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The Logic State Analyzer, a Viewing Port
for the Data Domain
A new logic sfafe analyzer has expanded capabilities that
speed the location of the sources of problems in digital
syslems and broaden the range of problems that can be
resolved with this c/ass of instrument.

by Charles T. Small and Justin S. Morrill, Jr.

E NCTNSERS DEVELOPING DIGITAL svstems-
.fr especially those that involve microprocessors-
now find themselves more concerned with word
flow than with waveforms. But until recently, it was

considerably more difficult to perceive word flow

within an operating system than it was to vier,rr wave-

forms.
This situation was improved two years ago when a

new kind of instrument, the parallel-mode logic state
analyzer, was introduced.l The first of these instru-

ments, the Hewlett-Packard Model 1601L, monitored

data buses or other multinodal locations in a digital
system, "captured" a sequence of digital words as it

occurred there, and displayed the sequence as a table
of  1 's  and o 's .

With the insight provided by this instrument, it be-

came much easier to trace data flow and track down
problems in digital systems. Digital designers who

have had the opportunity to use this instrument now

find it indispensable for analyzing and troubleshoot-
ing the digital systems on which they are working,

New Directions
Two years' experience with the Model 1601L has

uncovered a number of additional capabilities that
such an instrument might have. These capabil it ies
have now been incorporated in a new logic state
analyzer, Model 1600,4', which works with or without
a companion instrument, Model 1607A.

Basically, the Model 1600A [Fig. r) works l ike

the earlier Model 1601L: digital data appearing in
paral le l  on several  d i f ferent  l ines is  moni tored
through a multi-probe system and clocked into the in-

strument in synchronism with the clock or other
pulses from the system under test, When a pre-

selected trigger word appears on the data l ines, the in-
strument stores the trigger word and the next 15
words and then displays the stored data in tabular

form. Digital delay may be introduced making it pos-

sible to view the 16 words that occur as many as 99,999
clock periods after the trigger. Alternatively, the in-

strument may be set to store data continuously and

then stop acquiring data when the trigger occurs.
The 15 words leading up to the trigger word are thus

captured for study.
Data acquisition and display cycles may alternate

repetitively, or data may be acquired once and then

displayed continuously until the Rssrr pushbutton

Cover: Multichannel is the
byword as new test instru-
ments are developed in re-
sponse to the accelerating
rush to digital electronics.
Describedin fhls issue is /he
latest logic state analyzer,
which gives a multiport view
of what's happening in an

operating digital sysfem, and an eight-channel
word generator for supplying the multichannel bit
patterns needed for digital testing.
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is  pressed,  in i t ia t ing a new data acquis i t ion cyc le.
The trigger may be any of the words in the data

stream. A front-panel switch register enables the
user to select the word that serves as the trigger. It is
thus possible to view any part of an executing digital
program by usirrg the first word of the sequence as a
trigger. 

' Ihe 
delay capabil ity may be used to page

through long sequences.  Or,  the d ig i ta l  sequence
leading up to an unallowed state caused by a fault
may be examined, using the unallowed word as the
tr igger .

The trigger word also causes the instrurnent to
generate an output pulse that can serve as a trigger
for an oscil loscope or other instruments in a test set-
up. This makes it possible to view the waveforms
tha t  occu r  a t  a  de f i ned  po iu t  i n  t ime  l v i t h  re -
spect  to  the t r igger  word.

To provide f lex ib i l i ty  in  appl icat ions of  the inst ru-
rnent, data may be clocked in on either the positive-
going or  negat ive-going edge of  the c lock pulses,  the
data may be interpreted as either positive-true or
negat ive- t rue logic ,  and the logic  threshold is  adjust-
able. 'Ihe miniature probe systern developed for the
Model  1601L,  which fac i l i ta tes making the many
closely-spaced connect ions to the c i rcu i t  under test ,
is  a lso used wi th the new logic  s tate analyzer  [F ig.  2) .

Branching Out
The new Model  1600A Logic State Analyzer  broad-

ens this basic capabil ity by being able to look at 16
l ines s imul taneously,  four  more than the i2-b i t  capa-

Fig. 1. Modet 160aA tog'c State
Ana lyzer  mant to rs  d tg i la t  oa ta
appearing on as nany as l6 l tnes
and displays the data as words of
1's and 0's rn tabular f  orm runnrng
from top to bottom on the left half
of the display The right half of the
display is used for data stored tn
an auxrliary memoty or for data
acqutred by a companton tnstru-
ment, the l,tlodel 1607A

bi l i ty  of  the ear l ier  Model  1601L,  When work ing
wi th Model  1607 A,  Model  1600A can look at  and d is-
p lay data appear ing at  32 points (F ig.  3) .

Two qual i f ier  inputs have been added.  When used
in the eUALIFIER DISeLAv mode, these rnake it pos-
sible to be selective in clocking data into menory.
For example, when monitoring a multi-use bus that
has t ime-rnul t ip lexed addresses,  inst ruct ions,  and
data, only the information pertinent to a particular
operation need be stored for display,

Fig. 2. Miniature probes facilitate connectians to closelt
r lrdueu rcrr pul/  /rr  t  t tc probes are corlnected through short
leaus to ir  ' lsu! cir crLt ls "t  ' l l t tn the poos to nun;n' ' tze circul tcauing.



brightened part way down the display.

Another added display mode is known as partial

display. This occurs automatically whenever the
rate of the clocks qualif ied by the DISPLAY qualif iers
is below 60 Hz. If the instrument is in the srART DIS-
pLaY mode, the display shows the trigger word as
soon as it occurs (or the first word following the se-
lected delay) and fi l ls in each successive word as it is

clocked in. Previously the user had to wait for six-
teen words to accumulate before the display would
show what had occurred.

In the case of partial display in the END DISPLAY
mode, each word is entered at the bottom of the dis-
play, pushing the others up. When the display is full,
each new word entering at the bottom pushes the top
word off the display. This continues unti l tr igger con-
ditions are met.

An "arm" mode is now provided for the trigger.
In this mode, the instrument does not respond to the
trigger word unless armed by a pulse at its anrra in-
put. This prevents the data acquisit ion cycle from
being init iated unti l some other event occurs.

Dual Data
Model 1600A has an auxiliary memory for storage of

data. A front-panel pushbutton ISTORE A -r B] transfers
the data stored in the main memory (A) to the auxiliary
memory (B). The contents of each memory may be dis-
played separately or both may be displayed side by

side for comparisons.
To make it easier to compare stored data with new

data, a comparison mode lA & (A@B)] may be se-
lected. The contents of the A memory are then dis-
played on the left half of the display while the right
half shows how the contents of B differ from A-bit
positions where the two memories are identical are
displayed as 0's, and bit positions where they differ
are displayed as l. 's (Fig. a). In addition, the 1's are
brightened to make them easier to identify.

To help find elusive errors, the instrument may be
operated in a HALT AIB mode in which the A memory
acquires the data in repeating data acquisit ion cycles
until there is a difference between the contents of
memories A and B. The instrument then reverts to

the single-cycle mode and stops acquiring data when
the current cycle is completed.

Map Display
A more comprehensive view of the operation of

digital machines is provided by a new capabil ity in

Model  1600A. This is  the vap mode.
When operating in the vAp mode, the new logic

state analyzer presents a digital word simply as a dot
on the CRT display. The position of the dot is de-

termined by the word, one half of the word giving the
x-axis position and the other half giving the y-axis po-

Fig. 3. Models 16004 and 1607 A Logic State Analyzers work
together to monitor and display 32-bit words, or work with
independent clocks to examine the interactron between two
digital machines. The combination of the two inslrumenls ls
known as the Model 16005. Model 1607A has most of the ca-
pabilities of Model 16004 and can work by itself using an oscil-
/oscope or CRT monitor for the display.

The two quali f ier inputs may also be used with the

tr igger word, in effect giving an tB-bit  tr igger word.

Data may be clocked in at rates up to 20 MHz. This

speed al lows tests to be conducted at the ful l  operat-

ing rate of most digital systems, thereby uncovering

faults caused by circuit response-faults that do not
occur when a system is tested by single-stepping it at
a slow rate.

Positioning of the trigger word on the display has
been made more flexible in the new instrument. As
before, in the srART DISILAv mode, the trigger word
appears at the top of the displayed table and the next
fifteen words follow below. In the END DISPLAY mode,
the trigger word appears at the bottom with the pre-
vious fifteen words above. In either case, the trigger
word is brightened to show its position. Now the
digital delay may be used with the END DISPLAY as
well as the sraRr DELAv mode, making it possible
to display events both prior to and immediately fol-
lowing the trigger word. The word at the top of the
display is the word that occurs fifteen clock periods
before the trigger word minus the selected delay. If
the delay is less than fifteen, the trigger word appears



sition. Consequently, each word has a unique posi-
tion on the CRT display.

In addition. the instrument traces lines from dot to
dot as it steps through a sequence of digital words
so each sequence of words generates a characteris-
tic pattern (Fig. S). Once familiar with the patterns
generated by particular sequences of words, the user
can instantly recognize whether or not a particular
pattern is correct without having to do a state-by-state
study of the tabular listing.

