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Introduction

The Lime Development System is a comprehensive hardware and software combination that
allows users to evolve and refine a wireless sub-system. It can be combined with a baseband
processor such as an FPGA or DSP processor to develop a comprehensive wireless solution.

The EVB7 module is a high-speed wireless communication module, based on the LMS7002M
fully programmable RF transceiver. It is designed to support 2G, 3G, 4G/LTE radio systems with
both time-division duplex (TDD) and frequency-division duplex (FDD) applications, M2M and
software defined radios. The wireless communication module covers the frequency range of
100 kHz to 3.8 GHz, including licensed and unlicensed bands. The channel bandwidth is
programmable from less than 100 kHz to 108 MHz through a combination of analog and digital
filtering via the easy-to-use GUI software.

The EVB7 provides system designers with the ability to connect the board to any type of
baseband, FPGA or CPU and allow them to implement their ideas for various wireless
communication applications.

This document describes how to make a quick start with the LMS7002M using the EVB7
module. Section 2 begins by listing the contents of the Quick Start kit. Section o gives a general
description of the evaluation board features. Section 4 describes the procedure for obtaining and
installing the ‘LMS 7 Suite’ software for both Windows and Linux platforms. Section 5
describes how to connect and use the EVB and ‘LMS 7 Suite’ software for the Quick Start
example configurations. Section 6 describes in detail the EVB connectors and hardware options.
Section 7 describes in detail how to use the ‘LMS 7 Suite’ software. Appendix A in section &8
details the recommended test and measurement equipment, and how to set up the test equipment
to work with RF-ESPARK and the LMS7002M.
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Development System Content

E204460

MI1S 94V-0

Figure I Development System Content

Complete development kit content consists of:

e Hardware
o 1-LMS7002EVB v3 board
o 1 -Power supply cable that connects the EVB7 board to any lab power supply

unit
o 1-USB-A to Micro-USB-B cable
o USB stick with software
o 4 x SMA to U.FL RF cables

e Software:
o LMS7002M GUI “Ims7suite”
o Waveforms example files

9|Page
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o Windows drivers
e Documentation:
o Quick Starter Manual

o LMS7002M datasheet
o Board schematics
o LMS7002M Programming and Calibration Guide
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Overview of the Development Board
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Figure 2 Board block diagram

A photograph of the development board is shown in Figure I. A block diagram of the board is
shown in Figure 2. The connections are shown in blue, the LMS7002M chip is shown in green,
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and the other parts are shown in orange. The core of the board is the LMS7002M transceiver
chip, which has multiple RF, analogue and digital interfaces.

The evaluation board includes RF matching networks for the LMS7002M. These matching
networks include wideband transformers to allow operation over the entire frequency range.
However, the matching networks have been optimized for operation over selected frequency
bands and offer the best performance in these bands. Connectors are provided for 4 RF
transmitter outputs and 6 RF receiver inputs. Further details of the matching networks are
provided in section 6.3.5.

The evaluation board includes connectors for the baseband analogue differential receiver outputs
and differential transmitter inputs. Additionally, on board high speed differential to single ended
converters allow the EVB7 receivers to indirectly drive 50 Ohm test equipment such as spectrum
analysers for baseband testing.

The evaluation board includes a clock generation block, which by default, is a standalone
30.72 MHz low phase noise TXCO. TXCOs at other frequencies can also be fitted and three
different footprints are supported. The EVB7 can be easily modified to operate with external
clock sources. It can also be synchronized to the standard 10 MHz reference of measurement
equipment via an on board PLL. Details of the required changes on EVB7 are given in section
6.3.1 and 6.3.2.

EVBY7 includes two kinds of digital I/O, one for control only, and two for data and control.

The USB interface is used to control the LMS7002M SPI via the LMS 7 Suite software. The
USB port is converted to SPI by an on board microcontroller.

The FMC connector or the 44 pin header can be used for the buffered digital interface and can be
connected to compatible platforms such as the Lime “Stream” board. The Lime “Stream” board
also provides connections to general purpose lab equipment such as pattern generators and logic
analysers. A pin list for the digital interface can be found in section 6.2. The logic level for the
digital interface can be set by modifying EVB7 and is described in section 6.3.4. Additionally
these connectors can be used to control the SPI but require the board modifications described
in 6.3.3.

A 7" order LC filter can be selected between the analogue output of the LMS7002M and its
digital inputs by using the LMS 7 Suite software. This allows additional filtering at
100 kHz (IF BW) for 2G applications.

The board includes memory to work with the LMS7002M internal microcontroller. This is
intended to provide calibration support for the LMS7002M. The memory is programmed via the
LMS 7 Suite software and the USB/SPI interface.

Test points are provided for various test signals including the LMS7002M internal peak and
RSSI detectors as well as various PLL test signals.

12|Page
© Copyright Lime Microsystems Proprietary and Confidential

Version: 2.6 Last modified: 30/10/2015



LMS7002M Quick Starter Manual for EVB7 kit

More detailed information on the connectors for the evaluation board can be found in section 6. 1.
Information about PCB options supported is in section 6.3.
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Installing the LMS 7 Suite Software

4.1 Introduction to installing the software

To operate the EVB7 board, the LMS 7 Suite software has to be downloaded from
http://www.limemicro.com/resources/ under the section ‘LMS7002EVB7 Software’ and
installed. The software consists of four parts.

e The main LMS 7 Suite Software, which provides a GUI to control the chip.
e  Waveforms to generate either CW test signal or W-CDMA Test mode 1 signal

e The USB driver “USB to LMS7002M”, which provides an interface between the PC and
the EVB7 SPI microcontroller.

e The EVB7 microcontroller firmware, which is preinstalled on the board prior to shipping.
Section 4.7 describes the how to download the software from the Lime Microsystems web page.
Sections 4.2, 4.3 and 4.4 describe the set up for the Windows Operating System. Section 4.2
describes the installing of the “USB to LMS7002M” driver. Section 4.3 describes how to
identify which USB port is being used. Section 4.4 describes how to run the kit on Linux OS.

Section 4.5 describes how to start running the ‘LMS 7 Suite’ on Windows. Section 4.6 describes
how to connect the UNITE7002 with the ‘LMS 7 Suite’ via the USB interface.

A simple demonstration of the “LMS 7 Suite’ is given in section 5. A detailed description of the
“LMS 7 Suite’ is given in section 7.
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4.2 Windows USB Setup

The steps to setup ‘LMS 7 Suite’ software are as follows (please note that these steps may vary
based on the specific version of Windows software being used and you may need to be logged in
as Administrator to accomplish them):

1. Connect EVB7 board to your PC via the USB cable.
2. Go to Control Panel > System > Device Manager

3. Locate USB to LMS7002M under Other devices and press right click to select
Properties Figure 3

A Computer Management = =

File Action ¥iew Help
e | nmIE HE 8 B8S
a = Limelabd
> Iy Audio inputs and outputs
> (M Computer
> g Disk drives
. B Display adapters
- & DVD/CD-ROM drives
> E’E‘, Human Interface Devices
- g IDEATASATAPI controllers
- 4 |EEE 1284.4 compatible printers
> %5 Imaging devices
- 2= Keyboards
> B Mice and other pointing devices
> Wz Medems
B Monitors
3 y National Instruments GPIB Interfaces
2 WY Network adapters
¥ BlackBerry Virtual Private Metwork
%} Realtek 8321AE Wireless LAN 802.11ac PCI-E NIC
¥ Realtek PCle GBE Family Controller
> 8 Metwork Infrastructure Devices

Ol

7, USB to LMS7002M
- W

T3 Ports (COM & LPT)
L ? RIM Virtual Serial Port w2 (COM4)
‘? RIPM Virtual Senial Port w2 (COM3)
- = Print queues
- = Printers
- & Processors
1 Software devices
> % Sound, video and game controllers
> ¥ Spectrum Drivers
. €5 Storage controllers
> (M System devices
> § Universal Serial Bus controllers

9

Figure 3 Device Manager content

4. When a new window pops-up press Update driver Figure 4
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General | Driver | Details | Events |

% USE to LMS7002M

Device type: Cther devices
Manufacturer: Unknawn
Location: Port_#0004 Hub_#0005

Device status
[The drivers for this device are not installed. (Code 28)

There are no compatible drivers for this device.

To find a driver for this device, click Update Driver.

Figure 4 Device properties

5. Select Browse my computer for driver software, locate the driver provided with EVB7
board and press Next Figure 5

How do you want to search for driver software? Browse for driver software on your computer

Search for driver software in this location:

 Search automatically for updated driver software
Windows will search your computer and the Internet for the latest driver software
for your device, unless you've disabled this feature in your device installation
settings.

vl | Browse.

[¥] Include subfolders

= Browse my computer for driver software
Locate and install driver software manually.

2 Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device,

Cancel Cancel

Figure 5 Update Driver Wizard.

6. If the Windows Security window appears, select Install this driver software
anyway Figure 6
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®)

&J Windows can't verify the publisher of this driver software

< Don'tinstall this driver software

You should check your manufacturer's website for updated driver software
for your device.

Install this driver software anyway

Only install driver software obtained from your manufacturer's website or
disc. Unsigned software from other sources may harm your computer or steal
information.

@ See details

Figure 6 Hardware wizard. Install driver manually

Windows should proceed to install drivers at this stage. Generally, once the above steps have
been taken for the EVB7, these steps do not need to be repeated.

IMPORTANT:
Before running the control software, unplug then plug your device back into your computer.
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4.3 Determining Serial Port

After driver installation, Windows will assign to your EVB7 board a serial port. To check your
board serial port number, please follow these steps:

1. Go to Control Panel > System > Device Manager

2. Locate USB Virtual Serial Port under Ports (COM & LPT)

Note that in this system example it has enumerated as COM3 Figure 7.

File Action \View Help

L e A EHEND P R A

a 2 Limelab2
> & Audio inputs and cutputs
1% Computer
—w Disk drives
L. Display adapters
. DVD/CD-ROM drives
l:’fd Human Interface Devices
@ DEATA/ATAPI controllers
Q&a IEEE 1284.4 compatible printers
% Imaging devices
Zo Keyboards
Lu! Mice and other pointing devices
| Modems
A Monitors
v MNational Instruments GPIB Interfaces
LY Network adapters
# Network Infrastructure Devices
KB Portable Devices
YZ* Ports (COM & LPT)
[75 LMS Virtual COM Port (COM3)|
‘? RIM Virtual Serial Port w2 (COM4)
‘? RIM Virtual Serial Port w2 (COM3)
Print queues

AT T YYYYYYYYY YW T TV

Printers
Processors
Software devices

Sound, video and game controllers

= Dl{ju{j\

£ &

>
>
>
>
>
> ¥ Spectrum Drivers
>

> Storage controllers

Oyl

> (Ml System devices
» i Universal Serial Bus contrellers

Figure 7 Check for new communication port

NOTE: If you are using Windows 7 64 bit OS, you must disable Driver Signature Enforcement.
To do this, Restart you PC, press F8 at startup and choose Disable Driver Signature Enforcement.
This step is required to done once.

NOTE: If you are using Windows 8 or later, to disable driver signature enforcement manual can be
found in this [link].
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4.4 Linux Setup

For Linux users, there is no need to install USB drivers, as the system will assign drivers
automatically once the EVB7 board is connected to PC.

To determine port number the easiest is via the command line and type command:
$ setserial -g /dev/ttyS[0123]

4.5 Starting LMS 7 Suite Software

Apply +5V to the board and start ‘LMS 7 Suite’ software. The application must be run under
administrator privileges. To do that, right click on the ‘LMS 7 Suite’ icon and select Run as an
Administrator. This will provide administrator privileges, which are required for EVB7 board
communication via USB.

4.6 Connecting

Once the Windows driver is installed and the control software has been lunched, click on
Options>Connection Settings. The Connection Setting windows will pop-up Figure 8.

Connection Settings H
LMST control part: Stream baard port:

(COM3

DAuto connect at startup

Ol Cancel Disconnec t

Figure 8§ GUI communication settings.

Select the dedicated USB port number of the EVB board. In this case, it is COM3, and
press OK.

The GUI device name and firmware version will appear in the bottom (Figure 9), once
connection with the board is established.

[13:52:29] Tx ch. 1 NCO cenfigured || Clear
[13:52:29] Rx ch. 1 NCO cenfigured v | Log

Control: EVB7_v2 FW:0 HW:0 Protocol:1 Data: Mot Connected

Figure 9 GUI detected device and firmware version
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Getting started with the EVB

5.1 Introduction to using the EVB7

The EVB7 allows powerful demonstrations of the LMS7002M transceiver. In this quick start
guide, we demonstrate the board operating with analogue inputs and outputs. The Lime “Stream”
board is used to demonstrate the board operating with digital inputs and outputs.

Section 5.2 describes the set up of the transmitter, with section 5.2.7 describing how to set up the
SXT (TX PLL) and section 5.2.2 describing how to set up the TX analogue baseband and RF
tabs of the LMS 7 Suite software. Section 5.4 describes the set up of the transceiver for basic
tests, with section 5.4./ describing how to set up the SXR (RX PLL) and section 5.4.2 and 5.4.3
describing how to set up the RX analogue baseband and RF tabs of the LMS 7 Suite software.

The analogue quick start demonstration assumes the user has all the equipment listed in
Appendix 8.2. Users with less equipment can use the set up of Section 5.6.
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5.2 Transmitter Setup and Basic Testing

To test the Tx path, the Keysight (formerly Agilent) MXG N5182A generator is used as an
external baseband source. This is connected to the Tx path via the analog inputs and generates a
WCDMA modulation signal at socket X1 (TX1 A) as shown in Figure 10. To generator settings
are described in section 8.3 (Appendix A).

Agilent MXA N9010A-
WCDMA personality

Agilent PSU E3631A

Agilent MXG N3182A-
Dual ARB,
WCDMATM1 wim

Figure 10 Tx Test Setup

5.2.1. SXT/SXR tab setup

After power up, connect the GUI to the board and select the SXT/SXR tab. To configure the Tx
LO to 2140 MHz, do the following:

Select the B/SXT in the configuration channels window to control TxPLL
Enable Tx PLL VCO (Deselect)

Type the wanted frequency in Frequency, GHz box. In this case, 2140 MHz
Press Calculate followed by Tune

b

See Figure 11 below to check selections.
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File Options Modules Help

sv Active Ch: SXT

Calibrations | Board Setup | RFE

New | | Open

RBE
Division ratio

Trim duty cycle of DIVZLOCH | 3

Trim duty cycle of DIV4 LOCH | 3
LOCH_DIV division ratio 0

Power down controls

[ Feedback divider block
LO buffer from SXT to SXR
[ Charge pump

TRF TBE

[ Ferward frequency divider and divider chain of LO chain

[15DM

[IvCO com

[CJvco

[ Enable 5X
Direct control

[] Enable direct control of PDs and ENs

VCo
Active VCO V€O Comparatars
@ vcoL High: 777 Low: 777
Qvcom Read
() VCOH
VEO params

Change reference clock | Reference clock(MHz): 30,

[11:41:10] Tx ch. 1 NCO configured
[11:41:10] Rx ch. 1 NCO configured

VCO LDO output voltage

15478V

AFE

v

Scales VCO bias current

255

v

2.140000
Calculate
Tune

LMS 7 Suite Control port: COM3 = =
Configuring Channels
GUI --> Chip | | Chip--> GUI Reset ClBoth O A/SXR ®ERRE
BIAS LDO XBUF | CLKGEN | SXT/SXR | LimeLight & PAD | TxTSP | RxTSP | CDS MCU BIST | *|*
SXT/SXR controls
[] Reset 5% [[] Bypass noise filter resistor
[¥] Bypass SXLDO []Enable coarse tuning
[] Enable current limit [ Reverse pulses of PFD
] Enable INTEGER_N mode [v] Enable SDM clock
[[] Reverse SDM clock [[] Enable dithering in SDM
Enable additional DIV2 prescaler Enable v
Test mode of 5X TST disabled v
Clock source for SDM CLK_DIV h
Reference voltage 0.675V N
Scales offset of charge pump 4.860 uA v
Scales pulse current of charge pump 46,240 uA v
CSW_VCO 109 v
PLL loop filter
CP2 13932 pF v
CP3 41160 pF v
CZ | 517.440 pF v
Frequency, GHz G lated Values for Fractional Mode
N Fractional: 338602
Qutput Freg, GHz: 777
VCOFreq, GHz: 777 DIVZ prescaler: 0
~ | Clear
v | Log
Controk: EVB7_vZ FW:0 HW:0 Protocok:1 Data: Not Connected

5.2.2. TRF tab setup

Figure 11 SXT register setup procedure

The TRF tab controls the TX RF gain and output path. By default the Tx RF gain is set to
maximum (TXPAD gain control set to ‘0’) and TXFE output selection set to Band 1 (to X1
on EVB7 board) as the output path. For this test, we are not going to change these settings.

5.2.3. TBB tab setup

In the TBB tab the baseband gain and filter bandwidth are controlled. Follow the instructions
below set up TBB:

b S

power on

Select the A/SXR to control channel A
Enabled Tx IQ analog input path to current amplifier
Set Frontend gain to your wanted
Configure the base band filter settings. By default, high band filter (LPFH_TBB) is

See Figure 12 below to check selections.
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A LMS 7 Suite Control port: COM3 = =
File Options Modules Help
- Configuring Channels
new | open | swve Active Ch: A GUI--> Chip || Chip--> GuI Reset W OV @
Calibrations | BoardSetup |[RFE [REB [TRF | 788 |are [mias [1po | xBur | cikGeN | sxT/sxR | Limelight & Pap| TTse [Ratse [cos [ mcu [mist [«]*

UNGROUPED Power down controls

T BE loopback Disabled .| [C]LPFH_TBE biguad
[ LPFIAMP_TEE front-end current amp
Frentend gain El ¥ | ) (] LPFLAD_TEE low pass ladder filter
Reference bias current of IAMP main bias current sou T v LPFS5_TBB low pass real-pole filter
[¥]Ensble TBB module

Reference bias current of IAMP cascade transistors gatcltage | 31 v
Direct control
Enable Tx IQ analeg input Im current amplifier vl ClEnable direct control of PDs and ENe
["1Bypass LPF ladder of TBB
Operational amplifier THLPF resistor banks
Output stage bias current low band real pole filter 12 | LPFH equivalent resistance stage 97 v
Input stage bias current of low band real pole filter 12 |  LPFLAD equivalent resistance stage 193 v
Input stage bias reference current of high band low pass filter | 2 v|  Common control signal for all TBB filtels 16 v
Output stage bias reference current of high band low pass filter | 12 | LPFS3 equivalent resistance stage 76 v
Output stage bias reference of low band ladder filter 12 v
Input stage bias reference of low band ladder filter 12 v
T Filters TxFilters Test
Filters — High BW (MHz) Filters Ladder BW (MHz)
@ High |56 ® Ladder 4
TUNE TUNE
(Jlow  RealPale BW (MHz) () Realpole  RealPole BW (MHz)
2 2
[16:33:24] Tx ch. T NCO configured ~ | Clear
[16:33:24] Rx ch. T NCO configured v [Fiog
Control: EVB7_v2 FW:0 HW:0 Protocok:1 Data: Not Connected

Figure 12 TBB register setup procedure

Note: the register preset file for Tx test ‘TX 2140 MHz demo_setup.ini’ is supplied with design
kit. You can load it by clicking menu button Open>> locate and select the file in ../LMS7GUI
folder/ ‘TX 2140 MHz _demo_setup.ini’ >> select Open, followed by GUI--> Chip button.
The select SXT/SXR tab and retune synthesizer.

5.3 Testing the TX Output

When the transmitter is configured as shown in section 5.2, the TX1_A output (socket X1) can
be connected to a spectrum analyzer (SA). With the SA you can now observe the results of this
basic operational test Figure 13. The test is looking at the DC offset from the un-programmed
data DAC as LO leakage and the example shown below is measuring a value of -26.8 dBm.

B e s e oot re =

‘Span 20.0000000 MHz . Fov Type:LogPur ™

Ref 20.00 dBm

1 1 !

Center 2.14004 GHz Span 20.00 MHz|

Res BW 180 kHz VBW 180 kHz Sweep 1.000 ms (1001 pts)
sranue

Figure 13 Basic TX testing using DC offset resulting in LO leakage
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When the baseband is enabled, the WCDMA modulation can be tested and the results of Figure
14 can be obtained with the MXG Spectrum Analyser.

