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REVISION HISTORY

The following table shows the revision history of this document:
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added, clock distribution, power distribution and temperature control
sections filled
08/12/2017 0.02 | New sections: SDRAM, GNSS, RTC, FPGA configuration, Temperature

sensor, User 1/0, RF Loopback Control, Main clock sources, Clock buffer
source selection, VCTCXO clock tunning, Windows PCle driver
installation procedure, Linux PCle drivers, Obtaining FPGA programming
files.
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1. Introduction

LimeSDR-QPCle is low-cost software defined radio board based on Lime LMS7002M Field
Programmable Radio Frequency (FPRF) transceiver and Altera Cyclone V PFGA, through which
apps can be programmed to support any type of wireless standard, e.g. UMTS, LTE, LoRa, GPS,
WiFi, Zigbee, RFID, Digital Broadcastimng, Radar and many more.
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2. LimeSDR-QPCle Board Key Features

The LimeSDR-QPCle development board provides a hardware platform for developing and
prototyping high-performance and logic-intensive digital and RF designs using Altera’s Cyclone
V FPGA and Lime Microsystems transceiver.

-
a

=[C

Figure 1 LimeSDR-QPCle v1.2 board

For more information on the following topics, refer to the respective documents:
e Cyclone V device family, refer to Cyclone V Device support resources [link]

e LMS7002M transceiver resources [link]
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LimeSDR-QPCle v1.2 board features:
e USB Interface

o

o

0O O O O O O O

e FP

[ ]
%
ocoooo@®

o O

©)

Cypress FX3 Super Speed USB 3™ generation controller

FPGA Features

Cyclone V, 5CGXFC7D7F31C8N device in 896-pin FBGA package
150000 logic elements

6860 Kbits embedded memory

312 embedded 18x18 multipliers

7 PLLs

9 Transceivers (2.5Gbps)

PCle Hard IP Blocks

2 Hard Memory Controllers

A Configuration

JTAG mode configuration

Active serial mode configuration

Possibility to update FPGA gateware by using FX3 (USB)
Possibility to update FPGA gateware by using PCle interface.

2x LMS7002M, FPRF transceivers
Onboard RSSI measurement circuits
Onboard loopback control switches

e DACsand ADCs

©)
©)

2x DAC5672A, dual, 14-bit, Digital-To-Analog converters
1x ADS424, Dual-Channel, 14-bit, Analog-To-Digital converter

e Memory Devices

©)

o O O O

4 x 2Gbit DDR3 SDRAM (128M x 16)

4Mbit flash for FX3 firmware

128Mbit flash for FPGA gateware

2 x 128Kbit and 2 x 512Kbit EEPROMs for LMS MCU firmware, LMS MCU data
1 x 128K EEPROM for FX3 or FPGA data

e Connections

O O O O 0O O O O O

o

microUSB3.0 (type B) connector

PCle x4 edge connector (Genl)

Coaxial RF (U.FL) connectors

2x PMOD header (0.1” pitch)

FPGA (0.1” pitch) and FX3 (0.05” pitch) JTAG connectors
12V DC power jack and pinheader

LVDS connector (0.05” pitch)

Fan connector (12V/5V)

PCle 6-pin power connector

Holder for coin cell CR1220 battery

e Clock System

©)
©)

o

30.72MHz VCTCXO (precision: +1 ppm initial, 4 ppm stable).

Possibility to lock VCTCXO to external clock using ADF4002 or tune VCTCXO
by onboard DAC (AD5662)

Programmable clock generator for the FPGA reference clock input or LMS PLLs
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o VCTCXO clock output for external device synchronization.
o 1x 100 MHz, 4 x 125MHz crystal oscillators for FPGA
e Miscellaneous devices
o LMT75 Digital temperature sensor with 2-Wire Interface.
o DS3231 real-time clock.
o MO0578-A3 GPS/GNSS module receiver

e Board Size 190mm x 106.7mm (7.48” x 4.20”)

9|Page



LimeSDR-QPCle v1.2 User Manual

2.1 LimeSDR-QPCle Board Overview

LimeSDR-QPCle board version 1.2 picture with highlighted major connectors presented in Figure
2. There are three connector types — data and debugging (PCle, USB3.0, PMOD, LVDS and
JTAG), power (DC jack and external supply pinheaders) and high frequency (RF and reference
clock).

SW3 - Board power switch
121-22/123/124/125 17,18,)14,)18— 19,)10,J11,)12,J16, J30-LVDS J34—-GPS/ LED1-LED6 — General purpose LEDs 133 - Fan header (0.1")
— SP4T RF switch LMS#2 TX UFL J19-LMS#2RXU.FL  header GNSSU.FL SW2 - General purpose 4-bit switch J39 — External power header (0.1")
U.FL connectors connectors connectors (0.05") connector  J26 — FPGA JTAG connector (0.1") 137 - Board power barrel connector (0.217")

ALTERA
CYCLONE U 3%

J31, J32 - PMOD
Express x4 J29-FX3

127 - 128 - FX3 Aash SW1-FX3
connector ———> connectors o

microUSB3.0  Boot header Reset Push

11,)2,)13,117 - 13,14, 15, 16,115, 120 136/135 - Battl- Holder for )38 - 6-pin PCle header (type B) (0.05") Button
LMS#1 TX U.FL —LMS#1RXU.FL  Reference clock coin cell CR1220 power connector  (0.05") connector
connectors connectors infout U.FL battery (0.165”)

Figure 2 LimeSDR-QPCle v1.2 Board Connectors
Board components description listed in the Table 1.

Table 1. Board components

Featured Devices

Board Reference Type Description
IC1, IC2 FPRF Field programmable RF transceivers
LMS7002M
IC8 FPGA Altera Cyclone V GX,
5CGXFC7D7F31C8N, 896-BGA
IC13 USB3.0 Cypress FX3 Supper Speed USB 3"

microcontroller | generation controller CYUSB3013

Miscellaneous devices on board

IC7, 1C8 IC 8-bit shift registers 74HC595BQ,115
I1C9, 1C49 IC Bidirectional voltage shifters
SN74AVCAT774RSVR
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IC10, IC11, IC12, IC13, IC14, | IC 100MHz — 3 GHz SPDT RF switches

IC15, IC16, IC17 SKY13323-378LF

IC18, 1C20, IC23, IC25, IC26, | IC 12-bit ADCs MAX11108AVB+T

1C28

IC19, 1C24, 1C27 IC 1MHz-10GHz dual log detector/controller
ADL5519

IC22 IC SPAT RF switch PE42442A-Z

IC31 IC 4 parallel 2:1 switches TS3A5018PWR

IC37 IC 14-bit 2-channel ADC ADS4246IRGCT

IC38 IC Dual differential amplifier ADA4930

1C39, IC56 IC Differential line drivers
SN65LVDS1DBVR

IC40, 1C41 IC Dual differential DACs DAC5672AIPFB

IC44, 1C45 IC Bidirectional 8-channel voltage translators
FXLA108BQX

IC47 IC Temperature sensor LM75

IC48 IC GPS receiver module M10578-A3

IC50 IC Real time clock (RTC) DS3231S#

BATT1 Holder Holder for coin cell CR1220 battery

ESD26 TVS USB3.0 ESD protection TVS diode

ESD1, ESD2, ESD3, ESD4, | TVS RF connector ESD protection TVS diodes

ESD5, ESD6, ESD7, ESDS,

ESD9, ESD10, ESD1],
ESD12, ESD13, ESD14,
ESD15, ESD16, ESD17,
ESD18, ESD19, ESDZ20,
ESD21, ESD22, ESDZ23,
ESD24, ESD25
Configuration, Status and Setup Components

R56, R57, R58, R59

0 Ohm resistor

Board BOM version BOM_VER[3:0].
Default BOM_VER=0 (all resistors
populated).

R160, R161, R163, R164,
R166, R167, R168, R169,
R171, R172

0 Ohm resistor

FPGA (IC8) MSEL[3:0]. Default mode:
Active Serial Standard configuration.

[R268, R271, R275, R279],
[R269, R273, R277, R281]

0 Ohm resistor

DACH#1 differential channels TX1 BB_1/Q
connection selection to either LMS7002M
#1 or LMS7002M #2. Default populated
group is [R268, R271, R275, R279].
Resistor groups are defined in [] brackets.

[R270, R274, R278, R282],
[R272, R276, R280, R283]

0 Ohm resistor

DAC#2 differential channels TX2_BB_1/Q
connection selection to either LMS7002M
#1 or LMS7002M #2. Default populated
group is [R270, R274, R278, R282].
Resistor groups are defined in [] brackets.
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R364, R379, R384 and their
respective power connecting
resistors R365, R380, R382

0 Ohm resistor

Clock buffer (1C52) CLKinO (pin 13) clock
source selection. R364 and R365 are
populated by default.

R368, R372, R374

0 Ohm resistor

Clock buffer (IC52) CLKin1 (pin 28) clock
source selection. R374 is populated by
default.

R375

0 Ohm resistor

Clock buffer (IC52) source (CLKinO or
CLKinl) selection. If unpopulated, clock
source is CLKinO (default). If populated,
clock source is CLKinl.

R302, R305, R307 10 kOhm | USB3.0 microcontroller (1C13) boot
resistor configuration (PMODEOQ[2:0]) resistors.
Default mode: SPI boot, On Failure - USB
Boot
R294, R296, R298 10 kOhm | USB3.0 microcontroller (1C13)
resistor crystal/clock frequency selection
(FSLC[2:0]) resistors. Default mode:
19.2MHz crystal
J28, R313 Pin header, 0 | USB3.0 microcontroller (IC13) boot source
Ohm resistor (Flash memory or USB), 0.1” pitch jumper
or 0402 OR resistor. In normal operation
jumper or resistor must be placed.
J29 JTAG chain pin | USB3.0 microcontroller (IC13) debugging
header pin header, 0.05” pitch
SW1 Push-button USB3.0 microcontroller reset button
J26 JTAG chain pin | FPGA programming pin header for Altera
header USB-Blaster download cable, 0.1” pitch
LED1 Green status | FPGA configuration done LED
LED
LED2-LED5 Green status | User defined general purpose green LEDs
LEDs
LED6 Red-green status | User defined general purpose dual colour
LED LED
General User Input/Output
J31, J32 Connector 0.1 | PMOD connectors
SW2 Switch 4-bit FPGA switch
J33 Pin header Board cooling fan pin header, 0.1”
Memory Devices
IC3, IC5, IC51 EEPROM 128Kbit (16K x 8) EEPROM, LMS7002
MCU firmware and general purpose
memory
IC4, 1C6 EEPROM 512Kbit (64K x 8) EEPROM, connected to
main 12C bus
IC30 Flash memory 128Mbit (16M x 8) Flash for FPGA

configuration (unpopulated)
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IC32

Flash memory

128Mbit (16M x 8) Flash for FPGA
configuration

IC33, I1C34, 1C35, 1C36

DDR3 memory

2Gbit (128M x 16) DDR3 SDRAM

Communication Ports

J27 USB3.0 microUSB3.0 (type B) connector
connector
Pl PCle connector | PCI Express (Genl) x4 connector
Clock Circuitry
X01 VCOCXO 10MHz voltage- and oven-controlled
crystal oscillator
X02, X03 VCTCXO 30.72MHz  voltage-controlled  crystal
oscillator
X04 VCTCXO 40MHz voltage-controlled crystal
oscillator
IC57 IC Programmable clock generator for the
FPGA reference clock input and RF boards
IC53 IC ADF4002 phase detector
IC54 IC 16-bit DAC for VCTCXO/VCOCXO
frequency tuning
IC52 IC Clock buffer
IC55 IC Clock buffer
J36 U.FL connector | Reference clock input
J35 U.FL connector | Reference clock output
X05 Crystal 100MHz single-ended FPGA clock
oscillator
X06 Crystal 125MHz single-ended FPGA clock
oscillator
XO7 Crystal 125MHz differential FPFGA-DDR clock
oscillator
X08 Crystal 125MHz differential FPFGA-DDR clock
oscillator
X09 Crystal 125MHz differential FPGA clock for PCle
oscillator REFCLK1
IC56 IC Single-ended to  differential  clock
converter. Clock source is IC57 pin 9.
Connected to FPGA PCle REFCLK2 and
LVDS connector J30.
Power Supply
J37 DC input jack External 12V DC power supply
J38 Header 6-pin PCle power connector, 0.165” pitch
J39 Pin header External 12V DC power supply and main

internal power rail

13|Page




LimeSDR-QPCle v1.2 User Manual

LimeSDR-QPCle board version 1.2 picture with highlighted top components are presented in
Figure 3.

1C22 - SPAT RF switch ICA7 - LM75 XO1 - 0CX0 1C48 — GPS /GNSS 1C29 - Altera FPGA 1C42 - USB3.0 controller
PE42442 temperature sensor AOCIYR-10MHZ receiver M10578-A3 5CGXFC7D7F31C8N CYUSB3013-BZXC

0.
gauuuuq

I

LimeSDR-QPCley1.2

Seddmal |37 _14.bit ADQ  1C31-4xSPDTswitch 1C30 (W25Q128FVSIG) or  ICA3—FX3 IC51—
ADS4246IRGCR TS3A5018PWR  1C32 (S25FL128SAGMFIO1)—  FLASH EEPROM
IC10,I€11, IC12,IC13,  IC1, IC2— 1C40, 1C41 — 14-bit DAC 1633, 1C34, I35, IC36 - DDR3 ALl LLrLizs
1C14, 1C15, IC16, IC17 - LMS7002M DACS672AIPFB ASAC128M16D3
SP2T RF switch transceiver
SKV13323

Figure 3 LimeSDR-QPCle v1.2 Top Components

LimeSDR-QPCle board version 1.2 picture with highlighted bottom components is presented in
Figure 4.
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Ic57-Clock 1C53—Phase XO2 or XO3 1C52 - Clock XO4 —Rakon IC18,1C20, 1C23, IC25,

Generator Detector —Rakon buffer 40 MHz 1C26, 1C28 - 12-bit
Si5351C ADF5002 30.72 MHz LMK00101 VCTCXO ADC MAX11108AVB

VCTCXO

XT1-19.2 MHz FX3 crystal
XT2 — 25 MHz clock generator (IC57) crystal differential DS3231S# buffer

1C38 — Double 1C50 - RTC 1C55 — Clock

XO5 - 100 MHz FPGA crystal OpAmp LMK00105

X06 - 125 MHz FPGA crystal ADA4930 IQ1-Clock  IC3,1C5(M24128),  IC19,1C24, 17 - Log
X07, X08 - 125 MHZ FPGA/DDR crystal buffer  14,1C6(24FC512) -  Detector ADL5519
X09 - 125 MHz FPGA crystal

LMK00101 LMS7002M EEPROMs

Figure 4 LimeSDR-QPCle v1.2 Bottom Components
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2.2 LimeSDR-QPCle Board Architecture

The heart of the LimeSDR-QPCle board is Altera Cyclone V GX FPGA. Its main function is to
transfer digital data between the PC through an edge PCIE and a USB3.0 connector. The block
diagram for LimeSDR-QPCle board is presented in the Figure 5.

Y

USB 3.0

T. Sensor,

EEPROM,
Flash, RTC

Connector

\——/

Flash

USB 3.0

peripheral
controller

FPGA

Config.
Flash

)

PCIl Express

-

Connector
(x4)

\—/
)

2x PMOD,

Fan interface

\—/

FPGA
Altera
Cyclone V GX

A

ADC ch_#1,
RSSIch. #1
RF ( )
Transceiver RF Matching ConnRchtors
#1 Network
(LMS7002M U FL/MMCX
+2x EEPROM) \_ J
4 R
- RF
DAC ch. #1 RF f\:mh Connectors
) U FL/MMCX
\ J
]
A 4
RF 4 )
Transceiver RF Matching ConnRchtors
#2 Network
(LMS7002M U FL/MMCX
+2x EEPROM) \_ J
RSSlch. #1,
RSSlch. #2
1GB DDR3
Dual channel
RAM
5x LEDs, Clock
4x Switches, network
Flash, xs, phase cover
! etector, u
GN_SS clk. generator, PPl
receiver clkc. buffers)

Figure 5 LimeSDR-QPCle v1.2 Diagram
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2.2.1 FPGA configuration

FPGA is set to use x1 Active Serial (AS) configuration scheme. In this scheme if valid
configuration file exists in FLASH memory (IC30 or IC32) it is automatically loaded after power
is applied to the board. In Table 2 it is listed resistor setup for AS configuration mode select.

Table 2 FPGA configuration setup

Schematic | Logic OR Resistor setup Comment
signal level
name

MSELO H R160 (NF) | R161 (Fit)

MSEL1 H R163 (NF) | R164 (Fit)

MSEL2 L R166 (Fit) | R167 (NF)

MSEL3 L R168 (Fit) | R169 (NF)

MSEL4 |H R171 (NF) | R172 (Fit)

There are two options which allows to change configuration file in FLASH memory:

e USB 3.0 controller - CYUSB3013 (1C42) has access to configuration memory. With valid
firmware and software, gateware for FPGA can be uploaded into FLASH memory (IC30
or 1C32) by using USB3.0 cable. 1C42 can initiate FPGA reconfiguration. For signal
interconnect details see chapter 2.2.2.3 USB 3.0 Controller.

e JTAG Header — 10pin connector (J26) provides access to FPGA JTAG chain. By using
external download cable such as USB-Blaster and Quartus 11 Programmer software FLASH
memory (IC30 or 1C32) can be reprogrammed. JTAG connections are listed in Table 3.

Table 3 JTAG header (J26)

Connector | Schematic signal | FPGA Comment
pin name pin
(1C29)
1 FPGA JTAG TCK | AC7 R170 Pull-Down resistor
2 VVCC2P5 -
3 FPGA JTAG_TDO | W9
4 VVCC2P5 -
5 FPGA JTAG TMS | V7 R162 Pull-Up resistor
6 - -
7 NC -
8 - -
9 FPGA JTAG TDI | U7 R165 Pull-Up resistor
10 GND -
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2.2.2

Main components

This chapter describes main components mounted on LimeSDR-QPCle v1.2 board.

2.2.2.1 LMS7002M RF transceiver

There are two LMS7002M field programmable RF transceiver 1Cs (LMS7002M#1 - IC1 and
LMS7002M#1 - 1C2), interface signals can be acknowledged by corresponding names LMSx_*,
where x can be 1 or 2. For example LMS1_* signals belongs to IC1 and LMS2_* belongs to I1C2.

In the following manner interface and control signals are described below:

Digital Interface Signals: LMS7002 is using data bus LMSx_DIQ1_D[11:0] and
LMSx_DIQ2_D[11:0], LMSx_ENABLE_IQSEL1 and LMSx_ENABLE_IQSEL2, LMSx_FCLK1 and
LMSx_FCLK2, LMSx_MCLK1 and LMSx_MCLK2 signals to transfer data to/from FPGA.
Indexes 1 and 2 indicate 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 receive port and PORT-
2 is selected as transmit 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].

LMS Control Signals: these signals are used for optional functionality:
o LMSx_RXEN, LMSx_TXEN — receiver and transmitter enable/disable signals.
o LMS_RESET — LMS7002M reset signal.

SPI Interface: LMS7002M transceiver is configured via 4-wire SPI interface;
FPGA_SPIO_SCLK, FPGA_SPIO_MOSI, FPGA_SPIO_MISO_LMSx, FPGA_SPIO_LMSx_SS. The
SPI interface controlled from FPGA.

LMS 12C Interface: LMS EEPROM are connected to this interface. The signals
LMSx_I2C_SCL, LMSx_I2C_DATA is not connected to FPGA

The Table 4 and Table 5below lists RF transceiver respectively LMS7002#1 and LMS7002#2
pins, schematic signal names, FPGA interconnections and 1/0 standard.

