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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights unless otherwise stated.

For information regarding Microchip’s Quality Management Systems,

please visit www.microchip.com/quality.
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Preface

NOTICE TO CUSTOMERS

All documentation becomes dated, and this manual is no exception. Microchip tools and
documentation are constantly evolving to meet customer needs, so some actual dialogs
and/or tool descriptions may differ from those in this document. Please refer to our website
(www.microchip.com) to obtain the latest documentation available.

Documents are identified with a “DS” number. This number is located on the bottom of each
page, in front of the page number. The numbering convention for the DS number is
“DSXXXXXXXXA”, where “XXXXXXXX” is the document number and “A” is the revision level
of the document.

For the most up-to-date information on development tools, see the MPLAB® IDE online help.
Select the Help menu, and then Topics, to open a list of available online help files.

PURPOSE OF THIS GUIDE

The GPS-2700 user guide provides basic recommendations for designing products to
use Microchip's GPS-2700. The guidelines in the document are generic because spe-
cific product requirements vary from one application to the other.

This material consists of a brief description of GPS-2700 design supported by block
diagrams, description of environmental issues, installation guidelines, and unit opera-
tion.

WHO SHOULD READ THIS GUIDE

This document is intended for engineers and telecommunications professionals who

are designing, installing, operating, or maintaining time, frequency, and synchroniza-

tion systems having a requirement for a low profile and highly precise frequency gen-
erator.

To use this document effectively, you should have a good understanding of digital tele-
communications technologies and analog frequency generation and synthesis tech-
niques.

DOCUMENT LAYOUT

This guide contains the following sections:

» Chapter 1. “Introduction”: Provides an overview of the product, describes the
major hardware and software features, and lists the system specifications.

» Chapter 2. “Quick-Start Instructions”: Contains the Principle of Operation,
Start-Up Sequence, and aspects related to first power-up.

» Chapter 3. “SCPI-Control Quick Start Instructions”: Provides an overview of
the telemetry interface and command structure.

» Chapter 4. “Firmware Upgrade Instructions”: Describes how to update the
GPS-2700 firmware.

» Chapter 5. “GPSCon Utility”: Contains information about using the GPSCon util-
ity for monitoring and control.

© 2020 Microchip Technology Inc. DS50003016A-page 3
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CONVENTIONS USED IN THIS GUIDE

This manual uses the following documentation conventions:

DOCUMENTATION CONVENTIONS

Description

| Represents

Examples

Arial font:

Italic characters

Referenced books

MPLAB® IDE User’s Guide

Emphasized text

...Iis the only compiler...

Initial caps A window the Output window

A dialog the Settings dialog

A menu selection select Enable Programmer
Quotes A field name in a window or | “Save project before build”

dialog

Underlined, italic text with A menu path File>Save
right angle bracket
Bold characters A dialog button Click OK

Atab

Click the Power tab

N‘Rnnnn

A number in verilog format,
where N is the total number of
digits, Ris theradixand nis a
digit.

4'b0010, 2'hF1

Text in angle brackets < >

A key on the keyboard

Press <Enter>, <F1>

Courier New font:

Plain Courier New

Sample source code

#define START

Filenames autoexec.bat

File paths c:\mccl8\h

Keywords _asm, _endasm, static
Command-line options -Opa+, -Opa-

Bit values 0, 1

Constants 0xFF, ‘A’

Italic Courier New

A variable argument

file.o, where file can be
any valid filename

Square brackets [ ]

Optional arguments

mccl8 [options] file

[options]

Curly brackets and pipe
character: {| }

Choice of mutually exclusive
arguments; an OR selection

errorlevel {01}

Ellipses...

Replaces repeated text

var name [,
var name...]

Represents code supplied by
user

void main (void)

{
}
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Preface

WARNINGS, CAUTIONS, RECOMMENDATIONS, AND NOTES

Warnings, Cautions, Recommendations, and Notes attract attention to essential or crit-
ical information in this guide. The types of information included in each are displayed
in a style consistent with the examples below.

To avoid serious personal injury or death, do not disregard warnings. All warnings use
this style. Warnings are installation, operation, or maintenance procedures, practices,
or statements, that if not strictly observed, may result in serious personal injury or even
death.

CAUTION

To avoid personal injury, do not disregard cautions. All cautions use this style. Cau-
tions are installation, operation, or maintenance procedures, practices, conditions, or
statements, that if not strictly observed, may result in damage to, or destruction of, the
equipment. Cautions are also used to indicate a long-term health hazard.

Note: All notes use this style. Notes contain installation, operation, or mainte-
nance procedures, practices, conditions, or statements that alert you to
important information, which may make your task easier or increase your
understanding.

WHERE TO FIND ANSWERS TO PRODUCT AND DOCUMENT QUESTIONS

For additional information about the products described in this guide, please contact
your Microchip representative or your local sales office. You can also contact us on the
web at www.microsemi.com/ftdsupport.

When this manual is updated the latest version will be available for downloading from
Microchip’s web site. Manuals are provided in PDF format for ease of use. After down-
loading, you can view the manual on a computer or print it using Adobe Acrobat
Reader.

Manual updates are available at: www.microsemi.com/ftdsupport

RELATED DOCUMENTS AND INFORMATION

See your Microchip representative or sales office for a complete list of available docu-
mentation. To order any accessory, contact the Microchip Sales Department. See
www.microsemi.com/sales-contacts/0 for sales support contact information. If you
encounter any difficulties installing or using the product, contact Microchip Frequency
and Time Systems (FTS) Services and Support:

U.S.A. Call Center: including Americas, Asia and Pacific Rim
Frequency and Time Systems

3870 N 1st St.

San Jose, CA 95134

Toll-free in North America: 1-888-367-7966

Telephone: 408-428-7907

Fax: 408-428-7998

© 2020 Microchip Technology Inc. DS50003016A-page 5
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email: ftd.support@microsemi.com
Internet: www.microsemi.com/ftdsupport
Europe, Middle East, and Africa (EMEA)
Microchip FTS Services and Support EMEA
Altlaufstrasse 42

85635 Hoehenkirchen-Siegertsbrunn
Germany

Telephone: +49 700 3288 6435

Fax: +49 8102 8961 533

email: ftd.emeasupport@microsemi.com
email: ftd.emea_sales@microsemi.com

THE MICROCHIP WEBSITE

Microchip provides online support via our website at www.microchip.com. This website
is used as a means to make files and information easily available to customers.
Accessible by using your favorite Internet browser, the website contains the following
information:

* Product Support — Data sheets and errata, application notes and sample
programs, design resources, user’s guides and hardware support documents,
latest software releases and archived software

» General Technical Support — Frequently Asked Questions (FAQs), technical
support requests, online discussion groups, Microchip consultant program
member listing

» Business of Microchip — Product selector and ordering guides, latest Microchip
press releases, listing of seminars and events, listings of Microchip sales offices,
distributors and factory representatives

CUSTOMER SUPPORT

Users of Microchip products can receive assistance through several channels:

+ Distributor or Representative

* Local Sales Office

 Field Application Engineer (FAE)
» Technical Support

Customers should contact their distributor, representative or field application engineer
(FAE) for support. Local sales offices are also available to help customers. A listing of
sales offices and locations is included in the back of this document.

Technical support is available through the website at:
http://www.microchip.com/support.

DOCUMENT REVISION HISTORY
Revision A (July 2020)

* Initial release of this document as Microchip DS5000xxxxA.
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Chapter 1. Introduction

1.1 OVERVIEW

The GPS-2700, featuring the Chip-Scale Atomic Clock (CSAC), is a game-changing,
disruptive technology culminating from decades of research sponsored by the U.S.
Government. It is a breakthrough technology that allows a Cesium Vapor Cell Atomic
Reference Oscillator to be packaged in a unit several orders of magnitudes smaller
than legacy products, with more than an order of magnitude in power reduction, and
fewer than 2 minutes warm-up to be fully operational, while out-performing many indus-
try-standard Atomic Oscillators.

The CSAC oscillator provides an impressive frequency accuracy, long-term stability,
and fast lock with low power consumption. Through hardware and firmware support,
the GPS-2700 improves the phase noise performance of the unit, and adds an isolated
distribution amplifier with four output channels at 10 MHz. The GPS-2700 provides
LCD, RS-232 and USB serial links for command and control, as well as an aviation bus
compatible power supply that operates from 8V up to 36V with reverse polarity and over
voltage protection, and can thus be directly connected to an aircraft's 12V or 24V power
bus.

For long term Stratum-1 frequency accuracy and constant calibration the GPS-2700
includes an extremely high-performance GNSS receiver that can acquire and track up
to 72 (50 for uBlox 6 GPS receiver) GNSS signals down to a state of the art
—160dBm, a 32-bit processor that runs a Real Time OS, a low-noise 10 MHz distribu-
tion amplifier with four highly Isolated 10 MHz Sine Wave outputs, one 5 MHz CMOS
output, one 1PPS UTC synchronized CMOS output, RS-232 and USB control inter-
faces, and a generic LCD interface. The GPS-2700 also includes a high-performance
time interval counter that can measure the internally generated 1PPS signal from the
GNSS receiver or an externally supplied 1PPS reference signal with a resolution of 20
picoseconds. The CSAC oscillator is phase-locked to either of these two 1PPS signals
with better than 0.3 ns average phase accuracy typically. Software compensation mea-
sures residual aging, thermal, and g-sensitivity errors of the CSAC oscillator, and
applies electronic compensation to reduce these residual errors. This error compensa-
tion can improve performance especially in GPS-denied environments, and allows
monitoring of the CSAC health and detection of performance abnormalities in the sys-
tem.

Generic NMEA and SCPI (GPIB) commands on two serial interfaces allow very fast
integration into legacy applications, and by using the NMEA serial strings the unit can
behave like a standard GPS receiver albeit with better than 1 meter horizontal accuracy
typically, and full WAAS/EGNOS/MSAS SBAS support.

1.2 OPERATING PRINCIPLES

A Cesium Vapor Cell is excited from a VCEL Laser source. The VCSEL is modulated
at 4.6 GHz to produce a complementary pair of sidebands separated by the cesium
ground state hyperfine frequency of 9.2 GHz. As Cesium supply depletion is not a life-
time limiting factor in the CSAC, the GPS-2700 implementation allows operational life-
times that potentially exceed those of Cesium beam standards by far.
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The Hyperfine transition frequency of the Cesium Vapor cell is affected by adverse
environmental influences, and long-term frequency and phase errors are thus present
in the CSAC. To calibrate these errors out and achieve phase-lock to USNO UTC, the
GPS-2700 uses a GNSS receiver to generate a highly accurate, though unstable 1PPS
signal, and this 1PPS signal is compared with a 1PPS signal generated by the CSAC
10 MHz VCXO. The VCXO is digitally tuned to shift the frequency up or down slightly
and very slowly to keep the CSAC 1PPS reference in phase-lock with the GNSS gen-
erated 1PPS signal. This allows a very close tracking of the U.S. USNO UTC 1PPS sig-
nal to within tens of nanoseconds anywhere in the world, out-performing even the best
free-running Atomic References in the long run. With this software PLL system the
short-term instability of the GNSS receiver is filtered by the CSAC, while the CSAC’s
long-term drift is removed by the GNSS receiver, resulting in both a very good
short-term as well as USNO phase-locked long-term performance.

The 10 MHz VCXO used in the CSAC oscillator exhibits phase noise and numerous
spurs on the output of the CSAC. A dedicated crystal phase noise cleanup oscillator is
phase-locked to the CSAC 10 MHz output with less than 8 Hz loop bandwidth, which
allows the removal of excessive phase noise and spurs from the CSAC output. With
this filter Phase Noise performance is improved typically by 10 dB and more above

8 Hz offset from the carrier, and spur performance is improved significantly. Software
commands allow the cleanup phase noise filter to be switched in and out.

1.3 GENERAL SAFETY PRECAUTIONS

The following general safety precautions must be observed during all phases of oper-
ation of this instrument. Failure to comply with these precautions or with specific warn-
ings elsewhere in this manual violates safety standards of design manufacture, and
intended use of the instrument. Microchip Technology Inc. assumes no liability for the
customer’s failure to comply with these requirements.

1.31 Use an Approved Antenna Lightning Protector

The use of an approved, and properly grounded antenna lightning protector on the
GNSS antenna is required to prevent damage, injury or death in case of a lightning
strike.

1.3.2 Grounding

To avoid damaging the sensitive electronic components in the GPS-2700 always make
sure to discharge any built-up electrostatic charge to a good ground source, such as
power supply ground. This should be done before handling the circuit board or anything
connected to it, i.e. the GNSS antenna.

1.3.3 Power Connections

Make sure to connect the DC power to the device following the polarity indicated in
Section 2.4 “Major Connections”.

1.3.4 Environmental Conditions

This instrument is intended for indoor use. The use of a properly installed GNSS
Antenna Lightning Protector is required. It is designed to operate at a maximum relative
non-condensing humidity of 95% and at altitudes of up to 50,000 meters. Refer to the
specifications tables for the DC and AC main voltage requirements and ambient oper-
ating temperature range.

DS50003016A-page 14
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Chapter 2. Quick-Start Instructions

21 POWERING UP THE UNIT

The GPS-2700 may be powered from an external 8V to 36V DC source, or simply from
a standard USB port. Both power sources can be connected at the same time. The
internal USB port provides a convenient way to supply power to the unit, as well as
establish serial communications to the unit via a standard USB serial link.

Once serial communications have been established, the user can try sending, and
experimenting with the following useful SCPI commands:

+ SYST.STAT?

+ GPS?

* SYNC?

+ DIAG?

+ MEAS?

+ CSAC?

* HELP?

2.2 OPERATING THE UNIT FROM A PC’S USB PORT

1. Connect a 5V-compatible GNSS antenna to connector J4.

2. Plug in a short USB cable to USB connector U14. Plug the other end into a stan-
dard USB outlet. Please make sure that the USB cable is no longer than 1 foot
as the IR power drop on longer cables may prevent proper operation of the unit.

No software driver is required when operating under Windows XP/7/8 or later as Win-
dows has the required USB driver already built in. Once installed, the unit should simply
show up as a new Serial Comm Port, and the operator may use Hyperterminal, Ter-
aTerm, GPSCon, or any other serial control software to send commands and query sta-
tus from the unit. The GPSCon software package (see Chapter 5) is recommended for
monitoring and controlling the unit.

The RS-232 serial port on connector J1 operates in parallel to the USB serial port, and
commands can be sent and queried independently to and from both connectors.
English language SCPI (GPIB) commands are available to switch the default serial out-
put of the unit from the RS-232 serial port to the USB port and vice-versa.

2.3 OPERATING THE UNIT FROM THE RS-232 PORT

1. Connect a 5V-compatible GNSS antenna to connector J4.

2. Plugin a clean DC power source of between 8V to 32V (36V max) to the power
pins 15 and 16 of connector J1. Plug in the Ground connection to pins 12 and 14
of connector J1. RS-232 Serial TX and RX signals are available on pins 9 and 8
respectively of connector J1. Make sure not to accidentally short-out adjacent
pins 13 and 15 of connector J1 as this would severely damage the board.
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WARNING

Please make sure not to confuse power connector J1 and LCD connector J3 because
these two connectors are mechanically identical and are therefore easy to confuse.
Applying power to LCD connector J3 will severely damage the board.

