DRAFT        2/16/03


Recycler Ring and Transport Lines BPM System Technical Design

Overview:

This document describes the technical design of a Beam Position Monitoring System to address the requirements identified in the functional specification document RR-BPM-0001rev1.1, Recycler BPM System Upgrade, dated January 13, 2003. 

Conceptual Design:

The BPM system is comprised of:

1. Beam position pick-ups in the beamline vacuum

2. Signal preamplifiers in the beam enclosure near the beamline

3. Analog signal receiver (transition modules) and digital signal processing electronics in the service buildings

4. Timing signal generators

5. VME based “front-end” data acquisition and control computers and support hardware

6. Integrated position and intensity calibration system

7. All necessary cabling

8. All “front-end” computer software  

The BPM system interfaces to:

1. Beamline vacuum systems

2. Ion clearing power supplies that apply voltage to pick-up electrodes through the BPM preamp

3. Tunnel and service building power and physical infrastructures

4. Beam sync and TCLK timing

5. Computer network, console application programs and other data clients, e.g. SDA  

There are 211 BPM locations (104 horizontal, 107 vertical) to be served by this system in the Recycler Ring and 26 locations in the associated beam lines.

Beam position is determined from the relative amplitude of signals (referred to herein as A and B) from opposing electrodes in a BPM pick-up.  In this design, the individual A and B signals follow parallel, but independent, signal processing paths from the pick-up through digitization and hardware digital processing. Signal differencing and normalization to finally obtain beam position information is done in software in the VME CPU.  The accuracy of the BPM system is limited by how well the A and B channel pairs are matched, calibrated, and controlled in gain, offset, and frequency response. The BPM system is required to report the A+B signal sum as well as beam position. This will provide a relative beam intensity measurement for all modes and can provide a calibrated beam intensity monitor for a narrowly defined subset of the beam structures defined for position measurement.

The BPM pick-up signals are a function of pick-up design, beam intensity, the temporal structure of the beam current, and the beam position. BPM system design is thus influenced by each of these parameters. The Recycler functional specification identifies three beam structures (2.5 MHz, 7.5 MHz, and un-bunched) to be measured, the range of beam intensities for each, and the required accuracy for each.  This sets the required scale for determination of signal magnitude dynamic range, bandwidth, and A/B channel matching.  This BPM system is to use existing tunnel-to-service building cabling with runs ranging from 150 ft to 1300 ft.  Signal attenuation over this range of cable lengths varies by about a factor of six, impacting the overall system dynamic range requirements correspondingly.  

Wide-band measurement requirements, including single pass (flash), turn-by-turn, and single bunch measurement and the requirement to measure one partition of beam in the Recycler ring in the presence of others elevate timing issues to a high level in the system design and operation.

The integrated calibration system consists of a calibration signal generator at each BPM house driving daisy-chain cables, one branching upstream and one downstream from the building, to preamps in the tunnel.  Level adjustment and calibration signal splitting between A and B channels is done locally at each preamp. Calibration accuracy requirements force that system to be tightly integrated with the preamp design.  

Signal digitization and hardware digital processing is performed in EchoTek GC814 VME digital down-converter/digital receiver (DDC) modules. The EchoTek module requires different set-ups for processing signals from the different beam structures and for different measurement modes, e.g. single bunch, head vs. tail, etc.  This implies that in general only one beam structure or measurement type may be serviced at any one time; each measurement must be set up prior to triggering for data acquisition.  This set-up time determines the speed with which mode changing may occur and implies that advance warning is required before any measurement that is time-critical on the accelerator timeline.  Parallel hardware processing paths for different measurements from any BPM location are not expected to be made available. 

The Timing Signal Generator interfaces to the Recycler Beam Sync Clock and provides programmable triggers to the EchoTek modules.  This is an Industry Pack (IP) style module that resides on a carrier board on each VME CPU module.

The VME front-end computer receives digital A and B signal data from the EchoTek modules, performs final beam position and intensity (sum) signal processing, controls the numerous aspects of timing, EchoTek module, and calibration system set-up, and interfaces to ACNET.  

BPM “Houses” 

The term “house” in regard to BPM systems stems originated with the Tevatron BPM system that had one BPM front-end computer system in each Main Ring service building or house.  Each BPM front-end system was associated with a house. Over the years, BPM systems have changed and expanded so that it is not uncommon to find more than one BPM front-end system per physical building.  Nevertheless the terminology persists; a BPM front-end is called a house and given a house name, though that name is no longer necessarily synonymous with name of the physical building in which it is located.

The Recycler and Transfer Line BPM system divided into 9 houses in 6 physical buildings.  The grouping chosen for this system is based on the installed cable destinations, the number of board slots available in a crate and, just as importantly, on signal timing considerations (e.g. so that a single front-end need not deal with signals that arrive with a time separation of more than one Recycler turn).  The house names, locations, and associated BPM channels served are identified in Table TBD below.

The Beam Signals 

The Recycler BPM System Upgrade identifies the beam structures and intensities for which this system must provide accurate beam position measurements.  Figures 1 and 2 show beam currents for extreme high and low intensity cases, each case including one partition of 2.5 MHz beam and one partition of un-bunched beam.  These figures show the bunched beam and un-bunched beam at their high and low intensity extremes together.  Of course, the high extreme in one partition may co-exist with the low intensity of another partition.
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Figure 1.   Beam current for 30E10 total in four 2.5 MHz σ = 25 ns 

bunches and 400E10 in 1.96 μsec bunch with 340 ns edges
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Figure 2.   Beam current for 2E10 total in four 2.5 MHz σ = 50 ns 

bunches and 20E10 in 2.094 μsec bunch with 566 ns edges
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Figures 3 and 4 show the BPM electrode currents for beam centered in the pick-up corresponding to the beam currents in Figures 1 and 2. The electrode current is modeled as simply one half (two electrodes, beam on center) the time derivative of the beam charge within the pick-up; that charge being the beam current times the length of the electrode (0.3 m) divided by the beam velocity.
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(Eq. 1)
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Figure 3.   Electrode current for 30E10 total in four 2.5 MHz σ = 25 ns 

bunches and 400E10 in 1.962 μsec bunch with 340 ns edges
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Figure 4.   Electrode current for 2E10 total in four 2.5 MHz σ = 50 ns 

bunches and 20E10 in 2.094 μsec bunch with 566 ns edges
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Analog Signal Channels

PreAmp Design:

Each preamp is a two-channel circuit required to:

1. Receive via coaxial cables and into well-controlled impedances two beam signals (A and B) from the respective BPM electrodes 

2. Provide suitable gain and impedance matching to drive the beam signals on twisted-pair cables to the service buildings

3. Provide suitable connections and necessary DC isolation from the electronics to apply ion clearing voltages up to 500 volts to the BPM electrodes 

4. Provide connections, control, and signal conditioning for BPM calibration signals for application to the normal beam signal paths at the preamp inputs

5. Sustain without damage the peak input signal levels presented by specified beams (e.g. 53 MHz) outside the normal functional range for beam position measurement 

RG58 cables with SMA connectors connect the preamp to the BPM electrodes. The calibration signal waveform is connected to and daisy chained through the preamp on RG58 cables with BNC connectors.  A calibration control signal is connected to and daisy chained through the preamp on RG58 cables with BNC connectors.  Ion clearing voltages connect to and daisy chain through the preamp on RG58 cables with SHV connectors.  A cable with four twisted-pair wires connects the preamp in the tunnel and the Transition Module crate in a service building to carry the preamp A and B output signals from the tunnel and to provide DC power to the preamp. 

The preamp is designed to present a resistive load impedance of 1500 ohms to beam signals from the pick-up electrodes. This resistance coupled with the parallel electrode and coaxial cable capacitance provides a “high-pass” transfer function from beam current and to preamp input voltage with a corner frequency of about 1.5 MHz.  The preamplifier is designed for a mid-band voltage gain of about five with a bandwidth of approximately 10 MHz. The final amplifier stage provides a differential output to drive a 100-ohm twisted-pair cable in a balanced fashion. Series resistors provide a back termination for the cable. The preamp is capable of driving a differential voltage up to 3.7 V peak-to-peak on the cable downstream of the back-terminating resistors.

Figures X and Y show preamplifier frequency response (NOTE: there is a gain offset of about 6 dB in the figures, actual gain is about 10dB not 4dB as shown in the figures.) 
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Tunnel to Service Building Beam Signal Cable

A cable containing four twisted-pairs connects between each preamp and the associated service building to:

1. Transmit the pre-amplified A and B beam signals from the tunnel to the Transition Module signal receiver electronics in the service building

2. Deliver ± 6 V dc power from the building to the preamp

One twisted pair each carries the A and B beam signals; a third twisted pair provides preamp dc power; the fourth pair is un-used and un-terminated. Cable lengths range from 150 ft. to 1300 ft. depending on the distance between BPM location and respective service building. The cables are terminated with multi-pin Burndy connectors on the tunnel end and with DB-9 connectors at the service building end.

Extensions to the existing cables will be required for implementation of the proposed design.  These extensions will be the same cable type as the existing cable and will be terminated in DB-9 connectors.
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Figure 5.   Preamp input voltage (dotted) and 1300 ft. cable output (solid) 

for 30E10 total in four 2.5 MHz σ = 25 ns bunches and 400E10 

in 1.962 μsec bunch with 340 ns edges and preamp gain of 5
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The pre-amplified beam signals are severely attenuated and distorted in the long cable runs.  Figure 5 shows preamp input and 1300 ft. cable output voltages for the high beam intensity conditions of Figures 1 and 3. Signals on the shortest cables suffer little perturbation.  Uncompensated, these cables would impose a significant static dynamic range demand on receiver electronics. (Prieto discusses this in detail in Recycler Upgrade Pre-Amplifier- Transition Module Design.)

Transition Crate and Module Design

Transition module crates are required to:

1. House and power the transition modules

2. Distribute preamp power via the transition modules

3. Distribute calibration system control signals to the preamps (TBD)

4. House and power the calibration signal driver and calibration control module

Transition modules are required to:

1. Provide physical connections for the twisted-pair cables from the preamps

2. Receive and suitably terminate the beam signals on the balanced twisted-pair cables

3. Provide several manually selectable gain settings as compensation for signal attenuations due to cables of widely varying lengths  

4. Provide single-ended outputs to interface with the EchoTek boards

5. Provide final anti-aliasing filters upstream of the EchoTek digitizers

6. Route power to the preamps

The transition crate is a 6U high Eurocard crate with a narrow, custom backplane. The backplane distributes transition module and preamp power, provided by separate power supplies, to the transition modules. The backplane also provides power to the calibration driver module. If the spare wire pair in the 4-pair cable is used for calibration control signals, the backplane will also be required to distribute those signals to each transition module. No beam signal information flows on the transition crate backplane, nor is the backplane a general-purpose data bus of any kind.

