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SECTION 1

1.1 Certification

Gould Inc. certifies that this instru-
ment was thoroughly tested and inspected
and found to meet its published speci-
fications when it was shipped from the fac-
tory.

1.2 Warranty

All Gould Inc. products are warranted
against defects in materials and workman-
ship. This warranty applies for one year
from the date of delivery, or, in the case
of certain major components listed in the
operating manual, for the specified period.
We will repair or replace products that prove
to be defective during the warranty period.
If a unit fails within thirty days of delivery,
Gould Inc. will pay all shipping charges re-
lating to the repair of the unit. Units under
warranty, but beyond the thirty day period,
should be sent to Gould Inc. prepaid and
Gould Inc. will return the unit prepaid. Units
out of the one year warranty period, the
customer will pay all freight charges. IN
THE EVENT OF A BREACH OF GOULD
INC.'S WARRANTY, GOULD INC. SHALL
HAVE THE RIGHT IN ITS DISCRETION
EITHER TO REPLACE OR REPAIR THE
DEFECTIVE GOODS OR TO REFUND THE
PORTION OF THE PURCHASE PRICE
APPLICABLE THERETO. THERE SHALL
BE NO OTHER REMEDY FOR BREACH OF
THE WARRANTY. IN NO EVENT SHALL
GOULD INC. BE LIABLE FOR THE COST
OF PROCESSING, LOST PROFITS, INJURY
TO GOODWILL, OR ANY SPECIAL OR
CONSEQUENTIAL DAMAGES. THE FORE-
GOING WARRANTY IS EXCLUSIVE OF ALL
OTHER WARRANTIES, WHETHER EX-
PRESSED OR IMPLIED, INCLUDING ANY
WARRANTY OF MERCHANTABILITY OR
FITNESS FOR A PARTICULAR PURPOSE.

1.3 Description

The Model K100-D Logic Analyzer was
designed to provide the utmost in perfor-
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mance and versatility for the digital designer
and troubleshooter; i.e., it can be considered
to be a true benchmark tool. It serves as
both a time domain (data recorded asyn-
chronously), and a data domain analysis tool
(data recorded synchronousiy). The unit
accepts up to 16 logic signals through its active
input probes, and stores these discriminated
signals in its 1024 word memory, at sample
rates to 100 MHz. The unit is depicted in
Figure 1.1.

The Model K100-D has comprehensive
recording and display analysis capabilities that
enable the user to perform complex timing
and state analysis of his digital systems. The
unit has three distinct features that make it
a useful tool for logic troubleshooting.

First, the signals from the user's system
are input via specially designed hybrid active
probes. The input impedance of each probe
is 1 MQ, 5 pF. The probes are individual to
allow spanning to physically separated points
in the system, and also to provide for con-
venient connection at the PC board level.
Signal conditioning, or threshold detection, and
buffering of a particular signal is provided at
a point as close as possible to the user's
circuitry. The probe tip, with its accessories,
allows convenient connection to a system. The
probes detect logic spikes or glitches down to
5 ns regardless of clock rate used.

Second, the instrument can clock at rates
to 100 MHz, allowing timing measurements on
up to 16 signals, with a 10 ns time resolution.
A relatively long memory, 1024 words, allows
precise timing measurements over longer in-
tervals of time. The performance of the active
probes complement this high-speed recording
capability.

Third, the instrument uses a micro-
processor linked to a front keyboard for in-
strument control. Comprehensive display
prompting is used to make it easy to set up
the unit for desired recording and display for-
mats. This gives a greater degree of flexibility
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Figure 1.1 The Model K100-D with its high performance active probes.




in recording and display functions than was
possible with earlier instruments.

1.4 Specifications

SIGNAL INPUTS

Number. 20, including 16 data, external
clock and qualifier, and 2 trigger qualifiers.

Impedance 1 MQ, 5 pF, over input range
un +].G \v,
Threshold. Each input may be assigned one

of four references: TTL (+1.4 V), ECL (-1.3
V), VAR A, VAR B; A & B selectable be-
tween -6.4 V and +6.35 V, in 50 mV incre-
ments. Thresholds are referenced to probe
tip. High or low true logic polarity se-
lectable each channel.

Maximum Voltage.
V transient.

+50 V continuous, +100

Modes. Each data input selectable Sample
or Latch.

SAMPLE. Unit stores the de-
tected logic level present at each
active clock transition simul-
taneously on all inputs. Minimum
pulse always detected and stored
is one clock period plus 4 ns.

SKEW. Channel to channel,
typical.

1l ns

LATCH. Whenever an even num-
ber of threshold transitions occur
between two successive clock
intervals, an input latch stores the
state opposite that stored at the
previous clock interval on the next
clock. The glitch may be stored
in one or two memory cells.

MINIMUM

DETECTABLE

PULSE. 5 ns with threshold
overdrive of 25% of total voltage
swing, or 250 mV, whichever is
greater.

CLOCK

Internal. Selectable from 10 ns (100 MHz)

to 50 ms (20 Hz) in a 1-2-5 sequence.

External. Selectable positive or negative edge
active, DC-70 MHz rate. Minimum pulse width
5 ns.

SETUP TIME. Data must be present
2 ns before clock active edge.

HOLD TIME. Data must be present
2 ns after active edge.

QUALIFIER. Must go TRUE a
minimum of 12 ns before the clock
goes TRUE, and go FALSE a
minimum of 1 ns after clock goes
TRUE; must go FALSE a minimum
of 10 ns before clock goes FALSE.
See Figure 1.2.

CLOCK ()
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Figure 1.2 K100-D Clock Qualifier.

12 ns —P ¢— 10 ns

Y

1ns

TRIGGER
Three events control data recording: Arm,
Enable and Trigger.

Arm. Selectable Manual (front panel switch),
Auto, Auto Stop, Auto Stop with limits.

Enable. Selectable Auto, Manual or
Combinational. When Combinational selected,
unit will seek a defined word. Once detected,
unit will seek the Trigger.

Trigger. Selectable Manual or Combinational.
When Combinational selected, unit will seek a
defined word. Once detected, unit will execute
the trigger delay selected, and stop recording.

Qualifiers. Q1 and Q2 may be applied to



Enable, Trigger, both to each, or one to
each.

Pattern Select. Enable and Trigger events
may each be specified as an 18-bit word.
Unit accepts binary (1, 0, X-don't care), as
well as hexadecimal input. Can be selected
for a GO TRUE or GO FALSE condition.

Delay. Trigger delay selectable clock
intervals or Trigger occurrences (or events)
to 65, 530. Delay by clocks is always
measured between Trigger event and end of
memory. When delaying by events, the nth
+ 1 event occupies memory location 501.

Filter. Selectable from 1 to 14 clock
samples. Enable and Trigger must remain
TRUE for the selected number of samples
before being recognized.

Trigger Output. Rear panel BNC connector,
TTL active high signal when unit detects
trigger event. Synchronous with input data.

MEMORY

The K100-D contains three memories: high
speed record memory M, storage memory A,
and reference memory B.

Size. M, A, and B are each 16 bits wide,
1024 words long.

Use. M accepts new data, and automatically
transfers it to A for display. B may be
loaded through A and is used as a reference.

Auto Stop. The unit Arms itself and acquires
new data in A, which is compared with the
contents of B.

Whenever conditions are met, any further
recording is prevented. This allows
comparison between the contents of A and
B. Conditions may be A=B or A/B.

Comparison may be made over entire 1024
words, or may be limited to the data that
lies between the positions of Cursor and

Reference, inclusive. Also, only those
channels displayed participate in the
comparison.

Search. Via Status display, the unit accepts
a lé6-bit word for which it will search in
memory A and/or B. All occurrences are

4=

marked by an asterisk. First and last
cccurrence, and total number of occcurrences,
are tabulated in Data display.

DISPLAY

Status, Timing, and Data domain displays are
via built-in raster scan CRT. User control
over order in which channels are displayed.

Status.  Permits keyboard selection of re-
cording and display parameters. FEach para-
meter field (reverse video entry) is randomly
addressable.

Timing. 16 channel format. Horizontal
expansion X5, X10, X20. Vertical expansion
X2, X4, via deleting channels. Cursor and
Reference permit direct time measurements
when using internal clock. Binary readout of
data at Cursor or Reference position. Trigger
event, if in memory, is marked.

Data. Selectable binary, hexadecimal, octal,
or Special display. Decoding depends on user
selection of channel order. In Special display,
channel grouping permits decoding of data in
binary, hexadecimal, octal, or ASCII, or any
combination.

Video Output. BNC rear panel connector
provides composite video output,2.2V pp into
758.

MISCELLANEOUS
Size. 21.8 cm (8.6 in) high; 44.6 cm (17.5 in)

wide (with bail); 54.5 cm (18.9 in) deep (with
bail).

Weight. 19.5 kg (43 lbs), including probes.
Power. 100, 120, 220 or 240 V RMS, +10%;
400 W.

Temperature Range. U-SOOC, operating.

Warranty. All Gould/Biomation products are
warranted against defects in materials and
workmanship for one year from date of
delivery.

Accessories. Each unit is supplied with a set
of input probes (20 inputs) with probe leads
and spring hook tips, power cord, and one
Operating and Service Manual. Probes are
available in 1.2 m (4 ft) or 1.8 m (6 ft) length.



SECTION 1II

INSTALLATION

2.1 Introduction

This section contains information on
unpacking, inspection, repacking, storage,
and installation of the Model K100-D.

