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ADC14X250/DAC38J84 Design Getting Started Guide

Michelle Liu

ABSTRACT

The Tl 66AK2L06 system-on-chip (SoC) is the industry’s first JESD204B-compliant multicore DSP+ARM
SoC that can interface with high performance JESD204B data convertors. The device also includes a
digital front-end (DFE) that can process TX and RX signals, forming a system optimized alternative to
FPGAs. This demonstration focuses on the JESD attach and digital front-end (DFE) signal processing
capabilities of the 66AK2L06 SoC interfaced with TI's high performance ADC14X250 and DAC38J84
wideband data convertors. The demo consists of transmitting a sample file from the SoC through the DAC
and looping it back via the ADC into the SoC. The available sample data files include dual-tone test
patterns and multi-tone test patterns.

ARM is a registered trademark of Texas Instruments.
Linux is a registered trademark of Linus Torvalds.
Windows is a registered trademark of Microsoft Corporation.
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1 System Description

The DSP provides baseband data for one 80 MHz antenna carrier (Fg = 122.88 Msps/carrier) to the digital
front-end (DFE) of the 66AK2L06 SOC. Carrier data is up-sampled from 122.88 Msps at baseband to
provide 245.76 Msps at the JESD interface. Although there are 4 JESD Lanes on the 66AK2L06 SoC,
only one is used. ADC works in a real mode, and the JESD204B Serdes link rate is 4.9152 Gbps. Figure 1
shows the system block diagram.
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Figure 1. System Block Diagram

The DAC38J84 receives the JESD204B as parallel IQ data with a byte clock of 245.76 MHz. The DAC
output rate is 491.52 Msps with an interpolation ratio of 2. The output of the DAC is centered at 61.44
MHz by default.

Tl reccomends using a spectrum analyzer to check the DAC output before running the loopback test. In
the loopback case, the DAC output signal is sent to the ADC14X250 through a low-pass filter. The device
clock provided on the ADC14X250 is 245.76 MHz. The ADC14X250 sends real data to the DFE over
JESD204B with a byte clock of 245.76 MHz.

On the RX side, the DFE inside of the 66AK2L06 SOC down-samples the data steam to 122.88 Msps.
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2 Getting Started

2.1 Required Hardware and Software Components

Hardware Components:

The 66AK2L06 EVM, rev. 3.0, with the following accessories:
— A 12V power supply

— A mini-USB cable for UART connection

— An Ethernet cable

The K2L-HSP FMC Adapter Rev.A (also called Deterministic latency card - DLC) with the following
accessories:

— A mini-USB cable for connection with a PC

The DAC38J84, rev. D, with the following accessories:
— A 5-V DC power supply

— A mini-USB cable for the GUI SPI program

The ADC14X250 EVM with the following accessories:
— A 5-V DC power supply

— A mini-USB cable for the GUI SPI program
DC-120 MHz low-pass filter

SMA cables

Software Components:(download the links provided for the GUI installers)
The demo package is provided as a Windows installer executable. Running this installer on the Windows
host extracts the various software components as per the following directory structure:

RFSDK2_<latest_version>: Top level directory, includes:

— RFSDK2_<latest_version>_full-bin.tar.gz: Demo package to be installed on top of the MCSDK
3.1.4.7 on the 66AK2L06 EVM.

— RFSDK2_<latest_version>-66AK2L06-Design-Demo_Win_GUI_Configs.zip: Board initialization and
configuration files for ADC14X250 and DAC38J84 EVM GUlIs.

— mcsdk314_rfsdk.tar.gz: MCSDK patches for the demo.

— RFSDK2_<latest_version>-doc.tar.gz: Documentation and Release notes.
Configuration GUIs for Data convertor EVMs (Windows based)

— ADC14X250 EVM GUI: http://www.ti.com/tool/adc14x250evm

— DAC38J84 EVM GUI: http://www.ti.com/lit/zip/slac644

Configuration GUIs for K2L-HSP FMC Adapter EVMs (Windows® based)

— For more information about the DLC and DLC GUI, contact Tl support in the E2E Keystone
Multicore Forum.

TIDUB94A-January 2016—Revised June 2016 66AK2L06 DSP+ARM®Processor JESD204B Attach to 3
Submit Documentation Feedback ADC14X250/DAC38J84 Design Getting Started Guide

Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUB94A
http://www.ti.com/tool/adc14x250evm
http://www.ti.com/lit/zip/slac644
http://e2e.ti.com/support/dsp/c6000_multi-core_dsps/f/639
http://e2e.ti.com/support/dsp/c6000_multi-core_dsps/f/639

