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1 Introduction
1.1 Overview
This document is intended to serve as a basic user’s guide for the DAC3484/2 EVM Revision F, and
DAC34H84/SH84 EVM revision C and above.
The Texas Instruments DAC348x evaluation module (EVM) is a family of circuit boards that allows
designers to evaluate the performance of Texas Instruments' DAC348x family of digital-to-analog
converters (DAC). The 16-bit, ultra low power family of DACs has either 16-bit wide or 32-bit wide DDR
LVDS data input, integrated 2x/4x/8x/16x interpolation filters, 32-bit NCO, on-chip PLL, and exceptional
linearity at high IFs. The EVM provides a flexible environment to test the DAC348x under a variety of
clock, data input, and IF output conditions.
DAC3484 DAC3482 DAC34H84 DAC34SH84
Output Channel 4 2 4 4
EVM Part No. DAC348x Rev. F DAC348x Rev. F DAC34H84 Rev. C DAC34H84 Rev. C
Maximum DAC Rate 1.25GSPS 1.25GSPS 1.25GSPS 1.5GSPS
Digital Interface 16-bit LVDS Interface 16-bit LVDS Interface 32-bit LVDS Interface 32-bit LVDS Interface
Maximum Data Rate per Channel | 312.5MSPS 625MSPS 625MSPS 750MSPS
Maximum LVDS Bus Toggle Rate | 1.25GSPS 1.25GSPS 1.25GSPS 1.5GSPS
TSW1400/TSW3100
Pattern Generator Support TSW1400/TSW3100 TSW1400/TSW3100 TSW1400/TSW3100 with limited data rate
support
For ease of use as a complete IF transmit solution, the DAC348xEVM includes the Texas Instruments
CDCEG62005 clock generator/jitter cleaner for clocking the DAC348x. Besides providing a high-quality, low
jitter DAC sampling clock to the DAC348x, the CDCE62005 also provides FPGA clocks to the
TSW1400EVM (or TSW3100EVM) as FPGA reference clocks.
The EVM can be used along with Texas Instruments TSW1400 or TSW3100 with limited data rate support
(up to 1.25GSPS LVDS Bus rate) to perform a wide varieties of test and measurements. The TSW1400
generates the test patterns that are fed to the DAC348x through a maximum 1.5 GSPS LVDS Bus port.
These EVM boards are also compatible with Altera, and Xilinxg FPGA development platforms for rapid
evaluation and prototyping. The on-board HSMC connector input allows direct connection to the HSMC
compatible Altera development platforms, and the externally attached FMC-DAC-Adapter board available
from Tl enables the connection of the EVM to the Xilinx development platforms with FMC headers.
For evaluation of complete RF transmit solution, see the TSW308x EVM. The EVM integrates the
DAC348x, TRF3705, and LMK04800 devices into one RF transmitter system.
See the TSW308x EVM web folders at:
http://www.ti.com/tool/tsw3085evm
http://www.ti.com/tool/tsw3084evm
http://www.ti.com/tool/tsw30h84evm
http://www.ti.com/tool/tsw30sh84evm
1.2 EVM Block Diagram
Figure 1 shows the configuration of the EVM with the TSW1400 or TSW3100 used for pattern generation.
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Figure 1. DAC348x EVM Block Diagram

2 Software Control

2.1 Installation Instructions

» Open folder named DAC348x_Installer_vxpx (xpx represents the latest version)
* Run Setup.exe

* Follow the on-screen instructions

» Once installed, launch the program by clicking on the DAC348x_GUI_vxpx program in Start>Texas
Instruments DACs. The installation directory is located at C:\Program Files\Texas
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2.2

Instruments\DAC348x

When plugging in the USB cable for the first time, you will be prompted to install the USB drivers.
— When a pop-up screen opens, select “Continue Downloading”.

Follow the on screen instructions to install the USB drivers

If needed, you can access the drivers directly in the install directory

Software Operation

The software allows programming control of the DAC device and the CDC device. The front panel
provides a tab for full programming of each device. The GUI tabs provide more convenient and simplified
interface to the most used registers of each device.

Each device, including the DAC3484, DAC3482, and DAC34H84/SH84, has its own custom control
interface. At the top level of the GUI are five control tabs. The first four are used to configure the DAC348x
and the last for the CDCE62005.

221

Input Control Options

DAC3484 EVM Software Control

Wars 2

Input | pigital | output | Advanced | CDCE&200S Control gWake up | Reset USE Port
FIFC SIF Control Input Format Parity Wersion 1
FIFO |enabled 1w Serial interface 3-pin N Format -.%'s_ complement = Parity Style ..Ddd =
FIFC offset |4 - : - ) _. i
T Reverse bus |normal i Parity Check |disabled % |
FIFO Input Syne |FRAME SIF S ® FES I - i
—— _| Hs / Input data | 16-Bit Slngle Mode ¥ BlockParity [ disabled o
FIFC Qutput Sync  |OSTR w | || SIF THEMABLE ® Enable Constant Input O ]
[rata Formatker Sync :FRAME v Constant Inpuk ZZSDDD _3_'
LY¥DS delay PLL Settings Temperature sensor
: | PLL Qutput
data {ps) [0 v PLL I_gnabled W | iR P— [ PLL reset TempSensor (0N (%
o o= : Prescaler |3 - Fref [MHz]|1228.58 & [T PLL Sleep Ao
Clac s) | 160 bl I | I 1 Lot EMp
i) ol ! YO Bias Tune |1 2| FOAC[MHe|1228.8 % [ Syne PLL dividers =
Doy ChargePump |Single v | Fyco[MHZ] 38364 I s ot O
- - e ' | ' ] Fuse 5l
wordind |0 v M |15 3 PrO[MH7EE 2 use Sleep
Ward in B 1 v | M |16 ¥ |  Stahility (PnTy | 48 3_ ' FLL Lack
wordin |2 bl ; - I
= ~ i 4 |PLL LF Yolkage
T ; . LS 9
wordinD |3 v Freq. Tune {Coarse) |35 >

0 100 20 30 40 30 &3

Figure 2. Input Control Option

FIFO: allows the configuration of the FIFO and FIFO synchronization (sync) sources.

LVDS delay: provides internal delay of either the LVDS DATA or LVDS DATACLK to help meet the
input setup/hold time.

Data Routing: provides flexible routing of the A, B, C, and D sample input data to the appropriate
digital path.
Note: the DAC3482 does not support this mode

SIF Control: provides control of the Serial Interface (3-wires or 4-wires) and Serial Interface Sync
(SIF Sync).

