
Table of Contents 
 

 

GOLDELOX DATASHEET                                            Page 1 of 28                                            www.4dlabs.com.au 
 

 

  

GOLDELOX 
Embedded Graphics Processor 

DATASHEET 

Document Revision: 2.1 

Document Date: 21st March 2019 



Table of Contents 
 

 

GOLDELOX DATASHEET                                            Page 2 of 28                                            www.4dlabs.com.au 
 

Table of Contents 
1. Description .............................................................................................................. 3 

2. Features ................................................................................................................... 3 

3. Applications ............................................................................................................. 4 

4. Pin Configuration and Summary ............................................................................... 5 

5. Hardware Interface Pins ........................................................................................... 7 

5.1. Display Interface ...................................................................................................... 7 

5.2. SPI Interface ς Master Mode ................................................................................... 8 

5.3. Serial Port ς UART .................................................................................................... 8 

5.4. General Purpose I/O Interface ................................................................................. 9 

5.5. System Pins ............................................................................................................ 10 

6. 4DGL ς Software Language ..................................................................................... 11 

7. In Circuit Serial Programming ................................................................................. 11 

8. Memory Organization ............................................................................................ 12 

9. System Registers Memory Map .............................................................................. 13 

10. Hardware Tools .................................................................................................... 17 

10.1. Programming Tools .............................................................................................. 17 

10.2. Evaluation Display Modules ................................................................................. 17 

11. 4D Labs ς Workshop4 IDE ..................................................................................... 18 

11.1. Designer Environment ......................................................................................... 18 

11.2. ViSi Environment .................................................................................................. 18 

11.3. Serial Environment ............................................................................................... 19 

12. Reference Design ................................................................................................. 20 

13. Timing Diagrams .................................................................................................. 21 

13.1. Display Write Data Timing ................................................................................... 21 

13.2. Display Read Data Timing .................................................................................... 22 

13.3. SPI Timing Diagram .............................................................................................. 23 

14. Package Details .................................................................................................... 24 

15. PCB Land Pattern .................................................................................................. 25 

16. Specifications and Ratings .................................................................................... 26 

17. Revision History ................................................................................................... 27 

18. Legal Notice ......................................................................................................... 28 

19. Contact Information ............................................................................................. 28 

 



GOLDELOX GRAPHICS PROCESSOR 
 

GOLDELOX DATASHEET                                            Page 3 of 28                                            www.4dlabs.com.au 
 

1. Description 
 
The Goldelox is a custom embedded graphics 
controller designed to interface with many popular 
OLED and LCD display panels. Powerful graphics, text, 
image, animation and countless more features are 
built right inside the chip. It offers a simple plug-n-play 
interface to many 8bit 80-Series colour LCD and OLED 
displays. 
 
The chip is designed to work with minimal design 
effort and all of the data and control signals are 
provided by the chip to interface directly to the 
display. Simply choose your display and interface it to 
the Goldelox on your application board. This offers 
enormous advantage to the designer in development 
time and cost saving and takes away all of the burden 
of low level design. 
 
The Goldelox 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 processor with 
an extensive byte-code 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. 
 
The device offers modest but comprehensive I/O 
features and can interface to SPI, serial, analogue, 
digital, buttons, joystick and Dallas 1-wire devices. 
Provision is also made for creating complex sound 
effects for audible user feedback with an extended 
RTTTL tone generator. 
 
All of the display built-in driver libraries implement 
and share the same high-level function interface. This 
allows your GUI application to be portable to different 
display controller types. 
 
4D Labs software development IDE called Workshop4 
is FREE and there are no licensing requirements. 
 
The Goldelox offers one of the most flexible 
embedded graphics solutions available. 
 
 
 
 
 
 
 

2. Features 
 

¶ Low-cost OLED, LCD and TFT display graphics user 

interface solution. 

¶ Ideal as a standalone embedded graphics 

processor or interface to any host controller as a 

graphics co-processor. 

¶ Connect to any colour display that supports an 80-

Series 8 bit wide CPU interface. All data and 

control signals are provided. 

¶ Built in high performance virtual processor engine 

(EVE) with an extensive byte-code instruction set 

optimised for 4DGL, the high level 4D Graphics 

Language. 

¶ 2 x GPIO ports supports: 

o Digital I/O 

o A/D converter with 8/10 bit resolution 

o Complex sound generation 

o Dedicated RTTTL tune engine 

o Multi-Switch Joystick 

o Dallas 1-Wire 

¶ 10KB of Flash memory for user code storage and 

510 bytes (255 x 16bit vars) of RAM for user 

variables. 

¶ 1 x 32bit free running system timer with 1msec 

resolution. 

¶ 4 x 16bit user timers with 1msec resolution 

¶ Asynchronous hardware Serial port with auto-

baud feature (300 to 600K baud). 

¶ Hardware SPI port interface for micro-SD/micro-

SDHC memory cards or Serial Flash memory chips 

for storing of icons, images, animations, etc.   

¶ Comprehensive set of built in high level 4DGL 

graphics functions and algorithms that can draw 

lines, circles, text, and much more. 

¶ Display full colour images, animations, icons and 

video clips. 

¶ 8x8 built-in system font and support for unlimited 

user customisable fonts with fixed or proportional 

spacing with the aid of a freely provided Font-

Tool. 

¶ Single 3.3 Volt Supply @12mA typical. 

¶ Available in a tiny 6mm x 6mm 28pin QFN. 
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3. Applications 
 

¶ Industrial (general). 

¶ Test, measurement and general purpose 

instrumentation 

¶ Elevator Control Systems. 

¶ Point of Sale Terminals. 

¶ Home Appliances (general). 

¶ Security Systems. 

¶ Access Control Systems. 

¶ Air-conditioning Control Systems. 

¶ Universal Remote Control. 

¶ Automotive (general). 

¶ Electronic Gauges and Meters. 

¶ Portable ECG Systems. 

¶ Portable Blood Pressure Monitors. 

¶ Aviation (general). 

¶ Gaming and Slot Machines. 

¶ !ƴŘ ƳǳŎƘ ƳƻǊŜΧ 
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4. Pin Configuration and Summary 
 

 
 
 

Goldelox Processor Pin Out 
PIN SYMBOL I/O DESCRIPTION 

1 RD O 
Display Read strobe signal. Goldelox asserts this signal LOW when reading data 
from the display. Connect this pin to the Read (RD) signal of the display. 

2 WR O 
Display Write strobe signal. Goldelox asserts this signal LOW when writing data to 
the display. Connect this pin to the Write (WR) signal of the display. 

3 REF P 
Internal voltage regulator filter capacitor. Connect a 4.7uF to 10uF capacitor from 
this pin to Ground. 

4 RS O 

Display Register Select. 
LOW: Display index or status register is selected. 
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 of the 
external SPI device (SD/SDHC memory card, Serial Flash chip, etc.).  

9 CS O 
Display Chip Select. Goldelox asserts this signal LOW when accessing the display. 
Connect this pin to the Chip Select (CS) signal of the display. 

10 RES O 
Display RESET. Goldelox initialises the display by strobing this pin LOW. Connect this 
pin to the Reset (RES) signal of the display. 

 
I = Input, O = Output, P = Power, A = Analogue  
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Goldelox tǊƻŎŜǎǎƻǊ tƛƴ hǳǘ όŎƻƴǘƛƴǳŜŘΧύ 
PIN SYMBOL I/O DESCRIPTION 

11 SCK O 

SPI Serial Clock output. Connect this pin to the SPI Serial Clock (SCK) signal of the 
external device. Nominally reserved for SD/SDHC memory card or serial flash 
memory chip. 
See Section 13.3 for detailed timing diagram. 

12 SDI I 

SPI Serial Data Input. Connect this pin to the SPI Serial Data Out (SDO) signal of the 
external device. Nominally reserved for SD/SDHC memory card or serial flash 
memory chip. 
See Section 13.3 for detailed timing diagram. 

13 SDO O 

SPI Serial Data Output. Connect this pin to the SPI Serial Data In (SDI) signal of the 
external device. Nominally reserved for SD/SDHC memory card or serial flash 
memory chip. 
See Section 13.3 for detailed timing diagram. 

