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Wideband Receiver Using 66AK2L06 JESD204B Attach to
ADC32RF80 Design

This document focuses on the JESD attach and DFE signal processing capabilities of the 66AK2L06 SoC
interfaced with TI's high performance ADC32RF80 and DAC38J84 wideband-data convertors. The
demonstration consists of transmitting a sample file from the SoC through the DAC and looping it back
through the ADC into the SoC. The sample data formats include dual-tone test patterns and multi-tone test

patterns.
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Overview

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.
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Figure 1. System Block Diagram

Two demonstrations are provided: Wideband RF sampling and Midband RF sampling. For wideband, DSP
provides baseband data with sample rate of 122.88 Msps to the digital front end (DFE) of the 66AK2L06
SoC. Carrier data is up-sampled from 122.88 Msps at baseband to provide 368.64 Msps at the JESD
interface. For midband, DSP provides baseband data for two carriers (FS = 92.16 Msps/carrier) to the
DFE of the 66AK2L06 SoC. Carrier data is up-sampled from 92.16 Msps at baseband to provide 368.64
Msps at the JESD interface. Both demos utilize two out of four JESD Lanes on the 66AK2L06 SoC. The
ADC works in real mode, and the JESD204B Serdes link rate is 7.3728 Gbps.

DAC38J84 receives parallel 1Q data over JESD204B with a byte clock of 368.64 MHz. The DAC output
rate is 737.28 Msps with an interpolation ratio of 2. The output of the DAC is centered at 184.32 MHz for
midband demo and 92.16 MHz for wideband demo.

Tl recommends 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 ADC32RF80 through a low-pass filter. The device
clock provided to ADC32RF80 is 2949.12 MHz. The ADC sends real data to the SoC DFE over
JESD204B with a byte clock of 368.64 MHz.

On the RX side, the DFE inside the 66AK2L06 SoC down-samples the data stream and shifts the carriers
back to center frequency of zero.
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21.2

Getting Started

Required Hardware and Software Components

Hardware components

66AK2L06 EVM, rev. 3.0, with the following accessories:

— A 12-V Power supply

— A mini-USB cable for universal asynchronous receiver/transmitter (UART) connection
— An Ethernet cable

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

— A mini-USB cable for connecting to a PC
DAC38J84 EVM, rev. D, with the following accessories:
— A 5-V DV power supply

— A mini-USB cable for connecting to a PC

The ADC32RFxx EVM with the following accessories:
— A 5-V DC power supply

— A mini-USB cable for GUI SPI program

DC-265 MHz low-pass filter

SMA cables

Software Components (download links provided for 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 MCSDK 3.1.4.7
on the 66AK2L06 EVM.

— RFSDK2_<latest_version>-66AK2L06-Design-Demo-Win-GUI-Configs.zip: Board initialization and
configurations files for EVM GUIs.

— 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)

— ADC32RFxx EVM GUI: http://www.ti.com/lit/zip/sbac148

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

Configuration GUI for K2L-HSP FMC adapter EVM (Windows based)

— For more information about the K2L-HSP FMC adapter and the associated GUI, contact Tl support
in the E2E Keystone Multicore Forum.
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2.2 Setup Hardware
1. Connecting the 66AK2L06, DAC38J84, and ADC32RF80 EVMs:
(a) Plug the FMC male connector of the ADC32RF80 EVM into J11 (FMC female) of the DLC EVM.
(b) Plug the FMC male connector of DAC38J84 EVM into J10 (FMC female) of the DLC EVM.

(c) Plug the J4 FMC male connector of the DLC EVM into CN16 (FMC female) of the 66AK2L06 EVM.
To review the setup with all the boards connected, see Figure 3.

2. Connecting the clocks:

(a) Use two length-matching SMA cables, one to connect from J15 of the DLC to the LMK CLKIN (J7)
of the ADC32RFxx EVM; one to connect from J16 of the DLC to the ADC CLK IN (J5) of the
ADC32RFxxEVM. Check jumper JP3 on ADC32RFxx EVM and make sure 2-3 is connected so
external clock input is selected (see Figure 2).

Figure 2. JP3 Setting for Ext Clock Enable

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 EVM is used as reference for PLL2. The output of LMK04828
provides device clock to both DAC38J84 and ADC32RF80.

3. Connecting the DAC output to the ADC input (the loopback configuration):
(a) Connect the DAC output at J2 (IOUTAP) to the DC-265 MHz low-pass filter input

(b) Connect the other end of the DC-265 MHz low pass filter to J3 (BINP) of the ADC32RF80 EVM to
complete the loopback.

(c) Figure 4 shows the setup with all of the clock and loopback connections made previously.
4. USB and Ethernet connections.