The rraap mode also gives an indication of the rela-
tive frequency of occurrence of any state-the more
often a state repeats, the brighter its dot. In looking at
memory address l ines, for example, this mode gives
a highly visible indication of which memory ad-
dresses are most often used and which are not used at
a l l .

Map Expansion
A display of os,sto dots would be diff icult to

interpret so an EXpANn mode can be used with the
map. In the NORMAL MAp mode, only the six most sig-
nificant bits of each half of the word are used for
positioning, bits 10 through 15 for the vertical posi-
tion and bits 2 through z for the horizontal position.
Bits 0, 1, 8, and 9 do not affect the positioning. In ef-
fect, 4096 dot positions are displayed.

The uxpaNo mode displays one of 1.6 area subdivi-
sions expanded to full screen. Bits 0, 1,8, and 9 then
affect the dot position, The area to be expanded is se-
lected by a cursor, a small circle positioned by the
trigger-word switch register (Fig. s). Positioning the
cursor anywhere within one of the sixteen areas, out-
lined by marks fixed permanently on the CRT face-
plate, selects that area for expansion.

When the map is expanded, the cursor can be posi-
tioned over any dot of interest. This dot then becomes
the trigger word when the instrument is switched
back to the rasr-s DISPLAY mode.

Accessory Logic State Analyzer
Model 1607 A Logic State Analyzer (Fig. 3) is func-

tionally similar to Model 1600A but it does not have

Fig. 4. (Left) ln the co^,iPARtsaN
mode, 1's in the array on the right
half of the display show where bits
displayed on the left half differ
f r n m  a  q t o r c d  s c o t J e n c e .

Fig. 5. (Right) In the MAP mode,
digital words are presented as
dots on the display, each word
having a unique position. Vectors
trace the digital sequence from
word to word. The cursor at bot-
tom is a small circle positioned by
the TRrcGER woRD switches.

the auxiliary memory, the map mode, nor a CRT dis-
play. It has X, Y, and Z outputs, however, so it can
use almost any CRT monitor or oscilloscope for its dis-
play. This arrangement is attractive in some situa-
tions because the oscil loscope can also be used for
time-domain analyses, once Model 1607A working
in the data domain has pinpointed the problem.

Model L607A can work with Model 1600A to form
a logic state analyzer with 32 data channels. Data en-
tered by way of Model 1,607A is presented on the
right half of Model 1600A's CRT display. The result-
ing display may show words 32 bits wide, or data may
be presented on part of the display while corres-
ponding addresses or other signals are presented on
the remaining part.

When used with the 16004, Model 1607A adds
some special capabil it ies to the combination. For ex-
ample, the two instruments may operate with inde-
pendent clocks but in a "bus trigger" mode such that
triggering does not occur unti l tr igger conditions are
met in both instruments simultaneously. This mode
might be used, for instance, when two digital ma-
chines communicate with each other but without
synchronization of their clocks. Machine I is in state
M when it transmits data over the interconnecting
bus to Machine II, and Machine II must be in state R
to receive the data. The bus trigger mode then detects
when states M and R exist simultaneously so the
state flow of Machine II can be monitored immediate-
ly following the receipt of data.

The Model 16074 rnay also supply the "arm"
signal for the Model 1600A so triggering of the
1600A can be inhibited unti l some other trigger word
is first detected by the 1607A.

Technical Details
The design of the new logic state analyzers involves

three general areas:
1. Trigger recognition and delay;
2. Data acquisit ion;
3. Data display.
Although conceptually the trigger recognition and
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F19.6. Block diagram of the data acquisition circuits. Not shown, tor brevity, are the internal
gatesthat determinewhich of several inputs willtrigger a device, for examplethe "end" flipllop.

delay circuits are closely involved with data acquisi-
tion, they function independently. The trigger recog-
nition circuit generates an output pulse whenever the
trigger word is clocked in, assuming the instrument is
armed, regardless of what the rest of the instrument is
doing. These pulses are useful for synchronizing
other test equipment, such as a time-domain oscillo-
scope, and they can also be totaled by a counter,
giving the instrument the capabilities of a breakpoint
register. Following each trigger, a delayed pulse is
also supplied at a separate output connector on con-
clusion of the selected delay interval.

When the data acquisition circuits are enabled, the
trigger recognition circuits control data storage. Be-
ginning with a word determined by the trigger word
and the mode selected (srART DISpLAy, END DISpLAy,
etc.), each subsequent qualified word latched into the
input data register is stored in memory.

When 16 words have been stored, control is passed
automatically to the display circuits, which then dis-
play the data stored in memory. When the sINcln
mode is selected, the data is displayed continuously
until the RESET button is pressed. In the REIETITIVE
mode, the data is retained on display for a period
determined by the DISILAv rlME control [200 ms to

5 s), after which control is passed back to the data
acquisition circuits. New data is then stored upon the
next occurrence of the trigger word.

A hierarchy of warning lights assists the operator in
setting up the instrument. Whenever the average
clock rate or the qualifier, trigger, or arming rates fall
below 5 Hz, the appropriate warning light turns on.
The lights are ranked as follows: clock, qualifier, and
trigger. For example, if there were no clock and no
trigger, only the No clocK light would turn on. No
ARM, however, has precedence over No TRIGGER but is
independent of the other warning lights.

Data Input
Data is entered by way of pods that can be placed

close to the point of meaSurement. Each of the minia-
ture circuit probes connects through a 30-cm length
of wire to a pod, six probes to a pod (Fig. z). This ar-
rangement minimizes capacitive loading of the cir-
cuits under test.

The pods contain trigger circuits that decide
whether the voltage sensed by each probe represents a
"0" or a"L". The threshold is fixed at *1.5V for TTL
circuits, or it can be switched on the instrument front
panel to VARIABLE, and is then adjustable over a range



of +10v.
The digital word sensed by the probes is latched

into the input data register by the input clock pulses
(see the block diagram, (Fig. 6).This occurs on every
clock pulse, regardless of the state of the qualifiers,
the Rnv input, or the selected display mode. Clock
pulses are supplied from an external source, usually
the system under test, and are subject to the same
threshold recognition criterion as the data.

The pattern recognition logic looks at the input
data register continuously, and when there is a match
between the input data and the front-panel tRlccrn
woRn switch register, the "local" flip-flop is trig-
gered, initiating the data acquisition sequence if the
instrument is in the LocAL mode. The "trigger bus"
line also attempts to rise, but will not do so if it is held
down by any other instrument on the trigger bus,
Each instrument connected to the trigger bus drives
the bus with an open-collector circuit so the bus can-
not rise until trigger conditions are met simultane-
ously by all bus-connected instruments. If the in-
strument is in the sus mode, data acquisition is not
initiated until the trigger bus rises.

The use of two trigger-generating flip-flops makes
it possible to have two instruments bus-connected so
data acquisition in one is dependent on trigger condi-
tions being met in both instruments simultaneously,
while the other, operated in the rocal mode, acquires
data any time its own trigger conditions are met.

Generat ion of a tr igger also starts the delay
generator. The pattern trigger output remains true
until the delay generator produces the delayed trigger
pulse. If zero delay were selected, the delayed trigger
would occur simultaneously with the pattern trigger.

TRIGGER ARM, if selected, disables the local and trig-
ger bus flip-flops until an arming input sets the arm
flip-flop. Then when trigger conditions are met, a
pattern trigger output is generated and the arm flip-
flop is reset.

Qualifiers
The quarmlER inputs may be used in either of two

ways. When qualifying trigger words, the qualifiers
effectively become part of the trigger word, making it
18 bits wide. The two qualifier bits, however, are not
stored or displayed.

When qualifying the display, the qualifiers control
the entry of data: words can be clocked into memory
only when qualifying conditions are met. Similarly,
the delay generator counts only those clock pulses
that coincide with the qualifiers.

The Data Acquisition Cycle
When the display circuits relinquish control of the

instrument, they issue a data acquisition command.
This resets the trigger and delay generators and, if the

instrument is in the srART DIspLAy mode. resets the
data index counter and the "start" and "end" flip-
flops (Fig 6). The next qualified clock pulse switches
the memory address lines to the address counter.

Occurrence of the trigger word sets the start flip-
flop. This enables the data index counter, which is
then incremented by each write pulse. The trailing
edge of the write pulse also increments the address
counter.

Each digital word latched into the input data regis-
ter is written into memory at the address indicated by
the address counter. This continues until the 16-state
data index reaches full count, which resets the end
flip-flop, gating off the write-enable pulses and stop-
ping the loading of data into memory. The end flip-
flop also sets the "data ready" line true, indicating to
the display section that data is complete and ready for
display.

When the instrument is operated in the rruolrspr,ay
mode, the start flip-flop is preset, allowing the data
index counter to run. When the data index counter
reaches terminal count, it enables the end flip-flop.
Data is acquired until the next occurring trigger,
which stops data acquisi t ion immediately and
switches memory control to the display section.