CH Freq: 2.140000000 GHz
Trig: Free Run

AvglHold:>10/10

Center 2.14 GHz
#Res BW 100 kHz #VEBW 1MHz

Active Channels: 68 Slot# 12

Figure 14 Basic TX testing using WCDMA modulation

5.3.1. TX Basic Operation Checks

To check the basic TX frequency and gain control, conduct some tests changing frequencies and
gain settings. The following tests are recommended:

TRF — TXPAD gain change setting from 0 to 31 and observe results. LO should vary by approx.
1 dB steps, 31dB range.

Change frequency from 2.14 GHz to 2.11 GHz and press ‘Calculate’/’Tune’ (CAP value should
change), check the Spectrum Analyzer.

Change frequency from 2.11 GHz to 2.17 GHz and press ‘Calculate’/’Tune’ (CAP value should
change), check the Spectrum Analyzer.
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5.4 Receiver Setup and Basic Testing

The test bench for the receiver is shown in Figure 15. Basic functionality checks on the receiver
side are achieved by using the Analog output from connector X20.

~ Active Ch: SXR

Agilent PSU E3631A usg
+5V
J8 EVB7 GUI
Agilent MXA NSG10A
& 9° E
T s
" ..G:;ﬁ :
Agilent MXG N5182A EVB7: LMS7002M evaluation kit
! o i B L
: sarl" oo &

 ——— RF Signal

Figure 15 Rx Test Setup

5.4.1. SXT/SXR tab setup

Select the SXT/SXR tab. To configure the Rx LO to 1950 MHz, do the following:

1. Select the A/SXR in the configuration channels window to control RxPLL

2. Enable Rx PLL VCO (Deselect)

3. Type the wanted frequency in Frequency, GHz box. In this case, 1950 MHz.
4. Press Calculate followed by Tune

See Figure 16 below to check selections.
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N LMS 7 Suite Control port: COM3 = =
File Options Modules Help
- Configuring Channels
new | open | swve Active Ch: SXR GUI--> Chip || Chip--> GuI Reset WD OETE @EET
Calibrations | Board Setup |[RFE |RBB | TRF |7BB |Are |Bias |po | xBUF | cLkaen| SXT/SXR | LimeLight & PAD| TxTsP | RatsP | cDs [ mcu [BisT [~
Division ratio SXT/SXR controls
Trim duty cycle of DIVZ LOCH | 3 v [#] Reset SX. [[] Bypass noise filter resistor
[¥] Bypass SKLDO [] Enable coarse tuning
Trim duty cycle of DIV4 LOCH |3 v [¥] Enable current limit [[] Reverse pulses of PFD
LOCH_DIV division ratio 0 - [ Enable INTEGER_N mode [¥] Enable SDM clock
[] Reverse SDM clack [] Enable dithering in SDM
Power down contrels Enable additional DIV2 prescaler | Enable v
[ Feedback divider block
10 bustes fram ST 10 SXR Test mode of $X TST disabled v
[ Charge pump Clock source for SDM CLKDIV v
[l Forward frequency divider and divider chain of LO chain Reference voltoge Py "
[15DM
[vcoce Scales offset of charge pump 4,860 uA v
veo
Emme Scales pulse current of charge pump) 46.240 uA v
Direct cantrol CSW VCO 255 v
[] Enable direct control of PDs and ENs DLLIDDPMW
VCo CP2 13932 pF v
Active VCO V€O Comparatars VEOLDO cutputvokage P 41,160 pF "
@ vcoL High: 777 Low: 777 1.5478V Y s "
QOvcom Read Scales VCO bias current
Ovcom f | Frequency, GHz or Fractional Mode
1.850000 2 N Fractional: 999424
VCO params P, , Output Freq, GHz:  1.950000
alculate
= VCO Freq, GHz 3900000 DIV2prescaler. 0
Change reference clock | Reference clock(MHz): 30,1
[16:51:43] Tx ch. 1 NCO configured | Clear
[16:31:43] Re ch. 1 NCO configured v [[Log
Controk: EVBT_v2 FW:0 HW:0 Protecok:1 Data: Not Connected

Figure 16 SXR register setup procedure

5.4.2. RFE tab setup

Select the RFE tab to configure the receiver RF front—end. Follow the configuration steps below:

N —

Enable LNA_RFE, RXFE mixer LO buffer and RFFE Quadrature LO generator

Select Active path to the RXFE. Select LNAH for this test. The LNAH is a default
setting

3. The LNA and TIA gain are preset to maximum

See Figure 17 below to check selections.
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LMS 7 Suite Control port: COM3

- o

File Options Modules Help

New | | Open

Calibrations | Board Setup  RFE | REB

Power down controls

L ,

[] RXFE loopback 1

[] RXFE loopback 2

] RXFE mixer LO buffer

[] RXFE Quadrature LO generator
(] RXFE RSSI

Enable RFE module

Direct control
[] Enable direct control of PDs and ENs

Input shorting switches

input of loopback 1
input of loapback 2
input of LNAL
input of LNAW

Reference current
Loopback amplifier | 1.800 uA
TIA st stage 2
TIA 2nd stage 2

[16:51:43] Tx ch. 1 NCO configured
[16:31:43] Rx ch. 1 NCO configured

v

v

v

s Active Ch: A

TRF |TBe |are |Bs |Loo
UNGROUPED
Active path to the RXFE

Decoupling cap at output of RX mixer

GUI --> Chip

HBUF

400 fF

rallel with the LNA input | 3

resistor of Tk opamp |4
Sets feedback resistor te neminal value | 13
Enable Rx MIMO mode
bld
Offset | side 0
Offset Qside 0
Mixer LO signal 0,557V
[] Enable DCOFFSET block Calibrate DC
Current control
LMA eutput commen mede voltage | 2
LMA core 500.0 u

Control: EVB7_v2 FW:0 HW:0 Protocok1

Chip --> GUI

<

LNAH

<|<|<|<

Foge
Gain controls
LNA

Loopback

TIA

TIA BW(MHz)| 7
Trim duty cycle
I channel:

Q channel:

Reset

CLKGEN | SXT/SXR | LimeLight & PAD | TxTSP | RxTSP | CDS

Configuring Channels
[IBoth (@) A/SXR () B/SXT

r

MCU | BIS

Gmax
Gmax-40

Gmax

TUNE

Data: Net Connected

¢

A || Clear

v | Log

5.4.3. RBB tab setup

Figure 17 SXR register setup procedure

Select the TBB tab to configure the PGA gain and baseband filter bandwidths. Follow the

configuration steps below:

1. Select PGA output to output pads. This selection enables receiver analog outputs

2. Set PGA gainto 19 dB
3. Configure filter bandwidth. By default the LPFL is selected

See Figure 18 below to check selections.
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N LMS 7 Suite Control port: COM3 = =
File Options Modules Help
- Configuring Channels
new | open | swve Active Ch: A GUI--> Chip || Chip--> GuI Reset WD OEE @EST
Calibrations | BoardSetup |[RFE | REB |[TRF |18 [AFe [Bias [1Do | xBUF | cikGeN | sxT/sxR | Limelight &PaD| TxTse [Ratse [cos [ mcu [mist [«]»
UNGROUPED RXLPF RC time constant
BB loopback to RXLPF Disabled v Resistance 16 v
PGA input connected to LPFL_RBB v LPFH capacitance value (Mode from 37MHz to 108MHz} 128 v
PGA gain 19 dB VoL € (mMode from 1.4MHz to 20MHz) || 12 v
PGA Feedback capacitor 2 v
PGA output connected to MHz) Frequency (MHz):
@®Low |10 32
. O High TUNE
] OHigh  High BW (MHz) Tune
)
Power down controls Operational amplifier
LPFH block LPFH stability passive compensation 1 v
[JLPFL block R
[1PGA block LPFL stability passive compensation when 20MHz v
Enable REE module Input stage reference bias current (REBLPF) | 12 v
Direct cantrol Output stage reference bias current (REB_LPF) 12 v
[ Enable direct control of PDs and ENs )
Output stage reference bias current (PGA) 6 v
Input stage reference bias current (PGA) & v
PGA stability passive compensation 23 v
[16:51:45] Tx ch. 1 NCO configured A [ Clear
[16:51:45] Rx ch. 1 NCO configured v [Fiog
Control; EVBT_v2 FW:0 HW:0 Protocok] Data: Not Connected

Figure 18 SXR register setup procedure

Note: the register preset file for Rx test ‘RX 1950MHz_demo_setup.ini’ is supplied with design
kit. You can load it by clicking menu button Open>> locate and select the file in ../LMS7GUI
folder/ ‘RX 1950MHz_demo_setup.ini’ >> select Open, followed by GUI--> Chip button.
The select SXT/SXR tab and retune synthesizer.
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5.5 Testing the RX Output

Set the signal generator to 1955 MHz (i.e. 5 MHz offset from PLL frequency selected) and input
a sine wave at -70 dBm into the evaluation board antenna connector (LNAH_A, connector X4).
Configure the receiver as showed in section 5.3. Connect an Analyser to X20 or X19. If
everything is correctly setup, you should see the 1 MHz peak. See Figure 19 below.

!Ag\\rﬂl Spectrum Analyzer - Swept SA =

N N | LIGN 07:34 , 2014
Stop Freq 10.201252 MHz X Avg Type: Log-Pwr 3 Frequency

PNO: Wids s Trig: FreeRun
IFGain:Low Amen: 30 dB

Mkr1 5.009 MHz
Ref 20,00 dBm -16.75 dBm

i "ﬂkhl m ,ﬂlh\n. w I Ili'.lq \II\' I

Sl il

Stop 10.201 MHz
Res BW 100 kHz VBW 100 kHz Sweep 1.267 ms (1001 pts)

wsa i Alignment Completed

status| ¢ DC Coupled

Figure 19 RX analog output on Spectrum Analyser.

5.5.1. RX Basic Operation Checks

To check the basic Rx frequency and gain control, conduct some tests changing frequencies and
gain settings. The following six tests are recommended:

a. RBB —change PGA gain setting from 19 to -12, observe results, gain should decrease

b. RFE —change TIA gain settings from Gmax to Gmin, observe results, gain should
decrease

c. RFE — LNA gain change from Gmax to Gmax -30, observe results, gain should decrease

d. Change frequency from 1.95 GHz to 1.92 GHz and press ‘Calculate’/’Tune’. Change
Signal Generator to 1.925 GHz (1MHz offset from PLL). Observe results

e. Change frequency from 1.92 GHz to 1.98 GHz and press ‘Calculate’/’Tune’. Change
Signal Generator to 1.985 GHz (1MHz offset from PLL). Observe results
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5.6 Testing With Minimal Equipment

For users without all the equipment specified in section 8.2 (Appendix A) it is possible to link
the TX1 A output (X1) to the receiver input LNAH A input (X4) and rely on the LO leakage to
provide an input signal to the RX.

Using the methods of section 5.2 and section 5.4 set the SXT to 2140 MHz and SXR to
2145 MHz and measure a 5 MHz signal with an oscilloscope to observe the RXI output at X19.
The magnitude of the output signal can be controlled with the various gain controls in the RFE
and TRF.
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EVB7 Connectors and Options

6.1 Introduction to the EVB7 Connectors and Options

Section 6.2 describes the various connectors available on the EVB7. Section 6.3 describes the
hardware options available on the EVB7, including reference clocks and the SPI control. The
top and bottom of the board are shown in Figure 20 and Figure 21 respectively.

6.2 Board Connections

X3 X5 X1 X10

X40 X39
X20 X19

X27 X28
X37 X38
X186 X17
X25 X286

E204460
ML1S 94V-0
e 3B “ib

® :'1 U] 5 = X6 X7
X21 Xx22

X13 X14
X23 X24

X31 X32

JP2 X1 X35 X36
[TX1_A] X29 X30
X9
J5 g - X33 X34
[USB] =5 % [TX1_A]
[TX1_B]

Figure 20 Design kit connection descriptions, Top view.
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Figure 21 Design connection descriptions, Bottom view.

Table 1 Design kit connectors and switches

Table I describes the high level pin assignment for each connector on the design kit.

Connector Schematic name Description
This jumper enables the supply to the EVB7 board from
JP2 BB supply an FPGA development kit. U16 is a voltage regulator
that converts +12 Vto+5V
J5 USB USB Connector to PC
The FMC (HPC) is a standard connector used to
J6 FMC interface the Lime board directly to an FPGA design kit.
The signal pin description is shown in 6.2./ section.
Digital /O This connector provides access to externally buffered,
J7 & LMS70002M digital interface and SPI interface. Signal
Connector . . . .
pin description showed in 6.2.2 section.
+5V Power
_l_
J8 Supply 5 V supply connector
J9 ATP Analog Test Point
X41 TP Test Point
X1 TX1 A Transmﬂter TXT1 output, channel A. Wideband
- transmitter output
X2 T2 A Transrmtter TX2 output, channel A. Lower bands
- transmitter output
X3 ILNAL A RGC?IVGI‘. LNA L input, channel A. Lower bands
- recelver mput
X4 LNAH A Receiver LNA H input, channel A. Higher bands

Version: 2.6
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receiver input
X5 LNAW A il?l;cuetlver LNA W input, channel A. Wideband receiver
X3 TX] B Transnptter TXT1 output, channel B. Wideband
- transmitter output
X9 T2 B Transrmtter TX2 output, channel B. Lower bands
- transmitter output
%10 INAL B Rece‘:wer' LNA_L input, channel B. Lower bands
- recelver mput
X11 LNAH B Rec&;wer' LNA_H input, channel B. Higher bands
- recelver mput
X12 INAW B Recelver LNA_ W input, channel B. Wideband receiver
- input
Reference clock input used to synchronize test
equipment with EVB7 board to calibrate frequency
X18 CLK 1O error. A 10 MHz reference from the test equipment
connects to X18 connector
X19, X20, . .
X39, X40 RXBUFFI/Q Receiver analog single-ended outputs
X16, X17,
X25-X28, | RXOUTI/Q Receiver analog differential outputs
X37, X38
X6, X7,
X21-X23, | ADCINI/Q Receiver analog differential inputs
X13, X14
X29-X36 | TXINI/Q Transmitter analog differential inputs
Switch to reset AT9OUSB162-16U and load new
SWI Ul Reset software. By default set to off
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6.2.1. FMC connector pin description

The digital baseband interface can be established via the FMC connector J6. The signal pin
description is shown in Table 2.

Note: FMC HPC connector has 400 pins, but not all pins are used. Some pins are not connected
and some are connected to GND. Please refer to EVB7 schematic for more details.

Table 2 FMC connector signal pin description

Pin number

Schematic name

Function

DS SyntCLK1 Clock Out, CMOS

D9 SyntCLK?2 Clock Out, CMOS

H7 IQSEL2 DIR IQSEL direction control for port 2. If “1° — input, ‘0’ — output
H8 DIO DIR CTRL1 | Data direction control for port 2. If ‘1’ — input, ‘0’ — output
G9 SDIO Serial port data in/out, CMOS

G10 DIG RST

H10 INTR 12C port interrupt line, CMOS

H1l SCLK Serial port clock, positive edge sensitive, CMOS

H13 RXFCLK Clock from BBIC to RFIC during JESD207 mode, Port 2
H14 RXEN RX hard power off

Gl12 RXMCLK Clock from RFIC to BBIC during JESD207 mode, Port 2
GI13 RXIQSEL IQ flag in RXTXIQ mode enable flag in JESD207 mode, Port 2
D14 RESET Hardware reset, active low, CMOS

D15 IQSEL1 DIR IQSEL direction control for port 1. If ‘1’ — input, ‘0’ — output.
Cl14 SDO Serial port data out, CMOS

C15 DIO DIR CTRL2 | Data direction control for port 1. If ‘1’ — input, ‘0’ — output.
H16 RXDI11 DIQ bus, bit 11, Port 2

H17 RXD8 DIQ bus, bit §, Port 2

Gl15 TXNRXI1 LimeLight protocol control

Gl6 RXD10 DIQ bus, bit 10, Port 2

D17 SAEN Serial port A enable, active low, CMOS

H19 RXD7 DIQ bus, bit 7, Port 2

H20 RXDA4 DIQ bus, bit 4, Port 2

G18 RXD9 DIQ bus, bit 9, Port 2

G19 RXD6 DIQ bus, bit 6, Port 2

H22 RXD3 DIQ bus, bit 3, Port 2

H23 RXD2 DIQ bus, bit 2, Port 2

G21 TXNRX?2 LimeLight protocol control

G22 RXD5 DIQ bus, bit 5, Port 2

H25 TXMCLK Clock from RFIC to BBIC during JESD207 mode, Port 1
H26 TXIQSEL 1Q flag in RXTXIQ mode enable flag in JESD207 mode, Port 1
G24 RXDO0 DIQ bus, bit 0, Port 2

G25 RXD1 DIQ bus, bit 1, Port 2

D24 SBEN Serial port B enable, active low, CMOS
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H28 TXFCLK Clock from BBIC to RFIC during JESD207 mode, Port 1
H29 TXD10 DIQ bus, bit 10, Port 1

G27 TXEN TX hard power off

G28 TXD11 DIQ bus, bit 11, Port 1

H31 TXD8 DIQ bus, bit 8, Port 1

H32 TXD6 DIQ bus, bit 6, Port 1

G30 TXD9 DIQ bus, bit 9, Port 1

G31 TXD7 DIQ bus, bit 7, Port 1

H35 TXD4 DIQ bus, bit 4, Port 1

G33 TXD5 DIQ bus, bit 5, Port 1

H37 TXD2 DIQ bus, bit 2, Port 1

H38 TXDO DIQ bus, bit 0, Port 1

G36 TXD3 DIQ bus, bit 3, Port 1

G37 TXD1 DIQ bus, bit 1, Port 1

F10 G PWR DWN

F11 DIO BUFF OE DIO port buffer enable/disable. If ‘1’ — disable, ‘0’ — enable.
C31 SDA 12C port data line, CMOS

C30 SCL 12C port clock line, CMOS

D12 RSSI ADCO Analog test point

C10 RSSI ADCI1 Analog test point

6.2.2. Digital I/O connector pin description

The DIO card can be connected to EVB 7 via Digitail I/O connector J7. Connectr has 44 pins.
The pin description showed in the Table 3.

Table 3 Digital I/O connector pin descri

tion

Pin number

Schematic name

Function

1 TXDO DIQ bus, bit 0, Port 1
2 TXD1 DIQ bus, bit 1, Port 1
3 TXD2 DIQ bus, bit 2, Port 1
4 TXD3 DIQ bus, bit 3, Port 1
5 TXD4 DIQ bus, bit 4, Port 1
6 TXDS5 DIQ bus, bit 5, Port 1
7 TXD6 DIQ bus, bit 6, Port 1
8 TXD7 DIQ bus, bit 7, Port 1
9 TXDS DIQ bus, bit 8, Port 1
10 TXD9 DIQ bus, bit 9, Port 1
11 TXD10 DIQ bus, bit 10, Port 1
12 TXDI11 DIQ bus, bit 11, Port 1
13 TXFCLK Clock from BBIC to RFIC during JESD207 mode, Port 1
14 SyntCLK2 Clock Out, CMOS.

15 VDIO +3.3V supply
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16 TXIQSEL 1Q flag in RXTXIQ mode enable flag in JESD207 mode, Port 1
17 TXMCLK Clock from RFIC to BBIC during JESD207 mode, Port 1
18 TXEN TX hard power off

19 GND GND

20 GND GND

21 RXDO DIQ bus, bit 0, Port 2

22 RXDI DIQ bus, bit 1, Port 2

23 RXD2 DIQ bus, bit 2, Port 2

24 RXD3 DIQ bus, bit 3, Port 2

25 RXD4 DIQ bus, bit 4, Port 2

26 RXDS5 DIQ bus, bit 5, Port 2

27 RXD6 DIQ bus, bit 6, Port 2

28 RXD7 DIQ bus, bit 7, Port 2

29 RXDS DIQ bus, bit 8, Port 2

30 RXD9 DIQ bus, bit 9, Port 2

31 RXD10 DIQ bus, bit 10, Port 2

32 RXDI11 DIQ bus, bit 11, Port 2

33 TXNRX1 LimeLight protocol control

34 SynCLK1 Clock Out, CMOS

35 RXFCLK Clock from BBIC to RFIC during JESD207 mode, Port 2
36 RXIQSEL 1Q flag in RXTXIQ mode enable flag in JESD207 mode, Port 2
37 RXMCLK Clock from RFIC to BBIC during JESD207 mode, Port 2
38 RXEN RX hard power off

39 TXNRX?2 LimeLight protocol control

40 SAEN Serial port A enable, active low, CMOS

41 SCLK Serial port clock, positive edge sensitive, CMOS

42 SDIO Serial port data in/out, CMOS

43 SDO Serial port data out, CMOS

44 RESET Hardware reset, active low, CMOS

6.3 Hardware options

This section describes the configuration options and set up procedures for:

e TCXO’s and data clocks distribution
e EVB7 Synchronization
e SPI connection options

The board is shipped with the default mode which means a basic operation using an external
digital I/O source via the FMC connector. Various configurations are available depending on the
system requirements for development work. The configurations are summarized and the
following sections describe the board modifications required to achieve these configurations.

