User's Guide

Programming AFE7769D to Interface With PC802 for 2T2R

i3 TEXAS INSTRUMENTS

ABSTRACT

This user’s guide provides a walkthrough of hardware and software setup with supplemental images as a visual
representation, followed by bringup steps.
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1 Introduction
This guide is intended to be used in conjunction with the document ID PC-004159-DC version 3 from Picocom.

This user's guide introduces a small cell application using Texas Instruments’ AFE7769D evaluation module
(EVM) in collaboration with Picocom, a semiconductor company that provides industry-standard systems on
chips (SoCs) for small cell wireless infrastructure. This reference solution serves to help customers ramp
system integration of the analog front-end (AFE), and allows for seamless interfacing with the Picocom PC802
system-on-chip (SoC).

The AFE7769D is a 4T4R2F RF-sampling transceiver with integrated digital pre-distortion (DPD) that serves to
linearize power amplifiers (PA’s) for improved wireless coverage to the end customer. The small cell 5-watt radio
unit (RU) utilizes the EVM version of the device that connects with Picocom's component of the solution for
seamless interfacing. The Piococom PC802 is a SoC that is designed for "5GNR/LTE small cell disaggregated
and integrated RAN architectures", per Picocom's website.

2 Basic EVM Test Procedures
2.1 Safety

» Safety glasses must be worn.

» This test must be performed by qualified personnel trained in electronics theory and understand the risks and
hazards of the assembly to be tested.

+ ESD precautions must be followed while handling electronic assemblies while performing this test.

» Precautions should be taken to avoid touching areas of the assembly that may get hot or present a shock
hazard during testing.

* No ESD wrist strap shall be worn for Hi Voltage testing (=>50 Vrms or =>75 VDC) use lonizer.

2.2 Quality
Test data or reports are made available upon request by Texas Instruments.
2.3 Apparel

» Safety glasses

» Electrostatic smock

» Electrostatic gloves or finger cots
* Ground ESD wrist strap

2.4 Hardware and Software Requirements

2.4.1 Test Equipment Required

* DC power supply at 5.5V, 5A
*  DC multimeter

* USB mini-B cable

« USB 3.0 cable

* PC with USB port

* Intel USB Blaster or USB Blaster Il
» Signal generator

* 1:8relay

* Spectrum analyzer

* BNC cables, splitter

+ USB hub

+ TSW14J58 Rev A5

2.4.2 Software Required
AFE77xxD Latte v0.4
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3 AFE7769DEVM Setup

3.1 AFE7769D Hardware Changes

Make the following changes to the AFE7769DEVM to separate the SYNCOUT pins as shown in Figure 3-1.

Figure 3-1. Separating the SYNCOUT Pins

In conjunction to the schematic, see Table 3-1 for the list of switches to make.

Table 3-1. List of Pin Changes, AFE7769DEVM

AFE Reference Designator Change From Change To
R16 0Q DNI
R19 0Q DNI
R3 0Q DNI
R5 0Q DNI
R1 DNI 0Q
R2 DNI 0Q
R21 DNI 0Q
R22 DNI 0Q

3.2 AFE7769D Connections

1. Connect the 5.5V power supply to power jack connector (J22) of the AFE7769D EVM.
a. Check: D14 (POWER) LED should light up.
2. Connect the USB Type Mini-B Cable from PC to the USB port (J20) of the AFE7769D EVM.
a. Check: D13 (USB_PWR) LED should light up.

3. Connect the AFE7769DEVM to the PC802 through the FMC connector.
4. Connect the 122.88MHz reference clock (SYNC_CLOCK) from the PC802 (J1106) to the LMK_CLKIN (J19)
of the AFE7769DEVM, as shown in Figure 3-2.
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3.3 AFE7769D Software Setup

1. Install the AFE77xxD Latte GUI from zipped folder called “VOp4.zip” in the Tl drive.

Figure 3-2. Hardware Setup and Connections AFE7769DEVM-PC802

2. Afterinstalling the AFE77xxD GUI, copy the PC802_LMKDIV.py script and paste it under the following
directory “...\Documents\Texas Instruments\AFE77xxDLatte\projects\AFE77xxD\AFE7769D".

3. Copy the “AFE77xxD_Picocom_pc802_K1L.xlsx” file and paste it under “Documents\Texas
Instruments\AFE77xxDLatte\lib\configs”.