Table 4 RF transceiver (LMS7002M#1) digital interface pins

Chip Chip reference Schematic signal name | FPGA | FPGA Comments
pin (IC1) pin 1/0

(IC1) standard

AM2 | xoscin_rx LMS1 RxPLL_CLK NC 3.3V Connected

4 to 30.72
MHz clock

P34 MCLK2 LMS1_MCLK2 u21 2.5V/3.3V

R29 FCLK2 LMS1_FCLK2 Y22 2.5V/3.3V

U3l | TXNRX2 LMS1 TXNRX2 uU26 2.5V/3.3V

V34 | RXEN LMS1 RXEN Y26 2.5V/3.3V

18|Page


http://www.limemicro.com/wp-content/uploads/2015/09/LMS7002M-Data-Sheet-v2.8.0.pdf

LimeSDR-QPCle v1.2 User Manual

Chip Chip reference Schematic signal name | FPGA | FPGA Comments
pin (1C1) pin 1/0
(1C1) standard
R33 ENABLE_IQSEL | LMS1_ENABLE_IQSEL2 | AA26 | 2.5V/3.3V
2

H30 | DIQ2_DO0 LMS1_DIQ2_DO0 AC27 | 2.5V/3.3V

J31 DIQ2_D1 LMS1_DIQ2_D1 AB27 | 2.5V/3.3V

K30 | DIQ2_D2 LMS1_DIQ2_D2 Y21 2.5V/3.3V

K32 | DIQ2_D3 LMS1_DIQ2_D3 AA29 | 2.5V/3.3V

L31 DIQ2_D4 LMS1_DIQ2_D4 Y28 2.5V/3.3V

K34 | DIQ2_D5 LMS1_DIQ2_D5 AC26 |2.5V/3.3V

M30 | DIQ2_D6 LMS1_DIQ2_D6 w27 | 2.5V/3.3V

M32 | DIQ2_D7 LMS1_DIQ2_D7 AA25 | 2.5V/3.3V

N31 | DIQ2_D8 LMS1_DIQ2_D8 V26 2.5V/3.3V

N33 | DIQ2_D9 LMS1_DIQ2_D9 AH29 | 2.5V/3.3V

P30 DIQ2_D10 LMS1_DIQ2_D10 V27 2.5V/3.3V

P32 DIQ2_D11 LMS1_DIQ2_D11 w28 | 2.5V/3.3V

E5 Xoscin_tx LMS1 TxPLL CLK NC 3.3V Connected
to 30.72
MHz clock

AB34 | MCLK1 LMS1_MCLK1 u22 2.5V/3.3V

AA33 | FCLK1 LMS1_FCLK1 Y30 2.5V/3.3V

V32 | TXNRX1 LMS1_TXNRX1 u27 2.5V/3.3V

U29 | TXEN LMS1_TXEN V21 2.5V/3.3V

Y32 | ENABLE_IQSEL | LMS1_ENABLE_IQSEL1 | U28 2.5V/3.3V

1

AG31 | DIQ1_D0 LMS1_DIQ1_DO0 T28 2.5V/3.3V

AF30 | DIQ1_D1 LMS1_DIQ1 D1 Y23 2.5V/3.3V

AF34 | DIQ1_D2 LMS1_DIQ1_D2 AB28 | 2.5V/3.3V

AE31 | DIQ1_D3 LMS1_DIQ1 D3 T29 2.5V/3.3V

AD30 | DIQ1_D4 LMS1_DIQ1_D4 AA23 | 2.5V/3.3V

AC29 | DIQ1_D5 LMS1_DIQ1 D5 V22 2.5V/3.3V

AE33 | DIQ1_D6 LMS1_DIQ1_D6 V24 2.5V/3.3V

AD32 | DIQ1_D7 LMS1_DIQ1_D7 Y27 2.5V/3.3V

AC31 | DIQ1_D8 LMS1_DIQ1 D8 AC24 | 2.5V/3.3V

AC33 | DIQ1_D9 LMS1_DIQ1_D9 V25 2.5V/3.3V

AB30 | DIQ1_D10 LMS1_DIQ1 D10 W22 | 2.5V/3.3V

AB32 | DIQ1_D11 LMS1_DIQ1 D11 AA24 | 2.5V/3.3V

U33 | CORE_LDO EN |LMS1 CORE_LDO_EN Y25 2.5V/3.3V

E27 RESET LMS1_RESET L21 2.5V/3.3V

D28 | SEN FPGA_SPIO_LMS1_SS V29 2.5V/3.3V | SPI
interface
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Chip Chip reference Schematic signal name | FPGA | FPGA Comments
pin (1C1) pin 1/0
(1C1) standard
C29 SCLK FPGA_SPIO_SCLK T25 2.5V/3.3V | SPI
interface
F30 SDIO FPGA_SPIO_MOSI R26 2.5V/3.3V | SPI
interface
F28 SDO FPGA_SPIO_MISO_LMS | R30 2.5V/3.3V | SPI
1 interface
D26 | SDA LMS1 12C_SDA - 2.5V Connected
to
EEPROM
C27 SCL LMS1 12C_SCL - 2.5V Connected
to
EEPROM
Table 5 RF transceiver (LMS7002M#2) digital interface pins
Chip Chip reference Schematic signal name | FPGA | FPGA Comments
pin (1C2) pin 1/0
(1C2) standard
AM24 | xoscin_rx LMS2_RxPLL_CLK NC 3.3V Connected
to 30.72
MHz clock
P34 MCLK2 LMS2_MCLK2 u23 2.5V/3.3V
R29 FCLK2 LMS2_FCLK?2 AC29 | 2.5V/3.3V
U3l | TXNRX2 LMS2_TXNRX2 AC30 | 2.5V/3.3V
V34 RXEN LMS2_RXEN AE25 | 2.5V/3.3V
R33 ENABLE_IQSEL?2 | LMS2_ENABLE_IQSEL2 | AF25 | 2.5V/3.3V
H30 DIQ2_DO0 LMS2_DIQ2_DO0 AA28 | 2.5V/3.3V
J31 DIQ2_D1 LMS2_DIQ2_D1 AJ30 | 2.5V/3.3V
K30 DIQ2_D2 LMS2_DIQ2_D2 AB29 | 2.5V/3.3V
K32 DIQ2_D3 LMS2_DIQ2_D3 AD24 | 2.5V/3.3V
L31 DIQ2_D4 LMS2_DIQ2_D4 AG28 | 2.5V/3.3V
K34 DIQ2_D5 LMS2_DIQ2_D5 AG27 | 2.5V/3.3V
M30 | DIQ2_D6 LMS2_DIQ2_D6 AB26 | 2.5V/3.3V
M32 | DIQ2_D7 LMS2_DIQ2_D7 AF24 | 2.5V/3.3V
N31 DIQ2_D8 LMS2_DIQ2_D8 AH30 | 2.5V/3.3V
N33 DIQ2_D9 LMS2_DIQ2_D9 AE23 | 2.5V/3.3V
P30 DIQ2_D10 LMS2_DI1Q2_D10 AG29 | 2.5V/3.3V
P32 DIQ2_D11 LMS2_DIQ2_D11 AE26 | 2.5V/3.3V
E5 Xoscin_tx LMS2 TxPLL CLK NC 3.3V Connected
to 30.72
MHz clock
AB34 | MCLK1 LMS2_MCLK1 T24 2.5V/3.3V
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Chip Chip reference Schematic signal name | FPGA | FPGA Comments

pin (1C2) pin 1/0

(1C2) standard

AA33 | FCLK1 LMS2_FCLK1 W30 | 2.5V/3.3V

V32 | TXNRX1 LMS2_TXNRX1 AF28 | 2.5V/3.3V

U29 | TXEN LMS2_TXEN AD27 | 2.5V/3.3V

Y32 ENABLE_IQSEL1 | LMS2_ENABLE_IQSEL1 | AF29 | 2.5V/3.3V

AG31 | DIQ1_DO0 LMS2_DIQ1_DO0 AD25 | 2.5V/3.3V

AF30 | DIQ1 D1 LMS2_DIQ1 D1 AD29 | 2.5V/3.3V

AF34 | DIQ1_D2 LMS2 DIQ1 D2 AH27 | 2.5V/3.3V

AE31 | DIQ1_D3 LMS2_DIQ1 D3 AE30 | 2.5V/3.3V

AD30 | DIQ1_D4 LMS2_DIQ1_D4 AE28 | 2.5V/3.3V

AC29 | DIQ1_D5 LMS2_DIQ1 D5 AD30 | 2.5V/3.3V

AE33 | DIQ1_D6 LMS2_DIQ1 D6 AJ28 | 2.5V/3.3V

AD32 | DIQ1_D7 LMS2_DIQ1_D7 AF26 | 2.5V/3.3V

AC31 | DIQ1_D8 LMS2_DIQ1_D8 AE27 | 2.5V/3.3V

AC33 | DIQ1_D9 LMS2_DIQ1_D9 AJ29 | 2.5V/3.3V

AB30 | DIQ1_D10 LMS2_DIQ1 D10 AD28 | 2.5V/3.3V

AB32 | DIQ1_D11 LMS2_DIQ1 D11 AF30 | 2.5V/3.3V

U33 CORE_LDO_EN | LMS2_CORE_LDO_EN AD23 | 2.5V/3.3V

E27 RESET LMS2_RESET AA30 | 2.5V/3.3V

D28 | SEN FPGA_SPIO_LMS2_SS u29 2.5V/3.3V | SPI
interface

C29 SCLK FPGA_SPIO_SCLK T25 2.5V/3.3V | SPI
interface

F30 SDIO FPGA_SPIO_MOSI R26 2.5V/3.3V | SPI
interface

F28 SDO FPGA_SPIO_MISO_LMS | V30 2.5V/3.3V | SPI

2 interface

D26 | SDA LMS2_I12C_SDA - 2.5V Connected
to
EEPROM

Cc27 SCL LMS2_12C_SCL - 2.5V Connected
to
EEPROM
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2.2.2.2 SDRAM

LimeSDR-QPCle board has four 2Gb DDR3 SDRAM memory ICs (AS4C128M16D3B-12BCN
[link]) which are connected to Cyclone V GX FPGA. The memory can be used for data
manipulation at high data rates between transceiver and FPGA. There are two independent DDR3
SDRAM interfaces:
e DDR3 TOP —this is 32bit data interface which consist of two x16 memory devices (IC33
AND 1C34) with a single address and command bus. Interface is connected to FPGA Bank
7A and 8A and uses hard memory controller. Error! Reference source not found. lists
DDR3 TOP interface pins.
e DDR3 BOT - this is 32bit data interface which consist of two x16 memory devices (IC35
AND I1C36) with a single address and command bus. Interface is connected to FPGA Bank

3B and 4A and uses hard memory controller. lists DDR3 BOT interface pins.

Following Table 6 lists signal and pin information for DDR3 TOP interface and Table 7 for the

DDR3 BOT interface.

Table 6 DDR3 TOP interface pins

RAM RAM Schematic signal FPGA FPGA I/O Comments
reference pin name pin standard
(1C29)
Address bus (IC33 and 1C34 shared signals)
A0 N3 DDR3 _TOP_AO B11 SSTL-15 Class | Active
termination
Al P7 DDR3_TOP_A1l All SSTL-15 Class | Active
termination
A2 P3 DDR3_TOP_A2 F9 SSTL-15 Class | Active
termination
A3 N2 DDR3 TOP_A3 E10 SSTL-15 Class | Active
termination
A4 P8 DDR3_TOP_A4 F16 SSTL-15 Class | Active
termination
A5 P2 DDR3 TOP_A5 El6 SSTL-15 Class | Active
termination
A6 R8 DDR3 _TOP_A6 D9 SSTL-15 Class | Active
termination
A7 R2 DDR3 TOP_A7 C10 SSTL-15 Class | Active
termination
A8 T8 DDR3 TOP_AS8 E12 SSTL-15 Class | Active
termination
A9 R3 DDR3 TOP_A9 D13 SSTL-15 Class | Active
termination
A10/AP L7 DDR3 TOP_A10 B7 SSTL-15 Class | Active
termination
All R7 DDR3 TOP_All A8 SSTL-15 Class | Active
termination
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Al12/BC# | N7 DDR3_TOP_A12 B6 SSTL-15Class | Active
termination

Al3 T3 DDR3_TOP_A13 A6 SSTL-15Class | Active
termination

Bank address bus (IC33 and 1C34 shared signals)

BAO M2 DDR3_TOP_BAO Al0 SSTL-15Class | Active
termination

BA1l N8 DDR3 _TOP_BAl F15 SSTL-15 Class | Active
termination

BA2 M3 DDR3_TOP_BA2 E15 SSTL-15 Class | Active
termination

Data bus [0:15] (1C33)

DQO E3 DDR3_TOP_DQO C15 SSTL-15Class |

DQ1 F7 DDR3_TOP_DQ1 C16 SSTL-15Class |

DQ2 F2 DDR3_TOP_DQ2 Cl1 SSTL-15Class |

DQ3 F8 DDR3_TOP_DQ3 Al3 SSTL-15Class |

DQ4 H3 DDR3_TOP_DQ4 D17 SSTL-15Class |

DQ5 H8 DDR3_TOP_DQ5 E17 SSTL-15Class |

DQ6 G2 DDR3_TOP_DQ6 D12 SSTL-15Class |

DQ7 H7 DDR3_TOP_DQ7 Al4 SSTL-15Class |

DQ8 D7 DDR3_TOP_DQ8 B17 SSTL-15Class |

DQ9 C3 DDR3_TOP_DQ9 C17 SSTL-15Class |

DQ10 C8 DDR3_TOP_DQ10 Al6 SSTL-15Class |

DQ11 C2 DDR3_TOP_DQ11 Cl4 SSTL-15Class |

DQ12 A7 DDR3_TOP_DQ12 F18 SSTL-15Class |

DQ13 A2 DDR3_TOP_DQ13 G18 SSTL-15Class |

DQ14 B8 DDR3_TOP_DQ14 B18 SSTL-15Class |

DQ15 A3 DDR3_TOP_DQ15 Al9 SSTL-15Class |

Data bus [16:31] (1C34)

DQO E3 DDR3_TOP_DQ16 D18 SSTL-15Class |

DQ1 F7 DDR3_TOP_DQ17 D19 SSTL-15Class |

DQ2 F2 DDR3_TOP_DQ18 A21 SSTL-15Class |

DQ3 F8 DDR3_TOP_DQ19 B21 SSTL-15Class |

DQ4 H3 DDR3_TOP_DQ20 E18 SSTL-15Class |

DQ5 H8 DDR3_TOP_DQ21 F19 SSTL-15Class |

DQ6 G2 DDR3_TOP_DQ22 B23 SSTL-15Class |

DQ7 H7 DDR3_TOP_DQ23 B24 SSTL-15Class |

DQ8 D7 DDR3_TOP_DQ24 C19 SSTL-15Class |

DQ9 C3 DDR3_TOP_DQ25 D20 SSTL-15Class |

DQ10 C8 DDR3_TOP_DQ26 A25 SSTL-15Class |

DQ11 C2 DDR3_TOP_DQ27 D22 SSTL-15Class |

DQ12 A7 DDR3_TOP_DQ28 C20 SSTL-15Class |
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DQ13 A2 DDR3 _TOP_DQ29 C21 SSTL-15 Class |
DQ14 B8 DDR3 _TOP_DQ30 D23 SSTL-15 Class |
DQ15 A3 DDR3 TOP _DQ31 C25 SSTL-15 Class |
Data mask[0:1] (1C33)
LDM E7 DDR3 TOP_DMO B14 SSTL-15 Class |
UDM D3 DDR3 TOP_DM1 B19 SSTL-15 Class |
Data mask[2:3] (1C34)
LDM E7 DDR3 TOP_DM2 C24 SSTL-15 Class |
UDM D3 DDR3 TOP_DM3 D25 SSTL-15 Class |
Data strobe[0:1] (IC33)
LDQS G3 DDR3 TOP _DQSO P | K17 Differential 1.5-V
SSTL Class |
LDQS# | F3 DDR3_TOP_DQS0 N | J17 Differential 1.5-V
SSTL Class |
uUDQS C7 DDR3_TOP_DQS1 P | K16 Differential 1.5-V
SSTL Class |
UDQS# | B7 DDR3_TOP_DQS1 N | L16 Differential 1.5-V
SSTL Class |
Data strobe[2:3] (IC34)
LDQS G3 DDR3_TOP_DQS2 P | L18 Differential 1.5-V
SSTL Class |
LDQS# F3 DDR3 TOP DQS2 N | K18 Differential 1.5-V
SSTL Class |
uDQS C7 DDR3 _TOP DQS3 P | K20 Differential 1.5-V
SSTL Class |
UDQS# B7 DDR3 TOP DQS3 N | J19 Differential 1.5-V
SSTL Class |
Memory clock (1C33 and 1C34 shared signals)
CK# K7 DDR3 TOP_CK_N M8 Differential 1.5-V
SSTL Class |
CK J7 DDR3 TOP_CK_ P M9 Differential 1.5-V
SSTL Class |
Control signals(1C33 and 1C34 shared signals)
CKE K9 DDR3_TOP_CKE Al8 SSTL-15 Class |
WE# L3 DDR3_TOP_WEn C7 SSTL-15 Class | Active
termination
CAS# K3 DDR3 _TOP_CASn C9 SSTL-15 Class | Active
termination
RAS# J3 DDR3 _TOP_RASN B8 SSTL-15 Class | Active
termination
CS# L2 DDR3 TOP_CSn J15 SSTL-15 Class | Active
termination
oDT K1 DDR3 _TOP_ODT B13 SSTL-15 Class | Active
termination
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RESET# | T2 DDR3 TOP_RESETn | B22 1.5V Active
termination
VREF (1C33 and 1C34 shared signals)
VREFDQ | H1 VREF_DDR3 TOP |-
VREFCA | M8 VREF _DDR3 TOP -
Memory ZQ impedance calibration (IC33)
ZQ | L8 | DDR3_TOP_RZQ0O |- \
Memory ZQ impedance calibration (1C34)
ZQ |L8  |DDR3_TOP_RZQ1l |- \
FPGA OCT calibration pin
- E | OCT_RZQIN1 |B12 [ SSTL-15
Table 7 DDR3 BOT interface pins
RAM RAM Schematic signal FPGA FPGA I/O Comments
reference | pin name pin standard
(1C29)
Address bus (IC35 and I1C36 shared signals)
A0 N3 DDR3 BOT_A0 AJl2 SSTL-15 Class | Active
termination
Al P7 DDR3 BOT Al AK12 | SSTL-15 Class | Active
termination
A2 P3 DDR3 BOT_A2 AH11 | SSTL-15Class | Active
termination
A3 N2 DDR3 BOT_A3 AH12 | SSTL-15Class | Active
termination
Ad P8 DDR3 BOT_A4 AG13 | SSTL-15Class | Active
termination
A5 P2 DDR3 BOT_A5 AG14 | SSTL-15Class | Active
termination
A6 R8 DDR3 BOT_A6 AK10 | SSTL-15Class | Active
termination
A7 R2 DDR3 _BOT_A7 AK11 | SSTL-15Class | Active
termination
A8 T8 DDR3 BOT_AS8 AF11 | SSTL-15Class | Active
termination
A9 R3 DDR3 BOT_A9 AG11 | SSTL-15Class | Active
termination
Al10/AP L7 DDR3 BOT_A10 AJ8 SSTL-15 Class | Active
termination
All R7 DDR3 BOT_All AK8 SSTL-15 Class | Active
termination
Al2/BC# | N7 DDR3 BOT_A12 AJ7 SSTL-15 Class | Active
termination
Al3 T3 DDR3 BOT_A13 AK7 SSTL-15 Class | Active
termination
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Bank address bus (IC35 and IC36 shared signals)

BAO M2 DDR3 BOT_BAO AH9 SSTL-15 Class | Active
termination

BA1 N8 DDR3 BOT_BAl AH10 | SSTL-15 Class | Active
termination

BA2 M3 DDR3 BOT_BAZ2 AJ10 SSTL-15 Class | Active
termination

Data bus [0:15] (1C35)

DQO E3 DDR3 BOT _DQO AF15 | SSTL-15 Class |

DQ1 F7 DDR3 _BOT_DQ1 AE16 | SSTL-15 Class |

DQ2 F2 DDR3 _BOT_DQ2 AJl4 SSTL-15 Class |

DQ3 F8 DDR3_BOT_DQ3 AH15 | SSTL-15 Class |

DQ4 H3 DDR3 BOT _DQ4 AE17 | SSTL-15 Class |

DQ5 H8 DDR3_BOT_DQ5 AD17 | SSTL-15 Class |

DQ6 G2 DDR3_BOT_DQ6 AJ15 SSTL-15 Class |

DQ7 H7 DDR3_BOT_DQ7 AF14 | SSTL-15 Class |

DQ8 D7 DDR3_BOT_DQ8 AK17 | SSTL-15 Class |

DQ9 C3 DDR3_BOT_DQ9 AK16 | SSTL-15 Class |

DQ10 C8 DDR3 _BOT_DQ10 AG17 | SSTL-15 Class |

DQ11 C2 DDR3 BOT _DQ11 AJ18 SSTL-15 Class |

DQ12 A7 DDR3 BOT _DQ12 AG16 | SSTL-15 Class |

DQ13 A2 DDR3 BOT _DQ13 AF16 | SSTL-15 Class |

DQ14 B8 DDR3 BOT _DQ14 AJ19 SSTL-15 Class |

DQ15 A3 DDR3 BOT _DQ15 AH20 | SSTL-15 Class |

Data bus [16:31] (1C36)

DQO E3 DDR3 BOT _DQ16 AE18 | SSTL-15 Class |

DQ1 F7 DDR3 BOT _DQ17 AD18 | SSTL-15 Class |

DQ2 F2 DDR3 BOT _DQ18 AJ20 SSTL-15 Class |

DQ3 F8 DDR3 BOT_DQ19 AK22 | SSTL-15 Class |

DQ4 H3 DDR3 BOT_DQ20 AF19 | SSTL-15 Class |

DQ5 H8 DDR3 BOT _DQ21 AF18 | SSTL-15 Class |

DQ6 G2 DDR3 BOT _DQ22 AH21 | SSTL-15 Class |

DQ7 H7 DDR3 BOT _DQ23 AK23 | SSTL-15 Class |

DQ8 D7 DDR3 BOT _DQ24 AG19 | SSTL-15 Class |

DQ9 C3 DDR3 BOT_DQ25 AG18 | SSTL-15 Class |

DQ10 C8 DDR3 BOT_DQ26 AH24 | SSTL-15 Class |

DQ11 C2 DDR3 BOT _DQ27 AK25 | SSTL-15 Class |

DQ12 A7 DDR3 BOT_DQ28 AE20 | SSTL-15 Class |

DQ13 A2 DDR3 BOT_DQ29 AD19 | SSTL-15 Class |

DQ14 B8 DDR3 BOT_DQ30 AG24 | SSTL-15 Class |

DQ15 A3 DDR3 BOT _DQ31 AK26 | SSTL-15 Class |

Data mask[0:1] (IC35)
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LDM E7 DDR3 BOT_DMO AE15 | SSTL-15 Class |
UDM D3 DDR3 BOT_DM1 AH19 | SSTL-15 Class |
Data mask[2:3] (1C36)
LDM E7 DDR3 BOT_DM?2 AJ23 SSTL-15 Class |
UDM D3 DDR3 BOT_DM3 AJ27 SSTL-15 Class |
Data strobe[0:1] (IC35)
LDQS G3 DDR3_BOT_DQS0 P | Y16 Differential 1.5-V
SSTL Class |
LDQS# | F3 DDR3_BOT_DQSO0_ | AA16 | Differential 1.5-V
N SSTL Class |
uUDQS C7 DDR3_BOT_DQS1 P | Y17 Differential 1.5-V
SSTL Class |
UDQS# | B7 DDR3_BOT _DQS1_ | Y18 Differential 1.5-V
N SSTL Class |
Data strobe[2:3] (IC36)
LDQS G3 DDR3_BOT_DQS2_P | Y20 Differential 1.5-V
SSTL Class |
LDQS# | F3 DDR3_BOT_DQS2_ | AA20 | Differential 1.5-V
N SSTL Class |
uDQS C7 DDR3 BOT DQS3 P | AB19 | Differential 1.5-V
SSTL Class |
UDQS# B7 DDR3 BOT DQS3_ | AC19 | Differential 1.5-V
N SSTL Class |
Memory clock (IC35 and IC36 shared signals)
CK# K7 DDR3 BOT _CK_N AA14 | Differential 1.5-V
SSTL Class |
CK J7 DDR3 BOT CK P Y13 Differential 1.5-V
SSTL Class |
Control signals(1C35 and 1C36 shared signals)
SsCKE K9 DDR3 BOT_CKE AK18 | SSTL-15 Class |
WE# L3 DDR3 BOT_WEn AK5 SSTL-15 Class | Active
termination
CAS# K3 DDR3 BOT_CASn AF9 SSTL-15 Class | Active
termination
RAS# J3 DDR3 BOT_RASNH AG9 SSTL-15 Class | Active
termination
CS# L2 DDR3 BOT _CSn Y12 SSTL-15 Class | Active
termination
oDT K1 DDR3 BOT_ODT AH14 | SSTL-15 Class | Active
termination
RESET# | T2 DDR3 BOT_RESETn | AK21 | 1.5V Active
termination
VREF (IC35 and 1C36 shared signals)
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VREFDQ | H1 VREF_DDR3 BOT |-
VREFCA | M8 VREF_DDR3_BOT -
Memory ZQ impedance calibration (IC35)

ZQ |L8  |DDR3_BOT_RZQO |- | |
Memory ZQ impedance calibration (1C36)
ZQ |L8 | DDR3_BOT_RZQl |- \ |
FPGA OCT calibration pin
- | - | OCT_RZQINO | AK13 | SSTL-15 |

2.2.2.3 USB 3.0 Controller

Software can control LimeSDR-QPCle board via the USB3 microcontroller (CYUSB3013 (FX3)
[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 DQJ[15:0] - FX3 16-bit GPIF data interface is connected FPGA.

e FX3_CTL[12:0] - FX3 GPIF interface control signals.

e FX3 PCLK - GPIF interface clock, connected to FPGA.

e FX3_SPI - interface is used to program FX3 firmware flash or FPGA configuration flash
memory.

e FX312C - bus is connected to the main 12C bus.

e PMODE[2:0] — boot options, by default boot from SPI and USB boot is enabled. If J28
jumper is present or R313 is soldered FX3 will boot from 1C43 flash memory if correct
firmware exists.

e SW1 —resets FX3

e J29 - FX3 JTAG programming/debugging pin header.

