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Revision history

0.5 (2007-02-10)
* MCU, GPIO and CF changed to 5V variant, for higher frequency
e Bus separators placed between FPGA and MCU

0.4 (2007-02-09)
* MCU interface changed to 8 bits
e Onboard microcontroller - ATmega128
o Brightness by digitally controlled resistance
o Compact flash slot
0 Dual PS/2 ports
0 RS232 port
0 Unused pins: GPIO header, with dedicated regulated power supply
* Added an RGB TTL port
« Jumperless design - wired for usual configuration 3.3V/5V panel, 12V inverter
»  Power supply for 1.2, 2.5, 3.3 and 5V included with 4 additional output headers
e Removed internal structure, document is schematics only

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 {I POWER LCD PANEL » CCFL
SUPPLY DISPLAY CONTROLLER : '
BACKLIT
JTAG  4—p]ITAC oot BACKUTUNIT[|—{» INVERTER
| PROGRAMMER BUTTONS
PC isp ETHERNET [ |
S AVR ISP < RS232 GPIO 2xPS/2 \
PROGRAMMER [1 [1 [T] === Leps
X L MOUSE \
PROTOTYPE KEYBOARD PC

Fig.1: External connections to the display controller

List of connection points:
»  Power
o Power input [J110, J120] - source for 12V
o Power switch [J130, J140] - an external power switch and internal jumper
o Power output [J191..J194] - provides all main voltages to external devices
e Programming ports
o JTAG [J200] - to program the FPGA
0 AVR-ISP [J300] - to program the MCU
» Communication ports on MCU
o PS/2[J310, J320] - usually for keyboard and mouse
o RS232 [J330] - connection to a PC or the board could be used as a console
o GPIO [J340] - general purpose, 18 bidirectional lines from MCU
* Communication ports on FPGA
o Ethernet [J400] - 10/100 Mbps, with full duplex capability, AUTO MDI-X
e LCD panel outputs
o RGB TTL [J510] type - parallel connection for low resolutions
o LVDS [J530] type - serial connection for high resolutions
*  Memory card
o Compact Flash [J600] - CF card interface (operates in 8bit IDE mode)
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Internal structure

‘ DISPLAY CONTROLLER
POWER |:| | 3.3V / 5V
1 -BUTTONS _
REG | [2V] MEMORY LVDS 3 LVDS PANEL
AUX | | 1.2V ‘
T T t 32 bit data ™ [—»
A
18 bit color + sync ’ —
PROM FPGA . RGB PANEL
XILINX XILINX
XCF04S SPARTAN 3E
JTAG |:|<—— -« 41
16 bit datd
Shared 8bit data bus
3.3/5V
PHY+MAC |—» ETHERNET
l l—ll CONV. <= | MAG.
a0 | Pl EEPROM
«—> MCU CF SOCKET
L1 18 bit Dual power switch
ISP ATMEL - |
ATmega128L
— — —>| || BACKLITUNIT
RS232 RS232 Brightness
<«—> >
L | RX/TX El:l ON/OFF control
2x PS/2

Fig.2: Internal structure of the display controller

Buttons:
»  FPGA reload [SW200]
*  MCU reset [SW320]
» 6 user keys (4 directional and enter/escape) [SW210, SW220, ... SW260]

Indicators:
 Power
o 3.3V [D133]
o 5.0V [D150]
 FPGA LED [D201]
 AVRISP connected [D300]

. RS232
o RX[D332]
o TX[D333]

e Backlit on [D580]
» LCD power on [D590]
e Compact Flash card
o0 Read [D634]
0 Write [D635]
» Additionally, the RJ45 ethernet port has two dual color LEDs (green/orange)
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Detailed schematics

Power supplies

The power supply is composed of several separate switched mode power supplies. While the
first one is a dual output SMPS with MAX1634, the two lower voltage stages are powered from 5V
and use the MAX1714B controller. The auxiliary regulated power supply is realized with MC34063.

12V DC 3.3vDC
3.3V / 5V

SMPS 5V DC

v
v

v

1.2vsmps |12V DC

2.5V smps  |2-3V DC

—
REG. SMPS | 1-25..6V DC

v

Fig.3: Block diagram of the power supplies

The usage of voltages is the following:
* Unstabilized

(0]

12V - backlit power

» Stabilized

(0]

(0]
(0]
(0]

1.2V - FPGA core
2.5V - JTAG chain
3.3V - FPGA input/output, Ethernet, memory, LVDS, TFT panel power

5.0V - backlit on/off control, brightness range, optional TFT panel power,
MCU, Compact Flash, PS/2, RS232, GPIO

Power input and switching

The input connectors are PC-style power connectors. Both 5.25” (J110) and 3.5” (J120)
power connectors are present on the board. The board itself uses only the 12V input line even if
there is a 5V line. After the input, the power is switched through an external switch (J130) or could
be set to always on using a jumper (J140).

NOTE:

PC style, 5.25" power conne:

NOTE:

PC style, 3.5" power connector

J130
PWR_SWITCH
EN
1
ctor 2 J140 1avbe
3 PWR_JUMPER
45 Aoy
J110

cio1 _|+ cio2 _|+ c103 _|+ cio4
47u ~ 47u A~ AU~ 47Tu

4 A VAR VARV

Fig.4: Input connectors and input power switching
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3.3V/5.0V dual power supply

The 5V output line is used only for the brightness adjustment and backlit on/off control.
Because these represent no heavy load, it is also used for powering the lower voltage supplies (1.2V
and 2.5V).

