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FTS 4060 Cesium Frequency Standard SECTION 1
GENERAL INFORMATION

SECTION 1. GENERAL INFORMATION
1.1 INTRODUCTION

The FTS 4060 Cesium Beam Frequency and Time Standard (see Figure 1-1) is an accurate
and stable frequency and time reference with microprocessor control. This manual
contains detailed performance and installation specifications (Section 1), operating
procedures (Section 2), and theory of operation (Section 3). A companion manual FTS
4060, SERVICE MANUAL (FTS P/N 06423-001-00000) contains service procedures, parts
lists and assembly/schematic diagrams.

1.2 SUMMARY DESCRIPTION
The FTS 4060 Cesium Time and Frequency Standard is a primary frequency and time
reference with microprocessor control. The major function of the FTS 4060 is to produce
accurate, stable, and spectrally pure sinusoidal signals, and precise 1 pulse-per-second
(1 PPS) timing signals. To accomplish this, a cesium beam tube resonator is used to
stabilize the output of a quartz crystal oscillator. The oscillator drives output signals at both
10 and 5 MHz, and optionally at 1 MHz and 100 kHz. The 10 MHz signal is digitally
divided to produce the 1 pps signal which can be advanced or delayed in 100 nanosecond
steps. The FTS 4060 features both 5 MHz and 10 MHz outputs. The FTS 4060 is
optimized for performance at 5 MHz with excellent close-in phase noise and short term
stability.
A microprocessor is used to perform the following tasks:
e Digital demodulation and integration of the servo loop signals

@ Monitoring of system parameters

e Control of adaptive servos including control of the loop time constant during the
instrument warm-up

e Diagnostic functions to aid in troubleshooting
e Control of loop gain to constantly compensate for beam tube signal decay.

When turned on or at user request, an autolock routine assures lock to the correct cesium
resonance by checking and correcting;

e Oscillator control voltage
e Oscillator drift rate
e Operation of modulation circuits

e Cesium beam current level

1-1



FTS 4060 Cesium Frequency Standard SECTION 1
GENERAL INFORMATION

12 SUMMARY DESCRIPTION (cont'd)

—Operating controls on the front panel include:

e Switches for manual adjustment of the cesium control loop (modulation and feed-back
loop)

¢ Automatic alignment pushbutton switch; assures lock to the correct cesium resonance
and calibrates beam current level if necessary.

e Switches for scanning of either the frequency control voltage or the loop gain

¢ Fine frequency C-field adjustment

e Control switcheé for synchronizing and advancing or delaying the 1 pps signal

o Switches for setting the Time-of-Day display

LED indicators on the monitor panel are provided for frequency lock/alarm, monitor
alarm, ac power/alarm, and battery charge conditions. Monitor functions available on the
front panel meter are: ‘
® Oscillator oven power

¢ Cesium oven temperature

¢ Cesium beam current

e Oscillator control voltage

e Internal power supply voltage

e Battery charge current

A 25 pin type "D" connector on the rear panel provides analog outputs for the monitors
listed above, as well as the ion pump current monitor. Deguassing inputs are also provided
on this connector,

For module maintainability, the FTS 4060 has designed-in serviceability:

e Monitoring fiiagnostics and automatic or manual adjustments described above

® Functional isolation at the board level

e Slide out assemblies and quick connect cables

1-2



FTS 4060 Cesium Frequency Standard SECTION 1
GENERAL INFORMATION

1.2 SUMMARY DESCRIPTION (cont'd)

The FTS 4060 operafes from 115/230 V ac or 22 to 30 V dc. An optional internal

battery/charger provides for a nominal 1 h standby protection from power failure.

A complete list of performance characteristics is provided in Table 1-1. Figures 1-2 and 1-3
are characteristic curves of the rf output signals in the frequency and time domains. Table
1-2 lists recommended test equipment for operating and performance checks,
troubleshooting, and alignment.

1.3 INSTRUMENT IDENTIFICATION

A slash (/) and a three-digit number, following the four-digit model number (4060)
specifies an option that is supplied within the instrument. See Table 1-1 for a list of
available options.






