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Derivation and Distribution of Sampling Clock
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EXG X-Series Signal Generator 
N5173B Microwave Analog 
9 kHz to 13, 20, 31.8, or 40 GHz 

  

 GPS 8 PLUS 
 

GPS SYNCHRONIZED TIME AND FREQUENCY STANDARD 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The GPS is an economical and reliable Time and 
Frequency instrument offering a wide range of standard 
features in a compact, IU rack-mount chassis.  Precision 
time and frequency outputs, accurate to 40 nano- 
seconds to UTC/USNO and 1x10-12 respectively, are 
provided in a variety of signal formats. 
 
Applications for the popular GPS8 include central time 
and frequency systems, timing for power utility systems, 
and frequency standards for a wide variety of 
communications installations.  The IRIG B output is 
perfect for use in range timing installations, as inputs to 
SER and SCADA systems and for driving remote time 
displays. 1PPM and 1PPD or IRIG B DC shift may be 
selected for output.  
 
A variety of internal oscillators, including the standard 
TCXO, provide price/performance trade-off possibilities 
for the user. The GPS 8 can be specified to include an 
oscillator that is appropriate for almost any application. 
An advanced oscillator control algorithm precisely 
disciplines the internal oscillator to the GPS input 
ensuring superior holdover performance.  In addition to 
the standard TCXO, a variety of oven controlled (OCXO) 
and Rubidium oscillators are optionally available.  
 

Two serial data ports, RS-422 and RS-232 are provided.  
Time, date, position, GPS satellite health and signal 
strength are reported. 
 
A precision 1PPS time mark output may be used for 
synchronizing or calibrating other equipment. 
 
The serial time code output (IRIG B is standard) allows 
time synchronization to be distributed to computers, 
displays, and other equipment requiring precise time. 
 
Two square waves, 1.544, 2.048 or 19.6608 MHz, and an 
8 kPPS frame rate enable the GPS 8 to be used as a 
telecommunications primary reference clock (PRC). 
 
Sine waves of 1, 5 or 10 MHz are also available.  The sine 
wave outputs are configured as two pairs of two of the 
above frequencies.  Signal level integrity monitoring is 
provided for the sine wave outputs.   
 
Status information is provided over the serial interface, by 
a summary alarm, and by four front panel LED indicators.  
The status reported by the summary alarm and the serial 
interface includes loss of GPS signal, PLL unlock, loss of 
output, and Rubidium oscillator unlock. (The rubidium 
oscillator is an optional feature) 
 
 

• Timing Accuracy 40ns, rms to UTC 
• 1PPS and IRIG B Time Code outputs 
• Two Serial Ports 
• 1 MHz, 5 MHz or 10 MHz sine waves 
• 1.544, 2.048 or 19.6608 MHz outputs 

• Frequency Accuracy of 1x10-12 
• Choice of Disciplined Oscillator 
• Very Stable Time & Frequency outputs 
• Front Panel Display  & Keypad 
• 1U 19" rack mount 

1153 Warner Ave. ● Tustin, CA 92780 ● 714-755-1050 phone ● 714-755-0175 fax • Toll free 877-FOR-SYNC 
www.brandywinecomm.com                          info@brandywinecomm.com 
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Clock Performance Comments
REFERENCE INPUT
    Frequency, MHz 10.0 Brandywine GPS spec
    Frequency accuracy, ppm 1.0E-06 Brandywine GPS spec
    Waveform type, sine or Sine or Square Input to Agilent N5173B
        square  -  -
    Input impedance 50 Ohms nominal Input to Agilent N5173B
    Input VSWR Not Available Input to Agilent N5173B
    Coupling, AC or DC AC Input to Agilent N5173B
    Amplitude, dBm 5 +/- 2 Input to Agilent N5173B
    Duty cycle, % 50 +/- 1 (TBR) Input to Agilent N5173B
    Spurs, harmonic, dBc < -40 (TBR) Input to Agilent N5173B
    Spurs, non-harmonic, dBc < -40 (TBR) Input to Agilent N5173B
    Phase jitter, integrated from < 81 (TBR) < 2.9e-4 degrees rms
        1 Hz to 1 MHz, fs rms  -  - 
    Phase stability, antenna to Not Applicable Only 1 reference
        antenna, ps  -  -

