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4D SYSTEMS DIABLO16 Pracessor

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 Processor.

$0 vle }( i16A1 C& e« }( &0 *Z u u}EC
he & %%o0] $]}v. } v 3
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The DIABLO16 Processor is a custom embedded
4DGL graphics controller designed to interface :
with many popular OLED and LCD display panels. fdZ 'W/K ]« A E]}pu*oC }v(]JPuHE o

With its powerful graphics, text, image, and 03 Ev S]A (pv 8]}ve ep Z oW
animation abilities builin, alqng with numerous « iZ/Zvvoe Ao o
more features makes the Diablo16 a single chip ] 5 )
solution for a wide variety of LCD and OLED display - A ]l s e » E v 1A
solutions }V(JPUE® o "W/ Z vv oe Ao o

. . e I ] § v A }Vv(]JPPE o dd
The DIABLO16 offers a simple plug-n-play interface AE] o Juu %}ESe AlJo o

to many 16-bit 80-Series colour LCD and OLED o .
displays, and is designed to work with minimal * h% s} 0 'W/K v He * W]lv }uvs
design effortas all of the data and control signals . h% 3§} 0 'W/K (}E& WtD ~¢]Ju%o Vv ~
are provided by the chip to interface directly to

the display. This offers enormous advantage to the * h% s} i1 "W/K (}E& Wpoe KuUSkh S

designer in development time and cost saving and . h% §p 'W/K v IV(]PHE (&
takes away all of the burden of low level design. Yu E SUuE v} E /v¥hopuSe ~T Z vv
t & dio (Jo « EA] <X

The DIABLO16 belongs to 4D Systems family of

processors powered by a highly optimised soft 1 ] 8§ AW/ Jvs E( (}& ~, I u ulC
core virtual engine, EVE (Extensible Virtual Engine). E (}E& upoSJu ] <S}E P % § o}
EVE is a proprietary, high performance virtual %o UE %o} = ~UA]EZ u% 3} 1° v N
processor with an extensive byte-code instruction uulE&c E ¢« S ES]JvP (E}u o' % ]
set optimised to execute compiled 4DGL ANlpn E up-s AW/ }u% S§] o X

programs. 4DGL (4D Graphics Language) was
specifically developed from ground up for the EVE o
engine core. It is a high level language which is T U]} *H%Bo%}ES (JE A A (Joe v }u%o

Tt 8t]E Z «]+3]A d}u Z % v o Jvd E( X

easy to learn and simple to understand yet Pv E 3]}v Alsz - ]183wWtho p 1}

powerful enough to tackle many embedded S %o puSX

graphics applications, 6 /£ (0 ]& 8]u E- A]S$Z i uJoo]s }v & ]

The processor offers a comprehensive set of /O >}A}+3 K> U > v d&d Je%o C PE

features and can interface to SPI, 12C, serial, pe & Jvs E( *jops]ivX

digital, and analog devices, and provides a wealth t/ o . «$ v o}v u PE %Z] *

of fea‘_[ures such as RWM, ngdrature, PulseOut % E} +}E }E JvE E( &} VG Z}e3¥ }v§

and Pin (_:ounter funcnons_. Provision is also made PE % ZPor@E} ++}EX

for a dedicated PWM audio output that supports o 5

audio WAV files and complex sound generation. ¥ }vv § S} ou}es vC Jo}p&E ]Je%o C
*U% %o} ES® ®]O i0 ]85 A] Wh Jvs E(

All of the display built-in driver libraries implement oo § v }vSE}o *]Pv os E % E}A]

and share the same high-level function interface. $ Z},» lu%o] viX

This allows your GUI application to be portable to X . . . N

different display controller types. + (yA ]IO 5 OX lv 08 %]v dY&W iiuu A |
00

4D Systems software development IDE called
Workshop4 is FREE and there are no licensing
requirements.
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4D SYSTEMS DIABLO16 Pracessor

3. Applications

T'VE O %UE%}s * u PE %2Z] *X
t 0o AS}E }V3E}o *C+8 ueX

F W}vS }(» 0 8§ (Bu]v o+X

f o SE}v] P uP « v u SE X

fdeS v U *pEUVS VvV PV EO %u
JveSEpnuU vS §]}vX

/v u*SEJ] o }vSE}o v Z} }§] X
MSIU}S]A +Ce3 u ]*%o0 Ce*X

"WA v A]JP §]}v «C+3 ueX

D ] o /veSEpuU v8e VvV % %0] S]}veX
,Ju %% 0] v ¢ v ~u ES ,}u uS}tu S]}vX

N UE]SC v ee }VSE}O *C*S uX

"u]vP <p]%u vsX
Al 8]}V ¢Ce*3 ueX
,D/ Al3Z 8} Z %o v 0<X

H + H+ H+ H+ +H+ +H +H +
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4D SYSTEMS DIABLO16 Pracessor

4. Pin Summary

LEGEND

|im POWER

m GND
[msysTEM
[=mDispLAY

[T TOUCH-PANEL
DIABLO16 T [ SDCARD-SPI
[I—m PORTA GPIO
|l como uART

[=11 Aubio

1
2
3
4
5
6
7
8
9

DIABLO16 Processor Pin Out

Pin  Symbol 1/O | Description

1 AUDIO | O ) ! . o
low pass filter then into an audio amplifier.
4-Wire Resistive Touch Screen Right signal. Conneglithis XR or X+

2 XR A .
signal of the touch panel.
4-Wire Resistive Touch Screen Up signal. Connect thts piU or Y+ signal

3 YU A
of the touch panel.

4 spsck | o SPI Serial Clock output. SD memory card use only. Cotmipin to the SP
Serial Clock (SCK) signal of the memory card.

5 SDSD | SPI Serial Data Input. SD memory card use only. Connggiritio the SPI
Serial Data Out (SDO) signal of the memory card.

6 spsDo | o SP| Serial Data Output. SD memory card use only. Conigepiritto the SPI
Serial Data In (SDI) signal of the memory card.

7 RESET| | Magter Reset signal. Connect a 4.7K ppltesistor from this pin to VCC.
Active Low

8 SDCS 0 SD Memory-Card Chip Select. SD memory card use omige@ this pin to
the Chip Enable (CS) signal of the memory card.
Analog Positive Supply.
Option 1: Connect to VCC via a 12ohm resistor, and witiiaF Capacitor
to AGND

1 . . . .

o AvCC P Option 2: Connect to VCC via an Inductor with has a resistahless than
lohm, and a capacity greater than 10mA, and a 4.7uF Gap&ziAGND.
This option provides the best ADC noise rejection.

20 AGND P | Analog Ground. Connect this to GND.

9, 25, 3441 GND P | Device Ground.
fiu Touis( VCC P | Device Positive Supply.