14 TX0 O 
Asynchronous Serial Transmit pin. Output data is at TTL voltage levels. Connect this 
pin to external device Serial Receive (Rx) signal. This pin is tolerant up to 5.0V levels. 

15 RX0 I 
Asynchronous Serial Receive pin. Connect this pin to external device Serial Transmit 
(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. 

18 D0 I/O Display Data Bus bit 0. 

19 D1 I/O Display Data Bus bit 1. 

20 D2 I/O Display Data Bus bit 2. 

21 D3 I/O Display Data Bus bit 3. 

22 D4 I/O Display Data Bus bit 4. 

23 D5 I/O Display Data Bus bit 5. 

24 D6 I/O Display Data Bus bit 6. 

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. 

27 IO1 I/O/A General purpose IO1 pin. See Section 5.4 for more detail. 

28 IO2 I/O General purpose IO2 pin. See Section 5.4 for more detail. 

PAD GND P Exposed metal pad under the package, must connect to GND. 

 
I = Input, O = Output, P = Power, A = Analogue
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5. Hardware Interface Pins 
 
The Goldelox provides both a hardware and software 
interface. This section describes in detail the hardware 
interface. 
 

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

 

 
 

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 
 
D0-D7 pins (Display Data Bus): 
The Display Data Bus (D0-D7) is an 8 bit bidirectional 
port and all data writes and reads occur over this bus. 
Other control signals such as RW, RD CS, and 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 of the display. 
 
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 Register Select (RS) signal of 
the display. Different displays utilise various naming 

conventions such as RS, A0, C/D or similar. Be sure to 
check with your display manufacturer for the correct 
name and function. 
 
RES pin (Display Reset): 
Display RESET. Goldelox 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 back-light of the LCD or as the DC/DC 
converter enable. 
 
Refer to the reference design in Section 12 in this 
document for an example. 
 
WR pin (Display Write): 
This is the display write strobe signal. The Goldelox 
asserts this signal LOW when writing data to the 
display in conjunction with the display data bus (D0-
D7). Connect this pin to the Write (WR) signal of the 
display. 
 

 
 

Item Sym Min Typ Max Unit 

Write Low Pulse tWL 170 - - ƴǎ 

Write High Pulse tWH 85 - - ƴǎ 

Write Bus Cycle Total  tWT 255 - - ƴǎ 

Write Data Setup tDS 85 - - ƴǎ 
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RD pin (Display Read): 
This is the display read strobe signal. The Goldelox 
asserts this signal LOW when reading data from the 
display in conjunction with the display data bus (D0-
D7). Connect this pin to the Read (RD) signal of the 
display. 
 

 
 

Item Sym Min Typ Max Unit 

wŜŀŘ [ƻǿ tǳƭǎŜ ǘw[ олл π π ƴǎ 

wŜŀŘ IƛƎƘ tǳƭǎŜ ǘwI олл π π ƴǎ 

wŜŀŘ .ǳǎ /ȅŎƭŜ ¢ƻǘŀƭ  ǘw¢ слл π π ƴǎ 

wŜŀŘ 5ŀǘŀ IƻƭŘ ǘ5I мрл π π ƴǎ 

 
 

5.2. SPI Interface ς Master Mode 
 
Goldelox supports micro-SD/micro-SDHC 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 general purpose storage for data logging 
applications. Support is available for micro-SD with up 
to 2GB capacity and for high capacity HC memory 
cards starting from 4GB and above. The Goldelox also 
supports any other general purpose SPI serial device. 
 

 
 
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.  
 
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.  
 
 

SCK pin (SPI Serial Clock): 
The SPI Serial Clock output (SCK). This pin connects to 
the Serial Clock (SCK) signal of the external SPI device.  
 
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 to Section 13.3 SPI Timing Diagram 
 

Note: SPI Master Only 

 

5.3. Serial Port ς UART 
 
The Goldelox has a dedicated hardware UART that can 
communicate with external serial devices. This is 
referred to as the COM0 module. The primary features 
are: 
 

¶ Full-Duplex 8 bit data transmission and reception 

through the TX and RX pins. 

¶ Data format: 8 bits, No Parity, 1 Stop bit.  

¶ Auto Baud feature. 

¶ Baud rates from 300 baud up to 600K 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 application having to 

constantly poll the serial port. This frees up the 

application to service other tasks. 

 

The Serial port is also the primary interface for 
downloading user application code (compiled 4DGL 
byte-code) into the Goldelox flash program memory. 
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 to Section 7. In Circuit Serial Programming for 
further details.  
 
TX pin (Serial Transmit): 
Asynchronous Serial port Transmit pin, TX. Connect 
this pin to external serial device Serial Receive (Rx) 
signal.   
 
RX pin (Serial Receive): 
Asynchronous Serial port Receive pin, RX. Connect this 
pin to external serial device Serial Transmit (Tx) signal.  
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5.4. General Purpose I/O Interface 
 
There are 2 GPIO pins available, IO1 and IO2. 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 titled Goldelox 
Internal Functions Manual for a complete set of built 
in 4DGL library functions. 
 
IO1, IO2 pins (General Purpose Input Output): 
General purpose IO1, IO2 pins. The table below lists 
the available GPIO functions and features. 
 

DtLh CǳƴŎǘƛƻƴǎ ŀƴŘ CŜŀǘǳǊŜǎ 

C¦b/¢Lhb Lhм Lhн 

5ƛƎƛǘŀƭ LƴǇǳǘ V V 

5ƛƎƛǘŀƭ hǳǘǇǳǘ V V 

!κ5 /ƻƴǾŜǊǘŜǊ уκмл ōƛǘǎ V ππ 

5ŀƭƭŀǎ мπ²ƛǊŜ ǎǳǇǇƻǊǘ  V V 

{ƻǳƴŘ DŜƴŜǊŀǘƛƻƴΣ w¢¢¢[ ¢ǳƴŜǎ V V 

WƻȅǎǘƛŎƪ ς р Ǉƻǎƛǘƛƻƴ ƳǳƭǘƛπǎǿƛǘŎƘ  V ππ 

 
Input/Output:  
Both IO1 and IO2 pins can be programmed to be 
Inputs or Outputs. Diagram below shows a LED 
connected to IO1 (programmed as an output) and a 
button connected to IO2 (programmed as an input). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Analogue to Digital Converter: 

The IO1 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 Dependent 
Resistor (LDR) connected to IO1 to measure and 
record changes in ambient light. 
 

 
 

Dallas 1-Wire: 
The Dallas 1-Wire protocol is a form of serial 
communications designed to operate over a single 
data line plus ground reference. Multiple 1-Wire 
devices can be attached to the same shared data line 
to network many devices. One wire device support is 
available on both the IO1 and the IO2 pins.  
 
The diagram below depicts a typical 1-Wire 
temperature sensor interface. 
 

 
  

http://www.4dsystems.com.au/product/4D_Workshop_4_IDE/downloads
http://www.4dsystems.com.au/product/4D_Workshop_4_IDE/downloads
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Joystick - Multi Switch: 
Multiple buttons or a multi-switch Joystick can be 
connected to the IO1 pin. Up to 5 buttons or a 5 
position multi-switch 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 accordingly. This 
feature is supported by dedicated 4DGL library 
functions. The following diagrams indicate how to 
connect up to 5 individual buttons or a multi-switch 
joystick to the IO1 pin. 
 

 
 

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

bƻΦ ƻŦ .ǳǘǘƻƴǎ .ǳǘǘƻƴ bǳƳōŜǊ wŜǎƛǎǘƻǊ ±ŀƭǳŜ 

м {²м ннY 

н {²н млY 

о {²о пΦтY 

п {²п нΦнY 

р {²р мΦнY 

 
 
Sound Output: 

The Goldelox is capable of generating complex sounds 
and RTTTL tunes from its IO1 and IO2 pins. A simple 
speaker circuit as shown below can be utilized. 
 

