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   Application Note             

TRU050/CD-700 

Using Loop Filter Software
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Introduction
The TRU050/CD-700 loop filter software application is designed to calculate the loop filter parameters given the user defined requirements including data rate, data density, damping factor and loop filter bandwidth.  Simulated loop response data is also provided and can be plotted to illustrate predicted open and closed-loop gain and phase.  The results of this program have been compared with actual applications using input frequencies ranging from 8 kHz to 51.84 MHz NRZ data. These results are in close agreement with the simulated results for this frequency range. 

Additional information can be found in the TRU050/CD-700 data sheets, TRU050/CD-700 Technical notes, TRU050/CD-700 Frequency Translation Application Notes or by calling Vectron directly at  

1-88-VECTRON-1.  

Running The Loop Filter Software
This software is contained within a self-executing file named “tru50_cd700”.exe.  

1) In Windows 95 the program can be executed by double clicking on the file “tru50_cd700.exe”.  In earlier versions of Windows or if Windows 95 file associations are not properly configured, it may be necessary to exit Windows to DOS, and the run the file direct from DOS.

2) The program will prompt the user for the VCXO frequency. This is the TRU050/CD-700 OUT1 Frequency.  The frequency should be entered in Hz.   For example, “32768000” or “32.768E6”, then Enter.

3) The program will prompt the user for the transition density of DATAIN. Data density is the probability of a transition occurring in a clock period. As an example, a clock signal has a data density of 1, pseudo random data has a density of 0.50 and encoded data must be examined on an case by case basis.  For example random Manchester encoded data has a density of 0.75.  Enter  the data density, then Enter.

4) The program will prompt the user for the divider used in the feedback path. This would include both the internal and external divide circuits necessary to translate the VCXO output to the required CLKIN frequency. For NRZ data in, the feedback frequency will be equivalent to the input data rate. For a clock or RZ input the feedback frequency (CLKIN) should be twice the DATAIN rate.  

As an example, for a 24.704 MHz TRU050/CD-700 used for clock recovery on a 1.544 Mb/s NRZ DS1 line, enter “16” (24.704/1.544) and Enter.  

5) The program will prompt the user for the 3dB loop bandwidth in Hz. This value depends on the system design requirements. If this is not dictated, a good starting point to use 400ppm times the feedback frequency. A narrow bandwidth results in longer acquisition time; but provides better filtering.  For example, the DS1 example above could use a loop bandwidth of 400 ppm *1.544E6 = 618 Hz.  Enter  desired loop bandwidth in Hz, then Enter.

6) The next value is the damping factor. This value is also is dependent upon system requirements. Generally values range from 0.7 for non-repeated applications to 8.0 for repeated, low noise applications. A damping factor of 4.0 is a suggested starting point. 

7)  Feedback capacitor value is the last option. The default value is 0.1 (F . 

8) At this point the program will calculate the loop filter values and prompt the user to run the simulation and determine the loop response, or to exit the program. 

Note: As a rule of thumb the R1 and RF values should be between 10 k( and 500 k( and the feedback capacitor should be equal to or less than 1.0 (f. Low leakage capacitors (e.g. non-electrolytic) should be used to ensure loop performance and accuracy.

If the loop analysis is selected:
9) The user will be prompted for the minimum (then maximum) frequency of interest.

10) The user will be prompted for the number of points per decade. The simulation assumes data will be plotted on a log frequency scale. Typically 20 points per decade should be sufficient. Larger values will lengthen calculation times.

11) The user will then be prompted for a file name to store the data under. The program will store them in a delimited text file describing general loop parameters and providing full simulation results of the open and closed-loop gain and phase.  The open and closed-loop results may then be plotted by importing the delimited text into a spread sheet or plotting application, such as Excel and Quattro. 

12) Finally, the program performs calculations and provides a brief listing of results on screen.

