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ML550 System Monitor and Power Monitor Support

J19 Mezzanine Board Connector

J19 is provided to enable users to develop signal conditioning boards and take advantage
of the System Monitor VP/VN input channel on FPGA pins U18/V17. The J19 connections
to the FPGA are shown in Figure 3-20. Four FPGA Bank 11 GPIO pins are connected to J19
to provide general purpose 1/0, as detailed in Figure 3-20 and Table 3-13, page 34. J19

pinout details are shown in Table 3-15, page 42.
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Figure 3-20: J19 Mezzanine Board Connector (Sheet 30)
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Table 3-15: J19 Mezzanine Board Connector

Pin # Signal Name FPGA Pin # | Schematic Notes
1 VP_SM U18 30 Via 100Q series resistor R453
2 TD_P W18 30 FPGA internal temp diode DXP
3 VN_SM V17 30 Via 100Q series resistor R452
4 TD_N W17 30 FPGA internal temp diode DXN
5 Agnd 30
6 Agnd 30
7 REF_2V5_OUT U10.2 19, 30 U10 = REF3025 Voltage Reference
8 SM_AVDD U[?é,g_lZS, 19,30 P39 = 3-pin header (2.5V select)
9 Agnd 30
10 VCC5 21,30
11 VCC2V5 22,30
12 Dgnd 30
13 Dgnd 30
14 SM_GPIO1 N34 30, 34
15 SM_GPIO2 P34 30, 34
16 SM_GPIO3 M32 30, 34
17 SM_GPIO4 L33 30, 34

Figure 3-21 shows a schematic diagram of the P72 pinouts. Refer to Table 3-16.
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Figure 3-21: P72 Pinout Diagram (Sheet 20)
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Power Monitor Circuitry

The ML550 hosts a 2 x 13 0.1-inch male header connector which provides test points for the
ML550 power regulators as shown in Table 3-16.

Table 3-16: Power Monitor Connector P72 Pinout

Pin # Signal Name RkeLvin BREF Schematic Notes
1 VCC1VO_VINT_S+ R386 20,23 S- actual
2 VCCIVO_VINT_S- R386 20,23 S+ actual
3 VCC1VO_VINT_MON R386 20,23
4 Dgnd 20
5 VCC2V5_VAUX_S+ R384 20,24 S—actual
6 VCC2V5_VAUX_S- R384 20,24 S+ actual
7 VCC2V5_VAUX_MON R384 20,24
8 Dgnd 20
9 VCC2V5_VCCO_S+ R385 20,22 S—actual
10 VCC2V5_VCCO_S- R385 20,22 S+ actual
11 VCC2V5_VCCO_MON R385 20,22
12 Dgnd 20
13 VCC2V5_S+ R383 20,22 S- actual
14 VCC2V5_S- R383 20,22 S+ actual
15 VCC2V5_MON R383 20,22
16 Dgnd 20
17 VCC3V3_SYS_S+ R387 20, 24 S—actual
18 VCC3V3_SYS_S- R387 20,24 S+ actual
19 VCC3V3_SYS_MON R387 20,24
20 VCC5 19,20
21 NC 20
22 NC 20
23 NC 20
24 VCC5_MON R201 19,20
25 VCC5_S5+ R201 19,20 S- actual
26 VCC5_S- R201 19,20 S+ actual

The regulator outputs are connected to a series Kelvin resistor, which is then connected to
the target power plane. ML550 voltage regulator topology is discussed in detail in sections
“Voltage Regulators (TT PTH05000),” page 29 and “Power Monitor Connector,” page 32. A

summary of the regulator connections to P72 is given in Table 3-12, page 33.

Note: As indicated in Note 3 beneath Table 3-12, the S+ and S— pins of P72 are reversed.
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Power Monitor Board

A small PC board (1.375 inches x 2.25 inches) is available which mates with P72 and
provides two banana jacks for voltmeter probe access to Vet Vecaux, o Veco. See
Figure 3-22.

Vecint Veecaux Vecco

» w

Mon Mon Mon

MLSS50 Power Manitory]

ug202_3_21_102407

Figure 3-22: Power Monitor Board

Data Sheet References
Table 3-17 shows the manufacturers and part numbers of U10, U11, and U15.
Table 3-17: IC Data Sheet References

I?:;?;:::r Manufacturer Part Number
U10 Texas Instruments REF3025AIDBZT
Ul Maxim MAX6608IUK+
U15 Maxim MAX4071AUA+
44 www.xilinx.com ML550 Networking Interfaces Platform
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Chapter 4

Configuration

The Virtex-5 FPGA ML550 Networking Interfaces Development Board includes several
options to configure the Virtex-5 FPGA. The configuration modes are:

e System ACE mode
e JTAG mode
e Slave Serial mode

e  Master Serial mode

This chapter provides a brief description of the FPGA configuration methods used on the
ML550 Development Board.

Configuration Modes

Table 4-1 shows the Virtex-5 FPGA configuration modes. The Master and Slave (Parallel)
SelectMap configuration modes are not supported on the ML550 Development Board.
Figure 4-1 shows the Configuration Mode switch (SW11).

Table 4-1: Configuration Modes

Mode SW11(2:3)
Mode XCONFIG JTAG
P41 P50 or P51 3 2 1
(M2) (M1) (MO)

Master Serial X — 0 0 0
Slave Serial X — 1 1 1
Master SelectMAP (1) N/A N/A 0 1 1
Slave SelectMAP (1) N/A N/A 1 1 0
JTAG — X 1 0 1
System ACE CF Card — — 1 1 1
Notes:

1. Not supported on the ML550 Networking Interfaces Platform.
2. 0=SWT11 switch position (n) is Closed.
3. 1=SWI1 switch position (n) is Open.

ML550 Networking Interfaces Platform
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JTAG Chain

Figure 4-1:

MODE

SW11

OFF

12 34

<

w
I
o
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Configuration Mode Switch

Figure 4-2 shows the JTAG chain on the ML550 Development Board and illustrates how
three different sources can be used to drive this JTAG chain. The chain can be driven by the

following sources:

e System ACE controller

e  Xilinx Parallel Cable IV or Platform Cable USB

e  Other JTAG cables

2 mm
Flat
Cable
Connector
P51
U13 System ACE
Controller U9 FPGA
TDI — o TDO TDI
Jl;I'A(ta 0 (4 & 1p TDO
or [ [
P50 TeK I3 F 1ek TCK
™s |@ @
TMS T™MS

UG202_4_02_050806

Figure 4-2: JTAG Chain
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JTAG Ports

The ML550 Development Board provides two JTAG connectors (P50 and P51) that can be
used to program the Virtex-5 FPGA. Figure 4-3 shows the pin assignments for JTAG

connectors P50.

)

TMS ~—H

TDI ~——2]
TDO —=3

TCK ~—4
5

6

CABLE_3V3

TRSTB
HALTB

50

0l
@)
O
8 GND
o L
O
)

G202_4_03_120706

Figure 4-3: JTAG Connector P50

Table 4-2 describes the P50 JTAG Header signal names, descriptions, and pin assignments.

Table 4-2: P50 JTAG Header Signal Descriptions and Pin Assignments

Signal Name Description P50 Pin System ACE Pin Number
Number
TSTTDO JTAG TDO from System ACE 3 97
Interface
TSTTDI JTAG TDI to System ACE 2 102
Interface
TSTTCK JTAG TCK to System ACE 4 101
Interface
TSTTMS JTAG TMS to System ACE 1 98
Interface
HALTB User Defined 8 N/A; goes to FPGA pin AG5
TRSTB User Defined 7 N/A; goes to FPGA pin AF5

ML550 Networking Interfaces Platform
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2 mm Flat Cable Port

The ML550 Development Board provides a 2 mm flat cable connector (P51) to configure
the Virtex-5 FPGA. Figure 4-4 shows the pin assignments for the 2 mm flat cable connector.
The 2 mm flat cable connector can also be used to configure the FPGA in Slave Serial
configuration mode.