The count in the data index counter at any instant
indicates how many good words are in memory. The
address counter points to the next address in memory
to be accessed. The difference between these two
counts is the address of the first word of the current
data sequence. During the display cycle, the differ-
ence is added to the count in the display section's
vertical counter. The result is the address of the next
word to be read out of memory for display.

Generating the Table Display
Whenever the data acquisition circuits set the data

ready line true, the display circuits take control of the
memory and read out and display the memory con-
tents.

Read out is serial, with memory addressing control-
led by two four-bit counters (Fig. z). The "vertical"
counter indicates the word to be read and the "hori-
zontal" counter, working through a 1-of-16 multi-
plexer, selects the bit within that word to be dis-
played.

The horizontal counter is driven by an internally-
generated 50-kHz clock. When it reaches state 15, it
increments the vertical counter and then resets. In
this fashion, every bit address in memory is polled.

The CRT beam is positioned by digital-to-analog
converters driven by the counters. The vertical
counter digits are weighted so a wider step occurs on
every other vertical address, spacing the lines on the
CRT in pairs for easier reading. A still wider step
occurs on every fourth line.
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A different method is used for spacing the columns
to give the operator a choice of grouping by three's,
for octal words, or by four's for hexadecimal words.
This is accomplished by using the contents of the
horizontal counter to address a ROM, which reads out
digital words that generate the appropriate horizontal
deflections when applied to the D-to-A converter.

Digits are written on the CRT by adding low-level
100-kHz sine waves to the deflection voltages. The
sine waves are shifted 90' with respect to each other
so the deflection voltages trace a small ellipse when a
"0" is indicated for display. When a "1" is indicated,
the sine wave to the horizontal circuits is gated off'
Both sine waves are turned off when the instrument

displays dots in the vnP mode.
The 100-kHz signal is divided by two to derive the

50-kHz clock for the horizontal counter. It also de-
rives a 50-kHz square wave that blanks the CRT beam
for 10 prs while it moves to a new position, and then
unblanks it for 10 ps while the digit is written. When a
digit is to be brightened for the trigger word or the
A & (A @ B) mode, the clock input to the counters is
interrupted for two clock periods so the digit is writ-
ten five times before the circuits step to the next digit.

When data from the auxiliarv memorv is to be dis-

Fig.7. Block diagram of the dis-
play circuits configured for display
of the table of 1's and 0's. When
operating in the REPETtnvr mode,
display cycles repeat until the r,S.
pLAy rlME control (not shown) allows
the reset generator to issue a data
acquisition command. ln the sN-
ctt mode, data acquisition is ini-
tiated only in response to the f ront-
panel RESET button.

played, the contents of the vertical and horizontal
counters are combined as an eight-bit address for
add.ressing the 256x 1-bit RAM. A dc offset voltage is
then added to the horizontal deflection to position the
auxiliary display to the right of the main display.

Data from a 16074 is displayed on a 1600A by
switching the 1600A's horizontal and vertical coun-
ters to interrogate the memory in the 1607A. The
value of each bit interrogated is returned to the 1 600A
for display (a multiconductor I/O bus interconnects
the two instruments).

Generating the Map Display
When the instrument is operated in the vap mode,

the 16-bit word in memory addressed by the vertical
counter is applied directly to the D-to-A converters
(Fig. 8). Bits 2 through 7 are applied to the horizontal
axis and bits ro through 15 to the vertical axis. Each
word thus appears as a dot at a particular location on
the CRT display.

No blanking signals are supplied between dots so
the CRT beam traces a l ine as it moves from dotto dot.
To make the l ines visible, the display clock rate is
slowed to 25 kHz and RC networks are switched into
the deflection amplifiers to slow the transient re-
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Fig.8, In the MAP mode, the clock
pulses (divided by 2) go directly
to the "vertical" counter so ad-
dresses are read out at a 25 kHz
rate. When the vertical counter
reaches terminal count, the data
se/ecfors switch to the fronlpanel
switch register and a cursor ls
traced at lhe address indicated.

sponse. The RC response characteristic retards the
CRT beam as it approaches the next position, bright-
ening the trace there to give an indication of direc-
tion.

The address of a particular dot can be determined
with the MAp LocAToR cursor. When all rO words
stored in memory have been displayed, the digital-
to-analog converters are switched to the front-panel
switch register, which provides the digital informa-
tion for positioning the CRT beam. The phase-shifted
100-kHz sine waves are then added to the deflection
voltages, the CRT beam is unblanked, and a small
circle is written at that position.

In the EXIAND MAp mode, the D-to-A converters are
switched to bits 0 to 5 (horizontal) and 8 to 13 (verti-
cal). The CRT is blanked, however, unti l bits 6,7 ,14,
and 15 of the word being read out of memory agree
with the corresponding bits of the front-panel switch
register. Hence, only those words lying within the
same sector as the cursor are displayed. If two succes-
sive words are not in the same sector. the direction
vector is blanked to prevent the presentation of mis-
leading lines.

If the instrument is mapping in the repetitive mode,
memory control is returned to the data acquisition
circuits following the generation of the cursor. A new
sequence of 16 words is then acquired and displayed.
The short display cycle (200 ms) and the persistence
of the CRT phosphor cause the map to appear as a

Ins ide the Model  1607A Logic
State Analyzer

The Model 16074 Logic State Analyzer was designed with a
dual purpose in mind: (1) to serve as an extension of the Model
16004 Logic State Analyzer and (2) to function independently
as the logic state input for laboratory oscilloscopes.

Data acquisition is performed in the Model 16074 Logic State
Analyzer in exactly the same way that it is in the Model 16004,
However, to make the 1607A compatible with as many CRT
displays and oscilloscopes as possible, there are some differ-
ences in the way the display section works. For example, an
extra state is inserted following state 15 in the horizontal counter.
This adds 20ps to the retrace time to allow sufficient settllng time
for oscilloscopes that have limited horizontal bandwidth,

The amplitudes of the X, Y, and Z outputs are adjustable to
accommodate the input settings of the associated oscilloscope.
This allows the user to switch back and forth between time-
domain and data-domain displays with a minimum of readjust-
ment. Also, since the z-axis input of most scopes is on the rear
panel and is not switchable, a switch for disabl ing the z-axis
signal is provided on the fronfpanel of Model 16074.

Another problem in compatibi l i ty concerned the tr igger-word
intensif icat ion. Because of the non-l inear characterist ics of the
z-axis in most scopes, and also because of defocussing effects,
i t  was dif f icult  to define a universal brightening scheme. There-
fore, tr igger-word brightening is accomplished by writ ing the
trigger word four times before proceeding to the next word. This
is done by intercepting the horizontal counter carry bit fou r times
before incrementing the vert ical counter.

Thomas Saponas



composite of several 16-word sequences.

Blanking
Some 23 variables are involved in determining

whether or not to blank the CRT beam, making this
the most complex function in the display circuit.

In addition to those blanking signals already men-
tioned, a blanking signal is generated for unused col-
umns to the left of the most significant digit. This
signal is generated by a comparator. Whenever the
output of the D-to-A converter connected to the hori-
zontal counter exceeds a voltage set by the cor,uvtt
BLANKING control, the comparator blanks the beam.

When channel B is displaying data stored in the
auxiliary memory, column blanking in both channels
is controlled simultaneously. Blanking for the partial
display mode is achieved by comparing the count in
the vertical counter to the count in the data acquisi-
t ion sect ion 's  data index counter .  The beam is
blanked whenever the vertical count exceeds the data
index count because data in memory from that point
on is "old" data not wanted on the display.

When the instrument is not in the partial display
mode (qualif ied clock rate >50 Hz), the channel A
display is blanked until 16 words are in memory and
the trigger word is detected.

There are some differences in the blanking of chan-
nels A and B. When channel B displays data from a
1607 A, column blanking, partial-display blanking,
and so on for channel B are controlled by the 1607A,
except in the A&A@B mode (channel B displaying
differences between 1600A and tgOzA dataJ. In this
case, channel B column and row blanking is control-
led by both the 1600A and t0ozA to prevent more bits
being displayed than are actually being compared.

Acknowledgments
The 16005 design group was led by Bil l Farnbach,

who contributed significantly to the instrument de-
sign. Product design was by Roger Molnar. Many of
the operating concepts were provided by section
leader Chuck House and customer requirements were

provided by product managers Dick Cochran and
Bruce Farly.e

References
1. W.A. Farnbach, "The Logic State Analyzer-Displaying
Complex Digital Processes in Understandable Form,"
Hewlett-Packard fournal, January 1974.

Gharles T. Small
Chuck Small  joined HP in 1966
as a oroduction test technician.
Two years later, he transferred to
the pulse generator design group,
bui lding and debugging proto-
types, and in 1972 he moved to
the logic state analyzer group
where he contributed to the de-
sign ol Model 1601A. He then
undertook the design of the data
acquisitron port ion of Model
16004, Chuck has an AE degree
from the Port land (Oregon)
Community College and is
doing further academic work at

the Unrversity of Colorado. Chuck does some woodwork-
ing, argues hi{ i  matters with col leagues, and is a model
rai lroader (HO gauge). He and his wife have one daughter, 3.

f ""xn.{

towns, gett ing there in his
is also a woodworker.

