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This tutorial takes you through the steps to test, grade, and sort a
batch of crystals to select one or more groups of crystals for use in
a crystal filter. The filter used as an example here is a 6-crystal fil-
ter with a target -3dB band pass of 400 Hz and a center frequency
of about 3.277 Hz. As a rule of thumb, the series resonant fre-
quency spread should be less than 10% of the target filter band
pass. We will need six crystals with a frequency spread of less
than 40 Hz. A batch of 30 crystals are sorted to find the six with
the narrowest series resonant frequency spread.
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1.APPLIESTO
All Midnight SNA units running V4.00 firmware or later.

2. PREREQUESITES
The MSNA must be calibrated per Tutorial M1.

3.ADDITIONAL REQUIREMENTS

In addition to the MSNA, the following will be needed to complete this tutorial:

1. Two short lengths of 50-ohm coax to connect RF OUT and RF IN to the device un-
der test (DUT).

2. Crystal test fixture to match impedances and reduce drive to the crystal being tested.
3. A PC running Windows and Excel or the equivalent.

and

A USB to serial adapter interface and a terminal emulation application capable of
transferring text files from the serial interface to mass storage (e.g., the HDD).

or

An SD card reader.

4.CRYSTAL TEST FIXTURE (CTF)

The following describes a CTF that may be used for this tutorial. This CTF is based
on the Crystal Drive Circuit designed by Jim Kortge, K8IQY, details can be found
online at:

http://www.k8iqy.com/testequipment/pvxo/pvxopage.htm

There are certainly many other CTF designs that could be used.
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http://www.k8iqy.com/testequipment/pvxo/pvxopage.htm
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-3dB Attenuator (FT37-43) T T (FT37-43) _3dB Attenuator

CRYSTAL
SOCKET

CRYSTAL TEST FIXTURE

| built my CTF on a small copper-clad board using some Manhattan-style construc-
tion. The CTF circuit is symmetrical so the RF IN and RF OUT connector assignments
are completely arbitrary.

5.CRYSTAL IDENTIFICATION

For this tutorial we are going to characterize a batch of 30 crystals. Each data set is

individually recorded and is the result of a single frequency sweep with the associ-
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ated crystal plugged into the CTF.  Each data set consists of seven, comma-
separated, fields and is terminated by a Carriage Return. Numeric values are rec-
orded as ASCII decimal digits and may contain a fractional part. Each data set con-
tains the following information:

Data set/crystal 1D.

Series resonance frequency in Hz.

-3dB bandwidth in Hz.

Rs - Series resistance in ohms to two decimal places

Cm - Motional capacitance in picofarads to four decimal places
Lm — Motional inductance in millihenries to two decimal places

N o g bk~ wbhRe

Q — Quality factor as an integer

The first field in each data set is a unique identifier consisting of the XTAL PREFIX
(from page two of the macro data sheet) concatenated with the scan or plot num-
ber. It is imperative that you be able to identify the individual crystals and can asso-
ciate each one with its data set. One method would be to mark each crystal with an
identification number associated with its data set. | prefer to not mark the crystals
and, instead, load them into egg cartons and process them in a specific order so a
crystal’s location in the egg carton(s) identifies the associated data set ID.
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6.PART 1 - CRYSTAL TEST FIXTURE CALIBRATION

1. Connect the CTF to the MSNA RF OUT and RF IN connectors with the two short
coax cables.

2. Install a jumper in the crystal socket to short the two pins together.

|

Power on all components.

Press ALT-C to clear the calibration data buffer and EEPROM area.
Press SCROLL-LOCK > R to edit the roll-off power level.

Edit the roll-off power level and set it to 3.

Press ENTER to save the roll-off power level

© N o g b~ w

Create a macro data sheet as follows:
a. Press SCROLL-LOCK > Fs to display the data entry form

b. Set up the F3 macro data sheet to cover a frequency range of about 1 MHz
surrounding the frequency of interest (3.277 MHz in this case). The exact
frequencies and frequency increments are not critical since we are just cali-
brating the CTF.

