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Introduction

The EVB6002-5 is a general purpose evaluation board intended to allow evaluation and testing
of the LMS6002D multi-band, multi-standard RFIC transceiver. It is not intended to act as a
guide to the best layout, decoupling and matching practices when implementing the LMS6002D.
The Lime LMS6002D reference board was developed with best layout, decoupling and matching
practices to deliver optimum LMS6002D RF performance.

This document provides instructions on how to load the evaluation board software ctr6002d onto
a PC, connect the PC to the board, control the LMS6002 via the ctr6002d software and evaluate
its performance. A summary of the main steps to complete this is shown below:

e Install PC ctr6002d software.
e Connect power supplies and cables to the evaluation board.
e Turnonand do SPI and register checks.

Continue using this document to do the following:

e Hardware/Board system set up for integration with baseband platforms.
e Evaluate the LMS6002D performance.
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Development System Contents

Before commencing any work please ensure all of the contents listed below are contained in the
system shipped. See Figure 1 Development System Contents below:

-
-
-
-
-
-
=

ii

]

PC to USB cable USB software stick 5V Supply cable for

LMS6002D Board

Figure 1 Development System Contents
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Evaluation Board Connections

The following chapter describes in detail EVB connectors, various SPI and clocking options.
3.1 Basic Connections

The analogue differential 1Q BB interfaces are connected to transmit and receive paths via the J3
connector for use with test equipment. In addition there are on board differential to single ended
drivers on each of the receiver outputs to accommodate testing with an oscilloscope. An interface
via pin header J5 is provided to the parallel digital interface on the LMS6002D. A baseband
connector via pin header J2 is also provided to be used with third party basebands.

RX IN 1 is tuned from 700 — 1500 MHz to cover UMTS bands V and VIII, whilst RX IN 2 is
tuned from 1.5 — 2.5 GHz to cover UMTS bands I, Il and I1l. RX IN 3 is connected with a broad
band balun that enables it to cover all bands and require no matching. TX OUT 1 is optimized
for band I, Il operation while TX OUT 2 is tuned for broadband operation by the selection of the
matching components.

9|Page
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3.2 Board Connections

RXIN RXIN RXIN

CLK1/0

RX12 Bit & Sel

3 2 1
Digital 1/0O ﬂ ﬂ ﬂ
TX12 Bit & Sel R D :
- £ B 2

s

o

£ ]

e

Duplexer
TXOUT1

JAANNRR R AR

Baseband SAM-QSS-RA-150

TXOUT TX OUT
2 1

Figure 2 Evaluation board connection descriptions.

The following table describes the high level pin assignment for each connector on the evaluation
board.
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Connector | Name Description
J1 5V Power 5V supply feed used for standalone operation (not connected to
Supply baseband board). The board is shipped in this mode. To run the
Lime boards using the power supply from a baseband card
connect the links on connector J8 (see connector J8 for details).
J2 Baseband The SAM-QSS-RA-150 is a standard connector used to interface
Board the Lime board directly to a base band board. Please note:
Connector Specific configuration settings, using 0 Q resistors on the Lime
evaluation board may need to be changed before connection to a
baseband board, see section 3.5.
J3 Analogue 1Q | Analogue 1Q signals can be used via this connector. Using the
Signals board in analogue device mode means the baseband TX and RX
signals are connected via this connector. Using the board in
digital device mode, this connector can be used as a test point to
test the ADC & DAC's, analogue section of the transceiver or
purely as a test point to monitor the signal in full operation
mode. The transmit input signals required are differential 1 and
Q. The Receiver signals have both single ended and differential
outputs. Single ended provided for test purposes.

Ja CLK /O Clock input for locking the external clock from test equipment to
the Lime on board clock. J4 connector is used to supply the on
board ADF4002 board clock PLL device with 10 MHz clock, to
lock the EVB reference clock with the measurement setup. Also,
J4 can be used as output or as external reference clock from the
LMS6002D.

J5 Digital 1/0 Connector used in standalone mode to input digitally 12 bit

TX 12 Bit& | MUXED IQ signal into the transmit chain and receive digitally

Select and 12 bit MUXED 1Q signal from the Receiver. Please refer to

RX 12 Bit & | Lime LMS6002D data sheet for signal information.

Select

J8 Baseband Connector used to route power supply connections for use in

Supply Feed | standalone mode or using the power supplied from the baseband
board via connector J2. Please refer to section 3.3.5 for details on
configuration settings.

J9 TRX Duplexer transmitter output 1 connection.

J10 TX OUT 2 | Transmitter output TX2, output direct from the chip.

J11 RXIN 1 Receiver input RX1, input direct to chip.

J12 RXIN 2 Receiver input RX2, input direct to chip.

11|Page
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J13 RXIN 3 Receiver input RX3, input direct to chip.
J14 TX OUT 1 | Transmitter output TX1, output direct from the chip.
J16 uUSB USB Connector to PC.

3.2.1. J1 - Main Power Supply Connector

Table 1 Evaluation board connectors

+5

FPP2533

PR32

PP18_TXLO
PP1a

PP12_RXLO

J1
Fin Header 2 x 8 SMD
+5l'l."I % ; ] .‘-i
=1® +6—| ard R160 0 Ohm
& 9 — 1
7 8
a[® *Tio ]
kR * R264-o-Ehm
® e R205 0 Ohm—
@ £ 'y —
N = e ol 16 Pl
EC GL; RRO60ONM| 1 | |4
HSMG-C1 gnd g s Tﬁ Tru o

gnel

gnd

gnd gnd gnd dgnd gnd

Figure 3 Connector J1 circuit diagram.

ol
=
o

For standard mode Pinl or Pin2 is connected to external power supply up to +5V. Pin 3 or Pin4
is connected to ground.
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3.2.2. J2 - Third Party Baseband Board Connector

The SAM-QSS-RA-150 is a standard connector used by third party baseband providers.

+3.8V +5V BB +5V BB +3.6V
o o o o

I v—1°"
] — The SAM-QSS-RA-150 is a standard
—] — connector used by third party
e RXD? baseband providers.
e Fee The LMS6002D board is shipped
58 : RxDs configured to operate using the
o1 : : RxB17 connector J5 in standalone mode. The
=] = — board has been fitted with several 0 Q
= | [ resistors which act as links to
— configure the board in different ways
==l e depending on which baseband board is
o= = being used.
saey  Slmy | = 55 | T8 Fxoues ouow
reckriEiE 2 Tz oomm . _
Ay — a2 ot
= =
3= St
e [T
oL = —
xoLEF ; —
. | o
I — sADo
Eim -
P %

© Copyright Lime Microsystems
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Figure 4 Connector J2 circuit diagram.
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3.2.3. J3 - Analogue IQ Signals

Pin Header 2 x 10 SMD

1 2 . Pins 18 and 20 of J3 connector are single ended
3 i e 4 > TXINIP analogue receiver outputs.
E ® o 5 > TXININ
-T® *73 > TXINQP Pins 10, 12, 14 and 16 are differential analogue
5 o & 0 > TXINQN receiver outputs.
= T® < RXOUTIP
o e < RXOUTIN Pins 2, 4, 6 and 8 are differential analogue
{12 PP o 11:; ¢ RXOUTQP  transmitter inputs.
e { RXOUTQN : :
17 ° o 18 ¢ RXBUFF All other pins are ground connections.
19 e o2 ¢ RXBUFFQ
gnd

Figure 5 Connector J3 circuit diagram
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3.2.4. J5-Digital 1/0 (1&Q) TX 12 Bit & TXI1QSel and RX 12 Bit & RXIQSel

+5 W
Ené
o [] =
L=}
FPFP23_CLK
q J5
RXDO > m o2 RXD1
RXDz2 Sle et < RXD3
RXD4 ; *e g —— AXD5
AXD6 or® *g < RXD7 The digital 1/Q connector is a
R';‘;’é?g Tile ol e digital transmit (TX) and receive
13| g gll4 3 AXCLK P (RX) interface to the ADC/DAC of
15/ g o186 — RXIOSEL the LMS6002D.
ll—:“%_‘ ._;g—l—} FXEM
D0 121 : : 55 D1 The SPI can be controlled within
TXD2 22| g gl24 S TXD3 the J5 connector.
THD4 < g?—l * gg D5
TXD6 =al® *a0 T™®D7 J5 can also be used as a test
T}%DS ETIMPEE TXD9 connector when the board is
10 2] 34 D1 connected to a third party baseband
Bl THCLK_P
35 g o3F—— TXIOSEL board.
e el v
a1 . e 42 > SAEN
SACLK 2® i SADIO
SADD m ¥ — - ® —~ RESET

k=11
o

Jnd

Figure 6 Connector J5 circuit diagram.
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3.2.5. J8 - Sourcing 5V Supply from Baseband Board

J8 is used to power up board from baseband
platform. Use jumper to power it up as shown

J8
: >~ ok .
+5V BB %1_3_: r—4ﬁ +5V by connecting pins 1 & 2 and/or pins 3 & 4.

Figure 7 Connector J8 circuit diagram

3.2.6. J16 — USB Connector

A type B USB connector is used to connect the PC to the evaluation board. It enables the
LMS6002D to be programmed via the 6002Dr2 test GUI software that comes with the Quick
Starter Kit.

3.3 Hardware options: Clocking, TCXO & SPI.

This section describes the configurations and set up procedures for:

e TCXO frequency and data clocks distribution (Section 3.4).
e TCXO Locking method (Section 3.6)
e SPI connection options (Section 3.7).

The default mode the board is shipped with means basic operation using an external digital 1/0
source via connector J5 (digital I1/0 (I1&Q) TX 12 Bit & Select and RX 12 Bit & Select). Various
options are available depending on the system configuration required for testing or development
work. The options are summarized below and the following sections will describe the board
modifications required to achieve these configurations. Please note these are hardware options
which are implemented via the following:

e Specific components to be fitted or not fitted.

16|Page
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3.4 TCXO Frequency and Data Clocks Distribution

The LMS6002D device provides a flexible clocking scheme which enables the PLL clock, RX
clock and TX clock to be independently clocked.

The LMS6002D board is shipped with a default mode using the on board 30.72MHz clock
provided. The board can be reconfigured to allow users to provide clocking from external
devices using the two connectors J2 & J5. The most popular configurations are listed in the table

below.
. DIO default -
Option 1 mode Description
PLL clock 30.72MHz TCXO |{|(\:/|§goozD device PLL is fed using on board 30.72MHz
RX data clock is provided by Lime evaluation board and is fed
Rx data clock | 30.72MHz output | to connectors J2 & J5 as outputs to enable a digital 1/0 card to
capture samples.
TX data clock is provided by Lime evaluation board and is fed
Tx data clock | 30.72MHz output | to connectors J2 & J5 as outputs to enable a digital 1/O card to
send samples.
Option 2 Description
PLL clock 30.72MHz LMS6002D device PLL is fed using on board TCXO 61.44MHz
(TCXO +2) clock + 2.
RX data clock is provided by Lime evaluation board and is fed
Rx data clock | 61.44MHz output | to connectors J2 & J5 as outputs to enable a digital 1/O card to
capture samples.
TX data clock is provided by Lime evaluation board and is fed
Tx data clock 30.72MKE QUtpUt to connectors J2 & J5 as outputs to enable a digital 1/0 card to
(TCXO +2)
send samples.
Option 3 Description
PLL clock 30.72MHz TCXO LMS6002D device PLL is fed using on board 30.72MHz

TCXO.

Rx data clock

30.72MHz output

RX data clock is provided by digital 1/0O card and is fed to
connectors J2 & J5 as inputs to enable Lime evaluation board to
capture samples.

Tx data clock

30.72MHz output

TX data clock is provided by digital 1/0 card and is fed to
connectors J2 & J5 as inputs to enable Lime evaluation board to
send samples.

Table 2 Baseband Clock Configurations
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Rev: 2.2

Last modified: 03/05/2012

17|Page




LMS6002D Quick Starter Manual for Evaluation Board

The board is shipped in the default mode (Option 1). To use other options please make sure that
hardware changes were applied as in the table below. Please note that NF denotes component is

not fitted.

3.5 Different Clocking Schemes

Different Clocking Schemes
Option 1 Option 2 Option 3
DIO default mode
PLL clock 30.72 MHz TCXO | 30.72 MHz TCXO | 30.72 MHz TCXO
Rx data clock 30.72 MHz output | 61.44 MHz output Inputl;‘(r)o(r:r;:;gltal
Tx data clock 30.72 MHz output | 30.72 MHz output Inputl;‘(r)o(r:r;:;gltal
Evaluation Component fit Component fit Component fit
Board option 1 option 2 option 3
R81 NF NF OR
R80 NF OR OR
R104 NF NF NF
R105 OR OR NF
R106 OR NF NF
R107 68R NF 68R
R111 NF OR NF
R113 OR OR OR
R114 OR NF NF
R116 OR OR NF
R117 OR OR OR
R110 NF OR NF
R39 NF NF NF
R40 NF NF NF
R58 NF NF NF
U4 NF NC7SV74 NF
R147 NF OR NF
R148 OR OR O0R
X1 E5280|\|;”F_|'|;)(30.72 NF E5280LFT (30.72)
X2 NF E5405 (61.44) NF

Table 3 Baseband Clocking Schemes
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3.6 TCXO Locking Options

The LMS6002D board provides different options to lock the TCXO to base band or test systems.
The LMS6002D board provides three options for clock locking:

Option 1 — Lock using on board PLL device ADF4002. This is the default mode the board is
shipped with to enable the board to be locked to test equipment using an external 10MHz clock
provided by connector J4, acting as an input.

Option 2 — Manual potentiometer - RT1. RT1 shown in figure 8 allows the TCXO to be
manually tuned by altering the on board potentiometer. J4 becomes an output for the reference
clock.

Option 3 — External control via the baseband connector J2. Signal VCTRL provided by baseband
board.

The board is shipped in the default mode (Option 1). To use other options please use component
changes as in table below. Please note that NF denotes component is not fitted.

TCXO Locking method
Option 1) .
Ontions DEFAULT MODE O&Zﬁﬂj) Option 3)
P On Board PLL Potentiometer External VCTRL
Clock (ADF4002)
Description Lock to 10MHz Use external DC
; voltage (from BB J2
input from test Manual Vtune
. _ connector VCTRL)
equipment J4=TCXO out
_ . to control TCXO
Component J4=10MHz ref in J4=TCXO out
R39 NF OR NF
R40 NF NF OR
R58 NF NF NF
R61 NF NF OR
R62 NF NF OR
R104 NF OR OR

Table 4 TCXO Locking Method

Components R39, R40 and R61 are located on the top of the interface board as shown in figure
8.
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Figure 8 TXCO locking and SPI option components location (top side)

3.7 SPI Control Options

The LMS6002D board can be controlled by using the SPI connectors via J2, J6 or J16. Please
note only one SPI master can be connected to the bus at any time, hence these are mutually
exclusive.

