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Introduction

The Myriad — RF Development Kit is a low cost universal radio development platform, based on
flexible, multi standard LMS6002DFN transceiver and Altera FPGA module. It enables
developers to implement their products for a wide variety of wireless communication
applications efficiently. The main ideas are to:

e Make use of a ready-made design and implementation to accelerate the development
time.

e Experiment and evaluate new modulation schemes and wireless systems, operating over a
wide frequency range.

e Easily modify and manufacture the platform for new designs using the Open Source
database for the complete Kit.

This document provides the following information:
e Detailed description of the hardware platform including setup.

e Software installation, setup and programing of the LMS6002DFN.
e Example files on running of the complete platform including the Altera FPGA module.
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Development System Contents

Fully operational development system contains Myriad-RF board, Digital interface board
(interface board) and DEO — Nano development Kit. See Figure 1 Development System below:

: b&n‘d
3 I\T'lmhﬁn
“multi standagj

(LM%GQ?UFEJ )

F c’l“n_—"
Of

Figure 1 Development System
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DEO — Nano
Development Kit

Myriad-RF Board

Digital Interface Board

Software

AC — DC adaptor +5V

Figure 2 Development System Content
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Development Kit Connections

3.1 Basic Connections

The Myriad-RF Board can be used as a standalone board or in conjunction with the interface
board for a direct connection to the TerAsic DEO — Nano development kit. The Myriad-RF
board is connected to the interface board via the standard connector FX10A-80P, connecting
digital interface to DEO — Nano development kit. The following sections describe the
connections on both boards as well as the overall functionality with the DEO board.

3.2 Myriad-RF Board Connections

The analog differential 1Q interface is also available on Myriad-RF board and provided via X3
and X4 connectors, see figure 3. X6 and X7 are the RF connection for receive input and
transmitter output on the RF board, see figure 3. The RF board is tuned to support band 1 (Tx
2140 MHz and Rx 1950 MHz) and broadband operation. The front end switches are configurable
for selected receiver input and transmitter output via GPIO’s. The GPIO’s are controlled by
FPGA module. The truth table for each selection mode (RX and/or TX) is shown in truth table,
section 3.7.
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Top View

Bottom View

Figure 3 Myriad-RF board connection descriptions.

The following table describes the pin assignment for each connector on the Myriad-RF board.

Connector Name Description
X2 +5 V supply | External +5 V supply.
The FX10A-80P is a standard connector used to interface the
X3 Digital I/0 | RF board directly to interface board or any other baseband
board.
x4 TX Analog | Connector used to supply Transmit analog 1/Q signals.
1/Q
X5 RX Analog | Connector used to measure Receive analog I/Q signals.
1/Q
SMA connector provides connection to low band or high
X6 RXTEST band RX input. Requires preselected RF switch
configuration.
SMA connector that provides connection to low band or high
X7 TXTEST band TX output. Requires preselected RF switch
configuration.
X8 Ext - CLK Conne_ctor used to supply PLL_cIock externally Please refer
to section 3.7 for more information.
Connector used to control LMS6002DFN SPI registers
X9 Ext—SPI | externally. SPI register are controlled via X3 connector.
Please refer to section 3.6 for more information.

Table 1 Myriad-RF Board Connector Assignments
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3.2.1. X2 — +5V Supply Connector

The pin header type connecter used to supply +5 V for Myriad-RF board in standalone mode.

3.2.2. X3 - Digital 1/0 Connector

The Myriad-RF board X3 connector (type FX10A-80P0) is pin compatible with J1 connector on
interface board, see figure 4. It provides the digital and SPI interface for LMS6002DFN together
with the supply voltage and GPIO control for RF switches for Myriad-RF board. The pin
descriptions on this connector are given in the table below:

Pin No | Pin Name Type Description
1 +5V in DC +5 V power supply
2 +5V in DC +5 V power supply
3 +5V in DC +5 V power supply
4 +5V in DC +5 V power supply
5 GND Ground pin
6 GND Ground pin
7 +3.3V in DC +3.3 V power supply optional
8 +3.3V in DC +3.3 V power supply optional
9 +3.3V in DC +3.3 V power supply optional
10 +3.3V in DC +3.3 V power supply optional
11 GND Ground pin
12 GND Ground pin
13 - Not used
14 - Not used
15 - Not used
16 - Not used
17 GND Ground pin
18 GND Ground pin
19 TXIQSEL | in cmos TX digital interface 1Q flag
20 - Not used
21 - Not used
22 - Not used
23 TXDO in cmos DACs digital input, bit 0 (LSB)
24 TXD1 in cmos DACs digital input, bit 1
25 TXD2 in CMos DACs digital input, bit 2
26 TXD3 in cmos DACs digital input, bit 3
27 GND Ground pin
28 GND Ground pin
29 TXD4 in cmMos DACs digital input, bit 4
30 TXD5 in cmos DACs digital input, bit 5
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31 TXD6 in cmos DAC:s digital input, bit 6
32 TXD7 in cmos DACs digital input, bit 7
33 TXD8 in cmos DACs digital input, bit 8
34 TXD9 in cmos DAC:s digital input, bit 9
35 TXD10 in cmos DACs digital input, bit 10
36 TXD11 in cmos DAC:s digital input, bit 11 (MSB)
37 GND Ground pin

