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Scope

X GaPO, and LGS are rather thoroughly
characterized piezoelectric crystal materials

X Both materials are now commercially available

X Applications in VCXO and OCXO are studied
and compared to quartz crystal oscillators

X Advantages and limitations for Frequency Control
Applications are shown

X Not covered: Filter and Sensor Applications
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GaPO, and LGS Resonators

Gallium Phosphate GaPO,

Courtesy PIEZOCRYST Graz / Austria
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GaPO, and LGS Resonators

Langasite (LGS) La;Ga.Si10,,

Courtesy FOMOS Moscow / Russia
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GaPO, and LGS Resonators

X Why use these materials ?
B Higher coupling factor £ than quartz

Quartz

Langasite

GaPO,

kmax

7 % P C,

9% 6
(1]

+ allows wider frequency pulling for VCXO
+ allows sufficient pulling for higher overtones (OCXO)

B Lower frequency constant N =f - t than quartz
+ allows smaller resonators at lower frequency

B Other advantages ?
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GaPO, and LGS Resonators

o L1 R1
O+H{—ouu—L=3+0
X Resonator data I
Type Parameter | Value Type Parameter | Value
GaPO4 Frequency | 10 MHz LGS Frequency 10.63 MHz
R . R . :
Fundamental : 2.5 Fundamental 1 33Q 194Q
) C, 78 {F ) C, 136 fF | 162 fF
Y-16°- cut C, 4.15 pF Y+1.5° - cut C, 8.07 pF| 9.66 pF
HC-52/U Q 84 000 HC-52/U Q 33200 | 9800
r 53 r 59 60
GaPO 4 Frequency | 9.85 MHz Quartz Frequency | 12 MHz
R 20 R .
3rd gvertone ! 6 Fundamental ! 1040
] C, 1.06 fF C, 11.5 fF
Y167 cut C, 1.83pF || AT —cut C, 2.54 pF
HC-52/U Q 244 000 HC-52/U Q 111 000
r 1719 r 220
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GaPO, and LGS Resonators

X Frequency vs. temperature response

GaP0O, fundamental
a 10 MHz 3.0T HC52/U, GaPO, Resonator
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GaPO, resonators| a, = -2-10-°K2
Courtesy Piezocryst
February 2003 A%TAL 8

Advanced Xtal Products




GaPO, and LGS Resonators

X Frequency vs. temperature response

daF /F Fmax= 15.6 ppm | Rr
ppm .—.16'5..9 ppm < .Fn_in_ | A Fmin=—265.9 ppmn | Ohn

" iRmax= 16.4 Ohm
+188 12
A
e R o~
8 ot -\ 8

likp="""7.87°C
' 16.7 ppm’

—48 -28 a 28 10 60 \ 88 180 128

Temperatur ~ °C F
LGS resonators a, ~ -6:10-8K2
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GaPO, and LGS Resonators

X Anisochronism at high drive level

Anisochronism of frequency

30
: / 3rd gvertone GaPO,
2 crystals show much weakel
20 / nonlinearity at higher
drive level than AT 379,
very close to SC 39,

dif [ppm]
T
MH
'--.._____h

— AT Frd HC-430U
10 ] GaPOd 3rd HC-524U . ]
; ———C 3rd Ho-430 This allows to drive GaPO,
5 ] / Vi crystals harder to achieve
0 : —_— _;_‘/J/ ———r low phase noIse.
0,01 0,1 Ix [mA] 1 10
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GaPO, and LGS VCXO

IClA
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D1 = hyperabrupt varactor

VCXO schematic HC-52/U resonator &
O9x14 mm VCXO
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VCXO Pulling characteristics

X VCXO with GaPO, & with Langasite

GaP0, VCX0 LGS VCXO
2000 2000 ,
1500 1500
] ] —]
1000 v =000 /
T ] £ /
500 // g 500 /f
: N
= D ] T T /f"/ T T © D 1 T T f/ T
00 ] / 00 ] __,_...---"""
| ]
-1000 -1000 -
0 1 2 3 4 5 0 1 2 3 5 B
EFC V] EFC [V]

Pulling range limited by interference
with spurious resonances
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VCXO Pulling characteristics

X PR Limitation by spurious resonances

1:4/R  LOG MAG 10 dB/ REF:  -30 dB_ 1:-20.420118 dB 1:4/R  LOG MAG 10 dB/ REF:  —30 dB 1:—11.526002 dB
: H : R : T Trets: 10:056 023 2 MHz : : ! : : :

