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1 Altera Cyclone® IV 4CE115 FPGA device 2_Altera Serial Configuration device EPCS64
3_USB Blaster for programming 4 2MB SRAM

5 Two 64MB SDRAM 6_8MB Flash memory

7 _SD Card socket 8 4 Push-buttons

9 18 Slide switches 10 18 Red user LEDs

11_9 Green user LEDs 12_ 50MHz oscillator for clock sources
13_24-bit CD-quality audio CODEC 14 VGA DAC with VGA-out connector
15_TV Decoder and TV-in connector 16_2 Gigabit Ethernet PHY with RJ45
17_USB Host/Slave Controller 18 RS-232 transceiver and 9-pin connector
19 16x2 LCD module 20 PS/2 mouse/keyboard connector

21 _2 SMA connectors for external clock 22 21 IR Receiver

23_One 40-pin Expansion Header 24 _One High Speed Mezzanine Card
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1 FPGA device 2_FPGA configuration

e Cyclone IV EPACE115F29 device ¢ JTAG and AS mode configuration
e 114,480 Les e EPCS64 serial configuration device
¢ 432 M9K memory blocks e On-board USB Blaster circuitry

e 3,888 Kbits embedded memory

e 4 PLLs

3_Memory devices 4 Switches and indicators

e 128MB (32Mx32bit) SDRAM e 18 slide switches and 4 push-buttons
e 2MB (1Mx16) SRAM e 18 red and 9 green LEDs

e 8MB (4Mx16) Flash with 8-bit mode e Eight 7-segment displays

e 32Kb EEPROM

5 Clock 6_Audio

e Three 50MHz oscillator clock inputs e 24-bit encoder/decoder (CODEC)
e SMA connectors e Line-in, line-out, and microphone

7_SD Card socket 8 Display
¢ Provides SPI and 4-bit SD mode for SD e 16x2 LCD module

9 _Connectors

e Two Ethernet 10/100/1000 Mbps ports

¢ High Speed Mezzanine Card (HSMC)

e Configurable 1/0O standards (voltage levels:3.3/2.5/1.8/1.5V)
e USB type Aand B

¢ 40-pin expansion port

¢ \VGA-out connector

e DB9 serial connector for RS-232 port with flow control

e PS/2 mouse/keyboard
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Using LEDs

There are 27 user-controllable LEDs on the DE2-115 board. Eighteen red LEDs are situated above
the 18 Slide switches, and eight green LEDs are found above the push-button switches (the 9th
green LED 1s in the middle of the 7-segment displays). Each LED is driven directly by a pin on the
Cyclone IV E FPGA: driving its associated pin to a high logic level turns the LED on. and driving
the pin low turns it off. Figure 4-9 shows the connections between LEDs and Cyclone IV E FPGA.
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Figure 4-9 Connections between the LEDs and Cyclone IV E FPGA
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Using Push buttons and Switches

The DE2-115 board provides four push-button switches as shown m Figure 4-6. Each of these
switches 15 debounced using a Schmutt Trigger circutt, as mdicated m Figure 4-7. The four outputs
called KEY0, KEY1 KEY?, and KEY3 of the Schmitt Trioger devices are comnected directly to the
Cyclone IV E FPGA. Each push-button switch provides a high logie level when 1t 15 not pressed,
and provides a low logic level when depressed. Sce the push-button switches are debounced, they
are appropriate for using as clock or reset mputs m a cireut.
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Figure 4-8 Connections between the slide switches and Cyclone IV E FPGA
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Process(address,address_strobe)
Begin

If address strobe="1" then
Decode_signal<=address;

End if;

End process;
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Process(address,address_strobe)
Begin

If address_strobe="1" then
Decode_signal<=address;

else Decode_signal<=false;
Endif;  end process;
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Number of 4 input LUTs: 6 outof 7168 0%
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Process(sig)
Begin
If sig="Z' then
data<="000001";
End if;
end process;

Number of Slices: 0 outof 3584 0%
Number of los :7
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Using the 7segment Displays

The DE2-115 Board has eight 7-segment displays. These displays are arranged mto two pairs and a
group of four. behaving the intent of displaying numbers of various sizes. As indicated in the
schematic in Figure 4-10. the seven segments (common anode) are connected to pins on Cyclone
IV E FPGA. Applying a low logic level to a segment will light it up and applying a high logic level
turns it off.

Each segment in a display is identified by an index from 0 to 6. with the positions given in Figure
4-10. Table 4-4 shows the assignments of FPGA pins to the 7-segment displays.

HEXO0[0]
HEXO0[1]

HEXO0[2]

HEX0[3]

HEXO0[4]
HEXO[5]

HEXO[6]

Figure 4-10 Connections between the 7-segment display HEXO0 and Cyclone IV E FPGA
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Clock Circuitry

The DE2-115 board includes one oscillator that produces 50 MHz clock signal. A clock buffer is
used to distribute 50 MHz clock signal with low jitter to FPGA. The distributing clock signals are
connected to the FPGA that are used for clocking the user logic. The board also includes two SMA
connectors which can be used to connect an external clock source to the board or to drive a clock
signal out through the SMA connector. In addition, all these clock inputs are connected to the phase
locked loops (PLL) clock input pins of the FPGA to allow users to use these clocks as a source
clock for the PLL circuit.

The clock distribution on the DE2-115 board is shown in Figure 4-11. The associated pin
assignments for clock mputs to FPGA I/O pms are listed in Table 4-5.

CLK2
CLOCK2_50 AG14 J15

CLOCK3 50  AG15 =

CLK13

Cyclone=IV

SMA_CLKIN _  AH14
— =
g 3 CLK14

J16

CLOCK_ 50 a2 AE23 PLLA GLKOUTR] SMA-CLKOUT 3
PI48FCT3803 r

Figure 4-11 Block diagram of the clock distribution
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VHDL Module Locstion:
VHDL Library E:\Hamid\WHDL_Prj\Desktop\TestDCM
VHDL Package
' VHDL Test Bench
g Embedded Processor

New Source o ., -0 s
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. New Source Wizard X

€~ Associate Source
Select 2 source with which to associate the new source,

DCM30TO75

More Info < Back Cancel

Test Bench olx! sl DCM axlg bl -F0 S
Sled adg |y mn s LB G oo S SIS Finish g, 0 culys yo

& New Source Wizard x

€ Summary
Project Navigator will create a new skeleton source with the following specifications.