36|Page
© Copyright Lime Microsystems Proprietary and Confidential

Version: 2.6 Last modified: 30/10/2015




LMS7002M Quick Starter Manual for EVB7 kit

6.3.1. TCXO’s Configuration

The LMS7002M device provides a flexible clocking scheme which allows the PLL reference
clock and digital interface clock to be independently clocked. In addition, the digital interface
clock can be generated internally in LMS7002M.

The EVB7 board is shipped with a 30.72 MHz TCXO. In order to meet the demanding phase
noise specifications of the various standards, Lime Microsystems has worked with Rakon to
develop a new part, called E6245LF that enables the board to meet the required specifications.

The board can accept three different types of TCXO’s as described in Table 4.

Table 4 TCXO Configurations

Size e Part Description
number Number P
61.44 MHz Crystal oscillator, used in combination with
14.7x9.2 X02 ES405LF divider /2 (U10) for performance improvements
7 x 5 (4pin) XO01 E5280LF | 30.72 MHz crystal shipped with the board as a default
7 x 5 (6pin) XO03 E6245LF | 30.72 MHz high performance crystal oscillator.

6.3.2. EVB7 synchronization

The LMS7002M board provides options to synchronize the on-board TCXO with the base band
or test equipment systems. To do that, connect a 10 MHz reference clock generated by the test
equipment to EVB7 board X18 SMA connector. Program the on-board PLL via the GUI
ADF4002 page. When the board is synchronized the LED (LD2) will be lit.

A board that is synchronized with the test equipment or any other RF device will not have
frequency error.
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6.3.3. SPI Control Configuration

The LMS7002M SPI interface is controlled from a USB connection by default. The SPI interface
can also be controlled from baseband interface connectors J6 and J7. Please note only one SPI
master can be connected to the bus at the time.

If the SPI is controlled via the baseband connector J6 do not connect either a USB cable to J5
and do not use J7 connector. This removes any possible bus contention. Please note that NF
denotes component is Not Fitted.

Table 5 SPI Control Options

SPI control

DEFAULT MODE
Configuration USB connector or baseband
connector J7

SPI controlled via J6 baseband
connector

Description SPI controlled via USB or J7 | SPI connected to BB via connector

Component connector J6 FMC
RI1 NF OR
R92 NF OR
R93 NF OR
R94 NF OR
R95 NF OR
R96 NF OR

All of these components are located on the underside of the board.

Note. The USB interface must be left disconnected when the external SPI control is being used
to prevent bus contention. Additionally the components R91-R96 should be fitted as listed
in Table 5.

6.3.4. Baseband Digital Interface Voltage

The default digital interface voltage is 3.3 V. It can be adjusted by changing R183 to the values
listed in Table 6.

Table 6 Digital 10 Voltage Control

R183 Interface Voltage
0.8 k 1.8V

1.5k 2.5V
2.32k 3.3V
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6.3.5. EVB7 Matching networks

The matching networks that are fitted to EVB7 at manufacture are listed in Table 7.

Table 7 Default bands matched to EVB7

Connector | Schematic name Matching network
X1, X42 TX1 A Broadband from 10 — 6000 MHz, using TCM1-63AX+ Balun
X2, X43 TX2 A Broadband from 4.5 — 3000 MHz, using TC1-1-13MA+ Balun
X3, X44 LNAL A Broadband from 4.5 — 3000 MHz, using TC1-1-13MA+ Balun
X4, X45 LNAH A Broadband from 10 — 6000 MHz, using TCM1-63AX+ Balun
X5, X46 LNAW A Broadband from 10 — 6000 MHz, using TCM1-63AX+ Balun
X8, X47 TX1 B Broadband from 10 — 6000 MHz, using TCM1-63AX+ Balun
X9, X48 TX2 B Broadband from 4.5 — 3000 MHz, using TC1-1-13MA+ Balun
X10, X49 LNAL B Broadband from 4.5 — 3000 MHz, using TC1-1-13MA+ Balun
X11, X50 LNAH B Broadband from 10 — 6000 MHz, using TCM1-63AX+ Balun
X12, X51 LNAW B Broadband from 10 — 6000 MHz, using TCM1-63AX+ Balun

39|Page
© Copyright Lime Microsystems Proprietary and Confidential

Version: 2.6 Last modified: 30/10/2015




LMS7002M Quick Starter Manual for EVB7 kit

Detailed Guide to LMS 7 Suite

7.1 LMS 7 Suite — Software Description

This section describes the LMS 7 Suite software GUI and each of the menus, buttons and
embedded controls. Most of the pages in the tool corresponds to the top level sections of the SPI
programming map, with the exception of the ‘Board Setup’ and the ‘SPI’ page.

7.2 LMS 7 Suite — Window Panels.

The ‘LMS 7 Suite’ GUI is comprised in three main pieces: GUI control panel, LMS7002M
register and EVB7 board configuration panel, and LOG panel. These are shown in Figure 22.

7.2.1. GUI Control panel

GUI Control panel includes menu bar and various control buttons for controlling the software.
These will be described in detail in section 7.3. The GUI control panel is shown in Figure 23.

7.2.2. Configuration panel

Configuration panel controls the LMS7002M registers and some evaluation board setup and is
shown in Figure 24.

Each configuration panel has specific register control on internal LMS7002M blocks. There are
17 different configuration panels for controlling the LMS7002M chip and 2 for controlling other
devices on the EVB7. Every control of the panel is described in sections 7.4 to 7.22.
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n ]
File Options Modules Help

Receiver Transmitter Full calibration
RX1Q Corrector TX1Q Corrector
Calibrate ALL
Gain ch. Q v Gain ch. Q 2047 v
Gain ch. | 2047 v Gain ch. | 2047 v CGEN Ref. Clk (MHz):  20.720
Phase corrector | 0 v Phase corrector | 0 v Calibration Bandwidth(MHz):
RXDC TXDC
[ ] DCOFFSET
e A/ -
, LMS7002M:Registers and EVB7 Board
| Calibrate RX Full T =

[ cwesv | onfiguration Panel

[16:51:43] Tx ch. 1 MCO configured

[16:51:45] Rx ch. 1 NCO configured LOG Panel

Clear

Leg

Control: EVB7_v2 FW:0 HW:0 Protocol: 1 Data: Not Connected

Figure 22 GUI window diagram

File Options Meodules Help

New || Opn || sve | Active Ch: A | GUI--> Chip | | Chip->GUI || Reset

Figure 23 GUI Control Panel window
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Calibrations | Board Setup | RFE REB TRF TBE AFE BIAS | LDO XBUF | CLKGEN | SXT/SXR | LimeLight & PAD | TxTSP | RxTSP | CD5 MCU | BIST |[* "

Receiver Transmitter Full calibration

RX1Q Corrector TX1Q Corrector .

Gain ch. Q ] Gainch. Q 2047 w Calibrate ALL

Gain ch. | 2047 w Gain ch. | 2047 v CGEM Ref, Clk (MHz):  20.720
Phase corrector | 0 W Phase corrector | Y] Calibration Bandwidth(MHz): | 5
RX DC THDC

Offset | side 0 w DCch. | o v

Offset Qside |0 W DCch. Q o v

[]DCOFFSET

Calibrate TX Full
Calibrate RX Full

Calibrate TX (MCU)
Calibrate RX (MCU)

Figure 24 GUI Configuration Board Setup window

7.2.3. Log panel

Log panel section logs all activity executed with the GUI and is shown in Figure 25.

[16:51:45] Tx ch. 1 NCO configured # | Clear
[16:51:45] Rx ch. 1 NCO cenfigured

Control: EVB7_v2 FW:0 HW:0 Protocol:1 Data: Mot Connected

Figure 25 GUI Log panel
The Clear button deletes previously registered activity.

When Log button pressed, the Message Log configuration pop-up, as shown in

Figure 26.
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Message Log = =

[12:07:30] Log started: 2015-09-04 12:07:30 Log messages

[12:07:30] COM cconnecticn supported [#1INFD
[12:07:30] USB connection supported [ WARNINGS
[12:07:30] Registers msp control parameters

initizlized. [¥]ERRORS
[12:07:30] Registers set to default values []DATA
[12:07:30] IMS7002 Main control initialized

[12:07:31] USB connection supported

[12:07:33] Chip Reset Save to file
Uplozded all configuratien

Ti ch. 0 NCO configured

Rx ch. 0 NCO configured

Tx ch. 1 NCO configured

- R ch. 1 NOO configured

[12:08:31] Uploaded all configuration

[12:08:31] Tx ch. 0 NCO configured
[12:08:31]1 Rz ch. 0 NCO configured
[12:08:32] Tx ch. 1 NCO configured
[12:08:32] BRx ch. 1 NCO configured

Clear

Figure 26 GUI Message Log tab

This allows you to select the type of the information you want to log. The logged messages can
be saved into *.txt file.

In the lower left corner of the log tab, the evaluation board version and firmware version is
displayed.

7.3 The Menu Bar

7.3.1. The File Menu

In the File menu, you can select to start new projects, save current GUI project (saved in *.ini or
* txt format), or open previously saved project. Saved project file contains complete register
setup for LMS7002M. These files can be transferred to any other computer or used as a register
initialization setup for LMS7002M in baseband.

The .ini format is machine readable only.
The .txt format is human and machine readable.

7.3.2. The Option Menu

In the Options menu, you can select the COM port to which evaluation board is attached.
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7.3.3. The Modules Menu

This section has few extra control options for different RF and BB platforms, which are related
with LMS7002M transceiver. When the Modules option is selected, new window will pop-up
showing all module options available on GUI, as it is shown Figure 27

File Options | Modules | Help

Mew Ope LMST002 Ch' A

Myriad7 "
Calibrations | FPGAControls TRF |TEBB | AFE | BIAS
LMS Write Programming
Address(Hex] 5i5351C Hex): | FFFF

RF-ESpark
LMS Read

HPM7

i T

Address(Hesx] FFTviewer 1D Read Read Value(Hex): 71

Status: 7

Switch channel

CIA/SXR (O)B/SKT @) Both This switch writes static values(0xFFFD, OxFF

Board SPI
Write
Address{Hex): | FFFF Value(Hex): | FFFF CMD Write  Status: 777

Read

Figure 27 GUI Modules Menu window

7.3.4. The Help Menu

The help menu contains one option giving the software version and build date. It also contains
the contact details for Lime Microsystems.

7.3.5. The Button Menu

The button menu contains 6 buttons controls and 3 other minor controls.
The NEW button, enables to start new projects.
The OPEN button, opens previously saved project.

The SAVE button allows to save current GUI project (saved in *.ini or *.txt format). Saved
project file contains complete register setup for LMS7002M. These files can be transferred to
any other computer or used as a register initialization setup for LMS7002M in baseband.

The .ini format is machine readable only.
The .txt format is human and machine readable.

To write register configuration from the “LMS 7 Suite” software to the chip, press GUI->Chip
button.
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To read register configuration from the chip to the “LMS 7 Suite” software, press Chip>GUI
button.

The RESET button performs a manual reset on the chip and updates the “LMS 7 Suite”

software.

7.3.6. The Configuring Channel Controls

Configuring Channels window select which channel or PLL is currently controlled. The
activated channel is always displayed in a front panel:

If selected Both, front panel will display: Active Ch: SXR&SXT or Active Ch: A&B.
If selected A/SXR, front panel will display: Active Ch: SXR or Active Ch: A.
If selected B/SXT, front panel will display: Active Ch: SXT or Active Ch: B.

The display shows information depending which configuration tab you are currently and which
channel is selected.

The SXR option is used for setting the receive synthesizer parameters in the SXT/SXR tab (see
section 7.15). The SXT option is used for setting the transmitter synthesizer parameters in the
SXT/SXR tab. The A and B channel to the A and B channels for the TX and RX MIMO
channels of the RFE, RBB, TRF,TBB and AFE tabs.
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7.4 Calibrations

Calibration page has ‘Receiver’, ‘Transmitter’, ‘Full Calibration’ tabs as it is shown in Figure
28.

File Options Modules Help

g Configuring Channels
New | open | swve  Active Ch: A GUI--> Chip | | Chip--> GUI Reset W=t OOED @EET
BoardSctup |RFE | RBB | TRF | TBE | AFE | BIAS DO | XBUF | CLKGEN | SXT/SXR | Limelight & PAD| T«TSP [RaTsp [cDs  |mcu [BisT [l
Receiver Transmitter Full calibration

RX1Q Corrector TXIQ Corrector

Gainch.Q Gainch.Q 2047 v Collrate AL

Gain ch. | 1994 v|  Gainch.l 1881 v COENRef. Clk (MHz): 30,720
Phase corrector | -3 v|  Phase comector | -38 ¥ Calibration BandwidthMHz): | 5
RXDC TXDC

Offset | side | 13 o] ocend -6 v

OffsetQside | 22 v| pceha 45 v

DCOFFSET
Calibrate TX Full
Calibrate RX Full

Calibrate TX (MCU)
Calibrate RX (MCU)

[18:06:55] Tx ch. 1 NCO configured A | Clear

[18:06:55] R ch. 1 NCO configured v | Leg

Control: EVBT_v2 FW:0 HW:0 Protocol:1 Data: Not Connected

Figure 28 GUI Calibrations tab

Tabs ‘Receiver’ and ‘Transmitter’ has almost identical functions of calibrating Image and LO
Leakage levels on respectful paths. An Image can be calibrated by controling IQ Correction in
‘Gain ch. Q’ and ‘Gain ch. I’ fields and also changing Phase on ‘Phase corrector’. LO Leakage
can be calibrated be controlling ‘Offset I side’ and ‘Offset Q side’ on subtab ‘RX DC’subtab and
controlling ‘DC ch. I’ and ‘DC ch. Q’ on ‘TX DC’ subtab.

On RX DC subtab there is an option ‘DCOFSET"’. Selecting it enables DC Offset correction.

There are 2 additional buttons on both TX and RX paths dedicated to perform full automatic
calibration routine on wanted path.

Button CALIBRATE RX FULL performs automatic calibration of Image and LO Leakage
signals on RX path

Button CALIBRATE TX FULL performs automatic calibration of Image and LO Leakage
signals on TX path

Button CALIBRATE RX (MCU) performs automatic calibration of Image and LO Leakage
signals on RX path directly from internal MCU of LMS7002M.
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Button CALIBRATE TX (MCU) performs automatic calibration of Image and LO Leakage
signals on TX path directly from internal MCU of LMS7002M.

7.5 Board Setup (Si5351C and ADF4002)

These tabs control two other devices on the EVB7 board.

The ADF4002 is a PLL to lock an external reference (usually 10MHz on X18) with the on board
TXCO (usually 30.72MHz or 52.00MHz). This 30.72MHz reference is supplied to the
LMS7002M synthesizers. This is normally used to synchronize the measurement equipment with
the EVB7 board remove very minor frequency differences typically a few kHz. To synchronize
board:

e Press ‘Synchronize’ button to program the ADF4002, if all is correct the green PLL
locked LED (LD2) on the interface board should illuminate. LD2 is located in the upper
left hand corner of the interface board

Make sure that the Fxo value corresponds to the frequency of TCXO.

The Si5351C is a dual PLL for frequency conversion in the 10-100MHz range. It can be used to
provide programmable clock signals to external hardware through the external digital interfaces
and also to the LMS7002M RX and TX PLL Clocks. This allows the clock rates to be
independent of the TXCO frequency. The tab is shown in Figure 29.

File Options Modules Help
. Configuring Channels
New | open | swve  Active Ch: A GUI--> Chip | | Chip--> GUI Reset ClBoth ® A/SKR O B/SXT
Calibrations| Bosrd Setup [RFE | RBB | TRF | TBB | AFE | BIAS |LDO | XBUF | CLKGEN | SXT/SKR | Limelight & PAD| TaTsP |Retsp [CDS  [mcu [BIST [Pl
ADFA002 Calculation of R & N Buffers
N Counter Latch Fref, MHz (X18) Fxo, MHz: [] DIO_DIR_CTRL1
CP Gain: M Counter 10 3072 E g:gfg'u"f;giu
2 Synch _BUFF.
Ll Fvco (MH2) = Fvco S [ 1astL1_piR
LCM = Feomp [J1QsEL2 DIR
[1G_PWR DWN
sis3s1C
CLKIN Frequency (MHz){ 30.72
PinMame  Enable channel Output frequency (MHz) Invert output
CLKD- PLLCLK 270 O
G 270
CLK3 - ReCLK_C O 270 O Configure Clocks
CLK4 - T<CLK 270 O
CLKS - TXCLK_C O 270 O
v 210
[16:51:45] T ch. 1 NCQ cenfigured A | Clear
[16:51:45] Re ch. 1 NCO configured v [ tog
Control: EVB7_v2 FW:0 HW:0 Protocol:1 Data: Not Connected

Figure 29 GUI Board Setup tab
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By default, the EVB7 is configured to supply LMS7002M RX and TX PLL reference clock pins
directly from TCXO. With a simple board modification, remove R10, R73 and fit R11 and R76,
RX and TX PLL clocks can be supplied directly from the Si5351C clock generator.

Using this feature:
e Type to CLKIN Frequency (MHz) window the onboard TCXO frequency
Enable clock channel
Enter the desired output frequency
Press “Configure Clocks”

The Buffers controls on board buffer directions for the LMS7002M digital interface. As well,
LOGIC _RESET pin and CORE_LDO EN pins are controlled from this window.

Table 8 GUI SPI control description

Parameter | Description
Buffers

DIO DIR CTRLI1 On board buffers direction control for Port 1. If selected, Port 1 is receiver.
DIO DIR CTRL2 On board buffers direction control for Port 2. If selected, Port 2 is receiver.
DIO BUFF OE If selected, sets onboard buffers to Hi-Impedance state.
IQSEL1 DIR On board buffers IQSEL pin direction control for Port 1. If selected, Port 1 is receiver.
IQSEL2 DIR On board buffers IQSEL pin direction control for Port 2. If selected, Port 2 is receiver.
G PWR DWN External enable control signal for the internal LDO’s.
DIG RST Controls hardware pin logic reset.
7.6 RFE

RFE tab controls the RX Front End stages, including LNA selection, LNA gain, TIA gain and
RX LO cancellation. A picture of the tab is shown in Figure 30. A description of each function
available in this tab is shown below in Table 9.
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File

New

Options  Modules Help

Open

Calibrations | Board Setup | RFE
Power down controls
UNA, RFE

CILNA, REE: Active path to the RXFE LNAH v|  Compensation TIA | 12 v

[V] RXFE loopback 1

[¥| RXFE Ioopback 2 Decoupling cap at output of RX mixer | 400 fF v|  FeedbackTIA 230 v

[L] RXFE mier LO buffer Controls cap parallel with the LNA input | 3 ¥ Gain control

[] RXFE Quadrature LO generator PP P ain controls

[¥] RXFE RSS! Compensation resistor of TIA opamp | 4 v A Gmax v

C :(EF:I?:FE i ; fe:?b;;l;\:;sotwtudnummal value |13 ¥ Loopback Gmax-40 v
Direct control nable mode TIA Gmax v
[]Enable direct control of PDs and ENs TIABW(MHz) 7 TUNE

Input shorting switches 4 Trim duty cycle

[l input of loopback 1 Offset | side o v| | Ichannek 8 v

[¥]input of loopback 2

[¥] input of LNAL Offset (side 0 v Qchannel: g v

[¥]input of LNAW Mixer LO signal 0557V v

Reference current
Loopback amplifier | 1.800 uA v
TIA Tst stage
TIA 2nd stage

[16:31:45] Tx ch. 1 NCO configured
[16:5%:45] Rx ch. 1 NCO configured

Configuring Channels
[JBoth @ A/SKR () B/SKT
mcu [BisT [spi

s | Active Ch: A

GUI--> Chip | | Chip--> GUI Reset

RBB TRF TBB

UNGROUPED

AFE BIAS LDO XBUF | CLKGEN | SXT/SXR | Limelight & PAD | TxTSP | RxTSP

Capacitor controls

CDS

[ Enable DCOFFSET block Calibrate DC

Current control

LNA output common mode voltage | 2 v
2 v| LNAcore 000 uA v

2 v

A | Clear

| Log

Control: EVBT_v2 FW:0 HW:0 Protocol:1 Data: Not Connected

Figure 30 GUI RFE tab

Table 9 GUI RFE control description

Parameter | Description
Power down controls
LNA RFE Power control for LNA. Must be deselected in normal operation.
RXFE loopbackl Power control signal for RXFE loopback to LNAL from TXRF. Used only for RF loopback.
RXFE loopback2 Power control signal for RXFE loopback to LNAW from TXRF. Used only for RF
loopback.
RXFE mixer LO Power control signal for RXFE mixer lo buffer. Must be deselected in normal operation.
buffer
RXFE Quadrature Power control signal for RXFE quadrature LO generator. Must be deselected in normal
LO generator operation.
RXFE RSSI Power control signal for RXFE RSSI. Enables RSSI readings when powered on.
RXFE TIA Power control signal for RXFE TIA. Must be deselected in normal operation.
Enable RFE module | Major power down for RXFE modules. All modules will be power down when deselected.

