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UG-2281

Evaluation Board for 4-Channel 500 MSPS DDS with 10-Bit DACs

FEATURES

» Full-featured evaluation board for the AD9959

» PC evaluation software for control and measurement of the

AD9959
» USB interface

» Graphic user interface (GUI) software with frequency sweep
capability for board control and data analysis

» Factory tested and ready to use
APPLICATIONS

» AD9959 performance evaluation

» GUI control panel for learning AD9959 programming

EVALUATION BOARD BLOCK DIAGRAM

GENERAL DESCRIPTION

This document serves as a guide to the setup and use of the
AD9959 evaluation board. The AD9959 is a multichannel frequency
synthesizer that incorporates four synchronous direct digital synthe-
sis (DDS) cores with many user-programmable functions.

The evaluation board software provides a graphical user interface
for easy communication with the device along with many user-
friendly features such as the “mouse-over effect.” Many elements
of the software can be clarified by placing your mouse over the
element. Figure 19 shows how this feature works when users place
their mouse over the Ref Clock box.

This document is intended for use in conjunction with the AD9959
data sheet, which is available from Analog Devices at www.ana-
log.com.
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EVALUATION BOARD HARDWARE

PACKAGE CONTENTS
The AD9959/PCB kit contains the following:

» AD9959 evaluation board
» AD9959/PCB installation software

REQUIREMENTS

In order to successfully use the evaluation board and run the
software, the requirements listed in Table 1 must be met.

Table 1. AD9959/PCB Requirements

Item Requirement

Operating System Windows® 98/Me/2000/XP

Processor Pentium® | or better

Memory 128 MB or better

Ports One USB port

Clocking Signal generator capable of generating sinusoidal
waves of at least 3 dBm power, up to at least 10
MHz

Power Supplies Capability to generate at least 2 independent dc

voltages (1.8 VI3.3 V)

Measurement Appropriate measurement device, such as a spectrum
analyzer or a high bandwidth oscilloscope

Cables USB 1.1/2.0 cable, and SMA-to-X cables (X = SMA
or BNC, depending on the connector of the device
interfacing with the board)

SETTING UP THE EVALUATION BOARD

Powering the Part

The AD9959 evaluation board has seven power supply connectors:

TB1, J10, J16, J17, J18, J19, and J20. TB1 powers the DDS, the
PC interface logic, and the USB circuitry. J10 powers the input
clock circuitry. J18 provides the reference voltage needed for band
gap functionality. J16, J17, J19, and J20 power the analog circuitry
of individual DACs. It is important to keep in mind that the AD9959
evaluation board has been preconfigured so that these four AVDD
connections (J16, J17, J19, and J20) are tied together. Supplying
power to any one of the AVDD connections allows for the proper
functionality of the analog circuitry of all four DACs. Table 2 shows
the necessary connections and the appropriate biasing voltage.

Table 2. Connections and Biasing Voltage

Connector Pin No. Label Voltage (V)
TB1 1 VCC_USB 3.3

TB1 2 DVDD_IIO 3.3

TB1 3 GND 0

TB1 4 DVDD 18

J10 CLK_VDD 18

analog.com

Table 2. Connections and Biasing Voltage (Continued)

Connector Pin No. Label Voltage (V)
J16 AVDD 1.8
J17 AVDD 18
J18 BG_VDD 18
J19 AVDD 1.8
J20 AVDD 18

Note that the AD9959/PCB is preconfigured so that the CLK_VDD,
BG_VDD, and all other AVDD connections are tied together. There-
fore, only one connection (J10, J16, J17, J18, J19, or J20) needs
power for proper functionality of all four channels. These AVDD
connections can be separated for better channel isolation. This is
accomplished by removing the 0 Q resistors (R21, R32-R51, R54-
R64) that tie the planes together found on the back of the evalua-
tion board. When doing this, be sure that CLK_VDD, BG_VDD, and
the AVDD connection for all desired channel(s) are powered.

Clocking the Part

The AD9959 architecture provides the user with two options when
providing an input signal to the part. Figure 1 shows that the user
can clock the frequency synthesizer/DDS directly by connecting
an external clocking signal to the REF CLK connector, J9, or by
providing an external crystal. Place jumper W11 on REF CLK to
use the external clocking option. To use an external crystal as the
clocking source, place jumper W11 on CRYSTAL.

Refer to the AD9959 data sheet for details on the maximum input
speeds and input sensitivities of these two inputs.
Communicating With the Part

Two interface standards are available on the evaluation board:

1. USB 1.1/2.0 interface.

2. Header row (U2, U13), which places the part under the control
of an external controller (such as a pP, FPGA, or DSP).

Analog Devices provides a GUI for the PC; it does not provide
control software for external controllers.

Use the jumper settings listed in Table 3 to enable different modes
of communication.

Table 3. Jumper Settings for Communication Modes

Mode Settings
PC control, USB port Set W7 to PC. Place a jumper on W1, W2, W3,
W9, and W10.

Set W7 to manual. Place a jumper on W9, and
remove W1, W2, W3, and W10 (or leave it stored
as a shunt).

External control
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Figure 2.
Manual I/0 Control Headers Band Gap Supply
Provides the interface for communication with the AD9959 when Provides the voltage needed for band gap functionality.
the part is under the control of an external controller (manual
control). See Eval Board Control for correct jumper settings. Power Supply

Powers the AD9959's USB circuitry, 1/O circuitry, and the digital
portion (DVDD) of the DACs. Note AVDD is not powered via this
These connections set up the AD9959 for multi device synchronous connector (TB1).

operation.

Multi Device Synchronous Control

RU/RD Control, SDIO

DAC Channels Jumpers W6, W5, and W4 must be set to control the Ramp Up/

These connections represent the DAC filtered/unfiltered output and Ramp Down feature using the SDIO pins.
AVDD power supply.
USB Port
Clock Input Supply When the part is under PC control (default mode), the evaluation
Powers the AD9959's clock input circuitry. board communicates with the AD9959 via this port.
Clock Mode Select Eval Board Control
Controls whether the part is driven by a 20 MHz to 30 MHz crystal These jumpers set up the AD9959 for manual or PC control (control
provided by the user, or by an external signal generator, such as through the USB port). Figure 3 shows the correct jumper place-
Ref Clk. ments for PC control. For manual control remove jumpers W0, W1,
W2, and W3; set W7 on the manual control pin (move jumper one
Ref Clk Input position to the left).

Input for the external Ref Clk signal.

analog.com Rev. A | 4 of 27


https://www.analog.com/EVAL-AD9959
http://www.analog.com/en/index.html
https://www.analog.com/ad9959

EVAL-AD9959

EVALUATION BOARD SOFTWARE

INSTALLING THE SOFTWARE
Follow these steps to install the AD9959 evaluation software:

1. Log into your PC system with administrative privileges; this is
an essential requirement in successfully installing the AD9959
evaluation software.

