A Logic StateAnalyzerfor Evaluating
ComplexStateFlow
Sequentialtriggeringand selectivetraceare two of the
capabilitiesthat enablethis32-bitlogic sfale analyzerto
captureonlythestafesof interestin complexprogramflow.
It alsocountssfafes,and timestheirexecutionto help
evaluateprogramperformance.
by GeorgeA. Haag
tT, HE FIRST LOGIC STATE ANALYZER was introI duced in 1973,1marking the beginning of a new
age for the logic designer.For the first time since the
computer era began, he now had a tool to monitor
state flow in digital systems.
Since then, advancing technology has increased
the variety and complexity of logic devices, resulting in more complex forms of stateflow and bus protocol Consequently, a new logic state analyzer,
Model 1610A (Fig. 1), has been designedto provide
measurement facilities commensuratewith these
more complex requirements. Becauseit has application to a wide variety of microprocessors,to the
many microprocessorperipheral activities with their
more involved state sequences,and to minicomputers with their use of both macro- and microprocessor
languages,Model 1010A may truly be called a
general-purpose
logic stateanalyzer.
The Needfor a General-Purpose
Instrument
Most contemporarylogic designsemploy the concepts of algorithmic state machines, most of which
now incorporate microprocessors.The behavior of
these machines is characterizedby their state flow
and the major application of logic stateanalyzershas
been monitoring the addressand data buses of these
devicesduring investigationsof systemperformance.
However, programming for thesemachinesnow goes
far beyond simple "in-line" code to include various
forms of branches,loops, nestedloops, subroutines,
re-entrant routines, and recursive routines. Data
structuresin advanceddesignsinclude arrays,stacks,
queues,and linked lists, and the machine architectures involve context switching and mapped and virtual memory schemes.Model 1010Ahas the program
tracing capabilities needed for analyzing the performance of thesemore complex systems.
A microprocessor-based
systemmay have only one
to five chips directly involved with the CPU but the
peripheral functions may involve up to several
hundred integrated circuits. The controllers for
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keyboards,CRT displays, cassetteand floppy disc
drives, direct memory access,and the other functional units neededfor a given task may use a variety
of IC technologies,usually MOS, bipolar, and ECL.

Cover: The instrument
shown here is the HP Model
1615A Logic Analyzer,an instrumentwith a new capability for simultaneous logic
state and timing analyses,
described in the article beginning on page 14. The
other articles in this issue
describe further new developments in datadomain instrumentationfor the fast-burgeoning
world of digital electronics.
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Fig. 1. Model 1610ALogic State
Analyzertraces the flow of states
up to 32 bits wide tn minicomputers, microprocessorbased sys
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/oglc systems.Theinteractivedisplay and keyboardsimplifythe establishmentof highlyselectiveprotocol for capturingonly the data of
interest.

Model 1610A has four 8-bit input pods, with independent threshold levels settable from -10V to
+10V. These, plus flexible data formatting facilities,
make Model 1610A adaptableto systemsthat use a
variety of custom designs.
Sophisticated new ICs are arriving on the market to
simplify the design of HP-IB interfaces, CRT controllers, mass-memory controllers, and many other syst e m s . I n a d d i t i o n , b i t - s l i c e m i c r o p r o c e s s o r sa r e b e i n g
designed with faster, more powerful micro-coded
processor architectures that use more involved state
s e q u e n c e sM
. o d e l 1 6 1 0 A w i t h i t s a d v a n c e dt r i g g e r i n g
and flexible data formatting capabilities is readily
applied to these areas.
Most minicomputers execute several micro-coded
instructions to implement one instruction of a
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New Capabilities
Like other logic state analyzers, Model 1610A
m o n i t o r s t h e s t a t e s( 1 ' s o r 0 ' s ) o f b u s l i n e s o r o t h e r
points in a digital system and stores a sequential
series of states for display and examination. Triggering circuits initiate data capture at a point selected by
the user in the program, enabling him to find out
exactly what occurs in any part of the program as it is
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higher-level language. Tracing micro-code with a
Iogic state analyzer usually involves the collection of
simple instruction sets executed at a fast rate. Model
161OA's ability to count states or measure time is
useful in optimizing micro-code performance. Tracing higher level code requires Iess speed but much
greater selectivity, which Model 1610A also offers.
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Fig, 2, Keyboatd controlof Model
1610A was greatly simplified by
using the display for much of the
information that normally would
appear on the frontpanel. Thefive
MEASUREMENT
keys in the :URRENT
otsptnv
block at the left enable the
selection of rnteractive"menus"
that direct the operator to enter
appropriate variables.

Flg. 3. roaunr spEctFtCATtoN
menu enables the operator to
specify the logic polarity of the data input and the numerical
base assigned to sets of input lines,as grouped by asslgn-,
ment of labels.An exclamattonpoint under a probe marker
indicates that that probe is actively senslng transitions.lnverse video (black on white)indicates where the operator is to
make entries.

actually being executed.
What distinguishes Model 1610A from its predecessorsis its capability for sequentialtriggering,
selectivetrace, sequencerestart,and time and state
programmingnow
count.With much microprocessor
including various forms of branches,loops, nested
loops, and subroutines,Model 1610A's sequential
triggering capabilitiesenableit to hold off data capture until an executingprogram passesthrough the
particularbranch or loop of concern.This is done by
specifyinga seriesof stepsin the program that must
be encountered in the specified order before the
analyzerstartsto gatherdata. Furthermore,the user
can specify a certain number of times that each step
must occur,such as in a loop, beforegoing on to look
for the next word in the sequence.
Model 1610A also has a way of eliminating the
captureof much unnecessarydata:selectivetrace.To
use this mode,the usercan specifyup to sevenstates
(addresses,
data, or whatever)and the analyzerwill
then storeonly thosestatesas they occur during program execution,and ignore the others. A long sequence can thus be condensedinto a shorter one.
Furthermore,the user can selecta range of statesfor
storageby inserting X's (don't caresJinto any of the
digit positions.For example,if a statewere enteredas
A5XX16in selectivetrace,then any of the stateswithin the range A500ru to ASFFruwould be stored for
display as they occur. Thus, data capture can be restricted for example, to only those instructions
addressedto a particular peripheral.
Another useful capabilitydesignedinto the 1610A
is the ability to measurethe time intervalsthat occur
betweenprogram stepsacquiredfor display. By providing information on how much time a program

spendsin loops or in servicing interrupts,the timemeasurement capability is a useful aid in performance monitoring and program optimization. The
time intervals are measured and stored simultaneously with the statesequencesand are availablefor
display as either state-to-statetime intervals (relative
time) or total accumulated time with respect to the
trace point (absolutetime).
The counting capability can also be applied to the
number of statesoccurringbetweendisplayedstates,
This helps determinewhetherthe programis spending time on non-essentialactivities while carrying
out the desiredtask.
A new feature that can be particularly helpful in
evaluatingprogramperformanceis the 1610A'sability to presenta graph of statemagnitudeversustime,
which gives an easily-interpreted overview of program execution(seeFig. 6). Each dot in the display
represents one program step with its vertical displacementproportionalto the numerical magnitude
representedby the state and its horizontal position
determined by its order of occurrence. The occurrenceofbranches,loops,or any otherdeparturesfrom
"in-line" code are immediately apparent.
An Overview
Model 1610A has 32 high-impedanceinputs, arrangedin groupsof eight on four pods (a fifth pod is
provided for the clocking input). Datacan be input at
clock ratesup to 10 MHz. Worst-case
set-up/holdtime
is 20/0 ns on all 32 input channels,enabling Model
1610A to monitor state flow in minicomputersand
peripherals,as well as in microprocessorsand the
sophisticatednew random-logicchips now arriving
on the market.
Up to 64 words 32 bits wide can be storedat a time.
Roll keys enablethe user to display any consecutive

menu helps the operator define
Fig, 4. TRA)EspECtFtcATteN
where in the program data acquisition rs lo sfart. ln this example, data acquisition begins when the stale FFFE occurs
bit of F is 1.
on the inputslabelledA and the least-significant

Flg.5. rarce usr menu displays the data that is captured and
stored following the occurrence of the trigger state, in this
menu of
case FFFEas speclfied in the rarce spEctFtcAnoN
Fig. 4. The data is displayed in the numerical base se/ected
for each of the labelledgroups of inputs.The aottotsetx keys
enable any consecutive 20 of the 64 captured sfates to be
brought up on the display for viewing.

20 of the stored words for examination. For easein
readingthe digital datacapturedby Model 1610A,the
datamay be formattedin octal,decimal,or hexadecimal form for display, as well as in the binary form in
which it is acquired.A printer output that interfaces
to Model 9866A/8 thermal line printers enables
specificationsand resultsdisplayedon the CRTto be
documentedat the push of a button (seeFig. 8).
MenuControlof an Instrument
A major challengefacing the designersof this instrument was how to provide the user with the means
of controllingall this capability.The use of a key-perfunction arrangementwould have resulted in an
overly complicatedkeyboard.A "menu" control approach with directive displays and a simpler
keyboardis used to eliminate the complexity.
Referringto Fig. 2, the user selectsa menu by pressing one of the keys within the cunnnwr MEASUREMENTDrspLAygroup at the left of the keyboard.As an
example, suppose he pressedthe FoRvnr SPECIFICATIoNkey. The resulting display would be as shown in
Fig. 3.
The top line of the display identifies the menu
selectedand the current stateof the instrument (TRACE
for
The secondline containsany messages
CoMPLETE).
the user concerning incorrect operation or undesira- slow clocK). The
ble external conditions (wARNING
(black
video
on
white) indicate
blocks in inverse
from
where entries are to be made
the eNtnv group of
inverse
video fields
keys.Annotation adjacentto the
field
lists the
meaning
of
each
and
explains the
choices.
The user inputs data into an entry field by first
selecting the field with the cuRSoRkeys in the rolr

sectionof the keyboard.Thesemove a blinking cursor
to the desired entry field.
Bracketsin an entry field indicate that the input to
this field is controlled by the FIELDsELEcrkey in the
ENTRvgroup. Pressingthis key causesthe entry field
identified by the cursorto cycle through its allowable
choices. For example, in the clocK sLopn field, the
FIELDsELEcrkey cycles the entry field through "+"
(positive edge) and "-" (negativeedge).The rmln
key thus functions as a selectorswitch and, in
SELECT
conjunction with the cuRsoRkeys,replacesthe many
keys that would be required in a key-per-function
implementation.
menu is used to format
The FORVRT
SPECIFICATION
the acquired data to suit a variety of applications. All
the data input probesare representedon the display,
grouped accordingto their respectivepods (seeFig.
3). The probes are connected to a bus in the system
under test and labels can be assignedto identify the
parametermonitored by each probe. In Fig. 3, A's
were entered consecutively on all probes of pods 3
and 4 to indicate that these 16 bits are to be treatedas
one combined variable, the addressbus of a microprocessor.Another parameter is defined by D's, the
data bus, on the 8 bits of pod z. Up to six different
dummy labels,from A to F, may be used to segment
the 32 data channels into parameters.Assignments
may be specified without regard for pod boundaries
as long as labels are defined along consecutiveprobe
positions. Those probes that aren't used may be
turned off by entering X's in their position with the

menu gives an overview of all 64 states
Fig, 6, rnrce GBAPH
captured in the analyzer's memory, each state being represented by a dot whose vertical position coresponds to lts
numerical value and horizontal position to its order of occur'
rence. Departuresfrom a straight line show where theprogram
loopsand branches.The caepnuurrskeysallowtheupper and
lower limitslo be setso the verticalscalecan be expandedfor
comprehensive viewing. States outside this range are displayed in a horizontalrow above or below the dashed lines.
Thebrightened dots represent lhe states that will be displayed
when the analyzerls switched to the raecr usr mode

6), or it may be stored for comparison with data to be
acquired later (Fig. 7), such as comparing the
playback from a disc memory to the original data.
Rather than start the trace when trigger conditions
aremet, the user can elect to "center" the trace,where
the 31 points prior to and the 32 statesfollowing the
trace point (trigger) are captured for display, or to
"end" the trace,where the 63 statesprior to the trace
point are captured.

Flg.7, raecrcoupnaemode comparesa storedtrace listingto
incoming data, displaying a non-zero where bits differ as in
step 06 of this program. The analyzer can also be directed to
rerun a measurementcontinuouslyand stop when the current
and stored traces are either equal or not equal, making it
easier to capture intermittentproblems.