3.4 AFE7769D Programming Method 1: Automated

1. Open the AFE77xxD GUI version 0.4. Make sure it looks like Figure 3-3, then click Continue. The “Couldn’t
Detect FPGA Reset FTDI. Please reset FPGA manually.” message is expected and can be ignored.

£3 Latte Mode

Device

AFE_CHIP_ID
FPGA_Type
AFE_Board_Type
AFE_CHIP_VERSION

SetupType

(®) Open AFE7750(D Latte

AFETTxxD

0x77D

MNone

EVM-1Devicel58

0x10

Basic

7

X

AFE_Board_US8_Handle | Quad RS232-HS

AFE EVM Card Detected,

Couldn't Detect FPGA Reset FTDI. Please reset FPGA manually,

Detect Hardware

Continue

Figure 3-3. Launching AFE77xxD Latte Software
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2. Wait until the GUI loads. It will look like Figure 3-4.

Figure 3-4. ReadMe AFE77xxD Latte Software

3. At the top, click on Latte Mode and navigate to Script Mode, as shown in Figure 3-5.

Bd AFETTxxD
File Edit VYiew FRun Leog Session Help Latte Mode

GUI Mod Ctrl+Shift+L
Tree View — ——

Script Mode Ctrl+Shift+5

AFETTxxD-ReadMe
AFETTxxD-Params
Device-Status

Figure 3-5. Switching to Script Mode

4. Open the PC802_2T2R_Script.py script on the tree view on the left as shown in Figure 3-6.

£3 AFETRoD
File Edit View Run Log Session Help LatteMode
Scripts & #4####Loading Excel File#####f
*1Eile=z'C:\Us 1L L e loade.
Files AFE loadSystem®,
v AFETToD AFZ_initializeCon
« AFETTE0D #3BFRSetting LMK Params#HIFHE
setupParams 1miLib. lmkEarams pllZn = True
BCHE A Samigy setupParams.1mkLib_lmkParams_inpusClk = 13%_33
PCBO2_LMKDIV.py esren TmkFreECLE = 1
usefulFunctions.py FHEBFRDevica BringupdhERE
PCa0Z_LMK AFE deviceBringup ()
picocom_031723 #4#B##Satting LUK Divideradihbih
1mk head page PLLL_Config.Cliing_l_2 Divider.div_slkinl It 13 0_gt_ = &
1mk head page PLL1 Config N Divider PLLL N DIV PLLL 1t 13 0 go_ = 1
#4§EF#Setting TOD ondh
AFE.TOP.cverzideTdd
he
Figure 3-6. PC802 Script
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5. Run the script by pressing F5 or by clicking Run > Buffer. You should see an output in the log window
like that shown in Figure 3-7 signaling the script was run with no errors. After running this script, the
LMK_LOCKED LED (D11) turns on if the 122.88 MHz reference from the PC802 is connected after
programing the PC802.

E3 AFETTD & - 0O X
File Edit View Run log Session Help Latte Mode
Saipts Buffer F5 | nea Instrument List &
L |, nea =ity ]
Files Run Selection F o Device Source clk
v AFETTD File F8  |nead.page.BLL1 zFSa‘u;:et
v aFETT ignal Source
AFETT69D P F g
PCeoz_Lr
usefulFur Device List a
peseom o
P - DONOT_OPEN_Afe77xxDPG1p0_FULL
LMK Clock Divider
Engine List a
HSCEngineWihILDDCDGC
Custom GUI List &
CGui_Custom_GUI
Log & Command Line a

A[Wercome to Asterix o=
Srom globalbats impor: *

AFE configuration Complete

*i3 TEXAS INSTRUMENTS

Figure 3-7. Running the PC802 Script
3.5 AFE7769D Programming Method 2: Using GUI Mode

1. Open the AFE77xxD GUI version 0.4. Make sure it looks like Figure 3-8, then click Continue. The “Couldn’t
Detect FPGA Reset FTDI. Please reset FPGA manually.” message is expected and can be ignored.
E3 Latte Mode ? 4

(® Open AFE77>0cD Latte

Device AFETHOD it
AFE_CHIP_ID 0x77D >
FPGA_Type None Wi
AFE_Board_Type EVM-1Devicel58 ha
AFE_CHIP_VERSION 0x10 ¥
SetupType Basic v

AFE_Board_US8_Handie | Quad RS232-HS

AFE EVM Card Detected,
Couldn't Detect FPGA Reset FTDL. Please reset FPGA manually.

