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Check Number Description

(L 24 10,F 25V tantalum (note polarity)

(L €25, 26 0.1,F ceramic disc

"z c27 10 F tantalum

—_—( ) C28 option, 0.1 F ceramic disc (suggested)
customer
provided
S () C29 option, * 10 F 25V tantalum (suggested)

customer
provided

z8 €30 0.1,F ceramic disc

w €31 10,F tantalum

W €32 0.1,F ceramic disc

(¥ €33 10,F tantalum

" C34 39pf

( €35 22pf

Wy 36 .0047 F ceramic disc

%8 | €37 0.1,F ceramic disc

U 38 - 10,F tantalum - Note: positive toward

P bus connector
- w €39540,41 0.1,F ceramic disc
(Pﬁ’y c42 10,F tantalum
(v C43,44,45,46 0.1 F ceramic disc

Install potentiometers:
Install 10K ohm pots at R27 and R28.
outside of board to be of practical value.

Screw adjustments must be toward
Step completed ()"

Install Male output connector at Video out location.
Note that the unit closely matches the diagram printed on the Video board.

Step completed ({3

Install voltage regulators
At IC 43 install 12V regulator 78L12
At IC 44 install LM323 and heat sink assembly.
over the large foil area so that all four holesline up.Then place regulator

check.
Pleace the heat sink
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over the heat sink. Secure with 6-32 hardware. Solder underside after
securing heat sink. Check (&7

4.a Smoke Test

At this point your VTI board is completed except for installation of
IC's. ‘

Before installing the IC's the board should be "smoke tested". Connect
your VTI to appropriate power supply and observe carefully. Any unusual
odor or sign of smoke indicates an error that must be remedied before you
proceed.

4.b Install integrated circuits

Check - PINS FUNCTION

W IC 1 7415161 16 Binary counter

UVT/% IC 2 7415161 16 Binary counter

(pﬁ/fy IC 3 741502 14 Quad 2-input NOR gate

Wy IC 4 741574 14 Dual D flip-flop

w IC 5 7415132 14 Quad 2-input NAND gate

(p%//:_ IC 6 DM81 31 16 6 input comparator

(r~ Ic 7 741500 14 Quad 2-input NAND gate

(v IC 8 7415153 16 Dual 4-input multiplexor

(/fi IC 9 8097 16 Hex tri-state buffer

(rf 1C10 8097 16 Hex tri-state buffer

(Vfw IC11 8097 16 Hex tri-state buffer

(L 1C12 7415138 16 3 to 8 decoder

(bf// IC13 7415161 16 Binary counter

v I1C14 741520 14 Dual 4-input NAND gate

(?T/j: IC15 74393 14 Dual 4 bit binary counter
14293 Cd IC16 73383 ° 14 Dual 4 bit binary counter

7 IC17 7415157 16 Quad 2-input multiplexor

(f IC18 7415157 16 Quad 2-input multiplexor

(- IC19 7415157 16 Quad 2-input multiplexor

( 1C20 7415139 16 Dual 2 to 4 line decoder

J
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Check PINS FUNCTION
_Z;§7 1c21 91L1 18 256X4 bit static memory
=8 1¢22 91L11 18 256X4 bit static memory
7 1c23 91L11 18 256X4 bit static memory
memory option
wy 1C24 91L11 18 256X4 bit static memory
B memory option.
%8 125 91L11 18 256X4 bit static memory
B memory option
(v7 1026 91L11 18 256X4 bit static memory
) memory option
%8 1027 91L11 18 256X4 bit static memory
() 1c28 91L1 18 256X4 bit static memory
e 129 745124 16 bual gated voltage contrid osc.
(o 130 741500 14 Quad 2-input NAND gate
(L 1C31 7407 14 Hex open-collector buffer
(o 1C32 741574 14 Dual D flip-flop
(p%/w IC33 7415157 16 Quad 2-input miltiplexor
(&ffv 1C34 74123 . 16 monostable multivibrator
3% 1C35 N8274 16 Ten bit shift register
(L%/’T 1C36 7415157 16 Quad 2-input miltiplexor
(& 1C37 MCM6571A 24 Character generator
(9 1C38 74150 24 16-input multiplexor
(»%// I1C39 74150 24 16-input multiplexor
(5 1¢40 74273* 20 8 bit register
(e 1C41 745412 or 24 8 bit latch
8212 |
(LW 1c42 7415132 14 Quad 2-input NAND gate

4. c Option Selection

Though the VTI is an integral part of the POLY 88 system, it is compatble
with other systems. We have therefore, included a number of additional jumper
option areas which do not apply to POLY 88 owners.

These are Jumper areas 1, 2, 3, 5 and 6.

*The polarity may be ambiguous; the oblong groove indicates the device orientation.
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JMP1 changes the divide ratio from the system clock to
produce scan rates which are more appropriate when using
different system clock rates. _

JMP2 selects the vectored interrupt priority for the
keyboard input. The VTI is already wired for interrupt
priority 2. '

~ JMP3 and JMP6 are similar to JMP1 in that they adjust

the scan rates when used with different clocks.

JMP5 allows use of an on-beard clock.

4.d Select Character line length option.

Your board is configured for a 64 character line. If
you require the 32 character line cut the trace on the back of
the board between the middle pad of JMP4 and the pad designated
64 at JMP4. If you do not require the 32 character line, do
nothing. |

4.e Address location:

The VTI interacts through the S-100 bus as a block of
memory and input port for keyboard. The memory block, (% or 1 K
bytes, depending on option) can be located at any address from
§ through 63 K in 1 K increments. (Software writter for this
product will usually locate it at hexadecimal address F800).

Location is determined by comparing the six most
significant bits of the memory address with six jumper selected
bits. Reducing circuit complexity, the memory block also
determines the address of the input port. The six most
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significant bits of the input port address must match
the six switch or jumper selected bits. The two least signifi-
cant bits are not compared for input address therefore, their
state is arbitrary.

The address selection switch area is located at the lower

Teft hand corner 6f the board near IC6.

Each of the six most significant bits of the address is
resistor tied to + 5V, so that they are normally in binary
state 1. Any or all of them may be grounded to cause a
situation of binary state §. A DIP switch is provided for
selectable jumpering. Typically, the address line on the right
is grounded to the pads at left, producing a logical zero. The
five switches nearest bus connector should be in the off

e L —— T

position. The remaining two switches should be on, setting the

g _ti
board at FB@QH. L398%)

4.3 Interface TV monitor or TV receiver:

At this point, your unit should operate if connected via
coaxial cable to either video monitor or slightly modified
receiver. (For the Hitachi line, an inexpensive TV receiver
modification kit is available through PolyMorphic Systems).

