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Introduction mssmesmm e e v 

Characterization of timing in the disk drive read channel s a ritical task for the drive designer. While a 
variety of parametric and time domain measurement techniques exist, timing characterization gives the 
designer the most relevant indication of the drive’s ability to reliably store and retrieve data. The pre- 

dominant time domain technique, popularly called "phase margin analysis’, extrapolates the available 
timing window margin for a given error rate using error aceeleration methods. 

‘The HP 5371A Frequency and Time Interval Analyzer improves the information that the phase margin 
analyzer (PMA) provides. While the PMA excels at a rapid overview of the drive’s aggregate timing per- 
formance, the HP S371A can be used to break this aggregate timing information into distinet compo- 
nents: aggregate PMA noise into read noise and write noise; and aggregate PMA offsets into peak shift 
and asymmetry. With this information, the designer can now determine which sources of timing error 
limit the drive’s error rate performance and focus on those with the greatest potential for improvement. 
For example, understanding that write noise effects are limiting phase margin noise performance can 
help the drive designer work more effectively with the media supplier 10 gain the greatest timing margin 
improvements. 

  

This application note describes procedures to characterize read noise, write noisc, timing asymmetry and 
peak shift of magnetic disk drives using the HP S371A and a desktop computer. This note will concen- 
trate primarily on the configuration of the HP 53714, the computer algorithms, and the related ‘theory” 
of measurement implementation. For the reader who is new to the above timing effects or prefers a 
clarification of the definition of these, Appendix A contains a list of measurement definitions. Appendix 
B offers a brief summary of key statistical concerns and an example of the HP 5371A’s measurement 
precision. 

  

‘The HP $371A allows the drive designer to hreak apart aggregate timing noise and offset effects to optimize error 
rate performance.



Key Contributions of the HP 5371A Frequency 

and Time Interval Analyzer m———— ——————————— < 

Continuous Measurement 
  

The HP 53714 features an important breakthrough in the measurement of frequency o time interval. 
‘This new capability, termed "Continuous Measurement’, offers unique performance benefits over other 
time interval measurement technigues. These benefits include not only dramatic increases in throughput, 
‘but measurements can be related to each other by time or events. It will be shown in this application note 
that the exploitation of the latter is key to several disk drive measurements. 

  

A simple analogy will serve (o illustrate the “relative” sense of continuous data. Consider the ruler in 
Figure 1a. It is easy to see that the distance between the d-inch mark and the 3-inch mark is 1inch (4 
inches - 3 inches). In a similar fashion, the distance from the 6-inch mark to the 2-inch mark is 4 inches 
6 inches - 2 inches). Clearly, the separation between any two points can be determined with the same 
measurement precision as between two adjacent points by finding the difference between approp: 
inch marks on the ruler. 
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Figure 1. (a) A ruler analogy depicts the concept of the cantinuous measurement data form 
'S371A keeps track of both events and time, Note that the time Interval measurement prec 
regardless of the pulse spacing. 

(b) The HP 
s constant, 

    

‘The HP 5371A uses several specialized count registers to keep track of both time and event data. These 
registers are never reset during a series of measurements and so the memory is filled with time and event 
“samples" analogous to the inch marks of the ruler. Figure 1b illustrates how the time and number of 1 
events between any pair of these time samples can be determined without a loss in precision. 

  

As pointed out above, Continuous Measurement also offers excellent throughput. The minimurm time to 
store time and event sample information is 100 ns. Therefore, the HP 5371A measures EVERY specified 
data event up to a 10 MHz rate. It is important to note, however, that even if events occur faster than this 
10 MHz rate, the HP S371A continues to count events and time. The data reflects precisely which events. w ! 
are measured (or “time sampled") and which are not. This capability will be shown later to be especially 
important for the characterization of (iming asymmetry and peak shift 
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Flexible Arming 
  

‘The HP 5371A offers a wide sclection of arming and triggering features to control when time samples. 
occur. This built-in arming capability reduces or eliminates the need for specialized outboard hardware 
circuitry to arm the HP 5371A. 

Measurements may be acquired in groups (o blocks) of up to 1000 measurements (up to 4095 measurc- 
‘ments per block are available when using the HP-IB binary output mode). The arming configuration is 
specified in a two-stage fashion as “block holdoff/measurement sample.” The first term describes the 
sequence which is required to begin the group of contiguous measurements. The second term describes 
the condition which will causc cach measurement sample to occur within a block. 

In general, block holdoff arming may be defined as follows: 
= Automatic - begin the measurement block as soon as possible. 

« Edge Holdoff - begin the measurement block after the oceurrence of a signal edge. 
= Event Holdoff - given a reference signl edge (such as an index pulsc), delay by some number of 

events and then begin the measurement block. 
= Time Holdoff - given a reference signal edge (such as index pulse), delay by some amount of time 

and then begin the measurement block. 

Sample arming may be defined as follows: 
= Automatic - sample time as quickly as possible. 
= Edge Sampling - sample time after the occurrence of a signal edge. 
= Cycle Sampling - sample time after a specificd number of cycles of the input sigaal. 
= Interval Sampling - sample time after a specified time (continuous). 
» Time Sampling - sample time after a specified time (non-continuous). 
= Eveat Sampling - sample time after a specified number of events (non-continuous). 
= Parity Sampling - sample time afier the oceurrence of a pair of start and stop events.! 

    

Any of the three input channels (channel A, channel B, or External Arm) may be used for arming 
configurations. 

Fast HP-IB 
  

The HP 53714 features excellent HP-IB performance with binary output rates to 20,000 measurements 
per second? In addition, a choice of three output formats is available: ASCII, oating point, and binary. 
‘The binary format offers the time and event sample information which will be used in this application 
note for timing asymmetry and peak shift characterization. The IEEE double-precision floating point 
format matches the numeric format of the HP 9000 Serics 200/300 desktop computers. This ltter output 
format simplifies 1/0 operations for computers with the same inteenal data format. The floating point 
format will be demonstrated in the read and write noise program example. 

Measurement Precision 

Measurement precision is fundamental to the integrity of time interval data. The HP 5371A features 150 
ps rms resolution for single-shot measurements, 2 mV trigger level resolution, and 500 MHz input 
‘bandwidth. Input bandwidth and voltage triggering precision, as well as measurement resolution, are. 
critieal for quantification of nanosecond and sub-nanosecond noise components found in high perform- 
ance disk drives. 

e arming capabilies ar aisareoted to the measurement mode, A comprehensive description of the HP S¥714' arming capabily 
can be found i the HP S371A Product Note/Specification Guide and the HP S171A Operating and Programming Maual. See 
Appendix C. 
“The HP 53714 Product Note/Specification Gide lsts P18 benchumarksforthe various outpu formars, and a binary data 

processing algorithmfor ths bencimark



Magnetic Disk Drive Measurements ss— 

‘This section will desribe the configuration of the HF S371A for four types of measurements: 

= read nolse « timing asymmetry 
= write noise u peak shift 

A discussion of measurement theory, including key assumptions, is included. Program examples to 
process the HP 5371A data are also preseated. For ilustration purposcs, these programs are coded in 
"Rocky Mountain Basic’, available on HP 9000 Serics 200/300 desktop computers. Copies of these 
progeams can be obtained on floppy disk by returning the reply card in this application note 

Measuring transition-to-transition and compensating for correlated noise 
‘The measurements discussed will be configured around measuring fime intervals from transition-cdge to 
transition-cdge, rather than transition-edge to PLL clock-cdge. This technique is proposed to climinate 
uncertainty caused by PLL clock jitter when measuring transition-to-clock. However, the HP S371A may 
be used to measure timing jitter in a transition-to-clock fashion if desired, and the example routines may 

be modified to suif this purpose. When using this latter technique, it may be desirable to use the HP 
S371A to characterize the jtter on the PLL clock in order to remove that component from measurcment 
results. 

    

Certain precautions must be exercised when using transition-to-transition time interval measurement 
techniques. Isolated pulses found in magnetic disk drives in general exhibit "tails” that interact with 
adjacent pulses, especially when data pulses are spaced close together. The interaction of these tails with 
neighboring pulses causes timing jtter or noise (o be correlated between adjacent pulses. In other words, 
the noisc on the current pulse is, in part, influcaced by the preceding pulse in the read channel. For this 
reason, the algorithms described will take precautions to avoid measuring time intervals between adjacent 
pulses, and in fact will measure between relatively "distant” pulses to avoid this noise correlation. This 
precaution is casy to implement given the arming capabilities of the HP 5371A and the continuous 
measurement data format. 

  

For all of the measurements discussed in this application note, it is assumed that the HP S371A is 
connected to the read channel at a point after the zero-crossing circuitry. In this configuration the HP 
5371A measures digital logic signals with an RZ (return-to-zero) signal, rather than the bipolar read 
signal, or an NRZ (non-return-to-zero) sigaal. See Figure 2. 
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Figure 2. The HP S371A Is connected to the read channel electronics at 4 paint after the zero-crossing detector 
to measure an RZ logic data signal. 
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The configuration of the HP 5371A and external computer will allow read noise and write noise to be 
characterized from the same set of raw data. The following will describe ¢ach measurement separately, 
whil referencing a single configuration and computer program. 

Read Noise Characterization 
  

Measurement Theory 
‘The approach to read noise characterization is to measure a specific time interval on the disk repeatedly. 
‘The variation of these repeated measurements describes the effect of noise in the system on readback 
timing, Since only a particular interval is measured, write noise effects are removed. In other words, per- 
turbations due to the write process are fixed for a specific interval; the variation of successive measure- 
ments of a particular time interval is due to read noise. 

‘The standard deviation is a means of quantifying these variations. Note that a time interval measurement 
includes the variation of both the starting transition edge of the time interval measurement and the 
stopping edge. Assuming that noisc affects both edges equally, the variation should be divided equally 
between starting and stopping transition edges. This is accomplished by dividing the statistical variance by 
2, or the standard deviation by /7. Appendix B offers a reference for key statistical equations and tables. 

Read noise measurements are dependent on the particular read channel eleetronics and the measure- 
‘ment instrumentation. The measurement resolution of the HP 5371A must be accounted for to obtain the 

true measure of read noise. Adding the HP S371A resolution to the read noise term in a "sum-of-the- 
squares” fashion results in the following equatio 

(HP 5371A Measurement Resolution)” + (Actual Read Noise) 
2 

‘This cquation can then be solved for the actual read noisc. Appendix B provides an example calculation 
of HP 5371A measurement resolution. 

    

  (Measured Result)? = 

Read noise will generally be the greatest for patterns which smooth the signal peaks, resulting in a more: 
gradual, or flatter, slope of the differentiated signal. Figure 3 depicts how this slower slewing signal will 
be more susceptible to noise at the zero crossing detector. Parametric measurement techniques (signal- 
to-noise ratio) can fail to identify this effect for signals with equal amplitude. 
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Figure 3, "Flatter” readback signal pesks are more susceptible ta system noise than sharper peaks. Parametric 
‘SNR techniques can fail to predict this effect for signals of equal amplitude.



A constant frequency pattern is assumed in the example algorithm. In general, lower frequency patterns 
demonstrate greater read noise: pulse interaction causes lower amplitudes (resulting in degraded signal- 
to-noise ratio), but superposition effcts actually serve to sharpen the pulse peaks. These sharper peaks 
result in a steeper differentiated signal and subsequently less noise susceptibility at the zero-crossing 
detector. These superposition effcts are greatest when pulses are closely spaced. Low frequency patterns 
have smaller superposition cffcets and thercfore demonstrate greater read noise. 

Non-symmetrical isolated pulses such as those found in thin-film systems can cause complex inter-pulse 
relationships that create unexpected noise improvement or degradation for various transition spacings. 
‘The designer may wish to experiment with various frequency patterns to determinc the worst-case read 
noise pattern for a particular system. 

Measurement Configuration and Computer Algorithm 
Figure 4 s a flow diageam of the program to characterize both read and write noise using the HP 5371A. 
Major blocks and key functions for read noise are discussed below. 
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Figure 4. Program flow diagram for read and write noise computations. 

Variable Initializa 
Rather than measure a single time interval repetitively, the described computer algorithm will measure 
‘many time intervals “down the track” (See Figure 5). This technique has the advantage of characterizing 
data over a larger portion of the track rather than an isolated interval, providing a more characteristic 
read noisc value. The example program (program line #330) uses a block length of 1000 measure- 
‘ments.* The block length will determine the number of intervals o be measured down the track. (The 
block length will also be important for write noise characterization. 

  

‘While the block length describes the number of time intervals to be measured, the number of passes will 
determine how many times each interval will be averaged to obtain the standard deviation (sigma) of that 
particular interval. As few as 100 passes may demonstrate reasonable validity (variable Num —passes, 
program line #350). 
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Figure . Read and write noise are characterized over many measucements "down the track™®, Multiple passes. 
over this same portion of the track are also used. 

HP 5371A Configuration (Setup__5371a Subroutine) 
The subroutine "Setup_5371a" configures the HP 53714 for data collection. The measurement function 
and arming type are configured after the instrument is PRESET. 

The HP 53714 is configured to measure PERIOD using the EDGE/CYCLE sampling mode. Each block 
of measurements will not begin until a negative edge occurs on the external arm channel (for example, 
the falling edge of the drive’s index pulsc). A measurement sample will subsequently be taken on input 
channel A, every 16 cycles. See Figure 6. 

An event delay between the start and stop of the time interval measurement is necessary to avoid the 
‘noise correlation discussed previously. The HP 5371A CYCLE sampling mode for the PERIOD function 
offers continuous event delays in the following increments: 2/, 2%, 2%, 2%, 2%, 2%, and 2%, An event delay 
of 16 (2') addresses the correlation criterion appropriately. (Note that EVENT sampling, while providing 
greater flexibility in the value of the event delay, does not offer consecutive time interval measurement 
capability.) 

‘The number of consecutive samples gathered is defined by the variable "Block —length. Using the 
SINGLE mode, the HP 5371 will go through this EDGE/CYCLE arming sequence of "Block —length* 
cansecutive samples for each pass through the FOR/NEXT loop shown in the flow diagram (See 
Figure 4). 

“The mavimm biock szeis 1000 with he loatig point mode output ormiat, However, up 10 4095 consecuive measuremens can 
b biained using the binary uiput mode. 7



Program lines #950 through #980 configure. the input circuitry, setting the trigger levels to appropriate 
values. The program as shown uses manual triggering modes (ECL levels). The HP 371 also features 
“auto trigering’ modes which set the input trigger levels to a percentage of the signal’s peak-to-peak 
amplitude. Line mumber #980 scts the external arm trigger level for a TTL signal. 

‘The remaining lines of this routine configure the HP 5371A for the floating point output mode with ex- 
panded data ON. In the expanded mode for period, the HP S371A will not only return the period value, 
but also the precise gate time of each measurement. This gate time is actually the time interval of interest 
and will be used in lieu of a time interval measurement. The floating point format is used here for the 
sake of example. The binary output format could also be used to extract time interval data directly by 
finding the difference between consecutive time samples. 
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igure 6. The EDGE/CYCLE arming mode is used to acquire data for read and write noise characterization. 
A delay of 16 cycles (2*) insures adequate spacing to avoid noise correlation effects. 