Direct control

Enables direct control of PDs and ENs for RFE. Enabled when selected.

Input shorting switches

Input of loopback 1

Enables the input shorting switch at the input of the loopback with LNAL. Should be
selected when RXFE Loopbackl is NOT active.

Input of loopback 2 Enables the input shorting switch at the input of the loopback with LNAW. Should be
selected when RXFE Loopback? is NOT active.

Input of LNAL Enables the input shorting switch at the input of the LNAL. Should be selected when LNAH
is NOT active or during very high signal conditions.

Input of LNAW Enables the input shorting switch at the input of the LNAW. Should be selected when
LNAW is NOT active or during very high signal conditions.

Reference current

Loopback amplifier Controls reference current of the RXFE loopback amplifier. Recommended value is 1.8 uA.

TIA 1% Stage Controls reference current of the RXFE TIA first stage. Recommended value is 2.

TIA 2" Stage Controls reference current of the RXFE TIA second stage. Recommended value is 2.

Capacitor controls

Compensation TTA

Compensation capacitor for TIA. Recommended value is 15.

Feedback TIA

Feedback capacitor for TIA. Controls the 3 dB BW of the TIA. Recommended value is 230.
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Trim Duty Cycle
I channel Trims the duty cycle in I channel. Default value set to 8.
Q channel Trims the duty cycle in Q channel. Default value set to 8.

UNGROUPED

Active path to the
RXFE

Selects the active LNA of the RXFE between LNAL, LNAH and LNAW. Default value is
no path active.

Decoupling cap at

Control the decoupling cap at the output of the RX Mixer. The capacitor range is from 80 fF

the output of RX to 2560 fF, with step size of 80 fF (32 steps). Default value is 640 fF.

mixer

Controls cap parallel | Controls the Q of the input LNA matching circuit and provides tradeoff between gain/NF

with the LNA input and I1P2/3. The higher the frequency, the lower value should be. Also, the higher value
lower the Q. Default value is 6.

Compensation Controls the compensation resistors of the TIA operational amplifier. Recommended value

resistor of TIA is 5.

opamp

Sets feedback Sets the TIA feedback resistor value. Default vale is 13.

resistor value

Enable Rx MIMO Enables MIMO mode when MIMO is selected. If SISO mode is selected only Channel A is
in operation.

DC
Offset I side Controls DC offset of the I channel at the output of the TIA by injecting current to the input

of the TIA. Control range from 0 to 127. Default value is 0.

Offset Q side

Controls DC offset of the Q channel at the output of the TIA by injecting current to the
input of the TIA. Control range from 0 to 127. Default value is 0.

Mixer LO signal

Controls DC voltage of the mixer LO signal. Control range from 0.44 V to 0.621 V. Default
value is 0.557 V.

Enable
block

DCOFFSET

Enables the DC offset block for the RXFE. Select before calibrating DC offset of the Rx
path

Current Control

LNA output common
mode voltage

Controls the LNA output common mode voltage. Control range from 0 to 31. Default value
is 2.

LNA Core Controls the current of the LNA core. Control range from OuA to 1291.7 uA. Default value
is 500 uA.
Gain Controls
LNA Controls selected LNA gain. Control range from Gmax to Gmax-30. Default value is Gmax.
Loopback Controls RXFE loopback gain. Control range from Gmax to Gmax-40. Default value is
Gmax-40 dB.
TIA Controls TIA Gain. Three gain stages: Gmax, Gmax-3 dB and Gmax-12 dB. Default value

is Gmax.
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7.7 RBB

RBB tab controls the receiver IF stage bandwidth, PGA gain and loopback.
b wsrsmcwopsow - c°FEE

File Options Modules Help
Configuring Channels

new | open | sae  Active Ch: A GUI--> Chip | | Chip--> GUI Reset Wty (e OEST
Calibrations | Board Setup |[RFE | RBE  TRF  [T8B  |aFe |Bias [1Do | xBUF | cikaeN | sx1/sxR | Limelight & paD| TaTsP |Rase [cos  |mcu [BisT [ s
UNGROUPED RXLPF RC time constant
BB loopback to RXLPF Disabled | Resistance 16 v
PGA input connected to LPFL_REB | LPFH capacitance value (mMods from 37MHz to 108MHz) | 128 v
PGA gain 19 d8 | LPFL capacitance value (nMode from 1.4MHz 10 20MHz) 12 v
PGA Feedback capaciter 2 w| | ReFilters Rx Chiin Filter
PGA output connected to Filters  Low BW (MHz) Frequency (MHz):
O ADC @Low |10 2
- . - TUNE
@ utput pads (JHigh | High BW (MHz) Tune
1
Power down controls Operational amplifier
LPFH block LPFH stability passive compensation 1 v
[ILPFL block R R
[C1PGA block LPFL stability passive compensation when 20MHz v
Enable RBB module Input stage reference biss current (REB_LPF) | 12 v
Direct cantrol Qutput stage reference bias current (REB_LPF) | 12 v
[]Enable direct control of PDs and ENs
Output stage reference bias curent (PGA) | 6 v
Input stage reference bias current (PGA) 5 v
PGA stability passive compensation 23 v
[16:51:45] Tx ch. 1 NCO configured | clear
[16:51:45] Rx ch. 1 NCO configured v tog
Control: EVB7_v2 FW:0 HW:0 Protocol:1 Data: Not Connected

Figure 31 GUI RXBB tab

A picture of the tab is shown in Figure 31. A description of each function available in this tab is
shown below in Table 10.

Table 10 GUI RXBB control description

Parameter | Description
UNGROUPED
BB loopback to Enables baseband loopback to high band LPF or low band LPF. Enables loopback when
RxLPF selected. Default value is disabled.
PGA input Controls PGA input path. There are a total five different inputs to the PGA:
connected to 1. LPFL RBB
2. LPFH _RBB
3. Bypass LPF
4. Tx baseband loopback connected to PGA
5. TXRF peak detector connected to PGA

Concurrently only one path can be selected as PGA input. Default path is LPFL
output connected to PGA.

PGA gain PGA gain control. Control range from -12 dB to +19 dB. Default value is -1 dB.
PGA Feedback PGA feedback capacitor value control. Control range from 0 to 511. Default value is 2.
capacitor
PGA output Control PGA output switch internally directly to ADC or indirectly via the Analog output
connected to pads. Default value of PGA output is selected to ADC input.
Power down controls
LPFH block Power down of the LPFH block. Default value block is powered down.
LPFL block Power down of the LPFL block. Default value block is powered on.
PGA block Power down of the PGA block. Default value block is powered on
Enable RBB module | Powers down all RBB blocks when not selected. If selected enables power down of
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separate RBB blocks. Default values set to enable.

Direct control

Enable direct control of PDs and ENs. Enabled when selected.

RXLPF RC time constant

Resistance Controls the absolute value of the resistance of the RC time constant in LPF. Control
range from 0 to 31. The higher value selected the wider LPF BW. Default values set to
16.

LPFH capacitance Controls the capacitance value of the RC time constant of high band LPF. Control range

value (rxMode from
37 MHz to 108
MHz)

from 0 to 255. The lower value selected the wider LPF BW. Default values set to 0.

LPFL capacitance
value (rxMode from
1.4 MHz to 20 MHz)

Controls the capacitance value of the RC time constant of low band LPF. Control range
from 0 to 255. The lower value selected the wider LPF BW. Default values set to 0.
Intended to be controlled together with the TIA to maintain Chebyshev response.

Rx Filters

Filters Selects which active filter chain (Low or High) will be tuned

Low BW (MHz) Input for the wanted bandwidth of the Low active filter chain

High BW (MHz) Input for the wanted bandwidth of the High active filter chain

TUNE Tunes the selected active filter chain bandwidth to the required value (set by “Low BW

(MHz)” or “High BW (MHz)”)

Operational amplifier

LPFH stability

Controls the stability passive compensation of the LPFH operational amplifier. Control

passive range from O to 7. Default values set to 0.

compensation

LPFL stability Controls the stability passive compensation of the LPFL operational amplifier. Control
passive range from O to 5. Default values set to 5.

compensation

Input stage reference
bias current

Controls the reference bias current of the input stage of the operational amplifier used in
LPF blocks (Low or High). Must increase up to 24 when a strong close blocker is

(RBB_LPF) detected to maintain the linearity performance. Control range from 0 to 31. Default values
setto 12.
Output stage Controls the reference bias current of the output stage of the operational amplifier used in

reference bias
current (RBB_LPF)

LPF blocks (Low or High). Must increase up to 24 when a strong close blocker is
detected to maintain the linearity performance. Control range from 0 to 31. Default values
setto 12.

Output stage
reference bias
current (PGA)

Controls the output stage reference bias current of the operational amplifier used in the
PGA circuit. Must increase up to 12 when a strong close blocker is detected or when
operating at the high band frequencies to maintain the linearity performance. Control
range from 0 to 31. Default values set to 6.

Input stage reference

Controls the input stage reference bias current of the operational amplifier used in the

bias current (PGA) PGA circuit. Must increase up to 12 when a strong close blocker is detected or when
operating at the high band frequencies to maintain the linearity performance. Control
range from O to 31. Default values set to 6.

PGA stability Controls the stability passive compensation of the PGA operational amplifier. Control

passive range from O to 31. Default values set to 24.

compensation
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7.8 TRF

The TRF page contains the Tx front end amplifier gain controls, Tx outputs paths selection

controls and all transmit block power down controls.

File Options Modules Help

s | Active Ch: A

New | | Open

Band1

T GUI - Chip |

Chip --> GUI Reset

TXPAD cascode tra

Configuring Channels

[JBoth ® A/SXR (O B/SXT

Calibrations | Board Setup | RFE | RBE | TRF [TBE |AFE | BIAS |LDO |XBUF | CLKGEN | SXT/SXR | LimeLight & PAD| TxTsP | R<TSP | DS  |Mcu | BIST | spi
UNGROUPED Power detector

EN_LOWBWLOMX_TMX_TRF High band - bias resisotr 3K v| Resistive load | R_DIFF SK][1.25K v

Enable T MIMO mode Enabled | Bias current

TXPAD power detector presmplifier gain | 25 db v | Linearization section | 20.0 uA v

Switched capacitor at TXPAD output |3 ¥| Maingmsection 12 v

Loss of the loopback path ot the TX side | 24 dB | Power down controls
TXPAD linearizing part gain 0 v Power detector
TXPAD gain control 0 v E%DLSD"“”E’

Bias voltage at gate of TXPAD cascade |0 | [¥lEnable TRF module

Bias at gate of mixer NMOS 16 v Direct control

Bias at gate of mixer PMOS 18 | CJEnable direct control of PDs and ENs

M

TXFE output selection
[[] Enable TXPAD loopback path

[17:36:20] Tx ch. 1 NCO configured
[17:36:20] Rx ch. 1 NCO configured

nsister gate bias
@vop (O GNDS
Trim duty cycle

I channek: | & v

Qchannel: | 8 v

A | Clear

| Log

Control: EVBT_v2 FW:0 HW:0 Protocol:1 Data: Not Connected

Figure 32 GUI TRF page

A picture of the tab is shown in Figure 32. A description of each function available in this tab is

shown below in Table 11.

Table 11 GUI TRF control descri

tion

Parameter

Description

UNGROUPED

EN_LOWBWLOMX_TMX_TRF

Controls the high pass pole frequency of the mixer switches. Selection between
low band and high band. Default is high band selection.

Enable Tx MIMO mode

Enables MIMO mode. Default is set to SISO mode.

TXPAD power detector
preamplifier gain

Controls TXPAD power detector gain. Default gain is set to 25 dB.

Switched capacitor at TXPAD
output

Controls TXPAD output capacitor used for fine tuning. Control range from 0 to
7. Default is set to 3.

Loss of the loopback path at the
TX side

Controls Tx loopback path gain. Default gain is set to -24 dB.

TXPAD linearizing part gain

Controls TXPAD linearization gain. Control range from 0 to 31. Default is set
to 0.

TXPAD gain control

Controls the gain of TXPAD. Control range from 0 to 31. Default is set to 0
(Max gain).

Bias voltage at gate of TXPAD
cascade

Controls the bias voltage at the gate of TXPAD cascade. Control range from 0
to 31. Default is set to 0.

Bias at gate of mixer NMOS

Controls the bias at the gate of the mixer NMOS switch. Control range from 0
to 31. Default is set to 28.
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Bias at gate of mixer PMOS

Controls the bias at the gate of the mixer PMOS switch. Control range from 0
to 31. Default is set to 16.

TXFE output selection

Enables TXFE, Band 1 or Band 2 output. Band 1 enabled by default.

Enable TXPAD loopback path

Enables the TXPAD loopback path. Disabled by default.

Power detector

Resistive load

Controls power detector dynamic range by selecting resistive load. Default is
set to SK]|1.25K.

Bias current

Linearization section

Control the bias current of the linearization section of the TXPAD. Control
range from 0 to 31. Default is set to 12.

Main gm section

Control the bias current of the TXPAD. Control range from 0 to 31. Default is
setto 12.

Power down controls

Power detector

Enables power detector when deselected. By default power detector is powered
down.

TX LO buffers Enables TX LO buffer. By default TX LO is enabled.
TXPAD Enables TXPAD block. By default TXPAD is enabled
Enable TRF modules Power down all TFE blocks when deselected. By default TRF blocks enabled.
Direct Control Enable direct control of PDs and ENs. Enabled if selected.
TXPAD cascade transistor gate bias
VDD TXPAD cascade transistor gate bias is referred to VDD — connect to VDD to
operate.
GNDS TXPAD cascade transistor gate bias is referred to GND.
Trim duty cycle
I channel Trims the duty cycle in I channel. Default value set to 8.
Q channel Trims the duty cycle in Q channel. Default value set to 8.
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7.9 TBB

The TBB page controls TX IF gain settings, low-LPF and high-LPF filter bandwidths and
various loopback options.

- cEm|

LMS 7 Suite Control port: COM3

File Options Modules Help

Configuring Channels

New | | Open GUI > Chip |  Chip—> GUI Reset

s« | Active Ch: A

Calibrations | Board Setup | RFE | RBB | TRE | TBE | AFE
UNGROUPED
TxEB loopback Disabled

Frontend gain 37

Reference bias current of [4MP main bias current sources 0
Reference bias current of IAMP cascade transistors gate voltage | 31
Enable Tx IQ analog input

[[18ypass LPF ladder of TBB

Operational amplifier

Disabled

Output stage bias current low band real pole filter 12
12

Input stage bias reference current of high band low pass filter |2

Input stage bias current of low band real pole filter

Output stage bias reference current of high band low pass filter | 12
Output stage bias reference of low band ladder filter 2
Input stage bias reference of low band ladder filter 2
T Filters
Filters — High BW (MHz)
@High 56

- TUNE
Olow  RealPole BW (MHz)

[17:56:20] Tx ch. 1 NCO configured
[17:56:20] Rx ch. 1 NCO configured

[Both @ A/SkR O B/SXT

BlAS | LDO | XBUF | CLKGEN | SXT/SKR | Limelight & PAD| TaTsP | RSP | cDs | Mcu | BT | spi
Power down controls
[JLPFH TBB biquad
LPFIAMP TBE front-end current amp
LPFLAD_TBB low pass ladder filter
LPFS3_TBB low pass real-pole filter

Enable TBE module

[S=IEIC]

Direct control
[ Enable direct control of PDs and ENs

<l<|<]|<|<

THLPF resistor banks

LPFH equivalent resistance stage 7
193
Common control signal for all TEE filters 16

76

LPFLAD equivalent resistance stage

<|l<|<|<¢

LPFS5 equivalent resistance stage

<l<|<|cl<c|<

T Filters Test
Filters Ladder BW (MHz)

@ Ladder |12

- TUNE
(O Realpole  RealPole BW (MHz)

2

| Clear

v | Log

Control EVB7_v2 FW:0 HW:0 Pretocel:1 Data: Not Connected

Figure 33 GUI TBB page

A picture of the tab is shown in Figure 33. A description of each function available in this tab is
shown below in Table 12.

Table 12 GUI TBB control description

Parameter

Description

UNGROUPED

Tx BB Loopback

Controls the Tx BB loopback path. By default loopback is disconnected.

Frontend gain

Tx baseband stage gain control. Control range from 0 to 63. Default is set to 24.

Reference bias
current of JAMP
main bias current
source

This controls the reference bias current of the IAMP main bias current sources. Control
range from 0 to 31. Default is set to 12.

Reference bias
current of TAMP
cascode transistors
gate voltage

This controls the reference bias current of the IAMP's cascode transistors gate voltages
that set the IAMP's input voltage level. Control range from 0 to 31. Default is set to 12.

Enable Tx IQ analog
input

Controls Tx analog inputs path. By default disabled.

Bypass LPF ladder
of TBB

Controls TBB LPF ladder bypass mode.

Operational amplifier

Output stage bias
current low band real

This controls the operational amplifier's output stage bias current. Control range from 0 to
31. Default is set to 12.
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pole filter

Input stage bias
current low band real
pole filter

This controls the operational amplifier's input stage bias current. Control range from 0 to
31. Default is set to 12

Input stage bias
reference current of
high band low pass
filter

This controls the operational amplifiers input stage bias reference current of the high
band filter. Control range from 0 to 31. Default is set to 2.

Output stage bias
reference current of
high band low pass
filter

This controls the operational amplifiers output stage bias reference current of the high
band filter. Control range from 0 to 31. Default is set to 12.

Output stage bias
reference for low
band ladder filter

This controls the operational amplifiers' output stages bias reference current of the low
band filter. Control range from 0 to 31. Default is set to 12.

Input stage bias
reference for low
band ladder filter

This controls the operational amplifiers' input stages bias reference current of the low
band filter. Control range from 0 to 31. Default is set to 12.

Power down controls

LPFHTBB biquad

Enables LPFH filter when deselected. By default filter is powered down.

LPFIAMP front-end
current amp

Enables LPF current amplifier when deselected. By default current amplifier is enabled.

LPFLADTBB
pass ladder filter

low

Enables LPF ladder when deselected. By default current amplifier is enabled.

LPFS5TBB low pass
real-pole filter

Enables LPF real-pole filter when deselected. By default real-pole filter is enabled.

Enable direct control
of PDs and ENs

Enables direct control of PDs and ENs for TBB. Enabled when selected.

TxLPF Resistor banks

LPFH equivalent
resistance stage

Control LPFH bandwidth. Control range from 0 to 255. The higher number the higher
bandwidth. Default setting is 0.

LPFLAD equivalent
resistance stage

Control LPFL bandwidth. Control range from 0 to 255. The higher number the higher
bandwidth. Default setting is 193.

Common control
signal for all

A common control signal for all the capacitor banks of TBB filters. Control range from 0
to 31. Default register value set to 8.

LPFSS5 equivalent
resistance stage

This controls the value of the equivalent resistance of the resistor banks of the real pole
filter stage. Control range from 0 to 255. Default register value set to 76.