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

© 2013 4D SYSTEMS Page 6 of 32 www.4dsystems.com.au




4D SYSTEMS

DIABLO16 Pracessor

DIABLO16W (E} e} E& W]v Kus ~ }jvsSjvpy Yo

Pin  Symbol 1/O Description
if fi K| ]*%0 C § pe ]85 AX
in o} IIK| ]*%0 C § pe ]85 060X
i I ITK| J*%0 C § pe 151X
io [ IIK| ]*%0 C § pe ]88 71X
if i IIK| ]*%0 C S iMe ]38
io i IIK| ]*%0 C § pe ]88 11X
io 0 K| ]*%0 C § pe ]85 0X
io 0 /IIK| ]*%0 C § pe ]88 606X
i 0 /IIK| ]*%0 C § pe ]85 06X
i 6 /IIK| ]*%0 C § pe ]85 06X
T i [IK| J*%0 C S e ]S iiX
10 i [IK| J*%0 C S e ]S iiX
[Ke) in [IK| J*%0 C S e ]S iiX
10 i [IK| J*%0 C S pue ]S iiX
10 io [IK| J*%0 C S pue ]S i0X
il if [IK| ]J*%0 C S pue ]S iAX
(K] W it /' |'"v E 0 WUE% ]} [/VU% US }VOC %o ]vXXdZ]e %o]Vv ]
il W ii /' |'"v E 0 WHUE% ]} [/V% US }VOC %o ]vXXdZ]e %o]Vv ]
] S *Cv ZE}IVIUe N E] 0 %}ESVIAE v3T]S %ol
[h) dyi K| u] &@}viE}oo E " E] 0 Z A ~ZAE-+]Bv 0E}dZ
/| >Kio Al 8Z]e %]vX dZ]s %]V ]=} EXWE}PB EE uy
[e) W i IK| " v E 0 WUE %} [/IKX dZ]e %]v ]* AXis S}o E v
[e) W id K| " v E 0 WUE %} [/IKX dZ]e %]v ]» AXis S}o E v
i0 > < / Al 0} | Jv%opus i }( i1D,I EC+5 0oX
ai ><1 K Al 0} | Jv%opud 1 }( i1D,I EC+§ 0oX
eCVv ZE}V}Ipe » E] 0 %} ES Z JA %o §¥ WZ ZeyEXu]} ¢
ol Zyi / }vS§E}oo E " E] o dE veul]S ~dAE- §P8}loX BKIi
§Z]e %]vX dZ]e %]v ]* AiXis S}o GVIPSXWWIE]} e}
o W ii K| " v E 0 WUE %} [IKX dZ]e %]v ]*» AXis S}o E v
00 W ii K| " v E 0 WUE%}e [IKX dZ]e %]v ]*» AXis S}o E v
H]} v o X }vv 8§ 8Z]e %]v 8} u%o](] & }vsd
on h /KE K| >KtW ]« o AS EGv o d]} u%o](] EX
J' " Wv o AS Ev o P ]} u%o](] EX
00 W o IK|'"v @ 0o WUE%}s /IKX dZ]e %]v ]* iXis §}o CE v
56 . K Bt]E Z *]*S]JA d}p Z A" E Vv > (5 «]PBJoX> PP w3
}(SZ S}y Z % v oX
56 . K 3t]E E +]*3]A S}p Z « E v }33}u ¥Pw Xz }VE
*]Pv o }( 8Z S8}u Z % v oX
00 W f IK| " v E 0 WUE%}e [IKX dZ]e %]v ]*» AXis S}o E v
fii W 0 K| " v E 0 WUE %} [IKX dZ]e %]v ]*» AXis S}o E v
fi i W 06 K| " v E 0 WUE %} [IKX dZ]e %]v ]*» AXis S}o E v
i1 W 6 K| " v E 0 WUE%}e [IKX dZ]e %]v ]*» AXis S}o E v
i W 6 K| " v E 0 WUE%}e [IKX dZ]e %]v ]*» AXis S}o E v

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

© 2013 4D SYSTEMS
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4D SYSTEMS DIABLO16 Pracessor

DIABLO16W (E} <}E& W]v Kus ~ }jvsSjvpy Yo

Symbol I/O Description
Display RESET. DIABLO16 initialises the display by gttoisipin LOW.
Connect this pin to the Reset (RES) signal of the display

fio z " K

]+%0 C Z P]*8 & ~ 0o &X
>KtW Je% o0 C Jv A }E 5 Spe & P]*5 €E ] * 0
A A zn K | ,/'")W ]+%0 C 'ZD}E EP]+§E & Jeso & X
WV 8 §Z]c %o]v 8} §Z Z Ples & AJE §]upo GE
}JVA v3]}ve ¢]Pv 0 }( 8Z ]+*%o0 CX
JVE EV 0 AloS P ( Ppo S]E (o3 @Xo0%& B GY
% ]5}E (EIU $Z]* %]V 3} "EIUV NIWIed hdhes]
]+%0 C tE]E +3E} +]Pv 0X /| >KEKtsAZESAY
§ §) §Z ]+%0 CX }Jvv & §Z]« %P \E)o &4 SXE]
J+%0 C Z +8@E} +]Pv 0X / >KiBKe-AE& GZ
§ (Elu 8Z ]+%0 CX }vv & 8Z])PW GPGEEZ
]+% 0 CX
- Z]PZ AJo§ P Vv 0 +]Pv 0X dZ§% P CEZ8&& (
§z > I0]PZ& }E §Z K> % V 0 *P% % 0CX
JJPZW v -0 }VA E§ EX
>}JA W Je-0 }VA ES EX
"V E 0 WHE%}s [IK %]v AJSZ Vv o} B Xi% 3} o]&
AZ v pe . ]P15 oU A}SXis GZvR (i » v Vv
"VE 0 WUE%}s /1K %]v Al1SZ v o} Xi%0 3]0 ]&
AZ v pe . ]P15 oU A}SXis G2ZvR (i » v Vv
"VE 0 WUE%}s /1K %]v Al1SZ v o} B Xi%0 3} o]&
AZ v pe . ]P]5 oU A}SXis BZvR We( 1 ¢« Vv v
"VE 0 WHE%}s [IK %]v AJSZ Vv oo} B Xi%0 3} o]&
AZ v pe . ]P]5 oU A}SXis BZvR We( 1 « Vv v

tZ K

ot
o

=13
(@}
N
A

oi E K

of i /1K1

o1 /1K1

of i /1K1

| 2|2t

00 T /1K1

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

NOTEPIease refer to section 5 for more information about tbgsns.

© 2013 4D SYSTEMS Page 8 0f 32 www.4dsystems.com.au




4D SYSTEMS DIABLO16 Pracessor

5. Pin Description }vv 8§ §Z]e %]v §} §Z Z P]+§ & "o § ~

W 8z ]*%0 CX ]J(( ® v8§ J*%o0 C+ pnsjo

dZ | >Kido WE} ++}E % E}A] + }s¥ Ul¥Re }A /tEvs]}v- ew Z o+ ZAU iU | }E

v }(3A & Jvs &( X dz]e « B8]}v -H@ ‘>]E | AlSZ CIUE ]+%0 C u vul
§]o§Z Z E A E JvE &( %]ve }((K& S A]} E Svu v (pv8]}vX

5.1. Display Interface
Z "N %]V ~ ]*%0 C Z o §W

dZ /| >Kid *U% %} ESs > v K> I'feg & e N dX /[ >Kio Jv]§] o]e - $Z ]