Enter the following on the form:

page one:

TITLE .o XTAL GRADING
FILE NAME ............ leave blank for now
FREQLO................ 3000
FREQHI.....c.......... 3900
FREQST.....ocovvnee. 1000
ROWS.....ccocoeveeee. 901

leave the rest of page one blank and press PAGE DOWN to display page two
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If you are using crystals for a different frequency, adjust the FREQ LO and
FREQ HI values accordingly.

page two:

XTAL PREFIX........ X
leave the rest of page two blank.

c. Press ENTER to save the data sheet to EEPROM and return to Terminal
mode.

UR Edit F3
AUTO DELAY(ms):

XTAL PREFIX...:X_
FREQ LO 13000 «..reserved. ..

FREQ HI 13908 ...reserved...:
FREQ ST 11008 0P MODES

ROWS : -=-0P NODES ===

PLX FLAG L Automatic start

Reinitalize each plot
CENTER FREQ : Usur plot

overlrite existing file
CUSTOM CELL-3 : 5 Signal generator mode
2(6) External SNA Controller
CUSTOM CELL-2 : 7) Power Meter Calibration
CUSTOM CELL-1 :

CUSTOM CELL-@® :

- - "
—Esc 1 rHenu  — Fnx 1 — CHND 7 —Esc S rMenu — Fnx 1 — CND —

9. Press F3 to start the macro.

XTAL GRADING

Freq LO (Home): 3,000,000 Hz
Freq HI (End) : 3,900,000 Hz

Start Mode: Manual
Freq STep : 1,880 Hz

3.900.900

i

=886 = rMeu <~ Frx < CND
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10. Press the SPACE bar to run the frequency scan. After the scan, the results will be
plotted. This relatively straight line shows the insertion loss for the CTF which is
mainly due to the two 3dB attenuators.

Min: -6.51 dBm @ 3,717,800
Max: -6.34 dBm @ 3,269,080

11. Press CONTROL-C to capture the calibration data in the calibration buffer and
EEPROM. The calibrated data will then be plotted as a straight line at 0.00 dBm.

XTAL GRADING

Min: -6.51 dBm @ 3,717,000
Max: -6.34 dBm @ 3,269,000

a1

12. Press ESCAPE twice and then press F3 to restart the macro.
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13. Press the SPACE bar to record and plot the data. Note that the variation from a
straight line at 0.00 dBm is due to noise in our test setup and should be much less
than one dBm. This variation will not significantly affect our crystal
characterization.

14. Press ESCAPE to terminate the macro and return to Terminal mode.
15. Remove the jumper from the crystal socket.
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7.CRYSTAL DATA COLLECTION

1. Install the first crystal in the CTF crystal socket.

2. Press SCROLL-LOCK > F3 to edit the macro data sheet. Change entries on page
one as follows in the order shown:

ROWS....... oo, blank (select and press HOME)
FREQLO....coooevvrien. 3000

FREQ HI..ocovreeie, 3500

FREQ ST..coviiviveeee, 100

leave the rest of page one the same as set in the calibration process (step 8c).

After FREQ ST is entered, DOWN ARROW will cause the ROWS field to be com-
puted and filled in (5001 in this case). Note that this is too many points to all be
plotted but that’s OK.

(L4) :108
(02) :5801
(03):

CENTER FREQ

CUSTOM CELL-3 :
CUSTOM CELL-2 :
CUSTOM CELL-1 :
CUSTOM CELL-8 :

r—ﬁl Fw- ~Fnx =~ CHND —

If you are using crystals of a different frequency, adjust the FREQ LO and FREQ HI
values accordingly.

Page two of the macro data sheet remains the same as set in the calibration process
(step 8c).

3. Press ENTER to save the changes and return to Terminal mode.
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4. Press F3 to start the macro and press the SPACE bar to run a scan.

XTAL GRQD ING

in: -4725 3,280,100
x: =17 5dBﬂQ32784m

54
-95
-56

_-em&#:‘ e T

This plot is uninteresting but the Max value frequency (3,276,400) is all we are after
here. This is what this scan predicts is the series resonant frequency of this crystal.
However, the FREQ ST value of 100 is way too coarse to locate the frequency with
sufficient accuracy but it gives us a starting point for the next step.

