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Getting Started with the AD9125-EBZ Evaluation Board

WHAT'S IN THE BOX RECOMMENDED EQUIPMENT
AD9125-EBZ Evaluation Board Sinusoidal Clock Source (at least 1.0 GHz)
Evaluation Board CD Sinusoidal Clock Source (for modulator LO)
Mini-USB Cable Spectrum Analyzer

DC Power Supply
Digital Pattern Generator Series 2 or 3 (DPG)

INTRODUCTION

The AD9125 Evaluation Board connects to the Analog Devices Digital Pattern Generator (DPG) to allow for quick evaluation of the
AD9125. Control of the SPI port in the AD9125 is available through USB with accompanying PC software.

To ease the subsystem evaluation, a clock distribution chip (AD9516) and a quadrature modulator are also designed into this evaluation

board.

SOFTWARE

The AD9125 Evaluation Board is designed to receive data from a Data Patten Generator (DPG). The DAC Software Suite, plus the AD9125
Update, is required for evaluation. The DAC Software Suite is included on the Evaluation Board CD, or can be downloaded from the DPG
web site at http://www.analog.com/dpg. This will install DPGDownloader (for loading vectors into the DPG) and the AD9125 SPI
Controller application. The AD9125 Evaluation Board DPGDownloader software has an easy-to-use legacy graphical user interface (GUI),
but ACE, a newer evaluation software from AD], is the preferred evaluation software. ACE can be downloaded from the ACE website at
https://wiki.analog.com/resources/tools-software/ace. The ACE plug-in for the evaluation board is available for download on the AD9125
eval webpage in the software section at http://www.analog.com/en/design-center/evaluation-hardware-and-software/evaluation-boards-
kits/EVAL-AD9125.html#eb-overview.

HARDWARE SETUP

Connect a +5V DC power supply to the banana jacks (P5 and P6). A clock source should be connected to the SMA jack labeled J1 (CLKIN)
and should be set to 500 MHz and 3 dBm. A second clock source should be connected to the SMA jack labeled J9 (LO_IN). This source
should be set to 1.8 GHz and 0 dBm. The AD9516 buffers this clock and distributes clock signals with proper frequencies to the AD9125
and the DPG. In order to monitor the AD9125 outputs, a spectrum analyzer should be connected to the SMA jack labeled J3 (DAC1_P) for
I channel DAC, J8 (DAC2_P) for Q channel DAC, or J6 (MOD_OUT) for the quadrature modulator output. The DPG connects through
connector P1 and P2 on the left edge of the evaluation board, and the USB cable should be connected to the mini USB connector labeled
XP2 USB on the lower left side of the board. Note that the PC software needs to be installed before connecting the USB cable to your
computer.
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AD9125-EBZ

JUMPER CONFIGURATIONS

There are 7 pin jumpers and 13 solder jumpers on the evaluation board. The pin jumpers are corresponding to the 6 supplies, i.e., AVDD3.3,
DVDD1.8, CVDDL1.8 and etc, on the board. They serve as ‘switches’ that determine if the LDOs on board or external supplies are used for
each individual supply. Most of the pin jumpers, except JP1, are 2 pin jumpers. They are shunted by default,

which means on board LDOs are used. When an external supply is necessary, pull off the shunt from the corresponding supply and connect
the external supply to the SMA jack close to the jumper. JP1 should be left in the default configuration.

Solder jumpers JP4, 5, 6, and 17 determine whether the DAC outputs go to the SMA connectors or to the modulator inputs. When direct
DAC outputs are to be monitored, JP4, 5, 6, and 17 should be configured as what Figure 1 shows. When the modulator output is to be
measured, they should be configured as what Figure 2 shows.

.

n

i~ s JPEIN HHJI'L

JP5 Jpe

—
=
a !

o =
Lo P L]

JP1BIME MIJPT

i -
Figure 1: DAC Output Configuration Figure 2: Modulator Output Configuration

The solder jumper on the left side of C139 determines whether the ref/sync clock of the AD9125 is from the AD9516 or an external source
through the SMA jack J14 (AD9125_REF_CLKIN). When the AD9516 is used for the clock source, the jumper should be configured so
that the center pad is connected to the top pad. When an external source is used, the center pad should be connected to the bottom pad.

Other solder jumpers should be left in the default configuration.

