wit#58: TIDA-010131

& F AL AIEL 5G Wit (i) Z AT E TR B80T 54 % i

{ii TEXAS INSTRUMENTS

it B
FHERE TR IA . TC LR AE MR ORI 7 5 S5 v o o 1 4%
(AU, AT o T B2 R ) 2 WOR 2845 58 . NI 3RS
SHEAL T 2 A mE A A (ADC) IR 3
(DAC), VLR—NEHph 1 2% . I Bh T RGN
KEER D, B AEASANEIR AT IhRE, TSR BlR AR 8
T8 () 2= AR AL I R ERE, W{EMELL (SNR). JoA4HK
FASTLE (SFDR). IMD3 Flf5 %% % (ENOB) . %
il AFE7444 EVM JEoR T 23818 JESD204B
b A R R Ge R, I A 2.6GHz ST
6GSPS/3GSPS DAC/ADC 4 sSzBLHIE T 10ps fIiE
TR 2 DL 5 AFET7444 085 2R 24 1 R Gtk R
(f#l SNR A1 SFDR)

TIDA-010131 Wit sef gk
AFE7444EVM. AFE7444 BT
LMX2594, LMK04828. LMK61E2 7= 3%
TSW14J56EVM. TSW14J57EVM =5 SCft sk

Gli

TI E2E™
Community

BHRATH E2E™ £

R

o &M T 8T8R MK AL A i 1) JESD204B St 4
R iR T

o ZANA AFE UK % B KT DR A 25

o 14 RISHTRAE AFE (R AR 7 e 7 I 2 p

o LLRZ12R 500fs (10 KT RE A AR A7 B3B8 15
MNIMTTE 22 N2 A 2 TR SEBLAR AL [ 25

o SCHF T By R B A e AR AR AR

(AFE7444EVM. TSW14J56EVM.

TSW14J57EVM)

;|

o MIEBEEIA

o REEFENKK &

o HITK

ZHCU638—February 2019

TG T AL FITELE 5G IR 1Y 2 W B At 60 258 it 1

TIDUEK4 — http://www-s.ti.com/sc/techlit/ TIDUEK4
Jikl © 2019, Texas Instruments Incorporated



http://www-s.ti.com/sc/techlit/TIDUEK4.pdf
http://www.ti.com/lit/pdf/SLASET0
http://www.ti.com.cn/tool/cn/TIDA-010131
http://www.ti.com.cn/tool/cn/AFE7444EVM
http://www.ti.com.cn/product/cn/AFE7444
http://www.ti.com.cn/product/cn/LMX2594
http://www.ti.com.cn/product/cn/LMK04828
http://www.ti.com.cn/product/cn/LMK61E2
http://www.ti.com.cn/tool/cn/TSW14J56EVM
http://www.ti.com.cn/tool/cn/TSW14J57EVM
http://e2echina.ti.com
http://e2e.ti.com/support/applications/ti_designs/
http://www.ti.com.cn/solution/cn/aircraft_radar
http://www.ti.com.cn/solution/cn/wireless_communications_tester
http://www.ti.com.cn/solution/cn/aircraft_electronic_warfare

13 TEXAS
INSTRUMENTS

System Description www.ti.com.cn

A % T 2% BT AR E RS LR 7RI R B0 AU A T 22 ) 5 3% 75 I A0AE S

System Description

Multichannel, high-speed applications such as RADAR and wireless communication testers have a critical
clocking requirement to achieve higher performance (high SNR, SFDR, IMD3, and so forth) of the analog
front end and low analog channel-to-channel skew.

K 1 shows the subsystem block diagram of phase-array RADAR that consists of up and down converters,
high-speed AFE, clocking, and calibration subsystems. The subsystem contains a high number of

transceivers which need high dynamic range, wide transmitter and receiver bandwidth, low latency, and
good synchronization between the transceiver channels. This design focuses on the high-speed data
converters synchronization and clocking solution for this requirement. The signal chain solution based on
the AFE7444 RF-sampling transceiver, LMX2594, and LMK04828 devices are able to achieve optimum
performance for phased-array radar applications.

A 1. RADAR RF Front End Subsystem

D 1Q a
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S
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ADC/DAC Power

Power |

LDOs Clock / RF Mixers|
Power |

Wireless tester equipment uses multichannel transceivers for testing cellular and multiple-input, multiple-
outputs (MIMO) devices. Wireless testers require high dynamic range and wideband transceivers to test
3G, LTE and later wireless standards compliant equipment. The AFE7444 is well suited for the
multichannel transceiver requirements of the wireless testers. The clocking solution described in this
design supplements a high-performance signal chain solution based on multiple AFE7444 analog front
ends to achieve a low time skew between channels providing both high dynamic range and wide
bandwidth transmitters and receivers.

Electronic warfare equipments as electronic protection, security, and attack also require a multichannel
transceiver system with wide dynamic range and higher instantaneous bandwidth for higher range and
speed. The AFE7444 is a good fit for the multichannel transceiver requirements of the EW application,
and this design shows the synchronization of multiple devices.
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This reference design demonstrates the multichannel clock generation for two AFE7444s to synchronize
them and make an 8-transmit and 8-receive (8 T8R) system that meets phased-array RADAR, wireless

communication tester, and electronic warfare application requirements.

Key System Specifications

The objective of the design is to demonstrate the high-speed clocking solution for a multichannel, RF-
sampling transceiver signal chain. This design focuses on the clock solution performance impact on

multichannel synchronization, SNR, SFDR, and IMD3 with two AFE7444EVMs. The data generation and

capture is done by the TSW14J56/57EVM, which is interfaced with the AFE7444EVM using the FMC+
adapter card. 3£ 1 lists the key system-level specifications for the multichannel signal chains from the

clocking solution perspective.

% 1. Key Specifications

PARAMETER

‘ SPECIFICATION

CONDITIONS

Transmitter (mode5, interpolation 8)

SFDR (dBc) for 0 — FDAC/2 BW 60 890-MHz DAC output signal
55 1800-MHz DAC output signal
56 2100-MHz DAC output signal
58 2600-MHz DAC output signal
SFDR (dBc) for Fout +250-MHz BW 84 890-MHz DAC output signal
74 1800-MHz DAC output signal
75 2100-MHz DAC output signal
74 2600-MHz DAC output signal
IMD3 (dBc) 69 890-MHz + 10-MHz DAC output signal
69 1800-MHz + 10-MHz DAC output signal
68 2100-MHz + 10-MHz DAC output signal
68 2600-MHz + 10-MHz DAC output signal
Analog output channel-to-channel time Less than 10 ps All DAC output signal (mode4,
skew interpolation 12)
Receiver (mode9, decimation 16)
SNR (dBFS) 63.3 1900-MHz ADC input signal
61.2 2600-MHz ADC input signal
Alzlalog input channel-to-channel time Less than 10 ps AII)ADC input signal (mode9, decimation
skew 12
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2 System Overview
2.1 Block Diagram
2 shows the block diagram of the proposed multichannel, phase-synchronized clock solution interface
with multiple RF-sampling transceivers. The AFE7444EVM is interfaced with the TSW14J56EVM data
capture board through the FMC+ adaptor card. Device clock and SYSREF to the AFE7444EVMs are
provided by LMX2594 and LMK04828 respectively using the length-matched cables.
K 2. Block Diagram of TIDA-010131
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2.2

221

In this solution, two LMX2594 devices receive an OSCin input signal from an LMK61E2 through an
LMKO04828 and an LMK00304 and generate the two in-phase device clocks at 5898.24 MHz for the
AFE7444EVMs. Because the AFE7444 has a requirement of a DC-coupled SYSREF for JESD204B
compliant clocks, the LMK04828 is used to generate the SYSREF for AFE7444 as the LMX2594 cannot
generate DC-coupled SYSREF outputs. The LMK04828 also generates two pairs of in-phase FPGA
reference clocks and SYSREF for the TSW14J56EVM capture cards and also provides the SYNC signal
to the two LMX2594s to synchronize them to each other.

In this solution, SYSREF to the two AFE7444s is provided through a single port. Hence, to meet the
SYSREF setup and hold time in both AFEs, the device clocks require phase adjustment to get a low
channel-to-channel skew between two AFEs.

Design Considerations

The JESD204B-compliant, multichannel clock design for multiple RF transceivers is based on two design
goals: low-phase noise device clock generation and a scalable, multichannel clock solution with provisions
for phase-alignment trimming. This section describes the design considerations of various functional
blocks that help to achieve these system design goals and synchronize multiple AFE7444EVMs.

Multiple JESD204B RF Transceiver Synchronization Challenges

In a JESD204B system environment, data transfer from the JESD204B RX block to the TX block happens
in multiframes. These multiframes are aligned to the edges of the local multiframe clock (LMFC), which is
internal to the JESD204B RX and TX block. The concept of the LMFC and the associated alignment
requirements are critical in applications that require deterministic latency and multiple device
synchronization. To achieve deterministic latency, multiple device synchronization, or both is to ensure
that the LMFC of each JESD204B device in the JESD204B system environment are aligned. The LMFC of
each JESD204B devices is aligned through the SYSREF signal, which is globally generated from the
common source throughout the JESD204B system. Once the LMFCs of all devices in the system are
aligned, the devices are synchronized and data transfer happens at the same rate and at the same
instant.

High-speed applications like RADAR, electronic warfare, and WCTE, where multiple channels are needed
to achieve higher data rates or multiple input and multiple outputs (MIMO), require a multichannel device
to reduce system size, complexity, and cost. The AFE7444, a JESD204B-compliant device, supports 4-
transmit and 4-receive signal chains and is a good fit for these multichannel systems with the provided
clock solution. A large number of AFE7444 devices can be used in such systems requiring multiple device
synchronization.