5. Press ESCAPE to stop the macro and return to Terminal mode.
6. Press SCROLL-LOCK > F3 then edit the macro data sheet as follows in the order

shown:
FREQST.....ocovveurnee. 10
ROWS...ccooeeeeeeee, 1001

Press the DOWN AROW to have the firmware compute and fill in FREQ LO and
FREQ HI.
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Edit F3 INS Edit F3

FILE NAME : FILE NAME

FREQ LO : FREQ LO 13271 .488
FREQ HI : FREQ HI 13281 .408
FREQ ST : FREQ ST 118

ROWS : ROKWS 1881

PLX FLAG (03): PLX FLAG (03):

CENTER FREQ 13276 .4 _ CENTER FREQ :3276.4
CUSTOM CELL-3 : CUSTOM CELL-3 :_
CUSTOM CELL-2 : CUSTOM CELL-Z :
CUSTOM CELL-1 : CUSTOM CELL-1 :

CUSTOM CELL-8 : CUSTOM CELL-8 :

" " <
r-i.{%L r Meru = —Esc — rMenu — Fnx o G0 T

7. Press ENTER to save the changes and return to Terminal mode.
8. Press F3 to start the macro and press the Space bar to run a scan.

XTAL GRADING

Max: -18.87 dBm @ 3,276,218
1st -3 dB @ 3,7 60 Hz
2nd -3 dB @ 3¢ 58 Hz
Bandwidth: 98 H

a1

Note the Max frequency for this scan (3,276,210).
9. Press ESCAPE to terminate the macro and return to Terminal mode.
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10. Press SCROLL-LOCK > F3 then edit the macro data sheet as follows in the order

shown:
FREQST.....ocevvevrnee. 1
ROWS....cooeeeeee 481

HI.

Edit F3 NS Edit F3

FILE NAME : FILE NAME

FREQ LO (L2) :3271 .400 FREQ LO (L2) :3275.978
FREQ HI (L3) :3281.400 FREQ HI (L3) :3276 .458
FREQ ST (L4):1 FREQ ST (L4):1

ROMWS (02) :481 ROMS (02) :481

PLX FLAG (03): PLX FLAG (03):

CENTER FREQ 13276.21_ CENTER FREQ 13276.21
CUSTOM CELL-3 : CUSTOM CELL-3 :
CUSTOM CELL-2 : CUSTOM CELL-2Z :
CUSTOM CELL-1 : CUSTOM CELL-1 :
CUSTOM CELL-8 : CUSTOM CELL-8 :

—Escm rMenun — Fax 1 — CHND —Esc— rHenu~ — Fnx 0 — CD 7

11. Press ENTER to save the changes and return to Terminal mode.
12. Enter SCROLL-LOCK > X to edit the CTF termination resistance.
13. Enter 12.5 and press ENTER to save it and return to Terminal mode.

){;9& FIXTURE TERMINATION R INS
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14. Press F3 to start the macro and press SPACE to run a scan.

XTAL GRADING

Max: -7.98 dBm @ 3,276,156
ist -3 dB @ 3,276,132 Hz
2nd -3 dB @ 3,276,174 Hz
Bandwidth: 42 Hz

%4 \ 81

-

¥4

15
-18 |
W
-24

7

L

C
~36 L
0
-39
—

S e

The band pass curve should be pretty much centered in the plot area. Now we are
ready to start characterizing our batch of crystals. Note that we have setup our fre-
guency range based on a single crystal. If you find crystals too far outside this fre-
guency range, you may want to adjust the center frequency to accommodate them
and then restart the characterization process.

a. Press SCROLL-LOCK > F3 then edit the macro data sheet as follows:
FILE NAME .............. X.CsV

leave the rest of the page unchanged
b. Press PAGE DOWN to edit page two and add the following:

OP MODES................ w

leave the rest of the page unchanged
c. Press ENTER to save the changes and return to Terminal mode.
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Edit F3 INS Edit F3
TETEE & Lk s d v :XTAL GRADING AUTO DELAY(ms):

FILE NAME.....:X.CSY XTAL PREFIX... :X
FREQ LO  (L2) :3275.928

FREQ HI (L3) :3276 .400

...reserved. ..