38 GND Ground pin

39 RXIQSEL | out cmos RX digital interface 1Q flag
40 - Not used

41 - Not used

42 - Not used

43 RXDO out cmos ADCs digital output, bit 0 (LSB)
44 RXD1 out cmos ADC:s digital output, bit 1
45 RXD2 out cmos ADCs digital output, bit 2
46 RXD3 out cmos ADCs digital output, bit 3
47 GND Ground pin

48 GND Ground pin

49 RXDA4 out cmos ADC:s digital output, bit 4
50 RXD5 out cmos ADC:s digital output, bit 5
51 RXD6 out cmos ADC:s digital output, bit 6
52 RXD7 out cmos ADC:s digital output, bit 7
53 RXD8 out cmos ADC:s digital output, bit 8
54 RXD9 out cmos ADC:s digital output, bit 9
55 RXD10 out cmos ADC:s digital output, bit 10
56 RXD11 out cmos ADC:s digital output, bit 11 (MSB)
57 GND Ground pin

58 GND Ground pin

59 RXCLK in cmos RX digital interface clock
60 TXCLK in cmos TX digital interface clock
61 - Not used

62 - Not used

63 GND Ground pin

64 GND Ground pin

65 GPIOO0

66 RESET in cmos Hardware reset, active low
67 GPIO1

68 SPI_MOSI | out cmos Serial port data out

69 GP102

70 SPI_MISO | in/out cmos Serial port data in/out

71 - Not used

72 SPI_CLK | incmos Serial port clock, positive edge sensitive
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73 GND Ground pin

74 SPI_NCSO | in cmos Serial port enable, active low
75 CLK_IN in cmos PLL reference clock input
76 - Not used

77 GND Ground pin

78 - Not used

79 TXEN in cmos Transmitter enable, active high
80 RXEN in CMos Receiver enable, active high
81 GND Ground pin

82 GND Ground pin

83 GND Ground pin

84 GND Ground pin

85 GND Ground pin

86 GND Ground pin

87 GND Ground pin

88 GND Ground pin

Table 2 X3 connector pin description

3.2.3. X4 and X5 — Analog 1Q Connectors

X4 X5
< TXINN [ O RXOUTN
24@ TXINP H RXOUTIP

s ] s
] TXINQP = RXOUTQN
S ] TXINON | 5 RXOUTQP

Pin header type connectors on the Myriad-RF board, provide analog 1Q signals I/O.

3.24. X6 and X7 — RF Input and Output

The X6 and X7 are SMA type connectors which provide Receive input and Transmit output to
the LMS6002DFN, respectively. These are generally used to connect to antenna or test
equipment.

3.2.5. X8 — External CLK Connector

The X8 is micro miniature coaxial connector (MMCX8400). It is optional and used to supply
external clock in standalone mode.

3.2.6. X9 — External SPI Connector

This is a pin header type connector used for SPI interface to LMS602DFN. This is optional, if
the board is used in standalone mode.
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3.3 Digial Interface Board Connections

The following table describes the pin assignment for each connector on the digital interface

Figure 4 DEO - Interface board connection descriptions.

board.
Connector Name Description
J1 RF PWR Optional +5 V power supply for Myriad-RF board.
12 Didital 1/0 The FX10A-80P is a standard connector used to interface
g the Myriad-RF board directly to a base band board.
J3 FPGA PWR | Optional +5 V power supply for FFGA Module.
Ja Mini USB Port used to connect to USB microcontroller.
J5 EEPROM Boot | Enables memory access for USB microcontroller.
Used to synchronize measurement equipment. Clock output
J6 CLKoutput | generated with onboard frequency synthesizer.
Frequency Programmable synthesizer operation control. Enables
J7 synthesizer | synthesizer outputs.
Enable
Main power | * 5V power supply feed for digital interface board as well
J8 supply and Myriad-RF board. Connector type SPC4077.
39 Main power | + 5V power supply feed for digital nterface board as well
supply and Myriad-RF board. Connector type 2 way pin header.
FPGA Module | The connector array designed to plug DEO - Nano
JA1 connectors development board on to the DEO Interface Board.
array

Table 3 Interface board connectors
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3.3.1L J1 and J3 - + 5V power Connectors

The pin header type connectors used as jumpers to supply +5 V for Myriad-RF board and FPGA
module. The options are used as shown below:

e Use jumper on J1 if Myriad-RF power from interface board.
e Use jumper on J3 if DEO — Nano Development Kit is supplied from interface board.