In the Table 8 are listed USB3.0 controller (FX3) pins, schematic signal name, FPGA
interconnections and 1/0 standard.

Table 8. USB3 controller (FX3) pins

Chip Chip Schematic signal name | FPGA 1/0 Comment
pin reference pin standard

(1C42) (1C42)

F10 GPIOO0 FX3_DQO u12 1.8V
F9 GPIO1 FX3_DQ1 U1l 1.8V
F7 GPIO2 FX3_DQ2 us8 1.8V
G10 GPIO3 FX3_DQ3 U9 1.8V
G9 GPIO4 FX3_DQ4 T11 1.8V
F8 GPIO5 FX3_DQ5 R10 1.8V
H10 GPIO6 FX3_DQ6 T10 1.8V
H9 GPIO7 FX3_DQ7 T9 1.8V
J10 GPIOS8 FX3_DQ8 V11l 1.8V
J9 GPIO9 FX3_DQ9 V9 1.8V
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Chip Chip Schematic signal name | FPGA 1/0 Comment
pin reference pin standard

(1C42) (1C42)
K11 GPIO10 FX3_DQ10 V10 1.8V
L10 GPIO11 FX3_DQ11 W10 1.8V
K10 GPIO12 FX3_DQ12 Y10 1.8V
K9 GPI1013 FX3_DQ13 Y11 1.8V
J8 GPI1014 FX3_DQ14 AAll | 1.8V
G8 GPI015 FX3_DQ15 AA8 1.8V
J6 GPIO16 FX3_PCLK AB16 |15V
K8 GPI0O17 FX3_CTLO AA9 1.8V
K7 GPIO18 FX3 _CTL1 AB8 1.8V
J7 GPI1019 FX3_CTL2 AC9 1.8V
H7 GPI1020 FX3_CTL3 AD9 1.8V
G7 GPIO21 FX3_CTL4 AF8 1.8V
G6 GPI1022 FX3_CTL5 AF7 1.8V
K6 GP1023 FX3_CTL6 AG7 1.8V
H8 GP1024 FX3_CTL7 AF6 1.8V
G5 GPIO25 FX3_CTLS8 AG6 1.8V
H6 GPIO26 FX3_CTL9 AH7 1.8V
K5 GPIO27 FX3_CTL10 AH6 1.8V
J5 GPIO28 FX3_CTL11 AH4 1.8V
H5 GPIO29 FX3_CTL12 AH5 1.8V
G4 GPIO30 FX3_PMODEO - 1.8V
H4 GPIO31 FX3_PMODE1 - 1.8V
L4 GPI1032 FX3_PMODE?2 - 1.8V
K2 GPIO33 - - -
J4 GPI034 - - -
K1 GPI0O35 - - -
J2 GPI036 - - -
J3 GPI0O37 - - -
J1 GPIO38 - - -
H2 GPIO39 - - -
H3 GP1040 - - -
F4 GPI1041 FPGA_CONF_DONE L8 - Connected  to

FPGA
configuration
status
CONF_DONE.
Additionally,
connected to
LEDL1.
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Chip Chip Schematic signal name | FPGA 1/0 Comment

pin reference pin standard

(1C42) (1C42)

G2 GP1042 FPGA NSTATUS K7 - Connected  to
FPGA
nSTATUS pin.

G3 GPI1043 FPGA_NCONFIG C5 - A high-to-low
logic initiates a
FPGA
reconfiguration.

F3 GP1044 FX3_AS_SW - - Logic level L
connects
FX3_SPI
interface to
FPGA conf.
Flash (1C30,
IC32)

F2 GP1045 FX3_SPI_AS_SS - - FPGA conf,
Flash slave
select

F5 GP1046 FX3_SPI_FPGA_SS - -

El GP1047 FX3_FPGA_GPIOO AA10 | 1.8V

E5 GP1048 FX3_FPGA_GPIO1 AB9 1.8V

E4 GP1049 FX3_FPGA_GPIO2 AG8 1.8V

D1 GPI1050 FX3_FPGA_GPIO3 AK3 1.5V

D2 GPIO51 FX3_FPGA_GPIO4 Al4 1.5V

D3 GPI1052 FX3_FPGA_GPIO5 AJ3 1.5V

D4 GPIO53 FX3_SPI_SCLK P20 2.5V/3.3V

C1 GPI1054 FX3_SPI_FLASH_SS - - Connected  to
FX3  memory
through header
J28

Cc2 GPI1055 FX3_SPI_MISO M21 2.5V/3.3V

D5 GP1056 FX3_SPI_MOSI N20 2.5V/3.3V

C4 GPI1057 - - -

A3 SSRXM FX3_USB_SSRX_P - -

A4 SSRXP FX3_USB_SSRX_N - -

A6 SSTXM FX3_USB_SSTX_IC P - -

A5 SSTXP FX3_USB_SSTX_IC_N - -

B3 R_usb3 - - - USB3 precision
resistor

C9 OTG_ID FX3_USB_OTG_ID - -

A9 DP FX3_USB D P - -

Al0 DM FX3_USB_D_N - -
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Chip Chip Schematic signal name | FPGA 1/0 Comment

pin reference pin standard

(1C42) (1C42)

C8 R_ush2 - - - USB2 precision
resistor

E1ll VBUS FX3_VBUS - -

B2 FSLCIO] - - - 10k  pulldown
for 19.2MHz
crystal selection

C6 XTALIN CYUSB_XTAL P - -

C7 XTALOUT | CYUSB _XTAL N - -

B4 FSLCI[1] - - - 10k  pulldown

E6 FSLCI[2] - - - for  19.2MHz
crystal selection

D7 CLKIN - - -

D6 CLKIN_32 |- - -

D9 I2C_SCL FX3_12C_SCL/12C_SCL | AG23 | 1.5V Voltage level

D10 I2C_SDA | FX3_I12C_SDA/12C_SDA | AH22 | 1.5V reduced to
connect to
FPGA. Net
labels on FPGA
side:
I2C_SCL_LS,
I2C_SDA LS

E7 TDI FX3 JTAG_TDI - - 10-pin  JTAG

C10 TDO FX3 JTAG_TDO - - connector J29

B11 TRST# FX3 JTAG_TRST - -

E8 TMS FX3 JTAG_TMS - -

F6 TCK FX3 JTAG_TCK - -

D11 0O[60] - - -

2.2.2.4 ADC

There is one Dual-Channel 14-Bit, analog-to-digital converter (ADS4246 — 1C37) mounted on
board. ADC analog input is connected to RX BB outputs of LMS7002M#1 IC. Digital output pins
are connected to FPGA.

The Table 9 lists 14-bit analog to digital converter ADC (IC37) pins, schematic signal name,
FPGA interconnections and 1/O standard.

Table 9 14-bit ADC (IC37) digital interface pins

Chip pin | Chip reference | Schematic signal name FPGA 1/0 Comment
(1C37) (1C37) pin standard

41 DAO_P/DA1 ADC_DAO P L10 1.5V

40 DAO_M/DAO ADC_DAO_ N L9 1.5V
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43 DA2_P/DA3 ADC DAL P P10 15V
42 DA2_M/DA2 | ADC DAL N N11 15V
45 DA4_P/DA5 ADC _DA2_P N10 15V
44 DA4_M/DA4 | ADC_DA2 N N9 15V
47 DA6_P/DAT7 ADC _DA3 P R12 15V
46 DA6_M/DA6 | ADC_DA3 N R11 15V
51 DA8 P/IDA13 | ADC_DA4 P P12 15V
50 DAS8_M/DA12 | ADC_DA4 N N12 15V
53 DAL0 P/IDA9 | ADC_DA5 P M12 15V
52 DAL10_ M/DA8 | ADC_DA5 N M11 15V
55 DA12 P/IDA1l | ADC_DA6 P L11 15V
54 DA12_M/DA10 | ADC_DA6 N K11 1.5V
61 DB0_P/DB1 ADC DBO_P K12 15V
60 DBO_ M/DBO | ADC_DBO_N J12 15V
63 DB2_P/DB3 ADC DB1 P E22 15V
62 DB2 M/DB2 | ADC DBI N E21 15V
3 DB4_P/DB5 ADC DB2_P E10 15V
2 DB4 M/DB4 | ADC_DB2_N D10 15V
5 DB6_P/DB7 ADC DB3 P G14 15V
4 DB6_M/DB6 | ADC_DB3_N F14 15V
7 DB8_P/DB13 | ADC_DB4 P H12 15V
6 DB8_M/DB12 | ADC_DB4 N G12 15V
9 DB10_P/DB9 | ADC_DB5 P 14 15V
8 DB10_M/DB8 | ADC_DB5 N H14 15V
11 DB12_P/DB11 | ADC_DB6_P K13 15V
10 DB12_M/DB10 | ADC_DB6_N 13 15V
35 CTRL1 ADC_CTRL1 - -

36 CTRL2 ADC_CTRL2 - -

34 CTRL3 ADC_CTRL3 - -

29 INP_A ADC_INA_P - -

30 INM_A ADC_INA N - -

23 VCM ADC_VCM - -

57 CLKOUTP/ ADC_CLKOUT_P L14 15V

CLKOUT
56 CLKOUTM/ | ADC_CLKOUT N L13 15V
UNUSED

19 INP_B ADC_INB_P - -

20 INM_B ADC_INB_N - -

25 CLKP ADC_CLK_P - -

26 CLKM ADC_CLK_N - -

13 SCLK FPGA _SPI0_SCLK T25 2.5V/3.3V
14 SDATA FPGA_SPI0_MOSI R26 2.5V/3.3V
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64 SDOUT FPGA_SPI0_MISO_ADC | L20 15V

15 SEN FPGA_SPI0O_ADC_SS | E26 1.5V

12 RESET FPGA_ADC_RESET D6 1.5V
2.2.2.5 DACs

LimeSDR-QPCle board has two 14-Bit Dual Transmit Digital-To-Analog Converters. By default,
analog output pins are connected to TX BB input pads of LMS70002M#1 IC. By changing on-
board resistors it can be connected to LMS70002M#2 instead. To connect DACs to
LMS70002M#2 TX BB input pads R268, R271, R275, R279, R270, R274, R278, R282 resistors
has to be removed and R269, R273, R277, R281, R272, R276, R280, R283 resistors has to be

fitted.

The tables below list 14-bit digital to analog converter DAC#1 (1C40 - Table 10) and DAC#2
(IC41 - Table 11) pins, schematic signal name, FPGA interconnections and 1/0O standard.

Table 10 14-bit DAC#1 (1C40) digital interface pins

Chip Chip reference Schematic FPGA 1/0 Comment
pin (1C40) signal name pin standard
(1C40)
14 DAO DAC1_DAO E27 2.5V/3.3V
13 DAl DAC1 DAl F25 2.5V/3.3V
12 DA2 DAC1 _DA2 D28 2.5V/3.3V
11 DA3 DAC1 _DA3 E28 2.5V/3.3V
10 DA4 DAC1_DA4 F30 2.5V/3.3V
9 DA5 DAC1_DA5 E30 2.5V/3.3V
8 DAG6 DAC1 _DA6 D27 2.5V/3.3V
7 DA7 DAC1 _DA7 C29 2.5V/3.3V
6 DA8 DAC1 _DAS8 C30 2.5V/3.3V
5 DA9 DAC1_DA9 D29 2.5V/3.3V
4 DA10 DAC1_DA10 D30 2.5V/3.3V
3 DA1l DAC1 DAl1 B29 2.5V/3.3V
2 DA12 DAC1 DA12 A29 2.5V/3.3V
1 DA13 DAC1 DAI13 B28 2.5V/3.3V
17,18 | WRTA/WRTIQ, DAC1 CLK - 2.5V/3.3V | Clocked from
CLKA/CLKIQ buffer 1C55 pin 3.
Clock value passed
from FPGA to
buffer from FPGA
pin M23,
DAC_CLK_WRT
36 DBO DAC1_DBO F28 2.5V/3.3V
35 DB1 DAC1 DB1 F30 2.5V/3.3V
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Chip Chip reference Schematic FPGA 1/0 Comment
pin (1C40) signal name pin standard
(1C40)
34 DB2 DAC1 DB2 J28 2.5V/3.3V
33 DB3 DAC1 DB3 F29 2.5V/3.3V
32 DB4 DAC1 DB4 K30 2.5V/3.3V
31 DB5 DAC1 DB5 K28 2.5V/3.3V
30 DB6 DAC1 DB6 G29 2.5V/3.3V
29 DB7 DAC1 DB7 J29 2.5V/3.3V
28 DB8 DAC1 DBS8 J30 2.5V/3.3V
27 DB9 DAC1 DB9 H27 2.5V/3.3V
26 DB10 DAC1 DB10 H29 2.5V/3.3V
25 DB11 DAC1 DB11 H30 2.5V/3.3V
24 DB12 DAC1 DB12 H26 2.5V/3.3V
23 DB13 DAC1 DB13 H25 2.5V/3.3V
19, 20 | WRTB/RESETIQ, DAC1 CLK - 2.5V/3.3V | Clocked from
CLKB/SELECTIQ buffer 1C55 pin 3.
Clock value passed
from FPGA to
buffer from FPGA
pin M23,
DAC_CLK_WRT
48 MODE DAC1_MODE |J23 2.5V/3.3V
37 SLEEP DAC1_SLEEP |J25 2.5V/3.3V
42 GSET - - 3.3V Hardwired to
VCC3P3D_DAC1
43 EXTIO - - - Connected to
100nF capacitor
Table 11 14-bit DAC#2 (1C41) digital interface pins
Chip Chip reference Schematic FPGA 1/10 Comment
pin (1C41) signal name pin standard
(1C41)
14 DAO DAC2_DAO R27 2.5V/3.3V
13 DAl DAC2_DAl K26 2.5V/3.3V
12 DA2 DAC2_DA2 N27 2.5V/3.3V
11 DA3 DAC2_DA3 P30 2.5V/3.3V
10 DA4 DAC2_DA4 N29 2.5V/3.3V
9 DA5S DAC2_DA5 M27 2.5V/3.3V
8 DAG6 DAC2_DA6 M28 2.5V/3.3V
7 DA7 DAC2_DA7 L26 2.5V/3.3V
6 DA8 DAC2_DAS8 L28 2.5V/3.3V
5 DA9 DAC2_DA9 L29 2.5V/3.3V
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Chip Chip reference Schematic FPGA 1/0 Comment
pin (1C41) signal name pin standard
(1C41)
4 DA10 DAC2 DAI10 L25 2.5V/3.3V
3 DAll DAC2 DA1l L30 2.5V/3.3V
2 DA12 DAC2 DA12 P29 2.5V/3.3V
1 DA13 DAC2 DAI13 N26 2.5V/3.3V
17,18 | WRTA/WRTIQ, DAC2 CLK - 2.5V/3.3V | Clocked from
CLKA/CLKIQ buffer 1C55 pin 5.
Clock value passed
from FPGA to
buffer from FPGA
pin M23,
DAC CLK_WRT
36 DBO0 DAC2 DBO P26 2.5V/3.3V
35 DB1 DAC2 DB1 N25 2.5V/3.3V
34 DB2 DAC2 DB2 P25 2.5V/3.3V
33 DB3 DAC2 DB3 R28 2.5V/3.3V
32 DB4 DAC2 DB4 R25 2.5V/3.3V
31 DB5 DAC2 _DB5 K27 2.5V/3.3V
30 DB6 DAC2_DB6 N24 2.5V/3.3V
29 DB7 DAC2_DB7 M23 2.5V/3.3V
28 DB8 DAC2_DBS8 M22 2.5V/3.3V
27 DB9 DAC2_DB9 N22 2.5V/3.3V
26 DB10 DAC2_DB10 R20 2.5V/3.3V
25 DB11 DAC2_DB11 T21 2.5V/3.3V
24 DB12 DAC2_DB12 R21 2.5V/3.3V
23 DB13 DAC2_DB13 R22 2.5V/3.3V
19, 20 | WRTB/RESETIQ, DAC2_CLK - 2.5V/3.3V | Clocked from
CLKB/SELECTIQ buffer 1C55 pin 5.
Clock value passed
from FPGA to
buffer from FPGA
pin M23,
DAC CLK_WRT
48 MODE DAC2_MODE |L23 2.5V/3.3V
37 SLEEP DAC2_SLEEP |L24 2.5V/3.3V
42 GSET - - 3.3V Hardwired to
VCC3P3D_DAC?2
43 EXTIO - - - Connected to
100nF capacitor
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2.2.2.6 GNSS receiver

LimeSDR-QPCle board has GNSS receiver module GPS/GNSS M0578 (1C48). External active
antenna for this module can be connected to J34 connector. Module is connected to FPGA (1C29),

pin connections can be found on Table 12.

Table 12 GNSS receiver pin connections

GNSS | GNSS chip Schematic signal FPGA 1/10 Comment
pin reference name pin standard

(1C48) | (1C48) (1C29)

9 UART RX | GNSS_RX K25 3.3V(2.5V)

10 UART TX | GNSS_TX K22 3.3V(2.5V)

6 1PPS GNSS_TPULSE T23 3.3V(2.5V)

13 FIX GNSS_FIX R23 3.3V(2.5V)

2.2.2.7 RTC

For applications which requires accurate time LimeSDR-QPCle has mounted Real-Time-Clock
DS3231 (IC50). Pin connections can be found in Table 13. For 12C interface see chapter 2.2.4.2
12C interfaces.

Table 13 RTC pin connections

RTC | RTC chip Schematic signal FPGA 1/10 Comment

pin reference name pin standard

(1C50) | (1C50) (1C29)

16 SCL I2C_SCL AG23 |15V Connected
through level
convertor to
I2C_SCL_LS.

15 SDA I2C_SDA AH22 |15V Connected
through level
convertor to
12C_SDA LS.

3 INT/SQW | RTC_INT_SQW K15 1.5V 10k, Pull-UP,
resistor.

1 32kHz RTC_32KHZ H17 1.5V 10k, Pull-UP,
resistor.

2.2.2.8 Temperature sensor

Board temperature can be measured with LM75 (IC47) temperature sensor using its 12C interface.
Pin connections can be found in Table 13. For 12C interface of this sensor see chapter 2.2.4.2 12C
interfaces.
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LM75 | LM75 chip Schematic signal FPGA 1/0 Comment

pin reference name pin standard

(1C47) | (1C47) (1C29)

2 SCL 12C_SCL AG23 |15V Connected
through level
convertor to
I2C_SCL_LS.

1 SDA 12C_SDA AH22 |15V Connected
through level
convertor to
12C_SDA LS.

3 (O] LM75_0OS A28 1.5V 10k, Pull-UP,
resistor.

2.2.3 Connectors

This chapter describes connectors that exists on LimeSDR-QPCle v1.2 board.

2.2.3.1 PCI Express connector

For data transfer LimeSDR — QPCle board has PCI express connector with four lanes. PCI express
interface is implemented in FPGA. Pin connection and corresponding signal names are listed in
Table 14.

Table 14 PCle connector pins

Connector | Schematic signal | FPGA | 1/O standard Comment

pin name pin

B5 PCIE_SMCLK W12 1.5V Connected trough voltage level
shifter to 1.5V

B6 PCIE_SMDAT V12 1.5V Connected through voltage
level shifter to 1.5V

B11 PCIE_WAKEnN G26 3.3V Signal is disconnected with not
fitted R100 resistor

B14 PCIE_HSOO0_P AG2 | 15-VPCML

B15 PCIE_HSOO_N AGl | 15-VPCML

B19 PCIE_HSO1 P AE2 1.5-V PCML

B20 PCIE_HSO1_N AE1 1.5-V PCML

B23 PCIE_HSO2_P AC2 1.5-V PCML

B24 PCIE_HSO2_N AC1 1.5-V PCML

B27 PCIE_HSO3 P AA2 | 15-VPCML

B28 PCIE_HSO3_N AAl | 15-VPCML

All PCIE_PERSTn W24 3.3V

Al13 PCIE_REFCLK_P W8 HCSL

Al4 PCIE_REFCLK_N | W7 HCSL
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Al6 PCIE_HSIO P AF4 1.5-V PCML | AC coupled
Al7 PCIE_HSIO_N AF3 | 1.5-VPCML | AC coupled
A21 PCIE_HSI1_P AD4 | 1.5-V PCML | AC coupled
A22 PCIE_HSI1 N AD3 | 1.5-V PCML | AC coupled
A25 PCIE_HSI2_P AB4 | 1.5-V PCML | AC coupled
A26 PCIE_HSI2_N AB3 | 1.5V PCML | AC coupled
A29 PCIE_HSI3_P Y4 | 1.5-VPCML | AC coupled
A30 PCIE_HSI3_N Y3 | 1.5-VPCML | AC coupled
2.2.3.2 LVDS connector
J30 is dedicated connector for FPGA transceiver applications.
Connector | Schematic signal | FPGA | 1/O standard Comment

pin name pin

1 GND -

3 EXT_GXB_RX6_P R2 Depends from

5 EXT GXB RX6 N| R1 design

7 GND -

9 EXT GXB TX6 P P4 Depends from | AC Coupled
11 EXT GXB TX6 N | P3 design AC Coupled
13 GND -

15 EXT GXB CLK P P8 Depends from

17 EXT_GXB_CLK_N N7 design

19 GND -

2 GND -

4 EXT_GXB _RX7 P N2 Depends from

6 EXT_GXB_RX7_N N1 design

8 GND -

10 EXT_GXB_TX7_P M4 Depends from | AC Coupled
12 EXT GXB TX7 N| M3 design AC Coupled
14 GND -

16 VCC5PO(VCC3P3) -

18 VCC5PO(VCC3P3) -

20 GND -

2.2.3.3 PMOD connectors

Two 10 pin 0.1 right angle PMOD connectors (J31, J32) are connected to the FPGA. A complete
pinout description, dedicated FPGA pins and their 1/0 standard is presented in the tables below.