P51
Parallel
Connector 3.3V
1 o—
P51 is a shrouded/keyed connector.
3 4 TMS
5 6 TCK
7 8 TDO
9 10— TDI
11 12
13 14
2 mm

UG202_4_04_071706

Figure 4-4: 2 mm Flat Cable Connector P51
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System ACE Interface

The ML550 Development Board provides a System ACE interface to configure the Virtex-5
FPGA. The interface also gives software designers the ability to run code (for soft processor
IP within the FPGA) from removable CompactFlash cards. Figure 4-5 shows the

System ACE interface. When the MPU port of the System ACE Controller is used, the
Virtex-5 FPGA and the System ACE Controller use the same clock source for interface

synchronization.
uU13 J13
System ACE System ACE
Address MPA[6:0] |  Controller Address _ | CompactFlash
Socket
Data MPD[7:0] » Data
MPOE Control
MPCE
MPWE
TSTTDO
MPIRQ
MPRDY TSTTDI Interface
TSTTCK to JTAG Connectors
SW9
@ TSTTMS
Configuration CFGTDO
Switch CFGTDI Reference Flg 4-4,
Y1 Interface to Onboard
33-MHz CFGTCK JTAG Chain (FPGA)
SYSACE Osc
Clock CFGTMS
To FPGA
pin V33

UG201_4_06_050806

Figure 4-5: System ACE Interface

For detailed information on creation of System ACE compatible ACE files, formatting the

CF card, and storing multiple design images, see the System ACE CompactFlash Solution
Advance Product Specification (DS080) at:

http:/ /www.xilinx.com/support/documentation/data_sheets/ds080.pdf
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Table 4-3 shows the System ACE interface signal names, descriptions, and pin
assignments.

Table 4-3: System ACE Interface Signal Descriptions

System ACE Signal Name FPGA Pin Number
Pin Number

70 SYSACE_MPAO AB33
69 SYSACE_MPA1 AC33
68 SYSACE_MPA2 AB32
67 SYSACE_MPA3 AC32
45 SYSACE_MPA4 AD34
44 SYSACE_MPA5 AC34
43 SYSACE_MPA6 W32
66 SYSACE_MPDO AE32
65 SYSACE_MPD1 AD32
63 SYSACE_MPD2 AJ34
62 SYSACE_MPD3 AH34
61 SYSACE_MPD4 AE34
60 SYSACE_MPD5 AF34
59 SYSACE_MPD6 AE33
58 SYSACE_MPD7 AF33
77 SYSACE_CTRL0/MPOE Y32

76 SYSACE_CTRL1/MPWE Y34

42 SYSACE_CTRL2/MPCE AA34
41 SYSACE_CTRL3/MPIRQ AA33
39 SYSACE_CTRL4/MPBRDY Y33

93 SYSACE_CLK V33

50

www.Xxilinx.com

ML550 Networking Interfaces Platform
UG202 (v1.4) April 18, 2008


http://www.xilinx.com

$7 XILINX®

LVDS

Appendix A

This appendix provides the pinouts for the six LVDS connectors.

LVDS Transmit Connectors

Table A-1 lists the connections for LVDS transmit connector #1 (P73), Table A-2 lists the

connections for LVDS transmit connector #2 (P46), and Table A-3 lists the connections for
LVDS transmit connector #3 (P49). These connectors and their associated FPGA banks are
detailed on ML550 0381218 schematic pages 6, 7, and 8.

The clock multiplier U16 connections are shown in Table A-2 and associated with P46 on
schematic page 7. The multiply and divide circuitry (detailed on schematic sheet 12) is
discussed in “LVDS Connectors,” page 28.

Table A-1: LVDS Transmit Connector #1 (P73)
Ppizs# TX Signal Name PliJng# B:ngk # PFiZS# TX Signal Name P?ng# B:r?k #
1 NC 45 GND
2 NC 46 GND
3 NC 47 LVDS_DATAOUT_11N W26 17
4 NC 48 LVDS_DATAOUT_CLKCAP_10N Y29 17
5 GND 49 LVDS_DATAOUT_11P Y26 17
6 GND 50 LVDS_DATAOUT_CLKCAP_10P Y28 17
7 NC 51 GND
8 NC 52 GND
9 NC 53 LVDS_DATAOUT_CLKCAP_09N | AA31 17
10 NC 54 LVDS_DATAOUT_CLKCAP_08N | AA30 17
11 GND 55 LVDS_DATAOUT_CLKCAP_09P | AB31 17
12 GND 56 LVDS_DATAOUT_CLKCAP_08P | AA29 17
13 NC 57 GND
14 NC 58 GND
15 NC 59 LVDS_DATAOUT_07N AC29 17
16 NC 60 LVDS_DATAOUT_06N AF30 17

ML550 Networking Interfaces Platform
UG202 (v1.4) April 18, 2008

www.Xxilinx.com

51



http://www.xilinx.com

Appendix A: LVDS 27 XILINX®

Table A-1: LVDS Transmit Connector #1 (P73) (Continued)

Ppizs# TX Signal Name Plijng# Balljngk # Ppizs# TX Signal Name Plijng# B:ngk #
17 GND 61 LVDS_DATAOUT_07P AD30 17
18 GND 62 LVDS_DATAOUT_06P AF29 17
19 NC 63 GND
20 NC 64 GND
21 NC 65 LVDS_DATAOUT_05N AE31 17
22 NC 66 LVDS_DATAOUT_04N AD29 17
23 GND 67 LVDS_DATAOUT_05P AD31 17
24 GND 68 LVDS_DATAOUT_04P AE29 17
25 NC 69 GND
26 LVDS_DATAOUT_18N | V27 17 70 GND
27 NC 71 LVDS_DATAOUT_03N AG31 17
28 LVDS_DATAOUT_18P V28 17 72 LVDS_DATAOUT_02N AK31 17
29 GND 73 LVDS_DATAOUT_03P AF31 17
30 GND 74 LVDS_DATAOUT_02P AJ31 17
31 LVDS_DATAOUT_17N | V24 17 75 GND
32 LVDS_DATAOUT_16N | V29 17 76 GND
33 LVDS_DATAOUT_17P | W24 17 77 LVDS_DATAOUT_01N AH30 17
34 LVDS_DATAOUT_16P | W29 17 78 LVDS_DATAOUT_00N AG30 17
35 GND 79 LVDS_DATAOUT_01P AJ30 17
36 GND 80 LVDS_DATAOUT_00P AH29 17
37 LVDS_DATAOUT_15N | W25 17 81 GND
38 LVDS_DATAOUT_14N | W27 17 82 GND
39 LVDS_DATAOUT_15P V25 17 83 GND
40 LVDS_DATAOUT_14P Y27 17 84 GND
41 LVDS_DATAOUT_13N | Y31 17 85 GND
42 LVDS_DATAOUT_12N | W30 17 86 GND
43 LVDS_DATAOUT_13P | W31 17 87 GND
44 LVDS_DATAOUT_12P | V30 17 88 GND
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Table A-2: LVDS Transmit Connector #2 (P46)