If the prompt character does not appear on "power up",
horizontal frequency adjustments, found on the back of the video
unit, may be required.

Because of rigid FCC regulations, the circuit has been
designed for direct connection to the video input circuit of the
video amplifier, which is located between the last video IF
stage and the video output circuit.

When the circuit is broken atvideo amplifier input, a DC
bias circuit for the stage will probably be necessary, since
in most cases it is éupp]ied from the video IF amplifier. The
optimum interface circuit will vary, but frequently a
capacitive coupling to a resistive bias circuit is adequate.
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The coupling capacitor is typically a 195uF tantalum, oriented
‘with the positive side connected to the video input amplifier.

IMPORTANT: Check to see that the chassis of your TV is
isolated by a transformer from the 110 VAC line. 1If the
chassis is not so isolated, but rather a polarized plug has
been used on the line cord, FATAL INJURY COULD RESULT from
possible electrical shock. If you must use this type of set,
either isolate it with a transformer or isolate the video
signal with an opto-isolator between the video terminal ;
interface and the video input connection to the TV set. \Under
no circumstances should the polarized plug be trusted to main-
tain the isolation from the line voltage.

4.4 Connect keyboard

' At the upper right hand corner of the video terminal inter-
face board is the keyboard input port. This port provides a
Tatched 8 bit parallel input capability which completely inter-
faces with --many ASCII keyboards. Keyboards usually indicate
a keystrike to the computer via a strobe line, in addition to
the eight parallel input lines. The signal on this line changes
state -- from high to low or from low to high -- to indicate a
keystrike. Hookup varies according to whether the strobe on
your keyboard is "positive going" (rising in voltage to
indicate keystrike) or "negative going" (dropping to indicate
keystrike). :

4.4.1 Connector configuration

The parallel input from the keyboard is designed to come
in over a ribbon cable terminated by a DIP MALE CONNECTOR.
This plugs into the 14 pin DIP socket at the upper right hand
corner of the board. The 8 parallel input lines are connected
to pins 1 through 8 of this socket, (J-1) with 1 being the
least significant bit. Pin 9 carries the "positive going" or
"negative going," strobe. Pins 10, 11, and 12 are grounded.
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Pin 13 is the output from the optional é%egatiVe voltage
regulator. Pin 14 carries +5 volts as the primary supply for
most keyboards. JMP8 allows 8 volts unrequlated power at Pin 14
if desired. Be sure to cut the trace connecting 5 volts if you
require this option. A jumper 1is inserted from the middle pad
of JMP8 to the pad nearest the regulator within the area

designated JMPS8.

WARNING: FAILURE TO CUT THE TRACE SUPPLYING 5 VOLTS WHILE
ATTEMPTING TO JUMPER IN 8 VOLTS WILL DESTROY EVERY COMPONENT
ON THE BOARD AND VOID THE WARRANTY:

4.4.2 Keypress strobe
When the processor accesses the video terminal interface

with an input instruction, the state of the keyboard input
latch is transferred to the accumulator. Proper use of the
keyboard requires that the processor must establish two
conditions before using the input data. It must indicate that
1) a key has been pressed, and
2) this particular key depression has not been
previously serviced.
These functions are accomplished by making the keypress strobe
information available to the processor.

The keypress strobe line is an additional keyboard output
line parallel with the data lines. This line signals each
depression by a pulse. This test-function informs the processor
that the necessary input conditions are met. The pulse:

1) dinterrupts the processor by setting an interrupt
service latch contained on the input buffer,

& Used when the keyboard requires a negat}ve supply. The user should
select and obtain the components suited to his keyboard.
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or 2) the interrupt request latch is available on data
bit @ of the status port; the keyboard strobe is available
on data bit 7.

Attaching the strobe line of your keyboard to a VOM determine
whether it is normélly low (below .8V) or normally high (above 2.5V). If
low, the jumper is already properly configured.

If high, cut the minus trace from center pad of JMP-7 and jumper
from center pad to + labled pad.

i. optional voltage regulator

Provision has been made for the optional negative voltage regulator
required by a number of keyboards. The pads and traces for this voltage
supply are located adjacent to the keyboard input socket, just above the
IC23. The supply regulates the -16V line by means

of a resistor and zener diode stabilized by two capacitors. The four
components are R14, C29, C28 and D2. The choice of resistor and zener
values depends on the voltage and current requirements of the keyboard.

5. System checkout.

Install all boards and "smoke test" them. If something is obviously
wrong, solve it before proceeding.

To test the POLY 88 system, you will want to hook it up to the video
monitor.

In addition to a video monitor, you will need a simple logic probe with
pulse detector. If you do not have one, buy one or build one using the
circuit enclosed. If you cannot use a logic probe, do not attempt
detailed checkout. ‘

You will also need the VTVM or VOM you used earlier. A magnifying glass
will also be helpful.

If the system does not operate properly, first eliminate the most

‘common problems:
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() 1. Check all components on all boards for proper location and
orientation. In particular, check the tantalum capacitor
orientation carefully.

Check all boards to make sure there are no solder bridges.

()
() 3. Check that all jumpers are in place, and that they are correct
for either the 32 or 64 character option, whichever you ordered.

() 4. Check all boards to make sure tha all IC pins are correctly
inserted -- not folded under or broken off, etc.

() 5. Check the jumpers or DIP switch on the video board for proper
address selection.

If these problems are eliminated and the system still does not run

properly, check the CPU board, using the logic probe pulse detector, to

ensure that the clock signal from IC13 is available on pin 49 of the

edge connector.*

If there is no clock signal, check for solder bridges and incorrect
component placement and orientation on the CPU board. Check IC13 and

I1C8 (bus driver, 8197) using the 1ist of chip pinouts at the end of this
volume. Pins 10 and 11 of IC12 should have +2 to +8V. Use a VTVM for this
test if your logic probe will not accept these levels. A malfunction at
this point will usually produce a constant OV or 10V. If you now have a
clock pulse on pin 49 of IC13, and you still have system malfunctions,
proceed to Video Board checkout, immediately below. If you still do

not have a clock pulse, go directly to CPU Board checkout.

a. Video Board Checkout

If you have a clock signal, hook up the video monitor and power up. You
should get a clear screen with the cursor in upper left hand corner.