CLOCK OUTPUT
    Frequency, MHz 2,288.0 Agilent N5173B
    Frequency accuracy, ppm 1.0E-06 Brandywine GPS spec
    Waveform type, sine or Sine Agilent N5173B
        square  -  -
    Output impedance 50 Ohms nominal  -
    Output VSWR 1.5:1 (TBR) Power divider spec
    Coupling, AC or DC AC  -
    Amplitude, Vpp 1.0 4.0 dBm into ROACH-2
    Duty cycle, % 50 +/- 1 (TBR)  -
    Spurs, harmonic, dBc -55 Agilent N5173B spec
    Spurs, non-harmonic, dBc -66 Agilent N5173B spec
    Phase jitter, integrated from 170 0.14 degrees rms
        1 Hz to 1 MHz, fs rms  -  -
    Phase adjust increment none  -
        degrees  -  -
    Phase stability, antenna to < 5 ps Calc'd from delta cable
        antenna, ps  -     drift

Digitizing in the Correlator Room
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Digitizing in the Correlator Room
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and continuum. Some other aspects of frequency setups are then discussed, including the usable bandwidth,
spurious signals, and rules and limitations pertaining to this observing Cycle. An overview of the LO and IF
operation in ALMA is given in Sections B.2 and in Section B.3, the hardware and how the LO frequencies are
synthesised and distributed around ALMA are described.

B.2 Summary of Operation

Figure B.1: Overview of ALMA frequency downconversion, LO mixing and delay corrections. This takes place
in the front end, back end, and correlator. Example frequencies are given for an observation at a sky frequency
of 100 GHz seen in the USB. Some LOs (e.g. LO1) are continuously tunable; others have quantized tuning steps,
such as LO2 (which can be changed in a multiple (“N”) of 125 MHz plus a finely-adjustable offset of “fts”), the
TFB LO (which uses a multiple “L” of 30.5 kHz) and the Bulk Delay Correction (which has steps of 250 ps,
with a factor of “P”). See text for descriptions of each stage.

Figure B.1 shows a simplified block diagram of the ALMA LO/IF system, showing example setups for an
observing frequency centered on 100 GHz. Referring to this diagram, the system operates in the following way:

1. The front-end mixer uses LO1 to downconvert the observing frequency into an IF range covering up to
4-12 GHz. This wide range is needed to cover the IFs of all the ALMA bands, since the mixers for Bands
3, 4, 7 and 8 have an output IF of 4-8 GHz, Band 6 a range of 5-10 GHz and Bands 9 and 10 a range of
4-12 GHz. Over most of the front-end tuning range, LO1 and the front-end mixer can be used in upper or
lower sideband; although at the edges of the tuning band, only one sideband is possible. LO1 consists of a
common reference component for all antennas, plus a smaller offset component generated in the FLOOG
(First LO Offset Generator) which is different for each antenna (see LO1 Section B.3.4). The FLOOG is
used to perform coarse fringe tracking (i.e. rough correction for the small offsets in the observing frequency
at each antenna), to offset the LO1 frequencies slightly to suppress internally-generated interference, and
for sideband separation or selecting the sideband. It is also used to offset the LO1 phase in conjunction

Example LO frequencies are for sky 
frequency of 100 GHz in the USB

LO1 continuously tunable

LO2 quantized tuning in 
increments of 125 MHz + fts 
(20.0 – 42.5 MHz)

4.0 GHz clock + delay offset
(15.625 ps increments)

Baseband is 2-4 GHz

3-bit 
quantization

Tunable Filter Bank Truncate to 2-bits

fine tuned synthesizer

Digitizer Clock
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ALMA BACK END DIGITIZER CLOCK 
ASSEMBLY 

Hardware Description 

Doc #:  
Date: 
Status:  
Page:  

BEND-53.04.00.01-006-A-DSN 
2006-10-12 
Released 
9 of 15 

 

 

 

Figure 1 Functional block diagram of the DGCK 

The 125MHz system clock distribution network for the antenna and accompanying power 
supply resides along side the DGCK assembly in the module. 125MHz from the LORR at –
9dBm is received into the module and routed to a Mini-Circuits ZFL-1000HB broadband am-
plifier. The 125MHz is amplified by +28dB to 19dBm, where it is then sent through a 5-way 
power splitter (Mini-Circuits ZBSC-5-1-S). The resulting signals are 13dBm in strength, which 
is the specified power for the Transmitter Module system clock input. Four of these signals are 
sent to the four Transmitter Modules resident in the antenna’s digital rack, while the fifth sig-
nal is attenuated to 6dBm and fed into the DGCK assembly. 