DON'T CARE key so they will

not be displayed

in the

trace listing.
The menu is completed by selectingthe desired
logic polarity and numerical basefor each assigned
Iabel.A " +" logic polarity indicatesthat the variable
is strobedhigh true while a "-" indicateslow true.
Selectinga numericalbase(binary,octal, decimal,or
hexadecimal)definesthe radix of the number system
that will be used to specify and display the data for
that label.
Other menusare shown in Figs,4, 5, 6, and Z. The
TRACE
SPECIFICATION
menu (Fig. a) enablesthe user to
establishthe trigger conditions for acquiring dataand
provides a control overview of the trace and count
functions. Following specification of the data format
and trigger condition, the user can pressthe rRRcr
key in the rxecurn group, and data is stored starting
with the state in the program flow that meets the
trigger conditions,The storeddata may then be displayed as a programlisting (Fig. S)or as a graph (Fig,
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How lt ls Used
The capabilitiesof Model 1610Acan be illustrated
by a few examples.Consider the branched-codeflow
diagram of Fig. 8. The state flow in either path A or
path B down to address2942is "in-line" codeand is
traceable by any logic state analyzer with a single
trigger statein the appropriatebranch,However,the
statesequencefollowing 2942may differaccording to
which branch was traversed.To trace this part of the
program following a particular branch, triggering on
a known state in the branch and then setting the
digital delay to start data capture at2942 might work,
but there are two difficulties to be considered.First,
the path length in terms of clock pulses is rarely
known to the userbecausehe is seldom awate of the
number of statesinvolved in executingprogram algorithms.Second,the path length itself is often variable, depending on the number of wait loops, interrupts, data-dependentloops, and so on.
By enablingpath-dependent
tracing,the sequential
triggering capability of Model 16104 overcomes
thesedifficulties,As shown by the tracelist in Fig. 8,
Model 1610Afirst finds address28AF and then starts
the trace at 2942, thus assuring that the common
segmentof code is traced only when the program has
passedthrough path A. The path length may vary, but
the start of the trace is constant.The count of statesin
the trace listing of Fig. 8 shows that 81 stateswere
executedbetween28AF and 2942 during that pass.
This example had only one branch. Most algorithms contain a multitude of decision branches,
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Flg.8. The program in the common leg beginning with state2942
may differ according towhich path
the program followed. Theprintout
of the rRAcElsr shows how sequential triggering was used by
Model 1610Ato capture data beginning with state2942 only when
the program followed path A.

Fig. 9, fhis example shows how
variables stored at various addresses before a mathematical
routinecan be tncludedin a record
by makingtheseaddressespart of
a trigger seguence.ln this example, the number 33 is nultiplied by
35 in the routine beginning at state
2986.

perhapsas many as one branchfor everyfive instrucloop, and the I loop completes 17 passesbefore exittions. To analyze these more typical cases,Model
ing to address 28CE, and suppose it is desired to trace
1610A provides as many as seven terms in a trace- the eighth pass of the J loop while it is in the fifth pass
point sequence.(Termsareaddedby useof the tNsnnr of the I loop, The trace specification (Fig. 10J causes
key in the nur section of the keyboard.J
the instrument to find in sequence state 28B7, then
eight occurrences of 28AE followed by five occurSequentialtriggering is useful in other ways, For
rences of ZaAS.The number 8 (decimal) is entered into
example,consider data-dependentproceduressuch
as a multiply routine whosebehaviordependson the
the occurrence field for 28AE and 5 was entered into
valuesit is given to multiply. Thesevaluesare often
the occurrence field for 28A5. The state count in the
loaded into registersor memory well before the
resulting tracelist (Fig. 10)verifies that 8x11*5=93
routine is called,but without knowing what they are, passes through the inner loop occurred before the
the user can't tell if the multiply activity tracedby a
trigger sequence was satisfied.
logic stateanalyzeris appropriateto thoseparticular
The range of occurrence counts is from 1 to 6b,b36.
values.
Occurrence is actually a more general form of the
digital delay offered in earlier logic state analyzers.
With the 1610A, the trigger sequencecan be
specified to first searchfor and find the addresses D i g i t a l d e l a y m a y b e s p e c i f i e d f o r t h e 1 G 1 0 A b y
where the values are stored,and then start the trace adding another state, consisting of all X's (i.e,, any
where the multiply routine starts.The values thus
state), to the sequential trigger specification and enbecomepart of the trace record, as shown in Fig. 9.
tering the desired delay into the occurrence field for
Occurrence
Fig. 10 depictsa commonsituationwhere a loop is
nestedwithin anotherloop. Model 1610Ahasan "occurrence"featurethat enablesit to pick out any pass
through any loop for tracing.It doesthis by requiring
a given state condition to be satisfiedrepeatedlya
given number of times beforeit advancesto the next
line in the trace specification.
Referringto the examplein Fig. 10, supposethe J
loop completes11 passeseachtime it is calledby the I

that state. In most cases, however, state occurrence
is found to be more useful than digital delay.
Sequence Restart
Not every branched or looped problem can be
analyzed simply by the use of sequential triggering
and occuuence. Consider the flow diagram of Fig. 11.
The dashed line indicates a "zero length" path where
the branch from 2450 to 2452 is direct with no intervening states. A typical routine might be: if the
branch carry set instruction (2450) is met, jump di-

Fig, 10, Any pass in a loop nested within other loops can be captured for display by using the
occuaarucrfeature in conjunction with sequentialtriggering. ln this example,tracing begins with
the eighth pass ol the J loop during the lllth pass of the I loop.

Flg. 11. Atrace beginningat state
2452 only when the program
jumps directly from 2450 to 2452
can be assuredby using sEeuENcE
RESTART
to abort the trigger sequence if 2451 occurs before
2452.

rectly to SKIPQa52); otherwise executethe subtract
instruction (2451) then go to sKIP.How, then, can
sequentialtriggering be used to start a trace at 2452
only when the zero-lengthpath is taken?
The sequencerestart capability of Model 1610A
resolves this problem. Sequencerestart allows the
entry of a statethat will causethe trigger sequenceto
be restarted if that state occurs before the trigger
sequencehas beencompleted.In the exampleof Fig.
11,the triggersequencecould be:find 2450then start
the trace on 2452. With 2451 entered into the sequencerestartfield, if 2450had beenfound and z+st
occurredbefore 2452,the sequencewould be aborted
and the analyzerwould begin anew to look f.or245o,
starting a new trigger sequence.
field appearsin the TRACE
The sEeRESTART
SIECIFIcATIoNmenu whenever a secondstateis enteredinto
the trigger specification.Normally it is in the orr state
(seeFig. 8) but can be turned oN with the rmln SELECT
key. The restart state may then be entered.
Fig. 72 shows how sequencerestart applies to
analysesof loops. In this example,it was desiredto
find out how much time elapsesbetweenthe start and
end points when traversingpath 2. The path is described in the trace specificationby finding 2875,
then 28B3,and startthe traceat 29E4.However,without sequencerestart,eachstatein the sequencecould
be satisfied on a different passthrough the loop. For
example,state 2875 could be acquiredat the beginning of a cycle through path t while 2883 and 29E4
are acquiredduring a subsequentcycle through path

2, giving an erroneouscount between 2875 and 2984.
With 2984 enteredasthe restartcondition, the trigger
sequencewould be restartedat the end of any cycle
that branchedthrough path t. The resultanttracelist
(Fig. 12) shows that the correctpath required t+a g,s
from startto end. In general,restartingon a statethat
occursat the beginning or end of an algorithm forces
a single-pathsolution.
This use of sequentialtrigger and sequencerestart
enablesthe length of a path through an algorithm to
be measureddirectly. Both the time count and the
statecounthavea 32-bitrange(4.3x 10e)counts.Time
valuesare measuredwith a resolution of too ns and
aredisplayedwith four-digitresolutionin units of g,s,
ms, or s,
The restart feature has broad application. For
example, it can trace a transmission on the HP interfacebus that addressesdevice 10 to talk and device5
to listen beforethe unlisten command is given (restart
on unlisten). In a virtual memory environment
(swappingprogramswith disc),a trace specification
can find the tracepoint of interest within the program
when swapped into memory, and restart if it is ever
swapped out. In short, the instrument's analysis
capabilitiesare available to start, center, or end a
trace in virtually any form of state flow.
SelectiveTrace
Fig. 13,a memorymap of a microprocessor
routine,
helps illustratethe use of selectivetrace.Up to seven
stateconditions can be specifiedand if a monitored

Fig. 12. sEeuENcE
RE'TART
can prevent an erroneousmeasurementby aborting the trigger
sequence any time the program branchesinto path 1.

Ffg. 13. Selective tracing captutes only significant information and eliminates insignificant
detail,Thetimemeasurementsatlinesll
andl3indicatesubroutinecallswereexecuted.Details
of these subroutineswere excluded from the trace list bv the selectivetrace,

state meets any of these conditions, it will be included
in the measurement. In general, selective tracing conservesthe trace memory, allowing pertinent data to be
gathered over an arbitrarily large time interval. Only
important states are collected while all others are
discarded. With the incidentals removed, trace listings are easier to read and comprehend.
The routine of Fig. 13 represents one of many
routines in a total program and is traced starting at its
entry point (2542) when called by 29FF. With selective trace, specifying 294X allows routine instructions from 294O to 294F to be collected. Specifying
40XX collects the routine's output data written to a
file. The remaining conditions specified allow the
collection of a few key variables that represent inputs
to the routine. This is all that is necessary to understand the routine's behavior.
What is significant is what this selective trace did
not collect. The trace memory was spared from collecting several unnecessary variable references,
memory-consuming wait loops and handshakes, state
flow necessary to execute called subroutines, stack
references, and random interrupt transactions, The
count function, by recording the time between traced
states,indicates where stateswere omitted (this often
leads to discovering excessive time spent in a malfunctioning procedure!).

The selective trace technique lends itself to characterizing the behavior of procedures as "black box"
transfer functions in the same way that the output of
an electronic circuit as a function of its input characterizes the behavior of the circuit, Tracing only the
inputs and outputs of a procedure can totally describe
its behavior while collecting only a small fraction of
the total number of states,Conversely, using selective
trace to trace only key states of major routines can
describe an overview of state flow between all
routines as a whole. To illustrate, Fig, 14 shows
another memory map. To evaluate arithmetic expressions, the main program calls the various subroutines
while executing. Suppose it is desired to monitor the
order in which the routines are called while various
expressions are evaluated, and find the time spent in
each routine. The 1610A is asked to start the trace
upon reading the first expression, beginning at address 2983. Then the selective trace feature is
employed to trace only the entry point to each routine
(2951, 2969, or 2S7F). Since these states occur only
once per call, the trace memory does not become
filled with unwanted details of each routine's execution. Finally, a simultaneous count of time is
specified to measure the path length through each
routine.
The resulting trace list (Fig. 14) shows the order to

Fig. 14. Se/ectivetrace can be used to trace program flow betweenmajorprogram segments
and the order in whrchsubroutinesare called followinginitiationof program executionat address
2983. The couNTfeature discloseshow much time ts spentin each subroutine.

