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1 Introduction
The intention of this guide is to help users set up the AFE76xXxEVM and the TSW14J56EVM devices
correctly. Users can then customize the AFE76xx configuration per the system requirements in their end
equipment.
Table 1. Terminology
Abbreviation Definition
TXDAC RF sampling digital-to-analog converter (DAC)
TXDUC TXDAC digital signal processing and upsampling converter
RXADC RF sampling analog-to-digital converter (ADC)
RXDDC RXADC digital signal processing and downsampling converter
TX RF analog transmitter
RX RF analog receiver
JESD204B RX for DAC jEtSaDZMB standard receiver for serialized data stream of the TXDAC digital
JESD204B TX for ADC ;E;DZMB standard transmitter for serialized data stream of the RXADC digital
Interpolation Proce_ss of upsampling from a slower data rate to faster digital-to-analog
sampling rate
N Process of downsampling from a faster analog-to-digital sampling rate to
Decimation slower data rate
The setup in this EVM manual specifically configures the AFE76xx device into a 4T-4R RF sampling
transceiver (shown in Figure 1). For the two sets of 2TX paths, both TXAp/m and TXBp/m are used within
TXTOPO, and both TXCp/m and TXDp/m are used within TXTOP1. The goal is to evaluate both DAC
cores independently, and possibly combine both TXAp/m and TXBp/m paths into a single DAC core
output at TXAp/m, for dual-band evaluation (and the same for the TXCp/m and TXDp/m paths).
Interpolation|
TXBP/M g % § e B TXCPM
Lo
o=
T o
Interpolation| é E Interpolation|
18x w & 18x
AP 8 buC - buC 5 TXDP/M
DSA
RXADSA1P/M . Docimation Decimationl RXDDSA1P/M
Buffel Factor/6 E
DSA
RXBDSA1P/M — —— RXCDSA1P/M
WV » Respaiay Factore |
Copyright © 2018, Texas Instruments Incorporated
Figure 1. AFE76xx 4TX and 4RX Transceiver Setup
The TX DUC is set up as 18x interpolation, with a 491.52-MSPS input data rate. The DAC is sampling at
8847.36 MSPS, with the on-chip PLL providing the sampling clock. The 18x interpolation filter interpolates
the sample rate from the baseband to the DAC output.
2 AFE76xx Evaluation Module SLAU759—-March 2018
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The JESD204B RX mode for the TXDACs is 2x2TX in 44210 mode (see Table 2). Each TX is configured
as 22210 mode, with 2 SERDES lanes to receive a single 1/Q channel. A total of eight lanes are available
to support the 4TX mode.

Table 2. JESD204B Frame Format for DACs: L-M-F-S-Hd = 44210 (2 TX)

OCTET 1 | 2
Lane SRXO0 TXA_i0[15:0]
Lane SRX1 TXA_q0[15:0]
Lane SRX2 TXB_i0[15:0]
Lane SRX3 TXB_q0[15:0]

For the two sets of the 2RX paths, both RXA-DSA1p/m and RXB-DSA1p/m are used within RXTOPO, and
both RXC-DSA1p/m and RXD-DSA1p/m are used within RXTOPL1.

The same on-chip PLL that provides the 8847.36-MHz DAC clock also provides a divide-by-3 clock for
ADC sampling at 2949.12 MSPS. The RX DDC is set up for 6x decimation at 491.52 MSPS. The ADC raw
data at 2949.12 MSPS is decimated by six times to a baseband rate of 491.52 MSPS.

The JESD204B TX mode for the RXADCs is 2x2RX in 44210 mode (see Table 3). Each RX is configured
as 22210 mode, with 2 SERDES lanes to transmit a single 1/Q channel. A total of eight lanes are available
to support the 4RX mode.

Table 3. JESD204B Frame Format for ADCs: L-M-F-S-Hd = 44210 (2 RX, Complex Mode)

OCTET 1 2
Lane STX0 RXA_i0[15:0]
Lane STX1 RXA_q0[15:0]
Lane STX2 RXB_i0[15:0]
Lane STX3 RXB_q0[15:0]

Other system parameters follow:
* Input the reference clock to the AFE76xx device (CLKINp/CLKINm pins): 368.64 MHz.

NOTE: The on-chip PLL/VCO circuit converts the 368.64-MHz reference clock through a 24x
multiplier to the final PLL/VCO frequency of 8847.32 MHz.
+ TXDAC A/B and C/D cores:
— DAC sample rate: 8847.36 MSPS
— Interpolation factor: 18
— JESD204B RX for DAC mode: 44210 complex
« RXADC A/B and C/D cores:
— ADC sample rate: 2949.12 MSPS
— Decimation factor: 6
— JESD204B TX for ADC mode: 44210 complex
» JESD204B SYNCb communication:
— Syncinp0/SyncinmO for JESD204B TX for ADCs in single-link fashion
— Syncoutp0/SyncoutmO for JESD204B RX for DACs in single-link fashion
» JESD204B SERDES rate: 9.8304 Gbps
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2 Test Setup
The following sections list the test setup.

2.1 Software Requirements
This section lists the software requirements.
1. Install HSDC Pro Version 4.8 or later.
2. Install AFE76xx GUI v1.84 RC5 or later.

NOTE: To maintain a back-up of previously working HSDC Pro versions, go to C:\Program Files
(x86)\Texas Instruments, and rename the existing HSDC Pro folders another name before

the HSDC Pro v4.8 (or later) installation.

To maintain a back-up of previously working AFE76xx GUI versions, go to C:\Program Files
(x86)\Texas Instruments, and rename the existing AFE76xx folders another name before the

AFE76xx GUI installation.

2.2 Hardware Requirements
Figure 2 shows the hardware setup.

RXC-DSA1 RXD-DSA1 10-MHz
Reference Input

TXCp/m

TXDp/m

£

-
TXBp/m -
TXAp/m

5Vat6A A
RXA-DSA1  RXB-DSA1 T 5V at3

Figure 2. Overall Hardware Setup

NOTE: For 5-V power supplies, adjust the power supply voltage to compensate for cable loss.

4 AFE76xx Evaluation Module SLAU759—March 2018
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Follow these instructions to set up the hardware.
AFE76xxEVM and TSW14J56EVM devices:

1.

Connect the AFE76xx EVM Revision C J32 FMC male connector to the TSW14J56 Revision D J2
FMC female connector.

AFE76xXEVM device only:

1.

Connect the USB 2.0 Type A connector to the Type Mini-B connector, from the PC to the AFE76xx
EVM.

Connect the 10-MHz reference clock (from the signal generator 10-MHz reference, CMOS level is
supported) to the J26 connector. This step is necessary only for coherent capture of RX signals.

Connect the signal generator output (RF input) to either the A_IN1 (J14), BIN1 (J16), C_IN1 (J18), or
D_IN1 (J20) connector. Limit the input power to —8 dBm with the 0-dB RXDSA enabled. The default
power-on RXDSA level is 4-dB attenuation. Turn off the signal generator power at this point to ensure
successful RX-signal chain calibration during the AFE76xx device start-up.

Connect the IOUTA (J22), IOUTB (J23), IOUTC (J24), and IOUTD (J25) TX DAC output to the
spectrum analyzer. The maximum power of the DAC output is expected to be 7 dBm. Adjust the
spectrum analyzer level to prevent damage to the signal chain devices.

Provide 5 V at 6-A power supply to the AFE76xx EVM at connector J35. Do not power up the board at
this point.

NOTE: With the high current consumption of the AFE76xx EVM, users must be aware of the voltage
drop, due to the power cable loss. Further adjustments of the power supply voltage may be
needed, to compensate for the cable loss.

TSW14J56EVM device only:

1.

2.
3.

Provide 5 V at 3-A power supply to the TSW14J56EVM at connector J16. The power can be enabled
at this point.

Connect the USB 3.0 cable from the PC to the TSW14J56EVM.
Power-up the TSW14J56 EVM by switching the SW6 switch from the OFF to the ON position.

AFE76xXEVM device only:

1.

Turn on the 5-V power supply to enable the AFE76xXXEVM.

SLAU759—-March 2018 AFE76xx Evaluation Module
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2.3 Software Configuration

231

DAC Setup

This section lists the software configuration and start up with the DAC setup.
1. Start HSDC Pro V4.8.
2. Connect to the TSW14J56EVM through the USB ID (see Figure 3).