PPi:B# TX Signal Name PliJng# BallJngk # PFi.:B# TX Signal Name PliJng# B:r?k #
1 NC 45 GND
2 NC 46 GND
3 NC 47 LVDS_DATAOUT_29N AE26 21
4 NC 48 LVDS_DATAOUT_30N AC24 21
5 GND 49 LVDS_DATAOUT_29P AE27 21
6 GND 50 LVDS_DATAOUT_30P AC25 21
7 NC 51 GND
8 NC 52 GND
9 NC 53 LVDS_DATAOUT_CLKCAP_27N | AJ29 21
10 NC 54 LVDS_DATAOUT_28N AD25 21
11 GND 55 LVDS_DATAOUT_CLKCAP_27P | AK29 21
12 GND 56 LVDS_DATAOUT_28P AD26 21
13 NC 57 GND
14 NC 58 GND
15 NC 59 LVDS_DATAOUT_25N AH28 21
16 NC 60 LVDS_DATAOUT_26N AE24 21
17 GND 61 LVDS_DATAOUT_25P AG28 21
18 GND 62 LVDS_DATAOUT_26P AD24 21
19 NC 63 GND
20 NC 64 GND
21 NC 65 LVDS_DATAOUT_23N AF28 21
22 NC 66 LVDS_DATAOUT_24N AF26 21
23 GND 67 LVDS_DATAOUT_23P AE28 21
24 GND 68 LVDS_DATAOUT_24P AF25 21
25 GCLK_TX_N AJ27 21 69 GND
26 NC 70 GND
27 GCLK_TX_P AK26 21 71 LVDS_DATAOUT_21N AG26 21
28 NC 72 LVDS_DATAOUT_22N AA26 21
29 GND 73 LVDS_DATAOUT_21P AG27 21
30 GND 74 LVDS_DATAOUT_22P AA25 21
31 LVDS_DATAOUT_35N | AA28 21 75 GND
32 XMITCLK_N 12 Ule6 76 GND
ML550 Networking Interfaces Platform www.xilinx.com 53
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Table A-2: LVDS Transmit Connector #2 (P46) (Continued)

PPi:G# TX Signal Name Plijng# Balljngk # PF;:G# TX Signal Name Plijng# B:ngk #
33 | LVDS_DATAOUT 35P | AB28 | 21 77 LVDS_DATAOUT_19N AH25 | 21
34 XMITCLK_P 13 Ul6 78 LVDS_DATAOUT_20N AG25 | 21
35 GND 79 LVDS_DATAOUT_19P A5 | 21
36 GND 80 LVDS_DATAOUT_20P AR4 | 21
37 | LVDS_DATAOUT 33N | AC27 | 21 81 GND
38 | LVDS_DATAOUT 34N | AA24 | 21 82 GND
39 | LVDS_DATAOUT_33P | AB27 | 21 83 GND
40 | LVDS_DATAOUT 34P | Y24 21 84 GND
41 | LVDS_DATAOUT 3IN | AD27 | 21 85 GND
42 | LVDS_DATAOUT 32N | AB26 | 21 86 GND
43 | LVDS_DATAOUT 31P | AC28 | 21 87 GND
44 | LVDS_DATAOUT 32P | AB25 | 21 88 GND

Table A-3: LVDS Transmit Connector #3 (P49)

PPi:Q# TX Signal Name P:jng# B:ngk # PPi:Q# TX Signal Name Plijng# B:r?k #
1 NC 45 GND
2 NC 46 GND
3 NC 47 LVDS_DATAOUT_45N AM11 22
4 NC 48 LVDS_DATAOUT_46N AC9 22
5 GND 49 LVDS_DATAOUT_45P AM12 22
6 GND 50 LVDS_DATAOUT_46P AC10 22
7 NC 51 GND
8 NC 52 GND
9 NC 53 LVDS_DATAOUT_43N AE11 22
10 NC 54 LVDS_DATAOUT_CLKCAP_44N | AJ11 22
11 GND 55 LVDS_DATAOUT_43P AF11 22
12 GND 56 LVDS_DATAOUT_CLKCAP_44P | AKl11 22
13 NC 57 GND
14 NC 58 GND
15 NC 59 LVDS_DATAOUT_41N AH10 22
16 NC 60 LVDS_DATAOUT_42N AF10 22
17 GND 61 LVDS_DATAOUT_41P AH9 22
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Table A-3: LVDS Transmit Connector #3 (P49) (Continued)

PPi:Q# TX Signal Name Plijng# Balljngk # PF;:Q# TX Signal Name Plijng# B:ngk #
18 GND 62 LVDS_DATAOUT_42P AF9 22
19 NC 63 GND
20 NC 64 GND
21 NC 65 LVDS_DATAOUT_39N AJ10 22
22 NC 66 LVDS_DATAOUT_40N AE9 22
23 GND 67 LVDS_DATAOUT_39P AJ9 22
24 GND 68 LVDS_DATAOUT_40P AF8 22
25 NC 69 GND
26 NC 70 GND
27 NC 71 LVDS_DATAOUT_37N AK9 22
28 NC 72 LVDS_DATAOUT_38N AGI11 22
29 GND 73 LVDS_DATAOUT_37P AKS8 22
30 GND 74 LVDS_DATAOUT_38P AGI10 22
31 LVDS_DATAOUT_5IN | AP14 22 75 GND
32 LVDS_DATAOUT_52N | AA10 22 76 GND
33 LVDS_DATAOUT _51P | AN14 22 77 NC
34 LVDS_DATAOUT _52P | ABI10 22 78 LVDS_DATAOUT_36N AHS 22
35 GND 79 NC
36 GND 80 LVDS_DATAOUT_36P AGS8 22
37 LVDS_DATAOUT_49N | AM13 22 81 GND
38 LVDS_DATAOUT_50N | AA9 22 82 GND
39 LVDS_DATAOUT_49P | AN13 22 83 GND
40 LVDS_DATAOUT_50P | AAS8 22 84 GND
41 LVDS_DATAOUT_47N | AN12 22 85 GND
42 LVDS_DATAOUT_48N | ABS8 22 86 GND
43 LVDS_DATAOUT _47P | AP12 22 87 GND
44 LVDS_DATAOUT_48P | ACS 22 88 GND
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LVDS Receive Connectors

Table A-4 lists the connections for LVDS receive connector #1 (P74), Table A-5 lists the
connections for LVDS receive connector #2 (P6), and Table A-6 lists the connections for
LVDS receive connector #3 (P3). These connectors and their associated FPGA banks are
detailed on ML550 0381218 schematic pages 9, 10, and 11.

The clock divider U17 connections are shown in Table A-5 and associated with P6 on
schematic page 10. The multiply and divide circuitry (detailed on schematic sheet 12) is
discussed in “LVDS Connectors,” page 28.

Table A-4: LVDS Receive Connector #1 (P74)

PFi:4# RX Signal Name Plijng# Bal:n?( # PFi:4# RX Signal Name Plijng# Bal:ﬁ( #
1 LVDS_DATAIN_00P H30 15 45 GND 15
2 LVDS_DATAIN_01P F31 15 46 GND
3 LVDS_DATAIN_00N G31 15 47 LVDS_DATAIN_16P U30 15
4 LVDS_DATAIN_01N E31 15 48 LVDS_DATAIN_17P H29 15
5 GND 49 LVDS_DATAIN_16N T30 15
6 GND 50 LVDS_DATAIN_17N J29 15
7 LVDS_DATAIN_02P U25 15 51 GND
8 LVDS_DATAIN_03P J30 15 52 NC
9 LVDS_DATAIN_02N 125 15 53 LVDS_DATAIN_18P G30 15
10 LVDS_DATAIN_03N J31 15 54 NC
11 GND 55 LVDS_DATAIN_18N F30 15
12 GND 56 GND
13 LVDS_DATAIN_04P U26 15 57 NC
14 LVDS_DATAIN_05P R26 15 58 NC
15 LVDS_DATAIN_04N 126 15 59 NC
16 LVDS_DATAIN_05N R27 15 60 NC
17 GND 61 GND
18 GND 62 GND
19 LVDS_DATAIN_06P L29 15 63 NC
20 LVDS_DATAIN_07P U227 15 64 NC
21 LVDS_DATAIN_06N K29 15 65 NC
22 LVDS_DATAIN_07N U28 15 66 NC
23 GND 67 GND
24 GND 68 GND
25 LVDS_DATAIN_CLKCAP_08P M31 15 69 NC
26 LVDS_DATAIN_CLKCAP_09P P31 15 70 NC
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Table A-4: LVDS Receive Connector #1 (P74) (Continued)