The video board consists in essence of three areas: Sync, Data Bus, and

Character Generation-Video.

If you have a coherent, stable, but useless display, the problem is most

1ikely in Data Bus.

* Pin 49 is the second pin from the right on the top of the board
(49th from left).
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If you have no display, the problem is most 1ikely in Character Generation-
Video.

One problem that affects all three areas is the output buffer, so begin
by checking pinouts on:

() 1IC 31 (output buffer, 7407).

Next, perform the relevant steps below.

Data Bus ‘

() Check all RAMs, ICs 21 through 28 (91L11 or 2111).

( ) Check all RAM pins for proper insertion

() Check for solder bridges on RAMs and in the bus driver area.
Character Generation-Video

( ) Check the dot clock chip, IC 29(74S5124).
If you have a display, you can check IC29 by decreasing the display
width by adjusting potentiometer R27. If the display changes, the
dot clock chip is probably defective.

( ) Check the shift register, IC 35 (8274).
If you have done all the above, and still have system malfunctions,
continue with detailed checkout below. If a synchronized array of
characters cannot be achieved by adjustments of sync controls on the CRT
(or TV), check first for the more obvious and frequently encountered
problems. Most typical will be such items as:

1. Loose connections to system or to display.

2. Improper interfacing to display's video input (biasing, etc.).

3. Omission or improper installation of components on the board
(reversed diode or chip orientation).

Soldering problems of unsoldered contact or solder-bridge shorts.
Omitted or wrongly selected jumper patterns (line length, address
selection, etc.). ‘

The discussion below follows one of many possible logically

sequenced procedures to localize problems and is written for those

without access to an oscilloscope.

Start with a good visual inspection of connections and of the
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board itself. Progress through checks on the power supply
busses and video output to electrical test patterns of the
signals on the board. In using the electrical test patterns,
work from end results backwards towards those parts of the
circuit which contribute to the end results. For example: if
the proper raster sync signals are doing their job, all further
measurements concerning these circuits involved can be omitted
in favor of checking contributions to character presentation.

a.l Power mains

a.l.1. If visual inspection looks good, see if the power mains
are proper. There should be +5.0 + 0.2 VDC on the VCC bus.
Convenient clip lead points include:

A. Ground reference: the metallized board area under the
voltage regulator heat sink at the top right is a good one. The
board has been designed with a blank area on the reverse side
so that the other jaw of a clip cannot short any signals there.
(Watch out for this at other locations, especially along the top of

. the board.
B. 5 volt bus: the bottom lead of resistor R12. A )
voltage below tolerance here may indicate either a heavy current

load from a misconnection or a reverse-oriented IC or that your
power main feeding the board has less than 7 volts available.

Zero volts at this point probably indicates missing power to
the board (a cold regulator) or a dead short on the board in
which case the regulator will be very hot to touch. (Don't
panic. You will be amazed at its recuperative capability when
the short is cleared.)

C. VDD bus for the character generating ROM IC36(6571-4).
Measure +12V+ 10% at the junction of R20/C29.

D. VBB bus for IC37: Measure -3V + 10% at the left hand Tead
of D1. (This is the only negative voltage.)

a.1.2 If power bus shorts are suspected, ohmmeter verification
involves considerations of the polarity of the test leads. The
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board will not suffer from checks where the ohmmeter leads apply
the polarity expected from the power supply and an open circuit
voltage not exceeding the power supply value. The non-linearity
of the load prevents us from predicting what an unknown ohmmeter
will read on a normal board, but readings below an ohm mean that
you should look for a short or an inverted IC. Reverse polarity
from ohmmeter leads can be damaging unless the current is 1imited
to low values. Most series-connected 50 micro-amp movement VOM's
are safe when only the 1.5 volt battery is used on the scale
selected.

a.2 Signal tracing ,

Unsolder the right end of the 100 ohm R1 (junction with pins 2,
4, 6, of I1C31----7407) and attach a clip lead to the free end
of the resistor for use as a scope probe. (Keeping a wire in

the hole for the right end of R18 makes an easy way to remake
the "normal" connection with the clip lead.)

DC voltages would normally read 1.6 V at this junction, but,
when open, the clip lead will read about 4.5 and the 1C31(7407)
pins less than 0.1 V. This produces DC levels at the 2N5449
emitter of about 2V normally (average of normal waveform) and
near 4V with an open test lead. 27% of these values should be
found on the cable to the CRT. (If you have D.C. coupled into
your CRT video, check that your design is proper for these
values.)

Those users owning oscilloscopes probably have sufficient
technical background to interpret the following discussion into
equivalent scope presentations. This discussion assumes that
the only signal tracing display available is the TV or CRT
intended for computer display use. Therefore, the first checks
are that the output stage is functioning and that its responses
are visible on the CRT. If NOGO on these, check your cable and
CRT. 1input arrangement.

/
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a.2.1 video interface

Grounding the probe lead should pull the output emitter down to
around a volt, and opening it should give a rise to around 4v.
This transition should couple through the AC coupling to your
CRT and be apparent as momentary brightening as the lead opens.

a.2.2 localizing on the video path

If logic levels applied to the clip lead are modulating the dis-
play brightness, but you are having to troubleshoot, let us
consider what is missing. If, in the "normal" connection (i.e:
lead clipped to where R19 should be soldered), there is an array
of bright and dark spots on the display, chances are that video
is being generated and that you will be chasing sync or blanking
troubles. With only video coming through, most CRTs will at
least partially sync on the video itself, and patient tinkering
with the sync controls on the display and the two pots on the
video board should give at least some torn-up version of what is
trying to be a display. If you have sophisticated your power-up
sequence to program a blank display, either alter the sequence
until troubles are cured or remove programming to the board.
Random states in the board RAM at power-up will produce some
interpretable static pattern. But maintain the system clock
connection. Horizontal sync is derived from that clock. (The
board is testable with nothing more than proper power supplies

and a clock for inputs.)

No video pattern? Let us see if it is shifting out of the
register I1C35-6(8274) (pin 6 of 1c35). Got it? Then the path
through IC31is not passing it. Check for it at the input pin 9
and output pin 8 of 1¢31. Following the path should reveal a
gap in signal passage that is correctable. This is the concept
of signal tracing that will be assumed throughout the remaining

discussion. /

No video shifting out of 1C35-6? Well, is there data on the
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input piné to be loaded for shifting - or a load signal to load
it - or a dot clocking to shift it out?