(a) 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).

(b) Connect the mini-USB port J6 on 66AK2L06 EVM to the PC using a mini-USB cable.
(c) Connect the ADC32RF80 and DAC38J84 EVMs to the PC using mini-USB cables.
(d) Connect the DLC EVM to the Windows host using mini-USB cable.

(e) 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).

NOTE: Follow the correct power-up sequence for proper initialization of the setup. The K2L EVM is
powered up first, followed by the DAC and ADC EVMs.
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5. Power
(a) Provide +12 V to 66AK2L06 EVM using the provided 12V DC power supply.

(b) Provide +5 V to the ADC32RF80 EVM and +5V to the DAC38J84 EVM using the provided 5V DC
power supplies.

6. Miscellaneous

(a) For initial test/debug purposes, check the output of the DAC on a spectrum analyzer before trying
to get the loopback working. (Connect the DAC38J84 EVM J2-IOUTAP to the spectrum analyzer
input).

(b) When the DAC38J84 J2 output is working, configure and connect the DAC38J84 and the
ADC32RF80 EVM to loop back.

Figure 4. Complete Setup With Cables/Power Supplies Connected
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2.3 Setup Software

231

Getting the 66AK2L06 EVM Ready

Connect a terminal program (for example, Tera Term) to the 66AK2L06 EVM Linux COM port using the
following serial port settings: Baud Rate: 115200, Data: 8 bit, Parity: None, Stop: 1 bit, Flow Control: None

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

Figure 5 shows the 66AK2L06 EVM virtual COM ports listed in the Windows Device Manager.

=5 Ports (COM &LPT)

Figure 5. 66AK2L06 EVM Virtual COM Ports

The upper COM port belongs to Linux, for example, COM10 in this case (the port numbers on your
system may be different).

the following procedures describe how to prepare the 66AK2L06 EVM for the demo:
1. Update the UBIFS image on the 66AK2L06 EVM:

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

(b) A tftp server is required to update the UBIFS image on the 66AK2L06 EVM.

(c) 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.

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

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

() The image is named k2l-evm-ubifs.ubi

(9) Follow the instructions given in the Keystone-Il MCSDK User's Guide wiki under the Using UBIFS
File system section to update the existing image on the EVM with the UBIFS image (mentioned in
the previous step).

NOTE: The image and directory names mentioned in this section may not match with the image
name provided above, however, the general procedure is the same. Use 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:

(a) With the UBIFS image on the 66AK2L06 EVM updated as described in Step 1, the dtb file on the
EVM must be updated (replaced) with the .dtb file provided under mcsdk314_rfsdk.tar.gz in the
demo package.

(b) Extract the dtb binary file from mcsdk314 rfsdk.tar.gz.

(c) Follow the instructions given in the Keystone-Il MCSDK User's Guide wiki under the Updating Boot
volume images from Linux kernel section.
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2.3.2

3.1

3.11

NOTE: 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.

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 this will cause a Linux boot failure when the board
is restarted.

3. Install the demo package (user interactions italicized):

(a) The demo software is provided as a compressed archive named RFSDK2_<latest_version>_full-
bin.tar.gz in the demo package. Copy this file to the tftp root directory of your tftp server.

(b) 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>_full-bin.tar.gz <tftp_server_ip_addr>

(c) 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

(d) 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-demo4-mcsdk3147 default
root@k2l-evm:/etc/radio/board# Is -1 default

Irwxrwxrwx 1 root 42005 18 Dec 12 21:30 default -> lamarr-evm-demo4-mcsdk3147

(e) Reboot Linux on the EVM.

Installing PC Side Software

Download GUI installers for the DAC34J84 and ADC32RFxx EVMs from the links in Section 2 and install
the corresponding GUIs.

* |nstall the ADC32RFxx GUI
* |nstall the DAC34J84 GUI

Running the Demo
Setting Up the DAC and ADC EVMs

Power-Up Sequence for the Boards
1. 66AK2L06 EVM
2. ADC32RFxx EVM
3. DAC38J84 EVM

8

Wideband Receiver Using 66AK2L06 JESD204B Attach to ADC32RF80 TIDUC58-November 2016

Design Submit Documentation Feedback
Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUC58

13 TEXAS
INSTRUMENTS

www.ti.com Running the Demo

3.1.2 K2L-HSP FMC Adapter

1. Start the Deterministic Latency Adapter GUI (Start — All Programs — Texas Instruments —
Deterministic Latency Adapter)

