EX-219 .
Space Evacuated Miniature Crystal Oscillator (EMXO) @ MicrocHIP

Description

The EX-219 provides exceptionally low power consumption and tight temperature stabilities in a small package
over a wide range of environmental conditions. This Space EMXO platform bridges the performance gap
between higher power consumption OCXOs and lower power consumption TCXOs. The EX-219 series becomes
the most popular choice where there is a need for spectral purity, short-term stability, and long-term accuracy
all in a low Size, Weight, and Power (SWaP) design.

Features

100 krad (Si) TID Tolerant

Low Power Consumption

Fast Warm-up Time

Tight Stability

Low Phase Noise

Small Form Factor

Low Mass: <9 grams

Rugged Construction

Frequency Range: 10 MHz to 130 MHz
Previous Models: EX-209, EX-245, C4540

Applications

Defense Satellites
Weather Satellites
Communication Satellites
Manned Space Vehicles
Spaceborne Telescopes
Missiles and Interceptors
Deep Space Exploration
Planetary Rovers

Launch Vehicles

ICBM Silos



https://microchip.com

Table of Contents

[BZ=E Yol ] o] 4 (o] o AU PSPPSR PRSP PP PPPROPRUSRPORt 1
FRATUIES ettt b bbb b e bbb e bR bbb e e b st e b b nhe s 1
AP PIICATIONS .ttt ettt sttt st s b st sttt et et et et e Rt e Rt e R e bt e R e R e s b e b e e b e b e s b et et et et e Rt e Rt e st eReeRe e b e e b e ebeebesbenbens 1
T, ElECtriCal SPOCIfICAtIONS. .coviuiteiirieirieer ettt ettt ettt b et e b e st eb e st e ke s bbb et ese st ese st e st st esesbenesbenesbenees 3
2. ENVIrONMENTal CONAITIONS. .c.iiteiirieiirietirieerteere ettt sttt b e b et b et b e b st b e s b bt s bbb e st b e et esesbesesaenesbeneas 6
3. EEE Component Pedigree and Device SCreening OPtiONS.....cccuevererirerienenienierienteteeeeeeeessessessessessessessessessenses 7
4. Quality Conformance INSPECtioNS (QUCI).....ccueuirirriririerieierieientetertet ettt sttt ettt sttt st sbe et e st ettt e b e sbeneebenes 8
5. DeliVErable Data....c.coueerieirieiricirierer ettt et e et saens 11
6. PACKAEE INTOMMNATION....cuiiitiiitiietiteiestet ettt sttt ettt sb et b et s bt s bbbt ek e b eb et ebe b ebe b ebe st ebesbenesbenens 12
6.1, PACKAEE DIaWiNE..cciiiviiriisiiriirieniesiestet ettt et st ste st stestesbesbestessesbessessessessessensensensessessesessessassassessessessessensensenes 12
7. Ordering INFOrMATION.....cciirieieieee ettt ettt st s b et e et et e st s benesbene st enesb et sb e e esensesensesensesanes 13
8. AP ICALION NOLES ...ttt b bbbt b et e b e b bt s b e bt s b e st s b e st ket et e e e b e e e b et ebe st eb et ebenbenis 14
8.1, EMXO TOCNNOIOEY ...ititiieieieietetetete sttt sttt ettt ettt et et sb s b s b st e s b e b et et et e s et e e enessessesbesbesees 14
8.2, CrYSTAl RESONATON.c.uiitiitiitiitirtirieriestestet ettt sttt sttt s b st st st e st et e be b et e st e st e st et eseeseeseeseesasbesbesbesbesbesbesbensenes 14
8.3, WaArmM-UP CharaCleriSTiC. . isueuirieuerieierieietetentet sttt ettt ettt sttt s b et st b et et et e e b et st e e sbe e ebeneebensenes 15
8.4. Operating Temperature CharacteriStiC......coirririririrenieenieiertetertee ettt sttt st be st et b e b saenens 16
8.5, INItial FreqQUENCY ACCUIACY . ..iivirieieieieiteteiteeste sttt st st sttt ste st et et et et et e e et esesbesbesbesbesbesbesbesbensensensensen 17
8.6.  Supply Ripple of SiNgle SUPPIY OPtioN. ..ttt st sbe st st b senseneen 18
8.7.  DUAI SUPPIY OPLION ..ttt ettt ettt ettt ettt s ae e e e b et ek et e b et et et ebe e ebe e eb e st ebesaebesbenens 18
8.8, Thermal CONSIAEIAtIONS. ...c.cvueirieirieirieertets ettt ettt ettt st st ae et et s b et sbe e sbe st sbene st et ebensesensenens 19
8.9, Part INSLAllAtION....c.couiiieieieiee ettt n et enene 19
810, AZING PrOJECLION. c.utiteeieettetesttestt ettt sttt et st et s bt et e st e b et e s be et e saee b e esbesseeasesbtenbesatesbeenbesbeentesabesesntenseennas 20
8.17. MICrO-FrE@QUENCY JUIMPS...ctitiieieiieiteieeiteiteit st sttt st s b st e st bt e ettt et et e st e e e b e e bt sbesbesbesb e b e b e s esennensennennne 21
812, LBAK TS ittt sttt ettt sttt ettt e b et b et e b etk b ekt s b e bk e bt e st e st ben e s be Rt s b e st b et ek et et e s ebe s ebe e benes 23
8.13. INternal Gas ANAIYSIS (IGA).....ciiriririiereretetete ettt st s b st st s besbesbe st et et et et e e ese et esessesbesbesbessessensens 23
8.14. Other TYPICal ParameELerS.....ccciiiririeireseriesiestesteste ettt et st s e s e st e st e st sbesbe st et ebessessesseseesessessesbessessessensan 24
0. REVISION HISTOIY ittt ettt ettt ettt ettt ettt ettt b s b s b s b s b e b e b et et e b et e st e st e st es e e bt sbesbesbesbesbesb et et ebennenes 25
MICFOCHIP INTOIMNATION. ...ttt sttt b et bbb e bt eb et e bt st e bt s b bt sbebe st esenbesenbenenas 26
TrAARIMAIKS. ..ttt ettt st h et h R bbbt e R e et n et n e ee 26
LEEAI NOTICE. . vttt sttt ettt ettt et et s b s bt st e s b e st e sbesbesbe b e be b e b ensensesee st e st e st eneeseeseebeebe st e st esbesbenbebentensensan 26
Microchip Devices Code ProteCtion FEAtUIE.......c.cii ettt ettt sttt sb e st se b saenens 26

