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1.0 Introduction

The ADC08x3000RB Board is designed to allow
quick evaluation and design development of
National Semiconductor's ADC083000 and
ADCO08B3000 8-bit Analog-to-Digital
Converters. These devices are specified for 3.0
GSPS operation. This development board is
designed to function with National
Semiconductor's WaveVision Software, for fast
evaluation. It requires only 3 connections to get
started: a Power Supply, a USB Interface to PC
and an analog Signal Source. A 1.5GHz Clock
generator is provided on board and the system
also allows for an external clock to be used if
alternative sample rates are required.

The ADC connects to a Xilinx Virtex4 FPGA
which stores up to 4K of data from each
channel before transferring it through the USB
interface to the PC.

2.0 Board Assembly

The ADC08x3000RB Evaluation Board comes
as a plain board with rubber standoffs and
requires no assisted cooling due to its low
power consumption. The ADC083000 and
ADCO08B3000 devices are configured entirely
through software and also allow changes to
easily be made to the FPGA configuration to
enable system development.
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3.0 Quick Start

Refer to Figure 1 for locations of the power
connection, signal input and USB port.

IMPORTANT NOTE:

Install the Wavevision 4.3.01.5 Beta
ADCO08x3000 Software before connecting
this product to the PC. See Appendix B —
Installing Wavevision. NOTE: If other
versions of Wavevison software have
previously been installed, they need to be
uninstalled prior to installing this version
and the “National Semiconductor” folder in
the C:\Program Files directory must be
deleted. Never install more than one version
of WaveVision onto a PC at a time.

For quick start operation:

1. Ensure jumpers 1 and 2 are installed.

2. Connect the 12V DC power source
(included with the development board) to the
power input (8-12V DC).

3. Push the Power Switch to the ON position
and check that the Green LED between the
switch and the power connector illuminates.

4 Connect the USB cable (included) from the
USB port to a PC. If this is the first time the
board has been connected, Windows may
install the drivers for this product at this
time.

5. Obtain a stable analog source capable of
supplying the desired frequencies at up to 8
dBm. Using a band pass filter, connect this
source signal to either the single ended
input (J2) or the differential inputs (J9 &
J10). The exact level needed from the
generator will depend upon the insertion
loss of the filter used.

6. Start the Wavevision Software

7. Once loaded, the “Firmware Download”
Progress bar should be displayed. See
Appendix B for more information.

8. Upon Firmware Download completion, the
control panel for the board should
automatically be displayed on the PC and
the CLK LED on the front panel should be
on and blinking at a 50% duty cycle
indicating the ADC has locked onto the
clock signal. Refer to section 10.1 for LED
identification.

8. For the ADCO083000: Set the signal source
for the analog input to 8 dBm at the desired
frequency. Observe that the Out of Range,
(OVR) LED is illuminated. If this LED is not
on, increase the input signal source until it

is. Now, reduce the signal source level until
the OVR LED just turns off.

From the Wavevision window pull-down
menu select Acquire and then Samples. to
activate the overrange sampling circuit.
Adjust the input source level after each data
capture until the LED just shuts off.

10. From the Wavevision window pull-down
menu select Acquire and then Samples.
The system will then capture the input
waveform and display the results in the time
domain.

11. For FFT Analysis click the FFT Tab.

4.0 Functional Description

The ADCO08x3000RB Reference Board
schematic is shown in Section 7.0.

4.1 Input circuitry

The analog input signal to be digitized should be
applied to the “Analog Single-Ended Input” or
the “Analog Differential Input” SMA connectors.
These inputs are intended to accept low-noise
analog signals. To accurately evaluate the
dynamic performance of this converter, the input
analog signals will have to be passed through a
high-quality bandpass filter with at least 10-bit
equivalent noise and distortion characteristics.

This reference board as delivered is set up to
handle either a single-ended or a differential
analog input. The single-ended input is
converted to differential signals on board via a
transformer connected as a balun and provides
the single-ended to differential conversion for
the ADC. The differential PCB traces to the ADC
input pins have a characteristic differential
impedance of 100 Ohms.

When the DC-coupled input path is selected, a
50Q DC impedance to ground must exist at the
input (signal generator must be DC coupled and
only a lowpass filter should be used). Should an
AC-coupled signal generator or a bandpass filter
be required, the AC-coupled input path should
be used. However, should the customer desire
to use an AC-coupled source or a bandpass
filter with the DC-input path selected, a 49.9Q
resistor should be populated to the device
location R24 to ensure the 50Q2 DC impedance
requirement is met.

No scope or other test equipment should be
connected anywhere in the signal path while
gathering data.

4.2 ADC reference



The ADC083000 and ADCO08B3000 have an
internal reference that can not be adjusted.
However, the Full-Scale (differential) Range
may adjusted with the Software Control Panel
Refer to Section 9.0 for more information

4.3 ADC clock

The ADC clock is supplied on board and is fixed
at 1.5GHz. An external clock signal may be
applied to the ADC through the SMA Connector
labeled in Figure 1 as “Clock Input”. The balun-
transformer (T1) converts the single ended clock
source to a differential signal to drive the ADC
clock pins. When using the internal clock, be
sure to physically isolate the external clock
signal (either gate the signal generator off or
remove the external clock cable).

Note that it is very important that the ADC clock
should be as free of jitter as possible or the
apparent SNR of the ADC device will be
compromised.

When switching from an external reference
clock to the internal reference clock, or from an
internal clock to an external clock, be sure to
press the “Test Communication” button in the
Capture Settings window.

4.4 Digital Data Output

The digital output data from the ADC is
connected to a Xilinx Virtex 4 FPGA. Up to 4K
Bytes of data per channel can be stored and
then uploaded over the USB interface to the
Wavevision software. The FPGA logic usage is
low allowing further code to be written and
tested for product development.

4.5 Power Requirements

The power supply requirement for the
ADCO08x3000RB Reference Board is 12V at
800mA.

Most of the regulators on board are switching
regulators for increased power efficiency.

The board typically draws around 500mA but it
is always good practice to have extra power
reserve in the power supply over the typical
power requirements.

A Universal 100-240V AC input to 12V DC Brick
Power Supply is included with the development
board.

4.6 Power Supply Connections

Power to this board is supplied through the
power connector. It is advised that only the
supplied PSU is used with this board.

The ADC supply voltage has been set to 1.9V,
+50 mV using on board regulators.

5.0 Obtaining Best Results

Obtaining the best results with any ADC
requires both good circuit techniques and a
good PC board layout. For layout information for
this product please contact you nearest National
Semiconductor representative.