The only option requiring hardware changes is Option 2 where the baseband connector J2 is used
to connect to a baseband board (for the TX/RX signals) when its own SPI bus and control of the
SPI by the Lime SW is desired (rather than the BB SPI). J2 must be removed from the EVB SPI
bus so that the control of the SPI is maintained by a PC running the Lime software. This is
required to ensure that the USB SPI connection via J16 does not conflict with the baseband SPI
connections via J2. Please note that NF denotes component is not fitted.
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SPI control
Option 2
Option 1 USB SPI control via J16 with J2
Obtions DEFAULT MODE baseband SPI disabled. Used with 3™
P USB SPI via J16 or baseband party baseband boards and
board SPI via J2 controlling LMS6002D with PC S/W
via USB.
Description SPI connected to PC via USB SPI connected to BB via connector
Component connector J16. J2 SAMTEC
R133 NF OR
R134 NF OR
R135 NF OR
R136 NF OR
R137 NF OR

Table 5 SPI Control Options

All of these components are located on the underside of the board and can be located using the

diagram below.

Figure 9 SPI control resistor component locations
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Installing and Running PC Software Application

4.1 Windows XP Operating System

Plug USB cable to USB port of the interface board.

1. You will need to be logged in as Administrator to the free USB port on your Windows
machine.

2. No external power connection is required.

After plugging in the board Windows' New Hardware Wizard should appear. After installation
procedure begins, DO NOT let Windows search as it will not find anything.
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Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard
Windows will search for current and updated software by

looking on your computer, on the hardware installation CD, or on
the Windows Update Web site (with your permission).

Read our privacy policy

Can Windows connect to Windows Update to search for
software?

O Yes, this time only
(O Yes, now and every time | connect a device
(® No, not this time

Click Next to continue.

Next > Cancel

Figure 10 Hardware wizard.

Next, you will want to install from a specific location.

Found New Hardware Wizard

This wizard helps you install software for:

MyUSB LoopBack Demo

‘\,') If your hardware came with an installation CD
&2 or floppy disk. insert it now.

What do you want the wizard to do?

O Install the software automatically (Recommended)
(®) Install from a list or specific location (Advanced)

Click Next to continue.

[ < Back ][ Next > ][ Cancel ]

Figure 11 Hardware wizard. Install driver manually

Next, you need to point to the usBpriver. inf file, which can be found in the QuickStarterKit
folder. Use the browse function to find this file. The same file for Windows XP and Windows
Vista should work fine.
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Found Hew Hardware Wizard

Pleaze choose yow tearch and inztallation options.

(3) Search for the best diver in these locations.

Uz the check boses below lo limit o expand the defaul search, which includes local
paths and removable media. The best dives Tourd will be ndaled,

[] Search ramavable media (floppy, CO-ROM...)
Irchude Whis lsealion in the seanch

..... Wouck StarterEat v

() Dont search | will choose the deiver bo install

Choase this oplion to selact the davice dirved from a kst Windows does nol guaranies that
the derveer pou chooze wall be the best match for pow hardware.

! < Back II Mewt 3 ]l Cancal I

Figure 12 Hardware wizard. Choose the USBDriver.inf from the folder

Windows should proceed to install drivers. Enumeration process (USB term meaning "connect
and establish communication with") should start now. If everything is successful unplug and then
plug in your device again to be able to use it.
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4.2 Determining Serial Port

After enumeration (USB term meaning "connect and establish communication with™) Windows
will assign to your USB Virtual Serial device a serial port - COM?.

Right-Click on My Computer, then click Properties, then the Hardware tab, then Device
Manager, then find USB Virtual Serial Port under "Ports (COM & LPT)". Note that in this
system example it has enumerated as COM3.

L Device Manager

Fle Action Yiew Help
g 2 =R
= % ZYDRUNO M

+- If Camputer

+]-age Disk drives

¥ fé Display adapters

+ b DVDJCD-ROM drives

+-{=% Floppy disk controllers

+ 5 Floppy disk drives

+-{2%y IDE ATAJATAPI controllers
+|-&a IEEE 1394 Bus host controllers
+-E8 Jungo

+|-z» Keyboards

'y Mice and other pointing devices
E-g’ Monitars
+ B8 Metwork adapters
=% Ports (COM & LPT)
nﬁy’ Carmmunications Part (COML)
5 Printer Port (LPT1)
% 1I5E virtual Serial Port (COM3)
+ ﬁ Processors
+-€e= SCST and RAID controllers
+ } System devices v

¥
¥

=

Figure 13 Check in device manager the new communication port
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4.3 Windows 7 Operating System

Plug USB cable to USB port of the interface board. No external power connection is required.

After plugging in the board the USB driver needs to be installed. To install the USB driver do the
following:

Click on Control Panel — System and Security — System.

Click on Device Manager —» Other devices.

Right click on “LUFA USB-RS232 Demo” icon.

Click on Update Driver Software and select 2" option: Browse my computer for driver
software. Locate and install driver software manually as shown below.

Found New Hardware Wizard

Please choose youwr search and installalion options. \\

N,

N =

(&) Search for the best diiver in these locations

Use the check boxes below to imit or expand the default search, whech ncludes local
paths and removable media. The best diver found will be instalied.

[T} Seacch remavable medsa (floppy, CD-ROM...)
Include this location in the search

..... Wuick StarterKit v

() Don't search | will choose the diver to instal

Choose this oplion to sedect the device diver from a kst Windows does not guarantes that
the daver you choose will be the best match for yowr hardware.

| <Back || Mewt> | [ Cancel |

Figure 14 Device Manager. Choose the USBDriver.inf from the folder.

5. The folder should point to the usepriver.inf file, which can be found in the
QuickStarterKit folder. Use the browse function to find this file.

6. Windows should proceed to install drivers. Enumeration process (USB term meaning
"connect and establish communication with™) should start now. If everything is
successful unplug and then plug in your device again to be able to use it.
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4.3.1. Determining Serial Port

After enumeration (USB term meaning "connect and establish communication with™) Windows
will assign to your USB Virtual Serial device a serial port - COM?.

Click on Control Panel, then click System and Security, then click System, then click Device
Manager, then find USB Virtual Serial Port under "Ports (COM & LPT)". Note that in this
system example it has enumerated as COM4.

& Device Manages

Ele adion Yew Help
N ES 2 8 =Ra

SN -
'y Computer i
“es Disk drives
i@ Display adsphers
b DUDEO-ROM dibes
=4 Floppy dick contraliers
g Floppy digk dHves
=4 IDE ATASSTAPL contraliars
Sz IEEE 1394 Bus host controllers
B8 Junoo
i Kevboards
"y Mice and other pointing devices
B Monitors
B Network adapters
=9 Parts {0OM B LPT)
o Commurications Port (00M1)
o Printer Port (LPT1)

TR B B Co e i = = RS e I e

o 55T and RATD controlls
-1y Srstem devices -

Figure 15 Check in device manager the new communication port.
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4.4 Turn On and SPI Check

Turn on the +5V power supply to the board. The current should read approximately 0.15A on the
power supply.

Figure 16 Power supply reading

Start LMS6002D board control S/W, located in QuickStarterKit transferred from the Lime USB
stick. The SPI APP — picture of ICON is shown below.

...................................

xe

Note: For Window 7 operating system, rig}ull;[mélick on the “ctr_6002dr2.exe” icon above. Next,
click on Properties and click on the “Compatibility” tab as shown below.

Ganeral | Campotiolty | Securty | Detais | Previous Versions

i you have problems with this program and t worked comecty an
an sarber verson of Windows, select the compatibity mods that
mafiches that eadier version.

the settings

elp me choose
Compatibikty mode

Fun this program in compatibity made for

Setings
Fun in 256 colors
" Run in 640 x 480 scresn resolution

Disable visual themes

Crsabie: deskiop compeation

Disables dplay scaling on high DF| ssttinge

Fiviege Level
¥ Run this program as an administrabor

Sy Changs settings for ll users |

[ ok || cones |

Figure 17 Run ctr_6002dr2 program as an administrator.
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Select “Run this program as an administrator”. This will provide administrator privileges which
is required for LMS6002 communication via USB.

Go to menu “Options->Communication Settings”. The following window appears.

Port Settings §|

o <]

5P Clack Frequency
f+ 4MHz 0.5 mMHz

 2MHz  0.25 MHz
" 1MHz " 0125 MHz

] Cancel

Figure 18 GUI communication settings.

Select enumerated port under USB board. In this case it is COM4 but port may be different
Choose desired SPI clock frequency and push OK. Now you are able to communicate with the
LMS6002D test board using USB to Serial adapter.

To check this is working select the register test sequence by going to menu
“Tools->Register Test”.

¥ 6002Dr2 Test. untitled. prj - Project File
File  Options

[System Tepmol® 150000 4 PLL +DSM | TxLPF | TxRF | RxLPF | RxvGA2| RxFE | ADC/DAC| Board |

LMA Control Autamatic Calibration Bypass Configurations

Active LMA: Tranzmitter | Fieceiver | Fix Bypazs Mode: T Bypass Mode: RF / BB Loopback Maode:

Lha 1 - LPF Core |N0rma| Operation j |Nolmal Operation ﬂ |N0rmal Operation ﬂ
Downlink [Tx) Frequency Band and Channel Uplink. (A=) Frequency Band and Channel

Band: Channel: Fast Channel. Frequency, MHz: Band: Channel: Fast Channel Frequency, MHz:

T =l sz =18 u] 7]] el T

Figure 19 GUI register test.
The system will then return a full registers indicating OK for correct operation as shown below.
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& AEH|
D= ¥ Register Map Test Results @
System Top Level | {Testing TxBF SPI, Mack Oxka: ~|pac| Board
“Module test with this pattern is DK. JJ
LNA Control AutdTesting TxRF SPI, Mask 0xSS:
Active LM T Module test with this pattern is OK. LﬂDDhaCk Mode:
LMN&1 A ||Testing RxFE SPI, Mask Ozhi: Operation A

— IModule test with this pattern is OK.
" Testing RxFE SPI, Mask OxzG&:
Downlink (T4] Freauency By sle cest with this pattern iz 0H.

Band:  Charinel F;
Testing RxLPF SPI, Mask Oxhd:

[ ~||0eez > _IModule test with this pattern is OK.

Testing RxLPF SPI, Mask O0x55:

Module test with this pattern is DH.

Testing RxLPF SPI, Mask Oxhb:
Module test with this pattern is OK.
Testing RxLPF SPI, Mask 0xS5:

Module test with this pattern is OK.

Testing TxLFF SPI, Mask Oxhi:
Module test wich this pattern is OH.
Testing TxLPF SPT, Mask OxES:
Module test wich this pattern is 0K

Testing TxPLL SPI, Mask Oxdd:
Module test with this pattern is OK.
Testing TxPLL SPI, Mask OxEE:

Module west with this pattern is OK.
Configuration downl -~

Configuration dowmldr . ; TarMTT SNT  Werlr Aoedd-

Configuration dowml _, 3
Configuration dowml Cancel
Configuration dowml
Configuravion downloaded to the hardware.

Ref. Clock, Hz: 30720000

Figure 20 GUI register test log.

If the system returns OK message you are now ready to commence testing. If the system returns
00 or FF instead of the OK this means there is a communication problem with the LMS6002D.

If the system test has returned 00 or FF instead of OK then shut down ctr_6002dr2 software and
disconnect the Lime interface board. Leave for a few seconds before connecting the board and
opening the ctr6002dr2 software again. Start registers test process again.

If the system returns 00 you know you have a problem with the connection between the PC and
the evaluation board USB port. You will need to check connection and start the process again.

If the system test returns FF then you know the PC and the USB port are communicating
properly. Connect the Lime board to +5V supply and start the process again. If you now get an
OK for the register test map results then the system is ready for testing. If the system still returns
00 or FF instead of an OK, reboot entire connected system starting with the PC.

Note: When you close the software, the selected communication port and all of the associated
settings will be saved under a file with *.CPS extension. Next time you run the software all the
settings will be loaded automatically.

After the PC has finished rebooting apply power to the LMS6002D board and restart registers

testing.

You should now see the correct OK message. The system is now ready to commence testing.
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4.5 Ctr6002dr2 — Software Description

This section describes the ctr6002dr2 software tool and each of the buttons and embedded
controls. Most of the pages in the tool can be read across to the top level sections of the SPI
programming map, with the exception of the ‘System page’ and the ‘Board’ page.

45.1. System Interface

The System interface page allows configuring the synthesizers to the 3GPP bands by channel
number and has buttons for bottom, middle and top frequencies for each. This makes changing
frequency for the commonly used test channels simpler.

Automatic calibration (the calibrations the device carries out itself under SPI prompting) is also
done from this page.

£¥ 6002Dr2 Test. untitled. prj - Project File (=13
File Options Iook Help

O|=(a| 3|
[System TopLevel | Tx PLL + DSM | RxPLL +DSM | Tx LPF | Tx RF | Rx LPF | Rx VGA2 | Rx FE | ADC / DAC | Board |

LMNA Contral Autarnatic Calibration Bypass Configurations

Active LNA: Transmitter Recaiver | P Bypass Made: Tx Bypass Mode: RF /BE Loopback Mode:

- LFF Coms [ Marmal Operation | [Mermal Operation | [Mermal Operation -

Downlink (T#] Frequency Band and Channel Uplink [Rx] Frequency Band and Channel

Band Channel Fast Channel: Frequency. MHz. Band: Channel Fast Channel: Frequency, MHz.

[ lfiosee =] sfm|1|Foe [ =lfee =] sfm|1ffee

Default configuration loaded to the GUI.

Ref. Clock, Hz: 30720000

Figure 21 GUI System window.

Downlink and Uplink Frequency setting by band/channel number.

The synthesizers can be configured by channel number to the correct frequency in each 3GPP
band. Buttons are provided for bottom, middle and top frequencies for each band. This makes
changing frequency for the commonly used test channels easier.
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Bypass configurations
The various bypass test modes and loop back test modes can be implemented by selecting
from the drop down boxes, default is Normal operation.

Automatic Calibration
The Automatic calibration buttons can be used to run through the series of SPI commands
required to implement the various self-calibration routines provided on the chip. Use of these
macros is implemented as part of a calibration procedure and each button does not carry out a
full calibration, use of the buttons in the wrong context could make the calibration state
worse rather than better.

Automatic calibration should be done in the following order:
a. LPF Core — Press LPF core button

Executes the process related resistor capacitor (RC) calibration. LPF Core calibration is
performed once per device to ensure that the corner frequencies of the LPFs are optimized.
The calibration selects the LPF response which is closest and above the required bandwidth.
This ensures modulation quality is not adversely impacted but sufficient rejection is provided
for adjacent and alternate channel attenuation.

This should be done 1% as optimum DC calibration values for LPF’s will change if this is
done after the filter DC calibration.

b. Transmitter

The transmitter calibration executes a DC calibration on the TX LPF (I and Q) circuit. This
makes the DC contribution at output of filters zero so that DC level at the mixer input does
not change when the TX VGA1 gain is changed.