Justin S. Morill, Jr-
Justin Morri l l  joined Hewlett-
Packard in 1972 after getting his
Master of Electr ical Engineering
degree at Rice University (Hous-
ton. Texas) where he had also ob-
tained a Bachelor of Arts an
Science and Engineering. Before
becoming involved in the Logic
State Analyzers, he worked on
applications of storage CRT's. In
his spare t ime, Justin enjoys the
customary Rocky Mountain hiking
and backpacking, sometrmes
packing his .1-year-old son, and he
also photographs old mining

fou r-wheel-drive vehicle. Justin

Cl@k .nd O.t Inpul!
REPETITION SATE: 0 lo 20 MHz
INPUT 8Cr 40 kl) shunld bv =14 oF
IXPUT BIAS CUBFENT: =30 !A
lf,PUt frRESHqD: TTL hrd at apprct *1.5v vanabl.. :10 Vdc
XAITUT IXPUT:

LEVEL I5  IO .15  V&
SwlNGr 15 v Fa* irom lhroshdd

fINICUf INPUT:
swlNc 0 5 V -5% ol p-p rhreshord vdbg€
CL@K PULSE WIDTH:20 ns ailhroshold
oATA PULSE WIDTH 25 ns ar rhreshdd
oATA SETUP TIMEI rm€ dara musr b€ 0r6s6nt p^or ro ddk transoon 20 ns
HOLO T|ME: he dara musr be p€s€il ai{ dd tansiton, 0 ns

Pangrn and Oolrycd Trlggar OutPult
NIGS: >2 V inb Stl (hn€ drivoi rntsda€)
LOW: .0a V Inro $ll lhn6 divsr hrdace)
PULSE OURANON:

OELAYED TFIGGEF: approx 25 ns (RZ rffmaO ai t V l€vel

S P E C I F I C A T I O N S
llodrl! 16q)A rnd 1607A Loglc Stlt An.lytcrl

PAnEFN IF|GGER aFror 25 .s in RZ ldmai al 1 v lov€r wilh d.lay el lo

zdo or ot wlh dola! on and nol sel lo z.fo. panorn tigger o!tsut dans d

iedpr ol a pandn trser sgnal atu .nds wh.n th. dor.y 6nds

Trlggtr Atm InPut
IXPEDAXCE: 50(l
L€YEL: low $are. 0 v lo .:0 4 vr hign sbl6 2 v lo .:5 v
PULSE WIDTH: 15 ns mrnrmum al 1 5 v l6vol
AFIINC CONDITIONS. ll arming pd$ poen6 d96 @c!6 < 45ns an$ a dd

r iggsn4@u6onem€ddcyc l6  I ta rmingpu lsopc i l t€d9€oeu.s '75ns
afrer . dd. rn@€nry scurs o. ndl dd cycb

t6O7A X, Y, !trd Z Ax.! Oulputt
x .nd Y Ar..: <0 6 v to >6 v or 18 v max inro >1@ *lI
Z.AXIS: 0 to lO V Do Into >l kO .

dSPLAY ImE8FACE FEqUFEIEm: Tb t6074 idda€6 wiln anv os_
dllGcopo or drsplay with lhs ldlo*ry roul paEmolds.

X AND Y INPUTS 0 1 lo 1 v/div dsnodon Lclo.si dc @up1d hpul and
's0 kH2 badwdh

Z.AxrS |NPUT dc coupld {(h pdtv6 blankingi turl blankng m$l sdr wilh

<10 v i@il al 10 mA

Grncr!l
D tsPuY n  TE:  va . idb i iom <2@msto  >5s(16@4) ,  <50mslo  >5s(16074)

POWEF: 1m. 120, 220. 240 Vac; 1006 +5o6i 4A to 440 Hz: 1& VA max

O I I E X S I O i S : 2 8 4  D m  ( W )  t  a 6 0  m m  ( D )  x  1 9 7  m m  ( 1 6 0 0 4 )  o r
121 mm (1S74) t  (11  2  i  i8  i  x  78  oraS ind6s) .

wEtcht:
MODEL 16@A: 12 7 lg (24 b)
MOOEL 1@74:64 kg  {14  lb }

ACCE$OFIES 9UPPUEO: rhr* 102318 dala prtus a.d 60 102304 d@k

PFTCES tX US,A.:
MOOEI r@A Lqrc Sr.t. Amlyzsr !m
MooEL r@7A Lqic srat6 Analyzsr l27s
MOOEL 16005 Includ€s a 1600A 6nd 1607A wilh Tiggor aus a.d Oala

C$16s, $@O
CANUFACTUBIXG Olvggr: COLOFAOOSPRINGS OIVISION

l9O G..dd ol ltu Gds R@d
Cororado Sp.ings. Cdorado &$7

10



Oscilloscope Triggering on
Digital Events

By presenting digital signals in the t ime domain, osci l lo-
scopes can help f ind the sources of problems caused by prop-
agation delays, transient spikes, noise, r inging, and inadequate
pulse ampli tude in digital systems. lsolat ing a short segment of
a long digital sequence for detai led analysis, however, is very
di l f icult  i f  not impossible with a conventional scope. One of the
advantages of the logic state analyzers is their abi l i ty to provide
the tr igger recognit ion needed for osci l loscope analysis of digi-
tal sequences. A number of other accessories have been de-
veloped to faci l i tate this use of an osci l loscope.

Four-Channel Monitoring
The most  bas ic  o f  the  t r igger  recogn izers  a re  the  HP

10250-series Trigger Probes. Each of these monitors up to four
digital channels and whenever the bits appearing simultane-
ously in the data streams match the pattern establ ished by the
probe's switches, the output goes high, providing a tr igger
suitable for an osci l loscope or other instrument.

Three are offered. Model 102504 has tr igger levels suitable
for monitoring TTL circuits, Model 10251A operates with CMOS
circuits, and Model 102524 with ECL circuits. They are powered
by the device under test through separate connections and can
operate at bat rates up to 10 lvlHz.

Eight-Channel Monitoring and Delay
The Model 12304 Logic Trigger augments this basic recogni-

t ion capabil i ty by adding digital delay, making i t  possible to
move the observation "window" up to 9998 clock oulses down-

stream from the recognit ion word. l t  can also monitor up to eight
data streams simultaneously and works either asynchronously,
as do the 10250-series Trigger Probes, or synchronously when
connected to a system clock.

This device also has a ninth input (GArE) that can be used as a
quali f ier to prevent a tr igger output unti l  some other event oc-
curs. The ceru input also enables two or more Logic Triggers to
be operated in paral lel for tr igger recognit ion of wider words,

A handy method of sett ing the delay has been devised: hold-
ing down a pushbutton causes the delay interval,  indicated by a
LED display, to increase, Holding down another pushbutton
causes the delay to decrease. Pressing both buttons at once
immediately resets the delay to 1 bit .

A level lower than +0.8V is interpreted as a logic "0" and
levels higher than +2V as logic "1's". Maximum bit rate is 15
MHz. l t  is powered by an external 5 V and draws 300 mA.

Sixteen-Channel Monitoring, Parallel or Serial
The most versati le logic tr igger is the HP Model 16204 Pattern

Analyzer. This instrument operates with either paral lel or serial
data streams. When operating in the paral lel mode, i t  monitors
up to 16 l ines and generates tr iggers in exactly the same way as
the Models 16004 and 16074 Logic State Analyzers, using the
same kind of probe pods and bit-recognit ion circuits.

Model 1620A works at bit  rates up to 20 MHz. Unlike the Logic
State Analyzers, however, i t  can also work in an asynchronous
mode without input clock pulses-an output tr igger is gener-
ated whenever the data in al l  selected channels simultaneously
matches the front-panel switch register. To prevent transients
from generating false tr iggers, f i l ters prevent the generation of a
tr igger unti l  the input data has been held for a selected t ime.

The serial mode is useful tor tr iggering on specif ic port ions of
l o n g  d i g i t a l  s e q u e n c e s  l i k e  t h o s e  e n c o u n t e r e d  i n  d i s c
memories. In the serial mode, Model .16204 generates a tr igger
when a sequence in the incoming bit  stream matches the pat-
tern set on the front-panel switch register,

The serial mode has a qual i f ier input (there are no quali f ier
inputs in the paral lel mode), This al lows pattern recognit ion to be
suppressed unti l  the quali f ier input goes true. In addit ion, the
viewing "window" can be delayed with respect to the quali f ier.
The delay prevents bit-stream comparison unti l  the number of
clock pulses indicated on the rnnue oernv control has occurred
after the quali f ier goes true.
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Unravelling Problems in the Design of
M icroprocessor- Based Systems
The debugging of a microprocessor-based sysfem is
expedited considerably by an instrument that provides an
appropriafe disclosure of what's going on insidethe system.

by William E. Wagner

A S LOW-COST MICROPROCESSORS COME into
.la. widespread use, a whole new range of appli-
cations is opening up for the electronic design en-
gineer. So is a whole new range of problems.

