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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-sygiem. It can be combined with a baseband
processor such as an FPGA or DSP processor to develop a comprehensive wireless solution.

The EVB7moduleis a highspeed wireless communication module, based or.kh®&7002M

fully programmable RF transceiver. It is designed to support 2G, 3G, 4G/LTE radio systems with
both timedivision duplex (TDD) and frequendajivision duplex (FDD) applications, M2M and
software defined radios. The wireless communication modueredhe frequency range of

100 KHz to 3.8 GHz, including licensed and unlicensed bands. Thenwél bandwidth is
programmabldrom less than 10@Hz to 108MHz through a combination of analog and digital
filtering via the easyo-use GUI software.

The BVB7 provides system designevath 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 th&1002M sing the EVB7
module. Sectio2 begins by listing the contents of the Quick Start kit. Seatigives a general
description of the evaluation board features. Sectidascribes the procedure for obtaining and
installing the d.MS 7 Suité software for both Windowsand Linux platforms. Sectiob
describes how to connect and use the EVB @&MS 7 Suité software for the Quick Start
example configurations. Sectidhdescribes in detail the EVB connectarsd hardware options.
Section7 describes in detail how to usee . MS 7 Suité software Appendix A in section8
details the recommended test and measurement equipndrfiow to set up the test equipment
to work withRF-ESPARKand the LMS7002M

8|Page
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Development §stem Content

E204460

MIIS94V-0 [ ©

Figure 1 Development Syste@ontent

Complete developmefkit content consistef:
1 Hardware

(0]
(0]

(0]
0]
(0]

17 LMS7002EVB v3board

1 - Power supply cabltnatconnectgshe EVB7 board to any lab power supply
unit

1- USB-A to Micro-USB-B cable

USB stickwith software

4 x SMA to U.FL RF cables

M Software

0]
(0]

LMS7 00 2 MmGBWited
Waveforms example files
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0 Windows drivers
1 Documentation:
0 Quick Starter Manual
o LMS7002M datasheet
o Board schematics
0o LMS7002MProgramming and Calibration Guide
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Overview of theDevelopmentBoard

RX RF Inputs
Matching Differential
Network to Single-

ended Buffer

LMS7002M
Rx LPF

o
Network Management

TX RF outputs

Digital Interface
Blocks Clock

generation
Block

v
=]
-7}
og
= £
c B
<5
kot
e &
=
(@]

Tx Buffer

Test Point
Block

Memory
Block

Pin Header, 44 pins
Tx Analog Inputs

]
=
3
m
x
o

SPI Block

usB

Figure 2 Board block dagram

A photograph of thelevelopmenboard is shown ifrigure 1. A block diagram of théoard is
shown inFigure 2. The connections are shown in blue, the LMS7002M chip is shown in green,
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and the dter parts are shown in orangéhe core of the board is the LMS7002M transceiver
chip, which has multiple RF, analogue and digital interfaces.

The evaluation board instles RF matdhg networks for the LMS7002MThese matching
networks include wideband transformers to allow operation over the entire frequency range.
However the matchig networkshave beeroptimized for operation over selected frequency
bands and offethe best performancen these bandsConnectors are provided for 4 RF
transmitter outputs and 6 RF receiver inputs. Further details of the matoktivwgrks are
provided insection6.3.5

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 allovthe EVB7 receivers to indirectly drive ®&hmtest equipment such as spectrum
analysers for baseband testing.

The evaluation board includes a clock generation block, which by defaudtstandalone
30.72MHz low phase noise TXCO. TXCOs at other frequencies can also be fittetthrand
different footprints are supported. The EVB7 can be easily modified to operate with external
clock sources. It can also be synchredito the standard 1MHz reference ofmeasurement
equipment via an on board PLL. Details of the required chang&¥/Bi@ are given in section
6.3.1and6.3.2

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 viaLti& 7 Suitesdtware. The
USB port is converted to SPI by an on board microcontroller.