When executing this calibration make sure that no signal is applied to the transmit path. For
better DC calibration low DC level signal can applied from baseband via DAC’s to transmit
path.

c. Receiver

Executes a DC calibration on the Rx LPF (I and Q), and Rx VGAZ2 (I and Q). This minimizes
the DC contribution at output of filters and Rx VGAZ2.
When executing this calibration make sure that there is no signal applied to Rx input.
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45.2. Top level

Various loop back and calibrations are also controlled on this page. They are not needed for
basic operation. Automatic calibrations should all be done from the ‘System’ page where macros
have been written to apply the calibration routines automatically.

£3/6002D12 Test. untitled. prj - Project File (=113
Eile Cptions Tools Help
Ol 5
System [ Top Lovel: TaPLL +DSM | RxPLL +DSM | TxLPF | TxRF | RxLPF | RxVGA2 | R FE | ADC/DAC | Board |
DC Calibration Decoding
o = )
Resst Caltwation | Lo Ortalu | Stan Caltrston [ oo ¥ Decade Signals
AL Module Address:  Calbration Value: Lock Pattem w7 ¢ Direct Signals
a ﬂ |3.‘ ﬂ Read Yalues Eahbratlotn 5\;al|us:. : Pl Port Mode
Omparator v alue: C 3wie
RF Loopback Control BE Loaphack Canlral Clack Bulfers & Lwie
@ Disabled (% Disabled T4 DSM SFI R VGEAZ
 Tul ta LNAT Path * Iooph to LPF Input TuLPF LPF CALCORE R Bypass Mod
pilsto - ZBIL U Rz DSM SPI wl PLLCLKOUT HIupess o
" TuMl to LNAZ Path " looph to YGAZ Input R LPF [~ TI& Sharted
 TabI 1o LNAZ [SM] Path | | loopb o R Ot Pins To Output Fins
TR LPF Calibration
Pawer Contral R Out/A0C In Switch [ DIV for LPF Tuning Clock PD DSM Saft Resst
[¥ Top Modules Enable & Open (" Closed [~ Enable Enforce Mode W ResetLPFCAL | | ¢ ResetState
[~ Soft T Enable [~ Enable LPFCAL . & |nactive
TDD Mode Selection LPFCAL Code:
[~ Soft Fix Enable O T Pl RCCAL LPFCAL Value T
~ RCCAL_LPFCAL: 777 Global Resst
o FDD/TOD Selection LPF Bandwidth
& FOD ¢ TDD Read Value T —
! - g
#ED Bulfer - LPF Tuning Clack =
[~ PowerDown  w Self Biasing [~ Bypass  From TxPLL (% PLL Reference

Default configuration loaded to the GUI.

Ref, Clock, Hz: 30720000

Figure 22 GUI Top Level window
Description of each function available from this page is as follows:

DC Calibration

Carries out the top level DC calibration for the device, this is the R component of the RC cal
value which is used in each of the LPF (Tx and Rx) process calibration values. Only
calibration module address 0 is used.

Clock Buffers control

Enable pins turn the internal clock buffers on and off. These should be enabled when control
of the device is needed, however during operation SPI clocks which are not being used
should be disabled to reduce the risk of SPI clock spurious.

RE Loopback Control

Test mode. RF loopback control sets the path used for the loopback from Tx to Rx input.
Please refer to the SPI programming and calibration document for further details.

BB Loopback Control

Test modes, sets the BB loopback from Tx to Rx input.
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Power Control

Soft turn off of Tx and Rx top level blocks of the LMS6002D via SPIl. The LMS6002D
communication can be easily checked by toggling the “Soft Tx Enable” and “Soft Rx
Enable” in the Power Control section. The current change can be observed on power supply.

TRX LPF Calibration

This section is used to calibrate the capacitance of the device to ensure the LPF BW's are
correct. To execute the calibration, check then uncheck the reset LPFCAL box (to reset
calibration module). Then, check and uncheck the Enable LPFCAL box to execute the
calibration. The result can be found in the DC calibration area when the read button is
pressed.

Enable Enforce Mode and LPFCAL Code are not used. LPF BW sets the bandwidth used for
the calibration. If you are using WCDMA select 2.5MHz. The result should be copied into
the TXLPF and RXLPF from ‘TRX LPF CAL’ drop down box.

Decoding
Select ‘Decode Signals’ or ‘Direct Signals’ for control of different parts of the SPI memory

map. Use ‘Decode Signals’.

SPI Port Mode
Selects 3 or 4 wire SPI mode. 4 wire mode is used with the USB board solution.

Rx Bypass Mode
Not used.

DSM Soft Reset
Keep on inactive.

Global Reset
Toggles the reset pin via the USB SPI interface. The LMS6002D should be reset after power
up to put it in a known state.

Rx Out/ADC In Switch
Select Closed to monitor receiver analog input. Select Open to route external signal to ADC.
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453. TXPLL +DSM

The Tx PLL is controlled from this page. If the frequency control on the ‘System Interface’ page
is used and the correct ‘set up files’ have been automatically downloaded, then this page should
not be needed. However a few points to check are that the tick boxes shown in the diagram
below are enabled:

£ 6002012 Test, untitled. prj - Project File =13

File Options Tools Help
O[] 3]

System | Top Level |[Tx M! RxPLL+DSM | TxLPF | TxRF | RxLPF| Rx¥GA2| RxFE | ADC /DAC | Board |
Decoding Test Signal WCO Capacitance — WO Output Wariuos YC0 Controls WVCO Comparators
{+ Decode Signals [~ Buffer Enabled | | Status: M& Value: Calibration Woltage, ¥ Iv WCO Reg. Bypass High: 0 Low: O

Iv VCOReg. PD

" Direct Signals [~ Pass Enabled Ture | [~ Log 20 > Select 13 hd ¥ BG Fes. Shotted Read
Pavier Cantral Frequency Control | BIST Contiol
v PLL Modules Enable [

P P PLL Mode Calculated Yalues for Fractional Mode Current VCO
F I DSMN Auto Byp. (+ Fractional © Integer N Integer: 130 Al Powered Down
P W PFD Up Pulses D ey, B g F';“‘””a" 55571 = 4.5 GHZ (veod)

5 ivider: -

r 2,60500000 Z Fieal Dutput Freq. GHz: 0 " §-66HZ [veod)

. =
[~ CP Dut Inverted [Unchecked-Homal) —— VO Freq, GHz 0 B -# (e et
dzdEe 7 -BBHE [veal)
(P ot e st A and B Counter Values Calculated YW alues for Integer M ode tLADI Selection
Current, uh; Up Offset, ud: D Offset, wh: o ) )
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Figure 23 GUI TxPLL + DSM window

Description of each function available from this page is as follows:

Decoding
Select ‘Decode’ or ‘Direct’ signals for control of different parts of the SPI memory map.

When swapping between the two options the available options are highlighted (and the
unavailable ones grayed out). Use ‘Decode’ mode.

Dithering Control
DSM dithering. Leave it set to 1.

Power Control
Individual parts of the PLL circuitry can be turned on and off — leave as default.

Test Signal
Design test signals — leave unchecked.

VCO Comparators
Reads the state of the VCO Comparators. Truth table is:
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VTUNE H | VTUNE_L | Status
0 0 ok
1 0 Vtune is high (> 2.5V) PLL lock not guaranteed.
0 1 Vtune is Low (< 0.5V) PLL lock not guaranteed.
1 1 Not possible, check SPI connections.

Table 6 Comparator readings

Output Buffer
Control not used in TxPLL.

Frequency Control
Sets the PLL divide ratios, VCO and output divider selection. The individual parts of this
block are described in more detail below:

PLL Mode - selects fractional or integer mode. Use fractional mode.

FLL Mode
f+ Fractional £ Integer

Figure 24 PLL mode.

Output Freguency (GHz) - set the desired Tx LO frequency in the text box.
‘Calculate’ button — calculates the required divide ratio based on the required LO frequency
and reference frequency.

Output Frequency, GHz

1214 1]

Calculate |

Figure 25 Output Frequency — GHz

These are shown in ‘Calculated Values for Fractional Mode’ display box.
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Calculated VY alues for Fractional Mode

M Integer: 139

M Fractional: 2708321

Divider: 139.32291662693
Feal Output Freq, GHz:  2.1393333333336!
W0 Freq, GH=: 423

Figure 26 Calculated Values for Fractional Mode

To properly select the “VCO Capacitance’ click “Tune” after “Calculate”. If you want to
observe the VCO capacitor selection algorithm results select “Log”.

YC0O Capacitahce —
Statuz MNA W alue: Calibration

Ture | [ Log |5':' ﬂ Select

Figure 27 VCO Capacitance

The ‘Current VCO’ and the ‘MUX/DIV Selection’ show the choice made by pressing
“Calculate” or “Tune” buttons, see below.

Current YCO
Al Powered D own

4 4-5GHZ [vcod)
/| © 5-BGHZ (veod)
" §-7GHZ [vco2)
™ 7-8GHZ [veol)]

kLD Selection
Al Powered Down

f+ Fyco/2 [2-4 GHZ)

" Fvcodd [1-2 GHZ)

" Fyvco/8 [0.5-1 GHZ)

" Fvood16 [0.250.5 GHZ)

Figure 28 Current VCO and MUX/DIV selections
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VCO Capacitance

Correct setting of VCO capacitance is described in LMS6002D Programming and
Calibration Guide. Selections made when using the ‘Calculate’ button however are decided
based on the calibration table used in this block.

To properly select the ‘VCO Capacitance’ click “Tune” after “Calculate”. If you want to
observe the VCO capacitor selection algorithm results select “Log”.

YC0O Capacitahce —
Statuz MNA W alue: Calibration

Ture | [ Log |5':' ﬂ Select

Figure 29 VCO Capacitance
Use of the ‘Calibration’ button is described at the end of this section.

Charge Pump(CP) Current and Offset

CP Current and Offset
Current, L. p Offzet, ud:  Dn Offzet, b

{1200 =] a0 =l o =l

Figure 30 CP Current and Offset

CP Current and Offset is set based on the selected loop filter and loop BW. For the
recommended loop filter (implemented on the evaluation board) Current should be 1200uA
and Up Offset 30uA, as shown.

PLL Calibration Data and File

Press the ‘Calibration’ button to enter the Frequency vs Capacitance calibration table data.
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Figure 31 Frequency versus capacitance calibration table data

The calibration data consists of frequency versus capacitance value responses which are defined
by minimum 2 point definition. The loaded VCO file should contain the above data. If not file
‘Dr2.vco’, provided with SW, should be loaded. To load a new VCO file press the ‘Load’ button
and follow the normal windows procedure to load a file. Then press OK. This new file will now
be downloaded on subsequent starts of the software.

454. RXPLL + DSM

The Rx PLL is controlled from this page, if the frequency control on the ‘System Interface’ page
is used and the correct ‘set up files’ have been automatically downloaded, then this page should
not be needed. However a few points to check are that the tick boxes shown in the diagram
below are enabled.
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¥ 6002Dr2 Test. untitled. prj - Project File
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Figure 32 RX PLL + DSM page

Description of each function available from this page is as follows:

Decoding
Select ‘Decode’ or ‘Direct’ signals for control of different parts of the SPI memory map.

When swapping between the two options the available options are highlighted (and the
unavailable ones grayed out). Use ‘Decode’ mode.

Dithering Control
DSM dithering. Leave it setto 1.

Power Control
Individual parts of the PLL circuitry can be turned on and off — leave as default.

Test Signal
Design test signals — leave unchecked.

VCO Comparators
Reads the state of the VCO Comparators. Truth table is:
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VTUNE H | VTUNE_L | Status
0 0 ok
1 0 Vtune is high (> 2.5V), PLL lock not guaranteed.
0 1 Vtune is Low (< 0.5V), PLL lock not guaranteed.
1 1 Not possible, check SPI connections.

Table 7 Comparator readings

Output Buffer

Sets the correct PLL output buffer for the selected LNA:
LNA 1= First

LNA 2= Second

LNA 3= Third and

Disable.

Selection of LNA in tool on ‘System’ page automatically selects the correct buffer.

Frequency Control
Sets the PLL divide ratios, VCO and output divider selection. The individual parts of this
block are described in more detail below.

PLL Mode — selects fractional or integer mode. Use fractional mode.
PLL kode

{» Fractional  Integer
Figure 33 PLL Mode
Output Frequency (GHz) - set the desired Tx LO frequency in the text box.

‘Calculate’ button — calculates the required divide ratio based on the required LO frequency
and reference frequency.

COutput Freguency, GHz

11.95 A

Calculate |

Figure 34 Setting receiver frequency - GHz

These are shown in ‘Calculated Values for Fractional Mode’ display box
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Calculated Y alues for Fractional Mode

M [nteger: 126

M Fractional: ¥335392
Divider: 126.953125
Feal Output Freq, GHz: 1.95

YCO Freq, GHz: 39

Figure 35 Calculated values for fractional mode

To properly select the “VCO Capacitance’ click “Tune” after “Calculate”. If you want to
observe the VCO capacitor selection algorithm results select “Log”.

WC0 Capacitance —
Ctatuz MNA W alue: Calibration

Tune | [~ Log |1-I ﬂ Select

Figure 36 VCO Capacitance

The ‘Current VCO’ and the ‘MUX/DIV Selection’ show the choice made by pressing
“Calculate” or “Tune” buttons, see below.

Current WCO

" Al Pawered Down

4.5 GHZ [vcod]

| " 5-BGHZ [vco3)
™ B-7GHZ [vco2)
" 7-8GHZ [vcol]

M LU/DN S election

" All Powered Diovin

+ Fyco/2 [2-4 GHZ]

€ Fecad (12 GHZ)

" Fvoco/8 (051 GHZ)

" Fyvood16 [0.25-0.5 GHZ)

Figure 37 Current VCO and MUX/DIV selections

VCO Capacitance

Correct setting of VCO capacitance is described in LMS6002D Programming and
Calibration Guide. Selections made when using the ‘Calculate’ button however are decided
based on the calibration table used in this block.

To properly select the ‘VCO Capacitance’ click “Tune” after “Calculate”. If you want to
observe the VCO capacitor selection algorithm results select “Log”.
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WZ0 Capacitance
Statuz WA

[~ Log

W alue: Calibratian

11 =

Figure 38 VCO Capacitance

Tune Select

Use of the ‘Calibration’ button is described at the end of this section.

Charge Pump(CP) Current and Offset

CP Current and Offset is set based on the selected loop filter and loop BW. For the
recommended loop filter (implemented on the evaluation board). Current should be 1200uA
and Up Offset 30uA, as shown.

