H 'A4SR AYGSNyYyLftteg{, {¢!{ nEnny
.AG y |yw!bah59 |Mm I NHzyyAy3a LIOF {, {¢!{ nEnmj
.AG & |Yy{LDb95 n I ydzyo SINJLWONSL {, { ¢{ nEnH/J
.AG maluw! bC[!D |[m ' 9+9 LINRPOS&Z {,{¢!{ nEnnj
.AG mmUu{LbD[9{¢m TOWMBK]ILRAYOG 3 {,{¢!{ nEnyJ
.AG wmu|W/ haalb¢ |m ' 6dzZFFSNBR 04 {,{¢!{ nEmn}
. Al wmo|lWw5!aa,mc |m I RAGLIX & yS{{, 6 {¢!{ nEHnNJ
.AG wmnly5L{t wmc M I RAGLX & A&|{,{¢!{ nEnnj
. Al wmpl/wtwht Chb¢m I OHMNNByAIa LIN {, {¢!{ nEyn}j
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10. Hardware Tools 10.2. Evaluation Display Modules

The following hardware tools are required for full The following modules, available from 4D Systems,
control of theGoldeloxProcessor. can be used for evaluation purposes to discover what

the Goldeloxprocessor has to offer.
10.1. ProgrammingTools

The 4D Programming Cable, ulfss5 and gendA
Programming Adaptors are essential hardware tools
to program, customise and test theGoldelox
Processor.

Note: Any of the 4D Programming Cable, utFsts UOLEBI28G2-M ®p ¢ L YGOIGRDispES v U

Il or 4AD-UPA Programming Adaptor can be used
along with previous generation 4D programmefs
too.

hiKSNJ Y2RdzZ Sax &adzOK | &
mMmoénné [/ 5 @SNBRAZ2Yya | NB
4D Systems for more information, or visit the 4D
Systems websitayww.4dsystems.com.au

i K
I f

Q¢ ()

2

The 4D programming interfaces are used to program a
new Firmware/PmmC, Display Driver and for

downloading compiled 4DGL code into the processor.
They even serve as an interface for communicating
serial data to the .

The 4D Programming Cable, utF61l and 4D-UPA
Programming Adaptor are available from 4D Systems,
www.4dsystems.com.au

Using a nordD programming interface could damage
your processor, andoid your Warranty.
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11.4DLas¢ Workshop4 IDE

Workshop4is a comprehensive software IDE that
provides an integrated software development
platform for all of the 4D family of processors and
modules. The IDE combines the Editor, Compiler,
Linker and Downloader to develop complete 4DGL
application code. All userapplication code is
developed within théNorkshop4IDE.

gt T

WORKSHOP  varsin 021

) Create a new Project

Create a new Project

The Workshop4IDE supports multiple development
environments for the user, to cater for different user
requirements and skill level.

1 The Designerenvironment enables the user to
write 4DGL code in its natural form.

1 A visual programming experience, suitably called
ViSi enables dragind-drop type placement of
objects to assist with 4DGL code generation and
allows the user to visualise how the display will
look while being developed.

1 A Serial environment is also provided to
transform the Goldelox Processor into a slave
serial module, allowing the user to control the
display from any host microcontroller or device
with a serial port.

The Workshop4 IDE is available from the 4Dals
website.www.4dsystems.com.au

For a comprehensive manual on thgorkshop4IDE
Software, refe to its documentation from the 4D
Systems website.

Workshop4 IDE Userquide

11.1. Designer Environment

Choose the Designer environment to write 4DGL code
in its rawform.

The Designer environment provides the user with a
simple yet effective programming environment where
pure 4DGL code can be written, compiled and
downloaded to theGoldelox

I
HE|
1i@

i
i

11.2. ViSi Environment

ViSi was designed to make tleeeation of graphical
displays a more visual experience.

ViSi is a great software tool that allows the user to see
the instant results of their desired graphical layout.
Additionally, there is a selection of inbuilt dials, gauges
and meters that can simpl be placed onto the
simulated module display. From here each object can
have its properties edited, and at the click of a button
all relevant 4DGL code associated with that object is
produced in the user program. The user can then write
4DGL code aroundhese objects to utilise them in the
way they choose.
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11.3. Serial Environment

The Serial environment in th&'orkshop4 DE provides
the user the ability to transform theGoldelox
Processor into a slave serial graphics controller.

This enables the user to use their favourite
microcontroller or serial device as the Host, without
having to learn 4DGL or program in a separate IDE.
Once the module is configured and downloaded to
from the Serial Environment, simple graphic
commands can be sent from the users host
microcontroller to display primitives, images, sound or
even video.