First the dot clock on 1C359(8274): This should show as

a raster full of tiny white dots. Depending on the

setting of the "width" pot, there should be from 100 or so to
almost 900 on each raster sweep, but several factors influence
this. Sync and blanking, if they are working, keep many dots
out of the visible area. Also, the bankwidth of this setup may
not permit you to discern dots at the higher frequency settings
of the dot clock. Best to view this at the minimum frequency
(ccw) setting of the "width" pot (pot at top left). Do not
bother counting dots. Their presence is all that is necessary
to show register shift clocking input. Since this signal is
negative true, a brighter presentation may be found at the
inverted form on IC30-8(74LS00). Absence of sync should

not prevent this display from being recognizable.

EOC (end-of-character) loading signals on IC35-7 should show

as dark (negative true) vertical bars every tenth dot

(except for a portion of the screen where horizontal blanking
normally disables the dot clock). Their presence proves the dot
clock (and dot counter) whether we check I1C35-9(8274) or not.

The number of bars visible is variable by the dot clock frequency
("width" pot) and by the "pos" pot control of sweep blanking.
Although the blanking path is broken by 1ifting R19, the composite
sync path is not. Therefore, if a strong sync is at work, some

of the display, such as the area unbroken by vertical bars, may be
sync'd into times not visible on the screen. This point about
sync must be borne in mind as you check many of the waveforms -
particularly in the sync path itself.

Assuming that shift (dot) clocking and its subcount, EOC load
clocking, are available, is there video data on the input pins
to be loaded? Each of . pins 1'through 5 and 11 through 14 should
show a screen pattern of white and dark states as wide as the
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distance between thé vertical bars seen on pins carrying the EOC
or shift loading pulses. So too should input and output pins of
the MUX's 1€33 and IC36(74LS157). Also the outputs ROM

I1C37 (6571) and the graphics generators IC38 and 1C39(74150).

The patterns associated with outputs from IC38 and IC39(74150)
have a right to change every 5 sweeps. At the I1C39(74273) inputs
to the display generators IC37, 38, & 39, (6571) however, the
sweep patterns should not change more frequently than every
fifteenth sweep. These last patterns show what the memory is
requesting for each character position of ten dots by fifteen
sweeps. Counting these dimensions is generally not necessary.
Merely noting that the fineness of detail is less at the input
to generators than at the output is usually sufficient for
trouble locallizing. Subcounting is discussed under 3.2.3

and 3.2.5.

The screen pattern for any significant bit input to the generators
should be traceable back through corresponding pins of the
sampling latch 1C40(74273) to the same significant bit of

the internal data bus. But remember, the nth character in

memory is held in the latch until an EOC pulse strobes the Tatch
and increments the memory address. If sync and clocking are at
work to keep the display pattern straightened up, any lack of
correspondence of the patterns up the path can be discerned.
Without sync, it may take both a photographic memory and a 1ot

of Tuck -- but the chances are that you would not be needing that
level of detailed trouble-shooting without sync, anyway.

In Tike fashion, grounding pin one of IC33(7LS157) forces MUX's
1C33 and IC36(74157) to select only graphic symbols from I1C38
and I1C39(74150). This change is most apparent with a sync'd
display, but some shift should usually be discernible in the
pattern for any shift register input pin. The degree of change
will depend on how frequent1y the MSB is a one in the RAM.
Correspondingly, the display probe on I1C33-1(74157) wi11 show
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which memory locations contaih graphics or non-graphics characters.
An MSB 1in memory is inverted in the latch to select graphics.

a.2.3 localizing on the EOC (end of character) path

If you had dot clock input to shift register 1C35-9(8274) but no
stobe (IC35-7) to load the register, you will want to check back
to where the EOC is generated by counting every tenth dot in '
IC14. In fact, failure of IC30(74LS00) or other problems can
permit it to count by other than ten, with some weird results in
displays. Clock dots are discernible at the input IC13-2. Slow-
ing the dot clock (CCW on the "width" pot) makes these countable
by eye. A piece of paper on the screen or a millimeter scale

may help. Sync helps here but should not be necessary to array
the pattern of dots into vertical bars. IC13-14(74161) has half
as many vertical bars but of double width. Pin 13 has narrow
vertical white bars equal to twice the width of the bars on

pin 14. The total pattern of pin 13 is repetitions of black,
white, black, white, white vertical bars. The last two whites
show as a double width white as the carry preloads a 6 into

this 4 bit binary counter. This preload makes it produce a

carry every tenth dot. If pin 13 looks right, chances are
that all the rest is okay.

The tenth dot carry on IC13-15 is the EOC (end of character)
signal. It should appear at the input to the symbol counter
IC16-13. An inverse (negative true) of this pattern should

be found as loading signals n latch IC40-11(74273) and shift
register IC35-9. O0f course, if there is no dot clock, none

of this paragraph is working properly. On the other hand,
presence of dots anywhere does not lTeave much room for problems
in the dot clock.

a.2.4 Jocalizing on the dot clock path
If either the shift register-or the dot counter is getting dots,

you are in for some detail checks of solder bridges to ground,
a single NAND gate in IC30(74LS00), or some such, because the
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clock is present at the other end of these places. If neither
is present (and of course no EOC signals), then look for dots

at the clock 1C29-7(745124). Using a voltmeter, check its "width"
pot for the ability to vary 1C29-2 from zero to 5 volts. Check
also for the enabling portion of the horizontal blanking signal
on IC29-6. This may be hard to see as a broad vertical bar in
the presence of strong horizontal sync, but if desyncing gives
you a torn version of it, it is probably okay. A voltmeter
reading on IC29-6 of 5 VDC would be a continuous disable signal.
Under proper conditions, the average of the horizontal blanking
waveform reads typically 0.9 to 2.3 VDC on a meter at I1C29-6.
The value is under control of the "pos" pot which varies the
time delay (and thus the average DC value) of the blanking
monostable.

a.2.5 Jlocalizing on the horizontal blanking path

Under the most ideal conditions of sync and blanking, events
occurring during flyback, retrace, or blanking should not be
visible. Note that opening R19 does not open the composite

sync path at IC31-10(7407). Therefore, sync, if operating, will
reach the CRT sync circuits - regardless of what is done with

the probe lead. Remember, even without sync working, most CRT's
or TV;s will find in many of the test signals something repetitious
enough to sync on. There is usually a way to view sync-hidden
signals by misadjusting the horizontal hold control of the CRT to
force a "tear" in the picture. Then if the sweep rate is
calibrated in time units, the signal can be measured in the torn
portion. An example of this is horizontal blanking. Forcing a
torn but stable pattern reveals a dark space in each sweep when
looking at IC29-5 (745124). Varying the "pos" pot changes the
width of the space.