The AMC connector or the 44 pin header can be used for the buffered digital interface and can be
connected to compatible platforms smohbasardhe
also provides connections to general purpose lab equipment such as pattern generators and logic
analysers. A pin list for the digital inface can be found irestion6.2 The logic level for the

digital interface can be set by modifying EVBiidais described in sectidh3.4 Additionally

these connectors can be used to control the SPI but require thenbadifctations described

in 6.3.3

A 7" order LC filter can be selected between the analogue output of the LMS7802Ns
digital inputs by usingthe LMS 7 Suite software. This allows additional filtering at
100kHz (IF BW) for 2G applications.

The board includes memory to work with the LMB2M internal microcontrollerThis is
intended to provide calibration support for the LMS7002M. The memory is programmed via the
LMS 7 Suitesoftware and the USB/SPI interface.

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

12|Page
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More detailed information on the connectors for the evaluatandbcan be found irestion6.1
Information about PCB options gportedis in section6.3,
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Installing the LMS 7 Suite Software

4.1 Introduction to installing the software

To operate the EVB7 board, theMS 7 Suite software has to be downloaded from
http://www.limemicro.com/resourcestu n d e r t h e LM @2EVB78aftwardd and
installed. The software consistsfolir parts.

1 The mainLMS 7 SuiteSoftware which provides a GUI to control the chip.

1 Waveformsto generate either CW test signal ofIDMA Test mode 1 signal

T The USB dr i ver MdWBIE provideslatMiBerface taetween the PC and
the EVB7 SPI microcontroller.

1 The EVB7 microcontroller firmwarevhich is preinstalled on the board prior to shipping.

Section4.1describes the how to download the software froenltime Microsystems web page.

Sections4.2, 4.3 and 4.4 describe the set up for the Windevperating System. Sectidii2
describes the i netMSTODZMN gd roif v etri.8 desciilEsBhiow don
identify which USB port is being used. Sectibmd describes how to run the kit on Linux OS.
Sectiond5descri bes how to start runni n46désbribes6L MS
how to connect the UNITE7002 with the O6LMS 7

A simpl e de mobMSt7 Sutdis givan inoettion5.hAedetdied description of the
ALMS 7 Suitéis given in gction7.

l4|Page
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4.2 \Windows USB Setup

The stepsto setup L MS 7 soBwarearea$ follows(pleasenote that these steps may vary
based on the specific version of Windows software being aisédou may need to be logged in
as Adminigrator to accomplish them

1. ConnectEVB7 boardto your PCviathe USB cable
2. Go toControl Panel > System > Device Manage

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

A Computer Management = =
File Action ¥iew Help
ez E Hml 8BS

a = Limelabd

> & Audic inputs and cutputs

> (M Computer

> g Disk drives

. B Display adapters

- & DVD/CD-ROM drives

5 5‘__“:‘, 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

[z, 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

> || Software devices

. % Sound, video and game controllers

> ¥ Spectrum Drivers

. €5 Storage controllers

> (M System devices

9

> § Universal Serial Bus controllers

Figure 3 Device Manager content

4. Whenanew window popsup press Update driv&igure 4

15|Page
© Copyright Lime Mcrosystems Proprietary and Confidential

Version: 2.6 Last modified:30/10/2015



LMS7002M Quick Starter Manual for EVB7 kit

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. SelectBrowse my computer for driver software locate thedriver provided with EVB7
boardand pres#ext 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
g e v [ Include subfolders

vl | Browse.

= 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 appeas, select Install this driver software
anyway Figure 6
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®)

6‘/] 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 driveasthis stageGenerally once the above steps have
been taken fothe EVB7, these steps do not need to be repeated.

IMPORTANT:
Before runninghe control software, unpluthenplug your devie back irto your computer.
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4.3 Determining Serial Port

After driver installaion, Windows will assign to youEVB7 board a serial port. To chegkur
board serial port number, please follow these steps:

1. Go toControl Panel > System > Device Manage
2. LocateUSB Virtual Serial Port underPorts (COM & LPT)

Note thatin this systenexamplet has enumerated &OM3 Figure 7.