5.1 Clock Jitter

When any circuitry is added after a signal
source, some jitter is almost always added to
that signal. Jitter in a clock signal, depending
upon how bad it is, can degrade dynamic
performance. We can see the effects of jitter in
the frequency domain (FFT) as "leakage" or
"spreading" around the input frequency, as seen
in Figure 2a. Compare this with the more
desirable plot of Figure 2b. Note that all dynamic
performance parameters (shown to the right of
the FFT) are improved by eliminating clock jitter.
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Figure 2a. Jitter causes a spreading around the input
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6.0 Reference Board Specifications

Board Size: |168mm x 100mm

Power Requirements: |+12V, 800mA

Clock Frequency Range : |800 MHz to 1.5 GHz

Analog Input Range (AC Coupled) |30MHz to 1800MHz

Nominal Analog Input Voltage: |600 mV P-P to 800 mV P-P

Impedance: |50 Ohms




7.0 Schematic Drawing ADC08x3000RB — Onboard Clock (VCO + PLL)
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7.1 Schematic Drawing ADC08x3000RB — Analog Inputs
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7.2 Schematic Drawing ADC08x3000RB — ADC connected to Virtex4 FPGA
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7.3 Schematic Drawing ADC08x3000RB — USB Interface
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7.4 Schematic Drawing ADCO08x3000RB — Power Supplies 1
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7.5 Schematic Drawing ADCO08x3000RB — Power Supplies 2
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7.6 Schematic Drawing ADC08x3000RB — Expansion Header Interface
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8.0 Bill of Materials (Page 1 of 2)

NATIONAL SEMICONDUCTOR

Tolal ATY | o 008X 3000 R2.2 BUILD
for Board
Bulld
Item | aty Part Referanca alug Daacriptlion Manufactursr Manufacturer Part Humbsr
SMT Capacitors
1 1 Ci 1uF Capacitor, SMT 0603, MLC, X5R, 10%, 16V Fanasonic ECJ-1WB1C105K
2| 72 C2.C4,C8,C17,C18,C20,C21, 100n Capacitor, SMT 0603, MLC, X7R, 10%. 16W Fanasonic ECJ-1WB1C 104K
C23,C26,C26,C28.031.C32,
C33.C24.C35,C36.C37.C38.
C38,C40 2
C45,C48
C51,C52,
C60.C83.C84.C
CA3,068, CTI
158,C182,C168, 73,
C174,C175,C176
3 4 C3.C10.C18.C159 100pF Capacitor, SMT 0603, MLC, NPO, 5%, 500 Fanasonic ECJ-1WC1H101J
4 1 C5 470pF Capacitor, SMT 0803, MLC, NPO, 5%, 50V Panasonic ECJ-1WC1H4T1J
5 1 cv 100pF pacitor, SMT 0402, MLC, X7R, 5%, 50V Panasonic ECJ-DEC1H101J
5] 7 C5.CT0.C80.C38,CRE,C08, 10n Capacitor, SMT 0603, MLC, X7R., 10%. 16W Fanasonic ECJ-1WB1C103K
7 2 0.47uF . SMT 0602, MLC, X7R, 10%. 18V Femst COB03C4T4H4ARACTU
-] 1 0.15uF c . SMT 06803, MLC, X7 MuRata GRM188RT1C154HADD
g 1 220pF Capacitor, SMT 0803, MLC, NP0, 5%, S50V Fanasonic ECJ-1WC1HZ21J
10 i) .C24,C27.C20.C58 7 Capacitor, SMT 0403, MLC, X7R., 10%. 25W Fanasonic ECJ-DEB1E4T2K
11 1 Capacitor, SMT 0803, MLC, NPO, 5%, 50V Panasonic ECJ-1WC1H101J
12 8 CE1,CB2,C80.C51.C160, 22uF CAP 22UF 16V TANTALUM TEL SMD EPCOS Inc B45187A3226K 306
C184,C165
13 2 12pF CAP CERAMIC 12PF 50V 0503 SMD Fanasonic ECJ-1WC1H120
14 3 52,C74 2.2n pacitor, SMT 0603, MLC, X7R., 10%. 50V Fanasonic ECJ-1WB1H2
15 g C75,C78.C85,C86.C110, 10uF CAP 10UF 20V TANTALUM TEL SMD Femst T491C108K020AT
C118,C121,C125,C161
18 2 C83.C124 47uF CAP 47UF 20V TANTALUM TEL SMD LAY TAJC4ATEHDZ0R
17| 39 £92,083,C0 100n Capacitor, SMT 0402, MLC, X5R, 10%. 10V Panasonic ECJ-DEB1A104K
o
T
c1
C1
Ci 7
C140.C141,C142
C145,C148,C1
18 2 coa8,cav 3.3uF pacitor, SMT 1206, MLC, X5R, 10%, 25V Kemet C1208C335K3PACTU
12 4 C99,C100.C101.C157 33uF P 33UF 16V TAMTALUM TEL SMD, 10% Femst T491C338K018AT
20 2 Ci11.C118 10uF CAP 10UF 20V CERAMIC TEL SMD Femst C1210C106K4PACTU
21 1 ciga 4n7 Capacitor, SMT 0803, MLC, X7R, 10%, 50v Panasaonic ECJ-1WB1H472K
22 1 ci70 0.01uF CAP CERAMIC 0.01uF 0402 SMD Kemet C0402C103JIRACTU
23 1 CiT1 2.2uF CAP 2.2UF SMD Size 3218 Femst T491AZ25K010AT
Diodes
24 3 D2.03.,08 BZX34CHV1 DICDE ZEMER 5.1\ 350MW S0T-2 Diodes Inc BIxE4C
25 4 04.05,08.018 1H4148W DIODE SWITCH 75W 400MW SOD-123 Diodes Inc 141420
28 5 D&.07,011,012,017 10BQ020 DIODE SCHOTTEY 20V 1A DO-214A4 International Rectifisr 10BQ030PEF
a7 1 D10 BAT42W DIODE SCHOTTEY 30V 200MW SOD-123 Diodes Inc i
28 1 D13 B340LB-13 RECTIFIER SCHOTTKY 40V 34 SMB Diodes Inc B340LB-13-F
28 1 014 SMAZBW2 DIODE ZEMER SMD 6.2 1W SMA DICDES ING. SMAZEV2-13-F
30 1 D15 Z5238BLT1 DIODE ZEMER B.7V Z25MW S0T-23 OMN Semiconductor MMBZ5238BLT1G
Connectors
3 1 P4 JUMPER 2X1 HEADER 2X1 0.1" SP MALE STR Sullins PECIG5AAN
3z 4 J2,J3.08,010 ShA-3 COMN JACK SMA 50 OHMS ECGE MOUNT Emerson 142-0761-841
33 1 J4 SMA COMN SMA RECEFTICLE STRAIGHT PCB GOJAmphenol B01-144-BRFX
34 1 J5 CONN @ PIN SINGLE ROW |HEADER 6X1 0.1" 3P MALE STR Sullins PECIGSAAN
35 1 Ji USB-B USE Connector Type B, Single Through Hole Mill-hax BE87-42-004-20-000000
kls) 1 J7 CONN PWR JACK COMN PWR JACK 2.5x5.5MM HIGH CUR Cl Inc PJ-102EH
7 1 Ja CONN 28 PIN MICTCOR MICTOR VERTICAL RECEPT. 38 POS AMPTyco Electronics 57670541
38 3 P1.P2.P3 FUTUREBUS_24 COMN RCEPT RTANG 2ZMM 24P0S 304U AMPTyco Electronics 6536611-1
Ferrites
38| 10 L1,L8,18,L11,L12,L13,L14, 100MHz FERRITE CHIF 120 OHM 3000MA 1208 Murata BLM1PG1215H1L
L15,L17.L13
1 L2 CM CHOKE CHOKE COMMON MODE 170 OHMS PCB Steward CM2545X171B-10
5 L3L4L5LEL1G 10uH INDUCTOR SHIELD PWR 10UH 7032 TOK SLFTD32T-100M1R4-2-PH
1 L7 8.86uH INDUCTOR SHIELD FWR 8.2UH SMD Coiltronics DR127-8R2-R