2. Uninstall any previous versions of the AD9959 evaluation soft-
ware from your PC system.

3. Insert the AD9959 evaluation software CD into your CD-ROM
drive. It is important not to connect the AD9959 evaluation
board to the computer until the AD9959 evaluation software has
been successfully installed. Refer to the Readme.txt file locat-
ed in the Software folder before proceeding with the installation
of the AD9959 evaluation software.

4. Run the setup.exe file located in the Software folder and
follow the AD9959 evaluation software’s on-screen installation
instructions.

CONFIGURING THE EVALUATION BOARD

Once the software has been successfully installed onto your PC,
the next step is to interface the AD9959 evaluation software to the
AD9959 evaluation board via the USB Port (see Figure 2).

In order for the evaluation board and software to communicate
properly, drivers must be loaded onto your PC system. The follow-
ing instructions explain how to install these drivers on your PC
system.

Windows 98/ME/2000 Users

1. Power up the AD9959 evaluation board (see Table 2).

2. Connect the evaluation board to the computer using a USB
cable via the USB port; the VBUS LED (CR1 on AD9959
evaluation board) illuminates.

3. When the USB cable is connected, this window appears and
then disappears (Figure 3).

Found New Hardware |
s

LISE Device

003

Figure 3.
4. Then, this window (Figure 4) also appears and disappears.

Found New Hardware |

% A09958/59 Firmware Loadsr

Inztalling ...

004

Figure 4.

5. If you are using Windows 2000, click Finish if you see this
window (Figure 5).

analog.com

Found New Hardware Wizard i

Completing the Found Mew Hardware “wizard

5

% ADII5E/5 Firnware Loader

The software for this device is now installed, but may nat
wiork, corectly.

To close thiz wizard, click Finish,

< Back I Firizh I LCarize]

005

Figure 5.
6. Next, the window in Figure 6 appears.

;%P EZS5P Device

Inztalling ...

006

Figure 6.

After the window has disappeared, the USB Status LED (CR2
on AD9959 evaluation board) flashes, which indicates that the
evaluation board is connected properly.
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Windows XP Users

1. Power up the AD9959 evaluation board (see Table 2).

2. Connect the evaluation board to the computer using a USB
cable via the USB port. Then, the VBUS LED (CR1 on AD9959
evaluation board) illuminates.

3. When the USB cable is connected, the screen below appears
(Figure 7). Click Next to continue.

Found New Handware Wizand

Completing the Found New
Hardware Wizard

The wizard hag finished instaling the software for

% ADSI58/59 Fimweare Loader

Found New Hardware Wizand

Welcome to the Found New
Hardware Wizard
Click Firish to close the wizard.
Thig wizard helpz you inztall software for:
ADS36R/53 Firmwars Loader < Back Cancel
| If your hardware came with an installation CD Figure 9
<& or floppy disk, insert it now. .
6. Click Next after you see the window below (Figure 10).
what do pou want the wizard to do?
() Install the software automatically [Aecommended) Found New Handware Wizard
() Install from a list or specific location [Advanced)
Welcome to the Found New
Click Mest to continue. Hardware Wizard
Thiz wizard helps you inztall software Far:
gl EZ55P Device
F’gure 7' ’\% If your hardware came with an installation CD
. . . . . = or floppy disk, insert it now.
4. Click Continue Anyway when you see the window in Figure 8.
‘wihat do you want the wizard to do?
Found New Hardware Wizard
o ] ] 5 () Install the software automatically (Fecommendsd)
Please wait while the wizard installs the software... . ‘;-. O |mstall from a list or specific location (Advanced]
Click Mext to cantinue.
ADS358/53 Fimware Load N
GEB Hardware Installation
|: The saftware you are instaling for this hardviare: S
ADS358/53 Firmware Loader .
2 Figure 10.
L has niot passed Windows Loge testing to verfy ite corpatibilty . . . . .
A e il 7. Click Continue Anyway when this window (Figure 11) appears.
Continuing your installation of this software may impair
or destabilize the correct operation of your system
either immediately of in the future. Microsoft strongly b T T
recommends thal you stop this installation now and
el s LR Please wait while the wizard installs the software... .

008

g, Do
rE The softisre you e rstalling for this herdnars
Figure 8. EZ55P Devics

ni i | | " has not passed Windows Loga testing to verity its compatibilty
5. Click Finish after this window (Figure 9) appears. 2 e e oy
Continuing your installation of this software may impair
or destabilize the correct operation of your system
either immediately or in the future. Microsoft strongly
recommends that you stop this installation now and
contact the hardware vendor for software that has
passed Windows Logo testing.

Continue Anyway | [ STOP Instalation

on

Figure 11.
8. After the window in Figure 12 appears, click Finish to exit.
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Found New: Harndwarne Wizand

Completing the Found New
Hardware Wizard

The wizard has finished instaling the software for.

% EZ55P Device

Click Firish to close the wizard.

< Back Cancel

012

Figure 12.

Once this screen has disappeared, you should notice that the USB
Status LED (CR2 on AD9959 evaluation board) is flashing, which
indicates that the evaluation board is connected properly.

LOADING THE SOFTWARE
Follow these three steps to load the AD9959 evaluation software:

1. Before starting the software, make sure that the AD9959 evalu-
ation board is powered up, connected to the computer, and that
the USB Status LED is flashing.

2. Click on the Start button, located at the bottom left-hand corner
of your desktop.

3. Select Programs, then the AD9958_59 Eval Software folder,
and then AD9958_59 Eval Software to load the software (see
Figure 13).

\? MM Explorer Games 8 Uninstal
Startup 3
Windows Media Playd|
® neows et BVl @ nternet Explorer

Y MSH Explorer

d Windows Messenger
@ Outlook Express

é Configure Drivers Remiote Assistance

e windows Media Player

mpLUker

013

Figure 13.
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After completing these steps, the AD9959 evaluation software loads
onto your PC system. You are then presented with one of several
status messages. These messages are discussed in further detail
in the next section, Status Messages Upon Loading Software.

Status Messages Upon Loading Software

Once the AD9959 evaluation software has been loaded, a green
splash screen appears as shown in Figure 14. The status box
within the splash screen gives the status of the AD9959 evaluation
software. A cursor is provided for easy navigation throughout this
box. Green writing in the status box indicates that the software has
successfully loaded.

A splash screen with red writing in the status box indicates that the
software did not load successfully and that an error occurred (see
Figure 15). Scrolling up through the status box with the cursor will
indicate why the software did not load correctly.

Most status message errors can be resolved by checking jumper
settings, making sure that the evaluation board is powered up
correctly, and inspecting the USB port and cable connections.

When all power, USB port/cable connections, and jumper settings
are correct, an error may still appear if the clock input is not
properly configured. If this occurs, a pop-up window will appear in
the center of the splash screen explaining that the software does
not recognize the REF CLK input. Follow the directions given (see
Figure 16).
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Figure 14. Successful Load

Status:

o015

Figure 15. Error Message

fo
RefClk Missin;

\y The evaluation board doesn't seem to have a RefCk!

Without a RefClk the software can not program the ADI958/59.

