
9b of)os1-'i' 

1 

THIS SHEET HAS BEEN 
REPLACED 

TIME INTERVAL TRIGGERING AND HARDWARE HISTOGRAM GENERATION 

Field of the Invention 

The invention relates to apparatus and a method for processing measurement 

data. ln particular. the invention relates to pipelined processing of time interval 

measurement data to provide triggering on selected time interval conditions and to 

provide rapid histogramming of the measurement data. 

Backq~ound of the Invention 

Continuous time interval measurements nn a signal provide a way to analyze 

characteristics of the signal in the modulation domain. i.e •• the behavior of the frequency 

or phase of the signal versus time. This is different than classic ways of measuring and 

·displaying data about signals. An oscilloscope shows amplitude versus time: the time 

domain. A spectrum analyzer shows amplitude versus frequency: the frequency 

domain. 

Continuous time interval measurements make it simpler to study dynamic 

frequency behavior of a signal: frequency drift over time of an oscillator. the frequency 

hopping performance of an agile transmitter. chirp nnearity and phase switching in radar 

systems. 

A histogram is a picture of the distribution of measureme~t results as a fl:Jnction 

of a selected variable. For time interval results. for example. a histogram might display 

. the distribution of a set of measurements over a range of time durations. 

Generally. compiling data into· a histogram using software processing is very 

slow because there ·is so much processing time ·between blocks of measurements. 

For example, in the Hewlett-Packard 5371A lime Interval Analyzer data is acquired, . 

"lrocessed and added to a growing histogram one block at a time in blocks of up to 
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1000 measurements. There 1s about 6 seconds for every 1000 measurement block. 

At this rate, it would take about 69 days to accumulate 1 billion measurements. 

Compiling the _histogram using hardware greatly improves the rate at which data 

can be histogrammed. With the histogram circuit of the invention, data can be 

collected at a rate of at least 10 MHz. At this rate, it would take only 100 seconds to 

acquire 1 billion measurements. This is 60,000 times faster than the histogram rate .of 

the software method. 

When histogramming. the stored bin data must be incremented each time a 

new measurement occurs. For non-incrementing RAMs, this requires that the stored 

data be read, incremented and then written back into the RAM. Using a standard 

single port RAM, this requires that two memory cycles ptus an increment calculation 

be perf'?rmed in the time between data acquisitions. This severely fimits the speed at 

which hlstogramming can be performed. 

Ever)t triggering is used to capture the data for a particular event of interest A 

circuit is 'programmed to produce a trigger signal on the ~rrence of some aspect 

of the input waveform that is characteristic of the event to be captured. In response . 
to the trigger signal, a memory controller stops the flow of data into memory, so tt)e .. 
memory holds the last iteration of data written into mem.ory, which is the data from the 

event of interest. Depending on the delay from the trigger signal to the stop writing 

command, data prior to, subsequent to, or surrounding the trigger event will be 

captured •. 

There are a variety of conventional triggering modes, based on. the amplit.ude or 

the slope of the input waveform. For example, by using maximum and mlnimum limit 

values (hysteresis bands), the trigger can be set to occur when the input signal crosses 

a threshold voltage in a positive direction, a negative direction, or either direction. 

Sunimarv of the Invention 

The time interval data processing circuit of the fnvention uses a pipelined 

lardware data processor to perform the conversion of incoming time stamp data into 

---·-·-------------------- ------ ... 
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time interval results. These results can be further processed into a hardware 

accumulated histogram or can be compared against limits to determine if a time interval 

trigger condition has occurred. By pipelining the processing of time stamp data, these 

· operations can be performed while maintaining a fast rate of data acquisition. 

In the first stage of the pipeline, the processing circuit subtracts the two time 

stamps from the current and the previous event to determine the time interval between 

events being measured. The second stage checks the measurement result against 

minimum and maximum limits and determines which bin the measurement belongs in. 

The limit testing determines if the measurement fits the histogram limits and ~so yields 

the data required to perform measurement triggering on time intervals. The third stage 

of the pipeline increments the appropriate histogram· bin in RAM. The first and third 

stages of the pipeline are themselves pipelined in substages. · 

The time interval trigger capability allows a time interval measurement to be 

terminated by a specified measurement result rather than by the measurement count. 

This is a· powerful feature because it allows measurements to be made around key 

events of interest Triggering on time interval results is made possible by real-time 

hardware processing of the time stamp data. The results of the co~parisons ~ 

maximum and minimum limit values set by the user are can determine whether the 

measurement should be terminated. 