PF;:4# RX Signal Name Plijng# Bal:I?( # PF;:4# RX Signal Name Plijng# Bal:I?( #
27 LVDS_DATAIN_CLKCAP_08N N30 15 71 NC
28 LVDS_DATAIN_CLKCAP_09N P30 15 72 NC
29 GND 73 GND
30 GND 74 GND
31 LVDS_DATAIN_CLKCAP_10P K31 15 75 NC
32 LVDS_DATAIN_CLKCAP_11P N29 15 76 NC
33 LVDS_DATAIN_CLKCAP_10N L31 15 77 NC
34 LVDS_DATAIN_CLKCAP_11IN P29 15 78 NC
35 GND 79 GND
36 GND 80 GND
37 LVDS_DATAIN_12P L30 15 81 GND
38 LVDS_DATAIN_13P R28 15 82 GND
39 LVDS_DATAIN_12N M30 15 83 GND
40 LVDS_DATAIN_13N R29 15 84 GND
41 LVDS_DATAIN_14P T31 15 85 GND
42 LVDS_DATAIN_15P T28 15 86 GND
43 LVDS_DATAIN_14N R31 15 87 GND
44 LVDS_DATAIN_15N T29 15 88 GND

Table A-5: LVDS Receive Connector #2 (P6)

Pli:ns# RX Signal Name P?ng# Bal:I?( # Pli:ns# RX Signal Name P?ng# Bal:I?( #
1 LVDS_DATAIN_20P N27 19 45 GND
2 LVDS_DATAIN_19P N24 19 46 GND
3 LVDS_DATAIN_20N M27 19 47 RCVCLK_P 2 u17
4 LVDS_DATAIN_19N P24 19 48 LVDS_DATAIN_35P F25 19
5 GND 49 RCVCLK_N 3 u17
6 GND 50 LVDS_DATAIN_35N F26 19
7 LVDS_DATAIN_22P K28 19 51 GND
8 LVDS_DATAIN_21P P25 19 52 GND
9 LVDS_DATAIN_22N L28 19 53 NC
10 LVDS_DATAIN_21N N25 19 54 GCLK_RX_P J14 3
11 GND 55 NC
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Table A-5: LVDS Receive Connector #2 (P6) (Continued)

P|i:n6# RX Signal Name P:Jng# Bal:I?( # P|i:n6# RX Signal Name P';'ng# Bal:I?( #
12 GND 56 GCLK_RX_N H13 3
13 LVDS_DATAIN_24P J24 19 57 GND
14 LVDS_DATAIN_23P J27 19 58 GND
15 LVDS_DATAIN_24N J25 19 59 NC
16 LVDS_DATAIN_23N J26 19 60 NC
17 GND 61 NC
18 GND 62 NC
19 LVDS_DATAIN_26P G25 19 63 GND
20 LVDS_DATAIN_25P H25 19 64 GND
21 LVDS_DATAIN_26N G26 19 65 NC
22 LVDS_DATAIN_25N H24 19 66 NC
23 GND 67 NC
24 GND 68 NC
25 LVDS_DATAIN_CLKCAP_28P H28 19 69 GND
26 LVDS_DATAIN_CLKCAP_27P E26 19 70 GND
27 LVDS_DATAIN_CLKCAP_28N G28 19 71 NC
28 LVDS_DATAIN_CLKCAP_27N E27 19 72 NC
29 GND 73 NC
30 GND 74 NC
31 LVDS_DATAIN_30P K27 19 75 GND
32 LVDS_DATAIN_CLKCAP_29P G27 19 76 GND
33 LVDS_DATAIN_30N K26 19 77 NC
34 LVDS_DATAIN_CLKCAP_29N H27 19 78 NC
35 GND 79 NC
36 GND 80 NC
37 LVDS_DATAIN_32P P26 19 81 GND
38 LVDS_DATAIN_31P R24 19 82 GND
39 LVDS_DATAIN_32N P27 19 83 GND
40 LVDS_DATAIN_31N T24 19 84 GND
41 LVDS_DATAIN_34P M25 19 85 GND
42 LVDS_DATAIN_33P M28 19 86 GND
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Table A-5: LVDS Receive Connector #2 (P6) (Continued)

P|i:n6# RX Signal Name P:Jng# Bal:I?( # P|i:n6# RX Signal Name P';'ng# Bal:I?( #

43 LVDS_DATAIN_34N M26 19 87 GND

44 LVDS_DATAIN_33N N28 19 88 GND

Table A-6: LVDS Receive Connector #3 (P3)
P|iDn3# RX Signal Name P'ijng# Bal:'nsl,( # pfn3# RX Signal Name Plijng# Bal:'nsl,( #

1 LVDS_DATAIN_36P E9 20 45 GND

2 NC 46 GND

3 LVDS_DATAIN_36N E8 20 47 LVDS_DATAIN_52P K11 20
4 NC 48 LVDS_DATAIN_51P N10 20
5 GND 49 LVDS_DATAIN_52N J11 20
6 GND 50 LVDS_DATAIN_51N N9 20
7 LVDS_DATAIN_38P F11 20 51 GND

8 LVDS_DATAIN_37P F9 20 52 GND

9 LVDS_DATAIN_38N E1l 20 53 NC

10 LVDS_DATAIN_37N F8 20 54 NC

11 GND 55 NC

12 GND 56 NC

13 LVDS_DATAIN_40P D11 20 57 GND

14 LVDS_DATAIN_39P F10 20 58 GND

15 LVDS_DATAIN_40N D10 20 59 NC

16 LVDS_DATAIN_39N G10 20 60 NC

17 GND 61 NC

18 GND 62 NC

19 LVDS_DATAIN_42P Gl1 20 63 GND

20 LVDS_DATAIN_41P G8 20 64 GND

21 LVDS_DATAIN_42N G12 20 65 NC

22 LVDS_DATAIN_41N HS8 20 66 NC

23 GND 67 NC

24 GND 68 NC

25 LVDS_DATAIN_CLKCAP_44P K8 20 69 GND

26 LVDS_DATAIN_CLKCAP_43P B13 20 70 GND

27 LVDS_DATAIN_CLKCAP_44N K9 20 71 NC
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Table A-6: LVDS Receive Connector #3 (P3) (Continued)

P|i:n3# RX Signal Name P:Jng# Bal:I?( # P|i:n3# RX Signal Name P:Jng# Bal:I?( #
28 LVDS_DATAIN_CLKCAP_43N C13 20 72 NC
29 GND 73 NC
30 GND 74 NC
31 LVDS_DATAIN_46P D12 20 75 GND
32 LVDS_DATAIN_45P H10 20 76 GND
33 LVDS_DATAIN_46N C12 20 77 NC
34 LVDS_DATAIN_45N H9 20 78 NC
35 GND 79 NC
36 GND 80 NC
37 LVDS_DATAIN_48P E12 20 81 GND
38 LVDS_DATAIN_47P L10 20 82 GND
39 LVDS_DATAIN_48N E13 20 83 GND
40 LVDS_DATAIN_47N L11 20 84 GND
41 LVDS_DATAIN_50P Ms 20 85 GND
42 LVDS_DATAIN_49P M10 20 86 GND
43 LVDS_DATAIN_50N L8 20 87 GND
44 LVDS_DATAIN_49N L9 20 88 GND
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LVDS Loopback Board

The Xilinx LVDS Loopback board (P /N 0431395) is an ML550 accessory board that bridges
the ML550 LVDS Transmit and Receive Samtec connectors. Figure B-1 is a photograph of
the board.