The transition module is an eight-channel circuit. Four DB-9 connectors on the rear of each module receive the mating connector from each of four, four twisted-pair, tunnel-to-service building beam signal cables. Thus, each transition module handles four A/B beam signal pairs and routes preamp power from the transition crate backplane to each of the tunnel cables. 

Each transition module signal channel input presents a differential receiver amplifier with balanced 100-ohm impedance to the respective twisted-pair transmission line.  The differential receiver is followed by an amplifier stage with five manually selectable gains of 3, 6, 9, 12, and 15dB (TBD).  The gain for any pair of channels (A and B) is selected to provide partial compensation for signal attenuation due to cable losses.  A passive, lumped-element anti-aliasing filter with an 8 MHz corner frequency is included in each channel. An output stage drives the signal appropriately to match the 50-ohm input impedance EchoTek receiver board.  The EchoTek board operating input signal range is limited to 1.1 volts peak-to-peak.

The EchoTek Board

The EchoTek GC814 is an eight-channel digital receiver circuit in 6U VME64X format. The EchoTek boards and the VME CPU for each BPM “house” will share one VME crate.  EchoTek control and data will flow over the VME crate backplane. Eight beam signals (four A and four B) from one transition module will connect into one corresponding EchoTek board by way of front panel SMA connectors.

Each EchoTek board requires one digitization clock and one trigger input. The digitization clock (TBD) will be either ~53 MHz or ~80 MHz (maximum frequency for the GC814.)  In either case the clock may be locked to be a harmonic of the beam revolution frequency to facilitate timing and data point stability. Trigger inputs will be provided by the Timing Signal Generator hardware in the house VME crate. The EchoTek boards are being specified to provide individually programmable trigger delays for each pair of channels. Delays up to 1 μsec with a resolution of one digitization clock period will be available.  This provides a mechanism to cope with signal arrival time skew among the four BPMs served by one GC814.

 Detailed information on the EchoTek board may be found in the EchoTek GC814 User Manual and in the Texas Instruments/Graychip Corp. GC4016 digital receiver chip specification sheet.   

Digitization and Digital Processing

Signal Digitization and Processing on EchoTek Board

EchoTek GC814 cards digitize and perform first stage digital signal processing of the A and B beam signals.  As noted above, digitization will be at a frequency (TBD) between 53 and 80 MHz. This frequency may be locked to a harmonic of the Recycler revolution frequency. 

Normally, the EchoTek board is triggered at a suitable time once per Recycler turn to obtain a programmed number of data points for a pre-determined beam partition. A continuous processing mode with narrowband filtering, suitable for closed orbit measurement when only one beam structure is present in the Recycler ring, may also be supported.

The actual processing in the EchoTek board will be different for different beam structures and measurement modes. In general, 2.5 MHz beam signals will be down-converted at 2.5MHz and filtered appropriately to obtain best signal for the mode desired, e.g. single bunch mode or 4-bunch ensemble mode.  Un-bunched beam signals will be down-converted at a TBD frequency suitable for those signals, e.g. ~500 KHz (half the frequency of a head or tail signal pulse) or ~89 KHz (the revolution frequency). Different filtering will be done to obtain head, tail, or ensemble data. 

A Matlab simulation of the EchoTek/Graychip digital signal processing, including data decimation limits imposed by the Graychip, has been created and exercised. A Matlab Model of the Recycler Ring BPM System Signal Processing by Warren Schappert describes the model and simulated performance for measurements of several required Recycler beam modes.  This provides an excellent way to “see inside” the digital signal processing chain and complements tests with the EchoTek board and actual signals in the lab.

A final definitive list of the set-ups to be utilized in the Recycler and the specific data that each provides is yet to be completed. In any case, the EchoTek board supplies I and Q versions of the A and B beam signals to the VME CPU through FIFO memory on board the EchoTek board.  It remains for the VME CPU to further process the data and to calculate position from the A and B data.

Signal Processing on the VME CPU Board

The CPU board reads, processes, and store beam signal data from each of the EchoTek boards in the respective VME crate.  This data is made available for access via ACNET protocols. Duane Voy describes the VME “front-end” system details in two documents, Recycler BPM Front-end Technical Specification and Recycler BPM Software Outline.

Diagnostics Mode

 The VME CPU board provides facilities to read and display data from individual A and B signals channels from the EchoTek board. These facilities, depending on EchoTek board set-up, will allow inspection of raw digitized un-processed data and raw I and Q FIFO data from any channel for diagnostics purposes.

The Timing System

The timing signal generator (TSG) hardware, residing in the house VME crate, provides beam synchronous timing and triggers under programmable control of the VME CPU. The TSG interfaces with the Recycler Beam Sync Clock to maintain synchronism with the azimuthal position of the beam and to provide timing relative to specific beam events, such as injection.  The VME CPU obtains additional information on azimuthal beam position need to compute TSG settings from MDAT frames containing data provided by the Recycler Low Level RF system. EchoTek boards and the calibration signal generator board require one individually controlled trigger each. When operating in an event driven data control mode, the front-end system receives interrupts to perform acquisition set-ups from specific (TBD) TCLK events.

The Calibration System

Overview

The calibration system consists of a VME programmed calibration signal generator and a calibration signal/control driver module in each house. The calibration signal and the calibration switch control signal are each daisy chained between preamps. Each preamp has circuitry to control application of the calibration signal to the preamp inputs.

Calibration Signal Generator

 The calibration system signal generator will be located in the house VME crate and will be programmed and enabled or disabled by the VME CPU. The signal generator is expected be a programmable arbitrary waveform generator. It must provide a peak output signal of ±1 volt minimum into 50 ohms with full-power bandwidth at least 5 MHz. The output update rate must be minimum10 MHz minimum; 20 MHz is preferred.  The calibration signal will simulate the preamp input voltages generated by beam. Three signal waveforms are expected to be utilized: a) the composite signal of 2.5 MHz beam and un-bunched beam as in Figure 5, b) only the 2.5MHz beam signal component, c) only the un-bunched beam signal component. In each case, the signal must be periodic at the Recycler revolution frequency (~89KHz) and synchronized to the Recycler Beam Sync Clock $C0 event that occurs once per Recycler revolution. The calibration signal generator must run with minimal demand on the VME CPU. The CPU will provide infrequent on/off control, amplitude setting, and waveform setup. The generator must not require CPU attention at the 89 KHz rate.  Four calibration signal amplitude settings will be supported. 

Calibration Signal Driver Module

A Calibration Driver module located in the Transition Module crate receives the signal from the calibration signal generator, amplifies it if necessary, and provides two outputs each capable of ±10 volts peak into 50 ohms with a full power bandwidth of at least 5 MHz. The outputs connect to RG58 cables, one to upstream preamp locations and one to downstream locations in the tunnel. These cables are daisy chained between preamps.

For control and status read back, the Calibration Driver module communicates with a VME digital I/O board; up to 8 bits are available. At least two of these bits are used to select among the three possible preamp calibration states: OFF, ON w/A=B, ON w/A ≠B. The Calibration Driver module communicates the selected state to the preamps on a RG58 cable daisy chained in a manner as the calibration signal cables. The state control signal is a DC level between –5 and +5 volts with minimum 2-volt noise immunity between states. The DC state selection control signal is decoded in each preamp.

Calibration Signal Distribution

The calibration signal from the Calibration Signal Driver module is attenuated by about 14dB (a factor of five in voltage) down the 1300 ft RG58 calibration signal cables. The signal is locally adjusted to a common level in each preamp by a resistive attenuator network and split equally into A and B channels. Remotely controlled JFET switches connect/disconnect the A and B calibration signal channels to the respective preamp inputs. The A channel contains a JFET controlled attenuator to allow reduction of that signal by a factor of two relative to the B channel. Circuitry in the preamp decodes the –5 to +5 volt state control signal to set the JFET switches as required.  The three calibration circuit states, OFF, ON w/A=B, ON w/A ≠B, are thus supported.

Calibration Circuit and Signal Spectral Considerations

The calibration signal source impedance presented to each preamp input is approximately 2K ohms. This is perfectly suitable to verify the voltage gain, etc. of the preamp and downstream signal channel. However, the impedance is low enough to load the 1500-ohm preamp input and thus provide only a rather insensitive test of the preamp input circuit, i.e. the pick-up and signal cable capacitance and the preamp input impedance. Efforts are being made to make the calibration signal source impedance as high as possible within the constraints of required signal amplitude, power supply voltages available in the preamp, and the desire to avoid additional active electronics.

To meet the requirements specification, the relative A and B signal amplitudes within a preamp must be controlled to approximately 0.5%. The analysis to determine the expected accuracy of the proposed design remains to be done.

Given the installed cable plant, the spectral components of the calibration signal will un-avoidably vary as a function of preamp location along the daisy-chained calibration signal cable. This may make detailed comparison of locations using the calibration system difficult, but should not affect zeroth order utility of the system.
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Figure 2.   Beam current for 2E10 total in four 2.5 MHz σ = 50 ns bunches and 20E10 in 2.094 μsec bunch with 566 ns edges
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			4341556.703			4341556.703