2. Ensure that the USB Status indicator is green (see Figure 6).

Sl =l
File Debug Settings Help
Deterministic Latency Adapter GUI
[ k04228 | [E]Low Level View | Kusa stas ) [ Recomnect? )
Register Map rd 2la B Update Mode Immediate [w] oy vigw
I | Address | Default | Mode | Size | value [7 [ 6|6 [4]3[2[1 0+
LMKo4828 [
X000 =00 000 Ry g oo (o fofofo |2
002 002 000 Ry 8 000 O] 0]¢C il oy
003 003 000 R 8 00 | oo
004 04 000 R 8 00 | oo
005 005 000 R 8 00 | 0|0
006 006 000 R 8 0x00 a i | c
xoc 0x0c 00 R k3 0x00 a i | c
HO0E 0x0E 000 R g 000 (O] 0 ]C 0
X100 o100 002 Ry g 00z (o]ofojojofofr|0
w101 o101 55 Ry 8 mss (0|1 |01 {01 (0|1
x103 0103 000 Ry 8 000 (0O |OfO|O|OfOfO|O
x104 0104 000 Ry 8 000 (O |Of0|O|OfOfO|0O
x105 0105 000 R 8 oo (o |ofojojofojo|n
x106 0x106 079 Ry 8 078 |01 |1 |1 {1 |0ofO]|1
107 o107 00 Ry k3 00 |0 |OfOjOfO|OfO|DO
X108 o108 04 Ry g 004 (OO0 jDjOf1 {00
X109 o109 055 Ry g s (0|1 ]of1 o101
%108 0108 000 Ry 8 000 (OO0 |O|OfOfO|0O
*10C 100 000 Ry 8 000 (O |Of0|O|OfOfO|0O
*10D 010D 000 Ry 8 OO0 (O |Oofo(ojofof0]|0«
Register Description
i Block Address iirite Data Read Data_Generic
[=] |* 0 x 0 x 0
" [write Register| [Read Register]
diz ARCHYARECONIECTED &5 TExAS INSTRUMENTS

Figure 6. Deterministic Latency Adapter GUI

3. On “Low Level view” page, press the “Open Configuration” icon (see Figure 6)

4. Select the file named “66AK2L06_dac737p28.cfg” provided under
RFSDK2_<latest_version>_66AK2Lx-Design-Demo-Win-GUI-Configs.zip in the demo package. This
programs the required registers of the LMK04828.

Deterministic Latency Adapter GUI
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Figure 7. GUI-Load CFG
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3.1.3

Figure 8 shows the clock output settings.

Deterministic Latency Adapter

File Debug Settings Help

Deterministic Latency Adapter GUI
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Figure 8. GUI-Clock Outputs

5. The details of the clock configuration are provided below:

S o

(a) CLKOUT 6: ADC32RFxx Device CLK 2949.12 MHz. ADC32RFxx SysRef is not used

(b) CLKOUT 0: DAC38J84 Device CLK, div 4 for 737.28 MHz, LVPECL. DAC38J8x SysRef CLK is
SDCLKOUT 1, LVPECL

(c) After successful configuration, the “LMK PLL LOCK” and “VYCXO LOCK” LEDS on the DLC EVM

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

PV

. n =
st FLMK PLL LOCK

m@.DZIg] VCX0 LOCK S

Figure 9. LED Status

DAC38J38x EVM GUI

Start the DAC34J84 GUI (Start — All Programs — Texas Instruments DACs — DAC3xJ8x GUI)
Make sure that “USB Status” is green.

Set EVM Clocking mode to “Onboard”.

Select Device as DAC38J84 (this demo uses two of the 4 DAC channels on the DAC38J84).
Select DAC Data Input Rate as 368.64 Msps

Select Number of Serdes Lanes as 4 (actual usage is 2) and Interpolation as 2.
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7. Click the “Program LMK04828 and DAC3XJ8X" button. Figure 10 shows the DAC38J8x GUI start

page.

3 DACIXIBX GUI [ESNREE ]
File [-buo Settings Help
DAC3XJ8X GUI v1.0
Quick Start | DAC3XJ8X Controls | LMK04828 Controls | Low Level View | i) | vsestatus ([ Recomnectussz
Step 1-Choose Clock Mode Step 2 - Choose DAC Configuration Step 3 - Stats!
Device Number of SerDes Lanes DAC Qutput Rate JESDZ2048 Mode (LMFS)
EVN Clocking Mode paciast [ 4 [=] 73728 MSPS 4421
Onsoars || DAC Data Input Rate Interpolation FPGA Clock SerDes Linerate
38884 [+|msps |2 [=] 184.32 MHz 73728 Mbps
Step 4 - Program EVM
Froammmaniog Shdes 1. Program LIK04328 2 ResstDAC 3. Trigger LIAKD4228
1:Proaram | HKndsgs, " and DAC3XIEX JESD Core - gg:w
toggle DAC RESETB Pin, 2
program DACIXJEX -
2. Reset DAC JESD Core DAC RESETB Pin
3. Trigger SYSREF
Quick Start Message
Updated the Tree with register details 111212011 11:4430 A0 | [ CONNECTED. | Idle *i3 Texas INSTRUMENTS