 
 
 

5.5. System Pins 
 
VCC pin (Device Supply Voltage): 
Device supply voltage pin. This pin must be connected 
to a regulated 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. An active low pulse of 
greater than 2 micro-seconds 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 not driven 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.  
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6. 4DGL ς Software Language 
 
The Goldelox graphics 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 an extensive byte-code 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_LINE, GFX_CIRCLE and many more.  
 
For detailed information pertaining to the 4DGL 
language, please refer to the following documents: 

 
п5D[ tǊƻƎǊŀƳƳŜǊΩǎ wŜŦŜǊŜƴŎŜ aŀƴǳŀƭ 
Goldelox Internal Functions Manual 

 
To assist with the development of 4DGL applications, 
the Workshop4 IDE combines a full-featured editor, a 
compiler, a linker and a 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 Goldelox processor can be re-programmed with 
the latest PmmC configuration for updates and future 
proofing. The chip-level configuration is available as a 
PmmC (Personality-module-micro-Code) file and the 
programming must be performed over the serial 
interface. The chip-resident internal 4DGL functions 
are part of the Goldelox PmmC 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 to this must 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. 
 

 
ICSP Interface 
 
The PmmC file is programmed into the device with the 
aid of Workshop4, the 4D Labs IDE software (See 
Section 11). 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 non-4D programming interface could damage 
your display, and void your Warranty. 
 

Note: The Goldelox chip is shipped blank and it must 
be programmed with the PmmC configuration file. 

  

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

 
 
The figure below illustrates how the Goldelox internal 
memory is organised. 
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9. System Registers Memory Map 
 
The following tables outline in detail the Goldelox system registers and flags. 
 

