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4D SYSTEMS

DIABLO16 Processor

The DIABLO16 Processor is the latest addition to
the 4D Systems processor range, providing more
power, more FLASH, more RAM and more features
than the PICASO Processo

The DIABLO1&Processor is a custom embedded
4DGL graphics controller designed to interface
with many popular OLED and LCD display panels.
With its powerful graphics, text, imageand
animation abilities builtin, along withnumerous
more featuresmakesthe Diablol6a single chip
solution for a wide variety of LCD and OLED display
solutions

The DIABLO1®fers a simple plug-play interface

to many 16bit 80-Series colour LCD and OLED
displays and isdesigned to work with minimal
design effortasall of the data and control signals
are provided by the chip to ietface directly to
the display.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 DIABLOl1&belongs © 4D Sgtems 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 bytode instruction

set optimised to execute compiled @D
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 processoroffers a comprehensiveset of /0
features and can interface td&PlI, 12C, serial,
digital, and analog devices, and provides a wealth
of features such as PWM, Quadrature, PulseOut
and Pin Counter functiondrovision is also made
for a dedicated WM audio output that supports
audio WAV files and complex sound generation.

All of the display buin driver libraries implement
and share the same higkvel function interface.
This allows your GUI application to be portable to
different display contoller types.

4D Systemssoftware development IDE called
Workshopt is FREE and there are no licensing
requirements.
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4D SYSTEMS DIABLO16 Processor

3. Applications

ADSYSNIf LIzN1IZaSa SYOSRRSR INI LKA Ces
A9t SOl G2aNI O2yGNRBE a8aidSvao g
At2ayld 2F alrtsS GSNXYAYLIf&ao® _
A9t SOGNRYAO 3+dASa FyR YShiNER
A¢Séq |-yfz ,YS,I-édszSYS)/ﬁ YR
AyaidNdzySyidltiaarzyo /
ALYRAAGNRIE O2y(GNRBE FyR w2062 A
Al dzizy20 A @8 a6 aéédw

ADt{ ylI@A3alGA2y &deadiSvyao
AaSRAOFt LyadNdzySyida FyR LI AOIGAZ2Y&D

Al 2YS FTLIWKEALFYOSa YR {YIFENI 1 2YS 1 dzi2aYlI A2y D
A{SOdNRiGe IyR ! 0O0Saa O2yiNRf &aeaidsSvao
ADIYAy3 SljdzALIYSy i o

AV @Al GAzy aeaisSvyao
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4D SYSTEMS DIABLO16 Processor

4. Pin Summary

LEGEND

JiCm POWER

W GND
[msysTEM

[m DIsPLAY

JCW TOUCH-PANEL
DIABLO16 JW SDCARD-SPI
|—m PORTA GPIO
[=m como UART

|=0 Aubio

1
2
3
4
5
6
7
8

DIABLO1®rocessor Pin Out

Pin  Symbol 1/O | Description

1 AUDIO | O ) . g o
low pass filter then into an audio amplifier.
4-Wire Resistive Touch Screen Right signal. Connect this pin to XR or X

2 XR A .
signal of the touch panel.
4-Wire Resistive Touch Screen Up signal. Connect this pin to YU or Y+

3 YU A
of the touch panel.

4 spsck | o SPI Serial Clock output. SD memory card use only. Connect this pin to t
Serial Clock (SCK) signal of thermogy card.

5 SDSDI | SPI Serial Data Input. SD memory card use only. Connect this pin to the
Serial Data Out (SDO) signal of the memory card.

6 spspo | o SPI Serial Data Output. SD memory card use only. Connect this pin to t
Serial Data In (SPdignal of the memory card.

7 RESET| | Magter Reset signal. Connect a 4piHl-up resistor from this pin to VCC.
Active Low

8 SDCS 0 SD MemonyCard Chip Select. SD memory card use only. Connect this p
the Chip Enable (CS) signal of the memory.card
Analog Positive Supply.
Option 1:Connect to VCC via adt#nresistor, and with a 4.7uF Capacitor
to AGND

1 ; . . .

o AvCC P Option 2: Connect to VCC via an Inductor with has a resistance of less t
lohm, and a capacity greater than 10mA, and a 4.7uF Cap&@iAGND.
This option provides the best ADC noise rejection.

20 AGND P | Analog Ground. Connect this to GND

9,25,34,41 GND P | Device Ground.
M 2 Hpcy VCC P | Device Positive Supply.

| = Input, O = Output, P = Powdr = Analogue

© 2015 4D SYSTEMS Page6 of 34 www.4dsystems.com.au




4D SYSTEMS

DIABLO16 Processor

DIABLO1I®roOS & a2NJ t Ay hdzi 602y GAYy«

Pin  Symbol 1/0 Descriptio

M M 5p Lk|5AaLX & 5lodblo+. dz2 f &N y i @

M H 5n Lk|5AaLX & 5lodblo+. dz@ f EN& yril @p

M O 50 Lk|5AaLX & 5lodblo+. dz2 f &N ya @

M M 5H Lk|5AaLX & 5lodblo+. dz® f EN& Yl @

M p 5M LK|S5AALX & Sudiblo+. dz2 f &N y i @

M C 50 Lk|5AaLX & 5lodblo+. dz@ f EN& y i @

M T 5¢c Lk|[5AaLX & 5lodbo+. dz2 f SNG y & @b

MYy 57 LK|5AaLX & 5loiblo+. dz2 f &N yii @

H M 5y LK|5AaLX & 5lodblo+. dz@2 f &N yyi @

H H 5 LK|5AaLX & 5loiblo+. dz2 f &N ydhap

HO 5M N Lk|5AaL @ 5lddox di2 (03N yuindgp

H N 5M M Lk|5AaL @& 5lddox di2 (03N yivap

HT 5M H Lk|5AaL @& 5lddox dB2 03N yadkdp

HY 5M 0 Lk|5AaL @& 5lddox di2 (03N ybdp

H ] 5M n Lk|5AaL @& 5lddox di2 t03NI yahdap

on 5M p Lk|5AaL @& 5lddox diz (03NI yapdp

oM t! MH kh |[DSYSNJI f L ibzNIKNAESO AR yp 8BSt (12 SNF yi @

OH t! Mo |IKh/DSYSNI} f L tbHzNIKAGES AR yp @St (12T SN yid
5SRAOIAISYROKNR Y 2dza { SNA L f L2 NI ¢ NI

00 ¢ n h | YAGIHNRY (iNBEt SNI {0SNPIFTEY | vi IO SAKZES Ké2wa (i
51 L. [@hmc ( KAFRJzILINGEDE kKBEA S & S P8I t NP

oc t !pv Lk |DSYSNJI f LhdbdzNIKA &S d IS & ({SBI QAlIaE Lu/ t

0T t ! Lk|DSYSNJI f L tbzNIKAESdAIS ¢ E{NBIGAlat Lu/ t

oM I [mY L |5S0A0S /w20 I Ay IO adl f @

nn | [nY h |[5SOA0S /2@ 1Ay IONB Al £ ©
I 38 Y OKNERIYE2 ded2 NISNARS OSA BS LAY I w- @

nH W 1 L |O2yiNRtfSNI {ENAAIYICNDYERSi6HRI [ ]
Al GKAA pidyie G(RNBOEH F2HNIAt NR INI Y

no t! mn |Lk|DSYSN}fLKkUHMIIBESS+ JpPOEBAG2T SNI yi D

nn t! MM |Lk|DSYSN}fLKkHMIIBESDa+ JpPOEBAG2T SNI yi D
ldzRA2 9yl o6tftSaod /2yySOG GKA& LAYy i

np ' 58b. h |[[h25YA AIS&EGSNYFE | dzZRA2 | YL A FTASND
I LAY BESSNY £ 1 dzZRA2 | YLX ATASNID

nc t!on Lk | DSY B NI dz2NkIB @S CEDa+ LPpFDSEG2F SN yi o

0T O h 2 ANBE wSaAradArgsS ¢2dO0K { ONBSY -gASTH/
2F GKS (2dzO0K LI ySt o

ny 5 h n—ZAN\’E NB?A&@A@S G 2 dzOK A0ONBSYy 62l
AAIYiKS 2072 dzOK LI y St @

n o t!p Lk [IDSYSN) f Lk zMI 2 EBDa+ LPp FDSBG2F SNI yi @

p N t!c LK|DSYSN}f LkHzMIIRBESDa+ L pEFDESBG2f SNI yi D

p M t!lT LK|DSYSN} f LkUzMIIBESDa+ L pEFDSBG2f SNI yi D

pH t!ly Lk|DSY SNIENLIZkahS® ¢ B Da + LJp EDER E SNI y i @

p 0O t! g LK|DSYSN} f LktzMI2EDHa+ L pEDERE SN yi D

| = Input, O = Output, P = Powdr= Analogue

© 2015 4D SYSTEMS
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4D SYSTEMS DIABLO16 Processor

DIABLO16 N2 OS&da2NJ t Ay hdzi 602y iA

Pin Symbol I/O Description

Display RESET. DIABLO16 initialises the display by strobing this pin L(
Connect this pin to the Reset (RES) signal of the display.