Tx Filters

Filters

Selects which active filter chain (Low or High) will be tuned

High BW (MHz)

Input for the wanted bandwidth of the High active filter chain

Low BW (MHz)

Input for the wanted bandwidth of the Low active filter chain ladder stage (4™ order low-
pass filter). NOTE: Low active filter chain consists of two independently controlled filter
stages (ladder and real pole) that are connected in series, hence the total frequency
response is the sum of both filter stages frequency responses.

RealPole BW (MHz)

Input for the wanted bandwidth of the Low active filter chain real pole stage (1% order
low-pass filter). NOTE: Low active filter chain consists of two independently controlled
filter stages (ladder and real pole) that are connected in series, hence the total frequency
response is the sum of both filter stages frequency responses.

TUNE

Tunes the selected active filter chain (set by “Filters” tab option) bandwidth to the
required value (set by “High BW (MHz)” or “Low BW (MHz)” and “RealPole BW
(MHz)”)

Tx Filters Test

Filters

| Selects which low active filter chain stage (ladder or real pole) will be tuned.
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Ladder BW (MHz) Input for the wanted bandwidth of the Low active filter chain ladder stage (4™ order low-
pass filter)

RealPole BW (MHz) | Input for the wanted bandwidth of the Low active filter chain real pole stage (1% order
low-pass filter)

TUNE Tunes the selected low active filter chain stage bandwidth to the required value (set by

“Ladder BW (MHz)” or “RealPole BW (MHz)”)
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7.10 AFE

The AFE page controls the TX and RX analog front-end interface to the digital section.

LMS 7 Suite Control port: COM3

File Options Modules Help

s« | Active Ch: A

Calibrations | Board Setup | RFE | RBB | TRF | TBE | AFE  BIAS |LDO | XBUF | CLKGEN | SXT/SXR | LimeLight & PAD | TxTsP | RxTsP | CDS
AFE Power down c
Peak current of DAC [] AFE current mirror in BIAS_TOP
[JADC ch.1
MUX input of ADC ch.1
MUX input of ADC ch.2
Time interleave two ADCs into ene ADC

Configuring Channels
[Both @ A/SkR O B/SXT
mcu | BisT | spi

New | | Open GUI > Chip |  Chip—> GUI Reset

ontrols.
625 uA v

PGA output is connected to ADC input v
PGA output is connec

[#ADC ch.2
[CDACch.1
[JpACch.2
[¥] Enable AFE module

ted to ADC input v

® Two ADCs

O Interleaved

[17:56:20] Tx ch. 1 NCO configured A | Clear

[17:56:20] Rix ch. 1 NCO configured v | Log

Control EVB7_v2 FW:0 HW:0 Pretocel:1 Data: Not Connected

Figure 34 GUI AFE tab

A picture of the tab is shown in Figure 34. A description of each function available in this tab is
shown below in Table 13.

Table 13 GUI AFE control description

Parameter Description
AFE
Peak current of DAC | Controls the peak current of the DAC output current. By default DAC peak current set to
325 uA.

MUX input of ADC | Controls the MUX at the input of the ADC channel 1. By default MUX set to PGA output.
ch 1.

MUX input of ADC | Controls the MUX at the input of the ADC channel 2. By default MUX set to PGA output.
ch 2.

Time interleave two
analogue signals
into one ADC

Default register set to Two ADC’s

Power down controls

AFE current mirror | Enabled AFE current mirror in BIAS TOP when deselected. Default current mirror is

in BIASTOP enabled.

ADC ch. 1 Enable control of ADC of channel 1. Enabled when not selected. Enabled by default.
ADC ch. 2 Enable control of ADC of channel 2. Enabled when not selected. Enabled by default.
DACch. 1 Enable control of DAC of channel 1. Enabled when not selected. Enabled by default.
DACch.2 Enable control of DAC of channel 2. Enabled when not selected. Enabled by default.
Enable AFE module | Enabled AFE blocks when selected. By default AFE is enabled.
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7.11 BIAS

The BIAS page controls the LMS7002M bias settings.

LMS 7 Suite Control port: COM3

File Options Modules Help

s« | Active Ch: A
ations | Board Setup | RFE

BIAS
BIAS_TOP test mode | NO test mode v
RP_CALIB_BIAS 16 v

New | | Open GUI > Chip |  Chip—> GUI

RBB TRF Tee AFE

n controls
[IF5/RP Bock

[ Fix

[IPTAT/RP block
[CIPTAT block
[IPower down all block

[17:56:20] Tx ch. 1 NCO configured
[17:56:20] Rx ch. 1 NCO configured

Control EVB7_v2 FW:0 HW:0 Pretocel:1

Reset

BIAS LDO XBUF | CLKGEN | SXT/SXR | LimeLight & PAD | TxTSP | RxTSP | CDS

Configuring Channels
[Both @ A/SkR O B/SXT
mcu | BisT | spi

| Clear

v | Log

Data: Not Connected

Figure 35 GUI BIAS tab

A picture of the tab is shown in Figure 35. A description of each function available in this tab is

shown below in Table 14.

Table 14 GUI BIAS control description

Parameter I Description
Power down controls

Fix /RP block Enable signal for Fix/RP block when not selected. Default register setting is set to
enabled.

Fix Enable signal for Fix block when not selected. Default register setting is set to enabled.

PTAT/RP block Enable signal for PTAT/RP block when not selected. Default register setting is set to
enabled.

PTAT Enable signal for PTAT block when not selected. Default register setting is set to
enabled.

Power down all Enables BIAS block when selected. By default BIAS block is enabled.

block

BIAS
BIASTOP test mode | Controls the test mode of the BIAS TOP. No test mode selected by default.

RP_CALIB_bias

Control bias current calibration code. Control range from 0 to 31. Default setting is 0.
This is used to set the voltage across current reference resistor R12 to 600 mV — typically
code 7. The “calibrate” button automatically sets this.
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7.12 LDO

This tab controls the internal LDO modules. These LDO’s are used when the LMS7002M chip
analog blocks supplied by single 1.8V supply. Pictures of the tab is shown in Figure 36
and Figure 37.

O LMS 7 Suite Control port: COM3 - oIEN
File Options Modules Help
- Configuring Channels
new | open | sae  Active Ch: A GUI--> Chip | | Chip--> GUI Reset Wty (e OEST
Calibrations | Board Setup | RFE|REE | TRF | T8B |AFE | BiAs | DO |XBUF | CLKGEN | sxT/sxR | LimeLight & PAD| TuTsP | Reisp [cos  [mcu [BisT [spi
{ Bypass & Bias & Noise filter Voltage
Power controls Short noise filter resistor  Bias
[¥]Enable LDO digital module [¥] Ensble LDO analog medule ] SPDUP_LDO_TEB []EN_LOADIMP_LDO_TE8
g 9
CLKGEN RXRE [JSPDUPLDO_TIATZ  [] EN_LOADIMP_LDO TIA1Z
[]SPDUPLDO TIATZ [ EN_LOADIMP_LDO TIA14
E AT E Dot []SPDUPLDOTLOB [ EN_LOADIMP_LDO TLOB
EENTS Cle PO AT [C1SPDUPLDOTPAD [ EN_LOADIMP_LDO_TPAD
LTSN Clen-LboTals [CISPDUP_LDO_TXBUF (] EN_LOADIMP_LDO_TXBUF
-0 -0 [CJSPDUP_LDO_YCOGN (] EN_LOADIMP_LDO_VCOGN
sXTX SKRX []SPDUPLDODIVSXR (] EN_LOADIMP_LDO_VCOSKR
[JEN_LDO_DIVSXT JEN_LDO_DIVSXR []SPDUP_LDO DIVSXT (] EN_LOADIMP_LDO_YCOSXT
[JEN LDO DIGSXT JEN_LDO DIGSXR [] SPDUP_LDO_AFE [ EN_LOADIMP_LDO_AFE
[JEN LbO cPoxT TJEN (DO CPSXR []SPDUPLDO_CPGN (] EN_LOADIMP_LDO CPGN
[N LDO veaskT JEN (DO VEOSKR [C]SPDUP_LDO_VCOSXR (] EN_LOADIMP_LDO DIVSXR
- S []SPDUP_LDO_VCOSXT (] EN_LOADIMP_LDO DIVSKT
Digital Blocks XBUF [[1SPDUP_LDO_DIG [[]EN_LOADIMP_LDO DIG
[]PD_LDO_DIGIp1 [CIEN_LDO_TXBUF [JSPDUP_LDO_DIGGN  [] EN_LOADIMP_LDO_DIGGN
[IPD_LDO_DIGIp2 [JEN_LDO_RXBUF []SPDUP_LDO_DIGSXR [ ] EN_LOADIMP_LDO_DIGSXR
[]SPDUPLDO DIGSXT (] EN_LOADIMP_LDO DIGSXT
AFE SPIBufferto analog blocks M 5ppp” po pIVGN [ EN_LOADIMP_LDO_DIVGN
[JEN_LDO_AFE [1PD_LDO_SPIBUF [CISPDUPLDOCPSXR (] EN_LOADIMP_LDO_CPSXR
TeBB Ry RBB [CJSPDUP_LDO_CPSXT (] EN_LOADIMP_LDO_CPSXT
[JSPDUP_LDO_LNATZ  [] EN_LOADIMP_LDO LNAT2
CJen 100 T88 CJEN_LDo_ReEB [ISPDUPLDOLNAI4 (| EN LOADIMP_LDO_LNAT4
RRF+ R REE TxRF []SPDUP_LDO_MXRFE  [] EN_LOADIMP_LDO MXRFE
[] SPDUP_LDO_REB [ EN_LOADIMP_LDO R88
[]EN_LDO TIAT2 E Emftggﬁég []SPDUPLLDO_RXBUF L] EN_LOADIMP_LDO_RXEUF
-too. [CISPDUPLDO_SPIBUF (] EN_LOADIMP_LDO_SPIBUF
Mise [CJSPDUPLDO DIG2 (] EN_LOADIMP_LDO DIGIp2
[CIEN_LDO.DIG [JSPDUPLDO DIGIpT (] EN_LOADIMP_LDO DIGIp]
[17:56:20] T ch. 1 NCO configured | clear
[17:56:20] R ch. 1 NCO configured o[ Log
Control: EVB7_v2 FW0 HW:0 Protocol:1 Data: Not Connected

Figure 36 GUI LDO Power downs & Bias & Noise filter tab

Each 1.25V and 1.4V supply pins have internal regulators controlled via SPI interface. The LDO
“Bypass & Bias & Noise filter” tab (figure above) divided in separate sections:

e Power control

e Short noise filter resistor

e Bias

In Power control section is the SPI controls are in groups related to their function. These
controls enable the LDO for the particular block.

Short noise filter resistor bypasses noise filtering resistor. By default enabled.
Bias section enables the load dependent bias to optimize the load regulation for each LDO. This
option reduces the LDO response, but increase total current consumption. Recommend to set to

constant bias (not selected).

In the “Voltage’ tab the voltage level of the each internal LDO can be adjusted (figure below).
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File Options Modules Help

2 Active Ch: A EECOICTECT . ERy e

Calibrations | Board Setup |[RFE | RBB | TRF | TBB | AFE | BIAS |LDO  |XBUF |CLKGEN | SXT/SXR | Limelight & PAD| TaTSP | RaTSP | CDS  |mcu [BST [spi |

Bypass & Bias & Noise filter|: Voltage |
Output voltage
RDIV_VCOSXR [ 1.256 v v
RDIV_TXBUF | 1.256V v
RDIVTLOB  |1.256V v
RDIV_TIA12 1.256V ~
RDIV_RXBUF | 1.256V v
RDIV_MXRFE | 1.256 v v
RDIV_LNA1Z [ 1256V v | RDIV_LNAT4 [ 1400V
RDIV_DIVSXR | 1.256 v v | RDIV_DIVSXT | 1256V
v
v
v
v
v
v

RDIV_VCOSXT | 1.256 V
RDIV_VCOGN |1.409V
RDIV_TPAD 1256V

RDIV.TIAT4 | 1,400V
RDIV_TBE 1256V
RDIV_RBB 1.409V

RDIV_DIGSXT | 1.256 RDIV_DIVGN | 1.256 V.
RDIV_DIGGN | 1.256 V RDIV_DIGSXR |1.256V
RDIV_CPSXT | 1.256 V RDIV_DIG 12356V
RDIV_CPGN | 1256V RDIV_CPSXR | 1.256V
RDIV_SPIBUF | 1.256 RDIV_AFE 1236V
RDIV_DIGIp2 | 1.256 V RDIV_DIGIp1 | 1.256V

<l ef|effefcfe]e]e]c]|«

[17:36:20] Tx ch. 1 NCO configured

[17:56:20] Rx ch. 1 NCO configured v

Control: EVB7_v2 FW:0 HW:0 Protocol:1 Data: Not Connected

Figure 37 GUI LDO Voltages tab

7.13 XBUF

XBUF page controls the TX and RX PLL clock pin input configurations to provide a reference
frequency for SXT and SXR respectively. The CLKGEN PLL uses the SXR Clock.

File Options Modules Help

2 Active Ch: A EECOICTE=CT . ERy e

Calibrations | Board Setup |[RFE | RBB | TRF | TBB | AFE | BIAS [LDO | XBUF |CLKGEN | SXT/SXR | Limelight & PAD| TaTSP | RaTSP | CDS  |mcu [BST [spi |

[CIiRx Enable biasing the input's DC voltage.
[CITx Enable biasing the input’s DC voltage
[lShorts the Input 3.3V buffer in XBUF RX
[ Shorts the Input 33V buffer in XBUF TX
[]EN_OUT2_XBUF_TX
] EN_TBUFIN_XBUF_RX

Power down controls

[[]Power down Rx

(] Power down Tx

[¥] Enable XBUF module

[17:36:20] Tx ch. 1 NCO configured
[17:36:20] Rx ch. 1 NCO configured

Control: EVB7_v2 FW:0 HW:0 Protocol:1 Data: Not Connected

Figure 38 GUI XBUF tab
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A picture of the tab is shown in Figure 38. A description of each function available in this tab is

in Table 15.
Table 15 GUI XBUF control description
Parameter | Description
UNGRPUPED
Rx Enable biasing the Receiver clock input self-biasing digital control. By default disabled. For use with AC
input’s DC voltage coupled input.
Tx Enable biasing the Transmitter clock input self-biasing digital control. By default disabled. For use with

input’s DC voltage

AC coupled input.

Shorts the input 3.3V
buffer in XBUF RX

Shorts the Input of 3.3V buffer in XBUF. By default disabled

Shorts the input 3.3V
buffer in XBUF TX

Shorts the Input of 3.3V buffer in XBUF. By default disabled

EN_OUT2 _XBUF _TX

Enables the 2nd output of TX XBUF. By default buffer is disabled. This control is
intended to internally rout TX PLL CLK to SXT and SXR by an internal path.

EN_TBUFIN_XBUF RX

Disables the input from the external XO. By default buffer is disabled. This control is
intended to internally rout TX PLL CLK to SXT and SXR by an internal path.

Power down controls

Power down Rx

Power down control of the Rx XBUF. Not powered down by default.

Power down Tx

Power down control of the Tx XBUF. Not powered down by default.

Enable XBUF module

Power down complete XBUF block. Enabled by default.

7.14 CLKGEN

The block diagram of the CGEN module (internal clock generator) is shown. The table in this
chapter describes the control registers of the CGEN module.

0
File
New | | Open

UNGROUPED

[¥] Enable SDM clock

Test mode of SX

[ Charge pump
[ Frequency divider

Options  Modules Help

s« | Active Ch: A
Calibrations | Board Setup | RFE
[]Enable coarse tuning block [ ] Enable INTEGER-N mode
[ Enable dithering in SDM
Connection to FCLK_ADC

[invert DAC F_CLEL
[]REVPH_PFD_CGEN
COARSE_STEPDONE_CGEN 777
COARSEPLL_COMPO_CGEN 777

Update ReadOnly values

Power down controls

RBB |TRF | T8B |AFE | BIAS |LDO | XBUF | CLKGEN |SXT/SXR | Limelight & PAD| TaTSP | ReTSP | CDS | mMcU | BIST | SPI
vCo PLL loop filter
i Pulse used in start-up to reset CSW VCO_CGEN 200 v| cp2 2275pF v
[ Reverse SDM clock Scales VCO bias current | 31 v CP3 1736pF v
VCO_CMPHO_CGEN 777 z 32pF v
F_CLKH -> DAC w| vCOCMPLOCGEN
TST disabled v Read YCO_CMP VCO params
[Jinvert ADC F_CLKL
[]signal coarse tuning algorithm Charge pump
Secales offset cumrent | 20 v
Clock source for SDM Scales pulse current | 20 v
(® Feedback divider Frequency Calculated Values for Fractional Mode
O Fref CLK_H (MHz): CLKH_OV_CLKL CLKL(MHz): N linteger: 83
61.440000 1 61.440 N Fractional: 0
Divider: 20
Ez;iibazkfrequenzydmder Calculate Tune Output Freg, Mrz: 61440000
] VO comparator VCO Freg MHz  2580.480000

Oveo
[¥] Enable CLKGEN module

[17:56:20] Tx ch. 1 NCO configured
[17:56:20] Rx ch. 1 NCO configured

|

LMS 7 Suite Control port: COM3

Configuring Channels

Reset [JBoth ® A/SXR () B/SKT

GUI > Chip |  Chip—> GUI

Change reference clock | Reference clock(MHz):  30.720000

| Clear

v | Log

Control EVB7_v2 FW:0 HW:0 Pretocel:1 Data: Not Connected

Figure 39 GUI CLKGEN tab
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The internal LMS7002N CLKGEN generates clock for ADC’s, DAC’s and TSP modules. To
program the CLKGEN for wanted frequency follow the step below:

1. Type the wanted frequency in CLK H (MHz) window ( default frequency is 61.44 MHz)
2. Press ‘Calculate’ followed by ‘Tune’

After this procedure the digital block core will be supplied by wanted frequency. All other
register are preset so no need to change.

A picture of the tab is shown in Figure 39. A description of each function available in this tab is
shown below in Table 16.

Table 16 GUI CLKGEN control description

Parameter | Description
UNGROUPED

Bypass noise filter Bypasses the noise filter resistor for fast settling time. Disabled by default.
resistor
Enable coarse tuning Enable signal for coarse tuning block. Disabled by default.
block
Enable SDM clock Enables SDM clock. Used in INT-N mode or for noise testing. Enabled by default.
Enable dithering in SDM | Enabled dithering. Disabled by default.
Connection to Selects if F CLKH or F_ CLKL is connected to FCLK_ADC. By default FCLK ADC
FCLK ADC connected to F CLKH and FCLK DAC to F CLKL.
Test mode of SX Controls the test mode of the SX. Available test modes:

0: TST disabled. By default test mode disabled.
1: tstdo[0]=CLKH]1 & tstdo[1]=CLKH2

: tstdo[0]=CLK_SDM & tstdo[1]=DIV_CLK

: tstao=vco_vtune through a SOKohm resistor

: tstdo[0]=REFCLK & tstdo[1]=DIV_CLK

: tstao=vco_vtune through a 10Kohm resistor
5: tstdo[0]=PFD UP & tstdo[1]=PFD DN

W W NN

Invert DACF CLK Inverts the clock F CLKL for TX TSP. By default is not inverted.

REVPH _PFD_CGEN Inverts the pulses of PFD. It can be used to reverse the polarity of the PLL loop. By
default pulse is not inverted.

Pulse used in start-up to | Enables pulse to reset the CLKGEN. By default set to normal operation.
reset

Enable INTEGER-N Enables INTEGER-N mode of the synthesizer. By default disabled.
mode

Reverse SDM clock Invert the SDM clock. By default not inverted.

Invert ADCF CLK Inverts the clock F CLKL for RX TSP. By default is not inverted.
Signal coarse tuning Enables CLKGEN coarse tuning algorithm

algorithm

Clock source for SDM Selects the clock source for the SDM (external REF clock or feedback divider output)

Update ReadOnly values | Updates ReadOnly values

Power down controls

Charge pump Power down control for charge pump of the CGEN block. Enabled (deselected) by
default.
Frequency divider Power down control for forward frequency divider of the CGEN block. Enabled
(deselected) by default.
VCO Power down control for VCO of the CGEN block. Enabled (deselected) by default.
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Enables CLKGEN Power down control of the CGEN block. Enabled (selected) by default.
module
Feedback frequency Power down control for feedback divider of the CGEN block. Enabled (deselected)
divider by default.
SDM Power down control for SDM of the CGEN block. Enabled (deselected) by default.
VCO comparator Power down control for VCO comparators of the CGEN block. Enabled (deselected)
by default.
VCO
CSW_VCO _CGEN Coarse control of VCO frequency, 0 for lowest frequency and 255 for highest, by 1

step. By default set to 128.