GETTING STARTED - SINGLE TONE TEST

It is suggested that the basic set-up is verified before making any modifications to the evaluation board. This can be done with either ACE,
the preferred evaluation software, or the SPI GUI Use the modulator output jumper configuration for the single tone test. Other
configuration outputs are also in the “Results” section.
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ACE Evaluation Software

Open ACE from the start window. It can be found by following the file path to the program or by searching in the windows search bar for
“ACE” The P2 icon indicates the ACE software.

If the board is connected properly, ACE will detect it and display it on the Start page under “Attached Hardware” Double click this board.

Ensure that the *© button is green in the subsystem image under the “System” tab. If not, click it, select the AD9125, and click “Acquire”
Double click on the subsystem image.

(Untitled Session) -

File View Tools Help

(Untitled Session) - A
File View Tools Help

et RENET
Start * System * 1
Start X | System X | AD9125-M537x-EBZ X [AD9125 [ AD9125 Memory Map X |
New Session Load plug-ins from: | CAPlug-in Devibmeyer\Plugins - | Start X | System X | AD9125-M537x-EBZ = |AD’9].25 X | AD9125 Memory Map X|
Attached Hardware
Open Session...

Subsystem_1 *
AD9125-M537x-EBZ
Product Evaluation

AD9125-M537x-EBZ

Version 0.0.0.0

Recent Sessions:
Mode86 JESDmodeld 2x-8x 368p64MHzRef Duallink
fromACE Mode86 JESDmode0 2x-8x 368p64MHzRef Duallink

fromHWmacro Mode86 JESDmodel 2x-8x 368p64MHzRef Duallink
fromACE Mode86 JESDmeode0 2x-Bx 368p64MHzRef SingleLink
fromACEwizard

ADO172 R2 4 1x-1x Readback:

ADG172 ROA XenonMode74 1x-1x Readbacks
AD9136-ADRF6780-FMC-EBZ setup-noADFseq
ADS136-ADRF6780-FMC-EB7 setup 0

3 il

Figure 2: Detected AD9125 in ACE Figure 4: AD9125 Subsystem

To the left of the board diagram, click “Modify” under “Initial Configuration Summary” to edit the DAC and PLL setup of the board. In
some cases, the “Initial Configuration” page will already be shown.

Start X AD9125-MS37x-EBZ X | ADS125 X

oy
Reset Board Poll Device Auto Apply

AD9516 Clock In

Initial Configuration Summary |

AD9122 DAC Setup |
DAC Frequency: 500 MHz
Interpolation: 2

Data Bus Width: Word Mode

Data Rate: 250 MHz

DCI Frequency: 250 MHz

Data Format:  Twos complement

) LO ClockIn

i ]
i i
i ]
i i
i ]
i i
ADO122 PLL Setup q \ oS > [ =~
| —L ]
Enable PLL clock: False i H L] RF Out
PLL Mode: Manual Mode i . AD9125 N
VCO Band Selection: 0 ' H
Reference Clock: 125 MHz i . [DAC Out
PLL Reference Clock Divider: FDACCLK/fREFCLK = 4. " i OPLL Locked QDAC Out
PLL VCO Divider: FVCO/fDACCLK = 4. I \ VCOBand
VCO Frequency: 1GHz Readback
Modify

Figure 5

Alter the inputs to match Figure 6. Click “Apply”
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AD9125-EBZ

INITIAL CONFIGURATION

Restore Software Defaults

DaC Frequenq-':[ 500 MHz |

Interpolation: |2 - |

Data Bus Width: | Word Mode - |

Data Rate: 250 MHz
DCI Frequency: 250 MHz

Data Format: |Twm complement = |
€ AD9122 PLL Setup
Enable PLL clock:
PLL Mode: Manual Mode =
WCO Band Selection: -
Reference Clock: 125 MHz
PLL Reference Clock Divider: | FDACCLK/FREFCLE
=4 | &

PLL WCO Divider: Py
4, -

Summary Apply

Figure 6

Double click on the dark blue AD9125 on the board diagram. Ensure that the settings of the AD9125 match with Figure 7 and click “Apply

Changes”

Start X [ System X | ADO125-MS37xEBZ X | ADOL2S X |

Apply Read Al Reset Chip Diff Software
Changes Defaults

1DAC PD
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Proceed to Memory Map