	Phase margin is 6.49e+001 at 7.5000e+001 Hz
	
	

	Open loop gain margin is -6.47e+001 at 6.0000e+004 Hz
	

	Closed loop jitter bandwidth (-3 dB) is 1.50e+002 Hz
	
	

	The maximum value of the closed loop gain is 2.1186e+000 dB
	

	at a frequency of 4.0000e+001 Hz
	
	
	

	     
	
	
	
	
	

	Damping factor = 7.00e-001 
	
	
	

	R1 = 5.80e+002 kohms
	
	
	
	

	RF = 4.57e+001 kohms
	
	
	
	

	CF = 1.00e-001 uf
	
	
	
	

	Data density = 5.00e-001
	
	
	
	

	VCXOFREQ = 3.2768e+001 Mhz
	
	
	

	Feedback divider = 1
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     Closed-Loop Gain and Phase
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For Additional Information Please Contact:





USA: Vectron International  ( 166 Glover Avenue, Norwalk, CT 06856  ( Tel: 1-88-VECTRON-1  ( Fax: 1-888-FAX-VECTRON


EUROPE: In Denmark, Finland, Ireland, Italy, Israel, Norway, Spain, UK: Tel: 44 (0) 1703 766 288 ( Fax: 44 (0) 1703 766 822


In Austria,Belgium,France,Germany,Luxenburg,Netherlands,Sweden,Switzerland:Tel: 49(0)7263 6480 (  Fax:49(0)7263 6196


ASIA: In China, Taiwan, Japan: Tel: 01 603 598 0070 ( Fax: 01 603 598 0075


In Korea, Singapore, Australia, India: Tel: 01 203 853 4433 ( Fax: 01 203 853 1423 
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TRU050