FTS 4060 Cesium Frequency Standard

SECTION 1

GENERAL INFORMATION

TABLE 1-1 SPECIFICATIONS, FTS 4060 (at 25 °C unless otherwise specified)

PERFORMANCE

ACCURACY +7x1012
RETRACE (Reproducibility) +3x1012
SETTABILITY (Frequency) *2x1013
FREQUENCY CHANGE
Over operating temperature < 5x1012
Under dc magnetic field (2 gauss dc; ac, 50, 60, 400 Hz) < 2x1012

OPERATING TEMPERATURE RANGE 0to 50°C

STABILITY 0 ,(7)

Averaging 'Iylme (1) 1

1s 7x 10'12

10s Tx10° 12

100 s 5x 10-12

1,000 s 2x107

10,000 s 5x10°
SSB PHASE NOISE £ (f)

(1 Hz Bandwidth)

Offset from Carrier (f) @ 10 MHz S MHz
1Hz -99 dBc -108 dBc
10 Hz -130 dBc -140 dBc
100 Hz -140 dBc -150 dBc
1000 Hz -150 dBc -157 dBc
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FTS 4060 Cesium Frequency Standard SECTION 1
GENERAL INFORMATION
TABLE 1-1 SPECIFICATIONS, FTS 4060 (cont'd)
———PERFORMANCE(cont'd)

SPECTRAL PURITY @ 10 MHz > MHz
Harmonics <-40 dBc <-40 dBc
Spurious Signals <-80 dBc <-80 dBc
Signal-to-phase noise ratio in 30 kHz > 81 dB > 87 dB
noise BW

WARM-UP TIME *

30 minutes

*Note: If the FTS 4060 has been in storage for an extended period, the warm-up time may be greater than specified

OUTPUTS
SINUSOIDAL OUTPUTS
Rear Panel (standard 1 ea) 10 MHz, 5 MHz
(w/Option 061) Add 1 MHz, 100 kHz
Front Panel (w/Option 061) Add 5 MHz, 1 MHz, 100 kHz
Amplitude 0.9 to 1.5 Vrms into 50 ohm load
PULSE OUTPUTS (w/Opt 116 or 117)
Front Panel 1 pps advance/delay
Rear Panel 1 pps advance/delay, 1 pps master
Amplitude 10 VX1 V peak into 50 ohm load
Width 20 us*10%
Rise Time <50 ns
Fall Time <2Us

MONITOR OUTPUTS

-cesium beam current
-oscillator control voltage
-oscillator oven power
-battery charge current
-cesium oven temperature
-internal power supply voltage
-monitor alarm

-fault alarm

(25 contact "D" connector on rear panel;
also on front panel meter)

_(see Table 2-1)
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FTS 4060 Cesium Frequency Standard

TABLE 1-1 SPECIFICATIONS, FTS 4060 (cont'd)

SECTION 1
GENERAL INFORMATION

INPUTS
PULSE SYNCHRONIZATION INPUT
(front panel)(w/Opt 116 or 117)
Amplitude 4 to 10 V peak into 50 ohm load
Width > 500 ns
Rise Time < 50 ns
Synchronization Accuracy < *150 ns
C-FIELD DEGAUSS INPUT 2 contacts on rear panel "D" connector
ZEEMAN INPUT Front panel BNC connector
4282kHz @ 1V rms
CONTROLS
Lock Alarm Indicator Reset
AC Power Alarm Reset
Modulation On/Off
Loop Open/Close
Loop Gain Adjustment
Oscillator Control Voltage Adjust
Alignment Control
C-field Adjust
Sync Enable
TOD Display: Set,Fast,Slow,Start
GENERAL
POWER REQUIREMENTS AC DC
Operating Voltage 115/230 V ac £ 10% 22t030Vdc
With Option 010 26to 30 V dc
Frequency Range 47 to 400 Hz N/A
Power (operating) 68 W 28W
(warm-up) 128 W 60 W
Option 061 Additional RF Outputs Add 4W Add 4W
Option 010 Internal Batt/Charger
(Fast Charge) Add16 W N/A
(Trickle Charge) Add 2W N/A
Option 116 Time of Day Display Add12wW Add 6 W
Option 117 TOD Display with Add 6 W Add 3W
1 PPS Delay