13 TEXAS

INSTRUMENTS
Getting Started www.ti.com
2.2 Setup Hardware
To connect the 66AK2L06, DAC38J84, and ADC14X250 EVMs:
1. Plug the FMC male connector of the ADC14X250 into J11 (FMC female) of the DLC.
2. Plug the DAC38J84 EVM's FMC male connector into J10 (FMC female) of the DLC.
3. Plug the J4 FMC female connector of the DLC into CN16 (FMC female) of the 66AK2L06 EVM. For a
review of the setup with all boards connected, see Figure 2.
To connect the clocks:
1. Connect an SMA cable from J15 of the DLC to the CLK input (J4) of the ADC14X250 EVM.
NOTE: The LMKO04828 on the Deterministic Latency Card is a dual-PLL clock chip. The clock-in
reference for PLL1 comes from the 66AK2L06 EVM (122.88 MHz). The on-board VCXO of
122.88 MHz on the DLC is used as reference for PLL2. The output of LMK04828 provides
device clock to both DAC38J84 and ADC14X250.
Connecting the DAC output to the ADC input (the loopback configuration):
1. Connect the DAC output at J2 (IOUTAP) to the low-pass filter.
2. Connect the other end of the DC-120 MHz low-pass filter to J3 (VIN-) of ADC14X250 EVM to complete
the loopback.
3. Figure 3 shows the setup with all of the clock and loopback connections made previously.
USB and Ethernet Connections:
1. The 66AK2L06 EVM has two mini-USB connectors and one of them, J6, provides the BMC (Board
Management Controller) and Linux® serial terminal interfaces (multiplexed onto the same port).
2. Connect the mini-USB port J6 on 66AK2L06 EVM to the PC using a mini-USB cable.
3. Connect the ADC14X250 EVM, DAC38J84 EVM
4. Connect the DLC to the Windows host with mini-USB cables.
5. Connect the 66AK2L06 EVM ETH-0 (lower port) to the same network as the Windows host over a
1Gbps connection (either directly or through a Gigabit Switch).
Power
1. Provide +5V to the ADC14X250 EVM and +5V to the DAC38J84 EVM using the provided 5V DC
power supplies.
2. Provide +12V to the 66AK2L06 EVM using the provided 12V DC power supply.
Miscellaneous
» For initial test and debug purposes, check the output of the DAC on a spectrum analyzer before trying
to get the loopback working.
e To get the loopback working again, connect the DAC38J84 EVM J2 (IOUTAP) to the spectrum
analyzer input.
*  When the DAC38J84 J2 output is working, configure and connect the DAC38J84 and the ADC14X250
to loop back.
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Figure 2 shows the boards connected together, and Figure 3 shows the complete setup with the cables
and power supplies connected.

i aQ

Figure 3. Complete Setup With Cables and Power Supplies Connected
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2.3 Setup Software

231 Getting the 66AK2L06 EVM Ready
1. Connect a terminal program (for example, Tera Term) to the 66AK2L06 EVM Linux COM port.
2. Use the following serial port settings in the terminal program:

NOTE: You must have the Silicon Labs cp210x vcp driver installed on the Windows host in order to
enumerate the 66AK2L06 EVM virtual COM ports in the Windows Device Manager.

Figure 4 shows the 66AK2L06 EVM virtual COM ports.

BT Ports (COM &LPT)
. 137 ECP Printer Port (LFT1)
1 ? Silicon Labs Dual CP210x USE to UART Bridge: Enhanced COM Port (COM10)

Figure 4. 66AK2L06 EVM Virtual COM Ports

The COM port for Linux is the higher numbered port, for example, COM10 in this case (the port numbers
on your system may be different).

Follow the procedure below to prepare the 66AK2L06 EVM for the demo:

Update the UBIFS Image on the 66AK2L06EVM:

1. The factory installed MCSDK image on the 66AK2L06 must be updated to the image provided with
MCSDK 3.01.04.07.

2. A tftp server is required to update the UBIFS image on the 66AK2L06 EVM.

3. Download the appropriate MCSDK installer (mcsdk_3 01 04 07_setupwin32.exe for Windows or
mcsdk_3 01 04_07_setuplinux.bin for Linux) for your tftp host.

4. Run the installer and follow the prompts to install the new MCSDK on your tftp host machine.

5. Once installed, the UBIFS image for 66AK2L EVM is available in the images sub-directory under the
MCSDK install directory.

6. The image is named k2l-evm-ubifs.ubi.

7. Follow the instructions given in the Keystone-1l MCSDK user guide under the Using UBIFS file system
section to update the existing image on the EVM with the UBIFS image (mentioned in step 6).

NOTE: The image and directory names given in this section may not match with the image name
given above, however, the general procedure is the same. Use the appropriate tftp_root
directory path, image name and serverip according to your setup.

NOTE: TI recommends using the automated u-boot scripts, namely get_ubi_net and burn_ubi as
defined in the update instructions to download and flash the UBIFS image, respectively.

Install the Device Tree Binary (dtb) Patch:

1. Once the UBIFS image on the 66AK2L06 EVM is updated as described in Step-1, the dtb file on the
EVM needs to be updated (replaced) with the one provided under mcsdk314_rfsdk.tar.gz in the Demo
package.

2. Extract the dtb binary file from mcsdk314_rfsdk.tar.gz.

3. Follow the instructions given in the Keystone-1l MCSDK user guide under the Updating Boot volume
images from Linux kernel section.