		Freq		Open Loop Gain		Open Loop Phase		Closed Loop Gain		Closed Loop Phase

		1		6.75E+01		-1.78E+02		3.64E-03		-6.96E-04

		2		6.05E+01		-1.78E+02		8.19E-03		-2.33E-03

		2		5.55E+01		-1.77E+02		1.46E-02		-5.52E-03

		3		5.16E+01		-1.76E+02		2.27E-02		-1.08E-02

		3		4.85E+01		-1.75E+02		3.26E-02		-1.86E-02

		4		4.58E+01		-1.74E+02		4.43E-02		-2.94E-02

		4		4.35E+01		-1.73E+02		5.78E-02		-4.39E-02

		5		4.15E+01		-1.73E+02		7.29E-02		-6.23E-02

		5		3.97E+01		-1.72E+02		8.98E-02		-8.53E-02

		6		3.80E+01		-1.71E+02		1.08E-01		-1.13E-01

		6		3.65E+01		-1.70E+02		1.28E-01		-1.47E-01

		7		3.52E+01		-1.69E+02		1.50E-01		-1.86E-01

		7		3.39E+01		-1.69E+02		1.73E-01		-2.32E-01

		8		3.27E+01		-1.68E+02		1.98E-01		-2.84E-01

		8		3.16E+01		-1.67E+02		2.24E-01		-3.44E-01

		9		3.06E+01		-1.66E+02		2.52E-01		-4.11E-01

		9		2.96E+01		-1.66E+02		2.81E-01		-4.87E-01

		10		2.87E+01		-1.65E+02		3.12E-01		-5.70E-01

		10		2.79E+01		-1.64E+02		3.43E-01		-6.63E-01

		10		2.79E+01		-1.64E+02		3.43E-01		-6.63E-01

		15		2.12E+01		-1.57E+02		7.16E-01		-2.13E+00

		20		1.67E+01		-1.50E+02		1.14E+00		-4.74E+00

		25		1.34E+01		-1.44E+02		1.56E+00		-8.54E+00

		30		1.09E+01		-1.39E+02		1.89E+00		-1.34E+01

		35		8.80E+00		-1.35E+02		2.08E+00		-1.91E+01

		40		7.10E+00		-1.31E+02		2.12E+00		-2.51E+01

		45		5.67E+00		-1.28E+02		1.99E+00		-3.11E+01

		50		4.43E+00		-1.25E+02		1.73E+00		-3.69E+01

		55		3.35E+00		-1.22E+02		1.35E+00		-4.21E+01

		60		2.39E+00		-1.20E+02		9.09E-01		-4.67E+01

		65		1.53E+00		-1.18E+02		4.22E-01		-5.08E+01

		70		7.51E-01		-1.17E+02		-8.48E-02		-5.43E+01

		75		3.93E-02		-1.15E+02		-5.97E-01		-5.73E+01

		80		-6.16E-01		-1.14E+02		-1.10E+00		-6.00E+01

		85		-1.22E+00		-1.12E+02		-1.60E+00		-6.22E+01

		90		-1.79E+00		-1.11E+02		-2.08E+00		-6.42E+01

		95		-2.31E+00		-1.10E+02		-2.55E+00		-6.59E+01

		100		-2.81E+00		-1.09E+02		-2.99E+00		-6.75E+01

		100		-2.81E+00		-1.09E+02		-2.99E+00		-6.75E+01

		150		-6.60E+00		-1.03E+02		-6.61E+00		-7.63E+01

		200		-9.20E+00		-1.00E+02		-9.19E+00		-8.03E+01

		250		-1.12E+01		-9.84E+01		-1.12E+01		-8.25E+01

		300		-1.28E+01		-9.72E+01		-1.28E+01		-8.40E+01

		350		-1.41E+01		-9.63E+01		-1.41E+01		-8.51E+01

		400		-1.53E+01		-9.57E+01		-1.53E+01		-8.59E+01

		450		-1.63E+01		-9.53E+01		-1.63E+01		-8.65E+01

		500		-1.73E+01		-9.49E+01		-1.72E+01		-8.71E+01

		550		-1.81E+01		-9.47E+01		-1.81E+01		-8.75E+01

		600		-1.89E+01		-9.44E+01		-1.88E+01		-8.79E+01

		650		-1.96E+01		-9.43E+01		-1.95E+01		-8.82E+01

		700		-2.02E+01		-9.42E+01		-2.02E+01		-8.85E+01