D1018
; 1N4148

D1025
;E 1N4148

PS33_ISENSEL

ISENSEL3  DL3 g‘; PS33 DL
PS33_ISENSEH ISENSEH3  DH3 PS33_DH
—— c1025 PS50_ISENSEL is ISENSEL5 ~ DL5 iz PS50_DL
100n PS50_ISENSEH ISENSEH5  DHS5 PS50_DH

2

1

2

1

I

=

|

— C1018
100n

BST3 RST ’LX

BSTS
PS33_LX ; LX3
PS50_LX LX5
REF
VL

2.5V reference voltage 1o | FB3

FBS

RUN/ON3

SECFB
SEQ

23 SHON

SKIP

STEER

R1023
12vDC 220K

SYNC
TIME/ON5S

GND

U1000
MAX1634EAI

N
N
AGND

V+

R1022
10R

8

20

1]

+ — +
C1022 | C1026 T~ C1021
€1023| 100n 100 c1009 | C1020| 100n
au7 10 au7

Fig.5: The 3.3V and 5.0V switched mode dual power supply controller

PS33_ISENSEL

PS33_ISENSEH ;

NOTE:
Use Kelvin connection on PCB

12vDC © for the current sense resistors
L
—
ek
Q1027
PS33_DH 44— ThCa007
PS33_LX [__> VY . 0 vcess
] L1026 R1026
! 10u 13mOhm
=
e Tecaoor == S
c1027 D1026 c1024
100n MURS160T3 220u

~ A4

Fig.6: The 3.3V output stage
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PS50_ISENSEH S NOTE:
Use Kelvin connection on PCB
12vpe o for the current sense resistors
|
— I
=
Q1016
PS50_DH 4y Qo
PS50_LX > aaag —0 VCC50
I L1017 R1017
! 1o 13mOhm
=
Q1019 .
PS50_DL D—J 1 Trcsoor =
cio16 1017 cio17
| | 100n MURS160T3 | 220u
R133 D133 R1SO D150
veess veeso o
AN AN
120R PWR_33 330R PWR_50

Fig.8: Power on indicators
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1.2V power supply

Uses a MAX1714B controller which is configured with two external resistors for 1.2V:

. : veeso
R1100
20R
+ cuo1_[+ cii00
R1107 R1102 D1115 220 220
100k 100k o o o 9 ;EWAMS . cus )
u H
s O o ey
28 > 8 F—'Eﬁi—: Q1101
= TPC8007
20 SHDN BST 15 == c1116 vccei1z2
100n ] L1116
7 OH 5 1 h s
PGOOD LX [ o100
o
bt TPC8007
€1 Rer out |4
| |
12 TON FB 3
14 a R1104
+——14q
SKIP H 20k NOTE:
_l+ cuos | Vout = Vb * (1 + RUR2)
T % = 5210105 V1100 ol = Vib * (1 +R304/R303 o= Sho
n = *
MAXL714BEEE -3 :i*é”z/?)o)
SVt (140,
R1103 = 1.2V
100k

2.5V power supply

Fig.9: The 1.2V switched mode power supply

Fig.10: The 2.5V switched mode power supply

Regulated auxiliary power supply

Uses a MAX1714B controller which is configured internally for 2.5V (FB grounded):

. ! veeso
R1200
20R
+ c1201 _|+ c1200
R1207 R1202 D1215 220 224
100k 100k o o o < !EIN“AS . cios
L
u H
(8] R o
£ g : 8 &EE Q1201
== > TPC8007
L—— 29 supn BST AJE’ — 16 aaas veeas
) 100n I Li2te
L u
7 DH 16 I r
PGOOD LX [ % 01200
bt 11 TPceoor
§ REF ouT 4
{ |
12 TON FB 3
[ — e
_l+ ci07 ©
I~ L == c1206 ) |+ c1oos
220n U1200 A~ 2200
MAXL714BEEE

Output of this power supply is used only on the GPIO port so it is dedicated for powering

various prototypes and/or components under reverse engineering or development. The circuit is
based on an MC34063 regulator, the output can be set from 1.25V to 5.87V (limit defined by R1352).

12vDC

R1361 1R
AM
Wy
R1362 1R
AM
Wy
R1363 1R
AN
&1 brivec suc [+
T Ipksense suE [2 ' T '
- 81 Ve TimingCap [ 1R
o
5 4 L1320
Compin GND c1330 220uH ci321 |, c1322 | c1320
cisl |, c1362
= U1300 40p ] 220u 220u 220n
47u 47u MC34063 D1320
MURS160T3 [3_]4
R1352
27 R1351 NOTE:
10k

Ral

nge from 1.25V to 5.87V

Fig.11: The regulated auxiliary switched mode power supply
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Additional power output connectors

Four additional headers with 1.2V, 2.5V, 3.3V, 5.0V and 12V voltages are available to power
external equipment or additional development boards.

12VDC L 2
VCC500 3 4
VCC3: 2 £
VCC250
VCC12 2 10
J191
PS_OUT_1
12VDC L 2
VCC500 3 4
VCC3:
VCC250 L 8
VCC12: 9 10
1192
PS_OUT_2
12VDC 3 2
VCC500 3 4
VCC3:
VCC250 L 8
VCCi12 9 10
193
PS_OUT 3
12VDC 2
VCC500
k! ]
VCC250 55
VCC1
3194
PS_OUT 4

4

Fig.12: The additional power output connectors

FPGA

The largest low cost FPGA (in non-BGA package) from Xilinx is used, which is currently the
Spartan 3E with 500K equivalent gates (part number: XC3S500E-PQ208).