SECTION 1
GENERAL INFORMATION

FIS 4060 Cesium Frequency Standard

TABLE 1-1 SPECIFICATIONS, FTS 4060 (cont'd)

GENERAL \/Luﬁt‘\’.])
MATING CONNECTORS
Rear Panel
AC Line Input Belden #17250 Power Cord
External DC Input MS3106A-14S-58
RF and 1 pps Outputs BNC
Monitor Output 25 Contact, male, Cannon #DB-25P
Front panel
1 PPS Output BNC
RF Outputs BNC
SYNC Input BNC
Zeeman Input BNC
FUSES
AC Line Input @115V 2 A SB, 0.25" x 1.25"
@230V 1 ASB, 025" x1.25"
Ext DC Input 4A,025"x1.25"
Battery 2A,025"x1.25"
DIMENSIONS
Height 133 mm (5.2")
Width 483 mm (19"
Depth 533 mm (21")
WEIGHT FTS 4060 27.2 kg (60 Ibs)
Option 010 Internal Battery/Charger Add 4.5 kg (10 Ibs)
ENVIRONMENT
TEMPERATURE, OPERATING 0 to 50°C
TEMPERATURE, NON-OPERATING
Storage -40 to +50 °C
Short-term -40 to +75°C
HUMIDITY, OPERATING 95% up to 50 °C
MAGNETIC FIELD 0 to 2 gauss




FTS 4060 Cesium Frequency Standard

TABLE 1-1 SPECIFICATIONS, FTS 4060 (cont'd)

SECTION 1
GENERAL INFORMATION

OPTIONS
010 Internal Battery
015 External Standby Battery Supply
061 1 MHz and 100 kHz Outputs
013 Rack Slides
116 Time of Day Display
117 1 PPS Advance/Delay
018 Time Code Generator (covered by Addendum)
062 Additional RF Outputs (covered by Addendum)
063 DS1 Frequency Synthesizer (covered by Addendum)
064 CEPT Frequency Synthesizer (covered by Addendum)
048 -48 Vdc Power Input (covered by Addendum) :
075 Extended Tube Warranty

1-9




FTS 4060 Cesium Frequency Standard SECTION 1

GENERAL INFORMATION
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FTS 4060 Cesium Frequency Standard

TABLE 1-2. RECOMMENDED TEST EQUIPMENT

SECTION 1
GENERAL INFORMATION

ITEM NO. AND
DESCRIPTION

REQUIRED
CHARACTERISTICS

PURPOSE/USE

EXAMPLES OF
APPROPRIATE
EQUIPMENT

1. Primary Frequency
Standard

Accuracy, stability, and phase
noise commensurate with FTS
4060.

Performance Check

FTS 4000, 4010,
4050, 4100, 4150, 5030

Sensitivity: 10 mV/div
Calibrated Sweeps: 2 s to
0.1 us/div

2. Spectrum Analyzer Freq. range: 100 kHz to 10 MHz Performance Check HP 88588
Scan Width: 2 kHz to 100 MHz Input Level: 13 dBm/50 @
3. Oscilloscope Frequency Response: 60 MHz Performance Check TEK 2213

Troubleshooting

Linear Output: 0 - 1V

4, Digital 4 1/2 pDigit Display Troubleshooting Data Precision
Multimeter Adjustments 2480R
5. Signal Generator Frequency: 5 Hz to 5 MHz Performance Check HP 3301A
Qutput: up to 13 dBm/50 ohms Troubleshooting
Adjustments
6. Phase Comparator Frequency: 10 MHz Performance Check FTS 6101