		750		-2.08E+01		-9.41E+01		-2.08E+01		-8.88E+01

		800		-2.14E+01		-9.40E+01		-2.13E+01		-8.91E+01

		850		-2.19E+01		-9.39E+01		-2.19E+01		-8.93E+01

		900		-2.24E+01		-9.39E+01		-2.24E+01		-8.95E+01

		950		-2.29E+01		-9.39E+01		-2.28E+01		-8.97E+01

		1000		-2.33E+01		-9.39E+01		-2.33E+01		-8.99E+01

		1000		-2.33E+01		-9.39E+01		-2.33E+01		-8.99E+01

		1500		-2.68E+01		-9.41E+01		-2.68E+01		-9.15E+01

		2000		-2.93E+01		-9.47E+01		-2.93E+01		-9.28E+01

		2500		-3.13E+01		-9.55E+01		-3.13E+01		-9.39E+01

		3000		-3.29E+01		-9.62E+01		-3.29E+01		-9.50E+01

		3500		-3.42E+01		-9.71E+01		-3.42E+01		-9.60E+01

		4000		-3.54E+01		-9.79E+01		-3.54E+01		-9.70E+01

		4500		-3.64E+01		-9.88E+01		-3.64E+01		-9.79E+01

		5000		-3.73E+01		-9.97E+01		-3.73E+01		-9.89E+01

		5500		-3.82E+01		-1.01E+02		-3.82E+01		-9.99E+01

		6000		-3.90E+01		-1.01E+02		-3.89E+01		-1.01E+02

		6500		-3.97E+01		-1.02E+02		-3.96E+01		-1.02E+02

		7000		-4.03E+01		-1.03E+02		-4.03E+01		-1.03E+02

		7500		-4.09E+01		-1.04E+02		-4.09E+01		-1.04E+02

		8000		-4.15E+01		-1.05E+02		-4.15E+01		-1.05E+02

		8500		-4.21E+01		-1.06E+02		-4.21E+01		-1.06E+02

		9000		-4.26E+01		-1.07E+02		-4.26E+01		-1.06E+02

		9500		-4.31E+01		-1.08E+02		-4.31E+01		-1.07E+02

		10000		-4.35E+01		-1.09E+02		-4.35E+01		-1.08E+02

		10000		-4.35E+01		-1.09E+02		-4.35E+01		-1.08E+02

		15000		-4.74E+01		-1.17E+02		-4.73E+01		-1.17E+02

		20000		-5.02E+01		-1.26E+02		-5.02E+01		-1.26E+02

		25000		-5.26E+01		-1.34E+02		-5.26E+01		-1.34E+02

		30000		-5.48E+01		-1.42E+02		-5.47E+01		-1.42E+02

		35000		-5.67E+01		-1.49E+02		-5.67E+01		-1.49E+02

		40000		-5.85E+01		-1.55E+02		-5.85E+01		-1.55E+02

		45000		-6.01E+01		-1.61E+02		-6.01E+01		-1.61E+02

		50000		-6.17E+01		-1.67E+02		-6.17E+01		-1.67E+02

		55000		-6.32E+01		-1.72E+02		-6.32E+01		-1.72E+02

		60000		-6.47E+01		-1.77E+02		-6.47E+01		-1.77E+02

		65000		-6.61E+01		-1.82E+02		-6.61E+01		-1.82E+02

		70000		-6.74E+01		-1.86E+02		-6.74E+01		-1.86E+02

		75000		-6.87E+01		-1.89E+02		-6.87E+01		-1.89E+02

		80000		-6.99E+01		-1.93E+02		-6.99E+01		-1.93E+02

		85000		-7.11E+01		-1.96E+02		-7.11E+01		-1.96E+02

		90000		-7.22E+01		-1.99E+02		-7.22E+01		-1.99E+02

		95000		-7.33E+01		-2.02E+02		-7.33E+01		-2.02E+02

		100000		-7.44E+01		-2.05E+02		-7.44E+01		-2.05E+02

		100000		-7.44E+01		-2.05E+02		-7.44E+01		-2.05E+02

		150000		-8.34E+01		-2.24E+02		-8.34E+01		-2.24E+02

		200000		-9.02E+01		-2.34E+02		-9.02E+01		-2.34E+02

		250000		-9.57E+01		-2.41E+02		-9.57E+01		-2.41E+02