Power

JTAG chain is powered by Vccaux = 2.5V and the internals (core) runs with Veonr = 1.2V. All
four input/output banks are configured with Vcco = 3.3V. A decoupling capacitor is placed next to
each power input pin.

U200E
SPARTAN-3E
POWER
veeso 221 vceo.o
176 ] Veco o
VCCO_0
7 [V
193] veco 1
vcCco_1
221 veco 2 10
5] VCCO_2 GND 7
vceco_2 GND [57
21 GND [57
vceizo %57 veco 3 GND 55
6] Veco_3 GND 25
vcco_3 GND 501
GND
c2013 c2067 ca117 c2170 7
100n 100n 100n 100n vee2so 44 | VOCAUX GND
66 VCCAUX GND
92 VCCAUX GND 5
111 VCCAUX GND 1
149 VCCAUX GND 31
1 166 VCCAUX GND [T141
195 | VCCAUX GND 7551
VCCAUX GND [T173 ]
VCC250 13 GND [Hos
VvCCc120 67 | VCCINT GND [—jgg
117 VCCINT GND 198
c2007 C2044 C2066 C2002 c2111 c2149 C2166 c2195 170 | VECINT GND 7508
100n 100n 100n 100n 100n 100n 100n 100n VCCINT GND
XC3S500EPQ208
o l l l l l l i l l i l i
c2201 c2125 c2088 c2101 c2143 c2021 c2176 C2059 2038 c2114 c2073 €2046
100n 100n 100n 100n 100n 100n 100n 100n 100n 100n 100n 100n

>

Fig.13: FPGA power distribution
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Configuration PROM
The configuration is stored in a Xilinx Platform Flash. Its inputs and outputs run on V¢co =

veeas veess veeas
o o o
R207 R208 R210
a7 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 7103 3 1
81 M1 CCLK 56 8 CLK DO 7
M2 INIT_B 104 10, OE/RESET CF 013
206 DONE CE cEo p=—X
HSWAP
NOTE: 1
Configuration: PROG_B JTAG
M2..M0 = 000 = platform flash XC3S500EPQ208 B 17
HSWAP = 0 = use pull-ups £ I DO
o T™s
TCK
POWER
18 1
veeso VCC_INT GND
<~ U200F Ii;g vcco
vee25o . Vees
NOTE: SPARTAN-3E
To JTAG header JTAG XCF04S
c219 c220

JTAG_TDI eup] Y Toon 100n 100n
JTAG_TMS 122 TMs
JTAG_TCK TCK
JTAG_TDO
XC3S500EPQ208

Fig.14: FPGA configuration PROM and JTAG chain

Input output pin assignment

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

* Memory: top and right edge
e Ethernet: left edge
» Display data (to RGB port and LVDS transmitter): bottom edge
*  Microcontroller: top-left corner
There are several unused input pins.