S XILINX®:

QUL

UG202_B_01_050906

Figure B-1: Xilinx LVDS Loopback Board

The specifications for the loopback board are:

e Dimensions are 2.25 inches by 7.00 inches

e 10 layers

¢ RoHS Polyclad 370HR material (FR4 equivalent)
e Silver immersion finish

e 75 mil thickness

e 100 Q+10% differential signal pair impedance

e Trace length specification is matched 25+ ps

e Base trace length rule is a minimum of 6439 mils and a maximum of 6527 mils, with a
delta of 88 mils

e Propagation delay is 1 ps per 5.71428 mils

e Actual trace is minimum of 1126.825 ps and a maximum of 1142.225 ps
e Trace-to-trace maximum delay differential is 15.400 ps

e Trace length specification is 6483 mils + 44 mils

e Delay specification is 1134.526 ps + 7.700 ps
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Appendix C

LCD Interface

This appendix is extracted from the XLVDSPRO Demonstration Boards User Guide (UG037).
It describes the LCD interface for the XLVDSPRO demonstration boards, which is identical
to that used in the ML550 Development Board. The documentation is reproduced here for
convenience.

General

The XlvdsPro_Pwrlo board has a full graphical LCD display. This display has been chosen
because of its possible use in embedded systems. A character-type display also can be
connected because the graphical LCD used has the same interface as all character-type
LCD panels.

A hardware character generator must be designed in order to display characters on the
screen.

Display Hardware Design

The FPGA (I/0O functioning at 2.5V) is connected to the graphic LCD display through a set
of voltage-level converting devices. These switches translate the 2.51/0 voltage to a 3.3V
voltage for the LCD display.

To use the display, DIP switch 4 of the switch array DIP1 must be closed. When this switch
is open, the I/O used for the LCD can be used for other applications through the SamArray
connectors.

A graphics-based LCD panel from DisplayTech (64128EFCBC-XLP) is used on the
Virtex-1I Pro FPGA board. The control for this LCD panel is based on the KS0713 controller
from Samsung. The KS0713 is a 65-column, 132-segment driver-controller device for
graphic dot matrix LCD display systems. The chip accepts serial or parallel display data.
The 8-bit parallel interface is compatible with most LCD panel manufacturers. The serial
connection mode is write only.

Extra features added to the interface in addition to the normal parallel signals are:

¢ Intel or Motorola compatible interface
e External reset of the chip

e External chip select
The interface also contains the following built-in options for the display and controller:

¢  On-chip oscillator circuitry
¢ On-chip voltage converter (x2, x3, x4, and x5)

e A 64-step electronic contrast control function
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Table C-1 summarizes the controller specifications.
Table C-1: Display Controller Specifications

Parameter Specification
Supply voltage 2.4V to 3.6V (Vpp)
LCD driving voltage 4V to 15V (Vi cp=V0-Vpp)
Power consumption 70uA typical (Vpp = 3V, x4 boost, VO = 11V,
internal supply = ON)
Sleep mode 2uA
Standby mode 10uA

The on-chip RAM size is 65x132 = 8580 bits.

Hardware Schematic Diagram

>
g
< LCD-BUS LED
& Rst MI - + Vecc Gnd
1r LCD_D[7:0]
IC19
3.3V
ENA, R/W, RSEL, CS1B
| ['] 3.3V 3.3V
1C22 68xx
3.3V *—1C23
68xx
DIP1_4
i | Default = Default = 68xx
- Resistor to Gnd
I
Backlight ON/OFF ’ﬁ
UG202_C_01_050906
Figure C-1: Display Schematic Diagram
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Hardware Schematic Diagram

Peripheral Device KS0713

VDD

VSS

Figure C-2 shows only the signals of interest for the LCD controller. Download the data

sheet from the Samsung web pages for a complete signal listing.

T

33 Common

Driver Dri
Circuits

132 Segment

Circuits

ver

33 Common
Driver
Circuits

Segment Controller Common Controller
vF || L
Circuit
Page I/0 Display Data RAM Line | )
Address | Buffer 65 x132 = Address Display
Circuit 8580 Bits Circuit —|  Timing
Generator
\_//R_ | Circuit
Circuit
Column Address
Circuit
Oscillator
V/C
Circuit - Status Register Instruction Register
I
— Bus Holder Instruction Decoder
MPU Interface (Parallel and Serial)
A
O I MIJT UIVEZUUUUUUUOU
» O_SOmM~T 000D mmoo
= g| % Noakewn =0
= 4 o
L W o O
KS0713 Samsung =
~ UG202_C_02_050906

Figure C-2: KS0713 Block Diagram
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VSS l Jumper J3
VDD Parallel, Serial Selection.
M Default is parallel.

DB7
DB6
DB5
DB4
DB3
DB2
10 DB1
11 DBO C64
12 E > LCD Panel
13 R/W
14 RS
15 RST
16 CS1B

1e LEB* LED Backlight

./

S128

CoONOOTRhWN =

Controller
KS0713

UG202_C_03_050906

Figure C-3: 64128EFCBC-XLP Block Diagram
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-
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Figure C-4: 64128EFCBC-XLP Dimensions
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Hardware Schematic Diagram

Table C-2: LCD Panel

Controller — Operation

The pixels for the LCD panel are stored in the controller data RAM. This RAM is a 65-row
by 132-column array. Each display pixel is represented by a single bit in the RAM array.

The interface to the RAM array goes through the 8-bit (DB0 — DB7) LCD interface.
Therefore, the 65-bit rows are split into eight pages of eight lines. The ninth page is a single
line page (DBO only).

Interface designs can read from or write to the RAM array.
The display page is changed through the 4-bit page address register.

The column address (line address) is set with a two-byte register access. The line address
corresponds to the first line that is going to be displayed on the LCD panel. This address is
located in a 6-bit address register.

The RAM array is configured such that there are two characters per row (page), where each
character pair uses eight rows of the display panel. Table C-2 shows the input data bytes,
address lines, ADC control, and LCD outputs (segments).

DB3

DB2

DB1

DBO

Data

Line
Address

DBO

00H

01H

02H

03H

Page 0
04H

05H

06H

07H

08H

09H

0AH

0BH

Page 1
0CH

0DH

OEH

0FH
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Table C-2: LCD Panel (Continued)

DB3|DB2|DB1|DBO0| Data Line
Address
DBO 10H
DB1 11H
DB2 12H
DB3 13H
0 0 1 0 Page 2
DB4 14H
DB5 15H
DB6 16H
DB7 17H
DBO 18H
DB1 19H
DB2 - 1AH
DB3 . 1BH
00|11 Page 3
DB4 . fy—
-1_N
DB6 . 1EH
DB7 1FH
DBO 20H
DB1 21H
DB2 22H
DB3 23H
0 10710 Page 4
DB4 24H
DB5 25H
DB6 26H
DB7 27H
DBO . -
DB1 29H
DB2 2AH
DB3 JBH
0 1 0 1 Page 5
DB4 2CH
DB5 DH
DB6 . o
DB7 OFH
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Table C-2: LCD Panel (Continued)

Line
Address

DB3|DB2|DB1 DBO

30H

31H

32H

33H
Page 6

34H

35H

36H

37H

38H

39H

3AH

3BH

Page 7

3CH

3DH

DB6 3EH

DB7 3FH
110/ 0| o0 DB Page 8

Column ADC=0 (0 |1 |2 |3 |4 |5 |6 7 |8 19
Address

>
o]
N
[ea]
N
s
x
o
0]
—
o]
N
0]
@

ADC=1 |83 |82 |81 |80 |7F |7E |7D |7C |7B |7A |79 |78 5

I
w
N
—_
(=)

LCD Output

1 3°s
7355
¢ 3og
¥ 39s
G 3g
935
L9335
g 35
6395
01 338
11 838
TI38s
£T1 398
§z1 385
6¢1 895
0e1 395
1€1 395
ze1 8es

When a page is addressed, all the bits representing dots on the LCD panel can be accessed
in that page. An array of 8x132 bits is available. The line address dictates what line of the
RAM is going to be displayed on the first line of the glass panel.
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Controller — LCD Panel Connections

The controller die, KS0713, connects to the LCD glass panel and user connection pins via a
small PCB. Other necessary pins have default connections on the PCB. Table C-3 shows
how all pins of the die are connected. The pins in blue connect to default values on the
PCB, and the other pins connect to the user-accessible connectors.