The key clocking challenges in multi-RF transceiver systems to minimize channel-to-channel skew include:
1. Synchronization of device clocks for RF transceivers
2. Synchronization of digital functions across RF transceivers

3 shows the typical setup for multiple JESD204B TX/RX device synchronization. For synchronization,
the clock source requires:

1. Phase-align device clocks / sampling clocks (DCLK) at each AFE7444 device

2. In-phase SYSREF to each DCLK to meet SYSREF setup and hold time of the AFE7444

3. In-phase FPGA CLK and FPGA SYSREF, if using multiple FPGAs in a system
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2.2.2

3. Typical Setup for Multi-Device JESD204B Clocks for AFE7444 Devices

DAC SYNC

JESD204B TX/RX Block
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/
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|
Clock Source SYSREF |

J

JESD204B TX/RX Block

DAC SYNC

JESD204B TX/RX Block

AFE clock, such as an ADC sampling clock, frame clock, or LMFC, are generated from the common
DCLK. Hence the DCLK phase is critical to each data converter for multiple synchronized systems.

AFE7444 Digital Functions Synchronization

To synchronize the multiple AFE7444 devices, apart from the synchronized JESD204B-complaint clocks,
AFE7444's digital functions must also be synchronized in the multichannel system. Digital functions of the
AFE7444 include NCOs, DUC with interpolation filters, DDC with decimation filters, and JESD204B
section. All of these digital functions have various options for synchronization using SPI, GPIOs and
SYSREF. In multichannel systems, where all devices are programmed individually, SYSREF is the only
feasible optionfor synchronization.

Kl 4 shows the interface diagram of the SYSREF signal in multiple devices to synchronize the digital
functions of AFE7444.

6
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Kl 4. Interface Diagram of the SYSREF Signal With Digital Functions of AFE7444
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The AFE7444 requires a common clock for the DAC and the ADC of the device, which is the same as the
DAC clock. The ADC clock is distributed within a device by the DAC clock using the clock divider. For
multi-device ADC clock synchronization, the clock divider (Fdac/Fadc) resets through SYSREF.

For synchronizing the NCOs in multiple devices, NCO frequency should be integer multiple of SYSREF
frequency and also reset through SYSREF. The AFE7444 requires a DC-coupled SYSREF with 0.5-V,
commonmode voltage to operate properly in a system.

For more details, see the DAC3xJ8x Device Initialization and SYSREF Configuration application report on
DAC3xJ8x device initialization and SYSREF configuration, which has a similar SYSREF requirement as
the AFE7444.

Multichannel Phase Synchronized JESD204B Compliant Clocks

To synchronize the multiple RF transceivers, channel-to-channel skew becomes an important design
consideration. Clock jitter and phase mismatch lead to deviation from the ideal sampling instant of a
channel and thereby, results in channel-to-channel skew. The LMX2594 synthesizers used in this design
have an excellent phase-noise performance at high frequencies. Additionally, because of the phase
synchronization feature of the LMX2594, the device helps in improving the channel-to-channel skew.
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K 5. Block Diagram of Multichannel Clocking Board
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K 5 shows the block diagram of multichannel clocking board. A common reference frequency is
generated by the LMK61E2 and is provided to the LMK04828 at the OSCin input. The LMK04828 on this
design is used to provide an FPGA reference clock and SYSREF to the TSW14J56/57 capture card
through the FMC+ adapter board and SYSREF to AFE7444EVMs. The LMK04828 is configured in PLL
mode to phase synchronize OSCin and the remaining generated clocks.

To generate the phase-synchronized device clocks to AFE7444EVMs, a common reference frequency is
input to the REF_in of the two LMX2594 synthesizers using LMK00304 and the SYNC signals from
LMKO04828. As shown in & 2, SYSREF and the device clock to the AFE7444EVMs are provided through
LMKO04828 and LMX2594, respectively. SYSREF to the AFEs are provided through a common port of the
LMKO04828 using the T splitter. For multi-device JESD204B synchronization, device clocks should be
phase aligned and meet the SYSREF setup and hold time of the AFE7444 device.

K 6 shows the waveform of the device clocks and SYSREF to both AFE7444EVMs. As the device clock
and SYSREF are generating from different devices, they are not phase aligned. In this design, the device
clock of the AFE7444 is 5898.24 MHz and SYSREF setup and hold time of the AFE7444 are 50 ps each.
With this, the valid window for meeting the setup and hold time is approximately 69 ps, which is less than
the step size (150 ps) of SYSREF from the LMK04828. Hence, phase delay must be provided in device
clocks, which is done by the MASH_SEED value in the LMX2594. Each LMX2594 device may require
tuning for the MASH_SEED delays to achieve in-phase generated clocks and meet the setup and hold
time of the SYSREFs.
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Kl 6. Device Clocks and SYSREFs Alignment
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Reference frequency to the clocking board can be any standard frequency such as 10 MHz, 100 MHz, and
so forth as per the operating clock frequency. In this design, the AFE7444 performance and
synchronization test performed at 5898.24 MHz on the device clock is done to show the comparison with
the internal PLL clock mode. To generate the synchronized device clock, the LMX2594 operates in integer
PLL mode along with SYNC enable. During this mode, the N-divider value is limited at 28 for higher
MASH_Order. Hence, the optimized input reference frequency is 61.44 MHz. The input reference
frequency of 61.44 MHz is provided to the LMX2594 devices by the LMK61E2 using LMK04828. The
phase-detector frequency also changes to 61.44 MHz, and the new loop filter configuration is shown in &

2.
#* 2. LMX2594 Loop Filter Component
COMPONENTS VALUES
C62 and C95 2.7 nF
C60 and C93 82 nF
C59 and C92 Open
C58 and C91 1.8 nF
R96 and R129 82 ohm
R95 and R128 0 ohm
R94 and R127 82 ohm
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2.3 Highlighted Products

231 AFE7444

The AFE7444 is a quad-channel wideband, RF-sampling transceiver based on 14-bit, 9-GSPS DACs and
14-bit, 3-GSPS ADCs. The AFE7444 operates up to 5.2-GHz radio frequencies. The AFE7444 has 8
JESD204B-compatible SerDes transceivers running up to 15 Gbps. The devices have up to two DUCs per
TX channel and two DDCs per RX channel, with multiple interpolation and decimation rates and digital
guadrature modulators and demodulators with independent, frequency-flexible NCOs. Each ADC input
path includes a DSA and RF and digital power detectors. Flexible decimation options provide optimization
of data bandwidth. The DAC signal paths support interpolation and digital up conversion options that
deliver up to 800 MHz of signal bandwidth. The differential output path includes a digital step attenuator
(DSA), which provides tuning of output power.

232 LMX2594

The LMX2594 is a high-performance, wideband RF PLL with integrated VCO that supports a frequency
range from 10 MHz to 15 GHz without using an internal doubler. The device supports both fractional-N
and integer-N modes, with a 32-bit fractional divider allowing fine frequency selection. The high-
performance PLL with a figure of merit of —236 dBc/Hz and high phase detector frequency can attain very
low in-band noise and integrated jitter. The device's integrated noise of 45 fs for a 7.5-GHz output makes
the device an ideal low-noise source. The device accepts input reference frequency up to 1.4 GHz, which
combined with frequency dividers and a programmable low-noise multiplier allows flexible frequency
planning. The high-speed N-divider does not have a predivider, thus significantly reducing the amplitude
and number of spurs. The additional programmable low-noise multiplier mitigates the impact of integer
boundary spurs. In fractional-N mode, the device can adjust the output phase by a 32-bit resolution. For
applications that need fast frequency changes, the device supports a fast calibration option, which takes
less than 20 ps. The LMX2594 adds support for generating or repeating SYSREF (compliant to
JESD204B standard) making it an ideal low-noise clock source for high-speed data converters. Fine delay
adjustment (9-ps resolution) is provided in this configuration to account for delay differences of board
traces. This device uses a single 3.3-V supply and has integrated LDOs that eliminate the need for
onboard low-noise LDOs.

233 LMK 04828

The LMKO04828 is a dual-PLL jitter cleaner and clock generator for JESD204B systems. LMK04828 has 14
clock outputs from PLL2 that can be configured to drive seven JESD204B converters or other logic
devices using device and SYSREF clocks. LMK04828 supports a range of two VCOs that are 2370 to
2630 MHz and 2920 to 3080 MHz. The LMKO04828 also supports a distribution mode, which accepts the
high-frequency reference signal and distributes it to all 14 clock outputs without adding a PLL noise.
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3 Hardware, Software, Testing Requirements, and Test Results
3.1 Required Hardware and Software
3.1.1 Hardware

3.1.1.1  Clocking Board Setup

K| 7 shows the multichannel clocking board.

7. Multichannel Clocking Board Hardware

RFoutAxx ——p»

J21 & J32

RFoutBxx —p»
+— 7

J2 J22

 Power:

— Power supply connector J25: This connector is used to connect the power supply. Set the power

supply to 5 V with a 2-A current limit.
» Input reference signals:

— Option 1: The onboard VCXO Y1 is powered on using the jumper J8 and outputs a 100-MHz signal
to the LMK04828 OSCin* pin input. While using Y1, disconnect the clock inputs from LMK61E2
(U2) and external reference by removing R36 and R38. At the same time, isolate the power supply
to U2 by removing the jumper J16.