2.2 Unpacking and Inspection

Inspect instrument for shipping damage
as soon as it is unpacked. Check for broken
knobs and connectors; inspect cabinet and
panel surfaces for dents and scratches. If
the instrument is damaged in any way or
fails to operate properly, notify the carrier
immediately. For assistance of any kind,
including help with instruments under
warranty, contact your local Gould Inc., Bio-
mation Division, representative or Gould
Inc., Biomation Division, in Santa Clara,
California, U.S.A.

2.3 Storage and Shipment

To protect valuable electronic equip-
ment during storage or shipment, always use
the best packaging methods available. Con-
tract packaging companies in many cities
can provide dependable custom packaging on
short notice.

2.4 Power Connection

The K100-D may be used on a wide
range of power line voltages at frequencies
of 50 or 60 Hz nominal. The rear panel
contains a fuse holder and a pair of slide
switches for selection of nominal power line
voltages. Table 2.1 lists these voitages,
switch positions, and fuse selection réquired
for that power line voltage. The selected
switch positions are referred to as left and
right when viewed facing the rear panel.

Table 2.1 Line Voltage/Fuse Selection. Range
shown is for 50-60 Hz line frequency.

Range Selector Switch Fuse-Amp
(+10%) Positions (Slow Blow 3AG)
100 Both in 5

120 Left in, right out 5

220 Left out, right in 2.5

240 Left out, right out 2.5

Figure 2.1 illustrates the power input
grouping (voltage change, fuse, and input
connector).

Position

Figure 2.1.
the switches (6) as noted in Table 2.1, using
the proper fuse.

Power input grouping.

In addition to selecting the proper line
voltage, you must also place a jumper on the
MPU printed circuit board, as shown in Figure
2.2, if you operate the unit on 50 Hz line
frequency. This changes the refresh rate of
the raster scan display to 50 Hz. Operation
at 50 Hz may require minor adjustment of R2,
the horizontal oscillator frequency control.
See Section V Calibration.

2.5 Preparation for Use

The Model K100-D is entirely self
contained with a built-in display and integral
probe assemblies. All that is required is to
connect the instrument to the line power and
plug the probe assemblies into the front panel.
The unit automatically senses whether it has
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Figure 2.2. To operate the unit on 50 Hz

power line frequency, remove the MPU board
and install a jumper as shown.

the 16-channel probe assembly or the op-
tional Model K100-D/32 Input Adapter. The
status display mode thus displayed is a re-

flection of the respective input con-
figuration.

When the K100-D is first turned on,
it self-programs, allowing you to connect
your probes and collect data from vyour
system. Once the data has been collected,
you may easily modify the data collection
or display to suit your requirements. This
operation enhances the self-teaching ability
of the instrument, so you can quickly learn
how to operate it. For details, refer to
Section III Operation.

2.6 Initial Warm-up

Although the Model K100-D is a solid-
state instrument, a brief warm-up period of
approximately 10 minutes is required for the
internal circuitry to reach thermal stability.

-6-
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Figure 3.1 Front and rear

WARNING—T0: AVOID: ELECTNCALSHOCK DISCONNECT.
POWER: GORD- BEFORE REMOVING COVERS OR REPLACING
FUSE. ') o R . .

CAUTION~£OR. CONTINUED PROTECTION AGAINST FIRE
‘REPLACE GNLY WITH FUSE OF THE SPECIFIED VOLTAGE AND-
GURRENT RATINGS: :
POWER RATING. 400 WATTS MAX",
FUSE LINE VOLTAGE
I 100°120V: SA 125V-50-60 H2 StO BLO. 3AG
2207240V, 2 5A-250V 50-60 Hz SLO BLO: 3AG

panels of the K100-D.
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SECTION III

OPERATION

3.1 Introduction

This section explains the use and func-
tion of the front panel controls and inputs,
as well as the rear panel outputs. It also
offers you a step-by-step procedure for
operating the unit.

Front Panel Controls and
Inputs

3.2

Refer to Figure 3.1 while reviewing
this section.

The Model K100-D uses a keyboard
entry system and interactive display for con-
trol of recording and display parameters.
The arrangement of this control subsystem
was designed to help you learn quickly and
easily the effect of various keys, and the
proper use of the features available in the
instrument. It does this through the use of
the Status display mode, shown in Figure
3.1.

When you first power up the K100-D,
it goes through a detailed self-diagnostic
test, wherein it checks its keyboard and
memories. A detailed explanation of the
test and its error indications are found in
Section VI Maintenance. If the instrument
indicates any errors in the power up self
test, the source of the error may be
diagnosed down to the IC package level using
the diagnostic routine. The unit also loads
part of its own program into display
memory. This allows you to practice
specifying display parameters without having
to record data.

Once self test is complete, the in-
strument sets itself into a default condition,
as shown in the Status display in Figure 3.1.

Two default parameters can be user
specified. There is a DIP switch on the
Record Control board; you may cause the
power up threshold condition to be either

TTL or ECL. In addition, you may select
Internal Clock or External Clock Rising Edge
Active. See Figure 3.2.
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Figure 3.2. On the Record Control PCB
(center board in unit), you can preprogram
default conditions for threshold (1) and record
clock (2). You can also lock out trigger holdoff
(3) by turning switch 8 on. See also item (18)
regarding status byte CK?

PARAMETER FIELDS

Each reverse video (bright box) entry in
the Status mode denotes a "parameter field."
Any one of these parameter fields may be
randomly addressed and modified. Use the
column of black keys on the left edge of the
display to access any one of these parameter
fields. In addition to the column of black
keys, the blue keys labeled SEQ (Sequence)
and SEARCH are used in the same fashion to
access those respective parameter fields.
There are also four momentary toggle switches
on the lower front panel that access various
parameter fields.

The operation of all keys and switches
is covered below.

(1) STATUS W, A, B

STATUS W is the Status display mode
shown on the CRT when any parameter field
has been addressed or changed. This denotes
that you are intending to make a subsequent
measurement with different parameters from
those used for the last measurement. Once
a parameter field has been changed, and a



new measurement (or recording) is made,
STATUS W becomes STATUS A.

STATUS A indicates the parameter
fields that were used to record and display
information that is stored in Memory A.
STATUS A display cannot be changed before
a measurement has been made.

STATUS B refers to the data stored
in Memory B. It is a mnemonic for the
data stored, and cannot be changed except
by changing the data stored in Memory B.
This is done by loading new data into A and
transferring to B.

STATUS A or B displays may be called
up on the CRT while in the Status mode by
pressing the blue keys A or B. STATUS W
may be called up by opening any one of the
parameter fields (any black button in the
left column) and pressing the blue key ENTR.
(2) CLOCK
Open this parameter field by pressing
the CLOCK key. The label on this key is
colored red. All white keys with red labels
beneath the key pertain to this parameter
field. You may enter any internal clock
interval from 10 ns to 50 ms, in a 1, 2, 5
sequence. Any other entry will cause the
ERROR LED to come on when the ENTR
key is pressed.

When you key in EXT_/ or EXT™\_the
unit will then allow you to select the sense
of the clock qualifier input in this same
parameter field. You may select a binary
1, 0 or X (don't care). Use the three black
keys so labeled for entry of the clock
qualifier.

If you have selected an external clock,
and wish to return to the internal clock
period previously selected, merely open the
CLOCK field and press the INT key. The
unit will revert to the previously
programmed internal clock period.

CLOCK QUALIFIER EXPANSION

You may desire to qualify the external
clock with more than one bit. The Model
10-TC Probe Pod allows you to expand the

-9-

qualifier input by as many as 10 bits. Power
for the Pod is obtained from the rear panel
of the K100-D. For specifc information on
this accessory, contact the factory or your
local Gould/Biomation representative.

(3) DELAY, (4) DELAY CLOCKS/EVENTS
The K100-D always operates in the
Pretrigger Record mode. When you select a
trigger delay by clocks, the number of clock
periods selected lies between the trigger
occurrence and the end of the memory. The
default condition is 500 clock periods. Thus,
when the instrument detects the trigger event,
it will wait 500 more clock periods and then
stop recording. Thus, in memory you will have
500 memory cells loaded with prior trigger
information, and 500 cells loaded with post-
trigger information.

The K100-D has a memory that is 1024
words long. For convenience in setting the
unit up, there is a built-in trigger delay of 23
clock periods. Thus, with the trigger delay
set to 0, the trigger event will occupy memory
location 1000, rather than 1023. See also
Figure 3.3.

The DELAY parameter field is addressed
by pressing the black left column key marked
DELAY.

You may select trigger delay in terms
of trigger events or occurrences. Selection
of delay by clocks or event is via switch 4,
DELAY CLOCKS/EVENTS. Enter the desired
decimal number, and then select delay by
clocks or events.

When you select delay by events, the
unit will count trigger occurrences and place
the nth + 1 trigger occurrence at the center
of the memory at location 501. For instance,
if you select a delay of 10 events, the unit
will place the 11lth trigger event at memory
location 501.

Trigger delay by events is a helpful mode
when you are troubleshooting software in a
system. It enables you to capture data on the
nth occurrence of a software loop.

The delay field operates only on the
Trigger event, and not on the Enable event.
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Figure 3.3. Three events, in sequence, are required to complete a recording. The

Trigger actually controls the memory contents.

The Enable is a qualifying event to

allow the instrument to seek the trigger. The Arm event not only begins the recording,

but also acts as a precursor of the Enable event.

The combination of Enable and

Trigger event allow "nested" triggering. For setup convenience, the unit has a trigger

offset, or built-in delay, of 23 words.

In this example, the trigger delay is 900 words.

(5) SEQUENCE/POLARITY

This parameter field operates on the
display of recorded information and does not
affect the recording.

