ETHERNET ATTACHED TFT PROJECT
DISPLAY CONTROLLER MODULE

SCHEMATIC DIAGRAMS REVISION 0.3
AUGUST 2006
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Revision history

0.3 (2006-08-30)
» Added oscillator as a clock source for video controller

0.2 (2006-08-29)
e Added diagram of the internal structure of the controller - inside FPGA

0.1 (2006-08-28)
» |nitial revision
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Block diagram

External connections

TFT LCD
MODULE
POWER .E| POWER LCD PANEL I> | e
SUPPLY DISPLAY CONTROLLER
BACKLIT
PC: > TAG ;E| JTAG BACKLIT UNIT [i—p» INVERTER
PROGRAMMER uMCU — \
PC MCU \
PC

Fig.1: External connections to the display controller

Internal structure

DISPLAY CONTROLLER
POWER Jumper block
PANEL CFG MEMORY ]
T T t 32 bit data X [—»
18 bit color + sync *
PROM FPGA ‘— Power switch
XILINX XILINX — r| FET [—»
XCF04S SPARTAN 3E —
JTAG |:|<— “«— <] - —> [ | BackuIT uNIT
16 bit data
MCU
|:| < PHY+MAC |- 2 | MAGN. | ETHERNET

Fig.2: Internal structure of the display controller
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Detailed schematics

Power input

The power supply is located externally, connected using a 10 wire flat cable.

NOTE:

External power supply (12V, 5V, 3.3V, 2.5V, 1.2V)

12VDC

VCC50

S]SISIINIY

ko[~ oo

-OVCC33

N

VCC25

J100
POWER

Required power:
* Unstabilized

(0]

12V - backlit power

» Stabilized
1.2V - FPGA core
2.5V - JTAG chain
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o

O O O

3.3V - FPGA input/output pins, Ethernet, memory, LVDS, TFT panel
5.0V - backlit on/off control

+ C101 ——

C102

+ C103 ——

C104

+ C105 ——

C106

[+ cio7 ==

i 22u 100n i 22u 100n i 22u 100n i 22u 100n i

Fig.3: Power input connector and filtering capacitors

C108

+ C109 Cc110

22u 100n

VCC12

PAGE 4



FPGA

Power

JTAG chain is powered by Vccaux = 2.5V and the internals (core) runs with Veenr = 1.2V.

Input/output banks are configured to use V¢co = 3.3V.
A decoupling capacitor is placed next to each power input pin.

U200E
SPARTAN-3E
POWER
veesmo 221 vceo o
176 ] VCCO_0
VCCO_0
ﬁg VCCO_1
193] Veco_1
VCCO_1
gg VCCOo_2 10
88 ] VCCO_2 GND [~y7
VCCO_2 GND 57
21 GND 737
VeC120- 38 | VCCO_3 GND [55
26| VcCo_3 GND 25—
vCcco_3 GND 55—
GND
c2013 C2067 ca117 c2170 7 79
100 100n 100n 100n veease 44| VECAUX GND Fgs ]
86 ] VCCAUX GND g2
9o ] VCCAUX GND [~105
111 ] VCCAUX GND 52
1497 VCCAUX GND [~357
166 ] VCCAUX GND [~7a7
o5 | VCCAUX GND [g¢
VCCAUX GND [~73—1
VCC250 ND
13 182
veet 67 | VCCINT GND [gg
117 VCCINT GND [~7og
VCCINT GND
C2007 C2044 C2066 C2092 c2111 c2149 C2166 c2195 170 208
100n 100n 100n 100n 100n 100n 100n 100n VCCINT GND
XC3S500EPQ208
o i l l l l l l i L i l i
C2201 c2125 C2088 c2191 c2143 c2021 c2176 €2059 c2038 c2114 c2073 C2046
100n 100n 100n 100n 100n 100n 100n 100n 100n 100n 100n 100n
The configuration PROM input/output runs on V¢co = 3.3V.
vceas vcess vCCe25
o Q
R207 R208 R210
ak7 a7 330R
NOTE:
Signal which forces to reload the FPGA configuration from platform flash
FPGA_RELOAD >
U200G
SPARTAN-3E v201
CONFIG
PLATFORM FLASH
86 87
84| MO DIN 17703 3 1
51 M1 CCLK [g5g 5] CLK DO [
M2 INIT B 0z 70| OE/RESET CFPg——
206 DONE CE CEO P=—X
HSWAP
NOTE: 1
Configuration: PROG B ITAG
M2..M0 = 000 = platformflash XC3S500EPQ208 A 7
HSWAP = 0 = use pull-ups 5| TD! DO
2 Vs
TCK
POWER
18 11
VCC330 VCC_INT GND
<~ U200F %vcco
VCC250 . VCCa
NOTE: SPARTAN-3E
To JTAG header ITAG XCF04S
207 157 ——= c218 == c219 C220
JTAG_TDI ™I O
JTAG TS 155 | s 100n 100n 100n
JTAG_TCK TCK
JTAG_TDO
XC3S500EPQ208