The unit will now lock to GPS (Red LED is blinking when satellites are being received)
and will indicate proper lock when the Green LED goes on. Once the green LED is on,
the unit will output 10 MHz and 5 MHz on the outputs with significantly better than 1ppb
frequency accuracy.

Please note that the GNSS receiver establishes the internal antenna-gain right after
power-on, so for proper operation the GNSS antenna should always be connected prior
to turning on the power supply.

24 MAJOR CONNECTIONS

The major connections and features of the GPS-2700 PCB are shown in Figure 2-1.
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Table 2-1 shows the functions supported on connector J1.

TABLE 2-1: CONNECTOR J1 PINOUT
Ref Name Function Specification
J1-1 ISP# Enter ISP mode GND pin 1 to activate
J1-2 RST_IN# Reset the instrument GND pin 2 to activate
Cycle through the LCD GND momentarily to cycle
) pages. Initiate Auto-Survey. |LCD pages. GND for more
J1-5 LCD_KEY Wired in parallel with switch |than 8 seconds to initiate
S1. Auto-Survey.
:er:/tﬁ?sfeai;ha;:(;r:mirsl 3.3V CMOS output can drive
J1-7 LOCK_OK_OuUT P 9 up to 5 mA, series-termi-
hardware is okay, and the nated by 330
CSAC is locked to GPS. y ootz
J1-8 RX 232 RS-232 receive data RS-232 level
J1-9 TX 232 RS-232 transmit data RS-232 level
Raw NMEA output from
J1-10 GPS_RS232 GNSS receiver in RS-232 RS-232 level
level format.
J1-11 PPS IN External alternate 1PPS TTL, 3.1_’>V and 5V CMOS
- input compatible
Wired in parallel to the Red | 3.3V CMOS level can drive
J1-13 ALARM LED, blinks whenever a up to 5 mA, series-termi-
1PPS pulse is received. nated by 33Q.
241 Harness Pinning

Table 2-2 is a table of the cable harness J1 pinout.

TABLE 2-2: J1 PINOUT
Pin Name
1 ENTER_ISP#
2 RST_IN#
3 GND
4 GND
5 LCD_KEY
6 GND
7 LOCK_OK_OuUT
8 RX RS-232
9 TX RS-232
10 GPS_RS232
11 PPS_IN
12 GND
13 ALARM
14 GND
15 +28V
16 +28V

© 2020 Microchip Technology Inc.
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TABLE 2-3: MISCELLANEOUS CONNECTORS
Ref Name Function Specification Pinning
. . J2-1:1SP;
J2 ISP/RESET |ISP/RESET jumper aGc’\tliSa‘t)én Torpin3to | 5 »GND;
J2-3:RST#
5V Amplified Antenna, Center: RF Input;
J4  |Antenna | GNSSAntenna ey connector Shield: GND
OUT_J1 |5MHz OUT |5 MHz output 5V CMOS Center: RF out-
= P put; Shield: GND
Center: RF out-
OUT J2 |1PPS OUT |1 pps output 5V CMOS put: Shield: GND
Sine wave, +13 dBm Center: RF out-
OUT_J3-J6 | 10MHz OUT | 10 MHz output (£3 dBm) out: Shield: GND
24.2 Harness Connectors J1 and J3

The manufacturer for connectors J1 and J3 is Hirose. A mating housing part number
for this connector is available from Digikey and other distributors. Crimp pins are also
available from Digikey for different wire sizes.

The part number of the connectors soldered onto the GPS-2700 PCB is:
Hirose DF11-16DP-2DSA01

243 Concurrent-GNSS Capabilities

GPS-2700 with firmware revision 0.74 and later and uBlox 8 GNSS receiver is capable
of simultaneously receiving up to three concurrent GNSS systems at one time. Firm-
ware revision 0.74 and later also supports the GPS-2700 with uBlox 6 GPS receiver.
Concurrent GNSS operation aids performance by allowing reception of up to 72 GNSS
satellites in challenged reception areas such as in urban canyons, under foliage,
indoors, or close to the earth's poles, etc. Using multiple GNSS systems also increases
robustness by not relying on a single GNSS system. Several of the systems operate at
different carrier frequencies, so using multiple GNSS systems can increase immunity
against jamming which often occurs at only one carrier frequency.

The multiple GNSS systems each have their own reference time and representation of
UTC. For example, GPS uses the GPS time standard and provides a method to convert
GPS time to UTC as defined by the US Naval Observatory (USNO). GLONASS, Gali-
leo and BeiDou have similar reference times and UTC definitions. The GPS-2700 with
multi-GNSS support automatically adjusts for offsets between the different GNSS time
reference standards and synchronizes the 1PPS output to UTC (USNO) when GPS is
being received. If GPS is not being received, the 1PPS output is synchronized to the
best representation of UTC (USNO) available.

The selection of GNSS systems is made with the GPS:SYST.SEL command as
detailed in Section 3.3.31. Because these systems operate at different carrier frequen-
cies with different bandwidths, it is necessary to use a GNSS antenna that is designed
to receive all the required GNSS systems. Please note that the Galileo system is now
functional, and uses the same carrier frequency as GPS: L1, albeit with a wider band-
width. In our experience Galileo sats can be received with good C/No carrier to noise
figures (>40 dB) with standard legacy GPS antennae and distribution amplifiers/split-
ters. Microchip thus recommends enabling at a minimum GPS, Galileo, and SBAS con-
currently with the command: GPS:SYST:SEL GPS GAL SBAS, see also Section
3.3.31.

Using other GNSS systems such as Glonass will require an antenna system designed
to support Glonass signals.

DS50003016A-page 18
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GPS-2700 with firmware revision 0.75 and later and uBlox 8 GNSS receiver adds bet-
ter support for legacy GPS receiver by switching the main talker ID to $GP for GGA,
Microchip GGA, RMC, and ZDA commands. This command allows the GPS-2700 to
output NMEA sentences with navigation and PVT data for GPS only, see Section
3.3.32 for detailed operations and restrictions on talker ID mode.

The internal GNSS receiver can track up to three different GNSS systems and track up
to 24 satellites concurrently, such as GPS, Galileo, Glonass, and SBAS at the same
time. However only two different carrier frequencies may be received at any given time.
So BeiDou and Glonass cannot be enabled concurrently when either GPS, Galileo,
SBAS, or QZSS are simultaneously enabled as that would require tracking three differ-
ent carrier frequencies.

Attempting to configure an invalid combination of GNSS systems or configure GNSS
systems on GPS-2700 without uBlox 8 receiver with the GPS:SYST.SEL command will
result in a Command Error response with no change to the configuration.

244 Connecting the GNSS Antenna

Connect the GNSS antenna to connector J4 using the BNC to MMCX cable adapter.
Caution: use a Lightning Arrestor on your Antenna setup. Use an amplified GNSS
antenna that is 5V compatible. The GPS-2700 GNSS (GPS for uBlox 6) receiver is a
72 (50 for uBlox 6 receiver) channel high-sensitivity multi-GNSS receiver with very fast
lock time. The unit can either be used in stationary applications using the automatic
self-survey (Auto Survey with Position Hold) feature, or it can be used in mobile plat-
forms. Using Position Hold mode improves timing and frequency accuracy especially
in GPS-challenged antenna locations such as under foliage or with strong multipath
signals.

The GPS-2700 is capable of generating standard navigation messages (see
GPS:GPGGA, GPS:GPZDA, GPS:GPGSV, GPS:PASHR, and GPS:GPRMC serial
commands) that are compatible with most GPS based navigation software. These nav-
igation messages may either be sent to the RS-232 serial port or to the USB serial port.

The GNSS receiver generates a 1PPS time signal that is phase synchronized to UTC.
This 1PPS signal is used to frequency-lock the 10 MHz Sine-Wave output of the
GPS-2700 to UTC, thus disciplining the unit's Atomic Clock 10 MHz frequency output
to the US Naval master clock for very high frequency accuracy (typically better than 10
digits of frequency accuracy when locked to GPS). Using a high-performance Timing
GNSS receiver allows operation with a phase stability error of typically less than +15
nanoseconds anywhere in the world.

245 Connecting an LCD Display

An optional, industry standard alphanumeric LCD display may be connected to the unit
for displaying status information. LCD's with 16x2 characters are optimal, but 20x2 or
20x4 displays may also work. An example low-cost display is available from
WWW.mouser.com:

Newhaven Display PN: NHD-0216K1Z-NSW-BBW-L

The connector drives the LCD directly, and the 5V pin can also be used to drive the
LCD's backlighting. Contrast of the LCD is adjusted via software command.

Figure 2-2 shows the mechanical connections. A schematic showing the connections
from the GPS-2700 to the LCD panel is shown in Figure 2-3.
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FIGURE 2-2

TABLE 2-4:

LCD Display Connection.

LCD CONNECTOR J3 PINOUT

ORI B

|

Pin

Name

CONTRAST

+5V

GND

LCD_RS

For factory use only

LCD_RDWR

For factory use only

LCD_ENABLE

For factory use only

LCD_DATA4

For factory use only

LCD_DATA5

ol 3dle|o(N|jojua|sr|w |~

For factory use only

-
N

LCD_DATA6

For factory use only

Al
[N N6

LCD_DATA7
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FIGURE 2-3: LCD Display Connections.

The Power and Ground symbols in Figure 2-3 are for reference only. 5V Power on con-
nector J3 is available to drive the LCD display and its backlight only.

2451 LCDKEY

The LCD Key is activated by pressing S1 on the PCB (see Figure 2-1), or by grounding
J1 pin 5. Momentarily activating the key cycles through the LCD display pages
described in Section 2.4.5.2 “LCD Display Pages”. The LCD page can also be
selected with the SYST.LCD:PAGE SCPI command. The last page displayed is
remembered in NVRAM, and will be shown upon power up.

Activating the key for 8 seconds initiates the Auto-Survey and starting with firmware
revision 0.71, switches the LCD to the Survey status display page. The Auto-Survey
can also be initiated with the GPS:SURV ONCE SCPI command.

2452 LCD DISPLAY PAGES
Following are the LCD display pages:

» Time/Date: (Figure 2-4) This page shows the time, date, number of tracked Satel-
lites, and the lock status (PH = Position Hold mode).
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* GNSS Position: (Figure 2-5) This page shows the GPS coordinates of the
antenna position.

FIGURE 2-5:  GNSS Position Display Page.
» GPS Height: (Figure 2-6) This page shows the height in MSL of the GNSS
antenna, as well as the operating mode (HOLD Position Hold mode).

FIGURE 2-6:

» CSAC Steering: (Figure 2-7) This page shows the internal ALARM indication of
the CSAC oscillator itself. 0x0 indicates normal operation. Also shows the CSAC
Oscillator steering offset required to maintain UTC lock, which is normalized to
1E-012 offsets. The CSAC steering offset is programmed into the CSAC oscillator
NVRAM once every 24 hours, at which point the offset is set to "0" again. This
allows the CSAC oscillator to power-on with the last internal offset stored in
NVRAM, effectively storing the calibration parameter inside the CSAC oscillator
once per day.

FIGURE 2-7:  CSAC Steering Display Page.
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» CSAC Status: (Figure 2-8) This page displays the following Cesium Vapor Cell
status: Laser Current (LI), Cell Temperature (in °C), and TCXO Steering Voltage
(OV to 3.3V). The TCXO is locked to the Cesium Vapor Cell via a Phase Locked
Loop, and generates the 10 MHz output frequency.

FIGURE 2-8: CSAC Status Display Page.

* TINT: (Figure 2-9) TINT is the time interval offset between the internal CSAC
oscillator phase, and UTC as generated by the GNSS receiver. It is displayed in
nanoseconds. The PLL control loop will try to zero this offset over time as the unit
follows UTC at NIST in Colorado via the Satellite transmissions. FEE indicates the
Frequency Error Estimate, which is a unit-less number, and is estimated by com-
paring the UTC phase offset from 1000 seconds ago to the present phase offset.
This is similar to the Allan Deviation number for a measurement interval of 1000
seconds. Smaller numbers are better, but numbers below 1E-012 are below the
noise floor of the instrument. A number of 4E-012 for example can be loosely
interpreted to be a phase drift of the 10 MHz and 1PPS outputs of 4 picoseconds
per second averaged over 1000 seconds as compared to the UTC master clock at
NIST in Colorado.
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» Navigation: (Figure 2-10) This page displays the following Navigation status:
Course (in degrees), Speed (knots), operating mode, and altitude (feet).

FIGE 2-1 : Navigation Display Page.

* GPS/UTC Time: (Figure 2-11) This page displays the following UTC/GPS Time
information: UTC time (hh:mm:ss), GPS time (hh:mm:ss) and leapsecond offset
(seconds).

FIGUE 2-11: GPS/UTC Time Display Page.
» Survey Status: (Figure 2-12) This page displays the status (NOT ACTIVE,
ACTIVE or VALID), duration (seconds) and variance (mm2) of the position survey.

FIGU 2- 2: Survey Status Display Page.
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2.5 LOOP PARAMETER ADJUSTMENT

GPS-2700 with firmware revision 0.74 and later adds support for two different phase
loop time constant settings for the CSAC to accommodate different mission scenarios
(stationary versus mobile, steady state operation versus power cycling, etc.). These
time constants determine the behavior of the unit during steady state operation, and
when a frequency error is induced into the CSAC by adverse environmental effects
such as tilt/shock of the unit, or due to thermal shocks. See Section 3.10.2 for details
in configuring different loop time constant settings.

All loop parameters can be controlled via the serial ports. Loop parameters are opti-

mized for the Atomic Oscillator on the board, and changing the factory settings may

cause the unit’s performance to deteriorate. Table 2-5 shows the recommended loop
time constants for GPS-2700.

TABLE 2-5: RECOMMENDED LOOP SETTINGS

Usage Normal Time Constant Fast Time Constant
Loop Behavior Benign Aggressive
SERV:EFCS 0.6 2.0
SERV:PHASECO 1.2 10.0
SERV:EFCD 10 5

The commands to control the loop time constants are part of the SERV? command.
See also the SERVO Subsystem Section 3.10.

The individual commands are:

» EFC Scale: This is the proportional gain of the PID loop. Higher values will give
quicker convergence, and faster locking of the GPS time (lower loop time con-
stant), lower values give less noise. Values between 0.6 and 6.0 are typical.

+ EFC Damping: Overall lIR filter time constant. Higher values increase loop time
constant. Typical values are between 5 to 50. Setting this value too high may
cause loop instability.

» Phase Compensation: This is the Integral part of the PID loop. This corrects
phase offsets between the GPS-2700 1PPS signal and the UTC 1PPS signal as
generated by the GNSS receiver. Set higher values for tighter phase-following at
the expense of frequency stability. Typical values range from 1 to 30. Setting this
value too high may cause loop instability.

A well-compensated unit will show performance similar to the plot in Figure 2-13
when experiencing small externally stimulated frequency perturbations.
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FIGURE 2-13: GPS-2700 Phase Compensation Plot.

PERFORMANCE GRAPHS

Figure 2-14 shows the typical Allan Deviation of the GPS-2700 unit when locked to
GPS. ADEYV performance approaches 1E-13 per day when locked to GPS. The plot
shows that at averaging intervals of 1000 seconds and more the GPS disciplining algo-
rithm starts to improve the performance of the CSAC oscillator.
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FIGURE 2-14: Allan Deviation of CSAC When Locked to GPS.
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Figure 2-15 shows that the Allan Deviation of the free running unit (GPS holdover, no
GNSS antenna is attached) is quite good, approaching 5E-12 over 100,000 seconds in
this typical plot.
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FIGURE 2-15: Allan Deviation of Free Running CSAC.