3.3.2. J2 — Digital 1/0 Connector

(TD3t P26
—= p28
(TS} 201 p3p
Sh——— e

TG} 32 Vg3
{T09] 241 ey
THOLL: 36 1 536
38 | p3g
01 pap
242 gy,

4t

FX10B—B0S/8-5V
Figure 5 Digital 1/0 connector
The Myriad-RF board is directly plugged into the J1 connector. The digital 1/Q connector is a

digital transmit (TX) and receive (RX) interface to the ADC/DAC of the LMS6002D. The SPI
interface for LMS6002DFN can also be established via J1 connector.
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3.3.3. J4 — Mini USB Connector

MINI-USB-UX60A-MB-55T

in
p———
|
] 1
| 2 USBD_N
! 5| USBD_P
0 4
I 5
|
1ongc32 |
|
L00K R37Y 4 T
GND GND

Figure 6 Mini USB conector.

The interface with USB microcontroller and PC is established via mini USB connector. This
connector also powers up the microcontroller.

3.3.4. J5 — EEPREOM Boot memory connector

This connector enables USB microcontroller to load the firmware at startup.

3.3.5. J6 — CLK Output Connector

+3V3_SYNTH
ol U7
SMA-142-0711-821,/826
EXT_CLK_BUF 2 4 O. 16
SN74LVCLGO4DBYR
Laa]
GND GND
on) RL6
0

Figure 7 CLK output connector.

J6 is SMA type connector, used to synchronize measurement equipment with development Kit.
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3.3.6. J7 — Frequency Synthesizer Enable Connector

J7

(OO,
O O

w

GND
Figure 8 Frequency synthesizer enable connector

This is a pin header type connector. Pin 3 and pin 4 have to be shorted in normal operation, thus
enabling frequency synthesizer outputs.

3.3.7. J8 and J9 — Main Power Supply Connector

J9

00
~i| O\
18 +5V
CD .
2 |
A Y1 ]

GND

Figure 9 Main power supply connector

The main power supply connector is on interface the board, providing power to both the interface
as well as the Myriad-RF board.
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3.3.8.

JA1 - FPGA Module Connectors Array

Jal
- o
(usaretty— 0L 6pio_p_iNo GPI0-0 ¢pyg g0
=03 GpI0_o_INTL GPI0_D1
|T)(D:)% GPID_0Z GPIO_03
o011 GPID_04 GPIO_05
(Fxoo—0-21 cpio_os GPI0_07 (2=
GPID_D_VCC_SYS  GRID_O_GND [2
(FRpz— 013 GPI0_09
w07 —L=L5! cpig_p1o GPIO_011 [
[Moa—02-L7l cpin_n12 GPI0_D13
o5 0=19 cpin_oty GPIO_015 [
[M0s)—9-2L cpio_o1e GPI0_D17
mot—0-23 cpin_o1s 6PI0_019 [
[menie—2=251 cpio_n2o GPio_nze [2
To10—=27 gpio_n22 6PI0_023 [
=291 GPI0_0_VCC3P3  GPIO_0_GNDL |
(mrog—3L cpin_n24 GPI0_D25
[eron—0-33t cpio_nze GPlo_o27 (23%  RoLy -
TEN)—039] cpig_nae cri0_o29 (036 /SFrwcsg) OND
[Frem—L0-374 6pio_030 GPio_3e 1298 SRrmso
seLctk—0=39 cpio_n32 Grlo_033 [0-40  /Shrwpsi|
2Kz R1 _ GPI0_L VCC3P3
T
GPI0—1 2K2 R2
GPIO_L_INO GPIO_10 =2 FPGASCL
GPIO_1_IN1 GPIO_11 i—r‘* FPGA_SDA
GRIO_42 GPIO_13 =2
GPIO_t4 GPI0_15 [2=8y
GPIO_16 aPio_17 (118
GPIO_L_VCC_SYS  GPI0_1_GNDO |12
GPIO_L8 GPio_a =1t GsaFpoy
GPI0_110 GPlo_114 (218 TSaroay -
{Tse_ros—1-L2 cpip 112 GPio_1a3 (218 g pogy OMP
(UsE_foe—=19 gpio_114 Gpio_115 =20 58 o7y
USB_FLAGA) L2 cpio_s16 GPIO_147
[USB_FLAGC—2=23] pio_118 6PI0_110 (22
(USb_SLoE 125} cpin_120 Grio_12: (=20 (Uss FiroApRD)
o i (TsaFroabRL—=27l gpin_122 GPio_123 (228 TSa_errenn)
GPI0_1 VCCIP3 129 cpig 1 vee 3P3  GPIO_A_GNDY (130
(UsiFos)— 23U gpig 12 Gelo_12s (232 ea_oo )
US8_Foio)y— 153 GPI0_127 .
. {Us_foiz—1-350 ¢ 6o10_129 236 TEafoisy oNP
N (Use_rozw—122 GPIo_13:
{(UsoslRo— 139 6P10_133 (240 (555 StwRy
vee Power. 184 GND
CCY J5_vee_sys JP4_GND [END

Connector Array For DEG—NAND

Figure 10 FPGA Module connectors array.

