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GC5325 System Evaluation Kit

This document outlines the basic steps and functions that are required to ensure the proper operation of
the GC5325 System Evaluation Kit (SEK) system. The GC5325 is a fully integrated crest-factor reduction
(CFR), digital predistortion (DPD) device capable of linearizing a typical base-station power amplifier (PA).
This guide can help users to quickly evaluate the performance of various PAs with varying system
parameters, such as CFR levels and PA input/output power levels before and after the DPD. The GC5325
EVM has two GC5325 devices configured to provide two separate transmit paths and uses one ADC for
feedback that is shared by both GC5325 parts. The block diagram for the GC5325SEK is shown Figure 1.

Contents
1 L0 1= V= 3
2 [ =T 0 L= T =TT (o 3
2.1 0T LU TS =T 11T o = 6
3 Y0 11T TN 1 1S3 7= 11 = U T o 7
3.1 MATLAB™ Control Libraries and TOOIS ......iiiiiiiieeeeiiiiiiiiiiississssssssssssssssessssssseesssnnnnns 7
3.2 TSW3100 SOftWare and DIIVEIS . .....uiieeeeeeteeeeesesssstsseeeaasssssssnssssesmreeeeessssssesseenssnnns 7
3.3 DSP-Weuffen USB-t0-UHPI Software and DIVEL ......cviiieiiiiiiieeiiiiieesaaannnessaannneesaaanneeens 7
4 USING the SOMWAIE 1. sttt e s e e e e s e s s e s s e e tr e e s e e s s n s s a s annnnnns 8
4.1 Starting the GUI SOfWAIE .uvviiiieeiiii s i ss s s e asaer e s saann e s ssannressaanneessannnnessannnnees 8
4.2 Operating the GCOE325SEK .ttt iiie s s s saas s s s s aansa e s sannnaessannes 18
5 (O 11T gl ¥ T 1 1 21
5.1 2 0T T | S 21
5.2 IS 1T 31 0 P 21
53 L6010 L 21
5.4 Do 22
55 0 22
5.6 [ OLo1CJ2 SR =T 0111 (=] N 22
5.7 B0 T L= (0 o 22
5.8 e O (o 25
5.9 D 20 =T -1 0 26
Lo O @4 o U £ =103 =1 £ P 27
5.11 Quit and Command/MeSSage WINGUOW ....euiiuuuerersrunnresrinnssesssassessrasssesissinsnssssssnnsssssnnnes 28
6 E T 0 10105 28
Appendix A LEDs, Switches, Connectors, and JUMPEIS .....ueieiiiietresiaaneessaaannesssaannessaaaanressaannressaannes 29

List of Figures

1 GCB5325EVM BIOCK DIBGIAM 11 uteiuteistssastessesssesaasssas e saaessa s ssaassae s sase s s aa s s saa s san s sanesannssannans 3
2 Location Of LOCAl OSCIllAtOr INPUES . ... ueieeeiieiaeteear it e e ssaaate et s e s ssaaae s s ssan e e s ssannesssannnasssannes 5
3 L TD o= T 0] 0= D= ] 1o o 5
4 (D@ ISV a o 0 A= L 0] = 1 o 8
5 L1 = L] = g ol o 9
6 GUI Configured for UHPI LOAdiNg Of DSP . ....uueisiiiiiii i s s s s s e s ssaaas e s ssnase s ssanneess 9
7 Signal Levels in the GC5325 — Definition of HR @and PAR ...ttt e e 10
8 MATLAB Vector Saved as .Mat File .....iueiiieiiiiiiiiii i s e n e e 11
9 14T 00T gAY Vo Yol =T =T 12
10 R0 0= o111 o 12
SLWUO063F—April 2009—-Revised April 2011 GC5325 System Evaluation Kit 1

Submit Documentation Feedback
Copyright © 2009-2011, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLWU063F

I3 TEXAS
INSTRUMENTS
www.ti.com
11 = T I =TS 1T o 12
12 O ] I 13
13 U 1o X 1 o 18 Y7o To [ 13
14 B = L I 5 15
15 CDCMT7005 StAtUS LEDS . utuuuseiussisssssisssssssssssss st sasts s ssasesasssasss st e saasssannssannens 15
16 TSW3100 LED Status With Test Pattern RUNNING ..uvuivueseiiiiiesissiiessssiiasrssssianssssaanssessaasnsssannns 16
17 L0 IS L] 17
18 Loopback Results Using GC5325 Internal Capture BUfers .....oooeeiiiiiiiiiiii e e 19
19 DPD Results From Internal PA for Channel O .....o..ueieiiiiiiiiii i i s s s s aane e 20
20 [T 2T LSSV =T g 1 T 21
21 LIRS =L I =0T 21
22 GC5325 REISIEr WINTGOW . uutetisatesssasaesssassessssaesssaas s s ss s as s st saaas s st saasae st ssasanssssannnssssannnns 22
23 [0 1= (1] YT To [0 23
24 (O B =T o I8 {11230 11 =od (o] 23
25 DPD CFR Configuration WINGOW .. ... .ueeeiesesssissssssasssssssissssssssssssasassssssaannsssssannnnssssnnnnnsss 24
26 DAC5682Z Offset COrreCtion WINGOW .....uevusserseisesisss it rassssissssisssasesasssanss i s sainssannssas 26
27 1= 5 @] 110 AN o[ 27
2 28

List of Tables

1 TSW3100 Jumper and SWItCh DESCIIPON 1. v vt sttiatirseiie s ranes 29
2 TSW3L00 CONNECIOIS 1uuuusssssssssssssseeeesssssssssssssassssaassssssssnssseeeesssssssmssssssssssssnnssnnnnns 29
3 GC5325EVM Jumper and DeSCHPHONS ..uuuutiueeiineiiseisiterss e e sr s sassaneraessannesns 30
4 GC5325EVM CoNNECLOr DESCHPLION .. uuetetiteesraaaneesaaiane s sraaane e ssaans e e s saannnessaannnessaannnessaannnns 31
2 GC5325 System Evaluation Kit SLWUO063F—April 2009—Revised April 2011

Submit Documentation Feedback
Copyright © 2009-2011, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLWU063F

TEXAS

INSTRUMENTS
www.ti.com Overview
1 Overview
TSW3100 o VCXO
LI __4 7005
Generator : T T TT
I
y | v
| [
o| aesans i i = D'_._ [ Jrxo_out
—r—{ [ >\ [ JrRx0_IN
| |
b 4 | | DAChe82z
=B
FPGA C6727 L
DSP —— LN
I | ADS61B49
A I |
Py
Y Y
- D‘ . :lRX1_IN
DAC5682Z TRF703
Figure 1. GC5325EVM Block Diagram
The GC5325 SEK consists of the following modules:
+ GC5325EVM board (center in Figure A in the GC5325SEK Figures file on the provided CD)
+ TSW3100 pattern-generator board (left in Figure A)
The digital portion of the GC5325EVM consist of two GC5325s which are used to generate the DPD
corrected data for two duplicate transmit paths. The control of the GC5325's is provided by a
TMS320C6727 Digital Signal Processor (DSP). The GC5325EVM communicates to a host PC via a
DSP-Weuffen USB-to-UHPI interface board. The system clocking is provided by an onboard VCXO which
is divided by a CDCM7005 to provide the required clocks for the two DACSs, the ADC, two GC5325s, the
FPGA, and the TSW3100 pattern generator. The default VCXO is 737.28 MHz, although this can be
substituted with another VCXO or bypassed by using an external clock source.
The radio frequency (RF) portion of the board has two duplicated transmit paths that use a DAC5682Z
(16-bit, 1-GSPS, dual-channel) and TRF3703 for the TX conversion to RF. This is followed by an amplifier,
Digital Step Attenuator (DSA) , and RF switch (for optional onboard loopback to feedback path). The RF
section of the board also features a shared feedback path which consists of RF switches (control shared
feedback), DSA, and a mixer to convert to IF. At the intermediate frequency (IF) portion of the board is an
amplifier, a filter stage, and then the ADS61B49 ADC (14-bit, 250-MSPS).
The baseband input test data is provided by the Texas Instruments TSW3100 pattern generator. This
board communicates with the host PC using a USB-to-Ethernet interface. The GC5325EVM plugs directly
into the TSW3100 as shown in Figure A of the GC5325SEK Figures file on the provided CD. The entire
system is controlled by the GC5325 graphical user interface (GUI) software.
2 Hardware Setup

The setup procedure begins with verifying that all proper connections are made between the various
components of the SEK system. The system is fully controlled by a single host personal computer (PC).
The following list describes connections between the various components of the system including those to
the PC:

The interconnections of various units of the GC5325SEK are as follows:

Windows is a trademark of Microsoft Corporation.
MATLAB is a trademark of The MathWorks, Inc..
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« The composite signal input patterns used by the GC5325 are generated using the TSW3100 pattern
generator. The TSW3100 is programmed through an Ethernet cable via FTP commands issued by the
GC5325GUI. The TSW3100 CMOS output headers J63 and J64 connect to corresponding female
40-pin headers J1 and J3 on the bottom of the GC5325EVM. These headers provide composite signal
data, baseband clock, frame strobe, and synchronization to the GC5325EVM. Align the GC5325EVM
bottom connectors J1 and J3 over the top connectors J63 and J64 of the TSW3100. Ensure that all
pins are aligned with the sockets. Press down on the GC5325EVM until the connectors are flush with
each other.

