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Design Description

The TSW308X Evalutaion Module is a circuit board
that allows system designers to evaluate the
performance of Texas Instruments' transmit signal
chain solution. This EVM includes the LMK04806B for
clocking the DAC348X digital-to-analog converter
(DAC), as well as a TRF3705 for up-converting the 1/Q
output from the DACs to an RF carrier.
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Introduction

Overview

The Texas Instruments TSW308x evaluation module (EVM) provides a basic platform to evaluate the
DAC348x in a complete RF transmit signal chain. The TSW308x evaluation module (EVM) is a family of
circuit boards that allow designers to evaluate the performance of the Texas Instruments DAC348x digital-
to-analog converters (DAC). The DAC348x family consists of DAC3482, DAC3484, and DAC34H84. The
16-bit, 1.25 GSPS, DAC348x has 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 RF output conditions. For ease of use as a complete RF transmit
solution, the TSW308xEVM includes the LMK04806B low-noise, clock generatorijitter cleaner for clocking
the DAC348x and provides FPGA reference clocks to the TSW1400EVM (or TSW3100EVM). It also
includes on-board TRF3705 I/Q modulators, which provide IF-to-RF upconversion for basic transmitter
evaluation. This EVM is ideally suited for mating with the Texas Instruments TSW1400 pattern generation
board for evaluating WCDMA, LTE, or other high performance modulation schemes.

The TSW3085 (populated with DAC3482) has one pair of I/Q channel and is designed as a single RF
channel transmit solution, while the TSW3084 (populated with DAC3484) and TSW30H84 (populated with
DAC34H84) have two pairs of I/Q channel and are designed for dual RF channels transmit solution. Both
the TSW3085 and TSW30H84 can accept up to 625MSPS of input data rate for each | or Q channel. The
TSW3084 can be considered as a lower bus width alternative for the dual RF channel while accepting up
to 312.5MSPS of input data rate.

Each transmit channel of the TSW308x has the TRF3705 quadrature modulator, which follows
immediately after the DAC348x as part of the signal chain. Its output ranging from 300 MHz to 4 GHz, to
up-convert the 1/Q outputs from the DAC to RF. The default RF signal paths is the direct TRF3705 1/Q
modulator output. To add flexibility to the RF evaluation, the modulator outputs can also connect to the
optional RF amplifier and programmable attenuator path to meet additional test conditions and
requirements.

The EVM can be used along with TSW1400 or TSW3100 to perform a wide varieties of test and
measurement. This board is also compatible with Altera® and Xilinx® 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.

Other DAC348x families can be evaluated on different EVM platforms. For details of the DAC348x family
and the corresponding EVM part number, see Table 1.

Table 1. DAC348x Family

DAC Part No. DAC3484 DAC3482 DAC34H84 DAC34SH84

EVM Part No. TSW3084EVM TSW3085EVM TSW30H84EVM TSW30SH84EVM

Output Channels 4 2 4 4

Maximum DAC Rate 1.25 GSPS 1.25 GSPS 1.25 GSPS 1.5 GSPS

Digital Interface 16-Bit LVDS Interface 16-Bit LVDS Interface 32-Bit LVDS Interface 32-Bit LVDS Interface

Maximum Data Rate per Channel | 312.5 MSPS 625 MSPS 625 MSPS 750 MSPS

Maximum LVDS Bus Toggle
Rate

1.25 GSPS 1.25 GSPS 1.25 GSPS 1.5 GSPS

Pattern Generator Support TSW1400/TSW3100 TSW1400/TSW3100 TSW1400/TSW3100

TSW1400/TSW3100 with
limited data rate support
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See the DAC348x EVM web folders at:
http://www.ti.com/tool/dac3482evm
http://www.ti.com/tool/dac3484evm
http://www.ti.com/tool/dac34h84evm
http://www.ti.com/tool/dac34sh84evm

For evaluation of the DAC348x family with transformer coupled IF output, see the DAC348xEVM user's

guide (SLAU432).
For evaluation of the TSW30SH84 with the on-board DAC34SH84, see the TSW30SH84EVM user's guide

(SLAUA433).

1.2 EVM Block Diagram

Figure 1 shows the TSW3084EVM block diagram, Figure 2 shows the TSW3085EVM block diagram, and
Figure 3 shows the TSW30H84EVM block diagram.
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Figure 1. TSW3084EVM Block Diagram

TIDU128-September 2013 TSW308x Wideband Digital to RF Transmit Solution

Submit Documentation Feedback
Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/tool/dac3482evm
http://www.ti.com/tool/dac3484evm
http://www.ti.com/tool/dac34h84evm
http://www.ti.com/tool/dac34sh84evm
http://www.ti.com/lit/pdf/SLAU432
http://www.ti.com/lit/pdf/SLAU433
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDU128

13 TEXAS

Introduction www.ti.com
CLKOUTN CLKOUTP CLKOUTP REF Out REF In
Reference
® LVCMOS Level
ca o o Reference for LMK04806B
] ee e PLL Mode
CLK8n 00 o
FPGA CLK 1 CLKep MUX oMt
© TSW1400/TSW3100 0SCIN 4 ToxG
® LVDS AC coupled
LMK04806B
Ext. CLK Input
CLKIN1 |——— ® 2.4-Vpp MaxSingle Ended
ca ca © 3.1GHz Max
ee 33 ® AC coupled
g ]
00 00
5 OSTR_CLK DAC_CLK
3 (LVPECL AC (LVPECL AC Default Path
c Coupled) Coupled)
8 Optional Path
8
E
©
]
=1 16
Q
2 DATA %}
2]
=) DATACLK » Default TRF3705 Output
I
™
o FRAME ~—————P
- I 7 I Lo Lo1
SYNC —p
DAC3482 TRF3705
PARITY ———pf
0 . » o RF --DD-- - RF1
(LVDS DC Coupled)
Default TRF3705 Output
Power Suppl
OVée‘:CUil:gpy 47147 e
34
Figure 2. TSW3085EVM Block Diagram
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Figure 3. TSW30H84EVM Block Diagram
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2 Software Control
2.1 Installation Instructions

Perform the following steps to install the software.

1. Open the folder named TSW308x_Installer_vxpx (Xpx represents the latest version).

2. Run Setup.exe.

3. Follow the onscreen instructions.

4. Once installed, launch the program by clicking on the TSW308x program in Start>Programs>Texas
Instruments DACs>TSW308x. For Windows XP system, the installation directory is located at
C:\Program Files\Texas Instruments\TSW308x. For Windows 7 system, it is located at C:\Program
Files (x86)\Texas Instruments\TSW308x

5. When plugging in the USB cable for the first time, you are prompted to install the USB drivers.

(a) When a pop-up screen opens, select Continue Downloading.

(b) Follow the onscreen instructions to install the USB drivers.

(c) If needed, the drivers can be accessed directly in the install directory.
2.2 Software Operation

The software allows programming control of the DAC, the LMK, and the attenuator devices. The front

panel provides a tab for full programming of each device. The GUI tabs provide a more convenient and

simplified interface to the most used registers of each device.

Each device 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 LMKO04800. The attenuator control window on

the right side of the GUI is used to program the attenuator.
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221 Input Tab Control Options
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Figure 4. Input Tab Control Options — DAC348x

» 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-wire or 4-wire) and Serial Interface Sync (SIF

Sync).