Add to Project: Yes
Source Directory: E:\Hamid\VHDL_Prj\Desktop\TestDCM
Source Type: VHDL Test Bench

Source Name: TestDCM.vhd

Association: DCMSOTO7S

Test Bench sl | Summary o = -£# S
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ARCHITECTURE behavior OF TestDCM IS
== Component

COMPONENT DCMS0TO75S

PORT |
CLKIN IN : IN
CLKFX OUT : OUT
CLKIN_IBUFG_OUT
CLKO_OUT : OUT
LOCKED_OUT : OUT
)z

END COMPONENT;

-=Inputs

signal CLKIN_IN

==0utputs

signal CLEKFX_OUT

signal CLKIN_IBUFG
signal CLEKO OUT : std 1«
signal LOCKED OUT :

U*Utﬁb Iy 0J|Jij T-b JLHLO

—— Clock period definitions

constant CLKIN IN period : time := 2d ns: dg _)-J_)-QSE-O 0+ s29)8

P —
constant CLKFX OUT period : time := 10 ns; L
constant CLKIN IBUFG OUT period : time := 10 ns; @ dguw 01>

constant CLKO OUT period : time := 10 ns;

CLKFX_OUT_process :process
begin

CLKFX_OUT <= '0";

wait for CLKFX_OUT_period/2:

CLKFX_OUT <= '1';

wait for CLEKFX OUT_period/2:
end process;

CLKIN_IBUFG_OUT_process :process
begin

CLKIN_IBUFG OUT <= '0';

wait for CLKIN_IBUFG OUT_period/2;

CLKIN IBUFG OUT <= '1";

wait for CLKIN_IBUFG_OUT_period/2;
end process;

CLEO_OUT_process :process
begin

CLKO_OUT <= '0";

wait for CLEKO_OUT_ period/2;

CLKO_OUT <= '1°';

wait for CLEKO_OUT_ period/2:
end process;

Test Bench o5 -fV S
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Hierarchy -

r] TestDCM constant CL
= 64 xc3s30an-4tqg144
+ m TestDCM - behavior (TestDCM.vhd)

)TC75 PCRT MAP (
CLKIN IN => CLEIN IN,
CLEFX OUT => CLKFX CUT,
CLKIN IBUFG OUT => CLKIN IBUFG OUT

LALL L VUL CLALD U ull,

CLKO OUT => CLKO OUT
Ll LUl LU WUL,

AT AT e AR AT
LOCKED OUT => LOCEED OUT

ca No Processes Running

Processes: TestDCM - behavior

=% ISim Simulator
f)  Behavioral Check Syntax

J oon Un W L R O W o

[5m

a
o
a8
8
8
8
8
a8

1 clkin_in

@ Clkh_out

1" clkin_ibufg_out
1 clk0_out
“( locked_out

" ckin_in_period
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View: @ {&J Implementation (O &8 Simulation
Hierarchy

E \SEJ Add Source...
[z] Add Copy of Source...

Manual Compile Order
> Implement Top Module

File/Path Display

‘()~\‘\~v\"\

Expand All
Collapse All

82 NoProce ap ping. . Ctrl+F

No single de Desian P E
59 o= esign Properties...
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& New Source Wizard X

“-Select Source Type
Select source type, file name and its location.

BMM File

ipScope Definition and Connection File
Implementation Constraints File
IP (CORE Generator & Architecture Wizard)
MEM File
Schematic
User Document
Verilog Module chip
Verilog Test Fixture
VHDL Module
VHDL Library C:\Users\Mohsen\Desktop\DCm\DCM
VHDL Package
VHDL Test Bench
Embedded Processor

File name:

Location:

Add to project

More Info Cancel

New Source o, -0« JSio

ol boay py S0 asilen 1) ol 51 gl aodls g ool sl Jlai 5,90 COME 0uS oo cdoliv aS | ghiles

.Mé‘so

& New Source Wizard X

(—Summarv
Project Navigator will create a new skeleton source with the following spedifications.

Add to Project: Yes

Source Directory: C:\Users\Mohsen\Desktop\DCm\DCM
Source Type: ChipScope Definition and Connection File
Source Name: chip.cdc

Association: sevensegment

Core ChipScope sle! Summary o = -0\

T
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Design —+ O 5 =

View: @) I:!"E:E Implementation ) Simulation

Hierarchy
'-:'E_ﬂ dcm
=t i xc3s400-5pg208
= [ugefts demvhdl - Behavioral (demvhdlvhd)
20 dl - dom2 (dom2 aw)
£ ichip.cdc
E dermvhdl uct

Core ChipScope oot egos -OY S
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@‘ ChipScope Pro Core Inserter [chip.cdc]

- )

File Edit Help
(=] e

?

=l DEVICE

Core Utilization

LUT Count: a7

FF Count: 28

BRAM Count: 0

ICON

Parameters

No ICON parameters exist for the selected device family.

Select Integrated Controller Options

< Previous

|| Hext = New ILA Unit || New ATC2 Unit |

ERROR UNITO: Unconnected clock net
ERROR UNITO: Unconnected trigger net(s)

4]

ChipScope ,1581 o5\ pudais 0,50 -0V S
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Trigger Width !, <50 5,e 9 Number of Input Trigger Ports sl & je S Gl b cond ol 4o

), ChipScope Pro Core Inserter [chip.cdc]

290 S Ao 4 g 00,5 SIS Next g,

ol —
=] e o=

= [oE e |

=l DEVICE
= ICON
U0 ILA

ILA

?

Select Integrated Logic Analyzer Options
Trigger Parameters r Capture Parameters r Net Connections
Trigger Input and Match Unit Settings

Number of Input Trigger Ports: l:El

Number of Match Units Used:
TRIGO: Trigger Width: |2|

Counter Width: |Disabled B4

Core Utilization

4

Match Type:

Basic wiedges |V|

Bit Values: 0,1, %, R,F,B, N
Functions: =, <>

LUT Count: 333

FF Count: 205

Trigger Condition Settings
BRAM Count: 1

Enable Trigger Sequencer

Storage On C

Max Number of Sequencer Levels:

Enable Storage Qualification

< Previous ‘ ‘ Next>

Messag

ERROR UNITO: Unconnected trigger net(s)

show SignalBrowserDialog

4]
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290 S al> o 4y NeXt 4y 35 o
'@E ChipScope Pro Core Inserter [chip.cdc]

Eile Edit Help
= ==

ol | |
= DEVICE § mwa
= ICON

7
Uo: ILA | Trigger Parameters |  Capture

Capture Settings

Select Integrated Logic Analyzer Options

Data Depth: Sampies

Trigger Ports Used As Data
Include TRIGO Port (width=2)

Sample On Clock Edge

Data Same As Trigger

LUT Count: 333

FF Count: 205

BRAM Count: 1

ERROR UNITO: Unconnected trigger net(s)

show SignalBrowserDialog

<
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r
&) ChipScope Pro Core Inserter [chip.cdc]

el

:Eg

Eile Edit Help
=] S e

®

= DEVICE | wa
= ICON

uo: ILA

:|[ Trigger Parameters | Capture Parameters | Net Connections

Het Connections:

Select Integrated Logic Analyzer Options

- UNIT

Core Utilization

LUT Count: 333

FF Count: 205

BRAM Count: 1

o= CLOCK PORT
o= TRIGGER PORTS

Modify Connections

< Previous | | Return to Project Navigator |

Messages

ERROR UNITO: Unconnected trigger net(s)

show SignalBrowserDialog

4]
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Select Net

e

Structure | Nets

4 [dcmwvhdi]

[ »]

Pattern:

[~ Cfwer ]