@ MICROCHIP



1. Electrical Specifications

Table 1-1. Frequency Stabilities [10 MHz to 20 MHz]

T S o T

vs. operating temperature range

(reference to +25°C)

Initial tolerance for fixed frequency

vs. supply voltage change
vs. load change

vs. aging /1 day

vs. aging /1st year

vs. aging /10 year

vs. aging /10 year

vs. aging /10 year
Warm-up time @ +25°C
Warm-up time @ -40°C

Table 1-2. Frequency Stabilities [>20 MHz to 120 MHz]

-10

-200

-1000
-1500
-2000

+75
+100
+1
+10
+10
+2
+200
+1000
+1500
+2000
180

240

ppb
ppb
ppm
ppb
ppb
ppb
ppb
ppb
ppb
ppb
seconds

seconds

-10 to +60°C

-20 to +70°C

-40 to +85°C

at time of shipment

Vs £5%

Load +5%

after 7 days of operation
10 MHz to <12 MHz

12 MHz to <16 MHz

16 MHz to 20 MHz

to £100 ppb of frequency at 1 hour after
turn-on

T S 7 7 T

vs. operating temperature range

(reference to +25°C)

Initial tolerance for fixed frequency

vs. supply voltage change

vs. load change

vs. aging /1 day

vs. aging/1st year

vs. aging /10 year
Warm-up time @ +25°C
Warm-up time @ -40°C

Table 1-3. Frequency Stabilities [>120 MHz to 130 MHz]

-100
-150
-1.5
-15
-25
-15
-3
-300
-3000

+100
+150
+1.5
+15
+25
+15
+3
+300
+3000
180

240

ppb
ppb
ppm
ppb
ppb
ppb
ppb
ppb
ppb
seconds

seconds

-10 to +60°C

-20 to +70°C

-40 to +85°C

at time of shipment

3.3 5%

5.0 £5%

Load +5%

after 7 days of operation

to £100 ppb of frequency at 1 hour after
turn-on

A TS S 80 3 T

vs. operating temperature range

(reference to +25°C)

Initial tolerance for fixed frequency

vs. supply voltage change

vs. load change

vs. aging /1 day

vs. aging/1st year

vs. aging /10 year
Warm-up time @ +25°C
Warm-up time @ -40°C

@ MICROCHIP

-100
-150
-1.5
-25
-25
-25

-3
-300
-3000

+100
+150
+1.5
+25
+25
+25
+3
+300
+3000
180

240

ppb
ppb
ppm
ppb
ppb
ppb
ppb
ppb
ppb
seconds

seconds

-10 to +60°C

-20 to +70°C

-40 to +85°C

at time of shipment
3.3+5%

5.0 £5%

Load +5%

after 7 days of operation

to 100 ppb of frequency at 1 hour after
turn-on



Table 1-4. Single Supply Voltage (V) Option

T T S L T T

Supply voltage 3.13 3.47
4.75 5.0 5.25 VDC —

Power consumption — — 2.2 Watts during warm-up
— — 0.7 Watts steady state @ +25°C
— — 1.2 Watts steady state @ -40°C

Table 1-5. Dual Supply Voltage Option

T T T L T T

Oscillator Supply Voltage (Vosc) 3.13 3.47
4.75 5.0 5.25 vDC —
Oscillator Supply Current (losc) — — 60 mA —
Oven Supply Voltage (Voven) 3.13 33 3.47 VDC —
4.75 5.0 5.25 vDC —
Oven Power Consumption (loven) — — 2.0 Watts during warm-up
— — 0.6 Watts steady state @ +25°C
— — 1.1 Watts steady state @ -40°C