» Input Format: provides control of the input data format (that is, 2's complement or offset binary).
« Parity: provides configuration of the parity input.

e PLL Settings: provides configuration of the on-chip PLL circuitry.
» Temperature Sensor: provides temperature monitoring of DAC348x die temperature.

2.2.1.1  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.

» 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.
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2212

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 (that is, TSW1400, TSW3100, or FGPA system), the
following options can be implemented to meet the minimum setup and hold time of DAC348x data
latching:

Set the on-chip LVDS DATACLK delay: The DAC348x includes on-chip LVDS DATA or DATACLK

delay. The delay ranges from 0 ps to 280 ps with an approximate 40-ps step. This LVDS DATACLK

delay does not account for additional PCB trace-to-trace delay variation, only the internal DATACLK

delay. The TSW1400 and TSW3100 pattern generators send out LVDS DATA and DATACLK as edge-

aligned signal. Typical setting of 160 ps or more help meet the timing requirement for most of the

pattern generator and DAC348x EVM setup.

Modify the external LVDS DATACLK PCB trace delay: Additional trace length can be added to the

DATACLK P&N PCB trace length.

— At the top side of the TSW3084, set SJP9, SJP10, SJP11, and SJP12 to the 2-3 position for
approximately 2 inches (320 ps) of trace delay.

— At the top side of the TSW3085, set SJP1, SJP6, SJP7, and SJP8 to the 2-3 position for
approximately 2 inches (320 ps) of trace delay.

— At the top side of the TSW30H84, set SJP9, SJP10, SJP11, and SJP12 to the 2-3 position for
approximately 1 inches (160 ps) of trace delay.

2.2.1.3 PLL Settings
PLL Settings
pLL |enabled E PLL Qutput PLL reset
Prescaler | 3 = Fref [MHz] | 153.6 = PLL Sleep
VCO Bias Tune |1 = FDAC [MHz] | 1228.8 |= Sync PLL dividers
Charge Pump | Single |E| FVCO [MHz] |3886.4 | Bias OpAmp Off
M |15 2 PFD [MHZ] | 75.8 - | Fuse Sleep
N 2 il -
2 = Stability (P*M) | 48 = 3 PLL Lock
Freq. Tune {Coarse) |36 = | J 4 |PLLLF Voltage
0 110 20 30 40 50 63
Figure 5. PLL Configuration
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Perform the following steps to configure the PLL.

1. Enable PLL.

2. Uncheck PLL reset and PLL sleep.

3. Set M and N ratio such that Fp,c = (M)/(N) x Fref.
4

For the DAC3482, DAC3484, and DAC34H84, set the prescaler such that the Fy,c X prescaler is within
3.3 GHz and 4 GHz.

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

7. 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.

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

o 0

222 Digital Tab Control Options

Device Selection: TSW30HS84/SH84 EVM Software w

Input Digital | Qutput | Advanced | LMKD4800 Control |Send Al Read Al Load Regs Save Regs DAC Readback ) [ Show USBPort | | ResetUSBPort |  pgtl
ATTENUATOR AB  ATTENUATOR CD
I o] = [ =
DAC REGISTERS
Digital Filters Offset Adjustment QMC NCO %00 xF19C 11110001 1001 1100
%01 x040E 0000 0100 0000 1110

QMC Correct A8 |enabled Enable NCO  Update fre 5 x02 %7052 0111 0000 0101 0010
=] . 1 S 03 xA000 1010 0000 0000 0000

m

Interpaolation 2x OffeetAB adjust enabled

QMC GainA 146 = x04 xFFFF 1111 1111 1111 1111
%05 xBF&0 1011 1111 0110 0000
NCO Freq _AB [MHz] 60,0000 o %06 x3600 0011 0110 0000 00OO

x07 xFFFF 1111 1111 1111 1111

Digital Mixer Offset A 0 F sample [MHz] 300.0000

Enable Mixer Offset B o
Mixer Bypass B OffsetAB Sync REGWR MCO Freq _CD [MHz] 60,0000 - x08 x0000 0000 0000 0000 0000
Inverse sinx/x filter CorrectAB Sync REGWR lz‘ Gain 0dB Iz‘ igi ):(EDDDDDD éoﬂgun gDDDDDD DDDDgUD gUDDDDD
|:| Compensate AB D Sync AB x0B %0000 0000 0000 0000 0000
NCO Ace 5¥ne SIF SYNC ¥0C ¥05A6 0000 0101 1010 0110
B compensate co l;‘ *0D x05A5 0000 0101 1010 0110
QMC Correct D [enabled =] NCO DDS AB 104857600 |% XDE x05A6 0000 0101 1010 0110
hase Offs = XOF x05A6 0000 0101 1010 0110
Phase Offset AB 0 s *10 x1000 0001 0000 0000 0000
) 11 %0000 0000 0000 0000 0000
MixAB Sync SIFSTNG [ %12 0000 0000 D000 D000 D000
NCO DDS €D 104857600 |2 %13 x0000 0000 0000 0000 0000
%14 x0000 0000 0000 0000 0000
Phase Offset CD 0 " %15 x0640 0000 0110 0100 0000

CorrectCD Sync REGWR lz‘ ~ 1A ¥NINNM ANNN NN ARNN NNNN
[ sync o MixCD Sync REGWR  [+] e rmes

LMK REGISTERS
x00 x4000000
x01 x0000020
x02 x0000002
x03 x0000064
x04 0000010

DAC Gain | 10 & x05 x4000020

x06 x2800000

SIF Sync @ x07 x0402800
x08 x0003300
x0A x48A0210

X0B x1BF8880

x0C »098600D

x0D x1D81033

QMC GairB 1446

e | {[ae | ([l

QMC PhaseAB a

o fiafea|

OffeetCD adjust enabled
Offset C o
Dclock Receiver Slesp Offset D 1]
[1ctock Divider Sync OffsetCD Sync REGWR

Clock Div Sync source | 0STR E QMC GainD 1446
QMC PhaseCD 0

QMC GainC 1446

[

[ | {[a | [+l

Group Delay A |0

Group Delay B |0

Group Delay C |0

e | ([l | |l | | [l

Group Delay D |0

Figure 6. Digital Tab Control Options — DAC348x

e Interpolation: allows control of the data rate versus DAC sampling rate ratio (that is, data rate x
interpolation = DAC sampling rate).

e 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.
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e 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.

e 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. Enables the divider sync as part of the initialization procedure or
resynchronization procedure.

e 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.

e Offset Adjustment: allows adjustment of dc offset to minimize the LO feedthrough of the modulator
output. This section requires synchronization for proper operation. The synchronization options
follow:

— 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 C) 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.
e QMC Adjustment: allows adjustment of the gain and phase of the I/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 PhaseAB) or 0x11 (QMC PhaseCD) 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.
e NCO: allows fine mixing of the I/Q signal. The procedure to adjust the NCO mixing frequency
follows.
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. Synchronize the NCO block from the following options.
— 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. See the data sheet 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.
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223 Output Tab Control Options