			4469509.568			4469509.568


			4601233.414			4601233.414


			4736839.381			4736839.381


			4876441.88			4876441.88


			5020158.696			5020158.696


			5168111.084			5168111.084


			5320423.875			5320423.875


			5477225.575			5477225.575


			5638648.481			5638648.481


			5804828.787			5804828.787


			5975906.703			5975906.703


			6152026.567			6152026.567


			6333336.976			6333336.976


			6519990.902			6519990.902


			6712145.829			6712145.829


			6909963.879			6909963.879


			7113611.955			7113611.955


			7323261.877			7323261.877


			7539090.529			7539090.529


			7761280.009			7761280.009


			7990017.781			7990017.781


			8225496.834			8225496.834


			8467915.844			8467915.844


			8717479.344			8717479.344


			8974397.893			8974397.893


			9238888.257			9238888.257


			9511173.591			9511173.591


			9791483.624			9791483.624


			10080054.857			10080054.857


			10377130.763			10377130.763


			10682961.987			10682961.987


			10997806.564			10997806.564


			11321930.132			11321930.132


			11655606.158			11655606.158


			11999116.169			11999116.169


			12352749.989			12352749.989


			12716805.983			12716805.983


			13091591.31			13091591.31


			13477422.181			13477422.181


			13874624.126			13874624.126


			14283532.271			14283532.271


			14704491.615			14704491.615


			15137857.329			15137857.329


			15583995.047			15583995.047


			16043281.183			16043281.183


			16516103.241			16516103.241


			17002860.149			17002860.149


			17503962.588			17503962.588


			18019833.346			18019833.346


			18550907.669			18550907.669


			19097633.632			19097633.632


			19660472.514			19660472.514


			20239899.19			20239899.19


			20836402.529			20836402.529


			21450485.809			21450485.809


			22082667.14			22082667.14


			22733479.902			22733479.902


			23403473.193			23403473.193


			24093212.296			24093212.296


			24803279.152			24803279.152


			25534272.854			25534272.854


			26286810.151			26286810.151


			27061525.968			27061525.968


			27859073.943			27859073.943


			28680126.976			28680126.976


			29525377.803			29525377.803


			30395539.57			30395539.57


			31291346.445			31291346.445


			32213554.232			32213554.232


			33162941.01			33162941.01


			34140307.788			34140307.788


			35146479.182			35146479.182


			36182304.114			36182304.114


			37248656.521			37248656.521


			38346436.1			38346436.1


			39476569.06			39476569.06


			40640008.909			40640008.909


			41837737.257			41837737.257


			43070764.643			43070764.643


			44340131.387			44340131.387


			45646908.47			45646908.47


			46992198.438			46992198.438


			48377136.328			48377136.328


			49802890.631			49802890.631


			51270664.274			51270664.274


			52781695.636			52781695.636


			54337259.595			54337259.595


			55938668.598			55938668.598


			57587273.776			57587273.776


			59284466.079			59284466.079


			61031677.448			61031677.448


			62830382.029			62830382.029


			64682097.413			64682097.413


			66588385.914			66588385.914


			68550855.894			68550855.894


			70571163.113			70571163.113


			72651012.131			72651012.131


			74792157.743			74792157.743


			76996406.461			76996406.461


			79265618.038			79265618.038


			81601707.037			81601707.037


			84006644.447			84006644.447


			86482459.344			86482459.344


			89031240.606			89031240.606


			91655138.671			91655138.671


			94356367.356			94356367.356


			97137205.723			97137205.723


			100000000			100000000





Trace Real


Trace Memory Real


Frequency


dB


Preamp Frequency Response


4.006105


3.996222


4.002013


4.004906


4.003058


4.002742


4.008137


4.007128


4.002436


3.997585


4.013056


4.002162


4.005994


4.006538


4.009978


4.002146


4.022438


4.019836


4.018406


4.009676


4.00874


4.015221


4.008491


4.010586


4.002473


4.010336


4.011965


4.015901


4.005422


4.014832


4.008968


4.014484


4.018531


4.026666


4.013545


4.016576


4.013763


4.013989


4.028966


4.008085


4.019854


4.01287


4.020088


4.023615


4.020075


4.016795


4.021811


4.032112


4.022337


4.028412


4.017004


4.0224


4.019245


4.020483


4.017946


4.026507


4.024683


4.026106


4.013008


4.027353


4.032084


4.035172


4.027969


4.022592


4.023035


4.034445


4.03113


4.043551


4.030115


4.034087


4.023137


4.033116


4.027154


4.035596


4.028315


4.035211


4.026354


4.039619


4.032102


4.039371


4.026336


4.039533


4.037126


4.04797


4.031422


4.046415


4.03471


4.043708


4.040102


4.048892


4.038593


4.052159


4.037836


4.049419


4.049448


4.053599


4.032052


4.050495


4.033932


4.034201


4.048759


4.046138


4.039587


4.040583


4.030849


4.039619


4.038746


4.047019


4.039565


4.046331


4.047827


4.056127


4.039943


4.052047


4.072183


4.012219


4.036792


4.057047


4.045187


4.054177


4.050829


4.068732


4.041858


4.054448


4.053683


4.061441


4.056505


4.060844


4.048212


4.048915


4.052312


4.069401


4.046816


4.04666


4.063381


4.066837


4.042791


4.053167


4.050951


4.052996


4.046496


4.057655


4.042382


4.05186


4.061045


4.0596


4.055811


4.058823


4.060522


4.054023


4.036683


4.04546


4.049863


4.053039


4.051737


4.056511


4.052385


4.057885


4.060629


4.054604


4.047824


4.054968


4.052052


4.053307


4.036819


4.025327


4.052662


4.051447


4.054156


4.040742


4.048601


4.054881


4.052138


4.043035


4.061634


4.059662


4.041873


4.033228


4.060308


4.0375


4.045794


4.026441


4.047114


4.036775


4.047271


4.040931


4.04907


4.028533


4.044822


4.025909


4.042898


4.015054


4.044155


4.019621


4.036357


4.011908


4.032678


4.016617


4.031483


4.002296


4.017899


3.997033


4.026628


3.991482


4.036978


3.987327


4.02165


3.968618


4.012645


3.966344


4.000605


3.949121


3.882878


3.83659


3.995485


3.938545


3.965744


3.913261


3.964042


3.898976


3.944946


3.880801


3.929679


3.866463


3.915268


3.836358


3.899858


3.821794


3.876463


3.795054


3.864866


3.7769


3.843923


3.761511


3.815384


3.724753


3.780966


3.684992


3.755151


3.670309


3.718264


3.636795


3.66347


3.591349


3.598934


3.512134


3.509432


3.424164


3.400047


3.323851


3.276064


3.187604


3.14553


3.069143


2.965207


2.895096


2.768181


2.717686


2.532537


2.470549


2.292333


2.25955


1.83847


1.846872


1.712259


1.706025


1.370963


1.397633


1.007604


1.04504


0.6085892


0.6718335


0.1736819


0.2685917


-0.2932285


-0.1883169


-0.8187553


-0.6844813


-1.355596


-1.187906


-1.952563


-1.753727


-2.546757


-2.345477


-3.184144


-2.935529


-3.87759


-3.61632


-4.564253


-4.299173


-5.358126


-5.05585


-5.981093


-5.598528


-6.820638


-6.473418


-7.605326


-7.244928


-8.406498


-8.026431


-9.244812


-8.843561


-10.09316


-9.673293


-11.00973


-10.56577


-11.9537


-11.48693


-12.95765


-12.46503


-14.00422


-13.49746


-15.16918


-14.4768


-16.32587


-15.77826


-17.61045


-17.01589


-18.99986


-18.33278


-20.47365


-19.66048


-22.05976


-21.21561


-23.87492


-22.93124


-25.92123


-24.79055


-28.44648


-27.03195


-31.50772


-29.84792


-35.41951


-33.33339


-40.48313


-37.98116


-42.97866


-43.88886


-39.19853


-42.17361


-36.0195


-37.9785


-33.90727


-35.341


-32.29377


-33.41459


-31.28849


-32.30313


-30.67669


-31.27064


-30.26525


-30.89346


-30.11367


-30.60395


-30.10827


-30.52517


-30.05405


-30.32346


-30.17023


-30.42137


-30.06436


-30.32888


-30.58222


-30.67276


-30.87041


-30.94792


-31.24424


-31.34612


-31.54972


-31.6457


-31.73262


-32.01686


-31.91618


-32.12078


-31.99596


-32.35744


-32.44791


-32.69987


-33.76486


-32.97042


-34.51744


-33.44875


-34.80606


-33.80813


-35.10764


-34.30039


-35.31483


-34.64603


-35.78901


-35.58849


-36.27425


-36.07424


-36.84288


-36.31165


-37.19343


-36.70094


-37.62903


-37.02818


-38.38322


-37.74698


-39.29713


-38.74649





DAT1


			8751A REV3.02


			DATE: Feb 25 2003


			CHANNEL: 1


			MEASURE TYPE: S21


			FORMAT TYPE: LOG MAG


			NUMBER of POINTS: 201


			SWEEP TIME:  80.4 ms


			SWEEP TYPE: LOG FREQ


			SOURCE POWER: -6 dBm


			IF BANDWIDTH:  4 kHz


			Frequency			Trace Real			Trace Imag			Trace Memory Real			Trace Memory Imag


			3.00E+05			4.01E+00			0.00E+00			4.00E+00			0.00E+00


			3.09E+05			4.00E+00			0.00E+00			4.00E+00			0.00E+00


			3.18E+05			4.00E+00			0.00E+00			4.00E+00			0.00E+00


			3.27E+05			4.01E+00			0.00E+00			4.01E+00			0.00E+00


			3.37E+05			4.00E+00			0.00E+00			4.00E+00			0.00E+00


			3.47E+05			4.01E+00			0.00E+00			4.00E+00			0.00E+00


			3.57E+05			4.01E+00			0.00E+00			4.01E+00			0.00E+00


			3.68E+05			4.01E+00			0.00E+00			4.00E+00			0.00E+00


			3.78E+05			4.02E+00			0.00E+00			4.02E+00			0.00E+00


			3.90E+05			4.02E+00			0.00E+00			4.01E+00			0.00E+00


			4.01E+05			4.01E+00			0.00E+00			4.02E+00			0.00E+00


			4.13E+05			4.01E+00			0.00E+00			4.01E+00			0.00E+00


			4.25E+05			4.00E+00			0.00E+00			4.01E+00			0.00E+00


			4.38E+05			4.01E+00			0.00E+00			4.02E+00			0.00E+00


			4.51E+05			4.01E+00			0.00E+00			4.01E+00			0.00E+00


			4.64E+05			4.01E+00			0.00E+00			4.01E+00			0.00E+00


			4.77E+05			4.02E+00			0.00E+00			4.03E+00			0.00E+00


			4.92E+05			4.01E+00			0.00E+00			4.02E+00			0.00E+00


			5.06E+05			4.01E+00			0.00E+00			4.01E+00			0.00E+00


			5.21E+05			4.03E+00			0.00E+00			4.01E+00			0.00E+00


			5.36E+05			4.02E+00			0.00E+00			4.01E+00			0.00E+00


			5.52E+05			4.02E+00			0.00E+00			4.02E+00			0.00E+00


			5.68E+05			4.02E+00			0.00E+00			4.02E+00			0.00E+00


			5.85E+05			4.02E+00			0.00E+00			4.03E+00			0.00E+00


			6.02E+05			4.02E+00			0.00E+00			4.03E+00			0.00E+00


			6.20E+05			4.02E+00			0.00E+00			4.02E+00			0.00E+00


			6.38E+05			4.02E+00			0.00E+00			4.02E+00			0.00E+00


			6.57E+05			4.02E+00			0.00E+00			4.03E+00			0.00E+00


			6.77E+05			4.02E+00			0.00E+00			4.03E+00			0.00E+00


			6.97E+05			4.01E+00			0.00E+00			4.03E+00			0.00E+00


			7.17E+05			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			7.38E+05			4.03E+00			0.00E+00			4.02E+00			0.00E+00