CP Current and Offzet
Current, wd; Jp Offzet, ud:  Dn Offset, wh:
120 =] | =] |o =l

Figure 39 CP Current and Offset

PLL Calibration Data and File
Press the ‘Calibration’ button to enter the Frequency vs Capacitance calibration table data.
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Figure 40 Frequency vs capacitance calibration table data
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The calibration data consists of frequency versus capacitance value responses which are defined
by minimum 2 point definition. The loaded VCO file should contain the above data. If not file
‘Dr2.vco’, provided with SW, should be loaded. To load a new VCO file press the ‘Load’ button
and follow the normal windows procedure to load a file. Then press OK. This new file will now

be downloaded on subsequent starts of the software.

45.5. TxLPF

The Tx LPF page contains the SPI controls for the transmitter low pass filters, notably the LPF

BW and also the controls for the DC calibration.

¥ 6002D Test. untitled. prj - Project File
File Options Tools

Help
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Figure 41 Tx LPF page

Description of each function available from this page is as follows:

DC Calibration

These are the individual controls for the DC correction and auto-calibration routines for the
TX LPF (controlled by the ‘Transmitter’ auto-calibration button on the ‘System’ page).

The Tx LPF DC calibration has 2 stages which can be calibrated:
e TXLPF(I) at Cal module address 0
e TXLPF(Q) at Cal module address 1

Power Control

Powers down the LPF modules, grayed out controls can be accessed by using direct signals

mode.
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f» Decode Signals

" Direct Signals
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LPF Bandwidth

Set the LPF BW in the drop down box, from 0.75MHz to 14MHz. Note RF system BW is
twice this number, i.e. 0.75MHz LPF BW is 1.5MHz system BW.

Test

Enables LPF bypass for test purposes. Ensure ‘Normal Operation’ is enabled.

Process Calibration VValues

RC calibration values used to process trim the LPF BW. Values are calculated in top level
calibration and written into these locations (carried out automatically by ‘LPF Core’ on

‘System’ page).

Decoding

Select ‘Decode’ or ‘Direct’ signals for control of different parts of SPI memory map. When
swapping between the 2 options the available options are highlighted (and the unavailable
ones are grayed out). ‘Decode’ mode is recommended.

456. TxRF

The TX RF page contains the SPI controls for the TX RF stages, including all Tx gain control,
LO correction and Tx output selection.

File Options Tools  Help
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Figure 42 Tx RF page

Description of each function available from this page is as follows:
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Power Control
Powers down stages within the Tx RF block — grayed out controls are accessible via ‘Direct’
decoding mode.

Decoding
Select ‘Decode’ or ‘Direct’ signals for control of different parts of SPI memory map. When

swapping between the 2 options the available options are highlighted (and the unavailable
ones grayed out). ‘Decode’ mode is recommended.

VGAI1 Control

VGAL Gain sets VGAL gain (IF gain stage) from -4 to -36dB via drop down box. VGAL
Gain (Test) sets VGAL1 gain in ‘Direct Signals’ mode by setting 8 bit not log-linear control
word directly. ‘LO Leakage I DAC Out’ and ‘LO Leakage Q DAC Out’ set DC level injected
via the LO correction DACs for LO cancellation.

VGAZ2 Control

VGA2 Gain sets VGA2 gain (RF gain stage) from 0 to 25dB via drop down box. VGA2 Gain
(Test) set VGA2 gain in ‘Direct Signals’ mode by setting 9 bit not log-linear control word
directly.

PA Selection
Select Tx output stage PA1, PA2 or both off.

45.7. RxLPF

The Rx LPF page contains the SPI controls for the receiver low pass filters, notably the LPF BW
and also the controls for the DC calibration.

£ 6002D Test. untitled.prj - Project File =1t
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Figure 43 Rx LPF page
Description of each function available from this page is as follows:
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DC Calibration
These are the individual controls for the DC correction and auto-calibration routines for the
RX LPF (controlled by the ‘Receiver’ auto-calibration button on the ‘System’ page).
The Rx LPF DC calibration has 2 stages which can be calibrated:
e RXLPF(I) at Cal module address 0
e RXLPF(Q) at Cal module address 1

Power Control
Powers down the LPF modules, grayed out controls can be accessed by using direct signals
mode. Using ‘Decode’ mode is recommended.

LPF Bandwidth
Set the LPF BW in the drop down box, from 0.75MHz to 14MHz. Note that RF system BW
is twice this number, i.e. 0.75MHz LPF BW is 1.5MHz system BW.

Test
LPF bypass for test purposes. Ensure ‘Normal Operation’ is enabled.

Process Calibration Values

RC calibration values used to process trim the LPF BW, values are calculated in top level
calibration and written into these locations (carried out automatically by ‘LPF Cal’ on
‘System’ page).

Decoding
Select ‘Decode’ or ‘Direct’ signals for control of different parts of the SPI memory map.

When swapping between the 2 options the available options are highlighted (and the
unavailable ones grayed out).
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458 RXVGA2?

SPI controls for the RX VGAZ2 stage settings.

¥ 6002Dr2 Test. untitled. prj - Project File
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Figure 44 Rx VGAZ2 page
Description of each function available from this page is as follows:
DC Calibration

These are the individual controls for the DC correction and auto-calibration routines for the
RX VGA2 (controlled by the ‘Receiver’ auto-calibration button on the ‘System’ page).

The Rx VGA2 DC calibration has 5 stages which can be calibrated:
RXVGAZ2 Top at Cal module address 0

RXVGAZ2a(l) at Cal module address 1

RXVGA2a(Q) at Cal module address 2

RXVGAZ2b(I) at Cal module address 3

RXVGA2b(Q) at Cal module address 4

Decoding
Select ‘Decode’ or ‘Direct’ signals for control of different parts of SPI memory map. When

swapping between the 2 options the available options are highlighted (and the unavailable
ones grayed out). Use ‘Decode’ mode.
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Power Control
Powers down the RXVGA2 modules, grayed out controls can be accessed by using direct
signals mode.

VGAZ2 Control
Sets RXVGAZ2 Gain, available range is 0 to 30dB in 3dB steps. Decoding is set to ‘Decode
Signals’ for normal use.

VGAZ2B Gain (Test) and VGA2A Gain (Test) are available in test mode to control A and B
stages directly. Decoding is set to ‘Direct Signals’ to use this function. This feature is not
used for normal operation.

VGA2 CM Voltage
Sets RXVGA2 output common node voltage to interface to ADCs. Code 12, which
corresponds to 780mV, is recommended.

45.9. RXFE

Sets the SPI controls for the RX Front End stages, including LNA selection, LNA gain,
RXVGAL1 gain and RX LO cancellation.

¥ 6002Dr2 Test. untitled.prj - Project File
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Figure 45 Rx FE (Front End)
Description of each function available from this page is as follows:
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Decoding
Select ‘Decode’ or ‘Direct’ signals for control of different parts of the SPI memory map.

When swapping between the 2 options the available options are highlighted (and the
unavailable ones grayed out).

Power Control
Powers down the RXFE modules, grayed out controls can be accessed by using direct signals
mode.

DC Offset Cancellation
Applies DC level to mixer output to cancel DC level from LO leakage.

P2 Cancellation
Applies offset to mixer to improve IP2 performance. Not required.

LNA Control
Settings for LNA controls are as follows:
e Internal/External LNA load tick boxes — use internal.
Capacitance to BE — leave as default (0)
LNA Gain Mode — selects LNA gain, Max, Mid and Bypass.
LNA3 Fine Gain — fine gain setting for LNA3 which has no bypass mode, 0 to + 3dB.
Active LNA — Select active LNA 1 to 3, also need to change the RX LO buffer in
‘RX PLL + DSM’ page when changing LNA. This control changes RX LO buffer
automatically.
e LNA bias current — leave at default (7).
e External load — not used when Internal load selected.
e Internal Load (0 to 63) sets LNA gain, max (0dB) = 55, min (-9.2dB) = 0. Do not set
above 55.

See figure below for settings

LM Control =
Capacitance to BE:
W Intemal LA Load ~opootonts o

[~ Extemal LM Load |7
LM& Gain Mode: LMAZ Fine Gain:

| tax Gain ﬂ | j
Active LMNA: LMA, Bias Current:
|Lha T ~| |7 |
LM& Load Resistor,  LMNA Load Resistor,
External Load: Internal Load:

e E

-

Figure 46 LNA Control setting
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MIX Control

Settings for Mix control are shown below, do not change:
e MIX Bias current — “7°, leave it at default.

MIX Input — ‘To LNA Out’, leave it at default.

MXLOB Bias Current — 77, leave it at default.

LO Bias Of The MIX — <3’, leave it at default.

See figure below for settings

k= Cantral
bl Biaz Current:

I

bl Inpuat:
To LM& Out -
M=LOB Biaz Current:
T -

LO Bias OF The Ml

R

Figure 47 MIX Control settings

VGAI1 Control
Feedback Resistor (0 to 123). Only use settings up to 120

Sets VGA1 gain, max (0dB) = 120, min (-24dB) = 0, so do not set above 120. Gain control is
not log-linear.

Feedback capacitor (0 to 123)
Introduces a single pole LPF at VGA1 output. Bandwidth dependent on ‘Feedback resistor’
and ‘Feedback capacitor’. For no filtering leave at default (0).

Bias Current - leave at default (7).

4.5.10. ADC/DAC

ADC / DAC page sets all the controls for the data ADCs in the receive path and data DACs in
the transmit path.
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L 6002Dr2 Test. untitled. prj - Project File

File ©Options Tools Help
o= 3|

System | Top Level | TxPLL + DSM | RxPLL + DSM | TxLPF | TxRF | Rx LPF | RxVGA2 | RxFE |[ADC /DAC Board

Decoding ADC/DAC Reference Control
+ Decode Signalz: ¢ Direct Signals Bandaap Temp Coeff: Bandgap Gain Fef Amps Bias Adj  Ref &mps Bias UP:  Ref Amps Bias DN:
0 [Mom) | | O(Nom] ha I MBS x| |0 -
ADC/DAC Enable Control ‘ J | J ‘ J | J | J
|IZ ADDC Enable II: DAL Control
DAL Internal Output Load Resistar: DAL Reference Current Resistor —| DAL Full Scale Output Current:
F ~ 200 Ohms - " Intemal {+ Esternal 5 -
ADC/DAC Miscellaneous Control
Fix Fepne Polarity T# Feync Polarity ADC Contral
Ol o 1 ¥ Input Buffer Disabled
Ef I'"EEIIE?EEQ | ;K :nlgﬂe?xem | Ref Bias Aes Adi  Aef Bias UP:  Ref Bias DM Ref Buff Boost: Common Mode Adi: Ref Gain Adj
DAC Ede (EZ S ) KT B Y ) [T b oY B ]
" Pos & MNeg . " q 3
Main Bias DN Clock Mon-Overlap Adi;  ADC Sampling Phase: ADC Bias Resistor Adjust, ud
[0 (Nom) =] [Mominal | [FisingEdge ~ +| | © 200 40 C 10 T 15

ADC Ampl Stagel Bias Up, ud

ADC Amp2-4 Stagel Bias Up, ud
20 40 10 15

(uantizer Bias Up. uwh

ADC Ampl Stage? Bias Up, ud
(¢ 20 (" 40 10 15

w20 40 10 15

ADC AmpZ-4 Stage? Bias Up, ud
20 40 10 15

w20 40 10 ¢ 15

Input Buffer Bias Up, ué
20 ¢ 40 10 15

Default configquration losded to the GUT.

Ref, Clock, Hz: 30720000

Figure 48 ADC/DAC page

Description of each function available from this page is as follows:

Decoding
Select ‘Decode’ or ‘Direct’ signals for control of different parts of the SPI memory map.

When swapping between the two options, the available options are highlighted (and the
unavailable ones are grayed out).

ADC/DAC Miscellaneous Control

Rx Fsync Polarity — sets the polarity of the RX 1Q SEL signal for the first sample of the Rx
IQ pair.

Rx Interleave — sets the order of the RX 1Q pair.

Tx Fsync Polarity — sets the polarity of the TX 1Q SEL signal for the first sample of the Tx
1Q pair.

Tx Interleave — sets the order of the TX 1Q pair.
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See diagram below for explanation:

Fsync |[Interleave IQ Select (Tx)

T OO e o
T XXX X
T O EXE XD
T T OO

Figure 49 DAC enable control timing for TX

Fsync | Interleave 1Q Select (Rx)

ey 11
1 - XX X8 X XS
1 < Ca X X & X2 X& XD
’ - o X X @ XE X &XE D
° - o X @ X X% X X%

Figure 50 ADC enable control timing for RX

DAC Edge
DAC Edge — selects the edge of the DAC clock which the data is clocked from. Negative is
usually required.

ADC/DAC Enable Control

Check ‘ADC Enable’ to enable ADCs and DACs. Sub-blocks are also independently
controllable in ‘Direct Signals’ mode.

DAC Control

e Internal output Load Resistor 50, 66, 100, 200 Ohms or Open Circuit setting (when
using external load resistor).
e DAC Reference Current resistor — use External.

e DAC Full Scale Output Current (2.5, 5, 10mA). Use Load resistor and Full scale
output current to control DAC output voltage swing.

ADC/DAC Reference Control
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Use default settings:

ADC/DAC Reference Control
Bandgap Temp Coeff: Bandgap Gain: Ref Amps Bias Adi;  Ref Amps Bias UP:  Ref Amps Bias DM:

[ 0 (Nam) ] [omMem =] [20u ] [l RARE =l

Figure 51 ADC/DAC Reference control — default settings

ADC Control

Use default settings with following exceptions:
Ref Bias Res Adj = 10uA (minimizes ADC noise)
Common mode Adj = 960mV.

Ref Gain Adj = 1.75V.

See diagram below for settings including the exceptions listed above which have been
highlighted in red.

