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Why Rubidium?

Reliable, mature technology

Low aging and low environmental coefficients
Excellent short term stability

Stratum-1 when mated with GPS

Low cost
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The PRS10 Rubidium Frequency Standard

«Standard mechanical and
electrical form-factor

*Updated technology

Feature rich, high-end
performance

Established reliability
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Important Specifications

 10MHz, +7dBm, 500, sine output
« L(f) <-125 dBc/ Hz at 10 Hz offset

o Af/f<+5x 101! (over -20°C to +65°C)
« Af/f <45 x 10! (aging per month)
« RS232 control and calibration

JrTO——



The Physics Package

« Lamp
« Resonance cell
 RF source

* Photocell

RF
Lamp Cell

Physics Package

I —
- | — -

Photo
Amp

*The physics package is a frequency detector. The light
seen by the photocell is reduced by about 1:1000 when
the RF sweeps through 6,834,682,612 Hz. The
linewidth of the detector is Af/f =~ 10/,
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Block Diagram
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Frequency Spectrum of Photo-Signal
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« Modulate RF around
resonance at 70 Hz

« \When centered, see only
140 Hz signal (2w)

« When off frequency, see
component at 70 Hz.

« Synchronously detect
signal at 70 Hz and adjust
VCXO via DAC to null

« Signal-to-noise ataglance ;7m mitnm WL
Top = 1.12202 Urms/iHz 10 dB/div  Wndo:  BMH
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Microprocessor Functions/Advantages

» Housekeeping, DACs, ADCs, and program synthesizer
» 70 Hz modulation of RF and synchronous detection
 Digital filtering of control signal (no modulation spurs)
» Time-tag input with 1ns resolution

« Automatic phase-lock to reference (such as GPS)

» 1 PPS output set with 1ns resolution

« RS232 communications with host system

« Smooth startup and glitch immunity

« Magnetic field commutation (x25 reduction of Af/B)
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SC-Cut Ovenized Oscillator Advantages

Smooth start-up, re-start and holdover
Allows long rubidium lock time-constants
— Lower lamp drive level

— Immunity from microphonics

— Immunity to glitches

No activity dips

Very low phase noise
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Single-Sideband Phase Noise

4833 Hz
Top = 3.26mUrms/dHz 10 dB/div  lndo: BH
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About Discharge Lamps

Extended high-temp bake-out

5X Isotopic Rb overfill
prevents log(t) Rb depletion

Side-arm cell prevents flicker

Demonstrated reliability
— Study of 4000 units

— 1.6 x 107 unit-hrs

— zero lamp failures
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Cells and Lamps

Distillation of rubidium metal from manifolds into cells and lamps.
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Electronics

« Automatic SMD pick-and-

«Oven oscillator sub-assemblies
place onto single sheet
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Oscillator and Physics Package

 Resonance cell
 Discharge lamp
e QOven oscillator
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Five Week Burn-in

e |n-situ calibration

« Complete logging
— output frequency
— lamp intensity
— VCXO aging
— lock-loop

— 20 additional
analog test points

— tempco’s
— 8 x 10 unit-hr/yr
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Burn-in Data Logged Every 20 Minutes

Rubidium Calibration - COM1

FEile Qptions
RS232 Communications  Bb Stats | 1 pps Calibration | RF Graph | Lamp Startl Shipping |

PRS10_3.15_SN_3124 Update | |Com1 =l 1 Monior I 5F
Factory Settings Analog Output Yalues 1pps Control

sdd 13k Step Rec Diode add 0.003  Spare TO 1804 Time Offset
sdl 1Z8 Delay value adl 2326 +24%oltHeat TS 13330 Time Slope
sd2  bBh Fet/oltage Set ad? 2331 +24 WoltElec. F> 146 Fulse Slope
sd3 150 Lamp Temp. Set ad3 0495  Lamp Drain FL 1 Fhase Lock
scdd 198 Crystal Temp. Set ad4 0.303 Lamp Gate FT 14 Time Constant
sdb 190 Cell Temp. Set adb 2326 Crystal Heat Cirl FF 2 tability Factor
sdb 124 Cutput Yoltage adh 2375 CellHeat Cil FI -1 Integral Term
sd? 200 FF tdodulation ad? 1621  Lamp Heat Cirl Lkd 1 Lock kode
= RO7Y SF Faram. (FLL) add 1842  AC Phaotosignal
M 28563 acdd 3187  Photocell 11 Statistics
A 38 adl0 0EB45 Case Temp. FC hdean 1660.42
=F a8 Calibration Fot adl 0945  =tal Thermistars FC Bits/Hz 75.44
oo 1284 Set Slope adl2 0950  Cell Thermistars FCStd Dew. 008
O 2438 hag. Offset adld  038Y8 Lamp Thermistors FCDew E-12 11035
bR 2491 bag. Fead adld 2510  Frequency Fot W1 BitsfHz 198161
M= 1 hag. Switching adlsh 0003  Analog Ground B /1 tean 11.06
LD 1 Lock adls 2540  Z22MHz Varactor Wl Std. Dew. 74.07
GA T Gain adl? 3260  360MHz Varactor Wl SMNE h9Ez.24
FH 24 Fhase adld 3430  Auto Gain Chrl W2 hean 551.41
EF 1 Enable Fower ad13 4760 RFLock We Std. Dewv.  3.04
FC 1660.24  10MHz DAC =SF Bit Size 0.86
DS -hE.544 =ignal Yalues Synth. Offset -0.4301
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Burn-in Data Plots (20 Days Shown)

|, Rack Plotting Program Mi=] E3
File

Freq. kean: 10000000.000205 Light kMean: 2.794 =ignal Mean: 5404

[ o L1 [

Barsat+1x10 -1 Bars at £ 124 2 Wiolts Full Scale
FCMean: 2521.192

start 04-04-2007 19:21:19 Aging:  3.8e-11 per month
Stop: 04-24-20071 15:49:49 T Coet. 19+/-07 uHz/C

Days: Last20 of 35k Temp. bBR1+/-2310C (]
Puoints: 980 otate:  Shipped e e LT
File: A CalDatatPubidium,Rackdatalsn_3121 15

Enter Serial Mumber ar Command: || i’

10

LS Bars at + 1 FC High Bit
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Quality and Reliability

From a study of 4000 units shipped over two-years:

 Incoming inspection:
— 18 of 4000 units rejected by customer
— Implies an AQL = 0.45%
 Field failures:
— 9 failures in 16.4 million hours of operation
— Implies an MTBF = 1.8 x 10° hours
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Advantages of SRS Rubidium Design

« Spur-free output wit

n ultra-low phase noise

« EXxcellent holdover during rare failures

« Lamp wear-out mec

nanisms eliminated

« Time-tags and phase locks to external source
» Closed case calibration and control
 Established reliability
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