Source Instance

Source Component

Base Type

XST_GHD

'GND

GHND

cO/CLKO_BUF cO/DCM_INST

oCM

DM

cOVCLKFX_BUF CODCM_INST

DCcmM

DCM

clk0_O0OBUF cO/CLKD_BUFG_INST

BUFG

BUFG

clkbuf OBUF cO/CLKIN_IBUFG_INST

IBUFG

IBUFG

clkfx_OBUF cO/CLKFX_BUFG_INST

BUFG

BUFG

clkin [ demehdl

[ demrehdl

PORT

Het Selections

f Clock Signals r TriggeriData Signals |

Channel|

CH:0

CPO

| oK | | Cancel

| Make Connections | |r.|c|veNet5Up

| Remove Conneclions |

| Mowve Mets Down

ChipScope ;4! » s Select Net o >, -0V S

a1y
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el =

Het Selections

Clock Sanals I/ Trnagaer/Data Sanals |

Channe I|
IO |rcorC Ko _BIUFE

PO

| Make Connections. | | Mowe Net=s Up

| Remoswe Connections | | Mowe MNMets Dowen

ChipScope 158! ¢ 5 Clock JuSews bl o s —OA S

oo 1y Ll Ol s yaus duad aS slo 39,5 9 (899,9 iy sl Trigger/data signals cod 5l aslsl ;o
o2 oo pll |y Ol Gllas

MNelt Selectiomns
Chock Sanals I/ T rgger/'Data Sanals

SolKDUT_ O BLIF
ClkTx_ O BUF

I Make Connections/ I I Mowe Mets U

I Remowe Connections I I Mowe HMets Dowe n
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D Jlogl CoSul cu COre (59, il plxl wlandass b oo,S LIS Return To Project Navigator

@‘ ChipScope Pro Core Inserter [chip.cdc] = |5 |
File Edit Help
H <« = ks

= DEVICE ILA Select Integrated Logic Analyzer Options
B ICON :

| Trigger Parameters | Capture Parameters | Net Connections

Net Connections
¢ UNIT
o= CLOCK PORT

- [TRIGGER PORTS

Core Utilization

LUT Count: 333

FF Count: 205

BRAM Count: 1

Modify Connections
< Previous | | Return to Project Navigator |

show SignalBrowserDialog
show SignalBrowserDialog
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2 Mo Processes Running

Processes: domwhdl - Behawvioral

I3 Pin Planning (PlanfAhead]) - P..
Flearplan Area/ 10/ Logic (Planfh...

View RTL Schematic
View Technology Schematic
Check Syntax
Generate Post-Synthesis Simulati...
f2_ 1 Implement Design
P21, Translate
2. Map

H| & EE| v

Configure Target Device
Analyze Design Using ChipScope

|’ Start | EZ Design |lq_"| Files IE Libraries |

Generate Programming File a5 -#) S
2,595 FPGA (59, p all oo oSl oz Core Jolls a5 1) 095 4l IMPact 1581 6 55 5l oslanl b Jl>
Suolos

3 Mo Processes Running

Processes: demvhdl - Behavioral

= PACD Synthesize - X5T
Wiew RTL Schernatic
View Technelogy Schernatic
P2  Check Syntax
)  Generate Post-Synthesis Simulation Model
4

Implement Design

H|E|E S| v

=T
f2.1 Translate
T2t Map
T2\ Place & Route
}L Generate Programming File
Configure Target Device
Generate Target PROM/ACE File
Manage Configuration Project (iMPACT)
Analyze Design Using ChipScope

& Start | B2 Design |7 Files ||D Libraries|

Errors
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2sS SCUS” Analyze Design Using ChipScope 4535 (4, p lal

¥ | 2 Mo Processes Running

Processes: demvhdl - Behavioral

= T2 Synthesize - X5T
Wiew RTL Schernatic
View Technoloegy Schematic
2 Check Syntax
&2 Generate Post-Synthesis Simulation Model
= P20 Implement Design
f2_1 Translate
2. Map
P21 Place & Route
2.1, Generate Programming File
= @ Cenfigure Target Device
. Generate Target PROM/ACE File
i Manage Configuration Project (iMPACT)
Analyze Design Using ChipScope

|’ Start | EfE Design ||u_L| Files ||E| Libraries |

Analyze Design Using ChipScope wbxl as 35 -#Y S
Slaw a5 aes e bl 1) WIS olulis 1381 o 5 Analyze Design Using ChipScope a5 bl 5l as

File View [TAG Chain =vice Window Help
==

New Project 2
JTAG Chain

C

- JTAG Chain Dew
INFO: ChipScopa Pro Analyzer Wersion: 13.2 0.61xd s

Index|
«D‘M'_\' g C
1|MyDevicel

COMMAND: open_cable
INFO: Started ChipScope host (localhost:50001)
INFO: Succassfully openad connection to server localh

INFO: Successfully openad Xilinx Platform USB Cable I Cancel Read USERCODES
INFO: Cable: Piatferm Cable USB, Port: USB21, Speed: =

IS Lol o ey -PF JSS
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File View JTAG Chain Device Trigger Setup Waveform L Window Help
@® | Trigger Run Mode: [Sinale [~ » m TI1| | @ & 2 @ 2 2 F

Project: mcb_write_test o
DEV:0 MyDevice0 (System_ACE_CF) g‘

¢ DEV:1 MyDevice1 (XC6SLX45T) L
J

@ Trigger Setup - DEV:1 MyDevice1 (XC6SLX45T) UNIT:0 MyILAO (ILA)

Match Unit | Function | Value |_Radix | Counter
| o mo:TriggerPorto == o| Bin s

9 UNIT:0 MylLAO (ILA)
Trigger Setup
Waveform
Listing
Bus Plot

Signals: DEV: 1 UNIT: 0
¢ Data Port

CH: 0 /fpga_reset_in_IBUF
¢ Trigger Ports

¢ TriggerPort0 . Sample Bufferis full _E

BuL«| | yaep <

[ Add H Active T Trigger Condition Name \ Trigger Condition Equation
- TriggerCondition0 l Mo

Type: [Window |w Windows: | 1] Depth: [1024 vJ Position: |_

Storage Qualification: All Data

amden ¢

CH: 0 /fpga_reset_in_IBUF
@ Waveform - DEV:1 MyDevice1 (XC6SLX45T) UNIT:0 MyILAO (ILA)

0 80 160 240 320 400 480 560 640 720 800 880 ¢
| | | | | | | | | | |

Bus/Signal X (o]

/fpga_reset_in_IBUF 0 of |

T N 3 I MY
Waveform captured 08.12.2010 15:32:12

i
COMMAND: set_storage_condition 1 0 FFFF

COMMAND: run 10

COMMAND: upload 10

INFO - Device 1 Unit 0: Sample Bufferis full

INFO - Device 1 Unit 0: Waveform captured 08.12.2010 15:32:12
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FUNCTION
Serial-Data Input/Qutput Line. Open drain. Connect SDA to a pullup resistor.

Serial Clock Input. Open drain. Connect SCL to a pullup resistor.

Overtemperature Shutdown Output. Open drain. Connect OS to a pullup resistor.

Ground

2-Wire Interface Address Input. Connect A2 to GND or +Vs to set the desired 12C bus address. Do not
leave unconnected (see Table 1).