Typical values from stop to stop on the pot are about 10 or 20
microseconds (see section 3.3.1 on time calibration) but, if you
can change it, it is working. Perhaps easier to see is its
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inverse - a logic high on IC34-5(74123). For this, you should
not have to force the tear. Horizontal blanking that is high
logic will appear as a bright vertical bar at one or both sides
depending on where the CRT is syncing. For most IC's, if Q is
working, Q@ probably is also. Take the easjest way down the
locallizing path first and back up to the harder ones only

when necessary.

No horizontal blanking? How about the horizontal sync which
triggers the IC34 monostable multi-vibrator to stretch the sync
into a wider blanking? The carry out of counter IC1-15(74161)
should have . its inverse on IC34-9(74123). This is a 4% micro-
second pulse every 58% microseconds.

Actual horizontal sync is the same width, but 4%
microseconds later, and can be seen on IC3-13(74LS02). Its
inverse is on IC3-1 but is also mixed with vertical sync.
Observation of a once-per-sweep, narrow vertical bar is
probably sufficient to eliminate further details up this path,
but if things are not clearing up, you may want to calibrate
time as in a.3.1.

If these are NOGO, is the system clock on edge pin 49 and is it
reaching 1C2-1(74161)7? ’

You can use your piece of paper or plastic millimeter scale

to ratio the distance between leading edges of the bars. How-
ever, if the vertical bar pattern on IC2-14 is repetitions of

black, white, black, white, black, white, black, white, white,
then the binary 7 is apparently preloading on every carry and

division is probably okay. (Compare this with the discussion

of the dot counter in a.2.3.)

Counting bars will only tell you how many of the 58% microseconds
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per sweep are visible on your CRT and usually does not contribute
to trouble analysis.

IC2-2 has an inverted form of IC1-15 showing a dark bar every
4% microseconds, but division by 13 is difficult to ratio
unless you have a rare CRT that has a horizontal width control
that permits shrinking the picture sufficiently to see both
ends of the sweep. But then - if any of IC2-11(74LS138),
IC2-13(74161), IC2-15, or 1C3-13(74LS138) have an observable
once-per-sweep bar, horizontal sync seems to be doing its job.

a.2.6 sweep and symbol related counter patterns:

Verification of sweep counter test patterns is difficult in

the absence of horizontal sync. Since the sweep counter is
counting the carries from the same counter that generates
horizontal sync, the presence of one signal without the other
would indicate that the integrity of any missing path should

be reestablished before proceeding. The clocking input IC15-1
(74393) is a once-per-sweep pulse which may not be in the visible
portion of the sweep unless a tear is forced in the horizontal
hold. A1l other patterns are stretched by the sweep into
horizontal bar patterns with the exception of the reset IC15-2.
The reset is 1like the clock on IC15-1 except a) }t occurs every
15th sweep; b) it is a 4% microsecond darkening instead of a
brightening; and «c¢) it occurs 4% microseconds later (to the
right) on the screen. It is therefore probabTy visible only

under torn conditions.

Correct patterns for pins 3, 4, 5, and 6 of IC15 can be inferred
from the timing diagrams. A quick check of proper operations
and counting by fifteen can be made on pin 4. The pattern for
IC16-3 is: every other pair of sweeps is white (2nd, 4th, and
6th pairs) followed by the single white 15th sweep during which
the counter is reset. Symbol lines are perhaps better defined
by the double black sweeps visible on IC15-13. These occur
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because of the adjacency of the first and last sweeps, which are
both dark, while all even numbered sweeps including those during

retrace are bright.

As fur ther subcounting is done in the line counter, IC15-11

shows every other 1ine (group of 15 sweeps) as dark or bright.
Forcing a tear in the horizontal sync can permit staggering the
gap caused in each sweep. This can permit an alternate form

of checking division by 15 (sweeps per 1line) in the sweep counter.

The MSB in the 1line count is white in the bottom half of

the display. After the bottom bright trace of 1C15-8, ICT2-9
shows the bright inverse of 8 sweeps of vertical blanking at
the bottom of the screen and the later sweeps normally hidden
by the vertical blanking at the top of the screen.

Patterns for the symbol counter IC16(74394) can be directly
inferred from the theory discussion and the pin outs of the
74393. The EOC pulses described in a.2.3 are seen as a vertical
bar per symbol space on IC16-13. Successive divisions by 2 on
pins 11, 10, 9, 8, 3, 4, and (if 64 symbol option, pin 5) are
seen as fewer, wider bars. Reset will appear on pins 12 and 2
as it does at I1C34-5 (Refer to Section a.2.5.)

The functions of IC12(74138) and 1C34(74123) are not directly
observable in the presence of sync. If no sync at all is reaching
the raster, normal operation of IC34-13 can be noted as small (on
the order of 30 nanoseconds)specks scattered in regular fashion
throughout the raster. If sync is working, operation may be
inferred by noting rapid regular jumping of vertical sync when
IC34-1 is held to ground.

The combination of I1C34b and IC12 can be checked by grounding
pins 4 and 5 of IC3. Under this condition, the normal output
connection to the display will show repetitions of seven darkened
sweeps of vertical blank followed by thirty visible sweeps of
retrace allowance. Also, placement of the test clip on IC12-12
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will show continuous repetitions of seven dark sweeps, eight
white sweeps, seven dark, fifteen white.

The outputs of the symbol and line counters should show obvious
"z 2 relationships for ascending orders of bits. These patterns
should be traceable through the MUX's IC's 17, 18, and 19(74157)
and decoder IC11 to the associated RAM address input pins.

Normal events on the dot blank fiip-flops 1C32-2, 4, 5, and 8
(74LS74) produce vertical bars on a once per sweep basis.
Position and width of the bars is variable by both "pos" and
"width" pots. The waveform average of these waveforms read on
- a DC meter will also vary under control of these pots. If sync
prevents visual observation of these pulses, DC voltage varia-
tions by the pots can be taken as proof that the variable width
dot blank is reaching the right places.

a.3 Diagnostic aids

Viewing the display in normal conditions gives information on
where to start troubleshooting. A blank screen directs attention
to sections 3.2.1 through 3.2.5, which look for dynamically
changing patterns originating in a sequentially scanned memory,
being translated in the ROM's and being shifted out of the
register. In the process, dot clocking and EOC signals are
investigated as necessary.