*  The TSW3100-required input CMOS clock is provided by connecting the CMOS_CLK SMA (J73) on
the TSW3100 to PG_CLK_OUT SMA (J2) connector on the GC5325EVM using the provided SMA
coaxial cable as shown in Figure B of the provided GC5325SEK Figures file on the provided CD. It is
used for providing the reference clock from the GC5325EVM, which is derived from the YOA and YOB
output of the CDCM7005 through the FPGA (dividing by 3). The frequency on GC5325 J2 must be the
VCXO frequency divided by 6. With the 737.28-MHz VCXO, this output is 122.88 MHZ. Install the
provided SMA coaxial cable between these connectors.

« Downloading of the DSP runtime code and control of the RF section of the card, including the clock
generator (CDCM7005) is achieved through the DSP Weuffen USB-UHPI interface board, which plugs
into J25 and J26 of the GC5325EVM. Plug in the provided USB cable from the mini-USB port on the
small green interface board mounted on the top of the GC5325EVM in the lower left corner and to a
host PC USB port

* Power to the system comes from the provided 19-Vdc power supply (Dell) through J7. An alternate
method is to provide 19 Vdc to connector J23. The GC5325EVM converts the 19 Vdc down to the
required voltages needed by the board as well as generate the 4.5 - 5 Vdc for the TSW3100. Connect
the provided power supply to connector J7 of the GC5325EVM. Switch SW4 is the GC5325SEK main
power switch.

* Power for the TSW3100 is made available from the GC5325EVM on connector J22 (PG_PWR) via the
provided power cable which plugs into the power connector J9 on the TSW3100 as shown in Figure D
of the GC5325SEK Figures file on the provided CD. Install the provide power cable as shown. Ensure
that switch SW1 on the TSW3100 is set to the ON position, SW5 is in the OFF position and all
switches on SW2 are set to the " Open" position.

» Control of the TSW3100 is through an Ethernet interface between the TSW3100 and the host PC. The
GC5325SEK provides an USB-to-Ethernet adapter which allows the user to use an USB port for this
interface instead of the Ethernet port, which in most cases is already being used. Connect the provided
Ethernet cross over cable between the TSW3100 and the adapter. Next connect the adapter to an
USB port. The GC5325SEK setup now appears as shown in Figure E of the GC5325SEK Figures file
on the provided CD.

* Local oscillator (LO) inputs are located at SMA connectors J20 and J19 (see Figure 2). The board
default configuration is to operate with a single LO source provided from TX_LO_IN connector (J20).
Connect the external LO source to J20 and set the desired frequency. If using the high frequency
configuration (default) use a power level such that the power at the input connector J20 is at
approximately +2 dBm. If using the low frequency configuration, depending on the frequency selected,
the LO power should be set approximately to -7 dBm to prevent signal saturation. If using an external
filter (recommended) with the external LO source, any cable and filter loss must be taken into
consideration.
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Figure 2. Location of Local Oscillator Inputs

NOTE: If a different power level is used, make sure the LO power level at both transmit modulators
and the receive mixer are within the required specification. SMD coaxial connector switches
are provided throughout the RF section of the GC5325EVM. Two of them can be used to
measure the LO power at the transmit modulators, and one can be used to measure the
power of the LO going to the receive mixers. See the schematic for the exact reference
designator. The connectors normally pass the RF signal from pin 1 to pin 2 with minimal
loss. When a special test cable from Murata (part no. MXGS83RK3000) is inserted into these
switches, the signal path from pin 1 and pin 2 is disconnected, and the signal is then routed
from pin 1 to the test cable.

+ The GC5325SEK is designed to operate over two different frequency ranges: 700 to 1400 MHz and
1600 to 3000 MHz. The user must make sure the LO source frequency is set to match the
configuration of the board. To support the two operating frequency ranges, the receive path contains
two separate RF mixers, along with a wideband amplifier and attenuator. The GC5325EVM default
configuration is with two active mixers installed. The EVM also has an option to be configured with
passive mixers if desired. Jumpers JP7 and JP8 determine which mixer is used in the feedback path,
while jumpers JP6 and JP9 provide power or not to the mixers. Figure 3, which is the actual silkscreen
that is labeled on the top right side of the GC5325 EVM, shows how to set these jumpers per the
desired mode of operation.

JP91  JP6 1 g1 JPT |
eom) oom (oom [0onm)
U64_PWR  U40_PWR c2

MIXER

SELECT
1-2 ACTIVE 1-2 ACTIVE
2-3 PASSIVE 2-3 PASSIVE C2 | CI | MIX

2-3|1-2 |<1.4GHz
1-2 | 2-3 |>1.6GHz
2-312-3|EXT

Figure 3. Mixer Jumper Definition

« Transmit (TX) outputs are located at SMA connectors J17 (TX0_OUT) and J18 (TX1_OUT). The
receive (RX) inputs (feedback) are located at SMA connectors J46 (RX0_IN) and J28 (RX1_IN). The
receive inputs must not exceed approximately -10 dBm. The user may need to provide an attenuator in
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2.1

the path between the PA output and GC5325 receive input signals. A typical configuration using two
Mini-Circuit amplifiers, two RF couplers and the GC5325 EVM is shown in Figure F in the GC5325SEK
Figures file on the provided CD.

NOTE: To avoid any significant performance degradation, Tl strongly suggests the use of a RF
bandpass filter to reject undesirable products in the transmitted signal. The filter must have a
1-dB bandwidth of 100 MHz to accommodate the full DPD correction bandwidth and must be
used between the TX output and the PA input. Additionally, the filter must have minimum
amplitude (+/-0.5 dB) and group delay variation (2 ns) over the pass band.

The GC5325 EVM contains two dip switch modules. The default switch settings are as follows:

— SWS5 — All switches must be set to the "Open" position.
— SW?7 - All switches must be set to the "Closed" position.
Switches 1 and 2 of dip switch SW5 set the frequency of the PG_CLK_OUT signal on SMA J2 of the

GC5325EVM. Based on the VCXO, these switches must be in the correct positions to provide the
proper baseband clock frequency to the TSW3100.

VCXO CDCM7005 DIVIDE of  SW1 Sw2 J2 Output Frequency
Frequency VCXO CLK

737.28 MHz DIVIDE BY 2 OPEN OPEN 122.88 MHz
737.28 MHz DIVIDE BY 2 CLOSED OPEN 147.45 MHz
737.28 MHz DIVIDE BY 2 OPEN CLOSED 147.45 MHz
672 MHz DIVIDE BY 2 OPEN OPEN 112 MHz
672 MHz DIVIDE BY 2 CLOSED OPEN 134.4 MHz
672 MHz DIVIDE BY 2 OPEN CLOSED 134.4 MHz
672 MHz DIVIDE BY 3 OPEN OPEN 74.6 MHz
672 MHz DIVIDE BY 3 CLOSED OPEN 89.6 MHz
672 MHz DIVIDE BY 3 OPEN CLOSED 89.6 MHz

Switch 3 of SW5 is not used. Switch 4 allows the RF section of the board to be either controlled by the
DSP or the FTDI USB adapter board mounted on the bottom of the GC5325EVM. The FTDI USB
driver software has not been very reliable and this interface should not be used.

Power-Up Sequence

Toggle switch SW4 on the GC5325EVM is the main power ON/OFF switch for both boards as long as
SW1 on the TSW3100 is in the ON position. SW5 on the TSW3100 controls two onboard regulators that
provide power to the banana jacks for optional external power. These are not used with the GC5325SEK,
and SW5 should remain in the OFF position. With power applied, certain status LEDs illuminate. See
Appendix A of this document for LED descriptions.

After the cables are installed and power is provided to the system, LEDs D1-D4 will display the current
version of firmware that is loaded inside the FPGA, with LED D1 the LSB and LED D4 the MSB of a
four-bit binary word. Both TX Channel Loop Back LEDs are illuminated (D5 and D6) along with two
CDCM7005 status LEDs (D14 and D15) after power up.