A2

2-Wire Interface Address Input. Connect A1 to GND or +Vs to set the desired 12C bus address. Do not

Al leave unconnected (see Table 1).

2-Wire Interface Address Input. Connect A to GND or +Vs to set the desired 12C bus address. Do not

A0 leave unconnected (see Table 1).

+Vs Positive Supply Voltage Input. Bypass to GND with a 0.1pF bypass capacitor.
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T<25°C
S3 52

CRS=8RPS CRS=6RPS
52 S1
Heater: OFF Heater: OFF
Cooler: ON Cooler: OFF

T>35°C

T<35°C
81
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T<15°C s3 T>35°C
Heater: ON
Cooler: OFF

T<25°C
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- Mew Project Wizar

Create New Project

Specify project location and type.

Enter a name, locations, and comment for the project

Mame: MicroBlaze_HUT
Location: C:\Usersymohsen\Desktop\Mew folder'\MicroBlaze_HUT

Working Directory: | C:\WUsersimohsen\DesktopiMew folder'\MicroBlaze_HUT

Description:

Select the type of topdevel source for the project

Topdevel source type:

HDL

XHinX 13810 55 )5 039, bl o, -A+ S
a3 oad b olhg oymn )0 g e |, NEW Source g oo,S SIS cnly ally ol 6, » J
pdese |y NEXE 4035 ¢ 0 o ol |y b8 6L g 00,5 sl |, Embedded Processor




Select Source Type

Select source type, file name and its location.
IP (CORE Generator & Architecture Wizard)
Schematic
User Document
Verilog Module
Verilog Test Fixture
VHDL Module File name:
VHDL Library
VHDL Package Embedded_HUT]
sl VHDL Test Bench .
" Embedded Processor Location:

Wsersiymohsen\DesktopiMew folderMicroBlaze_HUT E]

add to project

Xilinx ,I581s 5 .o New Source Wizard s>, -A\ S

Lo 5l gl o8 o malos,S slomgl I 059, S a5 sl 5l 093 0 54 XPS 581 a5 Next azy 35 ol |

oS (0

Q Xilinx Platform Studio (Build EDK_0O.40d+0) - [Start Up Page]
& o bl

I ROIR8:E &
Project

New This Release

Important Updates and Notifications for EDK 13.1 — Please Read

New Features in the EDK 13 Release
Windows 7 32- and 64-bit versions are now supported.
Pre-production support for Xilinx® 7 series FPGAs.
MicroBlaze™ version 8 supports Error Correction Code (ECC).

Support for separate ELF files for implementation and simulation. For more information, refer to Software ELF
Support

When using a project created in ISE® Project Navigator, simulation is disabled in Platform Studio.
T Platform Studio s S -

r &% This project appears to be a blank project. Do you want to create a Base System
N using the BSB Wizard?

Base System Builder Support
> Base System Builder Support for Xilinx 7 Series FPGAs is coming in the 13.2 release of EDK.

> AXI MicroBlaze designs created by Base System Builder always include instruction and data cache. For
information about cache removal, refer to AR 39844

XPS 581 o5 0 o ~AY IS5
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Ao o 18 L LS joly oul a4

i ISE Project Navigator (0.40d) - D:ATemp\M[’ (-2 [
j ¥ p Base System Builder
Design « 0

|
- Welcome Board Processor Peripheral
view: © {8 Implementation ) [ Simul -

Summarv}
Hierarchy Welcome to the Base System Builder

®] MicroBlaze HUT

= €A xc3s400-4pq208

P15 Embedded_HUT (Embeddd Select One of the Following:

This tool leads you through the steps necessary for creating an embedded system.

@ Iwould like to create a new design

I would like to load an existing .bsb settings file (saved from a previous session)

€2 No Processes Running

{ | Processes: Embedded_HUT

Design Summary/Reports
Design Utilities

Manage Processor Design (XP§
Generate Top HDL Source
Export Hardware Design To SD!

XPS l58l o5 Wizard 1 o e -AY S

L ciylaw 0p S lp s G obol Jl 50 b aS 1065 o0 LI38l p 5 4 Dlondals axan o dgl (o
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Base System Builder - 2 -

Welcome Board Peripheral

Board Selection
Select a target development board.

Board

There are no boards available for the device:
spartan3 xc3s400 pq208 -4
Please use the custom board option.

@ Iwould like to create a system for a custom board

Board Information

spartan3
[7] Use Stepping
Reset Polarity Active Low

Related Information \
This option allows you to rapfly and easily create a base or starter design that does not require a spedific target board. Using this option, you must
specify the FPGA device you Wi be using and external memories and 1/O devices that are on your board. Supported devices include DDR and SDRAM
memory controllers, 10/100 Ethelget, GPIO, and serial devices such as UARTSs, 1IC, and SPI. The generated system can be used to run simulations. If you
would like to download this system ¥ato your hardware, you will have to add the FPGA pin location constraints into the generated UCF file.

XPS l580 » 5 Wizard 2 o e -AY JSi

—a - — —
Base Systermn Builder
- = __— — — ___— __ _— _ _____ .
Welcome Board System Processor

System Configuration
Configure your system.

© Single-Processor System Dual-Processor System
Select this option to create a design with a single processor. This t ! ith

Wizard will let you configure the processor, the peripheral set and
some major configuration parameters for the peripherals.

Processor 1 Peripherals
RS232 GPIO

Shared Peripherals

Mailbox  Mutex
Processor 1 Peripherals

RS232 GPIO

Processor 2 Peripherals

DDA EMAC

XPS 580 5 5 Wizard 3 o s -Ad JSi
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Q Base System Builder

- - -

-
Welcome Board

Processor Configuration

Configure ™e processor(s)

Refererce Oock Freguency @
Processor 1 Configurabion

Processor Type Maoliaze

System Clock Freguency 66.67 I

LocH Memery ae

Debug Interface 1% 8

s
7 Enadle Fioamng Pont 328

\ —

XPS 581 o5 Wizard 3 o s -A# S

039l 0 b S 0 QL) 093 9500 (il DUl aulys oo py JSE Billae > pe pl o

Welcome Processor Peripheral

Peripheral Configuration

To add a peripheral, drag it from the “Available Peripherals™ to the processor peripheral list. To change a core parameter, click on the peripheral.
gilable Peripherals

[ Add Device... |

Processor 1 (MicroBlaze) Peripherals

Peripheral Names Core Parameter
10 Devices dimb_cnitlr
=i Internal Peripherals . Core Imb_brarm_if_cntlr
Imb_bram_if_cntlr ilmb_cntir
xps_bram_if_cntlir
xps_timebase_wdt
xps_timer

Core: Imb_bram_if_cntir

~ ~
# Add 10 Devices for Generic Board &

Select an IO device or external memory that is on your development
board.

IO Interface Type

Emc =
EMC

ETHERNET

GPIO

oc

MEMORY

PCI32

PCI_ARBITER

SPI

SYSACE

TEMAC

XPS |l58l o5 Wizard 4 o e -AY JSs
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Welcome Processor Peripheral Summar

Peripheral Configuration
To add a peripheral, drag it from the "Available Peripherals” to the processor peripheral list. To change a core parameter, click on the peripheral.

