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Chapter 5: Applications

X-Ref Target - Figure 5-1

Figure 5-1: Time Domain Tab of LabVIEW GUI
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Appendix A

ADC Basics

An analog-to-digital converter (ADC) converts an analog signal to a binary number 
(fraction VIN/VREF where VIN is the input voltage and VREF is the reference voltage of 
ADC). The output specifies what fraction the analog input is of the analog reference.

The precision or accuracy of this conversion is defined by the resolution (bits) of an ADC. 
For example, an ADC with 12-bit wide output word can represent a number between 0 – 
4095 (212 – 1). Thus, the smallest fraction that can be represented by the 12-bit output is 1/
4096 and the only other fractional outputs that can be represented by the ADC are integral 
multiples of this.

Figure A-1 depicts the transfer function of a 3-bit ADC. The Least Significant Bit (LSB or 
the code width) is defined in Equation A-1.

Equation A-1

where,

VREF is the reference voltage of ADC

N is ADC resolution

The output digital codes have an inherent quantization error of +/- ½ LSB, i.e., the 
quantized digital code represents an analog voltage that can be anywhere within
+/- ½ LSB from the mid-point between adjacent digital codes. 

The transfer function of ADC would then be defined by Equation A-2.

Equation A-2

The transfer function is similar to a staircase where each tread represents a particular 
digital output code and each riser represents a transition between two adjacent codes.

1LSB VREF 2N⁄=

ADC Code 2N VIN VREF⁄( )×=

http://www.xilinx.com
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X-Ref Target - Figure A-1

Figure A-1: ADC Transfer Function and Quantization Error
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Appendix B

Register Description

This section defines the register-based communication between the LabVIEW GUI and the 
hardware design.

The address limit would be 16 bits and the data value would be 16 bits.

For Writes (16 bits of address; 16 bits of write data), OK acknowledgment is provided:

W AAAA DDDD //- Sent data

OK //- Hardware response

For Reads, R AAAA is followed by read data.

See Table B-1 for register map information.

Table B-1: Register Map

GUI Commands/Clicks
UART Transmission

UART Reception
Address Data

Connection 
Establishment: Design 
version register (read 
only)

0x0000 Read-only design version register. Returns 16-bits of data. 
Design version (D11-8).(D7-0)

D15-12 indicates the device family, because the same GUI 
can be used for designs on different families.

0001- AC701

0010 - KC705

0011 - VC707

0100 - ZC702

0101 - ZC706

For the Kintex-7 FPGA, Virtex-7 FPGA, and Zynq-7000 AP 
SoC reference designs, it returns 0x2100, 0x3100, and 
0x4100, respectively.

UART Command: R 0000

Time Domain/
Frequency Domain 
Tab: 

Collect data (read only)

0x0001 — FPGA sends back 4096 samples (8K bytes) of raw data for 
further processing by LabVIEW GUI.

UART Command: R 0001

Linearity Tab: Collect 
histogram data (read 
only)

0x0002 — FPGA sends back 4096 bytes of raw data to be used for 
INL/DNL plots.

UART Command: R 0002

http://www.xilinx.com


68 www.xilinx.com 7 Series FPGA AMS TRD User Guide
UG960 (v1.0) December 20, 2012

Appendix B: Register Description

Time Domain/
Frequency Domain 
Tab: 

DAC voltage 
(user-programmed)

0x0003 (for DAC A)

0x0013 (for DAC B)

Value Provide user-entered voltage value:

DDDD = 0x1999 when user programs 100 mV

           = 0x3332 when user programs 200 mV

           = 0x4CCB when user programs 300 mV

           = 0x6664 when user programs 400 mV

           = 0x7FFD when user programs 500 mV

          = 0x9996 when user programs 600 mV

          = 0xB32F when user programs 700 mV

          = 0xCCC8 when user programs 800 mV

          = 0xE661 when user programs 900 mV

          = 0xFFFF when user programs 1V

UART Command: W 0003 DDDD

Time Domain/
Frequency Domain 
Tab:

Sinusoid generation 
(write only)

0x0004 0x0000 When DAC is selected as sinusoidal source on either of the 
tabs.

UART Command: W 0004 DDDD

Sensor Tab: 

Collect sensor data 
(read only)

0x0005 — FPGA sends back 8B (4 raw samples) each for temperature, 
VCCAUX, VCCINT, VCCBRAM.

UART Command: R 0005

Time/Frequency 
Domain Tab: Collect 
VREFN/short data

0x0006 — FPGA sends back 4096 samples (8KB) of raw data.

UART Command: R 0006

Decimation Value 0x000A Value Provide the decimation value selected by user.

Only 1, 2, 4, 8, 16, and 32 are allowed.