Please check your connections!

016

Figure 16. REF CLK Not Recognized
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FEATURE CONTROL WINDOWS

Chip Level Control

#i Chip Level Control

27T Clock &l Channel Power Dowg——
Ref Clock: ™ Clack Input \
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Disabled vl
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Figure 17. Chip Level Control Window

The Chip Level Control window provides control of the features
that affect all channels of the AD9959; this window is not channel-
specific. The following describes the sections of the chip level
control window as they are numerically indexed in Figure 17.

1. LOAD and READ

The LOAD and READ buttons are used to send data and retrieve
register settings. All LOAD and READ buttons found in the evalua-
tion software have the same functionality.

When new data is detected, LOAD flashes orange, indicating that
you need to click LOAD to send the updates to the serial I/O buffer
where they are stored until an I/O update is issued. The I/O update
sends the contents of the serial I/O buffer to active registers.

/0 updates can be sent manually (Manual 1/O Update) or auto-
matically (Auto I/O Update). By default, the AD9959 evaluation
software is set to Auto 1/0 Update, so that when LOAD is clicked,
an 1/0 update signal is automatically sent to the device. If synchro-
nization across channels is desired, use the Manual I/O Update
button. To do this, uncheck the Auto 1/0 Update box and press the
Manual I/0 Update button when you wish to send an I/0 update
(see Figure 18).

P AD9958/59 Evaluation Software

File If0 View Help
== EE

¥ Auta 10 Update

&
Master Reset | Manal 1/0 Update ]

Figure 18.

Click READ to perform a readback of the current state of the
settings and update the GUI with those settings.

analog.com

2. Clock

The Clock section allows the user to configure the reference clock
path in the AD9959.

Ref Clock inputs the operating frequency of the external reference
clock or crystal. The maximum reference clock frequency of the
AD9959 is 500 MHz, which is the default setting of this box. A red
outline indicates that the value entered is out of range. (See Figure
19).

#%. Chip Level Control

— Clock

Ref Clock: | £00.000 | tHz

[Excternal Reference Clodk Frequency[_'_]

CP Current: m
Syztem Clack: |[gon non tHz

[~ VCO Gain

019

Figure 19.

Multiplier selects the PLL multiplication factor (4x to 20x) by which
to scale the input frequency. The default setting of this box is Disa-
bled, indicating that the Ref Clock Multiplier circuitry is bypassed
and the Ref Clock/Crystal input is piped directly to the DDS core.

CP Current selects the charge pump current output of the PLL
in the Ref Clock Multiplier circuitry. Selecting a higher current
output will result in the loop locking faster, but there is a trade-off.
Increasing this current output will also increase phase noise. The
default setting of this box is 75 pA.
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System Clock displays the operating frequency the DDS core
(system). The value shown here is derived from the values entered
in the Ref Clock and Multiplier boxes.

VCO Gain is automatically set when the Ref Clock Multiplier is
being used to generate a system clock that is greater than 255
MHz. This is done to ensure stability of the Ref Clock Multiplier
circuitry. A pop-up window will appear alerting you to this update
(see Figure 20).

Enable VCO Gain!

&

Itis recommended that the VCO Gain Bit be set when using the Clock Multiplier
to generate a system dock frequency == 255 MHz.

The YCO Gain Bit has been set for you, please did the Load button
to apply the changes to the DUT.

020

Figure 20.

Refer to the Reference Clock Modes section of the AD9959 data
sheet for more information regarding clock modes and operation.

3. All Channel Accumulator Control

The All Channel Accumulator Control provides control over the
phase and sweep accumulators for all channels.

Check the Auto Clear Phase Accumulator or Auto Clear Sweep
Accumulator boxes to clear and release the corresponding accu-
mulator. The auto clear function sets the accumulator to 0 and then
begins accumulating.

Select the Clear Phase Accumulator or Clear Sweep Accumula-
tor to clear and hold the corresponding accumulator. The clear
function clears and then holds the contents of the corresponding
accumulator to 0 until the box is unchecked.

4. Modulation Configuration

The Modulation Configuration section configures the modulation
operation of the AD9959.

Profile Pin Configuration provides access to the PPC Bits
(FR1<14:12>). These bits are used to control the modulation
scheme of the AD9959. PPC Bit 0 is the LSB (FR1<12>), and
PPC Bit 2 is the MSB (FR1<14>).When a PPC bit is selected, it is
set to Logic 1 from its default setting of 0. These bits are discussed
in more detail in the Modulation Mode section of the data sheet.

RU/RD assigns which pins will control the scaling (Ramp Up/Ramp
Down) of the output amplitude of the AD9959. This feature can be
controlled via the profile or SDIO data pins.

Select Use Profile Pins 2 & 3 if you would like to control the
RU/RD feature with Profile Pin 2 and Profile Pin 3, or Use Profile
Pin 3 to control this feature using only Profile Pin 3. If you wish to
use the SDIO data pins to control this feature, simply select Use
SDIO pins 1, 2, & 3. Note that to use the SDIO pins to control the

analog.com

RU/RD feature, the SDIO RU/RD Control jumpers must be placed
(see Figure 2). The default setting of this box is RU/RD Disabled.
In this mode, you will not be able scale the output amplitude.

The AD9959 can be configured to perform many operations in
various combinations. Please refer to the Channel Constraint
Guidelines and the Modulation Mode sections of the AD9959 data
sheet for more details regarding the use of the RU/RD function

in combination with the different modes of operation (single-tone,
modulation, linear sweep) of the AD9959. For more information
regarding the theory of the RU/RD operation, note the Output
Amplitude Control Mode section of the AD9959 data sheet.

Level selects the desired level of modulation of the AD9959. The
AD9959 can perform 2-level, 4-level, 8-level, or 16-level modulation
of frequency, phase, or amplitude (FSK, PSK, ASK). This modula-
tion is controlled via the data pins; note the Channel Constraint
Guidelines and the Modulation Mode sections of the AD9959 data
sheet for more details.

5. Multi Device Sync

It is possible to synchronize multiple evaluation boards. Refer to the
Synchronizing Multiple AD9959 Devices section in the AD9959 data
sheet and the evaluation board schematic (located in the schematic
folder of the AD9958_59 evaluation software CD) for more details
on synchronizing multiple AD9959s.

6. All Channel Power Down

The All Channel Power Down section allows you to power down all
channels collectively using software configurations or the external
power down options found in the External PD Control subsection.

Select the Clock Input, DAC Ref, or Disable SyncCLK Out boxes
to power down those circuit blocks respectively for each individual
channel. Once the selection has been made, click the LOAD button
to execute the power down.

When using the External PD Control, select from the Power
Down Pin Mode: Quick Recovery (default setting) or Full Power
Down mode. In quick recovery mode, only the digital logic is pow-
ered down whereas all functions are powered down in full power
down mode. To execute the power down when using external PD
control, you must click the Power Down Pin. When pressed, the
power down pin is at Logic 1, indicating the powered down mode.
When this pin is not pressed, it is at Logic 0, indicating the powered
up mode.
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CHANNEL CONTROL

' Channel Control
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Figure 21. Channel Control Window

The Channel Control window provides control of the features
that affect the AD9959 at a channel-specific level. The following
describes the sections of the Channel Control window as they are
numerically indexed in Figure 21.