7. Strip Chart

Speed: 3cm/h
Span: 1, 10 V fs

Performance Check

SOLTEC s4201

8. Power Supply

Power Range: 0 to 40 V
0to3 A

Troubleshooting

LAMBDA LA-532

9. Termination

BNC, Male to Female, 50 ohm

Performance Check

TEK 011-0049-01

Time-Interval

Sensitivity: 100 mv

Feedthrough

10. Control and Compatible with FTS 5030 Troubleshooting FTS 6006
Monitor Module

11. Frequency and Frequency: 0 to 10 MHz Performance Check HP 5328A

Troubleshooting

Counter Accuracy: 10 ns, 10 digit
display
NOTE: If desired, additional test equipment, equipment combinations, and test procedures for frequency-time

performance analysis may be obtained in Characterization of Clocks and Oscillators, NIST (formerly NBS)
Technical Note 1337, U.S. Government Printing Office, March 1990.
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FTS 4060 Cesium Frequency Standard SECTION 1

GENERAL INFORMATION
14 STORAGE/SHELF LIFE, FTS 4060

During storage of the FTS 4060, there are three factors fo consider; batiery shelf lite,

cesium beam tube vacuum and shelf life.

1.4.1 Battery Storage

Prior to placing the unit in storage, the internal battery should be brought to a fully charged
condition by operating the instrument from ac power for a suitable length of time (48 hours
maximum for discharged batteries). After removing ac power, be sure to turn off the FTS
4060 by removing the BATTERY FUSE on the rear panel.

At storage temperatures of 35 °C and above, the battery should be recharged periodically
on a schedule determined by the storage temperature (see Table 1-3). To insure the most
efficient recharge cycle, recharge the instrument in an ambient temperature of 25 + 10 °C,

Table 1-3 BATTERY RECHARGE INTERVALS

Recharge Interval (mo)
Temperature ( °C) Battery Disconnected Battery Connected
<35 24 12
45 12 6
55 6 3
65 3 1.5

Alternatively, the battery may be removed during extended high temperature storage and
stored in a cooler location to preclude this maintenance procedure.

1-12



FTS 4060 Cesium Frequency Standard

1.4.2--Cesium-Beam Tube Vacuum

SECTION 1

GENERAL INFORMATION

If extended high temperature storage is anticipated, the ion pump in the cesium beam tube
must be operated periodically to maintain the tube vacuum. The ion pump functions
whenever the FTS 4060 is connected to an external power source (ac or dc). The FTS 4060
must be operated for at least 30 minutes for every six months of storage time. Refer to
Section 2 for the turn-on procedure.

1.4.3 Cesium Beam Tube Shelf Life

Extended high temperature storage reduces the expected operating life of the cesium beam
tube. The reduction in tube life expectancy for each year at a given temperature may be

approximated by Table 1-5.

Table 1-5 CESIUM BEAM TUBE SHELF LIFE

Storage Reduced Life
Temperature ( °C)

Reduction in Life Expectancy per
Year at Storage Temperature

40
50
60
70

20d
1 mo
2 mo
4 mo

1-13




FTS 4060 Cesium Frequency Standard SECTION 1
GENERAL INFORMATION

4

~—— 1.5 PREPARATION

FOR SHIPMENT

CAUTION

After ac power is removed, the BATTERY FUSE must be
removed; if not, the battery will continue to operate the
instrument until the battery is discharged.

To turn off FTS 4060 prior to shipment, remove ac and ext dc power. Remove the battery
fuse for a period of 10 seconds then reinstall.

1.5.1 Hazardous Material (HAZMAT) Shipping Considerations

FTS Cesium standards contain a small amount of cesium metal. The cesium isotope used
(cesium 133) is non-radioactive. However, because of its reactive chemical properties,
cesium is technically classified as a hazardous material by the U.S. Department of
Transportation (USDOT) and the International Air Transport Association (IATA).
During normal handling the FTS 4060 presents no danger since the cesium is encased
within a vacuum sealed metal enclosure. However, hazardous materials, depending upon
their specific nature, are subject to certain shipping regulations of the USDOT and the
IATA. These regulations govern the shipping case as well as its labeling,

The initial shipment of every FTS cesium standard complies with HAZMAT regulations:
the shipping case used has been tested and certified.

FTS has designed this case to meet current hazardous shipping regulations. The case
design has been engineered to prevent damage to the unit during shipment. This case has
an expiration date and will required update of certification numbers after its expiration.
Updated certification numbers can be obtained from FTS Customer Service.