“ High Speed Data Converter Pro v4.71

== =]
File Instrument Options Data Capture Options  Test Options Help
{ym V= ADC C] DAC
INSTRUMENTS @ L
w 65535
& T
2
L S o . . . . . . | ‘ | | | ‘ ‘ ]
5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000 65000 70000
z Real FFT  [» Channel 11 [+ Blackman [+  (Channel1) 11 Averages RBW| o Hz
Valie | Unit¥ . 10.0- .
SNR 0 dBFs B+
SFOR 0 dBFs 0.0 Spur ¥ select Board = by
THD 0 dBFs -
SINAD |0 d8Fs -10.0 @
ENOB 0 Bits Select The Serial number of the Device
Fund 0 dBFs 20.0- .
Next Spur 0 d8fs |= Serial Numbers -
HD2 0 dBFs -30.0 T70BSCgY-TSW14J56revD)|
HD3 0 dBFs 1
HO4 0 dBFs -40.0-
HDS dBFs
NSDMz  Mall  dBFsiH; -50.0-
Phase 0 Rad o
dBFs Mz o -60.0-
m 0 000Ex  ||°
Mz 0 1.00E4¢ ™ -70.0
Test Parameters 500 Select/Enter IP Address - Port Number
Auto Calculation of - ” —
:It‘.nhemnt Fraquencies Connect to KCU105
Analysis Window (samples) -80.0
65536 |~ i
-100.0
ADC Output Data Rate ’ @ OK ‘ ‘ o Cancel
0 - -110.0- L
ADC Input Targst Frequency
0.000000000 -120.04
1300 ] \ \ \ ' ' ' \ ' ' ' ' ' ' ' ' ' ' ' '
50m 100m 150m 200m 250m 300m 350m 400m 450m 500m 550m 600m 650m 700m 750m 800m 850m 900m 950m 1
Frequency (Hz)
< »

Firmware Ver= ""

Device info details

Firmware Type ="""
11/2/2017 2:15:00 PM

Build - 08/04/2017

Firmware Type =""

NOTCONNECTEDY | 7 & & & 4| ¥B Texas INSTRUMENTS

Figure 3. HSDC Pro GUI Connecting TSW14J56EVM
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3. When the USB ID is selected, and the GUI is connected to the board, go to the DAC tab.
4. Select the ini file from the drop down menu and then select the AFE76xx_2x2TX_44210 file (see

Figure 4).
¥ High Speed Data Converter Pro v4.80 l =
File Instrument Options Data Capture Options Test Options  Device - Help
I3 TEXAS ig ADC I L] DAC
) @ . Ly
AFETBi_22TH_44210 - Scaling Factor (1%} Preamble Data Rate (SPS) DAC Option Active Channel
Send ] | Loed Esem Baicimle | 0.9 0 491.52M 2s Complement [v] | Channel1  [v] [@IEnabled?
Te on Time Domain
le Tone - 30000 SF
Value | Unit . 20000 " ll . |‘| |I l III | ‘ “\ I|| |\ ‘| d b \| o]
5 10000 ||||\“ “| m |||| i |I| .“I' ||||||| -
o
s
8] iy
Q
<
O 10000+ |” | | H‘ ’| ' 1 | ”p ”!| ’ | |
-20000 H” T 1\“‘ l‘llll |||- i ‘||III 1 Ul || u ||!|HI| ||”“l "‘]” W[”
_BUUUD7I 1 1 1 1 1 1 1 1 1
|8 o 200 400 600 BOO 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200
| Samples
Format Analysis Window(samples)  Window
Frequency Domain (Channel 1+7Channel 2) Complex | ~| 4096 [~ Blackman |+ |
s 10.0-
- 7 AaF
-
1/ Multitone Generator -20.0+
ToneBW  # Tone Center -40.0+
o
w
10M 2 30M 5 e
-80.0-
# Sampl
smeis=l 4099 -100.0-
Tone seleaion| Complex [»] _130_0:;%“ TR ATy T TR TR TP PO T TR SOV IR T PR o B TTF T YMETRY ™ PYVRMRUNT Y TS oSy IO 1D QPRI PR YT P
- -24576M -200M -150M -100M -50M 1) 50M 100M 150M 2000 245.76M
Create Tones | Frequency (Hz)
Firmware Version = "0.1" TSW14J56revD Board = T2080CHF terface Type = TSW14J56REVD_BRAM_ADC_DAC_DDR_128K_XCVR_FIRMWAR
Waiting for user input 2/21/2018 3:33:09 PM__ | Build - 111132017 CONNECTED Idie &3 TEXAS INSTRUMENTS
L
Figure 4. HSDC Pro GUI Selecting DAC JESD204B Format
SLAU759—-March 2018 AFET76xx Evaluation Module 7

Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU759

T

est Setup

13 TEXAS

INSTRUMENTS

www.ti.com

5. Set up HSDC Pro as follows to generate the two tone signal (see Figure 5). Any waveform file
accepted by HSDC Pro can be loaded at this point. Enter the proper scaling factor (1x), data rate
(SPS), and DAC option in the main DAC tab to ensure a proper baseband processing setup. Enter the
Tone BW, #, Tone Center, and Tone Selection in the I/Q Multitone Generator for proper tone

generation.
1. Click on the Create Tones button.

¥ High Speed Data Converter Pro v4.80 lilﬁ
File Instrument Options Data Capture Options Test Options Help
i3 TEXAS | W= ADC | = DAC
INSTRUMENTS <2y Ly
AFET7ix_2x2TX_44210 Sealing Factor {4x) reamble Data Rate (SPS) DAC Option ctive Channel
| Load External Pattern File 0.9 0 491.52M 2s Complement [+ || Channel1  [+] [@lEnabled?
Time Domain
30000
(UL HE l 5
Value |Unit . 20000 o]
Min -29268.0 Codes
Max 39780.01 Codes o 10000
Mean | 0.00 | Codes H
Median | 0.00 Codes [&] 0+
RMS 14750.1! Codes Q
Peak to P 52369.01 Codes 0 10000
PAR 6.02 dB
-20000-H ‘ ! ( ’ |||1 l
-30000-] i i i h
o 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200
Samples
Format Analysis Window(samples)  Window
Frequency Demain (Channel 1+*Channel 2} Complex E| 4086 - Blackman E|
- 10.0+
; aF
L
11Q Multitone Generator -20.0-
Tone B £ Toncienter -40.0+
@
T
1oom | 2 40N g 507
-80.0-
# Sampl
i L -100.0-
Tone selection| Complex B 13 [];u e bl v el i by L i s L b e vl et ui.llm,u..Jlmithun,lL.nu.ulu,klutll..u wlt tatk b dd e L ad bk Lk L

0.0 1 ] i |
-245.78M -200M -150M -100M -50M

Create Tones |

] 1 I I 1
0 50M 100M 150M 200M 245.76M

Frequency (Hz)

Firmware Version ="0.1"

Waiting for user input 2/21/2018 4:19:29 PM

TSW14J56revD Board = TB0B0CH
Build - 1113/2017

terface Type = TSW14J56REVD_BRAM_ADC_DAC_DDR_128K_XCVR_FIRMWAR

CONNECTED Idie 3 TeExAS INSTRUMENTS

Figure 5. HSDC Pro DAC Tone Setup
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2. Or, load the custom waveform provided by the customer (see Figure 6).
¥ High Speed Data Converter Pro v4.80 =i ihl
File Instrument Options Data Capture Options  Test Options  [evice Help
i3 Texas | = ADC | L DAC
INSTRUMENTS <y L <y
AFETH 2X2TX 44210 Scaling Factor (1x)  Preamble Diata Rate (3PS} DAC Option Active Channel
Send | [ Leadbdama Soiem Bid | 1 0 491 52M 25 Complement [=] | Channel1  [=] [ZEnabled?
Selection Time Domain
one  |w 40000~ | |
Value | Unit & 20000 i |
20000- || In T 15 | I T | I iy Py .IJ | }
& 10000-
2
8] 0-
g
Z -10000~
-20000- } i
| || I ”I T | T | 1 T | L T T | I|
-30000 | |
-40000-| | ! ! y
A i 50000 100000 150000 200000 250000 300000 350000 400000 450000 500000
I3 Samples
Format Analysis Window{samples)  Window
Frequency Domain (Channel 1+Channel 2} Complex |Z| 524288 |Z| Blackman |Z|
= 10.0
- BF
ol
110 Multitone Generator -20.0-
TeneBW & TonsCenter -40.0+
2 0.0
10M 2 300 g ="
-80.0-
#5 I
G S -100.0-
Tone selection | Complex [+ b
D _130 D_I I 1 1 1 1 1 1 1 I 1
S -245.76M -200M -150M -100M -50M 0 500 100M 1500 200M 245.76M
Create Tones | Frequency (Hz}
Firmware Version ="0.1" TSV/14.56revD Board = T80S0CH terface Type = TSW14J56REVD_BRAM_ADC_DAC DDR_128K_XCVR_FIRMWAR
Waiting for user input 2/21/2018 3:34:54 PM__| Build - 111312017 CONNECTED | ldle | # TEXAS INSTRUMENTS

Figure 6. HSDC Pro Load Custom Waveform

3. Click on the Send button.
4. Click the OK button when the message in Figure 7 appears.

= .