Device Selection: TSW30H84/SH84 EVM Software v

Input | Digital  Output | Advanced | LMKD4800 Control | (Send Al | Read Al Load Regs | 5ave Regs | DACReadhack’ ) [ ShowUsBPort | | ResetUsBPort |  met|
ATTENUATOR AE  ATTEMUATOR. CD
I o 4o =
DAC REGISTERS
Output Options DAC Gain Cutput Shutoff 05 xBF60 1011 11110110 0000
Complement A disabled || =[] DACA Sleep DAC Gain 10 | DACCLK Gone enzbled  [+] 1
Reference |internal Complement B disabled lz‘ [ DACE Sleep bAC opAC BATACLK & e B
= one | enable
Output AB Delay |0 + Complement C | disabled [T pAcC sleep T
Output CD Delay |0 o Complement D | disabled lz‘ [C] pAcD Sleep FIFO Colision enabled
[ RevInterface  DACA Decoder | Thermometar lz‘ Clock monitor sync | disabled

Data Routing
wordout & | 2 E‘
word outs| 1 [=]
word cutc| 2 [=]
Word outD | 3

LMK REGISTERS

LMK REGISTERS
%00 x4000000
%01 x0000020
x02 x0000002
%03 x0000064
%04 x0000010
x05 x4000020
%06 x2800000
x07 x0402300
x08 x0008300
*x0A x48A0210
x0B x1BF3330
x0C 0986000
%00 x1D81033

Figure 7. Output Tab Control Options — DAC348x

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.

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

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

e Output Shutoff On: allows outputs to shut off when DACCLK GONE, DATACLK GONE, or FIFO
COLLISION alarm event occurs.
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LMK04800

Device Selection:

TSW30H84/SH84 EVM Software ¥

DAC Readback [ Show USE Port J [ Reset USE Port ]

Exit —

Input | Digital  Output | Advanced LMK04800 Control Send All Read Al Load Regs Save Regs
@reset  @POWERDOWN |PLL2, Intemal veO [+ OSCout
CLKD & CLK1 CLK2 &CLK3 CLK4 & CLKS Divider 0SC1Amp
Divider Digital Delay Divider Digital Delay Divider Digital Delay 8 =] | 1600m [=]
2 | Ho | -7 | %o \ i | o 0SC0Type OSC1Mux
CLKD Type CLK1 Type CLKD Type CLK1 Type CLKO Type CLK1Type wos [v] [Bvpass []
OFF OFF OFF LVPECL LVPECL oFF 050 Mux
[=] [=] [~ [] [~ [~] s
Analog Delay(ps) Analog Delay sel Analog Delay(ps) Anzlog Delay sel Analog Delay(ps) Anzlog Delay sel Bypass |z|
2500 OFF 2J500 oFF  [+] 3500 OFF @ ENABLE 03Coutl
@ svitchoff
@ oo Half shift @ oo rHalfshift @ oo Half shift
o Switch off @ suitch off ‘ Switch off PLL2 Settings
Input
CLKS & CLKT CLKS & CLKS CLK10 & CLKLL @ enable xtal OsC nput Freq
— - — @smcown 01063 ]
Divider Digital Delay Civider Digital Delay Divider Digtsl Delay DIDCNT  PLL2_WND_SIZE 2XREF
& & | | H E| - |
100 o 18 o 132 i -
El | 4 | L | & | L | 3 | 3184 |2 3.7ns Freque
CLKOT: CLKO Type CKLT CLKO T CLKLT: —
ype CLK1Type P vpe vpe o ype REF Divider ~ PLLZ N CAL  PLL2 FAST_PDF
wewo [=] - [orF wos [« wos [+] OFF [] 125 [ [ma B <=100 [=]
Analog Delay(ps) Analog Delay sel :nalog Delay(ps) Analog Delay sel ;‘i\nalog Delay(ps) Analog Delay sel | N Divider Prescalar
F500 oFF EIE] OFF si/500 OFF B/ 4[5 [+] chargerump
Source Source Loap filter STATE
veo  [+] veo ] R3 c3 active x|
w0 [+ [10pF [+] ||cAm
@ ooHaFshR @ oo Halfshift @ oonafshift s 20 [v)
c4
@ svitch off @ suitch off @ switch off w0 =] [0 = Polarity
Megativ lz‘

TSW 1400,TSW 3100 FPGA Clock Configuration:
LVDS DOR Interface: FDAC{Interpolationxc4)
Quad Interleaved Interface: FDAC/(Interpolationx2)

OSTR Clock Configuration:

DAC3484/H34/5H84: FDAC/(NxInterpolationx8)
DAC3482 Word Wide Bus: FDAC/(NxInterpolationx 18)
DAC3462 Byte Wide Bus: FDAC/{(NxInterpolationxd)

ADVANCE SETTINGS

ATTENUATOR AB  ATTENUATOR. CD

0 =

DAC REGISTERS

0 =

LMK REGISTERS

%05 xBF60 1011 11110110 0000

m

LMK REGISTERS
%00 x4000000
%01 x0000020
x02 x0000002
%03 x0000064
%04 x0000010
x05 x4000020
%06 x2800000
x07 x0402300
x08 x0008300
*x0A x48A0210
x0B x1BF3330
x0C 0986000

%00 x1D81033

Figure 8. LMK04800 Tab Control Options

Clock control is determined by register values in the LMK04800 Control tab. The LMK04800 has 12
available output clocks. See the LMK04800 family data sheet for detailed explanations of the register

configurations.

The following LMK04806 outputs are used by the TSW3084EVM:
e CLKS: DAC3484 DAC sampling clock. This clock type is AC coupled LVPECL. If the DAC3484 is
configured for internal PLL mode, this becomes the reference clock input for the PLL block.

e CLK8: TSW1400/TSW3100 FPGA input clock. This clock type is AC coupled LVDS. The clock rate
must be set to Fp,cf/interpolation/2.

* CLK4: DAC3484 FIFO OSTR Clock. This clock type is AC coupled LVPECL.
— The OSTR signal can be a slower periodic signal or a pulse depending on the application.
— The OSTR clock rate must be at most Fp,c/interpolation/8. See the DAC348x data sheet for more

detail.

— The FIFO OSTR clock must be disabled when the DAC348x is using the on-chip PLL for DACCLK
generation.

» CLK®6: Spare output clock at SMA J5.
» CLKO: Spare output clock at SMA J2 and J3.
The following LMK04806 outputs are used by the TSW3085EVM:

e CLKS: DAC3482 DAC sampling clock. This clock type is AC coupled LVPECL. If the DAC3482 is
configured for internal PLL mode, this becomes the reference clock input for the PLL block.

e CLK8: TSW1400/TSW3100 FPGA input clock. This clock type is AC coupled LVDS. The clock rate
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must be set to Fp,cf/interpolation/4.
* CLK4: DAC3482 FIFO OSTR Clock. This clock type is AC coupled LVPECL.
— The OSTR signal can be a slower periodic signal or a pulse depending on the application.
— The OSTR clock rate must be at most Fp,c/interpolation/16 for word-wide interface and
Foaclinterpolation/8 for byte-wide interface. See the DAC348x data sheet for more detail.
— The FIFO OSTR clock must be disabled when the DAC348x is using the on-chip PLL for DACCLK
generation.
* CLK®6: Spare output clock at SMA J5.
» CLKO: Spare output clock at SMA J2 and J3.

