Horton Local Oscillator – discussion paper – Phil Harman VK6APH

This design is  based on an original suggestion by Phil Covington, N8VB.

Further thoughts on the Horton LO.  This time I’ve tried to restrict the tuning range of the uW VCO since that will reduce it’s phase noise.  Here is the block diagram
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In this case the  reference frequency (Ref) into the PFD is fixed at 800kHz.  The divide by N is an NB7N017M from ON Semiconductors  which is an ECL 3.5GHz input 8 bit divider, see

http://www.onsemi.com/pub/Collateral/NB7N017M.PDF  
By selection of  M and N we can cover 1 to  30MHz in <10kHz steps as per the following table.  Delta I/Q shows the frequency change as a result of increasing M by 1. 
	I and Q
	
	
	
	
	
	
	

	Freq (MHz)
	Fo
	N
	M
	F (MHz)
	Ref(MHz)
	M + 1
	Delta I/Q (MHz)

	1
	4
	600
	3000
	2400
	0.8
	3001
	1.0003

	2
	8
	300
	3000
	2400
	0.8
	3001
	2.0007

	3
	12
	200
	3000
	2400
	0.8
	3001
	3.0010

	4
	16
	150
	3000
	2400
	0.8
	3001
	4.0013

	5
	20
	120
	3000
	2400
	0.8
	3001
	5.0017

	6
	24
	100
	3000
	2400
	0.8
	3001
	6.0020

	7
	28
	86
	3010
	2408
	0.8
	3011
	7.0023

	8
	32
	75
	3000
	2400
	0.8
	3001
	8.0027

	9
	36
	67
	3015
	2412
	0.8
	3016
	9.0030

	10
	40
	60
	3000
	2400
	0.8
	3001
	10.0033

	11
	44
	55
	3025
	2420
	0.8
	3026
	11.0036

	12
	48
	50
	3000
	2400
	0.8
	3001
	12.0040

	13
	52
	47
	3055
	2444
	0.8
	3056
	13.0043

	14
	56
	43
	3010
	2408
	0.8
	3011
	14.0047

	15
	60
	40
	3000
	2400
	0.8
	3001
	15.0050

	16
	64
	38
	3040
	2432
	0.8
	3041
	16.0053

	17
	68
	36
	3060
	2448
	0.8
	3061
	17.0056

	18
	72
	34
	3060
	2448
	0.8
	3061
	18.0059

	19
	76
	32
	3040
	2432
	0.8
	3041
	19.0063

	20
	80
	30
	3000
	2400
	0.8
	3001
	20.0067

	21
	84
	29
	3045
	2436
	0.8
	3046
	21.0069

	22
	88
	28
	3080
	2464
	0.8
	3081
	22.0071

	23
	92
	27
	3105
	2484
	0.8
	3106
	23.0074

	24
	96
	25
	3000
	2400
	0.8
	3001
	24.0080

	25
	100
	24
	3000
	2400
	0.8
	3001
	25.0083

	26
	104
	24
	3120
	2496
	0.8
	3121
	26.0083

	27
	108
	23
	3105
	2484
	0.8
	3106
	27.0087

	28
	112
	22
	3080
	2464
	0.8
	3081
	28.0091

	29
	116
	21
	3045
	2436
	0.8
	3046
	29.0095

	30
	120
	20
	3000
	2400
	0.8
	3001
	30.0100


I have done a worst case VCO frequency swing analysis and this indicates the VCO needs to tune from 2400MHz to ~2520MHz, a 120MHz swing. 

At worst case we divide the VCO by 80 which gives us a theoretical 38dB reduction in phase noise. 
There are a couple of things to note: 

1. In the 1-3MHz band the N divider ratio is > 256. I guess we could always divide by other than 4 at I & Q to overcome this. 
2. We are going to need to vary N within a 1MHz band at some  frequencies in order to keep the VCO within the above range.  The math to calculate each frequency step will be ‘interesting’ but nothing we can’t handle. 
Comments and feedback welcome. 

Phil Harman VK6APH 8th July 2006
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