For each transition down the track, the {%2) over repeated passes will describe a read noise value. 
‘These variance values will then be averaged to determine the overall read noise for this block of meas- 
urements, described as the square root of the average variance (standard deviation) 

Acquiring the Data from the HP 5371A (Get__raw__data Subroutine) 
‘This portion of the program will retrieve the floating point data from the HP 5371A block-by-block. As 
discussed earlier, the HP S371A s configured in the floating point output mode with expanded data ON. 
‘The data from the HP S371A is sent in pairs to the controller in the expanded mode. The first returned



value is the average period over the 16 eycle delay and the second returned value i the precise meas- 
urement gate time, Since this gate time is actually the time interval desired, the period data will be dis- 
carded as shown in lines 1280 and 129 

Alter this processing has completed, the next block will be acquired and transferred from the HP 
53714 1o the controller. A potentially faster technique would be to transfer all of the data blocks to an 
array in the controller at once. The entire array can then be processed to compute read and write. 
noise. The implementation of this technique has the drawback of being dependent on the amount of 
computer memory available, based on the number of passes and block length chosen. 

Required Memory = 16 bytes X (Block length + 1) X Number of Passes 

Rather than require a specific amount of computer memory, this program example processes the data 
block-by-block. 

Statisties are computed cumulatively by keeping track of the sum and sum-of-the-squares values with 
each block in the *Add _ stats" subroufine. These values refer to sums for ¢ach particular time interval, 
or *column-wise" statistics of the cntire data array. Appendix B describes a general form for a running 
caleulation of variance and standard deviation. 

Read Noise Computation (Rw__noise Subroutine) 
‘This routine processes the cumulative totals to derive the standard deviation of measurement values for 
each particular interval (variable Read__temp). The square root of the average variance (standard 
deviation) is then computed to derive the average read noise value for the measurement block. 

‘The remaining portion of the program code displays the resulting read noise value, returns the HP 
5371A to the LOCAL mode, and deallocates the memory reserved for the cumulative statistics arrays. 

Summary Comments Regarding Read Noise Characterization 
Tn summary, these key points are worthy of special consideration: 
1) This technique is a characterization of the effect of noise on the differentiated read signal. The read 
noise value will be dependent on the particular drive electronics as well as the measurement instrumen- 
tation. Note that the precision of the HP 5371A may be accounted for as demonstrated earlicr, as can 
‘any other independent (and normally distributed) noise sources (e.g. PLL jitter for transition-to-clock 
‘measurements, etc.). 

2) The shape of the read signal peaks are of particular importance, since they etermine the slope of 
the differentiated signal and hence the susceptibility to noise at the zero-crossing detector. Signal 
amplitude is not necessarily an issue as might be predicted with parametric SNR technigues (except as 
requircd by the channel for gain and amplitude qualification considerations). A wide pulse with a 
relatively flat peak will be more susccptible to read noise than a narrow pulse with the same amplitude. 

    

  

    3) When measuring from transition-edge to transition-edge it s important to consider the effects of 
correlated noise from one pulse (o the next. For this reason, the example algorithm uses rclatively 
*distant” data-edges for time interval measurements (16 data pulscs between the start and stop of the 
interval). Note that measuring the time of every transition is not critical to this technique. Indeed, a 16 
cycle delay has been imposed between every sample to avoid noise correlation. Therefare, the HP 
5371 and this application software may be used to characterize read noisc on systems with transfer 
rates up to 160 MHz (using the 16 cycle sampling mode). 

  

  4) Careful preconditioning of the media is critical for obtaining repeatable measurement results. For 
comparable results, always use the same erasure, whether it is AC erasure or DC erasure with a par- 
ticular bias.



Write Noise (Transition Noise) Characterization 
  

10 

Measurement Theory 
To characteriz write noise or transition noise, the actual transition-cdge timing must be determined in 
the absence of read noise. Where the variance of successive reads of a specific time ioterval describes 
the read noise, the mean value of these successive reads is the actual spacing of the transitions on the 
‘media (assuming the read nois is normally distributed). In other words, read noise is "averaged out” to 
obtain the actual spacing on the media for a specific pair of data edges. The variability of this transition 
spacing "down the track” for a constant frequency pattern deseribes the write noise of the head/media 
system. 

  

For read noisc measurements, the standard deviation of measurements for a particular time interval (a 
column in the data array) is of interest. For writc noise, the mean value for that same column of 
measurements becomes of interest, allowing write noise to be determined from the same set of data as 
read noise. See Figure 5. 

‘The assumption is made that write noise affects both the start and stop transitions of the time interval 
‘measurement equally. As with the read noise measurements, the standard deviation of the mean 
intervals down the track should be normalized by /Z to account for the measurement configuration. 

‘The use of transition-to-transition intervals rather than transition-to-clock intervals gains further 
significance for write noise characterization, as low frequency PLL tracking errors may tend to bias the. 
write noise results.Precautions regarding correlated noise between adjacent pulses should be taken: 
using the same algorithm for read noise, the minimum spacing requirements are already in place to 
avoid noise correlation problems in the write noise measurements (16 data edges between the start and 
stop of the interval measurement). 

  

Preconditioning of the media may affect measurement results. It s eritical to consistently set the same 
conditions for the head/media system by using the same crasure for comparable results. 

  

Unlike read noisc, write noise characterization is independent of read channel clectronics and measure- 
‘ment instrumentation. Limted repeatability due to special clectronics or various testers can be cfi 
nated using this HP 5371A technique. The HP 5371A can serve as an excellent verification tool between 

the drive designer and the component supplicr. 

    

For a constant frequency pattern, the head system willaftempt to space transitions on the media equally 
apart, Any variation in what should be cqual intervals for the constant frequency pattern is write noise 
(assuming read noise is averaged out). The example algorithm assumes that a constant frequency 
pattern has been recorded (the same assumption applies to the read noise measurement). Again, 
the designer may wish to cxperiment with several different code frequencies for write noise: 
characterization. 

Measurement Configuration and Computer Algorithm 
The majority of the example program is identical in purpose and operation to that of read noise. Only 
the portions of the program of particular interest to write noise characterization are discussed here. 
Refer to Figure 4. 

Variable Initialization 
The block length and number of passes are important for write noise and read noisc, but the impor- 
tance of cach number is essentially reversed. For the write noise calculation, the number of passes over 
the data determines how much the read noise is *averaged out” of the calculations (Num.__passes). The 
number of consecutive intervals measured (Block —length) determines the sample size over which the 
vaiability, or the write noise, is computed. The designer may wish to experiment with these values to 
determine significance. For purposes of illustration, the program uses 100 passes (Num —passes) over 
1000 measurement block (Block _length). 
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‘Write Noise Computation (Rw__noise Subroutine) 
‘This routine determines the average value of a particular interval (a column in Figure 5). The mean and 
‘mean-squared values for each of these column-wise mean intervals is maintained cumulatively. The final 
line of the routine (line #1990) determines the standard deviation of the column-wise means (normalized 
by /2). This standard desiation value describes the write noise of the system. 

  

Summary Comments Regarding Write Noise Characterization 
Several comments regarding characterizing write noise are worthy of consideration: 

1) A system-dependent cffect is write-clock jitter. The assumption has been made that thisjitter s far 
Iéss than the write noise itself, OF course, his assumption may be characterized using the HP S371A to 
measure the stabiliy of the write circuitry oscilltor. As mentioned carlier, a major advantage of this HP 
S371A technique isits independence of read channel clectronics and measurement instrumentation. 

2) Precision spindle speed control is necessary for accurate results (variability in motor speed between 
passes can cause a smearing of the distributions); however, reductions in data acquisition times made 
possible by the HP 53714 consceutive measurement capability reduces the impact of spindle variations 
relative to slower, single shot measurement systems. 

3) The algorithm assumes that a constant frequency pattern has been written on the media. This scrves (o 
simplify the calculations for write noise. The designer may wish to characterize write noise over several 
different frequencics. 

4) Circumferential location on the media may influcnce write noise results, especiallyif the media 
exibits "spoking’ o cocreiviy gradients. It may be of interest to measure write noise at several 
locations around a data track to determine any variability with track location. 

5) Measuring transition-to-transition itervals instead of ransition-to-clock intervals eliminates concerns 
about the PLL tracking error (this tracking error can bias write noise results). For transition-to-transition 
‘measurements, minimum spacing requirements should be maintained to avoid noise correlation prob- 
fems. As with the read noise measurement, measuring the time of every transition is not critical (o this 
technique. Therefore, the HP S371A and this application software may be used to characterize 
write noise on systems with transfer rates up to 160 MHz (using the 16 cycle sampling mode). 

   

6) The algorithm always measures intervals across an cven number of transitions (every 16th event), s0 
the effects of timing asymmetry do not impact the results. By measuring time interval in this fashion, i 
imsured that the start and stop events arc always of the same polarity (of the bipolar read signal), and 
therefore asymmetry effects are avoided. If an odd number of transitions are within the interval, then 
separate accounting of alternale measurements is necessary so that write noise can be determined for 
either (or both) groups. 

  

Timing Asymmetry (Pulse-Pairing) Characterization 
  

Measurement Theory 
The effect of timing asymmetry i to shift positive bipolar data pulses in one direction (thal i, advance or 
delay in time), while shifting negative bipolar data pulses in the opposite direction. For a constant fre- 
quency pattern, this will result in altcrnating short and long intervals rather than a constant spacing. 
between transitions. This effect, also called “pulsc-pairing’, can be seen graphically as a bimodal histo- 
gram. (See Figure 7) 

‘While the histogram technique provides easy identification of the bimodality of the distribution, some 
‘guesswork about the tails of cach distribution is required to determine the mean scparation of the two 
distributions. The numerical techniques to do this are quite complex. A simpler method is (o group 
‘positive-pulse to negative-pulse transitions and negative-pulse to positive-pulse transitions separately, and 
then determine the mean separation. 

1
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Figure 7, This HP $371A histogram display clearly shows the effects of iming asymmetry. Complete quantifi- 
cation of asymmetry can be done with the timing asymmetry program example. 

The binary format of the HP S371A offers the capabiliy to distinguish alternating positive and negative 
pulses by virtue of continuous event information. This is eritical in light of the fact that the HP 5371A is 

actually measuring an RZ (return-to-zero) signal, not the bipolar read signal tself. In the example shown 
in Figure 8, 0dd numbered events correspond to positive bipolar data pulses, while cven numbered cvets 
correspond to negative bipolar data pulses. 
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In general, the particular polarity versus odd or even event correlation is unknown. However, the key 
point is that the continuous event information offers a method to group measurement values by data 
polarity (assuming no amplitude dropouts). Statistics ean be calculated on each group, and consequently 
the true mean separation of the distributions can be determined and the amount of timing asymmetry 
calculated. 

  

  

‘The following equations shaw the derivation of the asymmetry calculation 

Assuming A, = A, = A 

  

k=t +28 

fe=ih -2 

In general 

toe 

(9 

  

Where the texms are defined as follows: 

tee = measured interval from an odd-numbered pulse (o an even-numbered pulse. 

‘measured interval from an even-numbered pulse to an odd-numbered pulse. 3 

Averaging over n intervals to eliminate read/write noise: 

  

nt, * 024 

St = n ¥ 28 
& 

St - Sheo 

  

4     

Results should reflect the effcet of asymmetry in the decoding window (% A): 

in 
   A 

Disk preconditioning plays a eritical rol for asymmetry measurements. The designer or test engineer 
‘may wish to characterize (iming asymmetry for both biases of DC erasure as well as AC erasure, The 
results of this measurement are closely related to the particular method of disk preconditioning. It should 
be noted that DC erasure will cause the greatest asymmetry; high frequency AC crasure will cause the 
least asymmetry. The difference between these resulls describes the time domain effects of overwrite 
performance. 

  

As with read noise and write noise characterization, a constant frequency patten is uscd for this meas- 
urement algorithm, In general, the designer may wish to characterize a variety of constant frequency 
patterns (o determine the worst-case data pattern for timing asymmetry. 

3  
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Measurement Configuration and Computer Algorithm 

The messurement algorithm primarily involves sorting the HP S371A raw data to compute odd-to-even 
and even-to-odd measurement intervals, corresponding to the positive-to-negative and negative-to- 
positive bipolar transition-to-transition intervals (or vice-versa). While sorting the data, the algorithm 
‘must also check for minimum spacing requirements to avoid noise correlation. Once the data has been 
sorted, an average of each group of intervals is determined to compute timing asymmetry. Figure 9 is a 
simple flow diagram of the program. 
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Figure 9, Program flow diagram for tming asymmetry computations. 

Variable Initialization 

The algorithm will measure many ime intervals "down the track” to determine timing asymmetry. The 
number of intervals measured is set with the variable "Blocklength” (line #240). Block length can take 
on values up 1o 4095 when using the HP S371A binary output mode. The value of Block length 
dotermines the number of intervals averaged (0 remove read and write noise effects. 

  

If more intervals nced to be averaged, the variable “Num __passes” (line #250) may be modified. This 
will cause multiple passes over the same portion of the track to average read and write noise further 

‘The variable "Min__spacing” (line #390) is used to control the spacing betweea time interval measure- 
‘ments, This value is important to avoid noise correlation when measuring from transition to transition. 
The INTERVAL sampling mode will be used with the HP 53714 and the sample interval valuc is set to 
the value of "Min_—spa 

  

 



HP 5371A Configuration (Setup__5371a Subroutine) 
‘The subroutine 'Setup__5371a" configures the HP S371A for data collection. The measurement function 
and arming type s configured after the instrument is PRESET. 

‘The HP 53714 is configured to the TIME INTERVAL mode using the EDGE/INTERVAL arming 
‘mode. Each block of measurements will not begin ntil a negative EDGE oceurs on the external arm 
channel (for example, the falling edge of the drive’s index pulsc). Once the block has begun, a TIME 
INTERVAL measurement between two consecutive rising transition edges on input channel A will be: 
taken. The following TIME INTERVAL measurement will not begin until an INTERVAL delay has 
expicd, The minimum value that INTERVAL sampling can take is 600 ns. The sorting routine wil also 
double-check to insure that minimum spacing requirements are abserved. 

     

Using the SINGLE mode, the HP 53714 will go theough this EDGE/INTERVAL arming sequence of 
‘Block —length conseeutive samples for each pass through the FOR/NEXT loop shown in the flow 
diagram (as determined by the variable "Num ___passes"). 

Program lines 1120 to 1150 configure the input circuitry, setting the trigger levels to appropriate values. 
‘The program uscs manual trigger modes at ECL levels. The external arm channel is configured to trigger 
on TTL levels. 

The remaining lines of code in this subroutine configur the HP S371A for the binary output mode with 
expanded data ON. In this mode, the HP S371A will return both time samples and the event samples to 
be used for the asymmeiry calculations. 

