Chapter 6


Operating Characteristics








This chapter describes the SVeeSix-CM3 receiver's satellite acquisition and tracking processes, performance characteristics and system architecture.  This discussion assumes the reader is familiar with a basic theory of operation for the Global Positioning System.  Before proceeding to the detailed discussion of the satellite acquisition and tracking process, please review the GPS satellite message description on the next page.





The SVeeSix-CM3 receiver's satellite acquisition and tracking algorithms can achieve a position solution without any initialization.  The receiver automatically selects and tracks the best combination of satellites to compute position and velocity.  As satellites move out of view, the SVeeSix-CM3 automatically acquires new satellites and includes them in the solution set as required. 





�



GPS Satellite Message





Every GPS satellite transmits the Coarse/Acquisition (C/A) code and satellite data modulated onto the L1 carrier frequency (1575.42 MHz).  The C/A code is a unique pseudo-random number for each satellite.  The satellite data transmitted by each satellite includes a satellite almanac for the entire GPS system, its own satellite ephemeris and its own clock correction.  





The satellite data is transmitted in 30-second frames.  Each frame contains the clock correction and ephemeris for that specific satellite, and two pages of the 50-page GPS system almanac.  The time required to transmit the complete system almanac is 12.5 minutes and the time to transmit the satellite ephemeris is 30 seconds.





The system almanac contains information about each of the satellites in the constellation, ionospheric data, and special system messages.  The ephemeris contains detailed orbital information for a specific satellite.  The GPS system almanac is updated weekly and is typically valid for months.  Ephemeris data changes hourly, but is valid for up to four hours.  The GPS control segment updates the system almanac weekly and the ephemeris hourly through three ground-based control stations.  During normal operation, the SVeeSix-CM3 module updates its ephemeris and almanac as needed.





The performance of a GPS receiver at power-on is determined largely by the availability and accuracy of the satellite ephemeris data and the availability of a GPS system almanac.


�
Satellite Acquisition and Time to First Fix





Cold Start





The term "cold start" describes the performance of a GPS receiver at power-on when no navigation data is available.  "Cold" signifies that the receiver does not have a current almanac, satellite ephemeris, initial position, or time.  The cold start search algorithm applies to an SVeeSix-CM3 which is powered on without the memory backup circuit connected to a source of DC power.  This is the "out of the box" condition of the GPS module as received from the factory.





In a cold start condition, the receiver automatically selects a set of six satellites and dedicates an individual tracking channel to search the Doppler range frequency for each satellite in the set.  If none of the six selected satellites are acquired after a pre-determined period of time (time-out), the receiver will select a new search set of six satellites and will repeat the process, until the first satellite is acquired.  As satellites are acquired, the receiver automatically collects ephemeris and almanac data.  The SVeeSix-CM3 uses the knowledge gained from acquiring a specific satellite to eliminate other satellites, those below the horizon, from the search set.  This strategy speeds the acquisition of additional satellites required to achieve the first position fix.





The cold start search sets are established to ensure that at least three satellites are acquired within the first two time-out periods.  As soon as three satellites are found, the receiver will compute an initial position fix.  The typical time to first fix, during a cold start, is less than 5 minutes.  





A complete system almanac is not required to achieve a first position fix.  The almanac is used in subsequent warm starts, and to aid in acquiring GPS satellites that come into view.





Warm Start





In a warm start condition, the receiver has been powered down for a period of time but has a current almanac, and an initial position (within 3,000 km) stored in memory.  





When connected to an external backup battery and power is disconnected, the SVeeSix-CM3 retains the almanac, initial position and time.  This aids in satellite acquisition and reduces the time to first fix.  When an external back-up battery is not used, the TSIP protocol allows the almanac, initial position, and time to be uploaded to the receiver to initiate a warm start.





Satellite Acquisition and Time to First Fix  (con’t.)





During a warm start, the SVeeSix-CM3 identifies the satellites which are expected to be in view, given the system almanac, the initial position and the approximate time.  The receiver calculates the elevation and expected Doppler shift for each satellite in this expected set and directs the six tracking channels in a parallel search for these satellites.  If the internal oscillator error is known, the SVeeSix-CM3 compensates for the offset to optimize the search.  If the offset is not known, the search algorithms will be set wide enough to allow for oscillator tolerance, aging, and temperature errors.