In order to facilitate customer shipment of its cesium products, Frequency and Time
Systems (FTS) provides certified shipping case which comply with USDOT and IATA
regulations. This case provides the necessary physical protection for the instrument during
shipping. Contact FTS Technical Service for information about this service.

The cesium standard shipping case is FT'S Part Number 08748-701.

1-14
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152 Packing Materials

The Packing Materials are composed of:

a) an ATA case with protective antistatic foam,
b) labels to identify the case:

Labels: FRAGILE LABEL
UN LABEL
DANGEROUS WHEN WET
DANGER NO PASSENGER AIRCRAFT
CESIUM UN14071

1.5.3 Shipping Procedure

The authorized shipper is responsible for the overall condition of the case; i.e. latches
locked, no visible damage to the case and to properly place all labels on the case, etc.

1.5.4 Placement Of Labels On Shipping Case
. See Figure 1-5 for proper placement of labels.

Make sure an address label, proper HAZMAT labels, and packing slip (if necessary) are
affixed to the shipping case and are clearly visible.

1-15
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1.5.5 Shipment

Several United States and international shipping companies can accommodate properly
packaged hazardous materials. United Parcel Service and Federal Express are examples
for the United States. Intercontinental (617-569-4400) provides international shipping
services.

Contact one of these shipping companies for assistance. If you need additional help, call
FTS Technical Service.

The following information is typically requested:

Proper Shipping Name: Caesium (Cesium)
Dangerous When Wet
Class Or Division: 43
UN or ID No.: UN14071
Quantity & Type Of Packing: One Fiberboard Box X 5 Grams
* Carton(s)
Packing Inst. 412

* Insert number of cartons covered by the shipping paperwork.
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FIGURE 1-4
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1.6 INSTALLATION

[LEY

6.1 - FBnvirontnent .
TA0 Py S t

ALY IO e1l

When installing the instrument, consideration should be given to standard environmental
factors (temperature, humidity, vibration, etc.) and also to the presence of magnetic fields
that might affect the accuracy of the reference. Avoid installing or using the instrument
near large motors, generators, transformers, or other equipment which radiate strong fields

of 2 gauss or more. Also avoid placing the instrument near a strong permanent magnetic
field.

1.6.2 Mounting

The FTS 4060 is designed to be mounted in a standard 19-inch equipment rack. Figure 1-6
INTERFACE CONTROL DRAWING shows all applicable dimensions and mounting
details. The front panel occupies a height of 5.2 inches. The FTS 4060 is 21 inches deep
with a few additional inches required for attaching cables to the rear panel connectors. The
FTS 4060 side plates are drilled and tapped to accept chassis rack slides. The use of chassis

rack slide or other means of support is recommended because of the weight and weight
distribution of the instrument.
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FIGURE 1-6 INTERFACE CONTROL DRAWING, FTS 4060
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1.6.3 Electrical Connections

The FTS 4060 may be powered from an external ac source, 115 or 230 V ac, BE S URETO

-~ SELECT THE CORRECT VOLTAGE (115 or 230) ON THE REAR PANEL VOLTAGE
SELECTION SWITCH BEFORE APPLYING POWER. The-itstrument may also be
powered by an external dc source (22 to 30 V). Before connecting ac power, check to see
that the correct fuses are installed:

AC Power: 2ASBat115Vac

1ASBat230Vac
Ext DC: 4A
Battery: 2 A (with Option 010 only)

Refer to Figure 1-6 for the location and contact designation for both external ac and dc
pOWer connectors.

The MONITOR connector provides analog outputs for the monitors listed on the front
panel as well as the cesium beam tube ion pump current. The connector also has two
contacts designated for C-field degaussing. Refer to Figure 1-6 for the contact
designations.

NOTE: Degaussing is not normally required in most applications, unless the FTS
4060 is exposed to strong magnetic fields (greater than 10 gauss). If
degaussing is desired, refer to an operation manual for a cesium beam tube
degausser, or call the factory for assistance.