Input Format: provides control of the input data format (i.e., 2s complement or offset binary)
Parity: provides configuration of the parity input.

PLL Settings: provides configuration of the on-chip PLL circuitry.

Temperature Sensor: provides temperature monitoring of DAC3484/2 die temperature.

DAC348x EVM
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FIFO Settings

The DAC348x has 8-samples deep FIFO to relax the timing requirement of a typical transmitter system.
The FIFO has an input pointer and an output pointer, and both pointers can accept various input sources
as reset triggers of input and output pointer position. One important application for input and output pointer
control is the ability to synchronize multiple DACs in the system. For additional information, see the
relevant DAC348x data sheet.

2.2.1.2

FIFO Offset: The default position of FIFO output pointer after reset by the synchronization source. This
setting can be used to change the latency of the DAC348x.

Data Formatter Sync (DAC3482 and DAC3484): Synchronization source for FIFO data formatter.
Select between LVDS FRAME or LVDS SYNC signals.

FIFO Sync Select (DAC34H84 and DAC34SH84): Select the internal digital routing of LVDS ISTR or
LVDS SYNC to the FIFO ISTR path

FIFO Input Sync: Synchronization source for FIFO input pointer. Select among the LVDS FRAME
(ISTR), LVDS SYNC, and/or SPI register SIF-SYNC to reset the FIFO input pointer position.

FIFO Output Sync: Synchronization source for FIFO output pointer. Select among the LVDS FRAME
(ISTR), LVDS SYNC, SPI register SIF-SYNC, and/or OSTR signal to reset the FIFO output pointer
position.

— For single device application without the need for precise latency control, Single Sync Source Mode
may be used. The FIFO output pointer position can be reset with LVDS FRAME (ISTR), LVDS
SYNC, and/or SPI register SIF-SYNC. See the Single Sync Source Mode in the relevant DAC348x
data sheet for details.

— For multiple device synchronization, select the OSTR signal as the FIFO output synchronization
source. If the DAC is configured to accept external DAC Clock input, then the OSTR signal is the
external LVPECL signal to the OSTRP/N pins. If the DAC is configured to accept the internal on-
chip PLL clock, then the OSTR signal is the internally generated PFD frequency. See the Dual
Sync Sources Mode in the relevant DAC348x data sheet for details.

LVDS Delay Settings

Depending on the signal source implementation (i.e. TSW1400, TSW3100, or FPGA System), the
following options can be implemented to meet the minimum setup and hold time of DAC348x data
latching:

Set the on-chip LVDS DATA or DATACLOCK delay: The DAC348x includes on-chip LVDS DATA or
DATACLK delay. The delay ranges from Ops to 280ps with an approximate 40ps step. This LVDS
DATACLOCK delay does not account for additional PCB trace-to-trace delay variation, only the internal
DATACLK delay.

— The TSW1400 pattern generator sends out LVDS DATA and DATACLK as center aligned signal.
Additional DATACLK delay is not needed.

— The TSW3100 pattern generator sends out LVDS DATA and DATACLK as edge-aligned signal.
Typical setting of 160ps or more will help meet the timing requirement for most of the TSW3100 +
DAC348x EVM setup.

Modify the external LVDS DATACLK PCB trace delay: Additional trace length on the bottom side of the
PCB can be added to the LVDS DATACLK PCB trace length. Set SJP9, SJP10, SJP11, and SJP12 to
2-3 position for approximately 220ps of trace delay.
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PLL Settings

PLL Settings
~ PLL |enabled % PLL Qukput [] PLL reset
Prescaler |2 B Fref [MHz]| 737.26 & [ PLL Sleep
YOO Bias Tune |1 3 FOAC [MHz] | 1474.56 & [ Syne PLL dividers
Charge Pump | Single % FYCO [MHz] 2949.12 % [] Bias Opamp OFf
W
M |18 ¥ PFD[MHZ] 92,16 % Fuse Sleep
Mg % | Stahbility (P |32 = P Pl Lock
Freq. Tune (Coarse) |26 * «j 4 |PLLLF Yoltage

0 10 20 30 40 50 &3

Figure 3. PLL Configuration

Follow the steps below to configure the PLL.

1.

o u

Enable PLL

2. Uncheck PLL reset and PLL sleep
3.
4. For the DAC3482, DAC3484, and DAC34H84: Set the prescaler such that the Fp,c x prescaler is within

Set M and N ratio such that Fp,c = (M)/(N) x Fref

3.3GHz and 4GHz.

For the DAC34SH84, Set the prescaler such that the Fp,c X prescaler is within 2.7GHz and 3.3GHz.
Set VCO Bias Tune to “1”

Charge Pump setting

(a) If stability (P x M) is less than 120, then set to “Single”.

(b) If stability (P x M) is greater than 120, then set to “Double” or install external loop filter

Adjust the Freq. Tune (coarse tune) accordingly. For additional information, see the relevant DAC348x
data sheet.

6
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222 Digital Block Options

DAC3484 EVM Software Control «

Wersion 3.2

Input  Digital Cutput | Advanced | CDCEE200S Control EWake up | Reset USE Part
Digital Filkers Offset Adjustment QMC late]
Interpolation 4x L OffsetAB adjust cnabled v QMC Correct AB enabled W Enable NCO' |pdate freq 8
Digital Mixer Offset A 0 & | cGana 1446 E2 F samplz [MHz] 1228.5000 %
Enable Mixer Offset B 0 3 QMC GainB 1446 * NCO Freq _46 [MHz] 30,0000 %
Tixer Bypass v CffsetB Sync REGWR v QMC PhaseAs o £ MNCO Freq _CD [MHz] 30,0000 &%
Ireverse sinx/x filker CarrectAB Sync SIF SVMC (w Gain 0de -
[ compensate AB [ synec 4B

OffsetCD adjust enabled

[ compensate co e MCO Ace SYnc SIF SYMC W
o | Cffset C 0 * QMC Correct D |enabled NCO DDS AB 104857600 &
Clock Receiver Sleep =

[Ciock Divider Syne SIE:ZECDD sune ZEGWR : QMC Gainc 1446 ¥ Pl.nase Offsel A 0 :
Clack Div Sync source |QSTR v OMC GainD 1446 - MixfB Sync SIF SYMNC (v
QMC PhaseCD 0 E NCODDS D 104857600 =

Group Delay A |0 CarrectcD Syne Foe @ Phase Offset CO ] =
Group Delay B |0 [ sync <o MixCD Sync SIF SYMC  w

Group Delay C |0

LEARELARELARE L

Group Delay D |0

DAC Gain | 10 %
SIF Sync (8)

Figure 4. Digital Block Options

» Interpolation: allows control of the data rate versus DAC sampling rate ratio
(i.e. data rate x interpolation = DAC sampling rate).