6
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3 Software Installation
The following steps outline the installation of the software tools/utilities required to operate the SEK
system. These software components (supplied with the GC5325SEK) must be installed:
*« MATLAB™ control libraries and tools, to program and control the EVM system. This requires
Windows™ XP SP2 and a COM port on the host PC.
» USB-Ethernet software driver (see section 2.1, USB to Ethernet Adapter Installation and section 2.2,
Configure the USB to Ethernet Network, in the TSW3100 user's guide SLLU101)
+ DSP-Weffen USB-to-UHPI software driver.
3.1 MATLAB™ Control Libraries and Tools
The user can begin with the installation of the MATLAB control libraries and tools. The required software is
included on the provided compact disc (CD).
The following steps outline this installation:
1. Create the following directory: C:\GC5325. Copy the \GC5325EVMGUI_xpxxx (where xpxxx is the GUI
version) directory from the provided CD into C:\GC5325\
2. Go to the C:\GC5325\GC5325EVMGUI_xpxxx \ directory, and click on MCRInstaller.exe and install
the MATLAB runtime library.
3.2 TSW3100 Software and Drivers
The GC5325SEK comes with a USB-to-Ethernet adapter that can be used to communicate between a
host PC USB port and the TSW3100. The software/driver installation procedure for this product can be
found in the TSW3100EVM User's Guide and must be installed now if it has not already been installed.
The TSW3100EVM User’s Guide and software can be found under the TSW3100 directory on the
provided CD.
3.3 DSP-Weuffen USB-to-UHPI Software and Driver
For the USB-UHPI software, the required device drivers are included in the C\GC5325EVMGUI_xpxxx
\DLL_drivers\ usb_UHPI directory.
The following steps outline this installation:
1. Ensure that the USB cable from the USB-UHPI EVM (small green board) on top of the GC5325EVM to
the host PC USB port is installed.
2. Turn on the GC5325EVM and TSW3100 using switch SW4 on the GC5325EVM.
3. The PC automatically detects a new device. At the New hardware installation prompt, select No, not at
this time.
4. Select User specified location for the drivers, and browse for the directory within the
\GC5325EVMGUI\DLL drivers\usb_UHPI directory. Click continue.
5. Accept the driver signature and continue.
After installing the DSP-Weuffen USB-to-UHPI and the USB-to-Ethernet adapter drivers, ensure that the
devices are installed by using the Control Panel/System/Hardware/Device Manager.
The installation of the software, tools, libraries, and drivers is now complete. Power should now be cycled
on the EVM.
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4 Using the Software
4.1 Starting the GUI Software
To start the GC5325 GUI software installation, double click on the GC5325GUI_setup.exe file on the
provide CD.
When the Setup Wizard opens, click on "Next".
Read the License Agreement and click on "l accept the agreement".
Click on "Next".
The destination folder for the installed software is displayed. Tl recommends using the default folder
location. All necessary folders will be created by the installation software.
Click on "Next".
Click on "Install" to start the installation.
After the installation is complete, click on "Finish".
If the default location was used, the software is now loaded under the directory called "C:\GC5325GUI".
Go to this folder and double click on the file called GC5325EVM.exe to start the GC5325 GUI.
The program usually takes about 15 seconds to start. Both a DOS window and a GUI appear. The DOS
window displays useful text during operation of the GUI, equivalent to the MATLAB Command window for
the uncompiled GUI. This looks as shown in Figure 4. The GUI looks as shown in Figure 5.
e CNUSERDATANGCS325EVMGUI_bin_3p34AGC5325EVM.exe -0 ﬂ
Extracting CIF archive. Thiz may take a few seconds, depending on the n
gize of your application. Please wait...
..-CTF archive extraction complete.
starting GCH325EUM
Figure 4. DOS Window at Start-Up
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Figure 5. GUI at Start-Up

To load the DSP code through the USB-to-UHPI adapter, do the following steps:

1. In the GC5325 Registers box of the GUI, enter "5325internal” inside the ADDR box, then click on the
"WR" button.

2. Select "UHPI BOOT" located in the upper right side of the GUI.
3. Select "UHPI" in the left side of the GUI.

4. Select "DSP" in the RF Port Options box located in the bottom right hand corner of the GUI. The GUI
shall now appear as shown in Figure 6.
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Figure 6. GUI Configured for UHPI Loading of DSP
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41.1 Step 1: Sighal Setup

1. If the VCXO frequency is not the default 737.28 MHz, select the CLK option (as shown in the following
inset) and input the clock rate in the text window.

E'M Clack

(%) WOKO (737 .28 MSPS)

(LK
In this example, a clock rate of 737.28 MSPS is used. The clock rate must be between 650 and 750
MHz.

2. Input the complex sample rate of your input data if it is different than the default value. The input rate
can be up to the EVM Clock rate divided by 12. For this example, the default value of 61.44 MHz
(737.28 divided by 12) is used.

The GC5325EVM GUI fractionally resamples the signal to match the GC5325 complex input rate of the
EVM Clock divided by 12 (the interface uses an interleaved format for | and Q, so the actual data
transfer rate is 2x).

3. Set the desired Peak to Average Ratio (PAR), Headroom (HR), and TDD% for the CFR block.
Referring to the following diagram, Headroom is the clipping threshold relative to full-scale for the CFR
block and PAR is the RMS level of the input signal below the Headroom. The GC5325EVM GUI
rescales the input signal so as to set the RMS level appropriately. The TDD% value is used to
compensate for the zero time of TDD downlink signals. If the downlink time is 60% of the frame, then
the TDD% must be set to 60.

PAR

HF:

1

TOD %) 100

For this example, the PAR and Headroom settings were kept as the default values of 8 dB and 7 dB.
The PAR and HR settings can be adjusted later after the signal is loaded by selecting the PAR/HR

button.
CFR Hard
Fullscale Block Limiter DPD
_____________ f________________}_____ SR S I
Headroom 7dB L N ==
L _____{ _____ Expansion
] T S .
PAR } Output
Input } —————————— -+ 44- Signal RMS
Signal RMS +1{r4{1--7-- | Gain (DL only)
(DL only) “f“ T 1" [ V v """ f """ :

Figure 7. Signal Levels in the GC5325 — Definition of HR and PAR

Following the CFR block, a Hard Limiter block that limits the signal to — 7dB below full-scale. This is to
ensure that the DPD block has 7 dB available for signal expansion and gain adjustment (compensating
for analog gain variation).
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4. The Signal Display check boxes can be checked as needed to display the signal characteristics
(Spectrum, ABS vs time, CCDF) of the input signal after resampling and gain adjustment. For this
example, all the boxes are checked.

— Signal Dizplay —
Spectrum
Time

CCDF
[ CFR 4B

5. Now, the input signal can be loaded by clicking on the Load Signal button. The format of the input
signal can be a complex MATLAB vector saved as a .mat file (Figure 8), or a two-column text file.
Because the GC5325EVMGUI rescales the input signal to the appropriate RMS level, the input signal
can be floating point and need not have any particular scaling. Browse to the appropriate file and

select OK.
21 x|
Look in: | __ bazeband_data ;I . EF v
2 1LTE_1x10M_6144005_61p44Msps_gc5325 mat £ ]THM1_86l
%LTE_I><2DM_6144DDs_ﬁlp44Msps_gc5325.mat # Jwimax1
LTE_2x10M_614400s_61p44Msps_gc5325,mat £ T
%LTE_Z:(ZDM_GI44005_61p44l‘v15p5_gc5325.mat £ WIMBY
matlab_tone_crplx_327685_61MSPS_G1_BWSO_T10L_TCO.1 geS3eS.mat 4 |wIMAX
aMCG5M_2c_EuElDid-Iz_static_timearrav_ZEuMsps_chSZS.mat BWIMF\X
W IMCE5M_Be_10MHz_static_timearray_26Msps_gcS325.mat £ Twimase_
£ MOGSM_Be_15MHz_ satic_timearray_26Msps_geS325.mat + \viimas
'BMCGSM_6::_2IZIMHz_sI:atic_timearrav_26Msps_gc5325.rrrat
_ TM1_120k_IFO_Fup3d.72_1010_gcS325.mat
Wiy Gty ETM1_3?5k_IFn_Fup38.4_11_gc5325.mat
) 1 _375k_IFO_Fup38.4_1000_geS325.mat
ﬁ BTl 600k _IFD Fupsl.44 0110 grS325.ma
" 41T _s00k_IF0_Fup6l.44_111_geS325. mat
-3":”515:. oy
o HTMI_s00k_IFO_Fupel,44_1000_gcS325.mat

"! | | ]

7 File pame: [TM1_BO0K_IFD_FupG1 44_0110_ge5326 mat | Open

Places: ‘
Files of type: |MAT-f|'Ies [*.mat] ;I Cancel |

Figure 8. MATLAB Vector Saved as .mat File

Next, the Import Wizard properly delimits the input file and loads the signal. Click on Finish (Figure 9).
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Select wariables bo impart using checkboxes

(%) Create variables matching preview |

Yariables in CAGCS3EEECEIZSEYMEUI_Ein_4p0i4ibaseband_datalTM1_&00k_IF0_Fupsl.44_0110_gcS325, mat

EBX]

Irnport Narne Size Evtes Class
FH data_ge... 1x614400 95330400 double

< ¥

Mo wariable selected for prewview.