14



8.1 Bill of Materials (Page 2 of 2)

15

lksen | @by Part Rafsrance Wl [Discoription ManuTaohsrar Marufaoturss Part Humber
Resistors
43 12 |E! Panasonic ERJ-IGEYIRDIV
44 2 R2,R4 150 Panasonic ERJ-IGEYJ1E
43 1 RE] 20 Fanasonic ERJ-IGEYJ
4z 2 R5,R135 0.8 Panasonic ERJ-JEKF40REV
47 2 RT.R2 0.22 Susurnu Cio Lid RP16085-R22-F
8 1 RO 12K Panasonic ERJ-3GEY ]
480 5 RIDETIRTARTIZRIT 1K Fanasonic ERJ-3GEYJ
50 1 R11 3.2 Panasonic ERJ-GEYJIRIV
51 2 R14,R27 100 Panasonic ERJ-2GEJ101X
[ 1 G 0 Panasonic ERJ-2GEDROOK
g3f 23 R16,R17.R26,R39.R20,R20 10K Fanascnic ERJ-3GEYJ103V
R31,FR35.R81,RE2.RE3,RE4
RB5,RB4 R105,R106,R113,
R114.R110,R124.R13E,R148
R150
544 1 R2D 242K FES 442K Panasonic ERJ-ZEKF4421W
4 1 R1D 143K RES 14.3H0HM 1110V 0803 SMD Panasonic
BE[ 3 R23, RBB, R100 221K FES 22 1K OHM 1710V 503 SMD Panasonic
52 1 R2E A & BHOHM 1H10W =MD Fanascnic ERJ-IEKFEDE
i E] R4D,R41,.R42,R43,Rad,R4E, ElE] FES 2.3 OHM 1/10W & Panasonic ERJ-3GEYJI3V
R46,R47 R40,R50.RA0,RTD
R127
8 1 RO3 2. TH FES 4.7H OHM 1710W 5% Fanascnic ERJ-3GEY 4T,
Bl 4 R4, RE3.RE5,RE3 100 RES 100 OHM 1100 Panasonic ERJ-3GEYJ
8 4 RABRI0ARID7T.R148 100k RES 100K OHM 110 0803 SMD Panasonic ERJ-3GEYJ1D
61 ] RG60,FRE1.RE4,RE8.RET,RTE 47 RES 47 CHM 1/10W 53 0803 SMD Panasonic ERJ-3GEYJ4T
R12B.R130,7131
[ ] RBE,REY REBE,REG,ROD,RE1 230R RES 220 OHM 1/10W 5% 0803 SMD Panasonic ERJ-3GEYJIITV
ROZREA.R12E
= E ROGRE7R1M.R140 412K FES 4.12¢ OHM 17110W 0.1% D803 SMD Susumu Co Lid RRO816FP-4121-B-T5-60H
&4 1 RoE EN] & 20 OHM 1/10W Panasonic ERJ-IGEYJEBETY
65 8 R101L.R102,R110.R111,R141 10.2K (& Susurnu Co Lid RR0816P-1022-D-02C
(i3 1 R10B 324K (& Susurnu Cio Lid RRO0316P-2242-0-50C
67 1 R115 10 RES 10 OHM 1 Fanasonic ERJ-3GEYJ /
2 4 R120LR121,R1Z2R123 1 RES 51 CHM 11 Panasonic ERJ-3GEYJS1
&2 1 Ri42 545K (& Panasonic ERJ-JEKF34E
70 1 EAEE] 1M (& Panasonic ERJ-3GEYJ108V
i 4 U1,L4.Ug.ur RELAY-RFI2 R Telegyne RF303-5
IC's
72 1 U3 LMX2531LQ1500E 1.5GHz Centre Frequency PLL, 3V
73 1 us LMHASE5 LMHB555MNOPB
74 3 Us, L2 U2e TALVC1GTT IS SCHMITT-TRIG BUFF SCT-23-5 Tl 17D8VR
75 1 ug XCAVLXK1E J0IFEGA VIRTEX 4 FPGA Xiline SFGIEIC
7E 1 uiD ADCIEx3000 128 PIM Exposed Pad TQGFP MNSC ADCO8:3000-CIYBMNOFE
77 1 U1 5-pin uP reset ki, sot23-5 pkg, LM3TI2EME-2. 08 NSC LM3TIIEME-3.08/NCPB
78 1 Uiz Cypress CYTCAE0134-100AXC CYTCEB013A-100AXC
T2 1 U13 LIMES221CIMM LIM25221 Dual Remote Diede Digita’ Temperature Sensor|NSC LMEEZ2 1 CIMMNDPE
ED 1 U1s 24C02/508 EEPRCM 2 WIRE 2Kbit (258 » 8] & Pin S0IC ATMEL AT24CO2BN-105L-1.8
B1 1 U6 74LWCE41 |C OCT BUFFIDRVR TRI-ST 20-550P Texas Insiruments SHNT4LVCH41ADER
B2 1 ulE TALVC1GM IC SINGLE INVERTER-GATE S0T-23-5 Texas Insirumenis SHNT4LVC 1G040DBVR
€] 8 U1B,U20,U21,U32,U32 LMIT24 TSOT-6 IS PWM STP-DWN REG 1A 50T23-6 NSC LM2T24MECT-NDINCPE
B4 1 u23 LM2A78 SIMPLE SWITCHER TC-283-7 NSC LM2ETES-ADJNDINOPE
5] 1 U4 LP2BEG IS REGULATOR MICROFWR LDD 8-20iC NEg LF2g86IM-2.0-NOYNOPE
BB 1 U2s LP2oEaLY IC REGULATOR MICROPWR LDO 8-S50iC NSC LP2ga0iM-1.8-NIYNOPE
E7 1 U26 L1 117MEX 3.3V 800MA LDO S0T-223 Mationa Semiconducior LM1117MPX-2 -NOVNOPE
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9.0 Using the Wavevision software with the ADC08x3000RB

IMPORTANT NOTE: Before connecting this board to the PC, please install the Wavevision
Software from the CDROM included with the development kit. (See Appendix B)

Connecting the Development Board before installation may result in the board being registered as
an unknown USB device. If this happens you will need to uninstall the device using the Windows
Device Manager before installing the Wavevision Software.