» Digital Mixer: allows control of the coarse mixer function.
Note: If fine mixer (NCO) is used, the “Enable Mixer” button must be checked, and the coarse
mixer must be bypassed. See the following NCO bullet for detail.

* Inverse sinx/x filter: allows compensation of the sinx/x attenuation of the DAC output.
Note: If inverse sinx/x filter is used, the input data digital full-scale must be backed off
accordingly to avoid digital saturation.

» Clock Receiver Sleep: allows the DAC clock receiver to be in sleep mode. The DAC has minimum
power consumption in this mode.

e Clock Divider Sync: allows the synchronization of the internal divided-down clocks using either
FRAME, SYNC, or OSTR signal. Enable the divider sync as part of the initialization procedure or
resynchronization procedure.

* Group Delay: allows adjustment of group delay for each 1/Q channel. This is useful for wideband
sideband suppression. Note: This feature is not available for the DAC34SH84.

« Offset Adjustment: allows adjustment of dc offset to minimize the LO feed-through of the modulator
output. This section requires syncing for proper operation. The synchronization options are listed
below:

— REGWR: auto-sync from SIF register write. If this option is chosen, the GUI automatically
synchronizes the offset adjustment with each value update by writing to 0x08 (offset A) or
Ox0A (offset B) registers last.

— OSTR: sync from the external LVPECL OSTR signal. Clock divider sync must be enabled with
OSTR set as sync source

— SYNC: sync from the external LVDS SYNC signal.
— SIF SYNC: sync from SIF Sync. Uncheck and check the SIF Sync button for sync event.

*  QMC Adjustment: allows adjustment of the gain and phase of the 1/Q channel to minimize sideband
power of the modulator output.

— REGWR: auto-sync from SIF register write. If this option is chosen, the GUI automatically
synchronizes the offset adjustment with each value update by writing to 0x10 (QMC phase
AB) or 0x11 (QMC phase CD) registers last.
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— OSTR: sync from the external LVPECL OSTR signal. Clock divider sync must be enabled with
OSTR set as sync source.

— SYNC: sync from the external LVDS SYNC signal.
— SIF SYNC: sync from SIF Sync. Uncheck and check the SIF Sync button for sync event.

* NCO: allows fine mixing of the 1/Q signal. The procedure to adjust the NCO mixing frequency are listed
below:

1. Enter the DAC sampling frequency in Fsample.

2. Enter the desired mixing frequency in both NCO freq_AB and NCO freq_CD.
3. Press Update freq

4. Sync the NCO block from the following options:

e REGWR: auto-sync from SIF register write. Writing to either Phase OffsetAB or Phase
OffsetCD can create a sync event.

* OSTR: sync from the external LVPECL OSTR signal. Clock divider sync must be enabled with
OSTR set as sync source. Refer to the datasheet for OSTR period requirement.

*  SYNC: sync from the external SYNC signal
* SIF SYNC: sync from SIF Sync. Uncheck and check the SIF Sync button for sync event.

2.2.3 Output Control Options

DAC3484 EVM Software Control «

WVersion 3.2

Input | Digital Output | Advanced | CDCE&2005 Control g\ﬁakﬁ up | Reset USE Port
Output Options DAC Gain Output Shutoff
Complement A |dissbled | | [] DACA Sleep DAC Gain 10 3| DACCLK Gone disabled (¥
Reference |internal (% Complement B |disabled % [] DacE Sleep DaC oac BATACLK G e
. A A b ATA one isable b
Output AB Delay |0 : Complement C |disabled |+ [ pacc skeep
Qutput CD Delay [0 e Complement D | disabled (& [ DACD sleep FIFQ Colision dissbled (%
DACA Decoder | Thermometer Clock monitor sync |disabled s
Data Routing
Wordouta | 0 (%
Word QutB [ 1 (™
Word Qut C| 2 I
WordoutD | 3 (%

Figure 5. Output control Options

» Output Options: allows the configuration of reference, output polarity, and output delay

» Data Routing: provides flexible routing of the A, B, C, and D digital path to the desired output channels.
Note: The DAC3482 does not support this mode.

« DAC Gain: configures the full-scale DAC current and DAC3484/DAC3482 mode. With Rbiaj resistor set
at 1.28kQ:

— DAC Gain = 15 for 30mA full-scale current.
— DAC Gain = 10 for 20mA full-scale current (default).

* Output Shutoff On: allows outputs to shut-off when DACCLK GONE, DATACLK GONE, or FIFO
COLLISION alarm event occurs.
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224 CDCE62005

DAC3484 EVM Software Control

Version 3.2
Input | Digital | Output | Advanced  CDCEG2005 Control <] wake up [(ResetUs8 Port
S « | Re Value A
CDCES2005 Input settings CDICES2005 VCO Settings mg Ox80400000
P [ 01 Ox811C0001
Input Source ~ Manual_PRI-IN  Inputlevel LYPECL ACDC | AC ! LLg-owanos 02 0x31400002
M &M Settings 03  Ox81040003
. o . o HYSTEN Enabled 04 0Dx00040004
Pri Ref PreDivider 3-State Pri term  Disabled i D 4 X0
i - Input Divider = 175 05 0x29F01A5S
Sec Ref PreDivider 3-State Sec term  Disabled SRR R Feedback Divider 06 Ox44AF0006
e 07  Ox155294A7
ivid ) LYDS Failsa Disable Feedback Divider ) 20001
CIpRI_tnn_vEE Ref Divider ok D g 03 (Ox20001308
DSEC_I! IN_VEE FB_Bypass Divider bypass i
CDCE Output Settings Prescled| o5
EXT LP filter Settings Fin{MHz) 119.2
Se [Disabled (%] [Enabled % _.E"nébled. v ._ Enzhled ¥ | :Disébléﬁ ¥ | ExtLPSEL |External LP Out Freg [MHz] Inf
Primary ||| | Primary (M| || Primary (]| | Primary | || Primary ()| C1Settings 23pF
= r 18- I 1 Y0 [MHz] Inf
1 Ll 32 » 1 b7 3 bl g o C2 Settings 148pF
1= - == = = e ¥1 [MHz] Inf
|| [uvpec ] || LvrecL ] |LvpecL 3| [Lvemos (] R2Gettings | 50.%

i 1 ¥2 [MHz] Inf
* | ||| ¥ C3Settings  90.5pF

ied 1 st T e - | ¥3 [MHz] Inf
isabled | || ||Disabled v isabled (| |Disabled (» | 2 cattn P
: I 1111 = = | R3 Settings 20k Y4 [MHZ] Tnf
= | active |48 active W8]
— | —: : = PLL_LOCK ()
ve (W | active W active (W | active
2 =/ [- Lock Window | 8 step wider
AUX DUTPUT _ Charge Pump 1.5mA
AUXOUTPUTSEL  AUXOUTEM ATEST L
Output2 l:‘ |Disabled (% PLL Calibration Startup mods