The SEQUENCE portion of the para-
meter field allows you to rearrange all 16
channels in any desired order. The one
restriction in this parameter field is that no
channel may be entered more than once. If
you do attempt to enter a channel more
than once, and press the ENTR key, the
ERROR LED will come on, and the underline
cursor will move to the second entry of that
channel. This allows you to recover easily
from an entry error. You can delete the
second entry of that particular channel by
pressing the SPACE key and then ENTR. If
there are several multiple entries, the under-
line cursor will point them out so that you
may remove them.

The Sequence field permits you to
format the data in a manner that makes the
most sense to your analysis approach. In
addition to single keystroke selection of hex,
octal, or binary displays when in the Data
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domain, you can combine data decoding.

The SPCL key causes the unit to observe
the channel grouping you have selected as
shown in Figure 3.4. Here, the channels have
been grouped, with spaces between groupings,
to tell the unit how to decode the data.
Channels F and E are binary, DCB are octal,
A987 are hex, and 6543210 are ASCII.

The full ASCII character set is decoded,
including upper and lower case (denoted by
brackets) letters, numbers, and all control
characters. Those entries in the ASCII string
that are not decoded (displayed as seven binary
bits) are the characters that are not universally
defined.

In the Special Data domain, you can
arrange the channels in any desired order, and
in any combination of groups.

You may also use the SEQUENCE field
to display less than the total number of
channels. Placement of the period, or decimal
point, anywhere in the SEQUENCE row will
delete from display all channels to the right
of the period. The double entry rule also



Figure 3.4. Special display mode, where you
can format the data decoding in any channel
order and any channel grouping to get binary,
octal, hex, and/or ASCIIL.

applies to the period or decimal point.
TRUNCATED DISPLAY

The position of the decimal point con-
trols what is actually displayed on the CRT.
Thus, if you enter

FEDC BA98. 7654 3210

the K100-D will display only channels F
through 8, but trigger from all 16 inputs.

If you enter
FEDC BA98.

where channels 7 through 0 are deleted using
the SPACE key, the K100-D will display,
and trigger from, only channels F through
8.

As an example, press the blue key SEQ
and, using the Cursor or Reference position
keys, place the underline one position to the
right of Channel C. Key in a period and
press ENTR. The ERROR LED will come
on. Note that the underline cursor now
positions itself to the second entry of the
period. Press SPACE and then ENTR. The

Status display will be refreshed and show only
four channelis.

Press the blue key labeled TIMING. Also
press the white key labeled X20. Your display
should now look like Figure 3.5.

Figure 3.5.
giving an automatic vertical expansion of 4.
Times 20 horizontal expansion is also selected.

Just four channels are displayed,

-11-

Notice that only four channels are now
displayed, F through C. Also notice that a
vertical expansion by a factor of 4 has
occurred. This vertical expansion is automatic
when four or less channels are displayed. A
vertical expansion of X2 occurs whenever 5
to 8 channels are displayed. Also, since you
selected a horizontal expansion factor of 20,
the data displayed is now only 50 memory cells
and gives a very easily examined timing
format.

Press X1 and then STATUS. Next press
SEQ and place the cursor at the position of
the period. Press SPACE and ENTR.

Press TIMING. Your display should now
look like Figure 3.6.

Here we are displaying all 16 channels
of information and 50 words of memory.

Press STATUS. The POLARITY portion
of the parameter field allows you to select
for display, on a per channel basis, either
positive or negative convention polarity. This



Figiure 3.6. Same as Figure 3.5, except that
all 16 channels are displayed.

allows you to rearrange the data domain
format to allow for any inverted signals in
your system. You can enter plus or minus
signs by using the black keys labeled +/-.

(6) ENABLE, (7)
MANUAL ENABLE

TRIGGER AUTO/

The Enable parameter field allows you
to define a 16-bit word, plus two qualifier
bits. Once the unit is Armed, it must find
the Enable word before it can look for the
Trigger word.

The default condition for the Enable
word is automatic, as denoted by the A in
parentheses. This means that the K100-D
bypasses the Enable event and immediately
looks for the Trigger.

There are two other conditions for the
Enable event. They are manual (M) and
combinational (C). These other two con-
ditions are also shown within the paren-
theses. To define a manual Enable, press
down switch 7, and the M will appear in
the parentheses. Note that the unit will
not seek a defined Enable word, but will
always expect to see a manual Enable, ini-
tiated by switch 7.

The act of defining an Enable word
changes the letter in parentheses to a C,

denoting combinational Enable. This is done

-12-

by opening the enable parameter field with
the enable KEY. You can then key in, using
either the three binary keys (black keys labeled
1, 0, X), or key in a hexadecimal word. When
you key in a hex word, the unit decodes each
hex character (16 white keys) and places four
binary bits in the parameter field for each
hex character entered.

If you define a combinational Enable for
a subsequent measurement, the Enable word
selected may not be found by the instrument
once you Arm it. In that case, you may press
down on switch 7 to manually Enable the unit,
and complete the measurement. For the next
measurement, the unit will be in the manual
Enable mode, and you will have to press switch
7 again. To select a combinational Enable
without disturbing the Enable word previously
entered, you must reopen the Enable parameter
field and enter that Enable word already there.
In other words, press ENABLE, then ENTR.

To the left of the Enable word parameter
field is a reverse video T. This denotes true
or false Enable. When you have selected true
Enable, the instrument will seek the Enable
word. When it finds a condition where the
input signals match the pattern defined, it will
have detected the Enable event.

It can also select combinational false
Enable. In this mode, the unit will seek the
defined Enable event. It will continue to
monitor this event until any one of the bits
changes states. At that point, it will recognize
the Enable event.

To select Enable true or false, open the
Enable parameter field by pressing the key
ENABLE. The underline cursor will locate
itself to the entry for the left most channel;
in this case, Channel F. Then use the Cursor
or Reference left arrow key to move the
underline cursor beneath the T in the field.
Then use white key FALSE to change the T
to F. To select T, again position underline
cursor as before, and press FALSE again.

The qualifiers Q1 and Q2 at the right
end of the Enable and Trigger parameter fields
can be independently set for both Enable and
Trigger Events. When you have entered the
LSB for the enable word, in this case Channel
0, the underline cursor will step to the Ql
position. You can then select the states for



Q1 and Q2 by using the three binary keys.
QUALIFIER EXPANSION

You may wish to Enable or Trigger
from a word wider than 18 bits. You can
expand Q1 and Q2, each by a factor of 10,
by using the Model 10-TC Probe Pod. Power
for the Pod is obtained from the rear panel
of the K100-D. For specific information on
this accessory, contact the factory of your
local Gould/Biomation representative.

TRUNCATED DISPLAY

As discussed under item 5, SE-
QUENCE/POLARITY, the position of the de-
cimal point controls what is actually dis-
played on the CRT. Thus, if you enter

FEDC BA98. 7654 3210

the K100-D will display only channels F
through 8, but trigger from all 16 inputs.

If you enter
FEDC BAB98.

where channels 7 through O are deleted using
the SPACE key, the K100-D will display,
and trigger from, only channels F through
8.
(8) TRIGGER, (9) TRIGGER FILTERED/
MANUAL TRIGGER

All the comments that apply to the
Enable parameter field also apply to the
Trigger field, with the exception that there
is no automatic Trigger mode available, just
combinational and manual. As before, the
letter in parentheses denotes which mode
has been selected or used for a given
measurement.

DATA THRUPUT RATES

The data thruput rate, or maximum

and trapping

data, depends on the display mode used.
Using Auto arm, the following nominal rates
apply, assuming a clock interval of 20 ns:
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voriu

nrat nf anmnantina £ni

xaue v ﬂbbe’.lblllg bllgger e

-13-

Timing diagram
Data list
Status

1 cycle per 2 s.
1.5 cycle per s.
12 cycles per s.

(10) THRESHOLD, (11)
B

VAR A, (12) VAR

This parameter field allows you to in-
dependently select a threshold reference level
for each channel. You can assign one of four
different threshold voltages to any one
channel. The black THRESHOLD key opens
this field. Notice on the keyboard that the
row of four white keys to the right of the
THRESHOLD key are those keys used to assign
the thresholds. You can select from a preset
TTL (+1.4 V), preset ECL (-1.3 V), and two
variable thresholds, A and B, that you can
specify through the keyboard.

All 16 input channels, plus the qualifier
inputs and the external clock and its qualifier
may be independently assigned from this list
of four different threshold levels.

To specify the variables A and B, you
open these parameter fields by pressing the
blue SPECIFY key, and then the white VAR
A or VAR B key. You can enter a threshold
voltage from the keyboard using keys 0 through
9, subject to two restrictions.

1. Voltage entered must lie between
-6.4 V and +6.35 V.
2. Voltage can only be specified in 0.05

V increments.

Any entry condition that violates the
above rules will cause the ERROR LED to
come on.

(13) INPUT MODE

You can select Sample or Latch input
modes independently for each channel. This
parameter field is addressed via the black key
INPUT. Notice, as with the Threshold para-

meter field, the four keys associated with the
lith tha Tnninit

Tnniit mode are in the n
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key.
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There are two ways of programming the



inputs. First, you may go through the para-
meter field and assign Sample .and Latch
input modes on a per channel basis by
pressing SAMPLE or LATCH keys.

If you wish to assign Sample and Latch
input modes on a group basis, you may do
so by pressing the 0-7 key and SAMPLE or
LATCH keys. This will program channels
0-7 to whatever Input mode you select. The
same holds true for channels 8 through F.
The K100-D will seek out these channels,
no matter where they appear in sequence,
and assign them Sample or Latch input
modes.