		300000		-1.00E+02		-2.46E+02		-1.00E+02		-2.46E+02

		350000		-1.04E+02		-2.49E+02		-1.04E+02		-2.49E+02

		400000		-1.08E+02		-2.52E+02		-1.08E+02		-2.52E+02

		450000		-1.11E+02		-2.54E+02		-1.11E+02		-2.54E+02

		500000		-1.13E+02		-2.55E+02		-1.13E+02		-2.55E+02

		550000		-1.16E+02		-2.57E+02		-1.16E+02		-2.57E+02

		600000		-1.18E+02		-2.58E+02		-1.18E+02		-2.58E+02

		650000		-1.20E+02		-2.59E+02		-1.20E+02		-2.59E+02

		700000		-1.22E+02		-2.59E+02		-1.22E+02		-2.59E+02

		750000		-1.24E+02		-2.60E+02		-1.24E+02		-2.60E+02

		800000		-1.26E+02		-2.61E+02		-1.26E+02		-2.61E+02

		850000		-1.27E+02		-2.61E+02		-1.27E+02		-2.61E+02

		900000		-1.29E+02		-2.62E+02		-1.29E+02		-2.62E+02

		950000		-1.30E+02		-2.62E+02		-1.30E+02		-2.62E+02

		1000000		-1.31E+02		-2.63E+02		-1.31E+02		-2.63E+02



&A

Page &P



TRU050

		



&A

Page &P

Open Loop Gain

Open Loop Phase

Frequency (Hz)

Gain (dB)




_1065523533.xls
Chart2

		1		1

		1.5		1.5

		2		2

		2.5		2.5

		3		3

		3.5		3.5

		4		4

		4.5		4.5

		5		5

		5.5		5.5

		6		6

		6.5		6.5

		7		7

		7.5		7.5

		8		8

		8.5		8.5

		9		9

		9.5		9.5

		10		10

		10		10

		15		15

		20		20

		25		25

		30		30

		35		35

		40		40

		45		45

		50		50

		55		55

		60		60

		65		65

		70		70

		75		75

		80		80

		85		85

		90		90

		95		95

		100		100

		100		100

		150		150

		200		200

		250		250

		300		300

		350		350

		400		400

		450		450

		500		500

		550		550

		600		600

		650		650

		700		700

		750		750

		800		800

		850		850

		900		900

		950		950

		1000		1000

		1000		1000

		1500		1500

		2000		2000

		2500		2500

		3000		3000

		3500		3500

		4000		4000

		4500		4500

		5000		5000

		5500		5500

		6000		6000

		6500		6500

		7000		7000

		7500		7500

		8000		8000

		8500		8500

		9000		9000

		9500		9500

		10000		10000

		10000		10000

		15000		15000

		20000		20000

		25000		25000

		30000		30000

		35000		35000

		40000		40000

		45000		45000

		50000		50000

		55000		55000

		60000		60000

		65000		65000

		70000		70000

		75000		75000

		80000		80000

		85000		85000

		90000		90000

		95000		95000

		100000		100000

		100000		100000

		150000		150000

		200000		200000

		250000		250000

		300000		300000

		350000		350000

		400000		400000

		450000		450000

		500000		500000

		550000		550000

		600000		600000

		650000		650000

		700000		700000

		750000		750000

		800000		800000

		850000		850000

		900000		900000

		950000		950000

		1000000		1000000



Closed Loop Gain

Closed Loop Phase

Frequency (Hz)

Gain (dB)

0.00364

-0.000696

0.00819

-0.00233

0.0146

-0.00552

0.0227

-0.0108

0.0326

-0.0186

0.0443

-0.0294

0.0578

-0.0439

0.0729

-0.0623

0.0898

-0.0853

0.108

-0.113

0.128

-0.147

0.15

-0.186

0.173

-0.232

0.198

-0.284

0.224

-0.344

0.252

-0.411

0.281

-0.487

0.312

-0.57

0.343

-0.663

0.343

-0.663

0.716

-2.13

1.14

-4.74

1.56

-8.54

1.89

-13.4

2.08

-19.1

2.12

-25.1

1.99

-31.1

1.73

-36.9

1.35

-42.1

0.909

-46.7

0.422

-50.8

-0.0848

-54.3

-0.597

-57.3

-1.1

-60

-1.6

-62.2

-2.08

-64.2

-2.55

-65.9

-2.99

-67.5

-2.99

-67.5

-6.61

-76.3

-9.19

-80.3

-11.2

-82.5

-12.8

-84

-14.1

-85.1

-15.3

-85.9

-16.3

-86.5

-17.2

-87.1

-18.1

-87.5

-18.8

-87.9

-19.5

-88.2

-20.2

-88.5

-20.8

-88.8

-21.3

-89.1

-21.9

-89.3

-22.4

-89.5

-22.8

-89.7

-23.3

-89.9

-23.3

-89.9

-26.8

-91.5

-29.3

-92.8

-31.3

-93.9

-32.9

-95

-34.2

-96

-35.4

-97

-36.4

-97.9

-37.3

-98.9

-38.2

-99.9

-38.9

-101

-39.6

-102

-40.3

-103

-40.9

-104

-41.5

-105

-42.1

-106

-42.6

-106

-43.1

-107

-43.5

-108

-43.5

-108

-47.3

-117

-50.2

-126

-52.6

-134

-54.7

-142

-56.7

-149

-58.5

-155

-60.1

-161

-61.7

-167

-63.2

-172

-64.7

-177

-66.1

-182

-67.4

-186

-68.7

-189

-69.9

-193

-71.1

-196

-72.2

-199

-73.3

-202

-74.4

-205

-74.4

-205

-83.4

-224

-90.2

-234

-95.7

-241

-100

-246

-104

-249

-108

-252

-111

-254

-113

-255

-116

-257

-118

-258

-120

-259

-122

-259

-124

-260

-126

-261

-127

-261

-129

-262

-130

-262

-131

-263



Chart1

		1		1

		1.5		1.5

		2		2

		2.5		2.5

		3		3

		3.5		3.5

		4		4

		4.5		4.5

		5		5

		5.5		5.5

		6		6

		6.5		6.5

		7		7

		7.5		7.5

		8		8

		8.5		8.5

		9		9

		9.5		9.5

		10		10

		10		10

		15		15

		20		20

		25		25

		30		30

		35		35

		40		40

		45		45

		50		50

		55		55

		60		60

		65		65

		70		70

		75		75

		80		80

		85		85

		90		90

		95		95

		100		100

		100		100

		150		150

		200		200

		250		250

		300		300

		350		350

		400		400

		450		450

		500		500

		550		550

		600		600

		650		650

		700		700

		750		750

		800		800

		850		850

		900		900

		950		950

		1000		1000

		1000		1000

		1500		1500

		2000		2000

		2500		2500

		3000		3000

		3500		3500

		4000		4000

		4500		4500

		5000		5000

		5500		5500

		6000		6000

		6500		6500

		7000		7000

		7500		7500

		8000		8000

		8500		8500

		9000		9000

		9500		9500

		10000		10000

		10000		10000

		15000		15000

		20000		20000

		25000		25000

		30000		30000

		35000		35000

		40000		40000

		45000		45000

		50000		50000

		55000		55000

		60000		60000

		65000		65000

		70000		70000

		75000		75000

		80000		80000

		85000		85000

		90000		90000

		95000		95000

		100000		100000

		100000		100000

		150000		150000

		200000		200000

		250000		250000

		300000		300000

		350000		350000

		400000		400000

		450000		450000

		500000		500000

		550000		550000

		600000		600000

		650000		650000

		700000		700000

		750000		750000

		800000		800000

		850000		850000

		900000		900000

		950000		950000

		1000000		1000000



&A

Page &P

Open Loop Gain

Open Loop Phase

Frequency

TRU050 Loop Filter Software Simulation Results

67.5

-178

60.5

-178

55.5

-177

51.6

-176

48.5

-175

45.8

-174

43.5

-173

41.5

-173

39.7

-172

38

-171

36.5

-170

35.2

-169

33.9

-169

32.7

-168

31.6

-167

30.6

-166

29.6

-166

28.7

-165

27.9

-164

27.9

-164

21.2

-157

16.7

-150

13.4

-144

10.9

-139

8.8

-135

7.1

-131

5.67

-128

4.43

-125

3.35

-122

2.39

-120

1.53

-118

0.751

-117

0.0393

-115

-0.616

-114

-1.22

-112

-1.79

-111

-2.31

-110

-2.81

-109

-2.81

-109

-6.6

-103

-9.2

-100

-11.2

-98.4

-12.8

-97.2

-14.1

-96.3

-15.3

-95.7

-16.3

-95.3

-17.3

-94.9

-18.1

-94.7

-18.9

-94.4

-19.6

-94.3

-20.2

-94.2

-20.8

-94.1

-21.4

-94

-21.9

-93.9

-22.4

-93.9

-22.9

-93.9

-23.3

-93.9

-23.3

-93.9

-26.8

-94.1

-29.3

-94.7

-31.3

-95.5

-32.9

-96.2

-34.2

-97.1

-35.4

-97.9

-36.4

-98.8

-37.3

-99.7

-38.2

-101

-39

-101

-39.7

-102

-40.3

-103

-40.9

-104

-41.5

-105

-42.1

-106

-42.6

-107

-43.1

-108

-43.5

-109

-43.5

-109

-47.4

-117

-50.2

-126

-52.6

-134

-54.8

-142

-56.7

-149

-58.5

-155

-60.1

-161

-61.7

-167

-63.2

-172

-64.7

-177

-66.1

-182

-67.4

-186

-68.7

-189

-69.9

-193

-71.1

-196

-72.2

-199

-73.3

-202

-74.4

-205

-74.4

-205

-83.4

-224

-90.2

-234

-95.7

-241

-100

-246

-104

-249

-108

-252

-111

-254

-113

-255

-116

-257

-118

-258

-120

-259

-122

-259

-124

-260

-126

-261

-127

-261

-129

-262

-130

-262

-131

-263
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		Freq		Closed Loop Gain		Closed Loop Phase						Open Loop Gain		Open Loop Phase