Figure 6. CDCE62005 Tab Configured for 4x Interpolation

Clock frequency control is determined by register values in the CDCE62005 Control tab. See the
CDCEG62005 data sheet for detailed explanations of the register configuration to change the clock
frequency.

The following CDCE62005 outputs are critical to proper operation of the DAC348x:

e Y,*: DAC348x DAC sampling clock. This clock is an ac coupled LVPECL. If the DAC348x is
configured for internal PLL mode, this will be the reference clock input for the PLL block.

— Y, *=Y1 for DAC3484 and DAC3482 EVMs
— Y,*=Y2 for DAC34H84 and DAC34SH84 EVMs

* Yg*: DAC348x FIFO OSTR clock. This clock is an ac coupled LVPECL. The clock rate for this should
be at least Fp,c/Interpolation/8. See the DAC348x data sheet for more details.

— The whole OSTR clock equation needs to take account of both the Y1 CDCE62005 clock divider
ratio and the additional CDCP1803 divide-by-2 clock divider.

— This OSTR signal can be a slower periodic signal or a pulse depending on the application.
— Note: The FIFO OSTR clock should be disabled when the DAC348x is configured in PLL mode.
— Yg* = Y2 for DAC3484 and DAC3482 EVMs
— Yg* = Y1 for DAC34H84 and DAC34SH84 EVMs
e Y3: FPGA Clock 1. This clock is an ac coupled LVDS. The clock rate for this should be
— Fpacfinterpolation/2 for DAC3484
— Fpacdfinterpolation/4 for DAC3482, DAC34H84, and DAC34SH84

* Y4: FPGA Clock 2. This clock is an ac coupled LVDS. This clock must be enabled when using the
DAC34H84 and DAC34SH84 with the TSW1400. The clock rate for this should be Fy,c/interpolation/4
for DAC34H84, and DAC34SH84
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225 Register Control
» Send All: Sends the register configuration to all devices
* Read All: Reads register configuration from DAC348x device

» Load Regs: Load a register file for all devices. Sample configuration files for common frequency plans
are located in the install directory: C:\Programs Files\Texas Instruments\DAC348x\EVM Configuration

File Released.
— Select Load Regs button.

— Double click on the EVM Configuration File Released folder and respective sub-folders for the
EVM.

— Double click on the desired register file.
— Click on Send All to ensure all of the values are loaded properly.
e Save Regs: Saves the register configuration for all devices

2.2.6 Miscellaneous Settings

* Reset USB: Toggle this button if the USB port is not responding. This generates a new USB handle
address

— Note: It is recommended that the board be reset after every power cycle and the “reset usb” button
on the GUI be clicked.

Wake up [ Reset USE Port ]

Figure 7. USB Port Reset

« Exit: Stops the program
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3 Basic Test Procedure with TSW1400
This section outlines the basic test procedure for testing the EVM with the TSW1400.
3.1 TSW21400 Overview
The TSW1400 is a high speed data capture and pattern generator board. When functioning as a pattern
generator, it has a maximum LVDS bus rate of 1.5 GSPS, and this allows evaluation of the DAC348x with
maximum 750 MSPS of input data rate per channel.
See the TSW1400 user’s guide (SLWUQ79) for more detailed explanation of the TSW1400 setup and
operation. This document assumes that the High Speed Data Converter Pro software (SLWC107) is
installed and functioning properly.
3.2 Test Block Diagram for TSW1400

The test set-up for general testing of the DAC348x with the TSW1400 pattern generation card is shown in
Figure 8.

PC
USB USB
" :"""ug. """"""" Signal
£ o E =) Generator
= ' =32 (CLK Source)
© ' S
T +5V i 8¢
S ’ -]
v Y
55 | [412 o] 4]
J4 J13
DAC348X
- Spectrum
TSW1400 @- Analyzer
J18

L +6V

Figure 8. Test Set-up Block Diagram for TSW1400
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3.3 Test Setup Connection
TSW1400 Pattern Generator.

1. Connect 5 V power supply to J12, 5V_IN jack of the TSW1400 EVM.

2. Connect PC’s USB port to J5 USB port of the TSW1400 EVM. The cable should be a standard A to
mini-B connector cable.

DAC348xEVM

1. Connect J13 connector of DAC348xEVM to J4 connector of TSW1400 EVM.

2. Connect 6V to the J18, Power In jack of the DAC3484 EVM.

3. Connect PC’s USB port to J14 USB port of the DAC348x EVM. The cable should be a standard A to
mini-B connector cable.

4. Provide a 1.3Vp, 1.5GHz max clock at J9, CLKIN SMA port of DAC348x EVM.

5. Connect the IF output port of J2, J3, J6, or J7 to the spectrum analyzer.
Table 1. DAC348xEVM Jumpers: (make sure the following jumpers are at their default setting)

Reference Designator Setting Function

JP2 1-2 DAC348x TXENABLE.

JP3 2-3 DAC348x SLEEP.

JP4 2-3 CDCEG62005 Primary Input LVPECL Bias Enable.

JP5 1-2 CDCEG62005 Reference Input Select.

JP6 1-2 CDCE62005 Power Down.

JP7 short 19.2MHz TCXO Enable.

JP8, JP9, JP12, JP13 short SPI connection break point. This allows routing of SPI

connection to external system if troubleshooting is needed.
JP10 1-2 6V Input Select. Default is 6V at J18.
JP11 open For DAC34H84/SH84 EVM only. Allows SPI and 10 logic
threshold to switch among 1.8V, 2.5V, or 3.3V.
SJP9, SJP10, SJP11, SJP12 1-2 DAC348x DATACLK delay. Default is zero trace delay.

3.4 DAC348x Example Setup Procedure

1.