— ADC Contral
¥ |nput Buffer Dizabled

Fef Biaz Res Adi JRef Biaz UF:  RefBiaz DH:  Ref Buff Boost: Cormman Mndeid’| Sef Gain Adj;

[ 100 e = o = |} 380 179% x|
tdain Biaz DM: Clock Mon-Overlap &di;  A0C Sampling Phaze:  —ADC Bias Resistor Adjust, ud—
[0 (Nom =] [Nominal =] [FisingEdge ] [ £ 20 € 40 £ 10 €15

—ADC Ampl Stagel Bias Up, wdy —ADC Ampd-4 Stagel Biaz Up, wd—) rGuantizer Biaz Up, w
f« 20 40 ¢ 10 15 e 20 40 10 15 f« 20 40 ¢ 10 15

—ADC Ampl Stage Biaz Up, wdy) ADC Amp2-4 Stage? Biaz Up, wd—) —Input Buffer Bias Up, ub———
f« 20 (40 ¢ 10 ¢ 15 f« 20 40 10 15 f« 20 (40 & 10 ¢ 15

Figure 52 ADC Control settings

45.11. Board

Board refers to the interface board. This page provides the SPI control via a second enable pin on
the SPI interface for an external PLL chip. The purpose of this is so the interface TCXO can be
locked to external test equipment if required.
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£3/6002Dr2 Test. untitled. prj - Project File EEX

Eile Options Tools Help

Dld| 7|

System | Top Level | TxPLL + D5M | RxPLL + DSM | TxLPF | TxRF | Rx LPF | RxVGA2 | Rx FE | ADC / DAC |[Board

ADFA002 Contral Calculation of B & N
Reference Counter Latch N Counter Latch Fref. MHz Fyco, MHz
Lock Detect Precision:  Anti-Backlash:  Reference Counter: CP Gair: N Counter: |1 0.00000000 % |3D_FZDUDUDU %

Thiee Cyoles  v| [28m =] B | o BRE] %]

Fvoo [MHz) = 30.72

Function Latch LM = 0.0
Cument Setting 1: Timer Counter:  Musout Contiol 23 D1 gnuNnter F\“aset Caloulate B, N & Dowrload |
-  MNaormal
|7 j |3 j ‘D'\:\g;a;L‘oc.K Detect ﬂ 1 B &M Resst
ol arity
C;,urrenlSElUngZ F;st\lc‘k‘.j £ Megative e ——
- -| | &
530k oty ? ? ? ?::::—‘Etate Dowrload All ADF4002 Configuration |
Initiglization Latch NOTE:
Cunent Setting 1: Timer Counter:  Musoul Control FD1 | | Counter Fieset (G o T ADI RO sl
&0 9 el after pressing "Calculate B, N and
[7 ~[ [z | |Dighal Lock Detect Ea 24 o BRNE Download” or "Download Al ADFA4002
FD Polarity eset Configuration' buttns only!
Current Setting 2: Fastlock: ® i PD 2 P Gtate g&?:&gﬁ::eacl\f do not update
7 > | |Disabled = &+ Positive ~ 0 & Normal
(| " Thiee-State

Default configuration loaded to the GUI.

Ref. Clock, Hz: 30720000

Figure 53 S/W control for on board ADF4002 — TCXO locking
The default settings will program the standard board with a 30.72MHz TCXO and a 10MHz
reference.

Using this feature:
e Press ‘Download All ADF4002 Configuration button’

Then:

e Press ‘Calculate R,N & Download’ button to program the ADF4002, if all is correct the
green PLL locked LED (LD1) on the interface board should illuminate. LD1 is located in
the upper left hand corner of the interface board.
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Transmitter and Receiver Basic Setup

5.1 Transmitter Setup and Basic Testing

This is a quick check without the need to connect to an external baseband interface. The test
using DC to provide LO leakage to test the Tx chain, for accurate repeatable measurements the
Baseband Interface (data DACSs) should be set to a known state. Also, verify the reference clock
frequency is set properly. The reference clock frequency can be set in the top “Options” menu
under “Reference Clock”. It is typically set to 30.72 MHz but can vary depending upon the
frequency of the TCXO installed on the evaluation board.

5.1.1. Top Level Setting

Using the “Top Level” page. Verify the “Tx DSM SPI” Clock Buffers and the “Soft Tx Enable”
Power Control are enabled in the menus as shown below.
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[=I[ES|

£¥ 6002012 Test. untitled. prj - Project File
File Options Tools Help

Ol=a| 7

System || Top Level TxPLL + DSM \ Rx PLL + DSM | Ta LPF \ Tx RF \ R LPF \ R VEA2 \ R FE | ADC / DAC \ Board \

DEC Calbration Decoding
ReselCalbiaton | Losd Crevave | stan Calbraton | (oo & Decore Signals
CAL Module Address:  Caliration Yalue: Lock Paters. 777 ® D SEED
- == T BeadVales Eahbrano{\ S\lfallus & ———
omparator Value: Wi
FIF Logpback Cantiol BE Loapback Cantiol Clack Buffers & dwie
' Disabled @ Disabled V| T¥DSM SPI Ry VEA2
 Tulx 1o LNAT Path ¢ loopb to LFF Input TuLFE LFF CALEORE Rz Bypass Mod
e to a ELEL AT Fiv DSM 5P PLLCLROUT * Sypass Made
£ il to LNAZ2 Path £ Ioopb 0 VGA2 Input i [~ TIA Sharted
¢ Tibll o LNAZ [GSMIFah | | ¢ loopb to Rk Out Fins Ta Output Pins
TR LPF Calbration
Pawer Contral A 0uDC In Switch W DIV for LPF Tuning Clock PD DSM Soft Reset
[¥ Top Moduies Enatle ¢ Open(olf) & Cosedlon) | [ EnableEnfoceMode v ResstLPFCAL | | ResstState
¥ Soft Tx Enabld ) I~ Enable LPFCAL @ Insciive
TDD Mods Select LPFCAL Cod
[~ Soft Fix Enable £ Tt & Fiossive RECAL LPFCAL Yalue o
~ RCeaL LPFCAL: 72 | 19 ~| | Global Reset
= FOD/TDD Selestion LPF Bandwidth:
#FOD € TOD Fread Value [ — i
=
e BT LPF Tuning Clock. =
[~ PowerDown v SefBiasing | Bypass A FromTaPLL & PLL Referance
Default configuration loaded to the GUIL.
Ref, Clock, Hz: 40000000 Chip Ver: ORev: 0

Figure 54 Top Level Settings

Note: The LMS6002 communication can be easily checked by toggling the “Soft Tx Enable” in
the Power Control section. The current change can be observed on power supply display.

5.1.2. TXLPF & Gain Setting

Using the ‘Tx LPF’ page. Set the LPF bandwidth to your desired value; see figure below,
example setting is 14 MHz.

£5/6002Dr2 Test. untitled.prj - Project File [(=0(E3]
Fle Options Tooks Help

0= 7

System \ Top Levell Te PLL + DSM | Ry PLL + DSM \ TkLPF TxRF \ Ry LPF \ Ry VBA2 \ Rx FE \ ADC 7 DAE‘ Board

DE Calibration Decoding
Reset Cabation | Losd Ot Vol | [TSRCaBaON ]| yivaionvatas 777772 & Decode Signals
CAL Madule Address:  Calbration Value: Lack Patie; 777 € Ditect Signals

m m Fiead Vialues Calibration Status: 7

Comparator Valus:

=)

Poweer Control LPF Bandwidth Test

o
W LFF Modues Enable TAMH: v e

(" BypassLPF

Process Calibration Values
DC Offset Resistor: From TRX_LPF_CAL:

E ERE =

ANAZT

Default configuration loaded to the GUL

Ref, Clock, Hz: 30720000

Figure 55 Setting Tx LPF bandwidth
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Select Tx RF page to set gain and select Tx Output. For basic operation select the following
e VGAlgain= -10
e VGA2gain= 15
e PAI Selected

See diagram below to check selections.

X 6002Dr2 Test. untitled. prj - Project File

File Options Tools Help
mjf=2 =1
System | Top Level | T PLL + DSM | Rx PLL + DSM \ Tx LPF | TxRF RxLPF | R VGA2 | Rx FE | ADC 7 DAC | Board \
Pawer Cantrcl Bias Control PA Selection Decoding
[ THAF Modules Enable ' PAT and PA2 Off # Decode Signals
= [ T HF Bias Resistors Shorted & PAT Selested
3 LD Buifer Bias Current P2 Selected £ Direct Signals
~ 4 -
r = WGA] Contiol
r I Eeeri AN VGAT Gain, dB L0 Leakage | DAC Out, v
r a =l 0 ~| [0 -
r Ml Bias Current, mé: ‘ J ‘ J
iz = VGAT Gain (Test], dB: L0 Leakage i DAC Out, m:
D (B Piss Bias Currert, mé: [ =l o |
Detector Sslect |
ALIXPA ED output - 12 e P —
Signal for AC Coupling: WGAZ Gain, dB: WGEAZ Gain [Test):
[ReferenceDC =] |~ BELoopBack Contl -
FDED Banduidth 9 S iEs (il
= £ T4LPF Output to BBLB
£ TiMGAT Dutput to BBLB
[ Short the Resistors in PDED | ¢ PDED Output to BELE
Default configuration loaded to the GIUI.
Ref. Clock, Hz: 40000000 Chip Wer: 0 Rev: 0

Figure 56 Tx gain setting and PA selection

5.1.3. TXPLL Setup

Select Tx PLL + DSM page to set up the Tx PLL. Please follow the instructions 1 to 3 below in
the order shown and illustrated in the figure below.

1. Set ‘Output frequency’ (Tx frequency), example shown = 2.14GHz and then press
‘Calculate’, note divider ratios should change.

2. Change ‘CP Current and Offset’ (CP = Charge Pump) to the following:
a. Current, uA = 1200uA
b. Up offset, uUA = 30uA

3. Press “Tune” to fine tune VCO capacitor selection. If you want to observe the VCO
capacitor selection algorithm results select “Log”.

58| Page
© Copyright Lime Microsystems

Rev: 2.2
Last modified: 03/05/2012



LMS6002D Quick Starter Manual for Evaluation Board

(£§ 6002Dr2 Test. unti =13l i

File Options Tools Help

O== 2|
System | Top Level [[Tx PLL + DSM Rz PLL +DSM | TxLPF | Tx RF | RxLPF | RxVGA2| Rx FE | ADC / DAC | Board |

— Decoding

Test Signal WCO Capacitance E = WO Output Wariuos YCO Controls WCO Comparatars
% Decode Signals | | [~ Buffer Enabled | | Status: NA walg  Calbiation Yalage. V. [V WCO Reg Bupass | | Hight 0 Lowe 0
I l ¥ “CO Reg PD
" Direct Signals [~ Pass Enabled Tune | [~ Log{ |4U ﬁ Select 19 > [V BG Res Shoted sl

- Pawer Cantral Frequency Control | BIST Control |

[¥ PLL Modules Enable [# FFO/CE En . o
| LD Beiffer Erabl I¥ OO COMP En ('z‘LII_f:cot?:nal Ry Calculated Yalues for Fractional Mode Current ¥CO
¥ lrput Liriter &mp. Ene [T DSMN Auto Bup. £ M Integer ) 133 Al Powered Down
[¥ Feedback Divider Ene W PFD Up Pulses 1Mtput Frequancy,}Hz — N.Fract.\onal. 2708821 0 Low Frequency
I¥ | FFD Ck Inverted (Uneheckedsn Phzse) (kT 39I2ONEELGT | | o Frequency
™| CF Out Made: Tri-state [Unchesked-Haormal] 214 Real Output Freq, GHz:2.1333333333836, £ Mid High Frequenc
I | CEROut [rverted [Unchecked-Hommal] \ Caicul VO Freq. GHz 4.28 . 4 v
2 alculate £~ High Frequency
- o ——, £ - -
(07 (et e s ~ N —Aand B Co‘:a-nter Yalues — — Calculated Yalues for Integer Mode — MU=/DIY Selection
Current, g Up Offset, ud:  Dn Offset, ud: v X X
Counter & Value: Divider M 130 " Al Powered Down
120 =] [0 = o -] ’m Fveo, GHz: 52 o Freal
p -
L — — L Fvco/2, GHz: 26  Fucodd
— Output Buffer =TitHEg T Counter B Yalue: Fvco/d, GHz: 13 -
Bits Dither: EE| Fyco/8, GHz: 085 es
Fe || Mue [ = Frco/16, GHz 0325 " FvoollE

Figure 57 Tx PLL setting

5.2 Testing TX Output

When transmitter is configures as it showed in section 5.1, one of your selected TX output can be
connected to spectrum analyzer (SA). In SA you can now observe the results of this basic
operational test. 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 2.1dBm. As the DACs are not
programmed yet levels may be different from the screen shot example.

T igjlent Spectrum Analyzer EEE
T ENGEIN 7.

Amplitude

Reference Level 20.00 dBm
Input: R

RefLevel
2000 dBm
Ref 20.00 dBm

o i

Center 2.14000 GHz ‘Span 50.00 MHz
Res BW 470 kHz VBW 470 kHz Sweep 1.00 ms (1001 pts)

Figure 58 Basic TX testing using DC offset resulting in LO leakage
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5.2.1. TX Basic Operation Checks

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

TX RF — VGA 1 change setting from -4 to -35 and observe results. LO should vary by approx 1
dB steps, 31dB range.

TX RF — VGA 2 change setting from 0 to 25 and observe results. LO should vary by approx 1
dB steps, 25 dB range.

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

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

Basic functionality checks on the receiver side are achieved by using the analogue output from
connector J3, not using the digital output from the data ADCs.

5.3.1. Top Level Settings

Using the “Top Level” page, verify the “Rx DSM SPI” Clock Buffers and the “Soft Rx Enable”
Power Control is enabled in the menus as shown below. Also verify the RxOut/ADC in Switch is

set to Closed.

File options Tools Help

Ol=al 7|

System |[ Top Level TxPLL +DSM | RxPLL +DSM | TxLPF | TxRF | Rx LPF | RxVGA2 | Rx FE | ADC / DAC | Board |

DC Calibration

Reset Calibration | Load Crt Value ‘ Start Calibration |
CaL Module Address:  Calibration Value:

0 j |31 j Riead Yalues
RF Loopback Cantrol BB Loopback Cantrol
+ Disabled &~ Disabled

7 TaMle to LNAT Path
7 TaMlx to LNAZ Path
7 TaMbe to LNAZ [GSM] Path

¢ loopb to LFF Input
" loopb to WGEAZ Input
" loopb to Ax Out Ping

R Qut/ADC In Switch
" Dpen [off] & Clozed [on)]

Power Control

¥ Top Modules Enable
v SnfthEnah\e TDD Mode Selection
¥ Soft iy Enable & Transmt (" Receive

o
I FDD/TDD Selection

« FDD 10D
*CO Buffer

[~ PowerDown W Self Biasing [~ Bypass

Default configuration loaded to the GUI.

Lock Patterm: e
Calibration Status: 7
Comparator YValue: 7

Clack Bufers

¥ TwDSM SPI Rz VGAZ
TxLPF LPF CALCORE

¥ AxD5M 5P PLLCLEOUT
Ry LPF

TR LPF Calibration

Iw DIVE for LPF Tuning Clack PD

[™ Enable Enforce Mode [ Reset LPFCAL
[~ Enable LPFCAL LFFCAL Coder

RCCAL LPFCAL Value
a -

RCCAL_LPFCAL: 777
LPF B andwidth

Read Value m

LPF Tuning Clock.

 From TxPLL (¢ PLL Reference

Ref. Clock, Hz: 40000000

Decoding
& Decode Signals

" Direct Signals

5P Port Mode
 3wire

&+ 4wire

Fix Bypass Mode

[™ TIA Sharted
To Output Ping

DSM Soft Reset
" Reset State

& Inactive

Global Reset

H

Chip Yer: DRev: 0

2% 60020r2 Test. untitled.prj - Project File g@@l

Figure 59 Top Level Settings
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5.3.2. RXLPF & Gain Setting

Set LPF bandwidth to 7MHz as illustrated in figure below.