Figure 10. DAC38J8x GUI Start Page

Click the “Low Level View” tab and then the “Load Config” button once the programming is complete.
Load the file K16_66AK2L06_rev3_737p28.cfg provided under RFSDK2_<latest version>_66AK2Lx-

Design-Demo-Win-GUI-Configs.zip in the demo package for the midband demo. Load
K16_66AK2L06_rev3_737p28_4w.cfg for the wideband demo.

10. Go back to the "Quick Start" tab and Press "3. Trigger LMK04828 SYSREF" button.

43 DAC3XJBX GUI

= P

File Debug Seftings 3
B R Chocsse o Enter Bath ot Pl [===).
Savein DAC38J84 > 03 eEx
Quick Start | DA B Name Date modiied wee (B usesans )
— 3 o | KI6_B6AK2L06_rev3_491p52_demol.cfg 10/20/2015 334 PM CFG File
Register Map Recent Places || k16 66AK2L06_rev3 737p28.clg 4/13/2015241PM _ CFGFile Tran
Block / Register Nami
5 LMK04828 |
X000 Desktop
X002
003
%004 =
005 Libraries
X006
X00C ‘l‘g
X00E
4it Computer
x101 e
103 A - - .
104 Network
‘1 S: File niame K16_E6AKZLO6_rev3_727p28.clg - 0K
X
*107 Saveastpe: | Custom Pattem (cfg) - [ Caneel ]
x108
%109 ORT0g [ 0X55 RV 3 TRES
108 ox108 |0x00  |RW |8 000 I—L“"C“""Q )
100 odoc |ox00 (R |8 0100 e
100 o100 |ox00 R |8 o0 - Save Gonly
Register Description
Block Address ‘Write Data Read Data_Generic
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)
Updated the Tree with register details 11202011 114420 410 | [T CONNECTED. | | 4 40 40 4 *P Texas INSTRUMENTS

Figure 11.

Low Level View to Load Registers
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NOTE: For midband demo, the coarse mixer (fs/4) is enabled as shown in Figure 12. For wideband,
the coarse mixer of fs/8 is selected, as shown in Figure 13. SERDES configuration for the
DAC38J84 can be seen under the “SERDES and Lane Configuration” tab as shown in
Figure 14, both midband and wideband demo have the same SERDES configuration.

&3 DACINIEX GUI ESRES ]
File Settings Help
DAC3XJ8X GUI v1.0
Quick Start | DAC3XJ8X Controls | LMK04828 Controls | Low Level View | vseswtus () [Reconnectuss?
Overview | Clocking | SERDES and Lane Configuration | JESD Block | Dig Block 1 | Dig Block 2 | Alarms and Errors
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Magp JESD Output Interpelion e NG,
Mixer Block EN [ 1o DIG Block Input E| (EMIX) ABout=AB+CD Gsn A
— ABQMCEN
Wi S W 1l o P —_— -
Coarse Mixer Saect  Moxer Gan (] = Was E —4-|><‘. )
Tald »| 08 [« ¥ o < ] g Phase AB
i Mier | | i7 /';?‘/
Quick NCO Configuration - 1| - § - I--( u -l' ) a
b " 3
First enable the mbcer block and choose g 7 - cinc 2
Bypass® for Ihe coarse mixer, Ensble the | o Input Eessia | | mgcn B =
NCO below and enter the DAC output rate, 1 Mux (cmi -
desied fequency, and desired phase for O z e y E
each complex data path. Then, choose the E 2= e 11N — e > amco
desived SYNC source. The AB and CD 2 3 Complex | |= S N
meoers must be sync'd before the NCO -] Mixer | 2a
accumulslor is syne'd. Finaly, ciick "Update — Y| N— g = o o
NCO™ and trigger & SYNC event = = e
Ag-bit NCO ©D amc EN —m Gain D
-Imull
NCO Ensble  DAC Output Rate (PS5} syne Sources PA Protection Actual NCO Settings
° Perfarm _ o o ThePA protection biock will mandor the incoming digtal
Frequency (Hz) Phase (deg) SFSYNG | T BFFeoe E 7 8 sknal for increases in the digkal signal power. The Frequency AB  Phase AB
: PORREEE T 90  AuSpoweris montored as a roling average. Ifthe . 0 « 0000
AB L SIF SYNC SREEEBEELD _?" D:Mr ?ns 1ne;|2’nora;r:ﬂ threshold, the desred
e attenuation wil be appie
co b [ Autp SYNC | o w1 (w1 [¥] (] W] Frequency O Phase CD
SYSREF| Averaging Length  AmMenustion  Threshold
Updale NGO JESD SYNC_out O lstsamwes =] iz =] [ ess3s 0 x 0000
sF swie (7] (9] (%] (%] (9] (9] (9] (] (+2] (& = = —
Operation Successful 11212011 11:44:30 AM CONNECTED e *i) TEXAS INSTRUMENTS

Figure 12.