JA1 is a connection array for the DEO — Nano development kit. Physically, there are two
separate connectors on the board. This connector establishes the interface between Myriad-RF
board digital interface and FPGA module with the PC.
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3.4 Hardware options: Clocking, SPI, GPIO truth table &
Standalone.

This section describes the configurations and set up procedures for:

e Reference frequency and data clocks distribution (Section 3.6).
e GPIO control truth table (Section 3.7).
e Standalone mode (Section 3.8).

The board is shipped in a default mode for basic operation. Various options are available
depending on the system configuration required for testing or development work. The options are
summarized below and the following sections describe the board modifications required to
achieve these configurations.

3.5 Reference 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 set.

The development kit is shipped with a default mode using the on board 30.72MHz clock for PLL
clock only. The board can be reconfigured to allow users to provide clock frequency for digital
interface and PLL clock using programmable clock generator from Silicon Labs (Si5356) which
is capable of synthesizing four independent frequencies. The device has four outputs connected
to LMS6002DFN PLL clock, RX data interface clock, TX data interface clock and to the J6
connector.

In order to reprogram the frequency from the default setting of 30.72 MHz, please use
component change as given in the table below. Please note that NF denotes that component is not
fitted:

Reference clock options
Description | Default mode. PLL Programmable
clock set to 30.72 mode. PLL clock can
Component MHz be reprogramed.
R15 0 Ohm NF
R24 NF 0 Ohm

Table 4 Reference clock configurations

More information how to progra Frequency synthesizer in 4.5.11 cahpter.
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3.6 SPI Options

Interface board offer two option for the SPI communication with Myriad RF board:

1. SPI communication established via FPGA (and via interface board USB microcontroller).
2. SPI communication established via USB microcontroller.

In order to make sure stable SPI communication for desired option, the component change on
interface board is given in a table below. Please note that NF denotes that component is not
fitted:

SPI Options
Components | SPI via FPGA SPI via USB controller
R48 NF 0 Ohm
R58 NF 0 Ohm
R51 NF 0 Ohm
R46 NF 0 Ohm
R52 NF 0 Ohm

Table 5 SPI options

Note: When SPI communication is selected via USB microcontroller the FPGA lines
SPI_NCSO, SPI_MISO, SPI_MOSI, SPI_CLK have to be set to tri-state.

Note: When SPI via FPGA option is selected the Cypress microcontroller has to be programed
using firmware version 6 (firmware_v1r06). When SPI via USB microcontroller ption is selected
the Cypress microcontroller has to be programed using firmware version 7 (firmware_v1r08).
More information how to program Cypress chip in chapter “4.2 Firmware installation for USB
microcontroller”

3.7 GPIO control truth table

The RF switches on the RF board are controlled via the GPIO 0-2 logic signals, provided by the
FPGA module on the interface board. This enables the user to choose RF input/output depending
on the operation frequency. The truth table of the GPIO 0-2 settings is shown below.

LMS6002D
RF GPIOO | GPIO1 | GPIO 2 Description
Input/output
TXoutl X X 0 High band output (1500 — 3800 MHZz)
TX out 2 X X 1 Broadband output
Rxin 1 1 1 X Low band input (300 — 2200 MHZz)
Rx in 2 0 1 X High band input (1500-3800MHz)

22 |Page



Myriad-RF Development Kit

| Rx in 3 | o | o | x | Broadband input |

Table 6 GPIO truth table

Note: LMS6002D RF input/output have to be selected/programed with SPI registers. This is
done using GUI software.

3.8 Standalone Mode

The Myriad-RF board can operate in standalone mode. Setup for standalone mode is as follows:

e Connect +5 V power supply to X2 connector on the Myriad-RF board.
e Connect SPI control to X9 connector.
e Connect wanted reference clock to X8 connector. Fit R49 resistor.

In this mode you are able to fully control LMS6002DFN chip register and perform some basic
RF measurements using 1Q Analog inputs/outputs.
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Installing and Running the PC Software
Application

4.1 Windows USB driver installations

Before plugging USB cable to mini USB port on the interface board:

1. Download the software package from Myriad website [download].
2. Log in as Administrator to your Windows machine for the free USB port.

Plug the USB cable to mini USB port on the interface board. Driver installation window will

pop-up. After installation procedure begins, exit/cancel Windows search! Select to install drivers
manually.
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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.