The designer of a microprocessor-based system is
faced with the need for unravelling problems in four
general areas: (1)hardware, (2)software, (3) combina-
tions of software and hardware, and (4) information
transfer to and from peripheral devices, that is,
across an I/O port. To assist in the design and fabrica-
tion of these systems, many manufacturers of micro-
processors offer diagnostic-simulators ranging in
complexity from a few simple switches to massive
kilobyte minicomputer systems. These, however, are
designed for the express purpose of assisting the de-
sign engineer in the use of microprocessors of the par-
ticular manufacturer. Such systems concentrate on
software d6bugging with minimum attention paid to
the hardware. Adaptability is not an inherent trait
of these machines.

Fortunately, the development of general-purpose
measurement tools has been keeping pace with the
needs of the design engineer. Firstthere was the Hew-
lett-Packard Model 5000A Logic Analyzer, that pro-
vided means for examining the content of serial data
streams, then the Model 1601L Logic State Analyzer
that did the same for parallel logic streams, and now
the Model 16005 Logic State Analyzer, described in
this issue, that expands on the capabilities of the
earlier instruments.

It is the purpose of this article to illustrate the use-
fulness of the Model 1600S by examples of typical ap-
plications. These examples are drawn from the au-
thor's experience with one of several designs of sys-
tems using microprocessors.

An Information Processing System
The design example concerns an information pro-

cessing system that accepts hexadecimal data either
from a keyboard or a tape input and displays alpha-
numeric data on a CRT terminal.

Four basic elements were required to implement
the system (Fig. 1): a microprocessing unit (MPU)

that provides the necessary data manipulation, a
read-only memory (ROM) that contains executive
control, a 4-kilobyte random-access memory (RAM)
for temporary data storage, and a peripheral interface
adapter (PIA) that provides communications with
the keyboard, tape unit, and CRT display.

Interconnections among these modules is made by
three buses: an 8-bit bidirectional bus for data
transfer to and from the MPU, a 1O-bit address bus,
and a control bus. The control bus includes a request-
for-interrupt line GnQ), a READ/wRITn signal that sig-
nifies the direction of data to or from the MPU, and a
MASTER-ENAnIe signal that results from the logical
ANDing of the phase-2 clock with vva (valid mem-
ory address), a signal generated by the MPU.

The system prototype also included a ROM that
had a diagnostic program with the following capabi-
lities: examine and change, if required, the contents
of any memory location in RAM, load data into RAM
from tape, transfer memory to tape, set and remove
program breakpoints, and display the contents of the
MPU registers when a breakpoint is encountered.

Debugging the System
Before first turn-on of a new system, a dc continuity

check is made and driving functions, e'g., the two-
phase clock, are checked as a prelude to assembling
the entire system. All I/O devices not mandatory for
the start up are either removed or disabled.

These things having been done for our example
system, start-up could then be examined. The start-
up procedure for the particular microprocessor used
is as follows:

1 2
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1. The MPU reads the data at memory location
FFFE (hexadecimal notat ion) and internal ly
transfers that 8-bit byte of data to the most significant
bits of the 16-bit program counter.

2. The microprocessor then reads memory loca-
tion FFFF and transfers that byte to the Ieast signifi
cant bits of the program counter.

3. The microprocessor then begins execution of
the program at the address to which the program
counter is pointing.

The Model 16005 Logic State Analyzer was con-
nected to the system in the manner shown in Fig. 1.
The trigger word was set to FFFF to show how the
system operates after the start-up procedure.

The result of the initial start-up is shown in Fig. 2.
The trigger word FFFF is shown at the top of the col-
umns displaying the 16 address bits on the left. The
word immediately fol lowing, howevet,  is 0000,
which is not the word that is supposed to be there.
Furthermore, the columns on the right, which show
the sNasrr bit and the eight data bits, are all zeroes.
Here is an indication of the source of the problem:
since the ENABLE signal never reaches the logic-1
state, none of the circuit elements external to the
microprocessor become enabled, specifically the
ROM, so valid data never appears on the bus.

The remaining addresses on display indicate that
the microprocessor is sequentially reading every ad-
dress starting with 0000. Switching the logic state an-
alyzer to the MAP mode (Fig. 3) confirms that the
microprocessor does indeed step through every ad-

Fig. 1. Microprocessot-based
system ls shown in block diagram
form below the dotted line. Con-
nections to test instrumentation
above dotted line are shown.

dress looking for an instruction other than NoP (no
operation), and never finding one.

Since the ENABLE pulse was at fault, an oscillos-
cope was used to examine the inputs to the ENABLE
AND gate. Here it was found that both VMA and the

{2 clock reached the logic-1 state simultaneously,
yet the output remained at logic 0. ObviouslY, the
gate was defective.

This problem, easily corrected, seems elemental
but without the insight provided by the logic state

From
HP '6(x'A

415 AO

From HP 16074

E n a b l e : d 2 x V l t A

= NOP
: NOP

I

I
: NOP

Fig. 2. Logic State Analyzer display of the initial start-up
routine of the system of Fig. 1. Unused channels 9 through
15 on the right half of the display are blanked by the column-
blankino control on the Model 1607A.
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FFFF

Fig.3. Map display of the address sequence following initiai
start-up of the system of Fig. 1. Uniform appearance of dots
indicates that the system is stepping through every address
(exposure was for lwo seconds to allow gaps caused by
loadlhen-display sequence to be filled in).

analyzer's simultaneous display of many channels,
it would have taken much longer to track it down.

This example also illustrates another useful trait of
the logic state analyzers: they often reveal informa-
tion about a system that would otherwise remain
undetected. In this case, the logic state analyzer re-
vealed that the microprocessor interpreted 00 on the
data lines as NoP (no operation). The manufacturer's
literature specified that 02 would be interpreted as
NoP but it said nothing about 00.

Closed Port
The next problem encountered involved an interac-

tion between the software and the machine's hard-
ware. This particular machine was structured to min-
imize the time between a request for interrupt service
and the response to that request by use of the com-
mand "wait for interrupt" (wAI). It was found, how-
ever, that once the microprocessor entered the wait
state, it would refuse to respond to external condi-
tions satisfying the criteria for interrupt service.

To track down the problem, a short test program
was entered into RAM storage by way of the diagnos-
tic. It had two steps: (1) set the stack pointer to a
known address, and (2) execute wAI.

The result is shown in Fig. 4. The trigger word for
the logic-state analyzer was set at 0200, the address
of the hexadecimal word 8E, as shown on the data
bus portion of the display. This instructs the MPU to
set the stack pointer (LDS). The next two addresses
load the two bytes of the address 07FF, the highest
location in RAM, into the stack pointer register.

The next address in the program (0203) places the
wait-for-interrupt (WAI) command, 3E, on the data
bus. It so happens that this particular MPU has a
"look-ahead" feature that places the next address

from the program counter on the address bus while
the MPU is executing the current instruction. Thus,
0204 appears on the address bus as the MPU starts
execution of the wAI command, but it is not used.
The RsenlwRITE line then goes to the logic-O or
"write" state.

We can now trace the operation of the wAI as the
contents of the seven registers internal to the MPU
are loaded into the memory stack, beginning with
07FF and stepping down from this location. It is
noted, however, that when the contents of the seven
registers are loaded in memory, vMA goes to the
logic-0 state and as a result, so does ENABLE. Here,
then, is the source of the problem. The peripheral in-
terface adapter requires a clock pulse to transfer data
across the I/O ports. This clock pulse was provided by
ENABLE but since ENABLE was no longer present, there
was no way for an interrupt request to be transferred
across the port! Clearly, a modification of either the
hardware or the software was in order.

It was decided to modify the software by imple-
menting the wRt command step-by-step. The result-
ing subroutine transfers the contents of the MPU
registers into memory and then enters a tight closed
loop, as shown in Fig. 5a. The loop consists simply of
one instruction: "branch always" (hex 20). This
causes the program to loop back on itself. Branch
always is a double byte word with the first byte being
the instruction and the second byte being the relative
offset that tells the microprocessor how far and in
what direction to move in the program. Since the
move is backwards, and since the system does not
respond to negative numbers, the offset is expressed
in two's complement form, and because the micro-
processor has the built-in look-ahead feature, it has
to move back two steps.

As a result of this software change, vMA returns

V M A x @ 2 - E n a b l e

R/W
VMA

Data Bus
Set Stack Pointer

) roor"""
Wait tor Interrupt

MPU Registers are
Stored on Stack

Beginning with 07FF

Fig.4. Logic State Analyzer display of the test program used
to find a problem in the request-for-interrupt routine.
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to the logic-1 state. Therefore the ENABLE signal was
present for clocking the PIA when the criteria for in-
terrupt were established in the external system.

Voltage Sensitivity
It was found that occasionally, for no apparent rea-

son, the MPU would exit the new wAI loop without
an INTERRUTT being generated. This was traced to a
hardware dependence on voltage-the system would
fail in a random unpredictable fashion if the supply
voltage dropped lower than 4.95 volts.

