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1 Introduction

The universal radio development platform, based on the Stream board and flexible, multi standard
Lime transceiver boards, enables developers to implement their products for a wide variety of
wireless communication applications efficiently and cost effectively. The main ideas are to:

e Accelerate the evaluation and 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 Design kit content description and first demo example

e Software installation, setup and programming of the Stream board.
e Example files for running the complete platform.
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2 Complete Development Package

Complete design kit content for Stream and UNITE7002 board showed in Figure 1.

Delivering Fully Programmable
Wireless Connectivity

Figure 1 Stream & UNITE7002 complete package

Development kit content:

Stream board

UNITE7002 board

12 volt / 5 ampere power supply

Micro-USB3 cable Type: A Male to Micro B Male
Mini-USB2 cable Type: A Male to Mini B Male
RF Cables SMA to U.FL

Power cable with banana plugs for UNITE7002
USB stick containing [link]:

o

©)
@)
©)
@)

Lime7Suite GUI and register setup for LMS7002M transceiver
FPGA bitstreams and project files

USB3 controller drivers

Waveforms

Windows drivers for UNITE7002
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3 Stream Board Key Features

The STREAM development board provides a hardware platform for developing and prototyping
high-performance and logic-intensive digital and RF designs using Altera’s Cyclone IV FPGA and
Lime Microsystems transceiver. The board provides a wide range of peripherals and memory
interfaces to connect to Lime’s current offering of transceiver evaluation boards and Open Source
MyriadRF boards.

For more information on the following topics, refer to the respective documents:
e RFDIO connector RF evaluation boards, refer to MyriadRF project [link]
e Cyclone IV device family, refer to Cyclone IV Device Handbook [link]
e [MS7002M transceiver resources [link]
e LMS6002D transceiver resources [link]

Stream board features:
e FPGA Features
o Cyclone IV EP4CE40F23C7N device in 484-pin FBGA
o 39’600 LEs
o 1134 Kbits embedded memory
o 116 embedded 18x18 multipliers
o 4PLLs
e FPGA Configuration
o JTAG mode configuration
o Serial mode configuration via Cypress FX3
e Memory Devices
o 2x64MB (16bit) SDRAM
e Micro SD Card Socket
o SD card access via USB HOST controller
e Ethernet
o USB HOST controller
o 10/100/1000 Mb/s RJ45
o 3 status LEDs
e USB Interface
o Embedded Dual USB HOST 2™ generation
o Cypress FX3 Supper Speed USB 3™ generation controller
e Display
o DVI transmitter (TFP410), HDMI Jack
e High-Speed mezzanine connectors
o FMC (FPGA Mezzanine Card) LPC connector for UNITE7002 board
o RFDIO (FX10-80P) High speed connector for MyriadRF family boards
e Connections
o Mictor E5346A Agilent Test Equipment connector
o 12V DC power jack
o GPIOs headers
o 2x USB2A Jack
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o USB3B Micro Jack

e Clock System

o 30.72MHz on board oscillator
o Programmable clock generator for the FPGA reference clock input and RF
mezzanine boards
o Locking to external clock circuit
o U.FL clock input
e Board Size 110mm x 124mm (4.3” x 4.9”)

3.1 STREAM board overview

Stream board version 2, revision 1 picture with highlighted major connections showed in the

Figure 2.

122 — FMC Power
Jumper ‘

120 — FX10-80p
(RFDIO) connector

12— USB3 Slot

13— USB3 Boot

Jumper e

14— UsB
GPIOs

15— UsB3
controller ITAG

AEEEE RN

J1 - FPGA GPIO"s

121 - FMC connector

rrrrrr T

118 — Power Jack

SW5S —

18 — AUX ADC Inputs

Power switch

112 — HDMI slot

X1 — CLOCK IN
UFL connector

19 — Ethemet slot

Figure 2 STREAM Development Board

113 — Mictor connector

J6, 17 — 2xUSB slots

110 — 5D card slot

J11 —USB2 Host
Debug slot

123 - FPGA ITAG
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Board components description showed in the Table I and Table 2.

Table 1. Board components

Featured Devices

Board Reference Type Description
IC1 FPGA Cyclone IV EP4CE40F23C7N, 484-FBGA
J20 RFDIO connector | Provides digital data and control to MyriadRF
boards
J21 FMC connector Provides digital data and control to
UNITE7002 board
IC6 USB3.0 Cypress FX3 Supper Speed USB 3™
microcontroller generation controller
IC8 USB2.0 Embedded Dual USB HOST 2™ generation
microcontroller controller
1C9 IC DVI transceiver
IC10 IC Ethernet GbE Controller
Configuration, Status and Setup Elements
Board Reference Type Description
J3 Jumper USB3.0 boot from SPI flash IC5
J5 JTAG chain USB3.0 microcontroller’s debugging
pinheader pinheader
J23 JTAG chain FPGA programming pinheader for Altera
pinheader USB-Blaster download cable
J11 Pinheader USB2.0 microcontroller’s debugging
pinheader for VNC2 debug module
SW2 Button USB3.0 microcontroller reset button
R1, R79, R2, R80, R3, | 0 Ohm resistor FPGA MSEL[3:0], by default Passive Serial
R81,R4,R114 Standard configuration scheme is selected
LD1, LD2, LD3 Status LED User defined FX3 LEDs
LD4 Power LED [lluminates when USB 5V power is present
LD9, LD10, LD11 Status LED User defined FPGA LEDs
LD12,LD13 Status LED User defined VNC2 LEDs
SW3 Button Ethernet controller’s reset button

R94, R95; R92, R93;
R90, R91; R86, R87

0 Ohm resistor

Ethernet MODE][3:0], default GMII/MII mode

R96,R97; R100, R101;

0 Ohm resistor

PHYAD]J2:0], default physical address

R108, R109 “00000”
SwW4 Button FPGA reset button
General User Input / Qutput
Board Reference Type Description
J1 Pinheader 8 FPGA GPIOs
J4 Pinheader USB3.0 controller’s 6 GPIOs, USB2.0
controllers 3 GPIOs
J8 Pinheader Two 12bit ADC inputs
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Table 2 Board components

Memory Devices

Board Reference Type Description
1C2, IC3 DDR2 memory 512Mbit DDR2 SDRAM with a 16-bit data bus
J10 microSD socket microSD card
IC5 Flash memory 4Mbit flash, FX3 boot
IC15 Flash memory 16Mbit flash, FPGA configuration

Communication Ports

Board Reference Type Description

J2 USB3.0 microB
connector
J6,17 USB2.0 A socket Two USB2.0 A type sockets
J12 HDMI connector
J13 Connector ‘MICTOR’- Agilent test equipment interface
J9 Connector RJ45 Ethernet connector
Clock Circuitry

Board Reference Type Description
XO5 TCXO E6245LF 30.72MHz oscillator
IC11 IC Programmable clock generator for the FPGA

reference clock input and RF boards
U2 IC ADF4002 phase / frequency detector
X1 U.FL connector RF connector for external clock
LD5 LED [lluminates than onboard oscillator phase is
locked to external clock
Power Supply

Board Reference Type Description
J18 DC input jack 12V DC power supply
LD6, LD7, LD8 LED [lluminates than board is powered on
J22 Jumper Jumper to provide 12V DC to FMC connector
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3.2 STREAM board architecture

The heart of the STREAM Development board is Altera Cyclone IV FPGA. It’s main function is
to transfer digital data between MyriadRF board or UNITE7002 to PC through USB or Ethernet

ports. The block diagram for Stream board showed in the Figure 3.

2 x USB Slots
s

USB2 Host
Controller

HDMI Slot

30.72 MHz DVI
Controller

|

\E
>

. ¥
Micro SD card
slot

FPGA ' '

Clock \
Distribution [€— Mictor E5346A
DORZOAME |, Cycionel'Iv [¢—» 7~

(x16) : =
FX10-80P
EP4CE40F23C7N “—>
DDRK:;MB <4—P| Logic Elements - 39600
i i FMC
10/100/1000 use3
Ethernet Controller
-
RJ45 Micro USB3

Figure 3 STREAM Development Board Block Diagram
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3.2.1 LMS7002M based boards connectivity (FMC / RFDIO)

Stream board is designed to interface with UNITE7002 board via FMC connector and MyriadRF
boards via to FX10-80P connector. The FX10-80P connector pinout has been standardized and
known as RFDIO standard [link].