...reserved,..:

FREQ ST (L4):1 OP MODES
ROWS (02) :481 = m = @ RN O Dl - -

PLX FLAG (03): AC1l) Automatic start

R(2) Reinitalize each plot
CENTER FREQ  :3276.168 U(3) Usur plot

N(4) over“rite existing file
CUSTOM CELL-3 :

S(5 nerator mode
E(6 garna SNA Controller
CUSTOM CELL-2 : PC
CUSTOM CELL-1 @

7) Pnuer Meter Calibration
CUSTOM CELL-8 :

bl g s
—Ese = rMenu m — Fnx 1 — CHND —

15. With the first crystal still in the CTF, press F3 to start the macro.
16. Press SPACE to run the scan and record the data.

17. After the BEEP, replace the crystal in the CTF with the next crystal in the batch.

18. Perform steps 16 and 17 for every crystal in the batch. Note that the information in
the yellow box is for the last frequency scan. The information at the top of the dis-
play (Max, 1%, 2", and Bandwidth) are always for the first scan which is used to
scale and render the basic plot screen.

. XTAL_GRADING XIAL GRADING XIAL CRADING

- Max: ~5.52 dBm @ 3,275,8
st -3 db @ - Max: -5.52 dBm @ 3,275,989 1at -3 dB @ e
2nd -3 dB Hz ist -3 dB @ Hz 2nd -3 4B @ M Mz
Banduldth : 33 He Znd -3 dB @ Wz

Bandwidth: 33 W
Bandwidth: 33 Hz e 3 g

L

-18
-“13
-16

After the first pass  After pass 15 (half done) After pass 30 (all done)

19. The combined plot gives a visual indication of how varied some of the crystal pa-
rameters are. My batch of 30 seems to be pretty good. Even though the crystal |
chose to set up the sweep parameters was at the high end of the frequency range, the
range is so limited; all the crystals could be plotted. I should get several usable
groups of six crystals out of this batch.
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20. Press ESCAPE to close the data file and return to Terminal mode. The pertinent da-
ta is now contained in the SD card file X.CSV.
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8.DATA SORTING AND MATCHING

Now we want to sort the data and find the six crystals with the smallest spread of

serial resonance frequencies. To do this we will enter the data in an Excel spread-
sheet. We have a few options for transferring data from the SD card to a PC:

1. List the data with a DOS TYPE command and hand key it into a spread sheet (nhot
my favorite option).

2. Plug the SD card into a PC with an SD card reader and open the X.CSV file in a
spread sheet.

3. Use the DOS UP Load File command (UPLF X.CSV) to transfer the data to a termi-
nal emulator running on the PC and cut and paste the data into a spread sheet (my
favorite option).

We will use the last option and will use the Arduino Serial Monitor for the terminal
emulator.

1. Connect the MSNA serial interface to a port on the PC.
2. Start the Arduino environment (IDE).

If necessary, use the Tools > Serial Port to select the port the MSNA serial interface
is on.

4. Start the Arduino Serial Monitor (Ctrl+Shift+M); it is not necessary to load a sketch.
Make sure the MSNA serial interface baud rate and the terminal emulator baud rates
are the same (I am using the default, 38400 bps, here).

05— & comid
File Edit Sketch Tools Help Send

00 BEH

sketch_sepl8a

7 Autoscrol BOhM.ACR - [38400baud
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5. Test the connection with the MSNA in terminal mode, anything typed on the input
line will be received and displayed by the terminal emulator. Similarly, anything
typed on the input line of the terminal emulator will be displayed by the MSNA.