Current lane rate is 9.83046G.
JESD reference clock from device EVM
to T5W14J56revD needs to be set at 245.76M.

e

Figure 7. HSDC PRO SERDES Rate Calculation
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6. Open the AFE76xx GUI. The screen in Figure 8 should appear.
7. Press the Init Script button, and wait.

r ~ N
B ArE7exx BN
File Debug Script Settings Help
AFE76xx Broadcast ] [ % Reconnect? I
Quick Start | Configuration | [E) ko428 | AFET8xx RX | AFET6xx TX | Low Level View USB Status )
EVM Name |AFE7G0EVM [=] [t
M L Script
System CLK Rate DSA Settings LK e &
CLK Option Ext DAC CLK (MH A & BnLompe
= - i RK gt ™ g s R_Cf’ﬂ_g_,‘ Startup Sequence
Internal PLL | | 8847 36 ) ;
sl RXID's RX0,1.2, [=] ™iD's|Tx 0123 [+] Interp. L intarp. AFE Config. Steps
Internal PLL R)(JDSA 0 E‘ e ) [ ax with with 1 Reset, Read Chip ID
LMK_RefMHz) Fref_(MHz) ~ Fdac_(MHz) D' | Update| | Upeste NCO - meo e
{12288 [¢] 36864 8847.3 = =
E E D - + Lol § 2 [ Configure DDC I
DIV (FdacFadc)| 3 [« Fadc_(11Hz) 284912 Cross BarCalg:: (@i S
- Crossbar for ADC Path Overwrite YN Interp. | interp. 3 Configure RX DSA
v A RX/TX Dig Path Config. 01234567 RX |OFF Iz‘ :ith with Configure AGC and
[ 1 = 0 7] Neo TDD Control
Decimation Factor | 8 (1Q) or 3 (Real) E Crossbar for DAC T oFF [=]
Rx AB Data Type Sel | Complex |E|Z Switch EM Selection Cnfg Jesd_Sync_Source ‘
RXCD = 7| (Hex): 0x[03 DAC 0| 01234567
Decimation Factor i | IE‘ o it Decim. — Decim. Configure PLL I
Rx CD Data Type Sel | | (Hew: OxoC | | 23014567 with with
1| || RX JESD and Serdes Config
TX_Interpolation & (Hex): 0x| 30 DAC 2| 45230167 Nco NCO 7| UEspo .
Fiactor {Hex: 0x| Co DAC 3| 67234501 = =
s 8 8 | TX Data path and JESD_RX Config l
JESD Settings :
Decim — Decim 9 ’ Check Calibration Status l
ADC 0/ Path | 44210/ 42220 Iz‘ ! Z_R.\( with with
ADC2i3 44210142220 [+]1 2[z]Rx NCO | Nco 10[ Rx Performance Writes ]
DAC Path 22210 =]t 1=z W, — [DAC] 'TXJESD]
| £ nc
NCO Freq. Setting (MHz) Dynamic Switch = [ Rerun |
RX_NCO#0 | 1700 |TX_RF_NCO [1700 RX_FBRX RIUFE NCO [ SYSREF‘l “Egqual )} - SYSREF]
[ = 1 C ! Pulse M
RX_NCO#1 |0 |mx_sB_nco [o Pl [=] [sPitorRx =] ! M. Pulse M.
RX_NCO#2 [ LDua\ 2 i L> Hgee G
- Band patn| A8 |ZI For help, refer to ‘ConfigurationiNotes for Quick Start” [ADC] | RX SYSREF|RX SYSREF]
RX_NCO#3 o
- EFUSE STATUS PLL Config ADC Calib. SERDES Calc. “ ‘ Seq. Dump “AFETExAPYon
[Cnfg. Enable Table] Chip_ID e [Gbps] |[Lane Rate : Mo Integration Plugint
RxID's Rx0,1.2, [=] ™ois k01237 |0 | Siatus : \ Close T OFF SupportScripts\ogFile.bt'
. .S T  Chip_Version Error0Error1 Emord | All Pages Scriptd | - T i
RXNCOID's | o |z| TXNCO ID's RF |z| P_ Done Error0ErrorError2 EM R \SupportScripts|
r ) r 3 [ 0 0 0o |0 0 Test logFile_converted_ta_lo
(RXNCOUpdate]  [TXNCOUpdate] | ! : Senptz || “SESTMEL] y evel_read b
Idie | 0 Harowareco| kP TEXas INSTRUMENTS

Figure 8. AFE76xx GUI Setup
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8. Go to the AFE76xx RX Tab (see Figure 9).

1. Set up the modes for the different RX channels to allow each channel to be active in RX mode, FB
mode, or both RX and FB mode. This example has all four channels in only RX mode with no FB
enabled.

2. Update the operating Nyquist zone for the input frequency. Select the first Nyquist for DC to 1500-
MHz operation, select the second Nyquist for 1500-MHz to 3000-MHz operation, and then select
the third Nyquist for 3000-MHz to 4500-MHz operation. This example uses the second Nyquist
zone of operation with input of 1710 MHz.

3. Click the update button when finished.

i AFETex (=] -]
File Debug Script Settings Help
AFE76xx Broadcast H 4% Reconnect? ‘

Quick Start | Configuration | @LMKMZS ‘ AFETExx RX | AFET6xx TX | [i] Low Level View

USB Status )

I Configuration Parms

[RX Usecase] Update [SERDES Sync Configuration] [ Update |
DSAD DSA1 SERDES_T¥_Sync_in0_T | syncin_0_lvds E SERDES_TX_Sync_in1_T | syncin_1_lvds E
Rxo RX  [~] ofF 5]
[JESD TX Configuration]
RK1 RX =
[-] o I=] | seso msusouss |4 [z] Eso TxscramBLE [onN  [<]
RX2 [RX = )
bl [0 [z JESD_TX_K_RX |32 JESD_TX_K_FB | 32 intemally [=] When intemally
RX 3 . computed, K = 64/F
R« [=] [oFF  [+] .
[User Defined JESD TX Configuration]
Nyquist Zone in support JESD_TX _CNFG_Owverwrite |OFF E|
2nd NyquistZone |~ | JESD_TX_RX_L_VAL |0 JESD_TX_RX_S_VAL |0 JESD_TX_RX_CF_VAL |0
JESD_TX_RX_M_VAL [0 JESD_TX_RX_HD_VA |0 JESD_TX_RX_CS_VAL [0
JESD_TX_RX_F_vaL [0 JESD_TX_RX_DID_VAL |0
JESD_TX_FE_L VAL 0 JESD_TX_FB_S_VAL [0 JESD_TX_FB_GF_VAL |0
JESD_TX_FB_M_VAL |0 JESD_TX_FB_HD_VA [0 JESD_TX_FB_CS_VAL |0
JESD_TX_FE_F_VAL 0 JESD_TX_FB_DID_VAL |0

Idle

HARDWARE Co| W TEXAS INSTRUMENTS

Figure 9. AFE76xx GUI RX Setup
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9. Go to the AFE76xx TX tab (see Figure 10).
1. Enable or disable each TX path. This example has all four TX path enabled.

2. Select NCO synchronization method. This example has NCOs synchronized by SPI register.
3. Click update when finished.

[ 2 AFE76x

File Debug Script Settings Help

AFE76xx

Quick Start | Configuration | @LMKMZS

| AFE7Bxx RX | AFE76xx TX | Low Level View

| Configuration Params | Alarm-JESD |

Broadcast H  Reconnect? ]

USB Status )

[TX Usecase] Ugdale
TX0 |OM |Z| When each TX
path is off, the

corresponding
APB registers
are not
configured.