The warm start time to first fix, when the receiver has been powered down for more than four hours (i.e. the ephemeris data is old) is usually less than 50 seconds (40 seconds typical).  





Garage Search Strategy





During a warm start search, the SVeeSix-CM3 knows which satellites to search for, based on the system almanac, the initial position (last known position) and the current time.  In some cases, the receiver may not be able to acquire the expected satellite signals (e.g. a vehicle parked in a garage or a vessel in a covered berth).  Trimble's patented "garage search" strategy, also known as a split search, is designed for such situations.





In this mode, half of the tracking capability of the receiver is dedicated to warm start search mode while the other half of the receivers tracking  capability is directed to cold start search mode ( receiver off for more than 36 hours).  This strategy minimizes the time to first fix in cases where the stored almanac, position and time are invalid.  The stored information is flushed from memory, if the cold start search proves effective and the warm search fails.





Hot Start





A hot start strategy applies when the SVeeSix-CM3 has been powered down for less than four hours, and the almanac, position and ephemeris are valid.  The hot start search strategy is similar to a warm start, but since the ephemeris data in memory is considered current and valid, the acquisition time is typically less than 30 seconds.  


�
Satellite Mask Settings





Once the SVeeSix-CM3 has acquired and locked onto a set of satellites, which pass the mask criteria listed below, and has obtained a valid ephemeris for each satellite, it will output regular position, velocity and time reports according to the protocol selected.





The default satellite masks observed by the SVeeSix-CM3 are listed in Table 6-1.  These masks serve as the screening criteria for satellites used in fix computations and ensure that position solutions meet a minimum level of accuracy.  The SVeeSix-CM3 will only output position, course, speed and time when a satellite set can be acquired which meets all of the mask criteria.  The satellite masks can be adjusted in the SVeeSix-CM3 by using  the TSIP protocol.  (See the section titled Key Setup Parameters, located in Appendix A.)





Table 6-1


Default Satellite Mask Settings - Packet 2C of App. A  





Mask 	Setting	


Mask�
Setting�
�



Elevation�



4(�
�



Signal Level Mask  (SNR)�



2.2�
�



DOP Mask�



12�
�



DOP Switch�



5�
�



�



Standard Operating Modes





The allocation of signal-processing channels and output of GPS data are controlled by three operating modes:


o	Over-Determined Mode (On or Off)


o	Fix Modes (2D, 3D, or Automatic 3D / 2D / 2D CH).


o	0-D Timing Mode (Stationary timing application)


o	Over-Determined Mode (On or Off)


Each of these operating modes are described below.


Over-Determined Mode





An over-determined solution employs more than the minimum number of satellites required for the position solution.  For a 2D position, an over-determined solution requires four or more satellites.  An over-determined 3D solution requires 6 to 8 satellites.  By reducing the relative contribution of each individual satellite to the overall solution, an over-determined solution moderates the effects of Selective Availability, smoothes the position output and minimizes the jumps caused by constellation changes.  





The best over-determined solution requires a continuous-tracking, 6-channel receiver architecture.  For 6-channel modules, the default setting for over-determined mode is set to ON.  The SVeeSix-CM3 will use up to eight satellites in the position solution as long as all mask criteria are satisfied.  The over-determined solution can be turned off for TSIP-compatible receivers by issuing the appropriate TSIP command.  See Appendix A for more information about the TSIP protocol.


�



Over-Determined Mode  (con’t.)





High 8 mode: (also known as Smart Sequencing)  The receiver outputs an all-in-view, over-determined solution. It provides six continuous tracking channels which are allocated based on SNR age of latest measurement. A satellite will receive a continuous tracking channel if it has a low SNR or is much fresher than a satellite which has its own channel.  The channel swapping logic responds quickly to changing conditions, such as every few seconds, so if a weak signal is reacquired from a sequencing satellite then it will quickly receive its own channel.   Safeguards are applied to prevent the receiver from over-allocating system resources when satellites are quickly obscured, and then reacquired.   Prior to first fix, five channels are used to acquire data, with the constraint of two satellites per channel.  After the first fix, only three channels are allowed to acquire data if eight satellites are being tracked.  If less than eight satellites are in the tracked list, then up to four channels are allowed to collect data. 





The main advantage of an over-determined solution is the increase in accuracy which is generally about a factor of two.