43 DACHUBK GUL

DAC38J8x GUI SYNC and NCO Setting - Midband
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Figure 13. DAC38J8x GUI SYNC and NCO Setting -- Wideband
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File Lcbuo Settings Help

DAC3XJ8X GUI v1.0
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: Lane Configuration:
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i
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Figure 14. DAC38J8x GUI SERDES Lane Configuration
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3.14

ADC32RFxx GUI

1. Start the ADC32RFxx GUI (Start — All Programs — Texas Instruments ADCs — ADC32RFxx 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.

NOTE: You may need to close the DAC34J8x GUI for the for the ADC32RFxx GUI to work.

*% ADC32RFx EVM revD GUI

= e

File Settings Help

ADC32RFxx EVM revD GUI

Block Diagram | ADC32RFxx | LMK04828 | LMX2582 | Low Level View | Qsasm.us J)

ADC32RFxx EVM

syne | Z
ChiL E
ADC32RFxx =
ChB <)
BTx k=]
/ -
£
= 3
& B . g
Sl g9 z

I @ Zw

o al &

LMX2582 LMKO4828
Clock lag| JESD204B NEHO

Synth Clock Gen

L PC (windows)

EVM Startup Sequence

1. Reset the LMK04828 using the LMK Reset button on the PLL1 tab under the LMK04828
tab. The LMK04843 is by default in 3-wire SP-mode after powerup. The GUI requires 4-
wire SP| mode for the register read-back function to work properly. The LMK Reset button
will reset the LMK04828 and put the device in 4-wire SPI mode.

2. Load the appropriate clock configuration using the “Load Config” button on the "Low
Level View" tab. Choose the file based onthe sample rate if the onboard clock is used or
choose the external clock file to use an external clock

3. If using the LMX2582 Clock Synthesizer reset the LMX2582 using the Reset Button on
the LMX2582 tab. Load a configuration file using the "Load Config” button on the "Low
Level View" tab to configure the LMX2582. The LMK04828 supplies the reference clock to
the LMX2582 from the 122 88M VCXO on the EVM

4. Press the ADC Reset butten (SW1) on the EVM to provide a hardware reset to the ADC.

5. Apply a software reset to the ADC32RFxx using the ADC Reset button on the
ADC32RFxx tab. It may not be necessary to use both the hardware reset and the
software reset, especially if the config file to be loaded next utiizes the software reset,
but it is recommended to specifically use both resets early so as to not overlook something
later.

6. Load the ADC configuration file using the "Load Config” button on the "Low Level View™
tab. The usual setup process involves first setting up the LMK04828 with a previously
debugged config file and then setting up the ADC32RFxox with a matching config file.

Note: Each config file need not write to every register in every config file. Each config file
needs only to contain entries needed for that particular config file. In this way multiple
config files may be used sequentially to set up a desired mode of operation without one
config file averwriting a register that was set by an earlier config file. If the two config
files *do® contain writes to the same register, then the later config file *will* overwrite the
rgister that was set by an earlier config file. Sometimes this is the desired effect, such as
sefting up SYSREF and then later turning it off once # is no longer needed

Updated the Tree with register details 4/29/2016 4:25:44 PM

Build:

CONNECTED Iale *i3 TExas INSTRUMENTS

Figure 15. ADC32RFxx EVM GUI Start Page

4. Click on the “Low Level View” tab.

5. Press “Load Config” button and navigate to the “DDC Mode” folder.
6. Select “LMK_ADC32RF4x_ExtClock.cfg” and click “OK”.
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ld ADC3ZRFoo EYM GUI == ==
File Debug Settings Help
ADC32RFxx EVM revD GUI
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x100 o100 | 0:02 | R | 8 | 0x02
®01 o101 | oxss | R | B | 0x85
®03 o103 | Ox00 | R | & | ox00
®104 o104 | Ox00 | RMO| 8 | ox00
®108 o105 | Ox00 | RM| & | ox00
X106 o106 | 0x78 | RM | 8 | ox7a
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x108 0109 | 0:55 | R | 8 | 0x55
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®0G ~ loxtoe | oo | R | 8 | oxo0 i
< i I )
Register Description
i Block Address Wirite Data Read Data_Generic
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= Write Register} ‘Read Register
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a Choose