be as expected,It also shows that the divide and
multiply routines take nearly as long as the exponentiate routine, contrary to expectations,Detailed
analysesof the divide and multiply routines might
therefore be performed to identify which internal
proceduresor loops might be refined to shortentheir
executiontimes.
CapturingEverynth State
Another way to encompassa long state sequence
within the analyzer'sfinite memory is to use the ocfield in the rRacr oNLy STATE
CURRENCE
specification
(seeFig. 4). For example,if the number 3 were entered
in this field, and the rnacn oNLy srATEspecification
were filled with Xs (don't cares),the instrument
would storeeverythird state,effectivelycompressing
a 192-statesequenceinto the 64-statememory.
This capability is especiallyuseful with the cRApH
display (Fig. 6) asit then provides an overview of state
sequenceslonger than 64, This is comparableto the
way that slowing the sweep rate of an oscilloscope
compressesa displayed waveform to place more of
the waveform on scleen although slowing the sweep
rate may obscurefine detail. When using the occuRfeature with the graph display, the major deRENCE
tails of the graph are retained if the number of states
betweenacquiredstatesis not too great,
In Summary
Spacedoes not permit further discussionsof the
TRACE
GRArHand tnacn coMpAREfunctions (Figs. 6
and z) but suffice it to say that Model 1610A was
developedto suit the ever-changingand increasingly
complicated needs of the digital hardware and
software designer.Analysis featuressuch as sequential trigger, occurrence,sequencerestart, selective
trace,and simultaneouscount of stateor time offer the
power necessaryto treat complex state flow in microprocessorsand minicomputers.Yet operatorinterfaceremains simple becauseof the menu control concept. Thesefeaturesoffer the designera reduction in
development time with measurementapplications
limited mainly by his imagination.
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SPECIFICATIONS
HPModel1610ALoglcSiateAnalyzer
CLOCK AND DATA II{PUTS
REPETITIONBATE:lo 10 MHz.
INPUT RC: 50 kO shunledby <14 pF at prob€.tip.
I N P U TB I A SC U R R E N T<: 2 0 ; r A .
INPUTTHRESHOLO:TTL, fixsd at approximatsly+1.5 V; variablo,r10 Vdc.
M A X I M U MI N P U T :- 1 5 V t o + 1 5 V .
M I N I M U MI N P U T
S W I N G0
: .5V.
CLOCK PULSEWIDTH:20 ns at thresholdlevel.
DATA SETUPTIME:20 ns,
HOLDTIME:0 ns.
TRIGGERAND MEASUREMENTENABLE OUTPUTS
TRIGGEROUTPUT(rearpanel):50 ns r 10 ns positiveTTL leveltriggerpulseis
generated each tim€ lracs position is recognizod. lf trac€ position includss
a word sequence;pulse occurs when last word is lound, Trigger outputs continue until a new spacificationis traced or STOP key is pr€ssed.Pulse rep-rate
is 0 lo l0 MHz depsndingon input data rates.In continuousor compargd
lrace modes, internaldisplayprocessblanksout pulsaslor 100 ps at rep-rates
ol <20 Hz.
MEASUBEMENTENABLE OUTPUT (rear panel): PositiveTTL level measur6mentenable outputgoes high and remainshigh whsn l610A is looking lor trace posilion and goss low when trace position is rocognizedor if
STOP key is prossed. In continuous or compared trace modes transitions
rep€ateach time th6 16104 makesa new measurement.
MEMORY DEPTH: 64 data transactions;20 transactionsare displayedon screen.
Roll keys permit viewing all 64 data transactions.
TIME INTERVAL:Resolution,100 ns; accuracy,0.01%.Maximumtime, 429.4
seconos,
EVENTSCOUNT:O to 232-1 events,
DIMENSIONS:
230 mm H x 425mm W x 752mm D (9.063x'16.75x 29.625in.).
WEIGHT:26.5 kg (s8.5 lb).
ACCESSORIESSUPPLIED:lour '10248Adata orobes.one I 02474clockorobe,
PRICElN U.S.A.:$9500.
MANUFACTURING
DIVISION:COLORADOSPRINGSDIVISION
P,O. Box 2197
ColoradoSprings,Colorado80901U.S.A.
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But such inefficient tools! The errors in computers are largely
errorsof signal dataflow. A flag line fails to setat the right time, the
memory addressis read incorrectly,the wrong instruction is executed, the data being massagedis transmitted with a dropped
bit-these are not elactricalparameterfailures,exceptthat they are
incidently accomplished with electronic circuits. They are data
errors,occurringbecauseof an incorrectdatasequence,and assuch
their analysis is more appropriately considered data domain
analysis.

The logic analyzersdescribedin this issue representthe latest
stepinthe evolution of a newbreed of diagnostictest equipmentfor
digital systemtroubleshooting.Logic analyzerconceptshavebeen
discussedbefore in these pages1,2,3
and by now it is generally
acknowledgedthat logic analyzersare a powerful contribution for
design analysisand troubleshootingof digital systems.
The way in which these instruments have evolved is very interesting,and the implications arewidespreadfor many engineers,
technicians,and even company managements.For this much is
clear: the world of electronicsis on the threshold of a profound
revolution in the nature of design tasks and diagnostic requirements, not to mention the opportunities and challengesin new
product development.
The nature of these changesmay be illustrated by considering
the interplay between component suppliers, end-product manufacturers,users,and test equipmentsuppliers.In the 1960s,virtually all componentvendorssupplied classicalRLCpartsalong with
d i s c r e t e s e m i c o n d u c t o r s .T h e e n d - p r o d u c t m a n u f a c t u r e r
employed many circuit designers,equipped almost entirely with
analog circuit skills, for the design and development of the end
product. Users varied-many were technically skilled, since engineers often built products for other engineering groups (e.g.,
communicationsand military electronics).There was, of course,a
consumerelectronicssegmentwhere the userswere largely nontechnical and the service groups were semi-skilled.
For all of thesegroups,the classicalanalysistechniquesseemed
appropriate.Thosetechniques,as we all know, were the frequency
domain and time domain approachespioneeredby the mathematics of Maxwell, Fourier, Heaviside,and LaPIace.Voltmeters,oscilloscopes,counters,and spectrum analyzersare but a few of the
many test instruments that have evolved to facilitate analysisby
these techniques.Significantly, these instruments were basically
the same whether used in a lab, production, or field-service
environment-differing to be sure in portability, cost, accuracy,
and sophistication,but not in terms of the parametrictest method.
The advent of integrated circuits and minicomputers led to a
significant expansion of computer-basedsystem design opportunities, and eventually to a modification of the product cycle
relationships. The first difference to note is the addition of a
"systems-design"block to the components-to-user-chain,
an admission of the importance of applications software design, I/O
considerations,and support peripherals.Note that thesedesigners
were not very often designing hardware, except for translators,
buffers, and other circuits needed to overcome a basic interface
mismatch betweentwo systemparts.Designersand troubleshooters frequently found themselvesspending long hours debugging
software,searchingfor glitches,or checking for noise margins.To
easetheir problems,they resortedto using one minicomputer to
develop another-in-house groups built simulators,and even assemblersand editors to help them develop applications software
more quickly. For field service, diagnostic routines became imbedded in the software.
In effect,a new classof instrumentationwas being defined as a
function of need. This need was almost transparentto the outside
world, becausein large part electronicengineersnot at a minicomputer company were still designing circuits on a nodal basis,and
test equipment used by designersand computer service technicians still included voltmeters, counters, and scopes. In fact,
scopeswere still the primary digital troubleshootingtools after the
diagnosticroutine indicated that a problem existed

lnto the Data Domaln
The characterizationof the data domain analysisconceptsat HP
came slowly during the late 1960's,based on a conviction that
classicaltest instrumentswere largely irrelevantto the designand
test requirementsof the rapidly growing computer industry. That
view was shaped by our own evolving design experiencewith
desk-top computers, hand-held calculators, and minicomputer
controller systems.
Nodal testers were the earliest aids for design and troubleshooting of digital systems,and they are still the least expensive.
By the early 1970'sthe logic probes,clips, comparators,current
tracers,and totalizing counters of HP's Santa Clara Division had
becomewidely used to locate stuck nodes,pulse activity, shorts
and opens,and pulse burst counts.a's'6'7
The time-spaceinformation content of digital signals is so important, however,that these
simple tools have been augmented by more precise techniques
basedupon error-correctingcode theory.
Perhapsthe most powerful way of compressinglargeamountsof
data is typified by the classical cyclic redundancy checksums
(CRC)generatedfor error checkingin largememory systems."Signature analysis" techniques based upon CRC patterns are now
appearingin instrumentsfor datacomparisonanalysiswhere large
amounts of data must be monitored, collated and analyzed in a
short time by an unskilled operator.sThe techniquerequiressome
interactive work by the digital system designer to provide the
proper signal checks and buffers from extraneous phenomena
(such as electromechanicalswitch bounce),but the serviceability
and analysis power of the technique usually far outweighs the
initial design investment.
At HP's ColoradoSpringsDivision, our initial thoughts were on
building "digital scopes" but we went to considerableeffort to
explain that they were scope-liketools in terms of value for digital
designers,rather than digitizing scopes.For our internal understanding,we beganwith a duality, trying to describea function of
word and event,f(W,E),analogousto the time domain function of
volts and time, f(V,t). This allowed development of trigger word
conditionsthat were analogousto the scopefunctions to which we
wele more accustomed.
We began also to view sampled data in a different contextsampling theory had always been used before at HP to develop a
s t r o b o s c o p i cr e c o n s t r u c t i o n o f c o n t i n u o u s h i g h - f r e q u e n c y
phenomena.The mathematicsof statevariablesand algorithmicstate-machine(ASM) conceptsbecamevery popular topics for designers at HP around 1970 and 1971 and state-flow data table
presentationsare a clear outgrowth of this work. Thus, sampleddata theory moved from a relationship with time-domain analysis
on continuous phenomena to data-domain analysis on discontinuous or truly discrete event-timephenomena,
An important considerationis the total amount of datathat must
be collected at every event-time in order to characterizesystem
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simple Booleanbreakpointtrigger.l lt was developedto serveASM
designers.The 1601L consequentlyemphasizedthe development
of such things as Boolean triggering for unique data occurrence
registration and the portrayal of data as data-in machine code
format with no time-relevence or electrical parameter display
whatsoever.
The excitement at HP was not in the first logic state analyzer,
however. It was in the concept and its application to the
"computer-on-a-chip"revolution that was being born in 1973.Our
view even then was that this was a singular opportunity for a
fundamental changein test and measurementrequirements-and
that we could help to createthat changeby providing a reasonably
comprehensiveline of instrumentation for the new classof problems.

behavior. The program counter, the instruction register, the accumulators, and so forth, contain specific coded data that collectively describe the machine status at any one event-time. In addition, most digital machines are built to operate on external data-to
add, subtract, multiply, or divide data, to make branching decisions from data comparisons, and to accumulate, store and process
still more data. Thus, to select data domain analysis as a descriptor
for a way of analyzing digital logic machines suggests both an
awareness of the machine's external function of working with
digital data and its internal operation in terms ofan organized flow
of data sequences.
Data domain analysis, then, is a set of analysis techniques concerned with designing, monitoring, and correcting the behavior of
a digital machine as a function of its internal data sequences and its
external data manipulations.

Locatingthe Problems
Data domain problems are manifested as improper data sequences.It is important to note that the problem effect is always
functional (i.e., data errors are transmitted) whether the causeis
functional or electrical.This is true even for noise or voltagemargin testing. Consequently,the first analysis step is locating the
malfunction in the data flow sequence.
Locating a problem in data flow with an external instrument
requiresdata registrationor synchronizationbetweenthe two systems,followed by datacapture,possiblemanipulation,and presentation to the user.To meetthis need,the ColoradoSpringsDivision
offeredthe Model 1601L,the world's first commercially available
parallel-logic-state
analyzer,in mid-1923.It did a relatively modest
iob-it was 12 channelswide, and had t6 words of memorv and a

Today's Equipment
After severalyears of experiencenow, some obvious subtrends
have emergedwithin this instrumentationarea.We may differentiate betweenthree major groups of equipment:developmentaids,
bus analyzers,and nodal testers.We have alreadymentionednodal
testers.Logic state and timing analyzersare bus analyzers.Developmentaids aretools aimed at improving the time-efficiencyof
digital design, primarily in software and IC development.
The more sophisticateddevelopmentaids have been primarily
minicomputer-basedto provide a higher-levellanguage(e.g.,PL-1,
FORTRAN,BASIC,ALGOL) for code generation,and a more compldte operatingsystemfor easeoftext-editing, Iinking, and relocation of complex subroutines.
The difficulty with microprocessor-based
systemshas been the
lack ofcompletenessin the operatingsystemsoftware,relativelack
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of high-level language support, and lack of versatility for several
microprocessors. Manufacturers of most of these systems today are
promising improvements in the software support, including
compiler-Ievel language capability.
The disadvantage of mini-based systems has been lack of coordination between minicomputer vendors, users, and instrument
manufacturers to provide a relatively simple system configuration.
Emulation is not as easy to obtain as with a dedicated
microprocessor-based system, nor is it as much of a concern when
writing in a higher level language (which lacks direct analysis
correlation in any event) for a complete chip set on a single-board
computer. One significant advantage of this type of system is the
ability to share the same software between multiple terminals so
that several designers can simultaneously have access to the same
major routines. There are today software companies offering
cross-assemblers for several microprocessors available for most
popular minicomputers. This, in conjunction with ROM
simulators (word generators) and logic analyzers offering
assembly-language tracing (e.g., HP 1611,{) offers a very complete
solution for the more extensive design laboratories using microprocessors.