LMS7002M digital interface requires 12-bit data, IQSEL_Enable, FCLK, MCLK, TXNRX signals for
each transmit and receive ports. The simplified interface block diagram showed in the Figure 4.

Altera Cyclone IV FPGA FMC connector / RFDIO connector

TXNRX1 PORT-1
MCLK1

FCLK1
IQSEL_Enablel
DIQ1 D[11:0]

A

TXNRX2 PORT-2
MCLK2

FCLK2
IQSEL_Enable2
DIQ2 D[11:0]

A

Bank 8

A

A

—@ SPI

MIPI

12C

RSSI_ADC
GPIO

Bank 7 Control signals

A

A
®

v

Aux ADC

SPI

Figure 4 Simplified MyriadRF (RFDIO connector) and UNITE7002 (FMC connector) connection to FPGA block
diagram

The interface and control signals are described below:

e Digital Interface Signals: MyriadRF and UNITE7002 boards are using same data bus
DIQ1 _D[11:0] and DIQ2 D[11:0], IQSEL_Enablel and IQSEL _Enable2, FCLK1 and FCLK2,
MCLK1 and MCLK2 signals to transfer data to / from FPGA. Indexes 1 and 2 indicate
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transceiver digital data PORT-1 or PORT-2. Any of these ports can be used to transmit or
receive data. By default PORT-1 is selected as transmit port and PORT-2 is selected as
receiver port. The FCLK# is input clock and MCLK# is output clock for LMS7002M
transceiver. TXNRX signals sets ports directions. For LMS7002M interface timing details
refer to LMS7002M transceiver datasheet page 12-13. [link].

e SPI Interface: LMS7002M transceiver is configured via 4-wire SPI interface;
LMS_SPI_MOSI, LMS_SP|_MISO, LMS_SPI_SCK, LMS_SPI_CS. The SPI interface controlled
from FPGA Bank 8 (2.5V).

e I2C Interface: used to control external clock synthesizer on UNITE7002 board. The
signals LMS_I2C_CLK, LMS_I12C_DATA connected to FPGA Bank 8 (2.5V).

e MIPI Interface: MIPI_DATA, MIP|_SCK — MyriadRF board micro controller programming
interface connected to FPGA Bank 8 (2.5V).

e RSSI_ADC Interface: RSSI_ADC 0, RSSI_ADC_1 — LMS7002M receiver power detector
analog output. Index corresponds to MIMO channel. These signals are connected to 12-bit
ADCs (U9, U10). ADCs are controlled via the SPI interface by FPGA signals:
LMS_SPI_SCK, LMS_SPI_MISO, ADC_SPI_CSO, ADC_SPI_CS1. The signals connected to
FPGA Bank 8 (2.5V).

e GPIO signals: LMS_GPIO[6:0] — are used only to control MyriadRF boards RF switches.
The signals connected to FPGA Bank 7 (3.3V).

e Control Signals: these signals are used for optional functionality:

o LMS_RXEN, LMS_TXEN —receiver and transmitter enable / disbale signals connected
to FPGA Bank 8 (2.5V).

o LMS_RESET — LMS7002M reset connected to FPGA Bank 7 (3.3V).

o MpyriadPRSNT — indication signal for MyriadRF board. If board is not connected to
RFDIO port, signal is “Logic High”, if board is connected - signal is “Logic Low”.

o LMSS_igsell_dir, LMS_igsel2_dir — IQSEL Enable direction control signal for
UNITE7002 board digital buffers. By default LMS_igsell_dir is “I” and
LMS_igsel2_dir is “0”. This condition configures /QSEL_Enablel as transmitter
(input signal) for LMS7002M; IQSEL_Enable2 is configured as receiver (output
signal) from LMS7002M.

o LMS_dio_dir_ctrll, LMS_dio_dir_ctrl2 — digital data direction control for
UNITE7002 board buffers, by default DIQ1_D[11:0] is transmitter data and
DIQ2 D[11:0] is receiver data.

o LMS_dio_buff oe — UNITE7002 board digital buffers outputs enable signal, by
default outputs are enabled. This signal is used to prevent short circuit between
buffers outputs and LMS7002M outputs. Buffer outputs must be enabled after other
signal directions are set.
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o LMS_SBEN —is additional SPI enable pin used to control optional phase locked loop
on UNITE7002 board. This controlled is used when frequency error of the crystal
oscillator on UNITE7002 board has to be calibrated with external equipment. The
LMS_SBEN is a “chip select” signal for SPI interface. The additional PLL is using
same SPI lines as LMS7002M — LMS_SPI_SCK, LMS_SPI_MISO.

3.2.2 SDRAM

Stream board has two 64MB (16bit bus) SDRAM ICs (W9751G6KB [link]) connected to double
data rate pins on Cyclone IV 1.8V Bank 3 and Bank 4. The memory can be used for data
manipulation at high data rates between transceiver and FPGA. The memory is also used to load
Linux operation system.

3.2.3 USB 3.0 controller

LMS 7 Suite software controls Stream board via the USB3 microcontroller (CYUSB3013 [link]).
The data transfer to / from the board, SPI communication, FPGA configuration is done via the
USB3 controller. The controller signals description showed below:

e FX3 digital data FX3_DQ[15:0] is connected to Cyclone IV 1.8V Bank 2.

e FX3 CTL[12:0] — FX3 control signals.

e FX3 GPIO[5:0] are available on J4 pinheader.

e FX3 LED[2:0] (LD1, LD2, LD3) — user defined debugging LEDs.

e FX3 GPIO42, FX3_GPIO43, FX3_GPIO44 — connected to Cyclone IV 3.3V Bank 7 user
defined GPIOs.

e FX3_CONF_DONE, FX3_NSTATUS, FX3_DATAO, FX3_NCONFIG, FX3_DCLK — are used to
program FPGA via FX3 controller.

e PMODE[2:0] — boot options, by default boot from SPI and USB boot is enabled. If J3
jumper is present FX3 will boot from IC5 flash memory.

e FX3 SPI interface is used to program IC5 flash memory, boot from IC5 flash memory,
read/write Ul flash memory. Also FX3 SPI is connected to FPGA 3.3V Bank 7. Ul flash
memory is used to load FPGA configuration via FX3 controller.

e SW2 —resets FX3, all IOs are in tristate state during a hard reset.

e J5-FX3 JTAG programming/debugging pin header.
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3.2.4 Ethernet Controller

Stream board is equipped with Ethernet (Micrel KSZ9021GN [link]) port that can be used as
alternative high speed data interface to PC. By default Ethernet port is configured to GMII/MII
mod. 8-bits transmit data and 8-bits receive data are connected to FPGA Bank 5 (3.3V). The
controller signals description showed below:

e (CLK125 EN — enables/disables 125 MHz clock output from pin 55 (CLK125_NDO), by
default it is “0” and clock output is disabled.

e LED MODE — default “0”, tri-color dual LED mode

e Ethernet controller physical address is set to “00000”.

e SW3 — button, resets Ethernet controller

3.2.5 DVI controller

DVI controller (TI TFP410 [link]) 12-bit data bus DVI_d[11:0] and control signals are connected
to FPGA Bank 1 (2.5V).

3.2.6 Mictor connector

Mictor 38-pin connector (J13) can be used as extension to Agilent Logic Analyzer equipment. 2x
16-bit data bus connected to FPGA Bank 6 (3.3V).

3.2.7 USB 2.0 Host

The USB 2.0 Host controller (VNC2-48L1B [link]) data bus VIN_d[7:0] connected to FPGA Bank
5(3.3V).

USB2 controller can be programmed via FPGA using VIN_debug, VIN_reset, VIN_prog signals or
via “VNC2 Debug Module” J11 connector

The microSD card is hosted by USB2 controller. The control commands are issued via the SPI
interface.