UART Command: W 000A DDDD

Update XADC

Clocking selection 
(write only)

0x0007 Value This is the clock divider value (allowed 2 - 255).

UART Command: W 0007 DDDD

Channel option (write 
only)

0x0008 Value 0x0001 - Single channel

0x0002 - Simultaneous sampling mode

UART Command: W 0008 DDDD

Input type (write only) 0x0009 Value 0x0001 - Unipolar input

0x0002 - Bipolar input

UART Command: W 0009 DDDD

Table B-1: Register Map (Cont’d)

GUI Commands/Clicks
UART Transmission

UART Reception
Address Data

http://www.xilinx.com


7 Series FPGA AMS TRD User Guide www.xilinx.com 69
UG960 (v1.0) December 20, 2012

The address scheme for PMBus is laid out as follows.

A[31:16] indicates the device address; A[15:8] indicates page and A[7:0] indicates Voltage 
or Current access (0 – voltage; 1 – current; 2 – VOUT MAX (reserved for future use)).

It is required to make sure that programmed voltage values are within these allowed 
ranges:

Read XADC Registers

Read any valid XADC 
register

0x0100 + Reg offset 0x00 Registers to be read to be user- selectable based on check 
box or some kind of indicator.

UART Command: R 01xx 

16-bit value of the register as read is returned.

Debug register 0x0200 0x0001 This enables printing of debug messages at various points 
which are otherwise suppressed.

UART Command: W 0200 0001

Update UCD9248

 - VCCAUX 0x3410 Value UART Command: W 3410 DDDD

 - VCCINT 0x3400 Value UART Command: W 3400 DDDD

 - VCCBRAM 0x3610 Value UART Command: W 3610 DDDD

Table B-1: Register Map (Cont’d)

GUI Commands/Clicks
UART Transmission

UART Reception
Address Data

http://www.xilinx.com
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Appendix C

Directory Structure and File Description

The directory structure of the design is depicted in Figure C-1.

• xxxxx_hw —This is the hardware design folder consisting of the XPS hardware 
specification file, UCF, and the custom pcores used in the design. The hardware can be 
rebuilt using these files.

• xxxxx_sdk —This is the software design folder consisting of the SDK Export area 
from XPS project, software source, board support package, and associated hardware 
platform specification. The SDK workspace can be rebuilt by importing these on SDK 
invocation.

• ready_to_test —This directory provides a design which can be tested out of the 
box. This contains the design bitfile, ELF for software, and a TCL script for 
programming the FPGA, downloading the ELF, and starting the MicroBlaze 
processor.

• readme.txt —This is the readme file for the design, providing information on 
versions, requirements, known issues, and so on.

X-Ref Target - Figure C-1

Figure C-1: Directory Structure

design readme.txt

xxxxx_hw xxxxx_sdk

xadc_eval_design_xxxxx

UG960_aC_01_12062

ready_to_test
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Appendix D

Troubleshooting

Table D-1 provides information on troubleshooting the design in case it does not work as 
expected.

Table D-1: Suggested Corrective Actions

Issue Suggested Resolution

LabVIEW GUI does not open up. Check if the recommended version of the LabView 
Run-Time engine is installed.

LabVIEW GUI does not seem to be 
able to connect to hardware.

Check in the Device Manager under COM port 
connections if the Silicon Labs CP210x USB to 
UART Bridge shows up.

Check if the COM port selected in the LabVIEW GUI 
is the same as shown in Device Manager.

http://www.xilinx.com
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Appendix E

Additional Resources

Xilinx Resources
For support resources such as Answers, Documentation, Downloads, and Forums, see the 
Xilinx Support website at:

www.xilinx.com/support.

For continual updates, add the Answer Record to your myAlerts:

www.xilinx.com/support/myalerts.

For a glossary of technical terms used in Xilinx documentation, see:

www.xilinx.com/company/terms.htm.

Solution Centers
See the Xilinx Solution Centers for support on devices, software tools, and intellectual 
property at all stages of the design cycle. Topics include design assistance, advisories, and 
troubleshooting tips.

Further Resources
The most up to date information related to the 7 series FPGA AMS Targeted Reference 
Design and its documentation is available on the following websites.