— Option 2: The onboard reference LMK61E2 (U2) is powered on using the jumper J16 and factory
programmed to generate a 156-MHz LVDS output. U2 can be programmed to generate different
clock frequencies using the I2C interface. While using U2, disconnect the clock inputs from Y1 and
external reference by removing C179, R37, and R39, then place R36 and R38. Isolate the power
supply to Y1 by removing the J8.

— Option 3: Connect the external reference to external OSCinP and OSCinN connectors. While
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connecting external reference, disconnect the Y1 and U2 connection by removing C179, R45, and
R46, and place R36 and R38. Disconnect the power supply of Y1 and U2 by removing jumpers J8
and J16.

— Option 4: Use one of the previous options, when LMK04828 works in PLL mode. When LMK04828
is operating in distribution mode, connect the external reference to external connector J22. While
operating in distribution mode, power down the Y1 and Y2 by removing jumpers J8 and J16.

* Input sync signal:

— Connect the external sync signal at external J21 and J32 connectors to reset the LMK04828
dividers.

* Output signals:

— RFoutAP1, RFoutAM1, RFoutAP2, and RFoutAM2 connectors generate the DCLK and are
connected to AFE7444EVMs as an external sampling clock. Replace R82, R86, R115, and R119
with a 1-nH inductor to improve the LMX2594 output power at DCLK.

— RFoutBP1, RFoutBM1, RFoutBP2, RFoutBM2, J3 and J7 connectors generate the low-frequency
SYSREF signals.

— Connectors J2 and J5 generate the FPGA CLKs and SYSREFs for two TSW14J5x capture cards.
* Programming interface:

— Connect the USB mini cable to the onboard USB connector U7 and test the PC to program the
clocking board devices using the High Speed Data Converter (HSDC) Pro Software GUI.

3.1.1.2 FMC+to FMC Adapter Board Setup

The FMC+ to FMC adapter board provides the FPGA clocks to the TSW14J5x capture card from the
clocking board or AFE7444EVM along with the data lanes directly connected from the AFE7444EVM to
the capture card. Follow the schematic to connect the FPGA clocks and SYSREFs from the clocking
board.

3.1.1.3  AFE7444EVM Setup

See the AFE74xxEVM User's Guide for the AFE7444EVM hardware setup procedure.

The AFE7444EVM has both internal PLL as well as external options for clocking the AFE. In external
clock mode, feed the external clock signal at the AFECLK (J1) connector and SYSREF at the J5 and J6
connector from the clocking board. To enable external SYSREF from the clocking board, remove R12 and
R13 and place R11 and R14. Also remove the jumpers from J12 to remove the spurs generated from the
FTDI chip at fast SPI lines. Remove L1 and L2 and replace R322 and R323 with 0-ohm resistors to
reduce the AFE7444 EVM click amplitude requirement.

3.1.1.4 TSWI14J56EVM Setup

This design requires two TSW14J56EVMs to establish a JESD204B link with two AFE7444EVMs and to
synchronize both JESD204B links. Both TSW14J56EVMs are set up in master and slave mode to ensure
the alignment of the JESD204B link and input and output data alignment individually.

For more information, see the TSW14J56 JESD204B High-Speed Data Capture and Pattern Generator
Card User's Guide and the High Speed Data Converter Pro GUI User's Guide.

12
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3.1.1.5 TSW14J57EVM Setup
See the TSW14J57 JESD204B High-Speed Data Capture and Pattern Generator Card User's Guide for
the TSW14J57EVM hardware setup procedure.

3.1.1.6  Hardware Setup of Multiple Transceiver Synchronization

The proposed clocking solution is interfaced with the two AFE7444EVM and two TSW14J56EVM capture
cards to show the synchronization between multiple AFE7444 devices. |4 8 shows the overall block
diagram of the multiple transceiver synchronized system.

K 8. Block Diagram of the Multiple Transceiver Synchronized System
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SYSREF signals to the AFE7444EVMs are provided through the LMK04828, and high-frequency AFECLK
signals are provided through the LMX2594s. Ideally, the LMX2594 can operate up to 15 GHz with around
7-dBm output power. The AFE7444EVM has a requirement of +20 dBm at the 9-GHz sampling clock,
which the LMX2594 is not capable of, but for 6-GHz sampling frequency, the power requirement is
reduced. In this design, synchronization performance is tested at a 5898.24-MHz sampling clock, which is
generating by the LMX2594.

% 3 shows the AFE7444 operating modes and frequency requirements for various tests in this design.

% 3. Frequency Requirement for Various Modes of AFE7444

PARAMETERS/TEST SYNCHRONIZATION TEST TX PERFORMANCE RX PERFORMANCE
Transmitter mode AFE74xx_TX_Mode4 AFE74xx_TX_Mode5

LMFS 44210 44210

Interpolation 12 8

DAC sampling frequency 5898.24 5898.24 5898.24

(MHz)

Interpolated DAC clock rate 491.52 737.28

(MHz)

Lane rate (Mbps) 9830.4 14745.6

Receiver mode AFE74xx_RX_Mode9 - AFE74xx_RX_Mode9
LMFS 24410 - 24410

Decimation 12 - 16

ADC sampling frequency 2949.12 - 2949.12

(MHz)

Decimated output rate (MHz) 245.76 - 184.32

Lane rate (Mbps) 9830.4 - 7372.8

SYSREF frequency (MHz) 15.36 15.36 11.52

FPGA clock (MHz) 245.76 368.64 184.32

The AFE7444EVM has been tested with the proposed clocking solution for various test cases and modes
to see the transmitter and receiver performance and compare with the datasheet performance along with
a synchronization test for common frequency settings.

3.1.2 Software

Once the boards are modified and connected together, configure all devices in multiple boards.

3.1.2.1  Transmitter Performance SW Setup

This subsection provides the guidelines to program the AFE7444EVM along with the clocking board and
the TSW14J57EVM to measure the TX SFDR and IMD3 performance for Mode5 with interpolation 8x.

3.1.2.1.1 Clocking Board Programming Sequence

Clocking board devices are programmed by HSDC TID GUI, as shown in 5| 9. Download the HSDC TID
GUI from Tl.com to program the TIDA-010131 clocking board.

All devices are configured by loading the configuration files in the low-level view page.

1. Load the AFE7444 LMK61E2_ 61.44MREF.cfg file to program the LMK61E2 programmable oscillator
at 61.44-MHz reference frequency.

2. Load the AFE7444_LMK61E2_EEPROM_Write.cfg file to write the frequency setting in EEPROM of
the LMK61E2.

3. Load the AFE7444_LMK04828_61.44MREF_368.64MFCLK_15.36MSYSREF.cfg file to program

14 BT AIEFIEL 5G I i 22 8 WL R a3 it 6 2 % i it
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onboard LMK04828 to generate SYSREF and FPGA clocks.

4. Load the AFE7444 LMX2594 A B_5898.24MCLK_61.44MREF_SYNC.cfg file to generate

synchronized device clocks at 5898.24 MHz from LMX2594s.

& 9. HSDC TID GUI

- 5
& High Speed Clocking and Data Acquisition - @ﬂ
File Debug Settings Help
High Speed Clocking and Data acquisition TIDesigns GUI v1.1.2 Selectthe device | TIDA1021_28
LMK04828 | LMX2504 A | LMX2594 B |Luw Level Vi UsB Status ) [ 4 Reconnect?
Registermap 61 = T 5 |G B Update Mode Immediat| ¥ |  Fieiaview
Register Name Address | Default | Mode | Size | Value [15[14[13[12[11][10]| @ | & -
o LMX2594_A =
0x00 0x00 | 0x601C | RW | 16 [ox6018 | 0 |1 |1 [0|0 |00
0x01 0x01 0x080B | RW 16 [O0x0808| 0|0 |0 O (1|00 |0
0x07 0x07 0x40B2 | RW 16 |0x40B2{ 0|1 |0(0|O|0O(0O|O
0x09 0x09 0x1604 | RIW 16 |0x0604| 0|0 |0 (0|0 |1 (1|0
0x0A 0x0A 0x10D8 | RW 16 |ox10D8|O|O|O (1|0 |0 (OO
0x0B 0x0B 0x0018 | RW 16 |0x0018( 0|0 |0 |0O|O|0O (OO
0x0C ox0c | ox5001 | RW | 16 [oxsoo1|o|1|o|1]|o]o]o]0
0x0D 0x0D | 0x4000 | RW | 16 |oxs000|0 |1 |00 fofo|o |0
0X0E 0x0E | 0x1E70 | RW | 16 |ox1E7o|o fo|o |1 [1|1 1|0
0x10 0x10 | 0x0000 | RW | 16 [ox00s0| 0|0 |ofo|o o o]0
0x11 oxt1 | 0x007A | RW | 16 [ox00FA 0
0x14 ox14 0x8048 | RW 16 |OxFB48 |1 |1 (1|1 |1|0|0]|0O
0x22 0x22 0x0000 | RW 16 |0x0000| O |O|O|O|O|O[O|O
0x24 0x24 0x004B | RW 16 |0x0030( 0|0 |0 |(0O|O|O[O|O
0x25 0x25 0x0220 | RW 16 |0xB404 |1 |0 |0 (0|0 |1 (0|0
0x26 0x26 0x0000 | RW 16 |0x0000( 0|0 |O|O|O|O(0O|O
027 0x27 | 0x0008 | RW | 16 [oxo3e8| o0 |0 |0 |00 fo|1]1
0x28 0x28 | 0x0000 | RW | 16 [ox0000 | 0 |0 |0 0|0 0|00
0x29 0x20 | 0x0000 | RW | 16 |0x0000| 0 [0 |0 |0 0|0 |00~
4 1 »
"Register Description
a Block Address Write Data Read Data_Generic
E x 2D X 0 X 0
a Write Register| |Read Register
die HARDWARE CONNECTED | i3 TEXAS INSTRUMENTS
=