1. Channel Select

Use the Channel Select tabs to select which specific channel
options to configure. The AD9959 has four independent channels:
Channel <0:3>. The default channel select tab setting is Channel 0.

2. Pwr Down

Use the Pwr Down section to power down the digital logic (check
Digital box) or the DAC circuitry (check DAC box). Upon default,
both of these boxes are unchecked, indicating that the digital logic
and the DAC circuitry of that channel are enabled (powered up).

3. Modulation Output Type

The Modulation Output Type box controls what type of modulation
is performed on the channel's output. Select Phase, Frequency,
Amplitude, or None (Single Tone) depending upon which type of
modulation you want. The level of modulation for the channel is

set using the Chip Level Control window under the Modulation
Configuration section in the Level box.

4. Linear Sweep Options

Use the Linear Sweep Options section to control the linear sweep
features. Select Enable Linear Sweep to turn on the linear sweep
function and the additional associated options (see Figure 22).

analog.com

Lingar Sweep Ophons

[~ Lincar Swecp Mo Dl

[T Load SRR @& /0 Update

[~ Clear Sweep Accumulator

[~ &uta Clear Sweep Sccurnulatar

022

Figure 22.

Select Linear Sweep No Dwell to enable this feature, see the
Linear Sweep No Dwell Mode section of the AD9959 data sheet for
more information regarding the no dwell feature.

When you select Load SRR @ I/0 Update, the contents of the
sweep ramp rate register are loaded into the sweep ramp rate timer
every time an I/O_UPDATE is sent to the device.

The Clear Sweep Accumulator and Auto Clear Sweep Accumu-
lator have the same basic functionality as described in the 3. All
Channel Accumulator Control section of the Chip Level Control
window. The difference is that here the function is channel-specific.

See the Linear Sweep (Shaped) Modulation Mode section of the
AD9959 data sheet for a detailed explanation of this mode.

5. Pipe-Line Latency Control

When you check the Match Pipe Delays box in the Pipe Latency
Control section, the pipeline delay for updates to frequency, ampli-
tude, and phase will be equal, but only for the channels operating
in single tone mode. The default setting of this box is unchecked,
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meaning the pipeline delay for updates to frequency, amplitude, and
phase will not be equal.

See the DATA LATENCY (PIPELINE DELAY) section in the Specifi-
cations table of the AD9959 data sheet for the exact timing delays
with and without this feature enabled. Also, refer to the Single Tone
Mode-Matched Pipeline Delay section of the AD9959 data sheet.

6. DAC Full Scale Current Control

Use the DAC Full Scale Current Control section to scale the
output current of the DAC. Select either Full Scale (default setting),
Y2 Scale, ¥s Scale, or % Scale for the DAC output current. See

the Scalable DAC Reference Current Control Mode section of the
AD9959 data sheet.

7. Output Waveform

In the Output Waveform box, select either a Cosine(x) or a
Sine(x) function for the angle-to-amplitude conversion. The default
setting is Cosine(x).

8. Phase Accumulator Control

The Clear Phase Accumulator and Auto Clear Phase Accumula-
tor have the same basic functionality as described in the 3. All
Channel Accumulator Control section of the Chip Level Control
window. The difference is that here the function is channel-specific.

analog.com
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CHANNEL OUTPUT CONFIG

el Channel Qutput Config

|, Channel 0 | Channel1 | Channel 2 | Charnei 2 |
Single Tons Satup
Frequency 00
Phasa Dffsat
I~ Enable ASF:

T~ Enable Suto ASF:

[ =] o.ooooo

Amplitude Step Adjust

I~ Load ARA & A0 Update

Linear Swaep Satup

Rising Step Size

0.00000000 MH=
= Doon e | | Rising Stenntsrval [ poon s

Faling Step Size:

Faling Step Inteival. [ g goo us

Amplitude FRamp [ ate: i n.onn us

0.00000000 MH=

0.00000000 MHz

[ o.oooooooo MH=
e 02 ;m (2103
= !m MHz
[ o.ooooooon MH=
[ o.oooooooo MH=
[ o.oooooooo MHz

0.00000000 MHe |
uet 0.00000000 MHz :
cy03 [ 0.00000000 Mrz |
[ o.00000000 MHe |

1 [ 5.000000GG M= |
squeney 12 [ 0.00600000 MH:E
» [ o.o0oo0000 MHz !
[ o.oocooooo MH? C
1

0.00000000 MHz 1
L

Fircilan arvel RO

! [
3-{_,:1]_1]32_]}_% soiot | spioz | soioz | v,\,,p.y J

Aute

LUAD ] Hean |

Figure 23. Channel Output Config Window

The Channel Output Config window configures various output
characteristics of the channel(s). Use the Channel Select tabs to
select which specific channel options to configure. The following
describes the sections that are numerically indexed in Figure 23.

1. Single Tone Setup

Use the Single Tone Setup section to configure the channel output
for the single tone mode of operation (default).

Enter the desired output frequency directly in the Frequency 00
box or double-click the Frequency 00 box to launch the Edit
Output Frequency pop-up box to set the output frequency in the
Frequency box. The output frequency can alternatively be set in
decimal, hex, or binary format by editing the respective boxes in the
Tuning Word Values section (see Figure 24).

Edit output frequency

Frequency:

150.00000002 MHz

i
&

Tuning Word ¥alues

1288490189 [Dec 4CCCCCCD  Hex

|o1001100 (11001100 [11001100 11001101 Bin

Cancel

024

Figure 24.

Note that the Phase Offset, Enable ASF, Amplitude Ramp Rate,
Profile Registers, Rising Step Size, Rising Step Interval, Falling
Step Size, and Falling Step Interval boxes all offer the edit option
shown in Figure 24 by double-clicking their respective boxes.

The Frequency 00 box also sets the starting point of the linear
frequency sweep and the first level in frequency modulation (FSK).

analog.com

Phase Offset consists of two boxes. In the first box, set the integer
factor (1-999) to increment or decrement the phase offset by. The
default setting of this box is 1, indicating that the phase offset is
incremented/decremented by .022 degrees when pressing the up or
down arrow keys. The value of .022 degrees is derived from this
equation:

1
IntegerFactor X (2(14 bits of phase resolution) — 1)

x 360°

Therefore, entering a factor of 3 in the first box will allow you

to increment/decrement the phase offset by .066 degrees. In the
second box, input the desired phase offset (from 0 degrees to 360
degrees) of the output signal.

The Phase Offset box also represents the starting point of the linear
phase sweep and the first level in phase modulation (PSK).