MCU IF SDRAM MEMORY

Xilinx Spartan 3E

NET RGB OUTPUT

Fig.15: FPGA pin assignment - block diagram
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U200A U2008
SPARTAN-3E XC3S500EPQ208 SPARTAN-3E XC3S500EPQ208
BANK 0 - TOP BANK 1 - RIGHT
205 1154 (435X
10205 [504 FPGA_LED 10153 755 DRAM_DO
1204 [-505 MCUIF_READ 10152 [—2% DRAM_D1
10203 [505 MCUIF_D4 10151 25 DRAM_D2
10202 MCUIF_D5 10150 DRAM_D3
10200 MCUIF_D6 1248 a2
10199 MCUIF_D7 10147 126 DRAM_D4
10146 72 DRAM_D5
10197 DRAM_AQ 10145 54 DRAM_D6
10196 DRAM_AL 10144 DRAM_D7
1104 MCUIF_WRITE 1142
10193 DRAM_A2
10192 DRAM_A3 10140 DRAM_D8
10139 DRAM_D9
10190 DRAM_A4 10138 DRAM_D10
10189 DRAM_AS 10137 DRAM_D11
6
10187 DRAM_A6 10135_RHCLK7 DRAM_D12
10186_GCLK11 DRAM_A7 10134_RHCLK6 DRAM_D13
10185_GCLK10 DRAM_A8 10133_RHCLK5 DRAM_D14
1184_GCLK9 BUTTON_L 10132_RHCLK4 DRAM_D15
1183_GCLK8 BUTTON_R
0
10181_GLCK7 DRAM_A9 10129_RHCLK3 DRAM_D16
10180_GCLK6 DRAM_A10 10128 RHCLK2 DRAM_D17
10179 DRAM_ALL 10127_RHCLK1 DRAM_D18
10178_GCLK5 DRAM_CLK 10126_RHCLKO DRAM_D19
10177_GCLK4 DRAM_CKE
1124
1175 BUTTON_U 10123 DRAM_D20
1174 BUTTON_D 10122 DRAM_D21
10172 DRAM_BAO 10120 DRAM_D22
10171 DRAM_BAL 10119 DRAM_D23
1118
1160 BUTTON_E
10168 DRAM_CAS 10116 DRAM_D24
10167 DRAM_RAS 10115 DRAM_D25
10165 DRAM_CS 10113 DRAM_D26
10164 DRAM_WE 10112 DRAM_D27
10163 DRAM_DQMO
10162 DRAM_DQML 1110 759X
10161 DRAM_DQM2 10109 DRAM_D28
10160 DRAM DQM3 10108 DRAM_D29
1159 BUTTON_M 10107 DRAM_D30
10106 DRAM_D31
.
Fig.16: Top and right edge
U1301C U200D
XC3S500EPQ208 | SPARTAN-3E XC3S500EPQ208 | SPARTAN-3E
BANK 2 - BOTTOM BANK 3 - LEFT
NET_LED_100M = 2
_LED_ Bj 154 MCUIF_D3 102
NET_LED_L1 1055 MCUIF_D2 2] 103
7 MCUIF_D1 5 104
NET_LED_FDX 2157 MCUIF_DO 21105
NET_LED_LINK 158 MCUIF_RESET 16
NET_LED_L2 22 1060 MCUIF_IRQ B:g 108
NET_LED_R1 52 1061 MCUIF_BUSY 109
NET_LED_R2 65 1062 11
RGB_CLK 64 1063 NET_DO Bj 1011
RGB_DE 65 | 1064 NET_D1 1012
RGB_VS 1065 10
MCUIF_AQ 15114
68 NET_D2 16 1015
RGB_HS 59 1068 NET_D3 1016
RGB_B5 1069 8
" NET_D4 >>:19 1018
X517 NET_D5 0] 1019
X— 172 X—H 120
RGB_B4 21 \074_ccLki2 NET_D6 221 |022_LHCLKO
o 75 - = 23 -
RGB_B3 76 | 1075_GCLK13 NET_D7 24 | 1023_LHCLK1
RGB_B2 77 1076 NET_D8 55 1024_LHCLK2
RGB_B1 78| 1077_GCLK14 NET_D9 26 | 1025 LHCLK3
RGB_BO 1078_GCLK15 X—= 126
FPGA_CLiao [>—80- 180_GCLKO NET_D10 gg 1028_LHCLK4
5 NET_D11 0] 1029 LHCLKS
RGB_G5 Bj 1082_GCLK2 NET_D12 31 1030_LHCLK6
RGB_G4 1083_GCLK3 NET_D13 52| 1031_LHCLK?
132
NET_D14 gi 1033
NET_D15 351034
NET_A6 361035
NET_AS 1036
RGB_G3 1089
RGB_G2 1090 2
191 NET_A4 20] 1039
NET_A3 217 1040
RGB_G1 1093 NET_A2 22 ] 1041
RGB_GO 1094 NET_A1 23 ] 1042
NETIRQ 143
RGB_R5 1096
RGB_R4 1097 NET A0 [ >—0s5
RGB_R3 1098 "
RGB_R2 1099 NET_CS 1047
RGB_R1 10100 NET_RD zg 1048
1101 NET_WR 50 | 1049
RGB_RO 10102 NET_RESET =1 1050
NET_PME 151

Fig.17: Bottom and left edge

Configuration Reload button

=
O0———————<__| FPGA_RELOAD

SwW200
FPGA RELOAD

Fig.18: FPGA reload configuration button
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Additional FPGA keypad

The 4 buttons represent the directions (up/down/left/right) and the other two are the
menu and escape buttons. The keypad could be used for a simple OSD.

vcess vcess
Q o
R261 R211
10k 10k
[ B o
S BUTTON_E ° BUTTON_U
SW260 SW210
ESCAPE c261 up c211
an7 an7
vcess vcess
o o
R241 R251
10k 10k
J . .

VCC33
o

R231
10k
=l

S BUTTON_D
SW230
DOWN c231
an7

Fig.19: FPGA keypad

Clock source

=l

—
BUTTON_L BUTTON_M
SW240 SW250 SW220
LEFT c241 MENU c251 RIGHT
an7 an7

VCC33
[}

R221
10k

c221
an7

BUTTON_R

A precise clock source is made from a crystal oscillator. The frequency is 40MHz which
allows us to generate both 65 MHz (XGA) and 85MHz (WXGA) pixel clock using a single DCM inside
the FPGA. The SDRAM clock (133 MHz) can be achieved by the same way.

VCC33
[}

Fig.20: Clock source

FPGA LED
This is a general purpose indicator.

VCC33
[

R201
120R

D201
FPGA_LED

AN

R200

Q200
FPGA_LED Sean7c

Fig.21: FPGA LED
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Microcontroller unit

MCU core

Contains the ATmega128 microcontroller clocked to 16MHz (component maximum). Because
the interface with FPGA is on 3.3V, there are two bus separators which has 5V tolerant pins on their
B side.