A18Z vrOE] » B A] wWh § Jvs EcSK} ]VP §Z] %]v >KtX }vv § §Z]e %o]
dz tvv 3]A]8C &} §Z ]*%o0 C ] Ce § ~EE|HPY 0 }(SZ  ]+%o0 CX
(JEA E X dz /| >Kio6 Pv &S+ o00 }( §Z
v e EC 3JulvP 3} E]A 8Z J+%o0 CX
E %]v ~ £S5 Ev o | Vv 0 W
Pr—— - Z]PZ A}oS8 P v 0 +]Pv oX dZ]s %
Do { 2 | GE]A §Z ]CE u]é AZ] 4 Vv 0 §Z Z]PZ
b e 32§ E]A e« 8Z > lo]PZS }E& 3§Z K>
o * %o %0 0 CX

CONTROL &2
INTERFACE

. 3 tZ %O]V ~ ]'%00 C tGE]g W

T dZ]e ]* 3Z ]*%0 C AE]S <3E} -]P
/| >Kido e+ ESe 3Z]+ *]Pv 0 >Kt AZ v A
§ 8} 8Z ]*%o0 C ]Jv }vipv 8]}v AlsZ 5Z

NoZAZ tZ K% E §]}v S pe ~ifieX }vv S S§Z]e %]v §} §Z tE

~tZe ]Pv 0 }( §Z ]*%o0 CX

Pl 0z ]+%0 C ~§ Spe Z

i i1 tE]S ]*%o0 C /v & = ¢ ¢
[ R A4 ]*%0 C 'Z D &
i i i1 tE]S Z Pl & }E 'Z cs
i 'y y y E}K% & 3]}v m
]*%0 C K% & §]}v d o " | |
DO..D7 ><WRITEDATA ><\
i- iA %]ve ~ ]*%0 C 3§ peeW =
dZ  ]*%0 C & - [ite ]I - |5
] 1E 3]}v o %}ES v 00 ]J*%o0 C & AE]sS .+ v
E . } n&E }A E §Z]' peX K§z & /kVSGE}O ']P /OCU D]v dC D £ hv]
el Z e+ ZtU Z AU v ZMN eCv ZGE}VJ' “v 3 . -
SE ve( E &} v (E}u §Z ]e%o Cx EIS >}AWw St> Al - - ve
tE]S ,]PZ Wy §t, Ai | - - Ve
. tE]S pupe C o Std| iii - - Ve
N %o]v ~ ]*%0 C Z]% N 0 SeW . T 2] = A an
dz e &} §Z ]+%0 C ]* }vOC %o}eo]EdS AZS v sHA S ) -] -] ve

]*%0 C Z]% ~ 0 § ~ Ne ]Jeo o (ES >KtX }vv §
§Z]e %]v 8} §Z Z]% ~ 0o § ~ ™ ¢]Pv o }( §Z ] %0 C

RD pin (Display Read):

This is the display read strobe signal. The
Z™N %]v ~ ]*%0 C Z P]+8 E ~ o &+W DIABLO16 asserts this signal LOW when reading
dz z~ «]Pv o § Eul]v « AZ $z ( data drorp fthe display in conjunction with the
Juuv }E § ]+ o v 8} §Z ]+% o0 Codsplay data bus (DO-D15). Connect this pin to the

Read (RD), signal of the display.
SKIW ]+%0 C Jv /E JE 5 sp- ee0 fjoksignal of the display

e 0 § X
J' VW ]*%0 C 'Z D }E & P]*sS & S e
e 0 § X

© 2013 4D SYSTEMS Page 9 of 32 www.4dsystems.com.au




4D SYSTEMS

DIABLO16 Pracessor

RS o4 o

cs

RL ) tRH

tRT

5.2. SPI Interfacet Memory Card

The DIABLO16 supports SD, micro-SD and MMC
memory cards via its dedicated hardware SPI
interface. The DIABLO16 has 4 SPI channels, and
the first is dedicated for this. The memory card is
used for all multimedia file retrieval such as
images, animations and movie clips and the SPI
interface is dedicated for this purpose only. The
memory card can also be used as general purpose
storage for data logging applications (RAW and
FAT16 format support). Support is available for
micro-SD with up to 2GB capacity and for high
capacity HC memory cards starting from 4GB and
above.

D0..D7 X READ DATA XN

/8 u ACl D]v dC D A& hv]
z >}A Wuoe §Z il - - Ve
Z ,JPZ Wpo §Z iA1 | - - Ve
z pe C o §zZ il - - Ve
z s ,}o § of | - - Ve

SCK SCK i\
SPI SDI Dout e
Interface ‘
SDO Din 4DGL Programs, (g
X, 4xe, *.4fn
SDCS < Imiageél’i ps,
Vi 4
=D s R
* . wav Audio files

SDI pin (SPI Serial Data In):

The SPI Serial Data Input (SDI). SD memory card
use only. Connect this 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 Serial Clock):

The SPI 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 Memory-Card Chip Select (SDCS). SD memory
card use only. Connect this pin to the Chip Enable
(CS) signal of the memory card.

© 2013 4D SYSTEMS

Page 10 of 32

www.4dsystems.com.au



4D SYSTEMS

DIABLO16 Pracessor

5.3. Serial Portst TTL Level Serial

TXO pin (Serial Transmit COMO):

L . dicat Asynchronous Serial port COMO
dZ [ >KIOWE} -+}E Z - . stCE . tag Connect this pin to external
*Gv ZE}vipe « E] 0 %}ESe SZ S S%I’I é\&l k{%ve Rx) signal. This pin is 5.0V
v A E] SC }(83Z %E} +}E- 'W/K
] § v J]e (£ }v 8} %]ve Ti ~d
~Zy‘|:X 00 } SVZ ,/v >Ki6v[° + El] chféﬁhs( |aV eceive COMO):
we S} juumpvl s AlSZ &S Ev o ﬂ:ate syn ronous Serial port COMO receive
dylzyi & €& ( ECE §} J+SZK DM C v pin, RX0. Connect this pin to external serial device
v e (JE % E}PE uu]vP §Z [/ > Ktfansphdt(Te) Xgnal. This pin is 5.0V tolerant.
dz % E]u ;E CA(E ? H CEV ’ CF V\{ & pin (Serial Transmit COM1):
X &p 0"; o 0 6 1s s SE&veul- fg/nchronous Serial port COM1 transmit pin, TX1.
E  HS]}vX Connect this pin to external serial device receive
X § (JEuU SW 6 ]5-U E} W E]S QR isigiai %Thid i is 5.0V tolerant. This can be
X [/v % v Vv§ U @& § ¢« (E}u Tiiiconfigured to 1 of the GPIO pins, see table below.
p%o (Ei}i< V) X
x AlvPo C3 §&E veulds v G )ﬂpmf%gnalRecelveCOMl)
(LooC w(( & « EA] X dz or@us Serial port COML1 receive pin, RX1.
. EA] ( 8UE Eupve |v 82 Cong)e tp §/Pin to external serial device transmit
%o S UE]VP v w(( EJvP - |gna vTh|s pin is 5.0V tolerant. This can be
AlSZIus 3Z ue & % %o0] §] }\po@gﬂrﬁggp c}f the GPIO pins, see table below.
}veS vSo0C % }oo VvGC }( SZ Ao
(E + p% SZ % %o0] S§]}v &) ‘IE%RE e'é'z'”@sm'tcow
g o]eX Async ronous Serial port COM2 transmit pin, .TX2

Baud Rate
Generator

COMx Receiver

l—— ] comMx Rx

COMx Transmitter

————— [ | COMx TX

A single byte serial transmission consists of the
start bit, 8-bits 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.