1-22



FTS 4060 Cesium Frequency Standard SECTION 1
GENERAL INFORMATION

1.6.4 Chassis Rack Slides (Option 013)

19 inch rack assembly.

Included in the FT'S 6013 are:
Rack Slides; part number 03790-701
Connecting Hardware; part of 03790-701
Rack Slide Spacers (2); part number 03770-001

1.6.4.1 Mounting Procedure
1) Separate the inner chassis sections from each rack slide assembly.

2) Attach connecting hardware to chassis sections. See Figure 1-7 Rack Slide Assembly
Diagram for placement of hardware.

3) Place four machine screws (#10-32x3/8) in the first four holes of both inner chassis
sections. Leave the hole behind the stop tab open on each assembly.

4) Place an aluminum spacer (part number 03770-001) over the four exposed screws on each
inner chassis section.

5) Attach both inner chassis sections and spacers, starting with the second hole from the
front panel, to the sides of the FTS 4060.

6) Attach the outer and middle chassis sections to the rack and adjust the connecting
hardware so that the outer and middle chassis sections will align to the FTS 4060.

7) Slide the FTS 4060 onto the tracks of the mounted rack sections. When the slides lock,
' depress the stop tabs and push the FTS 4060 the rest of the way into the rack.
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SECTION 2, OPERATION

=221 INTRODUCTION

This section describes procedures for turn-on, monitoring and for controlling pulse
synchronization, alignment and other adjustments of the FTS 4060 Cesium Frequency and
Time Standard.

2.2 TURN-ON PROCEDURE

Except for the application of ac power, no specific user actions are required to turn-on the
FTS 4060 and obtain the specified rf output signals. However, monitor and control
functions are provided and are described below. Read the entire procedure and tables
below before executing the turn-on steps. Refer to Figures 2-1 and 2-2 for an illustration of
the front and rear panels of the FTS 4060.

1) Apply ac power to the instrument.
2) Set the following operating controls:
a, Set the MOD ON/OFF switch to ON.
b. Set the LOOP CLOSED/OPEN switch to CLOSED.

3) Allow the FTS 4060 to warm-up for the specified warm-up time (refer to Table 1-1).
Frequency lock will be indicated by illumination of the LOCK indicator.

4) Depress the ALARM pushbutton switch to turn off the ALARM indicator.

5) Set the rear panel standby power switch to the preferred position for long term
operation (refer to paragraph 2.8).

Table 2-1 MONITORS AND INDICATORS lists expected values for the five analog
monitors and four indicators during and after warm-up. The monitor voltages are also
available at the rear panel MONITOR connector.

2.2.1 TURN ON PROCESS

Note: The following description is not part of the turn-on procedure but is
provided to describe the main events of the turn-on process.

After turn-on from a "cold" start (25 °C) the temperature of the cesium and quartz crystal
ovens must be raised to their operating points. The cesium oven reaches it's operating
point (90 °C) in about 10 minutes. The quartz crystal oven reaches it's operating point at
80 °C in about 20 minutes.
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2.2.1 TURN-ON PROCESS (continued)

When the system monitors-are within preset limits-and-as the-oscillator approaches its
nominal eperating frequency, the autolock routine begins looking for the cesium .
resonance. Once the central peak of the resonance has been identified, the autolock
routine monitors the frequency drift rate of the oscillator until it reaches an acceptable rate.
When the oscillator drift rate is acceptable, the servo lock routine is initiated, the LOCK
indicator turns on, and warm-up is completed,

Note: During warm-up and autolock, user operation of the front panel controls
is denied by the micro-processor. To gain control of the instrument,
refer to paragraph 2.6.5 Autolock Override.

2.3 TURN-OFF AND RESTARTING
To turn off the FTS 4060, follow the steps below:

1) Set the rear panel standby power switch to EXT DC (this action disconnects the internal
battery if supplied).

2) Remove EXT DC power.
3) Remove ac power.
If power to the FTS 4060 is interrupted, restart the instrument using the turn-on steps

above, as applicable. If the instrument is turned off for only a few minutes, frequency lock
will be achieved in much less than the specified warm-up time.
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