High 6 mode:  This mode offers the fastest satellite reacquisition since no channel sequencing is required.  Both the High 6 and Best 4 modes have the advantage that when there are no obstructions, measurements can be taken from all satellites in the fix at the same time, and thus, there are no latency induced errors due to vehicle dynamics or receiver clock non linearity’s. The penalty of High 6 mode is the degradation of DOP’s and satellite visibility due to tracking only six satellites. The drawback of Best 4 is that there is no averaging of measurement errors with this solution.  





Best 4 tracking mode:  A non over-determined solution.  The continuous tracking channels are allocated based on the Best 4 satellite selection.  The selected satellites are continuously tracked and satellites not in the selected fix set are moved to the sequencing channels.  All sequencing is done on channel 6 which means that there will be three SV’s on channel 6 when there are eight satellites being tracked.  





�
Standard Operating Modes (con’t)





Fix Modes





The SVeeSix-CM3 offers three positioning modes (in order of appearance): 3D Manual, 2D Manual, Automatic 3D / 2D / 2D CH.   However,  Automatic 3D/2D/2D CH is the default mode for the SVeeSix-CM3.  The positioning mode can be modified in receivers accepting TSIP commands.  See Appendix A for more information on the TSIP protocol.





u NOTE:  One Satellite Timing Mode is only used for stationary timing applications.








2D Manual





In 2D Manual mode, the SVeeSix-CM3 will only generate 2-dimensional (2D) position solutions (latitude and longitude only), regardless of the number of visible satellites.  For 2D solutions, the receiver uses mean sea level as the default altitude.  The greater the deviation between the actual and default altitudes, the greater the error in the 2D position.  For TSIP applications, enter local altitude in MSL/HAE via TSIP packet #2A (see Appendix A).








u NOTE:  2D Manual mode is not recommended for differential GPS applications, since any deviation in altitude  will cause a significant error in the latitude and longitude.  For DGPS applications, 3D Manual is the recommended positioning mode for the highest level of accuracy.





3D Manual





In 3D Manual mode, the SVeeSix-CM3 will only generate 3-dimensional (3D) position solutions (latitude, longitude, and altitude).  A 3D solution requires at least four visible satellites which pass the mask criteria.  If less than four conforming satellites are visible, the SVeeSix-CM3 will suspend position data outputs.  3D Manual mode is recommended for differential GPS applications requiring the highest level of accuracy.  





�
Automatic 3D/ 2D/ 2D CH 





The default operating mode for the SVeeSix-CM3 is Automatic  3D/2D /2D CH.   In this mode, the SVeeSix-CM3 attempts to generate a 3-dimensional (3D) position solution, if four or more satellites meeting the mask criteria are visible.  If only three satellites are visible which meet the mask criteria, the SVeeSix-CM3 will automatically switch to 2-dimensional (2D) mode and will use the last calculated altitude, if available, or the default altitude in the position solution. If the DOP is above the DOP mask, or when only two satellites are visible the receiver will switch to 2D Clock Hold mode. This mode will .model the trajectory of the receiver clock and use it to predict the behavior of the same clock for a short time in the future (default is 10 seconds).  This will allow a 2D fix with only two satellites, or 3D fix when three satellites are visible.  In 3D/2D  2D CH Automatic mode, the PDOP switch is active.








One Satellite Timing





One Satellite Timing mode is only used in stationary timing applications.  In this mode, the SVeeSix-CM3 maintains the one pulse-per-second output quality by tracking a single satellite.  A TSIP compatible receiver can be switched to One Satellite Timing mode, after it has achieved its first fix, by issuing the appropriate TSIP command (see Appendix A).  This last calculated position fix is assumed to be current and accurate, or a manual position may be entered.  


�
Differential GPS Operating Modes





Differential GPS (DGPS) operation is available on versions of SVeeSix-CM3 with the DGPS option (a differential-ready version of the CM3 module us supplied in the Starter Kit).  The default mode for this version of the SVeeSix-CM3 is DGPS Automatic.  The TSIP version of the SVeeSix-CM3 DGPS supports three DGPS Modes: On, Off, and Automatic, and the mode may be changed by issuing the appropriate TSIP command.  See Appendix A for information on TSIP commands.  The NMEA and TAIP version of the SVeeSix-CM3 DGPS supports only the DGPS Automatic mode.  The three DGPS operating modes are described on the next page.