™1 oN  [o]
™2 |on E|
™3 o [o]

TX_HCO_Sync_Mode
SPI

[SERDES Sync Configuration] fi Update J

SERDES_RX_Sync_Out0_Type syncout_0_vds |Z| SERDES_RX_Sync_Out1_Type syncout_1_lvds

SERDES_AX_Sync_Out)_Egq synca_A_B_C_D E| SERDES_RX_Sync_Outl_Eq | MNone

[JESD RX Configuration]
JESD_RX_suBcLass 1 [+]

Internally .'

[User Defined JESD RX Configuration] - Not Used Yet

OFF E|

JESD_RX_USER_S_VAL |0

JESD_RX SCRAMBLE | ON E|

JESD_RX_ |32 When K is internally

computed, K = 64/F

JESD_RX_RBD 5

JESD_RX_CNFG_Overwrite YN

JESD_RX_USER_L VAL |0 JESD_RX_USER_CF_VAL |g

JESD_RX_USER_M_WAL |0 JESD_RX_USER_HD_VA |0 JESD_RX_USER_CS_VAL |0

JESD_AX_USER_F VAL |0 JESD_RX_USER_DID_VAL |0

[SERDES RX]

NOTE:
SEHDESHX CORED Rojarty Wy | ON E In TF's Evaluation board, SERDES RX of Core 0

uses inverted polarity due to layout issue.
For customer platform, this configuration
should be set properly.

SEADES_RX_CORE1_Polarity_INV

[+]
=]

[ upsate |

Idie

HARDWARE CO| i@ TEXAS INSTRUMENTS
]

Figure 10. AFE76xx GUI TX Setup
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10. Go to the Main tab (see Figure 11).

1. Fill the sections highlighted in Figure 11, including the proper decimation and interpolation mode,
JESD setting, and NCO frequencies.

2. Press the LMK Config button, and wait.
3. Press the Run Complete Start-up Sequence button, and wait.

AFET6xx [E= |
File Debug Script Settings Help
AFET76xx Broadcast | | 5 Reconnect? ‘
Quick Start | Configuration | @LMKMZS | AFE76xx RX | AFE76xx TX | Low Level View USB Status )
EVM Name | AFET0 EVM = [ JmE_ ]
. Script )
System CLK Rate DSA Settings TR | e i
CLK Option Ext DAC CLK (MH A A Ul iCumh ete
P (MHz) RX o 4 TX ;4 . Config | Startup Sequence
Intemal PLL  [+] 8847.36 ) | [ ] e
RX DS RX 012 [»] mins| 0 01,23[+] Interp. | Interp. AFE Config. Steps
Internal PLL RXDSA & [ ‘ ) with with . Reset Read Chip ID
LMK_Ref(MHz) Fref_{(MHz)  Fdac_(MHz) ID's Update | | Update ‘ NCO [ — NCO Check Efuse
| Update | | Updats |
12288 368.64 8847 3
E E lz‘ r y E E 2 [ Configure DDC I
DIV (FaaciFadc) 3 || Fade (tHz) 2948 12 Cross-BarCnfy. | Update ) 9 i
- - Crossbar for ADC Path COverwrite YN Interp. |—] L Interp. 3 Configure RX DSA
s RX/TX Dig Path Config. 01234567 RX OFF [=] with with 4\ Configure AGC and
NEo [ Neo TOD Gontral
Decimation Factor | & (14 or 3 (Real) [=] Crossbar for DAC % OFF [=]
Ry AB Data Type Sel  Comiplex E Switch EN Selection Cnfg 5 [ Jesd_8ync_Source I
RECD ; S {Hex): 0% 03 DAC 001234567
Decimation Factor | - i3 E i g Decim. |— Decim. 6 [ Configure PLL |
— ex): 0x 0C 23014567 ith
RxCD Data Type Sel | Comple: [+] H | | adin RX JESD and Serdes Canfig
T¥_interpolation 5 (Hexj: 0x|3p DAC 245230167 NCo Nco T\ UEsb
Fasnr (Hex): 0x CO DAC 3| 67234501 = =
g g 8 [ TX Data path and JESD_RX Config |
JESD Settings
Decim | Decim 9 \ Check Calibration Status |
ADG 0 Path | 44210142220 [+]/ |2[=] Rx ik 2t
ADC 23 |44210742220 [+]/ | 2[z]Rx NCo —| NCO 10[ Rx Perfarmance Writes I
DAC Path {22210 [=]/ [1[=]m= N — IDAC] [TxJESD
Usine |
NCO Freq. Setting {MHz) Dynamic Switch 2 [ Rerun '|
RX_NCO#0 | 1700 |TX_RF_NCO [ 1700 RX_FERX RXFENCO (averer] M) roveper)
- = . \ Cont M. | Pulse M. |
R B [ TX_BB_NCO |0 SRl [+] |SPIforRx[=] e S §
RX_NCO#2 g Dual ) Ungate | Gate |
- Band path AB |z| For help, refer to ‘Configuration\Notes for Quick Start” [ADC] | RX SYSREF|RX SYSREF]
RX_NCO#3 g
EFUSE STATUS PLL Config ADC Calip. SERDES Cale || | Seq.Dump  -AFE7ERAPYnON
[Cnig. Enable Tabie] e 0 [Gbps] | Lane Rate . Mode Integration Plugint
RXID's RX0,1.2, [=] moips Tx0123 =] | 12 Stais \ Close Teot OFF SupportSeriptsilogFile. it
. =7 | Chip_Version Errar0Error Error3 All Pages Script1 LN i
RXNCOID's g ETXNCO ID's RF |Z| D) Done r Emar2 oI | \SuppontScripts)
r 1 r \ 0 0 0 0 0 0 Test | logFile_converted_to_lo
(RXNCOUpdate]  (TXNCO Update) : el : soriptz | “CESTOMEL] y ovel read bt
Idle | @ narowareco, KB TExas INSTRUMENTS
k

Figure 11. AFE76xx GUI Execution
11. When the GUI finishes loading, the current consumption of the AFE EVM is around 4.5 to 5 A.
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12. The user can see IOUTA (J32), IOUTB (J23), IOUTC (J24), and IOUTD (J25) outputting two, 100-
MHz separation tones centered at 1740-MHz RF frequency (see Figure 12).

Agilent Spectrum Analyzer - Swept SA

L F 50 Q C SENSE:INT ALIGN AUTO 2:50 -
Marker 2 1.790294798372 GHz Avg Type: Log-Pwr | Pesk Search
PNO: Fast () Trig: Free Run :

Atten: 18 dB

IFGain:Low
Mkr2 1.790 3 GHz
Ref 7.11 dBm -3.14 dBm

Next Pk Right

Next Pk Left

Marker Delta

Center 1.7400 GHz . Span 312.4 MHz
Res BW 3.0 MHz VBW 3.0 MHz Sweep 1.000 ms (1001 pts)

MSG STATUS

Figure 12. TXDAC Output Spectrum
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2.3.2 Check Point 1

1. At this point, the TX NCO can be adjusted on the start-up page. Enter a number in the TX_RF_NCO
box and click on TX NCO Update. The RF frequency should be moved now. TX_BB_NCO is not used
here, because the front mixers are not enabled. This configuration only enables the back mixer (see
Figure 13).

NOTE: TX_BB_NCO is only available in dual-band configuration. In single-band configuration, the ID
of TXNCO must only be RF. In dual-band configuration, the ID of TXNCO can be both, for
both the RF and BB.

2. Use TX ID to adjust the individual TX channels. In this configuration, only TX0 and TX1 are available
(see Figure 13).

NCO Freq. Setting (MHz) __
RX_NCO#0 | 1700 | TX_RF_NCO | 1700

RX_NCO#1 | 0 TX_BB_NCO |0
RX_NCO#2 | o Dual
- AB
Band path
RX_NCO#3 | g andpa =]
[Cnfa. Ehable Table]
RXID's RX0,1,2, Eﬁ TXID's| T 0,1,2,3[=]

RXNCOID's 0 [+) TXNCOID'S RF ||
(RXNCO Update) | [ TXNCO Update]

Figure 13. TXDAC NCO Setup
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3. Use the digital summer to add the TX0 and TX1 data onto the TXA channel output. To do so, adjust
the TX0 and TX1 RF frequency, so that they do not overlap. Then, make the following selection on the
overview GUI (see Figure 14).