		1		3.64E-03		-6.96E-04						6.75E+01		-1.78E+02

		2		8.19E-03		-2.33E-03						6.05E+01		-1.78E+02

		2		1.46E-02		-5.52E-03						5.55E+01		-1.77E+02

		3		2.27E-02		-1.08E-02						5.16E+01		-1.76E+02

		3		3.26E-02		-1.86E-02						4.85E+01		-1.75E+02

		4		4.43E-02		-2.94E-02						4.58E+01		-1.74E+02

		4		5.78E-02		-4.39E-02						4.35E+01		-1.73E+02

		5		7.29E-02		-6.23E-02						4.15E+01		-1.73E+02

		5		8.98E-02		-8.53E-02						3.97E+01		-1.72E+02

		6		1.08E-01		-1.13E-01						3.80E+01		-1.71E+02

		6		1.28E-01		-1.47E-01						3.65E+01		-1.70E+02

		7		1.50E-01		-1.86E-01						3.52E+01		-1.69E+02

		7		1.73E-01		-2.32E-01						3.39E+01		-1.69E+02

		8		1.98E-01		-2.84E-01						3.27E+01		-1.68E+02

		8		2.24E-01		-3.44E-01						3.16E+01		-1.67E+02

		9		2.52E-01		-4.11E-01						3.06E+01		-1.66E+02

		9		2.81E-01		-4.87E-01						2.96E+01		-1.66E+02

		10		3.12E-01		-5.70E-01						2.87E+01		-1.65E+02

		10		3.43E-01		-6.63E-01						2.79E+01		-1.64E+02

		10		3.43E-01		-6.63E-01						2.79E+01		-1.64E+02

		15		7.16E-01		-2.13E+00						2.12E+01		-1.57E+02

		20		1.14E+00		-4.74E+00						1.67E+01		-1.50E+02

		25		1.56E+00		-8.54E+00						1.34E+01		-1.44E+02

		30		1.89E+00		-1.34E+01						1.09E+01		-1.39E+02

		35		2.08E+00		-1.91E+01						8.80E+00		-1.35E+02

		40		2.12E+00		-2.51E+01						7.10E+00		-1.31E+02

		45		1.99E+00		-3.11E+01						5.67E+00		-1.28E+02

		50		1.73E+00		-3.69E+01						4.43E+00		-1.25E+02

		55		1.35E+00		-4.21E+01						3.35E+00		-1.22E+02

		60		9.09E-01		-4.67E+01						2.39E+00		-1.20E+02

		65		4.22E-01		-5.08E+01						1.53E+00		-1.18E+02

		70		-8.48E-02		-5.43E+01						7.51E-01		-1.17E+02

		75		-5.97E-01		-5.73E+01						3.93E-02		-1.15E+02

		80		-1.10E+00		-6.00E+01						-6.16E-01		-1.14E+02

		85		-1.60E+00		-6.22E+01						-1.22E+00		-1.12E+02

		90		-2.08E+00		-6.42E+01						-1.79E+00		-1.11E+02

		95		-2.55E+00		-6.59E+01						-2.31E+00		-1.10E+02

		100		-2.99E+00		-6.75E+01						-2.81E+00		-1.09E+02

		100		-2.99E+00		-6.75E+01						-2.81E+00		-1.09E+02

		150		-6.61E+00		-7.63E+01						-6.60E+00		-1.03E+02

		200		-9.19E+00		-8.03E+01						-9.20E+00		-1.00E+02

		250		-1.12E+01		-8.25E+01						-1.12E+01		-9.84E+01

		300		-1.28E+01		-8.40E+01						-1.28E+01		-9.72E+01

		350		-1.41E+01		-8.51E+01						-1.41E+01		-9.63E+01

		400		-1.53E+01		-8.59E+01						-1.53E+01		-9.57E+01

		450		-1.63E+01		-8.65E+01						-1.63E+01		-9.53E+01

		500		-1.72E+01		-8.71E+01						-1.73E+01		-9.49E+01

		550		-1.81E+01		-8.75E+01						-1.81E+01		-9.47E+01

		600		-1.88E+01		-8.79E+01						-1.89E+01		-9.44E+01

		650		-1.95E+01		-8.82E+01						-1.96E+01		-9.43E+01

		700		-2.02E+01		-8.85E+01						-2.02E+01		-9.42E+01

		750		-2.08E+01		-8.88E+01						-2.08E+01		-9.41E+01

		800		-2.13E+01		-8.91E+01						-2.14E+01		-9.40E+01

		850		-2.19E+01		-8.93E+01						-2.19E+01		-9.39E+01

		900		-2.24E+01		-8.95E+01						-2.24E+01		-9.39E+01

		950		-2.28E+01		-8.97E+01						-2.29E+01		-9.39E+01

		1000		-2.33E+01		-8.99E+01						-2.33E+01		-9.39E+01

		1000		-2.33E+01		-8.99E+01						-2.33E+01		-9.39E+01

		1500		-2.68E+01		-9.15E+01						-2.68E+01		-9.41E+01

		2000		-2.93E+01		-9.28E+01						-2.93E+01		-9.47E+01

		2500		-3.13E+01		-9.39E+01						-3.13E+01		-9.55E+01