SystemBus Analyzers
The nodal testersare of chief valuewhen it is known that a
particular product or module is malfunctiorring. Bus analyzers are
of value for the more difficult task of ascertaining which portion of
a system is malfunctioning. For example, a full system may have a
central single-board-computer, two disc memory units, two dataentry terminals, and twenty on-line process-control transducers.
We may fully expect the four peripheral units to incorporate one or
more rnicroprocessors themselves, resulting in a multi-computer
network of sorts. Unravelling the network transactions is the first
priority for troubleshooting.
We may characterize each major bus area as CPU, IiO and
peripheral. The relevant parameters of the CPU bus structure are
synchronous with clock speeds usually 3 MHz or less ffor virtually
all minicomputer and microprocessor systems). Bus contents may
be address, data, instructions, and control signals. The I/O bus, in
contrast, usually carries asynchronous, multiplexed data at speeds
up to 10 MHz. Moreover, it sometimes runs much longer physical
distances in a facility. Consequently, we may expect to find that
race conditions, noise spikes, and glitches from various causes are
much more significant problems on an I/O bus than on a CPU bus.
Moreover if they exist, they will be much harder to trace to a source
because of the multiplexed architecture and data flow at a particuIar point.
The CPU and I/O buses generally are parallel buses, which
means, among other things, that the data format may be the same on
both. Peripheral buses, in contrast, usually employ serial data
transmission, which requires further data formatting. They are
lengthy buses, but with very slow data rates, so glitches are not so
significant except in batch transmissions (e.g., across the continentJ.
The point to be recognized here is that designing, installing, and
servicing a general computer network is not a trivial task for which
a simple tester can be described. At the same time, some very usable
general-purpose testers that will work in a variety of these application areas can be defined.
The current second-generation set of logic analyzers desgribed in
this issue are the most effective bus analyzers available. They are
configured for most bus analysis problems more or less on a busby-bus basis, with the very significant inclusions ofcross-bus event
correlation and very powerful selective data trace for linked and
nested loop algorithms.

to placeperspectiveon the existingand future measurementneeds.
We view the problemsof digital systemstest at four levels:product
design, product support, systemdesign, and systemsupport. The
drawing at left depicts the typical tasks found in a product cycle
(e.g.,from lab design to end-usermaintenance).Each has its own
set of problems,but all are closely related.
It is interestingto considerwhat an end-user"lab environment"
might be for a bank or airline company using a large computer
system. For this grid, it seemsnatural to consider the EDP usergroup applications software as flowing through a lab design into
production and use. It is harder to conceive of a fast-food outlet
doing any softwareor digital hardwaredesign for their POSterminals, but easyto consider their maintenancerequirement.
The grid illustratesthe most effectiveareafor each of the datadomain analysisequipmentsI have described.Thereare,of course
many overlapsand shadingswhere different equipment has value
that is not apparentin this diagram.Nonetheless,it should serveas
a useful guide for assessingthe major areaof contribution of each
type of instrumentation.
The original data-domainthesisis, of course,but a beginning. It
is important that we recognize that the breadth of data domain
analysisembracesnot only local transactionsof word-events,but
the entire global picture of data state-spaceusage. This, consequently,includes the statisticalpattern of event-flows(e.g.,histograms,repetitive CRC sums, or perhapseven correlation for ergodicity), and it suggeststhat the mathematics of data-domain
analysis already exists, but is not recognized conjunctively yet
with these measurementtechniques.
As we move into the 1980's,data-domainanalysis equipment
will become all-pervasivein our industry. Very large-scaleintegrated circuitry (VLSI) and its extensionsnot only offer the opportunity for lower-cost,higher-performanceproductsfor our society,
but also the opportunity to change our design and test
philosophies. What data-domainanalysis tools make possible is
top-down designfor digital designers-which should permit us to
consider not only block-structuredprogramming languages,but
block-structuredIC layout and block-structureddiagnosticand test
routines. Without this change, we could imagine the fast-paced
semiconductorrevolution producing a chip capability of one million iunctions or more for perhapsten dollars by 1982-and then
finding that IC designersor software designersneed two or more
years to use the $to device.
Data-domain analysis techniques will help the revolution
contrnue.
References
1. W.A Farnbach,"The Logic StateAnalyzer DisplayingComplexDigitalProcessesin
UnderstandableForm,"Hewlett-Packard
Journal,January1974.
2 C.T. Smalland J.S Mor li, Jr , "The Logic StateAnalyzer,a ViewingPortfor the Data
Domain,"HewletfPackardJournal,August 1975.
3. J.H. Smith, "A Logic State Analyzetlor lMicroprocessor
Systems,"Hewlett-Packard
Journal,January1977.
4. G.B. Gordon,"lC Loglc CheckoutSimplified,'Hewiett-Packard
Journal,June 1969.
5. R. Adler and J.B. Hofland,"Logic Pulserand Probe:A New DigitalTroubleshooting
Team," Hewlett-Packard
Journal,September1972.
6 . J . F . B e c k w i t h , " C u r r e n t T r aAc N
e re:w W a y t o F i n d L o w - l m p e d a n c e L o g i c C i r c u i t F a u l t s , '
Hewlett'Packard
Journal,December1976.
7. D. Priebe,"t\,4ultitamily
LogicClip ShowsA1lPinStatesSimultaneously,HewletfPackard
Journal,December1976.
8. R A. Frohwerk,"S gnature Analysis:A New Digltal Fied Service l\4ethod,"Hewletf
PackardJournal,May 1977.

Chuck House is managet of the logic analyzerdepartment
at HP's Colorado Sprlngs Dvislon. He has a 8S degtee in
so/ld-stateohvslcs from the California lnstituteof Technoland an MAin
ogy,an MSEEdegreefrcm StanfordUnivercity
Histoty ol Science frcm the Universltyol Colorado Upon
gefting his BS degree in 1962 he joined HP as a develop'
ment engineerand was tnvolved in many oscillascopeand
CRf display projects belore delvtng lnto logic analyzers.

Matching Product and Need
Let us now stand back from product considerations and attempt
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InteractiveLogic Stateand Timing
Analysesfor TrackingDown Problems
in DigitalSystems
A newinstrument
combines16-bitlogicsfateanalysiswith
B-bitlogictiminganalysis
lospeedthelocationofproblems
involvingasynchronous
as wellas synchronous
eyenfs.
by John A. Scharrer,RobertG. Wickliff,Jr.,and WilliamD. Martin

narrower than the sampling period, most analyzers
latch the logic level until the next sampling pulse so
the glitch can be detected, (A glitch could be described as a spurious narrow pulse or double transition that crosses the logic threshold level.)
At first glance it would seem that a real-time oscilloscope would provide more precise timing information, which is true, but there are no fast, real-time
oscilloscopes that can display eight channels on a
single sweep nor are there any that can display the
events that occur before a trigger. Like logic state
analyzers, logic timing analyzers can continuously
replace old data in their memories with new data but
stop and retain the data when the trigger event occurs.
The logic timing analyzer thus provides information
that the real-time oscilloscope cannot.

W ECAUSE THE SYMPTOM of a digital system
"[} failure is a deviation from the system's program
sequence, logic state analyzers were designed to
locate functional problems and do so even when
the system is functionally complex, Although locating a functional problem is usually all that is needed
to solve the problem, there are instances when more
information is needed than a logic state analyzer can
provide. For example, an occasional glitch on a clock,
reset, or interrupt line may give rise to a functional
problem, and timing errors, such as a foreshortened
or missing read pulse, can alter a normal state sequence. Logic timing analyzers can help locate the
sources of these kinds of problems.
Logic timing analyzers detect events that occur
asynchronously with respect to the clock of the system being investigated. These events may occur as
handshake sequences across an I/O port, where the
order in which lines toggle is of interest, and they
often arise as a result of signal delays, cross-coupling
between conductors, reflections from impedance
mismatches and the like. Logic state analyzers, on the
other hand, are synchronous in nature, capturing the
states of the monitored lines at the moment a clock
edge occurs.
A logic timing analyzer might be described as a
multichannel digital-storage oscilloscope with twolevel resolution. It looks at up to eight input lines
simultaneously and if any of them are above a
threshold voltage level when sampled, that sample is
stored as a 1 in the memory while samples from the
lines below threshold are stored as 0's. The display
circuits read out the memory repetitively and recreate
the input signals as two-level waveforms synchronized with the sampling pulses (Fig. r). The timing relationships between logic level changes are
thus easily evaluated.
Usually, a sampling rate four or five times faster
than the system clock is sufficient to capture asynchronous events of significance. For a glitch or event

Combining State and Timing Analyses
All too often, digital system malfunctions occur in
an apparently random and erratic manner. When

Flg. 1. Typical logic timing analyzer display shows the order
in which the eight monitored lines toggle. The trigger point is
indicated by the short vertical bars at the left of the display,
Rasfer-scan techniques are used to generate the display so
alphanumerics as wel/ as waveforms can be displayed.
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F i g . 2 . M o d e l 1 6 15 A L o g i c
Analyzer functions as both a logic
state analyzer and a logic ttmtng
analyzer.Ihe state analyzerpart
of the instrumentcan trigger the
timing analyzer so timing problems related to a particular part ot
a program can be located, Conversely, the timing analyzer can
tilgger the state analyzer so state
information related to a timing
event can be observed.

u s i n g a l o g i c a n a l y z e rt o l o o k a t a " t i m e s n a p s h o t " i n a
system going through a long sequence of functional
states,it is important that the snapshot be taken when
the system is executing the states or problem of concern and that the snapshot is located in the proper
point in the state flow. If these conditions are not met,
it is quite easy for the user to wander down the wrong
path simply because he has observed and is trying to
fix a glitch that is relatively unimportant to the problem at hand.
It thus becomes desirable to monitor both the synchronous and asynchronous behavior of a malfunctioning system. To make this possible, logic state
analysis and logic timing analysis have been combined in a new instrument in such a way that both
areas can be investigated simultaneously (or independently) in a single-shot environment. This combination of capabilities greatly shortens the time
needed to track down a malfunction.
The interaction between state and time made possible by this instrument, Model 1615A (Fig. 2), can
best be described by an example. The example concerns a microprocessor system under development
that had a small keypad for data entry and control. It
had been observed that the system detected a keydown condition and serviced the key when in fact no
key had been pressed. To track down this problem,
Model 1615A, set up in the timing mode, was connected to the microprocessor's interrupt line and set
to trigger on a high on this line. Model 1615A then
displayed interrupt pulses of normal duration on this

line when none should have occurred. However, no
glitches were detected.
Additional logic timing analyzer inputs were then
connected to the inputs to the interrupt-request
generator, a monostable multivibrator. Model 1615A
showed that a glitch occurred on one of these inputs.
The next step was to find out what was happening
in the system when the glitch occurred. The state
probes of Model 16154 were connected to the microprocessor's address bus and the analyzer was
switched to dual state and timing operation. The trigger was changed to start the timing trace on the glitch
on the interrupt-request generator's input line, and
the timing analyzer part of the instrument was used to
end data capture by the state analyzer part. The microprocessor states leading up to the glitch were thus
captured for display. Repeated tracings made in this
mode revealed that the microprocessor was always
executing the same instructions when the glitch occurred.
The listing of the microprocessor code showed that
the instruction being executed when the glitch occurred was "read I/O port 200," The I/O read line and the
chip-select input to port 200 were then connected to
the timing machine. The resulting timing display revealed the source of the problem: the falling edge of
the I/O read pulse coincided with the glitch.
Examination of the circuit board revealed that these
two signals ran side by side for some distance. Rerouting one of them to eliminate the capacitive coupling
between lines solved the problem.
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Flg. 3 When contigured as a
24-bit logic state analyzer, Model
1615A allowsthe user to label the
input probesand selectthenumerical base for the captured data,
Using the F)BMATsPECtFtcAiloN
"menu" (left), for easierinterpretalion of the captured data when
displayed on the rRAcELtsr(right)

locating statesrelated to timing phenomena,as described in the exampleproblem above,

The Instrument
Model 1615A Logic Analyzer has three primary
modes of operation. The first is as a 24-bit,2O-MHz
state analyzer (Fig. 3), Memory is 256 words deep
with 15 words on display at one time. The words can
be displayed in binary or formatted into octal, decimal, or hexadecimal code. The input clock can be
qualified with up to six qualifiers and the qualifier
expression can contain two ORed terms so that processorswith independent read/write qualifiers can be
monitored. Other capabilities include selective trace
and tracing after the nth occurrence of a state.
The second mode is as an 8-channel, internally
clocked, timing analyzer (Fig. +). The captured data is
displayed in the timing diagram format and the X axis
can be expanded by a factor of 10 for greater display
resolution. Other characteristics include internal
clock rates up to 20 MHz, detection of glitches as short
as 5 ns, asynchronous pattern triggers, trigger delay
in terms of time or external clock periods, OR and
NOT triggering, and direct readout of time intervals,
It can also be triggered on glitches.
The third and newest mode involves time-state interaction. In this mode, 16 bits can be traced for state
analysis while at the same time 8 bits are traced for
timing analysis. The state analyzer trigger word can
trigger or arm the timing analyzer, enabling the timing window to be located more precisely near statesof
interest (Fig, 5). Conversely, timing (including glitch
trigger) can trigger or arm the state machine, thereby

1
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Glitch Detection
Detectors that monitor the eight timing input lines
capture and store glitches independently of the sampled data. Several advantages accrue from this arrangement. The first is that the glitches can be intensified on the timing display, making their presence
obvious (see Fig. ). This is particularly important
when narrow events occur in a relatively long time
span. Even though system operation may be quite
slow, narrow glitches can affect the operation of the
logic families commonly used in slow systems, so the
presence of a glitch nanoseconds wide should be
made known even when the displayed timing diagram spans milliseconds of data.
The second advantage is that a glitch occurring in
the same sample period as a data change is detected
separately and displayed as an intensified edge on the
data. A double transition or "hook" on a data transition at a clock edge is an example. Separate detection
of glitches is important because glitches are likely to
occur at clock edges, where there are cross-coupling
or grounding problems, because this is when logic
lines are changing. Clock-edge reflections from impedance mismatches on heavily loaded or widely distributed clock lines are another source of glitches.
Most glitch detectors have missed these glitches because the detectors stretch them for the sampler.
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Fig,4. ConfiguredasanB-bitlogictiminganalyzer,Model
161SAallowstheusertoselectupto
three ORed tilgger patternswith the rRAcEspEctFtcArtoN
menu (left). Triggeringon glitches can be
ANDed with the trigger patterns.Detected glitches are displayed as higher-intensityvertical bars
on the rru^taorecaeudisplay (center). The brightened segment of the display can be expanded
horizontallyby a factor ot 10 (right) for increased display resolution.
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Fig. 5, /n the TRA]E
spEctFtcAnoN
at
left, the trigger point is specified
(below the dashed line) so the timing analyzer will start data capture
by the state analyzer (above the
dashed line). ln the rRAcEspEctFtcArrcNat right, occurrence of the
trigger specified for the state
analyzer ends data capture by the
timing analyzet, capturing the
prelrigger timing data.