As shown in Figure 2-16, the Phase Noise of the GPS-2700 unit with the Phase Noise
filter disabled shows a higher baseline noise with a floor of about —145 dBc/Hz, and
numerous spurs.
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FIGURE 2-16: Phase Noise of the GPS-2700 with the Phase Noise Filter
Disabled.
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Beginning in August 2012 and with BOM revision 2.1, the GPS-2700 board had a com-
ponent change that improves the phase noise filter performance significantly, espe-
cially below 2 kHz offsets from the carrier. Please see Figure 2-17 for a typical plot of
the new phase noise performance of the unit. This change also reduces the jitter of the
10 MHz outputs considerably. The following plot shows operation with the phase noise
filter disabled (light trace) and enabled (darker trace). Noise performance improve-
ments by the filter of almost 20 dB can be seen at 1 kHz offsets over the CSAC oscil-
lator by itself.
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FIGURE 2-17: Phase Noise of the GPS-2700 with the Phase Noise Filter

Enabled.

The plotin Figure 2-18 shows the GPS-2700 unit's Phase Noise performance as a plot
of two superimposed measurements, one with the Phase Noise filter enabled and one
with the filter disabled. The noise improvement and reduction of spurs is clearly visible.
Phase Noise performance is improved by up to 13 dB (at 10 kHz offset).

Figure 2-19 shows an alternate comparative phase noise plot.
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FIGURE 2-18: Both Phase Plots Superimposed.
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FIGURE 2-19: Alternate Comparative Phase Noise Plot.
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Chapter 3. SCPI-Control Quick Start Instructions

3.1  INTRODUCTION

The GPS-2700 has two serial ports that can be used simultaneously for accessing the
Standard Commands for Programmable Instrumentation (SCPI) subsystem by using a
host system terminal program such as TeraTerm or Hyperterminal. By default the ter-
minal settings are 115200, 8N1, no flow-control.

There are a number of commands that can be used as listed below. Most of these are
identical or similar to Legacy Symmetricom 58503A commands. To get a listing of the
available commands, send the HELP? query. This will return a list of all the available
commands for the GPS-2700.

Additional information regarding the SCPI protocol syntax can be found on the follow-
ing website: http://www.ivifoundation.org/scpi/

Please refer to the document SCPI-99.pdf for details regarding individual SCPI com-
mand definitions. A basic familiarity with the SCPI protocol is recommended when
reading this chapter.

As a Quick-Start, the user may want to try sending the following commands to one of
the serial interfaces:

SYST:STAT?
HELP?
GPS?
SYNC?
DIAG?

3.2 GENERAL SCPI COMMANDS
3.21 “IDN

This query outputs an identifying string. The response will show the following informa-
tion: <model number>, <firmware revision>

3.2.2 HELP?

This query returns a list of the commands available for the GPS-2700.

3.3 GPS SUBSYSTEM

Note: Please note that GPS-2700 displays antenna height in MSL Meters rather
than in GPS Meters on all commands that return antenna height. The
NMEA position fixes are in the WGS84 coordinate system, while the XY,
and Z velocity vectors are given in the ECEF coordinate system.

The GPS subsystem regroups all the commands related to the control and status of the
GNSS receiver. The list of the commands supported is the following:

GPS:SAT:-TRA:COUN?
GPS:SAT:VIS:COUN?
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GPS:PORT <RS232 | USB>
GPS:PORT?

GPS:GPGGA <int> [0,255]
GPS:GGAST <int> [0,255]
GPS:GPRMC <int> [0,255]
GPS:GPZDA <int> [0,255]
GPS:GPGSV <int> [0,255]
GPS:PASHR <int> [0,255]
GPS:XYZSP <int> [0,255]
GPS:GNGGA <int> [0,255]
GPS:GGAGNST <int> [0,255]
GPS:GNRMC <int> [0,255]
GPS:GNZDA <int> [0,255]
GPS:DYNAM:MODE <int> [0,7]
GPS:DYNAM:MODE 8 (Automatic Dynamic Mode)
GPS:DYNAM:MODE?
GPS:DYNAM:STAT?
GPS:REF:ADEL <float> <s | ns > [-32767ns,32767ns]
GPS:REF:PUL:SAW?

GPS:RESET ONCE

GPS:TMOD <ON | OFF | RSTSURV>
GPS:SURV ONCE

GPS:SURV:DUR <sec>
GPS:SURV:VAR <mm”2>
GPS:HOLD:POS <cm, cm, cm>
GPS:SURV:STAT?

GPS:INIT:DATE <yyyy,mm,dd>
GPS:INIT:TIME <hour,min,sec>
GPS:SYST:SEL [GPS | SBAS | QZSS | GAL | BD * GLQ]
GPS:NMEA:TALK <GP | GN>
GPS:NMEA:SVN <GP | GN>
GPS:JAM?

GPS:FW?

GPS?

3.31 GPS:SAT:TRA:COUN?

This query returns the number of satellites being tracked.

3.3.2 GPS:SAT:VIS:COUN?

This query returns the number of satellites (PRN) that the almanac predicts should be
visible, given date, time, and position.

3.3.3 NMEA Support

The following commands allow the GPS-2700 to be used as an industry standard nav-
igation GNSS receiver. The GGA, GSV, RMC, ZDA, and PASHR NMEA commands
comprise all necessary information about the antenna position, height, velocity, direc-
tion, satellite info, fix info, time, date and other information that can be used by standard
navigation applications via the GPS-2700 RS-232 interface.
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Once enabled, the GPS-2700 will send out information on the RS-232 transmit pin
automatically every N seconds. All incoming RS-232 commands are still recognized by
GPS-2700 because the RS-232 interface transmit and receive lines are completely
independent of one another.

To indicate the GNSS systems enabled and available to generate the NMEA data, the
GPS-2700’s NMEA output includes a two character talker ID before the GGA, GLL,
RMC, GSA, GSV, and ZDA sentence headers. Table 3-1 shows the talker IDs for the
supported GNSS systems. If more than one GNSS system is enabled and NMEA talker
ID is set to GN, the talker ID of NMEA output is GN except for the GSV sentence which
outputs multiple sets of sentences for each talker ID. See Section 3.3.32 for details in
NMEA talker ID mode configuration. Also, the GSV output uses a modified satellite
numbering scheme as detailed in Table 3.1 to allow all different GNSS system satellites
to be differentiated.

Please note that the position, direction, and speed data is delayed by one second from
when the GNSS receiver internally reported these to the GPS-2700 Microprocessor, so
the position is valid for the 1PPS pulse previous to the last 1PPS pulse at the time the
data is sent (one second delay). The time and date are properly output with correct
UTC synchronization to the 1PPS pulse immediately prior to the data being sent.

Once set, the NMEA command settings will be stored in NV memory, and generate out-
put information even after power to the unit has been cycled.

3.3.4 GPS:PORT <RS232 | USB>

This command specifies the communication port where the NMEA messages will be
sent.

3.3.5 GPS:PORT?

This query returns the port where the NMEA messages are sent.

3.3.6  GPS:GPGGA <int> [0,255]

GPS-2700 with firmware revision 0.75 and later and uBlox 8 GNSS receiver adds sup-
port for switching the talker ID mode between GP and GN for GGA, Microchip GGA,
RMC, and ZDA commands. See Section 3.3.32 for detailed operations and restrictions
on talker ID mode.

This command instructs the GPS-2700 to send the NMEA standard string $§GPGGA
every N seconds, with N in the interval [0,255]. The command is disabled during the
initial 2 minute CSAC warm-up phase.

This command has the following format:
GPS:GPGGA <int> [0,255]
The GPGGA string has the following data format:

$GPGGA,hhmmss.00,llILIIILS/N,yyyyy.yyyy,W/E f,ss,hh.h,aa.a,M,gg.g,M,, *[check-
sum]

GPGGA shows height in MSL Meters, this is different from traditional GPS receivers
that display height in GPS Meters. The difference between MSL and GPS height can
be significant, 35m or more are common.

3.3.7  GPS:GGAST <int> [0,255]

GPS-2700 with firmware revision 0.75 and later and uBlox 8 GNSS receiver adds sup-
port for switching the talker ID mode between GP and GN for GGA, Microchip GGA,
RMC, and ZDA commands. See Section 3.3.32 for detailed operations and restrictions
on talker ID mode.
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This command instructs the GPS-2700 to send a modified version of the NMEA stan-
dard string $§GPGGA every N seconds, with N in the interval [0,255]. The command is
disabled during the initial 2 minute CSAC warm-up phase.

This command has the following format:
GPS:GGAST <int> [0,255]
The GGAST string has the following data format:

$GPGGA,hhmmss.00,llILINLS/N,yyyyy.yyyy,W/E |,ss,hh.h,aa.a,M,gg.g,M,,*[check-
sum]

This command replaces the regular NMEA GGA validity flag with a decimal number
indicating the lock-state of the unit. Please see section SERV:TRAC for a detailed
description of the lock state variable. The command allows capture of the position and
other information available in the GGA command, as well as tracking the lock state and
health of the unit's CSAC performance.

GGAST shows height in MSL Meters, this is different from traditional GPS receivers
that display height in GPS Meters. The difference between MSL and GPS height can
be significant, 35m or more are common.

3.3.8 GPS:GPRMC <int> [0,255]

GPS-2700 with firmware revision 0.75 and later and uBlox 8 GNSS receiver adds sup-
port for switching the talker ID mode between GP and GN for GGA, Microchip GGA,
RMC, and ZDA commands. See Section 3.3.32 for detailed operations and restrictions
on talker ID mode.

This command instructs the GPS-2700 to send the NMEA standard string $§GPRMC
every N seconds, with N in the interval [0,255]. The command is disabled during the
initial 2 minute CSAC warm-up phase.

This command has the following format:
GPS:GPRMC <int> [0,255]
The GPRMC string has the following data format:
$GPRMC,hhmmss.00,s, IIILIILS/N,yyyyy.yyyy,W/E k.k,d.d,ddmmyy,,*[checksum]

3.3.9 GPS:GPZDA <int> [0,255]

GPS-2700 with firmware revision 0.75 and later and uBlox 8 GNSS receiver adds sup-
port for switching the talker ID mode between GP and GN for GGA, Microchip GGA,
RMC, and ZDA commands. See Section 3.3.32 for detailed operations and restrictions
on talker ID mode.

This command instructs the GPS-2700 to send the NMEA standard string $§GPZDA
every N seconds, with N in the interval [0,255]. The command is disabled during the
initial 2 minute CSAC warm-up phase.

This command has the following format:
GPS:GPZDA <int> [0,255]

The GPZDA string has the following data format:
$GPZDA,hhmmss.00,dd,mm,yyyy,+00,00*[checksum]

3.310 GPS:GPGSV <int> [0,255]

This command instructs the GPS-2700 to send the NMEA standard string $GPGSV
every N seconds, with N in the interval [0,255]. The command is disabled until the
GNSS receiver achieves a first fix.

GPS:GPGSV <int> [0,255]
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GPS-2700 with firmware revision 0.74 and later and uBlox 8 GNSS receiver is capable
of simultaneously receiving up to three concurrent GNSS systems and tracking up to
24 satellites at one time. When multiple GNSS systems are enabled in Section 3.3.31
and talker ID mode is configured to GN in Section 3.3.32, multiple GSV sentences with
different talker ID listed in Table 3.1 will be outputted.

For example, if GPS:SYST.SEL GPS SBAS GAL GLO command is sent and talker ID
mode is GN, this command will have the following output format:
$GPGSV,x,x,s8,nn,ee,aaa,ss,...*[checksum]
$GLGSV,x,x,s8,nn,ee,aaa,ss,...*[checksum]
$GAGSV,x,x,s8,nNn,ee,aaa,ss,...*[checksum]
GPS-2700 with firmware revision 0.75 and later and uBlox 8 GNSS receiver adds sup-
port for switching the talker ID mode to GP for GSV command where only $GPGSV
(i.e., no $GLGSV, $GAGSYV, or $GBGSV) string will be outputted for GPS, SBAS, and
QZSS. See Section 3.3.33 for more details on merging satellite information for other
GNSS systems in $GPGSV sentence.

TABLE 3-1: PRN NUMBERING SCHEME FOR GNSS SYSTEMS

GNSS Type SV Range GPGszPE;i‘r" ;h""e Talker ID
GPS G1-G32 1-32 GP
SBAS $120-S158 33-64, 152-158 GP
Galileo E1-E36 301-336 GA
BeiDou B1-B37 401-437 BG
IMES 1-110 173-182 GP
Qzss Q1-Q5 193-197 GP
GLONASS R1-R32, R? 65-96, 0 GL

3.3.11  GPS:PASHR <int> [0,255]

The PASHR command alongside the GPZDA command will give all relevant parame-
ters such as time, date, position, velocity, direction, altitude, quality of fix, and more. As
an example, the String has the following data format:

$PASHR,POS,0,7,202939.00,3716.28369,N,12157.43457,W,00087.40,7??7,070.01,
000.31,-000.10,05.6,03.5,04.3,00.0,DD00*32

Please note that the length of the string is fixed at 115 characters plus the two binary
0x0d, 0x0a termination characters.

$PASHR,POS,0,aa,bbbbbb.00,cccc.cccee,d,eeeee.eeeee,f,ggggg.gg,hhhhiii.ii,jjj.
jj,kkkk.KK,II.I, mm.m,nn.n,00.0,p.pp,*[checksum]
Where:

aa: Number of Sats

bbbbbb.00: Time of Day UTC
ccce.ceccc,d: Latitude,S/N
eeee.eeeee,f: Longitude, W/E
g9999.9g: Antenna Height in meters
hhhh: Four fixed ‘?’ symbols

iii.ii: Course Over Ground

jii-ij: Speed in Knots

kkkk.k: Vertical Velocity in meters/s
Il.l: PDOP
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mm.m HDOP
nn.n VDOP
00.0 Static number
p.pp: Firmware version
This command instructs the GPS-2700 to send the NMEA standard string $PASHR

every N seconds, with N in the interval [0,255]. The command is disabled during the
initial 2 minute CSAC warm-up phase.

This command has the following format:
GPS:PASHR <int> [0,255]

3.3.12 GPS:XYZSP <int> [0,255]

This command is a 3D velocity vector output command. Enabling this command will
output a 3 dimensional velocity vector indicating the unit’'s speed in centimeters per
second in the ECEF coordinate system.

X, Y, and Z speed are individually given, and are independent of each other. An accu-
racy estimate in centimeters per second is also given. The velocity data is
time-stamped using the time-of-week with a resolution of milliseconds.

Additionally, the number of accrued Leap seconds is indicated in this message, which
allows proper calculation of GPS time from UTC time as indicated by other messages,
as well as proper handling of Leap second events.

Use the following format to generate the velocity vector every N seconds, with N in the
interval [0,255]:

GPS:XYZSP <int> [0,255]

3.313 GPS:GNGGA <int> [0,255]

GPS-2700 with firmware revision 0.75 and later and uBlox 8 GNSS receiver adds sup-
port for switching the talker ID mode between GP and GN for GGA, Microchip GGA,
RMC, and ZDA commands. See Section 3.3.32 for detailed operations and restrictions
on talker ID mode.