« The name of the patched dtb provided in the demo package may be different than the working dtb
filename in the boot volume on the EVM.
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NOTE: Remember the original dtb flename and ensure that you copy the new dtb file to the boot
volume with the same name. Failing to do so will cause a Linux boot failure when the board
is restarted.

Install the Demo Package: (user interactions are italicized)

1. The Demo software is provided as a compressed archive named RFSDK2_<latest_version.tar.gz> in
the Demo package. Copy this file to the tftp root directory of your tftp server.

2. With Linux booted, copy the above file to /home/root on the EVM (using tftp or scp).
root@k2l-evm:~# pwd
/home/root
root@k2l-evm:~# tftp -g -r RFSDK2_<latest_version.tar.gz> <tftp_server_ip_addr>
3. Extract RFSDK2_<latest_version>-full-bin.tar.gz in the root directory
root@k2l-evm:~# cd /
root@k2l-evm:/# tar xvf /home/root/ RFSDK2_<latest_version>-full-bin.tar.gz

4. Create a soft link to the default board configuration to finalize the installation
root@k2l-evm:/# cd /etc/radio/board
root@k2l-evm:/etc/radio/board# In -s lamarr-evm-demo2-mcsdk3147 default
root@k2l-evm:/etc/radio/board# Is -| default
Irwxrwxrwx 1 root 42005 18 Dec 12 21:30 default — lamarr-evm-demo2-mcsdk3147

5. Reboot Linux on the EVM.

2.3.2 Installing PC Side Software
Download GUI installers for the DAC34J84 and ADC14X250 EVMs from the links provided in the
Section 2 section, and follow the steps given below to install the corresponding GUIs.
1. Install ADC12X250 GUI
2. Go to the Configuration Files directory after the ADC12X250 GUI is installed.

e The directory is typically located at C:\Program Files (x86\Texas
Instruments\ADC14X250EVM\Configuration Files.

3. Replace ADC14X250_Cal.cfg with the corresponding file provided under
RFSDK2_<latest_version>.66AK2Lx-Design-Demo-Win-GUI-Configs in the demo package.

4. Install the DAC34J84 GUI.
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3

3.1

3.11

3.1.2

Running the Demo
Setting Up the DAC and ADC EVMs

Powering Up
Power up the boards in the following sequence:
1. 66AK2L06 EVM
2. ADC12X250 EVM
3. DAC38J84 EVM

K2L-HSP FMC Adapter
1. Start the K2L-HSP FMC Adapter GUI.
2. Ensure the USB Status indicator is green.

Figure 5 shows the K2L-HSP FMC adapter GUI.

Det Latency Adapter ===
Fie Debug Settings Help
LMK04828 Low Level View usD Status’ ) Reconnect FTDL?

Register Map . Register Data Transfer Read ta Wirte

Block ] Register Hame Address |Defauk [Mode |Size |Wale | | ]

By LMKO4828 RW
000 |ox00 |Riw |8 |ox00 Wriks Register
002 |ox00 |RAw |8 |ox00
003 |00 (R 8 |00 —
o |0 (R 8 |00
005 |00 (R 8 |00 Read Data
005 |ox00 (R 8 |00 =
woc |0 (R 8 |00
00 |ox00 |R 8 |00 F—
0x100 | 0x02 RW |8 0x02 i ST
0x10r  |oxss |RAw |8 |oaEs
0x103 | 0x00 mw |8 0x00 Read Al
0x104  |0x00  |RMW |8 |ox00
0x105 | 0x00 Riw |8 0x00 Ot (eSS
0x105  |oxre |RMw |8 |owro 0
0x107  |ox00  |RMw |8 |ox00 R—
0x108  |0x04  |RMW |8 |ox04 Corfig vl
0x109 |05 |RAw |8 |oaEs PR
0x108  |0x00  |RMw |8 |ox00 Registers,
0x10C  |ox00  |RMw |8 |ox00
0x100 |ox00  |RMw |8 |ox00
0x10E  |oxre |RMwW |8 |owro Load Config
0x10F  |ox00  |RMw |8 |ox00
oxt10 |ox08  |mjw [8  |oxs x| Save Config

Register Description

JE [ Addhress wiite Data Read Data_Generic
I = | CO [ o [
i Write Register | Read Register
Uptatet the Tree with register detalls | 7232014 73253m | Build |[ connEctED || gl | i3 Texas INSTRUMENTS
HarF7SN. adanterine. | (3 vicrsaft Prweroaint ... [ 23 fak § abanre drankar e L3, [

Figure 5. K2L-HSP FMC Adapter GUI

3. Click on the Load Config button.

4. Select the file named 66AK2L06_dac491 adc245 demo2.cfg provided under
RFSDK2_<latest_version>.66AK2Lx-Design-Demo-Win-GUI-Configs in the demo package. This will
program the required registers of the LMK04828.
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Figure 6 shows the GUI-Load cfg.

43 Det Latency Adapter

File Settings Help

Det Latency Adapter
LMK04825 | [EE]Law Level view USB Status_) [Reconnect FIDI?