Table C-3: KS0713 Pin Connections

Connector J1 | Connector J2 Con:(;tB:tion Connected to S':liagrr:lzl Description
16 16 1 CS1B Chip enable is active Low
15 15 2 RESETB | Initialize the LCD
14 14 3 RS Register select
13 13 4 RW_WR | Read/Write
12 12 5 E_RD Enable/Read
1 11 6 DBO0 8-bit bidirectional data bus.
10 10 7 DB1 In serial mode DBO0-DB5 are High
impedance, DB6 is the serial clock
9 9 8 DB2 input, and DB7 is the serial data
8 8 9 pe3 | MPut
7 7 10 DB4
6 6 11 DB5
5 5 12 DB6
4 4 13 DB7
3 3 14 MI Processor mode select
15 PS Parallel or Serial
1 1 16 VSS Ground
2 2 17 VDD Power Supply
LCD Control Pins
VDD CS2 Active High chip enable.
VDD DUTY0 | LCD driver duty ratio. Set to 1/65
VDD DUTY1
VDD MS Master / Slave operation. Set to
Master
VDD CLS Built-in oscillator enable
VSS TEMPS | Set to -0.05%/°C
VDD INTRS Internal resistors used
VSS HPM Normal mode set
VDD BSTS Voltage converter input is VDD
(2.4<VDD<3.6)
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Table C-3: KS0713 Pin Connections (Continued)

Connector J1 | Connector J2 Con:(;tB:tion Connected to s':ligr?lzl Description
OPEN DISP Only used in Master/Slave
OPEN CL Display clock input
OPEN M Only used in Master/Slave
OPEN FRS Only used in Master/Slave
Voltage Converter and Control
18 VOUT Voltage converter in or out
19 C3+ Voltage pump capacitors
20 C3-
21 Cl+
22 C1-
23 C2+
24 C2-
25 Vo LCD driver supply.
2% Vi The relationship of the voltages is
V0>V1>V2>V3>V4>VSS.
27 V2 When the internal power supply is
28 V3 active, these voltages are generated.
29 V4
30 VSS1
VSSs DCDC5B | Power Supply Control
OPEN VR V0 Adjustment pin
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Controller — Power Supply Circuits

Figure C-5 shows the power supply circuits. The power supply is used in the five times
boost mode, where VDD is 3.3V and VOUT is 16.5V. VOUT is the operating voltage of the
operational amplifier delivering the operating voltage, VO, for the LCD panel.

DUTY1

DUTY2

BSTS

VOUT

5xVDD

MS

INTRS
2 17 VDD
VDD
18 VOUT
25
26
27
VDD
28 — 1

29

1 30 VSSH VSS

VSS
16 VSS

DCDC5B

UG202_C_05_050906

Figure C-5: Power Supply Circuits

The LCD operating voltage, V0, is set with two resistors, Ry and Rg. INTRS is driven Low
when the resistors are external. INTRS is driven High when the resistors are internal. For
the XlvdsPro_Pwrlo board, internal resistors are selected.

The LCD operating voltage (V0) and the Electronic Volume Voltage (Vgy) can be calculated
in units of V with these formulae:

R
Vo = (1 + —B) X Vgy Equation C-1
Ry

63 — o .
Vey = (1 - W) X VeEE Equation C-2

In Equation C-2, Vxggis equal to 2.0V at 25 °C.

The values of the reference voltage parameter, 0, and the ratio R /Rp are determined with
bit settings in the LCD controller’s instruction registers. Thus, it is possible to change
physical operating parameters of the LCD through register bit settings, controlling the
operating voltage, and the electronic volume level.
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Hardware Schematic Diagram

The voltage and contrast settings must be configured before the LCD panel is ready for

operation. Figure C-6 shows the initialization procedure required to set up the LCD
controller.

Setup Instruction Flow

Power ON

Board Power Supply Start

RESETB Pin is Kept LOW

Start FPGA Configuration
RESETB Pin is Kept LOW

FPGA Configured and Application Running

RESETB Pin is Taken HIGH

ADC Select

-ADC =0 SEG1 --> SEG132
-ADC =1 SEG132 --> SEG1
SHL Select

-SHL =0 COM1 --> COM64
-SHL=1 COM®64 --> COMA1

ADC Select
SHL Select
LCD Bias Select

Voltage Converter ON
Voltage Regulator ON
Voltage Follower ON

Regulator Resistor Select
Set Reference Voltage

End Initialization

LCD Bias

DUTYO, 1is "11".
LCD Bias 0 =1/7
LCD Bias 1 =1/9

Wait between each instruction longer
than 1 ms to let the voltages stabilize.

The on-chip resistors are used.
Therefore, the selection MUST be
setto 101.

Setting Reference Voltage

is a two-pass instruction:

- Set Reference Voltage Mode

- Set Reference Voltage Register

UG202_C_06_050906

Figure C-6: LCD Controller Initialization Flow

Operation Example of the 64128EFCBC-3LP

The KS0713 LCD controller has several default settings of operation on the LCD panel
display PCB. Some settings are forced through direct bonding on the chip. The default
settings are:

Master mode
Parallel mode

Internal oscillator

Duty cycle ratio is set to 1/65
Voltage converter input is between 2.4V <VDD 3.6V, where VDD connects to 3.3V

Internal voltage divider resistors

Temperature coefficient is set to -0.05%/°C
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¢ Normal power mode

is set

e The voltage follower and voltage regulator are set to:

¢ Five times boost mode
¢ The V4,V3,V2, V1, and VO outputs depend on the bias settings of 1/9 or 1/7.

Because of these default settings, the following display controller connections are not used:

DISP: Turns into an output when Master mode is selected

FRS: Static driver segment output

e M: Used in Master/Slave display configurations

e CL: Clock pin used in Master/Slave display configurations

When RESETB is Low, the display controller is initialized as indicated in Table C-4.
Table C-4: Display Controller Initialization (RESETB is Low)

Parameter Initial Value
Display OFF
Entire display OFF
ADC select OFF
Reverse display OFF
Power control 0,0,0 (VC, VR, VF)
LCD bias 1/7
Read-modify-write OFF
SHL select OFF
Static indicator mode OFF
Static indicator register 0,0 (S1, S0)
Display start 0 (First line)
Column address 0
Page address 0
Regulator select 0,0,0 (R2, R1, RO)
Reference voltage OFF
Reference Voltage register 1,0,0,0,0,0 (SV5,SV4, SV3, SV2,SV1, SV0)

When RESETB is High, the display must be initialized. The first steps to be taken to
guarantee correct operation of the display and the controller are:

¢ Configure the ADC bit. This bit determines the scanning direction of the segments.

¢ When the RESETB signal is active, ADC is reset to 0, meaning that the segments

are scanned from

SEG1 up to SEG132.

¢  When ADC is set to 1, the segments are scanned in opposite direction.
e Configure the SHL bit. This bit sets the scanning direction of the COM lines.
¢ When the RESETB signal is active, SHL is reset to 0, meaning that the segments

are scanned from

COML1 up to COM64.

www.Xxilinx.com
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¢ When SHL is set to I, the common lines are scanned in opposite direction.
Once configured, these settings normally are not changed.

¢ Select the LCD bias settings.

¢ The duty cycle is selected as 1/65 by hardwiring the controller IC pads on the
display PCB.