Operation at 4.95 volts is shown in Fig. 5b. A clue
to the problem lay in the fact that the MPU appeared
to operate properly even though the data bus had er-
roneous information. The key factor here was that
the logic-state analyzer had been set to clock in the
data bus on the rising edge of the @2 pulse. When the

Fig. 5. Revlsed wait-for- inter-
rupt loop executes properly when
the supply voltage is 5.25volts (a).
lncorrect information appears on
the data bus (b) when the supply
voltage drops to 4.95 volts.

instrument was reset to clock in data on the falling
edge of S2,ttre correct data, as shown in Fig. 5a, then
appeared on the display. What would this indicate?

If the data was valid on the falling edge of @2 but
not on the rising edge, this indicates that the data is
still in a transitional state on the rising edge.

An examination of the ROM circuits disclosed
the source of the problem: the two-state NMOS-
to-TTL buffer between the address bus and the ROMs
used a CMOS inverter, a device whose propagation de-
lay is notoriously sensitive to the operating voltage.
This buffer was replaced by a "bus extender", a sin-
gle-stage device whose propagation delay is not so
sensitive to voltage. That cured the problem.

Weak Pulse
As a final example, a problem was encountered in

Address Bus

lnformation
Display:

24 Lines x 80
Characters

I Key Depressed

| 4-Bit Data Bus

L -  -  -  )ExternalSystem&Bit Data Bus
Fig. 6. lnterconnection of pe-
r ipheral interface adapter and
external devlces.
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the interaction of the microprocessor with the CRT
display. A request from the display for data would be
entered into the peripheral interface adapter thereby
generating an interrupt. When the interrupt service
routine determined that it was the CRT that re-
quested serv ice,  the appropr iate data would be
placed on the data l ines and latched into the PIA. It
was found that the data was never displayed.

The PIA had been programmed to generate a "data
present" pulse delayed in time by one ENABLE pulse
following the write command to the PIA. The pulse
was the strobe that informed the display terminal
that a new byte of data was available. This did not
happen when the system was running.

The logic state analyzer was connected as before
with the CB2 (data present) l ine added to the display
(Fig. 0). The trigger word was set for address 800,4',
which is the location of the data register conespond-
ing to the input port on the CRT display terminal.

Tracing the sequence of a CRT test program in Fig.
7a, a loop is noted beginning at address 0080, which
is the command to store the contents of accumulator
A (STA A) at address 800A. As Fig. 7a shows, the
program immediately jumps back to address 0080
and it continues this way, repetitively storing the con-
tents of the A accumulator in the memory location re-
served for the PIA. An examination of the CB2 line in
Fig. 7a discloses that it fails to go low for one ENABLE
cycle following the instruction wRITE to location
800A. This identified the problem.

Fig.7. Logic State Analyzer dis-
play of the CRT display interrupt
routine (a). A repeti t ive store
operation resu/ts fsee text). OsciL
/oscope examination of the CB2
pulse (b) shows insufficient ampli-
tude which was corrected (d) by
removal of a solder bridge. Sys-
tem then operates correctly (c).

An oscilloscope was used to observe the CB2 line.
The scope was triggered by the trigger output of the
Logic State Analyzer, with 800A being the trigger
word. The result is shown in Fig. 7b. The upper
trace is the trigger pulse and the lower trace is the
CB2 pulse. A negative-going pulse does indeed ap-
pear on the CB2 line, but it is of insufficient ampli-
tude to establish the logic-0 state.

A few minutes examination of the circuit board re-
vealed a small solder bridge which, when removed,
resulted in the pulse as shown in Fig. 7d. This cor-
the fault, as shown in Fig. 7c. O

Will iam E. Wagner
Some experiments in acoustic
radar while a student at Arizona
State University led Bi l l  Wagner
to a job at an electronics company
before he f inished his academic
work. That evolved into a posit ion
as an applications engineer with
the company's microprocessor
group. He joined Hewlett-Packard
as a product support engineer in
1975 and is continuing his aca-
demic efforts at Colorado State
University. Among his hobbies,
Bi l l  includes hiking, classical
music, and mathematics. More of

an avocation than a hobby is his fascination with pipe organs,
having so far bui l t  seven from scratch, including rol l ing the
oioes in the tradit ional manner.
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A Multichannel Word Generator for Testing
Digital Gomponents and Systems
This instrument supp/ies eight 32-bit serial words
simultaneously at clock rafes up to 50 MHz or, conversely,
32 B-bit parallel words. Versatile outputs adapt the
generator to a wide range of fests involving digital
componenfs, assemblies, and data buses.

by Arndt Pannach and Wolfgang Kappler

C IGNAL SOURCES HAVING BUT ONE or two
rJ output channels often fall short of providing re-

alistic test signals for today's complicated circuits.
Providing stimuli for testing digital components
and assemblies is primarily a multichannel affair. A
mixture of binary data and pulse-type signals-add-
ress,  data,  c lock,  f lag,  enable,  s t robe,  to  name a
few-usually is required. Because these signals are
not always identical in form, digital device testing
has generally required an array of interconnected
pulse generators and digital pattern generators, or a
dedicated automatic system.

Described here is an instrument (Fig. 1) designed
to meet the requirements for testing the new breed of

digital circuits. It provides multichannel bit patterns
and supplies them with the flexible clocking, delay,
and control of output parameters needed for general-
purpose testing. It has eight data channels plus clock,
strobe, and two sync outputs.

There are no restrictions other than length on the
bit patterns that can be generated by this instrument.
The user is thus free to use whatever patterns he
needs to do worst-case testing of his devices. A
32-bit word may be selected individually for each
data channel and stored as the digital pattern to be
generated for that channel. Alternatively, data may
be entered as 8-bit parallel bytes, the instrument thus
having the capacity to store 32 8-bit bytes. The serial

F i g .  1 .  M o d e l  8 0 1 6 A  W o r d
Generator has eight output chan-
nels. each supplying an inde-
pendent ly -se lec tab le  32-b i t
digital word at btt rates up to 50
MHz. Operator control of the
output pulse parameters broadens
the range of appl icat ions for
this instrument.
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A major question facing the designers of this instru-
ment was: how should the data be entered? The front-
panel had to be organized in a way that would make
operation as self-explanatory as possible. It would
have to provide a convenient means of entering 256
bits of new data while being able to tell the user what
was already in memory.

The use of zS0 front-panel switches was con-
sidered too cumbersome so a matrix scheme was
adopted. As shown in Fig. 3, the instrument's me-
mory is accessed by a 16-bit row register and an 8-bit
column register. Each bit in either register is con-
trolled by a data-setting/resetting pushbutton and its
status is displayed by the adjacent LED indicator.
The LED is i l luminated if the bit is a logic "1".

A serial word is set into the row register. Pressing
the LOAD pushbutton transfers the selected word in-
to the memory channel selected in the column regis-
ter, as shown in Fig. 3a. When more than one channel
is addressed, the data is loaded simultaneouslv into
al l  se lected channels.

Pressing the rnrcH oarR pushbutton results in a
nondestructive readout, transferring the data in any
addressed channel back into the row register. The
fetched data is then displayed on the LEDs.

To further reduce the number of pushbuttons, each
memory channel is divided into two 16-bit sub-
units. Another pushbutton determines whether the 16
bits in the row register are to go into the 1,-76 or 77-32
positions in the memory. If all 3z bits of a channel
need to be loaded or fetched, the load or fetch opera-
tion is performed twice.

In the parallel mode, an 8-bit byte is entered into the
column register and the desired column address is
entered in the row register, as shown in Fig. 3b. As in

Fig. 2. Easic block diagram of the Model 8016A Word
Generator. The use of a programmable memory gives com-
plete freedom in the choice of bit patterns.

words are useful for testing shift registers, tape
drives. and communications links. Parallel words
are needed for testing LSI devices l ike memories,
arithmetic logic units, digital subassemblies, and
data buses.

Serial words may also be cascaded to give longer
patterns. For example, the instrument may be set to
give four  64-b i t  words s imul taneously,  or  two
128-bit words, or one 256-bit word.

In either the parallel or serial mode, digital test pat-
terns are supplied by the new word generator at
clock rates up to 50 MHz, enabling tests of the major-
ity of devices at their maximum rates.

Data Loading and Fetching
The central building block of the instrument is a

high-speed semiconductor memory, as shown in
Fig. 2. The memory content is read out nondestruc-
tively to supply the bit patterns to the output circuits.

i
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Fig. 3. X-y coordinate organization of the switches simplifies the manual loading and recall ol
data. ln the SERIAL mode (lett), a ser/a/ wor'd is s et up in the row register and the channel address
is se/ecfed in the column register. ln the zARALLEL mode (right), a parallel word is set up in the

column register and the byte address ls se/ecfed in the row register.
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the serial mode, loading and fetching are imple-
mented by the toao and FETCH pushbuttons.