Table 9.1: System (BYTE Size) Registers Memory Map 

LABEL 
ADDRESS 

USAGE SIZE *NOTES 
DEC HEX 

±·м мну лȄул ŘƛǎǇƭŀȅ ƘŀǊŘǿŀǊŜ Dw!a Ȅм Ǉƻǎ .¸¢9 {¸{¢9a όwκhύ 

±¸м мнф лȄум ŘƛǎǇƭŀȅ ƘŀǊŘǿŀǊŜ Dw!a ȅм Ǉƻǎ .¸¢9 {¸{¢9a όwκhύ  

±·н мол лȄун ŘƛǎǇƭŀȅ ƘŀǊŘǿŀǊŜ Dw!a Ȅн Ǉƻǎ .¸¢9 {¸{¢9a όwκhύ  

±¸н мом лȄуо ŘƛǎǇƭŀȅ ƘŀǊŘǿŀǊŜ Dw!a ȅн Ǉƻǎ .¸¢9 {¸{¢9a όwκhύ   

{¸{ψ·ψa!· мон лȄуп ŘƛǎǇƭŀȅ ƘŀǊŘǿŀǊŜ · ǊŜǎπм .¸¢9 {¸{¢9a όwκhύ   

{¸{ψ¸ψa!· моо лȄур ŘƛǎǇƭŀȅ ƘŀǊŘǿŀǊŜ ¸ ǊŜǎπм .¸¢9 {¸{¢9a όwκhύ   

²wL¢9ψDw!aψw9D моп лȄус ŘƛǎǇƭŀȅ Dw!a ǿǊƛǘŜ ŀŘŘǊŜǎǎ .¸¢9 {¸{¢9a όwκhύ  

w9!5ψDw!aψw9D мор лȄут ŘƛǎǇƭŀȅ Dw!a ǊŜŀŘ ŀŘŘǊŜǎǎ .¸¢9 {¸{¢9a όwκhύ  

La!D9ψ²L5¢I мос лȄуу ƭƻŀŘŜŘ ƛƳŀƎŜκŀƴƛƳŀǘƛƻƴ ǿƛŘǘƘ .¸¢9 {¸{¢9a όwκhύ 

La!D9ψI9LDI¢ мот лȄуф ƭƻŀŘŜŘ ƛƳŀƎŜκŀƴƛƳŀǘƛƻƴ ƘŜƛƎƘǘ .¸¢9 {¸{¢9a όwκhύ 

La!D9ψ59[!¸ моу лȄу! ŦǊŀƳŜ ŘŜƭŀȅ όƛŦ ŀƴƛƳŀǘƛƻƴύ .¸¢9 ¦{9w  

La!D9ψah59 моф лȄу. ƛƳŀƎŜκŀƴƛƳŀǘƛƻƴ ŎƻƭƻǳǊ ƳƻŘŜ .¸¢9 {¸{¢9a όwκhύ 

/[Ltψ[9C¢ψth{ мпл лȄу/ ƭŜŦǘ ŎƭƛǇǇƛƴƎ Ǉƻƛƴǘ ǎŜǘǘƛƴƎ .¸¢9 ¦{9w 

/[Ltψ¢htψth{ мпм лȄу5 ǘƻǇ ŎƭƛǇǇƛƴƎ Ǉƻƛƴǘ ǎŜǘǘƛƴƎ .¸¢9 ¦{9w  

/[LtψwLDI¢ψth{ мпн лȄу9 ǊƛƎƘǘ ŎƭƛǇǇƛƴƎ Ǉƻƛƴǘ ǎŜǘǘƛƴƎ .¸¢9 ¦{9w  

/[Ltψ.h¢¢haψth{ мпо лȄуC ōƻǘǘƻƳ ŎƭƛǇǇƛƴƎ Ǉƻƛƴǘ ǎŜǘǘƛƴƎ .¸¢9 ¦{9w  

/[Ltψ[9C¢ мпп лȄфл ƭŜŦǘ ŎƭƛǇǇƛƴƎ Ǉƻƛƴǘ ŀŎǘƛǾŜ .¸¢9 ¦{9w  

/[Ltψ¢ht мпр лȄфм ǘƻǇ ŎƭƛǇǇƛƴƎ Ǉƻƛƴǘ ŀŎǘƛǾŜ .¸¢9 ¦{9w  

/[LtψwLDI¢ мпс лȄфн ǊƛƎƘǘ ŎƭƛǇǇƛƴƎ Ǉƻƛƴǘ ŀŎǘƛǾŜ .¸¢9 ¦{9w 

/[Ltψ.h¢¢ha мпт лȄфо ōƻǘǘƻƳ ŎƭƛǇǇƛƴƎ Ǉƻƛƴǘ ŀŎǘƛǾŜ .¸¢9 ¦{9w 

Chb¢ψ¢¸t9 мпу лȄфп л Ґ ŦƛȄŜŘΣ м Ґ ǇǊƻǇƻǊǘƛƻƴŀƭ .¸¢9 {¸{¢9a όwκhύ  

Chb¢ψa!· мпф лȄфр ƴǳƳōŜǊ ƻŦ ŎƘŀǊǎ ƛƴ Ŧƻƴǘ ǎŜǘ .¸¢9 {¸{¢9a όwκhύ  

Chb¢ψhCC{9¢ мрл лȄфс !{/LL ƻŦŦǎŜǘ όǳǎǳŀƭƭȅ лȄнлύ .¸¢9 {¸{¢9a όwκhύ  

Chb¢ψ²L5¢I мрм лȄфт ǿƛŘǘƘ ƻŦ Ŧƻƴǘ όǇƛȄŜƭ ǳƴƛǘǎύ .¸¢9 {¸{¢9a όwκhύ  

Chb¢ψI9LDI¢ мрн лȄфу ƘŜƛƎƘǘ ƻŦ Ŧƻƴǘ όǇƛȄŜƭ ǳƴƛǘǎύ .¸¢9 {¸{¢9a όwκhύ  

¢9·¢ψ·a!D мро лȄфф ǘŜȄǘ ǿƛŘǘƘ ƳŀƎƴƛŦƛŎŀǘƛƻƴ .¸¢9 ¦{9w 

¢9·¢ψ¸a!D мрп лȄф! ǘŜȄǘ ƘŜƛƎƘǘ ƳŀƎƴƛŦƛŎŀǘƛƻƴ .¸¢9 ¦{9w 

¢9·¢ψa!wDLb  мрр лȄф. ǘŜȄǘ ǇƭŀŎŜ ƘƻƭŘŜǊ ŦƻǊ /w  .¸¢9 {¸{¢9a όwκhύ 

¢9·¢ψ59[!¸ мрс лȄф/ ǘŜȄǘ ŘŜƭŀȅ ŜŦŦŜŎǘ όлπнррƳǎŜŎύ .¸¢9 ¦{9w 

¢9·¢ψ·ψD!t мрт лȄф5 · ǇƛȄŜƭ ƎŀǇ ōŜǘǿŜŜƴ ŎƘŀǊǎ .¸¢9 ¦{9w 

¢9·¢ψ¸ψD!t мру лȄф9 ¸ ǇƛȄŜƭ ƎŀǇ ōŜǘǿŜŜƴ ŎƘŀǊǎ .¸¢9 ¦{9w 

DC·ψ·a!· мрф лȄфC ǿƛŘǘƘ ƻŦ ŎǳǊǊŜƴǘ ƻǊƛŜƴǘŀǘƛƻƴ .¸¢9 {¸{¢9a όwκhύ  

DC·ψ¸a!· мсл лȄ!л ƘŜƛƎƘǘ ƻŦ ŎǳǊǊŜƴǘ ƻǊƛŜƴǘŀǘƛƻƴ .¸¢9 {¸{¢9a όwκhύ  

DC·ψ{/w99bah59 мсм лȄ!м /ǳǊǊŜƴǘ ǎŎǊŜŜƴ ƳƻŘŜ όлπоύ .¸¢9 {¸{¢9a όwκhύ  

ǊŜǎŜǊǾŜŘ 
мснπ
мср 

лȄ!нπ
лȄ!р 

ǊŜǎŜǊǾŜŘ .¸¢9 {¸{¢9a όwκhύ  

ϝbh¢9{Υ 

{¸{¢9a 
{¸{¢9a ǊŜƎƛǎǘŜǊǎ ŀǊŜ ƳŀƛƴǘŀƛƴŜŘ ōȅ ƛƴǘŜǊƴŀƭ ǎȅǎǘŜƳ ŦǳƴŎǘƛƻƴǎ ŀƴŘ ǎƘƻǳƭŘ ƴƻǘ ōŜ ǿǊƛǘǘŜƴ 
ǘƻΦ ¢ƘŜȅ ǎƘƻǳƭŘ ƻƴƭȅ ŜǾŜǊ ōŜ ǊŜŀŘΦ 
5h bh¢ ²wL¢9 ǘƻ ǘƘŜǎŜ ǊŜƎƛǎǘŜǊǎΦ 

¦{9w 
¦{9w ǊŜƎƛǎǘŜǊǎ ŀǊŜ ǊŜŀŘκǿǊƛǘŜ όwκ²ύ ǊŜƎƛǎǘŜǊǎ ǳǎŜŘ ǘƻ ŀƭǘŜǊ ǘƘŜ ǎȅǎǘŜƳ ōŜƘŀǾƛƻǳǊΦ wŜŦŜǊ 
ǘƻ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ŦǳƴŎǘƛƻƴǎ ŦƻǊ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ ǘƘŜǎŜ ǊŜƎƛǎǘŜǊǎΦ 

¢ƘŜǎŜ ǊŜƎƛǎǘŜǊǎ ŀǊŜ ŀŎŎŜǎǎƛōƭŜ ǿƛǘƘ ǇŜŜƪ. ŀƴŘ ǇƻƪŜ. ŦǳƴŎǘƛƻƴǎΦ 
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Table 9.2: System (WORD size) Registers Memory Map 