Thus,if thereis a glitch and a datachangein the same
sample period, only the data is displayed. Model
1615A,on the otherhand, capturesboth individually
and displays the glitch as a brightenededge on the
data.
A third advantageof this type of glitch detection is
that glitches can serveastriggers in conjunction with
the eight timing lines. A combination of statesfor the
timing lines can be ANDed with the specification
that a glitch be required on any ORedcombination of
the same lines for a trace to start. This is a powerful
tool for triggering at the source of a system fault.
VersatileTriggering
Triggering is further enhancedby Model 161bA's
ability to trigger on the logical NOT-AND of the timing lines, In this way, a timing trace can be initiated
when any one of several control or status lines
changesstate.Furthermore,up to three combinations
of statesor their NOTs can be ORedto createa threeterm triggerspecification.For example,if it is desired
to trigger on the exclusive-ORof two lines, Model
1615A can be set to trigger on XXXXXX01 or
XXXXXX10,and triggeringwill occurwhen eitherof
thesestatesoccurs.
The actualtrigger point is indicated on the timing
diagram display by short bars on a vertical line (Fig.
). To avoid triggeringon transientstatesthat arenot
of importance in determining a valid trigger condition, the length of time that a trigger pattern has to
exist to be consideredvalid is selectablein a range
from 15 ns to 2 g,s.
Model 1615Acanalsobe edge-triggered
on an extra
input line provided on the clock probe.Either a + or
- edgecan be selected.Actual triggering can alsobe
delayedwith respectto the trigger stateeither in units
of absolutetime or qualified clock pulses.
As a logic timing analyzer,Model 1O1SAhas an
internal clock operatingwith periodsselectablefrom
50 ns to 500 ms per sample,and it can also work with
an external clock. Operation is either single shot or
repetitivewith pre-triggeror post-triggerdatacollection. The triggercanbe delayedin units of an external
clock even though the internal clock is used for sampling. The timing display shows 249 of the 2b6 sam-

ples taken, with vertical graticule lines and a time- or
readoutaddedto facilitatereadsamples-per-division
ing and relating data. The timing data can also be
displayed in tabular form. The glitch display can be
turned on or off as desired although glitches are always capturedand made availablefor display,
Interfacing
to Model1615A
Dataand clock inputs to Model 1615Aare through
four pods similar to those used in other HewlettPackardlogic analyzers.Each pod has eight miniature probeinputs and a ground,Pod 1 is for the timing
inputs, pods 2 and 3 for stateinputs, and pod 4 for an
external clock, six clock qualifiers, and a trigger input. Logic threshold levels are selectablebetween
-10V and +10v.
The man-machine interface is keyboard-andmenu-display,similar to Model 1610A Logic State
Analyzerdescribedin the precedingarticle.The CRT
display is a raster-scantype for both the timing diagram and alphanumerics.Menus are calledup by the
keyboardand changesaremadeby moving a cursorto
the desiredlocation and pressingthe appropriatedata
entry keys. The input lines can be labelled on the
display to make it easierto format and evaluate data
listings (Fig. s),
TechnicalDetails
The use of a microprocessorto perform the operations of Model 1615A greatly simplified the amount
of hardware needed to perform the many functions.
However, for high-speed data acquisition, the microprocessor
is simply a controllerand the actualdata
collection is performedby dedicatedhardware.
Each of the data inputs is to a fast ECL-III comparatorwith a 50-kO input impedanceand a differential output. The outputs are applied through a short
delay line to a latch within the instrument and the
outputs of the latch go to the data memory and the
trigger circuits,
The clock probe is electricallyidenticalto the data
probesexceptthereis no delayline betweenthe comparator and the latch for the clock, This insures that
the datachannelhold time is zeroto makecertainthat
the datacapturedis exactlythat "seen" by the system
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under test. The clock latchesthe data and activatesa
timing generator that writes the data into the
memories, advancesthe memory addresscounter,
and latches the trigger information.
The output of the data latch is also used as an
addressfor the trigger memory. If a trigger condition
has been stored at that address,the memory output
indicatesa valid trigger condition.The trigger memory is sampled about 50 ns after the corresponding
clock pulse is received,provided the six clock qualifiers meetrequired conditions. If the ENnrnacE mode
was selected,the trigger word and the 255 previous
qualified words areretainedin memory in responseto
a valid trigger,If the sranr rRACEmode was selected,
an 8-bit counteris startedwhich allows an additional
255 qualified words to enter prior to inhibiting any
further data memory loading.
When TRIGGER
DELAvis in use, a valid trigger enables a 20-bit counter and the trace point is delayed
until the selectednumber (up to 999,999)qualified
words have entered.
Model 1615A may be set up to capture trigger
eventsonly insteadofthe triggereventand a seriesof
qualifiedwords.This is doneby allowing the memory
addressand index .countersto advanceby one each
time the trigger condition ftrigger plus delay) has
been met. This mode is useful, for example,for restricting data capture to only data that is written to a
particular I/O port,
The instrument may also be set up to trigger only
after the trigger word has occurred a specified
number of times, a useful mode for capturing data on
the exit of a loop. This is doneby allowing the 20-bit
delay counterto advanceonly when the triggerword
is received.

the display.
The 8-bit timing sectionalso has the glitch detectors. These look at the outputs of the timing datainput pod comparators in parallel with the data
latches and thus separatethe glitches from the sampled data,storing them in a separatememory.
To overcomesome of the problems associatedwith
earlierglitch detectors,lthe 1615Adetectorswere designedto detectglitches definedby two conditions:
(1) If a logichigh is detectedbythesamplerclock and
a positive transition occurs during the following
samplerclock period;
(2) If a logic low is detectedby the samplerclock and
a negativetransition occurs during the subsequent
samplerclock period.
To seethe advantagesof this scheme,considerthe
typical glitchesshown in Fig. 6. The glitch at A would
be missedwithout any glitch detectionscheme.With
a pulse stretcher,the glitch is lengthenedsufficiently
to allow its detectionby the next sample pulse.
With the new detectionscheme,the sampleclock
latchesa low level at time Toand a negativetransition
is detectedat time Tr2, indicating the presenceof a
glitch. The glitch is then displayedas a bright, vertical bar rather than as a data unit.

-Sampler Clock Edge

StretchedSignal

LogicTimingand Glitches
The 8-bit timing analyzer section functions similarly to the stateanalyzersectionexceptthat the clock
is internally generated(at ratesbetween 2 Hz and 20
MHz). Also, a filter on the output of the triggermemory requiresthe trigger stateto be maintaineda definite length of time (selectable
between15 ns and 2 ps)
for a valid sampleto be obtained.
The horizontal time base can be expandedby a
factor of 10 for increaseddisplay resolution (Fig. +).
The sectionto be expandedis shown by the expand
indicator, the brightened portion of the normal display, and is moved right or left by the RoLLkeys.The
expandindicatorcan alsobe usedto measurethe time
interval between any two points on the display by
zeroing the relative time indicator with the rrelo
SELECT
key while the leadingedgeof the expandindicatoris positionedon the first point, then moving the
leadingedgeto the secondpoint, The time interval is
then displayedin the relativetime indicator field on

ReconstruciedSignal
with Stretcher
Signal Reconstructed
b y M o d e l1 6 1 5 A

Signal under Test
ReconslructedSignal
without Stretcher
StrelchedSignal
ReconstrucledSignal
with Stretcher
Signal Reconstructed
b y M o d e l1 6 1 5 A

Fig. 6. Bepresentative g Iitches (A and B) and h ow Iogic timin g
analyzers react to them.
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As for the glitch at B, a pulse stretcherwould react
to the transition at time T6 and stretch it until the
next sample, ignoring the glitch at time Tss. With
the new scheme,the sampleclock latchesa high level
at time To. A positive transition is then detectedat
time Tgs,For display,the bright bar is superimposed
on the data transition at time Tr,
CircuitDetails
A simplified block diagram of the glitch detector
for one channelin Model 1615Ais shown in Fig. 7. To
prevent dead time when the glitch detectoris being
reset,therearetwo detectorsper channel.This allows
one to be operationalwhile the other is being reset.
Operationis asfollows.Assumethat U1-Q is driven
low and U1-Q high by a sampleclock, enablingthe A
detectorand inhibiting the B detector,If the sample
clock had also detecteda logic high on the input

signal, the sampleroutput would be high and U+-A
would alsogo high when the resetpulse occurs.This
forcesU6-AQ low, If a positivetransitionthen occurs
beforethe next sample clock, Us-AQ will go low.
The next samplepulse setsU1-Q low so all inputs
to U7 will be low, setting U9 high. The glitch reset
pulse then loads the output of Ug into tke glitch
memoryfor later display.The output of Ug can alsobe
used as a trigger.
The samesamplepulse alsosetsU1-Q high, disabling the A detectorwhile Ur-Q enablesthe B detector
by going low.
Operationfor negative-goingglitchesis similar except that U3-A becomesactive in place of U+-A, and
the roles of US-A and Uo-A are interchanged.
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SPECIFICATIONS
HP Model 1615A Logic Analyzer

CLOCK OUALIFIERANO DATA INPUTS
REPETITIONRATE:IO 20 MHZ.
INPUTBC:50 kO shuntedby <14 pF at probetip.
I N P U TB I A SC U R R E N T<: 2 0 p A .
INPUTTHFESHOLD:TTL, fixed at approximately+1.4 V; variabl€=10 Vdc.
MAXll,,lUl\,4
INPUT: 15 V to +15 V.
M I N I M U MI N P U T
S W I N G :0 . 6 V .
CLOCK PULSEWIDTH:20 ns at thresholdlevel.
SETUPTIME:20 ns.
HOLD TIME:zero.
SYNCHRONOUSOPERATION
TRIGGEF DELAY:to 999,999clocks.
TRIGGEROCCURFENCE:to 999,999.
ASYNCHRONOUSOPERATION
SAMPLERATE]2 Hz to 20 MHZ
DATA SKEW: 9 ns maximum.
MINIMUMOETECTABLEGLITCH:5 ns with 30% peak overdriveor 250 mV,
whicheveris greater.
GLITCHTRIGGER:on any select€dchannel(s),if glitchis capturedglitchis
patterntrigger.
AND ed with asynchronous
EXTERNALTRIGGERPULSEWIDTH:5 ns minimumwith307ooeak overdrive
or 250 mV, whicheveris greater,
PATTERNTRIGGER:any 8-bitpattern.Triggerduralionrequiredis selectable
'1
15, 50, 100, 200,500, 1000,or 2000ns I 15 ns or 57o,whicheveris greater,
DELAYTIME:lo 1, 048, 575 x sampleperiod.
TRIGGEROUTPUTS(rearpanel)
16124BIT TRIGGEFOUTPUT
LEVEL;high, >2 V into 50 O; low, <0.4 V into 50O.
25 ns.
PULSEDURATION:approximately
oELAY FROM INPUTCLOCK:approximately
85 ns.
16/24BIT TRACE POINTOUTPUT
LEVELihigh, >2 V into 50O; low, s0.4 V into 50O.
PULSE DURATION:slarls at beginningot trace and ends at lrigger point
(patterntriggorplus delay).
DELAYFROM INPUTCLOCK:approximately
85 ns.
8 BIT PATTERNOUTPUT
LEVEL:high, >2 V into 50O; low <0.4 V inlo 50O.
PULSE OURATION:patterndurationminus asynchronoustrigger duration
width.
DELAY FROM PATTEBNRECOGNITIONTRIGGERAT PROBE:ADrTOXi.
malely75 ns plus asynchronous
triggerdurationwidth.

hours,Billlikesto makefurnitureand he also likesto takethe
family(wifeand two boys,4 and 1) camping.
Robert G. Wickllff, Jr.
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tributedthe designof the Model

the logictiminganalyzergroup wherehe did the firmwarefor
Model1615A.Boband hiswifeenjoyextendedtravelintheirVW
bus but latelythey'vebeen stay-at-homes,
doing plumbing,
wiring,and otherthingsin the shellhomethey bought.
John A. Scharrer

GENERAL
MEMORYDEPTH:256 data transactions(in timingdisplaymode,249 samples
are displayed).
POWER:100, 12O,22O,240Vac; - 10%to +5olo;48 to 66 Hzi 230 VA max.
189mm H x 426 mm W x 664 mm D (7,438x 16.75x 26.125 in.).
DIMENSIONS:
WEIGHT:19.1 kg (a2 lb).
ACCESSORIESSUPPLIED:three 8-bit Model 102488 data probes and one
Model102488opl 001 clockprobewith probeleadsand tips (lhreelor dataand
one for clock,qualifiers,and externaltrigger).
PRICElN U.S.A.:$6800.
MANUFACTURING
DIVISION:COLORADOSPRINGSDIVISION
P . O .B o x 2 ' 1 9 7
ColoradoSprings,Colorado80901 U.S.A.