Provide the clock input 1228.8 MHz at 1.5Vrms at J9 SMA Connector of the DAC348x EVM.

2. Turn on power to the board and press the reset SW1 button on the EVM
3.
4. Select the appropriate EVM platform on the software menu.

Press the “Reset USB Port” button in GUI and verify USB communication.

DAC3484 EVM Software Control «

Figure 9. EVM Platform Selection

Click “LOAD REGS?”, browse to the installation folder and load example file
“DAC3484_FDAC_1228p8MHz_4xint_NCO_30MHz_QMCon.txt". This file contains settings for 4x
interpolation with the DAC3484 running at 1228.8MSPS. Load this file and wait a couple of seconds for
the settings to go into effect. The DAC3482, DAC34H84, and DAC34SH84 equivalent example files
are also available in the installation folder.
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3.5 TSW21400 Example Setup Procedure

1. Start the High Speed Converter Pro GUI program. When the program starts, select the DAC tab and
then select the corresponding device in the “Select DAC” menu.

i?.

Dac3sHEs B4

DAC3152
DAC3432
DAC3484
] DAC34HE4

M DAC345H34

Max [ n.on Crdas

Figure 10. Select DAC348x Devices in the High Speed Converter Pro GUI Program
2. When prompted Load DAC Firmware?, select YES.

Do wou want ko update the Firmware For aDCT

Yes | [ Mo ]

Figure 11. Load DAC Firmware Prompt

3. Click on the button labeled “Load File to transfer into TSW 1400, located near the top left of the GUIL.
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K3 High Speed Data Converter Pro Er;@
File Instrumenk Option  Data Capbure Option Test Option  Help
i TEXAS: :
? INSTRUMENTS High Speed Data Converter Pro vi0
Gl ADC CL] DAC
T LY
DAC3484 Rd
ﬁ - Praamble Data Rate D Option Active Channed
l\. 4} Load Fie to bransfer inko TSW 1400 J 0 | 307.2M ¢ Complement Chenell |
Test Salection N L1 n
Time Damain Time: Domain
40000 =
Value | Unit RF
Min -I0ZT3) Codes 0000 I I |
Max 01510 Codes F0000 | 1 { [
Mean -0.18 Codes
Median -0.50 Codes v 10000 =
RMS 665170 Codes #
=) 0=
L=
& -10000-
-Z0000 =T I T | T L !
-30000
-40000-) |
[1} 5000 10000 15000 20000 25000 0000 35000 40000 45000 50000 55000 60000 65000 70000
FFT Length Wwindow 4
Frequency Damain £5536 W Hanring o
-20,0=r
aF
IiG Multitone Cenerator o
Tanz B # Tone Center
] i o
# Samples | 65534 ]
Tone seletlion feal
Scaling Fachor (1x) | 1.0000 -200.0=, i ' ' 1 | | 1 |
a 20M 40/ | BOM 1001 120M 140M L&0m
Create Tones Frequency (Hz)
|
Firmware Yersion ="0.1" | TSW 1400 Board = TIURFROQ Interface Type = DAC_SAMPLE_WISE
|2fi3/2002 S:24z18 M || Buid - c2po7fz01z | | PGONMEGTED | IDLE

Figure 12. Load File to Transfer into TSW1400

4. Select the file "WCDMA_TM1_complexIF30MHz_Fdata307.2MHz_1000.tsw" under C:\Program
Files\Texas Instruments\High Speed Data Converter Pro\1400 Details\Testfiles. The data rate of the
file selected will depend on the sampling rate and interpolation ratio of the DAC configuration.

Enter 307.2M for the "Data Rate" and 2's complement for the "DAC Option".
Select Hanning for "Window".
In the “DAC Selection” panel on the left side of the GUI, click on “Send” to load the data into memory.

Toggle the SIF SYNC button of the DAC348x EVM GUI to synchronize the appropriate digital
blocks, if the example file with NCO setting is used.

9. Verify the spectrum using the Spectrum Analyzer at the four IF outputs of the DAC348x EVM (J7, J6,
J3, and J2).

e For the DAC3482 EVM, the IF outputs are at the J6 and J3 SMA connector
10. The expect results are shown in Figure 13 (NCO enabled at 30MHz) and Figure 14 (NCO disabled).

© N o’
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*RBW 30 kHz
*VBW 300 kHz
Ref -15.6 dBm *Att 5 dB *SWT 2 s
- -40 = —
- -30 -
i ) =

- -40

-_EO

CLRWR |
- -70
- -0

NOR

- -d0
--100 =3
<11 -
Center 60 MHz 2.55 MHz/ Span 25.5 MHz
Tx Channel W-CDMA 3GPP FWD
Bandwidth 3.84 MHz Power ~10 58 dBm
Adjacent Channel
Bandwidth 3.84 MHz Lower -78.16 dB
Spacing > Mz Upper -76.14 dB
Alternate Channel
Bandwi dth 3.84 MHz Lower -84.31 dB
Spacing 10 MEz Upper -83.37 dB

(baseband = 30MHz, NCO = 30MHz with NCO Gain disabled, QMC Gain = 1446)
Figure 13. DAC348x Transformer Coupled Output at 60MHz IF

*RBW 30 kHz
*VBW 300 kHz

Ref -12.3 dBm *Att 10 dB *SWT 2 s

POS -1p

w

41 dBm

1 RMK
CLRWR

Center 30 MHz 2.55 MHz/ Span 25.5 MHz
Tx Channel W-CDMA 3GPP FWD

Bandwidth 3.84 MHz Power -7 52 dBm
Adjacent Channel

Bandwidth 3.84 MHz Lower -78.95 dB
Spacing 5 MHz Upper -78 .04 dB
Alternate Channel

Bandwidth 3.84 MHz Lower -84.06 dB
Spacing 10 Miz Upper -82.97 dB

(baseband = 30MHz, NCO disabled, QMC Gain = 1024)
Figure 14. DAC348x Transformer Coupled Output at 30MHz IF
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4 Basic Test Procedure with TSW3100
This section outlines the basic test procedure for testing the EVM with TSW3100.
4.1 TSW3100 Overview

The TSW3100 is a high speed pattern generator board. The LVDS Bus rate is limited to 1.25GSPS, and
this limits the maximum input data rate per channel of DAC34SH84 to 625MSPS. To evaluate the
DAC34SH84 at 1.5GSPS DAC sampling rate, 4x or higher interpolation filter must be enabled. To
evaluate the DAC34SH84 at 1.5GSPS DAC sampling rate with 2x interpolation filter (i.e. 750MSPS of
input data rate per channel), the TSW1400 must be used.