To facilitate pipelining in storing the histogram results, the time interval data 

processir:ig circuit uses dual port RAMs to achieve a fast data accumulation rate. When 

histogramming. the stored bin data must be incremented each· time a new . . . 
measurement occurs. The third pipeline stage read, increment, wr.ite operation is 

pipelined in substages by adding a latch in the data incrementing loop for the Dual Port 

RAM. During ttie first substage, data is read out of the RAM through a dedicated read 

port and is latched externally. During the second su~tage of the pipeline, the latched 

data is incremented and written back into the second port of Dual Port RAM. The latch 

also provides a way of avoiding access conflicts when the same bin is incremented 

repeatedly. 
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Additionally, an offset can be subtracted from the time interval result prior to 

histogramming or limit testing, to compensate for any channel skew that may exist 

between the two time stamps. 

Description of the Drawings 

Figure 1 shows a schematic block diagram of a pipelined time interval data 

processing circuit constructed according to the teachings of the invention. 

Figure 2 shows a more detailed schematic block diagram of the time stamp 

processor 101 of Figure 1. 

Figure ~ shows a more detailed schematic block diagram of the RAM storage 

117 of F.igure 1. 

.. DetaHed Description of the Invention 

Th~ time interval data processing circuit takes measurement data coming from 

the counting hardware, processes it, and compresses it into a histogram. By 

performing these actions in hardware, measurement data can be collecte~ in real-time 

from the counting hardware. This allows a large number of measurements to be 

histogrammed in a very short amount of time. 

The measurement data processing through the processing circuit is pipelined 

in order ·to improve its speed and efficiency. This means that the task of 

hlstogramming is cfavided into smaller tasks that can be executed in. separate stages. 

Each stage can perform a task on a different measurement value at the same time. 

In this way, the histogram processor increases its efficiency by performing more than 

one task simultaneously. 

Figure 1 shows a schematic block diagram of a pipelined time interval data 

:>recessing circuit constructed according to the teachings of the invention. The first · 

•tage of the plpeUne is a time stamp processor 101 that receives a stream of time 

rtamp data- and subtracts two consecutive time stamps to compute the time interval 

1Ui1~1iii1ii ur 
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between the two represented events. The resulting time interval data is latched by latch 

103, and used both for histogram input and triggering. 

Time interval measurement data arrives at the processing circuit as a series of 

time stamps that mark the time at which events occurred. Time stamp processor 101 

calculates the time interval between two events by subtracting the time at which events 

occurred, i.e., by subtracting their corresponding time stamps. An example of an 

instrument that generates this type of time stamp and continuous time interval data is 

described in "Frequency and lime Interval Analyzer Measurement Hardware", Paul S. 

Stephenson, Hewlett-Packard Journal, Vol. 40, No. 1, February, 1989. 

lhe time interval data is· applied to bin selector 105, to comparator 107, and to 

comparator 109, which along with trigger logic 111 comprise the second stage of the . 
pipeline. Latches 113 and 115 separate the outputs of bin selector 105 and trigger 

logic 111 from the third pipeline stage. 

Bin selector 105 extracts the bin number from the time interval data, as described 

in detail!below. The bin selector 105 can only be set up to acquire histograms with 

certain quantized bin sizes. This is because the bin number that a measurement falls 

into is determined by directly extracting a bit field from the time interval data. Tl)is 

means that the bin size can only be powers of two multiples of the time interval 

represented by the least significant bit, which is a function of the frequency of the time . 
base used for the counters and the interpolator. 

Cqmparator 107 compares the time interval data to a preset upper limit value. 

Similarly, comparator 109 compares the time interval data to a preset lower lim~ value. . . 
For histogram operatton, th.e limits are set to determine if the time interval data 

falls within the valid histogram range. If the time interval data is within the limits, the 

trigger logic 111 output is valid and the bin of the histogram in RAM storage 117 

indicated by the bin selector 105 is incremented by one. lf not, an overflow or an 

underflow counter, not shown, is incremented. Limit testing is performed to insure . 

that measurements are uniquely mapped into the histogram bins. The values that the 

limits are set to determine the offset of the histogram window. 
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For time interval triggering operation, the limits are set to determine whether a 

time interval trigger condition has been met. If so, then the trigger logic 111 output 

is valid and a signal is sent to halt the measurement. 

