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MEASURING CRYSTAL PARAMETERS
WITH THE NANOVNA & More
A Look AT SENERAL METHODS ...
THE BASIC CRYSTAL MODEL :
Rm
M
Lm
Cm
HH
T
co
th
Rm = MOTIONAL RESISTANCE
}Q
1
Lm =
MOTIONAL INDUCTANCE
SERIES
RESONANCE
PARALLEL
RESOLUCE
cm = MOTIONAL CAPAUTANCE
CO = HOLDER CAPACITANCE
- PARAMETERS NEEDED TO DESIGN
FILTERS, ETC ...
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EQUIPMENT USED:
NANO UNA-H4 WITH DISLORD v1.0.39 F/W
AADE L/C METER IIB
DE-5000 LCR METER
TEKTRONIX FCA -3003 FREQUENCY COUTER
• 12 V POWER SUPPLY
DER EE
CUSTOM BUILT GUUR TEST CIRCUIT
HOMEMADE "THRU" TEST FIXTURE FOR VNA
(504 THRU FIXTURE)
REFERENCE:
CRYSTAL MOTIONAL PARAMETERS
A COMPARISONS OF MEASUREMENT PROCEDURES"
By: Jack R. SMITH K8 ZOA
11 June 2006
WE WILL COVER :
MEASURWL CO METERS OR NANO WNA
MEASURING Rm NANO UNA
- MEASURING Lm & cm using:
-63UUR METHOD COUTER
-PHASE SHIFT METHOD
NANO UNA
. -3dB METHOD
SERIES /PARALLEL METHOD-
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MEASURE CO - "HOLDER" CAPACITANCE
-TYPICALLY MEASURED WELL Below
THE CRYSTAL FREQUENCY
(SO THE MOTIONAL PROPERTIES
DON'T INTERFERE )
C0=3.7472
L/C METER: 3.69pF
DE -5000 : 3,75pF
MANO UNA : 3.8 pF
Tips FOR USUG THE NANO VNA ON CRYSTALS
-RUN SOME INITAL "THRU" (521) SCANS
TO DETERMINE SERIES & PARALEL RESONANCE
- CALIBRATE A SPAN THAT COVERS fs&fe
And STORE IT, AUD...
CALIBRATE A SPAN THAT JUST COVERS
To G&T GOOD RESOLUTION IN FREQUENCY
fs
USE THE HIGHEST #OF POINTS AVAILABLE
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MEASURE Rom
MOTIONAL RESISTANCE
- MEASURE S2) OVER NARROW Spans
f ( SERIES RESONANCE PRESUENCY) fe
-TYPICALLY 10 kHz OR LESS
CENTERED ON
SERIES - THRU METHOD:
CHO
(PORT 1)
fotĘ
CHI
CPORT 2)
RECORD: 521 C 0° PHASE
fs @ Ø° PHASE
(fr)
Rm= 2.RL. (0526
-
S21= -0.6043
fs=18,723225
RL = 500 IN THIS CASE
(use - 521 to makE EXPEMENT POSITIVE)
0 COMPUTE Rm
Rm=7.1522
CHI
• SHUNT THRU METHOD:
CHO
(PORT 1)
(PORT 2)
S2)
20
10
Rm
• RL
52%)
2.(1-10
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GBUUR METHOD FOR
Cm & Lm
TEST CIRCUIT
+12v
472
Odpf
lok se
2N4401
lkn
w
DUT
470pF
2N4401
O.INF
TALOUTPUT
}
lokr
:470pF lkn
ik se
sig
.
CS
47 pf
*
Hii
TO
FREQUENCY
COUNTER
MEASURE: fono
WITH SWITCHED CLOSED
fopen WITH SwitH OPEN
CALCULATE
A f= fopen-favo
fono = 18,72384 miz
forex = 18.12661 mhz
2(CS+c).Af
Cm=
fond
Af=2770 Hz
+
Lma
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PHASE SHIFT METHOD
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SETUP: -SPAN 75-10kHz Around fs
-521 LOG MAL (OPTIONAL Sil
-S21 PHASE
LOG MAG + Smitot)
MEASURE: :
5215
S2I LOGMAG
+45°
fit
f
-45°
fs = FREQUENCY @ 0°
fc = FREQUENCY @ +45°
fx - FREQUENCY @ - 45°
S21s = LOG MAG @ 0°
MEASURES
fs = 18.723 200
f, - 18.721475
fx = 18.124900
521s =-0.60dB
CALCULATED
CALCULATE:
Rm= 2-R2 (16* - 1)
Rm = 7.152.2
REFF = 107.152
Af= 3.425kHz
Reff - 2. RL + Rim
Af - fix-fo
af
cm =
21f .REFF
Cm= 14,51FF
Lm = 4.98 mh
REFF
Lm
2n af
(RL = LOAD ON EITHER SIDE OF XTAL) )
5or us THIS CASE
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SETUP: -SPAN ~ 5-10ktle around fe CPEAK OF 521)
- S21 LOL MAG
- S21 PHASE
MEASURE:
PEAK
30B
f
PR
fu
f &fo = FREQUENCIES WHERE S21
is 3dB BELOW PEAK (fa
NOTE : 821 OdB @fe
COMPUTE:
ts = 18.725200
Af = fx-fu
fe
Af
27 fahm
Reff
RESULTS
f, - 18.721350
fr =
= 18,724825
Af= 3,475 HZ
Q = 5389
LM = 4.91ml
Cm = 14.72 ff
Lm =
Q. RERE
20 fr
1
cm =
(267fia)? Im
NOTE: SEE PREVIOUS PAGE FOR
Rm & REFF CALCULATON



SERIES/ PARALLEL METHOD
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Setup: -SPAN TO SHOW SERIES & PARALLEL
RESONANCE (PEAK + DIP)
TYPICALLY 50-150 kHz
- 521 LOL MAL & PHASE
$21
PHASE
cte
S21
LOGMAG
fs
MEASURE: fs = SERIES RESONANCE
fs= 18.123250
fp = PARALLEL RESONANCE (fp=18761500
NOTE : MAY NEED TO SPAN TILATER
AROUND EACH FOR GOOD
RESOLUTION
COMPUTE:
- (7. -.).2.Cco + Córowy) Cm= 15:31-45
bm= (
1
Lm= 4.72mH
(25 f)2.com
*C STRAY
= CAPACITANCE OF FIXTURE
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Summary of Results
Rm = 7,152 m
CO
3.69pF AADE L/C METER
3,15 pf
LCR METER
3.80pf
NANO UNA
METHOD
Cm (FF) LM (mA)
15.02
GBUUR
4.81
14.51
4.98
PHASE SHIFT
4.91
-3dB
14.72
SERIES/PARALLEL 15.31
4.72