Table 1-6. RF Output

parameter ————————Twn— e wax ot Jcondon |

Signal HCMOS for frequency from 10 MHz to 120 MHz

Load — 15 — pF —

Signal Level (Vol) — — 0.1 Vs —

Signal Level (Voh) 0.9 — — Vs —

Rise/Fall Time — — 7 ns 10%-90% for frequency from 10 MHz to
55 MHz

— — 4 ns 10%-90% for frequency from >55 MHz

to 120 MHz

Duty Cycle 40 — 60 % (Voh-Vol)/2

Subharmonics (>55 MHz) — — -40 dBc >55 MHz to 120 MHz

Spurious — — -80 dBc met during qualification (not tested)

Signal Sinewave —

Load — 50 — Q —

Output Power (0 dBm) +0 +2 +4 dBm 50Q) load

Output Power (+3 dBm) +3 +5 +7 dBm 50Q) load

Output Power (+5 dBm) +5 +7 +9 dBm 50Q) load

Harmonics — — -30 dBc 10 MHz to 120 MHz

Harmonics — — -20 dBc >120 MHz to 130 MHz

Subharmonics (>55 MHz) — — -30 dBc >120 MHz to 130 MHz

Subharmonics (>55 MHz) — — -40 dBc >55 MHz to 120 MHz

Spurious — — -80 dBc met during qualification (not tested)
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Table 1-7. Frequency Tuning (EFC)
Parameter

Tuning Range

EFC Input DC Resistance
Vref

Table 1-8. Additional Parameters [10 MHz to 20 MHz]

Min. | Typ. | Max. | units _[Condition

Sufficient to tune to nominal frequency EFC (OV to Vref)
over operating temperature range,

supply voltage variation, load variation,
and 10 years aging

100 —
+2.4 +2.5

200
+2.6

kQ
VDC

source current 1 mA maximum

T T S T T

Phase Noise
(typical performance @ 10 MHz)

ADEV

G-Sensitivity (total gamma)

Table 1-9. Additional Parameters [>20 MHz to 55 MHz]

— -120
— -145
— -150
— -155

— -155

-110
-135
-145
-150
-150
2x10M
1

dBc/Hz
dBc/Hz
dBc/Hz
dBc/Hz
dBc/Hz

dBc/Hz

ppb/g

1Hz

10 Hz
100 Hz
1 kHz
10 kHz
100 kHz
t="1sec

Test at 10g sine vibration at 100 Hz

T T S L T T

Phase Noise
(typical performance @ 40 MHz)

ADEV

G-Sensitivity (total gamma)

Table 1-10. Additional Parameters [>55 MHz to 130 MHz]

-100
— -130
— -145
— -150
— -150

-120
-140
-145
-145
5x10° 11
1

dBc/Hz
dBc/Hz

dBc/Hz
dBc/Hz
dBc/Hz

ppb/g

10 Hz

100 Hz

1 kHz

10 kHz

100 kHz

t="1sec

Test at 10g sine vibration at 100 Hz

T S T T T

Phase Noise
(typical performance @ 100 MHz)

ADEV

G-Sensitivity (total gamma)
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— -125
— -135
— -145
— -145

-115
-130
-140
-140
5x10 M

dBc/Hz

dBc/Hz
dBc/Hz
dBc/Hz
dBc/Hz

ppb/g

10 Hz

100 Hz

1 kHz

10 kHz

100 kHz

t=1sec

Test at 10g sine vibration at 100 Hz



2. Environmental Conditions

Table 2-1. Environmental Conditions (Qualified to)

Radiation Tolerant (operating)

Mechanical Shock (non
operating)*

Vibration Random (non
operating)*

Vibration Sine (non operating)*
Storage Temperature*
Note: *Met during qualification

@ MICROCHIP

Active devices are selected from product families that are radiation tolerant to
100 krad (Si) Total lonizing Dose. When available, wafer lot specific RLAT data for non-
SMD active devices will be provided as part of the data book that ships with flight units.

MIL-STD-202, Test Method 213, Condition E (1000g, 0.5 msec)

MIL-STD-202,Test Method 214, Condition I-H (30 grms, 3 minutes/axis)

MIL-STD-202,Test Method 204, Condition D (20 Gpk, 20 minutes/axis)
-55°C minimum and +85°C maximum



3. EEE Component Pedigree and Device Screening Options

Table 3-1. EEE Component Pedigree and Device Screening Options

Element
Evaluation

Screening Level

Nondestructive
Bond Pull

Internal Visual
Stabilization Bake

Thermal Shock

Temperature
Cycling’

Constant
Acceleration’

Seal (Fine and
Gross Leak)'

PIND

Pre-Burn-in
Electrical Test

Powered Burn-in'

Post-Burn-in
Electrical Test

Radiographic

External Visual
and Mechanical

Notes:

MIL-PRF-38534, Class K, Rev. K

S-Level Screening
MIL-STD-883, Method 2023

IAW MIL-PRF-55310

MIL-STD-883, Method 1008,
Cond. C

+150°C for 48 hrs

MIL-STD-883, Method 1011,
Cond. A

0°C to 100°C for 15 cycles

MIL-STD-883, Method 1010,
Cond. A

-55°C to 85°C for 10 cycles?