In order to use the output amplitude scalar, the Enable ASF box
must be checked. In the first box, set the integer factor (1-999)

to increment or decrement the amplitude scale factor. The default
setting of this box is 1, meaning the output amplitude will be scaled
up/down by .00098 when pressing the up or down arrow keys. The
value of .00098 is derived from this equation:

IntegerFactor X

( 1 ) (2)
(10 bits of outputamplitudescalarresolution) — 1

In the second box, set the desired output amplitude scale factor
(between 0 and 1) of the output signal, where 1 is equivalent to full
scale.

The Enable ASF box also represents the starting point of the linear
amplitude sweep and the first level in amplitude modulation (ASK).
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Note that when performing linear frequency/amplitude sweeps, the
Enable ASF box must be left unchecked.

When using the RU/RD feature, the Enable Auto ASF box must

be checked. Once the Enable Auto ASF box has been checked,
the Amplitude Ramp Rate, Amplitude Step Adjust, and the Load
ARR @ /0 Update options are available (see Figure 25).

¥ Enable &uto &5F:
Amplitude Ramp B ate: 0.000 Y=
Amplitude Step Adjust: 1 E
| [~ Load ARR @ 180 Update
| g
Figure 25.

Use the Amplitude Ramp Rate box to set the Amplitude Ramp
Rate (ARR) time. This time (entered in ps) can range from a
minimum value of:

(seer) X 1 3)

to a maximum value of;

(Gyweem)
SYNC CLK (4)
x 2(8 bits of output ramp rate resolution) — 1)

This implies that if the system clock is 500 MHz, the ARR value
can range from 8 ns (minimum) to 2.040 s (maximum). If the value
entered exceeds the maximum time, then a pop-up window (Figure
26) alerts the user that the value entered will be changed to the
appropriate maximum value.

Maximum Ramp Rate Time Exceeded!!!

2 ) The vaid range for the Amplitude Ramp Rate is 2.040ps to 0.008ps.
The value entered will be dipped!

026

Figure 26.

In the Amplitude Step Adjust box, select the amplitude scale
factor step size. The default setting of this box is 1, indicating that
step size will be 1 LSB. A selection of 8 means the step size will be
8 LSB.

Select Load ARR @ 1/0 Update to load the contents of the
amplitude ramp rate register into the amplitude ramp rate timer
every time an I/O_UPDATE is sent to the device.

2. Profile Registers

The AD9959 features up to 16 programmable registers per channel
as shown in Figure 23. Due to certain channel constraints, however,
there are limitations on how the Profile Registers can be used

in some configurations as described in the Channel Constraint
Guidelines section of the AD9959 data sheet.

analog.com

Use the Profile Registers to enter the information needed for mod-
ulation (FSK, PSK, or ASK) and linear sweep modes of operation.
Upon default, the Profile Registers are configured for frequency
inputs, but these registers can be changed to intake phase or
amplitude information by selecting the desired modulation type in
the Modulation Output Type box in the Channel Control window.
Figure 27 shows how the Profile Registers appear when phase
modulation (PSK) is selected.

Phaze 07: l o.000 Ceg
Fhase 02: | o.0op Ceq
Phaze 03 | o.000 Ceg
FPhaze 04: | o.oonp Ceg
FPhaze 05 | o.oonp Ceg
Fhaze O6: | o.oonp Ceg

027

Figure 27.

When the channel is in the modulation or linear sweep mode of
operation, input the starting frequency in the Frequency 00 box,
starting phase in the Phase Offset box, and the starting amplitude
in the Enable ASF box. In modulation mode, use the Profile Reg-
isters to input frequency, phase, or amplitude information for the
level of modulation selected. For instance, if 4-level frequency mod-
ulation is selected, input the starting frequency in the Frequency
00 box, second frequency in the Frequency 01 box, third frequency
in the Frequency 02 box, and fourth frequency in the Frequency
03 box. An example of using the Profile Registers for 2-level
frequency modulation is shown in Figure 28. In this configuration,
the frequency starts at 10 MHz and ramps up to 50 MHz.

it Channel Output Config

Charinel 0 | Channel 1 | Channel 2| Channel3 |
- Sinale Tone Setup

Frequency 00: 10.00000001 MHz

Fhass Offset [ = 0.000 Den
I~ Enable ASF: [ =] o-oooon

T~ Enable Auto ASF;
Amnplitude Ramp Rate: 0.000 &
Al Step Adjust [-1 =]

™ Load 4RR @ 40 Update

Frequency 01 50.00000005 MHz
Frequency 02 0.00000000 MHz
Frequency 03 000000000 MHz
Frequency 04 0.00000000 HMHz
Frequency 05 0.00000000 HHz

Frequency OF: 0.00000000 MHz

Figure 28.

In the linear sweep mode of operation, only the first Profile Regis-
ter box (Frequency 01, Phase 01, or Amplitude 01) is used. It
indicates the ending point of the sweep. In Figure 28, the frequency
linear sweep begins at 10 MHz and ends at 50 MHz.

Rev. A | 14 of 27


https://www.analog.com/EVAL-AD9959
http://www.analog.com/en/index.html
https://www.analog.com/ad9959

EVAL-AD9959

EVALUATION BOARD SOFTWARE

3. Profile and RURD Pin Control

The Profile and RURD Pin Control section covers the profile pins
(P0, P1, P2, and P3) and SDIO data pins (SDIO1, SDIO2, and
SDI03). The profile pins can be configured to control modulation,
linear sweep, or RU/RD operations, whereas the SDIO data pins
can only control the RU/RD operation. To perform the desired mod-
ulation, linear sweep, or RU/RD operation, toggle the profile/SDIO
data pin(s) associated with that operation. When these pins are
pressed, they are set to Logic 1 (see Figure 29).

Prafile and RURD Pin Cantrol
|

ﬂlﬂlﬂlﬂl smuzl smual fooky_|

When pressed SDIO1 pin = logic 1 ,when not pressed SDIO1 pin = logic 0

029

Figure 29.

Upon default, the Auto box is checked, meaning that once you click
one of the pins (profile or SDIO), the action executes. If this box

is unchecked, the Apply button must be clicked before the desired
action is carried out. The Apply button mimics the LOAD button; it
will flash orange when new data is detected, but all changes and
updates occur simultaneously when Apply is clicked.

If we were performing 2-level frequency modulation-no RU/RD, and
had the same configurations as shown in Figure 28, PO would be
used to control the modulation on CHO (see the AD9959 data sheet
for more information). Therefore, the output of CHO will stay at 10
MHz until the PO button is clicked. Once the PO button is selected,
the frequency will change to 50 MHz. To return to 10 MHz, simply
release (unclick) PO.

For more information regarding the use of the profile and SDIO
data pins to control various modulation, linear sweep, and RU/RD
schemes, refer to the Modes of Operation section of the AD9959
data sheet.

4. Linear Sweep Setup

Use the Linear Sweep Setup section to setup the slope of the
linear sweep. In the Rising Step Size box, enter the desired value
for the rising step size. Input the amount of time you wish to be
spent at each step in the Rising Step Interval box.