The ability to assign Sample or Latch
Input mode on a per channel basis gives you
an extra measure of flexibility. For in-
stance, you may wish to ignore any asyn-
chronous glitches (those noise spikes that
are not synchronous with a Sample Clock
Edge), except on one or two channels. This
per channel assignment gives that flexibility.

Refer to Figure 3.7. In the Sample
mode, the unit will ignore threshold tran-
sitions between active clock edges. This
mode finds greatest use when recording in
synchronous logic systems. Synchronous lo-
gic makes decisions at active system clock
edges and is immune to logic changes that
occur between these clock edges.

INPUT SIGNAL

CLOCK

SAMPLE MODE ——
!
1
1

LATCH MODE =

Figure 3.7. Sample and Latch Input modes,
and an illustration of how each mode affects
the data recorded in memory.

Asynchronous logic is not clocked, and
responds to virtually any threshold transition
within its speed range even if it is noise.
Knowing that narrow noise spikes exist in
an asynchronous logic system is of great
value.

The Latch mode detects and flags in the
analyzer's memory any threshold transitions
that occur between the clock edges. The
K100-D can detect glitches or noise spikes as
narrow as 5 ns, with a voltage overdrive of
25% of total voltage swing or 250 mV,
whichever is greater, even though the shortest

clock period is 10 ns.

.
H I_I_l_— RECORDED DATA
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The sensitivity of the Latch mode is
depicted in Figure 3.8. Note that the speci-
fication is not stated in terms of absolute
voltage levels, but rather a percentage of
voltage swing. This is important in those logic
systems, namely ECL, where, as the clocking
rate of the logic increases, the total voltage
swing on either side of the threshold decreases.
Thus, the glitch capture capability is in reality
only related to percentage of voltage overdrive
rather than a finite voltage swing.

1
Vob
—_— —_———

Vs

[\

THRESHOLD LEVEL

5ns

Figure 3.8. A graphical illustration of the
Latch mode specification, which is related to
percent voltage overdrive rather than a finite
overdrive. VOD is 25% of VS. The same is
true for negative-going glitches.

Noise spikes between clock edges are
flagged in memory as pulses represented as
being one clock interval wide, opposite in state
to the previously clocked state. Figure 3.6
illustrates the treatment of an input signal,
with both the Sample and Latch modes, and
what effect these input modes have on the
actual recorded information.

The Latch mode indicates the presence
of noise spikes, or glitches, and their time
occurrence relative to the other recorded in-
formation. The period of the noise spike is
not indicated by the Latch mode flag; the
measurement of the glitch is limited to the
time value of one memory cell.



Even though you cannot measure the
actual width of the glitch, its presence is
recorded, and this gives you very definite
information for diagnosing a problem in your
system.

(14) SEARCH

This parameter field operates on the
Data domain display. When in Status display
mode, open this parameter field by using
the blue SEARCH key. This allows you to
specify, in binary or hexadecimal, a word
that you wish to find in the Data domain
display. The word need not be known to
exist in the memory. The analyzer will find
that word for you if it exists.

Using the data automatically stored in
memory upon power up, let's use this mode
to search for a word. In the Status display,
open the Search parameter field by pressing
the SEARCH key. Then key in hexadecimal
1010, and press the ENTR key.

Press the blue DATA key and the blue
SEARCH key. Your display will look like
Figure 3.9.

347+1812
843 7C1d
847 1@a2
2583 2832

0

2
2
2
21
2
2
a
2
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Figure 3.9. Here the unit has been pro-
grammed to search for the hex word 1010.
It found this word 14 times; first occurrence
at memory location 12, and last one at 292.
This information is read out at the bottom
of the screen. Each occurrence is marked
by an asterisk.

Note that there are 14 occasions where

the hex words 1010 occurred. These
occurrences are marked by asterisks, and the
total number of occurrences is tallied along
with the first and last occurrences of that
word. If your display does not look like Figure
3.9, go back and execute the above routine.

To look at the last occurrence of 1010,
for instance, you can specify Cursor position
as follows without scrolling through the
memory. Press SPECIFY and either Cursor
arrow key. At the CRT bottom, the Cursor
parameter field will be in reverse video. Key
in 292 and press ENTR. The Cursor will
reposition itself to memory location 292, the
last time 1010 occurred. The Reference po-
sition can also be specified in this fashion.

The Search mode allows you to spotlight
a particular address in a loop, for instance,
so that you may be able to visualize in the
data domain the structure of that loop. Notice
that you need not specify a state for every
channel; for instance, if you wish to find those
occasions in memory when the first four
channels assume a particular combination of
states, you may key in the desired states for
the first four channels only, and leave the
other channels in "don't care" positions. Then
the instrument will search for those occasions
where the first four channels occupied the
desired states. This gives you the flexibility
of finding in memory only those states that
you wish to locate.

(15) ARM MODE

You can select either Auto Arm or
Manual Arm with switch 16. In Manual Arm
mode, the instrument makes a measurement
after you have manually armed it with switch
16. It completely executes the measurement
and returns to a ready for arm state, as
denoted by entry 18 RDY. If you push up on
switch 16, the instrument then automatically
arms itself upon completion of each mea-
surement. Because of internal housekeeping,
the maximum rate at which the instrument
can arm itself, and detect Enable and Trigger
events, is on the order of 10 times per second.

Usually, you use the Manual Arm mode
when you wish to directly control the mea-
surement process. Use of the Auto Arm mode
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is generally in those cases where you wish
to observe continuous updates of the opera-

e s -~ Ammena

le errors
in a recording, always return the instrument
to Manual Arm, RDY state, before changing
any record parameters. If the instrument
is in some other state, this can be
accomplished by pressing switch 16 down a
second time.

The Arm function also controls the
Compare mode of the instrument. This is
a mode in which you can store in a reference
memory a sequence of events from your
system. This may be, for instance, a correct
sequence of events against which you wish
to compare an incorrect sequence of events.
Specifically, this could be a situation where
you have a system that randomly mal-
functions. By the nature of the malfunction,
or symptoms of it, you can usually narrow
down on a certain portion of the system
program within - which the malfunction
occurs. This series of program steps can
be recorded and stored in the Reference
memory, B. The instrument can then be
put into a mode where it will continually
monitor that flow of program executions,
make a measurement each time, and com-
pare that captured data with the reference.
Once it finds a difference between the two
memories, it will halt on that occurrence
and save the incorrect sequence of program
steps. The instrument can do this in the
automatic and unattended mode; therefore,
you can allow it to monitor your system for
any length of time and be sure that the

malfunctioning sequence will be captured and
displayed.

The manner in which the instrument does
this is via the Compare mode. Figure 3.10 is
a block diagram of the memory structure of
the K100-D. The memory M receives the
signal inputs at real time rates; M is the
memory that operates at 100 MHz. Once the
memory has been filled with data, this data
is then automatically transferred to the A
memory, and then will be displayed on the
CRT.

In addition, you can manually transfer
using the A—»B key, the contents of A into
memory B. By doing so, you have created in
B a reference memory of up to 1024 program
steps, against which the instrument will auto-
matically compare the contents of A. Manual
comparison between two subsequent mea-
surements can also be compared.

The steps to follow for the use of this
feature are as follows.

The use of the Auto Stop Compare mode
depends upon measurements made with respect
to some system clock (synchronous recording)
and some specific trigger event. If the com-
parison is made with respect to data stored
using the internal clock of the K100-D (asyn-
chronous recording), a valid comparison cannot
be made because of the asynchronous nature
of the measurement; i.e., the two compare
recordings can differ by one clock period, thus
making comparisons invalid.

16 BITS X 1024 WORDS

SIGNAL

h s
INPUTS Agég
X

MANUAL
XFER

Figure 3.10.
K100-D.
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A—=>B r__-—////] CRT
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P
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Record (M) and display/compare (A and B) memory structure inside the
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1. Select from your system operation
a sequence of events that you will
use as a reference, and record this
sequence in the instrument. Use
manual Arm mode, rather than
Auto, at this point.

2. Transfer the contents of the A
memory into memory B by using
the blue key A—»B.

3. Call up Auto Stop mode by using
the blue key AUTO STOP. The
Arm mode parameter field will
change from MANUAL to AUTO.

4. Select the condition for com-
parison, either A=B (black key) or
A (white key). Arm mode field
will now read AUTO STOP, A=B
or A/B.

You have control of the interval over
which the comparison will be made, in
addition to the width of the word compared.
You can place the Cursor and Reference
anywhere within the 1024 word memory to
specify a sequence of memory locations for
comparison. For instance, in Figure 3.8 if
you invoke the limits on the comparison, the
actual comparison interval between the two
memories would be memory locations 491
through 509 inclusive.

To control the width of the word to
be compared, use the decimal point as ex-
plained under item 5, SEQUENCE/PO-
LARITY. Thus, if you enter

FEDC BA98. 7654 3210
the K100-D will display and compare only

channels F through 8 in A and B memories,
but will trigger from all 16 channels.

If you enter
FEDC BA98.

where channels 7 through 0O are deleted by
using the SPACE key, these deleted channels
will not be displayed, nor be compared, nor
contribute to the combinational trigger
word.

To tell the K100-D to observe the limits
imposed by the Cursor and Reference positions
in the Status display mode, after specifying
Auto Stop, A=B or A/B, press the blue key
(LIMITS). The display will now read AUTO
STOP <A=B> .

5. Without changing any recording para-
meter fields, press switch 16 up.
This initiates the sequence of making
a measurement and then comparing
that measurement with the stored
reference. When the unit is in the
Auto Stop mode, it will not update
the display memory until it finds a
block of data that meets the selected
condition. At that point, the A
memory will be updated with the just
trapped and compared data. This
allows the unit to detect triggers at
rates up to about 8 per second.