The system clock distribution circuitry requires 15 VDC. This is provided by a Vicor 48-15 
VDC converter, which is installed on an auxiliary power supply board resident in the DGCK 
module. 

4.2 INTERFACES 
The DGCK assembly is part of the ALMA IF processing and transmission subsystem whose 
top level specifications and requirements are described in [RD 2].  

It shall interface on one side with the Digitizer assemblies to which it provides the clock sig-
nals both for the Sampler and for the demultiplexer (optionally it can also provide a clock to 
the DTS system). On the other side it shall interface to the ABM from which it receives, 
through CAN, the commands to set the phase delay and with the 48ms and 125MHz timing 
sources. 

125.0 MHz 
reference clock

4.0 GHz clock
to sampler

250 MHz clock
to demux

15.625 psec or 
22.5 degree 
increments

Fine delay corrections are 
handled by the DGCK that 
feeds the corrections into 
the four DTS modules in 
each antenna. The delay 
correction resolution of 
the fine delay is 1/16 of 
the 4GHz ADC clock. 

Pg 199 ALMA Cycle 7 Technical Handbook
Doc 7.3, ver. 1.0, 19 March 2019
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Clock Performance Comments Clock Requirements Comments Clock Requirements Comments
REFERENCE INPUT
    Frequency, MHz 10.0 Brandywine GPS spec 200.0 YIG PLL reference 125.0  -
    Frequency accuracy, ppm 1.0E-06 Brandywine GPS spec 1.0E-06 Brandywine GPS 1.0E-06 ALMA GPS
    Waveform type, sine or Sine or Square Input to Agilent N5173B Sine YIG PLL reference Sine Sine
        square  -  -  -  -  -  -
    Input impedance 50 Ohms nominal Input to Agilent N5173B 50 Ohms nominal Input to Clock PLL 50 Ohms nominal Input to DGCK assy
    Input VSWR Not Available Input to Agilent N5173B </= 1.5:1 (TBR) Input to Clock PLL < 1.9:1 Input to DGCK assy
    Coupling, AC or DC AC Input to Agilent N5173B AC Input to Clock PLL AC Input to DGCK assy
    Amplitude, dBm 5 +/- 2 Input to Agilent N5173B 0  +/- 2 (TBR) Input to Clock PLL 6 nominal Input to DGCK assy
    Duty cycle, % 50 +/- 1 (TBR) Input to Agilent N5173B 50% +/- 1% Input to Clock PLL 50 +/- 1 (TBR) Input to DGCK assy
    Spurs, harmonic, dBc < -40 (TBR) Input to Agilent N5173B < -30 (TBR) Input to Clock PLL TBD Input to DGCK assy
    Spurs, non-harmonic, dBc < -40 (TBR) Input to Agilent N5173B < -40 (TBR) Input to Clock PLL TBD Input to DGCK assy
    Phase jitter, integrated from < 81 (TBR) < 2.9e-4 degrees rms TBD Need to measure TBD  -130 dBc @ 10 kHz
        1 Hz to 1 MHz, fs rms  -  -  -  -  -  -
    Phase stability, antenna to Not Applicable Only 1 reference TBD How to measure? TBD Stabilized by fiber LLC
        antenna, ps  -  -  -  -  -  -