Fig.5: FPGA configuration PROM and JTAG chain
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10 pins

The preliminary distribution of input/output pins (the exact assignment of pins can change
with the PCB design phase):

Memory: top and

right edge

Ethernet: left edge

Display data (to LVDS): bottom edge
Microcontroller: top-left corner

Free (unused) input/output pins: 2 (1044, 1055).

SPARTAN-3E
BANK 1 - RIGHT

1154

Fig.6: Top and right edge

U200A
SPARTAN-3E XC3S500EPQ208
BANK 0 - TOP
10205 §g§ MCU_IRQ
1204 503 MCU_CD
10203 MCU_D3
10202 222 MCcU_D2
10200 MCU_D1
10199 MCU_DO
10197 DRAM_AQ
10196 DRAM_AL
1194
10193 DRAM_A2
10192 DRAM_A3
10190 DRAM_A4
10189 DRAM_AS
10187 DRAM_A6
10186_GCLK11 DRAM_A7
10185_GCLK10 DRAM_A8
1184_GCLK9
1183_GCLK8
10181_GLCK?7 DRAM_A9
10180_GCLK6 DRAM_A10
10179 DRAM_ALL
10178_GCLKS DRAM_CLK
10177_GCLK4 DRAM_CKE
1175
1174
10172 DRAM_BAO
10171 DRAM_BAL
1169
10168 DRAM_CAS
10167 DRAM_RAS
10165 DRAM_CS
10164 DRAM_WE
10163 DRAM_DQMO
10162 DRAM_DQML
10161 DRAM_DQM2
10160 DRAM_DQM3
1159
SPARTAN-3E
BANK 3 - LEFT
NET_DO 102
NET_D1 103
NET_D2 104
NET D3 105
MCU_RST 16

NET_D4 g 108
NET_D5 109
NET_D6 i% 1011
NET_D7 1012
MCU_CLK ig 114

NET_D8 16 | /015
NET_D9 1016
NET_D10 ig 1018
NET_D11 20 | 1019

2 120
NET D12 1022_LHCLKO
NET D13 51 1023 LHCLKL
NET D14 1024_LHCLK2
NET D15 1025 LHCLK3
*x—2 126
NET_A6 2 1028 LHCLK4
NET_AS 1029 LHCLKS
NET_A4 1030_LHCLK6
NET_A3 1031_LHCLK?
21132
NET A2 2 1033
NET_AL 1034
NET_AQ 1035
NET.CS 1036
NET_RD o 1039
NET_WR 22 040
NET_RESET 5 1041
X545 1042
NET_IRQ >4
%1045
NET_LED_L1 41 1047
NET_LED L2 %o 1048
NET_LED R1 20 1049
NET_LED_R2 221 1050
NET_PME

Fig.7: Left and bottom edge
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U200D

u200C

u2008
XC3S500EPQ208

10153 DRAM_DO
10152 DRAM_D1
10151 DRAM_D2
10150 DRAM_D3
1148
10147 DRAM_D4
10146 DRAM_D5
10145 DRAM_D6
10144 DRAM_D7
1142
10140 DRAM_D8
10139 DRAM_D9
10138 DRAM_D10
10137 DRAM_D11
1136
10135_RHCLK7 DRAM_D12
10134_RHCLK6 DRAM_D13
10133_RHCLK5 DRAM_D14
10132_RHCLK4 DRAM_D15
1130 [759 X
10129_RHCLK3 DRAM_D16
10128_RHCLK2 DRAM_D17
10127_RHCLK1 DRAM_D18
10126_RHCLKO DRAM_D19
1124
10123 DRAM_D20
10122 DRAM_D21
10120 DRAM_D22
10119 DRAM_D23
1118 [ X
10116 DRAM_D24
10115 DRAM_D25
10113 DRAM_D26
10112 DRAM_D27
1110
10109 DRAM_D28
10108 DRAM_D29
10107 DRAM_D30
10106 DRAM_D31