Refer to Goldelox Serial Command Set Reference
Manual, for a complete listing of all the supported
serial commands
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12. Reference Design

1 ‘ 2 3 4 6 7 s
OLED High Voltage GOLDELOX @5
33|
VI +5Vin
MBROS40T1G ! 4K7
A LQH32CN4R7M23L. A
=—=c13 U3 _TPS61040DB e
22pF 1 5 EEEREEE 33V
c3 P! VIN ca
4.70F 4.7uF
= R14 —
82k
lcm lu
0.1uF 470
c11 = =
0.1uF
= XTAL-12.000Mhz|
)
c14 c15 9 E =
22pF 22pF ol l=lo
R " EEEEEE R
1/0 INTERFACE -
+33V
R2
10K
+3.3V
128x128 OLED 133V il
R1
1 910K a0 | RESET cs c1 =N
e I 1l
R11 i 1 1T FPC1
RX 4F = 0.F |
RS 68R 2
101 oY . VCOMH 3
68R — v 4
R R9 o 68R s
68R x 7
—ﬂ—mvln Be 8
9
MBRO540T1G g; 10
11
c > 12 c
13
Eg 14
-+ 1s
16
oo —7
18
S 1
RES OLED »
- D3 TREF 2
micro-SD CONNECTOR 433V 1N4148 23
—
— 3.3V REGULATOR (250ma) %
usb1 ?»74143 27
+5Vin U2 LP2oonIMs33 133V 2L
NC L —
T 11 o3 by e E ——=c18 3
b., oFF 4 St e 4.7uF | S
ON/OFGF\‘DCBW - sck e RS = FP4ZLU30TM2T
z — 560K
ad 47uF sl =3 =—=c16 =—c17 ==c2
co c12 o) 47uF 470F
0.1uF 0.01u . L 1
2 = =
= = = 23
b £ 8 o b
TI2A-TAAR-R03
ECN Change: 0413-01-128G2 Sh=
» 4D Systems Pty Lid
TidewOLED-128G2 Unit 7, 103 Sargents Road
Revision,0 | inchinbury
NSW 2770 40 SYSTEMS
17/07/2015_T Australia
File: OLED-128G2
1 2 3 4 6 7 ‘ 8

GOLDELORATASHEET

Page20 of 28

www.4dlabscom.au



44D LN\BS

SEMICONDUCTORS GOLDELOERAPHICS PROCESSOR

13. TimingDiagrams

13.1.Display Write Data Timing
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3.2.Display Read Data Timing
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13.3.SPI Timing Diagram

SPI MODE ARGUMENTS FOR spi_ Init (SPEED, INPUT MODE, OUTPUT MODE) ;
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14. Package Details

28 Pin QFN28 JEDEC MO-220
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Pitch e 026 B5C 0.65 BSC

Qverall Helght A 031 035 039 0.80 0.0 1.00
Standoff Al 000 001 002 0.00 0.02 0.05
Contact Thickness A3 008 REF 0.20 REF

Overall Width E 232 236 240 5.90 6.00 6.10
Exposed Pad Width E2 140 146 152 355 3.70 3.85
Qverall Length D 232 236 240 5.90 6.00 6.10
Exposed Pad Length D2 140 146 152 355 3.70 3.85
Contact Width b 009 011 013 023 0.28 0.33
Contact Length L 018 022 024 045 0.55 0.65
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15. PCB Land Pattern
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.
O
>
@
- Units MILLIMETERS
L Dimenslon Limlts|  MIN | NOM | MAX
()] Contact Pltch E 0.65 BSC
o~ Optlonal Center Pad Width W2 4.25
O Optlonal Center Pad Length T2 4,25
Q) Contact Pad Spacing c1 5,70
Contact Pad Spacing c2 570
Contact Pad Width (X28) X1 0.37
Contact Pad Length (X28) Y1 1,00
Distance Belween Pads G 0.20
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16. Specifications and Ratings

al -Laja w!¢LbD{

hLISNY GAY 3 | YOASY. 0. 0.SY.LISNI.G.dZNB. ..o, nnc/
{G2NF 38 GSY.LISNE.G.AZNIS. ..o Tpc/ H
+2fGF3S 2y Fyeée RAIAGE f. Ay Ldzi.. . LIAY.... 6.4 0.K....NB.A . mSi+s G
+2f QH{PSL @/Yl LAY 6AGK..NBALISOMG....0.2...Dh5..ceeeeeeem @0 £
+2€t9 183y +// 6AGK.NBALSQL...0.2...Db.5 e mdo+
al EAYdzY OdzNNBY.G...2.dzii.. .2 5. .Db.5 . LIAY i onny
al EAYdzY OdzNNB Y.L Ay .2kl LIRY e, HpnY
al EAYdzY 2dziiLidzi OdzNNBy.i..A.dzy ]1.k42.dzZNDSR..0.8.. L.y.&.. LAYn"
C201F € LI2 8 SNL.RAZAALIL G A .Y e M ®n
bheg {iNBaasSa 6208 (K2as tAalSR KSNB Yire& O dzas
Fdzy Ol A2yl 2LISNIdA2y 2F (GKS RSGAOS G GK2asS 2NJ
2LISNI GA2Yy tAFADYyHA29FTAAKYRGaMSOX ASRO® 9 ELJI &adNB
YIe FFFSOU RSOAOS NBtAlFLoAfAGED