			7.60E+05			4.02E+00			0.00E+00			4.03E+00			0.00E+00


			7.82E+05			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			8.05E+05			4.03E+00			0.00E+00			4.03E+00			0.00E+00


			8.29E+05			4.02E+00			0.00E+00			4.03E+00			0.00E+00


			8.54E+05			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			8.79E+05			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			9.05E+05			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			9.31E+05			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			9.59E+05			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			9.87E+05			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			1.02E+06			4.03E+00			0.00E+00			4.05E+00			0.00E+00


			1.05E+06			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			1.08E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			1.11E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			1.14E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			1.17E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			1.21E+06			4.03E+00			0.00E+00			4.05E+00			0.00E+00


			1.25E+06			4.03E+00			0.00E+00			4.03E+00			0.00E+00


			1.28E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			1.32E+06			4.04E+00			0.00E+00			4.04E+00			0.00E+00


			1.36E+06			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			1.40E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			1.44E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			1.48E+06			4.05E+00			0.00E+00			4.06E+00			0.00E+00


			1.53E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			1.57E+06			4.07E+00			0.00E+00			4.01E+00			0.00E+00


			1.62E+06			4.04E+00			0.00E+00			4.06E+00			0.00E+00


			1.66E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			1.71E+06			4.05E+00			0.00E+00			4.07E+00			0.00E+00


			1.76E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			1.82E+06			4.05E+00			0.00E+00			4.06E+00			0.00E+00


			1.87E+06			4.06E+00			0.00E+00			4.06E+00			0.00E+00


			1.93E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			1.98E+06			4.05E+00			0.00E+00			4.07E+00			0.00E+00


			2.04E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			2.10E+06			4.06E+00			0.00E+00			4.07E+00			0.00E+00


			2.16E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			2.23E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			2.29E+06			4.05E+00			0.00E+00			4.06E+00			0.00E+00


			2.36E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			2.43E+06			4.06E+00			0.00E+00			4.06E+00			0.00E+00


			2.50E+06			4.06E+00			0.00E+00			4.06E+00			0.00E+00


			2.57E+06			4.06E+00			0.00E+00			4.05E+00			0.00E+00


			2.65E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			2.73E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			2.81E+06			4.05E+00			0.00E+00			4.06E+00			0.00E+00


			2.89E+06			4.05E+00			0.00E+00			4.06E+00			0.00E+00


			2.98E+06			4.06E+00			0.00E+00			4.05E+00			0.00E+00


			3.06E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			3.15E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			3.25E+06			4.04E+00			0.00E+00			4.03E+00			0.00E+00


			3.34E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			3.44E+06			4.05E+00			0.00E+00			4.04E+00			0.00E+00


			3.54E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			3.65E+06			4.05E+00			0.00E+00			4.04E+00			0.00E+00