5AaL) e wSIAAGSNI { St SOl

[ h2Y 5AaLXL+e& AYyRSE 2NJ adl Gdza NB3J
p p w { h |1 LDI'Y 5AaL)X | @RDwlaAANBRRESDasEm
[ 2yySOG GKA& LAY (2nAINNS wsS I2ANUGSEAN
O2y @Sy GAz2yo araylrt 2F (GKS RA&LIX |
LYGSNYyFt @2tidF3S INBAIRYYSRGTFAL o1 §
OF LI OAG2N) TNRYt@EARRRPY DA R DAPR Grf
S5AaLX & 2 NRABS!a INRcSNIBA Ay XA & a A 3
RFEGF G2 GKS RAaLIX I &d /2yySOG (KA
BA&LI e wSlkRBRLAGNPR@EES NI VWilKA®2 2 &[S
p o w5 h |RFEFGF FNRY GKS RAaLXLFE&d /2yySOG i
RAGLI I 2o

5/5/ KAIK @2fGF3S SyrotS araayltt o
GKS [/5 oI O1tA3aIKG 2NJ GKS h[95 LI
I AIKY 9% oOBEABDNJ

[26 Y 5581 O A5 NI SNIp
DSYSNI f LiklzepIB &S! yI 23 / Idlko i2AGH
GAGK | NIOYRS gKByn dza S Fa Ly 1 ylf
DSYSNJ f L kLoxsyRIA &S! y I f 2 I akdAf 3N
GAGK | NIOYRS gKByn dza S Fa Ly 1 ylf
DSY SNJ f L kLoxsyRIA &S ! y I f 2 / lalkd AR AGH
GAGK | NIy RS 6KByn dza S F&a Ly 1yl ¢
2
S

pn w9 { h

py 2w h

() 5/ 9b. h

DSY SNJ f L kLox@mhJA ES! y* D leob@a K& &SN

R
3
R
3
R
HA
GAGK | NIdYyRS gKByndzaSR a Fy 1yl f

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

NOTERPIease refer to section 5 for more information about these piikpins are 3.3V Level. Some GPIO is
5.0V tokrant (PA4¢ PA13) All analog pins are 3.3V tolettamlong withPA14PA15 Serial Port O (TX0, RX0) are
3.3V level, but 5V tolerant.

© 2015 4D SYSTEMS Page8 of 34 www.4dsystems.com.au




4D SYSTEMS DIABLO16 Processor

5. Pin Description [ 2yySOG GKA&A LAY (2 GKS wS3A

27 (KS RAaLIEF&® S5ARUBNBYG R
BLI.[hwmc tNEOSaxamwmmMKéia HF o DS Wi A2 YAk B dDKI & BYA

¢ K
YR I a2F06tNB Ay(SNFI 050 ¢r@f9%i\'~5 @i AQKAS O s a%mik% 5% 2%'?
RSAT GKS KINRsINB AyidSNFIHRENILKES ﬁ%ﬁ(%u REIGR D sley R T dzy
5.1. Display Interface AL oA
wo{ LAYy o5AaLile& wSaSaoy
¢KSL! . [shaeldL)2NXia [/ 5 I YR 5{;@'53f_|Réila"V_§ﬂWU“f7\335 uKS R
GAGK 1 YNNWydA GmMBARS / t! Rl-érj'}hyiﬁﬁﬂaﬂwﬂé LAY GRh20KS/ 2yy
¢tKS O2yySOGAgArAte (2 GKS ROASUI dWRAVSRAEAYFYRZEGNKPIRE
TZNhI-NRSdJ.'ﬂ:[(B&nyN 6Sa Iff¢ 2T (KS
ySOSa G2 ABS GKS RAALA I &
5/9b. LAY O09EGSNYyLt 5/ k5/ 9y
5t/ KAIK @2t G IS LBYl otk & A 3
RNXAOPS GKS OANIKSI KAKKOKD2S Vil
GKFd RNRA@Sa GKS [/5 oFO1fAIr
- a dzLJLJ & o
i 2w LAY O5AvaLX & 2NRGSO
. ¢KA&a Aad GKS RAaLXLIE& GNRGS
5L! . [thavaeSNIa GKA& &aA3adylrf [ he?
REGF G2 GKS RAdLXLE Ay Ozyed
[ { w{ w52 whLISNIGAZY I,?I-ull ;Epallzap)CDoS Zny.{OuA uvKi\va LJ):)/ |
. 62w0 ardytt 2F GKS RAaLI Il &o
n . n n M wSIFIR 5AaLX e {
n on m n 2NRAGS 5A8LX I @ = e e
n'm nl  m wSIR 5A4aLXleé& D
n'm M o 2NRAGS wS3aradsSN s
M - - - b2 hLSNIdGAZY M
5A&LX @ hLSNIdGAzy ¢totS |™ | |
DO..D7 >< WRITE|DATA ><\
5n5mMmpJAya o5AaLileée 51l dzi
¢KS S5AaLi e -Bupgd AHDAET 6 5uc
OARANBOGAZ2YLIE LIRNI FyR Fff RAALIXLIE RIGFE gNRGSaA I-VR
NBI R& 200dzNJ 2 FSNJ uKAéVOdq_“[]-’l)gyhﬁ[(éNJ{g)i){Ny\le,EéfaA LAyay
ddzOK a w23 w5 /{Z FyR w{ ABYQKNRYA&S GKS Rl
(N} YAFSNI G2 F¢R FNRY GKS RWhyix[iZg¢ U0 pn - - ya
2NRGS 1AL dG21 pn| - - ya
. . . 2NARGS .dza G2¢ mns - - | Ya
[ { LAY O65AaL¥d !l e /K)\LJ{SfSZOﬂU_,_"ﬁ -
¢KS | 00Saa G2 (kS RraaLx e M Sayhkdl 45daPaiot s ekdSy kS
5AaLX & /KAL {StS00G o/{0 A& +FaaSNISR [h2zo [/2yyS§di
GKAAa LAY G2 GKS /KAL) {StSO0G o/{0v araadyrt 2F (GKS RA&LX I

RD pin (Display Read):
This is the display read strobe signal. The
w{ LAY o05AaL}l & wS3AaidsNI QABEOZG@ssests this signal LOW when reading

¢KS w{ &aAr3ylf (RSNDSNYANGCSHAG A& Ebe display in conjunction with the
O2YYlIyR 2NJ REGF Aa aSyl dsplayda& bys(RPLY. Cengect this pin to the

. « P ead(RI?} ignal oftl:le display.