NOTE: If other versions of Wavevison software have previously been installed, they need to be
uninstalled prior to installing this version and the “National Semiconductor” folder in the
C:\Program Files directory must be deleted. Never install more than one version of WaveVision
onto a PC at atime.

9.1 Getting Started

This development board is designed to connect over a USB interface to a PC running the Wavevision
Software.

Ensure the board is connected to the 12V power supply (included in the package) and that the switch on
the rear panel is pushed to the “ON” position. The Green LED near the power switch should be illuminated
if on.

Connect the USB cable between the PC which has Wavevision software installed and the ADC08x3000RB
board.

If this is the first time the board has been connected to the PC, Drivers may be required to be installed
(automatic) by the Operating System. Follow the on screen instructions and use the recommended
settings.

Start the Wavevision software (Start -> All Programs -> Wavevision -> Wavevision 4)

The software may take several seconds to initialize, but should display a welcome screen similar to the
following.
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Hational Semiconductor WaveVision 4 -- Mo data
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Copyright ® 2004-2006 Mational Semiconductor Corporation

Welcome to National Semiconductor's WaveVision evaluation
system for Analog-to-Digital and Digital-to-Analog Converters.
Please refer to the ADC/DAC data sheet and evaluation board manual
for additional information.
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If the board is connected correctly the following popup box should appear to indicate that the board has
been recognized and the firmware for the FPGA is being downloaded over the USB interface

Downloading firmware...

If the “Downloading firmware” box does not appear automatically, click on the “Settings” pulldown menu
and then click Capture Settings as shown below.

National Semiconductor, WaveVision 4 -- No data

File Acquire §et1ings| Tools Window Help

Capture Settings...
Product Settings...

JVM Settings...

Default FFT Options...
Default Plot Options...

[ Logging

® Java Look and Feel
O Native Look and Feel

This will display the System Settings Window which should appear as below

- System Settings
Board Tvpe

Board Properties

Data Capture Board:

# Description: Big3Gig B3000
# hMemary Depth: 8 kilosamples
# haximum Speed: 1500 MHz

W avelision 4 (LSE) W

Evaluation Board:
# Description: ADCOSB3000

Communication successful, # Firmware Version: 4.3 (Sept 21 2006

# Features: samples, parallel
# Currently running at: 0.0 Hz

Comrunication

#ilime: Image Settings. .. ][ Debug, ., ]

Dakta Acquisition

Mumber of Samples; | 4 w |

Hardware Histogram

Mumber of Samples: | |

Data Farmak; |0FFset Binary VH Help ]
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If the board has not been detected click the “Test” button under the Communication heading and the
development board should be found. If the communications fail, check that the USB drivers are installed
correctly, then disconnect and re-connect the USB cable. Finally restart the Wavevision software See
Appendix B for more information.

9.2 Control Panel

Once the FPGA Firmware download has completed one of the development board Control Panels will
automatically be displayed as shown below.

£ ADCOB3000

Reqiskers

FPGA Temp 47,125 Degc
ADC Temp 65,000 DegC

Control

HardwarefSerial | Hardware Pin Contral s

CukYy | Loww Amplitude L
CutEdge

DOR |Enable Dual Data Rate s

F3R | 600my Full Scale w

Standby | Active w

PD | Disable Shutdown w

DC_Coup | AC Coupling -

Ext Clock | Internal Clock “

Diff In | Differential Data w

| Resstrran || Callbrate ADC |

The following section describes the Function of the pull-down selection tabs in the left hand side of the
ADCO08x3000RB product Control Panel

Temp Sensor
Displayed below the Channel Selection tab is the die temperature of both the FPGA and the ADC.
Hardware/Serial Control

Hardware Pin Control — The ADC is controlled by the logic states on the dedicated control pins. The logic
on these pins is determined by the setting of OUTV, OUTEDGE, DDR, FSR and RCLK below.

Serial Register Program — The ADCs registers are accessed through the Extended Control Mode. In this
mode the hardware pin control is disabled and the programmable registers are available for fine tuning.
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NOTE: The Following Pull-down Tabs are available only when Hardware Pin Control is selected.
Out Vv

Low Amplitude — LVDS output voltage amplitude is set to 510mV pk-pk.

High Amplitude — LVDS output voltage amplitude is set to 710mV pk-pk.
OutEdge

Falling Edge — Data outputs are changed on the falling edge of DCLK+ (Single Data rate mode only).
Rising Edge — Data outputs are changed on the rising edge of DCLK+ (Single Data rate mode only).

DDR

Disable Dual Data Rate — DDR Mode is disabled (data output follows OutEdge Setting).
Enable Dual Data Rate — Data is output with rising and falling edge of DCLK (Default for 1.5GHz clock).

FSR

600mV Full Scale — Sets the full scale range to 600mV pk-pk.
800mV Full Scale — Sets the full scale range to 800mV pk-pk.

NOTE: The Following Pull-down Tabs are available regardless of Hardware/Serial Control setting.

RCLK

0-TBD 2-TBD
1-TBD 4 -TBD
Standby

Disable Standby — Enable all on-board power regulators.

Enable Standby — Board is put into standby mode — All power is shutdown except USB power.
PD

Disable Shutdown — The ADC is powered up and Active.

Enable Shutdown — The ADC is put into low power mode. Register Settings are retained.
DC_Coup

AC Coupling — The single-ended analog input is AC coupled to the ADCs input
DC Coupling — The single-ended analog input is DC coupled to the ADCs input (not available on AC only

model)

Ext Clock

Internal Clock — The ADC is clocked using the on-board 1.5GHz clock
External Clock — The ADC is clocked from an External clock source connected to the “CLOCK” input.
Diff In

Differential Data — The ADC is connected to the differential analog inputs.

Single Ended Data — The ADC is connected to the single-ended analog input.
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Reset FPGA

This button resets the FPGA, and also returns all the pulldown tabs to their default values.

Calibrate ADC

This button issues an on-command calibration to the ADC by toggling the ADCs calibrate pin.

9.3 Serial Control Mode

When the Hardware/Serial Control tab is selected as “Serial Register Program”, the control panel display

will be changed to the following view.