C:

00EPQ20 o}

NET_LED_100M

NET_LED_FDX 57157
NET_LED_LINK 38 | 58

LCD_BACKLIT

LCD_POWER
LVDS_ON
LVDS_HS
LVDS_DE
LVDS_VS

00EPQ20: SPARTAN-3E

BANK 2 - BOTTOM

LVDS_CLK €8 | o8
LVDS_B5 89 1 560

LVDS_B4
LVDS_B3
LVDS_B2
LVDS_B1
LVDS_BO

x2in
*x— 72
74 1074_cclLkaz
76 ] 1075_GCLK13
7] 1076
76| 1077_GCLK14
1078_GCLK15

CLOCK Fﬁo 180_GCLKO

LVDS_G5 gg 1082_GCLK2
LvDS_G4 1083_GCLK3

LVDS_G3 1089
LVDS_G2 1090
191
LVDS_G1 1093
LVDS_GO 1094
LVDS_RS 1096
LVDS_R4 1097
LVDS_R3 1098
LVDS_R2 1099
LVDS_R1 10100
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Ethernet

The LAN9218I integrated PHY/MAC is connected to FPGA using a 16 bit bus and uses an
external EEPROM memory to store the physical address (MAC address) of the device.

NET_CORE_VDD18 NET_VDD_A33 vcecas  veeas
o o o
NETPLL vOD18 |
0
veess R374 R373
10K 1K
usoo o N o Ge SESILBIE =8
NOTE: E 3
3 =
From FPGA © 3z 3 33 Q9 S O] g g
T T A TR= 0o o 3838 b v
8 o 4 4 ww ag a >55 g X
Al 3 a a 33 >> > 3] 3l
7% > | | OO0 g 3
6] h2 9 g 99 E o NOTE:
i v > > 38 NCea B 3 To Ethernet connector with magnetics
13| A5 -z 79
15 A6 TPO+ [7g NET_TPO_P
A7 TPO- g3 NET_TPO_M
TP+ g5 NET_TPI_P
DO TPI- NET_TPI_M
D1
D2 exrest [
o NOTE:
57 D5 To MAC eeprom
56
53 | D6 69
> 07 EECLK_GPO4 [~g- NET_EEPROM_CLK
71 o8 EEDIO_GPO3 [gg NET_EEPROM_DIO
D9 EECS NET_EEPROM_CS
0
5] D10
5] D11 o8
25 ] D12 GPIO0_LED1# g NET_LED_100M
247 D13 GPIO1_LED2# 55 NET_LED_LINK
| 23] D14 GPIO2_LED3# NET_LED_FDX
NET_D15 0] D15
X597 D16
%3 b1z N7 FAX NOTE:
538 | To FPGA
- D18 74
X367 D19 SPD_SEL [75
)%? D20 FIFO_SEL
X3 D2t 73
)%T D22 AMDIX_EN [~
2% 30| D23 RESERVED [~ X
)%ST D24
X 56| D25
X557 D26 6
X 54| D27 XTALL
X 53| D28
X551 p29 5
X571 D30 XTAL2
x 31 3 R356
NET_RESET gg RESET 9 g "
NET_RD 939 RD# ATEST [F2———o0vces3 ks
NET_WR 940 WR# ol
NET_CS cs# u
wu ol nmn
72 w5 10 9 g
NET_IRQ 70 ] IRQ w ] 88 Q RBIAS =)
NET_PME PME & a oo g << 90 9 X356
o 0 a0 nn NC90 57X b
zz z
2 2 00 5] 2222 NCo1 FH—X st 25 MHz
3
NOTE: SMsC LAN9218i = | o< olssldnllolel  rlolols g 3
NET_IRQ, NET_PME and also 9 || 5 g
B o fii
NET_LED_* signals need an E - caos — a6
internal pullup in the FPGA 33p 33p
R310 R367 R376 R387
12K 10K 1K 12Ka4
. . . . .
Fig.8: Integrated PHY/MAC with configuration setup
VCC330: 1 1
C302 C308 €320 c328 C335
100n 100n 100n 100n 100n
VCC330; ] ] ] ]
c342 c348 C355 C361 c397
100n 100n 100n 100n 100n
NET_CORE_VDD18 O
VCC330
Cs64 €365 €303
1379  NOTE: 100n 100n
10uH - use Murata LQH3C1OUH in SMD1206
- place C383 close to the RJ45jack
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NET_VDD_A33 © 1 1 NET_PLL_VDD18 o©
+ c384 c381 c385 c389 c383 €309 1 €307
i 10u 100n 100n 100n 100n i 10u 100n