6. The Status byte in the lower left
corner, entry 18, will be blinking
through its routine. When the in-
strument display is a steady RDY
indication, it means that the selected
condition has been met. The unit is
now standing by with information in
the A memory that compares, or does
not compare, with the reference.

To view the two memories, press the
blue key DATA and the blue key A/B. Now
the instrument will alternately display the in-
formation from the A and B memories. By
moving the Cursor through the memory, you
may view those selected portions.

To initiate another round of comparisons,
merely press switch 16 up. This will cause
the instrument to go through measurement and
compare cycles until the selected condition is
met. Before initiating the Auto Stop cycle
again, place the instrument back into the
Status Display mode so that you can achieve
the maximum throughput rate.

AUTO STOP RECORD RATES

When C is set at memory location 0 and
R at 999, the Auto Stop cycle takes approxi-
mately 120 ms, assuming a record clock period
of 10 ns. When C and R are both set to the
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same memory location during Compare with
limits, the cycle takes approximately 100
ms.

When comparing a full memory, the
unit will be unable to respond to each trigger
event unless it occurs at an interval greater
than 120 ms.

Note that when in the Auto Stop mode,
the unit will repeat the cycle until the
comparison condition is met (A = B or A £
B). It will not update the display until the
condition is met.

(17) FILTER

This parameter field is selected by
pressing switch 9 up. Any number between
1 and E (14) may be entered in this field.
The K100-D will then test any input bit
patterns that match the specified Enable
and Trigger events. Any bit pattern must
match for a minimum of record clock sample
periods. For instance, if you enter the
number 5, the K100-D will test the Enable
and Trigger events to insure that these
events are valid for a minimum of 5 clock
periods. On the Time or Data displays,
notice that the Trigger event is labeled not
at the first period that it matches the
trigger combination, but after the number
of clock periods specified by the trigger
filter.

The filter will always reject events
when the event time duration T meets the
following: T<(F-1) (CLK INTERVAL) -3 ns,
where F = Filter setting. The Filter will
always accept events that meet the
following: T =F (CLK INTERVAL) +4 ns.

(18) RDY, CK?, EN?, TG?, DLY, BSY

The Status byte is displayed in the
lower left-hand corner of the Status, Time
and Data Domain displays. Below is a tabu-
lation of the meaning of each one of these
bytes, in the order in which they are dis-
played. Refer to Figure 3.3. '

RDY The unit is ready for an Arm
event. The only time you will see
this displayed is when you are in
manual Arm mode. If you have
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CK?

EN?

TG?

Armed the instrument and wish to
get it back into a ready for arm
status, press switch 16 down a se-
cond time. This will cancel the
measurement that you called for.
As mentioned earlier, all changes to
record parameters should be made
from the RDY state to avoid erro-
neous recordings.

When you are operating the in-
strument with an external clock
from your system, and the clock is
very slow or not active in your
system (or the clock qualifier bit is
in the opposite state of that speci-
fied) the instrument will respond by
asking for a clock. This will occur
only when trigger holdoff is opera-
tional.

Trigger holdoff can be locked out.
See Figure 3.2.

When you are operating on internal
clock, and this message is displayed,
it means that the instrument is exe-
cuting a trigger holdoff and is
flushing its memory of any old data
that exists. During this time it will
not recognize Enable or Trigger
events. The clearing of the record
memory occurs at the record clock
rate, so that if you're operating at
clock intervals considerably shorter
than 1 ms, you will not see this
message.

CK? will only be displayed under the
above conditions. It will NOT be
seen after the trigger holdoff period
if the clock is halted.

The unit is waiting to receive or
detect an Enable event. If you have
it programmed for a combinational
Enable event, it means that the
instrument has not yet detected it.
If you have it programmed for
manual, it is asking you to press
down switch 7.

The unit is waiting for a Trigger
event. It has not yet detected it
or is waiting for you to manually
trigger it via switch 9.



DLY The wunit is counting down the
trigger delay, either in terms of
clock periods or trigger events.
When delay is no longer displayed,
it means that the recording has
been completed, and the following
message will appear.

BSY The unit has completed the mea-
surement and is now updating its
display memory. The unit will not
record any information during this
period of time.

(19) Input A, Input B

These connectors are labeled so that
you can match up the labeled probe assem-
blies to the proper connector. The only
difference between the two probe assemblies
supplied is the shrink sleeve label at the
end of each probe wire. Otherwise, the
probe assemblies are identical.

The probe assembly inputs are rated
50 VDC maximum.

Figure 3.11 shows a representative
probe podlet along with its supplied acces-
sories: one each red and black short flying
leads, and two spring loaded hook tips. The
BNC adapter shown is an accessory available
from the factory. This BNC adapter allows
for easy conversion of any probe podlet to
a female BNC for convenient connection of
the Model 10-TC Probe Pod. This pod may

\ O\

Figure 3.11. Channel F probe podlet. The
flying leads and spring loaded hook tip are
supplied with the instrument, along with the
probe assemblies. The BNC adapter shown
is an accessory.

be used for extending the combinational
Trigger word (or Enable word) out to the
maximum of 36 bits.

Each 10-TC can detect up to a 10-bit
word. By connecting two 10-TCs to Q1 and
Q2 respectively, you are then able to AND
together the 16 bits of the trigger word with
the two qualifier inputs, which gives you a
total of 36 bits for a trigger. The trigger
output on the 10-TC is via coax cable and a
BNC connector. Thus, the adapter shown pro-
vides an interface between the trigger qualifier
input and the trigger output cable of the
10-TC. In like manner, you can expand the
clock qualifier CQ. Thus, you can qualify an
external clock with up to 10 bits from your
system.

PROBE INPUTS

Each probe assembly consists of 10 pod-
lets; each podlet contains a hybrid active cir-
cuit. All 20 podlets are identical electrically.
Each podlet provides a 1 MQ , 5 pF input
impedance provided by the buffering amplifier
in the hybrid circuit. The hybrid also provides
threshold detection, and converts this discri-
minated signal to a differential ECL signal,
which drives the flat ribbon cable back to the
instrument. Thus, your system only sees the
input circuitry of the podlet, and not the flat
ribbon cable.

A

Each input has a voltage rating of 50
VDC maximum.

The length of the short flexible leads has
been selected for a maximum length that will
not degrade the high performance of the in-
strument. Attaching flexible leads of a length
longer than those supplied will cause degra-
dation in performance. However, if you wish
to use flexible leads of a length longer than
that supplied, you may purchase from the fac-
tory a connector kit containing both connectors
used on the flexible wire. From this you may
fabricate any special wire lead assemblies that
you desire for connection to your system.

Notice that the female socket that mates
with the spring loaded hook tip kit is designed
to mate with a 0.025 inch square post. Even
though these female connectors were chosen
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for their rugged design, damage may result
in forcing them over posts of larger size.
The resuit will be that if you subsequently
mate this socket to the hook tip, the inte-

grity of the connection will be lost. This
is an Augat receptacle, part number
LSG-2BG2-1.

The female connector at the other end
of the wire lead is a snap fit into the male
pin recessed into the podlet. This means
interconnection to your system is a very
good compromise between ruggedness and
miniaturization. This is an AMP receptacle,
part number 60789-3.

Available also from the factory is a
repair kit for each individual podlet, in case
of physical damage to the active circuitry.
For details on any of the above mentioned
accessories, please contact us at the factory
or your local Biomation representative.

EXTERNAL CLOCK AND CLOCK QUALI-
FIER INPUTS

The K100-D can accept your system
clock at rates between DC and 70 MHz.
The minimum clock pulse width shall be 5
ns. The setup time requires that the data
be present and settled out 2 ns before the
active clock edge. Likewise, the hold time
requires that the data must stay settled for
2 ns after the active clock edge.

When you input a qualifier signal on
CQ, it must go TRUE a minimum of 12 ns
before the clock goes TRUE, and go FALSE
a minimum of 1 ns after the clock goes
TRUE. Also, the qualifier must go FALSE
a minimum of 10 ns before the clock goes
FALSE. See Figure 3.12.

These timing requirements are ne-
generated due to signal edge overlap. The
requirements are such as to limit the qua-
lified clock rate to a maximum of approx-
imately 40 MHz.

(200 M-»A

During normal K100-D operation, the
unit completes a measurement, transfers the
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Figure 3.12. To qualify clock pulse 2, the
minimum timing requirements for the qualifier
are as shown.

data from the record (M) memory to the
display memory (A), and puts the data on the
CRT. A complete measurement requires that
a record clock be present for the duration of
the measurement, including Enable, Trigger,
and Trigger delay. See Figures 3.3 and 3.10.

In some cases when using an external
clock, the clock may cease activity before the
measurement has been completed. This may
be due to a normal system function or a
failure. When this occurs, the data existing
in M may still be of interest for analysis.

The M—A key allows you to transfer the
contents of M into A for display. You can
record a short burst of data, press M—A, and
view it. You can record and display a second
burst in the same fashion. The second burst
will be displayed following the first, provided
the total number of clocks received during the
two bursts is less than 1024. This preserves
all of both bursts in memory.

3.3 Rear Panel Inputs and Outputs

Refer to Figure 3.1 while reviewing this
section.



(1) TRIG OUT

This signal is TTL active high. It goes
low as soon as the instrument detects the
trigger event selected. The signal stays low
for the entire period of time that the trigger
event is valid. This signal is synchronous
with the input data.

ADDENDUM FOR (1) TRIG OUT

This output is useful for synchronizing
other instruments, such as a scope or other
logic analyzer, with the occurrence of the
defined trigger event. Please note the
following:

1. TRIG OUT exhibits a nominal delay
of 45 ns between input of the
trigger word at the probe tips, and
output at the rear panel BNC.