Data may also be loaded by way of a card reader, a
calculator, or a minicomputer. With an optional cir-
cuit card and connector installed, the new word genera-
tor is compatible with the HP Interface Bus and can
function as a bus "listener" to accept bit patterns from
external devices (see box). A marked-card reader
working through the bus proves to be a fast and con-
venient way to load the memory, especially if the
test patterns have to be changed frequently. The card
reader is particularly advantageous for testing on the
production line, not only because of the speed of
entry (2 seconds per card), but also because human
error is avoided in loading the data.

Clocking and Cycling
The bit rate may be controlled by an internal clock

generator over a range of o.s Hz to 50 MHz, It may al-
so be controlled by an external source of clock pulses
over a range of 0 to 50 MHz. The external pulses may
be of either polarity. Internal controls permit selec-
tion of the trigger threshold and input impedance,
enabling direct triggering from TTL (1kO input) or
ECL (50O) circuits.

Words may also be read out one bit at a time with a
front-panel pushbutton. This allows time for the user
to verify the truth tables of tested circuits with a logic
probe (power for HP logic probes is provided at front-
panel connectors). As a further convenience, when
the instrument is in the manual mode the column
LEDs light up to show the bits present at the output at
any instant, and the row LEDs show the address of
the bit pattern present at the output.

Three modes of word cycling are provided. In the
AUTo cycle mode, words are generated repetitively.
In the sINGLE cycle mode, one complete word is
generated in response to an externally-supplied trig-
ger or to each actuation ofthe START pushbutton. A
cATED cycle mode is enabled by an internal switch.
In this mode, words are generated continuously as
long as an externally-supplied gating signal is at a
logic high, a feature that is useful for external start-
stop operation. Regardless of when the gating signal
goes back to a logic low, the word sequence is always
completed.

Flexible Outputs
Pulse parameter flexibility was given the new word

generator so the testing requirements of a variety of
devices can be met. This flexibility also contributes
to the simulation of worst-case conditions.

Each data channel (and the strobe channel) has an
assigned NRZ/RZ pushbutton switch. In the NRZ for-
mat, most often used to simulate address and data sig-
nals, each logic "1" maintains its high level for the
full duration of the clockperiod (Fig. +). In the RZ for-

Word Generator Operation with
the HP Interface Bus

Digital patterns can be loaded into the Model 8016A Word
Generator by way of the HP lnterface Bus (HP-lB), thus making
it relatively easy to include the Word Generator in automatic test
systems.'

An example of the ease of programming the word generator
is shown below. This is a mark-sense card used by a card
reader to program the 80164 to accept new bit patterns. The
same commands could just as easi ly be entered by a calcula-
IOr Or COmOUter.

The f irst command (UNL) on the card "unaddresses" al l  l is-
teners on the bus so other instruments in the system wil l  not at-
tempt to respond to the commands for the word generator. The
second command (MLA) addresses the 801 64, When thus ad-
dressed, the 80164 responds to information on the bus. Other-
wise i t  would ignore i t .  ln the case shown, the address is "1"
coded in ASCll,  Internal switches enable the user to select anv
address between 0 and 9 for the 80164.

The third command on the card (GTP) is the instruct ion to
load data in the paral lel mode. The data then fol lows. The B-bit
bytes are marked in columns 1 through 8 on the card, which
correspond to the B data channels in the instrument. Column 9
indicates whether the information is a command or data; no
mark indicates data.

When it  receives the GTP (go to paral lel) command, the word
generator stops its current readout, loads the data from the
card and it restarts data generation when byte 32 has been
loaded. l f  less than 32 bytes are to be loaded, the start-
generation command (SDG) must fol low the last byte.

In the serial mode, the data immediately fol lowing the load-in
serial command (GTS) is interpreted as a channel number. The
32 bits for that channel are entered in the next four 8-bit bytes
and the number fol lowing is interpreted as another channel
address. Channels can be entered in any order, but the start-
data-generation command (SDG) must be used to restart
data generation,

The srRoee word is entered similarly using the strobe-byte-
fol lows command (SBF). The 8-bit  byte immediately fol lowing
SBF assigns the strobe word to one or more segments of the
serialized data and the strobe word follows in the next four
B-bit  bytes.

The SDG command init iates a new readout, When the instru-
ment is in the STNGLE cyclE mode, i t  runs through one complete
word-generation cycle in response to the SDG command, then
stops. When in the AUro cycle mode, the instrument generates
words repeti t ively unti l  receipt of a load command.

.0.W. Ricci and P.S. Stone, "Putting Together lnstrumentation Systems at Minimum Cost,"
Hewlett-Packard Journal, January 1975.
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mat, each logic "1" maintains its high level for only
part of the clock period, returning to zero before the
start of the next clock period. The RZ format permits
generation of pulse-like signals such as clock and
enable pulses. The pulse width for all channels oper-
ating in the RZ mode is determined by a single con-
trol that has a span of 1o to 1000 ns in two ranges.

Each data channel has two outputs, one for the true
data and one for the complement. The output level is
selectable, giving levels appropriate either for driv-
ing TTL circuits or for driving ECL circuits. All out-
put ports have a 50O source impedance simplifying
the interface to the tested circuits; reflections from
impedance mismatches in the external signal path
are absorbed and thus do not distort the waveforms.

Controllable Delays
To simulate real operating conditions, the signals

in the even-numbered channels, and also in the clock
and strobe channels, can be delayed up to 1000 ns
with respect to signals in the odd-numbered chan-
nels (Fig. 4). These delays permit the user to explore
critical timing conditions, as in analyzing the perfor-
mance of data buses and interface cards.

The delays are not only useful in simulating worst-
case conditions, but they are also mandatory in cer-
tain situations, such as writing data into a semicon-
ductor memory where the write pulse is applied a
prescribed period of time after the address and data
have been applied.

Auxiliary Outputs
The word generator has four auxiliary outputs in

addition to the eight data outputs. The crocx out-
put supplies pulses at the actual bit rate, producing
RZ pulses with logic levels determined by the se-
Iected logic mode (TTL or ECL). The pulses may be

Clock

Channel 1

Channel 2

Channel 4

Fig.4. Typical pulse trains provided by the Model 80164
Word Generator. The top trace is the clock output. The middle
traces are channels 1 and 2 in the NRZ format and the bottom
trace is channel 4 in the RZ format. Channels 2 and 4 are
delayed with respect to channel 1. (Oscilloscope settngs:
vertical, 2Vldiv; horizontal, 200 nsldiv.)

varied in width by the master RZ wIDTH control and
may be separately delayed from 0 to 1000 ns with re-
spect to the nondelayable data channels.

Two framing pulses are provided, the FIRST BIT
trigger, which occurs only on the first bit of the data
sequence and the LAST BIT trigger which occurs on-
Iy on the last bit, whether or not channels are seria-
lized. These pulses are always in the NRZ format.

The srnosu output performs two funct ions.
When channels are not serialized, the stRosE func-
tions as a ninth 32-bit channel that can be loaded
and fetched the same as the data channels. Having
nine channels makes it possible to supply three oc-
tal words in parallel to external devices. When chan-
nels are serialized, the strobe channel can be as-
signed to read out simultaneously with any of the
32-bit serialized segments that make up the data
stream (Fig. s). This mode is useful as a source of
framing pulses or qualifiers to be used with the
main data channels. It can also be used as a movable
sync pulse to obtain a jitter-free oscilloscope dis-
play of any part of a long data stream.

Technical Details
A more detailed block diagram of the Model

8016A Word Generator is shown in Fig. 6. The mem-
ory is composed of a bank of toxl-bit ECL RAMs,
with two RAMs for each channel. To obtain bit rates as
high as 50 MHz during readout, theRAMs are divided
into two groups with the odd-numbered bits stored
in one group and the even-numbered bits stored in
the other. Readout from the two RAM groups is multi-
plexed to form single data streams. The RAMs thus
operate at a maximum speed of zS MHz but the data
streams are interleaved to produce output patterns at
bit rates up to 50 MHz.

Channel 1

Channel 4

Strobe

First Bit

Fig. 5. Operation in the serialized mode. Channel 1 (top
trace) outputs its pattern repetitively,ln thrs case eight 1's
alternated with 0's followed by a string of sixteen 0's. Channel
4 outputs channels 1 ,2,3, and 4 in series. The srnoae word is
assigned to all f our channels producing a wordJraming pulse
for dividing the serial steam into 16-bit words. The Hnsr afi
trigger occurs only onthefirstbitof the serialized data stream.
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Problem Solutions with the
Model 8016A Word Generator

The development and test of digital lCs and the design and
test of logic systems at the module level (PC boards), the unit
level (peripherals), and the system level can all benefit from the
capabil i t ies of the Model 80164 Word Generator. The unre-
str icted choice of digital patterns provided by this instrument
allows selection of the necessary test patterns, worst-case pat-
terns, and invalid patterns for thorough checkout of a device's
behavior. The variable interchannel delays, besides enabling
tests of minimum set-up and hold t imes, also make i t  easier to
identi fy the sources of crosstalk and "gl i tches". Varying channel
delays one by one helps identify the channel that is the source of
the problem.