£ ADCOB3000

Regiskers
FPGA Temp 51.500 DegC Addr 1: Configuration Register
ADC Temp 69,250 DegC Lo Jlo Jle JloJlo Jle Jlo]
il DRE RTD DCS  DCP noE oy OE
HardwarefSerial | EEENSEEREEREN % | | | adde 2@ OFfset Register

Lo Jlo Jlo Jle Jle Jlo olo o] onm

BitlS  Bikl4 Bitl3 Bikl2  Bitll Bikl0  BitD9  Bik0OS  Sign

addr 3 Full Scale Yoltage Adjust Reqister
Lt Jle Jlo]fo Lo Jfejfo]fo] o] soom

Bitl5  Bikl4 Bitl3 BiklZz Bitll Bikl0  BitD9  Bik0S  Bit07

addr [ Extended Clock Phase adjust Fine Regisker

Le JCe Jlo Jle Jlo Jo e Jle o]

Standby | Active b BitlS Bikl4 Bikl3 BEkl2 Bitll  Eikl0 BitOS  EikOS  BitO7
PD | Disable Shutdown * || |Addr E: Extended Clock Phase Adjust Coarse Register
DC_Coup | &C Coupling w [ 5 ][ e ][ u ][ o ][ u ] 0.00 ps
EM& CAM3 CaMz CAMI  CaMo
Ext Clock. | Internal Clock w
DifF In | Differential Daka 3 addr F: Test Patkern Register

TP

Reset FPGA ] [ Calbrate ADC Reset Registers

In this mode the register settings can be changed simply by clicking on the bits. Doing so will toggle the bit
value and any linear values such as Full Scale Range or Offset will automatically be updated.

The “Reset Registers” button at the bottom of the Control Panel will reset and write all the values to the
power-on default settings.

Please refer to the ADC083000/ADC08B3000 datasheets for a full description of the ADCs internal

registers.



9.4 Capturing Waveforms
When the ADC has been configured as required, the selected input(s) can be sampled by clicking the

“Acquire” pull-down menu and selecting “Samples”. Alternatively press F1 then the Escape key.

National Semiconductor WaveVision 4 -- Untitled* \ZHEIE\

File View Acquire Settings Tools Window Help

Waveform : Channel |

Plot Actons: *|[ Potowtons.. | |G x| N[ A

Waveform : Channel |

250 -

200

150

100 -

15800 1550 1600 1640 1700 1750 1800 1850 1900
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10.0 Appendix A - Hardware Information

10.1 LED functions

The function of the LEDs on the board is as follows

STB TRG OVR CLK

PWR UPL SMP IDL

STB — STANDBY, illuminates when the board is in standby mode.
TRG — TRIGGER EVENT, illuminates when the Trigger Input makes low to high transition
OVR — ADC OVER RANGE, illuminates when the data input exceeds the full scale range of the ADC
— ADCO083000: The LED will dynamically follow the change in the input magnitude
— ADCO08B3000: The LED will latch the last magnitude from the last capture buffer write. It will only
change state during a capture buffer write.
CLK — SAMPLE CLOCK INPUT
— ADCO083000: The LED will flash with 50% duty cycle if the ADC is receiving a good clock input.
— ADCO08B3000: The LED will stay illuminated if the sample frequency was input by the user.
PWR — POWER, illuminates when the external 12V is connected and the system is not in Standby.
UPL — UPLOAD, illuminates when the FPGA is uploading sample data to the PC
SMP — SAMPLE, illuminates when the FPGA is sampling data and storing to the FIFO buffers
IDL — IDLE, illuminates when the system is IDLE.
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10.2 Expansion Header

A 72 pin Future Bus Expansion Header is provided on the rear panel to allow easy connection to a third
party microprocessor board to allow for the reading and analysis of the data captured by the FPGA.

The signals connector to this expansion bus will be as follows

PIN DESCRIPTION PIN DESCRIPTION
P1-Al 12C - SDA P1-B1 | ADC DCLK RESET N
P1-A2 12C - SCL P1-B2 | ADC DCLK RESET P
P1-A3 SSP - SERIAL DATA P1-B3 | GROUND

P1-A4 | SSP - SERIAL CLOCK P1-B4 | GROUND

P1-A5 FPGA RESET P1-B5 | GROUND

P1-A6 READ FIFO P1-B6 | GROUND

P2-Al1 | WRITE FIFO P2-B1 | ADC EMPTY FLAG
P2-A2 FIFO FULL P2-B2 | ADC FULL FLAG
P2-A3 FIFO EMPTY P2-B3 | ADC WRITE SYNC
P2-A4 | ADC DCLK RESET P2-B4 | ADC WRITE ENABLE
P2-A5 FPGA CONF DONE P2-B5 | ADC READ ENABLE
P2-A6 FPGA JTAG - TMS P2-B6 | GROUND

P3-Al FPGA JTAG - TCK P3-B1 | GROUND

P3-A2 FPGA JTAG - TDI P3-B2 | GROUND

P3-A3 FPGA JTAG —TDO P3-B3 | GROUND

P3-A4 notSHUTDOWN P3-B4 | GROUND

P3-A5 3.3V SUPPLY P3-B5 | GROUND

P3-A6 12V SUPPLY P3-B6 | GROUND

P1-C1 | DATABUS A PO (LVDS or CMOS) | P1-D1 | DATA BUS A NO (LVDS or CMOS)

P1-C2 | DATABUS AP1 (LVDS or CMOS) | P1-D2 | DATA BUS A N1 (LVDS or CMOS)

P1-C3 | DATABUS A P2 (LVDS or CMOS) | P1-D3 | DATA BUS A N2 (LVDS or CMOS)

P1-C4 | DATABUS A P3 (LVDS or CMOS) | P1-D4 | DATA BUS A N3 (LVDS or CMOS)

P1-C5 | DATABUS A P4 (LVDS or CMOS) | P1-D5 | DATA BUS A N4 (LVDS or CMOS)

P1-C6 | DATABUS A P5 (LVDS or CMOS) | P1-D6 | DATA BUS A N5 (LVDS or CMOS)

P2-C1 | DATABUS A P6 (LVDS or CMOS) | P2-D1 | DATA BUS A N6 (LVDS or CMOS)

P2-C2 | DATABUS A P7 (LVDS or CMOS) | P2-D2 | DATA BUS A N7 (LVDS or CMOS)

P2-C3 INPUT STROBE P P2-D3 | INPUT STROBE N

P2-C4 | DATABUS B PO (LVDS or CMOS) | P2-D4 | DATA BUS B NO (LVDS or CMOS)

P2-C5 | DATABUS B P1 (LVDS or CMOS) | P2-D5 | DATA BUS B N1 (LVDS or CMOS)

P2-C6 | DATABUS B P2 (LVDS or CMOS) | P2-D6 | DATA BUS B N2 (LVDS or CMOS)

P3-C1 | DATABUS B P3 (LVDS or CMOS) | P3-D1 | DATA BUS B N3 (LVDS or CMOS)

P3-C2 | DATABUS B P4 (LVDS or CMOS) | P3-D2 | DATA BUS B N4 (LVDS or CMOS)

P3-C3 | DATABUS B P5 (LVDS or CMOS) | P3-D3 | DATA BUS B N5 (LVDS or CMOS)

P3-C4 | DATABUS B P6 (LVDS or CMOS) | P3-D4 | DATA BUS B N6 (LVDS or CMOS)

P3-C5 | DATABUS B P7 (LVDS or CMOS) | P3-D5 | DATA BUS B N7 (LVDS or CMOS)

P3-C6 | OUTPUT STROBE P P3-D6 | OUTPUT STROBE N

The Data busses on this header can be configured as follows
e Two 8 bit busses with LVDS differential signaling, plus two LVDS strobes
e Four 8 bit busses with LVCMOS (3.3V 10) signaling plus four CMOS strobes

All control signals on pins (P1-Al to P3-A6) and (P2-B1 to P2-B5) will be at LVCMOS 3.3V levels. P1-B1
and P1-B2 are LVDS differential signaling.