LABEL 
ADDRESS 

USAGE SIZE *NOTES 
DEC HEX 

{¸{ψh±9wC[h² уо лȄро мсōƛǘ ƻǾŜǊŦƭƻǿ ǊŜƎƛǎǘŜǊ ²hw5 ¦{9w 

{¸{ψ/h[h¦w уп лȄрп ƛƴǘŜǊƴŀƭ ǾŀǊƛŀōƭŜ ŦƻǊ ŎƻƭƻǳǊ ²hw5 {¸{¢9a 

{¸{ψw9¢±![ ур лȄрр ǊŜǘǳǊƴ ǾŀƭǳŜ ƻŦ ƭŀǎǘ ŦǳƴŎǘƛƻƴ  ²hw5 {¸{¢9a 

DC·ψ.!/Yψ/h[h¦w ус лȄрс ǎŎǊŜŜƴ ōŀŎƪƎǊƻǳƴŘ ŎƻƭƻǳǊ ²hw5 ¦{9w 

DC·ψh.W9/¢ψ/h[h¦w ут лȄрт ƎǊŀǇƘƛŎǎ ƻōƧŜŎǘ ŎƻƭƻǳǊ ²hw5 ¦{9w 

DC·ψ¢9·¢ψ/h[h¦w уу лȄру ǘŜȄǘ ŦƻǊŜƎǊƻǳƴŘ ŎƻƭƻǳǊ ²hw5 ¦{9w 

DC·ψ¢9·¢ψ.D/h[h¦w уф лȄрф ǘŜȄǘ ōŀŎƪƎǊƻǳƴŘ ŎƻƭƻǳǊ ²hw5 ¦{9w 

DC·ψh¦¢[Lb9ψ/h[h¦w фл лȄр! ŎƛǊŎƭŜκǊŜŎǘŀƴƎƭŜ ƻǳǘƭƛƴŜ ²hw5 ¦{9w 

DC·ψ[Lb9ψt!¢¢9wb фм лȄр. ƭƛƴŜ ŘǊŀǿ ǘŜǎǎŜƭƭŀǘƛƻƴ ²hw5 ¦{9w 

LaDψtL·9[ψ/h¦b¢ фн лȄр/ Ŏƻǳƴǘ ƻŦ ǇƛȄŜƭǎ ƛƴ ƛƳŀƎŜ ²hw5 {¸{¢9a 

LaDψCw!a9ψ/h¦b¢ фо лȄр5 Ŏƻǳƴǘ ƻŦ ŦǊŀƳŜǎ ƛƴ ŀƴƛƳŀǘƛƻƴ ²hw5 {¸{¢9a 

a95L!ψI9!5 фп лȄр9 ƳŜŘƛŀ ǎŜŎǘƻǊ ƘŜŀŘ Ǉƻǎƛǘƛƻƴ ²hw5 {¸{¢9a 

{¸{ψh¦¢{¢w9!a фр лȄрC hǳǘǇǳǘ ǎǘǊŜŀƳ ƘŀƴŘƭŜ ²hw5 {¸{¢9a 

DC·ψ[9C¢ фс лȄсл ƛƳŀƎŜ ƭŜŦǘ ǊŜŀƭ Ǉƻƛƴǘ ²hw5 {¸{¢9a 

DC·ψ¢ht фт лȄсм ƛƳŀƎŜ ǘƻǇ ǊŜŀƭ  Ǉƻƛƴǘ ²hw5 {¸{¢9a 

DC·ψwLDI¢ фу лȄсн ƛƳŀƎŜ ǊƛƎƘǘ ǊŜŀƭ  Ǉƻƛƴǘ ²hw5 {¸{¢9a 

DC·ψ.h¢¢ha фф лȄсо ƛƳŀƎŜ ōƻǘǘƻƳ ǊŜŀƭ Ǉƻƛƴǘ ²hw5 {¸{¢9a 

DC·ψ·м млл лȄсп ƛƳŀƎŜ ƭŜŦǘ ŎƭƛǇǇŜŘ Ǉƻƛƴǘ ²hw5 {¸{¢9a 

DC·ψ¸м млм лȄср ƛƳŀƎŜ ǘƻǇ ŎƭƛǇǇŜŘ Ǉƻƛƴǘ ²hw5 {¸{¢9a 

DC·ψ·н млн лȄсс ƛƳŀƎŜ ǊƛƎƘǘ ŎƭƛǇǇŜŘ Ǉƻƛƴǘ ²hw5 {¸{¢9a 

DC·ψ¸н мло лȄст ƛƳŀƎŜ ōƻǘǘƻƳ ŎƭƛǇǇŜŘ Ǉƻƛƴǘ ²hw5 {¸{¢9a 

DC·ψ·ψhwD млп лȄсу ŎǳǊǊŜƴǘ · ƻǊƛƎƛƴ ²hw5 ¦{9w 

DC·ψ¸ψhwD млр лȄсф ŎǳǊǊŜƴǘ ¸ ƻǊƛƎƛƴ ²hw5 ¦{9w 

w!b5haψ[h млс лȄс! ǊŀƴŘƻƳ ƎŜƴŜǊŀǘƻǊ [h ǿƻǊŘ ²hw5 {¸{¢9a 

w!b5haψIL млт лȄс. ǊŀƴŘƻƳ ƎŜƴŜǊŀǘƻǊ IL ǿƻǊŘ ²hw5 {¸{¢9a 

a95L!ψ!55wψ[h млу лȄс/ ƳŜŘƛŀ ōȅǘŜ ŀŘŘǊŜǎǎ [h   ²hw5 {¸{¢9a 

a95L!ψ!55wψIL млф лȄс5 ƳŜŘƛŀ ōȅǘŜ ŀŘŘǊŜǎǎ IL   ²hw5 {¸{¢9a 

{9/¢hwψ!55wψ[h ммл лȄс9 ƳŜŘƛŀ ǎŜŎǘƻǊ ŀŘŘǊŜǎǎ [h  ²hw5 {¸{¢9a 

{9/¢hwψ!55wψIL ммм лȄсC ƳŜŘƛŀ ǎŜŎǘƻǊ ŀŘŘǊŜǎǎ IL  ²hw5 {¸{¢9a 

{¸{¢9aψ¢La9wψ[h ммн лȄтл мƳǎŜŎ ǎȅǎǘŜƳ ǘƛƳŜǊ [h ǿƻǊŘ ²hw5 ¦{9w 

{¸{¢9aψ¢La9wψIL ммо лȄтм мƳǎŜŎ ǎȅǎǘŜƳ ǘƛƳŜǊ IL ǿƻǊŘ ²hw5 ¦{9w 

¢La9wл ммп лȄтн мƳǎŜŎ ǳǎŜǊ ǘƛƳŜǊ л  ²hw5 ¦{9w 

¢La9wм ммр лȄто мƳǎŜŎ ǳǎŜǊ ǘƛƳŜǊ м ²hw5 ¦{9w 

¢La9wн ммс лȄтп мƳǎŜŎ ǳǎŜǊ ǘƛƳŜǊ н ²hw5 ¦{9w 

¢La9wо ммт лȄтр мƳǎŜŎ ǳǎŜǊ ǘƛƳŜǊ о ²hw5 ¦{9w 

Lb/±![ мму лȄтс 
ǇǊŜŘŜŎκǇǊŜƛƴŎκǇƻǎǘŘŜŎκǇƻǎǘƛƴŎ 
ŀŘŘŜƴŘ 

²hw5 ¦{9w 

¢9atψa95L!ψ!55w[h ммф лȄтт ǘŜƳǇƻǊŀǊȅ ƳŜŘƛŀ ŀŘŘǊŜǎǎ [h ²hw5 {¸{¢9a 

¢9atψa95L!ψ!55wIL мнл лȄту ǘŜƳǇƻǊŀǊȅ ƳŜŘƛŀ ŀŘŘǊŜǎǎ IL ²hw5 {¸{¢9a 

DC·ψ¢w!b{t!w9b¢/h[h¦w мнм лȄтф LƳŀƎŜ ǘǊŀƴǎǇŀǊŜƴŎȅ ŎƻƭƻǳǊ ²hw5 ¦{9w 

DC·ψ{¢wLbDa9¢wL· мнн лȄт! 
[ƻǿ ōȅǘŜ Ґ ǎǘǊƛƴƎ ǿƛŘǘƘ 
IƛƎƘ ōȅǘŜ Ґ ǎǘǊƛƴƎ ƘŜƛƎƘǘ 

²hw5 {¸{¢9a 

DC·ψ¢9at{¢hw9м мно лȄт. 
[ƻǿ ōȅǘŜ Ґ ƭŀǎǘ ŎƘŀǊŀŎǘŜǊ ǇǊƛƴǘŜŘ 
IƛƎƘ ōȅǘŜ Ґ ǾƛŘŜƻ ŦǊŀƳŜ ǘƛƳŜǊ 
ƻǾŜǊπǊƛŘŜ 

²hw5 {¸{¢9a 

ǊŜǎŜǊǾŜŘ мнп лȄт/ ǊŜǎŜǊǾŜŘ ²hw5 {¸{¢9a 

ǊŜǎŜǊǾŜŘ мнр лȄт5 ǊŜǎŜǊǾŜŘ ²hw5 {¸{¢9a 

{¸{ψC[!D{м мнс лȄт9 ǎȅǎǘŜƳ ŎƻƴǘǊƻƭ ŦƭŀƎǎ ǿƻǊŘ л ²hw5 C[!D{ 

{¸{ψC[!D{н мнт лȄтC ǎȅǎǘŜƳ ŎƻƴǘǊƻƭ ŦƭŀƎǎ ǿƻǊŘ м ²hw5 C[!D{ 

¦{wψ{t мну лȄул ¦ǎŜǊ ŘŜŦƛƴŜŘ ǎǘŀŎƪ ǇƻƛƴǘŜǊ ²hw5 ¦{9w{¢!/Y 

¦{wψa9a мнф лȄум нрр ǳǎŜǊ ǾŀǊƛŀōƭŜǎ κ ŀǊǊŀȅόǎύ ²hw5 a9ahw¸ 
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{¸{ψ{¢!/Y оуп лȄмул мну ƭŜǾŜƭ 9±9 ƳŀŎƘƛƴŜ ǎǘŀŎƪ ²hw5 {¸{¢9a{¢!/Y 

 

ϝbh¢9{Υ 

{¸{¢9a 
{¸{¢9a ǊŜƎƛǎǘŜǊǎ ŀǊŜ ƳŀƛƴǘŀƛƴŜŘ ōȅ ƛƴǘŜǊƴŀƭ ǎȅǎǘŜƳ ŦǳƴŎǘƛƻƴǎ ŀƴŘ ǎƘƻǳƭŘ ƴƻǘ ōŜ 
ǿǊƛǘǘŜƴ ǘƻΦ ¢ƘŜȅ ǎƘƻǳƭŘ ƻƴƭȅ ŜǾŜǊ ōŜ ǊŜŀŘΦ 
5h bh¢ ²wL¢9 ǘƻ ǘƘŜǎŜ ǊŜƎƛǎǘŜǊǎΦ 

¦{9w 
¦{9w ǊŜƎƛǎǘŜǊǎ ŀǊŜ ǊŜŀŘκǿǊƛǘŜ όwκ²ύ ǊŜƎƛǎǘŜǊǎ ǳǎŜŘ ǘƻ ŀƭǘŜǊ ǘƘŜ ǎȅǎǘŜƳ ōŜƘŀǾƛƻǳǊΦ 
wŜŦŜǊ ǘƻ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ŦǳƴŎǘƛƻƴǎ ŦƻǊ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ ǘƘŜǎŜ 
ǊŜƎƛǎǘŜǊǎΦ 

¦{9w{¢!/Y ¦ǎŜŘ ōȅ ǘƘŜ ŘŜōǳƎƎƛƴƎ ŀƴŘ ǎȅǎǘŜƳ ŜȄǘŜƴǎƛƻƴ ǳǘƛƭƛǘƛŜǎ 

a9ahw¸ нрр ǿƻǊŘ ǎƛȊŜ ǾŀǊƛŀōƭŜǎ ŦƻǊ ǳǎŜǊǎ ǇǊƻƎǊŀƳ 

{¢!/Y мну ǿƻǊŘ 9±9 ǎȅǎǘŜƳ ǎǘŀŎƪ ό{¢!/Y ƎǊƻǿǎ ǳǇǿŀǊŘǎύ 

C[!D{ 
C[!D{ ŀǊŜ ŀ ƳƛȄǘǳǊŜ ƻŦ ōƛǘǎ ǘƘŀǘ ŀǊŜ ŜƛǘƘŜǊ ƳŀƛƴǘŀƛƴŜŘ ōȅ ƛƴǘŜǊƴŀƭ ǎȅǎǘŜƳ ŦǳƴŎǘƛƻƴǎ 
ƻǊ ǎŜǘ κ ŎƭŜŀǊŜŘ ōȅ ǾŀǊƛƻǳǎ ǎȅǎǘŜƳ ŦǳƴŎǘƛƻƴǎΦ wŜŦŜǊ ǘƻ ǘƘŜ C[!D{ wŜƎƛǎǘŜǊ .ƛǘ aŀǇ 
ǘŀōƭŜΣ ŀƴŘ ƛƴŘƛǾƛŘǳŀƭ ŦǳƴŎǘƛƻƴǎ ŦƻǊ ŦǳǊǘƘŜǊ ŘŜǘŀƛƭǎΦ 