MIL-STD-883, Method 2001
1000g Y1 only3

N/A (Vacuum Seal)

MIL-STD-883, Method 2020,
Cond. B

10g peak at 60 Hz minimum
IAW MIL-PRF-55310

85°C for 240 hrs?
IAW MIL-PRF-55310

MIL-STD-883, Method 2012
MIL-STD-883, Method 2009

MIL-PRF-38534, Class K, Rev. K

B-Level Screening
N/A

IAW MIL-PRF-55310

MIL-STD-883, Method 1008,
Cond. C

+150°C for 48 hrs
N/A

MIL-STD-883, Method 1010,
Cond. A

-55°C to 85°C for 10 cycles?

MIL-STD-883, Method 2001
1000g Y1 only3

N/A (Vacuum Seal)

N/A

IAW MIL-PRF-55310

85°C for 240 hrs?
IAW MIL-PRF-55310

N/A
MIL-STD-883, Method 2009

COTS

Electrical Verification (EM)
N/A

IAW MIL-PRF-55310

MIL-STD-883, Method 1008,
Cond. C

+150°C for 48 hrs
N/A

N/A

N/A

N/A (Vacuum Seal)

N/A

IAW MIL-PRF-55310

N/A
N/A

N/A
MIL-STD-883, Method 2009

1. These test inspections deviate from the screening requirements for Class 2 oscillators listed in MIL-PRF-55310.

2. The maximum operating and storage temperature of the EX-219 is +85°C. The EX-219 shall not be exposed to
temperature higher than +85°C for an indefinite period of time. However, the EX-219 can tolerate manufacturing

process temperatures up to +100°C maximum for 168 hours total accumulative time.

3. The design and construction of the EX-219 can withstand up to 1000g constant acceleration.
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4. Quality Conformance Inspections (QCl)

Group A Inspection (included 100% with screening options S and B)
Group A Inspection is performed in accordance with Table V of MIL-PRF-55310.

+ Subgroup 1: Electricals
+ Subgroup 2: Solderability

Group B Inspection (included 100% with screening options S and B)

Group B Inspection consists of frequency aging testing in accordance with MIL-PRF-55310 with the
exception of using a third-order log fit for the first-year aging projection (See Aging Projection for
detailed information).

Group C Inspection (optional, eight destruct specimens required)

Group C Inspection is optional and shall be requested on the customer’s purchase order. Group
C Inspection will be performed in accordance with MIL-PRF-55310, Revision F, Table VIl with
modifications and exceptions as defined by Table 4-1. If Group C Inspection in accordance with
MIL-PRF-38534, Table C-Xc is required, please state this clearly in your RFQ and we will provide a
quote with our requirements for handling the exception.

@ MICROCHIP



Table 4-1. Modified Group C Inspection for EX-219 IAW MIL-PRF-55310, Rev F With Exceptions
Group C Inspection MIL-PRF-55310, Rev F, S-Level

Sub | Test Specification | Method, Condition Quantity | EX-219 Notes
group (Accept) and Exceptions

Sine Vibration MIL-STD-202 Method 204, Non-operating
Test Condition D

Random Vibration MIL-STD-202 Method 214, Non-operating
Test Condition I-F

Shock MIL-STD-202 Method 213, Note 2

Test Condition E

! Conducted Interference (when MIL-PRF-55310 Para. 4.8.37 80) Not Performed
specified)
Acoustic Noise (when specified) MIL-PRF-55310 Para. 4.8.40 Not Performed
Acceleration (when specified) MIL-PRF-55310 Para. 4.8.32 Not Performed
Explosion (when specified) MIL-PRF-55310 Para. 4.8.43 Not Performed
End-point electrical — — —
Thermal Shock MIL-STD-202 Method 107, Method 107,
Test Condition B Test Condition A
(Note 1)
Ambient Pressure MIL-PRF-55310 Para. 4.8.46.1 Non-operating
2 Storage Temperature MIL-PRF-55310 Para 4.8.47 at -55°C and 2(0) Note 2
+85°C
Magnetic Field (when specified) — — Not Performed
Radiation Hardness (when — — Not Performed
specified)
End-point electrical — — —
Resistance to Soldering Heat MIL-STD-202 Method 210, Note 2
Test Condition C
Moisture Resistance MIL-STD-202 Method 106, —
3 Test Condition B 2(0)
Salt Atmosphere — — Not Performed
End-point electrical — — —
Terminal Strength MIL-STD-202 Method 211 Note 2
4 Resistance to Solvents MIL-STD-202 Method 215 20) Not Performed
Fungus (when specified) — — Not Performed
End-point electrical — — —
Life Test MIL-STD-883 Method 1005 for 1,000 hours 1,000 hours at
5 at +125°C 2(0) +85°C (Note 1)
End-point electrical — — —
Notes:

1. Maximum operating temperature and storage temperature of EX-219 is +85°C. The EX-219 shall
not be exposed to temperature higher than +85°C for any length of time. The EX-219 is an Oven
Controlled Crystal Oscillator (OCXO). When it sees a temperature higher than the maximum
operating temperature, the internal oven will shut down.