[h¥ S5Aaldle AYRSE 2NJ adu BIXauaSN Aa
A4St SOUSRO®

I LI 5AaLX e Dw!a 2NJ NBIAAGSNI RFGF Aa

St SOGSRO®
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4D SYSTEMS DIABLO16 Processor

— ¢ % 5.2. SPI Interfaceg Memory Card

The DIABLO16upports SD, mickSD and MMC
memory cards via itsdedicated hardware SPI
interface. The DIABLO16 has 4 SPI channels, and
the first is dedicated forttis. The memory card is
m used for all multimedia file retrieval such as
' ! ‘ images, animations and movie clips and the SPI
£0..D7 > READ DATA XN\ interface is dedicated for this purpose only. The
oy memory card can also be used as general purpose
storage for data logging applicationsAW and
FAT16 format support). Support is available for

cs

tRL ) tRH

LGSY @ aAy¢e al E}y) . . . ,

lj S - {,e aiycé a Y micro-SD with up to 2GB capacity and for high
wSFR [26 tUw MpJs - - ya capacity HC memory cards starting from 4GB and
wSIFR | A3K dw mps - - Yya above.
wSI R dza Jiw onys - - y a

o~ . . SCK ScK
wSR 5Fdal 1'as5 Tp - - y a

SPI SDI Dout
Interface

i 4DGL Programs ‘=
SBo Din *.4xe, *.4fn X

Images,
- Video Clips,
SDCS cs FAT16 files,
*.wav Audio files

SDI pin (SPI Serial Data In):

The SPI Serial Data Input (SDI). SD memory card
use only. Connecthis pin to the SPI Serial Data
Out (SDO) signal of the memory card.

SDO pin (SPI Serial Data Out):

The SPI Serial Data Output (SDI). SD memory card
use only. Connect this pin to the SPI Serial Data In
(SDI) signal of the memory card.

SCK pin (SPI Sdri@lock):

TheSPI Serial Clock output (SCK). SD memory card
use only. Connect this pin to the SPI Serial Clock
(SCK) signal of the memory card.

SDCS pin (SD Memory Card Chip Select):

SD MemonyCard Chip Select (SDCS). SD memory
card use only. Connect thpin to the Chip Enable
(CS) signal of the memory card.

© 2015 4D SYSTEMS Page 10 of 34 www.4dsystems.com.au




4D SYSTEMS DIABLO16 Processor

5.3.Serial Port; TTL Level Serial

TXO pin (Serial Transmit COMO):

CKEL! . [hNEOSE AR NNBBINR 5 | NSDedlcatfd Asynchronous Ser_lal _port COMO
< om = A fAx R X pin, TX0. Connect this pin to external
a2y OK NB MR HA LI NSE  ORK/IFiRA 3@‘@,’% o receive (Rx) SnThis pin s 5.0V
2y I GENRSGE 2F GKS LJNEO Rige "Bepiye (RX) gpTRiS P is ROV 1 A a
RSRAOYRSRal FAESR 2y G2 ‘00 6¢-n0 FYR no
Ow-nod !ttt BT Al | 5L !LJ2[NH§§6 f S%(“
- P N s oA . alﬁ ve %
dza S22 dzf A OGRAK SEGSNYI edAsyn e%r%&‘s 1Al port COMO receive
¢-kw-n NBE NBFSNNBRS G2yt @in, RXO.cCanbectlthys Rin to external serial device
2yS dzaSR T2 NJ LINBPINI YYAyY 3 trarsr8it (Tx)Lsignal] Thisign isAS D\A t8ldrahitd
¢KS LINAYIN¥F TSI GdNBa NJS .
A g . in (Ser j_ITr nsmit COM1):
T Cof dZLJtySE u R U UNFya Asy ﬁré‘n% Serill rt COM1 transmit pin, TX1.

NBOSLIiA2y ®
T 5FaGtr
f LYRSLISYRSy
dzLJcingn o6 | dzR ®

. dzR

T {Ay3ES o68GS NI yava§LXPY erigRegpyq G-
& & NI X ®yaeyonoysgSerial porly FOMacRiye

Connect this pin to external serial device receive

HBHNNBEY m@ G 2 LING & & Rx) signal. This pin is 5.0V tolerafihis can be
NJ  Sanfigaredpot of hheiGPIO pihsdgRe table below.

2NJ |
gin, RX1.

TdA t & 0dzZF FSNBR _
ASNBAOS TSI G @zINJS)‘[ EELN@[@Z)/C@O@FCtt | to external serial dewce transmit
O LI dzNAYy3 FyR o6dZFFS r@R‘f@”a' ANes\pi0 iS50V polergihis can be
GAGK2dzd GKS  dza §NJ I+ LILFORGT eﬁt%lzovhqulorﬁ'ﬂ‘%fs:?e tahlg below.
Oz2yaidlyidte LRf¢ |-ye ¥ SNALt LRNI&® ¢KA&
FTNBESE dzld GKS | LILX A OF TRQQ'%(S%'%* Tra§5§‘ § 20 KSNI
GFa1ao Asynchronous Serial port CQMansmlt pin, TZ.

Baud Rate
Generator

COMx Receiver

l—— ] comMx Rx

COMx Transmitter

——— [ | COMx TX

A single byte serial transmission consists of the
start bit, 8bits of data followed by the stop bit.
The start bit is always 0, while a stop bit is always
1. The LSB (Least Significant Bit, Bit 0) is sent out
first following the start bit. Figure below shows a
single byte transmission timing diagram.

g vers
1g dois

COMO is also the pnary interface for 4ADGL user
program downloads and chip configuration PmmC
programming. Once the compiled 4DGL
application program (EVE bybtede) is
downloaded and the user code starts executing,
the serial port is then available to the user
application. Refer to Section 7. In-CircuitSeriat
Programming (ICSP for more details on
PmmA@Firmwareprogramming.

Canect this pin to external serial device receive
(Rx) signal. This pin is 5.0V tolerahhis can be
configured tol of theGPIO pins, see table below.

RX2 pin (Serial Receive CORt

Asynchronous Serial port CQNeceive pin, RX
Connect this pin to extaal serial device transmit
(Tx) signal. This pin is 5.0V toleramhis can be
configured to 1 of the GPIO pins, see table below.

TX3 pin (Serial Transmit COB8):

Asynchronous Serial port C@Nransmit pin, TX.
Connect this pin to external serial devioeceive
(Rx) signal. This pin is 5.0V tolerahhis can be
configured to 1 of the GPIO pins, see table below.

RX3 pin (Serial Receive CCat

Single Byte
Asynchronous Serial port CQNeceive pin, RX
Connect this pin to external serial device transmit
=N T S - R - (Tx) signalThis pin is 5.0V toleraniThis can be
o - N w B wu (=)} ~

configured to 1 of the GPIO pins, see table below.
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DIABLO16 SeridiITLComm Port

Configuration Options

TXl‘ RX1 TX2 RX2 TX3| RX3

PAO 1| 1] 1]
i il i i i i
i i i

i i i i i i
i i i i i i
i i i ] i i
i i i i i i
i i i i i i
i i i i i i
i i i i i i
i i i

i i i

i i i i i i
i i i i i i

Please refer to the 'DIABLO1&/DGLInternal-
Functions.pdf document for information on how
to set the DIABLO16 pin mappings

5.4. Audio Interface

The audio support in theDIABLO16Processor
makes it better than its peers in the Graphics
processor range. PWM ensureetter sound
quality with a volume range of 8 to 127. A simple
instruction empowers the user to execute the
audio files. Audio operation can be carried out
simultaneously with the execution of other
necessary instructions.

For a complete list of audio camands please
refer to the separate document titled1ABLO16
4DGLInternal-Functions.pdf

AUDIO pin (Audio PWM output):

External Amplifier Output pin. This pin provides a
16-bit DAC/PWM audio output to use with an
external audio amplifierlf unused thenthis pin
must be left open or floating.

AUDENB pin (Audio Enable output):

External Amplifier enable pin. This pin provides
ON/OFF amplifier control. If unused then this pin
must be left open or floating.

LOW Disableexternal Audio amplifier.
HIGH Enabé external Audio amplifier.

5.5. Touch Screen Interface

The DIABLO16supports 4Wire resistive touch
panels. The diagram below shows a simplified
interface between theDIABLOl6and a touch
panel.

YU/Y+

XL/X- Touch Panel XR/X+

YD/Y-

XL } |
Touch Yy

Control XR I
47K %47!(

XR pin (Touch PanelXead input):

4-Wire Resistive Touch cfeen XRead analog
signal. Connect this pin to XR or X+ signal of the
touch panel.

XL pin (Touch PanelBrive output):

4-Wire Resistive Touch Screen X Drive signal.
Connect this pin to XL or-Xignal of the touch
panel.

YU pin (Touch PanelRead inpu):

4-Wire Resistive Touch ScreenR¥ad analog
signal. Connect this pin to YU or Y+ signal of the
touch panel.