5. Once all boards are programmed, turn off the SYSREF to the AFE7444EVM by setting at Active/Logic

Low from the clocking board as shown in 4] 10.
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3.1.2.1.2

K] 10. SYSREF OFF in HSDC TID GUI

I High Speed Clocking and Data Acquisition

| —

=;-‘$

—
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Input Drive Level | |
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2 [w]
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Input Drive Level Input Drive Level
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x e 2
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Drecter [] |Owider [+]
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The HSDC-PRO software interfaces with the TSW14J57EVM to support data transfer to the

HSDC Pro Setup

Selectthe device TIDA1021_28

CLKout 10 and 11
Extra FMC1 Clock
& LMX_A SYNC

Group Powerdown
Output Drive Level
Input Drive Level
DCLK Dvider
12 [+
DCLK Source
Dhvider =
DCLK Type  hvert
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SOCLK Source

SYSREF [
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SDCLK ENDIS State
Active/Logic Low -

SOCLKout_PO
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-

s
SDCLK ENDIS State

ActivelLogic Low [ ]

Active/Active
Activell Low
ActrveMNomnal Vem

Nominal Vcm/Powerdown
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AFE7444EVM through a JESD204B link. For more information, see the TSW14J57 JESD204B High-
Speed Data Capture and Pattern Generator Card User's Guide and the High Speed Data Converter Pro
GUI User's Guide.

Use the following steps to program the TSW14J57EVM as shown in & 11:

1. Select AFE74xx_TX_Mode5 to interface with the AFE7444EVM for Modeb5.
2. Set the data rate for Mode5 and interpolation 8, for example, 737.28 Msps.
3. Set the I/Q frequency based on the expected output frequency and NCO frequency.
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& 11. HSDC Pro DAC Settings

- e -
File Instrument Options Data Capture Options Test Options Help
ADC ig' DAC
2
= Scaling Factor (1x)  Preamble Pfata Rate (SPS) DAC Option Active Channel
Load External Pattern File } 0.89 0 737.28M 2's Complement| ¥ | Channel 1 [v| [“IEnabled?
Time Domain
30000~
RF|
20000- &)
- LT 1 HII i IHI 1 IIH AR HII T IHI  RRN! HII T IHI 1L T U
M 29163.01 Code: g 10000 -]
e £ AR AR RN AR AR
Median  0.00 Codes (8]
CEE TN | | (| Ll bbb
Peakto P 58327.01 Codes 0 -10000- I il il
TR Il iil ||||. Ladd HIL .III\ Y |||| IHI il \IH. .IH bihl Hll iy I\H ikl IIH |||\ i
-30000-, i i i i i i i i i 1 i i i ]
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000 65000 70000
Samples
Format Analysis Window(samples)  Window
Frequency Domain (Channel 1+j*Channel 2) Complex E] 65536 E| Blackman El
= 10.0-
- aF
L]
1/Q Multitone Generator -20.0-
Tone BW  # Tone Center -40.0-
3¢
112075 ])) 8 8004
-80.0-
S
#Samples | 65536 -100.0-|
Tone selection | Complex| v B
|: -130.0-, - el A . h . i . . L EE ] C
-368.64M -300M -200M -100M 0 100M 200M 300M 368.64M
Firmware Version = "0.6" TSW14J57revE Board = T72A735k(10AX115) Interface Type = TSW14J57RevE_16L_XCVR_ADCBRAMDACDDR
g for user input 21-Jan-19 12:06:10 PM_| Build - 05/21/2018 CONNECTED Idle i3 TEXAS INSTRUMENTS

3.1.2.1.3 AFE7444 EVM Programming Sequence

Download the AFE74xx GUI from Tl.com to program the AFE7444EVM. Configure the AFE7444 for
transmitter and DAC performance tests in the AFE7444EVM for mode 5 with 8 interpolation factor as
shown in [ 12.

Use the following steps to program the AFE7444EVM:

1. Set up the EVM in external clock source selection mode with a DAC sampling frequency of 5898.24
Msps.

2. Select TX interpolation factor 8.
3. Select Mode 5, for example, the 44210 JESD setting.

4. Set the TX_RF_NCO value based on the expected output frequency. The value should be a multiple of
the SYSREF frequency.

e For example,
— DAC output frequency — 2600 MHz
— 1/Q frequency — 4.16 MHz
— SYSREF - 15.36 MHz
— TX_RF_NCO = Nx SYSREF = 169 x 15.36 = 2595.84 MHz
5. Set the TX_DSA value to 0 withno attenuation at TX output.

6. SelectGet RX/TX Dig path and JESD Config to configure the digital path attenuator and JESD
parameters.

7. SelectRun Complete Startup Sequence to program the AFE7444 to generate the expected output.
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K 12. AFE7444EVM GUI DAC Programming Sequence

EAFETa o o o o — - | —— =]
File Debug Script Settings Help
i 2
AFE74xx Select the device| AFE7444 B [ Broadcast ] [ @ Reconnect? ]
Quick Start | [F] Advanced | Configuration | () LM0428 | AFET4xx RX | AFET4xx TX | ] Low Level View USB Status )
e esm——
[ it )¢TGet RXTX Dig path
EVMName  AFE7444 v 5 | Script J ...and JESD Confi -)
System CLK Rate 1 DSA Setting O P C.nmplete -
Fton R ‘
* d " ExtDAC 2;99 - RX v) 0 — Config startup Sequence D
xternal CLK “
ema E2 RXID'S RX 0,12, [¥] TXIDSTX 0123 7] Interp. — —| Interp. AFE Config. Steps
Internal P RXDSA r X with with -
RX > || | Reset, Read Chip ID
LMK_Ref(MHz) Frel_(MHZ)  Fdac_(MHz) os 0 [¥] Update | | Update e LS Check Efuse ]
122.88 368.6. 5898.2 = .
| E] “E] E | g Configure DDC J A
DIV (FdacFade) 2 [ | Fadc_(MHz) 2949.12 Cross.Bar Cntg.  _Update |
i Crossbarfor ADC Path  Overwrite YN Intorp g — — Interp. Configure RX DSA
RX/TX Dig Path Config. 01234567 Rx [oFF [] DACB ity | | [ Configure AGC and
RXAB neo heo 7DD Control
M Decimation Factor | 4 (1Q) or 2 (Real) [®]  crossparforpac X |OFF [v] I B 1l
R AB Data Type Sel | Complex [ | Switch EN Selection Cnfg. — — Jesd_Sync_Source ]
RXCD Hex): Ox DACO
Decimation Factor 4 (@) or2(Real)  [v] (Hex): 0% |03 01234567 Decim. | | Decim. Configure PLL ]
. (Hex): 0x|0C DAC 1/23014567 with with
NCO || | NCO RXJESD and Serdes Conﬁg
(Hex): 0x|30 DAC 245230167 _ _ 7 (JESD_TX) ‘
(Hex): 0x CO DAC 3| 67234501 a g
& a[ TX Data path and JESD_RX Config ]
JESD Settings SERDES Lane On/OFF (upaate ) Decim [ L{ Decim 9 —
— == = Check Calibration Status
ADC 011 Patn | 44210/42220[>] / (I |RX  SERDESTX(ADC) SERDES RX(DAC) Neo i
apc 23 lasowniaooon[w]i A v Rx 3 Ox[FF ox [FF L 10[ RePerformance writes |
DAC Path | 44210 El ! 1E| ™ *Bit[k] = 1, SERDES Lane k is on. [DAC] [TXJESD
Bitk] = 0, SERDES Lane k is off. ) |__sync
I NCO Freq. Setting (MH 4 Dynamic Switch :JI [ Rerun ;
RX_NCO#0 | 2595.8¢fX_RF_NCO |2505.87) RX_FBRX RXFBNCO (evsRer) \-Eaual 'SVSREj |
RX_NCO#1 | 0 = OFF [w] 'SPI control =2 ( Cont. M-J ( Pulse 1.
RX_NCO#2 - ) ) L[ Ungate Gate
- 0 LDual |0+B For help, refer to ‘Configuration\Notes for Quick Start” [ADC] LRX SYSREF| RX SYSREF]
RX_NCO#3 |0 Band path jQ0, Chip.p EFUSE STATUS Statusfinfo | 171 [ PG HPLLLockH J Seq. Dump Mode *AFE76xaPython
[Cnfg. Enable Table] = Display Version Status
10 Efuse done OFF Integration Plugin\
RXID's RX0,1.2,[¥] Tx1D's[TX 0,129 7] [ Clocs [ H Test B SupportScripts\ogFile bt
Chip_Versi ADC Calib. All Pages Seript 1
RXNCOID's |0 [v]TXNCOID'SRF [v] e~ et 0f (Done,FTONET A NEr2ENS Z c = “~\SupportScripts\
p . 48 15 [0 [[0 |0 0 0 Test onvertto |, oFile_converted_to_lo
RXNCOUpdate)  (TXNCO Update) Script 2 CFG format ]\ evel_read.cig”
i Idle HARDWARE CO| i TEXAS INSTRUMENTS
- X
3.1.2.2 Receiver Performance SW Setup

3.1.221

This subsection provides the guidelines to program the AFE7444EVM along with the clocking board and
the TSW14J57EVM to measure the RX SNR performance for mode9 with a decimation factor of 16.