DGPS On





When DGPS On is selected, the SVeeSix-CM3 will only provide differential GPS solutions.  If the source of correction data is interrupted or becomes invalid, the SVeeSix-CM3 will suspend all output of position, course and speed data.  When a valid source of correction data is restored, the SVeeSix-CM3 will resume outputting corrected data.





DGPS Off





When DGPS Off is selected, the SVeeSix-CM3 will not differentially correct the GPS solutions, even if a valid source of correction data is supplied.  In this mode, the receiver will only supply standard GPS data.





DGPS Automatic





DGPS Automatic is the default operating mode for the SVeeSix-CM3.  In this mode, the SVeeSix-CM3 will provide differential GPS solutions when valid correction data is available.  If correction data is either unavailable or invalid, the SVeeSix-CM3 will output standard GPS solutions.  The SVeeSix-CM3 automatically switches between DGPS and standard GPS based on the availability of valid correction data.


�



Differential GPS Operating Modes (con’t)





Differential GPS Operation





The TSIP, NMEA and TAIP versions of the SVeeSix-CM3 are capable of accepting and decoding RTCM SC-104 data.  RTCM SC-104 is an industry standard protocol for differential correction data.





The SVeeSix-CM3 receiver provided in the starter kit is configured to accept RTCM SC-104 correction data over the second serial port (J3, pin 7).  Alternatively, you can use the TSIP packets 60 and 61 or the TAIP DC and DD messages to input differential corrections through the primary serial port (J3, pin 5). �





Position Accuracy





GPS position accuracy is degraded by atmospheric distortion, satellite and receiver clock errors, and Selective Availability (S/A).  Effective models for atmospheric distortion of satellite signals have been developed to minimize the impact of tropospheric and ionospheric effects.  The impact of satellite clock errors is minimized by incorporating the clock corrections transmitted by each satellite used in the position solution.  SA is the most significant contributor to position error and cannot be effectively reduced except with differential GPS.





Selective Availability (S/A)





The U.S. Department of Defense, through a program called Selective Availability, intentionally degrades GPS accuracy for civilian users.  The S/A program creates position errors by modifying the apparent position of each satellite and introducing random dither into each satellite's clock.





In extreme cases, all sources of error (natural, DOP, and S/A) can combine to produce large position errors.  The DOD's definition of accuracy under S/A is 100 meters 2dRMS (horizontal 2 dimensional, at least 95% of the time).


�
Position Accuracy (con’t.) 





Differential GPS (DGPS)





Differential GPS is an effective technique for overcoming the effects of S/A and other sources of position error.  DGPS relies on GPS error corrections transmitted by a reference station placed at a known location.  The reference station compares its GPS position solution to its precisely surveyed position and calculates the error in each satellite's range measurement.  The industry standard protocol for GPS correction data is RTCM SC-104.





The GPS corrections are broadcast to mobile GPS receivers in neighboring areas.  The mobile receivers incorporate the GPS corrections in their position solution to achieve excellent accuracy.  For marine applications, corrections are typically modulated on marine radio beacon broadcasts.  For land-based applications, the correction data can be transmitted over FM sub-carrier, cellular telephone or dedicated UHF or VHF radio links.





DGPS can reduce position error to under 5 meters, 2 sigma of the time under steady state conditions.  The DGPS accuracy is highly dependent on the quality and age of the differential corrections and the proximity of the mobile receiver to the reference site.








Coordinate Systems





Once the SVeeSix-CM3 achieves its first fix, it commences periodic outputs of position, velocity, and time information.  This information is output over the serial communication channel in a format (TSIP, TAIP, or NMEA 0183) controlled in the firmware configuration program.  The TSIP protocol is defined in Appendix A, the TAIP protocol is described in Appendix C, and the NMEA 0183 protocol is described in Appendix E.





�
TSIP





In the factory default TSIP configuration, position is output as a 3-dimensional coordinate (X-Y-Z) format. By sending the appropriate TSIP command, the SVeeSix-CM3 position output can be changed to a latitude-longitude-altitude (LLA) coordinate format based on the WGS-84 datum (or any of the available datums listed in Appendix A).  The TSIP velocity output format is also 3-dimensional.  The default format is X-Y-Z with the option of an East-North-Up (ENU) coordinate format.  Time messages and time tags on other messages default to GPS time, but can be switched to UTC (Universal Coordinated Time) by sending the appropriate TSIP command.  The 8F super packet is a convenient position, velocity output.  UTM coordinate outputs are also available in 8F-17 and 8F-18 super packet outputs. 