Table 15. FPGA PMOD#A connector pins
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Connector | Schematic net name FPGA pin I/O standard Comment
in
I01 PMOD_A PIN1_LS AD12 1.5V
2 PMOD_A PIN2_LS AE10 1.5V
3 PMOD_A PIN3 LS AF10 1.5V
4 PMOD_A PIN4_LS AD13 1.5V Level shifter (15V to
7 PMOD_A PIN7_LS AE12 1.5V 3.3V) between FPGA
8 PMOD_A PIN8 LS AE13 1.5V and connector
9 PMOD_A _PIN9_LS AJ2 1.5V
10 PMOD_A_PIN10_LS All 1.5V
5,11 VCC3P3 - 1.5V
6, 12 GND - GND
Table 16. FPGA PMOD#B connector pins
Connector | Schematic net name FPGA pin I/0 standard Comment
in
pl PMOD B PIN1 LS AF20 1.5V
2 PMOD B PIN2 LS AG21 1.5V
3 PMOD B PIN3 LS AF21 1.5V
4 PMOD B PIN4 LS AD20 1.5V Level shifter (1.5V to
7 PMOD_B_PIN7_LS AK27 1.5V 3.3V) between FPGA
8 PMOD_B_PIN8_LS AE22 1.5V and connector
9 PMOD_B_PIN9_LS AC21 1.5V
10 PMOD_B_PIN10_LS AH26 1.5V
511 VCC3P3 - 1.5V
6, 12 GND - GND

2.2.4 Low Speed Interfaces

This chapter describes low speed interfaces on LimeSDR-QPCle v1.2 board which are dedicated
to communicate between various board components.

LimeSDR-QPCle board low speed interface is divided into FPGA-RF and FPGA-FX3 groups and

are presented in Figure 6 and Figure 7. The latter block diagrams depict the main ICs,
corresponding IC pin numbers, data buses and serial protocol addresses.
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IC8
Shift register

SR_DOUT

| MS2_TX2_2 LB_SH

| MS2_TX1_2 LB_SH

| MS2_TX1_2 LB_AT

LMS2_TX1_2_LB H

|MS2 TX1 2 LB_L

| MS2 TX2 2 LB_H

|MS2 TX2 2 LB_L

LMS2_TX2_2 LB_AT

LMS#2 loopback
components
IC11,1C13, IC15,IC17, VT2,
VT5, VT6, VT8, VT11, VT12

LMS#1 loopback
components
1C10,1C12,1C14,IC16, VT1,
VT3, VT4, V7, VT9, VT10

SR_DIN SR_DIN_LS
1c7 SR_SCLK ::fse\ SR_SCLK_LS

Shift register SR_LATCH| shifter | SR_LATCH_LS .
E\ %I %I 'EI I\ J\ I\ J\
M| m|m oo m| m| o
S e ] e Rt
I e s s
o C\AI —I F| _\ _\ W‘ C\A‘
X| X| X| X x| x| X| X
'7\ FI FI FI '_\ '7\ F\ '7\
ARIRZIRZIRARZIR IR
Z|Z| =2 =EE ==
=133 33332

FPGA_SPI2_LMS_RX_DET_SS

1C29
AJ1TFPGA

FPGA_SPI2_LMS1_RX1_I_MISO

J7

FPGA_SPI2_LMS1_RX1_Q_MISO

FPGA_SPI2_LMS2_RX1_|_MISO

FPGA_SPI2_LMS2_RX1_Q_MISO

FPGA_SPI2_LMS2_RX2_|_MISO

FPGA_SPI2_LMS1_RX1_I_SCLK —
™ ADC
FPGA_SPI2_LMS1_RX1_Q_SCLK —
™ ADC
FPGA_SPI2_LMS2_RX1_|_SCLK —
1c21 1 ADC
Clock
puffer | FPGA_SPI2_ LMS2_RX1_Q_SCLK
1c25
™ ADC
FPGA_SPI2_LMS2_RX2_|_SCLK
- 1c26
ADC
FPGA_SPI2_LMS2_RX2_Q_SCLK o
™ ADC

FPGA_SPI2_LMS2_RX2_Q_MISO

FPGA_SPI2_SCLK

RF_SW_V1
Jo|—=———= LMS1_I2C_SCL
o] RF_SW_V2 1c22 Ic3
RF SW v3 | SP4T RF switch LMS1_2C_SDA | ceppom
ko] RF=SW
- Ica
.| EEPROM
C27 D26
[vas| FPGA_SPIO_LMS1_SS o8
e
FPGA_SPI0_MISO_LMS1 LMS #1
R30 F28
FPGA_SPI0_SCLK
T25 c29
FPGA_SPIO_MOSI
R2e F30 1c2
Voo EPGASPIO_MISO_LMS2 26 LMS #2
FPGA_SPIO_LMS2_SS
u2e D28
C27 D26
23| FPGA_SPIO_DAC_SS Ics
EEPROM
Ic54 -
DAC
Ic6
WMs2_12C_sCL | Lo
LMS2_I2C_SDA

AK15

FPGA_SPI2_SCLK_LS
| _FPGA_SPI2_SCLK LS _

Figure 6 LimeSDR-QPCle v1.2 FPGA-RF circuit low speed interface block diagram

pLimeSDR-QPCle board peripherals can be controlled via USB interface. All commands that
comes from USB are firstly processed by FX3 controller. 12C and multiple SPI interfaces provide
connection to various on-board ICs, such as temperature sensor, port expander, clock generator,
memory and real-time clock (RTC).
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_FPGA_SPI1_SCLK FPGA_SPI1_SCLK_LS e
(c46  FPGA_SPI1_MOSI iIca9 | _FPGA_SPI1_MOSI_LS AG1
Flash FPGA_SPI1_MISO Level FPGA_SPI1_MISO_LS AB1a
FPGA_SPI1_FLASH_SS| converter | tpca spil_FLASH_SS LS
- == = = - = = =""=""1AB13 28 ba EM75_0S
FPGA_AS_DCLK|——
FPGA_AS_ASDO
AG5
FPGA_AS DATAL| IC47 -
FPGA_AS_NCSO Temperature|
- — | AA7 1C29 sensor
FPGA_NCONFIG cs |FPGA
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FPGA CONF_DONE] '
-
_ FX3_SPI_MISO |- '%58
IC43 "1 FX3_SPI_MOSI <1
FX3 |= N20
FLASH | FX3 SPI SCLK | ..
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Switch = — FX3AS_SW EEPROM ||
\
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‘ converter IC57
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Figure 7 LimeSDR-QPCle v1.2 FPGA-FX3 low speed interface block diagram

2.2.4.1 SPI interfaces
There are several SPI interfaces with their slave devices:

e FX3_SPI - Master of this bus is CYUSB3013 (IC42) and this bus has these slave devices:

o Flash memory M25P40 (I1C43) dedicated for FX3 firmware;

o Flash memory W25Q128 (IC30) or S25FL128 (IC32) dedicated for FPGA
configuration file. Using switch (IC31) flash memory is switched from FPGA to
FX3_SPI BUS. Then flash content is updated and flash memory is switched back
to FPGA. This is done when it is needed to update FPGA gateware in flash memory.
FPGA (1C29) - If SPI slave is implemented in FPGA logic it can be accessed

through FX3_SPI interface.

Table 17 FX3 SPI interface

FX3 FX3 chip Schematic signal FPGA 1/0 Comment
pin reference name pin standard

(1C42) (1C42) (1C29)

D4 SP1_SCK FX3_SPI_SCLK P20 3.3V

D5 SPI_MOSI | FX3_SPI_MOSI N20 3.3V

C2 SPI_MISO | FX3_SPI_MISO M21 3.3V
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F5 GPIO[46] | FX3 SPI_ FPGA SS | AG22 |3.3V
F2 GPIO[45] | FX3_SPI_AS_SS - 3.3V
Cl SPI_SSN | FX3_SPI_FLASH_SS |- 3.3V

e FPGA_SPIO — master of this interface is FPGA (1C29), slave devices of this interface:
o RFIC LMS7002M (IC1)

o RFIC LMS7002M (IC2)
o 14-bit ADC ADS4246 (IC37)
o XO VC DAC AD5662 (1C54)
o Phase detector ADF4002 (IC53)
Schematic signal name FPGA 1/0 Comment
pin standard
(1C29)
FPGA SPI0_SCLK T25 2.5V(3.3V)
FPGA SPI0O_MOSI R26 2.5V(3.3V)
FPGA SPIO_MISO LMS1 | R30 2.5V(3.3V)
FPGA SPIO_MISO LMS2 | V30 2.5V(3.3V)
FPGA_SPI0_MISO_ADC | L20 1.8V
FPGA_SPI0_LMS1_SS V29 2.5V(3.3V)
FPGA_SPIO_LMS2_SS u29 2.5V(3.3V)
FPGA SPI0O_ADC_SS E26 1.5V Configure FPGA output as Open-
Drain
FPGA SPI0O_DAC_SS G23 1.5V Configure FPGA output as Open-
Drain
FPGA _SPIO_ADF_SS E25 1.5V Configure FPGA output as Open-

Drain

e FPGA_SPI1: master of this interface is FPGA (1C29), slave devices of this interface:
o Flash memory M25P40 (I1C46)

Table 18 FPGA_SPI1 interface

Schematic signal name FPGA 1/0 Comment
pin standard
(1C29)
FPGA SPI1 SCLK LS AF13 1.5V Connected through voltage level
shifter. Net label on memory side
FPGA SPI1 SCLK
FPGA SPI1_MOSI_LS AGl2 |15V Connected through voltage level
shifter. Net label on memory side
FPGA_SPI1_MOSI
FPGA SPI1_MISO_LS AB12 |15V Connected through voltage level
shifter.
Net label on memory side

FPGA_SPI1_MISO
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FPGA SPI1 FLASH SS L | AB13 1.5V Connected through voltage level
S shifter. Net label on memory side
FPGA_SPI1_FLASH_SS

e FPGA_SPI2: master of this interface is FPGA (1C29), slave devices of this interface:
o 6x ADC (IC18, 1C20, 1C23, IC25, IC26, 1C28) dedicated for onboard RSSI use.

Table 19 FPGA_SPI2 interface

Schematic signal name FPGA 1/0 Comment
pin standard
(1C29)
FPGA SPI2 SCLK LS AK15 |15V Connected through voltage level shifter
and clock buffer to all six ADC. Net
label after level shifter

FPGA SPI2_SCLK. Fanouts through
clock buffer to nets:
FPGA_SPI2_LMS1_RX1_| SCLK
FPGA_SPI2_LMS1_RX1 Q SCLK
FPGA_SPI2_LMS2_RX2_| SCLK
FPGA_SPI2_LMS2_RX1 Q SCLK
FPGA_SPI2_LMS2_RX1 | SCLK
FPGA SPI2 LMS2 RX2 Q SCLK

FPGA_SPI2_LMS1_RX1 I | J7 15V
_MISO

FPGA_SPI2_LMSL RX1_ | A3 15V
Q_MISO

FPGA_SPI2_ LMS2 RX1 | | HI5 | 1.5V
_MISO

FPGA_SPI2_LMS2_ RX1_ | G9 15V
Q_MISO

FPGA_SPI2_LMS2_RX2_I | C27 15V
_MISO

FPGA_SPI2_LMS2_RX2_ | F6 15V
Q_MISO

FPGA_SPI2_LMS RX_DE | AJ17 | 1.5V
T SS

2.2.4.2 12C interfaces

Board has three independent 12C interfaces: 12C, LMS1_12C and LMS2_12C.

12C — master of this interface can be either FX3 (1C42) or either FPGA (1C29). Master
selection is done through R287 and R288 resistors. By default, master is FX3 (resistors
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fitted). To select FPGA as master, remove R287 and R288 resistors. This interface has
several slave devices which are listed in Table 20.
e RTC DS3231 (I1C50);
e EEPROM M24128 (IC51);
e Temperature sensor LM75 (IC47), EEPROM and clock generator. Information for
slave devices are provided in Table 20, signal connectivity information is in Table

21.
Table 20. 12C interface devices
12C slave device Slave 12C address 1/0O standard Comment
device

1C47 Temperature | 1001000RW 3.3V LM75
sensor

IC51 EEPROM 1010000RW 3.3V M24128

IC57 Clock 1100000RW 3.3V Si5351C
generator

IC50 Real-time 1101000RW 3.3V DS3231
clock (RTC)

Table 21 12C interface pins

Schematic signal name | FPGA | FX3 pin 1/0 Comment
pin (1C42) standard
(1C29)
12C SDA LS AH22 | - 1.5V Connected  through level

converter  to 12C_SDA.
Remove R287 and R288 to use
FPGA as 12C master.

I2C_SCL_LS AG23 | - 1.5V Connected  through level
converter to 12C_SCL.
Remove R287 and R288 to use
FPGA as 12C master.

FX3_12C_SDA - D9 3.3V Connected through R287 to
12C_SDA.

FX3 12C_SCL - D10 3.3V Connected through R288 to
I12C_SCL.

e LMSL1 I2C: this interface has two EEPROMSs. This interface is only accessible from
LMS7002M (IC1). In Table 22 are listed all LMS1 12C slave devices and their
information. In Table 23 listed pin connections.

Table 22. LMS1 12C interface devices

12C slave Slave device 12C address 1/O standard Comment
device
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IC3 EEPROM for 1010A2 ALA0RW | 2.5V(3.3V) M24128

LMS7 MCU

firmware
IC4 EEPROM 1010A2 A1A0RW | 2.5V(3.3V) 24FC512

Table 23 LMS1_I12C pins
Schematic signal name | RFIC 1/0 Comment
pin standard
(1C1)

LMS1 12C_SDA D26 2.5V(3.3V) | Accessible only from IC1
LMS1 12C_SCL C27 2.5V(3.3V) | Accessible only from IC1

e LMS2 I2C: this interface has two EEPROMSs. This interface is only accessible from
LMS7002M (IC2). In Table 24 are listed all LMS1_12C slave devices and their
information. In Table 25 listed pin connections.

Table 24. LMS2_12C interface devices

12C slave Slave device 12C address I/0 standard Comment
device
IC5 EEPROM for [1010A2Al1 AORW 2.5V(3.3V) M24128
LMS7 MCU
firmware
IC6 EEPROM 1010A2 A1IA0RW | 2.5V(3.3V) 24FC512
Table 25 LMS2_12C pins
Schematic signal name | RFIC 1/0 Comment
pin standard
(1C2)
LMS2_12C_SDA D26 2.5V(3.3V) | Accessible only from 1C2
LMS2_12C_SCL C27 2.5V(3.3V) | Accessible only from IC2
2.2.4.3 UART

UART interface is dedicated for communication between FPGA and GNSS receiver GPS/GNSS

MO578 (IC48).

Table 26 GNSS UART interface pins

Schematic signal name | FPGA 1/0 Comment
pin standard
(1C29)
GNSS_RX K25 3.3V(2.5V)
GNSS_TX K22 3.3V(2.5V)
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2.2.5 User I/O

This chapter describes available inputs and outputs of LimeSDR-QPCle v1.2 board which can be
used for user applications.

2.2.5.1 FPGA switch

4 poles slide switch SW2 is connected to FPGA and can be used to implement additional
functionality which requires input control. Each switch line has external pull up resistors. When
switch is in position “On”, it pulls down the line to logic ‘0’ level.

VCCIP5

R331
10k, 1%

R332 R333 R]Ml PGA_SWITCH
10k, 1% |10k, 1%] |10k, 1% q)

SW2
1 '_IiI:I 8 FP(EA S\«\'U
2 7 FPGA SWI
3 — [ FPGA SW2
4 5 FPGA SW3
| — — | = — -
4 bit switch

GND

Figure 8 LimeSDR-QPCle v1.2 4 poles slide switch

In Error! Reference source not found. are listed each switch line and correspond FPGA pins.

Table 27. FPGA Switch connections

Switch Schematic FPGA pin I/0 standard
pole signal name (1C29)
1 FPGA_SWO0 H7 1.5V
2 FPGA SW1 A2 1.5V
3 FPGA _SW2 E6 1.5V
4 FPGA _SW3 F8 1.5V

2.2.5.2 Indication LEDs

LimeSDR-QPCle board comes with four single colour (green) general purpose LEDs, one general
purpose dual colour (red-green) LED, one green LED informing about successful FPGA
configuration and one for power indication.
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General purpose General purpose
red/green LED

green LEDs

[D iij‘
FPGA LED3

E DLEM
FPGA LED2

(Wn)Lc03
FPGA LED1

[14]
[=]
L
-
@
o
£

[l LED2
FPGA CONF

FPGA configuration

status

[Em)LEm

Power indication

Figure 9 LimeSDR-QPCle v1.2 indication LEDs

All LEDs are connected to FPGA and their function can be changed except for LED1. Default
LEDs functions and other information are listed in the table below.

Table 28 Default functions of LEDs

Board Schematic name Board label Type Description
Reference
LED1 FPGA_CONF_DONE | FPGA CONF | FPGA LED lights wup after
status successful FPGA
configuration
LED2, FPGA LED1 FPGA LED1 | General | General purpose
LED3, FPGA LED2 FPGA LED2 | purpose | reconfigurable single colour
LED4, FPGA LED3 FPGA LED3 LED.
LED5 FPGA LED4 FPGA LED4
LED6 FPGA LEDS5 G, FPGA LED5 | General | General purpose
FPGA LED5 R purpose | reconfigurable dual colour
(red-green) LED.
LED7 VCC3P3, GND BOARD Power LED lights up when
POWER indication | VCC3P3 power rail is
active.
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2.2.6 RF Loopback Control

There is RF loopback circuit for RF transceivers which can be controlled from FPGA through shift

registers 74HC595 (IC7 and 1C8). Pin connection can be found in Table 29.

Table 29 Pin connection of shift registers

Schematic signal name | FPGA 1/0 Comment
pin standard
(1C29)
SR_SCLK LS AAl13 | 1.5V Connected through level converter to
SR SCLK.
SR_DIN_LS AJ5 1.5V Connected through level converter to
SR_DIN.
SR_LATCH_LS B26 1.5V Connected through level converter to
SR _LATCH.
Table 30 LMS#1 loopback control truth table
IC7 pin reference Result
Q0 | Q1 Q2 |Q3 | Q4 | Q5 | Q6 | Q7
X X X X L | H X X | LMS#1 TX1 2 — U.FL (J13)
X X X X H L X X | LMS#1 TX1 2 — LMS#1 RX1 H
X X | H| X X X X X | LMS#1 TX1_2 shunt to ground on
X X L | X X X X X | LMS#1 TX1_2 shunt to ground off
X X X | H| X X X X | LMS#1 TX1 2 — RX1 H attenuation -40 dB
X X X L | X X X X | LMS#1 TX1 2 — RX1 H attenuation -25 dB
X X X X X X L H | LMS#1 TX2 2 — U.FL (J17)
X X X X X X H L | LMS#1 TX2 2 — LMS#1 RX2 H
H | x X X X X X X | LMS#1 TX2_2 shunt to ground on
L | X X X X X X X | LMS#1 TX2_2 shunt to ground off
X | H| X X X X X X | LMS#1 TX2 2 — RX2 H attenuation -40 dB
X L | X X X X X X | LMS#1 TX2 2 — RX2 H attenuation -25 dB

Note 1:  Schematic signals corresponds to IC7 pins as below:
Q0-LMS1_TX2 2 LB _SH Q1-LMS1_TX2_2_|

Q4 - LMSL_TX1 2 LB H Q5 LMS1_TX1 2_

-
W @

Table 31 LMS#2 sloopback control truth table

>

T Q2-LMS1 TXL 2 LB SH Q3-LMS1 TX1 2 LB AT
Q6 - LMS1_TX2 2 LB H Q7-LMS1_TX2 2 LB L

IC8 pin reference

Ql |Q2 Q3 |Q4 | Q5 Q6 | Q7

Result

H L X X

LMS#2 TX1 2 — U.FL (J14)

LMS#2 TX1 2 — LMS#2 RX1_H

LMS#2 TX1 2 shunt to ground on

LMS#2 TX1 2 shunt to ground off

LMS#2 TX1 2 — RX1 _H attenuation -40 dB

LMS#2 TX1 2 — RX1 _H attenuation -25 dB

I><><><><><><'g
XXX |[X]|X]|X
X[ X[ X|X|X|
X | X |X|[X|[X|I
XX [ X|X|X|X
X[X|X || IT|X
X ||| X | X]|X|X
XX [X|[X|X]|X]|X

LMS#2 TX2 2 — U.FL (J18)
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IC8 pin reference Result
Q0 |Q1 Q2 | Q3 |Q4 |Q5 |Q6 | Q7
L H X X X X X X | LMS#2 TX2 2 —- LMS#2 RX2 H
X X X X X X X | H | LMS#2 TX2_2 shunt to ground on
X X X X X X X L | LMS#2 TX2_2 shunt to ground off
X | x| x| x| H| x| x| x |LMS#2TX2 2 — RX2 H attenuation -40 dB
X | x| x| x| L | x| x| x |LMS# TX2 2 — RX2 H attenuation -25 dB

Note 1: QO —-LMS2_TX2

2_ QL - LMS2_TX2_
Q4-LMS2_TX2_2_

L
AT Q5-LMS2_TX1_

LB_ 2 LB.H  Q2-LMS2_TXL 2 LB_L Q3_LMS2_TX1 2 LB_H
LB 2 LB SH Q6-LMS2 TX1 2 LB_AT Q7-LMS2_TX2 2 LB_SH

The table below describes RF transceiver LMS7002#1 and LMS7002#2 external loopback
configuration, pins, schematic signal name, FPGA interconnections and 1/O standard.

Table 32 LMS7002 (IC1, 1C2) external loopback configuration

Loopback | RF Schematic control Shift | FPGA- Comment
for switch signal name register | shift
pin register
pins
LMS7002 |1C10, |LMS1 TX1 2 LB L [IC7.Q5 |AJ5, When LMS1_TX1 2 LB_L
#1 (1C1) IC12 | LMS1.TX1 2 LB H |IC7.Q4 | AA13, |ishighand
B26 LMS1_TX1 2 LB_His low
(through | then LMS#1 TX1 2
level (LMS1_LOOPBACK_TX12
shifter net) is fed to U.FL connector
I1C9) J13. When
LMS1 TX1 2 LB_L is low
and

LMS1 TX1 2 LB His high
then LMS#1 TX1 2

(LMS1_LOOPBACK_TX12
net) is fed to LMS#1 RX1 H
(LMS1_LOOPBACK_RX1H

net)
IC14, |LMS1.TX2 2 LB L |IC7.Q7 When LMS1 TX2 2 LB L
IC15 LMS1 TX2 2 LB H |IC7.Q6 is high and

LMS1_TX2 2 LB_His low
then LMS#1 TX2_2
(LMS1_LOOPBACK_TX22
net) is fed to U.FL connector
J17. When
LMS1_TX2 2 LB_L is low
and

LMS1_TX2 2 LB_His high
then LMS#1 TX2_2
(LMS1_LOOPBACK_TX22
net) is fed to LMS#1 RX2_H
(LMS1_LOOPBACK_RX2H
net)
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Loopback shunt to ground
for high isolation. When high
— shunt active, when low —
shunt off.