YD pin (Touch PanelDrive output):

4-Wire Resistive Touch Screen Y Drive signal.
Connect this pin to YD or ¥ignal of the touch
panel.
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5.6. GHO- General Purpose |10

There are & general purpose Input/Output (GPIO)
pins available to the usemlheseprovide flexibility
of individual bit operationsalong with serving
colledively for byte wise operationasing the BUS
functions

DIABLO1®&\lternate Pin Configurations
General Purpose I/0

Digital Output

Digital Input
Bus Read
Bus Write
Analog Read

3|03 | [ 0 | 0 | o0 | O | 0 | o | O | o | o | O | O

0 D[ D | D | D | D | D | D | O | O | D | D0 | O | O | o |

O | o | o | o | o | o | o | o | o | O | o | ok | o | ok | o | o

O D | o | o | o | o | o | o | o | O | o | o | o | ok | o | o

Please refer to theseparate document titled
'DIABLO1&IDGLInternal-Functions.pdf for more
information.

PAGPA3:

General purpose /O pinor can serve as Analog
Input pins Each pin can be individually set for
INPUT or OUTPUdr ANALOG PowerUp Reset
default is all INPUTShese pins ar8.3V tolerant
Digital GPIO an source/sink 10mA For more
information see Chapter d >
wlkiAy3aQ

When set as Analofnputs, the pinshave a0 to
3.3Vrange and have 12 bit resolution

For more information, see Sectiop ® m p
Ly LldziaQo

PA4PA13:

General purpose /O pinsEach pin can be
individually set for INPUT ad®UTPUTPowerUp
Reset default is all INPUT@®hen set as Digital
Inputs, the pins are 5V toleranDigital GPIOam

W{ LISOA TAOlg AR &

Wiyl

source/sink 10mA. For more information see

/I KFLIGSNI mcs W{LISOATAOIGAZ2Y A

PA14PA15

General purpose /O pinsEach pin can be
individually set for INPUT dDUTPUTPowerUp
Reset default is all INPUT®8/hen set as Digital
Inputs, the pins ar8&.3V tolerantonly. Digital GPIO
can source/sink 10mA. For more information see

/ KFLIGSNI mcX W{LISOATAOIGAZ2Y A

5.7. System Pins

VCC pins (Device Supply Voltage):

Device supply vcddige pins. These pins 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 pins (Device Ground):
Device ground pins. These pins must be connected
to system ground.

CLK1, ClXpins (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
to CLK2
Tl
12.00Mhz
22pf 22pF

AVCC pin (Analog Supply Voltage):

This is the analog supplgitage pin.

Option 1:This pin should be connected to VCC via
a 12 ohm resistor, and also have a 4.7uF capacitor
YR

Option 2: Connect to VCC via an Inductor with has
a resistance of less than loheind a capacity
greater than 10mA, along with a 4.7@apacitor

tb AGND. This option provides the best ADC noise
rejection.

This is NOT an analog reference.

AGND pin (Analog Ground):
This is the analog ground pin. This gimould be
connected directly to GND
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RESET pin (Device Master Reset):

Device Master &set pin. An active low pulse of
greater than 2 micreseconds will reset the device.
Connect a resistor (1K 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 iaot driven low by any internal
conditions.

5.8. Alternate PinFuntions- Overview

Most of the GPIO pins have an alternate function
other than being for General Purpose I/O.

GPIO pins can be configured to be SBl, $erial or
a range of other functions.

G82ri
Iy e

b

2 £ f
0S8

LAya K2sS@S
2T u

GKS £ 4dSNYI|

Please refer to the following tables which illustrate
which pins can be associated alternative functions.

The following table illustrates which of the GPIO
can be usedfor the four different I/O Support
Functions.

DIABLO1®&\lternate Pin Configurations
I/O Support Functions

Pulse Out
PWM Out

Pin Counter
Quadrature In

Oty @ G S R

Please refer to theseparate document titled
'DIABLO1&1DGLInternal-Functions.pdf for more
information on how to set the alternate pin
configurations.

The Alternate pin functions have been broken up
into a few tablesfor simplification There are
communicationbased functions, and /O support
based functions.

Further information is available in the next
sections for each of the alternative pin functions.

b 2 Gv&dyt RNL fiBaNBA NBA v t fya

The follawving table illustrates which of the GPIO
%Qgige uos% fo%)tge ytt*rg\eadléfzel\rﬁgtﬁSPl ud%annels
L

bl iy 6 A2y Ao

DIABLO1®&lternate Pin Configurations
SPI Communications

SPI1 SDC
SPI1 SDI
SPB SCK

i T Fm £ i £ e £ i £ i 3 e £ i T s £ o £ e T e £ e £ e

i T e £ o £ e £ i £ i 23 e £ e T e B o £ i T e £ e £ e

i T e £ o £ e £ i £ i 23 e £ e T e B o £ i T e £ e £ e

p O ISRS G 2

02

f i
i ]
i ]
f i
i ]
i ]
f i
i i
i i
f i
A
A
A
A
b2 iBVYOS | LAY Aldy FIff
Fdzy OliA2y I | yiR (IKISNI LAY
GKS alyYS |t @SNYyFEiS FTdzyQiAazy
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The following table illustrates which of the GPIO
can be used for the three differentG@ channels
available. There are 3 user configurable SPI channels
available for mapping to GPIO, for use by the user
DIABLO1®&\lternate Pin Configurations for the target application. All 3 SPI channels are
I2C Communications Master only, and cannot be configured to be
< < < N slaves at this time.
o o a O
2 2 c({)., c({)., The SPI Bus speed is configurable using the
Q Q g ¢ SPIx_Init()Function in 4DGL, and allows various
. . . speeds from 78.125Khz to 17.5Mhz.
n n n
i i J] Please redr to the table on the previous page for
i i N details on which GPIO can be configured for SPI.
f f i
i i i b2(8KS | RRAGARIYYGSt{Lth Aa
i i i RSRAOFGSR (G2 IYWSRWE2|GOI R a
i i A NBE 02 y FRNANS i € a
i i i
i i A To map an SPI channel to a set of GPIO pis, th
i i 1] following 4DGL functions are used:
n n n
A A A SPIx_SCK_pin(pin); /Il Map the SCK pin
A A A SPIx_SDI_pin(pin); /l Map the SDI pin
B B R SPIx_SDO_pin(pin);  // Map the SDO pin
SPECIAL SPECIAL SPECIAL ~ ~ N z z i A ~
2 KSNBE WY{tLEQ Aa adzauAiudzi SR
SPECIAL SPECIAL SPECIAL . - z A z
accordinght FYR WLIAYQ Aa 0KS al

SPECIAd please see Section 5.10 compatible with that particular pin function.
Chip Select for use with SPI can be any other
unused GPIO pin, configured as a Digital Output.
The lowering and raising of the selected CS (GPIO)
pin is done manually by the user is the 4DGL
application.

ExampleConnection Diagram

This illustrates SPI being configured on GPI@, PA
PA6 and PARyith user GPIO PAbeing used for
the CS,and connectionsare to an external SPI

M25P0S / A251.032

z
k=)

Flash Chip.
b2i8KAa SEIFYLIS A& {ty Afft dz
O2yySOlAzy (2 &arRSERS KEDE 2iucS L.
O2YLX SGiS OANDdA G y2NJ|Af f dza d N
jg UEA;:;\L:I;UM

o | T
T 3 & HOLICJ 9 GND

_:l__.‘ vss DI = J?_—svll:x.unpluonly

o

D

Please refer to theseparate document titled
'DIABLO1€&1DGLInternal-Functions.pdf for more
information on how to use the SPI functions.
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5.10.12C

There are 3 user configurable?Cl channed
available for mapping to GPIO, for use by the user
for the target application. All 3*C channels are
Master only, and cannot be configured to be

5.11.Pulse Out

Pulse Out is used to create a single pulse of set
duration on the selected pin of choicevhich is
inverted in polarity to he current state of the pin

slaves at this time. CKAA WAYOBSNEAZ2Y 2F LRftFNRG?
currently held HI, and Pulse Out is executed on

Please refer to the table on the previous page for that Pin, the pin will pulse LO and then return to

details on which GPIO can be confied for PC. HI. Same with vice versa, if currently LO and Pulse
Out is executed on that Pint will pulse HI and