T Trel:: 10:670 838 4 MHz

STOP 10.82 MHz

Spurious spectrum LGS resonator

* START 9.98 MHz STOP 10.18 MHz 4  START 10.62 MHz

Spurious spectrum GaPO, resonator
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VCXO Phase Noise

Green: LGS
Blue: GaPO,
# Quartz

GaPO, VCXO has
M better phase noise
than quartz:

!
M - similar Q, but
U8 - higher drive level

L
WM # N LGS >20 dB worse:
V"’**-WanWm,l ' . l V I bl - low resonator Q

-100

-110
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GaPO, and Quartz OCXO

X OCXO 1n 4 pin DIL14 package f j
requires a HC-52/U size resonator or - smaller

X 10 MHz / 3" overtone not realizable in
HC-52/U with Quartz AT and SC

X GaPO, allows 10 MHz / 3" due to lower
frequency constant

X LGS would also allow 10 MHz / 3", but
resonator QQ 1s lower
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GaPO, and Quartz OCXO

X GaPO, vs. Quartz AT & SC

Type Parameter | Value Type Parameter | Value
GaPO4 Frequency | 9.85 MHz Quartz Frequency | 10 MHz

R 62 Q) R 100 O
3rd gvertone ! 3rd gvertone !

i C, 1.06 F SC - cut C, 0.145 {F
Y-16%-cut C, 1.83 pF 4 C, 2.17 pF
HC-52/U Q 244000 || HC-43/U Q 1 120 000

r 1719 r 15000
Quartz Frequency | 12 MHz Quartz Frequency | 10 MHz

R 10.4 Q R 140 Q
Fundamental ! 3rd gvertone !

C, 11.5 fF AT - out C, 0.30 F
AT —cut C, 2.54 pF cu C, 4.15 pF
HC-52/U Q 111000 || HC-43/U Q 390 000

r 220 r 14 000 used
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OCXO Studies

X Measurement of Short-Term Stability

B Only one GaPO, 9.85 MHz / 3" was
available, therefore Phase Noise test was
replaced by Allan Variance measurement

X Measurement of warm-up characteristics
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DIP OCXO Allan Variance

Allan-Varianz GaP0, 10 MHz 3rd OT vs. Guartz

1,0E-05
q | —#—GaP04 3rd overtone
J [—=— Quartz fund
10E-07 |
E 1,0E-08 |
) \ E
1 0E-03
. rr—— - AREAD
0,0001 0,001 0,01 0,1 1 10 100
tau (sec)
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1S superior for
GaPO, OCXO
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DIP OCXO Warm-up

warm-up characteristic warm-up characteristic
500 \ i g 100 I I D“ i M:;D
1] é \ . t [sec]
{ o Kzlnl P .4.0. - 60 a0 t[sec]1on - o
—. -500 3 -
%-1000 \\/ / EE -40 /Mu
%_15005 / — QuarzATfund| 5 a0 K/ — GaP043.0T |
-2000 é / — AT _ —— Quarz AT fund
-2500 / A0
-3000 ; { 400
OCXO with GaPO, resonator shows no overshoot, and
1s faster on frequency (after 60 sec)
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Summary & Conclusions

X GaPO, and LGS show interesting

capabilities for VCXO and OCXO
applications

X VCXO 1n 9x14 mm size with high pulling
range and low phase noise

X OCXO in DIP14 size using 3" overtone
resonators
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Summary & Conclusions
X VCXO 1n 9x14 mm size

E Pulling range limited by spurious responses
¢ Trade-off C, vs. Spurs
¢+ Energy trapping must be considered

B GaPO, offers better f(T) stability than LGS

E GaPO, shows higher Q value than LGS, close
to Q-factors of quartz AT cuts

B Phase noise of GaPO, comparable and superior to
quartz AT cut

B Low anisochronism allows higher drive level for
lower phase noise
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Summary & Conclusions

X OCXO 10 MHz in DIP14 size

B GaPO, Y-'¢ cut is a good candidate for
miniature OCXO with overtone resonators

B short-term stability 1s superior to quartz
(AT fund) resonator of same size

E Warm-up time of GaPO, based OCXO 1s
shorter and shows no overshoot as a quartz
AT-cut

B OCXO performance of LGS not studied yet
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