R 2 0 = —
Test data from the PC

Test data from MSNA

““1&&# Abdl
r— ﬂ“r - ;—Fm = r—CMND ™

(V] Autoseroll BothNL&CR  » |38400baud

6. With the MSNA in Terminal mode, press and release SCROLL-LOCK and press
ESCAPE to enter DOS mode.

7. Enter “UPLF X.CSV” on the prompt line and press ENTER to execute the UPLF
command.

8. Press ESCAPE to exit DOS mode and return to Terminal mode.

9. The total contents of the X.CSV file will be displayed in the terminal emulator win-
dow. We are only interested in the data rows so select them by highlighting them in
the Serial Monitor window and press CTRL-C to copy them to the clipboard.

\JUPLF X.CSU_
NAT BOOT Sector : 89

Volune Name
ULDRPS.HEX

NAT2 a
SNA_4_B1.HEX 484560 A
LPF.CSV 18 A
LPF28.CSV A
X.CSV A
1 Deleted
Deleted
Deleted
Deleted
5 Deleted
Deleted

NEXT ->

. il e
,——|r—\r-<—‘\f ’ b
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10. Open Excel with a blank spread sheet and paste the data rows to the first column
starting at row 4.

L1
1 rageipen  romues ous e =

o o -1 - T e
i B AN EEE G s | 30t B |

S 2B A EiE e = | 153 Format

m - £ ¥1.3275%89,33,22.200.0100,227. 64, 211067

A 5 c 5 E r r W ]

] |
3
4 [ s27meeh23,22.20,0.0104,227.60,111067
5 fxa 52
6 [x3,327591. 76,
T [x4,327594.
8 fes,sa7ss
9 fis 32755
10 7 3275008, 3,24.77,0.0110,214.07.477910
11 i, 3275974, 32,19.00,0.0108, 218.83.237086
12 15, 327597, 70,62.25,0.0115, 136 46,65563
3 b0, 22755hs,29,20.57,0.0106.222.69.155020
fry T ,46.60,0.0118,199.93,88302
15 iz 3775954,36,25.65,0.0108,224,11,17554
16 13, 3275080,39,26.53,0.011,211.93,161570
17 x1a 3275k o
15 fr1s 275
15 fts 27ech,
2 far
a1 frag sa73eps, 7.
22 fx19,3275585,18,21.34,0.0151,153 65,145210
23 fia0,32750b2,13,22:33,0.0103,229,22. 209841
25 fx2a,327:
26 fx2s 3275
22 fias 32759
28 [xas 3275
23 fxa6 2275
a0 far
31 fia 37
32 fic2s 3275
33 fusn 3a7sch2,35,30.45,0.0102.232.26,156577
a7 [
44 b w1 Sheetl - shoet? Sheets ¥a )
Rexdy Count30 i3 ) LOjua00mi— . e

11. With the data selected, convert the data rows to columns using Excel’s Convert Text
to Columns Wizard. At the first step select “Delimited” and at the second step select
Comma as the delimiter and click the Finish button.

Pagelmout  Fomuss | Oaty | Measw ey
s i ® P

) Beomeaes” o) T TS ¢ =

o
s D

Dyre—

00,0104 227 64 211067

A B c o Convert Text to Columns Wizard - Step 2 of 3

This screen lets you set the delimiters your data contains. You can see how your textis affected in
x1,2275385,33,22.20,0.0104,227.64,211067 the FiE belaw.
b 32758
b 32791h, 76
4, 2275940, 36,
s, 275
i 32759
b7, 227500
s, 32759
9,32755:
10,3075ehs
b12,3275504,36,25.69,0,0105,224,11,17554
be13,3275580,39,26.93,0,0111,211.95, 16157
be1s 275

15,3275
s 27echs,
17

Delimiters

saset | || [T
w27

1,232 52,3500 | [ Semicolon [ Treat consecutive delimiters as one
Comma . El

Text gualifier:
[ space

[] other: I

Data preview

BegzlslE gk eElela oo alon -

0102 p27.
0113 138,
0113 138,
0107 p21.
0108 p13.