Figure 9. Import Wizard Screen

The Windows with the input signal characteristics pop up after loading. The first three are the
Spectrum (Figure 10), ABS time series (Figure 11) and CCDF (Figure 12) of the resampled signal:

Eile

Deds @y € 06

Res BWY =30000 Hz
150 T

140

130

120

110

100

Amplitude (dB)

a0

a0

70

B0

50 A " .
4 3 E

Fregquency (Hz)

Eile

DS Raf® & 0E

x10*
3 ' _ ' ' _

Figure 10. Spectrum

Figure 11. ABS Time Series
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Figure 12. CCDF
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Truncation Level 10 dB
] S S| SN S— S —
Display EVM 1 S I
Fast Design (use partial data) [ save 00 i I I I I i I
-4 -3 -2 -1 0 1 2 3 4

Figure 13. Autocfr_gui Window

The ABS time series plot also denotes the location of the sync A input signal (red upside down
triangle) used by the GC5325 to capture data for DPD. A suitable time is found by the
GC5325EVMGUI automatically and must be located in a region with active data (not during the zero
time).

6. If the Auto Filter option in the CFR Setup were chosen, the Autocfr_gui window (Figure 13) opens:

The Autocfr_gui is a fast, simple method to design the CFR cancellation filter based on the spectrum of
the input signal. The CFR filter has approximately the same spectral mask as the input signal, so that the
noise energy generated by peak cancellation remains in band. The Autocfr_gui generates a CFR filter to
match the input spectrum the first time it loads. If this looks acceptable, no other adjustments are
necessary. Three main control values can adjust the spectral shape of the filter:
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41.2

*  Window Beta (default = 3): The Autocfr_gui uses a window function for generating the CFR filter, and
the amount of windowing is controlled by Window Beta. Increasing the Window Beta broadens the
frequency of the in-band spectrum and lowers the floor of the out-of-band spectrum. Decreasing the
Window Beta narrows the frequency of the in-band spectrum and raises the floor of the out-of-band
spectrum.

* Narrow (default = 0.2): Increasing the Narrow value slightly narrows the in-band spectrum. This can be
used to compensate for the broadening of the in-band spectrum due to increasing Window Beta.

« Shift (default = 0): The shift value shifts the in-band spectrum slightly to the left or right. Sometimes the
CFR spectrum is slightly off from the input signal spectrum.

The four other controls for the Autocfr_gui are:

* Truncation Level (default = 10 dB): The truncation level defines the level from maximum spectral
amplitude that is considered in-band. For example, if the input signal consists of three carriers with
relative amplitudes of 0, -5 dB, and —15 dB, only the 0 and —5 dB carriers are considered in-band.

+ Display EVM (default = 1%): This value only affects the relative amplitude of the CFR filter spectrum
relative to the signal spectrum. This value must be set to the approximate in-band EVM target for CFR,
and then adjusts the CFR filter spectrum relative to the signal spectrum in the display until the in-band
amplitude difference is this value. Doing this allows examination of the out-of-band CFR noise relative
to the spectral mask requirement. This does not affect any setting in the GC5325 or change the CFR
filter — it only affects how the two curves are displayed on the graph.

» Fast Design: If checked, this speeds up the generation of the CFR filter by only using a section of the
input signal. If unchecked, the entire input signal spectrum is used. It is recommended to first get the
basic CFR filter spectral shape as desired, then uncheck Fast Design and regenerate. This removes
some of the noise in the CFR filter spectrum.

» Save: If checked, this allows saving a two-column text file with the filter taps when the generate button
is clicked.

* Generate: After adjusting the CFR filter parameters, click on the Generate button to store the filter in
memory for loading to the GC5325.

Step 2: Loading of the GC5325EVM

The user must load both Channel 0 and Channel 1 configurations before attempting any testing of the
system. To load Channel 0 of the EVM, including the DSP run time code, FPGA registers, the RF
portion (DAC56827s, CDCM7005, attenuators, RF switches), GC5325 configuration, and TSW3100
Pattern Generator, click on the Load EVM button:

This results in a significant amount of information to be displayed in the programs DOS window. This
takes approximately 60 seconds. When it is finished, the DAC5682Z "DLL locked" indicator is green on
the GUI, indicating the DAC5682Z is locked to the GC5325. The Cal Feedback button in the DPD
Control section is now enabled. The status message window in the bottom of the GUI now displays
"EVM downloading is done."

Several indications on the GC5325EVM hardware show that the loading was successful. Near the DSP
are four status LEDs, (Figure 14) which provide the following status:
1. The LED labeled DSP_CONFIG blinks, indicating that the DSP loading was successful.

2. The LED labeled GC_CONFIG illuminates, indicating that Channel 0 GC5325 device has been
configured properly.

3. The LED labeled GCO_FAIL illuminates if Channel 0 GC5325 device did not configure properly.

4. The LED labeled GC1_FAIL illuminates if Channel 1 GC5325 device did not configure properly (check
after Channel 1 is loaded ).

14

GC5325 System Evaluation Kit SLWUO063F—April 2009—-Revised April 2011

Submit Documentation Feedback
Copyright © 2009-2011, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLWU063F

i3 TEXAS

INSTRUMENTS
www.ti.com Using the Software
-2
O Al /..l...I.l'..O..l E.:.:E rg'-l
12M_CLK sessslritliiliiil S mOR
© |sissssises e
J1 oS-I RS E2=5
B mE sessssce Ne[= =
A BRHE EHE i
O Y2 EEEEEEEE-... *ﬁx)
L coz | pissisasiiiiiiis | B
Rlao -|'|'1 & 8
CHO ~ * am T16
ASEBAND FLTl =5
INPUT GC_CONFIG " E Sm) J
DSP CONFIG@ STHR I
30 —+ p12
GCO FAIL@
- p [ ]
czes- MM @Gu FAIL
C325[ W + i
FB22 ~&wC323 C239. .
R23 R292 ool W D
C322 i o, $202EE c204 RLLCS, u2
CZZ m— I. Iw Eigﬂ_l

Figure 14. Status LED's

Near the middle bottom of the board, the three LEDs that indicate the status of the CDCM7005 (see
Figure 15) should now all be illuminated.

Figure 15. CDCM7005 Status LEDs
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The LEDs provide the following status:

1. D14 illuminates indicating that the 10-MHz reference clock is present.

2. D15 illuminates indicating that the VCXO is present.

3. D16 illuminates indicating that the VCXO is locked to the reference source.

If LED D16 does not turn on, there is a problem with the loading of the RF section of the board. Check the
DOS window for any error messages. Verify the following if this situation occurs:

1. Make sure the dip switches are set properly.

2. Make sure the USB cable is installed between the USB-to-UHPI board and the host PC.

3. Make sure the DSP-Weuffen drivers are installed properly.

4. Make sure the USB-to-UHPI board is installed properly on the GC5325EVM.

When the TSW3100 pattern has been loaded properly into the TSW3100, the status LEDs of the

TSW3100 change to indicate that the TSW3100 is now sending test data that was loaded to the
GC5322EVM. The LEDs that are illuminated are shown in Figure 16.

D13 PAT GEN 1DLE

D14 PAT GEN CLK
015 | PAT GEN RUN

D16 «F1FO EMPTY ERROR

'.HFO FULL ERROR
D18 [JHL)-LVDS PLL LOCK
.DDR2 PLL LOCK
.NIOS PLL LOCK p

CMOS MODE
.LVDS MODE

Figure 16. TSW3100 LED Status With Test Pattern Running
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NOTE:

NOTE:

If these six LEDs are not illuminated after the TSW3100 has been loaded, make sure that
the four power LEDs in the upper right side of the TSW3100EVM are illuminated. If any one
of these are off, the board may have a possible power supply problem. If all four are on, a
ping button located in the upper left corner of the GUI can be used to test the Ethernet
connectivity. The IPdig is the last digit of TSW3100 IP address. It is 3 by default. To operate
this test, click on the ping button. If the GUI is communicating with the TSW3100 properly,
the following message appears in the DOS window as shown in Figure 17.

If the Ethernet connection is not working properly, make sure the two LEDs on the Ethernet
connector on the TSW3100 are illuminated when the cable is plugged in between the board
and the host with power applied to the board. If these LEDs are not on, try cycling the
TSW3100 power and rebooting the host computer.

Other things to try are the following:
1. Disconnect the USB-Ethernet adapter cable from the host PC, then re-connect. Verify the
USB connection is established.

2. Check that the Ethernet cable is plugged properly into the GC5325SEK and the LED's
under the Ethernet connector are illuminated.

3. The USB-to-Ethernet adapter drivers are installed properly.
4. The Ethernet cable is a crossover cable
5. The dip switch on the TSW3100 is set properly.

If there is an error with the data transfer across the USB-to-UHPI interface, an error
message appears in the DOS window, and the GUI is disabled. If this occurs, the user must
close the GUI, reset the DSP by pressing SW3 on the GC5325 EVM, and then re-open the
GUL.

starting GCL322EUM

rf_port_sel =

Pinging 122.168_.1_123 with 32 hytes of data:

Reply from
Reply from
Reply from
Reply from

192.168.1.123: bhytes=32 time=2ms TTL=64
192.168.1.123: bhytes=32 time=1ms TTL=64
192.168.1.123: bytes=32 timedims TTL=64
192.168.1.123: bytes=32 time=1ms TTL=64

Ping statistics for 192.168.1.123:

Packetz: Sent = 4, Received = 4, Lost = @ (8x loss).
Approximate round trip times in milli-seconds:

Hinimum = Bms, Maximum = Z2ms,. Average = 1ms

Figure 17. Ping Test Result
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4.1.3 Step 3: Loading Channel 1 Configuration Data

1. To load the TX Channel 1 devices of the GC5325EVM, including DAC5682Z, CDCM7005, attenuators,
RF switches and GC5325, go to the "device button”, located in the upper left side of the GUI, and
change the current value from “0” to “1”. This now allows the GUI to communicate to the Channel 1
devices. To communicate with Channel 0 devices, simply switch this setting back to “0”.