2. When the K100-D is in the RDY

state (see item 18), TRIG OUT
occurs each time the trigger word
occurs. During display update, or
during comparison in the Auto Stop
mode, TRIG OUT does not occur.

(2) SPARE BNC CONNECTORS

(3) VIDEO OUT
This is a composite video output with
an amplitude of 1 V peak-to-peak into a
75 @ load. With this output you can drive
a large raster scan CRT display for viewing
by several people.

Note that the video output is such that
it causes full scan on a video monitor. Since
many video monitors overscan by approxi-
mately 10%, you will lose the outside edges
of the K100-D display unless your monitor
can be adjusted to just scan the screen area
with no overscan.

(4) +5 V CONNECTORS

These outputs provide power for two
10-TC probe pods, or for various signal input
adapters.  Minimum available power is +5
V at 1.1 A, -5.2 V at 0.3 A.

(5) DIGITAL INTERFACE CONNECTOR

This connector is used for digital 1/O
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in the IEEE 488-1975 format, if the instrument
is so equipped.

Refer to the appropriate operating

manual supplement that describes this digital
interface and the I/O software.
(6) LINE VOLTAGE SELECTOR, (7) FUSE
The K100-D may be used on a wide range
of power line voltages at frequencies of 50 or
60 Hz nominal. The rear panel contains a
fuse holder and a pair of slide switches for
selection of nominal power line voltages.
Table 3.1 shows these voltages, switch
positions, and fuse selection required for that
power line voltage. The selected switch
positions are referred to as left and right when
viewed facing the rear panel.

Table 3.1

Selector Fuse-Amp
Range Switch (Slow Blow
(+10%) Positions 3AG)
100 Both in 5
120 Left in, right out 5
220 Left out, right in 2.5
240 Left out, right out 2.5

Figure 2.2 shows the placement of a
jumper on the MPU PC board for 50 Hz
operation of the display. You may have to
adjust the horizontal oscillator frquency con-
trol, R2, for 50 Hz operation. See Section V
for display control layout.

(8) POWER INPUT CONNECTOR

Connect the line cord to this connector,
using a three-wire grounding type plug for
connection to line power.

3.4 Set-up Procedure and Operation

The purpose of this section is to offer
the K100-D user several operating examples
that he may duplicate in his facility. The
examples are designed to increase user under-
standing and familiarity with the K100-D. The
examples highlight recording in the self-
programmed mode (default); recording using a
50 ns clock period; recording with 200 words
of pretrigger and 800 words of post-trigger



information; and recording with a user-
selected event delay of four.

The data source selected for the
following examples is a pulse generator that
has a manual, single pulse output mode. The
high and low levels of the pulse output should
be adjusted for TTL compatibility. A "1"
= 2.4 V and a "0" = 0.4 V. The width of
the pulse should be 1.0 ws. Again the
generator should be in the manual, single
pulse output mode.

3.4.1 Self-Programmed Recording

The K100-D has a self-programmed
mode of operation that was designed to
enhance its self-teaching ability. This first
recording will be made with all the status
parameters programmed exactly as they are
immediately after power up. Turn the power
off, wait 1 minute and turn the power back
on. The K100-D's status display will look
exactly like the one shown in Figure 3.1.

Connect the signal generator's output
and ground to their corresponding points on
probe zero of the KI100-D. The status
display indicates that this recording will be
at the K100-D's maximum recording rate
and that half of the unit's memory will be
allocated to pretrigger and the other half
to post-trigger recording. The Enable and
Trigger channel are zero; however, the
Enable word has been defeated by being
placed in the auto mode. All thresholds
have been set at TTL, which is compatible
with the signal generator's output. The Arm
mode is auto,. but becomes manual the first
time the K100-D is manually Armed.

Manually Arm the K100-D and the unit
begins recording. Note that the record
status (lower left corner of the CRT) reads

TG?, indicating the trigger word has not
been detected. Manually pulse the
generator. The record status indicator will

read RDY. Press the blue TIMING button
in the Display button group. The timing
display will be exactly like Figure 3.13.

In this recording it is important to
note that the trigger point is exactly in the
center of the memory as dictated by the
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Figure 3.13. A self-programmed recording by
the K100-D of a 1 us pulse.

delay of 500 clocks, and the 1 us pulse has
been sampled 100 times as a result of the high
clock rate (100 MHz or 10 ns/sample) of the
K100-D. ‘

The number of times that the K100-D
has sampled the pulse can be determined by
moving the C Cursor to the rising edge of the
pulse and the reference cursor to the right
edge of the pulse. The word difference and
time difference between the two cursors is
found at the lower right corner of the display,
R-C. The number in front of the parenthesis
represents the number of memory cells the 1
us pulse occupies. The number inside the
parenthesis is the period of the pulse. These
numbers should be +100 and 1.0 us, re-
spectively, contingent upon how accurately the
period of the generator pulse was set.

Please recall that all logic analyzers are
sampling devices and this was an asynchronous
recording. That is, the logic analyzer's
sampling clock has no fixed phase relationship
to the pulse output. If this example recording
is repeated several times, a + 1 word variation
will be noted in the word difference indicator.
The time difference indicator will also reflect
this variation. These variations are inherent
in asynchronous recordings.



3.4.2 A User Programmed Recording

Using a 50 ns Clock

- To program the K100-D's clock for the
next recording, the following keystrokes are
necessary.

STATUS CLOCK

ENTR

50 NSEC

The new status, STATUS W, will look exactly
like Figure 3.14.

Figure 3.14. Status W reflects the fact that
the clock period has been changed to 50 ns.

Manually arm the K100-D; the record
status will read TQ? Manually pulse the
generator. The record status indicator will
read RDY. Depress the blue TIMING button.
Your display will be a duplicate of Figure
3.15. Note the left and right cursors in this
figure reflect the suggested pulse mea-
surement of the previous example.

Note that the pulse period appears
shorter even though the pulse is the same
period. The changing of the clock sample
period has increased the amount of time
recorded and displayed on the CRT by a
factor of 5. This dwarfs the 1 us pulse.
Using the K100-D's cursors, horizontal ex-
pansion and word difference/time difference
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DELAY 588 [Lilxy

Figure 3.15. A 1 us pulse .recorded using a
50 ns clock period.

indicators, verify that the pulse's period is 1
us. Remember that when operating in a
horizontal expansion of X5, X10, or X20, the
data to the right of the C cursor is expanded.
Figure 3.16 measures the 1 us pulse using a
X20 horizontal expansion.

DELAY 588 il

s
I VR O o R L L

Figure 3.16. This 1 us pulse is being measured
using both cursors and a horizontal expansion
of X20.

3.4.3 A User Programmed Recording With
200 Words of Pretrigger and 800

Words of Post-Trigger Data

To make a recording with the memory
allocations indicated in the title, the following



keystrokes are necessary.

ENTR

[ee)

Arm the K100-D and manually pulse
the generator. After pressing the TIMING
button the display should look exactly like
Figure 3.17 when viewed with a Xl
horizontal expansion.

Figure 3.17.

This figure demonstrates a
recording where 200 words of Pretrigger and
800 words of post-trigger information have
been saved.

Note that Delay positions the K100-D's
1024 word recording relative to the Trigger.
In the first two examples, the Delay was
set for 500 words resulting in half of memory
being allocated to pretrigger and the other
half to post-trigger recording. This last
example has changed the memory allocation
to 20% pretrigger and 80% post trigger.

This information may be viewed in the
data domain by pressing the DATA button,
then the BIN button. This will give you a
Binary display of the recorded information.
To view channel zero changing from a logic
"0" to "1", address the C cursor to memory
position 199 as follows.

SPECIFY LEFT CURSOR

ENTR

'

Moving the cursor has allowed the user to view
channel 0 changing to a logic "1" at K100-D

memory cell 200.

Figure 3.18 illustrates the resultant CRT
display. Other decode formats may be used

by depressing the desired decode base buttons
to the left of the DATA button.

Figure 3.18 A BINARY decode of the data
recorded at the trigger point.

3.4.4 A User Programmable Recording

with an Event Delay of Four

To program the K100-D for a four event
delay recording, the following changes to the
status must be made. Make these changes
with the following keystrokes. Please pay
special attention to the DELAY switch mani-
pulations; this will change the K100-D from
Clock to Event delay.

STATUS DELAY DELAY
Clocks

] ;
Events

ENTR
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The K100-D is now programmed for a
event delay recording of 4. Recall that the
K100-D's formula for event delay is N (user
selectable) +1. The K100-D adds 1 event of
static delay in addition to the user-selected
amount, giving an event delay of four.



Manually ARM the K100-D and
manually pulse the signal generator four
times. The K100-D will record the data
about the fourth occurrence of the "0" to
"1" trigger on channel 0. The exact data
recording allocation about the fourth trigger
is:

500 words of pretrigger information,
and

523 words of post-trigger information
including the trigger word.

The fourth trigger will be in memory
cell 501. This can be verified by pressing
the DATA button and moving the C cursor
to the 500 memory cell. See Figure 3.19.

Figure 3.19. This Event delay recording of
four allows the user to view 500 words of
pretrigger and 523 words of post-trigger
information.

_ User-generated variations on the ex-
amples given will further your understanding
of the K100-D.
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SECTION IV

PRINCIPLES OF OPERATION

4.1 Introduction

This section is divided into two parts.
The first part gives a block diagram descrip-
tion of the instrument, and the second part
gives a detailed treatment of the theory of
circuit operations.