See the TSW3100 user’s guide (SLLU101) for more detailed explanations of the TSW3100 setup and
operation. This document assumes that the TSW3100 software is installed and functioning properly. The
TSW30SH84 needs TSW3100 operating software version 2.5 or higher with TSW3100 board Rev D (or
higher).

The DAC348xEVM sends the FPGA reference clock to the FPGA of the TSW3100EVM in LVDS format.
Therefore, a 100-Q LVDS termination resistor is needed at the TSW3100 FPGA clock input. All the latest
TSW3100EVMs from Tl have the 100-Q termination installed at the bottom side of the board on pins T31
and T32 of the FPGA. Contact Tl Application Support if the 100-Q termination is missing and assistance is
needed for the 100-Q installation.

Figure 15. TSW3100 FPGA Clock 100-Q LVDS Termination at Pins T31 and T32 of the FPGA

4.2 Test Block Diagram for TSW3100

The test set-up for general testing of the DAC348x with the TSW3100 pattern generation card is shown in
Figure 16.

16
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PC
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[
—
w
[
©
[
©
o
—
~

J74 J13

DAC348X
TSW3100 ®_’ i

J18

e

Figure 16. Test Set-up Block Diagram for TSW3100

4.3 Test Set-up Connection
* TSW3100 Pattern Generator
1. Connect 5V power supply to J9, 5V_IN jack of the TSW3100 EVM.
2. Connect the PC'’s Ethernet port to J13, Ethernet port of the TSW3100. The cable should be a
standard cross-over Cat5e Ethernet cable.
« DAC348x EVM
1. Connect J13 connector of DAC348x EVM to J74 connector of TSW3100EVM.
2. See the Test Setup Connection section.
4.4 DAC348x Example Setup Procedure
See the DAC348x Example Setup Procedure section.
45 TSW3100 Example Setup Procedure
Reference the TSW3100 User’'s Guide (SLWUQ79) for more detailed explanations of the TSW3100 set-up
and operation. This document assumes the TSW3100 software is installed and functioning properly. The
DAC348x needs TSW3100 operating software version 2.5 or higher with TSW3100 board Rev D (or
higher).
CommsSignalPattern Setup from Default Configuration (WCDMA)
» Change Interpolation value to DAC Clock Rate / Interpolation / 3.84 (i.e. 1228.8 / 4/ 3.84 = 80)
» Enter desired Offset Frequency (i.e. 30 MHz) for each desired carrier
» Select the 16b QDAC output button for DAC3484 (see Figure 17) or LVDS output button for DAC3482,
DAC34H84, and DAC34SH84 (see Figure 18).
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Check the “LOAD and Run” box
Press the green“Create” button

Toggle the SIF SYNC button of the DAC348x EVM GUI to synchronize the appropriate digital
blocks, if the example file with NCO setting is used.
Verify the spectrum using the Spectrum Analyzer at the four IF outputs of the DAC348x EVM (J7, J6,

J3, and J2).

— For the DAC3482 EVM, the IF outputs are at the J6 and J3 SMA connector
The expect results are shown in Figure 13 (NCO enabled at 30MHz) and Figure 14 (NCO disabled).
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Figure 17. TSW3100 CommSignalPattern (WCDMA) Programming GUI for DAC3484
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Figure 18. TSW3100 CommSignalPattern (WCDMA) Programming GUI for DAC3482, DAC34H84, and
DAC34SH84
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5 References

5.1 Related Products From Texas Instruments
Dual-Channel, 16-Bit, 1.25 GSPS Digital-To-Analog Converter (DAC), DAC3482 (SLAS748)
Quad-Channel, 16-Bit, 1.25 GSPS Digital-To-Analog Converter (DAC), DAC3484 (SLAS749)
Quad-Channel, 16-Bit, 1.25 GSPS Digital-To-Analog Converter (DAC), DAC34H84 (SLAS751)
Quad-Channel, 16-Bit, 1.5 GSPS Digital-to-Analog Converter (DAC) , DAC34SH84 (SLAS808)
Five/Ten Output Clock Generator/Jitter Cleaner With Integrated Dual VCO, CDCE62005 (SCAS862)

5.2 Related Tools From Texas Instruments
TSW1400 High Speed Data Capture/Pattern Generator Card (SLWUQ79)
TSW3100 High Speed Digital Pattern Generator (SLUU101)
FMC-DAC-ADAPTER Physical Design Database Rev D Board (SLOR102)
DAC34HB84EVM Design Package board rev C (SLAC518)
DAC348x EVM Software (SLAC483)
High Speed Data Converter Pro software (SLWC107)
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EVALUATION BOARD/KIT/MODULE (EVM) ADDITIONAL TERMS

Texas Instruments (TI) provides the enclosed Evaluation Board/Kit/Module (EVM) under the following conditions:

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user indemnifies TI from all claims
arising from the handling or use of the goods.

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 LIMITED 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. 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.

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 visit www.ti.com/esh or contact TI.

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. 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.

REGULATORY COMPLIANCE INFORMATION

As noted in the EVM User’s Guide and/or EVM itself, this EVM and/or accompanying hardware may or may not be subject to the Federal
Communications Commission (FCC) and Industry Canada (IC) rules.

For EVMs not subject to the above rules, this evaluation board/kit/module 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 or ICES-003 rules, which are designed to provide reasonable protection against radio frequency
interference. Operation of the equipment 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.

General Statement for EVMs including a radio

User Power/Frequency Use Obligations: This radio is intended for development/professional use only in legally allocated frequency and
power limits. Any use of radio frequencies and/or power availability of this EVM and its development application(s) must comply with local
laws governing radio spectrum allocation and power limits for this evaluation module. It is the user’s sole responsibility to only operate this
radio in legally acceptable frequency space and within legally mandated power limitations. Any exceptions to this are strictly prohibited and
unauthorized by Texas Instruments unless user has obtained appropriate experimental/development licenses from local regulatory
authorities, which is responsibility of user including its acceptable authorization.

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

Caution

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

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

FCC Interference Statement for Class A EVM devices

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


http://www.ti.com/corp/docs/csr/environment/ESHPolicyandPrinciples.shtml

FCC Interference Statement for Class B EVM devices

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

« Reorient or relocate the receiving antenna.

* Increase the separation between the equipment and receiver.

« Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.

« Consult the dealer or an experienced radio/TV technician for help.