Figure 11 Hardware wizard.

Next, chose to install driver from specific location.

Found New Hardware Wizard
Welcome to the Found New
Hardware Wizard

This wizard helps you install software for:

Cypress USB Generic Driver (3.4.7.000)

3:‘) 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)
@ nstallrom 3 list o specifc location [Advanced)

Click Next to continue.

Figure 12 Hardware wizard. Install driver manually

Select to install drivers manually and point to the driver which can be found in the cyusb_driver
folder. Please choose the driver suitable for your operating system:

. Windows 2000(w2K)
. Windows XP (wxp)

. Windows Vista (wlh)
. Windows 7 (wlh)

CPU type:

. x86(32bit-i386)
. X64(64bit-amd64)
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Use the browse function to find this file.

Found New Hardware Wizard

h and i llati pti =
=

Please h

your

(@ Search for the best driver in these locations

Use the check boxes below to limit or expand the default search, which includes local
paths and removable media. The best driver found will be installed.

[[] 5earch removable media (floppy, CD-ROM...)

Include this location in the search:

iE:\New softwarehcyusb_driver\bin\wxpix86 v‘ [ Browse ]

O Don't search. | will choose the driver to install.

Choose this option to select the device driver from a list. Windows does not guarantee that
the driver you choose will be the best match for your hardware.

[ < Back " Next > ] [ Cancel ]

Figure 13 Hardware wizard. Choose the required from the folder

Windows should proceed to install drivers. If everything is successful unplug and then plug in
your device again to be able to use it.

Note: if the windows warning window appears, select “Continue Anyway . See picture below.

Hardware Installation

] E The software you are installing for this hardware:
L
LM Cypress USB Generic Driver (3.4.7.000)

has not passed Windows Logo testing to verify its compatibility

with Windows XP. [Tell me why this testing is important.]

Continuing your installation of this software may impair
or destabilize the correct operation of your system
either immediately or in the future. Microsoft strongly
recommends that you stop this installation now and
contact the hardware vendor for software that has
passed Windows Logo testing.

[ Continue Anyway ] [ STOP Installation |

Figure 14 Hardware installation warning window
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4.2 Firmware installation for USB microcontroller

To be able to install firmware to USB microcontroller, please download and install Cypress
software "CySuiteUSB_3 4 7 B204.exe" from cypress site [download].

Cypress’s FX2LP USB microcontroller has an integrated bootloader, which starts automatically
after power-up or reset.

If EEPROM (U3 on interface board) is empty or connector J5 (on interface board) is open,
FX2LP boots-up with default (factory) USB firmware with USB descriptors and VID/PID
supplied by hardwired internal logic. If you run “USB Control Center” application and expand
"Cypress USB Generic Driver (3.4.7.000)" line, you will see 4 Alternate Settings, as shown in
Figure 15.

29# USB Control Center @@@
File  ProgramFx2  Help
HY= -8 S @ [3] Select Monitor URB Stat AbortPipe ResetPipe X & @ #
- USB Optical Mouse Descriptor Info | Data Transfers | Device Class Selection
=8 Cypress USBE Generic Driver (3.4.7.000)
= e <DEVICE> ad
& Configuration 1 FriendyName="Cypress USB Generic Driver (3.4.7.000)"
Control endpoint (0x00] Manufacturer="""
= Interface 0 Product=""
Altemate Setting 0 ge"?lN“":Pe'=":,'1,,
g 3 onfigurations='
H Alternate Selt!ng 4 MaxPacketSize="64"
[#- Altemate Setting 2 VendorlD="04 B4"
[ Altemnate Setting 3 ProductiD="86 13"
UUSB Disk USB Device Class="FFh""
SubClass="FFh"
Protocol="FFh"
BedDevice="40 01"
BcdUSB="02 00"
<CONFIGURATION>
Configuration="0"
Configuration\alue="1"
Attributes="80h"
Interfaces="1"
DescriptorType="2"
DescriptorLength="9"
TotalLength="171"
MaxPower="50"
<INTERFACE>
Interface="0"
InterfaceNumber="0"
AltSetting="0"
Class="FFh"
Subclass="FFh" o

Figure 15 Default FX2LP firmware, supplied by internal logic

To be able to control Myriad board, the USB microcontroller has to be programed with
appropriate firmware. It is possible to download firmware to the FX2LP’s RAM or onboard
EEPROM. If firmware is downloaded to the RAM, it will not be available after power-off and
power-on. If the firmware is downloaded to the EEPROM, FX2LP will boot from EEPROM
after power-on.
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4.2.1. Downloading firmware to the FX2LP’s RAM

Start “USB Control Center” application and select "Cypress USB Generic Driver (3.4.7.000)"
line, as shown in Figure 15. Choose menu command “Program FX2 -> RAM”. Window will
appear. Select hex file provided (firmware_v1r06.hex) and press “Open”. Status bar of the USB
Control Center” application will indicate “Programming RAM of LM Cypress USB Generic
Driver (3.4.7.000) device". This message will change to the “Programming succeeded” after

programming is done.