2. Click on the “Load EVM” button:

This results in a significant amount of information to be displayed in the programs DOS window and
takes about 30 seconds. When it is finished, the “Cal Feedback” button in the DPD Control section is
enabled and the GUI message window displays “EVM downloading is done” The DAC5682Z DLLlock
indicator is green on the GUI reflecting the DAC5682z is locked to the GC5322.

3. Both channels are now configured and ready for test.
4.2 Operating the GC5325SEK

42.1 Controlling the Analog Signal and Running DPD

1. The test signals are now flowing through both GC5325 devices and the TX sections of the card. DPD
has not started adaption at this point. The user first verifies the quality of the TX and FB path signals
using the internal Capture Buffers in the GC5325s. For this test, the system uses the onboard loop
back capability to loop the TX signal from Channel 0 back to the FB path. To enable this test, do the
following:

(a) Verify that the Loop back checkbox (located in the lower left section of the GC5325 GUI) is
selected. If not, click on the box to select it. When Channel 0 loop back is enabled, LED D6 (next to
SMA labeled TX0_OUT) is illuminated. When this is disabled, the channel is transmitting through
this SMA and the LED is off. On power up, both channels come up in loop back mode to prevent
from possibly overdriving external PAs. For Channel 1, LED D5 is illuminated when set to loop back
mode.

(b) The TX attenuator and RX attenuator settings can be adjusted in 0.25-dB increments by selecting
the TX atten and RX atten boxes located in the bottom left side of the GUI. A value can be entered
or the existing value changed by using the keyboard up and down arrows. The TX attenuator can
be set from zero (minimum attenuation) to 31 (maximum attenuation) in 0.25 incremental values.
For this example, set the TX atten to 5.

Now click on “Cal Feedback” to set the RX attenuator for unity gain. Note that a complete path for the
signal from DAC to ADC is required, either loopback or though external hardware. If successful, the RX
Atten setting changes between 0 and 31. For the default internal loopback case, the RX attenuation
typically is in the 5- to 15-dB range.

If the power is not sufficient for the feedback ADC, you get the following error.

Status/Errors Feedback power too low, check setup, check connections. Error Power = 352538

An error has occurred where the feedback power is too high — in this case, attenuation must be added
to the FB path input. If the Cal feedback is successful, the GUI status window displays the following
message: "Calibration successful. RX attenuation set to XX," where XX is the setting programmed into
the feedback attenuator. The Start DPD and Capture Buffer buttons now become active. Before
Starting DPD, the user must examine the data from the capture buffers.

Click on the “re-capture” button. This displays the DPD and Feedback output buffers on the GUI
window, and now looks like the screen in Figure 18.
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Figure 18. Loopback Results Using GC5325 Internal Capture Buffers

To view the DPD input, FB input, or Error capture buffers, the external plots check box needs to be
checked. This opens the plots in separate windows. This is also useful if separate performance plots
are needed for reports.

Both channels must be calibrated before starting DPD. Change the GUI device setting from "0" to "1"
and repeat steps a-c. After Channel 1 has been calibrated, the user can now run DPD on Channel 0,
Channel 1, or both at the same time. Change the GUI device setting from "1" to "0"

Start DPD by clicking on Start DPD. Once DPD starts, the system continues to adapt until the Hold
DPD command is issued. All buttons except for Hold DPD and Re-initialize DPD are disabled.. To do
any action such as capturing buffers, reloading the DSP/GC5322, etc., the user must click the Hold
DPD button. If both channels are running DPD, both channels must be in the Hold DPD state to enable
the other functional buttons.

Click on the Hold DPD button. Click on the "re-capture"” button. After the capture has been completed,
the status window displays Capture Buffer Complete, and the GUI now looks as shown in Figure 19.
The DPD output buffer and the Feedback buffer reflect the DPD operation on the internal loopback PA.
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Figure 19. DPD Results From Internal PA for Channel O

. To resume adaption, click on Resume DPD.

Resume DPD

The GUI then returns to the state where only Hold DPD and Re-initialize DPD buttons are active.

. To restart DPD from the default loaded settings, click on the Re-initialize button. After clicking on

Re-initialize, the user can adjust the CFR PAR and Headroom, CFR taps, TX Atten, Loopback, etc. If
the TX atten setting is changed, a new Cal Feedback must be done.

Using External PAs

. When operating with external PAs, the Loop Back mode must be disabled. When loop back is turned

off for Channel 0, LED D6 turns off and LED D8 now turns on, indicating that Channel 0 is now
transmitting across SMA connector J17 (TX0_OUT), and that the feedback path is now set up for
RXO_IN. For this case, the feedback signal must be connected to SMA connector J46 (RXO_IN).

. When using an external PA for Channel 1, disable Loop Back. LED D5 turns off and LED D7 now turns

on, indicating that Channel 1 is now transmitting across SMA connector J18 (TX1_OUT), and that the
feedback path is now set up for RX1_IN. For this case, the feedback signal must be connected to SMA
connector J28 (RX1_IN).

. When both channels are driving external PAs and running DPD, both LEDs D7 and D8 are blinking.

When a channel is using the feedback path, the LED is on. Both lights blinking indicate that both
channels are sharing the single feedback path.

. After completing testing of the GC5325SEK, always shut down the GUI before removing power from

the system. To close the GUI, click on the Quit button located at the bottom of the GUI, or click on the
X in the upper right corner of the GUI window.

NOTE: If at any time during operation of the GC5325SEK GUI, the following error appears (as
shown in Figure 20), just wait a second or two, then retry the last command that was
attempted. In most cases, the DSP recovers and executes the next command. If a problem
still exists, the DSP is probably locked, and the software must be closed, and reset the
hardware by either pressing the DSP reset switch or cycling the power.

20

GC5325 System Evaluation Kit SLWUO063F—April 2009—-Revised April 2011

Submit Documentation Feedback
Copyright © 2009-2011, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLWU063F

13 TEXAS
INSTRUMENTS

www.ti.com Other Functions

i

& D5P iz Busy, click on thiz button later

Figure 20. DSP Busy Warning

5 Other Functions

5.1 About

Clicking on "About" opens a widow that will display the GUI version.

5.2 TSWw3100

The IPdig window displays the last address byte of the Ethernet address assigned to the TSW3100 EVM.
The host PC will use this information to communicate with the TSW3100. Click on the Ping button to do a
ping test between the host and the TSW3100. The complete default address is 192.168.1.123. If the last
byte of the TSW3100 Ethernet address is different than this, the value will have to be entered into this
window. Basename is not used

5.3 Options
Clicking on the “Expert Mode” button allows the user to do the following functions:

TX EQ plot - Displays the TX equalizer response using default unity. Click on the "EQ Panel" (see
Figure 21) button to open a new window. Then click on the "TXEQ Plot" button to generate the plot. To
invert the feedback signal spectrum, click on the "invert_eq_fb_flag" box. After doing this, the user must
re-initialize DPD.

DSP CFR Conf - Allows the user to use predefined CFR prototype filters as opposed to using the auto
composite filter generated by the GUI. This is explained in more detail in section 5.7.

Target Config - This window Indicates which target configuration (TGTCFG) file will be loaded into the
GC5325. This window allows the user to load one of two predefined TGTCFG files (11bit or 14bit version)
or custom version by selecting one of the files from the pulldown arrow on the Target Config window This
window is only active if the expert mode is selected and the TgtCfg Flash box is deselected.