11087 -
42413

53536

21801 L

65178 -

aR

e
EE
B e 0 o m e
| e
| ety
Bl 22 0043007 0 21208
B s onm s el | [ e | (o> ] [
Bl b e 101 am
Rl e i ey

mon

I w
Moo
b &

G o

0o oo W
oo m

AR R
[SRr i)

count: 30 [ LI LDjpaoomei=) " o
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12. Observe the data is now in columns. If desired, add column headings and do what-
ever data formatting you want (fixed number of decimal digits, thousands separator,

etc.).

e - %
Fs -3d8 BW Rs m m a SPREAD
samss s mm oo e awes[ ]
somses o ms oows 1me s
szses 7% e ooms s 565
s % 05 oow 129 e
s % 2 oo 2% 187
ssse % s oqo e 40t
3,275,906 37 2477 0.0110 21407 177,510
sson n 1w oows 288 2370
samses m @2 oous 1 esses
samsas  m w5 oows 2269 15500
sasen w s cous 1993 s
s % me oows a1 195y
s 3w . oow auss esm
sasen 3 M oows 2en 189850
ssses % a7 oo 2o 1mss
spsms ¥ #m ooy 2965 166516
sassss % oows 25 1ese

axs  sames w23 oom zan 1638

25 samas a5 au oo 15965 w8210

mxo  sams:  n 2 oom mn s

wxan  samen 3 nal oowr 201 w35

B aames  w  ne oo ms wsan

o samen % :0s 00w 1 e

wxs s n w0 ooz 237

Bxs | aamsy 3 nm oo 276t 2106

B samaw  m wm oows w2967

0x7 | samss 3 me oos ames imes

Axs  same % e oows 247 189407

2 soamses  » w6 oous :em 1s42m

B0 samesz % was oowe 2 1697

= (50 Opmcs o |

13. Visually scan the data and eliminate any data rows that do not meet your basic crite-
ria. For example, you might want to eliminate all crystals with a Q less than
150,000. Here we left the table intact.

14. Select the data rows and use the Data -> Sort function to sort the data rows in order

of increasing serial resonance frequency (column B).

Guts | Sew i CorelPDEFuion @8 — 7 X |
P | || Rymeses
B e et temee
Al - & x1 ¥
| s}
A 8 3 o e G G "
1
2 o Fs 3d8 BW Rs Cm m Q SPREAD 2 0 Fs 3d8 BW Rs Cm m Q SPREAD
3 3
4 fa 3275585 afar et B DAl 00107 22014 193,549
slhe  3ames sle  3amses 4 87 oous 1997 1a2413
slo  samses slo 326 ¥ .77 oouo 2407 17799
7l 32 1he  aamas % eam oous 1859 58536
sl sasam sl samses 7 6229 oous 1945 655
. P slos  aamen B 20 om 278 21108
Sort whas 327592 7 2057 oow 247 163,98
e 11 [x14 3,275,932 35 2431 0.0105 22423 189,850)
“;140d Level || X Delete Level |[ 3 copyLevel || + [T My data has headers e e AR Seeln 00 800
nlao 2295 3 2957 0006 22269 1550
o i e Bhor  mws 7 me oomw nem mee
15 x 275, 2 1 174
Sortby  Gokimng lx] | values [x] | smalestto Largest [+ o 32759 3% 2505 00107 2129 18,801
v s 3 3045 0012 2226 15697
18 17 3,275,958 38 2876 0.0105 22515 161154}
whas 327590 » 263 ooml 19 1615M
ule 32 0 1855 001 2262 250008
afe  3amse 3 2616 oo 287 16427
2faz 2% 3% 2589 00ws 241 17954
alas 3278 3 2477 00107 2002 182859
aafas 327590 s 212 oot 15065 149210
slhe  amen 2 1900 00108 2188 237,088
o  amem . s oow s e
s amem 3B 229 0008 21902 165178
~ E > 5% 33 X . 28 [x24 3,275,985 31 2008  0.0102 23142 237,277
wlos 327907 2 180 00109 273 2 ha 3,275,989 B 220 00104 2764 2106
opar 328 3 256 o018 2805 opao 3279 B 28 000 292 20943
nes 327600 3 .4 0005 2475 uz 32 ¥ 2% oow7 2008 189481
R 3z » 2616 oous 287 2l s2m0m 3 e oows 189,407]
33 [x30 3,275,952 38 3045 0.0102 232.26 | 33 [x16 3,276,019 37 28.39 _0.0103 166,516/
3 2
W45 W Sheet1 - Shaets Sheets %3 F—, | W5 i Shoet1 - Shestd  Shaetd D - x
Sveage STSII0N Count 210 Sum 1035208583 - o | Average: STSI381013  Count 210 Sum: 1035268582 |55 () L oo} )
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15. In the column I labeled “SPREAD” (H) enter a formula that computes the frequency
difference between this row and one five rows down (e.g., H4 = B9-B4). This will
give the frequency spread for each row and the next five rows.