43 Chaose or Enter Path of File ==l
Register Map Save i DLC - & ¥ e M- 0 Write
Block / Register Name Address o _
o LMen4a28 - Mame Date modified Type
000 100 = | 66AK2L05_dacd91_adc245_demoZ.cfg 10/20/2015 133 PM__ CFG File
X002 [I¥E! Recent Places
003 [I¥E
004 D04 " o
005 D05
008 106 Desktap
00C Bac -
00E Dx0E £
ot Pt =
Libraries
101 D101
103 D103 p
104 D104 L\‘
105 0105 Computer
106 D108
107 107 @
108 D108 ‘ 0 V
*109 0109 Metwark
fall 0108 File name GEAK2L06_dac491_ade245_demoZ.cig -
*10C e s - [ ond |
e 0D ave as lype: Custom Pattem [*.cfa) - ancel
Register Description
~ || Block Bddress Write Data Read Data_Generic
[«] |= 0 % 0 % 0
s Write Register | | Read Register

Updated the Tree with register detalls 1172412015 6:23:05 PM Build [ & & & & | *B Texas INSTRUMENTS

Figure 6. GUI-Load CFG
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Figure 7 shows the GUI-Clock outputs.
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Figure 7. GUI-Clock Outputs

Details on the clock configuration:

e CLKOUT 6: ADC14X250 Device CLK is GTX CLKP (J15), div 10 for 245.76 MHz, LVPECL.
ADC12J4000 SysRef is not used.

CLKOUT 0: DAC38J84 Device CLK, div 5 for 491.52 MHz, LVPECL. DAC38J8x SysRef CLK is
SDCLKOUT 1, LVPECL.

On a successful configuration, the PLL2 LOCK and LMK LOCK LEDS on the DLC should be ON as

shown. Make sure that the LMK LOCK LED is bright, otherwise, power-cycle the DLC and follow the
configuration instructions again.

Figure 8 shows the LED status.

Figure 8. LED Status
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3.1.3 DAC3838x EVM GUI

No ok~ owbdhE

Figure 9 shows the DAC38J8x GUI start page.

7] DAC3XIBX GUI
Fle Debug Settings Help

o (=l 3]

Start the DAC3xJ8x GUI (Start—All Programs—Texas Instruments DACs—DAC3xJ8x GUI).
Make sure that the USB Status is green.
Set the EVM Clocking Mode to Onboard.
Select Device as DAC38J82 (this demo uses 2 of the 4 DAC channels on the DAC38J84).
Select DAC Data Input Rate as 245.76 Msps.

Select Number of Serdes Lanes as 2 and Interpolation as 2.
Click the Program LMK04828 and DAC3XJ8X button.

DAC3XJ8X GUI v1.1

Quick Start | DAG3XJ8X Controls | LMK04828 Controls | Low Level View |

Step 1 - Choose Clock Mode  Step 2 - Choose DAC Ci

A Step 3 - Stats!
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MSPS

[2221

SerDes Linerate

[24576

x|mses [z | [12288

MHz

|49152 Mbps

7

Step 4 - Program EVM

Programming Order:

1. Program LMKD4528,
toggle DAC RESETB Pin,
program DAC3XJ8X

2. Reset DAC JESD Core

3. Trigger SYSREF

2 Reset DAC
JESD Core

1. Program LMK04323
and DAC3XJ8X
—_—

3. Trigger LMKD4828 ‘

SYSREF

DAC RESETB Pin

Quick Start Message

Updated the Tree with register details

| 411212011 11:4430 a1z | [ CONNECTED ] |

Idle

| i3 Texas INSTRUMENTS

Figure 9. DAC38J8x GUI Start Page

8. Click the Low Level View tab and the Load Config button once the programming is complete. See
Figure 10 for the low level view to load registers.

9. Load the file K16 _66AK2L06 rev3 491p52 demo?2.cfg provided under
RFSDK2_<latest version>.66AK2Lx-Design-Demo-Win-GUI-Configs in the demo package.
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10. Under the tab DAC3XJ8X Controls/ Dig Block 1, press the Perform SIF Synch button, as shown in

Figure 11.

*p DACIHNIEX GUT

File Settings

DAC3XJ8X GUI v1.0

Quick Start | DAC3XJ8X Controls | LMK04828 Controls | Low Level View |

__—J

USB Status J Reconnect USB ?

. Transter Read to Write
Register Map \White Data Register Data
Block { Register Mame Address | Default |Mode [Size |[value .| 0
= LMKn4s2s | | [ R W
X000 000 | 0x00
002 002 | oo +3 Choose or Enter Path of File =
X003 0:03 | 0x00 ] p—
o noe | oen Savein DACIEIEH - 0 E
X005 s 000 T Namne ‘ Date madified Type
%008 0x06 0x00 =5
00C woc | oxon dhe [ K16_66AKILO6_rev3_491p52_demol.cfg 10/20/2015 5,34 PM__ CFG File
o0 e | oxon Recent Places
100 000 | 0x02
101 001 | x5S |7
103 0x103 | 000 Desktop
w104 0x04 | D00
105 0x105 | D00
¥106 0x106 | Dx7 =
107 ox07 | Os00 Libraries
¥108 0x108 | Dx04 .
108 0x100 | 0x56 A
108 0x10B | D00 i
¥100 0x10C | D00 Cornputer
10D 0x10D | 000
<[ i »
Register Description Network B
la_Generic
Fil name: KIG_BBAKLOG revd_491p52_demoZofy = 5
Saveastype | Custom Pattem [".clal -] [ concel |
p—
Wiits Register: DACIXI8X config31 (01 F] - [1x4980] 1122011114230 2M | [ CONNEGTED. | | ¥ 4 4 4 4| %P Texas INSTRUMENTS