VCC50 O . ] J ———————————<___|MCU_AvCC

1 MCU_AREF
+ c300 _L ca21 l c352 L300
1ou 100n 100 = cses c362
100n  10uH 100n

o
&S
0o veess
MCUIF5_DO PAO (AD0) S8 (SCLINTO) PDO MCUIF5_BUSY 2 |
MCUIF5_D1 PA1 (AD1) (SDA/INT1) PD1 MCUIF5_IRQ 3 cC 5
MCUIF5_D2 PA2 (AD2) (RXD1/INT2) PD2 TTL_RX232 4] 1A1 1Bl X
MCUIF5_D3 PA3 (AD3) (TxD1/INT3) PD3 TTL_TX232 7112 1B2 [g—X
MCUIF5_D4 PA4 (AD4) (IC1) PD4 MCUIF5_READ MCUIF_DO g | 1A3  1B3[g MCUIF5_DO
MCUIF5_D5 PAS (ADS) (XCK1) PD5 MCUIF5_WRITE MCUIF_D1 11 ] 1A 1B4 [ MCUIF5_D1
MCUIF5_D6 PAG (AD6) (T1) PD6 MCUIF5_A0 MCUIF_D2 1A5  1BS MCUIF5_D2
MCUIF5_D7 PA7 (AD7) (T2) PD7 MCUIFS_RESET 14 15
MCUIF_D3 17]2A1 2815 MCUIF5_D3
_ 2 MCUIF_D4 15222 282 g MCUIF5_D4
CF_READY PBO (S5) (RxDO/PDI) PEO 5 MCU_ISP_MOSI MCUIF_D5 21]2A3 283 [ MCUIF5_D5
MCU_ISP_SCK PBI (SCK) (TXDO/PDO) PEL [~ MCU_ISP_MISO MCUIF_D6 52024 28453 MCUIF5_D6
CF_READ PB2 (MOSI) (XCLOJAINO) PE2 [ GPIO8 MCUIF_D7 2A5  2B5 MCUIF5_D7
CF_WRITE PB3 (MISO) (OC3A/AINY) PE3 [ GPI09 1
CF_AO PB4 (OC0) (OC3B/INT4) PE4 [ PS2A_CLK 13| 10E usoL
CF_AL PB5 (OC1A) (OC3C/INTS) PES PS2A_DATA vCcess 2
CFA2 PB6 (OC1B) (T3/INTS) PEG [ PS2B_CLK ° 95y SN74CB3T3384DBOR
CF_RESET PB7 (OC2/0C1C)  (IC3/INT7) PE7 PS2B_DATA — 1
veess
GPIO0 PCO (A8) (ADCO) PFO GPIO10 ca01 c302 ]
GPIO1 PC1 (A9) (ADC1) PF1 GPIO11 24 1
GPI02 PC2 (A10) (ADC2) PF2 GPIO12 100n 100n 3 cc ,
GPIO3 PC3 (A11) (ADC3) PF3 GPI013 2L 1B X
GPI104 PC4 (A12) (TCK/ADC4) PF4 GPIO14 7]1A2 B2 X
GPIO5 PC5 (A13) (TMS/ADCS5) PF5 GPIO15 1 g ]1A3  1B3[ g X
GPI06 PC6 (A14) (TDO/ADCE6) PF6 GPI1016 11 | A4 1843 X
GPIO7 PC7 (A15) (TDI/ADC7) PF7 GPIO17 MCUIF_BUSY > 1A5  1B5 MCUIF5_BUSY
2 MCUIF_IRQ i‘; A1 2B1 ig MCUIF5_IRQ
MCU_RESET >——=+ RESET AvCce MCU_AVCC MCUIF_READ Tl2re 28215 MCUIF5_READ
L MCUIF_WRIT! 23] 2A3 283 [5p MCUIF5_WRITE
*x—L PEN AREF MCU_AREF MCUIF_AQ 2312a0 28425 MCUIF5_A0
caoa 220 MCUIF_RESE 2A5  2B5 MCUIF5_RESET
24 — 33 1]|—
XTALL (WR) PGO [—55 ADJUST_DATA 73] I0E U302
= x300 (RD) PG1 743 s 295 SN74CB3T3384DBQR
c303 22 (ALE) PG2 [ 14 K GND
P T 16MHz s (105C2) PG3 |2 LCD_POWER {
F——f— XTAL2 222 (toscy) PGa BACKLIT_ON ~
660
||l
8|33
U300
ATmegal28
veeso veeso VCes0 veeso veeso VCes0
o o o o Q o
R311 R315 R321 R325
10k 10k 10k 10k
PS2A_DATA > PS2B_DATA >
x—2| x—2|
PS2A_CLK [_> PS2B_CLK [_>
*x—61 *x—61
3310 3320
_l+ caua PS/2 A _l+ caoa PSI2B
10u 10u

<~ <~
Fig.23: Dual PS/2 ports

6-pin Mini-DIN (PS/2):
1 - Data

2 - Not Implemented

3 - Ground

4 - Voo (+5V)

5 - Clock
Pl Socket
(Plug) (Socket) 6 - Not Implemented

Male Female

Fig.24: Pinout of the PS/2 connector
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RS232 serial port

A MAX232CWE chip is used for interfacing the TTL serial port signals from MCU with the

RS232 world. The connector on the board is wired as a DTE device (DB9-M type).

For connection with a PC, a DB9 F-F cable with exchanged pins 2 and 3 is required.

VCC50
g

R332
330R

D332

RS232_RX !
N

N

VCC50
g

s

R333
330R

VCC50
€330
100n

TTL_RX232 =
TIL_TX232 s ——
X—gRUNG RIOUT [5~X b bl b s
R2INS R20UT
11 14
X—o] TuN TIoUT X
T2N  T20UT
1 1330
3| G 6 [ B [ RS232
3] c1
5 Ca+
3 c2
6|y U330
15 MAX232CWE
GND
|+ cam | _|+ casa + C332 c336
1u o~ 1u lm 1 T

Fig.25: The RS232 interface

4
] |
<.
M, eeseee |
N \ 0O000 / N
1
7
Pin Signal Pin Signal
1 Data Carrier Detect ] Data Set Ready
2 Received Data 7 R I
3 Transmitted Data 8 Clear to Send
4 Data Terminal Ready 9 Ring Indicator
5 Signal Ground

Fig.26: Pinout of the RS5232 connector

General purpose inputs/outputs - GPIO header

There are 18 general purpose input/output lines and a 5.0V power source present on this
GPIO header. Additionally a dedicated regulated power supply is wired here too. This power supply

can be set to any voltage in range from 1.25 to 5.87V.