B Are76x [
File Debug Script Settings Help
AFE76xx Broadcast || % Reconnedt? ‘
Quick Start | Configuration ‘ [ wo4ze | AFETHxx RX | AFET6xx TX | [E] Low Level View Usa Status )
\ Block Diagram | AFE CLK Config Read | Notes for Quick Start |
Constant Ouput TX0_BB_Sum TX2_BE_Sum Constant Ouput
: s | | || . BB
1] DFFE Upper |T| ) Af_ 1 — Upper |z| DFFE 0
/ — THC
o—" 14b I W = J + Ty R 144 o
(8 Hoaabe et o] e )
] & |o G
Tx1_to_TXO_RF_S | [OFF [+ ]| = ) 1[oFF [=] [T to_Tx2_RF_S
=) : [ore[e] peeme e
; 1eso| | sesp i
TXO_to_TX1_RF_S | OFF E \ it i | 168 [ 0FF|Z| TH2_to_TX3_RF_S
‘ Upper |T| 1 — Upper |z| IL -
L L 11
7 14-b G &- _t 14-b
o BAC m:x: b EI DAC
0 OFF |~ o OFF =
Constant Quput ] - — Constant Quput
RXADSAL » 3 RXCDSAT
——s / || —
B K = { F—
RXADSAZ % HE RXCDSAZ
DSA0[ 0 i DSAD
DSAt o RX0_ADC_Fano| # i 0 DSA1
w0 OFF |l | | 1| OFF RX2_ADC.F
;)1(1 R E' JESD | |JESD i - E' G
_ADC_Fano
ot OFF |=| C’FF|—| RX3_ADC_Fano
Ds&0| 0 | 3 5 -
A F i
DSA1 0 . 3 — 0 DSA1
RABDSAT i || 5 bW RADDSAL
.=-1< we B
RABDSAL e RNDOSAZ
| SERDES | | SERDES ‘
dle | HaroWARE CO| i TEXAS INSTRUMENTS
I,

Figure 14. TXDAC Summing of TXDUC Paths

The TXA (IOUTA) output should now output two spectrums from TX0 and TX1. The same can be
applied to the TXC and TXD pair.

4. At this point, TXDSA can be adjusted on the start-up page. Enter a number in the TX DSA box and
click on the TX Update button. The TX power should drop accordingly. The TX DSA has a range of 0
dB to 45 dB in 1 dB steps each. The number entered is in a dB scale (see Figure 15).

DSA Settings T

RX
A §
v v5
RXID's |RX0,1,2,3 B TXID's | TX0,1,2.3 E
RX DSA - V7 )
: 0 RX ™
ID's IEJ LUpdateJ | UpdateJ

Figure 15. TXDSA Setup

NOTE: Double check that JP7 (DSASW) on the AFE76xXEVM is disconnected from the board.
Double check that JP4 (TXTDD1/TXTDD2) on the AFE76xXEVM is connected to the board.
This ensures proper operation of the TXDSA setting.
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2.3.3 Check Point 2

AFE76XXEVM device:

Green LEDs D6 and D7 should be lit at this point. D6 indicates that PLL loop 1 of the LMK04828 is
locked. D7 indicates that PLL loop 2 of the LMK04828 is locked. The EVM is still functional without PLL

loop 1 running, but PLL loop 2 is necessary for successful bring-up.

e If PLL loop 1 is not running, check the 10-MHz reference. This is needed to achieve signal coherency

with the signal generators and spectrum analyzer.

« If PLL loop 2 is not locked, contact Tl applications for additional support.

TSW14J56EVM device:

The LEDs D1 and D4 should not be lit, D3 should be lit, and D2 should be flashing. These are necessary

requirements for the JESD204B RX link for the DAC.

« If D1lis lit and D2 is not flashing, go to the main start-up page of the AFE76xx GUI, and click on the TX
JESD Sync button (see Figure 16). This manually resets the DAC JESD204B logic to force a re-

handshake of the JESD204B link.

.
AFE76xx Lotz ]
File Debug Script Settings Help
AFE76xx Broadcast ‘ [ 5 Reconnect? |
Quick Start ‘ Configuration | [E] Lmro4ze | AFETERCRX | AFETExx TX | [E] Low Levet View USB Status )
[t )
EVM Name | AFE78xx EVM [] Serpt. | |
System CLK Rate DSA Settings gl ﬁ
CLK Option ; unt-ompeie
P Ext DAC CLK (MHz) RX 5; 4 T ’;} 4 | Config J Stariup Sequence
Internal PLL ~ [=] B847.36 SRX012, [3] ) L -
RXID's RX 012, [»] TxID's T 0,123 =] Interp. | L interp. AFE Config. Steps
Internal PLL %"DSA 3 m e ) ) with L A with 1 Reset, Read Chip ID
LMK_RefilHz) Fref_(MHz)  Fdac_(MHz) s = | update | | Umme_J NCO NCo Check Efuse
12288 [«] 368.64[x] |88473 [+] 5 5 2[ e I
DIV (FdaciFadc)|3 [ Fade_(MHz) 2049 12 Cross-Bar Cafg. (Aipdate ) ° © ]
Crossbar for ADC Path Overwrite YN Interp. | — — Interp. [This configures the Decimation mode and
i RX/TX Dig Path Config. 01234567 RX|OFF [+] with with 4| Configure AGC and
NCO | nco TDC Control
Decimation Factor 8 (1Q) or 3 (Real} [~ Crossbar for DAC T |oFF [7]
Rx AB Data Type Sel | Complex |z| Switch EN Selection Cnfg —— 5 I Jesd_Sync_Source ‘
EX(_:D p— R lz‘ (Hex): Ox 03 DAC 0| 01234567 Beci Deci sl Configure PLL I
ecimation Factor | - - T = ecim. — —1 ecim.
: Hex): 0 DAC 1 i
RxCDData Type el [Complex [ 1o Ox10C E3m4567 i | | [iSwith RX JESD and Serdes Config
T _Interpolation - = {Hex). 0x|3p DAC 2|45230167 Nco Nco 7| Esno
Gagtor {Hex): 0x|co DAC 3 |67234501 = =
s g B[ TX Data path and JESD_RX Config ]
JESD Settings :
Decim — —{ Decim ] l Check Calibration Status ‘
ADG 01 Path| 44210/ 42220 [«]|1 | 2[=] Rx i e : :
ADC 213 44210/ 42220 [+]/ | 2[=] Rx NCO | wNeco T )
DACPath |22210 =]/ 1= — — [DAC] ‘TXJESD‘l
L Sme )
NCO Freq. Setting (MHz) Dynamic Switch —J Eaiiil
= -~ LAl = -~
RX_NCO#0 | 1700 | T¥_RF_NCO | 1700 RX FBRX RXFBNCO SVSREF; e SVSREF;
= Cont. W _Pulse M.
RX_NCO#1 |0 TH_BB_NCO [0 SPl [=| SPiforRut[=] e = = .
RX_NCO#2 [ Dual Lo/ unoae l Sae
= Band path AB E| For help, refer to "‘Configuration\Motes for Quick Start™ [ADC] | RX SYSREF|RX SYSREF]
RX_NCO#3
- 9 chip 1o EFUSE STATUS PLL Config ADC Calib. SERDES Calc. H ‘ Seq. Dump “AFE76x0Pyihon
[Cnfg. Enable Table] p_| T ilo [Ghps] | Lane Rate Made Integration Plugin\
RXID's|RX0,1.2, [+] TxiDs[™X0123[=] O Status | Close || Tost | OFF [+] supportscriptsiogFils ot
RXNCOIDS[0 [« TKNCOID'S[RE [  CMiP-Version Dane Emar0EmartError2 Emror3 Altanes ST ) omvertio | -\SuppertScriptsl
i ) [ ] 1] 0 0 o 0 Test | logFile_converted_ta_lo
[RENCO Update] [ TXNCO Update] I Senpt2 I \CEGRmat ] .\, jevel read "
Idle | HARDWARE CO| Wi TEXAS INSTRUMENTS

Figure 16. JESD204B DAC Resync Process
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If the previous step still does not work, click on the Rerun Equal button, (see Figure 17). This manually

readapts the SERDES receiver, manually resets the JESD204B core, and forces the re-handshake of
the JESD204B link.