2. The package of EX-219 is evacuated and sealed using cold weld technology. The vacuum inside
the package induces a negative differential pressure relative to the fine leak detector chamber.
Hence, steady state current testing is performed instead of leak testing. See the Vectron® EMXO
white paper referenced in Leak Test.
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Other Notes

1. Contact the factory for improved stabilities or additional product options. Not all options and
codes are available at all frequencies.

N

Unless stated otherwise, all values are valid after warm-up time and refer to typical conditions
for supply voltage, frequency control voltage, load and temperature (25°C).

Phase noise degrades with increasing output frequency.
Subject to technical modification.

Contact factory for availability.

Option for micro-jumps screening. See Micro-Frequency Jumps.

No vk w

RGA (by itself or as part of DPA) does not apply to this evacuated platform and will not be
performed.

8. The maximum deliverable quantity with a single lot date code is 75 units. Order quantities
that exceed 75 units will be delivered in multiple lot date codes with deliveries separated by 4
weeks. Each production lot, with the exception of engineering units (Screening Option E), will be
kitted with homogeneous material which is then allocated across multiple lot date code builds to
satisfy the deliverable order quantity.

9. For technical support regarding this data sheet, please contact
VOP-Support@microchip.com.

@ MICROCHIP
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5. Deliverable Data
The manufacturer supplies the following data, as a minimum, with each lot of devices:

a. As applicable to the Screening Option chosen, completed assembly and screening lot travelers,
screening data, including radiographic images, and rework history.

b. Electrical test variables data, identified by unique serial number.

c. Special items when required by purchase order such as Group C, DPA, and RGA data. Unless
otherwise specified on purchase order, all destruct specimens will be shipped. As delivered, all
destruct specimens will be identified by subgroup (if applicable) and packaged separately from flight
units.

d. For units with Option S and B Screening, traceability, component LAT, enclosure LAT, and wafer
lot specific RLAT data for non-SMD active devices (if applicable).

e. Certificate of Conformance.
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6. Package Information

6.1. Package Drawing

Figure 6-1. Outline Drawing/Enclosure

1.03 P 0 e 0 0 gle DD Optio
Pin With EFC Fixed Frequency
N 1 EFC Input No Connection
MARKING 2-4 No Connection No Connection
SURFACE\ 8 Ground (Case) Ground (Case)
9 RF Output RF Output
\ 93 13-14 No Connection No Connection
15 Vref No Connection
16 Supply Voltage Input (Vs) | Supply Voltage Input (Vs)
Pin numbers are for reference only and not marked on parts.
- -/

SQUARE CORNER PIN #1 D 0O o 0 or Dua nplv Optio
Pin With EFC Fixed Frequency
1 EFC Input No Connection
[ | 2-4 No Connection No Connection
35 MAX 035£.010 8 Ground (Case) Ground (Case)
l * 9 RF Output RF Output
=T —r 13 Oven Supply Voltage Oven Supply Voltage
17 MIN Input (Voven) Input (Voven)
* 14 No Connection No Connection
15 Vref No Connection
STANDOFF (9X) — (350) |=— A 16 Oscillator Supply Voltage Oscillator Supply Voltage
SEE DETAIL A Input (Vosc) Input (Vosc)
100TYP — Pin numbers are for reference only and not marked on parts.
\ Notes: All "No Connection" pins are NOT electrically
8 .092+.005 connected internally and are recommended to be
] ° 4005 connected to GND externally.
0107
| l o Devices with Screening Option “E” possess 63/37 or 60/40
600 ' Sn/Pb tinned leads; all other devices are tinned by the
CENT - - @ 075+.010 factory in 63/37 Sn/Pb prior to shipment.
| @.0192.002 Recommended Solder Reflow
@ SSE\T@%W Maximum temperature is 230°C for 10 second
)
220
.700 _
E 150
DRAWING IS 5
DIMENSIONED IN INCHES E
=
TOLERANCES UNLESS : H |
OTHERWISE SPECIFIED: 4= 605 —pe— 60-905—>| “—45.60s=>
ANGULAR:  LINEAR: TIME (o)
+1° XXX #.005
XX +£.02
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7. Ordering Information

Figure 7-1. EX-219 Orderi

Product Family J

EX: EMXO
Package

ng Information

EX-219- CAF-107AS S -10M0000000

|_ Frequency
XXXXXXXXXX

Crystal Option

219: 24x26x9mm

S: Swept Quartz
N: Non-Swept Quartz

Supply Voltage Screening Option

Single Supply: S:“S” Level Screening
c50v B:“B” Level Screening
D:3.3V E:“EM”Engineering Model
Dual Supply: Frequency Control