File Action \View Help

L e A EHEND P R A

4 = Limelab2
» & Audic inputs and outputs
> (M Computer
» g Disk drives
» B, Display adapters
» i DVD/CD-ROM drives
> &5 Human Interface Devices
> g IDEATASATAPI controllers
> Q&a IEEE 1284.4 compatible printers
> % Imaging devices
» & Keyboards
> L“! Mice and other pointing devices
> (| Modems
> | Monitors
> v MNational Instruments GPIB Interfaces
> ¥ Metwork adapters
» ® Network Infrastructure Devices
» | Portable Devices
YZ* Ports (COM & LPT)
[75 LMS Virtual COM Port (COM3)|
‘? RIM Virtual Serial Port w2 (COM4)
‘? RIM Virtual Serial Port w2 (COM3)
> gé; Print queues
> gé; Printers
» ¥ Processors
» | Software devices
» % Sound, video and game controllers
» ¥ Spectrum Drivers

b

» 45 Storage controllers
> M System devices
> i Universal Serial Bus contrellers

Figure 7 Check fomew communication port

NOTE: If you are using Windows 7 64 bit OS, you must disdblver Signature Enforcement.
To do this, Restart you PC, press F8 at startup and clinsabkle 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 [ink].
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4.4 Linux Setup

For Linux usersthere is no need to install US&ivers, as the system will assign drivers
automatically once the EVB7 board is connected to PC.

To determingoort 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 boardand sart6 L MS 7 sdftwaretTheepplication must be rwmder
administratorprivileges To do that, right click othed. MS 7 i€on ant elettRun as an
Administrator . This will provide administratoprivileges,which arerequired forEVB7 board
communication via USB.

4.6 Connecting

Once the Windows driveris installed and the control software has been lunched, click on
Options>Connection Settings TheConnection Settingwindows will popup Figure 8.

Connection Settings H
LMST control part: Stream baard port:

(COM3

Figure 8 GUI communication settings.

Selectthe dedicated USB @t number of the EVBboard In this casgit is COM3, and
pressOK.

The GUI device name and firmware version will appear in the bottéigute 9), once
connectiorwith theboardis estabkhed

[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 anitrhware version
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Getting started with the EVB

5.1 Introduction to using the EVB7

The EVB7 allows powerful demonstrat®of the LMS7002M transceiver. In this quick start
guide, we demonstrathe board operating with analogue irpahd outpild. T he Li me #AStr
boardis usedto demonstrate the board operating with digital ispuid outpus.

Section5.2 describes the set up of ttransmittey with sction5.2.1describing how to set upeh
SXT (TX PLL) and ection5.2.2describing how to setputhe TX analogue baseband and RF
tabs of theLMS 7 Suitesoftware. Sectiorh.4 describes the set up tie transceiver for basic
tests with secton 5.4.1describing howto set up the SXR (RX PLL) anéction 5.4.2and5.4.3
describing how to set up the RX analogue baseband and RF tab4 bf3hé Suitesoftware.

The analogue quick start demonstration assumes the useallhtee equipment listed in
Appendix8.2 Users with less equipmerdn use the set up of Sectibib.
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5.2 Transmitter Setupand BasicTesting

To testthe Tx path, tke Keysight (formerly Agilet) MXG N5182A generatoris used asan
external basebargburce.Thisis connected tdhe Tx pathvia theanalog inputs and generates
WCDMA modulationsignalat socket X1 (TX1_Aps shown irFigure 10. To generator settings
are described isection8.3 (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,connectthe GUI to the boardand select th&XT/SXR tab. To configuréhe Tx
LO to 2140MHz, do the following:

Select théB/SXT in the configuration channels window to control TxPLL
Enable Tx PLLVCO (Deselect)

Type the wanted frequency Frequency, GHzbox. In this case2140MHz
PresgLCalculate followed byTune

PwnE

SeeFigure 11 below to check selections
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A LMS 7 Suite Control port: COM3 - O
File Options Modules Help
- Configuring Channels
new | open | swve Active Ch: SXT GUI--> Chip || Chip--> GuI Reset e
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 5X 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
[IvCO com Scales offset of charge pump 4,860 uA v
veo
Enamesx Scales pulse current of charge pump) 46.240 uA v
Direct control cow veo 100 v
[] Enable direct control of PDs and ENs PLL loop fiker
VCo CP2| 13,932 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 Cafliated Vslues for Fractional Mode
2.140000 N Fractional: 338602
VCO params P Output Freq, GHz: 777
alculate
VCOTreq, GHz 777 DIV2prescaler. 0
Change reference clock | Reference clock(MHz): 30.7 jluns
[11:41:10] Tx ch. 1 NCO configured A | Clear
[11:41:10] Re ch. 1 NCO configured v | Log
Controk: EVBT_v2 FW:0 HW:0 Protecok:1 Data: Not Connected