Single Byte
@@ mEm @@
F, 08, &, 8, 8 8, & =
o - N w ES wv (=)} ~

g vels
1g dois

COMO is also the primary interface for 4ADGL user
program downloads and chip configuration PmmC
programming. Once the compiled 4DGL
application program (EVE byte-code) is
downloaded and the user code starts executing,
the serial port is then available to the user
application. Refer toSection 7. In-Circuit-Serial-
Programming (ICSP)for more details on
PmmC/Firmware programming.

Connect this pin to external serial device receive
(Rx) signal. This pin is 5.0V tolerant. This can be
configured to 1 of the GPIO pins, see table below.

RX2 pin (Serial Receive COM2

Asynchronous Serial port COM2 receive pin,.RX2
Connect this pin to external serial device transmit
(Tx) signal. This pin is 5.0V tolerant. This can be
configured to 1 of the GPIO pins, see table below.

T)3 pin (Serial Transmit COMI3

Asynchronous Serial port COM3 transmit pin, .TX3
Connect this pin to external serial device receive
(Rx) signal. This pin is 5.0V tolerant. This can be
configured to 1 of the GPIO pins, see table below.

RX3 pin (Serial Receive COM3

Asynchronous Serial port COM3 receive pin,.RX3
Connect this pin to external serial device transmit
(Tx) signal. This pin is 5.0V tolerant. This can be
configured to 1 of the GPIO pins, see table below.
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DIABLO16 Serial TTL Comm Port
Configuration Options

| Tx1\ RX1 TX2 RX2 Txay RX3

PAO
PAL IR
PA2
PA3
PA4

Ne]

Keo)
Keo)

PAG
PA7
PA8
PA9
PA10
PAl1l

el ioRieoNicl ol lolie]
el ieoNioliecl ol lolie]
el ioNieoNicl ol lolie]

o]

ool lololo ool
folliclicliclioliclicliclicl ol ool ie]
folliclicliclioliolicliclicl ol ool ie]

PA13
PA14

refer to the DIABLO16-4DGL-Internal-

Please
Functions.pdf document for information on how
to set the DIABLO16 pin mappings.

5.4. Audio Interface

The audio support in the DIABLO16 Processor
makes it better than its peers in the Graphics
processor range. PWM ensures better 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 commands please
refer to the separate document titled1ABLO16-
4DGL-Internal-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 amplifier. If unused then this 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 Disable external Audio amplifier.
HIGH Enable external Audio amplifier.

5.5. Touch Screen Interface

The DIABLO16 supports 4-Wire resistive touch
panels. The diagram below shows a simplified
interface between the DIABLO16 and a touch
panel.

YU/Y+

XL/X- Touch Panel XR/X+

YD/Y-

XL } |
Touch Yu

Control ;E I

47K %471(

XR pin (Touch Panel X-Read input):

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

XL pin (Touch Panel X-Drive output):

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

YU pin (Touch Panel Y-Read input):

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

YD pin (Touch Panel Y-Drive output):

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

There are 16 general purpose Input/Output (GPIO)
pins available to the user. These provide flexibility
of individual bit operations along with serving
collectively for byte wise operations using the BUS
functions

DIABLO16 Alternate Pin Configuration

General Purpose I/0

Analog Read

el el N e e e N S SR Bl  Digital Output

RepRCNicRRcR QR Ric NEcRRCNESRRSNISNEsNESE Bus Write

lollicicpiclicliclicliclicliclicliclicliclieclie] Bus Read

Please refer to the separate document titled
'DIABLO16-4DGL-Internal-Functions.pfifr more
information.

PAO-PAS:
General purpose /O pins, or can serve as Analog
Input pins. Each pin can be individually set for

information see
S]}ve v

source/sink 10mA. For more
Z %S €& ioU Z"% ](]

PA14-PA15:
Input only pins. These pins can only be Digital
Inputs.

|E}3 Wo '"W/K %]ve & fiXis §}o] & v&X

5.7. System Pins

VCC pins (Device Supply Voltage):

Device supply voltage 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, CLK2 pins (Device Oscillator Inputs):

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

to CLK1
to CLK2
I
12.00Mhz
22pf 22pF

AVCC pin (Analog Supply Voltage):

INPUT or OUTPUT or ANALOG. Power-Up Reset This is the analog supply voltage pin.

default is all INPUTS. When set as Digital Inputs,
the pins are 5V tolerant. Digital GPIO can

source/sink 10mA. For more information see

Chapter 06U Z"% ](] S]}ve. v
When set as Analog Inputs, the pins have a 0 to
3.3V range, and have 12 bit resolution.

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

Z $]vPe«[Option 2: Connect to VCC via an Inductor with has

a resistance of less than lohm and a capacity
greater than 10mA, along with a 4.7uF Capacitor

For more information, see Sectiofi Xifi Z v o} Pto AGND. This option provides the best ADC noise

IV % uSe[X

PA4-PA13:

General purpose /O pins. Each pin can be
individually set for INPUT or OUTPUT. Power-Up
Reset default is all INPUTS. When set as Digital
Inputs, the pins are 5V tolerant. Digital GPIO can

rejection.
This is NOT an analog reference.

AGND pin (Analog Ground):
This is the analog ground pin. This pin should be
connected directly to GND
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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 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.

5.8. Alternate Pin Funtions - 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.

E}S B}S 00 %]ve Z}YA A E v
vC }(8Z 0SS EVv S %]v (pVv

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 used for the four different /0O Support
Functions.

DIABLO16 Alternate Pin Configuration:
I/O Support Functions

PWM Out
Pin Counter
Quadrature In

fojieoNieolicolioNicolicolioN ol o] Pulse Out

O |0 |Q || |Q
O |0 |Qo ||l |o

ool |||

E}S Wv
(uv s]}vu

% ]v ]+ o0} S SH v
vV}S§Z (E %]v vv}S |o°}

|82 +u 08 Ev § (pv §]}vX
Please refer to the separate document titled
'DIABLO16-4DGL-Internal-Functions.pfifr more

information on how to set the alternate pin

configurations.

The Alternate pin functions have been broken up
into a few tables for simplification. There are
communication based functions, and I/O support
based functions.

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

|E}3W E SUE /v E <p]E 1 W]ve

The following table illustrates which of the GPIO

}v Eqp Repusedsfor the three different SPI channels
§]}vevailable.

DIABLO16 Alternate Pin Configuration:

SPI Communications

SPI1 SDC
SPI3 SCK

(23

oS v
oo}

(23
723
—
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The following table illustrates which of the GPIO

can be used for the three differenQ channels
available.

DIABLO16 Alternate Pin Configuration
I2C Communications

[°C1 SDA
[°C3 SDA
[°C3 SCL

foliojicjicgiopioliclicRiocl ol ool iclie]
folicojicjicpiopioliclicRiol ol ool iclie]
folicojicjicpiopioliclicRiol ol ool iclie]
foliojicjicgiopiolicliclieol ol iolioliclie]
foliojicjicgiopiolicliclieol ol iolioliclie]
foliojicjicgiopioliclicRiecl ol ool iclie]

5.9. SPI

There are 3 user configurable SPI channels
available for mapping to GPIO, for use by the user
for the target application. All 3 SPI channels are
Master only, and cannot be configured to be
slaves at this time.