Similar to the GPS:GPGGA command. This command instructs the GPS-2700 to send
the NMEA standard string $GNGGA every N seconds, with N in the interval [0,255].
The command is disabled during the initial 2 minute CSAC warm-up phase.

This command has the following format:
GPS:GNGGA <int> [0,255]
The GNGGA string has the following data format:

$GNGGA,hhmmss.00,lIILIILS/N,yyyyy.yyyy,W/E f,ss,hh.h,aa.a,M,gg.9,M,,*[check-
sum]

GNGGA shows height in MSL Meters, this is different from traditional GPS receivers
that display height in GPS Meters. The difference between MSL and GPS height can
be significant, 35m or more are common.

3.3.14 GPS:GGAGNST <int> [0,255]

GPS-2700 with firmware revision 0.75 and later and uBlox 8 GNSS receiver adds sup-
port for switching the talker ID mode between GP and GN for GGA, Microchip GGA,
RMC, and ZDA commands. See Section 3.3.32 for detailed operations and restrictions
on talker ID mode.
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Similar to the GPS:GGAST command.This command instructs the GPS-2700 to send
a modified version of the NMEA standard string $§GNGGA every N seconds, with N in
the interval [0,255]. The command is disabled during the initial 2 minute CSAC
warm-up phase.

This command has the following format:
GPS:GGAGNST <int> [0,255]
The GGAGNST string has the following data format:

$GNGGA,hhmmss.00,lILIILS/N,yyyyy.yyyy,W/E l,ss,hh.h,aa.a,M,gg.g,M,,*[check-
sum]

This command replaces the regular NMEA GGA validity flag with a decimal number
indicating the lock-state of the unit. Please see Section 3.10.12 for a detailed descrip-
tion of the lock state variable. The command allows capture of the position and other
information available in the GGA command, as well as tracking the lock state and
health of the unit's CSAC performance.

GGAGNST shows heightin MSL Meters, this is different from traditional GPS receivers
that display height in GPS Meters. The difference between MSL and GPS height can
be significant, 35m or more are common.

3.3.15 GPS:GNRMC <int> [0,255]

GPS-2700 with firmware revision 0.75 and later and uBlox 8 GNSS receiver adds sup-
port for switching the talker ID mode between GP and GN for GGA, Microchip GGA,
RMC, and ZDA commands. See Section 3.3.32 for detailed operations and restrictions
on talker ID mode.

This command instructs the GPS-2700 to send the NMEA standard string $§GNRMC
every N seconds, with N in the interval [0,255]. The command is disabled during the
initial 2 minute CSAC warm-up phase.

This command has the following format:
GPS:GNRMC <int> [0,255]

The GNRMC string has the following data format:
$GNRMC,hhmmss.00,s,llILIILS/N,yyyyy.yyyy,W/E k.k,d.d,ddmmyy,,*[checksum]

3.3.16 GPS:GNZDA <int> [0,255]

GPS-2700 with firmware revision 0.75 and later and uBlox 8 GNSS receiver adds sup-
port for switching the talker ID mode between GP and GN for GGA, Microchip GGA,
RMC, and ZDA commands. See Section 3.3.32 for detailed operations and restrictions
on talker ID mode.

This command instructs the GPS-2700 to send the NMEA standard string $§GNZDA
every N seconds, with N in the interval [0,255]. The command is disabled during the
initial 2 minute CSAC warm-up phase.

This command has the following format:
GPS:GNZDA <int> [0,255]

The GNZDA string has the following data format:
$GNZDA , hhmmss.00,dd,mm,yyyy,+00,00*[checksum]
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3.3.17 GPS:DYNAM:MODE <int> [0,7]

This command allows the user to select the dynamic motion model being applied to the
Kalman filters in the GNSS receiver. This allows for larger amounts of filtering for lower
velocity applications, effectively reducing noise and multipath interference. Applica-
tions with high acceleration can now be used with fast filter settings to allow for the most
accurate GPS coordinates to be provided in high-dynamic applications such as Jet air-
craft. Doppler tracking is enabled in all airborne modes, as Carrier Phase tracking is
very difficult to achieve in high velocity applications. The GNSS receiver will perform
Carrier Phase tracking for non-airborne modes.

The command has the following syntax:
GPS:DYNAM:MODE <int> [0,8]

Sending the following command to the GPS-2700 will select a stationary GNSS
dynamic model for example:

GPS:DYNAM:MODE 1
The following table lists all available modes:

TABLE 3-2: SUPPORTED DYNAMIC GNSS OPERATING MODES

Value Model Application
0 Portable Recommended as a default setting.
1 Stationary Used in stationary applications.
2 Pedestrian Used in man-pack, pedestrian settings.
3 Automotive Vehicular velocity applications.
4 Sea Used on ships, where altitude is expected to be constant.
5 Airborne <1g Airborne applications with less than 1g acceleration.
6 Airborne <2g Airborne applications with less than 2g acceleration.
7 Airborne <4g Airborne applications with less than 4g acceleration.
8 Automatic Mode f:lfgi;g]?tﬁfet\r::h?gg\./e states (0 - 7) based on the actual

The GPS-2700 uses a GNSS receiver that is capable of running in a stationary mode
with Position Auto Survey called Position Hold Mode. This mode increases timing sta-
bility by storing the position into memory, and solving the GNSS signal only for time as
the position is not expected to change. Two modes can be selected for Auto Survey
operation (see Section 3.3.23 for a description of the GPS:TMODE command):

1. Manually setting Timing Mode to ON with a hard-coded position in NV memory.
2. Enabling Auto Survey to start automatically after power-on by setting Timing
Mode to RSTSURV.

If either one of the above two GPS:TMODE Auto Survey/Position Hold modes is
selected, the GPS:DYNAM:MODE command is disabled internally and its setting is
ignored as the unit does not expect any motion on the antenna. In this case, the
dynamic state as programmed into the GNSS receiver is set to STATIONARY indepen-
dent of the user selection for GPS:DYNAM:MODE.

The current dynamic state being applied to the GNSS receiver can be queried with the
command

GPS:DYNAM:STATE?

Please note that this command syntax has changed from previous products such as
the FireFly-1IA GNSSDO units that did not support Position Hold Auto Survey modes.
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3.3.18 GPS:DYNAM:MODE 8 (Automatic Dynamic Mode)

Automatic Dynamic Mode allows the GPS-2700 firmware to automatically configure the
GNSS receiver Kalman filter parameters based on actual mission velocities and motion
profiles. The unit will try to set the GNSS receiver to the optimal setting for any given

velocity. The unit is able to set 7 different modes, as shown in

Section 3.3.17 “GPS:DYNAM:MODE <int> [0,7]".

The following table shows the Dynamic mode the unit will program into the GNSS
receiver when Automatic Mode is selected (Dynamic Mode 8).

TABLE 3-3: AUTO DYNAMIC MODE SWITCHING RULES

Velocity Threshold Selected Dynamic Model Fallback to Lower Setting
0 — 2 knots Stationary None
>2 knots Pedestrian <1 knots
>10 knots Automotive <8 knots

>60 knots and >400 Feet/min

climb/descent Airborne 1g <50 knots
>150 knots Airborne 2g <130 knots
>240 knots Airborne 4g <210 knots

In this Automatic mode, the unit will configure the GNSS receiver based on the actual
vehicle-velocity:

Please note that in order to switch from the Automotive mode into the first Airborne (19)
mode, both a vehicle velocity greater than 60 knots as well as a climb/descent rate
greater than 400 feet per minute are required. Alternatively, a vehicle velocity of greater
than 100 knots will also initiate a switch into airborne-1g mode.

Without an appropriate climb/descent, the unit will remain in Automotive mode.
The following command returns the setting of the GNSS dynamic model:
GPS:DYNAM:MODE?

The actual state chosen by the firmware for the GNSS receiver based on vehicle veloc-
ity can be obtained with the command:

GPS:DYNAM:STAT?
A value between 0 and 7 is then returned depending on vehicle dynamics.

The dynamic state is always set to STATIONARY if one of the Position Hold Auto Sur-
vey stationary modes is selected using the command GPS:TMODE, as the Position
Hold mode setting overrides any dynamic state user setting.

Settings will be applied immediately to the GNSS receiver, and are stored in Non Vol-
atile memory.

3.3.19 GPS:DYNAM:STAT?

This query returns the actual state of the dynamic model, chosen by the firmware to be
applied to the GNSS receiver depending on vehicle velocity. It returns a value between
0 and 7, which correspond to one of the dynamic models defined in Table 3-3.

This state can be different from the user-selected Dynamic model mode for two rea-
sons:

« If the dynamic mode is set to 8 (Automatic mode), the state will reflect the
dynamic model being applied to the GNSS receiver depending on actual vehicle
dynamics.

* If the GNSS Timing Mode is set to ON or to RSTSURYV, the dynamic state will
always be set to 1 (Stationary).

© 2020 Microchip Technology Inc. DS50003016A-page 39



GPS-2700 User’s Guide

3.3.20 GPS:REF:ADEL <float> <s | ns > [-32767ns,32767ns]

The ADELay command allows bi-directional shifting of the 1PPS output in relation to
the UTC 1PPS reference in one nanosecond steps. This allows antenna cable delay
compensation, as well as retarding or advancing the 1PPS pulse arbitrarily. Typical
antenna delays for a 30 foot antenna cable with 1.5 ns per foot propagation delay would
be compensated with the following command:

GPS:REF:ADEL 45ns

This command can be used to fine-tune different units to have co-incident 1PPS pulse
outputs. Please note that during normal operation the 1PPS pulse may wander around
the UTC 1PPS pulse while the unit is tracking the GNSS signals. The present offset
between the 1PPS output and the UTC 1PPS signal can be queried with the command
SYNC:TINT? and this offset should be taken into account when calibrating two unit’s
1PPS outputs to each other, because the lock algorithms will try to steer the CSAC for
a 0.0 ns offset to the UTC 1PPS time-pulse.

3.3.21 GPS:REF:PUL:SAW?

This command returns the momentary sawtooth correction factor that the GNSS
receiver indicated.

3.3.22 GPS:RESET ONCE

Issues a reset to the internal GNSS receiver. This can be helpful when changing the
antenna for example, since the GNSS receiver measures the antenna system’s C/No
right after reset, and adjusts its internal antenna amplifier gains accordingly. It takes
approximately 1 minute for locking to commence after a GPS reset, as indicated by the
red blinking LED.

3.3.23 GPS:TMOD <ON | OFF | RSTSURV>

This command selects the Timing Mode of the GNSS receiver.

If the Timing Mode is OFF, the receiver will act as a regular GNSS receiver. This mode
has to be chosen if the unit is mobile.

If the Timing Mode in ON, the timing features of the GNSS receiver are enabled. At
power-up, the Hold position stored in NV memory will be sent to the GNSS receiver and
will be used as the reference. In order to use this mode, the receiver position must be
known as exactly as possible. Errors in the Hold position will translate into time errors
depending on the satellite constellation.

The Hold position can be set manually by the user or can be the result of a Survey exe-
cuted by the GNSS receiver.

If the Timing Mode is RSTSURY, the GNSS receiver will start a Survey every time the
unit is powered-on and following the Survey, the GNSS receiver will run with the timing
features enabled.

3.3.24 GPS:SURV ONCE

This command starts a Survey. At the end of the Survey, the calculated Hold position
will be stored in NV memory. The Survey parameters can be set with the command
GPS:SURV:DUR and GPS:SURV:VAR.

3.3.25 GPS:SURV:DUR <sec>

This command sets the Survey minimal duration.
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3.3.26 GPS:SURV:VAR <mm*2>

This command specifies the minimum variance of the average position computed
during the Survey. This minimum value is used as a threshold under which the GNSS
receiver can stop the Survey. The GNSS receiver will stop the Survey when the minimal
duration has been reached and the variance of the average position is under the spec-
ified minimum variance.

3.3.27 GPS:HOLD:POS <cm, cm, cm>

This command allows the user to specify manually the exact position of the antenna.
This command will overwrite the Hold position in NV memory. Subsequent Survey will
overwrite also the Hold position. The Hold position is stored in ECEF coordinates.

3.3.28 GPS:SURV:STAT?

This query displays the current status of the survey. The status of the survey is in one
of the 3 states:

ACTIVE: A survey is in progress.

VALID: A survey has been achieved successfully and the GNSS receiver is now
using this Hold position as reference.

INVALID: No survey are in progress or have been achieved since the last power
cycle.

When in ACTIVE or VALID state, this query will also display the duration, the Hold posi-
tion in ECEF coordinates and the position variance.

3.3.29 GPS:INIT:DATE <yyyy,mm,dd>

Firmware revision 0.57 and later adds support for manually setting the time and date
in the RTC in the event that no GNSS signals are available. This command allows set-
ting the internal RTC DATE manually when operating the unit in GPS denied environ-
ments. This command is compatible to the PTIME:OUT ON command described in
Section 3.5.5 to allow automatic time and date synchronization of two units to each
other. The internal RTC is driven by the highly stable CSAC 10 MHz signal, and thus
has very high accuracy.

3.3.30 GPS:INIT:TIME <hour,min,sec>

Firmware revision 0.57 and later adds support for manually setting the time and date
in the RTC in the event that no GNSS signals are available. This command allows set-
ting the internal RTC TIME manually when operating the unit in GPS denied environ-
ments. This command is compatible to the PTIME:OUT ON command described in
Section 3.5.5 to allow automatic time and date synchronization of two units to each
other. The internal RTC is driven by the highly stable CSAC 10 MHz signal, and thus
has very high accuracy.

3.3.31 GPS:SYST:SEL [GPS | SBAS | QZSS | GAL | BD | GLO]

GPS-2700 with firmware revision 0.74 and later and uBlox 8 GNSS receiver is capable
of simultaneously receiving up to three concurrent GNSS systems at one time. Firm-
ware revision 0.74 and later also supports the GPS-2700 with uBlox 6 GPS receiver.
This command selects the GNSS systems that are enabled in the GNSS receiver and
are used to generate the timing and positioning information for the NMEA data, and to
generate the 1PPS reference for the GNSSDO. The command is followed by a list of
the shortened names of the GNSS systems to enable. The shortened names of sup-
ported GNSS system include GPS, SBAS, QZSS, BD (BeiDou), GAL (Galileo) and

GLO (GLONASS). Please see Section 2.4.3 for restrictions on the concurrent GNSS
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systems that can be enabled. Configuration with invalid combinations of GNSS sys-
tems or GPS-2700 without uBlox 8 receiver will result in a Command Error response
and no change to the configuration.

The following example command will enable GPS, SBAS, Galileo and GLONASS all
concurrently:

GPS:SYST:SEL GPS SBAS GAL GLO
The following command will query the currently enabled GNSS systems:
GPS:SYST:SEL?

The GPS-2700 with uBlox 8 receiver will respond to the query with the list of enabled
GNSS systems such as:

GPS SBAS GAL GLO

GPS-2700 with firmware revision 0.75 and later and uBlox 8 GNSS receiver adds sup-
port for switching the talker ID mode between GP and GN for GGA, Microchip GGA,
RMC, and ZDA commands. See Section 3.3.32 “GPS:NMEA:TALK <GP | GN>” for
detailed operations and restrictions on talker ID mode.

3.3.32 GPS:NMEA:TALK <GP | GN>

GPS-2700 with firmware revision 0.75 and later and uBlox 8 GNSS receiver adds sup-
port for switching the talker ID mode between GP and GN for GGA, Microchip GGA,
RMC, and ZDA commands.