3.2.8 Clock Distribution

Stream board has onboard 30.72 MHz TVCXO that is reference clock for FPGA (signal
CLK_FPGA2) and for MyriadRF board (signal CLK_IN). See block diagram of the clock distribution
system in Figure 5.

15|Page


http://www.micrel.com/_PDF/Ethernet/datasheets/ksz9021gn_ds.pdf
http://www.ti.com/lit/ds/symlink/tfp410.pdf
http://www.ftdichip.com/Support/Documents/DataSheets/ICs/DS_Vinculum-II.pdf

Universal Radio Development Platform User Guide

The optional clock generator (Si5351C [link]) can generate any reference clock frequency, starting
from 8 kHz — 160 MHz, for MyriadRF and UNITE7002 boards digital interface clocks (FCLK1,
FCLK2), FPGA reference clocks (CLK_FPGAO, CLK_FPGA1).

The onboard PLL (ADF4002 [link]) is used to synchronize onboard TVCXO with external
equipment (via X1 U.FL connector) to calibrate frequency error. The ADF4002 is programmed by
FX3 controller. The LDS5 - illuminates when onboard oscillator frequency error is corrected.

X1 connector can also be used to supply external reference clock (fitting R151, removing R150).

TCXO . CLK IN
30.72 MHz i
! MyriadRF
o (RFDIO)
FCLK1
—o—P
02 '
Clock FeLke :
1
_____ Generator CLK_FPGAO | ! i
IC11 " I I
CLK_FPGA1 — % >
1
| &
X1 UFL Altera UNITE7002
Connector Cyclone IV (FMC)
CLK_FPGA2

Figure 5 Clocks block diagram
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4 Getting Started with Design Kit

The Stream and UNITE7002 design kit comes with LMS 7 Suite software, which enables the
control of the LMS7002M transceiver, run the “FFTviewer” to analyse the ADC spectrum, load
wanted waveforms to FPGA. Two example waveforms are available in the kit:

e Single tone generated in the digital domain by a programmable logic-based
e W-CDAM TMI1 with 64ch waveform

The digital signals are driven from the Altera FPGA to the DAC within the LMS7002M to produce
a complex analog 1&Q output, then mixed with an adjustable frequency RF carrier through the
quadrature modulator. The resulting RF signal is transmitted to the analyser through the TX-side.
The incoming RF signal is converted to baseband through the quadrature de-modulator, digitized
through the ADC and sent to the FPGA. The digitized signal can be analysed with Lime7Suite
software.

4.1 DEMO Setup

The demo setup is showed in Figure 6 . This demo uses single control software “/ms7suite.exe”
to control UNITE7002 board and Stream board.

Keysight EXA N9010A:
VSA 89600

RF Output LMS 7 Suite

STREAM Board

Keysight MXG N5182A:

osso@ooon &
St -

oInesonans

38 oa oo &

UNITE7002

RF Input

10 MHz Ref Clock

USB3 connects to Stream Board

USB2 connects to UNITE7002 Board
—_—

LMS 7 Suite

Figure 6 Demo Setup for LMS7002EVB and Stream board
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4.2 DEMO Procedure

The DEMO procedure steps are showed below:

1.

nalie

LRI W

4.2.1

Connect the DEMO setup as shown in Figure 6. To measure Tx EVM the VSA89601B
software is required.
Power up the kit.
Connect /ms7suite software to the boards
Setup UNITE7002 board:
a. Load the pre-set file
b. Synchronize Analyser with UNITE7002 board
Calibrate TX path
Load the test waveform
Measure EVM for Tx Path
Run FFTviewer to analyse receiver
Calibrate Rx path

Power up the kit

The Stream board comes preprogrammed and ready to use. Once board is connected to power
supply, toggle power switch (SW5) on the board. The LED1 starts flashing immediately indicating
that USB3 microcontroller is ready for operation. The LED3 is constantly illuminating, indicating
that FPGA is loading the bitstream. See

Figure 7.

@

L :
! *“ Y3

LED3 LED1
g Ele b come ! 7,

Figure 7 LED3 illuminates, indicating the FPGA programing procedure

When LED3 stops to illuminate, the board is ready to connect to LMS 7 Suite.
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4.2.2 Connect Ims7suite to the boards

When DEMO setup is ready, run the “Ims7suite.exe” software, select Options, Communication
Settings in top menu. New pop-up window should appear. Select COM port dedicated to the
UNITE7002 board and Cypress USB StreamExample (Stream) name for Stream board. See
figure Figure 8.

Connection Settings Iﬁ
LMST centrol port: Stream beard port:
COM1L Cypress USE StreamerExample (Sire

COM2
Cypress USB StreamerExample (Stre

[7] Auto connect at startup

[ o« ][ cance | | Disconneet |

Figure 8 Comunicaton port selection for UNITE7002 and Stream boards

When boards are connected, you should see the indication in bottom of the main GUI window, see
figure Figure 9.

[10:18:59] Tx ch, 0 NCO configured

1
I
Q

[r-1

[10:18:46] Tx ch. 0 NCO configured] - ‘
—

| Eve72 Fwo HWAd Protocola | | stream Fwiz HW2 Protocol1 |

Figure 9 lms7suite board connections indication

NOTE: If Communication Setting window shows up as empty, install windows drivers for the
board. Please follow the procedures described in the chapter “5.2 USB3 Windows driver
installation procedure” and “6.1 USB2 Windows driver installation procedure”

4.2.3 Setup UNITE7002 Board

When boards are connected to the Ims7suite software, the registers for the LMS7002M can be
configured:

a. Load the register pre-set file for the LMS7002M transceiver. This will set Tx PLL LO to 2140

MHz, RX LO to 1960MHz and configure the digital interface. To do that, press Open button
in the GUI front panel. See Figure 10.
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T3 L5  Sue- Cott pors COME Daapas s U sveameiamsieveam ) I ==
File [PRUORSRLs  Help
. Configuring Channels
" we | Active Ch: A Elvan & aros & 91

Cali oordsctup | RFE_ | RBB | TRF | 188 | AFE | BIAS |LDO | XBUF | CLKGEN | SXT/SXR | Limelight & PAD| TxTSP | ReTSP | CDS | McU [ BIST [Pl |
Transmitter Full calioration

Calibrate ALL
GainchQ 2047 - -
| Geincn1 2007 - -
Phase comector 0 B || ) i )
1 Save iniial settings
Repc 2, Setup parameters
OffsetIside 0 - -
Offset Qside 0 - -
DCOFFSET
\ Calibrate TX
| Calibrate RX

[10:18:46] T ch. 0 NCO configured
[10:18:59] T ch. 0 NCO configured

 |[clear

~ [ Log Jf|

EVB7_v2 FW:0 HW:0 Protocol:L Stream FW:2 HW:2 Protocoll

Figure 10 Select the pre-set file for transceiver

Select the wfin_tx _rx_61MHz.ini file in the ..\Design Kit Software Package\GUI location,

and press OPEN.

Home

CEORM NI
& Downloads ~

18 Computer

Share View

-

Mame

J ImsTsuite_mecu
"5l Recent places . o
L ImsTsuite_wfm

L ImsTsuite.exe
4 | R¥_1950MHz_demo_setup.ini

| TX_2140_MHz_demao_setup.ini

@ OneDrive

.. Documents

1. Pictures

Date medified

12/11/2015 17:33
12/11/2015 17:33
16/10/2015 11:38
05/11/2014 11:23
03/11/2014 10:57

<« PACKAGES » Stream-UWCP Design Kit Packagev.2 » Design Kit Software Package » GUI

Type
File folder

File folder
Application

Configuration sett...
Configuration sett...

v @
v O Search GUI

Size

7,378 KB
18KE
18KE

i & | wim_t_n61MHz.ini
.. Public v

12/11/2015 17:24

Configuration sett...