To map an?C Channel to a set of GPIO pins, the  then return to LO.

following 4DGL function is used:
This is available in both blocking and Aancking

I12Cx_Open(Speed, SCLpin, SDApin); versions

WhereY2Cxls substituted with 12C1, 12C2 or 12C3 Please refer to the table on the previous page for

accordinglf W{ LJISSRQ Aa (KS RS adéaailsorRwhichiGPIO.catizhe canfigSt&dRis

FYR W{/ WLBYVOAYQORINSE GKS GFNBSG DtLh LAYaE

compatible with that particular pin function. b2 0GYOK t dzf a8 h dzi NfS 4284 yS:¢
f SIR GAYS RdzS G2 GKS |a0KSRdz

b206KS yaIMyYIfLAYA FFNB t!iKS AyaSNylrt mya GAYSND

K2gS@SdI 2F (KSESEHAMNAYR (KR Y Al

0 ¢ KSNBEASSS NIHI §aOBy { Nt Td emable the Pulse Out function on a GPIO pin,

60 Lu/ YcC! {¢ Aa y20 {NpbzZ & the following 4DGqunctions are used:

LTGKSSINI 2F GKS&AS NBEAINROGAZ2Y A G

I RRNB&aSRT | aLISOAlE | OF a8 P‘z*'%eo‘“ Py, [Vft'b'ﬁ)y r ”'t\'q” .@F'HCk'rlgy R

{5/ LAY ' t!lwmp SEAata | hb[PnPriseRyBRinEas®:; | /BlpdRge 5

06 KAOK dzaSa 4afSyg NI S 022 ONBE O I YR, LH/ C!{¢

66KAOK A& GNHZX & mallo  KSNBQ YALAA v K'S St Dt Lh LJAY
GKFG LI NI A Odz | NJ LAY Fdzy Ol A2

ExampleGonnectionDiagram

This llustrates I°C being confjured on GPIO PA8
and PA9, and connectiorare to an external iC
Analog Input ADC.

length of the pulse in milliseconds.

Example Connection Diagram

This illustrates Pulse Out being configured on GPIO
PAO, and is used to open an external relay via a
transistor, for an application such as opening a

b2i8KAa SEIYLIS Aa ly xdoflafor Nsetiduratign. 2 F
O2yySOiA2y (2 GKSASASDIE 20veS LIN2E OSaa2Nd L
O2YLX SUS OANDdIAU yZNJ Aff (hoGeSka s SEI YLX S A& tldyt PARSEhideis G |
O02yySOiA2y FTNRY (KS&a5§RaGf2mc
e GKS O02YLX SGS OANDdAG [y2NJ Af
AOUT :j [—L_DAC Out s u2 [)I\HIE)Irs
sslcjk ; GND 138 r:l\mm:r» L a1 Com j CoM
t?” (—_—\f gl 2C Example Only pA(lﬂ'ul“:::I)J -—?—L m.; Rr\:(: = NO

Please refer to theseparate document titled
'DIABLO1&IDGLInternal-Functions.pdf for more
information on how to use the’C functions.

i j
PulseOut EXAMPL EONLY

GND

Please refer to tb separate document titled
'DIABLO1€&IDGLInternal-Functions.pdf for more

information on how to use the Pulse Out
functions.
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5.12.PWM Out

There are 6 PWM channels available to be
configured by the user, with 4 time bases available
for selection.

The PWM an be configured to be used iServo
Mode, or Simple Mode.

Please refer to the table on the previous page for
details on which GPIO can be configured for PWM.

5.13. Pin Counter

There are 6 Pin Counter channels available to be
configured by the user, used to count incoming
pulses with theability to call a user function on
overflow. The Pin Counter function is available for
use in a variety of modes.

The countes can be read and written at any time.

Please referto the tabld y aSQOGA2Y poy WYI
Servo Mode allows a millisecond input valih Pin Functionsc h @S NJar Siétdils on which
0.01ms resolutionwhich runs at a frequencyfo GPIO can be configured for this.
approximately50Hz or 50pps (20ms). The position
of the servo is determined by the width of the To enable the Pin Counter function on a GPIO pin,
pulse. Generally 1.5ms is 90 degrees, 1ms being 0 the following 4DGL function is used:
degrees and 2ms being 180 degrees. Servos
however vary, and the DIABLO16 PWM control can  pin_Counter(pin, mode, OVFfunction);
be adjusted to suimost applications.

2 KSNB WLAYQ Aa GKS DtLh LAY
Simple Mode allows a percentage input value with ~ LJ- NIi A Odzf I NJ Fdzy OlGe\ & ¥figger WY2 RS Q
resolution of 0.1%, which runs at a frequency of used to count on such as Rising/Falling/Edge, and
approximately 70Hz. Wh+CTdzy OllA2yQ Aa (GKS dza SNJ ¥Fdz

counter overflows, if desired.
To enable the PWM output on a GPIO pin, the
following 4DGL function is used: Example Connection Diagram

This illustrates Pin Counter being configured on
PWM_ Init(pin,mode, value; GPIO PAS, and is used to countses coming from

a rotation sensor for example.
WhelS WLIAYQ A& GKS DtLh O2YLIGAO0ES GAGK GKS
LI ND A ©dzt B NJ LIAY Fdzy OUAZY 2 hoiErAa SEFYLXES Aa Kty ahkfBdzal
uz 3ISYSNIusz byR YOI dSGgayysoirzy FNREY GKk8a5¥e%tz2me
defined the PWM puilse itself. (KS O2YLX SGS OANDIzZAG |y2NJ Aft
Example Connection Diagram
This illustrates PWM Out being configured on GPIO A
PA4, andis used to open an external relay via a o
transistor, for an application such as dimming a 4.7K
lamp. ROT1 Ul  DIABLOI6

] 32 | pAS (PinCount)

b2 i6KA& SEIFYLIES A& ltyait Fotation Sensor GND
(:'32 Y\'y‘%édi\g){', iFN:%Y E’jKS,é_SyEéCE) GED PinCounterExampleOnly' ] o
UKS O2YLJX SUS OANDdzZA G [Y2NJ AL L u@unNs udDd 0>du Lung OUAOSO

Please refer to theseparate document titled

VOC 'DIABLO18tDGLInternal-Functions.pdf for more
LP1 information on how to use the Pin Counter
functions.
Lam
Ul DIABLOI6 L 1% P
PA4 (PWM)  E— Q1
1K
GND
PWM Example Only = =
GND GND

Please refer to the separate document titled
'DIABLO1&DGLInternal-Functions.pdf for more
information on how to use the PWM functions.
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5.14.Quadrature In

Thereare twoQuadrature Input channslvailable
on the DIABLO16 processor, which requires 2 GPIO
pinseach

Please refer to the table on therevious page for
details on which GPIO can be configured for
Quadrature Input.

Quadrature Input allows a quadrature encoder to
be connected and the position counter and delta
counter can be read at any time.

To enable the Quadrature Input function onsat
of GPIO pins (2 pins required), the following 4DGL
function is used:

Qencodex(PHApin, PHBpin, mode);

Where Wencoders substituted for Queraderl

2NJ v dzéy()2 RSNH | OO0O2NRAyYy 3
“““““ G2 GKS ! tKF&Ss

isthe pin connected to the B Phase of the Encoder,

FYR WY2RSQ Aa y2i Odz2NNBy

zero Q).

Example Connection Diagram
This illustrates Quadrature input being configured

5.15. Analog Inputs

Please refer to the tablen section 5.6for details
on which GPIO can be configured to healog
inputs.

Theanalog nputs on the DIABLO16 have a range
of 0 to 3.3Veach with amaxresolution of 12bits.

The analog inputsan be readisingthree modes,
standard mode averaged modeor high speed
mode.

Standard Mode results in asample being
immediately read. Standard Mode can read over
15000values per second. Opdes at 12bit.