When
LMS1 TX1 2 LB AT s
low, TX1_2to RX1_H
loopback attenuation is set to
-40 dB. When
LMS1 TX1 2 LB AT s
high, loopback attenuation is
set to -25 dB.

When
LMS1 TX2 2 LB _ATis
low, TX2 2to RX2_H
loopback attenuation is set to
-40 dB. When
LMS1 TX2 2 LB_AT is
high, loopback attenuation is
set to -25 dB.

VT3, |LMSI_TXL 2 LB SH |IC7.Q2

VT9

VT1 | LMSL TX1 2 LB_AT | IC7.Q0

VT7 | LMSL_TX2 2 LB AT | IC7.Q1
LMS7002 | IC11, |LMS2 TXL 2 LB L |IC8.Q2
#2(C2) |IC13 |LMS2 TXL 2 LB H |I1C8.Q3

IC15, |LMS2_TX2 2 LB_L |IC8.Q0

IC17 | LMS2.TX2 2 LB H |IC8.Q1

When LMS2_TX1 2 LB L
is high and
LMS2_TX2 2 LB_His low
then LMS#2 TX1_2
(LMS2_LOOPBACK_TX12
net) is fed to U.FL connector
J14. When
LMS2_TX1 2 LB_L is low
and

LMS2_TX1 2 LB_His high
then LMS#2 TX1_2
(LMS2_LOOPBACK_TX12
net) is fed to LMS#2 RX1 H
(LMS2_LOOPBACK_RX1H
net)

When LMS2_TX2 2 LB L
is high and
LMS2_TX2 2 LB_His low
then LMS#2 TX2_2
(LMS2_LOOPBACK_TX22
net) is fed to U.FL connector
J18. When
LMS2_TX2 2 LB_L is low
and

LMS2_TX2_ 2 LB_His high
then LMS#2 TX2_2
(LMS2_LOOPBACK_TX22
net) is fed to LMS#2 RX2_H
(LMS2_LOOPBACK_RX2H
net)
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VT11, | LMS2_TX2_2 LB _SH | I1C8.Q7 Loopback shunt to ground

VT12 for high isolation. When high
— shunt active, when low —
shunt off.

VT2 LMS2 TX1 2 LB_AT | IC8.Q6 When

LMS2 TX1 2 LB AT s
low, TX1_2to RX1_H
loopback attenuation is set to
-40 dB. When
LMS2 TX1 2 LB AT s
high, loopback attenuation is
set to -25 dB.

VT8 LMS2_TX2 2 LB AT | IC8.Q4 When
LMS2_TX2 2 LB _ATis
low, TX2_2to RX2_H
loopback attenuation is set to
-40 dB. When
LMS2_TX2 2 LB_AT is
high, loopback attenuation is
set to -25 dB.

2.2.7 Board Temperature Control

LimeSDR-QPCle has integrated temperature sensor (IC47) which controls FAN to keep board in
operating temperature range. FAN has dedicated holes for mounting over the main digital 1Cs
(FPGA, DDRs, DACs and ADC) and must be connected to J33 (0.1” pitch) connector.

Fan will be turned on when board heats up to 55°C and will be turned off when the temperature
reduces to 45°C.

ON

FAN output

OFF

>

45°C 55°C Temperature

Figure 10 FAN control temperature hysteresis
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Measured temperature value can read by using LimeSuiteGUI as described in chapter “3.13
Reading Board Temperature”.

LimeSDR-QPCle board comes with a dedicated 60mm DC FAN mounting space. Three M3
exposed copper holes (connected to board GND plane) and a space for a standoff are provided and
are shown in Figure 11. The hole centre to hole centre distance is 50mm.The FAN is controlled
via J33 (0.1 pitch) connector which can provide either 12V (default) or a 5V supply rail. The gate
of the FAN driving MOSFET is connected to 1C29 (FPGA) pin J22 (2.5V/3.3V bank).

Fan mounting J33 Fan
points connector

PHMOD #B
=8 PHOD #A

=]
gu
Bg
ag
(2]

Figure 11 LimeSDR-QPCle v1.2 Dedicated FAN mounting space

2.2.8 Clock Distribution

LimeSDR-QPCle board clock distribution block diagram is presented in Figure 12.
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conneatop - ! IC53 (VC)TCXO
O Phase (30.72/ 13 CLKino CLK_LMK_FPGA_IN
detector 40.00MHz) (LMK00101) SL_CLKIN
24| _REE clk_out
17| _REE ADE
J35U.FL
w"(“_%j“‘” REF_CLK_OUT
15| _siciko o2 E5 AM24
SI_CLKINy, o T r AB17 | CLK LMK FPGA IN
Ic57  ofslcake U LMS1 MCLK1 nma
LMS1 FCLK1
Prog. dlock | v M8 RFIC #1
enerator 19f—SL.CLKe g
gS'SSSlC U21 [ LUSLMCLKZ Py (LMS7002)
XT2 (Si ) 5 o - vo2 |—Ls1 FoLk2 R20
Crystal 1Lk
25.0 MHz Ao
N21|  CLK_LMK_FPGA_ouT
IC56 E5S AM24
siake | EXT_GXB_CLK_PIN
Dif. clock drv. PeNT
24 | g LMS2 MOLK1 AB3
20 LMS2 FCLK1 AA33 IC2
X1 Ca2 . RF IC #2
Crystal USB3.0 EX3 PCLK AB16 u y P34 (LMS7002)
- ac2o |—Lus2 Ecik R29
19.2 MHz controller
IC48
GNSS GNSS_TPULSE |2
receiver
1C29
IC50 RTC_32KH, . FPGA DDR3_TOP_CK_PIN 'ngg?“
RTC memory
1C35,IC36
X05 CLK100_FPGA vis Y13/AAL4 | DDR3 BOT CK_PIN DDR3 — IC40
X0 100.0MHz memor DAC
X06 el e DAC_CLIC R 155 pyp—
XO 125.0MHz e Clock buff ~ [-PAC2.CLK
Xxo7 LK125 FPGA_TOP_PIN IC41
L—»]
X0 125.0MHz Hos DAC
o :é?gMH CLK125 FPGA BOT_PIN ABLUACLA L ADC_CLKOUT_PIN
.OMHz
IC37
ADC
X09 CLK125 FPGA_REE_PIN REIRT DC_ClK IC39 DC_CLK_PIN
X0 125.0MHz Dif. clock drv.

Figure 12 LimeSDR-QPCle v1.2 board clock distribution block diagram

2.2.8.1 Main clock sources

There are various crystal oscillators with various frequencies mounted on LimeSDR-QPCle board.
The programmable clock generator 1C37 (Si5351C [link]) can generate any reference clock
frequency, starting from 8 kHz — 160 MHz, for FPGA and LMS PLLs. A real-time clock (RTC)
chip (1C50) is also included on the LimeSDR-QPCle board. The output of 1C50 is connected to
the FPGA pin H17. Main clock sources and destinations are listed in Table 33.

Table 33. LimeSDR-QPCle clock sources and destinations

Src.

Dest.

Schematic net name

Freq.

1/0
standar
d

FPGA
pin

Description

FPGA

SI_CLKO

8kHz-
160MHz

2.5/3.3V

P22
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Src. Dest. Schematic net name Freq. 1/0 FPGA | Description
standar pin
d
Clk. SI_CLK1 8kHz- 2.5/3.3V | P23
Gen. 160MHz
(1C57) EXT_GXB _CLK P 8kHz- LVDS P8 Single-ended
160MHz converted to
EXT_GXB_CLK_N 8KkHz- N7 differential
160MHz through IC56
SI_CLK4 8kHz- - - Can be
Clk. 160MHz selected as
Buff. IC52 CLKinl
(IC52) clock source
FPGA | SI_CLK6 8kHz- 1.5V AB18
160MHz
SI_CLKY7 8kHz- 1.5V AC15
160MHz
FX3 FPGA | FX3 PCLK 66MHz, | 1.5V AB16
(1C42) 100MHz
GNSS | FPGA | GNSS_TPULSE * 3.3V/[25 | T23
(1C48) \%
RTC FPGA | RTC_32KHZ 32kHz 1.5V H17
(1C50)
X05 FPGA | CLK100 FPGA 100MHz | 1.5V Y15
X06 FPGA | CLK125 FPGA 125MHz | 1.5V L15
XO7 FPGA | CLK125 FPGA TOP P | 125MHz | LVDS H19
CLK125 FPGA TOP_N J18
X08 FPGA | CLK125 FPGA BOT P | 125MHz | LVDS AB14
CLK125 FPGA BOT N AC14
X09 FPGA | CLK125 FPGA REF P | 125MHz | LVDS R8
CLK125 FPGA REF N R7
FPGA | DAC DAC_CLK_WRT * 2.5/3.3V | M29 Goes through
(1C40, clock buffer
IC41) (IC21)
Clk. FPGA | CLK_LMK_FPGA_IN * 1.5V AB17
Buff.
(IC52)
RFIC FPGA | LMS1 MCLK1 * 2.5/3.3V | U22
(IC1) LMS1 MCLK?2 * 2.5/3.3V | U21
FPGA | RFIC LMS1 FCLK1 * 2.5/3.3V | Y30
(IC1) LMS1 FCLK2 * 2.5/3.3V | Y22
FPGA | Clk. LMK_CLK_FPGA OU |* 2.5/3.3V | N21
Buff. T
(IC52)
FPGA | LMS2 MCLK1 * 2.5/13.3V | T24
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Src. Dest. Schematic net name Freq. 1/0 FPGA | Description
standar pin
d
RFIC LMS2_MCLK?2 * 2.5/3.3V | U23
(IC2)
FPGA | RFIC LMS2 FCLK1 * 2.5/3.3V | W30
(IC2) LMS2_FCLK2 * 2.5/3.3V | AC29
FPGA |DDR3 |DDR3 TOP_CK P * Different | M9
(1C33, jal 1.5-V
IC34) | DDR3_TOP_CK_N * SSTL M8
Class |
FPGA |DDR3 |DDR3 BOT CK P * Different | Y13
(1C35, ial 1.5-V
1C36) DDR3_BOT_CK_N * SSTL AAl4
Class |
FPGA | DAC DAC_CLK_WRT * 3.3V M29 Feeds  both
(1c40, DAC through
1C41) clock buffer
(IC55)
ADC FPGA | ADC_CLKOUT_P * LVDS L14
(1C37) ADC CLKOUT N * L13
FPGA | ADC ADC_CLK 3.3/2.5V | N30 Converted
(1C37) from single
eneded to
LVDS
through 1C39

* - depends from design

2.2.8.2 Clock buffer source selection

Clock buffer (1C52) presented in Figure 12 provides clock signals for following components:
e LMS7002 transceivers (IC1, 1C2);

FPGA (1C29) pin AB17;
Phase detector (1C53);

Clock generator (IC57);
U.FL connector J35 (REF CLK OUT label on board). To use this output OR resistor R378

has to be fitted.

For Clock buffer (1C52) there are two possible clock sources (CLKinO and CLKinl). Source is
selected via R375 resistor.

CLKIinO —to select this input as a source for Clock buffer (1C52) R375 resistor has to be removed
(removed by default). As a source for this input one of the following high-precision crystal
oscillators can be selected:

1. XO1-30.72 MHz VCOCXO (precision: +20 ppb stable)

55|Page




LimeSDR-QPCle v1.2 User Manual

2. X0O2 or XO3 —30.72 MHz VCTCXO (precision: £1 ppm initial, £4 ppm stable);
3. XO4 - 40 MHz VCTCXO (precision: £1 ppm initial).

IC52 buffer CLKinO clock source is selected by one of the 0402 size OR resistor combinations,
required modifications can be found in Table 34.

Table 34 Crystal oscillator selection for clock buffer (1C52)

Source for clock buffer OR Fit OR NF Comment
(1C52) CLKIinO input
XO01 R364, R379, Default selection
R365 R380,
R382,
R384
X02, X03 R379, R364,
R380 R365,
R382,
R384
X04 R382, R364,
R384 R365,
R379,
R380

CLKinl — to select this input as a source for Clock buffer (IC52) R375 resistor has to be fitted
(removed by default). As a source for this input one of the following sources can be selected:

1. Clock generator (IC57)

2. U.FL Connector (J36)

3. FPGA (1C29) output pin N21

Table 35 Source for clock buffer (IC52) CLKin1 input selection

Source for clock buffer Schematic net name OR Fit OR NF | Comment
(1C52) CLKinl input
Clock generator (IC57) SI_CLK4 R374 R368, Default
output CLK4 R372 selection
J36 U.FL Connector REF CLK_IN R372 R368,
R374,
R389
FPGA (IC29) output pin | CLK_LMK_FPGA OUT | R368 R372,
N21 R374

2.2.8.3 VCTCXO clock tuning

VCTCXO can be tuned by on-board phase detector (IC53, ADF4002 [link]) or by 16-bit DAC
(1C54). The on-board phase detector is used to synchronize on-board VCTCXO with external
equipment (via J36 U.FL connector) to calibrate frequency error. At the same time only ADF or
DAC can control VCTCXO. Both ADF and DAC are connected to FPGA_SPIO interface. For
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details see chapter 2.2.4.1 SPI interfaces. With valid configuration selection between ADF and
DAC is done automatically. When board is powered, by default VCTCXO is controlled by DAC.

2.2.9 Power Distribution

LimeSDR-QPCle board can be powered from several sources. The first power supply source
option is 12V DC through a 2.5mm centre positive barrel connector. The second one is through a
standard 6-pin PCle power connector J38 (0.165” pitch). The last supply source option is the board
edge PCle connector.

LimeSDR-QPCle board has complex power delivery network consisting of many different power
rails with different voltages, filters, power sequences. LimeSDR-QPCle board power distribution
block diagram is presented in Figure 13 in two parts.

VCC12P0_PCIE VCC12P0 VCC1P1 VCCI1PIL_FPGA  VCCI1PIE_FPGA
T Switching reg.
12V from PCle
connector ] ADP2386
(limited to 25W) 1.1V 6A
ezl 2 VCC1P5 +1.5V_DIG_LMK3
T Switching reg. T
+—1 ADP2388
DC 12V from PCle 6- 1.5V BA
pin or external PS
VCC2P5  VCC2PSH_FPGA
Switching reg.
ADP2386
2.5V BA
VCC3P0O_BATT VCC1P8 VCC1P8A_ADC VCC1P8D_ADC VCC1P8_FX3
Cinear reg. D—T
—— LD39100 LC -LC -LC
1.8V 1A
VCC3P3 VCC1P2 VCC1P2_FX3
Switching reg. Linear reg.
ADP2386 LD39100
3.3V 6A 1.2V 1A
VCC3P3A_DAC1 VCC3P3D_DAC1 VCC3P3A_DAC2  VCC3P3D_DAC2
VCC3P3_RF VCC3P3_FX3 VCC_ADCDRV
[Lc] [t} ﬂ-LC |
J r
: i
VCC5P0 VCC3P3 OLK VCC3P3 CFX3  +3.3V_DIG_LMK  +33V_DIG_LMK2
Switching reg. Linear reg I :
ADP2386 LD39100
5V BA 3.3V 1A "
VCC3P3_X0
Cinear reg |
«—— LD39100 }—— }+—+—ANF}—
3.3V 1A
Linear reg.
ADP150 NF }
3.3V 0.15A
a
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VCC3P3 VDIO_LMS_FPGA  VDIO_LMS1 VDIO_LMS2 VCC3P3 VDIO_DAC_FPGA  VDIO_DAC_CLK
S [E— e
VCC2P5 VCC2P5
‘ | I | \—ll
VC1P25_LMS1_DIG VC1P25_LMS2_DIG
Linear reg. Linear reg.
LP38503TS |— LP38503TS J
1.25V 3A 1.25V 3A
VC1P25_LMS1 VC1P25_LMS2
Linear reg. Linear reg.
LD39100 —T LD39100 —T
1.25V 1A 1.25V 1A
VCC1P4_LMS1 VCC1P4_LMS2
Linear reg. Linear reg.
LD39100 —, LD39100 —,
1.4V 1A 1.4V 1A
VCC1P8_LMS1_A VCC1P8_LMS2_A
Linear reg. Linear reg.
LD39100 J LD39100 —T
1.8V 1A 1.8V 1A
VCC1P8_LMS1_B VCC1P8_LMS2_B
Linear reg. Linear reg.
LD39100 LD39100
1.8V 1A 1.8V 1A

Figure 13 LimeSDR-QPCle v1.2 board power distribution block diagrams

Power network power circuit ICs are presented in Figure 14 and Figure 15.

&
i
2

CYCLONE V

Figure 14 LimeSDR-QPCle v1.2 board power ICs on TOP side
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Gy
Kal %, cug et

o't B8
Boss g

Figure 15 LimeSDR-QPCle v1.2 board power ICs on BOTTOM side
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3. Getting Started with LimeSDR-USB

3.1 Launching LimeSuiteGUI and Connecting to the LimeSDR-
USB Board

First of all, connect LimeSDR-USB board to PC USB3.0 socket. Please go the section 4 “Drivers
Installation” to see how to install OS drivers so your PC can see LimeSDR-USB board. In the
provided USB Flash there is a folder GUI in which you will find LimeSuiteGUI.exe file. Open it.

' |_| l " = |_| Application To...

Home Share View Manage ~ 0

a0iex WS (35 [®

Copy Paste _ Fr = MNew Properties . Select
[2] B 2 folder = A 2]

-

Clipboard Crganise New Jpen
@ * P o« LimeSDR UL, » gui AN v} Search gui @

e Desktop A Name

| Documents .
. ImsTsuite_wfm

= LimeSuiteGUI
2 | Ite_ini

4 Downloads |
W Music
[ myNetgooc

=| Pictures v €

Jitems  1item selected 6.54 MB

Figure 16 Opening LimeSuiteGUl.exe file

To launch LimeSuiteGUI application go to menu and select: Options -> Connection Settings as

shown in Figure 17.
File | Options | Modules  Help

|I] (A CH

| ConnectionSettings

Cache calibration values I
Calik

AFE
Receiver

Gain Corrector

Y

Figure 17 Opening connection settings

Select LimeSDR-USB board as shown in Figure 18 and press Connect.
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Board connections:

USB 3.0 (LimeSDR-USB) [USB] 9062A00CE2D11

| Connect | | Cancel | | Disconnect |

Figure 18 LimeSuiteGUI select ports

3.2 Loading and Saving Register Settings

In order to load settings, click button Open as shown in Figure 19.

File Options Modules Help
| New | Open Save | @ ACHANNEL

Calibrations RFE | RBE | TRF | TBB | AFE | BIAS

Receiver

(Rain (CArrertar

Figure 19 Opening LimeSuiteGUI settings file

Select .ini setting file and click Open as shown in Figure 20.

Home Share View ~ @

__3-
45 B

Copy Paste _ - New Properties ; Select
El folder - r‘é

Clipboard Organise New Open

-

@ * 4 | « LimeSDRU... + gui v & Search gui

-~

g Desktop ~  Name
| Documents
i Downloads

| ImsTsuite_wfm
2 LimeSuiteGUI

W Music |ﬁ e ini
e_Inl
[T MyNetNo0OC =

=] Pictures vl ez
Jitems  1item selected 16.5 KB

Figure 20 Selecting LimeSuiteGUI settings file
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Then click GUI --> Chip button as shown in Figure 21.

]EnabIeMIMO| Chip-—>GUI || GUI-->Chip |  Reset |

| CLKGEN | SXR | SXT | Limelight & PAD| TxTSP | RxTSP | CDS |
Transmitter

Gain Corrector
=] .
}% o<
EI Q: £

Figure 21 Sending LMS7002M settings from GUI to LimeSDR-USB board

2047
2047

L

L

If you want load all LMS7002M settings from LimeSDR-USB to GUI, then click button Chip--
>GUI as shown in Figure 22.

[Enable MIMO| | chip»GUI | GUI->Chip |  Reset |

]

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

Transmitter

Gain Corrector

}% o< > | 2047
a] .
= O < > | 2047

Figure 22 Sending LMS7002M settings from LimeSDR-USB to GUI

3.3 Quick Test

If there is a need to check if the board is fully working you can run very simple and quick board
test. All instruction on how to do it you can find online here. One you see the graph as it show in
Figure 23 of W-CDMA signal on FFT Viewer, you know that the board is working.
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B FFT viewer - a X
2000 2000
I Sal‘l‘lp] es ] I wversus Q FFT parameters
o —
1508 1500
Samples count 16384 =
1000 1000 Data reading
Packets MIMO_ < | Rerate: 92,537 MB/s
¢ g Txrate: 0B/s
=2 288 START
ol g [JLoopback RX to TX
| Window function:
-500 -500 Rectangular v
Capture to file
108 1968 [ Capture enable
Samples to capture: | 16384 [ =
1508 -1500
I Graphs
AAA & -
100 200 300 400 500 600 700 500 96 106t  -2080 1066 7 1806 700 g:z:zg;’:\;”mon
&mplitude(dBFS) T [ Freeze FFT

k- Display channel: | A&B v

_20 FFT averaging: <

- Buffers status
E R [——
-40 T

Measurement
-50

Ch1 Ch2

-60
-80 Power(dbFS): -24.939 -24.939

dBc 0.000
-90

Figure 23 Performing Quick Test

3.4 Changing TX/ RX Frequency
After power up in order to configure LMS7002M Tx or Rx LO to 2140 MHz, do the following:

Select the SXR tab for Receiver or SXT tab for Transmitter

Enable SXR/SXT module

Type the wanted frequency in Frequency, GHz box. In this case, 800 MHz
Press Calculate followed by Tune

el NS =

See Figure 24 below to check related controls in the LimeSuiteGUI.
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File Options Modules Help
| | | (DAETRRE BCHANNELI:|E"ab‘e“"”""0| Chip->6UI B> Ciip | Reset | Temperature: 77777 | Read Temp | Cal. Int ADC

MNew Open Save

Calibrations | RFE  |RBE | TRF | TBE | AFE | BIAS |LDO | XBUF | CLKGEN |SXR | SXT «TSP | RTSP | cDs | BIST | TRX Gain | MCU | R3 Controls|

Power down controls Test mode of $X | TST dissbled
[ Fesdback divider block Division ratio PLL loop filter Active VCO Frequency, MHz
[Chergepump Trim duty cycle of DIVZLOCH |3 [ €P2 13.832pF | OivegL 00000
[ ] Forward frequency divider CP3 41160 pF | Caleulate |

C7soM Trim duty cycle of DIVALOCH |3 [[2]

%xgg comparator division ratio % CZ | 517.440 pF D
[¥] Enable SXR/SXT module
Direct control Controls
Calculated Values for Fractional Mede YCO Comparators

[] Direct central of PDs and ENs
N Integer: 100 M Fractional: 174762 High: I Lowe I

SXT/SKR controls Output Freq, MHz 800,000 Divider: 272
reas
[] Bypass noise filter resistor DIVZ prescaler: 1 Reference clock(MHz): | 30.720

[¥] Bypass SX LDO

[]Enable coarse tuning CSW_VCO < > m

/| Enable current limit
& Scales VCO bias current € >

[] Reverse pulses of PFD

% Enable INTEGER N mode VCO params | LDO output voltsge 15478V v

L [y

[ Reverse SDM clock
(] Enable dithering in SDM Scales pulse current of charge pump | 145.656 uA4 v | Feedback divider for SDM CLK DIV w
Reference voltage 16V v | Scales offset of charge pump | 2816 A v
PLL LPF zero resistor: Rzerp = 20 kOhm v
CMPLO_CTRL: Low treshold is set to 0.18V
[19:38:32] INFQ: Estimated reference clock 30.7196 MHz ~ Clear
[19:38:32] INFO: Selected reference clock 30.720 MHz
[19:38:32] INFOQ: Connected Control port: LimeSDR-USB FW:3 HW:4 Protocol:1 GW:2 GW_rev:6 Ref Clk: 30.72 MHz Show Leg
¥ [JLeg data

Control port: LimeSDR-USB FW:3 HW:4 Protocol1 GW:2 GW_rev:6 Ref Clic 30.72 MHz

Figure 24 SXR / SXT register setup procedure

3.5 Changing Receiver Gain

Select the RBB tab to configure the PGA gain and baseband filter bandwidths. Follow the
configuration steps below:

Select the A CHANNEL to control channel A
Select PGA output to output pads. This selection enables receiver analog outputs

Set PGA gainto -1 dB
Configure filter bandwidth. Type desired bandwidth and click Tune

el A

See Figure 25 below to check related controls in the LimeSuiteGUI.
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File Options Modules Help

| New  Open || save i@ACHA””ELI Step 1 nableMIMO | chip»GUl | GUI->Chip || Reset | Tamparature:?????