			3.75E+06			4.06E+00			0.00E+00			4.06E+00			0.00E+00


			3.87E+06			4.04E+00			0.00E+00			4.03E+00			0.00E+00


			3.98E+06			4.06E+00			0.00E+00			4.04E+00			0.00E+00


			4.10E+06			4.05E+00			0.00E+00			4.03E+00			0.00E+00


			4.22E+06			4.05E+00			0.00E+00			4.04E+00			0.00E+00


			4.34E+06			4.05E+00			0.00E+00			4.04E+00			0.00E+00


			4.47E+06			4.05E+00			0.00E+00			4.03E+00			0.00E+00


			4.60E+06			4.04E+00			0.00E+00			4.03E+00			0.00E+00


			4.74E+06			4.04E+00			0.00E+00			4.02E+00			0.00E+00


			4.88E+06			4.04E+00			0.00E+00			4.02E+00			0.00E+00


			5.02E+06			4.04E+00			0.00E+00			4.01E+00			0.00E+00


			5.17E+06			4.03E+00			0.00E+00			4.02E+00			0.00E+00


			5.32E+06			4.03E+00			0.00E+00			4.00E+00			0.00E+00


			5.48E+06			4.02E+00			0.00E+00			4.00E+00			0.00E+00


			5.64E+06			4.03E+00			0.00E+00			3.99E+00			0.00E+00


			5.80E+06			4.04E+00			0.00E+00			3.99E+00			0.00E+00


			5.98E+06			4.02E+00			0.00E+00			3.97E+00			0.00E+00


			6.15E+06			4.01E+00			0.00E+00			3.97E+00			0.00E+00


			6.33E+06			4.00E+00			0.00E+00			3.95E+00			0.00E+00


			6.52E+06			3.88E+00			0.00E+00			3.84E+00			0.00E+00


			6.71E+06			4.00E+00			0.00E+00			3.94E+00			0.00E+00


			6.91E+06			3.97E+00			0.00E+00			3.91E+00			0.00E+00


			7.11E+06			3.96E+00			0.00E+00			3.90E+00			0.00E+00


			7.32E+06			3.94E+00			0.00E+00			3.88E+00			0.00E+00


			7.54E+06			3.93E+00			0.00E+00			3.87E+00			0.00E+00


			7.76E+06			3.92E+00			0.00E+00			3.84E+00			0.00E+00


			7.99E+06			3.90E+00			0.00E+00			3.82E+00			0.00E+00


			8.23E+06			3.88E+00			0.00E+00			3.80E+00			0.00E+00


			8.47E+06			3.86E+00			0.00E+00			3.78E+00			0.00E+00


			8.72E+06			3.84E+00			0.00E+00			3.76E+00			0.00E+00


			8.97E+06			3.82E+00			0.00E+00			3.72E+00			0.00E+00


			9.24E+06			3.78E+00			0.00E+00			3.68E+00			0.00E+00


			9.51E+06			3.76E+00			0.00E+00			3.67E+00			0.00E+00


			9.79E+06			3.72E+00			0.00E+00			3.64E+00			0.00E+00


			1.01E+07			3.66E+00			0.00E+00			3.59E+00			0.00E+00


			1.04E+07			3.60E+00			0.00E+00			3.51E+00			0.00E+00


			1.07E+07			3.51E+00			0.00E+00			3.42E+00			0.00E+00


			1.10E+07			3.40E+00			0.00E+00			3.32E+00			0.00E+00


			1.13E+07			3.28E+00			0.00E+00			3.19E+00			0.00E+00


			1.17E+07			3.15E+00			0.00E+00			3.07E+00			0.00E+00


			1.20E+07			2.97E+00			0.00E+00			2.90E+00			0.00E+00


			1.24E+07			2.77E+00			0.00E+00			2.72E+00			0.00E+00


			1.27E+07			2.53E+00			0.00E+00			2.47E+00			0.00E+00


			1.31E+07			2.29E+00			0.00E+00			2.26E+00			0.00E+00


			1.35E+07			1.84E+00			0.00E+00			1.85E+00			0.00E+00


			1.39E+07			1.71E+00			0.00E+00			1.71E+00			0.00E+00


			1.43E+07			1.37E+00			0.00E+00			1.40E+00			0.00E+00


			1.47E+07			1.01E+00			0.00E+00			1.05E+00			0.00E+00


			1.51E+07			6.09E-01			0.00E+00			6.72E-01			0.00E+00


			1.56E+07			1.74E-01			0.00E+00			2.69E-01			0.00E+00


			1.60E+07			-2.93E-01			0.00E+00			-1.88E-01			0.00E+00


			1.65E+07			-8.19E-01			0.00E+00			-6.84E-01			0.00E+00


			1.70E+07			-1.36E+00			0.00E+00			-1.19E+00			0.00E+00


			1.75E+07			-1.95E+00			0.00E+00			-1.75E+00			0.00E+00


			1.80E+07			-2.55E+00			0.00E+00			-2.35E+00			0.00E+00


			1.86E+07			-3.18E+00			0.00E+00			-2.94E+00			0.00E+00


			1.91E+07			-3.88E+00			0.00E+00			-3.62E+00			0.00E+00


			1.97E+07			-4.56E+00			0.00E+00			-4.30E+00			0.00E+00


			2.02E+07			-5.36E+00			0.00E+00			-5.06E+00			0.00E+00


			2.08E+07			-5.98E+00			0.00E+00			-5.60E+00			0.00E+00


			2.15E+07			-6.82E+00			0.00E+00			-6.47E+00			0.00E+00


			2.21E+07			-7.61E+00			0.00E+00			-7.24E+00			0.00E+00


			2.27E+07			-8.41E+00			0.00E+00			-8.03E+00			0.00E+00


			2.34E+07			-9.24E+00			0.00E+00			-8.84E+00			0.00E+00


			2.41E+07			-1.01E+01			0.00E+00			-9.67E+00			0.00E+00


			2.48E+07			-1.10E+01			0.00E+00			-1.06E+01			0.00E+00


			2.55E+07			-1.20E+01			0.00E+00			-1.15E+01			0.00E+00


			2.63E+07			-1.30E+01			0.00E+00			-1.25E+01			0.00E+00


			2.71E+07			-1.40E+01			0.00E+00			-1.35E+01			0.00E+00


			2.79E+07			-1.52E+01			0.00E+00			-1.45E+01			0.00E+00


			2.87E+07			-1.63E+01			0.00E+00			-1.58E+01			0.00E+00


			2.95E+07			-1.76E+01			0.00E+00			-1.70E+01			0.00E+00


			3.04E+07			-1.90E+01			0.00E+00			-1.83E+01			0.00E+00


			3.13E+07			-2.05E+01			0.00E+00			-1.97E+01			0.00E+00


			3.22E+07			-2.21E+01			0.00E+00			-2.12E+01			0.00E+00


			3.32E+07			-2.39E+01			0.00E+00			-2.29E+01			0.00E+00


			3.41E+07			-2.59E+01			0.00E+00			-2.48E+01			0.00E+00


			3.51E+07			-2.84E+01			0.00E+00			-2.70E+01			0.00E+00


			3.62E+07			-3.15E+01			0.00E+00			-2.98E+01			0.00E+00


			3.72E+07			-3.54E+01			0.00E+00			-3.33E+01			0.00E+00


			3.83E+07			-4.05E+01			0.00E+00			-3.80E+01			0.00E+00


			3.95E+07			-4.30E+01			0.00E+00			-4.39E+01			0.00E+00


			4.06E+07			-3.92E+01			0.00E+00			-4.22E+01			0.00E+00


			4.18E+07			-3.60E+01			0.00E+00			-3.80E+01			0.00E+00


			4.31E+07			-3.39E+01			0.00E+00			-3.53E+01			0.00E+00


			4.43E+07			-3.23E+01			0.00E+00			-3.34E+01			0.00E+00


			4.56E+07			-3.13E+01			0.00E+00			-3.23E+01			0.00E+00


			4.70E+07			-3.07E+01			0.00E+00			-3.13E+01			0.00E+00


			4.84E+07			-3.03E+01			0.00E+00			-3.09E+01			0.00E+00


			4.98E+07			-3.01E+01			0.00E+00			-3.06E+01			0.00E+00


			5.13E+07			-3.01E+01			0.00E+00			-3.05E+01			0.00E+00


			5.28E+07			-3.01E+01			0.00E+00			-3.03E+01			0.00E+00


			5.43E+07			-3.02E+01			0.00E+00			-3.04E+01			0.00E+00


			5.59E+07			-3.01E+01			0.00E+00			-3.03E+01			0.00E+00


			5.76E+07			-3.06E+01			0.00E+00			-3.07E+01			0.00E+00


			5.93E+07			-3.09E+01			0.00E+00			-3.09E+01			0.00E+00


			6.10E+07			-3.12E+01			0.00E+00			-3.13E+01			0.00E+00


			6.28E+07			-3.15E+01			0.00E+00			-3.16E+01			0.00E+00


			6.47E+07			-3.17E+01			0.00E+00			-3.20E+01			0.00E+00


			6.66E+07			-3.19E+01			0.00E+00			-3.21E+01			0.00E+00


			6.86E+07			-3.20E+01			0.00E+00			-3.24E+01			0.00E+00


			7.06E+07			-3.24E+01			0.00E+00			-3.27E+01			0.00E+00


			7.27E+07			-3.38E+01			0.00E+00			-3.30E+01			0.00E+00


			7.48E+07			-3.45E+01			0.00E+00			-3.34E+01			0.00E+00


			7.70E+07			-3.48E+01			0.00E+00			-3.38E+01			0.00E+00


			7.93E+07			-3.51E+01			0.00E+00			-3.43E+01			0.00E+00


			8.16E+07			-3.53E+01			0.00E+00			-3.46E+01			0.00E+00


			8.40E+07			-3.58E+01			0.00E+00			-3.56E+01			0.00E+00


			8.65E+07			-3.63E+01			0.00E+00			-3.61E+01			0.00E+00


			8.90E+07			-3.68E+01			0.00E+00			-3.63E+01			0.00E+00


			9.17E+07			-3.72E+01			0.00E+00			-3.67E+01			0.00E+00


			9.44E+07			-3.76E+01			0.00E+00			-3.70E+01			0.00E+00


			9.71E+07			-3.84E+01			0.00E+00			-3.77E+01			0.00E+00


			1.00E+08			-3.93E+01			0.00E+00			-3.87E+01			0.00E+00


			CHANNEL: 2


			MEASURE TYPE: S21


			FORMAT TYPE: PHASE


			NUMBER of POINTS: 201


			SWEEP TIME:  80.4 ms


			SWEEP TYPE: LOG FREQ


			SOURCE POWER: -6 dBm


			IF BANDWIDTH:  4 kHz


			Frequency			Trace Real			Trace Imag			Trace Memory Real			Trace Memory Imag


			3.00E+05			4.78E+00			0.00E+00			4.63E+00			0.00E+00


			3.09E+05			4.58E+00			0.00E+00			4.54E+00			0.00E+00


			3.18E+05			4.47E+00			0.00E+00			4.43E+00			0.00E+00


			3.27E+05			4.48E+00			0.00E+00			4.38E+00			0.00E+00


			3.37E+05			4.35E+00			0.00E+00			4.28E+00			0.00E+00


			3.47E+05			4.35E+00			0.00E+00			4.32E+00			0.00E+00


			3.57E+05			4.28E+00			0.00E+00			4.15E+00			0.00E+00


			3.68E+05			4.23E+00			0.00E+00			4.16E+00			0.00E+00


			3.78E+05			4.31E+00			0.00E+00			4.27E+00			0.00E+00


			3.90E+05			4.12E+00			0.00E+00			4.06E+00			0.00E+00


			4.01E+05			4.06E+00			0.00E+00			4.01E+00			0.00E+00


			4.13E+05			3.97E+00			0.00E+00			3.97E+00			0.00E+00


			4.25E+05			3.92E+00			0.00E+00			3.84E+00			0.00E+00


			4.38E+05			3.87E+00			0.00E+00			3.79E+00			0.00E+00


			4.51E+05			3.82E+00			0.00E+00			3.77E+00			0.00E+00


			4.64E+05			3.78E+00			0.00E+00			3.80E+00			0.00E+00


			4.77E+05			3.97E+00			0.00E+00			3.92E+00			0.00E+00


			4.92E+05			3.71E+00			0.00E+00			3.77E+00			0.00E+00


			5.06E+05			3.53E+00			0.00E+00			3.51E+00			0.00E+00


			5.21E+05			3.67E+00			0.00E+00			3.64E+00			0.00E+00


			5.36E+05			3.61E+00			0.00E+00			3.58E+00			0.00E+00


			5.52E+05			3.57E+00			0.00E+00			3.56E+00			0.00E+00


			5.68E+05			3.60E+00			0.00E+00			3.59E+00			0.00E+00


			5.85E+05			3.72E+00			0.00E+00			3.78E+00			0.00E+00


			6.02E+05			3.55E+00			0.00E+00			3.54E+00			0.00E+00


			6.20E+05			3.57E+00			0.00E+00			3.56E+00			0.00E+00


			6.38E+05			3.56E+00			0.00E+00			3.53E+00			0.00E+00


			6.57E+05			3.51E+00			0.00E+00			3.50E+00			0.00E+00


			6.77E+05			3.71E+00			0.00E+00			3.68E+00			0.00E+00


			6.97E+05			3.53E+00			0.00E+00			3.55E+00			0.00E+00


			7.17E+05			3.51E+00			0.00E+00			3.55E+00			0.00E+00


			7.38E+05			3.58E+00			0.00E+00			3.60E+00			0.00E+00


			7.60E+05			3.59E+00			0.00E+00			3.58E+00			0.00E+00


			7.82E+05			3.74E+00			0.00E+00			3.67E+00			0.00E+00


			8.05E+05			3.62E+00			0.00E+00			3.55E+00			0.00E+00


			8.29E+05			3.60E+00			0.00E+00			3.62E+00			0.00E+00


			8.54E+05			3.63E+00			0.00E+00			3.61E+00			0.00E+00


			8.79E+05			3.83E+00			0.00E+00			3.84E+00			0.00E+00


			9.05E+05			3.67E+00			0.00E+00			3.71E+00			0.00E+00


			9.31E+05			3.71E+00			0.00E+00			3.65E+00			0.00E+00


			9.59E+05			3.71E+00			0.00E+00			3.72E+00			0.00E+00


			9.87E+05			3.91E+00			0.00E+00			3.93E+00			0.00E+00


			1.02E+06			3.79E+00			0.00E+00			3.79E+00			0.00E+00


			1.05E+06			3.81E+00			0.00E+00			3.86E+00			0.00E+00


			1.08E+06			4.05E+00			0.00E+00			4.06E+00			0.00E+00


			1.11E+06			3.95E+00			0.00E+00			3.93E+00			0.00E+00


			1.14E+06			4.02E+00			0.00E+00			4.01E+00			0.00E+00


			1.17E+06			4.13E+00			0.00E+00			4.09E+00			0.00E+00


			1.21E+06			4.14E+00			0.00E+00			4.13E+00			0.00E+00


			1.25E+06			4.19E+00			0.00E+00			4.16E+00			0.00E+00


			1.28E+06			4.36E+00			0.00E+00			4.29E+00			0.00E+00


			1.32E+06			4.34E+00			0.00E+00			4.33E+00			0.00E+00


			1.36E+06			4.43E+00			0.00E+00			4.38E+00			0.00E+00


			1.40E+06			4.46E+00			0.00E+00			4.52E+00			0.00E+00


			1.44E+06			4.50E+00			0.00E+00			4.52E+00			0.00E+00


			1.48E+06			4.65E+00			0.00E+00			4.69E+00			0.00E+00


			1.53E+06			4.66E+00			0.00E+00			4.65E+00			0.00E+00


			1.57E+06			4.51E+00			0.00E+00			4.75E+00			0.00E+00


			1.62E+06			4.92E+00			0.00E+00			4.87E+00			0.00E+00


			1.66E+06			5.00E+00			0.00E+00			4.99E+00			0.00E+00


			1.71E+06			5.14E+00			0.00E+00			5.16E+00			0.00E+00


			1.76E+06			5.16E+00			0.00E+00			5.15E+00			0.00E+00


			1.82E+06			5.33E+00			0.00E+00			5.31E+00			0.00E+00


			1.87E+06			5.48E+00			0.00E+00			5.48E+00			0.00E+00


			1.93E+06			5.46E+00			0.00E+00			5.46E+00			0.00E+00


			1.98E+06			5.66E+00			0.00E+00			5.68E+00			0.00E+00


			2.04E+06			5.71E+00			0.00E+00			5.70E+00			0.00E+00


			2.10E+06			5.85E+00			0.00E+00			5.91E+00			0.00E+00
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			25534272.854			25534272.854