This command has the following format and changed setting will be applied immedi-
ately to the GPS-2700, and is stored in NV memory:

GPS:NMEA:TALK <GP | GN>
The following command returns the NMEA talker ID mode stored in NV memory:
GPS:NMEA:TALK?

Sending command with invalid parameter or GPS-2700 without uBlox 8 receiver will
result in a Command Error response and no change to the configuration.

Several rules are applied when switching between GN and GP talker ID mode:

» The $GNxxx NMEA string is equivalent to corresponding $GPxxx NMEA string
except for the main talker ID $GN at the header.

» Sending GPS:NMEA:TALK GP command or any of the GPxxx commands will
change the talker ID mode to GP for all GGA, Microchip GGA, RMC, and ZDA
commands with any combination of GNSS systems enabled in
Section 3.3.31 “GPS:SYST:SEL [GPS | SBAS | QZSS | GAL | BD | GLO]”.

« If talker ID mode is GN and only one GNSS system is enabled (i.e.,
GPS|SBAS|QZSS only, or Galileo only, or GLONASS only, or BeiDou only), the
corresponding GNSS-specific talker ID listed in Table 3-1 will be used.

» Sending GPS:NMEA:TALK GN command or any of the GNxxx commands will
change the talker ID mode to GN for all GGA, Microchip GGA, RMC, and ZDA
commands when more than one GNSS system is enabled.

« If talker ID mode is GP, the GSV command will only contain the satellite informa-
tion for GPS, SBAS, and QZSS only, if available. To include satellite info from
other GNSS systems in $GPGSV string, GPS:NMEA:SVN GN command dis-
cussed in Section 3.3.33 “GPS:NMEA:SVN <GP | GN>” can be used.

The GPS:NMEA:TALK GP and GPxxx commands are useful for environment with poor
GPS reception with multiple concurrent GNSS systems enabled to output valid naviga-
tion and PVT data for GPS system. Please see Section 2.4.3 for details of merits in con-
current GNSS systems.
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For example, the following commands can be used for enabling GPS, SBAS and Gal-
ileo at the same time but outputting GGA and RMC sentences every one second with
talker ID $GP at the header:

GPS:SYST:SEL GPS SBAS GAL

GPS:GPGGA 1

GPS:GPRMC 1

3.3.33 GPS:NMEA:SVN <GP | GN>

GPS-2700 with firmware revision 0.75 and later and uBlox 8 GNSS receiver adds sup-
port for switching the talker ID mode to GP for GSV command where only $GPGSV
(i.e., no $GLGSV, $GAGSV, or $GBGSV) string will be outputted for GPS, SBAS, and
QZSs.

This command allows the GPS-2700 to include all available satellite information for
GPS, SBAS, QZSS, Galileo, GLONASS, and BeiDou in $GPGSV string when the
talker ID mode is set to GP in Section 3.3.32 “GPS:NMEA:TALK <GP | GN>". The
default mode for this command is GP which excludes satellite information for GNSS
systems other than GPS, SBAS, and QZSS.

This command is effective only when the talker ID mode is GP meaning that GSV com-
mand will have GNSS-specific talker ID listed in Table 3.1 for each GNSS system
enabled if talker ID mode is GN.

This command has the following format:
GPS:NMEA:SVN <GP | GN>

If talker ID mode is GP, sending GPS:NMEA:SVN GN command will include all satel-
lites in view in multiple $GPGSV sentences for up to 24 satellites.

3.3.34 GPS:JAM?

Firmware revision 0.57 and later adds support for a GNSS signal jamming-indicator.
The GNSS receiver will detect, and flag jamming interference with levels ranging from
0 (no jamming) to 255 (strong jamming). Any level exceeding 50 will cause a
SYNC:HEALTH 0x800 event to be flagged, and the unit to disable the LOCK_OUT_OK
signal on connector J1.

3.3.35 GPS:FwW?

This command returns the firmware version used inside the GNSS receiver itself.

3.3.36 GPS?

This query displays the selected GNSS systems and NMEA talker ID for GPS-2700
with firmware revision 0.75 and later and uBlox 8 receiver, configuration, position,
speed, height, and other relevant data of the GNSS receiver in one convenient location.

3.4 GYRO SUBSYSTEM

The following Gyro commands are supported:

GYRO:MODE <ON | OFF>

GYRO:TRA <int> [0,255]

GYRO:PORT <RS232 | USB>
GYRO:PORT?

GYRO:CAL <float,float,float,float,float,float>
GYRO:CAL:COMP

GYRO:CAL:RESET
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GYRO:SENS <float,float,float>
GYRO:GLOAD?
GYRO?

3.4.1 GYRO:MODE <ON | OFF>
Enables or disables electronic compensation. This feature must be calibrated at the
factory before it can be used.
The following command returns the status of compensation setting:
GYRO:MODE?

3.42  GYRO:TRA <int> [0,255]

This command sets up the output period of the Accelerometer data (in g’s per axis, and
in tilt in Degrees per axis). The fastest period is 50 ms (20 outputs per second)
achieved when setting the command to GYRO:TRA 1. The resolution of this command
is 1/20th of a second. Setting the command to 0 disables the Accelerometer output.

This command has the following format:
GYRO:TRA <int> [0,255]

The following command returns the setting of the period:
GYRO:TRA?

The output of the system is in six floating point numbers: the acceleration on the X, Y,
and Z axis in g’s, and the Tilt of the X, Y, and Z axis in Degrees (-90 to +90).

Please note that the Accelerometer has its best resolution and accuracy when the
earth’s gravitational acceleration is perpendicular to the axis to be measured. Thus the
sensors accuracy and resolution will be best when the tilt of any axis is around 0
Degrees. The worst performance (with an accuracy of only ~ 5 Degrees) is when any
of the axis are at their £90 Degree angles, this is due to the fact that a SIN(g-load) cal-
culation is done to generate the output normalized to Degrees, and the vector is thus
least sensitive at £90 Degree angles.

Acceleration can be measured with up to +3g range on all three axis. Please note that
since the tilt angle is calculated from the acceleration vectors (using gravity) that the tilt
angles will actually exceed +90 Degrees when acceleration greater than 1g is applied.

3.4.3 GYRO:PORT <RS232 | USB>

This commands specifies the communication port where the GYRO traces will be sent.

3.4.4 GYRO:PORT?

This query returns the port where the GYRO traces are sent.

3.4.5 GYRO:CAL <float,float,float,float,float,float>

This command is used to manually calibrate the gain and offset of the Accelerometer
output. Both offset and gain need to be calibrated on the unit to properly format the out-
put of the three axis tilt to be —90 Degrees to +90 Degrees, and the 0 Degree reference.

By default, the unit is shipped with a normalized output of 0 Degrees Offset, and a gain
of 1.0, and the user will need to calibrate their unit in their system.

This command has the following format:
GYRO:CAL <float>, <float>, <float>, <float>, <float>, <float>
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Calibration is accomplished by slowly tilting the unit on all six axis and measuring the
maximum and minimum tilt indications in all six axis, and writing these down on a piece
of paper to calculate the calibration values. See also the GYRO:CAL:COMP command
for a semi-automated calibration method.

Example: if the result for say the X axis is —87 Degrees to +93 Degrees, then we need
to remove an offset of +3 Degrees from the X axis while the gain of the X axis is properly
set. We would thus send the following calibration command to the unit:

GYRO:CAL-3,0,0,1,1,1
This will remove a 3 Degree offset from the X Axis, and keep the Y and Z axis without
offset or gain adjustments.

After the Offset is removed, we may have to adjust the gain of the axis sensor. For
example if the range of the X Axis output is —82 Degrees to +78 Degrees then the axis
has both an offset of 2 degrees, and a gain error of 90/80 Degrees (a factor of 1.125).

Thus we need to add 2 Degrees offset, and a gain of 1.125. The calibration command
would thus look as follows:

GYRO:CAL 2,0,0,1.125,1, 1
All three axis need to be calibrated simultaneously as shown above for the X Axis.

The following command returns the setting of the calibration factors of the accelerom-
eter system:

GYRO:CAL?

Due to the nature of the accelerometer chip, the Z axis will have the largest error and
lowest sensitivity of all three axis. The X and Y axis will have the best resolution and
highest sensitivity when the unit is sitting level (horizontally).

3.4.6 GYRO:CAL:COMP

This command can be used to automatically compute the offset and gain compensation
of the accelerometer output for units that are not factory-calibrated. The goal is to have
the unit indicate a range of £1.0g on all three axis when slowly rotated through the axis,
as well as 0.0g for any axis that is perpendicular to the earth’s gravity.

The user must establish the minimum and maximum g-loads that are displayed on all
three axis by slowly tilting the unit over 180 Degrees on all three axis. These values are
written down on a piece of paper, and the system calculates the required gain and off-
set parameters to scale the accelerometer output to +1g peak-to-peak scale, and 0g
indication based on entering these values. The GYRO:CAL:COMP command will query
the user for the maximum and minimum indicated g-loads. The GYRO:TRACE 10 com-
mand can be used to help establish the g-indications on the three different axis to aid
in this calibration.

3.4.7 GYRO:CAL:RESET

Used for factory calibration of Gyro subsystem.

3.4.8 GYRO:SENS <float,float,float>

Used for factory calibration of Gyro subsystem.

3.4.9 GYRO:GLOAD?

This command will return the present acceleration on the X, Y, and Z axis.
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3.410 GYRO?

This query returns at once the result of the five following queries:
GYRO:MODE?
GYRO:TRA?
GYRO:CAL?
GYRO:SENS?
GYRO:GLOAD?
GYRO:PORT?

3.5 PTIME SUBSYSTEM

The PTIME subsystem regroups all the commands related to the management of the
time.The list of the commands supported is the following:

PTIM:DATE?

PTIM:TIME?

PTIM:TIME:STR?

PTIM:TINT?

PTIM:OUT <ON | OFF>

PTIM:LEAP?

PTIM:LEAP:PEND?

PTIM:LEAP:ACC?

PTIM:LEAP:DATE?

PTIM:LEAP:DUR?

PTIM?

3.5.1 PTIM:DATE?

This query returns the current calendar date. The local calendar date is referenced to
UTC time. The year, month, and day are returned.

3.5.2 PTIM:TIME?

This query returns the current 24-hour time. The local time is referenced to UTC time.
The hour, minute, and second is returned.

3.5.3 PTIM:TIME:STR?

This query returns the current 24-hour time suitable for display (for example, 13:24:56).

3.5.4 PTIM:TINT?
This query is equivalent to the command SYNC:TINT.

3.5.5 PTIM:OUT <ON | OFF>

Firmware revision 0.57 and later adds support for auto-initialization of time and date
between GNSSDO units. This allows connecting two units together through the serial
port with a null-modem cable, and having the master unit send time and date informa-
tion to the slave unit. The slave unit's 1PPS reference input can also be driven by the
master unit’s 1PPS output signal, by setting the slave unit to external 1PPS sync mode
using the SYNC:SOUR:MODE EXT command. This allows time-synchronization at the
nanosecond level between two units which can be useful when operating in GPS
denied environments.

The following command returns the PTIME output setting stored in NV memory:
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PTIM:OUT?

Sending the command PTIM:OUT ON will cause the unit to automatically generate
GPS:INIT:DATE and GPS:INIT:TIME sentences described in Section 3.3.29 and Sec-
tion 3.3.30 on the serial port once per second.

3.5.6 PTIM:LEAP?

This command returns the results of the four following queries:

PTIM:LEAP:PEND?
PTIM:LEAP:ACC?
PTIM:LEAP:DATE?
PTIM:LEAP:DUR?

An example of a pending leapsecond event follows:

LEAPSECOND PENDING: 1

LEAPSECOND ACCUMULATED: 16

LEAPSECOND DATE: 2015,6,30

LEAPSECOND DURATION: 61
Please note that the unit stores pending leapsecond events in NV memory, and applies
them correctly even if the antenna is removed prior to the leapsecond as long as the
pending information has been received and stored in NV memory, and the unit has a
properly set RTC time and date. This feature sets Microchip units apart from competi-
tive products that only apply a leapsecond correctly if the GNSS antenna is connected
to the unit during the actual leapsecond event, and may thus miss the leapsecond
event entirely.

3.5.7 PTIM:LEAP:PEND?

This command returns 1 if the GPS Almanac data contains a future pending leap sec-
ond data and 0 if no future leap second is pending or Almanac data is not available.
The GNSS receiver must have the GPS system enabled for the GPS Almanac to be
available.

3.5.8 PTIM:LEAP:ACC?

This command will return the internally applied leapsecond offset between GPS time
and UTC time as stored in the EEPROM (GPS Almanac not received yet) or as indi-
cated by the GNSS receiver (GPS Almanac is available).

3.5.9 PTIM:LEAP:DATE?

This command returns the date of the pending leap second, if any.

3.5.10 PTIM:LEAP:DUR?

This command returns the duration of the last minute of the day during a leap second
event. The returned value is 59, 60 or 61 if GPS Almanac data is available, and 0 oth-
erwise. A response of 60 indicates that no leap second is pending.

3.5.11 PTIM?

This query returns at once the result of the five following queries:

PTIM:DATE?
PTIM:TIME?
PTIM:TINT?
PTIM:OUT?
PTIM:LEAP:ACC?
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3.6 SYNCHRONIZATION SUBSYSTEM

This subsystem regroups the commands related to the synchronization of the
GPS-2700 with the GNSS receiver. The list of the commands supported for this sub-
system is the following:

SYNC:HOLD:DUR?

SYNC:HOLD:STAT?

SYNC:HOLD:INIT

SYNC:HOLD:REC:INIT

SYNC:SOUR:MODE <GPS | EXT | AUTO>

SYNC:SOUR:STAT?

SYNC:TINT?

SYNC:IMME

SYNC:FEE?

SYNC:LOCK?

SYNC:OUT:1PPS:RESET <ON | OFF>

SYNC:OUT:1PPS:RESET?

SYNC:OUT:1PPS:WIDTH <int> <ms | us > [200us,600ms]

SYNC:OUT:FILT <ON | OFF>

SYNC:OUT:FILT?

SYNC:HEA?

SYNC:TINT:THR <int> [50,2000]

SYNC?

3.6.1 SYNC:HOLD:DUR?

This query returns the duration of the present or most recent period of operation in the
holdover and holdover processes. This is the length of time the reference oscillator was
not locked to GNSS receiver 1PPS, and thus “coasting”. The time units are seconds.
The first number in the response is the holdover duration. The duration units are sec-
onds, and the resolution is 1 second. If the receiver is in holdover, the response quan-
tifies the current holdover duration. If the receiver is not in holdover, the response
quantifies the previous holdover. The second number in the response identifies the
holdover state. A value of 0 indicates the receiver is not in holdover; a value of 1 indi-
cates the receiver is in holdover.

3.6.2 SYNC:HOLD:STAT?

This query returns the current holdover state with possible responses being NONE,
MANUAL, or ON. NONE indicates the holdover state is off. MANUAL indicates the
holdover is manually enabled with the SYNC:HOLD:INIT command. ON indicates that
holdover is enabled due to lack of external GNSS receiver 1PPS or valid GNSS fix.