Scales VCO bias current | Scales the VCO bias current from 0 to 2.5 xInom. Control range from 0 to 31. Default
value 16.

PLL loop filter

CP2 Controls the value of CP2 (cap from CP output to GND) in the PLL loop filter.
Control range from 0 to 5688 fF. Default value 2275.2 {F.

CP3 Controls the value of CP3 (cap from CP output to GND) in the PLL loop filter.
Control range from 0 to 3720fF. Default value 1736.00 fF.

CzZ Controls the value of CP3 in the PLL loop filter. Control range from 0 to 43800fF.
Default value 321200.00 fF.

Charge pump

Scales offset current Scales the offset current of the charge pump, from 0 to 63. This current is used in
Fran-N mode to create an offset in the CP response and avoid the non-linear section.
Default value is set to 20.

Scales pulse current Scales the pulse current of the charge pump, from 0 to 63. Default value is set to 20.
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7.15 SXT/SXR

This tab controls the SXT and SXR modules. The table in this chapter describes the control registers of
SXT and SXR modules.

O LMS 7 Suite Control port: COM3 = = “
File Options Modules Help
a Configuring Channels
new | open | sae  Active Ch: SXR GUI--> Chip | | Chip--> GUI Reset Wty (e OEST
Calibrations | Board Setup | RFE | R8B | TRF | TBE |AFE |BIAS |LDO |XBUF | CLKGEN| SXT/SXR | Limelight & PAD| TaTSP | ReTSP | DS |Mcu | BIST | spi
Division ratio SXT/SXR controls
Trim duty cycle of DIV2 LOCH [ 3 v [¥] Reset 5% [] Bypass noise filter resistor
[¥] Bypass SX LDO [JEnable coarse tuning
Trim duty cycle of DIVALOCH |3 v [¥] Enable current limit [l Reverse pulses of PFD
LOCH_DIV division ratio o v [ Enable INTEGER_N mode [¥] Enable SDM clock
[ Reverse SOM clock [JEnable dithering in SDM
Power down controls Enable additional DIV2 prescaler | Enable v
[ Feedback divider block "
L ot o e ex Test mode of X TST disabled v
[ Charge pump Clock source for SDM CLK DIV v
Ezmmfrequemymwumnd divider chain of LO chain Reference voltage e, "
[]VCO comparator Scales offset of charge pump 4,860 uA v
vco
Emb‘e SKR/SKT module Scales pulse current of charge pump 46.240 uA v
Direct control Csw Vo 33 v
[ Enable direct control of PDs and ENs PLLloop fiter
veo P2 12.932 pF v
Active VCO VCO Comparators VEOLDO outputvoltage  ¢p3 41160 oF "
@®vcoL High: 777 Low: 277 | 1.5478V || s "
Cvcom Read Scales VCO bias current
Oveon 255 .| Frequency, GHz Calculated Values for Fractional Mode
1.950000 Ninteger: 122 N Fractional: 999424
VCO params o Divider: 2 Output Freq, GHz: 1.950000
alculate
L . VCOFreq, GHz 3.900000 DIV2prescaler: 0
Change reference clock | Reference clock(MHz): 30720000
[18:04:27] CSW_VCO selected 33 | Clear
[18:04:27] VCO tuning SKT/SKR finished | =
Control: EVB7_v2 FW:0 HW:0 Protocok] Data: Not Connected

Figure 40 GUI SXT/SXR tab

Most of the SXT/SXR registers are preset to for normal (FDD) operation. To configure Tx/Rx
LO to wanted frequency, do the following:

1. Select the A/SXR (receiver PLL) or B/SXT (transmitter PLL) in configuration channels
window accordingly which PLL frequency you want to control
2. Enable VCO (deselect)

3. Type the wanted frequency in Frequency, GHz box. In this case 1950MHz
4. Press Calculate followed by Tune

A picture of the tab is shown in Figure 40. A description of each function available in this tab is
shown below in Table 17.

Table 17 GUI SXT/SXR control description

Parameter | Description

Division ration

Trim duty cycle of DIV2 | Trims the duty cycle of DIV2 LOCH. Only works when forward divider is dividing
LOCH by at least 2 (excluding quadrature block division). If in bypass mode, this does not
work. By default set to 3.

Trim duty cycle of DIV4 | Trims the duty cycle of DIV4 LOCH. Only works when forward divider is dividing
LOCH by at least 4 (excluding quadrature block division). If in bypass mode, this does not
work. By default set to 3.

LOCH_DIV division Controls the division ratio in the LOCH_DIV. By default set to 2.
ration
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Power down controls

Feedback divider block Enables PLL feedback divider. By default is enabled.

LO buffer from SXT to Power down control for LO buffer from SXT to SXR. Controlled for SXT only. To
SXR be activated only in the TDD mode. By default is disabled.

Charge pump Power down control for Charge Pump block. By default is enabled.

Froward frequency
divider and divider chain
of LO chain

Power down control for feedback frequency divider and divider chain of the LO
chain. By default is enabled.

SDM Power down control for SDM block. By default is enabled.

VCO comparator Power down control for VCO comparator block. By default is enabled.
VCO Power down control for VCO block. By default is disabled.

Enable SXR/SXT Power down control for SXT/SXR block. By default enabled.

module

Direct control

Enabled control of PD and EN. Enabled if selected.

vVCO

Active VCO Selects the active VCO. It is set by SX SWC calibration. By default VCOH selected.
VCO LDO output Controls VCO LDO output voltage. Control range from 0 to 255. By default set to
voltage 185.

Scales VCO bias current

Scales the VCO bias current from 0 to 2.5xInom. Control range from 0 to 255. By
default set to 255.

SXT/SXR controls

Reset SX

Resets SX when enabled. A pulse should be used in the start-up to reset. By default
disabled.

Bypass SX LDO

Controls the bypass signal for the SX LDO. By default LDO is bypassed.

Enable current limit

Enables the output current limitation in the VCO regulator. By default enabled.

Enable INTEGR N
mode

Enables INTEGER-N mode of the SX. By default SX is set to Frac-N mode.

Reverse SDM clock

Inverts DSM clock. By default clock is not inverted.

Bypass noise filter

Bypasses the noise filter resistor for fast settling time. By default the speed up is not

resistor enabled.
Enable coarse tuning Enable signal for coarse tuning block.
Reverse pulses of PFD Inverts the pulses of PFD block. It can be used to reverse the polarity of the PLL

loop. By default the clock is not inverted.

Enable SDM clock

Enables SDM clock Enabled by default.

Enable dithering in SDM | Enabled dithering in SDM. Disabled by default.

Enable additional DIV2 Enables additional DIV2 prescaler at the input of the programmable divider. The core

prescaler of programmable divider in the SX feedback divider works up to 5.5 GHz. For
FVCO > 5.5 GHz, the prescaler is needed to lower the input frequency. By default
prescaler is not enabled.

Test mode of SX Controls the test mode of the SX. Available test modes:

0: TST disabled. By default test mode disabled.

1: tstdo[0]=REFCLK & tstdo[1]=DIV_CLK & tstdo[2]=CLK_ SDM
2: tstao[0] vco_vtune through a 50Kohm resistor

4: tstao[0] vco_vtune through a 10Kohm resistor

5: tstdo[0]=PFD UP & tstdo[1]=PFD DN

Clock source for SDM

Selects the clock source for the SDM (external REF clock or feedback divider output)

Reference voltage

Sets the reference voltage for varactor. By default setto 1.6 V.

Scales offset of charge
pump

Scales the offset current of the charge pump block. Control range from 0 to 15 uA.
This current is used in Fran-N mode to create an offset in the CP response and avoid
the non-linear section. By default set to 2.9 uA.

Scales pulse current of
charge pump

Scales the pulse current of the charge pump block. Control range from OuA to 145.6.
By default set to 145.6.

CSW_VCO

Coarse control of VCO frequency, 0 for lowest frequency and 255 for highest. This
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| control is set by SX_SWC calibration. Default value set to 128.

PLL loop filter

CP2 Control for CP2 value (cap from CP output to GND) of the PLL loop filter. Control
range from 0 fF to 34830 {F. Default value 13932 fF.

CP3 Control for CP3 value (cap from CP output to GND) of the PLL loop filter. Control
range from 0 fF to 88200 fF. Default value 41160 fF.

Cz Control for CZ value of the PLL loop filter. Control range from 0 fF to 705.6 fF.
Default value 517.44 fF.

7.16 Application Note on Tuning PLLs on LMS7002M

The LMS7002M has three synthesisers: SXT, SXR and CLKGEN. The LMS 7 Suite Software
uses a simple tuning algorithm to control these. The minimum and maximum frequencies of
each VCO are defined in the “VCO PARAMS” control for each VCO. This allows linear
interpolation of CSW_VCO control when using the “Tune” control. Further frequencies could
be added to the “VCO PARAMS” table to allow quadratic or cubic interpolation.

The LMS7002M also provides two comparators to detect if the VCO tuning voltage is within the
recommended limits. These comparators are read with the “Read” or “Read CMP” buttons, after
the “Tune” process has been carried out. When the PLL is successfully locked, the low
comparator should be “1” and the high comparator “0”. If the comparators are both “0”, or both
“1”, then the tuning voltage is outside the recommended range.

For best phase noise and best protection against drift the following procedure is recommended.
The “Tune” button gives a nominal value for CSW_VCO. The value of CSW_VCO is manually
increased until the tuning comparators report the tune voltage is out of range. The last good
CSW_VCO value, CSW_VCOnmax , 1s noted. Then CSW_VCO is manually decreased until the
tuning comparators report that the tune voltage is out of range. The last good CSW_VCO,
CSW_VCOnmin, is also noted. The average of the two extreme CSW_VCO values is the optimum
CSW_VCOpt which will give good phase noise and protection against drift.

CSW _VCO,ax + CSW_VCOpin
2

CSW _VCO,p; =
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7.17 LimeLight & PAD

This tab controls the LMS7002M digital interface configuration. The 1O cell controls are
described in the chapter tables.

LMS 7 Suite Control port: COM3 - olEd

File Options Modules Help
Configuring Channels

New | open | swve  Active Ch: A GUI --> Chip | | Chip--> GUI Reset [lBoth ® A/SKR () B/SKT

ations | Board Setup | RFE RBB TRF TBB AFE BIAS LDO XBUF | CLKGEN | SXT/SXR Limelight 8 PAD | TxTSP | RxTSP | CDS MCU | BIST SPI

LimeLight modes

ull up of TX_CLK pad ngage pull up of RX_CLK pad [¥] Enable LimeLight interface
2ge pull up of SDA pad age pull up of SCL pad Frame start for Port 1 Frame start for Port 2
age pull up of SDIO pad age pull up of SDO pad o o
ull up of SCLK pad ull up of SEN @0 O1 @0 O
age pull up of DIQ2 pad age pull up of IQSELEN 2pad |t port 1 mode Limelight part 2 mode
age pull up of TXNRX2 pad age pull up of FCLK2 pad
age pull up of MCLK2 pad age pull up of DIQ1 pad OTRKIQ  @JESD207  (OTRXIQ @ JESD207
age pull up of IQ_SEL_EN_1 pa age pull up of TXNRX pad )
[¥] Engage pull up of FCLK1 pad [¥]Engage pull up of MCLK1 pad Port 1 mode selection Part 2 mode selection
@RaIQ OTNQ ORXIQ ®TXIQ
UNGROUPED
memory Tx MIMO ch. B RxFIFO data source RXTSP v
memory T« MIMO ch. A _
mory Rx MIMO ch. B Data transmit port to TSP | Port 1 v
memory RxMIMO ch. A" pisable MIMO channel B | Enables M ani
e
ntrol

MIMO acc:

SPI mode

SDApad ~ SCLpad ~ SDIOpad ~ DIQ2pad DI pad

@4mA  @4mA @4mA  @4mA  @4mA

Osma O8ma O8mA  (Oema  (O8ma

Power Control

v Rev 1 Mask 0 Read

[ Enable R MIMO ch. B [¥] Enable Rx MIMO ch. A

[ Enable Tx MIMO ch. B [¥] Enable Tx MIMO ch. A
[18:04:27] CSW_VCO selected 33 ~ | Clear
[12:04:27] VCO tuning SXT/SXR finished |

Controk: EVBT_v2 FW:0 HW:0 Protocol:1 Data: Not Connected

Figure 41 GUI Limelight & PAD Modes tab

The LimeLight tab has two sections:
e Modes
e Sample position & Clock

A picture of the tab is shown in Figure 41. A description of each function available in the
‘Modes’ tab is shown below in Table 18.

Table 18 GUI Limelight&PAD Modes control description

Parameter | Description
Pull up control

Engage pull up of TXCLK pad Controls Pull up resistor of TX CLK pad. Pull-up enabled by default.
Engage pull up of SDA pad Controls Pull up resistor of SDA pad. Pull-up enabled by default.
Engage pull up of SDIO pad Controls Pull up resistor of SDIO pad. Pull-up enabled by default.
Engage pull up of SCLK pad Controls Pull up resistor of SCLK pad. Pull-up enabled by default.
Engage pull up of DIQ2 pad Controls Pull up resistor of DIQ2 pad. Pull-up enabled by default.
Engage pull up of TXNRX2 pad Controls Pull up resistor of TXNRX2 pad. Pull-up enabled by default.
Engage pull up of MCLK2 pad Controls Pull up resistor of MCLK2 pad. Pull-up enabled by default.
Engage pull up of IQSELENI1 pad | Controls Pull up resistor of IQSELEN1 pad. Pull-up enabled by default.
Engage pull up of FCLK1 pad Controls Pull up resistor of FCLK 1 pad. Pull-up enabled by default.
Engage pull up of RXCLK pad Controls Pull up resistor of RXCLK 1 pad. Pull-up enabled by default.
Engage pull up of SCL pad Controls Pull up resistor of SCL pad. Pull-up enabled by default.
Engage pull up of SDO pad Controls Pull up resistor of SDO pad. Pull-up enabled by default.
Engage pull up of SEN pad Controls Pull up resistor of SEN pad. Pull-up enabled by default.
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Engage pull up of IQSELEN2 pad

Controls Pull up resistor of IQSELEN2 pad. Pull-up enabled by default.

Engage pull up of FCLK?2 pad

Controls Pull up resistor of FCLK2 pad. Pull-up enabled by default.

Engage pull up of DIQ1 pad

Controls Pull up resistor of DIQ1 pad. Pull-up enabled by default.

Engage pull up of TXNRX1 pad

Controls Pull up resistor of TXNRX1 pad. Pull-up enabled by default.

Engage pull up of MCLK1 pad

Controls Pull up resistor of MCLK1 pad. Pull-up enabled by default.

Reset Signals

Logic registers Tx MIMO ch. B

Resets all registers to the default state for Tx MIMO channel B logic. By
default RESET inactive.

Logic registers Tx MIMO ch. A

Resets all registers to the default state for Tx MIMO channel A logic. By
default RESET inactive.

Logic registers Rx MIMO ch. B

Resets all registers to the default state for Rx MIMO channel B logic. By
default RESET inactive.

Logic registers Rx MIMO ch. A

Resets all registers to the default state for Rx MIMO channel A logic. By
default RESET inactive.

Rx FIFO soft reset

Soft reset of LimeLight RX FIFO registers. By default RESET inactive.

Configuration memory Tx MIMO
ch. B

Resets configuration memory to the default state for Tx MIMO channel B
logic. By default RESET inactive.

Configuration memory Tx MIMO
ch. A

Resets configuration memory to the default state for Tx MIMO channel A
logic. By default RESET inactive.

Configuration memory Rx MIMO
ch. B

Resets configuration memory to the default state for Rx MIMO channel B
logic. By default RESET inactive.

Configuration memory Rx MIMO
ch. A

Resets configuration memory to the default state for Rx MIMO channel A
logic. By default RESET inactive.

Tx FIFO soft reset

Soft reset of LimeLight TX FIFO registers. By default RESET inactive.

Driver strength

SDA pad Set SDA pad driver strength to 4mA or 8 mA. By default set to 4 mA.
SCL pad Set SCL pad driver strength to 4mA or 8 mA. By default set to 4 mA.
SDIO pad Set SDIO pad driver strength to 4mA or 8 mA. By default set to 4 mA.
DIQ2 pad Set DIQ2 pad driver strength to 4mA or 8 mA. By default set to 4 mA.
DIQ1 pad Set DIQ1 pad driver strength to 4mA or 8 mA. By default set to 4 mA.

Power Control

Enable Rx MIMO ch. B

Enables Rx MIMO B channel. Enabled by default.

Enable Tx MIMO ch. B

Enables Tx MIMO B channel. Enabled by default.

Enable Rx MIMO ch. A

Enables Rx MIMO A channel. Enabled by default.

Enable Tx MIMO ch. A

Enables Tx MIMO A channel. Enabled by default.

LimeLight modes

Enable LimeLight interface

Enables LimeLight interface. By default enabled.

Frame start for Portl

Selects frame start ID for Port 1, can be set to ‘0’ or ‘1°. By default set to
0.

Frame start for Port2

Selects frame start ID for Port 2, can be set to ‘0’ or ‘1°. By default set to
‘0.

LimeLight port] mode

Select mode for Port 1: T TRXIQ or JESD207. By default set to JESD207.

LimeLight port2 mode

Select mode for Port 2: T TRXIQ or JESD207. By default set to JESD207.

Port 1 mode selection

IQSEL selection for Port 1: RXIQ or TXIQ. By default set to RXIQ.

Port 2 mode selection

IQSEL selection for Port 2: RXIQ or TXIQ. By default set to TXIQ.

UNGROUPED

RxFIFO data source

RxFIFO data source selection: RxTSP, TxFIFO, LFSR. By default set to
RxTSP.

Data transmit port to TSP

Port selection for data transmit to TSP.

Disable MIMO channel B

MIMO channel B enable control.

SPI mode

SPI mode control.

MIMO access control

MIMO access control.
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LMS 7 Suite Control port: COM3
File Options Modules Help

new | open  save  Active Ch: A GUI--> Chip | | Chip--> GuI Reset

Calibrations | Board Setup | RFE  |RBB | TRF | TBB | AFE |BIAS |LDO |XBUF | CLKGEN | SXT/SXR| Limelight &PAD TyTsP | RéTSP | CDS
Modes | Sample position & Clockt

Sample source when Port 1is RF2BB  Sample positions when Port 1is BB2RF  Clock controls Direction controls

Position 3 | BO v BQsampleposition | position 3 w|  TXFIFOread TXTSPCLK v
Position2 | Bl v| Blsampleposition |position2 v TxFIFO write FCLKT v
Position 1| AQ v AQsample position | position 1 | RxFIFOread MCLE2 vl C
Position 0| Al v|  Alsampleposition | position® v RxFIFO write clock source | RTSPCLK v DIQ2 direction
Sample source when Port 2is RF2BB |~ Sample positions when Port 2is BB2RF  MCLK2 clock source RxTSPCLKA after divider v| () Output
Position 3 | BQ v BQsample position | position 3 v MCLKT clock source TXTSPCLKA sfter divider v| @ Input
Position 2 | BI v| Blsampleposition |posiion2 | T¥TSPCLKA clock divider |255 V! ENABLEZ mode
Position 1| AQ v|  AQ sample position | position 1 v RATSPCLKA clock divider | 255 Y] @ Automatic
pesitiont) 21 ] mssmieposson |postion0 v | LJEmbeTrcockhitr IEReRecod vidn
mti;gg ENABLE2 direction
(O Qutput
® Input
LMLT ML2

Clock cycles to wait before data drivestop | 1 Clock cycles to wait before data drivestop | 1

Clock cycles to wait before data drive start | 1 Clock cycles to wait before data drive start | 1

Clock cycles to wait before data capture stop | 1 Clock cycles to wait before data capture stop | |

<lel<|<
<lel<]<

Clock cycles to wait before data capture start | 1 Clock cycles to wat before data capture start | 1

[18:04:27] CSW_VCO selected 33
[18:04:27] VCO tuning SXT/SXR finished

Control: EVB7_v2 FW:0 HW:0 Protocol: 1 Data: Not Connected

[JBoth @ A/sxR (O B/SXT

- SN

Configuring Channels

MCU | BIST | SPI

DIC1 direction

O Output

®) Input

ENABLET mode

® Automatic

O Manual
ENABLE direction
O Qutput

® Input.