Figure 16. ADC32RFxx EVM GUI — Low Level View

or Enter Path of File @

@Qvl « Configuration Files » DDC Mode « [ %2 |[ Search DOC Mode ol
Organize + New folder =~ 0O @
-
- Favorites “  Mame Date modified Type
B Desktop L ADCI2RF4= DDC_3:I0_382L.cfg AFTF2016 213 P CFG File
& Downloads . Ltk _ADC32RF4_EtClock.cfg 9162015 5:01 PR CFG File
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= Libraries

3D0
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= Pictures
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M Crrmninter

- || T 2
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Figure 17. ADC32RFxx Clock Programming File

7. Press SW1 (ADC RESET) to provide a hardware reset to the ADC.
8. Go to the Low Level View tab and click “Load Config”.

9. Navigate to ADC32RF4xDDC_8xIQ_8821.cfg and click OK.

10. Press Read All on the low level tab.

11. Go to the ADC32RFxx tab, check if CHA and CHB DDC EN are selected. If not, go back to low level
tab and press “Read All" again.

12. Enter 2949.12 in the box for Sampling Clock rate in MHz.
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13. For midband demo, enter 139.32 in the box for Ch B DDCO NCOL1 frequency and enter 229.32 in the
box for CHB DDC1 NCO frequency, see Figure 18. For wideband demo, enter 92.16 in the box for Ch
B DDO NCO1 frequency, see Figure 19.

& ADC32RFo EvM GUI ol =@ ==

File Debug Settings Help
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Figure 18. ADC32RFxx EVM GUI ADC Tab — Midband Demo
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Figure 19. ADC32RFxx EVM GUI ADC Tab — Wideband Demo

NOTE: Only channel B of ADC32RFxx EVM is used. It's connected to a dual-band DDC. Midband
demo: we use DDCO and DDC1 NCO to select the two carriers. Wideband demo, we use
DDCO NCOL1 alone to select one wideband carrier.
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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
login as the root user.

2. Determine the IP address assigned to the board using ifconfig, as shown in Figure 20.

root@k21l-eun:™H# ifconfig

: Link encap:Ethernet HWaddyr B88:80:28:32:BA:5C
inet addr:128.247.121.3 Bcast:-8.8.8_.8 Mask:255.255.254.8
ineth addr: feBB::BAB:2BBAA:-132:bha5c-61 Scope:-Link
UF BROADCAST RUNNING MULTICAST MIU:158@ Metric:1

Ri packets:115%1% errors:8 dropped:8 overruns:-@ frame:B8
TH packetsz:13 errors:8 dropped:8 overruns:-@ carrier:8
collisions:@ txqueuelen:1B88H

R¥ bytes:71836%7 (BE?.8 KiB> TX bytes:167? (1.6 HiB>

Figure 20. Querying the Board IP Address

3. Type "touch /tmp/rfsdk_stubbed_afe" in the 66AK2L06 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 it to <EVM_IP_ADDRESS>:8080. This should open up the
RFSDK Web GUI, as shown in Figure 21.

RFSDK v2.0

TCI6630K2L / 66AK2L06
Release 02.00.07.00
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
Wideband RF Sampling Receiver ADC32RF80 Demo
Midband RF Sampling Receiver ADC32RF80 Demo

NOTE: When changing from one demo to a different demo, the target board

dio/board/def must b

ol =14leln DK LOCH g gl /el =] DO a L olef-|
the corresponding demo config file and then the K2L EVM must be rebooted.

I3 TEXAS INSTRUMENTS

Figure 21. RFSDK Web GUI
5. The web GUI will navigate to the RFSDK v2.0 DEMO4 page for midband demo and DEMO4w page for

wideband.
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6. Press the Select button once the reset is complete to open up the Radio Configuration Dialog, as

shown in Figure 22 and Figure 23.

Select a Radic Configuration

| 131-2xL TE75-HC-JESD241241 %-JESDIpbk ¥ |

Mormal Configs
1

JESD Loopback Configs
13#1-2xLTE7E-HC-JESD241241%-JESDIpbk

Figure 22. Radio Configuration Selection - Midband Demo

Select a Radio Configuration

[ 1x1-1 xLTEBO-HC-JESD121241 x-DEMOdw v |
Mormal Configs

2413-D

JESD Laopback Configs
1x1-1xLTEAN-HC-JESD241 24 13- ESDIpbk

Figure 23. Radio Configuration Selection — Wideband Demo

7. Select a configuration from 1x1-2xLTE75-HC-JESD121241x-DEMO4, or 1x1-2xLTE75-HC-

JESD241241x-JESDIpbk for midband demo and from 1x1-1xLTE80-HC-JESD121241x-DEMO4w or
1x1-1XLTE80-HC-JESD241241x-JESDplbk for wideband demo. Press Select.