[ [
AFET6xx e
File Debug Script Settings Help
AFE76xx Broadcast ‘ { &% Reconnect? |
Quick Start ‘ Configuration | @ LMKD428 | AFE76xx RX | AFE76xx TX | Low Level View USE Status )
i Init
EVM Name | AFET6icx EVM | Seript }
System CLK Rate DSA Settings [(Pesi) [ suncompiee. |
CLK Option Ext DAC CLK (MH; A A i Loe
» s ) ki RX g4 ™ i)} 4 — (& CO"ﬁQJ ‘ Startup Sequence
Internal PLL [ =] 8847.36 : ) .
a RXID's RX01.2, [=] TxID's T%0,123[=] Interp. — — Interp. AFE Config. Steps
Internal PLL RX_DSA g ’Z‘ e ) %) with with 1 Reset, Read Chip ID
LMK_RefiMHz) Fref_(MHz)  Fdac_(MHz) ID's Update | | Update NCO — Nco Check Efuse
122.88 368.64 8847.3 s
E IZ| lz‘ E - o ﬁ 2 I Configure DDC I
DIV (FdacFadc)|3 [ Fade_(MHz) 2940.12 Cross-Bar Cag. [ _Lipdaia © © ]
- Crossbarfor ADC Path  Overwrite YN Interp. — — Interp. [This configures the Decimation mode and
i RX/TX Dig Path Config. 01234567 RX | OFF |z| with with 4 l Configure AGC and
I [oF NCOE ] [ Neo TDD Control
Decimation Factor 8 (IQ) 0r 3 (Real} E Crossbar for DAC TX |OFF E
Ry AB Data Type Sel | Complex |z| Switch EN Selection Cnfg. 5 I Jesd_Sync_Source ‘
RXCD 5 | (Hex) 0x g3 DAC 0| 01234567
Decimation Factor =l o] ! S —— Decim. — — Decim. 6 I Configure PLL I
Rx CD Data Type Sel lex IE (Hax): Ox| 0C ..23.014.567 Wit || eyl RX JESD and Serdes Config
TH_Interpolation B || e e DAC 2|45230167 NGO NGO 7| uespmo
Facon {Hex). 0x|co DAC 3/ 67234501 e =
2 g 8 [ TX Data path and JESD_RX Config ]
JESD Settings
- Decim  — — Decim 9 I Check Calibration Stalus ‘
ADC 01 Patn | 44210742220 [=]1 |2[=] Rx with with
ADC 23 | 44210/ 42200 [+ ]/ 2- RX NCO NCo 1CII Rx Performance Writes I
DACPath |22210 = = _— [DAC] [TX JESD|
i
NCO Freq. Setting (MHz) Dynamic Switch ‘?Jl el 1
= fe — Eaual . -
RX_NGO#0 1700 | TK_RF_NCO [1700 | Rx_FBRX RNFBNGO |
= : | Cont. M  Pulse M.
RA_NCO# | 0 TX_BB_NCO [0 sPl [=] sPiforRx[=] P ——— i o e
RX_NCO#2 [ Dual - 1 Mingee l foa]
= Band path AB E| For help, refer to ‘Configuration\Motes for Quick Start [ADC] | RXSYSREF| RX SYSREF]
RX_NCO#2 | g = i
A Chip.p  EFUSE STATUS PLL Config ADC Calio. SERDES | Calc l ” ‘ ﬁei Dump “AFE76x0Pyihon
g i |0 1Gops] || Lane Rate pode Integration Pluginy
RXID's RX 0,1,2, |Z| TXID's TXU‘1_2,3|Z| o Stails I Close ” Tast | OFF | SupportScripts\ogFile bt
RXNCOID's|g E TX NGO ID's| RF Iz‘ Chip_Version Done Eror0ErroriErmor2 Error3 All Pages Seript1 e SupportScriptst
0 Yk \ o (o [lo |0 |o T CFe farmat | 100File_converted ta_lo
| RXNCO Update | LTXNCO Update | | 5 Seript 2 S w_level_read bd”
Idle | @ nHerowsreco| A TExas INSTRUMENTS

Figure 17. JESD204B DAC Re-Equalization and Resync Process
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234 ADC Setup

For the RX output out of the ADC, do the following.

1. Go to the ADC tab in the HSDC Pro GUI and select AFE76xx_2x2RX 44210 mode, then set up the
number of samples per channel and the averaging feature (see Figure 18).

¥ High Speed Data Converter Pro v4.80 = =
—_—
File Instrument Ogfions Data Capture Options TESIOptiDnS Help
b . I | T
I3 Texas g ADC DAC
In T @
AFE760_2x2RX_44210 b G953 aE
L R e A i A e R 10 i O i i i Sl B
Test Selection 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 23800 4000 4200
Single Tone Iz' Complex FFT |Z| Channel 5/8 |Z| Blackman E| (Channel5+*Channel&) 110 Averages RBW/| 120000 | 4z
Value | Unit¥ . 10.0-
SHR 63.028  dBFs | | ? 'l P yoles
SFDR 77.928  dBFs | 0.0-] P P : ) o
THD 72221 dBFs | | : Lin5am) -
SIMAD | 62620 | dBFs || 100 Capture Option i ]
ENOB | 10411  Bits |
Femd- 8048 dBFs | -20.0+ Continuous Capture?
Phase | 2448 Rad | |
Wext Spur -77.928 dBFs — -30.0- 7 fex (per Erniel
HD1' 84046 dBFs SAMPIEAPEE ChannG
HD2 83133 dBFs -40.0-] 8192
HDZ' B7.401 dBFs
HD3 90.007  dBFs -50.0- [] Average FFT?
HD3 99.536 dBFs o
R R s E; _B0.0- 10 N&mber of Captures
HD4' 58.043  dBFs =
HD& 86776 dBFs T -70.0+
Test Parameters
[FlAute Calculation of -80.0-
~ Coherent Frequendies
Analysis Window (samples) -90.0+
4098 [=] -100.0-
ADC Output Dsta Rate
491520 i -110.0-
ADC Input Targst Frequency
1.710000000G o
-130.0- | i | | | i | i | |
-24576M -200M -150M -100M -50M o 50M 100M 1500 200M 245761
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Figure 18. HSDC Pro Setup For RXADC Capture
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2. Press the down-conversion setup button (Tool Box Icon) to start the down-conversion processing
feature. The raw sample rate of the ADC is 2949.12 MSPS, with a decimation-by-6 feature. The down-
conversion mixer is set to be —1700 MHz. The RF input is 1710 MHz, see Figure 19).

www.ti.com
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Figure 19. HSDC Pro Setup for RXADC Down-Conversion Calculation

20

AFE76xx Evaluation Module

SLAU759—March 2018
Submit Documentation Feedback

Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU759

13 TEXAS
INSTRUMENTS

www.ti.com Test Setup

3. Press the Capture button to capture the ADC data (see Figure 20).
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Figure 20. RXADC Output FFT Spectrum

In this case, RX_NCO = 1700 MHz and RF input = 1710 MHz.
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2.35 Check Point 3

1. At this point, RX NCO can be adjusted at the start-up page. Enter a number in the RX_RF_NCO box
and click on the RX NCO Update button (see Figure 21). The RF frequency should be moved now.

NCO Freq. Setting (MHz)

RX_NCO#0 (1700 |TX_RF.NCO 1700

RX_NCO#1 0 TX_BB_NCO 0
RX_NCO 22 [p |
' AB
RXNCO 23 g = TK Path B
[Cnfg. Enable Table]

RXID's |[RX0,1,23 [+] TxID's| TX01,23 [+]
RX NCO g TANCO 'pe

ID's E] ID's E‘

RX NCO Update TX NCO Update

Figure 21. RXADC NCO Setup

2. At this point, RXDSA can be adjusted on the start-up page. Enter a number at the RX DSA box and
click on the RX Update button (see Figure 22). The RX power should drop accordingly. The RX DSA
has a range of 0 dB to 28 dB in 1 dB steps each. The number entered is in a dB scale.

RX DSA Settings

TX
.r"wl o

§u 85

RXID's |RX01,23 E TXID's TX01.23 E

RXIDSA 0 IEI I RX Y ([ ™
ID's  Update, | Update

Figure 22. RXDSA Setup

NOTE: Double check that JP7 (DSASW) on the AFE76xxEVM is disconnected from the board. This
ensures proper operation of the TXDSA setting.