Acquiring and Processing Data from the HP 5371A 

(Get—raw__data and Proc__ti Subroutines) 
‘The Get_ raw.__data subroutine retrieves  block of binary data from the HP 5371 and extracts the 
initial header information. The unprocessed data is stored in a buffer and passed to the processing 
routin through a COMMON variable construct. 

  

The Proc__ti subroutine converts the binary data to 32-bit real values for the event and time samples. 

These individual samples are stored in arrays for latcr computation (0 determine the appropriate odd-to- 
even or even-to-odd intervals. 

The TIME INTERVAL configuration uses two scparate hardware time interpolators. The configuration 

has 2 600 ps diffcrential channel delay, internal to the HP S371A. This 600 ps must be added to cach 
“stop’ time sample to correct for the resulting skew. 

Asymmetry Computations (Compute_asym Subroutine) 
‘The *Compute —asym" subroutine uses the event and time samples to determine and group appropriate 
odd-even or even-odd pairs, and subsequently caleulate timing asymmetry. 

‘As shown earlicr i the derivation of the asymmetry computations, the intended spacing for the constant 
frequency pattern, must be determined. This calculation is done in lines #2650 to #2710 by taking the. 

average period of the entire measurement block, -To climinate asymmetry affects from the 
end poiis i this calculation, the algorithm uscs transition edges of the same polarity. 

    

Assuming a constant frequency pattern, the next portion of code checks for a possible amplitude dropout. 
This is accomplished by determining the interval (or average interval, i eveats were not time stamped) 
between all adjacent time samples i the block of measurements. If the average period between adjacent 
samples exceeds 1.3 times the average transition time (program line #2780), an amplitude dropout is 
detected? The asymmetry computations for this block of data are skipped and the data discarded. 

A4 vale of 1.3 efects  30% margin It may be desivable io odify s value for sstms ek restr e ok 15  
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‘The algorithm next finds the first time interval starting with an odd-numbered event and cnding with an 
even-numbered event. Beginning with an odd-numbered event, the algorithm searches for the first even- 
‘numbered event which satisfies the minimum spacing requirement. 

Once the interval has been determined, the value is normalized to a single transition-to-transition 
interval, This satisfies the general case where all of the odd-to-even and even-to-odd intervals may not 
represent the same number of transition intervals (this case may arise du to the minimom spacing 
requirements between the start and stop data pulses necessary to avoid noise correlation), The normali- 
zation is determined as follows: 

Measured Interval = (Number of events over the interval X Minimum Transition Interval) + 24 

Rearranging: 

2A = Measured Interval - (Number of events over the interval X Minimum Transition Interval) 

‘Normalizing the interval to one clock period (Minimum Transition Interval + 24) 

Normalized Interval = Minimum Transition Interval + 

(measured interval - (number of events over the interval) X Minimum Transition Interval) 

Finally, the normalized interval is added to a running sum of odd-to-even intervals. 

The algorithm then increments the starting pointer to an even-numbered event and determines an even- 
to-odd interval in a similar fashion as that for the odd-to-even interval. The interval is normalized and 
added to a runs 

  

  g sum of even-to-odd intervals. 

The program continues to determine intervals, alternating odd-to-even and even-to-odd until the last 
time sample is encountered. If this is found on an even-to-odd pass, the last odd-to-even interval is 
removed from its running sum so mean caleulations arc performed on equivalent sample sizes. 

Finally, the resulting asymmetry computations are displayed for the current measurement block. 

The remaining program code compiles an average asymmetry term over muliple blocks of data and 
displays the cumulative results. 

Summary Comments Regarding Timing Asymmetry Characterization: 
In summary, these points are worthy of consideration: 

1) The algorithm assumes that a constant frequency pattern has been written on the media. 
  2) In order (o isolate asymmetry effeets, tim interval measurements must be taken between positive and 

negative bipolar data pulses, and vice-versa, The event information which i available with the HP 5371A 
binary data format is used (o keep track of the sense of the pulse polarity. This method can be invalid if 
an amplitude dropout oceurs, The algorithm includes  check for dropouts before the asymmetry 
ealeulations are performed. 

3) Intervals used in asymmetry calculations must be long enough to avoid noise correlation between the 
start and stop pulses of the time intcrval measurement (transition-to-transition type measurements). This 
‘minimum spacing can be controlled by the user in the example program. Measuring the time of every 
transition is not eritical (o this technique. Therefore, the HP 5371A and this application software may be 
used to characterize timing asymmetry on systems with transfer rates well in excess of the specified 
sampling rate (up to the 500 MHz bandwidth limit of the HP S371A). 

   



p® 

4) Media preconditioning is important for effective characterization of timing asymmetry; DC crasure. 
will create worst-case asymmetry cffcets. The designer may wish to characterize timing asymmetry for 
both dircetions of DC erasure. 

5) Erors in the channel electronies (ic. offsets st the zero-crossing detector comparator, ¢(c.) can cause 
asymmetry effects that cannot be separated from the head/media asymmetry under characterization, 
However, the HP 53714 can be used to characterize channel errars by inputting a sine wave to the 
channel electronics and using these routines to characterize any subsequent pulse-pairing. 

6) The algorithm averages data over many intervals to remove the effets of read and write noise. 

7) In creating the asymmetsy algorithm, the write clock has been assumed to be relatively constant (e.g. 
the write clock was stable, as was the spindle specd during the write and subsequent measurement 
processes). The average transition spacing value is displayed with the asymmetry results in the cxample 
program. In addition, asymmetry is assumed o be constant over the block of data. 

8) In general, the timing offset cffccts of asymmetry and peak shift may reinforce cach other, or may 
reduce cach other, depending on the media preconditioning and the data pattern overwriften. A constant 
frequency pattern is used in this example for asymmetry characterization to minimize peak shift effects. 
Non-constant frequency patterns such as "tripolc” pattcns tend to enhance peak shift effects. The peak 
shift measurement to be described next wil also detect timing asymmetry in a tripole data pattern. 

  

Peak Shift or "Pulse Crowding" Characterization 
  

Measurement Theory 
Like timing asymmetry, the effect of peak shift is to systematically displace transition edges from their in- 
tended position. While the effects are similar, the causes are different. Peak shift is the result of the 

n of pulse shapes, so worst case data paiterns are not constant frequency patterns, but 
patterns which cause unequal superposition on cither “side” of a pulsc. 

  

For conventional bead /media systems, where the isolated pulse shapes tend to be symmetrical, the 
dipole pattern (such as MFM(1,3) "DB6") exhibits worst-case peak shift. However, for thin-film technolo- 
gies, the isolated pulse shapes tend to be asymmetrical. For these types of head/media systems, other 
data patterns exhibit worst-case peak shift results. The example program demonstrates peak shift charac- 
terization for a tripole pattern (conventional system tripole peak shift is generally equivalent o ts dipole 
peak shift). 

  

‘The measurement technique will be to "tme-sample’ each edge in the tripole set. Like timing asymmetry 
characterization, the polarity of the bipolar pulses will be followed by the odd/even event count values. 
Keeping track of the pulse polarity affers the capability to also compute timing asymmetry for the tripole 
data pattern. 

  

To further demonstrate the capability of the HP 5371A’s continuous measurement format, the peak shift 
algorithm is designed to measure minimum transition-to-transition spacings as small as 50 ns. This will 
require two passes over the measurement area, A minor change in the HP 5371A’s measurement 
configuration will allow every transition of the tripole set ta be time-sampled in these two passes. (The 
“Continuous Time Tnterval” and “Time Interval” measurement modes are both uscd.) 

  The first pass over the data will provide time samples for the "outer” data pulses of the tripole set (first 
and third). The second pass will provide time samples for the first and second (middl) data pulses. 
These two sets of time samples can then be sed to compute: peak shift s well as timing asymmetry for 
the tripole data pattern. 

  

17  



  

  

0 numbered wipole Even-numbered vpale 

P, P, S, L 

Pass #1 
vt 

nomber /1123 10 [11| 12 

sona < 1= 100ns Rr— 

(8)In the fst pass,the CONTINUOUS TIME INTERVAL mode i used 10 time-sample the 
“oute” Tt and i) transilons of the tpole. 

=Pk 
0 Inthe sacond pass, the TIME INTERVAL mode i used (o time-sample the s s 
secand tranahions of the ripole. 

  

* iclcaten vansion s lime-sampied.     
    

Figure 10, Two-pass technique to time-sample every pulse in the tripole set. This technigue can be used for 
minimum transition-to-transition spacings between 50 ns and 100 ns. 

Figure 10 illustrates how two passes over the measurement area retrieves the necessary timing informa- 
tion. In order to calculate asymmetry, as well as to prevent it from biasing peak shilt calculations, the data. 
is sorted into two groups: a tripole set with a ‘leading” odd-numbered pulse (for example, the tripole with 
data pulses 1, 2 and 3 - in this example, odd-numbered pulses are positive polarity) and a tripole set with 
alcading even numbered pulse (for example, the tripole with data pulses 4, $ and 6 - the even-numbered 
pulses are negative polarity). The following equations illustrate the calculation of peak shift for each set 
of tripoles. 

0dd_odd_first_last = ((6d + 2k + 8) X Clock) - PSg, + PSy, 

0dd_odd_first_middle = (5 + 2k + 7) X Clock) - PSg, + PSy, 

Odd_even_first_first = ((2d + k + 3) X Clock) - PSg, + PS, 

Odd_even_first_middle = ((3d + k + 4) X Clock) - PSg, + PSy, 

Odd_even_first_last = ((4d + k + 5) X Clock) - PSg, + PSy, 

Where the terms are defined as follows: 

PSy, = peak shifl of the first pulse position in 3 tripole with an odd-numbered first pulse. 

PSp, = peak shift of the first pulse position in a tripole with an even-numbered first pulse. 
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PSy, = peak shift of the middle pulse position in a tripole with an odd-numbered first pulse. 

PSy, = peak shift of the middle pulse position in a tripole with an even-numbered first pulsc. 

PSy, = peak shift of the last pulse position in 2 tripole with an odd-numbered first pulse. 

PSy, = peak shilt of the last pulse position in a tripole with an even-numbered first pulse. 

  

d = minimum number of clock periods between transitions. 

k = maximum number of clock periods between transitions. 

For cach tripole set, three peak shift values are to be determined, for a total of six distinet peak shift 

values. Since peak shift must be described as a shift from the reference clock, an extra equation must be 
included  to describe this reference. This equation is formed by assuming that the phase lock loop acts 
appropriately to compensat for peak shift in the system. The PLL should cause the total peak shi 
‘across two adjacent tripole sets to add (o zero (See Figure 11): 

  

PSp, + Sy, + PSy, + PSp, + PSy, + PSy, = 0 r, + PSy, + PSy, r, + P, + PSy, 

These six cquations can be used to determing the distinct peak shift values for each transition (and pulse 
polarity) in the tripole signal. 

  

= (4 + K+ 8) x clock 
  

  

P, + PR, + PB, + P8, + PRy, + PS =0       

Figure 11, An extra equation is used to determine peak shift. The equation is derived by assuming the PLL 
forces the total peak shift offset to zero over adjacent tripole sets. 

Tn practice the acquired data will also have read and write noisc. Averages of values for the various 
intervals are used in the above equations to determine peak shift vaues. Read and write noise effects are 
“averaged out'. 
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The clock period is determined by using the middle transitions of adjacent even-numbered polarity 
tripoles and dividing by the number of intermediate clock cycles. This i determined using the particular 
(4,k) coding scheme. For example: 2,7 code should have a total of 28 clock periods between "middle” 
data pulses of tripoles with the same polarity, See Figure 12, 
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Figure 12, The "clock" is determined by using time ssmples from middle transitions oftripoles with the same 
pulse polarity, This measured interval is then divided by the required number of clock periods. For a RLL 
(2,7) code, there are 28 clock periods between these transition pulses. 

Once peak shift values have beco determined, timing asymmetry can be calculated as the difference 
between corresponding peak shift values (e.g. the difference between the average peak shift value for a 
leading postive pulse in a tripole and a leading negative pulse in a tripole). Note that timing asymmetry 
for the tripole pattern may not neeessarily be the same as that for constant frequency patterns, nor vl it 
necessarily be equal for each of the three tripole transitions. 

Measurement Configuration and Computer Algorithm 
For applications where transition-to-transition spacings are less than 100 ns, two passas through the data 
are required (o obtain time samples for each pulse position in the tripole. The HP S371A will first be 
configured in the Continuous Time Interval mode to time sample the outer pulse positions (fiest and last 
pulses of the tripole). The minimum fime interval in this mode is 100 ns, so the middle pulse of the 
tripole wil be “misscd” in cach tripole grouping if the transition spacing is less than 100 ns, (Note, 
however, that the HP 5371A event sample information wil stll count this transition, enabling us to keep 
track of the pulse polarity.) 

  

To obtain timing information for the middle transition position, a second pass over the data il be made 
with the HP 5371A in the Time Interval mode. This pass will retrieve time samples for the first and 

sccond data pulse positions, but always "miss" the last pulse position. Once again, the event sample 
information offers & means to group measurements by pulse polarity. 

These two data records offer all of the timing information necessary to compute peak shift using the 
equations developed above. Notice that the technique requires that measurements begin with the first 
pulse of a tripole. If the drive configuration does not allow this, a simple test may be added to the 
program to determine the first ime sample in a record that corresponds to the first transition position in 
the tripole. This can be done by a comparison of measured time valucs. 

Figure 13 shows a flow diagram for the peak shift program cxample. 
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Figure 13. Program flow diagram for peak shift computations. 
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Variable Initialization 
The HP 53714 can make up to 4095 measurcments in the binary HP-TB mode. Note that this implies 
4096 time samples for the Continuous Time Interval mode or 8190 time samples for the Time Interval 
‘mode. The number of measurements is determined with the variable "Block__length”, The HP §371A 

determines the mumber of samples required to return the requested number of measurements. 

To simplifythe peak shift determination algorithm, the program forces the block length (0 an odd 
number of measurements in line number 390. 

Maltiple passes over the data can be performed to further average read and write noisc. The variable 
“Num__passes” controls this value. A “pass is defined as one block of Continuous Time Interval meas- 

‘urements and one block of Time Interval measurements. One block of each is necessary to retrieve time 
samples for each pulse position within the ripole. 

‘The "Time_1" and "Event 1" data arrays hold the the respective time and event samples for the first 
‘measurement sctup (z.g. the "outer” pulse positions of the tripole). The “Time_2" and "Event—2" data 
arrays hold the respective time and event samples for the second measurement setup (c.g the first” and 
*second" pulse positions of the tripole). The remaining variables are used to keep running totals of the 
peak shift values for each tripole polarity (even-numbered leading transition and odd-numbered leading 
transition) for multiple passes over the data. 

‘The variables "D and "K" correspond to the particular RLL (dk) code convention. The program cxample 
is shown for a RLL (2,7) code. 