The function performed by the histogram limit testing yields the data required 

to perform measurement triggering on time intervals. The trigger logic 111 is a logic 

network that produces output signals as a function of the output from comparators 

107 and 109. Multiplexer 119 selects the trigger output from eight possible signals: 

MAXGT (greater than the max limit), MAXEQ (equal to the max limit), MAXLT (less than 

the max limit), MINGT (greater than the min limit), MINLT (less than the min limit), 

INRANGE (between or equal to the min and max limits}, OUTAANGE (greater than the 

max limit or less than the min limit) and ISF TRIGGER ~nterval sampling frequency). 

The first five of these signals are obtained directly from the magnitude comparators. . . 
The ISF TRIGGER signals specify with two bits whether the time interval data is equal 

to the m_ax limit, equal to the min limit, between the min and max or out of range. 

For histogram operation, the INRANGE trigger signal is used as a valid data 

tag to determine whether data should be added to the histogram or not . 
The third pipeline stage is RAM storage 117. Ram storage 117 reads the curr~nt 

count of histogram bin selected by bin selector 105 and latched in lab:m · 113, and 

incremerits the bin count and writes ft back. 

A dual port RAM is used to hold the histogram bin counts because ft allows 

the read/i_ncrement/write cycle of the histogram circuit to be pipelined. By pipelining, 

only one memory access is performed per clock cycle. This provides a great. speed . . 
adVantage over regular single port RAMs that would require two accesses per cycle. 

On each clock1cycie one bin location is read via the first port of the dual port RAM, 

while another bjn location is written to via the second port. 

Special handling is required if both ports are accessing the same bin location. 

This happens when two measur~ments iri a row have fallen into the same bin. In this . 

-:ase, the incremented value that is to be written back into the RAM is latched back into 

.he incrementer latch instead of the value that is being read from the RAM. This value 
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is then incremented a second time on the next clock cycle. This operation is described 

in more detail later. 

The stages and substages in the pipeline are clocked by clock pulses from a 

free running, loadable counter 121. It is important to synchronize the pipeline clock 

with the arrival of event data. The counter 121 receives a clock input from a high 

frequency master clock, and produces a clock output pulse (CU<) periodically if no 

measurement event occurs. If a measurement event occurs, the counter is reset with 

an appropriate input at its load port from the event counter circuits (not shown), so the 

clock output is synchronized with the arrival of the event data at the time stamp 

processor 101. In a particular embodiment, where measurement events can occur as 

often as. every 64 nS, the counter produces clock pulses every 56 nS, unless reloaded • . 
This dock operation ensures that the data in the pipe6ne will be stored in the hist()Qram . . 
RAM storage, and the trigger logic 111 will output a triggering signal, even if events 

cease. 
,. 

Specific Embodiment 

Figure 2 shows a more detailed schematic block diagram of the time stan')p . . 
processor 101 of Figure 1. The time stamp processor 201 has three pipelined 

substages of processing. The first substage 203 subtracts two time stamps to obtain 

a time interval result. The second substage 207 subtracts an offset from the time 

interval r~ult to correct for channel skew. The third substage 211 transforms this time 

interval result from a 2 nS binary and 200 pS BCD number to one 200 pS. binary . . 
number. The substages are separated by latches 201, 205, 209, and 213. Latches 209 

and 213 also contain 2:1 multiplex input ports, and serve to enable or bypass the 

functions of the second or third substages. 

Although the processing circuit of the invention could implemented in a variety 

of ways, the inventors have found that a particularly suitable implementation is a 1.5 . 

Tiicron gate length CMOS gate array, and fast CMOS static dual port RAMs. 
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Binary time stamp input data is latched in latch 201. The binary data can include 

digits from counters and from interpolator circuits, which increase the accuracy of the 

measurements. 

In one specific embodiment, that will be described to illustrate the operation of 

the time stamp processor, each time stamp is 36 bits long. The upper 32 bits of the 

time stamp represent the time at which an event occurred according to the time 

counters, which keep track of the number of 2 nS dock periods that have occurred 

since the previous event. The lower 4 bits of the time stamp are from an interpolator, 

and represent the number of 200 pS periods that occurred between the event and the 

next edge of the 500 MHz time base. It will be understood that a wide variety of digital 

data types col:lld be used to implement the teachings of the invention. 

111 the first substage of the time stamp processor pipefine, the time stamp 

subtracter 203 subtracts the two time stamps contained in the inputs TIME STAMP N-

1 and TIME STAMP N, received from the counters and interpolators. 