Figure 10. Low Level View to Load Registers

Figure 11 shows the DAC38J8x GUI course mixer setting.

DAC3XJBX G

File Settings

DAC3XJ8X GUI v1.0

Quick Start | DAC3XJ8X Controls | LMK04828 Controls | Low Level View ‘

__—A

Overview | Clocking | SERDES and Lane Configuration | JESD Block | Dig Block 1 ‘ Dig Block 2 | Alarms and Errors |

Coarse Mixer

Coarse Mixer Select

Bypass =]

Wixer Block EN [7]

Mixer Gain

Quick NCO Configuration

First enable the mixer block and choose
"Bypass” for the coarse mixer. Enable the
NCO below and enter the DAC output rate,
desired frequency, and desired phase for
each complex data path. Then, choose the
desired SYNC source. The AB and CD
mixers must be sync'd before the NCO
accumulator is sync'd. Finally, click "Update o— 32| —
NCO” and trigger a SYNC event.

Interpolation
Map JESD Qutput NCO
to DIG Block Input z [] (M ABUU(E\BW.D

2018 JWD 0L

T =
B (- e
g Complex T 25
i . Mixer -
3 1E g =
H » = Gain
3 Input
7 Mux
2 3 g
2 ool 2
= s =&
-1
: g E
0 =
2 =
E

Frequency (Hz)
AB 37

co 0

NCO Enable  DAC Output Rate (SPS)

Update NCO

PA Protection

| The PA protection block wil monitor the incoming digtal
8 signal for increases in the digital signal power. The

© | RMS power is montored as a raling average. If the
2

10.d wd
23% 0ON

power hits the programmed threshold, the desired
attenuation wil be applied

Auto SYNC

SYSREFSSSSSSSSSS gy AveragngLengih  Atienuation  Thresnold
JESD SYNC_out ceac
wF Svie 1l [ |64samples  [«] 12 [+] | e5s38

CDQMCEN[T]

Actual HCO Settings

Frequency AB Phase AB
« F06000000000 ||x 0000

Frequency CD Phase CD
" 0 x 0000

Write Register: DAC3XJ8X config31[0x1F] - [0x9980]

1M12/2011 11:44:30 AM ‘ CONMNECTED ‘ Idle

i3 Texas INSTRUMENTS

Figure 11. DAC38J8x GUI Course Mixer Setting
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Running the Demo

It is optional to test with a DAC frequency shift. The list below explains the DAC mixer setting and control
procedure when a frequency shift is desired.

akrownbhe

Figure 11.
6. Click Update NCO.

7. Click Perform SIF Sync.

8. The range to test is from =50 MHz to +50 MHz.
Figure 12 shows the DAC38J8x GUI SERDES lane configuration.

File Dcbug Settings Help

DAC3XI8X GUT

The mixer block is now enabled, however, the course mixer is bypassed.
The signal is shifted by setting the NCO value.
The sample rate is set to 491.52 Msps.

The default NCO is 0 Hz.

If you want to shift the signal, by —30 MHz for example, set the AB value of —3E07 as shown in

=01x]

DAC3XJ8X GUI v1.1

Quick Start DAC3XJ8X Controls | LMK04828 Controls | Low Level View |

i

USB Status J Reconnect USB 7

Overview | Clocking SERDES and Lane Configuration | JESD Block | Dig Block 1 | Dig Block 2 | Alarms and Errors |

SERDES Configuration

SERDES Configuration:
Most applications will need offset correction enabled, fully

¥ Enable Offset Compensation | gapive squaiization, AC coupled ermination and 20-bi
Equalizer Mode buswidth. Gain boost, hold EQ, CDR algorithm, LOS and —
Fully Adaptive ~| | alignment should be disabled or 0. Rate depends on the linerate. ] —
Lane Confiquration:
Gain Boost Hold EQ Enable the receivers that are being used. Any SERDES lane can G—|
038  v| [0ff  ¥] | bemappedto any JESD lane by sefting the “Map to Lane” field, g — =
COR Algorim Los for example "Map to Lane” for JESD lane 0 will sslect which RX
o input will be go to JESD lane 0. Lane ID should match the lans D G———
0 =] [Dissbied =] | oftne LA received at RX pins o — =
Align |
Disabled - _{\ ’ F—u 4
Lane C » Equalizer, 3
2
Rate R Sleep SERDES Lanes JESD Lanes Samplar, o
Half Rate ~ Deserializer, JESD Black 4
EN hvert? LanelD  Which RX? Which Link? - E
Termination Buswidtn g
YO i N T B N B CNE FiFos 2
ACCoupled =] [200t =) — —
L N I R EX B T I
SERDES Lane Testing welw 0 [ [E [ "—:l> | |
—
SERDES Test Pattern pe o+ 0 5 0~
—
Test mode disabled = -
3 wror @ FE R T T
DTEST
e 7 [
Test Disabled 5 merC 0 & [E [H D—:D
DTEST Lane Select we 10 5] gE| 05 | e—
0 - wr 0T |5 = 4 - 0 -
Operation Successful | 111212011 11:44:30 Auz | [ CONNECTED | | Iale |+ Texas INSTRUMENTS