Figure 11 SXT registesetup procedure

5.2.2. TRF tab setup

The TRF tab controls the TX RF gain and output path. By defaalfx RF gain is set to

maximum [XPAD gain control s e t

t o TXB dudput seleaion set toBand 1 (to X1

on EVB7 boardpsthe output path. For this $¢ 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 instauction

below set up TBB:

Select theA/SXR to control channel A
Enabled Tx 1Q analog input pathto current amplifier
Sd Frontend gain to your wanted

PwpNPR

power on

SeeFigure 12 bdow 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
Frontend gain El v LPFLAD_TEE low pass ladder filter
Reference bias current of IAMP main bias current sou T v LPFS5_TBB low pass real-pole filter
[¥] Enable TBB module
Reference bias current of IAMP cascade transistors catdtage | 31 v
Direct control

Enable Tx IQ analog input I to current amplifier vl ClEnable direct control of PDs and ENe

[] Bypass LPF ladder of TBB

Operational amplifier TuLPF resistor banks

Output stage bias current low band real pole filter 12 v|  LPFH equivalent resistance stage 97 v

Input stage bias current of low band real pole filter 12 v|  LPFLAD equivalent resistance stage | 193 v

Input stage bias reference current of high band low pass filter | 2 |  Common contrel signal for all TEE il 16 v

Output stage bias reference current of high band low pass filter | 12 | LPFSS equivalent resistance stage 76 v

Output stage bias reference of low band ladder filter 12 v

Input stage bia f low band ladder filter 12 v

T Filters T Filters 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. 1 NCO configured A | Clear
[16:33:24] Rx ch. 1 NCO configured v [[Log

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

Figure 12 TBB register setup procedure

Note: the register preset file for Tx te$tT X 2140 _ MHz _ diesoppliedvathdesign i ni 6
kit. You can load it by clicking menu buttddpen>> locate and select the file inLMS7GUI

folde?r 6 TX_ 2140 _MHz _ d exmoselect®pen followed byd@UI--> Chip button.

The selecEXT/SXR tab and retune synthesizer.

5.3 Testingthe TX Outp ut

Whenthe transmitter is confjuredas show in section5.2, the TXL_A output(socket X1)can

be connected ta spectrum analyzer (SAWith the SA you can now observe the results of this
basic operational tegtigure 13. The test is looking at the DCifset from the urprogrammed
data DAC 8 LOleakageand the example shown below is measuring a vale2608dBm.

B e s e oot re =

‘Span 20.0000000 MHz

Ref 20.00 dBm

wi | 1

| ot :

UL I ‘ 1

! ] i1 11 ! -
Center 2.14004 GHz ‘Span 20.00 MHz|
R KHz VBV 180 kHz Sweep 1.000 ms (1001 pts)

Figure 13 Basic TX testing using DC offset resulting in LO leakage
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Whenthebaseband is enabled, tWeCDMA modulation can be tested and the resultSigiire
14 can be obtained with the MXG Spectrum Analyser.

#VEBW 1MHz

Figure 14 Basic TX testing using WCDMA modulation

5.3.1. TX BasicOperation Checks

To checkthebasicTX frequency and gainontrol conduct some tests changing frequencies and
gain settings. The following tests are recommended:

TRFT TXPAD gainchange setting fror to 31 andobserve resultd. O should vary byapprox.
1 dB steps 31dBrange

Change frequency from2.X3Hz t o 2. 11 GaHlzc waldadtu@AP @adus should
change, checkthe Spectrum Analyzer.

Change frequency from2.3Hz t o 2. 17 GdHlzc waldadtu@AP @adus should
change, checkthe Spectrum Analyzer.
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