Clocking Board Programming Sequence

Clocking board devices are programmed by HSDC TID GUI, as shown in [¥] 9

All devices are configured by loading the configuration files in the low-level view page.

onboard LMK04828 to generate SYSREF and FPGA clocks.

at 5898.24 MHz from LMX2594s.

1.
at 61.44-MHz reference frequency.
2.
the LMK61E2.
3.
4. A B_
synchronized device clocks
5.

clocking board shown in

10.

Load the AFE7444 LMK61E2_61.44MREF.cfg file to program the LMK61E2 programmable oscillator
Load the AFE7444 LMK61E2_EEPROM_Write.cfg file to write the frequency setting in EEPROM of
Load the AFE7444_LMKO04828_61.44MREF_184.32MFCLK_11.52MSYSREF.cfg file to program
Load the AFE7444 LMX2594 A B 5898.24MCLK_61.44MREF_SYNC.cfq file to generate

Once all boards are programmed, turn off the SYSREF by setting it at Active/Logic Low from the

18
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3.1.2.2.2

AFE7444 EVM Programming Sequence

Configure the AFE7444 for RX and ADC performance tests in the AFE7444EVM for mode 9 with a
decimation of 16 along with the external clock source as shown in & 13.

Use the following steps to program the AFE7444EVM:

1. Set up the EVM in external clock source selection mode with a DAC sampling frequency of 5898.24
MHz.
2. Set the Fdac/Fadc divider value to 2 to generate the ADC sampling clock to 2949.12MHz.
3. Select RX decimation factor 16.
4. Select Mode 9,for example, the 24410 JESD RX setting.
5. Set the RX_NCO value based on the expected input frequency.The value should be an integer multiple
of the SYSREF frequency.
*  For example,
— ADC input frequency — 1900MHz
— SYSREF - 11.52MHz
— 1/Q frequency — 10.72MHz
— RX_NCO = Nx SYSREF = 164x 11.52 = 1889.28MHz
6. Set RX_DSA value to 0 withno attenuation at the RX input.
7. SelectGet RX/TX Dig path and JESD Config to configure the digital path attenuator and JESD
parameters.
8. SelectRun Complete Startup Sequence to program the AFE7444 to convert the input signal to 1/Q
signal.
ZHCU638—February 2019 W F i A FITELE 5G Wi (X 1 2 1l S A K A3 £ 2 i 19
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K 13. AFE7444EVM GUI ADC Programming Sequence

-

File Debug Script Settings Help

AFE74xx Selectthe device AFE7444 m l Broadcast J[ &% Reconnect? J

| @Advanced Configuration | @memza | AFET4xx RX | AFET74xx TX [ Luw Level View usastais & -

EVMName AFE7444 [w | 6
1 sot
A A
g0 ™ o
RXID's RX0,1,2, (¥ ] TxID's| TX 0,120 v
RXDSA

. [ Rx ™ ) Reset, Read Chip ID
LMK_Ref(MHz) Fref_(MHZ)  Fdac_(MHz) os 0 (=] Update| | Update Check Efuse

12288(%] |36864 %] [5082[] 2

580824

Configure DDC

<§N (FoacFadc)| 2 [ Fade_(MHz) 294912 1% Cross-BarCnfg.  |_Update
Crossbar for ADC Path Ovenwrite YN . Configure RX DSA

01234567 RX |OFF [¥ Configure AGC and

3 Crossbarfor DAC | OFF [v] TDD Centrol ‘
Switch EN Selection Cnfg. Jesd_Sync_Source l

(Hex): 0x|03 DACO 01234567

— (Hex) 0x|0C DAC 1 23014587
TX_Interpolation 4 (Hex): 0x|30 DAC2Z 45230167 R;;gg?&?dserdes conta
Factor = . (Hex): 0x|CO DAC3 67234501

Configure PLL

8 | T Data path and JESD_RX Config

SERDES Lane OniOFF [ update

SERDES TX(ADC) SERDES RX (DAC)
0x|FF 0% FF 10 Rx Performance Writes

* Bitk] = 1, SERDES Lane k is on. [DAC] [TXJESD
Bitlk] = 0, SERDES Lane k is off. 5 N

) Sync
Dynamic Switch '_)I [ Remun }
| Equal

5
RX_FBRX RX/FBNCO [ SYSREF| [ SYSREF|
- TXEB.NCO [0 OFF [*] |SPI control \ Cont. M.) ':‘ Pulse M.
RX_NCO#2 o L— - For help, refer to ‘Configuration\Notes for Quick Start” :_)L’ Rl ol
= Dual m+|z| 3 [ADC] | RX SYSREF| RX SYSREF,

" .
RX_NCO#3 [0 Band path jQ0 . EFUSE STATUS Statusninfo | 171 PG |[PLLLock ; 38q, DuMp Mode ~AFET
i T Chip_ID Stalus AFET6x0Python
[Cnfg. Enable Table] OFF [ Integration Plugin\
] -

RXID's|Rx0.1.2. [ ] TxID's | TX0,1,2.0 7| Close l Test SupportSeripts\ogFile bt
Chip_version Done Emd Er1 Em2 Er3  ADCCalib. All Pages Script 1

RXNCOIDS|0 |w|TKNCOIDSRF [w» r “~\SupportScripts\
. E2 ; =] 15 [0 |[o /[0 |0 0 l ” | Test g;’é“f* n ":1 logFile_converted_to_lo
RXNCOUpdate]  (TXNCO Update) : i Seript 2 ormat | level_read.clg"

9 Check Calibration Status

10 Efuse done Display Version

© HAROWARECO| kP TEXAS INSTRUMENTS

3.1.2.2.3 HSDC Pro Setup

The HSDC-PRO software interfaces with the TSW14J57EVM to capture and analyze the digital data from
the AFE7444 in SNR measurement.

Use the following steps to program the TSW14J57EVM as shown in [§ 14:

1. Select AFE74xx_RX_Mode9 to interface with the AFE7444EVM for mode 9.

2. Set the ADC sampling frequency and NCO frequency to get an ADC output data rate.
3. Set the ADC input target frequency.
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& 14. HSDC Pro ADC Settings
r N
¥ High Speed Data Converter Pro v4.90.02 L&
File Instrument Options Data Capture Options Test Options Help
”’ Texas i ADC W DAC
INSTRUMENTS T Ly
65535~
_. I
L Captur ] |8 0 | i i | i i | i | i | i i 1 | i kel
Test Selection 0 1000 2000 2000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000 17000
- |
Single Tone \L ComplexFFT [+ ] Channel 18 [¥] Blackman lL. (Channel1+*Channel2) 11 Averages RBW 11250
Value | Unit . 100 _
SHR 61.773  dBFs 1010.723M) RBl+
SFOR  73.803 | dBFs 0.0- ' SLTE L o)
THD 83.373  dBFs 1
SINAD 6173  dBFs -10.0- ]
EnoB 9962  Bits | _
Fund. 2078  dBFs |- -20.0-
Phase | 2867  Rad
Next Spur -73.802 dBFs -30.0-
HD1' -96.026  dBFs M1l 2
HDZ -99.435 dBFs -40.0-
HDZ -97.433  dBFs
HD3 -95.943  dBFs -50.0-
HD3" -96 252 dBFs E
HD4 -96.603  dBEFs m -60.0-
HD4" -100.324 dBFs °
HDS 9211 | dBFs T -70.0+ - sour
Test Parameters i12PY
]Auto Calculation of -80.0- 5
" Coherent Frequencies 3 3 4 2 0 1
Analysis Window (ssmples) -90.0-1 4 I ) 3F 2
16384 [w -100.0-, ¢ & ! -
ADC Output Data Rate L L
184.32M -110.0- |
ADC Input Target Frequency | ' } |
1.900000000G 1200 ! 1 il ‘
1300~ . , | . ! . . ‘ ! ]
-92.16M  -80M -60M -40M -20M 0 201 40M 60 8OM  92.16M
Frequency (Hz)
v
Firmware Version = "0.6" TSW14J57revE Board = T72A735k(10AX115) Interface Type =
Waiting for user input 09-Nov-18 7:0220 PM__| Build - 05(21/2018 CONNECTED Idle ki TEXAS INSTRUMENTS
L Y

3.1.2.3 Multiple AFE7444 TX/RX Synchronization SW Setup

This subsection provides the guidelines to program the two AFE7444EVMs along with the clocking board
and two TSW14J56EVMs to show the multiple AFE7444EVMs synchronization performance.

3.1.2.3.1 Clocking Board Programming Sequence

Clocking board devices are programmed by HSDC TID GUI, as shown in 4] 9.

1. Load the AFE7444_LMK61E2_61.44MREF.cfg file to program the LMK61E2 programmable oscillator
at 61.44-MHz reference frequency.

2. Load the AFE7444 LMK61E2 EEPROM_Write.cfg file to write the frequency setting in EEPROM of
the LMK61E2.

3. Load the AFE7444_LMK04828_61.44MREF_245.76MFCLK_15.36MSYSREF.cfg file to program
onboard LMK04828 to generate SYSREF and FPGA clocks.

4. Load the AFE7444_|LMX2594_A_B_5898.24MCLK_61.44MREF_SYNC.cfqg file to generate

synchronized device clocks at 5898.24 MHz from LMX2594s.

5. Once all boards are programmed, turn off the SYSREF by setting it at Active/Logic Low from the
clocking board as shown in & 10.

3.1.2.3.2 AFE7444 EVM Programming Sequence

Configure the AFE7444s for TX and RX synchronization setup in both AFE7444EVMs with the external
clock source mode. Use the following steps to program both AFE7444EVMs as shown in & 15.