[ Detect Hardware |

l Continue I

Figure 3-8. Launching AFE77xxD Latte Software
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2. Wait until the GUI loads. It will look like Figure 9. Click on “AFE77xxD-Device” tab under the tree view on the
left for the main parameters screen.

Figure 3-9. ReadMe AFE77xxD Latte Software
3. Click on “Browse” under “Load System Parameters” and select the “AFE77xxD_Picocom_pc802_K1L.xIsx”
config file under “\Documents\Texas Instruments\AFE77xxDLatte\lib\configs”. After selecting the file, click
“LOAD”, and the screen should look like Figure 3-10. You should also see a message saying that the
configuration was loaded in the log window.

£3 AFETD - O x
Fle Edt View Run Log Session Help LatteMode
Tee View =

AFETFiD-ReacMe

AFETFD Params Sanping Rare (aiz) X Fotncoams | 0001 | reznco e [ o001 AB neraceRats  COntorface s ABLowlEFroq  CD LowlF Freq

DevicerStatus

BTt f— 1228 Mixer Froquancies (MHz) w (s o[ me I s I ]

o P2 PLLs s

DPD-CFR-Test [ — a o [ me [ me [ e ][ ]

DPD-Signalinalysis [Casonor | [ asoor ][ iewzs ][ sw0o |

CAPI-Calls halRateModeTx a» [ | [ mes ][ e || 00 Il 0.0 ]

01 PLO for alRX and T charnels -
hafRateModeF a» )
Losd System Parameters
ADG UESD TX Protoco 248 © DAG JESD RX Protoral 248 - [ e — =

O wn o e C:/lsers/DC VI Documents exa 77001 AFET700_Picocom_pcB02 K IL.xisx

JESD Link0 JESD Link1
o = - [T [ c——) |

o~ = =
o = |

Ci\Wsers'\DC- 77xxDLe 77xxD_Config.json
O— = | s
Y o <] wa
® e —

€:\sers\DC-WT! AFE7700L 770 _Config. bt

Rx 14810 v Rx 14810 v ‘Save System Parameters

14610 v

™ 14810 T 14810 v

K Value Kaluo

JESD Scrambler JESD Seramblor

| SysRef Frequency (MH2)
Pin Sysref Froquency shouid be a -
» 19
LLEn factorof s requency. mome ) (_pewrtecontpric ) ([ saveconipric )
-

Hardware Connection

——————————

RS:0, WARNINGS
om_peB02 K1l xdsx

Figure 3-10. Main Window: GUI Mode
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4. Set the LMK parameters on the bottom left corner like Figure 3-11.

LMK |

PLL En &

LMK Input (MHz) | 188 |

AFE Fraf From LMK | Fref Internal v|

Figure 3-11. Setting LMK Parameters
5. After that, under “Hardware Connection”, click the refresh GUI button and you will see a message on the log
window saying “Refreshed GUI”. Then click on “Device Bringup” this will start the bring up for the device. For
proper navigation, see Figure 3-12.

E5 AFETRoD b

File Edit View Run log Session Help Latte Mode

Tree View FRETTRE]

[ me o] me w0 [ w0 ]
AFETTOD Readle JRateModeR a» PLLO pLL2 PLLs pLLE
et Faans [Comor | [ smor ][ mwoar ][ w00 ] o [ms V[ me [ e JL o ]
s [— a» ‘ : w [ me ][ me [ w ][ w ]
DPD 0: PLLO for allRX and TX channels ~
o [—— )
pap
AGC
c T
Controls ADE JESD TX Protocol 2048 - DAC JESD RX Protocol 2048 ~ [ e ——— <]
TFbGainPath
Device-Status. - —
Rraron o— Sz
TH-Test JESD Link0 JESD Link1
op0-Crren &——{ = o S S— ——
DPD-Signalanslysis o [ on o =
CAPI-Calls Rx b ) hd R LA hd Save System Parameters
L= T
Fb 1-4-8-1-0 ~ Fo 14810 > Ct\Users\DC-WI' 770U 77xxD_Config.json
o =
" = N =  A—— — )
o— e
— v
JESD Scrambler a» JESD Scrambler a» L
*— BRX V| sma ‘Save Configuration File
C:\Users'\DC- 77 [AFE7730cD_Config.txt
Lmk SysRef Frequency (MHz)
PLLEn o) Pin Sysref Frequency should be a ach »
factor of this frequency.