Gitems 1 item selected 16.1 KB

Figure 11 Select the wfim_tx rx61MHz.ini file

In order for the changes to take effect press GUI-> Chip, as shown below in Figure 12.
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57 LMS 7 Suite - Control port: COM2 Data port: Cypress USE StreamerExample (Stream_001) oo 5]
File Options Modules Help
- | - Configuring Channels

e |[ovm [« Active Ch: A fooocue fowoul [ ren ) s
Calibrations |Board Setup [RFE [RBE | TRF [TBE |AFE [BIAS [LDO SXT/SXR | LimeLight & PAD | TaTsP [ RxTsP [cDs  [mcu [est [ser |

Receiver Transmitter Full alibration

RXIQ Corrector TXIQ Corrector

—_— Calibrate ALL

Gainch. Q 2047 - Gainch.Q 2047 -

Gainch.1 2007 - Gainchl 247 -

Phase corrector 0 > Phasecomector 0 -

RXDC T™XDC

Offsetlside 0 ~  DCchI 0

Offset @side 0 ~  DCchQ 0 -

7] DCOFFSET

Calibrate TX
Calibrate RX
[10:18:46] T ch. 0 NCO configured = | Clear
[10:18:59] T ch. 0 NCO configured i P
EVB7 2 FW:0 HWAO Protocokd Stream FWi2 HW:2 Protocoll

Figure 12 Load register setup to LMS7002M
At this point you should see the TX LO at 2140 MHz on analyser screen.

NOTE: If TX LO appears to be not locked, select the B/SXT channel in top right of the GUI, go
to SXR/SXT tab and press Calculate and Tune.

NOTE: The index in the *.ini file name indicates the interface speed between LMS7002M and
FPGA. To be able to run supplied waveforms files with GUI please select file
wfm_tx_rx_61IMHz.ini.

b. The UNITE70002 has to be synchronized with analyser in order to correct frequency error. To
do that, connect 10 MHz reference signal coming from analyser to X18 connector on the
LMS7002 board. Select the Bord Setup tab in GUI and press Synchronize. See Figure 10
The LD2 should light up, which indicates that board is synchronized.
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7 LMS 7 Suite - Control port: COM2 Data port: Cypress USB StreamerExample (Stream 001) 3 I=REC X"
File Options Modules Help

= . Configuring Channels
Active Ch: A [0 e ] [ o] [_Rem et st

Calibrations | Board Setvp [RFE [RBB [ TRF [T88 [AFE [Bias [100 [xBUF [ cikeeN [ sxT/sxR | Limelight& PaD| Tarse [Rers [cos  [mcu st [ser |
ADF400Z

Calculation of R & N

N Counter Lstch Fref MHz008)  Fuo, MHz

CPGain:  NCounter 10 3072

1 MIESN = Fvco (MH2) = Fyco sl
LCM = Feomp

sis3s1C

CLKIN Frequency (MHz): 3072

Pin Name Enable channel Output frequency (MHz)  Invert output

CLKD - PLL CLK 70 B
20
ED
CUG - RCLK C [T 270 [}
LKA - THCLK 70 =
s - Tk ¢ [0 270 a
70
70

[16:17:31] Rx DC calibration finished
[16:17:33] Downloaded all configuration

EVE7_v2 FW:0 HW:0 Protocokl Stream FW:2 HW:2 Protocol:1

Figure 13 Board level setup

4.2.4 Calibrate TX path

The LO leakage and IQ imbalance have to be calibrated for the LMS7002M transceiver in order
to get optimum performance for Tx EVM measurement. The IQ imbalance calibration is done by
generating CW and adjusting IQ phase/gain error for IQ mismatch. Th LO leakage calibration is
doem by adjust DC offset registers. The internal test NCO can be enabled for this purpose. To do
this, select TxTSP tab in /ms7suite and select the Test Signal as input for Tx path, as showed in
figure below.

& LMS 7 Suite - Control port: COM2 Data port: Cypress USB StreamerExample (Stream_001) FRE
File Options Modules Help
= Configuring Channels
s | Active Ch: A [[su->cp | [chip--»Gu ][ Reset ] []Both © A/SIR ©) B/SXT
Calibrations | Board setup [RFe  [RB8  [TRF [T88 [aFe [Bias [1D0 [ XBUF [ CLKGEN [ sxT/sxR | Limelight& paD| TxTsP [Rersp [cps [mcu [misT [ ser
BIST 1Q Corrector NCO 56
BIST state m Gein ch. Q 247 ~  Mode FCW ~ NCO bitsto dither: 1 - (7 SwapTand Qsignal
BIST signature ch.1 777 sources from T5G
BIST signature ch. Q 777 Gain ch.1 2047 - FCW(MHz) PHO Angle TSGFCW
ase corrector - @ 0000000 0 00000 5
[ Start BIST Read BIST Ph & o ©TsP clis
Alpha 0 o 0.000000 0 00000 o TSP clkia
DC Corrector Interpolation 0.000000 0 00000 TSGMODE
DCch.l o v HBlmtio 2 - O 0000000 [} 00000 @ NCO
DCch. @ 0 - 0.000000 0 00000 b
Calibrate DC RF LOOP © 0000000 0 00000 Input source
Bypass GFIRL 0.000000 0 00000 5 LML output
[Clemx [ClisNG Length 0 - 0.000000 0 00000 ® fFestsignal
R 4 s ® Testsignak
GFRL Clock Division Ratio: 0 - 0.000000 0 00000 Ts6EC
Gain corrector
E © 0000000 [} 00000 © -6aB
GFIR2 GFIR3 0000000 0 00000 O Full seale
Length 0 v Length o T @ 0000000 0 0.0000 DC_REG(hex):
Clock Division Ratio: 0 ~  ClockDivision Ratic: 0 - 0000000 o 00000 T
> 0.000000 0 00000 Loadio DCL
Enable TxTSP CMIX Spectrum control 0.000000 0 0.0000 Load to DC Q
CMIX_GAIN 0 dB - @ Upconvert ) Downconvert o [0.000000 0 0000
Upload NCO | | Set Reference Clk | RefClk(MHz): 61439999
[16:17:31] Rx DC calibration finished + | Clear
[16:17:33] Downloaded all configuration <[ Leg
EVB7_v2 FW HWLO Protocakl Stream FW:2 HW:2 Protocokl

Figure 14 Enable the test NCO
NOTE: Before configuring TXxTSP tab, select the A/RXT channel in top right of the GUI,

On the transmitter output you should see the wanted CW with 3.8MHz offset from LO, unwanted
SSB on the other side of spectrum and LO leakage. See Figure 15.

22|Page



Universal Radio Development Platform User Guide

[BM Agilent Spectrum Analyzer

SENSE:INT| [ ALIGN AUTO | 06:34:58 AMDec 06,2014
Avg Type: Log-Pwr 2

i RF AC
Center Freq 2.140000000 GHz .
PNO: Wide ;) 111g: FreeRun

=)
IFGain:High #Atten: 0 dB

Mkr1 2.000 34 GHz
Ref -20.00 dBm - dBm

i

| J

I

& WW WWW |

Center 2.140000 GHz Span 10.00 MHz
Res BW 91 kHz VBW 91 kHz Sweep 1.000 ms (1001 pts)

MsG

STATUS

Figure 15 Not calibrated Tx Output

To do the LO leakage calibration, select TxTSP tab in the Ims7suite GUI and adjust the DC
Corrector settings for channel I and Q separately to get minimum LO leakage.