Available Peripherals

lAddDevice... J l Export... 1 \ Import... ’ Processor 1 (MicroBlaze) Peripherals [ Select All 1

Core Parameter

10 Devices Rs232
=i Internal Peripherals RS232 xps_uartlite
Imb_bram_if_cntir Baud Rate 9600
xps_bram_if_cntir ) ——
xps_timebase_wdt Data Bits 8
xps_timer l Parity
Use Interrupt
dimb_cntlir
Core: Imb_bram_if_cntir
ilmb_cntir
Core: Imb_bram_if_cntir

Peripheral Names

XPS l58l o Wizard 5 o e -AA JSs
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Welcome System Processor Peripheral Summary

Summary
Below is the summary of the system you are creating.

System Summary ) )
Core Name Instance Name Base Address High Address

=iProcessor 1 i microblaze_0
xps_yartlite RS232 0xB400

Imbif?cntlr dimb_cntir 0x0000 0x00001 FFF
0 o 000

Imb_bram_if_cntlr ilmb_cntir U

File Location

EH- Owerall
D:\Temp\MicroBlaze_HUT\Embedded_HUT\Embedded_HUT.xmp
DATemp\MicroBlaze_ HUT\Embedded_HUT\Embedded_HUT.mhs
D:\Temp\MicroBlaze_HUT\Embedded_HUT\data\Embedded_HUT.ucf
DATemp\MicroBlaze_HUT\Embedded_HUT\etc\fast_runtime.opt
D:\Temp\MicroBlaze HUT\Embedded_HUT\etc\download.cmd
D:A\Temp\MicroBlaze_HUT\Embedded_HUT\etc\bitgen.ut
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4% Running Design . )

"0' Before you can run this design on actual hardware, you must be sure to do the
‘ following:

1) Add the correct FPGA pin location constraints to all top level ports in the
data/system.ucf file

2) Set the correct position number of the FPGA in the JTAG chain in the
etc/download.cmd file (default is 1)

It is possible to create a design for a custom board that will not implement
properly. This can due to the resulting size of the design, or missing constraints
required for complexIP cores.
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Q Xilirx Platform Studio (EDK_0.40d) - D:ATemp\MicroBlaze HUT\Embedded HUT\Embedded HUT.amp - [System Assembly View]
W\I‘E rﬂjed Hardware Debug Window Help

dR& M re
Project +08x

L BusInterfaces | Ports | Addresses i Bus Interface Filters

Platform Name Bus Name IP Type IP Version = By Connection
Project Files i dimb r Imb_s10 2004 /! Connected
MHS File: Embedded_HUT.mhs iimb fr imby10 200 7| Unconnected
UCF File: data/Embedded_HUT.ucf | mbplh 1 plb.vd6 1052 = By Bus Standard
#- EIf Files +) microblaze 0 or microblaze 810, ) M8
- Project Options | &) lmb_bram ¢ bram_block 1.00.2 V| PLEVAG
Device: uc3stdpg08-4 g % dimb_cntlr ¢ Imb_bram i.. 300 (7 Xilin Peint Te Point
Netlist: SubModule i ilmb_cntlr ¢ Imb_bram_ji.. 3002 | XIL_BRAM
Implementation: Project Navigator | @ mdm 0 J¢ mdm 200b | IL_BSCAN
HOL: vhel o RS232 1r s varlte 1012 ; ﬂ-ﬂ?ﬁgg
Design Summary clock_gener... 'r clock_gene.. 4012 L
W_:,S_m B{ pmc_g,s_n,___ 305 7] XL MEMORY_CHANNEL
- By Interface Type
V| Slaves
] Masters
V| Master Slaves
4| Menitors
V| Targets
¥ Initiatars
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09 433w 529 See HDL LB b oS o

Design 08 % 2 | B Desi{gijn C;::::‘e: Embedded_HUT

View: © {8} Implementation ) [ Simulation B e

Hierarchy = \ odu Utilizatio Module Name: Embedded_HUT Implementation State:
3 x;‘;‘gf’::a’;g S p S | Target Device: xc3s400-4pq208 « Errors:
#1f, Embedded_HUT (Embedded_HU ) k t | Product Version: |IsE13.1 * Warnings:

| Design Goak Balanced « Routing Results:

| Design Strategy: Xilinx Default (uniocked) = Timing Constraints:

Lo . ; A

Environment: « Final Timing Score:

| Project File: MicroBlaze_HUT.xise Parser Errors:

G c 9
£ XPS Errors and Warnings

Platge fe ]

1thon Name
Platgen Log File

° [8) System Log File genlogiie
Processes: Embedded_HUT 5 Errors and Wamings Semgen Log Fie
¥ Design Summary/Reports ___ 21 Parser Messages ~ ! | sitinit Log File

Design Utilities Design Properties }
| Fil 2014 18:50:48 26 2
— Enable Message Filtering miog HY Delo Quiiila

1 anage Pro ac Design (X
Generate Top HDL Source _ Optional Design Summary Contents

Fardware Design 1o SDK . ] Show Clock Report i
Show Failing Constraints | Octalied Reports

Show Warnings | Report Name Generated
Show Errors

« m

€ Running: Generate Top HDL Source

;S‘mlheﬂs Report
| Translation Report
| Map Report

[L:]E ®3 Design I Fies |} tbraries| & Design Summary [x]

Generate Top HDL Source ax ;5 -4y S
SDK Jl531 ¢ 5 4 o (b l531 s b S oo SIS L 95 (S0 595 2 25 S5 43S 59 51 o

g oud Jiie SDK I8 5 4 55 g5k (i (BB (S0 50 o5 Sl cnl )3 a5 50 0l Dol 09 i
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-E File i Process
Design
Vieww: < @ Impilementaton - Simulaton
Hierarchy
=1 MicroBlaze HUT
=1 Eall >x<c3s400-4pqgl208
=1 [JeFf: Embedded_ HUT_top - STRUCTURE (Embedded_HU
E Embedded_ _HUT_i - Embedded_ _HUT (Embedded__Hil

-

T MNo Processes Running

Processes: Ermbedded HUT_i - Erfmmbedded_ HUT
Design Utilities
Manage Processor Design (XPS)
Generate Top HDL Source
Export Hardware Design To SDK without Bitstrearm
Export Hardware Design To SDK with Bitstrearm

=T Design [n.‘_“j Files I | Libraries I
SDK 131 & b JUis a3 -2 IS
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D3E&| 5] X|o o s TS ’ - '
Design €@ Workspace Launcher M
view: @ {&} Implementation ) [l simulation
Hierarchy

©] MicroBlaze_HUT

= £4 xc3s400-4pq208
= [ Embedded_HUT top - STRUCTURE (Embedded_HU1
) Embedded_HUT_i - Embedded_HUT (Embedded_HI e

Select a workspace

Xilinx SDK stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session,

Use this as the default and do not ask again

<

€2 No Processes Running —

Processes: Embedded_HUT_j - Embedded_HUT

5 % Deign Uit R @
*]  Manage Processor Design (XPS)