TAIP





The TAIP protocol only supports position outputs in the LLA format.  Velocity information is output in a speed (scalar component) and heading (direction component) format.  In TAIP messages, position reports are GPS time tagged, with the exception of the TM message which  is always based on UTC.





NMEA 0183





The NMEA 0183 protocol only supports position outputs in the LLA format.  Velocity information is output in a speed (scalar component) and heading (direction component) format.  In NMEA 0183 messages, time and date information is always based on UTC.





�



Performance Characteristics





Update Rate





The SVeeSix-CM3 receiver update rate is protocol dependent.  Using standard TSIP protocol, GPS solutions are computed and output at half-second intervals (2 Hz).  The TAIP message update rate can be scheduled from anywhere from 1  to 9999 seconds.  The default TAIP output rate is 5 sec (0.2 Hz).  For the standard NMEA protocol, solutions are computed at one-second intervals (1 Hz) and the NMEA 0183 message string (GGA and VTG) is output.





Dynamic Limits





The dynamic operating limits for the SVeeSix-CM3 are listed below.  These operating limits assume that the GPS module is correctly embedded and that the overall system is designed to operate under the same dynamic conditions.





Table 6-2


SVeeSix-CM3 Operating Limits





Dynamic�
Operating Limit�
�



Velocity�



500 m/s�
�



Acceleration�



4 g (39.2 m/s2 )�
�



Jerk�



20 m/s3�
�
Dynamic	Operating Limit 	


�
Performance Characteristics  (con’t.)





Re-Acquisition





When a satellite signal is momentarily interrupted during normal operation, the receiver continues to search for the lost signal at the satellite's last known Doppler frequency.  If the lost signal is not re-acquired within 15 seconds, the receiver initiates a broader frequency search.  The SVeeSix-CM3 takes advantage of the last known information about the dynamics of the receiver and the satellite to establish the center frequency and range for the search.  Every 15 seconds, until the lost signal is re-acquired, a new center frequency and search range is computed.  Each frequency range is searched in 300 Hz increments.  The duration of the code search at a given frequency is approximately one second and switches automatically.





If ephemeris or almanac data is available for the lost satellite, then the satellite's velocity is factored into the center frequency calculation.  The diminished accuracy of an older almanac is accounted for in the width of the search range.  If neither the ephemeris or almanac is available, then the Doppler frequency at last lock is searched for two minutes.  If the satellite has not been re-acquired after two minutes, then the maximum expected Doppler frequency, based on satellite dynamics, is searched. 





The search width is also increased, if the current position is not accurately known.  If the SVeeSix-CM3 is computing velocity or velocity aiding is provided, then the receiver's motion is also factored into the Doppler frequency.  If velocity information is not available, then the dynamics code is used to determine the maximum expected Doppler frequency. 





The dynamics code is configured in firmware and is set for the likely application (marine, aviation, or land-based) of the GPS module.  The code identifies the typical dynamic characteristics (velocity and acceleration) for each application.  This information is used to optimize the satellite search algorithms by accounting for the expected dynamics associated with the application.





Re-acquisition time for a momentary signal blockages is typically under 2 seconds.





�
GPS Timing





In many timing applications, such as time/frequency standards, site synchronization systems and event measurement systems, GPS receivers are used to discipline local oscillators.  





The GPS constellation consists of 24 orbiting satellites.  Each GPS satellite contains a highly-stable atomic (cesium) clock, which is continuously monitored and corrected by the GPS control segment.  Consequently, the GPS constellation can be considered a set of 24 orbiting clocks with worldwide 24-hour coverage.





A GPS receiver uses the signals from these GPS "clocks" to correct its own internal clock, which is not as stable or accurate as the GPS atomic clocks.  A GPS receiver like the SVeeSix-CM3 outputs a highly accurate timing pulse (PPS) generated by its internal clock, which is constantly corrected using the GPS clocks.  This timing pulse is synchronized to UTC within one micro-second (nominal) 





In addition to serving as a highly accurate standalone time source, GPS receivers are used to synchronize distant clocks in communication or data networks.  This synchronization is possible since all GPS satellite clocks are corrected to a common master clock.  Therefore, the relative clock error is the same, regardless of which satellite or satellites are used.  For timing applications requiring a "common clock", GPS is the ideal solution.