If you expand "Cypress USB Generic Driver (3.4.7.000)" line in “USB Control Center”
application now, you will see different FX2LP configuration as shown in Figure 16.

%8¢ USB Control Center.
File  ProgramF¥%2  Help
H- "l o @8 [3] Select Monitor

URB Stat AbortPipe ResstPipe X & @ 2

EBX

i#- USB Optical Mouse
USB Disk USE Device
=8 LM Cupress USB Generic Driver (3.4.7.000)
= Configuration 1
Control endpoint (0x00)
(= Interface 0
= Alternate Setting 0
Bulk in endpoint (0x86)
Bulk out endpoint (0x02)
Bulk out endpoint (0x01)
Bulk in endpoint (0x81)

Programming succeeded.

Descriptor Info | Data Transfers | Device Class Selection

<DEVICE>
FriendlyName="LM Cypress USB Generic Driver [3.4.7.000)"
Manufacturer="""
Product='ZydrunasLM2yv"
SerialNumber=""
Configurations="1"
MaxPacketSize="64"
WendorlD="04 B4"
ProductiD="DE 02"
Class="FFh"
SubClass="FFh"
Protocol="FFh"
BedDevice="00 00"
BedUSB="02 00"
<CONFIGURATION>
Configuration="0"
Configurationalue="1""
Attributes="80h"
Interfaces="1"
DescriptorType="2
DescriptorLength="9"
TotalLength="46"
MaxPower="50"
<INTERFACE>
Interface="0"
InterfaceNumber="0"
AltSetting="0"
Class="FFh"
Subclass="FFh"

~

Figure 16 FX2LP after custom firmware is downloaded

Note please, that firmware, downloaded using this method, will be not available after power-off

and power-on.

Note: After downloading firmware, you may need to install the USB drivers again. Please follow
the chapter “5.1 Windows USB driver installations”
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4.2.2. Downloading firmware to the empty EEPROM

If on-board EEPROM is empty, make sure that jumper J5 is shorted, connect carry board to the
PC’s USB port and then run “USB Control Center” application. Default configuration must be
loaded, as described in chapter “Error! Reference source not found.”.

Choose menu command “Program FX2 -> 64kB EEPROM”. Window will appear. Select iic file
provided (firmware_v1r06.iic) and press “Open”. Status bar of the USB Control Center”
application will indicate “Programming EEPROM of Cypress USB Generic Driver (3.4.7.000)
device". This message will change to the “Programming succeeded” after EEPROM
programming is done.

Note: that FX2LP will boot firmware, downloaded to the EEPROM each time after power-on if
jumper J5 is shorted.

Note: that FX2LP will boot the firmware, just downloaded to the EEPROM after next power-up.

4.2.3. Downloading firmware to the not empty EEPROM

If it is necessary to reprogram EEPROM with new firmware, do these steps:

Disconnect Myriad board from USB port.

Make sure, that jumper J5 is open.

Connect Myriad board to USB port.

Short jJumper J5.

Do the steps described in chapter “Downloading firmware to the empty EEPROM”.

agrwpdE

4.3 FPGA Programming over Embedded USB - Blaster

To be able to control Myriad RF SPI line via DEO — Nano board, the FPGA have to
p[programed.

4.3.1. FPGA software Installation procedure

The Quartus Il Programmer can be used to configure the DEO — Nano on board FPGA with a
specific demo_txcw.sof file. Before configuring FPGA, please ensure that the Quartus 1l
Programmer and the USB — Blaster driver are installed on the host computer. USB cable must be
connected to the FPGA development board, the board is powered ON and there are no other
applications running that uses JTAG chain. In order to configure the Cyclone IV FPGA please
perform the following steps:
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Start the Quartus Il Programmer.
Click Add File and select the path to the desired .sof.
Turn on the Program/Configure option for the added file.

Click Start to download the selected file on to the FPGA. Configuration is
complete when the progress bar reaches 100%.

The window view of the Quartus Il Programmer is shown in Figure 11. This view indicates
successful configuration of FPGA.

After Quartus II Programmer is started please ensure that there is “USB-Blaster [USB-0]” line at
the right of “Hardware Setup...” button. If the line indicates “No Hardware” instead, press
“Hardware Setup...” button. Select “USB-Blaster [USB-0]” from the “Currently selected
hardware:” drop-down list. If the drop-down list does not contain USB-Blaster, make sure you
have connection between the PC and the board; Note that the driver has been installed.

It is necessary to check if “Mode:” is set to “JTAG” in the Quartus II Programmer window.
Choose JTAG, if any another mode is selected.