S:Voven = 3.3V,Vosc=3.3V
T:Voven =5.0V,Vosc=3.3V

RF Output Stability Code
A: CMOS 508: +£50 ppb
G: Sinewave (0 dBm) 758: +75 ppb
H: Sinewave (+3 dBm) 107: £100 ppb
J: Sinewave (+5 dBm) 157: £150 ppb

Temperature Range
K:-10°C to +60°C
D:-20°Cto +70°C
F:-40°C to + 85°C

A: Electrical Tuning
F: Fixed Frequency

Temperature Range and Stability Options Table

Stability/Temperature

F: -40°C to +85°C D: -20°C to +70°C

K: -10°C to +60°C

508 (+ 50 ppb)

10-20 MHz

758 (+ 75 ppb)

107 (+ 100 ppb)

10-20 MHz
>20-130 MHz

10-20 MHz

157 (+ 150 ppb)

>20-130 MHz

>20-130 MHz

@ MICROCHIP
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8.1.

8.2.

Application Notes

All data and notes are for reference only.

EMXO Technology

The EMXO is an Oven Controlled Crystal Oscillator (OCXO) hermetically sealed in an evacuated
package. It is comprised of a heated substrate (oven) and an output substrate. The oven is mounted
on a thermally insulated structure that maintains a nearly constant temperature at about +95°C
over the operating temperature range whereas the output substrate is mounted directly on the
case. Unlike a conventional OCXO, the EMXO is sealed in an evacuated package using high internal
vacuum as the insulation medium to achieve lower power consumption and faster warm-up time.

Crystal Resonator

A doubly rotated crystal (IT-Cut), which is stress compensated, is used to obtain good phase
noise, better aging rate and lower g-sensitivity. The crystal has a 4-point mounting structure
for robustness and low g-sensitivity. Synthetic swept quartz is used for the flight model (FM) to
achieve higher radiation tolerance. The Temperature Characteristic (TC) of an IT cut crystal in a
third order polynomial function has an inflection temperature at IT Cut Crystal +75°C and an
Upper Turn Point (UTP) of +95°C. To obtain the advantage of minimal frequency sensitivity, the
oven temperature is set at or around the UTP of the crystal. The following figure shows typical
Temperature Characteristic (TC) of an IT cut crystal.

Figure 8-1. Typical Temperature Characteristic (TC) IT Cut Crystal

IT Cut Crystal
]
/f
£ /
g /
3 /
o
g_ -60 /
o
w
-80 7
-100 //
-120
-50 -25 0 25 50 75 100 125
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8.3.  Warm-up Characteristic

At cold turn-on, the oven is fully powered and the oven temperature rises to the preset temperature
which is about 95°C. When the set temperature has been reached, the oven power consumption

is cut back to the steady state condition. At steady state, the oven is proportionally controlled and
maintains a nearly constant oven temperature. The turn-on power consumption must be higher
than the steady state power to prevent power starving, especially at the cold end of the operating
temperature. The warm-up time is inversely proportional to the case temperature. Since the EMXO
is evacuated and has much less thermal mass than a conventional OCXO, its warm-up time is much
faster. The following figure shows the typical warm-up power characteristic at -40°C and +25°C.

Figure 8-2. Typical Warm-up Power Characteristics
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During warm-up, the output frequency follows the TC of the crystal frequency until the oven power
has cut back to the steady state condition. After oven cut back, the frequency still slowly changes
until the oven temperature reaches equilibrium state. The following figure shows the warm-up
frequency characteristic at -40°C and +25°C.

Figure 8-3. Warm-up Frequency Characteristics
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8.4.

Operating Temperature Characteristic

The operating temperature specified herein is the device case temperature. Since the oven is
proportionally controlled, its power consumption is inversely proportional to the case temperature.
Figure 8-4 shows the steady state power versus case temperature. If the case temperature rises
above the maximum operating temperature, the oven will shut off. Thus, the output frequency

is no longer stable and follows the TC for the crystal. Figure 8-5 shows frequency versus case
temperature. Although the maximum operating temperature is +85°C, the case temperature can
increase up to +95°C without causing any permanent damage. However, the maximum temperature
shall not exceed +95°C for an indefinite period of time and, during the manufacturing process, shall
not exceed +100°C for more than 168 hrs total accumulative time. If a part has been exposed to a
temperature above +95°C for a longer duration, it might possibly accelerate internal outgassing. In
turn, it will degrade the internal vacuum pressure causing an increase in power consumption.