w9/ haa9b595 ht9w!¢LbD / hb5L¢LhIt

tF Ny YSGSNI /| 2YRAGAZ2Y alAy ¢e L aI-E\ LY AL
{dzLJLt & +2f€ G4l 3S odn odo o dc +
h LIS NJ¢ EANYLIB NI { dzNJ m N T byn c/
QEGSNY Lt [/ NRadl T MH®A 7T all
LyLldzi [2¢ +2f il +// T odo| +Db5 mnm noy +
Ly Ldzi 1 A3K £2¢ £/ / T odo Hdn T £/ / +
D[ h. ! /1 twl/ ¢e9wL{c¢cL/{ . ! {
tF Ny YSGSNI I 2YyRAGAZ2Y aAy ¢e&Ll
{dzLJLJt & / dzNNBydid £/ / T odo+ T M H HC Y
[26 t26SN)/ dNNX+// I odo+xx {t 7Tp M AN T dz!
LYGSNYFtf hLISNY(-GFt I' mMadnna nm | ny®; Tm all
hdziiLddzi [2¢ =+2ft(x// T odo+x3X LI mm T naon +
hdzii Lddz& 2 iIA@S o/ / T odwodssY!LE wHdn T T +
k5 [/ 2Yy@SNISNI y\Lhm LAY T y T oAda
/' VLI OAGAGS [2FF/ [ YMZ [/ [YH LA T T M p LJC
[ LI OAGABS [2FF!1ff 20KSNJ LAY T TT Tt p N LJC
CtlhakK aSY2NER 9yt YY/ kn5D[ t NP T MAnJ) T 9K ?2

)
v
<))

L
n
(O

)
(O

(@]

I
—
O
)
n
(<),
O
O
—

o
n

.2

L
Q.
(C
—

O

X

O

—

Ll

(@]

]

@,

Q) hw59wLbD LbChwa! ¢Lhb

h NRSNJID2% RSY 2 E
tOlvasy¥yz cYY E cVYY
t I O1lcdkySay 2F cm LIASOSaA

GOLDELOBATASHEET 26P628 www.4dlabscom.au




o
Q
()

i e
7))
(C

)
(O

Qo

I
-
o
7))
v
Q
&
o
| -

Q.
7))

O

i
Q.
(C
-

O

x

@)

—

LLl

)]

—

@)

O

44D LN\BS

SEMICONDUCTORS

GOLDELOGRAPHICS PROCESSOR

1

7. Revision History

Revision Number Date Description
M PN 06/09/2012 First Revision
H ®n 01/05/2017 Updated formatting and contents
2.1 21/03/2019 Updated Formatting, Corrected information ¢
maximum baud rate
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18. Legal Notice

Proprietary Information

The information contained in this document is the property4@f LabsSemiconductorsand may be the subject of
patents pending or granth and must not be copied or disclosed without prior written permission.

4D Labssemiconductorgndeavours to ensure that the information in this document is correct and fairly stated but
does not accept liability for any error or omission. The developmeabdfabsemiconductorproducts and services

is continuous and published information may He up to date. It is important to check the current position with
Labs Semiconductors 4D LabsSemiconductorsreserves the right to modify, update or makes changes to
Specifications or written material without prior notice at any time.

All trademarkselong to their respective owners and are recognised and acknowledged.
Disclaimer of Warranties & Limitation of Liability

4D Labsemiconductorsnakes no warranty, either expressed or implied with respect to any product, and specifically
disclaims all dter warranties, including, without limitation, warranties for merchantability, fioflingement and
fitness for any particular purpose.

Information contained in this publication regarding device applications and the like is provided only for your
conveniace and may be superseded by updates. It is your responsibility to ensure that your application meets with
your specifications.

Images and graphics used throughout this document are for illustrative purposes only. All images and graphics used
are possibldgo be displayed on thdD LabsSemiconductorsange of products, however the quality may vary.

In no event shallD LabsSemiconductorde liable to the buyer or to any third party for any indirect, incidental,
special, consequential, punitive or exemplatamages (including without limitation lost profits, lost savings, or loss

of business opportunity) arising out of or relating to any product or service provided or to be providdd bgbs
Semiconductorsor the use or inability to use the same, evedlf LabsSemiconductorhas been advised of the
possibility of such damages.

4D Labssemiconductorgroducts are not fault tolerant nor designed, manufactured or intended for use or resale as

on line control equipment in hazardous environments requiringdaidfe performance, such as in the operation of
nuclear facilities, aircraft navigation or comnication systems, air traffic control, direct life support machines or
weapons systems in which the failure of the product could lead directly to death, personal injury or severe physical
2N SYGANRYYSyidl t RI Y 23 abéamichamidorsantl isisuppli@dispedificaily diséaimay
expressed or implied warranty of fithess for High Risk Activities.

Use of4D LabsSemiconductor® LINB RdzOi& |yR RS@AO0Sa Ay Ul A3IK wial ! Of
G GKS sk dedl Sélidyer abides to defend, indemnify and hold harmiBskabsSemiconductorérom any

and all damages, claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise,
under any4D Labssemiconductorintellectual property rights.

19. Contact Information

For Technical Support: wwédlabscom.aukupport
For Sales Support: saled@abscom.au
Website: www4dlabscom.au

Copyrigh 4D LabsSemiconductor2000-2019
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