Figure 7

Open the DPG Downloader software. The ‘DCO frequency’ shown should be 250MHz. (Due to the resolution of the DPG frequency
counter, the measured frequency could be a little off). In the ‘evaluation board” drop down menu, the selection should be shown as AD9125’

This selection is automatically done when you plug the USB cable into the evaluation board.
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AD9125-EBZ
e

File  Help
[25 Add Data File + [5 Add Generated Waveform + | % Remove Selected 3 Remove Al |7] Graph Selected Vectors
Data Rate: 250.000 MHz |5 DAC Resolution: | 16/5bits Record Length: 163845 Offset 0 :é,
2 Desired Frequency 31.000 MHz |2 Ampltude 0.0 2{dB (Full Scale)  Relstive Phass 00K ﬂ
Caloulated Frequency: 30.991 MHz| Cycles: 2031| [£] Unsigned Data [ Alow even cycle count 7] Generate Complex Data (| &) ]
DPG3 Unit 1
Evaluation Board | Dala Vector: (2! Single Tone - 30.891 MHz; 0.0 dB; 0.0° (In-Phase) - —
Port Cortiguration Q Daa Vector:  (2Q: Single Tone - 30.91 MHz; 0.0 d8; 0.0% (Quadrature) -
Configuration Progress: | |
Configuration Versien: (200631252012 |y Loop - 1| Data Width:
Multi-DPG Sync: Single Stat Offast o DCO Frequency: D50.002 MHz
Hide disconnected Evaluation Boards
[ Advanced/Debug | [ View Memory E&Zl‘éid | | (w3125, 56) ’ E
[ |
Figure 8

Select ‘Single Tone’ in the ‘Add Generated Waveform’ drop down menu in the DPG2 Downloader. Set the sample rate to 250MHz and the
desired frequency to 31MHz. Check the box of ‘Generate Complex Data (1&Q)’. Pick the generated waveforms in the ‘I Data Vector’ and ‘Q
Data Vector’. Click Download (il) and Play (LI'). This results in a single-tone at the DAC output centered at 31MHz. The current on the
5V supply should be approximately 700mA with JP11 open (modulator supply off).

The resulting spectrum is in Figure 10 in the “Results” section.

SPI Software

This setup configures the AD9125 to generate a sine wave by using the DPG as a data source. This allows the user to measure the singletone
AC performance at the DAC output. Install the software as described in the Software section, and connect all the required cables as described
in the Hardware Setup section. Turn on the power supply.

For this setup, the clock source is set to generate a 500MHz tone at 3dBm. Using 2x interpolation and word mode, the data clock should be
250MHz. Jumpers JP4, 5, 6, and 17 should be set to their DAC output position. Open the AD9125 customer SPI software and go to the 2nd
tab (data clock). Set the interpolation rate to 2X. Hit ‘run’ button. This will set the part to 2x interpolation mode and configure the clock
going into the DPG to half of the DAC rate.

In DPG Downloader software, the ‘DCO frequency’ shown should be 250MHz. (Due to the resolution of the DPG frequency counter, the
measured frequency could be a little off). In the ‘evaluation board’ drop down menu, the selection should be shown as ‘AD9125’ This
selection is automatically done when you plug the USB cable into the evaluation board.

Select ‘Single Tone’ in the ‘Add Generated Waveform’ drop down menu in the DPG2 Downloader. Set the sample rate to 250MHz and the
desired frequency to 31MHz. Check the box of ‘Generate Complex Data (I&Q)’. Pick the generated waveforms in the ‘I Data Vector’ and ‘Q
Data Vector’. Click Download (il) and Play (LI'). This results in a single-tone at the DAC output centered at 31MHz. The current on the
5V supply should be approximately 700mA with JP11 open (modulator supply off).
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Results

The final result of this setup should be a clean 31 MHz tone as shown below. To best verify results, match the settings of the spectrum

analyzer to those shown in Figure 10.