Input the desired falling step size in the Falling Step Size box,

and the time that should be spent at each step in the Falling Step
Interval box. The Rising/Falling Step Size boxes are similar to the
Profile Registers; upon default, they are set up for frequency inputs,
but these boxes can be changed to intake phase or amplitude
information by selecting the type of linear sweep desired in the
Modulation Output Type box in the Channel Control window.

The number of steps in a ramp can be calculated by determining
the difference between the starting and ending points of the sweep
and dividing by the step size. The time required to sweep is then
the number of steps times the amount of time spent at each step.

analog.com

The range of the Rising/Falling Step Interval is computed similarly
to the time range for the Amplitude Ramp Rate. Note that the
Rising Step Interval and Falling Step Interval boxes also have the
pop-up window feature exhibited in Figure 25 when the maximum
rising/falling step interval value is exceeded.

For more information regarding the Linear Sweep Setup, refer to
the Setting the Slope of the Linear Sweep section of the AD9959
data sheet.

DEBUG

The Debug Window, shown in Figure 30, lets you write directly

to any of the AD9959's internal registers and subsequently read
them back. Use View Channel to select which channel’s internal
registers you would like to view. The default setting of this box is
Channel 0. To access the internal registers of the selected channel,
use the RegAddr drop menu to select which register(s) you would
like to read/write. You can also directly toggle the states of any
external input pins such as the profile or SDIO data pins.

E pebug =]
DUT Sigrals (PD) DUT Sigrals [F4] DUT Sigrals [PE] Serial Port Status
1 HUHLZ 1| LkModsSel 1S3 & Lok Frst
I~ RURD1 [~ Power Down ¥ sbio_2 Serial 170 Mode:
I~ RURDO [~ Resst ¥ sDio_1 @ Single Bit - 2'wire
I 1/0Update [~ sDio_o
@ Singls Bit - 2'wWire
Ltk i Bl @ 2-Bit Senial
I~ P3 W &uto CsB FEAD @ 14 - Bit Serial
P - Bit Serial
'l 1 7 Mk - DUT Signals [CTL)— Cend /0 Faset
SO Cratus
T USD_Status = scLk
¥ fulo Updale ¥ Aulo Updale ¥ Auto Lpdate Fiea Map Debug
Update | Update | Update |
[~ Senal 170
Rogiddr: 421:34x 42216 Eal==1% 470
LOAD Joo Hes =] | [ [ [11170000

\\\\\\\ Channel: [~ Auto [0 Updats
READ I~ Update Hegistsr Map Y alus
1

2z
a3

030

Figure 30.

To access the Debug Window, click View and select Debug
Window (see Figure 31).

P ADS958/59 Evaluation Software
Fle 10 EHENE Help

— Control wWindow. ..
|

Channel Contral Windaw. ..
Channel Output Config Window, ..

Arrange Windows *
Debug Window. ..
Optiane... [
} [=3
Figure 31.

DUT I/0 BOX

This dialog box (Figure 32) controls the I/0 configuration for the
device. Click I/0 Reset to send an I/O reset to the corresponding
serial port state machine. Select LSB First to change the data
format to LSB first from the default setting of MSB first. Use the
Serial I/O Mode drop menu to select the desired serial I/O mode
of operation: Single Bit-2 Wire (default), Single Bit-3 Wire, 2-Bit
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Serial, or 4-Bit Serial. For more information, please refer to the
Serial 1/0 Modes of Operation section of the AD9959 data sheet.

DUT 170 e
— |40 Faorr

170 Resot |

Seanal Carmm

I~ LSE First
Serial 140 buode.
[singe gt - 2wie _~|

LOALD I

032

Figure 32.

To access the DUT I/0 box, click I/O button (left of View—see Figure
31) and select DUT 1/0.

analog.com
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SETUP FILES

Introduction

The AD9959 can be configured to perform many operations in various combinations. Preconfigured setup files have been included with the
AD9959 evaluation software that show the device in all three modes of operation: single tone, modulation, and linear sweep. These example
setup files serve as a reference and/or starting point when trying to configure the device for a desired setup for the first time.

To load these setup files click File, and select Load Setup... (Figure 33), or click the open folder (Figure 34) to access these files.

b ADSS58/59 Evaluation Software
FEN I/O VWiew Help

Load Setup... Auto /0 Update m % ig%
Save Setup... anual |0 Update

Exit cirl+Q

Figure 33.

P AD9958/59 Evaluation Software
Fle IjO View Help

¥ duto /0 Update
JLIL]

tanual |40 Update I

w|H| L.,

Load Setup File

Figure 34.

Next, open the AD9959 Configuration Files folder (Figure 35).

Load Setup File

Look in: | () AD9958_59 Eval Software =] - cF E-
S £ AD9959 Configuration Filee
My Recert
Documerts
=
Desktop
Y
My Documerts.
My Compler
Q:g Flle niame: [ | m
My Networke  Files of Lype. [Setup Fies Cstp) | &]
FEEE I™ Open a3 read-anly
Figure 35.

033

034

Then select which mode of operation setup file(s) you would like to view (see Figure 36). Select Linear Sweep Mode, Modulation Mode, or

Single Tone Mode.

analog.com

Load Setup File

Look in: | (3 AD9959 Configuration Fikes |

% [DhLinear Sweep Mode,
: [C=3Modulation Mode

My Recent [=)Single Tone Mode
Documents

Desktop

Figure 36.
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Single Tone Mode

Open the Single Tone Mode folder to access the single tone mode of operation example setup files. This section discusses the All Channels
on @ 10_20_30_40MHz_RURD enabled.stp file.

The Chip Level Control window (Figure 37) from this particular setup shows that a 500 MHz System Clock is running, with the RU/RD
operation enabled. In the RU/RD box, Use Profile Pins 2 & 3 has been selected to control the RU/RD feature.

k. Chip Level Control

r Clock &l Channel Power Drovwn—
Multi Device

Fef Clock: 500,000 MHz I~ Clack Input Sync... I
Multiplier:  [Discbled | lbtre

I~ Dizable SpncCLE Qut
CP Curent: |?5 A 'I

External PO Control
Syztemn Clock: [500,000 MHz

™ O Gai Fower Diown Pin Mode
ain

Guick Fecovery
Full Povser Diown

Power Down Pin I

&l Channel Accumuator Control

I~ Auto Clear Phase Accumulator
I~ Clear Phase Accurnulatar
I Auto Clear Sweep Accurnulator
I~ Clear Sweep Accumulator

r— Modulation Configuration

RUSRD
RUAD Disabled

Frofile Fin Config

I” PPCEit0 Use Frofile Fins 2 & 3 dLevel Mod.
[~ PRCEit1 Use Profile Pin B-Level Mod. LOAD I
[~ PPCEIt2 UseSDIOPins 1263 [16Level Mod.
READ |
Figure 37.

In the Channel Control window (Figure 38), each channel has None (Single Tone) selected for their modulation output as shown in the
Modulation Output Type box.