8> Quartus T 32-bit Programmer - [Chainl.cdf]*

(] Enable real-tme 1P to allow backgraund progran

ming (for MAX IL and MAX V devices)

o5 )
Ee Edt Ven Processing Toos Window Hep & Search altera, com @
&, Hardware Setup... | USB-Blaster [USB-1] Mode: [JTAG ~]  Progress 100% (Successful)

W Start

il stop

Fiie

C:.. EPACE2FIT 00170FSD

FFFFFFFF

b suto betect

% Delete

[ B addFie.. |
15 c i

(8 dd Device. ..

D0

Figure 17 View of the Quartus Il Programmer

Note: When, SPI via FPGA option is selected, the FPGA has to be programed using
demo_txcw.sof gateware version. When SPI via USB microcontroller option is selected the
FPGA has to be programed using myriadRF_NCO_noSPI.sof gatware version.
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4.3.2. Software Functionality

Programed FPGA enables user to:

1. Control LMS6002DFN chip registers with crt_6002dr2 graphical user interface software
via mini USB connector J4 (if demo_txcw.sof gatware version is selected).

2. Set up the Myriad board RF switches.

3. Verify the interconnection between Myriad RF board and DEO — Nano board generating
the CW with implemented 4 values Numerically Controlled Oscillator (NCO). The
frequency of wanted CW is equal fcw = FPGA_CLK /8.

4. Connect Myriad RF digital interface pins for further implementation.
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4.4 Turn On and SPI Check

Turn on the +5V power supply to the board. Start Myriad RF control S/W, provided in folder
software. The SPI APP — picture of ICON is shown below.

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

Note: For Window 7 operating system, right click on the “ctr 6002dr2.exe” icon above. Next,
click on Properties and click on the “Compatibility.

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 @

Port selection
" COM * USB

_v_l lZydrunasLM 2y _v_]

SPI Clock Frequency
& 4 MHz " 0.5MHz

" 2MHz " 0.25 MHz
" 1MHz " 0.125MHz

oK I Cancel

Figure 18 GUI communication settings.

Select USB in port selection, select 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”.

32|Page



Myriad-RF Development Kit

£x 6002Dr2 Test. untitled.prj - Project File
File ©Options M

Help

Ol Regisker Test.., |.
[svstem 1o o= (Long ... -k PLL +DSM | TxLPF | TxRF | RxLPF | RxVGA2 | RxFE | ADC / DAC | Board |
LM Control Automatic Calibration Bypass Configurations
Active LMA: Transmitter Recsiver | Fix Bppass Mode: Tx Byppass Mode: RF /BB Loopback kode:
LM 1 - LFF Care |Norrna| Operation j |N0rmal Operation j |N0rmal Dperation ﬂ
Diownlink, [Tx) Frequency Band and Channel Uplink. [R=] Frequency Band and Channel
Band: Channel: Fast Channel: Frequency, MHz: Band: Chaniel: Fast Channel: Frequency, MHz:

T <l fose2 =] & || 7] i =Ifesr2 <] | | v}

Figure 19 GUI register test.
The system will then return a full registers indicating OK for correct operation as shown below.

Oz & ﬂ Register Map Test Results E
System Top Level | [Testing TxRF 2PI, Mask Oxdh: ~|pac | Board

Module test with this pattern is OE.
LM Control AuldTesting TxRF 2PI, Mask 0x55:

Module test th th == )
Active LNA: Tyftednte best Wl LS Pattern s Loopback Mode:

LHA1 - LTesting BxFE SPI, Mask Oxih: 0 peration -

——JModule test with this pattern is OK.

Downlirk [Ts] Frequency § 12532 R=FE SPI, Masie Oxss:
MENY oo aule test with this pattern is OR.

Band Channel: Fi
Testing BxLPF SPI, Mask OxAd:

I =] 10982 | Whodule test with this pattern is OK.

Testing BxLPF SPI, Mask 0x55:

Module test with this pattern is OE.

Testing ExLFF SPI, Mask Oxhi:
Module test with this pattern is 0K
Testing BxLPF SPI, Mask OuEE:
Module test with this pattern is OE.

Testing TxLPF SPI, Mask Oxbdd:
Module test with this pattern is OE.
Testing TxLPF EPI, Mask OxEE:
Module test with this pattern is OE.

Testing TxPLL 2PI, Mask Oxdd:
Module test with this pattern is OE.
Testing TxPLL 2PI, Mack 0OxEE:

Module test with this pattern is OR.
Configurasion downl ~

Configuration downldm. i nontr ent  Wact Auni- 4
i do

Cancel

Configuration dowmloaded to the hardware.

Ref. Clock, He: 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 returns 00 then there is a problem with the connection between the PC and the
design kit 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 Myriad-RF board to +5V supply and start the process again. If you now
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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.

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.

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 calibrationsthat the device carries out itself under SPI prompt) is also
done from this page.