1. For quick programming, load AFE7444 RX_Mode9_Decl12_900M_TX_Mode4_Intl2_900M.cfg file in
the low-level view page as shown in & 10 for the 900-MHz transmit and receive frequency.
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Kl 15. AFE7444 GUI Programming Through Low-Level View Page

[V —— = o = e
File Debug Script Settings Help
AFE74xx Selectthe device AFE7444 lj ‘ Broadcast H 4 Reconnect?
Quick Start | [Z] Advanced | Configuration | [ LMK0428 | AFET4xx RX | AFET4xcTX | [EE] Low Level View use siaws @
||
Registertap I [ 5 & .4 Update Mode Immediate E Search
{Open Configuration| | Address | Default | Mode | Size | Value 65|43 |2]1|0 .| FieldView
5 LMK04szB 3
X000 0x00 | 0x00 | RW | 8 | ox00 0 3
002 ox02 | Ox00 | RW | 8 | Ox00 0 M|
[ X003 003 | 0x00 | R 8 | ox00
W 004 0x04 | 000 | R 8 | ox00
X005 005 | 0x00 | R 8 | ox00
I x006 0x06 | 000 | R 8 | ox00
| x00C 00C | x00 | R 8 | ox00
*00E MOE | 000 | R 8 | ox00
X100 ox100 | 002 | RW [ 8 | ox02 ojojofofo|1]|o
i x101 ox101 | 0«55 | RW [ 8 | 0x55 1fof1]of1fof1
x103 0x103 | 0:00 | RW [ 8 | 0x00 ojojofofojo|o
x104 0x10¢ | 0x00 | RW [ 8 | 0x00 ojojofofojo]o
X105 0x105 | 0:00 | RW [ 8 | 0x00 ofojofofo
I X106 ox106 | 0x79 | RW | 8 | ox79 1f1f1]1]ofof1
x107 0x107 | 0:00 | RW [ 8 | 0x00 ojojofofojo|o
x108 0x108 | 0x04 | RW [ 8 | Ox04 ojojofof1]o]o
x109 ox109 | 055 | RW [ 8 | 0xs5 1fof1]of1fofn
X108 ox10B | 0x00 | RW | 8 | 0x00 ojojofofo]o]o
x10C otoc | 000 | RW | 8 | ox00 olojofofo]o]o
x10D o100 | 0x00 | RW | 8 | ox00 ofojofofo
X106 ox10E | 079 | RW [ 8 | ox79 1f1f1]1]ofof1
X10F ox10F | 0x00 | RW | 8 | 0x00 ojojofofo]o]o
x110 ox110 | 008 | RW [ 8 | ox08 ojojof1fo]o]o
X111 ox111 | 055 | RW [ 8 | 0x85 1fof1]of1|of1
x113 o113 | 000 | RW [ 8 | 0x00 olojofofo]o]o
x114 ox114 | 0x00 | RW [ 8 | 0x00 ojojofofo]o]o
X115 ox115 | 0x00 | RW [ 8 | 0x00 ofojofofo
x116 o116 | 071 | RW [ 8 | ox71 1{1f{1]o]ofof1
x117 o117 | 001 | RW [ 8 | 0x01 olojofofo]of1~
Register Description I
- Block Address Write Data Read Data_Generic
] x [] x 0 x 0
L Write Register Read Register
|
. M|
idie @ swuston | k3 Texas INSTRUMENTS

3.1.2.3.3 HSDC Pro Setup

In this setup, the HSDC-PRO software interfaces with the TSW14J56EVMs for TX as well as RX in master

and slave mode.

Use the following steps to program the TSW14J56EVMs:

1. Before configuring the AFE7444, setup the DAC and TX of both capture cards for mode4 and an

interpolation factor of 12, same as ¥ 3.1.2.1.2.

2. After configuring the AFE7444, setup the ADC and RX of both capture cards for mode9 and a

decimation factor of 12, same as 77 3.1.2.2.3.

22 BT AIEFIEL 5G I i 22 8 WL R a3 it 6 2 % i it
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3.2 Testing and Results

3.2.1 Test Setup

K 16, ¥ 17 and & 18 show the test setup for transmitter performance (SFDR, IMD3) measurement,

receiver SNR measurement, and channel-to-channel skew measurement for multiple AFE7444s,

respectively.

Use the following steps for each test setup:
1. Connect a 5-V/2-A power supply to the J25 connector of the clocking board.
2. Connect two separate 5-V/5-A power supplies to the J35 connector of both AFE7444EVMs.

3. Connect a 12-V/2-A power supply to the TSW14J57EVM and a 5-V/3-A power supply to the J11
connector of each TSW14J56EVM (capture card based on test setup).

4. Follow the programming sequence in 75 3.1.2 for each board based on the test setup.

K 16. Test Setup for AFE7444 Transmitter SFDR and IMD3 Measurement

EXT_SYSREFP EXT_SYSREFN I TSW14J57
35 6 FMC+Adaptor Board
DAC Data Lanes
DAC SYNCI]
ADC SYNCI|
IOUTA J22
ADC Data Lanes
DAC Data Lanes a FPGA Core CLK]| FPGA
DAC SYNC =
\OUTB 123 —— FPGA_SYSREF1
FPGA_REF_CLK1]
A_INLJ14 ADC DATA Lanes i ( } = =
DEV_CLK [ ]
& AFET444EVM 13 7 38
AFECLK L ‘ TRIGIN  TRIG OUT — TRIG OUT
DAC Output Signal ‘ usB fl] i B
*
SO ) I ) 2 g % i 'é TPS54318 o TPS25925x HH | vee
| | [RFownSvSREFow| | g g ¢l g e
I ul Ui w S o
i & o Sl £2 Temp Sensor
il LMX2594 o ] oa — LM95233
} } SYSREFREQ DCLKout10 DCLKout9 DCLKout8
i REF_IN_SYNC SDCLKoutl
I
} | SDCLKout11
S
LEzsssas DCLK i
CLKout2, OsCin
Clockin
gy 0SCout | LMK04828 SDCLKout13
rooooIod :
s DCLKout2 CLKin1 ] cLkint
[ SDCLKout5
i} REF_IN SYNC SDCLKout3 SYNC
! SYSREFREQ DCLKout4 DCLKout7 DCLKout6
L LMX2594 o N ollz5
! z
1| | RFoutA SYSREFout 5} o AR SYNC1_OUT
- - - o, 3 3 s
o u o
Py

SYNC2_OuT
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K 17. Test Setup for AFE7444 Receiver SNR Measurement

EXT_SYSREFP EXT_SYSREFN

FMC+Adaptor Board
DAC Data Lanes

Analog Input Signal

ADC Data Lanes

SYNC1_OUT

F_SYSREF1

F_REF_CLK1
F_Core_CLK1

SYNC1_IN

To LMXs
To LMKs

SYNC2_OUT

SYNC1_OUT

F_SYSREF2
SYNC2_IN

SYNC2_OuT
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K 18. Test Setup for Two AFE7444 Analog Channel-to-Channel Skew Measurement

EXT_SYSREFP
J5

EXT_SYSREFN
J6

FMC+Adaptor Board - 1
DAC Data Lanes

D,
IOUTA J22 ADC SYNCI]

ADC Data Lanes

Analog Input Signal

DAC Output Signals

Length Matched
Cables

|

FPGA_SYSREF1]
FPGA_REF_CLK1|

IOUTB J23

A_IN1J14

AFECLK J1

Length
Matched

Cables {HH— H1

SYNC1_OUT

F_SYSREF1
F_Core_CLK1

SYNCL_IN

PO ——

{ Joscin| y
Clocking il 4 SMATee
m "] Connector
ro-oITood 4
il L]
1
[
1 To LMXs
I FT232HL —{ JusB
ik g [ ¢llz5 To LMKs
00 3. o 3 o' SYNC1_OUT
[ u! ) o i
L==gLkd]  |LdE====a u % sl 52 SYNCI_IN
u! u! ! @ SYNC2_IN

SYNC2_OUT
AFECLK J1
AINLJ14 M SO ] FPGA_SYSREF?]
FPGA Core CLK2)
10UTB J23
DAC Data Lanes

IOUTA J22

ADC Data Lanes

EXT_SYSREFP FMC+Adaptor Board - 2

EXT_SYSREFN
J5
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3.2.2 Test Results
3.2.2.1  Transmitter Performance
# 4 shows the measured transmitter performance results in terms of SFDR and IMD3 for mode 9 and an
interpolation factor of 16. Measured SFDR and IMD3 of the AFE7444 with the proposed TIDA-010131
clocking solution is improved from the AFE7444EVM using the internal PLL clocks and is comparable with
the external clock source from the signal generator.
% 4. Measured SFDR and IMD3 of Transmitter Output
PARAMETERS | CONDITIONS | UNIT AFET7444 TIDA-010131 AFE7444EVM | AFE7444EVM
DATASHEET MEASURED MEASURED MEASURED
SPECIFICATIO (EXT CLK) (INT PLL)
N
SFDR SFDR for 0-
FDAC/2 BW,
890 MHz DSA-0dB. .1 | 9BC 60 62.65 65.85 63.2
1800 MHz dBFS dBc 55 60.89 59.3 58.29
2100 MHz dBc 56 60.1 59.44 58.63
2600 MHz dBc 58 66.5 66.63 66.54
SFDR SFDR for Fout
+/-250-MHz BW,
890 MHz DSA-0dB. 1 | 9B 84 84.76 86.73 83.28
1800 MHz dBFS dBc 74 82.89 82.27 82.54
2100 MHz dBc 75 73.6 73.52 74.4
2600 MHz dBc 74 72.78 73.48 74.47
IMD3 IMD3 for +10-
MHz tone offset,
890 MHz DSA-0d8, -7 | 9BC 69 76.02 77.04 76.58
1800 MHz dBFS each tone |dBc 69 74.64 74.67 75.07
2100 MHz dBc 68 69.58 69.28 69.28
2600 MHz dBc 68 69.82 70.34 70.35
3.2.2.2 Receiver Performance

# 5 shows the measured SNR performance of the AFE7444 receiver at various frequencies for mode 9
and a decimation factor of 16. Measured SNR of the receiver with the proposed TIDA-010131 clocking
solution is improved compared to the AFE7444 internal PLL clocks and is comparable with the external
clock source from the signal generator. ¥ 19 and | 20 show spectrum results of the ADC at 1900-MHz
and 2600-MHz input frequencies respectively.