The Kintex-7 FPGA KC705 Evaluation Kit Product Page:

www.xilinx.com/products/boards-and-kits/EK-K7-KC705-G.htm

The Kintex-7 FPGA KC705 Evaluation Kit Master Answer Record

www.xilinx.com/support/answers/47787.htm

The Virtex-7 FPGA VC707 Evaluation Kit Product Page:

www.xilinx.com/vc707

The Virtex-7 FPGA VC707 Evaluation Kit Master Answer Record:

www.xilinx.com/support/answers/45382.htm

The Xilinx Zynq-7000 AP SoC ZC702 Evaluation Kit Product Page:

www.xilinx.com/zc702

The Zynq-7000 AP SoC ZC702 Evaluation Kit Master Answer Record:

www.xilinx.com/support/answers/47864.htm

http://www.xilinx.com/products/boards-and-kits/EK-K7-KC705-G.htm
http://www.xilinx.com/support/answers/47787.htm
www.xilinx.com/zc702
http://www.xilinx.com/support/answers/47864.htm
http://www.xilinx.com
http://www.xilinx.com/support
http://www.xilinx.com/support/myalerts
http://www.xilinx.com/company/terms.htm
http://www.xilinx.com/support/solcenters.htm
www.xilinx.com/vc707
http://www.xilinx.com/support/answers/45382.htm
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These Xilinx documents provide supplemental material useful with this guide:

DS741, LogiCORE IP AXI UARTLite

DS742, LogiCORE IP AXI Serial Peripheral Interface (AXI SPI)

DS744, LogiCORE IP AXI General Purpose IO

DS756, LogiCORE IP AXI IIC Bus Interface

DS747, LogiCORE IP AXI INTC

DS777, LogiCORE IP AXI Block RAM (BRAM) Controller

UG480, 7 Series FPGAs and Zynq-7000 All Programmable SoC XADC Dual 12-Bit 1 MSPS 
Analog-to-Digital Converter User Guide

UG810, KC705 Evaluation Board for the Kintex-7 FPGA User Guide

UG848, Getting Started with the Virtex-7 FPGA VC707 Evaluation Kit

UG850, ZC702 Evaluation Board for the Zynq-7000 XC7Z020 All Programmable SoC User 
Guide

UG883, Kintex-7 FPGA KC705 Evaluation Kit Getting Started Guide

UG885, VC707 Evaluation Board for the Virtex-7 FPGA User Guide

UG886, AMS101 Evaluation Card User Guide

UG926, Zynq-7000 All Programmable SoC: ZC702 Evaluation Kit and Video and Imaging Kit 
(Getting Started Guide (ISE Design Suite 14.3) 

References
The following websites provide supplemental material useful with this guide:

1. LabVIEW 32-bit Run-Time Engine 2011:
joule.ni.com/nidu/cds/view/p/id/2534/lang/en

2. National Instruments: LabVIEW Resources to Help You Get Started
www.ni.com/trylabview/

3. LabVIEW 64-bit Run-Time Engine 2011:
joule.ni.com/nidu/cds/view/p/id/2536/lang/en

4. Texas Instruments, UCD92xx Digital PWM System Controller PMBus Command Reference
www.ti.com/lit/ug/sluu337/sluu337.pdf

http://joule.ni.com/nidu/cds/view/p/id/2534/lang/en
http://www.xilinx.com
http://www.xilinx.com/support/documentation/ip_documentation/axi_uartlite/v1_02_a/axi_uartlite_ds741.pdf
http://www.xilinx.com/support/documentation/ip_documentation/axi_spi/v1_02_a/axi_spi_ds742.pdf
http://www.xilinx.com/support/documentation/ip_documentation/axi_gpio/v1_01_b/ds744_axi_gpio.pdf
http://www.xilinx.com/support/documentation/ip_documentation/axi_iic/v1_02_a/axi_iic_ds756.pdf
http://www.xilinx.com/support/documentation/ip_documentation/axi_bram_ctrl/v1_03_a/ds777_axi_bram_ctrl.pdf
http://www.xilinx.com/support/documentation/user_guides/ug480_7Series_XADC.pdf
http://www.xilinx.com/support/documentation/boards_and_kits/ug810_KC705_Eval_Bd.pdf
http://www.xilinx.com/support/documentation/boards_and_kits/ug883_K7_KC705_Eval_Kit.pdf
http://www.xilinx.com/support/documentation/boards_and_kits/ug885_VC707_Eval_Bd.pdf
http://www.xilinx.com/support/documentation/boards_and_kits/ug886-ams101-eval-card.pdf
http://www.xilinx.com/support/documentation/boards_and_kits/zynq-7000/zc702_gsg/v2_1/UG926_Z7_ZC702_Eval_Kit.pdf
http://joule.ni.com/nidu/cds/view/p/id/2536/lang/en
http://www.xilinx.com/support/documentation/ip_documentation/axi_intc/v1_03_a/ds747_axi_intc.pdf
http://www.ti.com/lit/ug/sluu337/sluu337.pdf
http://www.xilinx.com/support/documentation/boards_and_kits/ug848-VC707-getting-started-guide.pdf
http://www.xilinx.com/support/documentation/boards_and_kits/ug850-zc702-eval-bd.pdf
http://www.ni.com/trylabview/
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Appendix F

Regulatory and Compliance 
Information

This product is designed and tested to conform to the European Union directives and 
standards described in this section.