The following LMK04806 outputs are used by the TSW30H84EVM:

* CLK4: DAC34H84 DAC sampling clock. This clock type is AC coupled LVPECL. If the DAC34H84 is
configured for internal PLL mode, this becomes the reference clock input for the PLL block.

e CLK8: TSW1400/TSW3100 FPGA input clock (#1). This clock type is AC coupled LVDS. The clock
rate must be set to Fy,c/interpolation/4.

e CLK9: TSW1400 FPGA input clock (#2). This clock type is AC coupled LVDS. It is required to evaluate
the TSW30H84 and TSW30SH84 with the TSW1400. The clock rate must be set to
Foaclinterpolation/4.

* CLK3: DAC34H84 FIFO OSTR Clock. This clock type is AC coupled LVPECL.
— The OSTR signal can be a slower periodic signal or a pulse depending on the application.

— The OSTR clock rate must be at most Fy,c/interpolation/8. See the DAC34H84 data sheet
(SLAS751) for more detail.

— The FIFO OSTR clock must be disabled when the DAC348x is using the on-chip PLL for DACCLK
generation.

* CLK®6: Spare output clock at SMA J5.
* CLKaO: Spare output clock at SMA J2 and J3.

The clock settings are divided into subcontrol sections. These sections allow the user to set the divide
ratio, digital delay, type, analog delay, and ON/OFF control. Note that clock pairs share several settings.

The OSCout control section allows the user to configure the settings for the OSCIN input. The
TSW308XEVM uses this input as the reference input for Single Loop mode of operation (default
configuration). This mode uses PLL2 of the device. This reference can be provided by either the onboard
10-MHz oscillator (default) or from an external source brought in through SMA J11. For details, see
Section 5.

The PLL2 Settings control section allows the user to configure the settings for the internal PLL2. The
LMKO04800 family contains four devices that cover internal VCO frequencies from 1840 MHz to 3072 MHz.
The VCO range of the LMK04806B is 2370 MHz to 2600 MHz . The TSW308xEVM default test case uses
settings to set the internal VCO to 2457.6 MHz and is locked to the 10-MHz input source on OSCIN.

The default Single Loop PLL settings provided by the example file provide a 1228.8 MHz of DAC sampling
clock, the divided-down FPGA clock(s) for the TSW1400/TSW3100 pattern generator FPGA input clock,
and the divided-down OSTR clock for DAC348x's OSTR input. The CLK6 (J5) is configured as a divided-
by-100 CMOS clock. This can be used as part of EVM functionality verification. For details, see

Section 4.5.

After the default settings are loaded, the output clocks are synchronized with the onboard 10-MHz
reference oscillator as indicated by LMK LOCK LED(D7) being illuminated.

Clicking on the Advance Settings tab at the bottom of the GUI opens a new window allowing the user to
set other internal registers for different modes of operation as shown in Figure 9.

TIDU128-September 2013 TSW308x Wideband Digital to RF Transmit Solution 13

Submit Documentation Feedback
Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/lit/pdf/SLAS751
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDU128

Software Control

I

TEXAS
INSTRUMENTS

www.ti.com

,
oo L

Exit
LMKO04800 Reset USE Port d
oureur serms| P et Regsters
MODE Input Settings PLL_WND_SIZE Register values have
Reset POWERDOWN —— <
Ot @ PLLZ, Interral VOO [ ] En_CLKin1 En_CLKinD 40ns not been written
to device. Press
CLKD & CLK1 CLK2 & CLK3 CLK4 & CLKS [+ 9 PLL_R_DLY send all to Write all
- ) CLkin_Sel_INV i
Divider Digital Delay Divider Digital Delay Divider Digital Delay Ach:g EE‘ il;fn_SEI_MDdE o lz‘ Values o e cevis
o | 4o | EER) | %o | iz I PLLNDLY2 LMK REGISTERS
CLKinO Mux  CLKind Type ops  [] %00 x4000000
CLKO Type CLK1 Type CLKD Type CLK1Type CLKO Type CLK1Type Lagic lz‘ Input %01 x0000020
OFF OFF weect [#]  [oFF off [v] [veEct [+] ClkniMax  CLKNO Type PILDLEELD—fNT x02 X0000002
- 03 x0000064
é‘ﬂnalog Delay(ps) Analog Delay sel Anzlog Delay(ps) Analog Delay sel jnalog Delay{ps) Analog Delay sel Logic E‘ Input E' :04 :0000010
/500 OFF Fls00 oFF  [] ¥/500 OFF BUF_TYPED ~ BUF_TYPE1 @sncow 05 x4000020
i " REF Divider 06 x2300000
‘ ’ oo Haf it Bipolar lz‘ Bipolar lz‘ o p «O7 ¥0402300
BOREREE @ oo hafshit ClknoDiv  CLKn1Div N X08 x0008800
) X0A X48A0210
@ switch off @ switch off @ svitch off ! [=] : =] 192 2 *08 x1BF8880
¥0C x098600D
CLKE & CLKT CLKS & CLKS CLK10 & CLK11 Charge Pump 0D x1D81033
— = - State Gain Polarity *0E x0300000
Divider Digital Delay Divider Digital Delay Divider Digital Delay tristate lz‘ 100 uA |z| Positive E‘ *OF 4000400
4100 | %o E i | o | E IR | %o *10 x00AAB20
18 X0000006
CLKD Type CLK1Type CLKQ Type CLK1 Type CLKD Type CLK1Type %19 x0080300
ofF  [+] [wavo [+] LvDS wos  [+] ofFF [+] |oFF PLL2 setfings| X1A x47D18ED
18 x08000C 1
Analog Delay{ps) Analog Delay sel j\na\ng Delay{ps) Analog Delay sel 2»\‘lnalng Delay(pz) Analog Delay sel . Enable Xtal O5C Input Freq x1C x03E8180
g 500 OFF El 500 OFF = 500 OFF ‘ SYNC LD Oto63 |z| 1M NNANFEN =
Source Source
DLD CNT PLL2_WND _SIZE 2X REF
vco E‘ veo E 3184 & 3.7ns Freque E‘
REFDivider  PLLZN_CAL  PLLZ FAST PDF R
@ 00 Halfshift @ oorafsift @ oorashit R <=100 [+
’ SwtchiofE ’ Switch off ‘ Switch off I Divider Prescalar [ Readal
30 5 3 Charge Pump
Loop filter
- Bl savereg
Divider 0SC1 Amp Feedback Mux__ VCO XTAL_LVL(VpD)  LOS_TIMEOUT En_LOS
3 E‘ 1600m |z| Source Divider 165 |z| 1200ns |z| 2 El Load Reg
0SCOType  OSC1Mux ClKout [+] 2
Mux
LvDs Bypass Status Outputs
IE‘ lz' @ crable Yoo Iz‘ s Qutpu
05C0 Mux SYNG Holdaver LD_TYPE
Bypass v | Holdover_Mode output ] @ Enable Track EN_MAN_DAC
Type Polarity snc_Mux || [enable [ LD_MUX Automa v |
@ ENABLE OSCoutd mput [+]|actve [=] |Logic [ ||| Disable biD1_DET P2 [ @ vrune rar MAN_DAC
D enasie oscoutt | ||| Enctle Qualfication Causes [ | Holdover_Type DACLOW_TRIP 5157 |»
o -
Manual Mo 'Enable Output lz‘ =
@ switchoff =] [=] @rorce DAC_HIGH TRIP DAC_CLK_DIV
Sync Outputs DLD Count Holdover _MUX o Tl P =
01 23 a5 &7 83 11|52 |- uilfire = =