Agilent Spectrum Analyzer - Swept SA

RL RF s &E | SEMSEEXT|

ALIGN AUTO 03:24:10 PM Jun 14, 2017

Span 100.000000 MHz _
Trig: Free Run

PNO: Fast (C_
™ #Atten: 16 dB

IFGain:Low

10 dBidiv. Ref 5.00 dBm
Log

iy 1
[

Center 1.80000 GHz
#Res BW 30 kHz

MSG

VBW 30 kHz

Avg Type: Log-Pwr
Avg|Hold:>100/100

[REARERER;

Span 100.0 MHz
Sweep 2.733 ms (1001 pts)

STATUS

Figure 10

Using the DAC output jumper configuration, along with the same ACE and DPGDownloader setups, the resulting spectrum out of J3 is in

Figure __ and the resulting spectrum of J8 is in Figure __.
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AD9125-EBZ

APPENDIX A: SPI CONTROLLER

The SPI Controller application is split into several tabs. These tabs group related functions. Several of the functions provided by the SPI
Controller are described here, as they relate to the evaluation board. For complete descriptions of each register, refer to the AD9125
datasheet. In the interest of continuous quality improvements, the images below may not exactly match your version of the software.
Running the SPI Controller

When the Run button is clicked, the SPI controller will run once. It will both write and read from the AD9122/AD9125 and setup the
clock chip (AD9516) on the evaluation board. The Run Forever control will setup both the AD9122/AD9125 and AD9516. This mode of
operation will continue to read from the chip and will update the SPI when any of the controls change. The Force Write and Read Only
controls force the controller to write all the controls to the evaluation board or only read from the SPI port.

R_ﬂ Run Forever | Force_WriteI Read_OnIv:
o) O O O

Figure 11

Data Clock Control

This section, shown in Figure 2, provides control over the Interpolation Rate and Course Modulation. Once the controller is executed,
the Modulation Description field will return a summary of control. If an improper selection is made, the field will return ‘Invalid’ The
DATAFMT field selects the number format of the incoming data, between unsigned (Binary) and signed (2’s compliment). The QFirst
control selects which DAC receives data first from the interleaved bus. For use with the DPG2, this should always be set to IQ Pairs. The
Interface Mode selects how wide the data bus will be. This setting will need to match the setting in the DPG AD9125 panel for proper
operation with the DPG2.

Hoduiston Datcription

Stagel| Stage2| Stage3
ﬁ"gﬁ |y ft?g”

Figure 12

NCO Control

This tab controls the Fine Modulation within the AD9122/AD9125. The top portion of this tab helps the user easily control the frequency
shift. It will calculate the NCO Frequency using Data Frequency entered by the user. The NCO can shift the signal by at most +/- fnco/2.
An indicator also displays the frequency shift from the course modulation on the previous tab. The total shift will be the sum of the course
and fine modulations. To manually enter the Frequency Tuning Word (FTW), the Enable Advanced Control will bypass the calculations
on the top of the page.

PLL Control

The AD9122/AD9125 has an on-chip PLL. When PLL_ENABLE is turned on, the chip will automatically select the appropriate band
using the Divder] and Divider0 values. This tab provides the calculation for the DAC Freq and VCO Freq based on the Reference Clock
and the value of the dividers. The VCO Frequency must be between 1 and 2 GHz for proper operation. The auto-band select can be

©2010 Analog Devices, Inc. All rights reserved. Trademarks and ANALOG
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AD9125-EBZ

bypassed by enabling PLL MANUAL and entering a band in PLL Band Select. Dividerl and Divider0 must still be chosen appropriately
in this mode of operation.

Interrupts

This tab provides a visual indication of the state of each interrupt. Enabling the button to the left of each interrupt with enable the
interrupt. A green indicator to the right of the button will light when the interrupt is asserted. Once asserted, the interrupt can be
acknowledged by pressing the Clear button.

Main DAC Control

This tab controls the two main DACs in the AD9122/AD9125. The Full-Scale Current of each DAC can be set with the I DAC Gain and Q
DAC Gain controls. The I Sleep and Q Sleep controls put their respective DAC into a low-power sleep state. When the AD9122/AD9125 is
used with a modulator, the Phase Compensation/DC Offset controls can be used to correct any mismatches between the two DACs.
AUXDAC Control

As with the main DACs, the full-scale current of the auxiliary DACs can be set over the SPI port. Each DAC can also be powered down.

Sampling Error Detection

The Sampling Error Detection (SED) checks the data inputs. An 8-byte signature is handed to the AD9122/AD9125. The controller can
automatically generate and load the vectors using the DPG2 device. Indicators display the result of the comparison between the input
data and the expected signature.