CLOCK OUTPUT
    Frequency, MHz 2,288.0 Agilent N5173B TBD  - 4000.0 4 outputs
    Frequency accuracy, ppm 1.0E-06 Brandywine GPS spec 1.0E-06 Brandywine GPS spec 1.0E-06 ALMA GPS
    Waveform type, sine or Sine Agilent N5173B Sine  - Sine  -
        square  -  -  -  -  -  -
    Output impedance 50 Ohms nominal  - 50 Ohms nominal  - 50 Ohms nominal  -
    Output VSWR 1.5:1 (TBR) Power divider spec < 1.6:1 (TBR)  - < 1.5:1  -
    Coupling, AC or DC AC  - AC  - AC  -
    Amplitude, Vpp 1.0 4.0 dBm into ROACH-2 TBD  - 0 +/- 1.5  -
    Duty cycle, % 50 +/- 1 (TBR)  - 50 +/- 1 (TBR)  - TBD Not specified
    Spurs, harmonic, dBc -55 Agilent N5173B spec < -30 (TBR)  - < -25  -
    Spurs, non-harmonic, dBc -66 Agilent N5173B spec < -40 (TBR)  - < -65  -
    Phase jitter, integrated from 170 0.14 degrees rms TBD  - TBD  -80 dBc @ 10 kHz
        1 Hz to 1 MHz, fs rms  -  -  -  -  -  -
    Phase adjust increment none  - TBD  - 22.5 Max 5 changes per 48
        degrees  -  -  -  -  -     ms timing interval
    Phase stability, antenna to < 5 ps Calc'd from delta cable TBD Dependent on 200 MHz TBD Stablilized by fiber LLC
        antenna, ps  -     drift  -     stability     so probably small

Digitizing in the Correlator Room Digitizing in the Receiver Cabin
SMA ALMA (66 ANTENNAS)

Digitizing in the Receiver Cabin
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Digitizer Sampler Chip Block Diagram
BEND-53.01.02.01-003-A-DWG, 2004-04-08
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Figure B.8: The Data Transmission System Transmitter (DTX) module, as used in each antenna.

delay corrections between all the basebands and polarizations of a given ALMA band receiver. Currently, the
first baseband of the X polarization is used as reference.

B.4.2 Sideband Suppression - LO Offsetting
Some of the ALMA receivers (e.g. Bands 3, 4, 6, 7, and 8) are inherently single sideband (SSB), either through
having a mixer or quasioptic design which rejects the unwanted sideband6. Their intrinsic sideband rejection is
typically only about 10-15 dB, which, although adequate for rejection of the unwanted sky noise, is not enough
to remove strong lines from the other (image) sideband. Others receivers (Bands 9, 10) are double sideband
(DSB), and the relative response of the two sidebands may not be equal, significantly affecting calibration.
Accordingly, additional schemes are necessary for more effective removal of the unwanted sideband (known as
sideband suppression), and for correlation of both sidebands independently (or sideband separation - see next
section). Sideband suppression in ALMA is done using the FLOOG, and either LO2 (2LO offsetting) or a
combination of LO2 and LO4 (3LO offsetting). A small frequency offset Fo is added to LO1 and subtracted
from the other LOs, so that while the signal sideband remains at the same frequency, the image sideband is
shifted 2Fo away from its nominal value. A different value of Fo is applied at every antenna (the offsets are
defined using a Walsh pattern), so that all signal sidebands are at the same frequency, but all image sidebands
are at slightly different frequencies and no longer correlate.

Note that each of the basebands has an independent LO2 and LO4. So by setting the sign of the offset in
(LO2+LO4) differently, each baseband can be set up to observe in a different sideband.

For single-dish observing, such interferometric sideband rejection methods cannot be used, and a frequency
scanning method is under development which will allow image rejection.

B.4.3 Interference Rejection - 180 degree Phase Switching
The FLOOG is additionally used to reject spurious signals prior to digitization by applying 180 deg phase
switching according to orthogonal Walsh function patterns, with a pattern cycle time of 16 ms. The Walsh

6Although they have mixers to allow both sidebands to be observed separately and simultaneously

200 APPENDIX B. THE LO AND IF SYSTEM

Figure B.8: The Data Transmission System Transmitter (DTX) module, as used in each antenna.

delay corrections between all the basebands and polarizations of a given ALMA band receiver. Currently, the
first baseband of the X polarization is used as reference.