7 LMS 7 Suite - Control port: COM2 Data port: Cypress USB StreamerExample (Stream _001) | 5 |
File Options Modules Help
= . Configuring Channels
New | | Open | | sve | Active Ch: A [(6ui-—> chip | [ chip-—»6u1 | [ Reset Bey R DS
Calibrations | Board Sctup | RFE_| BB | TRF_|18B_ | AFE | BIAS |LDO | XBUF | CLKGEN | SXT/SXR | LimeLight & PAD] T<TSP |Reisp | <bs | mcu BT [spl
BIST 1Q Corrector NCO 56
BIST state m Gain ch. Q 2047 v Mode FCW - NCO bitstodither 1 v Swapland Q signal
BIST signature ch.] 772 sources from 156
BIST signature ch. Q 777 Gain ch.1 2047 - FCW(MHz) PHO Anale TSGFCW.
—— - @ 0000000 [} 00000
Start BIST Read BIST Phascconrector |0 © TSP clk/g
— Alpha 0 0.000000 0 00000 TSP el
'DC Corrector nterpolstion 0000000 0 00000 TSGMODE
DCeh.1 0 ~ [Helratio P2 - 0.000000 0 00000 ® NCO
DCch.Q 0 - 0.000000 0 00000 DC source
Calibrate DC RF LOOP. 0.000000 [ 00000 Input source
Bypass GAIRL 0.000000 [} 00000 LML output
CMIX ISINC Length 0 - 0.000000 0 00000 i
Tt T g © Test signal
] GFIRL DC corrector Clock Division Ratio: 0 - 0.000000 0 00000 TSGFC
G tor [7]Ph t
ain corrector [] Phase corrector Cocficionts 0000000 o 00000 o a8
GFIR2 GFIR3 0.000000 0 0.0000 Full scale
Length 0 v Length o - 0.000000 0 0.0000 DC_REG(hex):
Clock Division Ratio: 0 ~  Clock Division Ratio: 0 - 0000000 0 00000 i
Coefficients Coefficients 0.000000 o 00000 [ toadtonci |
7] Enable TXTSP CMIX Spectrum control 0000000 o 00000 [Losdtonca |
CMIX GAIN 0 dB - © Upconvert Downconvert 0000000 o 00000
Upload NCO | [ Set Reference Clk | RefCIk(MHz): 61430099
[16:17:31] Rx DC calibration finished ~ [cleat
[16:17:33] Downloaded all configuration <[ Log |
EVB7_v2 FW0 HW:0 Protocokl Stream FW:2 HW:2 Protocokl

Figure 16 DC offset block control

To calibrate Unwanted SSB, use the IQ Corrector controls in the TXTSP tab. Change I ch. gain
or Q ch. gain followed by Phase correction to reduce the Unwanted SSB.
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7 LMS 7 Suite - Control port: COM2 Data port: Cypress USB StreamerExample (Stream_001) O | O S
File Options Modules Help
= Configuring Channels
‘ - ‘ open || s | Active Ch: A (o0 crip | [Chips 60| [_Remt iy
Calibrations | Board Setup | RFE__| REB F [ CLKGEN | SKT/SKR | LimeLight &PAD| TxTSP |RTsP | CDS | Mcu | BIST [ 5Pl
BIST 1Q Corrector NCO 56
BIST state m Gain ch. Q Mode: FCW = NCO bits to dither: 1 - SwapIand Q signal
BIST signature ch.1 77 sources from T5G
BIST signature ch, Q 777 Gain ch.T FCW(MHz) PHO Andle TSGRCW
—— - o 0000000 ] 00000
Start BIST Read BIST Phase conector |0 © TSP clk/B
e 0000000 0 00000 TSP clkd
DC Corrector Interpolation 0000000 0 00000 TSGMODE
DCeh. 0 ~  HBlntio 241 - 0.000000 0 00000 @ NCO
DCch.Q 0 - 0.000000 0 00000 DC source
Calibrate DC RFLOOP. 0.000000 0 00000 Input source
Bypass GFRL 0000000 ] 00000 LML output
CMIX ISINC Length 0 - 0000000 0 00000 i
Zohis o g © fTest signal
] GFIRL DC corrector Clock Division Ratio: |0 hd 0000000 0 0.0000 TSGFC
G. tor [7]Ph o
ain corrector [] Phase corrector Codfficionts 0000000 . 0000 o 548
GFIRZ GFIRS 0.000000 0 00000 Full scale
Length 0 v length 0 - 0.000000 0 0.0000 DC_REG (hex:
Clock Division Ratio: 0 ~  Clock Division Ratio: 0 - 000000 0 00000 7t
Coefficients Coefficients 0000000 o 00000 [ Loadtonct |
7] Enable TxTSP CIITX Spectrum control 0000000 0 00000 [ oadtonca |
CMIX GAIN 0 dB - ® Upconvert Downconvert 0000000 o 00000
Upload NCO | | set Reference Clk | RefClkihHz): 61433099
[16:17:31] Re DC calibration finished [ cleor |
[16:17:33] Downloaded 2l configuration - [ Log |
EVB7_v2. FW0) HW:0 Protocoll Stream FW:2 HW:2 ProtocokL

Figure 17 1Q Corrector block control

Calibrated Transceiver TX output should look like in the Figure 18.

BE Agilent Spectrum Analyzer - Swept SA

i RF 500 AC | SENSE:INT| [ ALIGN AUTO [ 07:04:00 AM Dec 06, 2014
Ref Value -10.00 dBm Avg Type: Log-Pwr TRACE

PNO: Wide (. 17ig: FreeRun
IFGain:Low #Atten: 4 dB

P fallba g A by gl i

Center 2.140000 GHz
Res BW 91 kHz

Figure 18 Calibrated Tx output
Once TX is calibrated the settings can be saved and can be recalled after chip power cycle. After
calibration is complete and configure Tx path to accept data from Stream board; go to TxTSP and
select LML output under Tx Input Source has to be selected to in TxTSP tab. See Figure 14.

NOTE: The Tx IQ and LO leakage calibration procedure can be done using auto calibration
routines. The routines are accessed from Calibration tab in the GUL
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4.2.5 Load waveform for Tx Path

The programed FPGA is acting as waveform player for LMS7002M transceiver. In order to load
the waveform, select Modules from top menu, then FPGA Controls from the drop down menu.
See Figure 19.

File Options | Medules | Help

New | opd ST Ch: A

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

RF-ESpark
LMS Read

HPMT

. LN

Address{Hex FFTviewer DRead | NeodValue(Hed: 7

Status: 7

Switch channel
OVASKR ()B/SKT @) Both This switch writes static values(0xFFFD, 0xFF
Board 5P

Write

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

Read
Figure 19 Select FPGA Control window

New window will appear in the bottom of the GUI, offering you to load supplied waveforms or
custom waveforms. Please select to load WCDMA waveform by clocking on W-CDMA button.
See Figure 20.

FPGA Controls.
Digital interface
[] Digital Loopback enable

WFM loader
Onetone
Custom B
0%
Play = Stop ||

Control: EVB7_v2 FW:0 HW:0 Protocol:1 Data: Stream FW:4 HW:3 Protocol:1

Figure 20 Waveform selection

The file loading process to the FPGA is shown by indication bar, see Figure 21.
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FPGA Controls.
Digital interface

[] Digital Loopback enable
WEM loader

Onetone

Custom =

100 |

Play = Stop ||

Control: EVB7_v2 FW:0 HW:0 Protocol:1 Data: Stream FW:4 HW:3 Protocol:1

Figure 21 Loaded waveform indication

4.2.6 Digital Loopback Enable

On this FPGA there is also implemented option to receive data from LMS7002M receiver and
stream back on to LMS7002M transmitter. In order to enable this option, click on the ‘Digital
Loopback enable’ check box in the ‘FPGA Control” Module Figure 22.

Digital Loopback enable

WFM loader
Onetone W-CDMA

Custom =

0%

Play >

Control: EVB7 w2 FW:0 HW:0 Protocol:1 Data: Stream FW:4 HW:3 Protocol:1

Figure 22 Select Digital Loopback enable
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4.2.7 Measure Tx Path EVM

When W-CDAM waveform is loaded, the system start transmitting it instantly. The Tx output
should look like in Figure 23 and Figure 24.