£x| 6002012 Test. untitled.prj - Project File
Eile Options Tools Help

l=3= 1

System | TopLevel | TxPLL + DSM | Rk PLL +DSM |[ T« LPF  TxRF | Rx LPF | Rx VBA2 | RxFE | ADC 7 DAC | Board |

DC Calibration Decoding
- . =
Reset Calibration | Load Crit Yalue ‘ Start Calibration | Callbration Walug 779797 DECUdE.SIgﬂdS

CAL Module Address:  Calibration Yalue: Lock Pattem: kG € Direct Signals
Calibration Status:  ?

il kil Read Values

| j | ﬂ Comparator Yalue: 7

Power Caontrol LPF Bandwidth Test

= Momal Operation

v LPF Modules Enable 7 MHz A

o " Bypass LPF

'I: Process Calibration Values

= DC Offset Resistor: From TR_LPF_CAL:
c 2 el |

Figure 60 Setting Rx LPF to 7 MHz

Select ‘Rx VGA2 page’ to set the gain. For basic operation set VGAZ2 gain = 30. See figure
below.

&x 6002Dr2 Test. untitled. prj - Project File
Eile Options Tools Help

Dl=a| 7| 1

System | Top Level | Tx PLL + DSM | RxPLL + DSM | TxLPF | TxRF | RxLPF |[RxvGA2 RxFE | ADC/DAC | Board |

DC Calibration Decoding
Reset Calibration | Load Crt Valug ‘ Start Calibration | Calibration Yalue:  #727%7 &+ Decode Signals
Lock Patter: e

. " ™ Direct Signals
CAL Module Address: Calibration Value: Calibration Status. 7

0 j ‘31 j Pead Values Comparator Value: ?

Power Contral WGEAZ Control VGEAZ CM Voltage
v FVGAZ Modules Enable YGAZ Gain. dB:

v |30 = ||l =]
-

-

-

-

-

-

-

-

-

Figure 61 Setting Rx VGA2 gain

Select ‘RX FE page’, check ‘VGA1 Control Feedback Resistor’ is set to 120 (Default setting).
The feedback resistor controls the gain of VGAL. Set LNA gain by using ‘LNA load resistor —
Internal load’, set to 55.

Check ‘Active LNA’ = LNA1 and ‘LNA Gain Mode’ is set to Max Gain.
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£ 60020r2 Test. untitled. prj - Project File
File Options Tools Help
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System | Top Level | Tx PLL +DSM | RxPLL +DSM | TxLPF | TxRF | RxLPF | RuVGA2 |[RxFE ADC/DAC| Board |
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1

5.3.3. RXPLL Setup

Select ‘Rx PLL + DSM” page to set up the Rx PLL. Please follow the instructions below in the

Figure 62 Rx LNA and VGAL1 settings

order shown and illustrated in the figure below.

a.

copoT

© Copyright Lime Microsystems
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Set ‘Output Frequency’ (Tx frequency), example shown = 1.95GHz and then press
‘Calculate’, note divider ratios should change.
Change ‘CP Current and Offset’ (CP = Charge Pump) to the following:
Current , uA = 1200uA
Up offset, uA = 30uA
Press “Tune” to fine tune VCO capacitance. If you want to observe the VCO capacitor
selection algorithm results select “L.og”.
Make sure that ‘Output Buffer’ is set to First.
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~=1olx|

wl= =1

System | Top Level | Tx PLL + DSM |[Rx PLL + DSM  Tx LPF | TxRF | Rx LPF | RxVGA2 | Rx FE | ADC 7 DAC | Board |

Test Signal
[~ Bulfer Enabled S

I~ Pass Enabled

— Decading
* Decode Signals

" Direct Sigrals

WCO Capacitance

Tune?l_ fon 120 j' 1 Seleot

YO Dutput

talus: N& o2 Vale Calbrstion | | yoliage, -

19 7

Warniuos YO Controls
¥ VCO Rea. Bypass
¥ VCOReq FD

¥ BG Res. Shorted

WCO Comparators
High: 0 Law: O

Read

r— Power Contral

[¥ PLL Modules Enable  [& FFO/CR En

¥ | L0 Butfer Enable ¥ YCOCOMPER,
¥ Input Liritzr e Enc [ DSMM Auto Byp
[# Feedback Divider En W PFD Up Pulés
¥ FED Clk Inwerted [Unchecked-in Phase]

[~ CFOut fods: Tristate [Unchecked o,
[ CF Outnverted (Unchecked Hormal]

~

Flequency&:nlg {BIST Control ‘

PLL Maode i~ Calculated Values for Fi

% Fractional © Integer M Integer:
. M Fractional
| -~
Dutput Frequency, GHz wider
1.95 H%I Output Freq. GHz:
Vﬁ Freq. GHz;

=
— PO ad Oifset

Calculate | L

tactional Mode — 1~ Current VCO

128 Al Powered Down
7995392 ' Low Frequency
126.963125

b= " Mid Low Frequency
15 " Mid High Frequency

1~ High Frequency

(A and B Counter Yalues —

=

Current, ub: Up Offset, ud:  Dn Offset, ud: Q‘Enuntam Value: Diividder N-
|12DU j IEU j ID j - Frco, GHz:
Fvco/2, GHz:
— Dutput Buffer — — Dithering Contral ##| Counter B Value: Fvcos/d, GHz:
~ BB | |12 = Fvea/8, GHz:

Fvio/16, GHz:

[ Calculated Values for Integer Mode

[~ MUR/DIV Selection

130 Al Pawered Down
52 * Fyoo/2
122 " Fvoofd
065 " Fvco/8
0325 " Fveof1B

Fig
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5.4 Testing RX Output

Set the signal generator to 1951MHz (1MHz offset from PLL frequency selected) and input a
sine wave at -60dBm into the reference board antenna connector (connector J2).

Configure receiver as showed in section 5.3. Connect an oscilloscope to J3.20 or J3.18 on the
evaluation board. Correct operation will results in two sine waves, 90° out of phase, being
displayed. If the sine wave output for | and Q can be seen then the receiver is operational. See
figure below.

5.4.1.

Edge Trigger Menu
+d Source I Slope ‘
1 ¥

Figure 64 Oscilloscope capture of 1 MHz | & Q Sine wave outputs

RX Basic Operation Checks

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

a.
b.

o

RX VGA2 — VGA 2 change setting from 30 to 0, observe results, gain should decrease.
RX FE — VGA 1 change feedback resistor from 120 to 0, observe results, gain should
decrease.

RX FE — LNA gain change from Max to Mid, observe results, gain should decrease.

RX FE — LNA gain change from Mid to Bypass, observe results, gain should decrease.
Change frequency from 1.95GHz to 1.92GHz and press ‘Calculate’/’Tune’. Change
Signal Generator to 1.921GHz (1MHz offset from PLL). Observe results.

Change frequency from 1.92GHz to 1.98GHz and press ‘Calculate’/’Tune’. Change
Signal Generator to 1.981GHz (1MHz offset from PLL). Observe results.
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LMS6002D Calibration Procedures

6.1 TX LO Leakage Calibration

This procedure assumes the transmitter has been turned on and initialised, it describes how to
then use the parameters within the LMS6002D to cancel any LO leakage from the 1Q modulator.

It is intended that this will be a single point calibration per band, the example given uses 3GPP
Band | with a centre frequency of 2140 MHz.

The transmitter should be set up with the following parameters:

Parameter Page Value
Transmitter Frequency System Interface 2140
Soft Tx enable Top Level tick box selected
Tx DSM SPI clock buffer Top Level Tick box selected
LPF bandwidth Tx LPF 3.5MHz
PALl selected TX RF PAL Selected
VGAL1 gain Tx RF -10
VGA2 gain TXx RF 15

Table 8 Transmitter setup

No signal should be applied to DAC’s or DC Low signal, generated by BB can be applied. The
previous method is more preferable. Note: Set gain settings before calibration.
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The output should be observed on the spectrum analyser.

The signal on the screen represents the LO feedthru
from the transmit modulator.

M e

Res BW 750 kHz VBW 750 kHz Sweep 1.00 ms (1001 pts)

In this case the level is -45dBm

Figure 65 Transmit Output

Assuming the LPF Core calibration has been carried out in the initialisation then press the
‘Transmitter’ button on the System Interface page in the Automatic Calibration area.

£5|6002D12 Test. untitled.prj - Project File i=1[E3]
File GCptions Tools Help

D= ¥

System TopLevel | TxPLL + DSM | Rx PLL + DSM | TxLPF | TxRF | Rx LPF | Rx¥GA2 | Rx FE | ADC /DAC | Board |

LMA Contral Autamatic Calibration Bypass Configurations

Ative LA Trarsmitter Fisceiver | Fix Bypass Mode: Tx Eypass Mode RF / BE Loopback Mode

LA 1 bt LFF Care |No|ma\ Operation j ‘Nurmal Operation ﬂ |Normal Operation j

Downlink [T#) Frequency Band and Channel Uplink [Rx) Frequency Band and Channel

Band: Channel: Fast Channel: Frequency, MHz: Band: Channel: Fast Channel: Frequency, MHz:

[ =ifosez =] o |m| v|Fres || =[sz <] 8|w|7]

Default configuration loaded to the GUI.

Ref. Clack, Hz: 30720000

Figure 66 System Window. Use Automated Calibration

“Tx Calibration Done’ should appear in the text box in bottom of the display.
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In this case the LO dropped after automatic
calibration to -53dBm as shown in Figure 67.

Trig: Free Run

' gmen: 2 48

PHO: Fast
IF Galin-Low

Note. Automatic calibration is intended to make
the DC zero at the output of the LPF, this is not
the same as cancelling the LO, it just makes the
DC contribution from the 1Q chain as low as
possible.

It may be the case that the level will go up after
automatic calibration — do not worry if it does,
this is due to the default values on power up
cancelling the LO at the selected frequency.

Center 2.14000 GHz
Res BW 750 kHz

Span 80.00 MHz

VBW 750 kHz Sweep 1.00 ms (1001 pts)

Figure 67 Transmit Output After Calibration

Select the ‘Tx RF’ page in the SPI software.

£%/6002Dr2 Test. untitled. prj - Project File (=13}
File Options Tools Help
=30~ 1A
System | Top Level | Tx PLL + DSM | Rx PLL + DSM | TxLPF |[TxRF RxLPF | RxVBA2 | RxFE | ADC / DAC | Board |
Power Control Biaz Contral P4 Selection Decoding

v T«RF Modules Enable " P&l and PAZ Off & Decode Signals

[ TxHF Bias Resistors Shorted

¢ (& Pal Selected

"2 L0 Buffer Bias Curent: P2 Selected " Direct Signals

¥ 4 -

rd _ WGA1 Control

r PA Cascode NPNs Bias VGAT Gain, 0B LO Leakage | DAC Out, m:
] -

r -0 ~| o -

] M1 Biaz Current, mé: | J ‘ J
12 - WGAT Gain (Test). dB: LO Leakage O DAC Out, mi:

E0IFD G P Bias Cument, mé: | J ‘D j

Detector Select: ,—4|

AUXPA ED output - 12 ad VA2 Control

Signal for AC Coupling: WGAZ Gain, dB VGAZ Gain [Test]:

Reference DC - BB Loop Back Contral -

PDED Bandwidth:
0 -

[~ Shart the Resistors in PDED

* Switches Open

" T#LPF Output to BBLB
" T#wGAT Output to BELE
" PDED Output to BELE

Default configuration loaded to the GUI.

Ref, Clock, Hz: 40000000 iChip Ver: ORey: 0

Figure 68 Tx RF window

The LO cancellation DACs level is in the boxes marked’ ‘LO Leakage DAC I Out’ and ‘LO
Leakage DAC Q Out’. The entry mechanism is different to the LPF DC offset and easier to tune.
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LO Leakage DAC 1/Q Out boxes contain the value of the DC LO cancellation DAC in mV and
ranges from -16 to 15.875.

Click on the VGAL DC shift box, a drop down menu appears, click again and the drop down
menu collapses leaving the entry box blue.

The value in the box can now be adjusted using the up and down arrows on the key board, once
the number has changed the register in the LMS6002D is updated, allowing for a simpler search
method.

Select the I DAC box

Increase / decrease until minimum is found.

Do same for Q.

It is possible that O is the best result for both as the optimum has been found during the
LPF calibration above.

o0 o

NGE INT 164 o1
000000 GHz Avg Type: Log-Pwr

i A === In this case the LO cancellation has been
Ref 2000 d8im 2 48 dem improved to -71dBm as shown in this figure.
The optimum values were:

1=0
Q=-0.125

ey i

Center 2.14000 GHz Span 80.00 MHz
Res BW 750 kHz VEW 750 kHz Sweep 1.00 ms (1001 pts).
srans

usa| i, File <LO-CAL_2_0000.png> saved

Figure 69 Transmit output after calibration

6.2 Transmit I/Q Balance Calibration

This procedure assumes the TX LO calibration procedure in section 6.1 has been completed. The
purpose of this calibration is to optimize 1/Q balance for optimum transmit EVM performance.
Typically, this is done by applying a 1 MHz CW tone from a digital 1/0 card through the digital
interface at J5. The 1 MHz CW tone could also be applied at J3 from a differential 1/Q analog
signal generator.

Initially, the user should observe a spectrum at the tuned frequency that is similar to the figure
below.
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== The wanted signal can be seen at IMHz offset
s«| from the selected RF frequency (2140MHz),

z 10.0000000 MHz|

In this case at a level of approx -16dBm.

The unwanted (lower) sideband can be seen at
-1MHz offset, with no correction is at a level
of -45dBm (29dBc)

Note — the 3" order product at LO-3*1MHz
can be seen also.

Center 2.140000 GHz
Res BW 91 kHz

The image or sideband rejection
performance of the system depends upon
the phase and gain match of the | and Q paths. This includes the test equipment, cables and of
course the LMS6002D transmit path. The closer in length the cables between the signal
generator and the test board are the better.

Figure 70 Initial -1 MHz Image Spectrum

The phase match also depends on the accuracy of the sin/cosine split on the LO of the 1Q
modulator (inside the LMS6002D), the bulk of the phase correction is for this parameter — hence,
amplitude mismatch will vary little with frequency, however phase mismatch may be quite
different for each band.

The result of the phase angle calibration can be seen below.

7 Agilent Spectrum Analyzer - Swept SA

‘Span_10.0000000 MHz
Input AF PNO: F

. fedl The result of the phase angle calibration is
seen.

The unwanted sideband has been reduced
to -60dBm (-44dBc).

The optimum value found in this case was
4.1 deg.

| | ) i
\
L L ! - 5
LRt SRl L T f
A A P
[l A ' Y ¥ Signal Track
Center 2.140000 GHz Span 10.00 MHz|f}} L
B« & 7z

Res BW 91 kHz Sweep 1.47 ms (1001 pts).
<o BE

Figure 71 Phase angle calibration
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The result of the amplitude balance calibration is seen.