€2E) Generate Top HDL Source
) Export Hardware Design To SDK without Bitstream

Xilinx SDK
€2  Export Hardware Design To SDK with Bitstream

ISE Lawsss SDK l38l0 5 Sls1,3 0,0 - IS
oS oo o L ALl a3l B a8 55800 5 15 &3 SDK S s
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€ C/C++ - Xilinx SDK

File Edit Source Refactor MNavigate Search Run Project XilinxTools Window Help

ato B 2@ E EBr&Eyidgdr@E -
O U~ @

L) Project Explorer 52 = B[ 8 out 2 @ Ma =08
An outline is not available.
. =5 hello_world_0
> [!3’;\ hello_world_bsp_0
- B hw_platform_0
> @ standalone_bsp_0

|_—:_ Problems \7_:, Tasks | B Console 2 = Propertil:' ;!'J Terminal =0
C-Build [standalone_bsp_0] 9 CH BE ._“| = B -

—
"Compiling uartlite™
"Compiling bram"™

"Compiling cpu™

Running execs_ generate.
'"Finished building libraries’'

SDK 15810 55,15 lausee 0,50 -0 S




e ,d cdy dadiluls ey Um0 SIS Xilink Board Support Package (g, » ) JSb 3illas

P
4@ C/C++ - Xilinx SDK = | =

File Edit Source Refactor MNavigate Search Run Project Xilinx Tocls Window Help

0 E w-avEre- v S~
=A  Xilinx C Project - - -
Xilinx C++ Project = B8

5= Out 32 @) Ma
Xilinx Hardware Platform Specification An outline is not available.

Xilinx Board Support Package I

Project...

Source Folder
Folder

Source File

Header File

File from Template

Class

Other... Ctrl+N

[2! Problems | +=] Tasks | E) Conscle 3 ] Properties .;,-J Terminal
C-Build [standalone_bsp_0] I, B 5B

"Compiling uartlite"™
"Compiling bram"™

| =

"Compiling cpu"™
Running execs_generate.
*Finished building libraries®*

Xilinx Board Support Package as ;5 -45 Jsis
Jole s 9 QL ) (ol lodgs 5550 4l 4y bgyye (ylow 45) Se290 8 iy Lo 00l 5o jomsy o

(WS oo o2l,8 1y oasls sy SISl 4y (o yiwd 5 ol (e (551581 0 0 Y G a5) Standalone |

G» New Board Support Package Project (SR>
>ilinx Board Support Fackage Project
Create a Board Support Package. 2

Project name: standalone_bsp_1

| Use default location
C:\Users\SPC\workspace\standalone_bsp_1
default

Target Hardware

Hardware Platform: | hw_platforrm_0 -~ !
(ST b platform O

Board Support Package OS

xillkerpne Standalone is a simple, low-level software layer. It provides access to basic
standalone processor features such as caches, interrupts and exceptions as well as the
basic features of a hosted environment, such as standard input and cutput,
[ profiling, abort and exit.

New Board Support Package o > -4V JSi
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@ Board Support Package Settings &

Board Support Package Settings

Control various settings of your Board Support Package.

Overview

standalone e

drivers OS Type: standaione Standalone is a simple, low-level software layer. It provides access to basic processor features such as
cpu 05 Versi " Talvr Faches, interrupts and Fxceptions as wellras the basic features of a hosted environment, such as standard

EVHE == input and output, profiling, abort and exit.

Target Hardware

Hardware Specification: C:\Users\SPC\workspace\hw_platform_0\system.xml
Processor: microblaze 0

Supported Libraries

Check the box next to the libraries you want included in your Boafd Support Package.You can configure the library in the navigator on the left.

Name Version Description K

wipl130 3.00.a IwIP TCP/IP Stack library: IwlP v1.3.0, Xilinx adapter v3.00.a

ilfatfs 1.00.a Provides read/write routines to access files stored on a FAT16/32 file system. Requires Syste...
ilflash 202.a Xilinx Flash library for Intel/AMD CFI compliant parallel flash

ilisf 201.a Xilinx In-system and Serial Flash Library

ilmfs 1.00.a Xilinx Memory File System

| [ cancel

Board Support Package Setting o > -4A S

35 )y S0 ol eoly las Ceend 3 gam a8 50 oo ,S Sl | Al 0550 sladillS oS >
(S Sl o | Gt oiles o aidl) oS’ o oLl 1) Xilinx C Project

@ C/C++ - standalone_bsp_1/system.mss - Xilinx SDK

File Edit Source Refactor WNavigate Search Run Project Xilinx Tools Window Help
3 28 = 1 Sl - I ST N C S g - - &5 [E& c/c++
&2 | Xilinx C Project > = >

& Xilinx C++ Project }ss 52 9% out

® Ma

Xilinx Hardware Platform Specification An outline is not available.

ne_bs 1 Board Suppo
Xilinx Board Support Package D — P PP
Project... | )
[lis BSP's Settings |
Source Folder )
Folder prmation
Source File

Header File

Support Package is compiled to run
Specification: C:\Users\SPC\worksp:
File from Template get Processor: microblaze 0

Class
System

Other... Ctri+N

"

Overview | Source
[ Problems | &] Tasks | El Console 2 1 Properties & Terminal =
C-Build [standalone_bsp_1] g ¢ - F -5 | B~ 9

"Compiling uartlicte
"Compiling bram"
"Compiling cpu”™

unning execs generate.
fFlnlshed building libraries’

C b sbel 435 -29 S
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New Xilinx C Project

Create a managed make application project. Choose from one of the sample applications.

Project name:  hello_world_1

7| Use default location
Jsers\SPC\workspace\hello_world_1

default

Target Hardware

Hardware Platform: | hw_platform 0

Processor microblaze_(

Select Project Template

Dhrystone Descrniption

EMES AEE_“CENOI"I Let's say 'Hello World' in C.
WIP EChO Server

Memory Tests
Peripheral Tests
SREC Bootloader

Xilkernel POSIXm \

B ol 1 p1aS 5a ity e
A8 Olgesl 1 aslal gla

Uart !, Template olses! -+ S

S & jshiles S oo (b 1) pitan 18 a3 a5 098 o0 5 p 0 ey FiNiS a5 Sl Sl oy
39> ke Oyer (59, » 1) oole plig SO aslp cpl oS 5L 1)C Aol bl ouls ool lis Codd 5l
S e Jl))




@ C/C++ - hello_world_1/src/helloworld.c - Xilinx SDK l= | & s

—File Edit Source Refa::tor Nm-ngate Search Run Project Xilinx Tools Window Help

L"_v 5] %‘@ M'C' c"v@v - - f;va{a.‘v ?.‘j'v DTQCIC*'*

- ¢ -
I

{5 Project Explorer &2 = O /[ system.mss i system.mss 2] helloworld.c 52 S O|gEouw 2\ @Ma| O

O® Y . A TEE S

& helloworld 0 helloworld.c: simple test application U sidioh

5 hello_world_1 .
,‘(_—f’ Binaries
] Includes #include <stdio.h>
= Debug #include "platform.h"

platform.h
@ main():int

& sre
L"I :nt main ()
|h| platform_con' |g,E : o
\¢ platform.c init_platform();
\h| platform.h
B Iscript.ld
[ hello_world_bsp_0
,ﬂ-a hello_world_bsp_1
3 hw_platform_0
{# standalone_bsp_0
M standalone_bsp_1

print ("Hello World\n\r"):
cleanup_platform():

retorn 0;

4 m

(21 Problems | ¥4 Tasks | El Console &3 . T Properties | & Terminal
C-Build [hello_world_1]
lFlnlsned building: hello world 1.elf.elfcheck I
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The DE2-115 board includes a 15-pin D-SUB connector for VGA output. The VGA synchronization
signals are provided directly from the Cyclone IV E FPGA, and the Analog Devices ADV7123
triple 10-bit high-speed video DAC (only the higher 8-bits are used) is used to produce the analog
data signals (red, green, and blue). It could support the SXGA standard (1280%1024) with a
bandwidth of 100MHz. Figure 4-21 gives the associated schematic.