. In “Radio Cntrl", press “Radio init”, then “Load Playback”, and then “On” in sequence to start the
playback demonstration. (Playback Status should change to Started/Alive, which indicates that the test
is running.)
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9. Midband demo: click the AXCO drop-down menu and select “Fs=92.16 2 tones, -1 MHz and +2 MHz"
or “Fs=92.16 2 tones, —2 MHz and +4 MHz" or “Fs=92.16 240 tones(75MHz BW)”. (This loads the
selected signal patterns into the corresponding transmit buffers.). Click the Load” button. The test

pattern can be changed without having to stop the test. Similarly, for wideband demo two signal

patterns “Fs=122.88 2 tones -1 MHz and +2 MHz"” and “Fs=122.88 200 tones (100 MHz BW)” are

available for AXCO selection.

> ey (1)
RFSDK Status-Control ite &£ 24 o A
MName BEEEETE  status
RF5DK Software Revision 02.00.07.00
1%1-2xLTEZ5-HC-JESD121241 x-DEMO4

RFSDK_SAMPLE_RATE_92P16MHZ

Radio Configuration

BB Channel Sampling Rate

Combined Stream Sampling Rate 268.64

JESD Interface Rate RFSDK_JESD_268Pa4
Radia Status olj| Playback 5Status Started/Alive

Radin Control ﬁ

TxData  AxCO |Fs=92.16 2 tanes -1MHz +2WHz v |
<<keepz>
610
Fs=92.16 2 tones -1hHz +2WHz
Fs=92.16 2 tones -2MHz +AMHz
16 s (75MHz BW)

AxC1 |Fs=92.16 240 Tones (FAMHz BWY) v

o]

Wip TEXAS INSTRUMENTS

Figure 24. Loading Test Patterns — Midband Demo

D
RFSDK Status-Control |_€e %&g @)
MName BEEEEEE  satus
RFSDK Software Revision 02.00.07.00

1x1-1xLTESO-HCJESD 121241 -
DEMOAw

Radio Configuration

BB Channel Sampling Rate RFSDK_SAMPLE_RATE_12ZP88MHZ

Combined Stream Sampling Rate 368.64

JESD Interface Rate RFSDK_JESD_268P64
Radio Status ON Playback Status Started/Alive

Radio Control ﬁ W

TX Data  AxCO |Fs=12288 2 tones -TMHz +2MHz v | AxC1 | v

o

2 tones -1hiHz +2hiHz
200 tones (100MHz BYW)

wip TEXAS INSTRUMENTS

Figure 25. Loading Test Patterns — Wideband Demo
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10. 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

AxCO0 Spectfﬁf‘n

-50

-100 H
|

i

-40 -30 -20 -10 0 10 20 30 40
AXC1 Spectrum

-50

-100 il

-40 -30 -20 -10 o 10 20 30 40
AxCO0 Capture AxCO Spectrum AxC1 Capture AXC1 Spectrum

This data is not refreshed automatically. % TEXAS [NSTRUMENTS

Figure 26. TX Signal Capture at DSP - Midband Demo

TX Signal Capture @ DSP l@ %&E @)

| Show 1/Q Data Refresh Capture

AxC0 Spectrum

100 I 1 \E. h

-60 -40 -20 i} 20 40 60
AxCO Capture AxCO Spectrum

This data is not refreshed automatically. % TEXAS INSTRUMENTS

Figure 27. TX Signal Capture at DSP — Wideband Demo
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11. 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 ADC32RF80 and after being down-converted and filtered by

the DFE). The test pattern transmitted is recovered at the DSP after DAC38J84 to ADC32RF80
loopback. Figure 28 and Figure 29 show the RX Signal capture view.

RX Signal Capture @ DSP Ifé %&E @

AxCO0 Spectrum

e ' ' i8]

-40 -30 -20 -10 1] 10 20 30 40
AxC1 Spectrum

-50

-100

i
-40 -30 -20 -10 i} 10 20 30 40
AxCO0 Capture AxCO Spectrum AxC1 Capture AxC1 Spectrum

This data is not refreshed automatically. % TEXAS INSTRUMENTS

Figure 28. RX Signal Capture at DSP — Midband Demo

RX Signal Capture @ DSP l@ %&g @

[ Shon 1 0sta | aresh Canurs
AxCO0 Spectrum

AxCO Capture AxCO Spectrum

This data is not refreshed automatically. % TEXAS INSTRUMENTS

Figure 29. RX Signal Capture at DSP — Wideband Demo
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12. The RX captured data is processed by FFTC co-processer and displayed under the Raw FFTC Output
view as shown in Figure 30 and Figure 31 for midband and wideband demo, respectively.