  

off determines the time delay from an index pulse to the first fime sample. The range 
for this value is 2 ns to § seconds with 2 ns resolution. This mode can be used to delay past the scctor 
header fild and position the measurement at the first data pulse of the tripole. The HP S371A offers two 
alternative holdolf modes: Edge and Event holdoff. These can be configured in the "Setup  5371a" 
subroutine. 

HP 53714 Configuration (Setup__5371a Subroutine) 
This subroutine configures the HP 5371A for both data colltion configurations. These configurations 
are stored in the front panel memory (Instrument State Menu) of the HP S371A. This approach speeds 
the reconfiguration of the measurement setups during data collection. Note that front panel memory 
locations 1 and 2 must have WRITE PROTECT off. 

The frst configuration sets the HP S371A to Continuous Time Interval with the Time Holdoff arming 
mode. A negative signal edge (for example, an index pulse) on the external arm channel begins the time 
delay. Positive pulses are then counted on input channel A. Note that the manual input triggering mode is 
used for these measurements. This avoids the Auto Trigger requirement for the signal to be present prior 
0 the beginning of the measurement for trigger level determination. This setup i stored in register 1 of 
the Instrument State menu. 

The second configuration sets the HP 5371A o Time Interval. All other HP 5371A functions remain the 

same. This setup is stored in register 2. 

  

Acquiring and Processing Data from the HP 53714 
The "Get_—raw._—data® subroutine retrieves a block of binary data from the HP S371A and extracts the 
header information. The unprocessed data is stored in a buffer and passed to the processing routines via 
2 COMMON variable construet. 

The "Proc_ (i subroutines convert the binary data to 32-bit real values for event and time samples, The 
soutines check the data for counter overflows and adjust the values accordingly. For the Time Interval 
‘mode, 600 ps systematic term must be added to the "stop” sample to compensate for internal 
tial channel delays in the HP 5371A. 
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Clock Determination (Det_clock Subroutine) 
‘The average clock is calculated using the middle transition position time samples. The routine uses the 
first "middle” pulse (assuming that measurements begin with the first pulse of a tripole set) and the last, 
middle transition with the same polarity. The average clock value is calculated and the precision is 
determined using the number of intervals averaged. 

  

Drop Out Check (Drop_out __check Subroutine) 
Using the 0dd/cven numbered event convention to keep track of pulse polarity requires the assumption 
that no amplitude dropouts occur. This subroutine verifies this assumption by checking for the appeopei- 
ate number of events between time samples. If a dropout is found, the data is discarded without perform- 
ing the peak shift calculations. 

Peak Shift Computations (Compute__pk__shift Subroutine) 
“This routine searches for appropriate intervals for the peak shit calculations. Separate running sums are 
‘maintained for both scts o tripoles: odd-numbered leading data pulses and even-numbered leading data 
‘pulses. These running sums are then used to calculate an average value for the peak shift 
calculations. 

Unlike the read write noise program and the timing asymmetry program, the peak shift program does 
not check for minimum spacing between time samples to avoid noise correlation. This check has been 
omitted sincs the coding pattern provides for a maximum interval between tripoles (8 elock intervals for a 
RLL (27) code) and the algorithm computes intervals between tripole groups. In general, this should 
‘provide adequate margin to avoid pulse interactions between time samples used for the interval caleula- 
tions. 

Asymmetry Computations (Asymmetry Subroutine) 
Asymmetry is caleulated as the difference between corresponding peak shift values. 

The remainder of the program returns the HP 5371A to front panel operation and deallocates the data 
artays 

Summary Comments Regarding Peak Shift Characterization 
In summary, these points are worthy of consideration: 
1) The example program demonstrates a fairly complex case. For conventional head/media systems with 
‘minimum transition-to-transition spacing of more than 100 ns, the algorithm becomes significantly easier. 
Data can be acquired in a single pass. However, many new drive designs are employing thin-film head 
‘media systems and higher data rates that warrant demonstration of the tripole case.® 

2) In addition to peak shift and timing asymmetry, read and write noise could also be calculated from the 
data in this cxample. In general, read noisc will differ from the constant frequency pattern case. Peak 
shift can serve to improve read noise figures as superposition effects may serve 1o sharpen the bipolar 
signal peaks, These sharper pulse peaks will result in a steeper differentiated signal and subsequently less 
susceptibility to noise in the read channel electronics. 

3) The algorithm assumes that peak shift effects are constant for any particular transition polarity and 
position within the tripole for the measurement block. 
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4) The results of this peak shift characterization may be scd to determine the amount of precompensa- 
n required by the drive. In fact, it may be of interest to develop data reflecting the resulting peak shift 

versus various precompensation values. Determining precompensation is generally an empirical process 
since precompensation does not eliminate peak shift, but attempts to compensate for is effects. 

  

  

5) Media preconditioning is important, s always, for comparable results. This is primarily du to timing 
asymmetry effects which may add-to or subtract-from peak shift effects, depending on the overwritten 
pattern and the media preconditioning. 

6) Group delay problems in the read channel (or similar problems) wil cause aggregate peak shift terms 
that do not describe the actual head/media effects. The channel electronics should be characterized first 
1o determine whether such effects are biasing the data (an HP 8770A Arbitrary Waveform Synthesizer 
can be used to input a tripole pattern to the channel electronics for subsequent characterization using this 
HP 5371A technigue). 

  

7) This technique for determining peak shift derives a distinct term for cach transition pulse position and 
polarity in the tripole. Peak shift effects are normally seen as offsets or *kick outs” on the phase margin 
plot. A large peak shift term for a particular transition pulse position may be difficult to detect with 
conventional phase margin analysis s the offset. occurs only once every six pulses. This HP 5371A 
technique clearly depicts any variation in peak shift versus pulse pos 
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Time Interval Results and Window Margin Analysis s 

  

‘The techniques described in this application note serve to enhance the information provided by phase. 
‘margin analysis rather than replace it. While the phase margin analyzer excels at a rapid overview of the 
drive’s aggregate timing performance, time interval techniques give the designer the abiliy to isolate 
various timing effects: read noise and write noise can be separated from total noises described by the roll- 
offin a typical phase margia plot, and aggregate offscts described by displacements in that plot can be 
separated into individual peak shift and/or asymmetry terms. (See Figure 14). 

    

Other time interval instrumentation s available which provide an alternate means to obiain the informa- 
tion already provided by the phase margin analyzer. These products use histographic techniques to 
present time interval nformation. It should be noted that while these products measure time interval 
direatly, they do not provide the continuous measurement capability of the HP 5371A Frequency and 
‘Time Interval Analyzer, This continuous measurement capability s fundamental o the measurcment 
techniques deseribed in this application note. 

  

Throughout this application note, measurcments have been computed aver sample sizes of several 
thousand. This differs from phase margin techniques which typically use sample sizes of 10° or 0%, These. 
large sample sizes are necessary to confidently extrapolate timing margin performance to error rates of 
10™ or less. 

Recognizing that the statistical sample sizes differ significantly, it is possible to develop a model which 
relates the time interval results for read noise, write noise, timing asymmetry and peak shift to aggregate 
timing margin. The model must combine the offsets and noises of the head/media system with the offsets 
‘and noises from the drive system. 

  

‘Head/media system contribution to window margin loss at a 10" error rate is: 

timing asymmetry + peak shift + 636 X V(read noise)’ + (write noise)’ 

For the whole system it becomes: 

Window margin = Decoder half window - 

  

(Sheadimedia offsets + 3 channel offets + 636 X 

V'3 (head/media noises)? + 3(channel noises)® 

Where: 

  

   Shead/media offsets = timing asymmetry + peak shift 

3 (head/media noisc)® = (read noise)® + (write noise)®



2% 
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Figure 14. This figure shows the relationship of the cumulative probal 

  

density function plot (phase margin 
plot) and the histogeam, as well as the relationship to the mathematical model described n the text. 

‘Timing asymmetry and peak shift are used in their adjusted forms which direetly account for their effects 
in the timing window. The read and write noise terms are combined in a "sum-of-the-squares" fashion 
(assuming that each noisc term is independent). The aggregate noise s then mult 

  

d by 6.36 (single- 
sided calculation) to describe the required number of sigmas to obtain an crror probability of 10 
(assuming that the noise follows a Gaussian distribution) 

As the cquation shows, window margi 

    

s the difference between the half decoding window and the sum 
of the offsets (asymmetries and peak shifts) and the sigmas required for a 10*° probability of error. It 
should be noted that this model describes the effects of one tail of the distribution, so the model is not 
entirely accurate. However, unless the offset terms are zero, the tail deseribed by this model will domi- 
ate any error rate calculation (¢.g. ignoring the non-dominant tail will produce an extremely small error 
term). 

o 
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Appendices e emmmng i s e T S — 

Appendix A: Glossary 
  

Noise: generally expressed as a ratio to signal amplitude or by its sigma in nanoseconds. Noise can refer 
cither to the aggregate of all noiscs in the system or to the individual noise components themselves (see. 
Read Noise, Write Noise, and System Noise). Noiscs are assumed to be Gaussian (an assumption that 
has becn directly confirmed by phase margin analysis on consentional head/media systems through error 
rates of 10). 

Offsets: 2 term describing aggregate displacement (in ns) of the transition distribution mean within the 
data decoding window (usually aggregate offset is the combination of any peak shilt and asymmetry 
effects) 

Peak Shift: displacement of a transition peak duc to interaction with adjacent pulses. This is generally 
dominated by readback superpostion, but sccondarily affected by write process interactions. 

Phase Margin Analysis: a time domain measurement which determines the available timing margin in 
the decoder half window. Margin estimates for error rates on the order of 10 are accomplished by ex- 
trapolating from sample sizes of 10° or 10° measurements. Typically error rate data is gathered by 
accelerating error rates by sliding’ the timing window with respet to its nominal eenter position or by 
*shrinking® the timing window about its center. 

Read Noise: a term used to refer to the cffects of system noise (generally preamp-dominated) on the 
ability of the read path circuitry to reliably locate the actual transition position. 

RLL Code: [Run-Length-Limited Code] general description for disk drive data encoding schemes. 

SNR: [Signal-to-Noise Ratio] measurement (traditionally cxpressed in decibels) that relates the amount 
of noise in the readback signal to the amplitude of that signal (this figure can be misleading in that it does 
not necessarily describe the effects of the noise at the differentiator). 

  

System Noise: a term describing electronic noises in the system (not to be confused with read noise). 

Timing Asymmetry: also referred to as pulse-pairing; this term describes the advancement of positive 
teansition peaks relative to negative peaks, or vice-versa. This offset is generally caused by an asymmetry 
in the head /media system'’s isolated pulse; however, various read channel issues can also contribute to 
fiming asymmetry. 

‘Window Margin: the difference between the data decoding window edge and the point on the closest tail 
of the transition distribution that provides a probabilty of error equal to a target error rate. 

  

‘Werite Noise: also referred (o as transition noise; this term describes the inability of the media to support 
transitions at the exact locations specified during write operations.



  

Appendix B: Statistical Reminders 
  

Several statistical assumptions are important to the treatment of the measurement data as discussed in 
this application note. These assumptions are not unusual to common measurement practice, but are 
pointed out here for completeness. 

Itis assumed that the *noise” processes that are present in the disk drive environment are *random". 
More precisely, it is assumed that the sources of noise are independent and fit 2 Gaussian (normal) 
distribution. The mean and standard deviation values of this data, combined with the assumption of 
normal distribution, allow a convenient description of transition timing variability. Assuming the distribu- 
tion is Gaussian and normally distributed, read noise and write noise can be combined by virtue of the 
Central Limit Theorem to cbtain the window margin model described in this note. The normal distribu- 
tion assumption may be verified using the Chi-Square test. This test gives a value indicating the "goodness 
of fit” of sorted data (histogram) to a theoretical distribution (in this case, the Gaussian distribution). 

  

   

Computational Formulas 
‘The following formulas provide a convenient form to compute mean, variance and standard deviation. 

Standard Deviation = 

  

Running sums of data and the data® values simplify the computaticns for large sample sizes. 

For read and write noise calculations, the standard deviation result is divided by /2. This value is appro- 
priate if the noise effeets are equal and independent between the start and stop transitions of the time 
interval measurement. Therefore, the variance value is divided by 2, or the standard deviation 

by 

Standard Deviation = VVariance 

So, 

Standard Deviation \/ Variance 
2 2] 

ol 

 



P 

The following table relates sigma (standard deviation) values, confidence intervals, and "error 
probability”. 

—2n0— —%no—| 
  

Confidence Interval __Error Probability 
  

54 
977 
9985 
99997 

9999997 
~10 
~10 
~10 
~10 L

E
F
E
 

R
 

      

103 
10 
102 
104 
104 
0% 
10 1010 
il   

  

HP 5371A Resolution Example 
A time interval measurement is made from falling edge to falling edge of a MECL signal. The sigaal has 
1mV rms of noise with a fall time of 2.5 ns over an 800 mV swing, The HP 540024 50 ohm input pod is 
used with a -2 volt termination. The measured value is 100 ns. 

2508 
Rise/Fall Time 

  

MECL Period 
100ms. 

Measurement uncertainty example using Time Interval to 
‘measure from falling edge to falling edge of an ECL signal. 

Resolution: 

[l " 150 ps rms * Start Trigger Error  Stop Trigger Error. 
  

W 

(200 pV rms)? + (1 mV rms)® (200 pV rms)® + (1 mV rms)? 
  

10 ppo 32 Vins 

  

156 ps rms. 

The resolution value computed above should be entered into the equation found on page 3 of this 
application note: 

(Meastred Resah)? = (156 ps rms)? + (Actual Read Noisc)® 
7 

More examples of these kinds of calculations may be found in the Appendix of the HP 5371A Product 
Note/Specification Guide. 2



Appendix C: Related Literature 
  

‘The following lterature also deseribes the use of Hewlett-Packard products for disk drive applications. 
Contact your local Hewlett-Packard Sales Office for more information. 

1. Using the HP 5180A Waveform Recorder to Evaluate Floppy Disc Media and Drive Electronics (AN 
313.9). Literature number 5952-7701. 

2. HP 8770A Arbitrary Waveform Synthesizer Demo for Rigid Disc Applications (DISCDEMO). : 
3, User's Guide: HP 8770 Artibrary Waveform Synthesizer Dema for Rigid Disc Applications. 
4. A. Kovalic, “HP 8770 Applications in Magnetic Disc Recording,” HP Journal, April 1988, 
5. Synthesizing Magnetic Disc Read and Servo Signals with the HP 87705 (AN 314-2). Literature 

number 5954-6357. 
6. HP 8770A Arbitrary Waveform Synthesizer Data Sheet for Rigid Disc Applications. Literature 

number 5952-6408. 
7. Control System Development Using Dynamic Signal Analyzers (AN 243-2). Literature number 

5052-5136. 

HP 5371A Literature 

1. HP $371A Frequency and Time Interval Analyzer Data Sheet/Brochure, ‘Bringing A New 
Dimension to Measurement Analysis,” Literature number 5952-7940. 