The unwanted sideband has been reduced to <-80dBm (-64dBc).

The optimum value found in this case was 0.11 dB.

71 Agilent Spectrum Analyzer - Swept SA

EEX

5 5, 2009 Eor
e
1
Span|
gk 10.0000000 MHz
m

Span_10.0000000 MHz Avg Type: Log-Pur
Input: RF

Ref 0.00 dBm

FullSpan

A
I|‘|'UI‘:

Span 10.00 MHz [
Sweep 1.47 ms (1001 pts)

[ B sereen grats

AT/
i

y
. UI iy
Center 2.140000 GHz i
Res BW 91 kHz

<4 start

VBW 91 kHz
2@ G [ & odwspsi. | T iglent Sooctrum.

o uss ik (R

Figure 72 Amplitude balance calibration

& Agilent B9600 Vector Signal Analyzer - Press the Mode key to switch applications
Fie Edt Cortrol Sowce Input TestSetup MeasSehip Display Trace Markers Utiles Hebp

0 BE% _ anm

Figure 73 Transmit EVM performance after calibration
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If necessary repeat the phase and
amplitude adjustments until the optimum
values are found and an EVM < 4% is
measured as shown below. The transmit
1/Q balance calibration is valid on the flat
part of the LPF bandwidth. As you
approach the LPF corner frequency the
lower sideband cancellation will begin to
degrade. For example, with the 1 MHz
tone used in this calibration the EVM
will degrade as the filter bandwidth
decreases below 1.92 MHz.

Using the VSA analysis software.

WCDMA TM2 codes can be seen in top
left.

Spectrum, bottom left
Composite constellation, top right.
Signal statistics, Bottom right.

EVM 2.5%
Peak CDE -45 dB
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Note: The EVM is dependent on a number of parameters being set up correctly. Phase noise
performance of the LO is dominant factor in the above measurement.

6.3 Receiver DC Calibration

The receiver has a number of self-calibration routines which are designed to cancel out DC
offsets from the LPF’s and the VGA’s. In addition it has | and Q LO cancellation DACs which
can cancel out the DC caused by the LO leakage in the mixers.

It is similar to calibration in the transmit path where the low LO levels are easy to measure with
the spectrum analyser but low DC levels are more difficult to measure.

In most cases the baseband (BB) processor is capable of adjusting the DC calibration (and also
the 1Q phase and amplitude match) based on measurements of the uplink signal. It is only
necessary to ensure the calibration is good enough so the ADC is not at full scale.

However for testing without the BB the following procedure has been devised. This method uses
the 1 and Q samples from the oscilloscope. The Agilent VSA software is used to sample the
oscilloscope and display the spectrum. The oscilloscope used for this procedure must be
supported by the Agilent VSA software. The spectrum analyser cannot be used because it cannot
display DC.

1. Set the receiver up as in section 5.3.

2. Resetting DC Calibration.
In ‘Rx FE’ Tab, set RXVGA1 | and Q DC Offsets to middle value 0.

Eile Options Tools Help

o=@l ®
System | Top Level | Tx PLL+ DSM | RxPLL +DSM | TxLPF | T«RF | RxLPF | Rx¥6A2 |[RuFE ADC 7 DAC | Board
Decoding LKA, Cantrol Capasitance o BE: M Control |IP2 Cancelation
& Decode Signals ¥ Internal LM& Load B 2 Il Bias Curent: Channel I Channel 0:
" Direct Signals ™ Entemal LM& Load a :|' |? j |D j |U j
Fower Cantrol LA, Gain Made: LMA3 Fine Gain: M Input:
|Max Gain j |+U d& j |-|-0 LA Ot j DC Offset Cancellation
[v¥ R+FE Modules Enable . " ) Channel I: Channel O:
e Aictive LMA: L& Bias Cument: MXLOE Bias Current ’—_| m
= [Lraen ~| |7 -] I (O
rd LiA Load Resistor,  LMA Load Resistor,
rd External Load: Intemal Load: LO Bias OF The MI=:
[ M Term Resistor Enable |23 j |23 j |3 j

WRAT Control
Feedback Resistor:  Feedback Capacitor. Bias Current:

120 = Jo I =

Figure 74 Rx FE page
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3. In ‘RXx LPF’ Tab, press “Reset Calibration”.

File ©ptions Tools Help

D= 3]

Syztem | Top Level | Tx PLL + DSM | Rx PLL + DSM | TxLPF | Tx RF | Rx LPF Rx¥GA2 | Ax FE ADC / DAC | Board

DC Calibration
Reset Calibration | Load Cnt Walue | i Start Calibration Calibration Value: 777777
Cal Module Address:  Calibration Value: Lock Pattern: e
Calibration Status:  ?
o 2 Read Yalues
| ﬂ | ﬂ Comparator Yalue: 7
Power Contral LPF Bandwidth Test
" Mormal Operation
v LPF Modules Enable 14 MH= -
= i~ Bypassz LPF
~ Process Calibration Yalues
": DC Offset Resistar: From TRx_LPF_CAL:

12 =l s [
Figure 75 Rx LPF tab

4. In ‘Rx VGA2’ Tab, Press “Reset Calibration”.

File Options Tools Help

mi=21= 1

Decoding
i+ Decode Signals

¢ Direct Signals

System | Top Level | TxPLL + DSM | RxPLL + DSM | Tx LPF | TxRF | RxLPF [[RxvGA2 RxFE | ADC/DAC| Board |

DC Calibration
Fieset Calibration | Load Crt Walue | i Start Calibration §|  Calibration Value: 27277277

: e
CAL Module Address:  Calibration ' alue: LDC.k F'tattem. .
Calibration Status: 7
| 0 j |3'I j Read Values Comparator Value: 7
Power Cantrol WGEAZ Contral WEAZ CM Voltage
v RxWGEAZ Modules Enable YWGA2 Gain, dB:

E I =l
YGAZE Gain [Test), dB:
o

YEAZA Gain [Test), dB:

EN

R N e e R I B e

Figure 76 Rx VGA2 Tab

DC Leakage after Calibration Reset.

DC offset very large — would prevent automatic DC calibration.
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Decoding

f+ Decode Signals
" Direct Signals
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B: C1+C2 Spectum

dBr

Loghd ag

10
db
Adive

-85
B

Center: 0 Hz Span: B MHz
REW: 5.72859 kHz TimeLen: BEE. 7187 uSec

Figure 77 Receiver LO leakage

5. RXVGAL Offset Optimisation
In ‘RX FE’ tab, slightly adjust the RXVGA1 DC offset values to reduce the DC offset.

B: C1+C2 Spectrum

Ele Cptions Tocks Help

15
Dl(a| 3] dEm
Systen | Top Level | TxPLL +DSM | RxPLL+DSM | TxLPF | TxRF | RxLPF | RxVGA2|[RxFE  ADC/DAC | Board
Decoding LA Contral T " 0BE Ml Cantrol |P2 Cancelation
= Deoods Signas ¥ Intemal LNA Load e il Bias Curenk Chanmel | Chanel
 Diec Signas I~ Esterra LA Load |0 e =l o =0 -l LogMag
R— LNA Gain Mode: LNA3 Fing Gair: MIK Input:
‘Max Gain j |,,[| &8 j |Tn LNA Dut ﬂ D Offset Cancelation
G e sl Active LNA: LKA Bias Curent: (Ciel Choel]
F 2 2 MXLOB Bias Current: - -
4 el EI .
F LMA Load Resistor, LN Load Resistor, 4
V Extemal Load: Inteinal Load; L0 Bias OF The MI; /i
I MIXTem Resstor Enble || [2 ENE ElE E i I |
WEAT Control
Feedback Resistor~ Feedback Capacitor: — Bias Current:
120 =~ Jo ~ 7 | a5
dBr
Center: 0 Hz Span: 5 MHz
REW: 572859 kHz Timeler: BEE.7187 uSec

Figure 78 Rx VGAL DC Offset Adjust in RX FE Tab
6. Automatic DC Calibration

If RX VGAL DC Offset is small enough, automatic DC calibration can be used in System
Interface, select receiver automatic calibration.
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B: C1+[C2 Spectrurmn

File Options Tools  Help

D@ 7]
‘System Top Level | TxPLL + DSM | RxPLL + DSM | Tx LPF |
LMA Control

Automatic Calibration————— Bypass Configy
Active LNA: Transmitter I_ ~ Recever J _i Ry Bypass Mod
|LN.-’-‘« 1 j LPF Care |Norma| Operati
Downlink [T =) Frequency Band and Channel Uplink. ] Fre:
Band:  Channel; Fazt Channel Frequency, MHz: Band:  Chan
=1 oz =] s || 7] =l

15
dBm

tdag

10
de
Adive

-85
dBm

Cetter: 0 Hz
RBW: 572859 kHz

Span: 5 MHz
TimeLen: BEE. 7187 uSec

Figure 79 Rx automatic DC calibration result
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6.4 Calibration Process Summary

There are several similarities between receive and transmit DC calibration process but one
fundamental difference. During the transmit calibration process no signal can be applied to the
input of the transmitter. An automated DC calibration is performed to ensure the BB stages
contribute no DC offset to the LO leakage calibration. Finally, an LO leakage calibration is
performed to minimise LO leakage. The transmit input must be zero so that the automated DC
calibration can find the correct minimum DC point. This DC calibration process provides
optimum transmitter performance.

In the receiver a similar DC calibration process is applied but in reverse order. When no signal is
applied at the input of the receiver, the resulting DC offsets at the receiver outputs are due to LO
leakage (multiplied by the RX gain) and the DC offsets in the LPFs and VGAs. The first step is
to calibrate the LO leakage contribution and minimise the DC offset due to LO leakage. After the
DC offset due to LO leakage has been removed then the automated DC offset calibration
routines can be run. These DC offset calibration routines will remove the DC offset contribution
from the LPFs and VGAs. This calibration process will result in minimum DC offset in the
receiver and optimum sensitivity and dynamic range.

76 |Page
© Copyright Lime Microsystems

Rev: 2.2
Last modified: 03/05/2012



LMS6002D Quick Starter Manual for Evaluation Board

Appendix A — Saving and Retrieving SPI Test
Setups

The LMS6002D chip set up can be stored in a *.prj file and used in the future. The Save Project
feature of the software tool allows all the SPI settings to be saved for future use.

7.1 Saving a Setup

To save the SPI setup being used, press the File button on the toolbar. Select “Save Project” as
shown below.
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£ 6002012 Test. untitled.prj - Project File

F-N Options  Tools  Help

O new Project Chrl+M
& Open Project ChrO

DSM | RxPLL + DSM | T« LPF | TuRF | Rx LPF | R VEA2 | Rx FE | ADC / DAC | Board |

Bypass Configurations

Fix Bypass Mode: Tx Bypass Mode: RF /BB Loopback Mode:

Save Project As... bration
J Receiver ‘
Save Registers (rve-dec)...
Sawe Registers {rv-hex... J
Save Registers (rfif)...
g Wi Charnel

Save Registers (rmv ..
el Frequency. MHz
Save Chip Configuration... J
T
Chip - GUL
GUI --= Chip

Chip --» GUI

Exit

Default configuration loaded to the GUI.

Save current file

j ‘ Normnal Operation

j |Normal Operation ﬂ

|No|ma\ Operation

Uplink [Rx] Frequency Band and Channel
Band: Chatinel: Fast Channel: Frequency, MHz:

el e TR

Ref, Clock, Hz: 40000000 iChip Yer: ORev: 0

Figure 80 Save Project feature

7.2 Loading *.prj Files

A *.prj file can be loaded using the standard windows procedure as shown below.

¥ 6002Dr2 Test. untitled. prj - Project File

ChrHr
Chrl+0
u Save Project Chri45

DSM | RxPLL +DSM | TxLPF | Tx RF | Rx LPF | Rx¥GA2 | Rx FE | ADC / DAC | Board |

Save Project As... ibration

Receiver |
Save Registers (rv-dec)...

Bypass Configurations

R« Bypass Mode: Tx Bypass Mode: RF / BB Loopback Mode:

Save Registers (rv-hex)... J
Save Rengisters (tfif)...

. Channel
Save Registers (rmw)...

el Frequency, MHz
Save Chip Configuration... _d
Chip <--= GUI
GUT = Chip

Chip --= GUI

Exit

Default conmfiguration loaded to the GUL.

Open a file

j | MNormal Operation

j | Marmal Operation j

|Nmmal Operation

Uplink [Rx) Frequency Band and Channel

Band  Channel  Fast Channel Frequency, MHz

=l =lofu| |

Ref, Clack, Hz! 40000000 Chip Wer: O Rey: O

Figure 81 Open project
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Select File — Open Project — then select the project that was previously saved from the window
file box.

When loading files the software GUI tool can be setup to either load variables into the tool, but
not download them to the chip or to download the variable into the tool and auto download them.

Auto Download is enabled by the Options menu as shown below.

£x 6002D Test. untitled.prj - Project File

File Neladyt=¥ Tools Help
QLS Auto Download
,S:_ps E::;Z:T:;:"Settings SM | RxPLL+DSM | TxLPF | TxRF | RxLPF | RxVGA2 | Rx FE | ADC / DAC | Board |
L Herezammorn Auromancsanoration Bypass Configurations
Active LMA: Transmitter Receiver | Fx Bypass Mode: T+ Bypazs Mode: RF / BB Loopback kode:
LMA 1 - LPF Core | Receiver TIA | |Normal Operation ﬂ |N0rmal Operation ﬂ |Nolmal Operation ﬂ
Dravnlink, [T#) Frequency Band and Channel Uplink [R#) Frequency Band and Channel
Band: Channel: Fast Channel: Frequency, MHz: B and: Channel: Fast Channel: Frequency, MHz:
<l fwsez <] 8| M| 1]l W~z <] 8|m| 1]

Figure 82 Auto Download feature

If Auto Download is not enabled then the whole SPI map can be sent to the chip by using the

download button ﬂ as shown below.