TgtCfg Flash box - Do not use.
mod 4 - Do not use.

i x4

TXEG Plot WV Ivert fh_eq_ flag

Figure 21. TXEQ Panel
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5.4 Device
Selects the TX channel (0 or 1) devices that the GUI is communicating with on the GC5325 EVM. This
includes the GC5325, DAC5682Z, and attenuator.
55 Port
Do not use.
5.6 GCb5325 Registers
The GC5325 Registers window (see Figure 22) allows the user to manually write and read the GC5325
internal registers. To write to a specific register, input the address and data in hexadecimal representation
in the top boxes in the Registers box, and then click the WR button.
To manually read the GC5325 registers, input the address in hexadecimal representation in the bottom-left
box in the Registers box, and click the RD button. The read value is then displayed in the Data box.
Another option is to uses scripts. Clicking on the "Script" button brings up a file browser to let you open a
script file to run. The first character of the script file must be e or E, followed by white space, then the
string to evaluate. No quote marks are needed. You can do multiple commands, but only on one line. The
following example will open two figures and displays the number "1" followed by "2".
The content of myScriptExample.txt:
e for index = 1:2 figure(index); disp(num2str(index)); end
Registers
ADDR DATA
(]
[®o]
Figure 22. GC5325 Register Window
5.7 Signal Setup.
Input rate (MSPS) - This is the data rate of the baseband signal. The GUI will resample the data to align
with the VCXO that is currently used on the EVM.
EVM Clock - This section specifies which clock source to use. The on-board VCXO is 737.28 MSPS. If
this source is bypassed to use an external source, the user needs to select the CLK option and enter the
frequency to be used.
Signal Display - This is used to display various plots of the input signal.
CFR Setup - The Auto option generates a filter based on the composite input signal. The Load option is
used to load in a predefined CFR filter.
This filter would be loaded during the process of loading the input test signal. To load a custom CFR filter,
select the Load option in the CFR setup section of the main GUI, as shown in Figure 23.
22 GC5325 System Evaluation Kit SLWUO063F—April 2009—Revised April 2011

Submit Documentation Feedback
Copyright © 2009-2011, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLWU063F

13 TEXAS
INSTRUMENTS

www.ti.com

Other Functions

— CFR Setup
() Ao (%) Load PAR &
manaul syhc pos
|:| 1 HF 7
SYRC rep | 4 TOD % 100
— Update

Figure 23. CFR Setup Window

Click the "LOAD SIGNAL" button then choose the composite input signal to be used. Once the input signal
has been imported by the Signal Wizard pop up, the GUI will require the user to import data to be used as
the CFR taps file, as shown in Figure 24.

+ Import Data

Look in;

R
My Recent
Docurnents

Ty Docurments

!

oL
alz124586 on
LTADZ 12486

.
My MNebwark

Plares

e WCDMA 248, Eaps

__ycfr_tap_files wl T

=) coMA_155.taps
=) TDSCOMA_249 taps
=] TDSCDMA_249b. taps

File name: WtDM.ﬂ_Zﬂié-.taps

Files of tvpe:  *

w Cancel

‘BB

Qpen

Figure 24. CFR Tap files directory

The GC5325SEK software contains four such files under the C:\GC5325GUl\cfr_tap_files directory.
Choose a custom .taps file to be loaded for the CFR coefficients. When the Import Wizard opens, click on

"Next", then "Finish".

PAR - This box specifies the desired output PAR.
HR - This box is the digital backoff reserved for DPD expansion. This is normally 7dB.
TDD% - This is the percent ON of the TDD input baseband signal. This must be specified before loading

the test signal.
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manual sync pos - This is used to manually set the start of the initial capture buffer. Normally this position
is calculated automatically by the GUI.

sync rep - Specifies the number of syncs. Typically, only one sync is required.

Update - Selecting CFR ON turns on the CFR block. The PAR/HR button is used to update the signal after
changing the PAR and or HR settings. The CFR Taps button is used to update the CFR coefficients.

DSP CFR Conf - This button, located at the top middle of the GUI, is used to open a pop up (see

Figure 25) to allow the user to specify a carrier configuration which the DSP will use to calculate the CFR
filter coefficients based on carrier prototype filters. To enable the DSP CFR CONF button, the user must

first click on the Expert Mode option. This is different from the wideband composite CFR filter generation

done in the Auto CFR calculation on the host computer.

-} dpd_cfr_config_panel

Bazeband Clock (MHz) Current Channel

Eaze Fitter Type

U=er Defined W

Uzer Defined

Buitt-in TDSCOMA,

Bvitt-irn WS 2, 1 (MHz)

Buitt-in COMAT S5 taps

Buitt-in COMAZOS taps )
T e T— [ ] Carrier 7
1 [] carrier 2 [ ] Carrier &
1 [] Carrier 3 [ | arrier 9
1 [] arrier 4 [ ] Carrier 10
1 [ ] Carrier 5 [ ] Carrier 11
1 [] Carrier & [ ] Carrier 12

[ Dowvwnload Basze Fitter ]

Cloze

Figure 25. DPD CFR Configuration Window

The type of signal, baseband sampling and carrier location is specified and then sent to the DSP to
calculate and update the CFR coefficients.

Load Signal - This button loads the composite input signal into the GUI for processing. This will cause the
signal to be rescaled if needed based on the VCXO and sample rate
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Load EVM - This button programs the CDC clock generator, loads the test pattern into the TSW3100,
loads the TgtCfg file, progams the DAC, and programs the TX and RX attenuators. This needs to be done
for both CHO and CH1

RF Card

RF Card Version - This button selects a predetermined file which contains the information that will be
loaded into the programmable devices in the RF section of the GC5325 EVM. The default value,

‘6149 14bit_61p44bypass”, is used for the 14 bit ADC feedback version of EVM. The 11 bit option is used
for China configurations which is different due to export control limitations. The differences are the sample
rate and signal IF. A “custom” option can be selected, which allows the user to set custom values for the
CDCM7005 outputs. The user should not change the default setting.

Load — Used to load a custom configuration for the CDCM7005. Typically, this is not used.

VCXO Freq — Specifies the VCXO frequency to be used by the CDCM7005. The on-board VCXO is
737.28 MHz. If an external VCXO is to be used, the value needs to be entered here.

Divider Ratios - This is the divide value used by each of the CDCM7005 outputs. The first number is the
divide ratio for the FPGA clock, the second the DAC clocks, the third GC5325 DPD clocks, the fourth is
connector J49, and the last the ADC clock.

Output Enable - This is the enable value used by each of the CDCM7005 outputs. The clock is enabled
when this is set to a “1”, and disabled when set to “0”. The assignment order is the same as the Divider
ratios.

TX atten - This box is used to set the attenuation value of the TX attenuator. The range is from 0 to 31.75,
using increments of 0.25, with 0 being minimum attenuation and 31.75 the maximum attenuation.

RX atten - This box is used to set the attenuation value of the RX attenuator. The range is from 0 to 31.75,
using increments of 0.25, with 0 being minimum attenuation and 31.75 the maximum attenuation.

Loop back - This button is used for internal loop back testing using an on-board amplifier. When this is
selected, the transmit data is removed from the output SMA and re-routed to an amplifier which then feeds
this signal into the receive path. The external receive signal from the SMA is removed from this path as
well in this mode. The board will power up in this mode by default.

Ref Clk - This window is the frequency (in MHz) of the on-board reference oscillator.

DAC5682z - This section allows the user to change certain settings of the DAC5682z devices. The “riw”
button allows the user to write and read from the internal registers of the DAC’s. FDAC is the frequency of
the DAC clock. Interp is the interpolation setting of the DAC.

load - Used to load a custom configuration for the DAC5682Z. Typically, this is not used.
Fdac/PLL ref - Used for custom DAC PLL setting. Typically, this is not used.

PLL - Selects PLL mode or external clock for DAC's.

Soft Sync - Used to select the sync method for the DAC's.

Check lock - This button checks the status of the DAC DLL.

Offset Cal - Clicking on this button will open a new window as shown in Figure 26. This window is used to
null the LO feedthrough at RF by using the DAC5682Z offset capability. To do this, monitor the power of
the LO feedthrough at RF, select OFFSET CAL, and adjust until the LO feedthrough is minimized.

Program All - This button will load the Rf devices with the current settings inside the RF Card section.
Save - Will save the settings inside the RF Card section to a user determined file.
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Figure 26. DAC5682Z Offset Correction Window

DPD Operation
The DPD Operation section contains the following modes of operation:

Cal Feedback - This button, when selected, will start calibrating the RX attenuation to normalize the
feedback gain.

Start DPD - This button, when selected, will start the DPD adaptation. This button will only become active
after a successful calibration feedback has been performed.

Hold DPD - This button will hold the Look Up Tables (LUT) and stop DPD adaptation.
Resume DPD - This button will resume adaptation after a Hold DPD was issued.
Re-Initialize DPD - This button resets the adaptation.

DPD Control - This button can be used when the DPD is initialized to change the Polynomial order for the
algorithm. The 4 values correspond to the highest order polynomial used for the PA Model, Z = -1, 0, and
+1 Look Up Tables (LUTs). Z = 0 LUT is the memoryless predistortion, while Z= -1 and +1 are correspond
to the memory effects. The default setting is 15 for each, although typically only a value of 9 or less is
needed. Lowering the value will speed up the adaption time of the algorithm.

In most cases, the Model and Z = 0 values should be the same and the Z = -1 and +1 values should be
the same. Often the Z = -1 and +1 values can be less than the Z = 0 value.

To enable DPD Long, click on the "DPD Long Enable" button. Set the desired number of Taps (between
1-10). After the changes have been made, click on the "Update" button. After any changes to either Short
or Long DPD Adaptation, the user must re-initialize DPD.

To write and read from the DSP memory, simply enter the address/data in the correct boxes and then
click on either the "Read" or "Write" button. Consult the GC5325_DPD_Software_User's_Guide for valid
DSP memory locations that can be accessed with this tool.