Testing lCs
Although the advent of large-scale integrated circuits inten-

sif ied the need for mult ichannel signal sources to permlt func-
tional tests, the need for electrical parametric tests remains. The
effects on circuit performance of bias voltages, pulse amp-
litudes, slgnal delays and so on must be evaluated to be certain
that a device meets its specifications. For example, testing a
semiconductor random-access memory (RAM) requires that
address, data, memory-enable, and write-enable signals al l  be
applied with appropriate delays, as shown in Fig. A. A typical
RAM is guaranteed to operate properly as long as the setup and
hold t imes are no less than the minimum values specif ied by the
manufacturer.

Address
Inputs

Write
Enable
lnput

(A)

The Model 8016A Word Generator can supply the required
combination of signals with interchannel delays adjusted to the
specif ied setup and hold t imes for the device under test. With
the 80164 supplying the appropriate signals, operation of the
device can be checked with an osci l loscope or logic state
analyzer. Actual limits may then be measured by reducing set-
up and hold t imes unti l  devrce operation fai ls.

A typical measurement set-up is shown in Fig. B. This i l lus-
trates a test of a RAM consisting of 64 TTL f lip-f lop memory cells
organized in a matrix that provides 16 fourbit  words. Memory
operation is such that when the wRrrE FNABLE input is true, infor-
mation on the data input l ines is read into the memory cel ls
specified by the address lines. When the wRrre eneele pulse is

(B)

false, the data in the addressed cel ls is read out. The 80164
Word Generator supplies the address, the data, and the wRrrE
ENABLE pulse with appropriate delays. The Model 16004 Logic
State Analyzer can verrry device performance by displaying the
address alongside the data read into that address, and also the
data read out.

The 801 64 is l ikewise useful for test ing serial devices, such as
shift  registers, disc memories and terminals. Many serial de-
vices actual ly need three inputs: data, qual i f ier, and clock. The
80164 supplies a clock signal and serial patterns up to 256 bits
in length. The srnoae channel may be used as a qual i f ier; prog-
ramming it to generate a string of 1's in the NRZ format effec-
tively creates a wide gating pulse (Fig. C). lt may also be used to
supply word framing pulses, as shown in Fig. 5, page20.

With the help of the Model 801 6A, many of these tests can be
performed economically on a wide variety of devices at incom-
ing inspection stations or for component evaluation.

Design of an Interface
Designing and troubleshooting a computer or bus-system

interface for a data terminal, magnetic tape storage unit, card
reader, or other peripheral can be simpli f ied by using the Model

M 1 1

l l
l l

l-t*+l

Data

( r -  rl| lru
IillJ;"' \-w;;i", P"b"
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80164 to simulate the interface srgnals. This can also be more
economical than tying up a computer or a data bus system to
serve as a test bed. Such systems transfer data on a one-shot
basis and the transfer is fast. The single-step capabil i ty of the
Model 80164 bypasses this problem.

As an example, the HP Interiace Bus option for the 8016A
itself  was designed with the aid of a prototype 80164 supplying
the HP-lB commands and data. The interlace was f irst analyzed
stat ical ly by going through a program stored in the 80164 one
step at a time. At each step, logrc states in the interface card
were examined with a logic probe,

Once static operation was correct, bus commands were ap-
pl ied by the 80164 at high rates to analyze dynamic operation.
The use of pattern repetition rates suitable lor oscilloscope
display -usually not possible with a data bus system-and the
variable interchannel delays simpli f ied analysis of interface t im-
ing margins. At that t ime, there was no convenient means other
than the 801 64 o1 simulat ing signals that made troubleshooting
the interface so fast and thorouoh.

On the Production Line
The Model 80164 also effects savings in trme and equipment

in semiautomatic test equipment on the production l ine. For

example, i t  is now used to check out the Model 1620A Pattern
Analyzer (see page 1 1 ),

Functional tests of this instrument are made f irst.  These in-
clude a check of i ts abi l i ty to respond to digital patterns, both
serial and paral lel,  at 20-MHz bit  rates. Then electr ical paramet-
ers such as pulse-width sensit ivi ty and data-channel set-up t ime
with respect to the clock are veri f ied,

Digital patterns for thoroughly checking the 16204 are stored
in a calculator and transferred to the 80164 on the HP-lnterface
Bus as needed, The operator controls the sequence of patterns
with the calculator and adjusts pulse widths and channel delays
while monitoring the instrument under test.

In this case, one Model 80.164 replaced an array of pulse and
word generators that had been used to provide the necessary
functional and electr ical st imuli ,  Not only did this simpli fy the
setup, but i t  also provided the mult ichannel signals with less
skew and j i t ter than could be provided by interconnected
generators.

These examples represent a small  sample of the kinds of
applications that can benefit f rom use of the Model 801 64 Word
Generator.

Jdrgen Buesen

When the roao button is pressed while the instru-
ment is in the SERIAL mode, a six-state algorithmic
state machine (ASM) generates the necessary control
signals for sequentially interrogating the row-regis-
ter flip-flops and loading bits serially into the se-
lected channel(s) in memory. When the instrument
is in the pARALLEL mode, the ASM scans the row re-
gister for addresses and loads the contents ofthe col-
umn register in parallel into the main memory.

The channel serializer is a multiplexer that se-
quentially gates channel outputs into a common
path. The channel that outputs the serialized data is
indicated by i l lumination of a LED adjacent to its out-

put connectors. The other channels continue to out-
put their bit patterns repetitively (see Fig. 5). For ex-
ample, with the serializer in the 2x728 mode, chan-
nel 4 outputs the bit patterns of channels 1, 2, 3, and 4
serially, and channel 8 outputs 5, 6, 7, and 8 while
channels 1.,  2,  3,5, 6,  and 7 output their  32-bi t  pat-
terns repetitively.

Data Delay and Width
The output circuit for one of the delayable chan-

nels is shown in Fig. 7. The RAM-sync flip-flop re-
synchronizes the data from the memory and its out-
put is applied in the NRZ format to the D input of the

Fig. 6, Word Generator archi-
tecture.
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Fig. 7. Output circuit for one ol
the delayable channels. The oul
pu t  s tage has  swi tchab le  dc
levels and adiustable signal am'
plitudes to match drive require-
ments of tested clrcults.

open-circuit amplitude range of 2 to 5 V for the out-
put pulse tops. The cunent source in the emitter cir-
cuit tracks this voltage so V+ - I x 50O : 0, thus
maintaining the output pulse baseline at 0 V through-
out the amplitude range. Transition times are < 3 ns in
this mode.

In the ECL mode, one of the resistors is connected
to a negative voltage V- and the current source is re-
duced to 40 mA. At the same time, one of the resistors
in the emitter circuit of the driver (Q3, Q4) is switched to
a negative voltage, reducing the drive pulses. This
method of reducing output amplitude retains the
clean waveform that was obtained in the TTL mode.
Transition time in the ECL mode is <2.5 ns (rO% to
90% amplitude).

The voltage V-, offset from V* by -5 V, tracks V1
to give control of the level of the ECL logic high over
a range of -O.g to +1.1 V. The current I is separately
varied to give control of the logic low, giving a range
of 0.3 to 1 V for the logic swing.

Timing
The internal rate generator is a ramp type common-

ly used in pulse generators. A constant current
charges a capacitor until the capacitor voltage
reaches a trigger level that turns on a discharge cir-

cuit, quickly discharging the capacitor and starting
the next cycle.

In the Model 8016A, the repetition rate, controlled
by the charging current, has a basic range of 5 to 50
MHz. All the slower ranges are obtained by decade
dividers. The dividers generate a gate that allows one
rep-rate pulse out of t0 (or 100, or 1000, or up to 107)
to pass, assuring low jitter at all repetition times.

output-sync flip-flop. The clock for this flip-flop is
delayed, however, by a monostable multivibrator,
thus delaying the output of this flip-flop according to
the corresponding DELAY control.

For the nondelayable channels, a common clock
signal is supplied in parallel to the output sync flip-
flops. This assures low skew in the timing of the
output pulses (less than -r1 ns). A small fixed delay in
the common clock signal allows the delayed chan-
nels to be adjusted to zero relative delay.

When the RZ mode is selected for a channel. the
transition caused by a "1" data bit at the Q output of
the output-sync flip-flop triggers the RZ-width cir-
cuit, a monostable multivibrator. The trailing edge of
this multivibrator's pulse resets the output-sync flip-
flop to derive the RZ pulse.

The nondelayable channels (channels 1, 3, 5, and
7) use a common RZ-width circuit with FET switches
to interrupt the flip-flop reset signal where RZ opera-
tion is not desired. The RZ width for all channels is
controlled by a single potentiometer that in turn sup-
plies a dc voltage to current-control transistors in
all of the RZ-width circuits.

Output Gircuits
Data from the output-sync flip-flop in each chan-

nel is fed through a driver stage to the output stage, a
non-saturating differential amplifier (Fig. 7). The out-
put impedance looking back into the instrument is
determined by the load resistors in the collector cir-
cuit of each transistor. Two resistors are used.

In the TTL mode. both resistors are connected to a
variable positive voltage, V*. This voltage is ad-
justed by a front-panel screwdriver control to give an

I
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