Calibrations [ RFE 'RBE | TRF  [Te [AFE  |BiAs [1Do [xBUF |cikGEN|SxR | sxT | Limelight&PAD| TxTsP [RuTSP | cDS | BIST | TRX Gain | MCU | R3 Cantrols|

Power dewn controls BB loopback to RXLPF | Disabled v
tgimg’:‘k“ PGA input connected to | LPFL_RBB v
[]PGA block PGA gain I -1dB vj
Enable RBE module PGA Feedback capacitor < AN EIE
Direct control PGA output con, ed to
[[] Direct contrel of PDs and EMs =
RXLPF RC time constant Operational amplifier
Resistance 16 w| LPFH stability passive compensation 1 v
LPFH capacitance value < > 128 = LPFL stability passive compensation when 20MHz v
LPFL capacitance value < > 12 = Input stage reference bias current (RBB_LPF) | 12 v
Rx Filters eference bias current (RBB_LPF) | 12 v
RF bandwidth (MHz) | 10 | ‘ TUNE | eference bias current (PGA) 6 v
put stage reference bias current (PGA) 6 v
PGA stahility passive compensation 23 v
[12:33:32] INFO: Selected reference clock 30.720 MHz Al Clear
[19:38:32] INFOQ: Connected Control port: LimeSDR-USB FW:3 HW:4 Protocol:1 GW:2 GW_rev:6 Ref Clk: 30.72 MHz
[20:00:40] INFQ: SXR frequency set to 800.000000 MHz Show Lag
¥ [JLeg data

Control port: LimeSDR-USB FW:3 HW:4 Protocol1 GW:2 GW_rev:6 Ref Clic 30.72 MHz

Figure 25 RBB register setup procedure

3.6 Changing Transmitter Output Signal Gain

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

1. Select the A CHANNEL to control channel A

2. Set Frontend gain to your wanted

3. Configure the base band filter settings. Type desired bandwidth and click Tune and Tune
gain

See Figure 26 below to check related controls in the LimeSuiteGUI.
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File Options Modules Help

New | open | sawe | B ¢ Step 1 nobleMIMO | chip »Gul | Gul-schip || Reset | Temperature: 7777 | Read Temp || Cal.Int ADC |

Calibrations |[RFE |[RBE | TRF  |{TBE Y AFE |BiAs [1DO | XBUF |cClkGEN|SXR | sxT | Limelight&PAD| TxTsP [RuTSP | CDS | BIST | TRX Gain | MCU | R3 Cantrols|

Power down controls [ Bypass LPF ladder of TBE
[]LPFH_TBB biguad [ Bypass LPFS5 filter capacitor banks
[]LPFIAMP_TBE front-end current amp Tx BB loopback Disabled
LPFLAD_TBB low pass ladder filter .
- Enable Tx | I it Disabled
LPFS5_TBB low pass real-pole filter nable T Q znalog inpu e hd
Enable TBE module Frontend gaml( |37
Direct control
[ Direct control of PDs and ENs Reference bias current
IAMP main bias current sources < > 2 %
IAMP cascade transistors gate voltage < > 2 %
Operational amplifier TxLPF resistor banks
Output stage bias current low band real pole filter 12 v | LPFH equivalent resistance stage < > 97 ;
Input stage bias current of low band real pole filter 12 | LPFLAD equivalent resistance stage < > 193 £l
Input stage bias reference current of high band low pass filter | 2 v | LPFS5 equivalent resistance stage < > 76 =
Output stage bias reference current of high band low pass filter | 12 v | Commen control signal for all TBB filters < > 16 =
Output stage bias reference of low band ladder filter 12 ]
Input stage bias reference of low band ladder filter 12 v
T Filters
RF bandwidth (MHz) 56 TUNE Tune Bain
[12:33:32] INFO: Selected reference clock 30.720 MHz Al Clear
[19:38:32] INFOQ: Connected Control port: LimeSDR-USB FW:3 HW:4 Protocol:1 GW:2 GW_rev:6 Ref Clk: 30.72 MHz
[20:00:40] INFQ: SXR frequency set to 800.000000 MHz Show Lag
¥ [JLeg data

Control port: LimeSDR-USB FW:3 HW:4 Protocol1 GW:2 GW_rev:6 Ref Clic 30.72 MHz

Figure 26 TBB register setup procedure

3.7 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 as
shown in Figure 27.

File Options | Modules | Help
| New | FFTviewer (®) A CHANN

ADF4002

Power down ¢

Programming

[CJLPFH_TBB k&
] LPFIAMP_TI HPM7
LPFLAD_TEI | FPGA controls |
LPFS5_TEBE |
Enable TBB Myriad7
Direct contr

Device Info
[ Direct con spl

Board controls

Operational amplifier
Output stage bias current low band real pole filter

Input stage bias current of low band real pole filter

Input stage bias reference current of high band low pass filter

Figure 27 Selecting 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 CW waveform by clicking on Onetone button, as shown
in Figure 28.
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Digital Interface
[ | Digital Loopback enable

WFM loader

Onetone W-CDMA [CImimMo
=X
0%

. Play> | Stop| |

Figure 28 Waveform selection

The file loading process to the FPGA is shown by indication bar, see Figure 29.

Digital Interface
[ Digital Loopback enable

WFM loader
| Onetone H W-CDMA ||:|MIMO

[ Cumom |
100% _I

Play = Stop ||

Figure 29 Loaded waveform indication

3.8 Digital Loopback Enable

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 30.
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Digital Interface
Digital Locpback enablel

WFM loader

| Onetone H W-CDMA ||:|M|Mo

0%

| Play> | Stop]|

Figure 30 Select Digital Loopback enable
3.9 Run FTT Viewer

FFTviewer module is a part of LimeSuiteGUI software. To run FFTviewer, go to top menu, select
Modules and choose FFTviewer as shown in Figure 31.

File Options | Modules | Help

 New | Frvews || @A CHANNEL (8 CHANKEL [ Enable MINMO
ADF4002
Calibrations | giaerc lafe |Bias oo | xBUF | cukeen | sx
Power down ¢ []Bypass LPF ladder of
[JiprH BB @ o9emming [] Bypass LPFS5 filter ¢
] LPFIAMP_T! HPMT Tx BB loopback

LPFLAD_TEI

FPGA controls
LPFS5_TBE |

Enable Tx1Q analog inp

Enable TBE Myriad? Frontend gain <
Direct contr Device Info
[ Direct con Reference bias curren

SPI

IAMP main bias currer
Board controls

IAMP cascade transist

Figure 31 LimeSuiteGUI module menu to select FFTviewer

FFTviewer control window will appear. Before start capturing data, set the Data reading type to
“Packets MIMO?”, Display channel and press Start, as shown in Figure 32 and Figure 33.
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Figure 32 FFTviewer Controls

FFT parameters
Nyquist freq (MHz): 5.000000

L3

Samples count 16384

Data reading

Packets MIMO  w R rate: 0 MB/s
Tx rate: 0 ME/s

Packets 5150
EoopEa CE g to TX

Window function:

Rectangular v

Figure 33 Setting data type to Packets MIMO

At this point, the FFTviewer start capturing data. Connect the generator to selected LimeSDR
receiver path. In the Figure 34 showed the FFTviewer data capture with 1 MHz CW signal offset
from LO.

1060 I SEII'I'IFI]EEE se [ I wersus O
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100
-2e0
300
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-7eE0

16800 200 I
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o:  1.000 MHz / -16.1 dBFS w

I

-1@

Figure 34 FFTviewer window in operation
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3.10 Manual Calibration of 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 look
for the best Offset 1/Q values to reach minimum level of DC Offset. See Figure 35 below.

File Options Modules Help

MNew Open

Calibrations | RFE
Power down controls

[]LNA RFE

Loopback 1

Loopback 2

[ Mixer LO buffer

[ ] Quadrature LO generator

RSS!

[]Ta

Enable RFE module

Direct control

[[] Direct contrel of PDs and EMs

RBE

Input shorting switches

input of leopback 1
input of loopback 2
[Jinput of LNAL
input of LNAW

TRF

Save
TBB AFE BIAS | LDO
Active path to the RXFE

Decoupling cap at output of RX mixer

XBUF | CLKGEN
LMNAL
400 fF

Controls cap parallel with the LNA input | 3

Compensation resistor of TIA opamp

4

Sets feedback resistor to nominal value | 13

[C]Enable Rx MIMO made

Current control

(8) A CHANNEL (B CHANNEL [_|Enable MIMO | i gy

SXR

v

v

v
v
v

LNA output commen mode voltage | 2 W

LMNA core 1291.7 uh w
DC

Offset I: < >0

Offset s < >0

Mixer LO signal | B0

Enable DC offset

[20:38:40] INFQ: Estimated reference clock 30.7195 MHz
[20:38:40] INFQ: Selected reference clock 30.720 MHz
[20:38:40] INFQ: Connected Control port: LimeSDR-USB FW:3 HW:4 Protocol:1 GW:2 GW_rev:6 Ref Clk: 30.72 MHz

GUI-->Chip

SXT
Capacitor controls
Compensation TIA | 12
Feedback TIA <

Gain controls
LNA
Loopback
TIA

Reference current

Loopback amplifier | 1.800 uA

TIA 1st stage <
TIA 2nd stage <
Trim duty cycle
I channel: 8
Q channel: 8

Control port: LimeSDR-USB FW:3 HW:4 Protocol1 GW:2 GW_rev:6 Ref Clic 30.72 MHz

Reset

Limelight & PAD | T¥TSP | RxTSP | CDS

230

Gmax
Grmax-40

Gmax

Temperature: 77777 | Read Temp Cal. Int ADC

BIST TRX Gain | MCU | R3 Controls

v

v

v

v

v

v

v
2 Clear

Show Log

¥ [JLeg data

Figure 35 RX DC offset manual calibration

For residual DC offset calibration you need to enable the DC corrector in RXTSP tab. See
Figure 36. It should be enabled (check box un-checked) by default.
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File Options Modules Help

| New | open || save (®) A CHANNEL (B CHANNEL [ ]Enable MIMO | cpin 56Ul | GUI-->Chip Reset | Temperature: 7777 | Read Temp || Cal.int ADC
Colibrations | RFE |RBB | TRF | 788 |AFE |BiAS [1DO |JBUF | CLKGEN | SR |SXT | Limelight&PaD| TSP | RaTSP DS | BIST | TRXGain | MCU | R3 Controls
Enable RxTSP NCO DC_REG: fiff | = CMIX Decimation
voass FCW(MHz)  PHO(deg) RefCIk(MHz): 20.000 [ Losdtonc) | [Upconvet  v|  HEDmtic: |21 vl
T Ol 021000 0000 | Upload NCO | | Losdtoncq | G088 v
[ DCtracking loop (w)| 0.642000 0.000 Mode Delay line: Nodelay
[[] Gain corrector o
Ephasecnrredol (| 0.000000 0.000 @FCW O PHO GFIR1 GFIR2 GFIR3
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AGC () 0:000000 | 0.000 PHOWeg) [0000 ‘ Length: |0 v Length: [0 v Length |0
e A J —_
(] GFIR1 [ 0.000000 0.000 9 - Cliratio: |0 [[3] Clratio: [0 |3 Clkratio: 0 |2
GFIR2 - 1 Bits to dither: | 1 v ‘ 11T : I 1
GFIR3 (| 0.000000 0.000 L Coefficients | | Coefficients Coefficients
BIsT o[ ) 0000 Swap land Q Phase Corr
BISTI: m | 0.000000 0.000 signal sources from TSG | 0 =]
BSTATEL: ! 2 =
TSGFCW TSGMODE
BISTC: wm (] 0:000000 0.000 . - Alpha(Deg): 0
- : @®TsPak/s | (ONCO
BSTATEQ: 77 () 0:000000 0.000 Gain Comector
[] Start BIST Read ————— (TSP clk/4 (®) DC source
| (0| 0.000000 0.000 [T < > | 2047 |
RSSI [ 0.000000 0.000 Input source TSGFC Q< > | 2047 ;.
ADCE: m ) @/Adc @ -6d8 i
(| 0.000000 0.000 N N AGC
ADCO: m —L d (O Testsignal (O Full scale f
RSSE: m [ 0000000 0.000 Mode: AGC v
[JCAPSEL ADC |  Read o[ 0000000 1 0.000 Window size: | 2410 v
[ 0.000000 ] 0.000 Loop gain: < >0 :I
Output level: < >0 :I
[20:32:40] INFO: Estimated reference clock 30.7193 MHz [l Clear |
[20:32:40] INFO: Selected reference clock 30.720 MHz
[20:32:40] INFO: Connected Control port: LimeSDR-USB FW:3 HW:4 Protocol:1 GW:2 GW_rev:6 Ref Clic 30.72 MHz Show Log |
¥ [JLog data
Control port: LimeSDR-USB FW:3 HW:4 Protocol:1 GW:2 GW_rev:6 Ref Cliz 30.72 MHz

Figure 36 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 37.
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Ma: 1.0800 MHz / -16.1 dBFS w Wanted
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-4
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Figure 37 Receiver spectrum with un-calibrated 1Q imbalance
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To calibrate RX 1Q imbalance, go to RXTSP tab on LimeSuiteGUI GUI. On 1Q Correction box
adjust Gain ch. I or Gain ch. Q followed by Phase correction to reduce the Unwanted SSB. See
Figure 38.

File Options Modules Help

New Gpen Save (®) A CHANNEL ()8 CHANNEL []Enable MIMO | cin Ui || GUI-->Chip Reset Temperature: 7777 | Read Temp | Cal.intADC |
Calibrations | RFe  |Ree | TRF  [788 | aFE  |BIAS | 1DO | XBUF | CLKGEN|SXR | SXT | Limelight &PAD| TxTsP | RTSP | cOS | BIST | TRX Gain | MCU | 83 Controls
[¥] Enable RxTSP NCO DC_REG: fiff CMIX Decimation
Bypass | FCW(MH2)  PHO(deg) RefCIk(MH2): 20.000 Losdtonc! | [Upconvert  v| Mg ratic: .

D€ comector O 0321000 000 | Upload NCO Losdtoncq | O 008 V|
[]DC tracking loop (@ 0.642000 0.000 Mode g Delay line: No delay +
[[] Gain corrector )
[] Phase corrector () 0.000000 0.000 @ FCW OPHO GFIR1 GFIR2 GFIR3
Llemx Ol 0.000000 0.000 Length: |0 v Length: (0 | Lengthh 0
vl AGC PHO(deg) | 0.000 — L g -
[] GFIR1 O/ 0.000000 0,000 Clkratio: | 0 |5 Clkratio: |0 |5 Clkratios | 0 |
GFIR2 d Bits to dither: | 1 - 1 - :
[¥] GFIR3 )/ 0.000000 0.000 L Coefficients Coefficients Coefficients
d TSG - - L
BIST O | 0.000 Swapland Q Phase Corr
:ISS-::TU :’: | 0.000000 0,000 signal sources from T5G - >0 =
b . | TSGFCW TSGMODE L =
BISTQ: m (0 0000000 0.000 . - Alpha(Deg): 0
T ] ®TPeclka  (ONCO
ESTATE?Q m e 0.000000 0.000 .,'\] \ Gain Corrector
[ Start BIST Read 1 TSP clk/4 (@ DC source )
| O 0.000000 0.000 ko< > [ 2047 =
Input source TSGFC I =
RSS! 0! 0.000000 0,000 ' ; ‘ @ < > | 2047 =
ADCE: m @and ®-6d8
O 0.000000 0.000 o AGC
ADCC: m - O Testsignal O Full seale
RSSI: m (| 0.000000 0.000 Mode: AGC v
[JcapseL_apc Read 0 0.000000 0.000 Window size: | 2410 v
O 0.000000 0.000 Loop gain: < > IO =
Output level: < >|0 =
[20:38:40] INFO: Estimated reference clock 30.7195 MHz ~ | Clear
[20:38:40] INFO: Selected reference cleck 30.720 MHz
[20:38:40] INFO: Connected Control port: LimeSDR-USB FW:3 HW:4 Protocol:1 GW:2 GW_rev:6 Ref Cli: 30.72 MHz Show Log |
¥ [[]Log data
Control port: LimeSDR-USB FW:3 HW:4 Protocol:1 GW:2 GW_rev:6 Ref Cllk: 30.72 MHz
Figure 38 Rx 1Q correction block
Calibrated receiver spectrum should look like in the Figure 39.
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Figure 39 Calibrated Rx Spectrum

72|Page



LimeSDR-QPCle v1.2 User Manual

3.11 Manual Calibration of TX Path

The LO leakage and 1Q imbalance have to be calibrated for the LMS7002M transceiver in order
to get optimum performance for Tx EVM measurement. The 1Q imbalance calibration is done by
generating CW and adjusting 1Q phase/gain error for 1Q 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 LimeSuiteGUI and select the Test Signal as input for Tx path and NCO
as TSGMODE, as showed in figure below.

8 A CHANNEL (B CHANNEL [_|Enable MIMO | cpin 61 | GUI-> Chip Reset

Temperature: 77777 | Read Temp Cal. Int ADC

BIAS LDO XBUF | CLKGEN | SXR SXT Limelight & PAD| TxTSP | RxTSP | €DS BIST

File Options Modules Help
MNew Open Save
Calibrations | RFE RBE TRF TBB AFE
Enable TXTSP HCo DC_REG ffff CMIX
ypass . FCW(MHz)  PHO(deg) RefClk(MHz): 20.000 ooaiancr | [Upconvert
@/ 0.000000 0.000 -
[1DC corrector = Upload NCO Load to DCQ Gain: | 0dB
[ Gain corrector (73| 0.000000 0.000
~ Mode
[]Phase corrector ~ GFIR1 GFIR2
[l cmix (| 0000000 0.000 @FCW () PHO
[CT1sINC . Length: |0  »| Length: 0
(0] 0.000000 0.000
GFIR1 PHO (deg) | 0.000 Clkratios | 0 | = Clkratio: 0
GFIRZ ()| 0.000000 0.000 -
GFIR3 B . Coefficients Coefficients
Bits to dither; | 1 v
(73| 0.000000 0.000
BIST - TG
3 0 Phase Corr
[ Start BIST ([ 0000000 0.000 [ Swap | sndQ
State ? (7 0.000000 0.000 signal sources from TSG <
Signature ch. | 777777377 TSGECW TSGMODE AlphalDeql: 0
Signature ch. @ 227277777 ()] 0.000000 0.000 pha(Deg):
® ®
Read BIST [ 0.000000 0.000 eTPk/E | @NCa Gain Corrector
(TSP clk/4 () DC source L <
[ 0.000000 0.000
B o«
o[ 0000000 0,000 Input source 13GFC
- - DC Corrector
| 0.000000 0.000 -
) () Full scale ko«
[ 0.000000 0.000 B
(2] 0.000000 0.000
(7| 0.000000 0.000
[20:38:40] INFQ: Estimated reference clock 30.7195 MHz
[20:38:40] INFQ: Selected reference clock 30.720 MHz

[20:38:40] INFQ: Connected Control port: LimeSDR-USB FW:3 HW:4 Protocol:1 GW:2 GW_rev:6 Ref Clk: 30.72 MHz

Control port: LimeSDR-USB FW:3 HW:4 Protocol1 GW:2 GW_rev:6 Ref Clic 30.72 MHz

v

Interpolation
v HEl ratio:

v 2+ w

GFIR3

Length: |0 w

Clk ratio: | 0
Coefficients

> 1778
> | 1968

TRX Gain | MCU | R3 Controls

2 Clear

Show Log
¥ [JLeg data

Figure 40 Enable the test NCO

NOTE: Before configuring TXTSP 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 41.
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BN Agilent Spectrum Analyzer - Swept SA
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s

Figure 41 Not calibrated Tx Output

To do the LO leakage calibration, select TXTSP tab in the LimeSuiteGUI GUI and adjust the DC
Corrector settings (see Figure 42) for channel I and Q separately to get minimum LO leakage.