			26286810.151			26286810.151


			27061525.968			27061525.968


			27859073.943			27859073.943


			28680126.976			28680126.976


			29525377.803			29525377.803


			30395539.57			30395539.57


			31291346.445			31291346.445


			32213554.232			32213554.232


			33162941.01			33162941.01


			34140307.788			34140307.788


			35146479.182			35146479.182


			36182304.114			36182304.114


			37248656.521			37248656.521


			38346436.1			38346436.1


			39476569.06			39476569.06


			40640008.909			40640008.909


			41837737.257			41837737.257


			43070764.643			43070764.643


			44340131.387			44340131.387


			45646908.47			45646908.47


			46992198.438			46992198.438


			48377136.328			48377136.328


			49802890.631			49802890.631


			51270664.274			51270664.274


			52781695.636			52781695.636


			54337259.595			54337259.595


			55938668.598			55938668.598


			57587273.776			57587273.776


			59284466.079			59284466.079


			61031677.448			61031677.448


			62830382.029			62830382.029


			64682097.413			64682097.413


			66588385.914			66588385.914


			68550855.894			68550855.894


			70571163.113			70571163.113


			72651012.131			72651012.131


			74792157.743			74792157.743


			76996406.461			76996406.461


			79265618.038			79265618.038


			81601707.037			81601707.037


			84006644.447			84006644.447


			86482459.344			86482459.344


			89031240.606			89031240.606


			91655138.671			91655138.671


			94356367.356			94356367.356


			97137205.723			97137205.723


			100000000			100000000





Trace Real


Trace Memory Real


Frequency


dB


Preamp Frequency Response


4.003601


3.996222


4.003117


4.004906


3.995866


4.002742


4.005453


4.007128


3.997869


3.997585


4.007628


4.002162


4.005328


4.006538


4.01094


4.002146


4.021988


4.019836


4.009767


4.009676


4.007277


4.015221


4.009518


4.010586


4.006619


4.010336


4.005689


4.015901


4.007237


4.014832


4.00601


4.014484


4.021554


4.026666


4.01499


4.016576


4.006395


4.013989


4.018118


4.008085


4.017505


4.01287


4.018687


4.023615


4.019351


4.016795


4.025634


4.032112


4.018958


4.028412


4.022848


4.0224


4.016251


4.020483


4.022323


4.026507


4.02904


4.026106


4.016718


4.027353


4.03011


4.035172


4.019113


4.022592


4.026477


4.034445


4.02243


4.043551


4.033242


4.034087


4.02364


4.033116


4.032501


4.035596


4.033626


4.035211


4.029543


4.039619


4.030405


4.039371


4.027921


4.039533


4.032846


4.04797


4.033379


4.046415


4.030681


4.043708


4.041594


4.048892


4.036038


4.052159


4.037074


4.049419


4.043964


4.053599


4.031939


4.050495


4.033325


4.034201


4.040998


4.046138


4.030382


4.040583


4.034244


4.039619


4.044961


4.047019


4.046086


4.046331


4.055838


4.056127


4.047283


4.052047


3.983637


4.012219


4.037601


4.057047


4.054075


4.054177


4.052711


4.068732


4.042547


4.054448


4.051696


4.061441


4.049843


4.060844


4.049429


4.048915


4.054619


4.069401


4.034609


4.04666


4.056696


4.066837


4.036528


4.053167


4.052845


4.052996


4.052634


4.057655


4.036433


4.05186


4.052676


4.0596


4.056679


4.058823


4.041886


4.054023


4.032465


4.04546


4.056697


4.053039


4.057185


4.056511


4.052452


4.057885


4.05003


4.054604


4.046695


4.054968


4.047295


4.053307


4.037543


4.025327


4.053405


4.051447


4.056236


4.040742


4.053084


4.054881


4.05106


4.043035


4.064861


4.059662


4.047022


4.033228


4.054982


4.0375


4.046835


4.026441


4.051613


4.036775


4.046354


4.040931


4.049007


4.028533


4.050825


4.025909


4.036339


4.015054


4.042008


4.019621


4.037699


4.011908


4.031533


4.016617


4.025493


4.002296


4.044493


3.997033


4.029561


3.991482


4.02327


3.987327


4.016167


3.968618


4.011729


3.966344


4.001807


3.949121


3.888046


3.83659


3.993154


3.938545


3.971365


3.913261


3.959808


3.898976


3.938136


3.880801


3.934279


3.866463


3.906657


3.836358


3.897208


3.821794


3.871527


3.795054


3.859025


3.7769


3.845128


3.761511


3.818848


3.724753


3.772979


3.684992


3.76643


3.670309


3.71768


3.636795


3.671839


3.591349


3.5889


3.512134


3.489945


3.424164


3.381396


3.323851


3.251923


3.187604


3.127766


3.069143


2.945798


2.895096


2.759402


2.717686


2.512098


2.470549


2.303755


2.25955


1.958654


1.846872


1.722837


1.706025


1.370751


1.397633


1.015132


1.04504


0.6132568


0.6718335


0.1722424


0.2685917


-0.2979915


-0.1883169


-0.8244483


-0.6844813


-1.35911


-1.187906


-1.941866


-1.753727


-2.540786


-2.345477


-3.176551


-2.935529


-3.900279


-3.61632


-4.589981


-4.299173


-5.319693


-5.05585


-5.943686


-5.598528


-6.805467


-6.473418


-7.602131


-7.244928


-8.400127


-8.026431


-9.23758


-8.843561


-10.09096


-9.673293


-10.99931


-10.56577


-11.94156


-11.48693


-12.95817


-12.46503


-14.02517


-13.49746


-15.15683


-14.4768


-16.34248


-15.77826


-17.61634


-17.01589


-18.98726


-18.33278


-20.44523


-19.66048


-22.04125


-21.21561


-23.87634


-22.93124


-26.00489


-24.79055


-28.37546


-27.03195


-31.59121


-29.84792


-35.55668


-33.33339


-40.51089


-37.98116


-43.05797


-43.88886


-38.94083


-42.17361


-35.82745


-37.9785


-33.81221


-35.341


-32.39867


-33.41459


-31.3716


-32.30313


-30.71542


-31.27064


-30.30865


-30.89346


-30.26766


-30.60395


-30.0542


-30.52517


-30.11116


-30.32346


-30.1593


-30.42137


-30.18795


-30.32888


-30.45395


-30.67276


-30.90027


-30.94792


-31.19027


-31.34612


-31.52828


-31.6457


-31.77935


-32.01686


-31.91755


-32.12078


-32.09209


-32.35744


-32.37279


-32.69987


-33.66288


-32.97042


-34.36073


-33.44875


-34.87788


-33.80813


-35.26163


-34.30039


-35.09064


-34.64603


-35.77031


-35.58849


-36.49998


-36.07424


-36.63572


-36.31165


-37.11974


-36.70094


-37.8362


-37.02818


-38.05302


-37.74698


-39.15701


-38.74649





PREAMPBW


			8751A REV3.02


			DATE: Feb 25 2003


			CHANNEL: 1


			MEASURE TYPE: S21


			FORMAT TYPE: LOG MAG


			NUMBER of POINTS: 201


			SWEEP TIME:  80.4 ms


			SWEEP TYPE: LOG FREQ


			SOURCE POWER: -6 dBm


			IF BANDWIDTH:  4 kHz


			Frequency			Trace Real			Trace Imag			Trace Memory Real			Trace Memory Imag


			3.00E+05			4.00E+00			0.00E+00			4.00E+00			0.00E+00


			3.09E+05			4.00E+00			0.00E+00			4.00E+00			0.00E+00


			3.18E+05			4.00E+00			0.00E+00			4.00E+00			0.00E+00


			3.27E+05			4.01E+00			0.00E+00			4.01E+00			0.00E+00


			3.37E+05			4.00E+00			0.00E+00			4.00E+00			0.00E+00


			3.47E+05			4.01E+00			0.00E+00			4.00E+00			0.00E+00


			3.57E+05			4.01E+00			0.00E+00			4.01E+00			0.00E+00


			3.68E+05			4.01E+00			0.00E+00			4.00E+00			0.00E+00


			3.78E+05			4.02E+00			0.00E+00			4.02E+00			0.00E+00


			3.90E+05			4.01E+00			0.00E+00			4.01E+00			0.00E+00


			4.01E+05			4.01E+00			0.00E+00			4.02E+00			0.00E+00


			4.13E+05			4.01E+00			0.00E+00			4.01E+00			0.00E+00


			4.25E+05			4.01E+00			0.00E+00			4.01E+00			0.00E+00


			4.38E+05			4.01E+00			0.00E+00			4.02E+00			0.00E+00


			4.51E+05			4.01E+00			0.00E+00			4.01E+00			0.00E+00


			4.64E+05			4.01E+00			0.00E+00			4.01E+00			0.00E+00


			4.77E+05			4.02E+00			0.00E+00			4.03E+00			0.00E+00


			4.92E+05			4.01E+00			0.00E+00			4.02E+00			0.00E+00


			5.06E+05			4.01E+00			0.00E+00			4.01E+00			0.00E+00


			5.21E+05			4.02E+00			0.00E+00			4.01E+00			0.00E+00


			5.36E+05			4.02E+00			0.00E+00			4.01E+00			0.00E+00


			5.52E+05			4.02E+00			0.00E+00			4.02E+00			0.00E+00


			5.68E+05			4.02E+00			0.00E+00			4.02E+00			0.00E+00


			5.85E+05			4.03E+00			0.00E+00			4.03E+00			0.00E+00


			6.02E+05			4.02E+00			0.00E+00			4.03E+00			0.00E+00


			6.20E+05			4.02E+00			0.00E+00			4.02E+00			0.00E+00


			6.38E+05			4.02E+00			0.00E+00			4.02E+00			0.00E+00


			6.57E+05			4.02E+00			0.00E+00			4.03E+00			0.00E+00


			6.77E+05			4.03E+00			0.00E+00			4.03E+00			0.00E+00


			6.97E+05			4.02E+00			0.00E+00			4.03E+00			0.00E+00


			7.17E+05			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			7.38E+05			4.02E+00			0.00E+00			4.02E+00			0.00E+00


			7.60E+05			4.03E+00			0.00E+00			4.03E+00			0.00E+00


			7.82E+05			4.02E+00			0.00E+00			4.04E+00			0.00E+00


			8.05E+05			4.03E+00			0.00E+00			4.03E+00			0.00E+00


			8.29E+05			4.02E+00			0.00E+00			4.03E+00			0.00E+00


			8.54E+05			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			8.79E+05			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			9.05E+05			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			9.31E+05			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			9.59E+05			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			9.87E+05			4.03E+00			0.00E+00			4.05E+00			0.00E+00


			1.02E+06			4.03E+00			0.00E+00			4.05E+00			0.00E+00


			1.05E+06			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			1.08E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			1.11E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			1.14E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			1.17E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			1.21E+06			4.03E+00			0.00E+00			4.05E+00			0.00E+00


			1.25E+06			4.03E+00			0.00E+00			4.03E+00			0.00E+00


			1.28E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			1.32E+06			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			1.36E+06			4.03E+00			0.00E+00			4.04E+00			0.00E+00


			1.40E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			1.44E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			1.48E+06			4.06E+00			0.00E+00			4.06E+00			0.00E+00


			1.53E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			1.57E+06			3.98E+00			0.00E+00			4.01E+00			0.00E+00


			1.62E+06			4.04E+00			0.00E+00			4.06E+00			0.00E+00


			1.66E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			1.71E+06			4.05E+00			0.00E+00			4.07E+00			0.00E+00


			1.76E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			1.82E+06			4.05E+00			0.00E+00			4.06E+00			0.00E+00


			1.87E+06			4.05E+00			0.00E+00			4.06E+00			0.00E+00


			1.93E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			1.98E+06			4.05E+00			0.00E+00			4.07E+00			0.00E+00