Declaration of Conformity
To view the Declaration of Conformity online, please visit:

www.xilinx.com/support/documentation/boards_and_kits/
ce-declarations-of-conformity-xtp251.zip

Directives
2006/95/EC, Low Voltage Directive (LVD)

2004/108/EC, Electromagnetic Compatibility (EMC) Directive

Standards
EN standards are maintained by the European Committee for Electrotechnical 
Standardization (CENELEC). IEC standards are maintained by the International 
Electrotechnical Commission (IEC).

Electromagnetic Compatibility
EN 55022:2010, Information Technology Equipment Radio Disturbance Characteristics – Limits 
and Methods of Measurement

EN 55024:2010, Information Technology Equipment Immunity Characteristics – Limits and 
Methods of Measurement

This is a Class A product. In a domestic environment, this product can cause radio 
interference, in which case the user might be required to take adequate measures.

Safety
IEC 60950-1:2005, Information technology equipment – Safety, Part 1: General requirements

EN 60950-1:2006, Information technology equipment – Safety, Part 1: General requirements

http://www.xilinx.com
http://www.xilinx.com/support/documentation/boards_and_kits/ce-declarations-of-conformity-xtp251.zip


78 www.xilinx.com 7 Series FPGA AMS TRD User Guide
UG960 (v1.0) December 20, 2012

Appendix F: Regulatory and Compliance Information

Markings

This product complies with Directive 2002/96/EC on waste electrical and electronic 
equipment (WEEE). The affixed product label indicates that the user must not discard this 
electrical or electronic product in domestic household waste.

This product complies with Directive 2002/95/EC on the restriction of hazardous substances 
(RoHS) in electrical and electronic equipment.

This product complies with CE Directives 2006/95/EC, Low Voltage Directive (LVD) and 
2004/108/EC, Electromagnetic Compatibility (EMC) Directive.

http://www.xilinx.com
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Appendix G

Warranty

THIS LIMITED WARRANTY applies solely to standard hardware development boards 
and standard hardware programming cables manufactured by or on behalf of Xilinx 
(“Development Systems”). Subject to the limitations herein, Xilinx warrants that 
Development Systems, when delivered by Xilinx or its authorized distributor, for ninety 
(90) days following the delivery date, will be free from defects in material and 
workmanship and will substantially conform to Xilinx publicly available specifications for 
such products in effect at the time of delivery. This limited warranty excludes: 
(i) engineering samples or beta versions of Development Systems (which are provided 
“AS IS” without warranty); (ii) design defects or errors known as “errata”; 
(iii) Development Systems procured through unauthorized third parties; and 
(iv) Development Systems that have been subject to misuse, mishandling, accident, 
alteration, neglect, unauthorized repair or installation. Furthermore, this limited warranty 
shall not apply to the use of covered products in an application or environment that is not 
within Xilinx specifications or in the event of any act, error, neglect or default of Customer. 
For any breach by Xilinx of this limited warranty, the exclusive remedy of Customer and 
the sole liability of Xilinx shall be, at the option of Xilinx, to replace or repair the affected 
products, or to refund to Customer the price of the affected products. The availability of 
replacement products is subject to product discontinuation policies at Xilinx. Customer 
may not return product without first obtaining a customer return material authorization 
(RMA) number from Xilinx.

THE WARRANTIES SET FORTH HEREIN ARE EXCLUSIVE. XILINX DISCLAIMS ALL 
OTHER WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING, 
WITHOUT LIMITATION, ANY WARRANTY OF MERCHANTABILITY, FITNESS FOR A 
PARTICULAR PURPOSE, OR NON-INFRINGEMENT, AND ANY WARRANTY THAT 
MAY ARISE FROM COURSE OF DEALING, COURSE OF PERFORMANCE, OR USAGE 
OF TRADE. (2008.10)

Do not throw Xilinx products marked with the “crossed out wheeled bin” in the trash. 
Directive 2002/96/EC on waste electrical and electronic equipment (WEEE) requires the 
separate collection of WEEE. Your cooperation is essential in ensuring the proper 
management of WEEE and the protection of the environment and human health from 
potential effects arising from the presence of hazardous substances in WEEE. Return the 
marked products to Xilinx for proper disposal. Further information and instructions for 
free-of-charge return available at: http:\\www.xilinx.com\ehs\weee.htm.

http://www.xilinx.com
http://www.xilinx.com/ehs/weee.htm
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