Averaged Mode results in 46 sample being
immediately read and their average returned.
Averaged Mode can read approximateBOOO
valties pértseécond)Opfetatesiatip. ( KS LA Y
2F GKS 9y O2RSNE Wt .LRAYQ
Highspeed Mode collects a user specified number
ffs@mpldgiaSaRuseipaifiell &ate/fiegueraySand S
can execute a user function when complete. The
updated value updates approximately 250000
times across ‘¥ channels. Operates at 41t.

g2

on GPIO PA2 and PAS3, and is used to read pulses
from a quadratureencoder.

b2 $XAa SE|YLJfS
j dzI RNJ G dzKB y WA & QI
LINE OSaaaNpy2IiaG (K
AffdzAaGN 6S&a o0Sai

b2 Gi€KS @I NR 2 dza GI-N-fE%\‘ﬁSYI\Elﬂ%Q\ES
gAGK (GKS 2LISNIGAZ2Y &AW GKS
Fdzy Ol A2y & I NB OF fHiSRA&G22
NEO2YYSYRSR (2 fUKSGAG|YydtKSZ IOl
Fdzy Ol 2 y &l YI EAYdzY 27 2y 0S8
YAttt A4SO2yRd ttSFasS NBFSNI (2
,ﬁzédzv“yﬁl-uxzy F2NJ FdzZNIKSNI A
G2 LD NBf SOINSAL fA Fi 2ld3OKS BT S 0 2
12dz0K0 A& dzASRO®

VCC VCC

R1 []R2
4.7K | |4.7K

QAD1

%

Quadrature Encoder

Ui DIABLO16

PA2 (Phase A)
PA3 (Phase B)

o4

GND

GND

Quadrature Example Only

Please refer to theseparate document titled
'DIABLO1&DGLInternal-Functions.pd for more
information on how to use the Quadrature Input
functions.

To enable a GPIO to be used as an Analog fiaput
Standard or Averaged modethe following 4DGL
function is used to set the pin:

pin_Set(mode, pin);

2 KSNE WY2RSQ A4 KS Sa
either Standar®2 NJ ! SN} ISRz | yR
compatible with this function which is to become
an Analog Input.

R R

A NB
WLIA Y

For highspeed mode, the following 4DGL function
is used to set the pin and define the parameters:

ana_HS(rate, samples, 1buf, 2buf, 3buf, 4buf, func);
WK SNB WhiddhumBeRof dathples per second,

WAl YLX $aQ Aa (GKS ydzYoSNI 2F 3
OKI yy SIA WML QF NB GKS 06dzFT$S
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F2N) GKS n OKbyyStas tyR [ ENCIE e oy OlAz2y

to call when the number of samples specified have

beencollected. The figure lelow illustrates the DIABLO16
Processorsrchitecture

Example Connection Diagram
This illustrates an analog input being configured on
GPIO PAl, and is used to read an analog

User SRAM User Applications

N — g Fxamnle Onl User Storage
GND = Analog Example Only . ANALOG
2 1 32K Bytes
GND User Variables GPIOService:
User Applications DIGITAL

temperature from aemperature sensar e senices 0 carp

s S — — S sPi2 u

b2 GSKA& SEI YL S ARY IV FAtf & Z- v -

Ay Lai2ly y SOGA2Y {1 RINRIKSAAGE2ANI © —
y2u uKS O2YLJ SusS OA NOdzA @ S o seral comt L.Sadl

L A D A A ore Buffered Services oz u

LIN} OuA OS @ Extensible Virtual Engine — -

:;E: -

VCC T1 Memory Management PCc3 :

| Ul  DIABLOI6 System sAM AuDIO .

‘ 62 PA1 (Analog) . 12K Bytes o Fash Banke _Di_sp\ayr)riusri DISPLAY m

System Processes 32K Bytes each -

— Thermometer GND Touc -

Please refer to theseparate document titled
'DIABLO161DGLInternal-Functions.pdf for more

information on the Analog Input functions. DIABLO16 is a high level graphics processor which
runs the high level 4DGL (4D Graphics Language).

It is not a conventional microcontroller with
conventional microcontrdér architecture, it is a
custom graphics processor and therefore low level
access to the chip is not requiretbr available to
the User.

4DGL provides high level functions for the User
and does all the low el work in the background
in a highlyoptimised fashion.
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6.1. FLASH Storage and RAM allocation

The figure below illustrates how the FLASH and
RAM are allocated in the System, and what is
available for use by the system and by the user.
Eachareais explained in the sections follovgn

PmmC Internal Functions
Display Driver

System Registers and Flags

User RAM (32Kb)

System FLASH

@
&0
o
[=]
=
vy
T
g
(N

Loading of the PmmC, Display Driver and User
Applications into their various places on the
DIABLO16 processor, is achieved using the
Workshop4 IDE.

If a script for batch loading of the PmmC, Display
Driver and/or User Applications without the usé
the Workshop4 is required, there is a script utility
available.

Please refer to the Application Notes section of the
4D Systems website for information on this
process.

6.2. PmmCLoader + Internal Functions

PmmC(Personality Module Micr&€ode)- this is

the operating system, incorporating thé&eVE
runtime (Extensible Virtual Engineyhich has an

extensive bytecode instruction set programmed
via the Workshog Software IDE

The PmmC Loader can be thought of like a
bootloader, and allows the transfer of BmmC
FNRY (GKS | aSNBRQ t/ Ayidz2
on the DIABLO16 processor.

Within the PmmC are over 450 built in functions
for graphics, sound, math functions etc, no need

to include libraries, or wait for hefty copile times
GAGQa ff odAftd Ayo

The PmmC is in protected memory, and cannot be
read or damaged by inadvertent writes to illegal
FLASH areas.

The PmmC may be upgraded at any time without
disturbing any programs that may already exist in
the 6 FLASH banks.

6.3. Display Driver

The DIABL®S is capable of interfacing with many
different types of display devices. The DIABLO16
has been designed more the maximum flexibility
possible and thereforethe Display Driver is
modular, and replaceableand separate from the
PmmC

The Display Driver mdye upgraded at any time
without disturbing anyapplications or datavhich
may exist in the 6 FLASH banks, or the PmmC.

6.4. User FLASMemory Banks

The DIABLO16 processor has 6 banks (BankO to
Bank5) of Flash memory which can be utilised by
the user to stoe application code or data, to be
used by the display or stored for sending to an
external device over comms.

Each of the 6 banks is 32750 bytes in size, which
provides over 12x the Flash capacity of the PICASO
processor.

2 KSy |
the DIABLO16 from the Workshop4 IDE Software,
the user is able to choose the destination bank for
the application to be stored in.

BankO is alwaythe bank which is loaded on start
up of the DIABLO16. The bankO application can
then transfer control over to one of the other
banks, and the application stored in there will then
run. This is achieved using the 4D@dsh_Run()
function. Applications can freely change banks as
required using this function however a separate
application(or Data)is required to reside in each
bank, a single application cannot take up more
than 1 bank itself. When an application from

an r bank is run.using h_Ryn(¥ynctign, - _ 4
tHe?(tp ocezsgr "‘ilsurcraéltje\{:ted anj the %xec%t'i’or% ro‘]m 35S
the other bank is started.

An application in one bank can store data in
another bankusing 4DGL commands such as:
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flash_Copy()
flash_WriteBlock()

An application in one bank can stoagplications
from microSD card and writing them tobank for
future execution using the 4DGL fution
flash_LoadFile()

An application irone bank can read data stored in
another bank, such as graphics stringsstored
there, and retrieve them and display them as
required. Reading of data from another bank is
achieved using 4DGL functions such as:
flash_GetByte()

flash_GetWord()

flash_putstr()

flash_BIit2()

flash_BIit4()

flash_BIit8()

flash_BIit16()

An application in a bank can erase other banks if
required, and can also erase itself which
essentially formats the processoErasing of a
bank is ackved in 4DGL using the
flash_EraseBankfunction.

b2 i68KS
dzA SR 6AGK OF dziAx2y
I LILIX AOF GA2Yya
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Please refer to theseparate document titled
'DIABLO1€&IDGL-Internal-Functions.pdf for more
information on how to read/write/erase/access
and changéetween FLASHanks.

6.5. RAM(Both System and User)

The DIABLO16 processor has two banks of RAM,
one is 32kb of User RAM, and the other is a much
smaller bank of System RAM which is only usable
by the system, for its internal processes.

The System RAM is reserved for the system and is
not accessible by the user. It is used for processes
such as Audio Buffer, Intermediate File Buffers,
Graphics Rettering, etc. This RAM ensures the
users RAM is not taken by the system.