¢ The LCD bias is set to:

- 1/7: when the BIAS bitis 0

- 1/9: when the BIAS bitis 1
The following steps are performed next:
e  Start the onboard converter, regulator, and follower
e  Set the Regulator Resistor values (see Table C-5)
e Configure the reference voltage register parameters (see Table C-6)
Table C-5: Resistor Value Settings
3-Bit Data Settings (R2 R1 RO0)

000 001 010 011 100 101 110 111
1+(Rb/Ra) 1.90 2.19 2.55 3.02 3.61 4.35 5.29 6.48
Table C-6: Reference Voltage Parameters
SV5 | SvV4 | SV3 | SV2 | SV1 | SVO Reference Voltage Parameter (o)
0 0 0 0 0 0 0
0 0 0 0 0 1 1
1 1 1 1 1 0 62
1 1 1 1 1 1 63

At startup of the LCD controller (after RESETB operation), the resistor and reference
voltage values are:

e Resistor selection is: 0,0,0
e Reference voltage is: 1,0,0,0,0,0
The Resistor selection value MUST be set to 101b when using this LCD panel.

After the display is brought to operational mode, it is best to wait at least 1 ms to ensure the
stabilization of power supply levels. After this time, all other necessary display
initializations can be performed.
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Instruction Set
Table C-7 shows the instruction set for the LCD panel.
Table C-7: Display Instructions

Instruction RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Read display data 1 1 Read Data

8-bit data specified by the column and page address can be read from the Display Data RAM. The column address is increased automatically,
thus data can be read continuously from the addressed page.

Write display data 1 0 Write Data

8-bit data can be written into a RAM location specified by the column and page address. The column address is increased automatically, thus
data can be written continuously to the addressed page.

Read status 0 1 BUSY ADC ONOFF | RESETB 0 0 0 0

BUSY: Device is BUSY when internal operation or reset. (O=active, 1 =busy).
ADC: Indicates the relationship between RAM column address and segment driver.
ONOFF: Indicates display ON or OFF status.

RESETB: Indicates if initialization is in progress.

Display ON/OFF 0 0 1 0 1 0 1 1 1 DON
Turn display ON or OFF. (1=ON, 0 = OFF)
Initial display line 0 0 0 1 ST5 ST4 ST3 ST2 ST1 STO
Sets the line address of the display RAM to determine the initial line of the LCD display.
ST5 ST4 ST3 ST2 ST1 STO
0 0 0 0 0 0 Line address 0
0 0 0 0 0 1 Line address 1
1 1 1 1 1 0 Line address 62
1 1 1 1 1 1 Line address 63
Set reference voltage mode 0 0 1 0 0 0 0 0 0 1
Set reference voltage register 0 0 X X SV5 Sv4 SV3 SV2 SV1 SV0
This is a two-byte instruction. The first instruction sets the reference voltage mode. The second instruction sets the reference voltage parameter.
SV5 Sv4 SV3 Sv2 SV1 SV0
0 0 0 0 0 0 0
0 0 0 0 0 1 1
1 1 1 1 1 0 62
1 1 1 1 1 1 63
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Table C-7: Display Instructions (Continued)

Instruction RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Set page address 0 0 1 0 1 1 P3 P2 P1 PO
This instruction sets the address of the display data page. Any RAM data bit can be accessed when its page address and column address are
specified. Changing the Page Address does not affect the display status.
P3 P2 P1 PO
0 0 0 0 page 0
0 0 0 1 page 1
0 1 1 1 page 7
1 0 0 0 page 8
Set column address MSB 0 0 0 0 0 1 Y7 Y6 Y5 Y4
Set column address LSB 0 0 0 0 0 0 Y3 Y2 Y1 YO
This instruction sets the address of the display data RAM. When a read or write to or from the display data RAM occurs, the addresses are
automatically increased.
Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO0
Col
0 0 0 0 0 0 0 0
Addr 0
Col
1
0 0 0 0 0 0 0 Addr1
Col
1 1 1 1 1 1 1 0 Addr
130
Col
1 1 1 1 1 1 1 1 Addr
131
ADC select 0 0 1 0 1 0 0 0 0 ADC
This instruction changes the relationship between RAM column address and segment driver.
ADC =0, SEG1 --> SEG132  default mode
ADC =1, SEG132 --> SEG1
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Table C-7: Display Instructions (Continued)

Instruction RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Reverse display ON/OFF 0 0 1 0 1 0 0 1 1 REV

REV RAM bit data ="1" RAM bit data ="'0"

0 Pixel ON Pixel OFF
1 Pixel OFF Pixel ON
Entire display ON/OFF 0 0 1 0 1 0 0 1 0 EON

This instruction forces the display to be turned on regardless of the contents of the display data RAM. The contents of the display data RAM
are saved. This instruction has priority over reverse display.

LCD bias select 0 0 1 0 1 0 0 0 1 BIAS

This instruction selects the LCD bias.

D
"Y' Bias=0 | Bias=1
ratio
1/65 1/7 1/9
Set modify-read 0 0 1 1 1 0 0 0 0 0

This instruction stops the automatic incrementing of the column address by a read operation. The automatic increment is still done with a
write operation.

Reset modify-read 0 0 1 1 1 0 1 1 1 0

This instruction resets the changed modify-read to the normal.

Reset 0 0 1 1 1 0 0 0 1 0

This instruction resets the LCD controller registers to the default values. The instruction CANNOT initialize the LCD power supply initialized
with RESETB.

SHL select 0 0 1 1 0 0 SHL X X X

This instruction sets the COM output scanning direction.

SHL =0, COM1 ----> COM64 (default)
SHL =1, COM64 ----> COM1

Power Control 0 0 0 0 1 0 1 VC VR VF

This instruction selects one of the eight power circuit functions. In the case of the DisplayTech 64128EFCBC display, these must be kept at
“000.”

Regulator resistor select 0 0 0 0 1 0 0 R2 R1 RO

This instruction selects the resistor ratio Rb/Ra.

Set static indicator mode 0 0 1 0 1 0 1 1 0 SM

Set static indicator register 0 0 X X X X X X S1 SO

This is a two-byte instruction. The first instruction enables the second instruction. The second instruction update the contents of the static
indicator register.

78 www.xilinx.com ML550 Networking Interfaces Platform
UG202 (v1.4) April 18, 2008


http://www.xilinx.com

S XILINX® Hardware Schematic Diagram

Read/Write Characteristics (6800 Mode)
Table C-8: Read/Write Characteristics in 6800 Mode

Parameter Signal Symbol Min Typ Max Unit
Address setup time Tas 13 - - ns
RS
Address hold time Tan 17 - - ns
Data setup time Tps 35 - - ns
DB7 to DBO
Data hold time Toy 13 - - ns
Access time Tacc - - 125 ns
Output disable time Top 10 - 90 ns
System cycle time RS Teye 400 - - ns
TPWR 125 - ns
Enable pulse width Read/write E_RD
TPWW 55 - ns
RS
Rw X
TAs TAH
CS1B \
‘ Tcye N
TPWR TPww
E
- Tbs > <TDH>
WRITE
DB0-DB7
TACcC Tob
READ
UG202_C_07_050906
Figure C-7: Read/Write Timing Waveforms (6800 Mode)
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Design Examples

LCD Panel Used in Full Graphics Mode

The LCD controller RAM has eight 132-byte pages (in fact, there are nine pages; page 9 is
special). Each page is one-byte wide. If all the pages are put in one memory block, then the
needed space is 8 pages x 8 bits x 132 pixels or 8448 bits (1056 bytes).

One Virtex-4 block RAM can be configured as 8+1 by 2048.

One block RAM can be used to store one complete pixel view of the LCD panel. There is
enough space left for commands.

The ninth bit in the block RAM memory indicates whether the data in the block RAM is
real data to be displayed or is a command for the controller.

The interface to the LCD panel is slow. The E signal can be used as the controller clock
signal. This signal has a minimum cycle time of 400 ns for displaying 8 bits (equal to 8 dots)
on the LCD. One full page of the display takes up to 132 x 400 ns = 52.8 us. Updating the
full display takes 52.8 us x 8 = 423 ps.