¢ƘŜǎŜ ǊŜƎƛǎǘŜǊǎ ŀǊŜ ŀŎŎŜǎǎƛōƭŜ ǿƛǘƘ ǇŜŜƪ² ŀƴŘ ǇƻƪŜ²  ŦǳƴŎǘƛƻƴǎΦ 
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Table 9.3: FLAG Registers Bit Map 

REGISTER 
ADDRESS 

NAME USAGE *NOTES VALUE 
DEC HEX 

{¸{ψC[!D{м мнс лȄт9 ϝ ŘŜƴƻǘŜǎ ŀǳǘƻ ǊŜǎŜǘ  

 

.ƛǘ л ψ{¢w9!a[h/Y ¦ǎŜŘ ƛƴǘŜǊƴŀƭƭȅ {¸{¢9a лȄлллм 

.ƛǘ м ψt9b{L½9 hōƧŜŎǘΣ л Ґ ǎƻƭƛŘΣ м Ґ ƻǳǘƭƛƴŜ {¸{¢9a лȄлллн 

.ƛǘ н ψht!/L¢¸ ¢ŜȄǘΣ л Ґ ǘǊŀƴǎǇŀǊŜƴǘΣ м Ґ ƻǇŀǉǳŜ {¸{¢9a лȄлллп 

.ƛǘ о ψh¦¢[Lb95 ōƻȄκŎƛǊŎƭŜ ƻǳǘƭƛƴŜ л Ґ ƻŦŦΣ м Ґ ƻƴ {¸{¢9a лȄлллу 

.ƛǘ п ψ.h[5 ϝ ǘŜȄǘΣ л Ґ ƴƻǊƳŀƭΣ м Ґ ōƻƭŘ  {¸{¢9a лȄллмл 

.ƛǘ р ψL¢![L/ ϝ ¢ŜȄǘΣ л Ґ ƴƻǊƳŀƭΣ м Ґ ƛǘŀƭƛŎ {¸{¢9a лȄллнл 

.ƛǘ с ψLb±9w{9 ϝ ¢ŜȄǘΣ л Ґ ƴƻǊƳŀƭΣ м Ґ ƛƴǾŜǊǎŜ {¸{¢9a лȄллпл 

.ƛǘ т ψ¦b59w[Lb95 ϝ ¢ŜȄǘΣ л Ґ ƴƻǊƳŀƭΣ м Ґ ǳƴŘŜǊƭƛƴŜŘ  {¸{¢9a лȄллул 

.ƛǘ у ψ/[LttLbD л Ґ ŎƭƛǇǇƛƴƎ ƻŦŦΣ м Ґ ŎƭƛǇǇƛƴƎ ƻƴ {¸{¢9a лȄлмлл 

.ƛǘ ф ψ{¢wah59 ¦ǎŜŘ ƛƴǘŜǊƴŀƭƭȅ {¸{¢9a лȄлнлл 

.ƛǘ мл ψ{9wah59 ¦ǎŜŘ ƛƴǘŜǊƴŀƭƭȅ {¸{¢9a лȄлплл 

.ƛǘ мм ψ¢·¢ah59 ¦ǎŜŘ ƛƴǘŜǊƴŀƭƭȅ {¸{¢9a лȄлулл 

.ƛǘ мн ψa95L!ah59 ¦ǎŜŘ ƛƴǘŜǊƴŀƭƭȅ {¸{¢9a лȄмллл 

.ƛǘ мо ψt!¢¢9wb95 ¦ǎŜŘ ƛƴǘŜǊƴŀƭƭȅ {¸{¢9a лȄнллл 

.ƛǘ мп ψ/h[h¦wу 5ƛǎǇƭŀȅ ƳƻŘŜΣ л Ґ мсōƛǘΣ м Ґ уōƛǘ {¸{¢9a лȄпллл 

.ƛǘ мр ψa95L!Chb¢ л Ґ ƛƴǘŜǊƴŀƭ ŦƻƴǘΣ м Ґ ƳŜŘƛŀ Ŧƻƴǘ {¸{¢9a лȄуллл 

{¸{ψC[!D{н мнт лȄтC   

 

.ƛǘ л ψa95L!ψLb{¢![[95 
{5 ƻǊ C[!{I ŘŜǾƛŎŜ ƛǎ 
ŘŜǘŜŎǘŜŘκŀŎǘƛǾŜ 

{¸{¢9a лȄлллм 

.ƛǘ м ψa95L!ψ¢¸t9 л Ґ {5Σ м Ґ C[!{I ŎƘƛǇ {¸{¢9a лȄлллн 

.ƛǘ н ψa95L!ψw9!5 м Ґ a95L! ǊŜŀŘ ƛƴ ǇǊƻƎǊŜǎǎ {¸{¢9a лȄлллп 

.ƛǘ о ψa95L!ψ²wL¢9 м Ґ a95L! ǿǊƛǘŜ ƛƴ ǇǊƻƎǊŜǎǎ {¸{¢9a лȄлллу 

.ƛǘ п ψh²ψtLb л Ґ LhмΣ м Ґ Lhн ό5ŀƭƭŀǎ h² tƛƴύ {¸{¢9a лȄллмл 

.ƛǘ р ψt¢wψ¢¸t9 ¦ǎŜŘ ƛƴǘŜǊƴŀƭƭȅ {¸{¢9a лȄллнл 

.ƛǘ с ψ¢9atм ¦ǎŜŘ ƛƴǘŜǊƴŀƭƭȅ {¸{¢9a лȄллпл 

.ƛǘ т ψ¢9atн ¦ǎŜŘ ƛƴǘŜǊƴŀƭƭȅ {¸{¢9a лȄллул 

.ƛǘ у ψw¦bah59 м Ґ ǊǳƴƴƛƴƎ ǇŎƻŘŜ ŦǊƻƳ ƳŜŘƛŀ {¸{¢9a лȄлмлл 

.ƛǘ ф ψ{LDb95 л Ґ ƴǳƳōŜǊ ǇǊƛƴǘŜŘ ϥπϥ ǇǊŜǇŜƴŘ {¸{¢9a лȄлнлл 

.ƛǘ мл ψw¦bC[!D м Ґ 9±9 ǇǊƻŎŜǎǎƻǊ ƛǎ ǊǳƴƴƛƴƎ {¸{¢9a лȄлплл 

.ƛǘ мм ψ{LbD[9{¢9t м Ґ ǎŜǘ ōǊŜŀƪǇƻƛƴǘ ŦƻǊ ŘŜōǳƎƎŜǊ {¸{¢9a лȄлулл 

.ƛǘ мн ψ/haaLb¢ м Ґ ōǳŦŦŜǊŜŘ ŎƻƳǎ ŀŎǘƛǾŜ {¸{¢9a лȄмллл 

.ƛǘ мо ψ5¦aa¸мс м Ґ ŘƛǎǇƭŀȅ ƴŜŜŘǎ мсōƛǘ ŘǳƳƳȅ {¸{¢9a лȄнллл 

.ƛǘ мп ψ5L{tмс м Ґ ŘƛǎǇƭŀȅ ƛǎ мсōƛǘ ƛƴǘŜǊŦŀŎŜ {¸{¢9a лȄпллл 

.ƛǘ мр ψtwhtChb¢ м Ґ ŎǳǊǊŜƴǘ Ŧƻƴǘ ƛǎ ǇǊƻǇƻǊǘƛƻƴŀƭ {¸{¢9a лȄуллл 
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10. Hardware Tools 
 
The following hardware tools are required for full 
control of the Goldelox Processor. 
 

10.1. Programming Tools 
 
The 4D Programming Cable, uUSB-PA5 and gen4-PA 
Programming Adaptors are essential hardware tools 
to program, customise and test the Goldelox 
Processor.  
 

Note: Any of the 4D Programming Cable, uUSB-PA5-
II or 4D-UPA Programming Adaptor can be used, 
along with previous generation 4D programmers 
too. 

 
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 PC. 
 
The 4D Programming Cable, uUSB-PA5-II and 4D-UPA 
Programming Adaptor are available from 4D Systems, 
www.4dsystems.com.au 
 
Using a non-4D programming interface could damage 
your processor, and void your Warranty. 
 

 
4D Programming Cable 

 

 
uUSB-PA5-II Programming Adaptor 

 

 
4D-UPA Programming Adaptor 

10.2. Evaluation Display Modules 
 
The following modules, available from 4D Systems, 
can be used for evaluation purposes to discover what 
the Goldelox processor has to offer.  
 
 
  
 
 
 
 
 

uOLED-128-G2 - мΦрέ LƴǘŜƭƭƛƎŜƴǘ Goldelox Display 
 
hǘƘŜǊ ƳƻŘǳƭŜǎΣ ǎǳŎƘ ŀǎ ǘƘŜ лΦфсέ ŀƴŘ мΦтέ h[95Σ ƻǊ 
мΦппέ [/5 ǾŜǊǎƛƻƴǎ ŀǊŜ ŀƭǎƻ ŀǾŀƛƭŀōƭŜΦ tƭŜŀǎŜ ŎƻƴǘŀŎǘ 
4D Systems for more information, or visit the 4D 
Systems website, www.4dsystems.com.au 
  

http://www.4dsystems.com.au/product/uOLED_128_G2/
http://www.4dsystems.com.au/product/uOLED_128_G2/
http://www.4dsystems.com.au/product/uOLED_128_G2/
http://www.4dsystems.com.au/product/uOLED_128_G2/
http://www.4dsystems.com.au/product/uOLED_128_G2/
file:///C:/Users/James/Dropbox/4D%20Projects/Documentation/uLCD-32WPTu%20Datasheet/www.4dsystems.com.au
http://www.4dsystems.com.au/
http://www.4dsystems.com.au/product/4D-Programming-Cable/
http://www.4dsystems.com.au/product/uUSB-PA5/
http://www.4dsystems.com.au/product/gen4_PA/
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11. 4D Labs ς Workshop4 IDE 
 
Workshop4 is 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 user application code is 
developed within the Workshop4 IDE. 
 

 
 
The Workshop4 IDE supports multiple development 
environments for the user, to cater for different user 
requirements and skill level. 
 

¶ The Designer environment enables the user to 
write 4DGL code in its natural form.  

¶ A visual programming experience, suitably called 
ViSi, enables drag-and-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.  

¶ 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 4D Labs 
website. www.4dsystems.com.au 
 
For a comprehensive manual on the Workshop4 IDE 
Software, refer to its documentation from the 4D 
Systems website. 
 

Workshop4 IDE Userguide 
 
 
 
 
 
 

11.1. Designer Environment 
 
Choose the Designer environment to write 4DGL code 
in its raw form. 
 
The Designer environment provides the user with a 
simple yet effective programming environment where 
pure 4DGL code can be written, compiled and 
downloaded to the Goldelox. 
 

 
 
 

11.2.  ViSi Environment 
 
ViSi was designed to make the creation 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 simply 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 around these objects to utilise them in the 
way they choose. 
 

 
  

file:///C:/Users/Administrator/Dropbox%20(4D%20Team)/4D%20Labs%20Products/_Semiconductors/4DLS-Goldelox/Documentation/Datasheet/using%20new%20template/4DS%20copy/www.4dsystems.com.au
http://www.4dsystems.com.au/product/4D_Workshop_4_IDE/downloads
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11.3.  Serial Environment 
 
The Serial environment in the Workshop4 IDE provides 
the user the ability to transform the Goldelox 
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 
 

http://www.4dsystems.com.au/product/4D_Workshop_4_IDE/downloads
http://www.4dsystems.com.au/product/4D_Workshop_4_IDE/downloads
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12. Reference Design 
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13. Timing Diagrams 
 

13.1. Display Write Data Timing 
 

 
 

Item Symbol Min. Typ. Max. Unit 

²ǊƛǘŜ [ƻǿ ƭŜǾŜƭ ǇǳƭǎŜ ǿƛŘǘƘ ǘ²[ мтл π π ƴǎ 

²ǊƛǘŜ IƛƎƘ ƭŜǾŜƭ ǇǳƭǎŜ ǿƛŘǘƘ ǘ²I ур π π ƴǎ 

²ǊƛǘŜ .ǳǎ /ȅŎƭŜ ¢ƻǘŀƭ  ǘ²¢ нрр π π ƴǎ 

²ǊƛǘŜ 5ŀǘŀ {ŜǘǳǇ  ǘ5{ ур π π ƴǎ 
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13.2. Display Read Data Timing  
 

 
 

Item Symbol Min. Typ. Max. Unit 

wŜŀŘ [ƻǿ ƭŜǾŜƭ ǇǳƭǎŜ ǿƛŘǘƘ ǘw[ олл π π ƴǎ 

wŜŀŘ IƛƎƘ ƭŜǾŜƭ ǇǳƭǎŜ ǿƛŘǘƘ ǘwI олл π π ƴǎ 

wŜŀŘ .ǳǎ /ȅŎƭŜ ¢ƻǘŀƭ  ǘw¢ слл π π ƴǎ 

wŜŀŘ 5ŀǘŀ IƻƭŘ  ǘ5I мрл π π ƴǎ 
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13.3. SPI Timing Diagram 
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14. Package Details 
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15. PCB Land Pattern 
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16. Specifications and Ratings 
 

!.{h[¦¢9 a!·La¦a w!¢LbD{ 

hǇŜǊŀǘƛƴƎ ŀƳōƛŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜ ............................................................................................................ плϲ/ ǘƻ Ҍулϲ/ 

{ǘƻǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜ ................................................................................................................................ πсрϲ/ Ҍмрлϲ/ 

±ƻƭǘŀƎŜ ƻƴ ŀƴȅ ŘƛƎƛǘŀƭ ƛƴǇǳǘ Ǉƛƴ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ Db5 ...............................................................................πлΦо± ǘƻ сΦл± 

±ƻƭǘŀƎŜ ƻƴ {²L¢/I Ǉƛƴ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ Db5 ............................................................................................πлΦо± ǘƻ сΦл± 

±ƻƭǘŀƎŜ ƻƴ ±// ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ Db5 ........................................................................................................πлΦо± ǘƻ пΦл± 

aŀȄƛƳǳƳ ŎǳǊǊŜƴǘ ƻǳǘ ƻŦ Db5 Ǉƛƴ ....................................................................................................................  оллƳ! 

aŀȄƛƳǳƳ ŎǳǊǊŜƴǘ ƛƴǘƻ ±// Ǉƛƴ ......................................................................................................................... нрлƳ! 

aŀȄƛƳǳƳ ƻǳǘǇǳǘ ŎǳǊǊŜƴǘ ǎǳƴƪκǎƻǳǊŎŜŘ ōȅ ŀƴȅ Ǉƛƴ ..........................................................................................  пΦлƳ! 