GPS time accuracy is bounded by the same major source of error affecting position accuracy, Selective Availability.  The position and time errors are related by the speed of light.  Therefore, a position error of 100 meters corresponds to a time error of approximately 333 nano-seconds.  The hardware and software implementation affects the GPS receiver's PPS accuracy level.  The receiver's clocking rate determines the PPS steering resolution. The SVeeSix-CM3's clocking rate is 1MHz which corresponds to a steering resolution of 1 µs (± 500 ns).  Combined with GPS signal errors, the accuracy of the PPS is approximately ± 600 ns.








�
GPS Timing  (con’t.)





Serial Time Output





Both the TSIP and NMEA protocols include time messages.  Refer to Report Packet 41 in Appendix A, the TM message in Appendix C, or the ZDA message in Appendix E for a description of the time reports for each protocol.





Note that GPS time differs from UTC (Universal Coordinated Time) by a variable, integer number of seconds, as described below.





UTC = (GPS time) - (GPS\UTC offset)





As of June 30,1997, the GPS\UTC offset was 12 seconds.  The offset has historically increased by 1 second about every 18 months.  System designers should plan to read the offset value as a part of the timing interface to obtain UTC.  The GPS week number is in reference to a base week (Week #0), starting January 6, 1980.





Timing Pulse Output (PPS)





A pulse-per-second (PPS), one microsecond wide pulse is available on the SVeeSix-CM3 9-pin interface connector (pin 9).  The pulse is sent once per second and the leading edge of the pulse is synchronized with UTC.  The pulse shape is affected by the distributed capacitance of the attached cabling and input circuit.  The leading edge is typically less than 20 nano-seconds wide.  The falling edge should never be used for timing applications.








u	NOTE:  The PPS signal output by the SVeeSix-CM3 is generated by an open-collector circuit.  If this signal must be furnished to a remote location, the system designer should provide a TTL driver for the timing pulse.  








�
GPS Timing  (con’t.)





Determining the Time Tag of the PPS Timing Pulse





Synchronizing to the timing pulse requires both a hardware and software (TSIP) interface.  The recommended procedure is described below.





1.  	Monitor TSIP packet 41.  This is an automatic output time packet and is computed to the milli-second level (TTTTT.ttt), or issue TSIP packet 21 (request for time).





2.  	Examine the milli-second portion (.ttt) of the time response.  Since the response time of the receiver to queries is variable, the milli-second portion of the time must be used to identify the next pulse.





3. 	If the milli-second portion (.ttt) of the time response is within an "acceptable" window, then the time of the next pulse is TTTTT + 1 seconds.  The acceptable window is a function of the response time of the receiver and the host system.  A good general rule for the acceptable window is:  .125 < .ttt < .875.





4.  	If the milli-second portion of the time response is outside of the acceptable window, repeat the entire synchronization process until an "acceptable" response is obtained.








u	  NOTE:  If the receiver repeatably returns a time response which falls outside of the acceptable window, issue a soft reset command to break the pattern.








u  NOTE:  If desired,  a special software configuration can be installed to output packet 41 every time a position fix has been computed.


�
GPS Timing  (con’t.)





Time Tagging





Since the response delay of the GPS receiver is variable, the combination of TSIP packets 21 and 41 should not be relied upon for time tagging applications.  In a worst case situation, the response delay could be 1.5 seconds.  The typical response delay is 0.2 seconds.  The time in packet 41 is tagged immediately prior to output.  Although the delay caused by the serial interface is relatively fixed, the delay between receipt of packet 21 and transmission of packet 41 is highly variable.  For time tagging applications, the host system should synchronize to the GPS timing pulse and generate time tags between pulses on an interrupt basis.





u	NOTE:  Although GPS receivers provide numerous benefits when used in timing systems, they are different than standalone timing receivers.  Standalone timing receivers provide important added benefits such as event tagging, integrity monitoring, time code generation and fault tolerance.  Trimble encourages the OEM to consider these differences when applying GPS receivers to timing applications.


SVeeSix-CM3 System Designer Reference Manual  





Chapter 6 - Operating Characteristics 





6-� PAGE �18�





6- � PAGE �17�











