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1.0.2. NRAO Specifications 

NATIONAL RADIO ASTRONOMY OBSERVATORY 
CHARLOTTESVILLE, VIRGINIA 
VERY LARGE ARRAY PROJECT 

SPECIFICATION NO.: 13220N1 

NAME: Voltage Controlled XTAL Oscillator 

DATE? February 13, 

PREPARED BY: 

1. TYPE; Overtone resonator, fundamental oscillator and buffer amplifier output 

= 50 MHz 

= 10.0 mW min. 

= so a 

2. OUTPUT FREQUENCY: 

3. OUTPUT POWER: 

4. OUTPUT IMPEDANCE: 

5. 
a. Setability 

b. Setability Range 

6. 

a. Voltage/Freq. Control 

b. Linearity Af/AV 

c. Tuning Rate 
d. Input Impedance 

7. FREQUENCY STABILITY Af/f0 

-7 = 1 x 10 = 5 Hz over temp, range in 9.a 

= a combination of mech. trim for 5 years 
aging and electrical trim for 30 day aging. 

= + .5 kHz, + 10 V 3 point average 

= .9 to 1.1 

= 0 to 10 kHz full deviation 

= 2000 9. or greater DC to 10 kHz 

- 8 

= 1 x 10 xn .01 seconds 
-8 

1 x 10 xn .1 seconds 
- 8 1 x 10 xn 1.0 seconds - 8 2 x 10 xn 10 seconds 
-7 1 x 10 xn 8 hours 

8. OUTPUT CNR = 100 dB in 1 MHz BW 

30 day drift must not limit 6 (a) (b) 
1 -



Specification No. 13220-1A1 

9. ENVIRONMENTAL 

a. Design to operate at a stable ambient or mounted on a controlled heat sink, 

of 0.1° rms in the range of 20° to 55°C. 
- 7 b. Warm up 30 min. to 1 x 10 of last setting. 

c. Maintain Af/f = 1 x 10 7 for any position (static lg any direction) 

10. POWER SOURCE 

Supplies Available = + 15V, (+ 15V reg. .01%) 

11. DESIGN (WITH OVEN IF NECESSARY) ; Smallest possible size and power consumption. 

Height not over 1.0". 

12. INPUT POWER LEADS; Solder connections feed-thru filter A-B type SF or equiva-

lent. No leads on top or bottom. 

13. INPUT MODULATION: Solder F. T. internal RF decoupling of 100 dB or greater-

14. OUTPUT: Solder F. T. 
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2.0 FUNCTIONAL DESCRIPTION 
The L2 module continues the basic frequency multiplication to 

provide the ultimate 600 MHz system phase standard. A phase lock filter 
at 50 MHz provides spectral limiting and subsequent multipliers provide 
system outputs at 50 MHz, 100 MHz, 200 MHz, and 600 MHz. A front panel 
indication of loop unlock is provided, and can be exercised by the 
L5 module. Data set monitoring of output signal levels and lock loop 
condition is provided. 
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3.0 DETAILED CIRCUIT DESCRIPTION 

3.0.1 The Module Assembly (Ref. Block Diagram C13230B2) 

The +20 dbm RF outputs of the 50/600 multiplier sub-assembly are connected 

to tubular bandpass filters to provide further rejection of harmonic and 

subharmonic signals. The 50 MHz, 100 MHz and 200 MHz filters are 8% bandwidth 

4-pole units and the outputs are +19 dbm to +20 dbm. The undesired harmonics 

and subharmonics are greater than -70 dbc. The 600 MHz signal is filtered by 

a 50 MHz BVI 4-pole filter and then provides two outputs, via a power divider 

and 10 db pad, of +16 dbm to +17 dbm and +6 dbm to +7 dbm. The undesired 

signals at ±50 MHz are greater than -55 dbc and at ±5 MHz are greater than 

-70 dbc. 

3.0.2 50 MHz VCXO (Ref. Specification 13220N1) 

The 50 MHz +10 dbm VCXO provides the +10 dbm drive signal to the 50/600 

MHz multiplier. The control gain and zero frequency can be set by screwdriver 

adjustment. Nominal values are 50 MHz ±50 Hz at center zero V.D.C. and 

±500 ±50 Hz for ±10.0 V.D.C. 

3.0.3 50 MHz Phase Lock Board (Ref. Schematic C13230S11) 

The 50 MHz, +10 dbm VCXO signal is phase compared in the 50/600 multiplier 

with the 50 MHz, 0 dbm reference signal from The phase error output at 

Jl is terminated at E7 and Eg by R 2 9 and C 7 . This provides 51ft for the sum 

terms (100 MHz) and 50 MHz and a high impedance at the DC 0 difference for 

maximum sensitivity. U^ provides variable gain and R 1 2 provides offset 

adjustment. An error viewing output is provided through R]_8# Rig a n d c4 t o 
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Eg and Pi_22* a 1 o o P control switch, U2, is used to provide remote loop 

open/close control. Application of a +TTL "1" to P1-2I ^ ^ E4 opens the loop 

switch. A manual switch S^ provides on-board 0/C and remote positions for 

testing. The switch output is connected to the loop integrator U3 through 

R24. R23 provides a bias return for U3 when the switch, U2, is open. Offset 

trim for U3 is provided by R7. R
24» c' an<* Ri determine the loop radian natural 

frequency, (On and damping, The output of U3 is applied to the VCXO through 

an isolating resistor R2. Monitoring of this voltage is provided through an 

isolation resistor R3 and E3 to P^-23. A front panel indicator LED is connected 

anode to E ^ and cathode to E^2. When the voltage U3 has value of about +2.5 

volts, Qi will begin to conduct and current will flow through Qx emitter R31, 

the L.E.D.,and CRĵ  to ground. At 5 volts and up, Qi is saturated and the L.E.D. 

is full on. Operation in the negative direction is through Q2, the L.E.D., 

R32, and CR2. 

3.0.4 Loop Characteristics 

The basic purpose of the VCXO is to provide filtering to eliminate harmonics 

of 5 MHz and to restrict the AM and FM noise sidebands prior to further 

multiplication. Using the terminology of Gardner1, the loop characteristics 

are derived. The detector gain Kp is determined by the output of the phase 

detector and the gain setting of The procedure is to set R 2 1 to produce 

a level of ±10vpp at the R 2 8 or ±5Vpp at E 6 when the VCXO phase goes through 

360°. If the error voltage vs phase is a sinusoid, then Kp is - 10 Sin 1° 

V/l° at zero error. This value is: K D = 0.175 V/l°. The oscillator control 

sens, is 50 Hz/volt. Therefore Ko = 50 x 360 = 18000 °/V. The combined gain 

Ky = Kq K D = 3150. Assuming a loop bandwidth that provides pull in and lock 

with a maximum open loop error of ±650 Hz (this is equal to the integrator U3 

output on the stop and the 50 Ez/V gain of the VCXD) . The values for R ^ , 

C^ and R^ provide the following: 

7-2 