To set the value in the DSP algorithm, click on the "DPD Control" button, located inside the DPD
Operation window. The DPD Control widow will open as shown in Figure 27. Use the pull down menus to
set the values and click on the Set button
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=} DPD_Control ]
DFD Adaptation
Short Laong

DPD Long Enable [

DPD Long Taps |3 -

hadel ,m
LUT 1 m
LUT O m

Motes: Set Reg 0x31f to Ox1k0

Upiiate

LUT +1

flemary
Mermory &ddr Mermory Data

O | Dx| Wirite

Ox ‘ Dx| Read

Mary of these parameters won't take effect until DPD is re-intialized

Figure 27. DPD Control Window
ET Control - Will be addressed in a future application note.

Capture Buffers

The Capture Buffers window allows the user to capture 4K of data from different points of processing
within the GC5325. The GC5325 contains two 4K capture buffers which will store the data that is selected
by the user. The Capture Buffers are the 4 plots located on the right side of the GUI. The top two displays
(time and frequency) use data from one capture buffer and the bottom two displays use data from the
other buffer. The top two displays show the DPD output data. This is the pre-distorted signal data from the
transmit buffer. The bottom two displays show the feedback output data. This is the feedback buffer
complex data that is converted to baseband. The following can be viewed when they are selected and the
"External Plots" box is selected:

Selecting "DPD Input" displays the data captured by the input buffer which feeds the DPD algorithm.
Selecting "FB Input" displays the input buffer at the feedback (ADC).

Selecting "Error" displays the Feedback signal compared to the original TX signal from the TSW3100.
External plots allows external plots to be plotted and saved.

ErrPwr - This button displays the error power between the TX and RX buffers.

AM + PM - This button makes either a PA AM-AM (amplitude vs amplitude) plot, as shown in Figure 28, or
a AM-PM plot (amplitude vs phase). The blue curve was taken before DPD. The green and red ones were
taken after DPD. The plot will hold the previous plots and overlay any new plots that are taken. To clear
existing plots, close the plot and start over.

The AM-AM plot shows the normalized amplitude variation at the PA output over the range of the signal
amplitudes at the PA input. The X axis is the range of the input amplitudes, and the Y axis is the variation
in amplitude at the PA output. This gives an indication of the amplitude response of the PA at a particular
operating point. For a PA that is linear, the amplitude variations would be close to 0 dB across all input
amplitude ranges since the normalized PA output tracks the PA input. As the PA starts to operate near
saturation, the PA output response may show both compression and expansion effects which is reflected
in the AM-AM plot. The larger amplitude variations at the smaller signal levels are mainly due to
normalization of small errors to even smaller signal amplitudes.

The AM-PM plot is similar to the AM-AM plot. However, the AM-PM plot shows the phase variation of the
output signal relative to the phase of the input signal over the range of input signal levels.
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This plot shows the phase response of the PA at a particular operating point. When the PA is operating in
a linear region, the phase response are linear and shows near O degrees of variation. As the PA operates
near saturation, the phase difference will change.

In both cases, the AM-AM and AM-PM plots are useful to help understand the PA amplitude and phase
response before and after linearization.

Re-capture - Clicking on this button displays the settings selected in the Capture Buffer section.

J Figure 200 E]@El

File Edit Mew Insert Tools Desktop Window Help

NEEa h aa™® ¢ 02 - O
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201
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10

Ahd-AM Error (dB)
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_1 5 1 1 1 1 1
-B0 -50 -40 -30 =20 -10 O

Ref Power (dB) (Loop Back delay =0 cycles)

Figure 28.

5.11 Quit and Command/Message window

Quit - To quit the GUI, click on the “QUIT” button located at the bottom center of the GUI. This should
always be done before powering down the EVM.

Calc - This button opens a windows calculator when selected.

The command/message window displays the command that the DSP and SPI bus is currently processing.
Commands can also be issued by entering the appropriate text in this widow and clicking on the Eval
button. This feature is not recommend to be used. The “Clear” button clears the command/message
window. The “Eval” button will evaluate the command entered in the command/message window. This is
used internally for debug reasons.

Summary

If the user has successfully completed the preceding steps, the system has applied linearization to one or
two PAs at a user-defined power level. Additional power amplifiers can be tested over various operating
conditions using the appropriate steps previously outlined. Additional functions may be required, and the
users are encouraged to request these from Texas Instruments through their local support group. This
guide does not support custom DUC, CFR, or DPD settings, although this is possible.
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Appendix A LEDs, Switches, Connectors, and Jumpers

A.l  TSW3100 LED, Switches, and Connectors
Power and status LEDs on after power is applied:

D3 - 2.5V present

D4 — 1.8 V present

D5- 1.2 V present

D6 — 3.3 V present

D11 — FPGA configured

D13 — Pattern Generator Idle
D19 — DDR2 PLL Lock

D20 — NIOS PLL Lock

D23 - +1.8 Vdc and +3.3 Vdc external power supply ON

Status LEDs ON after pattern is loaded successfully

D13 — Pattern Generator Idle
D14 — Pattern Generator CLK present
D15 — Pattern Generator Running

D16 — FIFO Empty Error
D17 — FIFO Full Error
D18 — LVDS PLL Lock

D19 — DDR2 PLL Lock
D20 — NIOS PLL Lock
D21 — CMOS Mode
D24 — LVDS Mode

Table 1. TSW3100 Jumper and Switch Description

Designator Description Default Position
J50 Clock select. 2-3 for onboard oscillator. 1-2 for SMA J41 2-3
SW2 Sets Ethernet address and invert option for CMOS output clock. See TSW3100 User's All set to "Open"
Guide for more information
SW1 Board main power switch "ON"
SW5 External 1.8-Vdc and 3.3-VDC output supply. Not used with the GC5325SEK "OFF"
S9 FPGA Config. Press to reload FPGA configuration prom code into the FPGA
S8 Spare Not Used
S7 Start/Stop. Used to stop and re-start pattern generator. See TSW3100 User's Guide for
more information
S3 Sync. Sends a one-time Sync pulse at the start of the test pattern
Table 2. TSW3100 Connectors
Designator Description Default Position
J63 Baseband connector for GC5325 Connect to GC5325 EVM J1
J64 Baseband connector for GC5325 Connect to GC5325 EVM J3
J73 CMOS baseband CLK input from GC5325 Connect to GC5325 SMA J2
J13 Ethernet connection to PC for pattern load Connect to Host PC via
USB-Ethernet adapter
J9 Power input connector from GC5325 Connect to GC5325 J22
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A.2  GC5H325EVM LED, Switches, and Connectors
Status LEDs after power is applied:
D1-D4 — FPGA firmware revision
D7 — On when Channel TXO is transmitting at output connector.
D8 — On when Channel TX1 is transmitting at output connector.
D5 — On when Channel TX1 is in Loop Back Mode.
D6 — On when Channel TXO is in Loop Back Mode.
D9 — FPGA Configuration Complete
D10 — On after both GC5325 devices are configured.
D11 - Blinking after DSP is up and running.
D12 — On (Red) when GC5325 device 0 fails to configure properly.
D13 - On (Red) when GC5325 device 1 fails to configure properly.
D14 — On when CDCM7705 reference source is present.
D15 — On when CDCM7005 VCXO source is present.
D16 — On when CDCM7005 outputs are locked to the reference.
D17 — On (Red) when RS-232 interface is not connected or transmitting data properly.
D18 — Not used
D19 — Not used
D20 — On (Red) when the ADS61B49 input is out of range.
Table 3. GC5325EVM Jumper and Descriptions
Designator | Description ‘ Default Position
NC — NOT CONNECTED
SJP16 CDC VCXOP select. Set to pins 2-3 for internal VCXO operation, pins 1-2 for 2-3
external VCXO operation.
SJP17 CDC VCXON select. Set to pins 1-2 for internal VCXO operation, remove for 1-2
external VCXO operation
SJP14 GC5325 clock buffer control 2-3
SJP15 GC5325 clock buffer control 2-3
JP1 10MHz REF POWER. Set to pins 2-3 when using external reference source. 1-2
JP2 10MHz REF CLK SEL. Set to pins 2-3 when using external reference source. 1-2
gjgg Not used ig
SJP8 RX_LO Select. Set to pins 1-2 to use TX_LO source. Set to pins 2-3 for RX_LO 1-2
source from SMA J19
JP9 FB Mixer PWR/GND select. Active mixers use PWR, passive mixer use GND 1-2
JP6 FB Mixer PWR/GND select. Active mixers use PWR, passive mixer use GND 1-2
SJP12 INT/EXT FB Mixer output select. Set to pins 1-2 for internal Mixer, 2-3 for 1-2
external
JP7 Mixer select Control 1 2-3
JP8 Mixer select Control 2 1-2
SJP11 INT/EXT FB Mixer input select. Set to pins 1-2 for internal Mixer, 2-3 for external 1-2
JP10 CDCM7005 VCXO Power. installed
SJP9 IF filter output select. 1-3
SJP10 IF Mixer output select 1-3
SJP7 EEPROM Write protect 2-3
SJP13 INT/EXT mixer LO select 1-2
JP5 FLASH device write protect 1-2
SJP1 GTRST for JTAG chain 1-2
SJP2 DSP_DO for JTAG chain 1-2
SJP3 FDO for JTAG chain 2-3
SJP4 JT_OE for JTAG chain 1-2
SJP19 5V for external UHPI interface connector 1-2
SJP18 3.3V for external UHPI interface connector OPEN
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Table 3. GC5325EVM Jumper and Descriptions (continued)
Designator | Description Default Position
Swi SPARE
Sw2 Hardware Reset
SW3 DSP Reset
Sw4 Main board power switch
SW5, SW7 | DIP switches used to control operation of FPGA and DSP. See section 2, on page 6
SwW9 Re-load FPGA configuration file
Table 4. GC5325EVM Connector Description
Designator Description
J30 External VCXO input if the internal VCXO is bypassed with resistor options
J35 Spare CDCM7005 CMOS output clock
J33 External Reference for CDCM7005 if internal 10M is not used
J34 10MHz reference clock output to drive external test equipment
J37, 338 RF signal test connector at modulator outputs
Ja4 CH 0 TX modulator LO test connector
J4 CH 1 TX modulator LO test connector
J32 CHO TX output test connector after amplifier and attenuator.
Ji7 CHO TX Output
J29 CHO loopback test connector
J46 TXO0 feedback input connector (RX0_IN)
J19 Optional RX_LO input connector
J2 PG_CLK_OUT used to provide master clock to the TSW3100
Ji8 CH1 TX Output
J36 CH1 TX output test connector after amplifier and attenuator.
J39 CH1 loopback test connector
J28 TX1 feedback input connector (RX1_IN)
J21 FB RF test connector
J9 External Filter_Out
J6 External Filter_In
J10 External LO_IN
J13 External +5V_IN
Ja1 RF signal test point for LO signal before RX feedback mixer
J42 RF signal test point for RF feedback signal just before mixer
J43 RF signal test point for IF feedback signal at mixer output
J5 RF signal test point for injection of signal into IF filter — for characterization purposes
J40 IF signal test point, monitor IF frequency response of IF filter/RX signal chain
J23 Optional Main power input connector
Jil FPGA JTAG connector
J20 Main LO input. Used for both TX and RX devices (default setting)
Ji4, J15 BYPASS - EXTERNAL FILTER IN AND FILTER OUT
J7 19V input power connector
Ji2 EXT_FPGA_CLK
J16 FPGA test connector
J25, J26 External UHPI interface connectors
J27 DSP JTAG connector
J31 RS-232 connector
Ji1, J2 Baseband input from TSW3100
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Table 4. GC5325EVM Connector Description (continued)