Fo'r interpolator operation, each time stamp is made up of two parts. The upper 

32 bits ar~ a binary value that represents the stage of the time ZDTs when an event 

occurs. The time counters {not shown) that provide the time stamp data a.re . . . 
incremented every 2 nS by a 500 MHz clock. The lower 4 bits of the time stamp data 

are a Binary Coded Decimal (BCC?) value that is generated by the interpolators (not 

shown). The interpolators increase. the time resolution of the measurement by 

determining the number of 200 pS periods that elapse between the event and the next 

~cle of the 500 MHz clock. The interpo1ators effectively break up e~ch 2 nS cycle of 

the dock into ten 200 pS cycles. 

The time interval between two events is determined by subtracting the time 

stamps associated with each event The time stamp processor 101 always subtracts 

the counter value (ZDT ""') in TIME STAMP N-1 from the counter value (ZDT .J in TIME 

STAMP N, but it subtracts the interpolator value (ITN) from. TIME STAMP N from the 

ralue in TIME STAMP N-1 (IT,..,). This is because the interpolator values are subtracted 
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trom the counter values, and therefore cannot be appended directly to the counter 

value result. The time interval between events is calculated as follows: 

Time Interval = (ZDT,. - ITN) - (ZDT""' - IT"",) 

Time Interval = (ZDTH - ZDTlf.1) + (ITlf.1 - ffN) 

The 36 bit time stamp subtracter 203 can be implemented with standard four 

bit adder blocks, carry look ahead blocks, and a special four bit subtracter block to 

handle the interpolator results. The interpolator subtracter block can be selected to 

perform either a binary or a BCD subtraction. This allows the interpolators to be either 

BCD or binary interpolators. The polarity of the interpolator subtraction block can also 

be reversed to permit direct histogramming of 36 bits. 

The time stamp values are subtracted with adders by adding the minuend 

(contef!tS of TIME STAMP N) to the 2's complement of the subtrahend (c:ontents _of 

TIME STAMP N-1). This is accomplished by connecting the inverted outputs of TIME 

STAMP _N-1 to the adders and adding one by asserting the carry-in input to the adder 

chain. ,. 

In the second substage of the time stamp processor pipeline, the channel skew 

subtracter 207 subtracts an offset value from the time interval values calculated by 

subtracter 203. This computation may be required to compensate for. the skew 

between start and stop latch signals. The effects of this skew must be factored out 

of the time interval results before they are histogrammed. This calculation cannot be 

made after histogramming is completed if the measurement data received by the 

processing circuit is compressed into a set of bin values. It woult! be im~ible at 

that point to determine how many measurements in any given bin ate in the wrong 

bin due to the effects of skew. 

When the OFFSET _ENABLE bit is set at latch 209, the channel skew subtracter 

is enabled. Latch 209 selects and latches the ot.ltput of channel skew subtracter 207. 

ff OFFSET _ENABLE is not set, latch 209 selects and latches the output of latch 205,. 

bypassing the channel skew subtracter 207. 
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In the third substage of the time stamp processor pipeline, the transform 

processor 211 transforms the time interval data from the form of a 32 bit binary 2 nS 

count and 4 bit BCD 200 pS count to a 36 bit binary 200 pS count. The transformation 

converts counter and interpolator values into one binary value that allows 

histogramming on the full data word, using all bins in the histogram RAM. 

The transform processor 211 performs the transformation by multiplying the 32 

bit ZDT value by 10 (to convert it to 200 pS counts) and adding the BCD interpolator 

value. The multiplication by 1 O can be accomplished by adding the value of the ZDT 

bits shifted by 3 bits (to multiply it by 8) and the value of the ZDT bits shifted by 1 bit 

(to multiply it by 2) • 

. Although there are two additions desaibed (S*ZDT + 2*ZDT + lnterpolator), . . 
this tran~formatlon can be performed in one stage by one special adder. lhe 32 b~ 

ZDT value shifted to the left by 3 bits (8*ZD1) concatenated with the three lower bits 

of the BCD number is added to the ZDT value shifted to the left 1 bit (2*Z01). This 

takes care of all the bits except the most significant bit of the. interpofator value. It is 

factored in~o the addition in the carry-in to bit 3. If the carry-out from bit 3 or the MSB 

::>f the BCD number is set, then· a carry-in is generated into bit 3 of the adder. lhi$ .. 
works because whenever the MSB of the BCD number is set. a carry-out of bit 3 never 

occurs, and whenever a carry is generated out of bit 3, the MSB of the BCD number 

s 0. 

