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MEASURING WARM-UP CHARACTERISTICS AND AGING
RATES OF CRYSTAL OSCILLATORS

Application Note 174-11 describes a calculator based HP Interface Bus System
which automatically measures and plots warm-up characteristics and aging rates
of crystal oscillators. The system uses standard ASCII compatible instruments:
the 5345A Electronic Counter provides the requisite high resolution frequency
measurements, the 59308A Timing Generator provides measurement timing, the
9820A Calculator performs the computations, and the HP Interface Bus is used
to interface the instruments to the calculator. Use of the HP Interface Bus
ensures that instruments need not be dedicated to this particular configuration.
The bus allows instruments to be quickly and easily reconfigured to solve a
variety of measurement problems. This measurement solution should be particu-
larly useful to crystal oscillator manufacturers and instrument manufacturers
who employ precision crystal oscillators in their instruments.




INTRODUCTION

The ultimate accuracy of most frequency counters
and many other instruments is determined to a great
extent by the accuracy of the mechanical vibrating
frequency of a quartz plate used in the time base
reference oscillator. To reduce variations in this
reference frequency due to ambient temperature
changes, the quartz plate is often placed in a crystal
oven which maintains the quartz at a constant tem-
perature, typically from 65° to 80°C. An important
parameter for oven crystal oscillators is the warm-up
time: the time required for the oscillator to be within
specified limits of its final value frequency. For ex-
ample, the 10544A oven crystal oscillator used in the
5345A Electronic Counter is specified as being within
5 parts in 10? of final value 15 minutes after turn-on
(at 25°C).

In this application, the 5345A measures the frequency
of an oscillator at user specified time intervals. The
9820A Calculator computes fractional frequency
change for each data point and plots the resultant
curve. By specifying longer gate times and longer
times between measurements, the aging rate of the
oscillator may be measured with a resolution up to
2 parts in 102,

MEASUREMENT SET-UP

The measurement system consists of the 5345A Elec-
tronic Counter (opt. 011), the 59308A Timing Gener-
ator, the 59405A opt. 020/021A HP-IB Calculator
Interface, the 11221A Math ROM block, the 11220A
PCI ROM block, the 9862A Calculator Plotter, and the
9820/21A Calculator with opt. 001 Extended Memory.
The instruments are connected to the calculator as
shown in Figure 1.
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Set the Talk/Listen address switches on the frequency
Table 1
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Counter
ter dump)
59308A
Timing R/2 addressable| 1 | 0 | 0 | 1 0
Generator
9820A u/ss ASCII Interface Card addresses
Calculator preset to U/5 at factory.

ttnot used

counter and timing generator as specified in Table 1.
These switches are located on the rear panels of the
instruments and must be set so as to agree with the
Talk/Listen addresses in the program.

Place the Math, PCI, and PCII ROM blocks into ROM
slots 1, 2, and 3 respectively of the 9820A Calculator.
To interface the instruments to the calculator, per-
form the following: plug the ASCII Bus Interface Card
into any of the four slots on the rear panel of the
9820A Calculator. Connect ASCII Interface Cables
(10631A, B, or C) from the interface card of the Cal-
culator to the rear panel plugs of the 5345A Counter
and the 59308A Timing Generator (choose cable
lengths such that the total length of ASCII cable does
not exceed 18 feet). Plug the 9862A Calculator Plotter
1/0 Card into any of the three remaining slots on the
rear panel of the calculator.

Set the following 5345A controls as a function of the
oscillator under test: impedance (50 ohm or 1 Meg
ohm), ac or dc, trigger level to preset (for symmetri-
cal waveforms about 0 volts), attenuation (X1 or X20),
and SEP/COM switch to separate. Since the calcula-
tor remotely controls all other front panel controls of
the counter and all the controls of the timing genera-
tor, there is no need to set these controls to any
particular positions.

PROGRAM OPERATION

Key into the calculator the program listed on the back
of this application note. Take care when keying in
PLT (PLOT), FMT (FORMAT), WRT (WRITE), and
RED (READ) statements that a PCI key is not used
when a PCII key is intended (keys labeled as above
appear on both PCI and PCII ROM blocks — they
provide different functions and may not be inter-
changed). All statements which are used in plotting
refer to the PCI keys. All statements which involve
transfer of data over the HP Interface Bus refer to
the PCII keys. In this program, all PLT statements
refer to PCI and all FMT, WRT, and RED statements
refer to the PCII keys. If the program fails to operate,
ensure that PCI and PCII statements have not been
interchanged. After keying in the program, record it
on a magnetic card for future use.