The SPI Bus speed is configurable using the
SPIx_Init() Function in 4DGL, and allows various
speeds from 78.125Khz to 17.5Mhz.

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

E}S Wz 181}v o ~W/ Z vvio ~"W/is
] 8 §} uulCEC E « Vv vv}s
E }v(]JPHE (}E 08 v § pe |*X

To map an SPI channel to a set of GPIO pins, the
following 4DGL functions are used:

SPIx_SCK_pin(pin);
SPIx_SDI_pin(pin);
SPIx_SDO_pin(pin);

/l Map the SCK pin
// Map the SDI pin
/I Map the SDO pin

tz & Z "WI/AE[ ]* *p *S]SpuSs
accordingh v Z%]v[ ] SZ
compatible with that particular pin function.

A1§Z ~W/iU ”
§ EP § 'WI/K

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.

Example Connection Diagram

This illustrates SPI being configured on GPIO, PA4
PA6 and PA7, with user GPIO PA5 being used for
the CS, and connections are to an external SPI
Flash Chip.

E}S WZ]e A& u%o0 J* Vv ]JooWweSE S]}v ]
}vv S]}v 8} §Z ] 0}i0 % E} pe}EX /5 ]
}u%o § ]JE H]S VIE JOOU*SE S ¢ 5 %

U2 DIABLOL6
PA4 (SDI)
PAS (CS)
PAG (SCK)

1]
. las  vee ﬂ? 2L pa7(spo)
T — DO HOLD [or
=7 W C = GND
4 vss  or |2 i
i SPI Example Oaly

M25P05 / A250.032 (r?;t)

46
49
Voo 50

GND

Please refer to the separate document titled
'DIABLO16-4DGL-Internal-Functions.pfifr more
information on how to use the SPI functions.
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5.10. I°C

There are 3 user configurable?Cl channels
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 choice, which is
inverted in polarity to the current state of the pin.

slaves at this time. dZ]e Z]JvA E-+]}v }( %}o E]SC[ u ve ](
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 configured f6x | HI. Same with vice versa, if currently LO and Pulse
Out is executed on that Pin, it 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 non-blocking
I12Cx_Open(Speed, SCLpin, SDApin); versions.
Where RCxis substituted with 12C1, 12C2 or 12C3 Please refer to the table on the previous page for
accordinghy Z"% [ ] §Z ] E I detail%on which GPIO can be configutedhis.
Vv ZN >%]v[ v Z™ % ]v] & SZ § P § '"W/K %o]ve
compatible with that particular pin function. E}S WZ WpHO* KPS E <H 3 Vv b & 0 o8
, _ ) SJu p 8} 8Z <« Z po]vP Y( 8Z A vs
Exgm_ple Connect|on.D|aqran'1 §Z |v& Ev o fue §]u EX
This illustrags PC being configured on GPIO PA8
and PA9, and connections are to an exterrial | ) )
Analog Input ADC. To enable the Pulse Out function on a GPIO pin,
the following 4DGL functions are used:
E}S WZ]. A& u%o ]+ v Jodp.SE $jy \Pulééoull(pm value) //Non-Blocking
yvv S]}v 8} §Z ] 0}i0 % E} pe}CE ASP |se¥ t%(pﬁ value); //Blocking
}u%o S JE p]S VIE JOOU*SE S ¢ S
tz & Z%o]v[ ]+ 82 S &P § "W/K % ]v }u%o
. , e il 8Z § % ES3] po E %]v (pv 3]}vU v ZA
SJ':DZ,‘“ s il RL B2, length of the pulse in milliseconds.
VREF —= L2 DiaBLals
“',\:? o cnbod] } Example Connection Diagram
oA oD This illustrates Pulse Out being configured on GPIO
I ff“ i PAO, and is used to open an external relay via a
o o transistor, for an application such as opening a
Please refer to the separate document titled door lock for a set duration.
'DIABLO16-4DGL-Internal-Functions.pfifr more
information on how to use the’C functions. E}S d&Z]e A& u%o ] Vv JoopeSE S]}v }(
lvv S]}v (E}lu §Z ] 0}i0 %@} <} EX /
§Z }u%o S ]JE p]S VIE JOOUSYSE S ¢ 5§

RL1
L €l NC —

{NC

S e
Ul  DIABLOI6 Com —— COM_
61 R1

PAD (PulseOut)
1K
GND I <
PulseOut EXAMPLE ONLY

| 5
12 No ——

NO
DPST Relay

Please refer to the separate document titled
'DIABLO16-4DGL-Internal-Functions.pfifr 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 can be configured to be used in Servo
Mode, or Simple Mode.

Please refer to the table on the previous page for

details on which GPIO can be configured for PWM.

Servo Mode allows a millisecond input value with
0.01ms resolution, which runs at a frequency of
approximately50Hz or 50pps (20ms). The position
of the servo is determined by the width of the
pulse. Generally 1.5ms is 90 degrees, 1ms being O
degrees and 2ms being 180 degrees. Servos
however vary, and the DIABLO16 PWM control can
be adjusted to suit most applications.

Simple Mode allows a percentage input value with
resolution of 0.1%, which runs at a frequency of

5.13. Pin Counter

There are 6 Pin Counter channels available to be
configured by the user, used to count incoming

pulses with the ability to call a user function on

overflow. The Pin Counter function is available for
use in a variety of modes.

The counters can be read and written at any time.

Please refer to the tabldv < S]}v AXd6 Z oS CEv §
Pin Functionst KA & AforAdetails on which

GRO can be configured for this.

To enable the Pin Counter function on a GPIO pin,
the following 4DGL function is used:

pin_Counter(pin, mode, OVFfunction);
tZ & Z%]v[ ]* SZ 'W/K %]v }u% S] o

% ES] po & (pv S]}vU Zu} [ te 8Z SC%o
used to count on such as Rising/Falling/Edge, and

approximately 70Hz. ZKs&(pv S1}v[ ] 8Z pe & (pv 8]}v 8} oo

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, valug GPIO PAS8, and is used to count pulses coming from

a rotation sensor for example.
tZ & Z%]v[ ] &&mpatiie Kwith the
% ES] po E %lv (kv SI}vU zu} [ I°[Eys wz]- /£ u%o - v Joou-3E $1}v }(
S} PV &S U v ZAop[ 1+ 82 % | yyy g}y (E}u §Z ] 0}i0 %@E)} +-}EX /
defined the PWM pulse itself. §Z JU%o0 & |E P]E VIE JOOREE & » o3
Example Connection Diagram
This illustrates PWM Out being configured on GPIO A
PA4, and is used to open an external relay via a 1
transistor, for an application such as dimming a 4.7K
lamp. ROT1 Ul  DIABLOI6

] 32 | pAS (PinCount)
E}é \'NZ]‘ E U%o 0 ]. v ]OOIJ'éCE é]} Rotation Sensor GND
}V v § ] } v ( E } u é 7 ] 0 } I’ (‘) %o CE } oo ﬁ) GED Pin Counter Example Only

SZ }u%o S ]JE p]S VIE JOOUSYSE S ¢ *s o= S| A

Please refer to the separate document titled

VCC 'DIABLO16-4DGL-Internal-Functions pfifr more
LP1 information on how to use the Pin Counter

functions.
Ul DIABLOIG6 y e Latup
‘ PA4 (PWM)  E— Q1

1K
| GND
PWM Exanple Only = =
GND GND

Please refer to the separate document titled
'DIABLO16-4DGL-Internal-Functions.pfifr more
information on how to use the PWM functions.
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5.14. Quadrature In

There are two Quadrature Input channels available
on the DIABLO16 processor, which requires 2 GPIO
pins each.

