Design Challenges and Solutions in Achieving Ultra-Low-Power

OCXO's for Portable and Unpowered Environments ra |(On

Synchronising the connected future
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SWaP-C at Edge

Stability Target: Stratum 3E level stability
 10ppb temperature stability across operating temperature
e 1ppb/day ageing performance
ADEV performance

* time-domain frequency stability e1' /1-100s

The Legacy Equipment \  The Remote Edge

1.5W - 2.5W OCXOs Target 150mW



Emerging applications

4] Constraints: Months of
internal battery life

e Autonomous Underwater Vehicles, Man Pack Radios, Automated Guided Vehicles, Drones



Crystal selection

AT-Cut Crystal
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Ambient Temperature [deg.C]

Mechanism: Highly susceptible to micro-gradients in heat.
When placed in a low-power, low-mass micro-oven, the lack
of thermal inertia causes severe mechanical stresses and
massive frequency drift.




Oven Control

Frequency deviation (ppm)
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12.8MHz SMD OCXO Str3E compliant
response over 85°C to -40°C 1°C/mn rate temperature scenario
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oven control mechanism

Oven :
control

Oven temperature variation due
to external temperature change
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Ref: John Vig



Power vs Spectral Purity

OCXD Therrral and Fawar Deynamics. (First 10 Minutes)

ZL(f,,) = 10log,
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Leeson’s Equation Parameter
— Phase noise L(fm) is inversely
[ — Oven P 1| 0140 proportional to RF signal power (Ps)
[——/\.I ’ and fundamentally reliant on the
' : [ loaded quality factor (Q)).
130
G20
. DEW
o = L{fL): Single-sidebarsd phase noie in dBHz ot offset [
$ : : . + [y Output frequency
e b e e i cir & [ Cffset frequency from the canier

T [necorada)

= Oy Leaded quakty factor of the resonator

= F Noise Tector of the active device (ampblier)

e 2 FKT (
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+ k: Boltzmann's constant {1.38 x 1072 /K,

« T Absolute termperature in Kelvin,
. P' Signal power at the amplifier input (often the power through the resonatar),

+ f.:Flicker (1/f) noise corner frequency. = Wikipedia «4



OCXO Power Evolution: Traditional vs. Modern SMT Architecture

Holder Crystals vs Strip — SC cut .
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Key designh elements to achieve low power

Advanced Low-Power | =
Engineering Techniques *

E &
3rd Overlone Increased
J' Q Factar

-,

-
Loaded 0O Phase Nalse
Supprestion

{ ~

Pillar 3: High-Overtone Operation

Action: Bypassing Leeson's Fi 1ty

Running SC-cut crystals at their 3rd or Sth
mechanical overtone. This increases the
loaded Q factor by 3x to 5x, severely
suppressing phase noise to compensate for
intentionally low RF drive levels.
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Limiting operating temperature range

Industrial (-40 to 85) vs application range ( -10 to 55)
Modified SC-Cut: Turnover at 62°C

OCXO Steady-5State Power: Industrial (92°C) vs. Limited (62°C) Range Optimized for limited range & sub-sea use, efficient 120mW target.
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Total OCXO Power (mW)
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Warm up examples

1 = Limited Range Awg (22.5%C)

Deep Sea Ambient (4°C)

Extended Range Cold (-40°C)
=== Target 120mW

Time (minutes)

Steady State Power (mW)

Steady State Power Consumption over Temperature Ranges
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= Steady State Total Power
Limated Range (<10 ta 55*C)
Extended Range (-40 to 85°C)
@ Deep Sea Avg (4°C)
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Managing thermodynamics

Typical SMD OCXOs have higher thermal leakage

Power Consumption Comparison: Standard vs. Low Power OCXO

= Standord OCXO [Rakon Yilcani)
— PFroposed Low Power OCX0
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The Target

Steady-state electrical power

dissipated by the heater must
perfectly equal heat lost to the
environment.

- Delta T (Thermal Gradient)

The difference between internal Oven
Temp and external Ambient Temp.

-

(Leakage Coefficient)

H

The rate of thermal energy

— Pieady = AT X Cleatage [ 255 sysente

difference
(mWIEC).

l




Creating Isolated Micro-climate

Leakage for Hermetically Sealed Devices ‘
= Hermetic Metallic Enclosure
° 3.5—4.5mW/°C g e High-Vacuum Cavity

(Eliminates Convective Loss)

Target specification
« 1.3-1.5mW/°C

i Low Thermal
Improving thermal leakage  Gonductty Strts | .
* Vacuum Encapsulation 5 / Oven Mass (Substrate) |

| Miniaturized Heat Capacity

e Structural Support Minimisation

* Low-Emissive Coatings SC-Cut Quartz Crystal ot

(Temperature Sensor)

* LOW_prOﬁle crystals Active Heating Element

(Thin-film/BJT) . - el ~———————— Sustaining Amplifier & EFC
NN s (Colpitts/Butler Circuit)




Measurements on the LP OCXOs

Startup current 262 mA
Turnover Point at 60 °C 5V VCC
Temperature in I
degrees Frequency Stability in ppb Current(A)
-10 19999959.79 1.24
0.0604
25 19999959.77 0.03 0.0236
45 19999959.83 3.42
0.0190
50 19999959.87 5.11
0.0112

—— Stability (ppb) — left axis =— Current (A) — right axis

Stability {ppb)

25°C

Temperature (°C)

0.070u

0.0600

0.0500



Low Power OCXOs are viable options

CORE
TECHNOLOGY

CHIP-SCALE ATOMIC
CLOCK (CSAC)

Coherent Population
Trapping

STEADY-STATE
POWER

WARM-UP PROFILE

<120 mW

Fast (< 180s)

STABILITY & AGING

IDEAL DEPLOYMENT

Ultimate
(< 9E-10 / month)

Prolonged GPS-denied

missions, Undersea OBNs
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