In his sparetime,Johnenjoysbiking,tennis,
timinganalyzers.
and bridge-playing
with his wife,and campingwiththe whole
f a m i l y( a l lg i r l s ,1 1 , 8 , a n d 4 ) i n t h e i rc a m p e r .
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Entry Level Logic StateAnalyzerHas
High-LevelCapability
Operableby a first-timeuserwithoutany pilor instruction,
thiscompact,portablelogic-state
analyzerisa/socapable
of sophisticated
analysesof dataflow.Moreoverit's
programmable,
makingpossible low-cost,automatic
systemsfor functionaltesting.
by CharlesT. Small and Alan J. DeVilbiss

HAT STARTED OUT during the product definition stageto be an easy-to-understand,
low-

signed to be as self-explanatory as possible. For
example, the poRrr,targroup of keys at the left enables
the first-time user to select the logic polarity, the edge
on which the clock triggers, and the format in which
the data is to be displayed without referring to an
instruction manual. However, operating procedures
are outlined on an instruction card mounted in the
flip-up lid (Fig. 3). The card gives all the information
necessaryfor the first-time user to apply the machine
to problems in digital program execution. The card
also lists a number of messagesfrom the machine to
the operator, such as "no clock," that are identified by
code numbers displayed by the machine at appropriate times.

cost logic state analyzer has evolved into a highly
versatile though economical instrument, Model
1602,A'(Fig. r). A multi-faceted tool that is equally
useful in the design lab, in the field, and on the production line, this new instrument still retains a high
degree of "friendliness" for the uninitiated user.
Like other logic state analyzers, the new Model
1602A has a multi-input probe that can be connected
to an address bus, a data bus, or other group of digital
signal lines, and it can be set to capture and store a
series of states or words appearing on these lines in
response to the occurrence of a selected trigger word.
The user can thus obtain a record of a sequence of
logic states in a form suitable for analysis.
Ease of operation was a primary design goal for
Model 1.602A. Thus, the keyboard (Fig. z) was de-

Briefcase Size
In the interests of portability, Model 1602,4, is
housed in a briefcase size package. To keep things
small, the stored information is displayed on a row of
18 seven-segmentLEDs, rather than on a CRT. When
displaying stored data, the two LEDs at the far left of
the display show the address of the analyzer's memory contents that are displayed in the center. If there is
room in the display, which is the usual case except
when the binary display format is used, the next word
in memory is displayed on the right (Fig. 2). The
64-word memory can be rolled forward and backward
through the display with the NEXTwoRD and pRtoR
wono keys.
The captured data, stored in binary form, can be
displayed in decimal, octal, hexadecimal, or binary
format. When test parameterssuch as the trigger word
are being entered, the LEDs display the entered data
for verification in the same format selected for the
data.
VersatileProbes
Another design feature related to ease of operation
is the input probe. The single probe has inputs for 16
data lines, a clock input, a clock qualifier, and
ground. The input end of the probe has a standard

Fig, 1, Model 1602A Logic State Analyzer captures and
storesfor analysissequencesof 64 digitalwordsup to 16 bits
wide occurringat ratesup to 10 MHz. Althoughdesignedfor
easeoluse, it is capableof seekrngand capturingthe desired
informationin complicated programs.
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Untangling the Probing Problem
grow in versatility,
As logic stateanalyzers
the numberof
simultaneous
signalsthey shouldmonitoralsogrows,As a
meansof inputting
allthesesignals,
miniature
theconventional
grabber
probesserveverywellina research
butin
environment
a production
testenvironment
wherethe samemeasurement
maybemadeonmanyproducts
insuccession,
reconnecting
16
or moreleadsbecomesa time-consuming
chorethatmost
companies
canillafford,

Fig. 3.

connectorshownat the bottomrightof Fig.2. More likely,the
desrgnengineermaywishto makehisownleadsetforsoldering
intoa circuitsemipermanently
or for connectingto a clothes-pin
stylelC clip.Fortheseapplications,
theconnectoris availablein
a connectorbody withoutany leads. Individualleads or flat
cable can then be attachedto the connectoras desired.The
engineercan alsomakehisown 20-pinpc connectorsand wire
them intocircuitsto be tested.
Onesolutionto thisproblemis shownin Fig.1. By terminating
the Model 16024 Logic State Analyzer probe pod with a
circuifboardedge connector,a multiplicity
of convenient,
lowcost methodsof connectingup to 16 signalsto the analyzer
becomesavailable,as shownin Fig,2.
Thefastestand mostdirectwayto maketheseconnections
is
to include20-pinedge connectorson the circuitboardsin the
systemto be tested,The desired signalsare routed to the
appropriatepinson the connectors.
Theprobepod can thenbe
attachedquicklywith,theadded advantageof eliminating
any
dangerof misplaced.signal
leads.
Forthe developmentlab,the new probepod is easilyadapted
to conventional
minialureprobe connectionsby the multilead

Working with the HP lntertace Bus
To facilitateconnectionsto the HP interfacebus, a probe
connectoris availableattachedto a ribbon cable that is terminated in an HP-IBconnectorshowncenterright in Fig. 2 and
alsoin Fig.3. Thiscan be pluggedon to any of the piggy-back
connectorsin an HP-lBsystem.The logicstateanalyzeris then
enabledto monitoractivityon the bus,encodingthe eightdata
linesfor displayin the octalnumberbasewhilethe eightcontrol
linesare displayedin binary.
Wherethe Model16024is to be usedextensivelyfor workwith
HP-lBsystems,an inputprobepod (Fig,3) has beendesigned
for
to workspecifically
withthe bus.lt servesas a pre-processor
the logicstateanalyzerby providingthreesourcesof clockinput
as iollows:(1)theDAV(datavalid)line,whichcausesdatato be
loadedintothe logic stateanalyzerwheneverany deviceon the
HP-IBsystemplacesdata on the bus; (2) the NDAC(not-dataaccepted) line, which clocks data into the analyzerwhenever
the intendedrecipientreceivesdata;or (3)the parallel-pollstate
(ATNand EOIlineslow),whichenablesthe analyzerto monitor
request
the responseof HP-lBdevicesto the HP-lBcontroller's
for device status. The probe pod also has a pushbuttonfor
manuallyenteringthestatusof the HPinterfacebusat anytime.
Theclockingsignalcan alsobe qualifiedso onlyHP-lBcommands are monitoredor only HP-IB data. In addition,logic
circuitsin the probe pod monitoreveryHP-lBthree-wirehandshakesequenceand flasha LEDindicatorwheneveran abnormalsequenceis detected.Theabnormalsequencealsocauses
probesocket
a triggerpulseto be suppliedto an oscilloscope
or
on the probebody.Usingthistriggerpulse,an oscilloscope
logictiminganalyzercan helptrackdownthe timingproblems
that may be involvedin an abnormalhandshakesequence.

Fig. 2.

tachedand detached(seebox above),During the design phaseof a digital system,severallead sets can

printed-circuit-boardedgeconnectorthat allows various arrangementsof probing leads to be quickly at-
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Fig.2. Model 1602A'skeyboard
is self-explanatory.The 18-digit
LED display shows lwo consecutivewordsstoredin memory,when
operating in the octal, decimal, or
hexadecimalmode, with the address o/lhe centerword shownat
left. Withbinary words more than 6
bits wide, it displays one word and
its address.

examine the acquired sequence using the NEXTWORD
or PRIOR
woRn keys to causethe display to roll through
the stored data, or the WORDNUMBER:key to find a
particular word in memory. The ar rRIG woRD key
returns the display to a known point.

be attached to the system with each set dedicated to a
given logic state measurement. Thus, a quick and
easy shift from one measurement to another is possible. This avoids individual wire hook-ups, which are
tedious when 16 leads are involved and whose connection sequence may be suspect. In addition, if standard edge-connector pads for the probe are included
on a PC board being designed, a quick and reliable
probing interface becomes permanently available.
The threshhold level of the input lines is fixed at 1 . 5
volts, compatible with TTL circuits. The instrument
accepts data at clock rates up to 10 MHz. Set-up and
hold times are 35 and 0 ns respectively. The 16 data
inputs can be connected to data buses, qualifiers, or
any other lines that have information of interest. In
the majority of applications, the user monitors the
address bus of a system as this clearly delineates
program flow.
With the probe connected to the appropriate points
in the system, operation is straightforward. To select
the segment of program flow to be monitored, the
operator presses the rRlccnn: k"y then enters the
appropriate trigger word using the part of the key pad
appropriate to the numerical base chosen. Data capture can be delayed beyond the trigger word by entering the desired number of states of delay (up to
65,535) with the DELAy: and the decimal keys. The
operator can elect to start data capture on the trigger
(plus any specified delay), or stop data capture with
the trigger word (plus delay) thereby preserving the
data leading up to the trigger point. He can then

Beyond the Elementary
The capabilities described so far are those of a basic
logic stateanalyzer. As a matter of fact, the new Model
7602A has all the capabilities of the first logic state
analyzer, HP Model 16014,1 with the added advantages of accepting up to 16 rather than 12 inputs and
storing 64 rather than 16 states. However, in the
hands of the knowledgable user Model 7602A is capable of far more sophisticated testing. For example, it
can be used to monitor the termination of a program
loop by being able to delay data capture until the nth
pass through the loop. This is done by entering an E
after pressing the DELAy: key. This causes the instrument to delay data capture until the trigger word
has been encountered n more times, where n is the
number entered following n. This mode is known as
the delay-by-events mode.
Related to the delay-by-events mode is the traceevents mode. This mode is invoked by entering n
immediately after the rnace key is pressed. The instrument will then store only those words that meet
the trigger specifications (i.e., trigger plus delay).
This mode is used to trace all events that satisfy a
particular condition, such as all accessesto a particular page of memory. In this case, part of the trigger
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Fig,3. Ihe tnstruction
card insidetheflip-uplid givescompleteinstructions
for operattngthe instrument
and alsoexplainsthe operatorrnessages
tn
thatthe analyzerpresents
code.
word is common to all accessesand this part is entered into the trigger specification. The remaining
part of the trigger specification is filled with DoN'r
CARES
and the data of interest is input on these lines.
The trace-events mode is particularly useful when
used with a trigger-plus-delay specification. For
example, this could be used to monitor changes in a
program step in an iterative loop. The program step
captured would be n steps (the selected delay)
downstream from an unchanging word in the loop
that is used as the trigger word.
Additional qualification of the trigger word can be
obtained by use of the rear-panel TRIGGER
eUALIFIER
input. Anything that holds this input in the low state
prevents the instrument from responding to the trigger word. This single qualifier can be expanded to
four qualifiers by use of the Model 10250A Trigger
Probe, which is essentially a four-input AND gate.
A similar arrangement is used to provide additional
qualifiers for the CLocKinput. Anything connected to
the rear-panel clocr eUALIFIERinput that holds this
input low prevents the instrument from loading data,
recognizing trigger words, or counting delay cycles.
This function can be used for sorting data. For example, if the arN line of the HP interface bus is connected to this input, the 1602,\ will not recognize
clock edges when commands are on the data lines
(arN is low), but when data is on these lines (arN
high), the 1602,A,will load the data into its trace memory when trigger conditions are met.
Mixed Display Mode
To aid in the interpretation of data acquired simultaneously from two different types of inputs, the instrument is able to encode part of each data word into