VGA_R[7..0]
VGA_GI[7..0]

- _
/ANO[SRYA\. | VeA_BI7.0] .

VGA_CLK
= e | ADV7123
Cyclonet™="1IV VGA_SYNC N

VGA_BLANK_N

VGA_VS
VGA_HS

Figure 4-21 Connections between FPGA and VGA
DE2 5,5 4 VGA &5 Jlail sgo )+ ¥ S

The timing specification for VGA synchronization and RGB (red, green, blue) data can be found on
various educational website (for example, search for “VGA signal timing”). Figure 4-22 illustrates
the basic timing requirements for each row (horizontal) that is displayed on a VGA monitor. An
active-low pulse of specific duration (time (a) in the figure) is applied to the horizontal
synchronization (hsync) input of the monitor, which signifies the end of one row of data and the
start of the next. The data (RGB) output to the monitor must be off (driven to 0 V) for a time period
called the back porch (b) after the hsync pulse occurs, which is followed by the display interval (c).
During the data display interval the RGB data drives each pixel in turn across the row being
displayed. Finally, there is a time period called the front porch (d) where the RGB signals must
again be off before the next hsync pulse can occur. The timing of the vertical synchronization
(vsync) is the similar as shown in Figure 4-22, except that a vsync pulse signifies the end of one
frame and the start of the next, and the data refers to the set of rows in the frame (horizontal timing).
Table 4-14 and Table 4-15 show different resolutions and durations of time periods a, b, ¢, and d
for both horizontal and vertical timing.

Detailed information for using the ADV7123 video DAC is available in its datasheet, which can be
found on the manufacturer’s website, or in the DE2 115 datasheets\VIDEO-DAC folder on the
DE2-115 System CD. The pin assignments between the Cyclone IV E FPGA and the ADV7123 are
listed in Table 4-16. An example of code that drives a VGA display is described in Sections 6.2 and
6.3.




Back porch (b) Front porch (d)
I

<4—p| Display interval (c) [&p

| 4| Sync (a)

Figure 4-22 VGA horizontal timing specification

VGA &5 ol pl SLo -V ¥ IS

Table 4-14 VGA Horizontal Timing Specification
VGA mode Horizontal Timing Spec

Configuration Resolution(HxV) a(us) b(us) | c(us) | d(us) | Pixel clock(MHz)
VGA(60Hz) 640x480 3.8 1.9 254 0.6 25

VGA(85Hz) 640x480 1.6 2.2 17.8 1.6 36
SVGA(60Hz) 800x600 3.2 2.2 20 1 40
SVGA(75Hz) 800x600 1.6 3.2 16.2 0.3 49
SVGA(85Hz) 800x600 1.1 2.7 14.2 0.6 56
XGA(60Hz) 1024x768 2.1 2.5 158 |04 65
XGA(70Hz) 1024x768 1.8 1.9 13.7 |03 75
XGA(85Hz) 1024x768 1.0 2.2 108 | 0.5 95
1280x1024(60Hz) 1280x1024 1.0 2.3 11.9 0.4

VGA &g saiiley Slasin -F Jgox




Table 4-15 VGA Vertical Timing Specification
VGA mode Vertical Timing Spec
Configuration Resolution(HxV) a(lines) | b(lines) | c(lines) | d(lines) | Pixel clock(MHz)
VGA(60Hz) 640x480 33 480 25
VGA(85Hz) 640x480 25 480 36
SVGA(60Hz) 800x600 23 600 40
SVGA(75Hz) 800x600 21 600 49
SVGA(85Hz) 800x600 27 600 56
XGA(60Hz) 1024x768 29 768 65
XGA(70Hz) 1024x768 29 768 75
XGA(85Hz) 1024x768 36 768 95
1280x1024(60Hz) 1280x1024 38 1024

W W MW W i w N

Table 4-16 Pin Assignments for ADV7123
Signal Name FPGA Pin No. Description I/O Standard
VGA_R[0] PIN_E12 VGA Red[0] 3.3v
VGA_R[1] PIN_E11 VGA Red[1] 3.3v
VGA_R[2] PIN_D10 VGA Red[2] 3.3v
VGA_R[3] PIN_F12 VGA Red[3] 3.3v
VGA_R[4] PIN_G10 VGA Red[4] 3.3v
VGA_R[5] PIN_J12 VGA Red[5] 3.3v
VGA_R[6] PIN_H38 VGA Red[6] 3.3v
VGA_R[7] PIN_H10 VGA Red[7] 3.3v
VGA_G[0] PIN_G8 VGA Green[0] 3.3v
VGA_G[1] PIN_G11 VGA Green[1] 3.3v
VGA_G[2] PIN_F8 VGA Green[2] 3.3v
VGA_G[3] PIN_H12 VGA Green[3] 3.3v
VGA_G[4] PIN_C8 VGA Green[4] 3.3v
VGA_G[5] PIN_BS8 VGA Green[5] 3.3v
VGA_G[E] PIN_F10 VGA Green[6] 3.3v
VGA_G[7] PIN_C9 VGA Green[7] 3.3v
VGA_BJ[0] PIN_B10 VGA Blue[0] 3.3v
VGA_BI[1] PIN_A10 VGA Blue[1] 3.3v
VGA_B[2] PIN_C11 VGA Blue[2] 3.3v
VGA_BI[3] PIN_B11 VGA Blue[3] 3.3v
VGA_BI[4] PIN_A11 VGA Blue[4] 3.3v
VGA_BI[5] PIN_C12 VGA Blue[5] 3.3v
VGA_BI[6] PIN_D11 VGA Blue[6] 3.3v
VGA_BI[7] PIN_D12 VGA Blue[7] 3.3v
VGA_CLK PIN_A12 VGA Clock 3.3v
VGA_BLANK_N PIN_F11 VGA BLANK 3.3v
VGA_HS PIN_G13 VGAH_SYNC 3.3v
VGA_VS PIN_C13 VGAV_SYNC 3.3v
VGA_SYNC_N PIN_C10 VGA SYNC 3.3v

VGA &5 sloasly <y -V Jsor
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GENERAL DESCRIPTION

The AD5744R is a quad, 14-bit, serial input, bipolar voltage output
DAC that operates from supply voltages of £11.4 V to £16.5 V.
Nominal full-scale output range is £10 V. The AD5744R provides
integrated output amplifiers, reference buffers, and proprietary
power-up/power-down control circuitry. The part also features
a digital I/O port, programmed via the serial interface, and an

analog temperature sensor. The part incorporates digital offset

and gain adjust registers per channel.