			2.04E+06			4.03E+00			0.00E+00			4.05E+00			0.00E+00


			2.10E+06			4.06E+00			0.00E+00			4.07E+00			0.00E+00


			2.16E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			2.23E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			2.29E+06			4.05E+00			0.00E+00			4.06E+00			0.00E+00


			2.36E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			2.43E+06			4.05E+00			0.00E+00			4.06E+00			0.00E+00


			2.50E+06			4.06E+00			0.00E+00			4.06E+00			0.00E+00


			2.57E+06			4.04E+00			0.00E+00			4.05E+00			0.00E+00


			2.65E+06			4.03E+00			0.00E+00			4.05E+00			0.00E+00


			2.73E+06			4.06E+00			0.00E+00			4.05E+00			0.00E+00


			2.81E+06			4.06E+00			0.00E+00			4.06E+00			0.00E+00


			2.89E+06			4.05E+00			0.00E+00			4.06E+00			0.00E+00


			2.98E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			3.06E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			3.15E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			3.25E+06			4.04E+00			0.00E+00			4.03E+00			0.00E+00


			3.34E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			3.44E+06			4.06E+00			0.00E+00			4.04E+00			0.00E+00


			3.54E+06			4.05E+00			0.00E+00			4.05E+00			0.00E+00


			3.65E+06			4.05E+00			0.00E+00			4.04E+00			0.00E+00


			3.75E+06			4.06E+00			0.00E+00			4.06E+00			0.00E+00


			3.87E+06			4.05E+00			0.00E+00			4.03E+00			0.00E+00


			3.98E+06			4.05E+00			0.00E+00			4.04E+00			0.00E+00


			4.10E+06			4.05E+00			0.00E+00			4.03E+00			0.00E+00


			4.22E+06			4.05E+00			0.00E+00			4.04E+00			0.00E+00


			4.34E+06			4.05E+00			0.00E+00			4.04E+00			0.00E+00


			4.47E+06			4.05E+00			0.00E+00			4.03E+00			0.00E+00


			4.60E+06			4.05E+00			0.00E+00			4.03E+00			0.00E+00


			4.74E+06			4.04E+00			0.00E+00			4.02E+00			0.00E+00


			4.88E+06			4.04E+00			0.00E+00			4.02E+00			0.00E+00


			5.02E+06			4.04E+00			0.00E+00			4.01E+00			0.00E+00


			5.17E+06			4.03E+00			0.00E+00			4.02E+00			0.00E+00


			5.32E+06			4.03E+00			0.00E+00			4.00E+00			0.00E+00


			5.48E+06			4.04E+00			0.00E+00			4.00E+00			0.00E+00


			5.64E+06			4.03E+00			0.00E+00			3.99E+00			0.00E+00


			5.80E+06			4.02E+00			0.00E+00			3.99E+00			0.00E+00


			5.98E+06			4.02E+00			0.00E+00			3.97E+00			0.00E+00


			6.15E+06			4.01E+00			0.00E+00			3.97E+00			0.00E+00


			6.33E+06			4.00E+00			0.00E+00			3.95E+00			0.00E+00


			6.52E+06			3.89E+00			0.00E+00			3.84E+00			0.00E+00


			6.71E+06			3.99E+00			0.00E+00			3.94E+00			0.00E+00


			6.91E+06			3.97E+00			0.00E+00			3.91E+00			0.00E+00


			7.11E+06			3.96E+00			0.00E+00			3.90E+00			0.00E+00


			7.32E+06			3.94E+00			0.00E+00			3.88E+00			0.00E+00


			7.54E+06			3.93E+00			0.00E+00			3.87E+00			0.00E+00


			7.76E+06			3.91E+00			0.00E+00			3.84E+00			0.00E+00


			7.99E+06			3.90E+00			0.00E+00			3.82E+00			0.00E+00


			8.23E+06			3.87E+00			0.00E+00			3.80E+00			0.00E+00


			8.47E+06			3.86E+00			0.00E+00			3.78E+00			0.00E+00


			8.72E+06			3.85E+00			0.00E+00			3.76E+00			0.00E+00


			8.97E+06			3.82E+00			0.00E+00			3.72E+00			0.00E+00


			9.24E+06			3.77E+00			0.00E+00			3.68E+00			0.00E+00


			9.51E+06			3.77E+00			0.00E+00			3.67E+00			0.00E+00


			9.79E+06			3.72E+00			0.00E+00			3.64E+00			0.00E+00


			1.01E+07			3.67E+00			0.00E+00			3.59E+00			0.00E+00


			1.04E+07			3.59E+00			0.00E+00			3.51E+00			0.00E+00


			1.07E+07			3.49E+00			0.00E+00			3.42E+00			0.00E+00


			1.10E+07			3.38E+00			0.00E+00			3.32E+00			0.00E+00


			1.13E+07			3.25E+00			0.00E+00			3.19E+00			0.00E+00


			1.17E+07			3.13E+00			0.00E+00			3.07E+00			0.00E+00


			1.20E+07			2.95E+00			0.00E+00			2.90E+00			0.00E+00


			1.24E+07			2.76E+00			0.00E+00			2.72E+00			0.00E+00


			1.27E+07			2.51E+00			0.00E+00			2.47E+00			0.00E+00


			1.31E+07			2.30E+00			0.00E+00			2.26E+00			0.00E+00


			1.35E+07			1.96E+00			0.00E+00			1.85E+00			0.00E+00


			1.39E+07			1.72E+00			0.00E+00			1.71E+00			0.00E+00


			1.43E+07			1.37E+00			0.00E+00			1.40E+00			0.00E+00


			1.47E+07			1.02E+00			0.00E+00			1.05E+00			0.00E+00


			1.51E+07			6.13E-01			0.00E+00			6.72E-01			0.00E+00


			1.56E+07			1.72E-01			0.00E+00			2.69E-01			0.00E+00


			1.60E+07			-2.98E-01			0.00E+00			-1.88E-01			0.00E+00


			1.65E+07			-8.24E-01			0.00E+00			-6.84E-01			0.00E+00


			1.70E+07			-1.36E+00			0.00E+00			-1.19E+00			0.00E+00


			1.75E+07			-1.94E+00			0.00E+00			-1.75E+00			0.00E+00


			1.80E+07			-2.54E+00			0.00E+00			-2.35E+00			0.00E+00


			1.86E+07			-3.18E+00			0.00E+00			-2.94E+00			0.00E+00


			1.91E+07			-3.90E+00			0.00E+00			-3.62E+00			0.00E+00


			1.97E+07			-4.59E+00			0.00E+00			-4.30E+00			0.00E+00


			2.02E+07			-5.32E+00			0.00E+00			-5.06E+00			0.00E+00


			2.08E+07			-5.94E+00			0.00E+00			-5.60E+00			0.00E+00


			2.15E+07			-6.81E+00			0.00E+00			-6.47E+00			0.00E+00


			2.21E+07			-7.60E+00			0.00E+00			-7.24E+00			0.00E+00


			2.27E+07			-8.40E+00			0.00E+00			-8.03E+00			0.00E+00


			2.34E+07			-9.24E+00			0.00E+00			-8.84E+00			0.00E+00


			2.41E+07			-1.01E+01			0.00E+00			-9.67E+00			0.00E+00


			2.48E+07			-1.10E+01			0.00E+00			-1.06E+01			0.00E+00


			2.55E+07			-1.19E+01			0.00E+00			-1.15E+01			0.00E+00


			2.63E+07			-1.30E+01			0.00E+00			-1.25E+01			0.00E+00


			2.71E+07			-1.40E+01			0.00E+00			-1.35E+01			0.00E+00


			2.79E+07			-1.52E+01			0.00E+00			-1.45E+01			0.00E+00


			2.87E+07			-1.63E+01			0.00E+00			-1.58E+01			0.00E+00


			2.95E+07			-1.76E+01			0.00E+00			-1.70E+01			0.00E+00


			3.04E+07			-1.90E+01			0.00E+00			-1.83E+01			0.00E+00


			3.13E+07			-2.04E+01			0.00E+00			-1.97E+01			0.00E+00


			3.22E+07			-2.20E+01			0.00E+00			-2.12E+01			0.00E+00


			3.32E+07			-2.39E+01			0.00E+00			-2.29E+01			0.00E+00


			3.41E+07			-2.60E+01			0.00E+00			-2.48E+01			0.00E+00


			3.51E+07			-2.84E+01			0.00E+00			-2.70E+01			0.00E+00


			3.62E+07			-3.16E+01			0.00E+00			-2.98E+01			0.00E+00


			3.72E+07			-3.56E+01			0.00E+00			-3.33E+01			0.00E+00


			3.83E+07			-4.05E+01			0.00E+00			-3.80E+01			0.00E+00


			3.95E+07			-4.31E+01			0.00E+00			-4.39E+01			0.00E+00


			4.06E+07			-3.89E+01			0.00E+00			-4.22E+01			0.00E+00


			4.18E+07			-3.58E+01			0.00E+00			-3.80E+01			0.00E+00


			4.31E+07			-3.38E+01			0.00E+00			-3.53E+01			0.00E+00


			4.43E+07			-3.24E+01			0.00E+00			-3.34E+01			0.00E+00


			4.56E+07			-3.14E+01			0.00E+00			-3.23E+01			0.00E+00


			4.70E+07			-3.07E+01			0.00E+00			-3.13E+01			0.00E+00


			4.84E+07			-3.03E+01			0.00E+00			-3.09E+01			0.00E+00


			4.98E+07			-3.03E+01			0.00E+00			-3.06E+01			0.00E+00


			5.13E+07			-3.01E+01			0.00E+00			-3.05E+01			0.00E+00


			5.28E+07			-3.01E+01			0.00E+00			-3.03E+01			0.00E+00


			5.43E+07			-3.02E+01			0.00E+00			-3.04E+01			0.00E+00


			5.59E+07			-3.02E+01			0.00E+00			-3.03E+01			0.00E+00


			5.76E+07			-3.05E+01			0.00E+00			-3.07E+01			0.00E+00


			5.93E+07			-3.09E+01			0.00E+00			-3.09E+01			0.00E+00


			6.10E+07			-3.12E+01			0.00E+00			-3.13E+01			0.00E+00


			6.28E+07			-3.15E+01			0.00E+00			-3.16E+01			0.00E+00


			6.47E+07			-3.18E+01			0.00E+00			-3.20E+01			0.00E+00


			6.66E+07			-3.19E+01			0.00E+00			-3.21E+01			0.00E+00


			6.86E+07			-3.21E+01			0.00E+00			-3.24E+01			0.00E+00


			7.06E+07			-3.24E+01			0.00E+00			-3.27E+01			0.00E+00