Figure 12. DAC38J8x GUI SERDES Lane Configuration
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3.1.4 ADC14X250 GUI
1. Start the ADC14X250 GUI (Start—All Programs—Texas Instruments ADCs—ADC12X250EVM GUI).
2. Make sure that the USB status is green.

3. If the GUI does not connect to the board, click on the Reconnect FTDI button until the GUI connects to
the board. This connection is indicated by a green USB Status.

4. Click on Calibrate ADC14X250.
Figure 13 shows the ADC14X250 EVM GUI start page.

» ADC14X250EV] L=
File Settings Help

ADC14X250EVM Configuration GUI

£ N
INTRO | ADCL4X250 | LMK04828 | [EE] Low Level View I USB Status )| Reconnect FIDI? I
N >

EVM Configuration Procedure
1) Press the 'Program LMK04828' button to the right to configure the LMK clacking chip on the EVM or

select a different configuration on the LMK04828 Tab. Pressing the "Program LMK04828' button executes
9 9 9 Program LMK04828
Caonfiguration 2.

2) Pressing the 'Calibrate ADC14X250" button to the right to calibrate the ADC. Use the ADC14X250 tab
to further configure this device.

Nate: Manually calibrating the ADC after power-up is not strictly required unless the sampling rate is
changed or CLKDIV is changed after power-up.

The 'Demo One-Push Setup’ button executes the

following editable configuration files in one step. LMK04828_configDemo.cfg
By default, these execute the procedure above Demo One-Push Setup} 1pc14x250 confighemo.cig

but may be modified as desired.

Updated the Tree with register details | 10/20/2015 5:03:23 P1 Build: Idle *i3 Texas INSTRUMENTS

Figure 13. ADC14X250 EVM GUI Start Page
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Figure 14 shows the ADC14X250-JESD204B tab on the GUI after the default program is loaded. K is 16

when the ADC14X250_Cal.cfg is replaced.

ADC14X250EVM

File Settings Help

ADC14X250EVM Configuration GUI

ADC CORE | JESD204B

INTRO | ADCL4X250 | LMK04828 | [EE] Low Level View |

USB Status )| Reconnect FTDI?

SYSREF/SYNCb Controls

SYSREF Gate SYSREF Idle State

[N enable NoTdie Offset [« ]
SYNCh MUX SYNC over SPI
SYNChinputstpins |+ | Assert || De-Assert

Transport Layer Controls

NOTE: Link Enable must be disabled before changing
any of the Transpert Layer Controls

Link Enable Scrambler Enable
J Enable TN Enabie
(K) Frames / Multi-frame

Test Pattern Controls ADC/JESD204B
Status
Serial Test Pattern Made Ramp Pattern Step JESD204E Status Register
Naormal Operation 15
Read Register
6] Link
- [5] SYNCh

Output Driver Controls
& [4] SYSREF Re-Align El

[

Serial Qutput Driver Amplitude [ (2] SYSREF Align E

2] PLL Lock
01 2z 3 4 5 & 7

&S [1]Calibration Dene
5

Serial Output Driver De-Emphasis M (0] Clock Detected

o 1 2 3 4 5 & 17 NOTE: To reset the SYSREF
Align and Re-align bits, press
the adjact reset button

Read Register: ADC14X250.JESD_CTRL| 10/20/2015 5:06:15 PM

Build:

*i3 Texas INSTRUMENTS

CONNECTED Idle

Figure 14. ADC14X250EVM GUI-JESD204B
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3.2 Starting the Demo on the 66AK2L06 EVM

1. Connect a terminal program (for example, Tera Term) to the 66AK2L06 EVM Linux COM port and log
in as the root user.

2. Determine the IP address assigned to the board using ifconfig, as shown in Figure 15.

Prootl@kZ]l-evm:="# ifconfig

ethA Link encap:Ethernet HYaddr B8:808:28:32:Ba:5C
inet addr:128.247.121.3 Becast:A.A.8.8 HMask:255.255.254.8
inett addr: fe80::800:2800:132:bhaS%c64 Scope:Link
UP BROADCAST RUMMNING MULTICAST MTU:15%8@ Metric:1

R packets:11519 errors:8 dropped:8 overruns: @ frame:8
T¥ packets:13 errorz:A dropped:d overrunz: A carrier:@
collisions: 8 txgueuwelen:1888

RE hytes:?16836% (889.8 KiB> TX buytes:167% (1.6 KiB>

Figure 15. Querying the Board IP Address

3. Type "touch /tmp/rfsdk_stubbed_afe" in the 66 AK2L06 Linux terminal. This is required running a loop
back test with ADC and DAC, not when JESDIpbk configuration is selected.

4. Open a web browser on the PC and point the browser to <EVM_IP_ADDRESS>:8080. This should
open the RFSDK Web GUI, as shown in Figure 16.

5. Press "High IF Sampling Receiver ADC14X250 Demo".

RFSDKv2.0

TCl6630K2L / 66AK2L0O6
Release 02.00.05.00
User Guide / Installation Guide / Release Notes

Demos:

Small Cell Demo - Using AFE75xx

Wideband ADC12]4000 and DAC38|84 Demo
High IF Sampling Receiver ADC14X250 Demo

NOTE: When changing from one demo to a different demo, the target board
configuration file link (located at /etc/radio/board/default) must be updated to point to
the corresponding demo config file and then the K2L EVM must be rebooted.

w3 TeXAs INSTRUMENTS

Figure 16. RFSDK Web GUI
6. The web GUI will navigate to the RFSDK v2.0 DEMO2 Mode.
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7. Press the Select button once the reset is complete to open the Radio Configuration Dialog, as shown
in Figure 17.

Select a Radio Configuration

[ 1%1-1%LTEBD-HC-JESD121121 - DEMO2 v |

Normal Configs
131-1xLTEBO-HC

JESD Loopback Configs
1x1-1%LTEBO-HC-JESD121121 x-JESDIpbk

Figure 17. Radio Configuration Selection

8. Select a configuration from 1x1-1XLTE80-HC-JESD121121x-DEMQO?2, or 1x1-1XLTE80--HC-
JESD121121x-JESDIpbk. Press Select.
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RFSDK Status-Control

Name

RFSDK Software Revision

Radio Configuration

BB Channel Sampling Rate
Combined Stream Sampling Rate
JESD Interface Rate

Radio Status ON

Radio Control

TXData  AxCO  <<keep>>

In "Radio Contrl", press "Radio init", then "Load Playback", and then "On" in sequence to start the
playback demonstration. (The status of playback should change to Started/Alive, which indicates the
test is running).

ite 222 @

Status
02.00.05.00
1x1-1xLTESO-HC-JESD121121x-JESDIpbk
RFSDK_SAMPLE_RATE_122P88MHZ
245.76
RFSDK_JESD_245P76

Playback Status Started/Alive
i i
o =

Figure 18. DEMO 2-Status Control
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10. Click the AxCO drop-down menu and select "Fs=122.88 2 tones, —1 MHz and +2 MHz" or "Fs=122.88
200 tones(100MHz BW)", which span from —50 to 50 MHz. (This loads the selected signal patterns into

the corresponding transmit buffers.) Click the "load" button. The test patterns can be changed without

having to stop the test.

RFSDK Status-Control

Name

RFSDK Software Revision

Radio Configuration

BB Channel Sampling Rate
Combined Stream Sampling Rate
JESD Interface Rate

Radio Status ON

Radio Control

ite 222 @

Refresh Status Status

TX Data  AxCO | <<keep>>
<<keep>>
ZErg

02.00,05.00
1x1-1xLTE8D-HC-JESD121121 %-JESDIpbk
RFSDK_SAMPLE_RATE_122P8EMHZ
245,76

RFSDK_JESD_245P76

Playback Status Started/Alive
v AxC1 | v Load

Fs=122.88 2 tones -1MHz +2MHz
Fe=122.808 200 tones (100MHz BW)

Figure 19. DEMO 2-Loading Test Patterns
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11. Navigate to the TX Signal Capture @ DSP Page and press Refresh Capture. This sends a request to
the DSP to perform a signal capture of the baseband data on the TX side (that is, before the signal
data is sent to the DFE).

TX Signal Capture @ DSP I.te 2 2. 4 @

AxCO Spectrum

)

-60 -40 -20 0 20 40 60
AxCO0 Capture AxCO Spectrum

Figure 20. TX Signal Capture at DSP (2-Tone Data Pattern)

TX Signal Capture @ DSP l@ %&3 @

AxC0 Spectrum

i |l
-100 ([ gL ||| il

i I |
\ I H I 1 I | | I I | l I} 1 i l i ‘ HI I.}
HEEU ‘llf. L |! ‘rmlw LA I ”w AL Fh”lf"llnluuf LN
-60 -40 -20 U 20 40 60
AxCO0 Capture AxCO Spectrum

Figure 21. TX Signal Capture at DSP (200—Tone Data Pattern)
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12. Navigate to the RX Signal Capture @ DSP page and press Refresh Capture. This sends a request to
the DSP to perform a signal capture of the baseband data on the RX side (that is, after it has been
looped back from the DAC38J84 to the ADC14X250 and after being down-converted and filtered by
the DFE). The test pattern transmitted is recovered at the DSP after the DAC38J84 to ADC14X250
loopback. To view the RX signal capture at DSP, see Figure 22.