% 5. Measured SNR of AFE7444 Receiver

INPUT CONDITIONS | UNIT AFE7444 TIDA-010131 | AFE7444EVM | AFE7444EVM
FREQUENCY DATASHEET | MEASURED MEASURED MEASURED
SPECIFICATIO (EXT) (INT PLL)
N
1900 MHz DSA-0dB,-3 | dBFs 63.3 61 61.6 60.5
2600 MHz dBFS input dBFs 61.2 59.3 60.4 58.8
signal
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K 19. Spectrum at 1900-MHz Input Signal

"] High Speed Data Converter Pro v4.90.02

- .

! :
16000 17000
RBW/ 11250 |py;

' '
aom 92.16M

File Instrument Options Data Capture Options Test Options Help
”TF_XAS V= ADC DAC
INSTRUMENTS @ L <
AFE740_RX_Moded [ | & 65535-o0p o ===
o
o
e i S S S S S S S LA S B IS RS RARAY
Test Selection 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000
Single Tone || ComplexFFT [v] Channel 18 [+| Blackman [¥]  (Channel1+j*Channel2) 111 Averages
Value Uml" - 10.0-
SNR §1.01  dBFs T o
SFOR 73.015  dBFs 0.0- | 1(10.733M)
jj o 81.377  dBFs
SINAD  60.962  dBFs -10.0-
ENOB  '9.834  Bits | _
Fund. 3022 dBFs |~ -20.0-
Phase 249  Rad
Mext Spur -73.015  dBFs -30.0-
HD1* 92342 dBFs N2
HD2 -94.303 | dBFs -40.0-
HD2* -99.508 dBFs
HD3 -93.688  dBFs -50.0-
HD3" -93.001 dBFs I.T
HD4 9239 | dBFs lo -60.0-
HD4' -93.497 dBFs ©
HD5 94364  dBFs ~ -70.0- ~ Spur
Test Parameters )
| Autc Calculation of -80.0- 4 3
" Coherent Frequencies
l Anslysis Window (samples) 900+
16384  [v] -100.0-
ADC Output Data Rate
184.32M -110.0+
ADC Input Target Frequency
1.900000000G -120.04
-130.0- ! ' ' I ' ] '
-92.16M -60M -40M -20M 0 20M 40M 60M
Frequency (Hz)
<

"gwl
@)

e+
|

@

»

Firmware Version = "0.6" TSW14.J57revE Board = T72A728u(10AX115)

14-Feb-19 4:24:09 PM Build - 05/21/2018 CONNECTED Idle
N - £

Waiting for user input

Interface Type = TSW14J57RevE_16L_XCVR_ADCBRAMDACDDR
*ip TEXAS INSTRUMENTS
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K] 20. Spectrum at 2600-MHz Input Signal
r ~
¥ High Speed Data Converter Pro v4.90.02 Et_jé
File Instrument Options Data Capture Options Test Options Help
i3 Texas EJE] ADC L DAC
INSTRUMENTS A Ly
65535+
et N | =
e e s s S A A I S S SRS M S L s R s ey e
Test Selection 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000 17000
Single Tone ?] Complex FFT [+ ] Channel 178 [ v | Blackman [¥|  (Channeli+j*Channel2) 111 Averages RBW| 11250 1
Value Uml" -
SNR 59362  dBF 100- |+
. s ]
SFOR 73.608  dBFs 0.0- ‘1‘8'021'\" |
THD 80.103 dBFs o =
SINAD  59.315  dBFs -10.0- ]
ENOB  "9.561  Bits |_
Fund. -3.045 | dBFs |~ -20.0-
Phase 0.515 Rad
Next Spur -73.608 dBFs -30.0-
HD1* -91.503 | dBFs N2
HD2 -99.065  dBFs -40.0-
HDZ' 91477  dBFs
HD3 -93.065 dBFs -50.0-
HDZ' 92646  dBFs @
HD4 -30.506 dBFs lm -60.0-
HD4' 92611 dBFs =
HDS 98.001 dBFs -70.0- oo
Test Parameters FaX
Auto Calculstion of -80.0- 4 3 2 4 5
Coherent Frequencies =
Anslysis Window (samples) -90.0- - 5 =
16384  [¥] 100.0- i
ADC Output Dats Rste f
184.32M -110.0-
ADC Input Target Frequency |
2.600000000G 1200
-130.0-, ] ' ' ' i ' | ' | )
-92.16M  -80M -60M -40M -20M 0 20m 40M 60M 80m 92.16M
Frequency (Hz)
« »
Firmware Version = "0.6" TSW14J57revE Board = T72A728u(10AX115) Interface Type = TSW14J57RevE_16L_XCVR_ADCBRAMDACDDR
LI Waiting for user input 14-Feb-19 4:20:41 PM Build - 05/21/2018 CONNECTED Idle k TEXAS INSTRUMENTS J

3.2.2.3  Multiple AFE7444s TX and RX alignment

As explained in 77 2.2.1, synchronized clocks are critical for multichannel systems. This section shows the
multichannel synchronized clocking performance while measuring the channel-to-channel skew between
the transmitter and receiver of the two AFE7444EVMs respectively. The time-skew test is performed
between the two channels of AFE7444EVMs at different frequencies operating in L and S band RADAR
applications.

The transmitter channel's skew is evaluated by measuring skew between the generated outputs of each
AFE’s DAC in a high-speed oscilloscope. # 6 shows the channel-to-channel skew at 5898.24-MHz DAC
sampling frequency and the achieved skew was less than 10 ps for each output frequency. K 21, K 22,
and K& 23 show the transmitter channel-to-channel skew at various output frequencies.

#* 6. Measured Analog Channel-to-Channel Skew Between Transmitter Outputs

OPERATING FREQUENCY MEASURED TIME SKEW (ps)
900 MHz 4
1800 MHz -1
2100 MHz -7
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& 21. Captured Signals at 900-MHz Output

File Vertical Timebase Trigger Display Cursors

Measure I P2 ireq(C2)
value 901.5 MHz

status v

Measure Math Analysis Utilities Help

P5freq(C1) Péiskew(C1,C2)
905.0 MHz

nsfTrigaer

¥1= 6360ns 4X= Ops
¥2= B360ns 1iaX=
14972002 1:30:34 AM

22. Captured Signals at 1800-MHz Output

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

P2 freq(C2)
1.837 GHz

v
i

PSifreq(C1) PE:skew(C1,C2)

1.842 GHz ps

v v
Timebase

¥1= 7.856ns 4¥= Ops

X2= 7.856ns 1/aX=

1/9/2002 1:35:10 AM
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23. Captured Signals at 2100-MHz Output

File Verical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

Measure P2 freq(C2) PS:freq(C1) PE:skew(C1,C2)
value 2017 GHz 2,034 GHz Tps
status v v v

X1= 7856ns AX= Ops
X2= 7856 ns 1/AX=
1/8/2002 1:42:01 AM

The receiver channel's skew is evaluated by calculating the phase difference between signals captured
from each AFE’s ADC. ¥ 7 shows the channel-to-channel skew at a 2949.12-MHz sampling frequency.
The measured time skew was less than 10 ps for each input frequency.

#* 7. Measured Analog Channel-to-Channel Skew Between Receiver Inputs

OPERATING FREQUENCY MEASURED TIME SKEW (ps)
900 MHz 2.28
1900 MHz 3.97
2600 MHz 4.82

24, K 25 and & 26 show the plot of the decimated output samples of the two AFE’s ADCs for
operating frequencies mentioned in the previous respective tables. The phase difference at each signal
translates the channel-to-channel skew between AFE7444s at input frequencies, which are less than 10

ps.
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Normalized Amplitude

Normalized Amplitude

24. Sampled Signals at 900-MHz Input

14
1.2

| ?
v $

o ®
-9

-0.2
-0.4
-0.6
-0.8

-1 |

1.2 —— AFE7444-1A_IN1 —— AFE7444-2A_IN1
-1.4

0 10 20 30 40 50 60 70 80 90 100
Samples

K 25. Sampled Signals at 1900-MHz Input

14
1.2

0.8
0.6
0.4

Y
S T
> A $ x
-0.2 ’ ‘
-0.4 ' *
Y 3

Y =

-1.2 —— AFE7444-1A_IN1 —— AFE7444-2A_IN1
-1.4

0 10 20 30 40 50 60 70 80 90 100
Samples
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K 26. Sampled Signals at 2600-MHz Input
1.4
1.2
1
0.8
0.6
0.4
0.2
0 $
02 $
-04
-0.6
-0.8
-1

1.2 —— AFE7444-1A_IN1 —— AFE7444-2A_IN1
-1.4

Normalized Amplitude

0 10 20 30 40 50 60 70 80 90 100
Samples

3.2.2.4  Summary and Conclusion

The TIDA-010131 is a JESD204B-compliant clocking reference design for a multichannel, RF-transceiver
system, which is suitable for RADAR, wireless communication testers, and electronic warfare applications.
This design demonstrates a high-performance phase synchronized clock with multiple RF transceivers
without affecting the data converter's performance and shows the AFE7444 performance comparison with
the proposed clocks, the external clock, and the internal PLL clocks. The system also shows deterministic
latency behavior for every power on cycle with the analog channel-to-channel skew less than 10 ps.
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4 Design Files

4.1 Schematics

To download the schematics, see the design files at TIDA-010131.