¢ƻǘŀƭ ǇƻǿŜǊ ŘƛǎǎƛǇŀǘƛƻƴ ......................................................................................................................................... мΦл² 

bh¢9Υ {ǘǊŜǎǎŜǎ ŀōƻǾŜ ǘƘƻǎŜ ƭƛǎǘŜŘ ƘŜǊŜ Ƴŀȅ ŎŀǳǎŜ ǇŜǊƳŀƴŜƴǘ ŘŀƳŀƎŜ ǘƻ ǘƘŜ ŘŜǾƛŎŜΦ ¢Ƙƛǎ ƛǎ ŀ ǎǘǊŜǎǎ ǊŀǘƛƴƎ ƻƴƭȅ ŀƴŘ 
ŦǳƴŎǘƛƻƴŀƭ ƻǇŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ŘŜǾƛŎŜ ŀǘ ǘƘƻǎŜ ƻǊ ŀƴȅ ƻǘƘŜǊ ŎƻƴŘƛǘƛƻƴǎ ŀōƻǾŜ ǘƘƻǎŜ ƛƴŘƛŎŀǘŜŘ ƛƴ ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ 
ƻǇŜǊŀǘƛƻƴ ƭƛǎǘƛƴƎǎ ƻŦ ǘƘƛǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴ ƛǎ ƴƻǘ ƛƳǇƭƛŜŘΦ 9ȄǇƻǎǳǊŜ ǘƻ ƳŀȄƛƳǳƳ ǊŀǘƛƴƎ ŎƻƴŘƛǘƛƻƴǎ ŦƻǊ ŜȄǘŜƴŘŜŘ ǇŜǊƛƻŘǎ 
Ƴŀȅ ŀŦŦŜŎǘ ŘŜǾƛŎŜ ǊŜƭƛŀōƛƭƛǘȅΦ 

 

w9/haa9b595 ht9w!¢LbD /hb5L¢Lhb{ 

tŀǊŀƳŜǘŜǊ /ƻƴŘƛǘƛƻƴǎ aƛƴ ¢ȅǇ aŀȄ ¦ƴƛǘǎ 

{ǳǇǇƭȅ ±ƻƭǘŀƎŜ ό±//ύ  оΦл оΦо оΦс ± 

hǇŜǊŀǘƛƴƎ ¢ŜƳǇŜǊŀǘǳǊŜ  πпл ππ Ҍул ϲ/ 

9ȄǘŜǊƴŀƭ /Ǌȅǎǘŀƭ ό·ǘŀƭύ  ππ мнΦлл ππ aIȊ 

LƴǇǳǘ [ƻǿ ±ƻƭǘŀƎŜ ό±L[ύ ±// Ґ оΦо± ±Db5 ππ лΦу ± 

LƴǇǳǘ IƛƎƘ ±ƻƭǘŀƎŜ ό±LIύ ±// Ґ оΦо± нΦл ππ ±// ± 

 

D[h.![ /I!w!/¢9wL{¢L/{ .!{95 hb ht9w!¢LbD /hb5L¢Lhb{ 

tŀǊŀƳŜǘŜǊ /ƻƴŘƛǘƛƻƴǎ aƛƴ ¢ȅǇ aŀȄ ¦ƴƛǘǎ 

{ǳǇǇƭȅ /ǳǊǊŜƴǘ όL//ύ ±// Ґ оΦо± ππ мн нс Ƴ! 

[ƻǿ tƻǿŜǊ /ǳǊǊŜƴǘόL//ύ ±// Ґ оΦо±Σ {ƭŜŜǇ aƻŘŜ тр млл ππ ǳ! 

LƴǘŜǊƴŀƭ hǇŜǊŀǘƛƴƎ CǊŜǉǳŜƴŎȅ ·ǘŀƭ Ґ мнΦллaIȊ ππ пуΦлл ππ aIȊ 

hǳǘǇǳǘ [ƻǿ ±ƻƭǘŀƎŜ ό±h[ύ ±// Ґ оΦо±Σ Lh[ Ґ оΦпƳ! ππ ππ лΦп ± 

hǳǘǇǳǘ IƛƎƘ ±ƻƭǘŀƎŜ ό±hIύ ±// Ґ оΦо±Σ Lh[ Ґ πнΦлƳ! нΦп ππ ππ ± 

!κ5 /ƻƴǾŜǊǘŜǊ wŜǎƻƭǳǘƛƻƴ Lhм Ǉƛƴ ππ у ππ ōƛǘǎ 

/ŀǇŀŎƛǘƛǾŜ [ƻŀŘƛƴƎ /[YмΣ /[Yн Ǉƛƴǎ ππ ππ мр ǇC 

/ŀǇŀŎƛǘƛǾŜ [ƻŀŘƛƴƎ !ƭƭ ƻǘƘŜǊ Ǉƛƴǎ ππ ππ рл ǇC 

CƭŀǎƘ aŜƳƻǊȅ 9ƴŘǳǊŀƴŎŜ tƳƳ/κп5D[ tǊƻƎǊŀƳƳƛƴƎ ππ мллл ππ 9κ² 

 

hw59wLbD LbChwa!¢Lhb 

hǊŘŜǊ /ƻŘŜΥ DƻƭŘŜƭƻȄ 

tŀŎƪŀƎŜΥ vCbнуΣ сƳƳ Ȅ сƳƳ 

tŀŎƪŀƎƛƴƎΥ ¢ǳōŜǎ ƻŦ см ǇƛŜŎŜǎ 
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17. Revision History 
 

Revision Number Date Description 

мΦл 06/09/2012 First Revision 

нΦл 01/05/2017 Updated formatting and contents 

2.1 21/03/2019 Updated Formatting, Corrected information on 
maximum baud rate 
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18. Legal Notice 
 
Proprietary Information 
 
The information contained in this document is the property of 4D Labs Semiconductors and may be the subject of 
patents pending or granted, and must not be copied or disclosed without prior written permission.  
 
4D Labs Semiconductors endeavours to ensure that the information in this document is correct and fairly stated but 
does not accept liability for any error or omission. The development of 4D Labs Semiconductors products and services 
is continuous and published information may not be up to date. It is important to check the current position with 4D 
Labs Semiconductors. 4D Labs Semiconductors reserves the right to modify, update or makes changes to 
Specifications or written material without prior notice at any time. 
 
All trademarks belong to their respective owners and are recognised and acknowledged. 
 
Disclaimer of Warranties & Limitation of Liability 
 
4D Labs Semiconductors makes no warranty, either expressed or implied with respect to any product, and specifically 
disclaims all other warranties, including, without limitation, warranties for merchantability, non-infringement and 
fitness for any particular purpose. 
 
Information contained in this publication regarding device applications and the like is provided only for your 
convenience 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 possible to be displayed on the 4D Labs Semiconductors range of products, however the quality may vary. 
In no event shall 4D Labs Semiconductors be liable to the buyer or to any third party for any indirect, incidental, 
special, consequential, punitive or exemplary damages (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 provided by 4D Labs 
Semiconductors, or the use or inability to use the same, even if 4D Labs Semiconductors has been advised of the 
possibility of such damages. 
 
4D Labs Semiconductors products are not fault tolerant nor designed, manufactured or intended for use or resale as 
on line control equipment in hazardous environments requiring fail ς safe performance, such as in the operation of 
nuclear facilities, aircraft navigation or communication 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 
ƻǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŘŀƳŀƎŜ όΨIƛƎƘ wƛǎƪ !ŎǘƛǾƛǘƛŜǎΩύΦ     4D Labs Semiconductors and its suppliers specifically disclaim any 
expressed or implied warranty of fitness for High Risk Activities. 
 
Use of 4D Labs SemiconductorsΩ ǇǊƻŘǳŎǘǎ ŀƴŘ ŘŜǾƛŎŜǎ ƛƴ ϥIƛƎƘ wƛǎƪ !ŎǘƛǾƛǘƛŜǎϥ ŀƴŘ ƛƴ ŀƴȅ ƻǘƘŜǊ ŀǇǇƭƛŎŀǘƛƻƴ ƛǎ ŜƴǘƛǊŜƭȅ 
ŀǘ ǘƘŜ ōǳȅŜǊΩǎ Ǌƛsk, and the buyer agrees to defend, indemnify and hold harmless 4D Labs Semiconductors from any 
and all damages, claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise, 
under any 4D Labs Semiconductors intellectual property rights. 
 
 

19. Contact Information 
 
For Technical Support: www.4dlabs.com.au/support 
For Sales Support: sales@4dlabs.com.au 
Website: www.4dlabs.com.au 
 

Copyright 4D Labs Semiconductors 2000-2019 
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