Fig.9: Network controller decoupling capacitors
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NET_VDD_A33 O

R379 0 R378 0 R383 0 R382 Q0 R345
49R9 > 49R9 > 49R9 > 49R9 > 10R
NOTE:
From Ethernet PHY/MAC J300
1 J1
NET_TPO_P > TPI+ SllE
. 3][¢ |[EONN)
TPICT % & =
NET_TPO_M > 21 1p J2
3 33
NET_TPLP — o i€
s 3 |[EONN)
TPOCT % =
NET_TPI_M > 8| 1po- J6
4x 75R
7
NOTE: * NC
SMD1210 package, connects tyo earths 1000pF/2KV J4.5
8 | cno I 378
R308
0 [E [
L4l GREEN Ll GREEN
N d ORANGE ™ ORANGE
- o o o
— c345 pi ) o o
22n o (= L |
= E K ERNI M3DOL, pn 203-203
R309 R312
NOTE: 120R 120R
From FPGA
NET_LED_L1
NET_LED_L2
NET_LED_R1
NET_LED_R2

Fig.10: The RJ45 with integrated magnetics

NOTE:
From Ethernet PHY/MAC

NET_EEPROM_DIO >

NET_EEPROM_CLK >

—

NET_EEPROM_CS

R301
1K
3o poft
2
cLK
1
cs U301
93LC468

8
vccanT ve
g NDr

C301
100n

Fig.11: Network configuration EEPROM
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Display module

The only supported display module is an 18-bit color TFT panel. The power options of the
panel and backlit inverter can be configured with jumpers as follows:

Parameter Available options
3.3v
TFT module power
5V
5V
Backlit power
12v
0/5V
Backlit on/off signal level
0/12v
0..5v
Backlit brightness adjustment signal level
0..12v
.
LVDS transmitter
NOTE:
From FPGA
LVDS_RO zg DO Yo+ 3? i LVDS_CHO_P
LVDS_R1 27 b1 Yo- LVDS_CHO_M
LVDS_R2 28] D2 18
LVDS_R3 103 Y1+ 59 E LVDS_CH1_P
LVDS_R4 37 D4 Yi1- LVDS_CH1_M
LVDS_RS 4 DS 34
Lvps-co |0 [ — 1
LVDS_G1 D7 Y2- LVDS_CH2_M
LVDS_G2 b8 32 8
LVDS_G3 D9 CLKOUT+ 33 LVDS_CLK_P
LVDS_G4 D10 CLKOUT- LVDS_CLK_M
LVDS_G5 D11
LVDS_BO D12
. NOTE:
VoS Bs 16 £33 To panel connector
LVDS_B3 19 D15
LVDS_B4 D16
= 20
LVDS_BS D17
LVDS_HS gg D18
LVDS_VS 25 D19
LVDS_DE D20
LVDS_CLK] > 26 CLKIN
LVDS_ON > e
2
vcc
2? vcc
VCC330 2 2 - ' - 2 £ vee
29 LvDsvcC
31 PLLVCC
LVDSGND
36
22 LVDSGND NOTE:
+ C400 ca02 c408 caz1 caa7 c429 28 ;‘L’Egﬁg[’ coooa| U400 Pinout of U400 is conpatible with
10u 100n 100n 100n 100n 100n 30 PLLGND LZ’) 5 5 LZ’) 5 SN65LVDS84 - SNB5LVDS84
- DS90C363
’ : :EYIH

Fig.12: An 18-bit LVDS transmitter with decoupling capacitors

LCD module port

NOTE:
From LVDS transnitter

LVDS_CHO_P

J401
LVDSCHO ] LCD LVDS

M
LVDS_CH1_P
LVDS_CH1_M
p
M
p

Use two 7pin plastic
pin holders

LVDS_CH2,

LVDS_CH2_]