No matter what options are enabled by the
system, or by the user to influence the system
(such as the size of the audio buffer), the system
will never run out of RAM and try to encrdainto
the users RAM space.

¢tKS 5L!.[hmMcQa8 OoHTCY
to store variables and for user applications, sub
programs etc. Sub programs and Functions stored
in RAM can be released when no longer required,
freeing the memory for the user.

The user has full access to this 32kb of User RAM,
and all internal processes of the DIABLO16 utilise

TElaKyo N axk.2ids|Ro 0o B dbg Fvoakate pystem RAM.

gAtt LISNXYIySyGate
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7. ADGL- Software Language

The DIABLO16@rocessor 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 byiode instruction

set optimised to execute compiled 4DGL
programs. 4DGL (4D Graphics Language) was
specifically developed fra 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 developmentand 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,

8. In Circuit Serial Programming ICS

The DIABLO16processoris a custom graphics
processor All functionality including the high level
commands are built into the chip. This chip leve
configuration is available as a PmmC (Personrality
module-micro-Code) file which can be likened to
traditional Firmware There is also a Display Driver
file, whichseparates specific display settinfjem

the PmmC, unlike on the PICASO processuware
everything is combined

A PmmC file contains all of the low level micro
code information (analogy of that of a soft silicon)
which define the characteristics and functionality
of the device. The ability of prograning the
device with a PmmC filprovides anextremely
flexible method of customising as well as
upgrading it with future enhancements.

The Display Driver contains the initialisatiand
parametersassociated with the particular display
that is to be connected to the DIABLO16
processor.

WHILE..WEND, REPEAT..UNTIL, GOSUB..ENDSUB,

GOTO, PRINT as well
instructions SERIN, SEROUT,
GFX_CIRCLE and many more.

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

as some specialised ThePmmCifile and Display Driver filean only be
GFX_LINE, programmed into the device vithe COMO 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).

& n 5-PrggrammersReferencea | y dzI £ ®LIRF ¢ The PmmC fileand Displg Driver file are
GDIABLO161DGEInternal-C dzy Ol A 2 y & ® LIR T éprogrammed into the device with the aid of

To assist with the development of 4DGL
applications, the Workshop 4 IDE combines a full
featured editor, a compiler, a linker and a
downloader into a single RBased application. &'
all you need to code, test and run your
applications.

Workshop 4, the 4D Systems |B&ftware (See
Section P). To provide a link between the PC and
the ICSP interfagea specific 4D Programming
Cableor adaptoris required and isavailable from
4D Systems.

Using a nomD programming interface could
damage youprocessoy andvoid your Warranty.

b2 GGKSL [LANRCcO $15338 28NB A LJILISR o f |
FYR A deau 0SOo2IMNESNEYYER 6 A
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9. System Registers Menmg Map

The following tablesutline in detail theDIABLO18ystem registers and flags.

DIABLO16ystem Registers and Flags

DEC HEX
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DIABLO16ystem Registers and FlagsO2 y G A Y dzSR X 0

ADDRESS

DEC| HEX
a95L! {9/ ¢hwyl cdo |[np5 |[YAONR aSO0i2NJ I RRNB&A&
a9B! Y{ 9/ ¢hwy/ Hdn |[np9 [YAONR ydzZYoSNJ 2F o6&iSa NBYI A
¢9.- ¢yY-th{ dp |npC |GSEG OdNNBYydG E LIAESE LIRAAGA
¢9- ¢y, t h{ hc nen |[GSEG OdzZNNByYy (G & LIAESE LIZaiaddaAa
¢9-¢ya! wDLbD hT nem|GSEG £ SFTG LIAESE L& F2N OF N
¢- ¢YClhh ¢y by |new |F2yd nie&daiSYy F2yizxr StasS Lk
¢- ¢yPyChbe¢ya! b |nco |[YFE ydzZYoSNI 2F OKINB Ay T2y
¢- ¢yChbeyhCC{dmnn|nen |&dGI NIAY3 2FHASG O6y2NNIffe&
¢-¢yPChbeyw2L5¢mnm|nep |OdNNByY i F2yid 6ARGK
¢- ¢ YCHLWYIE MAH|NEcc |/ dINNBYy(d F2yd KSAIKIG
DC- @y¢h'! /| ywODUmMno |ne T |G2dzOK OF LIGdzNBE NBIAZ2Y
DC- y¢h! /| gw9DUwmnn |ney
DC- ¢g¢h'! /1| ywODUmMnp | nke o
DC- y¢h'! /| yw9DL mnc | k!
DC- ¢/ [Lty[9CeymnT |nke. [£STFG Of ALY LRAFO 0ODPB8G oA
DC- ¢/ [ Lt y¢ht yAmny |ne/ |[G2L) Of ALY LIRAYG o6aSia oA
DC- ¢/ [ Lt ywLDI ¢mncp|ne5 |[NAIKG Of ALIMAY I LRAYG 6asSid 6
DC- ¢/ [ Lt . heechmmn|nke9 [62GG2Y Of ALIWMAY3I LRAYG 6aSi
DC.- Wt P[ 9C¢ MMM | nEeC | OdzNNBy i Of A L) &I f dz§ o NBIF Ra 7T
DC- ¢/ [ Lt yeht MMH | B n | OdZNNByY i Of AL) @I £ dzS oNBIFRa ¥
DC- ¢/ [ Lt ywLDI ¢ mmo |nEr m | OdzZNNBy G Of ALJ B £ dzS§ 6NBI Ra ¥
DCy/ [Lty. heechammn |nErH|OdNNByYy i Of AL Ot dzS 6NBIFR& 7T
Dw! aytL-9[ ¢/ h![mmp|nEo|[h 62NR 2F O2dzyid 2F LIAESTt &
Dw! aytL-9[ ¢/ h!lmmc|nEn|l L ¢g2NR 2F O2dzyii 2F LIAESTt &
Ch! /1 pw! 2 y- MMT |Ox75 [MH O6A0G NIg ! H5 @I f dzS FTNRY|
¢Ch! /1 yw! 2 (g, MMy [0x76 |[MH O0AG NIg ! H5 | @l fdzS FNRY
DC- ¢[!'{ ¢/ I !wymmdp|0x77 |OF £ Odzi F iSR OKINJ 6ARGK FNRY
DC- Y[ !'"{ ¢/ I !'wymun|Ox78 |OF f Odzf SR RBABKI2FTREYVNI Sad
DC- [ !'{c¢y{ecwP2mum|Ox79 |OFf Odzf  i1SR gARGK FTNRBY fI ad
DC- Y[ !'{¢y{e¢wyl mHu |Ox7A |OF f Odzf 1SR KSAIKG FTNRY 1l ai
tLby/ h! bnt 9wyt !{mMmHo|Ox7B [LIAY O2dzali SN F2NJ t !
tLby/ h! bp¢t 9wyt [MHN|OXx7C |[LIAY O2dzpli SN F2NJ t!
tLby/ h! bc¢ Qwyt !{mMmup|Ox7D [LIAY O2dzyeli SNJ F2NJ t !
tLby/ h! br¢e 9wt ![MHC |OX7TE |[LIAY O2dzyfi SNJ F2NJ t !
tLby/ h! by¢Owyt!{mMmuT |OX7F [LIAY O2dzyli SN F2NJ t !
tLby/ h! bdt Qwyt !{mMHy [O0x80 [LIAY O2dzyhi SNI F2NJ t !
t Lbp9+@abc¢ gt ! MHG|O0x81L |LIAY O2 &WENNISNBi F2NJ t!
t Lbpy9+9pbce yt! Mon |0x82 |[LIAY O2dzy i SNJ Npfft20SNI SOSy i
t Lbp9+@b¢ gt ! MoM|0x83 |LIAY O2dzy i SNJ NBf f 2@0SNJ S@Syil
t Lbpy9+9bc¢yt! MOH |O0x84 |[LIAY O2dzy1SNJ NBff20SNI SOSy i
t Lbp9+9bc¢yt! MOoO |0x85 |[LIAY O2dzy i SNJ N®ff2FSNI SOSy
t Lbp9+eb¢ gt ! Mon [0x86 [LIAY O2dzyGSNJ NBpf t 2 SNI SOSy i
vomp/ h! beOwy[ h|mop|0x87 |Ilj dzZF RNI {i dzNBO 2SdfyfQRFRNIND h
vOomp/ h! be 9wyl L|{moc |0x88 |lj dzZF RNJ (i dzNB® 25dFyQR RN N L
vOmp59][ ¢! Mo T | 0x89 |Ij dz RNJ (i dzNBR Styi0-2 RGNdzy (i
vomp/ h! beOwy[ h|moy |O0x8A |Ilj dzZ RNI {i dzNBO 2SdfyfQRFRNINJ h
vOlalp/ h! be¢Owwl L|mod|O0x8B |Ilj dzF RNI (i dzNBO 2SdfyOr RN ND L
vOlp59[ ¢! Mnn | 0x8C | Ij dz@ R NJ i dzNBR Styi0-2 RG2Ndzy (i
C!'[{9yw9! {hb Monm|Ox8D |SELX FylFdA2y UFIf&ASU NB&adzZ (&
bhe®rKSaS NWMB INBGI F OI0SE k¥ 1@2 SSFazy DK A 2y & ©