Figure 9. LMK04800 Advanced Settings Control Panel
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e Send All; sends the register configuration to all devices.
e Read All: reads register configuration from DAC348x and LMK04800 devices.

e | oad Regs: loads a register file for all devices. For Windows XP system, example configuration files
for the common frequency plan are located in the install directory: C:\Program Files\Texas
Instruments\TSW308x\Configuration Files. For Windows 7 system, the files are located in the install
directory: C:\Program Files (x86)\Texas Instruments\TSW308x\Configuration Files

— Select Load Regs button.
— Double-click on the Configuration Files folder and respective sub-folders for the EVM.
— Double-click on the desired register file.
— Click on Send All to ensure all the values are loaded properly.
e Save Regs: saves the register configuration for all devices.

2.2.6 Attenuator Control

| show USBPort | | ResstUSBPort | Euit )
ATTENUATOR A8 ATTENUATOR D
a 0 3

I DAC REGISTERS

Figure 10. RF Attenuator Control

Each of the RF path on the TSW308XxEVM contains a 50-Q, RF digitally controlled attenuator that
operates from DC to 4 GHz. This highly versatile digital step attenuator (DSA) covers a 0-dB to 31.75-dB
attenuation range in 0.25-dB steps. It maintains high attenuation accuracy over frequency and
temperature and exhibits very low insertion loss (1.9 dB, typical) and low-power consumption. The user
can enter a value from 0 (minimum attenuation) to 31.75 (maximum attenuation) in 0.25 increments inside
the Attenuator window (Figure 10) or by clicking on the drop-up/-down arrows.

2.2.7 Miscellaneous Settings

e 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.

DAC Readback’ ) | Show USE Port | [ Reset USE Port |

Figure 11. USB Port Reset
e EXxit: stops the program
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3

3.1

3.2

Basic Test Procedure with TSW1400
This section outlines the basic test procedure for testing the EVM with the TSW1400.

TSW1400 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 and

also DAC34SH84 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
(www..ti.com/tool/tsw1400evmC107) is installed and functioning properly.

Test Block Diagram for TSW1400

The test set-up for general testing of the TSW3084 and TSW30H84EVM with the TSW1400 pattern
generator card is shown in Figure 12.

External clock source is needed if LMK04800
is configured as the following:

e  Clock Distribution Mode ( Source to J12)
. Dual PLL Mode (Source to J12)

e  Single PLL Mode (Source to J11)

See Optional Configuration Section for detail.

PC

UsB USB

Optional Signal
Generator
(CLK Source)

Cable
USB Mini-B
Cable

USB Mini-B

J5 Ji2 J14
JilorJi2

| LO
J19

TSW1400
RF
TX_AB @
/ Signal
Generator
TX_CD ljg (LO Source)

Ji8 + 6V

—p Spectrum
Analyzer

EVM includes additional RF signal path configurations such as:
e  3dB splitter for LO source

e  Additional RF amp and attenuator path

See Optional Configuration Section for detail.

Figure 12. TSW1400 and TSW3084/TSW30H84 Test Setup Block Diagram

The test setup for general testing of the TSW3085 with the TSW1400 pattern generator is shown in
Figure 13
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USB Mini-B

External clock source is needed if LMK04800
is configured as the following:

e  Clock Distribution Mode ( Source to J12)
. Dual PLL Mode (Source to J12)

e  Single PLL Mode (Source to J11)

See Optional Configuration Section for detail.

PC

USB usB

Optional Signal
Generator
(CLK Source)

Cable
USB Mini-B
Cable

J5 J12 Ji4
J11 or J12

J4 J13
LO

J1i
TSW1400 x RF
J7

— Spectrum
Analyzer

Signal
Generator

33 T

T
1
2

T

1.
2.
3.

(LO Source)

J4 + 6 V

Figure 13. TSW1400 and TSW3085 Test Setup Block Diagram

est Setup Connection

SW1400 Pattern Generator.

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

. 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.

SW3084/TSW30H84 EVM

Connect J13 connector of TSW3084/TSW30H84 EVM to J4 connector of TSW1400 EVM.

Connect 6 V to the J18, Power In jack of the TSW3084/TSW30H84 EVM.

Connect PC’s USB port to J14 USB port of the TSW3084/TSW30H84 EVM. The cable should be a
standard A to mini-B connector cable.

Provide 10-dBm maximum, 300-MHz to 4-GHz LO source to connectors J19 and/or J22. The J19 or
the J22 connector routes the LO source to the respective TRF3705 modulator TX path. Optionally, the
EVM can be configured to share the LO source between the two TX paths through an on-board 3 dB
splitter. The source should be connected to J22 in this case. See the TX Path Optional Configuration
section for details.

Connect the RF output port of J7 and/or J9 to the spectrum analyzer.
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6.

If an external reference is to be used with LMKO04806B in single PLL mode, provide a 3.3-Vpp
maximum, 140-MHz maximum clock to J11. Change SJP5 solder jumper to position 2-3 to route the
external reference source to the LMK04806B OSCIN input.

If the LMKO04806B is configured in clock distribution mode, provide a 2.4-Vpp maximum, 3.1-GHz
maximum clock to J12. The external clock source will route to the LMK04806B CLKINL1 input.

Table 2. TSW3084/TSW30H84 EVM Jumpers: (make sure the following jumpers are at their default

setting)
Reference Designator Setting Function
JP2 1-2 DAC3484/DAC34H84 TXENABLE
JP3 2-3 DAC3484/DAC34H84 SLEEP
JP4 1-2 10-MHz TCXO Enable
JP12, JP13 2-3 TRF3705 Power Down
JP14, JP15 2-3 TRF3705 Gain Control
SJP2 2-3 CPLD EEPROM W/P
SJP3 1-2 USB Bus Power
SJP4 1-2 CPLD Clock Select
SJP5 1-2 Internal/External Reference Select for LMK04806B OSCIN
SJP9, SJP10, SJP11, SJP12 2-3 (IjDAI\C3484/DAC34H84 DATACLK delay. Default is zero trace
elay.

TSW3085 EVM

1.
2.
3.

Connect J13 connector of TSW3085 EVM to J4 connector of TSW1400 EVM.
Connect 6 V to the J4, Power In jack of the TSW3085 EVM.

Connect PC’s USB port to J14 USB port of the TSW3085 EVM. The cable should be a standard A to
mini-B connector cable.

Provide 10 dBm maximum, 300-MHz to 4-GHz LO source to connectors J1. The J1 connector routes
the LO source to the respective TRF3705 modulator TX path.

Connect the RF output port of J7 to the spectrum analyzer.

If an external reference is to be used with LMKO04806B in single PLL mode, provide a 3.3-Vpp
maximum, 140 MHz maximum clock to J11. Change SJP5 solder jumper to position 2-3 to route the
external reference source to the LMK04806B OSCIN input.