Fﬂ Agilent Spectrum Analyzer - ACP
0

RF 500 AC | SENSE:INT| | ALIGN AUTO | 08:02:50 AM Dec 06,2014
Mech Atten 0 dB Center Freq: 2.140000000 GHz Radio Std: W-CDMA
G Trig: Free Run Avg|Hold:>10/10
IFGain:Low #Atten: 0 dB Radio Device: BTS

Ref -10.00 dBm

Center 2.14 GHz Span 24.68 MHz
#Res BW 100 kHz #/BW 1 MHz #Sweep 29 ms
Total Carrier Power  -14.206 dBm/ 3.84 MHz ACP-IBW

Lower Upper
Carrier Power Filter  OffsetFreq  Integ BW dBc  dBm dBc dBm Filter
MHz Of 5000MHz  3840MHz 5610 7030 5609 7119  ON
1000MHz  3840MHz 5740 7161 5852 7272  ON

MSG ESTATUS

Figure 23 LMS7002M transmitter ACPR with WCDMA modulation

B W-COMA (3GPP)/HSPA - Agiler ware - Press the Mode k

File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help @
PlHOT,. @ oz [} ™~ HAR

PP Bvteont Composoe 00 T G et oo 500 S pr—r—— |

41421801

D: Antennal. Composite Error Summary

T

I
Markers -Bx

Figure 24 LMS7002M transmitter EVM (2.4 %) with WCDMA modulation
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4.2.8 Run FTTviewer to analyze receiver spectrum

FFTviewer module is a part of Ims7suite software. To run FFTviewer, go to top menu, select
Modules and choose FFTviewer. See Figure 25.

File Options | Modules | Help

New Opd LMS7002 C h : A

Myriad7
Calibrations | B FPGAControls TRE | TBB |AFE | BIAS
LMS Write Programming
Address(Hex 5i5351C Hex): | FFFF

RF-ESpark
LM5 Read

HPMT

i .

Address{Hex FFTviewer D Read Read Value(Hex): 73

Status: 73

Switch channel

-:::::- ASSKR -::::- B/SKT .;§;. Both This switch writes static values(0xFFFD, OxFF

Board 5P

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

Read

Figure 25 Ims7suite module menu to select FFTviewer

FFTviewer control window will appear. Before start capturing data, set the Sampling frequency,
select windowing function and press Start. See Figure 26.

-
o FrTviener 3 (S i
FSpectrum | |

2080 zeug
10 samples 0 I wersus gk
I 1536 I
- 1500 Sampling frequency:
SampIes count:
1880 1008 [¥] Calculate average i
seg 500
q g | atarate: 0 ME/s
l starr ([ °
-500 -500 Ipdates/s: 0
'] Save stream to file
rames to capture:
-1800 1880 -
16384 =
-1580 -1500 Graphs
[7] Show time domain [] Freeze time domain
2860 | 000 I [V Show Iversus Q@[] Freeze Iversus Q
1 x an #ZFD_i_ILEMDDBEBD 0 SE0100ASO@HE [ Show FFT [ Freeze FFT
o [Amp i bude (dBF ) Analzescontols
Center: 0 MHz max¥: 0
-20
Span: 10 MHz minv: -100
e Measurement
_ap Peakto avg ratiofdB): 777 Q77
o Ch1. center offsetMHz): 0
Bandwidth(MHz): 1
= Power(dbFS): 0.00
7 Ch 2. center offset(MHz): 0
Bandwidth(MHz): 1
-80
Power(dbFs): 0.00
-0 dBc: icd
Freguency(tHz)
706,80 797, 08 705, 00 700, 00 900, 00 601, 00 502, B0 563, 00 204, OO

Figure 26 FFTviewer Controls
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At this point, the FFTviewer start capturing data. Connect the generator to selected UNITE7002
receiver path. In the Figure 27 showed the FFTviewer data capture with 1 MHz CW signal offset

from LO.

[le Ferviemes =l
| Spectrum ]
, 2000 srameters
A 1Q samples A 0 1 FFT poramete
FAAN N\ Sampling frequency 153
e/ /1N [\ 150
¥ \ i \f FFT samples count: 1635
\ A
I\ i FA »
1o N\ \ / J\ e Nowinds I
! \ ! l’lﬂ i I
I \ /
o ! | i L) Datarate: 203 MiB/s
! \ /
\ i s ama
| stop
0 f \ / 8 Updates/s: 316
i \ / ! Save stream to file
f \ )l T Frames to capture:
o |/ \ / 16384 ‘
/ \ v/ |
’f v o ! 1808
1009 |/ 1 v/ {
\ \/ /
A A ,” 1588
l A
7S/ I
/ N/ ann ——
159 T60 Tel T62 369 16 165 366 357 60 zes BT !
3 o 15 g] minv: 10
Ampl i tude{dBFS) s L. v
10 MB: 2,021 Mz £ -4.3 deFS Messurement
Peak to avg ratio(dB:  E3.09 Q308
28 Ch 1, center offset(MHz): 0
. Bandwidth{MHz) 1
Pover{dbFS): “sasu
- Ch2. conter ofset{MbE) 0
BondwidthiMH) 1
Power{dbFS): -54.514
dBc: 0.00

Figure 27 FFTviewer window in operation

4.2.9 Calibrate Rx path

Rx DC offset and Rx Unwanted SSB calibration routines have to be executed to calibrate receiver
path. The Rx DC offset calibration split in two parts; Analog DC Offset calibration and digital DC

offset removal procedure.

To execute Analog DC Offset calibration, select the RFE tab in the main GUI window. Make sure
that you have selected channel A. In the DC box, change Mixer LO signal to 0.621 V and click

on Calibrate DC button. See Figure 28 below.
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File Options Modules Help

Configuring Channel

Active Ch: A (- co | (ot | [ s | e - em
Calibrations | Board Setup| RFE  [Re8  [TRF  [T88  [ArE [Bias [1DO [ xBUF [ CLKGEN [ sxT/SxR | Limelight & PaD | TxTsp [Rase [cos [mcu [BisT [ser
Power down controls UNGRO! Capacitor controls
[CILNA RFE Active path to the RXFE LNAH ~  Compensation TIA 12 -
Decoupling cap at output of RX mixer 400 fF v FeedbeckTA 230 -
CJRXFE mixer LO buffer Controls cap parallel with the LNA input 3 -
[T RXFE Quadrature LO generater e P Gain controls
RXFE RSSI Compensation resistor of TIA opamp 4 TS Gmax -
RXFE TIA Sets feedback resistor to nominal value - - -
[7]Enable RFE module P = Loopback Gmax-40
Direct control A Gmax M
] Enable direct control of PDs and ENs Tim duty cycle
Input shorting switches DC Ichannel: 8 M
[linput of loopback 1 Offset1side 0 »  Qchannek 8 -
put of loopback 2
st of LNAL Offset Qide 9

Elnpuer w10 s
7] Enable DCOFFSET black Calibrate DC

Reference current Current control

Loopback amplifier 1800 ud - LNAoutput common mode voltage 2 -
TIA Lst stage 2 - LNAcore 1291.7 uA -
TIA 2nd stage 2 -

[16:20:14] Rx DC calibration finished
[16:20:16] Downloaded all configuration

EVB7_v2 FWi0 HWO Protocoll Stream FW:2 HW:2 Protocoll

Figure 28 Calibrate RX DC offset

New window will pop-up indicating that calibration is completed. This also updates the DC offset
calibration values in the DC box.

For residual DC offset calibration you need to enable the DC corrector in RXTSP tab. See Figure
29. It should be enabled by default.