CE 6002052 Test. untitled. prj - Project File
File Options Tools Help

D& 7

|/ system TopLevel| TxPLL +DSM | RxPLL + DSM | TxLPF | TxRF | RxLPF | RxVGA2 | RxFE | ADC/DAC| Board |

LM& Contral Automatic Calibration Bypass Configurations
Active LNA: Tranzmitter Receiver Fix Bypass Mode: Tx Bypasz Mode: RF /BB Loopback Mode:

LR 1 - LFF Care Frecaiver TlA | MHormal Operation j | Mormal Operation ﬂ | Mormnal O peration ﬂ
Downlink, [T=) Frequency Band and Channel Uplink. [R=] Frequency Band and Channel

Band: Channel: Fast Channel: Frequency, MHz: Band: Charnel: Fast Channel: Frequency, MHz:

U =] fiose2 ~] 8| M| 1] W ~[feez =] 8| m| 1]

Figure 83 Download Button for Previously Saved Setup

Note : The Ref clock frequency is not strictly part of the SPI information, it is used to calculate
the divider ratios for the PLLs. When you start the software for the first time the default clock
frequency is 40MHz. You need to change this to the TCXO frequency which typically is 30.72
MHz. If you use a different TCXO frequency you need to change the reference clock (Tools-
>Reference Clock).
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Appendix B - Test System Connections

8.1 Basic Setup

Signal %
Generator -

Spectrum Analyser (+VSA)

TX1RF ‘ 3
LMS600

2 Test
Board

RX 1/Q (Single Block

:|! Oscilloscope

1H

SPI TRX
Control

Ethernet

Uplink and
downlink test

N

e

PC / Laptop FTP file transfer
Figure 84 Test system connections for receive and transmit Testing
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8.2 Transmitter Test System Connections

Agilent 5V DC
GPIB PSU
MXA N9020A
TxI+ BB
TxI- BB Tx1 RF Agilent
Agilent — SA
Siglc?:n 1xQ+ B LMmse002 | 2RF
AWG TxQ- BB} Testd ner CLK MS06054A
Boar
VCM=1.6V Rx1 RF RxI BB Agilent
Rx2 RF RxQ BB 0OSC
Rx3 RF ATP

Figure 85 Transmitter test setup

8.3 Receive Test System Connections

Agilent 5V DC
GPIB PSU
I MXA N9020A
I'xl+ BB
TxI- BB Tx1 RF Agilent
Agilent — SA
Sig Gen IxQt BY LMS6002 sz RF .
AWG TxQ- BB BTeStd ................ S MSO06054A
oar
Rx1 RF RxI BB Agilent
Rx2 RF RxQ BB 0SC
Rx3 RF ATP

Figure 86 Receiver test setup
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Appendix C — Signal Generator Setup

This manual uses the Agilent N5182A MXG signal generator with an arbitrary waveform
generator and the differential 1/Q outputs option (1EL). Other signal generators can be used.
However, some issues may arise if the options available for 1Q amplitude and phase
manipulation which come with the MXG are not supported.

9.1 Agilent MXG Setup

The front panel of the MXG is as follows:
Front Panel Overview — N5181A/82A MXG
5. Arrows and Select 8. Trigger

7.MENUS
4. Numeric 9. Local and
1.Host USB 2.Display Keypad Cancel/(Esc) 10. Help
6. Page Up

11. Preset
and User
Preset

. Ll O @6
b B o0oee0@eeaEEc
=] m © () C E -
o 000 _
o - @ 65) ’ .
: T I 18. Knob 16. | Input l
L 21. More and LED l J S— |eDown b7 & Qllnpu!
22. Power Switch and LEDs 20. Return 19. Incr Set . ? 14. Mod On/Off and LED

13. RF On/Off and LED

Figure 87 Agilent N5181A/82A MXG Front Panel
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Step 1 - Apply 0.6V common mode offset on 1Q outputs

LMS6002D Analogue inputs require a 0.6V common mode offset voltage with a
300 mVp-p voltage swing for optimum performance.

To apply common m ode offset voltage:

Press ‘1Q’ button (24)
Press ‘IQ 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 0.6 on number pad (4), press ‘V’ softkey (3. softkey 1)
0.6V should appear on the display next to the ‘Common Mode I/Q offset’ softkey
Press return
i. Check text next to ‘I/Q Adjustments’ softkey (3. softkey 1) highlights ‘off/8§’
ii. If not press ‘I/Q Adjustments’ softkey (3. softkey 1), highlighted section should
alternate between on and off when pressed.
iii. press return
iv. Check text next to ‘I/Q’ softkey (3. softkey 1) highlights ‘off/M’
V. If not press ‘I/Q’ softkey (3. softkey 1), highlighted section should alternate
between on and off when pressed.

NookrwnpE

There should now be a 0.6V common mode voltage on the differential 1Q connections on the
signal generator. This can be verified by measuring the DC level of each of the 4 differential 1/Q
lines with a multimeter.

Note: Very small DC offset levels in the transmit 1Q path can result in LO breakthrough levels
changing in the transmit chain. To eliminate or minimize this effect the following practices
should be followed:

e |Q cables should be 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 I/Q gain and phase calibration is
completed.

In practice the LMS6002D chip will be soldered to a PCB and connected to a baseband processor
so this is purely a test issue.
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Step 2 — Turn on the arbitrary waveform generator

The arbitrary waveform generator will run test vectors which are downloaded to it via either
Agilents ‘Signal Studio’ program or test vectors which 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 LMS6002D
as follows:

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

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

e twotone.wfm - two tone signal for linearity testing for MXG and LMS6002D use MXG
IQ scaling factor of 30% (clock 52MHz).

e wcdma3l.wfm - TM2 WCDMA signal - use MXG 1Q scaling factor of 30%
(clock=15.36MHz).

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

To download files to the signal generator follow process described in 9.2 section.
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 wanted waveform from list.
Press ‘Select waveform’ softkey (3. softkey 1)
Name of selected waveform should now be present in display window
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 required frequency on number pad eg for 13MHz type ‘13’ and press ‘MHz’
softkey (3. softkey 2)
12. Sample clock frequency should now be displayed on the screen.
13. Now scale waveform data if necessary
14. Go to ‘Arb’ softkey menu
a. Either press ‘return’ button from ‘Arb setup’ menu or
b. Press ‘Mode’ button then ‘Dual Arb softkey (3. softkey 1)
15. Press ‘More’ button (21)

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

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

RRoOoo~NoOR~WNE
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19. Type in required scaling factor e.2.25%, type *25° on number pad and press ‘%’ softkey

(3. softkey 1).

Note — even if text next to ‘scaling’ softkey already states 25% (for example) this does

not mean it has been applied to the waveform, still follow process.

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

21. Progress bar will show on screen, soft menu will return to level up (Arb utilities).

22. Now return to main ‘Arb’ Menu
a. Press ‘return’ button twice or

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

23. Check Arb in enabled

a.‘Arb on/off” softkey (3. softkey 1) text should have on highlighted ‘Off/ ’
b. If not press ‘Arb on/off” softkey (3. softkey 1) to toggle between on and off.

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

a. Press ‘Mod on/off” button to toggle modulation on and off.
Note — Mod on/off button turns modulation on to RF output and 1Q output
simultaneously. RF does not need to be on for 1Q outputs to work

9.2 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 XP and the signal generator.

e Connect a cable between PC network port and signal generator LAN port.
e Check LEDs are illuminated on both ends to indicate HW is connected.

e Find IP address of Signal generator
o Press ‘Utility’ button
Press ‘I/O config’ softkey (3. softkey 1)
Press ‘LAN setup’ softkey (3. softkey 2)
IP address should now be displayed on screen
e.g.
IP Address : 134.40.41.112
Subnet Mask : 255.255.255.0

o O O O

e On PC open the ‘Local Area Connection Properties’ box

o Select Internet Protocol (TCP/IP)

o Press ‘Properties button

o Select ‘Use the following IP address’ tick box
¢

Set IP address to one close to sig gen, in this case:

134.40.41.122
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.

o Set subnet mask to same as sig gen, in this case MESMEEREITED P&
255.255.255.0

You can get IP seftings sssigned sutomaticaly f your network supports
this capabiliy. Otherwise, you need to ask paur netwark administiator for

o Press ok on both open dialog boxes. 1'
e Open a Command Prompt window e
O Start IP address: 134 .40 . 41 122
Subnet mask: 255,285 .55 . 0
o All programs
o Accessories
(&) Use the following DNS server addresses:
o Command Prompt B
e To check connection to signal generator attempt to ‘ping’ it lemsts B s
o Type ‘ping 134.40.41.112° (or use your sig gen IP
address)

e A successful ping result should be returned as shown below.

T

Microsoft Windows XP [Version 5.1.26881
(C> Copyright 1985-2801 Microsoft Corp.

iC:~Documents and Settings“Richard>ping 134.48.41 112
Pinging 134.408.41.112 with 32 hytes of data:

Reply from 134.48.41 .112: bytes=32 time<{ims TTL=64
Reply from 134.48.41.112: bytes=32 time<{ims TTL=64
Reply from 134.48.41 .112: bytes=32 time<{ims TIL=64
Reply from 134.48.41 .112: bytes=32 time{ims TTL=64

s for 134.48.41 .112:
Sent = 4, Received = 4. Lost = @ (Bx loss).
sound trip times in milli-seconds:
Hinimum = @mz, Maximum = Bms. Average = Bms

C:~Documents and Settings“Richard>

To send wfm files to signal generator the following procedure should be followed.
e Ensure wfm files are in a known directory e.g.
‘C:\Documents and Settings\User\My Documents\wfm’.
e In ‘Command Prompt’ window set directory to the one where the wfm files are located.
e Use FTP to send files to sig gen
o Type ‘ftp 134.40.41.112°
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Pinging 134.48.41.112 with 32 hytes of data:

Reply from 134.40.41.112: bytes=32 time<ims TTL=64
134 _48_41 _112: bytez=32 time<lms TTL=64
134.48.41.112: hytes=32 time<lms TTL=64

Reply from 134.468.41.112: bytes=32 time<lims TTL=64

Ping statistics for 134.48.41.112:
Packets: Sent = 4. Received = 4. Lost = B (Bx loss).
Approximate round trip times in milli—seconds:

Minimum = Bms,. Maximum = Bms, Average = Bms
C:“Documents and Settings“Richard>cd "My Documents"

C:“Documents and Settings“~Richard~My Documentsz>cd wifm

C:“\Documents and Settings“Richard My Documents™uwfm>ftp 134.40.41 112

Connected to 134.48.41 112,

220— Agilent Technologies,. N5182A SN-MY47420431
Firmware: Feh 12 280% 13:51:88
Hostname: A-N5182A-28431
IP : 134.48_41 .112
FTP zerver (Uerszion 1.8> ready.
C134.48.41.112:Cnonel>:

Type ‘cd bbgl’

Type ‘cd waveform’
Type ‘bin’

Type ‘put wedma31l.wfm’

ommand Prompt - fip 134.40.41.112
C:“Documents and Settings“Richard~My Documents>cd wim

C:“Documents and fSettings“Richard“~My Documents uwfm>ftp 134.480.41.112

Connected to 134.480_41 112,
220— Agilent Technologiez, HN5182A SH-MY47420431
220— Firmware: Feh 12 2889 13:51:808
22— Hostname: A-HS182A-20431
220— IP :134.48_41 112
228 FIP server (Uersion 1.8 ready.
lzer (134.40.41.112:C(noned>>:
331 Password required
Password:
Successful login
Ftp> cd bbgl
258 CUWD command successful.
cd waveform
CUD command successful.
bin
Type set.
put wocdmadl.uwfm
Fort command successful.

158 Opening data connection.

226 Transfer complete.

ftp: 614488 bytes sent in B.345econds 1786 .085Kbytes sec.
Ftp>

e To exit the ftp program type “bye”.
e To close ‘Command Prompt” window type exit.

e The wfm files should now be visible in the list of Arb files.
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If you are correctly connected the above should be returned.
Press ‘return’ twice (for user name and password — none needed)

Applied command copies files to sig gen — repeat ‘put’ command for all files needed.
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10

Appendix D - Common Receiver Test Issues

If there is no baseband signal output from the receiver there are a number of things to check.

10.1 Verify the PLL is locked.

The set up file provided with the test board should have the correct settings so that the
synthesizers lock at all available frequencies. This can be verified with a spectrum analyzer by
checking to see if the VCO LO leakage signal is on frequency and phase locked. Connect the
spectrum analyser to the evaluation board J12 connector. Set receiver input LNA2 and RxPLL
for 1950. The VCO leakage signal will be at 2 x LO frequency. Example: Frx=1951MHz the
VCO = 2x1951MHz = 3902 MHz.

However if the correct files have been used there is a chance the correct VCO capacitance in the
‘RX PLL + DSM’ page has not been selected. By observing the scope and changing the VCO
capacitance, it is possible to see if this is the problem.
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By clicking on the number in the VCO capacitance control the drop down box is released, a new
number can be selected from this box, or by clicking again in the box the drop down menu will
collapse but the box remains highlighted. The up/down arrows on the keyboard can now be used
to cycle through the capacitance values. As soon as the number is change it is downloaded to the

Q Done S
Q Done O
Q Done OK
Q Done O
Q Dons O
Tx Calibration Done
v

Ref. Clock, Hz: 30720000

Figure 88 Rx PLL VCO capacitance

LMS6002D so scrolling through and observing the effect is quite fast.

There are 3 types of display on the scope that can occur when doing this testing.

1. No receive baseband output as shown below. This implies the synthesizer is not locked so

there is no output from the down conversion in the baseband bandwidth.

0 5000/ B 500/ @ & 00s 1000/ [Auto? 5§ W 00V

Edge Trigger Menu

+d Source Slope
1 £

Figure 89 No Receive Baseband Output
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2. Non-sinusoidal baseband output as shown below. This occurs when the synthesizer is
close to the desired frequency but not locked. This type of behavior usually occurs close
to the desired VCO capacitor value.

g 5000/ g 50w @ & 00s 1000 Auto £ 0.0v

Edge Trigger Menu

43 Source Slope
1 £

Figure 90 Non-sinusoidal baseband Output

3. Locked PLL. As shown below a sine wave at the difference between the CW RX input
frequency and the LO frequency should be observed if the synthesizer locks at the desired
in-band frequency and the DC offset is calibrated.

i 5005/ g 500/ @ & 00s 10004 Auo £ E 00V

Edge Trigger Menu
43 Source Slope
1 E)

Figure 91 Sinusoidal Baseband Output

There are some ‘rules of thumb’ which may help in the process.

o If all capacitor values are tried and only display A is achieved, it is likely something else
IS wrong.
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o If all capacitor values are tried and display B is achieved with a mid range value, but the
synthesiser does not subsequently lock then there may be a problem. Please contact Lime
for assistance.

e |If display A is achieved but at the end of the capacitor range (0 or 63) then the VCO
calibration file will need to be updated.

If the frequency is lowered the cap value goes down, if it is increased the cap value goes up.
Usually the PLL locks over a range of cap values, the optimum phase noise performance is
usually obtained in the middle of the range.

Please note this is a problem solving procedure and these are rules of thumb but not
comprehensive rules. The provided VCO calibration files should set up the synthesiser properly.
If assistance is needed please contact Lime so the root problem with the SPI application software
can be found.

10.2 Is the Correct LNA Selected

If the lower level pages of the SPI SW are used then there are 2 things which need to be changed
to change LNA — the LNA itself on the RX FE page and the output buffer on the RX PLL+ DSM

page.

If the control on the ‘System interface’ page is used both these are changed together and the
correct path will be set up.

10.3 Is the Correct Rx VGA 2 Gain Selected

Default gain for RX VGA2 when the software starts is 3, change it to 30 to get a good level
output for the scope.
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