Channel Control
Charinel 1 ] Ehannel2] EhanneIS]

— Par Diowen Fipe-Line Latency Contral
I Digital ]
I DaC I~ Match Fipe Delays:

DAC Full Scale Curent Control

142 th Full Scale
1#4 th Full Scale
148 th Full Scale

— Modulation Output Tyepe

Mone [Single Tane]
Amplitude
Frequency

Fhase

r— Linear Sweep Options

I~ Enable Lingar Sweep

I~ Linear Sweep Mo Dwell
I~ Load 55R @& |40 Update
I~ Clear Sweep Accurnulator

r— Dlutput ' aveform
m i Sine
m % Cozine

r— Phase Accumulator Control

I~ Clear Phase Accumulator
I Auto Clear Phaze Accurnulator

I Auta Clear Sweep Accumulator

wap | READ

038

Figure 38.

In the Channel Output Config window (Figure 39), Channel 0 has a frequency output of 10 MHz (Frequency 00 box), Channel 1 an output
frequency of 20 MHz, Channel 2 an output frequency of 30 MHz, and Channel 3 has a frequency output of 40 MHz. Because the RU/RD
operation is enabled, the Enable ASF and Enable Auto ASF boxes are checked. The amplitude scalar factor (ASF) is set to 1 (full scale).
Therefore, the output signal will be 0 MHz until the correct profile pin is selected to ramp the frequency up to full scale. When this setup file
is loaded, profile pins PO, P1, P2, and P3 are pressed as shown in the Profile and RURD Pin Control Section. P0 controls Channel 0, P1
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controls Channel 1, P2 controls Channel 2, and P3 controls Channel 3. If a profile pin is deselected, the associated channel’s output will return
to 0 MHz. To return to full scale, re-press the profile pin that triggers the RU/RD operation.

i Channel 1 ] Channel 2 } Channel 3 ]

—Single Tone Setup Linear Sweep Setup
Frequency 00: 1000000001 MHz Rizing Step Size: I p.o0000000 MHz
Fhaze Offzet: |1 ﬂ: p.oo0 Ceg FRiizing Step Interval: I 0.000 U
(= Enelloiin I‘I j: 1.00000 Falling Step Size: I 0.00000000 fHz

(2 EnelloduinpeR: Falling Step Interval: I 0.000 us
Amplitude Sweer Step Interval: I 2040 U=

Amplitude Sweer Fate Adjust: Iﬂ Frequency 07: IW HHz
I~ Load 8RR @ 140 Update Freauency 0 [~ 000000000 MHz
Frequency 0%: Im tHz
Frenquency 01 Im MHz Frequency 10: Im iz
Frequency 02: Im tHz Frequency 11: Im ek
Frequency 03: Im tHz Frequency 12: Im ek
Frequency 04: Im tHz Frequency 13; Im ek
Frequency 05 Im MHz Fregquency 14: Im iz
Frequency 06 lm MHz Frequency 15: IW tHz

¥ futo |

el wap | meap |

Figure 39.

Modulation Mode

Open the Modulation Mode folder to access the modulation mode of operation example setup files. Once this folder is opened you will be
presented with the window shown in Figure 40.

Load Setup File

Look in: Jb Madulation Mode _'_1

—a (e Ampitude
: [Co)Frequency

My Recert [C)Phase
Documents

Desktop

040

Figure 40.

For frequency modulation (FSK), open the Frequency folder; for phase modulation (PSK), open the Phase folder; and for amplitude modulation
(ASK), open the Amplitude folder. In these folders, all setup files are indexed by their level (2, 4, 8, or 16-level). This section discusses the
CH2_@3 MHz increments.stp file found in the Frequency folder under the 16-level folder.

The Chip Level Control window (Figure 41) from this particular setup shows that a 500 MHz System Clock is running, and that a 16-level
modulation-no RU/RD is being performed. Notice the Level box located in the Modulation Configuration section. The PPC Bit pattern in
the Profile Pin Config subsection of the Modulation Configuration is <010>. Referring to the table in the 16-Level Modulation-No RU/RD
section of the AD9959 data sheet, we see that this bit pattern sets up 16-level modulation on Channel 2.
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. Chip Level Control

— Clock &) Channel Power Down—
Multi Device
Ref Clock: 500,000 MHz [~ Clack Input e
Multiplier: IDisabIad -] [~ D&C Ref e I

[~ Disable SyncCLE Out
External PD Control

CP Current: |?5 i vl
System Clock: ISDD.DUU tHz

Power Down Pin Mode:

I~ YC0O Gain —
Guick Fecovery
Full P b
&l Channel Accumulator Control HiFowerown
I~ Auta Clear Phase accumulator Power Down Pin

I~ Clear Phase Accumnulator
I Auta Clear Sweep Sccumnulator
I~ Clear Sweep Accunulator

r— bodulation Configuration

RLUMNRD: Lewvel:

2-Level Mod.
4-Level Mod.
S-Level Mod.

Frofile Pin Config

[~ PPCERD
¥ PFCEit1
[~ PPCERZ

Usze Profile Pins 2 & 3
Usze Profile Fin 3
Uze SDI0 Ping 1.2 &3

LOAD I

READ |

041

Figure 41.

In the Channel Control window (Figure 42), Channel 2 has Frequency selected as its modulation output as shown in the Modulation Output
Type box. As discussed in the Channel Constraint Guidelines section of the AD9959 data sheet, when performing 16-level modulation on a
selected channel, all other channels are available only for the single tone mode of operation.

hannel Control

Channel 0 ] Charnel 1 Channel 3 ]

— Pwar Diowan Fipe-Line Latency Contral
I Digital 3
[ DAC I~ Match Fipe Delays

DAC Full Scale Curent Contral

142 th Full Scale
144 th Full Scale
148 th Full Scale

r— Modulation Dutput Type

Maone [Single Tone]

I~ Enable Linear Sweep

I~ Linear Sweep Mo Cwell

I~ Load SSR @& 140 Update

I~ Clear Sweep Accurnulator

I~ Ao Clear Sweep Accurnulator

Amplitud

I — Output ' aveform
Fh.

358 m i Sine
Linear Sweep Options m % Cosine

— Fhase Accumulator Contral

I~ Clear Fhase Accurnulatar
I~ Auta Clear Phase Accumulator

oap | READ

042

Figure 42.

In the Channel Output Config window (Figure 43), Channel 2 has a frequency output of 3 MHz (Frequency 00 box). When this setup file is
loaded, profile pins P1 and P3 are pressed as shown in the Profile and RURD Pin Control Section. In 16-level modulation, P3 is the LSB and
P0 is the MSB. This explains why when this setup file is loaded, an output of 18 MHz is shown because 0101 binary = 5, and Profile Register
05 contains 18 MHz as its output. If no profile pins are selected, then the output frequency is equivalent to the value entered in the Frequency
00 box (3 MHz in this setup). If all profile pins are pressed, the output frequency is equal to 48 MHz, the contents of Profile Register 15 (1111
binary).
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Figure 43.