GPIOO

GPIO2

GPIO4

GPIO6

GPIOB

GPIO10

GPIO12

GPIO14

GPIO16

GPIO15

veeso

GPIO17

VCC_REG

veeso

3340
MCUGPIO

%

VCC_REG

c342 c344
A~ 1ou ou A~ 10u 10u

!

7

!

7

Fig.27: The GPIO header
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Ethernet

The LAN9218I integrated PHY/MAC is connected to FPGA using a

external EEPROM chip to store its physical network address (MAC address).

16 bit bus and uses

an

NET_CORE_VDD18 NET_VDD_A33 vcess  veess
o]
NET_PLL_VDD18
veesse R474 R473
10K 1K
) ofwliololalio|afs|  =fio]o
NOTE: o N @ Bl QREBSIBES <8 o .
o =
FromFPeA S 3 3 23 29990009 <<% g g
o oo S el 888 2 4
8 o =) =) wur 00000000 >>> g o
NET_AO Al x T T o 55555555 3
- 7 > | | o0 =
NET_AL A2 2 o ©oo g 3 NOTE:
NET_A2 A3 a 2 o o | : ) ,
NET_A3 A4 > > ao Nega FEAX 3 To Ethernet connector with magnetics
NET_A4 A5 >> I
NET_AS A6 TPO+ [7g NET_TPO_P
NET_A6 A7 Po- 2 NET_TPO_M
64 TPI+ g5 NET_TPI_P
NET_DO 53] DO TPI- NET_TPI_M
NET D1 o b1 o
NET D2 22 D2 EXREST
NET D4 £l NOTE:
NET_D5S 211 bs To MAC EEPROM
NET_D6 = D6 o
NET_D7 25 D7 EECLK_GPO4 [¢> NET_EEPROM_CLK
NET_D8 211 D8 EEDIO_GPO3 [~¢f NET_EEPROM_DIO
NET_D9 251 D9 EECS NET_EEPROM_CS
NET_D10 231 b10
NET D11 21 o1 o
NET D12 22 D12 GPIO0_LED1# 55 NET_LED_100M
NET D13 22 D13 GPIO1_LED2# 105 NET_LED_LINK
NET D14 23] D14 GPIO2_LED3# NET_LED_FDX
NET_D15 2 ois
X397 D16 )
%—2a D17 ne7 X :"OlEéA
X—3- D18 T o
%357 p19 SPD_SEL [7g
%33 p20 FIFO_SEL
%35 p21 7
X371 p22 AMDIX_EN |72
X557 p23 RESERVED [=—X
X597 D24
X567 D25
X551 D26 .
X5+ D27 XTALL
X531 D28
%55 D29 s
%571 D30 XTAL2
X~ p3a1 3 R400
NET_RESET 20| ReSET 9 g "
NET_RD 50| RD# ATEST [-————0VCC33 4
NET_WR 940 WR# g
NET_CS cs# ww 2
NET_IRQ 21 4 2 83 ocoococoooo 10 E |:|
s e 3 L b 2 88 goes90000 ROIAS E
NET_PME PME o o'a  ola'aa'dad BORRON 90 9| " X400
0 0 0'n'n'n NC90 57X 8| b
¢ ¢ 55 G66o06060 2222 new[PX £ g 25 MHz
NOTE: I < a4 dudddddd ddds = 3
pui |
NET_IRQ, NET_PME and also U400 - < || <10 D | I~ 0| 0| 0 =l 5
NET_LED_* signals need an SMSC LAN9218i = § i L s
internal pullup in the FPGA T S T %
RA410 R467 RA476 RA487
12K 10K 1K 12K4
% A4 A4

Fig.28: Integrated PHY/MAC with configuration setup

VCC33

NET_VDD_A33 ©:

L479
10uH

+ C484
g 10u

VCC330; I
c402 c408 c420 ca28 c435
100n 100n 100n 100n
VCC330; ] ] ] ]
c442 cad8 c455 ca61 c497
100n 100n 100n 100n
NET_PLL_VDD18
NOTE: +  C409 c407
- use Murata LQH3C10UH in SMD1206 10u 100n
- place C483 close to the RJ45jack
] } ] NET_CORE_VDD18 ©- . ]
c481 c485 c489 c483 + C464 C465 c403
100n 100n 100n 100n i 10u 100n 100n

Fig.29: Network controller decoupling capacitors
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NET_VDD_A33
R40L @ R402 0 R403 0 R406 0 RA404
49R9 > 49R9 > 49R9 > 49R9 D 10R

NOTE: 1400
From Ethernet PHY/MAC ERNI M3DO1, pn 203-203
NET_TPO_P > T . S 16 J1
4 it %HE ==
NET_TPO_M > 2 1p. 3 % 32
3 33
NET_TPI_P > PO+ SlE
TPOCT % g—\
NET_TPI_M > 6 { po- J6
1 ax 75R
c404 7
22n x NC
1000pF/2KV 145
8 | 7.8
GND _{ [
Y Y
L4l L4l
L4 siero GREEN GREEN
15 | SHIELD — Jww\ g ORANGE =g ORANGE
16 SHIELD N N
SHIELD
S8 3 3 E g
NOTE: o 3 m N
SMD1210 package = b =
connects two earths
RA409 R412
NOTE: 120R 120R
From FPGA
NET_LED_L1
NET_LED_L2
NET_LED_R1
NET_LED_R2

Fig.30: The RJ45 connector with integrated magnetics

R434
1K
NOTE:
From Ethernet PHY/MAC
NET_EEPROM_DIO > =] o (4
NET_EEPROM_CLK > 2 beik
NET_EEPROM_CS > s uaoL
VECa® 8 e 93LC46B
oND
== cao1
100n

~
Fig.31: Network configuration EEPROM
Display module

Power switching

Both the 3.3V and 5.0V lines are switched because the display controller board does not
know if the panel is using one or another voltage for powering itself. Signal controlled by MCU.