A dynamic but useless display in normal conditions, on the other
hand, directs attention to the subcounters and decoders which
control nmomory address, the blanking of the display borders,

and the orderliness of symbol element display.

Thoughtfully examining the display can give valuable clues for
trouble locallizing. Torn-up symbols Togically relate to the
sweep counter and its derivatives in the line counter and

vertical blanking. Wrong symbol displays indicate a need to

also verify dynamic signal paths between symbol and 1ine counters,
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or the ability to load memory properly. Since many of these
are interrelated in unpredictable syndromes, it is impractical
to anticipate all combinations here. Problems relating to data
exchanges between the memory and/or keyboard and the system CPU
are not peculiar to the video display and should be approached
in whatever is your standard method for handling problems with
memory or peripherals.

a.3.1 time calibration

In verifying the timing diagrams related to horizontal sweep
rates, the 4% microsecond wide bars on IC1-14(74161) give a
quick idea of how much of the timing diagram will show on your
TV. A 50 microsecond block is indicated on most of the timing
diagrams, but a typical TV might show five white and give black
bars on IC1-14 for a total display of 45 microseconds. Remember
also that horizontal sync may permissibly vary widely, so that
your picture may start at a different point in comparison to the
arbitrary marks on the djagrams.

Calibration of the vertical dimension or vertical sweep time base
is perhaps easiest by looking at IC15-3(74393). The leading edges
(measuring top to bottom) of the groups of white sweeps are

15 sweeps or 877 microseconds apart. A 16 line (240 sweep)
visible raster is 14.04 milliseconds, and vertical sync recurs
every 277 sweeps or 16.205 milliseconds.

Occasionally, an integrated circuit is itself defective. You

can sometimes determine this by swapping ICs from one location

on the board to another -- j.e., ICs that are used in more than
one location (like memory). If you find that you were supplied
with a defective chip, it will be replaced free (see the warranty
information sheet included herein).
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b. Central Processor Checkout

A malfunctioning central processor may not produce enough
behavior to allow testing. For that reason, the following
checkout procedure is Timited. Checkout beyond the 1imits of
this discussion should be performed by someone with a thorough
knowledge of data processing electronics.

Begin by checking the data bus, pins 3 through 10 on IC14 (CPU),
and the address bus, pins 25 through 27 and 29 through 40, for
shorts to each other, to the power supply, or to ground.

Put your logic probe on pin 12 of the CPU chip. Logic should be
Tow. Push RESET; 1logic should go high while RESET is held
down. If the logic is otherwise, check IC13, the RESET button
wiring, and the 33 »¢F capacitor. Check also for cold solder
joints along the path from pin 75 of the bus to pin 2 of IC13.

Signal is high when RESET is held down, check ICs 17 and 30
(74LS174) and IC38 (74LS109) to see that the POC-signal is low.
It should go high when RESET is released.

When you push RESET, the screen should clear and a prompt
character appear in the upper left corner. If this does not
happen, the CPU chip is not running. Check for a "reading"
signal on pin 23 of the CPU chip. The signal should be high.
If it is not, check ICs 13, 40(74LSPP) and 1 (74LS13).

Now check for a sync signal on pin 19 on the CPU chip. There should
be a pulse. If there isn't, hold down RESET and check to see if

the signal is low on this pin; releasing RESET should cause
momentary or continuous pulsing. If you are not getting the

desired sync signal, check the board again for solder bridges

with a magnifying glass. If the sync signal cannot be obtained,

fur ther checkout will require a high-quality oscilloscope and

considerable experience.

If you do have a sync signal, check pin 9 of IC17(74LS174) for
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pulses. If the sync signal isn't getting through to that point,
check ICs 17, 13, 41(74LS109), and 12 (74LS04). If there is a
pulse on pin 9 of IC17, but the system still does not work,
further checkout will require a high-quality oscilloscope and
considerable electronics experience. At this point, if you are
not able to continue checkout on your own, you should talk to a
knowledgeable friend or fellow club member, to the personnel at
the store where you bought your system, or to the manufacturer.
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b. Schematic Dijagram

The schematic in the appendix gives a more detailed view of the .
central processor board circuitry. To get full use of the following
.discussion of the schematic, it is necessary to have some familiarity
with the Intel 8080A CPU chip. We recommend reading the Intel
Microprocessor User's Manual, chapter 1.

Power Supply

There are four voltages on the board: +12, -12, +5, and -5.
The power supply section consists of ICs 32, 33, 34, and 44, and

the associated capacitors.

cpPy

Clock signal generation is provided by IC 13, running at 16.588 MHZ.
That oscillation is divided by nine and used to form a two-phase
clock, # (Greek phi) 1 and ¢ 2 on the schematic. (The 8080 requires

two phases.) These clocks time all processing.

vReady and reset signals are synchronized to the clocks in IC 13.
The ready signal to IC 13 is generated by ICs 1 and 40.

If (BGNT+ and XRDY+ and PRDY+) or ONBD- are active, then a ready

signal is generated.

A reset signal is produced when pin 75 of the backplane goes
low. On application of power, this line is held low momentarily
by the 33 F capacitor and the 4.7K resistor.

The reset signal labeled POC (power on clear) on the schematic,
generated by IC 13, resets the CPU, IC 14, status latch IC 12,
and baud rate port IC 30. It also resets a part of the single
step log, IC 38, and the USART, IC 28. This signal also goes
out to the backplane for use by other boards.

During the T1 cycle (see Intel manual), the system strobe signal
SSTB is“generated by IC 13. 'This signal is used by the status
latch to latch the CPU status for the duration of the memory cycle

that follows.
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The output of the status latch §s used directly on the CPU
board; it is also buffered by ICs 7 and 8 and goes on to the
backplane. Both phases of the clock signal are also buffered
in ICs 7 and 8 and sent to the backplane.

Clock phase g1 is converted to TTL Tevels by'the diode and the
2.2K resistor. :
SYNC, DBIN (data bus in), and WR (write) strobes are buffered

in IC 3 and also connect to the bus.

Data Paths

The CPU data bus is connected to the on-board ROMs amd RAMs,

ICs 21 through 27, the USART, IC 28, and the baud rate generator
port, IC 30. The data bus is also connected to ICs 5, 6, and 7,
which are buffers leading to the data out bus on the backplane.