If the LMKO04806B is configured in clock distribution mode, provide a 2.4-Vpp maximum, 3.1-GHz
maximum clock to J12. The external clock source will route to the LMK04806B CLKINL1 input.

Table 3. TSW3085 EVM Jumpers: (make sure the following jumpers are at their default setting)

Reference Designator Setting Function
JP2 1-2 DAC3482 TXENABLE
JP3 2-3 DAC3482 SLEEP
JP4 1-2 10-MHz TCXO Enable
JP5 2-3 TRF3705 Power Down
JP1 2-3 TRF3705 Gain Control
SJP2 2-3 CPLD EEPROM W/P
SJP3 1-2 USB Bus Power
SJP4 1-2 CPLD Clock Select
SJP5 2-3 Internal/External Reference Select for LMK04806B OSCIN
SJP1, SJP6, SJP7, SJP8 2-3 DAC3482 DATACLK delay. Default is zero trace delay.
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3.4 TSW308x Example Setup Procedure
1. Turn on power to both boards, and press the reset button SW1 on the TSW308xEVM.

2. Start the TSW308x EVM GUI program. When the program starts, press the RESET USB Port button in
the GUI, and verify USB communication.

3. Select the appropriate EVM platform on the software menu.

R TSW308x_ v2pl.vi

Device Selection: TSW30HS84/SH84 EVM Software

Figure 14. EVM Platform Selection

4. Click on LOAD REGS, browse to the installation folder, and load example files. The example files are
located at C:\Program Files\Texas Instruments\TSW308x\Configuration Files. To configure the
LMKO04806B in single PLL mode, select the file in the LMK04806 PLL Mode 10-MHz reference folder.
To configure the LMK04806B in clock distribution mode, select the file in the LMK04806 Clock
Distribution Mode folder.

For the TSW3084, the files contain settings for 4x interpolation with the DAC3484 running at 1228.8
MSPS. The data rate for each DAC is at 307.2 MSPS. The NCO is enabled at 30 MHz.

For the TSW30H84, the files contain settings for 2x interpolation with the DAC34H84 running at 1228.8
MSPS. The data rate for each DAC is at 614.4 MSPS. The NCO is enabled at 30 MHz.

For the TSW3085, the files contain settings for 2x interpolation with the DAC3482 running at 1228.8
MSPS. The data rate for each DAC is at 614.4 MSPS. The NCO is enabled at 30 MHz.

5. Click on Send All to write all of the values to the devices. If the LMK04806B is programmed properly in
single PLL mode, the LMK LOCK LED (D7) near the device illuminates. The updated register
configuration for the LMK04806B now appears as shown in Figure 8.

6. Note: J5 (CLKS®) is configured as a divide-by-100 CMOS clock. This is used to verify EVM functionality.

TIDU128-September 2013 TSW308x Wideband Digital to RF Transmit Solution 19

Submit Documentation Feedback
Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDU128

13 TEXAS
INSTRUMENTS

Basic Test Procedure with TSW1400 www.ti.com

3.5 TSW1400 Example Setup Procedure

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

ET_E].

Dac3sHEs B4

DAC3152
DAC3432
DAC3484
] DAC34HE4

M DAEQ—HH c

Max [ n.on Crndes

Figure 15. Select DAC348x Family in the High Speed Converter Pro GUI Program

2. When prompted Do you want to update the firmware for DAC?, select YES.
2 S5

Do you want to update the Firrnware for DACT

| Yes | [ Mo ]

Figure 16. Load DAC Firmware Prompt

3. Click on the button labeled Load File to transfer into TSW1400, located near the top left of the GUI.
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(% High Speed Data Converter Pra [ )
File Instrument Options Data Capture Options  Test Options  Help
| W INSTRUMENTS High Speed Data Converter Pro vi.43
FC) ADC ] DAC
+ Ly
DAC34H84 4
t-l - - Preamble Data Rate (SPS) DAC Option Active Channel
I\ AR ST AL l 0 G14.4M 2's Complement [v] | Chennell v [@]Enabled?
Test Selection Time Domain
Tirne Domain -
40000
Value | Unit A+
30000 )
Min | -29959.00 Codes I
Max | 3017800 Codes 20000 } | o I I i
Mean | -n0s Codes ]
Median  |[200  Codes g 10000+
RMS | 699306  Codes 8 0-
Peak to Pesk | 6013700  Codes 2
PAR |1267 a8 -10000 -
-20000 -——H | |‘ ‘ } I I 1 b
-30000-, | 1 1 | | ,
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000 65000 70000
Samples
Format FFT Length Window
Frequency DomaitChannel 1) Real E‘ 65536 E‘ Hanning E‘
-20.0
B
_ -40.0- Ll
1/ Multitone Generator
-60.0-
ToneBW £ Tone Center -80.0-
0 0 0 g -100.0 |
= -120.0-|
#Samples | 65536 -140.0
Tone selection Real |Z| -160.0+
-180.0 |
Scaling Factor (1x) | 1.0000 -2000- | ! ! ! ! ! .
50mM 100M 150M 200M 250M 300M 350M
Fequency 0
Firmware Version = "0.1" TSW 1400 Board = TIVHLO51 Interface Type = DAC_SAMPLE_WISE
Waiting for user input 8/8/2012 6:30:01 PM Build - 0716/2012 CONNECTED Idle TEXAS INSTRUMENTS
—— )

Figure 17. Load File to Transfer into TSW1400

4. For the TSW3084, select the file WCDMA_TM1_complexIF30MHz_Fdata307.2MHz_1000.tsw under
C:\Program Files\Texas Instruments\High Speed Data Converter Pro\1400 Details\Testfiles

5. For the TSW30H84 and TSW3085, select the file
WCDMA_TM1_complexIF30MHz_Fdata614.4MHz_1000.tsw under C:\Program Files\Texas
Instruments\High Speed Data Converter Pro\1400 Details\Testfiles

Enter 307.2M or 614.4M 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 TSW308x EVM GUI to synchronize the appropriate digital
blocks, if the example file with NCO setting is used.

10. Verify the spectrum using the spectrum analyzer at the RF output ports, J7 or J9.

11. With 1780 MHz of LO, the expect results are shown in Figure 18 (TRF3705 Low-Gain Mode) and
Figure 19 (TRF3705 High-Gain Mode).

© x© N o
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®

ST L o o
\
xR
W% lli mlﬁll
Powe L —10.03 4dBm
Lowsr -73.81 4B
Upper —-73.90 dB
Lowesr -80.01 JdB
Upper -79.&63 dB

NOTE: Baseband = 30 MHz, NCO = 30 MHz with NCO Gain disabled, QMC Gain = 1446, LO = 1780 MHz

Figure 18. TSW308x WCDMA Output (TRF3705 Low-Gain Mode)

®

vk o
o |
o aemn
"“"Hn.ﬂ.
M U
P R TR
Fower -7.23 dBm
Lowsr -73.15 dB
Upper -73.1z dB
Lower -7% .40 dB
Upper -78.51 dB
NOTE: Baseband = 30 MHz, NCO = 30 MHz with NCO Gain disabled, QMC Gain = 1446, LO = 1780 MHz

Figure 19. TSW308x WCDMA Output (TRF3705 High-Gain Mode)
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4

4.1

Basic Test Procedure with TSW3100
This section outlines the basic test procedure for testing the EVM with the TSW3100.