the hexadecimal, decimal, or octal format and the
remainder in binary (Fig. +). This mixed display
mode is obtained by first pressing the woRD wrDTH:
key followed by the total number of bits in the word (if
less than 16), then pressing the uEx, DEC,or oCTALkey
followed by the number of bits to be encoded. These
bits, which will be the lowest numbered bits, will be
encoded for display while the remainder will be displayed in binary,
The mixed display mode is useful for simultaneous
monitoring of a data bus and control lines. Information on the data bus can be encoded for easier interpretation while the states of the control lines are
presented in binary as high or low (1 or 0). These lines
can be identified on the Model 1602A by writing their
names on labels that can be placed on tabs located in
front of the display window, The tabs allow the labels
to be changed quickly and conveniently when the
measurement set-up is changed.
Automated Test Systems
With an optional plug-in HP-IB interface card installed, Model 1602A can serve as a "transducer'' for a
system controller in an automatic test system, feeding
sequences of logic states it acquires to the system
controller for analysis (Fig. 5). This enablesvery rapid
functional testing of digital systems in a production
or service environment.
When a test program is being prepared, Model
1602A can be set up manually for a particular test and
then allowed to perform the test on a known, good
unit. Following this, the system controller can be
instructed to interrogate Model 1602A, which will
then transfer all its control settings and the contents
of its memory to the system controller, where the
information becomes part of the test program. Subsequently, during execution of the test program, the
controller will set up the 1602,{ exactly as before and
when the 1602A acquires data according to this setup, the controller will compare the new data to the
previously stored data. The test program can be devised to indicate to the operator the steps to be taken
appropriate to the result of the comparison. With the
proper test procedures, the causesof functional problems can be isolated very quickly this way, not only
on the production line but in field service as well.
An application program has been prepared for the

Fig. 4. Mixed display mode encodes the lowest-numbered
bits into the octal, decimal,or hexadecimalformat (ce here)
and displaysthe remarningbits in binary.
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Flg.5. Model 1602A,shown here with a Model 9825A Desktop Computer, is programmable by way of the HP lnterface
Bus and ls fhus easr/yadapted to automatic test systems.

Model 9825A Desktop Computer working with the
Model 1602A Logic StateAnalyzer. Available on a
tape cartridge, this is a conversationalprogram that
directs the user to setup the 1602A for the various test
procedures he wants, and automatically inserts the
control settings and data for comparisons into the
program,A completetest program,storedon tape for
subsequentuse, is generatedvery quickly this way
without requiring the user to know the formal HPL
languageof the Model 9s25A DesktopComputer.
Productionversionsof the Model 1602Aare tested
by such a system. Use is made of the HP-IB port to
makethe inner workings of the 1602A readily accessible to the test system.A completetest is completed
in less than an hour, including any repair and retesting time needed for units that don't work when first
turned on, This compares with the more than four
hours of production test time that was required for
earlier logic stateanalyzers.
InstrumentOrganization
A simplified block diagram of a basic logic state
analyzeris shown in Fig. 6. The fundamental element
is the random-accessmemory (RAM). It stores a sequence of program steps or statesappearing on the
lines being monitored,usually the addressbus of a
digital system. With this configuration, loading the
memory is inhibited until the pattern trigger circuit
recognizesthe occurrenceof a particular bit pattern
on the monitored lines and closes the clock-line
switch, starting the counter.
The counter supplies the addressesfor loading the
memory and when it reachesterminal count, it stops.
The sequenceof states loaded into memory is thus
retained for display.
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Fig. 6. 8/ock diagram of a basic logic state analyzer.

Alternatively, the clock-line switch could be closed
initially and then opened when the trigger pattern
occurs. The state sequenceleading up to the trigger
pattern is thus retainedfor display. Or, a digital delay
can be added between the pattern trigger and the
clock-line switch so memory loading start or stop is
delayed by a selectednumber of clock periods.
A simplified block diagram of Model 16024 is
shown in Fig. 7. Trigger pattern recognition in this
instrument is done with two 256x1-bit memories
whose outputs are ANDed to provide 16-bit pattern
capability. Datafrom the input probe is latched on the
trigger memory addresslines by the external clock. If
a 1 is stored in each memory at its 8-bit part of the
address,a trigger pulse is generated.
Once a trigger pulse is generated, the delay
generator is enabled and the trigger memory is inhibited by setting the memory chip-selectlines high,
If more than zero delay has been selected,the delay
generator, which is essentially a counter, is incrementedby each subsequentqualified clock pulse,
When the delay counts out, if the analyzer is in the
trigger-starts-tracemode the data memory address
counter is enabled.This fact is reported to the microprocessor.The addresscounter is then incremented
by each qualified clock pulse until the 63 statesfollowing the trigger-plus-delayspecificationare stored
in the data memory.
When the completion of a trace is reported to the
microprocessor,it takes control of the data memory
addresscounter and accessesthe word selectedfor
display by incrementingthe addresscounter.It then
generatesthe LED control signals for displaying the
charactersone at a time, completing a display scan

Trlggor Plug

Data
Out
(2 Bytss
Per Word)
Load
Delay

Flg.7. Simplitiedblock diagram of Model 16024 Logic StateAnalyzer. For the sake of clarity,
swlches for changing the operating mode and variousgates for qualifying the clock and trigger
oulses have been omifted.

every 18 ms. It also scansthe keyboard every 18 ms.
In the delay-by-eventsmode, the delay generatoris
incremented by the trigger pattern only when the
trigger pattern occurs. The trigger memories are not
inhibited by the delay generatorbut remain enabled.
(The switchesfor reconfiguring the instrument in this
and other modes are not shown in Fig. 7).
In the trigger-plus-delay-ends-trace
mode, the data
is constantlyclocked into the datamemory but trigger
recognition is inhibited until enough data has been
acquired to fill the data memory. Data acquisition
then continues, each new state replacing the oldest
state in memory until the trigger-plus-delayspecification is met. Data acquisition then stops and the
microprocessortakes chargeof the memory for readout.
The trigger memories are loaded with the trigger
pattern by configuring the input data latch as a
counter to drive the memory addresslines. The microprocessorinitializes the counter and supplies
clock pulsesto increment it. When the counter output
is the same as a desired trigger pattern, the microprocessorloads a 1 into the memory at that address.
Otherwise it loads a 0.
The delay registeris a serial-in-parallel-outregister
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that is reloadedby the microprocessorwhenever the
delay number is changed. Whenever the delay is
counted out, the delay generatoris reloadedfrom the
delay register and the trigger memory chip-select
lines are setlow so trigger pattern recognition is again
enabled. The trigger-recognition-delay-countsequence repeats independently of the rest of the instrument, except during data memory loading, so the
TRIGGER-rLUS-DELAv
output can be used to trigger an
oscilloscope or other instrument repetitively. This
part of the instrument functions, in effect,as a breakpoint register.
Rear-PanelOutputs
The "trigger plus delay output" indicated in Fig. 7
is a rear-paneloutput labelled TRIGour. It supplies a
TTl-level pulse each time trigger-plus-delay conditions are met. It is useful as an oscilloscope trigger
when investigating system timing problems.
The rnacE poINToutput is also on the rear panel.
This output is normally high, going low when the
TRAcEkey is pressedand returning to the high state
when trigger conditions are met. This can be used as
an interrupt signal and it also enablestwo or more
Model 1602A's to operate in parallel.

Operatingtwo Model 1602A'sin parallel to effecta
32-bit logic stateanalyzeris accomplishedby using
the rnacr poINToutput of one, designatedthe "master," to drive the TRrccER
input of the other,
eUALIFIER
designatedthe "slave." The triggerword on the slave
is then set to all "don't cares" so triggering can be
controlled by the master.
Both the TRIGGER
and TRacnporNToutputs lag the
input clocks by about 150 ns. This means that in
parallel operation the data in the slave unit is one
clock period behind the masterunit, and it alsolimits
the maximum clock rate to about 6 MHz.

microprocessorROMs are checksummed,the I/O
ports are toggled and read back, and operation of the
microprocessorRAM is verified. During the tests,the
resulting information is comparedto referencesin the
microprocessor'sROM. If the test fails, Egg is displayed. The user then refers to the manual to find
instructions on how to step through the self test and
interpret the displayed messages,which indicate
where the problem lies. If the self test finds no problems, the display shows all 8's.
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Self-Test
Each time Model 1602A is turned on,22 testsare
performed on the data acquisition hardware (except
for the probeJusing the input Iatch asa counter driven
by a 2-MHz clock to supply test patterns.Also, the
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Analyr.r

TFICGEF AND ]FACE POITT OUTPUTS
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]MCE POINT:3* lowwhsnTMCE koyis pr$8d,r€tunehigh whentace
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POWEB:1m,1m,220,ad24ovaci 1@+5%,€lo66Hzj5ovAmdimufr,
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Adaptingthe 1611A Logic StateAnalyzer
to Workwith the F8MicroprocessorFamily
Microprocessors
are not all alike.Adaptinga dedicated
instrument
fo testseveraldifferentkindsof microprocessors
posessomeinterestingchallengesbut alsoprovides
opportunities
fo broadencapability.
by DeborahJ. Ogden
I REATLY SIMPLIFIED ANALYSIS of program
;
t!. =,"flow in microprocessor
systems was made possible by the use of "personality" modules in the
Model 1611A Logic State Analyzerl (Fig. 1). Each
personality module customizes the logic state analyzer for a particular microprocessor by providing
input probes whose pin connections, trigger levels,
and clock slope match the microprocessor's, and by
providing a capability for converting the machine
language of the microprocessor into mnemonic language (Fig. 2). The probes greatly simplify set-up of
the instrument while display of the microprocessor's
instructions in mnemonic language makes it much
easier to interpret the "snapshot" of executing program steps captured and retained for display by the
logic state analyzer.

Two personality modules, one for 8080 and one for
6800 microprocessors, were available at the time of
the 1611A's introduction. Personality modules for
280 and F8 microprocessors have since been designed. Adapting the analyzer to this variety of
microprocessors posed a variety of problems.
PersonalityRequirements
To fit into the existing 1611A Logic State Analyzer
structure, a personality module needs four parts: a
probe, a front-panel control organization, a personality board, and a ROM board (Fig. 3). The probe interfaces with the microprocessor system, buffering the
signals supplied to the logic state analyzer. The personality board latches microprocessor data, addresses, and status information with the help of

Fig. 1. Model 1611A Logic State
'persona
lity" modAnalyzeruses
uIes to confi gure the t nsttum entf or
testing digital syslems designed
around particular microprocessors.Each personalitymodule establlshesthe appropriatepin connections for the probe, sels the
proper clock slope and threshold
levels, and encodes the microp/ocessor'sdata buscontentstnto
the mnemoniccode used for that
microprocessor.
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Fag. 2. Each personality module enables Model 1611A to
display the contents of a microprocessor's data bus in the
microprocessor'smnemonic code. This allows the user to
rapidly scan large blocks of code to determineif a program is
executing properly

clocks and control signals from the microprocessor,
and at the end of each microprocessormachine cycle
it provides clocks to the logic state analyzer for storing the output of theselatches.Other functions of the
personality board are to control halting of the microprocessor, provide status information to the front
panel, and generatea self-test routine for the logic
state analyzer.
The front panel displays statusinformation, such as
No cl,ocK , and it has various switches such as those
that selectnormal or single-stepprogram tracing and
the hexadecimal or octal display format. The ROM
board has all the software needed by the logic state
analyzer including the inverse assemblerthat translates the microprocessor machine code into
mnemonics.
All personality modules are required to be passive
to the system under test. This is because a major
advantageof a logic state analyzer over development
systemsis that it can help in design and debugging a
systemwithout having any effecton the system,other
than adding a small amount of capacitanceto the
lines being monitored and drawing a small amount of
current for driving the personality module's buffers.
The only active role the logic state analyzer plays is
halting and single-steppingthe microprocessor.
Otherwise, it merely "takes snapshots" of the program flow for display.
Attributes of the F8
The personality module for the F8 seriesproved to
be an interesting challenge.This is becausethe F8 is

structured differently from other microprocessors.It
was designed so only a few components are needed
for simple systemsbut expansionis possiblefor more
complex systems.Particularly challenging from the
logic stateanalyzerpoint of view was the absenceof a
separateaddressbus for the F8 CPU and the lack of a
wait, halt, or bus-requestline for suspending microprocessoroperation,Yet a design goal for the F8 personality module was similarity to other modules so a
user familiar with logic stateanalyzer operation with
other modules would not have to relearn instrument
operation.
The CPU of an F8 systemhas a 64-byteRAM that is
used as a scratch-padmemory but all other memory
(RAM orROM) is in external components.Eachof the
ROM components, called program storage units
(PSU),has a program counter and a data counter for
accessingits own internal data.Data is transferredon
a bidirectional 8-line databus with data flow controlled by a S-line bus (ROMC)that identifies the type of
information on the data lines and what the satellite
componentsmust do with it during each instruction
cycle, such as write data-bus contents to memory,
place contents of UO port on data bus, add data-bus
contents to data counter, and so on.
Sincea separateaddressbus is not required, eachof
the CPU and PSU componentshas 16 pins available
for two 8-bit VO ports. The simplest F8 systemtherefore needsonly two components,a CPU and one PSU.
If more than 1K of ROM is needed.more PSUscan be