Book2 - Microsoft Excel
Fo Qaty | Besiew View C
e,
[ a0 - fe| x6
A ) c ) £ £ 6 H

1

) Fs  -3dBBW s m tm Q  SPREAD

3

4 xa 3,275,891 35 2341 00107 22014 193,549 *

5 x2 3,275,898 41 2876 0019 19897 142413 n

5 x7 3,275,906 37 2477 0010 21407 177,910 %

7% 3,275,919 7 6983 00119 19859 58536 1
3,275,925 0 6229 00119 19846 65583 20
3,275,927 3 227.64 211,08 2
3,275,929 37 2472 163,39 15
3,275,932 3 22023 189,850 17
3,275,933 57 19993 88,302 15
3,275,945 » 22269 155,020 13
3,275,947 32 1870 00109 21733 239,267 1
3,275,948 37 2569 00108 2! 173,693 15
3,275,949 % 2505 181,801 1
3,275,952 8 3045 2226 156,977 2
3,275,958 38 2876 00105 22515 161,154 10
3,275,960 39 2653 00111 21193 161970
3,275,963 30 1885 00101 23262 254,048
3,275,563 3 2616 00113 20878 164270 1
3,275,564 36 2569 00105 22411 179,547
3,275,968 3 2477 00107 22002 182855 1
3,275,969 48 2114 00154 15165 148210

3.275971

218583

237,086

3,275,974 3% 22129 181,802 2
3,275,978 8 2902 165178 2
3,275,985 3 2142 En
3,275,989 3 227.64 211,067 =
3,275,992 3 2922 209,443

31 x22 3,275,994 37 20186 189,481

32/x28 3,276,001 3 224.75 189,407

33 x16 3,276,019 37 2965 166,516

TS

W 4 s W Sheetl Sheetd Sheet3

Average 4957980926 Count: 43

16. The best group of six crystals for my Measurement Receiver crystal filter is the
group of six crystals starting on row 20: X6, X29, X12, X15, X19 and X8. This
group of crystals has a frequency spread of only 8 Hz!

17. To find other usable groups of crystals, remove the six best from the list, recalculate
(F9) and look for the next lowest frequency spread.

B alpia o
Mome | et Migtiweut  Fomuss  Qala  Apiew ®-ox
G - 4 m : - =X Atosum - A
[ G oo b I 2 I R s ]
P et BIou-E S % o[ conotonat o con | et Duis fomat | o sort 3
A - 4e] xa8 o
A e c o E F [ H 1 1 % L [¥ N o P [ R s E
2 ] Fs 4B BW Rs. m Lm aQ
smen 3 e oo 20 1
samsess 41 287 oons  1seST 142413
36 3 am coue e 17w
3215919 75 esEl cons 1855 58536
305 %0 exs oous 1545 65583
sy m nm unm e uue
sses 3 nm oom aam e
samsem 3 am cows 24 183850
3sen § 680 oous 1993 88302
275945 155,000
I T YT TEX T TTE T T
3258 1 2568 cows 2mos imem 2
s 38 508 cowr awa wiml 2
s W w45 omm 2 19 W
@ e oows asas e 3
11.9%
6 2505 00107 eLaa 2 x » e maow f
®  mm ooue wam a9 » wmm wam n
samsses  m w08 oom 2 mram wm az w mu 1w u
3,275,989 3 2230 0.0104 11,067 L s 3% 22002 182,855 17
samssm ;s oom 2 205,043 a3 s T )
1o m um cow 5 sam \s 2 am omoes  n
| 3,276,001 E-] 442 00105 139,407
imems 1 mn oo 296 166516
u
2
»
: [
s
9
& 4o W] sheets, Shewts 7 Shavtd 3 0| —
= renoe 51 _Com s _Som e s (10 Do o]