Figure 8-4. Steadystate Power Versus Case Temperature
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Figure 8-5. Frequency Versus Case Temperature
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8.5. Initial Frequency Accuracy
There are two options for defining initial frequency accuracy.

a. Fixed Frequency: This option does not have an output frequency adjustment. The output
frequency will be set to the specified limit at time of shipment.

b. Electronic Frequency Control (EFC): This option offers frequency adjustment with input voltage

at pin #1. The EFC is positive and monotonic as shown in the following figure. This option will

allow the end user to adjust the output frequency closer to the nominal frequency or to correct for
long-term aging. A low-noise internal voltage reference (Vref) is offered with this option for biasing

a voltage divider resistor network or DAC to control the EFC input. Using a noisy voltage reference
to control the EFC input can degrade phase noise or ADEV performance. Initial frequency accuracy is
not specified for the EFC option. The EFC pull range is sufficient to correct the effects of frequency
aging over a 10-year to 15-year product life.

Figure 8-6. Electronic Frequency Control (EFC)
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8.6.  Supply Ripple of Single Supply Option

Most applications require a single supply input voltage for both the oscillator and oven circuitries.
Although a voltage reference is used to regulate the supply voltage to the oscillator stage, the
output buffer still uses the external supply voltage directly. Thus, the supply ripple can have a direct
influence on the output signal. The following figure shows the typical ripple response.

Figure 8-7. Supply Ripple
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An external LC filter can be used in the supply line to suppress the ripple amplitude. The current
rating of the inductor used in the filter shall be capable of handling high input current especially
during warm-up.

8.7. Dual Supply Option

The EX-219 offers a dual supply option for independent operation of oscillator (Vosc) and oven
(Voven) supply lines. The advantages of using the dual supply option are described below.

1. Supply Ripple: With this option, an external LC filter with a low current rating can be used in the
Vosc line to suppress supply ripple.

2. 3.3V LVCMOS Output: If 3.3V LVCMOS output wave form is required and the 3.3Vdc supply does
not have sufficient power to operate the 3.3Vdc single supply option, then a dual supply option
with 5.0Vdc (Voven) and 3.3Vdc (Vosc) can be used.
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8.8. Thermal Considerations

The thermal resistance from the case of the EX-219 to the mounting plate should be considered
when the part is mounted. Heat rise on the case is proportional to the steady state power
consumption shown in Figure 8-4. Since the oven is a servo controlled system, the heat rise on
the case will eventually reach an equilibrium point depending on the thermal resistance from

the case to the mounting plate. If the thermal resistance from the case to the mounting plate is
too high, the heat rise on the case will cause the oven to shut off sooner. In the event of oven
shut off due to the case temperature exceeding the oven set temperature, there is still remaining
self-heating power dissipated by the other components in the oscillator circuitry. This self-heating
power is 150 mW typical. The EX-219 is a 16 pin doublewide dual in-line package (DDIP). It consists
of nine glass to metal seal feed-through pins and one case/GND pin. In space applications, sinking
heat through mounting pins is not recommended because the nine feed-through pins have poor
thermally conductive properties. Sinking heat directly from the case of the part to the mounting
plate is recommended.

8.9. Part Installation

Stress relief mounting is highly recommended for the EX-219. Thermally conductive adhesive can be
used to mechanically bond the bottom surface of the case to the mounting plate with all ten pins
protruding through the clearance holes to the opposite side of the PCB. Then, wires can be used to
make connections from the pins to the I/0 pads on the PCB as shown in the following figure.

Figure 8-8. Part Installation
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8.10. Aging Projection

MIL-PRF-55310 specifies measurement of frequency aging for 30 days or longer. The measurements
obtained shall be fit using the method of least squares to the function as follows:

f(t) = A(In(Bt + 1)) + fo

If the aging trend is not monotonic, the measurement period shall be extended to 40 days or longer
after the extremum in the aging trend, and the measurements from 12 days after the extremum is
reached to the end of the aging measurement period shall be fit to the above function. Thus, Group
B Aging can extend beyond 60 days.

To maintain Group B Aging to 30 days, the EX-219 uses a third order log function as follows for
non-monotonic aging trends.

f(t) = A+BIn(t) +CIn(t)A2 +DIn(t)*3 + fo

The following figure shows that 40 days of aging data fit well to the third order log function with R2
greater than 99%. The fit function was then used to project for one-year aging.

Figure 8-9. Aging Projection
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8.11.

Micro-Frequency Jumps

Micro-frequency jumps, commonly known as micro-jumps, are transient or permanent single burst
frequency variations. These events are almost always caused by the crystal resonator, and occur
randomly and with unpredictable magnitudes. Within the same oscillator manufacturing lot, certain
oscillators will exhibit a greater degree of micro-jumps than others. A paper given at the 1998

IEEE Frequency Control Symposium reported that the predominant factor affecting micro-jump
performance is crystal resonator surface preparation. Although crystal resonator fabrication process
control has significantly improved over time, surface imperfection related micro-jumps continue to
plague our industry.

The typical oscillator specification does not address micro-jumps since they are relatively small and
well within the overall stability of most oscillators. Their magnitudes range from a few parts per
10'9 to a few parts per 10° which has been acceptable for most applications. However, as Phase
Lock Loop (PPL) designs have advanced and integrated into loop filter constrained FPGA or ASIC
platforms, micro-jumps may result in PLL dropout.