NOTE: LVDS_CLK.
Switched power LVDS_CLK_M

LcD_POWER oUT [_> ' .
l BACKLIT ON
+ Cho1 Cas BACKLIT ADJ

22u 100n BACKLIT_ POWER

J402
LCD BACKLIT

=
=
= !
=
=

= fofno e

NOTE: N

From panel configuration

Fig.13: TFT panel and backlit connectors
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Configuration

1
veese 2 JP401
VEC500 3 LCD VOLTAGE NOTE:
To on/off switch mosfet
<__]LCD_POWER_IN
1
veesoe 2 JP402
12vDCo 3 BACKLIT POWER NOTE:
To panel connector
< |BACKLIT_POWER
1
veeswe 2 JIP403
12vDCo 3 BACKLIT ADJ RANGE
NOTE:
R403 To panel connector
10K
<___|BACKLIT_ADJ
i BACKLIT BRIGHTNESS
1
veese 2 JIP404
12VDCo 3 BACKLIT ON RANGE  NOTE:
To on/off switch mosfet

< BACKLIT_ON_RANGE

Fig.14: Jumpers to set the TFT power configuration

Power switching

TFT module datasheets use to show a powering sequence (panel, LVDS,
switches allow fulfilling this requirement.

NOTE:
From panel configuration

LCD_POWER_IN[__>
R442
10k
Q440

IRF7304

NOTE: Q460A NOTE:

From MCU To panel connector
LCD_POWER < LCD_POWER_OUT

BC847C
R441
10k

Fig.15: Switch for the TFT panel’s power line

NOTE:
From panel configuration

BACKLIT_ON_RANGE| >

IRF7304
NOTE: Q4608 NOTE:
FromMCU To panel connector
450
LCD_BACKLIT gca ya BACKLIT_ON
R451
10k

Fig.16: Switch for the backlit unit's on/off signal
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Memory
The two chip configuration is used to obtain wider data path.
Parameters:
»  2x16 bit data = 32 bit data path
* 4 banks with 1Mx16 (twice) = 16MB total memory
e used chips are from 100MHz SDRAM DIMM
» peak data rate: 400MB/s

DRAM_AQ Qo 2 DRAM_DO DRAM_AQ Qo [2 DRAM_D16
DRAM_AL DQ1 & DRAM_D1 DRAM_AL DQ1 & DRAM_D17
DRAM_A2 pQ2 3 DRAM D2 DRAM_A2 Q2 [-3 DRAM_D18
DRAM_A3 DQ3 [& DRAM_D3 DRAM_A3 DQ3 [& DRAM_D19
DRAM_A4 DQ4 55 DRAM_D4 DRAM_A4 DQ4 55 DRAM_D20
DRAM_A5 DQS5 [15 DRAM_D5 DRAM_A5 DQ5 [ 13 DRAM_D21
DRAM_A6 DQ6 13 DRAM_D6 DRAM_AG DQ6 [13 DRAM_D22
DRAM_A7 DQ7 [ DRAM_D7 DRAM_A7 DQ7 3 DRAM_D23
DRAM_A8 DQ8 [ DRAM_D8 DRAM_A8 DQ8 55 DRAM_D24
DRAM_A9 DQ9 e DRAM_D9 DRAM_A9 DQ9 [ DRAM_D25
DRAM_AL0 DQI0 [ DRAM_D10 DRAM_A10 DQI0 [35 DRAM_D26
DRAM_ALL DQI1 [ DRAM_D11 DRAM_A11 DQLL 44 DRAM_D27

DQ12 52 DRAM D12 DQ12 |50 DRAM_D28
DRAM_CLK DQ13 |37 DRAM D13 DRAM_CLK DQ13 |23 DRAM_D29

DQ14 |25 DRAM_D14 DQL4 [25 DRAM_D30
DRAM_BAO DQ15 DRAM_D15 DRAM_BAO DQ15 DRAM_D31
DRAM_BAL 2 DRAM_BAL 2
DRAM_CAS ubDQM ﬁ DRAM_DQMO DRAM_CAS ubQM ﬁ DRAM_DQM2
DRAM_CKE LDQM DRAM_DQM1 DRAM_CKE LDQM DRAM_DQM3
DRAM_RAS DRAM_RAS
DRAM_WE DRAM_WE
DRAM_CS DRAM CS
veeso vees®o

U500 U600
KM41654030 KM41654030
Fig.17: Two memory chips
T B IR N N O N A
+ C500 c501 cs14 cs27 c508 c509 c543 Cc549
;E 10u 100 100n 100n 100 1000 100n 100n
T i L. L. L L. 1l .1
+ C600 c601 cé614 ce27 c603 ©609 ce43 co49
$ ou 100 100n 100n 100n 100n 100n 100n

Fig.18: Decoupling capacitors for each power pin of memory

Clock source
The standalone crystal oscillator is used as a clock source for the video controller.