If using the dual port and data width capabilities of the block RAM, writes to the block
RAM can be 32 bits (+4 control bits), and reads from the block RAM on the LCD side can be
8 bits (1 control bit). An entire LCD page is updated in 33 write operations.

The interface on the LCD panel side sequentially reads the block RAM and thus updates
the screen contiguously (like a television screen). The controller (microcontroller or other)
side of the block RAM can be written at any time.

The write operation happens on the rising edge of the clock, and the read (LCD update)
happens on the falling edge of the clock. Normally, write and read operations at the same
address give corrupt read data when the read and write clock edges do not respect the
clock-to-clock setup timing. This problem is solved by using both edges of the clock.

A state machine is used to provide correct timing of the signals on the LCD panel side. The
panel can be used in write-only mode or in read / write mode. Most of the time LCD panels
operate in write-only mode.

At first the block RAM must be initialized with some data (instructions to the LCD) to
make the LCD operate correctly.
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__ RData (8+gnd)

Dataln (8)

DataOut (8)

DB (8)
-

WData (32+4) lorD ="1" Instruction |  iorD (bit 9)

Address 0'Data | =y

=

Write read

CoreConnect

Enable ena
Clock > Clock

Block RAM

Clock |

CS1B

RS

RW

Clock

Reset

State

Machine

Reset

Clock 2

Design for Full Graphics Interface, Attached to CoreConnect Bus
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Figure C-8: General Block Diagram of Panel in Full Graphics Mode

LCD Panel Used in Character Mode

This design example requires a byte representing a command or data to be displayed as

input.

e  When the Enable signal is Low, nothing happens. The display interface design is

locked.

e  When the Enable signal is High and the “data_or_command” control signal is Low,

the byte written is a display command.

e  When the Enable signal and the data_or_command control signal are High, the byte
written is the ASCII character code of the character to be put on the display.

Display Command Byte

The command set of the display can be found in Table C-7.

When the LCD interface is enabled for the first time, a set of command bytes is sent to the
LCD. This command set provides the basic initialization of the LCD display controller.
When this initialization is done, the normal LCD display interface is freed for normal use.
Command bytes from the valid command set can be sent to the display (controller).

A detailed description of the LCD controller interface can be found in the

Toplevel.vhd. txt file.
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Display Data Byte

The supplied byte must be a valid ASCII representation of a character as shown in

Figure C-9.
uppes
Jower P15 | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | o110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1910 | 1111
bits
xooc 0000 1
wxpe 0001 2
oo 0010 3
w0011 4
oo 0100 5
w0101 [
oo 0110 7
xxnx 0111 ]
oooe 1000 9
=
x oo |10 L
nm
[
oo 1010 | 11 ...
[T
H) H
oo 1011 | 12 - -
L] w
H H
H H
oo 1100 13 E E
aie H
v .~
u mn wa H
x 10| 14 PR L G
o . : - .
oo 1110 | 15 (e, . H By wnede
S ERES i I
e 1111 16 | "a"a| o™ - H bl P
" |" .lll- lllll —- - H H

UG202_C_09_050906

Figure C-9: ASCII Character Representations

The character set is stored in block RAM (used as ROM). For the layout of the block RAM
character set, see the CharactersSet.xls file. The block RAM (see Figure C-10) is
organized as small arrays of eight bytes, which is easy for address calculation.
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— 2047

1280
Addr[10:0] 1279

1024
1023

256
255

RAMB16_S9 L_ 0

Data[7:0]

—

FO - FF

EO - EF

DO - DF

Co0-CF

BO - BF

AO - AF

Not Used

Not Used

70 - 7F

60 - 6F

50 - 5F

40 - 4F

30 - 3F

20 - 2F

10-1F

Not Used

The RAM array is divided in
pages of eight bytes by 16,
forming an array of 128 bytes.
This array represents one
column of standard ASCII table.
A character is stored as:

N-x
N
N-1 Shift
Direction
Addr —
0

01234567 Data

UG202_C_10_050906

Figure C-10: Block RAM Organization

When presenting byte value 30 hex, character 0 must be displayed. Shifting the value
00110000b (30h) up three positions gives the value 180h or 348d.

Because each character uses eight byte locations, character 0 in the character set starts from
memory location 348 decimal.

For example, character X has byte value 58h or 01011000b. Shifting this value three
positions gives the value 2C0h or 704d.

Figure C-11 shows a block diagram of the LCD character generator controller. Character

data is latched and then shifted left three positions. This shifted value is the start byte for a
counter that outputs an address to the block RAM. The result is a stream of bytes
representing a character for the display.

A small second counter determines when a new character is loaded into the block RAM

address counter.
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Position
Register
Page
8
Data
DesRst Counter A
— DI 8,
Dataln , 1, 11/ Addr DO v
/8 7 7
Ena E 3 E Ena
Rst L DesRst Ssr
- ————1 RAMB16_S9
Clk Display Clk We
Register
DesRst | DesRst Clk
Clk
E
Load LUT-ROM
CounterB| TC
DesRst Initialization
Clk Count to 8.
Stop both counters at TC.
Send character position and ~ Rst
DesRst -
line to the LCD. Ena )
Load new value in counter A. | State Machine
Switch to character ROM. Clk >
Enable counters.
UG202_C_11_050906
Figure C-11: LCD Character Generator Controller

A state machine takes care of the processing order.

A minimum cycle time of 400 ns on the E signal used as a reference. The 200 MHz system
clock frequency is used as reference system clock. One E cycle uses at least 80 system clock
cycles when the design is running at 200 MHz. The E pulse is part of the state machine, and

the design only depends on the system clock. Timing is met as long as the system clock
does not exceed 200 MHz.

This design can be adapted easily to fit the MicroBlaze™ or PPC405 CoreConnect bus
system.

84

www.Xxilinx.com

ML550 Networking Interfaces Platform

UG202 (v1.4) April 18, 2008


http://www.xilinx.com

ST XILINX®

Hardware Schematic Diagram
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Figure C-12: LCD Connections (Bank 0)

LCD-BUS

" LOC ="F24 ";  #
" LOC ="F23 ";  #
" LOC ="E23 ";  #
" LOC ="E22 ";  #
" LOC ="G22 ";  #
" LOC ="F22 "; #
" LOC ="F21 ";  #
" LOC ="G23 ";
" LOC ="D24 ";  #
" LOC ="C24 ";
" LOC ="H21 ";  #
" LOC ="G2l ";  #
" LOC ="H22 ";  #

Connector Pin FPGA Pin

D9 LCD_DO G23

D7 LCD_D4 E22

D5 LCD_D5 E23

D3 LCD_D6 F23

D1 LCD_D7 F24

E10 LCD_RST D24

E8 LCD_D1 F21

E6 LCD_D2 F22

E4 LCD_D3 G22

E2 LCD_ENA H22

F5 LCD_R/W G21

F3 LCD_RSEL H21

F1 LCD_CS1B C24

UG202_C_12_050906

LCD_D7 IO0L02N
LCD_D6 TO0LO2P
LCD_D5 TO0LO3N
LCD_D4 IO0LO3P
LCD_D3 IO0L0O6P
LCD_D2 IO0LO7N
LCD_D1 TIO0LO7P
LCD_DO T00L05
LCD_RST TO0LO8N
LCD_CS1B IO0L0O8P
LCD_RSEL IO0LO9N
LCD_RW IO0L0O9P
LCD_ENA TOOLO6N
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Appendix D

ML550 Starter UCF

UCF Starter File

The ML550 UCEF starter file (m1550_starter.uct) can be downloaded from the Xilinx
website at: https:/ /secure.xilinx.com /webreg / clickthrough.do?cid=37487.

Complete FPGA pinout information is included on the CD shipped with the Virtex-5
FPGA ML550 Networking Interfaces Platform kit.
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