The program will request the operator to enter values
for the following parameters:

“TIME (SEC)?” — enter the time in seconds between
measurements (range: 5 sec < T < 99,900 sec).

“NO. OF MEAS?” — enter the desired number of
frequency measurements to be made. This number
times the TIME gives the total time over which meas-
urements will be made. The number of measurements
must be less than 195 and is limited by the storage
capacity of the 9820A Calculator (opt. 001 Extended
Memory).

“GATE TIME (SEC)” — enter 1, 10, 100, 1000 to ob-
tain frequency resolution of 2 x 10-%, 2 x 10—°, 2 x
10-'1, and 2 x 102 respectively.



“FREQ?” — enter the nominal crystal oscillator fre-
quency. This is the reference frequency and frequency
deviation is calculated with respect to this input
parameter. If 0 is entered, the reference frequency is
chosen by the program to be the last frequency meas-
urement made.

After entering each parameter, push RUN PRO-
GRAM. After all parameters have been entered, the
program halts and the calculator displays “PUSH
RUN PROGRAM?”. At this time, the operator is ex-
pected to apply power to the crystal oven (if measur-
ing the oscillator in an instrument, power is usually
applied to the oven whenever the instrument is plug-
ged in). After applying power to the oven, push RUN
PROGRAM. The counter display will go blank due to
the fact that measurements are being taken in com-
puter dump output mode to obtain a constant 2 x 10—*
resolution per second of gate time independent of
input frequency.

The program flow diagram describes the various steps
which occur during program execution. After request-
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Figure 2. Program Flow Diagram

ing the measurement parameters, the timing genera-
tor is programmed to pull SRQ low the programmed
number of seconds after receipt of the trigger com-

mand (R). When it is detected that SRQ is low, the
counter is read. After all measurements have been

made (each measurement is printed on the calculator

printer), the calculation (fx - f,)/f, is performed
and plotted as a function of time. fy represents the
oscillator frequency at a particular time and f, repre-
sents the reference frequency which was entered into
the program previously. Figure 3 is a plot of the warm-
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up curve for the 10544A crystal oscillator (used in the
5345A counter) which was generated by the pro-
gram. The two horizontal lines centered about the
time axis represent the resolution limit of the counter
(for the gate time selected) and indicate that measure-
ments falling within these boundaries may not be
valid. Figure 4 shows aging in another oscillator over
a time period of a few hours.
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MEASUREMENT CONSIDERATIONS

a. To increase measurement accuracy, lock the
10544A reference oscillator in the 5345A to a
“house standard”. This is particularly important if
the aging rate to be measured is less than the
aging rate of the counter oscillator (<5 x 10-'%/day
after 24 hour warm-up).

b. The computer dump mode of output allows
measurement of Af/f to +2 parts in 10° per second
of gate time. The gate time must be less than the
time between measurements.



C.

The 9820A Calculator

performs calculations

with 12 digit precision (although it displays and
prints only 10 digits). Even though the counter can
be programmed for a 10,000 sec gate time (2 x
10-13 resolution), the additional resolution cannot

be used since the calculator is limiting.

d. The execution time for portions of the program
(specifically, reading the counter in computer
dump mode) requires that frequency measure-
ments be taken no faster than every 5 seconds.

9820/21A Program Listing

E:HT “TIMEI(SECZ1%"
v ASA+RISIERNT "HO
OF MEAS"BSALE-
L1 +RE3uk

FHT "GATE TIME I
SEC) "y REsEL0G R
R A L N S
FMT Y225 WET 133
WTE 13:7V1F

F
s RE

TasdgL 00
"FRER *+"

UTE
FEMT

|_

1

FLT
“LptEINT
THT 2144

bR B

A
PIF wg
1...

QiGTO "ER"

e =
|L...f‘._"

g =T
IdF'I B
WTE 1. uHTE
lJ"|+4|'*l|1—E 1:
4B WTE 13,09k
LEe
WTE 12
11
S & T U
RIS R N
neEF F

J.|,..I
nsp
CGEREAM"

FMT

W2+ 8

"FUSH
PSTR e

FBEHT

FLUH FE

I_.
TRET"iCHD "2U2"
B

LFE’ SREEAB

L&

FLT 93PRT Ruix+l
+niIF w=B+4as
GTO "FLT"F

I
"READ"§ CHMD “7l+"
» “J1* JEMD "2K5"3
A5+C14RA2F

26

S|
"FRDE 13-4%5%

A+RI4+RI4F
iRZa=1E

RIZL1EIGTO "L
SRCICHLIS0E 14F
C=363GT0 “HEX

/IRBE#Z.E-2) 4

TR e

0 =T 1

WIERET

= =

3.
1
'[‘ '
:
F

F L TUid@+s -8R
ATAIF RE=EIE (394
El+RAakF

-\.