~ | Clear

v | Log

Figure 42 GUI Limelight & PAD Sample position tab

A picture of the tab is shown in Figure 42. Description of each function available from the

‘Sample position & Clock’ page is shown below in 7able 19.

Table 19 GUI Limelight&PAD Sample position control description

Parameter I Description
Sample source when Portl is RF2BB
Position 3 Select sample source of the position 3: BQ, BI, AQ or Al. By default BQ is selected.
Position 2 Select sample source of the position 2: BQ, BI, AQ or Al. By default BI is selected.
Position 1 Select sample source of the position 1: BQ, BI, AQ or Al. By default AQ is selected.
Position 0 Select sample source of the position 0: BQ, BI, AQ or Al. By default Al is selected.
Sample source when Port2 is RF2BB
Position 3 Select sample source of the position 3: BQ, BI, AQ or Al. By default BQ is selected.
Position 2 Select sample source of the position 2: BQ, BI, AQ or Al. By default Bl is selected.
Position 1 Select sample source of the position 1: BQ, BI, AQ or Al By default AQ is selected.
Position 0 Select sample source of the position 0: BQ, BI, AQ or Al. By default Al is selected.

Sample source when Portl is BB2RF

BQ sample position

Select BQ sample position in frame. Position: 3, 2, 1, or 0. By default position set to 3.

BI sample position

Select BI sample position in frame. Position: 3, 2, 1, or 0.

By default position set to 2.

AQ sample position

Select AQ sample position in frame. Position: 3, 2, 1, or 0. By default position set to 1.

Al sample position

Select Al sample position in frame. Position: 3, 2, 1, or 0.

By default position set to 0.

Sample source when Port2 is BB2RF

BQ sample position

Select BQ sample position in frame. Position: 3, 2, 1, or 0. By default position set to 3.

BI sample position

Select BI sample position in frame. Position: 3, 2, 1, or 0.

By default position set to 2.

AQ sample position

Select AQ sample position in frame. Position: 3, 2, 1, or 0. By default position set to 1.

Al sample position

Select Al sample position in frame. Position: 3, 2, 1, or 0.

By default position set to 0.

Clock controls

TX FIFO read clock Select TX FIFO read clock source: TxTSPCLK, FCKL1 or FCKL2. By default
source TxTSPCLK is selected.

TX FIFO write clock Select TX FIFO write clock source: FCKL1, FCKL2 or RxTSPCLK. By default FCKL1
source is selected.

RX FIFO read clock Select RX FIFO read clock source: MCKL1, MCKL2, FCKLI1 or FCKL2. By default
source MCKL2 is selected.
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RX FIFO write clock
source

Select RX FIFO write clock source: FCKL1, FCKL2 or RxTSPCLK. By default
RxTSPCLK is selected.

MCLK2 clock source

Select MCKL2 clock source from: RXTSPCLKA, TxTSPCLKA, RxTSPCLKA after
divider or TXTSPCLKA after divider. By default RXTSPCLK after divider is selected.

MCLK1 clock source

Select MCKLI1 clock source from: RXTSPCLKA, TxTSPCLKA, RxTSPCLKA after
divider or TXTSPCLKA after divider. By default TXTSPCLK after divider is selected.

TxTSPCLKA clock TxTSP clock divider, used to produce MCLK(1/2) clocks. Control range from 0 to 255.
divider By default set to 255.
RxTSPCLKA clock RxTSP clock divider, used to produce MCLK(1/2) clocks. Control range from 0 to 255.
divider By default set to 255.
Enable Tx clock divider | Enables Tx clock divider. Set to enable by default.
FCLK1 invert Inverts FCLK1 clock. By default clock is not inverted.
Enable Rx clock divider | Enables Rx clock divider. Set to enable by default.
FCLK2 invert Inverts FCLK2 clock. By default clock is not inverted.
MCLKIDLY Select MCLK1 clock delay. By default clock not delayed.
MCLK2DLY Select MCLK?2 clock delay. By default clock not delayed.
Direction controls
DIQ2 mode DIQ?2 direction control mode. By default set to Automatic.
DIQ1 mode DIQ1 direction control mode. By default set to Automatic.

DIQ?2 direction

DIQ?2 direction. By default set to Input.

DIQ1 direction

DIQ1 direction. By default set to Input.

ENABLE2 mode

ENABLE?2 direction control mode. By default set to Automatic.

ENABLEI mode

ENABLE] direction control mode. By default set to Automatic.

ENABLE2 direction

ENABLE?2 direction. By default set to Input.

ENABLE]I direction

ENABLE] direction. By default set to Input.

LML1

Clock cycles to wait
before data drive stop

Controls the number of clock cycles to wait before data drive stop after burst stop is
detected in JESD207 mode on Port 1 and Port 1 is transmitter. By default set to 1.

Clock cycles to wait
before data drive start

Controls the number of clock cycles to wait before data drive stop after burst start is
detected in JESD207 mode on Port 1 and Port 1 is transmitter. By default set to 1.

Clock cycles to wait
before data capture stop

Controls the number of clock cycles to wait before data capture stop after burst stop is
detected in JESD207 mode on Port 1 and Port 1 is receiver. By default set to 1.

Clock cycles to wait
before data capture start

Controls the number of clock cycles to wait before data capture stop after burst start is
detected in JESD207 mode on Port 1 and Port 1 is receiver. By default set to 1.

LML2

Clock cycles to wait
before data drive stop

Controls the number of clock cycles to wait before data drive stop after burst stop is
detected in JESD207 mode on Port 1 and Port 1 is transmitter. By default set to 1.

Clock cycles to wait
before data drive start

Controls the number of clock cycles to wait before data drive stop after burst start is
detected in JESD207 mode on Port 1 and Port 1 is transmitter. By default set to 1.

Clock cycles to wait
before data capture stop

Controls the number of clock cycles to wait before data capture stop after burst stop is
detected in JESD207 mode on Port 1 and Port 1 is receiver. By default set to 1.

Clock cycles to wait
before data capture start

Controls the number of clock cycles to wait before data capture stop after burst start is
detected in JESD207 mode on Port 1 and Port 1 is receiver. By default set to 1.

Direction controls

DIQ2 mode

DIQ?2 direction control mode for port 2. Set to Automatic by default.

DIQ1 mode

DIQI direction control mode for port 1. Set to Automatic by default.

DIQ?2 direction

DIQ2 direction. Set to input by default.

DIQ1 direction

DIQI direction. Set to input by default.

ENABLE2 mode

ENABLE2 direction control mode. Set to Automatic by default.

ENABLEI mode

ENABLE! direction control mode. Set to Automatic by default.

ENABLE?2 direction

ENABLE2 direction. Set to input by default.

ENABLE]1 direction

ENABLE] direction. Set to input by default.
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7.18 TxTSP

The Tx_TSP tab controls the digital blocks of TXTSPA and TxTSPB modules.

O LMS 7 Suite Control port: COM3 - oIEN
File Options Modules Help
a Configuring Channels
new | open | sae  Active Ch: A GUI--> Chip | | Chip--> GUI Reset Wty (e OEST
Calibrations | Board Setup | RFE | R8B | TRF | T8 |AFE |BiAs |LDO |XBUF | CLKGEN | sXT/skR | Limelight & PAD| TxTSP | RTsP |cDs  |mMcu | BT | spi
BIST 10 Corrector NCO TS6
BIST state Gain ch. @ 2047 v|  Mode  FCW v NCO bits to dither, 1 v Swap | and Q signal
BIST signature ch.| 777 sources from T5G
BIST signsture ch. Q 777 Gain ch. | 1882 v FOW(MHz) PHO Anale TSGFCW
Clstort BiST TS Phase corrector -a7 v o 0.000000 [] 0.0000 OTsP die
Alpha 0 O | 0000000 [] 0.0000 @ TSP cli/s
DC Corrector Interpolation O [ 0.000000 0 00000 TSGMODE
DCch.| v HBl ratio 2M v| O] 0000000 [] 0.0000 ONCo
DCch.Q v © | 0.000000 [ 0.0000 ®DC source
Calibrate DC RF LOOP O | 0000000 [ 0.0000 Input source
Bypass GFIR1 © | 0.000000 [ 0.0000 ® LML sutput
[l cmix [ClisiNe Length 0 ~| O [ 0000000 0 0.0000 () Test signal
[¥IGFIR3 [VIGFIR2 S : D) Test signa
GFIR1 []DC corrector Clock Division Ratio: | 0 ¥| O | 0.000000 0 0.0000 TSGFC
] Gain corrector [_] Phase corrector Cocfficients © 0000000 o 50000 ® -5
GFIR2 GFIR3 O [ 0.000000 [) 0.0000 O Full scale
Length v| Length 0 ¥ (| 0.000000 0 0.0000 DC_REG(hex):
Clock Division Ratio: | 0 | Clock Division Ratio: | 0 Y| o oo o 00000 7
Cocfficients Cocficients © [ 0000000 0 00000 Loadto DC|
Enable TTSP CMIX Spectrum control O 0000000 0 00000 Load to DCQ
CMIX_GAIN | 0 dB v @ Upconvert () Downconvert - [0.000000 0 0.0000
Upload NCO | | Set Reference Clic | RefClk(MHz): 61.430999
[18:06:23] Tx ch. 1 NCO configured | Clear
[18:06:23] Rx ch. 1 NCO configured | =
Control: EVB7_v2 FW:0 HW:0 Protocok] Data: Not Connected

Figure 43 GUI TxTSP tab

A picture of the tab is shown in Figure 43. A description of each function available in this tab is
shown below in Table 20.

Table 20 GUI TxTSP control description

Parameter Description
Enable TxTSP Enables TxTSP modules enable. Enabled by default.
CMIX GAIN CMIX gain control. Control range from -6 dB to +6 dB. Step size 6 dB. Set to 0 dB by

default.

CMIX Spectrum control

Spectrum control of CMIX. By default set to downconvert.

Start BIST

Starts TxTSP built-in self-test. Keep it at 1 one at least three clock cycles.

Bypass

CMIX Bypass CMIX module when selected.
GFIR3 Bypass GFIR3 module when selected.
GFIR1 Bypass GFIR1 module when selected.
Gain correction Bypass Gain correction module when selected.
ISINC Bypass ISINC module when selected.
GFIR2 Bypass GFIR2 module when selected.

DC Correction

Bypass DC correction module when selected.

Phase corrector

Bypass Phase correction module when selected.

GFIR1

Length Set GFIR parameter 1. Control range from 0 to 7.
Clock Division Ration Sets GFIR filter clock division ration. Control range from 0 to 255.
Coefficients Sets/Load GFIR filters coefficients. By default all set to 0.
GFIR2
Length Set GFIR parameter 1. Control range from 0 to 7.

Clock Division Ration

Sets GFIR filter clock division ration. Control range from 0 to 255.
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Coefficients | Sets/Load GFIR filters coefficients. By default all set to 0.
GFIR3
Length Set GFIR parameter 1. Control range from 0 to 7.
Clock Division Ration Sets GFIR filter clock division ration. Control range from 0 to 255.
Coefficients Sets/Load GFIR filters coefficients. By default all set to 0.
DC Corrector
DCch.1 Sets DC corrector value to channel 1. Control range from -128 to 128. By default 0.
DC ch. Q Sets DC corrector value to channel Q. Control range from -128 to 128. By default 0.
1Q Corrector
Gain ch. Q Sets Gain corrector value to channel Q. Control range from 0 to 2047. By default 2047.
Gain ch. | Sets Gain corrector value to channel I. Control range from 0 to 2047. By default 2047.

Phase corrector

Sets Phase corrector value. Control range from 0 to 2047. By default 0.

Interpolation

HBI ratio

Sets HBI interpolation ratio. Possible control values 2, 4, 8, 16, 32 and bypass. By
default bypassed.

TSG

Swap I and Q signal
source from TSG

Swap 1Q signals at test signal generator's output. By default not selected.

TSGFCW Select frequency generated by test NCO. By default TSG frequency set to the TSP clock
divided by 8.
TSGMODE Select test signal generator mode: NCO or DC. By default NCO is selected.
Input Source Select input source to TSP: LML output or TSG. By default LML output is selected.
TSGC TSG full scale control: 0 dB or -6 dB. By default set to -6 dB.
Load DCto | Load TSG DC I register with value from DC REG (hex) box.
Load ED to Q Load TSG DC Q register with value from DC REG (hex) box.
NCO
Mode Selects the CW or PHO (Phase offset) mode for NCO.
NCO bits to dither Selects number of bits for NCO dithering.
FCW(MHz) Type wanted NCO frequency.
Set Reference Clk Set reference frequency for NCO. The frequency the same as TSP block.
Upload NCO Program NCO

73| Page

© Copyright Lime Microsystems Proprietary and Confidential

Version: 2.6

Last modified: 30/10/2015




LMS7002M Quick Starter Manual for EVB7 kit

7.19 RxTSP

The Rx_ TSP tab controls the digital blocks of RxTSPA and RxTSPB modules. A picture of the
tab is shown in Figure 44. A description of each function available in this tab is shown below

in Table 21.

O LMS 7 Suite Control port: COM3 - oIEN
File Options Modules Help
a Configuring Channels
new | open | sae  Active Ch: A GUI--> Chip | | Chip--> GUI Reset Wty (e OEST
Calibrations | Board Setup |[RFE | R88  |TRF  [T8B  |afe |Bias [1Do | xBUF | cikaeN | sx1/sxR | Limelight & paD| TaTsP | RATSP [cos  |mcu [BisT [smi
Ungrouped NCO TS6
CMIX spectrum control ~ ADCE 727 ADCCE M Mode: | FCW v INCO bits to dither| 1 v Swap | and Q signal
® Upeonver BIsTE 7 BsTa: Fcwiig oo Anate sources from TSG
- BSTATE|: 777 BSTATE Gz 777 ) a TSGFCW
O Downconvert @® | 0.000000 0 0.0000 - .
RSSl: m Read QTSP clks8
© | 0.000000 0 0.0000 ® TSP clkyd
CMIX_GAIN | 0 dB v| [ Enable RaTSP [ Start BIST - TSP el
© | 0.000000 0 0.0000 TSGMODE
DC Corrector Decimation -
© | 0.000000 0 0.0000 @NCo
Number of samples 2412 v|  HBD ratio I S
> [ 0.000000 0 0.0000
Bypass GFIRT - -/ DC source
Clemix ace Length . 21 O [ 0000000 0 0.0000 Input source
[¥I GFIR3 [¥] GFIRZ o) .
I GFRI TJDCeomector | ClockDivision Ratioz 0 | © | 200000 o 0.0000 @®4ADC
[] Gain comrector [ Phase corrector E—— O [ 0.000000 0 0.0000 O Test signal
- e > [ 0.000000 0 0.0000 TSGFC
Length 0 v Length 0 o O | 0.000000 0 0.0000 @ -6dB
Clock Division Ratio: | 0 v Clock Division Ratio: | 0 v O] 0.000000 0 0.0000 O Full scale
— —— O [ 0.000000 0 0.0000 DC_REG(hex):
. 0
AGC 10 Corrector ) | 0.000000 0 0.0000
AGC loap gain 0 2 Gainch.Q 057 v O 0000000 0 0.0000 e el
AGC Averaging window size 3410 v |  Gain ch.| 1994~ O 0000000 0 0.0000 ezl
Desired output signal level [ | Phase comector | -3 v| O [ 0000000 0 0.0000
AGC Made AGC v Alpha ] Upload NCO | | Set Reference Clk | RefCliiMHz): 15360000
[18:06:55] Tx ch. 1 NCO configured | Clear
[18:06:55] Rx ch. 1 NCO configured |
Control: EVB7_v2 FW:0 HW:0 Protocol:1 Data: Not Connected

Figure 44 GUI RxTSP tab

Table 21 GUI RxTSP control description

Parameter Description
Enable RxTSP Enables TxRSP modules enable. Enabled by default.
CMIX GAIN CMIX gain control. Control range from -6 dB to +6 dB. Step size 6 dB. Set to 0 dB by

default.

CMIX Spectrum control

Spectrum control of CMIX. By default set to downconvert.

Start BIST

Starts RXTSP built-in self-test. Keep it at 1 one for at least three clock cycles

Bypass

CMIX Bypass CMIX module when selected.

GFIR3 Bypass GFIR3 module when selected.

GFIR1 Bypass GFIR1 module when selected.

Gain correction Bypass Gain correction module when selected.
AGC Bypass AGC module when selected.

GFIR2 Bypass GFIR2 module when selected.

DC Correction

Bypass DC corrector module when selected.

Phase correction

Bypass Phase corrector module when selected.

GFIR1

Length Set GFIR parameter 1. Control range from 0 to 7.
Clock Division Ration Sets GFIR filter clock division ration. Control range from 0 to 255.
Coefficients Sets/Load GFIR filters coefficients. By default all set to 0.
GFIR2
Length | Set GFIR parameter 1. Control range from 0 to 7.
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Clock Division Ration

Sets GFIR filter clock division ration. Control range from 0 to 255.

Coefficients Sets/Load GFIR filters coefficients. By default all set to 0.
GFIR3
Length Set GFIR parameter 1. Control range from 0 to 7.
Clock Division Ration Sets GFIR filter clock division ration. Control range from 0 to 255.
Coefficients Sets/Load GFIR filters coefficients. By default all set to 0.

DC Corrector

Numbers of samples

Select the number of samples to average for Automatic DC corrector.

1Q Corrector

Gain ch. Q

Sets Gain corrector value to channel Q. Control range from 0 to 2047. By default 2047.

Gain ch. I

Sets Gain corrector value to channel I. Control range from 0 to 2047. By default 2047.

Phase corrector

Sets Phase corrector value. Control range from 0 to 2047. By default 0.

Decimation

HBD ratio

Sets HBD interpolation ratio. Possible control values 2, 4, 8, 16, 32 and bypass. By
default bypassed.

TSG

Swap I and Q signal
source from TSG

Swap 1Q signals at test signal generator's output. By default not selected.

TSGFCW Select frequency generated by test NCO. By default TSG frequency set to the TSP clock
divided by 8.
TSGMODE Select test signal generator mode: NCO or DC. By default NCO is selected.
Input Source Select input source to TSP: ADC input or TSG. By default LML output is selected.
TSGC TSG full scale control: 0 dB or -6 dB. By default set to -6 dB.
Load DCto | Load TSG DC I register with value from DC REG (hex) box.
Load ED to Q Load TSG DC Q register with value from DC REG (hex) box.
NCO
Mode Selects the CW or PHO (Phase offset) mode for NCO.
NCO bits to dither Selects number of bits for NCO dithering.
FCW(MHz) Type wanted NCO frequency.
PHO Type wanted PHO frequency.
Set Reference Clk Set reference frequency for NCO. The frequency is the same as the TSP block.
Upload NCO Program NCO
AGC
AGC Mode Selects the AGC mode: Bypass, AGC, RSSI mode.
AGC loop gain Selects AGC loop gain.
AGC Average window AGC averaging window size is 2(A0CAVG+7),
size

Desired output level

Selects desired output signal level
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7.20 CDS

The Clock Distribution System (CDS) controls are described in this this chapter.

LMS 7 Suite Control port: COM3

File Options

New | | Open

Calibrations

[ TX TSPE:
TATSPA
RXTSPB
RXTSPA
TXLMLB
TXLMLA
RX LMLB

2
5
&

MCLK2
MCLK1

REERNRRREE o

=3
2

Modules Help

Board Setup | RFE
Clock delay
MCLK2
(@) 400ps.
O 500ps
C 600ps
O 700ps
RXTSP A
® 200ps
() 500ps

RBB

MCLK1

TXLML B
@® 400ps
() 500ps

s« | Active Ch: A

TRF Tee

TXTSP B
(®)400ps
() 500ps
) 600ps
O 700ps
TKLMLA
(® 400ps
(500ps

AFE

TXTSP A
(®) 400ps
O 500ps
() 600ps
(O 700ps
RXLMLB
@® 200ps
() 500ps

BIAS Lpo XBUF | CLKGEN | SXT/SXR | LimeLight & PAD | TxTSP | RxTSP | CDS

RXTSPB

(@) 200ps
() 500ps
() 800ps
O 1100ps

RAXLML A

@ 200ps
() 500ps

Configuring Channels
[Both @ A/SkR O B/SXT
mcu | BisT | spi

Reset

() 800ps.
O 1100ps

() 600ps
(O 700ps

() 600ps.
) 700ps

() 800ps
) 1100ps

() 800ps
(1100ps

[18:06:55] Tx ch. 1 NCO configured
[18:06:55] Rx ch. 1 NCO configured

| Clear

v | Log

Control EVB7_v2 FW:0 HW:0 Pretocel:1 Data: Not Connected

Figure 45 GUI CDS tab

A picture of the tab is shown in Figure 45. A description of each function available in this tab is
shown below in Table 21.