Please refer to the table on the previous 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 on a set
of GPIO pins (2 pins required), the following 4DGL
function is used:

Qencoderx(PHApin, PHBpin, mode);

Where Bencoderqis substituted for Quencoderl

}E Yp v} ET }&E JvPoCU ZW, %o
}vv § 8§} §Z Wz e« }(SZ v}

is the pin connected to the B Phase of the Encoder,
v Zu} [ ]* v}S HEE vSoC -

zero (0)

Example Connection Diagram

This illustrates Quadrature input being configured
on GPIO PA2 and PAS3, and is used to read pulses
from a quadrature encoder.

E}S WZ]- £ u% o ]e V ]JoopeSCE
<p E SPE ]Jv%puS }vv S]}v B} 8§
% E} so}EX /5 ]+ Vv}E EZ  }IU%o0
JOOUSE & « 8 %E 3] X
VCC  VCC
R1 []R2
4.7K | [4.7K
QAD1 Ul  DIABLOI6
% % PA2 (Phase A)
PA3 (Phase B)
Quadrature Encoder
— GND
GND — Quadrature Example Only
GND

Please refer to the separate document titled
'DIABLO16-4DGL-Internal-Functions.pfifr more
information on how to use the Quadrature Input
functions.

5.15. Analog Inputs

Please refer to the table in section 5.6 for details
on which GPIO can be configured to be analog
inputs.

The analog inputs on the DIABLO16 have a range
of 0 to 3.3V, each with a max resolution of 12-bits.

The analog inputs can be read using three modes,
standard mode, averaged mode or high speed
mode.

Standard Mode results in a sample being
immediately read. Standard Mode can read over
40000 values per second. Operates at 12-bit.

Averaged Mode results in a 16 sample being
immediately read and their average returned.
Averaged Mode can read approximately 20000
Val{ied perssEcontde Dperates at 12-bit.

EU ZW, %]V]

Highspeed Mode collects a user specified number

*} Jof Samples-atSa fi3er specified rate/frequency and

can execute a user function when complete. The
updated value updates approximately 250000
times across 1-4 channels. Operates at 10-bit.

E}S WZ A E]J}ue Vv o}P u} =« | v Jvs E(
Al18Z 3Z }% & 3]1}v }( 8Z 3}4 Z « E v

(pv S]}tve E 00 $}} (E|<«p vSoCX

E }uu v §} olJuls §z ool }( 8z %
J(pv 8]}ve 3§} u Elupu  }( [}v A E
uloo]e }v X Wo « & ( & S} §Z /vS EV c

} pu vs8 S]}v (JE& (MESZ & ]Jv(}EuU S]}v

§}%] X E}S &E o Avs ]J( v AES3 Ev o §}pu
St Ze Je pe X

To enable a GPIO to be used as an Analog Input for
Standard or Averaged modes, the following 4DGL
function is used to set the pin:

pin_Set(mode, pin);

tz E Zu} [ ]e §Z *]JE u} (]v }A
eitherStan E }E A E P U Vv Z%]Vv[ ]* 8Z
compatible with this function which is to become

an Analog Input.

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, fiinc
tZz €& Z Eth& rfuihber of samples per second,

Ze U% 0O [ ]* SZ vpu €E }( » u%o « 8§}
Z vv oU Z& Zq[pu(] & 8§z p(( &

}o
E oo
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(J& 82 6 ZwvvoeU v Z(uv [ ]+ SZEMellN= KNPV (=T 0](=)

to call when the number of samples specified have
been collected.

Example Connection Diagram

This illustrates an analog input being configured on
GPIO PAl, and is used to read an analog
temperature from a temperature sensor.

The
Processors architecture.

figure below illustrates the DIABLO16

soauo

[ covics Fucion | - = B
SPI Services SPi2 =
E}S \Z]s A& U%o0 ]* Vv Joops3GE 3]}v }f -
Jvkous }vv 3]}v 8} 3Z ] 0}io % E) Rl el
vis§ S§Z  }u%o § ]E p]sS VviE Jooli-g =
%E 5] X EVE Core -
o Extensible Virtual Engine =
E
Ve T1 -
| Ul  DIABLOIG6 Spstom sAM -
62
PAI (Analog) 12K Bytes =
‘ System Processes ;KFLV: i! a: -
—= Thermometer T GND —— . -
GND = Analog Example Only - U g =
GND er Vbt dhigavins
Uuser Applications

Please refer to the separate document titled
'DIABLO16-4DGL-Internal-Functions.pfifr 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 microcontroller architecture, it is a
custom graphics processor and therefore low level
access to the chip is not required nor available to
the User.

4DGL provides high level functions for the User
and does all the low level work in the background
in a highly optimised fashion.
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to include libraries, or wait for hefty compile times
t]S[+ oo plos JvX

The figure below illustrates how the FLASH and

RAM are allocated in the System, and what is  The PmmC is in protected memory, and cannot be

available for use by the system and by the user. read or damaged by inadvertent writes to illegal

Each area is explained in the sections following. FLASH areas.

The PmmC may be upgraded at any time without
disturbing any programs that may already exist in

PmmC Internal Functions the 6 FLASH banks.

Internal Fonts 6.3. Display Driver

FLASH Bank 0 (32Kb) The DIABLO16 is capable of interfacing with many

7_ FLASH Bank 1 (32Kb) different typeg of display devices. .The DIAB.:L-(.)16
i has been designed more the maximum flexibility
FLASH Bank 2 (32Kb) possible and therefore the Display Driver is

FLASH Bank 3 (32Kb) modular, and replaceable, and separate from the
2 ' PmmC

FLASH Bank 4 (32Kb)

FLASH Bank 5 (32Kb) The Display Driver may be upgraded at any time

' without disturbing any applications or data which

‘ System Registers and Flags may exist in the 6 FLASH banks, or the PmmC.

:
6.4. User FLASH Memory Banks
Loading of the PmmC, Display Driver and User  rpo p)aABLO16 processor has 6 banks (Banko to

Applications into _ their \_/arious . places qn the Bank5) of Flash memory which can be utilised by

DIABLO16  processor, is achieved using the the user to store application code or data, to be

Workshop4 IDE. used by the display or stored for sending to an
. . ) external device over comms.

If a script for batch loading of the PmmC, Display  gach of the 6 banks is 32750 bytes in size, which

Driver and/or User Applications without the use of o o\iqes gver 12x the Flash capacity of the PICASO
the Workshop4 is required, there is a script utility processor.

available.