B.4.2 Sideband Suppression - LO Offsetting
Some of the ALMA receivers (e.g. Bands 3, 4, 6, 7, and 8) are inherently single sideband (SSB), either through
having a mixer or quasioptic design which rejects the unwanted sideband6. Their intrinsic sideband rejection is
typically only about 10-15 dB, which, although adequate for rejection of the unwanted sky noise, is not enough
to remove strong lines from the other (image) sideband. Others receivers (Bands 9, 10) are double sideband
(DSB), and the relative response of the two sidebands may not be equal, significantly affecting calibration.
Accordingly, additional schemes are necessary for more effective removal of the unwanted sideband (known as
sideband suppression), and for correlation of both sidebands independently (or sideband separation - see next
section). Sideband suppression in ALMA is done using the FLOOG, and either LO2 (2LO offsetting) or a
combination of LO2 and LO4 (3LO offsetting). A small frequency offset Fo is added to LO1 and subtracted
from the other LOs, so that while the signal sideband remains at the same frequency, the image sideband is
shifted 2Fo away from its nominal value. A different value of Fo is applied at every antenna (the offsets are
defined using a Walsh pattern), so that all signal sidebands are at the same frequency, but all image sidebands
are at slightly different frequencies and no longer correlate.

Note that each of the basebands has an independent LO2 and LO4. So by setting the sign of the offset in
(LO2+LO4) differently, each baseband can be set up to observe in a different sideband.

For single-dish observing, such interferometric sideband rejection methods cannot be used, and a frequency
scanning method is under development which will allow image rejection.

B.4.3 Interference Rejection - 180 degree Phase Switching
The FLOOG is additionally used to reject spurious signals prior to digitization by applying 180 deg phase
switching according to orthogonal Walsh function patterns, with a pattern cycle time of 16 ms. The Walsh

6Although they have mixers to allow both sidebands to be observed separately and simultaneously



2021-May-5 SMA Receiver Lab Lunch Talk Series Page 16

T. Hunter, ALMA Front-end & Digitizer Tech Rqmts 
to Enable ALMA 2030 Development Roadmap
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56GSa/s 8-bit Analog-to-Digital Converter

Description

W

The Fujitsu ultra-fast CMOS ADC provides the enabling 
technology for upcoming telecommunication applications such 
as 100G Ethernet and OTU-4 transport systems using coherent 
receivers. The ADC uses Fujitsu’s revolutionary CHArge-mode 
Interleaved Sampler technology (CHAIS), which allows the 
implementation of extremely fast, high-resolution ADCs in 
CMOS process technology.  

Major benefits of the CHAIS ADC are low power consumption 
and the option to be integrated with millions of gates onto 
the same die using Fujitsu’s standard 65nm CMOS process 
technology. In combination with Fujitsu’s leading flip-
chip packaging technology, the ultra-fast ADC is ideal for 
applications that require high-performance analog and digital 
processing power while maintaining a reliable and proven 
manufacturing flow.  

With an effective resolution bandwidth of >15GHz and a sample 
rate of 56GSa/s, the ADC is at the leading edge of converter 

performance. The macro employs a self-contained background 
calibration technique for sampler interleave-timing skew as well 
as linearity and offset. The calibration block also contains an 
alarm function, which can be used as an interrupt to warn the 
system when the internal calibration reaches a pre-defined or 
programmable percentage of its calibration range.  

The first customer evaluation silicon (ROBIN) for the CHAIS 
technology contains a two-channel 56GSa/s version of the ADC. 
The on-chip RAM of ROBIN stores 16k x 8-bit samples for each 
ADC. The data can be accessed by reading this memory as there 
is no external output from the converter. Several storage modes 
that enable control of the RAMS from external triggers are 
available. 

 Other versions of the ADC with lower and higher sampling 
rates, and different channel configurations, are in development 
or planned.
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56GSa/s ADC Two-Channel Version Using CHAIS Architecture 56GSa/s ADC Four-Channel Version

Applications

W

• Fast data conversion
• 40G/100G communications systems

• Test equipment

https://www.fujitsu.com/downloads/MICRO/fma/pdf/56G_ADC_FactSheet.pdf
https://www.fujitsu.com/downloads/MICRO/fma/pdf/56G_techback.pdf

8-bit quantization
Differential analog input, 1 Vpp full-scale
15 GHz -3 dB bandwidth (min.)
56 GSa/sec
1.75 GHz input clock reference
Internal 14 GHz VCO/PLL per I/Q ADC pair
SNDR 40 dB @ 1 GHz, 36 dB @ 17 GHz
Output rate – 128 samples x 8-bits, 437.5 MHz

https://www.fujitsu.com/downloads/MICRO/fma/pdf/56G_ADC_FactSheet.pdf
https://www.fujitsu.com/downloads/MICRO/fma/pdf/56G_techback.pdf