10.3 System Block Diagram for ADC083000
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11.0 Appendix B - Installing and running the Wavevision 4 software

11.1 Install the WaveVision Software.

e Insert the WaveVision CD-ROM into your computer's CD-ROM drive.

e The WaveVision software requires a Java™ Runtime Environment or Java™ Development Kit,
version 1.4 or higher, from Sun Microsystems, Inc. For detailed information on WaveVision’s use
of Java technology, please see below. If your computer does not have this software, the
WaveVision installer will instruct you on how to install it.

e Locate and run the WaveVision 4 Setup.exe program on the CD-ROM. Follow the on-screen
instructions to finish the install.

11.2 Java™ Technology

The WaveVision software uses Sun Microsystems® Java technology. The underlying Java software must
be installed on your computer in order for the WaveVision software to run. The software can run on top of
either the Java Runtime Environment (JRE) or the Java Development Kit (JDK), version 1.4 or higher. A
suitable copy of the JRE is included on your WaveVision CD-ROM.

The WaveVision installer will first look for an existing copy of the JRE or JDK on your computer. If neither
is found, the installer will instruct you to first install a JRE. To do this, run the J2RE*.exe installer program
off the CD-ROM. Follow the on-screen instructions to finish the install.

After a suitable JRE or JDK is installed, run the WaveVision installer again. The installer will detect the
Java software and configure the WaveVision software to use it.

Java technology can allow software to run on different platforms. However, the WaveVision software
contains Windows specific hardware interface code and therefore is only currently supported under
Windows.

11.3 Automatic Device Detection & Configuration

The WaveVision system provides automatic hardware detection and configuration for the device under
test. The FPGA is re-programmed on the fly by the host PC when the Development board is turned on.

Normally, the configuration process is totally transparent to the user, and requires no intervention.
However, this process can be overridden if required by specifying a new Xilinx configuration image by
clicking the Xilinx Image Settings button within the Capture Setting window (Settings -> Capture Settings).

Xilinx Image Settings... Debug...

11.4 Windows Driver

The WaveVision software communicates with the WaveVision hardware through the Windows device
driver software. If you are unable to connect to the Wavevision board after installing the software, do the
following to uninstall and reinstall the driver. Go to the Windows Control Panel and select System. If you
are using Windows 2000/XP select the Hardware tab. Then click on Device Manager and go down to the
Universal Serial Bus controllers. With the WaveVision board connected, you will see it (or an unknown
device) listed. Right click on it and uninstall the driver. Then unplug and plug in the board again to reinstall
the driver.
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12.0 Appendix C - Using WaveVision Plots

The WaveVision software provides several tools to help you interact with plots. A toolbar appears above
each plot, similar to Figure 4.

|Plat Actions: ~|  PiotOptions... FFT Options.. | Q | L3 | e | A I

Figure 4: WaveVision Plot Tools
Seen from left to right, the following tools are available:

Plot Actions menu: This menu contains commands that pertain to this particular plot. You may export
the plot data to a file, print the plot, save it as a graphic, or change the plot’s colors.

Plot Options: This button opens a dialog box with options that pertain to this particular plot. You may turn
off labels, annotations, or other elements in this dialog. The WaveVision software maintains default
options for new plots. You may edit the default options by choosing Default Plot Options from the
Settings menu.

FFT Options: The toolbar shown in Figure 4 is from an FFT plot, and thus contains a button to edit the
options for the FFT calculation. Depending upon the type of plot, various options may be present on the
toolbar. Please consult the appropriate section below for more information about these options.

Magnifying glass tool: This tool allows you to zoom in and out to see fine details in the plot. Click and
drag a box from upper-left to lower-right to zoom in on a particular region of your plot. Click and drag a
box from lower-right to upper-left to zoom out. With the magnifying glass tool selected, click the right
mouse button to return to a normal, 100% view.

Arrow Tool: The arrow tool is used to select, move, and edit annotations. To edit an annotation, double
click it with the arrow tool. To delete an annotation, select it with the arrow tool and press the Delete key
on your keyboard.

Line Annotation Tool: To draw lines on the plot, select this tool. Drag to draw new lines. To add
arrowheads or fix the endpoints of the line, double-click it with the arrow tool.

Text Annotation Tool: To draw labels on the plot, select this tool and click at the desired location in the
plot. To edit the justification, location, or text of an annotation, double-click it with the arrow tool.

The Waveform Plot

The Waveform plot shows you the raw samples collected from the hardware. This plot is mainly used to
verify the integrity of collected data — the waveform is the best view in which to diagnose a distorted signal,
an irregular clock, a low-amplitude signal, and many other common ADC system problems.

The Waveform plot also quickly shows you how much of the ADC’s dynamic range your signal occupies.

The FFT Plot

The WaveVision software automatically computes a Fast Fourier Transform (FFT) of the sample set, and
displays the results in an FFT plot. The FFT plot is, in many respects, the heart of the software. The FFT
shows you the frequency content of your input signal. It marks the fundamental frequency, and a
selectable number of harmonics. It also labels their order and frequencies. It shows the power in the
fundamental and harmonics. Try hovering your mouse cursor over a harmonic to get information about it.

The FFT can be used to diagnose common ADC problems such as input spectral impurity, clock phase
noise, and clock jitter. The FFT plot also shows several statistics on the quality and purity of the collected
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samples, such as SNR, SINAD, THD, SFDR, and ENOB. These statistics are to be interpreted with the
following definitions (which are repeated in every National Semiconductor ADC datasheet):

Signal to Noise Ratio (SNR) is the ratio, expressed in dB, of the RMS value of the input signal to the
RMS value of the sum of all other spectral components below one-half the sampling frequency, not
including harmonics or DC.

Signal to Noise Plus Distortion (S/N+D or SINAD) Is the ratio, expressed in dB, of the RMS value of the
input signal to the RMS value of all of the other spectral components below half the clock frequency,
including harmonics but excluding DC.