Table 22 GUI CDS control description

Parameter | Description
Clock inversion
TX TSPB TX TSP B channel clock inversion controls. By default clock is not inverted.
TX TSPA TX TSP A channel clock inversion controls. By default clock is not inverted.
RX TSPB RX TSP B channel clock inversion controls. By default clock is not inverted.
RX TSPA RX TSP A channel clock inversion controls. By default clock is not inverted.
TX LMLB TX LML interface B channel clock inversion control. By default clock is not inverted.
TX LMLA TX LML interface A channel clock inversion control. By default clock is not inverted.
RX LMLB RX LML interface B channel clock inversion control. By default clock is not inverted.
RX LMLA RX LML interface A channel clock inversion control. By default clock is not inverted.
MCKL2 MCLK2 clock inversion control. By default clock is not inverted.
MCKLI1 MCLKI1 clock inversion control. By default clock is not inverted.
Clock delay
MCLK?2 MCLK2 clock delays. Clock can be delayed by 400 ps, 500 ps, 600 ps and 700 ps. By
default clock delayed 400 ps.
MCLK1 MCLKI clock delays. Clock can be delayed by 400 ps, 500 ps, 600 ps and 700 ps. By
default clock delayed 400 ps.
TX TSP B TX TSP B clock delays. Clock can be delayed by 400 ps, 500 ps, 600 ps and 700 ps. By
default clock delayed 400 ps.
TX TSP A TX TSP A clock delays. Clock can be delayed by 400 ps, 500 ps, 600 ps and 700 ps. By
default clock delayed 400 ps.
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RX TSP B RX TSP B clock delay. Clock can be delayed by 200 ps, 500 ps, 800 ps and 1100 ps. By
default clock delayed 200 ps.

RX TSP A RX TSP A clock delay. Clock can be delayed by 200 ps, 500 ps, 800 ps and 1100 ps. By
default clock delayed 200 ps.

TX LML B TX LML B clock delay. Clock can be delayed by 400 ps, 500 ps, 600 ps and 700 ps. By
default clock delayed 400 ps.

TX LML A TX LML A clock delay. Clock can be delayed by 400 ps, 500 ps, 600 ps and 700 ps. By
default clock delayed 400 ps.

RX LML B RX LML B clock delay. Clock can be delayed by 200 ps, 500 ps, 800 ps and 1100 ps. By
default clock delayed 200 ps.

RX LML A RX LML A clock delay. Clock can be delayed by 200 ps, 500 ps, 800 ps and 1100 ps. By
default clock delayed 200 ps.

7.21 BIST

The Build-In Self-Test (BIST) modules for SXT, SXR and CGEN controls are described in this

chapter.

File Options

s |BoardSetup |[RFE |RBB | TRF | TBB | AFE |BIAS | LDO |XBUF | CLKGEN | SXT/SXR | Limelight & PAD| TxTSP | RxTSP | CDS | MCU | BIST  |spi
[1Enzbie CEER BT []Enable SDM_TSTO_CGEN outputs.

[lEnable SXRBIST  []Enable SDM_TSTO_SXR outputs

[JEnable SKTBIST  [] Enable SOM TSTO_SXT outputs

[l Start SDM BIST

BIST signature SXT
BIST signature SXR ?
BIST signature CGEN 777

Read Signature

[18:06:55] Tx ch. 1 NCO configured A | Clear
[18:06:55] Rx ch. 1 NCO configured

LMS 7 Suite Control port: COM3 = = “
Modules  Help

swve | Active Ch: A GUI--> Chip | | Chip--> GUI Reset

Configuring Channels
[Both @ A/SkR O B/SXT

v | Log

Control EVB7_v2 FW:0 HW:0 Pretocel:1 Data: Not Connected

Figure 46 GUI BIST tab

The BIST modules are used for the test proposes only. There is one test vector generator which
supplies the test vectors for CGEN, SXT and SXR modules. After pressing the ‘Read BIST’
button the test results (test vector signature) will be displayed for the selected block.

A picture of the tab is shown in Figure 46. A description of each function available in this tab is
shown below in Table 23.
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Table 23 GUI BIST control description

Parameter | Description
BIST

Enable CGEN BIST Enables CGEN BIST. Disabled by default.
Enable SXR BIST Enables SXR BIST
Enable SXT BIST Enables SXT BIST
Start SDM BIST Starts SDM BIST
Enable SMD TSTO_CGEN | Enables SMD TSTO_CGEN outputs
outputs
Enable SMD TSTO_SXR Enables SMD TSTO_SXR outputs
outputs
Enable SMD TSTO_SXT Enables SMD TSTO_SXT outputs
outputs

7.22 SP1

This is used for test proposes only. Using this tab, every SPI register can be programmed using
the register map description. Every SPI register of the LMS7002M can be read back. A picture of
the tab is shown in Figure 47. A description of each function available in this tab is shown below
in Table 24.

LMS 7 Suite Control port: COM3 = = “

File Options Modules Help
a Configuring Channels

New | open | save  Active Ch: A GUI > Chip | | Chip—> GUI Reset Westh GOET @EST
Calibrations | Board Setup |[RFE | RB8  |TRF |88 |afe |Bias [1po | xBUF | cikae | sx1/sxR | Limelight & paD| TaTsP |Rase [cos | mcu [BisT | sl
LMS Write
Address(Hex): | FFFR Value(Hex): | FFFF CMD Write | Status: 777
LMS Read

. BatchRead | ReadCount: 0 o[ Jsavetofile
Address(Hex): | FFFF CMDRead | ReadValue(Hed: 772

Status: 777 Write Tester [] Triple check data

Switch channel
COASKR CB/SKT @Botn TS witch witesstatc values(BFFFD, DFFFE, DGFFFF) to 00020 register It s not synchronized with the rest of controllogic
Board SPI

Write

Address(Hex): | FFFF | Value(Hex): | FFFF | CMDWrite | Status: 72

Read

Read Value(Hex):7777

Address{Hex): | FFFF CMD Read Status:77?

12C TFP410
Write
Address(Hex): | FF Value{Hex): | FF CMD Write | Status: 777
Read
Address(He: | FF CMD Read Readva'“z(t::z;:;,
[18:06:55] Tx ch. 1 NCO configured A | Clear
[18:06:55] Rix ch. 1 NCO configured |z
Control: EVB7_v2 FW:0 HW:0 Protocol:1 Data: Not Connected
Figure 47 GUI SPI tab
Table 24 GUI SPI control description
Parameter | Description
LMS Write
Address (Hex) Register address in HEX format.
Value (Hex) Register value in HEX format.
Status Previously executed command status.
LMS Read
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Address (Hex) Register address in HEX format.

Read Values (Hex) Register value in HEX format.

Status Previously executed command status.

Batch Read Executes multiple reads from selected register. The read number selected by ReadCount.
ReadCount Set read back function count number.

Write Tester Writes and read to selected register 100 times.

Triple check data When selected repeats function three times.

Save to file

If selected save function results to txt file to selected location.

Switch channel

Selects read/write channel.

Board SPI Write

Address (Hex) Register address in HEX format.
Value (Hex) Register value in HEX format.
Status Previously executed command status.
Board SPI Read
Address (Hex) Register address in HEX format.
Read Values (Hex) Register value in HEX format.
Status Previously executed command status.
12C TFP410 Write
Address (Hex) Register address in HEX format.
Value (Hex) Register value in HEX format.
Status Previously executed command status.
12C TFP410 Read
Address (Hex) Register address in HEX format.
Read Values (Hex) Register value in HEX format.
Status Previously executed command status.
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Appendix A: Test Equipment Setup

8.1 Introduction

This section lists the recommended test equipment to use with the EVB7. It also provides
detailed setup procedures for the Agilent MXG when used with EVB7. Note the set up procedure
is only required when using the analogue TX inputs of the LMS7002M. This procedure is not
required when the LMS7002M chip is driven digitally by a baseband processor.

8.2 Recommended Test Equipment

The following test equipment is recommended for the testing of EVB7. It is possible to use other
test equipment, but the alternatives may not provide all the necessary features.

e N5182A MXG
o Differential Arbitrary Waveform Generator Option 1EL
e N9020A MXA DC - 6 GHz
o NF personality
o Phase Noise personality
o WCDMA personality
o LTE personality
e Agilent Power Supply 5V
e Agilent 384C Noise Source
o 15dB ENR
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8.3 Agilent MXG Setup

The front panel of the MXG is shown in Figure 48.

Front Panel Overview —N5181A/82A MXG

5. Arrows and Select 8.Trigger
7.MENUS 11. Preset
4. Numeric 9. Local and User
1.Host USB 2. Display 3. Softkeys Keypad Cancel/(Esc) 10. Help Preset
| 6. Page Up [
= - ) &) % o= 1
| | o OO0 &E 0 @ - [ =
=z = 000 EE0eREEE O
e 200
s o @& ED S
f | 18.Knob 16. | Input I 12. RF
! I’\u!plﬂ
21. More and LED | | 17. Q Input

15. Page Down

22. Power Switch and LEDs 20. Return 19. Incr Set 14. Mod On/Off and LED

13. RF On/Off and LED

Figure 48 Agilent N51814/824 MXG Front Panel

8.3.1. Setting Common Mode Voltage

To apply 0.3 V common mode offset voltage to the IQ outputs:

Press ‘1Q’ button (24)

Press ‘1Q offsets (on/off)’ softkey (3. softkey 4)

Press ‘external output adjustments’ softkey (3. softkey 4)

Press ‘Common Mode I/Q offset’ softkey (3. softkey 2)

type 0.3 on number pad (4), press ‘V’ softkey (3. softkey 1)

0.3 V should appear on the display next to the ‘Common Mode I/Q offset’ softkey

Press return
1. Check text next to ‘I/Q Adjustments’ softkey (3. softkey 1) highlights ‘off/@’
il.

Nk L=

alternate between on and off when pressed.

1il. press return

If not press ‘I/Q Adjustments’ softkey (3. softkey 1), highlighted section should

iv. Check text next to ‘I/Q’ softkey (3. softkey 1) highlights ‘off/’
v. If not press ‘I/Q’ softkey (3. softkey 1), highlighted section should alternate

between on and off when pressed

There should now be a 0.3 V common mode voltage on the differential IQ connections on the
signal generator. This can be verified by measuring the DC level of each of the 4 differential I/Q
lines with a multimeter.

Note: Very small DC offset levels in the transmit IQ path can result in LO breakthrough levels

changing in

the transmit chain. To eliminate or minimize this effect the following practices

should be followed:
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e The IQ cables should be of equal length
e Once I/Q gain and phase calibration is completed, connections should not be modified

e (Cables and connections should not be moved once the I/Q gain and phase calibration is
completed

8.3.2. Enabling the Arbitrary Waveform Generator

The arbitrary waveform generator will run test vectors which are downloaded to it. These can be

generated either with Agilent’s “Signal Studio” program or can be generated independently via
“Matlab” or C.

Lime has a number of test vector files which are used for test and calibration of the LMS7002M
as follows:

e DC.wfm — Differential DC tone for TX CW testing (clock 52 MHz)

e onetonel.wfm - single tone at 1 MHz offset for sideband suppression calibration/test
(clock 52 MHz)

e twotone.wfm - two tone signal for linearity testing for MXG and LMS7002M use
MXG IQ scaling factor of 30% (clock 52 MHz)

e wcdma3l.wfm - TM2 WCDMA signal - use MXG IQ scaling factor of 30%
(clock=15.36 MHz)

e EDGE3.wfm - GSM EDGE modulated test signal - (clock=13 MHz)

To download files to the signal generator follow the process described in section §.3.3.
To apply the correct file

Press ‘Mode’ button (23)

Press ‘Dual Arb’ softkey (3. softkey 1)

Press ‘Select waveform’ softkey (3. softkey 2)

Use up/down arrows (5) or spin knob (18) to select the wanted waveform from list.

Press ‘Select waveform’ softkey (3. softkey 1)

The name of the selected waveform should now be present in the display window

The soft key list should have moved up one level back to ‘Arb’

Now change the Arb clock frequency

Press ‘Arb setup’ softkey (3. softkey 3)

0. Press ‘Arb sample clock’ softkey (3. softkey 1)

1. Type in the required frequency on the number pad eg for 13 MHz type ‘13’ and press
‘MHz’ softkey (3. softkey 2)

12. The sample clock frequency should now be displayed on the screen.

13. Now scale the waveform data if necessary

14. Go to the ‘Arb’ softkey menu

a. Either press the ‘return’ button from the ‘Arb setup’ menu or

b. Press the ‘Mode’ button then ‘Dual Arb softkey (3. softkey 1)

e A S e
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15.
16.
17.
18.
19.

20.
21.
22.

23.

24.

8.3.3.

Press the ‘More’ button (21)

Press the “Waveform Utilities’ softkey (3. softkey 2
Use the up/down arrows (5) or spin wheel to the wanted waveform from the list.

Press the ‘scale waveform data’ softkey (3. softkey 2)

Type in the required scaling factor e.g2.25%, type ’25’ on number pad and press ‘%’
softkey (3. softkey 1)

Note — even if the text next to ‘scaling’ softkey already states 25% (for example) this
does not mean it has been applied to the waveform, still follow the process.

Press the ‘Apply to waveform’ softkey (3. softkey 4)

The progress bar will show on screen, soft menu will return to level up (Arb utilities).
Now return to the main ‘Arb’ Menu

a. Press the ‘return’ button twice or

b. Press the ‘Mode’ button then ‘Dual Arb softkey (3. softkey 1)

Check that Arb in enabled

a.“Arb on/off” softkey (3. softkey 1) the text should have on highlighted ‘Oft/ ’

b. If not, press the ‘Arb on/off” softkey (3. softkey 1) to toggle between on and off.

The modulation can be also be toggled on and off by the ‘Mod on/off” button (just above
the RF o/p connector). This must also be on — the green LED must be illuminated.

a. Press the ‘Mod on/off” button to toggle the modulation on and off.

Note — The Mod on/off button turns the modulation on to the RF output and 1Q output
simultaneously. The RF does not need to be on for the IQ outputs to work

Downloading *.wfm Files to the Signal Generator

The following process should allow you to download files to the Agilent signal generator. The
same process works for MXG and ESG.

This can be done via a network, however these instructions assume a direct connection between a
PC running Windows 7 and the signal generator.

Connect a cable between the PC network port and the signal generator LAN port.
Check that the LEDs are illuminated on both ends to indicate that the HW is connected.
Find the IP address of the Signal generator

o Press the ‘Utility’ button

Press the ‘I/O config’ softkey (3. softkey 1)

Press the ‘LAN setup’ softkey (3. softkey 2)

The IP address should now be displayed on the screen

e.g.

IP Address : 192.168.2.92

Subnet Mask : 255.255.255.0

Open a Command Prompt window on your PC

o Start

o In ‘Search programs and files” window, type ‘cmd’

o The Command prompt window will pop-up

o Alternatively, it is located at C:\Windows\System32\

o O O O
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o Linux users can use a terminal session with the same commands.
e To check the connection to the signal generator attempt to ‘ping’ it
o Type ‘ping 192.168.2.92° (or use your sig gen IP address)
e A successful ping result should be returned as shown in Figure 49

B Command Prompt | = | B |-

Microsoft Windows [Uersion 6.1.76811
Copyright (c> 280? Microsoft Corporation. All rights reserved.

IC:“Users \Lime>ping 192 _168.2_92

m| »

Pinging 192.168.2.92 with 32 bytes of data:

Reply from 192.168.2.92: hyt time<ims TTL=64
Reply from 192.168.2.92: hyt time<ims TTL=64
Reply from 192.168.2.92: hyt timed TTL=64
Reply from 192 _168.2_92: hyt time{imz TTL=64

Ping statistics for 192.168. 2

Packets - 4, Lost = B <Bx loss).
Approximate round trip times milli-seconds:

Hinimum = Bmz,. Maximum Bmz, Average = Bns

C:~UserssLime>

Figure 49 CMD window showing successful ping

To send wfm files to the signal generator the following procedure should be followed.
¢ Ensure that the wim files are in a known directory e.g.
‘C:\Lime\Waveform’
e In the ‘Command Prompt’ window set the directory to the one where the wfm files are
located using the “CD” command
e Use FTP to send files to the signal generator
o Type ‘ftp 192.168.2.92" as shown in Figure 50

“
@8 Command Prompt - ftp 192.168.2.92 s~

Approximate round trip times in milli-seconds:
Hinimum = Bnz, Maximum = Bmz,. Average = Bms

C:“\Users\Lime>cd ..
C:\Usersred ..
C:n>cd Lime
C:\Lime>cd Waveforms
C:\Lime\Waveforns>ls

AWUGutility.=zip WiMAX-2BMHz .wfm awg_28_MHz_vl.wfm twotone.wfm
DG . wfm auvy -wfm ny_wfm.ufm untrx_prx_gsm_good.wfm

[EDGE3 .wfm augZ ufm ny_wfm_1_ufmn wcdma3l . wfm
[LPF_Test.uwfm awg_20_MHz _uwfm onetonel _uwfm wcdma_4 _wfn

C:“\LimesWaveforms>ftp 172.168.2.92
Connected to 192.168.2.92.
figilent Technologies, N5182A SH-MY46248045
Firmuare: Dec 18 2009 1@:13:08
Hostname:
= 192, 168 2.92

Figure 50 CMD window with fip connection

If you are correctly connected, then the above should be returned.
Press ‘return’ twice (for user name and password — none needed)
Type ‘cd bbgl’

Type ‘cd waveform’

Type ‘bin’
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e Type ‘put wedma3l.wfm’
e The applied command copies files to the sig gen — repeat ‘put’ command for all files
needed as shown in Figure 51

B Command Prompt - ftp 192.168.2.92 =S

C:\LimesWaveforms >ftp 192.168.2.92
Connected to 192.168.2.92.

22A— Agilent Technologies, H5182A SH-MY46248845
228— Firmware: Dec 10 20087 10:13:00

228— Hostname:

228— 1P 192 .168.2_92

228 FTP r {Uersion 1.8) ready.

User (192 2.92:(nonel>:

331 Pa required

Passwor

238 Successful login

fFtp

ftp> cd bhgl

5@ CUD command successful.
ftp> cd waveform

258  CWD command successful.
ftp> bin

2880 Type set.

Ftp> put wedmadl.wfm

208 Port command successful.

158 Opening data connection.

226 Transfer complete.

gtp; 12288008 bytes sent in B.6%%econds 1786.85Kbytes-sec.
tp

Figure 51 CMD window fip file transfer

e To exit the ftp program type “bye”
e To close the ‘Command Prompt’ window type exit
e The wfm files should now be visible in the list of ARB files
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NOTICE OF DISCLAMER

The information disclosed to you hereunder (the “Materials”) is provided solely for the selection
and use of Lime Microsystems products. To the maximum extent permitted by applicable law:
(1) Materials are made available “AS IS” and with all faults, Lime Microsystems hereby
DISCLAIMS ALL WARRANTIES AND CONDITIONS, EXPRESS, IMPLIED, OR
STATUTORY, INCLUDING BUT NOT LIMITED TO WARRRANTIES OF
MERCHANTABILITY, NON-INFRIGEMENT, OR FITNESS FOR ANY PARTICULAR
PURPOSE; and (2) Lime Microsystems shall not be liable (whether in contract or tort, including
negligence, or under any other theory of liability) for any loss or damage of any kind or nature
related to, arising under, or in connection with, the Materials (including your use of the
Materials), including for any direct, indirect, special, incidental, or consequential loss or damage
(including loss of data, profits, goodwill, or any type of loss or damage suffered as a result of any
action brought by a third party) even if such damage or loss was reasonably foreseeable or Lime
Microsystems had been advised of the possibility of the same. Lime Microsystems assumes no
obligation to correct any errors contained in the Materials, or to advise you of any corrections or
update. You may not reproduce, modify, distribute, or publicly display the Materials without
prior written consent. Certain products are subject to the terms and conditions of the Limited
Warranties. Lime Microsystems products are not designed or intended to be fail-safe or for use in
any application requiring fail-safe performance; you assume sole risk and liability for use of
Lime Microsystems products in Critical Applications.
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