Data in from the backplane comes through ICs 15 and 16, two
input multiplexors. Other multiplexor input comes from IC 2,
the priority encoder. This IC encodes eight interrupts into
eight restart instructions, RST @ through RST 7.

Address Decoding

The CPU address bus is connected to ICs 21 through 27 (RAMs and
ROMs), and to the address bus on the backplane through ICs 3
through 6, tri-state buffers. The lTower eight bits of the

address bus are connected to RAMs ICs 21 through 24. The upper
four address bits are connected to IC 35, which generates signal
ONBD- when all four bits are low. This determines whether on-board
or off-board memory is accessed. If off-board memory is being
accessed, ONBD is not active. If it is not active, there is no
ready signal to the CPU till BGNT and XRDY and PRDY are active.

If they are not active, the CPU waits till it can get access to
the bus and till the device it is addressing is ready. Access to
the bus is determined by BGNT (bus grant); XRDY and PRDY indicate
that the addressed device is ready.’
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For accessing on-board memory, address decoder IC 36 is enabled
via a connection to the EP input (enable p) except when in an
interrupt acknowledge cycle, in which case E1, connected to

INTA+ (interrupt acknowledge), will be high, which inhibits IC 36.

Decoder IC 36 decodes the next two lower address lines, AlP and
A11, along with the signal indicating whether we are in a memory
cycle or an input-output cycle. The I/0 select signal is generated
by IC 37, wiich ORs together input and output status signals from

the status latch.

The decoder generates eight output signals. Three of them
select one of three on-board ROMs; these signals are ANDed
with DBIN in IC 39 and applied to chip selects on ICs 25, 26,
and 27. These three signals, MSP, MS1, and MS2 correspond to
address P through BFF hex. The fourth memory select signal,
MS3, enables on-board RAMs, ICs 21 through 24, for addresses

cgp through FFF hex. @n

Fur ther address decoding is provided by IC2, which is connected
to A8. The remaining four signals, PS@ through PS3, select
on-board I/0 ports. PS @ selects IC 28, the USART. Address
decoding also is provided by A@, connected to pin 12 of IC 28.
The USART is located at addresses @ through 3. Addresses 4
through 7, PS1, select the baud rate port, IC 30. Addresses 8
through B hex select the real-time clock, which uses ICs 20, 10,
and 37. PS3, at addresses C through F hex, selects the single-
step logic, which uses ICs 37, 38, 40, and 47.

Serial I/0 Port

Circuitry for the optional serial input-output port consists
of the USART IC 28, baud rate generator IC 29, baud rate port
IC 30, buffer IC 31, and NOR gate IC 18. The clock signal for
the USART is generated from g2 of the system clock by division
by two in IC 38 and further division in IC 29; the division
ratio is selected by the data held in output port IC 30. The
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‘resulting frequency goes to the USART and through the buffer in
IC 31 out to the serial I/0 device, which connects to one of the
14-pin sockets on the CPU board. ‘

The USART converts serial data to parallel form and puts it on
the data bus for the CPU, or takes parallel data from the CPU
and converts in to serial form.

The NOR gate, IC 18, ties the USART to the vectored interrupt
system.

Real-Time Clock

The real-time clock is derived from a 60HZ rectified sine

wave present on the backplane. The sine wave is converted

to a square wave in the Schmiddt trigger, IC éo, and toggles
the flip-flop IC 10 on each positive-going transition. Output
of IC 10 jumper pad A may be tied to the vectored interrupt
system. IC 10 may be reset by writing to output port 8. This
generates PS2- and WR-, which are ANDed together in IC 37 and
used to reset the flip-flop.

Single-Step Logic

Single-step logic provides for causing an interrupt two
instruction cycles after the logic has been enabled. Single-
step logic is enabled by issuing an OUT C hex through OUT F hex
instruction. PS3 and WR- are ANDed together in IC 37 and used

to reset flip-flop IC 38. This causes Q output to go high,
enabling IC 41. Input to the first section of IC 41 consists

of clock signal SSTB- and a signal off the bus, D5. If SSTB-
occurs while D6 is high, then the left-hand flip-flop of IC 41
will toggle, causing Q to go low. The next occurrence will cause
Q to go high, creating a positive edge on the clock input to the
right-hand flip-flop of IC 41. This will cause IC 41 to be set,
generating an interrupt. During the interrupt acknowledge cycle,
INTA+ will be true. This signal is applied to the J input of

IC 38. This flip-flop is clocked by DBIN-. On the rising edge
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of DBIN-, and if J is high (at the end of the interrupt acknowledge
cycle), IC 38 will be set, causing Q to return low, which in turn
resets IC 41, which in its turn clears the interrupt.

While IC 38 is reset, other interrupts are inhibited. 1In order

to inhibit interrupts, the Q output of IC 38 is tied to the enable
of IC 2, the priority encoder. The interrupts from this encoder
and the interrupt logic are ORed together in IC 40 and applied

to the interrupt input on the CPU.

Bus Request Logic

Bus request logic uses ICs 10, 20, 19, 11, and 12. To generate
a bus request, ONBD- must be high. ONBD- is ANDed with SSTB+,
pin 4 of IC 12, in IC 20, and is used to set the flip-flop,

pin 11 of IC 10. This causes Q, pin 9 of IC 10, to go low,
generating a bus request. The bus request is cleared at the end
of the memory cycle when WR- goes high (if a write cycle) or
when DBIN- goes high (if a read cycle). These two signals are
ANDed together in IC 19 and applied to the clock input of IC 10,
causing a @ to be read into IC 10, which causes Q to go high.