4.2 Basic General Description

Figure 4.1 is a block diagram of the
Model KI00-D. The blocks are arranged in
their approximate physical locations as view-
ed from the top.

Each block in Figure 4.1 will be de-
scribed briefly to indicate the functions per-
formed. Then, each block will be described
in greater detail in subsequent sections.

4,2.1 MPU PWB

6800 microprocessor.

ROM program storage (up to 24K bytes).
RAM for processor use (32K bytes).

Crystal-controlled processor clock generation
and dynamic RAM timing generation.

CRT controller using "split-phase memory ac-
cess" and "dot-mapped" display.

Strappable-50 Hz or 60 Hz CRT frame
rate.

Automatically refreshes dynamic RAM.

Keyboard scanning interrupt (50 Hz or
60 Hz).

Provides separate signals for VIDEO,
HORIZ.SYNC, and VERT.SYNC.

Provides COMPOSITE VIDEO for ex-
ternal use.

I/O device address decoding on MPU board.
(Allows simple 1/O device decoder)
Memory mapped /0.

Buffers Address Bus and Data Bus (Bi-
Directional) for system use.

MPU self diagnostics.

4.2.2 Front End
Differential Line Receivers for all 20 input
probes.

Clock selection (INT/EXT) and distribution.
Up to 100-MHZ clock rate; provides
Clock to Record Control Logic.

Input sampling circuitry (sample/latch mode).
Sixteen data inputs and two qualifiers.

Combination Detector Logic
Sixteen data and Two qualifiers
"1", "0", or "X" selection.

Trigger*
Enable*
Scope Sync*

*Passes these signals to Record Control Logic.

Completely controlled by the MPU.

Clock selection.

Sample/latch control.

Combination selections.

High-speed memory diagnostic.
Diagnostic logic to allow MPU data input to
high-speed memory.

Differential line drivers for data to high speed
memory.

4.2.3 High-Speed Memory
100-MHZ recording rate.
1024 words x 16 bits/word.

Partitioned into two identical boards, where
each provides 1024 words x 8 bits/word.

Differential line receivers for data from Front
End.

Data is transferred to the MPU for display
processing.

-26-



COMPOSITE GET CLK  SYNC
ouT  GPI T T
AN VIDEO uT  GPIB ou ou
A
AC INPUT
1007110/ A S22V 4BV 52V 15 v BY 52V BV #12V -12V BV 52V BV 2V 52V
220/240
l 110 ] 'K 1y T f * * {
UNREGULATED CRT INT CLK
POWER SUPPLY R
s CONTROLLE SALE O
TRIGGER
ENABLE
- SYNC
CLK
MPU REGULATOR THRESHOLD RECORD — FRONT
 J GPIB CONTROL | ENABLE END
RESET
RECORD -
MEMORY
(2 BOARDS) |t
CRT PROCESSOR K x 16
ROM (24K X 8)
DATA 8-F
PROCESSOR
RAM (32K X 8)
N DATA 0-7
|-~y \
A A A
¥ ADD/DATA BUS 2, Yy \
7
170 ENABLES ﬂ\ THRESHOLDS
INPUT SIGNAL
FPWE
8 COLUMNS X 6 ROWS —m—‘
KEYBOARD FPRE
Yy
XY FRONT PANEL
COL., ROW F-8 7-0
PROBE PROBE

Figure 4.1
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Block Diagram of K100-D
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4.2.4 Record Control Logic

Completely controlled by MPU.

Time Base generates 10 ns to 50 ms sample
rates in 1,.2, 5 sequence; sends to Front End
for clock selection and distribution.

Record cycles are always initiated by the
MPU and may be terminated by the MPU.

Provides "Trigger-Hold-Off" logic.

Provides Transition Detection Logic and Digi-
tal Filtering Logic for both Enable and Trig-
ger signals from the Front End board.

Trigger Delay counter determines the "END
OF RECORD" as specified by the MPU. May
be N clocks after trigger or may be 500
clocks after the Nth Trigger event.

Provides clock and control signals to the
High-Speed Memory boards (2).

Provides "RECORD CONTROL STATUS" in-
formation to the MPU.

Switches allow user selection of power-up
initialization conditions for threshold selec-
tion TTL/ECL (on all inputs), clock selection
INT/EXT /', and trigger hold-off ON/OFF.

4.2.5 Threshold/GPIB
Completely controlled by MPU as memory
mapped 1/0.

GPIB circuitry was never utilized on this
board (refer to 0112-1040).

Generates threshold levels-

TTL +1.4 nominal *

ECL -1.3 nominal *
*both are internally adjustabie from-2.0 V to
+2.0 V.

**
*%

VAR A

VAR B
**MPU programmed D/A converters that pro-
vide outputs from-6.40 V to +6.35 V in 0.05
V steps.
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Selects any one of the four threshold levels
to be provided to each of the twenty input
probes.

4.2.6 CRT Display

7 in. CRT (Diagonal measure).
Viewing area (3/8 in. x 5.0 in.).
Raster scan type display.
Requires +15 VDC at 1 A.

TTL inputs for Video, Horiz.Sync, and Vertical
Sync.
4.2.7 Front Panel and Keyboard
Interfaces to the MPU address (3 LSBs only)
and Data Bus.

Completely controlled by MPU.
Scanning is done by the MPU with memory

mapped 1/0.
(Scan rate is 60 Hz or 50 Hz).

Forty-seven keys on keyboard plus eight mo-
mentary switches on the front panel.

Two LEDs {"Power on"! under MPU contraol,
"Error"

Connectors for the input probes provide sepa-
ration of (power, ground, thresholds) and (in-
put signals) and connectors to route them to
their destination.

Circuitry for detection of special input adap-
ter probes. (E.q., KI00-D/32, 32-channel a-
dapter.)
4.2.8 Probes

Unique hybrid design gets active circuitry
close to the input signal source (3 in. normal-
ly). Reduces loading effects.

Hybrid contains--
FET input buffer (allows 1 MQ
impedance).
Threshold Detector (+10 V range).
ECL differential line driver.
Signal ground isolation from power
ground.

input

Removable input wires allow flexibility.



4.2.9 Unrequlated Supply

Provides for input line voltage selections
of 100 Vv, 120 V, 220 V, 240 V nominal
+10%.

Provides 120 V +10% for the fan.
Has fuse and RF1 filter unit.
Provides four unrequlated DC voltages.

+7 V min./+10 V max. for +5 V reg.

-7 V min./-10V max. for -5.2 V and
-2.0 V req.

+17 V min./+25 V max. for +15 V
and +12 V reg.

-17 V min./-25 V max. for -12 V
reg.

4.2.10 Regulator

Voltage reference (early boards)

+5 V req.

-5.2 V req.

-2.0V

Overvoltage protection. |

Current limit circuit (+5 and -5.2).

+15, +12, -12 V three terminal requlators.

4.3 Detailed Description

4.3.1 MPU and Address Decoding

(Refer to Figure 4.2A)

The MPU board is a complete micro-
computer. It includes the MPU (6800),
32K bytes of dynamic RAM (Random Ac-
cess Memory), 24K bytes of ROM (Read
Only Memory), the CRT display controller,
Input/Output address decoding, keyboard
scan interrupt logic, and timing generation
for the MPU and the CRT controller.

The MPU is a standard 6800 and is
operated at a 1-MHZ clock rate. The 16
address lines are buffered by 74L5244s (at
locations B11 and D13) and are terminated
by 220/330 @ thevinin terminations (at
locations D14 and Cl1). The eight data
lines are buffered by 74L5244s (at loca-
tions E9 and E10) and are terminated by
220/330 @ thevinin terminations (at loca-
tion D5).
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The addresses are decoded into 16K byte
pages and separated for Read or write by a
7415138 (at location EB). The pages are used
as shown in Table 4.1.

Table 4.1
Page Hex Addresses
0 0-3FFF RAM  (used by
MPU and CRT)
1 4000-7FFF RAM (used by
MPU only)
2 8000-BFFF I/0 and ROM
3 CO00-FFFF ROM only

This address decoder is enabled by the
signals VMA (Valid Memory Address) and @2
(phase two) to ensure that the decoder outputs
are always valid and glitch free. The page O
and 1 write outputs of this decoder directly
drive the WE (write enable) lines of the RAMs
and the read outputs enable the buffers that
read the data from the RAMs to the DATA
Bus. The page 2 read output is gated with
address Al3 so that the first half of this page
(i.e., when Al3 is low) enables the I/O address
decoders and the second half of this page (Al3
high) enables the address decoder for the first
four ROMs (ROM 0,1,2,3). The page 3 read
output enables the address decoder for the
other eight ROMs (ROM 4 through ROM B).

The ROM address decoder consists of two
741.S244s (at locations B10 and D8), and it
decodes an enable signal for each of the 13
ROMs. The ROM address lines and the ROM
data output lines are buffered to reduce load-
ing on the bus and to increase the output drive
capability of the ROMs,

The I/O address decoders provide a Read
Enable (RE) and a Write Enable (WE) signal
for each 1/O device. This simplifies the inter-
face circuitry required on each I/O device.
This decoder provides signals listed in Table
4.2,

Table 4.2
Hex Signal
Address Name Description

8000-83FF RRE1l Ram Read Enable 1
(used for CH 0-7 high

speed RAM)
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Figure 4.2A Block Diagram of MPU Board
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Hex
Address

Signal

Name Description

RWE1 Ram Write Enable 1
(not used)

Ram Read Enable 2
(used for CH 8-F high
speed RAM)

Ram Write Enable 2
(not used)

Control Read Enable
(reads status of record
contral)

Control Write Enable
(control words for re-
cord control board)
(not used)

Front End Write Enable
(trigger/enable/clock
select/sample)

GPIB Read Enable*
GPIB Write Enable*
*not used.