© 2015 4D SYSTEMS Page24 of 34 www.4dsystems.com.au




4D SYSTEMS

DIABLO16 Processor

10.Memory Cards FAT1@ormat

The DIABLO16 Processor uses off the shelf
standard SDHC/SD/mic@®D memory cards with
up to 4GB capacity usable
with FAT16 formatting.
For any FAT file related
operations, lefore the
memory card can be used
it must first be formatted
with FAT16 option. The
formatting of the card can be done on any PC
system with a card reader. Select the appropriate
drive and choose the FAT16 (or just FAT in some
systems) option when formatig. The card is now
ready to be used in theDIABLO16 based
application.

The DIABLO16Processor
also supports high capacity
HC memory cards (4GB and
above). The available
capacity of SIHC cards
varies according to the way
the card is partitioned and theommands used to
access it.

Sandisk »
4GB

micro
S»

The FAT partition is always first (if it exists) and can
be up to the maximum size permitted by FAT16.
Windows 7 will format FAT16 up to 4GB. Windows
XP will format FAT16 up to 2GB and the Windows
XP command prompt will form&AT16 up to 4GB.

RMPET, a 4D Systems Tool found in the
Workshop4 IDE, is capable of repartitioning and
formatting microSD cards to be the appropriate
type and format for 4D Systems modules. This
should be used for all cards.

11.Hardware Tods

The following hardware tools are required for full
control of theDIABLO1®rocessar

11.1.4D Programming Cabl& Adaptor

The 4D Programming Cabland uUSH?AS5
Programming Adaptors areessential hardware
tools to program, customise and test the
DIABLO1@rocessar

Either the 4D Programming Cable or the ul2%
Programming Adaptor can be used.

The 4D programming interfaces areused to

program a new FirmwarePmmQC Display Driver
and for downloadingcompiled4DGL code into the
processor They even serveas an interface for
communicating serial data to the PC

The 4D Programming Cableand uUSH’A5
Programming Adaptor areavailable from 4D
Systemswww.4dsystems.com.au

Using a nomiD programming interface could
damage youprocessoy andvoid your Warranty.

b2GISY{tL [/ 2YLE{i5AYASONBS NR
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UUSBPAS5 Programming Adaptor
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12.4D Systems Workshop 4 IDE

4D Systemsas a number of modute available Workshop4 is a comprehensive software IDE that
which can be used for evaluation purposes provides an integratedsoftware develoment
equally as final productsto discover what the platform for all of the 4D family of processors and
DIABLO1@rocessor has to offer. modules. The IDEombines the Edtir, Compiler,

Linker and Dowmlader to developcomplete 4DGL
application code.All user applicatin code is
developed within thaVorkshop4 IDE.

WORKSHOP'  vesensozs

sl o
S

V]
V]
V]
V]
V]
V]
V]
@

uLCDB70DT¢ 7.0 Resistive Touch DIABLO16
Intelligent DisplayModule

The Workshop 4 IDE supports multiple
development environments for the user, to cater
for different user requirements andskill level.

1 TheDesignerenvironment enables the user to
write 4DGL code in its natural form to
program the4D processor of choice.

1 A visual programming experienceuitably
called ViSi enables draganddrop type

uLCB43DCn ®o0 € / | LI OA (1 A83S ¢ 2 dzPRcemantiof opjects to assist witDA. code

Intelligent Display Module generation and allows the user to visualise
how the display will look while being
developed

1 An advanced environment callediSiGenie
R2Say Qi NXBIjdza NB itys&all n5D[ O
done automatically for you. Simply lay the
display out with theobjects you want, set the
events to drive them and the code is written
for you automatically. ViSsenieprovides the
latest rapid developmenexperiencefrom 4D
Systems.

The Workshop 4 IDE is available from the 4D

ULCDBSDTCo dp ¢ wSaAal A @S ¢ 2 ddR S eI aQsystems.com.au
Intelligent Display Module

For a comprehensive manual on the Workshop 4
IDE Softwarealong with other documentsrefer to
the documentation from the4dD Syems website

Other modules will also be available. Please on the Workshop 4 product page

contact 4D Systems for more information, or visit
the 4D Systems websiteww.4dsystems.com.au
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12.1.Workshop 4¢ 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 th®IABLO16

]

CrTTe o |

TR X000 5005 1002 == 80

12.2.Workshop 4¢ 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 theinstant 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 ¢ a button all relevant4DGL 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.

e T iy RO A T PR =)
| W e e o s
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| . Grecmma x

12.3.Workshop 4¢ ViSi Genie Environment

ViSi Genie is a bredkbugh in the way 4D
{eadisSvaqQ INI LIKAO
programmed. It is an environment like no other, a
codeless programming environment that provides
the user with a rapid visual experience, enabling a
AAYLX S D!'L | LILX AOLF G Achy
in literally seconds.

ViSi Genie does all the background coding, no
4DGL to learn, it does it all for you.

Pick and choose the relevant objects to place on
the display, much like the ViSi Environment, yet
without having to write a single line of cedEach
object has parameters which can be set, and
configurable events to animate and drive other
objects or communicate with external devices.

Simply place an object on the screen, position and
size it to suit, set the parameters such as colour,
range, text, and finally select the event you wish
the object to be associated with, it is that simple.

In seconds you can transform a blank display into a
fully animated GUI with moving sliders, animated

press and release buttons, and much more. All
without writing a single line of code!

ViSi Genie provides the user with a feature rich
rapid development environment, second to none.

12.4.Workshop 4¢ Serial Environment

The Serial environment in the Workshop 4 IDE
provides the user the ability to transform the
DIABLO16nto 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 thBIABLO16s configured
and downloaded to fromhe Serial Environment,
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simple graphic commands can be sent from the
users host microcontroller to display primitives,
images, sound or even video.

wS T SNJ (Serial CénBnandi Set Reference
Manuak from the Workshop 4 product page on
the 4D Systems websitfor a complete listing of all

the supported serial commands

By default, each module shipped from the 4D
Systems factory will come pgrogrammed ready
for use in the Serial mode.
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13.Reference Design
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14.Package Details

64-Lead Plastic Thin Quad Flatpack (PT) — 10x10x1 mm Body, 2.00 mm [TQFP]

D
D1
nananamonmnamonm -
== = | |
= =

=\ =
I -

b R A i

NOTE 1 123 NOTE 2

C}:J

A1—
—= =11
Units MILLIMETERS

Dimension Limits MIN | NOM MAX
Number of Leads N 64
Lead Pitch e 0.50 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.95 1.00 1.05
Standoff Al 0.05 - 0.15
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle ¢ 0° 3.5° 7°
Overall Width E 12.00 BSC
Overall Length D 12.00 BSC
Molded Package Width E1 10.00 BSC
Molded Package Length D1 10.00 BSC
Lead Thickness c 0.09 - 0.20
Lead Width b 017 0.22 0.27
Mold Draft Angle Top o 11° 12° 13°
Mold Draft Angle Bottom 3 11° 12° 13°

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Chamfers at corners are optional; size may vary.
3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y 14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
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15.PCB Land Pattern
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