When the TRANSFORM_ENABLE bit is set at latch 209~ the channel skew 

iubtracter i~ enabled. Latch 209 selects and latches the output o.f channel .skew 

;ubtracter ~7. tf TRANSFORM_ENABLE is not set. latch 209 selects and latches the 

>utput of latch 205, bypassing the channel skew subtracter 207. Latch 213 

;arresponds to. latch 103 on Figure 1, which holds the output of the time stamp 

>rocessor 101 for input to bin selector 105. 

The bin selector 105 can only be setup to acquire histograms with certain 

uantized bin sizes. This is because the bin number that a measurement falls into is 

·etermined by directly extracting a 13 bit field from the 36 bit measurement result. 
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This means that the bin size can only be powers of two multiples of 200 pS if the 

transform processor 203 was enabled, or powers of two multiples of 2 nS if the 

transform processor 211 was not enabled. 

In the presently described specific embodiment, the bin number value is 

extracted from the time interval value by multiplexers that select the number of bits 

that the RAM storage 117 can hold. For example, for SK RAM locations, 13 24:1 

multiplexers are used to select the 24 13 bit fields possible from a 36 bit measurement 

value. 

Figure 3 shows a more detailed schematic block diagram of the RAM storage 

117 of Figure 1. A dual port RAM 303 stores the histogram bin coun~ because this 

type of RAM allows the read, Increment. write cycle of the histogram storage circuit to .. 
be pip~lined. In the first substage of the storage pipeline, a bin value is read out of 

the selected bin in RAM 303. Jn the second substage, incrementer. 305 increments the 

bin valu§a and the incremented value is written back into the RAM 303. By pipelining, 

effectivefy only one memOI)' access is performed per clock cycle. This provides a great 

speed ac::fvantage over regular single port RAMs that would require two accesses per 

cycle. 

The bin r:JUmber input is latched in read address latch 301, which corresponds 

to latch 113 in Figure ·3. The output of latch 301 is appHed to the read address port 

of RAM 303. The bin number is used as the address for reading RAM 303, with the 

value from that bin address output from port 1 of RAM 303 and latched in incrementer 

latch 305. lncrementer 307 adds 1 to the bin value stored in increl'l)enter latch 305. 

The output of latch 301 is also appRed to write address latch 309, so the write 

address latch will always hold the bin address that immediately preceded the bin 

address currently in read address latch 301. The output of latch 309 is appUed to the 

write address ·port of RAM 303. Thus the. preceding bin number is used as the 

address for writing back to RAM 303. The data to be written back comes from the · 

incrementer circuit 307:· 



12 
Special handling is required if both ports of RAM 303 are accessing the same 

location. When this happens, it means that two measurements in a row have fallen 

into the same bin. 

Access confticts to the dual port RAM 303 are detected by the bin address 

comparator 311. Comparator 311 is an equality comparator that compares the outputs 

from latches 301 and 309, i.e., the addresses going to the read and write ports of the 

RAM 303. 

Access conflicts are determined by comparator 311, which receives the bin 

numbers from latches 301 and 309, compares them, and produces a relatch output 

which controls the operation of 2:1 latch 305. Latch 305 comprises a 2:1 multiplexer, 
. . 

with output controlled by the relatch signal, followed by a flip-flop. If two sequential bin . . 
number$ are equal, the read and write addresses are equal, the relatch output of 

comparator 311 becomes valid, and the incremented value from incrementer 307 is 

latched back into the incrementer latch 305, instead of the value that is being read from 

port 1 of Uie RAM 303. This value is then incremented a second time on the next clock 

cycle. 

When an access conflict occurs with valid data in both the first ~m;f second 

storage pipeline substage, neither the read nor the write to the RAM needs to be 

successfully accomplished, but the specified bin data just needs to be incremented 

twice in a row. What is required is that the RAM be ready to access an arbitrary 

location on the next clock cyde. The correct data is written back into the RAM on 

the next non-conflict access cycle. Slave dual port RAMs. which h~ve no arbitration 

~ntrof, are used to satisfy these requirements. RAM devices such as "the Integrated 

'.Jevice Technology IDT 7142 slave dual port RAMs are suitable for this application. 

Normally, a bank of dual port RAMs consists of one master part which contains 

~rbitration logic that determines which port receives control during an access conflict. 