2. HP 5371A Product Note/Specification Guide, Literature number 5952-7927. 
3. Application Note 358-1. *Characterization of Frequency-Agile Signal Sources,” Literature number 

59527024, 
4. Application Note 358-2, “Jitter and Wander Analysis in Digital Communications,” Literature ‘ 

number 5952-7925. - 

(0 The ajority of the echniques and concepis discussed in1his applicaion moe were developed by Steve Brisenian of Howier. 
Packard's Disc Memory Division; subsequens HP S371A implementation was peformed by Brice Greemwood of Hewlet.Packard's 
Sana Clara Division. 

20
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Appendix D: Program Listings 

  

  

Program to Compute Read and Write Noise | 
| FRon v 371 0ATA 
1 erosnan rev. 321788 
| CONPATISLE WITH HP 5371A FIRMARE  REU. 2745 CR LATER 
i 

        

GRAPHICS OFF | CLEAR SCREENS 
OQUTPUT 21CHRS( 255 )BCHRS 75 )5 

  

OPTION BASE 1 | SET OPTION BASE 
1 DECLARE UARIABLES 

OIN Time_resultst(080), Input_datac15000) | DINENSION ARRAYS 
GIN Firai_interval(1209) 
INTEBER Iac,Ctr_adde 1 SET UP COMMON BUFFERS 
INTESER Nun_ pezzes Elock_length 1 FOR 5371 TRANSFERS 
INTEGER Pazs_nusber 
REAL R_ns \_na 
COM BuTFS{15008) BUFFER,0Hp5371a 8Control lar_buf 

  

tsc=7 | USE INTERNAL HPIB Isc 7 
Ctr_addr=3 | SET UP 5371 HP18 
Cir_addr=Ctr_addr+100+Isc | ADDRESSES AND RESETS 
RESET e Ly 
CLEAR 1sc 

| ASSIGN BUFFER PATH TO 
ASSIGN BHoS371a TO Ctr_sddr | 5371 AND CONTROLLER 
ASSIBN BCantraller_buf T0 BUFFER Buf F$;FORMAT OFF 

| INITIALIZE UARIABLES 
INTERUALS WITHIN A BLOCK 

510 AND <OR= 1000 
NUNGER OF BLOCKS OF DATA 

Block_length=1080 

Nun_passes=108 i 

| ALLOCATE TENP ARRAYS 
ALLOCATE REAL Suni 1:Block_length ) Sun_sauered(|:Block_length) 
HAT Sune (@) | INITIALIZE TENP ARRAYS 
MAT Sun_squared= (2) 

  

| SET UP 5371 TO TAKE OATA 
| LOOP TO ACQUIRE DATA 
| OUER Num_passes 

Setup_5371a(0HpS371a Block_Length) 

FOR Pass_number=1 T0 Nun_passes 
FRINT "WORKING ON PASS ":UALS{Pass_nunerls® OF " 
FRINT UALS(Nun_passes ) 
Get_rau_datatInput_datats)) 

  

  

IF Pass_nunber=1 THEN 
FOR Intervale! TO 8iock_langth 

First_interval(Interval i=Input_data( Interval} 
NEXT Inferval 

ECRG 

Add_stats(Sum( ), Sun_squared(s),Input_data(s) First_interval(s) Slock_le 

NEXT Pass_nunber   
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‘ 500 1 COMPUTE READ AND WRITE 
510 1 NOISES 
522 Ru_notse(Sun(s},Sun_squarsd(+) R ns 4_ns,Input_datats) First_interval(s),8 
lock_length Nun_pssses ) 
&30 ' 
640 PRINT | PRINT RESULTS 
550 PRINT 
60  PRINT "READ NOISE 
570 FRINT PROUND(R_ns 
680 PRINT "WRITE NOIS! 
8§50 FRINT PROLND(U_na 

        

  

  

  

] | e 1 Restone sa71n 10 aseat TH0  cuteuT mberia) i ouTeuT. psai | e T | Lotaize samia Tee i e [ pRpe— = i T e ot | o i o | 
IR i e 
A8 Setun.sTr1a 1 USROG T SET U8 T e SS71A FOR PERTOD TEASUREAENT 1RO e T IR Lo ce Srminb. A TInE SAHPLE CILL 5 TAKEN EUeRY 15 CYOLES oF R ) 
880 DISP TABC3S):"CONFIGURING HP S371A" al 
S0 AEwore ewszie q‘ e ———   

  

818 OUTRUT @MpE37ia)*MENU INFO" 
920 QUTPUT OHpS371as"MEAS(FUNCTION PERIODISOURCE A" 

  

   

    

    

  

S50 OUTPUT BHpS37ias MSIZE"iBlock length 
940 QUTPUT SHaS371as*ARMING EOCYCLE:START:CHANNEL XiSLOPE NEG:SAHPLE IDCHANNE 
L AIDELAY 16" | 
S50 OUTPUT SHpS371a)* INPUTAHODE ,SEPARATE" | 
90 OUTPUT OHps37iai” INPUTISOURCE A:TRIGER MANUALILEVEL ~1.3:SLOFE NEG* 
970 OUTPUT 8HpS371a:” INPUTSSOURCE By TRIGGER MANUAL® 
980 OUTPUT eHpS37ias  INPUTISOURCE XGLEVEL 1.4° | SET X CHANNEL TRIS LEVEL 
3% OUTPUT 8HpS3T1as” INTSUTPUT FROINT® | TURN ON FLOATING POINT 
1000 | QUTPUT FORKAT 
1810 OUTPUT 8HpS3711"NUSSEXPAND O | EXPANED OATA GIVES ! 
1020 1 GATE TINE INFO 
e oise | CLEAR PRONPT 
1040 SUBEND 
1050 | 
1as0 1 
1050 5UB Bot_rou_data(Input_detais)) 
1100 Got_raudata:] SUGPROSRAN T0 GET RAW 5371 DATA AND STRIP THE HERDER 
1112 T INFORWATION FROM THE BEGINNING OF THE DATA BLOCK 
11z ' 
1130 1 DECLARE CONMON UARIABLES 
1140 COM buffs GUFFER,04pS371a BControl ler_buf 
1150 | 
1150 INTESER 1 1| DECLARE INTESER 
17 i 
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1180 DISP TAB(35):"SETTING DATA | PROMPT USER 
1130 | PREFARE 5571 TO GET DATA 
1200 RESET 8Controllar_buf 
1210 TRIBGER @HpS37Ia 
1220 | TRANSFER DATA 
1230 ENTER @HpS371a USING °%,7A° tHeaders 
1240 Number_of_bytes=UAL(Headers[3]) 
1250 TRANSFER 8pS371a TO 8Contraller_bufiCOUNT Number_of byte: 
1260 i 
1270 FOR I=1 TO Number_of_bytes/IS PARSE DATA 

   
1280 ENTER €Controllar_buf i Input_data(l) | ENTER AUERAGE {NOT USED) 
129 ENTER 8Controller_bufs Input_data(l) | ENTER WHOLE PERICD 
1300 | (NEASUREVENT GATE TINE) 
1310 NEXT 1 
1320 ' 
1330 DISP " | CLEAR PRONPT 
1360 H 
1350 SUBEND 
1360 Il 
1378 | sessssrsensanasassssanasarsseenss, esassrssrereesssrristinterseny   

1380 SUS Acd_stats(Sun(e),Sun_squaredis ), Input_data(s) First_intarval(s),INTEGE 
R Block_length) 
1380 1 eesves v 
1400 Add_stats:| SUBPROGRAM TD KEEP RUNNING STATISTIC TOTALS 
1410 ' 

      

  

1420 DISP TAS(28);"COING INTERMEDIATE STATS® | PRONPT USER 
1430 ' 
1440 1 CREATE RUNNING SUMS FOR 
1460 FOR Pointersi TO Block_lergth | EACH SAMPLE IN 8LOCK 
1480 SuniPointer =Sun(Pointer 1+ Input_data(Pointer)-First_interval(Painter) 

1470 Sun_sausrad(Pointer }=Sun_squared(Fointer +( Input_data(Potnter i-First i 
nterval(Pointer))'2 
1480 NEXT Pointer 
1439 ' 
1500 oI5t | CLEAR PROMPT 
1518 | 
1528 SUBEND 
1530 ' 
1548 ' 
150 crsrerrraane,   
1560 SUB Ru_noise(Sunts),Sun_squared(+),R_ns _ns,Input_datals) First_interval( 
), INTESER Block_length Nun_passes ) 
  ISTR | meeeeseessensanetaneorenhersesshsitsssessnaseiersitbietnrRsEsRISesy 

1580 Ru_naise:| SUBPROGRN TO COMPUTE READ AND WRITE NOISES 
1550 \ 
1692 DI Tempstse) | DINENSION TEWF STRING 
1510 ' 
1620 Sari2=SOR(Z) 1 INITIALIZE CONSTANT 
1830 ' 
1640 Read_tamp=0 | CLEAR READ AND WRITE 
1850 urite_sun-d | NOISE RUNNING SUMS 
1660 write_sum2=d 
1670 Read_noisemd 

  

1680 Meani=(Suni 1 1/tun_passes 1Firet_interval(l) 
1680 ' 
1700 | COMPUTE INTERMEDIATE 
718 FOR Intervalel T0 Block_length | READ NOISES 

1720 | PROMPT USER CF PASS 
1730 Temp$e"COMPUTING R/W NOISE ON INTERVAL “BUALS(Interval)   
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COMPUTE MEAN FOR THE 

COMPUTE INTERMEDIATE 
READ NOISE ARGUMENT 

TEST ARGUMENT FOR CASE 
0F ZERD READ NOISE 

SUN READ NOISES FOR 
COMPUTATION OF AVERAGE 

COMUTE WRITE NOISE SUMS 

LOOP THROUBH ALL COLUMNS 

COMPUTE FINAL READ AND 

1740 DISP TAB(AI-LEN(Teno$)/2); Temps 
1758 ' 
1760 | CURRENT COLUMN 
1770 Mean=(Sunt Interval }/Nun_passes 1+First_interval(Interval) 
1780 ' 
1799 ' 
1500 Read_temp= Sun_squared( Interval 1=( (Sun(Interval *2 )/Nun_passes 1}/ (Num_ 
passes=1) 
1810 ' 
1820 IF Read_temp<=@ THEN ' 
1830 Read_temp= ' 
1840 £LsE 
1850 Fead_temp=Read_tenn/2 
1860 END IF 
1870 ' 
1860 ' 
1836 Resd_noise=Road_noisesRead_tans ' 
1500 ' 
1510 i te_sun=irite_sun+(Mean-Hean1 | ' 
1520 rite_sun2-Ur ita_sun2+(Mean-Nean "2 
1530 ' 
1940 NEXT Interval ! 
1550 ' 
190 OIS T | CLEAR PROMPT 
1570 ' 
1980 R_ns=SQRiRead_noise/Block_length i+l E+a | WRITE NOTSE 
1990 U_ns=((({{Urite_sun2-(urite_sun'2/Block_Length))/(Block langth=13)".51)/ 
Sar42)e1.E49 
2006 ' 
2010 SuBEND 
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1 
20 
30 
a0 
s0 
3 
7 
&0 
o 
100 
1m0 
120 
13 
140 
150 
160 
170 
180 
19 
200 
210 
220 
238 
20 
250 
260 
270 
280 
23 
300 
310 
320 
330 
38 
350 
380 
3m 
380 
350 
200 
40 
420 
430 
440 
4s0 
450 
470 
480 
430 
£ 
s1e 
s20 
530 
sae 
550 
sse 
570 
580 
E 

| Program to Compute Timing Asymmetry 

| Fron v s371A oATA 
1 erosnan nev. 3721788 
| CONPATISLE WITH WP S371A FIRNUARE REV. 2745 GR LATER 
i 
    

GRAPHICS OFF | CLEAR SCREENS 
OUTPUT 21CHRS(255 )ACHRS( 755 

GPTION BASE 1 | SET OPTION mASE 
' 

COM /Data/ INTEGER Buff(1:81%0,1:5) BUFFER HpS371a,8Controller_buf 
INTEGER 0dd_ptr Even_ptr,Block length,Counter | DECLARE INTEGERS 
INTEGER Ctr_addr Rep Pass Num_passes ,lsc 
REAL Events_oe,Events_so,Interval_oe Interval_eo 
REAL Trans_spacing,Asymnetry Min_spacing Ave_asyn 
REAL Tot_tran_spac.Ave_tran_spac Tot_asyn,Tol_counter 

  

DETERMINE NUMBER OF 
  

Block_lengthe1008 | SANPLES: >18 AND <4096 
Nun_pasaes=! | DETERMINE NUMBER OF 

© BLOCKS 
Tsc=? | USE INTERNAL HPIB Isc 7 
Ctr_addr=3 
Ctr_sddr=Cir_addr+13c+100 | SET S371 HP-18 ADORESS 
RESET lac 
CLEAR Tsc 
ASSIGN BHoS371a TO Ctr_esddr 
ASSIBN 8Controller_buf 10 BUFFER Buff(s) SET UP BUFFERS FOR 

53714 TRANSFERS 

o1 

  

ALLOCATE REAL Time(8190) 
ALLOCATE REAL Events(8130) 

(S1ON DATA ARRAYS 

SET WININUM INTERFERENCE 
Min_specing=5.006-7 FREE SPACING. 