For EVMs annotated as IC — INDUSTRY CANADA Compliant

This Class A or B digital apparatus complies with Canadian ICES-003.

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

Concerning EVMs including radio transmitters

This device complies with Industry Canada licence-exempt RSS standard(s). Operation is subject to the following two conditions: (1) this
device may not cause interference, and (2) this device must accept any interference, including interference that may cause undesired
operation of the device.

Concerning EVMs including detachable antennas

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser) gain
approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type and its gain should
be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for successful communication.

This radio transmitter has been approved by Industry Canada to operate with the antenna types listed in the user guide with the maximum
permissible gain and required antenna impedance for each antenna type indicated. Antenna types not included in this list, having a gain
greater than the maximum gain indicated for that type, are strictly prohibited for use with this device.

Cet appareil numérique de la classe A ou B est conforme a la norme NMB-003 du Canada.

Les changements ou les modifications pas expressément approuvés par la partie responsable de la conformité ont pu vider I'autorité de
I'utilisateur pour actionner I'équipement.

Concernant les EVMs avec appareils radio

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

Concernant les EVMs avec antennes détachables

Conformément a la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et d'un gain
maximal (ou inférieur) approuvé pour I'émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage radioélectrique a
I'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope rayonnée équivalente
(p.i.r.e.) ne dépasse pas l'intensité nécessaire a I'établissement d'une communication satisfaisante.

Le présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le manuel
d’'usage et ayant un gain admissible maximal et I'impédance requise pour chaque type d'antenne. Les types d'antenne non inclus dans
cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour I'exploitation de I'émetteur.



[Important Notice for Users of this Product in Japan]
This development kit is NOT certified as Confirming to Technical Regulations of Radio Law of Japan

If you use this product in Japan, you are required by Radio Law of Japan to follow the instructions below with respect to this product:

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

2. Use this product only after you obtained the license of Test Radio Station as provided in Radio Law of Japan with respect to this
product, or

3. Use of this product only after you obtained the Technical Regulations Conformity Certification as provided in Radio Law of Japan with
respect to this product. Also, please do not transfer this product, unless you give the same notice above to the transferee. Please note
that if you could not follow the instructions above, you will be subject to penalties of Radio Law of Japan.

Texas Instruments Japan Limited
(address) 24-1, Nishi-Shinjuku 6 chome, Shinjuku-ku, Tokyo, Japan
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EVALUATION BOARD/KIT/MODULE (EVM)
WARNINGS, RESTRICTIONS AND DISCLAIMERS

For Feasibility Evaluation Only, in Laboratory/Development Environments. Unless otherwise indicated, this EVM is not a finished
electrical equipment and not intended for consumer use. It is intended solely for use for preliminary feasibility evaluation in
laboratory/development environments by technically qualified electronics experts who are familiar with the dangers and application risks
associated with handling electrical mechanical components, systems and subsystems. It should not be used as all or part of a finished end
product.

Your Sole Responsibility and Risk. You acknowledge, represent and agree that:

1. You have unique knowledge concerning Federal, State and local regulatory requirements (including but not limited to Food and Drug
Administration regulations, if applicable) which relate to your products and which relate to your use (and/or that of your employees,
affiliates, contractors or designees) of the EVM for evaluation, testing and other purposes.

2. You have full and exclusive responsibility to assure the safety and compliance of your products with all such laws and other applicable
regulatory requirements, and also to assure the safety of any activities to be conducted by you and/or your employees, affiliates,
contractors or designees, using the EVM. Further, you are responsible to assure that any interfaces (electronic and/or mechanical)
between the EVM and any human body are designed with suitable isolation and means to safely limit accessible leakage currents to
minimize the risk of electrical shock hazard.

3. You will employ reasonable safeguards to ensure that your use of the EVM will not result in any property damage, injury or death, even
if the EVM should fail to perform as described or expected.

4. You will take care of proper disposal and recycling of the EVM’s electronic components and packing materials.

Certain Instructions. It is important to operate this EVM within TI's recommended specifications and environmental considerations per the
user guidelines. Exceeding the specified EVM ratings (including but not limited to input and output voltage, current, power, and
environmental ranges) may cause property damage, personal injury or death. If there are questions concerning these ratings please contact
a Tl field representative prior to connecting interface electronics including input power and intended loads. Any loads applied outside of the
specified output range may result in unintended and/or inaccurate operation and/or possible permanent damage to the EVM and/or
interface electronics. 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 as long as the input and output are maintained at a normal ambient operating temperature. These components include
but are not limited to linear regulators, switching transistors, pass transistors, and current sense resistors which can be identified using the
EVM schematic located in the EVM User's Guide. When placing measurement probes near these devices during normal operation, please
be aware that these devices may be very warm to the touch. As with all electronic evaluation tools, only qualified personnel knowledgeable
in electronic measurement and diagnostics normally found in development environments should use these EVMs.

Agreement to Defend, Indemnify and Hold Harmless. You agree to defend, indemnify and hold T, its licensors and their representatives
harmless from and against any and all claims, damages, losses, expenses, costs and liabilities (collectively, "Claims") arising out of or in
connection with any use of the EVM that is not in accordance with the terms of the agreement. This obligation shall apply whether Claims
arise under law of tort or contract or any other legal theory, and even if the EVM fails to perform as described or expected.

Safety-Critical or Life-Critical Applications. If you intend to evaluate the components for possible 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, such as devices
which are classified as FDA Class Il or similar classification, then you must specifically notify Tl of such intent and enter into a separate
Assurance and Indemnity Agreement.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated



EVALUATION BOARD/KIT/MODULE (EVM) ADDITIONAL TERMS

Texas Instruments (TI) provides the enclosed Evaluation Board/Kit/Module (EVM) under the following conditions:

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.

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 LIMITED 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. 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.

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 Tl's environmental and/or safety
programs, please visit www.ti.com/esh or contact TI.

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. 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.

REGULATORY COMPLIANCE INFORMATION

As noted in the EVM User’s Guide and/or EVM itself, this EVM and/or accompanying hardware may or may not be subject to the Federal
Communications Commission (FCC) and Industry Canada (IC) rules.

For EVMs not subject to the above rules, this evaluation board/kit/module 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. 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 or ICES-003 rules, which are designed to provide reasonable protection against radio frequency
interference. Operation of the equipment 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.