Linear Sweep Mode

Open the Linear Sweep Mode folder to access the linear sweep mode of operation example setup files. Once this folder is opened you will be
presented with the window shown in Figure 44.

Load Setup File

Loak in: IE} Linear Swesp Made ;J

. b (DrAmpitude.

: |[C)Frequency
My Recent [C)Phase
Documents

Desktop

044

Figure 44.

For a frequency sweep, open the Frequency folder; for a phase sweep, open the Phase folder; and for an amplitude sweep, open the
Amplitude folder. This section discusses the All Channels@10 MHz_half to full scale.stp file found in the Amplitude folder.

The Chip Level Control window (Figure 45) from this particular setup shows that a 500 MHz System Clock is running with RU/RD disabled.
The Auto Clear Phase Accumulator and Auto Clear Sweep Accumulator boxes have been checked in the All Channel Accumulator
Control section to ensure synchronization across channels and reinitialize the starting point once the linear sweep ends.
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Figure 45.

Usze Profile Pins 2 & 3

In the Channel Control window (Figure 46), each channel has Amplitude selected for its modulation output as shown in the Modulation
Output Type box. As discussed earlier in the 4. Linear Sweep Options section, the Enable Linear Sweep box found in Linear Sweep Options
section must be checked in order to configure the part for the linear sweep mode of operation.

it Channel Control

Channel 1 ] Channel 2 ] Channel 3 ]

— Par Diowen Fipe-Line Latency Contral
I Digital 5
I~ DAC I~ Match Fipe Delays:

DAC Full Scale Current Contral

142 th Full Scale
144 th Full Scale
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Mone [Single Tone

Frequency
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r— Olutput ' aveform
m i Sine
m % Cosine

r~ Phase Accurnulator Control

I~ Clear Phaze Accurnulator

I Auto Clear Phasze Accurnulator

READ

ap |

046

Figure 46.

In the Channel Output Config window (Figure 47), all channels (Channel 0 to Channel 3) have an output frequency of 10 MHz (Frequency
00 box). The Enable ASF box is unchecked because a linear amplitude sweep is being performed. The amplitude scalar factor (ASF) is set to
0.5 (half scale), denoting that the sweep begins at half scale and sweeps up to full scale (Amplitude 01-ending point of sweep). In the Linear
Sweep Setup section, the rising/falling step size and step intervals of the sweep are equal, indicating the sweep will rise and fall at the same
rate. PO controls Channel 0, P1 controls Channel 1, P2 controls Channel 2, and P3 controls Channel 3. To sweep up to full scale, press the
profile pin associated with the channel's output. To return to half scale, unselect the profile pin.
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Model Description
AD9959/PCB Evaluation Board

ESD Caution
‘ ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary
‘t‘\ protection circuitry, damage may occur on devices subjected to high energy ESD. Therefore, proper ESD precautions should be taken to avoid performance degradation or loss of
functionality.

Legal Terms and Conditions

By using the evaluation board discussed herein (together with any tools, components documentation or support materials, the “Evaluation Board”), you are agreeing to be bound by the terms and
conditions set forth below (“Agreement”) unless you have purchased the Evaluation Board, in which case the Analog Devices Standard Terms and Conditions of Sale shall govern. Do not use the
Evaluation Board until you have read and agreed to the Agreement. Your use of the Evaluation Board shall signify your acceptance of the Agreement. This Agreement is made by and between you
(“Customer”) and Analog Devices, Inc. (“ADI"), with its principal place of business at Subject to the terms and conditions of the Agreement, ADI hereby grants to Customer a free, limited, personal,
temporary, non-exclusive, non-sublicensable, non-transferable license to use the Evaluation Board FOR EVALUATION PURPOSES ONLY. Customer understands and agrees that the Evaluation
Board is provided for the sole and exclusive purpose referenced above, and agrees not to use the Evaluation Board for any other purpose. Furthermore, the license granted is expressly made
subject to the following additional limitations: Customer shall not (i) rent, lease, display, sell, transfer, assign, sublicense, or distribute the Evaluation Board; and (ii) permit any Third Party to access
the Evaluation Board. As used herein, the term “Third Party” includes any entity other than ADI, Customer, their employees, affiliates and in-house consultants. The Evaluation Board is NOT sold
to Customer; all rights not expressly granted herein, including ownership of the Evaluation Board, are reserved by ADI. CONFIDENTIALITY. This Agreement and the Evaluation Board shall all be
considered the confidential and proprietary information of ADI. Customer may not disclose or transfer any portion of the Evaluation Board to any other party for any reason. Upon discontinuation
of use of the Evaluation Board or termination of this Agreement, Customer agrees to promptly return the Evaluation Board to ADI. ADDITIONAL RESTRICTIONS. Customer may not disassemble,
decompile or reverse engineer chips on the Evaluation Board. Customer shall inform ADI of any occurred damages or any modifications or alterations it makes to the Evaluation Board, including
but not limited to soldering or any other activity that affects the material content of the Evaluation Board. Modifications to the Evaluation Board must comply with applicable law, including but
not limited to the RoHS Directive. TERMINATION. ADI may terminate this Agreement at any time upon giving written notice to Customer. Customer agrees to return to ADI the Evaluation Board
at that time. LIMITATION OF LIABILITY. THE EVALUATION BOARD PROVIDED HEREUNDER IS PROVIDED “AS IS” AND ADI MAKES NO WARRANTIES OR REPRESENTATIONS OF ANY
KIND WITH RESPECT TO IT. ADI SPECIFICALLY DISCLAIMS ANY REPRESENTATIONS, ENDORSEMENTS, GUARANTEES, OR WARRANTIES, EXPRESS OR IMPLIED, RELATED TO THE
EVALUATION BOARD INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTY OF MERCHANTABILITY, TITLE, FITNESS FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT OF
INTELLECTUAL PROPERTY RIGHTS. IN NO EVENT WILL ADI AND ITS LICENSORS BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING
FROM CUSTOMER’S POSSESSION OR USE OF THE EVALUATION BOARD, INCLUDING BUT NOT LIMITED TO LOST PROFITS, DELAY COSTS, LABOR COSTS OR LOSS OF GOODWILL.
ADI'S TOTAL LIABILITY FROM ANY AND ALL CAUSES SHALL BE LIMITED TO THE AMOUNT OF ONE HUNDRED US DOLLARS ($100.00). EXPORT. Customer agrees that it will not directly or
indirectly export the Evaluation Board to another country, and that it will comply with all applicable United States federal laws and regulations relating to exports. GOVERNING LAW. This Agreement
shall be governed by and construed in accordance with the substantive laws of the Commonwealth of Massachusetts (excluding conflict of law rules). Any legal action regarding this Agreement will
be heard in the state or federal courts having jurisdiction in Suffolk County, Massachusetts, and Customer hereby submits to the personal jurisdiction and venue of such courts. The United Nations
Convention on Contracts for the International Sale of Goods shall not apply to this Agreement and is expressly disclaimed.
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