SPI Map

The SPI Map tab provides an overview of all the settings currently written to the part. The individual register values are indicated
graphically (with red and green boxes) and numerically. The numeric results can be used in whatever system the AD9122/AD9125
connects to, to duplicate the current settings in the end system.

AD9516 Control

The evaluation board contains its own clock chip. The AD9516 has an optional on-chip PLL. The top half of the control tab helps the user
select the appropriate control values for the PLL controller. If the PLL is bypassed, the DAC Clock has the same frequency as the input to
the AD9516. Two additional clocks, Ref Clk and DCO CIk, are generated based off of the DAC Clock. The DCO Clock controlling the
data frequency can be synced with the interpolation rate on the Data Clock Control tab. If this is enabled, changing the interpolation rate
will automatically update the AD9516 to have the appropriate DCO Clock Divider Ratio.

Save and Load

The SPI controller has options to save and load all the control registers. The save takes place after the controller is run once and the load
happens before any of the read or writes to the evaluation board.

APPENDIX B - ACE SOFTWARE FEATURES

The ACE software is organized to allow the user to evaluate and control the AD9125A evaluation board. The “Initial Configuration” wizard
(Figure 6) controls the DAC and PLL setups. Block diagram views of the board (Figure 5) and chip (Figure 7) contain elements that can be
used to vary parameters like ref current and data format. These parameters can be changed using check boxes, drop down menus, and input
boxes. Some parameters do not have settings shown in the diagram. Double click on the parameter to view the available settings.
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I1DAC PD
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DON FIFO Mod lu—|: SINC
1ouTze
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QDACPD
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DAC sleey
Request Mede: | Bypass NCO mode ~ | Q P

Current mA.

FIFO Phase Set

[ Frequency:

Phase:
Power down 7
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Fs Current [0
Ref Current | 1
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Close
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INTERNAL CLOCK ANDY
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FSADS

|
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sDIO
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s
1rQ
RESET
REFCLEN
DACCLKN
DACCLKP

REFCL

Proceed to Memory Map

Figure 33: NCO settings for the AD9125

In addition, some parameters can be enabled or disabled. This feature is evident by the color of the block parameter. For example, if the
block parameter is dark blue, the parameter is enabled. If it is light grey, it is disabled. To enable or disable a parameter, click on it.

E“"'Eff'e Full-Scale
drren Current

mA | 20.00 | mA

= pac —{ ) OUT +
,’;ﬁ;‘“' p Tx DAC QuT +
il OuT - CORE ouT -

Figure 44: Disabled parameter from the AD9125 Figure 15: Enabled parameter from the AD9125

More direct changes to registers and bit fields can be made in the memory map, which is linked from the chip block diagram (Figure 7)
through the “Proceed to Memory Map” button. In this view, names, addresses, and data can be manually altered by the user.
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Registers
. . P |+ -| Address [H;m MName Data (Hex) Data (Binaryl
(@) Registers ) Bit Fields (=} |
+ 0000 Comm o|o|jo|@o 0(0f0|o0|*
+ 0001 Power_control o|o|jo|1 0|0f0|0
+ 0003 Data_format 100|080 0jo0fo|0
+ 0004 nterrupt_enablel o|ofo]o 0|00 |0||l=
Search Bit Fields Clear L = |ooos nterrupt_enable2 oflofo|o|lo|o|o|o
Results: + 0006 Event_flagl 0|1|0]|0 10|00
0x0000: Reset = |ooo7 Event flag2 olofo|ollo|ofo]|o|
0x0000: LSB_FIRST
0x0000: SDIO =+ |0008 Clack_receiver_control oo |1z f1|1]|1
0x0001: Power_down_aux_ADC
0u0001: Power_down_data_receiver = |000A PLL_controll 50 1|o|ofofloflofolo
0x0001: Power_down_Q DAC
0x0001: Power_down_I DAC + 000C PLL_control2 11|01 0jofo|1
0%0003: Data_Bus_Width
Ox0003: MSB_swap = |ooop PLL_contral3 1l1fof1lfo]1]o]|1
0x0003: Q data first
0x0003: Binary_data_format = |oooE PLL_statusl 1loflof|oflo|1|1]0
0%0004: Enable_FIFO_ Warning_2
0x0004: Enable_FIFO_Warning_1 + 000F PLL_status2 0jo|o0|0O o|ofo0o|0
0x0004: Enable_sync_signal_lacked
0x0004: Enable_sync_signal_lost + 0010 Sync_controll o(1)0]|0 1jofo|0
0x0004: Enable_PLL_locked
0%0004: Enable_PLL lock_lost = o011 Sync_control2 o ofof|olflo|ofo|o
0x0005: Enable_SED_compare_fail
0x0005: Enable_AED_compare_fail = o012 sync_statusl olofo|oflo|1|o|1
0%0005: Enable_AED_compare_pass
0x0006: FIFO_Wamning_2 + 0013 Sync_status2 o|jof0o]|0O o|0|0|0
0x0006: FIFO_Warning_1
0x0006: Sync_signal_locked + 0015 Data_receiver_status o|o|j0|0 0|0f0|0
Ox0006: Sync_signal_lost
0x0006: PLL Interupt_locked + 0016 DCI_delay o|lojo|o 0jo0fo|0
0x0006: PLL_lock_lost
0x0007: SED_compare_fail + 0017 FIFO_control o|o0|jo|o0 0j1f(0|0
P00 AED. = fail . y -

