
� 9/20/2007���������	
�����
��

�����
����
��

�



� 9/20/2007���������	
�����
��

The Most Accurate Man Made Machine!The Most Accurate Man Made Machine!
The Atom is the Pendulum of the ClockThe Atom is the Pendulum of the Clock

1 second in 10001 second in 1000 ’’ s years (Rb)s years (Rb)
1 second in 3 million years for Cs fountain1 second in 3 million years for Cs fountain

Based on a quantum transition which occurs in the a tomBased on a quantum transition which occurs in the a tom

E2

E1

Planck’s law
E1 - E2 = h ����

What is an Atomic Clock?What is an Atomic Clock?
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Atomic
Resonator

Crystal
Oscillator

Output: 5 or 10 MHz

Error Signal

Internal 5 (10) MHz

The RF output (5 or 10MHz) is derived from the Crystal Oscillator.
On the short term (t< tl) the output follows the Crystal Oscillator.
On the long term (t> tl) the output follows the Atomic Resonator.
tl = loop time constant. For Rb: tl =10 to100msec, for Cs: tl =100ms to 1s.

This transition of stability from the Crystal to the Atomic Resonator
is seen in Phase-Noise and Allan Deviation plots.

The same happens for Vibration/Acceleration Sensitivity: For fast acceleration,
the Crystal determines the output, and for slow acceleration the Atomic Resonator counts�

Stability of Passive Atomic StandardsStability of Passive Atomic Standards
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Micro

Processor
DAC

Multiply

OCXO

10 MHz 6.84 GHz

RxD, TxD

10 MHz

AccuBeat’s Digital LoopAccuBeat’s Digital Loop
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Microwave

85Rb 87Rb

52P1/2

F=2

52S1/2

F=1
6.834 GHz
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F=1
3.045 GHz
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Rb Vapor Cell Principles - 1Rb Vapor Cell Principles - 1
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Rb Vapor Cell Principles - 2Rb Vapor Cell Principles - 2
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Vapor Cell Atomic ClockVapor Cell Atomic Clock
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Rubidium
Resonator

OCXO

For times shorter than the Loop Time Constant the stability follows the OCXO
For times longer than the Loop Time Constant the stability follows the RUBIDIUM resonator 
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Example: Rubidium Standard

Short-Term-Stability 
of Passive Atomic Standards

Short-Term-Stability 
of Passive Atomic Standards
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Rubidium Performance SummaryRubidium Performance Summary
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Aging S/N 402 
@ room temperature: (22+/-6) deg C, 

against house Rb

y = 3E-13x + 9E-11
R2 = 0.1856
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Frequency Drift ExampleFrequency Drift Example
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Time Drift Example (Rubidium)Time Drift Example (Rubidium)
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Types of Atomic Standards
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Short Term Stability Ranges of 
Various Frequency Standards
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* Including environmental effects (note that the temperature ranges for Rb
and Cs are narrower than for quartz).

Quartz Oscillators Atomic Oscillators

Accuracy *
(per year)

Aging/Year

Temp. Stab.
(range, 0C)

Stability, ��� � y(���� )
(���� = 1s)

Size
(cm 3)

Warmup Time
(minutes)

Power (W)
(at lowest temp.)

Price (~$)

TCXO

2 x 10-6

5 x 10-7

5 x 10-7

(-55 to +85)

1 x 10-9

10

0.03
(to 1 x 10 -6)

0.04

10 - 100

OCXO

1 x 10-8

5 x 10-9

1 x 10-9

(-55 to +85)

1 x 10-12

20-200

4
(to 1 x 10 -8)

0.6

200-2,000

Rubidium

5 x 10-10

2 x 10-10

3 x 10-10

(-55 to +71)

3 x 10-12

100-800

3
(to 5 x 10 -10)

7-20

2,000-8,000

Cesium

2 x 10-11

0

2 x 10-11

(-28 to +65)

5 x 10-11

6,000

20
(to 2 x 10 -11)

30

30,000-50,000

COURTESY OF DR. JOHN VIG

Oscillator Comparison

Rb+GPS

1 x 10-13

1 x 10-13

Stable T: 1 x 10 -13 

3 x 10-12

2000

15

15-20

5000-10000