IC 10 may also be reset by POC+ or HLTA+. These two are ORed
together in IC 11 and applied to pin 15 of IC 10.
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APPENDIX B: Chip pinouts
. o/ .
Ay O~—11 40 p———=0O A4y
GNO O 2 39 p———0 Ay,
0, O3 18 p—=0 Ay3
Og O=—=i 4 37 p—=0 343
D O=15 36 p——e0 Ay
0, O~ 6 35 p———0 Ay
0, O=—=i7 a 3 =0 Ay
o, o=+ INTEL® =f—o=
0, Q=i 3 —=0Q 4g
n; [-! 10 8080 3 =0 Ag
25V Oed 11 30 p————0 Ay
RESET O——=d 12 29 =0 Ay
HOLD Omw—ed 13 28 pee +12V
INT Onememed 14 27 p—Q Ay
27 Ommmmeed 15 26 p———Q Ay
INTE Qwem—i 16 25 p——=Q 44
OBIN Qwmemey 17 24 pm———Q WAIT
WA O=—1 18 23 po——Q READY
SYNC Q=i 19 22 p=——0 o,
VA s B 21 PO HLDA

‘1:! Vilé
‘zf:z 17
a3 ]
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as[]s 8111.2 18
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(=]
PIN CONFIGURATICN
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APPENDIX B:

POSITIVE

Chip pinouts

10010™ veow )

X SUFFIX
Mflal PACRAGE
CART 1
(TO 3 Vvoet

VOLTAGE REGULATOR A
MONOLITHIC SILICON : \§§
INTEGRATED CIHCUITY \ AN\

i CASE 19904

® Surtemd
( T 5 {3
TN S
Qhﬂ! - il

CASE 79402
10219
1G Sutteal

POSITIVE, SO0 mA « MCTBMO0 Sevres
F omiy Chmractersicy
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Vo Mn Mas Device Tyne
sV v RNV MCIRMASE
sV Av s v AT 7AMOGE
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*CASE 2902
1092
[LETINT

s
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TO 29

1G Switee)
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" Suttee)
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N Suttield
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010 +175°C Juncrion Temperature
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Chip pinouts

APPENDIX B
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APPENDIX B: Chip pinquts
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ours ﬁ 5 e N82748B
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74393 2 N . . C : 3 273 positive logie: see funclion wbie
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PROBE Ny ol prmmm - 2 1 I A
FI L] ul |

TEST PROBE SCHEMATIC

[T A T B |

9 XLpusddy

39uF 10 volt capacitor
5.1 volt zener diode
1N914 or 1NA148 diode
7404 hex inverter

9601 retriggerable
one-shot

red LED

green LED

yellow LED

2N4401 transistor

68 ohm % walt resistor
270 ohm % watt resistor
10K ohm 4% watt resistor
1K ohm % watt resistor
30K ohm % watt resistor

J

1



-iN

VRgr

GND

Appendix D

01

CHIP PINOUTS
TF4027A, TP4027A TF4013A, TPA013A
JORN JORN
DUAL-IN-LINE PACKAGE (TOP VIEW) OUAL-IN-LINE PACXAGE (TOP VIEW)
Voo 2Q 2T 2CX Cf L 20 PR
1 13 12 1 10 ] 3
t.i.ﬂ
"qu]
a o .
PR
| SR |
] oy
Q o ‘
cx ]
—aTl|
| - i
[ 1 2 3 4 - § 7
1Q g iICX c:q 0 PR vss
SNB4LS257, SN545257 ... J OR W PACKAGE
SN7415257, SN74S257...J OR N PACKAGE
ITOP VIEW)
TNPUTS TNFUTS CONNECTION DIAGRAMS
ouTPUT ol T e/, QUTPUT
VCCCONTROL4A 48 uxu A 18 ouav DIP (TOP VIEW)
L RERERER RER:REREERIRAR! 3 96L02
G 4A 48 4Y 3A 38
"C - VC::rs
s + {=mt =l
1A 18 1Y 24 28 2¥ IE f°“ ' ;]1".
1 O | =2
T T T T 1.1 B s
IR IERIER IR IRAIL !_i_'ur'.!:]”
SELECT 1A 18, 1Y A 28, 2V GND =7 (YL
npuTs  CUTRUT TouTs  OUTRUT ’E""" - L:] o
3 :GND v‘——-—-—'—': 3
*Pins for external tirmng.
Cﬂ :ﬂ Vee
- S SN741586
' 4, N, CR'WPACKAGE (TQOP VIEN) S‘i75453 8
8T2 Ta] -5 v 8 s v = b P !
Cl 0 x ‘ﬁrblaqlzvrﬁ7f§7 st DUAL-IN-LINE PACKAGE (TOP /IEW)
] 7] NEC T 55 ,—';&‘- zq;—f vee 8 A ¥
= | [ B e e
' [ i i {
g e | | LD~ ; f
: | |
& ] a | ! L {
— p W T~ - : , |
g =] & L= = | 11
- — STHi s ers e T | I N
a o rah wh okl e T
[S——
A 3 v “nO

positive fogic: Y = A 213 = 18 » AZ




POLY 88, Volume I, Errata March 1, 1977 Page E-1

p”lL On Page 4, Bag #2 should have 24 2,200 ohm resistors and 3
1,000 ohm resistors. :

, 2. Figure A-2 is not labeled. It is located between pages 9 and 10.

3. On page 16, IC 19 is listed as a 7425, and IC 18 is not listed.
Actually, IC 19 is a 74LS08 and IC 18 is the 7425.

4. On Page 17, the resistor list should read as follows:

1 through 11 2,200-0hm

()

() 12 4,700-0hm
() 13 2,200-0hm
() 14 1,000-0hm
() 15 through 17 2,200-o0hm
() 18 1,000-0hm
() 19 through 20 2,200-0hm
() 21 1,000-0hm
( ) 22 through 23 2,200-0hm
() 24 through 31 10,000-0hm
() 32 through 36 2,200-0hm

\

5. R14 on the CPU board schematic is incorrectly designated 2.2K --
it should be 1K.

6. The real time clock (RTC) runs too fast on some POLY 88's.
To eliminate this problem, install a 0.1uF ceramic disc
capacitor from pin 9 to pin 7 on IC20 (74LS132) of the
CPU board. Keep the leads short in length to avoid short-
ing them to other circuitry. Install the capacitor on
the rear of the board (DO NOT SOLDER THE CAPACITOR DIRECTLY

- TO THE INTEGRATED CIRCUIT CHIP). ===i2:
o
Install




POLY 88, Volume I, Errata March 1, 1977 Page E-2

7. Connection hardware has been provided for keyboard input and
video output. The recommended connector configuration for
the keyboard is as follows:

Cannon Jack . Dual-in-l1ine socket

0 N O O A W N =
0O N Oy O & W N

O
w

10 - 13 No connection

14 - 22 ground (10, 11, 12)
23 13
25 14



POLY 88, Vol. I, Errata December 28, 1976 Page E-3

y/gj/’FordRev. 1.2 VTI only: One Page 20, there are two errors. The color
code for R17 (2200 ohm) should be.rad-red-red. R25 should be :a: 3300 ohm:
resistor with a color code or orange-orange-red.

AT, The stripe down the side of a color coded tantalum capacitor indicates
the positive lead.

£PT; On page 6, there should not be a 470pf ceraﬁic capaciter in Bag #.

F