RX Signal Capture @ DSP

[ Stow 12 Data | Rtresh Copture
AxCO0 Spectrum

i e

AxC0 Capture AxCO Spectrum

Figure 22. RX Signal Capture at DSP (2-Tone Data Pattern)
13. The RX captured data can be picked up by the FFTC co-processor and displayed as shown in

Figure 23.
. ) ((( )))
RX Signal @ Raw FFTC Output Lte %ﬁ (9
AxCO FFTC Output
20000
10000 ‘
il |
-10000
-20000
500 1000 1500 2000 2500 3000 3500 4000
AxCO0 1Q
20000 )
N e a MMM "| Vol A A m ‘. v A
10000 I‘ | 1' '| Hl Hit HI l l L I| II HA ' Il l '
ol | i | =
Il |||| |||||I| IV _!.||| I|||‘.~| |l |Il|
-10000 IR\ IRt f i [
”[ I|I :_I h| ||| ||I Jl ul ul LI .l! JI U VoV o I|I ":i VoW I ul \ l-l ',: ul
-20000
500 1000 1500 2000 2500 3000 3500 4000
AxCO FFTC Qutput AxCO 1O
Figure 23. FFTC Output
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14. Drag the mouse to zoom in on the graphs both vertically (to change the amplitude scale) and
horizontally (to change the frequency scale). To view the zoom-in on the graphs, see Figure 24 and

Figure 25.
TX Signal Capture @ DSP t@ IDIDTD (@ D))
lte &xeEax
- [ Show bata | ~Feiesh capiuro |
AxCO0 Spectrum
0 -44.0775; "Power":-120
-50
-100 H. I
-40 -30 -20 -10 U l 10 20 30 40
Figure 24. Changing the Amplitude Scale on the GUI
TX Signal Capture @ DSP ite 22222 (1)
AxCO0 Spectrum
il ! 7.2675. "Power™-120
-50
-100
-40 -30 -20 -10 0 10 20 30 40

Figure 25. Changing the Frequency Scale on the GUI

When loading the 200-tone data pattern, the RX capture is shown in Figure 26:

RX Signal Capture @ DSP

[ Stom 1 ata |
AxCO0 Spectrum

-50

-100 . AT | | | Wighl

il | ! |
-60 -40 -20 0 20 40 60
AxCO Capture AxCO Spectrum

Figure 26. RX Signal Capture at DSP (200-Tone Data Pattern)

15. To stop the test, press "Off" (stop playback) and "Reset" (radio reset) on the Status-Control page.
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4 Test and Debug

Tl recommends checking the DAC38J8x output using spectrum analyzer for the first time setup. The two-
tone output and 200-tones output are shown in Figure 27 and Figure 28.

Agilent Spectrum Analyzer - Swept SA

7 RF S0n  AC SEMSE:INT) ALIGN AUTD! 04:38:07 PM Oct 20, 2015
RBW 30 kHz Avg Type: Log-Pwr TRACE[12345 6
. ig: TP [

PNO: Fast G0 Trig: Free Run
IFGain:Low Atten: 10 dB DETIN NN NN N

10 dBidiv.  Ref 0.00 dBm
Log

-100

=200

-300

-40.0

-50.0

600

-0

-80.0

800

Center 61.44 MHz Span 100.0 MHz
#Res BW 30 kHz VBW 30 kHz Sweep 134.0 ms (1001 pts)

MSG STATUS

Figure 27. DAC Output-Two-tone Data

Agilent Spectrum Analyzer - Swept SA

( RF 50 ¢ AC SEMNSEINT ALIGN AUTO 04:10:23 PM Dec 04, 2015
Ref Value -30.00 dBm Avg Type: Log-Pwr TRACEI] 23456
- PNO: Fast o Trig:Free Run THRE |
IFGainiLow — Atten:6 dB pET/N NN NN N
10 dBidiv. Ref -30.00 dBm
Log
-40.0
-50.0
-60.0
-70.0
-80.0
-90.0
-100
-110
120 + 4 t +
) | || |H|| |.|||||| '|| ||||r|||
Center 61.44 MHz Span 102.0 MHz
#Res BW 30 kHz VBW 30 kHz Sweep 136.7 ms (1001 pts)
MSG STATUS
Figure 28. DAC Output— 200 Tones Data Pattern
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5 References

Refer to the following links for more information related to the various hardware and software components
used in this demo:

1. 66AK2L06 EVM: https://www.einfochips.com/index.php/partnerships/texas-instruments/k2l-evm.html#5-
resources

2. DAC38J84 EVM: http://www.ti.com/tool/dac38j84evm
ADC14X250 EVM: http://www.ti.com/tool/adc14x250evm

4. Keystone-ll MCSDK User Guide:
http://processors.wiki.ti.com/index.php/MCSDK_User_Guide_for_KeyStone_|I

5. Keystone-Il Architecture DFE user guide: http://www.ti.com/lit/ug/spruhx8/spruhx8.pdf

w
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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