Figure 56: Bench Set-Up

ACE also contains the Macro Tool, which can be used to record register reads and writes. This is executed in the memory map view or with

the initialization wizard. To use, check the “Record Sub-Commands” checkbox and press the record button. Changes in the memory map,

which are bolded until they are applied to the part, are recorded as Ul commands by the macro tool once the changes are made. Changed

register write commands for the controls are also recorded. Hit “Apply Changes” to execute the commands and make changes in the memory

map. To stop recording, click the “Stop Recording” button. A macro tool page with the command steps will be created. The macro can be

saved using the “Save Macro” button so that it may be loaded for future use.

Macro Toaals

Record Sub-Commands

Macros
| Untitled Macro

Commands

3> @Subsydem 1ADS 22 MSITS-ERZADS] 22 ADG] 223 Memg &
»>» @Subnystem lADS] 22 M537S5-EBEADS1 22 Evaluation Cont
* x5 @5ubnyiem LADSLA-M5375-EBLZADD ] 22 ALDS] 2SS Mermo
* > [Bhubsystern_1ADS122-M5375-EBLZADFEZ: Evaluation Conk
» > > @Subsysiem_LADS122-M5375-ERZADS] 22 AD9]1 22 Mermo
» > @iubsystern_LADYLZ2-M5375-ERLZADS1 22 Evaluation Cont
> > > @iubsystem_1ADS] 22.M5375-ERZ ADG] 22 ADS] 22 Mermo:
>» BSubsystern 1.ADS122.M5375-EBZ 4091 22 Evalvation Conk:
> @Subnydem 1ADS]22-M5375-EAZADS] 22 AD9] 22 Memo
»» @Subnystemn_1ADG]22.M5375-E6ZADA1 22 Evaluation Cond:
=3 @Subiyriem LADII 22 MSIT5-ERZADS] 22 AD9] 22 Memo

Figure 67: Macro tool in ACE. The “Stop Recording,” “Record,” and “Save Macro” commands are located at the top of the macro tool
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The raw macro file will be saved using ACE syntax, which is not easily readable. To remedy this, the ACE software download includes the
Macro to Hex Conversion Tool. The user can choose to include or exclude register write, reads, and/or comments in the conversion. The
file pathways for the source and save paths should be the same, except that one should be an .acemacro file and the other should be a .txt
file. The “Convert” button converts and opens the converted text file, which is easier to read. The conversion tool can also convert back to

an .acemacro file if desired.

B ACE acoes Comverer DUN.cEr B
File Edit Format View Help
File Help # Analog Devices, Tnc. evaluation macro file 3
W c |
Qe i & =
DEVICES " *
oy | [ H s
|w 10 48
w 17 4
w 18 2
W 18 0
R ]
R 1
R 3
Converter || :
R 5
R 6
R 7
R 8
S & A
Source Path: ‘ -acemacro H | Source Type: | Macro 5 5 E
— R E
R F
| R 10
Save Path: | ot | R et
— R 12
R 13
Include Options ; ig
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Figure 78: Conversion set-up for macro to hex Figure 19: Converted text file

For more information about ACE and its features, visit https://wiki.analog.com/resources/tools-software/ace.
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