INITIALIZE INTERMEDIATE 
sums 

Events_oe=d 
Events_so-@ 
Interval_oe-2 
Interval_eo=d 
Tot_asyn= 
Tot_tran_spac= 
Tot_counter=e 
Pasa=0 

  

Setup_5371aiMin_spacing 8HpS371a Block_length) | SET UP §371 TO TAKE DATA 

| LOOP TO ACQUIRE DATA 
I OUER Nun_passes 

FOR Rep=1 TO Nun_passes 
Get_rau_data(Block_length) 
Proc_ti(Tine(s) Evants(s) Block_length) 
Compute_asym( Tine(+),Min_spacing Events(*) Asynnetry, Trans_spacing Black 

    

length Rep Counter Pass) 
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600 | UPDATE CUMULATIVE TOTALS 

  

610 | FOR EACH PASS THROUGH 
520 I THE LaoP 
530 Tot_asyn=Tot_asyn+ABS(Asynmetry) 
640 Tot_tran_spac=Tot_tran_spactTrans_specing 
552 Tot_counter=Tot_countersCounter 
660 NEKT Rem 
678 | 
BBQ  IF Pasa=d THEN Skip_comp | SKIF COMPUTATIONS IF ALL 
630 | DATA DISCARDED BECAUSE 
708 | OF OROPOUTS 
710 i 
728 fve_asym=Tot_ssyn/Pass 
730 Ave_tran_spaceTot_tran_spac/Pass 
740 ' 
750 I 
768 Skip_comp: | PRINT THE FINAL RESULTS 
770 PRINT 
780 PRINT 
780 PRINT 
800 PRINT * FINAL RESLLTS 
810 PRINT “ASYMMETRY IS +/= "1UALS(ABS(PROUND Ave_asyms1.E+3,-3)1);" na® 
820 PRINT “TRANSITION SPACING IS *{VALS(PROUND(Ave_tran_space!.E48,-311¢ 
B30 FRINT * ns 
840 PRINT "UALUES AUERAGED DUER' (Passi'PASS(ES)": 
BS0  PRINT * DR iTot_counter:"INTERUALS FOR EACH DISTRIBUTION.® 
260 ' 
87 | RESTORE 5371A TO ASCIT 
880 | sTATE 
890 OUTPUT BHRS37ta:*INTIOUTPUT ASCII® 
900 LOCAL 8HpS3T1a | LOCALTZE 5371A 
910 OEALLOCATE Time(s) Events(+) | DEALLOCATE ARRAYS 
920 END 
a3 ' 
840 |#4sseerenensnnseesaeranstseatessiisisssessesssssaossasssaraanaanne   

950 SUB Setup_S371aiMin_spacing @HpS371a INTEGER Block_length) 
968 L TS S PP 
570 Setup 5371a: | SUBPROGRAN TO SET UP THE HP 5371A FOR TI MODE WITH INTERVAL 
980 | SAMPLING. A TIME SAMPLE WILL BE TAKEN EUERY “Min_spacing” SECONDS. 
sse ' 
1000 DISP TAB(3D);"CONFIGURING THE HP S371A" 1 PRONPT USER 
1010 ' 
1020 REMOTE BHpS371a 
1030 QUTPUT OHpG371a("PRESET:SHODE SINGLE" 
1060 OUTPUT Hp537)a i MENU INFO" 

  

  

  

  

  

1050 OUTPUT BHpS371a:"NUM{EXPAND ON | EXPANDED HOOE RETURNS 
1050 ) EVENT INFORMATION ALSO 
1070 OUTRUT HpS371a:"INT;OUTRUT BINARY™ | TURN ON BINARY OUTPUT 
1080 | FORMAT 
1099 OUTPUT @HpS371a:"KEASIFUNCTION TINTERUAL 
1100 QUTPUT BHpS37)a:"MSIZE" 1Block_length 
1130 QUTPUT BHp5371a;"ARNING EDINTERUALISTART {CHANNEL X:SLOPE NEG:SAMPLES 
¥* Min_spacing 
1120 QUTPUT SHpG371a:  INPUT{HODE SEPARATE" 
1130 GUTPUT BHpS371as" INPUT{SOURCE A:TRIGGER MANUAL;LEVEL -1.3;SLOPE POS" 
1140 ouTPUT INPUT; SOURCE B TRIGGER MANUAL 
1150 OUTPUT BHpS371a:"INPUT;SOURCE XsLEVEL |.4* 
1150 | 
17 orse 
1180 SUBEND 

   ouRcE A° 

   LA 

     

  

             



) 

) 

  

  

110 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1278 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1380 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
e 
1500 
1510 
1520 
1530 
1540 
1550 
1580 
1570 
1580 
1530 
1500 
1510 
1620 
1830 
1840 
1850 
1650 
1570 
1630 
1830 
1700 
17 
1720 
1730 
1740 
1750 
1760 
1779 
1780 

| sesesssssssienesestetirereittisassssssssaase 
5U8 Get_rau_datalINTEGER Block_length) 

| SeTessieerereseaastssentiverieasiesiserssesrasanse searuns 
Got_rau_data: | SUBPROGRAM TO CAPTURE RAU BINARY DATA FROM THE HP 53714 AND 

| STRIP THE HEADER INFCRMATION OFF OF THE BLOCK. OATA IS STORED IN 
|16 BIT WORDS AND TRANSFERRED TO THE PROC_TI ROUTINE UIA A *COMMON' 
| CONSTRUCT. 

    

    

| DECLARE COMMON 
| UARIABLES 

CON /Data/ INTEGER Buff(+) BUFFER,BHpS371a 8Control ier_buf ' 

  

REAL Mun_bytes 

DISP TAB(3S);“GETTING DATA" | PROMPT USER 
| TRANSFER DATA 
1 

TRIGGER BH3S371a 

ENTER BHpS37ia USING “#,A" iCharacters | CHECK FOR FIRST 
| cHARACTER= & 

IF Characters<>"s" THEN 
sEEr 
ISP "BAD FIRST CHARACTER." 
PRINT CHRS(128) 
CONTROL 1,51138 
sToP 

END IF 

ENTER @HpS271a USING *8,A"iCharacters | CHECK FOR SECOND 
| CHARACTER= § 

1F Characters<>'6* THEN 
BEEP 
DISP "BAD SECOND CHARACTER." 
PRINT CHRS(128) 
CONTROL 1,5¢135 

  

sTOP 
END IF 

ENTER OHpS371a USING “#,6A"1AS | GET THE NUMBER OF 
Num_by tes=UAL(AS ) | BYTES EXPECTED 

| TRANSFER BLOCK OF 
| DATA TO CONTROLLER 

IF Nur_bytes<)2.0+Block_lengths10 THEN | TIME INTERUAL MODE HAS 
BEEP |2 SANPLES FER 
DISP “INVALID NUMBER OF BYTES." | KERSUREMENT 
sToP 

o IF 

' 
RESET @Contraller_buf | RESET CONTROLLER BUFFER 
TRANSFER BHpS371a T0 8Controller_buf iCOUNT Nun_bytes WAIT 
STATUS BController_buf 4 ifun_bytas 

| 
o1sp *   
  

k1l



  

  

  

1790 SUBEND 

  

  

1500 ' 
1810 IS TP sesenenens 
1820 SUE Proc_ti(Time(s),Events(s) INTESER Block_length) 
1830 LB PP 
1840 Proc_ti: ISUBPROGRAM TO PROCESS THE RAW TI DATA AND RETURN CUMLLATIVE 
1850 | TINE AND EVENT ARRAYS. THIS PROGRAM ALSO CHECKS FOR OUERFLOWS IN 
1660 | THE COUNT REGISTER UALUES 
1870 ' 
1880 COM /Data/ INTEGER Buff(+) BUFFER 8HpS371a,0Contraller_buf 
1890 ' 
1500 DISP TAB(38):"PROCESSING RAW DATA® 
1910 INTEGER Row,Col,Intersolator Byte Words_per_samp 
1520 REAL Systematic_err Unsigned 2_byie Unsigned_s byts 

  1530 REAL Ovfiu_ctr_svent,Ovflu_cir_tine 
1540 Syte-g 
1850 Unsigned_2_byte=2"18 
1960 Unsigned 4 bytes232 
1970 Ovflu_ctr_svent=d 
1980 Ovflu_ctr_timesd 
199 Words_per_samp=S | 5 UORDS PER SAMPLE 
2000 Systematic_err=6.00E-10 | ADD IN 5QOPS SYSTEWATIC 
2e10 | ERROR FOR T1 A 
2020 Rou-1 
2030 Col=t 
2040 Events(Row)=((Buff(Rou Lol J+Unsigned_2_bytes(Buff(Rau,Col 1@ ) 1+(Buf F{Raw 
(Col+1)<@) 1vlinsigned_2_byte+Buff(Rou,Col+1) 
2050 Time(Row)=((Buf f(Rou Col+2)+Unsigned_2_bytes(Buff(Row Lol+2 <01 )+(But HiR 
ou,Co1+3)<8) yeUnsigned_2_byte+Buff (Rou,Col+3) 
2080 Interpolator~SHIFT(Buff (Rou,Coi+s) Byte) 

  
2070 TinetRow)=Tine(Row!+2 .E-S-BINAND(3] , Interpolator )ei.E=10 
2080 Time(Row)=PROUND( T ime(Rou) - 18) 
2090 | LOGP TO DETERMINE 
2100 | EVENT AND TINE SANPLES 
2118 
2120 1 FIRST FIGURE EVENTS 
2130 FOR Rou=2 T0 Block_lengths2 
2140 Events(fou )= (BuTf (Row,Col }+linsignad_2_bytes(Buf!(Rou,Cal 1<0) 1+ (Buff(R 

  

ou,Col+1)<@) 1eUns igned_2_bytetBuf f(Row,Col+l 1OvFLu_ctr_svent 
2150 T 

  

2150 IF Events(Row)<Events (Rou-1) THEN 1 CHECK FOR ODVERFLOWS AND 
2170 Events(Roui=Eventa(fou)4Unsigned & byte | ADJUST ACCORDINGLY 
2180 Ovtlu_ctr_event=Ovflu_ctr_event#lnsigned_s_byte 
2150 ECRG 
2200 
2210 | FIGURE TINE SAMPLES 
2220 Tine(Row )= (Buff (Row Col+2)+Uns Lgned_2_byter(Buff(Row,Col+2 101 1+ (Buft 
(Row,Co143)<0) JsUns 1gred_2_byts+Buf f(Row,Col+3) 
2230 ' 
2240 1F Rou MOD 2-0 THEN 
2250 | FROCESS sTOP 
2260 | INTERPOLATOR DATA 
2270 Time(Roud=Tine(Row)+2.E-3-BINAND(3! Buf f(Rou Col+4))e1.E~10 
2280 Time(Row )=Tino(Row 45y stematic_srr 
2290 ELse 
2300 | PROCESS START 
2310 | INTERFOLATOR DATA 
2320 Interpolator=SHIFT(Buf f(Rou,Calsé) Byte) 
2330 Time(Rou inTine(Row)+2 . E-3-BINANDI 31 , Interpolator )e1 .E-10 
23¢0 END IF     
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2350 
2360 
2370 
2380 
2330 
2400 
2410 
2420 
2430 
2440 
2150 
2460 
2070 
EGER 
2480 
2450 
2500 
2510 
2520 
2530 
2500 
2550 
2560 
2570 
2580 
2550 
2600 
2810 
2620 
26530 
2840 
2850 
2860 
2578 
2580 
5% 
2700 
2718 
2720 
2730 
2740 
2750 
2750 
2770 
2780 
2730 
2800 
2810 
2820 
2830 
2840 
2850 
2850 
2878 
2850 
2850 
2500 
2310 
220 
2930 

1F Time(Rou)<Tine(Rou-1) THEN | CHECK FOR OUERFLOWS 
Time(Rou)=TinetRou ) +Unsigned_& bytes2.E-3 
OvFlu_ctr_tims=0vilu_cir_tina+Unsigned_d_byte 

enp 1F 
' 

NEXT Row 
' 

1sp 
SUSEND 

' 

5U3 Compute_asyn(Tine( +} Min_spacing Everts(s) Asynnatiry,Trens_saacing,IN] 
Block_length,Rep Countar Pass ) 

Compute_eayn: | SUBPROGRAM TO PERFORN ASYMMETRY COMPUTATIONS. THE PROGRAM 
1 ALSO DETERMINES THE WRITE CLOCK AND CHECKS FOR AMPLITUDE DROPOUTS. 

' 

  

  

  

  

1M Mogsr40) 
Mags="" 
DISP TAB(35);"COMPUTING ASYMNETRY" | PROMPT USER 
00d_ptr=i | INITIALIZE POINTERS INTO 
Even_ptr=0dd_ptr | THE DATA 
Trens_spacing=8 
Counter-8 
Poss-Pass+! 

| DETERMINE AUERAGE 
| TRANSITION SPACING BY 
| MEASURING TOTAL 
| INTERVAL BETWEEN LIKE 

PtreBlock_lengthe2 | POLARITY PULSES 

IF Events(1) MOD 2-Events(Pir) MOD 2 THEN 
Trans_spacing=(Tine(Ptr 1=Tina( 1)1/ (Eventa(Ptr)-Evantst1)) 

ELSE 
Trans_specing=(Tine(Ptr-1 i-Tina(111/(Eventa(Pir=1)-Eventa(1) 

END IF ' 

| CHECK FOR DROPOUTS 
FOR -2 TO Block_lengths2 

Periode(Tine(1)-Tine(I-1)}/(Events(1i-Events(1-1)) 

IF Peciod)Trans_spacinge!.3 THEN 
BEEF 
PRINT "AMPLITUDE DROFOUT FOUND, NO CALCULATIONS PERFORMED" 
Pass=Pass-1 
5OTO Exit_compute 

END IF 

NEXT 1 

1 FIND FIRST 00D EVENT 
IF Evanta(1) HOD 2+ THEN 

0dd_ptrm0dd_ptre! 
Even_ptre0dd_otr 

END IF   
  

%



  

    

Temp_ptr=0dd_ptr FIND NEXT LEGAL EUEN 

  

    
  

    

' 
i 

0dd_ptreEven ptr 1 STARTING POINT FOR 
Even_ptr=Temp_ptr | THE 0DD POINTER, SET 

i UP EVEN POINTER FOR 
REPEAT | SUBSEQUENT SEARCH 

0dd_ptre0dd_ptrel 1 (ABOVE) OR EXIT 1¢ 
IF D2d_ptroBlock_Length2 THEN Compute | T00 LARGE 

UNTIL Events(0dd_ptr) MOD 2.5 
' 

5070 0d_to_sven + LOOP UNTIL DONE 
' 

Subtract_oeiInterval se=Interval ce-Norm_int | SUBTRACT THE LAST 00D 
Msg8="LAST 0DD TO EVEN INTERUAL UAS NOT USED® |  TO EUEN INTERVAL TO 

1 EVEN UP THE SAMPLES 
| 
1 CONPUTE THE DATA 

Compute I 
Asymmetry=(Intarval_ce-Interval_so)/Counter/d | DIVIDE BY 4 TO OETERWINE 

| EFFECT IN THE HALF- 
1 GINDOW. 

' 
| PRINT RESULTS 

QUTPUT 21CHRS(255)5CHRS( 75 )1 
PRINT “CALCULATIONS ON FASS NUMBER"iRep 
PRINT 
FRINT 
PRINT Mags 
FRINT "ASYMMETRY IS +/~ °iUALS(ABS(PROUNDIAsynmetrys|.£+3,-3)))5" n: 
PRINT *AVERAGE TRANSITION SPACING 15 *1UALS(FROUND(Trans_spacings1.E+9, 

PRINT * ns* 
PRINT Counter;® INTERVALS WERE USED FOR EACH DISTRIBUTION 

1 
Extt_comput, 

' 
DISP ** 

/i 
SUBEND. 

  
  

a1 

 



  

    600 

Program to Compute Peak-Shift 
FRON HP S371A DATA 
PROGRAN REV. 3/21/88 

CONPATIBLE WITH HP 5371A FIRMGARE REV. 2745 OR LATER 

| AND 2. FOR PROPER OPERATION, THE WRITE PROTECT ON THESE RESISTERS 
HUST BE TURNED OFF. SET-UPS STORED IN THESE LOCATIONS WILL BE 
OVERURITTEN. 

THIS PROGRAM WILL FUNCTION CORRECTLY FOR MININUM TRANSITION-TO- 
TRANSITION SPACINGS WITHIN A TRIPOLE THAT ARE GREATER THAN SO NS AND 
LESS THAN 100 NS. 