_—

Lime Surte GUI
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[7]0C comrector ® 0.000 Upload NCO LoadtoDCq | Gain: | 0B v| [am v
[ Gain corrector ~y| 0.000000 0.000
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¥ [JLeg data
Control port: LimeSDR-USB FW:3 HW:4 Protocol1 GW:2 GW_rev:6 Ref Clic 30.72 MHz

Figure 42 DC offset block control
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To calibrate Unwanted SSB, use the 1Q Corrector controls in the TXTSP tab. Change I ch. gain
or Q ch. gain followed by Phase correction to reduce the Unwanted SSB as shown in Figure
43,
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| 0.000000 0.000 Q < >3 =
3| 0.000000 0.000
3| 0.000000 0.000
[20:38:40] INFQ: Estimated reference clock 30.7195 MHz ~ Clear
[20:38:40] INFQ: Selected reference clock 30.720 MHz
[20:38:40] INFQ: Connected Control port: LimeSDR-USB FW:3 HW:4 Protocol:1 GW:2 GW_rev:6 Ref Clk: 30.72 MHz Show Leg
¥ [JLeg data
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Figure 43 1Q Corrector block control

Calibrated Transceiver TX output should look like in the Figure 44.
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Figure 44 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 40.

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 GUI.
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3.12 Clock Configuration

Onboard clock sources can be configured by LimeSuiteGUI. More information about clock
distribution is detailed in chapter “2.2.8 Clock Distribution”.

3.12.1 VCTCXO Tuning

VCTCXO can be tuned by onboard phase detector (1C23, ADF4002) or by DAC (IC22). The
onboard phase detector is used to synchronize onboard VCTCXO with external equipment (via
J19 U.FL connector) to calibrate frequency error. At the same time only phase detector or DAC
can control VCTCXO. DAC and phase detector is controlled by FX3 (USB) and selection
between them is done automatically. When board is powered, by default VCTCXO is controlled
by DAC.

FPGAZ2 LED indicates DAC or phase detector controls VCTCXO and phase detector lock state.

3.12.2 Tuning VCTCXO Using Frequency Synthesizer (ADF4002)

VCTCXO can be tuned by onboard phase detector (IC23, ADF4002) or by DAC (IC22). If phase
detector is configured from LimeSuiteGUI software, then DAC is disabled automatically and
VCTCXO tuning voltage is supplied from phase detector. When phase detector controls
VCTCXO, FPGA2 LED indicates its lock state: red — not locked, green — locked.

The phase detector is used to synchronize onboard VCTCXO with external equipment (via J19
U.FL connector) to calibrate frequency error and can be configured using LimeSuiteGUI software.
Because VCTCXO also can be tuned by DAC, in this case DAC is disabled. Go to Modules form
top menu and select ADF4002 form the drop down menu, as shown in Figure 45.

Eile Options | Medules | Help

Mew

Calibrations | R
Enable T«TS

Bypass

D¢ correcto
[] Gain correct
[ Phase corre
[ emix
[11sInC
GFIR1
GFIR2
GFIR2

BIST

FFTviewer
ADFA002
Si3351C il
Programming
HPMT

FPGA controls
Myriad7
Device Infe
SPI

Board controls

[ 0.000000

Figure 45 LimeSuiteGUI module menu to select ADF4002 configuration tool

New control window should appear, as shown in the Figure 46.
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Figure 46 ADF4002 configuration window

Field Fref value indicates the frequency to that VCTCXO will be synchronized and must be fed
to REF_CLK (J14) connector. Usually this value is 10 MHz. When all parameters are entered in
this window, press button Calculate R, N & Upload and frequency synthesizer will be configured.

3.12.3 Tuning VCTCXO using DAC

VCTCXO can be tuned by onboard frequency synthesizer (IC16, ADF4002) or by DAC (IC15).
If DAC is configured from LimeSuiteGUI software, then frequency synthesizer is shut down and
VCTCXO tuning voltage is supplied from DAC. When DAC controls VCTCXO, FPGA2 LED is
off.

DAC can be configured using LimeSuiteGUI software. Go to Modules form top menu and select
Board controls form the drop down menu, as shown in Figure 47.
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Eile Options | Modules | Help
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Figure 47 LimeSuiteGUI module menu to select DAC configuration tool

New window will appear, as shown in the Figure 48.

Read all Write all Labels: |LimeSDR-USE
Read Write

Ch. Mame Walue Units Ch. | Mame VYalue

0 DAC 123 0 DAC [125]
1 Board Temperature &0

External loopback controls GPIO Control
RF'OOprCk ch.A RF'OOprCk ch.B GPIO 76 543210

[] Ch.A shunt []Ch.B shunt - OO0OoO0oOooO
[ Ch.A attenuator [ | Ch.B attenuator

ouT
IN 000000000

Figure 48 Board related controls

Current DAC value can be read by pressing button Read all. DAC value will be displayed in group
box Read with channel 0. In this case DAC value is 125.

Enter new DAC value in group box Write channel 0. After this press Write all and DAC value
will be updated.

3.12.4 VCTCXO Calibration Procedure

Board has VCTCXO DAC factory calibration value that is stored in non-volatile memory. This
value is loaded to DAC output after each board power up or reset. This value can be changed
manually or by automatic calibration procedure. To perform automatic calibration procedure,
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connect external reference clock to connector J19, start it from LimeSuiteGUI software and enter
Fref frequency (default Fref value 10MHz).

Calibration procedure steps:

1. Lock phase detector (ADF4002) to external Fref clock as described in section Error!

Reference source not found. Error! Reference source not found.. If phase detector

cannot lock to reference clock, calibration procedure cannot continue and will be aborted.

Measure TCVCXO frequency and store for future comparison.

3. Start changing TCXO DAC value and detect when VCTCXO frequency is as close as
possible to the value measured in step 2.

4. Store new VCTCXO value in non-volatile memory.

N

3.12.5 Programmable Clock Generator (Si5351C) Configuration

Programmable clock generator has eight channels and each can be configured individually using
“LimeSuiteGUI "software. Go to Modules form top menu and select Si5351C form the drop down
menu, as shown in Figure 49.

File OQOptions | Modules | Help
Mew FFTviewer
ADFA002
Calibrations | R Si5351C
[#] Enable TxTS P
Bypass HPM7
g DC correcto FPGA controls
[]Gain correct )
[]Phase corre Myriad?
L]cMmix Device Info
e
[¥/] GFIRT SPI
[¥] GFIR2 Board controls
[+] GFIR3 ——
(7 0.000000
BIST B
[ Start BIST ()| 0.000000

Figure 49 LimeSuiteGUI module menu to select Si5351C configuration tool

New window will appear, as shown in the Figure 50.
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. T R, SVS_INIT: ? SYS_INIT STKY: ?
5i5351C quency ;2 LOL_B_STKY:

?
PLL src HTAL freq A 7 LOL_A_STKY: 7
?

Uplead register map from file

LOS_STKY:

@ XTAL () CLKIN ®25MHz ()27 MHz
| Read Status | | Clear

Reset register map to default

Pin Mame Enable channel Output frequency (MHz) Invert output
270

CLKD

CLK1 27.0

27.0

CLK2

CLK3 27.0 Configure Clocks

27.0

CLK4

CLK3 27.0

CLK&

K& K EEEEE

CLK7

Figure 50 Si5351C configuration window

3.13 Reading Board Temperature

LimeSDR-USB has integrated temperature sensor. The sensor measured temperature may be
displayed in software. Go to Modules form top menu and select Board controls form the drop
down menu, as shown in Figure 51.

File Options
FeTuiewer | ©
ADFAD02
[#/] Enable TxTS Programming
Bypass HPMT ]
Ll DCt correcto FPGA controls
[ Gain correct ) :l
[ 1Phase corre Myriad?
L]cmix Device Info
[J1sINC
GFIR1 SPI
GFIR2 Board controls |
GFIR3
0.000000
BIST Ofoooo0o0 |
s olomomo |

Figure 51 LimeSuiteGUI module menu to select temperature tool

New window appears, as shown in the Figure 52.
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| | Write all | Labels: |Lir‘r‘le'5DR-USB

Write
Value Units Ch. MName Value

123 0 DAC |[135
IBoard Temperature 60 C I

controls GPIQ Control
A []RF loopback ch.B
- Ch.B shunt
[ Ch.A attenuator  [] Ch.B attenuator

GPIO 7 6 543 210
or OOO0000

ouTt

1M 0Oo0O0DO0Q0CO0ODOO

Figure 52 Board related controls, temperature section

Current temperature sensor value can be read by pressing button Read all. Temperature value will
be displayed in group box Read with channel 1. In this case temperature is 60 °C.
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4. Drivers Installation

The communication between LimeSDR-QPCle board and PC can done via the USB3 interface.
Initially, LimeSDR-QPCle board comes with preprogramed FX3 firmware and ready to use. If
FX3 firmware needs to be updated, follow chapter 5.1.

This chapter guides through the USB3 driver installation for the LimeSDR- QPCle board under
Windows and Linux operating systems.

4.1 Windows USB Driver Installation Procedure

Download the latest drivers [here], select Clone or Download and then Download ZIP as shown
in Figure 53. The name of the archive will be Windows-drivers-master.zip by default. Extract the

archive.
Find file Clone or download =

Clone with HTTPS @
Use Git or checkout with SVN using the web URL.

https://github.com/myriadrf/Windows-driver [}

Open in Desktop Download ZIP

Figure 53 Driver download from GiHub

First time LimeSDR- QPCle board is connected to the PC, follow the installation procedure
below.

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

83|Page



LimeSDR-QPCle v1.2 User Manual

Computer

Open

Control Pan SISV IS

Devices and Map network drive...
Disconnect network drive...

Show on Desktop

Rename

Properties

e
a O Shut down ksl

Figure 54 Open computer properties

e

=

. :‘ » Control Panel » System an

Control Panel Home

View

-
) Remote settings Wil
@ System protection 6
‘“; Advanced system settings Ser
Gel

Circtam

Figure 55 Open device manager

2. When LimeSDR- QPCle board is plugged in, in Device Manager it appears as LimeSDR-
QPCle under Other devices. Right click on the LimeSDR- QPCle and select Update Driver
Software.

&* Network adapters
4 3 Other devices

‘Jn LimeSDR-USB |

'Y Ports (COM & LP] Update Driver Software...

o Processo_rs Dreable

&% Sound, video and -

8 System devices Uninstall

@ Universal Serial B

Scan for hardware changes

Properties

Figure 56 Update driver software

3. Select driver installation manually and choose driver from downloaded package
(Windows-drivers-master\WinDriver_LimeSDR- QPCle).
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Choose the driver which is suitable for the operating system running:

. Windows XP (wxp)

. Windows Vista (vista)
. Windows 7 (win7)

. Windows 8 (win8)

. Windows 8.1 (win81)

OS version:

. x86 (32bit-i386)
. X64 (64bit-amd64)

B Update Driver Software - Myriad-RF LimeSDR-USB

How do you want to search for driver software?

i=> 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

Figure 57 Browse for driver software
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« l Update Driver Software - LimeSDR-USE

Browse for driver software on your computer

Search for driver software in this location:

| nloads\Windows-drivers-master\WinDriver_LimeSDR-USB\Win1( v| | Browse...

I Include subfelders

—> 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 58 Select driver location

4. After successful installation “Myriad-RF LimeSDR- QPCle” will appear under USB
controller devices.

B Update Driver Software - Myriad-RF LimeSDR-USE

Windows has successfully updated your driver software
Windows has finished installing the driver software for this device:

L Myriad-RF LimeSDR-USE

Cloze
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Figure 59 Successful LimeSDR- QPCle installation

% Device Manager
File  Action View

¢ PEIHE B kX

Help

[3 Sensors

B Software devices

| Sound, video and game controllers

S Storage controllers

K@ System devices
v ' Universal Serial Bus controllers
i Generic USE Hub

Generic USE Hub

9 Myriad-RF LimeSDR-LSB
R eEiemiaiaoyii e

i USE Root Hub

§ USE Root Hub

i USE Root Hub (xHCI)
=1 WSD Print Provider

H
i Intel(R} 7 Series/C216 Chipset Family USB Enhanced Host Controller - 1E2D
§ Intel(R) 7 Series/C216 Chipset Family USE Enhanced Host Controller - 1E26
- . - st Contreller - 1.0 (Microsoft)

Figure 60 Device manager window after installation

4.2 Linux USB Drivers

No need to install USB3 drivers for Linux operating system, while it comes with libusb library.

4.3 Windows PCle driver installation procedure

Download the latest drivers [here], select xillybus-windriver-1.2.0.0.zip package and unzip.
First time LimeSDR-QPCle board is connected to the PC, follow the installation procedure

below.

5. Press Start Menu and right click on Computer, select Properties and Device Manager.

Computer

Control Pan

Devices and

Default Prox

Open

¥ Manage

Map network drive...

Disconnect network drive..

Show on Desktop
Rename

Properties

—
O Shutdown |7

87|Page


http://xillybus.com/downloads/xillybus-windriver-1.2.0.0.zip

LimeSDR-QPCle v1.2 User Manual

Figure 61 Open computer properties

S 9 ‘ » Control Panel » System an

Control Panel Home

View
-
# Remote settings Wil
) System protection &5
‘“; Advanced system settings Ser

Circtam

Figure 62 Open device manager

6. When LimeSDR-QPCle board is plugged in, in Device Manager it appears as PCI Device
under Other devices. Right click on the PCI device and select Update Driver Software
Figure 63.

: - Metwork adapters
4 |5 Other devices

i g JC1Device Update Driver Software...
> Y5 Ports (COM &

b D Processors Disable

> [ Smart card rea Uninstall
4l Sound video 2

4 ﬁl- o EjD Scan for hardware changes

s M Systemn device

b i Universal Seria Properties
. WSD Print Provroer

Figure 63 Update driver software

7. Select Browse my computer for driver software (Figure 64) and in browse window (Figure 65)
choose driver from downloaded package (extracted files from xillybus-windriver-1.2.0.0.zip).
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U [l Update Driver Software - PCI Device

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
i for your device, unless you've disabled this feature in your device installation
{ settings.

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

Cancel

Figure 64 Browse for driver software

@ Il Update Driver Software - PCI Device

Browse for driver software on your computer

Search for driver software in this location:

ChDownloads'uillybus-windriver-1.2.0.0 - 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 65 Select driver location

8. Atfter selecting driver files and clicking Next button Windows security warning might appear,
check Always trust software from “Xillybus Ltd” and click Install.
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Windows Security ﬁ

Would you like to install this device software?

=~ Mame Xillybus Ltd Xillybus
_&' Publisher: Xillybus Ltd.

I {Always trust software from "Killybus Ltd," Install ]I[ Don't Install

';ij' You should only install driver software from publishers you trust, How can |
decide which device software is safe to install?

Figure 66 Windows security warning

! Update Driver Software - Xillybus driver for generic FPGA interface

Windows has successfully updated your driver software
Windows has finished installing the driver software for this device:

E' Xillybus driver for generic FPGA interface
—

Close

r =)

Figure 67 Successful LimeSDR-PCle installation

45 Xillybus
| ¥ Xillybus driver for generic FPGA interface

Figure 68 Device manager window after installation

4.4 Linux PCle drivers

No need to install PCle drivers for Linux operating system.

9. After successful installation (Figure 67) “Xillybus driver for generic FPGA interface” will
appear under Xillybus device (Figure 68).
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5. LimeSDR-QPCle Board Programming

This section describes how to program USB3 Microcontroler (FX3) and FPGA. FX3 can be
programmed with Cypress tools (see 5.2 Updating USB3 Microcontroller Firmware in
Bootloader Mode) or LimeSuiteGUI (see 5.1 Updating FX3 Firmware Using LimeSuiteGUI).
This section describes also how to obtain FPGA programming file and program FPGA using
LimeSuiteGUI (see 5.4.1 Uploading FPGA Gateware to FLASH Memory using
LimeSuiteGUI ) or JTAG cable (see 5.4.2 Uploading FPGA gateware to FLASH memory
using JTAG Cable).

5.1 Updating FX3 Firmware Using LimeSuiteGUI

The firmware of FX3 MCU contains a functionality which enables to program FLASH memory
FX3 MCU boots up from. In this case FX3 USB controller firmware can be updated using
“LimeSuiteGUI ” software, when FX3 MCU can boot from FLASH memory.

To call FPGA programing function, launch LimeSuiteGUI and connect to the board (see “3.1
Launching LimeSuiteGUI and Connecting to the LimeSDR-USB Board” section for more
information). Then go to Modules from main menu and select Programing form the drop down
menu, as shown in Figure 69.

LMS7002 GUI
File OptionernduIes Help
New 1 FFTviewer @ AC
ADF4002 =
Calibrati |
albrations Bt l'ssasac | |Are
Receiver >
Gain Correctl iograming I
RF-ESpark
E < r 0
HPM7
Q ¢« D A, r 0

Figure 69 LimeSuiteGUI module menu to select FX3 programing tool

New window appears, as shown in the Figure 70.

B | Programing I. = (=] |£h
Open File: 7
Program
Device: Prograrmming mode:
Altera FPGA || Bitstream to FPGA -

Figure 70 Programing tool interface

Change device to “FX3” and press “Open” and select firmware image file.
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r |

i ' Programing o | B S

Open File: ?

Pregram

Device: Programrming mode:

| Fi3 ~ | [Firmware to Flash -

Figure 71 FX3 programing options

Initiate FLASH memory programing by clicking Program.

The new message will come up when programing is finished, as shown in Figure 72.

[nro =)

[0] FX3 firmware uploaded, device is going to be reset, please reconnect in connection settings

Figure 72 Successfully FX3 programing message

After successful firmware update, connect to the LimeSDR-USB board again as described in
section 3.1.

5.2 Updating USB3 Microcontroller Firmware in Bootloader Mode

Cypress FX3 USB microcontroller has an integrated boot loader, which starts automatically after
power-up or reset and when no valid firmware is present in the FLASH memory.

For USB microcontroller firmware upgrade, please use the “CyControl.exe” application from
cy_ssusbsuite v1.3.3.zip package which may be downloaded [here].

If FLASH memory is empty or connector J17 (on LimeSDR-USB board) is open, USB3
microcontroller boots-up into bootloader mode. Cypress drivers from cy_ssusbsuite v1.3.3.zip
package must be installed first. Run the “USB Control Center” application and select Cypress
USB BootLoader line as shown in Figure 73.
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“=r USE Control Center

File Progam  Help

SEE R

URB Stat Abort Pipe ResetPipe X & (8 #

¥ Cypress LIS BootLoader]

Descriptor Info | Data Transfers | Devics Class Selection
<DEVICE>

oh"
Device="01 00"
BedUSB="02 00"

<CONFIGURATION:

<INTERFACE>
Intes

rface="0"
Interface Number="0"
AltSetting="0"
Class="FFh"
Subclass="00h"
Protocol:

Endpoints="0"
DescriptorType="4"

DescriptorLength="9"

</INTERFACE> -

Programming Succesded

Figure 73 Default FX3 firmware, supplied by FX3 internal logic

After entering into boot loader mode, there are two ways of uploading the firmware to USB3

microcontroller:

e Program external SPI FLASH memory connected to USB3 controller. Follow procedure
described in chapter “5.2.1 Uploading Firmware to SPlI FLASH”. The USB3

microcontroller will boot from FLASH memory after every power-on.

e Program internal RAM memory. Follow procedure described in chapter “5.2.2 Uploading
Firmware to the FX3 RAM”. The memory will be cleared after first power cycle hence
this step should be used for test purposes only.

5.2.1 Uploading Firmware to SPI FLASH Memory

Short the jumper J17 and connect LimeSDR-USB board to the PC. Start “CyControl.exe”
application and select Cypress USB BootLoader as shown in Figure 73. 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 firmware
image file (file extension is “*.img”) 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.

If you expand Cypress USB StreamerExample line in USB Control Center application now,
you will see different USB configuration as shown in Figure 74.

93|Page



LimeSDR-QPCle v1.2 User Manual

#¥ USB Control Center — O x
File  Program Help
& = & - cE [ URB Stat Abort Pipe ResetPipe X & (& 7
SR Myriad-RF Lime SDR-USB! Descriptor Info  Data Transfers  Device Class Selection
05
. <DEVICE> A
5820 Device Extension FriendlyName="Myriad-RF LineSDR-USB"
- SuperSpeed Device capability Manufacturer="Myriad-RF"
=- Configuration 1 Product="LimeSDR-USB"
- Control endpoint ((00) SerialNumber="0009060B00473524"

i Configurations="1"
Interface 0 MaxPacketSize="512"

5- Aemate Setting 0 VendorlD="10 50"
+- Bulk out endpoint ((x07) Product|D="61 08"
-~ Bulk in endpoint (0x81) Class="00h"
- Bulk out endpoirt (0:0F) S g
‘- Bulk in endpaint (0x8F) BodDowce="00 00°
BedUSB-"03 00"
<BOS>

NumberOf DeviceCapability="02h"

DescriptorType="15"

DescriptorLength="5"

TotalLength="22"

<UUSB20 Device Extension>
DescriptorLength="7"
DescriptorType="16"
DeviceCapabilty Type="2"
bmAttrbute="02h"

</USB20 Device Extension>

<SUPERSPEED USB>
DescriptorLength="10"
DescriptorType="16"
DeviceCapabilty Type="3"
Functionalty Supporte="3"
bmAttrbute="00h"
U1Device Exit Latency="0"
U2Device Exit Latency="00h"

</SUPERSPEED USB> v

Figure 74 FX3 after custom firmware is downloaded

NOTE: USB3 microcontroller will boot firmware uploaded to FLASH each time after power-on
if jumper J17 is shorted.

5.2.2 Uploading Firmware to the FX3 RAM

Start “CyControl.exe” application and select Cypress USB BootLoader as shown in Figure 73.
Choose menu command Program - FX3 - RAM. In the new pop-up window, select firmware
image file (file extension is “*.img”) 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.

Note please that this may be used for test purposes only, while firmware will disappear from the
RAM after LimeSDR-USB board power cycle.

5.3 Obtaining FPGA programming files

FPGA gateware programming file can be obtained by compiling provided LimeSDR-
QPCIE_Ims7_trx project with Intel Quartus Prime software. Software version used with this guide:
Quartus prime 15.1.2 Build 193 02/01/2016 SJ Lite Edition. Quartus Prime Lite Edition software can
be downloaded from [here].

5.3.1 PCle core generation
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PCle Xillybus core has to be generated and downloaded in order to compile LimeSDR-
QPCIE_Ims7_trx FPGA project. This chapter describes steps and parameters required to generate
Xillybus PCle core.

5.3.1.1 Signing UP

Xillybus requires to fill up free registration form in order to download generated core. Go to [link],
fill required fields (Figure 75) and confirm registration via received eMail.

XILLYBUS. IP cores and design services

HOME DOWNLOAD DOCUMENTATION LICENSING IP CORE FACTORY CONTACT

IP Core Factory — sign up!

Email address: Password: Login!
Hello, Anonymous User L

Remember me Forgot your password? Sign up!

Email + Your email address is your user name at this site
address: user@matl.com = Gmail and other free mail addresses are OK
o + This email address is authenticated on the next step
Password: | « Please use an address you really check: Only very few messages, related directly to
Re-type creating custom IP cores, will be sent there
password:

Type the characters you see in
the picture below.