3.6.3 SYNC:HOLD:INIT

The SYNC:HOLD:INIT and SYNC:HOLD:REC:INIT commands allow the user to man-
ually enter and exit the holdover state, even while GPS signals are still being properly
received. This forced-holdover allows the unit to effectively disable GPS locking, while
still keeping track of the state of the 1PPS output in relation to the UTC 1PPS signal as
generated by the GNSS receiver. When the unit is placed into forced-holdover with this
command, the unit will indicate the time interval difference between the 1PPS output

and the GPS UTC 1PPS signal by using the SYNC:TINT? command. This allows the

user to see the CSAC drift when not locked to GPS for testing purposes, or to prevent
the GNSS receiver from being spoofed and affecting the CSAC frequency accuracy. All
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other frequency-disciplining functions of the unit will behave as if the GNSS antenna
was disconnected from the unit while in this forced-holdover state.

3.6.4 SYNC:HOLD:REC:INIT

This command will disable the forced holdover state (see the SYNC:HOLD:INIT com-
mand). The unit will resume normal GPS locking operation after this command has
been sent.

3.6.5 SYNC:SOUR:MODE <GPS | EXT | AUTO>

The command allows an optional external 3.3V CMOS, 5V CMOS or TTL level 1PPS
input to be connected to the GPS-2700 board on connector harness J1. The unit can
use this external 1PPS input instead of the internal, GPS generated 1PPS. Switching
to the external 1PPS is either done manually with the EXT command option, or auto-
matically with the AUTO command option in case the GNSS receiver goes into hold-
over mode for any reason. The command has the following format:

SYNC:SOUR:MODE <GPS | EXT | AUTO>
The following command returns the current mode setting stored in NV memory:
SYNC:SOUR:MODE?

3.6.6 SYNC:SOUR:STAT?

This command returns the state of the SYNC:SOUR:MODE command, and may return
GPS or EXT.

3.6.7 SYNC:TINT?

This query returns the difference or timing shift between the GPS-2700 1PPS and the
GNSS 1PPS signals. The resolution is 1E-10 seconds.

3.6.8 SYNC:IMME

This command initiates a near-instantaneous alignment of the GPS 1PPS and
Receiver output 1PPS. To be effective, this command has to be issued while not in
holdover.

3.6.9 SYNC:FEE?

This query returns the Frequency Error Estimate, similar to the Allan Variance using a
1000s measurement interval and comparing the internal 1PPS to GNSS 1PPS offset.

Values less than 1E-12 are below the noise floor, and are not significant.

3.6.10 SYNC:LOCK?
This query returns the lock state (0=OFF, 1=0ON) of the PLL controlling the CSAC.

3.6.11 SYNC:OUT:1PPS:RESET <ON | OFF>

This command allows the generation of the 1PPS pulse upon power-on without an
external GNSS antenna being connected to the unit. By default the unit does not gen-
erate a 1PPS pulse until the GNSS receiver has locked onto the Satellites. With the
command SYNC:OUT:1PPS:RESET ON the unit can now be configured to generate
an asynchronous 1PPS output after power-on even if a GNSS antenna is not con-
nected to the unit. Once the GNSS receiver locks, the 1PPS pulse will align itself to
UTC by stepping in 10 equally spaced steps toward UTC alignment. The default setting
is OFF which means the 1PPS pulse is disabled until proper GNSS lock is achieved.
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3.6.12 SYNC:OUT:1PPS:RESET?

This query returns the 1PPS output on reset setting.

3.6.13 SYNC:OUT:1PPS:WIDTH <int> <ms | ps > [200ps,600ms]

GPS-2700 with Firmware revision 0.75 and later adds support for changing the pulse
width of CSAC 1PPS output signal. By default the unit generate an asynchronous or
UTC-aligned 1PPS pulse with pulse width of 600 ms. With the command
SYNC:OUT:1PPS:WIDTH 200 ms the unit can now configure the 1PPS pulse width to
200 ms or any integer value between 200 ys and 600 ms.

This command has the following format:
SYNC:OUT:1PPS:WIDTH <int> <ms | us > [200us,600ms]

The following command returns the current pulse width setting stored in NV memory:
SYNC:OUT:1PPS:WIDTH?

The unit of parameter for this command can be either us or ms. For example, command

SYNC:OUT:1PPS:WIDTH 200000us and command SYNC:OUT:1PPS:WIDTH 200ms
will both configure the pulse width to 200 ms.

If the 1PPS output signal is already available before sending this command, a 1PPS
pulse with the specified pulse width will be generated on the next second and every
second thereafter.

3.6.14 SYNC:OUT:FILT <ON | OFF>

This command enables/disables the Phase Noise filter.

3.6.15 SYNC:OUT:FILT?

This query returns the Phase Noise filter setting.

3.6.16 SYNC:HEA?

The SYNC:HEA? query returns a hexadecimal number indicating the system’s health
status. Error flags are encoded in a binary fashion so that each flag occupies one single
bit of the binary equivalent of the hexadecimal health-status flag.

The following system parameters are monitored and indicated through the health sta-
tus indicator. Individual parameters are ‘ored’ together which results in a single hexa-
decimal value encoding the following system status information:

If the phase offset to UTC is >250 ns HEALTH STATUS |= 0x4;

If the run-time is <200 seconds HEALTH STATUS |= 0x8;

If the GNSS receiver is in holdover >60s HEALTH STATUS |= 0x10;
If the Frequency Estimate is out of bounds HEALTH STATUS |= 0x20;
If the short-term-drift (ADEV @ 100s) >100 ns HEALTH STATUS |= 0x100;
For the first 3 minutes after a phase-reset HEALTH STATUS |= 0x200;
If the CSAC Oscillator indicates an alarm HEALTH STATUS |= 0x400;

If the GNSS receiver indicates a strong jamming signal of HEALTH STATUS |= 0x800;
=250 (range is 0 to 255) and is in holdover

As an example, if the unit is in GNSS receiver holdover (see Section 3.6.2 for possible
cause of holdover state) and the UTC phase offset is >250 ns then the following errors
would be indicated:

1. UTC phase >250 ns: 0x4

2. GNSS receiver in holdover: 0x10
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‘Oring’ these values together results in:

0x10 | Ox4 = Ox14
The unit would thus indicate: HEALTH STATUS: 0x14 and the Green LED as well as the
LOCK_OK output would go off, indicating an event is pending.

A health status of 0x0 indicates a properly locked, and warmed-up unit that is com-
pletely healthy.

3.6.17 SYNC:TINT:THR <int> [50,2000]

This command selects the internal oscillator 1PPS phase-offset threshold as compared
to UTC at which point the unit will initiate a counter-reset (jam-sync) aligning the CSAC
generated 1PPS with the GPS generated UTC 1PPS phase. The CSAC 1PPS phase
is allowed to drift up to this threshold before a jam-sync is initiated. The CSAC phase
is slowly and continuously adjusted toward 0 ns offset to UTC while the phase differ-
ence is less than the THR phase limit. The default setting is 220 ns, allowing a drift of
up to £220ns. Reaching this selected threshold will cause a jam-sync phase-normal-
ization to be initiated, which will also cause an indication of the SYNC:HEALTH? Status
of 0x200 to be indicated, and the Green LED to be turned-off for several minutes.

3.6.18 SYNC?

This query returns the results of the following queries:

SYNC:SOUR:MODE?
SYNC:SOUR:STAT?
SYNC:OUT:1PPS:RESET?
SYNC:OUT:1PPS:WIDTH?
SYNC:LOCK?
SYNC:HOLD:STAT?
SYNC:HOLD:DUR?
SYNC:FEE?

SYNC:TINT?
SYNC:TINT:-THR?
SYNC:OUT:FILT?
SYNC:HEA?

3.7 DIAG SUBSYSTEM

This subsystem regroups the queries related to the diagnostic of the GPS-2700.The list
of the commands supported for this subsystem is the following:
DIAG:ROSC:EFC:REL?
DIAG:ROSC:EFC:ABS?
DIAG:LIF:COUN?

3.71 DIAG:ROSC:EFC:REL?

This query returns the Electronic Frequency Control (EFC) output value of the internal
reference oscillator. It returns a percentage value between —100.00% to +100.00%.

3.7.2 DIAG:ROSC:EFC:ABS?

This query returns the Electronic Frequency Control (EFC) steering value of the CSAC
oscillator in parts-per-trillion (1E-012).
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3.7.3 DIAG:LIF:COUN?

This query returns the time since power on of the CSAC oscillator in hours.

3.7.4 DIAG?

Sending the command DIAG? returns the result of the three following queries:

* DIAG:ROSC:EFC:REL?: Relative oscillator setting
» DIAG:ROSC:EFC:ABS?: Absolute oscillator setting
* DIAG:LIF:COUN?: Time since power-on in hours (lifetime)
An example of the syntax:
scpi > diag?
EFControl Relative: 0.025000%
EFControl Absolute: 5
Lifetime: +871

3.8 MEASURE SUBSYSTEM

The MEASURE subsystem regroups the queries related to parameters that are mea-
sured on-board on the GPS-2700. The list of the commands supported for this subsys-

tem is the following:

MEAS:TEMP?
MEAS:VOLT?
MEAS:CURR?
MEAS:POW?

3.8.1 MEAS:TEMP?

Displays the PCB temperature around the CSAC oscillator.
3.8.2 MEAS:VOLT?

Displays the CSAC TCXO steering voltage.

3.8.3 MEAS:CURR?

Legacy SCPI command, instead of OCXO current this command displays the internal

CSAC temperature.

3.8.4 MEAS:POW?
Displays the power supply input voltage.

3.8.5 MEAS?

The MEAS? query returns the results of the following four queries:

MEAS:TEMP?
MEAS:VOLT?
MEAS:CURR?
MEAS:POW?
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3.9 SYSTEM SUBSYSTEM

This subsystem regroups the commands related to the general configuration of the
GPS-2700.

The list of the commands supported for this subsystem follows:
SYST:COMM:SER:ECHO <ON | OFF>

SYST:COMM:SER:PRO <ON | OFF>

SYST:COMM:SER:BAUD <9600 | 19200 | 38400 | 57600 | 115200>
SYST:FACT ONCE

SYST:ID:SN?

SYST:ID:HW?

SYST:LCD:CONT [0,1.0]

SYST:LCD:CONT?

SYST.LCD:PAGE [0,8]

SYST.LCD:PAGE?

SYST:COMM:USB:BAUD <9600 | 19200 | 38400 | 57600 | 115200>
SYST:COMM:USB:BAUD?

SYST:STAT?

3.9.1 SYST:COMM:SER:ECHO <ON | OFF>

This command enables/disables echo on RS-232. This command has the following for-
mat:

SYST.COMM:SER:ECHO <ON | OFF>
3.9.2 SYST:COMM:SER:PRO <ON | OFF>

This command enables/disables the prompt “scpi>" on the SCPI command lines. The
prompt must be enabled when used with the software GPSCon Utility. This command
has the following format:

SYST.COMM:SER:PRO <ON | OFF>
3.9.3 SYST:COMM:SER:BAUD <9600 | 19200 | 38400 | 57600 | 115200>

This command sets the RS-232 serial speed. The serial configuration is always 8 bit, 1
stop bit, no parity, no HW flow control. Upon Factory reset, the speed is set at 115200
baud. This command has the following format:

SYST:COMM:SER:BAUD <9600 | 19200 | 38400 | 57600 | 115200>
3.94 SYST:FACT ONCE

This command applies the Factory Reset setting to the NV memory. All aging, tempco,
and user parameters are overwritten with factory default values.

3.9.5 SYST:ID:SN?

This query returns the serial number of the board.

3.9.6 SYST:ID:HW?

This query return the Hardware version of the board.

3.9.7 SYST:LCD:CONT [0,1.0]

This command sets the contrast of the LCD.
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3.9.8 SYST:LCD:CONT?

This query returns the current contrast of the LCD.

3.9.9 SYST:LCD:PAGE [0,8]

This command displays the requested page on the LCD. Starting with firmware version
0.71, nine different pages are supported as described in Section 2.4.5.2. Table 3-4 lists
the LCD page numbers and corresponding names.

TABLE 3-4: SUPPORTED DISPLAYS ON LCD PAGES

Value LCD Page

0 Time/Date

GPS Position

GPS Height

CSAC Steering

CSAC Status

TINT

Navigation

N[ojlgalhlWOW|IN|~

GPS/UTC Time

8 Survey Status

3.9.10 SYST.LCD:PAGE?
This query returns the current page of the LCD.

3.9.11 SYST:COMM:USB:BAUD <9600 | 19200 | 38400 | 57600 | 115200>

This command sets the speed of the serial USB port.

3.9.12 SYST:COMM:USB:BAUD?
This query returns the speed of the serial USB port.

3.9.13 SYST:STAT?

This query returns a full page of GPS status in ASCII format. The output is compatible
with GPSCon Utility.

3.10 SERVO SUBSYSTEM

This subsystem regroups all the commands related to the adjustment of the servo loop:
SERV:LOOP <ON | OFF>

SERV:MODE <OFF | NORM | FAST | AUTO>
SERV:STAT?

SERV:DACG <float>[0.001, 10000]
SERV:EFCS <float> [0.0, 500.0]
SERV:EFCD <int> [2, 4000]

SERV:TEMPCO <float> [-4000.0, 4000.0]
SERV:AGING <float> [-10.0, 10.0]
SERV:PHASECO <float> [-500.0, 500.0]
SERV:1PPS <int> ns [-5000000, 5000000]
SERV:TRAC:PORT <RS232 | USB>
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SERV:TRAC <int > [0,255]

SERV:EFCS:FAST <float> [0.0, 500.0]
SERV:EFCD:FAST <int> [2, 4000]
SERV:PHASECO:FAST <float> [-500.0, 500.0]
SERV?

3.10.1 SERV:LOOP <ON | OFF>

This command enables or disables the servo loop for the selected servo loop. With the
loop disabled, no changes are made to the oscillator frequency control. Normally the
servo loop is left enabled.

The following command returns the current loop setting where 1 means enabled:
SERV:LOOP?

3.10.2 SERV:MODE <OFF | NORM | FAST | AUTO>

GPS-2700 with firmware revision 0.74 and later adds support for two different phase
loop time constant settings. This command allows auto-setting of all of the servo loop
time constants to factory-default values as described in Section 2.5 with one single
command entry.

This command is useful in setting the filter loop time constants for different mission pro-
files to accommodate different usage scenarios of the GPS-2700. The loop time con-
stant of the CSAC can be chosen with these settings.

The AUTO mode lets the firmware determine by itself which loop time constant is used,
thus optimizing the units’ performance dynamically depending on the environmental
effects on the CSAC. The AUTO setting will quickly react to phase perturbations and
will try to set NORM settings (long time constant) whenever the unit is in stable condi-
tions to minimize residual noise, and to improve the ADEV performance of the filtered
output as much as possible for a particular environment. NORM settings are useful in
stationary applications, whereas FAST settings are preferred for mobile applications
such as in vehicles, man-packs, or aircraft.

The following command returns the current mode setting:
SERV:MODE?

If SERV:MODE OFF is sent or in factory default settings, the SERV:MODE? query will
result in a Command Error response. By default, the servo mode is disabled and
NORM settings are used.

3.10.3 SERV:STAT?

GPS-2700 with firmware revision 0.74 and later adds support for two different phase
loop time constant settings. See Section 2.5 for details of recommended loop time con-
stant settings.

This query responds with the current loop parameter settings, NORMAL or FAST.
When the SERV:MODE command is configured to AUTO, the SERV:STAT? query
responds with the automatically selected loop parameter setting, NORMAL or FAST. If
the servo mode is currently in OFF setting, the SERV:STAT? query will result in a Com-
mand Error response.