VCC50
IRF7304
R504 Q5008
10k
Q540
LCD_POWER > BC8A7C VCC50_LCD
RS540
10k
VCC33

vV IRF7304

R502 QS500A

10k

VCC33_LCD
Ny -
R590

D590
120R LCD_POWER

Q520
BC847C

R520

10k

Fig.32: Switch for the LCD panel's power line
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Backlit on/off indicator
Controlled by the MCU.
Backlit on/off signal is created fully by the MCU.

VCC33

R580
120R

D580
LCD_BACKLIT

%

R581

Q581

BACKLIT_ON BO84ATC

Fig.33: Backlit on/off indicator

Backlit brightness adjustment
Controlled by the MCU.
Digitally controlled resistance is used to control the brightness of the CCFL.

VCC50 I

C581

22n
ADJUST_DATA g DIN
ADJUST CLK 1 sck
ADJUST CS cs

us8l
MAX5400EKA

8

< BACKLIT ADJ
1

=

QYZGND vob [&

<~
Fig.34: Digitally controlled resistor for brightness adjustment

LVDS transmitter
This transmitter converts the parallel (TTL RGB) input to serial (LVDS) output.

NOTE:
From FPGA
RGB_RO :g Do Yo+ 3(1’ LVDS_CHO_P
RGB_R1 2 D1 YO- E LVDS_CHO_M
RGB_R2 18 D2 38
RGB_R3 1103 Yi+ 59 E LVDS_CH1_P
RGB_R4 37 04 Y1- LVDS_CH1_M
RGB_R5 4 | DS 34
RGB_GO 5 D6 Yo+ 52 E LVDS_CH2_P
RGB_G1 -1 07 Y- LVDS_CH2_M
RGB_G2 9 D8 32
RGB_G3 10 D9 CLKOUT+ 33 LVDS_CLK_P
RGB_G4 151 D10 CLKOUT- E LVDS_CLK_M
e b
)k D12
RGB_B1 12 D13 NOTE:
RGB_B2 o D14 To panel connector
RGB_B3 19 D15
RGB_B4 20 D16
RGB_B5 22| D17
RGB_HS 23 D18
RGB_VS 25 D19
RGB_DE D20
RGB_CLK > 26 CLKIN
VCC330——AM———— 2T | 55T
R527 2
10k 8 | VCC
11 vee
VCC330——4 : : i - : 2 vee
LvDsvCC
PLLVCC
LVDSGND
LVDSGND NOTE:
+ co00 cs02 cso8 coa co3r co29 28 | EYDSENP o oggo | Uso Pinout of US00 is compatible with
u n n n n n 30 PLLGND LZD (ZD (ZD LZD (ZD SN65LVDS84 - SN65LVDS84
- DS90C363
R
Bixits

Fig.35: An 18-bit LVDS transmitter with decoupling capacitors
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LCD panel ports

The output headers provides both 3.3V and 5V for use as the LCD panel power thus the
selection of the proper voltage is made by proper wiring of the cable from the controller board to

the LCD panel.

RGB TTL type

Uses a 40 pin header (2x20 pins)

LCD_PORT_RGB

RGB_R1

RGB_RO

N forfeo =

oo [ o

RGB_R2

RGB_R4

RGB_R3

RGB_R5

RGB_GO

RGB_G1

RGB_G2

RGB_G4

RGB_G3

RGB_G5

RGB_B1

RGB_BO

RGB_B2

RGB_B3

RGB_B4

RGB_B5

VAVIVAVAVERAY

RGB_VS

RGB_HS

RGB_DE

VCC33_LCD

RGB_CLK

NOTE:

The RGB_* outputs are 3v3 (LVTTL) so when the LCD
needs a 5V TTL input, output buffers must be used.

BACKLIT_ON
1

)

DC

39

40

< BACKLIT_ADJ

C511

Ut

LVDS type

4

_l+ cs12

$ 10u

Fig.36: Connector for RGB TTL panels

Uses a 34 pin header (2x17 pins)

3530
LCD_PORT_LVDS

LVDS_CHO_M
LVDS_CHO_P

LVDS_CH2_M
LVDS_CH2_P

+ C513
$ 10u

VCC50_LCD

12vDC

O VCC33_LCD

BACKLIT_ON >

1 2
3 4
5
L LVDS_CH1_M
LVDS_CH1_P
LVDS_CLK_M
> LVDS_CLK_P
VCe33_LeD ‘;
8
VCC50_LCD O
- 9 0
1 2
< BACKLIT_ADJ
12vDC © 3 ) =

O VCC50_LCD

O 12vDC

© 2006-2007, ROZSNYO ELECTRONICS AND SOFTWARE

|+ csa1
=~ 10u

Y4

Fig.37: Connector for LVDS panels

|+ cs32
7~ 10u

Y4

+ C533
1
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Memory card

There is a CF card socket which is wired to operate in a true IDE mode at 8bit. The data bus
is shared with the MCU-FPGA interface so that the data exchange can save a cycle on each byte.