4.2 Bill of Materials

To download the bill of materials (BOM), see the design files at TIDA-010131.
4.3 PCB Layout Recommendations

4.3.1 Layout Prints
To download the layer plots, see the design files at TIDA-010131.

4.4  Altium Project

To download the Altium Designer® project files, see the design files at TIDA-010131.

45 Gerber Files

To download the Gerber files, see the design files at TIDA-010131.

4.6 Assembly Drawings

To download the assembly drawings, see the design files at TIDA-010131.

5 Software Files

To download the software files, see the design files at TIDA-010131.

6 Related Documentation
1. Texas Instruments, DAC3xJ8x device initialization and SYSREF configuration application report
2. Texas Instruments, AFE74xXEVM user's guide

3. Texas Instruments, TSW14J56 JESD204B high-speed data capture and pattern generator card user's
guide

4. Texas Instruments, TSW14J57 JESD204B high-speed data capture and pattern generator card user's
guide

5. Texas Instruments, High speed data converter pro GUI user's guide

6.1 Hir
E2E is a trademark of Texas Instruments.

Altium Designer is a registered trademark of Altium LLC or its affiliated companies.
All other trademarks are the property of their respective owners.

6.2 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES
NOT CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR
SERVICES OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR
SERVICES, EITHER ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.
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sk A

Example Matlab Program for Analyzing Receiver Channel to Channel Skew
% %

% Import Data %

% %

function varargout = SkewCheck_v5(varargin)

close all;

global N;

global samples_all;

global ax;

global num_bits;

global Fs;

global Fin;

global Decimation;

global popupA;

global popupB;

% Declare variables for imported data

datal = xIsread(‘'read_csvl.csv');

data2 = xlIsread('read_csv2.csv");

Fs = 2949.12¢6;

Fin = 900e6;

Fnco = 890.88e6;

Decimation = 12;

N = length(datal);

num_bits = 15;

%Removing DC in all the channels

samples_board_1 = datal,

samples_board_1 = samples_board_1 - repmat(mean(samples_board_1),size(samples_board_1,1),1);
samples_board_2 = data?;

samples_board_2 = samples_board_2 - repmat(mean(samples_board_2),size(samples_board_2,1),1);
samples_all = [samples_board_1 samples_board_2];
fig=figure('Units’, 'normalized’, ‘Position’,[0.1,0.1,0.5,0.8]);
set(0, 'CurrentFigure’, fig);

for i = 1:size(samples_board_1,2)

waveDataSrc{i} = sprintf('Filel_Ch%1d',i);

end

for k = 1:size(samples_board_2,2)
waveDataSrc{size(samples_board_1,2)+k} = sprintf('File2_Ch%1d',k);
end
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popupA = uicontrol('Style', ‘popup’, 'Units', 'normalized’,...

'String', waveDataSrc,...

'Position’, [0.76,0.935, 0.2, 0.05],...

'Tag', 'PUAL, 'Callback’, @setmap);

popupB = uicontrol('Style', 'popup’, 'Units', 'normalized’,...

'String', waveDataSrec,...

'Position’, [0.76,0.905, 0.2, 0.05],...

'Tag', 'PUB1, 'Callback’, @setmap);

ax(1l) = axes('DataAspectRatioMode’, '‘auto’, 'PlotBoxAspectRatioMode’, 'auto’,

‘CameraViewAngleMode', 'auto’,...

'‘Units', 'normalized’, 'Position’, [0.06+0,0.06+0.48*1,0.9,0.38]);

ax(2) = axes('DataAspectRatioMode’, '‘auto’, 'PlotBoxAspectRatioMode’, 'auto’,

‘CameraViewAngleMode', 'auto’',...

'‘Units', 'normalized’, 'Position’, [0.06+0,0.06+0.48*0,0.9,0.38]);

PlotData(1, 1)

CalcSkewData

end

function PlotData(PUPA, PUPB)

global samples_all;

global ax;

global N;

global num_bits;

global Fs;

global Fin;

global Decimation;

Fsd = Fs/Decimation;

global popupA;

global popupB;

popupAStr = get(popupA, 'String');

popupBStr = get(popupB, 'String’);

samples_board_1 = samples_all(:,PUPA);

samples_board_2 = samples_all(:;,PUPB);

subplot(ax(1));

% Get FFT of for each board.

window = blackman(N);

X=fftshift(fft(window.*samples_board_2));

Y =fftshift(fft(window.*samples_board_1));

X = X(N/2:end);

Y = Y(N/2:end);

A = 27(num_bits-1);
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% Find the bin with the largest amplitude. This is the sine wave.
[mag_x index_x] = max(abs(X));

[mag_y index_y] = max(abs(Y));

%magitude correction

samples_board_1 = samples_board_1 * (mag_x/mag_y);
plot((0:length(samples_board_1)-1)*(1/Fsd),samples_board_1,...
((0:length(samples_board_2)-1)*(1/Fsd))-(0/(2*Fsd)),samples_board_2);
str_tracel = sprintf('%s',popupAStr{PUPA});

str_trace2 = sprintf('%s',popupBStr{PUPB});

leg = legend(str_tracel, str_trace?2);

set(leg, 'Interpreter’, 'none");

title('Time Domain Plot");

% Get FFT of for each board.

window = blackman(N);
X=fftshift(fft(window.*samples_board_2));

Y =fftshift(fft(window.*samples_board_1));

X = X(N/2:end);

Y = Y(N/2:end);

A = 27(num_bits-1);

% Find the bin with the largest amplitude. This is the sine wave.
[mag_x index_x] = max(abs(X));

[mag_y index_y] = max(abs(Y));

subplot(ax(2));

plot((0:N/2)*(Fsd/N), 20*log10(abs(X*2/N/A)), (0:N/2)*(Fsd/N), 20*log10(abs(Y*2/N/A)));
title('FFT Plot of ADC 1;

fprintf(\nIndex_x:%d; Index_y:%d\n',index_x, index_y);

% Get the phase of each signal at the appropriate bin.

phase_x = angle(X(index_x));

phase_y = angle(Y(index_x));

% Calculate the phase difference and time skew.

phase_diff = phase_y - phase_x;

phase_diff = mod(phase_diff, 2*pi);

%phase_diff _deg = mod(phase_diff / pi * 180, 360);

boardstring = ";

if phase_diff > pi

boardstring = 'Brd1 Lags Brd2';

phase_diff = 2*pi-phase_diff;

else

boardstring = 'Brd2 Lags Brd1';

phase_diff = phase_diff;
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end

phase_diff _deg = phase_diff / pi * 180;

skew_ps = phase_diff _deg / (360*Fin) / 1e-12;

abc_titlel = sprintf('%s by %3.3f deg or %3.3f ps', boardstring, phase_diff_deg, skew_ps);

subplot(ax(1));

title(abc_titlel);

abc_title2 = sprintf('Fin = %3.3f MHZz', Fin*1e-6);

subplot(ax(2));

title(abc _title2);

end

function skewdata=CalcSkewData()

global samples_all;

global N;

global num_bits;

global Fs;

global Fin;

global Decimation;

Fsd = Fs/Decimation;

for row = 1:size(samples_all,2)

for col = 1:size(samples_all,2)

samples_board_1 = samples_all(;,row);

samples_board_2 = samples_all(:,col);

% Get FFT of for each board.

window = blackman(N);

X=fftshift(fft(window.*samples_board_2));

Y =fftshift(fft(window.*samples_board_1));

X = X(N/2:end);

Y = Y(N/2:end);

A = 2"(num_bits-1);

% Find the bin with the largest amplitude. This is the sine wave.

[mag_x index_x] = max(abs(X));

[mag_y index_y] = max(abs(Y));

%magitude correction

samples_board_1 = samples_board_1 * (mag_x/mag_y);

% Get FFT of for each board.

window = blackman(N);

X=fftshift(fft(window.*samples_board_2));

Y =fftshift(fft(window.*samples_board_1));

X = X(N/2:end);

Y = Y(N/2:end);
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A = 27(num_bits-1);

% Find the bin with the largest amplitude. This is the sine wave.
[mag_x index_x] = max(abs(X));

[mag_y index_y] = max(abs(Y));

% Get the phase of each signal at the appropriate bin.
phase_x = angle(X(index_x));

phase_y = angle(Y(index_x));

% Calculate the phase difference and time skew.

phase_diff = phase_y - phase_x;

phase_diff_deg = phase_diff / pi * 180;

skew_ps = phase_diff deg / (360*Fin) / 1e-12;

abc _title = sprintf('%3.3f°/%3.3fps', phase_diff_deg, skew_ps);
skewdata{row,col}=abc _title;

end

end

f = figure;

t = uitable(f,'Data’,skewdata, 'Units', ‘'Normalized', 'Position',[0, O, 1, 1], 'ColumnWidth' {150});
end

function setmap(source,callbackdata)

global popupA;

global popupB;

PlotData(get(popupA, 'Value'), get(popupB, 'Value'));

end
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