		3000		-3.29E+01		-9.50E+01						-3.29E+01		-9.62E+01

		3500		-3.42E+01		-9.60E+01						-3.42E+01		-9.71E+01

		4000		-3.54E+01		-9.70E+01						-3.54E+01		-9.79E+01

		4500		-3.64E+01		-9.79E+01						-3.64E+01		-9.88E+01

		5000		-3.73E+01		-9.89E+01						-3.73E+01		-9.97E+01

		5500		-3.82E+01		-9.99E+01						-3.82E+01		-1.01E+02

		6000		-3.89E+01		-1.01E+02						-3.90E+01		-1.01E+02

		6500		-3.96E+01		-1.02E+02						-3.97E+01		-1.02E+02

		7000		-4.03E+01		-1.03E+02						-4.03E+01		-1.03E+02

		7500		-4.09E+01		-1.04E+02						-4.09E+01		-1.04E+02

		8000		-4.15E+01		-1.05E+02						-4.15E+01		-1.05E+02

		8500		-4.21E+01		-1.06E+02						-4.21E+01		-1.06E+02

		9000		-4.26E+01		-1.06E+02						-4.26E+01		-1.07E+02

		9500		-4.31E+01		-1.07E+02						-4.31E+01		-1.08E+02

		10000		-4.35E+01		-1.08E+02						-4.35E+01		-1.09E+02

		10000		-4.35E+01		-1.08E+02						-4.35E+01		-1.09E+02

		15000		-4.73E+01		-1.17E+02						-4.74E+01		-1.17E+02

		20000		-5.02E+01		-1.26E+02						-5.02E+01		-1.26E+02

		25000		-5.26E+01		-1.34E+02						-5.26E+01		-1.34E+02

		30000		-5.47E+01		-1.42E+02						-5.48E+01		-1.42E+02

		35000		-5.67E+01		-1.49E+02						-5.67E+01		-1.49E+02

		40000		-5.85E+01		-1.55E+02						-5.85E+01		-1.55E+02

		45000		-6.01E+01		-1.61E+02						-6.01E+01		-1.61E+02

		50000		-6.17E+01		-1.67E+02						-6.17E+01		-1.67E+02

		55000		-6.32E+01		-1.72E+02						-6.32E+01		-1.72E+02

		60000		-6.47E+01		-1.77E+02						-6.47E+01		-1.77E+02

		65000		-6.61E+01		-1.82E+02						-6.61E+01		-1.82E+02

		70000		-6.74E+01		-1.86E+02						-6.74E+01		-1.86E+02

		75000		-6.87E+01		-1.89E+02						-6.87E+01		-1.89E+02

		80000		-6.99E+01		-1.93E+02						-6.99E+01		-1.93E+02

		85000		-7.11E+01		-1.96E+02						-7.11E+01		-1.96E+02

		90000		-7.22E+01		-1.99E+02						-7.22E+01		-1.99E+02

		95000		-7.33E+01		-2.02E+02						-7.33E+01		-2.02E+02

		100000		-7.44E+01		-2.05E+02						-7.44E+01		-2.05E+02

		100000		-7.44E+01		-2.05E+02						-7.44E+01		-2.05E+02

		150000		-8.34E+01		-2.24E+02						-8.34E+01		-2.24E+02

		200000		-9.02E+01		-2.34E+02						-9.02E+01		-2.34E+02

		250000		-9.57E+01		-2.41E+02						-9.57E+01		-2.41E+02

		300000		-1.00E+02		-2.46E+02						-1.00E+02		-2.46E+02

		350000		-1.04E+02		-2.49E+02						-1.04E+02		-2.49E+02

		400000		-1.08E+02		-2.52E+02						-1.08E+02		-2.52E+02

		450000		-1.11E+02		-2.54E+02						-1.11E+02		-2.54E+02

		500000		-1.13E+02		-2.55E+02						-1.13E+02		-2.55E+02

		550000		-1.16E+02		-2.57E+02						-1.16E+02		-2.57E+02

		600000		-1.18E+02		-2.58E+02						-1.18E+02		-2.58E+02

		650000		-1.20E+02		-2.59E+02						-1.20E+02		-2.59E+02

		700000		-1.22E+02		-2.59E+02						-1.22E+02		-2.59E+02

		750000		-1.24E+02		-2.60E+02						-1.24E+02		-2.60E+02

		800000		-1.26E+02		-2.61E+02						-1.26E+02		-2.61E+02

		850000		-1.27E+02		-2.61E+02						-1.27E+02		-2.61E+02

		900000		-1.29E+02		-2.62E+02						-1.29E+02		-2.62E+02

		950000		-1.30E+02		-2.62E+02						-1.30E+02		-2.62E+02

		1000000		-1.31E+02		-2.63E+02						-1.31E+02		-2.63E+02
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Open Loop Gain

Open Loop Phase
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Closed Loop Gain

Closed Loop Phase

Frequency (Hz)

Gain (dB)
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