			7.27E+07			-3.37E+01			0.00E+00			-3.30E+01			0.00E+00


			7.48E+07			-3.44E+01			0.00E+00			-3.34E+01			0.00E+00


			7.70E+07			-3.49E+01			0.00E+00			-3.38E+01			0.00E+00


			7.93E+07			-3.53E+01			0.00E+00			-3.43E+01			0.00E+00


			8.16E+07			-3.51E+01			0.00E+00			-3.46E+01			0.00E+00


			8.40E+07			-3.58E+01			0.00E+00			-3.56E+01			0.00E+00


			8.65E+07			-3.65E+01			0.00E+00			-3.61E+01			0.00E+00


			8.90E+07			-3.66E+01			0.00E+00			-3.63E+01			0.00E+00


			9.17E+07			-3.71E+01			0.00E+00			-3.67E+01			0.00E+00


			9.44E+07			-3.78E+01			0.00E+00			-3.70E+01			0.00E+00


			9.71E+07			-3.81E+01			0.00E+00			-3.77E+01			0.00E+00


			1.00E+08			-3.92E+01			0.00E+00			-3.87E+01			0.00E+00


			CHANNEL: 2


			MEASURE TYPE: S21


			FORMAT TYPE: PHASE


			NUMBER of POINTS: 201


			SWEEP TIME:  80.4 ms


			SWEEP TYPE: LOG FREQ


			SOURCE POWER: -6 dBm


			IF BANDWIDTH:  4 kHz


			Frequency			Trace Real			Trace Imag			Trace Memory Real			Trace Memory Imag


			3.00E+05			4.74E+00			0.00E+00			4.63E+00			0.00E+00


			3.09E+05			4.58E+00			0.00E+00			4.54E+00			0.00E+00


			3.18E+05			4.49E+00			0.00E+00			4.43E+00			0.00E+00


			3.27E+05			4.44E+00			0.00E+00			4.38E+00			0.00E+00


			3.37E+05			4.42E+00			0.00E+00			4.28E+00			0.00E+00


			3.47E+05			4.32E+00			0.00E+00			4.32E+00			0.00E+00


			3.57E+05			4.22E+00			0.00E+00			4.15E+00			0.00E+00


			3.68E+05			4.23E+00			0.00E+00			4.16E+00			0.00E+00


			3.78E+05			4.36E+00			0.00E+00			4.27E+00			0.00E+00


			3.90E+05			4.11E+00			0.00E+00			4.06E+00			0.00E+00


			4.01E+05			4.02E+00			0.00E+00			4.01E+00			0.00E+00


			4.13E+05			3.95E+00			0.00E+00			3.97E+00			0.00E+00


			4.25E+05			3.92E+00			0.00E+00			3.84E+00			0.00E+00


			4.38E+05			3.82E+00			0.00E+00			3.79E+00			0.00E+00


			4.51E+05			3.80E+00			0.00E+00			3.77E+00			0.00E+00


			4.64E+05			3.84E+00			0.00E+00			3.80E+00			0.00E+00


			4.77E+05			3.94E+00			0.00E+00			3.92E+00			0.00E+00


			4.92E+05			3.73E+00			0.00E+00			3.77E+00			0.00E+00


			5.06E+05			3.54E+00			0.00E+00			3.51E+00			0.00E+00


			5.21E+05			3.60E+00			0.00E+00			3.64E+00			0.00E+00


			5.36E+05			3.62E+00			0.00E+00			3.58E+00			0.00E+00


			5.52E+05			3.61E+00			0.00E+00			3.56E+00			0.00E+00


			5.68E+05			3.69E+00			0.00E+00			3.59E+00			0.00E+00


			5.85E+05			3.74E+00			0.00E+00			3.78E+00			0.00E+00


			6.02E+05			3.55E+00			0.00E+00			3.54E+00			0.00E+00


			6.20E+05			3.53E+00			0.00E+00			3.56E+00			0.00E+00


			6.38E+05			3.60E+00			0.00E+00			3.53E+00			0.00E+00


			6.57E+05			3.51E+00			0.00E+00			3.50E+00			0.00E+00


			6.77E+05			3.65E+00			0.00E+00			3.68E+00			0.00E+00


			6.97E+05			3.54E+00			0.00E+00			3.55E+00			0.00E+00


			7.17E+05			3.54E+00			0.00E+00			3.55E+00			0.00E+00


			7.38E+05			3.55E+00			0.00E+00			3.60E+00			0.00E+00


			7.60E+05			3.53E+00			0.00E+00			3.58E+00			0.00E+00


			7.82E+05			3.70E+00			0.00E+00			3.67E+00			0.00E+00


			8.05E+05			3.57E+00			0.00E+00			3.55E+00			0.00E+00


			8.29E+05			3.64E+00			0.00E+00			3.62E+00			0.00E+00


			8.54E+05			3.59E+00			0.00E+00			3.61E+00			0.00E+00


			8.79E+05			3.79E+00			0.00E+00			3.84E+00			0.00E+00


			9.05E+05			3.64E+00			0.00E+00			3.71E+00			0.00E+00


			9.31E+05			3.63E+00			0.00E+00			3.65E+00			0.00E+00


			9.59E+05			3.71E+00			0.00E+00			3.72E+00			0.00E+00


			9.87E+05			3.89E+00			0.00E+00			3.93E+00			0.00E+00


			1.02E+06			3.79E+00			0.00E+00			3.79E+00			0.00E+00


			1.05E+06			3.87E+00			0.00E+00			3.86E+00			0.00E+00


			1.08E+06			4.02E+00			0.00E+00			4.06E+00			0.00E+00


			1.11E+06			3.94E+00			0.00E+00			3.93E+00			0.00E+00


			1.14E+06			3.98E+00			0.00E+00			4.01E+00			0.00E+00


			1.17E+06			4.12E+00			0.00E+00			4.09E+00			0.00E+00


			1.21E+06			4.16E+00			0.00E+00			4.13E+00			0.00E+00


			1.25E+06			4.20E+00			0.00E+00			4.16E+00			0.00E+00


			1.28E+06			4.34E+00			0.00E+00			4.29E+00			0.00E+00


			1.32E+06			4.35E+00			0.00E+00			4.33E+00			0.00E+00


			1.36E+06			4.40E+00			0.00E+00			4.38E+00			0.00E+00


			1.40E+06			4.48E+00			0.00E+00			4.52E+00			0.00E+00


			1.44E+06			4.49E+00			0.00E+00			4.52E+00			0.00E+00


			1.48E+06			4.63E+00			0.00E+00			4.69E+00			0.00E+00


			1.53E+06			4.66E+00			0.00E+00			4.65E+00			0.00E+00


			1.57E+06			4.69E+00			0.00E+00			4.75E+00			0.00E+00


			1.62E+06			4.87E+00			0.00E+00			4.87E+00			0.00E+00


			1.66E+06			4.93E+00			0.00E+00			4.99E+00			0.00E+00


			1.71E+06			5.13E+00			0.00E+00			5.16E+00			0.00E+00


			1.76E+06			5.11E+00			0.00E+00			5.15E+00			0.00E+00


			1.82E+06			5.29E+00			0.00E+00			5.31E+00			0.00E+00


			1.87E+06			5.44E+00			0.00E+00			5.48E+00			0.00E+00


			1.93E+06			5.47E+00			0.00E+00			5.46E+00			0.00E+00


			1.98E+06			5.66E+00			0.00E+00			5.68E+00			0.00E+00


			2.04E+06			5.70E+00			0.00E+00			5.70E+00			0.00E+00


			2.10E+06			5.90E+00			0.00E+00			5.91E+00			0.00E+00


			2.16E+06			5.96E+00			0.00E+00			5.99E+00			0.00E+00


			2.23E+06			6.18E+00			0.00E+00			6.15E+00			0.00E+00


			2.29E+06			6.33E+00			0.00E+00			6.30E+00			0.00E+00


			2.36E+06			6.36E+00			0.00E+00			6.35E+00			0.00E+00


			2.43E+06			6.57E+00			0.00E+00			6.61E+00			0.00E+00


			2.50E+06			6.75E+00			0.00E+00			6.75E+00			0.00E+00


			2.57E+06			6.92E+00			0.00E+00			6.91E+00			0.00E+00


			2.65E+06			6.97E+00			0.00E+00			6.92E+00			0.00E+00


			2.73E+06			7.23E+00			0.00E+00			7.20E+00			0.00E+00


			2.81E+06			7.40E+00			0.00E+00			7.42E+00			0.00E+00


			2.89E+06			7.58E+00			0.00E+00			7.62E+00			0.00E+00


			2.98E+06			7.77E+00			0.00E+00			7.79E+00			0.00E+00


			3.06E+06			7.91E+00			0.00E+00			7.98E+00			0.00E+00


			3.15E+06			8.13E+00			0.00E+00			8.18E+00			0.00E+00


			3.25E+06			8.12E+00			0.00E+00			8.19E+00			0.00E+00


			3.34E+06			8.50E+00			0.00E+00			8.50E+00			0.00E+00


			3.44E+06			8.67E+00			0.00E+00			8.74E+00			0.00E+00


			3.54E+06			8.91E+00			0.00E+00			8.92E+00			0.00E+00


			3.65E+06			9.12E+00			0.00E+00			9.19E+00			0.00E+00


			3.75E+06			9.50E+00			0.00E+00			9.50E+00			0.00E+00


			3.87E+06			9.56E+00			0.00E+00			9.58E+00			0.00E+00


			3.98E+06			9.70E+00			0.00E+00			9.76E+00			0.00E+00


			4.10E+06			1.00E+01			0.00E+00			9.98E+00			0.00E+00


			4.22E+06			1.02E+01			0.00E+00			1.03E+01			0.00E+00
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Figure 5.   Preamp input voltage (dotted) and 1300 ft. cable output (solid) for 30E10 total in four 2.5 MHz σ = 25 ns bunches and 400E10 in 1.962 μsec bunch with 340 ns edges and preamp gain of 5
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Figure 3.   Electrode current for 30E10 total in four 2.5 MHz σ = 25 ns bunches and 400E10 in 1.962 μsec bunch with 340 ns edges
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Figure 4.   Electrode current for 2E10 total in four 2.5 MHz σ = 50 ns bunches and 20E10 in 2.094 μsec bunch with 566 ns edges
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Figure 1.   Beam current for 30E10 total in four 2.5 MHz σ = 25 ns bunches and 400E10 in 1.96 μsec bunch with 340 ns edges


  0             1            2              3             4              5             6  



                                     microseconds







Amperes











_1106911215.bin