2.3.6 Check Point 4

TSW14J56EVM — D1 and D3 should not be lit. D2 and D4 should be flashing. These are necessary
requirements for the JESD204B transceiver mode to work.

AFE76xXEVM — Data transmission on the DAC and data capture on the ADC should be enabled at this
point.
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2.3.7 Check Point 5
If the ADC capture is not working, use the ADC resync process and capture the pattern again, see
Figure 23.
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Figure 23. RXADC JESD204B Resync Process
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STANDARD TERMS FOR EVALUATION MODULES

Delivery: Tl delivers Tl evaluation boards, kits, or modules, including any accompanying demonstration software, components, and/or
documentation which may be provided together or separately (collectively, an “EVM” or “EVMs”) to the User (“User”) in accordance
with the terms set forth herein. User's acceptance of the EVM is expressly subject to the following terms.

11

1.2

EVMs are intended solely for product or software developers for use in a research and development setting to facilitate feasibility
evaluation, experimentation, or scientific analysis of Tl semiconductors products. EVMs have no direct function and are not
finished products. EVMs shall not be directly or indirectly assembled as a part or subassembly in any finished product. For
clarification, any software or software tools provided with the EVM (“Software”) shall not be subject to the terms and conditions
set forth herein but rather shall be subject to the applicable terms that accompany such Software

EVMs are not intended for consumer or household use. EVMs may not be sold, sublicensed, leased, rented, loaned, assigned,
or otherwise distributed for commercial purposes by Users, in whole or in part, or used in any finished product or production
system.

Limited Warranty and Related Remedies/Disclaimers:

21

2.2

2.3

These terms do not apply to Software. The warranty, if any, for Software is covered in the applicable Software License
Agreement.

Tl warrants that the TI EVM will conform to TI's published specifications for ninety (90) days after the date Tl delivers such EVM
to User. Notwithstanding the foregoing, Tl shall not be liable for a nonconforming EVM if (a) the nonconformity was caused by
neglect, misuse or mistreatment by an entity other than TI, including improper installation or testing, or for any EVMs that have
been altered or modified in any way by an entity other than TI, (b) the nonconformity resulted from User's design, specifications
or instructions for such EVMs or improper system design, or (¢) User has not paid on time. Testing and other quality control
technigues are used to the extent Tl deems necessary. Tl does not test all parameters of each EVM.
User's claims against Tl under this Section 2 are void if User fails to notify Tl of any apparent defects in the EVMs within ten (10)
business days after delivery, or of any hidden defects with ten (10) business days after the defect has been detected.

TI's sole liability shall be at its option to repair or replace EVMs that fail to conform to the warranty set forth above, or credit
User's account for such EVM. TI's liability under this warranty shall be limited to EVMs that are returned during the warranty
period to the address designated by Tl and that are determined by TI not to conform to such warranty. If Tl elects to repair or
replace such EVM, Tl shall have a reasonable time to repair such EVM or provide replacements. Repaired EVMs shall be
warranted for the remainder of the original warranty period. Replaced EVMs shall be warranted for a new full ninety (90) day
warranty period.

Regulatory Notices:

3.1

United States
3.1.1 Notice applicable to EVMs not FCC-Approved:

FCC NOTICE: This kit is designed to allow product developers to evaluate electronic components, circuitry, or software
associated with the kit to determine whether to incorporate such items in a finished product and software developers to write
software applications for use with the end product. This kit is not a finished product and when assembled may not be resold or
otherwise marketed unless all required FCC equipment authorizations are first obtained. Operation is subject to the condition
that this product not cause harmful interference to licensed radio stations and that this product accept harmful interference.
Unless the assembled kit is designed to operate under part 15, part 18 or part 95 of this chapter, the operator of the kit must
operate under the authority of an FCC license holder or must secure an experimental authorization under part 5 of this chapter.

3.1.2 For EVMs annotated as FCC — FEDERAL COMMUNICATIONS COMMISSION Part 15 Compliant:

CAUTION

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) This device may not
cause harmful interference, and (2) this device must accept any interference received, including interference that may cause
undesired operation.

Changes or madifications not expressly approved by the party responsible for compliance could void the user's authority to
operate the equipment.

FCC Interference Statement for Class A EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference when the equipment is
operated in a commercial environment. This equipment generates, uses, and can radiate radio frequency energy and, if not
installed and used in accordance with the instruction manual, may cause harmful interference to radio communications.
Operation of this equipment in a residential area is likely to cause harmful interference in which case the user will be required to
correct the interference at his own expense.



3.2

3.3

FCC Interference Statement for Class B EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference in a residential
installation. This equipment generates, uses and can radiate radio frequency energy and, if not installed and used in accordance
with the instructions, may cause harmful interference to radio communications. However, there is no guarantee that interference
will not occur in a particular installation. If this equipment does cause harmful interference to radio or television reception, which
can be determined by turning the equipment off and on, the user is encouraged to try to correct the interference by one or more
of the following measures:

« Reorient or relocate the receiving antenna.

« Increase the separation between the equipment and receiver.

« Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.
« Consult the dealer or an experienced radio/TV technician for help.

Canada
3.2.1 For EVMs issued with an Industry Canada Certificate of Conformance to RSS-210 or RSS-247
Concerning EVMs Including Radio Transmitters:
This device complies with Industry Canada license-exempt RSSs. Operation is subject to the following two conditions:

(1) this device may not cause interference, and (2) this device must accept any interference, including interference that may
cause undesired operation of the device.

Concernant les EVMs avec appareils radio:

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence. L'exploitation
est autorisée aux deux conditions suivantes: (1) I'appareil ne doit pas produire de brouillage, et (2) l'utilisateur de I'appareil doit
accepter tout brouillage radioélectrique subi, méme si le brouillage est susceptible d'en compromettre le fonctionnement.

Concerning EVMs Including Detachable Antennas:

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser)
gain approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type
and its gain should be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for
successful communication. This radio transmitter has been approved by Industry Canada to operate with the antenna types
listed in the user guide with the maximum permissible gain and required antenna impedance for each antenna type indicated.
Antenna types not included in this list, having a gain greater than the maximum gain indicated for that type, are strictly prohibited
for use with this device.

Concernant les EVMs avec antennes détachables

Conformément a la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et
d'un gain maximal (ou inférieur) approuvé pour I'‘émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage
radioélectrique a l'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope
rayonnée équivalente (p.i.r.e.) ne dépasse pas lintensité nécessaire a I'établissement d'une communication satisfaisante. Le
présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le
manuel d'usage et ayant un gain admissible maximal et I'impédance requise pour chaque type d'antenne. Les types d'antenne
non inclus dans cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour I'exploitation de
I'émetteur

Japan

3.3.1 Notice for EVMs delivered in Japan: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page BAEMAIZ
BAEShZFHMEAFY M. R—RICOVTR., KOEZREIBILEETL,
http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page

3.3.2 Notice for Users of EVMs Considered “Radio Frequency Products” in Japan: EVMs entering Japan may not be certified
by Tl as conforming to Technical Regulations of Radio Law of Japan.

If User uses EVMs in Japan, not certified to Technical Regulations of Radio Law of Japan, User is required to follow the
instructions set forth by Radio Law of Japan, which includes, but is not limited to, the instructions below with respect to EVMs
(which for the avoidance of doubt are stated strictly for convenience and should be verified by User):

1. Use EVMs in a shielded room or any other test facility as defined in the notification #173 issued by Ministry of Internal
Affairs and Communications on March 28, 2006, based on Sub-section 1.1 of Article 6 of the Ministry’'s Rule for
Enforcement of Radio Law of Japan,

2. Use EVMs only after User obtains the license of Test Radio Station as provided in Radio Law of Japan with respect to
EVMs, or

3. Use of EVMs only after User obtains the Technical Regulations Conformity Certification as provided in Radio Law of Japan
with respect to EVMs. Also, do not transfer EVMs, unless User gives the same notice above to the transferee. Please note
that if User does not follow the instructions above, User will be subject to penalties of Radio Law of Japan.
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3.3.3 Notice for EVMs for Power Line Communication: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page
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Iwww . tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page

3.4 European Union
3.4.1 For EVMs subject to EU Directive 2014/30/EU (Electromagnetic Compatibility Directive):

This is a class A product intended for use in environments other than domestic environments that are connected to a
low-voltage power-supply network that supplies buildings used for domestic purposes. In a domestic environment this
product may cause radio interference in which case the user may be required to take adequate measures.