Front Panel Read En-
able (keyboard scan-
ning)

Front Panel Write En-
able (error lite)

not used

not used

not used

not used

8400- RRE2

RWE2

8800- CRE

CwE

8C00- FERE

FEWE

9000- GPRE

GPWE

9400- FPRE

FPWE

9800-

9CO00-9FFF

Each I/O device is decoded as a 1K
byte page even though no more than 16 bytes
are used by any I/O device. This is done to
make the decoding simpler. The read enable
signals are enabled by the B2 clock and they
are used by the 1/O devices to enable 741.5244
buffers that place the data onto the DATA
BUS.

The Write Enable signals are enabled by
a special clock CP2P, which clocks 50 ns
before the end of @2. This allows for prop.
delay in the Write Enable decoder and in the
I/O devices. The rising edge of these signals
are used to transfer the data from the DATA
BUS to holding registers in the I/O devices.
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4.3.2 RAM (Refer to Figure 4.2B)

The dynamic RAM uses sixteen 16K x
1-bit dynamic RAM ICs of the 4116 type.
Locations Bl through B8 are addressed as
page 0 (add 0-3FFF) and locations C1 through
C8 are addressed as page 1 (addresses 4000-
7FFF). The dynamic RAMs are run with a
500 ns READ/WRITE cycle. The RAM is
organized as a two port split-phase memory
system that allows transparent DMA access
for the CRT controller. The MPU and the
CRT controller are synchronized in such a
way that the RAM performs two complete
Read/Write cycles every 1 us. The first cycle
occurs during Bl and is used by the CRT
controller to read the display data. The
second cycle occurs during 82 and may be
used by the MPU to either Read data (from
the RAM to the MPU) or Write data (from
MPU to RAM).

Refer to Figure 4.2C for a detailed
timing diagram of the RAM operation, the
MPU clock generation, and the CRT data
transfer.

The RAM operation is as follows:

Arbitrarily define T=0 at the trailing
edge of P2 at T=0. The CRT row
address (bits 0-6) is gated to the RAM
address pins and RAS is already high.
At T=50 ns, CAS is brought high com-
pleting the previous cycle.

At T=100 ns, RAS is brought low; trans-
ferring the row address into the RAM
chips.

At T=150 ns, the CRT row address is
removed and the CRT column address
(bits 7-13) is gated to the RAM.

At T=200 ns, CAS is brought low; trans-
ferring the column address into the
RAM chips.

At T=400 ns, RAS is brought high and
the CRT column address is removed.
At T=500 ns, the RAM output data is
transferred into the CRT data shift re-
gister (location D7). Also, at T=450 ns,

the MPU row address (AD-AG) is gsted

to the RAM inputs for the next RAM
cycle.
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8. At T=550 ns, CAS is brought high com-
pleting the first RAM cycle; also, if the
MPU is doing a write cycle, the WE
line will be brought low.

9. At T=600 ns, RAS is brought low; trans-
ferring the MPU row address into the
RAM chips.

10. At T=650 ns, the MPU row address is
removed and the MPU column address
is gated to the RAM inputs.

11. At T=700 ns, CAS is brought low; trans-
ferring the MPU column address into
the RAM chips.

12. At T=900 ns, RAS is brought high.

13, At T=1000 ns, the RAM data is trans-
ferred to the MPU if the MPU is doing
a read cycle. Or, at T=1000 ns, WE is
brought high if the MPU is doing a write
cycle.

14. At T=1050 ns, CAS is brought high com-
pleting the second RAM cycle. Also,
at T=1000 ns, the CRT row address is
gated to the RAM inputs for the next
RAM cycle.

The RAM is automatically refreshed for the
row addressed by each cycle. And, because
the CRT controller increments its address
every 1 us, all of the row addresses will be
accessed approximately every 128 us.

4.3.3 MPU Clock Generaticn

The MPU clock generation makes both
@1 and P2 450 ns wide and provides 50 ns
between them on both edges. To meet the
6800 specified logic levels for f1 and @2, a
special driver circuit is made by paralleling
six CMOS inverters for each clock phase
(locations C9 and C10).

4.3.4 CRT Data Transfer

The CRT data transfer cycle operates
as follows:

1. The trailing edge of 41 is used to clock
everything in the CRT controller except
for the data shift register (the signal
is called CRT CLK).

2. The RAM data is loaded into the shift
register (location D7) 25 ns before the
trailing edge of #1. At this time data
bit 7 from the RAM is presented at the
output of the shift register.
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3. The signal SHIFT CLK is generated by
a 74565 (location F3) to provide a clock
edge every 125 ns. This clock shifts
the data in the shift register eight times
for each data byte from the RAM. Pre-
senting the data bits in sequence
7/6/5/4/3/2/1/0.

4. A video gating pulse is generated by a
74L.5123 (location E11) and blanks the
video for appoximately 50 ns immedi-
ately following each SHIFT CLK. This
prevents display of erroneous data dur-
ing the propagation time of the ICs and
it also creates the video "DOT" for each
data point on the CRT.

5. The CRT video is the combination of
the serial RAM data from the shift
register and the three blanking signals
(video gate, horizontal blanking, and
vertical blanking).

4.3.5 CRT Controller

The CRT controller is shown in the block

diagram of Figure 4.2D and in the schematic

in Section VII, Figure 7.11 (sheet 3). The
desired CRT Display pattern is computed by
the MPU and stored in the RAM as a complete

"DOT MAP"; i.e., every "dot" location of the

CRT is represented by a bit in the RAM

("1"=white, "0"=black). A typical procedure

for the MPU is:

1. The CRT display addresses are all set
to zero (blanking the CRT).

2. The MPU converts each displayed char-
acter into a pattern of "ls" and "Os"
and stores them in the proper locations
in RAM.

3. The CRT controller continuously cycles
through the RAM and transfers the in-
formation to the CRT. Each RAM byte
is read from RAM and converted into
a string of eight "DOTs" on the CRT.

The CRT controller generates a standard
"RASTER SCAN" display format with data
being presented as a series of horizontally
scanned lines. Each horizontal line is pre-
sented starting at the left side and proceeding
to the right side. The first horizontal line
displayed is at the top and the last is at the
bottom. Sync and blanking signals are gen-
erated per the standard.
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Block Diagram of CRT Controller



4.3.5.1 Horizontal (Refer to Figure 4.3A)

Each horizontal scan line is 64 us and
presents 52 us of video with 12 wus blanked
and a 5 us sync pulse during the blank time.
This horizontal sequence is generated by the
circuitry as follows.

1. The 74LS161s (locations Bl4 and B15)
run continuously and count from 0-63
repeatedly. Note that only 6 bits are
used and that the two used bits are
always set to "1s." The outputs of this
6-bit counter are referred to as the
Horizontal Address.

2. The horizontal blanking pulse is gener-
ated by the 74L.5112 (location B17) and
goes true (i.e., blanked) at address O
and false (unblanked) at address 12.
Thus addresses 0 through 11 are blanked
and addresses 12-63 are unblanked.
Note that the data from the RAM is
delayed by one clock when it is strobed
into the data shift register. Thus the
actual displayed data is from address
11 through address 62.

3. The horizontal sync pulse is generated
by the 74L.5112s (locations B17 and B18)
and the 74LS11 (location B16) and goes
true for addresses 1 through 5.

4, The horizontal scan is not affected by
the position of the 50 Hz/60 Hz jumper.

4.3.5.2 Vertical (Refer to Figure 4.3B)
The vertical address is generated by two
74L.5161s (locations C16 and C17) forming an
8-bit binary counter. This counter is con-
trolled by the PROM (location D16) and the
vertical sequence counter (74LS161 at loca-
tion D15). The vertical sequence is generated
as follows.

For 60 Hz operation,

1. assume the sequence counter is at zero
(D15). The PROM will be addressed to
24 and its output should be 10, (refer
to the table on sheet 3 of Figite 7.11).

2. when the vertical address counter
reaches TC, then at the next line (TC
from the horizontal address) the vertical
address counter will be present to
"10"( ex) and the vertical sequence
counper will advance to 1. This begins
the vertical unblanked display (which
will last for 240 lines).

3. The vertical address counter wiili then
continue to increment at the beginning
of each horizontal line until it reaches
TC (FF,_ ). ‘At the beginning of the
next line?xthe vertical address counter
will be preset to "FD" hex and the
vertical sequence counter will advance
to 2. This begins the blanked portion
of the vertical sequence.

4, The sequence counter will remain at 2
for three lines (192 us) and then advance
to 3. This will initiate vertical sync
and preset the address counter to "FD"
again. Vertical sync will remain true
for 3 lines (192 us) until the counter
again reaches TC ("FF™).

5. the secquence counter will advance to
0 and the vertical address counter will
be preset to "F1" hex. This state pro-
vides a vertical retrace delay of 15 lines
(960 us).

6. The process returns to step 1 above.

For 50 Hz operation:
The PROM values are changed so as to

change the length of time spent in the se-
quence state as shown in Table 4.3.

Table 4.3
State 60 Hz 50 Hz
0 15 lines 40 lines Delay from sync to

scan.

1 240 lines 240 lines Scan (i.e., display).

2 3 lines 28 lines Delay from scan to
sync.
3 3 lines 3 lines Sync pulse.

Note that the scan (display) and the
vertical sync remain the same and the extra
time is divided equally between the two de-
lays. This keeps the display centered verti-

~nlly,

Lallye.

The PROM values are determined by
taking the desired length of the next state
and subtracting it from 256 and converting
the answer to hex.

PROM = (256 - length)
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AND
VER