& LMS 7 Suite - Control port: COMZ Data port: Cypress USB StreamerExample (Stream_001) =
File Options Modules Help —
- - - = . Configuring Channels
nNew || open || se | Active Ch: A (st chip | [ chip—>6u1 | [ Reset Both @ /SR O B/SKT
Calibrations | Board Setup [ RFE_[RBE | TRE [ TBB | AFE |BIAS [1DO | XBUF | CLKGEN [ SKT/SKR | Limelight & PAD| TuTsp | R<T5? [cDs  [mMcu [sisT [ ser
Ungrouped NCO 56
CMIXspectnum control ~ ADCE 77 ADCG: M7 Mode: FOW < NCObitstodither 1w Swap 1and Q signel
o Uneomen BSE  m EsTg m P oo o sources from TG
np BSTATEE I B n L . ﬂ":c;] TSGROW
owncemert we w (hea] 1000000 [
0500000 0 00000
CMDGAN 0d8  ~ [F]EnableRaTSP [ Start BIST . . oo 8 TP
& 0000000
0C Comector Decimation TSGMODE
0000000 0 00000 8 0
Number of ssmples 2712 - HED ratie -
0000000 0 00000 DC cource
Bypass GRIRL
¥ M ¥ AGC Length . 0000000 0 0000 Input source
7 GRS
¥ G ClockDivsion Ratio: 0 200050 ¢ ©a000 @ anc
Gain corrects T ——— 0009000 0 0000 Testsignal
AR ARz R ° oo TSGR
Length 0 - Length 0 - 0002000 9 0000 o 443
ClockDivision Ratio: 0 v Clock Division Ratic: 0 0.000000 ] 00000 Fullscale
Coctheints Cocthionts 0000000 0 0000 DC_REGihes):
|Cochcients L Cocficients | o
a6C 1q Cormector 04000000 0 040000
AGE Ioop gain [} 2 Gincho [EE - 0000000 0 0.0000 L‘“‘W
|| ASCAversging window size 3a1p = Gainchl wm - 0000000 0 00000 Load1oDC Q |
Desived output signallevel +  Phase comector 0 . 0003000 0 000w
A6C Mode 460« Aipha 000 Upload NCO. | [ Set Reference Cik | RefClkiMHz); 15360000
[16:23:00] Rx DC calibration finished = | Clear
[16:2536] Downloade al configuration - [iea)
EVET_v2 FW HWED Protocak Stream FWi2 HWE2 Protocel:l

Figure 29 Enable DC corrector in RxTSP

The unwanted SSB can be seen on FFTviewer window by applying signal to one of the transceiver
inputs. See Figure 30.
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Figure 30 Receiver spectrum with un-calibrated IQ imbalance

To calibrate RX IQ imbalance go to RxTSP tab on /ms7suite GUI. On IQ Correction box adjust
Gain ch. I or Gain ch. Q followed by Phase correction to reduce the Unwanted SSB. See Figure
31
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[16:17:33] Downloaded all configuration - [ Log
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Figure 31 Rx 1Q correction block

Calibrated receiver spectrum should look like in the Figure 32.
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Figure 32 Calibrated Rx Spectrum
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S Appendix I

This chapter guides through the USB3 interface installation for the Stream board and Windows

5.1 FX3 microcontroller drivers installation

The communication between Stream board and PC (Lime7Suite) is done via the USB3 interface.
Initially, Stream board comes with preprogramed drivers and ready to use. If new drivers require
to be installed or firmware update, the steps have to be taken:

e Install windows drivers. Follow chapter “5.2 USB3 Windows driver installation
procedure ”.

e Install USB3 microcontroller drivers. Follow chapter “5.3 Firmware installation for USB
microcontroller”.

5.2 USB3 Windows driver installation procedure

Once Stream board is connected, follow the installation procedure below.

1. Press “Start Menu” and right click on “Computer”, select “Properties” and “Device
Manager”.

Open
& Manage
Map network drive..

Disconnect network drive...

Show on Desktop

Rename

Properties

O Shiidown | 7|

Figure 33 Open computer properties
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» Control Panel » System an

Control Panel Home

View

-
® Remote settings Wir
[y System protection i
B Advanced system settings Ser
Get

Ciertam

Figure 34 Open device manager

2. When Stream board is plugged in, on “Device Manager” menu it appears as “WestBridge”
under “Other devices”. Right click on the “WestBridge and select “Update Driver Software”.

3 I_: Monitors

|» -B¥ Metwork adapters

4 -5 Other devices
Ll WestRidag

1+ 5} Processd Update Driver Snfrware..

1% Sound, v Disable

[3 (:— Storage

1> 18 System ¢

[ - G Universa Scan for hardware changes

Uninstall

Properties

Figure 35 Update driver software

3. Select driver installation manually and choose driver from the following location:
..\ Design Kit Software Package\Windows drivers\Stream_Win\bin.

Choose the driver which is suitable for the operating system running;:

. Windows XP (wxp)

. Windows Vista (vista)

. Windows 7 (win7)

. Windows 8 (win8)
CPU type:

. x86(32bit-1386)
. x64(64bit-amd64)
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1 seftings.

+ Browse my computer for driver software
Locate and install diiver software manually.

Cancel

Figure 36 Browse for driver software

@ || Update Diiver Software - WestBridge

Browse for driver software on your computer

Search for driver software in this locatior:

gram Files (385\Cyprecc\EZ- USB P23 SDIC Dl drivedbintwin 764 IR ‘

[#Include subfolders

===

@ Letme pick from a list of device drivers on my computer
This list will chow installedl driver softwars compatible with the device, and all driver
softwarein the same category as the device.

Figure 37 Select driver location

It Windows Security

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

-

< Don't install this driver software

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

< Install this driver software anyway

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

(v) See details

Figure 38 Confirm installation of unsigned driver

4. After successful installation “Cypress USB BootLoader” will appear under USB controller
devices.
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= Device Manager | = | B &1
File Action VYiew Help
s @ HE B

4= Lab-PC1
- -8 Computer

a4 - @ Universal Serial Bus controllers
§ Cypress USB BootLoader

)
g Intel amily’ niversal Host Controller - 27C8
:_ B Tk R Q00N 2 T T Carmnih A THCD Hnbsmeral Hard T amdbeallae 7700

Figure 39 Device manager window after installation
NOTE: If you are using Windows 7 64 bit OS, you must disable Driver Signature Enforcement.
To do this, Restart you PC, press F8 at startup and choose Disable Driver Signature

Enforcement. This step is required to done once.

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

5.3 Firmware installation for USB microcontroller

For CYUSB3013 USB microcontroller firmware installation, please Cypress Control center utility
“USB Control Center”, which can be found in this [link].

Cypress FX3 USB microcontroller has an integrated boot loader, which starts automatically after
power-up or reset.

If FLASH memory is empty or connector J3 (on Stream board) is open, USB3 microcontroller

boots-up with factory firmware. Run the “USB Control Center” application and in the menu select
"Cypress USB BootLoader" line as shown in Figure 40.
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+*r- USE Control Center

File  Program Help

& = [ @ [ URBStat Abort Pipe ResetPipe X & @ £
=8 Cypress USB BootlLoader| Descriptor Info | Data Transfers | Device Class Selection
<DEVICE> -

FriendlyName="Cypress USB BootLoader”
Manufacturer="Cypress"
Product="WestBridge "
SerialNumber="0000000004BE"
Corfigurations="1"
MaxPacket Size="64"
VendorlD="04 B4"
Product|D="00 F3"
Class="00R"
SubClass="00h"
Protocol="00h"
BedDevice="01 00"
BcdUSB="02 00"
<CONFIGURATION:
Corfiguration="0"
CorfigurationValue="1"
Attributes="80h"
Interfaces="1"
Descriptor Type="2"
DescriptorLength="9"
Totallength="18"
MaxPower="100"
<INTERFACE:>
Interface="0"
Interface Mumber="0"
AltSetting="0"
Class="FFh"
Subclass="00h"
Protocol="0"
Endpoints="0" .
DescriptorType="4"
DescriptorLength="9"
</INTERFACE> -

mn

Programming Succeeded

Figure 40 Default FX3 firmware, supplied by internal logic
There are two ways of uploading the firmware to USB3 microcontroller:

e Program internal RAM memory. Follow procedure described in chapter “5.3.1 Uploading
firmware to the FX3 RAM”. The memory will be cleared after first power cycle.

e Program external FLASH memory connected to USB3 controller. Follow procedure
described in chapter “5.3.2 Uploading firmware to empty FLASH”. The USB3
microcontroller will boot from FLASH memory after every power-on.

5.3.1 Uploading firmware to the FX3 RAM

Start “CyControl.exe” application and select Cypress USB BootLoader as shown in Figure 40.
Choose menu command Program = FX3 = RAM. In the new pop-up window, select stream
(v2r2 FW4) 2015 07 07.img file provided (..\Design Kit Software Package\MCU
Firmware\Stream_FW folder) and press Open. Status bar of the USB Control Center application
will indicate Programming RAM. This message will change to the Programming succeeded
after programming is done.