TSW3100 Overview

The TSW3100 is a high speed pattern generator board. 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 TSW308x needs TSW3100 operating
software version 2.5 or higher with TSW3100 board Rev D (or higher).

The TSW308XxEVM 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 20. TSW3100 FPGA Clock 100-Q LVDS Termination at Pins T31 and T32 of the FPGA
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4.2 Test Block Diagram for TSW3100

The test setup for general testing of the TSW3084 and TSW30H84EVM with the TSW3100 pattern
generation board is shown in Figure 21.

External clock source is needed if LMK04800
is configured as the following:

e  Clock Distribution Mode ( Source to J12)
PC . Dual PLL Mode (Source to J12)

e  Single PLL Mode (Source to J11)

See Optional Configuration Section for detail.

Ethernet usB

Optional Signal
Generator
(CLK Source)

Cross-over
Ethernet Cable
USB Mini-B
Cable

+ 5V
A I A4 A4
J13 J9 J14
J11 or J12
J74 J13

LO

J19 —P Spectrum

Analyzer
TSW3100 RE
TX_AB 17

/ Signal

Generator

TX_CD RF (LO Source)
- J9

Ji8 + 6 V

EVM includes additional RF signal path configurations such as:
e  3dB splitter for LO source

e  Additional RF amp and attenuator path

See Optional Configuration Section for detail.

Figure 21. TSW3100 and TSW3084/TSW30H84 Test Setup Block Diagram
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Basic Test Procedure with TSW3100

The test setup for general testing of the TSW3085EVM with the TSW3100 pattern generation board is

shown in Figure 22.

External clock source is needed if LMK04800

is configured as the following:

. Clock Distribution Mode ( Source to J12)
PC . Dual PLL Mode (Source to J12)

. Single PLL Mode (Source to J11)

See Optional Configuration Section for detail.

Ethernet usB
5 2 o Optional Signal
23 oy Generator
<] o
P s ‘—_Qu (CLK Source)
0 o
53 5V Be
[G)¥=
] D
3 I v {
J13 J9 Ji4
J11 or J12
J74 J13
/L_O\
W —P Spectrum
Analyzer
TSW3100 RF
X 37
Signal
Generator
(LO Source)
J4 +6V

Figure 22. TSW3100 and TSW3085 Test Setup Block Diagram

4.3 Test Setup Connection

TSW3100 Pattern Generator

1. Connect 5-V power supply to J9, 5V_IN jack of the TSW3100EVM.

2. Connect the PC’s Ethernet port to J13, Ethernet port of the TSW3100. The cable must be a standard

crossover Catbe Ethernet cable.
TSW3084/TSW30H84/TSW3085 EVM

1. Connect J13 connector of TSW3084, TSW30H84, and TSW3085 EVM to J74 connector of TSW3100

2. See Section 3.3 Test Setup Connection for signal connections and jumper settings.

4.4 TSW308x Example Setup Procedure
See Section 3.4 TSW308x Example Setup Procedure for TSW308x Example setup for the GUI.
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4.5 TSW3100 Example Setup Procedure

TSW3100 Single-Carrier WCDMA Output Example Setup
1. TSW3100 Single-Carrier WCDMA Output Example Setup

e Start the TSW3100_CommsSignalPattern Software

e For TSW3085 and TSW30H84, configure the TSW3100 to output a 614.4 MSPS, LVDS DDR

format, 30-MHz IF Single-Carrier WCDMA output. See Figure 23 for details.

Change Interpolation value to DAC Clock Rate / Interpolation / 3.84
(that is, 1228.8 / 2/ 3.84 = 160)

Enter desired Offset Frequency (that is, 30 MHz) for each desired carrier

Select the LVDS output button
Check the LOAD and Run box
Press the green Create button

) TSW3100_CommSignalPattern_v2p7

‘-” TExAs
INSTRUMENTS

) TM3 - 32ch
O ™S - 30ch
© TDSCOMA

—Test Models— — Signal Type
(&) M - Bach ) Cornplex
[swapla
O aam

O Real

[ cotplex IF

[ cuslRF (Factary oniy)

Signal C

| son

Hiprate (MSPS)

(a»

olation (NT) | 085

_18 |
| Backott

[022 |

| Resohtion [ e size

[]time offset

alpha [ Random Seed

[ vert

Time (ms) =1.0

Res BW =30000 Hz

— Center Freq

¥
[ ExactFreq
T 160

180

— Display Opti
[C] CCDF plot

MavsTt

[IExtFFT Plot

30 | ResBWW(kHz)

Enable  OffbsespfMiz) Gain (dB) SCRCode

Amplitude (48)

N

a

-400 -300 -200 -100 0 100 200 300 400
— TSW3100 Contral_

Freguancy (MHz)

(&) master

O slave

@ LvDS

) BwDDR

V27 () 2005-2010 Texas Instrumerts

O 6es325
) 16b GDAC
© 2w Serial VDS

o B LOAD and Run
() Oftset Bin

[¥] 18k MSE Justity
192168112 3 w|

Figure 23. TSW3100 GUI for LVDS DDR Format

e For TSW3084, configure the TSW3100 to output a 307.2 MSPS, LVDS Quad Interleave format,
30-MHz IF Single-Carrier WCDMA output.

Change Interpolation value to DAC Clock Rate / Interpolation / 3.84
(that is, 1228.8 / 4 / 3.84 = 80)

Enter desired Offset Frequency (that is, 30 MHz) for each desired carrier

Select the 16b QDAC output button
Check the LOAD and Run box
Press the green Create button
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Optional Configuration

- TSW3100_CommsignalPattern_vZp7

5

" — Test Models— — Signal Typ: -Signal C
TEXAS (o] @ Complex Criprate (veps) | 16| Resohdion [Jmex size
INSTRUMENTS | G- oor Ocamiese | (oo Doistoncany [ 055 | kott
This - 30ch —
\é i CResl | 7300 | vestor size 061 022 | dpha [ Randor Seed
= — - [Jinvert
O amm Time (ms) =1.0
o [ dualRF (Factory only) Res BY =30000 Hz
— Center Frequency 160
[ ExectFreq
2 140
— Display Options -
[T CCDF piot [CIExtFFT Pict @
ResEA (kH o
ChavsT 30 | ResBW(kHz) 2 m
" E
Enzble O Hz) Gain (dB) SCR Code < |
V] Carrier 1 30 o | L
7‘ - B0
" 1L
‘ [ carrier 2 25 a 1 ‘ 0 i
-200 -160 -100 -0 o &0 100 180 200
Frequency (MHz)
‘ Clearmers s | [0 2 ‘ - TSW3100 Control
@ master | | OLYDS (@) Twe's Cormp LOAD and Run
‘ ek 7 | [0 3 ‘ Osiave | | Qomos (O Offset Bin
) BWDDR Rerias Stop
< 16k MSE Justif
(180 GDAC [t Reversel i
b 1921681123 |
[ &it Reverse @ e )
V2.5 (c) 2005.2010 Texas Instrumerts

Figure 24. TSW3100 GUI for LVDS Quad Interleaved Format

2. (Toggle the SIF SYNC button to synchronize the appropriate digital blocks, if example file with
NCO setting is used.)