3.10.4 SERV:DACG <float>[0.001, 10000]

This command is used for factory setup.
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3.10.5 SERV:EFCS <float> [0.0, 500.0]

GPS-2700 with firmware revision 0.74 and later adds support for two different phase
loop time constant settings. See Section 2.5 “Loop Parameter Adjustment” for
details of recommended loop time constant settings. Changing this parameter while
response of SERV:STAT? command is FAST will NOT change current operation of the
servo loop. This command will be effective only when SERV:STAT is NORMAL or
SERV:MODE is OFF.

It controls the Proportional part of the PID loop. Typical values are 0.6 to 6.0. Larger
values increase the loop control at the expense of increased noise while locked. Setting
this value too high can cause loop instabilities. This command has the following format:

SERV:EFCS <float> [0.0, 500.0]
The following command returns the current value for NORMAL EFC scale setting:
SERV:EFCS?

3.10.6 SERV:EFCD <int> [2, 4000]

GPS-2700 with firmware revision 0.74 and later adds support for two different phase
loop time constant settings. See Section 2.5 “Loop Parameter Adjustment” for
details of recommended loop time constant settings. Changing this parameter while
response of SERV:STAT? command is FAST will NOT change current operation of the
servo loop. This command will be effective only when SERV:STAT is NORMAL or
SERV:MODE is OFF.

The command sets the Low Pass filter effectiveness of the DAC. Values from 5 to 50
are typically used. Larger values result in less noise at the expense of phase delay. This
command has the following format:

SERV:EFCD <int> [2, 4000]
The following command returns the current value for NORMAL EFC damping setting:
SERV:EFCD?

3.10.7 SERV:TEMPCO <float> [-4000.0, 4000.0]

This parameter is a coefficient that reflects the correlation between the temperature of
the CSAC versus the required frequency steering. Monitoring the tempco and aging
parameters provides a mechanism to track the health of the CSAC oscillator. Exces-
sively high values that appear from one day to the next could be an indicator of failure
on the board.

The CSAC has its own temperature compensation algorithm that is not compatible with
internal temperature compensation algorithm in GPS-2700 firmware. By default auto-
matic temperature compensation is disabled for GPS-2700 and default value is set to
0 which is equivalent to no additional temperature compensation applied.

Assigning a non-zero value to this parameter may result in frequency instability, and
assigned value will be stored in NV memory and remain unchanged. This command
has the following format:

SERV:TEMPCO <float> [-4000.0, 4000.0]
The following command returns the current value of the temperature compensation:
SERV:TEMPCO?
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3.10.8 SERV:AGING <float> [-10.0, 10.0]

This parameter is a coefficient that represents the drift of the EFC needed to compen-
sate the natural drift in frequency of the CSAC due to aging. This coefficient is automat-
ically computed and adjusted over time by the firmware. This command has the
following format:

SERV:AGING <float> [-10.0, 10.0]

The following command returns the current computed or manually configured value of
the aging compensation:

SERV:AGING?
3.10.9 SERV:PHASECO <float> [-500.0, 500.0]

GPS-2700 with firmware revision 0.74 and later adds support for two different phase
loop time constant settings. See Section 2.5 “Loop Parameter Adjustment” for
details of recommended loop time constant settings. Changing this parameter while
response of SERV:STAT? command is FAST will NOT change current operation of the
servo loop. This command will be effective only when SERV:STAT is NORMAL or
SERV:MODE is OFF.

This parameter sets the Integral part of the PID loop. Loop instability will result if the
parameter is set too high. Typical values are 1.0 to 30.0. This command has the follow-
ing format:

SERV:PHASECO <float> [-500.0, 500.0]

The following command returns the current value for NORMAL Phase correction set-
ting:
SERV:PHASECO?

3.10.10 SERV:1PPS <int> ns [-5000000, 5000000]

This command sets the GPS-2700 1PPS signal’s offset to UTC in 100 ns steps.

Using the SERV:1PPS command results in immediate phase change of the 1PPS out-
put signal.

This command has the following format:
SERV:1PPS <int> ns [-5000000, 5000000]

The following command returns the current value of the 1PPS offset setting:
SERV:1PPS?

3.10.11 SERV:TRAC:PORT <RS232 | USB>

This command selects the serial port for trace debug output. This command has the
following format:

SERV:TRAC:PORT <RS232 | USB>
The following command returns the current trace port setting:
SERV:TRAC:PORT?

3.10.12 SERV:TRAC <int> [0,255]

This command sets the period in seconds for the debug trace. Debug trace data can
be used with Ulrich Bangert’s “Plotter” utility to show UTC tracking versus time etc.

This command has the following format:
SERV:TRAC <int> [0,255]
The following command returns the current value of the trace period:
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SERV:TRAC?
An example output is described here:
08-07-31 373815 60685 -32.08 -2.22E-11 14 10 6 0x54

[date][1PPS Count][Fine DAC][UTC offset ns][Frequency Error Estimate][Sats
Visible][Sats Tracked][Lock State][Health Status]

Please see the SYNC:HEA? command for detailed information on how to decode the
health status indicator values. The Lock State variable indicates one of the states in
Table 3-5.

TABLE 3-5: LOCK STATE INDICATIONS

Value State
0 CSAC warmup
1 Holdover
2 Locking (CSAC training)
4 [Value not defined]
5 Holdover, but still phase locked (stays in this state for about

100 seconds after GPS lock is lost)
6 Locked and GPS active

3.10.13 SERV:EFCS:FAST <float> [0.0, 500.0]

GPS-2700 with firmware revision 0.74 and later adds support for two different phase
loop time constant settings. See Section 2.5 for details of recommended loop time con-
stant settings. Changing this parameter while response of SERV:STAT? command is
NORMAL will NOT change current operation of the servo loop. This command will be
effective only when SERV:STAT is FAST and SERV:MODE is not OFF.

Controls the Proportional part of the PID loop. Typical values are 0.7 to 6.0. Larger val-
ues increase the loop control at the expense of increased noise while locked. Setting
this value too high can cause loop instabilities. This command has the following format:

SERV:EFCS:FAST <float> [0.0, 500.0]
The following command returns the current value for FAST EFC scale setting:
SERV:EFCS:FAST?

3.10.14 SERV:EFCD:FAST <int> [2, 4000]

GPS-2700 with firmware revision 0.74 and later adds support for two different phase
loop time constant settings. See Section 2.5 for details of recommended loop time con-
stant settings. Changing this parameter while response of SERV:STAT? command is
NORMAL will NOT change current operation of the servo loop. This command will be
effective only when SERV:STAT is FAST and SERV:MODE is not OFF.

Sets the Low Pass filter effectiveness of the DAC. Values from 5 to 50 are typically
used. Larger values result in less noise at the expense of phase delay.

This command has the following format:
SERV:EFCD:FAST <int> [2, 4000]

The following command returns the current value for FAST EFC damping setting:
SERV:EFCD:FAST?
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3.10.15 SERV:PHASECO:FAST <float> [-500.0, 500.0]

GPS-2700 with firmware revision 0.74 and later adds support for two different phase
loop time constant settings. See Section 2.5 for details of recommended loop time con-
stant settings. Changing this parameter while response of SERV:STAT? command is
NORMAL will NOT change current operation of the servo loop. This command will be
effective only when SERV:STAT is FAST and SERV:MODE is not OFF.

This parameter sets the Integral part of the PID loop. Loop instability will result if the
parameter is set too high. Typical values are 1.0 to 30.0. This command has the follow-
ing format:

SERV:PHASECO:FAST <float> [-500.0, 500.0]
The following command returns the current value for FAST Phase correction setting:
SERV:PHASECO:FAST?

3.10.16 SERV?

This command returns the result of the following queries:

SERV:LOOP?

SERV:MODE? (if SERV:MODE is not OFF)
SERV:STAT? (if SERV:MODE is not OFF)
SERV:DACG?

SERV:EFCS?

SERV:EFCS:FAST? (if SERV:MODE is not OFF)
SERV:PHASECO?

SERV:PHASECO:FAST? (if SERV:MODE is not OFF)
SERV:EFCD?

SERV:EFCD:FAST? (if SERV:MODE is not OFF)
SERV:TEMPCO?

SERV:AGING?

SERV:1PPS?

SERV:TRAC:PORT?

SERV:TRAC?

3.11 CSAC SUBSYSTEM

The following commands are used to query the microcontroller built into the CSAC

oscillator itself:
CSAC:TYPE?
CSAC:LOCK?
CSAC:RS232?
CSAC:ST?
CSAC:STAT?
CSAC:AL?
CSAC:MODE?
CSAC:CONT?
CSAC:LAS?
CSAC:TCXO?
CSAC:SIG?
CSAC:HEAT?
CSAC:TEMP?
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CSAC:FW?

CSAC:SN?

CSAC:LIFE?
CSAC:ST:.LAT ONCE
CSAC:POW <ON | OFF>
CSAC?

3.11.1 CSAC:RS232?

This query returns the state (OK or FAIL) of the serial communication between the main
CPU and the CSAC internal microcontroller. When the state is FAIL, there is a commu-
nication breakdown, and the unit should be power cycled to clear the communication
error.

3.11.2 CSAC:ST?

This query returns the current Frequency Adjustment in units of parts-per-trillion
(1E-012).
3.11.3 CSAC:STAT?

This query returns the status value in [0,9] as shown in Table 3-6.

TABLE 3-6: CSAC STATUS DEFINITIONS
Status Definition

Locked
Microwave Frequency Steering

o

Microwave Frequency Stabilization

Microwave Frequency Acquisition

Laser Power Acquisition

Laser Current Acquisition

Microwave Power Acquisition

Heater equilibration

Initial warm-up

Ol |IN|oOjO|h|W|IN|=-

Asleep (ULP mode only)

3.11.4 CSAC:AL?

This query returns the Alarm value as shown in Table 3-7.

TABLE 3-7: CSAC ALARM DEFINITIONS

Alarm Definition
0x0001 Signal Contrast Low
0x0002 Synthesizer tuning at limit
0x0010 DC Light level Low
0x0020 DC Light level High
0x0040 Heater Power Low

0x0080 Heater Power High
0x0100 MW Power control Low
0x0200 MW Power control High
0x0400 TCXO control voltage Low
0x0800 TCXO control voltage High
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TABLE 3-7: CSAC ALARM DEFINITIONS

Alarm Definition
0x1000 Laser current Low

0x2000 Laser current High

0x4000 Stack overflow (firmware error)

3.11.5 CSAC:MODE?
This query returns the CSAC mode as shown in Table 3-8.

TABLE 3-8: CSAC MODE DEFINITIONS

Mode Definition
0x0001 Analog tuning enable

0x0002 Reserved

0x0004 Reserved

0x0008 1PPS auto-sync enable

0x0010 Discipline enable

0x0020 Ultra-low power mode enable
0x0040 Reserved

0x0080 Reserved

3.11.6 CSAC:CONT?

This query returns the indication of signal level typically ~4000 when locked, and ~0
when unlocked.

3.11.7 CSAC:LAS?

This query returns the current (in mA) driving the laser.

3.11.8 CSAC:TCXO?

This query returns the TCXO Tuning Voltage, 0VDC to 2.5VDC tuning range ~
+10 ppm.

3.11.9 CSAC:SIG?

This query returns the indication of signal level.

3.11.10 CSAC:HEAT?
This query returns the Physics package heater power typically 15 mW under NOC.
3.11.11 CSAC:TEMP?

This query returns the Temperature measured by the CSAC unit in °C, absolute accu-
racy is +2°C.

3.11.12 CSAC:FW?

This query returns the Firmware version of the CSAC unit.

3.11.13 CSAC:SN?

This query returns the Serial Number of the CSAC in the form YYMMCSNNNNN where
YYMM is the year and month of production and NNNNN is the serialized unit of that
month.
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3.11.14 CSAC:LIFE?

This query returns the accumulated number of hours that the CSAC has been powered
on since the last factory reset of the GPS-2700 board. The value is stored in the exter-
nal NV memory and updated every hour when the CSAC is powered on.

3.11.15 CSAC:ST:LAT ONCE

This command stores the momentary steering offset into the CSAC internal NV mem-
ory. This is done automatically by the firmware once every 24 hours, so as not to dam-
age the CSAC NV memory which has a limited number of write cycles. The user may
force this value to be stored into the CSAC by issuing the CSAC:ST:LAT ONCE com-
mand.

3.11.16 CSAC:TYPE?

GPS-2700 with firmware revision 0.75 and later adds support for querying the model of
CSAC on the GPS-2700 board.

3.11.17 CSAC:LOCK?

GPS-2700 with firmware revision 0.75 and later adds support for querying the lock sta-
tus of the CSAC. A value of 1 is returned if the CSAC is in atomic lock.

3.11.18 CSAC:POW <ON | OFF>

GPS-2700 with firmware revision 0.74 and later adds support for sending the CSAC
into Ultra-Low Power (ULP) mode. By default the normal power mode is ON and send-
ing CSAC:POW OFF command will put the CSAC in ULP mode.

The CSAC may loses atomic lock while in ULP mode. Microchip thus recommends
keeping the CSAC:POW ON setting for normal operation and optimal performance on
GPS-2700.

This command has the following format:
CSAC:POW <ON | OFF>

The following command returns the current power setting where ON means normal
power mode:

CSAC:POW?
3.11.19 CSAC?

This command returns the result of the following queries:

CSAC:TYPE?
CSAC:LOCK?
CSAC:RS232?
CSAC:ST?
CSAC:STAT?
CSAC:AL?
CSAC:MODE?
CSAC:CONT?
CSAC:LAS?
CSAC:TCXO?
CSAC:SIG?
CSAC:HEAT?
CSAC:TEMP?
CSAC:SN?
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CSAC:FW?
CSAC:LIFE?
CSAC:POW?
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Chapter 4. Firmware Upgrade Instructions

41 INTRODUCTION

The following is a short tutorial on how to upgrade the GPS-2700 firmware. Please
follow the instructions in order to prevent corrupting the GPS-2700 Flash, which may
require reflashing at the factory.

With some practice, the entire Flash upgrade can be done in less than one minute,
even though the following seems like a fairly long list of instructions.

4.2 ISP FLASH LOADER UTILITY INSTALLATION

Microchip Technology Inc. recommends using the Flash Magic utility to upgrade the
contents of Flash memory on the GPS-2700. It is available for download on the Flash
Magic website: http://www.flashmagictool.com/

Follow the directions given on the website for installing the utility on your computer.

Note: The Philips LPC2000 utility that is used on legacy products will not support
the newer LPC2368 processor used on the GPS-2700.

4.3 PUTTING THE PCB INTO IN-CIRCUIT PROGRAMMING (ISP) MODE

Momentarily short-out pins 1 and 2 of header J2 using a jumper or other conductive
material during power-on (See Figure 4-1). Both LED’s should remain off, indicating the
unit is properly placed into ISP mode. If the LED’s light up after power-on, the unit is
not in ISP mode.
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FIGURE 4-1: Location of Header J2.
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44 DOWNLOADING THE FIRMWARE

Download the latest version of GPS-2700 firmware from the support website and store
it in a place that will be remembered. The file is in . hex format. The unit needs to be
connected to the computer's RS-232 serial port prior to firmware download. Connect a
DB-9 serial connector to the GPS-2700 as indicated in Section 2.4. Please note that
the unit can only be upgraded through the RS-232 port, not through the USB serial port.