If you expand Cypress USB StreamerExample line in USB Control Center application now,
you will see different USB configuration as shown in Figure 41.
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=
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File  Pregram  Help

sEE  FAN

URBStat AbortPipe ResetPipe X & @ £

B 0ypress USG Seanerbiano]
- BOS
=- Corfiguration 1
i Control endpoirt {(xD0)
= Interface 0
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Descriptor Info | Data Transfers I Device Class Selection

<DEVICE>
FriendlyName="Cypress USE StreamerExample”
Manufacturer="Lime"
Product="DigiRed_01"
SerialNumber=""
Corffigurations="1"
MaxPacket Size="512"
VendorlD="04 B4"
ProductID="00 F1"
Class="00R"
SubClass="00h"
Protocol="00h"
BedDevice="00 00"
BedUSB="03 00"
<BOS>

NumberOf DeviceCapability="02h"
Descriptor Type="15"
DescriptorLength="5"
Totallength="22"

<USE20 Device Extension>

Descriptor Type="16"
DeviceCapability Type="2"
bmAttibute="02h"
</IUSB20 Device Extension:>
<SUPERSPEED USE>
DescriptorLength="10"
DescriptorType="16"
DeviceCapability Type="3"
Functionality Supporte="3"
bmAttibute="00h"
U1Device Edt Latency="0"
U2Device Edt Latency="00h"
</SUPERSPEED USB>

-

m

Frogramming Succeeded

Figure 41 FX3 after custom firmware is downloaded

5.3.2 Uploading firmware to empty FLASH

If external FLASH is empty, short the jumper J3 and connect Stream board to the PC. Start
“CyControl.exe” application and select Cypress USB BootLoader as shown in Figure 40. Choose
menu command Program = FX3 = SPI FLASH. In the status bar you will see Waiting for
Cypress Boot Programmer device to enumerate.... and after some time window will appear.
Select provided stream (v2r2 FW4) 2015 07 07.img file (..\Design Kit Software Package MCU
Firmware\Stream_FW folder) and press Open. Status bar of the USB Control Center application
will indicate Programming of SPI FLASH in Progress.... This message will change to the
Programming succeeded after FLASH programming is done.

NOTE: USB3 microcontroller mi will boot firmware uploaded to FLASH each time after power-
on if jumper J3 is shorted.

5.3.3 Uploading firmware to non-empty external FLASH memory

To update external FLASH memory with new firmware, follow these steps:

Nk W=

Disconnect Stream from USB port.
Make sure that jumper J3 is open.
Connect Stream board to USB port.

Short jumper J3.

Do the steps described in section 5.3.2.
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6 Appendix I1

This section describes the USB2 driver installation procedure for UNITE7002 board.

6.1 USB2 Windows driver installation procedure

The steps to install windows drivers are as follows (please note that these steps may vary based on
the specific version of Windows software being used and you may need to be logged in as
Administrator to accomplish them):

1. Connect UNITE7002 board to your PC via the USB cable.

2. Go to Control Panel > System > Device Manager

3. Locate USB to LMS7002M under Other devices and press right click to select Properties,
see Figure 42.

=4 Device Manager i = | 5 |

File Action View Help

=@ H=E &

45 Lab-PC1 -
_,.:I-i Computer

o -] CypressUshConsoleWindowsDriver

g Disk drives

- B Display adapters

4.5 DVD/CD-ROM drives

L-DT-5T DVD+-RW GH50N ATA Device
H *5 MagiclSO Virtual DVD-ROMO000

,-'-"__-_J Human Interface Devices

g IDE ATA/ATAPI controllers

b-am Keyboards

[

B Mice and other pointing devices

b ‘Wiz Medems

. - Monitors

» “W National Instruments GPIE Interfaces

.
-|l5) Other devices
“{fm USE to LMS7002M
T
',7 Communications Port (COM1)
5 ECP Printer Port (LPT1)
? RIM Virtual Serial Port w2 (COM13)
',7 RIM Virtual Serial Port v2 (COM14)
> |5 Processors
.s-J‘l Sound, video and game controllers
« ¥ Snectrum Nrivers S

Figure 42 Device Manager content

4. When a new window pops-up press Update Driver, see Figure 43.
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USE to LMST002M Properties

General | Driver | De%ail5|

J} USBto LMST002M
Q)

element.

Device type: Cther devices
Manufacturer: Unknown
Location: Port_#0004 Hub_#0005
Device status
[The drivers for this device are not installed. {Code 28) -

There ig no driver selected for the device information set or

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

Update Driver...

OK || Cancel

Figure 43 Device properties

5. Select Browse my computer for driver software, locate the driver provided with the kit and

press Next, see Figure 44.

() Ll Update Driver Software - USE to LMS7002M

How do you want to search for driver software?

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

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

Cancel

@ Il Update Driver Software - USB to LMST002M
Browse for driver software on your computer
Search for driver software in this location:
[F:\Win_drivers] - Browse...
[¥]Include subfolders
2 Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device.

Figure 44 Locate USB driver.

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

see Figure 45.
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’3;5! Windows Security | ﬂ

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

< Don't install this driver software
You should check your manufacturer's website for updated driver software
for your device,

= Install this driver software anyway
Only install driver software cbtained from your manufacturer's website or
disc. Unsigned software from other sources may harm your computer or steal
information.

-C:- See details

Figure 45 Hardware wizard. Install driver softwaer anyway

Windows should proceed to install drivers at this stage. Generally, the installation procedure of
the USB drivers for UNITE7002 board, has to be done once.

NOTE: Before running the control software, unplug then plug your device back into your

computer.

6.2 Determining Serial Port

After driver installation, Windows will assign a serial port to UNITE7002 board. To check your
board serial port number, please follow these steps:

1. Go to Control Panel > System > Device Manager
2. Locate USB Virtual Serial Port under Ports (COM & LPT)

Note that in this system example it has enumerated as COM?2 (Figure 46).

Figure 46 Check for new communication port
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7 Appendix I11

This section describes how to load custom bitstream to Stream board FPGA.

7.1 Load bitstream to FPGA

The Altera Cyclone IV FPGA which sits on the Stream board can be programmed using
“Ims7suite "software. To call FPGA programing function, go to Modules form top menu and select
Programing form the drop down menu. See Figure 47.

File Options | Modules | Help
new [[opd |70 Ch: A

Myriad7
Calibrations | E FPGAControls TRF TBE AFE BIAS
LIS Write Programming I
Address(Hex 5i3351C Hex): | FFFF

RF-ESpark
LMS Read

HPM7

. LT

Address(Hex FFTviewer DRead | feadValue(Hed: 7

Status: ¥

Switch channel

.;:::;. ASSHR .;::;. B/SKT . Bath This switch writes static values(0xFFFD, OnFF

Board 5P
Write
Address(Hex): | FFFF Value(Hex): | FFFF CMD Write | Status: 777

Read

Figure 47 Ims7suite module menu to select FPGA programing tool

New control section should appear in the bottom of the main window, as shown in the Figure 48.

Program 0% |

Device: Programming mode:
| Altera FPGA ~ | [Bitstream to FPGA ~

Figure 48 FPGA programing tool interface

Software loads raw binary files (*.rbf) [link] to FPGA and it offers couple options to do that,
see Figure 49.
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Programming
Program 0%
Device: Programming mode:
Altera FPGA = | | Bitstream to FPGA -
Bitstream to FPGA |
- Bitstream to Flash i
S—
Bitstream from Flash |

Figure 49 FPGA programing options

The programing functions are described below:

1. Bitstream to FPGA - this function loads selected *.rbf file from PC to FPGA. Select your
wanted bitstream file by clicking Open and initiate FPGA programing by clicking on

Program.
2. Bitstream to FLASH — this function loads selected *.rbf file from PC to external FPGA

FLASH memory. Select your wanted bitstream file by clicking Open and initiate FLASH

memory programing by clicking on Program.
3. Bitstream from FLASH - loads bitstream from external FPGA FLASH memory to FPGA.

To initiate programing click on Program button.

The new massage will come up when the programing is finished. See Figure 50.

il N
|ImsTsuite.exe @

Figure 50 Successfully FPGA programing massage
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