VCC50 VCC50
Q o
330R
R635
2 ono cp1 D%x
MCUIF5_D3 D3 D11 [5g X
MCUIF5_D4 2] D4 D12 [59 X
MCUIF5_D5 D5 D13 55X
MCUIF5_D6 D6 D14 5—X CF_WR
MCUIF5_D7 > o7 D15 [55—X D635
—9cst cs2 P
o ALO vs1 Paz—X
1 ATA I0RD P g CF_READ
11 A9 IOWR Pg CF_WRITE
15 A8 WE P——1
A7 INTRQ [5g—X
] vee vce
A6 CSEL P
A5 vs2 PT—X
A4 RESET P g CF_RESET
15 A3 WAIT P3% CF_READY
CF_A2 19 A2 INPACK PZ3—X
CF_AL 20 ] AL REG Pge
CF_AO 21 ] A0 BVD2 [ X
MCUIF5_DO 521 DO BWD1 [57X
MCUIF5_D1 55 D1 D8 g X
MCUIF5_D2 547 D2 D9 [FheX
%559 10cs16 D10 X
X—30| cp2 GND
3600
CFCARD
c612 c613 c638 c637
= 10u = 100n == 100n == 10u

Fig.38: Compact flash socket

Main memory

There is 16MB memory on the board which is made from 2 chips - for wider data path
(2x16=32bit). When operating at 133MHz, the peak transfer rate of the memory system is 533MB/s.

DRAM_AO DQO f DRAM_DO DRAM_AO DQO f DRAM_D16
DRAM_AL DQ1L [ DRAM_D1 DRAM_AL DOl [ DRAM_D17
DRAM_A2 DQ2 [ DRAM_D2 DRAM_A2 DQ2 [ DRAM_D18
DRAM_A3 DQ3 |5 DRAM_D3 DRAM_A3 DQ3 [ DRAM_D19
DRAM_A4 DQ4 [T35 DRAM_D4 DRAM_A4 DQ4 15 DRAM_D20
DRAM_AS DQS5 7 DRAM_D5 DRAM_AS DQ5 [y DRAM_D21
DRAM_A6 DQ6 |75 DRAM_D6 DRAM_A6 DQ6 13 DRAM_D22
DRAM_A? DQ7 [45 DRAM_D7 DRAM_A7 DQ7 [ DRAM_D23
DRAM_A8 DQ8 [5 DRAM_D8 DRAM_A8 DQ8 [ DRAM_D24
DRAM_A9 DQ9 [ DRAM_D9 DRAM_A9 DQ9 [ DRAM_D25
DRAM_A10 DQIO0 [57 DRAM_D10 DRAM_A10 DQI0 [57 DRAM_D26
DRAM_AL1 DQI1L [g DRAM_D11 DRAM_ALL DQI1 [ DRAM_D27

DQ12 [5o DRAM_D12 DQI12 [5o DRAM_D28
DRAM_CLK DQI3 [37 DRAM_D13 DRAM_CLK DQ13 [3 DRAM_D29

DQL4 [25 DRAM_D14 DQ14 [o3 DRAM_D30
DRAM_BAO DQ15 DRAM_D15 DRAM_BAO DQ15 DRAM_D31
DRAM_BAL DRAM_BAL
DRAM_CAS ubQM gg DRAM_DQMO DRAM_CAS ubQM gg DRAM_DQM2
DRAM_CKE LDQM DRAM_DQML DRAM_CKE LDQM DRAM_DQM3
DRAM_RAS DRAM_RAS
DRAM_WE DRAM_WE
DRAM_CS DRAM_CS
VCC330 VCC330

U700 U800
K4S641632K-TC75 KA4S641632K-TC75

Fig.39: The two memory chips

o l o Lto.Lto Lo L L L1
+ C700 C701 C714 C727 C703 C709 C743 C749
i 10u 100n 100n 100n 100n 100n 100n 100n

o IR ENT T O A R
+ €800 €801 C814 €827 €803 C809 Cc843 C849
i 10u 100n 100n 100n 100n 100n 100n 100n

Fig.40: Decoupling capacitors for each power pin of memory
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Programming

JTAG for FPGA

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

JTAG_TCK
JTAG_TMS

O VCC25

.
Sloo|on | o
o|~on juol

JTAG_TDI
JTAG_TDO

J200
JTAG

NOTE:
JTAG pinout compatible with
trenz-electronic JTAG programmer

<~
Fig.41: JTAG header

AVRISP for MCU

This AVRIS header is designed for use with the original AVRISP programmer from Atmel.

R300 D300
g
N

A
Wy

330R RED

MCU_ISP_MOSI >

O VCC33

o~ on|wl-
= oo [on s o

MCU_RESET
MCU_ISP_SCK
MCU_ISP_MISO

)

J300
AVR-ISP

NOTE:
ISP pinout compatible with
Atmel AVR-ISP programmer

<~
Fig.42: AVR ISP header

Reset button for MCU

VCC50

This button restarts the microcontroller and the RC circuit provides also the power-on reset.

VCC33
[

MCU_RESET

Swa320
MCU RESET

C320

an7

Fig.43: MCU reset button
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