System FLASH

i
2
2
n
2
[F5

o ) tZ v pe E[* %%0] 3]}ve Hash@]33 v 3§}
Please refer to the Application Notes section of the the DIABLO16 from the Workshop4 IDE Software
4D Systems website for information on this o iser is able to choose the destination bank for
process. the application to be stored in.

: BankO is always the bank which is loaded on start-
+ L

Sk PG Lisrietetr = [itstniel el 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 4Df&sh_Run()
function. Applications can freely change banks as
required using this function, however a separate
application (or Data) is required to reside in each
The PmmC Loader can be thought of like a bank, a smgle_ application cannot ta_lke_up more

than 1 bank itself. When an application from
bootloader, and allows the transfer of a PmmC another bank is run using thiash_Run(function
(Elu §Z he E+[ W v} §Z %C.s y2@aherpankisunysing _ cHon,

the processor’is restarted and the execution from
on the DIABLO16 processor. ;

the other bank is started.

PmmC(Personality Module Micro-Code)this is
the operating system, incorporating the EVE
runtime (Extensible Virtual Engine) which has an
extensive byte-code instruction set programmed
via the Workshop4 Software IDE

Within the PmmC are over 450 built in functions

. . An application in one bank can store data in
for graphics, sound, math functions etc, no need

another bank using 4DGL commands such as:
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flash_Copy()
flash_WriteBlock()

An application in one bank can store applications
from microSD card and writing them to a bank for
future execution wusing the 4DGL function
flash_LoadFile()

An application in one bank can read data stored in
another bank, such as graphics or strings stored
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 processor. Erasing of a
bank is achieved in 4DGL using the
flash_EraseBank(unction.

E}§ WZ Vi~e
ue Alsz
%0%00]

(0 2z & -

HS]}v
S]}ve v I}E 8

(hv §l}v

3} E

Please refer to the separate document titled
'DIABLO16-4DGL-Internal-Functions.pfifr more
information on how to read/write/erase/access
and change between FLASH banks.

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 Rendering, 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 encroach into

the users RAM space.

dz |/
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

. only,the separate System RAM.
* 15 AlJoo % (Eu v v3oC E « VvC
}v 82 §

vIX
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7. 4DGL - Software Language

The DIABLO16 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,

8. In Circuit Serial Programming ICS

The DIABLO16 processor is a custom graphics
processor. All functionality including the high level
commands are built into the chip. This chip level
configuration is available as a PmmC (Personality-
module-micro-Code) file, which can be likened to
traditional Firmware. There is also a Display Driver
file, which separates specific display settings from
the PmmC, unlike on the PICASO processor where
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 programming the
device with a PmmC file provides an extremely
flexible method of customising as well as
upgrading it with future enhancements.

The Display Driver contains the initialisation and
parameters associated with the particular display
that is to be connected to the DIABLO16
processor.

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:
N9 'sProgrammers-Referencd® v 0X %o (_
‘DIABLO16-4DGL-Internadl-pv S]1}ve X% (_

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 PC-based application. It's
all you need to code, test and run your
applications.

The PmmC file and Display Driver file can only be
programmed into the device via the 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).

The PmmC file and Display Driver file are
programmed into the device with the aid of
Workshop 4, the 4D Systems IDE software (See
Section 12). To provide a link between the PC and
the ICSP interface, a specific 4D Programming
Cable or adaptors required and is available from
4D Systems.

Using a non-4D programming interface could
damage your processor, andid your Warranty.

E}S WZ /| >Kio % @&} s+}E ]+ *2Z]% %o
V ]3 upes % E}PE uu A]s37 }8Z §Z
IW(IPUE 8]}V VvV ]*%XC EJAl E (]Jo -
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9. System Registers Memory Map

The following tables outline in detail the DIABLO16esysegisters and flags.

ADDRESS
DEC HEX

DIABLO16 System Registers and Flags

USAGE

Z E KDz>K [ 1A EvIuvpu E P v E SJ]E >K A}JE

Z E KDz,/ T 1ETi| Ev Juvpu E P v & $}E ,/ A}E

"zrd Dzd/D Zz>K [Ks) 1/ETT| fue i1 ]38 (E @Euvv]vP 8Jlu & >K A}E
nz~nd Dzd/D Zz,/ T VAT fue 11 13 (E Euvv]vP 8Ju & ,/ A}E
d/D Zi 70 1106 fue pe & SJu E 1

d/D Zi 70 PAETA fue pe & SJu E |

d/D Z1 [s) 1170 fue pe & SJu E 1T

d/D Zi 10 1716 fue pe & SJu E 1

d/D Zd oi 176 iue pe €E SJu E o

d/D Zin oi 170 fue pe & SJu E f

d/D Zo of i/£T | iue pe € SJu E o

d/D Zo6 oi 1AET | fue pue & SJu & 6

NzhzyzD y 39 1ET ]J*%0 C Z @ AiE y E -

NzNzzzD y o 1T | ]*%o CZ E AIE z E -

. R . HEE v3 ]+%io G Aujx C %}ESE |5
&yzyD vy 00 1 AT A %% ]VP

. . RN HEE vS ]*% b CSZEIRIZS C %}ESE |8
&yzzD vy 00 1 ET& A %% ]VP

'&yz> &d 00 TEiT| AJESH 0 0 (5 %}]vd (JE u}ed E v3 } i
'&yzdKW 36 TETI| AJESH 0 5}% %}]vd (}JE u}ed3 E v3§ } i
'&yzZ/',d fii 1/EiT| A]JESH 0o E]JPZS %}]vd (JE u}e3 E v3 }
'&yz KddKD i i VAT AJESpu o }83}u %}]vs (JE uled E v§}
'&yzyi AT 1AETS 0]% % 0 (5 %}]vs (J&E pPEE vS } i §
'&yzzi i TAETA 0]% % S} % %}]vs (JE pPEE vS } i §
'&yzyl A o 110 0]% % EJPZS %}]vs (JE UHUEE vS } i
'&yzz1 i A 1TAETO 0] %0 %o }S8}u %}]vsS (}J& pEE vS } i
'&yzyzK2Z' O 116 WEE vS y JE]P]vV

'&yzzzK2Z' 1Ko} 1E£i16 PEE vS z }E]P]vV

'&yzd,hD zW Z Ed on TAES| ]l }( 0] E SZpu < % E vs P
'&yzd,hD z KZ Zz 60 1/Ed El E «Z }A }( 8Zpu

'&yzd,hD z KZ Zz>) 66 iE£S8| o]PZ8 €& «Z YA }( 8Zpu

dKh ,zyD/E > 00 10| 3}y Z o] E 3]}v A op

dKh ,zzD/E > 66 1/Ed4 3}p Z o] & 3]}v A op

dKh ,zyD y > 01 AR $}p Z o] E §]}v A op

dKh ,zzD y > o iEfi| S}p Z o] E 3]}v A oyp

/D'zt/ d, o1 iE£n| A] $Z }( WEE vioC o} Ju P

/D'z, I',d (o]} 1EN] Z 1PZS }( PEE& vSoC o} Ju P
/D'z2&Z D z > z 00 1EAd J(Ju P U o+ Jvd & (E u 0 C (JE& ulA
/ID'z&> 'N on il 150 § CGu]v e }o}pu® u} U }8Z E ]S~
/D'z&Z D z KhEd 00 TEA] Yuvs }( (E u » Jv  u}A]