£3 6002012 Test. untitled. prj - Project File (=1(c3]
Ele  Options Tools Help

De|@l #|
[System Top Level| T« PLL + DSM | RxPLL + DSM | Tx LPF | Tx RF | Rx LPF | RxVGA2 | Rx FE | ADC 7 DAC | Board |

LM Contral Automatic Calibration Bypass Configurations

Active LMNA: Transmit itter Receiver Ax Bypass Mode: Tx Bppass Mode: RF / BB Loopback Mode:

= LPF Care ‘Nolmaltlperat\on ﬂ |No|ma|Elperatmn ﬂ |ND|ma\Uperatmn j

Downlink [Tx) Frequency Band and Channel Uplink (R Frequency Band and Charnel
Band Channel Fast Channel: Frequency, MHz: Band: Charnnel Fast Channel Freguency. MHz:

el == Y Y 6| et e s YT |

Default configuration loaded to the GUI.

Ref. Clock, Hz: 30720000

Figure 21 GUI System window.
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Downlink and Uplink Freguency 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.

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 VGAL 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.
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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.

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.

£E 6002Dr2 Test. untitled.prj - Project File
Eile Options Tools Help

D= 2]
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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 O is used.
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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.

RF 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.

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

4.5.3. 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:
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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.
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VCO Comparators
Reads the state of the VCO Comparators. Truth table is:

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
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 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.

Cutput Freguency, GHz

1214 %]

Calculate |

Figure 25 Output Frequency — GHz

These are shown in ‘Calculated Values for Fractional Mode’ display box.
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Calculated Walues far Fractional Mode

M Integer; 139

M Fractional: 2708321

Divider: 139.32291662693
Real Output Freq, GHz:  2.1359333333359¢6!
WCO Freq, GHz: 4,23

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”.

WCO Capacitance —
Statuz M Walue: Calibratian

Tune | [ Log |5Dj 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 WCO
Al Powered Down
(¢ 4.5GHZ [vood)

| B-BGHE [vead)
6.7 GHZ (veo2)
" 7-BGHZ [veal)

kLD Selection
Al Powered D own

& Fuco/2 [2-4 GHZ)

™ Fycold [1-2 GHZ)

™ Fuvco/3 (051 GHZ]

" Fucof16 [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”.

WCO Capacitance —
Statuz M W ale: Calibratian

Tune | [ Log |5':I j 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 Up Offeet, wd:  Dn Offzet, wd:

f[1zo0 =] J30 =] Jo =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 design kit) 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.

45.4. Rx PLL + 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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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:

VTUNE_H | VTUNE_L | Status

0 0 ok

Vtune is high (> 2.5V), PLL lock not guaranteed.

1 0
0 1 Vtune is Low (< 0.5V), PLL lock not guaranteed.
1 1 Not possible, check SPI connections.

Table 8 Comparator readings
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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.

FLL Mode
f* Fractional i 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.

Cutput Frequency, GHz

[1.95 %]

Calculate |

Figure 34 Setting receiver frequency - GHz

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

Calculated W alues for Fractional Mode

M Integer: 126

M Fractional: ¥335352
Divider: 126953125
Feal Output Freq, GHz: 1.95

YCO Freq, GHz: 33

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”.
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WO Capacitance
Statuz: MA

Tune | [ Log

" alue:

Calibratian

11 =]

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
" All Powered Down
v 4-5GHZ [vcod]

i (" 5-EGHZ [vcod]
" §-7GHZ [veo?)
" 7-8GHZ [vcol)

MUA/DI Selection

" All Powered Down

& Fuco/2 [2-4 GHZ)

" Fucold (1-2 GHZ)

" Fvoco/8 [0.51 GHZ)

" Fyood16 [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”.

WO Capacitance
Status: MA

Tune | [ Log

W alue:

Calibratian

11 =]

Select

Figure 38 VCO Capacitance

Use of the “Calibration’ button is described at the end of this section.
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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 design kit). Current should be 1200uA and Up
Offset 30uA, as shown.

CP Current and OfFfset
Current, L Up Offzet, wd:  Dn Offzet, wh:

f[1zo0 =] J30 =] Jo =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
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.
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4.5.5. Tx LPF

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.
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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:
. TXLPF(I) at Cal module address 0
o 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.

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.
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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 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.

4.5.6. TX RF

The TX RF page contains the SPI controls for the TX RF stages, including all Tx gain control,
LO correction and Tx output selection.
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Figure 42 Tx RF page
Description of each function available from this page is as follows:

Power Control

Powers down stages within the Tx RF block — grayed out controls are accessible via ‘Direct’
decoding mode.
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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.

VGAI 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.

VGA2 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. Rx LPF

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.
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Figure 43 Rx LPF page
Description of each function available from this page is as follows:

DC Calibration
These are the individual controls for 