Screening micro-jumps is not a simple task, and can be very costly and time consuming for oscillator
manufacturers who lack the proper equipment. A multi-channel Zero Dead-Time (ZDT) frequency
measurement system is required with accuracy down to parts per 10'2 or better while continuously
monitoring the oscillator output to detect micro-jumps up to five days in duration. Additionally,

RF isolation between channels is very critical for achieving such high levels of accuracy. Using the
advantage of having many years of experience in the frequency control industry, Microchip has
designed and built a production scale ZDT test system for micro-jump screening. To take advantage
of 100% screening for micro-jumps, please include the request in your RFQ. Unless otherwise
agreed to, the micro-jump limit will be tested to + 0.2ppb. Devices that exceed the limit will not be
considered failures and will be shipped with the order. Microchip will provide serialized data on all
tested units.

Figure 8-10. Typical Delta Frequency Without Micro-Jump

Micro Jump Test
EX-219 = R —
025 o e D
" MicroJump (Limit) 0.2000|ppb
0.20 Micraom (Vi) oot
0 15 Passed - 10/04/21
a -
0
% 0.10 2 &
E’_ 0.05 - et 1 —=
3 o
- 1 3
g 0.05 g
-S -0.10 -2 =
-0.15 -3
-0.20 -4
-0.25 -5
0 50000 100000 150000 200000 250000 300000
Time (sec)
——Micro Jump ——Frequency

@ MICROCHIP

21



Figure 8-11. Delta Frequency with Micro-Jump
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8.12.

8.13.

Leak Test

Most hermetically sealed packages are back filled with a gas or gasses mixed with some low
percentage of detective gas such as He at around 1atm pressure and then are sealed using
resistance weld or seam weld methods. Packages sealed in this manner have a typical leak rate
of 1x10719 to 1x102 atm cc/sec. Therefore, a leak detector having 1x108 atm cc/sec resolution and
accuracy will be sufficient to perform the leak test.

On the other hand, the EMXO package is hermetically sealed using a cold-weld process and
evacuated under hard vacuum during welding. The cold-weld package is typically used for crystals
and achieves a leak rate better than 1x10-12 atm cc/sec He. The internal vacuum level at seal is
better than 1x10- torr. To maintain performance over a mission life of 15 years, the EX-219 package
leak rate should achieve 1x101" atm cc/sec He or better. To perform a leak test at this level presents
a challenging task. A Krypton-85 leak detector can test leak rates down to this level but the bomb
duration is very long and may not be practical for manufacturing.

Contrary to most electronic devices, the EMXO has a proportionally controlled oven whereby power
consumption is inversely proportional to thermal resistance from the oven to the case. In this

case, the EMXOs vacuum is utilized for thermal insulation. If the vacuum degrades as a result of

a leak, the power consumption will be much higher. Hence, electrical parameters such as power
consumption and frequency aging can determine package hermeticity. Please request the Vectron®
EMXO white paper for additional detailed information on package hermeticity.

Internal Gas Analysis (IGA)

IGA is not applicable to the Space EMXO. After pre-seal vacuum baking, EMXO is hermetically sealed
under hard vacuum. At time of seal, the vacuum level is at 1e-6 torr or better. At this level of
vacuum pressure, the moisture and any other gasses are insignificant relative to the limit specified
in MIL-STD-883, TM 1018. Although IGA can probably be performed on the evacuated package, the
result will be grossly obscured and inaccurate due to the hard vacuum.
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8.14. Other Typical

Figure 8-13. Phase
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9. Revision History

C 02/2026 The following changes were made:

In Table 1-10. Additional Parameters [>55 MHz to 130 MHz], the typical and maximum values have
been changed to -135 and -130 for the 1 kHz condition.

In section 4. Quality Conformance Inspections (QCl), under Other Notes, point 6 now includes a link
to Micro-Frequency Jumps and added note 9 with email address for technical support.

Added section Deliverable Data.

Added second note in Package Drawing.

B 09/2024 Updated Tuning Range description in Frequency Tuning (EFC) table.
A 08/2024 Converted to Microchip branding.
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regarding Microchip Trademarks can be found at https://www.microchip.com/en-us/about/legal-
information/microchip-trademarks.

ISBN: 979-8-3371-2360-8

Legal Notice

This publication and the information herein may be used only with Microchip products, including

to design, test, and integrate Microchip products with your application. Use of this information

in any other manner violates these terms. Information regarding device applications is provided
only for your convenience and may be superseded by updates. It is your responsibility to ensure
that your application meets with your specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR

ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO
MICROCHIP FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk,

and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages,
claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise,
under any Microchip intellectual property rights unless otherwise stated.

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:

+ Microchip products meet the specifications contained in their particular Microchip Data Sheet.

« Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

« Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip products are strictly prohibited and may violate the Digital
Millennium Copyright Act.

+ Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its
code. Code protection does not mean that we are guaranteeing the product is “unbreakable”.
Code protection is constantly evolving. Microchip is committed to continuously improving the
code protection features of our products.
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