Designator Description
J8, J24 FPGA Spare I/O's
J22 Power connector to TSW3100
TP1-TP6 Test points for GND
J4as5 Envelope tracking interface connector (not populated)

A.3  Modifying Board for External VCXO

The VCXO may be converted to external if desired by moving shunts on two jumpers to power off the
onboard VCXO.

J30

EXT_VCXO_IN c422
SMA] 4 |
12X |
1000pF +3.3VOLK
R331 10% 25V
— 49.9
DNI
+3.3VCLK = R332 R333
130 » 130
VCXO_PWR DNI S DNI
JP10 100 OHM DIFF
= 2
+3.3VOLK >>  FPGA_CLK2P
SHUNT 1-2 | c423 c424 C425 - & > FPGA_CLK2N
10uF 560pF ——.1uF = |
0% 16V lo% 50V [10% 16V n
VCXOP R340 R341
L 1SEL Ra38 {R339 il g o0
= L | 130 130
8] Us
V_CTRL s Wit B9 LA CDCM7005
1 v_cTRL voe (-2 | VOXON, = -
EN  outB 2 %0 481 voe
GND  OUT 47 voB
e YOA
5346 737.28MMz SHSUJNP'I1'71 , Sroar Srass a5 | Yo
B 825 (825 444 vee
v 434 vexo_IN
VCXO_INB
RNl 411 voe
= = 401 vp
281 avee
R351 AVCG AVCC
SH14 REF_OSC ) —E: 1K T -
= SEC_REF
+3.3VCLK o 31 PRI_REF
351 REF_SEL
L +33VOLK | 34| -
C427] |L1uF. I = | NE
10% | [T6V - VGC_CP

Remove shunt on SJP16 and SJP17. Add shunt on SJP16 pins 1-2 and shunt SJP17 pins 2-3. An 8-dBm
CW can be injected into the J30 MCX connector as the external clock. The CDCM7005 in this case only
acts as a buffer and clock divider.

+3.3VCLK

J33 R2 T
EXT_REF CLK_IN
S5 4 +3.3VCLK 4.75K | cas2
L I,1uF
REF_OSC SH12
= ‘ngg REF'SIE‘;'SEL ngo = ;; 10M_CLK SH7
DNI R372 301 L
RaT1 e 07
= 1 5 R373 30.1 J34
1000pF T2 G2 Voosa & S s
SHUNT 1-2 31 yivo  xiy2 2 R375 301 1] Ll
- l X
Raze —*{eN  xiv3 1000pF
K.3VCLK = CDCV304PW
REF_PWR =
JB1
FB12 =
2 ey
68 OHM @ 100MHz
10.00M|
SHUNI:2 C462 C463 Ca64 T
10uF 100pF: JAuF =
Eo%wv
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Evaluation Board/Kit Important Notice

Texas Instruments (TI) provides the enclosed product(s) under the following conditions:

This evaluation board/kit is intended for use for ENGINEERING DEVELOPMENT, DEMONSTRATION, OR EVALUATION
PURPOSES ONLY and is not considered by Tl to be a finished end-product fit for general consumer use. Persons handling the
product(s) must have electronics training and observe good engineering practice standards. As such, the goods being provided are
not intended to be complete in terms of required design-, marketing-, and/or manufacturing-related protective considerations,
including product safety and environmental measures typically found in end products that incorporate such semiconductor
components or circuit boards. This evaluation board/kit does not fall within the scope of the European Union directives regarding
electromagnetic compatibility, restricted substances (RoHS), recycling (WEEE), FCC, CE or UL, and therefore may not meet the
technical requirements of these directives or other related directives.

Should this evaluation board/kit not meet the specifications indicated in the User's Guide, the board/kit may be returned within 30
days from the date of delivery for a full refund. THE FOREGOING WARRANTY IS THE EXCLUSIVE WARRANTY MADE BY
SELLER TO BUYER AND IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING
ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE.

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user indemnifies Tl from all
claims arising from the handling or use of the goods. Due to the open construction of the product, it is the user’s responsibility to
take any and all appropriate precautions with regard to electrostatic discharge.

EXCEPT TO THE EXTENT OF THE INDEMNITY SET FORTH ABOVE, NEITHER PARTY SHALL BE LIABLE TO THE OTHER
FOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES.

Tl currently deals with a variety of customers for products, and therefore our arrangement with the user is not exclusive.

Tl assumes no liability for applications assistance, customer product design, software performance, or infringement of
patents or services described herein.

Please read the User’'s Guide and, specifically, the Warnings and Restrictions notice in the User’s Guide prior to handling the
product. This notice contains important safety information about temperatures and voltages. For additional information on TI's
environmental and/or safety programs, please contact the Tl application engineer or visit www.ti.com/esh.

No license is granted under any patent right or other intellectual property right of Tl covering or relating to any machine, process, or
combination in which such TI products or services might be or are used.

FCC Warning

This evaluation board/kit is intended for use for ENGINEERING DEVELOPMENT, DEMONSTRATION, OR EVALUATION
PURPOSES ONLY and is not considered by TI to be a finished end-product fit for general consumer use. It generates, uses, and
can radiate radio frequency energy and has not been tested for compliance with the limits of computing devices pursuant to part 15
of FCC rules, which are designed to provide reasonable protection against radio frequency interference. Operation of this
equipment in other environments may cause interference with radio communications, in which case the user at his own expense
will be required to take whatever measures may be required to correct this interference.

EVM Warnings and Restrictions

It is important to operate this EVM within the input voltage range of 15 VDC to 22 VDC and the output voltage range of 0 VDC to
12 vDC .

Exceeding the specified input range may cause unexpected operation and/or irreversible damage to the EVM. If there are
guestions concerning the input range, please contact a Tl field representative prior to connecting the input power.

Applying loads outside of the specified output range may result in unintended operation and/or possible permanent damage to the
EVM. Please consult the EVM User's 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, some circuit components may have case temperatures greater than 60°C. The EVM is designed to
operate properly with certain components above 60°C as long as the input and output ranges are maintained. These components
include but are not limited to linear regulators, switching transistors, pass transistors, and current sense resistors. These types of
devices can be identified using the EVM schematic located in the EVM User's Guide. When placing measurement probes near
these devices during operation, please be aware that these devices may be very warm to the touch.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

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

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

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

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

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

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions  www.ti.com/Iprf
TI E2E Community Home Page e2e.ti.com
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