General Statement for EVMs including a radio

User Power/Frequency Use Obligations: This radio is intended for development/professional use only in legally allocated frequency and
power limits. Any use of radio frequencies and/or power availability of this EVM and its development application(s) must comply with local
laws governing radio spectrum allocation and power limits for this evaluation module. It is the user’s sole responsibility to only operate this
radio in legally acceptable frequency space and within legally mandated power limitations. Any exceptions to this are strictly prohibited and
unauthorized by Texas Instruments unless user has obtained appropriate experimental/development licenses from local regulatory
authorities, which is responsibility of user including its acceptable authorization.

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

Caution

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

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

FCC Interference Statement for Class A EVM devices

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


http://www.ti.com/corp/docs/csr/environment/ESHPolicyandPrinciples.shtml

FCC Interference Statement for Class B EVM devices

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

« Reorient or relocate the receiving antenna.

* Increase the separation between the equipment and receiver.

« Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.

« Consult the dealer or an experienced radio/TV technician for help.

For EVMs annotated as IC — INDUSTRY CANADA Compliant

This Class A or B digital apparatus complies with Canadian ICES-003.

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

Concerning EVMs including radio transmitters

This device complies with Industry Canada licence-exempt RSS standard(s). Operation is subject to the following two conditions: (1) this
device may not cause interference, and (2) this device must accept any interference, including interference that may cause undesired
operation of the device.

Concerning EVMs including detachable antennas

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser) gain
approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type and its gain should
be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for successful communication.

This radio transmitter has been approved by Industry Canada to operate with the antenna types listed in the user guide with the maximum
permissible gain and required antenna impedance for each antenna type indicated. Antenna types not included in this list, having a gain
greater than the maximum gain indicated for that type, are strictly prohibited for use with this device.

Cet appareil numérique de la classe A ou B est conforme a la norme NMB-003 du Canada.

Les changements ou les modifications pas expressément approuvés par la partie responsable de la conformité ont pu vider I'autorité de
I'utilisateur pour actionner I'équipement.

Concernant les EVMs avec appareils radio

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

Concernant les EVMs avec antennes détachables

Conformément a la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et d'un gain
maximal (ou inférieur) approuvé pour I'émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage radioélectrique a
I'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope rayonnée équivalente
(p.i.r.e.) ne dépasse pas l'intensité nécessaire a I'établissement d'une communication satisfaisante.

Le présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le manuel
d’'usage et ayant un gain admissible maximal et I'impédance requise pour chaque type d'antenne. Les types d'antenne non inclus dans
cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour I'exploitation de I'émetteur.



[Important Notice for Users of this Product in Japan]
This development kit is NOT certified as Confirming to Technical Regulations of Radio Law of Japan

If you use this product in Japan, you are required by Radio Law of Japan to follow the instructions below with respect to this product:

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

2. Use this product only after you obtained the license of Test Radio Station as provided in Radio Law of Japan with respect to this
product, or

3. Use of this product only after you obtained the Technical Regulations Conformity Certification as provided in Radio Law of Japan with
respect to this product. Also, please do not transfer this product, unless you give the same notice above to the transferee. Please note
that if you could not follow the instructions above, you will be subject to penalties of Radio Law of Japan.

Texas Instruments Japan Limited
(address) 24-1, Nishi-Shinjuku 6 chome, Shinjuku-ku, Tokyo, Japan
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EVALUATION BOARD/KIT/MODULE (EVM)
WARNINGS, RESTRICTIONS AND DISCLAIMERS

For Feasibility Evaluation Only, in Laboratory/Development Environments. Unless otherwise indicated, this EVM is not a finished
electrical equipment and not intended for consumer use. It is intended solely for use for preliminary feasibility evaluation in
laboratory/development environments by technically qualified electronics experts who are familiar with the dangers and application risks
associated with handling electrical mechanical components, systems and subsystems. It should not be used as all or part of a finished end
product.

Your Sole Responsibility and Risk. You acknowledge, represent and agree that:

1. You have unique knowledge concerning Federal, State and local regulatory requirements (including but not limited to Food and Drug
Administration regulations, if applicable) which relate to your products and which relate to your use (and/or that of your employees,
affiliates, contractors or designees) of the EVM for evaluation, testing and other purposes.

2. You have full and exclusive responsibility to assure the safety and compliance of your products with all such laws and other applicable
regulatory requirements, and also to assure the safety of any activities to be conducted by you and/or your employees, affiliates,
contractors or designees, using the EVM. Further, you are responsible to assure that any interfaces (electronic and/or mechanical)
between the EVM and any human body are designed with suitable isolation and means to safely limit accessible leakage currents to
minimize the risk of electrical shock hazard.

3. You will employ reasonable safeguards to ensure that your use of the EVM will not result in any property damage, injury or death, even
if the EVM should fail to perform as described or expected.

4. You will take care of proper disposal and recycling of the EVM’s electronic components and packing materials.

Certain Instructions. It is important to operate this EVM within TI's recommended specifications and environmental considerations per the
user guidelines. Exceeding the specified EVM ratings (including but not limited to input and output voltage, current, power, and
environmental ranges) may cause property damage, personal injury or death. If there are questions concerning these ratings please contact
a Tl field representative prior to connecting interface electronics including input power and intended loads. Any loads applied outside of the
specified output range may result in unintended and/or inaccurate operation and/or possible permanent damage to the EVM and/or
interface electronics. 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 as long as the input and output are maintained at a normal ambient operating temperature. These components include
but are not limited to linear regulators, switching transistors, pass transistors, and current sense resistors which can be identified using the
EVM schematic located in the EVM User's Guide. When placing measurement probes near these devices during normal operation, please
be aware that these devices may be very warm to the touch. As with all electronic evaluation tools, only qualified personnel knowledgeable
in electronic measurement and diagnostics normally found in development environments should use these EVMs.

Agreement to Defend, Indemnify and Hold Harmless. You agree to defend, indemnify and hold TI, its licensors and their representatives
harmless from and against any and all claims, damages, losses, expenses, costs and liabilities (collectively, "Claims") arising out of or in
connection with any use of the EVM that is not in accordance with the terms of the agreement. This obligation shall apply whether Claims
arise under law of tort or contract or any other legal theory, and even if the EVM fails to perform as described or expected.

Safety-Critical or Life-Critical Applications. If you intend to evaluate the components for possible 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, such as devices
which are classified as FDA Class Il or similar classification, then you must specifically notify Tl of such intent and enter into a separate
Assurance and Indemnity Agreement.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

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

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and Tl will not be responsible for any failure of such
components to meet such requirements.
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Security
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