RX Signal @ Raw FFTC Output

AxCO FFTC Output

18000 T T T T 20000
10000
o
000
o :| -20000
1000 2000 3000 4000 1000 2000 3000 4000
AxC0 1Q AxC11Q
4000
2000 MH ‘l i | ||| ‘| h \ \ I |||‘ |"‘ 2000
| ||
MH W" |‘H| I
& - o
n'ulu il ||\||||\ e

9000 | | | |
1000 2000 3000 4000 1000 2000 3000 4000

A=CO FFTC Output AxC4 FFTC Output AxC0 10 AxC1 10

This data is not refreshed automatically. % TEXAS INSTRUMENTS

Figure 30. FFTC Output - Midband Demo

- > ey (1)
RX Signal @ Raw FFTC Qutput ite £ 74 2~ A
o
AxCO0 FFTC Output
20000
10000
0 1r
500 1000 1400 2000 2500 3000 3500 4000
AxCO IQ
b \ e SRR Y PO T
2“”””“1““‘“.' ‘\I\‘M ‘\ \I'\"MHI\I‘I‘ 1'\\\5 I‘H]'Il‘l\l‘l‘l
I |
0 Hul'\ LAY il i H""IH\‘IWH Jlm\lu IR SN
\||“'|“|\|| \I‘l\ll‘”"‘ \|‘\|‘|| ‘H||I|‘|H|‘|‘I|.‘Ilu'
_20000{W J'J‘r,‘\Fd. J.u b|} J.‘J.I‘[u]‘JJ‘J
500 1000 1500 2000 2500 3000 3300 4000

AxCO FFTC OQutput AxCO 10

This data is nat refreshed automatically. % TEXAS [NSTRUMENTS

Figure 31. FFTC Output of Two-Tone Data - Wideband Demo
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13. 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 32 and

Figure 33.

TX Signal Capture @ DSP

-50

-100

AxC0 Spectrum
| | L-44.0775: "Power"-120

f

=40 -30 =20 -10 0 10 20 30 40
Figure 32. Changing Amplitude Scale on the GUI
; ) (,f’( ))))
TX Signal Capture @ DSP to APEDID (
g pture @ Ite Exaaax
AxC0 Spectrum
0 - 1 72675 "Power"-120
-a0
-100 I|J|II. 1
=40 -30 -20 -10 1] 10 20 30 40

14. To stop the test, press “Off” (stop playback) and “Reset” (radio reset) buttons on the Status-Control

page.

Figure 33. Changing Frequency Scale on the GUI
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4 Test and Debug
It is recommended to check the DAC38J8x output using the spectrum analyzer for the first time setup. For
midband demo, the signal has been mixed to 184.32 center frequency. The two-carrier (two-tone output
and 240-tones output) spectrum is shown in the Figure 34. For wideband demo, the carrier is centered at
92.16 MHz, as shown in Figure 35 and Figure 36, two-tone and multi-tone carrier spectrum, respectively.
|Span 200.000000 MHz T PR Al Tic L P
L Vi
10 esmy  Ref 0.00 dBm
Leg T
Center 124,3 MHz Span 200.0 MHz
#Res BW 10 kHz VEBW 10 kHz Sweop 2412 5 (1001 pis)
Figure 34. DAC Output — Two-Tone Data and 240-Tone Data
fSpan 120.000000 MHz e SR Ao T Lo
Wosadrw © Aman:® a8
Rﬂuﬂmw Rel 0,00 dBm
Center 82,18 MMz Epan 12000 MHz
ERes BW 30 kHz VBW 30 kHz Bweep 1608 ms (1001 pts)
Figure 35. DAC Output Two Tone - Wideband Demo
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Span 120.000000 MHz

{0 gegte Rel 0.00 dBm
°q

1 i i ne
Center 92,18 MHz Epan 12000 MHz
=Res BW 30 kHz VEW 10 kHz Sweap 1808 ms (1001 pts)

Figure 36. DAC Output Multi-Tone Signal - Wideband Demo

5 References

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

» DAC38J84 EVM: http://www.ti.com/tool/dac38j84evm

e ADC32RF45 EVM: http://www.ti.com/tool/adc32rf45evm

» Keystone-lIl MCSDK User Guide wiki

» Digital Front End (DFE) User Guide for Keystone Il Devices User's Guide
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