Hardware Connection

ix Command Line!!
efs import *

tate THO:
Couldn't get the I

AFE configuration Complete
ERRORS:S, WA

Figure 3-12. Device Bringup
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6. After the device bringup is done, you will see some errors on the log window (shown in Figure 3-13). Two
of these errors should be “FPGA Reset device not found” and the rest should be under the “Device DAC
JESD-RX 0 Link Status” line. These errors are expected since the JESD link is not up.

Log

LMK Configured.

Fuse farm load autoload done successful

Mo autload error

Fuse farm load autoload done successful

Mo autload error

AFE Reset Done.

pll1: True; LO Frequency: 2949,12

FPGA Reset device not found

FPGA Reset device not found

FPGA Configured.

AFE MCU Wake up done,

pll0: True; LO Frequency: 3500.01

pllL: True; LO Freguency: 2949,12

AFE all PLLs configured.

FB DSA 3.5G Band

AFE SerDes configured.

AFE Digital Chains configured.

AFE DAC Analog Writes configured.

AFE RX Analog Writes configured.

AFE FB Analog Writes configured.

AFE JESD configured.

AFE GPIO configured.

AFE TX IQMC-LOL Correction configuration Complete

AFE DPD Block configuration

AFE DPD Block configuration Complets

AFE RX IQMC configuration Complete

AFE RX AGC configuration Complate

#agEggEssadDevice DAC JESD-RY 0 Link Status## #4888 88 85
Comma Align Lock Lane0: False; Please check if the transmitter is sending data and eye is good.
laned Errors=0b10000000000000; Got errors; Serdes loss of signal(LOS) indicator;
CS State TX0: 0bBOOOOO0O0O . Itis expected to be 0bO0OOOOO10
FS State TX0: 0bQ0000OO0 | Itis expected to be 0b00000001
Couldn't get the link up for device RX: 0

Figure 3-13. Latte Log Qindow Post-Bringup
7. At the top, click on Latte Mode and navigate to Script Mode as shown in Figure 3-14.

Bd AFETTaxD

File Edit View FRun Log Session  Help | Latte Mode
Ul Mode Ctrl+5Shift+L

Tree View

AFETTxxD-ReadMe Script Mode Ctrl+Shift+5

AFETFoxD-Params
Device-5tatus

Figure 3-14. Switching to Script Mode
8. Open the PC802_LMKDIV.py script on the tree view on the left, as shown in Figure 3-15.

£ AFETTxxD
File Edit View FRun Log Session Help Latte Mode

Scripts B|[1 #1mk head.page.PLLl_Config.Clkind_l_2_Divider.diwv_clkind_lt_13_0_gt_ = 4
. ~ 2 lmk.head.page.PLLl Config.Clkin0 1 2 Divider.diw clkinl 1t 13 0 gt = 4
Files 3 #lmk _head. page. E]’.]’:_C onfig.C '.I-:i:x?_?_?_: ivider. :ii'_'_:'_}:i'_ﬁ__'_;_'_g_?_c; = 4
v AFETTuxD s lmk_head.page.PLLl Config.N_Divider PLLL.N DIV PLLL 1t 13 0 gt_ = 4

v AFETTED

PC802_LMKDIV.py
usefulFunctions.py

Figure 3-15. PC802 LMK Script
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9. Run the script by pressing F5 or by clicking Run > Buffer. You should see an output in the log window like
Figure 3-16, signaling the script was run with no errors. After running this script, the LMK_LOCKED LED
(D11) turns on if the 122.88 MHz reference from the PC802 is connected.