441 Using the Flash Magic Flash Programming Utility

1. Open the Flash Magic utility. Set the COM port in the Flash Magic application as
needed on your PC. Set “Interface” to “None (ISP)”.

| File ISP Options Tocls Help
GEHAPEVvRS>  E QDB
Step 1 - Communications Step 2 B
LFC2138 Erase block 0 [0<000000-0000FFF

1

Erase black 1 [0x001000-0x001FFF]

COM Port: COM 4 * | Erase block 2 [0x002000-0x002FFF)
]
1

. Erase block 3 [0x003000-0:003FFF

Baud Rate: | 33400 *| | Erase black 4 [0+004000-0:004FFF

Irterface: [Nane (ISF] - Erase block 5 [0x005000-0<005FFF]
[ Eraze all Flazh+Code Rd Prat

Dscillator (MHz): |10 Erase blocks used by Hex File

Hex File: [\FireFll1&_2.19 hex

Modified: Lnknown more info

Step 4 - Options

[ Werify after programming
[ Fill unused Flazh
Gen block checksums
Execute

“our Training or Conzulting Partner. Embedded Systems Academy

www.esacademy.com

FIGURE 4-2: Flash Magic Programming Utility.
2. Press the “Select Device” button and the window shown in Figure 4-3 will
appear:
@ Flash Magic - NON PRODUCTION USE OMLY | =l | £ .|‘

| Eile ISP QOptions Tools Help

Elqa@vlslwlﬁleia

Cancel

FIGURE 4-3: Device Selection Window.
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3. Expand the ARM7 folder and select the appropriate processor, in this case the
LPC2368.

(" $ Fiash Magic - NON BRODUCTION USE ONLY =N
File ISP Options Tools Help
GHQIEVR> 9 H OB

P ) =

- LPCZI
-~ LPCZID
- LPCZIM
@ LPC2I05
- LPCZIE
& LPL2Ig
-~ LPCZI4 |.
@ LPCZIE
- LPCZI24
- e
- LFCI3
& LPLoa
-~ LPCZI3
=

Yl H

FIGURE 4-4: Expanded Device Selection Window.
4. Select the Baud Rate of the Flash Magic utility to be 230.4 KB or slower.

5. Set the Oscillator (MHz) to “10”.
6. Check the box marked “Erase blocks used by Hex File”.

Make sure to not check the box marked “Erase all Flash+Code Rd Prot” under any cir-
cumstances! This may erase factory calibration data, the unit will not operate, and will
have to be returned to the factory. Checking this box on the ISP utility will void the war-
ranty.

7. Under “Step 3 - Hex File” browse for the hex file that you downloaded in Step 4.4.

8. Go to Step 5 and press “Start”. You will observe the firmware being downloaded
to the GPS-2700.

4.5 VERIFYING FIRMWARE UPDATE

Remove the jumper from header J2, and power cycle the unit. Both LED’s should blink.

During power on, the unit sends an ID string out of the serial port at 115200 Baud by
default. The firmware version can also be queried by sending the *IDN? command.
Verify that the firmware version is the version that was downloaded.
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Chapter 5. GPSCon Utility

5.1 DESCRIPTION

GPSCon is a program for the monitoring and control of GPS-2700. It communicates
with the receiver using the SCPI command set. This free version of the GPSCon utility
is available for download from the support section of the GPS-2700 product webpage.

5.2 INSTALLATION
Extract the contents of the ZIP file downloaded from the website and execute the MSI
installer. Follow the on-screen instructions to complete the installation of GPSCon.

5.3 USING GPSCON

The GPSCon utility has a help file that should be consulted in order to get the full
functionality of this utility. Only a few of the features and commands are mentioned in
this appendix for convenience.

5.3.1 Setting the Options

To set up the options for your GPSCon session, press the wrench icon under the menu
bar, or select Settings then Options on the menu. The window shown in Figure 5-1 will
appear. You can select from the tabs which options you wish to set.

(]
| File Settings Commands  View Help
[
22:20:13 17/07
Send || Wr=x 47 ming
[~ Large font ]
Options dialog X
Paths & settings ]Traces ] FTP ] Coms I Time services ] Auniliary ] Aux coms | Export graphics }
Logging and graph [¥ Log results
Data log file |c ‘ogshunit1log Browse
Max kB {0 = unlimited) |0 4;| Interval |3 Jj secs Delete
Local HTML and image files v Use bitmap
HTML file |c ‘wusershownerdocuments\gpscon \gpsstat.htm Browse Retries ’W (defaul 150)
[~ Biit from display bitmap
Pixels [317 HTMLupdate interval [0 = secs Deadtime |80 ms (default 60ms)
Help? Satelite tracking history file Span [1440 J b
Sync? Track file |c ‘wisers‘ownerdocuments\gpscon\gpsdmp bin Browse
Max kB {0 =unlimited) |512 J Delete
PTime?
User window file
| Holdover 5t User file ‘C “Usersowner\Documents gpscon’gpsuser b Browse
| I” Enable Delete
Debugging. where timeouts and emors may be recorded
Debug file ‘C “Usershowner\Documents‘gpscon ‘gpsdebug e Browse
| I” Enable Delete
oK | Cancel
FIGURE 5-1: Options Window.
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5.3.1.1 COMMUNICATION PARAMETERS

Before you can use GPSCon you must set the communication parameters for your
system. Open the dialog box by pressing the wrench icon. Then select the “Coms” tab.
You will see the window shown in Figure 5-2. Available COM ports for your particular
computer are indicated with a “*” symbol next to the COM port number in the drop-down
menu. You can only select COM ports with this adjacent symbol. Select the correct
COM port for your computer’s serial port connection and set the baud rate to 115200,
parity to None, Data Bits to 8 and Stop Bits to 1. Set Flow Control to “None”. Once you
have configured the communication parameters, press the “OK” button to close the
window.

5.3.1.2  AUXILIARY PARAMETERS

After pressing the wrench icon, you can select the “Auxiliary” tab to configure auxiliary
measurements. See Figure 5-3 for an example of an auxiliary measurement. You will
notice that the “Aux1” request string has been set to meas: current?<CR> and the
“Trace to go to” is set to trace position 6. See “Trace position” diagram for the
arrangement of the trace positions in the trace window. In this example the data
obtained from the meas: current? query will be plotted in trace position 6.

5.3.1.3 TRACES PARAMETERS

After pressing the wrench icon, you can select the “Traces” tab and configure the trace
labels and vertical plot ranges. See Figure 5-4 for an example of an auxiliary
measurement. The labels and parameters are completed by default for traces 1
through 5. Any of the eight traces can be replaced by auxiliary traces as described in
Section 5.3.1.2 “Auxiliary Parameters”. Press the “Help” button for a full description
of each option in the Traces tab.

Options dizlog X

Paths & settings 1 Traces ] FTP Coms WT\me services 1 Auiliary 1 Aux coms ] Export graphics ]

Port Baud Parity

[comio +] [115200 ] [None -]

Flow control

Diata Bits Stop Bits

" XON/XOFF
" RTS/CTS

0K Cancel ‘

FIGURE 5-2: Setting the Communications Parameters.
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Options dialog *

Paths & settlngsl Traces | FTP I Coms | Time services  Auiliany |N.|x coms | Export gmphlcsl

i Second serial port

[~ Enable Prefix to indicate request should be [
directed to the second senal port

2nd port prompt isepicSPC>><SPCx B2 E<5PC>
Trace to go to {0 =off) Trace positions
e hi | altemat rated by %'
‘ou can have several atemative prompts separ by - ID— 21/3 g
0
r— Awndlliary request strings Lrse 4 8
Auxl Imeas:currem?<CR> 6 2
Aux? | l_n Wildcard for any character type
is "7 Wildcard for numeric
Auxd 0 character is "#. Caniage retum
I is "“CR>". Linefeed is "<LF>".
Auxd | l_u
Auxs o Example
Auxb 0 DIAG:ROSC:EFC:REL?<CR>
~:DATA:ED?<CR>
AT | 0
Aur | o
oK I Cancel Help
FIGURE 5-3: Auxiliary Parameters Window.
Options dialog x

Paths & seftings Traces | FTP I Coms I Time senticesl N.lxil\aryl Aux coms I Export graphicsl

Label Mag  Offset Hold Min Hold Max  Filter Fit cosff AV SD AD BF
1 ¥ EFC |EFC |1 ID r|n r|mza r|nnz.5 [mlirA
2V Tl |T| |1 ID |-|5e-03 |-|5e-DE r |u.025 FRIT
3 [v TIfit) |T| filth |1 Iﬂ |‘|—5e413 |‘|5e-us I~ |u.025 oo
4 W FE |FEE |1 ID l7|—1a—m |7|1e—1ﬂ l'|ﬂﬂz.5 rrrr
5 W Sais ISats |1 ID l7|u |'|1023 r |u.025 [l el il
(3rd ITemp |1 Iﬂ |'|u |'|1023 ] |u.025 oo
7 | |1 |ﬂ |'|u |‘|1uza |'|u.025 rrrr
8 | |1 ID l'|ﬂ |'|1023 l'|0025 r-rr

OK I Cancel Help

FIGURE 5-4: Traces Parameters Window.

5.3.2 Sending Manual Commands to the Receiver

You can send SCPI commands manually by using the drop-down box in the upper left
of the main window as shown in Figure 5-5. Care must be taken when sending these
commands so be sure that the command that you select is supported by the
GPS-2700. Once you've selected the command you can press “Send” to send it to the
GPS-2700. You can also send common commands by clicking on the buttons below
the message window. You can hover over the buttons to see the exact command that
is sent.
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‘@ GPSCon - Jackson Labs Edition [GPSCon-JLT] COM27 hd - [m] pe
File Settings Commands View Help

WL e® oE N | K2
j 27 N Tracki

CSAC:LIFE?

2v=-T03.85p s3=1.44n 5,850 T (110

a .nJmandeﬂMleMﬂMMlhh\ e 4
M i el

Help?

| ID String? |

Diag? ‘ GPs? ‘

S0 | weowner | seve | oo | | snorssawamure sosene ¥ et g 2

OCXO Current: 0.010000 OCEO Volts: 10.3%

PTime? | Gyro? |Survey5t3rt‘ Jam Sync ‘

Tracking 12
PRN AZ EL SS DPRN AZ EL S5
s 45 27 41

13 81 28 37

Not tracking 2
PRN AZ EL BRN AZ EL

Hc\doverstzrtl Ho\doverswpl GPS Reset ‘
2 83 € 10223 8

15 134 35 42
18 224 35 41
21 238 47 42
26 238 26 38
46 152 43 40

16 322 11 36
20 47 76 41
25 133 18 31 Life:
25 113 76 4€
51 166 47 44

LAT N 36:9:40.38€
Lon W 115:19:5.251

ENTENNA DELAY 25 ns 505.50 m (MSL)

EFC: OK

GBS Receiver

HET

Status: 3D Fix
1PDS SOURCE MODE : GDS
GPSDO Status : Locked

1DPDS SOURCE STATE : GPS

FIGURE 5-5: Sending Manual Commands.

5.3.3

Refer to Figure 5-6 for the following description. The default view in GPSCon is “All”
which you can select with the View>All menu option. To see a larger view of the graph,
select the View>Graph menu option.

Using the Mouse in the Graph Window

In the graph window the horizontal range of the graph can be set using the mouse. Set
the start time by left clicking on the desired start point. If you wish, the stop time may
also be set by right clicking the desired stop point. The set start and stop times can be
removed by left double-clicking anywhere on the graph.

Because this is harder to describe than to actually do, here is a paraphrase of the
above:

To zoom in: The mouse is used to set the left extent and the right extent of the portion
of the curve that the user wants to fill the screen. Click once with the left mouse button
on the point that marks the left side of what you want to be the magnified curve.
Immediately that point becomes the left end of the curve. Then similarly click the right
mouse button on the curve at the time you wish to be the right most portion of the
magnified curve and itimmediately becomes the end point on the right side. And, finally
to return to the zoomed out ("fit to window") view, left double-click on the curve.

When you have locked the start and stop time using the mouse, you can scroll left or
right through the data. To scroll to a later time, use Shift + Left click. To scroll to an
earlier time, use Shift + Right click.
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‘@ GPSCon - Jackson Labs Edition [GPSCon-JLT] COM27

File Settings Commands Vi

Help

| ¥ S| 2® o
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I~ Large font |
Hep? | mswner | bewr | s |
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FIGURE 5-6: Graph Display.
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[

FIGURE 5-7:
5.3.4

Expanded Graph Display.
Exporting the Graphics

The settings which control the export function are contained in the “Export Graphics”

tab in the Options dialog.

Export allows you to create an image file of the graph and/or the satellite trails map.
You can select which you want by specifying a file for the Graph path and/or Map path.
If you export the graph, you have the option to export only that which is currently visible,
or to export the graph which is a plot of the entire logfile contents. Use the checkbox
"Export All Graph Data" to make this choice.

© 2020 Microchip Technology Inc.

DS50003016A-page 73



GPS-2700 User’s Guide

You may select a size of the exported images in X and Y. The file format may be . bmp,
.gif, or .png. Your settings will be stored and will be the default next time you

'jpga

open this dialog.

If you choose to export the graph, you might want to override the Tl max setting in force
on the screen display. You may do this by entering a non-zero value into the “Override
trol. A value of zero causes the export to take the same setting if any as the

TI” con
screen

The ex

display.

port may be done automatically on a timed basis. Simply enter a non-zero value
in seconds to choose an export time interval. To manually export in accordance with

the settings, press the “Export” button.
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n ai,
f ‘m-"'l"r‘*w :‘wr Ut o Y
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-8.17n
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FIGUR

E 5-8: Captured Data Example.
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| | |
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-7.56n

start 20:35:18 30/08/18 UTC 13.23 hrs.
FIGURE 5-9: Zoomed Captured Data Example.

5.4 INTERPRETING THE DATA

Figure

5-8 shows the data acquired by the GPS-2700 unit over a period of more than
200 hours. The red trace is EFC (CSAC frequency steering value). The crystal is aging
(becoming faster in frequency over time). This requires the steering value to be
increased to maintain precisely 10.0 MHz. A drift of 67 parts-per-trillion (1E-12) is
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visible over 200 hours. On the left side of the screen the EFC range over this 200 hour
plot is displayed vertically as 6.7E-11. This means the drift of the EFC value due to
aging is ~2.9E-09 per year.

This is the same as 0.008 ppb drift due to aging per day.This crystal aging is fully
compensated by the firmware with and without GNSS reception of course.

The board temperature is shown in green. We can see it ranges from 37.17°C to
41.17°C. The CSAC senses the temperature change and actively compensate for the
change.

In Figure 5-9, which is a zoom of Figure 5-8, we can see the phase offset error of the
CSAC to the UTC GNSS reference. We can see the maximum drift is -8.17ns to
+8.68 ns. The average is (Tl av = -0.12 ns). The standard deviation over the 200 hour
plotis sd = 2.25 ns. This means the average error of the 10 MHz phase of this unit over
200 hours is only +2.25 nsgs. Or, in other words the average jitter (wander) over 200
hours of operation is:

EQUATION 5-1:

2.25ns + 200 hours = 3600 = 3.13 x 10 "

The unit disciplines its internal 10 MHz reference to within less than +9 ns peak to peak
of UTC at all times, which is less than one complete clock cycle at 10 MHz.
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