N F

WP &

Verification: (try another one) (aucio)

Letters are not case-sensitive

Sign upt

® Copyright 2010-2016 Xillybus Lid. | Email for inquiries: generai@xillybus.com

Figure 75 Registration form

5.3.1.2 Creating new IP core

After successful registration, go to IP core Factory page [link] fill parameters as shown in Figure 76
and click Create!.
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x I LLYB U S Announcing Xillybus for USB
. |IP cores and deslgn services Announcing Xillybus for High Performance Computing

HOME DOWNLOAD DOCUMENTATION LICENSING IP CORE FACTORY CONTACT

IP Core Factory — create new IP core

Email address: Password: Login!

Hello, Anonymous User !
Remember me Forgot your password? Sign up!

My saved IP cores
IP core's name (for reference in this site only): |myipcore \?\'
Target device family: Altera Cyclone Vv v \?\' Operating system: Linux and Windows ¥ \?\'

Initial template: Demo bundle setting ¥ \?\'

Createl

& Copynight 2010-2017 Xillybus Lid. | Email for inguiries: general@xillybus_com

Figure 76 Create new IP core dialog

5.3.1.3 Setting core parameters

After new core creation in next dialog click Edit to change settings for each device files (Figure 77).
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us for USE
us for High Performance Computing

XILLYBUS IP cores and design services 3323:31125

HOME DOWNLOAD DOCUMENTATION LICENSING IP CORE FACTORY CONTACT

IP Core Factory — List of device files for IP core "myipcore"

Email address: Password: Login!
Hello, Anonymous User !
Remember me Forgot your password? Sign up!

My saved IP cores

Core summary
Name Status Target device family Operating system
myipcore ( edit attributes | replicate | delete | @ generate core )

Open for changes \?\' Altera Cyclone v Linux and Windows
\:_p' Add a new core

Device files

Name Direction Data width Expected BW Autoset Details

xillybus_read_32[ edit Jreplicate | delete )

Upstream

. a5 MB/ e isition / plavback ( .
(FPGA to host) 32 bits 395 MB/s Yes Data acquisition / playback (10 ms)

xillybus_write_32 §edit | replicate | delete )

Downstream

. a5 MB/ e isition / plavback ( .
(host to FPGA) 32 bits 395 MB/s Yes Data acquisition / playback (10 ms)

xillybus_read_38 [ edit | replicate | delete )

Upstream
(FPGA to host)

xillybus_write_38 ﬂrep icate | delete )

Downstream
(host to FPGA)

xillybus_mem_8 replicate | delete )

Upstream
(FPGA to host)

8 bits 1 MB/s Yes General purpose

8 bits 1 MB/s Yes General purpose

8 bits 102.400 kB/s Yes Address/data interface (5 address bits)

Downstream

(host to FPGA) 8 bits 102.400 kB/s Yes Address/data interface (5 address bits)

QP' Add a new device file

buz Lid. | Email for inquiries: general@xillybus.com

Figure 77 File editing

In Edit dialog (Figure 78) fill following parameters for corresponding file and click Update!. To enter
all parameters Autoset internals has to be unchecked:

For xillybus_read_32:

e Device file's name - streamQ_read 32

e Direction - Upstream (FPGA to host)
e Use - Data acquisition / playback
e Data width - 32 bits
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e Expected bandwidth - 395
e Autoset internals - unchecked
e Asynchronous/synchronous - Asynchronous
e Number of buffers -512
e Size of each buffer -16 kB
X[LLYBUS. IP cores and design services ::EE:::E:EE :::“:Et: FE: :S\E Performance Computing
HOME DOWNLOAD DOCUMENTATION LICENSING IP CORE FACTORY CONTACT

IP Core Factory

Email address: Password: Login!
Hello, Anonymous User ! -
Remember me Forgot your password? Sign up!

My saved IP cores
Device files's name: xillybus_|stream0_read_32 \?\'

Direction: Upstream (FPGA to host) v \?\' Use: Data acquisition / playback v \?\'

Upstream (FPGA to host)
Data width: 32 bits ¥ \?\' Expected bandwidth: 395 \?\' MBytes/s Autoset internals \?\'

® Asynchronous \‘?\'

Number of buffers: 512 ~ \‘?\' Size of each buffer: 16 kB v \‘?\'
Synchronous : :

Update!

& Copynight 2010-2017 Xillybus Lid. | Email for inquiries: general@xillybus.com

Figure 78 xillybus_read_32 file editing

Edit rest of the files with following parameters:
For xillybus_write_32:

e Device file's name - stream0Q_write_32

e Direction - Downstream (host to FPGA)
e Use - Data acquisition / playback
e Data width - 32 bits

e Expected bandwidth - 395

e Autoset internals - unchecked

e Asynchronous/synchronous - Asynchronous

e Number of buffers - 512

e Size of each buffer - 16 kB

e DMA acceleration - 8 segments x 512 bytes

For xillybus_read_8:
e Device file's name - controlO_read 32
e Direction - Upstream (FPGA to host)
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o Use - General purpose
e Data width - 32 bits

e Expected bandwidth -1

e Autoset internals - checked

For xillybus_write_8:

e Device file's name - control0_write_32

e Direction - Downstream (host to FPGA)
e Use - General purpose

e Data width - 32 bits

e Expected bandwidth -1

e Autoset internals - checked

For xillybus_mem_8:

e Device file's name -mem_8
e Direction - Bidirectional
e Use - Address/data interface (5 address bits)
Upstream (FPGA to host)
o Data width - 8 bits
o Expected bandwidth -0.1
o Autoset internals - checked
Downstream (host to FPGA)
o Data width - 8 bits
o Expected bandwidth -0.1
o Autoset internals - checked

Next step is to add more device files, click Add new device file Figure 79 and add following device

files with following parameters:

xillybus_streaml read_32:

e Device file's name - streaml _read 32

e Direction - Upstream (FPGA to host)
e Use - Data acquisition / playback
e Data width - 32 bits

e Expected bandwidth - 395

e Autoset internals - unchecked

e Asynchronous/synchronous - Asynchronous

e Number of buffers -512

e Size of each buffer -16 kB

xillybus_ streaml_write_32:

e Device file's name - streaml_write_32

e Direction - Downstream (host to FPGA)
e Use - Data acquisition / playback
e Data width - 32 bits
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e Expected bandwidth - 395

e Autoset internals - unchecked

e Asynchronous/synchronous - Asynchronous

e Number of buffers - 512

e Size of each buffer - 16 kB

e DMA acceleration - 8 segments x 512 bytes

xillybus_stream2_read_32:

e Device file's name - stream2_read 32

e Direction - Upstream (FPGA to host)
e Use - Data acquisition / playback
e Data width - 32 bits

e Expected bandwidth - 395

e Autoset internals - unchecked

e Asynchronous/synchronous - Asynchronous

e Number of buffers -512

e Size of each buffer - 16 kB

xillybus_stream2_write_32:

e Device file's name - stream2_write_32

e Direction - Downstream (host to FPGA)
e Use - Data acquisition / playback
e Data width - 32 hits

e Expected bandwidth - 395

e Autoset internals - unchecked

e Asynchronous/synchronous - Asynchronous

e Number of buffers -512

e Size of each buffer - 16 kB

e DMA acceleration - 8 segments x 512 bytes
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XILLYBUS Announcing Xillybus for USE
. IP cores and design services Announcing Xillybus for High Performance Computing

HOME DOWNLOAD DOCUMENTATION LICENSING IP CORE FACTORY

TACT

IP Core Facto I"'Y — List of device files for IP core "myipcore"

Email address: Password: Login!
Hello, Anonymous User .
Remember me Forgot your password? Siagn up!

My saved IP cores

Core summary
Name Status Target device family Operating system
myipcore ( edit attributes | replicate | delete | @ generate core )

Open for changes '\?\ Altera Cyclone V Linux and Windows

@Add a new core

Device files
Name Direction Data width Expected BW Autoset Details
Xillybus_stream0_read_32 ( edit | replicate | delete )

Upstream . - . Asynchronous, 512 x 16 kB = 8 MB
(FPGA to host) 32 bits 395 MB/s to Data acquisition / playback

Xillybus_stream0_write_32 ( edit | replicate | delete )

Asynchronous, 512 x 16 kB = 8 MB
32 bits 395 MB/s No DMA acceleration: & segments x 512 bytes
Data acquisition / playback

Downstream
(host to FPGA)
Xillybus_read_8 ( edit | replicate | delete )

Upstream . . P .
(FPGA to host) 32 bits 1 MB/s Yes General purpose
Xillybus_write_8 ( edit | replicate | delete )

Downstream

32 bits 1 MB/s Yes General purpose
(host to FPGA) s ' ° purp

Xillybus_mem_38 ( edit | replicate | delete )

Upstream . | N . . -
(FPGA to host) 8 bits 102.400 kB/s Yes Address/data interface (5 address bits)
Downstream . , E . .

8 bits 102.400 kB/s Yes Address/data interface (5 address bits)

(host to FPGA)

@ Add a new device file

Figure 79 Add new device file

After updating all files click generate core (Figure 80). Check core status and download it when
available (Figure 81).
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XILLYBUS. IP cares and design services

HOME DOWNLOAD DOCUMENTATION LICENSING IP CORE FACTORY

Announcang Xillybus fo
Announcing Xillybus for High Performance Computing

CONTACT

IP Core Factory — List of device files for IP core "myipcore”

Email address:
Hello, Anonymous User

Core summary

Name Status

Altera Cyclone W

myipcore [ edit attributes | replicate | delete

Open for changes k!\'

Device files
Mame Direction Data width Expected BW Autoset
xillybus_stream@_read_32 ( =dit | replicats | delzte )
Upstream 32 bits 335 ME/s Mo
{FPGA to host) -
xillybus_stream@_write_32 | dit | replicate | delsts )
Downstream .
i 5 i M
(host to FPGA) 32 bits 395 ME/s lo
xillybus_read 8 { edit | replicate | delete )
Upstream . —
(FPGA to host) 32 bits 1 MB/=s ‘fas
xillybus_wirite_8 { edit | replicate | delete )
Downstream ; _— -
{host to FRGA) 32 bits L MB/fs es
xillybus_mem_8 ( =dit | replicatz | delste )
Upstream 2 bits 102.400 kB/s Yas
{FPGA to host) h - ' .
Downstream
it 02.400 kB a
(host to FPGA) 8 bits 102,400 kBfs ‘fas
xillybus_streaml_read_32 ( =dit | replicats | delete )
Upstream 22 bits 235 MB/s Mo
{FPGA to host) -
xillybus_streami_write_322 ( edit | replicate | delete }
Downstream .
i 5 i M
(host to FPGA) 32 bits 395 ME/s lo
xillybus_stream2_read_32 ( =dit | replicats | delete )
Upstream 32 bits 335 ME/s Mo
{FPGA to host) -
xillybus_stream2_write_32 | adit | replicate | deleta )
Downsth .
vmEtEEm 32 bits 395 MB/s Mo

{host to FPGA)

Password: Login!

Remember ma Forgot your password?  Sign up!

My saved IP cores

Operating system
Linux and Windows
@ Add a new core
Details

Asynchronous, 512 x 16 kB = B MB
Data acquisition / playback

Asynchronous, 512 x 16 kB = B MB
DMA acceleration: 8 segments x 512 bytes
Drata acquisition / playback

General purpose

General purpose

Address/data interface (5 address bits)

Address/data interface (5 address bits)

Asynchronous, 512 x 16 kB = B MB
Drata acquisition / playback

Asynchronous, 512 x 16 kB = B MB
DMA acceleration: 8 segments x 512 bytes
Data acquisition / playback

Asynchronous, 512 x 16 kB = B MB
Data acquisition / playback

Asynchronous, 512 x 16 kB = B MB
DMA acceleration: 8 segments x 512 bytes
Drata acquisition / playback

.3!-\' Add 3 new device file

Figure 80 Core generation

102|Page



LimeSDR-QPCle v1.2 User Manual

XILLYBUS. IP cores and deslgn services

HOME DOWNLOAD DOCUMENTATION LICENSING IP CORE FACTORY CONTACT

IP Core Factory — vour saved IP cores

Hello, ( manage ) Log out
My saved IP cores

Name Status Target device family Operating system

myipcore_demo (5)

Altera Cyclone IV with 4x lanes Linux and Windows

c_p Add a new core

© Copyright 2010-2016 Xillybus Lid. | Email for inquiries: general@xillybus_com

Figure 81 Download status

5.3.2 Adding PCle core to project

This chapter describes steps to include Xillybus core to Quartus project:

e Extract downloaded .zip file “corebundle-myipcore_demo.zip” (myipcore_demo — name that
was entered during core generation).

e Place file xillybus.v to Quartus project directory limesdr-gpcie_xillybus_core/

e Place file xillybus_core.gxp to Quartus project directory limesdr-gpcie_xillybus_core/

e Open Quartus LimeSDR-QPCIE_Ims7_trx project and select Project— Add/Remove Files in
Project.. and add files xillybus.v and xillybus_core.gxp to Quartus project (Figure 82).

e Recompile project Processing — Start Compilation.
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Category:

8

[N

[N

[y

[y

General
Files.
Libraries
IP Settings

IP Catalog Search Locations

Design Templates

Operating Settings and Conditions

Voltage

Temperature
Compilation Process Settings

Incremental Compilation
EDA Tool Settings

Design Entry/Synthesis

Simulation

Formal Verification

Board-Level
Compiler Settings

VHDL Input

Verilog HOL Input

Default Parameters
TimeQuest Timing Anatyzer
Assembler
Design Assistant
SignalTap Il Legic Anatyzer
Logic Analtyzer Interface

PowerPlay Power Analyzer Settings

SEN Analyzer

Settings - LimeSDR-PCIE_Ims7_trx

Select the design files you want to include in the project. Click Add All to add all design files in the project directory to the project.

FEile name:

L §

File Name Type
Ims_ctrisynthesizg/submedules/ims_ctr_mm_interconnect_0_rsp_demux.sv SystemVerilog HDL File
Ims_ctrisynthesiz/submodules/ims_ctr_mm_interconnect_0_router_004.sv SystemVerilog HDL File Up
Ims_ctrisynthesiz/submedules/ims_ctr_mm_interconnect_0_router_002.sv SystemVerilog HDL File
Ims_ctrisynthesiz/submedules/ims_ctr_mm_interconnect_0_router_001.8v SystemVerilog HOL File Dow
Ims_ctrisynthesiz/submedules/ims_ctr_mm_interconnect_0_router.sv SystemVerilog HOL File Properties
Ims_ctrisynthesis/submedules/ims_ctr_mm_interconnect_0_cmd_mux_002.8v SystemVerilog HOL File
Ims_ctrisynthesis/submedules/ims_ctr_mm_interconnect_0_cmd_mux.sv SystemVerilog HOL File
Ims_ctrisynthesis/submodules/ims_ctr_mm_interconnect_0_cmd_demux_001.sv SystemVerilog HOL File
Ims_ctrisynthesis/submedules/ims_ctr_mm_interconnect_0_cmd_demux.sv SystemVerilog HOL File
Ims_ctrisynthesis/submodules/ms_ctr_mm_interconnect_0_avalon_st_adapter_error_adapter_0.sv SystemVerilog HDL File
Ims_ctrisynthesis/submodules/ims_ctr_mm_interconnect_0_avalon_st_adapter.v Werilog HOL File
Ims_ctrisynthesis/submodules/ims_ctr_mm_interconnect_O.v Werilog HOL File
Ims_ctrisynthesis/submodules/ims_ctr_Ims_ctr_gpio.v Werilog HOL File
Ims_ctrisynthesis/submodules/ims_ctr_leds.w Werilog HOL File
Ims_ctrisynthesis/submodules/ims_ctr_irg_mapper.sv SystemVerilog HOL File
Ims_ctrisynthesis/submodules/avfifo.vhd WHOL File
Ims_ctrisynthesis/submodules/attera_reset_synchronizer.y Verilog HOL File
Ims_ctrisynthesis/submodules/attera_reset_controller.v Verilog HOL File
Ims_ctrisynthesis/submodules/attera_merlin_slave_translator.sv SystemVerilog HOL File
Ims_ctrisynthesis/submodules/attera_merlin_slave_agent.sv SystemVerilog HOL File
Ims_ctrisynthesis/submodules/attera_merlin_master_translator.sv SystemVerilog HOL File
Ims_ctrisynthesiz/submodules/attera_merlin_master_agent.sv SystemVerilog HOL File
Ims_ctrisynthesiz/submodules/attera_merlin_burst_uncompressor.sv SystemVerilog HOL File
Ims_ctrisynthesiz/submodules/attera_merlin_arbitrator.sv SystemrVerilog HDL File
Ims_ctrisynthesiz/submodules/attera_avalon_sc_fifo.v Werilog HOL File
Ims_ctrisynthesis/ims_ctr.vhd WHOL File

> inffifo 3Zhififo 32b.oin IPariation File (.gio) 5
£ >
¥ Buy Software 0K Cancel Help

Figure 82 Adding files to Quartus project

5.3.3 Programming files

After performing full project compilation in Quartus prime software Processing — Start Compilation
in Messages window (see Figure 83) should appear messages stating that programming files are
created:

Al & A

N

<<Filter==

88 Find...

& Find Next

mamq

ID Flag Source Message

Generated programming file: LimeSDR-PCIE_Ims7_trx_Hw_1.2.

rbf

m <
=21 -

SO0 0 O Q0

O O O O O W W I W I W W R W W

|Msssages

System (§) Processing

0% 00:00:00

Figure 83 Project compilation message window

Programming files can be found in folder output_files from project directory:
*.jic - JTAG Indirect Configuration File can be used to program FPGA gateware to FLASH
memory (if valid file is loaded FPGA boots from FLASH when board power is applied automatically).
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*.s0f - SRAM Obiject File can be used to program FPGA (has to be programmed every time
after board power is applied)

*.rbf - Raw Binary File can be used to program FPGA gateware into FLASH memory through
LimeSuiteGUI (valid gateware has to be already running)

5.4 Uploading FPGA Gateware to FLASH Memory

There are two ways of uploading FPGA gateware to onboard FLASH memory:
e Using LimeSuiteGUI (requires FX3 Firmware to be already uploaded)
e Using JTAG programming cable

5.4.1 Uploading FPGA Gateware to FLASH Memory using LimeSuiteGUI

This section describes how to load custom gateware to LimeSDR-QPCle board FPGA Flash
memory. This step requires that FX3 Firmware has to be already uploaded.

The Altera Cyclone V FPGA which sits on the LimeSDR-QPCle board can be programmed using
“LimeSuiteGUI "software. To call FPGA programing function, go to Modules from main menu
and select Programing form the drop down menu, as shown in Figure 84.

LMS7002 GUI
Vae Options 7Modules] Help
New ‘ FFTviewer

ADF4002 { =
Calibrations | R l "AFE

Si5351C

Receiver
Programin
Gain Ccrrect[ 9 9

E <«
Q «

RF-ESpark
HPM7

Figure 84 LimeSuiteGUI module menu to select FPGA programing tool

New window appears, as shown in the Figure 85.

Programming »
© Open  File: 777

Program 0%

Device: Programming mode:
| Altera FRGA v | [Bitstream to FRGA -

Figure 85 FPGA programing tool interface

Software loads raw binary files (*.rpd) [link] to FPGA and it offers couple options to do that, see
Figure 86.
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Programming

File: 777

o
=1
m
&
&8

Device: Programming mode:

Altera FPGA  ~ | | Bitstream to FPGA -
Bitstream to FPGA

Bitstream to Flash
Bitstream from Flash

Figure 86 FPGA programing options
Select Bitstream to FLASH programming mode. This function loads selected *.rpd file from
PC to external FPGA FLASH memory. Select required bitstream file by clicking Open and initiate
FLASH memory programing by clicking on Program.

The new message will come up when the programing is finished, as shown in Figure 87.

F N
ImsTsuite.exe l&J

.:0:. Pregramming finished, 1191738 bytes sent!

Figure 87 Successfully FPGA programing message (bytes shown may differ)

After writing new bitstream to Flash memory, it can be loaded to FPGA by changing
Programing mode to Bitstream from Flash and pressing Program. New bitstream will be
loaded to FPGA. Each time board is powered up, FPGA bitstream is loaded from FLASH
automatically.

5.4.2 Uploading FPGA gateware to FLASH memory using JTAG Cable

For the first time use board can be programmed using JTAG header J26. This procedure requires
two computers (LimeSDR-QPCle board inserted into PCle slot on computer #1 and Quartus Prime
software running on computer #2).

e Insert LimeSDR-QPCle board into computer #1. Make sure that computer is turned off
while inserting board.

e Connect one end of download cable (e.g Altera USB Blaster) to LimeSDR-QPCle board
J26 connector and other end to USB port on the computer #2 running Quartus Prime
software.

e Turn on computer #1 and interrupt the boot sequence to bring up the BIOS System Setup
interface.

e Run Quartus Prime software in computer #2 and select Tools — Programmer

e Click Hardware Setup.. button and select your download cable, click Close (see Figure 88).
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4 Hardware Setup X
Hardware Settings JTAG Settings
Select a programming hardware setup to use when programming devices. This programming
hardware setup applies only to the current programmer window.
Currently selected hardware: | USB-Blaster [USB-0] -
Available hardware items
Hardware Server Port I Add Hardware... I
USB-Blaster Local UsSB-0
Remowve Hardware

Close

Figure 88 Selecting programming hardware

Click Add File.. and select *.jic file (see options below):
a. Pre compiled bitstream can be found in gateware/LimeSDR-QPCIE_Ims7_trx_bs

b.

Apply settings as in Figure 89 and click Start.

- m}

x

Fie Edt View Processing Tools Window Help @

0 Programmer - Hi/woerking_dir/altera/LimeSDR-PCIE/LimeSDR-PCIE_Ims7_tny/LimeSDR-PCIE_Ims7_trx - LimeSDR-PCIE_Ims7_trx - [Chaind.cdf]™

EErmrm—) |

1.

' Down
T

&, Hardware Setup... | USB-Blaster [USB-0] Wode: |JTAG
[ Enable reak-time ISP to allow background programming when avaiable
% File Device Checksum Program/  Verify  Blank-  Examine  Securty Erase ISP
Pl Start Configure Check Bit CLAMP
i Stop Factory default SFL image EP4CGX30CF23 003CCASD
output_files/LimeSOR. EPCSE4 S5FACTFB O O
) Auto Detect
Delete
M Add Fie...
" Change File.
< >
U save File ~
® Add Device.

If you have followed project compilation instructions and generated your own
bitstream then your file is located in project directory /output_files.

TDI AL
—
EP4CGX30CF23
TDO
v

After successful programming turn off computer #1.
FPGA boots from programmed FLASH memory automatically when computer #1 is turned

on.

Figure 89 Adding programming file
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