Fig.3. Block diagram of a personality module for the Model
1611A Logic StateAnalyzer.The microprocessorprobe can
clip onto the microprocessor ln the user system with a
"clothes-pin" clip, or the probe can plug into the microprocessor socket with the microprocessor plugged into a socket on
!t h
t vo

29

nraha
ytvvv

hnrlt'
vvv|.

added, eachof thesecontributing two more I/O ports.
Other F8 devices,the static memory interface (SMI)
and dynamic memory interface(DMI), output addresses to external RAMs and ROMs. These also have
internal program and data countets, but no separate
I/O ports. A multi-unit F8 systemmay then have several program and data counters, but they must all
contain the samevalues.This synchronizationis performed by the ROMC lines under control of the CPU.
New Features
The absenceof a separateaddress bus allowed a
useful featureto be added to the logic stateanalyzer's
F8 personalitymodule.Sincethe CPUpackagehas 16
pins for the two I/O ports, data on these pins can be
supplied through the analyzer's microprocessor
probe directly to the analyzer's eight external input
lines. If the user wishes to monitor theseI/O pins, he
doesnot haveto makeindividual connectionsto them
with the analyzer'sexternal probe. A three-position
front-panel switch determineswhether I/O port 0, ilO
port 1, or the external probe supplies the data that is
written in the external field on the analyzer display.
A bank of trigger qualifier switches is another new
feature.A set of flags derived from the ROMC lines by
the personality module can qualify trigger words so
triggering occurs only when the selected qualifiers
are true. The qualifiers are READoP coln, which allows triggering only on op-code fetch machine cy-opcoDC
cles, READ
which allows triggering on any
read cycle exceptop-codes,wRITE,which allows triggering only on memory-write cycles, and I/O, which
allows triggering only on UO cycles. These trigger
qualifiers have proved so useful that they have been
designedinto the other 1611A personalitymodules.

PersonalltyModuleOperatlon
The basic timing of the personality board, whose
main function is grabbing data, address,and status
information, was designedaround the timing specifications for the F8 CPU. During program execution,
each event in the microprocessorsystem is triggered
by a CPU-generatedclock pulse called wRITE.When
an op-codeis placed on the datalines, all the ROMC
lines are at the zero level and the information on the
data lines is valid on the falling edge of the wRrtn
clock. When ROMC I 0. information on the datalines
is valid on the rising edge of the wnlrs clock. The
personality module must therefore monitor the
ROMC lines to decide on which edge to clock the
data, then latch it during the small time window
where it is guaranteedvalid. Flagsare also generated
by the ROMC lines to indicate the transaction type.
The circuitry for doing all this is diagrammed in
Fig. a.
Becausethe 1611A Logic-StateAnalyzer normally
monitors microprocessor address and data lines
simultaneously, some means of tracking the F8 addressesis needed.This is accomplishedby using one
of the F8 system'sown SMI (static memory interface)
chips within the F8 personality module to monitor
the data lines and generateoutputs according to the
statesof the ROMC lines. The flags generatedby the
ROMC lines (Fig. 4) then tell the personality module
when to latch the information on the datalines as data
and when to latch the output of the SMI as an address.
The control inputs to the SMI are set so it cannot drive
the data bus or respond to an interrupt; it serves
merely as a passive monitor.
The 1611A Logic StateAnalyzer normally provides
meansof halting a microprocessorat the end of a trace

R O M Cv a l i d b u t l 0
ROMC Strobe

Data and
Address
Storage
Clock

Fig. 4. Loglc state analyzer clock
is derived from the external microprocessorware pulseby these
logic circuits that detect whether
clocking is to occur on the rising or
talling edge of the wane pulse.
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Flg. 5. Halt circuits intercept the
BOMC signalsto supply a.no-op
(1 11002)to the restof the external,
mictoptocessot system. A no-op
instruction is also placed on the
data bus.

(datacapture cycle).This gives the user an opportunity to examineprogram executionin blocks of up to 64
steps before asking the microprocessorto continue.
The halt capability, used in the single-stepmode, also
enablesthe user to go through a program one step at a
time.
Sincethe F8 CPUhasno halt input, the F8 personality module accomplishes halt indirectly. To enable
this capability, the CPU must be plugged into the
probe body and the probti tip plugged into the microprocessor'ssocket in the system being tested. This
enables the personality module to break into the
ROMC lines and supply a no-op (ROMC: 111002)to
the rest of the systemwhen an opcodefetch (ROMC :
000002)is output by the CPU. About 100 ns after this
break, which gives time for all the external units to
place their data lines in the high-impedancestate,the
personality module placesa no-op instruction on the
datalines. Until the halt is released.the CPU executes
a no-op instruction repetitively but the program
counters in the rest of the system will not be incrementedbecauseof the no-op on the ROMC lines.
Fig. 5 is a diagram of the halting circuitry. Only the
three most significant bits of the ROMC lines are
affectedbecausethe two leastsignificant bits are zero
for both an op-fetch and a no-op transaction. The
three lines are run through a multiplexer that
switcheseitherthe ROMClines (B inputs) or a "high"
state (A inputs) to the Y outputs, depending on the
stateof the HALTline (S input). In either state,the Y1
output grounds the basesof transistors that pull up
any "high" output line to 3.6V for the benefit of the F8
CMOS circuits. This pull-up is needed becausethe
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multiplexer, which is low-power Schottky, outputs a
high of only 2.4V.Low-powerSchottkyis usedhereto
obtain a sufficient speed advantageover CMOS.
If the F8 CPU is not in the probe socket,the pr-wt
socKETline turns off the multiplexer. The Y outputs
then go to a high-impedance state and the pull-up
transistors turn off so as not to interfere with any
line also
activity on the ROMC lines. The pp-IN-socKET
disables the halting circuitry and displays an error
message(HALTINGNOTALLOWED)
if the front-panel test
mode switch is setto TRAcE
THENHALTor TRACE
SINGLE
srEp.The ppJN-socKErline is enabledby a circuit that
sensesthe voltage drop across a 1-ohm resistor in
serieswith the + 5V supply Iine to the microprocessor
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socket. Current is drawn through this resistor only
when a microprocessoris in the socket of the probe
body and the probe is correctly connectedto a powered system.
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SPECIFICATIONS
OptlonoFBfor HP Model1611ALoglc StateAnalyzsr

NOTE: Option oFg (Model 102594) is compatible with any microprocessorthat mests lho spscificationsot the Fairchild F8.
CLOCK AI{O WRITE
CLOCK FATE: 't00 kHz to 2 MHz.
WIDTH: 180 ns minimum tor either htlh or low state.
INPUT CURRENT: approximately50 pA, logic high and tow.
INPUT CAPACITANCE:approximarety25 pF.
THRESHOLD:2.4 V to 5.5 V, logic 1 (high);-0.8 ro 0.8 V, logic0 (low).
WRITE PERIOD: eithsr 4 or 6 timos ths clock period.
WRITE PULSE WIDTH:rnaximum:clockperiod,minimum:clockperiod-100 ns.
ROilC
INPUT CURRENT: approximataly22o pA,logic 0 (low); approximately40 pA,
logic(high).
INPUT CAPACITANCE:approximately25 pF.
THRESHOLD:2 V minimumlogic 1 (high);0.7 V maximumlogic0 (low).
SETUP TIME: 200 ns minimumrelativeto s€condlalling edg€ ot d after WRITE
goss low.
HOLO_IlrE:..1t0n!_ln]nillum relative to talling edge of WRITE.
DATA, t/Oo, t/Ol, EXT RES
INPUT CURRENT: approximatsly200 pA, logic 0 (low); approximately20 pA,
logic1 (high).
INPUTCAPACITANCE:
approximately
25 pF including30.4 cm (12 in.) cable.
THRESHOLD:2 V minimumlogic 1 (high);0.7 V maximumlogic0 (low).
DATA SETUP AI{D HOLD TIMES
It ROMC:0, timesare relativeto fallingedgs ot WBITE:setup,200 ns minimum;
hold,50 ns minimum.
lf ROMCl0, timesare relaliveto risingedg€ot WRITE;setup,350 ns minimum;
hold,50 ns minimum.
1/O0AND 1/O1:setup,300ns minimum;hold,50 ns minimum.
EXTEBNALPROBE INPUTS
INPUTCURRENT:approximatsly
50 rrA, logic0 or logic 1.
INPUT CAPACITANCE:approximately25 pF al probe lip.
THRESHOLp:2.4 V to 5.5 V, logic 1 (high);-0.8 V to 0.8 V, logic0 (low).
SETUPTIME: 150 ns minimumrelativeio risingedgeol WRITEfor ROMCl0,
or to fallingedge of WRITElor ROMC:0.
HOLD TIME: zero rslativs to rising edge ot WRITE lor ROMC-0, or to falling
edgeot WRITE for ROMC:o.
NOTE: all inputs hav€ hysteresis.

HALTIiIG: If 16,11ATost Moda Swi|ch is in TRACE THEN HALT OTTRACE
SINGLE STEP and F8 CPU is not in socketon probs wiih prob6 connocledlo an
snergizeduser systsm, thsn hall is nol possible.1611A CRT will display:Hafting
Not Allowsd.
OUTPUTS
LOW: <0.4 V inlo 50O.
HIGH: >2.0 V into 50o (nominally3.9 V inlo open circuit).
TBIGGEB: duration, approximatsly 75 ns (RZ format); dolay, approximalely
350 ns
350 ns aftsriising edge of WRITE it ROMCIo, and approximatsly
atter falling edge ot WRITE if ROMC=o during cycles that dsfino a valid
lrigger.
TMCE POINT ( -r ): providespositiveedge approximately350 ns afiar rising
or lalling edgs of WRITE (as explainedfor Trigg€r Output) duing cycl€ that
definesspecificvalidtriggerlo bs displayodon 1611A. lf 16114d€layis set
such that trigger word is not displayed,TRACE POINT OUTPUT occurs for
cycl6 that defines valid word immodialelyprocodingfirst displayedword.
-L
TRACE POINT(
): complementof TRACE POINT( f ).

1611AGeneral
MEiIORY OEPTH:64 datialransaclions;16 transactionsare displayedat ons time;
roll keys permit viewing all 64 transactions.
TfME fNTERVAL:accuracy,0.1olot1 ps. Maximumlime,224-1 ps (16.7s).
EVENTSCOUNT:221-1 ev€nts(16.7million)maximum.
LOGIC PROBEOUTPUTPOWER:5 Vdc at 0.1 A maximum.
'12O,22O,24O -1e/o +5o/o:48lo
POWER:100,
Vac:
440 Hz, 120 VA maximum.
D I M E N S I O N S : 2 0 6 mH
m x 4 2 6 m m W x 5 2 2 m m D ( 8 . 1 2 5x 1 6 . 7 5x 2 5 . 5 i n . ) .
WEIGHT:15 kg (33 lb).
ACCESSORIESSUPPLIED: on€ microprocessorprobe, ext€rnal&bit probo; one
4Gpin clip wilh 30.5 cm (12 in.) cabls,one 40-pin mala socketwith 30.5 cm
(12 in.) cabl6;one 40-pinmale sockelwith 7.6 cm (3 in.) cable.
PRICE lN U.S.A.: Model 1611A Logic State Analyzer wilh Opl 0F8, $5200.
102594 PersonalityModulo for Field lnstallation,$1250.
MANUFACTURING
DIVISION:COLORAOOSPRINGSOIVISION
P.O. Box 2197
Colorado Springs, Colorado 8090'l U.S.A.
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