/ID'zW/y >z KhEdz>HK 606 1AM }uvsS }( %]A o Jv §Z HEE vS (E u
/ID'zW/y >z KhEdz,/| 606 T1EAG }uvS }( % ]Z&E 0 Jv SZ PEE vS (E u
/ID'z hZZ Edz&Z D 00 iERG 0 5 (E u <Z}Av

D /z Z "z>K 0i 1| u] &} C8§ E ¢+ >K

D /z zZ "~nz,l Oi iR u] &} CS3 E - ,/

D / z» dKZz>K 01 1ERN| u] &} « S1E E ¢ >K

EKAdAZ « @E P]e8 Ee E %o b 0 %NS puv 3]}veX

© 2013 4D SYSTEMS

Page23 of 32

www.4dsystems.com.au



4D SYSTEMS DIABLO16 Pracessor

DIABLO16 System Registers and FlaggvsS]viu Y

ADDRESS USAGE

DEC| HEX
D / z» dKZz,/ (o]] iR ul] &} « S}E E ¢ ,/
D / z» dKZz KhEd | 66 1A | u] &} vpu €& }( €S « & u Jv]vP Jv « §}
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10. Memory Cards - FAT16 Format

The DIABLO16 Processor uses off the shelf
standard SDHC/SD/micro-SD memory cards with
up to 2GB capacity usable
with FAT16 formatting.

For any FAT file related
operations, before 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 formatting. The card is now

ready to be used in the DIABLO16 based
application.

The DIABLO16 Processor
also supports high capacity
HC memory cards (4GB and
above). The available
capacity of SD-HC cards
varies according to the way
the card is partitioned and the commands used to
access it.

Sandisk »
4GB

micro
>

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 format FAT16 up to 4GB.

11. Hardware Tools

The following hardware tools are required for full
control of the DIABLO16 Processor.

11.1. 4D Programming Cable & Adaptor

The 4D Programming Cable and uUSB-PA5
Programming Adaptors are essential hardware
tools to program, customise and test the

DIABLO16 Processor

Either the 4D Programming Cable or the uUSB-PA5
Programming Adaptor can be used.

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 and uUSB-PA5
Programming Adaptor are available from 4D
Systemswww.4dsystems.com.au

Using a non-4D programming interface could
damage your processor, andid your Warranty.

E}S WAW/ }u% S§] o ~ , i~ Iu]EE}

Dh~d e X ] o}io o}vP Als8zZ }5Z G

ACe3 Us WE} +*}Ee & <pu]E | ~W/ u}

tuupv] s AlSZ sz 4 & XY 71 ( Vv 4D Programming Cable
tu% s§] o ~ E Je ue SZ v §Z % E} +<}E& AJoo

*Ju%oC v}s o S} ulpvs 87 E X

uUSB-PA5 Programming Adaptor
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11.2. Evaluation Display Modules

12.4D Systems - Workshop 4 IDE

4D Systems has a number of modules available  \workshop4 is a comprehensive software IDE that
which can be used for evaluation purposes or  provides an integrated software development
equally as final products, to discover what the  platform for all of the 4D family of processors and

DIABLO16 processor has to offer.

DIABLO16 OGM Module

modules. The IDE combines the Editor, Compiler,
Linker and Downloader to develop complete 4DGL
application code. All user application code is
developed within the Workshop 4 IDE.

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

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

X A visual programming experience, suitably
called ViS|i enables drag-and-drop type
placement of objects to assist with 4DGL code

Other modules will also be available. Please generation and allows the user to visualise
contact 4D Systems for more information, or visit how the display will look while being
the 4D Systems websiteqvw.4dsystems.com.au developed

X An advanced environment callediSi-Genie

} ev[S B <u]E VvC 0 '3itisdWP
done automatically for you. Simply lay the
display out with the objects you want, set the
events to drive them and the code is written
for you automatically. ViSi-Genie provides the
latest rapid development experience from 4D
Systems.

The Workshop 4 IDE is available from the 4D
Systems websitevww.4dsystems.com.au

For a comprehensive manual on the Workshop 4
IDE Software along with other documents, refer to
the documentation from the 4D Systems website

on the Workshop 4 product page.
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12.1. Workshop 4t 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 DIABLO16.

e Wk ap - RAAGECRTRTL AR AT T =T |

1200 = 00 |

12.2. Workshop 4t ViSi Environment

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

ViSiis 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.

X000 000200 % =290

12.3. Workshop 4 t ViSi Genie Environment

ViSi Genie is a breakthrough in the way 4D
ANCeS ue[ PE % Z] ]*%0 C
programmed. It is an environment like no other, a
code-less programming environment that provides
the user with a rapid visual experience, enabling a
*Ju%eo 'h/ % %o0] S]}v §}
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 code. Each
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.

S—
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13. Reference Design
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14. Package Details
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15. PCB Land Pattern
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16. Specifications and Ratings
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17.Legal Notice

Proprietary Information

The information contained in this document is the prageof 4D Systems Pty. Ltd. and may be the subject of
patents pending or granted, and must not be copied ocldsed without prior written permission.

4D Systems endeavours to ensure that the information in ttasument is correct and fairly stated but does
not accept liability for any error or omission. The depshent of 4D Systems products and services is
continuous and published information may not be up adel It is important to check the current position with
4D Systems. 4D Systems reserves the right to modifyatepor makes changes to Specifications or written
material without prior notice at any time.

All trademarks belong to their respective owners amel iecognised and acknowledged.

Disclaimer of Warranties & Limitation of Liability

4D Systems makes no warranty, either expressed or ichpligh respect to any product, and specifically

disclaims all other warranties, including, without limitatj warranties for merchantability, non-infringement

and fitness for any particular purpose.

Information contained in this publication regarding devipplications and the like is provided only for your

convenience and may be superseded by updates. It is ngsponsibility to ensure that your application meets

with your specifications.

In no event shall 4D Systems be liable to the buyer or tothind party for any indirect, incidental, special,

consequential, punitive or exemplary damages (incluaiithout limitation lost profits, lost savings, or loss of

business opportunity) arising out of or relating to anygict or service provided or to be provided by 4D

Systems, or the use or inability to use the same, ef/dDiSystems has been advised of the possibility of such

damages.

4D Systems products are not fault tolerant nor designed, ufeatured or intended for use or resale as on line

control equipment in hazardous environments requirind fasafe performance, such as in the operation of

nuclear facilities, aircraft navigation or communicationtegss, air traffic control, direct life support machines

or weapons systems in which the failure of the produmtild lead directly to death, personal injury or severe

%ZC+] 0 }E VA]J]E}VUu VS 0 U P ~Z,]PZ ZQCel5S uS]AYS]]3peXu%o%0] Ee *% ](]

any expressed or implied warranty of fitness for Higlk Rigtivities.
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damages, claims, suits, or expenses resulting from saehNo licenses are conveyed, implicitly or otherwise

under any 4D Systems intellectual property rights.

18. Contact Information
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Copyright 4D Systems Pty. Ltd. 2000-2013.
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