The ADS5744R is a high performance converter that provides
guaranteed monotonicity, integral nonlinearity (INL) of 1 LSB,
low noise, and 10 ps settling time. The AD5744R includes an on-
chip 5 V reference with a reference temperature coefficient of
10 ppm/°C maximum. During power-up when the supply voltages
are changing, VOUTx is clamped to 0 V via a low impedance path.

The ADS5744R is based on the iCMOS*® technology platform, which
is designed for analog systems designers within industrial/instru-
mentation equipment OEMs who need high performance ICs at
higher voltage levels. iCMOS enables the development of analog
ICs capable of 30 V and operation at £15 V supplies, while allowing
reductions in power consumption and package size, coupled with
increased ac and dc performance.

The AD5744R uses a serial interface that operates at clock rates
of up to 30 MHz and is compatible with DSP and microcontroller
interface standards. Double buffering allows the simultaneous
updating of all DACs. The input coding is programmable to either
twos complement or offset binary formats. The asynchronous clear
function clears all DATA registers to either bipolar zero or zero
scale, depending on the coding used. The AD5744R is ideal for
both closed-loop servo control and open-loop control applications.
The AD5744R is available in a 32-lead TQFP and offers guaranteed
specifications over the —40°C to +85°C industrial temperature
range (see Figure 1 for the functional block diagram).
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Table 6. Pin Function Descriptions

Pin No.

Mnemonic

Description

1

SYNC
SCLK

SDIN
SDO
R
LDAC

Do, D1

RSTOUT
RSTIN

DGND
DVec
AVoo
PGND
AVss
I15CC

AGNDD
VouTD

VOUTC

AGNDC
AGNDB
VOUTB

Active Low Input. This is the frame synchronization signal for the serial interface. While SYNC is low, data is transferred
in on the falling edge of SCLK.

Serial Clock Input. Data is clocked into the shift register on the falling edge of SCLK. This operates at clock
speeds of up to 30 MHz.

Serial Data Input. Data must be valid on the falling edge of SCLK.

Serial Data Output. This pin is used to clock data from the serial register in daisy-chain or readback mode.
Negative Edge Triggered Input.' Asserting this pin sets the data register to 0x0000.

Load DAC. This logic input is used to update the data register and, consequently, the analog outputs. When tied
permanently low, the addressed data register is updated on the rising edge of SYNC. If LDAC is held high during

the write cycle, the DAC input register is updated, but the output update is held off until the falling edge of
LDAC. In this mode, all analog outputs can be updated simultaneously on the falling edge of LDAC. The LDAC

pin must not be left unconnected.

Digital I/O Port. D0 and D1 form a digital /O port. The user can set up these pins as inputs or outputs that are
configurable and readable over the serial interface. When configured as inputs, these pins have weak internal
pull-ups to DVec. When programmed as outputs, DO and D1 are referenced by DVec and DGND.

Reset Logic Output. This is the output from the on-chip voltage monitor used in the reset circuit. If desired, it
can be used to control other system components.

Reset Logic Input. This input allows external access to the internal reset logic. Applying a Logic 0 to this input dlamps
the DAC outputs to 0V. In normal operation, RSTIN should be tied to Logic 1. Register values remain unchanged.
Digital Ground Pin.

Digital Supply Pin. Voltage ranges from 2.7 Vto 5.25V.

Positive Analog Supply Pins. Violtage ranges from 114V to 16.5V.

Ground Reference Point for Analog Circuitry.

Megative Analog Supply Pins. Voltage ranges from -11.4Vto -16.5V.

This pin is used in association with an optional external resistor to AGND to program the short-circuit current of
the output amplifiers. Refer to the Design Features section for more information.

Ground Reference Pin for DAC D Qutput Amplifier.

Analog Output Voltage of DAC D. Buffered output with a nominal full-scale output range of £10V. The output
amplifier is capable of directly driving a 10 k{2, 200 pF load.

Analog Output Voltage of DAC C. Buffered output with a nominal full-scale output range of £10V. The output
amplifier is capable of directly driving a 10 k{2, 200 pF load.

Ground Reference Pin for DAC C Output Amplifier.

Ground Reference Pin for DAC B OQutput Amplifier.

Analog Output Voltage of DAC B. Buffered output with a nominal full-scale output range of £10V. The output
amplifier is capable of directly driving a 10 k(}, 200 pF load.

Mnemonic

Description

VOUTA

AGNDA
REFAB

REFCD
REFOUT

REFGND
TEMP

BIN/2sCOMP

Analog Output Voltage of DAC A. Buffered output with a nominal full-scale output range of +10V. The output
amplifier is capable of directly driving a 10 k{1, 200 pF load.

Ground Reference Pin for DAC A Output Amplifier.

External Reference Voltage Input for Channel A and Channel B. The reference input range is 1V to 7V, and it
programs the full-scale output voltage. Vegen = 5 V for specified performance.

External Reference Voltage Input for Channel C and Channel D. The reference input range is 1V to 7V, and it
programs the full-scale output voltage. Ve = 5 V for specified performance.

Reference Output. This is the reference output from the internal voltage reference. The internal referenceis 5V +
3 mV at 25°C, with a reference temperature coefficient of 10 ppm/°C.

Reference Ground Return for the Reference Generator and Buffers.

This pin provides an output voltage proportional to temperature. The output voltage is 1.47 V typical at 25°C die
temperature; variation with temperature is 5 mV/°C.

This pin determines the DAC coding. This pin should be hardwired to either DV or DGND. When hardwired to
DV, input coding is offset binary (see Table 7). When hardwired to DGND, input coding is twos complement
(see Table B).
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Table 10. Input Shift Register Bit Function Descriptions
Register Bit Description
RAW Indicates a read from or a write to the addressed register

REG2, REG1, REGO Used in association with the address bits, determines if a read or write operation is to the data register, offset
register, gain register, or function register.

REG2 REG1 REGO Function
0 0 0 Function register
0 1

Data register

0
1] 1 1 Coarse gain register
0

1 0

A2, A1, AD Decodes the DAC channels
A2 Al Channel Address
0 DAC A
0 DACB
1

1

0

Fine gain register

DACC
DACD
AllDACs

Data bits
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Table 13. Programming the Data Register
REG2 |REG1 |REGO A2 [A1 [Ao DB15 to DB2
0 1 0 DAC address 14-bit DAC data
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DB15to DB6 | DB5 | DB4 DB3 [ DB2 DB1 | DBo
NOP, data = don't care

Don't care Localground | D1 (M| Do Do 500
offsatadjust | direction | value direction | walue disable

(lear, data = don't care
Load, data = don't care
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