      

' 

| THIS PROSRAM USES THE HP S371A FRONT PANEL SAVE/RECALL REGISTERS 

' 

GRAPHICS OFF | CLEAR SCREENS 
OUTPUT 21CHRS(255 18CHRS(75 ) 

OPTION BASE 1 | SET OPTION BASE 

COM /Datas INTEGER Buff(1:4095,:7) BUFFER 8HaS371a 8Cantroller_buf 
' 

INTEGER Ctr_sddr,D,K,Rep_counter Num_passes,Isc,I 
INTESER Block_length 
REAL 0_ps_first_sun,0_ps_nid_sun,0_ps_last_sun,Clock 
REAL E_ps_first_sun,E_ps_nid_sun E_ps_L 
REAL 0_?irat.0_nid,0_last Mode_bytes Num_bytes 
REAL € Pirst € mid E_last 
REAL Tine_hold_off 

    

     

Block_length=100¢ | DETERNINE NUMBER OF 
| SAMPLES: >1@ AND <4095 

| FORCE BLOCK LENSTH TO 
| 0D VALUE TO SINPLIFY 
| PEAK SHIFT ALGORITHY 

IF Block_length HOD 2= THEN Block_length=Block_langth-1 
| 
1 

  

Nun_passes=! | DETERWINE NUMBER OF 
| Phsses 

Tse=7 | USE INTERNAL HPIB Tsc 7 
Gtr_addr=3 
Ctr_addr=Cir_addr+Isce100 | SET HPS371 HP-18 ADDRESS 
RESET Isc 
CLEAR Isc 
ASSIGN BHDS371a TO Cir_addr 
ASSIGN BController_buf TO BUFFER Buffis) 

ALLOCATE REAL Time_!(406) | GIMENSION DATA ARRAYS 
ALLOCATE REAL Time_2(8152) 
ALLOCATE REAL Evenis_|(408E) 
ALLOCATE REAL Events_2(8152) 

| INITIALIZE INTERMEDIATE 
1 sums 

0_ps_tirst_sun=o 

  

2 

 



  

  
    

Rep_countar=d 
I 

  

0-1 | ENTER THE (d,k) CODE 
Ke3 | DESCRIPTION 

1 
Tine_hold_of f=1.0E-E 1 SET THE TINE HOLDOFF 

I ALUE 
' 

Setup_S371a(8HpS371a, Time_hold_off Block_length)| SETUP S371A TO 
| TAKE DATA IN BOTH TI 
| AND CONT. TI MODES 
1 
| LOOP TO ACQUIRE DATA 
| OUER Nun_passes   

  FOR Rep=1 TO Num_passes 
PRINT TABXY(35.1);"PASS NUMBER " iRep 
OUTPUT BHOS371a: " SRCL, 1* | 6ET CONT. TI SETUP 
Mode_bytes=14.0s(8lock lengtht1) 
Get_rau_data(Hode_bytes) 
Proc_ti_|(Time_1(+),Events_1(») 8lock_Langth) 
OUTPUT BHpS371a: " »REL 2% | BET TI SETUP 
Mode_bytes=(14.0+208lock_length) 
Get_rau_datatMode_bytes) 
Proc_ti_2(Time_2(s),Evant; 

    

  

  

     

2(+),8lock_Langth) 
| DETERWINE THE CLOCK 
| FROM THE TI DATA 

Det_clock(Tine_2(s) Events_2(+) Clock Block_length,0 K ) 
1" CHECK FOR AMPLITUDE 
| OROPOUTS 

_1(+) Events_2(+) Results Block_length,0 k) 

  

  Orop_out_check(Event. 

IF Result 

  

i 
OROPOUT® THEN Sk ip_block | SKIP THIS PASS IF 

| AN APLITUDE DROPOUT 
| 

I 
1S FOUND 

1 COMPUTE FEAK SHIFT 
1(0) Events_2(+),Clock,0_ps_f 

4 .Block_length 0,K) 
Compute_pk_shft(Tine_{(+) Tine_2(+) Event 

L0_pa_nid,0 ps_last E_ps_ftirst.E_ps_nid.E_ps_L 
  

    

Rep_counter=Re; 

    

  

Skip_block: | 
NEXT Ren 

' 
| 

IF Rep_counter=0 THEN | IF ALL DATA PASSES HAUE 
PRINT "NO_CALCULATIONS® | 'OROPOUTS, THEN NO 
Rep_counter=| t CALGULATIONS SHOULD 
5OTD Local_ctr 1 BE PERFORNED   
  

£ 

 



  

  

  

1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1280 
1300 
1310 
1320 
1330 
1340 
1350 
1350 
1372 
1380 
1350 
1600 
1410 
1420 
1430 
1440 
1450 
1850 
147 
1480 
1480 
1500 
1510 
1520 
1530 
1540 
1550 
1580 
1570 
1580 
1580 
1500 
1510 
1620 
1630 
1640 
1650 
1660 
167¢ 
1680 
1630 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1750 

  

   

  

  

  

  

  

   

O 17 

| 
0_f1rst=PROUND(O_ps_first_sun/Rep_counter =11) 
C_nid~PROUND{0_ps_nid_sun/Rep_counter 11} 
0_1ast=PROUND(0_ps_last_sun/Rep_countar ,=11) 
E_first=PROUND(E_ps_first_sun/Rep_countar ,-11) 
E_n:d=PROUND(E_ps_nid_sun/Rep_counter ,-11) 
E_last=PROUND(E_ps_last_sun/Rep_counter,-11) 

| PRINT THE RESULTS 
PRINT “CLOCK: *iClocks .E+3i" ns" 
PRINT 
PRINT “00C-NUMBERED TRIPOLE RESULTS:* 
PRINT 
PRINT *  FIRST EDGE PEAK SHIFT: *i0_firstel 48" ns® 
PRINT *  MIDOLE EDGE PEAK SHIFT: *;0_midel.E+8;" ns® 
PRINT *  LAST EDGE PEAK SHIFT: *i0_laste!.E48" ns" 
PRINT 
PRINT "EVEN-NUMBERED TRIPOLE RESULTS 
PRINT 
PRINT *  FIRST EDGE PEAK SHIFT: “iE_firsts] .E+3:" na® 
PRINT *  MIODLE EDGE PEAK SHIFT: *iE_midel.E+3:" ne" 
PRINT *  LAST EDGE PEAK SHIFT: “iE_laste].E+3:" ne 
PRINT 

| CALCULATE AND DISPLAY 
| ASYMMETRY 
' 

Asymmetry(0_first E_first,0_nid E_nid 0_last E_last) 

Local_ctr: | RESTORE 53714 10 ASCII 
QUTPUT BHpS371a:" INTJOUTPUT ASCIT" | sTaTE 
LOCAL @Hp5371a | LOCALIZE THE 53714 

CEALLOCATE Time_t(v) | DEALLOCATE ARRAYS 
CEALLOCATE Time_2(+) 
CEALLOCATE Events_iCe) 
DEALLOCATE Events 2(s) 
END. 

SUB Setup_5371a(@HpS371e, Tine_hold_off ,INTEGER Block_length) 

Setup_5371a:| SUBPROGRAN TO SET UP HP 53714 FOR TI AND CONTINUOUS T1 MODES 
| SETUPS UILL BE STORED [N THE 5371A FRONT PANEL MEMORY (INSTRUNENT 
| STATE) FOR FASTER RECONFIGURATION. BOTH MEASURENENT MODES USE TINE 
| HOLDOFF ARMING TO POSITION THE BEGINNING OF THE NEASUREMENT AT THE 
| BEGINNING OF A TRIPOLE SET. THIS HOLDOFF HAS 2 NS RESOLUTION. 

DISP TAB(30): "CONFIGURING THE HP 371" ' 

| SETUP #1: CONTINUOUS 
| TINE INTERVAL MODE 
| TO GET OUTER DATA 
| EDSES OF TRIPOLE 

REMOTE 0HpS371a 
OUTPUT 0+p5371a; “PRESET ¢ SHODE SINGLE"     

 



  

  

1500 ourpur INTHOUTPUT BINARY® 

    

   

  

  

     
   
  

  

18t ouTPUT *NUMIEXPAND ON* 
1828 ouTPUT EN INFO" 
1830 OUTRUT fEAS {FUNCTION CTINTERVALSOURCE A* 
180 outPUT “MSIZE"Block_Length 
1850 OUTPUT *ARMING THOLDOFF:START{CHANNEL X{SLOPE NEGELAY"iTina_h 
old_off 
1860 OUTPUT BHDS371a¢" INPUT iHODE SEPARATE" 
1870 OUTPUT @HpS371a:" INPUT{SOURCE A\TRIGGER MANUALILEVEL -1.3{SLOPE FOS® 
1882 OUTPUT @HpS371ai" INPUT{50URCE B1TRIGGER MANUAL:LEVEL 
1890 QUTPUT @HoS371a;" INPUT{SOURCE X iLEVEL 1.4" 
1900 OUTPUT @HOS371a1"+SA, 1" 
1910 ' 
1520 1 SETUP 2 TO GET 
1930 | FIRST AND SECOND 
1910 | DATA EDGES OF TRIPOLE 
1950 QUTPUT EHpS37!as“MEASIFUNCTION TINTERVAL® 
1960 QUTPUT @HpS371at"+SAU.2" 
1970 ' 
1980 DISP "t 
1990 SUBEND 
2000 
2010 ' 
2020 wsssarssssnanssassess sasanesesnaran 
2030 datatMode_bytes) 
2060 1 B TP 
2050 Get_raw_data:| SUBFROSRAN T0 CAPTURE RAU BINARY DATA FRON THE HP 5371A AND 
2060 1 STRIP DFF THE HEADER INFORMATION. DATA 1S TRANSFERRED TO THE PROC_TI 
2070 | ROUTINES THROUGH A "COMMON' CONSTRUCT. THE DATA IS ORGANIZED INTO 
2080 i 16 BIT WORDS. 
2090 ' 
2180 REAL Num_bytes 
2110 | DECLARE cOMMON 
2120 | VARIABLES 
2130 COM /Datas INTESER Buff(e) BUFFER,@HpS371a,8Controller buf ' 
2140 V 
2150 OISP TABU3S):"SETTING DATA" 1 PRONPT USER 
2180 1 TRANSFER DATA 
2170 ' 
2180 ' 
2190 TRIGGER eHaS371a 
2200 
2210 ENTER @HpS371a USING “# ,A"iCharacters | CHECK FOR FIRST 
2220 | CHARACTER= % 
2230 IF Characters 8" THEN 
2200 BeEp 
2250 ISP “BAD FIRST CHARACTER. 
2260 PRINT CHRS( 128) 
2270 CONTROL 1,51138 
2260 sToe 
2280 END IF 
2300 
2310 ENTER @HpS371a USING "#,A"iCharacters | CHECK FOR SECOND 
2320 | CHARACTER= § 
2530 IF Characters<)'5" THEN 
2300 sEzp 
2350 DISP "8AD SECOND CHARACTER." 
2350 PRINT CHRS(123) 
2370 CONTROL 1,51139 
2380 sToP   
  

  

45



  

  

2390 
2100 
210 
2420 
2430 
2410 
2450 
2460 
2470 
2180 
2430 
2500 
2510 
2520 
2530 
2540 
2550 
2560 
2570 
2580 
259 
2600 
2610 
2620 
2630 
2640 
2850 
2650 
670 
2650 
2630 
2700 
2718 
2720 
2730 
270 
2750 
2780 
2770 
2780 
2798 
2800 
2810 
2620 
2838 

  

  

N IF 

ENTER BHpS371a USING "8 ,6A" iAS | GET THE NUNBER O 
Nun_bytes=UAL(AS) | BYTES EXPECTED 

' 
IF Num_bytes DIV Hode_bytes<>1 THEN | CHECK FOR INVALID 

BEEP | NUNBER OF SYTES 
DISP *INVALID NUMGER OF BYTES." | RETURNED 
sTOP 

N0 IF 

RESET @Controller_buf ! RESET CONTROLLER BUFFER 
TRANSFER @HpS371a TO 8Controller_buf {COUNT Nun_bytes WATT 
STATUS @Controller_buf 4ihun_bytes 

oIsP - 
SUBEND 

' 

SUB Proc_ti_i(Tine_1(+) Events_)(+) INTEGER Block_length) 

Proc_ti_l:! SUBPROGRAM TO DETERMINE CUMULATIVE EVENT AND TIME ARRAYS FOR 
1TTHE CONTINUOUS TI MODE WITH TIME HOLDOFF ARMING. THE PROGRAN ALSO 

| CHECKS FOR OUERFLOWS IN THE COUNT REGISTERS. 

COM /Data/ INTEGER Buff(+) BUFFER,BHpS371s 8Controller_but 

DISP TAB(30):"PROCESSING RAU DATA" 

INTEGER Row Col,Interpolator Byte Uords_per_samp 
REAL Qvflu_ctr_tine Ovflu_ctr_event 
REAL Unsigned_2_byts Unsigned_d_byte 

| INITIALIZE CONSTANTS 
| AN UARIABLES 

Bytesg 
Ovflu_ctr_tined 
OvPlu_ctr_event=0 
Unsigned_2_byte=2"16 
Unsigned_4_byte=2'32 
Words_per_samp=7 

| CONVERT FIRST EVENT AND 
Got=t ! TINE SANPLES 
Rou=1 
Eventa_l(Rou)a((Buff(Rou,Col y+Unsigned_2_bytes(8uft(Rou,Col @) 14(Burf(R 

ou,Cal+1)¢@) delnaigned_2_byte+Buf t{Rou,Col+! ) 
2840 
(Rou, 
2850 
2850 
2870 
2880 
2850 
2300 
2318 
2520 
2330 
2550 
Row 
2350 

Time_1 (Row)=((Bul *(Row,Col+4 1+lUns igned_2 byt 
Co145)¢@) J+Unsigned_2_byte+But t{Rou,Col+5) 

Time_l (Raw)=Time_| (Rou+2.E-S-BINAND 3] Buf t{Row,Col+6 ) Je1 .10 
Time_t(Row )=PROUND( Time_1 {Row) ,~18) 

(ButP(Row,Col+4)<0) 1+(Buf? 