Tutorial M5 - Testing & Grading Crystals  Page 21 of 23 Midnight Scalar Network Analyzer




18. This time we have a group with a frequency spread of 13 Hz. Still not too bad. If
you want, continue this process until all five groups of six crystals are identified and
ordered by frequency spreads. In my crystal collection there are four groups of six
crystals with frequency spreads of 20 Hz or less. The fifth group has a frequency
spread of 128 and does not qualify for this application.

e e ——
- e 1 Page@ynut Formuas Rw v Cnve\PFusmn @
& calibri -1 = P General — - [ A T | E - &7
BB r u-[A s (8% Bl #A-
B g m oA ElE] Ses |Gl 5
Clipboard Font ) ) MNumber ) Editing
H2E - £ | =833.828 B2
A B c D E F G H |
f =
2 Fs -3dBBW  Rs cm m Q  SPREAD
3
4 x21 3,275,891 35 2341 00107 22014 193549 124]
5 X2 3,275,898 43 2876 00119 19857 142,413
6 X7 3,275,906 37 2477 0010 21407 177510
7 x10 3,275,945 33 2957 00106 222.69 155020
8 |x28 3,276,001 35 2442 00105 22475 189,407
9 x16 3,276,019 37 2839 00103 279.65 166516
10 x23 32,275,974 36 25.05 0.0107 221.29 181,802 20
11 X5 3,275,978 38 27.29 0.0108 219.02 165,178
12 x24 3,275,985 31 20.08 0.0102 23142 237,277
I 13 xx 3,275,989 33 22.20 0.0104 227.64 211,067
14 x20 3,275,992 33 22.53 0.0103 229.22 209,443
15 x22 3,275,994 37 21.93 0.0117 201.86 189,481
16 X3 3,275,919 76  69.83 0.0119 19859 58536 14] |
17 X9 3,275,925 70 6229 00119 19846 65583 1
|15 s 3,275,927 33 2220 00104 227.64 211,063
19 x18 3,275,929 37 2957 00101 23472 163398
20 x14 3,275,932 35 2431 00105 22423 189,850
21 x11 3,275,933 57 4660 00118 19993 83,302
22 X26 3,275,947 32 1870 00109 217.33 239,267 13}
23 |x27 3,275,948 37 2569 00108 21805 174,693
24 x4 3,275,945 3 2505 00107 22123 181,801
25 |x30 3,275,952 38 3045 00102 23226 156577
Il 26 x17 3,275,958 38 2876 00105 22515 161154
27 x13 3,275,960 35 2653 00111 21193 161570
28 X6 3,275,963 30 18.85 0.0101 232,62 254,048| B”
29 x29 3,275,963 39 26.16 0.0113 208.78 164,270
30 x12 3,275,964 36 2569 00105 22411 179,547
31 |x15 3,275,968 36 2477 00107 22002 182,855
32 x19 3,275,969 48 2134 00154 15365 148,210 L
33)x8 3,275,971 32 1900 0.0108  218.83 237,086
34
2z -
1+ » ¥| Sheetl Sheet? ,Sheet3 ~¥J 0 >7D
Ready [EEEFTNS! U o
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9. RESULTS

The six crystals with an 8 Hz frequency spread were used in a lattice filter with

the following results:

Yo

Test setup

MEAS. RCVR

Max: -2.18 dBmn @ 3,276,138
ist -3 dB @ 3,27 1

2nd -3 dB @ 3,27
Bandwidth: 34

s
3,275,860 > %%ne. 1%}’0276' %6, 500
Es 1 r Menu M nx = r

CMND

Resulting plot
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