E5 AFETTRD N - o x
File Edit View Runm Log Session Help Latte Mode

v AFETTOD File Fg  |nead.page PLLI Con:

PCB0ZLMK

picocom_03 FeTTxDPG1p0_FULL

Engine List 8
HSCEngineWithiLDDCDGC

Custom GUI List 8
C6ui_Custom_GUI

8/ CommandLine 8

~||wercome to Asterix Gommand Line:
ERRORS:S, Zrom globalDefs impert *

AFE770D/AFE7763D/PCE02_LMKDIV.py
11:11:15. 700000

ERRORS:0, v

i3 TEXAS INSTRUMENTS

Figure 3-16. Running the LMK Script

10. Click on Latte Mode and navigate to GUI Mode as shown in Figure 3-17.
Latte Mode

aUl Mode Ctrl+5hift+L

File Edit Wiew PBRun Log Session  Help

Tree View
AFET Tk D-Readie

Script Mode Ctrl+5Shift+5

Figure 3-17. Switching to GUI Mode
11. Click on “TX-Test” under the tree view, as shown in Figure 3-18.
File Edit WYiew PBun Log Session Help

Tree View

AFETTwxD-FeadMe
“ AFETTaxD-Params
Signal-Chain
JESD
DFD
CFR
PAP
AGC
GPIO
Controls
TxFbGainPath
Device-Status

DPD-SignalAnalysis
CAPI-Calls

Figure 3-18. Switching to TX-Test Tab in Latte
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12. Enable the TDD for the TX channels by setting them to green like in Figure 3-19. Then, click “Set TX TDD”,
and a message should appear on the log window that says “TDD set”.

Fle Edit View Run Log Session Help Latte Mode

Tree View
AFE7TxxD-ReadMe -
Carrier Profile
' AFETTXD-Params Band Center Bandwidth Relative Sub-Carrier
Signal-Chain Freq (MHz) (MHz) Power (dB) ‘Spacing(KHz)
JESD
= S s - v )|
CFR
o sowomi2 @ [ mo | [ wmo | [ o0 ][ m
Asc sowonss @ w0 | wmo | o0 ]| m
Controls sgaipands @ [ w0 | [ smo | [ oo ][ =m |
TxFbGainPath
prGan” saemes @ [ o | [ mo | [ o | [ m
RXFB-Test
pecii soaigands @ [ w0 | [ so | [ oo ][ = |
O i
CAPI-Calls

Load Custom Signal From File

[zp12_t00m12_1m1_100_0sw _3nkz_122085_Fo0_vinec_s0_toms_cfrsce_anfracops csp |

0

(_mowevamre ) (_tosscostomostatoreea ]

Generate 5G Signal

TDD Or FDD Signal Type
Send Tone TX Controls Update CFR Settings
‘Channel Signai(MHz) Amplitude(d6Fs) Channel TXDSA
™ [ 0.0 Il -10.0 ]
m 10.0 i 100 ]
e [ 0.0 Il 100 ] Target PAR
o 0.0 I 100 ]

og
o T gt the Ink Up for device RN

A|[etcome to asteriz commsna Liner:
AFE configuration Complete. fzom globalDefs import *

oD set. i |

Figure 3-19. Enabling TDD Mode
13. Proceed to set up the PC802 by following the PC802 EVB RFIC Demonstration User Guide (Version 3)
(where is this doc located or what is the lit number?) from section 2.2. Once you get to section 2.2.5, after
you enter the “start” command on the test mode tool to start sending data, type the “AFE.adcDacSync(1)”
command in the Command line in the AFE77xxD GUI. You should now be able to see a report in the log
window that the JESD link is up with no errors like in Figure 3-20. Data will be going out of the AFE TX
channel.

Log & Command Line
ArCTOTTIgUr I OO T O TE

" ||Welcome to Asterix Command Line!!
from globalDefs import *
#Executing .. AFE77:c<D/AFE77690PC802_LMKDIV.py >*> AFE.adcDacSyne({l)
#5tart Time 2023-05-16 15:29:36.212000 s

#Done executing .. AFE77xxD fAFET 7690 PC302_LMKDIV.py

#End Time 2023-05-16 16:29:36. 216000

#Execution Time = 0.00400018692017 s

#================ FRRORS:0, WARNINGS:0 ===============c=3@

#x#xDevice DAC JESD-RX 0 Link Statusssssfsss88s
CS State TX0: 0bBOOOO00D10 . Itis expected to be 0B0O00OO10

FS State TX0: 0b00000001 . Itis expected to be 0b00OO0001

Could get the link up for device RX: 0

Figure 3-20. JESD Link Bringup
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