  

1 LOOF TO CONVERT REST 
| OF EVENT AND TIME 
I SAMPLES 

| 
FOR Rou=2 TO Block_langth+! | FIGURE EVENT SAMPLES 

Events_t{Rou)=((BufF(Row,Col +Unsigned_2_byte(Buff(Rou,Col }(@)+(Buff 
Col+1140) rslnsigned_2_bytetButt(Rew,Colti 0viLu_ctr_event 

f 

       



  

  
        

2380 IF_Events_i(Rou)Events_I(Rou=1) THEN | CHECK FOR OVERFLOWS 
2570 Events_i(Rou)=Events_1 (Rou}4Unsigned_d_byts | AND ADJUST 
2580 Ovflu_ctr_event=0vilu_ctr_event+Unsigned_4_byte 
2350 X0 IF 
3000 ' 
3010 | FIGURE TIME SAMPLES 
3020 Tire_1{Rou)=((Buff(Rou,Col+4)+Unsigned_2_bytes{Buff(Row,Col+d 101 1+(Bu 
Ff(Row Col45)<0) )eUnaigned_2_bytesBuf f(Row,ColsS1+0vElu_ctr_tine 
3030 Time_l(Roui=Tine_|(Rou)*2 .E-3-BINANDI31 BuffiRou,Col+8 }1el .E-10 
3040 ' 
3050 IF Time_1(Row)<Tine_1 (Rou-1) THEN | CHECK FOR OUERFLOWS 
3050 Time_T¢Row’=Time_i(Rou)+Unsigned_d_bytes2.€-31  AND ADJUST 
2070 Ovflu_ctr_tine=0uflu_ctr_t ime+Uns igned_é_byte 
3080 END 1F 
3090 ' 
3100 Time_1 (Row =PROUNDI Time_1 (Row) ,=12) 
3110 NEXT Rou 
28 oIse ' 
3130 SUBEND 
3140 ' 
3150 ' 
3160 ' 
70 1os 
3180 SUB Proc_t 

  

_2(Tine_2(+1 Events_2(+)INTEGER Block_lenath) 
           

  

  EE LD P P 
3200 Proc_ti_2:1 SUBPROGRAM TO DETERWINE CUMULATIVE TIME AND EVENT ARRAYS 
3210 | FOR THE TI MODE WITH TINE HOLDOFF ARMING. THE PROSRAM ALSO CHECKS 
3220 1 FOR OVERFLOWS IN THE COUNT REGISTERS. 
3230 
3240 COM /Dsta/ INTEGER Buff(s) BUFFER,@HpS371a,8Control ler_buf 
3250 
3260 DISP TAB(30);"PROCESSING RAU DATA" 
3270 
3280 INTEGER Rou,Col,Interpolator Byte Words_per_sanp 
3290 REAL Ovflu_ctr_{ine 0vflu_ctr_event 
3300 REAL Unsigned 2 byts Unsignad_¢_byte 
3310 REAL Systemstic_err 
3320 | INITIALIZE CONSTANTS 
3330 | AND UARIABLES 
30 Byte: 
330 Ovflu_cir_tine=d 
3360 Ovflu_ctr_evant=d 
3370 Unsigned 2 byte=218 
338 Unsigned_é_syte=2'32 

    

  

339 ords_per_semp7 
3480 Systematic_err=6.00€-10 
10 | CONVERT FIRST EUENT AND 
3420 | TIME SAMPLE 
3430 Col-1 
3440 Rous 
3450 Events_2(Roui=( (Buff(Row,Col 1tUnsigned_2_bytes(Buff{Reu,Col 160)1+¢Buf (R 
ou Col+1)<@)sUnsigned 2_byte+BuffiRow,Col+l) 

   
  

  

3180 (Row )= (Butf(Row,Col+4 1+lns 1aned_2_bytes(Buff(Row,Col+d)CQ))+(BuTt 
(Row,Col+§)<B 1)9Uns igned_2_byte+guf f{Row ,Col+5) 
3470°  Interpolator=SHIFT(Buff(Rou,Col+6) Byte) 
3480 Time_2(Row)=Time_2(Rou)+2.E-9-BINAND(31,Intarpolator)e! .E-10 
3430 Time_2(Row)=PROUND(Time_2{Rou),-18) 
3500 ' 
si0 | LOGP TO CONVERT REST 
520 | OF EUENT AND TIME   
  

47 

 



  

    

3530 | sAmPLES 
3580 ' 
3556 FOR Rows2 TO Block_length | FIBURE EVENT SAMPLES 
3560 Events_2(Rou)= (Buff(Row,Col 1+Uins 1gned_2_bytes(8uff(Rou,Col)<@)1+(Buff 
(Row,Col+15¢) )+lns sgned_2_byte+Buf f(Rou Col+] 1+0vFlu_ctr_event 
3570 

  

   

3560 IF Events_2(Rou)<Events_2(Rou-1) THEN | CHECK FOR OVERFLOWS 
353 Events_2(Row)=Events_2(Row)+Unsigned_d_byte | AND ADIUST 
3600 Ovflu_cte_event=0vilu_ i_4_byte 
810 END IF 
3620 1 
3630 | FIGURE TIME SAMPLES 
3640 Time_2iRou)=((3uff(Row,Col+4 1+Unsigned_2_bytes(Butf(Row,Col+4)<@))+(Bu 
T7(Rou,Co1951¢0) ) sUns 1gned_2_byta+Buf f(Rou,Col+5140vFlu_ctr_tine 
3650 | 

  

  

  

4030 Clock_intarvals=( .Se(Pir-2))e(2eCO 14(KH1 1) 
4050 Clock=(Tame 2(Pir)-Time_2(2))/Clock_intervals 
at00 

DETERHINE THE NUMBER OF 
INTERMEDIATE CLOCK 
INTERVALS AS A 

3660 IF Row MOD 2-0 THEN 
3670 | PROCESS STOP 
3680 | INTERFOLATOR DATA 
650 Time_2(Rau)=Tine_2(Rou)+2. E-9-BINAND(31 Buf F(Kow Col+B ) )el.E~10 
700 Time_2(RouJ=Tine_2(Row)+Systenatic_err 
3710 ELSE 
3720 | PROCESS START 
3730 | INTERPOLATOR DATA 
3740 Interpolatar=SHIFT{Butt(Rou Col+6) Byte) 
3750 Time_2(Row)=Tine_2(Row)+2.E-S-BINAND(31 , [nterpolator Je1.E-10 
3760 o 1F 
77 ' 
3780 IF Time_2(Row)<Time_2(Rou-1 ) THEN | CHECK FOR QUERFLOWS 
370 Time_2(Rou)=Tine_7(Rowi+linsigned_4_bytes2 E-51  AND ADJUST 
32800 Ovflu_ctr_time=0vflu_ctr_tinesUnsigned_é_byte 
3310 END TF 
3820 ' 
3830 Tine_2(Rou)=PROUND( Tine_2(Rou) ,~18) 
3340 NEXT Rou 
3350 ' 
330 DIse ot 
3370 SUSEND 
3380 
3550 
3500 | ssssessscererarerssecsennnn IO 
3810 SUB Dat_clock(Time_2(+) Events_2(+),Clock ,INTEGER Block_langth,D,K) 
3820 | sesresssssereaiarerissensnn . seneeresereeirietieses 
3930 Dat_clock:| SUBPROGRAN TO DETERWINE THE AUERAGE CLOCK FROM THE DATA. THE 
3860 | SUBPROGRAM USES THE NIDDLE PULSE OF THE TRIPOLE, USING THE DATA FROM 
3950 | THE TI MODE (SETUP NUNBER 2). 
3360 ' 
3970 DISP TAB(3D):"DETERMINING AVERAGE CLOCK.® 
3980 | DETERMINE AVERAGE CLOCK 
3950 i 
4000 Pir-Block_lengthe? | FOR SETUPE2 (11 #) 
010 | THERE ARE 20N AUAILABLE 
4020 | SAPLES. 
4030 ' 
4040 WMILE (Events_2(Ptri-Events 2(2)) HOD 51O 1 FIND A SAME FOLARITY 
1050 PiraPir-i | HIDOLE CLOCK PULSE 
@60 END WHILE 1 TO USE AS AN ENDPCINT 
078 

1 

  
 



  

  

4110 | FUNCTION OF THE CODE 
4120 Resolution=1.00E-18/(Block_length®.5) 
4130 Clack=PROUNDClock  INT(LGT(Resclution))) | ADJUST THE CALCULATION 

| FOR APPROPRIATE 
| RESOLUTION 

(43 Results, INTEGER Block_langth,0, 
   
  4220 1 sesersersesssseersevivsesesesveserittstserensrsTsL oo 

4230 Drop_out_check:| CHECK FOR AMPLITUDE DROPOUTS FOR THE TRIFOLE DATA PATTERN. 
4240 | THIS ALGORITHM WILL ONLY WORK FOR DATA-DATA SPACING > SONS AND 
4250 1 <100 NS, 

  

| 
4270 OISP TAB(25):"“CHECKING FOR AWPLITUDE DROP-0UTS." 
4280 Results="NO DRDPOUT® 

  

4250 Paest 
4300 WHILE PtrceBlock_length-i 
4310 ! 
4320 IF Events_1(Ptr+] 1-Events_| (Ptr)$>2 THEN Oropout 
330 
430 IF Events_2(Ptr+! 1-Events_2(Pir)<>1 THEN Oropout 
350 
4360 Brepirel 

l 
4380 IF Events_|(Ptrel)-Events_1(Pir <1 THEN Dropout 
4390 ' 
e IF Events_2(Ptrel )-Events_2(Pir 132 THEN Dropout 
a0 ' 
420 Prewpire] 
4438 END WMILE 
4440 5OTO No_cropout 
prey ' 
4460 Dropout : | 
4470 sEEP 
4430 PRINT "AWPLITUDE DROPOUT FOUND, IGNORE DATA BLOCK.® 
4430 PRINT 
4500 Results="DROPOUT® 
510 [ 
4520 No_dropout ¢ ' 
4538 OIsP *   

4540 SUBEND 
4550 ' 
aske ' 
4STB i asesseresssesssenses oo errrrsresasnennnnn             
4580 5UB Compute_ph_shft(Time_| () Time_2(+) Events_|(s) Events 2(+) Clock,0_ps 
first,0_ps_mid 0 ps_lest E_ps_first E_ps_nid E_ps_last INTEGER dlock_length,0 K     

3 
490 
4500 Compute_pk_shft:| SUEPROSRAN TO CONPUTE PEAK SHIFT FROM THE TWO PASSES OVER 
4610 | THE DATA. 
4620 ' 
4630 DISP "CALCULATING PEAK SHIFT.' 
4540 ' 

            

4650 0dd_first_L 
460 Even first_lestes 
4670 Eo_first_last=0 

  

| INITIALIZE UARIABLES 

  

  

  

 



  

€o_last_last=0 

  

Time it 1 
Counter_1=0 | COMPUTE INTERUALS FROM 
Pirmt | TINEI TIME STAMP DATA 

WHILE Ptr+7¢-Block_lenath | 
0dd_first_Last=Tine_| (Pr+5)-Tine_| (Ptr)+0dd_First_ 
Qe_first_Firat=Tine_i(Ptre2)=Tine_| (Pir)+De_first Tirst 
Oe_first_last=Tine_|(Ptr+3)-Tine_i(Ptri+0e_first last 

  

    

Counter_I=Counter_i+1 
Pir=ptri 

END WHILE 

0dd_first_last-0dd_first_last/Counter_1 
Ge_firat_firat=De_first_first/Counter | 
Oe_firat_last=De_first_last/Counter_i 

    

Time_ 
Piret 
Counter_2-0 
UHILE PEnvi-Block_langth 

| CONPUTE INTERVALS FROM 
| TINE_2 TINE STAMP DATA 

0dd_first_mid=Tine_2(Ptr+S)-Tine_2(Fir)+08d_first_nid 
De_first_mid=Tine 2(Ptr+3)=Tine _2(Fir)+0e_first_nid 

  

Counter_2=Counter_2+1 
IF Counter_2>Counter_1 THEN 

Pir=Block_length 
ELSE 

Pir=pirts 
END IF 

END WHILE 

0dd_first_mid=0dd_first_nid/Counter_2 
Oe_firat_mid=Oe_first_nid/Counter_2 

Aconat=0dd_firat_last=(((§40)+(20K)+8)eClock) 
Beanat=0de_first_mio-(( (€4 +(2eK )47 )eClock ) 
Ceanst=0e_first_first-({(20D)+(1#K1+3)aClock ) 
Deanat=0e_firat_mid-(((3sD)+( 14K 1+4)eClock ) 
Econat=Oe_firat_last-(((4sD)+( 14K }+5)+Clock) 

0p 

  

First_Lasi=((2000)+(70K 1427 )0C1ock )/ (-8 

  

' 
| SOMPUTE PEAK-SHIFT 
| TERMS 

| SET UP CONSTANTS TO 
| HAKE PROGRAMNING 
| EQUATIONS EASIER 

F1rsta(0dY_first_lestsOdd_first_mid+Oe_first_firsts0s_first_mid+Oe, 
| COMPUTE EACH PEAK SHIFT 

5180 0_ps_mid=Bconst+0_ps_first | UALUE 
5170 0 ps_last=Aconst+0_ps_first 
5180 E_ps_first=Cconsts0_ps_first 
5190  E_ps_mid=Dconst#0_pa_first 
5200  E_ps_lasteEconst+0_ps_first 
s210 | 
5220 
s23  oIsP * 
5240 sugEND 
s250 ' 
5260 

     



  

  

5270 
s280 
5230 
5300 Asynnetr: 
5310 
5320 
5330 
5340 
5350 
5350 
5370 
5380 
5330 
5400 
541 
5420 
5430 
G4e0 
sse 
5460 

' 
su8 

' 

  

    
‘SUBPROGRAM TO CALCULATE ASYHMETRY FROM THE TRIPOLE DATA PATTERN 

' 
DISP “CALCULATING ASYMMETRY. 

1 DETERMINE ASYNMETRY FOR 
1 TRIPOLE DATA PATTERN 
' 

= PROUND(ABS( 0_f irst=E_first),=11)) 
5yn=(PROUND(ABS(0_nid~E_mid),~11)) 

ym=(PROUND(ABS(0_las t-E_last),~11))    
  

    

PRINT TRIPOLE ASYMMETRY: 
PRINT *  FIRST EDGE: +/-"iFirst_ 
PRINT *  MIDDLE EDGE: +/-"iMiddl 
PRINT *  LAST EDBE: +/~"iLast_ 

   
= 

ayne L E49:" ns: 
el E491" 

      

  

  

    

  51 
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(a1s) 8571501 Or Write To: 
AustraliaiNew Zealand: United States: 
Hewlett-Packard Austrlia Ltd Hewlett-Packard Company 
31-41 Joseph Street. PO, Box 10301, 
Blackburn, Victoria 3130 Palo Alto, CA 943030890 
Melbourne, Australia EuropelMiddle East/Africs 
L KBS Hewlett-Packard Company 
Far Easts Central Mailing Department, 
Helett-Packard Asia Lid PO Box 529, 
471F China Resaurces Bulding 1150 AM Amstelveen, 
26 Harbour Road, The Netherlands 
Hong ke For sl other aress: 
LS oals Howlett Packard Company 
Germany Intercontinental Headguaters 
Hewlett Packard GmbH 3495 Deer Creek Rd.. 
Hewlett-Packard-Strasse Palo Alto, CA 94304 
6380 Bad Homburg 
West Germany 
{49) 61721400-0 

  

e D s s Cuns b enion | vt ety s