Total Harmonic Distortion (THD) is the ratio, expressed in dBc, of the RMS total of the first five harmonic
levels at the output to the level of the fundamental at the output. THD is calculated as

THD = 20log

where f; is the RMS power of the fundamental (output) frequency and f, through fy are the RMS power in
the first N harmonic frequencies.

Spurious-Free Dynamic Range (SFDR) is the difference, expressed in dB, between the RMS values of
the input signal and the peak spurious signal, where a spurious signal is any signal present in the output
spectrum that is not present at the input.

Effective Number of Bits (ENOB, or Effective Bits) is another method of specifying Signal-to-Noise and
Distortion or SINAD. ENOB is defined as (SINAD - 1.76) / 6.02 and says that the converter is equivalent to
a perfect ADC of this (ENOB) number of bits.

FFT Options

FFT plots can be configured in many different ways. Clicking the “FFT Options” button at the top of the
plot will display a dialog showing the options for that particular plot. The software also maintains default
options for new FFT plots, which are editable. You can edit the default FFT options by choosing Default
FFT Options from the Settings menu. The options are:

Windowing: You may choose from one of five different window functions. The window function is applied
to the samples before computing the FFT to compensate for the fact that the sample set may not be an
integral number of wavelengths of the input signal. In general, Flat-Top will give the best results, but you
may find it easier to compare data with other systems when the windowing functions are the same.

dB Scale: You may select to represent power on the FFT in dBc (decibels relative to carrier), in which 0
dB is taken to be the fundamental (carrier) power, or dBFS (decibels relative to full-scale), in which 0 dB is
taken to the be power contained in a signal which uses the entire dynamic range of the ADC.

Harmonics: You may select the number of harmonics recognized (and labeled) by the software. You may
also select the number of FFT bins excluded around harmonics in, for example, SNR calculations. The
exclusion region around each harmonic will be shown in a different color than the rest of the data points.

IMD Calculations: The WaveVision software is capable of performing Intermodulation Distortion
calculations. When two fundamental frequencies within 3 dBFS are present in the waveform, The
software will normally perform IMD calculations. You may inhibit this behavior by deselecting the “Allow
IMD calculation” checkbox. When IMD calculation is enabled, you may also select whether the software
will include only 2™ order or both 2™ and 3 order terms.
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Histogram Plots

Histogram plots are created by counting the number of times each ADC output code appears in a dataset.
Histograms may be computed by software. A software histogram is computed from a dataset which is
normally 128k samples or smaller. The resulting histogram will show discontinuities between
comparators, gain or offset errors, and other common ADC system problems.

The Histogram plot also displays the number of codes that were never counted (missing codes), followed
by the first ten such missing codes.

Information Viewer

The information viewer is not a plot, but it displays a variety of useful information about the dataset, such
as the sampling rate, and any warnings generated by the software. You may also store comments about
the dataset here, to be saved in a WaveVision file.

Data Import and Export

The WaveVision software provides a variety of means to share data with others, in both textual and
graphical formats.

The most flexible way to import data into the software is from a tab-delimited ASCII text file. The contents
can be either a sample set or a histogram, provided with or without time information. The simplest
example of this would be a file with a single column of samples. You can open tab-delimited text files by
choosing Open from the File menu; you can interleave data from multiple columns and/or files. You can
choose ReOpen to reopen the same file later with the same settings (for example when you update the file
with new data),

There are a variety of ways to export data from the software:

e Save the file as a normal WV4 (*.wv4) file. WV4 files are ASCII, tab-delimited text files. Samples
are stored one per line in a single column. You can open a WV4 file directly in a spreadsheet
program.

e Save the file as a TXT (*.txt) file. You will produce a one- or two-column tab-delimited ASCII text
file of samples or histogram information, without the header information that is contained in a WV4
file.

e You can export the contents of an individual plot by choosing Export Data... from the plot’s Plot
Actions menu. The format of the data is always tab-delimited ASCII text.

e You can export a plot as either a GIF (*.gif) or Encapsulated Postscript (*.eps) graphic by
choosing Export Plot as Graphic from the plot's Plot Actions menu. GIF files are suitable for
the web or for emails. Encapsulated Postscript files are high-resolution scalable files suitable for
direct publication.

13.0 Appendix D — Developing Application Specific FPGA code

National Semiconductor offers the FPGA source code as a starting point for the development of
application specific FPGA Code. However, National cannot support modified FPGA code. Any difficulties,
errors or ‘bugs’ that result due to modifications to the original source code are the sole responsibility of the
end user.
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REFERENCE BOARD LICENSE AGREEMENT

BY USING THIS EVALUATION PRODUCT, YOU ARE AGREEING TO BE BOUND BY THE
TERMS AND CONDITIONS OF THIS AGREEMENT. DO NOT USE THIS EVALUATION
PRODUCT UNTIL YOU HAVE READ AND AGREED TO THE FOLLOWING TERMS AND
CONDITIONS. IF YOU DO NOT AGREE WITH THEM, CONTACT THE VENDOR WITHIN TEN
(10) DAYS OF RECEIPT FOR INSTRUCTIONS ON RETURN OF THE UNUSED EVALUATION
PRODUCT FOR A REFUND OF THE PURCHASE PRICE PAID, IF ANY.

LICENSE. National Semiconductor Corporation ("National") grants you the right to use the
enclosed preproduction evaluation, demonstration, development, verification, or reference design
board and/or kit, including any incorporated and/or accompanying software, components and
documentation (collectively, the "Evaluation Product”) solely for your evaluation, design and
testing purposes. Certain software included with the Evaluation Product may be covered under a
separate accompanying end user license agreement, in which case the terms and conditions of
such end user license agreement shall apply to that software.

PRE-PRODUCTION STATUS. The Evaluation Product is a pre-production product and has not
been authorized under the rules of the United States Federal Communications Commission or
the rules, regulations or laws of any country applicable to production systems or finished
products for distribution to third parties. The Evaluation Product is not authorized for use in
production systems, and may not be offered for sale or lease, or sold, leased or otherwise
distributed. If the Evaluation Product is incorporated in a demonstration system, the
demonstration system may be used by you solely for your evaluation, design and testing
purposes. Such demonstration system may not be offered for sale or lease or sold, leased or
otherwise distributed and must be accompanied by a conspicuous notice as follows: "This device
is not, and may not be, offered for sale or lease, or sold or leased or otherwise distributed".

OWNERSHIP AND COPYRIGHT. Title to the software, related documentation and all copies
thereof remain with National and/or its licensors. You may not remove the copyright notices from
the Evaluation Product. You may make one (1) copy of the software for back-up or archival
purposes provided that you reproduce and apply to such copy any copyright or other proprietary
rights notices included on or embedded in the software. You agree to prevent any unauthorized
copying of the software and related documentation.