This master part then tells other slave parts, which have no arbitration logic, about its · 

Jeci~ion. In this way, the whole memory bank acts in unison. However, for the specific 

lmbodiment described, only slave parts can be used. Master parts would prevent 
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arbitrary access to. both ports on the cycle following an access conflict. This would 

cause data to be missed in a real-time data acquisition system. 

Frequency Triggering 

By using two of the processor circuits in parallel, it is possible to trigger on the 

occurrence of a selected frequency in the signal being measured. One processor 

receives time stamp data from measurement events, as described above. The second 

processor circuit receives event stamp data from the counter circuits, processing them 

in a similar manner to produce a count of the number of events that occurred between 

the start and stop events. Tue results are the time for a measurement and the number 

of events during that time, from which the frequency can be calculated. 

However, for real time triggering, the frequency calculation may be slow, or 

require ~xpensive hardware. Alternatively, the measurement can be made with interval 

sampling, arming so the stop event is the next event after a preset time period. 

Knowing..the approximate measurement time and the frequency, the expected count can 

be determined, plus or minus one count quantization error. The maximum and 

minimum limits for the comparators 107 and 109 in the event stamp processor circuit 

can be set to the expected event count plus or minus 1, respectively. The trigg~r . . 
output is an indication that the measured signal is at the selected trigger frequency. 

The JSF TRIGGER signal described above can provide a suitable trigger. This result 

can be checked by comparing the time interval data from the time stamp processor 

circuit with a look up table programmed with counts and corresponding times. 

We claim: 
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Claims 

1. A pipelined time interval data processing circuit for 
converting time stamp data from signal measurement 
events into time interval results and processing the 
results into a hardware accumulated histogram, 
c h a r a c t e r i z e d by: 

a time stamp processor means (101) for subtracting two 
successive time stamps to produce a time interval 
result representing the time interval between the 
successive events; 
comparator means . ( 107, 109) for comparing the time 
interval result against minimum and maximum limits to 
determine whether the result is valid histogram data; 
bin selector means (105) for determining which histo­
gram bin the time interval result belongs in; 
means (117) for storing the counts for the histogram 
bins; and 
means for reading and incrementing the count from the 
histogram bin selected, and writing the incremented 
count back to the histogram bin selected each time a 
new measurement occurs, if the comparator means 
(107, 109) determines that the result is valid his.togram 
data. 

2. The processing circuit of claim 1, wherein the time 
stamp processor comprises: 
a time stamp subtracter means (203} for subtracting 
the two successive time stamps to obtain a raw time 

111111111111111111111111111111 
* C L M S * 
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interval result; and 
a channel subtracter means (207) for subtracting an 
offset from the time interval result to correct for 
channel skew, to obtain a corrected time interval 
result. 

3. The processing circuit of claim 2, wherein the time 
stamp data comprises data bits from a time counter and 
data bits from an interpolator, and the time stamp 
processor further comprises: 
a transform processor for transforming the corrected 
time interval result to combine the bits from the time 
counter and the bits from the interpolator into a 
single binary bit stream. 

4. The processing circuit of claim 1 wherein: 
the storing means comprises a dual port RAM (303}; 
the reading, incrementing and writing means comprises 
latch means (305) connected to a first port of the 
dual port RAM and incrementer means (307) for incremen­
ting the data stored in the latch means (305), the 
output of the incrementer connected to a second port 
of the dual port RAM (303); and 
on each clock cycle the incremented count fqr a result 
is written back to the second port from the incremen­
ter, and the count for the next result is read into 
the latch. 

5. The processing circuit of claim 4 wherein: 
if the bin number from which a count is read and the 
bin number to which an incremented count is written 
are the same, the incremented count and not the count 
from the first port of the RAM is read into the latch 
(305). 

11111111111111111111111111 1111 
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6. A pipelined time interval data processing circuit for 
converting time stamp data from signal measurement 
events into time interval results and producing a 
triggering signal on selected time interval values, 
comprising: 
a time stamp processor means for subtracting two suc­
cessive time stamps to produce a time interval result 

representing the time interval between the successive 
·events; 

comparator means for comparing the time interval result 
against minimum and maximum limits corresponding to 
the bounds of the selected time interval bounds and 
producing output signals indicative of the results of 
the comparison; and 

logic mea1 .. s responsive to the comparator output signals 
to produce a triggering signal if the time interval 
results are selected time interval values. 

-----·----------··-·---
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