VCC330-

CLOCK

Fig.19: Video controller clock source
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Microcontroller port

The microcontroller port is composed using the free input/output pins of FPGA. The
communication is done using a 4 bit wide words which can be transferred in multiple cycles to get
over larger data.

Hardware

The 47Q resistors are used to limit the current when connecting to a 5V device (the voltage
on the input/output pin of FPGA is limited to about 3.8V using clamping diodes, but the pin itself
should not be stressed with more than 100mA. Using the specified resistors, the worst case current
is 25.5 mA at 5V on MCU PORT).

The preferred logic types on the MCU PORT are:

+ 3.3V CMOS
e open collector with pull-up resistors to 3.3V
e 5VTTL

The interface is designed for simple use with both MCU and bidirectional PC parallel port.

J700
MCU PORT

eyt RP70L
beoes
e
e

NOTE:
- DO-D1 bidirectional
- CID, RST, CLK fromMCU to FPGA

- IRQ from FPGA to MCU

|
oo |~jon fon s foo fro

Fig.20: Microcontroller port

Protocol
Signal descriptions:
e MCU_DO... MCU_D3 - 4 bit wide bidirectional data bus
* MCU_C/D - command or data selection, changing the level resets the cycle counter
*  MCU_RST - global reset from MCU to FPGA
*  MCU_CLK - clock signal, on edge writes the data to command/data registers
* MCU_IRQ - a feedback signal or event notification from FPGA to MCU

When transferring data, a command must be issued. If a command is a read command, the
MCU must free the data bus during the stable phase of CLK signal, since on the next edge of CLK,
the data will be outputted from FPGA.
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Service components

JTAG port

This JTAG header is designed for easy use with the programmer from trenz-electronic.

NOTE:
To JTAG chain

JTAG_TCK
JTAG_TMS
JTAG_TDI

JTAG_TDO

Reload button

I
OmmbTN
o~ juo|

J800
JTAG

NOTE:
JTAG pinout conpatible with
trenz-electronic JTAG programmer

~

Fig.21: JTAG header

VCC25
VCC33

The button is used to reload the image from PROM to FPGA. A need for reload which does
also all the re-initialization may happen if the controller gets locked.

=
0o O

!

SW800
RELOAD

© 2006, ROZSNYO ELECTRONICS AND SOFTWARE

< FPGA_RELOAD

Fig.22: Reload pushbutton
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Firmware structure

The internal structure of the FPGA in the controller contains the following blocks:
» Ethernet interface - reads frames from the Ethernet MAC

» Packet filter - which categorizes video data and DHCP/ARP, and also takes care of
unwanted packets (act as a firewall)

e RX/TXFIFOs - for packets or frames

e Video decoder - which handles the network data and turns them into memory
writes, the supported data formats might be:

0 uncompressed:

= RGB

= YUV
0 compressed:

= RLE

= JPEG

= MPEG

«  WR/CMD/RD FIFOs - part of the memory controller interface, the commands as well
as the data in two directions are placed in these separate FIFOs

« Synchronization signal generator - generates HSync, VSync, DataEnable as well as
memory read commands for prefetching the video data

» Video output - precisely outputs pixels in each clock cycle

* MCU interface - interfaces the FPGA with an MCU for DHCP/ARP handling as well as
power management

«  On/Off registers - for LVDS power, panel power and backlit unit on/off signals

* LED control block - is responsible for color coded information on the LEDs in the
RJ45 connector

X0 |
PACKET | _ | RX Sync Video [/LVDS!
" Roas _:PHY,, ' Ethernet FILTER FIFO generator output LT_X__'
- 1 ’/MACE—l_’ interface 4—‘ l l l T
T T LED Video J CMD
control FIFO FIFO decoder FIFO FIFO FIFO
Memory On/off
interface controller registers
! MCU board : | ! Power
vor PC debug: YyVvYyY V + i switches !

Fig.23: Internal structure of the FPGA for the display controller
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