3. Verify the spectrum using the Spectrum Analyzer at the two RF outputs of the TSW308xEVM (J7 for
TSW3085. J7 and J9 for TSW3084 and TSW30H84).

4. With 1780 MHz of LO, the expect results are shown in Figure 18 (TRF3705 Low-Gain Mode) and
Figure 19 (TRF3705 High-Gain Mode).

Optional Configuration

The onboard LMK048000 has the following configuration options for the flexible clocking of the DAC348x.

@rest @ rowsoown  MOE
= |Dual PLL, Internal YOO |
CLED 2 CLKL K2 & CLK3

Figure 25. LMKO04800 Mode Selection
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5.1

5.2

5.3

6.1

6.2

Configuring the LMKO04800 for Clock Distribution Mode

To use this mode:
e Provide a 2.4-Vpp maximum, 3.1-GHz maximum external clock at SMA J12.
» Select the Clock Distribution option in the LMK04800 Control tab.

Configuring the LMKO04800 for Single PLL (PLL2 Only) Mode

To use this mode:

» The default reference is a 10-MHz crystal oscillator for the Single PLL mode. For the TSW3084 adn
TSW30H84, set SJP5 to the 1-2 position. For the TSW3085, set SJP5 to the 2-3 position.

* Optionally, a 3.3-Vpp maximum, 140-MHz maximum external reference can be applied at SMA J11.
For the TSW3084 and TSW30H84, set SJP5 to the 2-3 position. For the TSW3085, set SJP5 to the 1-
2 position.

e Select the PLL2 options in the LMK04800 Control tab.

Configuring the LMKO04800 for Dual PLL (PLL1 + PLL2) Mode.

To use this mode, the following steps must be made to the EVM:

* Replace oscillator Y1 with a VCXO, such as a FVX0O-HC73 series 3.3-V VCXO from Fox.
* Install R273, R274, R90, C177, and C300.

» Provide an external reference at SMA J12.

» Select the Dual PLL options in the LMK04800 Control tab.

Consult the LMK04800 data sheet (SNAS489) for proper device configuration for this mode of operation.

Transmit Path Optional Configuration

Shared LO Path (TSW3084 and TSW30H84 only)

To share the LO source between the two transmit paths, the following configuration can be done:
» Install 0 Q to R192

* Install 17.4 Q to R190, R189, and R191

* Remove R188

Additional RF amp and attenuator path

go add additional gain and attenuation adjustment to the transmit path, the following configuration can be
one:

For TX Path #1 (TSW3084, TSW3085, and TSW30H84)

* Remove C258 and R165

e Install 0 Q to R161, R163, and R293

» Install 0 Q or ferrite bead to FB23

For TX Path #2 (TSW3084 and TSW30H84)

* Remove C268 and R166

« Install 0 Q to R162, R164, and R294

« Install 0 Q or ferrite bead to FB21
With the default example pattern and LO of 1780 MHz, the RF signal chain output can be measured at J7
and J9 connectors. The expected results are shown in Figure 26 and Figure 27.
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CLRWR

NOTE: Baseband = 30 MHz, NCO = 30 MHz with NCO Gain disabled, QMC Gain = 1446, LO = 1780 MHz
Figure 26. TSW308x RF Amp / Attenuator Output (TRF3705 Low-Gain Mode)

1 RM [
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* VBW 300 kHz
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Bandwidth 1H z Power 0.57 dBm
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Bandwidth 4 MHz
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Alt t Ch 1
ernate Channe R Lower -78.20 dB
10 MHz Upper -78.67 dB

* RBW 30 kHz
* VBW 300 kHz
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—do i i
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Tx Channel W-CDMA 3GPP FWD
Bandwidth 8 MHz Power 3.25 dBm
Adjacent Channel Lower -73.85 dB
Bandwidth 8 MHz
Spacing 5 MHz Upper -74.18 dB
Alternate Channel Lower -79. 3 6 dB
Bandwidth 3.84 MHz
Spacing 0 MHz Upper -79.74 dB

NOTE: Baseband = 30 MHz, NCO = 30 MHz with NCO Gain disabled, QMC Gain = 1446, LO = 1780 MHz
Figure 27. TSW308x RF Amp / Attenuator Output (TRF3705 High-Gain Mode)

Matching components can be changed depending on the RF frequency range. See the schematic in the
TSW308x design package (listed in Section 7), TRF3705 data sheet (SLWS223), and the Avago MGA-
30689 data sheet for details.
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7 References

7.1 Related Products From Texas Instruments
Quad-Channel, 16-Bit, 1.25 GSPS Digital-to-Analog Converter (DAC) , DAC3484 (SLAS749)
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) , DAC34H84 (SLAS751)
Quad-Channel, 16-Bit, 1.5 GSPS Digital-to-Analog Converter (DAC) , DAC34SH84 (SLAS808)
300-MHz to 4-GHz Quadrature Modulator, TRF3705 (SLWS223)
LMKO04800 Family Low-Noise Clock Jitter Cleaner with Dual Loop PLLs (SNAS489)

7.2 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)
TSW3084EVM Design Package (SLAC515)
TSW30H84EVM Design Package (SLAC517)
TSW308x EVM Software (SLAC507)
High Speed Data Converter Pro software (SLWC107)
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and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components 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.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs 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.

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 TI 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 that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI 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 Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that 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 that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated



	TSW308x Wideband Digital to RF Transmit Solution
	1 Introduction
	1.1 Overview
	1.2 EVM Block Diagram

	2 Software Control
	2.1 Installation Instructions
	2.2 Software Operation
	2.2.1 Input Tab Control Options
	2.2.1.1 FIFO Settings
	2.2.1.2 LVDS Delay Settings
	2.2.1.3 PLL Settings

	2.2.2 Digital Tab Control Options
	2.2.3 Output Tab Control Options
	2.2.4 LMK04800
	2.2.5 Register Control
	2.2.6 Attenuator Control
	2.2.7 Miscellaneous Settings


	3 Basic Test Procedure with TSW1400
	3.1 TSW1400 Overview
	3.2 Test Block Diagram for TSW1400
	3.3 Test Setup Connection
	3.4 TSW308x Example Setup Procedure
	3.5 TSW1400 Example Setup Procedure

	4 Basic Test Procedure with TSW3100
	4.1 TSW3100 Overview
	4.2 Test Block Diagram for TSW3100
	4.3 Test Setup Connection
	4.4 TSW308x Example Setup Procedure
	4.5 TSW3100 Example Setup Procedure

	5 Optional Configuration
	5.1 Configuring the LMK04800 for Clock Distribution Mode
	5.2 Configuring the LMK04800 for Single PLL (PLL2 Only) Mode
	5.3 Configuring the LMK04800 for Dual PLL (PLL1 + PLL2) Mode.

	6 Transmit Path Optional Configuration
	6.1 Shared LO Path (TSW3084 and TSW30H84 only)
	6.2 Additional RF amp and attenuator path

	7 References
	7.1 Related Products From Texas Instruments
	7.2 Related Tools From Texas Instruments


	Important Notices