RESTRICTIONS. You may not sell or otherwise distribute the Evaluation Product for commercial
purposes, in whole or in part, or use the Evaluation Product in production systems. Except as
provided in this Agreement or in the Evaluation Product’'s documentation, you may not reproduce
the software or related documentation, or reverse engineer, de-compile or disassemble the
software, in whole or in part. You agree that neither the Evaluation Product nor any other
technical data received from National, nor the direct product thereof, will be directly or indirectly
exported, re-exported or released to any destination or country for which the United States
government or any agency thereof or other applicable non-U.S. governments or agencies, at the
time of export, require an export license or other governmental approval, without first obtaining
such license or approval.

NO WARRANTY. THE EVALUATION PRODUCT IS PROVIDED *“AS IS” AND “WITH ALL
FAULTS” WITHOUT WARRANTY OF ANY KIND. NATIONAL AND ITS LICENSORS
EXPRESSLY DISCLAIM ALL WARRANTIES, EXPRESSED, IMPLIED OR OTHERWISE,
INCLUDING WITHOUT LIMITATION, WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGEMENT OF INTELLECTUAL PROPERTY
RIGHTS. NATIONAL AND ITS LICENSORS DO NOT WARRANT THAT THE EVALUATION
PRODUCT IS COMPLIANT WITH EUROPEAN UNION DIRECTIVES ON THE RESTRICTION
OF THE USE OF CERTAIN HAZARDOUS SUBSTANCES IN ELECTRICAL AND ELECTRONIC
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EQUIPMENT (ROHS) OR WASTE ELECTRICAL AND ELECTRONIC EQUIPMENT (WEEE),
THAT THE EVALUATION PRODUCT IS PRODUCTION-WORTHY, THAT THEFUNCTIONS
CONTAINED IN THE EVALUATION PRODUCT WILL MEET YOUR REQUIREMENTS, OR
THAT THE OPERATION OF THE EVALUATION PRODUCT WILL BE UNINTERRUPTED OR
ERROR FREE. YOU ARE RESPONSIBLE FOR DETERMINING WHETHER THE EVALUATION
PRODUCT WILL BE SUITABLE FOR YOUR INTENDED USE OR APPLICATION OR WILL
ACHIEVE YOUR INTENDED RESULTS. PRIOR TO USING OR DISTRIBUTING ANY
SYSTEMS THAT HAVE BEEN EVALUATED, DESIGNED OR TESTED USING THE
EVALUATION PRODUCT, YOU AGREE TO THOROUGHLY TEST AND VALIDATE YOUR
DESIGN IMPLEMENTATION TO CONFIRM THE SYSTEM FUNCTIONALITY FOR YOUR
APPLICATION. NATIONAL HAS NOT AUTHORIZED ANYONE TO MAKE ANY
REPRESENTATION OR WARRANTY FOR THE EVALUATION PRODUCT, AND ANY
TECHNICAL, APPLICATIONS OR DESIGN INFORMATION OR ADVICE, QUALITY
CHARACTERIZATION, RELIABILITY DATA OR OTHER SERVICES PROVIDED BY NATIONAL
SHALL NOT CONSTITUTE ANY REPRESENTATION OR WARRANTY BY NATIONAL OR
ALTER THIS DISCLAIMER OF WARRANTY, AND NO ADDITIONAL OBLIGATIONS OR
LIABILITIES SHALL ARISE FROM NATIONAL'S PROVIDING SUCH INFORMATION OR
SERVICES. NATIONAL DOES NOT ASSUME OR AUTHORIZE ANY OTHER PERSON TO
ASSUME FOR IT ANY OTHER LIABILITY IN CONNECTION WITH ITS EVALUATION
PRODUCTS.

LIMITATIONS OF LIABILITY. NATIONAL OR ITS LICENSORS SHALL NOT BE LIABLE FOR
ANY SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT OR PUNITIVE DAMAGES,
INCLUDING BUT NOT LIMITED TO, THE COSTS OF LABOR, REQUALIFICATION, DELAY,
LOSS OF PROFITS ORGOODWILL, WHETHER ARISING OUT OF NATIONAL'S
PERFORMANCE OR NON-PERFORMANCE OF THIS AGREEMENT OR THE USE OR
INABILITY TO USE THE EVALUATION PRODUCT, EVEN IF NATIONAL IS ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES. IN NO EVENT SHALL NATIONAL'S AGGREGATE
LIABILITY FROM ANY OBLIGATION ARISING OUT OF OR IN CONNECTION WITH THE
LICENSE OR USE OF ANY EVALUATION PRODUCT PROVIDED HEREUNDER, UNDER ANY
THEORY OF LIABILITY INCLUDING BUT NOT LIMITED TO CONTRACT, TORT OR
PROMISSORY FRAUD LIABILITY, EXCEED THE PURCHASE PRICE PAID FOR THE
EVALUATION PRODUCT, IF ANY. THE FOREGOING LIMITATION SHALL NOT APPLY TO
DAMAGES INCURRED BY YOU RESULTING DIRECTLY FROM NATIONAL'S WILLFUL AND
WANTON CONDUCT. TO THE MAXIMUM EXTENT PERMITTED UNDER LAW, THE
LIMITATIONS IN THIS PARAGRAPH SHALL APPLY EVEN IF ANY LIMITED REMEDY
SPECIFIED UNDER THIS AGREEMENT IS FOUND TO HAVE FAILED OF ITS ESSENTIAL
PURPOSE.

TERMINATION. National may terminate this license at any time if you are in breach of any of its
terms and conditions. Upon termination, you will immediately destroy or return all copies of the
software and

documentation to National.

U.S. GOVERNMENT RESTRICTED RIGHTS. The Evaluation Product was developed at private
expense, and the software included with the Evaluation Product is provided with RESTRICTED
RIGHTS. If the Evaluation Product is acquired by or on behalf of the agencies or units of the
Department of Defense (DoD) or civilian agencies of the U.S. Government, then pursuant to DoD
FAR Supplemental Section 227.7202 and its successors (48 C.F.R. 227.7202) and to FAR
Section 12.212 and its successors (47 C.F.R. 12.212), respectively, the Government's right to
use, reproduce or disclose the software is subject to the restrictions of this Agreement.
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GOVERNING LAW. This Agreement shall be governed by the laws of Delaware, excluding its
principles of conflict of laws and the United Nationals Convention on Contracts for the Sale of
Goods.

NO WAIVER. The waiver by either party of any breach of any provision of this Agreement shall
not operate or be construed as a waiver of any other or a subsequent breach of the same or a
different provision.

SEVERABILITY. If any term of this Agreement becomes or is declared to be invalid, illegal or
unenforceable in any respect by any court of competent jurisdiction, such condition shall not
affect the validity or enforceability of any of the remaining terms which remain in full force and
effect.

National Semiconductor National Semiconductor Europe National National Semiconductor
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