4  EVM Use Restrictions and Warnings:

4.1 EVMS ARE NOT FOR USE IN FUNCTIONAL SAFETY AND/OR SAFETY CRITICAL EVALUATIONS, INCLUDING BUT NOT
LIMITED TO EVALUATIONS OF LIFE SUPPORT APPLICATIONS.

4.2 User must read and apply the user guide and other available documentation provided by Tl regarding the EVM prior to handling
or using the EVM, including without limitation any warning or restriction notices. The notices contain important safety information
related to, for example, temperatures and voltages.

4.3 Safety-Related Warnings and Restrictions:

4.3.1 User shall operate the EVM within TI's recommended specifications and environmental considerations stated in the user
guide, other available documentation provided by TI, and any other applicable requirements and employ reasonable and
customary safeguards. Exceeding the specified performance ratings and specifications (including but not limited to input
and output voltage, current, power, and environmental ranges) for the EVM may cause personal injury or death, or
property damage. If there are questions concerning performance ratings and specifications, User should contact a Tl
field representative prior to connecting interface electronics including input power and intended loads. Any loads applied
outside of the specified output range may also result in unintended and/or inaccurate operation and/or possible
permanent damage to the EVM and/or interface electronics. Please consult the EVM user guide prior to connecting any
load to the EVM output. If there is uncertainty as to the load specification, please contact a Tl field representative.
During normal operation, even with the inputs and outputs kept within the specified allowable ranges, some circuit
components may have elevated case temperatures. These components include but are not limited to linear regulators,
switching transistors, pass transistors, current sense resistors, and heat sinks, which can be identified using the
information in the associated documentation. When working with the EVM, please be aware that the EVM may become
very warm.

4.3.2 EVMs are intended solely for use by technically qualified, professional electronics experts who are familiar with the
dangers and application risks associated with handling electrical mechanical components, systems, and subsystems.
User assumes all responsibility and liability for proper and safe handling and use of the EVM by User or its employees,
affiliates, contractors or designees. User assumes all responsibility and liability to ensure that any interfaces (electronic
and/or mechanical) between the EVM and any human body are designed with suitable isolation and means to safely
limit accessible leakage currents to minimize the risk of electrical shock hazard. User assumes all responsibility and
liability for any improper or unsafe handling or use of the EVM by User or its employees, affiliates, contractors or
designees.

4.4 User assumes all responsibility and liability to determine whether the EVM is subject to any applicable international, federal,
state, or local laws and regulations related to User's handling and use of the EVM and, if applicable, User assumes all
responsibility and liability for compliance in all respects with such laws and regulations. User assumes all responsibility and
liability for proper disposal and recycling of the EVM consistent with all applicable international, federal, state, and local
requirements.

5. Accuracy of Information: To the extent Tl provides information on the availability and function of EVMs, Tl attempts to be as accurate
as possible. However, Tl does not warrant the accuracy of EVM descriptions, EVM availability or other information on its websites as
accurate, complete, reliable, current, or error-free.
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6.

10.

Disclaimers:

6.1 EXCEPT AS SET FORTH ABOVE, EVMS AND ANY MATERIALS PROVIDED WITH THE EVM (INCLUDING, BUT NOT
LIMITED TO, REFERENCE DESIGNS AND THE DESIGN OF THE EVM ITSELF) ARE PROVIDED "AS IS" AND "WITH ALL
FAULTS." Tl DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED, REGARDING SUCH ITEMS, INCLUDING BUT
NOT LIMITED TO ANY EPIDEMIC FAILURE WARRANTY OR IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF ANY THIRD PARTY PATENTS, COPYRIGHTS, TRADE
SECRETS OR OTHER INTELLECTUAL PROPERTY RIGHTS.

6.2 EXCEPT FOR THE LIMITED RIGHT TO USE THE EVM SET FORTH HEREIN, NOTHING IN THESE TERMS SHALL BE
CONSTRUED AS GRANTING OR CONFERRING ANY RIGHTS BY LICENSE, PATENT, OR ANY OTHER INDUSTRIAL OR
INTELLECTUAL PROPERTY RIGHT OF TI, ITS SUPPLIERS/LICENSORS OR ANY OTHER THIRD PARTY, TO USE THE
EVM IN ANY FINISHED END-USER OR READY-TO-USE FINAL PRODUCT, OR FOR ANY INVENTION, DISCOVERY OR
IMPROVEMENT, REGARDLESS OF WHEN MADE, CONCEIVED OR ACQUIRED.

USER'S INDEMNITY OBLIGATIONS AND REPRESENTATIONS. USER WILL DEFEND, INDEMNIFY AND HOLD TI, ITS
LICENSORS AND THEIR REPRESENTATIVES HARMLESS FROM AND AGAINST ANY AND ALL CLAIMS, DAMAGES, LOSSES,
EXPENSES, COSTS AND LIABILITIES (COLLECTIVELY, "CLAIMS") ARISING OUT OF OR IN CONNECTION WITH ANY
HANDLING OR USE OF THE EVM THAT IS NOT IN ACCORDANCE WITH THESE TERMS. THIS OBLIGATION SHALL APPLY
WHETHER CLAIMS ARISE UNDER STATUTE, REGULATION, OR THE LAW OF TORT, CONTRACT OR ANY OTHER LEGAL
THEORY, AND EVEN IF THE EVM FAILS TO PERFORM AS DESCRIBED OR EXPECTED.

Limitations on Damages and Liability:

8.1 General Limitations. IN NO EVENT SHALL TI BE LIABLE FOR ANY SPECIAL, COLLATERAL, INDIRECT, PUNITIVE,
INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES IN CONNECTION WITH OR ARISING OUT OF THESE
TERMS OR THE USE OF THE EVMS , REGARDLESS OF WHETHER Tl HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES. EXCLUDED DAMAGES INCLUDE, BUT ARE NOT LIMITED TO, COST OF REMOVAL OR
REINSTALLATION, ANCILLARY COSTS TO THE PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES, RETESTING,
OUTSIDE COMPUTER TIME, LABOR COSTS, LOSS OF GOODWILL, LOSS OF PROFITS, LOSS OF SAVINGS, LOSS OF
USE, LOSS OF DATA, OR BUSINESS INTERRUPTION. NO CLAIM, SUIT OR ACTION SHALL BE BROUGHT AGAINST TI
MORE THAN TWELVE (12) MONTHS AFTER THE EVENT THAT GAVE RISE TO THE CAUSE OF ACTION HAS
OCCURRED.

8.2 Specific Limitations. IN NO EVENT SHALL TI'S AGGREGATE LIABILITY FROM ANY USE OF AN EVM PROVIDED
HEREUNDER, INCLUDING FROM ANY WARRANTY, INDEMITY OR OTHER OBLIGATION ARISING OUT OF OR IN
CONNECTION WITH THESE TERMS, , EXCEED THE TOTAL AMOUNT PAID TO Tl BY USER FOR THE PARTICULAR
EVM(S) AT ISSUE DURING THE PRIOR TWELVE (12) MONTHS WITH RESPECT TO WHICH LOSSES OR DAMAGES ARE
CLAIMED. THE EXISTENCE OF MORE THAN ONE CLAIM SHALL NOT ENLARGE OR EXTEND THIS LIMIT.

Return Policy. Except as otherwise provided, Tl does not offer any refunds, returns, or exchanges. Furthermore, no return of EVM(s)
will be accepted if the package has been opened and no return of the EVM(s) will be accepted if they are damaged or otherwise not in
a resalable condition. If User feels it has been incorrectly charged for the EVM(s) it ordered or that delivery violates the applicable
order, User should contact TI. All refunds will be made in full within thirty (30) working days from the return of the components(s),
excluding any postage or packaging costs.

Governing Law: These terms and conditions shall be governed by and interpreted in accordance with the laws of the State of Texas,
without reference to conflict-of-laws principles. User agrees that non-exclusive jurisdiction for any dispute arising out of or relating to
these terms and conditions lies within courts located in the State of Texas and consents to venue in Dallas County, Texas.
Notwithstanding the foregoing, any judgment may be enforced in any United States or foreign court, and Tl may seek injunctive relief
in any United States or foreign court.
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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