Ty

-pli-

I'+ un

Sl D0 g

T w0

A" IFs~RFEB] ~EA+RE

T

‘ﬂmﬂWT

|:_-'. ABsGTO +2F
L|“i|"
sLOG

HES F:
HE:E: ('\. F

*R3
Lae Boor §
O

RICAGTO "RA"F

~E38s10, 1 1E
—LR;.+FH+11.E

-------
-----

T m

2 LOG 25FLT
G 23 FEH F

s
oL

’J’—! -

T Be—-L0OG 23
T RIGs=LOG 25
i

SR e B O e R B
U e S 5 O IZI (w28 papt o B e

an =
g

¥V A B+lF

=

=
=
I

i

"ILTRE

Catfa2d

CiC+E*R39/18
+14ZF

FLT
-'rl__.,
Gz
1F
{...
G5
FLT @s~-E38~
-1+CkF

45

"BYSLTRE Aasla

£a93G70 "LTRE"

1843

211k

47
FLT =1.
=R
48
C-1i=*C:iIF -C~F
37+13GTO "B"F
493
LTR

¥THT (-0C-

BaLOG 222115
2.%¥THT (-RE2]
L Ha—LOG 23

Z2yETHE (~RB

c nLTP BaCa211k
41

FLT 1.%TH*T
'I A I"+1-‘*i"i—
IF C-RS<R37+14
GTO *GCME
LTE R332
|_
S
FLT

[C-R2

o laigdd

“TIME (SECL"

-

551

1"3 484313 PEN F
E "
"1"iIF ABS RKL1.
E-143iPLT (X-4@81%
R39:@3GTO "HF

=N

00 Ll DD

saw o[ cam
!

(=4l *R33

F L T .
Rie+REakE

Lang
591
EFTSET

EHB F

',l..-q'l




USING THE 9830A CALCULATOR

The 9830A Calculator may be used in place of the
9820/21A Calculator with system operation remain-
ing essentially unchanged. The following sections list
the necessary equipment for operation with the 9830A
Calculator, discuss any differences in program opera-
tion, and present the complete program listing of the
9830A software.

MEASUREMENT SET-UP

The 9830A measurement system consists of the 5345A
Electronic Counter (opt. 011), the 59308A Timing
Generator, the 59405A opt. 030 HP-IB Calculator In-
terface, the 9862A Calculator Plotter, the 9830A Cal-
culator, the 11274B String Variables ROM, the
11271B Plotter Control ROM, and the 9866A Calcula-
tor Printer. Place the Extended 1/0 ROM, the String
Variables ROM, and the Plotter Control ROM in any
of the calculator ROM slots. The instruments are
configured in precisely the same manner as in the
case when the 9820A Calculator is the controller.

SYSTEM OPERATION

The system with the 9830A Calculator as controller
operates basically in the same manner as the system
with the 9820A Calculator as controller. The main
difference is the extensive use of string variables for
reading the counter in computer dump output mode
and for setting delay times in the timing generator.
This is solely a software difference and does not
change actual system operation. The program re-
quests the user to respond to the following:

“TIME INTERVAL (SEC)?” — enter the time
in seconds between measurement (range: 5 sec
< T < 99,900 sec).

“NUMBER OF MEASUREMENTS” — enter the
desired number of frequency measurements to
be made. This number must be less than 210 and
is limited by the maximum allowable size of an
array.

“GATE TIME (1, 10, 100, 1000, 1.E4)?” — enter
the desired gate time.

“REFERENCE FREQUENCY?” — enter the ref-
erence frequency. If 0 is entered, the last fre-
quency measurement is used for the reference.

“PUSH CONTINUE-EXECUTE"” — after apply-
ing power to the oscillator, push the CONTINUE
key followed by the EXECUTE key to start the
measurements.

“NEW AXES—YES OR NO?” — after all meas-
urements have been made, enter yes if it is de-
sired to plot new axes and lettering. Otherwise,
the axes and lettering will be skipped.

Figure 4 is a flow diagram of the 9830A software.
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9830A Program Listing
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9830A Program Listing
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